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INTRODUCTION 

This is one of two books that replace An Introduction to Microcomputers: Volum/J 2 - Some Resl Microprocessors. That 
volume went through several printings and in 1978 was printed loose-leaf. -Six bimonthly updates to the loose-leaf ver
·sion were published in 1979 and early 1980 to provide information on newly introduced microprocessor devices. The 
loose-leaf version proved. however. to be quite unpopular with bookstores because of packaging and handling con
siderations. It also became more and more difficult to maintain a timely flow of bimonthly updates. For these reasons. 
Volume 2 is being replaced by two bound paperback books: The Osborne 4 & B-Bit Microprocessor Hsndbook and the 
Osbome 16-Bit Microprocessor Hsndbook. Together these handbooks include all of the information that was contained 
in Volume 2 and the six updates. All known errors have been corrected and new data sheets have been added to the 
two handbooks. We have divided Volume 2 into two separate handbooks because the single-volume version would be 
over 1800 pages in length and rather difficult to bind. In addition. the devices lend themselves to this grouping since 
the 16-bit microprocessors are generally much more powerful than the four- and eight-bit microprocessors and thus 
are directed toward different applications. 

Volume 2 was part of a four-volume Introduction to Microcomputers series: 

Volume 0 - The Beginner's Book was written for readers who know nothing about computers. 

Volume 1 - 8ssic Concepts provides a detailed explanation of microprocessor concepts. including number 
systems. addressing modes. typical instruction sets. input/output techniques. and so on. The device descrip
tions in the 4 & B-Bit Microprocessor Hsndbook and the 16-Bit Microprocessor Hsndbook assume that you 
have a working knowledge of the general concepts presented in Volume 1. and we will occasionally make 
references to material presented in Volume 1. 

Voiume 2 - Some Resl Microprocessors. which is being replaced by these handbooks. 

Volume 3 - Some Resl Support Devices. which describes general support devices that may be used with 
any microprocessor. Some dedicated support devices are described in the 4 & B-Bit Microprocessor 
Hsndbook and the 16-Bit Microprocessor Hsndbook. We define a "dedicated" support device as one best 
used with its parent microprocessor. We define a "general" support device as one that can be used with any 
microprocessor. We will occasionally make references in this book to some of the general support devices 
described in Volume 3. When designing a system based on one of the microprocessors described in this 
handbook. you should not automatically assume that the dedicated support devices described in this book 
are the only ones or the best ones to use with a particular microprocessor: you should always check the func
tionally equivalent parts described in Volume 3. 

In addition to this Introduction to Microcomputers series. we have begun publishing other individual handbooks. The 
first two handbooks of this series are: The B0891/O Processor Hsndbook. which includes the 8289 bus arbiter. and the 
CRT Controller Hsndbook. which describes LSI CRT controller devices. This individual handbook approach will be used 
in the future to maintain a convenient flow of detailed. objective information on new microprocessors and related sup
port devices. 

SIGNAL CONVENTIONS 

Signals may be active high, active low or active In two states. An active high signal Is one which. In the high 
state, causes events to occur, while In the low state has no significance. A signal that Is active low causes 
events to occur when in the low state. but has no significance In the high state. A signal that has two active 
states will cause two different types of events to occur. depending upon whether the signal Is high or low: this 
signal has no inactive state. Within this book a signal that Is active low has a bar placed over the signal name. 
For example, WR identifies a "write strobe" signal which Is pulsed low when data Is ready for external logic to 
receive. A signal that is active high or has two active states has no bar over the signal name. 
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TIMING DIAGRAM CONVENTIONS 

Timing diagrams play an important part iii the description of any microprocessor or support device. Timing 
diagrams are therefore used extensively in this book. All timing diagrams observe the following conventions: 

1) A low signal level is equivalent to no voltage. A high signal level is equivalent to voltage present: 

No voltage 
I Voltage present 

2) A single signal making a low-to-high transition is illustrated like this: 

low I 
high 

3) A single signal making a high-to-Iow transition is illustrated like this: 

high 

\ low 

4) When two or more parallel signals exist. the notation: 

I 
states that one or more of the parallel signals change level. but the transition (high-to-Iow or low-to-high) is 
unspecified. 

5) A three-state single signal is shown floating thus: 

~-------, ,-Signal 
floating 

6) A three-state bus containing two or more signals is shown floating thus: 

__ --J}---- ~;;-s- ---(\.,---
floating 

7) When one signal condition triggers other signal changes. an arrow indicates the relationship as follows: 

Condition ~ 

... J 
Causes 
change 

here 
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Thus a signal making a low-to-high transition would be illustrat~d triggering another signal making a high-to-Iow 
transition as follows: . 

-~-.-......--
A signal making a high-to-Iow transition triggering a bus change of state would be illustrated as follows: 

C:-;-
I 

8) When two or more conditions must exist in order to trigger another logic event. the following illustration is used: 

condi!:~: ? 
cause 

change here 

Thus a low-to-high transition of one signal occurring while another signal is low would be illustrated triggering a 
third event as follows: 

9) When a single triggering condition causes two or more el/ents to occur. the following illustration is used: 

This ~ condition 

causes 
these 

changes 

Thus a low-to-high transition of one signal triggering changes in two other signal levels would be illustrated as 
follows: 

10) All signal level changes are shown as square waves. Thus rise and fall times are ignored. These times are given in 
the data sheets which appear at the end of every chapter. 
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INSTRUCTION SET CONVENTIONS 

Every microcomputer Instruction set is described with two tables. One table identifies the operations which oc
cur when the instruction set Is executed, while the second table defines object codes and instruction times. 

Because of the wide differences that exist between one Instruction set and another, we have elected not to 
use a single set of codes -and symbols to describe the operations for all Instructions In all instruction sets. We 
believe any type of universal convention Is likely to confuse rather than clarify: therefore each instruction set 
table is preceded by a list of symbols as used within that table alone. -

A short benc!lmark program Is given to Illustrate each Instruction set. Some comments regarding benchmerk 
programs In general are, however, in order. We are not attempting to highlight strengths or weaknesses of 
different devices, nor does this book make IIny attempt at comparative analyses, since the criteria which make 
one microcomputer better than another are simply too d,pendent on the application. 

Consider an application which requires relatively high speed processing. The only important cri- COMPARATIVE 
terion will be program execution speed. which may limit the choice to just one of the microcom- ANAL VSIS 
puters we are describing. 

Execution speeds of all of the microcomputers may. on the other hand. be quite adequate for a second application; in 
this case. price may be the only overriding factor. 

In a third application. a manufacturer may have already invested in a great deal of engineering development expense. 
using one particular microcomputer that was available in quantity earlier than any others; the advantages or disadvan
tagesof using a different microcomputer. based on minor cost of performance advantages. will likely be overwhelmed 
by the extra expense and time delays involved with switching in mid-stream. 

And what about benchmark programs? 

There have been a number of benchmark programs in the literature, purporting to show the 
streng~hs or weaknesses of one microcomputer versus another: individual manufa~urers 
have added to the confusion by putting out their own competing benchmarks, aimed at showing their product to 
be superior to an immediate rival. 

Benchmark programs are misleading, irrelevant and worthless for these reasons: 

1. In a majority of microcomputer applications, program execution speed, and minor variations In program 
length, are simply overwhelmed by pricing considerations. 

2. Even assuming that for some specific application, program length and execution speed are Important, trivial 
changes In the benchmark program definition can profoundly alter the resulta that are obtained. This is one 
point we will demonstrate in this book, while describing Individual instruction sets. -

3. Benchmark programs are invariably written by the smartest programmers In an organization, and they take 
an enormous amount of time to ensure programming a~curacy and excellence. This Is not the level at which 
any user should anticipate "run of the mill" programmers working: indeed, a far more realistic evaluation of 
a microcomputer's instruction set could be generated by giving an average programmer too I-ittle time in 
which to implement an incompletely defined benchmark. This will more closely approximate the working 
conditions under which real products are developed. Of course, defining the "average programmer," "too 
little time" and an "incomplete specification" are all sufficiently subjective that theY defy resolution. 

We will demonstrate the capriciousness of benchmark programs via the following benchmark program: 

Raw data has been Input to a general purpose input buffer, beginning at IOBUF. This raw data Is to be moved to 
a permanel!t table, which may be partially filled: the raw data is to be stored in the data table starting with the 
first unfilled byte. The benchmark may be illustrated as follows: -

------. TABLE 
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HOW THIS BOOK HAS BEEN PRI~TED 
Notice that text In this book has been printed In boldface type and lightface type. This has been done to help you 
skip those parts of the book that cover subject matter with which you are familiar. You can be sure that 
lightface type only expands on infomiation presented In the previous boldface type. Therefore. read only boldface 
type until you reach a subject about which you want to know more. at which point start reading the lightface type. 
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Chapter 1 
4-BIT MICROPROCESSORS 

The earliest microprocessors were all4-bit devices; that is to say. data was operated on in 4-bit units. frequently refer
red to as "nibbles". Early microprocessors were 4-bit devices simply because the concept of an LSI CPU was am
bitious enough; starting with an 8-blt CPU would have been foolhardy. 

But LSI technology has advanced so rapidly that there is an inconsequential difference between the cost of manufac
turing an 8-bit CPU chip as against a 4-bit chip. Manufacturers attempted to maintain an artificial price differential bet
ween their 4-bit and 8-bit CPUs in order to prolong the life of the 4-bit product. but the pressure of competition has all 
but extinguished these price differentials -with the result that the 4-bit microprocessor is a dying product. Price is the 
only advantage that 4-bit microprocessors offer when compared to the more capable 8-bit microprocessor. 

Early 4-bit microcomputers included such devices as the Intel 4004 and 4040. the Rockwell PPS4. and the National 
Semiconductor IMP-4. These early 4-bit microc0rTJPuters require package counts that exceed those of typical 8-bit 
microcomputers that are now available. therefore the economlca of today dictate that the Intel 4004. the Intel 
4040. the Rockwell PPS4. and the IMP-4 offer less capability for more money. We consider these devices to be 
obsolete; therefore they are not described. It is interesting to note that even though these four4-bit microcomputers 
are obsolete. they will continue to have a significant market for many years to come. based on products that were 
designed around them before they became obsolete. 

As mentioned above. a price differential. however small. does exist between the 4-bit and 8-bit microprocessors. This 
cost savings only becomes realistic in very high volumes. Manufacturers in the consumer and automotive markets fit 
this user profile. A cost savings of $1.00 over 500.000 to 1.000.000 units is well worth the increased effort of program
ming a 4-bit microcomputer. Note that tliis savings exists only for the 4-bit microcomputers (i.e .• those chips which in
clude processor. RAM. ROM. and 1/0 on one chip). All other 4-bit products are considered obsolete and will not be 
covered in this chapter. Today a number of manufacturers are offering 4-bit microcomputers:These microcomputers 
have from 1/2K to 2K of program memory. 32 to 128 bytes of data memory. and from 8 to 32 I/O pins. Computers of 
this level of complexity are extremely useful as dedicated controllers and are finding a myriad-of uses. This chapter 
will examine the following three procesaors in detail: 

11 Texas Instruments TMS1000 

21 Rockwell PPS4/1 

31 National Semiconductor COP 

The TMS1000 is one of the oldest and most widely used microprocessors. It was originally released in 1972. Its 
longevity can be attributed to the fact that it was the first single-chip microcomputer ever offered. Rockwell's PPS4/1 is 
a single-chip version of their earlier PPS4 chip set. The new National Semiconductor COP (Controller Oriented Pro
cessor) is an offshoot of their earlier COP (Calculator Oriented Processor). One of the most remarkable features of the 
COP series is its price. Prices below $1.00 are quoted to high-volume users for the COP 411 L (the 1 12K program memo
ry version). 

TMS1000 

In reality. the TMS1000 is a family of six 4-blt microcomputers whose differences are summarized in Table 1-1. 
The various microcomputers are sufficiently similar for us to describe them together. PMOS and CMOS versions 
are now available. Some CMOS versions manufactured by Motorola have the part number MC141000. 

Figure 1·1 Illustrates that part of our general microcomputer system logic which Is Implemented by the 
TMS1000 series microcomputers. This figure is deceptive. since it would be herd to compare the primitive I/O 
cepabilities of the TMS1000 with a device such as the 82&& Progremmable Peripheral Interface device. which 
Is described in Volume 3. Neverthelesa, Figure 1·1 does Indicate the logic which is provided by a TMS1000 
series microcomputer. albeit In a primitive form. 
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Package Pin Count 

ROM Program Bytes· 

RAM Data Nibbles·· 

R Signal Outputs 

o Data Outputs 

Maximum Rated Voltage 

Typical Power Dissipation 

·A Byte is eight bits 

Programmable 
Timers 

Table 1-1. TMS1000 Series Microcomputer Summary 

TMS TMS TMS TMS TMS TMS TMS 
1000 1200 1070 1270 1100 1300 1000C 

28 40 28 40 28 40 28 
1024 1024 1024 1024 2048 2048 1024 

64 64 64 64 128 128 64 
11 13 11 13 11 16 10 

8 8 8 10 8 8 8 
20 20 35 35 20 20 6 

15V1 15V1 15V/ 15V/ 15V1 15V1 5V1 
90mW 90mW 90mW 90mW 90mW 90mW 15mW 

•• A Nibble is four bits 

Figure 1-1. Logic of the TMS1000 Series Microcomputer 
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TMS MC MC 
1200C 141000 141200 

40 28 40 
1024 1024 1024 

64 64 64 
16 11 16 

8 8 8 

6 6.5 6.5 

5V1 5V1 5V1 
5mW 2.5mW 2.5mW 

3V1 3V1 
0.5mW 0.5mW 



The fact that the TMS1000 series microcomputers are single-chip devices has a number of secondary. non-ob
vlouslmpllcatlons. Most important of all. there are no such things as support devices. The 1024 or 2048 bytes of ROM 
represent the exact amount of program memory which will be present. there can be neither more nor less. Similarly. the 
64 or 128 nibbles of RAM cannot be expanded. Direct memory access logic is not present - and its presence would 
make very little sense anyway; with the small total ROM and RAM memory available. there simply is not the oppor
tunity to transfer blocks of data long enough to warrant bypassing the CPU. 

Interrupts are lacking In the. TMS1000 series. Initially this was dictated by space constraints on the chip. The 
fabrication technology of the early seventies was already being strained by the TMS1000. This lack of interrupt inputs 
is especially apparent in controller applications where asynchronous events are common. Most applications can be 
successfully coded by using a polling algorithm. The number of bytes consumed by this polling operation is typically 
less than 10% of the available program memory. However. the real rub is the time consumed while executing this code. 
In the consumer marketplace there is constant pressure for lower cost and greater functionality. The cost jump from a 
4-bit to an 8-bit microcomputer can be as high as $3.00. so there is great cost pressure to stay with a 4-bit microcom
puter. The addition of Interrupt logic. therefore. Is significant in those applications that are already pushing the 
4-blt microcomputers to their limits. 

All devices of the TMSl 000 microcomputer family are implemented using PMOS technology. Selected CMOS parts are 
also available. 

A single -15V power supply is required for PMOS parts. CMOS parts use power supplies in the range +3V to +6.5V. 

The fastest clock frequency which can drive a TMSl 000 series microcomputer has a 2.5 microsecond cycle time. All in
structions execute in six clock cycles. or 15 microseconds; but beware of making direct execution speed comparisons 
between the TMS1000 and the 8-bit microcomputers which are described next. A TMS1000 program will usually be 
considerably longer than the 8-bit microcomputer equivalent because the TMS1000 instruction set is more primitive; 
but this is not always true. It is possible for the TMS1000 instruction set to equal or surpass many 8-bit 
microprocessors. in terms of instruction efficiency. for certain control applications. 

The prime manufacturer of the TMS1000 is: 

TEXAS INSTRUMENTS. INC. 
P.O. Box 1443 

Houston. Texas 77001 

A second source for CMOS parts with MC14xxxx part numbers (see Table 1-1) is: 

MOTOROLA INCORPORATED 
CMOS Products Division 
3501 Ed Bluestein Blvd. 

Austin. Texas 78721 

TMS1000 PROGRAMMABLE REGISTERS 
TMS1000 programmable registers may be illustrated as follows: 

4-bit Accumulator 

2- or 3-bit X register 

4-bit Y registvr 

6-bit Program Countvr 

4-bit Page registvr 

1-bit Chaptvr flag (optional) 

a-bit Subroutine Ratum register 

4-bit Page Buffer register 

l 6- or 7 -bit Data Counter 

Apart from being only four bits wide. the Accumulator 18 a typical primary Accumulator. It is the principal source and 
destination for data that is being operated on. 
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Taken together. the X and Y registers constitute a 6· or 7·bit Data Counter which addresses the 64 or 128 nibbles 
of RAM. The X register is two or three bits wide and the Y register is four bits wide. Since the X and Y registers are in
deed separate and distinct registers. RAM is effectively divided into four or eight pages. each of which is 16 nibbles 
long. A four-page RAM may be illustrated as follows: 

c~~ 
£Sri1." ~ J==I 

02 t:::=:1 
• • 

?~} 
1E 
1F 
20 

2E 
2F 

~~} 

Page 0 

Page 1 

Page 2 

Page 3 

The Y register, in addition, serves as a secondary Accumulator and an output Address register. We will describe 
its use as an output Address register shortly. 

Those TMS1 000 series microcomputers that provide 128 nibbles of RAM have a 3-bit X register. RAM is then divided 
into eight 16-nibble pages. 

The Program Counter and Page Address register, taken together, constitute a 10·bit Program Counter. They are. 
in reality separate and distinct registers. with the result that program memory is divided into sixteen 64-byte pages. 

The Program Counter is implemented as a feedback shift register rather than as a binary counter. This means that the 
logically consecutive program memory locations do not reside physically consecutive in the program memory. This 
mapping is shown in Table 1-2. 
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Table 1-2. Map of TMS1000 Program Memory Page 

Logical Physical Logical Physical Logical Physical 
Location Location Location Location Location Location 

0 0 1A 21 34 26 
1 01 1B 02 35 OC 
2 03 1C 05 36 19 
3 07 10 OB 37 32 
4 OF 1E 17 38 25 
5 1F 1F 2F 39 OA 
6 3F 20 1C 3A 15 
7 3E 21 38 3B 2A 
8 3D 22 31 3C 14 
9 3B 23 23 3D 28 
A 37 24 06 3E 10 
B 2F 25 00 3F 20 
C 1E 26 1B 
0 3C 27 36 
E 39 28 20 
F 33 29 1A 

10 27 2A 34 
11 OE 2B 29 
12 10 2C 12 
13 3A 20 24 
14 35 2E 08 
15 2B 2F 11 
16 16 30 22 
17 2C 31 04 
18 18 32 09 
19 30 33 13 

;rhose TIIIIS1000 microcomputers that provide 2048 bytes of program memory have an additional 1-bit flag, 
'referred to as Chapter Logic, which Is used to select one of two alternate 1024-byte ROM chapters. 

The Subroutine Return register Is simply II buffer for the Program Counter register. Similarly, TMS1000 
the Page Buffer register is a simple buffer for the Page Address register. These two buffer SUBROUTINES 
registers allow the TMS1000 a single level of subroutine call logic. When a subroutine is called, 
the contents of the Page Address and Page Buffer registers are exchanged. the Program Counter register contents are 
moved to the Subroutine Return register. and a new value provided by the subroutine Call instruction is loaded into the 
Program Counter. This may be illustrated as follows: 

I 1 1 .1 Instruction object code 

--
Program Counter I I 1 I Subroutine Return register 

Page Add .ess register Page Buffer register 
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TMS1000 MEMORY ADDRESSING MODE 
TMS1000 microcomputers have separate and distinct program and data memories. There are no instructions 
capable of writing into program memory. and data memory cannot contain instruction object codes. 

Data memory is accessed using implied addressing. The X and Y registers combine to serve as a Data Counter; we 
have just described this use of the X and Y registers. 

Only subroutine Call instructions and Branch instructions address program memory. These instructions address 
program memory using variations of absolute, paged direct addressing. 

We have already illustrated the addressing logic of a subroutine call. 

A Branch instruction loads the Program Counter with a new address. which is provided by the instruction. just as a Call 
instruction does. If the Branch instruction occurs in a subroutine - that is. in the sequence between a subroutine Call 
instruction and a subroutine Return instruction - the Page Address register will not be affected. However. execution 
of a Branch instruction outside a subroutine will load the Page Address register from the Page Buffer register. The two 
types of program branches may be illustrated as follows: 

I I Instruction object cOde 

'--~"""'--:::;:::::;;::~;;;::~.J' 

Program Counter 1_...r......1 ....... 1 ... _ .... ...r.._ 

~ '-.... ......I.. ... v~ ... _L......IJ Page Buffer register 

---~-... Only if Branch occurs 
outside a subroutine 

Page Address register 

TMS1000 STATUS FLAGS 
TheTMS1000 series microcomputers have a single status flag which combines to serve as a Carry atatus and a 
simple logic decision status. All Branch and subroutine Call instructions are conditional; the B"ranch or subroutine 
Call occurs only if the status flag is 1. 

The unique feature of the status flag as compared to most status logic is that its passive level is high (1). If an instruc· 
tion causes the status flag to be reset to 0, it will revert to 1 after a single instruction cycle: 

CLOCK 

~--*: STATUS f"_-II~ ____ " 
Instruction I 

I 
Instruction 

2 
Instruction 

3 

Instructions that test the condition of the status flag must directly follow the instruction which modifies the level of the 
status flag. 

TMS1000 INPUT AND OUTPUT LOGIC 
The only data input to a TMS1000 series microcomputer occurs as 4·bit nibbles, referred to in Texas Instru· 
ments literature as K inputs. Instructions that access the K inputs simply input whatever signal levels exist at the time 
of the access. 
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The TMS1200C has an additional4-bit input port called the L port. It also has two additional control pins: K/L 
and MODE. The chip possesses only a single 4-bit input bus. The K/L pin selects which set of inputs is connected to 
the internal bus. When the K/L pin is low the K inputs are connected to the internal bus. and when it is high the L in
puts are connected to the internal bus. The K/L pin has an internal pull-down resistor which causes the K input lines to 
be selected if no input is applied to this pin. The L input lines can be latched. The latching is controlled by the MODE 
input pin. When the MODE input pin is high. any L lines going high are latched. When the MODE input is low. the latch 
is cleared and the current state of the L inputs passes through it. The MODE pin also has an internal pull-down resistor 
which causes the latch to be reset if no connection is made to the MODE pin. 

TMS1000 series microcomputers output data referred to as 0 outputs, and control signals referred to as R out
puts. 

There are eight data or a outputs; but they are created in an unusual way. a output logic receives. as inputs. the con
tents of the Accumulator. plus the status flag. These five data bits create the eight 0 output signals according to a 
matrix which you must define when you order the TMS1000 microcomputer. This may be illustrated as follows: 

Accumulator { 
Contents 

Status flag 

o Output 
Matrix 

o outputs 

As the illustration above would imply. the five inputs select 32 of the possible 256 signal combinations which can be 
output via the eight 0 outputs. 

This matrix is very handy for code conversion. For example. outputs to seven segment displays can be automatically 
converted to seven segment codes via a single output instruction. There is no need for the processor to perform any ad
ditional operations. 

The control R outputs ar~ treated as 11. 13 or 16 single control signals. Refer to Table 1-1. which identifies the number 
of R output signals available with each of the TMS1 000 series microcomputers. You can set or reset R output signals 
individually. The Y register is used to identify the individual R signal which is being set or reset. 

TMS1000 INSTRUCTION PROGRAMMABLE LOGIC ARRAY 
The TMS1000 can be microprogrammed. Only 12 of each processor's instructions are hardwired. The rest of the in
structions are created out of 16 microinstructions. A 31 x 16 element PLA allows 31 instructions to be defined. The 
ability to program this PLA is provided as a mask option. If your application does not make use of all the instructions. or 
if certain often repeated operations appear exceptionally cumbersome. custom microprogramming may be the route for 
you. A word of caution: microcoding should only be undertaken by the most experienced programmers. It is difficult. 
and mistakes are costly and hard to find. 

The following elements are at your control: 

1) Adder inputs 

2) Adder function 

3) Adder outputs 

4) Memory write logic 

The adder has two inputs: the P input and the N input. The P input can consist of either the Y register. the memory 
location pointed to by the X and Y registers. or the CKI bus. The CKI bus consists of either a 4-bit constant formed by 
the low-order four bits of the instruction's opcode or the current state of the K inputs. The opcode of the instruction 
determines what is present on the CKI bus. If the opcode is in the range 0 - 7 or 4016 - 7F16 then the low-order four bits 
of the opcode are gated onto the CKI bus. If the opcode is in the range 816 - F16 then the K inputs are gated onto the 
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CKI bus. A 0 is gated pnto the CKI bus if the opcode is in the range 2016 - 2F16. Opcodes in the range 3016 - 3F16 gate 
a bit mask onto the bus. This mask is created from the low-order two bits of the opcode. as shown below: 

Opcode 
XXXXXXOO 
XXXXXX01 
XXXXXX10 
XXXXXX11 

All other opcodes deactivate the CKI bus logic. 

Bit Mask 
1110 
1101 
1011 
0111 

The N input of the adder can consist of either the Accumulator. the complement of the Accumulator. the memory loca
tion pointed to by the X and Y registers. a constant of all ones. or the CKI bus. The adder always adds the P and N in
puts. It can also perform the following tasks: 

1) Add 1 to the result of the addition 

2) Send the carry to the status latch 

3) Compare P and N inputs. setting status equal to 0 if they are equal 

The adder's result can be gated to the Accumulator or the Y register: The contents of either the Accumulator or the CKI 
bus can be written out to memory. The microinstructions to perform the al;love functions are listed in Table 1-3. Table 
1-4 is a breakdown of the 43 standard TMS1000 instructions. showing their microcoding. The priority column of Table 
1-4 defines the relative priority of the microinstructions within the instruction cycle. Microinstructions with the same 
p~iority are executed in parallel. 

Table 1-3. TMS1000 Series Programmable Microinstructions 

Mnemonic Priority Function 

CKP 1 CKI to P adder input. 

YTP V register to P adder input. 

MTP Memory (X.VI to P edder input. r--------- -----------------------------ATN 1 Accumulator to N adder input. 

NATN Accumulator to N adder input. 

MTN Memory IX.VI to N adder input. 

16TN F 18 to N adder input. 

CKN CKI to N adder input. 
---'!'"'---- ------ -----------------------CIN 1 One is added to sum of P plus N inputs (P+N+11. 

tolE Adder comperes Pend N inputs. 
If they are identical. stetus is set to zero. 

CS Carry is sent to stetus (MSS onlvl. r-------- ----- --------------------$TO 2 Accumulator date to memory. 

CKM CKI to memory. 
~------- ------ -----------------------AUTA 3 Adder result stored into Accumulator. 

AUTY Adder result stored into Y register. 

STSL Status is stored into status latch. 
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Table 1-4. Microinstruction Index 

M"emonlc Opcade Microinstructions 

Fixed Programmable 

ALEC 0 1 1 1 C CKP. NATN. CIN. CB 
ALEM 0 0 1 0 1 0 0 1 MTP. NATN. CIN. CB 
AMAAC 0 0 1 0 0 1 0 1 MTP.ATN.CB.AUTA 
A6AAC 0 0 0 0 0 1 1 0 CKP.ATN.CB.AUTA 
ABAAC 0 0 0 0 0 0 0 1 CKP.ATN.CB.AUTA 
Al0AAC 0 0 0 0 0 1 0 1 CKP.ATN.CB.AUTA 
BR 1 0 W BR 
CALL 1 1 W CALL 
CLA 0 0 1 0 1 1 1 1 AUTA 
CLO 0 0 0 0 1 0 1 1 CLO 
COMX 0 0 0 0 0 0 0 0 COMX 
CPAIZ 0 0 1 0 1 1 0 1 NATN. CIN. CB. AUTA 
DAN 0 0 0 0 0 1 1 1 CKP. ATN. CIN. CB. AUT A 
OMAN 0 0 1 0 1 0 1 0 MTP.1STN.CB.AUTA 
OYN 0 0 1 0 1 1 0 0 YTP.1STN.CB.AUTY 
IA 0 0 0 0 1 1 1 0 ATN. CIN. AUTA 
IMAC 0 0 1 0 1 0 0 0 MTP. CIN. CB. AUTA 
IYC 0 0 1 0 1 0 1 1 YTP. CIN. CB. AUTY 
KNEZ 0 0 0 0 1 0 0 1 CKP.NE 
LOP 0 0 0 1 C LOP 
LOX 0 0 1 1 1 1 B LOX 
MNEZ 0 0 1 0 0 1 1 0 MTP.NE 
RBIT 0 0 1 1 0 1 B RBIT 
RETN 0 0 0 0 1 1 1 1 RETN 
RSTR 0 0 0 0 1 1 0 0 RSTR 
SAMAN 0 0 1 0 0 1 1 1 MTP. NATN. CIN. CB. AUTA 
SBIT 0 0 1 1 0 0 B SBIT 
SETR 0 0 0 0 1 1 0 1 SETR 
TAM 0 0 0 0 0 0 1 1 STO 
TAMIY 0 0 1 0 0 0 0 0 STO. YTP. CIN. AUTY 
TAMZA 0 0 0 0 0 1 0 0 STO.AUTA 
TAY 0 0 1 0 0 1 0 0 ATN.AUTY 
TBIT 1 0 0 1 1 1 0 B CKP.CKN.MTP.NE 
TCY 0 1 0 0 C CKP. AUTY 
TCMIY 0 1 1 0 C CKM. YTP. CIN. AUTY 
TOO 0 0 0 0 1 0 1 0 TOO 
TKA 0 0 0 0 1 0 0 0 CKP.AUTA 
TMA 0 0 1 0 0 0 0 1 MTP. AUTA 
TMY 0 0 1 0 0 0 1 0 MTP. AUTY 
TYA 0 0 1 0 0 0 1 1 YTP. AUTA 
XMA 0 0 1 0 1 1 1 0 MTP. STO. AUTA 
YNEA 0 0 0 0 0 0 1 0 YTP. ATN. NE STSL 
YNEC 0 1 0 1 C YTP.CKN.NE 
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TMS1000 SERIES MICROCOMPUTER PINS AND SIGNALS 
Figures 1-2 through 1-9 illustrate the pins and signals of the TMS1000 series microcomputers. Note that the 
TMS1000 and TMS1100 microcomputers have identical pins and signals. Since signals are consistent for the entire 
family of microcomputers. they will be described together. 

The four data inputs are provided by K1. K2. K4 and K8. We would name these signals 010. 011. 012 and 013 to be 
consistent with common microcomputer terminology; however. Texas Instruments literature uses the signal names K1. 
K2. K4 and K8 to represent the binary level of each signal. 

RS 1 28 R7 
R9 2 27 R6 

RIO 3 26 R5 
(Vss in MCI41000) VDD 4 25 R4 

Kl 5 24 R3 
K2 6 23 R2 
K4 7 TMSl000 22 Rl 
KS 8 21 RO 

INIT 9 20 Vss (VDD in MCI41000) 
07 10 19 OSC2 
06 11 18 OSCI 
05 12 17 00 
04 13 16 01 
03 14 15 02 

Pin Name Description Type 

Kl. K2. K4. K8 Data input Input 
00- 07 Data output Output 
RO - RIO Control output Output 
OSCI. OSC2 Timing Input 
INIT Power on reset Input 
VOD. Vss Power and Ground 

Figure 1-2. TMS1000 and MC141000 Microcomputer Signals and Pin Assignments 

Kl 
K2 
K4 
KS 

VSS 
RO 
Rl 
R2 
R3 
R4 
R5 
R6 
R7 
RS 

Pin Name 

Kl. K2. K4.K8 
00 - 07 
RO - R9 
OSC1.0SC2 
INIT 
HLT 
VDD.VSS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

28 
27 
26 
25 
24 
23 

TMS1000C 22 
21 
20 
19 
18 
17 
16 
15 

Description 

Data Input 
Data Output 
Control Output 
Timing 
Power on reset 
Low power halt 
Power. Ground 

--
--

.. 

Type 

Input 

INIT 
HLT 

VDD 
OSC2 
OSCI 
00 
01 
02 
03 
04 
05 
06 
07 
R9 

Output 
Output 
Input 
Input 
Input 

Figure 1-3. TMS1000C Signals and Pin Assignments 

1-10 



R8 1 28 R7 
R9 2 27 R8 

R10 3 28 R5 

VOO 4 25 R4 
K1 5 24 R3 
K2 6 23 R2 
K4· 7 TMS1070 22 R1 
K8 8 21 Vss 

INIT 9 20 RO 
07 19 0SC2 
08 18 OSC1 
05 17 00 
04 16 01 
03 15 02 

Pin Name Description Type 

K1. K2. K4. K8 Data input Input 
00-07 Data output Output 
RO - R10 Control output Output 
OSC1. 0SC2 Tming Input 
INIT Po_on reset Input 
VOO.VSS Power and Ground 

Figure 1-4. TMS1070 Microcomputer Signals and Pin Assignments 

R8 1 28 R7 
R9 2 27 R8 

R10 3 28 R5 

VOO 4 25 R4 
K1 5 24 R3 
K2 6 23 R2 
K4 7 TMS1100 22 R1 
K8 8 21 RO 

INIT 9 20 Vss 
07 10 19 OSC2 
08 11 18 OSC1 
05 12 17 00 
04 13 16 01 
03 14 15 02 

Pin Name Description Type 

K1. K2. K4. K8 Data input Input 
00-07 Data output Output 
RO- R10 Control output Output 
OSC1. OSC2 Timing Input 
INIT Power on reset Input 
VOO.VSS Power and Ground 

Figure 1-5. TMS1100 Microcomputer Signals and Pin Assignments 
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R8 1 40 R7 
R9 2 39 R6 

RIO 3 38 R5 
Rll 4 37 R4 
R12 5 36 R3 

(Vss in MCI41200) VOO 6 35 R15 } 
Kl 7 34 R14 in MC141200 only 

K2 8 33 R13 
K4 9 32 nc 

K8 10 TMS1200 31 R2 
INIT 11 30 Rl 
07 12 29 RO 
nc 13 28 Vss (VOO in MCI41200) 
nc 14 27 OSC2 
nc 15 26 OSCI 
06 16 25 00 
05 17 24 01 
04 18 23 02 
03 19 22 nc 
nc 20 21 nc 

Pin Name Description Type 

Kl, K2, K4, K8 Data input Input 
00-07 Data output Output 
RO- R12,R13- R15 Control output Output 
OSCl, OSC2 TIming Input 
INIT Power on reset Input 

VDD, Vss Power and Ground 

Figure 1-6. TMS1200 and MC141200 Microcomputer Signals and Pin Assignments 
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Kl 1 40 K/L 
K2 2 39 LS 
K4 3. 38 L4 
KS 4 37 L2 

MODE 5 36 L1 
VSS 6 35 INIT 

RO 7 HLT 
Rl 8 OSC2 
R2 9 OSCI 
R3 10 TMS1200C VDD 
R4 11 00 
R6 12 01 
R6 13 02 
R7 14 03 
RS 15 04 
R9 16 06 

RIO 17 06 
Rll 18 07 
R12 R16 
R13 R14 

Pin Name Description Type 

Ll.L2.L4.LS Data Input Input 
Kl.K2.K4.KS 
00 - 07 Date Output Output 
RO - R15 Control Output Output 
OSC1.0SC2 Timing Input 
INIT Power on reset Input 
HLT Low power halt Input 
K/L K-L input select Input 
MODE Latched mode select Input 

VDD.VSS Power and Ground 

Figure 1-7. TMS1200C Microcomputer Signals and Pin Assignments 
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RS 1 40 nc 
R9 2 39 R7 

RIO 3 38 R6 
Rll 4 37 R5 
R12 5 36 R4 

VOO 6 35 R3 
Kl 7 34 nc 
K2 8 33 nc 
K4 9 32 nc 
K8 10 TMS1270 31 nc 

INIT 11 30 R2 
nc 12 29 R; 
nc 13 28 Vss 
07 14 27 RO 
06 15 26 OSC2 
05 16 25 OSCI 
09 17 24 00 
04 18 23 01 
03 19 22 02 
08 21 nc 

Pin Name Deacription Type 

Kl.K2. K4. K8 Data input Inllut 
00-09 Data output Output 
RO- R12 Control output Output 
OSCI. OSC2 Timing Input 
INIT Power on reeet Input 
VOl). Vss Power and Ground 

Figure 1-8. TMS1270 Microcomputer Signals and Pin ASSignments 
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Rll 1 RIO 
R12 2 R9 
R13 3 R8 . 
R14 4 37 R7 
R15 5 R6 

VOO 6 nc 

Kl 7 R5 
K2 6 R4 
K4 9 R3 
K8 10 TMSI300 31 R2 

INIT 11 Rl 
07 12 RO 
nc 13 Vss 
nc 14 OSC2 
nc 15 OSCI 
06 16 00 
05 17 01 
04 18 02 
03 19 22 nc 

nc 20 21 nc 

Pin Name Description Type 

K 1. K2. K4. KB Data input Input 
00-07 Data output Output 
RO- R15 Control output Output 
OSCI. OSC2 Timing Input 
INIT Power on reset Input 

VOO.VSS Power and Ground 

Figure 1-9. TMS1300 Microcomputer Signals and Pin Assignments 

The 0 outputs are provided by 00·07. or. in the case of the TMS1270. 00·09. 

The R outputs occur at RO· R1&. or some smaller number of R outputs. depending on the microcomputer. 

OSC1 and OSC2 are timing Inputs and outputs. A number of timing options are provided. All TMS1000 series 
microcomputers contain internal clock logic which you can access in conjunction with an external RC circuit as 
follows: 

fJ----..I---4II:Mr-h -: 
You can also input an externally created clock signal at OSC1. in which case OSC2 must be connected to ground (VSS). 
When you have more than one TMS1000 series microcomputer in a configuration. it is a good idea to synchronize the 
many microcomputers by driving them with a single clock signal. 

INIT Is a power on reset signal. Following power on. INiT should be input high (VSS) for at least six consecutive clock 
cycles. The Reset operation stores binary ones in the Page Address register and the Page Buffer register. The 0 outputs. 
the R outputs and the Program Counter are all zeroed. Thus. the first instruction executed will have the hexadecimal 
address 3C016. 

Page Address register ~ ---C" Program Counter 

1 1 1 1 0 0 0 0 0 0 
-.-~ 

3 C 0 
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TMS1000 SERIES MICROCOMPUTER INSTRUCTION EXECUTION 
No microcomputer described in this book has simpler instruction execution timing than the TMS1000 series. All in
structions generete one byte of object code. There are no two- or three-byte object codes. Similarly. every instruc
tion executes in a single machine cycle, as timed by the system clock. 

TMS1000 SERIES MICROCOMPUTER INSTRUCTION SET 
There are variations in the instruction sets of the different microcomputers in the TMS1000 series. However. the 
different instruction sets are similar enough for us to describe them all In Table 1-6. As compared to similar tables 
for other microcomputers in this book. Table 1-5 has an additional column which identifies the instructions which are 
available with each of the TMS1000 series microcomputers. 

Within the confines of a single-chip microcomputer. the instruction set defined in Table 1-5 is both powerful and effec
tive. It would be easy to point out instruction set features which. from a programmer's point of view. are undesirable: 
however. the TMS1000 series microcomputers are oriented to digital logic. The TMS1000 is not a product that gets 
programmed: rather. its instruction set is a means of defining an optional portion of the ROM mask. Within this context. 
the instruction set is very adequate. Note that, since you are dealing with a single-chip microcomputer, there is 
nothing to prevent you from redefining the Control Unit and thus creating your own instruction set. 

THE BENCHMARK PROGRAM 
The benchmark program we are using throughout this book in order to exercise the various microcomputer instruction 
sets is essentially meaningless in any TMS1000 application. Given 64. or at most 128 nibbles of RAM. the whole con
cept of moving data among tables is meaningless. We therefore simplify the problem and look upon IOBUF as external 
logic. Instead of reading from IOBUF. we will input K data. We will assume that each block of K data is preceded by a 
nibble which defines the number of data nibbles to follow: 

: KKS' In I _ 
~~-. .. ...... ~~~ .......... ~~. 

n data nibbles 
follow 

Thus. each block of data that is input must be fifteen nibbles or less in length. 

LDX TBHI LOAD TABLE PAGE ADDRESS 
TKA INPUT FIRST K NIBBLE. IT EQUALS DATA NIBBLE TO FOLLOW 
TAY MOVE TO Y. XY NOW ADDRESSES END OF TABLE 

LOOP TKA INPUT NEXT DATA NIBBLE 
TAM SAVE IN MEMORY 
DYN DECREMENT Y 
BR LOOP IF Y NOT O. RETURN FOR NEXT NIBBLE 
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Symbols are used in Table 1-5 as follows: 

Registers: 

A - Accumulator 
X.Y - Data Counter. Y also serves as an output address. 
PC - Program Counter 
PA - Page Address register 
CF - Chapter Flag (one bit! 
SR - Subroutine Return register 
PB - Page Buffer 

Statuses: 

ST - The Status Flag 
C - The status flag reflects a Carry. That is. it is set if there is a Carry from the most significant bit 

(MSB). and reset otherwise. 
NE - The status flag reflects "not equal". That is. it is set if the compared bits are not equal. and reset 

if they are equal. 

Inputs and Outputs: 

K - the four input lines 
o - the five-bit Output register 
R - the control outputs 

bb Two bits in the object code which specify one of the four bits of a RAM location: 

b 

data 

label 
R([Y]) 

x 
[X](MSB) 

[[ X.Y)) 
[[ X.Y)) (b) 
[ ] 

3 2 0 4--Bit No. 

I I I I : ..... 1--- RAM location 

bb 

'----00 
'------10 

'-------01 

'-------- 11 

Operand which specifies one bit of a RAM location 

2. 3. or 4 bits of immediate data 

Destination of Branch instruction (6 bits of direct address in the object code) 

The control output line specified by the contents of the Y register. 

One bit of immediate data or direct address in the object code. 

The most significant bit of the X register 

The contents of the RAM location addressed by the contents of the Data Counter. 

The specified bit of the RAM location addressed by the contents of the Data Counter. 

Contents of location enclosed within brackets. If a register designation is enclosed within the brackets. 
then the deSignated register's contents are specified. If K or R is enclosed within the brackets. then the 
data at the inputs or control outputs is specified. 

Data is transferred in the direction of the arrow. 

Data is exchanged between the two locations designated on either side of ·the arrow. 

Where two object codes are given. the first is the code used in the TMS1000. TMS1200. TMS1070. and TMS1270. 
while the second is the object code used in the TMS1100 and TMS1300. 

X in one of the rightmost three columns means that the instruction is implemented on the designated TMS 1000 device. 
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THE NATIONAL SEMICONDUCTOR COP400 SERIES 
SINGLE-CHIP MICROCOMPUTERS 

The National Semiconductor COP (Controller Oriented Processor) family is a recent addition to the 4bit microcomputer 
market. There are currently 13 members of the COP fari-lily. Table 1-8 summarizes the capability of each pro
cessor. The COP411 Lis the low-end member of the COP family. It is designed for low cost and has a price of under 
$1.00 when ordered in large quantities. This is truly remarkable.· Use of the COP411 L microcomputer makes ail entire 
microcomputer-based control system available for what was previously the cost of only the microcomputer itself. The 
different models in the COP400 series of microprocessors are very similar devices. The few differences that do 
exist stem from differences in I/O configuration. The COP402M. COP420. COP420C. and COP440 can also have a 
MICROBuse interface as a mask programmable option. MICROBUSe is National Semiconductor's chip level interface 
standard. It specifies a standard set of interface signals (chip enable. read/write. etc.) for interconnecting complex 
(although not necessarily intelligent) data manipulating circuits. such as D/A converters. UARTS. and microcomputers. 

Table 1-6 provides an overview of the members of the COP400 family. The COP402. COP402M and COP404L are 
designed primarily for prototyping applications where it is necessary to be able to modify the program memory. The 
COP410Ll411L series are the low-end models of the COP400 family. The COP421 series is a bonding option of the 
COP420 that does not bring out the four dedicated input lines INO-IN3. The COP440 and COP444L are expanded 
memory versions of the COP420. The' COP440 provides additional I/O capability as well. 

Figure 1-10 illustrates that part of our general microcomputer system logic which is implemented by the COP400 
microcomputers. The COP402. COP402M. and COP404L do not contain anyon-board ROM. and the COP402M. 
COP410L. COP411 L. COP421. COP421L. and COP421C have no interrupt capability. Note that. unlike the TMS1000 
or the PPS4/1. severel COP400 devices provide a truelntenupt capability. This allows the user to implement more 
efficient and compact code. Applications that may be impossible within 1024 bytes on the TMS1000 or PPS4/1 may 
be feasible on a COP400 device. The lack of DMA capability is not a major drawback. since block data transfers into the 
small on-board RAM of a COP400 device would make little sense. A programmable timer would be a helpful addition to 
a COP400 system. Although the COP420 and COP421 series provide a "timer" capability. it is not programmable. An 
internal 1 O-bit counter sets a flag once each 1024 instruction cycles. This timer allows the COP to generate an internal 
fixed time base. . 

All devices of the COP400 family are Implemented via N-channelsillcon gate MOS technoiogy. except for the 
COP42OC and COP421C. which are Implemented via CMOS technology. 

A single +6 volt supply is the only power supply required by the C0P400 microcomputers. However. most 
models provide. as a masic option. a separate power supply for RAM. which sinks a maxlmurri current of 3 mA at 
3.3V. 

The fastest clock frequency that can drive a COP microcomputer Is 4 MHz. Each Instruction cycle will take 18 
clock cycles. therefore the fastest Instruction cycie time Is 4 /los. Although various COP models provide mask op
tions of 32-.8-. and 4-clock instruction cycles. the maximum clock frequency decreases accordingly: thus 4 /los remains 
the shortest instruction time. 

The manufacturer of the COP400 series is: 

NATIONAL SEMICONDUCTOR CORPORATioN 
2900 Semiconductor Drive 

Santa Clara. CA 95051 
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Programmable 
TImers 

• All models 

~ Not available 
~ on some models 

Figure 1-10. Logic of the COP400 Series of Microcomputers 



COP400 PROGRAMMABLE REGISTERS 
COP programmable registers may be illustrated as follows: 

4-bit Accumulator (Register AI r-.,..--===:: I i 8- or 7 -bit Data Counter (Register BI 

"' ____ ~L:_::.:::::::::::::::: r-T-
I I ! 9- to 11-bit Program Counter (Register PI L •• _~. ____________________ ~ 

r-T-"'-------------.. 
I I i 9- to 11-bit SA register I L_._~. ______________________ ~ 
r-T-"'----------------------~ I I ! 9- to 11-bit SB register 2 or 3 level 
L_._ • Subroutine Stack 

r-~--------------., I i 1 0- or 11 -bit SC register L_~. ______________________ ~ 

4-bit serial input/output shift register (SIOI 

4-bit Enable register (ENI -----I 
The COP microcomputers are all single address machines. and the Accumulator is used as the implied primary 
source or destination register. 

The a register is a 6- or 7-bit data counter. depending on the COP400 model under consideration. The COP404L. 
COP440. and COP444L have 7-bit EI registers; all other models' B registers are 6 bits wide. It is often treated as two dis
tinct registers. The low-order four bits are referred to as Bd (digiti and the high-order bits are referred to as Br (register). 
These mnemonics will become clear after RAM memory organization is discussed. The location in RAM that the B 
register points to is referred to as Memory. 

The Program Counter is a 9- to 11-bit register providing direct access to a maximum of 2048 bytes of program 
memory. Each COP400 model'S program memory size determines its Program Counter width. Thus. the COP41 OL and 
COP411 L have 9-bit Program Counters. while the COP404L. COP440. and COP444L have Program Counters 11 bits 
wide. Other models - COP402. COP402M. COP420. COP420L. COP420C. COP421. COP421 L. and COP421 C - have 
1 O-bit Program Counters. Although some instructions do refer to ROM pages. no special Program Counter page register 
is provided. This greatly simplifies programming since the contents of this special page register do not have to be 
manipulated. The Program Counter is also used as a data pointer to ROM. This feature is useful for table look-up and 
other operations requiring ROM constants. 

The SA. sa. and SC registers provide a three-level subroutine return address stack. They are 
all the same width as the Program Counter. and thus can reference all of the available memory. 
This organization precludes the need for a subroutine page register. None of the page boundary 
problems of the TMS100 arise. These registers are also used to save the current value of the 
Progam Counter (i.e .. the next instruction to be executed) when the Program Counter is being 

COP400 
RETURN 
ADDRESS 
STACK 

used as a ROM data pointer. This implies that if ROM constants are being accessed via the Program Counter (LaiD in
struction) only two levels of subroutines can be supported •. since saving the Program Counter causes the stack to be 
pushed one additional time. The C0P410L and COP411L have a two-level stack: therefore neither of these 
models implementa Register SC. . 

The Q register Is an a-bit register that is used to allow the 4-bit COP microcomputer to process a-bit data. The 8-
bit data in the a register can originate from either the instruction ROM. the 8-bit L 1/0 port. or the Accumulator and 
Memory. Data is passed between the ALU and the a register via Memory and the Accumulator. Memory holds the low
order four bits and the Accumulator holds the high-order four bits. 

The SIO register Is a 4-blt register which can be used as a 4-bit serial inlserlal out shift register or as an 
asynchronous binary counter. The configuration of the SIO register is specified by the Enable (EN) register. The con
tents of the SIO register are accessed via an exchange with the Accumulator. This method can provide an uninter
ru pted stream of serial data. 
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The EN register is a 4-blt register that Is used to configure the serial input/output logic, ena
ble interrupts, and tristate the L I/O ports. The bits in the EN register are assigned as shown 
below: 

3 2 0 ",,--Bit No. 

Register EN 

'-----Select SIO register operation 
o - Seriel shift ragister 
1 - Binary counter 

L-----Enable interrupts 
o - Interrupts disabled 
1 - Interrupts enabled 

..... ------Condition Port L lines 
o - Place L outputs in high-impedance stete 
1 - Enable L to output contents of Q ragister 

..... -------Condltion SO output 
o - SO outputs 0 
1 - If bit 3 of Register EN = O. 

then SO is the serial output corresponding 
to bit 3 of the SIO register. Otherwise •. 
SO outputs 1. 

COP400 
ENABLE 
REGISTER 

Bits 3 and 0 of the EN register are used to control the serial input/output logic. Detailed explanation of their use is pro
vided in the section on COP serial I/O. Bit 1 of Register EN is a typical interrupt enable. If interrupts are enabled. bit 1 of 
the IN port is treated as an interrupt request line. Bit 2 of Register EN is used to tristate (float! the L bidirectional I/O 
ports. If the MICROBUSe option has been selected. setting or resetting EN bit 2 has no effect on the L I/O ports. 

COP MEMORY ADDRESSING 
The COP400, like all other 4-bit microcomputers, has separate and distinct program and data memories. There Is 
no way for you to cause the COP400 to execute instructions out of data memory. 

The program memory of a COP400 microcontroller can be implemented either internally (i.e .• on 
the microprocessor chip) or externally (i.e .. on a separate chip). The COP402. COP402M. and 
COP404L support only external' program memory. The COP402 and COP402M will allow up to 
1024 bytes of external program memory while the COP404L allows up to 2048 bytes of external 

COP400 
PROGRAM 
MEMORY 

program memory. All the other members of the COP400 family have on-board ROMs that are used to implement pro
gram memory. The COP41 OL and COP411 L have on-board program memories of 512 bytes. The COP440 and COP444L 
have on-board program memories of 2048 bytes. All other microprocessors in the COP400 family have on-board pro
gram memories of 1024 bytes. 

Since some relative jumps are provided in the instruction set. it is often more convenient to consider program memory 
organized into pages of 64 bytes. The Program Counter can be used to reference data as well as instructions in the pro
gram memory. All of the program memory addressing registers (PC. SA. SB. SCI use the full program memory space 
width. This circumvents the need for special program memory page registers. 

Some peculiarities of the program memory addressing scheme should be noted: 

1) Although the page-relative jump instruction (JP) can transfer control within any page. the relative Jump-to
Subroutine (JSRP) only refers to page 2. 

2) The page-relative jump instruction (JP) cannot pass control to the last byte on a page. 

3) The page-relative jump instruction (JP) can pass control to any location on page 2 or page 3 if the Program Counter 
is currently on page 2 'or page 3. In other words. when executing out of pages 2 or 3 a long jump (JMP) is not 
needed to pass control between pages 2 and 3. 

4) The relative jump-to-subroutine instruction (JSRP) cannot be executed within pages 2 or 3. 

5) The relative jump-to-subroutine instruction (JSRP) cannot pass control to the last byte on page 2. 
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Data memory consists of 32.64. or 128 4-bit nibbles. Table 1-6 gives the data memory size for 
each model in the COP400 series. Data memory Is accessed via the B register. It is convenient 
to view RAM as divided into registers of 16 digits each. corresponding to the bits of the B register 
as follows: 

6 5 4 3 2 0 4---Bit No. r:ITJI"'I.....,.-w-".,... ... ~Ragister B 

COP400 
DATA 
MEMORY 

TL Bd - digit select. In COP410L and COP411 L. 
only codes 1 000 - 1111 are valid. 

Br - register select. In COP404L. eOP440. 
and eOP444L. Br is three bits; Br is two 
bits in all other models. 

This scheme provides efficient 4-bit manipulation of the 6- or 7-bit data memory address. The memory location pointed 
to by B can be moved not only to the Accumulator but also directly to the Q register. the G port. or the L port. 

COP STATUS FLAGS 
The COP has only a single status bit-the Carry. The Carry can be set by certain addition instructions and by set 
(SC) and reset (RC) instructions. In addition. there is a skip flag that is inaccessible to the programmer. If the skip flag is 
set during the course of execution of an instruction. 'the following instruction is skipped. 

COP400 PARALLEL INPUT/OUTPUT LOGIC 
The COP microcomputers all have the following standard parenell/O ports: 

• D port - 4-blt generel purpose output port (2 bits on COP41 1 Land 8 bits on COP440) 
• G port - 4-blt general purpose bidirectional port (3 bits on CON 1 1 Land 8 bits on COP440) 
• L port - 8-bit bidirectional tristate port 

In addition to the ports listed above. most COP400 models - COP402. COP402M. COP404L. COP420. COP420L. 
COP420C. and COP444L - have a 4-bit input port called the IN port. This port is eight bits wide on the COP440. 

A number of mask programmable options are available for these I/O ports. Each output of the G COP400 
and D ports is available as either an enhancement mode device to ground in conjunction with a OUTPUT 
depletion mode device to VCC. or as an open drain gate. These circuits are shown below. OPTIONS 

Stendard 

(Enhancement mode device 
to ground with depletion 

mode device to Veel 

Open Drain 
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The L I/O port lines can be configured as either standard. open drain. push-pull. or high current 
source (for LED or TRIAC driver applications) outputs. All L port driver functions are tristateable. 
The IN port can be configured as either a loaded input or a high impedance input: 

Input with Load Vee High Impedance 

COP400 
INPUT 
OPTIONS 

For each input line (ports G. L. and IN!. you can specify whether input thresholds are to be standard TTL levels (0 ~ 0.8 
V. 1 ~ 2.0 V) or higher voltage (0 ~ 1.2 V. 1 ~ 3.6 V). 

The COP402M. COP420. COP420C. and COP440 can also be mask programmed for a 
MICROBUS9 interface. When this option is selected. bits 1. 2. and 3 of IN are no longer general 
purpose inputs. and bit 0 of G becomes a dedicated output. The L port becomes an 8-bit bus port 
used for bidirectional data transfer. Line IN1 becomes a read control signal. designated RD. When 

COP400 
MICROBUS9 
INTERFACE 

this line goes low it causes the COP to drive the transfer bus (L pord with the data currently in the Q register. IN3 is 
used as a write control signal. designated WR. When this line goes low the current state of the transfer bus (L pord is 
latched into the Q register. IN2 becomes a chip select line. designated CS. A low input at IN2 causes the COP to 
become selected. When it is selected. IN1 and IN3 act as read/write control signals. as outlined above. Line GO 
becomes a ready output. designated INTR. This output is reset each time a WR pulse is accepted by the COP. INTR is 
used to provide the necessary synchronization between a host CPU and the COP during asynchronous data transfer. 
The timing of the MICROBUS9 data transfers is quite simple. Figure 1-11 shows a read operation and Figure 1-12 
shows a write operation. Detailed timing specifications appear in the data sheets at the end of this chapter. 
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(lN2) CS \ 

(lN1)RO Q:.y 
'-+Ja-~~ 

(L7-LO) ~ '" 
o7-o0·------------..... '-~ __ 0_a_ta_f_ro_m_C_O_P __ J. 

Figure 1-11. MICROBUSe Read Sequence 

(lN2)CS t ,.- ........ ..... 

~ V (lN3)WR 

~ I 
(L7-LO) I J I 07-00 

~ / 
(GO) INTR I 

I 

J 

~ COP reads data here 

Figure 1-12. MICROBUSe Write Sequence 
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COP400 SERIAL INPUT IOUTPUT 
The COP400 series devices have a very workable set of serial input/output functions. The 4-bit SIO register has serial 
input (SII and serial output (SOl pins. A logic-controlled clock pin (SKI is also provided. 

The EN register is used to configure the serial input/output logic. Bit 0 of EN configures the 
SIO register as either a 4-bit shift register or a 4-bit binary counter. When the SIO register is con
figured as an async;hronous binary counter it decrements its value by one each time a high-to-Iow 
transition occurs on the SI input pin. The minimum pulse width on the SI input is two instruction 

COP400 
BINARY 
COUNTER 

cycles. The SK output reflects the state of carry at the last execution of an XAS instruction (exchange Accumulator 
with SIO register). The SO output follows the value of EN bit 3. When the SIO register is configured as a serial shift 
register (bit 0 of EN = 0) it left shifts its contents once each instruction cycle. The data present on the SI input is shifted 
into the least significant bit (bit 0) of the Serial Shift register. SO will output the most significant bit of the SIO register 
(bit 3) if EN bit 3 = 1: otherwise. SO is held low. The SK output can be used as a logic controlled clock which issues a 
pulse once each instruction cycle. This pulse is referred to as a SYNC pulse. since it is synchronized to the execution of 
each instruction. The generation of the SYNC pulse is initiated by an XAS instruction issued with Carry = 1 and is ter
minated by issuing an XAS instructton with Carry = 0: thus. If you wish to ensure that the serial data stream is con
tinuous. every fourth instruction executed must be an XAS. Serial 110 timing is related to instruction cycle timing in the 
following way: 

I------Instruction Cvcle Time -----I 

CKI 

(5K) SYNC 
----~ 

51 Data q 

50~~ __________ ~ __ D~at~a~0~u_t:_m ________ ~~ __________ ~ __ D_a_ta_0_u_t_:_n __________ A, __ __ 

.... _. Bit No._ 
Register_ 

510 

COP inputs state 
of 51 to 510 bit 0 

The first clock rising edge of the instruction cycle triggers the low-to-hlgh transition of SYNC. output via SK: at this 
time the processor reads the state of SI into SIO bit O. shifting the current bits 0-2 left. Halfway through the cycle 
(shown above as the eighth clock rising edge) SYNC (SK) is reset low and the new SIO bit 3 is output via SO. 

Table 1-7 summarizes the serial I/O functions of the COP400 microcomputer. 



Table 1-7. COP400 Serial I/O Functions 

EN3 ENO SIO SI SO SK afterXAS 

0 0 Shift Registar Input to Shift Register 0 
IfC=I.SK=SYNC 
IfC=O.SK=O 

1 0 Shift Register Input to Shift Register Serial Out 
IfC=I.SK=SYNC 
If C = O. SK =0 

0 1 Binary Counter Input to Binary Counter 0 
If C = 1. SK = 1 
If C = O. SK = 0 

1 1 Binary Counter Input to Binary Counter 1 
If C = 1. SK = 1 

If C =0. SK = 0 

COP400 INTERRUPT LOGIC 
Many COP400 models have a true interrupt capability. They are the only products covered in this chapter which 
have a true interrupt. Interrupts are not available on the COP402M. COP410L. COP411 L. COP421. COP421L. and 
COP421C. An interrupt will only be acknowledged if the following conditions are true: . . 

1) Interrupts have been enabled. This is accomplished by setting bit 1 of EN to 1. 

2) An interrupt request has been issued. This consists of driving IN1 low for a minimum of two instruction cycles. 

3) The execution of the current instruction has been completed. 

4) Any chain of control transfers has been completed. This means any "jumps to jumps" (the jump instructions are 
JID. JMP. JP. JSR. and JSRL). 

5) Any chain of LBI (Load B immediate) instructions has been completed. 

Once all of the above conditions have been met. the interrupt is acknowledged. The CPU begins interrupt 
acknowledgement by first saving the current contents of the Program Counter in the SA register and pushing the rest 
of the subroutine save registers. The contents of the SC register are lost. The skip status is saved in a 1-bit Skip Status 
Save register. Next. interrupts are disabled (i.e .. bit 1 of EN = 01. Finally. control is passed to location OFFH. The first 
word of an interrupt service routine must be a NOP; therefore. if interrupts are employed the word at location OFF16 
must be a 4416 (NOP op-codel. Interrupts can be re-enabled by executing a LEI (Load Enable register Immediate) at any 
point prior to the return instruction. It is good practice. however. to place this interrupt enable command immediately 
preceding the return to preclude the possibility of nested interrupt requests. Note that since an interrupt request must 
be present for two instruction cycles before it is acknowledged. the instruction immediately following the enable inter
rupts command will always be executed. Two further words of caution concerning the skip and carry statuses: the 
skip status. although saved. is not pushed onto a Stack as the Program Counter is. It is saved in a single 1-bit Save 
register. The skip status is restored by a Return instruction (RET). Any time a RET is t;lxecuted a check is made for the 
restoration of the skip status. If the Skip Status Save register is set. the skip status will be set. This implies that any use 
of a RET instruction within an interrupt service routine. other than as the returll from the interrupt service 
routine. will cause the skip status to be lost. Therefore. nested subroutines within interrupt service routines should 
be avoided at all costs. Also "ote that the state of Carry is not saved when an interrupt is acknowledged. You" 
must either avoid the use of instructions which modify Carry within interrupt service routines or save the state of Carry. 

COP400 SERIES MICROCOMPUTER PINS AND SIGNALS 
Figures 1-13 through 1-17 illustrate the signals and pin assignments of the members of the C0P400 family of 
microcomputers. The signals that are consistent for the entire family of microcomputers will be described together. 
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GNO 
(VR) CKO 

CKI 
RESET 

L7 
L6 
L5 
L4 

VCC 
L3 
L2 
L1 

Pin Name 

LO-L7 
GO-G3 
00-03 
SI 
SO 
SK 
CKI 
CKO 
RESET 
VR 
VCC·GNO 

1 24 
·2 23 

3 22 
4 21 
5 20 
6 COP410L 19 
7 18 
8 17 
9 16 

10 15 - 11 14 - -
12 13 

Description 

8-Bit 1/0 Port 
4-Bit 1/0 Port 
4-Bit Output Port 
Serial Input 
Serial Output 
Serial Clock or Carry Status 
System Clock 
System Clock 
Reset 
Separate RAM Power Supply· 
Power and Ground 

• This is a mask option. 

.. 

.. 
-

DO 
01 
02 
03 
G3 
G2 
G1 
GO 
SK 
SO 
SI 
LO 

Type 

Tristata. Bidiractional. 
Bidiractional 
Output 
Input 
Output 
Output 
Input 
Output 
Input 

Figure 1-13. COP410L Signals and Pin Assignments 
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VCC 
L4 
L3 
L2 
L 1 
LO 
SI 

SO 
SK 

GNO 

Pin Name 

LO-L7 
GO-G2 
00-01 
SI 
SO 
SK 
CKI 
RESET 
VCC·GNO 

1 20 
-'" 2 19 

3 18 

- 4 17 
5 COP411L 

16 
6, 15 .. 7 14 

- 8 13 
9 12 

10 11 

Description 

8-Bit I/O Port 
3-Bit 1/0 Port 
2-Bit Output Port 
Serialll'!put 
Sarial Output 
Serial Clock or Carry Status 
System Clock 
Resat 
Power and Ground 

--
--

L5 
L6 
L7 
RESET 
CKI 
DO 
01 
G2 
G1 
GO 

Type 

Tristate. Bidirectional 
Bidirectional 
Output 
Input 
Output 
Output 
Input 
Input 

Figure 1-14. COP411L Signals and Pin Assignments 
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GNO 1 28 DO 
(VR) CKO 2 27 01 

CKI 3 26 02 
RESET 4 25 03 

L7 5 24 G3 
L6 6 

COP420 
23 G2 

L5 7 22 G1 
L4 8 

COP420C 21 GO (lNTR) 
(RO) IN1 9 

COP420L 20 IN3(ijiiR) 
(CS) IN2 10 19 INO 

VCC 11 18 SK 
L3 12 17 SO 
L2 13 16 SI 
L1 14 16 LO 

Pin Nama Daacrlptlon Type 

LO-L7 8-Bit 1/0 Port or Tristata. Bidiractional 
MICROBUS· Data Lines" 

GO-G3 4-Bit 1/0 Port Bidiractional 
00-03 4-Bit Output Port Output 
INO-IN3 4-Bit Input Port Input 
CS MICROBUS· Davica Enabla" Input 
FiB MICROBUS· Read Strobe" Input 
Wi! MICROBUS. Writa Strobe" Input 
INTR MICROBUS· Oata-Acceptad Signal" Output 
SI Serial Data Input Input 
SO Serial Data Output Output 
SK Serial Clock or Carry Status Output 
CKI Systam Clock Input 
CKO System Clock Output or Output or Input 

RESET 
Ganeral Purpose Input" 
Oevica Resat Input 

VR Separate RAM Power Supply" 
VCC.GNO Power and Ground 

" This is a mask option. The MICROBUS· functions constituta a single option. 

Figure 1-15. COP420. COP420C. and COP420L Signals and Pin Assignments' 
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GND 
(VR' CKO 

CK I 
RESET 

L7 
L6 
L5 
L4 

VCC 
L3 
L2 
L 1 

Pin Name 

LO-L7 
GO-G3 
00-03 
SI 
SO 
SK 
CKI 
CKO 

RESET 
VR 

VCC.GNO 

1 24 
2 23 .. 
3 22 
4 21 
5 COP421 20 .. 
6 COP421C 19 
7 COP421L 18 
8 17 
9 16 

10 15 
11 14 
12 13 

Description 

8-8it 1/0 Port 
4-Bit 1/0 Port 
4-Bit Output Port 
Serial Data Input 
Serial Data Output 
Serial Clock or Carry Status 
Systam Clock . 
System Clock Output or Ga~sral 
Purpose Input· 
Device Reset 
Separata RAM Power 
SupplV· 
Power and Ground 

• This is a mask option. 

DO 
01 
02 
03 
G3 
G2 
G1 
GO 
SK 
SO 
SI 
LO 

Type 

Tristata. Bidirectional 
Bidirectional 
Output 
Input 
Output 
Output 
Input 
Output or Input 

Input 

Figure 1-16. COP421. COP421C. and COP421L Signals and Pin Assignments 
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Pin Name 

LO-L7 

GO-G3 
G1-G3 
INTR 

INO-IN3 
RD 
WR 
CS 
00-03 
SI 
SO 
SK 
ADlom 
SKIP 
CKI 
CKO 
IPO-IP7 
P8.P9 
Rmi' 
VCC.GND 

CKO 
CKI 
IP4 

RESET 
IP3 
IP2 
IP1 
IPO 
IP7 
IP8 
L7 
L8 
L6 
L4 

(im11N1 
(CSIIN2 

VCC 
L3 
L2 
L1 

.. 
~ .. 

- -

.. 
- . 

1 
2 
3 
4 
6 
8 
7 
8 
9 

10 COP402 
11 COP402M 
12 
13 
14 
16 
18 
17 
18 
19 
20 

Description 

8-8it 1/0 Port (COP4021 or 

40 
39 
38 
37 
38 
36 
34 
33 
32 
31 
30 
29 
28 
27 
28 
26 
24 
23 
22 
21 

MICROBUS" Data Lines (COP402MI 
4-Bit 1/0 Port (COP4021 
3-8it I/O Port (COP402MI 
MICR08US" Data-Accepted Signal 
(COP402MI 
4-8it Input Port (COP4021 
MICROBUS" Read Strobe (COP402MI 
MICROBUS" Write Strobe (COP402MI 

~ -
-
-
-

MICROBUS" Device Enable (COP402MI 
4-Bit Output Port 
Serial Input 
Serial Output 
Serial Clock or Carry Status 
Address OutlData In Indicator 
Instruction Skip ~ 
Clock or Crystal Input 
Crystal Connection 
Multiplexed Program Address and Data Bus 
High-order Two Program Address Bits 
Device Reset 
Power and Ground 

--
.. .. 
--

.. 

DO 
01 
02 
03 
IP6 
P8 
P9 
ADIDATA 
SKIP 
G3 
G2 
G1 
GO (lNTRI 
IN31\lVR1 
INO 
SK 
SO 
SI 
GND 
LO 

Type 

Tristate. Bidirectional 

8idirectional 
8idirectional 
Output 

Input 
Input 
Input 
Input 
Output 
Input 
'Output 
Output 
Output 
Output 
Inplrt 
Output 
Bidirectional 
Output 
Input 

Figure 1-17. COP402 and COP402M Signals and Pin Assignments 
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The eight bidirectional L port pins are designated LO-L7. 

The four pins of the G port are designated GO-G3. 

The four pins of the D output port are designated DO-D3. 

SI is the serial Input pin, SO is the serial output pin, and SK is the logic controlled clock or Carry status output. 

CKI (Clock Input) and CKO (Clock Output) are the two system timing pins. There are four possible mask program
mable options for these pins: crystal controlled oscillator. external oscillator. RC controlled oscillator. and externally 
synchronized oscillatoi'. All of these options are illustrated in Figure 1-18. 

If you choose the external oscillator option. then. on some COP400 models, CKO is available for 
one of two other functions: 

• A general purpose input line 
• A separate RAM power supply (VRI 

COP400 
CKO 
OPTIONS 

When CKO is mask-programmed as a data input line. you can read its state into bit 1 of the Accumulator by executing 
an INIL instruction. All COP420 and COP421 models provide this option. A separate RAM power supply is necessary in 
applications where you wish to preserve data during failure of the primary power supply NCC). Table 1-6 shows which 
C0P400 models offer the VR option. 

RESET activates the initialization logic. The RESET pin is configured as a Schmitt trigger for noise immunity. In
itialization will occur if RESET is driven low for a minimum of two instruction cycles. Initialization performs the follow
ing tasks: 

1) Program Counter is reset to 0 

2) Accumulator is reset to 0 

3) 8 register is reset to 0 

4) Carry is reset to 0 

5) Enable register bits are reset to 0 

6) D port bits are reset to 0 

7) G port bits are reset to 0 

8) The SK output is configured to act as a SYNC output 

Hence. after initialization. instruction execution \/Viii begin at program address O. The instruction is this location must be 
a CLRA (code 00). The clearing of Register EN results in the following initial operating conditions: 

Register SIO functions as a serial shift register 

• Serial output (SO) is held low 
• Interrupts (if available) are disabled 

L port outputs ~re in high impedance state 

Power and Ground are represented by VCC and GND, respectively. If the power supply rise 
time is greater than one microsecond and less than one millisecond, then initialization will 
occur automatl~lIy, with the same results as described above for RESET. Therefore. if your 
design can guarantee the appropriate rise time for VCC. you need not use RESET for power-on in
itialization. 

COP400 
POWER-ON 
RESET 

INO-IN3 comprise a 4-blt Input port which is available on some COP400 models. As we described in the section on 
parallel I/O ports. those COP400 models which possess the IN port also offer the MICROBUSs interface mask op
tion. When the COP400 device interfaces to another microcomputer via the MICROBUSs, the system controller 
drives CS, RD, and Wii to the COP, and the COP outputslNTR to the system controller. Table 1-6 shows which 
COP400 models offer the MICROBUSs option. The only difference between the COP402 and COP402M is that the 
COP402M provides the MICROBUSs interface. 

The COP402 and COP402M have the ability to address external memory and ,therefore have a few signals that 
are not present on the other members of the COP400 family. 

IPO-IP7 implement a bidirectional Data and Address Bus. This bus is used to transfer instructions from program 
memory to the COP402 or COP402M microcontrollers. Instructions and data are multiplexed on the IP bus under the 
control of the AD/DATA line. When the AD/DATA lilie is high, the COP402 or COP402M Is driving thelP bus with 
the low-order eight bits of the instruction's address. When the ADIDATA line Is low, the COP402 or COP402M 
expects external logic to drive the IP bus with the instruction whose address was previously output. Great 
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A. Crystal Oscillator B. Extarnal Olclllator C. RC Controlled Oscillator" 

- ./ r;;J - ./ 
". f" 

CKI CKO CKI CKO 

• • 1 
R1 R2 (VR or General R vccy I (VR or General 

'....- .J\J" Purpose Input Pin) 
y 

Purpose Input Pin) 

C! 

External Clock 
Cr 4ra~ 

~ 

D. Externally Synchronized Olclllator" 

1f:1~ 
.. 

y 

(SYNC) 

• t 
~ CKI CKO CKI CKO 

SK I--

COP420/421 COP420/421 
with oscillator 
configuration Ii 

SO SI 

SI SO 

• Oscillator configurations C and 0 are not available on COP402 or COP402M. 

Cryltal Olcillator RC Controlled Oscilletor 

Cryltal Component Valuel 
Value R (kO) C (pFl 

Instruction Cycle Time 

(MHz) R1 (kO) R2 (MOl C (pF) In".1 

4 1 1 27 12 100 5±20% 
3.58 1 1 27 6.8 220 5.3 ± 23% 
2.09 1 1 56 8.2 300 8±29% 

22 100 8.6 ± 16% 

i 

Figure 1-18. C0P400 Clock Options 
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latitude is allowed in implementing the external memory. RAM. ROM or PROM may be employed. The only require
ments for the external memory are: 

• Random addressing (i.e .. no serial memory devices such as bubble memories) 
• TIL-compatible. tristate outputs 
• TIL-compatible inputs 

• Access time ~ 1.7 jl.s 

These requirements are quite liberal and will allow for most bipolar. MOS. or CMOS devices. The timing of the IP bus is 
quite simple and well suited to minimal hardware designs. Note that the address information on the IP bus should be 
latched on the high-to-Iow transition of the AD/DATA line. 

Pi and PI provide the high-order two bits of the instruction address. The low-order eight bits are supplied on the IP 
bus. P8 and P9 are dedicated lines and are not governed by the state of AD/DATA. This means that P8 and P9 do not 
have to be latched. 

The SKIP output undergoes alow-to-high transition once each instruction cycle. It is useful during debugging for 
synchronizing events to each instruction execution. 

COP400 SERIES MICROCOMPUTER INSTRUCTION EXECUTION 
Ali Instructions generate one or two bytes of object code. Every instruction executes in a single instruction cy
cle of a fixed length. The standard length of an instruction cycle is 16 clock periods; however. every COP400 model 
except the COP402 and COP402M offers other divisors as a mask option. You may choose a divisor of 8 on all models 
which have divisor options. and a divisor of 32 is available on the COP420L and COP421 L. In addition. all L-suffix 
models offer a divisor of 4 if the input oscillaior is RC controlled. Thus. depending on the COP400 model and oscilla
tor frequency you choose. an Instruction cycle may consist of 4. 8. 16. or 32 clock periods. 

COP400 SERIES MICROCOMPUTER INSTRUCTION SET 
The Instruction set given in Tables 1-9 and 1-10 is that of the COP420: this is a subset of the full COP400 series 
Instruction set. which will be available on the COP440. Other COP400 models discussed in this chapter have in
struction sets which are subsets of the COP420 instructions. The rightmost columns of Table 1-9 show which models 
execute the instructions discussed. 

The COP400 series instruction set has some powerful instructions - compared to those of other 4-bit microcom
puters - that perform multiple operations with a single instruction. In addition. the ability to move data directly be
tween I/O ports is an especially convenient feature. 

There are almost no variations between the Instruction sets of the COP420 and COP421. The only differences 
stem from the fact that the COP420 has the IN port. Two additional instructions are present in the COP420 in
struction set to deal with this port. 

The CMOS versions of the COP420 and COP421 have an additional instruction. the HL TT instruction. Execution 
of HL TI places the microcomputer in a low-power-consumption halt state until the timer overflows. At that time execu
tion resumes with the instruction following the HL TT. 

The COP410L and COP411 L have instruction sets that are subsets of that of the COP421. The COP410L and COP411 L 
lack the following instructions: 

• ADT 
• CASC 
• COMA 
• INIL 

ININ 

• LDD 

• OGI 
• SKT 
• XABR 

Note that. other than the three instructions INIL. ININ. and SKT. all the deleted operations can be performed using the 
remaining instructions. Table 1-8 shows how this may be done. 
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Table 1-8. COP410L and COP411L Equivalents for Deleted Instructions 

Instnictlon Equivalent Saquence 

ADT AISC 10 
NOP ;defeats skip condition 

CASC COMP 
ASC 

CQMA INL 

L 0 0 reg.,digit LBI reg.digit ;note that B contents are lost 
LD 0 

OGI data4 CLRA ;put data in A by adding it to 0 
AISC data4 ;(original contents of A are losd 
NOP 
X 0 ;output data to G from RAM 
OMG 
X 0 ;replace original RAM data 

XABR No direct replacement; however. LBI can. be used to load the entire B 
register. You can also alter Br via the instructions LD. X. XDS. and XIS. 
which provide a bit pattem to be Exclusive-ORed with the contents of Br. 

The XAD instruction has been modified such that it can only access the last location of data memory (i.e .. location 
register 3. digit 15). The LBI instruction has been modified to work with the reduced RAM area of the COP410L and 
COP411 L; specifically. only digits 9-15 and 0 in registers 0-3 are valid RAM addresses. This change has the important 
side effect of making all LBI instructions single-byte instructions. The successive LBI skip condition (explained below) 
has been deleted. and successive LBls will be executed. 

The first instruction of a COP400 program must be a Clear Accumulator instruction (CLHA). Therefore, location 0 
of the program memory must be a 0 (CLHA op-code). . 

If multiple LBI instructions (Load B Immediate) appear consecutively in ROM, only the first one Is executed. All 
remaining consecutive occurrences are skipped. Instruction execution continues with the first non-LBI instruction en
countered. This feature can be useful for making multiple use of a single routine. A number of LBls can be placed in 
front of a common routine. Control is then passed to one of these LBI instructions. causing the B register to be set. Con
trol then falls through to the common routine. As mentioned earlier. this LBI skip feature is not available on COP410L or 
COP411L. 

BENCHMARK PROGRAM 
As stated in the TMS1000 section. the benchmark program used for the 4-bit microcomputers is different from the one 
used in the rest of this book. The special nature of the 4-bit microcomputers demands it. This benchmark program will 
input a block of data from the G port. The first byte of data is equal to one less than the number of nibbles that follow. 
Each block can contain up to 16 nibbles. 

LBI REG.O ;SET B POINTING TO THE START OF A RAM REGISTER 
ING ;INPUT NUMBER OF NIBBLES TO FOLLOW 
CAB ;SET UP B REGISTER TO FILL RAM FROM HIGH DIGIT TO LOW DIGIT 

NEXT: ING ;GET DATA BYTE 
XDS 0 ;STORE TO MEMORY AND DECREMENT DIGIT ADDRESS 
JP NEXT ;SKIP THIS INSTRUCTION WHEN DONE 

The following symbols are used in Tables 1-9 and 1-10: 

A 4-bit Accumulator 

aaaa Encoding of the values 0-3 as follows: 
o - 1101 
1 - 0111 
2 - 0110 
3 - 1011 
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6-bit instruction address 

7-bit instruction address 

10-bit instruction address 

addr6 

addr7 

addrl0 

addri 10-bit indirect address formed from the contents of the Program Counter. the Accumulator. and data 
memory as follows: 

98765432 o ~BitNo. 
,......,.......,r--"T"'''''T.....,r--''T'''...,-'-T-' addri 

'------[(8)) 
Contents of current RAM location 
addressed by Register 8 

'-----------W 
Contents of Accumulator 

'----------------[P <9.8>1 
Current contents of bits 9 and 8 
of the Program Counter 

B 6-bit RAM pointer register 

bbbb Encoding of the values 0-3 as follows: 
0- 1100 
1 - 0101 
2 - 0010 
3 - 0011 

Bd Low-order four bits of Register B. which serve as a RAM digit pointer 

bit A 2-bit field which specifies an individual bit of a register. port. or RAM location 

Br High-order bits of Register B. which serve as a RAM register pointer 

C Carry status flag 

cccc Encoding of the values 0-3 as follows: 
0-0000 
1 - 1000 
2 - 0001 
3 - 1001 

CKO The clock line which may serve instead as a data input line 

o 4-bit output port 

data4 4-bit immediate data 

dddd Immediate data in the range 016-F16 

digit 4-bit RAM digit select 

digitp 4-bit RAM digit select limited to the values 9-15 and 0 

eeee Immediate data specified by the operand "digitp" and encoded as the value of "digitp" decremented by 
1: 

digitp eeee 

9 1000 
A 1001 

E 1101 
F 1110 
0 1111 
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EN 

G 

IL 

4-bit enable register 

4-bit latched I/O port 

Latched pins of IN port; IL<O> latches IN<O>. and IL<3> latches IN<3> 

IN 4-bit input port 

INSTRUCTION CYCLES 

Instruction cycle time is fixed when the device is manufactured. This instruction time may be 4. a. 16. or 
32 input clock periods. depending on the COP model chosen. 

L a-bit I/O port 

mm The low-order eight bits of a 10-bit address 

nnnnnnn A 7 -bit instruction address. appearing only in memory pages 2 and 3. nnnnnnn f. 7F16 

OBJECT CODE 

P 

pp 

Q 

qqqqqq 

reg 

SA 

SB 

SC 

SID 

SK 

STATUS 

SYNC 

TF 

x<y.z> 

We represent each byte of the object code as either two hex digits or eight binary digits. Explanations of 
variable bit fields appear in alphabetic order in this list. 

10-bit Program Counter 

The high-order two bits of a 10-bit address 

a-bit latch for L port 

A 6-bit instruction address. qqqqqq f. 3F16 

2-bit RAM register select 

10-bit subroutine Save Register A 

10-bit subroutine Save Register B 

1 O-bit subroutine Save Register C 

Serial I/O register or 4-bit counter 

Serial clock or Carry status output line 

The following symbols represent the operation's effect on the Carry status: 
- (blank) no effect 

X - affected by the operation 
o - always reset by the operation 
1 - always set by the operation 

Serial I/O synchronization pulse output via SK. S~e our discussion of serial I/O for timing and function 
details. 

Internal timer overflow flag. This flag is set every 1024 instruction cycles. 

Bits y through z of the quantity x. For example. B<3. 0> means the low-order four bits of the RAM 
pointer register. If the z term is omitted then only the bit selected by y is being referenced: thus A<O> 
means the least significant bit of the Accumulator. 

Data moves in the direction of the arrow 

Exchange data between two locations 

[] The contents' of the register. I/O port. or memory location designated inside the brackets, Hence. [A] 
means the contents of the Accumulator. and [reg.digit] means the contents of the RAM location ad
dressed by the operands "reg" and "digit." 

[[ ]] The contents of the memory location addressed via a register: [[B]] means the contents of a RAM loca
tion and [[P]] means data from program memory. 

[A] The complement of the Accumulator contents. 
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Table 1-10. National Semiconductor C0P400 Series Instruction Object Codes 

INSTRUCTION OBJECT CODE BYTES INSTRUCTION OBJECT CODE BYTES 

ADD 31 1 LEI data4 33 2 

ADT 4A 1 * 0110dddd 

AISC data4 0101dddd 1 LOID BF 1 
ASC 30 1 NOP 44 1 
CAB 50 1 OBD 333E 2 
CAMO 333C 2 OGI data4 33 2 * CASC 10 1 * 01 01 dddd 
CBA 4E 1 OMG 333A 2 
CLRA 00 1 RC 32 1 
COMP 40 1 RET 48 1 
COMA 332C 2 * RETSK 49 1 
HLTT 3339 2 * RMB bit 0100bbbb 1 
ING 332A 2 SC 22 1 
INIL 3329 2 * SKC 20 1 
ININ 3328 2 * SKE 21 1 
INL 332E 2 SKGBZ bit 33 2 
JID FF 1 OOOccccl 
JMP addrl0 011000pp 2 SKGZ 3321 2 

mm SKMBZ bit OOOccccl 1 
JP addr6 l1qqqqqq 1 SKT 41 1 * JP addr7 10nnnnnn 1 5MB bit 0100aaaa 1 
JSR addrl0 011010pp 2 :I: STII data4 0111dddd 1 

mm X reg 00rrOll0 1 
JSRP addr6 10qqqqqq 1 XABR 12 1 * L81 re9,digit 33 2 * XAD reg,digit 23 2 

10rrdddd 10rrdddd 
LBI reg,digitp OOrreeee 1 XAS 4F 1 
LD reg 00rrOl01 1 XDS reg 00rrOl11 1 
LDD reg,digit 23 2 XIS reg 00rrOl00 1 

OOrrdddd XOR 02 1 

* This instruction is not available on all COP400 models. * This instruction is not available on all COP400 models. 
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THE PPS4/1 

The PPS4/1 family of microcomputers was developed as the single-chip replacement for the Rockwell PPS4 
family. The PPS4/1 family has been used extensively in consumer products. Its sales. like those of the other established 
4-bit microcomputers. number in the millions. The PPS4/1 is very similar to the TMS1000. Both share similar ap
proaches to memory organization. both have a similar I/O structure. and both lack a true interrupt capability. The major 
differences between the two families are: 

1) Most models of the PPS4/1 family have a serial I/O capability. 

2) The PPS4/1 microcomputers are not microprogrammable. as is the TMS1000. 

3) The PPS4/1 family has a special purpose member. the PPS4/1 MM76C. which handles high-speed 
counting. The TMS1000 has no counterpart to this processor. 

There are ten members of the PPS4/1 family. They are summarized in Table 1-11. 

Figure 1-19 illustrates those parts of our general microcomputer model implemented by the PPS4/1 microcomputer. 
This figure is deceptive. since it would appear that a PPS4/1 has a System Bus. This is not the case. The bus illustrated 
is purely internal. The only means ava.ilable to a PPS4/1 for communication to the outside world is via its I/O pins. No 
provision for external RAM or ROM has been made. Furthermore. the operations provided are primitive compared to 
those in 8-bit microprocessors or their support devices. For example. the serial I/O logic of the PPS4/1 cannot be com
pared to that of the Intel 8251 USART. or even the 1602 UART. The serial I/O logic merely serializes a 4-bit nibble into a 
bit stream (and the inverse). No provision is made for synchronization or for detecting framing or overrun errors. Buffer
ing must be explicitly performed by the software. Nonetheless. the serial I/O interface is. a very useful feature. 

Table 1-11. Summary of the PPS4/1 Family of Microcomputers 

MM76 MM76 MM76C MM76E MM76EL MM76L MM77 MM77L MM78 MM78L 

ROM Ibytes! 640 640 640 1024 1024 640 -1344 1536 2048 2048 

RAM I!libbles! 48 48 48 48 48 48 96 96 128 128 

Total I/O Lines 22 31 39 31 31 31 31 31 31 31 

Conditional 
Interrupt 1 2 2 2 2 2 2 2 2 2 

Input 4 8 8 8 8 8 8 8 8 8 

Bidirectional 17 18 18 18 18 18 18 18 18 18 

Serial -- 3 3 3 3 3 3 3 3 3 

Package 
IOual In-Line or 28-pin 42-pin 52-pin 42-pin 4O-pin 40-pin 42-pin 40-pin 42-pin 40-pin 
Quad In-Line! dual quad quad quad dual dual quad dual quad dual 

Supply Voltage IV! -15 -15 -15 -15 -11 to -11 to -15 ·11 to -15 -11 to 
-6.5 -6.5 -6.5 -6.5 

Supply Current IrnA! 8 8 12 3 3 3 8 3 8 3 

All devices of the PPS4/1 family are implemented using PMOS technology. 

A single -16 volt power supply Is required for all members of the PPS4/1 family except tlie L series parts 
(MM76EL. MM76L. MM77L. and MM78L1. The L series parts will work with a power supply in the range of 
-11.0 to -6.6 volts with a.little as 3 mA of current. This makes them quite suitable for battery powered applications. 

Mo.t members of the PPS4/1 family operate at a maximum clock frequency of 80 kHz. which gives a 12.6 
microsecond cycle time. The L serle. parts can run at up to 100 kHz. yielding a 10 microsecond cycle time. Since 
all instructions execute in one or two clock cycles. the PPS4/1 has a slight speed advantage Qver the TMS1000. but is 
at a severe speed disadvantage to the COP series. 

The primary manufacturer of the PPS4/1 .erles is: 

ROCKWELL INTERNATIONAL 
Microelectronic Device Division 

P.O. Box 3669 
Anaheim. CA 92803 
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* Not present on MM75 

** Present only on MM76C 

Figure 1-19. Logic of the PPS4/1 Family of Microcomputers 
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PPS4/1 PROGRAMMABLE REGISTERS 
PPS4/1 programmable registers may be illustrated as follows: 

r--m 
~-.. ---......... 

4-bit Accumulator 

6- or 7 -bit B register 
(7-bit on MM77. MM77L. 
MM78. MM78L) 

5-bit Page register 

6-bit Offset register 

11-bit SA register 

[-~-~--T--T--r--r--r--~-'--T-' I I I I J J 1 I I I • 11-bit SB register 
_ .... __ .L __ &. __ i._ -- -- __ L_..L..,,J._-, (MM77. MM77L. MM78. 

. MM78L only) 

Data Counter 

} 
11-bit Progrem 
Counter 

} 

One or Two 
level subroutine 
stack 

L I I , J 1 I I 4-bit X register 
- --'---'-- (MM77. MM77L. MM78. MM78L onlyl 

4-bit S register 

The Accumulator acts as a primary Accumulator in a single-address machine architecture. It is the principal 
source and destination of every arithmetic and logical operation .. 

The B register is the primary Data Counter. The only way to access locations in RAM is implied addressing via the B 
register. RAM cannot be directly addressed on the PPS4/1. The RAM memory is addressed as a contiguous block of 4-
bit nibbles. The B register Is often treated as two separate registers concatenated together, called B lower and B 
upper. B lower consists of the least significant four bits of the B register. while B upper consists of the most significant 
two or three bits of the B register. This division is necessary due to the 4-bit data paths within the PPS4/1. Many in
structions will operate on B lower differently than on B upper. For example. the INCB instruction increments Blower 
while exclusive-ORing B upper with an immediate value. For this reason it is often convenient to view the RAM 
memorY as a collection of 16-nlbble pages. Many operations will show a wrap-around effect within a single 16-r:aib
ble page. since these operations modify B lower but not B upper. 

The X register Is used as a scratch register and as a buffer register for certain I/O operations. The X register is pre
sent on the MM77. MM77L. MM78. and MM78L models of the PPS4/1 family. 

The S register is used by serial 1/0 logic. It holds parallel data that is being shifted in or shifted out. 

The P register Is the Program Counter. It consists of two parts. a 5-bit Page register and a 6-bit Offset register. Pro
gram memory is separate from data memory and is read-only. Program memory Is organized as 32 pages of 64 bytes 
each. Single-byte subroutine call instructions always transfer to the two highest pages of the program address space. 
i.e .. pages 30 and 31 (addresses 78016 - 7FF16). The PPS4/1 uses circular shift logic rather than an adder to increment 
the Program Counter. This means that the instructions in a given page are not in sequential order. This is of no signifi
cance except to the assembler and other program development software. Table 1-12 lists the correspondence between 
execution sequence and physical addresses within a page. 

The SA register is a return address save register. It is used for saving the return address during a subroutine call. 
The MM77. MM77L. MM78. and MM78L all have an additional save register called the S6 register. The SA and SB 
registers function as a two-level Stack. Hence the MM77. MM77L. MM78. and MM78L can have two levels of 
subroutine nesting rather than just one. 
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Table 1-12. PPS4/1 ROM Addressing Sequence 

Execution Addrns Execution AcIdre8s 
Sequence Binary. Value Hex Value Sequanoe Binary Value Hex Value 

0 '000000 00 32 001001 09 
1 100000 20 33 100100 24 
2 010000 10 34 010010 12 
3 001000 08 35 101001 29 
4 000100 04 38 110100 34 
5 000010 02 37 01 1010 lA 
8 100001 21 38 101101 2D 
7 110000 30 39 110110 38 
8 011000 18 40 111011 3B 
9 001100 OC 41 011101 1D 

10 000110 08 42 101110 2.E 
11 100011 23 43 110111 37 
12 010001 11 44 011011 1B 
13 101000 28 45 001101 OD 
14 010100 14 48 100110 28 
15 001010 OA 47 110011 33 
18 100101 25 48 011001 19 
17 110010 32 49 101100 2C 
18 111001 39 50 010110 18 
19 111100 3C 51 101011 2B 
20 011110 1E 52 010101 15 
21 101111 2F 53 101010 2A 
22 010111 17 54 110101 35 
23 00101'1 OB 55 111010 3A 
24 000101 0'; 58 111101 3D 
25 100010 22 57 111110 3E 
28 110001 31 58 111111 3F 
27 111000 38 59 011111 1F 
28 011100 1C 80 001111 OF 
29 001110 OE 81 000111 07 
30 100111 27 82 000011 03 
31 010011 13 83 000001 01 

PPS4/1 MEMORY ADDRESSING 
The PPS4/1 contains separate and distinct program and .data memories. Program memory is 
strictly read-only. Instructions cannot be executed out of data memory. Program memory can be 
addrassed only by Instruction execution. No means of storing constants in program memory 
has been provided other than as the operand of immediate instructions. The branch instructions 

PPS4/' 
MEMORY 
ADDRESSING 

provided allow program memory to be addressed in its entirety. in banks of 16 pages or as 64-byte pages. The top two 
pages of program memory are the primitive subroutine pages. These pages can be addressed from anywhere in the pro
gram address space by the TM instruction with only a 6-bit address. Frequently used subroutines should be located in 
these pages. 

Data memory Is addressed via implied addressing. The B ragister is used as a data counter which addresses data 
memory. There are no other means of accessing data memory. 

PPS4/1 STATUS FLAG$ 
The PPS411 has only one program-accessible status flag - the Carry. 

There is also an internal skip status bit: if this bit is set during an instruction execution. the follow
ing instruction will be skipped. 
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PPS4/1 INPUT AND OUTPUT LOGIC 
All members of the PPS4/1 family have parallel I/O capability. All members of the PPS4/1 family except the MM75 also 
have a serial I/O capability. 

There are four types of parallel I/O available in the PPS4/1 series. They are: 

1) 4-bit parallel input ports 

2) 4-bit bidirectional ports 

3) Discrete I/O lines 

4) Conditional interrupts 

PPS4/1 
PARALLEL 
I/O 

All members of the PPS411 family except the MM76 have two parallel input ports. The MM75 has only one 
parallel input port. These 4-bit ports are referred to as the P inputs. The two P ports are referred to as Channell (pins 
P1 - P4) and Channel 2 (pins P5 - P8). The signals entering Channel 2 are internally inverted before reaching the Ac
cumulator. The MM75 implements only Channell. 

All members of the PPS4/1 family have two bidirectional 4-bit ports. referred. to ali the R 
ports. On all PPS4/1 microprocessors pins R1 - R4 are called Channel A. On the MM75. MM76. 
MM76E. MM76EL. and MM76L pins R5 - R8 are called Channel B. On the MM75. MM76. MM76E. 
MM76EL. and MM76L both the A and S' channels' outputs can be obtained from a 16 x 8 decode 

PPS4/1 
DECODE 
M~TRIX 

matrix. This matrix allows a 4-bit quantity in the Accumulator to generate an 8-bit output. This is very helpful for ap
plications using seven-segment displays. The contents of the decode matrix are alterable as a mask option. The stan
dard chip comes with a SCD to seven-segment conversion table in the decode matrix. Loading the Accumulator with 
the digits 0 - F16 allows Channels A and B to output the seven-segment codes for 0 - 9. A. -. P. D. E. and blank. respec
tively. The MM77. MM77L. MM78. and MM78L lack this decode. matrix capability. On these processors R5 - R8 are 
referred to as Channel X. Channel X is routed through the X register on both input and output. Channel A functions 
normally except for the lack of the decode matrix on output. 

All members of the PPS4/1 family except the MM76 have a 10-bit discrete I/O port called the D port. The 
MM75 has a 9-bit D port. The lines comprising the 0 port can be read or written independently (Le .. individual bits of 
the port can be manipulated). This port is designed for use with asynchronous inputs. 

All members of the PPS4/1 family have two conditional interrupt lines. The MM75 has only 
one dEidicated conditional interrupt input. However. R8 can be used as either an R input or an in
terrupt line. The conditional interrupt lines INTO and INT1 are very similar to the 0 port lines. ex
cept that they can be tested by a single instruction. This feature allows the rapid testing of the 

PP$4/1 
INTERRUpt 
INPUTS 

conditional interrupt lines. Note that this is not a true interrupt capability. The microprocessor is not interrupted 
asynchronously. Instead. the program must test for the interrupt condition and take appropriate action. ----.. All members of the PPS4/1 family except the MM75 have a serial I/O facility. This facility is implec PPS4/1 
men ted via three I/O lines connected to the S register: a serial input line. a serial output line. ani:! SERIAL I/O 
a bidirectional Serial shift clock line. The serial output line is connected to the high-order bit of the 
S register. Data to be shifted out is first transferred from the Accumulator to the S register. When the S register is 
shifted. the new high-order bit appears on the serial output line. and the value of the seriai input line is shifted into the 
low-order bit of S. Two types of serial I/O timing are allowed: internal and external. If operation with the internal shift 
clock is selected. then the shift operation begins after an lOS instruction and takes two cycles of the internal clock 
(CLKA) for each bit or eight cycles for four bits. A data clock is output on the Shift Clock line. The timing can be illustr
ated as follows: 

Internal lOS 2 3 4 5 6 7 8 
Clock 

(CLKAI 

Shift 
Clock 

Output 

Serial 
Data 

Output 
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If an externally supplied shift clock is provided. the S register is shifted left once for each CLKA cycle that the shift clock 
is input high. This timing is shown below: 

Intem!!1 Clock 
(CLKAI 

Shift Clock 
Input _____ ..J 

SerialO~a -------------~~~----------------~~----------------~~~-------
OU~ut _---------~~----____ _', __________ ~ ___ __ 

PPS4/1 PINS AND SIGNALS 
Figures 1-20 through 1-23 Illustrate the pins and signals for most members of the PPS4/1 family. Note that the 
majority of the signals are consistent across the entirePPS411 family. For this reason we will combine the discussions 
of pins and signals for all members of the PPS4/1 family. The MM76C and its pins and signals are described later in this 
sectior.l. 

Data inputs are provided by P1 - P8. P1 - P4 constitute the Channell input port. while P5 - P8 constitute the Channel 2 
input port. 

RS/lNTt 1 28 R7 

R1 2 27 R6 

R2 3 26 R5 

R3 4 25 INTO 

R4 5 24 PO 

pO 6 23 P4 

01 7 PPS4/1 22 P3 

02 8 MM75 21 . P2 

03 9 20 P1 

04 10 19 TEST 

05 11 18 VOO 
06 12 17 Vc 
07 13 16 CLKA 

VSS 14 15 OS 

Pin Name o.acrlptlon Type 

DO-OS Olscme I/O Pins Bidirectional, Open Drain 
P1-P4 Input' Port Input 
R1-RS/INT1 1/0 Port Bidirectional. Open Drain 
INTO.RS/INT1 Interrupt Request Input 
PO Power-on Ras~ Input 
Vc Clock Input 
CLKA Clock Output 
TEST Device Test Input 
VOO·VSS Power. Ground 

Figure 1-20. PPS411 MM75 Pins and Signals 
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ClKA 
EXClK 
ClKIN 

Vc 
VOO 
VSS 

TEST 
P2 
P6 
P1 
P6 
P7 
P3 
P8 
P4 

VOO 
PO 

INTO 
INT1 

R6 
R6 

Pin Name 

00-09 
P1-PB 
R1-R8 
SOl 
SOO 
SSC 
INTO.INT1 
PO 
VC. EXClK. ClKIN 
ClKA. ClKB 
TEST 
VOO.VSS 

--

--

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 PPS4/1 
11 MM76. 
12 MM76E 
13 
14 
16 
16 
17 
18 
19 
20 
21 

Description 

Discrete 1/0 Pins 
Input Port 
1/0 Port 
Serial Data Input 
Sarial Data Output 
Serial Shift Clock 
Interrupt Request 
Powar-on Reset 
Clock 
Clock 
Oavice Test 
Power. Ground 

42 
41 
40 
39 
38 
37 
36 
36 
34 
33 
32 
31 
30 
29 
28 
27 
26 
26 
24 
23 
22 

. 

- ~ 

. 
--

ClKB 
09 
08 
nc 
07 
06 
06 
04 
03 
02 
01 
DO 
SSC 
SOl 
SOO 
R4 
R3 
R2 
R1 
R8 
R7 

Type 

Bidirectional. Open Orein 
Input 
Bidirectional. Open Orein 
Input 
Output 
Bidirectional. Open Orein 
Input 
Input 
Input 
Output 
Input 

Figure 1-21. PPS4/1 MM76 and MM76E Pins and Signals 
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ClKB 1 40 ClKA 

Vc 2 39 09 

XTLIN 3 38 08 

XTlOUT 4 37 07 

VOO 5 36 06 

P2 6 35 05 
TEST 7 34 04 

P6 8 33 03 
P1 9 PPS4/1 32 02 
P5 10 MM76l. 01 
P7 11 MM76El DO 

P3 12 29 SSC 
P8 13 28 SOO 
P4 14 27 SOl 
PO 15 26 R4 

INTO 16 25 R3 
INn 17 R2 

R5 18 R1 
R6 19 22 R8 

VSS 20 21 R7 

Pin Name Description Type 

00-09 Discrete I/O Pins Bidirectional. Open Drain 
P1-P8 Input Port Input 
R1-R8 I/O Port Bidirectional. Open Drain 
SOl Serial Data Input Input 
SOO Serial Data Output Output 
SSC Serial Shift Clock Bidirectional. Open Drain 
INTO. INn Interrupt Request Input 
PO Power-on Reset Input 
VC. XTLIN. 
XTlOUT Clock Input 
ClKA.ClKB Clock Output 
TEST Device Test Input 
VOO.VSS Power. Ground 

Figure 1-22. PPS4/1 MM76L and MM76EL Pins and Signals 
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ClKB 
ClKA 
ClKIN 

EXClK 

Vc 
VOO 
VSS 

nc 
TEST 

P4 
P8 
P3 
P7 
P6 
P2 
P5 

VOO 
P1 
PO 
R5 
R6 

Pin Name 

00-09 
P1-P8 
R1-R8 
SOl 
SOO 
SSC 
INTO.INT1 
PO 
VC. ClKIN. 
EXClK 
ClKA.ClKB 
TEST 
VOO.VSS 

1 
2 
3 
4 - 5 
6 
7 
8 
9 

10 PPS4/1 
11 MM77. 
12 MM7B 
13 
14 .. 15 
16 
17 
18 
19 .. 20 .. 21 

Description 

Discrete 1/0 Pins 
Input Port 
1/0 Port 
Serial Data Input 
Serial Data OutpUt 
Serial Shift Clock 
Interrupt Request 
PoweroOn Reset 

Clock Inputs 
Clock Outputs 
Device Test 
Power. Ground 

42 
41 
40 
39 
38 
37· 
36 
35 
34 
33 
32 
31 
30 
29 
2B 
27 
26 
25 
24 
23 
22 

-

.. 

.. 

09 
08 
07 
06 
05 
04 
D3 
02 
01 
DO 
INT1 
INTO 
SOl 
SOO 
SSC 
R4 
R3 
R2 
R1 
R8 
R7 

Type 

Bidirectional. Open Drain 
Input 
Bidirectional. Optln Orein 
Input 
Output. Open Drain 
Bidirectional. Open Orein 
Input 
Input 

Input 
Output 
Input 

Figure 1-23. PPS4/1 MM77 and MM78 Pins and Signals 

The bidirectional I/O port is provided by pins R1 - R8. R1 - R4 implement the A port while R5 - R8 implement the B or X 
port. depending on the microcomputer. 

The discrete I/O lines are provided by DO - 09. 

Serial I/O logic is implemented via the SOO. SOl. and SSC pins. SOO is the Serial Data Output line. SOl is the Serial Data 
Input line. and SSC is the Serial Shift Clock line. 

CLKA. CLKB (except MM751. VC. and PO are common timing and reset pins present on all mem
bers of the PPS4/1 family. There are differences in the clock oscillator options for the low power L 
series. The L series uses two pins. called XTLOUT and XTLIN. while the other members of the 
PPS4/1 family use EXCLK and CLKIN. The standard PPS4/1 (except the MM75) can be connected 

PPS411 
CLOCK 
LOGIC 

for either an internal or an external clock. To use the internal clock. a resistor is connected between Vc and VOO. A 56 
kG resistor will set the clock frequency to a nominal 80 kHz ±50%. If more precise timing is required. a precision exter
nal oscillator can be used. The external oscillator is connected to CLKIN. and the EXCLK pin is tied to VOO. Frequencies 
within the range 40 kHz to 80 kHz are allowed. 
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The l series microcomputers have four timing options available: internal oscillator. external oscillator. crystal. and 
slave. The internal oscillator and external oscillator options are the same as the standard internal and external clock 
modes. The crystal mode allows connection of a crystal to drive the internal oscillator. Slave mode is used to synchron
ize two microcomputers. In this mode ClKA and ClKS are employed as inputs which accept the ClKA and C.lKS out
puts from another PPS4. The table below shows how an l series device is connected for the four clock options. 

Mode Vc XTLIN XTLOUT CLKA·CLKB Frequency 1kHz @ VOO = -8 VI 

Internal VOO VSS nc Outputs 70-130 

External 
VSS Clock Input nc Outputs 400-800 

Clock 

External 
VSS 

One side Other side 
Outputs :::::800 

Crystal of crystal of crystal 

Slave VOO VOO nc Inputs 50-100 

The PO input pin is the standard power-on reset input. The following circuit will generate a proper reset pulse: 

VSS~ 
0.47 p.F 

... - ..... t--.. PO 

180 kG 

VOo--.... -_..I 

The standard power-on reset causes the microprocessor to start execution at location 3C016· ThiS location must con
tain either a NOP. a Reset Carry. or a Set Carry instruction. The following location may contain any valid PPS4/1 in
struction. 

The INTO and INT1 inputs can cause conditional branching when tested by the INTOL. INTOH. INT1 L. INT1 H. DINO. and 
DIN 1 instructions. 

The TEST input is normally connected to VSS. ROM. RAM. and instruction logic can be tested by connecting TEST to 
VDD· 

PPS4/1 MM76C HIGH-SPEED COUNTER OPTION 
The PPS4/1 MM76C is an enhanced version of the standard PPS4/1 MM76 that contains 16 bits of high-speed counter 
capability. Fourteen programmable modes of counter operation are available. The options available include: 

1) Single 16-bit counter 

2) Dual a-bit counters 

3) Quadrature input 

4) Event input 

5) Up or down counting 

6) Automatic preset of counters 

7) Shifting of counters 

Counter control is provided by assigning special meanings to five of the standard PPS4/1 MM76 I/O instructions when 
the microprocessor is executing in the special counter mode. The rich variety of counter configurations makes the 
PPS4/1 MM76C a very powerful tool in producing minimal hardware systems. Applications for the PPS4/1 MM76C in
clude motor control with direction sensing. frequency counting. digital-to-analog conversion. and frequency synthesis. 
Entire control systems can be implemented with only a PPS4/1 MM76C microcomputer. 
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Description of PPS4/1 MM76C Counter Subsystem 
In addition to the standard PPS4/1 MM76 hardware the PPS4/1 MM76C contains logic for the counters. This logic con
sists of the following functional blocks: 

1) Input circuitry 

2) Lower counter register (S bits) 

3) Lower data register (S bits) 

4) Lower carry 

5) Upper counter register (S bits) 

6) Upper data register (S bits) 

7) Upper carry 

S) Control register (4 bits) 

9) Control flip-flops (3 bits) 

Figure 1-24 shows the relationship of each of these functional blocks to the architecture of the PPS4/1 MM76. The ad
ditions to the standard PPS4/1 MM76 are shaded. Eight additional pins are provided for counter control and status. 
Figure 1-25 shows the device's pins and signals and summarizes those signals not present on the PPS4/1 MM76. 

The 16-bilcounter of the PPS4/1 MM76C is divided into two S-bit counters called the Upper Counter and the Lower 
Counter. When the counter circuitry is configured as a single 16-bit counter the Upper Counter contains the most sig
nificant eight bits and the Lower Counter contains the least significant eight bits. Both counters can be preset using 
the C/OI serial input line. Data is clocked onto the C/OI serial input line by the serial shift clock SCC/O. The timing of 
this serial input operation is exactly the same as the standard PPS4/1 serial I/O explained above. By this arrangement. 
external logic can preset the counters. To preset the counters under program control by the PPS4/1 MM76C. simply 
wire the microprocessor as shown below: 

Since the PPS4/1 serial I/O logic handles only four bits at a time, two serial transmissions must be executed to load an 
S-bit counter. The first serial transmission loads the least Significant four bits of the Lower Counter: the second loads 
the most significant four bits of the Lower Counter: the third loads the least significant four bits of the Upper Counter: 
and the fourth loads the most significant four bits of the Upper Counter. Note that ,the serial input line C/OI will also be 
used to load the Control register. Care should be taken to preset the counters only when the PPS4/1 MM76C expects to 
receive counter data on the C/OI line. Each counter has a carry bit that is set whenever the counter overflows or under
flows. The state of these carries is made available to external logic at the CAS (Lower Counter) and CA 16/0 (Upper 
Counter) pins. Associated with each counter is an S-bit buffer register: these are called the Upper Data register and the 
Lower Data register. Via the Data registers, the Counters may be read while counting is taking place. The Upper Data 
register has two special functions not implemented in the Lower Data register: shifting and presetting. Shifting of the 
Upper Data register can occur in only two of the 14 operational modes. Data can be shifted into the Upper Data register 
via the control/data serial input pin (C/Oll and out of the Upper Data register via the Upper Counter's carry bit 
(CA 16/0). COl)trol of all shifting operations is governed by the control/data serial shift clock (SCC/O). The presetting 
function automatically transfers the contents of the Upper Data register to the Upper Counter register whenever the 
Upper Counter overflows. 

Two input mOdes are implemented: these are event input and quadrature input. Event input Simply counts transitions 
on the input line. PCl is the event input for the Lower Counter and SYEV is the event input for the Upper Counter. Both 
the Upper and Lower Counters can count up or down. The control of up or down counting on the Lower Counter is set 
by PC2. When PC2 is high the Lower Counter will count up: when PC2 is low the Lower Counter counts down. The Up
per Counter can be set by the program to count either up or down. If the Upper Counter has been configured as the 
most Significant eight bits of a 16-bit counter, its counting direction follows that of the Lower Counter. Event counting 
can take place at rates up to 2 MHz. 
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Figure '·24. MM76C Counter Logic 
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Pin Name 

00-09 
P1-P8 
R1-R8 
SOl 
SOO 
SSC 
INTO.INT1 
PO 

R5 
R6 
R7 
R8 
Rl 
R2 
R3 
R4 

SOl 
SOO 
SSC 

DO 
01 
02 
03 
04 
05 
06 
07 
08 
09 

XTLIN 
XPWR 

XTLOUT 

CLKB 
CLKA 

XTLIN. XTLOUT 
CLKA.CLKB 
TEST 
PC1.PC2 
ENABL 
CA8 
CA161D 
SYEV 
CIOI 
SCCID 
XPWR 
VOO.VSS 

1 52 
2 51 
3 50 
4 49 
5 48 
6 47 
7 46 
8 45 
9 44 

10 43 

:- 11 42 
12 41 
13 PPS4/1 40 , 
14 MM76C 39 
15 38 
16 37 
17 36 
18 35 
19 34 
20 33 
21 32 
22 31 
23 30 
24 29 
25 28 
2l 27 

Description 

Discrete I/O Pins 
Input Port 
1/0 Port 
Serial Data Input 
Serial Data Output 
Serial Shift Clock 
Interrupt Raqul!st 
Power-on Reset 
Clock 
Clock 
Device Test 
Input to Lower Counter 
Upper & Lower Counter Enable 
Lower Counter Carry Stetus 
Upper Counter Carry Status 
Input to Upper Counter 
Serial Control or Data Input 
Shift Clock for CIOI Input 
Clock Control 
Power. Ground 

-

.. 

INTl 
INTO 
PO 
TEST 
CA16/0 
SCCID 
CIOI 
S'ltEV 
P4 
nc 
P8 
P3 
P7 
P6 
P2 
P5 
Pl 
nc 
nc 
nc 
CA8 
ENABL 
PC2 
PCl 

VOO 

VS~ 

Type 

Bidirectional. Open Drain 
Input 
Bidirectional. Open Drein 
Input 
Output 
Bidirectional. Open Drain 
Input 
Input 
Input 
Output 
Input 
Input 
Input 
Output 
Output 
Input 
Input 
Input 
Input 

Figure 1-25. PPS4/1 MM76C Pins and Signals 

Quadrature input mode measures the frequency and relative phase relationship of two input signals. It uses two signals 
90 degrees out of phase at PC1 and PC2. Input signals of this type are commonly generated by standard incremental 
rotation sensors. (See Figure 1-26.1 A count is generated any time a transition occurs at PC1 or PC2. The counting 
direction is determined by the phase relationship between the two inputs. If the signal at PC1 leads the signal at PC2. 
the counter counts up; if the signal at PC1 lags the signal at PC2. the counter counts down. In systems such as the one 
outlined in Figure 1-26. a change of phase indicates a change of direction of rotation. The count recorded in the 
counter over a fixed period is proportional to the rotational velocity. 
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INCREMENTAL 
ROTATION 
ENCODER 

OPTICAL 
PICKUP 

e + 90· signal to PC2 

e + 90· 

I 
...... >------ Forward Rotation -----_ ...... -- Stopped ---o.-tl ... ----Reverse Rotation-----o .. ~1 

I 

Figure 1-26. Generation of Quadrature Inputs 

In quadrature input mode a maximum input frequency of 500 kHz on each input is allowed. Quadrature input imposes 
a few timing constraints that must be maintained to ensure proper operation of the input logic. A count reversal must 
not occur sooner than 500 ns after the last count. This timing is illustrated below: 

PCl 

\ Coo'. Up C~"""'j ( "m D~" Cj' 

,_~--~I~I~--_I . , _______ __ 
----I F 500 ns minimum 

-------Count Up .1. Count Down ----------

\ 

PC2 --' 
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Another constraint exists when quadrature input is used with a 16-bit counter. When a carry is produced from the 
Lower Counter to the Upper Counter. a single phase reversal is handled as outlined above. However. any subsequent 
phase reversals must not occur for at least three cycles of the microprocessor's CLKA. This timing may be illustrated as 
follows: 

PCl \ 
F.'" ...... '~I. 3"", """----[.....--"" ...... , _m minimum m . r 

~-I '. 
\ I PC2 ..J I \ 

-+------Count UP------.~II4.---count Down---.+ ......... ---Count Up ----~ 

The Control register and the Control flip-flops control the operation of the counter logic. One of the 14 possible modes 
of counter operation is selected by writing an appropriate bit pattern into the Control register. The Control flip-flops are 
set and reset by the special I/O instructions used in counter mode to control the state of the counter logic. 

Control register contents are interpreted as illustrated below: 

3 2 0 ....-Bit No. 

Control register 

'----- Upper Counter Preset Control 
o = Software preset 
1 = Automatic or software preset 

'----- Lower Counter Input Mode Control 
o = Quadrature inputs 
1 = Event and up/down inputs 

------- 16-bit Counter Configuration 
OOxx = Full 16-bit operetion 
010x = Upper Data register is shift register 

whose MSB shifts through Upper Carry 
to CA16/D 

o 11K = Upper Data Register is shift register 
with carry output disabled 

-------- Counter Length Control 
o = One 16-bit counter 
1 = Two 8-bit counters 

Rather than adding new instructions to the MM76 instruction set to control the counter on the 
MM76C. a second meaning is given to a subset of MM76 instructions when the MM76C is 
operated in counter mode. On the MM76C the SEG1 instruction performs the combined func
tions of the standard SEG1 and SEG2 instructions. SEG2 does not perform its regular function; 
rather. it initiates the counter mode of operation. In the counter mode the instructions SEG2. 

PPS4/1 
MM76C 
COUNTER " 
INSTRUCTIONS 

lAM. IBM. 11. and 12C are used to control the counter logic. You must use these instructions carefully since their func
tion depends on their sequence in the program. For example. 11 transfers the lower bits of the Lower Data register to 
the Accumulator if it precedes an 12C instruction. while it transfers the lower bits of the Upper Data register if it follows 
an 12C instruction. 
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The PPS4/l MM76C internal clock provides a slightly different set of operating modes than the 
rest of the PPS4/l family. These operating modes are summarized below: 

Mode XPWR XTLIN XTlOUT 
ClKA 

Frequency (kHz' ClK. 

Internal VSS VDD No Connection Outputs 75-125 

External VDD 
One side of Other side of Outputs 89 

Crystal 3.57 MHz crystal 3.57 MHz crystal 

Slave VSS VSS No Connection Inputs Unspecified 

PPS4/1 SERIES MICROCOMPUTER INSTRUCTION EXECUTION 

PPS4/1 
MM78C 
CLOCK 
LOGIC 

Almost all PPS4/1 instructions execute in a single clock cycle. Notable exceptions are transfer. conditional transfer. and 
macro instructions. 

PPS4/1 SERIES MICROCOMPUTER INSTRUCTION SET 
There are variations in the instruction sets of the different microcomputers of the PPS4/1 series. However. the 
similarities outweigh the differences. so all the instruction sets are described in Table 1-13. Separate columns have 
been provided to show which instructions correspond to which microcomputer. 

The PPS4/1 instruction set is weak when compared to that of other microprocessors. However. the PPS4/l series was 
designed as a low-cost digital logic replacement and functions more than adequately in this role. The economics of its 
use in a high-volume product make any programmer inconvenience irrelevant. The type·of product for which the 
P.PS4/1 is designed is produced in the tens of thousands .. An extra week or two of programming effort is inSignificant in 
such an application. 

THE BENCHMARK PROGRAM 
As stated in the TMSl 000 section of this chapter. a special benchmark more suited to the 4-bit microcomputers will be 
used. This benchmark consists of inputting a 1- to l6-nibble packet of data from an input port. 

LOOP 

LBL 
11 
LBA 
11 
XDSK 
T 

PPS4/1 INSTRUCTION MNEMONICS 

BUFFER 

o 
LOOP 

GET BUFFER ADDRESS 
INPUT BUFFER LENGTH 
SAVE BUFFER LENGTH 
INPUT DATA 
STORE DATA 
GET MORE DATA 

Table 1-13 summarizes the PPS4/1 Instruction set. The MNEMONIC column shows the Instruction mnemonic, 
and the operands, If any, are shown In the OPERAND column. Macro instructions (combinations of basic Instruc
tions) are not included. 

The fixed part of an assembly language Instruction Is shown In UPPER CASE. The variable part (immadlate date, 
label or address) is shown in lower case. 

PPS4/1 INSTRUCTION OBJECT CODES 
For Instruction bytes without variations, object codes are represented as two hexadecimal digits (e.g., 4D). 

For instruction bytes with variations In one of the two digits, the object code Is shown 88 one 4-blt binary num
ber and one hexadecimal digit (e.g., & dddd). For other instruction bytes with variations, the object code Is 
shown as eight binary digits (e.g., 11aa aaaa). 

The object code, execution time, and Instruction length In bytes Is shown In Table 1-14 for each Instruction. Ta
bles 1-1& and 1-16 list the object codes in numerical order. 
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PPS4/1 INSTRUCTION EXECUTION TIMES 
Tables 1-13 and 1-14 list the Instruction execution times In clock periods. Real time can be obtained by dividing 
the g'iven number of clock periods by the clock frequency. For example, for an instruction that requires one clock 
period, a 100 kHz clock will result in a 10 microsecond execution time. 

PPS4/1 ABBREVIATIONS 
These are the abbreviations used in this chapter: 

A The 4-bit Accumulator 
aaaaaa A 6-bit address used to specify an offset within a page (low-order address bits! 
AB The 4-bit Accumulator Buffer register 
addr6 A 6-bit address constant 
addr7 A 7-bit address constant 
addrl0x A 10-bit address constant in the range 0-37F16 
addrl0y A 10-bit address constant in the range 0-3FF16 
addrl0z A 10-bit address constant in the range 40016 - 77F16 
B The 6-bit Data Counter (7 bits in MM77, MM78) 
bit2,bb A 2-bit immediate field used to specify a single bit in a 4-bit nibble as follows: 

C 
CR 
CRl 
CR2 
CR3 
o 
data2 
data3 
data4 
data4x 
dd 
ddd 
dddd 
OM 
eeee 
ffff 
gg 
ggg 
hhhh 
[INTO] 
[lNT1] 
LC 
LOR 
P 
PC 
PPPP 
R 
S 
SA 
SB 
UC 
UDR 
X 
XB 
xx 
xxxx 
[] 

002 - selects least significant bit 
012 - selects next to least significant bit 
102 - selects next to most significant bit 
112 - selects most significant bit 

Carry flag 
The 4-bit Control register (MM76C only) 
Control flip-flop 1 (MM76C only) 
Control flip-flop 2 (MM76C only) 
Control flip-flop 3 (MM76C only) 
The 10-bit discrete I/O port (9 bits on MM75) 
A 2-bit immediate field 
A 3-bit immediate field 
A 4-bit immediate field 
A 4-bit non-zero immediate field 
Two bits of immediate data 
Three bits of immediate data 
Four bits of immediate data 
The 128-bit Decode Matrix (not on MM77, MM78) 
A 4-bit non-zero immediate field 
Least significant four bits of an immediate data field wider than four bits 
Most significant two bits of a 6-bit immediate value 
Most significant three bits of a 7-bit immediate value 
Four bits of non-zero immediate data 
The INTO flip-flop 
The INn flip-flop 
The 8-bit Lower Counter register 
The 8-bit Lower Data register 
The 8-bit Input Port (4 bits on MM75) 
The 1 O-bit Program Counter (11 bits in MM77, MM78) 
A 4-bit page address (high-order address bits) 
The 8-bit Input/Output port 
The 4-bit Seria I I nput/Output register 
The 10-bit Subroutine Save register (11 bits in MM77, MM78) 
The ll-bit Subroutine Save register (MM77, MM78 only) 
The 8-bit Upper Counter register (MM76C only) 
The 8-bit Upper Data register (MM76C only) 
The 4-bit X register (MM77, MM78 only) 
The 4-bit X register buffer 
A 2-bit "don't care" 
A 4-bit "don't care." Values of 00002 and 00012 are not allowed. 
Contents of the location within brackets. If a register is enclosed by brackets, then the contents of that 
register 
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< > Subfield specifier. Specifies a subset for a register or memory location. A single digit enclosed by angle 
brackets specifies only a single bit Two numbers separated by a comma and enclosed by angle brackets 
specify a range of bits. The first number specifies the least significant bit position of the subfield. while 
the second digit specifies the most significant bit All bits are numbered from least to most significant. 
with bit 0 being the least significant bit For example: 

A<O> specifies the least significant bit of the Accumulator 
UC<4.7> specifies the most significant four bits of the Upper Counter register. 

Data is transf.erred in the direction of the arrow 
Data is exchanged between two locations 

iff If and only if 
Test for equality between two values 

A Logical AND 
Mu Itiplication 

+ Addition 
X Complement of x 
EB Exclusive OR 

New carry not valid until second cycle after instruction execution completes 
Value of Carry during previous cycle is used 
New B register contents may not be valid until second cycle following execution of this instruction 
lOS executes in one cycle. I/O register shifting continues for 8 more cycles. 

1-87 
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Table 1-14. PPS4/1 Instruction Mnemonics 

MM76. MM76 MM77. MM78 
BYTES CLOCK MNEMONIC 

MM76. MM78 MM77. MM78 
BYTES CI.OCK MNEMONIC 

OBJECT CODE OBJECT CODE OBJECT CODE OBJECT CODE 

A 42 7E 1 1 ROS 1 01 xx 71 1 1 

AC 40 7C 1 1· RT 02 2F 1 1 

ACSK 41 70 1 1· RTSK 03 2E 1 2 
AISK data4x' 6 eeee 6 eeee 1 1 SAG 07 1 1 
ASK 43 SB bit2 1 OObb 200bb 1 1 
COM 45 77 1 1 SC OC 06 1 1 

DC 66,00 66,00 2 2 
SEGl OE 1 1 
SEG2 OF 1 1 

DINO 07 1 1 
SKBF bit2 o 10bb 210bb 1 1 

DINl 06 1 1 
SKISl o 10xx 01 1 1 

EOB data2 1 lldd 1 1 SKMEA 47 7F 1 1 
EOB data3 o lddd 1 1 SKNC 01 02 1 1·· 

lAM lA 1 1 SOS 1 OOxx 70 1 1 

IBM lB 1 1 T addr6 llaa aaaa llaa aaaa 1 2 
INTOl 04 1 1 TAB 2C 1 3+[A) 
INTOH 03 1 1 Tl addrl0x 3 pppp 2 3 
INTll 04 1 1 llaa aaaa 
INTlH 05 1 1 Tl addrl0y 3 pppp 2 3 
lOA 7B 1 1 l1aaaaaa 
lOS 40 20 1 , .... 

TlB addrl0z 3 pppp 3 4 
IX 72 1 1 3 xxxx 
11 4A 1 1 llaa aaaa 
11SK 60 1 1 TM addr6 10aa aaaa 10aa aaaa 1 2 
12C 4B 76 1 1 TMl addrl0x 3 pppp 2 3 

l data2 500dd 500dd 1 1 10aa aaaa 

lAI data4 7 dddd 4 dddd 1 1 TMl addrl0y 3 pppp 2 3 

lB data4 2 dddd 1 dddd 1 1 10aa aaaa 

lBA .44 76 1 1··· TMlB addrl Oz 30 3 4 

lSA 4C 1 1 3 pppp 

lXA 75 1 1 10aa aaaa 

NOP 00 00 1 1 X data2 510dd 5 lldd 1 1 
XAB 46 7A 1 , ... 

OA 16 1 1 XAS 4E 74 1 1 
OB 19 1 1 XAX 79 1 1 
OX 73 1 1 XDSK data2 511dd 510dd 1 1··· 
RB bit2 1 01bb 201bb 1 1 XNSK data2 501dd 501dd 1 1··· 
RC 00 05 1 1 
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Table 1-15. PPS4/1 MM75. MM76 Instruction Object Codes 

OBJECT CODE MNEMONIC OBJECT CODE MNEMONIC 

00 NOP 42 A 

01 SKNC 43 ASK 

02 RT 44 LBA 
03 RTSK 45 COM 

04 INTOL 46 XAB 

05 INT1H 47 SKMEA 

06 DINl 48.49 not used 
07 DINO 4A 11 

08 -OB SKISL or 4B 12C 

SKBF 0 - SKBF 3 4C LSA 
OC SC 40 lOS 
00 RC 4E XAS 
OE SEGl 4F not used 
OF SEG2 

50 - 53 L 0 - L 3 
10 - 13 SOS or 54 - 57 XNSK 0 - XNSK 3 

SB 0 - SB 3 58 - 5B X O-X 3 
14 -17 ROS or 5C - 5F XDSK 0 - XDSK 3 

RB 0 - RB 3 
60 - 6F AISK 0 - AISK F 

18 OA 66.00 DC.NOP 
19 OB 70 - 7F LAI O-LAI F 

lAM 
,. 

1A 80 - 8F TM 3F - TM 30 
lB IBM 

90 - 9F TM 2F-TM 20 
lC - IF EOB O-EOB 3 AO-AF TM IF-TM 10 

20 - 2F LB 0 - LB F BO - BF TMOF-TMOO 
3 pppp 10aa aaaa TML pp ppaa aaaa 

CO-CF T3F-T30 
3 pppp llaa aaaa TL pp ppaa aaaa 

00- OF T 2F - T 20 
40 AC EO - EF T1F-Tl0 
41 ACSK FO - FF TOF-TOO 
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Table 1-16. PPS4/1 MM77, MM78 Instruction Object Codes 

OBJECT CODE MNEMONIC:: OBJECT CODE MNEMONIC 

00 NOP 61 - 6F AISK 1 - AISK F 
01 SKISL 66,00 DC 
02 SKNC 

70 50S 
03 INTOH 

71 ROS 
04 INT1L 72 IX 

05 RC 73 OX 
06 SC 

74 XAS 
07 SAG 

75 LXA 
08 -OF EOBO-EOB7 76 LBA 
10- 1 F LBO-LBF 77 COM 
20 -23 SBO-SB3 

78 12C 
24- 27 RB 0 - RB 3 

79 XAX 
28 - 2B SKBF 0 - SKBF 3 7A XAB 

2C TAB 7B lOA 
20 105 

7C AC 
2E RTSK 

70 ACSK 
2F RT 

7E A 
30, 3 pppp, 10aa aaaa TMLB 01 pp ppaa aaaa 7F SKMEA 
30, 3 pppp, 11 aa aaaa TLB 01 pp ppaa aaaa 

80 - 8F TM 3F - TM 30 
3 pppp, 10aa aaaa TML OOpp ppaa aaaa 

90 - 9F TM 2F -TM 20 
3 pppp, 11 aa aaaa TL OOpp ppaa aaaa 

AO-AF TM1F-TM10 
40-4F LAI O-LAI F BO - BF TMOF-TM00 

50 - 53 L 0 - L 3 
CO -CF T 3F - T 30 

54 - 57 XNSK 0 - XNSK 3 
DO-OF T 2F - T 20 

58 - 5B XDSK 0 - XDSK 3 
EO - EF T1F-T10 

5C - 5F X O-X 3 FO - FF TOF-TOO 

60 11SK 

1-77 





DATA SHEETS 

This section contains specific electrical arid timing data for the following devices: 

• TMS1000 series microcomputer 
• COP420/421 microcomputers 
• COP402/COP402M ROMles! microcomputers 
• PPS4/1 Series Microcomputers 
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TMS 1000/1200 AND TMS 1100/1300 

ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)* 

Voltage applied to any device terminal (see Note 1) 
Supply voltage, VDD 
Data input voltage 
Clock input voltage . 
Average output current (see Note 2): 0 outputs 

R outputs 
Peak output current: 0 outputs . 

R outputs . 
Continuous power dissipation: TMS 1000/1100 N L . 

TMS 1200/1300 NL . 
Operating free-air temPerature range 
Storage temperature range. . 

.. -20V 
-20 V to 0.3 V 
-20 V to 0.3 V 
-20 V to 0.3 V 

-24mA 
-14mA 
-48mA 
-28mA 
400mW 
600mW 

OOC to 70°C 
-55°C to 150°C 

·Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the- device. This is a stress rating only 
and functional operation of the device at these or any other conditions beyond those indicated In the "Recommended Operating 
Conditions" section of this specification Is not implied. Exposure to absolute-maximum-rated conditions for extended perIods may affect 

device reliability. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER MIN NOM MAX UNIT 

Supplv voltage, VOO (see Note 3) -14 -15 -17.5 V 

High-level input voltage, VIH (see Note 4) 
K -1.3 -1 0.3 

INIT or Clock -1.3 
V 

-1 0.3 

Low~evel input voltege, VIL (see Note 4) 
K VOO -4 

V 
INIT or Clock VOO -15 ~ 

Clock cycle time, tc(m) 2.5 3 10 fJS 

Instruction cycle time, tc 15 60 fJS 

Pulse width, clock high, tw(d>H) 1 fJS 

Pulse Width, clock low,lwlmU 1 fJS 

Sum of rise time and pulse Width, clock high, tr + twlmHI 1.25 fJS 

Sum of fall time and pulse Width, clock low, tf + twlmU 1.25 fJS 

Oscillator frequencv, f osc 100 400 kHz 

Operating free..air temperature, T A 0 70 ·C 

NOTES: 1. Unless otherwise noted, all voltages are with respect to VSS. 
2. Thitse average values apply for any 100-ms period. 
3. Ripple must not exceed 0.2 VOlts peak-to.peak in the operating frequency range. 
4. The algebraic convention where the most.positive (least.negatlve) limit is designated as maximum is used in thiS specification 

for logic voltage levels only. 

Voo 

~\.. __ -_-_-_-_V:~~, 
I 

-J 
I 

1III1.t------- tcl¢l ------~~I 
NOTE: Timing points are 90% (high) and 10% flow). 

EXTERNALLY ORIVEN CLOCK INPUT WAVEFORM 

Data aheets on pages 1-02 through 1-07 are reproduced by permission o"Toxas Inatrumente Incorporated. 
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TMS 1000/1200 AND TMS 1100/1300 
ELECTRICAL CHARACTERISTICS OVER RE~MMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 

PARAMETER TEST CONDITIONS MIN TVpt MAX UNIT 

II Input current, K inputs VI =OV 50 300 500 /JA 

VOH 
High-level output voltage I 0 outputs lo=-10mA -1.1* -0.6* 
(see Note 1) I R outputs lo--2mA 

V 
-0.75 -OA 

IOL Low~evel output current VOL = VOO -100 JJA 

IOO(av) 
Average supply current Irom VOO 

All outputs open 
TMS 1000/1200 (see Note 2) 

-6 -10 mA 

IOO(ev) 
Average supply current Irom V DO 

All outputs open -7 -11 mA 
TMSll 00/1300 (see Note 2) 

P(AV) 
Average power dissipation 

All outputs open 
TMS 1000/1200 (see Note 2 

90 175 rrN<# 

P(AV) 
Averege power dissipation 

All outputs open 
TMSll 00/1300 (see Note 2) 

105 193 mW 

lose I nternal oscillator lrequency Rext = 50 kO, Cext = 47 pF 250 300 350 kHz 

Ci Small-signal input capacitanca, K inputs VI =0, 1=1 kHz 10 pF 

Cj(rjI) . Input capacitance, clock input VI =0, 1= 100 kHz 25 pF 

tAli typical valuasara at VOO = -15 V. TA 0:::: 26°C. 
iPans with VOH of -2 V minimum, -1.3 V typical, are available If requested. 

NOTES: 1. The algebraic convention where the most-posltlve (least-negative) limit is designated 8S maximum Is used in this 
specification for logic voltage levels only. 

2. Values are given for the open-drain 0 and R outPut configurations. Pull-down resistors are optionally available on all 
outputs and Increase I DO (lee Section 4.4'. 

SCHEMATICS OF INPUTS AND OUTPUTS 

TYPICAL OF ALL K INPUTS 

INPUT VSS 

"~~ "50Ik~VDD 

TYPICAL OF ALL 0 AND R 
OPEN-DRAIN OUTPUTS 

,J 
~OUTPUT 

TYPICAL OF ALL 0 AND R 
OUTPUTS WITH OPTIONAL 

PULL·DOWN RESISTORS 

Vss 

i d 
~OUTPUT 

CLVDD 

The 0 outputs have nominally 60 n on-state impedance; however, upon request a 130.n buffer can be mask program
med (see note 1*1 section 4.3). 

The value of the pull-down resistors is mask alterable and provides the following nomina) short-circuit output currents 
(outputs shorted to Vss): 

a outputs: 100, 200, 300, 500. or 900 p.A 

R OUWlItS: 100,150, or 200 p.A. 
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TMS 1000/1200 AND TMS 1100/1300 
INTERNAL OR EXTERNAL CLOCK 

If the internal oscillator is used, the OSC1 and OSC2 terminals are shorted together and tied to an external resistor to 
VOO and a capacitor to VSS. If an external clock is desired, the clock source may be connected to OSC1 and OSC2 
shorted to VSS. 

CONNECTION FOR INTERNAL OSCILLATOR 
Cext 

:~: I ~r--:::: 
Rex. 

TYPICAL BUFFER CHARACTERISTICS 

1-40 
I 

1-30 

I 

o OUTPUTS 
HIGH·LEVEL OUTPUT CURRENT 

VI 

HIGH·LEVEL OUTPUT VOLTAGE 

! -20 1---++-+.,....,1----, 

:i :z: 
I 
§ -10r,~r--~~--~--r-~--;-~r-~--; 

-1 -2 -& 

VOH - Hllh·L .... Output VoI_ - V 

TYPICAL INTERNAL OSCILLATOR FREQUENCY 
VI 

EXTERNAL RESISTANCE 

20 40 60 60 100 120 140 160 160 200 
R.xt - bu ..... R_n .. - kn 

ROUTPUTS 
HIGH·LEVEL OUTPUT CURRENT 

VI 

HIGH·LEVEL OUTPUT VOLTAGE 

1 
~r-~--r--t-=~~~~ .. ~~~--~ 

• I -20 r---t---+--T+--I-t-:..--I--+-......"..~---I 
a 
1-1& o 

! :i -10 r--+---==ij=!!:i-l-~IL-+--
:z: 
• § 

VOH - HIgh-L .... Output VoI_ - V 
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TMS 1070/1270 
ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED)· 

Voltage applied to any device terminal (see Note 1) 
Supply voltage, VOO 
Data input and output voltage with VOO applied (see Note 2) 
Clock inpu, and INIT input voltage 
Average output current (see Note 3): 0 outputs 

R outputs 
Peak output current: 0 outputs . 

R outputs . 
Continuous power dissipation: TMS 1070 NL . 

TMS 1270 NL . 
Operating free-air temperature range 
Storage temperature range. 

, -20V 
-20 V to 0.3 V 
-35 V to 0.3 V 
-20 V to 0.3 V 

-2.5 mA 
-12 mA 
-5mA 

-24mA 
400mW 
600mW 

O°C to 70°C 
_55°C to 150°C 

·Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a struss rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability, 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER - MIN NOM MAX UNIT 

Supply voltage, VOO Isee Note 4) -14 -15 -17.5 V 

K -6 0.3 
High.level input voltage, VIH (see Note 5) V 

INIT or Clock -1.3 -1 0.3 

K (See Note 2) 35 --8 
low-level input voltage, Vil (see-Note 5) V 

INIT or Clock VOO -15 -8 

Clock cycle time, tc(4)) 2.5 3 10 IJS 

Instruction cycle time. te 15 60 IJS 

Pulse Width, clock high, tW(4)H) 1 IJS 

Pulse widt~, clock low, tW(4)Ll 1 IJS 

Sum 01 rise time and pulse width, clock high, tr + tw (4)H) 1.25 IJS 

Sum 01 fall time and pulse Width, clock low, tl + tW(4)Ll 1.25 IJS 

Oscillator Irequency, losc 100 400 kHz 

Operating free-air temperature, T A 0 70 C 

NOTES: 1. Unless otherwise noted, all voltages are with respect to Vss. 

2. VOO must be within the recommended operating conditions specified in 5.4. 

3. These average values apply for any 100-ms period. 

4. Ripple must not exceed 0.2 volts peak·to-peak in the operating freQuency range. 

S. The algebraic convention where the most·positive (Ieast.negative) limit is designated as maximum is used in this specification for 

logic voltage levels only. 

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

II Input current, K inputs VI =OV 40 100 300 IJA 

High-level output voltage I ·0 outputs lo=-lmA -1 -0.5 
VOH 

(see Note I' I 
V 

R outputs lo=-10mA -4.5 -2.25 

IOl low~evel output current VOL - VOO -100 IJA 

IOO(avl Average supply current Irom VOO All outputs open --6 10 mA 

P(AVI Average power diSSipation All outPuts open 90 175 mW 

lose Internal oscillator Irequency Rext - 50 kn, Cext - 47 pF 250 300 350 kHz 

Ci SmaU-tignal input capacitance, K inputs VI-OV, 1=1 kHz 10 pF 

Cj(4)) Input capacitance, clock input VI =OV, 1- 100 kHz 25 pF 

tAli tVpicalvaluesareatVOD::O= -15 V, TA::: 2SoC. 

NOTE 1: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used In this sPecification 

for logic voltage levels only. 



TMS 1 OOOC/1200C PRELIMINARY ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage applied to any device terminal .............................. 6 V Supply voltage, Voo ........................ . . . . . . . . . . .. -0.3 V to 6 V Data input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. . .. -0.3 V to 6 V Clock input voltage .................................... -0.3 V to 6 V Input current ............................................ ±10 mA Output current ....................................•...... ±40 mA Continuous power dissipation .....................•......... 200 mW Operating free-air temperature range .......................... 0 to 70°C Storage temperature range ........................... -55°C to +150oC 

RECOMMENDED OPERATING CONDITIONS 

MIN NOM MAX UNIT 
Supply voltage. Voo 3.0 6.0 V 
High level Input voltage: V,M 

K/L input 4.0 Voo V 
Inll. Clock 4.0 Voo V 

Low level Input voltage: VIL 
K/L Input 

Vss 1 V 
Inlt. Clock 

Vss 1 V Clock cycle time: tc(~) 1 20 Ilsec Instruction cycle time 6 120 Ilsec Pulse width. clock high: tw(~H) 03 Ilsec Pulse width, clock low: tw/,bU 0.3 Ilsec Clock rise and fall time: tf and tr 
1 Ilsec Clock frequency: F(~) 0.05 1 MHZ Operating free air temperature 0 +70 °C 

NOTE. Tests at Vee ~ 5 Volts 

VSS --~-- ----
- - VIH(¢) 

I I 
I I 

VDD I- I I 
--+I j.-tf -+f j.-tr I 

I ~ tw(q,L) -+I j.- twlt;lHI --J 
I 

~ tc(<,.'J) ~I 
NOTE Tornlng pOints are 90% (high) anej 10% (low). 

EXTERNALLY DRIVEN CLOCK INPUT WAVEFORM 
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TMS1 OOOC/1200C ELECTRICAL CHARACTERISTICS 

PARAMETER MIN TYP MAX UNIT 
Input current, K/L inputs V, = 5 V 100 ",A 

High level output voltage: VOH 
2.5 V o and R outputs 10 = -2 mA 

Low level output voltage: VOL 

o and R outputs 10 = 2 mA 
0.4 V 

Average supply current from Voo: 1001AV) 
3 ma 

All outputs open: Operating mode FOSC = 1 MHZ 

Quiescent supply current from Voo: 101llQ) 
10 ",A 

All outputs open: HALT mode 

Internal oscillator frequency 0.05 1.0 MHZ 

TMS 1000/1200C SCHEMATICS OF INPUTS AND OUTPUTS 

TYPICAL OF ALL INPUTS TYPICAL OF ALL 0 & R OUTPUTS 

Voo Voo 

INPUT 

..... ---0 OUTPUT 

Voo 

U 

1-07 



COP420/COP421 

Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND 
Ambient Operatihg Temperature (note I) 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

Power Dissipation 

-0.5V to +7V 
O·Cto +70·C 

-65·C to +15o"C 
300·C 

0.75 Watt at 25"C 
0.4 Watt at 70·C 

Absolute maximum ratings indicate limits beyond which damage to 
the device may occur. DC and AC electrical specifications are not 
ensured when operating the device at absolute maximum ratings. 

DC Electrical Characteristics O·C'" TA '" +70·C, 4.5V '" VCC '" 6.3V unless otherwise noted. 

Parameter Conditions Min Mex 

Operating Voltage (VCC) 4.5 S.3 

Operating Supply Current VCC = 5V, TA = 25·C 30 
(all inpuh and outputs open) 

Input Voltage Levels 

CKI Input Levels 

Crystal Input 
Logic High NIH) 2.0 
Logic Low (V I Ll 0.4 

TTL Input VCC= 5V± 5% 
Logic High (VIH) 2.0 
Logic Low (VILl 0.8 

Schmitt Trigger Input 
Logic High (VIH) 0.7VCC 
Logic Low (V I Ll 0.6 

RESET Inp.ut Levels 
Logic High 0.7VCC 
Logic Low O.S 

RESET Hysteresis 1.0 

SO I nput Level (Test mode) 2.0 3.0 

All Other Inputs 
Logic High Vcc=max 3.0 
Logic High VCC=5V±5% 2.0 
Logic Low 0.8 

Output Voltage Levels 

Standard Output 

TTL Operation VCC;' 5V ± 5% 
Logic High (VOH) IOH = 100ilA 2.4 
Logic Low (VoLl IOL = -1.SmA 0.4 

CMOS Operation 
Logic High (VOH) IOH = 10ilA VCC-I 
Logic Low (VOL) IOL=-IOIlA 0.2 

Output Current Levels 

LED Direct Dtive Output VCC=6V 
Logic High (lOH) VOH =2.0V 2.5 14 

TRI·STATE® Output -10 +10 
Leakage Current 

CKO Output 

VR Power Saving Option 
Power Reqllirements VR =3.3V 3 

Data sheets on pages 1-08 through 1-017 ara raprinted by permission of National Semiconductor Corporation. 
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COP420/COP421 

AC Electrical Characteri$tics O·C" TA "+70·C. 4.5V" VCC" 6.3V unless otherwise stated. 

Parameter Conditions Min Max Units 

Instruction Cycje Time - tc figure 3 4 10 Ils 

CKI Using Crystal (figure sA) 
Input Frequency - fl +16 mode 1.6 4 MHz 

+8 mode 0.8 2 MHz 
Duty Cycle (Note 2) figure 3A 30 55 % 

CKI Using External Clock (figure 88) 
Input Frequency +16 mode 1.6 4 MHz 

+8 mode 0.8 2 MHz 
Duty Cyc!e (Note 2) 30 60 % 
Rise Time fl = 4MHz 60 ns 
Fall Time fl = 4MHz 40 ns 

CKI Using RC (figure Sc) 
Frequency R = 15k ± 5%. C= 100pF ± 10% 0.5 1.0 MHz 
Instruction Cycle Time 4 8 p.s 

CKO as SYNC Input (figure Sd) 

tSYNO figure 3A 50 ns 

INPUTS: (figure 3) 

IN3-INO. G3-GO. L7-Lo 
tSETUP 1.7 IlS 

tHOLo 100 ns 

SI 

tSETUP 0.3 IlS 
tHOLo 100 ns 

OUTPUTS: 

COP TO CMOS PROPAGATION 4.5V" VCC';;; 6.3V. CL = 50pF, 
DELAY VOH = 0.7 VCC. VOL = 0.3 VCe: 

SK as a Logic·Controlied Clock 

tPol 1.1 IlS 

tpoo 0.3 p.s 

SO. SK as a Data Output 

tp01 1.4 IlS 

tpoo 0.3 IlS 

tPol VOH = 2V 0.7 p.s 

03-00. G3-GO 
tPol 1.6 IlS 
tpoo 0.6 IlS 

L7-Lo (Standard) 

tPol 1.4 IlS 
tpoo 0.3 Il.S 

L7-Lo (LED Direct Drive) 

tPol VOH = 2V 2.4 IlS 
tpoo 0.4 IlS 
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COP420/COP421 

AC Electrical Characteristics (continued) O·C" TA" +70·C. 4.5V" VCC" 6.3V unless otherwise stated. 

Parameter Conditions Min Max Units 

OUTPUTS (cont.): 

COP TO TTL PROPAGATION fanout = 1 Standard TTL Load 
DELAY VCC = 5V ± 5%. CL = 50pF. 

VOH = 2.4V. VOL = O.4V 

SK as a Logic·Controlied Clock 

tpD1 O.B IlS 
tPDO O.B Ils 

SK as a Data Output. SO 

tPD1 1.0 IlS 
tPDO 1.0 IlS 

03-00. G3- GO 
tPD1 1.3 IlS 
tPDO 1.3 IlS 

L7- LO 
tPD1 1.4 IlS 
tPDO 0.4 IlS 

L7-LO (Push·Pull) 

tPD1 0.4 IlS 
tpDO 0.3 IlS 

CKO (figure 3b) 

tPD1 0.2 IlS 
tpDO 0.2 IlS 

MICROBUSTM TIMING CL = 50pF. VCC = 5V ± 5% 

A. Read Operation (figure 4) 
Chip Select Stable Before RD - tCSR 50 ns 
Chip Select Hold Time for R 0 - tRCS 5 ns 
RD Pulse Width - tRR 300 ns 
Data Delay from RD - tRD 250 ns 
RD to Data Floating - tDF 200 ns 

Write Operation (figure 5) 
Chip Select Stable Before WR - tcsw 20 ns 
Chip Select Hold Time for WR - twcs 20 ns 
WR Pulse Width - tww 300 ns 
Data Set·Up Time for WR - tow 200 ns 
Data Hold Time for WR - two 40 ns 
INTR Transition Time from WR - tWI 700 ns 

Note 1: An extended temperature range COP420/421 is available which will operate within an ambient temperature range of -40° C to 
+s5"C. 
Not. 2: Duty Cycl.· tWI/(tWI + twOI. 

Note 3: See figure 9 for additional I/O characteristics. 
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COP420/COP421 

1"3-1"0. :========~~~~=~===:X=====:: G3-Go, L7-4J, 
CIOasl 
INPUTS 

G~;~ta.~b.~~ __________ ..£.::::~t.~---------....I ..... e=~:w..-------
OUTPUTS 

Input/Output Timing Diagrams Icrystal divide by 16 mode) 

--l i-IWO 
CKI J"'LJU1SL 

--I I-'Wl j I-OSYNCO 

CKO \ 
UNPUT} \.---...;;J"-------

Synchronization Timing 

CKIJLnJ' 

~~~OO 
CKO Output Timing 

UNz,t:J t 1 
_ --+--j:=--IRR"--Cf"iRCS=1 

CIN1' lIII _ • .....:---

tcsR IRO-1 10F=L 
IL7-LO' 07-DO ----...:..---.:--~(t_ :::::~::~=_::jl-

MICROBUSTM Read Operation Timing 

·esw .... -IWW 'Wcs-I 
UNZ) CS \. I 

t---IOW~ 

UNII I'll! 

- IWDJo-
X 

-'WI 
IGo' INTR 9'--__ _ 

MICROBUSTM Write Oper.tion Timing 
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COP420/COP421 

Output Sink Current 
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COP402/COP402M 

Absolute Maximum Ratings 
Voltage at Any Pin Relative to GND 
Ambient Operating Temperature 
Ambient Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation 

-0.5Vto +7V 
O·Cto + 70·C 

-55·Cto + 150·C 
3OO·C 

0.75 Watt at 25·C 
0.4 Watt at 70·C 

Absolute maximum ratings Indicate limits beyond which 
damage to the device may occur. DC and AC electrical specifica
tions are not ensured when operating the device at absolute 
maximum ratings. 

DC Electrical Characteristics o·c < TA < + 70·C, 4.5V < Vcc < 5.3V unless otherwise noted. 

Parameter Conditions Min Max 

Operating Voltage {Ved 4.5 5.3 

Operating Supply Current Vee = 5V, TA = 25°C 30 
(all inputs and outputs open) 

Input Voltage Levels 

CKI Input Levels 
Logic High (V'H) 2.0 
Logic Low (V,Ll 0.4 

RESET Input Levels 
Logic High 0.7 Vee 
Logic Low 0.6 

RESET Hysteresis 1.0 

SO Input Level (Test mode) 2.0 3.0 

Ali Other Inputs 
Logic High Vee = max 3.0 
Logic High Vee = 5V ± 5% 2.0 
Logic Low O.B 

Output Voltage Levels (Note 2) 

TTL Operation Vee = 5V ± 5% 
Logic High (VOH) IOH = 100~A 2.4 
Logic Low (VoLl IOl = -1.6mA 0.4 

CMOS Operation 
Logic High (VOH) IOH = 10~A Vee - 1 
Logic Low (VoLl IOl = -10~A 0.2 

Output Current Levels 

LED Direct Drive Output Vee = 6V 
Logic High (lOH) VOH = 2.0V 2.5 14 

TRI·STATE"' Output -10 +10 
Leakage Current 
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COP402/COP402M 

AC Electrical Characteristics o·c" TA " + 70·C, 4.SV" Vee" 6.3V unless otherwise noted. 

Parameter Conditions Min Max Unlta 

Instruction Cycle Time - te figure 3 4 10 ,.s 

CKI Using Crystal (figure 8) 
Input Frequency - fl +16 mode 1.8 4 MHz 
Duty Cycle (Note 2) figure 3a 30 55 % 

INPUTS: (figure 3a) 

IN3- INo, G3-GO, L7- La 
tSETUP 1.7 ,.s 
tHOLO 100 ns 

SI,IP7-IPo 
tSETUP 0.3 ,.s 
tHOLO 100 ns 

OUTPUTS: 

COP TO CMOS PROPAGATION 4.SV" Vee" 6.3V, CL = 5OpF, 
DELAY VOH = 0.7Vee, VOL = 0.3Vee 
SK as a Loglc·Controlied Clock 

tpOl 1.1 ,.s 
tpDQ 0.3 ,.s 

SO, SK as a Data Output 
tpOI 1.4 ,.s 
tpDQ 0.3 ,.s 
tpOI VOH = 2V 0.7 ,.s 

03-00, G3- Go 
tpol 1.6 ,.s 
tpDQ 0.6 ,.8 

L7- La (LED Direct Drive) 
tpOI VOH = 2V 2.4 ,.8 
IpDQ 0.4 ,.8 

COP TO TTL PROPAGATION fanout .; 1 Standard TTL Load 
DELAY Vee = SV ± S%, CL = 5OpF, 

VOH = 2.4V, VOL = 0.4V 
AD/DATA 

tpOI O.S ,.8 
tpDQ O.S ,.s 

SKIP 
tpOI 0.6 ,.s 
tpDQ 0.6 ,.s 
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COP402/COP402M 

AC Electrical Charact.rlstlcs (continued) O·C .. TA .. + 70·C. 4.5V .. Vee" 8.3V unless otherwise noted. 

Parameter Condillons Min Max Units 

OUTPUTS (cont.): 

SK as a Loglc-Controlled Clock 

tpOl 0.8 I'S 
tpDO 0.8 I'S 

SK as a Data Output. SO 

tpOl 1.0 1'8 
t pDO 1.0 ,.. 

03-00. G3-Go 
tPOt 1.3 ,.. 
tpDO 1.3 ,.. 

L7-~ 

tPOt 1.4 ,.. 
tpDO 0.4 1'8 . 

IP7- IPO. Pg. Pa 
tPOt 1.5 I'S 
tpDO 1.5 I'S 

CKO (figure 3a) 

tPOt 0.2 I'S 
tpDO 0.2 ,.. 

MICROBUSTM TIMING CL = 50pF. Vee = 5V ± 5% 
(COP402M) 

A. Read Operation (figure 4) 
Chip Select Stable before 50 ns 
RD - tCSR 
Chip Select Hold Time for 5 ns 
RD - tRes • 
RD Pulse Width - tRR 300 ns 
Data Delay from RD - tRO 250 ns 
RD to Data Floating - tOF 200 ns 

B. Write Operation (figure 5) 
Chip Select Stable before 20 ns 
WR -tesw 
Chip Select Hold Time for 20 ns 
WR-twcs 
WR'Pulse Width - tww 300 ns 
Data Setup Time for 200 ns 
WR-tow 
Data Hold Time for 40 ns 
WR-two 
INTR Transition Time from 700 ns 
WR-twi 

Note 1: Duty Cycle = tWI/ltWI +·tWO)· 
Note 2: See figure 11 for additional I/O characteristics. 
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COP402/COP402M 

Ckl 

AD/DATA.Sk _..Jt:.~tviiii---jt:~~-=-= __ ~=! lAS A CLDCk) 

IN3-IN~ :========~~~=~===C===== G3-GGci~.L~ ________ ...,...~~--:----....... 
INPUTS 

G3-60.03-00. ________ --~c..=::JRiiH---------'-,=~.l!lII'-------Ll-LLSD.Sk 
OUTPUTS 

- 'POO I+-
SKIP OUTPUT IP01-1 

P9.P86~l;J~_";""_....Lr==7 __ ..J - - - - - - - --
I_'SETUP 

1P1-IPO---------...,X.;-----...... V------INPUTS _________ -',, ______ "'-_____ _ 

Figure 3a. Input/Output nmlng Diagrams (Crystal + 18 Mode) 

1WlI-I-I-J-1WlI 
CKIJLSLI 
C'O~ff~Lq-

'PD' -l 1= -:r'1-!PDO 

CKO Output Timing 

:: :~'}-I--~'AA y-A--:.........._ 
l=_~~--:-1-'DF3-

IL7-LaI Itr-Do ----.:...--.:...---(-{":::::~::::_::jr--
MICROBUSTM R .. d Operation Timing 

t-FS-3_~ __ 
__ ---'~"__....;:;;.IWI__=' 

IlaI ImI \ ..... ______ _ 

111131 IIR 

MICROBUST. WrIIa Operation nmlng 
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COP402/COP402M 
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PPS4/1 MM75 

SPECI FICA TlONS 
OPERATING CHARACTERISTICS 

Supply Voltage: Open Drain Driver !-aakage (R OFF): 

VOO= 1SVolts±S% ~10 #J.8 at ·30 Volts 
(Logic "'" c::z most negative voltage VIL and VOL') 

VSS = 0 Volts (Gnd.) Operating Ambient Temperature (TA): 

(Logic "0" r::::I most positive voltage VIH and VOH') oDe to 700c eTA"" 2SoC unless otherwise specified.) 

System Operating Frequencies: Storage Temperature: 

80 kHz .t.50% with external resistor ·550 C to 1200 C 

~evice Power Consumption: 

75 mw, typical ABSOLUTE MAXIMUM VOLTAGE RATINGS 
(with raspect to VSS) 

Input Capacitance: 

<5 pi Maximum negative voltage on any pin ·30 volts. 

I nput Leakage: Maximum positive voltage on 81"iV pin +0.3 volts. 

<10",8 

LIMITS (VSS = 0) LIMITS (VSS = +5V) TIMING 
(SAMPLE/ TEST 

INPUT/OUTPUT SYMBOL MIN TYP MAX MIN TYP MAX GOOD) CONDITIONS 

Supply Current (Average) 100 Sma B rna 5 ma Bma VOO = ·15. 75V 
for VOO T = 2SoC 

Discrete I/O's VIH ·1.0V +4.0V .34 

01/00-01/0 B VIL ·4.2V +O.BV 

01/00·5 RON 500 ohms 500 ohms I ~2' 3.0 rna max. 
OliO 6·B RON 400 ohms 400 ohms I 

Cha'nnel 1 Input VIH ·1.SV +3.5V 
.1 

P11·P14 VIL ·4.2V +O.BV 

I/O Channel A VIH ·1.5V +3.5V 
.3 

RI/01·RII04 . VIL ·4.2V +O.8V 

RON 250 ohms 250 ohms .2' 6.0 ma max. 

I/O Channel B VIH ·1.5V +3.5V 
.3 

RI/05·RIIOB VIL ·4.2V +O.SV 

RON 250 ohms 250 ohms .2' 6.0 ma max. 

INTO VIH ·1.5V +3.SV 
.3 

VIL ·4.2V +O.8V 

Clock VOH ·1.0V +4.0V CL = 50 pf (max) 
A VOL ·10.0V ·S.OV ·S.OV 

VC VIH 56K ±5% 
VIL 

PO VIH ·2.0V +3.0V Special circuit 
VIL ·6.0V ·1.0V 

• State established by ~2 (minimum impedance after4i4) . 
• ·Same as above except 94 minimum at.2 of next cycle. 

Data sheata on pagas 1-D1 B through 1-D22 are reproducod bV parmlaalon of Rockwell International. 
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PPS4/1 MM76 and MM76E 

SPECI FICATIONS 

OPERATING CHARACTERISTICS 

Supply Voltage: 

VDD a 15 Volts :t.S" 
(Logic "1" "" most ne~8tive voltage VIL and VOL') 

VSS = 0 Volts (Gnd,) 
(Logic "0" "" most positive voltage VIH and VOH') 

System Operating Frequencies: 

80 kHz .t.50% with external resistor 

Device Power Consumption: 

75 mw. typical 

Input Capacitance: 

<5pf 

Input Leakage: 

<10~a 

LIMITS IVSS • 01 

INPUT/OUTPUT SYMBOL MIN TV. MAX 

Supply Current CAw.raga' 100 ·5ma am. 
.0rVOO 

OllCre18 I/O', V,H ·l.GV 

01/00.01109 V,L ·4.2V 

01/00.5 RON 5000"11'1' 

0110 6·9 RON 400 ohms 

Channal 1 Input V,H ·1.5V 

PI1·PI4 V,L ·4.2V 

Channel 2 Input V,H ·l.SV 

PIS-PIS V,L ·4.2V 

1/0 Channel A V,H ·l.SV 

AI/Ol·RI/04 V,L -4.2V 

RON 2600""" 

1/0 Channel B V,H ·l.BV 

RIIOS·RI/OS V,L ·4.2V 

RON 250 ohms 

OATAI V,H ·l.GV 

V,L ·4.2V 

OATAO RON SOD ohms 

INTG V,H ·1.5V 

V,L ·4.2V 

INTl V'H ·l.BV 

V,L ·4.2V 

Clock VOH ·l.GV 

A,SP,(SI VOL ·lo,OV 

EXCLK··· V,H ·1.SV 

V,L ·B.DV 

CLK IN V,H ·l.GV 

V,L ·,o,DV 

Shift Clock V,H ·l.GV 

Clock V,L ·4.2V. 

RON BOO ohms 

VC V,H 

V'L 
PO V,H ·2.0V 

V,L ·6.DV 

·State estabUshed by.2 (minimum impedance after ,41 . 
• 'Same al above except.4 minimum at.2 0' nexi cycle . 

Open Drain Driver Leakage (R OFF): 

~10 ~a at ,30 Volts 

Operating Ambient Temperature (TA): 

ODe to 700C (TA = 250(: un1ess otherwise specified.) 

Storage Temperature: 

'550 e to 1200 e 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 
(with ,_ct to VSS, 

Maximum negative voltage on any pin ·30 volt •. 

Maximum positive voltage on arty pin +0.3 volts. 

LIMITS (VSS '" +5V' TIMING 
ISAMPLEI 

GooDI MIN TV. MAX 

Sma ama 

+4.0V 

+o,av 

SOD ohm, 

4000"11'1' 

+3.SV 

+o.av 

+3.5V 

+o.av 

+3.SV 

+o,av 

260 ohms 

+3.6V 

+Q.av 

260 ohml 

+4.0V 

+o.av 

500 ohm, 

+3.SV 

+o,av 

+3.SV 

+o.av 

+4.0V 

·&'OV 

+3.6V 

·4.0Y 

+4.DV 

·S.GV 

+4.DV 

+Q.BV 

6DOohmi 

+3.DV 

·'.OV 

f .. 

U· 

fl 

f3 

f3 

.2' 

f3 

'2' 

f' 

.4" 

f3 

" 
·5.0V 

-4.0V 

f" 

• 4·· 

TEST 
CONDITIONS 

VOO. ·IS.7SV 
T" 2SOC 

: 3.0 lI'Ia 11'1". 

6.0mam ... 

6.0 ma max. 

3.0 mo mOil. 

CL • 60 pt Imp' 

F max." 80kHz 

2.0 m8 mOil • 

56K .t.5" 

Special circuit 

••• Requlrnlelected Rtlillor at Vc. Contact Rock_II for lpoeiflc requirements when using external oscillator. 
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PPS4/1 MM76C 
SPECIFICATiONs Input Capacitance: 

52-PIN IN-LINE SOCKET <5pf 

Burndy PIN: DILE-52Pl I nput Leakage: 

Burndy Corp., 931 S. Douglas <10 fl. 

EI Segundo, Calif. 90245 Open Drain Driver Leakage (R OFF): 
OPERATING CHARACTERISTICS <10 fla at -30 Volts 

VDD = -15 Volts ±5% Operating Ambient Temperature (TA): 
(Logic "I" = most negative voltage VIL and VOL) OOC to 70°C (TA = 25°C unless otherwise specified) 

VSS = 0 Volts (GND) Storage Temperature: 
(Logic "0" = most positive voltage VIH and VOH) _55°C to 120°C 

System Operating Frequencies: ABSOLUTE MAXIMUM VOLTAGE RATINGS 
89 kHz ±25% Iinternal clock) (with respect to VSS) 

Device Power Consumption: Maximum negative voltage on any pin ·30 volts. 
200 mw, typical Maximum positive voltage on any pin +0.3 volt. 

Limits (VSS = 0) Limits (VSS = +5V) Timing 
(Samplel Test 

Input/Output Svmbol Min ryp Max Min Typ Max Goad) Conditions 

Supply Current (Average) 100 12 ma VOO = ·15. 75V 
forVOD T= 250C 

Discrete 1I0's VIH -1.0V +4.0V 1/13&1114 
0110 0-01/0 9 VIL -4.2V +O.BV 

.-----
01100-5 RON 500 ohms 500 ohms 

12' 3.0 ma max. 
01/06-9 RON 400 ohms 400 ohms 

Channal 1 Input VIH -1.5V +3.5V (111 
Pll·P14 VIL ·4.2V +O.SV 

Channel 2 Input VIH ·1.5V +3.5V 
PI5-PIS VIL -4.2V +O.BV 1/13 

1/0 Channel A VIH -1.5V +3.5V 
R1/01-R1/04 VIL -4.2V +O.SV 1/13 

RON 250 ohms 250 ohms a2' 6.0 ma max. 
-- _._-_. 

I/O Channel B VIH -1.5V +3.5V 
RI/OS-RI/OS VIL -4.2V +O.SV 1/13 

RON 250 ohms 250 ohms 12' 6.0 ma max. 
f----

DATAl VIH -1.0V +4.0V 
VIL -4.2V +O.SV 1114 

OATAO RON 500 ohms 500 ohms 1114" 3.0 ma max. 
-- ---

INTO ·1.SV VIH +3.SV 1/13 
VIL ·4.2V +O.SV 

INTI VIH ·1.SV +3.SV 
VIL -4.2V +O.SV (111 

~-----------
Clock . VOH -1.0V +4.0V -5.0V CL ~ SO pi (max) 

A, BP, (8) VOL -10.0V ·S.OV 

XPWR VIH V5S VSS 
VIL VOO VOO 

XTLIN, XTLOUT VIH Crystal 
VIL 3.S79 MHz 

Shift Clock VIH -1.0V +4.0V 1/13&1114 
CLOCK VIL -4.2V +O.SV 

RON 500 ohms SOO ohms 1114·· 2.0 ma max. 

PO VIH ·2.0V +3.0V 
VIL -6.0V -1.0V Special circuit 

PCl VIH -1.SV +4.SV - DC 
VIL -4.2V +O.SV 

PC2 VIH -1.SV +4.SV DC 
VIL -4.2V +O.SV 

CAS LOWER CARRY RON 600 ohms DC 
OUT 500 ohms 

CA16/0 UPPER CARRY RON 600 ohms 
SERIAL DATA OUT 600 ohms 1/13&1114 

SYEV SERIAL EVENT VIH -1.SV +3.SV 
INPUT vii -4.2V +O.SV 1/13 

SCCIO SHIFT CLOCK VIH ·1.0V +4.0V 
CONTROL/DATA- ViL -10.0V +O.SV 1/13&1114 

C/OI CONTROL/DATA V IH -1.0V +4.0V 
INPUT VIL -10.0V +O.BV 1/13 

ENABL VIH -1.SV +3.5V 
VIL -4.2V +O.SV DC 

·State established by 82 (minimum Impedance after 14' 
• ·Same 8S above except 84 minimum at 12 of next cycle. 
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PP84/1 MM76L and MM76EL 

SPECIFICATIONS 

OPERATING CHARACTERISTICS 

Supply Voltage: 

VDD = -S.S Volts -2.S, +2.0 Volts 
(Logic "1" = most negative voltage VIL and VOL,) 

VSS = 0 Volts (Gnd.) 
(Logic "0" I::: most positive voltage VIH and VOH.J 

System Operating Frequencies: 

(1) Internal: 100 kHz Nominal at VDD = -B.5V 

(2) External SOO kHz Crystal: 100kHz 

Input Capacitance: <5 pf 

Input Leakage: <10/la 

Open Drain Driver Leakage IR OFF); ";::10p.a at -30 Volts 

Operating Ambient Temperature IT A' 

OOC to +700 C (Commercial!: MM7SL and MM7SEL 
-400 C to +S50 C !Industrial!: MM7SL·2 and MM7SEL·2 

Storage Temperature: -55°C to 120°C 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 
(with respect to VSSI 

Maximum negative voltage on any pin -30 voltS. 

Device Power Consumption: 15 mw, typical Maximum positive voltage on any pin +0.3 volts. 

TEST CONDITIONS' VDD ; ·8.5V, T A; 25°C 

LIMITS (VSS = 01 

INPUT/OUTPUT SYMBOL MIN TYP MAX 

Supply Current 100 
(Averagel for VDD 

1.75 ma 3 ma 

Discrete 1/0's VIH -1.0V 
01/00·9 VIL -4.2V 

RON 100 ohms 
Channel 1 Input VIH -l.SV 

Pll-P14 VIL -4.2V 

Channel 2 Input VIH -1.5V 
PIS-PIS VIL -4.2V 

I/O Channel A VIH -1.SV 
R101-R104 VIL -4.2V 

RON 2S0 ohms 
I/O Channel B VIH -1.5V 

RIOS-RIOS VIL -4.2V 

RON 2S0 ohms 
DATA I VIH -1.0V 

VIL -4.2V 

DATA 0 RON 500 ohms 
INTO VIH -l.SV 

VIL -4.2V 

INTI VIH -1.SV 

VIL -4.2V 

Clock VOH -1.0V 
A, BP, (8) VOL -S.OV 

XTLIN VIH -1.SV 

VIL -S.OV 

Shift Clock VIH -1.0V 

VIL -4.2V 

RON 500 ohms 
VC VIH 

VIL 

PO VIH -1.SV 

VIL -4.2V 

·State established by 92 (minimum impedance after 4>4). 
··Same as above except t/>4 minimum at (jJ2 of next cycle. 

NOTES: 

MASK PROGRAMMED PULL·UP RESISTORS ON OUTPUTS 

Resistor pull-ups are available as an oPtion on all RIO and 0110 
outputs. These pull-ups are connected to VOO- The following 
values ± 2S% are available: 3K, SK, 10K, 15K. 25K, and Open 
Circuit. 

LIMITS (VSS = +SVI TIMING 
(SAMPLE/ TEST 

MIN TYP MAX GOODI CONDITIONS 

1.75 ma 3 ma 

+4.0V ¢34 
+O.SV 

100 ohms 92' 10.0 rna max. 
+3.5V 

91 +O.SV 

+3.SV 
93 +O.SV 

+3.SV 
94 

+O.SV 

250 ohms 92' 6.0 ma max. 
+3.5V 

94 +O.SV 

2S0 ohms 92' 6.0 rna max. 
+4.0V 

94 
+O.SV 

500 ohms 94" 3.0 rna max. 
+3.SV 

93 
+O.SV 

+3.5V 
91 +O.SV 

+4.0V CL = 50 pf (maxi 
-1.0V 

+3.SV 
-4.0V 

-1.0V 

+4.0V 
934 

+O.SV 

SOO ohms 94" 2.0 ma max, 
V = 11.0V max. 

+3.0V Special circuit 
-1.0V 

PULL·UPS ON INPUTS 

MOS FET Pull-ups are also available on" the PI. INT. and DATA I 
inputs. The connection of this pull-up is optional. The output 
current is 50 J,la ± 25 p'a with the input grounded and VOO at 
-8.5 volts. 

1-021 



PP24/1 MM77 and MM78 

SPECI FICATIONS 
OPERATING CHARACTERISTICS 

Supply Voltage: 

VDD 0 15 Volts ±.S% 
(Logic .. , .. = most negative voltage VIL and VOL') 

VSS a 0 Volts (Gnd,) 
(Logic "0"::::1 most positive voltage VIH and VOH') 

System Operating Frequencies: 

80 kHz ±.50% with external resistor 

Device Power Consumption: 

75 mw, typical 

Input Capacitance: 

<Spf 

Input Leakage: 

<10,... 

LIMITS IVSS .. 0' 

FUNCTION SYMBOL MIN TV' MAX 

SupplV Cur,ant IAvaregol 100 Oma 8ma 
farVDD 

Discrelel/O', V'H ·1.0V 

DIID 0-0110 9 V,L ·4.2V 

RON 500 Ghmt 

CI'IO!Inel 1 Input V,H ·'.SV 

P11·P14 V,L -4.2V 

Channel 2 Input V,H ,'.5V 

P15·P18 V,L "'2V 

110 Channel A V,H ,'.5V 

RI/01·RI/04 V,L ·4.2V 

RON SGOohm_ 

110 Channel X V,H ·'.OV 

RI/05-RII08 V'L ... 2V 

RON 5OO0hmi 

DATAl V,H ·'.OV 

V,L ·4.2V 

DATA 0 RON 

INTO V,H ·'.5V 

V,L ·4.2V 

INT. V,H ,'.BV 

V,L ·4.2V 

Clock VOH ·1.0V 

A. BP. lil VOL ·lQ.OV 

EXCLK··· V,H ,'.SV 

V,L ·7.0V 

CLK IN V,H ·1.0V 

V,L ·1Q.OV 

Shift Clock V,H ,'.OV 

Clock V,L ·4.2V 

RON 6000hmt 

VC V,H 

V,L 

PO V,H ·2.0V 

V,L ·6.0V 

·State n18bUshed by .2 (minimum impedance after .4'. 
o .Same 81 above ellCept (14 minimum at (12 of nGllt cycle • 

Opon Drain Driver ,..eakage (R OFF): 

'E:l0 pa at ,30 Volts 

Operating Ambient Temperature (TA): 

oDe to 700C (TAco ;l6DC unless otherwise specified.) 

Storage Temperature: 

,55"C to 1200 C 

ABSOLUTE MAXIMUM VOLTAGE RATINGS 
(with respect to VSSI 

Maximum negative voltage on any pin ·30 voltl. 

Maximum positive voltage on 8"Y pin +0.3 volts. 

LIMITS IVSS .. +5VI TIMING 
(SAMPLE/ 

OOODI MIN TVP MAX 

Sma 8ma 

+4.0V 

+o.BV 

&OOahml 

+3.&V 

+o.BV 

.. 3.&V 

+O.BV 

+3.5V 

"O.BV 

500 ohm 

+4.0V 

"o.8V 

SOOGhm 

"4.0V 

to.BV 

+3.SV 
+o.8V 

+3.5V 

+O.BV 

"4.0V 

·6.0V 

"3.SV 

·2.0V 

+4.0V 

·S.OV 

+4.0V 

+o.BV 

6DOohnu 

+3.0V 

·1.0V 

'3 
'2' 

.' ,3 

,3 
,2' 

Notlync. 
MUltbe 
Itablael 

.' 8nd2. 
,2' 

•• 
.4 0 • .. 
•• 

STRAP 

,3' .. ' 

TEST 
CONDITIONS 

voo .. ·15.7BV 
T·2Sa C 

3.0 ma mlill. 

3.0 mil mllll. 

aOrnllmlill. 

CL .. 50 pt (mllll.' 

Fm8ll"'80kHl' 

2.0mam ... 

56K.t.5" 

Special circuit 

••• Aequlretl Hhlcted reslnat at VC. Contact Rockwell fat lPaclflc reqululmenft when ullng ellteunal OIClllator. 
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Chapter 2 
THE MOSTEK 3870 
(AND FAIRCHILD F8) 

The FI has had a profound Impact on the microcomputer Indu8try. When It first appaared. the FI was dl8cu811ed 
a8 an off-beat product with a 8trange 8et of chlp8 and a rldlculou8 In8truction set. The chip set was 8trange 
becau8e logic was organized with the goal of minimizing chip counts; In contrast. miCroprocessors 8uch .. the 
8080A and 8100 were de81gned with logic dl8trlbuted functionally on chlp8 - one traditional CPU logic function 
per chip. The FI In8truction· 8et Is Indeed 8trange. and In 80me c .. e8 quite limiting. but It reflects the 81mple 
chip de81gn of the FI CPU. 

Many mlcroproce880rs are now going Into con8umer products. In thl8 marketplace. the two-chip FI 8Y8tein pro
vided by a 3160 CPU and a 3161 PSU galnad an early dominant position. Other mlcroproce88or8 avallabie when 
the FI was Introduced required 8even or more chlp8 to provide the 8ame capabllltle8 a8 the two-chip Fl. The 
economlc8 of con8umer product volume8 rendered the Inefflclencle8 of the FI In8tructlon 8et Incon8equentlal; 
a8 a re8ult. In 1877 the FI was the world'8 leading mlcroproce880r In term8 of CPU 8ale8. 

In recognition of the FI 8Ucce88 8tOry. most mlcroproce880r manufacturer8 have Introduced one-chip and two
chip microcomputer 8ystem8. 

Since the F8 3850 CPU/3851 PSU configuration was the world's first two-chip 8-bit microcomputer system. the F8 was 
the easiest 8-bit microprocessor to convert into a one-chip microcomputer. Fairchild. the FI prime source. and 
Mostek. the FI 8econd 8ource. both de81gned one-chip mlcrocomputer8 around the Fl. Fairchild de81gned the 
3168. which was a 81mple combination of the 3860 CPU and 3161 PSU on a 81ngle chip. Mostek developed a 
more ambltlou8 one-chip microcomputer. the 3170. Mostek developed the 3170 ahead of the Fairchild 3168; 
therefore. Fairchild dropped the 3868 and became a 8econd 80Urce for the 3170. Thus. the original F8 second 
source. Mostek. is now the new prime source. while the original prime source. Fairchild. is now a second source. 

The majority of F8 customers have small configurations which convert readily to the 3870. This being the case. the 
317018 the FI product being actively marketed. while the old F8 chip set is now manufactured to meet the needs of 
existing customers and to represent a possible expansion for any customer whose application will no longer fit within 
the confines of the 3870. In thl8 chapter. therefore. we begin by examining the 3170 In detail. De8crlptlon8 of the 
FI CPU and Its 8UPPOrt devices follow. 

The8e are the FI devices dascrlbed: 

- The 3160 CPU. 

- The 3161 Programmable Storage Unit (PSUI. which provlde8 read-only memory plu8 

THE FAIRCHILD 
FI DEVICE SET 

varlou8 additional logic functions. • 

- The 3162 Dynamic Memory Interface (DM". which primarily provlde8 Interface logic for dynamic or 8tatlc 
read-write memory. 

- The 3163 Static Memory Interface (SM". which primarily provlde8 Interface logic for 8tatiC read/write m.mo
ry. 

- The 3164 Direct Memory Acce88 (DMAI. which. In conjunction with the 3862 DMI. Implements Direct Memo
ry Acce88 logic. 

- The 3168 and 386716K Programmable Storage Units (PSU 181. which are varlatlon80fthe 3161 PSU but pro
vide more read-only memory. 

- The 3161 PIO. which provlde8 the additional logic functlon8 of the 3161 PSU but has no read-only memory. 

- The 3171 PIO. which 18 equivalent to the 3161 PIO but has logic characterl8tlcs Identical to the 3170. 
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The 3870 Microcomputer ---------------------------, 
3850 CPU 3851. 3856 or 3857 Program Storage 

Unit (PSUI 

It pt R n erru eques - - Interrupt Request 

I/O Port I/O Port I/O Port I/O Port 
3863 Static 

I 
~ Memory Interface 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I L __ 

~ r ~ 

-54-byte RAM Prog Timer 

ALU ROM 
and .---

__ oJ 

CU I Mem Addr Log 
__J 

SYSTEM BUS 

RAM 
DYNAMIC INTERFACE 

or LOGIC 
: STATIC DMA CONTROL 

RAM 

/ 
3852 Dynamic Memory Interface 

(DMII 

J' 

(SMII 

L 
Prog Timer 

RAM 
INTERFACE 

LOGIC 

• 

DMA 
CONTROL 

LOGIC 

A maximum of 66.636 bytes of memory may be present in an F8 microcomputer system. 

Figure 2-1. A Fairchild/Mostek F8 Microcomputer System 

__ J 
STAtic 

I RAM 

~ 
J 

3854 Direct 
Memory Access 

(DMAI 

Figure 2-1 illustrates logic associated with individual F8 devices. and the 3870 one-chip microcomputer. 

All devices of the F8 family require +5V and +12V power supplies. The 3870. however. uses a single +5V power sup
ply. 

Using a 500 ns clock. instruction cycle time is 2 p.sec. Instruction execution times range from 1 to 6.5 instruction ey
e les. or 2 to 1 3 p.sec. 

N-channel isoplanar MOS technology is used for the F8. 

N-channel ion injection technology is used for the 3870. 
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The principal manufacturer for the F8 is: 

The second source is: 

FAIRCHILD SEMICONDUCTOR 
464 Ellis Street 

Mountain View. CA 94040 

MOSTEK. INC. 
P.O. Box 169 

Carrollton. TX 75006 

The principal manufacturer for the 3870 is: 

Second sources are: 

MOSTEK. INC. 
P.O. Box 169 

Carrollton. TX 75006 

FAIRCHILD SEMICONDUCTOR 
464 Ellis Street 

Mountain View. cA 94040 

MOTOROLA. INC. 
Semiconductor Products Division 

3501 Ed Bluestein Blvd. 
Austin. TX 78721 

THE 3870 ONE-CHIP MICROCOMPUTER 

Functions Implemented on the 3870 microcomputer are lIIus~ated In Figure 2-2. 

Some caution must be exercised when looking at Figure 2-2; functions shown as present should not always be 
considered equal to larger systems. For example. read/write memory and memory addressing are shown as completely 
present: however. only 64 bytes of read/write memory are provided. with no possibility of expansion. I/O ports and in
terface logic are shown as provided. but the 3870 itself has only four I/O ports. Programmable timers and interrupt han
dling logic are shown as present yet only one interrupt request line is available and only one programmable timer is 
present -- again with no possibility for expansion. 

There is. in fact a sharp contrast between the expansion philosophy of the 3870 as compared to 
the Intel 8048. The 3870 is simply not expandable: If your application overflows the 3870 you 
can keep your progrems, but you must revert to the F8 chip set. In contrast. the 8048 is ex
pandable. albeit in.a somewhat clumsy fashion. Thus. when an application overflows a 3870. you can keep your pro
grams but you mustthrow away your 3870 chips. When an application overflows the 8048. you can keep the 8048 
already in hand. using expansion capabilities to support new functions. 
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Figure 2-2. Logic of the Fairchild/Mostek 3870 Microcomputer 
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3870/F8 PROGRAMMABLE REGISTERS 
The.e are the progremmable regl.ters of the 3170 and FI: 

Scratchpad Byte Address 

I 8 bits Accumulator (AI Scratchpad Decimal Octal Hexadecimal 

11 bits in the 3870,16 bits in the F8 Program Counter (PCOI § 
Program Counter buffer, or Stack registar (PCII 11 bits in the 3870,1'6 bits in the F8 

11 bits in the 3870,16 bits in the F8, Data Counter (DCOI 

11 bits in the 3870,18 bits in the F8 

1 6 bits 

1 5 bits 

Data Countar buffer (DC 11 I I 

Scratchpad Addrass registar (!SARI I : 
Status register (WI I! 

I I 
I I 

Wregistar ... • J 

DCO register .. 
H ~{ HU 

HL 

PCl (Stackl register .. 
K ~{ KU 

KL 

OCO or PCO registara .. 
Q ~{ QU 

QL 

H is equivalent to a Data 
Counter buffer register 
K is equivalent to a Stack 
registar buffer 
Q is equivalant to a Data 
Counter or Program Counter 
buffer register 

o o 

2 2 

9 11 

10 12 

11 13 

12 14 

13 15 

14 16 

15 17 

16 20 

58 72 

59 73 

60 74 

61 75 

62 76 

63 77 

3170IFI 

o 
1 

2 

9 

A 

B 

C 

0 

E 

F 

10 

3A 

3B 

3C 

3D 

3E 

3F 

ACCUMULATOR 
There i. one I-bit Accumulator. which may be likened to the Primary Accumulator (AO) of 
our hypothetical microcomputer. Wherever there is a choice, this Accumulator is the usual 
source or destination for data operations associated with any instruction's execution. ~-...;.-.;..;;....;..;... ... 
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The 64-byte scratchpad may be viewed either as a small read-write memory. or as 64 8- 38701F8 
bit secondary Accumulators. The first 11 scratchpad bytes may be accessed directly. as SCRATCHPAD 
though they were secondary Accumulators. Remaining RAM bytes can only be accessed using 
a form of implied memory addressing. where a 6-bit register (identified as the ISAR register) must provide the address 
of the byte being accessed. The ISAR register is in every way identical to a 6-bit Data Counter. 

Data Counter DCO is an implied addressing register. as described for our hypothetical 38701F8 DATA 
microcomputer. COUNTERS 

Data Counter DC1 is simply a buffer for the contents of Data Counter DCO. Implied address-
ing via Data Counter DC1 is not allowed. The only instruction that accesses Data Counter DC1 is an instruction which 
will exchange the contents of Data Counters DCO and DC1. 

Program Counter PCO serves the same function in a 3870 or F8 system as it does in 
our hypothetical microcomputer. 

38701F8 PROGRAM 
COUNTER 

The Stack register (PC1) is. In reality. a buffer for Program Counter PCO: the Stack register 3870/F8 STACK 
does not address an area in read-write memory. and there are no Push or Pop instructions as REGISTER 
described in Volume I. Chapter 6. Interrupts and Jump-to-Subroutine instructions save the 
contents of Program Counter PCO in Stack register PC1. before loading a new address into Program'Counter PCO: 

Old Address from PCO 

is moved to PCI Old Address in 

New Address " ~ ./ PCI is lost 

1 ...... 3 I ............. 
Program Counter PCO Stack register PC 1 

The classical Stack can be implemented in a 3870 or F8 system. but a short program needs to be written to do this. 

Read-only memory is always addressed using implied addressing. with auto-Increment. via MEMORY 
Data Counter DCO. No other memory addressing modes are provided. ADDRESSING 

There are a number of instructions which load immediate data into Data Counter DCO; data may also be transferred 
between Data Counter DCO and scratchpad bytes. and it is possible to add the contents of the Accumulator to Data 
Counter DCO. 

In order to understand scratchpad addressing. one has to view it as representing neither 64 
Accumulators nor 64 bytes of read-write memory. but rather as something between the 
two. 

3870 MEMORY ADDRESSING MODES 
The 3870 microcomputer has two separate and distinct memories: 

1) There is the 64-byte scratchpad. which is the only read/write memory available. 

SCRATCHPAD 
MEMORY 
ADDRESSING 

2) There are 2048 bytes of read-only memory. which must contain all programs. but may also contain constant data. 

We will refer to addressing of the 64-byte scratchpad as "scratchpad addressing". while "memory addressing" 
refers to the 2048 read-only memory bytes. 

It is important to note that the scratchpad and the read-only memory have separate and distinct address spaces. 
Scratch pad locations have addresses in the range 0 through 6310. while read-only memory locations have addresses in 
the range 0 through 204710. Thus. addresses 0 through 6310 can access both a scratchpad byte and a read-only 
memory location; however. this will never cause confusion since separate and distinct instructions access scratchpad 
as against read-only memory. Si'nce no one instruction can access both scratchpad and read-only memory. there is no 
possibility for confusion. 

2-6 



!nstructions which access scratchpad memory use the four low-order object code bits to identify Scratchpad Address
Ing mode. as follows: 

7 6 5 4 3 2 o '--BitNo. 

r-""T-,...-r-"I-,...-r-_ .. ~ Scratchpad access instruction object code 

L ~} Diractly address one of Scratchpad bytes 0 through 11 
1011 
1100 
1101 

1110 

S - Implied addrassing via ISAR 
I - Implied addressing via ISAR 
with auto-incrament of thrae 
low-order ISAR bits. 

D - Implied addrassing via ISAR 
with auto-decrament of three 
low-order ISAR bits. 

There are a number of register-register Instructions that operate on the Accumulator and on one of the first 12 
scratchpad bytes, using object codes as follows: 

765 4 3 2 o 4-----Bit No. 

0000 

One scratch pad byte from bytes 0 through 11 is specified 

1011 

An instruction that accesses the Accumulator and one of tha 
scratchpad bytes is specified 

This type of object code treats the first 12 scratchpad bytes as secondary Accumulators. 

Any scratchpad byte may be addrassed via the ISAR register using Implied addressing; that 
is to say. the 6-bit.number in the ISAR (which can have a value in the range 0 through 63) iden
tifies the one scratchpad byte which will be accessed by the next scratchpad referencing instruc
tion. 

The ISAR register provides implied addressing. and implied addressing with auto-increment or 
auto-decrement: however. only the low-order three bits of the ISAR register are involved in the 
auto-increment or auto-decrement operation: 

5 4 3 2 o '--BitNo. 

DIRECT 
SCRATCHPAD 
ADDRESSING 

IMPLIED 
SCRATCHPAD 
ADDRESSING 

~:::::::I ::~j..-ISAR 

TT ... -----These three bits mavbe incramented ordecramented by an im
plied eddrassing scratchpad memory raterance with auto-in-

_ crament/decrament. 
Speciflea an instruction that accesses the Accumulator and 0ge 
of the scratch pad bytes 

F8 scratchpad bytes may therefore be accessed as contiguous 8-byte buffers. with wraparound auto-increment or 
auto-decrement within each 8-byte buffer. 
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Instructions shown in Table 2-2 use the symbol r in the operand to represent scratch pad ad
dressing. This is what the symbol r represents: 

- If r is a number between 0 and 11. one of scratchpad bytes 0 through 11 is addressed directly. 

- If r is S. implied addressing via ISAR is specified. 

rSCRATCHPAD 
ADDRESSING 

- If r is I. implied addressing via ISAR. with auto-increment of the low-order three implied address bits. is specified. 

- If r is D. implied addressing via ISAR. with auto-decrement of the low-order three address bits. is specified. 

Given the various ways in which scratchpad memory can be addressed. this is the most effective way of configuring 
scratchpad: 

o 89ABCDEF10 1718 lF20 2728 2F30 3738 3F 

11111111111111111111111111111111111111111111111111111111111111111 
~J~~~~~ 

Secondary 
Accumulators 

H K Q Buffer 1 Buffer 2 Buffer 3 Buffer 4 

t t t "'" """'" lOCO) " ""~ "'-... , """', 
Stack (PC 1) buffer 

Data Counter (DCO) buffer 

'-------- Status register (Jl buffer 

Buffer 5 Buffer 6 

Treat scratchpad bytes 0 through 8 as nine secondary Accumulators; access these bytes using direct scratchpad ad
dressing. 

Wherever possible. use scratch pad bytes 9 through F only as buffers for their associated registers; when acceSSing 
these bytes. use the specific instructions which transfer data between these scratchpad bytes and their associated 
registers. 

Although you can address scratchpad bytes 9. A. and B by using direct addressing. do not do so when these 
scratchpad bytes are being used as buffers for the Status registers (W) and Data Counter (DCO). 

While indirect addressing via ISAR can access any scratchpad byte. you should avoid addreSSing scratchpad bytes 0 
through F in this fashion. Wherever possible. use ISAR only to address scratch bytes 1016 through 3F16; divide this 
area into 8-bytebuffers as illustrated. Because I addreSSing auto-increments only the three low-order ISAR bits. this 
form of scratchpad byte addressing will wrap around within one 8-byte buffer. as follows: 

I ISAR 

X X X 0 0 0 
X X X 0 0 1 
X X X 0 1 0 
X X X 0 1 1 
X X X 1 0 0 
X X X 1 0 1 
X X X 1 1 0 
X X X 1 1 1 
X X X 0 0 0 
X X X 0 0 1 

etc. 

Similarly. 0 implied addressing via ISAR will wrap around within eight scratchpad byte divisions. as follows: 

ISAR 

X X X 0 0 0 
X X X 1 1 1 
X X X 1 1 0 
X X X 1 0 1 
X X X 1 0 0 
X X X 0 1 1 
X X X 0 1 0 
X X X 0 0 1 
X X X 0 0 0 
X X X 1 1 

etc. 
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3870/F8 STATUS FLAGS 
The Status register, also called the W register, holds five status flags, as follows: 

Bit No. 

Status register (WI 

~----- Interrupt Control Bit 

The O. Z. C and S status flags are identical to the flags with equivalent symbols. as described in Volume I. Chapter 6 for 
our hypothetical microcomputer. 

The Interrupt Control bit is treated as a fifth status; this status will not be modified by arithmetic or logic operations. 
but it will be transferred. as a unit with the other four status flags. to or from Scratchpad byte O. 

3870 PINS AND SIGNALS 
3870 pins and signals are illustrated In Figure 2-~. 

xn, 
XTL2 
po-o 
POol 
PO-2 
PO-3 

STROBE 
P4-0 
P4-' 
P4-2 
P4-3 
P4-4 
P4-5 
P4-6 
P4-7 
PO-7 
PO-6 
PO-5 
PO-4 
GND 

-

-

-

Pin Name ---PO-O - PO-7 
Pl-0 - Pl-7 
P4-0 - P4-7 
P5-0 - P5-7 
STROBE 
EXT INT 
RESET 
TEST 
XTL1. XTL2 
VCC.GND 

.. 

.. 

-
-

1 40 
2 39 
3 38 
4 37' 
5 36 
6 35 
7 34 
8 33 
9 32 

10 3870 
M' 31 

11 Icrocomputer 30 

12 29 
13 28 
14 27 
15 26 
16 25 
17 24 
18 23 
19 22 
20 21 

Description 

I/O Port 0 
I/O Port 1 
I/O Port 4 
I/O Port 5 
Ready Strobe 
External Interrupt 
External Reset 
Test Line 
TIme/Clock 
Power Supply Lines 

---

-

Type 

Bidirectional 
Bidirectional 
Bidirectional 
Bidirectional 
Output 
Input 
Input 
Input 
Input 
Input 

Figure 2-3. 3870 Microcomputer Signals and Pin Assignments 
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32 of the 40 signals implement fou r a-bit I/O ports, which are addressed as I/O Ports 0, 1, 4 and 5. 

Pins POO through P07 implement I/O Port O. 

Pins P10 through P17 Implement I/O Port 1. 

Pins P40 through P47 impiement I/O Port 4. 

Pins P50 through P67 implement I/O Port 6. 

I/O port characteristics are described following signal definitions. 

STROBE is a handshaking control signal associated with I/O Port 4. Whenever data is output to I/O Port 4, STROBE 
is pulsed low for approximately three clock periods. 

External interrupt requests are input via EXT INT. 

RESET is a master reset input. When it is grounded, the folloWing events occur: 

1) Program Counter contents (PCO) are pushed onto the Stack register (PC1). 

2) The ICB bit of the Status register is reset to 0; this disables all interrupts. 

3) I/O Port 4 and 5 pins all output +5V. Reset does not affect I/O Port 0 and 1 pins. 

4) Other internal registers are not affected. 

The TEST Input is used to test hardware. Normally the TEST pin is connected to ground, or it is left unconnected. 
When a voltage between 2V and 2.6V is connected to TEST, I/O Ports 4 and 5 become output and input connections to 
the internal Data Bus, as follows: 

J IL 
___ o< __ /l _____ ......... l .. ~- I/O Port 5 is a wire-OR Input to the internal Data B.US; it is : --J ... -----':--- logically false, (Port pin 1 = Data Bus 0) 

Data Bus ...... I/O Port 4 is the intamal Data Bus output; it is lOgically true, --------------'1'1-- (Port pin 1 = Data Bus 1) 

When a voltage level between +6V and +7V is applied to the TEST pin, I/O Ports 4 and 5 are connected to the internal 
Data Bus as illustrated above; but. in addition, internal program memory is disconnected from the Data Bus. This allows 
instruction codes to be entered via I/O Port 5. 

The TEST pin should be used for test purposes only. Do not use TEST during normal 3870 operations. You can
not. for example, use TEST as a means of transferring data between the Data Bus and external logic via I/O Ports 4 and 
5. Also, you cannot use TEST to supercede internal program memory with an external program memory. This is 
because timing associated with the test conditions differs markedly from normal instruction execution timing. 

XTL 1 and XTL2 are clock signal inputs. These two clock signal inputs can be used in one of 3870 CLOCK 
four ways. LOGIC 

~----~ 
If XTL 1 and XTL2 are both grounded, then an internal oscillator within the 3870 generates the clock signal. In
ternal oscillator frequencies ranging between 1.7MHz and 4MHz are allowed. 

An external crystal may be connected across XTL 1 and XTL2: in this case the external crystal determines clock fre
quency. Any frequency in the range 1 MHz to 4 MHz is allowed. There are internal 20 pF capacitors between XTL 1 and 
ground and XTL2 and ground; therefore, external capacitors are not required. This may be illustrated as follows: 

XTll r-----..., 
CJ 1 MHz to 4 MHz 

XTl2 r-----..... 
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If an external clock signal is used. then it should be applied to pin XTL2. and pin XTL 1 should be left open. 

The internal clock signal generated will have a frequency that is half of the external clock signal frequency. For exam
ple. in order to generate a 1 MHz internal clock signal. a 2 MHz external clock signal must be applied to pin XTL2. 

It is also possible to generate the Internal 3870 clock signal using resistor capacitor (RCI or inductor capacitor 
(LCI circuits. The RC mode may be illustrated as follows: 

R VCC 
xru I-----.... - ....... w"'""--I 

XTlll---.,--.....;...--. 

R 
Capacitance 

Minimum frequency 
Maximum frequency 

C (Capacitor C is optional) 

4KO Minimum 
20.5 pF + 2.5 pF + C 
1/(1.1 RC + 65 ns) 
l/(RC + lIS ns) 

The external capacitor C is optional. since there is a 20.5 pF internal capacitor. 

The LC mode may be illustrated as follows: 

L ± c:J 'Coo-' C. --" 

Inductor L = 0.1 mH (minimum) 
Inductor quality = (0) = 40 

If tha extemal capacitor (C) is present. it must be 30 pF or less. 
Capacitance = 10 pF ± 1.3 pF + C 

Frequency = 1/(2 'If ~ 

3870 INSTRUCtiON TIMING AND EXECUTION 

All 3870 instructions execute as a sequence of "long" and "short" machine cycles. A long machine cycle lasts 
six ciock periods. A short machine cycle lasts four clock periods. For each 3870 instruction. Table 2-2 identifies the 
sequence of long and short machine cycles via which the instruction executes. By referring to this table. you can com
pute instruction execution times as a function of clock frequency. 

Note that Table 2-2 refers to ROMC stat~s. ROMC states .have no meaning when you are using a 3870: however. they 
constitute five signals output by the 3850 CPU in an F8 configuration. as described later in this chapter. Since Table 
2-2 applies to both the 3870 and the F8. ROMC states are identified. 

3870 I/O PORTS 
The 3870 has four 8-bit I/O ports. which we defined when describing 3870 pins and signals. I/O ports are ad
dressed via port numbers O. 1. 4. lind S. I/O port addresses 6 and 7 are also reserved by the 3870; I/O Port 6 is 
used to output control codes and to input interrupt status. I/O Port 7 Is used to access Interval timer logic. 

O. 1. 4. 5. 6. and 7 are the only I/O port addresses which have any meaning within a 3870. Output instructions that ad
dress any other liD port act as "no operation" instructions. Input instructions that address any other port will clear the 
Accumulator. Nevertheless. the 3870 instruction set. as defined in Table 2-1. includes both long-form and short-form 
I/O instructions. allowing any liD port to be accessed with addresses in the range 0 through 255 .. This permits the 3870 
instruction set to be completely compatible with the fu 11 F8 instruction set -- a necessity if 3870 programs are to be 
transportable to larger F8 configurations. 
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Every one of the 3870 I/O port pins Is truly bidirectional. Logic associated with each pin may be Illustrated as 
follows: 

Vee 

-g output 
'40 Buffer 
I! Port 
::I 0 Q I/O '" '€ Pin 
8 
a: 
0 

1 
! ~ Ii: Ul a: 
i 2 2 
~ ~ 

c 

'" ~ c a: .;.J 

The pin logic Illustrated above is present In the 3870 microcomputer and the 3871 Pia only; other devices have 
the F8 I/O pin charecterlstlcs. 

If you do not understand digital logic. then you will not understand the illustration above. but that is not particularly im
portant. The above illustration explains exactly how bidirectional I/O port pin.logic works. From a programmer's point 
of view. this simply translates into the fact that you can freely input and output data without worrying about prior I/O 
port contents. However. alii/a port pins have Inverted logic. This means that when you write 1 to an I/O port pin a 0 
voltage will be generated. while a +5V voltage will be generated if you output 0 to the pin. Conversely. external logic 
will cause your program to input 1 if it grounds a pin. while it will cause your program to input 0 if it applies +5V to the 
pin. 

The output buffer portion of I/O port pin logic determines the pin characteristics. Standard TTL logic is provided 
by the standard output buffer, which may be illustrated as follows: 

vee 

6K n (typical! 
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You can buy 3870 devices with different output buffers at I/O Ports 4 and 6. but not at 1)0 Ports 0 and 1. I/O Ports 0 
and 1 pins can only have the standard output buffer illustrated above. There are two optional output buffer designs 
available for pins of I/O Ports 4 and S. A direct drive output is similar to the standard output. but it sources more cur
rent. Logic is illustrated as follows: 

Vee 

1 K n (typical) 

1 
T 

The other option is an open drain output which may be illustrated as follows: 

The open drain output allows you to tie pins together: you can then wire-AND two or more pins when data is output. 
Consider the following configurations: 

:~---+t--
If all outputs are high. then the wire-AND will be high: however. if anyone-of the three outputs goes low. then the wire
AND resulting from all three outputs will also go low. 

3870 INTERRUPT LOGIC 
Extemal logic can Input an Intarrupt request to the 3870 via the EXT INT signal. 

Intarrupt requests may also be generated Internally by timer/counter logic. 

There are two levels of Interrupt enable/disable logic within the 3870. There Is a Control 
reglstar (described later In this chapter) which has bits 0 and 1 set aside to selectively ena
ble or disable extarnallnterrupts and timer/counter Interrupts, respectively: If one or both of 
these interrupts are enabled. then any Intarrupt request Is stili subject to master ena-
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ble/dlsable logic, which Is specified by the Interrupt Control bit of the Status register (bit 4 of the W register). 
This may be illustrated as follows: 

I .. To CPU 

4 3 2 o .. Bit No. 

Status register (W) 

Latch For all bits: 
I =enable 
0= disable 

.--.. 
7 6 5 4 3 2 I 0 .. Bit No. 

IXIta=~-
f W~ ' ...... ,_. 

Timer/Counter Interrupt 

A timer/counter Interrupt request Is latched. If timer/counter interrupt logic has been disabled via Control register 
bit 1. then an interrupt request will be held until timer/counter interrupts are subsequently enabled: the interrupt re
quest will then occur. 

Extemal interrupt requests are not latched. An external interrupt request will only occur if the EXT INT signal makes 
an active transition while external interrupts have been enabled by Control register bit O. 

Any interrupt request that reaches Status register logic will be latched. Thus. if Status register bit 4 is 0 when 
either an external interrupt request or a timer/counter interrupt request occurs. then the interrupt request will be held 
pending until Status register bit 4 is subsequently set to 1. 

A reset or power-on operation disables all Interrupts; the Status and Control registers are cleared. 

Timer/counter Interrupt requests have priority over extemallnterrupt requests. Thus. if a timer/counter interrupt 
request and external interrupt request occur simultaneously and both are enabled. then the timer/counter interrupt re
quest will be acknowledged. 

When any interrupt request Is acknowledged, further Interrupts are disabled via the Status register; however. in
terrupt enable/disable logic associated with the Control register is not affected. Thus. an external interrupt request will 
be held pending for the duration of a timer/counter interrupt service routine's execution. However. the external inter
rupt request will be removed if. at any time while it is held pending. external interrupts are specifically disabled via bit 0 
of the Control register. 

If a timer/counter interrupt request is generated while an external interrupt service routine is being executed. then 
Status register interrupt disable logic will prevent the timer/counter interrupt request from interrupting the external in
terrupt service routine. However. the timer/counter interrupt request will be held pending until interrupts are subse
quently enabled at the Status register. If for any reason timer/counter interrupts have been specifically disabled via 
Control register bit 1. then any subsequent timer/counter interrupt request will be delayed until timer/counter interrupt 
logic is specifically enabled via bit 1 of the Control register. 

When an interrupt request is acknowledged. the Program Counter (PCO) contents are saved on the Stack register (PC1). 
For a Timer interrupt request. a new value. 02016. is loaded into the Program Counter: 

02016~ ~ 
C' I I r-I ~,--'" 

PeO PCI 
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When an external interrupt request is acknowledged. Program Counter (PCO) contents are saved in the Stack register 
(PC1). then the new value OA016 is loaded into the Program Counter (PCO). Thus. interrupt service routines for timer 
and external interrupts musforiginate at memory locations 02016 and OA016. respectively. 

Since a reset or power-on clears the Progrem Counter. the beginning of program memory must be allocated thus: 

TIMER/COUNTER LOGIC 

Program 
Memory 

000 r--".--·Initialization begins hera 

020 

OAO 

.... 1-_ Timer interrupt saMce routine 
begins hera 

.... 1-_ Extemal interrupt seMce routine 
begins hera 

3870 timer/counter logic repres.nts • Ilgnlflcant .nhancament ov.r prior F8 logic. 

3870 tlm.r/.v.nt counter logic conllsts of .n 8-blt bln.ry Counter regllter together with • Buff.r regllter .nd 
.lloclat.d logic. Th. two regllterl .r •• cc .... d .11/0 Port 7. Data output to I/O Port7 is written into the Counter 
register and the Buffin register. Data input from Port 7 is read from the Counter register only. Thll m.y b. Illultrated 
.. foliowl: 

Out to ----
I/O Port 7 ___ _. 

In from I/O Port 7 

The scheme illustrated above allows timer/counter logic to operate in a "free running" mode. Whenever the contents 
of the Counter register decrement to O. the new Counter register contents are taken from the Buffer register. and a 
timer interrupt request occurs. This may be illustrated as follows: 

Counter Buffer 
Register Register 
Contants Contents 

02 xx 
01 xx 
---------t.~ Timer interrupt request 
00 xx 
xx xx 

xx-1 xx 
xx-2 xx 
etc. etc. 

You can read Counter register contents at any time. even while the timer/counter is operating. by inputting from I/O 
Port 7; Counter register contents will be input. 

Timer/counter logic can be opereted In Interv.1 nmer mode. In Pulle Width Me.lurement mode. or In Event 
Counter mode. The contents of • Control regllter (which II acce .. ed .1 I/O Port 8) determine the mode In which 
timer/counter logic will oper.te. We will delcrlbe the Control regllter .fter dilcuiling timer/counter operating 
model. 
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In Interval Timer mode, timer/counter logic Is used to compute time Intervals. In order to 
compute a time Interval, tha tlmer/countar raglster contents ara decramented at fixed 
"decrament" Intelvals. The decrement interval is equal to a number of clock periods. as 
specified by the control code. The decrement interval may range between a low of two clock 

3870 
INTERVAL 
TIMER MODE 

periods and a high of 400 clock periods. If. for example. a 500 nanosecond clock is employed and the decrement inter
val is 100 clock periods. then the Counter register contents will be decremented once every 50 microseconds. If the in
itial value output to I/O Port 7 is 20010 (C816). then in Interval Timer mode. timer/counter logic will time out once ev
ery 10 milliseconds. 

Time interval = 0.5 x 100 x 200 microseconds 

The time delays which can be generated using timer/counter logic in Interval Timer mode are given by the following 
equation: 

Time interval = Reset value x Decrement time interval 

The reset value is the value written out to I/O Port 7; it may have any value in the range 0 through 255. 0 is in fact 
equivalent to a count of 256. since the decrement ends with a Timer interrupt request when Counter register contents 
decrement from 1 to O. 

In Interval Timer mode, timer/counter logic operates as follows: 

1) An initial value must be output to I/O Port 7. This becomes the reset value. 

2) Using an appropriate control code. you select Interval Timer mode and options. The control code also starts and 
stops timer/counter logic in Interval Timer mode. 

3) Once started by.an approRriate control code. the Counter register continuously decrements. reloads. and redecre
ments. 

4) In order to stop the timer/counter when operating in Interval Timer mode. you must output an appropriate control 
code. 

Each time the Counter register decrements to O. a timer interrupt request is generated. If timer interrupt requests are 
enabled. then the interrupt request will be acknowledged; if timer interrupt requests are disabled. the interrupt request 
will be latched and will be held pending until timer interrupt requests are subsequently enabled. 

If interrupts are enabled when timer/counter logic times out in Interval Timer mode. there will be a small time delay 
before the interrupt is acknowledged; no interrupt can be acknowledged until the conclusion of the currently executing 
instruction. plus the next instruction if it is privileged. (Privileged instructions are instructions which cannot be inter
rupted; they are identified in Table 2-1.) In the worst case. it is possible for 49 clock periods to elapse between the 
timer/counter timing out and a timer interrupt being acknowledged; on the average. between 24 and 30 clock periods 
will separate these two events. If long delays between a time-out and interrupt acknowledge are not acceptable. then 
you must avoid executing privileged instructions while timer/counter logic is operating in Interval Timer mode. 

In Pulse Width Measurament mode, timer/counter logic measures the duretlon of a pulse 3870 
which Is Input on the EXT INT pin. Under program control. you can measure a low pulse: PULSE WIDTH 

MEASUREMENT 
MODE 

EXT INT \ I 
+ + 

START STOP 
TIMER TIMER 

or you can measure a high pulse: 

EXT INT I , 
• + 

START STOP 
TIMER TIMER 

Stop and start logic represents the only difference between Pulse Width Measurement mode and Interval Timer mode. 
As illustrated above. it is EXT INT signal transitions that start and stop timer/counter logic in Pulse Width mode. In ad
dition. you can use control codes to stop timer/counter logic in Pulse Width mode. 
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An external interrupt request occurs at the trailing edge of the EXT INT pulse. This external interrupt request will be 
acknowledged only if external interrupts have been enabled. If external interrupts are disabled. no interrupt request oc
curs. That is to say. if external interrupts are enabled at some point after the end of a pulse. no interrupt request will be 
pending. 

Within the pu'lse itself. timer/counter decrement logic works exactly as described for Interval Timer mode. The Counter 
register contents are decremented once each decrement interval; the decrement interval is defined in Interval Timer 
mode. If the timer/counter does not time-out within the pulse width. then on the trailing edge of the pulse the 
timer/counter is stopped. By inputting from I/O Port 7. you read the contents of the Counter register at the trailing edge 
of the pulse; the difference between this input value and the initial reset value can be used to compute the pulse dura
tion. as follows: 

Pulse duration = (Initial reset value - final Counter register contents) x decrement time interval 

For example. suppose the initial reset value output to I/O Port 7 is 10010 (6416). while the final value input from I/O 
Port 7 is 1610 (10161; if the control code has set timer/counter logic to decrement once every 100 microseconds. then 
the pulse width must be B.4 milliseconds: 

Pu Ise width = (100 - 16) x 100 microseconds 

If the Counter register does time-out within a pulse. then a timer interrupt request occurs. the Buffer register contents 
are loaded into the Counter register. and decrementing restarts. Program logic must respond to the timer interrupt re
quest by incrementing a scratchpad counter; the total pulse time is computed as follows: 

Pulse duration = (Initial reset value - final Counter register contents) 
x decrement time interval 
x initial reset value x decrement time interval 
x scratchpad counter contents 

Suppose. for example. that the initial reset value output to I/O Port 7 is 20010 (Ca16). and that the Counter register has 
timed out three times within the pulse width; the scratchpad counter will now contain 3. If the final value input from 
I/O Port 7 is 5310 (35161 and the decrement time interval specified by the control code is 50 microseconds. then the 
total pulse timer interval is 37.35 milliseconds: 

Pulse interval = (200 - 53) x 50 + 200 x 3 x 50 
= 37.350 microseconds 

In Event Counter mode. the Counter register contents are decremented on "active" tranal
tiona of the EXT INT Input. An "active" transition on this signal may be high-ta-Iow or low-ta
high. as selected by the control code. 

In the Event Counter mode. when the Counter register decrements to 0 a timer interrupt request is 
latched. as described for the Interval Timer mode. Thus. if the timer interrupts are enabled. the in-

3870 
EVENT 
COUNTER 
MODE 

terrupt request will be acknowledged following execution of the next non-privileged instruction; if timer interrupts are 
disabled. the interrupt request will be held until interrupt requests are re-enabled. Active transitions on the EXT INT 
signal. while decrementing the Counter register contents. also cause interrupt requests to occur if external interrupts 
are enabled. Since it would be pointless to have an external interrupt request occur on every decrement. external inter
rupts are normally disabled in Event Counter mode. 

THE 3870 CONTROL CODE 
Operation of 3870 timer/counter logic and interrupt logic la controlled via an 8-blt control code which muat be 
output to I/O Port 8. I/O Port 8 la a write-only location. When you Input from I/O Port 8. you do not read the con
tents of the Control reglater: rather. the level on the EXT INT pin appears at bit 7 of the Accumulator. This mey 
be Illustrated as follows: 

Control 
Register 

EXTINT ~}---------------) IN 6 
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If you need to read the control code after writing it out. then you must keep a copy of it in one of the scratchpad bytes. 

Control code bits are assigned as follows: 

7 6 5 4 3 2 o 4--BitNo. 

I I I I I I 1 1 J Control code 

I • 

+ --7 6 5 

-{ 
t 
t 
t 
{ 

o Extemal interrupts disabled 
1 Extemal interrupts enabled 

o Timer/counter Interrupts disabled 
1 Timer/counter interrupts enabled 

o EXT INT is active low ~ 

1 EXT INT is active high ~ 
o Stop timer/counter in any moda 
1 Start timer/counter in Interval Tuner or Event Counter modas 

o Interval Timer mode if bits 7. 6. 5 are not 000 
Ewnt Counter m0d8 if bits 7. 8. 5 are 000 

1 PulSe Width Measurement mode. (00 not use 000 for bits 7. 8. 5 in 
this modal 

+ 2 pte-scalar} 
+ 5 pre-scalar 

+ 20 pre-scalar ~ 

4--BitNo. 

I. 1 1:: 
o 0 0 Event Counter mode 
o 0 1 
o 1 0 
o 1 i 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

+ 2 pre-scalar 1 + 5 pre-scalar 
+ 10 pre-scalar Pre-scalar x Clock period givils dacrement lime in-
+ 20 pte-scalar teNai in InteNal Timer or Pulse Width Measure-
+ 40 pre-sClilar ment modes 
+ 100 pre-scalar 
+ 200 pre-scalar 

81ta 0 and 1 are uaed to aelectlvely enable or disable Interrupt requeata. External Interrupt requeats occur via 
active tranaltlona on the Ext INT Input algnal;. timer/counter Interrupt requHts are genenited within 
timer/counter logic. You have the option of enabling both external Interrupts and timer/cOunter Interrupts; you 
can enabl. oile but not the other, or you can dlaable bOth. 

Recall that timer/counter interrupt requests are latched: if timer/counter interrupt logic is disabled (control code bit 1 is 
0) when the timer/counter interrupt request occurs. then the interrupt request will remain pending until timer/counter 
interrupts are subsequently enabled (control code bit 1 is 1). or until the 3870 is reset A reset removes the latched in
terrupt request External interrupts are not latched: an external interrupt.request will be generated only as EXT INT 
makes an active transition while control code bit 0 is 1. A timer/counter interrupt request occurs whenever the 
timer/counter register decrements from 1 to O. as previously described. 

An extemallnterrupt requeat ~ura whenever an "active" tninalilon Is aenaed on the EXT INT pin. Bit 2 of the 
control code determlnea whet an "8ctlve" tranaltlon of EXT INT will conalst of. If bit 2 is O. then a low . level on 
EXT INT is considered active. and high-to-Iow transition causes an external interrupt request If bit 2 of the control code 
is 1. then a high level on EXT INT is considered active and a low-to-high Signal transition will cause an external inter
rupt request There is one precaution that should be taken with this bit: if you enable interrupts and set this bit high 
with the same instruction. you will get a spurious interrupt if EXT INT happens to be high at thllt time. The solution is to 
set bit 2 during your initiaiization routine before you enable interrupts. If you need to change the state of bit 2. you 
must first check that the EXT INT inpLit Signal is low (using an INS 6 instruction). 
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Control code bit 3 is the start/stop bit. This bit must be used to start and stop timer/counter logic when operating in In
terval Timer mode or Event Counter mode. When timer/counter logic is operating in Pulse Width Measurement mode. 
then leading and trailing edges of an active EXT INT pulse start and stop timer/counter logic: within a pulse. however. 
the start/stop bit of the Control code can be used to stop and then restart timer/col!nter logic. 

In Interval Timer mode or Pulse Width mode. bits 5. 6 and 7 select the decrement time interval. The important point to 
note is that bits 5. 6 and 7 are cumulative. Thus. you have seven pre-scalar options shown with the control code. 

In Interval Timer mode or in Pulse Width mode. the Counter register contents are decremented once every decrement 
time interval. A de(;:rement time interval is equal to the internal cloCk pulse time multiplied by thl\l pre-scalar. Assuming 
a 500 nanosecond internal clock pulse width. 010 in Control register bits 7.6 and 5 would generate a decrement time 
interval of 2.5 microseconds. A decrement time interval of 50 microseconds would be generated by 110 in Control 
register bits 7. 6 and 5. 

THE 3870/F8 INSTRUCTION SET 
Table 2·' s!lmlll8r1z .. the 38701F81natructlon 88t; Instructions are grouped Into c:atag~rles that conform wIth 
our hypothetical mlcl'OCIQIIIPuter Instruction set. as d .. crlbed In Yolum.1. Chapter 7. 

With reference to Table 2-1. refer to the addressing modes description for an e)(planation of "r". which occurs in the 
operand column to represent some of the scratchpad addressing options. 

One of the more confusing aspects of 38701F8 programming is understanding the ways in which data may be moved 
between different registers: this information is therefore summarized in Figure 2-4. 

The following symbols are used in Table 2-1: 

A The Accu!TIl!lator 
addr A 16-bitiliemory address 
C Carry status 
data3 A 3-bit binary data unit 
data4 A 4-bit binary data unit 
data5 A 5-bit binary dllta unit 
DCO Data Counter register 
DC1 Data Counter buffer 
dpchr Scratchpad Data or Program Counter Half Registers. These are KU (Register 12). KL (Register 13). au 

(Register 14) and aL (Register 15). 

disp 
FMASK 

An 8-bit signed binary address displacement 
A 4-bit m~sk composed of a portion of the Status register (WI: 

3 2 0 ~B!tNo. 

nn..,.""l.e__-FM, ASK 

'----- Sign status 

'------Carry status 

....... -----Zero status 

~-------~status 
H Scratchpad Data Counter Register H (Registers 10 and 11). 

The Interrupt Control Bit in the Status register (W). 

ISAR Indirect Scratc;hpad Address Register 

J Scratchpad Register 9 
K Scratchpad Registers 12 and 13 
a Overflow status 
p4 A 4-bit I/O port number 
p~ An 8·bit I/O port number 
PCO Program Counter 
PC1 Stack register 
a Scratchpad Registers 14 and 15 

2-19 



S 
sr 

TMASK 

Any of the following operands and Scratchpad addressing modes: 
R direct address of bytes 0 through 11 
S implied addressing via ISAR 
I implied addressing via ISAR. with auto-increment of the low-order 

three ISAR bits 
o implied addressing via ISAR. with auto-decrement of the low-order 

three ISAR bits 

Sign status 
The register specified by the r argument 
A 3-bit mask composed of a portion of the Status register (W): 

2 0 ~BitNo. 

TMASK 

L..-___ Sign status 

1--____ Carry status 
L.... _______ laro status 

W The CPU Status register 

Z Zero status 
x<y.z> Bits y through z of the quantity x. For example. A <3.0> represents the low-order four bits of the Ac

cumulator: addr <15.8> represents the high-order eight bits of a 16-bit memory address 

[ I Contents of location enclosed within brackets. If a register designation is enclosed within the brackets. 
then the designated register's contents are specified. If an 1/0 port number is enclosed within the brackets. 
then the 1/0 port contents are specified. If a memory address is enclosed within the brackets. then the con
tents of the addressed memory location are specified. 

[[ II Implied memory addressing: the contents of the memory location or register designated by the contents of 
a register 

A Logical AND 
V Logical OR 

¥ Logical Exclusive OR 

Data is transferred in the direction of the arrow 

- Data is exchanged between the two locations designated on either side of the arrow 

Under the heading of STATUSES in Table 2-1. an X indicates statuses which are modified in the course of the instruc
tions' execution. If there is no X. it means that the status maintains the value it had before the instruction was ex
ecuted. A 0 or 1 means the status is cleared or set. respectively. 
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THE 3870 BENCHMARK PROGRAM 
The fact that the 3870 has Just 84 bytes of read/write memory makes the benchmark program used In this book 
somewhat meaningless. We will therefore substitute a program similar to the one given In Chapter 1 for the 
TMS1000. A block of data is to be input via I/O Port O. The first byte of data identifies the length of the data block to 
follow: this data block must be less than 48 bytes in length so that it will fit into scratch pad memory starting at 
scratchpad byte 1016. Here is the necessary program: 

LOOP 

7 

7 

INS 0 INPUT FIRST BLOCK LENGTH BYTE 
LR O,A SAVE IN SCRATCHPAD BYTE 0 
LlSU 1 INITIALIZE ISAR 
LlSL 0 
INS 0 
LR S,A 
LR A,IS 
INC 
LR 
OS 
BNZ 

IS,A 
o 
LOOP 

Accumulator 

ISAR 

INPUT DATA BYTE 
SAVE IN NEXT SCRATCHPAD BYTE 
INCREMENT ALL SIX ISAR BITS 

DECREMENT SCRATCHPAD BYTE 0 
RETURN IF NOT ZERO 

0 
LR r,A 
LR A,r 

14 ~ 

Register 

0 
Address 

0 

1 

2 

3 

CPU 
General 

Registers 

I>M I 
Pointer 

~ 
4 

5 

6 

7 

8 

o 
1 

2 

3 

4 

5 

6 

7 

8 
7 

LRJ,W 
0 LRW,J 

J. 9 9 

H A 10 

H 

K 

PI, Interrupt, Reset 

':!PK~_1~5 ____ J., ___ ...... 0 

Program Counter 
-,~~--~ ---~~ 

LR PO,a 

POP 

15 

PK 
PI 

Interrupt 
Reset 

o 
Overflow 

Zero 

Carry 

B 

C 

o 
E 

F 

K 

Q 

Q 

1 

1 

1 

11 

12 

3 

4 

5 

6 

"11;~r1L __ ..!S~teck POi_nte_r ___ .... 

Sign 

15 

Memory 
Address 
Pointer 

Data Counter 

J"" 
o 

LR DC,H 
LR H,DC 
LR DC,a 
LR a,DC 

10 

· · • • • 

1 

3FH63 

LR K,P 
LR P,K 

Figure 2-4. Instructions That Move Data Between the Scratchpad and Various Registers 
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Table 2-2. Timing and ROMe States for Fa Instruction Set 

ROMC 
MNEMQNIC OPERANDIII CYCL£ ,TATE 

ROMe 
MNEMONIC OPERAND", CYCLE STATE 

ADC L A USU DATAl S 0 
S 0 LM L 2 

AI DATAl L 3 S 0 
S· 0 LHIt S 0 

AM L 2 LR A,IS S 0 
S ci LR A,ICL S 0 

AMD L 2 LR A,KU S 0 
S 0 LR A,QL 8 0 

AS r S ., LR A,QU S 0 
AID r S lC LR A,r S 0 

S 0 LR' DCO,H L 18 
IF { DATA4,DISP S Ie 

Branch L 1 
S 0 

L Ie: 
S 0 

.LR DCO,Q L 18 
S Ie L 18 

No l s 3 
Branch S 0 

S 0 
LR H,DCO L 8 .. i DISP S 3 

No'!Jrench S 0 
L 1 

Bnmch S Q 

L • 
S 0 

LR ISA S 0 
LR J,W S 0 

IT 

~ 
DATA3.DISP S Ie 

No s 3 
Bra~ S 0 

S Ie 
Branch L 1 

S 0 

LR K,P L 7' 
L I 
S 0 

LR KL.A S 0 
LR KU,A S 0 
LR P,K L IS 

C1 DATAl L 3 
S 0 

L 18 
S Ii 

CM L 2 LR PCO,Q L 
S 0 L 

COM S 0 S 

pel ADPR L 11 LR' o.DCO i. 8 
S I L • 
L E S. 0 
S 3 LR OL.A S Q 

S 0 LR QU,A S 0 

DI S Ie LR r,A S 0 
s 0 LR W;J iI Ie 

os r L 0 s 0 

EI S Ie NI' DATAl L 3 
s 0 S 0 

IN " L 3 NM L 2 

L 11 S 0 
S 0 Nt, r S 0 

INC S 0 01 DATAl L 3 

INS Oarl S Ie S 0 
s 0 OM L 2 

INS 2 L Ie II 0 
thnIugh L 11 our " L 3 

15 S 0 L lA 
CINTERIIUPTl L Ie S 0 

L OR OUTS Oarl S 1~ 
L 13 S 0 
S 0 OUTS 2 L Ie 

.IMP ADOR L 3 IIInIugh L lA 
L e IS S C). 

L 14 1'1 ADDR L 3 
S 0 S D 

U DATAl L 3 L C 
S 0 L 14 

us DATA4 .S 0 S 0 
USL DATAl S 0 
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Table 2-2. Timing and ROMC States for F8 Instruction Set (Continued) 

MNEMONIC OPERANDIB! 

PIt 

POP 

IRESEIl 

SL 1 
SL 4 
SR 1 
SR 4 
Sf 

XI DATAB 

XM 

lIS r 

The following symbols are used in Table 2-3: 

aaaa Four bits choosing the register addressing mode: 
0000-1011 Registers 0 - B directly addressed 

1100 ISAR addresses the register 

ROMC 

CYCLE STATE 

L 12 
L 14 
S 0 
S 4 
S 0 
S lC 

L B 
S 0 
S 0 
S 0 
S 0 
S 0 
L 5 
S 0 
L 3 
S 0 
L 2 
S 0 
S 0 

1101 ISAR addresses the register. Increment low three bits of ISAR. 
1110 ISAR addresses the register. Decrement low three bits of ISAR. 
1111 Nap. No operation is performed if aaaa=F16. 

cc Two bits choosing a Scratchpad register: 
OO--KU Scratch pad Register 12 
01--KL Scratchpad Register 13 
10--QU Scratchpad Register 14 
11--QL Scratchpad Register 15 

d One bit of immediate data. 
eeee A 4-bit port number. 
qqqq A 16-bit address. 
rr An 8-bit signed displacement. 
ss An 8-bit port number. 
yy One byte (8 bits) of immediate data. 

When two numbers are given in the "Machine Cycles" column (for example, 3/3.5), the first is the execution time if no 
branch is taken, and the second is execution time if the branch is taken. 
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Table 2-3. 3a70/Fa Instruction Set Object Code 

OBJECT MACHINE OBJECT MACHINE 
INSTRUCTION CODE BYTES CYCLES INSTRUCTION CODE BYTES CYCLES 

ADC 8E 1 2.6 LNK 19 1 1 
AIDATA8 24 yy 2 2.5 LR A,DPCHR 000000c0 1 1 
AM 88 1 2.5 LR A,IS OA 1 1 
AMD 89 1 2.5 LR A,r 0100aaa. 1 1 
AS r ll00aaaa 1 1 LR DC,H 10 1 4 
ASD r 1101.88. 1 2 LR ac,a OF 1 4 
Be DlSP 82 RR 2 3/3.5 LR DPCHR,A 00000100 1 1 
BF DATA4.DISP l00ldddd 2 3/3.5 LR H,DC 11 1 4 

RR LR IS,A OB 1 1 
8M DISP 91 RR 2 3/3.5 LR J,W lE 1 1 
BNC DISP 92 RR 2 3/3.5 LR K,PCl 08 1 4 
BNO DISP 98 RR 2 3/3.5 LR PCO,a 00 1 4 
BNZ DISP 94 RR 2 3/3.5 LR PCl,K 09 1 4 
BP DISP 81 I'IR 2 3/3.5 LR a,DC OE 1 4 
BRDISP 90 RR 2 3.5 LR r,A 010188 •• 1 1 
BR7 DISP 8F RR 2 3/3.6 LR W,J 10 1 2 
BT DATA3,DISP l0000ddd 2 3/3.5 NIDATA8 21 yy 2 2.5 

RR NM 8A 1 2.6 
BZ DISP 84 2 3/3.5 NOP 2B 1 1 

RR NS r 1111 •• 88 1 1 
CI DATA8 25 yy 2 2.5 OIDATAS 22 yy 2 2.5 
CLR 70 1 1 OM 8B 1 2.5 

CM 80 1 2.5 OUT PB 27 55 2 4 

COM 18 1 1 OUTS P4 1011_ 1 4 

DCI ADDR 2A 0000 3 6 PI ADDR 28 0000 3 6.6 
01 lA 1 2 PK OC 1 4 
OS r 0011 •••• 1 1.5 pop lC 1 2 
EI lB 1 2 SLl 13 1 1 
IN PB 26 55 2 4 SL 4 15 1 1 
INC lF 1 1 SR 1 12 1 1 
INS P4 1010aeea 1 4 SR 4 14 1 1 
JMP ADDR 29 0000 3 5.5 ST 17 1 2.5 
LI DATA8 20 yy 2 2.5 XDC 2C 1 2 
LIS DATA4 0111dddd 1 1 

XIDATA8 23 yy 2 2.5 
LlSL DATA3 01101ddd 1 1 XM 8C 1 2.5 
LlSU DATA3 01100ddd 1 1 XS r lllOaaa. 1 1 
LM 16 1 2.5 

THE 3860 CPU 

aeglnnlng with the 3860 CPU. we are going to describe the Individual davlces of the F8 microcomputer system. 
The 3860 CPU and the 3861' PSU descriptions depend on the preceding 3870 discussion for a frame of 
reference. That Is to say. theae two F8 devices are described as variations of the 3870. rather than as stand
alone devices. 

Functions Implemented on the 3860 CPU are Illustrated In Figure 2·6. 

These are the functions which one would expect to find on a CPU chip. and which are on the 3860 CPU: 

- The Arithmetic and Logic Unit 
- The Control Unit and Instruction register 
- Logic needed to interface the System Bus with the control signals which are input and output by the CPU 

- Accumulator register 

There Is no memory addressing logic. and there are no memory addressing registers on the 3860 CPU. Stack 
Pointer. Program Counter and Data Counter reglste,. are all maintained on memory chips and memory Interface 
chips. 
With the FB scheme. memory addressing logic will be duplicated If more than one memory device II present In 
an FB microcomputer Iystem. We will dllcuss Ihortly how potential contention problems are relolved under 
these circumstances. 
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Interface Logic 

Programmable 
Timers 

Interface Logic 

Read Only 
Memory 

Figure 2-5. Logic of the Fairchild F8 3850 CPU 

Two advantage. accrue from having no memory addre.s logic on the CPU chip: 

1) No address lines are needed on the System Bus. so neither the CPU nor connecting devices need 16 address pins. 
These 16 pins are used instead to implement two 8-bit I/O ports at each device. 

2) The real estate on the CPU chip which would have been used by Address registers and memory addressing logic is 
available for other purposes; it is used to implement 64 bytes of read/write memory. 

Having I/O ports and read/write memory on the CPU chip paves the way for some very low-cost small 
microcomputer configuration.; for example. the 3850 CPU and the 3851 PSU form a two-device microcomputer 
system. with all of the necessary prerequisites for reasonable performance. Until the advent of the 3870 single-chip 
microcomputer. this two-chip configuration represented the lowest cost 8-bit microcomputer on the market. 

The disadvantage of removing memory addressing logic from the CPU chip Is that standerd memory device, can 
no longer connect directly to the System Bus. This bus has no address lines; therefore. separate logic devices must 
create the interface needed by standard memories. In the F8 system this is done by the 3852 OMI and the 3853 SMI 
devices. 

Clock ,Ignal generation logic is also part of the 38&0 CPU. This is now standard among mic'rocomputers. 
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Fa PROGRAMMABLE REGISTERS AND STATUS FLAGS 
F8 programmable reglaters and atatua flaga are Identical to the 3870. For detalla, refer to the earlier dlacuaalon. 

Fa ADDRESSING MODES 
3870 and F8 addreaalng modea are Identical, both for acratchpad memory and for extarnal progrsm memory. But 
memory addreaalng logic la Implemented on F8 memory devlcea, not on the 3860 CPU. 

Every 3851 PSU contains its own Program Counter (PCO). Stack register (PS1). and Data Counter (DCO). The 3851 PSU 
has no Data Counter buffer (DC1). 

The 3852 DMI and 3853 SMI devices contain all four Address registers: PCO. PC1. DCO and DC1. 

Since Addreaa reglatars are preaent on every PSU, DMI or SMI device In an F8 microcomputer ayatem, theae 
reglatars will be duplicated In any F8 aystem that contalna more than a minimum amount of memory. So long as 
the microcomputer system has been correctly configured. this presents no problem. Every memory device contains 
identical connections to the common System Bus. and instructions that modify the contents of any Address register do 
so identically for all memory devices. For example. if there are three memory devices. and therefore three Program 
Counters in an F8 system. every Program Counter is incremented identically after a byte of object code is fetched. This 
being the case. Address registers on different memory devices will always contain identical address information. 

Every F8 device that contalna memory addreaalngloglc alao contalna a memory addreaa maak which you muat 
define when ordering the device. This mask identifies the device's addressed space. Thus. a memory device will only 
respond to memory accesses within its address space. So longaa no two devlcea have overlapping addreaa apacea 
(and if they do. that is a logic design error) thera la no chance for memory contantlona to arlae. In order to illustrate 
this point consider the very simple example of an F8 configuration that contains two 3851 PSUs. Each 3851 PSU con
tains 1024 bytes of read-only memory. Let us assume that 3851 PSU #1 responds to memory addresses in the range 
000016 through 03FF16. while PSU #2 responds to memory addresses in the range 040016 through 07FF16. This may 
be illustrated as follows: 

PSU 1 

PSU 1 responds only if PCO or DCO bits 10 through 
15 are 000000. because 
000016=~ 
03FF16 =00000011111111112 --.

MASK 

These two Program 
Counters always 

contain the 
same information 

'-, ~v 1'" 

I 
I 
I 

PSU 2 

DCO or PCO 

I I 

101010101011) MASK 

PSU 2 responds only if PCO or DCO bits 10 through 
15 are 000001. because 
040016 = 00000100000000002 
07FF16 =00000111111111112 -.-

MASK 

Any memory reference instruction will identify a memory address as the contents of either the Program Counter (PCO) 
or the Data Counter (DCO). When this address is in the range 000016 through 03FF16. PSU #1 will respond but PSU 
#2 will not. If this address is in the range 040016 through 07FF16. then PSU #2 will rel!Pond but PSU #1 will not. A 
memory address of 080016 or more will result in neither PSU responding. 

There is one circumstance under which memory addressing contentions can arise. Since the 3851 PSU does not con
tain a DC1 register. it does not respond to the XDC instruction which exchanges the contents of the DCO and DC1 
registers. Therefore. in an F8 configuration that contains 3851 PSUs together with 3852 DMI and/or 3853 SMI devices. 
execution of an XDC instruction will result in 3861 PSU DCO registers containing different information from 3852 DMI 
or 3863 SMI DCO registers. If an external data memory reference instruction is now executed. it is possible for a 3861 
PSU and 3862 OMlor. 3863 SMI device to simultaneously consider itself selected. For example. consider an F8 con
figuration which contains a 3861 PSU and 3853 SMI. Suppose the 3851 PSU niask causes it to respond to addresses in 
the range 000016 through 03FF16. while the 3863 SMI responds to all other memory addresses. Now. if Data Counter 
DCO contains 02A316 while the Data Counter buffer (DC1) contains OA7F16. then. following execution of an XDC in-
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struction. nothing will happen to the contents of the 3851 PSU DCC register: however. the 3853 SMI DCC register will 
contain OA7F16. Any instruction that accesses data memory via DCO will now cause both the 3851 PSU and the 3853 
SMI to consider themselves selected. 

In F8 configurations that include the 3851 PSU together with 3852 OMlor 3853 SMI devices. the best way of avoiding 
memory addressing problems is to not use the XDC instruction. If you do use the XDC instruction. you must be particu
Jarly careful to ensure that DCO is never within a 3851 PSU's address space when the XDC instruction is executed. 

Fa CLOCK CIRCUITS 
Three ways of generating an Fa system clock have been advertised; these are the RC mode, Crystal mode, and 
External mode. Only Crystal mode has worked consistently in practice. 

Using the Crystal mode, a crystal In the 1 to 2 MHz range connects across the XTLX and XTL Y pins; along with 
two capacitors (Cl and C21. which provide a highly precise clock frequency: 

Vss 

RC 

Cl 
XTlY 

3850 
CPU 

D 
XTlX 

C2 T 
VGG 

The external crystal (and capacitors). together with internal circuitry. combine to form a parallel resonant crystal 
oscillator. The two capacitors should be approximately 15pF. The crystal should have these characteristics: 

Frequency: 1 to 2 MHz 
Mode of Oscillation: Fundamental 
Operating Temperature Range: 0 to 70·C 
Equivalent Resistance: 1 to 1.5 MHz - 4750 

1.5 to 2 MHz - 3500 

Resonance: Parallel 
Drive Level: 10mW 
Load Capacity: - 15pF 
Frequency Tolerance: .. 
Holder (case) Style: Per customer s requIrements 

You can use an external clock to synchronize an F8 system with external logic. The clock signal must be input to the 
3850 XTL Y pin as follows: 

Vss 

RC 

External XTl Y 3850 
Clock CPU 

XTlX 
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Table 2-4. ROMe Signals and What They Imply 

ROMC CYCLE 
4 3 2 1 0 HEX LENGTH FUNCTION 

0 0 0 0 0 DO S.L Instruction Fetch. The device whose address space includes the contents of the PeO register must place 
on the Data Bus the op code addressed by PCO. Then all devices increment the contents of PCO. 

0 0 0 0 1 01 L The device whose address space includes the contents of the PCO register must place on the Data Bus 
the contents of the memory location addressed by PCO. Then all devices add the 8-bit value on the Data 
Bus, as a signed binary number, to PCO. 

0 0 0 1 0 02 L The device whose DCO addresses a memory word within the address space of that device must place 
on the Data Bus the contents of the memory location addressed by DCO. Then all devices increment 
DCO. 

0 0 0 1 1 03 L.S Similar to 00, except that it is used for Immediate Operand fetches (using PeO) instead of instruction 
fetches. 

0 0 1 0 0 04 S Copy the contents of PCl into PCO. 

0 0 1 0 1 05 L Store the Data Bus contents or write bus contents into the memory location pointed to by DCO. Incre-
ment OCO. 

0 0 1 1 0 06 L Place the high orde, byte of OCO on the Data Bus. 

0 0 1 1 1 07 L Place the high orde, byte of PCl on the Data Bus. 

0 1 0 0 0 08 L All devices copy the contents of PCO into PC 1. The CPU outputs zero on the Data Bus in this ROMC 

state. Load the Data Bus into both halves of PCO thus clearing the ,egiste,. 

0 1 0 0 1 09 L The device whose address space includes the contents of the DCO register muit place the low order 
byte of DCO onto the Data Bus. 

0 1 0 1 0 OA L All devices add the a-bit value on the Data Bus, treated as a signed binary number. to the Data Counter. 

0 1 0 1 1 OB L The device whose address space includes the value in PCl must place the low order byte of PCl on the 
Data Bus. 

0 1 1 0 0 DC L The device whose address space includes the contents of the PCO register must place the contents of 
the memory word addressed by PCO onto the Data Bus. Then all devices move the value which has just 
bsen placed on the Data Bus into the low orde, byte of PCO. 

0 1 1 0 1 00 S All devices store in PCl the current contents of PCO, incremented by 1. PCO is unaltered. 

0 1 1 .1 0 OE L The device whose address space includes the contents of PCO must place the contents of the word ad-
dressed by PCO onto the Data Bus. The value on the Data Bus is then moved to the low order byte of 
OCO by all devices. 

0 1 1 1 1 OF L The interrupting device with highest priority mu~t place the low order byte of the interrupt vector on the 
Data Bus. All devices must copy the contents of PCO into PC 1. All devices must move the contents of 

the Data Bus into the low o,de, byte of PCO. 

1 0 0 0 0 10 L Inhibit any modification to the interrupt priority logic. 

1 0 0 0 1 11 L The device whose memory space includes the contents of PCO must place the contents of the ad-
dressed memory word on the Data Bus. All devices must then move the contents of the Data Bus to the 

upper byte of OCO. 

1 0 0 1 0 12 L All devices copy the contents of PCO into PC,. All devices then move the contents of the Data Bus into 
the low orde, byte of PCO. 

1 0 0 1 1 13 L The interrupting device with highest priority must move the high order half of the interrupt vector onto 
the Data Bus. All devices must move Ihe contents of the Oala Bus into the high orde, byte of PCO. The 

interrupting device will reset its interrupt circuitry (so that it is no longer requesting CPU servicing and 
can respond to another interrupt). 

1 0 1 0 0 14 L All devices move the contents of the Data Bus into the high orde, byte of PCO. 

1 0 1 0 1 15 L All devices move the contents of the Data Bus into the high order byte of PC 1. 

1 0 1 1 0 16 L All devices move the contents of the Data Bus into the high orde, byte of OCO. 

1 0 1 1 1 17 L All devices move the contents of the Data Bus into the low orde, byte of PCO. 

1 1 0 0 0 18 L All devices move the contents of the Data Bus into the low orde, byte of PCl. 

1 1· 0 0 1 19 L All devices move the contents of the Data Bus into the low order byte of OCO. 

1 1 0 1 0 lA L During the prior cycle an I/O port timer or interrupt control register was addressed. The device contain-
ing the addressed port must move the current contents of the Data Bus into the addressed port. 

1 1 0 1 1 lB L During the prior cycle the Data Bus specified the address of an 1/0 port. The device containing the ad-
dressed I/O port must place the contents of the I/O port on the Data Bus. (Note that the contents of 

timer and interrupt control registers cannot be read back onto the Data Bus.) 

1 1 1 0 0 lC Lo,S None. 

1 1 1 0 1 10 S Devices with OCO and DC' registers must switch registers. Devices without a DC' register perform no 

operation. 

1 1 1 1 0 IE L The device whose address space includes the contents of PCO must place the low order byte of PCO 

onto the Data Bus. 

1 1 1 1 1 IF L Ths device whose address spaca include. the contents of PCO must place the high orde, byte of PCO on 

the Data Bus. 
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Fa CPU PINS AND SIGNALS 
3860 CPU pins and signals are Illustrated In Figure 2-6. A description of these signals Is useful as a guide to the 
way in which the F8 microcomputer system works. 

'" 1 40 RC 

WRITE· 2 39 XTLX 

Voo 3 38 XTlY 

VGG 4 37 EXT RES 

I/O 03 5 36 1/004 

oB3 6 35 0B4 

I/O 13 7 34 I/O 14 

I/O 12 8 33 I/O 15 

oB2 9 32 oB5 

i7OO2 10 
3850 

31 I/O 05 

I/O 01 
CPU 

I/O 06 11 
OBI 12 0B6 

I/O 11 13 28 I/O 16 

I/O 10 14 27 I/O 17 

oBO 15 26 oB7 

1/000 16 25 I/O 07 
ROMCO 17 Vss 
ROMCI 18 INT REO 
ROMC2 19 22 ICB 
ROMC3 20 21 ROMC4 

Pin Name Description Type 

°oBO - oB7 Date Bus Unes Bidirectional 
0"', WRITE Clock Lines Output 
I/O 00 - I/O 07 I/O Port Zero Bidirectional 
1/010-1/017 I/O Port One Bidirectional 
°ROMCO - ROMC4 Control Unes Output 
°EXT RES External Reset Input 
OINT REO Interrupt Request Input 
°ICB Interrupt Control Bit Output 
RC Clock Oscillator Input 
XTLX Crystel Clock Line Output 
XTLY External Clock Une Input 

VSS. Voo. VGG Power Lines 

°These signals connect to the System Bus. 

Figure 2-6. Fairchild 3850 CPU Signals and Pin Assignments 

The Data Bus lines (DBO - DB7) and the control lines (ROMCO - ROMC4) provide the heart of all data an!l control 
information flow. 

The Data Bus lines are common. bidirectional lines. and are the only conduit for data to be transmitted between devices 
of an F8 microcomputer system. 

A lack of address lines on the System Bus usually means that data and addresses must be multlple~ed on a 
single set of eight lines - which slows down all memory reference operations: they must now proceed In three 
serial Increments, rether than in one parallel Increment. In the F8 System Bus, multiplexing Is rarely needed, 
since addrasses originate within memory devices, or memory Interface devices, whence they are transmitted 
directly to memory. In other words. the only time addresses are ever transmitted on the Data Bus is when they are 
being transmitted as data. 

Refer to Figure 2-1. Suppose a memory reference instruction needs to access a byte of dynamic RAM. ROMC control 
signals (described in the next paragraph) specify that the memory byte whose address is implied by the Data Counters 
(DCO) is to be referenced. Every memory device receives the ROMC control signals. but only the 3852 DMI finds that its 
address space includes the Data Counter implied address; therefore. only the 3852 DMI will respond to the memory 
reference instruction. The 3852 DMI then outputs an address directly to dynamic RAM; this address is not transmitted 
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via the System Bus. If the memory reference instruction requires data to be input to or output from dynamic RAM, the 
data transfer occurs directly between the System Bus and Dynamic RAM, bypassing the 3B52 DMI entirely. 

Since the 3851 PSU, the 3852 DMI and the 3853 SMI d~vicesall contain Address registers and I ROMC STATE I 
address generation logic, they also contain rudimentary Arithmetic and Logic Units equivalent to 
very primitive CPUs. These primitive CPUs are driven by 5-bit instructions called ROMC states. ROMC states are out
put by the 3860 CPU via flYecontrol linea, ROMCO - ROMC4. Each five-bit combination of ROMC signal states 
identifies one of 32 possible operations which the memory devices may have to perform to accomplish one step of an 
ihstruction's execution. For example, ROMC state 00000 causes the contents of memory bytes addressed by the Pro
gram Counter to be transmitted to the CPU; this is the "instruction fetch" ROMC state. Table 2-4 summarizes the in
terpretation of ROMC states. 

c() and WRITE are two timing signals output by the 3850 CPU to synchronize events within the rest of the F8 system. 

The EXT RES line disables Interrupts and loads a 0 address into all Program Counters, causing program execution to 
restart with the instruction code stored in external memory byte O. 

INT REQ and Ica are signals used for overall Interrupt control. INT REO is the master line on which all interrupt re
quests are transmitted to the 3850 CPU. ICB is output low by the CPU if interrupts are enabled, and it is output high by 
the CPU if interrupts are disabled. 

The tWo I/O ports which are part of the 3860 CPU device use pins 1/000 - 1/007 and 1/010 -1/017, respectively. 

Re, XTLX and XTL Y are the three pins used for clock Inputs. 

Fa TIMING AND INSTRUCTION EXECUTION 
All Instructlona are executed In cycles, which are timed by the trailing edge of WRITE. 

There are two types of Instruction cycle, the short cycle which is four c() clock periods long, and the long cycle 
which is six c() clock periods long. The long cycle is sometimes referred to as 1.5 cycles. WRITE high appears only at the 
end of an instruction cycle. Timing may be illustrated as follows: 

I 

... I I I 

I 1 I 
1 I I 

WRITE ~ 
I I I 

_---\1 I I 

WRrrE --1 \ I \ __ _ 

Start of 

new 
cycle 

End of 

short 
cycle 

End of 
long 

cycle 

The simplest instructions of the F8 instruction set execute in one short cycle. The most complex instruction (PI) re
quires two short cycles plus three long cycles. 

Table 2-2 sumtnarlze. the sequence In which short (S) and long (L1 machine cycles are executed for each F8 In
atructlon. ROMC states defining operationa performed during each tnachine cycle are sumtnarlzed in Table 2-4. 
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The trailing edge of the WRITE pulse triggers the next ROMC state to be output on the ROMCO - ROMC4 lines: 

I I· 

<II I I 

I I 
I I 

WRlTEl~~ 
~ I I 

I I 

:: ..... ---- One short machine cycle----.. ~~: 
I I 

For any instruction that only accesses the Accumulator or scratch pad memory. no further System Bus activity is re
quired. since all subsequent operations will occur within the F8 CPU. This inactivity on the System Bus is used to over
lap the last (or only) machine cycle of one instruction with the instruction fetch for the next instruction. For instructions 
that execute in a single machine cycle. accessing only logic within the 3850 CPU. timing may be illustrated as follows: 

I I 
<II I I I 

I I I 
I I 

WRITE I I I 

I Instruction 1 execute : : 
: Instruction 2 fetch I Instruction 2 execute I 
I I Instruction 3 fetch I 
I Short machine I Short machine I 
I cycle 1 I cycle 2 I 

Instruction 3 execute 
Short machine 

cycle 3 

Instructions that do access external memory or I/O ports will always terminate with a machine cycle that does not 
cause any System Bus activity; the next instruction is fetched during this machine cycle. This may be illustrated as 
follows: 

I I I 

WRITE ~ Ii ri,-__ 
I Instruction 1 execute Instruction 1 execute : 
I Instruction 2 fetch 
I Lo h· 11 I Sh h· I I ng mac Ine cyc e I ort mac Ine cycle 2 I 

If for any reason data is to be transferred via the Data Bus during a machine.cycle. then the data appears on the Data 
Bus at some time which depends on the data source or destination. For details. see the data sheets at the end of this 
chapter. There are no accompanying control signals since none are needed; the ROMC state identifies events which are 
occurring. Timing for any machine cycle that involves data transfer via the Data Bus may be illustrated as follows: 

WRITE 

ROMe 

DATA 
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Fa 1/0 PORTS 
Logic associated with each F8 I/O port pin may be Illustrated as follows: 

+5V +5V 

Fsi =~: 
Data Out ----1~ Latch 

The characteristics of F8 I/O port pins differ markedly from the 3870. The only point of similarity is the fact that both 
have inverse logic: when you output a 1-bit. OV is output to external logic: when you write a O-bit. a +5V voltage is 
output to external logic. Conversely. external logic must input OV for a 1 input bit and +5V for a 0 input bit. 

On reset or power up. F8 I/O port pins are indeterminate. You must therefore start every Reset instruction sequence 
with instructions that initialize all I/O port pins. In contrast the 3870 clears I/O Port 4 and 5 pins on reset: this gener
ates +5V outputs since logic is inverted. 

When using 3870 or F8 I/O ports. the following restrictions apply: 

1) You must write 0 to every I/O port pin that is to receive data input. This is because external logic cannot write a 0 
to any I/O port pin that previously had a 1 bit output by the CPU. 

2) The CPU cannot output a 0 bit (+5V output!. to an I/O port pin if the pin is connected to external logic that'is input-
ting a 1 bit (OV input!. 

A SUMMARY OF Fa INTERRUPT PROCESSING 
The Interrupt handling capabilities of the F8 system are described with the 3861 PSU and 3863 8MI devices. 
Although many different Interrupt priority arbitration schemes could be Implemented, the simplest scheme 
would be to daisy chain 38&1 PSUs, terminating the daisy chain with a 3863 8Mllf present. 

As soon as an interrupt is acknowledged. the contents of Program Counters (PCO) are saved in Stack registers (PC1): 
then an interrupt vector address is loaded into the Program Counters. This address is a permanent mask option ·for 
PSUs. with the exception of bit 7. which discriminates between timer interrupts and external interrupts. The interrupt 
address vector is completely programmable for the 3853 SMI. again with the exception of bit 7. which discriminates 
between timer interrupts and external device interrupts. 

Post-interrupt housekeeping operations must be handled via an appropriate program. Defining just what this program 
consists of is not simple: an F8 system has only the Accumulator and Status register which must be saved. but at the 
other extreme. it has the entire scratchpad which could be saved. 

THE Fa INSTRUCTION SET 
The F8 and 3870 Instruction sats are Identical; for details see Table 2-1 and associated text. 
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THE BENCHMARK PROGRAM 
Now consider our benchmark program: for the Fait looks like this: 

DCI TABLE LOAD TABLE BASE ADDRESS 
LM LOAD DISPLACEMENT TO FIRST FREE BYTE 
ADC ADD TO BASE ADDRESS 
XDC SAVE THIS ADDRESS IN DC1 
DCI 10BUF LOAD 1/0 BUFFER BASE ADDRESS 

LOOP LM LOAD NEXT BYTE FROM 1/0 BUFFER 
XDC SWITCH ADDRESSES 
ST STORE IN NEXT BYTE OF TABLE 
XDC SWITCH ADDRESSES 
OS 0 DECREMENT 1/0 BUFFER LENGTH 
BNZ LOOP RETURN IF NQT END 
LR H.DC IF END. STORE SECOND BYTE OF CURRENT 
LR A.HL TABLE ADDRESS AS DISPLACEMENT TO 
DCI TABLE FIRST FREE BYTE 
ST 

The benchmark program above makes the following assumptions: 

1) The 1/0 buffer can be located anywhere in readlwrite memory. 

2) The number of occupied bytes in the 1/0 buffer is maintained in scratchpad byte O. Thus. decrementing scratchpad 
byte 0 to zero provides the 1/0 buffer length. 

3) The permanent data table beginning memory address has all Os for the low-order eight bits: 

OOOOOOOOXXXXXXXX 

" V- #" 
Binary represantation of permanant table 

beginning memory address 
XmaybeOor1 

The table is not more than 256 bytes long. and the displacement to the first free byte is stored in the first byte of the ta
ble. Since the table beginning address has Os in the low-order eight bits. the displacement to the first free byte also 
becomes the low-order eight bits of the first free byte address: 

Table beginning address 

Address of first free byta 

pq and ra are hexadecimal digits 

All of the above assumptions are valid - and. depending upon the application. may also be realistic. Removing any of 
the above assumptions will make the Fa program longer. by removing one of the inherent strengths of the Fa instruc
tion set 
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THE 3861 PROGRAM STORAGE UNIT (PSU) 

The 3861 PSU has been the principal read-only memory program storage device In small FI microcomputer 
systema.ln addition to providing 1024 bytei of read-only memory, the 3161 PSU has two I-bit I/O porta. a pro
grammable timer, and Intenupt logic. 

The 3161 PSU can also be used In non-FI microcomputer systems. The most important and non-obvious advan
tage of including a 3851 PSU in a non-F8 microcomputer system is the fact that 3851 PSU memory will lie outside of 
the microcomputer address space. This is because the 3851 PSU relies on its own memory addressing logic. which ex
ists independent of and parallel to any other memory addressing logic. 

Figure 2-7 illustrates functions provided by the,3851 PSu. Device pins and signals are given in Figure 2-8. Pins and sig
nals which are unique to the 3851 PSU are described as part of the general 385·" PSU discussion. 

Clock Logic 

Arithmetic and 
Logic Unit 

Accumulator 
Registeris) 

Figure 2-7. Logic of the Fairchild F8 3851. 3856 and 3857 Programmable Storage Unit 
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1/087 1 40 087 

I/O A7 2 39 DB6 

VGG 3 38 . I/O B6 

~ 4 37 I/o A6 
EXT INT 5 36 I/OA5 
PRIOUT 6 35 1/085 

WRITE 7 34 085 
II> 8 33 084 

INi'ReO 9 32 1/084 
PRiTrii 10 3851 31 I/OA4 
5iii5ii 11 PSU. 30 I/OAl 

12 29 I/O B3 
ROMC4 13 28 083 
ROMC3 14 27 DB2 
ROMC2 15 26 1/082 
ROMCI 16 25 1/0A2 
ROMCO 17 24 I/O Al 

170V~ 18 23 1/081 
19 22 081 

I/OBO 20 21 DBO 

Pin Name Description Type 

I/O AO - I/O A7 I/O Port A Input/Output 
I/O BO - I/O 87 I/O Port 8 Input/Output 
DBO- 087 Data Bus Tristate. Bidirectional 
ROMCO - ROMC4 Control Unes Input 
11>. WRITE Clock Lines Input 
EX'fiif Extemal Interrupt Input 
PRIIN Priority In Input 
PRIOUT Priority Out Output 
iN'i'REQ Interrupt Request Output 
DaOif Data Bus Drive Output 

VSS·VDD.VGG Power Supply Lines Input 

Figure 2-8. 3851 PSU Signals and Pin Assignments 

THE 38&1 PSU READ-ONLY MEMORY 
Every 3861 PSU has 1024 bytes of read-only memory. plus memory addressing logic. The read-only memory 
must be defined when the chip Is created. 

3861 PSU memory addressing logic consists of a Program Counter (PCOI. a Data Counter (DCOI. and a Stack 
register (PC11. which Is in fact a buffer for the Program Counter. 

There is also a a-bit page select mask. which must be specified when the chip is created: the 
page select represents the high-order six bits of the memory address for all ROM bytes of the 
PSU. As such. the page select defines the PSU's address space. 

When a ROMC state output by the 3850 CPU. and received by the 3851 PSU. identifies a memory 

PSU 
ADDRESS 
SPACE 

reference operation. the ROMC state also identifies whether the memory address is to be found in PCO or in DCO. In 
response to this ROMC state. PSU memory addressing logic will compare its 6-bit page select mask with the high-order 
six bits of the specified Address register's contents: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 

Ixlxlxlxlxlxll I I I I I I I I I PCO or DCO 

I I 

: I 
Ivlvlvlvlvlvl PageSelectMask 
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If there is coincidence. the 3851 PSU will respond to the memory reference operation; if there is no coincidence. the 
3851 PSU addressing logic modifies the contents of Address registers. as might be required by the ROMC state. but it 
does not respond to the actual memory reference instruction. 

3861 PSU INPUT/OUTPUT LOGIC 
Every 3861 PSU has four I/O port addresses assigned to it. These four I/O ports have addresses which are 
specified via a 6·blt I/O port address mask. which you must define when you order a 3851 PSu. This mask is in
terpreted as the 6 high-order bits of an 8-bit lID port address. These are the four addressable lID ports: 

lID port address mask: XXXXXX 
XXXXXXOO lID Port A 
XXXXXXOI lID Port B 
XXXXXX10 Interrupt control port 
XXXXXXll Programmable Timer register 

Suppose the 6-bit I/O port mask is specified as 0000112. lID Ports OCI6. 0016. OE16 and OF16 will then be selected. 

An lID port mask of 000000 is illegal. since lID port addresses 0 and 1 are reserved for the two 3850 CPU lID ports. 

The two 8-bit I/O ports of a 3861 PSU are identical to the 3860 CPU I/O ports which we have already described. 
except for one detail: there are three optional I/O port pin logic configurations available with a 3861 PSU; 

The first option is the standard configuration which we described for the 3850 CPU lID port pins. 

The second option is open drain configuration. which may be illustrated as follows: 

------------, 

I/O Port 

I 
I 

X (a) I 
I 

':' I 
_______ H=::~U~J 

Voo 

y 

r-------...... ---
voo 

I 
I 
I 
I 
I 
L_ 

r
I 
I 
I 
I 
I 

--

'---- (b) TTL Input 

--------~ 

t------(c) 

TTL Output 
L- __________ _ 

This open drain configuration allows you to wire-OR outputs from a number of pins. 
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The third Option is a driver pull-up configuration designed specifically to drive LED displays. This configuration may be 
illustrated as follows: 

-----------. 
I/O Port I 

Voo 
I 

Voo 

I 
I 

(a) 

R 

X----+---1 

_____ .... _____ -.J 

3861 PSU INTERRUPT LOGIC 
The 3861 PSU can receive external Interrupt requests or Interrupt requests from its programmable timer. These 
two sets of Interrupt logic can b. selectively enabled or disabled via a control code written to the Interrupt con
troll/O port. This control code Is Interpreted as follows: 

I/O Port No: X X X X X X 1 0 

7 6 5 4 3 2 

I I I 
"-, 

V' $' 

Don't care 
bits 

External interrupt request logic may be illustrated as follows: 

Control code 

{ 

0 0 Oisabie all interrupts 
o 1 Enable extemal inteirupt 

Disable timer interrupt 
1 0 Disable all interrupts 
lIenable timer interrupt 

Disable external interrupt 

From 
external 

logic 

From higher 
priority device 
in daisy chain 

""'"'-1 t:INT. REO '"i.--....-I, 
PRIIN ___ ..J_ . PRIOUT 

fo thll CPU 

To lower 
priority device 
In daisy chain 

An external interrupt request is generated by external logic pulling EX'i'iNi' low. The interrupt request will be passed 
on to the CPU by outputting INT REO low, providing these two conditions are met: 

1) External interrupts have been enabled via the interrLipt control code (01 in the two low-order bits). 

2) The PRiTrii signal is low. 
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If EXT INT is low and external interrupts are enabled. an ~Pt is~requested; whether or not it is 
acknowledged. PRI OUT is output high. The combination of the PRI IN and PRI OUT signals is designed to implement 
daisy chain interrupt priority logic. which may be illustrated as follows: 

Q 

I 

Device 1 Device 2 Device 3 Device 4 

~ I • l t I • -- - - - ---PRIIN PRIOUT PRIIN PRIOUT PRIIN PRIOUT PRIIN PRIOUT 

--- --- --- ---EXTINT EXTINT EXTINT EXTINT 

When an active interrupt request occurs at one device. outputting PRI OUT high disables external interrupt logic at all 
lower priority devic;es in the daisy chain. 

An interval timer Interrupt request Is generated when the programmabie timer I/O port decraments to zero. This 
interrupt request will be acknowledged if programmable timer interrupts have been enabled via the interrupt control 
I/O port (11 in the two low-order bits). 

There is no priority arbitration between external interrupts and programmable timer interrupts. since one or the other 
but not both can be enabled at any time. 

When the CPU acknowledges an Interrupt request, the 3861 PSU rasponds by saving Program Counter (PCO) 
contents In the Stack register (PC1). then loading an Interrupt service routine stsrtlng address Into the Progrem 
Counter (PCO). This Interrupt service routine starting address Is a mask option which you must specify when or
dering the 3861 PSU. One bit of the Interrupt address vector Cit Is bit 7) Is set aside to Identify thelntarrupt re
quest as external or as coming from the programmable timer. This may be illustrated as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 4-- Bit No. 

I x rx I X I X I X I X I X I X I I X I X I X I X I X I X I X I Interrupt address vector 

, / r f / t 0 inserted for programmable timer interrupt t I ,_"' ...... ,_ I ... ,;,.. ------------4._------- Mask defined address bits 

The actual interrupt response sequence consists of five machine cycles. during which ROMC states are output in the 
order 1016. 1C16. OF16. 1316.0°16. Table 2-4 identifies functions performed in response to each ROMC state. 
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Table 2-5. Relationship Between Programmable Timer Contents and' Effective Timer Counts 

TIMER TIMER TIMER TIMER TIMER TIMER TIMER TIMER TIMER TIMER 
CONTENTS COUNTS CONTENTS COUNTS CONTENTS COUNTS CONTENTS COUNTS CONTENTS COUNTS 

FE 254 F5 203 BC 152 62 101 2A 50 
FO 253 EA 202 79 151 C4 100 55 49 
FB 262 D4 201 F2 160 88 99 AA 48 
F7 261 A9 200 E4 149 11 98 54 47 
EE 260 52 199 C9 148 22 97 A8 46 
DC 249 A4 198 93 147 44 96 60 45 
B8 248 49 197 27 146 89 95 AO 44 
71 247 92 196 4E 145 13 94 41 43 
E3 248 25 195 9C 144 26 93 83 42 
C7 245 4A 194 38 143 4C 92 06 41 
8E 244 94 193 70 142 98 91 00 40 
10 243 29 192 El 141 30 90 lA 39 
3B 242 53 191 C3 140 61 89 36 38 
76 241 A6 190 86 139 C2 88 6B 37 
ED 240 40 189 OC 138 84 87 07 36 
oA 239 9A 188 18 137 08 86 AF 35 
B4 238 34 187 31 136 10 85 5E 34 
68 237 69 186 63 135 20 84 Bo 33 
01 236 03 185 C6 134 40 83 7B 32 
A3 235 A7 184 8C 133 81 82 F6 31 
47 234 4F 183 19 132 02 81 EC 30 
8F 233 9E 182 33 131 05 80 08 29 
IF 232 3C 181 67 130 OB 79 BO 28 
3F 231 78 180 CE 129 16 78 60 27 
7E 230 FO 179 90 128 2C 77 <;0 26 
FC 229 EO 178 3A 127 59 76 80 26 
F9 228 Cl 177 74 126 B3 75 00 24 
F3 227 82 176 E9 125 66 74 01 23 
E6 226 04 175 02 124 CC 73 03 22 
CD 226 09 174 A5 123 99 72 07 21 
9B 224 12 173 4B 122 32 71 OF 20 
36 223 24 172 96 121 65 70 IE 19 
60 222 48 171 20 120 CA 69 3D 18 
DB 221 90 170 5B 119 95 68 7A 17 
B8 220 21 169 B7 118 2B 67 F4 16 
8C 219 42 188 6E 117 57 66 E8 15 
09 218 85 167 DO 116 AE 65 DO 14 
B2 217 OA 166 BA 115 5C 64 AI 13 
64 216 14 165 75 114 B9 63 43 12 
C8 215 28 184 EB 113 73 62 87 11 
91 214 51 163 06 112 E7 61 OE 10 
23 213 A2 162 AD 111 CF 60 lC 9 
46 212 45 161 5A 110 9F 59 39 8 
80 211 8B 160 B5 109 3E 58 72 7 
lB 210 17 159 6A 108 7C 57 E6 6 
37 209 2E 168 05 107 F8 56 CB 5 
6F 208 50 157 AB 106 Fl 55 97 4 
OF 207 BB 156 56 105 E2 54 2F 3 
BE 206 77 166 AC 104 C5 53 5F 2 
70 205 EF 154 58 103 8A 52 BF 1 
FA 204 DE 153 Bl 102 15 51 7F 0 

Timer counts are decimel numbers 
.Timer contents are hexadecimal numbers 
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3861 PSU PROGRAMMABLE TIMER LOGIC 
Th.3861 PSU has a .Ingl. programmabl. tlm.r which I. addre •• ed a. the fourth I/O port (XXXXXX112). This 
timer is free running unless it conta,ins the value FF16. The valu. FF16 .tops the timer. 

Th. Interval tlm.r i. a polynomial .hlft regl.t.r. Tabl. 2-6 glv •• the corr.latlon b.tw •• n tlm.r counts and tlm.r 
r.gl.ter cont.nts. 

The programmable timer decrements once every 31 clock periods. Using a 500 nanosecond clock. therefore. the timer 
register will decrement once every 15.5 microseconds. 

In order to generate any specific time interval. you must load an initial value into the programmable timer register by 
outputting the appropriate timer contents to the programmable timer I/O port address. For example. in order to have an 
initial value of 10016. you must load the programmable timer 1/0 port with the value C416. Loading the programmable 
timer with the initial value 2816 will generate an initial countof 16410. These correlations can be read off Table 2-5. 

Once the programmable timer times out. it reloads the value FE16. representing 25410 counts. and starts to decrement 
again. 

3861 PSU DATA TRANSFER TIMING 
Wh.n data Is Input to the 3861 PSU from the Date Bu •• no control signal. are n .. d.d since the ROMC state sig
nals identify the presence of data on the Data Bus. Wh.n data I. output by the 3861 PSU. how.v.r. the control 
output DBDR Is low. Timing may be illustrated as follolli/s: 

ROMC--------------------A-----------~~~--------------------------
DATAOUT------------------------------------~~----------------------------

DBDR-------------------------------------, 

The purpose of the low DB DR signal is to prevent Data Bus contentions from ever arising. This is also a very useful sig
nal in non-F8 microcomputer systems that include a 3851 PSU. since it can be used as a data read strobe. 

USING THE 3861 PSU IN NON-F8 CONFIGURATIONS 
Th.3861 PSU I •• a.lly Includ.d In non-F8 mlcrocomput.r configuration •. Th. trick Is to g.n.rat. ROMC .tate. 
a. m.mory addraa •••. A ROMC .tat. of 1C Idl.s the 3861 PSU. Appropriate logic is illustrated in Figure 2-9. 

Let us consider some examples. For simplicity. we will use 8080A assembly language mnemonics and assume that the 
3851 PSU is selected by addresses FFED16 through FFFF16. This is how data input and data output via 3851 PSU 1/0 
ports could be implemented. in conjunction with the logic of Figure 2-9: 

F8 Instructions ROMC States 8080A Instructions 
IN PORT 03 MVI A.PORT 

OUT PORT 

1 B ST A OFFE3H 
00 LOA OFFFBH 

03 
1A 

2-45 

MVI 
LXI 
MVI 
STA 
MOV 

A.PORT 
OFFFAH 
B.DATA 
OFFE3H 
M.B 



... 

t 
SaeCT CLOCK 

LOGIC DERIVATIVE 
LOGIC 

l 
--' --

21N .. • lOUT • 
SELECT • -

'111002 ' 

• • • 
--• • • 

• • • 

••• 

7 I/OAO-080--- DB 
ell ~ WRITE 

ROMC 

ROMC4 I/O 80-

~ 3851 
PSU 

+ •.• 
I~ I~ I~ 

AO. 

A4 
A5 

A15 
DO 

07 
INTREQ 
CLOCK 
SYNC 

I/OA7 

I/O B7 

Figure 2-9. Conceptual Logic to Include a 3861 PSU in a Non-F8 Microcomputer System 

Possibly the most useful application for 8 3861 PSU In some other microcomputer system would be to Imple
ment lookup tables. The 1024 bytes of read-only memory couid store data tables of that size. The Program Counter 
and Data Counter are active Address registers which can be used to identify the location which must be looked up. 

By way of illustration. consider a decimal multiplication table look-up program. 100 bytes of read-only memory could 
be set aside to store the product of any two single decimal digits. This may be illustrated as follows: 

Memory location: 00---091011 12---19202122---293031 etc. 
Contents: 00---000001 02---09000204---180003 etc. 

Now. in order to compute any decimal multiplication. the two decimal digits are loaded into the eight low-order Data 
Counter bits; the contents of the memory location addressed by the Data Counter are then read. Again assuming that 
the 3861 PSU is selected by memory addresses FFED16 through FFFF16. and using 8080A assembly language 
mnemonics in conjunction with Figure 2-9. appropriate instructions may be illustrated as follows: 

ROMC States 8080A Instructions 
19 
02 MVI 

STA 
LOA 

46H 
OFFF9H 
OFFE2H 

These instructions seek 4 x 6; 24 will be returned to the Accumulator. 

These are just some conceptual examples of how the 3861 PSU can be used in non-F8 configurations. Clearly. the 
specific microprocessor being used to drive the 3861 PSU will have a significant influence on the exact interface used 
and the 3861 logic capabilities which are or are not accessible. 
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THE 3861 AND 3871 PARALLEL I/O (PIO) DEVICES 

The 3881 PIO contaln8 the I/O porta, programmable timer, and Interrupt logic of the 3861 PSU. Thl8 device con
taln8 no memory: It 18 otherwise Identical to the 3861 PSU. Figure 2-8 provlde8 3881 PIO 81gnal8 and pin as8lgn
ments. 

The 3871 has the I/O port8, timer/counter and Interrupt logic of the 3870 8lngle-chlp microcomputer. 3871 PIO 
81gnal8 and pin a88lgnments are Identical to the 3861 PSU lIIu8trated In Figure 2-8, with the exception that the 
3870 STROBE 81gnal as80clated with I/O Port 4 18 output at pin 12. 

THE 3866 AND 3867 16K PROGRAMMABLE 
STORAGE UNITS (16K PSU) 

The8e two devlce8 ~re enhancements of and replacements for the 3861 PSU which we have jU8t de8cr1bed. 

Superficially. Figure 2-7 represents the logic implemented on all three PSUs -the 3851. 3856 and 3857. Table 2-8 
8ummarlze8 the differences between the devlce8. The8e are the moat 81gnlflcant feature8 of the 3866 and 3867 
PSU8: 

1) RESET sets all 1/0 port pins and address lines to zero. In the 3851, PSU RESET leaves 1/0 port pins indeterminate -
and this has caused problems in many applications. 

2) The interval timers of the 3856 and 3857 PSUs are binary decrementers rather than polynomial shifters -with the 
result that you can read timer contents directly and determine lapsed times. Also, a programmable option allows 
you to measure pulse widths being input to the PSu. 

3) The 3857 PSU uses the 16 pins of the two 8-bit 1/0 ports for 16 address lines, so that additional ROM or RAM can 
be interfaced directly to a 3857 PSU -without requiring a 3852 OMlor 3853 SMI. as was the case with the 3851 
PSU. 

4) The 3856 and 3857 PSUs both provide 2K bytes of ROM for program storage: this is twice the program memory 
available on the 3851 PSU. This significantly increases the scope of two-device F8 microcomputer systems. 

Figures 2-10 and 2-11 illustrate the pins and signals of the 3856 and 3857 16K PSUs respectively. 

Table 2-6. A Summary of Differences Between 3851, 3856 and 3857 PSUs 

FUNCTION 3851 PSU 3856 PSU 3857 PSU 

ROM 1024 bytes 2048 bytes 2048 bytes 

I/O Ports 2x8bits 2x8bits None 
Address Hnes None None 16 

Interrupt Priority in and Priority in and Priority in only. 
signals Priority out Priority out Must be end of 

daisy chain. 

Interrupt Enable timer or Enable timer and/or Enable timer and/or 
options extemal, but not extemal extemal 

both 

Timer register II-oit Polynomial 8-bit Count down 8-bit Count down 
Timer decrement 31 clock cycles 2, 8, 32 or 128 2, 8, 32 or 128 

interval clock cycles clock cycles 
Timer stop/start No Yes Yes 

control 

Timer reedbeck No Yes Yes 
Timer reed No Yes Yes 

pulse width? 

RESET zero No Yes No I/O ports 
I/O ports? 
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mrn'i 1 40 DB7 

I/OA7 2 39 DBS 

VGG 3 38 I/O BS 

VDD 4 37 I/OA6 

EXTINT 5 36 I/OA5 

PRIOUT 6 35 I/O B5 

WRITE 7 DB5 

«I> 8 084 
iN'i"'REQ 9 1/084 

PRIIN 10 3856 I/O A4 

DB5R 11 
16K PSU I/OA3 

STROBE 12 I/O B3 

ROMC4 13 DB3 

ROMC3 14 DB2 

ROMC2 15 I/O B2 

ROMCI 16 I/O A2 

ROMCO 17 24 I/o Al 

Vss 18 23 I/OBI 

I/OAO 22 OBI 

I/O BO 21 DBO 

Pin Name Description TVpe 

I/O AO - I/O A7 I/O Port A Input/Ou~put 
I/O BO - I/O B7 I/O Port B Input/Output 
STROBE STROBE for I/O Port A Output 
DBO- DB7 Data Bus Tristate. Bidirectional 
ROMCO - ROMC4 Control Lines Input 
«1>. WRITE Clock Lines Input 
EXTINT Extemal Interrupt Input 
PRIIN Priority In Input 
PRiOiJ'i' Priority Out Output 
INT REQ Interrupt Request Output 
DBDR Data Bus Drive Output 

Vss VDD. VGG Power Supply Lines 

Figure 2-10. 3856 PSU Signals and Pin Assignments 
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ADDR10 1 DB7 
ADDR09 2 DB6 

VGG 3 38 ADDR12 

VDD 4 37 ADDR13 
EXTINT 5 36 ADDR14 
ADDR15 6 35 ADDRll 

WRITE 7 34 DB5 
~ 8 33 DB4 

iNT"REa 9 32 ADDR07 
PRi'iN 10 3857 31 ADDROO 
DBDR 11 

16K PSU 
30 ADDROl 

CPU READ 12 29 ADDR03 
ROMC4 13 28 DB3 
ROMC3 14 27 DB2 
ROMC2 15 26 ADDR04 
ROMCl 16 25 ADDR05 
ROMeO 17 24 ADDR02 

Vss 18 23 ADDROS 
RAM WRITE 19 22 DBl 

ADDR06 21 DBO 

Pin Name -Description Type 

ADDROO - ADDR15 Address Lines Output 
CPU READ Memory Reed Enable Output 
RAM WRITE Memory Write Signal Output 
DBO - DB7 Data Bus Tristate. Bidirectional 
ROMCO - ROMe4 Control Lines Input 
~. WRITE Clock Unes Input 
EX'fiN'f External Interrupt Input 
PRIIN Priority In Input 
INTREO Interrupt Request Output 
B80R Data Bus Drive Output 
VSS.VDD.VGG Power Supply Lines 

Figure 2-11. 3857 PSU Signals and Pin Assignments 

ADDITIONAL Fa SUPPORT DEVICES 

There are three additional f8 support devices: the 3862 Dynamic Memory Interface, the 3863 Static Memory 
Interface, and the 3864 Direct Memory Access device. We are going to summarize these devices rether than 
give complete descriptions, since th .. e devices are Infrequently used. 

Only F8 configurations with a substantial amount of memory use these devices - and there are very few such F8 con
figurations; hOwever. in every case there are better alternatives. For example. the 3854 Direct Memory Access device 
should not be used to implement direct memory access logic in·non-F8 configurations; the Z80 DMA device is clearly 
superior. In fact. signal peculiarities and timing problems associated with the 3852 DMI. 3853 SMI and 3854 DMA 
devices make them unattractive components in non-F8 configurations. 

If you do need to use the 3852 DMI. the 3853 SMI. or the 3854 DMA devices. you will have to refer to vendor literature. 
since the discussion which follows provides performance summaries only - not product detail. 

THE 3862 DYNAMIC MEMORY INTERFACE (DMn 
Primarily, this device contains the nec .... ry address generetlon and memory refresh logic needed to Include 
dynamic read/write memory In an f8 system. 

aeceuse of the way In which the f8 microcomputer system Is organized, however, memory refresh and direct 
memory access logic are closely related. That Is why, In figure 2·12, a small part of the direct memory access 
control logic Is shown as being Implemented on the 3862 DMI chip. 

2-49 



Programmable 
TImers 

Clock Logic 

Interface Logic 

Read Onlv 
Memory 

Accumulator 
Registeris) 

I/O Ports 

Figure 2-12. Logic of the Fairchild F8 3852 Dynamic Memory Interface (DMI). and of the 
3854 Direct Memory Access (DMA) Devices 
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Figure 2-13 illustrates pins and signals of the 3852 OMI. 

Conceptually. memory addre •• lng logic of the 3862 .,MII. very .Imllar to 3867 PSU memory addre •• lng logic; 
there are. however •• ome difference. between the 3862 DMI memory addre •• lng and the 3861 or 3866 PSU: 

1) The 3852 OMI contains two Data Counters. OCO and DC 1. The presence of the auxiliary Data Counter (DC 1) has no 
immediate impact on memory addressing logic within the 3852 OMI. However. as we discussed earlier. its pre
sence in an Fa system that also includes a 3851 PSU calls for programming caution. 

2) Data and address flows surrounding a 3852 OMI are totally unlike the 3851 or 3856 PSU. In the case of these PSUs. 
addresses are transmitted entirely within the logic of the PSU; the only communication needed between a PSU and 
the CPU is via the eight Data Bus lines of the System Bus. The OM!. on the other hand. generates a 16-bit address. 
which it outputs directly to the read/write memory which it is controlling. 

These address pins are equivalent to 3857 PSU address pins - that is. the address pins which a CPU would have. 
if the CPU contained memory addressing logic for the microcomputer system. In other words. the 3852 OMI cre
ates the address lines and control signals. which. so far as the read/write memory is concerned. are lacking on the 
F8 System Bus. The F8 System Bus does. however. contain data lines needed by the read/write memory to actually 
transmit data to or from the CPU. 

Data and address flows around the 3852 OMI may be illustrated as follows: 

Data lines 

Control lines 

Data being 

written or read 
flows via this 

connection 

t 
.... 

Dynamic 

RAM 

. ~ 

Master 

Enable 

Data being input to. ~ 
or out from address 

registers uses this 
connection 

( Address lines 

.it 

<. . Control lines ... 

Address 

Space 
f4-

Logic 

} 
System 

Bus 

3857 PSU 

or 

38520MI 

3) Unlike the 3851. 3856 or 3857 PSU. the 3852 OMI has no on-chip logic to determine address space for read/write 
memory which the OMI is controlling. Address space determination is made by logic in between the OMI and the 
read/write memory. Typically. selected high-order address lines output by the OMI are gated through elementary 
Boolean logic components to create the master enable signal used to strobe attached read/write memory. This is il
lustrated above. 
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VGG 
<I> 

WRITE 
MEMIDLE .... """"""--1 

CPU SLOT 
RAM WRITE "'---1 
CYCLE REO .... """"""--1 

ADDR7 .... """"""-I 
ADDR6 
ADDR5 
ADDR4 
ADDR3 
ADDR2 
ADDRI 
ADDRO 

DBO .... ~ ... 

OBI 
DB2 
DB3 
Vss 

Pin Name 

DBO- DB7 
ADDRO - ADDR15 
<1>. WRITE 
MEMIDLE 
CYCLE REO 
CPU SLOT 
CPU READ 
REGDR 
RAM WRITE 
ROMCO - ROMC4 
VSS. VDD. VGG 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 3852 
DMI 

11 
12 
13 

20 

Description 

Data Bus Linas 
Address Unas 
Clock Unes 
DMA Timing Une 
RAM Timing Lina 
Timing Line 
RAM Timing Lina 
Register Drive Une 
Write Line 
Control Unes 
Power Lines 

TVpe 

VDD 
ROMC4 
ROMC3 
ROMC2 
ROMe 1 
ROMCO 
CPU READ 
REGDR 
ADDR15 
ADDR14 
ADDR13 
ADDR12 
ADDRll 
ADDR10 
ADDR9 
ADDR8 
DB7 
DB6 
DB5 
DB4 

Tristate. Bidirectional 
Tristate. Output 
Input 
Output 
Output 
Input/Output 
Output 
Input/Output 
Tristate. Output 
Input 
Input 

Figure 2-13. 3852 OMI Signals and Pin Assignments 

The process of refreshing dynamic memory and Implementing direct memory aceess are Integrally related in an 
FB system. 

The presence of a separate DMI Interface device means that there can be a limited overlap 
between a memory referance operation which was Initiated by the CPU and a memory 
reference oparation that I. not Initiated by the CPU. 

Two types of memory reference operations are not Initiated by the CPU: memory refresh 
and direct memory acee.s. 

FBDMI 
MEMORY 
REFRESH 

Let us consider how a direct memory access may follow a CPU-Initiated memory read operation. These are the 
events which occur: 

1) Upon receiving an appropriate ROMC state from the CPU. the 3852 OMI outputs a 16-bit memory address. 
together with a read strobe: these outputs from the 3852 OMI are received by read/write memory. 

2) Read/write memory responds by placing data directly on the Data Bus. The data must remain stable on the Data 
Bus until the CPU has had time to read the data. 
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\ 
3) While data is stable on the Data Bus. DMA logic may apply a new memory address to 

read/write memory. Following the arrival of address and control signals at read/write memory. 
there is a fixed time delay before read/write memory responds by placing data on the Data 
Bus. This time delay can overlap with time when prior data must be stable on the Data Bus. 
This may be illustrated as follows: 

Address Bus --><,Refres~=ress 4_..;Add.;;;DM;;;;ress;;;;A;;;;;..__'X"' ___ _ 
I 

Data Bus _____ .....JX\. __ D..;::::..::~~bIe __ ¥:X Dat~:bIe 
I 
l+-

I 
--... overlap 

I I 

F8 DIRECT 
MEMORY 
ACCESS 

DMI logic outputs control signals which Identify the way in which each memory access period is being used: 
there are three possibilities: 

1) Memory is communicating with the FB 'System Bus. 

2) Memory is not communicating with the System Bus. but since it is dynamic memory it is being refreshed. 

3) Memory is not communicating with the System Bus and is available for external access. 

Cases 2 or 3 above may follow case 1 in separate memory access periods of the same instruction cycle. 

THE 3864 DIRECT MEMORY ACCESS (DMA) DEVICE 
This device receives memory access period Identification signa .. output by the 38&2 DMI. aased on the direct 
memory access requirements specified by the currently executing program. the DMA device accesses 
read/write memory. during available memory access periods. as defined by the 38&2 DMI. Figure 2-14I11ustr
ates 38&4 DMA pins and signals. 

These are the variables which must be specified for a direct memory access operation: 

1) The beginning address for the memory buffer into which data must be written. or out of which data must be read. 

2) The length of the buffer. 

3) Whether data is to be written or read out of the buffer. 

Once a direct memory access operation has been Initiated. it proceeds In parallel with other events occurring 
within the F8 microcomputer system. using memory access periods which are defined by the 38&2 DMI as 
available for direct memory access. In other words. direct memory access operations in no way slow down program 
execution that may be occurring in parallel. 

DMA data transfer mey be high-speed or low-speed. Low-speed DMA transfer means that each DMA access' is 
enabled by a signal from the external device. stating that it is ready to transmit or receive data. High-speed access 
assumes that the external device will always be ready to transmit or receive data: therefore. every single available 
memory access period is utilized. 

As a direct memory access operation proceeds. after each access the memory address is incremented and the buffer 
length is decremented. Memory address. buffer length and DMA controls are stored in buffers which the CPU accesses 
as though they were I/O ports. The contents of these I/O ports may be written into. or read at any time. This means 
that the F8 DMA system allows totsl flexibility for every type of programmable DMA operation: these include 
such things as stopping a DMA operation temporarily. or interrogating a DMA operation to determine how far it has 
progressed. 

Indefinite DMA transfer may also be specified. In this case. no buffer length is given: rather. the DMA operation will 
proceed until stopped. 
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DIRECTION 1 40 DWS 
ENABLE 2 39 STROBE 

XFER 3 LOAD REG 
'XFEifR'EQ 4 37 MEMIDLE 

VGG 5 <I> 

VDD 6 35 Vss 
ADDR8 7 ADDRO 
ADDR9 8 ADDRI 

ADDR10 9 ADDR2 
ADDR11 10 

3854 
ADDR3 DMA 

ADDR12 11 ADDR4 
ADDR13 12 ADDR5 
ADDR14 13 ADDR6 
ADDR15 14 ADDR7 

PI 15 READ REG 
P2 16 WRITE 

DB7 17 DBO 
DB6 18 OBI 
DB5 19 DB2 
DB4 21 DB3 

Pin Name Description Type 

DBO- DB7 Data Bus Lines Tristate. Bidirectional 
ADDRO - ADDR 15 Address Lines Tristate. Output 
<1>. WRITE Clock Lines Input 
LOAD REG/READ REG Registers Load/Read Une Input 
Pl. P2 Port Address Select Input 
MEMIDLE Memory Idle Une Input 
'XFEifR'EQ Transfer Request Line Input 
ENABLE. DIRECTION Control Status Lines Output 
DWS. XFER DMA Write Slot. Transfer Output 
STROBE Output Strobe Une Output 
VSS. VDD. VGG Power Lines 

Figure 2-14. 3854 DMA Signals and Pin Assignments 

THE 3863 STATIC MEMORY INTERFACE (SM!) 
The 3863 SMI provides interface logic for static read/write memory. that is. for memory which does not need to 
be refreshed. Logic Implemented on this device Is Illustrated In Figure 2-16. and Is a simple combination of func
tions which have already been described for the 3861 PSU and for the 3862 DMI. Figure 2-18 Illustrates 3863 
SMI pins and signals. 

The description of memory interface logic which was given for the 3862 DMI applies also for the 3863 SMI. The 
3863 SMI. however. does not Identify memory access periods. and cannot be used to Implement direct memory 
access. 

Because the 3853 SMI does not have memory refresh or direct memory access support logic. there is unused real estate 
on the SMI chip. The real estate is used to implement a programmable timer and interrupt processing logic. as de
scribed for the 3851 PSu. There are. however. two small differences between interrupt logic as implemented on the 
PSU and the SMI devices; they are; 

1) The 3853 SMI interrupt address vector is not a permanent mask option as it is on the PSU; rather. it is programma
ble. 

2) The 3853 SMI has no priority output line. which means that in a daisy chain interrupt configuration it must have 
lowest priority; that is. it must come at the end of the daisy chain. 
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Figure 2-16. Logic of the F8 3863 Static Memory Interface ISM!) Device 
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VGG 1 40 VDD 
<I> 2 39 . ROMC4 

WRITE 3 38 ROMC3 

INT REQ 4 37 ROMC2 

PRIIN 5 36 ROMCl 

RAM WRITE 6 35 ROMCO 

EXTINT 7 34 CPU READ 

ADDR7 8 33 REGDR 

ADDRB 9 32 ADDR15 

ADDR5 10 
3853 

31 ADDR14 
8M1 

ADDR4 11 30 ADDR13 

ADDR3 12 29 ADDR12 

ADDR2 13 28 ADDRll 

ADDRl 14 27 ADDR10 

ADDRO 15 2B ADDR9 

DBO 1B 25 ADDR8 

DBl 17 24 DB7 

DB2 18 23 DBB 

DB3 19 22 DB5 

Vss 20 21 DB4 

Pin Name Description Type 

DBO - DB7 Data Bus Lines Bidirectional 
ADDRO - ADDR15 Address Unes Output 
<1>. WRITE Clock Lines Input 
INT REQ Interrupt Request Output 
PRliN Priority In Lina Input 
RAM WRITE Write Une Output 
EXi"'iNT Extemal Interrupt Line Input 
REGDR Register Drive Une Input/Output 
CPU READ CPU Read Line Output 
ROMCO - ROMC4 Control Unes Input 

VSS. VOD. VGG Power Supply Lines 

Figure 2-16. 3853 SMi Signals and Pin Assignments 
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DATA SHEETS 

This section .contains specific electrical and timing data for the following devices: 

• 3870 One-Chip Microcomputer· 
.3850 CPU 
·3851 P8U 
·38520MI 
·38538MI 
·38540MA 
.3856 2K P8U 
·3861 PIO 
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3870 
ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias •.......•..............•..........................•• O°C to 7rfC 
Storage Temperature ............................••......•........•.•.. -as"C to +15rfC 
Voltage On Any Pin With Respect To Ground ...........................•..•. -1.0V to + 7V 
Power Dissipation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.0W 

DC CHARACTERISTICS 
TA = O°C to 70°C, VCC= 5Vt10% 

SYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS 

ICC Power Supply Current TBD mA Outputs Open 

Po Power Dissipation TBD mW Outputs Open 

VIHEX External Clock 2.4 5.8 V 
Input High Level 

VILHEX External Clock -0.3 0.6 V 
Input Low Level 

IIHEX External Clock 
Input High Current 

100 fJA VIHEX= 2.4V 

IILEX External Clock 
Input Low Current 

-100 fJA VILEX=0.6V 

VIH Input High Level 2.0 .5.8 V 

VIL Input Low Level -0.3 0.8 V 

IIH Input High Current 100 fJA VIH= 2.4V 
(except open drain and internal pull-up 
di rect drive I/O ports) 

IlL Inpllt Low Current -1.6 mA VIL=0.4V 
(except open drain and 
di rect drive ports) 

ILOD Leakage Current 
(open drain ports) 

10 fJA Pull-down 
device off 

10H Output-High Current -100 fJA VOH= 2.4V 
(except open drain and 
direct drive ports) 

10HDD Output Drive Current -1.5 -8 mA VOH=0.7V 
(direct drive ports) to 1.5V 

10L Output Low Current 1.8 mA VOL=0.4V 

10HS OutP'g High Current 
(STR BE Output) 

-300 fJA VOH=2.4V 

10LS Output Low Current 
(STROBE Output) 

5.0 mA VOL=0.4V 

·Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Data sheets on pages 2-02 through 2-0& reprinted by permission of Mostek Corporation. 
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3870 
AC CHARACTERISTICS 

TA = ot to 70t, VCC = +5V ± 10% 

SIGNAL SYMBOL PARAMETER MIN MAX 

to(XTL) Time Base Period, Crystal Mode 250 1000 

to(LC) Time Base Period, LC ModI;! 250 1000 

XTL 1 to(RC) Time Base Period, RC Mode 250 2000 

XTL2 toUNT) Time Base Period, Internal Mode 250 590 

to(EX) Time Base Period, External Mode 250 2500 

tEX(H) External Clock Pulse Width, High 90 2000 

tEX(L) External Clock Pulse Width, Low 90 2000 

4> t4> Internal4>Clock Period 2tO typo 

STROBe tI/O-S Port Output to STROBE Delay 3t 4>-1 000 min. 
3t4>+250 max. 

tsL STROBE Pulse Width, Low 8t4> -250 min. 
12t4> +250 max. 

RESET tRH RESET Hold Time, Low 6t4> +750 min. 

EXTINT tEH EXT INT Hold Time, Active 6t4> +750 min. 
State 

NOTES: 1. Load i. 50pF plus 1 standard TTL input. 

2. Specification is applicable when the timer is in the Interval Timer Mode. 
S .. ''Timer Characteristics" for EXT INT requirements when in the Pulse Width 
M,8luremant Mode or the Evant Counter Moda. 

3. The AC Timing Diagrams are given in Figure 5. 

CAPACITANCE 

TA = 25"C, f = 2MHz 

SYMBOL PARAMETER MIN 

CIN Input Capacitance: I/O Ports, RESET, EXT INT 

CXTL Input Capacitance: XTL 1, XTL 2 18 
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MAX 

7 

23 

UNIT COMMENTS 

ns 4MHz-1MHz 

ns 4MHz-1MHz 

ns 4MHz-500kHz 

ns 4MHz-1.7MHz 

ns 4MHz-400kHz 

ns 

ns 

ns 0.5 ps @ 4M Hz 
ext. time base 

ns Note 1 

ns 

ns 

ns Note 2 

UNIT TEST CONDITION 

pF Unmeasu redcfrihs 
returned to NO 

pF 



3870 
TIMER CHARACTERISTICS 

Definitions: 

Error = Indicated time value· actual time value 

tpsc = t4lx Prescale Value 

Interval Timer Mode: 

Single interval error, free running (Note 3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. ±6t41 
Cumulative interval error, free running (Note 3) .........•..•...................•.••• 0 
Error between two Timer reads (Note 2) ........•...•.................••.•• ±(tpsc + t41) 
Start Timer to stop Timer error (Notes 1,4) .•...............•.......•.. +t4I to -(tpsc +t4I) 
Start Timer to read Timer error (Notes 1,2) ...................•.... -5t41 to -(tpsc + 7t41) 
Start Timer to interrupt request error (Notes 1,3) .......................... -2t41 to -St4I 
Load Timer to stop Timer error (Note 1) ........................•.. +t41 to -(tpsc + 2t41) 
Load Timer to read Timer error (Notes 1,2) ••...................... -5t41 to -(tpsc + St4I) 
Load Timer to interrupt request error (Notes 1,3) ........................ -2t 41 to -9t41 

Pulse Width Measurement Mode: 

Measurement accuracy (Note 4) .......•.......................... +t 41to -(tpsc +2t 41) 
Minimum pulse width of EXT INT pin ...........................••........•.••. 2t41 

Event Counter Mode: 

Minimum active time of EXT INT pin ...•................... , ...•................ 2t41 
Minimum inactive time of EXT INT pin ..............•....•..................••.. 2t41 

Notes: 

1. All times which entail loading, starting, or stopping the Timer are referenced from the end 
of the last machine cycle of the OUT or OUTS Instruction. 

2. All times wh.ich entail reading the Timer are referenced from the end of the last machine 
cycle of the IN or INS instruction. 

3. All times which entail the generation of an interrupt request are referenced from the start 
of the machine cycle in which the appropriate interrupt request latch is set. Additional 
time may elapse ifthe interrupt request occurs during a privileged or multicycle instruction. 

4. Error may be cumulative if operation is repetitively performed. 
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3870 

External Clock 

Internal cI! Clock 

I/O Port Output 

STROBE 

,['WOO 
1= tSL --...... ~( 

\ I 

EXTINT ICP BIT]"" Fr-----;~EH 3(,------
ICP BIT 2=1 _ 

Note: All measurements are referenced to VIL max., VIH min., VOL max., or VOH min. 

FIGURE 5. AC TIMING DIAGRAMS 
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3860 CPU 2.2.2 Electrical Specifications 

Absolute maximum ratings (above which useful 
life may be impaired) 

VGG 
Voo 
RC, XTLX and XTL Y 

All other inputs 
Storage temperature 
Operating temperature 

+15V to -O.3V 
+ 7V to .-O.3V 
+15V to ~O.3V (RC with 
5Kn series resistor) 
+7V to -O.3V 
-55°e to +150o e 
O"e to +70°C 

Note: All voltages with respect to VSS. 

DC Characteristics: VSS = OV, VOO = +5V ± 5%, 
VGG = +12V ± 5%, T A = oOe 
to +70°C 

SUPPLY CURRENTS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST 
CONDITIONS 

f = 2MHz. 
100 VOO Current 45 75 mA Outputs 

unloaded 
f - 2MHz. 

IGG VGG Current 12 30 mA Outputs 
unloaded 

Data aheets on pages 2·06 through 2·033 reprinted by parmlaalon of Fairchild Camere and Instrument Corporation. 
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3860 CPU Table 2-3_ A Summary of 3850 CPU Signal DC Characteristics 

SIGNAL SYMBOL PARAMETER MIN_ MAX. UNITS TEST CONOITIONS 

4>. WRITE VOH Output High Voltage 4.4 VOO Volts 10H = -50 /.LA 
VOL Output Low Voltage VSS 0.4 Volts 10L =1.6mA 
VOH Output High Voltage 2_9 Volts IOH = - 1OO IJ.A 

XTLY VIH Input High Voltage 4.5 VGG Volts 
VIL Input Low Voltage VSS O.S Volts 
IIH Input High Current 5 50 IJ.A VIN =VOO 
IlL Input Low Current -10 -120 IJ.A VIN = VSS 

ROMCO VOH Output High Voltage 3.9 VOO Volts 10H = -100 IJ.A 
VOL Output Low Voltage VSS 0.4 Volts 10L = 1.6 mA . 

ROMC4 

OB.O VIH Input High Voltage 2.9 VOO Volts . VIL Input Low Voltage VSS O.S Volts 
OB7 VOH Output High Voltage 3.9 VOO Volts 10H = -100 IJ.A 

VOL Output Low Voltage VSS 0.4 Volts 10L = 1.6 mA 
IIH Input High Current 3 IJ.A V I N = 7V 3·State mode 
IlL Input Low Current -3 IJ.A VIN = VSS. 3·State mode 

1/00 VOH Output High Voltage 3.9 VOO Volts 10H = -30 IJ.A . VOH Output High Voltage 2.9 VOO Volts 10H = -1501J.A 
I/O 17 VOL Output Low Voltage VSS 0.4 Volts 10L = 1.6 mA 

VIH Input High Voltage (1) 2.9 VOO Volts Internal pull-up to VOO 
VIL Input Low Voltage VSS O.S Volts 
IlL Input Low Current -1.6 mA VIN = O.4V (2) 

EXT RES VIH Input High Voltage 3.5 VOO Volts Internal pull-up to VOO 
VIL Input Low Voltage VSS O.S Volts 
IlL I nput Low Current -0.1 -1.0 mA VIN = VSS 

INT REO VIH Input High Voltage 3.5 VOO Volts Internal pull-up to VOO 
VIL Input Low Voltage VSS O.S Volts 
IlL Input Low Current -0.1 -1.0 . mA VIN = VSS 

VOH Output High Voltage 3.9 VDD Volts IOH = -10 /.LA 
rca VOH Output High Voltage 2.9 VOO Volts 10H = -100 IJ.A 

VOL Output Low Voltage VSS 0.4 Volts 10L = 100 IJ.A 

(1) Hysteresis input circuit provides additional 0.3V noise immunity while internal pull-up provides TTL 
compatability. 

(2) Measured while FS port is outputting a high level. 
Note: 
Positive current is defined as conventional current flowing into the pin referenced. 
(3) Guaranteed but not tested. 
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3860 CPU Table 2-4_ A Summary of 3850 CPU Signal AC Characteristics 

ACCharacteristics: VSS = OV, VOO = +5V ± 5%, VGG = +12V ± 5%, TA = O°C to +70°C 

Symbols in this table are used by all figures in Section 2_ 

SYMBOL PARAMETER MIN_ TYP_ MAX_ UNITS TEST CONDITIONS 

P • 
x External Input Period 0.5 10 j.lS 

PWx • External Pulse Width 200 Px-200 nS tr, tf ..; 30 nS 

tXl Ext. to 'I> - to - Delay 250 nS CL = 100 pf 

tX2 Ext. :to <I> + to + Delay 250 nS CL = 100 pf 

P<I> <I> Period 0.5 10 j.lS 

PWl <I> Pulse Width 180 P'I>-180 nS tp tf = 50 nS; CL = 100 pf 

tdl <I> to WRITE + Delay 150 250 nS CL = 100pf 

td2 <I> to WRITE - Delay 150 250 nS CL = loopf 

PW2 WRITE Pulse Width P'I>-100 P'I' nS tr.tf = 50 nS typ; CL = 100 pf 

PWS WRITE Period; Short 4P'1> 

PWL WRITE Period; Long 6P'I' 

td3 WRITE to ROMC Delay 80 300 550 nS CL = 100 pf 

td4· WRITE to ICB Delay 350 nS CL = 50 pf 

td5 WRITE to INiREll Delay 430(2) nS CL = loopf 

tsx 
. EXT RES set-up time 1.0 j.lS CL = 20 pf 

tsu 
. 1/0 set·up ti me 300 nS 

th· 1/0 hold time 50 nS 

t • 
0 1/0 Output Delay 2.5 j.lS CL = 50 pf 

tdbl· WRITE to Data Bus Stable 0.6 1.3 j.lS CL = loopf 

tdb2 WRITE to Data Rus Stable 2P'1> 2P'I'+1.0 /JS CL = 100pf 

tdb3· Data Bus Set-up 200 nS 

tdb4· Data Bus Set-up 500 nS 

tdb5 Data Bus Set-up 500 nS 

tdb6· Data Bus Set-up 500 nS 

*The parameters which are starred in the table above represent those which are most frequently of 
importance when interfacing to an F8 system. These encompass I/O timing, external timing generation 
and possible external RAM timing. The remaining parameters are typically those that are only relevant 
between F8 chips and not normally of concern to the user. 

(1) Input and output capacitance is 3 to 5 pf typical on all pi,ns except VOO' VGG' and VSS' 

(2) If iNTAEO is being supplied asynchronously. it can be pulled down at any time except 
during a fetch cycle that has been preceded by a non-priviledged instruction_ In that 
case INTREQ must go down according to the requirements of td5, 
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3860 CP'!w __ i(x=1 
XTLY x I---

PARAMETERS ARE DESCRIBED IN TABLE 2-4 

Figure 2-8_ Timing Signal Specifications 

WRITE--J 
LONG CYCLE 

ROMC __________________ J, ______________ ~S~TA~B~L~E~ ________________ _ 

SYMBOLS ARE DEFINED BY TABLE 2-4 

Figure 2-9. ROMC Signals Output by 3850 CPU 
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3850 CPU PW h Px1 
XTLY x~ ~ 

I--p<I>-1 j:--td2 I 
td1~ r -S14j:-------pWs---/'1 :::::::::::::1-

WRITE---" !-PW2-.j ~I _______ ...J hl'---------
ROMC 1 X TRUE ROMC STATE 0 II 

• ~, -"';";';";;":;;"';";';;;";';';";;;"'::":";";';"';;"';;"'----11 1 
~td3-1 I 
I -I ~~~~I 

DATA--------------~--------------------~ ~~~~~~~~~~~~~~-
BUS ______________ --.:.1 ____________________ -'>\ OP CODE FOR NEXT INSTRUCTION 

I 1 
lONE CYCLE OF A SINGLE CYCLE 1 NEXT 
1 INSTRUCTION, OR LAST CYCLE OF A I INSTRUCTION 

MUL llCYCLE INSTRUCTION 

Symbols are defined in Table 2·4 

Figure 2·1 OA. A Short Cycle Instruction Fetch 

XTLY 

-rP(I'~ I+-td2 
td 1 1--1 I 

/ ~ / . ~ 
WRITE---" I_pw --.l i'----------PW--------' 1 ~ 

I 2"11 f.o .. 1----------- L------------r: 
ROMC----------------I----~)(~ __________ ~TR~U~E~R~O~M~C~S~T~A~T~E~O~ ______ ~:~I-----

j.-td3-! i-tdb3-l : 
1 I --------------~--------------------------------~~OPCODEFORNEXT 

ONE CYCLE OF THE SINGLE, LONG 1 INSTRUCTIOIN 
CYCLE DS INSTRUCTION 

(DECREMENT SCRATCHPAD) NEXT 
INSTRUCTION 

Symbols are defined in Table 2·4 

Figure 2·1 OB. A Long Cycle Instruction Fetch (During DS Only) 
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3850 CPU 

I: 
PWL 

PWS -~"l "I 
~~_-J~""'~-':"'----""""-~ (WRITE)..J "- t 

1 

1 

tdbl STABLE 

1 1 I 
I I 
1 I 

DATA BUS (1) 
tdbO--l (HIGH IMPEDANCE) 

DATA BUS (1) ><~I~--------------~I--
I- tdb2 ------------~~~I : STABLE : 

I 
DATA BUS ____________________________________ --J)( STABLE I 

l_ tdb4-1 
I 

I_ tdbS ~ I 
DATA BUS ____________________________________ --J)( DATA STABLE I 

I 
DATA BUS 

______________________________________ -J)( DATA STABLE I 

l_tdbS_1 

1. Timing for CPU outputting data onto the data bus. 

Delay tdb1 is the delay when data is coming from the accumulator. 

Delay tdb2 is the delay when data is coming from the scratchpad (or from a memory device). 

Delay tdbO is the delay for the CPU to stop driving the data bus. 

2. There are four possible cases when inputting data to the CPU, via the data bus lines: they depend on the data path and the 
destination in the CPU, as·follows: 

tdb3: Destination - I R (instruction Fetch) - See Figure 2-10 for details. 
tdb4: Destination - Accumulator (with ALU operation - AM) 
tdbS: Destination - Scratch pad (LR K,P etc.) 
tdbS: Destination - Accumulator (no ALU operation - LM) 

In each case a stable data hold time of SO nS from the WR ITE refrence point is required. 

Symbols are defined in Table 2-4 

Figure 2-11. Memory Reference Timing 
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3850 CPU 

(WRITE)../' 

1/0 (1) 

1/0 (2) 

r .. ----PWS-------:;::::==rlt~ 
)~------------~/ :~-(----------

I I I+-- tsu -----I~~II-- th 

DATA MAY CHANGE X STABLE : X DATAMAYCHANGE 

I I 
I.. to ·1 I 
: DATA FROM OLD OUTS X;"-~N~E~W~D~A~T~A--+: ----------

(1; This represents the timing for data at the I/O pin during the execution of the I NS instruction, i.e., the 
CPU is inputting. . 

(2) This represents the timing for data being output by the CPU at the I/O pin. 

Symbols are defined in Table 2-4 

Figure 2-13. Timing for Data Input or Output at I/O Port Pins 

.-A ~- PWs ~ / / --~ 
WRITE j.-PW2..J I_ PWL 

I -I I 
ROM(: t= X TRUE : td:r--j I 

I I 
lClJ (11 

~td4~ I ><t 
I::td5~ I 

INT REQ(21 
I \ I 
I .. td5 .1 I 

1 I I 
INT R~Q(21 I I 

{ -I ~XT f\E$ 1 
tsx 

(1) ICP will go from a 1 to a 0 following the execution of the EI instruction and will go from a 0 to 1 
following either the execution of the 01 instruction or the CPU's acknowledgement of an interrupt. 

(2) This js an input to the CPU chip and is generated by a PSU or 3853 MI chip. The open drain outputs 
of these chips are all wire "AN Oed" together on this line with the pull-up being located on the CPU 
chip. For a 0 to 1 transition the delay is measured to 2.0V. 

Symbols are defined in Table 2-4 

Figure 2-14. Interrupt Signals Timing 
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38&1 PSU 3.2.5 Electrical Specifications 

Absolute Maximum Ratings (Above which useful 
life may be impaired) 

VGG 
VDD 
I/O Port Open Drain Option 
External I nterrupt Input 
All other inputs & outputs 
Storage Temperature 
Operating Temperature 

+15V to -0.3V 
+7V to -0.3V 
+15V to -0.3V 
-600 p.A to +225 p.A 
+7V to -0.3V 
-55°C to +150°C 
O°C to +70°C 

Note: All voltages with respect to VSS' 

DC Characteristics: VSS = OV, VDD = +5V ± 5%, 
VGG = +12V ± 5%, 
TA = O°C to+70°C 

SUPPL Y CURRENTS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST 
CONDITIONS 

100 VOO Current 28 60 mA f = 2 MHz, 
Outputs 
Unloaded 

IGG VGG Current 10 30 mA f = 2MHz, 
Outputs 
Unloaded 
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3861 PSU Table 3-2. A Summary of 3851 PSU Signal Characteristics 

SIGNAL SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

DATA BUS (OBO·OB71 VIH Input High Voltage 2.9 Voo Volts 

V'L Input Low Voltage Vss 0.8 Volts 

VOH Output High Voltage 3.9 VOO Volts 10H = -100pA 

VOL Output Low Voltage VSS 0.4 Volts 10L = 1.6mA 

'IH Input High Current 1 pA V,N = VOO. 3·State mode 

10L Input Low Current -1 pA V,N = VSS. 3-State mode 

CLOCK LINES (<I>, WRITEI V,H Input High Voltage 4.0 VOO. Volts 

V,L Input Low Voltage VSS 0.8 Volts 

'L Leakage Current 3 pA V,N = Voo 
- -' 

PRIORITY IN AND CONTROL V,H Input High Voltage 3.5 VOO Volts 
LINES (JSRTTfii, ROMCo-ROMC41 V,L Input Low Voltage VSS 0.8 Volts 

'L Leakage Current 3 pA V,N =Voo , 
PRIORITY OUT (PRI OUTI VOH Output High Voltage 3.9 VOO Volts 10H = -100/LA 

VOL! Output Low Voltage VSS 0.4 Volts 10L = 100/LA 

INTERRUPT REQUEST VOH Output High Voltage Volts Open Drain Output [1) 
(l'N'f"imi1 VOL Output Low Voltage VSS 0.4 Volts 10L = 1 mA 

'L Leakage Cu rrent 3 /LA V,N = VOO 

DATA BUS DRIVE (OBORI VOH Output High Voltage External Pull·up 

VOL Output Low Voltage VSS 0.4 Volts 10L = 2 mA 

'L Leakage Current 3 /LA V,N =VOO . 

EXTERNAL INTERRUPT V,H Input High Voltage 3.5 Volts 
(~I V,L Input Low Voltage 0.8 Volts 

V'C Input Clamp Voltage 15 Volts I'H = 185pA 

"H Input High Current 10 pA V,N = VOO 
',L I nput Low Current -225 /LA V,N = 2V 

',L Input Low Current -150 -500 pA V,N = VSS 

1/0 PORT OPTION A VOH Output High Voltage 3.9(5) VOO Volts 10H = -30/LA 
(STANDARD PULL·UPI VOH Output High Voltage 2.9 VOO Volts 10H = -150 p.A 

VOL Output Low Voltage VSS 0.4 Volts 10L = 1.6 rnA 
V,H Input High Voltage 2.9(3) Voo Volts Internal Pull'up to VOO [3) 
V,L Input Low Voltage VSS 0.8 Volts 

'L Leakage Current 1 /LA V,N = VOO 
',L Input Low Current -1.6 mA V,N = 0.4V [4) 

I/O PORT OPTION B VOH Output High Voltage External Pull·up 
(OPEN ORAINI VOL ()utput Low Voltage VSS 0.4 Volts 10L = 2mA 

V,H Input High Voltage 2.9(3) VOO Volts [3) 

V,L Input Low Voltage VSS 0.8 Volts 
I,L Leakage Current 2 pA V'N= + 12V 
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3861 PSU Table 3-2. A Summary of 3851 PSU Signal Characteristics (Continued) 

SIGNAL SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

I/O PORT OPTION C (DRIVER VOH Output High Voltage 3.75 Voo Volts IOH = -1 mA 
PULL·UP) VOL Output Low Voltage VSS 0.4 Volts IOL = 1.6 mA 

Notes: 
1. Pull·up resistor to VOO on CPU. 
2. Positive current is defined as conventional current flowing into the pin referenced. 
3. Hysteresis input circuit provides additional 0.3V noise immunity while internallexternal pull·up provides TTL compatibility. 
4. Measured while I/O port is outputting a high level. 
5. Guaranteed but not tested. 

Table 3-3. A Summary of 3851 PSU Signal AC Characteristics 

AC Characteristics: VSS = OV, VOO = +5V ± 5%, VGG = +12V ± 5%, T A = ove to +70oe 

Symbols in this table are used by all figures in Section 3. 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS 
TEST 
CONDITIONS 

1'4> t/> Period 0.5 10 I'S 
PWI t/> Pulse Width 180 1'4>-180 nS fr, II = 50 nS typo 
tdl t/> to WRITE + Delay 250 nS C!. = 100 pf 
td2 t/> to WRITE-Delay 250 nS C!. = 100 pf 
td4 WRITE to DB Input Delay 21'4> + 1.0 I'S 
PW2 WRITE Pulse Width Pt/>-100 1'4> nS fr. It = 50 nS typo 
PWs WRITE Period; Short 4Pt/> 
PWL WRITE Period; Long 6Pt/> 
tda WRITE to ROMe Delay 550 nS 

td7 
WRITE to DB Output Delay 

2Pt/> + 100-td2 2Pt/> + 200 21'4> + 850 - td2 nS CL = 100 pf WRITE to mmFf-Delay 
tda WRITE to i5\JlM + Delay 200 Open Drain 

WRITE to·iiii'f'1'im - Delay 430 CL = 100 pf [1J 
WRITE to f1i3TlI'Ea + Delay 430 C!. := 100 pf [3J 
PRIIN to INT REO-Delay 200 C!. = 100 pf [2] 
PRIIN to C!. = 50 pI 
PRIIN to C!. = 50 pI 
WRITE to C!. = 50 pI 
WRITE to =50: 

Notes: 

1. Assume Priority In was enabled (P"RilN = 0) in previous F8 cycle before interrupt is detected in the PSU. 

2. PSU has interrupt pending before priority in is enabled. 

3. Assume pin tied to ~ input of the 3850 CPU. 

4. The parameters which are shaded in the table above represent those which are most frequently of importance when 
interfacing to an F8 system. Unshaded parameters are typically those that are relevant only between F8 chips and not 

normally of concern to the user. 

5. Input and output capacitance is 3 to 5 pf typical on all pins except VOO' VGG' and VSS' 
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3861 PSU 

'1' 

r-----~ 
I \ 

LONG CYCLE 

ROMC ______ -+ ______ ,, ________________ ~S~T~A~BL~E ______________________ __ 

t+-----td7-------I~ I 
DATA BUS OUTPUT _______ ~I----------------------~ l ___________ ~ST~A~B_L_E ____________ _ 

I 
DBDR 

(START OF DATA OUTI I 

DBDR 
(END OF DATA 

OUT IN SUBSEQUENT 
CYCLE I 

rM'1------
-r~I-~~~~~~~_td_4======~~!------~~------DATA BUS INPUT ______________________________ )1< STABLE 

SYMBOLS ARE DEFINED IN TABLE 3·3 

Figure 3·3. 3851 PSU Data Bus Timing 

WRITE ~---~I~------------~I 
I-'------tsu 

INPUT (11 _____ D_A __ TA __ M_A_Y_C_H_A_N_G_E ______ --''-____ ~D~A~T_A~S~T_A~B~L~E_' ____ J DATA MAY CHANGE 

,=tsp~ 
OUTPUT (21 ~ --~------------~~ __ -----------------~TANDARDPULLUPI __________________ ,~ ____ ~2.~9~V ____________ ~S~T~A~B~L~E ________________ __ 

OUTPUT (21 ----------t~----tod-~--2.-9V--------------S-T-A-B-L-E-----------------
(OPEN DRAINI ________________ • _ 

________ +~ __ td~P~I_~------___ ~~-----------
OUTPUT (21 f---

(DRIVER PULLUPI ________________ --' 2.9V STABLE 

SYMBOLS ARE DEFINED IN TABLE 3·3 

1. The set·up and hold times specified are with respect to the end of the second long cycle during execution of the three 
cycle IN or INS instruction. 

2. All delay times are specified with respect to the end of the second long cycle during execution of the three cycle OUT or 
OUTS instruction. 

Figure 3-7. Timing at PSU I/O Ports 
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3861 PSU 
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SYMBOLS ARE DEFINED IN TABLE 3·3 

Figure 3·13. Interrupt Logic Signals' Timing 
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38520MI Table 4·2. Summary of 3852 DMI Signal Characteristics 

SIGNAL SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

DATA BUS VIH Input High Voltage 2.9 VOO Volts 
(OBO-OB71 VIL Input Low Voltage VSS 0.8 Volts 

VOH Output High Voltage 3.9 VOO Volts IOH = -100 I'A 
VOL Output Low Voltage VSS 0.4 Volts IOl = 1.6 mA 
IIH Input High Current 3 I'A VIN = VOO, 3-State mode 
IlL I nput Low Clirrent -3 I'A VIN = VSS, 3·State mode 

ADDRESS LINES VOH Output High Voltage 4.0 VOO Volts IOH =-1 mA 
(AOORO·AOOR 151 VOL Output Low Voltage VSS 0.4 Vohs IOL =3.2mA 
AND IL Leakage Current 3 I'A VIN = VOO, 3·State mode 
RAM WRITE IL Leakage Current -3 I'A V IN = VSS, 3·State mode 

CLOCK VIH Input High Voltage 4.0 VOD Volts 
(<I>,WRITEI VIL Input Low Voltage VSS 0.8 Volts 

IL Leakage Current 3 I'A VIN =VOD 

MEMIDLE, VOH Output High Voltage 3.9 VDD Volts IOH =-1 mA 
CYCLE REO, VOL Output Low Voltage VSS 0.4 Volts IOL =2mA 
CPU READ 

CONTROL LINES VIH Input High Voltage 3.5 VOD Volts 
(ROMCO-ROMC41 VIL Input Low Voltage VSS 0.8 Volts 

IL Leakage Current 3 I'A VIN = 6V 

REGOR, VOH Output High Voltage 3.9 VDD Volts IOH = -300 I'A 
CPU SLOT VOL Output Low Voltage VSS 0.4 Volts IOL =2mA 

VIH Input High Voltage 3.5 VOD Volts Internal Pull·up 
VIL Input Low Voltage VSS 0.8 Volts 
IrL Input Low Current -3.5 -14.0 mA VIN = 0.4V & Device 

(REGDRI outputting a logic "1" 
IL Leakage Current 3 I'A VIN = 6V 
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38520MI Table 4-3. 3852 OM I Output Signals Timing Summary 

SYMBOL PARAMETER MIN. TYP_ MAX_ UNITS NOTES 

P<I> <I> clock period 0.5 10 j.lS Fig_ 2-9 

td2 <I> to WR ITE - Delay 250 nS 
tadl Address delay if PCO 50 300 500 nS 3 

tad2 Address delay to high Z (short cycle with DMA on) tcs2+5O tcs2+200 nS 3 
tad3 Address delay to refresh (short cycle with REF on) tcs2+5O tcs2+4OO nS 3 

tad4 Address delay if DC 2P<I>+50-td2 2P<I>+400-td2 nS 3 

tads Address delay to high Z (long cycle with DMA on) tcs3+5O tcs3+200 nS 3 

tad6 Address delay to refresh (long cycle with REF on) tcs3+5O tcs3+400 nS 3 

tcrl CPU READ;;, Delay 50 2S0 4S0 nS 1 

tcr2 CPU READ + Delay 2P<I>+SO-td2 2P<I>+400-td2 nS 1 

tcsl CPU SLOT + Delay 80-td2 320-td2 nS 1 
tcs2 CPU SLOT - Delay (PCO access) 2P<I>+60-td2 2P<I>+420-td2 nS 1 
tcs3 CPU SLOT - Delay (DC access) 4P<I>+60-td2 2P<I>+420-td2 nS 1 
trill MEMIDLE + Delay (PCO access) 2P<I>+SO-td2 4P<I>+400-td2 nS 1 
tm2 MEMI OLE - Delay (PCO access) 4P<I>+SO-td2 4P<I>+3S0-td2 nS 1 
tm3 MEMIDLE + Delay (DC access) 4P<I>+SO-td2 4P<I>+400-td2 nS 1 
tm4 MEMIDLE - Delay (DC access) 6P<I>+SO-td2 6P<I>+3S0-td2 nS 1 
tCYl WRITE to CYCLE REa - Delay 80-td2 400-td2 nS 1,4 
tCY2 WRITE to CYCLE REa + Delay P<I>+80-td2 P<I>+400-td2 nS 1,4 
tCY3 CYCLE REa + to + Edge Delay 2P<I> 1,4 
tCY4 CYCLE REa - to - Edge Delay 2P<I> 1,4 
twrl RAM WRITE - Delay 4P<I>+SO-td2 4P<I>+4S0-td2 nS 3 
twr2 RAM WRITE + Delay SP<I>+SO-td2 SP<I>+300-td2 nS 3 
twr3 RAM WRITE Pulse Width 3S0 P<I> nS 3 
twr4 RAM WRITE to High Z Delay tcs2+40 tcs2+200 nS 3 
trgl REGDR - Delay 70 300 SOO nS 1 
trg2 REGDR + Delay 2P<I>+80-td2 2P<I>+SOO-td2 nS 1 
td4 WRITE to Data 8us Input Delay 2P<I>+1000 nS 
td7 WRITE to Data Bus Output Delay 2P<I>+100-td2 2P<I>+8S0-td2 2 

Notes: 

1. CL = SO pf. 

2. CL = 100 pf. 

3. CL = SOO pf. 

4. CYCLE REa is a divide-by-2 of '" for all instructions except the STORE instruction. 

S. On a given chip, the timing for all signals will tend to track. For example, if CPU SLOT for a particular chip is fairly slow 
and its timing falls out near the MAX oelay value specified, then the timing for all signals on that chip will tend to be out 
near the MAX delay values. Likewise for a fast chip whose signals fall near the M IN values. This is a result of the fact that 
processing parameters (which affect device speed) are quite uniform over small physical areas on the surface of a wafer. 

6. Input and output capacitance is 3 to S pf typical on all pins except VOD, VGG. and VSS' 
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3862 DMI 
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Figure 44. Timing Characteristics for 3852 DM I Output Signals 

2-020 



3862 DMI/3853 SMI 
4.2.2 DC Electrical Specifications 

Absolute Maximum Ratings (Above which useful 
life may be impaired). 

DC Characteristics: VSS = OV, VDD = +5V ± 5%, 
VGG = +12V ± 5%, 
T A = O°C to +70°C 

SUPPL Y CURRENTS 
VGG 
VDO 
All other inputs & outputs 
Storage Temperature 
Operating Temperature 

+15V to -O.3V 
+7V to -O.3V 
+7V to -O.3V 
-55°C to +150°C 
O°C to +70°C 

Note: All voltages with respect to VSS' 

SYMBOL 

IDO 

IGG 

PARAMETER MIN. TYP. 

VOD Current 35 

VGG Current 13 

Table 5·2. 3853 SM I Output Signals Timing Summary 

SYMBOL PARAMETER MIN. TYP. MAX. 

P<I> 4> clock period O.S 10 

td2 4> to WRITE - Delay 250 
tadl Address delay if PCO SO 300 500 

tad4 Address delay if DCO 2P<I>+SO-td 2 2P<I>+400-td2 

tcrl CPU READ - Delay 50 250 450 

tcr2 CPU READ + Delay 2P4>+50-td2 2P4>+400-td2 

twrl RAM WRITE - Delay 4P4>+50-td2 4P4>+450-td2 
twr2 RAM WRITE + Delay 5P<1>+50-td2 5P<I>+300·td2 

twr3 RAM WRITE Pulse 350 P4> 

trgl REGDR - Delay 70 300 500 
trg2 REGDR + Delay 2P4>+80-td2 2P<I>+500-td2 

td4 WRITE to Data Bus 2P4>+1000 
Input Delay 

td7 WRITE to Data Bus . 2P4>+ 1 00-td2 2P<I>+850-td2 
Output Delay 

trl WRITE to INT REO - Delay 430 

tprl PRIIN to INT REO - Delay 200 240 

tex EXT INT Set·up Time 400 

Notes: 

1. CL = 50 pf. 

2. CL = 100 pf. 

3. CL = 500 pf. 

MAX. UNITS 

70 rnA 

30 rnA 

UNITS 

I'S 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 

nS 

nS 
nS 
nS 

TEST 
CONDITIONS 

f= 2 MHz. 
Outputs 
unloaded 

f = 2 MHz. 
Outputs 
unloaded 

NOTES 

Fig. 2·9 
2 
3 
3 
1 
1 
3 
3 
3 
1 
1 

2 

2. 6 
2. 7 

4. On a given chip. the timing for all signals will tend to track. For example, if CPU SLOT for a particular chip is fairly slow 
and its timing falls out near the MAX delay value specified, then the timing for all signals on that chip will tend to be out 
near the MAX delay values. Likewise for a fast chip whose signals fall out near the MIN values. This is a result of the fact 
that processing parameters (which affect device speed) are quite uniform. 

5. Input and output capacitance is 3 to 5 pf typical on all pins except VDD. VGG. and VSS' 

6. Assume Priority In was enabled (PRI IN = 0) in previous F8 cycle before interrupt is detected in the PSU. 

7. PSU has interrupt pending before priority in is enabled. 
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3854 DMA Table 6-3. Summary of 3854 DMA Signal Characteristics 

ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings (Above which useful life may be impaired) 

VGG 
VDD 
All other Inputs & Outputs 
Storage Temperature 
Operating Temperature 

Note: All voltages with respect to V ss. 

+15V to -0.3V 
+7V to -Q.3V 
+7V to -O.3V 
-55°C to +150oC 
OOCto +70oC 

DC CHARACTERISTICS: VSS = OV, VDD = +5V ± 5%, VGG = +12V ± 5%, TA = 0 to +70oC 

SUPPLY CURRENTS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS 

100 VDD Current 20 40 mA 

IGG VGG Current 15 28 mA 

SIGNAL SYMBOL PARAMETER MIN. MAX. UNITS 

DATA BUS (DBO-DB7) VIH Input High Voltage 3.5 VDD Volts 
VIL Input Low Voltage Vss 0.8 Volts 

VOH Output High Voltage 3.9 VDD Volts 

VOL Output Low Voltage VSS 0.4 Volts 
IIH Input High Current 1 j.lA 

II.L I nput Low Current -1 j.lA 

ADDRESS LINES VOH Output High Voltage 4.0 VDD Volts 
(ADD RO-ADD R 15) VOL Output Low Voltage VSS 0.4 Volts 

IL Leakage Current 1 j.lA 

ENABLE, DIRECTION VOH Output High Voltage 3.9 VDD Volts 
DWS (DMA WRITE VOL Output Low Voltage VSS 0.4 Volts 
SLOT), XFER, 
STROBE IL Leakage Current 1 p.A 

SIGNAL SYMBOL PARAMETER MIN. MAX. UNITS 

MEM IDLE, XFER REQ VIH Input High Voltage 3.5 VDD Volts 

VIL Input Low Voltage VSS 0.8 Volts 
IL Leakage Current 1 j.lA 

LOAD REG, READ VIH Input High Voltage 3.5 VDD Volts 
REG, Pl, P2 VIL Input Low Voltage VSS 0.8 Volts 

IL Leakage Current 0 1 j.lA 

WRITE,</> VIH Input High Voltage 4.0 VDD Volts 

ViL Input Low Voltage VSS 0.8 Volts 
IL Leakage Current 0 1 j.lA 

Note: 

Positive current is defined as conventional corrent flowing into the pin referenced. 

2-023 

TEST CONDITIONS 

f = 2 MHz, Outputs Unloaded 
f = 2 MHz, Outputs Unloaded 

TEST CONDITIONS 

IOH = -100j.lA 
IOL = 1.6 mA 
V IN = 6V, 3-5tate mode 
VIN = VSS' 3-5tate mode 

IOH=-lmA 
IOL = 3.2 mA 
V I N = 6V, 3-State mode 

IOH=-l00j.lA 
IOL =2mA 

VIN = SV 

TEST CONDITIONS 

VIN = sy 

VIN =6V 

VIN = 6V 



3864 DMA Table 6-4. 3854 DMA Device Signals Summary 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

Pel> eI> Clock Period 0.5 10 lIS Note 1 
PW1 eI> Pulse Width 180 PeI>-180 nS tp tf = 50 nS typo 
tdl eI> to WRITE + Delay 60 300 nS Note 1 
td2 eI> to WRITE - Delay 60 250 nS Note 1 
PW2 WRITE Pulse Width PeI>-100 Pel> nS t r• tf = 50 nS typo 
td3 WRITE to READ/LOAD REG 600 nS 

Delay 
td4 DB Input Set-upTime 300 nS 
td6 XFER REO to MEM IDLE Set-up 200 nS 
td7 MEM IDLE to ADDR True 50 200 500 nS CL = 500 pf 
td]' MEM IDLE to ADDR 3-State 30 250 nS CL = 500 pf 
.d8 READ REG to DB Output 40 300 nS CL = 100 pf 
tdg WRITE to ENABLE & 450 nS CL = 50 pf 

DIRECTION + Delay 
tdg' MEM IDLE to ENABLE - Delay 400 nS CL = 50 pf 
tdl0 MEM IDLE to XFER & DWS 300 nS CL = 50 pf 

+ Delay 
tdl0 MEM IDLE to XFER & DWS 300 nS CL = 50 pf 

- Delay 
tdll eI> to STROBE + Delay 30 200 nS CL = 50 pf 
tdll eI> to STROBE - Delay 30 200 nS CL = 50 pf 

Notes: 

1. These specifications are those of eI> and WRITE as supplied by the 3850 CPU. 
2. I nput and output capacitance is 3 to 5 pf typical on all pins except V DD' V GG' and V SS' 
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3856 2K PSU 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage VGG 
Supply Voltage Voo 
I/O Port Open Drain Option 
Other I/O Port Options 
All Inputs and Outputs 
Storage Temperature 
Temperature (Ambient) Under Bias 

NOTE 1. Above which uselulilla may be Impaired. All voltages maosurad with raspecllO Vas. 

+15 to -0.3 V 
+7 to -0.3 V 

+15to -0.3 V 
+7 to -0.3 V 
+7 to -0.3 V 

-55 to +150°C 
o to +70°C 

SUPPLY CURRENTs TYPICAL THERMAL RESISTANCE VALUES 

SYMBOL PARAMETER TYP 

100 Voo Current 75 

IGG VGG Current 30 

MAX UNITS 

125 rnA 

45 mA 

TEST 
CONDITIONS 

f=2MHz. 
Outputs 
unloaded 
f-2MHz. 
Outputs 
unloaded 

PLASTIC: 
8 JA (Junction to ambient) 
8JC (Junction to case) 

CERAMIC: 
8 JA (Junction to ambient) 
8JC (Junction to case) 

TABLE 1. 381& PSU SIGNAL DC CHARACTERISTICS 

= sooCIW (Still Air) 
= 42"C1W 

= 48°CIW (Stili Air) 
= 33°CIW 

DC ELECTRICAL CHARACTERISTICS'Vss .. OV Voo" +5 OV ±5'l1> VGG" +12V ±5'l1> TA" O"CIO+70"Cunlesaotherwisenotild . . . 
SYMBOL PARAMETER SIGNAL MIN MAX UNITS TEST CONDITIONS 

VIH Input HIGH Voltage Date Bus (DBo-D~) 2.9 VDO V 

VIL Input LOW VoRage Vas 0.1 V 

VOH Output HIGH VoRage 3.9 Voo V IOH" -loo,.A 

VOL Output LOW VoRage VSS 0.4 V 10L" 1.lmA 
liH Input HIGH Current 3.0 ,.A VIN .. Voo. 3-State Mode 

10L Input LOW Current -3.0 ,.A VIN m VSS. 3-8tete Mode 

VIH Input HIGH Voltege Clock Lines (eI>. WrRe) 4.0 Voo V 

VIL Input LOW VoHege Vis 0.1 V 
IL Leekage Current 3.0 ,.A VIN" VOO 

VIH Input HIGH Voltage Priority In and Control 3.5 liDO V 

VIL Input LOW VoHege LInes (Piiiiiii. ROM Co-ROM C4) Vss 0.1 V 

Il Leakage Current 3.0 ,.A VIN" Voo 

VOH Output HIGH Vottage Priority Out (JiRi1mi') 3.9 Voo V 10H a -100,.A 

VOL Output LOW Voll8ge VSS 0.4 V IOl" l00,.A 

VOH Output HIGH Voltege Interrupt Request (iN'i""Rm) V Open Dreln Output (Note 1) 

VOL Output LOW VoRage Vss 0.4 V lC,l a 1.0 mA 

IL Leakage Current 3.0 p.A VIN" Voo 

VOH Output HIGH VoHage Data Bus Drive (DBDR) Eldemal Pull-up 
VOL Output LOW VoHage Vss 0.4 V IoL" 2.0 mA 
Il . Leakage CUffent 3.0 ,.A VIN" Voo 
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3866 2K PSU 
TAILE 1. 3818 PSU SIGNAL DC CHARACTERIS'nCS 

DC ELECTRICALCHARACTERISnCS:Vss = OV. VDD- +S.OV:!:S ... VGG = +12V:!:S". TA = O"Cto +70OCunle8aotherwtsenotecl. 

SYMBOL PARAMETER SIGNAL MIN MAX UNITS TEST CONDITIONS 

VOH Input HIGH Voltage Strobe 3.9 VDD V IOH = 1.0mA 

VOL Output LOW Voltage . Vss 0.4 V IOL = 2.0mA 

VIH Input HIGH Voltagll EXhlmallntllrrupt (EX'i"iNi') 2.9 VDD V liN = -130 p.A (InI!Irnal Pull·up) 
VIL Input LOW VOItagIl Vss 0.& V 
IlL Input LOW Curl'llnt -1.6 mA VIN = 0.4 V 

VOH Output HIGH· Voltagll I/O Port Option A 3.9 VDD V IOH = -30 p.A. Note 5 

VOH Output HIGH Voltagll (Standard Pull·Up) 2.9 VDD V IOH = -150,.A 

VOL Output LOW Voltagll VSS 0.4 V IOL = 1.6mA 

VIH Input HIGH VO~agll 2.9 VDD V Intllmal Pull·up to VDD. NolII 3 

VIL Input LOW VOItagIl Vss 0.6 V 

IlL Input LOW CUrl'llnt -1.6 mA VIN = 0.4 V. Note 4 

VOH Output HIGH Voltagll I/O Port Option B Extamal Pull·up 

VOL Output LOW Voltage (Opan Drain) Vss 0.4 V IOL = 2.0 mAo Notll 3 

VIH Input HIGH Voltagll 2.9 VDD V 

VIL Input LOW Voltage Vss 0.& V 

VOH Output HIGH Volta"e I/O Port Option C 4.0 VDD V IOH = -1.0 mA 

VOL Output LOW Voltage (Driver PuIl·Up) Vss 0.4 V IOL = 2.0mA 

NOTES: 
,. Pull-up I88IaIor 10 ~ on CPU. 
2. _ cummt Is ned 88 _onaIcummt flowing Into !he pin ~. 
3. HystemIs Input cln:uII provides addItIanaI 0.3 V not18 ImmIInIly while 1nIemaII"*"",, pull-up p!DVicIes TTL ~ 
4. MeaauracI_IJO part Is 0IdpUt!Ing a hIgIIleveI. 
S. ~. butnot~. 

TABLE 2. 3818 PSU SIGNAL AC CHARACTERISTICS 
ACELECTRICAL CHARACTERISTICS: Vss = OV. VDD = +S.OV:!:5". VGG = +12V:!:5". TA = O"Cto +70"CunleasotherwI8enotecl. 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS p. 
• Pllriod 

O.S 10 j&8 

PW, • Pul~Wldth 180 P.-180 n8 tr • It = 50 n8 Typ 
; •• >;0 

td,. td2 • to WrIte + Delay 250 n8 CL = 100 pF 
td4 Wrltll to DB Input ""lay 2P.+1.0 ,.8 
PW2 WrIta Pulse Width P.-100 p. 

n8 tr• It = 50 n8 Typ 

PWs WrIta PllrIod; Short 4P. 

PWL WrIta Period; Long n8 

tds WrIta to ROMe Delay 550 ns 
td7 WrIta to DB Output Delay 2P.+100-Id2 2P.+200 2P.+850:-Id2 n8 CL = 100 pF 

WrIta to DBDR - Delay 

Ide WrIta to DBDR + Delay 200 n8 Opan Drain 

tr, WrllII to INT Req - Delay 430 n8 CL = 100 pF. Note 1 
tpr, PAlin to INT Raq - ""lay 200 n8 CL = 100 pF. Note 2 

tpd,. tpd2 PRlln to PRI Out Delay 800 n8 CL=50pF 
tpds. tpd4 WrIta to PRI Oul Delay 800 n8 CL=50pF 

lIP WrllII to Output Siable 1.0 j&8 CL - 50 pF. Standard Pull-up 
Note 3 

Iod Wrltll to Output Stebla 2.5 j&8 CL - 50 pF. RL = 12.5 leO 
Open Drain. Note 5 

Idp WrIta to OUtpul Steble 200 400 n8 CL D 50 pF. Driver Pull·up 
tlU I/O SeI·Up Time 1.3 ,.. 
Ih I/O Holcl Time 0 n8 

la. Ext Inl SeI·Up Time 400 n8 

I.B, WrIta to Stroba + Delay 5P.+300 n8 CL=50pF 

I.B2 WrIta to Strobe - Delay &P.+410 n8 CL-50pF 
NOTES: . 
,. Aiaume.1'IIaIIIy In was enabled (Pfil1N = 0) In pnI¥Ioua Fe cycle baIont Interruplls _In!he PSU. 
2. PSU hl!81nterrup1 ~ baIont prIorIIy In '8 enabled. 
3. Aaaume pin tied 10 Input 01 !he 3850 CPU. 
4. Tho....- which are shadsd In \he table aboVe repraaenI _ """'" are .... fraquanIIy 0I1mpartance _ Interfacing 10 an Fe aystam. Unahadsd 

"""""""'" are typically _1haI are .-only _ Fe chips and not normally 01 coni:arn 10 !he uaer. 
S. Input and output capacIIance Is 310 5 01 typical on an pins ........ VOO' Vee and VSS' 

2-027 



3856 2K PSU 
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Fig. 3 INTERRUPT LOGIC SIGNALS 1/0 STROBE 

NOTES: 1. Timing measurements are made at valid logic level to valid logic level 
of the Signals referenced unless otherwise noted. 

2. Symbols are defined in Table 2. 
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3856 2K PSU/3861 PIO 
1/0 operations that use the two psu 1/0 ports execute in three instruction cycles. During the first cycle, the port 
address is transmitted to the Data Bus. During the second cycle, data Is either sent from the Accumulator to the 
1/0 latch or enabled from the 1/0 pin to the Accumulator depending on whether the instruction is an output or 
an input. At the falling edge or Write (marking the end of the second cycle and beginning ofthethird cycle) the 
data is strobed into either the Latch (OUTS) or the Accumulatod INS) respectively. The third cycle is then used 
by the CPU for its next instruction fetch. Figure 4 indicates 1/0 timing. 

Data Bus timing associated with execution of 1/0 instructions does not differ from Data Bus timing associated 
with any other data transfer to, or from the PSU. However, timing at the 1/0 port itself depends on which port 
option is being used. Figures 5a, 5b, and 50 illustrate the three ports options. Figure 4 illustrates timing for the 
three cases. 

WAITE 

'I) 
'NPUT 

OUTPUT (2) 
(STANDARD PULLUP) 

OUTPUT 12, 
(OPEN DRAIN) 

\. , 

DATA MAY CHANGE 

4--lsp----+ 

)..-- ... -
)..-

r-,,,-f )--~-I 
)( DATA STABLE X DATA MAY CHANGE 

2.9 V STABLE 

2.9Y STABLE 

-+---IctP~ 

OUTPUT'" _________ ...... ~lJo_----------------------
(DAIVER PULLUP) 'X.\.2...;.9_V _________ S_TA_"_LE __________ _ 

Fig. 4 TIMING AT PSU 1/0 PORTS 

(1.) The set-up and hold times specified are with respect to the end of the second long cycle during execution of the three cycle IN or INS 
instruction. 

(2.) All delay times are specified with respect to the end of the second long cycle during execution of the three cycle OUT or OUTS instruction. 

7.2.2 Electrical Specifications 

Absolute Maximum Ratings (Above which useful 
life may be impaired) 

VGG 

VOO 
External I nterrupt Input 
All other Inputs & Outputs 
Storage Temperature 
Operating Temperature 

+15V to -O.3V 

+7V to -0.3V 
-600 J.lA to +225 J.lA 
+7V to -0.3V 
-55°C to +150oe 
oOe to +70oe 

SUPPL Y CURRENTS 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST 
CONDITIONS 

IDD VDO Current 30 70 mA f = 2 MHz, 
Outputs 
Unloaded 

IGG VGG Current 10 18 mA , f = 2 MHz. 
Outputs 
Unloaded 

Supply CUrrents measured with V DO = +5V ± 5%, 
VGG = +12V ± 5%, T A = oOe to +70o e. All other 
electrical specifications are in Table 7-4. All 
voltages measured with respect to VSS. 
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3861 PIO Table 7·4. A Summary of 3861 PIO Signal Characteristics 

SIGNAL SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

DATA BUS VIH Input High Voltage 3.5· VDD Volts 
(DBO·DB71 VIL Input Low Voltage VSS 0.8 Volts 

VOH Output High Voltage 3.9 VDD Volts IOH = -l00J,lA 

VOL Output Low Voltage VSS 0.4 Voits IOL = 1.6mA 

IIH Input High Current 1 J,lA V IN = 6V, 3-5tate mode 

IOL Input Low Current -1 J,lA V IN = V SS' 3-State mode 

CLOCK LINES VIH Input High Voltage 4.0 VDD Volts 
(c(>,WRITE) VIL Input Low Voltage Vss 0.8 Volts 

IL Leakage Current 1 J,lA VIN =6V 

PRIORITY IN AND VIH Input High Voltage 3.5 VDD Volts 
CONTROL LINES VIL Input Low Voltage VSS 0.8 Volts 
(PRI IN, ROMCo. IL Leakage Current 1 J,lA VIN= 6V 
ROMC41 

PRIORITY OUT VOH Output High Voltage 3.9 VDD Volts 10H = -l00J,lA 
(PRIOUTI VOL Output Low Voltage Vss 0.4 Volts 10L = 100J,lA 

INTERRUPT VOH Output High Voltage Volts Open Drain Output [1] 
REQUEST VOL Output Low Voltage VSS 0.4 Volts 10L = 1 mA 
liNT REQI IL Leakage Current 1 J,lA VIN =6V 

DATA BUS DRIVE VOH Output High Voltage External Pull·up 
(DBDRI VOL Output Low Voltage VSS 0.4 Volts 10L =2 mA 

IL Leakage Current 1 J,lA VIN =6V 

EXTERNAL VIH Input High Voltage 3.5 Volts 
INTERRUPT VIL Input Low Voltage 1.2 Volts 
(EXT INTI VIC Input Clamp Voltage 15 Volts IIH = 185J,1A 

IIH Input High Current 10 J,lA VIN = VDD 
IlL Input Low Current -225 J,lA VIN =2V 
IlL Input Low Current -150 -500 J,lA VIN =VSS 

I/O PORT VOH Output High Voltage 3.9 VDD Volts 10H =-30J,lA 
(STANDARD VOH Output High Voltage 2.9 VDD Volts IOH=-100J,lA 
PULL·UPI VOL Output Low Voltage VSS 0.4 Volts 10L =2 mA 

VIH Input High Voltage 2.9 VDD Volts Internal Pull·up to VDD [3] 
VIL Input Low Voltage VSS 0.8 Volts 

IlL Leakage Current 1 p.A VIN =6V 
IL Input Low Current -1.6 mA VIN = Q.4V [4] 

Notes: 
1. Pulh.p resistor to VDD on CPU. 
2. Positive current is defined as conventional current flowing into the pin referenced. 
3. Hysteresis input circuit provides additional 0.3V noise immunity while internal/external pull·up provides TIL compatibility. 
4. Measured while I/O port is outputting a high level. 
5. VSS = OV, VDD = +5V ± 5%, VGG = +12V ± 5%, T A = O°C to +70oC. 
6. Output device off. 
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3861 PIO Table 7-5. A Summary of 3861 PIO Signal AC Characteristics 

AC Characteristics: VSS = av, Vee = +5V ± 5%, T A = a e to +7aoe 

Symbols in this table are used by all figures in Section 7. 

SYMBOL PARAMETER MIN. TYP. MAX. 

P<I> <I> Period 0.5 10 
PW1 <I> Pulse Width 180 P<I>-180 
td1 <I> to WRITE + Delay 60 250 
td2 <I> to WR ITE - Delay 60 225 
td4 WRITE to DB Input Delay 2Pe1>+1.0 
PW2 WRITE Pulse Width P<I>-100 Pel> 
PWS WRITE Period; Short 4P<I> 

PWL WRITE Period; Long 6P<I> 

td3 WRITE to ROMC Delay 550 

td7 
WRITE to DB Output Delay 

2Pe1>+1OO-td2 2Pe1>+2oo 2P<I>+850-td2 
WRITE to DBDR - Dehiy 

td8 WRITE to DBDR + Delay 200 

tr1 WRITE to INT REO- Delay 430 
tr2 WRITE to INT REO+ Delay 430 
tpr1 PRI IN to INT REO - Delay 240 
tpr2 PRIIN to INT REO + Delay 240 

tpd1 PRI IN to PRI OUT - Delay 300 
tpd2- PRI IN to PRI OUT + Delay 365 
tpd3 WRITE to PRI OUT + Delay 700 
tpd4 WRITE to PRI OUT - Delay 640 
·tsp WRITE to Output Stable 2.5 

·tsu 1/0 Set-up Time 1.3 
·th I/O Hold Time 0 
·tex EXT INT Set-up Time 400 

Notes: 

UNITS 

jl.S 
nS 
nS 
nS 
jl.S 
nS 

nS 

-nS 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
jl.S 

jl.S 
nS 
nS 

TEST 
CONDITIONS 

t r• tf = 50 nS typo 
CL=100pf 
CL=100pf 

t r• tf = 50 nS typo 

CL = 100pf 

Open Drain 
CL = 100 pf [1] 
CL = 100 pf [3] 
CL = 100 pf [2] 
CL = 100 pf 
CL = 50pf 
CL = 50 pf 
CL = 50pf 
CL = 50pf 
CL = 50 pf. 
Standard Pull-Up 

1. Assume Priority In was enabled (PRI IN = 0) in previous F8 cycle before interrupt is detected in the PIO. 

2. PSU has interrupt pending before priority in is enabled. 

3. Assume pin tied to INT REO input of the 3850 CPU. 

·4. The parameters which are starred in the table above represent those which are mosUrequently of importance when 
interfacing to an F8 system. Other parameters are typically those that are relevant only between-F8 chips and not normally 
of concern to the user. 

5. Input and output capacitance is 3 to 5 pf typical on all pins except VDD. VGG. and VSS. 
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3861 PIO 

r-----. 
~---------------------~l----~~---~,~~~~\--

LONG CYCLE 

STABLE 

~ I-~----------~7----------~ 
DATA BUS OUTPUT 

I 
-I I-~----------~4----------~ 

DATA BUS INPUT X 

i5Bi5ii 
I 

i ISTARTOF I-DATAOUTI 
..... ---------- ~7 -----------;~ 

DBDR lEND OF L ~8 
DATA OUT IN I -

SUBSEQUENT CYCLEI 

WRITE .J 

Figure 7-3. 3861 PIO Data Bus Timing 

STABLE 

STABLE 

DATA MAY CHANGE INPUT (1) ___ D_A_T_A_M-:A:-Y_C_H_A_N_G;..E ___ j ... ___ D_A_T_A_S_TA_B_L_E ___ ", 

-----------~~--~-p~-------------------------OUTPUT (2) 
(STANDARD 

PULL-UP) 
~ 2.9V STABLE 

SYMBOLS USED ARE DEFINED IN TABLE 7-5 

Notes: 

1. Data from the I/O port is strobed into the accumulator of the CPU at the end of the second instructi.on cycle during 
execution of an I N or I NS instruction. 

2. During an OUT or OUTS instruction. data is strobed into the port latch at the end of the second instruction cycle; thus 
the cycle shown is the second cycle within the execution of the instruction. 

3. Input and output capacitance of 3 to 5 pf typical on all pins except VDD. VGG. and VSS. 

Figure 7-4. timing at PIO liD Ports 
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3861 PIO 

_______________ 1 \cF-------~/~-~-~-~-~-~~\~\~-I LONG CYCLE 

ROMC STABLE 

"I v, t I- "-=i-
t~3i~----i-t-~1. ~ 

I 

I 1--"'-1 I ~ 
I-I tpd2i:= 

I I / 

~i"~-
~PR~I~O~U~T __________________ ~_rl _t_pd~~ 

_EX_T_I_N_T ______________________________ ~~~x~ 

\~------I~---------------

SYMBOLS ARE DEFINED IN TABLE 7·5 

Note: 

Timing measurements are made at valid logic level to valid logic level of the signals referenced unless otherwise noted. 

Figure 7·6. Interrupt Logic Signals's Timing 
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Chapter 3 
THE NATIONAL SEMICONDUCTOR 

SC/MP 

SC/MP Is a low-cost microprocessor tl'!at has been designed to operate easily In multi-microprocessor con
figurations. The most interasting characteristic of sC/MP Is its bus Interface logic. Most mlcroproc8ssors ara 
designed to always operate as bus m8!1ter In any microcomputer system. SC/MP, In contrast, has the bus Inter
face logic of a support device; it does not assume that It has any inora right to a System Bus th'm any other 
device. Bus request/acknowledge logic coupled with bus access priority logic makes SC/MP the slave 
microprocessor of choice in any multi-microprocessor application. 

The very open bus interface logic of SC/MP rasult. In It having no special support devices; it shares ~he support 
devices of otl'!er National Semiconductor microprocessors. These support devices are described In Volume 3. 

The prime source is: 

NATIONAL SEMICONDUCTOR INC. 
2900 Semiconductor Drive 

Santa Clara. CA 95050 

The authorized second source for SC/MP is: 

SIGNETICS 
811 East Arques Avenue 

Sunnyvale. CA 94043 

Although Signetics is authorized as an SC/MP second source. they have never actually manufactured SC/MP. 

THE SC/MP CPU 

Figure 3-' conceptually illustrates the logic functions which are implemented on the SC/MP chip. One of the 
weaknesses of Figure 3-', and the equivalent figures for the other microcomputers, is that the way in which 
logic functions ara implemented cannot be Identified. SC/MP, for example, implements non-CPU logic at a very 
elementary level, well suited for simple applications only. 

Nonetheless, Figure 3-1 does reveal a few of the rather unusual capabilities provided by 
SC/MP. !IIotlce that Serial-to-Parallel Interface Logic is shown as implemented by the 
SC/MP chip. SC/MP has two serial I/O device pins. one for serial binary input data. the other for 
serial binary output data. The assembly and disassembly of serial-to-parallel data is accomplished by one SC/MP in
struction. 

Figure 3-' also shows Programmable Timer logic as being Implemented by the SC/MP chip. This is barely 
justifiable-the SC/MP instruction set includes a Delay instruction that is used to generate timed durations ranging 
from 13 to 131.593 microcycles. Note. however. that during this delay interval the CPU can be performing no other ac
tions: the CPU is. in effect. operating solely as a programmable timer. This is obviously quite different from having a 
separate logic device that performs this timer function within a system. Once again. this points out the weakness of a 
generalized representation such as Figure 3-1. 

One other area of non-CPU logic shown as being implemented by SC/MP further illustrates 
this point. A portion of the Direct Memory Access CDMA) logic is provided by SC/MP 
using a few signals to control bus access. A significant amount of external logic would still 
be required to obtain an operational DMA system. Therefore. Figure 3-1 can be misleading 
because it cannot indicate the way in which the CPU implements a particular function. In this 

SC/MP DMA 
AND 
MULTIPROCESSOR 
LOGIC 

particular case there is also a significant area of non-CPU logic provided by SC/MP that is nowhere indicated by Figure 
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Figure 3-1. Logic of the SC/MP Microcomputer 

3-1: The signals that can be used for DMA are primarily Intended to simplify the design of multlproc-.:ssor 
systems. This is a very unusual logic function for a CPU to provide and therefore is not even suggested in Figure 3-1. 
But for SC/MP, the inclusion of this multiprocessor-oriented logic makes a lot of sense: its low cost and modest perfor
mance make it a likely candidate for multiprocessor systems. 
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There are two versions of the SC/MP CPU: the original version uses P-channel silicon-gate 
MOS/LSI technology and Its part number is ISP-8A/600; the new version (SC/MP-II) uses 
N-channel technology and Its part number Is ISP-8A/800. The two versions are functionally 
equivalent and fully compatible in terms of object code and pin conflguretion. (A few minor 

SC/MP 
AND 
SC/MP-II 

signal level conversions are required for complete signal compatibility: see Figure 3-3.) The SC/MP-II provides some 
significant advantages over the original version - it Is twice as fast and uses only one-fourth the power of the 
original P-channel version. Additionally, while SC/MP requires two power sources (a +6 volt and a -7 volt sup
ply), SC/MP-II needs only a single +6 volt supply. Throughout this chapter. we will simply refer to the CPU as 
SC/MP: all the descriptions apply to both versions of the CPU unless we specifically mention SC/rM;.;.;P_-.;.;;II.~ __ .., 

Both versions of the SC/MP CPU have an on-chip clock oscillator and can use a capacitor, SC/MP 
crystal, or TTL clock Input to drive the clock. The P-channel SC/MP can run at a maximum fre- INSTRUCTION 
quencyof 1 megahertz. which results in instruction execution times in the range of 10 to 50 EXECUTION 
microseconds. SC/MP-II can operate at frequencies up to 4 megahertz with resulting instruction SPEED 
execution times in the range of 5 to 25 microseconds. Notice that although the input frequency ..... -----~ 
for SC/MP-II can be four times that of SC/MP. the instruction execution time for SC/MP-II is twice as fast (not four times 
as fastl: this is because of internal differences in the way the on-chip clock oscillator uses the timing inputs. 

Both versions of SC/MP provide TTL-compatible input and output signals. SC/MP 

SC/MP PROGRAMMABLE REGISTERS 
LOGIC LEVEL 

SC/MP has an 8-bit Accumulator, an 8-bit Extension register, a 16-bit Program Counter, three 16-bit Pointer 
registers, and an 8-bit Status register. These programmable registers are illustrated as follows: 

I 
J 

16 bits 

16 bits 

16 bits 
16 bits 

I 

abita 
a bits 

a bits 

Accumulator (A) 

Extension register (E) 

Program Counter (PC) or Pointer Register 0 (PO) 

Pointer Register 1 (PI) 

Pointer F!egister 2 (P2) 

Pointer Register 3 (P3) 

Ststus register 

The Accumulator is a single, primary Accumulator, as described for our hypothetical microcomputer. 

The Extension register Is used to assemble or disassemble serlal-to-parallel data for serial data input and output. 
This register is also used as a buffer for the Accumulator. 

The Program Counter Is 16 bits wide; therefore up to 86,636 bytes of memory may be ad
dressed in the normal course of events. The four high-order bits of the Program Counter 
represent page select bits; therefore the memory of an SC/M'P system Is divided into 16 
pages of 4096 words each. 

SC/MP 
MEMORY 
PAGES 

Notice that the Program Counter is shown as Pointer Register 0; this is done because some instructions move data bet
ween Pointer registers including the Program Counter. There is one other unusual fact about the SC/MP Program 
Counter: the four most significant bits (the page select bits) of the Program Counter are never incremented dur
ing the instruction fetch sequence. Instead, when the last address of a page Is reached, tlie Program Counter 
"wraps-around" to the first address of the current page. For example. if the Program Counter contains 2FFF16. 
when it is incremented the new contents of the Program Counter will be 200016 instead of 300016. The page select 
bits of the Program Counter can only be changed by executing an instruction that loads a new value into the most sig
nificant bits of the Program Counter. 

Note that the four high-order address bits are not output on separate address pins; instead they are output on the data 
lines at the beginning of an input/output cycle and must be demultiplexed by external logic in order to generate page 
select signals. 

The three Pointer registers are also used as Index registers or Stack Pointers. Typically. you would assign a 
specific function to each register. For example. the following assignments might be used: 

P1 - ROM Pointer 
P2 - Stack Pointer 
P3 - Subroutine Pointer 
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These arbitrary assignments also reveal several interesting facts about the architecture of SC/MP. First. the SC/MP CPU 
does not provide an on-chip stack: instead. a stack can be maintained in memory using one of the Pointer registers as a 
Stack Pointer. Secondly. the SC/MP instruction set does not include a Jump-to-Subroutine instruction: one of the 
Pointer registers must be used to hold subroutine addresses which can then be swapped with the Program Counter. 
We will discuss this in detail when we describe the SC/MP instruction set. 

ADDRESSING MODES 
The SC/MP memory reference instructions use program-relative direct addressing. indexed addressing. and 
auto-indexed addressing. All memory reference instructions are two-byte instructions and have the following 
object code format: 

'----- 00 = PC 
01 =Pl 

10 =P2 

11 =P3 

7 

------ 0 = PC-relative or indexed 
1 = Auto-indexed 

'---------- Opcode 

o 
displacement 

Program relative and indexed addressing are as described in Volume 1. Chapter 6. We will just re-emphasize 
here that all addressing in SC/MP is paged and uses the wrap-around technique - that is. there is no carry from 
the low order 12 bits of an address into the most significant 4 bits of an address. We mentioned this earlier when we 
discussed the Program Counter. and it also applies to indexed addressing. Thus. if the sum of the Index register !that is. 
one of the Pointer registers) and the second object code byte contents (displacement) is more than FFF16. the Carry bit 
will be discarded. This may be illustrated as follows: 

Pointer register (Index registerl displacement 

IF B" I 

~+~---

~ 
Effective Address = 1 FB4 + 40 

1 F B 4 
+ 40 

Expected result = 2J 0 0 1 

Discsrd Carry..,/ \..:ActUBI Result is 1001 te 

Remember. all arithmetic operations during address formation. regardless of the addressing mode. obey this 
wrap-around technique: there Is never a carry from bit 11 into bit 12. 

The auto-indexing mode of addressing provided by SC/MP instructions is actually an auto-increment/auto
decrement operation. When auto-indexing is specified. the displacement. as a signed binary number. is added to the 
contents of a Pointer register in order to compute an effective address. If the displacement is less than zero. the Pointer 
register is decremented by the displacement before the memory access. If the displacement is equal to or greater than 
zero. then the contents of the Pointer register is the effective address and the Pointer register contents are incremented 
by the displacement after the memory access. This method of auto-increment and auto-decrement addressing is 
the same as that described in Volume I with one significant difference: SC/MP allows an address to be incre
mented or decremented by any value in the range 0 - 127 instead of just by a value of one. 
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ENOUT is the CPU's output response to ENIN. When output high, ENOUT indicates that ENIN is high: therefore, t?e 
CPU can gain access to the System Busses, but it has not done so. If ENOUT is low, it indicates either that ENIN is low, 
therefore the CPU is being denied access to the System Busses or, if ENIN is high, then it indicates that the CPU is usi~g 
the System Busses. 

When the CPU has gained access to the System Busses. three signals identify the way in 
which the CPU is using the Data Bus. 

NADS is output to indicate that a valid address has been output on the address lines and 
that the low-order four bits of the Data Bus contain the high-order four bits of a 16-bit 

SC/MP DATA 
BUS DEFINITION 
SIGNALS 

address. NADS also indicates that status information is being output on the high-order four bits of the Data Bus, 

NRDS. when output by the CPU. indicates that the CPU wishes to receive data on the Data Bus, 

NWDS. when output by the CPU. indicates that data is being output by the CPU on the Data Bus. NWDS"'-'-'m"'a:..Lv--'b""e'--___ _ 

SC/MP STATUS REGISTER 
SC/MP has a programmable 8-bit Status register which may be illustrated as follows: 

Circled numbers represent device pin numbers to which bits of the Status register are connected. 

The Carry ICY). Link IL) and Overflow 10V) status bits are typical microcomputer status bits as were described 
in Volume 1. Chapter 7. 

The two sense bits. SB and SA. are tied to SC/MP device pins. These two bits directly reflect the state of the 
logic signals applied to the device pins and thus can be used to detect external events. Although there are no 
SC/MP instructions that allow you to directly jump or branch on the condition of one of these bits, a sequence of mask
ing and testing instructions can be used to accomplish the same effect. albeit more slowly. The SA and SB bits are 
read-only bits. Instructions may read the status of these two bits. but only incoming signals may change their 
condition. For example, an instruction that moves the contents of the Accumulator to the Status register may modify 
any of the other status bits, but bits 4 and 5 will not change. The SA bit serves a dual function. If the Interrupt Ena
ble (IE) bit is set to one. the SA input serves as the interrupt input. We will discuss interrupt processing later in this 
chapter. 

FO. F1 and F2 are control flags that are tied to SC/MP device pins. The state of these three flags may be 
changed under program control and may be used to control external devices. When the state of any of these flags 
is changed, it is immediately reflected by a change in the signal level at the associated device pin. 

SC/MP CPU SIGNALS AND PIN ASSIGNMENTS 
Figure 3-2 illustrates the SC/MP pins and signals. A description of these signals is useful as a guide to the way 
in which an SC/MP microcomputer system works. 

The 12 address lines ADOO - AD11 output memory and I/O device addresses. These are tristate lines. and may 
be floated. giving external logic control of the Address Bus. The four most significant address bits 
IAD12 - AD16) are time multiplexed on the data lines. 

The eight Data Bus lines DBO - DB7 are multiplexed. bidirectional data lines through which 8-bit data units are 
input and output. and on which statuses and address bits are output at the beginning of any input/output cycle. 
Statuses on Data Bus lines DB4 - DB7 identify the type or purpose of the input/output cycle. The address bits 
on Data Bus lines DBO - DB3 are the four most significant address bits IAD12 - AD1 &) which must be used to 
generate page select signals for memory or peripheral devices. Table 3-1 describes the status and address infor
mation that is output on the Data Bus. Like the address lines. the data lines are tristate. 

SENSEA. SENSEB. FLAGO. 1. and 2 are pin connections for the similarly named Status register bits described 
earlier. 

SIN and SOUT are used in combination with the SIO instruction for serial input of data to the Extension register 
and serial output of data from the Extension register. 

The remaining signals (excluding clock, power and ground) may be divided into bus access, Data Bus definition, and 
timing control signals. 

You will notice that some of the SC/MP pins in Figure 3-2 have two sets of signal 
names: the names enclosed in parentheses reflect the nomenclature used with SC/MP
II. Aside from the clock and power signals which we shall discuss separately, the only 
difference between SC/MP and SC/MP-II is in the polarity of bus access signals: Bus Request 
(BREO/NBREO). Enable In (ENIN/NENIN). and Enable Out (ENOUT/NENOUT), The "N" prefix to 
each of the SC/MP-II signals indicates that these signals are negative-true - as opposed to 
the positive- (or logic "1 ") true signals for the P-channel SC/MP. In the descriptions that 

SIGNAL 
DIFFERENCES 
BETWEEN SC/MP 
(P-CHANNEL) 
AND SC/MP-II 
(N-CHANNEL) 

follow. we will use P-channel SC/MP nomenclature. If you are using the N-channel SC/MP-II version, you must 
Simply invert these signals. 
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SYMBOLS 

H-Aag 

D-Flag 

I-Flag 

Table 3-'. Status and Address Output via the Data Lines 
at the Beginning of an I/O Cycle 

DATA BUS 

BIT DEFINITION 

7 Indicates that a Halt instruction has been executed. 

6 Indicates that a Delay instruction has been executed and that a 

delay cycle is starting. 

5 Indicates that the CPU is in the fetch cycle for the first byte of an 

instruction. 

R-Flag 4 When high. indicates that the I/O cycle is a read cycle and that input 

data should be placed on the Data Bus when NRDS is active. When low. 

AD15 

AD14 

AD13 

AD12 

Status 

3 

2 

1 

0 

indicates that the I/O cycle is a write cycle and that the Data Bus 

will contain output data when NWDS is active. 

The four most significant bits of a 16-bit address. 

Can be used as page select signals. 

Table 3-2. Statuses Output on the Data Bus for 
Various Types of Machine Cycles 

TYPE OF MACHINE CYCLE 
Data Bus 

Information Bit Instruction Halt Delay Data Input Datil Output 

Fetch Instruction Instruction (Readl (Write) 

H-Flag 7 0 1 0 0 0 

D-Aag 6 0 0 1 0 0 

I-Flag 5 1 1 0 0 0 

R-Flag 4 1 1 1 1 0 

SC/MP BUS ACCESS LOGIC 
Since the SC/MP CPU must gain access to the System Busses before it can perform an input or output cycle, 
we will describe the bus access logic before discussing input/output cycles. 

Figure 3-3 illustrates the bus access logic processing sequence that occurs whenever the SC/MP CPU Is going 
to perform an input/output cycle. 

First. the bidirectional BREa line is tested. If the BREa input is high. it indicates that the System Bus is currently in 
use: the CPU holds the outputs of the address and data lines. and the NRDS and NWDS signals in the high-impedance 
(tristate) mode. 

When the BREa input signal is low (or goes low) it indicates that the System Bus is free. and the CPU then outputs a 
logic "'" on the BREa line. This informs external devices (for example. other SC/MP CPUs or a DMA controller) that a 
request for bus access has been initiated. 

The CPU next tests the state of the ENIN input line. ENIN is essentially the "bus grant" signal: if it is low. it indicates 
the Bus Request (BREa) is denied and the CPU remains in an idle state with its. output held in the high impedance 
mode. When the ENIN input is high (or goes high) it indicates that the CPU's bus request has been granted and the I/O 
cycle can now be initiated. 

When the I/O cycle has been completed. the CPU sets the BREa output low to indicate that it has finished using the 
System Bus and that its outputs are once again in the high impedance mode. 

3-8 

Before the SC/MP CPU can begin any input/output operation, it must gain access to the 
System Busses. This approach reflects the design philosophy behind SC/MP. It is a relatively 
low-cost. low-performance CPU and the designers anticipated that it would frequently be used in 
multiprocessor systems or in systems utilizing Direct Memory Access. Accordingly. three signals 
are provided to control access to the System Busses. 

SC/MP 
BUS ACCESS 
CONTROL 
SIGNALS 

BREQ is used as a bus busy input Indicating that some other device is using the System Busses; as an output, 
BREQ is a bus request which is output when the System Busses are free and SC/MP requires access to the 
busses. 

ENIN is a control signal which ii input to the CPU by external logic. When ENIN is low, the CPU is denied access 
to the System Busses and the SC/MP address and data lines are held in tristate mode. 
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CHECK 

BREa 

INPUT 

BUS IS AVAILABLE. 

OUTPUT BREa 
HIGH 

BUS 

ACCESS 

GRANTED 

PERFORM 
I/O CYCLE 

SET BREa OUTPUT 

LOW WHEN I/O 

COMPLETE 

Initiate an I/O cvcle. 

!Instruction fetch. data 

input. or data output} 

If BREa input high. bus is busV. Address 
and data lines. and NRDS. NWDS held 

YES in tristate mode. 

Request bus access. 

If ENIN low. bus access is 

denied until ENIN goes high. 

Figure 3-3. SC/MP Bus Access Logic Processing Sequence 

There are a couple of aspects of the bus access sequence which are not revealed by Figure 
3-3. 

First. the SC/MP CPU has the rather unusual capability of suspending an I/O operation after 
It has already begun. If the ENIN input line goes low while the CPU has access to the bus. the 

SUSPENSION 
OF AN SC/MP 
I/O CYCLE 

SC/MP address and data lines will go to the high impedance state. thus relinquishing access to the System Busses. The 
BREQ output signal will remain high and. when the ENIN input line subsequently goes high once more. the in
put/output cycle which had been suspended will begin again. 

This ability to suspend an 1/0 cycle might be quite useful in a system where bus access is granted on a priority basis. In 
such Ii system. it is conceivable that one or more of the system devices (another CPU. for example) might have overrid
ing priorities and require immediate access to the System Busses. The SC/MP bus access logic we've just described 
allows this to be accomplished with no difficulty whatsoever. There is. however. one gray area in this I/O-suspend 
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function. If an SC/MP I/O cycle is nearly complete. it would seem to be more efficient to go ahead and complete the cy
cle rather than suspending it and then restarting the entire cycle later. This is precisely what SC/MP does. Unfor
tunately. the SC/MP literature does not tell us where this "point-of-no-return" lies within an I/O cycle. One would 
assume. or at least hope that this point is prior to the time when NRDS or NWDS is sent out. These signals are the read 
and write strobe signals; if they were repeated when an I/O cycle was restarted. the same data might be read or written 
twice - a potentially vexing situation. However. you are at least assured that if ENIN goes low while SC/MP is perform
ing an I/O cycle. the cycle will be performed - either by continuing to completion or by being restarted when the 
System Busses are again available. 

If you refer back to Figure 3-3 once again. you will notice that there is no mention of 
the third SC/MP bus access control signal- ENOUT. This is not an oversight - it is 
simply due to the fact that the ENOUT signal performs a rather specialized function which 
is not necessary to an understanding of the SC/MP bus access logic. The primary function 
of the ENOUT output signal is as an enabling signal in systems where a "daisy chain" 

SC/MP ENOUT 
SIGNAL USED 
TO ESTABLISH 
ACCESS PRIORITIES 

technique is used to establish priorities for bus access. We will defer a discussion of this use of ENOUT until later in 
this chapter when we discuss the use of SC/MP in multiprocessor and DMA systems. 

If the SC/MP CPU is u sed in a single-processor. non-DMA system then there is no need for the 
ic. In these cases. which may in fact be in the majority. the bus access 

nected so that the SC/MP CPU is always guaranteed immediate access 
built-in bus access log 
signals should be con 
to the System Busses . This is easily accomplished by making the following connections: 

SIGNAL CONNECT TO 

SC/MP BREO VGG through a pull-down resistor. 
ENIN VSS 
ENOUT Leave unterminated 

SC/MP-II NBREQ VCC via external resistor 
NENIN Ground 
NENOUT Leave unterminated 

SC/MP I/O 
WITH BUS 
ACCESS LOGIC 
CONTINUOUSLY 
ENABLED 

In the descriptions of SC/MP input/output operations that follow. we will alwa.ys assume that the SC/MP CPU 
has already been granted access to the System Busses. and that this access is not interrupted (or suspended). 

SC/MP INPUT/OUTPUT OPERATIONS 
Once the SC/MP CPU has control of the System Busses. an actual input or output cycle can begin. As we men
tioned earlier in this chapter. the execution of any SC/MP instruction includes some combinations of input/output cy
cles and internal machine cycles. Figure 3-4 illustrates the bus utilization required for each of the SC/MP instruc
tions. and also reveals an interesting. non-obvious fact about SC/MP input/output operations. Observe that each 
bus utilization interval is shown as being two microcycles in duration. This is true because each input/output opera
tion effectively requires two microcycles. The CPU spends a portion of the first microcycle gaining access to the 
System Bus and placing address and status information on the address and data lines. The actual data transfer (read or 
write) occurs during the second microcycle. This can be confusing if you are designing a DMA or multiprocessor 
system: the actual time that the bus is available is a great deal less than you would expect if you based your computa
tions solely on the number of read and write cycles required for each instruction. To make this more clear. refer to Table 
3-3. which lists the read cycles. write cycles. and total microcycles required for execution of each SC/MP instruction. If 
you total up each of the columns from this table. you come up with the following figures: 

Total Read Cycles 79 
Total Write Cycles 3 

Total Input/Output Cycles 82 
Total Microcycles = 466 

Based on these figures. it would appear that bus utilization is less than 20% (82/466). However. since the CPU main
tains control of the bus for approximately two microcycles each time a read or write cycle is performed. the actual bus 
utilization is quite a bit greater than you would have expected. For precise timing parameters refer to the data sheets at 
the end of this chapter. Keep in mind that bus utilization computations should be based not only on these data sheets. 
but also on the actual program being used. since bus utilization is directly related to the composition of instructions 
which comprise your program - these calculations can differ significantly from any theoretical calculations based 
solely on a CPU's complete instruction set. 

Now. having discussed those areas of SC/MP bus access and utilization which might be confusing. let us proceed to 
examine the actual data input/output operations - we will find that these SC/MP operations are quite straightforward. 
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TIME IN MICROCVCI.ES 
INSTRUCTlON 

11 2 .1 3 0 • 0 7 8 9 10 11 12 13 10 16 10 17 18 18 20 21i. 22.123 2' 26 28 

SCL. eeL. CSA. lilt. RRL. SA. SAL. ... S10 
LEGEND: 

LDE. ANE. ORE. XRE. CAS. lEN. and DINT _ IUS UTIUZATKlN INTERVAl. 

XAE, XPPC, end ADE 
~ READ CYC1.E WITH H-fIAG 0UT1'UT 

CAE, XPAH. and XPAl I!I!illim!lII DPERAND SIORE 
DAE 

~ BUS NOT RElEASED DURING TM1S TIME 

HALT 

JP. JZ and JNZ tNo jump) 

JMP, JP, JZ, and JNZ (Do jump) 

AD! 

lDI. AM, ORI. and XRI 

CAl -CAl - -~. I 
ST .1: I 

LD. AND. OR, XOR ,- I 

ADD .~. • I 
CAD .r- ug - I 
DAD mmL.. ~ 

DLDand ILD 

DlVlrnlnirnuml 

Figure 3-4. Bus Utilization of Each SC/MP Instruction 

Table 3-3. SC!MP Instruction Execution Times 

INSTRUGnON 
READ WRITE TOTAL 

CYCLES CYCLES MICROCYCLES 
READ WRITE TOTAL 

INSTRUCTION 
CYCLES CYCLES MICROCYCLES 

ADD 3 0 19 JP 2 0 9, 11 for Jump 
ADE 1 0 7 JZ 2 0 9, 11 for Jump 
ADI 2 0 11 LD 3 0 18 
AND 3 0 18 IDE 1 0 6 
ANE 1 0 8 lDI 2 0 10 
AM 2 0 10 NOP 1 0 5 
CAD 3 0 20 OR 3 0 18 
CAE 1 0 8 ORE 1 0 8 
CAl 2 0 12 011 2 0 10 
CAS . 1 0 8 RR 1 0 5 
CCL 1 0 5 RRL 1 0 5 
CSA 1 0 5 SCL 1 0 5 
DAD 3 0 23 SIO 1 0 6 
DAE 1 0 11 SA 1 0 5 
DAI 2 0 15 SAL 1 0 5 
DINT 1 0 8 Sf 2 1 18 
DI.D 3 1 22 XAE 1 0 7 
DLY 2 0 13 - 131593 XOR 3 0 18 
HALT 2 0 8 XPAH 1 0 8 
lEN 1 0 8 XPAL 1 0 8 
ILD 3 1 22 XPPc 1 0 7 
.lMP 2 0 11 XRE 1 0 8 
JNZ 2 0 9, 11 for Jump XRI 2 0 10 

Note: If slow memory is being used, the appropriate delay should be added for each read or write cycle. 
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Figure 3-6 illustrates the timing for a standard SC/MP data input cycle. This timing applies SC/MP DATA 
regardless of whether the input cycle is to access data from memory or peripheral devices and INPUT CYCLE 
also applies to instruction fetch operations. 

Once the CPU has gained access to the System Busses. the input cycle begins by presenting address and statuses 
on the address and data lines. When the NADS signal is sent out. the least significant 12 bits of address data are valid 
on the SC/MP address lines. and the SC/MP data lines are outputting status information and the most significant 4 bits 
of address information. Table 3-1 defines the information that is output on the data lines while NADS is true. When 
these address bits and/or status bits need to be latched. either the leading or trailing edge of NADS can be used as a 
clock signal. 

BREQ , l 
ENINB 

NADS \ I 
Floating Roating 

AD11-AOOO ------------~(L. __________ ~A~dd~r~=:~V!al~~~ ______________ J)~----.. 

• __ ~F:lo~at~in~g~ __ ~A~~~1~2~-~A~D~1~5~------~Roa::ti:ng~------~ltnP~u~t~Dtam:._--.!R~oo~u:.n~g .. 
DB7 - DBO (And Status J ( Val~ J 

Output 

• __ ~F:lo=a:tin~g~ __ .J-------' r--\ NRDS \, ________________________ .J' 7 Roating 

Figure 3-5. SC/MP Data Input Cycle 

Shortly after the trailing edge of NADS. the Data Bus is floated and the Read Data Strobe (NRDS) signal is out
put. Valid input data is expected prior to the trailing edge of IIIRDS. 

The SC/MP data output cycle begins in the same way as the data input cycle. The only 
difference is that immediately after the status/address information is output on the data 
lines. the write or output data is placed on the data lines. As shown in Figure 3-6. the NWDS 
signal is sent out to indicate when valid output data is present. Either the leading or trailing edge 
of NWDS could be used to latch the output data into external data latches. 

ENINB 

NADS \ I 

SC/MP 
DATA 
OUTPUT 
CYCLE 

l 

Floating l:::::::!~=~~:::::::J~::~~ AD11 - AOOO -------------ll Address Valid 

AD12 - AD15 
_
__ ~R:o~at~in~g~ __ -(~~~~~3K::::::~~~~~~:::::::J~::~~ DB7 - DBO And Status Output Output Data Val~ 

Roating , 
NWDS ---------. \ 

Figure 3-6. SC/MP Data Output Cycle 
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The data input/output cycles just described allow approximately one mlcrocycle for exter
nallogic to respond. If additional access time is required. the NHOLD Input signal to the CPU 
can be used to lengthen an input/output cycle. The NHOlD signal can be set low any time prior 
to the trailing edge of NRDS or NWDS as shown in Figure 3-7; this causes the trailing edge of 
NRDS or NWDS to be delayed until after NHOlD has been returned high. On data input cycles. the 

SC!MP NHOLD 
SIGNAL FOR 
SLOW I/O 
OPERATIONS 

time until valid input data must be presented is simply delayed. On data output cycles. the valid output data is main
tained on the data lines by the CPU until the delayed trailing edge of NWDS. 

NAOS~ .. __ I II 

NHOLD Ncmw,l tinri~ l~ 
NRDS/NWDS ----------\ . ~~~aved ~~ 

Figure 3-7. NHOlD Signal Used to lengthen SC/MP I/O Operation 

The NHOLD signal causes the I/O cycle to be lengthened in increments of 1/2 microcycle. There is no limit on 
the duration of the NHOLD signal. 

THE SC/MP HALT STATE 
The SC/MP Halt state differs from those described for other microprocessors in this book in one significant and 
unusual way - execution of the SC/MP Halt instruction does not cause the CPU to enter the Halt state. Instead. 
when SC/MP executes a Halt instruction. it simply outputs the H-Flag status on data line 7 (DB7) when NADS is true. 

In order to actually place the CPU in the Halt state the CONT input signal to the CPU must be forced low. 

You can use external logic to force CONT low either in response to the H-Flag or completely asynchronously: whenever 
a low is applied to the CONT input. the CPU enters the Halt state upon completion of the current instruction. Figure 3-8 
shows a circuit that can be used to force the CPU into the Halt state when a Halt instruction is executed. When DB7 is 
output high while NADS is true. it indicates the Halt instruction has been executed: this combination of events is used 
to generate a low-going pulse (NHAl T) which is applied to the clear (ClR) input of a D flip-flop. The Q output of the flip
flop is applied to the CONT input signal to the CPU. Thus. whenever a Halt instruction is executed. the CPU will ~e 
forced into the Halt mode. CPU operation is resumed when the start switch S1 is momentarily closed to the NO cor
tacts. This causes a positive-going clock pulse that sets the D flip-flop and returns the CONT input to the CPU h'ig'h. 

+5V 

PRE CONT DB7 
0 Q 

7474 SC/MP 

SWITCH .r 
DEBOUNCER 

CLK 
CLR 

NAOS 

NHALT 

Figure 3-8. Circuit to Cause Programmed Halt for SC/MP CPU 
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While the SC/MP CPU is in the Halt state, the address and data lines are floated. The CPU remains in the Halt 
state until the CONT input is returned high. There is one exception to this rule: if an interrupt request is 
detected while in the Halt state, the CPU responds to the interrupt by executing a single instruction. Thus. you 
could use the first instruction of your interrupt service routine to reset the external CONT input signal. and thereby ter
m i nate the Ha It state. 

SC/MP INTERRUPT PROCESSING 
The SENSEA input signal to the SC/MP CPU serves as the interrupt request line if bit 3 of the CPU's Status 
register is set to "1". Bit 3 of the Status register is the Interrupt Enable (IE) flag and can be set using the Inter
rupt Enable (lEN) instruction. 

When interrupts are enabled, the SENSEA input line is tested at the beginning of every instruction fetch opera
tion as shown in Figure 3-9. If SENSEA is high, the IE flag is reset, and the contents of the Program Counter are 
exchanged with the contents of Pointer Register 3. In other words. Pointer Register 3 must contain the beginning 
address of your interrupt service routine. The return address. that is. the address at which program execution must con
tinue after the interrupt request has been serviced. is now held in Pointer Register 3. Thus. the return-from-interrupt se
quence would be to set the IE flag high and then once again exchange the contents of the Program Counter and Pointer 
Register 3 to resume the main program. 

Let us examine some of the special requirements and limitations of this interrupt processing sequence. First, 
before enabling interrupts you must load Pointer Register 3 (P3) with the beginning address of your interrupt 
service routine. Notice that the contents of P3 should actually be one less than the beginning address of the 
first instruction since the new contents of the Program Counter will be incremented prior to fetching the in
struction. 

INTERRUPT - - - - -

ENABlE FlAG 
EXECUTE xppc 3 

INCREMENT PROGRAM 
COUNTER. FETCH AND 
EXECU'TE INSTRUCTION 

Figure 3-9. SC/MP Interrupt Instruction Fetch Process 
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Next. if you compare the Interrupt response of SC/MP to those of most other microcomputers or to our hy
pothetical microcomputer described in Volume 1. you will notice that the following two steps are missing: 

1) There is no interrupt acknowledge signal. 
2) None of the SC/MP register contents are saved. 

In an SC/MP system. both of these functions are left up to your interrupt service routine. For example. you might 
provide an interrupt acknowledge indication using one of the CPU Flag outputs or by outputting a specially defined ad
dress. If it is necessary to save the contents of the SC/MP registers. this must also be done by your program using a 
software stack or a predefined area of read/write memory. You must also provide the instructions necessary to restore 
the contents of any "saved" registers since. as we shall discuss next. the return-from-interrupt sequence used by 
SC/MP is also quite primitive. 

The final unusual aspect of the SC/MP interrupt system is that there is no Return-From
Interrupt instruction. Instead. as we mentioned earll,r. the last instruction of your inter
rupt service routine milst be an XPPC P3 Instruction which restores the original contents 
of the Progrem Counter by exchanging the contents of PC and P3. This might seem quite 
straightforward. but it will require some special progremmlng considerations. 

SC/MP RETURN~ 
FROM-INTERRUPT 
TECHNIQUE 

The XPPC P3 instruction. which we just mentioned. restores the correct value to the Program Counter - but what 
about P3? Remember that P3 is always supposed to point to the beginning address (minus 1) of your interrupt service 
routine (if interrupts are enabled). Yet. the interrupt response sequence we just described loaded the contents of P3 
into the Program Counter (PC) and then incremented the PC. And. as our interrupt service routine is executed. the con
tents of PC will be incremented each time an instruction ilO executed. Thus. when we complete the interrupt service 
routine and again exchange the contents of PC and P3. we will be loading P3 (our service routine pointer) with a value 
that has been altered. So. the problem is - how do we perform an interrupt service routine and ensure that P3 will con
tain the correct pointer value upon completion of the service routine? 

The solution to this quandary requires a closer examination of interrupt service routines. A typical interrupt service 
routine might consist of three primary segments. One segment would be the entry point to the routine and would in
clude such things as register save operations: let us call this segment "S1". The second segment would be the instruc
tion sequence which actually services the device which requested the interrupt: we will call this segment "S2". The 
final segment would restore registers and other system elements to their 'pre-interrupt' values. and then return control 
to the main (interrupted) program: we will call this segment "S3". Thus. the entire interrupt recogni
tion/response/return sequen~e might be represented as follows: 

~e will use arbitrary addresses to simplify our discussion.) 

MAIN PROGRAM 

PC L 0040 
P3 I 053F .roo-

Aft .. the SC/MP responds 
INTERRUPT 

SERVICE ROUTINE 
10 the inIerrupI: 

I OHO SI 
EnIry pcjInl and save 

PC 

I 0040 rouIine 
'82 

P3 

Main body of service 
rouIine 

S3 
RaaIOnI roulina and 

relum 10 main 
program 

003E 
003F 

0040 

053F 
0540 

054F 
0550 

055F 
0560 

Intenupl raquaBI racognlzacl 81 lhis poinI. 

SC/MP performs an XPPC P3 -,ion. 

058F" laB! inSINClian of your inlarrupl 
S8MC8 roUline IS XPPC P3. 
After !his inBlnlClion ____ _ 

) 
pc[:::J0~OB4~0::::ll:~::::::::::::::::::::::::::~:::7.~::~;;'~;;';-~ • • - ConIrOl is relumeet 10 Main Program 

P3 ,,1 __ 0~S __ 6_f __ • resuming al poinl of inlarruplion. 
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This sequence causes a proper return to the interrupted program but. as we have discussed. does not leave us with our 
desired pointer value (053F in this example) jn P3. The solution requires us to rearrange the segments of our interrupt 
service routine as follows: 

PC I .0040 

P3 I 053F 

9t:./MP __ 
AfUrr 
to the intenupI: 

PC I 0540 

P3 I 0040 

~ 

I 
I 

MAIN PROGRAM 

INT'ERRIJP1' 
SERVICE ROUT1NE 

53 
Restooa IDUIina 

andntlUm 
tomain .......... 

81 
Entry point and 

_1DUIina 

S2 
Main body of IIIIfVice 

IDUIina 

0D3E 
003F .. Interrupt raquest racognizlld 
0040 

0530 -
List . inStruCtion of your service 

xppc P3 053F .- routine is 

0540 ..- First • inStruCtion of 
IllllVicaIDUlina 

054f 
intenupt 

0550 

055F....- This location _ina 8 Jump inslnlCtlon 
to the beginning Of S2 at acIcIraaa 0530 

Now; our entry point for the interrupt service routine is still 0540. so we load P3 witfl a pointer of 053F as before. 
However. by rearranging the segments and adding a Jump instruction at the end of the:second segment (52). we can 
have the last instruction of our interrupt service routine located at 053F. When this instruction (XPPC P3) is executed 
the following operation occurs: 

Before After 

: ::: ::~~04_3::::><_O~:'~~~F ...... : : 
We have now returned control to the main program and we have also restored the contents of P3 to the required 
pointer value to allow servicing of subsequent interrupts. 

One final point: the CPU's interrupt processing sequence resets the Interrupt Enable (IE) flag to zero. To allow 
subsequent Interrupts to be serviced, your service routine must set the IE flag to ",". This would typically be the 
next to last instruction of your interrupt service routine. So the sequence of instructions would be: 

lEN 
XPPC P3 

SET IE FLAG TO 1 
RETURN TO MAIN PROGRAM 
FIRST INSTRUCTION OF SERVICE ROUTINE 
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SC/MP DMA AND MULTIPROCESSOR OPERATIONS 
Because the SC/MP CPU is a low-cost. low-performance microprocessor. its designers anticipated that it would fre
quently be used in systems which include other devices of equal or greater intelligence and processing pow.er. Accor
dingly. lOgic is provided on the CPU which provides a simple yet effective method of operating In systems 
where the System Busses are shared. The logic required to implement a shared-bus system is essentially the same 
regardless of whether the purpose Is to allow another device (such as a high-speed peripheral) to perform a DMA opera
tion or if it is required because there is more than one CPU operating in the system. There are a few rather subtle 
differences between the techniques used. and we shall point these out as we proceed with our discussion. 

As we h~ve already described. three SC/MP signals are dedicated to bus-sharing ac- SC/MP 
tivities: BREQ is an input/output signal which serves both as a bus-request and bus-busy BUS-SHARING 
signal. ENIN Is effectively a bus-grant Input signal. and ENOUT Is an output signal that CONTROL 
can be used to establish priorities in daisy chained configurations. Let us begin by seeing SIGNALS 
how SC/MP might operate in a system which includes a DMA controller. 

The DMA logic provided by the SCIMP CPU Is nearly the inverse ~f that provided by other microcomputers in 
this book. Most CPUs assume that they always have control of the System Busses. If another system device requires 
access to the System Busses. it makes a request to a DMA controller which. in turn. inputs a signal to the CPU request
ing that the CPU yield control of the busses. When the CPU has no need for the bus. it outputs an acknowledgement 
signal to the DMA controller which then sends a bus-grant Signal to the requesting device. The SC/MP CPU. 
however. competes for the System Busses just as any other system device: it never assumes that it has control 
of the busses. Thus. there are really no special considerations that need be accounted for when designing DMA logic 
for systems that include the SC/MP CPU. The DMA controller can treat the CPU as simply another device (no different 
from a peripheral device. although the CPU might be assigned to a higher priority) that requires access to the System 
Busses. Therefore. a tvpical DMA application would only require the use of the SC/MP BREQ and ENIN Signals as 
shown in Figure 3-10. . 

DMACK2 

DMACKI 

DMAQ<O 

DMA 
DMAREQ 2 

CONTROLLER 

DMAREQ 1 

~ 
BREQ 
IDMAREOO) 

... .. ENIN 
SC/MP IDMACKO) 

~ 

m DMAREQI .. i ... 
DEVICE 

MEMORY :E 1 DMACKI 
w 
tii 
~ . 

DMAREQ2 ... --"' DeviCE 
2 DMACK2 

W 

Figure 3-10. Using SC!MP in a System with Direct Memory Access 
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Now let us look at how the SC/MP bus-sharing logic might be used in a multiprocessor 
system. It is in such a system that the CPU's bus-sharing logic can be most appreciated. 
First. let us restate the rules which govern the conditions of the SC/MP ENOUT output 
signal. 

SC/MP IN 
MULTIPROCESSOR 
SYSTEMS 

1) ENOUT Is always low while SC/MP Is actually using the System Busses; that is. while the ENIN input and 
BREQ output are both high. 

2) When SC/MP is not using the System Busses 'either BREQ output or ENIN Input low). ENOUT is held In the 
same state as the ENIN Input. 

The effect of these rules may not be immediately obvious. To see how they function to simplify bus-sharing. let 
us construct a simple multiprocessor system consisting of two SC/MP CPUs and some memory. 

'----...... ~ ENIN1 

BREQ1 
EN0UT11---....... ENIN2 

SC/MP 
#1 

SYSTEM BUSSES 

MEMORY 

BREQ2 

SC/MP 
#2 

There are three possible situations that can exist with this configuration. 

1 

1) If one of the CPUs is currently using the bus. it is outputting a high on the BREQ line. This.automatically prevents 
the other CPU from vying for the bus until the BREQ line goes low upon completion of the bus access by the first 
CPU. 

2) If neither CPU is currently using the bus. the BREQ line is low. If one of the CPUs requires bus access. it can now 
output a high on the BREQ line. Once again. this will prevent the other CPU from subsequently vying for the bus. 

Thus far there would seem to be no need for any control signals except the bidirectional BREQ line. However. It 
is when the third possible situation is encountered that the ENIN and ENOUT signals are needed. 
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3) If both CPUs require bus access at the same time. each will test the BREO line and. finding it low. will output a high 
on BREO. This simultaneous occurrence of requests for bus access is resolved by using the ENIN and ENOUT sig
nals. The operation of these bus access signals to resolve this situation can be illustrated as follows: 

BREQI 

BREQ2 

ENINI 

ENOUTI 

ENIN2 

BUS ACCESS 

SC/MP #1 BUS 
ACCESS COMPLETE 

SC/MP #2 'BUS 
ACCESS COMPLETE 

SC/MP #2 GRANTED 
BUS ACCESS 

When the BREO line goes high it applies a high input to the ENIN 1 input of SC/MP #1. Since BREO 1 is also high at this 
time. SC/MP #1 now has access to the bus and it outputs a low on ENOUT1. This is applied to the ENIN2 input to 
SC/MP #2 and thus denies bus access by SC/MP #2. Notice that SC/MP #2 holds its BRE02 output signal high even 
though its request has not yet been granted. When SC/MP #1 has finished its bus access. the BREO 1 output returns 
low. However. since the BRE02 output is still high. ENINl remains high. This condition of BREOl low and ENINl high 
causes the ENOUT1 Signal to go high. thus enabling SC/MP #2. 

This arrangement allows the first CPU in a daisy-chain string to have the highest priority for bus access and also 
automatically allows any other CPU to gain immediate access to the busses whenever they become available. 

Now that we have described the way in which the bus-sharing logic of the SC/MP CPU can be SC/MP CONTROL 
used in a multiprocessor system. let us continue just a bit further and describe a few more TECHNIQUES IN 
common considerations that you must deal with if you are designing a multiprocessor system. MULTIPROCESSOR 
We will limit this disclission primarily to hardware and control considerations since program- APPLICATIONS 
ming in a multiprocessor system can become quite complex and is beyond the scope of this 
book. However. the techniques we will describe here are the first step towards simplifying the programming for such a 
system. 

The first operation that you must deal with in any microcomputer system is initialization of the system. This 
operation requires some additional thought when designing a multiprocessor system. Typically. one CPU will be 
the primary or controlling CPU: how do you ensure that this CPU has control of the system when power is first ap
plied? 

Figure 3-11 illustrates an easy method of establishing system control upon initialization. The system reset signal 
(NRST). which is generated at power-up. is applied to SC/MP #1. The FLAG 1 output from SC/MP #1 is then applied to 
the NRST input of SC/MP #2. Since the FLAGl line is connected to a bit in the CPU's Status register which is set to 
zero on power-up. SC/MP #2 will be held in a reset condition until SC/MP #1 executes an instruction which sets that 
bit (and thus. the FLAG1 output line) high. 

Of course. this method requires the FLAGl output from SC/MP #1 to be dedicated to this initialization operation. If this 
is a problem. you could use two separate initialization circuits with. for example. the RC time constant for the SC/MP 
#2 circuitry being greater than that of the circuitry for SC/MP #1. This approach. however. does not provide the posi
tive control of the first method we described. 
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Initialization 
Circuit 

7 

...z 

NRST 

NRST 

SC/MP 
#1 

FLAG 1 l!... 

SC/MP 
#2 

Figure 3-11. One Method of Initializing an SC!MP Multiprocessor System 

Once the multiprocessor system has been initialized and is running, the bus-sharing logic that we've already described 
will resolve contentions between the CPUs as far as access to System Busses is concerned. However, there might be 
situations where we want to assure that one of the CPUs will be guaranteed immediate and extended access to 
the System Busses. This can also be accomplished quite easily with SC/MP as Illustrated In Figure 3-12. 

SC/MP 
#1 

rt> 8 
CONT 

21 FLAG 1 

SC/MP 
#2 

Figure 3-12. Forcing the Halt State in an SC/MP Multiprocessor System 

3-20 



In this illustration the FLAG 1 output of SC!MP #2 is inverted and applied to the CONT input of SC!MP #1. Now. if the 
Fl bit in the Status register of SC!MP #2 is set to "1". SC/MP #1 will be forced into the Halt state and is effectively 
removed from the system until the Fl bit is reset under program control. 

THE SC/MP RESET OPERATION 
An NRST low signal input to the SC/MP CPU initiallz.s the microprocessor. While NRST is low. any in-process 
operations are automatically aborted and the CPU's strobes and address and data lines are floated. NRST must be held 
low for a minimum of two microcycles. After NRST goes high again. this is what happens: 

1) All of the programmable registers are cleared. 

2) The first instruction is fetched from memory location 000116. 

3) The Bus Request (BREa) for this first input/output operation occurs within 6-1/2 microcycles after NRST goes high. 

The NRST signal can be used at any tim. to reset the CPU. and must be used following power-up since SC/MP 
may power up in a random condition. After power has first been applied to the CPU. you should allow approximately 
100 milliseconds for the oscillator and internal clocks to stabilize before applying the NRST signal. 

SC/MP SERIAL INPUT/OUTPUT OPERATIONS 
The SC/MP CPU not only has two of its 40 pins designated primarily for s.rlal Input/output operetlons. it also 
dedicates one instruction from its rather limited Instruction set solely to serial I/O. Allocation of this amount of a 
CPU's resources for this purpose would seem unwarranted with most microprocessors; however. keep in mind that 
SC/MP is a very low-cost device and intended primarily for use in slow-speed applications. It is quite likely that SC/MP 
will frequently be used to transfer data serially. so it is therefore not only reasonable but advantageous to provide 
straightforward methods of performing these operations. Let us look now at how this is done with SC/MP. 

In our description of SC/MP's programmable registers. we described the Extension (E) register as an a-bit register. 
When the E register is used for serial I/O. it is actually a 9-bit register with connections to two of the device 
pins as shown in the figure below. 

Extension Output 
Register Latch 

~ 17161.51.131211Io~SOUT 

When the SC/MP SIO (Serial Input/Output) instruction Is executed. the contents of the Extension register are 
shifted right one bit position: the previous contents of bit 0 are loaded into the output latch and output on the SOUT 
pin. and the level (lor 0) present at the SIN pin is loaded into bit 7 of the Extension register. The Extension register can 
be loaded from. and its contents can be transferred to the Accumulator. A typical serial output operation would thus 
consist of: 

1) Loading the Accumulator with the data byte that is to be transmitted. 
2) Transferring the contents of the Accumulator into the Extension register. 

3) Performing eight SIO instructions to shift the contents of the Extension register into the output latch and out onto 
the SOUT pin. . 

Of course. this sequence does not cover all the programming requirements for serial data transfers. For example. your 
program must provide some method of timing the bit transmission. This is easily accomplished with SC/MP by using 
the Delay (DL Y) instruction. which can generate variable time delays ranging from 13 to 131.593 microcycles. For 
asynchronous operations. one of the SC/MP Flags which are connected to device pins can be pulsed each time a new 
bit is shifted out (or in) and one of the sense conditions inputs (SENSEA or SENSEB) can be tested to detect bit 
received/ready. 
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THE SC/MP INSTRUCTION SET 
Table 3·4 lista the SC/MP Instruction set. 

Memory reference instructions are shown as having either full or limited addressing capability. Full addressing 
capability is identified in the operand as follows: 

@ DISP (X) 1T ....... X_.""".P2~P3. ... _ 
addressing is specified 

Must always be present. Specifies a program 

relative displacement. 

~ _______ If present. specifies auto-increment or Buto

decrement addressing. 

Thus. the real options associated with full addressing capability are: 

DISP Direct. program relative addressing 
DISP(X) Direct. indexed addressing 
@DISP(X) Auto-increment or auto-decrement addressing 

Limited addressing capabilities do not include the auto-increment and auto-decrement feature. The operand field for 
instructions with limited addressing capability is shown as follows: 

DISP (X) 1 f '_X_"'''.P2m''~_ 
addressing is specified 

Must alwavs be present. Specifies a program 
relative displacement. 

The serial I/O instruction inputs serial data via the high-order bit of the Extension register. and/or outputs serial data via 
the low-order bit of the Extension register. 

The serial I/O instruction works as a one-bit right shift of the Extension register contentlll. with bit 0 being shifted to the 
SoUT pin and the SIN pin being shifted into bit 7. This has been illustrated along with the logic description. 

It is worth noting that SC/MP has no Jump-to-Subroutine instruction; rather. the XPPC instruction is used to exchange 
the con\ents of the Program Counter with the contents of a Pointer register. In very simple applications (and those are 
the applications for which SC/MP is intended) this is a very effective scheme. Providing subroutines are not nested. a 
subroutine's beginning address may be stored in a Pointer register. then execution of XPPC moves the subroutine's 
starting address to the Program Counter. thereby executing the subroutine - but at the same time. the Program 
Counter contents are stored in the Pointer register. thus preserving the return address. At the conclusion of the 
subroutine. execution of another XPPC instruction is all that is needed to return from the subroutine. The only penalty 
paid is that one Pointer register is out of service while the subroutine is being executed. If all Pointer registers are 
needed by the subroutine. or if subroutines are nested. then the return address which is stored in the Pointer register 
must be saved in memory. In these more complicated applications. one of the Pointer registers will probably be used as 
a Stack Pointer. and addresses will be saved on the Stack. 

This type of subroutine access. while it may appear primitive to a minicomputer programmer. is very effective in simple 
microcomputer applications. 

The following symbols are used in Table 3-4. 

AC Accumulator 
C Carry status 
DATA An a-bit binary data unit 
DISP An a-bit signed binary displacement 
E The Extension register 
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EA 

E<i> 
IE 

o 
PC 
X 
SIN 

SOUT 
SR 

Z 
@ 

X<y.z> 

@DISP(X) 

[ ] 

[[]] 

A 
v 

Effective addre.ss. determined by the instruction. Options are: 
DISP EA is [PC] + DISP 

DISP(X) EA is [X] + DISP 
@DISP(X) EA is [X] if DISP iii!: O. 

EA is [X] + DISP if DISP < 0; 
in both cases [X]-[ X] + DISP after EA is calculated. 

The ith bit of the Extension register 

Interrupt Enable 
Overflow status 

Program Counter 

One of the three Pointer registers 
Serial Input pin 

Serial Output pin 

Status register 

Zero status 
Auto-increment flag 

Bits y through z of a Pointer register. For example. P3<7.0> represents the low-order byte of Pointer 
register P3. 

This designates the available addressing modes for the SC/MP. as described above. In all three of the ad
dressing modes. if -128 is specified for DISP. ·the contents of the Extension register are used instead of 
DISP. 

Contents of location enclosed within brack~ts. If a register designation is enclosed within the brackets. 
then the designated register's contents are specified. If a memory address is enclosed within the 
brackets. then the contents of the addressed memory location are specified. 

Implied memory addressing; the contents of the memory location designated by the contents of a 
register. 

Logical AND 

Logical OR 
Logical Exclusive-OR 

Data is transferred in the direction of the arrow. 

Data is exchanged between the two locations designated on either side of the arrow. 

Under the heading of STATUSES in Table 3-4. an X indicates statuses which are modified in the course of the instruc
tion's execution. If there is no X. it means that the status maintains the value it had before the instruction was ex
ecuted. 
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The following symbols are used in Table 3-5: 

aa Two binary digits designating the Pointer register: 
00 Program Counter 
01 Pointer Register 1 
10 Pointer Register 2 
11 Pointer Register 3 

m One binary digit specifying address mode: 
o Program Relative or Indexed 
1 Immediate or Auto-increment or Auto-decrement 

PP Two hexadecimal digits representing an a-bit. signed displacement 
00 Two hexadecimal digits representing a bits of immediate data 

Where two numbers are given - for example. 9/11. the first is execution time when no jump is taken; the second is ex
ecution time when there is a jump. 

Table 3-5. SC/MP Instruction Set Object Codes and Execution Times 

INSTRUCTION 
OBJECT 

BYTES 
MACHINE 

CODE CYCLES 
OBJECT 

BYTES 
MACHINE 

INSTRUCTION 
CODE CYCLES 

ADD @DISPlXl 11110ma. 2 19 JNZ DISPIX) looolla. 2 9/11 
pp pp 

ADE 70 1 7 JP DISP(X) 100001 .. 2 9/11 
ADI DATA F4 pp 

QQ JZ DISP(X) 100010&. 2 9/11 
AND @DISP(X) 11010maa 2 18 pp 

pp LD @DISP(X) ll000me. 2 18 
ANE 50 1 6 pp 

ANI DATA D4 2 10 LDE 40 1 6 
QQ LDI DATA C4 2 10 

CAD DISPIX) lllllrnaa 2 20 QQ 
pp NOP 08 1 5-10 

CAE 78 1 8 OR @DISP\X) 11011ma. 2 18 
CAl DATA FC 2 12 pp 

QQ ORE 58 1 6 
CAS 07 1 6 ORI DATA DC 2 10 
CCl 02 ,I 5 QQ 
CSA 06 1 5 RR IE 1 5 
DAD @DISP\X) 11101rnaa 2 23 RRl IF 1 5 
DAE 88 1 11 SCl 03 1 5 
DAI DATA EC 2 15 SIO 19 1 5 

QQ SR Ie 1 5 
DINT 04 1 6 SRl 10 1 5 
DLYDATA 101110aa 2 22 ST @DISP(X) ll00lma. 2 18 

pp pp 
DLY DISP 4F 2 13-131.593· XAE 01 1 7 

pp XOR@DISPlX) lll00rnaa 2 18 
HALT 00 1 8 pp 
lEN 06 1 6 XPAH X 001101 .. 1 8 
ILD DISFIX) 101010aa 2 22 XPAl X 001100aa 1 8 

pp XPPC X 001111 .. 1 7 
JMP DISPIX) l00000aa 2 11 XRE 60 1 6 

pp XRl DATA E4 2 10 
QQ 

·Dalay time'depends on the value of DATA. 
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THE BENCHMARK PROGRAM 
For SC/MP. the benchmark program looks like this: 

LD TABLE(P3) LOAD HIGH BYTE OF FIRST FREE TABLE BYTE 
XPAH P1 ADDRESS MOVE TO PR1 HIGH-ORDER BYTE 
LD TABLE+1(P3) REPEAT FOR LOW-ORDER BYTE 
XPAL P1 
LDI 10HI 
XPAH P2 
LDI 10LO 
XPAL P2 

LOOP LD @0(P2) 

ST 
OLD 
JNZ 
XPAL 
ST 

@O(Pll 
IOCNT(P3) 
LOOP 
P1 
T ABLE+ 1 (P3) 

LOAD HIGH BYTE OF I/O BUFFER BASE ADDRESS 
MOVE TO PR2 HIGH-ORDER BYTE 
REPEAT FOR LOW-ORDER BYTE 

LOAD NEXT BYTE FROM I/O BUFFER 
AUTO-INCREMENT 
STORE IN NEXT FREE TABLE BYTE 
DECREMENT I/O BUFFER COUNT AND LOAD 
RETURN TO LOOP IF NOT ZERO 
LOAD LOW-ORDER TABLE ADDRESS INTO A 
SAVE IN FIRST FREE TABLE BYTE ADDRESS 

The SC/MP benchmark program makes the following assumptions. 

The address of the first free table byte is not stored at the beginning of the table; rather. it is stored in two bytes of a 
data area. addressed by Pointer Register 3. plus a displacement. The addresses of these two bytes are given by the dis
placement TABLE and TABLE+1. 

It is assumed that TABLE begins at a memory address with Os for the low order eight binary digits (as for the FB 
benchmark program); therefore. the contents of the data area byte with address TABLE+ 1 (PC3) becomes the displace
ment to the first free byte of TABLE. Assuming that TABLE has a maximum length of 256 bytes. it is only necessary at 
the end of the data move operation to store a new byte address into TABLE+1. in order to update the address of the 
first free table byte. This scheme is illustrated below. 

The I/O buffer beginning address is stored in two immediate instructions. which load the two halves of the I/O buffer 
beginning address into the Accumulator; each half is then exchanged into a Pointer register. 

The SC!MP benchmark program assumptions may be illustrated as follows: 
MEMORY 

P3 

TABLE~ VY 
VY 

Middle of 256-byte data IIAI8 

addrassed by P3 
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SUPPORT DEVICES FOR THE SC/MP CPU 

SC/MP support devices are general-purpose and are therefore described in Volume 3. You may also use stan
dard off-the-shelf buffers. bidirectional drivers. RAM and ROM to Implement any supporting functions needed. 
Figure 3-13 illustrates an SC/MP system and the type of supporting devices that might be needed. Notice that 
the buffers. latches and I/O ports are all indicated by dotted lines. We have done this because it is quite feasible that 
some SC/MP systems might consist only of the CPU and a small amount of memory. In such a system. there would not 
necessarily be any need for buffering the SC/MP input/output lines. nor demultiplexing status and page-select bits 
from the Data Bus. Many systems, hoyvever, will require some of the supporting devices indicated by Figure 3-13.ln the 
remainder of this chapter we will briefly describe how some of the commonly required support functions for SC/MP can 
be implemented using both standard off-the-shelf devices and devices from other microcomputer families. 

r------, 
~~~~~~~~ CRYSTAL 

OR 
CAPACITOR 

r1D~ 
r------~ I I STATUS ~ H·FLAG I 
I LATCH C:=::::~~~ I 

r------~~~t~~: :::e ~ D·FLAG AOI2~1 XI X2 SELECT-==-Ji 
(XIN) (xOUT) BITS LATCH I J ,---... i 

I~,-I ___ ... 
EXTERNAL 

1l8O'D87I$DA!lliTA!lliB~U~S ~~~~~~i1Si~i1Si~~O~~~§l:L ~~BU~~~:~~~:~~~~~~~~i1Si=~~L---::--~HL" ~ 
SC/MP I OEVlC£$ 

~~~~~~ ROM AND/OR ~ L-.-J tlO PORTS 

t-:::~R:ESS=~~~UN~;;"~-~E~~-~-~-~BUFFE~-~-~"~"~====!~~N~RDS~~===~=~!::===~ {MILE. 8212, 82551 AOO-AD1'1= JI 

NRDS 
NWDS 

'-__________ .J 

'- __________ .1 SENSEAND 

SENSEA SERIAL INPUT 

SEN~B~=========::::::::===============~ SiN I' 
'---"";''';'' '-------

Figure 3-13. An SC/MP System Showing Typical Support Devices that may be Required 

As we mentioned earlier, the SC/MP output lines can each drive one TIL load. Some systems, 
especially those which utilize low-power external devices, may not require any buffering. When 
buffering is needed. it can be provided using standard logic devices. The only area that re
quires any special attention is when you are buffering the data lines: since these lines are 

BUFFERING 
SC/MP 
BUSSES 

used both for input and output of data. you must provide bidirectional control of these buffering devices. Figure 
3-14 shows one easy method of implementing bidirectional buffers for the SC/MP data lines using 8218 bidirec
tional bus drivers. (The 8216 is a support device from the 8080 family and is described in Chapter 4.) The SC/MP 
NRDS signal is inver~ed and used to provide directional control of the buffers. When the SC/MP is performing a read 
operation, NRDS is output low: this causes the contents of the system Data Bus to be gated through the buffers and 
onto the SC/MP data lines. At all other times, NRDS is high and whatever is on the SC/MP data lines is passed onto the 
system Data Bus. 
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If you need to use the four most significant address bits (AD12 - AD16) for page 
select functions or if you are going to make use of the I/O cycle status information 
that SC/MP outputs. you must demultiplex this information from the SC/MP data 
lines. The most straightforward way of doing this is to use D-type flip-flops or data 

DEMUL TIPLEXING 
THE SC/MP 
DATA BUS 

registers with the SC/MP NADS signal as the clock pulse. Here are some standard 7400 family devices that might 
be used: 

- 7475 Double 2-Bit Gated Latches with Q and Q Outputs 

- 7477 Double 2-Bit Gated Latches with Q Output Only 

- 74100 Double 4-Bit Gated Latches 

- 74166 Dual 4-Bit Gated Latches with Clear 

- 74174 Hex 0-Type Flip-Flops with Common Clock and Clear 

- 74175 Quad D-Type Flip-Flops with Common Clock and Clear 

Some of these devices require that the NADS Signal be inverted to provide the necessary clocking signal. Remember. 
though. that the SC/MP address and status information is valid during both the leading edge (high-to-Iow transition) 
and trailing edge (low-to-high transition) of NADS: this generally simplifies the demultiplexing operation. 

Another method of demultiplexing the address bits from the data lines is to use address decoding devices that 
are clocked by the NADS signal and provide latched outputs. These latched outputs can then be used as the 
page select signals (or device select signals) during I/O cycles. 

DBO ri 3 

I-1 6 
OBI 9 B216 

DB2 rn 10 

DB3 i-* cs 13 
OlEN 

DBO 

OBI 

082 

DB3 

YIS '1'1 
SC/MP SYSTEM 

DATA BUS 

Ii 3 
DB4 

rl 6 
DBS crt B216 

10 
DB6 

rtf DB7 iiiEN cs 13 

DB4 

DBS 

DB6 

DB7 

NRDS ~ 
j15 yl 

-... --
Figure 3-14. SC/MP Data Lines Buffered Using 8216 Devices 
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USING OTHER MICROCOMPUTER SUPPORT 
DEVICES W·ITH THE SC/MP CPU 

There is nothing to prevent SC/MP from using support devices from other microcomputer "families". We have 
already shown one simple example - the use of 8216 bidirectional bus drivers to buffer the SC/MP data lines. 
The SC/MP CPU provides. numerous control signals which allow general-purpose microcomputer support 
devices to be included in anSC/MP system. We will now describe a couple of specific examples of how this can 
be done - these examples will serve as guidelines for interfacing SC/MP to other support devices . .....----.., 
The Microprocessor Interface Latch Element (MILE) is a support device from the PACE THE PACE 
microcomputer family and is described In detail in Volume 3. The MILE can be used to pro- MILE USED 
vide an 8-blt, bidirectional I/O port in an SC/MP system as shown in the figure below. IN AN SC/MP 

Derive CS from ----., 
Add ...... Bus 

Data to/from 
SI:./W' 

From NWDS --~ 
SI:./MP CPU NROS __ ..q 

Data to/from 
external logic 

External logic must 
generate these control signals 

SYSTEM 

The chip select (CS) signal must be derived from the Address Bus and could consist of a single address line. a page 
select signal. or the output of address decoding logic. Remember that the SC/MP CPU does not differentiate between 
memory and I/O devices: it treats the MILE simply as a memory location. 

Directional control of the MILE is provided by the SC/MP read l!.lm.be (NRDS) and write strobe (NWDS) signals. NRDS is 
connected to the MILE's DOUT2 input signal: when NRDS and CS are both low. the contents of the MILE's data latches 
are ~ated out onto the SC/MP data lines for input to the CPU. The SC/MP NWDS signal is connected to the MILE's 
DIN input: when NWDS and CS are both low. the data output on the SC/MP data lines is latched into the MILE. 

In the figure above, the MILE's DIN1 and DOUT1 signals are continuously enabled by connecting them to +6V. 
An alternate method of using' these two signals would be to connect them to address lines in order to simplify 
the address decoding requirements of the SC/MP system as shown in the figure below. 

In this example, data transfers between the MILE and SC/MP are e.flabled when address bit 11 (AD11) is a zero 
and AD1 0 Is a one. This figure also shows the two handshaking signals (STD and STPI provided by the MILE. 
These signals can be applied to the SENSEA or SENSEB inputs to SC/MP to implement simple I/O handshaking 
schemes. 

AD11 

Data 

to/from 
SI:./MP 

From NWDS 
SI:./MP 

CPU NRUS 

AD10 

TOSC/MP 

Data to/from 
external logic 

External logic must generate 

POUT ......... _these control signals 

DIN1 STP 1----. 

ODUT1 STD 

SENSE INPlJ1S _---------~ 
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The 8212 I/O port from the 8080A microcomputer family is a device similar to the 
MILE: the only difference is that while the MILE can operate bidirectionally, the 8212 is 
unidirectional. The signal connections required to use the 821"2 with SC/MP are quite sim
ple: 

DO 010 
Data to 

Data from 
SC/MP 

extamallogic 
CPU 

007 8212 017 

NRDS 
(from SC/MP) i5Si .&temal logic strobes 

Derived frotn data into _lID 

Address Unes DS2 

ToSC/MP ·iNT Tie MO to Ground. Now STB clocks 
latchee andDS1, 012 eneble buff;". SENSE Inputs -. -

THE 8212 
I/O PORT 
USED IN 
SC/MP 
SYSTEMS 

The connections shown here use the 8212 as an input~rt with handshaking logic provided. When the external 
logic latches data into the 8212 using the STS signal, the INT signal goes low; this signal can be applied to the SC/MP 
SENSEA or SENSES input to inform the CPU that input data is ready. SC/MP would then execute a service routine pro
gram that would include an instruction to read data from the input port This instruction woulq send out the input 
port's address, thus generating the DS2 signal. and then gate the latched data onto the CPU data lines when the NRDS 
signal is generated. When the latched data is read out of the 8212, the INT.signal returns high to complete the transac
tion. This sequence is summarized by the following timing diagram: 

010 - 017 

STB 

052 

i5Si fNROS) 

000-007 

Data lalched by external logic -_ ..... ---..,. ..... _--_ ... _-----------

Sense input 

to SC/MPCPU 
Latched data gated onto 
SC/MP data lines 
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Using the 8212 as an output port in an SC/MP system requires a simple reversal of the 
connections we described in the prec8ding example. 

THE 8212 USED 
AS AN OUTPUT 
PORT IN AN 
SC/II/IP SYSTEM 

Data fram 
SC/MP 

CPU 

NWDS-.... a 
(from SC/MPI 

~--~ 

DID 

011 

OS; 

082 

DOD 

001 

8212 

ST8 

from Add""", lin.. ....----...." 

Data to external 
logic 

Tie to VCC' Now OS; and DS2 clock 
latches and buffers are always enabled 

With this arrangement. data from the CPU will be loaded into the 8212 latches when the required address is generated 
to apply a high to DS2 and SC/MP outputs the NWDS strobe signal. Data that is latched into the 8212 is immediately 
gated out onto 000 - 007 and presented to external logic. 

We will conclude our discussion of support devices that may be used with SC/MP with the following observa
tion. The II/IILE and 8212 devices. which we have used as examples. are both relatively simple support devices. 
However. more complex generel-purpose support devices are usually no more difficult to interface to an SC/MP 
CPU. In fact. the interface is often aimpler. from a hardware point of view. because such things as mode control 
are handled by software. 
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DATA SHEETS 

This section contains specific electrical and timing data for both the SC/MP and SC/MP II (iNS8060). 

3-01 



SC/MP 

applications absolute maximum ratings 

• Test Systems and Instrumentation • Process Controllers Voltage at Any Pin VSS + 0.3V to VSS - 20V 
• Machine Tool Control • Terminals Operating Temperature Range O°C to +70°C 

Storage Temperature Range _65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

• Small Business Machines 
• Word Processing Systems 
• Educational Systems 

• Traffic Controls 
• Laboratory Controllers 
• Sophisticated Games 

• Multiprocessor Systems • Automotive 

electrical characteristics (TA = oOc to +70°C, VSS = +5V ± 5%, VGG = -7V ± 5%) 

Parameter Conditions Min. Typ." I Max. Units 

INPUT SPECIFICATIONS 

ENIN, NHOLD, NRST, SENSE A, 
SENSE B, SIN, DBO·DB7 
(TTL Compatible) (Note 2) 

Logic "1" Input Voltage VSS -1 VSS + 0.3 V 

Logic "0" Input Voltage VSS -10 0.8 V 

Pullup Transistor "ON" Resistance VIN = (VSS - l)V 7.5 12 k.l1 
(Note 2) 

Logic "0" Input Current VIN = OV -1.6 mA 

BR EO (Note 3) 

Logic "1" Input Voltage VSS -1 VSS + 0.3 V 

Logic "0" Input Voltage 0.8 V 

Xl, X2 (Note 4) 

Logic "1" Input Voltage 3.0 VSS + 0.3 V 

Logic "0" Input Voltage 0.4 V 

Logic "1" Input Current VIN = 3.0V 5.0 mA 

Logic "0" Input Current VIN = 0.4V -5.5 mA 

Input Capacitance 10 pF 
(All pins except V GG and VSS) 

Supply Current 

'GG ("'TW""'.'" ) T A = O°C, loads on all outputs: 100 135 mA 
ISS Normalized IGG [and ISINK = 1.6mA 90 125 mA 

Issl Versus Ambient ( See diagram, Simulated) 
Temperature on page 6. Current Load, on page 6. 

OUTPUT SPECIFICATIONS 

BREO (Note 3) 

Logic "1" Output Current VOUT = (VSS -l)V -2.0 mA 

Logic "0" Output Current VGG';; VOUT';; VSS ±10 JJA 
External Load Capacitance 50 pF 

All Other Outputs 

Logic "1" Output Voltage lOUT = -80/lA VSS-l V 
lOUT = -200/lA 2.4 V 

Logic "0" Output Voltage lOUT = 1.6mA 0.4 V 

Logic "0" Output Current VOUT= -0.5V 4.0 mA 

Logic "0" Output Voltage lOUT = OmA (unloaded) -3.0 -0.7 V 

-Typical parameters correspond to· nominal supply voltage at 25°C. 

Data sheets on pages 3-02 through 3-010 reproduced by permission of National Semiconductor Corporation. 
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SC/MP 
electrical characteristics (TA = ODC to +70DC, Vss = +5V ± 5%, VGG = -7V ± 5%) (continued) 

Parameter Conditions Min. , Typ.-' Max. Units 

TIMING SPECIFICATIONS (Note 5) 

T x (Notes 4 and 6) 1.0 10.0 tJS 
820pF ± 10% across X1 & X2 1.0 4.0 IJS 

f res crystal with equivalent series 900 1000 kHz 
resistance';;; 600n 

Address and Input/Output Status 
(See figures 5 and 6.) 

To1 (ADS) (3T x/2) - 150 3Tx12 (3T xl2) + 200 ns 

TW(AoS) (Tx/2) - 260 ns 

TS (AooR) (Txl2) -300 ns 

TH (AooR) 30 60 ns 

TS(STAT) (Tx/2) -300 ns 

TH (STAT) 30 60 ns 

Data Input Cycle (See figure 5.) 

TO (RoS) -80 -50 ns 

TW(RoS) (3T x/2) - 400 ns 

TS(Ro) 300 ns 

TH(Ro) 0 ns 

TACC(Ro) 2Tx -400 ns 

Data Output Cycle (See figure 6.) 

TO (WOS) Tx - 250 ns 

TW(WoS) Tx - 260 ns 

TS(Wo) (Txl2) -300 ns 

TH(Wo) 60 100 ns 

Input/Output Cycle Extend 
(See figure 7.) 

TS (HOLD) 300 ns 

To1 (HOLD) 300 ns 

To2 (HOLD) 500 ns 

TW(HOLo) 00 ns 

8us Access (See figure 4.) 

TO (ENOUT) 300 ns 

To2(AoS) (Tx/2) - 350 Tx+600 ns 

OUTPUT LOAD CAPACITANCE 

External Load Capacitance 75 pF 

'Note 1: Maximum ratings Indicate limits beyond which permanent damage may occur. Continuous operation at thasa limits II not intended and 
Ihould ba limited to tho .. condition. spaclfled under electrical characteristics. 
Nota 2: Pullup transistors provldad ori chip for TTL compatibility. 
Note 3: BREQ II an Input/output signal that requlra. an external resistor to VGG or ground. 
Nota 4: X, and X2 are mastar timing inputs that are normally connected to 81a megahertz crystal or an extemal capacitor to control the frequency 
of tha on-chip oscillator. 
A hermetically sealed quartz crystal is recommended. The crystal must be 8 series-resonant type and its equivalent series resistance must not Bxceed 
600 ohms. Suppression of third harmonic oscillations may be required depending on the characteristics of the crystal. Typically. a SOO-picofarad 
capacitor acroll pin X, or X2 and an AC ground mlnlml ... third harmoniC effects. 
If UH of an external oscillator Is desired. the t;:irc:uit shown in figure 3 or an equivalent may be used. 
Note 6: All tlma. measured from valid logiC "0" or logic ·""Ievel. 
Note 8: T x il tha tlma period for ona ,cloc~ cycla of tha on-ci;lp' or axtarnal'oscillator. Ratar to pa."graph tltlad Timing Control for detailed 
daflnltlon.' , 

• Typical paramaters correspond to nominal supply voltage at 25" c. 
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SC/MP 
DRIVERS AND RECEIVERS 

Equivalent circuits for SC/MP drivers and receivers are 
shown below. All inputs have static charge protection 
circuits consisting of an RC filter and voltage clamp. 
These devices still should be handled with care. as the 
protection circuits can be destroyed by excessive static 
charge. 

I puu·", ~VG8 

... ~~ 
! ~f-" I I .. • .. 1 .. ""'1 

: va va ~H':· "': 
=~ MDUI1 

I 1 I L ________________ ~ _____ ~ 

m- IIIPIITPAOTICTION .......... "",,-.ft-1!r
va 

SCIMP Drl .... and R_ivar Equlvalont Circuits 

B. BREQ. ENIN. and ENOUT Timing 

ENIN~r~J:® 
I I I 

SUPPL V CURRENT DATA 

Below are the two diagrams referenced from the para· 
metric specification for the supply current. page 2. 

CL 

I7&PF' .,.. 

'INCLUDES JIG CAPACITANCE. 

II! 

5 
! 
I 
I! 
li 

1111 .... 
~~ .... 
gg 

Simulated Current Load 

1.0 

0.1 

D.I 

GA 

D.Z 

-20 10 40 ID MID IIID 

AMBIENT TEMPERATURE rCl 
TVPICAL PLOT OF NORMALIZED 101 lAND ISS! 

VERSUS AMBIENT TEMPERATURE 
DCPOWl!R'IOI' VGG+ISS'VSS 

BRED : : ",.a,---------,., 
~l _I L22 _11_ 2~' ~lz-.2 -----
ToIENDUTI--. 8~TD IENDUTI ~2 ® 

ENOUT ~~(i) <D'-..t'~2 __ ....,,.-__ ....,.... __ .....J1 \,-__ _ 
'.TD2 IAOS,., 

:V 22 
NADS 

I 

NRDWNWDS~~ V~~ 

Note 1: ENOUT goes high to indicate that SC/MP was granted access to bus (EN I N highl but is not using bus. 
Note 2: ENOUT goes low in response to low EN IN input. 
Note 3: SC/MP generates bus request; bus access not granted because ENIN low. 
Note 4: ENIN goes high. Bus access now granted and input/output cycle actually initiated. If ENIN is set low while SC/MP 
has access to the bus. the address and data ports will go to the high·impedance (TRI·STATE®) state. but BREa will remain 
high. When ENIN is subsequently set high. the input/output cycle will begin again. 
Note 5: I/O cycle completed. ENOUT goes high to indicate that SC/MP granted access to bus but not using bus. If ENIN had 
been set low before completion of input/output cycle. ENOUT would have remained low. 
Note 6: ENOUT goes low to indicate that system busses are available for use by highest·priority requestor. 

FIGURE 4. Bus Ac_ Control 
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SC/MP 

BRED .-11 
I 
I 

ENOUT\ r 
I------~~------------~ r-T01IADS)-I·TWIAOS)~ 

NAOS 

AOl1·AOQD __ _ 

TSISTATI-I 

081·080 

N V: 
I_TSIADOR) I 

I I 
1.1 

I ADDRESS 
I AND STATUS 

ADDRESS VALID 

-I If THIRD) 

: \ VI 1W£j% NROSEJ~ 
II ... ..------TACCIRO! ~ rTSIRO)~1 

/-TWIROSI_I 

Note: Timing is valid when ENIN is wired high or is set high. before BREQ is set high by SC/MP; see figure 4 for NADS 
timing when ENIN is set high after BREQ. 

BRED -.Ii 
I 

FIGURE 5. SC/MP Data Input Timing 

ENOUT ~~ __________ ~ _________________ --J~ 
I_T01IAOS)_I.TwIAOS)~1 

NAOS ~~ V: 
---..1 I_TSIAOOR) I 

AOl1'AODD~_ I I I 
ADDRESS VALID ~% I I I 

TSISTATI-l 1-- -l I-TH ISTAT) -I 
DB7·DBD ADDRESS WRITE DATA VALID AND STATUS I 

/-TsIWOI-l -I 
NWOS~£~ I \ / ~%%8 I 

I .. TO IWDSI ~I .. ~ 1 TwIWOS) 

FIGURE 6. SCIMP Data Output Timing 
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SC/MP AND INS8060-SC/MP II 

BREO~ 

ENDUT \ 

NADS 

NHOLD 

NRDSI 
NWDS 

'L 
I-TD2IHDLDI-l 

: 1 
I 
1 

I-TW IHDLDI..l 1 

~~':-TD-'-IH-DL-D-'--------------------
1-1 l-t 

\ 
~TS IHDLDI~ r - - - TV· 

I NOTE 1 I 
~---~~1~2 -~. 

Note: Dashed trailing edge of NRDS/NWDS indicates normal strobe timing when NHOLD is not active. 

fiGURE 7. Extended Input/Output Timing 

Applications Absolute Maximum Ratings (Note 1) 

· Test Systems and Instrumentation · Process Controllers Voltage at Any Pin ............. -0.5V to +7.0V 

· Machine Tool Control · Terminals 
Operating Temperature Range ........ O°C to +70°C · Small Business Machines · Traffic Controls 

· Word Processing Systems · Laboratory Controllers Storage Temperature Range ....... _65°C to +150°C 

· Educational Systems · Sophisticated Games 

· Multiprocessor Systems · Automotive Lead Temperature (Soldering, 10 seconds) ..... 300°C 

DC Electrical Characteristics(TA ~ o°c to +70°C, VCC ~ +5V ± 5%) 

Parameter I Conditions I Min. I Max. I Units 

INPUT SPECIFICATIONS 

All Input Pins Except VCC and GND 
Logic "I" Input Voltage 2.0 VCC V 

Logic "0" Input Voltage -0.5 O.S V 

I nput Capacitance 
(All pins except VCC and GND) 10 pF 

Supply Current TA = 25°C 
ICC outputs unloaded 45 mA 

TA = O°C 
outputs unloaded 50 mA 

OUTPUT SPECIFICATIONS 

"TRI·STATE®" Pins (NWDS, NRDS, 
DBO- DB7, ADOO-AD11) 

Logic "I" Output Voltage lOUT = -100/lA 2.4 V 

Logic "0" Output Voltage IOUT= 2.0mA 0.4 V 

NADS, FLAG 0 - 2, SOUT, NENOUT 
Logic "I" Output Voltage lOUT = -100/lA VCC-l V 

Logic "I" Output Voltage IOUT=-lmA 1.5 V 

Logic "0" Output Voltage lOUT = 2.0mA 0.4 V 

NBREQ (Note 21 
Logic "0" Output Voltage lOUT = 2.0mA 0.4 V 

Logic "I" Output Current O';;;VOUT';;;VCC ±10 !lA 

XOUT 
Logic "I" Output Voltage lOUT = -100/lA 2.4 V 

Logic "0" Output Voliage lOUT = 1.6mA 0.4 V 
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INS8060-SC/MP II 

AC Electrical Characteristics [TA; oOe to +700 e, Vee; +5V ± 5%,1 TTL Load (Note 3)J 

Parameter Conditions Min. Max. Units 

fx 0.1 4.0 MHz 

R - 240n ± 5% (figure 2B) 2.0 4.0 MHz 
e; 300pF ± 10% 

Te (Note 4) 500 ns 

Microcycle 1 !-lS 

External Clock I nput (see figure 2A) 
TWO 120 ns 

TWl 120 ns 

XOUT/ADS Timing Relationship 
(see figure 3) 

TH (ADS) 100 225 ns 

Address and I nput/Output Status 
(see figures 5 and 6) 

TDl (ADS) 3Te/2 ns 

TW (ADS) (Te/2) - 50 ns 

TS (ADDR) (Te/2) -165 ns 

TH (ADDR) 50 ns 

TS (STAT) (Te/2) -150 ns 

TH (STAT) 50 ns 

TH (NBREQ) 0 ns 

Data I nput Cycle (see figure 5) 
TO (RDS) 0 ns 

TW (RDS) Te+ 5O ns 

TS (RD) 175 ns 

TH (RD) 0 ris 

TACe (RD) 2Te --200 ns 

Data Output Cycle (see figure 6) 
TO (WDS) Te -50 ns 

TW (WDS) Te ns 

TS(WD) (Te/2) - 200 ns 

TH (WD) 100 ns 

Input/Output Cycle Extend 
(see figure 7) 

TS (HOLD) 200 ns 

TDl (HOLD) 130 275 ns 

TD2 (HOLD) 350 ns 

TW (HOLD) 00 ns 
TH (HOLD) 0 ns 

Bus Access (see figure 4) 
TO (NENOUT) 150 ns 

TD2 (ADS) Te12 3TC/2 ns 
TH (NENIN) 0 ns 

Output Load Capacitance 
XOUT 30 pF 
All Other Output Pins 75 pF 

Note 1: Maximum ratiogs indicate limits beyond which damage may occur. Continuous operation at these limits is not intended and should be 
limited to those conditions specified under electrical characteristics. 

Note 2: NBREQ is an input(output signal that requires an ex~ernal resistor to Vee. 
Note 3: All times measured from valid Logic "0" level = 0.8 V or valid Logic "1" Jevel '" 2",0 V. 

Note 4: TC is the time period for two clock cycles of the on-chip or external oscillator (TC = 2/f xl. Refer to paragraph titled Timing Control 
for detailed definition. 

Note 5: All times measured with 8 50% duty cycle on the external clock. 
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INS8060-SC/MP II 

The ~ime interval of a microcycle is four times the period of the oscillator; that is: 
period of one microcycle = 2TC 

TC = 2(_1_) = 2(-1-) = 2(_1_) 
fosc f res fXIN 

where: 
TC = time period for two cycles of on·chip or external oscillator 

fosc = frequency of on·chip oscillator 
f res = resonant frequency of crystal connected between XIN and XOUT pins 

fXIN • frequency of external clock applied to XIN pin 

A. External Clock Input C. Crystal with Low-Puo Filter IAbo .. , MHzl 

EXTERNAL D~R 
CLOCK -V-

OPTIONAL 
DRIVER 

OPTIONAL •• 
WJ9~ - ---04:,:---

XIN 

SCIMP 

XOUT 
L...-_ .... 

SCIMP 

XIN XOUT 

OPTIONAL 
DRIVER EXTERNAL CLOCK PARAMETERS 

rw~ 
• ':':~ __ O~m-~~L 

~. CLOCK 

XIN 

B. Resistor-Capa.ltor F .... back Network 

SCIMP 

XIN XOUT 

OPTIONAL 
DRIVER 

R R _, OPTIONAL 

i c 

V~-· SlLSJ9~ 

I C 
NOTE: lOU<R<2k 

'= 

Typical Oscillator Frequency 
VI RC Time Constant 

2000 r-r-r-r--'-''-'---'---'II"TT--'1 
IBOO 1--+-++-+-+-1-1-1-+-1 
16001-+-+-HH-I-I1-I+j -+--1 

! 1400 1-+-+--1f-+-+-+-II-+-+--1 

i 1200 1-+-+-+-+-+-+V-A--+-+-1 

1000f-+-~~-+-+~~1-+-+-1 

! ,00 
u 600 1--+-+-+-t~I-+-+-+-+--i 
II: 400 1-+-+I...,...,"/+-+++-+--+---1 

200 , 

00 0.2 0.4 0.6 O.B I.D 1.2 1.4 1.6 I.B 2.0 

CLOCK PERIOO IIIIMHzl 

FIGURE 2. Frequency Control Networks for On-Chip Oscillator 

Suggested values for Crystal with Low·Pass Filter Network. 

Crystal 

2MHz 
3.58MHz 
4MHz 

Rp 

100kO 
100kO 
100kO 

Cl 

56pF 
27pF 
27pF 

Rl 
lkO 
lkO 
lkO 

XTAL is parallel resonant with maximum series resonance aqual 
tolkO. 

D. Crystal with Low·P ... Filter I' MHz or Belowl 

XIN 

3-08 

SCIMP 

Rp 

XOUT 

OPTIONAL 
DRIVER 
":':, .. ___ O~m-~~L 
~. CLOCK 

XOUT\ 1\ / 
~~~ 

NADS L.--J 
FIGURE 3. XOUT/NADS Timing Relationship 



INS8060-SC/MP II 

N'NIN~~£ I 
, ~ kTH(N'NI~1 

---(2 : 12 I 2~ ®I,. r2~------
H.REO , I ®\ I 
~81: ;prN.NOUT ..... I -'-------+I,I,...I<VV·~2 ----

N.NOUT ~~ 

I.T02 (AOS~ I 
: 'U I 
I I 

~I II 
NADS 

NRO~OS~~ V~~ 
B. NBREQ, NENIN, and NENOUT Timing 

Note 1: NENOUT is always high while SC/MP is actually using bus; that is, NENIN input and NBREQ output are low. 
Note 2: When SC/MP is not using bus (NBREQ output or NENIN input high), NENOUT is held in same state as NENIN input. 
Note 3: NENOUT goes low to indicate that SC/MP was granted access to bus (NENIN low) but is not using bus. 
No_te 4: NENOUT goes high in response to high NENIN input. 

Note 5: SC/MP generates bus request; bus access not granted because NENIN high. 
Note 6: NENIN goes low. Bus access now granted and input/output cycle actually initiated, If NENIN is set high while SC/MP has access to 
the bus. the address and data ports will go to the high-impedance (Tri-State®) state. but NBAEO will remain low. When NENIN is subsequently 
set low. the input/output cycle will begin again. 
Note 7: Input/output cycle completed. NENOUT goes low to indicate that SC/MP granted access to bus but not using bus. If NENIN had been 
set high before completion of input/outPu~ cycle. NENOUT would have remained high. 

FIGURE 4. BUI Access Control 

NBR.Q \'-___________________ +-~r 
TH (HSR.OI-!---l 

H.NDUT ~ 
I_TDlIADSI~TW(AOSI~ 1"-

I 

NADS 

--l 
ADl1.ADDD~~ 

TS ISTATI--.f 

DB1·DBa 

NRDSEJ~ 

~: V: 
/-TS(ADORI I 
I I 
I I 

I-- -I 
I ADDRESS 
I AND STATUS 

ADDRESS VALID 

-lifTHIRDI 

: \ V~~ 
t-, .. ------TACCIRD! "'.TS(RDI~ 

t--TWIROSI--I 

Note: Timing is valid when NENIN is low before NBREQ is set low by SC/MP; see figure 4 for NADS timing when NENIN is 
set low after NBREQ. 

FIGURE 5. SC/MP Data Input Timing 
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INS8060-SC/MP II 

NBREO\! r 
~'I--------------------------------------------------------------------------------~-----~' 

TH INBREO}1-/ 

NENOUT --.II II '--I __ TDIIADS}---J.TWIADS}~ I 

NADS f\~ V: 1 

_I I·TsIADDR} 1 I 
ADII'ADDDE;8 I: : ADDRESS VALID E~ 

OB7·DBO 

TSISTATl-f ~ -I f.-THISTATl -II-THIADDR} 

~~~~~~~--------~ 
ADDRESS 

AND STATUS WAITE DATA VALID I 
I 

i---TsIWD}-i -I 
NWDS __ 

I \'---...JI;"';'t?2""";'Z~£Jm~ 
1-1 .... -----TD IWDS}-----.... ~If.o.o--.... +I TW IWDS} 

FIGURE 6. Data Output Timing 

NO EXTENSION OF INPUT/OUTPUT CYCLE 

NBRED \I.. ________________________________ --Jr-
NHDlD NHOLO CAN CHANGE NHOLO CAN CHANGE 

NRDSlNWDS \I...--__ ---J 

EXTENSION OF INPUT/OUTPUT CYCLE 

NBREQ \ ;---

~. ------------------~----~, !-10ZIHOlO)-t 

NHOLD NHOLO CAN CHANGE \ ( \ NHDlD CAN CHAN.' 

~ 15IHOLOI-1 1011HOlO) t---f---I 1H(HOLO) 

I !j--(iJ---j 
NRDS/NWDS \ 

Note 1: In order to extend the input/outPUt cycle. NHOLD must remain low until the point where NRDS/NWDS would have made 8 

low-ta-high transition with NHOLD inactive. Dashed line indicates the trailing edge of NAOS/NWDS when NHOLO is not active. 

FIGURE 7. NHOLD Timing 
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Chapter 4 
THE aOaOA 

The 8080A is the most widely known of the microcomputers described in this book: as such. it becomes the 
frame of reference in many peoples' minds as to what a microcomputer should be. 

The 8080A CPU Is the direct descendant of the 8008. which was developed to Datapoint's specification for a 
device that would provide intelligent terminal data processing logic. 

It should be borne in mind that the 8080A was designed as an enhancement of the 8008. at a time when no 
definable microcomputer user public had established Itself: therefore. many of the design features in the 8080A 
can be looked upon as astute shots in the dark. The success of this microcomputer is due either to the farsighted genius 
of its designers. or to the fact that the power of most microcomputers so overwhelms the needs of microcomputer ap
plications. that CPU design becomes almost irrelevant when compared to product costs and product availability. 

An enhanced version of the 8080A. the 8085. Is now available. The 8085 is described along with its support 
devices in Chapter 5. Note that in many cases it will be possible to use 8080A support devices with the 8085 CPU. 
You are unlikely to use 8085 support devices with the 8080A; if your design is new enough to be looking at the 8085 
support devices. then in all probability you would be using the 8085 CPU in preference to the 8080A. 

There is also a family of one-chip microcomputers currently available from Intel only - the 8048 family. Where 
the 8085 is an enhancement of the 8080 with many similarities. the 8048 is a somewhat different product. The 
8048 devices are described in Chapter 6. 

The 8080A has more support devices than any other microprocessor on the market today. A few of these support 
devices are specific to the 8080A; however. the majority of them are used just as easily with almost any 
microprocessor. Only devices specific to the 8080A are described in this chapter; devices that can be used with any 
microprocessor are described in Volume 3. The following is a list of 8080A support devices: a • at the left margin 
Identifies a device described in this chapter. while an • in the left margin identifies a device which is described 
In Volume 3. 

• The 8080A/9080A CPU 

• The 8224 System Clock Generator and Driver. This device generates timing signals for the entire 8080A 
microcomputer system. 

• The 8228 System Controller (SC). This device demultiplexes the data lines of the 8080A CPU which are used 
for bidirectional data transfer and to output control and status signals. 

• The 8251 and 8251A Serial I/O Communication Interface. which provides a variety of synchronous and 
asynchronous serial data communication options. 

• The 8273 SDLC Protocol Serial I/O Controller. 
• The ,",PD379 and the ,",PD369. These devices provide synchronous and asynchronous serial I/O interfaces. 

respectively. 
• The 8255 and 8255A Parallel I/O interfaces. which provide programmable parallel I/O communication with ex

ternal devices. 
• The 8212 Input/Output port. which can be used as an address buffer/decoder. a priority interrupt arbitrator. or 

an I/O peripheral Interface. 
• The 8257 Direct Memory Access control device. which enables data to be transferred between memory and 

external logic. bypassing the CPU. 
• The 8253 Programmable Timer. which is accessed as an I/O device to create delays and timed pulses. 
• The 8259 Priority Interrupt Control Unit. which arbitrates priority among eight interrupts and creates appropri

ate CALL instructions in response to an interrupt acknowledge. 
• The 8214 priority interrupt device. which allows a number of interrupt requests to be received and processed 

under program control. 
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• The 8206,8216 and 8226 address buffer decoders, which provide the logic needed to decode address spaces 
out of the 8080A address lines. 

• The 8271 Programmable Floppy Disk Controller. This device provides a good deal of the logic needed to inter
face a floppy disk to a microprocessor. 

• The 8276 Programmable CRT Controller. This device provides a great deal of the logic needed to Interface in
dustry standard CRT terminals to a microprocessor. 

Table 4-1 lists the sources for each of the products described. Device numbers in each column are the individual 
manufacturers' device numbers. which may differ for the same device. 

Table 4-1 Devices of the 8080A Microcomputer Family 

DEVICE AMD INTEL NEC TI NS SIGNETICS··· 

8080A 9080A" 8080A 8080A TMS 8080A B080A 8080A 
8224 8224 8224 8224 SN74LS424 8224 8224 
8228 8228/38 8228/38 8228/38 SN74S428 8228/38 8228/38 
8251 9551· 8251 8251 

"PD379 

9555· 
"PD369 

8255 8255 8255 8255 
8214 8214 8214 

8216/26 8216/26 8216 
8205 25LS138· 8205 
8212 8212 8212 8212 SN74S412 
8253 8253 8253 
8259 8259 8259 
8257 8257 8257 

TMS 5501 TMS 5501 

• Some parameters vary. but pin-for-pin compatible 
•• Five CPU options are available offering clock speeds as fast as 250 ns. and wide temperature ranges 

••• Signetics second sources National Semiconductor products 

Companies manufacturing these microcomputer devices are: 

INTEL CORPORATION 
3065 80wers Avenue 

Santa Clara. CA 95051 
ADVANCED MICRO DEVICES 

901 Thompson Place 
Sunnyvale. CA 94086 

TEXAS INSTRUMENTS INC 
P.O. 80x 1444 

Houston. TX 77001 
NEC MICROCOMPUTERS INC 

5 Militia Drive 
Lexington. MA 02173 

NATIONAL SEMICONDUCTOR CORP 
2900 Semiconductor Drive 

Santa Clara. CA 95050 
SIGNETICS 

811 East Arques Avenue 
Sunnyvale. CA 94043 

SIEMENS A.G. 
Components Group 

8alanstrasse 73. D8000 
Munich 80. West Germany 

Siemens is manufacturing the 8080A family of devices in Europe with the active support of Intel. AMD is an 
authorized second source; however, moat of their products were developed prior to the second source agree
ment. All other 8080A manufacturers are unauthorized. In consequence, some differences exist between Intel 
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and second source parts; differences are in some cases designed by the second source manufacturer. while In 
other cases differences are accidents. Differences we know about are described. 

The 8080A uses three levels of power supply: +6V. +12V and -6V. 

Using a 600 ns clock. instruction execution times range from 2 to 9 ILsec. 

All 8080A devices have TIL compatible signals. 

THE 8080A CPU 

Of the BOBOA devices available on the market. 'tha NEC IOIOA Is the only ana that differs significantly from the 
Intel BOBOA. The NEC 8080A is advertised as "an upward enhancement". Some of the NEC 8080A upward enhance
ments result in programs written for Intel 8080A not executing correctly on the NEC 8080A; therefore you shoilid 
check carefully for incompatibilities when using the NEC 8080A. NEC now manufactures an exact BOBOA reproduc
tion as well; be sure you select the correct product if you buy from NEC. 

Most differences between Intel and second source 8080A devices pertain to maximum clock frequency. environmental 
constraints and electrical' characteristics. For details see the data sheets at the end of this chapter. 

Functions implemented on the BOBOA CPU are illustrated In Figure 4-'; they represent "typical" CPU logic. Tile 
8080A has an Arithmetic and Logic Unit. Control Unit. Accumulator and registers. 

N-Channel. silicon gate MaS technology is used by all 8080A manufacturers. 

The two most noticeable features of the BOIOA CPU are the exclusion of clock logic and bus Interface logic 
from the CPU chip. 

The need for a separate clock logic chip simply reflects the fact that the 8080A was a relatively early microprocessor. 
Other microprocessors developed at the same time also required external clock logic. 

Bus interface logic must also be provided externally since the 8080A outputs an inadequate set of control signals. 
These control signals are augmented by instruction status information output on the Data Bus. External bus interface 
logic must combine the control signals with the instruction status signals to create an adequate Control Bus. 

These characteristics of the 8080A CPU are described in detail on the following pages. 

The BOB& CPU Incorporates clock logic and bus interface logic onto the CPU chip. 

8080A PROGRAMMABLE REGISTERS 
The 8080A has seven 8-bit programmable registers. a 16-bit Stack Pointer. and a 16-bit Program Counter. These may 
be illustrated as follows: 

.. 
I 
D 
H 

SP 
PC 

W , 
E 
L 

Program Status Word l These two sometimes 
Primary Accumulator r treated 88 a 16-bit unit 
Sacondary Accumulators/Data Counter 
Secondary Accumulators/Data Counter 
Secondary Accumulators/Data Counter 
Stack Pointer 
Program Counter 

The A register is an 8-bit primary Accumulator. The remaining six Accumulator registers may be treated as six in
dividual. 8-bit secondary Accumulators. or else they may be treated as three. 16-bit Data Counters. which we will refer 
to as BC. DE. and HL registers. The 16-bit HL register is the primary Data Counter. and provides the implied memory ad
dress for most memory reference instructions; a limited number of memory reference instructions use the BC and QE 
registers as Data Counters. 

The 8080A uses a memory Stack. addreSsed by the Stack Pointer. 
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Programmable 
Timers 

I/O Ports 

Figure 4-1. 'The 8080A CPU. 8224 Clock and 8228 System Controller. 
Forming a Three-Device Microprocessor 

8080A ADDRESSING MODES 

_S08OA _S224 
~S228 

The memory addressing used by the 8080A is very straightforward: direct addressing and implied addressing are pro
vided. 

The most frequently used memory addressing mode is implied addressing. via the HL register. 
This was the only memory addressing mode available on the predecessor microcomputer. the 
8008. 
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Register-register Move. and Register-register Operate instructions allocate three bits to specify one of eight registers; 
since there are only seven registers. the eighth code becomes a memory reference specification. using implied address
ing via the HL register. as fOllows: 

3 2 1 O ............ BitNo. 

I I I II 

L 000 B specifMKI 

001 C specified 

010.D specified 

011 E specified 

100 H specified 

101 L specified 

110 Memory reference via HL 

111 A specified 

With one exception, direct addressing Is the only addressing mode provided for Jump and 
Branch instructions; the exception is the instruction with the mnemonic PCHL. which provides a 
jump using implied addressing. Direct acidr.sslng is also available for a limited number of 
memory reference instructloris. All direct addressing instructions are three bytes long; a 
two-byte '16-bit) direct address is always specified. 

8080A STATUS 
The 8080A has a Status register with the following status flags: 

Zeto (Z) 
Sign (S) 
Parity (P) 
Carry (C) 
Auxiliary Carry (AC) 
SUB. present in the NEC 8080A only 

8080A 
DIRECT 
ADDRESSING 

These status flags may be accessed by some instructions as a single Program Status Word (PSW). PSW bits are 
assigned as follows: 

7 6 5 ... 3 2 1 0 ~ Bit No. 

Isl~IXI\lxl plxlcl 

f' I I 
""--------~-SUB (NEe 8080A only) 

Unassigned 

Instructions that access register pairs treat PSW and the Accumulator as a register pair. 

The 8080A uses its Sign status as described for the hypothetical microcomputer in Volume 1. Chapter 7. 

The Carry status is not completely standard. When an addition instruction is executed. any car- CARRY 
ry out of the high-order bit causes the Carry status to be set to 1. while no carry causes the Carry STATUS 
status to be reset to O. This is standard Carry logic. also known as Add Carry logic. When a BORROW 
subtraction instruction is executed. however. the Carry logic is inverted. LOGIC 
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A subtraction is actually the twos complement addition of the subtrahend to the minuend. The use of the Carry status 
is different: if there is a carry out of the high-order bit. then the Carry status is reset to 0; if there is no carry out of the 
high-order bit. then the Carry status is set to 1. This philosophy is known as Borrow Carry logic and is used only during 
subtraction operations. Here are illustrations of the two philosophies: 

Hexadecimal Binary Twos Complement 

241C 

·1 6A 7 

0075 

Add Carry Logie Borrow Carry Logic 

1 No carry) No c~ 

o~ 11111111 

00 100 1 00\000 1 1 1 00 00 1001 00 000 1 1 1 00 

(

11101001 0101 1001)~1 1 101010 010191001 

00001101 01110101 00001101 01110101 
~~~~ 

00 75 00 75 

Ones Twos Twos complement 

complement complement individual 

of high_ of low_ bytes without 

order order regard to byte 

byte byte order 

In a CPU which uses Add Carry logic. the twos complement of the low-order subtrahend byte is added to the minuend 
low-order byte. However. the ones complements of higher order subtrahend bytes are added to minuend bytes when 
the CPU executes a "Subtract with Carry". This logic adds the unaltered Carry status. This is equivalent to initially 
assuming that there is no carry from the lower order byte: if there is a carry from the lower order byte. then the ones 
complement addition is incremented. 

In a CPU which uses Borrow Carry logic. the twos complement of every subtrahend byte is added to every minue.nd 
byte. irrespective of whether we are dealing with the low-order or any other subtrahend byte. This is equivalent to 
assuming that there will always be a carry from the lower order byte - hence the twos complement add. If there is no 
carry. the sum must be decremented. When a lower order byte borrows from the next high-order byte. there will be no 
carry; therefore. no carry causes the Carry status to be set to 1. However. the "Subtract-with-Carry" instruction 
subtracts the 1 Carry status from the result rather than adding it. 

The Auxiliary Carry status is set and reset by the NEC 8080A following execution of any 
subtract instruction to correctly indicate whether a borrow from bit 4 occurred during the 
subtraction. The Intel B080A uses the Auxiliary Carry at all times to indicate a carry out of bit 3 
following addition. The AMD 9080A always clears the Auxiliary Carry status following ex
ecution of a Boolean instruction; the Intel 8080A sometimes does and sometimes does not. 

8080A CPU PINS AND SIGNALS 
8080A CPU pins and signals are illustrated in Figure 4-2. 

AMD 9080A 
STATUS 
DIFFERENCE 

The 16 address lines AO - A 16 output memory and 1/0 device addresses. These are tristate lines. and may be 
floated. giving external logic control of the Address Bus. 

The eight Data Bus lines DO - 07 are multiplexed, bidirectional data lines via which 8-bit data units are input 
and output, and on which statuses are output during the first clock period of any machine cycle; statuses on the 
Data Bus identify events which are to occur during the balance of the machine cycle. as described in Table 4-2. Like 
the address lines. the data lines are tristate. 

Remaining signals (excluding power and ground) may be divided into timing controi, Data Bus definition, and in
terrupt control signals. 

These are the timing control signals: 

A device which cannot respond to a CPU access request within the allowed time interval 
extends the time interval by pulling the READY input control low. In response to READY low. 
the 8080A enters a Wait state. during which the CPU inserts an integral number of clock periods; 
WAIT is output high, and all operations are suspended within the CPU, but the address re
mains stable on the Address Bus. 

8080A 
TIMING 
CONTROL 
SIGNALS 

CPU logic can be stopped between the end of one instruction's execution, and the beginning of the next, by inc 
putting a high level on HOLD. This causes the CPU to float the Data and Address Busses. allowing external logic to ac
cess these busses. usually to perform direct memory access operations. 
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The CPU responds to a HOLD request by outputting a Hold Acknowledge. HLDA. high; this signal can be used by 
external logic to identify the beginning of the time when the CPU has actually floated external busses. and external 
logic can take control of the microcomputer system. 

RESET is a typical reset signal; if held high for a minimum of three clock periods. it will zero the contents of all 
registers (excluding the status flags which maintain previous values). thus causing program execution to start with the 
instruction stored at memory location 0000. 

Two signals identify the condition of the Data Bus: 

When DBIN is output high. data from an addressed memory location. or I/O port. must be 
placed on the Data Bus; DBIN may be used as a data input strobe. 

WR is output low when data on the Data Bus is stable; WR may be used as a write strobe. 

The two interrupt control lines are INT and INTE. An external device requests an interrupt by 
inputting INT high. The CPU uses INTE to indicate whether interrupts are enabled or disabled. 

8080A TIMING AND INSTRUCTION 
EXECUTION 

8080A 
DATA BUS 
DEFINITION 
SIGNALS 

8080A 
INTERRUPT 
CONTROL 
SIGNALS 

An 8080A instruction's execution is timed by a complex sequence of MACHINE CYCLES each of which is sub
divided into CLOCK PERIODS. 

An instruction's execution may require from 1 to 5 machine cycles. Machine cycles are labeled 
MC1. MC2. MC3. MC4 and MC5. 

A machine cycle is made up of 3. 4, or 5 clock periods: the first machine cycle of an instruction 
must have 4 or 5 clock periods. C lock periods are labeled T 1. T 2. T 3. T 4. T 5: 

8080A 
MACHINE 
CYCLES 

8080A 
CLOCK 
PERIODS 

Where MC is shaded. the entire machine cycle is optional. Where T is shaded. the clock period is optional within its 
machine cycle. 
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(VSS)GND 
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05 

06 

07 

03 
02 

01 

00 
(VBB) -5V 

RESET 

HOLD 

INT 

<112 
INTE 

DBIN 

WR 
SYNC 

(Vee) +5V 

PIN NAME 

°AO-AI5 

°00 - 07 

SYNC 

°DBlN 
°READY 

'WAIT 

°WR 
°HOLD 

°HLDA 
OINT 

°INTE 

°RESET 

«1>1. <112 
VSS,VDD,VCC,VBB 

°:rhese signals connect to the System Bus. 

1 

2 

3 
4 

5 
6 
7 
8 
9 

10 
11 8080A 

12 

13 
14 

15 
16 
17 
18 

DESCRIPTION 

Address Unes 

Data Bus Unes 

40 
39 
38 
37 

36 
35 
34 
33 

32 
31 

30 
29 

28 
27 

26 
25 
24 
23 

22 
21 

Machina Cycle Synchronizer 

Data Input Strobe 
Data Input Stable 
CPU In Wait Stete 

Data Output Strobe 

Enter Hold Stete 
Hold Acknowledge 

Interrupt Request 

Interrupt Enable 

Reset CPU 

Clock Signals 

Power and Ground 

All 

A14 

A13 

A12 

A15 

A9 

A8 

A7 

A6 

A5 
A4 

A3 

+ 12V(VDD) 

A2 
AI 

AO 

W~IT 

READY 

«1>1 
HLDA 

TYPE 

Output. Tristate 

Bidirectional. Tristate 

Output 

Output 

Input 

Output 

Output 

Input 
Output 

Input 

Output 

InpUJ 
Input 

Figure 4-2. 8080A CPU Signals and Pin Assignments 

CLOCK SIGNALS 
Two clocks. «111 and «112. provide the CPU with its timing. 

Figure 4-3 Illustrates the way In which clock signals «111 and «112 are used to generate a machine cycle consisting 
of five clock periods. A SYNC pulse Identifies the first clock period of every machine cycle. 

«1>1 JIl n ... __ ""n .. _~n,--_ ....... _-----!I 

<II2~1 _~I __ ~--~Il,--~f\~~t:--~r-\~--~~~l~ I i_I I 
SYNC t : .... _ ...... I~ ___ ....... ----...... I...---~ 

I I I 

I SYNC pulse identifies ~Iock period TIl 

Figure 4-3. A Machine Cycle Consisting of Five Clock Periods 
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A 9-segment clock is specified for the 8080A where the 411 and 412 signals are generated out of 9 segments as 
follows: 

I 2 3 4 5 6 7 8 9 
I I , , I 

4>1) l r 
1 I 

0112 , 1 I 
I 

I I 
1 I 

The following alternative segmentations will also work: 

2 3 4 1 5 I 6 7 8 
I I 1 
1 1 1 

4>1 J 1\ I l 
1 1 I 
I I l 0112 I 

I 
1 

I 1 

4>1 J \ r 
1 I 
I 1 

0112 I , 1\ 1 
I 
1 
1 

4>1..J. I' r 
I 1 

0112 I I ~ 1 
I I 
I I I 
I 1 I 

4>1J 
I :\ r I 

I I 1 
I 1 I \ 0112 1 I 

1 
I I 
I 
I 1 r 4>1 1. :\ 

I 
1 I 

0112 , ~ I 

Irrespective of the segmentation used. note that the total clock period time must remain the same. For example. sup
pose you have a 500 nanosecond clock; individual segments must be timed as follows: 

Number of Segments 9 8 7 6 5 
Duration of one segment 55.55 62.5 71.43 83.33 100.00 

(nanoseconds) 
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In summary. therefore. a clock period will normally have 9 segments. but may have 4. 5. 6. 7 or 8 segments. 

Note that the only time you ever need to know about clock segmentation Is when you are creating your own 
clock signals. If you use the 8224 Clock Signal Generator (described later in this chapter) you can ignore clock signal 
segmentation. 

Clock periods T1. T2 and T3 of each machine cycle are used (with one exception) for memory reference opera
tions. During periods T 4 and TS functions Internal to the CPU are executed. These two clock periods can be 
used by external logic for a limited number of approved operetlons that do not Involve the CPU: 

''----Operations internal to CPU 

'-------Memory reference operations 

The first three clock periods of the first machine cycle are always used to fetch an Instruction from memory. and 
load it into the Instruction register. The first machine cycle always has at least four clock periods. with the Program 
Counter being incremented during T4: 

-----Increment Program Counter 

T Operations intemal to CPU 

"------- Instruction Fetch 

The CPU identifies the operations that will occur during every machine cycle by outputting 
status Information on the Data Bus during clock period T2. External logic uses SYNC and the 
e111 pulse at the start of T2 to read status off the Data Bus. Timing is illustrated in Figure 4-4. 

If you are using an 8228 System Controller. it will decode status output on the Data Bus 

8080A 
INSTRUCTION 
STATUS 

during T2. By combining this status information with the three control signals: WR. DBIN and HLDA. the 8228 System 
Controller is able to generate a set of bus control signals which will interface industry standard memory devices and ex
ternal logic. 

If you are not using an 8228 System Controller. then you must provide external logic that decodes the Data Bus 
during e111 ofT2. Your external logic must genareta control signals which will be active during subsequent clock 
periods. at which time the Data Bus no longer holds status Information. 

<1>1 

SYNC 

Status on 

DMaBus ____ ~--~--------~~ .. ~------~------------~---------

Strobe to read status off Data Bus 
when ";1 and SYNC are both high 

Figure 4-4. Status Output During T2 of Every 
Machine Cycle 
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Table 4-2 defines the statuses which may be output during clock period T2. Table 4-3 defines the way in which 
statuses should be interpreted to identify the various possible types of machine cycles. 

SYMBOLS 

HLTA 

INTA' 

INP' 

OUT 

MEMR' 

M1 

STACK 

WO 

Table 4-2. Statuses Output Via the Data Lines During the Second 
Clock Cycle of an 8080A Machine Cycle 

DATA BUS 
BIT DEFINITION 

03 Acknowledge signal for Halt instruction 

DO Acknowledge signal for INTERRUPT request. Signal should be used to gate a 
Restart instruction onto the Data Bus when DBIN is active. 

D6 Indicates that the Address Bus contains the address of an input device and 
the input device should be placed on the Data Bus when DBIN is active. 

04 Indicates that the Address Bus contains the address of an output device and 
the Data Bus will contain the output data when WR is active. 

07 Designates that the Data Bus will be used for memory read data. 

D5 Provides a signal to indicate that the CPU is in the fetch cycle for the first 
byte' of an instruction. 

D2 Indicates that the Address Bus holds the pushdown stack address from the 
Stack Pointer. 

D1 Indicates that the operation in the current machine cycle will be a WRITE 
memory or OUTPUT function 'WO = 0). Otherwise a READ memory. INPUT 
operation. or interrupt or Halt acknowledge will be executed. 

'These three status bits can be used to control the flow of data onto the 8080A Data Bus. 

Z 
0 

~ 
~ 

~ c 
0 III II. 

II) i! ::;) 
III 1/1 

~ S :! 
CI 1/1 

00 INTA 

01 wo 

02 STACK 

03 HLTA 

D4 oUT 

05 M1 

D6 INP 

07 MEMR 

Table 4-3. Statuses Output on the Data Bus for 
Various Types of Machine Cycle 

TYPE OF MACHINE CYCLE 

% 

~ Q 
... ... ... 
E C!I Z ~ CI 

... ~ Q 0 C ~ ~ 
~ CI ; ~i ~ ; ~ il: > C 

::;) C C I-
CO 0 0 lie lie I- ::;) 

III ~ ~ u 

~ i ~ 
cz ... ... :! ~Ij i! ~ ~ II) i! 0 _c 

0 0 0 0 0 0 0 l' 

1 1 0 1 0 1 0 1 

0 0 0 1 1 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 

1 0 0 0 0 0 0 1 

0 0 0 0 0 1 0 0 

1 1 0 1 0 0 0 0 

(0) Identifies stetus outputs of the NEC B080A which differ from those of the Intel 8080A. 

This stetus is output as 0 by the NEC 8080A during a Coli instruction being executed within 

the intOlTUpt acknowledge process. 
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INSTRUCTION FETCH SEQUENCE 
Instruction fetch timing Is Illustrated In Figure 4-&; events occur.s follows: 

Period T1 The leading edge of «1»2 triggers the SYNC high pulse. identifying period T 1. 

WAIT is low. since the CPU is norin the Wait state. 

WR remains high since this is an instruction fetch cycle: data is not being written to memory. 
The leading edge of «1»2 is used to set selected Data Bus lines high. providing external logic with status 
information as follows: 
RIIWO (01) The CPU is expecting data input 
M1 (05) This is an instruction fetch period. 
MEMR (07) Data input is expected from memory. 

The leading edge of «1»2 is used to set the required memory address on the address lines AO to A15. 

Period T2 External logic uses the «1»1 pulse of time period T2 to read status off the Data Bus. The read status strobe 
may be created as follows: 

~ _______ ~D .. --------READ STATUS ~OBE 

Remember. if you are using an 8228 System Controller. it reads and decodes status for yciu. 

Immediately after status has been output on the Data Bus. the Data Bus is free to receive the instruction 
object code. The address for the instruction object code will be on the Address Bus: this address appears 
on the Address Bus during T 1. beginning with the rising edge of «1»2. The fact that status has been output 
and the Data Bus is free to receive the instruction object code is indicated by DBIN being pulsed high. 
The DBIN high pulse begins with the rising edge of «1»2 in T2 and lasts exactly one clock period. 

Period T3 While DBIN is high. external logic must place the addressed instruction code on the Data Bus. The CPU 
will store this data in the Instruction register -whence the Control Unit interprets it as an instruction 
code. 

The Data Bus is floated at «1»2 during T3. This means that the Data Bus has been disconnected from the 
CPU and can be used in any way by logic external to the CPU. 

Period T 4 The Address Bus is floated at «1»2 during T 4· 

,",e aOaOA uses 1, 2 and 3 byte Instructions. Each byte of a multlbyte Instruction requires Its own InstruCtion 
fetch. Exact timing for multi byte instructions is given later in this chapter. after the 8080A instruction set has been de
scribed. 

A MEMORY READ OR WRITE OPERATION 
SO far as external logic is concerned. there is no differerice between "read from memory" timing and instruction fetch 
timing - except that the M 1 status (05 oh the Data Bus) is high during an instruction fetch only. Figure 4-& therefore 
applies to a memory read operation also. 

Since a memory read operation Is executed during tIme periods T1, T2 and T3 of a machine cycle, the presence 
of a memory read operation In an Instruction's execution sequence will add one machine cycle to Instruction ex-
ecution time. . . 

Figure 4-8 shows timing and signal sequences for iii memory write operation. The signal sequences are Identical 
to the instruction fetch sequence with the exception that DBIN remains low during T2 and T3, and different 
status sigoals are output on the Data Bus during T 1. 

SEPARATE STACK MEMORY MODULES 
One IiOaOA CPU can access two memory modules with overlapping memory addresses: a stack memory 
module and a nonstack memory module. Overlapping memory addresses can be used by the two memory modules. 
since Stack status (02 high at eli1 in T2) can be used to select the stack memory. while lack of Stack status (02 low at 
«1»1 in T2) can be used to select nonstack memory. External logic milst decode the address as referencing stack or non
stack memory. 
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Note that the S22S System Controller does not generate a STACK control signal. Nevertheless. if you wish. you may im
plement separate stack and nonstack memory. with overlapping addresses; this requires your own status decode logic 
to isolate the Stack status. Such logic is quite simple. and may be illustrated as follows: 

SY:: ----ooooi~. ----- Stack memory select 

. Nonstack memory select 

The only disadvantage associated with having a separate stack memory is that nonstack instructions cannot reference 
the stack memory. 

4>1 

4>2 

SYNC 

REAOY.f\ I 

I 
I 

WAIT Jr1l1~--------~ __ ~------~----~~--+-------~~----------~ 
OBiN 

Oi 

AO 
to A15 

I I 
1 External Logic I 
I Read Status 1 
I Oi - Signals I 
I . I I 

.. i ....... -----1 Instruction Fetch __ ----_.~I 
·The NEC 8080A maintains the address on the Address Bus during T 4 and T 5' 

Figure 4-5, SOSOA Instruction Fetch ,Sequence 

THE WAIT STATE 
A Walt state may occur between clock periods T2 and T3. The Wait state frees external 
logic or memory from having to operate at CPU speed. Wait state timing is illustrated in Figure 
4-7 and Figure 4-S. 

If READY is low during «1»2 of T2. the SOSOA CPU will enter the Wait state following T2. The Wait 

8080A 
SLOW 
MEMORIES 

state consists of any number of clock periods during which the CPU performs no operations and maintains the levels of 
all output signals. The Wait state ends when READY is input high. The CPU samples READY during every «1»2 pulse 
within the Wait state; the Wait state will therefore end with the «1»1 pulse which follows a «1»2 pulse during which 
READY is sensed high. . 
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Memory Interface logic In any aOaOA microcomputer system must be designed to anticipate that every memory 
access either will. or will not require a Walt state. 

If memory is as fast as the 8080A CPU. then READY will normally be held high. in anticipation of no Wait state. In 
Figures 4-7 and 4-8 a broken line is used to represent this "READY normally high" case. Memory interface logic will 
pull READY low in order to insert one or more Wait machine cycles only in special circumstances; memory interface 
logic has until 11>2 of T2 to pull READY low. 

<111 

I 
SYNC I 

I 
I 

R~o:J1lI~------~~~~~~--~----~----~~-.~,--------~ 
I I 

wArr.l\ I I 
HI ~----~~----~~~---+----~~------~ 

OBFLJ\' 
-I P-----~~~----~------~--~+_~------~ 

AO 

wRV, 
I 

Oi i 

to A15 

I 
Extarnal Logic 
Raad Status 
Oi - Signals 

Data In Stabla 

Figure 4-6. 8080A Memory Write Timing 

If memory is slower than the 8080A CPU. then READY will normally be held low in anticipation of one or more Wait 
machine cycles occurring between T2 and T3. In the special circumstance where no Wait state is needed. memory in
terface logic has until 11>2 of T2 to set READY high. 

Note that WR. if active. will be held low for the entire duration of a Wait state. This is because if WR is to be set low. the 
transition occurs at 11>1 of T2 and lasts until 11>1 of T 4 - a period which completely encompasses the Wait state. 

Relatively simple logic can be used to add a Wait state to a machine cycle. Consider the aOaOA WAIT 
following scheme: STATE REQUEST 

LOGIC 

+5V +5V 

Pii Pii 
MEMii 01 .(11 02 Q2 

Ifrom 8228) 

<111 1 7474 CK2 7474 

Qi Q2 
CUi Wi 

+5V +5V 
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Our goal. using the logic above. is to create a low READY pulse. which is one clock period wide. whenever MEiiiiR 
makes a high-to-Iow transition. 

<1>1 _____ --1 

READY 

Consider the sequence of signal transitions in the logic we have illustrated above. At each «1»1 clock pulse. transitions 
will occur as follows: 

<1>1 

Qi 
_Q-_J 

Ql 02 

Q2 

READY 

It requires 01 and Q2 to be high simultaneously for READY to be low; and that condition exists for a single clock pulse. 

Observe that you can use READY to trigger a one-shot In order to create a low READY input of any duration. 

<1>1 

SYNC 

READY 

I 
WAIT.I\ I 

~I---~+---~~--~~----+-----~ 
wriVI 

I 
I I Status 

.-...... Represents alternate signal form for READY as described in text accompanying this figure. 

Figure 4-7. The 8080A CPU Operating With Fast Memory and No Wait State 
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WAIT 

41' 

SYNC 

READY 

I 
WAIT 1\11-__ ..... __ "" 

-wRV1 (Write Only) 

t 

__ ••• _.. Represents alternate signal form for READY as described in text accompanying this figure. 

READY is false at 412 in T 2, so next 41' pulse initiates a Wait state, with WAIT set high by the leading 

edge of the 41' pulse. When READY is high at a 412 pulse, clock period T 3 will be initiated by the next 

41' pulse and WAIT will be reset low. 

Figure 4-B. The 8080A CPU Operating With Slow Memory and a Normal Wait State 

THE WAIT. HOLD AND HALT STATES 
We have discussed the Walt state within an 8080A microcomputer system, now we have to look at two further 
states during which Instructions are not executed: the Hold and the Halt states. 

The fact that there are three states within which instructions are not being executed is frequently a source of confusion 
to BOBOA users. Let us. therefore. clearly identify the differences between these three states before continuing a dis
cussion of the Hold and Halt states. 

As we have already seen. the Wait state consists of one or more clock periods which are inserted within a machine cy
cle. giving external logic time to respond to a memory access. Thus, the Wait state consists of an indeterminate num
ber of clock periods which occur within a machine cycle and extend the duration of that machine cycle. 

The purpose of the Hold state is to float the System busses so that external logic can perform direct memory access 
operations. Conceptually. therefore. a Hold condition consists of any number of clock periods. occurring in between 
two machine cycles which define the termination of one instruction's execution and the initiation of the next instruc
tion's execution: 

I 
41' ~ ..... _. ___ •••• _ •• _____ ~ 

"'--1 ' .... .-..-of an instruction's ,. HOLD state clock periods ., I of next instruction's 

8II8CUtian execution 

The Hold state may be looked upon as a period of time during which the CPU goes into a state of suspended animation. 

The Halt state results from the execution of a Halt instruction. The System Bus is not floated during a Halt state. During 
the Halt state, the CPU Simply marks time. The purpose of a Halt state is to define those time intervals when there is 
nothing for tile CPU to do; now when the CPU has nothing to do. it is only logical to assume that the CPU cannot know 
how long it will be before it has something useful to do. Typically a Halt condition will end when some external logic 
demands the service of the CPU. One method that external logic uses to demand CPU service is the interrupt request. 
The 80BOA therefore requires an interrupt request to terminate the Halt state. 
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Let us now look at the Hold and Halt states in more detail. 

THE HOLD STATE 
The Hold state allows external logic to stop the CPU. 

The Hold state Is similar to the Walt state. During both states, signals output by the CPU are held constant: but 
the Data and Address Busses are floated in the Hold state only, not In the Walt state. 

The Hold and Wait states are also Inltlatad In different ways and they serve different functions. 

The Wait state is initiated if external operations will not be completed during T3. The purpose of the Wait state is to 
allow the CPU to operate with slow memories or external logic. therefore a Wait always occurs between clock periods 
T2 and T3· 

A Hold state is initiated by the hold request input signal HOLD. The CPU acknowle~s the onset of the Hold state by 
outputting HLDA high. If a HOLD is requested during a read or input operation (RI/WO (01) high in T21. then HLDA is 
set high by the leading edge of cl)1 in T3. If a HOLD is requested during a write or output operation. then HLDA is set 
high by the leading edge of cl)1 in the cycle following T3. 

Note that even though HOLD is acknowledged and the Hold state is initiated in T3 during a read memory or input data 
machine cycle. logic must still hold data steady on the Data Bus until the leading edge of cl)2 in T3. This is because 
operations internal to the CPU will be executed normally during a HOLD. Operations internal to the CPU will only cease 
if the Hold state lasts for more cycles than would normally be present before the onset of the next T 1 cycle. 

HOLD low will cause the end of the Hold state. HOLD low must coincide with the leading edge of cl)1 or cl)2. and will 
terminate the Hold state at the cl)1 pulse of the next machine cycle's T1 clock period. The 8080A CPU will signal the 
end of the Hold state with HLDA false. 

During the Hold state. the Data Bus and the Address Bus are floated. Floating begins at cl)2 in T3 for a read operation 
and at cl)2 in the clock period following T3 otherwise. 

Figu res 4-9 and 4-10 illustrate some variations on the Hold state. 

The NEC 8080A and the Intel 8080A differ when a Hold is requested during a DAD instruc
tion's execution. The NEC 8080A initiates the Hold as though a read operation was occurring. 
while the Intel 8080A initiates the Hold operation as though a write operation was occurring. 

__ N 

., 
SYNC 

HOLD 

NEC 8080A 
HOLD 
DIFFERENCES 

T, 

HLDA tt-----jr--t-1!--++--+---+-- HOLDSTATE'-+---+---+--~~--I 
Wi ~-~r--+-+--+-r--~--t--~----+---r--~--1--~ 

Figure 4-9A. Floating of Data and Address Busses at cl)2 in T3. for READ Operation Being Completed Prior 
to Onset of Hold State 
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MachineCydeN Machine Cvcler N + 1 
T, T, T, T,' T,' T" T. T. T. T. T, 

., h-h- "- 7 ~ ~ ~ ~ r-~ ~ ~ ~ -::!)l- n-it-JL JL W"L f...JL-~ ~ p 
\ \( 

SYNC 

HOLD 

HlOA 

I 
HOLD STATE 

It: 

\\ .\ IV / 

DO to 07 'I Su,~. I).I.O"'$loob, 

Figure 4-9B. Floating of Data and Address Busses at clI2 in T 4. for a WRITE. or Any 
Non-READ Operation (RIIWO=Falsel 

Machine Cycle N Machine Cycle N + 1 
T, T, T, T. T. T. T. T. T, 

SYNC 

h-h-~ h-h-h-h-Ir\ k ~ t-.JV.-r-J-~ ~ WL-~ ~ p r V-
i 

HOLD ~ t' 
Y 

HlOA HOLOSTATE 

J I n 0,5t",,, 

~ S,.bl, 

floating 
I I I I 

Figure 4-10A. Floating of Data and Address Busses for READ Operation in a Three Clock 
Period Machine Cycle 

Machine Cycle N Machine Cycle N + 1 
T, T, T, T. T. T. T. T. T, 

~, h-h-

~ 
~ h-h-~ In k ~, ~ ~ ~ WL-WL-W\ J0-

SYNC 1-1 I r-
\ ) 

HOLD "< 
HLDA HOLD STATE 

w- I 

~~ 
IV 

/ floating 
015,e,uI ~ De" out 51,bl. 

°0 1007 I 
floating 

Ao 10 AtS '1. I I 

Ir-

Figure 4-1 DB. Floating of Data and Address Busses at clI2 in T 1. for WRITE or Any Non-READ Operation Being 
Completed Prior to Onset of Hold State 
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THE HALT STATE AND INSTRUCTION 
The Halt state is similar to the Wait state. except that it is initiated by a Halt instruction. 

The Halt state is not initiated by READY low. although READY low is a necessary requirement for the onset of the Halt 
state. This means that READY high cannot be used to terminate a Halt state. Instead. an interrupt request liNT high) 
must be used to terminate the Halt state. 

Note that if interrupts have been Inhibited. the interrupt request liNT high) will never be acknowledged. and 
the only way to get out of a Halt state is to power down. then power up the CPU. 

An anomaly of the Halt state is that the Data and Address Busses may be floated by entering the Hold state after enter
ing the Halt state; that is. you can move into. and out of the Hold state while in the Halt state. 

If the Hold state is entered after the Halt state. then the Hold state must be exited by setting HOLD low before exiting 
the Ha It state. 

During a HALT. a hold request signaled by HOLD will not be acknowledged if an interrupt has been requested (lNT 
high) but not acknowledged (lNTE high); i.e .. the CPU will not enter the Hold state in the time between an interrupt 
being requested and acknowledged. Once the interrupt has been acknowledged (lNTE lowl. the CPU may enter the 
Hold state. 

Figure 4-30 illustrates signal sequences and timing for the Halt instruction (and state). 

THE RESET OPERATION 
A RESET high signal input to the 8080A CPU will clear the Program Counter and disable interrupts. 

To properly perform the reset operation. RESET should be held high for at least three clock periods. Du ring these 
three clock periods. reset operations are executed in the following sequence: 

1) The Program Counter is cleared. 

2) All interrupt requests are disabled. 
3) Internal interrupt acknowledge logic (associated with Signal INTE) is cleared. 

4) Internal hold acknowledge logic (associated with signal HLDA) is cleared. 

For as long as RESET is high. all 8080A CPU operations will be suspended. 

When RESET is reset low. instruction execution will resume with a Tl clock period at the next <111 pulse. Since the Pro
gram Counter contains 0000. the first instruction executed following RESET will be the instruction stored in memory 
location 000016. 

Interrupts remain disabled when program execution resumes. 

When you power up any 8080A system you must simultaneously reset it. Powering up does not reset or change 
anything within the 8080A. If you power up without resetting. then registers. including the Program Counter. will con
tain undefined data; thus program execution will immediately and erroneously begin at some random location of 
memory. 

Here are two possible reset on power up logic implementations: 

First a simple logic sequence: 

+5V 

RESIN 
8224 

~ 4 
RESET 
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Next a more complex. and more reliable one: 

1 --RESET 

4>, 

SYNC 

READY/\ 

OBIN 

WAITI\./\ 

WR 
INT 

INTE 

I +O.47UF 

--
N 

n 
..J\ 

1-----

~. 

.. ___ ...:7 ... DIS 

CV 

r'~ 
- -- -

Machine Cycle N + 1 

T, T2 T3 

h ~ n n 
.4:"\ 6:'\ 6::\ 
~ '\ /\ '\ 1'1 \ 

I I 

) / 
" r 

1\/ 
\ 

., DjSta,ul I ~~abl: I 
\ , I 

I I 
External Logic 
Read Status 
Di - Status 

Interrupt Initiation 

GNO L 

T. 

.-. 

h 

floating 

I 

Figure 4-11. Interrupt Initiation Sequence 
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EXTERNAL INTERRUPTS 
External logic may request an Interrupt at any time by setting the !NT Input high. An interrupt request will only 
bel!cknowledged If interrupts have been enabled. Normally the EI (Enable Interrupts) and 01 (Disable Interrupts) in
structions are executed to enable and disable interrupts; however. interrupts are automatically disabled by the CPU 
dllring the RESET condition. and following an interrupt acknowledge. 

The BOBOA CPU outputs INTE high when interrupts have been enabled. and low when interrupts are disabled. If inter
rupts are enabled. then the B080A CPU will acknowledge an interrupt request during the next T 1 clock period. on the 
rising edge of 412. At this time INTE is set low to reflect the fact that an interrupt acknowledge automatically disables 
interrupts. Timing is illustrated in Figure 4-11. 

The 8080A CPU Informs external logic that an interrupt has been acknowledged by outputting this status on 
the Data Bus: . 

DO-INTA 
01 -RIIWO 
05 - M1 

INTA is the principal interrupt acknowledge status; It is converted into a separate interrupt acknowledge con-
trolslgnal by the 8228 $ystem Controller. . 

Once an Interrupt has been acknowledged. the 80BOA CPU enters an instruction fetch sequence - but with 
two differences: 

1) Program Counter increment logic is suppressed. 
2) Different statuses are output on the Data Bus during T2. The statuses output on the Data Bus during various 

machine cycles !Ire summarized in Table 4-3. 

The different statuses output during T2 of a normal. or a post-interrupt acknowledge Instruction fetch are very 
important. 

During a normal instruction fetch sequence. MEMR is output true on 07. 

During the instruction fetch sequence which follows an interrupt acknowledge. MEMR is not output true on 07. but 
INTA is output true on DO. 

Thus. external logic can differentiate between a normal instruction fetch and the instruction fetch sequence which 
follows an interrupt acknowledge. 

It is very importa'nt that external logic be able to differentiate between a normal instruction fetch and an interrupt 
acknowledge instruction fetch. When the interrupt is acknowledged. the Program Counter is addressing an instruction 
which will not get executed until the interrupt service routine has completed execution: 

When Instruction(!)completes execution. PC 
is adcIres6mg Instruction.object code byte 

Intenupt SeMce 
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Therefore the first Instruction executed following the Interrupt acknowledge must save the Program Counter 
contents. The last Instruction executed within the interrupt service routine restores the Program Counte~ con
tents.During the Instruction fetch which follows an interrupt acknowledge. the Program Counter increment 
logic Is suppressed. because the BOBOA CPU expects the object code for the first Interrupt service routine In
struction to be supplied by the Interrupting device instead of memory: 

c:6----------------
Interrupting logic provides first object code byte 
following interrupt acknowtedge 

PROGRAM 
MEMORY 

i 

I 

• 
! . -_or 

n-l 

n 
n+l 
n+2 

n+3 
-n+4 
n+5 
n+6 
n+7 

Interrupt ecknowledged 
PC now addl88888 n + 3 

The object code provided by external logic during the instruction fetch which follows the interrupt 
acknowledge must be the object code for an instruction which will save the Program Counter contents for sub
sequent retrieval. There is only one instruction which will do this and that is a subroutine CALL instruction. 
Recall from Volume I that the subroutine CALL instruction will save the current Program Counter contents on the 
Stack. then will load a new starting address into the Program Counter. Thus. a subroutine CALL instruction satisfies the 
logical requirements for interrupt service routine initiation. 

The normal way of terminating a subroutine Is via a Return Instruction. This instruction loads the Program Counter 
from the top of the Stack. The Return instruction will. therefore. satisfy the logical requirements for interrupt service 
routine termination. 

There are two types of 8080A subroutine CALL instruction: the RESTART (RST) and the CALL. The RST instruction is 
a one-byte subroutine CALL with the following object code: 

RST N instruction code: 111 XXX 11 ---00.0 N =0 
001 N = 1 
010 N=2 
011 N =3 
100 N =4 
101 N =5 
110 N =6 
111 N =7 

--- I Counter contents: 0000000000 X X X 000 

Therefore RST n instructions are equivalent to subroutine CALL instructions. with program execution branching as 
follows: 

Subroutine 

RST ° branch to 000016 
RST 1 branch to 000616 
RST 2 branch to 001016 
RST 3 branch to 001816 
RST 4 branch to 002016 
RST 5 branch to 002816 
RST 6 branch to 003016 
RST 7 branch to 003816 
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The CAll instruction is a typical three-byte, direct memory addressing subroutine call: 

nnnn + 3 to Stack PROGRAM 
MEMORY 

CO 

f 
qq 

pp 

PC .... ...,...;... ... nnnn-1 

nnnn 
nnnn + 1 

nnnn + 2 
nnnn + 3 
nnnn +4 

....... --Call subroutine 

l. Subroutine execution address 
r IS ppqq 

The address of the instruction following the subroutine call (nnnn+3) is saved on the Stack, to be retrieved subse
quently by a Return instruction. The second and third CALL instruction object code bytes provide the address of the 
subroutine's first instruction; this address (ppqq) therefore is loaded into the Program Counter. 

What is not clearly understood by many 8080A users is that external logic can respond to an interrupt 
acknowledge by inserting either an RST or a subroutine CAll instruction. 

Responding to an interrupt acknowledge by inserting an RST instruction is very straightforward. The INT A status 
output during T2 can be used to select external logic as the source of an object code, while the lack of an MEMR status 
can be used to suppress the normal instruction fetch which would occur from program memory. Thus, a simple 8-bit 
I/O buffer will generate a Restart instruction as follows: 

Tie to + 5V for 1, 

Tie to GND for 0 

OOONTAI 

SYNC 

{ 

+5V 

-""\ I 

) 

~ 

~ 
~ Any 

a-Bit Connect to Data Bus 

Buffer 

~ - / 

INTA Strobe 

With a little more effort, external logic can be designed to provide a subroutine CAll instruction's object code 
following the interrupt acknowledge. Providing the INTA status is used to suppress normal program memory ac
cesses for the next three machine cycles, logic associated with the external interrupt request can supply the three con
secutive object code bytes of a normal subroutine CALL instruction. 

In a configuration that includes an 8228 System Controller, if the first object code byte received following INTA output 
is a CALL (CD16). then the 8228 System Controller outputs two more INTA statuses for the next two machine cycles. 
Now external logic can use INTA as a signal which disables normal memory accesses, selecting external logic instead. 
For more details, see the 8228 System Controller description given later in this chapter. 

If your configuration does not include an 8228 System Controller, then external logic must be quite complex if it res
ponds to an interrupt acknowledge with a CALL instruction. These are the operations external logic must perform: 

1) In response to INTA true, suppress normal memory references and transmit the code CD16 to the CPU. This code 
must be transmitted at the proper time, as an instruction code on the Data Bus. 

2) Suppress normal memory accesses for the next two clock periods. Remember, there is no INTA true for these two 
periods. 

3) During the next two clock periods, transmit the low order half, then the high order half of the interrupt service 
routine starting address. These two address bytes must be provided out of external logic, and their timing on the 
Data Bus must conform exactly to the second and third bytes of a CALL instruction. 

4-23 



If your configuration includes an 8259 Priority Interrupt Control Unit. then this device takes care of all logic associated 
with responding to an interrupt acknowledge with a CALL: the 8259 is described later in this "c.h.;.;ap;.;t.er_. ___ .... 

The NEC aOaOA does not handle the INTA signal in the same way as the Intel aOaOA. In NEC aOaOA 
response to a Call instruction executed during an interrupt acknowledge. the NEC 8080A out- INTERRUPT 
puts INTA true for three machine cycles: in an intel8080A system an 8228 System Controller ACKNOWLEDGE 
must be present for this to occur. The NEC 8080A DO status output also differs at this time: DIFFERENCES' 
see Table 4-3 for details. 

The NEC 8080A responds to Restart instructions following an interrupt acknowledge in the same way as the Intel 
8080A. 

EXTERNAL INTERRUPTS DURING THE HALT STATE 
With all aOaOA devices except the NEC aOaOA, Interrupt acknowledge logic during a 
Halt state is as illustrated In Figure 4-11. For the NEC aOaOA, however, the interrupt 
acknowledge sequence differs slightly during the Halt state only. INTE is reset low by the 
NEC 8080A on the rising edge of <112 in clock period T2: this is one clock period later than il
lustrated in Figure 4-11. Note that this difference in NEC 8080A response applies only to the 
interrupt acknowledge process occurring within a Halt state. 

WAIT AND HOLD CONDITIONS FOLLOWING 
AN INTERRUPT 

NEC aOaOA 
EXTERNAL 
INTERRUPT 
DIFFERENCES 

An interrupt cannot be acknowledged during a WAIT or HOLD condition. However. either of these conditions may oc
cur following the interrupt acknowledge. For example. if there is insufficient time between <Ill in T2 and <112 in T2 for 
external logic to fetch the required RST or CALL instruction. more time may be acquired by using the READY signal to 
generate a Wait state. as with any instruction's execution. 

THE 8080A INSTRUCTION SET 

Table 4-4 summarizes the aOaOA instruction set: there is a significant departure in Instruction set philosophy 
from the hypothetical microcomputer described In Volume 1. 

The 8080A is most efficiently programmed by making extensive use of the Stack and of subroutines. 8y providing a 
variety of Jump-ta-Subroutine on Condition. and Return-from-Subroutine on Condition instructions. the 8080A allows 
the execution of subroutines to become an integral part of programmed logic sequences. 

Observe that the 8080A has a number of 16-bit instructions: that is. instructions that operate on the 1 6-bit contents of 
the BC. DE or HL registers. These include 16-bit increment and decrement. 16-bit add. and 1 6-bit data moves. 

The 16-bit instruction XTHL is particularly useful. since by allowing the top two Stack bytes to be exchanged with the 
HL registers. an easy method is provided for switching addresses. 

The DAA instruction modifies the A register contents to generate a binary coded decimal equivalent of the original bin
ary value. If carries out of bit 3 or bit 7 result. these are reported in the Auxiliary Carry and Carry statuses. respectively. 
See Volume 1 for a discussion of the decimal adjust operation. 

There are a few differences between NEC aOIOA and IntelaOaOA instruction execution. 

For binary subtraction and BCD arithmetic the NEC 8080A performs operations in what is 
theoretically the "correct" fashion - which differs from the actual implementation of the Intel 
8080A. Specifically. the NEC 8080A has a Subtract status (SUB) which is set after any addition 
is performed. Only the NEC 8080A has a Subtract status. 

NEC aOaOA 
INSTRUCTION 
SET 
DIFFERENCES 

The NEC 8080A correctly sets and resets the Auxiliary Carry status (AC) during subtract operations. identifying any 
borrow by the low order digit as follows: 

rt Borrow here sets AC 

7 6 5 4 3 2 1 0 • Bit No. 
x X X X X X X X 

- Y Y Y Y Y Y Y Y 

= Z Z Z Z Z Z Z Z 
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X. Y and Z represent any binary digits. 

Decimal subtraction for the Intel 8080A and NEC 8080A may be illustrated as follows. assuming the contents of 
Register B are to be subtracted from the contents of Register C: 

INTEL 8080A NEC 8080A 
MVI A.99H MOV A.B 
SUB C SUB C 
ADD B DAA 
DAA 

In the instruction sequence illustrated above for the Inte18080A. you cannot use the Subtract instruction directly since 
it works for binary arithmetic only. You must create the nine's complement of the subtrahend by subtracting it from 99. 
Then you add the minuend to the nine's complement of the subtrahend. Finally you decimal adjust the result. 

'In the case of the NEC 8080A you may use the Subtract instruction for either binary or BCD data. 

For a complete discussion of decimal subtraction using the Intel 8080A. see 8080 Programming.12L..1,Qgic Design. 
Chapter 7. 

The Carry and Auxiliary Carry statuses are also treated differently by the NEC and Intel 8080A. When Boolean 
Instructions are executed by the Intel 8080A. the Carry status IC) is always reset: the Auxiliary Carry status 
lAC) Is sometimes reset. The NEC 8080A leaves the Carry and Auxiliary Carry statuses alone when executing 
Boolean Instructions. 

When the AMD B080A executes Boolean instructions it always clears both the Carry and Auxiliary Carry 
statuses. 

THE BENCHMARK PROGRAM 
Our benchmark program is coded for the 8080A as follows: 

LHLD TABLE ;LOAD ADDRESS OF FIRST FREE TABLE BYTE IN HL 
LXI D.IOBUF ;LOAD STARTING ADDRESS OF 10BU'F IN DE 
LOA 10CNT ;LOAD I/O BUFFER LENGTH 
MOV B.A ;SAVE IN B 

LOOP LDAX 0 ;LOAD NEXT I/O BYTE 
INX 0 ;INCREMENT BUFFER ADDRESS 
MOV M.A ;STORE IN TABLE 
INX H ;INCREMENT TABLE ADDRESS 
OCR B ;DECREMENT BYTE COUNT 
JNZ LOOP ;RETURN FOR MORE BYTES 
SHLD TABLE ;AT END. RESTORE ADDRESS OF FIRST FREE TABLE BYTE 

The 8080A makes very few assumptions regarding the benchmark program. 

The address of the first free byte in the data table is assumed to be stored in the first two bytes of the data table - ad
dressed by the label TABLE. The immediate addressing instruction LHLD loads the contents of the first two bytes of the 
data table into the Hand L registers. At the end of the program. the incremented table address is restored witb the 
direct addressing instruction SHLD. 

Since the I/O buffer starting address does not change. an Immediate instruction is used to load this address into the DE 
registers. 

Since the number of occupied bytes in the I/O buffer may change. a direct addressing instruction. LOA. is used to load 
this buffer length into the Accumulator. It is then moved to the B register. since the Accumulator is used to transfer 
data within the program loop. 

The 8080A program makes no assumptions regarding the location of either the I/O buffer. or the data table. but it does 
assume that the table is not more than 256 bytes long. 

These are the abbreviations used in Table 4-4: 

A 
B 
C 
o 
E 

The Accumulator 

The B register} These are sometimes treated as a register pair 
The C register 

The 0 register} These are sometimes treated as a register pair 
The E register 
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H 
L 
C 

AC 
Z 
S 
P 
SUB 

12 
13 
PC 

SP 

PSW 

The H register} This register pair provides the implied memory address 
The L register 
Carry status. In Table 4-4 C refers to Carry status. not to the C register. 

Auxiliary Carry status 

Zero status 

Sign status 

Parity status 
Subtract status (present in the NEC aOaOA only) 

The Instruction register 
Second object code byte 

Third object code byte 

The Program Counter 
The Stack Pointer 
The Program Status Word. which has bits assigned to status flags as follows: 

7 6 , 4 3 2 1 0 ....... --B;I No. 

IslzW"Clxl plxlel 

Tt-... f ... -f .. ----unass;9ned 

'----------SUB INEC 8080A only' 

DATA a-bit immediate data 

OAT A 16 16-bit immediate data 
DEV An I/O device 
REG 

s 
d 

M 
LABEL 

RP 

PORT 
ADDR 
[ ] 

[[n 
n 

Register A. B. C. D. E. H or L 
Source register 

Destination register 
Memory. address implied by HL 

A 16-bit address. specifying an instruction label 

A register pair: B for BC. 0 for DE. H for HL. SP for Stacie Pointer 

An I/O port. identified by a number between 0 and FF16 
A 16-bit address. speCifying a data memory byte 

Contents of location identified within brackets 
Memory byte addressed by location identified within brackets 

Complement of the contents of 

Move data in direction of arrow 

Exchange contents of locations on either side of arrow 

+ Add 
Subtract 

A AND 

V OR 

¥- XOR 

The letter C Is used to IdentHy Carry status. Although C also identifies one of the aOaOA 
registers. registers are always referenced generically in Table 4-4. 
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Table 4-5. A Summary of Instruction Object Codes 
and Execution Cycles 

CLOCK 
INSTRUC110N OBJECT CODE BYTES PERIODS AGURE INSTRUCTION 

ACI DATA CE YV 2 7 4-15 LXI 

ADC REG l000IXXX I 4 4-12 

ADC M BE I 7 4-15 MOV 

ADO REG lOOOOXXX I 4 4-12 MOV 

ADD M 66 I 7 4-15 MOV 

AD! DAtA C6 YV 2 7 4-15 MVI 

ANA REG 10100XXX I 4 4-12 

ANA M AS 1 7 4-15 MVI 

AM DATA E6YV 2 7 4-15 NOP 

CAlL LABB. co ppqq 3 17 4-26 ORA 

CC LABB. . DC ppqq 3 11/17 4-26 ORA 

CM LABEL FC ppqq 3 11/17 4-26 ORI 

CMA 2F I 4 4-12 OUT 

CMC 3F I 4 4-12 PCHL 

CMP REG 101 I I XXX 1 4 4-12 POP 

CMP M BE I 7 4-15 PUSH 

CNC LABB. D4 ppqq 3 11/17 4-26 RAL 

CNZ LABB. C4 ppqq 3 11/17 4-26 RAR 

CP LABEL F4 ppqq 3 11/17 4-26 RC 

CPE LABB. EC ppqq 3 11/17 4-26 RET 

CPI DATA FEYV 2 7 4-15 RLC 
CPO LABB. E4 ppqq 3 11/17 4-26 RM 

CZ LABEL CC ppqq 3 11/17 4-26 RNC 

OM 27 I 4 4-12 RNZ 

DAD RP OOXXlOOI I 10(11)· 4-20 RP 
OCR REG OOXXXIOI I 5 4-13 RPE 
OCR M 36 I 10 4-14 RPO 

DCX RP OOXXIOII I 5 4-13 RRC 
DI F3 I 4 4-12 RST 
EI FB I 4 4-12 RZ 
HLT 76 I 7 4-30 SBB 
IN PORT DB YV 2 10 4-26 SBB 
INR REG OOXXXlOO I 5 4-13 SBI 
INR M 34 I 10 4-14 SHLD 
INX RP OOXXOOll I 5 4-13 SPHL 
JC LABB. DA ppqq 3 10 4-22 STA 
JM LABB. .FA ppqq 3 10 4-22 STAX 
JMP LABEL C3 ppqq 3 10 4-22 STC 
JNC LABEL 02 ppqq 3 10 4-22 SUB 
JNZ LABEL C2 ppqq 3 10 4-22 SUB 
JP LABB. F2 ppqq 3 10 4-22 SUI 
JPE LABEL EA ppqq 3 10 4-22 XCHG 
JPO LABEL E2 ppqq 3 10 4-22 XRA 
JZ LABEL CA ppqq 3 10 4-22 XRA 
LOA ADOO 3A ppqq 3 13 4-24 XRI 
LDAX RP OOOXIOIO I 7 4-15 XTHL 
LHLD ADDR 2A ppqq 3 16 4-17 

ppqq represents four hexadecimal dig~ memory address 
YV represents -two hexadecimal data digits 
YYYY represents four hexadecimal data digits 
X reprosents an optional binary digit 
ddd represants optional binary digits identifying a destination register 
ass reproaants optional binary digits identifying 8 source register 

• The NEC BOBOA has five instructions with unique execution tim ... defined above by 
:(N)· whore N is the numbar of NEC BOBOA instruction cycl ... 

4-32 

RP.DATAI6 

REG.REG 
M.REG 
REG.M 
REG.DATA 

M.DATA 

REG 
M 
DATA 
PORT 

RP 
RP 

N 

REG 
M 
DATA 
ADDR 

AODR 
RP 

REG 
M 
DATA 

REG 
M 
DATA 

OBJECT CODE 

OOXXOOOI 
yyyy 

Oldddsas 
OIIIOass 
OldddiiO 
OOdddiiO 

YV 
36 YV 

00 
10110XXX 

66 
F6YV 
03 YV 

E9 
IIXXOOOI 
IIXXOIOI 

17 
IF 
08 
C9 
07 
F6 
DO 
co 
FO 
E8 
EO 
OF 

IIXXXIII 
CB 

lOOl1XXX 
9E 

DE YV 
22 ppqq 

F9 
32 ppqq 
OOOXOOIO 

37 
lOOIOXXX 

96 
DB yy 

EB 
1010lXXX 

AE 
EE YY 

E3 

CLOCK 
BYTES PERIODS FIGURE 

3 10 4-22 

I 5(4'- 4-13 
I 7 4-16 
I 7 4-15 
2 7 4-15 

2 10 4-14 
I 4 4-12 

'1 4 4-12 
I 7 4-15 
2 7 4-16 
2 10 4-26 
I 5 4-13 
I 10 4-19 
I 11 4-18 
I 4 4-12 
I 4 4-12 
I 6/11 4-27 
I 10(11.- 4-19 
I 4 4-12 
I 5/11 4-27 
1 5/11 4-27 
I 5/11 4-27 
I 5/11 4-27 
I 5/11 4-27 
I 6/11 4-27 
1 4 4-12 
I II 4-18 
I 5/11 4-27 
I 4 4-12 
I 7 4-15 
2 7 4-15 
3 16 4-25 
I '5(4)· 4-13 
3 13 4-23 
I 7 4-16 
I 4 4-12 
I 4 4-12 
I 7 4-15 
2 7 4-15 

4 4-12 
I 4 4-12 
I 7 4-16 
2 7 4-16 
I 18(17'- 4-21 



INSTRUCTION EXECUTION TIMES AND CODES 
Table 4-6 lists Instructions in alphabetic order. showing object codes and execution times. expressed as 
machine cycles. 

Where two instruction cycles are shown. the first is for "condition not met" whereas the second is for "condi
tion met". 

Detailed timing for instructions is provided by Figures 4-12 through 4-30. Table 4-5 identifies the timing diagram that 
applies to each instruction. 

Instruction object codes are represented as two hexadecimal digits for instructions without variations. 

Instruction object codes are represented as eight binary digits for instructions with variations; the binary digit 
representation of variations is then Identifiable. 

The NEC 8080A has four instructions with execution times that differ from the Intel 
8080A. These four instructions are the Register Move (MOV). the Return (RET). the 16-bit Add 
(DAD). and the Exchange instructions XTHL and SPHL. 

• Instruction Fetch • Instruction 
Execute 

MC1 

T1 T2 T3 T4 

NEC 8080A 
INSTRUCTION 
EXECUTION 
TIME 
DIFFERENCES 

n ~ h n rL-

SYNC 

READY 11. 
WAIT 11. 

DBIN 

WR11. 
Ai 

Di 

~ 

l\ 

\\ 
I 

" l 

1/ ~ 
/ 

~ 
I 

1 

\ 
\ 

I' ~ 
Status 

RI/WO 
MI 
MEMR 

\ 

1 
{ 

l 

I 
Instruction Address 

~ 
lData in Stablel 

I ntstruction 
Code 

Figure 4-12. Signal Sequences and Timing for Instructions: 
STC. CMC. CMA. NOP. RLC. RRC. RAL. RAR. XCHG. EI. 

DI. DAA. ADD R. ADC R. SUB R. SBB R. ANA R. XRA R. ORA R. CMP R 
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"', 

SYNC 

REAOV f\ 
WAIT f\ 

OB,N 

Wf(f\ 
Ai 

Oi 

"'I 

SYNC 

READY 11. 
WAIT 11. 

DBIN 

WA11. 
Ai 

Di 

• 

Tl 

f\ 

W-
II 

\\ 
I 

I 

I Instruction 
Instruction Fetch Execute 

I 
MCI 

T2 T3 T4 TS 

~ (\ h n ~ 
} 

If \' \ \ 

A 
, 1 

'/ t 
I 

I 
\ Instruction Address , 

Status ' IDatain Stablel 

r"Wo II ntstruction MI 
MEMA Code 

Figure 4-13, Signal Sequences and Timing for Instructions: 
INR. OCR. MOV REG REG. SPHL. PCHL DCX. INX 

dln ..... ".n ~ Instruction Felch Execute DatI Read Data Write 

MC' MC2 ..a 

T, T2 T3 T4 Tl T2 T3 T, T2 T3 

~ \~ ~ V'L-Y'L- fL-rt-r- [L-

~ hJ2:: ~ ~ ~ ~ ~ ~ ~ t1'-.p l" ., Y' 

I I 
1. 

rI 
~ / \\ \\ 

Instruction Addntn o.tI Addr ... 0.11 Add'", , 
~ r Stllul 0," In Stlbl, St.tUI O"alnSttbl. _1. It.lul O,l,OUISlIbl, 

AlIWi5 
I ntnru'Ction 

AI/WO ." M' MEMA Low 
MI!MA 

Code 

Figure 4-14, Signal Sequences and Timing for Instructions: 
OCR. INR. MVI M 
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SYNC 

READY J\ 
WAIT J\ 

DBIN 

D; 

. . "1 Instruction InstructIon Fetch-----.. Execute Data Read 

MCl MC2 

Tl T2 T3 T, TI T2 T3 

h--~ fL-fL- rL-- L-r'L-

~ ~ ~ ~ l' ~ "\ 
If \' \ 

J / 
It 1\ j 
J :J L-

1\ I 

\\ j \\ 
I Instruction Address \ Oala Address , , 

I\, ' 
Stalus IOaia In Stable 1. Status ~ala In Stabl~ 

,""we 
[ InLucI;en 1~I"iO [ 

M' MEMR MEMA 
Corle 

Figure 4-15. Signal Sequences and Timing for Instructions: 
LDAX. MOV REG M. ADI. ACI. SUI. SBI. ANI. XRI. ORI. CPI. MVI R. ADD M. 

ADC M. SUB M. SBB M. ANA M. XRA M. ORA M. CMP M 

. Instruction Fetch 
I Instruction 

• I Execute OataWnte 

MCl MC2 

TI T2 TJ T, Tl T2 TJ 

h Ie; h In h ~ 

~ rf-~ 1\ ~ \-~ I\r 
SYNC 

READY J\ 
WAIT f\ 

D; 

.p 

\\ 

~~ 
r 

\ 
IT Y 

I \ 

/ 
~ 
I 

J J 
I k" -I-
! \\ \ 

Instruction Address 0.1411 A,lthe" , 

I 

j ~ 
Stalus loala In Stable 1 Statu, I Data Out Stahle ~ I ""Wa 

I I I AU I M, Low 
MEMR 

Figure 4-16. Signal Sequences and Timing for Instructions: 
STAX. MOV M REG 
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SUPPORT DEVICES THAT MAY BE USED 
WITH THE 8080A 

Of the microprocessors described in this book. none have a wider variety of support devices than the 8080A. 
These support devices are described in the rest of Chapter 4 and in Volume 3. Most of the devices described 
were originally developed by Intel. although a few were not. Note that the 8224 Clock Generator and the 8228 
System Controller devices are used so routinely with the 8080A that they frequently are looked upon as a three·chip 
CPU. An exception to this three-chip concept is the TMS 5501 made by Texas Instruments: it cannot be used with an 
8228 System Controller. 

A number of general-purpose support devices are described in Volume 3. These are support devices that may be used 
with any microprocessor and are specific to none. 

One generalization that can be made regarding 8080A support devices is that the 8080A is so well endowed with sup
port logic that it will rarely make much sense to use another microprocessor's support part in preference. 

It is very difficult to use 6800 support devices with the 8080A because 6800 support devices require a synchronizing 
strobe signal which is difficult to generate within an 8080A system. 

THE 8224 CLOCK GENERATOR AND DRIVER 

The primary purpose of this device is to provide the 8080A CPU with its required «1>1 and «1>2 clock signals. Coin
cidentally. the 8080A READY and RESET Inputs are created. with correct synchronization. Recall that these two 
signals must be synchronized with «1>2. 

Logic implemented on the 8224 Clock Generator corresponds generally to the block labeled "Clock Logic" in 
Figure 4-1. To be completely accurate. however. a small portion .of the Bus Interface Logic should also be illustr
ated as provided by the 8224 device. 

8224 CLOCK GENERATOR PINS AND SIGNALS 
8224 pins and signals are Illustrated in Figure 4-31. Figure 4-33 illustrates the 8224 connected to an 8080A 
CPU and an 8228 System Controller. 

Signals may be divided between timing logic and control logic. 

Clock frequency is controlled by a crystal connected to the XTAL 1 and XTAL2 pins. Crystal 
frequency must be exactly nine times the required clock frequency. The fastest clock period 
supported today is 250 nanoseconds. provided by the AMD 9080A. 500 nanosecond clock 
periods are standard. Since crystal frequency has to be nine times the clock frequency. the usual 
500 nanosecond clock will require an 18 MHz frequency crystal. 

8224 
CLOCK 
SIGNALS 

If an overtone mode crystal is employed. then it must be supported by an external LC network. connected to 
the TANK input. This is standard clock logic practice: microprocessor clock logic represents no special case. therefore 
we will not discuss overtone mode crystals further. 
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RESET 

RESiN 
RDYIN 

READY 

SYNC 

<1>2 (TIL) 

SfSi'8 
GND 

PIN NAME 

RESET 

RESiN 
RDYIN 

READY 

SYNC 
<1>2 (TIL) 

Si'STB 

-

XTAL l,XTAL2 

TANK 

OSC 

«1>1, «1>2 
VCC,VDD,GND 

. 

-

1 16 

2 15 

3 14 -
4 13 

5 
8224 

12 

6 11 

7 10 

8 9 

DESCRIPTION 

Control signal output to 8080A 

Reset logic input 

Ready logic input 

Control signal output to 8080A 

Control signal input from 8080A 

TTL level dupticate of «1>2 

Sync signal output to 8228 

External crystal connections 

Overtone crystal extra input 

Crystal oscillator waveform 

Clock signals to 8080A 

Power and Ground 

.. 

VCC 
XTALl 

XTAL2 

TANK 

OSC 
«1>1 

«1>2 

VDD 

TYPE 

Output 

Input 

Input 

Output 

Input 

Output 

Output 

Input 

Input 

Output 

Output 

Figure 4-31. 8224 Clock Generator Signals and Pin Assignments 

The principal clock signals output are <1»1 and <1»2. as required by the 8080A CPU. These two clock Signals are 
derived from a divide-by-nine counter that defines <1»1 and <1»2 as follows: 

I 2 3 .. S 6 7 8 9 I 
'1>1 ---1 ~ I 1 I 

I I 
I \ «1>2 I 
I 

Two additional timing signals are output: 

The crystal oscillator frequency Is output as OSC. 

A TTL level duplicate of <1»2 is also output for general use within the microcomputer system. 

The RESET input signal required by the 8080A CPU is usually generated by special external logic to provide 
sharp signal edges and synchronization with the <1»2 clock pulse. Consider one common use of RESET - to detect 
power failure. A vague input may have to be converted into a crisp RESET as follows: 

Threshold 

Input (RESIN) :-:-=-~-::-~-:-::-~-::-~-::-:-:-::-:-::-:-:-~-::"-~-~-~-~-~~------_wJ.~ __ ;;;;..:~ 

«1>2 

RESET 
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The 8224 Clock Generator will accept a sloppy input. as illustrated above by iiEiiN. and in response will create 
a sharp RESET output that conforms to the requirements of the 8080A ~A Schmitt trigger within the logic of 
the 8224 clock chip creates the appropriate reset logic level change when RESIN falls below a threshold level. 

RESET is also frequently connected to manually operated switches; this allo~ microcomputer system to be reset 
by human intervention. The following simple circuit creates the appropriate RESIN input to the 8224 Clock Generator 
so that either power failure or an external switch may reset the CPU: 

manual 

switch 

Vee (Power fail detect source) 

~------~t------------------------RESIN 

I --
READY logic accepts an asynchronous RDYIN signal and creates a synchronous READY input to the 8080A 
CPU: 

4>2 

RDYIN 

READY 

One further signal created by the 8224 Clock Generator is the status strobe signal iiSTa. which is required by 
the 8228 System Controller. This signal is of very little interest to a user since it simply accepts an 8080A SYNC out
put and converts it into the required 8228 STSTB input. 

When comparing the 8080A microcomputer system with other devices. it would be inaccurate to dismiss the 
8224 Clock Generator simply as an additional device - which must be added to an 8080A system. supplying 
logic which is commonly found on competing CPU chips. Do not forget the reset logic capability provided by the 
8224 Clock Generator. 

It can be argued that the 8080A CPU creates an artificial restriction - that RESET and READY inputs must be syn
chronized with cl>2; therefore the fact that the 8224 does this for you. simply eliminates a self imposed problem that 
should never have been there in the first place. This reasoning has merit. but the ability of the 8224 to receive a ragged 
RESIN input is a valuable feature that should not be overlooked. 

THE 8228 AND 8238 SYSTEM CONTROLLER AND BUS DRIVER 

The 8228 System Controller £!!!!.!!st& of a bidirectional bus driver. plus control signal generation logic. The 8238 
System Controller advances I/OW and MEMW to give large memories more time to respond to a memory write. 

BUS DRIVER LOGIC 
A large number of memory and I/O devices may be connected directly to the 8228 bidirectional Data Bus; such 
connections to the 8080A Data Bus would not be feasible. Remember. memory devices leak current even when 
they are not selected; therefore. even the passive load of unselected memory devices connected directly to an 8080A 
CPU will leak more current than is available. . 
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When comparing the 8080A microcomputer system with an alternate microcomputer system. you should look 
carefully at the fan out provided by the alternate CPU. 

If the alternate CPU busses need to be buffered. then the 8228 System Controller becomes the equivalent 8080A 
system device; as such it does not represent an economic liability, 

If the alternate CPU busses do not need to be buffered. then the 8228 System Controller represents an additional 
device. peculiar to the 8080A system, 

CONTROL SIGNAL LOGIC 
The 8228 combines the three 8080A control signals: WR. DBIN and HLDA. with the statuses output on the 
Data Bus during T2 in order to generate bus control signals as follows: 

MEMR status on D7 true. with DBIN true generates MEMR true 
OUT status on D4 false. with iiiiR true generates'iVi"EMW true 
INP status on D6 true. with DBIN true generates IIOR true 
OUT status on D4 true. with iiiiR true generates IIOW true 
INTA status on DO true generates INTA true 

STSTB 
HLDA 

WR 

DBIN 

DB4 
04 

DB7 

07 
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DB2 
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DBO 

GND 

-
-
-
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PIN NAME 
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.. 
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1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 8228 
8 21 
9 20 

10 19 
11 18 
12 17 
13 16 
14 15 

DESCRIPTION 

Data Bus connection to CPU 

Data Bus to external logic 

-
-

STs'i'ii Status strobe input from 8224 

.. .. 

.. 

HLDA Hold acknowledge input from CPU 

\AiR Data output strobe. input from CPU 

DBIN Data input strobe. input from CPU 

I/OW I/O write control output 

MEMW Memory write control output 

i70R I/O read control output 

MeMR Memory read control output 

INTA Interrupt acknowledge control 

BUSEN DB Bus float/enable control input 

VCC·GND Power and Ground 

~ 
I/OW 

MEMW 
I/OR 

MEMR 
iNTA 
BUsEN 
06 

DB6 
05 

DB5 

01 

DBl 

00 

TYPE 

Bidirectional 

Bidirectional 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Output 

Output 

Input 

Figure 4-32, 8228 System Controller Signals and Pin Assignments 

8228 SYSTEM CONTROLLER PINS AND SIGNALS 
8228 pins and signals are illustrated in Figure 4-32. 

DO through 07 represent the bidirectional Data Bus connection between the 8228 System Controller and the 8080A 
CPU; it is referred to as the "Processor Data Bus", 

DBO through DB7 represent the high fan out. bidirectional Data Bus accessed by external logic; it is referred to as the 
"System Data Bus", 
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WH, DBIN and HLDA represent the control signals of the same name that are output by the 8080A CPU 

All control bus signals use active low logic and may be defined as follows: 

MEMR - a read from memory strobe 
MEMW - a write to memory strobe 
I/OR - a read from externa I I/O strobe 
I/OW - a write to external I/O str,obe 
iNi'A - interrupt acknowledge 

Control signal timing is given in Figure 4-34, 

The interrupt acknowledge signal iNTA has two special features which need to be explained. This signal may be 
tied to a + 12 Volt power supply through a 1 K Ohm resistor, in which case 8228 logic assumes that there is only one 
possible interrupting source within the microcomputer system. Now the 8228 will automatically insert the object 
code for an RST 7 instruction in response to the interrupt acknowledge. This means that external logic does not 
need to supply the first post-interrupt instruction's object code. Of course, this means that all interrupt service routine's 
effectively begin with the execution of an RST 7 instruction. 

If external logic responds to the INTA low pulse by supplying the first byte of a CALL instruction's object code 
(11001101), then the 8228 System Controller will automatically generate two more INTA low pulses for the 
next two machine cycles. See Figure 4-34 for iNi'A pulse timing within the machine cycle. Now external logic can 
use the INTA pulse as a memory deselect and an interrupt acknowledge logic select. Here is a very general illustration 
of external logic that responds to an interrupt acknowledge by supplying the CPU with a three-byte CALL instruction's 
object code: 

INTA 
from 
8228 

Data Bus to CPU --

t 
Any pulse 
count logic 

Select true on 
first iNi'l pulse 

Select true 
on second 
iNTA pulse 

Select true on third 
iNi'lpulse 

l 

-
). 

-

-
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Figure 4-33. A Standard. Three Device 8080A Microcomputer System 
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Figure 4-34. Timing for Control Signals Output by 
the 8228 System Controller 
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Recall that the NEe 8080A generates three INTA low output pulses in response to a Call instruction object code being 
returned during the interrupt acknowledge process. But the NEC 8228 System Controller does not assume that these 
three low INTA pulses will occur. Thus the NEC 8228 System Controller may be used with an NEC 8080A or any 
other 8080A.ln every case the NEC 8228 will generate three low INTA output pulses when external logic responds to 
an interrupt acknowledge by providing a Call instruction object code. 

The status strobe STSTB which is output by the 8224 Clock Generator is a variation of the SYNC output from the 
8080A CPU. STSTB synchronizes the 8228 System Controller and is of no other concern to an 8080A user. 

BUSEN is an external input to the 8228 System Controller. This is a very useful signal because it allows external 
logic to float the Data Bus. When this signal is input low, the bidirectional bus driver logic of the 8228 System 
Controller presents a high impedance to the external Data Bus, thus allowing external logic to gain access to 
this bus. . 

Figure 4-33 illustrates the way in which the 8080A CPU normally combines with the 8224 Clock Generator and the 
8228 System Controller. These three devices are frequently looked upon as a single entity. 

THE 8259 PRIORITY INTERRUPT CONTROL UNIT (PICU) 

This is a very flexible, programmable interrupt handling device; it provides a CALL instruction's object code in 
rasponse to thrae interrupt acknowledge UNTA) signals; the 8228 System Controller responds to an interrupt 
acknowledge in this fashion, as described earlier in this chapter. Thereforathe 8269 PICU should be looked 
upon as a companion to the thrae-chip (8080A, ~224, 8228) microprocessor system. 

The 8269 PICU cannot be usee! with non-8080A systems. 

A single 8269 PICU with an 8080A microcomputer system will handle up to eight external interrupts, providing 
a variety of programmable interrupt priority arbitration schemes. 

Alternatively, an 8080A microcomputer system may have a single 8269 PICU designated as a master, controll
ing up·to eight additional 8269 PICUs designated as slaves. This allows a maximum of 64 levels of interrupt 
priority. Priority arbltratiQn schemes may be set Independently for the master and for each slave, resulting in a 
bewildering profusion of priority arbitration possibilities. 

Use extreme caution before Including master and'slave PICUs within an 8080A microcomputer system. When 
an application is implemented around a microprocessor with the general speed and performan(:e characteristics 
of an 8080A, then it is usually more efficient to handle numerous external request lines using multiple CPU con
figurations and/or programmed polling techniques, rather. than interrupts. 

The 8269 PICU is fabricated using NMOS technQlogy; it is packaged in a 28-pin plastic DIP. All outputs are TTL 
compatible. . 

With reference to the standard logic functions' illustration used throughout this book. the box marked "Interrupt 
Priority Arbitration" represents the functions implemented by the 8259 PICU. But it is hard to equate the large number 
of options provided by the 8259 PICU with the interrupt logic proyided by other microcomputer systems. An applica
tion that needs the 8259 PICU would certainly not be satisfied by Interrupt Priority control logic provided by almost any 
other device described in this book. 

825" PICU PINS AND SIGNALS 
8269 PICU pins and signals are Illustrated in Figure 4-36; we will summarize these signals, then discuss how 
the PICU is used. . 

From the proll!!lmmer's point of view, the 8269 PICU will be accessed either as two I/O ports, or as two mell'!O
ry locations. CS is a typical chip select and AO identifies one of two I/O ports or memory locations. The way you. 
as a programmer. must interpret the function of each 8259 PICU I/O port or memory location depends on an intricate 
logical sequence. 

The two 8269 addrassable locations are accessed via the Data Bus (DO - D7). 

lOR and lOW are standard read and write control ji9nalS. If the 8259 PICU is being accessed as two I/O ports. then 
these two signals will be connected to the i75R and I OW controls output by the 8228 System Controller: on the other 
hand. if the 8259 PICU is being accessed as two memory locations. then lOR and lOW must be connected to the MEMR 
and 'iiiiEMW controls output by the 8228 System Controller. . 

External devices requesting Interrupt service have their request signals connected to IRI) -IR7. A high level on 
anyone of these signals will be interpreted as an interrupt request. An Interrupt request is passed on to the CPU via· 
the INT signal. This is illustrated in Figure 4-36. 
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In a configuration that includes master and slave 8269 PICUs externaf logic will connect to the interrupt request 
signals ORO - IR7) of the slave PICUs only. The INT outputs of the slave PICUs will be connected to the interrupt re
quests ORO -IR7) of the master PICU. This is illustrated in Figure 4-37. 

When more than one 8269 PICU is present in a system. SP identifies the master and slave units. SP high defines the 
master. while SP low forces an 8269 PICU to operate as a slave. SP also determines the sense of the three cascade 
lines (CO, C1, C2): these are output lines from the master and input lines to a slave. 

The 8080A CPU provides the standard interrupt acknowledge via INTA. This interrupt acknowledge will be 
received by all 8269 PICUs in tne system. master or slave. 

In a system that includes a master 8269 PICU only, the three bytes of a CALL instruction's object code are out
put via the Data Bus In response to the threelNTA control signals arriving from the 8228 System Controller. The 
second and third bytes of the CALL instruction's object code provide ali address which is unique to the selected inter
rupt request. 

In a configuration that Incll,ldes master and slave 8269 P!CUs, the master PICU outputs the first byte of a CALL 
Instruction's object code: the master also outputs a value between 000 and 1; 1 via the three cascade lines 
(CO - C2). This three-bit binary value Identifies the interrupt request level being acknowledged - and therefore 
the slave PICU being selected. The se!ected slave PICU provides the second and third bytes of the CALL in
struction's object code in response to the secol'd and third INTA pulsesolJtput by the 8228 System Controller. 
Thus the slav~ PICU Identifies the Interrupt request level It Is acknowledging. 

The interrupt acknowledge logic of the 8269 PICU is referred to as "Vectoring". Let us examl"e 8269 vectoring 
In more detail. . 

PIN NAME 
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Figure 4-36. 8269-Prioritylnterrupt Control Unit Signals And Pin ASSignments 
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Figure 4-36. A System With One PICU 

THE 8259 PICU INTERRUPT ACKNOWLEDGE VECTOR 

8228 
SYSTEM 

CONTROLLER 

~ ......... 

IIR7 

DEVICE 
7 

DB7 

AO 

D9 
: 

07 

Vectoring is a general term used to identify an interrupt acknowledge sequence which results in the immediate 
identification of the interrupting external source. With a non-vectored interrupt acknowledge. the CPU must ex
ecute some instruction sequence whose sole purpose is to identify the source of the interrupt - and that assumes 
more than one possible extemal interrupting source. 

Recall that when an interrupt request is acknowledged by a three-device 8080A microprocessor 
system. the 8228 System Controller outputs a low pulse on the INTA control line. External logic 
must interpret the low INTA pulse as a signal to bypass normal instruction fetch logic. and provide 
the object code for the first instruction to be executed following the interrupt acknowledge. (If this 
is new to you. refer to our discussion of the 8080A and 8228 devices.) If a CALL instruction's ob
ject code (CD 16) is returned to the 8228 System Controller. then low INTA pulses are output for 
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the next two machine cycles - thus making it easy for external logic to fetch all three bytes of a CALL instruction's ob
ject code. The 82&9 PICU uses this 8228 logic to supply a three-byte CALL Instruction's object code as the first 
Instruction executed following an interrupt acknowledge. But a CALL Instruction's object code is Interpreted 
thus: . " 

Byte 1 

----CALL 

Byte 2 Byte 3 

16-bit address of called subroutine's 
first executable instruction 

There are two ways in which the 82&9 PICU can compute the address portion of" the CALL instruction object 
code (bytes 2 and 31. These are the two options: . 

Option 1 
XXXXXXXXXXXYYYOO 

Option 2 
XXXXXXXXXXYYYOOO 

X represents binary digits which are defined, under program control, to be a constant portion of the Call address. 

Y represents binary digits which identify the interrupt priority level (000 through 111). 

Since the CALL is the first instruction executed following an interrupt acknowledge, it causes program logic to branch 
to a memory location which is uniquely set aside for a single external interrupting source. SuppoSe you have selected 
CALL instruction Option 1, as Illustrated above. You would then set aside an area of memory for a jump table. as 
follows: 

XXXXXXXXXXXYYYOO 
0011100000000000-----... _ 3800 

~~~~ 
011-........," ~ 
100 3804 
etc 

3808 

380C 

3810 

Memory addresses have been selected arbitrarily in the illustration above. 
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Program logic does not have to determine the source of an interrupt. You simply origin separate interrupt service 
routines at starting addresses specified by the Jump instructions in the jump table. This may be illustrated as follows: 

3800 

3804 

-~ 

3808 

380C 

MORE 
PROGRAM PROGRAM 
MEMORY MEMORY 

C3 
80 
OF 

(3 
00 
OF 

~ C3 
'00 
OE 

C3 
80 
00 

OEOO ADDR2 
OEOl ~ __ ~ 
0E021-__ -I 
0E03 
0E041----I 

The illustration above arbitrarily assumes that the interrupt request arriving at IR2 has its service routine origined at 
OE0016. In this example. the address vector provided by the 8259 is 380816: 
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Figure 4-37. A System With Three PICUs - One Master And Two Slaves 
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At memory location 380816. the object code for the instruction: 

.IMP ADDR2 

takes us directly to the required interrupt service routine. 

8259 PICU PRIORITY ARBITRATION OPTIONS 
Priority arbitration logic Is used to determine which interrupt request will be acknowledged when two or more 
Interrupt requests exist simultaneously. The 8269 PICU allows interrupt priorities to be specified at two 
levels - which need to be clearly separated and identified. 

As discussed in Volume 1-Basic ConceQts. interrupt priority arbitration usually applies to simultaneous interrupt re
quests; at the instant an interrupt is acknoWledged. if more than one external requesting source is requesting an in
terrupt. priority arbitration logic decides which single Interrupt request will be acknowledged. Once an interrupt 
has been acknowledged. priority arbitration has nothing to do with whether the interrupt service routine can itself be 
interrupted. or by whom. 

The 8269 PICU extends interrupt priorities to the service routines themselves. Once an interrupt has been 
acknowledged. its service routine can only be interrupted by a higher priority interrupt. 

If you are unsure of the difference between interrupt priority arbitration at the point when interrupts are acknowledged. 
as against priority arbitration for the entire duration of an interrupt service routine. then refer to Volume 1-Basic Con
~Qts. where this subject is covered thoroughly. 

Let us now look at the various priority arbitration options provided by the 8259 PICU. 

The Fully Nested Mode is the default case. Interrupt priorities are set sequentially from 0 (highest! to 7 {lowest!. 

As we will describe shortly. the 8269 PICU must be initialized by an appropriate instruction sequence before it can 
be used in any way. Upon completing programmed Initialization. Fully Nested Mode is the priority arbitration op
tion in force. It takes additional instructions to specify any other priority arbitration option. 

In Fully Nested Mode. interrupt priorities will never change. An interrupt request arriving at an IR 
line will never be acknowledged if an interrupt request exists at a higher priority line. or if an inter
rupt service routine is being executed in response to a higher priority interrupt request. Conver
sely. once an interrupt has been acknowledged. the interrupt service routine which is subse
quently executed may be interrupted only by a higher priority interrupt. It makes no difference 
whether interrupts have. or have not been disabled. the 8259 PICU will ignore all interrupt re

8269 PICU 
INTERRUPT 
SERVICE 
ROUTINE 
PRIORITIES 

quests at priority levels below that of an interrupt service routine currently being executed. For example. suppose inter
rupts are being requested simultaneously at levels 2 and 5. The level 2 interrupt will be acknowledged and its interrupt 
service routine will be executed. While the level 2 interrupt is being executed. the level 5 interrupt request will be 
denied by the 8259 PICU. whether or not interrupts have been disabled at the CPU. However. if an interrupt request ar-. 
rives at priority level 1. the PICU will acknowledge this interrupt request. and will allow the level 2 interrupt service 
routine to be interrupted. This may be illustrated as follows: 

Program 

executing 

New interrupt 
request appears 

at IRI 

Interrupt is 
higher priority 

than IR2. so 

is acknowledged 

Interrupts are requested 

via lines I? 

Denied - IRS IR2 - acknowledged 

,/ (

An interrupt request at IRS. 
if still pending. can now 
be acknowledged 

~~. 

IR 1 request's 
service routine 
is executed 
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It is very important to understand that the 8259 PICU extends interrupt PriOrity logic beyond the interrupt 
acknowledge, to the interrupt service routine itself. Standard priority arbitration logic does not extend to the interrupt 
service routine. Thus, in the standard case if interrupts were being requested at priorities 2 and 5, then the priority level 
2 request would be acknowledged, but the priority level 2 interrupt service routine could be interrupted by the level 5 
interrupt request. unless all interrupts were disabled at the CPU -- in which case an interrupt request at level 1 would 
also be denied. 

If you do not want to extend interrupt priorities to the interrupt service routines, you can output a Special Mask Mode 
command (which we will describe shortly) to selectively enable interrupt requests of lower priority than the currently 
executing interrupt service routine. 

Rotating Priority. Mode A is the next option. This differs from the Fully Nested Priority Mode, 
which we just described, in that after being serviced, a request is immediately relegated to lowest 
priority. This may be illustrated as follows: 

Before first acknowledge 

After first acknowledge 

After second acknowledge 

" identifies active interrupt requests. 

r 
Lowest 

IR7 

IR2 

IR5 

6 

IR6 

IRI 

IR4 

Priorities assigned to IR lines 

.A. 

S 4 3 2 

IRS" IR4 IR3 IR2" IRI 

IRQ IR7 IR6 IRS" IR4 

IR3 IR2 IRI IRQ IR7 

8269 PICU. 
ROTATING 
INTERRUPT 
PRIORITIES 

......... 
Highest 

Q 

IRQ 

IR3 

IR6 

In a microcomputer system that makes heavy use of interrupts, Rotating Run in Priority Mode A may be a necessary 
replacement for the default Fully Nested Priority Mode. In the default case, the lowest priority levels may get little or no 
service if there is heavy interrupt traffic. In an application that does not have a well defined hierarchy of interrupt 
priorities, a rotation of priorities, as illustrated above. is superior - because it has the effect of giving every priority 
level equal service. 

Rotating Priority Mode A is implemented as a sequence of single programmed events. The microprocessor outputs an 
appropriate Control code to the 8259 PICU upon completing every interrupt service routine. Thus Rotating Priority 
Mode A is not a permanently specified PICU condition; each rotation represents a single response to a single Control 
code - unconnected to previous or future priority selections. For the moment. however. it is not necessary that you un
derstand the programming techniques employed when selecting 8259 interrupt priority modes; that is a subject we 
will cover after completing the description of all available priority ·options. 

Rotating Priority Mode B gives you some flexibility in determining future priorities. Now under program control 
you can fix the next division between top and bottom priorities at any time. This may be illustrated as follows: 

Priority assigned to IR lines 

r .A. "-
Lowest Highest 

6 S 4 3 2 Q 

Before first acknowledge IR7 IR6 IRS IR4 IR3 IR2 IRI IRQ 

After first acknowledge IR5 IR4 IR3 IR2 IRI IRQ IR7 IR6 

IR5 is defined as 

lowest priority 

After next acknowledge IR3 IR2 IRI IRQ IR7 IR6 IR5 IR4 

IR3 is defined as 

lowest priority 

etc. etc. 
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Rotating Priority Mode B allows program logic to determine subsequent interrupt priorities based upon transient 
system conditions. Rotating Priority Mode B rotates priorities any number of positions to the right. much as you might 
rotate the bits of an Accumulator. 

Like Rotating Priority Mode A. Rotating Priority Mode B depends on the microprocessor outputting an appropriate Con
trol code to the 8259 PICU. However. in Rotating Priority Mode A. rotation can be done only at the conclusion of an in
terrupt service routine. whereas in Rotating Priority Mode B. priorities can be changed at any time. 

Two mask modes allow individual priorities to be selectively disabled. A Simple Mask Mode 
allows the microprocessor to output an 8-bit mask. Where 1 bits will cause corresponding 
interrupt request lines to be disabled. For example. the mask value CA16 will disable interrupt 
lines IR7. IR6. IR3 and IR1: 

7 6 5 4 3 2 1 0 ~Bit No. 

'1 11 ,0,0,1 ,011 1 0 ~ Interrupt Mask 

tIl I These IR lines are selectively disabled. 

r__----. 
8259 PICU 
INTERRUPT 
MASKING 

A Special Mask Mode is also provided; it allows you to enable Interrupts at a lower priority level than that of the 
currently executing interrupt service routine. By writing a 1 to the appropriate bit of the Mask register. an interrupt 
level can be disabled while its interrupt service routine is executing. Even though the level is masked. all lower level in
terrupts will remain disabled until the conclusion of the service routine. Once the current level is masked. however. en
tering Special Mask Mode will enable all unmasked lower priority interrupt levels. Thus a request can interrupt a service 
routine operating on a higher priority level. 

Masks may be superimposed on Rotating Priority Mode A or Mode B without restriction. This allows you to selectively 
enable and disable individual interrupt request lines. then rotate priorities for the enabled lines. Special Mask Mode 
also allows you to selectively enable interrupts of lower priority than a currently executing interrupt service routine. 

Polled Mode bypasses priority arbitration altogether. If you select Polled Mode. then you 8259 PICU 
must poll the 8259 PICU. You will interpret the polled data as follows: POLLING 

rrTTT,.i'., ... ~-polied Status 

Highest priority level requesting 

an interrupt (000 through 111) 

~-------Unassigned 

.... ---------- 1 Interrupt request pending 
o No interrupt requests pending 

In a configuration that includes master and slave 8259 PICUs. you will first read status from the master PICU. Upon 
detecting a 1 bit in bit 7. you will poll the slave PICU which is identified by bits 2. 1 and 0 of the master's polled data. 
The slave poll identifies the highest priority interrupt request. This may be illustrated as follows: 

7 6 5 4. 3 2 1 0 ~Bit No. 

Master: 

76543210 76543210 76543210....-BitNo 

etc.' I I I I I I I I I I I I I I I I I 1 I I I I I I ~ Slaves . 
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$uppose the' represents interrupt requests. The master poll would return: 

7 6 5 4 3 2 1 o "'4--Bit No. 

I"" 1'1 'I 'Iilf! f '--. -. --Priority 1 slave device 

"'--------_--- Requesting an interrupt 

The polling program must now poll slave 1; it will read: 

7 6 5 4 3 2 1 0 ~ Bit No. 

1111101010101,,11 

f 'T"' ____ Priority 3 interrupt request 

"'----------__ Requesting an interrupt 

In Polled Mode. the 8259 PICU is not being used as an interrupt processing device at all. In effect. interrupt requests are 
reduced to status flags. which will be processed by the CPU when it is ready to do so. External logic is no longer able to 
force the CPU to suspend current program execution; thus the key concept of an interrupt is missing. 

While it may not immediately appear obvious, using the 8269 PICU in Polled Mode is possibly one of the most 
effective ways of utilizhlg this device. A point we have frequently made is that the average microprocessor is simply 
too slow to efficiently handle random. nested interrupts in a traditional minicomputer fashion. It is faster and more effi
cient to poll status on a round-robin basis. branching to appropriate subroutines upon detecting a status flag via which 
external logic has requested service. A detailed discussion of this point may be found in the book 8080 Programming 
forhogicDesig~ . 

HOW INTERRUPT REQUESTS AND PRIORITY STATUS ARE RECORDED 
Inte~nal to the 8269 PICU there are two registers: an Interrupt Request IIR) register and an Interrupt Status liS) 
re$!ist~r. 

The lnterrupt Request and Interrupt Status registers may be looked upon as receiving external Interrupt request 
status in a cascaded fashion as follows: 

O~BitNo. 

rrin"'TTTn~--INTA late'- highest. 
priority IR bit into IS 

C:r:lll:I:JCOI--I--IRN inputs set IR bits 
immediately tNT A clears IR register 

IR7 IRS IRS IR4 IR3 IR2 1R1 IRO 

Any active interrupt request appearing on the interrupt request lines IRO - IR7 will set corresponding bits of the Inter
rupt Request register. When any interrupt is acknowledged. the acknowledgeq interrupt's bit in the Interrupt Status 
register is set simultaneously. all bits of the Interrupt Request register are reset. This may be illustrated as follows: 

Interrupt request signal 
.... ___ '!!"" ____ IR register bit IRn 

IRln) 

l5(n) In) is the highest priority 
(i.e •• ackriowledged) interrupt request 
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In order to reset any bit of the Interrupt Status register you must issue a specific "End-Of-Interrupt" instruction which 
we will describe shortly. 

You may therefore look upon the Interrupt Request register as identifying active. but unacknowledged interrupt re
quests. Notice that Interrupt Request status is not preserved across an acknowledge. This means external logic must 
hold its Interrupt Request true until it has been selected and acknowledged. 

You may look upon the Interrupt Status register as identifying the interrupt requests which are currently being ser
viced. If you do not nest interrupts. then only one bit of the Interrupt Status register will be set at any time. If you do 
nest interrupts. then more than one bit of the Interrupt Status register may be set - for the interrupt request being ser
viced currently and for any interrupt requests which were being serviced, but were themselves interrupted. But remem
ber you can misuse the Interrupt Status register. If you do not end interrupt service routines by outputting an "End-Of
Interrupt" command to the 8259 PICU. then bits of the Interrupt Status register will remain set after the appropriate in
terrupt has been serviced. 

If yoti use a mask to inhibit interrupt levels. then the inhibit logic will prevent bits of the Interrupt Request and Interrupt 
Status register from being set for the inhibited interrupt levels. 

The Interrupt Request (lR) register stores a 1 bit at every requesting level: it may be visualized as a simple reflection of 
IR input signals: 

IR7 IR6 IRS IR4 IR3 IR2 IR 1 IRO 

• 
• represents active interrupt requests 

The Interrupt Status (IS) register reflects the status of current interrupt priority arbitration logic. Whenever an interrupt 
is acknowledged. the IS bit corresponding to the interrupt level is set. This bit is reset by the End-Of-Interrupt (EO I) in
struction at the end of the interrupt service routine. We will tell you how to issue an EOI instruction shortly. 

Suppose the 8259 PICU is operating in the default mode: fully nested interrupts. no mask bits set. An interrupt request 
is made at level 4. When this interrupt is acknowledged. bit 4 of the IS register is set: 

7 6 5 4 3 2 1 0 ~ Bit No. 

10101011 10 10 1010 ... IS 

and interrupts at levels 5. 6 and 7 are disabled. since they are of lower priority than level 4. While the level 4 request is 
being serviced. a request is made at level 1. Since level 1 has higher priority. it will be acknowledged. interrupting the 
level 4 service routine. IS will look like this: 

7 6 5 4 3 2 , 0 ~ Bit No. 

1010101110101,1 0 ~ IS 

Now interrupt levels 2 through 7 are disabled. At the conclusion of the level 1 service routine. EOI will reset bit 1: 

7. 6 5 4 3 2 I 0 ~ Bit No. 

'0101011101 0101 O~IS 

thus enabling interrupt levels 2 and 3 - and level 4. whose service routine can now continue. On the next EOL assum
ing no further interruptions. bit 4 of IS will be reset. at which time levels 5. 6 and 7 will again be enabled. 

In priority modes other than the Fully Nested Mode (Rotating Priorities A and B and Special Mask Mode) the 8259 PICU 
cannot be depended on to reset the correct IS bit when it receives the usual EOI. Therefore. it is sent a special EOI 
which specifies which levers service routine is ending - and therefore which IS bit is to be reset. 
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PROGRAMMING THE 8259 PICU 
As we have already stated. the 8269 PICU appears to the programmer as two I/O ports. or memory locations, 
However. ther~ are a number of ways in which data written to. or read from either location may be interpreted, 
Let us begin by defining these interpretations: then we will explain the sequence in which Control codes should 
be written. and statuses read. in order to access the many capabilities of the 8269 PICU, 

Control codes Ol.ltput to the lower I/O port or memory address (AO = 0) may be interpreted in one of three ways, labeled 
Initialization Control Word 1 (lCW1) and Operation Control Words 2 and 3 (OCW2 and OCW3): 

765 2 1 0 ~BitNo. 

~~ __ 1CW1 

-+-++---Don't care 

-----1 One 8259 in a systam only 
o Master and slave 8259s in system 

_____ ... 1 4 bytes between address vectors 

o 8 bytes betvJl!llfl address vectors 

--------Must be 1 
-----------Bits 7. 6 and 5 of interrupt address vector 

7 6 5 4 3 2 1 O ..... __ -BitNo. 

~1;.:~I~I~I~0~1~0~1;J1~1~1~ .. ~---00N2 
t ______ 000 Select priority level 0 as lowest 

001 Select priority level 1 as lowest 
010 Select priority level 2 as lowest 
011 Select priority level 3 as lowest 
100 Select priority level 4 as lowest 
101 Select priority level 5 as lowest 
110 Select priority level 6 as lowest 
111 Select priority level 7 as lowest 

--------Must be 00 

---------------000 No Operation 

76543210.-

IXI I 10111 I I 

L 

011 Simple end of interrupt. ignore bits 2. 1. 0 
010 No Operation 
011 Special end of interrupt. and reset IS bit specified by bits 2. 1. 0 
100 No Operation 
101 End of interrupt and execute Rotate Priority Mode A 
110 Execute Rotate Priority Mode B. level set by bits 2. 1, 0 is lowest level 
111 End of interrupt and execute Rotate Priority Mode B. Level set by 

bits 2. 1. 0 is lowest level. 

Bit No. 

00N3 

00 Not allowed 
01 Not allowed 
10 Select IR register on status read 
11 Select IS register on status read 

Normally O. " 1. Polled Mode in force 

Must be 01 

11 Select special mask mode 

10 Deselect special mask mode 

Don't care 
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When reading from the lower address (AO = 0). the condition of the most recently issued OCW3 bits 0 and 1 determine 
what will be read. If these two bits were 01. the Interrupt Request register (lR) is read; if these two bits are 1 T. the Inter
rupt Status register (IS) is read. 

Control codes output to the higher I/O port or memory address (AO = 1) may also be interpreted in one of three 
ways. After an ICW1 control has been output to the lower address (AO = 0). either one. or two Control codes must be 
output to the higher address (AO = 1). If ICW1. bit 1 is 1. a second Control code (lCW2) must be output to the higher 
address (AO = 1) of the master 8259 PICU. and to every slave 8259 PICU. that may be present. This is the format of 
ICW2: 

7 6 5 4 3 2 1 0 ......... -BitNo. 

~1:r1:I1:J1:J1c:1r:[I:rI:J'r .. ~---- ICW2 
,,~ ,., 

l .. _______ Bits 15 - 8 of the interrupt address vector 

If ICW1. bit 1 is O. ICW2. as illustrated above. must be output - and it must be followed by a second Control code 
(lCW3). output to the higher address (AO = 1) of the master 8259 PICU. and then to each slave 8259 PICU. The master 
8259 will interpret ICW3 as follows: 

7 6 5 4 3 2 1 0 -.--Bit No. 

11"'1"' ... 1CW3 to master '" ~ ,., IL ___ _ 

A slave 8259 will interpret ICW3 as follows: 

Any 1 bit identifies a request level to 
which a slave 8259 has been attached 

7 6 5 4 3 2 1 0 ~BitNo. 

I I I I I I I I ,... ICW3 to slave 

-----These three bits identify the 
request level at the master 8259 
to which this slave 8259 
has been connected 

-------------- Don't care 

A system with a single 8259. therefore. has ICW1. then ICW2 output to it. 

A system with master and slave 8259 devices must have ICW1. ICW2 and ICW3 output to the master. then ICW1. 
ICW2 and leW3 output to each slave. 

After the initiation sequence has been completed, when reading or writing to the higher I/O 
port address (AO = 1), the Interrupt Mask register is accessed. Writing a 1 into any bit posi
tion will disable corresponding IR line requests. 0 bits enable interrupt requests at corres
ponding IR lines. When you return to the initiation sequence, the higher I/O port address 
again accesses ICW2 or ICW3. 
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We will now examine the normal sequence in which the 8259 PICU will be programmed. Programming logic may be 
defined as follows: 

NO 

Output ICWl to Master 

8259 

Output ICW2 to Master 

8259 

Output ICW3 to Master 

8259 

Output ICW1, ICW2 and 

ICW3 to each slave 8259 

Write any initializing 

codes to master and 
slaves (H presentl 
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Using arbitrary data. the initiation sequence for a single 8259 PICU system may be illustrated as follows: 

MVI PICUL,12H ;WRITE OUT ICW1 
MVI PICUH.40H ;WRITE OUT ICW2 

The labels PICUL and PICUH address the lower and higher 8259 PICU addressable locations. respectively. 

The two instructions above assume that the 8259 PICU is being addressed as memory. The two immediate data bytes 
specify an interrupt address vector beginning at location 400016. incrementing eight bytes with each priority level. 

Now consider a configuration where there is a master PICU and three slave PICUs connected to IRO. IR1 and IR2. Here is 
the initiating instruction sequence required: 

;INITIALIZE MASTER PICU 
MVI PICUL.14H 
MVI PICUH.40H 
MVI PICUH.07H 

;INITIALIZE FIRST SLAVE PICU 
MVI SPCL 1.1 OH 
MVI SPCH1.48H 
MVI SPCH1.0 

;INITIALIZE SECOND SLAVE PICU 
MVI SPCL2.30H 
MVI SPCH2.48H 
MVI SPCH2.1 

;INITIALIZE THIRD SLAVE PICU 
MVI SPCL3.52H 
MVI SPCH3.48H 
MVI SPCH3.2 

;WRITE OUT ICW1 
;WRITE OUT ICW2 
;IDENTIFY SLAVES TO MASTER 

;WRITE OUT ICW1 
;WRITE OUT ICW2 
;IDENTIFY PRIORITY TO SLAVE 

;WRITE OUT ICW1 
;WRITE OUT ICW2 
;IDENTIFY PRIORITY TO SLAVE 

;WRITE OUT ICW1 
;WRITE OUT ICW2 
;IDENTIFY PRIORITY TO SLAVE 

Since there is a single master. and three slaves. there must be four sets of initiating instructions. 

First. we initiate the master. Again. the interrupt address vector is origined at 400016. This origin a'nd the specification 
that four bytes will separate each vector will be used when interrupts are requested on levels to which no slave 8259 
PICUs are connected. In this case the value 0716 is output indicating that IRO. IR1 and IR2 have connected slaves. 

Slave initiation is straightforward. The first slave PICU has labels SPCL 1 and SPCH1. representing the lower and higher 
addressable' locations. SPCL2 and SPCH2 are second slave PICU labels. while SPCL3 and SPCH3 are third slave PICU 
labels. 

All three slave PICUs specify a four-byte displacement between interrupt address vectors. Initial origins of 480016. 
482016 and 484016 are specified for slave 1. 2 and 3. respectively. Notice that the second byte written out to the high 
order address SPCH1. SPCH2 or SPCH3 identifies the slave's priority. 

Once 8269 PICUs have been initiated, programmable features are controlled by outputting appropriate Control 
codes and inputting appropriate status. Every interrupt service program must end by outputting an "End-Of-In
terrupt" Control code to the 8269 PICU. Any form of "End-Of-Interrupt" Control code will do. Otherwise, there 
is no well defined sequence in which controls and status should be used. 
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Table 4-6. A Summary of 8259 PICU Operations 

OPERATION INSTRUCTION SEQUENCE 

Select Fully Nested None. This is selected after initiation. 
Mode 
Issue simple End Of Output 2016 (OCW2)to PICUL. 
.Interrupt command 

Rotate Priorities Output A016 (OCW2) to PICUL. 
Mode A with 
End Of Interrupt 

Rotate Priorities Output Cn16 (OCW2) to PICUL. n is the new lowest 
Mode 8 without priority. 
End Of Interrupt 

Rotate Priorities Output En16 (OCW2) to PICUL. n is the new lowest 
Mode 8 with priority. 
End Of Interrupt 
Output an interrupt Output mask byte to PICUL any time after 
mask initiation sequence. 

Read interru pt Input PICUH. 
mask 

Enter special Output OCW3 to PICUL with 6816 in lower 7 bits. 
mask mode 

Exit special Output OCW3 to PICUL with 4816 in lower 7 bits. 
mask mode 

Specify Polled Output OCW3 to PICUL with OC 16 in lower 7 bits. 
Mode 
Poll any PICU Output OCW3 to PICUL with 011 in bits 4. 3. 2. 

then immediately read from PICUL. 

Read IR Status Output OCW3 to PICUL with OA 16 in lower 7 bits. 
Then read from PICUL. 

Read IS Status Output OCW3 to PICUL with 0816 in lower 7 bits. 
Then read from PICUL. 

Reset an IS status Output 6N16 (OCW2) to PICUL if End Of Interrupt. 
bit N is the IS status bit to be reset. 

PICUL identifies the PICU lower address (AO = 0). 
PICUH identifies the PICU higher address (AO = 1). 

Here is an example of the end of an interrupt service routine: 

MVI 
RET 

PICUL.20H ;SIMPLE END OF INTERRUPT 
;RETURN TO INTERRUPTED SEQUENCE 

The simplest "End-Of-Interrupt" (EOI) is sent as OCW3. This command will reset the highest set bit in the IS register. 
Notice that we thus assume that this interrupt occurred in Fully Nested Priority Mode. where the highest bit corres
ponds to the highest priority level. 

In other priority schemes. however. the interrupt level being serviced may not correspond to the'highest set bit of the IS 
register. Suppose the interrupt handling scheme is Rotating Priority Mode 8 with level 2 the lowest priority and a level 
o request being serviced: 

LOWEST HIGHEST ~ Interrupt priorities 

121110 1716151413 ~lnterruPt levels 

• • L---------In Service 
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A request at level 4 (0) will interrupt the level 0 routine. The IS register would look like this: 

7 6 .5 4 3 2 I 0 ""'-Bit No. 

101010111 0101011 ~IS Register 

A simple EOI in the level 4 service routine will now reset bit 0 - which is wrong. The following instruction sequence 
will reset the correct IS bit and return: 

MVI 
RET 

PICUL.64H ;END LEVEL 4 INTERRUPT 
;RETURN TO INTERRUPTED SEQUENCE 

Since we are rotating priorities. the following would be preferable: 

MVI PICUL.E4 ;END LEVEL 4 INTERRUPT AND MAKE 
;LEVEL 4 LOWEST PRIORITY 

RET ;RETURN TO INTERRUPTED SEQUENCE 

The priorities and IS register now look like this: 

LOWEST HIGHEST-Interrupt Priorities 

14131211 10 171615 ~ Interrupt Levels 

7 6 .5 4 3 2 I 0 ~Bit No. 

10101010101010 II ~IS Register 

Either of the suggested EOI instructions would allow the level 0 routine to resume. 
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DATA SHEETS 

This section contains specific electrical and timing data for the following devices; 

8080Al8080A-1/8080A-2 CPU 

• 8224 Clock Device 
• .8228/8238 System Controller 

• 8259APIC 
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SOSOA/SOSOA-1/S0S0A-2 

ABSOLUTE MAXIMUM RATINGS· 

fempe'rature Under Bias ........•... O·C to +70· C 
Storage T emperatu re .. . . . . . . . . . • . _65· C to + 150· C 
All Input or Output Voltages 

With Respect to Vaa ........•.. 
Vee, VOO and Vss With Respect to Vaa 
Power Dissipation ..••.••••.••..• 

D.C. CHARACTERISTICS 

-0.3V to +20V 
-0.3V to +2OV 

....... 1.5W 

'COMMENT: Stresses above those listed under "Absolute Maxi· 
mum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the de
vice at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Ex· 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

TA = o·C to 70·C, VOO = +12V ± 5%, Vee = +5V ± 5%, Vaa = -5V ± 5%, Vss = OV, Unless Otherwise Noted. 

Symbol Parameter Min. 

VILe Clock I nput Low Voltage Vss-l 

VIHe Clock Input High Voltage 9.0 

VIL Input Low Voltage Vss-l 

VIH Input High Voltage 3.3 

VOL Output Low Voltage 

VOH Output High Voltage 3.7 

IOOIAVI Avg. Power Supply Current (VOO) 

lee (AV! Avg. Power Supply Current (Vee) 

laa(AVI Avg. Power Supply Current (Vaa) 

III Input Leakage 

ICL Clock Leakage 

IOll21 Data Bus Leakage in Input Mode 

IFl 
Address and Data Bus Leakage 

During HOLD 

CAPACITANCE 
TA = 25·C Vce = VOO = Vss = OV, Vaa = -5V 

Symbol Parameter Typ. Max. Unit 

C~ Clock Capacitance 17 25 pi 

CIN I nput Capacitance 6 10 pi 

COUT Output Capacitance 10 20 pi 

NOTES: 
1. The RESET signal must be active for 8 minimum of 3 clock cycles. 
2. <11 supply I AT A = -o.4S%f C. 

Typ. Max. 

Vss+0'8 

Voo +l, 

Vss+0.8 

Vee+1 

0.45 

40 70 

60 80 

.01 1 

±10 

±10 

-100 
-2.0 

+10 
-100 

Test Condition 

Ie = 1 MHz 

Unmeasured Pins 

Returned to Vss 

Unit 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

"A 

"A 

"A 
mA 

"A 

~ z 

• 

Test Condition 

} IOL = 1.9mA on all outputs, 
ioH = -150/IA. 

} Operation 
T ev = .48 "sec 

Vss .;;; VIN .;;; Vee 

Vss .;;; VClOCK .;; VOO 

Vss ';;;VIN"Vss+0.8V 

Vss+0.8V';;VIN ';;Vce 

VAOOR/OATA = Vce 

VAOOR/DATA = Vss + 0.45V 

~ 
:> 
u " > 

or---
~ ---r--

,S 
.25 '5O 

AMBIENT TEMPERATURE '·CI 

Figure 2, Typical Supply Current vs, 
Temperature, Normallzad(J( 

Data sheats on pages 4-02 through 4-013 are reprinted by permission 01 Intel Corporation. 
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SOSOA/SOSOA-1/S0S0A-2 

A.C. CHARACTERISTICS (8080A) 
TA = O'C to 70'C, Voo = +'2V ± 5%, Vee = +5V ± 5%, VBB = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

·1 ·1 ·2 ·2 
Symbol 'arame'er MIn. Mu. MIn. M ... Min. M ... · Unit Tn! Condition 

IcyI3l Clock Period 0..8 2.0 0.32 2.0 0.38 2.0 ..... 
10 II Clock RI .. and Fan Tlma 0 50 0 25 0 50 noe. 

III' II, Pul .. Wldlh eo 50 eo naec 

1112 liz Pulae Wldlh 220 '45 '75 noe. 

10' Dalay II, 10 liz 0 0 0 .... 
102 Dalay liz 10 II, 70 eo 70 naec 

103 Dalay II, 10 112 leading Edge. eo eo 70 naec 

IOAI21 Addre •• Oulpul Delay From liz 200 '50 '75 naoc 
}CLD'OOPF 

10ol2J Da,. Oulpul Dalay From '"2 220 leo 200 naec 

10CI2J Signal Oulpul Delay From liz or liz (SYNC, WR, WAIT, HLDA) '20 110 '20 naoc J CL=50 pF 
10,,121 OBIN Delay From liz 25 '40 25 '30 25 '40 naec 

101['1 Dalay lor Input Bua 10 Enter Inpul Mode 10F 10F 10F naec 

lOS, Data salUp Time During '", and OBIN 30 '0 20 no .. 

WAVEFORMS (Note: Timing measurements are made at th~ following reference voltages: CLOCK "'" = B.OV 
'~O" = '.OV; INPUTS "'" = 3.3V, "0" = O.BV; OUTPUTS "'" = 2.0V, "0" = O.BV.' 

........ ________ +-_-~1.1"_--- -~ ______________ ~ 
r-'o.-l i-H--+--t-'.w-ti--IH 
!-'oo~'- - '0, t- - 'oHI- !-'o.-J 

D,.o" ________ -1'-_.-_-_1[0:..1._____ --~-:.: y,;,t= ~ ~~ft_-~,-.--f:.--f---i!DA~-~'A~-OUf:,:_::tt_-If 

~~ ______________ -t-·JTI ~~ ____ -~~'ou~.-_f----~_f--------~_f_+~----~ 
- 'oc - 'ocl-~ ___ +-~ 

~ T 1 
----------------------~_-,,O-~jl _,O.~l*--+-------#--+~i---~~ 

WII __________ _ 

READY _ ¥ _ ~9.t~~I--, 1 
t"lt-- ",.1--1 ~~ 

WA'T _______________________________ ... "--....;..;I-_f--IJ."I 1"t----tt-_t 
'oc- 'H......i 1.--

~LD _______________________________________ -_~~I~--~~dl~~r-~~ 

~'"'\!..!. HLDA ________________________________________________________________________ ~-t 

I~------~--------------------------------------------~ 
I~E 
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SOSOA/SOSOA-' /SOSOA-2 

A.C. CHARACTERISTICS (aOaOA) 
TA = o·C to 70·C, VCC = +12V ± 5%, Vcc = +5V ± 5%, VBB = -5V ± 5%, Vss = OV, Unless Otherwise Noted 

·1 ., ·2 ·2 
Symbol P.rlmeter MIn. MI •• MIn. Mu. Min. MI". Unit T •• t Condition 

tDS2 Dlta Setup Tlma to '"2 During DBIN 150 120 130 nsec 

tDHlll Data Holt tlmo From '":! During DBIN (1( (1( (II nsec 

tlel2( INTE Output Dalay From '"2 200 200 200 nsoc CL=50 pF 

tRS REACY Setup Tim. Curing '":! 120 90 90 nsoc 

tHS HOLD Setup Tlmo to '":! 1<10 120 120 nsec 

ttS INT Sotup Tim. During '"2 120 100 100 nsoc 

tH Hold Tim. From,":! (READY, INT, HOLD) 0 0 0 "sec 

tFD Dolay to Float Curing Hold (Addr ••• and Data Bua) 120 120 120 ns"" 

tAW21 Add .... Stabl. Prior to WR 

towl2( Output Data Stabl. Prior to WR 

twoI2I OUtput Data Stabl. From WR 

tWA(2( Add .. s. Siabl. From WR 

tH",2I HLDA to Float Dolay 

tw",21 WR to Float Dolay 

tAH(2( Addre •• Hold Tlmo Altor CBIN During HLCA 

" ,l\ F\ 

~I----Jr-\ n-_ ',. I--
Y 1--- ..... - 1---. ... -~ 

I-8 ... · 
1-_1 --- ----- t-~. ,. - - ~-

I-t-----1 .... 
IV .. 

..( _'AN 

DO'N I ~+--

,.~ -- tf- .. ,-
'oc 

kEAllv 

1-' .. -
.AI' 

,.. 
- 'ocl--

"LO .. X-

!NT 
I--

I-~. 
'NTI J-,-----:L-

-..I~ 

(5( (5( (5( nsec 

(8( (S( (6( nsec 

(7J (7J (7J naoc 

(7J (7J (7J naoc 
CL;z 100 pF: Address, Oa'a 
CL = 50 pF: WR,HLCA,CBIN 

(S( (S( 18( ns"" 

(9( (91 (9J naoc 

-20 -20 -20 "sec 

NOTat (Porentheal. gl_ ·1, -2 .peclflcatlon., _pectlYely) 
1, 0.18 input should b. tnabled with OBIN Itilul. No bu. conflict can th,n occur and da •• hold dIM i.mured. 

tOH • 60 n. or 'OF. whlch.v" i,lm. 
2. LOld Circuli. 

+5V 

,=-. . i< ~'-1'" 
:s. Icy = t03 + Irt2 + 1t2 + 1't2 + IC2 + Ir., ~ 480 n. (-1:320 n., - 2:380 n.). 

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 
.m 

! 
>- ., 

~ 

1" .. 

0 

0 

0 

~ -m -, .. 

L 
V 

/ ....... SPEC 

.. 
.1 CAPACITANCE (pll 

(CACTUAL - CsN:c l 

... . , .. 
4. The tollowlng .r. r.!tvant when inttrfecing lhe 8080A to dwicn havl", VIH - 3.3V: 

a) Maximum output rill tim. from .8V to 3.3V - 1oonl'" CL - SPEC. 
b' Output d.IIY wh,n m •• lurld to 3.0V - SPEC +6On1 @ CL - SPEC. 
c' If CL'" SPEC."d .6nllpF if CL> CSPECSUbtr8Ct.3ns1pF Ifrom modified delay, it CL < CsPEC· 

5. lAW = 2 Icy - '03 - Irt2 -140 n. (-1:110 no, -2:130 nl). 
8. tow ~ Icy - t03 - Irt2 - 170 no (-1:150 n., -2:170n.~ 
7. If not HLOA, twD -twA· t03 + 'r.2 +10"1. If HLDA, twD· twA· twF. 
8. tHF·'03 + trl/l2 -5OnI. 
9. twF· t03 + lr4l2 -1OnI 

10. 0. ... In must beltabl. for thilperiod during ODIN 'T3' 80th tOS1 and t052 multbe .. tidied. 
11. Re.:ly signal must be SUbia for this period during T 2 Ot TW' (Must be externally ..,nchroniud.l 
12. Hold signal must be stlble fot this period during T2 or TW when .ntltlng hold mod" Ind during T3. T 4. TS 

and TWH when In hold mod •. IExtllnalsvnchronizaUon II not required.' 
13. Interrupt..,.1 mUll b ... abl. during thil period of thalalt clock eyel, of any instruction in ord" to be 

rtcOgnlud on the following Instruction. CExtlfftllsynchronization " not r«luirad.) 
1.. Thll timing diagram shows liming retationships only; It don not represent any specific machira. cycl •• 
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8224 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ........••..... O·C to 70·C 
Storage Temperature .......••.••.. -65·C to 150·C 
Supply Voltage, Vee ..........••.... -0.5V to +7V 
Supply Voltage, Voo ............•• -0.5V to +13.5V 
Input Voltage ..•....••••.•.....•.. -1.5V to +7V 
Output Current ..•.•.•.•.......••••..... 100mA 

D.C. CHARACTERISTICS 
TA = o·C to 70·C; Vee = +5.ov ±5%; "00 = +12V ±5%. 

Symbol Parameter Min. 

IF Input Current Loading 

IR Input Leakage Currant 

Ve Input Forward Clamp Voltage 

VIL Input "Low" Voltage 

VIH Input "High" Voltage 2.6 
2.0 

VIWVIL RESIN Input Hysteresis .25 

VOL Output "Low" Voltage 

VOH Output "High" Voltage 
~l,th 9.4 
READY, RESET 3.6 
All Other Outputs 2.4 

1sc11l Output Short Circuit Current -10 
(All Low Voltage Outputs Only) 

Ice Power Supply Current 

100 Power Supply Current 

'COMMENT: Stresses above thOltllisted under "Absolute 
Maximum Ratings" may CBUstI permanent damage to the 
deviCfJ. This is a Strf/SS rating only and functional opera· 
tion O'-thll dtlviCfJ at thllstl or any other conditions above 
thOltl Indicated in thll operational sections of this specifi· 
cation is not implied. Exposure to absolute maximum 
rating conditions for IIxtended periodl may affect deviCfJ 
reliabiliry. 

Limits 
Typ. Max. Units Test Conditions 

-.25 mA VF ~.45V 

10 pA VR =5.25V 

1.0 V Ie =-5mA 

.8 V Vee: 5.0'1 

V Reset Input 
All Other inputs 

V 'Ice = 5.0V 

.45 V W>l'~2)' Ready, Reset,~ 
ioL =2.5mA 

.45 V All Other Outputs 
IOL = 15mA 

V IOH = -10OpA 
V IOH =-I~pA 
V IOH: -lmA 

-60 mA Vo=OV 
Vee =5.0V 

115 mA 

12 mA 

Note: 1. Caution,., and -2 output drivers do not havelhort circuit protection 

Cryatal Requirements 

Tolerenoe: 0.005% at 0'0-70'0 
Resonance: Series (Fundamental)' 
Load Capacitance: 2Q-35 pF 
Equivalent ReSistance: 75-20 ohms 
Power Dissipation (Min): 4 mW 

'Wllh IaIIk circuli .oa 3111 overtone m_. 
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8224 

A.C. CHARACTERISTICS 
Vcc = +5.0V ± 5%; VOO = +12.0V ± 5%; TA = O°C to 70°C 

limits Test 
Symbol Parameter Min. Typ. Max. Units Conditions .. , " Pulse Width ~-2Ons 

9 

t~2 '2 Pulse Width Stcy _ 35ns 
9 

to, " to '2 Delay 0 ns 

t02 '2 to " Delay ~-14ns 
9 

CL a 20pF to 50pF 

t03 " to '2 Delay 
2tcy ~+2Ons 

9 9 

tR " and '2 Rise Time 20 

tF " and '2 Fall Time 20 

tO~2 '2 to '2 (TTL) Delay -5 +15 ns '2TTl,Cl=30 
R,=30On 
R2=600n 

toss '2 to STSTB Delay ~-30ns ~ 
9 9 

tM STSTB Pulse Width ~-15ns STSTB,Cl=I5pF 
9 R, = 2K 

tORS 
RDYIN Setup Time to 5Ons-~ R2=4K 

Status Strobe 9 

tORH 
RDYIN Hold Time ~ 
After STSTB 9 

tOR 
RDYIN or RESIN to ~-25ns Ready & Reset 

'2 Delay 9 Cl=10pF 
R,=2K 
R2=4K 

tCLK ClK Period tcy 

9 

fmsx 
Maximum Oscillating 

27 MHz 
Frequency 

Cin Input Capacitance 8 pF Vcc=+5.0V 
Voo=+12V 
VSIAs=2.5V 
f=IMHz 

Vee 
TEST 

CIRCUIT 

A, 

INPUT 

le, 
A, 

}NO GNO 
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8224 

WAVEFORMS .. 

~Jr~----_~----~N-----------~ 

.... ..... 
o,lTTU 

------------------~ 

SYNC 
(FROM SOBOA, 

~-------------~a----------'~--

I---------... "--------~ 

READVOUT __________________ -J'~ 

RESET OUT 

VOLTAGE MEASUREMENT POINTS: ,.,. "2 logic "0" g 1.0V. logic "1"· B.OV. All other .Ignal. measured.t 1.5V. 

EXAMPLE: 

A,C. CHARACTERISTICS (For tCY = 488.28 ns) 

TA = O·C to 70·C; Voo = +5V ±5%; Voo = +12V ±5%. 

Symbol Parameter Min. 

t,.1 ~1 Pulse Width 89 

t,.2 1/12 Pulse Width 236 

t01 Delay 1/11 to 1/12 0 

t02 Delay 1/12 to 1/11 95 

t03 Delay 1/11 to 1/12 Leading Edges 109 

t, Output Rise Time 

tf Output Fall Time 

toss 1/12 to STSTB Delay 296 

to,.2 Ifl2 to 1/12 (TTL) Delay -5 

tpw Status Strobe Pu lse Width 40 

tORS RDYIN SetupTimetoSTSTB -167 

tORH RDYINHoldTimeafterSTSTB' 217 

tOR READY or RESET 192 
to 1/12 Delay 

'MAX Oscillatpr Frequency 

Limits 
Typ. Max. Units Test Conditions 

ns tcy=488.28ns 

ns 

ns 

ns f- 1/11 & 1/12 Loaded to 

129 ns CL = 20 to 50pF 

20 ns 

20 ns 

326 ns 

+15 ns 

ns 
Ready & Reset Loaded 

ns t02mA/1OpF 
ns All measurements 

ns referenced to 1.6V 
unless specified 
otherwise. 

18.432 MHz 
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8228/8238 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias •••••••••••••• -O·C to 70·C 
Storage Temperature •••••••••••••• -65·C to 150·C 
Supply Voltage. Vee ••••••••.•••••••• -0.5V to + 7V 
Input Voltage ••••••••.•••••••••••••• -1.5V to + 7V 
Output. Current. ••••••••.•••.••••••••••••• 100 mA 

·COMMENT: StIII_ abow th_ li,tIId under "AblOlulfI 
M8Jtimum RatingrH may _ fJ4rmanent damage to the 
dev~. This is 1/ ,tnIG rating only and filnctional opera
tion of the device at therII oi- any other conditions abow 
th_ indlcatlld In the operational StlCtiOn. of thi' tpeCifl· 

cation i, not Implied. ExpOMJre to absolUIfI maximum 
rating conditions for flxrsndad period, m;,y afflict dflviCfl 
reliability. 

D.C. CHARACTERISTICS TA a o·C to 70·C; Vee = 5V t6%. 

Umitl 
Symbot Parameter Min. Typ.I,1 Max. Unit Test ConditioM 

Vc Input Clamp Voltage. All Inputs .75 -1.0 V Vee=4.75V; Ica-5mA 

IF I nput Load Current. 
STSTB 600 pA Vee=5.25V 

02&0& 760 pA V,,=O.45V 

00. 0 ,.04. Os. pA 
&07 260 

All Other Inputs 260 pA 

IR Input Leakage Current 
STSTB 100 pA Vee=6.25V 

OBo·OB7 20 pA VR=5.26V 

All Other Inputs 100 jJ.A 

VTH Input Threshold Voltage. All Inputs 0.8 2.0 V Vee=5V 

Icc PoWer Supply Current 140 190 mA Vee=5.25V 

VOL Output Low Voltege. 
00.0 7 .45 V Vee=4.75V; IoL =2mA 

All Other Outputs .45 V 10L=IOmA 

VOH Output High Voltage. 
00.0 7 3.6 3.8 V Vee=4~76V; IoH=-IOjlA 

All Other Outputs 2.4 V 10H =-lmA 

los Short Circuit Current. All Outputs 15 90 mA Vcc=6V 

10/0111 Off State Output Current. 
All Control Outputs 100 pA VCC=5.25V; VO=6.25 

-100 jlA VO=·46V 

liNT INTA Current 6 mA (See Figure below) 

NOl. 1: TYPICal values are for T A • 2SOC end notnlnalsupply volt .... 

4-08 



8228/8238 

WAVEFORMS 
'1 
•• ___ J 

~~'AMa ________ -Jr-~~~~------------------------------------
011. __ "'-________ ++ ____ "'1 

HL~ ____________ ++----+----_:1 
'"'''' loll. liii4lI-------------I-\ DURING HLOA 'i------+----"-+JI 

~~~~~---------------SYITIM IUS DURING RiAD 
~-'l':--:---Ir-"':-:-- - - - - - - - - - - - - -

IOIO'USDURI~ READ- - - - - - - - rt. __ -'1' ___ -r --------------

.... .-1'-:=:----:::::1 .... 
100oRM.M~----------~~~----------~~~ V-~-----------

_MaDURINGWRITE::: : : : : :: :< ~b. . .... ""1-------------------------
IYI1'EIlIUS DURINQWRITI- - - - - - - - - _ ~ 

.... 
~{N .. tl OJ J 
SYlTEMMaOUT>UTS---------------'~F=r_------------

VOLTAGE MEASURE~eNT POINTS: DerD7 Iwhon output" Logic "0"· 0.8V. Logic ",". 3.0V. All other lignoll moo_eel 
at '.SV. 

'ADVANCED IOW/MEMW FOR 8238 ONLY. 

A.C. CHARACTERISTICS TA =0'Ct07O'C,Vcc=5V :t5% 

Limits 
Symbol Parameter Min. Max. Units Condition 

!tow Width of Status Strobe 22 ns 

tss Setup Time. Status Inputs 00.07 8 ns 

taH Hold Time. Status Inputs 00-07 5 ns 

tDC Delay from mi'B to any Co"t'ol Signal 20 60 ns CL = l00pF 

tRR Delay from OBIN to Control Outputs 30 ns CL" l00pF 

tRE Delay from OBIN to EnablelDisable 8080 Bus 45 ns CL" 25pF 

tRO Delay frQm System Bus to 8OS0 Bus during Read 30 ns CL ~ 25pF 

twR Delay from ViR to Control Outputs 5 45 ns CL" l00pF 

twe Delay to Enable System BusOBo-I)B7 after ~ 30 ns CL" l00pF 

two Delay from BOSO Bus 00-07 to System Bus ns CL" l00pF 
OBo-OB7 during Write 5 40 

te . Delay from System Bus Enable to System Bus OBo-OB 7 30 ns CL" l00pF 

tHO HLOA to Read Status Outputs 25 ns 

tos Setup Time. System ·Bus II1Puts to HLOA 10 ns 

toH Hold Time. System Bus Inputs to HLOA 20 ns CL" 100pF 
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8228/8238 

CAPACITANCE 
This parameter is periodically sampled and not 100% tested. 

Limits 

Symbol Parameter Min. TVp.lll Max. Unit 

CIN I nput Capacitance 8 12 pF 

CoUT 
Output Capacitance 

7 15 pF 
Control Signals 

1/0 
I/O Capacitance 

8 15 pF 
(Dor 08) 

Test Conditions: NS: VBIAS = 2.5V. Vcc =5.0V. TA = 2SoC. f = 1 MHz. 

Note 2: For 00-07: Al = 4Kn, A2 = ~n, 
CL := 2SpF. For all other outputs: TlESTCIACUITIJI 

TANK 

OSC 

"2 (TTU 

ROVIN 

GNO 

Al • 500n, A2 - 1 Kn. CL = 100pF. 

2 
GND.-

• 5V~ .• v----;: 
"12V-

..... 
CPU 

13 
SYSTEM OMA REO.- HOLD 

1. 
SYSTEM INT. REQ. --_ INT 

INT. ENABLE -----!!. INTE 

r:D1T,AL 
'4 15 

13 11 " ';'1 

-E. I. " ':'2 

----! ~ WAIT 
3 822 .. • 23 - CLOCK REAny 

GENERATOR • 12 

-i DRIVER , 
RESET 

---;: • ,. 
a SYNC 

l' STATUSSTA08E 

". 

", 

" .. 
28 

A, 
27 

A, 
2. 

A, 
3. 

A, 

" .. 
32 .. 
33 

A, 

'" A, 
35 

A, , 
A" 

A .. 
.. 
37 

A" 

A" 
39 

39 
A" 

3. 
A .. 18 
ViR 

D81N 
17 

HDLA 
21 

Do~--..!!. 
D,~---!!. 

a 12 0, 
0,fL--~ 
0, r---;-
0, 
0, • 21 

• • 0, 
2. 

•• v--.. 
GND_ 

1 

BUSEN ---_~~ 

4-D10 

.228 

23 
INTA b--------J 

Figure 1. INTA Test Circuit (lor RST n 

.. 
A, 

A, ., 
A, .. .. 
A, ADOReSS BUS ., 
A, 

A,O 

A .. 

A" 

A" 

A" 

A" 

~ .d 
D8~. 

rj_ OATAaus 

822818238 
BI·DIRECTIONAl 

BUS DRIVER 

--- --
SYSTEM 

CONTAOL 

f!!-. 
f'.'-. 
~ . 
f!.-. _08. 

f!!-. 
~-

---0" 0., 
~-
" 
28 

25 

27 

os, 

::: :} CONTROL BUS 

I/O R 

i70W 



8269A/8259A-2/8259A-8 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Tempereture Under Bias •.•.•. -40"C to 85"C 
Storege Temperature ..••..•••..... -65"C to + 150"C 
Voltage on ,Any Pin 

with Respect to Ground ••••••••••••• -O.5V to + 7V 
Power Dissipation ••• , ...................... 1 Watt 

D.C. CHARACTERISTICS 

'COMMENT: 
Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the devlca. This Is a stress 
rating only and functional operation of the device at these or 
any other conditions above those Indicated In the operational 
sections of this speclflcallon Is not Implied. 

TA=O·C to 70·C. Vee=5V:I: 10% (8259-A). Vee=5V:I: 10% (8259A) 

Symbol Paremeter Min. Max. Unlta Test Conditions 
Vil nput Low vo tage -0.5 V 
VIH Input High Voltaga 2.0 Vee+ 0.5V V 

VOL Output Low Voltage 0.45 V 10L =-2.11 mA-
VOH Output High Voltage 2.4 V 10H= -400,.A 

VOHPNl) 
Interrupt Output High 3.5 V OH= -10011A 
Voltaga 2.4 V IOH= -400,.A 

lu Input Load Current 10 ,.A VIN - Vee to OV 

lJ.oJ. Output eallaga Current -10 IIA VOUT=0.45V 
lee Vee Supply Current 85 mA 

IUR IR Input Load Current 
-300 ,.A VIN=O 

10 ,.A VIN-Vee 
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82&9A182&9A-2/82&9A-8 

8259A A.C. CHARACTERISTICS 
TA=O"C to 70"C Vcc=5V*5% (8259A-8) Vcc=5V* 10% (8259A) 

TIMING REQUIREMENTS 

S",,1101 'aremeter 
8_-8 821SA 

Min. Mol. Min. Ma .. 

TAHRL AO/CS Setup to ROIINTAI 50 0 

TRHAX AO/CS Hold after ROIINTAI 5 0 

TRLRH RO Pulae Width 420 235 

TAHWL AO/e! Setup to WRI 50 0 

TWHAX AO/CS Hold efter Wiiil 20 0 

TWLWH WR Pulse WIdth 400 280 

TDVWH Data Setup to WRI 300 240 

TWHDX Data Hold after WRI 40 0 

TJLJH Interrupt Request WIdth (Low) 100 100 

TCVIAL ea.cade Salup to Second or Third 
INTA( (Slave Only) 

&I &I 

TRHRL End ot iiii to Hexl Comm.nd 180 160 

TWHRL End 01 WR to Next Comm.nd 160 t80 

Nota: This I. the low tlma required 10 cle.r Ihe inputl.tch In the edge triggered mode. 

TIMING RESPONSES 

S",,1101 P.r ..... tar 8259A-8 8259A 

Min. MIl. Min. lIax. 

TRLDV O.t. V.lld from iiiiIlNTA( 300 200 

TRHDZ Data Flo.t .fter ROIINTAI 10 200 100 

TJHIH Interrupt Output Oel.y 400 S50 

TlAHCY C •••• de V.lld Irom FlrstINTA( 
(M •• ter Only) 

685 565 

TRLEL En.bla Actlva from iiii( or WI 160 125 

TRHEH En.bla In.ctlve from ROI.r INT AI 325 t50 

TAHOV Dat. V.lld Ir.m St.ble Addre •• 350 200 

TCVOV Ca.c.de V.lld to V.lld O.ta 300 300 

CAPACITANCE 
TA=2S"C; Vcc=GND=OV 

8ymbol Paramat.r 

Input Cap.cHance 

CliO 110 C.p •• H.nce 

Inpul and OUlpui Wavelorml lor A.C. T.III 

u---,.x 
'0'.°8 > • _ TEST POINTS 

0.45 ___ .I 

4-Dt2 

821BA-2 Unlls Teat CandlDon. 
Min. Ma .. 

0 n. 

0 n. 

t50 n. 

0 n. 

0 ns 

t80 na 

180 n. 

0 na 

100 na SeeNote 1 

40 .. 
180 n. 

180 ns 

821BA-2 Unlls Teat CondRIon. 
Min. Mol. 

120 n. C 01 O.t. Bu. a 

l00pF 

85 n. Cot o.t. Bu. 

300 n. 
M.x text C a 100 pF 
Min. teat C = 15 pF 

350 na Cu..- tOOpF 

100 n. CcAsc.o. a tOO pF 

dl50 n. 

200 na 

200 na 

T •• t Candltlon. 

.e a 1 MHz 

Unmeasured pins returned to Vss 



8259A/8259A-2/8259A-8 

WRITE MODE 
iiiI-_________ I----YWLWM---i 11-------

TAllWL 

5-____ "'" \10--+-------1+-""""\1 ,----_ .. Iva 
~ _________ -J ~ __ ~ ____________ ~+-~ ~ ______ _ 

DATA lUI 

READIINTA MODE 
i"Dliii'i'A-----_ __.. I----TIILRH----i .,-_______ _ 

n------------~--"'" TMIL 

TRHAX 

eil _____ """"" H--------i-"'\l ~----A __ 

~----------J ~_r------------------~I ~---------

TIIL=i TRHDZ r-TANDY 

DATA_·------------------ """----_ ------

OTHER TIMING 

-------.\'--------I\~~_=t i 
iii'I'l SEQUENCE 

oor.---------~ 

DI-----_______ _ 

C~J---_____ ~--~~---L--~~-----~-
-TI"Ley - ............. - ..... _ ................. ... . _-...... ... ....... _ ................. -
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Chapter 5 
THE SOS6A 

The 8086A is Intel's enhancement of the 8080A - just as the l80 is lilog's enhancement of the 8080A. The 
l80 is described in Chapter 7. 

Intel is the developer of the 8086A: Intel is also the principal manufacturer of the 8080A. But the individuals at 
lilog who developed the l80 were previously employed by Intel, at which time they developed the 8080A 
from the 8008. The l80 and the B086A therefore have equal claim to be the legitimate descendent of the 
8080A. 

The 8086A provides the same logic as the 8080A, 8224 and 8228 three-chip CPU. The 8086A has the following 
additional enhancements: 

1) The 8085A requires a single +5V power supply. 

2) The 8085A uses a single clock signal. 

3) The 8085A has a primitive on-chip serial I/O capability which may also be used to input status and output control 
signals. 

4) The 8085A has interrupt request pins with hardware-generated interrupt vectoring. 
5) The 8085A operates with a standard 320 nanosecond clock as against the standard 500 nanosecond clock of the 

8080A. But recall that there are versions of the 8080A that operate with a 250 nanosecond clock. 

The 8085A instruction set is almost identical to the 8080A instruction set: in contrast, the l80 has a massively 
expanded instruction set. The large Z80 instruction set has been criticized for its complexity. but one could argue that 
since the Z80 also provides the complete 8080A instruction set. anyone who does not want to use the additional in
structions can simply ignore them. 

The 8086A multiplexes its Data Bus with the low-order Address Bus lines. Such multiplexing demands custom 
support devices. or external demultiplexing logic. 

Figure 6-3 and associated text provide a direct comparison of 8085A and 8080A signal interfaces. 

In addition to the 8086A microprocessor, support devices described in this chapter include: 

- The 8155/8156 static RAM with I/O ports and timer. This device provides 256 bytes of static read/write memory. 

- The 8355 ROM with I/O ports. This device provides 2048 bytes of read-only memory plus I/O logic. 
- The 8755A EPROM with I/O ports. This device provides 2048 bytes of erasable programmable read-only memory with 

I/O logic. 

Standard 8080A support devices described in Chapter 4 and in Volume 3 cannot be used with the 8085A 
unless the 8086A is operating with a 500 ns clock. If you are using the 8086A with a 320 ns clock, you must 
use the special -6 series of support parts. 

The 8085A prime source is: 

The 8085A second source is: 

INTEL CORPORATION 
3065 Bowers Avenue 

Santa Clara. California 95051 

ADVANCED MICRO DEVICES 
901 Thompson Place 

Sunnyvale. California 94086 
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The 8085A uses a ·single +5V power supply; it is packaged as a 40-pin DIP. 

Using a 320 nanosecond clock. instruction execution times range from 1.3 microseconds to 5.75 microseconds. 

All 8085A devices have TTL compatible signals. 

Programmable 
Timers 

Interface Logic 

Read Only 
Memory 

I/O Ports 

Figure 5-1. Logic of the 8085A Microprocessor 

THE SOS5A CPU 

Functions implemented on the 808&A CPU are illustrated in Figure &-1: they represent typical CPU logic. The 
8085A has an Arithmetic and Logic Unit. a Control Unit. Accumulators and registers. . 

Clock logic is on the 8085A CPU chip; only an external crystal or RC network is needed. 

Bus interface logic which was excluded on the 8080A is provided by the 8085A. 

N-channel silicon gate technology is used by all 8085A devices. 
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SOS&A PROGRAMMABLE REGISTERS 
The 8086A programmable registers are Identical to the B080A programmable registers. They may be Illustrated 
as follows: 

B 
0 
H 

SP 
PC. 

PSW 
A 
C 
E 
L 

Program Status Word l Theaa two sometimes 

Primary Accumulator f treated as a 16-bit unit 

Secondary Accumulators/Data Counter 

Secondary Accumulators/Data Counter 

Secondary Accumulators/Data Counter 

Stack Pointer 
Program Counter 

For a discussion of 8086A programmable registers refer to the 8080A CPU description given in Chapter 4. 

SOS&A ADDRESSING MODeS 
The 8086A uses exactly the same memory addressing modes as the 8080A. Direct and !mplied memory ad
dressing are available, See the 8080A addressing mo"es description given in Cl!apter 4 for details. 

SOS6A STATUS 
The 8086A has the sama set of status flags as the 8080A; status flags are stored in the same bits of the Pro
gram Status Words. The five status flags provldecl are: 

Zero (Z) 

Sign (S) 

Parity (P) 
Carry (C) 

Auxiliary Carry (AC) 

Status flags are assigned to bits of the Program Status Words as follows: 

7 6 S 4 3 2 1 0 ~BiINo. 

lsi zlxPClxl P Ix lei 

'~--41_~1 .... --- Unassigned 

For a discussion of status flags refer to the 8080A status description given in Chapter 4. 

SOS&A CPU PI",S AND SIGNALS 
8086A CPU pins and signals are Illustrated in Figure 6·2. 

Whereas the internal architecture and the instruction sets of the SOSOA and the SOS5A are very similar. pins and sig
nals are not. We will therefore begin by describing SOS5A signals without reference to. or comparison with. the SOSOA; 
then we will compare the two interfaces. 

The Address and Data Busses of the 8086A are trlultlplexed. Pins AS - A 15 are output-only lines which carry the 
high-order byte of memory addresses. ADO - AD7 are bidirectional lines which output the low-order byte of memory 
addresses; ADO - AD7 also serve as a bidirectional Data Bus. 
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Xl 
X2 

RESET OUT 
SOD 
SID 

TRAP 
RST 7.5 
RST6.5 

RST 5.5 

INTR 

iNi'A 
ADO 

ADI 

AD2 

AD3 

AD4 
AD5 

AD6 

AD7 

Vss 

PIN NAME 

ADO-AD7 

A8 -A15 

ALE 

Ri5 
iMi 
10iM 
SO,SI 
READY 

SID 

SOD 
HOLD 

HLDA 

INTR 

TRAP 

RST 5.5} 
RST 6.5 

RST 7.5 

iNi'A 
iiESE'i'iN 
RESET OUT 
Xl, X2 

CLK 

VCC Vss 

1 

2 

3 

4 

5 

6 
7 

8 

9 

10 

11 SOS5A 

12 

13 

14 

15 

16 

17 

.18 

19 

20 

DESCRIPTION 

Address/Data Bus 

Address Bus 

Address Latch Enable 

Read COhtrol 
Write Control 

40 
39 

38 
37 

36 

35 

34 
33 

32 

31 

30 

29 

28 

27 

26 

25 
24 

23 

22 

21 

I/O or Memory Indicator 

Bus State Indicators 

Wait 5_ Requeat 
Sarisl Data Input 

Sarisl Data Output 

Hold Requeat 
Hold AcIcnowIedge 

Interrupt Request 

Non-maskable Interrupt Request 

Hardware vectored 

interrupt requests 

Interrupt Acknowledge 
System Reset 
Peripherals Reset 

Crystal or RC Connections 

Clock Signal 

Poww, Ground 

--"" 

. 

VCC(+5Vl 
HOLD 
HLDA 
ClOCK (OUT) 
iiESE'i'iN 
READY 

IO/M 
51 

Ri5 
tvA 
ALE 
SO 
A15 

A14 

A13 

A12 
All 

Al0 

A9 

A8 

TYPE 

Bidirectional, tristate 
Output, tristete 

Output 

Output, tristate 

Output, tristate 

Output, tristate 

Output 

Input 

Input 

Output 

Input 

Output 

Input 

Input 

{
Input 

Input 

Input 

Output 

Input 

Output 

Input 

Output 

Figure 5-2. 8085A CPU Signals and Pin Assignme.nts 
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ALE is an address latch enable signal which pulses high when address data is being output on ADO - AD7. You may 
use the falling edge of ALE to strobe the address off ADO - AD7 into external latches if you are demultiplexing ADO -
AD7 into separate Address and Data Busses. 

Five control signals control memory and I/O accesses. 

RD is pulsed low for a memory or I/O read operation. 

WR is pulsed low for a memory or I/O write operation. 

10/M is output high in conjunction with RD or WR for an I/O access. 

101M is output low in conjunction with RD or WR for a memory read or write operation. 

The state of the System Bus is further defined by the SO and S1 status signals as follows: 

S1 SO OPERATION SPECIFIED 
o 0 Halt 
o 1 Memory or I/O write 
1 0 Memory or I/O read 
1 1 Instruction fetch 

SOSSA 
CONTROL 
SIGNALS 

BOB&A 
DATA BUS 
DEFINITION 
SIGNALS 

External logic that does not have sufficient time to respond to an access can gain additional time by using the READ'! 
input signal. The READY input can be used to insert Wait state clock periods in any machine cycle. Timing and 
logic associated with Wait states is described later in this chapter. 

Two signals allow a primitive serial I/O capability. The high-order Accumulator bit may be out
put via SOD. The signal level at SID may be input to the high-order bit of the Accumulator. 
SID and SOD may also be used to input status and to output control signals. 

Two signals allow external logic to take control of the System Bus. 

HOLD. when Input high. floats the Address Bus plus the RD. WR. 10/iiii and ALE control sig
nals. HLDA is output high to acknowledge this Hold condition. 

There are six signals associated with interrupt logic. Interrupts may be requested via INTR. 
RST &.&. RST 6.&. RST 7.& and TRAP. An interrupt request made via INTR Is acknowledged 
via the INTA output. 

INTR is the general purpose interrupt request used by external logic; it is equivalent to the BOBOA 
INTR signal. 

BOS&A BUS 
CONTROL 
SIGNALS 

S08&A 
INTERRUPT 
SIGNALS 

TRAP is a non-maskable. highest priority interrupt request. TRAP is used for catastrophic failure interrupts. 

RST 5.5. RST 6.5 and RST 7.5 are three interrupt request signals supported by hardware-implemented vectoring. 

Interrupt capabilities of the B08&A are described in detail later in this chapter. 

There are two signals associated with SOS&A Reset logic. 

RESET iN is the Reset input signal. This signal need not be synchronized with the clock. RESET 
OUT is a Reset signal output by the BOB5A for use throughout the rest of the BOB5A microcom
puter system. 

SOS&A 
RESET 
SIGNALS 

X1 and X2 connect an external crystal or RC network to drive clock logic internal to the BOB&A. A crystal will be 
connected as follows: 

r---.... Xl 

D 
---.... X2 
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An RC network will be connected as follows: 

R 

'----I" X2 

You can apply a clock signal directly to Xl: 

+ 5V 

elK ---.. - ..... ~ X1 

X2 

The input frequency must be twice the operating frequency. Thus. to obtain a 320 nanosecond clock. or 3.125 
MHz. the input frequency must be 6.25 MHz. 

Slave SOS5A devices in a multiple CPU system will usually be driven directly by a clock signal. 

A TTL level clock signal (ClK) is output by the SOS5A. It may be used to drive slave CPUs. or for any other synchroniza
tion purpose within the microcomputer system. The frequency of ClK is the operating frequency of the SOS5A; that is. 
the ClK frequency is half the input frequency. 

III ~mAA--------------~~ REa. 

SYSTEM INT. ---------...:=.-t 
REO. 

"NT. ENABLE _--------....:.::-1 

'TANK 
'asc 
~I 

RDVIN 
mm 

'+ 12V 
'+IV 
'GND 

8228 
BIDIRECTIONAL 

BUS DRIVER 

•••• _..... 23 
28 p.j2~.----

~~"F'V ~~~ 'GND CONTROt. 

-Signals no longer needed or not present. 'BUSEN 
New SOS5A signal.: RST 5.5. RST 6.5. RST 7.5. TRAP. RESET OUT. SID. SOD 
Shaded signals repre.ent SOS5A equivalent. of SOSOA. 

Figure 5-3. A Comparison of SOS5A and SOSOA/S224/S22S Signal Interface 
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A COMPARISON OF 8085A AND 8080A SIGNALS 
No attempt has been made to maintain any kind of pin compatibility between the SOS6A and the SOSOA. 
Nevertheless, as illustrated in Figure 6-3, it is relatively simple to derive equivalent system busses when using 
the SOS6A or SOSOA. But look at Figure 5-3 with an element of caution. Many logical combinations of 8085A signals 
are shown reproducing 8080A signals; in reality you will never generate such logical combinations -a point which 
will become clear as the chapter proceeds. The purpose of Figure 6-3 is to illustrate the equivalence of the system 
busses generated by the SOS6A and the SOSOA without indicating that creation of equivalent busses is desira
ble. 

The 8080A signals which are shown as having direct 8085A equivalents are either obvious. or will become so after you 
have read this chapter. 

What is more interesting is to look at the 8080A signals which no longer exist and the new 8085A signals which have 
been added. 

Let us first look at the signals which have been dropped. 

There are the surplus power supplies -5V and +12V. plus the secondary power supplies required by the 8224 Clock 
Generator and the 8228 System Controller. Elimination of these signals is self-evident. 

INTE is an 8080A signal that indicates to external logic when interrupts have or have not been enabled internally by the 
8080A. This signal is not very useful. since external logic cannot use the information it provides. Apart from illuminat
ing an appropriate indicator on a minicomputer-like control panel. the INTE signal of the 8080A serves little useful pur
pose. 

WAIT is a signal which is output high by the 8080A while Wait states are being inserted within a machine cycle. There 
is little that external logic can do with this Signal. therefore its elimination in the 8085A carries no penalty. 

BUSEN is a control input to the 8228 System Controller; it causes the 8228 to float its output signals. This signal is no 
longer required in the 8085A since the Hold state floats all equivalent 8085A output signals - with the exception of 
INTA. which does not need to be floated. 

The 8224 Clock Generator outputs two synchronizing clock signals - OSC and <1>2 (TTL). <1>2 (TTL) is approximately 
reproduced by ClK; OSC has no equivalent 8085A signal. 

The TANK input to the 8224 Clock Generator allows overtones of the external crystal to be used. No such Signal exists 
with the 8085A - which Simply means that you have to use the primary frequency of any crystal connected across the 
X 1 and X2 inputs. 

Seven new signals have been added to the SOS6A; it would have been possible to provide separate Data and 
Address Busses by eliminating these seven signals, plus the ALE control signal whose presence is a direct conse
quence of having multiplexed Data and Address Busses. Intel has chosen to provide the seven new Signals. paying the 
price of having multiplexed Data and Address Busses. 

Let us examine the new signals. 

RST 5.5. RST 6.5. RST 7.5 and TRAP represent additional interrupt request inputs. TRAP is a non-maskable. high 
priority interrupt; the other three interrupt requests are supported by hardware-implemented vectoring. 

RESET OUT is a Reset signal output by the 8085A; it may be used to reset support devices around the 8085A. 

SID and SOD are control signals which provide a primitive serial input and output capability. These signals can als'o be 
used as a general purpose status input (SID) and a control output (SOD). 

SOS5A TIMING AND INSTRUCTION EXECUTION 

An SOS6A instruction's execution is timed by a sequence of machine cycles, each of which is divided into clock 
periods. 

An instruction is executed in from one to five machine cycles labeled MC1. MC2. MC3. SOS6A 
MC4 and MC5. MACHINE CYCLES 
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The first machine cycle of any instruction's execution will have either four or six clock periods. 
Subsequent machine cycles will have three clock periods only. This may be illustrated as follows: 

Where MC is shaded, the entire machine cycle is optional. Where T is shaded, the clock period is 
optional within its machine cycle. 

8085A 
CLOCK 
PERIODS 

8085A machine cycles and clock periods are very similar to those of the 8080A. You will find in Table 5-1 that the 
number of clock periods required to execute BOB5A instructions is equal to the number of clock periods required by the 
8080A to execute the same instructions, or differs by one clock period only. 

THE CLOCK SIGNALS 
The 8086A times its machine cycle!! using this simple clock signal: 

MCI MC2 MC3 

ClK 

Although the 8086A has no SYNC signal to identify the start of a new machine cycle, you can use the 8085A 
ALE signal for the same purpose. This Signal is output true during the first clock period of every machine cycle - at 
which time the ADO - AD7 lines are outputting address data. In addition, you can identify the first (instruction fetch) cy
cle of any instruction's execution. SO and S 1 will both be output high during an instruction fetch machine cycle. Clock 
periods and machine cycles may therefore be identified as follows: 

TI 

elK I 

I 

101M \ 
I 

so 

SI 

AS - AI5 

low-order 

ADO - AD7 

ALE 

T1 identified 

Mel 

T2 T3 

Me 1 identified 

bVSO=1 

and SI = 1 
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MEMORY ACCESS SEQUENCES 
SO far as external logic is concerned. there is very little difference between an instruction fetch. a memory 
read. and a memory write. We will therefore examine timing for these operations together. 

elK 

101M 

so 

51 

AS - A15 

ADO-AD7 

I 
I 

~ 
I 

~ 
I 

1 
I 

~ 

Tl 

latch low
order 
address 

byte 

Mel 

T2 T3 

I 
I 
I 
I 
I 
I 

P~ high-order byt~ 
I 

I 
Input instruction 

object code 

T4 

I 

) 
I 

I 

\ 
I 
I 
I 
I 
I 

I Unspecified I 
I I 
I 

'-~--""""--~'r~--"""---'~~ 
Instruction Fetch Instruction 

Decode 

Me2 

Tl 

I 
I 
I 

Figure 5-4. A Four Clock Period Instruction Fetch Machine Cycle 

T2 

Let us first consider an instruction fetch. Timing is illustrated in Figure 5-4 for a four clock period machine cycle. 
and in Figure 5-5 for. a six clock period machine cycle. 

The most important aspect of the instruction fetch machine cycle is the fact that it will have either four or six clock 
periods. as against three for all subsequent machine cycles. The instruction fetch machine cycle must have at least four 
clock periods, since the fourth clock period is needed to decode the instruction object code which has been fetched. If 
the instruction requires no subsequent memory accesses, then a fifth and sixth clock period may be needed to perform 
the internal operation specified by the fetched instruction. If additional memory accesses will be required. then the 
fourth clock period of the first machine cycle is sufficient. 

At the end of the first clock period. ADO - AD7 is floated transiently; then it is turned around to act as a Data Input Bus. 
RD is pulsed low to strobe data onto the Data Bus. 

The memory read must occur within three clock periods. Since this is an instruction fetch machine cycle, the CPU will 
place the input in the Instruction register. If external logic requires more time to respond to the memory access. then it 
can generate additional Wait clock periods. We will describe the 8085A Wait state shortly. 

During the fourth clock period of the instruction fetch machine cycle the instruction object code is interpreted by logic 
of the 8085A CPU. Fifth and sixth clock periods will be required by some instructions to execute required internal 
operations. 

5-9 



MCI Mel 

Tl T2 Ta T4 T5 TS T1 T2 Ta 

ClK I 

I 

101M ~ 
I 

so~ 
I 

51 V I 
I 

I I I I I I , 
AS - A 15 PC high-order byte ~ I I :1 i unspeci;~ 1 PC high-onIar byte 

AOO-AD7 

PC low-order byte I 

Latch low

order 

address 

byte 

I I 
PC Iow-

order bYte 
I 

...... - v..---"../ '--""---''V'''--'''''/ 
Instruction Fetch Instruction decode 

and execute 

Input 

Figure 5-5. A Six Clock Period Instruction Fetch Machine Cycle 

T4 

I 

During the fourth and subsequent clock periods. ADO - AD7 is floated and A8 - A 15 contains unspecified data. 

The fact that ADO - AD7 and A8 - A 15 are unknown data during the fourth and subsequent 8086A 
clock periods of an instruction fetch machine cycle must be tl!ken into account whel! you DEVICE 
create memory select and I/O device select logic; SELECT 

In Figures 5-4 and 5-5 SO and Sl are both high. identifying this as an instruction fetch machine 
cycle. 101M is low since the instruction object code is to be fetched from memory. An instruction 
fetch is thus equ iva lent to a memory read. 

LOGIC 

The address of the lTIemory location to be accessed is fetched from the Program Counter (PC) and is output on 
ADO - AD7 !low-order byte) and A8 - A 15 (high-order byte). The low-order byte of this memory IIddress is stable on 
ADO - AD7 during the first clock period. ALE is pulsed high at this time. The trailing edge of ALE is designed to act 
as a strobe signal which external logic can use to latch the low-order address byte off ADO - AD7. If you are using 
one of the 8085A support devices (the 8155. the 8166 the 8344 or the or the 8766A). then the low-order byte 
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of the memory address Is latched off the ADO - AD7 lines for you. If you are using standard memory devices, 
then you must demultiplex ADO - AD7. Any simple latched buffer can be used for this purpose; here is an exam
ple of the 8212 I/O port being used as a demultiplexer: 

A8-A15 

ALE 

Address 

DS2 OSl Bus 

B085A 

8212 

DID DOO • • AO-A7 • • 
017 007 

MO CLR 

STB 

~----e-------------~~----VCC 

You might argue that there is no harm done if memory or I/O devices select themselves 
when the System Bus Is supposed to be idle; if neither the read nor write strobe is present, 
data transfer between the System Bus and the selected device cannot occur. 

Unfortunately, the problem is not so Simple. 

It is possible for more than one memory or I/O device to consider itself selected while the bus is 
idle; this may occur under the following conditions: 

1) If I/O devices are being selected as I/O ports, then the Address Bus lines may select 
simultaneously selecting a memory device. 

Data Bus 

MULTIPLE 
DEVICE 
SELECTS 
AND BUS 
LOADING 

an I/O port while 

2) In microcomputer systems that use only a small portion of the total allowed memory - and most microcomputer 
systems fall into this category - memory select logic need not decode unique memory addresses. Here is an ex
ample of two 409B-byte memory modules, each of which uses a single line of the Address Bus in order to create 
device selects: 

---{>- -
-
--J'.... 
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Memory module 1 will be assigned the address space 800016 through 8FFF16. Memory module 2 will be assigned the 
address space 400016 through 4FFF16. In reality a variety of other addresses will. select memory modules 1 or 2. Ad
dresses C00016 through CFFF16 will select memory modules 1 and 2. 

A correctly written program will keep either A 15 or A 14 low; but while the System Bus is floating. both address lines 
could be high - in which case both memory modules will become selected. 

While signal levels on the Address Bus are changing state. memory and 110 devices may be transiently selected. Tran
sient selection may occur during Tl as well as during T4. T5 and T6. Transient selection may leave more than one 
memory or lID device simultaneously selected for short periods of time. 

If more than one memory or I/O device is simultaneously selected. excessive loads may be placed on the 
SYstem Bus. At best. these excessive loads will cause devices connected to the System Bus to temporarily malfunc
tion; at worst. device failures' may result. 

It is very important to prevent devices from being spuriously selected. 

If you use ROM devices with multiple chip select inputs. you can prevent transient memory 
selectlcm ~y connecting the SOS6A RD output to one of the select lor enablelinputs. This 
will ensure that the device responds only when a valid address is on the System Bus; therefore 
only one ROM device will be selected at a time. Refer to Volume III for information on memory 
qevipes. 

The simplest way of preventing memory and I/O device selection is to use 101M. RD and 
WR as cpntrlbutors to device select logic: 

AO A15 

Memory 

Address 
Decode 
Logic 

PREVENTING 
TRANSIENT 
SELECTION 

PREVENTING 
SIMULTANEOUS 
SELECTION 
OF I/O AND 
MEMORY 

lID 
Memory 

Wit 

10/M 

iffi-----411 

WR----fL_~ 
s 

AS A15 

I/O Device 
Select 

Decode 
l.ogic 

Select 

.. _____ I~~ylce 

~--~ __ ~ s~ect 

10iM"-----------' 
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Timing for the memory select illustrated above may be illustrated as follows: 

I T, T2 

I I 

l I 
CLK I , , 

I I 
I 

101M i\ I 
I I 

) I 

I I 
RoorWR I \ 

I 
I 

Memory I 
\ Select I 

I 
, 

I 

I/O device select logic timing differs only in the level of 101M. 
101M distinguishes between memory and I/O devices. When RD or WR is low. memory or liD 
device addresses must be valid. Thus the logic illustrated above will guarantee that spurious 
memory and I/O device selects never occur. 

I 

L 

But there is a problem associated with the solution illustrated: memory and I/O devices do not receive a valid select sig
nal until early in the second clock period. This is unfortunate. since valid addresses are available early in the first clock 
period. Delaying memory select logic until the second clock period may require Wait states to be added between clock 
periods 2 and 3 - and that unnecessarily slows down CPU operations. If execution speed is not a problem to you. then 
the simple select logic illustrated above will do. If execution speed is a problem. then you must replace: 

AD -----------D .. ----------- S Wii. 

in the simple select logic with alternative logic that may be defined as follows: 
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The required S output may be generated using two flip-flops as follows: 

s 

J Q vcc- J Q ~ 

ALE K 74107 ... I( 74107 

,rK r- K 
CLR CLR 

• ~ - y 
-r->-RESET 

.-
:1 '" 

5-14 



Mel 

I 
Mel MC2 

·1 
T3 

ClK , 

I I 

101M ~ : 
I~--~----~----~--~----~----~----~I----~ 

so ~ \,",_~_+-_-+-_..,J1~""'" 
I I 

51 r~--~----~----~~----P-~--+-----~----~:~--~ 
I UM~ I 

A8 - A15 I ~ high-order·~e I I Address high-order byte I 
I~~' I , 

ADO-AD7 ..... -o-.J 

ALE 

Ro, I I 
Latch low-
arder 
address 
byte 

memory 
address 

'-~ ............ ~~~ ............ ~~ ~ ......... ~~~ ...... ~~ 
IMtruction Fetch' Memory Read 

Figure 5-6. A Memory Read Machine Cycle Following an Instruction Fetch 

Let us now consider a memory read operation: timing is illustrated in Figure 5-6. So far as ex
ternal logic is concerned. the only difference between a memory read and an instruction fetch is 
the SO and S1 signal levels: they are both high for an instruction fetch. but SO is low during a 
memory read. Also. the instruction fetch has four or six clock periods. while the memory read has 

BOllA 
MEMORY 
READ TIMING 

three: but the extra instruction fetch clock periods occur after the memory access is completed. Therefore. so far as ex
ternal logic is concerned: the extra clock periods of the instruction fetch machine cycle are irrelevant. 
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TI 

elK 
I 
I 

101M ~ 
I 

so ~ 
I 

51 ~ 
I 
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ADO-AD7 

ALE 

iffi 
Latch low-

order 

address 

byte 

........ 

Mel Me2 

T2 T3 T4 TI T2 T3 

I 
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I l 
I 

\ 7 

1/0 device select code 

Read 1/0 
port address 

from either 

half of 

".-_____ .. ~~ Ad!eSS Bus 

........",. 
Instruction Fetch 

.... _---'/ av-
I/O Read 

Mel 

TI 

Figure 5-7. An I/O Read Machine Cycle Following an Instruction Fetch 

Figure 6-7 illustrates I/O read timing. Only the 101M signal level in Figure 5-7 differs from 
Figure 5-6. 

Memory write timing. illustrated In Figure 6-S. is very similar to memory read timing. The 
principal difference is that during a memory write WR is output low. whereas during a memory 
read RD is output low. Also. during a memory write operation S 1 is output low while SO is out
put high. 

An I/O write operation is illustrated in Figure 5-9. As compared to Figure 5-8. 10/M is high in 
Figure 5-9 during the write machine cycle: there are no other timing differences. 
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Figure 5-8. A Memory Write Machine Cycle Following an Instruction Fetch 
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Figure 5-9. An I/O Write Machine Cycle Following an Instruction Fetch 

BUS IDLE MACHINE CYCLES 
During a Bus Idle machine cycle no control signals change state on the System Bus. 

There are three types of Bus Idle machine cycles: 

1) An instruction fetch Bus Idle machine cycle. The SOS5A CPU acknowledges an interrupt from 
TRAP. RST 5.5. RST 6.5. and RST 7.5 by generating a Restart instruction internally. No exter
nal instruction fetch operations occur; however. logic internal to the CPU requires time to 

BOBSA 
BUS IDLE 
MACHINE 
CYCLE 

create the instruction object code. Therefore a Bus Idle instruction fetch machine cycle is executed. Timing is il
lustrated in Figure 5-17. 

2) The instruction execute Bus Idle machine cycle. Only the DAD instruction uses this machine cycle. The DAD in
struction adds the contents of two CPU registers to two other CPU registers. It takes six clock periods for logic in
ternal to the SOS5A CPU to complete these operations. The six clock periods are generated via two instruction ex
e~ute Bus Idle machine cycles. Timing is illustrated in Figure 5-10. 

3) The Halt Bus Idle machine cycle. Following execution of a Halt instruction an indeterminate number of Bus Idle 
machine cycles are executed for the duration of the Halt condition. Timing is illustrated in Figure 5-14. 
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The condition of the 101M. S1 and S2 signals during Ii Bus Idle machine cycle varies with the type of Bus Idle 
machine cycie. These three signals will conform to instruction fetch level during an instruction fetch Bus Idle machine 
cycle. During an instruction execute Bus Idle machine cycle. Memory Read signal levels are maintained. but the RD 
control signal is not pulse low. 

During a Halt Bus Idle machine cycle. SO and S1 are both low but 101M. along with other tristate signals. is floated. 
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MCl MC2 MC3 

101M ~ 
I .. ----~i~·------~----~------~------~------~----~------.. 

so :, I 

I I I 
\ 

51 Ir----~:~----.. ------~:~·------~------~----.. ------~----~ 
I I I Unspecified 

A8-A15 ~~ _____ pc_l_h_i9_~_· _._._~~ __ e ____ .. :_I~ __ ~I.· __ · ___ pc~h_i9_h._o_~_er_~~:_e_· ____ .I~ ____ ~ 
~ .Input DAD instruCtiO~ I PC low- i ~ I 

AOO-AD7 

ALE 

Latch Iow
o~r 

address 

~e 

........ 

o~er byte 

~~ .......... ~~~--....... ~~~ ........ ~~ 
Instruction Fetch Bus Idle 

Figure 5·10. A Bus Idle Machine Cycle Following an Instruction Fetch During 
Execution of a DAD Instruction 
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Figure 5-11. Wait States Occurring in a Memory Read Machine Cycle 

THE WAIT STATE 
The 8085A will insert Wait states between clock periods T2 and T3 in a manner that is closely analogous to the 
8080A. Timing is illustrated in Figure 5-11. which shows Wait states being inserted in a memory read cycle; a 
Wait state inserted in any other memory reference or I/O machine cycle would differ only in the levels of control 
signals. 

The 8085A samples the READY line during T2. If READY is low during T2. then a Wait clock period will follow T2. The 
READY line is sampled in the middle of each Wait clock period: Wait clock periods continue to be inserted until READY 
is sampled high. As soon as READY is sampled high. the next clock period will be a T3 clock period - and normal pro
gram execution continues. This sampling may be illustrated as follows: 

elK 

READY 
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Wait states are used in an 8085A system exactly as described for the 8080A in Chapter 4 - to give slow memories and 
I/O devices more time in order to respond to an access. Thus the discussion of Wait states provided in Chapter 4 ap
plies equally to the 8085A. 

In Chapter 4 a pair of 7474 flip-flops are shown creating a low READY pulse that generates a single Wait state in a 
memory read machine cycle. For the 8085A the following variation applies: 

51---1 

IO/M"---a 
J--__ ~ D1 Q1 I---------Pi D2 

ALE ----(I >---I~>ClK 7474 ClK (80S5A) 

·CLK is rising edge triggered 

·ClEAR is low level active 

The circuit will operate with the following timing: 

>--I~.> ClK 7474 

READY 

If the cycle is a memory read (S = 1. SO = 0) or an instruction fetch (S1 = 1. SO = 1). Q 1 will go high at the falling edge 
of ALE. This will cause flip-flop 2 to go on at the next falling edge of the 8085A clock. thereby forcing READY low. The 
low.on READY will clear flip-flop 1. so that READY will return high on the next falling edge of the 8085A clock. 

THE SID AND SOD SIGNALS 
The 8085A has two instructions which handle single-bit data_ 

The RIM instruction inputs data from the SID pin to the high-order bit of the Accumulator. The SIM instruction 
outputs the high-order bit of the Accumulator to the SOD pin. 

You may use the RIM and SIM instructions in order to implement a primitive serial I/O capability. A more useful applica
tion of these instructions is to read single signal status and to output single-signal controls. 
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When the RIM instruction is executed; the SID signal level is sampled on the rising edge of the clock signal during clock 
period T3 of the instruction fetch machine cycle. The high-order bit of the Accumulator is modified while the clock sig
nal is high during T1 of the next instruction fetch machine cycle. Timing may be illustrated as follows: 

Mel Mel 

elK 

siD 

A,Bit7 

When an SIM instruction is executed. the actual change in SOD signal level does not occur until T2 of the next instruc
tion fetch machine cycle: that is to say execution of the SIM instruction overlaps with the next instruction fetch. 

This may be illustrated as follows: 

elK 

A.Bit7 

I 
SOD I 

Mel Mel 

Following an SIM instruction fetch, the high-order bit of the Accumulator is sampled while the clock is low during T2 of 
the next instruction fetch machine cycle. During the same clock period. the SOD signal level is modified to reflect the 
contents of the high-order Accumulator bit. This overlap is feasible since neither the SOD signal nor the Accumulator 
contents are modified while an instruction is being fetched. Note that SOD must be enabled before it can be accessed 
or changed: you use bit 6 of the Accumulator to enable SOD. as detailed later in this chapter when we describe the 
SOS5A instruction set. 
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Figure 5-12 illustrates SID and SOD signal timing during execution of a RIM instruction followed by a SIM in
struction. 

ClK 

SOD 

SID I 

I 
A REG (BIT 71 I 

A8 - A'S 

ADO-AD7 

ALE 

MC' 

PC high-ord~r byte 

latch PC low
order byte 

MC' 

T, 

PC high-order byte 

latch PC low
order byte 

I 

MC' 

latch PC low
order byte 

Figure 5-12. A RIM Instruction Followed by a SIM Instruction 
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Figure 5-13. A Hold State Following a Single Machine Cycle Instruction Execution 

THE HOLD STATE 
The 8080A and the 808SA both use the Hold state as a means of transiently floating the System Bus. During a 
Hold. external logic gains bus control. usually to perform direct memory access operations. 

External logic requests a Hold state by inputting HOLD high. The microprocessor responds by entering the Hold state 
and outputting HLDA high. During a Hold state the microprocessor floats all tristate signals. 

Both the 8080A and the 8085A initiate the Hold state at the conclusion of an instruction's execution. But there are sig
nificant differences between Hold state initiation logic for the 8085A as against the 8080A. 

The 8080A initiates a Hold state following T3 for a Read machine cycle, or following T4 for a Write machine cycle. Tim
ing is illustrated in Figures 4-9 and 4-10. 
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The BOB5A in contrast. has a fixed. two machine cycle sequence for Hold state initiation: it may be illustrated as 
follows: 

Tn - 1 Tn Tn. + 1 

I 
HLDA I 

~-----p------~--J 

Tn + 2 Tn + 3 

During every machine cycle. Hold Is sampled during T2: if Hold is high at this time. Hold acknowledge is output 
high during T3 and the Hold state begins during T4. Timing is illustrated in Figure 5-13. 

During a six clock period machine cycle. if Hold is low when sampled during T2. then Hold will be sampled again 
during T4. If Hold is sampled high during T4. then a Hold state will be initiated during T6. This may be illustrated as 
follows: 

I 

I 
HLDA I 

1) TS 

~ ____ ~ ____ ~ ______ +-____ ~--J 

Hold is sampled during every clock period of a Halt state. As soon as Hold is detected high. a two clock period Hold 
state initiation sequence begins. Figu res 5-14 and 5-15 illustrate the onset of Hold states within and before Halt states~ 

A Hold state terminates two clock periods after the Hold signal goes low. 

There are no restrictions placed by SOS5A logic on the duration of a Hold state. The Hold state lasts for as long as the 
HOLD input is high. Here is an example of a one clock period Hold state occurring during T4 and a three clock period 
Hold state beginning during T6 of a six clock period machine cycle:. 

Me1 HOLD Me1 
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Figure 5-13 illustrates a Hold state lasting three clock periods. beginning during T4 of a four clock period machine cy
cle. 

THE HALT STATE AND INSTRUCTION 
When a Hillt Instruction is executed. the SOS&A enters a Halt state. The Halt state consists of an indeterminate 
number of Halt Bus Idle clock periods. during which the 81 and 80 status signals are both output low while the 
tristate signals are floated. 

Halt state timing is Illustrated in I=igure &-14. 

Mel HALT Mel 

I t· 

~: I 
I I I 

101M :, , ...... • .. ·~·-.. • .. ···T··········l,, __ ...... 
�"------..... --~--"""'I!I I I 1 

So~ : \ I I ~,.--... 

I I: 

51 : : \ , , , I 
I I I I I I I 

AS - A 15 I PC high-order b~e I t PC high ).._·_ .. +········1r---: 
I PC low- 1 HALT object I I I I . J 

code input I ~ •• - •• - ••• ~--..t ~ 
~-~I 1 ~I --"I 

I 

I 
- . I I 11r---: 
RD I ........... t •• - ........ ~ ••• - ....... :I 

I I I 
Wii I-I--_ ... __ .... ___ ... __ """"'l I I 11,.--..... 

I ~ ............... _ •• _.-+ ••••••••••• u., 
1 I 1 I : 
t 

Figure 5-14. A Halt Instruction and a Halt State Terminated by an Interrupt Request 

A Halt state may be terminated by a system reset or by an interrupt request. Figure &-14 shows an interrupt re
quest terminating the Halt state. 

Note that the INTR signal. like the HOLD signal. is sampled two clock periods before anything can happen. Thus. as il
lustrated in Figure 5-14. an additional Halt clock period will occur after the clock period within which INTR goes high. 
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HOLD 

HALT Me1 

Figure 5-15. Hold States Occurring Within a Halt State 

An interrupt request will only be executed if interrupts are enabled; however. the 8085A has a TRAP non-maskable in
terrupt. Thus you can always exit an 8085A Halt state via a TRAP interrupt request or by resetting the system. 

While in a Halt state you c:an entennd exit the Hol~ state. Figure 6·16 iIIust!'ates timing for 80S6A HOLD 
the Hold s~~ existing within tlie Halt state. Notice that the Hold state only lasts for as long as WITHIN A 
the HOLD input is kept high. HALT STATE 

Entt;lring a Hold state within a Halt state also prevents you from terminating the 8085A Halt state 
with an interrupt request; this is because a HOLD request has priority over any interrupt request. Thus. if an interrupt 
request occurs while the 8085A is entering a Hold state. or is in a Hold state. the interrupt request will be ignored until 
the end of the Hold state. At that time. the interrupt request will be acknowledged - providing interrupts are enabled. 

Resetting the 80S6A will terminate a Halt state at any time. whether or not you are in a Hold state. 
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high 
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I 

Figure 5-16. An Interrupt Being Acknowledged Using a Single Byte Instruction 

EXTERNAL INTERRUPTS 

I' 
I 
I 
I 

There are some differences between the interrupt acknowledge logic of the 8086A as compared with the 
8080A; however. the 8080A interrupt acknowledge logic is a subset of 8086A capabilities. 

Providing a valid interrupt request has been applied and interrupts are enabled. the 8086A acknowledges the inter
rupt request on terminating execution of the current instruction. The B085A then executes an interrupt 
acknowledge machine cycle. 

An interrupt acknowledge machine cycle is very similar to a six clock period instruction fetch machine cycle: however. 
during the interrupt acknowledge machine cycle the 8085A. like the 8080A. anticipates receiving an instruction object 
code from an I/O device - presumably the device whose interrupt request is being acknowledged. Since an.l/O device 
is supposed to provide the object code during an interrupt acknowledge instruction fetch. INTA is pulsed low instead of 
RD. Timing is illustrated in Figure 5-16. 
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Note that even though memory is not being accessed. Program Counter contents are output 
on the Address Bus during an interrupt acknowledge Instruction fetch; providing memory select logic uses 101M 
and RD. no harm will be done by having a valid address on the Address Bus during an interrupt acknowledge in
struction fetch. 

The Program Counter contents are not incremented during the interrupt acknowledge process. 

In the SOS&A. Interrupt acknowledge has the same S1. SO. and 101M levels as an instruction 
fetch. This means the interrupt acknowledge signal INTA serves both as an Interrupt 
acknowledge and a read strobe. External logic must use INTA both as a device select Signal and 
a strobe signal identifying the time interval during which the interrupt acknowledge instruction 

SOS&A 
INTERRUPT 
ACKNOWLEDGE 

code must be placed on the Data Bus. This can cause a timing problem. For any other instruction fetch. the trailing 
edge of ALE can be used to initiate device select timing; thus during any other instruction fetch you have from the mid
dle of T1 until the middle of T2 to resolve the device select and wait for the read strobe. But you cannot use ALE in this 
fashion following an interrupt acknowledge. since external logic does not know that the interrupt has been 
acknowledged until INTA goes low. On the trailing edge of .ALE during an interrupt acknowledge instruction fetch 
machine cycle. the'Program Counter contents are being output on the Address Bus even though this address is irrele
vant. You must therefore use INTA as a signal which disables all 1/0 device select logic with the exception of the 
device whose Interrupt request Is being acknowledged. 

You may well have to Insert Walt states during an interrupt acknowledge Instruction 
fetch machine cycle; the acknowledged external logic has the duration of the low INTA pulse 
within which it must resolve its select logic and place an instruction object code on the Data 
Bus. 

Earlier in this chapter we showed you how you can create a one clock period low READY pulse 

WAIT STATES 
DURING SOS&A 
INTERRUPT 
ACKNOWLEDGE 

using two 7474 D-type flip-flops. The circuit shown would generate the low READY pulse during a memory read or in
struction fetch. The same circuit will also cause a Wait state during an B085A interrupt acknowledge. which is identi
cal to an instruction fetch as far as our small circuit is concerned. 

You can respond to an interrupt acknowledge by transmitting any instruction object code to the SOS5A. Usually 
a Restart (RSTI or a Call instruction object code will be transmitted. 

Figure 5-16 illustrates timing for a Restart instruction being transmitted following an interrupt acknowledge. The 
Restart instruction has been described in detail in Chapter 4 together with circuits which allow a Restart instruction to 
be created. 

The SOS6A contains internal logic to cope with multibyte Instruction object codes transmit
ted during the Interrupt acknowledge process. During the second and third instruction fetch 
machine cycles. INTA is pulsed low while 101M is output high. Thus responding to an interrupt 
acknowledge with a Call instruction Simply involves creating a Call instruction's object code. 

SOS6A 
MULTIBYTE 
ACKNOWLEDGE 

The SOS&A has four interrupt request pins which the SOSOA does not have. These are TRAP. RST 6.5. RST 6.& 
and RST 7.6. Interrupts requested via these pins cause the SOS6A to generate its own internal interrupt 
acknowledge instruction. 

The internal interrupt acknowledge instruction results in subroutine calls to the following addresses: 

Interrupt CALL Address 
TRAP 2416 

RST 5.5 2C16 
RST 6.5 3416 
RST 7.5 3C16 

TRAP is a non-maskable interrupt. 

RST 6.6 and RST6.6 are level sensltlve;that means a high level input at these pins generates an interrupt request. 

RST 7.6 is edge sensitive; an interrupt request occurs when the input to RST 7.5 makes a low-to-high transition. 

TRAP Is both level and edge sensitive; the low-to-high transition and the subsequent high level generate an inter
rupt request. 

If an interrupt request is generated at RST 7.5 by a low-to-high transition. the 8085A will remember the interrupt re
quest. whether or not the RST 7.5 input remains high. You can thus generate an Interrupt request via RST 7.5 using 
a high pulse. 
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Since you can request an interrupt via an RST 7.6 low-to-hlgh transition. the RST 7.6 Interrupt request signal It
self cannot reset the interrupt request. This may be illustrated as follows: 

RST 7.S ----~ 
Interrupt 
request 

New inten'Upt request 

only if .,;..nous 

request has been 
serviced 

You need not terminate service of an RST 7.6 interrupt request by executing an SIM Instruction with bit 4 of 
the Accumulator set to 1: the CPU does this automatically when It recognizes the interrupt. 

A low-to-high transition of the TRAP input creates an Interrupt request. The interrupt request will only be 
acknowledged while the TRAP input remains high; however. once a TRAP interrupt request has been acknowledged. 
TRAP must go low and then high again before another Interrupt request will be acknowledged. 
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Figure 5-17. A Bus Idle Instruction Fetch Machine Cycle 
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SOS6A interrupt priorities are as follows: 

Highest HOLD 
TRAP 
RST 7.5 
RST6.5 
RST 5.5 

Lowest INTR 

The SOS6A executes an instruction fetch Bus Idle machine cycle after acknowledging a TRAP. RST 6.6. RST 6.6 
or RST 7.6 interrupt request. Timing is given in Figure 6-17. 

The TRAP interrupt request cannot be disabled. The TRAP Interrupt preserves the state of the 
interrupt enable flag. This allows the user to restore the interrupt enable status after a TRAP in
terrupt. 

The RST 6.6. RST6.6. and RST 7.6 interrupt requests can be Individually enabled and disabled using the SIM in
struction. All interrupts except the TRAP can be enabled and disabled via the EL and DI Instructions. 

You may at any time examine interrupt enable/disable status by executylng the RIM instruction. 

The first RIM Instruction executed after a TRAP interrupt will show what the Interrupt ,...""""" .............. 
status was just before the TRAP. no matter how many IEs and Dis have been executed 
since the TRAP acknowledge. You must perform RIM after every TRAP to ensure that sub
sequent RIMs will provide accurate interrupt enable status. 

The RIM and SIM Instrubtlons are described in detail later in this chapter. 

You will service interrupts In an SOS6A system exactly as described for the SOSOA system. For a discussion of 
an Interrupt acknowledge see Chapter 4. 

Remember that a Hold request has priority over an interrupt request. Thus, an interrupt will not be acknowledged 
while a Hold state exists and the SOS5A will respond to a Hold request following an interrupt acknowledge. 
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Figure 5-1S. Power On and RESET IN'Timing for the SOS5A 
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THE RESET OPERATION 
You reset an SOSSA by inputting a low signal via RESET IN. 

When power is first turned on. the RESET IN pulse must last at least 500 nanoseconds (3 full clock cycles): no 
further requirements are imposed on the RESET IN signal. Logic internal to the SOSSA will synchronize the 
RESET IN pulse with the internal clock. Timing for a Reset following a powerup Is given In Figure 5-1S. 

Notice that a RESET OUT signal is provided. You can use this signal to reset other devices in the SOSSA 
microcomputer system. 

When the SOSSA is reset the following events occur: 

1) The Program Counter is cleared: thus the first instruction executed following a reset must have its object code 
stored in memory location O. 

2) The Instruction register is cleared. 

3) Interrupts are disabled. 
4) The RST 7.5. RST 6.5 and RST 5.5 interrupts are masked out and thus disabled. 
5) All tristate bus lines except ALE are floated. 

Table 5-1. A Summary of 8085A Instruction Object Codes and Execution Cycles 

INSTRUCTION OBJECT CODE BYTES 
SOSSA 

MACHINE CYCLES 

ACI DATA CE VV 13 

ADC REG l000IXXX 4 4 
ADC M 8E 7 7 13 

ADD REG l0000XXX 4 4 1 

ADD M 86 1 7 7 13 

ADI DATA C6 VV 2 7 7 13 

ANA REG 10100XXX <'I 4 4 1 

ANA M A6 1 7 13 

ANI DATA E6 VV 2 7 7 13 

CALL LABEL CD ppqq 
CC LABEL DC ppqq 3 
CM LABEL Fe ppqq 
CMA 2F 
CMC 3F 
CMP REG 10111XXX 
CMP M BE 
CNC LABEL D4 ppqq 
CNZ LABEL C4 ppqq 

CP LASEL F4 ppqq 

CPE LABEL EC ppqq 3 
CPI DATA FE VV '2 

CPO LABEL E4 ppqq 3 
cz LABEL cc ppqq 
DM 27 4 4 
DAD RP OOXX100l 10 10 177 

DCR REG OOXXX10l 5 4 1 

DCR M 35 10 10 135 
DCX RP OOXX1011 5 
DI F3 4 4 
EI FB 4 4 
HLT 76 4 4 
IN PORT DB VV 10 10 134 
INR REG OOXXX100 
INR M 34 

INX RP OOXXOO11 
JC LABEL DA ppqq 
JM LABEL FA ppqq 3 10 7/10 13.133 
JMP LABEL C3 ppqq 10 10 133 
JNC LABEL D2 ppqq 3 10 7/10 13.133 
JNZ LABEL C2 ppqq 3 10 7/10 13.133 
JP LABEL F2 - 10 7/10 13.133 
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Table 5-1. A Summary of 8085A Instruction Object Codes and Execution Cycles 
(Continued) 

INSTRUCTION OBJECT CODE avns BOBBA 
MACHINE CYCLES 

JPE lABEL EA ppqq 3 10 7/10 13.133 

JPO lABEL E2 - 3 10 7/10 13.133 

Ji. LABEL 'CA - 3 10 7/10 13.133 

lOA ADDR 3A - 3 13 13 1333 

lOAX RP OOOXIOIO 7 1 13 

LHlO ADDR 2A ppqq 3 I. I. 13333 
LXI RP.DATAI' OOXXOOOI 3 10 10 133 

YYYY 
MOV REG.REG Oldddsss 
MOV M.REG OIIIOssa 15 
MOV REG.M OldddllO 7 13 
MVt REG.DATA 00ddd110 2 7 13 

VY 
MVI M.DATA 36 VY 2 10 10 135 
NOP 00 4 4 
ORA REG 101lOXXX 5 
ORA M 86 I 7 
ORI DATA F6 VY 2 7 
OUT PORT D3 VY 2 10 
PCHL E9 5 
POP RP IIXXOOOI 
PUSH RP IIXXOIOI 
RAL 17 
RAR IF 
RC 
RET 

RLC 
RM F6 
RNC DO 
RNZ co 
RP FO 
RPE E8 
RPO EO 
RCC OF 
RST N IIXXXIII 
RZ C8 
SBB REG 1001 I XXX 
SBB M 9E 
SBI DATA DE VY 
SHlO 

SPHL F9 
STA ADDR 32 -STAX RP OOOXOOIO 7 7 15 
STC 37 4. 4 
SUB REG lOOIOXXX 4 4 
SUB M 98 7 7 13 
SUI DATA DB VY 7 13 
XCHG EB 4 4 
XRA REG 1010lXXX 4 4 1 
XRA M AE 1 13 
XRI DATA EE VY 2 7 13 
XTHL E3 

ppqq represents four hexadecimal dig~ memory addtusa Machine cycle types: 

VY represents two hexsdeclmal dota ~ 1 - four clock psriod Instruction fetch (Figure 5-4) 

VYVY represents four hexadecimal data ~ 2 - Six clock psriod instruction fetch (Figura 5-5) 

X represents an optional binary digit 3 - Mamory read (Figure 5-6) 

ddd repreaents optional binary ~ identifying a destination register 4 - I/O reed (Rgura 5-71 

S88 repreaents optional binary .~ identifying a """"'" register 5 - Msmory write (Rgura 5-8) 
6 - I/O write (Figure 5-9) 
7 - Bus idle (Rgure 5-(0) 
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THE 8085A INSTRUCTION SET 

There are just three differences between the 8086A and the 8080A instruction sets: 

1) The SOS5A has two additional instructions - RIM and SIM. 
2) The number of clock periods required to execute instructions differs in some cases: Table 5-1 summarizes these 

differences. 

3) Following a Halt instruction's execution. the SOS5A float~ tristate bus lines in the ensuing Halt state: the SOSOA 
does not. ." 

aecause the 8086A and 8080A instruction sets are so similar. the same benchmark program applies to both 
microprocessors. Refer to Chapter 4 for a discussion of this benchmark program. 

Refer to Table 4-4 for a summary of the 8086A instruction set. The only two 8086A instructions not present in 
Table 4-4 are the RIM and 81M ·illstructlons. . 

When the RIM instruction is executed. the following data is loaded into the Accumulator: 

RIM 

7 6 S " 3 2 1 0 ~BitNo. 

L1111111 
4 

This data is loaded into the Accumulator 

RST 5.5 interrupt mask } 
. 0 =enabled 

RST 6.5 Interrupt mask 1 = disabled 

RST 7.5 interrupt mask 

Master interrupt enable ~ 1 = enabled o = disabled 
RST 5.5 interrupt status . 

RST 6.5 interrupt status 1 = requast pending 
o = no request 

RST 7.5 intarrupt status 

SID signalleval 

Thus. the RIM instruction allows you to examine interrupt and external status. 

When the SIM instruction is executed the contents of the Accumulator are interpreted as follows: 

SIM 

7 6 S " 3 2 1 0 ~·Bit No. 

I II I I I I I. L 

·t 4 
This data must already be in the Accumulator 

RST 5.5 mask } 
RST 6.5 mask 0 = enable 

1 = disable 
RST 7.5 mask 

o = ignore bits O. 1 alld 2 

1 = mask as per bits O. 1 and 2 

1 = rasa! RST 7.5 latch so a laading edge will cause another 

intarrupt request 

o = disable serial data out 

1 = enabla"serial data out 

This bit is transmitted to SOD pin if bit 6 is 1 

Thus the SIM instruction is used to selectively mask interrupts and to output a control signal via the SOD pin. 

Note that if bit 6 of the Accumulator is 0 when the SIM instruction is executed. then the contents of bit 7 will not be 
transferred to the SOD pin. 
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From our discussion of the 8085A reset. recall that following a reset RST 5.5. RST 6.5 and RST 7.5 are all disabled; also. 
reset sets the SOD output to O. Thus. following a reset an RIM instruction would input the following data to the Ac
cumulator: 

RIM [l~~t~dp~~:::Bit No. Data loaded to the Accumulator 

~~---Mask 1 bits disabla interrupts 
RST 7.5. RST 6.5 and RST 5.5 

'-------Master interrupt is disablad 

'---------These bits reflect the state of the 
RST 7.5. RST 6.5 and RST 5.5 inputs 

'------------This bit reflects the SID signallavel 

8085A MICROPROCESSOR SUPPORT DEVICES 

The 8086A has four special purpose multifunction support devices; they are described in this chapter: 

The 8085A can use any -5 version of the 8080A support devices described in Chapter 4 and Voillme 3. If you 
use the low-order eight 8086A address lines. you mu,t demultiplex the 8086A Address and Data Busses to use 
8080A support devices. . . 

THE 8155/8156 STATIC READIWRITE MEMORY 
WITH I/O PORTS AND TIMER 

The 8155 and 8156 are custom circuits d,signed specifically for the 8085A microprocessor. Each device pro
vides 266 bytes of static read/write memory. two or three parallel I/O ports. and a programmable timer. The 
8166 and 8166 devices differ only in the active level of the chip elHlble signal. 

Figure 6-19 lIIus~ates that part of general microcomputer system logic which has been implemented on the 
8166 /8166 devices. 

Figure 6-20 provides a functional diagram of 8166/8166 logic. 

The 8165 or 8166 device is packaged a!l a 40-pin DIP. It uses" single +5V power supply. All inputs and outputs 
are TTL compatible. 

8155/8156 DEVICE PINS AND SIGNALS 
8166/8166 pins and signals are iIIu,trated in Figure 6-21. Signals may be divided into the following categories: 

1) CPU interface and control 
2) Parallel I/O 
3) Programmable Timer 

We will first consider CPUinterfa~e and control signals. 

ADO - AD7 connect to a bidirectional. multiplexed Data and Address Bus. As illustrated in Figure 5-22. these pins 
connect to the ADO - AD7 bus lines output by the 8085A microprocessor. 

ALE is the Address Latch Enable control signal output by the 8085A microprocessor to identify addresses on the 
multiplexed Data and Address Bus. 

The 8155 or 8156 has both a memory space and an 1/0 address space. When 10/M is high. I/O port addresse. are 
decoded off ADO - AD7 on the high-to-Iow transition of ALI;; this may be illustrated as follows: 

ADO - 'A07 

ALE 

101M 
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Interrupt Priority 
. Arbitration 

Programma~le 

Timers 

Clock Logic 

Arithmetic and 
Logic Unit 

Read Only 
Memory 

Accumulator 
Register(s) 

Data Counter(s) 

Stack Pointer 

Figure 5-19. Logic of the 8155 and 8156 Multifun"ction Devices 

When 101M is low. the address strobed off ADO - AD7 is interpreted as a memory address. 

CE is active high in the 8156 device: it is active low in the 8166. There is no other difference between the 8166 
and 8156 devices. 

The 8166 or 8166 device uses standard 8086A control signals on its CPU interface. These signals are RD. WR. 
ALE and 101M. Refer to the description of these control signals given in the 8085A section of this chapter. 
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IOIPl-----II~ 

ADO-AD7 

CE(8155) or CE (8156) -----....... 
ALE 
Ro iNR-----.. 

RESET -----.. 

TIMER IN 

TIMER OUT 

256x8 
STATIC 

RAM 

TIMER 

PAO- PA7 

PBO - P87 

PCO- PC7 

L-________ Vee (+ 5VI 

L-________ Vss (OV) 

Figure 5-20. Logic Functions of the 8155/8156 Device 

PC3 1 40 Vee (+SVI 

PC4 2 39 PC2 

TIMER IN 3 38 PCl 

RESET 4 37 PCO 

PC5 5 36 P87 

TIMER OUT 6 35 P86 
101M 7 34 PBS 

~(8155) or CE (8156) 8 33 P84 

R5 9 32 P83 
WR 10 31 P82 

ALE 11 8155 30 P81 

ADO 12 29 PBO 

ADI 13 28 PA7 

AD2 14 27 - PA6 

AD3 15 26 PA5 

AD4 16 25 PM 

AD5 17 24 PAl 

AD6 18 23 PAl 

AD7 19 22 PA 

(GNDIVSS 20 21 PAD 

PIN NAME DESCRIPTION TYPE 

ADO-AD7 Multiplexed Address and Data Bus BidiractionaJ 
PAO- PA7 Eight lID pins. designated as Port A BidiractionaJ 

PBO - P87 Eight lID pins. designated as Port B Bidirectional 

PCO - PC5 Six I/O pins. designated as Port C BidireCtional 

AD Read from device control Input 

WR Write to device control Input 

101M 110 ports or memory select Input 
ALE Address latch enable Input 

RESET System reset Input 

CE/CE Chip enable Input 

TIMER IN TImer clock Input 

TIMER OUT TImer output signal Output 

Vss VCC Ground. Power 

Figure 5-21. 8155/8156 Mu)tifunction Device Signals and Pin Assignments 
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elK 

8085 

Device 

Select 
Logic 

ADO-AD7 

ALE .... ---------....... ALE 
'R5 im' 

WR Wii 
101M 101M 

RESET OUT RESET 

8155 

Figure 5-22: An 8155 Device Connected to an 8085A CPU Bus 

Table 5-2. 8155/8156 Device Port C Pin Options 

Pin ALT 1 ALT2 ALT3 ALT4 

PCO Input Port Output Port A INnI(Port A Intenupt) A INTR (Port A Intenupt) 
PCI Input Port Output Port A BF (Port A Buffer Full) A Bf (Port A Buffer Full) 

PC2 Input Port Output Port A Si'ii (Port A Strobe) A Si'ii (Port A SIrabe) 

PC3 Input Port Output Port Output Port B INTR IPan B Intenupt) 
PC4 Input Port Output Port Output Port B Bf (Port B Buffer FuU) 

PCS Input Port Output Port Output Port B iii (Port B Sirobe) 

The 8155/8156 device is reset by a high input at the RESET pin. The Reset operation does not 
clear memory or I/O locations within the 8166/8166 device. Thus all memory locations con
tain zero. I/O ports are assigned to input mode and the CounterfTimer is stopped with an initial 
zeto value. 

8166/8166 PARALLEL INPUT/OUTPUT 

TIMER IN 

TIMER OUT 

8166 
DEVICE 
RESET 

The Interface presented by the 8155/8156 device to external logic consists of three I/O ports and two signals 
associated with CounterlTimer logic. 

We will examine the I/O port logic and then the CounterlTimer logic. 

I/O Ports A and Bare 8-bit parallel ports: each may be defined as an input port or an output port. 

I/O Port C is a 6-bit parallel I/O port: it may be used to input or output parallel data. or Port C pins may support 
handshaking control signals for Ports A and B. Table 5-2 defines the four ways in which I/O Port C may be used. . 

When I/O Ports A and B are used for simple parallel input or output, then their operation is 8166/8166 I/O 
Identical to Mode 0 as described In Chapter 4 for the 8266 PPI. Handshaking mode is identl- MODE 0 
cal to 8266 Mode 1. We will therefore discuss 8155 input and output with handshaking briefly. 8166/8166 I/O 
For a more detailed discussion refer to the 8255 PPI description given in Volume 3. MODE 1 
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Input with handshaking may be illustrated as follows: 

An event sequence begins with external logic inputting parallel data to I/O Port A or B: external 
logic must pulse STROBE low, at which time the parallel data is loaded into the I/O port buffer. This causes BF. 
the Bu~fer Full signal. to go high. 

External logic uses the BF signal as an indicator that no more data can be written. 

As soon as the externally provided low STROBE pulse is over. the interrupt request signallNTR goes high. This allows 
the 8085A to be interrupted once data has been loaded into the input buffer of the I/O port. 

BF and INTR remain high until the CPU reads the contents of the I/O port. The read operation will be identified by a low 
RD pulse input to the 8155/8156 device. INTR is reset at the beginning of the RD pulse. while BF is reset at the end of 
the RD pulse. BF therefore is high while data is waiting to be read and while data is being loaded into the I/O port buffer 
or read out of the I/O port buffer. INTR is hlgh only while data is waiting to be read. 

BF and INTR have associated bits in the Status register of the 8155/8156 device. 

You connect INTR to an 8086A interrupt request if you want an interrupt-driven system. You write a program 
which polls the Status register of the 8166/8156 if you want to operate the system under program control. 

Strobed output timing may be illustrated as follows: 

In output mode the I/O port buffer is initially empty. which means that the CPU must transmit data to the I/O port. 
Therefore INTR is" initially high. 

As soon as the CPU writes data to the I/O port. the interrupt request signallNTR is reset low: this occurs on the leading 
edge of the WR pulse. On the trailing edge of the WR pulse BF is output high. telling external logic that data is in 
the I/O port buffer and may be read. 

External logic strobes the data out by providing a low pulse at STROBE. The leading edge of STROBE resets BF 
low. while the trailing edge of STROBE setslNTR high. causing the CPU to again output parallel data. 

You connect INTR to an appropriate 8086A interrupt request pin if you want an Interrupt-driven system. You 
write a program to poll the Status register If you want to operate the 8166/8166 under program control. 

A simple method of using the 8155/8.156 device parallel input/output with handshaking in interrupt mode would be to 
connect INTRA and INTRB to RST 5.5 and RST 6.5. 

8166/8166 DEVICE ADDRESSING 
Having discussed 8166/8166 device memory and I/O ports, we must now look at device addressing. 

The 8155/8166 has 266 bytes of static read/write memory which are addressed by ADO - AD7 while Chip Enable is 
true. and 101M = o. 
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The 8155/8156 has ei.9..ht addressable 1/0 ports. ADO. AD1 and AD2 select I/O ports while Chip 
Enable is true and 101M = 1. These are the eight addressable I/O ports: 

AD2 AD1 ADO PORT 

0 0 0 Status/Command registers 
0 0 1 Port A 
0 1 0 Port B 
0 1 1 Port C 
1 0 0 CounterlTimer register. low-order byte 
1 0 1 CounterlTimer register. high-order byte 
1 1 0 Unused 
1 1 1 Unused 

8155/8156 
I/O PORT 
ADDRESSES 

Chip Enable is derived from AB - A 15. which holds the high-order byte of a memory address. or the 1/0 device number. 
Chip Enable thus defines the exact address and I/O space for the 8155/8156 device. Here is one possible con
figuration: 

A15 
A14 
A13 
A12 
All 
Al0 

A9 
AS 

L[>-

1>-~ 
1>-

CE(8156)-

These lines 
contribute 

to CE 

These ~nes 
are ignored 

~ 

rl~o]IJ1~1[1 [I £oII~o~l~n~l~n~1 ~n!l~x~l~x~l~xgl ~x~l~x!l~x~l~x~l~xgl ........ _ Valid memory addresses · T -'( ? 

ADO - AD7, x can be 0 or 1 

These bits are ignored. They may have 
any value. 

8155/8156 memory bytes will be selected by any memory addresses in the range 6n0016 through 6nFF16. "n" repre
sents any digit in the range 0 through 7. Let us assume that programs access 8155/8156 memory bytes via addresses 
in the range 600016 through 60FF16: we must further assume that addresses created by values of n in the range 1 
through 7 never occur. 

Now the same chip select that you use to define your memory address space is also going to define your 1/0 ad
dress space. Recall that the 8-bit 1/0 device number is output twice following execution of an 1/0 instruction - once 
on the high-order eight address lines A8 - A 15 and again on the low-order AddresslData Bus lines ADO - AD7. Thus the 
device select code which you generate from the eight high-order address lines for a memory address is the same device 
select code which you generate for the 8155/8156 I/O space. 
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But whereas the B155/8156 has 256 addressable memory locations, it has eight addressable 1/0 ports: I/O ports are 
selected as follows: 

6 4 2 O~BitNo,. 

~~l~~~~~~l-"-- I/O Port Number 

----ADO -----ADI .... -----AD2 
~----------a 

If Chip Enable is true wher:l A 15 - All is 011002, then I/O port addresses will be 6016 through 6716. 

Address lines A 15 - All represent I/O device number bits 7 through 3. This is because the I/O device number is output 
on A 15 - A8 following execution of an I/O instruction. It is therefore fortunate that we only used address lines 
A 15 - All to create Chip Enable. Had we used A8, A9 or Al 0, the low-order three I/O device code bits would have 
served a double purpose -with strange results. 

Suppose A 10 = 0 is a prerequisite for device select logic to be true: these are the memory and 1/0 port selects which 
will result: 

Memory 
AddI8S8 

I/O Part 
AddI8S8 

~ A ....... _ ...... 
~ -~ ,,. - , 
15 1413 1211 10 i) 8 7 6 5'4 3 2 1 0 7 6 5 4 3 2 1 0 • Bit No. 

InO 111 11 0 I 0 I 0 I n I n ,:,, x '1' x I x I x ,; I ~' 011 ,1,0,0 I 0 I x 'Ix I 

l,,--------T---+---....;r----.. ---- Addl8S8 bits 

------------""""ii---------Don't care 

'------------------......... -------- Device Select 

You can now address only four of the eight 8155/8156 I/O Ports. You cannot include address lines A8. A9 or 
A10 in the device select logic that you use for any 8155/8156 device: if you do. you will limit the I/O 
capabilities of the device. 

101M discriminates between exectuionof I/O instructions and memory reference instructions. 

THE 8155/8156 COUNTERITIMER 
Countertrimer logic consists of a ; 6-bit register. addressed as two 8-bit I/O ports. an input clock signal and an 
output timer signal. This may be illustrated as follows: 

I/O Port 
100 

I/O Port 
101 .... _.""A ....... ",A _ ,. 'r ~ 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 .......... - Bit No. 

I II 1111 III 1111 II. "~:~:~UT T " T .. _______ ~ ____ lnitial Timer constant 

- Timer mode 
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The low-order 14 bits of the CounterlTimer register must be initialized with a 14-bit binary value that will 
decrement on low-to-high transitions of TIMER IN. If TIMER IN is connected to the SOS5A clock output signal elK. 
then the timer is computing real time. TIMER IN can alternatively be connected to any external logic in which case the 
timer is counting external events. 

The timer times out when it decrements to zero. 

The two high-order bits of the CounterlTimer register define one of four ways in which the TIMER OUT signal 
may be created. 

In Mode O. TIMER OUT is high for the first half of the time interval and low for the second half of 
the time interval. This may be illustrated as follows: 

TIMER IN 

TIMER OUT 

Time. 
initial count 

is N 

START 

If N is odd. the extra pulse will occur while TIMER OUT is high. 

8166/8166 
TIMER 
MO~EO 

STOP 

In Mode 1. as in Mode O. TIMER OUT is high for the first half of the count and low for the second half. However. the 
timer is automatically reloaded with the initial value following each time out. creating a square wave which may be il
lustrated as follows: 

TIMER OUT 

f 
\ 

f 
\ 

f 
l 

1imer initial Reload N Reload N 
count is N 

START 

Mode 2 outputs a single low clock pulse on the terminal count. then stops the timer. Timing may be illustrated as 
follows: 

TIMER IN 

TIMER OUT 

1imer initial 
count is N 

START 

Decrement 
to Zero 

STOP 

Mode 3 is identical to Mode 2. except that when the timer times out the initial counter value is automatically reloaded. 
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8155/8156 CONTROL AND STATUS REGISTERS 
The Control and Status registers of the 8156/8166 are used to control both timer and parallel I/O logic. Let us 
now examine these registers. 

The Control and Status registers of the 8155/8166 device are accessed via a single I/O port address. This is the 
lowest of the 8156/8166 I/O port addresses. When you write to this address you access the Control register; 
when you read from this address you access the Status register. 

8166/8166 internal logic will Interpret Control register bits as follows: 

Control register 

Port A definition } 0 = Input 

Port a definition 1 =Output 

Port C definition 
00 =ALT 1 
01 =ALT 3 
10=ALT4 See Table'5-2 

11 =ALT 2 

Port A interrupts o = Disable 

Port a interrupts 1 =Enable 

Timer control 
00 = No effect oil timer .... -----------< 0.1 = Stop timer immediately. if running 

Status register bits are set and reset as follows: 

10 = Stop timer after nut time out. if running 
11 = Start timer immediataly 

7 6' 5 .. 3 2 1 0 __ ait No. 

I I I I I I I I 

t • 

8155/8156 DEVICE PROGRAMMING 

Status register 

Port A interrupt request 

Port A buffer full 

Port A interrupt enabled 1 = True 

Port a interrupt request 0 = False 

Port a buffer full 

Port a interrupt enabled 

Timer interrupt. Set to 1 on time out. reset to 0 when 
Status register is read or a new count is started 

Accessing 8156/8166 read/write memory is self-evident. If you execute a memory reference instruction that 
specifies an address within the 8155/8156 address space. you will access an 8155/8156 memory byte. 

Parallel I/O programming Is also self-evident; you begin by outputting an appropriate code to the Control register.in 
order to define the modes in which various ports will operate. and to enable or disable Mode 1 interrupts. Your only 
caution at this time must be to ensure that the two high-order bits of the Control code are 0; this prevents initiation of 
any timer operations. 

If you are using I/O ports without handshaking. the Status register is not affected by I/O operations. No control 
Signals or status indicate that new data has been input to. or has been read from 1/0 ports. 

If you are operating the 8155/8156 in handshaking mode under program control. then you must poll the Status register 
in order to determine whether data is waiting to be read or must be written. Your program will consist of a series of in
put instructions which read status. followed by conditional branches that read or write data. 
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If you are operating the 8155/8156 parallel 1/0 in handshaking mode under interrupt control. then whenever data is 
waiting to be read or must be written. the high INTR control signal will vector program execution to an appropriate in
terrupt service routine. 

You can at any ~ime read the contents of an I/O port that has been declared an output port. You will simply read 
back whatever data was most recently written 'out to that 1/0 port. Reading the contents of an output port will have no 
effect on handshaking control signals associated with that port. 

Let us now examine programming associated with 8166/8166 CounterfTimer logic. 

You must first initialize the 16-bit CounterlTimer register by outputting two bytes that specify timer mode and initial 
count. The order in which you output these two bytes is unimportant. 

Next you output an appropriate Control code in order to start the timer. When you output a Control code. remember not 
to modify any control bits that define parallel I/O operations. 

Here is an appropriate initialization instruction sequence: 

MVI 
OUT 
MVI 
OUT 
MVI 
OUT 

A.80H 
OC4H 
A.60H 
OC5H 
A.OFAH 
OCOH 

LOAD 6080H AS AN INITIAL COUNTER 
VALUE. SELECT COU.NTER MODE 1 

START TIMER 

This instru~tion sequence assumes that the 8155/8156110 port addresses are C016 through C516. The code FA16 
output to the Control register starts the timer. and defines Port A as an input port. Port B as an output port. both in 
handshaking mode with interrupts enabled. 

You can at any time stop the counter. either immediately or following the next time-out. The following instructions will 
stop the counter immediately: 

MVI A.7AH STOP THE TIMER IMMEDIATELY 
OUT COH 

The following instructions will stop the counter after the next time-out: 

MVI A.BAH STOP THE TIMER AFTER THE 
OUT COH NEXT TIME OUT 

The CounterfTimer instruction sequences illustrated above contain a nonobvious propensity for programming 
errors. We start the timer by outputting the code FA16 to the Control register; we stop immediately by outputting the 
code 7 A16 and we stop the timer after the next time-out by outputting the code BA16. In reality. this is the code we are 
outputtil")g: 

7 6 5 " 3 2 1 0" Bit No. 

t, '1I1Ino','ol 

~t • Pan A input 
- Pan B output 

Pan C ALT 4 

'--------- Enable Pons A and B interrupts 

, Timer code: 

I 11 = Sian immediately ------------<1 10 = Stop after next time out 

r 01 = Stop immediately 

Whenever you output Control codes to modify 8155/8156 timer operation. you must always remember to output bits 0 
through 5 correctly. in order to maintain previously defined parallel 1/0 options. A commonly used programming 
technique that frees you from having to remember the condition of irrelevant bits in a control word is to use 
AND an~ OR masks. Consider this general purpose instruction sequence: 

IN COH INPUT PRESENT CONTROL CODE 
ANI 3FH CLEAR TIMER BrrS 
(ORI COH SET TIMER BITS) 
OUT COH RESTORE CONTROL CODE 
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This technique will not work with the 8166/8166 device. since you cannot read the contents of the Control 
register. If you read from the address of the Control register. you will access the Status register. If you want to 
use a masking technique. you must maintain the Control code in memory. Here is an instruction sequence that will 
work: 

lOA 
ANI 
(ORI 
OUT 
STA 

CONTRl 
3FH 
COH 
COH 
CONTRl 

lOAD CONTROL CODE FROM MEMORY 
ClEAH TIMER BITS 
SET TIMER BIT.S) 
OUTPUT CONTROL CODE TO 8155/8156 
SAVE CONTROL CODE IN MEMORY. 

Your instruction sequence will include the ANI mask to clear timer bits. or the ORI mask to set timer bits. but obviously 
not both. 

CONTRl is the label for some read/write memory byte which always holds the current 8155/8156 Control code. 

THE 8355 READ-ONLY MEMORY WITH I/O 

The 8366 provides 2048 bytes of read-only memory and two 8-bit I/O ports. The device has been designed to 
interface with the BOB6A CPU. 

Figure 6-23 illustrates that part of our general microcomputer system logic which has been implemented on the 
8366 device. 

The 8366 is packaged as a 40-pin DIP. It uses a single +6V power supply. All inputs and outputs are TTL-com
patible. The device is implemented using N-channel MOS technology. 

Figure 6-24 functionally illustrates logic of the 8366 device. A simple 8086A-8166/8166-8366 configuration is 
Illustrated in Figure 6-26. 

There are many similarities between the 8166/8166. which we have already described. and the 8366. Where 
appropriate we will refer back to the 8166/8166 discussion for clarification of concepts. 

8355 DEVICE PINS AND SIGNALS 

8366 pins and signals are Illustrated in Figure 6-26. 

The 8366-8086A interface differs somewhat from the 8166/8166-8086A interface in that the 8366 has more 
memory. fewer addressable I/O ports. plus the ability to address I/O ports within the memory space of the 
device. 

Having 2048 bytes of addressable read-only memory. the 8366 requires eleven address pins. 'These are derived 
from ADO-AD7 and A8-A 10. . 

Having only four addressable I/O ports. the 8355 I/O address logic decodes ADO and AD1 only. I/O ports are selected 
as follows: 

AD1 ADO 
o 0 I/O PORT A 
o 1 I/O PORT B 
1 0 DATA DIRECTION REGISTER A 
1 1 DATA DIRECTION REGISTER B 
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Interrupt Priority 
Arbitration 

Interface Logic 

Programmable 
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Accumulator 
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Figure 5-23. Logic of the 8355 and 8755 Multifunction Devices 
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READY 

AOO-AD7 
A PAD-PA7 

A8-A10 
2Kx8 
ROM 

CE 
ce 

101M 
ALE 8 PRO -PS7 
iii) 

R>W 
RESET 

iOii 

L-_______ Vee (+5V) 

L-_________ Vss (OY) 

Figure 5-24. Logic Functions of the 8355 Device 

83&& device select logic must generate the chip enable signals CE and CE from the five address lines A 11-A 15. 
The discussion of select logic given for the 8155/8156 device applies also to the 8355. 

If you select 83&& memory and I/O ports In their respective address spaces. the control signals ALE. RD. and 
loliiii are used exactly as described for the 81&&/81&6 device. 

But you can also access 83&& I/O ports within the 83&& memory space using control signals lOW and lOR. 

lOW and lOR are control signals which override 101M and RD when accessing I/O ports. 

Providing CE and CE are true. a low input on lOW will cause data on the Data Bus to be written into the I/O port 
selected by ADO and AD1. irrespective of the 101M level. Similarly. lOR low will cause the contents of the I/O port 
selected by ADO and AD1 to be output on the Data Bus. 

You can connect lOW directly to the WR control signal. and thus write into the four I/O ports of the 8355 device as 
though they were the four low-order memory bytes. But connecting lOR to RD is not so straightforward. The 8355 
device may receive a low input on lOR. together with low inputs on RD and 101M; it will then attempt to read the con
tents of a read only memory byte and an I/O port at the same time. While elaborate schemes could be devised for 
generating separate selects that map the four I/O ports into a memory space of its own. it Is wisest to Ignore the lOR 
signal if you are using 83&& memory and I/O logic. Use lOR only when the 83&& Is configured as two I/O ports -
and the 83&& memory is unused. JOR and lOW are used In 8048 microcomputer systems: that is the principal 
reason they were designed into the 83&& device. 
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SIp 
SOD 

1iE!ii"T!I 
HLOA 
HOlD 
INTR 
FA 

R"fU 
...... 6 
..... .6 

11IAP 
so 
$1 

x, 

CE r,-----:l1---vee C+5Vl 40 
CE 39 

ClK 3 39 
RESET 4 37 

5 39 
READY 6 35 

IO/M 7 34 

iOii 8 33 

Rii 9 32 

row 10 31 

ALE 
8355 

30 11 
ADO 12 29 
ADl 13 28 

AD2 14 27 

AD3 15 26 

AD4 16 25 

AD5 17 24 
AD6 18 23 
AD7 19 22 

CGND''!SS 20 

PIN NAME DESCRIPTION 

ADO-AD7 Mu11ip1exed Addreaa and Data Bus 
AS-Al0 Memory Addf88S Unas 
PAO- PA7 Bght I/O pins. designated as Pan A 
PBO- PB7 Eight 1/0 pins. designated as Pan 0 
R6 Road from device control 
loR Road from I/O Port centrol 
row Write to 1/0 portcenttol 
10/M I/O ports or memory select 
ALE Addf88S latch enable 
RESET System IIIS8I 

CE. FE Chip enables 
READY Walt stata request 
ClK Timing for Wait state request 

VSS' Vee Ground. Powar 

PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PBl 
PBO 

PA7 
PA6 
PAS 
PM 
PA3 
PA2 

PAl 
PAO 
Al0 
A9 
AS 

TYPE 

Bidirectional 
Input 
Bidirectional 
Bidirectional 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Output. tristate 

Input 

Figure 5-25. 8355 Multifunction' Device Signals and Pin ASSignments 

A8-AIS 

" 

·Compiexity of device select logic depsnds on 
the number of devices in the system. 

DEVICE· 
SELECf 
LOGIC 

Figure 5-26. An 8085A-8155/8156-8355 Microcomputer System 
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8355 READY LOGIC 

The 83&& device has on-chip logic to create a READY signal that will insert one Wait state into the 808SA 
machine cycle that references the 83&& device. 8355 READY signal timing may be illustrated as follows: 

MCl 

Ta 

CLK 

CE.CE 

ALE 

READY ................•....................... 
I I 
I I 

The READY output is floated by the 8355 device while CE·CE is false. 

READY is forced low by the combination of Chip Enable true while ALE is high: READY stays low until the first low-to
high transition of ClK following the end of the ALE pulse. If you refer back to Figure 5-11. you will see that this READY 
logic creates a single Wait state. 

The problem with the READY logic illustrated above is that in order to have Chip Enable true while ALE is high. chip 
enable logic must be tied c:Iirectly to Address Bus lines. Refer to the timing diagram below and you will see that AO
A 15 is stable while ALE is high. 

But as we discussed earlier in this chapter. you can derive chip enable logic directly from A8-A 15 only in small 8085 
microcomputer systems. When a large number of support devices are connected to the System Bus. you must 
guarantee against spurious device selects by including control signals in the chip enable logic. logic illustrated earlier 
in this chapter shows how to create a chip select Signal that is true between the trailing edge of ALE and the low-to
high transition of RD or WR. The following chip enable timing results: 

I 
Tl T2 I Ta I 

CLK LJ ~ I , I ~ I 
I I I I 

A8-A15 k : - ! I I 

; I 
ADO-AD7 I ~ I I 

I 
ALE 

AcorWR 

CE 
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Timing illustrated above is theoretically the best guarantee against spurious selects; but it will not work if you want to 
create a single Wait sUite when using an 8355 device. If Chip Enable (CE) goes true on the trailing edge of ALE. READY 
will never be reset low: 

MCI 

I Tl I T2 T3 I T4 

I 

~ 
I 

~ l-CLK L..J , , I , 
I I 

ALE I I 

READY n .. --------. I 
: I 

You can resolve this problem by simply inverting ALE as a clock input to the select logic flip-flop. 

But when do you need to induce a Walt state? 

8355 device timing is fast enough to respond to memory and I/O accesses without the inclusion of a Wait state. unless 
you have buffers on the System Bus and the buffers introduce unacceptably long response delays. Therefore. ignore 
the READY signal logic of the 8355 in small 8085A systems and derive chip enable logic directly from the high-order 
address lines A ll-A 15. In larger systems where buffers on the System Bus force the 8355 device to require a Wait 
state. use READY logic of the 8355 device. 

8365 I/O LOGIC 
Let us now look at the I/O logic of the 8366 device. This device has two I/O ports whose pins can be individually 
assigned to input or output. This assignment is made by loading appropriate Control codes Into II Data Direction 
register associated with each i/o port. A 1 in any bit position of the Data Direction register defines the associated I/O 
port pin as an output pin. AO in any bit position defines the associated I/O port pin as an input pin. This may be illustr
ated as follows: 

Data Direction 
Register A 

(Port 21 

1 
0 
0 
1 
0 
1 
1 
0 

1/0 Port A 
(PonO) 

Data Direction 
Register B 

(Port 31 

1 
1 
1 
0 
1 
0 
1 
1 

1/0 Port B 

(Port 11 

Observe that the 8355 has no I/O with handshaking. For I/O with handshaking you should use the 8155/8156 or the 
8255 devices. 
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THE 8755A ERASABLE PROGRAMMABLE REAO
ONLY MEMORY WITH 1/0 

The 8755A dev,ice provides 2048 bytes of erasable programmable read-only memory and two 8-bit 1/0 ports. 
The only difference between this device and the 8355, which we have just described, is the fact that the 
8766A read-only memory Is programmable and erasable. There are minor pin and signal variations supporting 
the EPROM. These differences are identified in Figure 6-27. 

The 8755A is a new version of an earlier device, the 8756. The only difference between the 
two is the level of VDD during normal read operations: +6V on the current 8766A, but OV 
on the earlier 8765. 

This discussion of the 8755A device is limited to describing how you program the read-only memory. In all other ways. 
the 8755A device is identical to the 8355. 
There are two Chip Enable signals on the 8755A device; CE is the standard chip enable. which must be true when the 
8755 device is being accessed for any purpose. either in normal operation or when programming the read-only memo
ry. CE is a high true signal. 

The second Chip Enable signal. CE/PROG. is first held low. then is pulsed true only when you are programming the 
read-only memory. You must apply a +25V pulse lasting between 50 and 100 milliseconds. beginning with the leading 
edge of ALE. At this time. data will be written into the addressed read-only memory location. Timing may be illustrated 
as follows: 

!.~ --l,, __ _ 
I I 

~~----------~l r,--
~ 
~ 
I 
A 

You erase the programmable read-only memory by exposing it to ultraviolet light for a minimum of twenty minutes. 
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CE 

• 

ClK 

RESET 

VDD (+5V or + 25V) 
READY 

IO/M 
iOR 
Ri5 

1!5W 
ALE 
ADO 

ADI 

AD2 

AD3 

AD4 

AD5 
AD6 

AD7 

(GND)VSS 

PIN NAME 

ADO-AD8 
A8-Al0 

PAO- PA7 

PBO - PB7 

Ri5 
iOR 
iOW 
10/M 
ALE 
RESET 

CE 
PROG AND CE 
READY 

ClK 

VDD 

VSS·VCC 

1 40 
2 39 
3 38 
4 37 

5 36 
6 35 
7 34 
6 33 
9 32 

10 31 
11 8755A 30 
12 29 
13 28 
14 27 
15 26 

16 25 
17 24 
18 23 

.19 22 
20 21 

DESCRIPTION 

Multiplexed Addrass and Data Bus 
MBI1IOIY addrass lines 

Eight I/O pins. designated as Pon A 

Eight I/O pins. designated as Pan B 
Read from device control 

Read from I/O pon control 
Write to I/O pon control 

I/O pons or memory select 

Addrass latch enable 
System reset 

Chip enable 

PROM programming chip enable 
Wait state request 

Timing for Wait state request 

Programming voltage: 
+ 25V to program 
+ 5V in normal read operation· 

Ground. Power 

·VDD is OV in earlier 8755 read mode 

Vee (+5V) 

PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PBl 
1'80 

PA7 

PA6 
PA5 

PA4 

PA3 

PA2 

PAl 

PAO 

Al0 
A9 

A8 

TYPE 

Bidirectional 

Input 

Bidirectional 

Bidirectional 

Input 

Input 
Input 

Input' 

Input 

Input 

Input 
Input 

Output. tristata 
Input 

Figure 5-27. 8755A Multifunction Device Signals and Pin Assignments 
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DATA SHEETS 

This section contains specific electrical and timing data fro the following devices: 

.8085A/8085A-2 CPU 

• 8155/8156 RAM-I/O 

• 8355 ROM-I/O 

• 8755 EPROM-I/O 
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8085A/8085A-2 

TABLE 4. ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... o·c to 70·C 
Storage Temperature .........•.... -6S·C to +lS0·C 
Voltage on Any Pin 

With Respect to Ground ............ -O.SV to +7V 
Power Dissipation. . . • • . . . . . . • . . • . . . 1.5 Watt 

TABLE 5. D.C. CHARACTERISTICS 

·COMMENT 

Stresses above thosa listed under "Absolute Maximum Ratings" may caUSB 
permanent damage to the device. This is a stress rating only and 'unctional 
operation at the device al these or any other conditions abOve those 
indicated in the operational sections of this specification is nol implied. 
Exposure to absolute maximum raling conditions for extended periods 
may affect device reliability. 

ITA a O·C to 70·C; Vee = SV :t5"; Vss = OV; unless otherwise specified) 

Symbol Parameter Min. Max. Uniu Test Conditions 

VIL Input Low Voltage -D.5 +0.8 V 

VIH Input High Voltage 2.0 VCC-+O·5 V 

VOL Output Low Voltage 0.45 V IOL" 2mA 

VOH Output High Voltage 2.4 V IOH "-400pA 

Icc Power Supply Current 170 mA 

IlL Input Leakage ±10 lolA Yin "Vee 

ILO Output Leakage ±10 lolA 0.45V" VOU!" Vce 
VILR Input Low Level. RESET -D.5 +0.8 V 

VIHR Input High Level, RESET 2.4 Vee +0.5 V 

VHY Hysteresis, RESET 0.25 V 

Data shaata on pagas &-D2 through &-D20 are reprinted by permission of Intel Corporation. 
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8085A/8085A-2 

Symbol 

ICYC 
1, 

12 

Ir,l, 
IXKR 
IXKF 
lAC 
IACl 
lAD 
IAFR 

IAl 
IAll 
IARy 
leA 
Icc 

ICl 

low 
IHABE 
IHABF 
IHACK 
IHOH 
IHOS 
I'NH 
I'NS 

lLA 
I lC 

IlCK 
I lOR 
IlOW 
III 
IlRY 

TABLE 8. A.C. CHARACTERISTICS 
TA=O·C 10 70·C; Vcc=5V :1:5%; Vss=OV 

Parameler 
8085AI21 

MIn. Max. 

ClK Cycle Period 320 2000 
ClK low Time (Slandard ClK loading) 80 

ClK High Time (Slandard ClK loading) 120 

ClK Rise and Fall Time 30 
X, Rising 10 ClK Rising 30 120 
X, Rising 10 ClK Failing 30 150 
AS-IS Valid 10 leading Edge of Conlrol11) 270 
Ao-7 Valid 10 leading Edge of Conlrol 240 
AO-15 Valid 10 Valid Data In 575 
Address Floal After leading Edge of 

READ (lNTA) 0 
AS-IS Valid Before Trailing Edge of AlEl1) 115 
AO-7 Valid Before Trailing Edge of ALE 90 
READY Valid from Address Valid 220 
Address (AB-1S) Valid Afler Conl~ 120 
Wldlh of Conlrol low (RD, WR, INTA) 

Edge of ALE 400 
Trailing Edge of Conlrol 10 leading Edge 

of ALE 50 
Dala Valid 10 Trailing Edge of WRITE 420 
HlDA 10 Bus Enable 210 
Bus Floal Afler HlDA 210 
HlDA Valid 10 Trailing Edge of ClK 110 
HOLD Hold Time 0 
HOLD Selup Time 10 Trailing Edge of ClK 170 
INTR Hold TlmB 0 
INTR, RST, and TRAP Selup Time 10 

Failing EdgB of ClK 160 
Address Hold Time After ALE 100 
Trailing Edge of ALE 10 leading Edge 

of Conlrol 130 
ALE low During ClK High 100 
ALE 10 Valid Dala During Read 460 
ALE 10 Valid Dala During Write 200 
ALE Wldlh 140 
ALE 10 READY Slable 110 

5-D3 

8085A.2121 
Unlls 

Min. Max. 

200 2000 ns 
40 ns 

70 ns 

30 ns 
30 100 ns 
30 110 ns 
115 ns 
115 ns 

350 ns 

0 ns 
50 ns 
50 ns 

100 ns 
80 ns 

230 ns 

25 ns 
230 ns 

150 ns 
150 ns 

40 ns 
0 ns 

120 ns 
0 ns 

150 ns 
50 ns 

60 ns 
50 ns 

270 ns 
120 ns 

80 ns 
30 ns 



8085A/8085A-2 

Table 8. A.C. Characteristics (Cont.) 

symbol Peremeter 8085AI21 8085A.2121 

Min. Max. Min. 

tRAE Trailing Edge of READ 10 Re·Enabllng 150 90 
of Address 

tRD READ (or INTAI to Valid Dala 300 

IRV Control Trailing Edge to Leading Edge 400 220 
of Next Conlrol 

tRDH Data Hold Time After READ INTAI7) 0 0 

tRYH READY Hold Time 0 0 

tRYS READY Setup Time to Leading Edge 110 100 
of CLK 

tWD Data Valid After Trailing Edge of WRITE 100 80 

tWDL LEADING Edge of WRITE to Data Valid 40 

Notes: 
1. As·A,s address Specs apply to 101M. So. and 5, except As·A,s are undefined during T4·TS of OF cycle 

whereas IOiM. So. andS, are stable. 

2. Test conditions: teye = 320 ns (80BSAV200 ns (808SA·2); CL = 150 pF. 

3. For all output timing where CL = 150pF use the following correction factors: 
25 pF .. CL < 150 pF: -0.10 ns/pF 
150 pF < CL" 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 

Max. 

150 

20 

5. Alilimings are measured at output vatage VL =O.BV. VH=2.0V. and I.SV with 20ns rise and fall time on Inputs. 

6. To calculate liming specifications at other values ofteye use Table 7. 
7. Data hold time Is guaranteed under all loading conditions. 

Input Waveform for A.C. Tests: 
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SOS5A/SOS5A-2 

TABLE 7. BUS TIMING SPECIFICATION AS A TCYC DEPEND,NT 

8085A 8085A·2 

tAL - (1/2) T -45 MIN tA - (1/2) T - 50 MIN 

tLA - (1/2) T - 60 MIN tLA - (1/2) T - 50 MIN 

tLL - (1/2) T - 20 MIN tLL - (1/2) T - 20 MIN 
t LCK - (1/2) T - 60 MIN t LCK - (1/2) T - 50 MIN 
t LC - (1/2) T - 30 MIN t LC - (112) T - 40 MIN 

tAD - (5/2 + N) T - 225 MAX tAD - (5/2 + N) T -150 MAX 

t RO - (3/2 + N) T - 180 MAX t RO - (3/2 + N) T - 150 MAX 

tRAE - (1/2) T -10 MIN tRAE - (1/2) T -10 MIN 

tCA - (1/2) T - 40 MIN tCA - (112) T - 40 MIN 

tow - (3/2 + N) T - 60 MIN tow - (3/2 + N) T - 70 MIN 

two - (112) T - 60 MIN two - (1/2) T - 40 MIN 

tcc - (3/2 + N) T - 80 MIN tcc - (3/2 + N) T - 70 MIN 

tCL - (1/2)T-l10 MIN tCL ~ (1/2) T - 75 MIN 

t ARy - (3/2) T - 260 MAX t ARy - (3/2) T - 200 MAX 

tHAcK - (1/2) T - 50 MIN t HACK - (1/2) T - 60 MIN 

tHABF - (1/2) T + 50 MAX tHABF - (1/2) T+50 MAX 

tHABE - (1/2) T + 50 MAX tHABE - (1/2) T + 50 MAX 

tAC - (2/2) T - 50 MIN tAC - (2/2) T - 85 MIN 

t, (1/2) T - 80 MIN t (1/2) T - 60 MIN 

t2 - (112) T - 40 MIN t2 (1/2) T - 30 MIN 

tRV (3/2) T - 80 MIN tRV - (3/2) T - 80 MIN 

tLOR - (4/2) T - 180 MAX t LOR - (4/2) T - 130 MAX 

NOTE: N is equal to the total WAIT states. NOTE: N is equal to the total WAIT states. 

T-,CYC T -'Cye. 

X, INPUT ...J \ \ 1- -\ 1\ I 
,,- I, Ir-" 

eLK 

-=~-
rt-

f\-OUTPUT I\-_t,_ 
'eve - IX,,' --'" 

Figure 10. Clock Timing Waveform 

5-05 



8085A/8085A-2 

Read Operation 
T, I T, I 

) \ I elK\ \ I I J 

I-- "'eK i--'cA-

• 1 ADDRESS 

'AD--
I
RDH

_ _tRA!-+ 

) L!I1LJ -ADDRESS DATA IN -----r r- tlL - f---'LA--OO 
-'eL-:l tAFR_ ,.... 

'LDR ALE 

I-'AL- IRD----.:.--

II 'ee _L 
I-'LC---rt ..JI RD/INTA 

j--._1AC-_ 

Write Operation 
I I I T, T. T. T, 

elK\, I ) I \ I \ 
!--'LCK 

} ADDRESS X 
!--'LOW- !='cA-I 

) ADDRESS ) DATADUT X 
r t-tLL-l-t~--l 'ow 1-"",-1 

ALE J -0 I--twDL 

1--' .. __ 

f---' r 
'cc 

t-----tA~ 
'eL ..... 

R.ed operation with Welt Cycle (Typical) - .. me READY timing applies to WRITE operation. 
1 T, 1 T, 1 ....... 1 T, T, 

I t .. \ \ 1\ J eLK 

I- 'LCK-I - ... -....... ) ADDRESS 

'AD ' ... ~ --=-tRAI-

) ADDRESS jlliL DATA IN "b---If"-
1'""'"-

r 1-' .. - 1--"'-
.0.1. 'UA- I-- 1- .... 

J .... J ALE 

-.... -- II 
'KR 

"" _tLC 

_.:--"'AY 
-'ART tRV' ' ... .... ' ... 

READY 'I1ll!T!!!A . J. 
NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 

Fillure 11. 8085A BUI Timing. With and Without Walt 
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8085A/8085A-2 

Hold Operation 

T. T. THOLD THOLD T, 

:\ eLK I J I \ I 

HOLD 1 t ~~ 
' .... f.-J--tKDH 1-"'''. 

1" .... , \ 
I-t .... ·-H 

IADDRESS. CONTROLS) ~ 

HLOA 

BUS 

II 

Figure 12. I085A Hold Timing. 

I To I To I ,,"OLD I Tt 

11----- BUS FLOATINO- -----I 
ALE 

~,-----------r----~------------~ 

HOLD -----....J.j ....... 1 .... 
"LOA 

-------.... 1 ..... -10M IS ALSO FLOATING DURING THIS TIME. 

Figure 13. IOl5A Interrupl and Hold Timing 
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8155/8156/8155-2/8156-2 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias ................ O'C to +70'C 
Storage Temperature ....•••.••..... -65°C to +lS0'C 
Voltage on Any Pin 

With Respectto Ground ............... -O.SV to +7V 
Power Dissipation ............................. 1.SW 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings U may cause permanent damage to the 

device. This is a stress rating only and functional opera· 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi· 
cation is not implied. Exposure to absolute maximum 
rating conditions for ex tended periods may affect device 
reliability. 

D.C. CHARACTERISTICS ITA; O°C to 70°C; Vee = 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Veeol()·5 V 

VOL Output Low Voltage 0.45 V IoL = 2mA 

VoH Output High Voltage 2.4 V IoH = -400jIA 

IlL Input Leakage ±10 jIA VIN = Vee to OV 

ILO Output Leakage Current ±10 jIA 0.45V .;; VOUT .;; Vee 

lee Vee Supply Current 180 mA 

IILICE) Chip Enable Leakage 
8155 +100 I'A VIN = Vee to OV 
8156 -100 I'A 
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8166/8166/8166-2/8166-2 

A.C. CHARACTERISTICS (TA = o°c to 70°C; Vee = 5V ± 5%) 

8155/8156 8155-2/8156-2 
(Preliminary) 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNITS 

tAL Address to latch Set Up Time 50 30 ns 

tLA Address Hold Time after latch 80 30 ns 

tLC latch to READIWRITE Control 100 40 ns 

tRO Valid Data Out Delay from READ Control 170 140 ns 

tAD Address Stable to Data Out Valid 400 330 ns 

tLL latch Enable Width 100 70 ns 

tROF Data Bus Float After READ 0 100 0 80 ns 

tCL READ/WR ITE Control to latch Enable 20 10 ns 

tcc READIWRITE Control Width 250 200 ns 

tow Data In to WR ITE Set Up Time 150 100 ns 

two Data In Hold Time After WR ITE 0 0 ns 

tRY Recovery Time Between Controls 300 200 ns 

twp WR ITE to Port Output 400 300 ns 

tPR Port Input Setup Time 70 50 ns 

tRP Port Input Hold Time 50 10 ns 

tSBF Strobe to Buffer Full 400 300 ns 

tss Strobe Width 200 150 ns 

tRSE READ to Buffer Empty 400 300 ns 

tSI Strobe to INTR On 400 300 ns 

tROI READ to INTR Off 400 300 ns 

tPSS Port Setup Time to Strobe Strobe 50 0 ns 

tPHS Port Hold Time After Strobe 120 100 ns 

tSSE Strobe to Buffer Empty 400 300 ns 

tWSF WRITE to Buffer Full 400 300 ns 

tWI WR ITE to INTR Off 400 300 ns 

tTL TIMER·IN to TlMER·OUT Low 400 300 ns 

tTH TIMER-IN to TlMER-DUT High 400 300 ns 

tRoE Data Bus Enable from READ Control 10 10 ns 

tl TIMER-IN Low Time 80 40 ns 

t2 TIMER-IN High Time 120 70 ns 

Input Waveform for A.C. Teata: 
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8155/8156/8155-2/8156-2 

WAVEFORMS 

•• R •• dCycI. 

et IB155 I \ I '\ 
DR 

I CE 18156 I \. / 

IDJiii \ I \. 
'00 

ADo-7 ~ ADDRESS ). DATA VALID ~ 
f.-- 'AL- ~'LO-

ALE I r\ ,; 
I--'LL- l.,tRDe .. - 'ODF" 

____ tAD~ 

~ i'--
!---' .. --- -'cL-

+--'cc- --'OY-

b. Write Cycl. 

Figure 12. 815518158 RlldlWrllI nmlng Dllllrama 

5-D10 



8155/8156/8155-2/8156-2 

a. Strobad Input Moda 

8F 

'II' 

INTA 

1-1--....... -· .... 
INPUT DATA 

FROMPORT _____ -i.~---+-+:Io------------------

b. Strobad Output Moda 

8F 

INTA 

.... 

OllTPUTOATA 
ro~AT ____________ ~~ _______________ __ 

Figura 13. Strobed 1/0 Timing 
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8155/8156/8155-2/8156-2 

a. BasIc Input Mode 

A6~~-7t~ 
INPUT ~ __________ -"I~I..... __ _ 

DATA BUS· ------~ - - - __ - _A _____ _ 

b. BasIc Output Mode 

\ '-----t~~p _-_--
DATA BUS· ==:::~_-X_ ~ 

OUTPUT -------------------
-DATA BUS TIMING IkSHOWN IN FIGURE 7. 

FIgure 14. BasIc I/O nmlng Waveform 

TIMER IN 

'IiM!liDiIi' 
(PULSE' 

'iTIiElfijij'/ 
(SQUARE WAVE) 

LOAD COUNTER FROM CLR -.-t 
I Z I , I 

\ CNOTEII / ... ___ J 

\ INOTEII / '- ________ J 

NOTE h THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE 1M, MODE 81T· " 

FIgure 15. TImer Oulput Waveform Countdown from 5to 1 
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8355/8355-2 

ABSOLUTE MAXIMUM RATINGS· 

Temperalure Under Bias ................ O'C 10 -70'C 
SlorageTemperalure .•••........... -6S'Clo -IS0'C 
Voltage on Any Pin 

Wilh Respecllo Ground ............... -0.5V to +7V 
Power Dissipation ............................. 1.5W 

'COMMENT: Stresses abov~ those lisred under "Absolute 
Maximum Ratings" may cause permanent damag- to the 
device. This is a stress rating only and functional Opt 
tion of the device at these or any other conditions abo .. 
those indicated in the operational sections of this specifi. 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect clevice 
reliability. 

D.C. CHARACTERISTICS (TA = oOc to 70°C; Vee = 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

Vil Input low Voltage -0.5 0.8 V Vee = 5.0V 

VIH Input High Voltage 2.0 Vee +0.5 V Vee = 5.0V 

Vol Output low Voltage 0.45 V Iol = 2mA 

VoH Output High Voltage 2.4 V IoH = -40011A 

III Input leakage 10 IIA VIN = Vee to OV 

IlO Output leakage Current tl0 p.A 0.45V ';;VOUT .;;vee 

Icc Vee Supply Current 180 mA 

A.C. CHARACTERISTICS ITA = o°c to 70°C; Vee = 5V ± 5%) 

8355 8355-2 

Symbol Paramet.r Min. Max. Min. Max. Units 

teyc Clock Cycle Time 320 200 ns 

Tl ClK Pulse Width 80 40 ns 

T2 ClK Pulse Width 120 70 ns 

II.t, ClK Rise and Fall Time 30 30 ns 

IAL Address to latch Set Up Time 50 30 ns 

tLA Address Hold Time after latch 80 30 ns 

lLe latch to READIWRITE Control 100 40 ns 

tRO Valid Data Out Delay from READ Control 170 140 ns 

tAD Address Stable to Data Out Valid 400 330 ns 

ILL latch Enable Width 100 70 ns 

tROF Data Bus Float after READ 0 100 0 85 ns 

tel READIWRITE Control to latch Enable 20 10 ns 

tee READIWRITE Control Width 250 200 ns 

tow Data In to Write Set Up Time 150 150 ns 

two Data In Hold Time After WRITE 10 10 ns 

twp WRITE to Port Output 400 400 ns 

tPR Port Inpul Sel Up Time 50 50 ns 

tRP Port Input Hold Time 50 50 ns 

IRYH READY HOLD Time 0 180 0 160 ns 

tARY ADDRESS (CE) 10 READY 160 160 ns 

tRY Recovery Time Between Controls 300 200 ns 

IROE READ ConlroUlo Data Bus Enable 10 10 ns 

Nole: CLOAD = 150pF 

Input Waveform for A.C. Teata: 

VI.O ...... ,..TfIOINTS ...... a.°:x .... ___ -JA •.• - -u_ .... ___ _ 
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8355/8355-2 

D.8V 

Figure 3. Clock Specification for 83SS 

1-1 --'=----11 
ClK "'''-----_--II \ I L . '--_--I 

DATA 

'ow 

Figure 4. ROM Read and 1/0 Read and Write 
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8355/8355-2 

.. Input Mode 

rJ~ 
PORT =:x INPUT • 

~:AO-------)( 

------- ---------
b. Output Mode 

PORT 
OUTPUT 

'wP 
GLITCH FREE 

/OUTPUT 

DATAO-----~ 
BUS _____ .J\ ______ JX'--__ _ 

°DATA BUS TIMING IS SHOWN IN FIGURE 4. 

Figure 5. 1/0 Port Timing 

Figure 8. Walt State Timing (Ready = 0) 
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8755A/8755A-2 

ABSOLUTE MAXIMUM RATiNGS· 

Temperature UndE!r Bias ................ O·C to +70·C 
Storage Temperature ...........•... ·65·Cto +150·C 
Voltage on Any Pin 

With Respect to Ground ............... ·0.5V to + 7V 
Power Dissipation . . . . .. . . . . .. . . . . . .. . .. . . . . . .. 1.5W 

'COMMENT: Stresses allove those listed under "Allso/ute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only amI functional opera· 
tion of the device at these or any other conditions above 
those inclicated in the operatiollal sections of this specifi· 
cation is not imp/jetl. Exposure to absolute maximum 
rating conditions for extended periocls may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = o·C to 70·C; Vee = 5V ± 5%) 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

VIL Input low Voltage -0.5 0.8 V Vee = 5.0V 

VIH Input High Voltage 2.0 Vee+O·5 V Vec = 5.0V 

VOL Output low Voltage 0.45 V ioL = 2mA 

VoH Output High Voltage 2.4 V ioH = .4001lA 

IlL Input leakage 10 IIA VIN = Vee to OV 

ILO Output leakage Currerit ±10 IIA 0.45V ~OUT <Vce 

Icc Vcc Supply Current 180 mA 

A.C. CHARACTERISTICS (TA = o·C to 70·C; Vee = 5V ± 5%) 

8755A 
8755A·2 

(Preliminary) 

Symbol Parameler Min. Max. Min. Max. Units 

tCYC Clock Cycle Time 320 200 ns 

T, ClK Pulse Width 80 40 ns 

T2 ClK Pulse Width 120 70 ns 

lI.t, ClK Rise and Fall Time 30 30 ns 

tAL Address to latch Set Up Time 50 30 ns 

ILA Address Hold Time aller latch 80 45 ns 

ILc latch to READIWRITE Control 100 40 ns 

tRO Valid Data Out Delay Irom READ Control 170 140 ns 

tAD Address Stable to Dala Out Valid 450 330 ns 

ILL latch Enable Width 100 70 ns 

tROF Data Bus Float aller READ 0 100 0 85 ns 

tCl READ/WRITE Control to latch Enable 20 10 ns 

tcc READ/WRITE Control Widlh 250 200 ns 

tow Data In to Write Set Up Time 150 150 ns 

two Data In Hold Time After WRITE 30 10 ns 

twp WRITE to Port Output 400 400 ns 

tPR Port Input Set Up Time 50 50 ns 

tRP Port Input Hold Time 50 50 ns 

tRvH READY HOLD Time 0 160 0 160 ns 

tARv ADDRESS ,CEo to READY 160 160 ns 

tRY Recovery Time Between Controls 300 200 ns 

tROE READ Control to Data Bus Enable 10 10 ns 

I lO ALE 10 Dala Oul Valid 350 270 ns 

Note CLOAO .:. 150pF 
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8755A/8755A-2 

Input Waveform for A.C. Teata! 

WAVEFORMS 

Figure 3. Clock Specification for 8755A 

.... =>- ADDRESS l( ADDRESS 

'AD 

~ 
ADDRESS >---~~ DATA ~----< ADDRESS >-

lLL_ 

ALE / 

_'AL_ -'LA-
~ -":D 

CE, \ \ 
- -tADE - tADF l"-

ii!lilill I \....-
-',c- -too tow- - 1-"'0 

lOW '----
tc:c -,<,_ ...... note 'hat Ce1 musl rel'Nlin low for the ontire cyde . 'RV 

Figure 4. PROM Read, 110 Read and Write Timing 
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8755A/8755A-2 

A. INPUT MODE 

'x:.~---JI i:=:!:: IpR f.-:t-- IRP 

~~T~ _______________________ ~J>(~--------

DATA ° - - - - - - -)( 
BUS - - - - - - - ----------

B. OUTPUT MODE 

PORT 
OUTPUT 

GLITCH FREE 
/OUTPUT 

DATAo - - - - - '" BUS _____ ...A ___________ ....JX'-______ _ 
°DATA BUS TIMING IS SHOWN IN FIGURE 4. 

Figure So 1/0 Port nmlng 

Figure 6. Walt State Timing (READY = 0) 
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8755A/8755A-2 

D.C. SPECIFICATION PROGRAMMING 
(TA = O'C to 70'C: Vee = 5V ± 5%; Vss = OV) 

Symbol Parameter 

Voo Programming Voltage (during Write 
to EPROM) 

100 Prog Supply Current 

A.C. SPECIFICATION FOR PROGRAMMING 
(TA = O'C to 70'C: Vee = 5V ± 5%: Vss = OV) 

Symbol Parameter 

tps Data Setup Time 

tpo Data Hold Time 

ts Prog Pulse Setup Time 

tH Prog Pulse Hold Time 

tPR Prog Pulse Rise Time 

tPF Prog Pulse Fall Time 

tPRG Prog Pulse Width 
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Min. Typ; Ma •• Unit 

24 25 26 V 

15 30 mA 

Min. Typ. M ••• Unit 

10 ns 

0 ns 

2 JAS 

2 JAS 

0.01 2 liS 

0.01 2 liS 

45 50 msee 



8755A/8755A-2 

WAVEFORMS 

FUNCTION 

t-1.o-------PROGRAMCVClE ------... -tl ... ----VERIFY CYCLE' ---.1_ PROGRAM CYCLE 

ALE 

AlDo.7 

A8·10 

CE, 

PAOOICEI 

IPS 

'25 

Vaa 

'5----------__________ -{ 

DATA TO BE 
PROGRAMMED 

IPO 

·VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE IMTH Voo· .SV FOR 8755A) 

Figure 7. 8755A Program Mode Timing Diagram 
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Chapter 6 
THE 8048 MICROCOMPUTER DEVICES 

The 8048 series microcomputers are single-chip 8-bit devices which have been developed by Intel to compete 
in the market for low-cost. high-volume appllcation8. Thi8 is a market where the 8080A. with Its high chip 
count8. doe8 not do well. One version of the 8048~ the 8748. i8 al80 likely to do exceptionally well in low-
volume. custom applications becau8e it i8 very ea8Y to U8e. . 

The 8048 looks like a one-chip 8080A with heavy F8 lilfluence. The F8 was the first 8-blt microprocessor to 
bring the economics of low chip counts to the attention of the semiconductor industry. It is therefore not 
surprising to find an F8 Influence In the 8048. (The F8 has now been superceded by the 3870; both partS are de
scribed in Chapter 2.) 

It is intriguing to note that. in·terms of general architectural organization. there are striking sim!larities between 
the 8048 and the MCS6630 (which is described In Chapter 10). 

The 8041. 8021 and 8022 are slave microcomputers of the 8048 family. On simple inspection the principal 
difference between the 8048 and the 8041/8021/8022 would appear to be that the 8041/8021/8022 cannot 
generate external System Busses. In fact. there are. non-obvious differences between the 8048 and the 
8041/8021/8022; there are further significant differences between the 8041 and the 8021/8022 and between 
the 8021 and 8022. 

The 8048 is a simple. single-chip microcomputer that may be a stand-alone device. or part of a multi-microprocessor 
configuration. As a stand-alone device. the 8048 mayor may not have external additional logic. Thus. the 8048 is a 
straightforward. low-end. IOW-c08t microprocessor with less versatility than a device such as the 8085. 

If you continue the philosophical progreSSion from the 8085 to the 8048. you reach the 8021/8022. These are single
chip microcomputers with no expan8ion capabilities. and very low-cost. The 8021/8022 do not have external bus 
logic. no RAM or ROM expansion capability is provided. However 1/0 port expansion is possible via an 8243 1/0 ex
pander. 

The 8041. in sharp contrast. is a slave microprocessor that assumes the presence of a master microprocessor on one 
side and external logic on the other side. The 8041 thus becomes an interface and control part - which is how the 
8041 should be considered. But you will observe that a large number of microprocessor support parts also act as inter
faces between a microprocessor. assumed to exist 01'1 one side. and some other logic. assumed to exist on the other 
side. This is a very accurate parallel to draw. The 8041 is. in fact. a universal interface device. limited only by the speed 
of the part and the amount of programmed logic that can be included in it. The 8041 can serve a wide variety of inter
face logic functions. Thus. whenever YOIl consider u8ing a complex Interface controller part. you should also con
sider using the 8041 as an alternative. Because the 8041 is programmable. you can tailor it to meet. exactly. the re
quirements of the specific microprocessor on one side and specific logic on the other side. This is something you can
not do with dedicated controller parts such as floppy disk and CFJT controllers. which must look generically. rather than 
specifically. upon the CPU on one side and the device being controlled on the other side. 

There is also an erasable programmable read-only memory version of the 8041; it is the 8741. 

8048 series microcomputers are summarized in Table 6-1. 

The only support device described in this chapter is the 8243 I/O Expander. In addition. the 8166. the 8366. and 
the 8766 multifunction devices (which have been described in Chapter 6) can be used with 8048 family 
microcomputers. 
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The prime source for the 8048 series microcomputers is: 

Second sources for the 8048 include: 

INTEL CORPORATION 
3065 Bowers Avenue 

Santa Clara. California 95051 

SIGNETICS ADVANCED MICRO DEVICES 
901 Thompson Place 

Sunnyvale. California 94086 
811 East Arques Avenue 

Sunnyvale. California 94043 

Intersil produces a CMOS version of the 8048. 

The 8048 series microcomputers use a single +5V power supply. There are two versions of each microcomputer: one 
uses a 2.5 microsecond clock while the other uses a 5 microsecond clock. 8048 instructions execute in either one or 
two clock periods. The 8021 uses a 10 microsecond clock. A new ilersion of the 8049 uses a 1.4 fJ.!3ec clock. 

All 8048. 8049. 8041 and 8022 devices are packaged as 40-pin DIPs and have TIL-compatible signals. 8021 devices 
are packaged as 28-pin DIPs and have TTL-compatible signals. 

8048 
B035 
B035-8 
8039 
B74B 
B74B-8 
B049 
B041 
B741 
B021 

B022 

Table 6-1. A Summary of 8048 Series Microcomputers 

ON CHIP MEMORY CYCLE EXTERNAL PACKAGE 
TIME 

1/0 PORTS 
INTERRUPTS 

TIMER 
PINS 

EXPANDABLE 
ROMIEPROM RAM 

1024 ROM 64 2.5 p.sec 3xBbits 1 Ves 40 Ves 
0 64 2.5 p.sec 3xB bits 1 Ves 40 Ves 
0 64 5.0 p.seQ 3xBbits 1 Ves 40 Ves 
0 128 1.4l£sec 3x8 bits 1 Ves 40 Ves 

1024 EPROM 64 2.5 p.sec 3x8bits 1 Ves 40 Ves 
1024 EPROM 64 5.0 p.sec 3xBbits 1 Ves 40 Ves 
204BROM 64 1.4 p.sec 3xB bits 1 Ves 40 Ves 
1024 ROM 64 2.5 p.sec 3x8bits 0 Ves 40 No 

1024 EPROM 64 2.5 p.sec 3xB bits 0 Ves 40 No 
1024 ROM 64 10 p.sec 2xBbits 0 Ves 28 No 

lx4bits 
204BROM 64 10 p.sec 3xBbits 1 Ves 40 No 

THE.8048, 8748, 8049, 8749, 8036 AND 8039 
MICROCOMPUTERS 

ANALOG TO 
DIGITAL 

CONVERTER 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

Ves 

For a description of an 8048. 8748. 8049. 8749. 8036 or 8039 device. read the following text; where am· 
biguities may arise in your mind. remember these overriding rules: 

1) The 8049 is an 8048 with twice as much on-chip program memory. and. in newer models. higher execution speed. 
There are no other differences between these two parts. 

2) An 8035 is an 8048 with no on-chip program memory. There are no other differences between these two parts. 

3) An 8039 is an 8049 with no on-chip program memory. There are no other differences between these two parts. 

For a description of an 8041. 8741. 8021 or 8022 device. read the following text. then read the specific device 
discussion that appears later in this chapter. 

Functions implemented on the three versions of the 8048 microcomputer are illustrated in Figure 8·1. With the 
exception of the 8036. you will see that complete microcomputer logic Is provided within a single package. But 
remember. just because a function is present in Figure 6-1. that does not mean to say it will be sufficient for your ap
plication. For example. read/write memory is shown as present. yet there are only 64 bytes of read/write memory on 
any 8048 series microcomputer chip_ 
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O Present in all 
. microcomputers 

c.:J ~~t :~;~ent in 

Figure 6-1. Logic of the 8048 Series Microcomputers 

The only differences between 8048 series and 8049 series microcomputers are in the on
chip read-only memory and execution speed; 8049 series microcomputers have twice as 
much on-chip read-only memory as 8048 series microcomputers. and execute instructions 
80% faster. 

AN 8048 AND 8049 FUNCTIONAL OVERVIEW 

8049 SERIES 
MICROCOMPUTERS 

Logic of the 8048 and 8049 series microcomputers is illustrated functionally in Figure 6-2. 

The Arithmetic and Logic Unit. the Control Unit and the Instruction register are all inaccessible to you as a user; 
therefore we will ignore this portion of the microcomputer. 

1024 bytes of program memory are provided by the 8048 and 8748 microcomputers; the 8035 has no program memo
ry. The 8049 has 2048 bytes of program memory. The 8048 and 8049 have Read Only Memory (ROM). while the 8748 
has Erasable Programmable Read Only Memory (EPROM); this is the only difference between the 8048/8049 and the 
8748. 

There is a 12-bit Program Counter which allows the 8048 series microcomputers to access 4096 bytes of program 
memory. Since the 8048 and 8748 microcomputers have only 1024 bytes of program memory on the computer chip, 
the additional 3072 bytes must be external if you are going to expand program memory to the maximum addressable 
space. All 8035 microcomputer program memory is external. Only 2048 bytes of external program memory can be ad-
ded to an 8049. ' 
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Program 
Counter may 
be output on 

P23 - P20 plus 
D7 - DO 

Interrupt Request 

System Reset 

PROM/Expander strobe 

CPU/Memory Separate 

External Crystal { 

Address Latch and Clock 

Program Memory Enable 

Single Step 

Read Strobe 

Write Strobe 

Test input or Timer output 

Test or Event Counter input 

P10 - P17 
~ ...... 

¢:::::) ~ k=J f- " 
II: 

~ 

-
~ Program Counter ~ 

DO - D7 f- ~ 

'¢::::J ~ k=J ~ 
m 

-
N 

f-
P20 - P27 II: 

.~ 
~ ~ ~ Program 

Status Word 

~ 

INT 

RESET 

PROG 

------ EA 

a XTALl H Accumulator 

XTAL2 

ALE 

... PSEN 

55 

AD 

WR 

TO <::=:> Counter/Timer 

~ T1 -

Figure 6-2. Functional Logic of the 8048. 8049. 8748. 
8749 and 8035 Microcomputers 
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All 8048 series microcomputers (with the exception of the 8021) have three 8-bit I/O ports. 
For the 8048 series and 8049 series microcomputers. one of these ports. the Bus Port, is a 
truly bidirectional I/O port with input and output strobes. Outputs can be statically latched. 
while inputs are nonlatching. This means that external logic must hold input data true at Bus Port pins until the data 
has been read. All eight pins of the Bus Port must be assigned either to input or output: you cannot mix input and out
put on the Bus Port. 

Bus Port is used as the primary I/O port in a single-chip microcomputer system. In multiple-chip microcomputer 
systems Bus Port serves as a multiplexed Address and Data Bus. 

I/O Ports 1 and 2 are secondary I/O ports with characteristics that differ significantly from Bus Port. If you output 
parallel data to I/O Port 1 or 2. it is latched and maintained at the I/O port until you next write data. But the only way 
external logic can input data to I/O Port 1 or 2 is by pulling individual pins from a high to a low level. Thus when a high 
level is being output at any pin of I/O Port 1 or 2. external logic can pull this level low - and subsequently if the CPU 
reads back data from the I/O port it will read a 0 bit value. This may be illustrated as follows: 

CPU I/O Port External Logic 

output o 11110101 ----------I .. ~11110101 

~ Pull one pin low a\ 

,~---0 
11010101 

input ® 11010101 ....... ----'------11010101 

External logic cannot create a high level at any pin of I/O Port 1 or 2 which is outputting a low level. 

Here is a summary of I/O Port 1 and 2 capabilities: 

1) You can at any time output parallel'data to I/O Port 1 or 2. The data will be latched and held until the next output. 

2) Individual pins of I/O Ports 1 and 2 can serve as input or output pins. When you output data to I/O Port 1 or 2. you 
must output a 1 bit to any input pin. This may be illustrated as follows: 

Data Output-X 11 XX 1 X 1 (X =Oor 1) 

7 6 5 4 3 2 1 0 4--Bit No. 

I 0 I I I I I 0 I 0 I I I 0 I I ~ I/O Port 1 or 2 (0 = Output, I = Input) 

3) External logic writes to input pins of I/O Ports 1 and 2 by leaving low levels alone. and by pulling high levels low. 

Figure 6-3 illustrates logic associated with each pin of I/O Ports 1 and 2 in all B048 series 8048 SERIES 
microcomputers. I/O PORT 

Output data is latched by a D-type flip-flop. PIN LOGIC 

The Q and IT outputs of the D-type flip-flop control a pair of gates on either side of the pin connec-
tion. To provide fast switching times in 0-to-1 transitions. a relatively low impedance (-5K ohms) is switched in for ap
proximately 500 nanoseconds whenever a 1 is output. 

6-5 



ORl. ANl 

INTERNAL 
BUS 

WRITE 
PULSE 

IN 

D 

+5V +5V 
( ( 

.Jot • =50KU 
• 

Q -- i""-

---l..- = 5KU 
i""-

D I/O PIN 
FLIP PORT 1 AND 2· 

FLOP 

I t--
Q I 

:::3KU 
elK 

1 -J. 
l' INPUT BUFFER 

Figure 6-3. 8048 I/O Ports 1 and 2 Pin Logic 

Pins are continuously pulled up to +5V through a relatively high impedance (-50K ohms). When a 0 is output to the 
D-type flip-flop. a low impedance (-3K ohms) overcomes the pull-up and provides TTL current sinking capability. 

When a pin of I/O Port 1 or 2 is at a high level. external logic can sink the 50Kfl pull-up. But when the pin is at a low 
level. external logic cannot overcome the low impedance to ground: thus it cannot pull the pin up to a high level. 

By placing an input buffer between the pin and the switching gates. pin logic allows the CPU to read current levels in
duced by external logic - but only while external logic is connected to the pin. 

The buffer connecting the Q output of the D-type flip-flop to the D ioput is present to enable 8048 instructions that 
mask I/O port data. 

Later in this chapter we will look at I/O ports in more detail. showing programming and design examples. 
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8048. 8049. 8748. 8749. 8035 AND 8039 MICROCOMPUTER PROGRAMMABLE 
REGISTERS 
The 8048 series microcomputers have an 8-blt Accumulator, a 12-bit Program Counter and 84 bytes of 
scratchpad memory. Scratchpad memory may be visualized either as read/write memory or as general purpose 
registers. 

The Accumulator, Program Counter and scratchpad memory may be Illustrated as follows: 

jRO 
Data Counters 1 R 1 

R2 
R3 
R4 
RS 
RS 
R7 

sot 
51 { 

52 { 

53 { 

S4{ 
5S { 

sst 
57 { 

j RO' 
Data Counters 1 R I' 

R2' 
R3' 
R4' 
RS' 
RS' 
R7' 

S Bits 

~ 

• " . 

00 
01 
02 
03 
04 
05 
08 
07 
08 
09 
OA 
OB 
OC 
00 
OE 
OF 
10 
11 
12 
13 
14 
IS 
IS 
17 
18 
19 
lA 
lB 
lC 
10 
IE 
IF 
20 

~" "3D 

3E 
3F 
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Registers 

Stack 
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Purpose Registers 

General Scretchpad 



Beware of the fact that both sets of general purpose registers as well as the Stack are implemented in the scratchpad 
area. Thus. if both the registers and the Stack are fully utilized. 32 bytes of RAM are no longer available for program 
use. In an 8048 system this cuts your usable RAM area by one half. 

The Accumulator is the principal conduit for all data transfers. The Accumulator is always one source and the 
destination for Arithmetic or Boolean operations involving memory or registers. 

Two sets of eight scratchpad bytes serve as secondary registers. At any time one set of general purpose registers 
is selected while the other set of general purpose registers is not selected. 

The first two general purpose registers of each set. RO and R1. act as Data Counters to address scratchpad 
memory and external data memory. Thus you address scratchpad memory using implied memory addressing via 
general purpose Register RO or R1 ; you can address anyone of the 64 scratchpad bytes. including the general purpose 
registers. or even the Data Counter register itself. 

In between the two sets of eight general purpose registers there is a 16-byte stack. The Stack Pointer is main
tained in the Program Status Word; therefore we will defer our discussion of stack operations until we look at status. 

8048 SERIES ADDRESSING MODES 
The 8048 series microcomputers separate memory into program memory and data memory. 
Without resorting to complex expansion schemes. you are limited to a maximum of 4096 
program memory bytas and 320 data memory bytes. 

The 8048 and 8748 microcomputers have 1024 bytes of program memory on the CPU chip. The 

8048 SERIES 
MEMORY 
SPACES 

8049 microcomputer has 2048 bytes of program memory on the CPU chip. More program memory. if present. must be 
external to the CPU chip. The 8035 microcomputer has no on-chip program memory; it requires all program memory to 
be external. 

All 8048 series microcomputers provide 64 bytes of read/write data memory on the CPU chip. In addition. 256 bytes of 
external data memory may be addressed. The external data memory space must be shared by external data memo
ry and any external 1/0 ports - that is to say. I/O ports other than the microcomputer's own three I/O ports or 8243 
Expander ports. 

8048 series microcomputer address spaces and addressing modes are illustrated in Figure 6-4. 

Let us first examine program memory addressing. 

A single address space is used to access all of program memory. In the normal course of events 
program memory is addressed via the 12-bit Program Counter. The high order Program 
Counter bit is isolated in Figure 6-4 because when the Program Counter is incremented only 
bits 0 through 10 are affected. You must execute special instructions to modify the contents of 
the high order Program Counter bit. Program memory is therefore effectively divided into two 

8048 SERIES 
PROGRAM 
MEMORY 
ADDRESSING 

memory banks. each containing up to 2048 bytes of program memory. You cannot branch. via Jump-on-Condition in
structions. from one program memory bank to the other. nor can instructions stored in one program memory bank 
directly access the other. You can switch completely from one program memory bank to the other by preceding a JMP. 
CALL or RET instruction with a SEL MB instruction. 

Two types of program memory addressing are available: you can read data from program memory and you can 
execute Jump instructions. 

You can unconditionally jump anywhere within the currently selected program memory bank; this may be illustrated as 
follows: 

These bits 
replaced 

~------~~~------~ 

New Address 
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Arbitrary 
PROGRAM Memory 
MEMORY Address 

010A 

11000100 010B} JMP instruction 

10111010 010e object code 

0100 

06BA 

06BB 

06BC 

06BO 



Memory 
BankO 

Memory 
Bank 1 

Program Memory 

0000 

On 8048, 8748 
and 

8049 Chip 

03FF 
0400 

On 8049 
Chip 

07FF 

0800 

OBFF 
OCOO 

OFFF ____ ...... 

00 .... ----

External 
Data Memory 

FF ___ .....;--, 

00,....---.... 
On Chip 

Scratchpad 
Memory 

3F .... ___ --' 

I 
I 
I 

11 : 10 9 8 

I S I I ....... 

IA 
7 6 5 4 3 2 0 

Ipc 
~ 

7654320 

/I I I I I I II:. 

A = Accumulator 
PC = Program Counter 
RO, R 1 are general purpose registers 

in scratchpad memory 

Figure 6-4. 8048 Series Microcomputers' Memory Addressing 
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Thus the JMP instruction stored in program memory bytes 010B16 and 010C16 causes program execution to jump to 
location 06BA 16. 

You can also jump using a form of paged. indirect addressing. where the Accumulator points to an indirect address 
stored in the current page of program memory. This may be illustrated as fOllows: 

Arbitrary 
Program Memory 
Memory Addresses 

t-__ .... 013A 

[J§:}-----=:::::::=== ...... 4=~j 0138 Accumulator CB 013C 

Program I i 58 
Counter ~_ =~==' 

0130 
t---.... OI3E 

I • 
I I 

~~::: 4-JMPP @A 

015C 

0150 

I I 
I I 

01CA 
---.l~---i 01C8 4-Jump here 

t-__ -t 01CC 

01CD 
1----1 

All conditional Jump instructions allow you to branch within the current page of program memory only. This may be il
lustrated as follows: 

Program I I 
Counter _A~:=A:::;D;:~ 

Replace AD 
with 2C if 

condition is met 
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Program 
Memory 

F6 
2C 

Arbitrary 
Memory 
Address 

OA2A 

OA28 

OA2C 4-Jumphere 

OA2D 

OAAB 

OAAC} OAAD JC instruction 

OAAE 



You can read data from program memory. but there are no instructions which ellow you to write data to program 
memory. Instructions (other than immediate instructionsl that read data from program memory use paged. im
plied addressing. There are two forms of paged. implied.programming memory addressing: they may be illustrated as 
follows: 

Arbitrary 
Memory Program 
Address Memory 

MOVP A.@A 
OIAA 1---:-:::---1 

A3 

013E 
013F t--4A---I 

OI40t-__ -I 

Program Counter 

Arbitrary 
Program Memory 
Memory Address 

OIAA 
........ ---1 

E3 OIAB MOVP3 A.@A 
t---"'--I OIAC 

OIAD 

The illustration above compares execution of the MOVP and MOVP3 instructions. These are the two instructions which 
allow you to read a byte of data from program memory into the Accumulator. Both instructions load 4A into the Ac
cumulator. as illustrated above. 

When the MOVP instruction is executed. the program memory address is formed by concatenating the high-order four 
bits of the Program Counter with the contents of the Accumulator: 

Program Counter (X < y z I ~ Accumulator 

'" " / I " " , , 
.... " , , "' ... ~... / , 

1./' P Q f 
When the MOVP3 instruction is executed. the program memory address is computed by appending the Accumulator 
contents to 0011 : 

~ Accumulator 

I I 
I I 
I I 

I 3 i> Q l Program Memory Address 

Thus the MOVP instruction loads into the Accumulator the contents of a program memory byte within the current pro
gram page. The MOVP~, instruction loads into the Accumulator the contents of a byte from program memory page 3. 

Note carefully that paged addressing of program memory carries with it the usual page boundary problems. The 
program memory addressing modes which replace the low-order eight Program Counter bits keep the four high-order 
Program Counter bits - after the Program Counter has been incremented. 

Refer back to the JMPP @A instruction. This instruction is illustrated as being stored in program memory location 
015B16. But suppose this instruction were stored in memory location 01 FF16: then after the JMPP instruction is 
fetched. the Program Counter will. no longer contain 01 FF16. it will contain 020016. Now instead of jumping to pro
gram memory location 01CB16. you would jump to program memory location 02CB16. 

This page boundary problem is common to all microcomputers that use absolute paged addressing. For a complete dis
cussion of this problem refer to Volume 1- Basic Concepts. Chapter 6. 
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Note that the 8048 has no instructions which write into program memory. If you want to write into program 
memory you must have external logic which overlaps external program and data memory. 

Let us now look at data memory addressing. First of all. notice that scratch pad memory and external data memory 
have overlapping address spaces. Separate and distinct instructions access scratchpad memory as against external 
data memory. External data memory does not represent a continuation of scratch pad memory. For example. there will 
be memory bytes with addresses in the range 0016 through 3F16 in the scratchpad and in external data memory. 

Implied memory addressing is the only addressing mode available to you when accessing data memory. 

Instructions that access scratchpad memory take the scratchpad memory byte address from the low-order six bits of 
General Purpose Register RO or R1. 

Instructions that access external data memory take the external data memory address from all eight bits of General Pur
pose Reg ister RO or R 1. 

The eight general purpose registers within scratchpad memory can be addressed directly. We could argue that this 
constitutes a limited scratchpad memory direct addressing capability: but in order to remain consistent with other 
microcomputers described in this book. we will classify these direct accesses of general purpose registers as register
to-register operations rather than direct addressing of data memory. 

A PROGRAM MEMORY MAP 
The instruction set of the 8048 microcomputer is designed to allocate the on-chip program memory as follows: 

3FFt----h 

300 
2FFt----t' 

200 
1FFt----I 

100 
OFF "'-'---1' 

Data Tables 

Programs 

~ilill} Timer interrupt calls subroutine 
1:1 origined hera 

000 

External interrupt calls subroutine 
origined hera 

Restart calls subroutine 
origined hera 

The MOVP3 instructions assume that the 256 bytes of program memory with addresses 30016 - 3FF16 have been set 
aside to hold tables of constant data. 

Interrupt logic (which is described later) uses low memory locations O. 3 and 7 to origin interrupt service routines that 
will be executed in response to a restart. an external interrupt or a timer interrupt. Jump instructions will normally be 
located in these low program memory locations. 
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8048 SERIES STATUS 
8048 series microcomputers have an 8-bit Program Status Word which may be illustrated as follows: 

r-------------These four bits saved on Stack 

~3 2 o ......--BitNo. 

I I I I I 1 I I I 
~ T 

Program Status Word 

Stack Pointer 

Register bank select 
o = Scratchpad bytes 0-7 selected 
1 = Scratchpad bytes 18- 1 F selected 

FO, software flag 

AC, Auxiliary Carry 

C, Carry 

C and AC are the standard Carry and Auxiliary Carry statuses as defined in Volume I and used throughout this 
book. 

FO is a flag which you set or reset using appropriate Status instructions. A conditional Jump instruc!ion tests the 
level of FO. FO is not connected to external logic and cannot be modified or tested by external logic. 

BS identifies which set of general purpose registers is currently selected. If BS is O. then scratch pad bytes 0 
through 7 are serving as general purpose registers. If BS is 1. then scratchpad bytes 1 B16 through 1 F16 are serving as 
general purpose registers. 

The low-order three Program Status Word bits serve as a Stack Pointer. The 16 Stack bytes are treated as eight 
16-bit registers, with the current top of Stack identified by the three low-order Program Status Word bits. 

A subroutine Call instruction pushes the Program Counter contents and the four high-order Program Status 
Word bits onto the Stack as follows: 

Scratchpad Lowest 
11 o 4--BitNo. Memory Scratchpad 

Program I p 
R I Address 

P p P Q Q Q Q R R R 

T 
Counter QQQQRRRR 

SSSSPPPP f= o 4--BitNo. 

PSW Is X I XXX+ 1 
S S S X X 

7 o '-BitNo. Highest 
Scratchpad 

Address 

In the illustration above. P. Q. R, S and X represent any binary digits. 
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Observe that the beginning of the Stack has the lowest scratchpad address. The order in which Program Status Word 
and Program Counter contents are pushed onto the Stack is illustrated above. Here is a specific case: 

Full 07 { 000 
PSW Full 

Full 

08 ~Beginning of Stack 

09 
001 

Full OA 
4A OB 

72 

~ 

OC 

00 

OE 

PC I 010 
2 

Gl 
OF 

100 
10 

You need to know the exact order in which data is stored on the Stack since the Stack is also accessible as general 
scratch pad memory. 

There are two Return-from-Subroutine instructions: one restores Program Counter contents only. the other restores 
Program Counter and Program Status Word contents. 

Since the Stack has eight l6-bit registers. subroutines may be nested eight deep. If you are using interrupts. then the 
combined total of subroutine nesting levels on either side of the interrupt must sum to 7 or less. For example. if the in
terrupt service routine nests subroutines to a maximum level of 3. then non-interrupt programs cannot nest 
subroutines to a level greater than 4. The interrupt itself requires one Stack location. 

8048 SERIES MICROCOMPUTER OPERATING MODES 
8048 series microcomputers can operate in a variety of modes. Many signals serve more than one function. de
pending on the operating mode. 

In order to clarify this potentially confusing subject. we will summarize 8048 series operating modes in the 
paragraphs below. then we will summarize device signals; these two summaries are followed by an in-depth 
analysis of operating modes. illustrating timing and signal functions. 

Internal execution mode is the simplest case; the 8048 series microcomputers normally 
operate in Internal Execution mode. at which time they execute programs without access
ing external program memory or data memory. All information transfer with external logic oc
curs via liD ports or control signals. The 8035. having no internal program memory. cannot oper
ate in Internal Execution mode. 

Expandable 8048 series microcomputers can access external program and data memory. Having 
external program memory andlor data memory causes the microcomputer to output additional 
control signals which identify external program and data memory accesses. This is External 
Memory Access mode. Memory addresses are output via the Bus Port and four pins of I/O Port 2; 
bidirectional data transfers occur via the Bus Port. This may be illustrated as follows: 

P20 - P23 

DBO - DB7 
A 

8048 
~ 

8748 
8035 

6-14 

... 

... 
) 

.. 
Data Bus 

RD 
WR 
PSEN 
ALE 

}"' .... ,"' 
}~~'"' 

8048 SERIES 
INTERNAL 
EXECUTION 
MODE 

8048 SERIES 
EXTERNAL 
MEMORY 
ACCESS MODE 



External Memory Access mode represents the simplest case for the 8035 microcomputer. which has no on-chip pro
gram memory. 

The 8048 series microcomputers can be operated in Debug mode. In Debug mode the CPU is 
disconnected from its internal program memory. All program memory accesses are deflected to 
external program memory. This may be illustrated as fOllows: 

r----_ ... -OOOO--l~----., 

Internal 
Program 
Memory 

Extemal 
Debug 

Memory 

~--------~~-03~--~~--------~ 

0400 r_--------., 

Extemal 
Program 
Memory 

OFFF ~--------.." 

Since the 8035 has no internal program memory. it is always in "Debug mode." 

8048 AND 
8748 DEBUG 
MODE 

You will use Debug mode to test microcomputer systems built around an 8048 series microcomputer. Typically. special 
purpose test and verify programs will be maintained in external debug memory. 

Single stepping is not really a mode, but is worth mentioning in connection with Debug 
mode since it is a powerful debugging tool. In any of the operating modes you can apply a 
Single Step signal (55) which halts instruction execution following the next instruction fetch. This 
allows you to execute programs one instruction at a time in order to locate errors or gain a better 
understanding of event sequences. 

The 8748 microcomputer contains Erasable Programmable Read Only Memory (EPROM) .. In 
Programming mode you can program the EPROM. 

Finally. there is a Verify mode. In Verify mode you can read the contents of internal or ex~ 
ternal program memory as data. Verify mode is used in conjunction with Programming mode 
to test data written into EPROMs. Verify mode can also be used on its own to examine the con
tents of program memory for any 8048 series microcomputer. 

8048 SERIES MICROCOMPUTER PINS AND SIGNALS 

8048 SERIES 
SINGLE 
STEPPING 

8748 
PROGRAMMING 
MODE 

8048 SERIES 
VERIFY MODE 

Figure 6-5 illustrates pins and signals for the 8048 series microcomputers. We will briefly summarize functions 
performed by signals before discussing how signals are used in different modes. 

DBO - DB7 serves both as a bidirectional I/O port and as a multiplexed Address and Data Bus. When no external 
data .or program memory accesses are occurring. DBO - DB7 serves as a simple bidirectional I/O port or latch. During 
external program or data memory accesses. DBO - DB7 serves as a bidirectional Data Bus as well as outputting the low
order eight bits of all memory addresses. Data inputs are not latched in bidirectional mode. External logic must hold in
put signal levels until the CPU has read input data. 
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TO 

Tl 
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VDD 

PROG 
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DESCRIPTION 

Bidirectional I/O port, Data Bus and 
low-order eight Address Bus lines 
I/O Port 1 
I/O Port 2. P20 - P23 also serves as four 
high-order Address Bus lines 
Extemal clock signal and address 
latch enable 
Data memory read control 
Data memory write control 
Extemal program memory read control 
Extemal program memory access 
Single step control 
Interrupt request 
Test input, optional clock output 
and Program/Verify mode select 
Test input, optional event counter input 
System reset and EPROM address latch 
Ground 
+5V 
+ 25V to program 8748. + 5V standby 
for 8048 RAM 
+ 25V input to program 8748. Control 
output for 4-bit I/O 
Extemal crystal connections 

lYPE 

Bidirectional, tristate 

Quasibidirectional 
Quasibidirectional 

Output 

Output 
Output 
Output 
Input 
Input 
Input 
Bidirectional 

Input 
Input 

Bidirectional 

Figure 6-5. 8048/49, 8748/49 and 8035/39 Microcomputer Pins and Signals 
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P10 - P17 and P20 - P27 support I/O Ports 1 and 2. respectively. We described the characteristics of these two I/O 
ports earlier in this chapter. During external accesses of program memory the four high-order address lines are output 
via P20 - P23. 

ALE is a control signal which is pulsed high at the beginning of every Instruction execution machine cycle. This 
signal may be used as a clock by external logic. During external memory accesses. the trailing edge of ALE strobes 
memory addresses being output. 

RD is a control signal which is pulsed low to strobe data from external data memory onto the Data Bus. 

WR is a control signal which is strobed low when external data memory is to read data off the Data Bus. 

PSEN is a control signal which is strobed low when external program memory is to place data on the Data Bus. 

External logic inputs EA high in order to separate the CPU from internal program memory and force the microcom
puter into Debug mode. 

SS is input low in order to stop instruction execution following an instruction fetch: this allows you to single step 
thro,:!gh a program. 

INT is the inputfor external interrupt requests. If the interrupt is enabled. a low input at INT causes a subroutine call 
to program memory location 3 when the current instruction finishes execution. 

TO is a test input which may be sampled by a conditional Jump instruction. TO is also used while selecting External 
Program mode and Verify mode. The Internal CPU clock signal can be output via TO. 

T1 is a test input which can be sampled by a Jump-on-Condition instruction. T1 can also be used to input a signal 
to CounterlTimer logic when it is serving as an event counter. 

RESET is a standard system reset input signal. The normal RESET signal should be output from 
an open collector or active pUll-up: 

!vcc 

lKO 

RESET ~-----IE»---~~--RESET 

The power-on RESET should be generated as follows: 

-r O~--------I~--' ~ 
l/LF 

- ~ 

8048.8049 
8748.8749 
803& AND 8039 
RESET 

There is an internal pull-up resistor which. in combination with an external1"F capacitor. generates an adequate inter
nal RESET pulse. If tha.RESET pulse is generated externally. then it must be held below 0.5V for at least 50 millise
conds. 

This is what happen~ when you reset an 8048 series microcomputer: 

1) The Program Counter and the Program Status Word are cleared. This selects register bank 0 and program memory 
bank O. Also. the first instruction executed following a Reset will be fetched from program memory location O. 

2) The Bus Port is floated. 

3) 1/0 Ports 1 and 2 are set to Input mode. 

4) External interrupts are disabled. 

5) The counterltimer is stopped and TO is disconnected from the timer. 

6) The timer flag and internal flags F1 and FO are cleared. 
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An external crystal. if present. is connectad across XTAL 1 and XTAL2. Typically a 6 MHz crystal will be used. You 
can input a clock signal directly to XTAl1. If you do. the input clock signal should have a frequency in the range of 1 
MHz to 6 MHz. or 11 MHz for the 8049. 

The 8048 series microcomputers use power supplies in a number of interesting ways; 

Vee is the standard +5V power supply. VSS is the standard ground connection. 

VDrl is an additional +6V standby power supply. This standby power supply will Inaintain the contents of 
scratchpad memory when all other power has been removed. Typically VOO will be connected to a battery so that 
when the system is powered down data can be preserved in scratch pad memory (8048. 8035L'and 8049 orily). 

The 8748 and 8749 microcomputers use VDD and PROG in order to program the EPROM. While programming the 
EPROM. a voltage of +25V is input at VOO. +25V pulses lasting 50 milliseconds are input at PROG. A single byte of 
program memory will be written during a single PROG +25V pulse. 

PROG serves as a control strobe output to the 8243 Input/Output Expander during the execution of instructions 
that reference the Expander ports. This function of PROG is described in more detail later in this chapter. when we de-
scribe the 8243 I/O Expander. ' 

8048 SERIES TIMING AND INSTRUCTION EXECUTION 

Let us begin our detailed analysis of 8048 series microcomputer operations by looking at basic instruction tim
ing. 

A master clock signal must be input via XTAL 1. or the clock signal may be generated internally by connecting a 
crystal across XT Al 1 or XTAl2. A 6 MHz crystal is recommended. This clock signal is divided by 3 to generate 11 
master synchronizing 2 MHz signal which is used throughout the microcomputer system. You can output this 2 
MHz clock signal via the TO pin. 

All -8 versions of 8048 series microcomputers operate at half speed: they use 3 MHz crystals and generate a 1 
MHz master synchronizing signal. 

Instructions execute in machine cycles. Every machine cycle has five clock periods. 
Using a 2 MHz clock signal. therefore. each machine cycle will last 2.5 microseconds. Instruc
tions execute in either one or two machine cycles. 

INTERNAL EXECUTION MODE 
Figure 6-6 illustrates timing for the simplest case - execution of a single machine cycle in-

8048 SERIES 
MACHINE 
CYCLES AND 
,CLOCK PERIODS 

struction accessing internal program or data memory only. The only signal change seen beyond the microcomputer 
chip itself is the ALE pulse - and the elK signal. if you elect to output it via TO. The events which occur during each 
clock period are illustrated in Figure 6-6; but remember. these operations are internal to the microcomputer. They are 
beyond you r access or control. 

Figure 6-6 also illustrates timing for instructions that execute in two machine cycles. but access only program and/or 
data memory internal to the microcomputer chip. Once again external logic sees ALE. and optionally elK. 
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Figure 6-7. An 8048 Series External Instruction Fetch 
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These two machine cycles would never occur in the sequence illustrated. 

They are shown together for comparison only. 

Figure 6-8. An 8048 Series External Data Read or Write 

EXTERNAL MEMORY ACCESS MODE 
Now consider external program and data memory accesses. 

Data 
Input 

Strobe 

T5 

Figure 6-7 illustrates timing for an external program memory read. The external program memory address is output 
via DBO - DB7 (low-order eight address lines) and P20 - P23 (high-order four address lines). The address is maintained 
stable just long enough for external logic to latch it on the high-to-Iow transition of ALE. 

The low PSEN pulse serves as an external program memory read strobe. While PSEN is low. external program memory 
must decode the latched address and place the contents of the addressed memory byte on the DBO - DB7 lines. The 
microcomputer will read DBO - DB7 on the trailing (low-to-high) transition of PSEN. 

Timing associated with reading data from external data memory and writing to external data memory is illustr
ated in Figure 6-8. Timing is very similar to the external instruction fetch illustrated in Figure 6-7. Instead of PSEN 
being pulsed low. RD is pulsed low to strobe data input; WR is pulsed low to strobe data output. Since the total exter
nal data memory address space is 256 bytes. the complete address is transmitted via DBO - DB7; thus P20 - P23 is in
active during an access of external data memory. 

Note that the 8048 series microcomputers have no Wait state. External memory must 
therefore respond to read or write operations within the allowed time. This is not much of a prob
lem since 8048 series microcomputers operate relatively slowly; most standard memory devices 
will have no trouble meeting timing requirements. If you want to use slower memories. use the 
slower 5 microsecond machine cycle versions of the 8048 microcomputers. 
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Signals not directly involved in the 8048-8355 interface are not shown. 

Figure 6-9. An 8048-8355 Configuration 

J. 

.} 
r 

Y+5V 

010 - O',? 000 - 007 ... 
STB ) 

8212 

PSEN (Program Memory) 

Data Bus 
DO - 07 

AO- A7 

} (Data Memory) 

ALE I-- LJ+5V 

20 - P23 

MO 
052 051 

+ -= -
y+5V 

010- 013 ~ 
STB 

000- 007 " 
} A8 - A15 

014 
8212 01 

lj+5V 016 
017 MO 

':.:" 0S2 051 - • ? 

Figure 6-10. Demultiplexing DBO - DB7 to Create Separate 
Address and Data Busses 

6-21 

Address Bus 



Let us examine microcomputer configurations that include external memory. 

Vendor literature illustrates complex microcomputer systems built around 8048 series microcomputers; while 
such large microcomputer systems are certainly feasible. they are not advisable. If you are going to expand an 
8048 series microcomputer system to more than two or three devices. in all probability an 8085 system would 
be more economical and powerful - not to mention a number of other microcomputers described in this book. 
We will therefore confine ourselves to illustrating 2- and 3-chip configurations. 

Figure 6-9 illustrates an 8048-8355 (or 8755) configuration. The 8355 (or 8755) is a multifunction support 
device described in Chapter 5. 

Figure 6-10 shows how you can connect standard memory devices to an 8048 series microcomputer. 

Let us examine Figure 6-9. The 8048 8us Port is directly compatible with ADO - AD7. the multiplexed Data and Ad
dress Bus of the 8355 device. 

The three high-order address lines required by the 8355. A8. A9 and A 1 O. are taken 
directly from P20. P21 and P22. P23. the high-order address line output by the 8048. is 
used to enable the 8355. As shown in Figure 6-9. this means the 8355 will respond to ad
dresses in program memory bank 1. If you are using an 8035 microcomputer. then P23 
could be connected to the CE enab.le pin of the 8355: now the 8355 will respond to ad
dresses in program memory bank O. It would make little sense having the 8355 respond to 

8355 OR 8755 
CONNECTED 
TO AN 8048 
SERIES 
MICROCOMPUTER 

addresses in program memory bank 0 when using an 8048 or 8748. because the first 1024 bytes of program memory 
are internal to these microcomputers: that means the first 1024 bytes of 8355 memory would never be accessed. The 
8049 microcomputer has 2048 bytes of on-chip program memory. so you would access no 8355 memory. 

Control signals needed to read data out of 8355 program memory are easily derived. The 8048 ALE output is exactly 
what is needed for the 8355 ALE input. The memory strobe RD required by the 8355 is adequately generated by the 
PSEN output of the 8048. 

You can also access the 8355 I/O ports by connecting the RD and WR outputs of the 8048 to the lOR and lOW 
inputs of the 8355; the lOR and lOW control inputs of the 8355 were specifically designed for this purpose. RD 
and WR control signals are generated by the 8048 series microcomputers in order to access data memory external to 
the microcomputer device itself. Thus the I/O ports of the 8355 device must be accessed within the address space of 
external data memory. In Figure 6-9 external data memory addresses O. 1. 2 and 3 will access the 8355 I/O ports - and 
their respective Data Direction registers. Of course. the 8355 I/O ports can be accessed only while the 8355 is selected 
- via a high CE input. 

In order to attach standard memory devices to an 8048 series microcomputer. you 
must demultiplex the DBO - DB7 lines to create separate Data and Address Busses. 
Figure 6-10 shows how to do this using two 8212 I/O ports. 8212 I/O port operations 
are described in Chapter 4. In Figure 6-10 the 82121/0 ports are being used as simple out
put ports without handshaking. By tying STB and MD high. the 8212 I/O ports will output 
whatever is being input while the device is selected. We use the ALE signal to complete 
selection of the 8212 I/O ports; thus while ALE is high the two ports are selected. 

Timing may be illustrated as follows: 

8212 8212 

ALE 

OBO - OB7 o 

P20 - P23 A 

8212 DO A 
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Thus the 8212 ports output DBO - DB7 or P20 - P23 levels latched while ALE is high. Once ALE goes low. 8212 port 
outputs remain constant. 

But there are a few subtleties associated with Figure 6-10. 

When an 8048 series microcomputer is accessing external program memory. a 12-bit address is output via DBO - DB7 
and P20 - P23; therefore the entire Address Bus is needed as illustrated. A low PSEN pulse serves as the external 
memory read strobe. 

When 8048 series microcomputers access external data memory. however. only DBO - DB7 is affected. Thus the sec
ond 8212 liD port creates address lines A8 - A 15. which will carry the most recent data output to liD Port 2 - for ex
ample. you may set all 110 Port 2 pins to 0 during initialization. If liD Port 2 is undefined. spurious selection of program 
memory will occur in configurations that include external program and data memory. At the time ALE is output as a 
high pulse no other signals indicate whether the subsequent memory access will involve program memory or data 
memory. It is only the separate control strobes - PSEN for program memory. WR and RD for data memory - that in
sure the correct memory module will be accessed. If your 8048 program uses liD Port 2 for data output as well as for 
external memory addressing. you should buffer the System Bus; make sure. in this case. that the System Bus has suffi
cient capacity to handle two selected memory devices simultaneously. 

Even though two memory devices may be selected simultaneously. you will not run into memory access contentions 
since program memory is strobed by PSEN while data memory is strobed by RD and WR. Only one of these signals will 
be active at any time. 

DEBUG MODE 
You can bypass program memory internal to the 8048 series microcomputer by inputting a high signal at EA. 
While EA is high. timing for all program memory accesses will conform to external program memory accesses as 
illustrated in Figure 6-7. You may change the level of EA only when RESET is low; that is. you cannot switch bet
ween internal and external memory during program execution. 

Here is one of the ways in which you may use Debug mode: 

In user end products an external memory device may contain test and verify programs. A service representative will ex
ecute these test and verify programs by applying a high input at EA. For example. you could connect an 8355 multi
function device to the 8048. selecting it via program memory bank O. If EA is taken out to a switch. a serviceman will be 
able to execute programs out of the first 1024 bytes of 8355 program memory. instead of internal microcomputer 
memory. 

EA is also used by programming and verification modes. This use of EA. however. has nothing to do with Debug 
~~ . 
SINGLE STEPPING 
If you input a low signal at SS. then when ALE next pulses high. it will stay high until SS returns high. While ALE is 
high. instruction execution ceases and the current Program Counter contents are output via DBO - DB7 and P20 - P23. 
Timing may be illustrated as follows: 

ALE 

DBO - DB7 PCO-7 I I 
P20 - P23 pca - PC11 I I 

S:O~-CYCle I 
The CPU only tests SS level while ALE is high. At other times SS level is irrelevant. 

Single stepping is an 8048 series microcomputer program debugging aid. Intel literature suggests the circuit il
lustrated in Figure 6-11 to create an SS signal that is initiated by an ALE pulse and terminated by a pushbutton. 
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Figure 6-11. An 8048 Single Step Circuit 

ALE 

If you do not wish to single step. then connecting the Single Step switch in the Run position will hold PRESET at 
ground. which forces the Q output high: instructions will execute normally. With the Single Step switch in the Single 
Step position. PRESET is held high: now the ALE input to CLEAR becomes active. As soon as ALE goes low the Q out
put is also driven low: thus SS is low. The low SS is detected on the next high ALE pulse. at which time ALE remains 
high and the cycle is stopped. This condition persists until the pushbutton is depressed. Depressing the pushbutton 
creates a low-to-high clock transition which forces SS high - thus terminating the stopped condition. You. as a user. 
will see a program advance one instruction every time you press the pushbutton. 

WhHe an 8048 series microcomputer is stopped in a single step. the current Program Counter contents are out
put via the Bus Port (DBO - DB71and P20 - P23. The Bus Port output presents no problem since you would expect to 
see address information output at this time. But if I/O Port 2 is being used as a regular 110 port. then prior data present 
on lines P20 - P23 will not be available during the address output. Thus if you wish to view I/O data output while 
single stepping. you must latch I/O Port 2 data externally. 

PROGRAMMING MODE 
Of the 8048 microcomputer series. only the 87XX numbered microcomputer program memory can be written 
into. We will now examine the way in which the 8748 EPROM is programmed and verified. 

In all probability. you will program an 87XX memory using a development tool which automates the entire pro
cess. That being the case. the event sequence which we are about to describe is not particularly interesting to 
you. since it is taken care of by the PROM programmer. But If you build your own PROM programmer. or if for 
any reason you need to understand the PROM programming sequence. then read on. 

While programming and verifying the EPROM. you should input a clock signal at XTAL 1 with a frequency between 1 
and 6 MHz: you can also use the on-chip oscillator at this time. 

Operations now proceed one byte at a time: you write a byte into program memory. then you verify that the data has 
been written correctly. 
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Figure 6-12. 8748 EPROM Programming and Verification Timing 

In the· discussion which follows. refer to Figure 6-12. which illustrates timing for the program/verify sequence. 

Step 1) Initially +5V is input at VOO. TO and EA. RESET is held at ground. Under these conditions you insert the 
8748 into the programming socket. You must make certain to insert the 8748 correctly. If you insert the 
8748 incorrectly you will destroy it. 

Step 2) 

Step 3) 

Step 4) 

Step 5) 

Step 6) 

Step 7) 

Step 8) 

Step 9) 

Step 10) 

TO is pulled to ground; this selects Programming mode. 

+25V is applied to EA. This activates Programming mode. 

A 1 O-bit memory address is applied via OBO - OB7 and P20 - P23. Remember. there are 1024 bytes of pro
gram memory on the 8748 device. The low-order eight address bits are input via OBO - OB7 while the two 
high-order address bits are input via P20 and P21. 

+5V is applied at RESET. This latches the address. 

The data to be written into the addressed programmed memory byte is input at OBO - OB7. 

In order to write the data into the addressed program memory byte apply +25V to VOO. then ground PROG. 
then apply a +25V pulse at PROG; the +25V pulse at PROG must last at least 50 milliseconds. 

Now reduce VOO to +5V. Programming is complete and verification is about to begin. 

In order to verify the data just written. apply +5V to the TO input. This selects Verify mode. 

As soon as Verify niode has been selected. the data just written is output on OBO - OB7. You must read and 
verify this data using appropriate external circuitry. Verification is now complete. 

In order to write into the next memory byte. select Programming mode again by connecting TO and RESET to ground; 
then return to Step 3. 

Repeat the program/verify sequence. byte-by-byte. until the entire program memory has been written into. 

In order to erase the EPROM expose it to ultraviolet light for a minimum of 20 minutes. 
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VERIFICATION MODE 
You can verify the contents of an 8048 series microcomputer program memory at any time. 

When verifying program memory contents for an 8048 series microcomputer with EPROM. you enter the Verify mode 
by applying +25V to the EA pin and +5V to the TO pin. RESET must be held at ground while you apply +5V to the TO 
pin. 

Using an 8048 series microcomputer with ROM. you enter the Verify mode by applying + 12V to the EA pin. 

Once in the Verify mode. place the address of the program memory location which is to be read at DBO - DB7 (low
order byte) and P20 - P21 (high-order four bits) 

Latch this actdress by applying +5V to RESET. 

While RESET is high. the contents of the addressed program memory location are output via DBO - DB7. 

You may repeat the verification process. byte-by-byte. 

Verification timing is illustrated as follows: 

r---------------------------.. (+5V. 8748 only) 
TO (8748 only) --1 

r-_______________________________ (+25V87~) 

EA --.J + 12V 800 

DBO - DB7 Address (AO - A 7) 

P20 - P21 ____ ~y _____ A_d_d_re_SS_(_A_8_-A_l_l_) ____ ~I~ ___ A_dd_r_eS_S_(A_8_-_A_l_1) ___ ~x=== 

INPUT/OUTPUT PROGRAMMING 
8048 series microcomputers (with the exception of the 8021) have three I/O ports. the physical characteristics of 
which we have already described. Instructions allow you to input or output Accumulator data via anyone of the 
three I/O ports. You can also directly mask data resident at an I/O port using an AND mask or an OR mask. 

There are two types of input/output beyond the 8048 series microcomputer chip itself. 

The low-order four bits of I/O Port 2 may be cOl'!nected to the 8243 Input/Output Expander which has four in
dividually addressable 4-bit I/O ports. The 8243 Input/Output Expander is ctescribed later in this chapter. 

You can also implement I/O ports within the external data memory address space for the expandable microcom
puters of the 8048 series. We have already seen how you do this using an 8355 multifunction device connectect to an 
8048 series microcomputer. In this particular case the tWO I/O ports of the 8355 device are addressed as external data 
memory locations 0 and 1. Any other implementation of external I/O ports is allowed; however. in every case the I/O 
ports must be addressed as external data memory byte~ using external data memory access instructions. 

HOLD STATE 
There is no Hold state that external logic can induce in lin 8048 series microcomp~ter. This is not unreasonable. 
since the purpose of'the Hold state is to enable direct memory access operations - which would make little 
sense in a microcomputer system as small as an 8048. which has a maximum of 256 external data memory 
bytes. 
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CQUNTER/TIMER OPERATIONS' 

All 8048 series mi~rocomputers have an internal counter/timer. Counter/timer logic may be illustrated as 
follows: 

CLK-----.! 

-0 ~r jt------4i.--I •• ~ Time out flag 
o Inc.rement !ot:::::::::::::::~::=:::=:::;:;:.~. J register on .... V Time out 

Tl ----..... CLK or Tl 8-bit register '----.... ~ interrupt request 
high-to-Iow 
transition 

The CounterlTimer register is eight pits wide; it is accessed via Accumulator instrlictions. which move Accumulator 
contents to the CounterlTimer register or move CounterlTimer register contents to the Accumulator. 

Generally stated. ttlis is how the counter/timer works: 

You begin by loading an initial value into the CounterlTimer register. Next. you start the counter/timer by executing 
the STRT T or STRT CNT instruction. The counter/timer will increment continuously until stopped by a Stop 
CounterlTimer instruction. 

Whenever the counter/timer increments from FF16 to 0016. it activates a counter/timer interrupt request and sets a 
time-out flag. If the counter/timer interrupt has been enabled. then program execution will branch to the appropriate 
interrupt service routine. If the counter/timer interrupt has been enabled. then you must test for a time-out by execut
ing the JTO Branch-on-Condition instruction. 

You can operate the counter/timer as a counter or as a timer. The STRT T instruction operates the counter/timer as 
a timer. in which case the internal system clock increments the Timer register once every 480 crystal oscillations 
(80 microseconds. assuming a 6 MHz crystal). 

You operate the counter/timer as a counter by executing the STRT CNT instruction. Now high-to-Iow transitions of a 
signal input at T1 increment the counter. The minimum time interval between high-to-!ow T1 transitions is 45 crystal 
oscillations (7.5 microseconds. assuming a 6 MHz crystal!. There is no maximum delay between T1 high-to-Iow transi
tions. Once T1 goes high it must remain high for at least 3 crystal oscillations (500 nanoseconds. assuming a 6 MHz 
crystal!. 

You execute the STOP TCNT instruction to stop the counter/timer. whether it is operating as a counter or as a timer. 

Here is an instruction seql,lence which initiates the counter/timer operating as a timer with interrupts enabled: 

MOV 
MOV 
EN 
STRT 

A.#TSTART 
T.A 
TCNTI 
T 

;LOAD INITIAL COUNTERITIMER CONSTANT 

;ENABLE TIMER INTERRUPT 
;START THE TIMER 

The following instruction sequence operates the counter/timer as a counter with interrupts disabled: 

DIS TCNTI ;DISABLE COUNTER INTERRUPT EARLY IN PROGRAM 

MOV A.#TSTART ;LOAD INITIAL COUNTERITIMER CONSTANT 
MOV T.A 
STRT • CNT ;START COUNTER 

INTERNAL AND EXTERNAL INTERRUPTS 
The 8048 series microcomp\Jters have a simple inter~upt scheme that is effective and adequate for small 
microcomputers. Interrupts can originate from one of three sources: 

1) A Reset. This is a non-maskable interrupt. 

2) An extern~1 interrupt induced by setting INT low. (This is not available on the B041 and 8021 series microcom
puters,) 

3) A counterltimer interrupt which is automatically requested every time the CounterlTimer register increments from 
FF16 to 0016· 
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External interrupts and counter/timer interrupts can be enabled and disabled individually. 

When anyone of the three Interrupt requests is acknowledged. the microcomputer executes a Call instruction 
to one of these three locations: 

Reset: CALL 0 
External interrupt: CALL 3 

Counterrrimer interrupt: CALL 7 

The Reset interrupt always has highest priority and cannot be disabled. 

If an external interrupt request and a counter/timer interrupt request occur simultaneously. the external interrupt will 
be acknowledged first. When either an external interrupt or a counter/timer interrupt is acknowledged. all inter
rupts (except Reset) are disabled until an RETR instruction is executed. Within an External or Timer interrupt 
service routine you cannot enable interrupts under program control. This may be a problem if you are using the 
timer and external interrupts in timer sensitive applications. If execution time for an external interrupt's service routine 
extends over more than one counter/timer time out. then you will fail to detect one or more time outs. The simplest way 
of resolving this problem is to make sure that your External interrupt service routines are very short - executing in 75% 
of the counter/timer interval. or less. If this is not feasible. then you must monitor the counter/timer by testing its time 
out flag rather than by using counter/timer interrupt logic. You can execute the JTF conditional Jump instruction at 
frequent intervals within the main program and interrupt service routines. thus catching time outs irrespective of when 
they occur. 

You can re-enable interrupts within an interrupt service routine by executing a dummy RETR instruction. Here is 
an appropriate instruction sequence: 

START OF INTERRUPT SERVICE ROUTINE 

CALL 
EN 
EN 

ENAB 
I 
TCNTI 

;RE-ENABLE INTERRUPTS 

END OF INTERRUPT SERVICE ROUTINE 
ENAB RETR 

Enabling interrupts within a service routine. as illustrated above. is not recommended in an 8048 microcomputer 
system. 

Two problems need to be resolved when using external interrupts in an 8048 series microcomputer system: an 
interrupt acknowledge must be created. and in multiple interrupt configurations we must be able to identify the 
interrupting source. 

8048 series microcomputers have no interrupt acknowledge signal. An interrupt acknowledge signal must be created; 
otherwise external logic does not know when to remove its interrupt request. And if the interrupt request remains after 
an RETR instruction executes. the interrupt will be reacknowledged. The only straightforward way of acknowledg
ing an interrupt is to assign one of the I/O port pins to serve as an interrupt acknowledge signal. The external in
terrupt service routine will begin by outputting an appropriate low pin signal. Here is one possibility: 

ANL P1.#7FH ;RESET PIN 7 OF I/O PORT 1 LOW 
ORL P1.#80H ;SET PIN 7 OF I/O PORT 1 HIGH 

Here. the output at pin 7 of I/O Port 1 is a low pulse with a duration of two machine cycles (5.0 microseconds). 

But remember. if you use an I/O port pin as an interrupt acknowledge. you cannot use the same pin to perform standard 
I/O operations. 
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lACK 
(P17) IACKO 

Pl0 
17 

9318 
or Pll 

74148 

10 
P12 

r------;::::::l::::::3::::::jt::::::t:::::::l-~----------------.INT 
to CPU 

Figure 6-13. An Eight-Device Daisy Chained Interrupt Request/Acknowledge Scheme 

If there are many external devices which can request interrupt service. then the most effective way of handling multiple 
interrupts is via a daisy chain. Daisy chain logic has been discussed in Volume 1-Basic Concepts. The acknowledged 
device in the daisy chain must create a device code that is input to an I/O port. Figure 6-13 illustrates a scheme 
whereby eight devices in a daisy chain may request interrupt service, and upon being acknowledged, the 
selected device will input a unique code to I/O Port 1. The high-order bit of I/O Port 1 serves as an interrupt 
acknowledge. I/O Port 1 bits O. 1 and 2 receive as inputs a 3-bit code identifying the acknowledged device. 

The daisy chain logic in Figure 6-13 is created using a chain of eight AND gates and eight NAND gates. The AND gates 
are chained in order of priority. with INTO having the highest priority and INT? having the lowest priority. The first 
NAND gate receives as its inputs INTO and the acknowledge signal output via pin? of I/O Port 1. Subsequent NAND 
gates receive as their inputs an interrupt request signal. the acknowledge signal and the output of the previous AND 
gate. The output of each NAND gate becomes an interrupt acknowledge signal which is low-true. Thus in Figure 6-13 
there are eight low-true interrupt requests. represented~gnals INTO through INT? and there are eight low-true in
terrupt acknowledges. represented by IACKO through lACK? Each external device capable of requesting an interrupt 
must output a low-true INTn which it removes upon receiving a low-true IACKn. For device 3 this may be illustrated as 
follows: 

''''''-----J I 
The eight interrupt request signals INTO through INT? are input to an AND gate. The AND gate generates a master low
true interrupt request. INT. If anyone or more of the INTn signals are low. then the AND gate will output a low INT. 

The eight interrupt acknowledge signals IACKO -lACK? are input to an 8-to-3 Decoder. The 8-to-3 Decoder will receive 
seven high signals and one low signal. The one low signal will be identified by the decoder 3-bit output which is 
transmitted to pins O. 1 and 2 of I/O Port 1. 
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This then is the event sequence associated with an interrupt request: 

1) INT is input low to the 8048. 

2) The interrupt is acknowledged by the CPU. which bral)ches to an interrupt service routine. 

3) The first instruction of the interrupt service routine outputs a low level via pin 7 of I/O Port 1. 

4) The interrupt service routine receives back. via pins O. 1 and 2 of I/O Port 1. the device code for the acknowledged 
device. You must make sure that the program being executed gives external logic time to return this code. You 
may have to insert No Operation instructions to create the necessary time delay. 

5) A high level is output via pin 7 of I/O Port 1. 

6) Using the code input via pins O. 1 and 2 of I/O Port 1. branch to the appropriate interrupt service routine. 

Here is the initial instruction sequence required by the logic of Figure 6-13: 

ORG 3 
;START OF INTERRUPT SERVICE ROUTINE 

- JMP EXTINT 

ORG 
ANL 
NOP 
IN 
ORL 
ANL 
JMPP 

EXTINT 
Pl.#7FH 

A.Pl 
P1.#80H 
A.#7 
@A 

;SET I/O PORT 1 PIN 7 LOW 
;ALLOW SETTLING TIME 
;INPUT PORT 1 CONTENTS 
;SET I/O PORT 1 PIN 7 HIGH 
;CLEAR ALL ACCUMULATOR 81TS 8AR 0.1 AND 2 
;JUMP TO IDENTIFIED INTERRUPT SERVICE ROUTINE 

Let us examine the interrupt service routine beginning instruction sequence Illustrated above. 

When an 8048 series microcomputer is initially reset. all I/O port pins output high levels. Thus you do not have to in
itialize pin 7 of I/O Port 1 to a high level. 

We actually identify one of eight device interrupt service routines by creating a 3-bit code in bits 1. 2 and 3 of the Ac
cumulator: We then perform an indirect Jump. This Jump instruction will branch to a location on the current page of 
program memory; the address is fetched from the location in the current page addressed by the Accumulator contents. 
We illustrated this addressing technique earlier in the chapter. 

Given the instruction sequence illustrated above. the first eight program memory locations on the same page as the 
JMPP instruction must be set aside for eight addresses; these are the starting addresses for the interrupt service 
routines. This may be illustrated as follows: 

ORG #0300H 
D8 ISO 
D8 IS1 
DB IS2 
DB IS3 
DB IS4 
DB IS5 
DB IS6 
DB IS7 

EXTINT ANL #7FH 

;ADDRESS OF INTERRUPT SERVICE ROUTINE 0 
;ADDRESS OF INTERRUPT SERVICE ROUTINE 1 
;ADDRESS OF INTERRUPT SERVICE ROUTINE 2 
;ADDRESS OF INTERRUPT SERVICE ROUTINE 3 
;ADDRESS OF INTERRUPT SERVICE ROUTINE 4 
;ADDRESS OF INTERRUPT SERVICE ROUTINE 5 
;ADDRESS OF INTERRUPT SERVICE ROUTINE 6 
;ADDRESS OF INTERRUPT SERVICE ROUTINE 7 
;SET I/O PORT 1 PIN 7 LOW 

The daisy chained Interrupt scheme discussed above can also be implemented using the circuit in Figure 6-14. 
The advantage of this circuit is that it requires fewer chips than the circuit of Figure 6-13. As far as the 8048 
program Is concerned. however. the two circuits are Identical. 

The INT and device code inputs are generated in exactly the same way. However. an eight-line-to-three-line priority en
coder (9318 or 74148) replaces the network of AND gates. As the function table for the encoder shows. the device code 
output on lines A2. A 1 and AO is that of the highest priority request. The CPU enables the code outputs by sending the 
acknowledge signal. 
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Figure 6-14. A Low Chip Count Implementation of an Eight-Device Daisy Chained 
Interrupt Request/Acknowledge Scheme 
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In Figure 6-13. a network of NAND gates generated the low-true interrupt acknowledge Signal to inform the appropri
ate device that its interrupt was being serviced. In Figure 6-14. a three-line-to-eight-line decoder (74S138 or 74LS138) 
translates the device code output by the encoder and sets the corresponding acknowledge line low. as is shown in the 
function table for the decoder. 

Connecting the enable inputs as shown prevents spurious acknowledgements or phantom device codes. provided that 
the CPU gives the external devices time for response and propagation delay. 
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THE 8048 MICROCOMPUTER SERIES 
INSTRUCTION SET 

Table 6-2 summarizes the instruction set for the 8048 series microcomputers. Instruction object codes and tim
ing are given in Table 6-3. This instruction set reflects the specific architecture of 8048 series microcomputers. For ex
ample, there are separate I/O instructions to access the three on-chip I/O ports, as against 8243 Input/Output Expander 
I/O ports. Also, there are separate instructions to access on-chip scratch pad read/write memory, as against external 
data memory. 

The 8048 instruction set is probably more versatile than any other one-chip microcomputer instruction set de
scribed in this book. The only omission that may cause problems is the lack of an Overflow status; this will make 
multibyte signed binary arithmetic harder to program. 

THE BENCHMARK PROGRAM 
The benchmark program we have been using in this book is not realistic for the 8048 with its limited data memory. 
Using the 8048 you would not load data into some general depository, then transfer it to a specific data table. 

In order to provide some illustration of 8048 instructions, however, we will slightly modify the benchmark program and 
move a number of data bytes from the top of scratchpad memory to a table in external data memory. Since the data in 
scratchpad memory must have been input from an I/O port. we will assume that the number of scratchpad memory 
bytes is stored in General Purpose Register R7. The table in external memory begins at a known location and the first ta
ble byte addresses the first free table location. Operations performed may be illustrated as follows: 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

RO indexes I 

scratchpad .I 

Scratchpad 

NN 

3FI-__ -t 

extemal 
memory 

.-Lastbyte 

NN bytes 

transfer 
performed 

.--First byte 
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LOOP 

MOV 
MOVX 
MOV 
ADD 
MOVX 
MOV 
MOV 
MOVX 
DEC 
INC 
DJNZ 

RO.#TBASE 
A.@RO 
R1.A 
A.R7 
@RO.A 
RO.#3FH 
A@RO 
@R1.A 
RO 
R1 
R7.LOOP 

;LOAD EXTERNAL TABLE BASE ADDRESS INTO RO 
;LOAD ADDRESS OF FIRST FREE BYTE INTO A 
;SAVE IN R1 
;ADD NEW BYTE COUNT TO A 
;RESTORE IN FIRST FREE BYTE OF EXTERNAL TABLE 
;LOAD SCRATCHPAD ADDRESS INTO RO 
;MOVE DATA FROM SCRATCHPAD TO A 
;STORE IN EXTERNAL DATA TABLE 
;DECREMENT RO 
;INCREMENT R1 
;DECREMENT R7. SKIP IF NOT ZERO 

These are the abbreviations used in Table 6-2: 

A The Accumulator 

A03 Accumulator bits 0-3 

R Register RO or R1 

REG Accumulator. RO. R1. R2. R3. ·R4. R5. R6 or R7 

RN Register RO. R1. R2. R3. R4. R5. R6 or R7 

T Timer/Counter 

C Carry status 

AC Auxiliary Carry status 

MBO Program memory bank 0 

MB1 Program memory bank 1 

MBN MBO or MB1 

The Instruction register 

12 Second object code byte 

PC The Program Counter 

PC10 The Program Counter. bits 0-10 

PCL The Program Counter. bits 0-7 

PCH The Program Counter. bits 8-11 

SP Stack Pointer: PSW bits O. 1 and 2 

PSW The Program Status Word which has bits assigned to status flags as follows: 

7 6 5 4 3 2 o "'-BitNo. 

"I c""""l A"'C I~FO""'I-Fl""l-l "'ISP-2""1 S-Pl""ISPO-1 

S FO or F1 

DATA 8-bit immediate dala 

DEV An I/O device 

PORT I/O Port P1. P2 

ADDR An 11-bit address. specifying a data memory byte 

ADDRa The low-order eight bits of a memory address 

[] Contents of location identified within brackets 

[[ ]] Scratchpad memory byte addressed by location identified within brackets 

! []} External memory byte addressed by location identified within brackets 

([]) Program memory byte addressed by location identified within brackets 
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Move data in direction of arrow 

-Exchange contents of locations on either side of arrow 

+ Add 

Subtract 

A AND 

V OR 

¥ Exclusive-OR 

BUS Bus 1/0 port 

P1 1/0 Port 1 

P2 I/O Port 2 

EP 8243 Expander Port P4. P5. P6 or P7 

PN P1 or P2 
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The following symbols are used in Table 6-3: 

bbb Three bits designating which bit of the Accumulator is to be tested. 
ee Two bits designating an 8243 Expander port: 

00 - P4 
01 - P5 
10 - P6 
11 - P7 

k One bit selecting a memory or register bank: 
o MBO or RBO 
1 MB1 or RB1 

MM Eight bits of immediate data 
nnn Three bits designating one of the eight general purpose registers 
pp Two bits designating one of the on-chip I/O ports: 

00 - BUS 
01 - P1 
10 - P2 

qq Two bits designating either I/O Port 1 or 1/0 Port 2: 
01 - P1 
10 - P2 

One bit selecting a pointer register: 
o - RO 
1 - R1 

xxx The high-order three bits of a program memory address 
XX The low-order eight bits of a program memory address 
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Table 6-3, 8048 Series Instruction Set Object Codes 

INSTRUCTION OBJECT CODE BYTES 
MACHINE 

INSTRUCTION OBJECT CODE BYTES 
MACHINE 

CYCLES CYCLES 

ADD A.AN 01101nnn 1 1 JOBF ADDR8 86 xx 2 2 
ADD A.11IJR 0110000r 1 1 JTF ADDR8 16 XX 2 2 
ADD A.#DATA ,03 MM 2 2 JTO ADDR8 38 XX 2 2 
ADDC A.AN 01111M" 1 1 JTl ADDR8 58 XX 2 2 
ADDC A.@R 0111000r 1 1 JZ ADDR8 C8 XX 2 2 
ADDC A.#DATA 13 MM 2 2 MOV A.#DATA 23 MM 2 2 
ANL A.RN 01011nnn 1 1 MOV A.PSW C7 1 1 

ANL A.@R 0101000r 1 1 MOV A.RN lllllnnn 1 1 

ANL A.#DATA 53 MM 2 2 MOV A.@R 1111000r 1 1 

ANL PORT. #DATA l00llOpp 2 2 MOV A.T 42 1 1 

'MM MOV PSW.A 07 1 1 

ANLD EP.A 10011108 1 2 MOV RN.A 10101Mn 1 1 

CALL ADDR xxxl0l00 2 2 MOV RN.#DATA 10111nn 2 2 

XX MM 
CLR A 27 1 1 MOV @A.A 1010000r 1 1 

CLR C 97 1 1 MOV @R.#DATA 101'1000r 2 2 
CLR Fl A5 1 1 MM 
CLR FO 85 1 1 MOV T.A 82 1 1 
Cpl A 37 1 1 MOVD A.EP 00001108 1 2 
Cpl C A7 1 1 MOVD EP.A OOfll108 1 2 
CPL FO 95 1 1 MOVP A.@A A3 1 2 

CPL Fl B5 1 1 MOVP3 A.@A E3 1 2 
DA A 57 1 1 MOVX A.WR 1000000, 1 2 
DEC A 07 1 1 MOVX @R.A l001000r 1 2 
DEC RN ll00lnnn 1 1 NOP 00 1 1 
DIS I 15 1 1 ORL A.RN 0100lnnn 1 1 
DIS TCNTI 35 1 1 ORL A.@R 0100000r 1 1 
DJNZ RN.ADDR8 11101m 2 2 ORL A.#DATA 43 MM 2 2 

xx ORL PORT.#DATA l00010pp 2 2 
EN I 05 1 1 MM 
EN TCNT) 25 1 1 ORLD EP,A 10001108 1 2 
ENTO CLK 75 1 1 OUT DBB.A 02 1 1 
IN A.PN oooolOqq 1 2 OUTL BUS.A 02 1 2 
IN A.DBB 22 1 1 OUTL PN.A 001110qq 1 2 
INC A 17 1 1 RET 83 1 2 
INC RN 000llnnn 1 1 RETR 93 1 2 
INC .'I'R 0001000r 1 1 RL A E7 1 1 
INS A.BUS 08 1 2 RLC A F7 1 1 
JBb ADDR8 bbb'l0010 2 2 RR A 77 1 1 

XX RRC A 87 1 1 
JC ADDRB ,F6 XX 2 2 sa MBk lllkOl01 1 1 
JFO ADDR8 B6 XX 2 2 sa RBk 1101<0101 1 1 
JFl ADDR8 76 XX 2 2 STOP TCNT 65 1 1 
JMP ADDR xxx00100 2 2 STAT CNT 45 1 1 

XX STRT T 55 1 1 
JMPP @A B3 1 2 SWAP A 47 1 1 
JNC ADDR8 E6 XX 2 2 XCH A.RN 00101nnn 1 1 
JNI ADOR8 B6 XX 2 2 XCH A.',J\ 0010000r 1 1 
JNIBF ADDR8 06 XX 2 2 XCHD A. '!lR 0011000r 1 1 
JNTO ADDR8 28 XX 2 2 XRL A.RN 11011nnn 1 1 
JNTI ADDR8 46 XX 2 2 XRL A,tfl;fl 1101000r 1 1 
JNZ ADOR8 96 XX 2 2 XRL A.#DATA 03 MM 2 2 

THE 8041 SLAVE MICROCOMPUTER 

This device is also referred to in Intel literature as a Universal Programmable Interface (UP!); it represents a sim
ple variation of the 8048 microcomputer. 

The 8741 is a slave variation of the 8748 microcomputer. 

This discussion of the 8041 and 8741 slave microcomputers explains differences as compared to the 8048 and 
8748; you should therefore read the following pages after reading the 8048 and 8748 descriptions. 
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AN 8041 FUNCTIONAL OVERVIEW 
The principal difference between the 8048 and the 8041 is the fact that the 8041 Data Bus and I/O Port 0 are 
used exclusively to communicate with a master microprocessor. The 804; generates no external Address or 
Data Bus. so on-chip 8041 program memory and scratchpad data memory cannot be expanded. 

External interrupt logic. which is available on the 8048. is not available on an 8041; the 8041 uses this logic as 
a handshaking interrupt for data input from the master microprocessor. 

8048 and 8041 logic are compared functionally in Figure 6-15. 

Program 
Status Word 

Accumulator 

Counter/TImer 

Figure 6-15. A Comparison of 8048 and 8041 Functional Logic 
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Communications betw"en an 8041 and a master microprocessor are very limited. Data must be transferred byte
by-byte under program control. with nearly all handshaking protocol being implemented via program logic. You must 
therefore define the protocol within the logic of your 8041 and master microprocessor programs. A rigid protocol Is 
absolutely necessary. since the 8041 offers no protection against data transfer contentions. 

8041 DATA BUS LOGIC 
8041 Data Bus logic may be Illustrated conceptually as follows: 

Master 
Microprocessor 

A 

< .. 
... 
.. 

., 

... 

Connected 
as follows: 

-Fl Bit 3 
FO - 8it2 

IBF - Bit 1 
OBF - Bit 0 

Dats 
Out 

Buffer .. 

.. Dats 
In 

Buffer 

Buffer 
Status register 

Fl 

FO 

IBF 
~ 

OBF 

~ 

... 
) 8041 LOGIC 

II' 

~ 

In reality. the Data Out buffer and the Data In buffer are a single piece of logic; however. operations occur (to 
some extent! as though there were two separate buffers. 

A master microprocessor wiilaccess an 8041 as two I/O ports or two memory locations. These locations are iden
tified via chip select (CS) and address (AO) input Signals as follows: 

CS AO 

{

Reed from Oats Out 
buffer 

o 0 Write to Oats In buffer 
and reset 
Fl Buffer ststus to 0 

{

Read from Buffer 
Ststus rejjister 

o Write to Oats In buffer 
and set 
F 1 Buffer status to 1 
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"Read" and "Write" above refer to master microprocessor operations. 

The 8041 accesses the Data Bus buffer register as I/O Port O. The Status register is inaccessible to the 8041 as an 
addressable I/O port; however. there are specific 8041 instructions that access the FO and F1 8uffer Status bits. 

The four Buffer Status register bits may be defined as follows: 

OBF is the output buffer full flag. This flag is automatically set to 1 when the 8041 outputs data 
to the Data Out buffer. When the master microprocessor reads the contents of the 'Data Out 
buffer. the OBF flag is reset to O. 

IBF is the input buffer full flag. This flag is set to 1 when the master microprocessor writes data 

8041 
BUFFER 
STATUS 
REGISTER 

into the Data In buffer. This flag is reset to 0 when the 8041 subsequently reads data from the Data In buffer. 

FO is a general-purpose flag which can be set or reset by the 8041. The master microprocessor can sample FO by read
ing Buffer Status register contents. 

F1 is another general-purpose flag which can be modified by the 8041. F1 is also set or reset to the level of AO 
whenever the master microprocessor writes data into the Data In buffer. The master microprocessor can sample F1 by 
reading Buffer Status register contents. 

When the master microprocessor reads buffer status. flags appear on the Data Bus lines as follows: 

07 }u_ 06 
05 
04 
03 F1 
02 FO 
01 IBF 
DO OBF 

Whenever the 8041 outputs data to 1/0 Port O. the data is stored in the Data Out buffer and the OBF status flag is set to 
1 ; when the master microprocessor subsequently reads the contents of the Data Out buffer. the OBF flag is reset to O. 

When the master microprocessor writes to the 8041. the data is loaded into the Data In buffer. the IBF status is set to 1 
and an interrupt request is generated within the 8041; this interrupt request replaces the external interrupt logic of the 
8048. The IBF status is cleared when the 8041 subsequently reads the contents of the Data In buffer. 

The FO flag is set or reset by the 8041 using appropriate instructions. There is no predefined manner in which this flag 
is interpreted; your program logic can use this flag in any way. 

The F1 flag is set to the level of the AO Signal input whenever the master microprocessor writes a control byte into the 
Data In buffer. In reality. there is no difference between a control byte and a data byte; that is to say. there is no pre
defined way in which the 8041 will interpret the contents of the Data In buffer based on the F1 flag level. 

The master microprocessor reads data which has been output by the 8041; the master microprocessor cannot read 
back data which it wrote to the 8041. 

The 8041 inputs from 1/0 Port 0 data that was written by the master microprocessor; the 8041 cannot read back data 
which it previously output to 1/0 Port O. 

8041 I/O PORTS ONE AND TWO 
Physically. 8041 I/O Ports 1 and 2 have logic which is identical to the 8048. Thus the pseudo-bidirectional 110 port 
characteristics described for the 8048 1/0 Ports 1 and 2 apply also to the 8041 1/0 Ports 1 and 2. 

Note that the 8041 does not generate an external Address 8us. therefore 1/0 Port 2 pins P20 - P23 never output ad
dress information. 

8041 AND 8741 PROGRAMMABLE REGISTERS 
The 8041 and 8741 have a 1 O-bit Program Counter. The 8048 and 8748 have a 12-bit Program Counter. These are the 
only differences between the 8041 series and 8048 series programmable registers. 

8041 AND 8741 ADDRESSING MODES 
The 8041 and 8741 can address only on-chip memory. This includes the 1024 bytes of on-chip program memory and 
64 bytes of on-chip scratchpad data memory. 8041 and 8741 addressing modes are identical to the 8048 and 8748 
on-chip memory addressing modes. Of course. the 8048 and 8748 external memory addressing modes will not apply 
to the 8041 or the 8741. 
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8041 AND 8741 STATUS 
The 8041 and 8741 slave microcomputers have two Status registers. First. there is the Buffer Status register. 
which is part of the Data Bus logic. We have already described this 4-bit Status register. The 8041 and 8741 
also have the 8-bit Program Status Word described for the 8048 series microcomputers. 8041 and 8048 Pro
gram Status Words are identical. 

8041 AND 8741 SLAVE MICROCOMPUTER OPERATING MODES 
The 8041 and 8741 can be operated in Internal Execution mode and Debug mode; in addition. the 8741 can be 
operated in Single Stepping mode. Programming mode and Verification mode. Neither the 8041 nor the 8741 
can be operated in External Memory Access mode. 

8041 AND 8741 PINS AND SIGNALS 
There are a few differences between 8041 and 8741 pins and signals. as compared to the 8048 and 8748. 
Figure 6-16 defines 8041 and 8741 pins and signals; the four changed signals are shaded. 

1 40 VCC (+5V) 

2 39 T1 

3 38 P27 
4 37 P26 

5 36 P25 
6 35 P24 
7 34 P17 
8 33 P16 
9 32 P15 

10 8041 31 P14 
11 8741 30 P13 
12 29 P12 
13 28 Pll 
14 27 Pl0 
15 26 VDD 
16 25 PROG 
17 24 P23 
18 23 P22 
19 22 P21 

21 P20 

PIN NAME DESCRIPTION TYPE 

DBO - DB7 Bidirectional I/O port, Data Bus and Bidirectional, tristate 
low-order eight Address Bus lines 

Pl0 - P17 I/O Port 1 Quasibidirectional 
P20 - P27 I/O Port 2, P20 - P23 also serves as four Quasibidirectional 

high-order Address Bus lines 
__ ~~~R~~ii~ 

RD Data memory read control Output 
Wif Data memory write control 

Tl 
RESET 
Vss 
VCC 
VDD 

PROG 

XTAL1, XT AL2 

input, event counter input 
System reset and EPROM address latch 
Ground 
+5V 
+ 25V to program 8741. + 5V standby 
for 8041 RAM 
+ 25V input to program 8741. Control 

output for 4-bit I/O 
Extemal crystal connections 

Bidirectional 

Figure 6-16. 8041 and 8741 Microcomputer Pins and Signals 
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CS and AO are the device select inputs which we have already described. 

SYNC is an external synchronizing signal which is output once per machine cycle. 

TO cannot be connected to the internal system clock; other uses of TO are the same for the 8041/8741 and the 
8048/8748. 

All other signals are identical to the 8048 and 8748 as previously described. Note. however. that no addresses are out
put on the OBO - OB7 pins or the P20 - P23 pins. 

8041 SERIES TIMING AND INSTRUCTION EXECUTION 
The 8041/8741 clock signals and instruction execution timing logic is identical to the 8048/8748. Of course. the 8041 
and 8741 have no external memory reference instructions. therefore timing associated with these instructions will not 
apply. 

8741 SINGLE STEPPING AND PROGRAMMING MODE 
Single Stepping and Programming modes of operation are available only with the 8741; the 8041 cannot be 
operated in these modes. 

There are. of necessity. some differences between 8741 and 8748 Single Stepping and Programming modes; 
this is because the 8741 has no ALE signal and no output Address Bus. 

In Single Stepping mode. the 8741 is stopped by applying a low SS input when SYNC is low. 

The 8741 responds by stopping during the next instruction fetch. At this time. SYNC is· maintained high. The address 
of the next instruction to be accessed appears at I/O Port 1 and the low-order two bits of I/O Port 2. This condition is 
maintained until SS is input high again. Timing may be illustrated as follows: 

SYNC ---1 

Pl0-PI7------------------------~r_----------------~~--_v-----------------PCO - PC9 

PW-~I------------------------~----------------_i~--~----------------
There are also some minor differences between 8741 and 8748 Programming modes. The ten-step 8741 pro
gramming sequence is therefora given below. Differences as compared to the 8748 are shaded. 

Step 1) Initially +5V is input at VOO. III. TO and EA. RESET and II are held at ground. Under these conditions you 
insert the 8741 into the programming socket. You must make certain to insert the 8741 correctly. If you 
insert the 8741 incorrectly you will destroy it. 

Step 2) 

Step 3) 

Step 4) 

Step 5) 

Step 6) 

Step 7) 

Step 8) 

Step 9) 

Step 10) 

TO is pulled to ground: this selects Programming mode. 

+25V is applied to EA. This activates Programming mode. 

A 10-bit memory address is applied via OBO - OB7 and P20 - P21. Remember. there are 1024 bytes of pro
gram memory on the 8741 device. The low-order eight address bits are input via OBO - OB7 while the two 
high-order address bits are input via P20 and P21. 

+5V is applied at RESET. This latches the address. 

The data to be written into the addressed programmed memory byte is input at OBO - OB7. 

In order to write the data into the addressed program memory byte apply +25V to VOO. then ground PROG. 
then apply a +25V pulse at PROG: the +25V pulse at PROG must last at least 50 milliseconds. 

Now reduce VOO to +5V. Programming is complete and verification is about to begin. 

In order to verify the data just written. apply +5V to the TO input. This selects Verify mode. 

As soon as Verify mode has been selected. the data just written is output on OBO - OB7. You must read and 
verify this data using appropriate external circuitry. Verification is now complete. 
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8041 INPUT/OUTPUT PROGRAMMING 
The only differences between 8041/8741 and 8048/8748 input/output programming are those which result 
from the unique 8041 I/O Port 0 logic - which we have described. 

8041 COUNTERITIMER OPERATIONS 
8041 series and 8048 series counter/timer operations are identical. 

8041 INTERRUPT LOGIC 
The entire external interrupt logic of the 8048 has been converted in the 8041/8741 Data Bus handshaking in
terrupt logic. This interrupt request occurs every time a master microprocessor writes to either of the 
804118741 addressable locations. 

In order to generate external interrupt logic at an 8041 or 8741 you must use the counterltimer. By loading the 
counter/timer with an initial value of FF16 and operating the counterltimer in Counter mode. the first high-to-Iow input 
transition on T1 will generate a Timer interrupt request. Of course. if you are using the counterltimer in this way. you 
cannot use it for any of its normal functions. 

PROGRAMMING 8048-8041 DATA TRANSFERS 
The only complexity associated with programming an 8041 involves data transfers between the 8041 and a 
master microcomputer. Programming these data transfers is not straightforward. 

We described earlier how there are separate data paths for data entering or leaving the 8041 via the Data Bus buffer. 
Nevertheless. if a master microcomputer attempts to write to the 8041/8741 while the 8041/8741 is 
simultaneously outputting to I/O Port 0, then there will be an undefined result. This is unfortunate. since there are 
no signals or indicators of any kind allowing the master microcomputer to lock out the 8041/8741; nor can the 
8041/8741 lock out the master microcomputer. Lock out logic must be implemented by you, via your program 
logic. Program logic must also make sure that data written by a master microcomputer has been read by the 
8041/8741 before the master microcomputer writes any new data; similarly. the 8041/8741 must make sure that any 
data it has output to I/O Port 0 has been read by the master microcomputer before the 8041/8741 attempts to output 
new data to I/O Port O. 

Let us look at the programming steps required for error free data transfers between the 8041/8741 and a 
master microcomputer. Programming examples assume an 8048 is the master microprocessor because the 8048 is 
described in this chapter and has an instruction set that is similar to the 8041. In reality. the master microprocessor is 
likely to be an 8085-type device. 

The master microcomputer can make sure that it does not overwrite dats by testing both the IBF and the OBF flags; 
that is to say. the master microcomputer will not attempt to write data to the 8041/8741 if prior data it wrote is waiting 
to be read by the 8041/8741. or if data output by the 8041/8741 is waiting to be read by the master microcomputer. 
The following master microcomputer output instruction sequence will suffice: 

MOV 

MOVX 
RRC 
JC 
RRC 
JC 
DEC 

0.ADDR+1 

A.@O 
A 
NEXT 
A 
READ 
o 

;LOAD 8041 ADDRESS INTO 8048 REGISTER RO 

;LOAD STATUS 
;TEST LOW ORDER (OBF) FLAG 
;IF IT IS 1. DO NOT WRITE NEW DATA 
;TEST NEXT BIT OBF) FLAG 
;IF IT IS 1. DATA IS WAITING TO BE READ 
;OK TO OUTPUT 
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But this scheme does not prevent the master microcomputer and the 8041/8741 from simultaneously accessing the 
Data Bus buffer. This must be guaranteed by 8041/8741 lock out logic. The 8041/8741 can use programming logic or 
interrupt logic to lock out the master microcomputer. Using programming logic. the 8041/8741 will use the FO flag to 
identify those time intervals when the master microcomputer is free to access the Data Bus buffer. Now any 8048 
master microcomputer instruction sequence that accesses the 8041/8741 will first read 8041/8741 status and test the 
FO flag. If this flag is "false". no datil transfer must occur. Continuing our master microprocessor instruction sequence. 
this may be illustrated as follows: 

TEST 

READ 

MOV 0.ADDR+1 ;LOAD 8041 ADDRESS INTO 8048 REGISTER RO 

MOVX 
RRC 
JC 
RRC 
JC 
RRC 
JNC 
DEC 
MOV 
MOVX 
JMP 
RRC 
JNC 
DEC 
MOVX 
MOV 
JMP 

A.@O 
A 
NEXT 
A 
READ 
A 
TEST 
o 
A.@1 
@O.A 
OUT 
A 
TEST 
o 
A.@O 
@l.A 
OUT 

;LOAD STATUS 
;TEST LOW ORDER (OBF) FLAG 
;IF IT IS 1. DO NOT WRITE NEW DATA 
;TEST NEXT BIT OBF) FLAG 
;IF IT IS 1. DATA IS WAITING TO BE READ 
;TEST FO FLAG 
;IF FO IS O. MASTER IS LOCKED OUT 
;FO IS 1 SO IT IS OK TO OUTPUT DATA 
;LOAD DATA TO BE OUTPUT INTO ACCUMULATOR 
;OUTPUT DATA TO 8041 

;TEST FO FLAG 
;IF FO IS O. MASTER IS LOCKED OUT 
;FO IS 1 SO IT IS OK TO READ DATA 
;INPUT DATA 
;STORE IN SCRATCHPAD 

The instructions above assume that scratchpad register R1 addresses the scratchpad byte out of which written data is 
fetched. or into which read data is stored. 

If there is heavy traffic between an 8041/8741 and a master microcomputer. then the 8041/8741 should use interrupt 
logic to identify times when a master microcomputer can either output data to the 8041/8741 or input data from the 
8041/8741. To do this. one or two 8041/8741 1/0 port pins must be set aside as interrupt request generation lines. 
Now the master microcomputer will not access the 8041/8741 except within an interrupt service routine which is initi
ated by an interrupt request arising from one of the two dedicated 8041/8741 1/0 port pins. 

Data transfers from the 8041/8741 to the master microcomputer are easy to program. When the 8041/8741 writes to 
1/0 Port O. the OBF flag is set to 1; this flag is reset to 0 when a master microcomputer reads data. Thus. the 8041/8741 
simply tests the OBF status before outputting data; here are appropriate instructions: 

CLR FO ;ZERO FO TO LOCK OUT THE MASTER MICROPROCESSOR 
JOBF NEXT ;TEST OBF FLAG 
OUT DBB.A ;IF IT IS ZERO. OUTPUT NEXT DATA BYTE 
CPL FO ;SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 

NEXT 
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The 8041/8741 can respond to data arriving from the master microcomputer by using polling logic or interrupt logic. If 
polling logic is used. then the 8041/8741 must test the IBF flag before reading any data that the master microcomputer 
has output. In order to determine whether the master microprocessor has output data or a control code. the 8041/8741 
must also check the F1 flag. Here is an appropriate instruction sequence: 

CONT 

NEXT 

CLR FO ;ZERO FO TO LOCK OUT THE MASTER MICROPROCESSOR 
JNIBF NEXT ;TEST FOR DATA WAITING TO BE READ 
JF1 CONT ;DATA IS READY TO BE READ. TEST 

;FOR DATA BYTE OR CONTROL BYTE 
IN A.DBB ;READ DATA 
CPL FO ;SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 

IN 
CPL 

A.DBB ;READ CONTROL CODE 
FO ;SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 

If 8041/8741 data input logic is interrupt driven. then external interrupts must be left enabled. Now as soon as the 
master microcomputer outputs data to the 8041/8741. an interrupt request will occur. followed by a Call 3 instruction 
being executed. Beginning at memory location 3. the following instruction sequence will initiate the data input inter
rupt service routine within the 8041/8741 : 

ORG 3 
JMP DTIN ;JUMP TO DATA INPUT ROUTINE 

DTIN CLR FO ;ZERO FO TO LOCK OUT MASTER MICROPROCESSOR 
JF1 CONT ;TEST FOR DATA TYPE 
IN A.DBB ;READ DATA 

CONT IN A.DBB ;READ CONTROL CODE 

CPL FO ;SET FO TO ALLOW MASTER MICROPROCESSOR ACCESS 
RET ;RETURN FROM INTERRUPT SERVICE ROUTINE 

The master microprocessor must not write to the 8041 /8741 while data that the 8041/8741 has output is waiting to be 
read; similarly. the 8041/8741 cannot output data to the master microprocessor while data from the master 
microprocessor is waiting to be read by the 8041/8741. In each case. prior data will be overwritten and lost. In order to 
prevent this from happening. you must have appropriate lock out logic. FO is used for this purpose above. 

THE 8041/8741 INSTRUCTION SET 

The 8041/8741 instruction set differs from the 8048/8748 in minor ways only. Tables 6-2 and 6-3 therefore 
summarize the instruction set for both the 8048 series and 8041 series microcomputers. 
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• All 8021 I/O port pins have unique characteristics 

lim These signals are not present in an 8021 

~ 8021 T1 characteristics are unique 

''' __ '," "=:1~o~~!er ___ "" 

8021=10 bits 

Accumulator 

Counter/Timer 

Figure 6-17. A Comparison of 8048 and 8021 Functional Logic 
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THE 8021/8022 SINGLE·CHIP MICROCOMPUTERS 

The 8021/8022 are low-cost subsets of the 8048 single-chip microcomputer family. Unlike the 8041. the 
8021/8022 are not designed to operate as a slav. microcomputer. The 8021/8022 are intended for high
volume. low-cost applications with limited microcomputer logic requirements. The only easy way in which an 
8021/8022 microcomputer can be expanded is by adding an 8243 Input/Output Expander. There is no simple way to 
increase either 8021/8022 program memory or data memory. over and above that which is internal to it. 

This discussioll of the 8021/8022 single-chip microcomputers explains differences as compared to the 8048 
and 8748; you should therefore read the following pages after reading the 8048 and 8748 descriptions. 

In the following discussion all references to 8021 mlcrojlomputers are assumed to also apply to 8022 microcom
puters unless otherwise noted. The 8022 Is described in detail in a later section. 

AN 8021 FUNCTIONAL OVERVIEW 
The principal difference between the 8048 and the 8021 Is the fact that the 8021 has no Data Bus. and I/O Port 
o is simply another I/O port. Thus. the only way in which an 8021 can communicate with logic beyond the chip itself 
is via its I/O ports. which have no accompanying handShaking control signals. In contrast. the 8041 has I/O Port 0 logic 
designed for two-way communication between the 8041 and a master microprocessor. The 8021 cannot distinguish 
between a master microprocessor or any other external logic. 

The 8021 has no external interrupt logic and only one Test input. 

Only two control signals are output by the 8021: a synchronizing clock Signal and an 8243 Input/Output Expander 
control strobe. 

With these reduced capabilities. the 8021 is packaged as a 28-pin DIP. in contrast to other members of the 8048 
series including the 8022. which are packaged as 40-pin DIPs. 

The 8021 can be driven by a crystal oscillator with a maximum 3 MHz frequency. This is half the maximum fre
quency of the 8048 and 8041. but equivalent to the maximum frequency of the -8 parts. This 3 MHz crystal generates 
10-microsecond machine cycles. Thus. all 8021 instructions execute in either 10 or 20 microseconds. 

Functionally. 8048 and 8021 logic are compared In Figure 6-17. 8021 pins and signals are illustrated in Figure 
6-18. 

80211/0 PORT PINS 
8021 I/O port pins are referred to as quasi-bidirectional. a term we also use to describe 8048 I/O port pins. 8048 
and 8021 I/O port pin logic Is identical. 

THE T1 PIN 
The T1 pin on the 8021 microcomputer can be used as a test input which can be sampled by a Jump-on-Condi
tion instruction. and it can also be used to Input a signal to CounterlTlmer logic when it is serving as an event 
counter. These are the same functions that the Tl pin performs on the 8048 microcomputer. The electrical charac
teristics of the T1 pin on the 8021. however. differ from those of the 8048. On the 8021. the Tl pin has a special 
bias input that allows zero crossover senSing of slowly changing AC signals. The following circuit could be used to 
detect when the input to Tl crosses zero within ±5% 

0.1 ILl 

~3v~~ ___ 8_02_1 __ ~ 
As a ROM mask option. you can specify an Internal pullup resistor for the T1 input. This option would be useful if 
you are using a switch contact or standard TTL as the input to n. 
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P22 
P23 

PSEN 

POO 

POl 

P02 

P03 

P04 

P05 
P06 

P07 

ALE 
Tl 

(GND)VSS 

PIN NAME 

POO - P07 
Pl0 - P17 
P20 - P23 
ALE 
PSEN 
Tl 

RESET 
XTAL1. XTAL2 

Vss 
VCC 

1 

2 
3 
4 

5 

6 

-- 7 -
8 

9 

10 
...... 11 

12 

13 

14 

8021 

DESCRIPTION 

I/O Port 0 
I/O Port 1 
I/O Port 2 
Clock signal 
8243 Control 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 
16 

15 

Test input. optional 
event counter 
System reset 

_a -

External crystal connections 
Ground 
Power 

VCC (+5V) 

P21 

P20 

P17 

P16 

P15 

P14 

P13 

P12 

Pll 

Pl0 

RESET 

XTAL2 

XTAL1 

TYPE 

Ouasibidirectional 
Ouasibidirectional 
Ouasibidirectional 
Output 
Output 
Input 

Input 

Figure 6-18. 8021 Microcomputer Pins and Signals 

THE 8021 RESET INPUT 
When the 8021 is reset. the same internal operations occur as described for the 8048; the Program Counter and 
Program Status Word are cleared and 1 is output to I/O port pins. However. 8021 reset logic has been modified so 
that the 8021 can operate with noisy power supplies. You have one of two options. which may be illustrated as 
follows: 

Option A (Reset when power falls below 1.5V) 

RESET T t--I -0 VCC 

l/LF 
10V 

Option B (Operate as long as power will drive chip) 

RESET ..... ..------11 .. 1--0 VCC 

In the case of Option A. you connect the diode between reset and ground to force a reset whenever power drops below 
1.5V. Thus. operations will stop while power falls below 1.5V. but when normal power returns operations will restart. 
Since chip operations continue only as long as power remains high enough to maintain the contents of chip read/write 
locations. this circuit guards against execution with faulty data. By removing the diode. as illustrated in Option B. this 
reset feature is eliminated and the 8021 will operate as long as power is sufficient to drive logic internal to the chip. 
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THE 8021 CLOCK INPUTS 
A crystal Resistor/Capacitor or inductor circuit can be connected to the XTL 1 and XTL2 pins to provide the 
needed internal clock signal. The maximum external crystal frequency allowed is 3 MHz. This generates 10-microse
cond machine cycles. All instructions execute in 1 or 2 machine cycles. 

THE 8021 TIMER/COUNTER 
Logic associated with the 8021 timer/counter is identical to that which we have described for the 8048. The 
contents of the Accumulator can be moved to the CounterlTimer register. which is subsequently incremented once ev
ery 32 crystal oscillations in Timer mode. or once every high-to-Iow transition of a T1 input in Counter mode. However. 
there is no interrupt logic on the 8021. which means that a time-out will not cause an interrupt request to occur. You 
must therefore test for a time-out under program control using the JTF (Branch-on-Timer Flag) instruction. 

8021 SCRATCH PAD MEMORY AND PROGRAMMING 
In addition to the lack of interrupt logic. the 8021 has no Status register and data memory is simplified. 

Instead of having a Status register. the 8021 has a 3-bit Stack Pointer and a single Carry status flag. 

Data memory consists of eight general purpose registers in scratchpad bytes 0-7. plus a 16-byte Stack which uses 
scratchpad bytes 8-1716. This stack allows subroutines to be nested to a level of 8. The 8021 does not have the second 
set of eight registers located in scratchpad bytes 1816 - 1 F16. as is available on the 8048 and the 8041. 

THE 8021 INSTRUCTION SET 

The 8021 instruction set is a subset of the 8048 instruction set. In Table 6-1. 8021 instructions are identified. 

THE 8022 SINGLE-CHIP MICROCOMPUTER 

The 8022 is an upgraded 8021. That Is to say. the 8022 is a low-end. non-expandable 
microcomputer like the 8021. These two microcomputers are virtually identical. Their 
differences can be summarized as follows: 

1) ROM capacity has been expanded from 1K for the 8021 to 2K for the 8022. 

2) An 8-bit on-chip A/D converter has been added. 

8022 
MICROCOMPUTER 

3) Port 0 has a mask option that allows it to be used as a capacitive touch panel Input port. 

4) Port 2 has eight bits Instead of four. 

6) The TO test pin. which was omitted on the 8021. is present on the 8022. 

6) The 8022 Is packaged as a 4O-pln DIP rather than a 28-pin DIP. 

7) There are some minor differences between the instruction set of the 8021 and that of the 8022. Table 6-1 
identifies the 8022 instructions. 

In all other respects. the 8021 and the 8022 are identical. These modifications and additions make the 8022 a 
much more useful microcomputer than the 8021. The ability to perform on-chip AID conversion is quite powerful. It 
can be used to provide a wide variety of analog inputs to the microcomputer. Data such as temperatures. voltages. and 
rates of flow can all be input directly to the 8022 system without the need for external AID logic. The additional 1 K of 
program memory allows for more complex programs than would be possible with the 8021. Chip count is greatly 
reduced by both the on-board AID converter and the touch panel input circuitry. 

8022 A/D CONVERTER 
The on-board AID Is implemented using a resistor ladder network. A block diagram is shown in Figure 6-18a. The 
Successive Approximation register drives the resistor ladder network. This selects a voltage to be compared with an 
unknown analog input. Note that two analog Inputs are provided. They are selected via the SEL ANO and SEL 
AN1 instructions. The comparison proceeds from most significant to least significant bit. It takes eight comparisons 
to perform an entire conversion. Two comparisons are performed during each instruction cycle. therefore it 
takes four instruction cycles to perform an AID conversion. The contents of the Conversion Result register can 
be read via the RAD (Read AID) instruction. Since the Conversion Result register is latched. a RAD instruction 
can be executed at any time. although the Conversion Result r.egister is updated only once every four instruc
tion cycles. The relatively fast (:::.::40 p.s) conversion makes it possible to multiplex many analog inputs. The 8022. as 
stated above. can multiplex two analog inputs. Additional analog inputs can be multiplexed via external logic accessed 
through the I/O ports. 
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ANO 

AN1 

Input 
Select 

Resistor Ladder 

Tap Selector 

Conversion Result 
Register CRR 

Start 

Clock 

Figure 6-18a. 8022 Analog-to-Digital Converter 

8022 PORT 0 TOUCH PANEL INPUT 

Latch 

Capacitive touch panels are becoming widely used as Input devices to microcomputers. The basic· principle 
behind the touch panel Is that a human finger Is placed across two plates of a capacitor, causing the capacitor to 
be discharged to ground. Two capacitors in series form the touch panel switch. One lead is attached to a high-voltage 
driver and the other lead is attached to one of the Port 0 input pins. The voltage spike produced by the capacitor's dis
charge is used to signal that a "key" has been pressed. The Input circuitry on Port 0 has a voltege comparator on 
each input line. Each comparator compares the voltage present on Its associated Input line with that of a com
mon threshold reference. the voltage gain of each comparator Is sufficient to sense a1 00 mV Input differential. 
Pull-up resistors may be placed on any or all of the pins of Port 0 as a mask option. In order for the touch panel to oper
ate correctly. the Port 0 outputs are open drain. Port 0 line transceiver circuitry is shown below: 

>-----+---11..-..... 1---11>-
rOUT '----- VpRESET 

IN 

When programming the touch panel, the Port 0 pins must first be set to all Os to set the capacitors at ground 
level. Then the Port 0 pins should be set to 1s to flost the pins so they can' be pulled low by the comparators. 
Slow moving noise. such as AC ripple. is rejected by initializing the capacitors each time Port 0 is accessed. 

8022 PINS AND SIGNALS 
This section will discuss only those signals which are unique to the 8022. These pins are rel
ated to the AID and touch panel capabilities of the 8022. Figure 6-18b illustrates the pinouts of 
the 8022. 

VTH is the threshold voltage to which all pins of Port 0 are compared. 

SUBSTRATE is a pin to which a substrate bypass capacitor is connected. 
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AVSS is the AID ground potential pin. This allows ground for the AID converter to be at a different potential from that 
of the 8022 ground. 

AVec is the supply voltage to the AID converter. It is nominally +5V. 

VLD1 Is the resistor ladder reference voltage. This is usually a regulated +5V. 

ANO and AN1 are the two analog Inputs to the AID converter. They are selected by the SEL ANO and SEL AN1 in
structions. 

P26 1 40 VCC 
P27 2 39 P25 

AVSS 3 38 P24 

VLD1 4 37 PROG 
AN1 5 36 P23 
ANO 6 35 P22 

AVCC 7 34 P21 
TO 8 33 P20 

VTH 9 32 P17 
POO 10 8022 31 P16 
P01 11 30 P15 
P02 12 29 P14 
P03 13 28 P13 
P04 27 P12 
POS 26 P11 
P06 25 P10 
P07 24 RESET 
ALE 23 X1 
T1 22 X2 

VSS 21 SUBSTRATE 

Pin Name Description Type 

POO - POB 
P10 - P17 Data Input and Output Bidirectional 
P20 - P27 
ANO.AN1 Analog Inputs Input 
TO. T1 Testable Inputs Input 

AVCC·AVSS AID Power and Ground Power 
X1. X2 Extemal Timing Timing 

VLD1 AID Resistor Ladder reference Power 

VTH Port 0 Comparetors reference Power 
ALE Extemal clock signal and address latch enable Output 
PROG Control output for expanded 1/0 Output 
RESET System Reset Input 
SUBSTRATE Substrate bypass for AID Power 

VCC.VSS Power and Ground 

Figure 6-1Bb. B022 Signals and Pin Assignments 
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THE 8243 INPUT/OUTPUT EXPANDER 

This support device expands I/O Port 2 of an 8041 or 8048 series microcomputer to four individually addressable 4-bit 
I/O ports. The 8243 Input/Output Expander is particularly useful in numerical applications where data is transferred in 
4-bit nibbles. 

Figure 6-19 illustrates that part of ou r general microcomputer system logic which has been implemented on the 8243 
Input/Output Expander. 

The 8243 Input/Output Expander is packaged as a 24-pin DIP. It uses a single +5V power supply. All inputs and out
puts are TTL-compatible. The device is implemented using N-channel MOS technology. 

8243 INPUT/OUTPUT EXPANDER PINS AND SIGNALS 
The 8243 Input/Output Expander pins and signals are illustrated in Figure 6-20. Functional internal architecture is il
lustrated in Figure 6-21. 

P20 - P23 represent the 4-bit bidirectional I/O port or bus connection between the 8243 Input/Output Expander and 
the 8048 series microcomputer. P20 - P23 must be connected to the low-order four pins of the microcomputer I/O Port 
2. Figu re 6-22 illustrates the 8243-8048 interface. 

P40 - P43. P60 - P63. P60 - P63 and P70 - P73 provide four bidirectional 1/0 ports. referred to as Ports 4.5.6 and 
7. respectively. These are 4-bit ports via which data is transferred to or from external logic. 

Data being output via one of these four ports is latched and held in a low impedance state. 

Data input is buffered. During a read operation 8243 I/O port pins are sampled - while the read is being executed; 
then I/O port pins are floated. 

CS is the single chip select signal for the 8243 device. CS must be low for the device to be selected. There is no 
specifically defined manner in which CS has to be created; in Figure 6-22 it is shown being decoded off the four high
order pins of I/O Port 2. 

PROG is the single control strobe output by the 8048 series microcomputer to time 8243 events. On the falling 
edge of PROG. data input via P20 - P23 is decoded as an I/O port select and operation specification. Resulting 8243 
operations are strobed by the rising edge of PROG. 

There is no Reset input to the 8243. The device is reset when power is first applied. or when 18243 RESET I 
power input at the:ycc pin drops below +1 volt. Following Reset. Port 2 is in Input mode while 
Ports 4. 5. 6 and 7 are floated. The 8243 device will exit the Reset mode on the first high-to-Iow transition of PROG. 
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Figure 6-19. Logic of the 8243 Input/Output Expander 
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PIN NAME 

P20 - P23 
P40 - P43 
P50 - P54 
PSO - PS4 
P70 - P74 
PROG 
es 
Vee. GND 

P50 
P40 
P41 
P42 
P43 
es 

PROG 
P23 
P22 
P21 
P20 

GND 

-

-

1 24 
2 23 
3 22 
4 21 
5 20 
6 8243 19 
7 18 
8 17 
9 16 -10 15 

11 14 
12 13 

DESCRIPTION 

BidirectionalI/O Port to CPU 
I/O Port 4 
I/O Port 5 
I/O Port 6 
I/O Port 7 
Address/Data Strobe 
Chip Select 
Power. Ground 

.. 

.. 

.. 

.. 

Vee 1+5V) 
P51 
P52 
P53 
P60 
PSI 
P62 
PS3 
P73 
P72 
P71 
P70 

TYPE 

Bidirectional. tristate 
Bidirectional. tristate 
Bidirectional. tristate 
Bidirectional. tristate 
Bidirectional. tristate 
Input 
Input 

Figure 6-20. 8243 Input/Output Expander Pins and Signals 

82431NPUT/OUTPUT EXftANDER OPERATIONS 
8048 and 8041 series microcomputers have four instructions designed specifically to access an 8243 In
put/Output Expander. These instructions are: 

MOVD PN.A 
MOVD APN 
ORlD PN.A 
ANlD PN.A 

These are the operations performed: 

1) You can output the low-order four Accumulator bits to 1/0 Expander Port 4. 5. 6 or 7. Following a write ·opera
tion the four port lines are held in a low impedance state. External logic does not receive any type of "data ready" 
signal after data has been output: however. as illustrated in Figure 6-22. you can easily create such a signal by 
combining PROG and device select logic. 

2) You can input data from Port 4.5.6 or 7 of the 8243 device to the four low-order Accumulator bits. Again Figure 
6-22 shows how you can create a strobe signal which tells external logic when to apply data to an 1/0 port of the 
8243 device. 

3) You can output data from the low-order four Accumulator bits to one of the four 8243 device ports. but instead of 
simply writing to the port. you can AND or OR with data already in the port output latch. That is to say. you per
form a Boolean operation between the four low-order Accumulator bits and the data most recently output to the 
8243 port. 

You cannot perform a Boolean operation between the low-order four Accumulator bits and data input to an 
8243 port; the input data is buffered. not latched. You must read the input data to the Accumulator and mask it there. 

8243 device Ports 4. 5. 6 and 7 have been designed to operate continuously as input ports or output ports. If 
you switch a port from input to output. or from output to input. then the first 4-bit data unit written or read will 
be erroneous and should be discarded. 
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Figure 6-21. Functional Diagram of the 8243 Input/Output Expander 
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Figure 6-22. An 8243/8048 Configuration with External Logic Read and Write Strobes 
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Figure 6-23. Timing for Data Output to an 8243 Port Via 
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Figure 6-24. Timing for Data Input from an 8243 Port 

t 
I 

Timing for 8243 port accesses is illustrated in Figures 6-23 and 6-24. 

Roat 

N_ output data 

Float 

In each case an instruction is output via P20 - P23 of the 8048 microcomputer on the high-to-Iow transition of 
PROG. The instruction is decoded as follows: 

P20 P21 
o 0 
o '1 
1 0 
1 1 

8243 Port Selected 
Port 4 
Port 5 
Port 6 
Port 7 

P22 
o 
o 
1 
1 

P23 Function Defined 
o Read from Port 
1 Write to Port 
o OR with Port 
1 AND with Port 

The actual I/O operation within the 8243 device is strobed by the subsequent low-to-high transition of PROG. 

Observe that external logic must transmit data to an 8243 1/0 port on the high-to-Iow transition of PROG. External logic 
must read data output after the low-ta-high transition of PROG. These signals to external logic are shown in Figure 
6-22. Let us take a more careful look at this figure. 

The 8243 device select CS is derived in some fashion from the four high-order lines of the 80481/0 Port 2. The manner 
in which we decode CS from these four lines is not relevant: however. the fact that we are generating CS in this fashion 
means that any 8243 access instruction must be bracketed by instructions that select and then deselect the 8243 
device. 

It is not a good idea to leave the 8243 device selected when you are not accessing it: therefore do not leave high-order 
bits of I/O Port 2 in a condition that would select the 8243 device while the device is supposed to be idle. 
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The PROG signal connecting the 8048 to the 8243 requires no explanation. The signal is output by the 8048 with tim
ing required by the 8243. 

The READ and WRITE strobes created in Figure 6-22 identify the time at which external logic must either read data 
from an I/O port. or write data to an I/O port however. the I/O port is not itself identified. The READ and WRITE strobes 
would have to be qualified by P20 and P21 on the high-to-Iow transition of PROG in order to create READ and WRITE 
strobes specific to any given I/O port. Here. for example. is the logic which would make READ and WRITE specific to I/O 
Port 5: 

READ READ 5 
Q .......... -------LJ P21-----....... ~ 

P20 

7474 

PROG t~o---------~c~ WRITE-___ _ WRITE 5 

Referring to the timing in Figure 6-22. let us first look at the READ strobe. This signal must go true on the high-to-Iow 
transition of PROG - but only if P22 and P23 are both low. READ can stay high until the device is deselected. provid
ing external logic uses the low-to-high transition of READ or timing immediately thereafter. in order to place data at the 
required I/O port - whence it can be read by the 8048. We obtained the required waveform by using the complement 
of CS as a CLEAR input to the READ 7474 flip-flop. Thus while the 8243 device is not selected READ will be low. The 
NOR of P22 and P23 becomes the D input to the READ flip"flop; this input will be high only when P22 and P23 are both 
low - and that specifies a Read operation. On the high-to-Iow transition of PROG. PROG goes low-to-high. and that 
clocks the READ flip-flop Q output high. READ subsequently stays high until CS goes high again. at which point the 
READ flip-flop is cleared and READ goes low. 

A 74107 master-slave flip-flop creates the WRITE pulse. The high-to-Iow transition of PROG marks the instant at Which 
P22 and P23 must be decoded to determine that a non-read operation is in progress. but the actuallow-to-high transi
tion WRITE must not occur until the subsequent low-to-high transition of PROG. 

The 74107 modifies the Q 1 output on the trailing edge of ClK. based on the JK inputs at the leading edge of ClK; thus 
WRITE logic requirements are met. . 
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DATA SHEETS 

This section contains specific electrical and timing data for the following devices: 

• 8048/8748/8035 } 
8049/8039 .. . 
8041 A/8641 A/8741 A One-Chip Microcomputers 

8021/8022 
• 8243 I/O Expander 
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8048/8035L/8748/8748-6/8748-8/8035/8035-8 

ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias •••...••..• O·C to 70·C ·COMMENT: 

Storage Temperature ••..•••••....•.•••. -6S"C to + 125'C St,.sses above Ihose lIsted under "Absolute Maltlmum Ratmgs" 

Voltage On Any Pin With Respect 
may cause permanent d.mage 10 the devIce. This is. str." rating 
only and 'unction.' operation of the device at these or any other 

to Ground ..••.••.••••..•.....•••••••.. -O.SV to +7V conditIons above rhos. indlcal.d in th. operatlona' smiens ot rh" 
power Dissipation ••••.•••••.•••......•...•••..• 1.S Wall specltlcatlOn " not implied. 

D.C.AND OPERATING CHARACTERISTICS (T .. = O·C to 55'C lor 8748-6) 

Symbol Parameter LImits Unit Test Conditions 
Min. Typ. Max. 

Vil Input Low Voltage 
(All Except REm, Xl, X2) 

-.S .8 V 

V1l' Input Low Voltage -.S .6 V 
(RESET, Xl, X2) 

V1H Input High Voltage 2.0 VCC V 
(All Except XTAL1, XTAL 2, RESEi') 

VIH' Input High Voltage (Xl, X2, RESET) 3.8 Vcc V 

VOL Output Low Voltage (BUS) .45 V VOl=2.0mA 

VOL' Output Low Voltage 
(R15, WR, PSEN, ALE) 

.45 V 10l= 1.8 mA 

VOL2 Output Low Voltage (PROG) .45 V IOl= 1.0 mA 

VOL3 Output Low Voltage .45 V IOl=1.6 mA 
(All Other OutputS) 

VOH Output High Voltage (BUS) 2.4 V IOH= -400"A 

VOH' ~p.!!.!...High Voltage 2.4 V IOH= -l00~A 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH= - 40"A 
(All Other Outputs) 

III Input Leakage Current (Tl, INT) :t 10 ,.A VSS"VIN"VCC 

ILI1 Input Leakage Current 
(Plo-P17, P20·P27, EA, S!) 

-500 "A Vss+ .45o;;V1N"VCC 

Ilo Output Leakage Current (BUS, TO) :tl0 "A Vss + .45"VIN"VCC 
(High Impedance State) 

100 V DO Supply Current 5 15 mA 

100+ Icc Total Supply Current 60 135 mA 

BUS P1, P2 BUS, P1, P2 

'-XlCltoA 

j 

-100 .... 

IV IV 'V 
VOL 

Data aheets on pageB 6-D2 through 6-D22 are reprlntad by permission of Intel Corporation. 
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8048/8035L/8748/8748-6/8748-8/8035/8035-8 

WAVEFORMS 

Instruction Fetch From External Program Memory Read From Extarnal Data Memory 

1-----... -----

ALE L ALE J L 

BUS 

ADDRESS 

Write to External Data Memory Inpul and Oulpul Waveform. for A.C. Tesls 

ALE J L 
I-'cc-'" r-

-----~ r~------wA 

-+-+--'w. ::; ========:X!.:>TEST POINTS:::!.:)(\. ___ _ 
BUS FLOATING 

A.C. CHARACTERISTICS T A = O·C to 70·C". Vcc = Voo = + 5V :i: 10% • Vss = OV 

8048 8748-8"" 174M 
Symbol Perameter 87481110351803&L 8035-8 Unit 

Min. Mex. Min. Max. 
tLL ALE Pulse Width 400 600 nl 

tAL Address Setup to ALE 120 150 nl 

tLA Address Hold from ALE 80 80 nl 

tcc Control Pulse Width (PSEN. RD. WRI 700 1500 ns 

tow Date Setup before WR 500 640 nl 

two Date Hold After WR 120 120 ns 

tCY Cycle Time 2.6 15.0 4.17 15.0 /II 

tOR Date Hold 0 200 0 200 nl 

tRO PSEN. RD to Data In 500 760 nl 

tAW Address Setup to WR 230 280 ns 

tAD Address Setup to Data In 950 1450 AS 

tAFC Address Float to 1m. nm 0 0 AS 

ICA Conlrol Pulse 10 ALE 10 20 ns 

N.'e ,: CD.,rol oulpul.: CL; 80 pF I(;y a 2.5 ... lor ._ ...... eTA a1J·Cto5S·CI0t87~ 

"VCCandVOOIot87.aancl80354.,. .t.5"'-BUS Outputs: CL::I 150 pF ••• 17 fA tor -8 parte 

6-D3 

Conditions (Nota 11 

CL a 20pF 

6 MHz XTAL= 2.5 
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S04S/S036L/S748/874S-6/S74S-S/S035/S035-S 

A.C. CHARACTERISTICS (PORT 2 TIMING) 

TA = o·e to 7o·e. Vcc = 5V±10%. Vss=OV 
(fA = O·Cto55·Cfor8748-6) 

Symbol Per.meter 

tcp Port Control Setup Before Falling 
Edge of PROG 

tpc Port Control Hold After Failing 
Edge of PROG 

tPR PROG to Time P2 Input Must Be Valid 

tPF 

top 

tpo 

tpp 

tPL 

lLp 

PORT 2 TIMING 

ALE 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

,N"" 

PROG 

Input Data Hold Time 

Output Data Setup Time 

Output Data Hold Time 

PROG Pulse Width 

Port 2 1/0 Data Setup 

Port 2 1/0 Data Hold 

PCH PORT 20) DATA 

PCH POAllo I OATA 

6-D4 

Min. M8II. 

110 

100 

810 

0 150 

250 

65 

1200 

350 

150 

Unit T •• t Condition. 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



S04S/S035L/874S/S74S-6/S74S-S/S035/S035-S 

AC TIMING SPECIFICATION FOR PROGRAMMING 
TA = 2S0C ± SoC, Vee = SV ± S%, Vee = 2SV ± 1V 

Srmbol Parameler 

lAW Address Selup Time 10 RESET I 

twA Address Hold Time Aller RESET I 

low Oala in Selup Time 10 PROG I 

two Oala in Hold Time Aller PROG I 

IPH RESET Hold Time 10 Verify 

Ivoow Voo 

IvOOH Voo Hold TIme Aller PROG I 
Ipw Program Pulse Widlh 

Irw Tesl 0 Setup Time lor Program Mode 

twr Test 0 Hold Time Alter Program Mode 

too Test 0 to Data Out Delay 

tww RESET Pulse Widlh 10 lalch Address 
Ir.11 Voo and PROG Rise and Fall Times 

Icv CPU Operalion Cycle Time 

IRE RESET Selup TIme Before EA I, 

Note. "Test 0 IS hIgh too can be troggered by RESET I. 

DC SPECIFICATION FOR PROGRAMMING 
TA = 2SOC ± SoC, Vee = SV ± S%, Voo = 2SV ± 1V 

Srmbol Parameler 

VOOH Voo Program Vollage High level 

VOOL Voo Vollage low level 

VPH PROG Program Vollage High level 

VPL PROG Vollage low level 

VEAH EA Program or Verify Vollage High level 

VEAH. EAl Verily Vollage High Level 

VEAL EA Vollage low level 

100 Voo High Vollage Supply Currenl 

IPROG PROG High Vollage Supply Currenl 

lEA EA High Vollage Supply Currenl 

6-D5 

Min. M ••• 

4.cy 

4.cy 

4tey 

4.cy 

4.cy 

4.cy 

0 

50 60 

4.cy 

41cy 

4.cy 

4.cy 

0.5 2.0 

5.0 

41cy 

Min. Max. 

24.0 26.0 

4.75 5.25 

21.5 24.5 

0.2 

21.5 24.5 

11.4 12.6 

5.25 

30.0 

16.0 

1.0 

Unll Te.1 Condilion. 

mS 

lIS 

lIS 

Unit Tesl Condition. 

V 

V 

V 

V 

V 8748 

V 8048 

v 
rnA 

mA 

rnA 
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8048/8035L/8748/8748-6/8748-8/8035/8035-8 

WAVEFORMS FOR PROGRAMMING 

COMBINATION PROGRAMNERIFY MODE (EPROM'S ONLYI 

.. :_1==-1_-
PROGRAM --------.f--- yERIFV-_-!--___ PAOGRAM ----

TO 

lAW -I---I-~"A 

=>---
LAST 

ADDRESS 

DATA TO BE 
PROGRAMMED VALID 

ADDRESS fI-9) VALID 

- --( NEXT ADOR C VALID 

NEXT 
ADDRESS 

~.: 'rr-u--~.-~-T ______ ----------
'23 .AOG .. ____________ , __________ "'\ 
.. ___ J 'I.. __________ __ 

VERIFY MODE (ROM/EPROMI 

TO,mrr ~ / 
\\.... __ ----I \\.-__ ....J! \1.-_-

D,,·D8, =>-__ -< NUT X ~EXTnATA )- -
- - \. __ AD_D_R_E_SS_-.J OUT VALID - - - --

_____ J)(\. _____ A_D_D_.E_S_S_I._ .• _I_VA_L_ID ____ --')(~ _____ NE_X_T_A_D_D_AE_S_S_VA_L_ID _________ =_ 

NOTES: 
1. PROG MUST FLOAT IF EA IS LOW h ••.• -23V., OR IF TO· 5V fOR THE 87'" FOR THE 

8048 ,ROG MUST ALWAYS FLOAT. 
2. X, AND X2 DAIVEN BY 3 MH. CLOCK WILL GIVE 5" .. 1C\". THIS IS ACCEPTABLE FOR 

·8 PARTS A~ WELL AS ST ANDAAD PARTS. 

The 8748 EPROM can be programmed by either 01 two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid. or 
2. Universal PROM Programmer (UPP series) peripheral 

of the Intellece Development System with a UPP-848 
Personality Card. 

Nole: see the ROM/PROM section lor BOote ROM ordering procedures. 
To minimize turnaround lime on the 'If" 25 pieces 8648 may be 
speclhed on lhe ROM order 
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8049/8039/8039-6 

ABSOLUTE MAXIMUM RATINGS· 

AmbienlTemperalureUndarBias .•.••••. 0·Ct070·C 
Storage Temperature ••.•••••...•••. -6S·Clo+1S0·C 
Voltage on Any Pin Wilh 
Respectto Ground ..•••••••••..••.•••••• -O.SVto +7V 

Power Dissipation ....••••••••..•..•.•••••.• I.SWatt 

'COMMENT: Stresses above those listed under "Absolute 
M8Itimum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
m8ltimum rating conditions for extended periods may 
affect device ;eliability. 

D.C. AND OPERATING CHARACTERISTICS TA = O·Cto 70·C, Vcc = Voo = +5V tl0", Vss = ov 

Limits. 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

VIL Input Low Voltage -0.5 O.B V 

VIH Input High Voltage 
(All Except XTALl, XTAL2,~) 2.0 Vee V 

VIHl Input High Voltage (RESET, Xl, X2) 3.B Vcc V 

VOL Output Low Voltage 
(BUS, RD, WR, PSEN, ALE) 0.45 V IOL = 2.0mA 

VOLl Output Low Voltage 
(All Other Outputs Except PROG) 0.45 V IOL = 1.6mA 

VOL2 Output Low Voltage (PROG) 0.45 V IOL = I.OmA 

VOH Output High Voltage 
(BUS, RD, WR, PSEN, ALE) 2.4 V IOH = -II1O/1A 

VOHl Output High Voltage 
(All Other Outputs) 2.4 V IOH =-50!lA 

IlL Input Leakage Current 
1T1,INT) tl0 p.A VSS<VIN<Vee 

IOL Output Leakage Current (Bus, TO) 
(High Impedance State) tl0 p.A Vss + 0.45 <; VIN <; Vc c 

100 Power Down Supply Current 25 50 rnA TA = 2S·C 

loo+lec Total Supply Current 100 170 rnA TA = 25·C 

A.C. CHARACTERISTICS TA = O·C to 70·C, Vee = Voo = +5V tl0", Vss = ov 
8049/8039 803M 
(Note 1) 

Symbol Parameter MIn. MaL Min. Mall. Unit Condltlona (Note 2) 

tLL ALE Pulse Width 150 400 ns 

tA Address Setup to ALE 70 150 ns 

tLA Address Hold from ALE 50 80 ns 

tcc Control Pulse Width (PSEN, RD, WR) 300 700 ns 

tow Data Set-Up Before WR 250 500 ns 

two Data Hold After WR 40 120 ns C =2OpF 

tCY Cycle Time 1.36 15.0 2.5 15.0 ,.s llMHzXTAL 
(6MHz XTAL for -6) 

tOR Data Hold 0 100 0 200 ns 

tRO PSEN, RD to Data In 200 500 ns 

tAW Address Setup to WR 200 230 ns 

lAD Address Setup to Data In 400 950 ns 

t"Fe Address Float to RD, PSEN -10 0 ns 

Nol.a: 1. 803Hilpecilications are "00 valid tor 804818038 operating at 8MHz. 
2. Control Outpull: Cl • 80pF 

BUS Output.: CL• l!50pF 
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8049/8039/8039-6 

WAVEFORMS 

INSTRUCTION FETCH FROM EXTERNAL PROGRAM MEMORY 

l-~tLL--l-'cv--'1 

ALE J ~I ___ ----'1-1 ---'L 

BUS 

ADDRESS 

READ FROM EXTERNAL DATA MEMORY 

ALE J L 
r-tcc-l 

--------~I ~I --------

BUS 

tAFC-l I~OATlNG1I:=tDR 
FLOATING ~ -F-L-O-AT-I-NG---

1'--- ~I 
I-tAD~ 

WRITE TO EXTERNAL DATA MEMORY 

ALE J L 

-t--II--+--lwD 

BUS FLOATING 
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8049/8039/8039-6 

A.C. CHARACTERISTICS 
TA=O'C to 70·C. Vcc=5V:t 10% 

I04tII03I 103M 
Symbol 'Iramlter MIn. ..... Min. Mill. Unit Condltlonl (NOli 2) 

tep Port Control Setup Before FIlling 
Edge of PROG 100 110 n. 

tpc Port Control Hold After FIlling Edge 
ofPROG 80 130 na 

tPl! PROG to Time P2 Input MUlt Be Valid 650 810 na 

top Output Data Setup Time 200 220 na 

tpo Output Deta Hold Time 20 85· na 

tpF Input Data Hold Tlma 0 150 0 150 ns 

tpp PROG Pulaa Width 700 1510 na 

tPL Port 2 I/O Data Setup 300 800 n8 

tLP Port 2 110 Data Hold 120 150 ns 

WAVEFORMS 

PORT :I TIIIIIRI 

I 

-~~-
\ r AU~ 

DpANDIR I 
~'''I''''-PORT I 

011 .... ' I PC" ) PORTJo-JDATA PORT CONTROL OU'IPUTOATA r -I 
IXPANDIR I ... ..... 
PORT 

.... )( I - ) POItT2o.J DATA PORT CONTROL X. ~ ·=C - I _ ... -J 
D!!!... 

-... 

... 
~ .- f 
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8041 A/8641 A/8741 A 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ••.•.•..• O·C to 70·C 
Storage Tamperature •........•... - 65·C:o + 150·C 
Voltage on Any Pin With Respect 

to Ground .•...•.••..•....•.•.•..... 0.5V to + 7V 
power Dissipation •...........•.....•...•.. 1.5 Watt 

D.C. AND OPERATING CHARACTERISTICS 

·COMMENT: StresHS above those IhUed under "Absolute M8J(lmum 
Rallnga" may cause permanent damage to the device. This '1 a sltess 
rating only and functional operation of the device at thete or 8ny other 
conditions above thole Indicated in the operational sections 01 thiS 
specification il not implied. Exposure to absolute maximum taling can· 
dltlons lor extended periOds may affect device reliability. 

TA=O·C to 70·C, Vss=OV, 8041A: Vee= + 5V :t 10%, 8741A: Vee= +5V :t 5% 

Symbol Parameter Min. Max. Unit Test Conditions 

VIL Input Low Voltage (Except XTAL 1, XTAL2, RESET) -0.5 0.8 V 

VIL1 Input Low Voltage (XTAl1, XTAL2, RESET) -0.5 0.6 V 

VIH Input High Voltage (Except XTAL1, XTAL2, RESET) 2.2 Vee 

VIHl Input High Voltage (XTAL 1, XTAL2, RESET) 3.8 Vee V 

VOL Output Low Voltage (00-07) 0.45 V IOL=2.0 mA 

VOLl Output Low Voltage (P10P17, P2OP27, Sync) 0.45 V IOL=1.6 mA 

VOL2 Output Low,voltage (Prog) 0.45 V IOL=1.0 mA 

VOH Output High Voltage (00-07) 2.4 V IOH = - 400 ,.A 

VOHl Output High Voltage (All Other Outputs) 2.4 V IOH= -50pA 

IlL Input Leakage Current (To, T1, RD, WR, C;S, Ao, EA) :t10 pA Vss :S VIN :S Vee 

loz Output Leakage Current (00-07, High Z State) :t 10 pA Vss + 0.45 :S VIN :S Vee 

III Low Input Load Current (P10P17, P20P27) 0.5 mA VIL =0.8V 

ILI1 Low Input Load Current (RESET, 85) 0.2 mA VIL =0.8V 

100 Voo Supply Current 15 mA Typical = 5 mA 

lee+ 100 Total Supply Current 125 mA Typical = 60 mA 

A.C. CHARACTERISTICS 
TA=O·C to 70·C, Vss=OV, 6041A: Vcc=Voo= +5V :t 10%, 8741A: Vee=Voo= +5V :t5% 
DBB READ 

Symbol Parameter Min. Max. Unit Test Conditions 

tAR e§, Ao Setup to RBI 0 ns 

tRA ~, Ao Hold After Mit 0 ns 

tRR RD Pulse Width 250 ns 

tAO CS, Au to Data Out Delay 225 ns CL= 150 pF 

tRO Iml to Data Out Delay 225 ns CL = 150 pF 

tOF Iml to Data Float Delay 100 ns 

tey Cycle Time (Except 8741A·8) 2.5 15 ,.s 6.0 MHzXTAL 

tey Cycle Time (8741A-8) 4.17 15 ,.s 3.6 MHzXTAL 

DBBWRITE 
Symbol Parameter Min. Max. Unit Talt Conditions 

tAW cs. Ao Satup to \VAl 0 ns 

tWA ~, Ao Hold Aftar WAI 0 ns 

tww WA Pulse Width 250 ns 

tow Data Setup to WJ:i1 150 ns 

two Data Hold AfterWRI 0 ns 
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8041 A/8641 A/8741 A 

INPUT AND OUTPUT WAVEFORMS FOR A.C. TESTS 

0: ___ --'X!.!>TEST POINTS::::!!)(Io.. ___ _ 

WAVEFORMS 

1. READ OPERATION-DATA BUS BUFFER REGISTER. 

SORAo 
lIVSTIM"S 't--------------"'f .. _________ -o.u-

... IRIAD CONTROLI 

_--lAD ~ ~
.. -"'1 

::-:,.,a;f---------< :-DATAV.L~=_1»--------

2. WRITE OPERATION-DATA BUS BUFFER REGISTER. 

900" =:x X =~~'-

~~l r--_-.... _u-~·-... J.'----
'i fl. IWOITO CONTOOLI 

DATA BUI DATA DATA 
IINPUTI ____ M.'-Y.;.CH_ ... ;.;..'--_~ ___ ,....--.ot "' ___ '-MA;.;y_C;..HA;.;NG;.;.. ___ _ 

TYPICAL 8041/$741A CURRENT 
....... 

"mA 

j 
• 40 ..... 

11 

20 ..... 

20' 40- eo- ... 
TEMPC·C) 
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8041 A/8641 A/8141 A 

A.C. CHARACTERISTICS-PORT 2 
TA=O·C to 70·C, 8041A: VCC= +5V :I: 10%, 8741A: Vee= +5V :1:5% 

Symbol Paramater 

lep Port Control Setup Before Failing 
Edge of PROG 

!Pc Port Control Hold After Falling 
Edge of P~OG 

IPR P~OG 10 Time P2 Input Must Be Valid 

tPF Input Data Hold Time 

top Output bata Setup Time 
tpo Output Data Hold Time 

tpp PROG Pulse Width 

PORT 2 TIMING 

SYNC 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROQ 

PORT Io~, OATA 

PORT 20., DATA 

A.C. CHARACTERISTICS-DMA 

Min. 

110 

100 

0 

250 

65 

1200 

Symbol Parameter Min. 

tACC DACK to WR or AD 0 

tCAC f!Il) or WR to I5ACR 0 

tACO DACK to Data Valid 

tcRO RD or WR to ORO Cleared 

WAVEFORMS-DMA 
IiRl ---,.. 

iiii---+" 

Q------r-t-----------------~~. 

MaL 

810 

150 

Max. 

225 

200 

DA.AlUS ---++-,1,--" ,------+----. 

DRG----+"'\ 

6-012 
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8041 A/8841 A/8741 A 
8741A Erasura Chilrllcterlatlca 

The erasure characteristics of the 8741A are such that 
erasure begins to occur whlin exposed to light with 
wavelengths shorter than approximately 4000 Ang· 
stroms (A). It should be noted that sunlight and certain 
types 0' fluorescent lamps have wavelangths In the 
3OOO-4000A range. Data show that constant axposure to 
room level fluorescent lighting could erase the typical 
8741A In approximately 3 years while it would take ap
proximately one week to cause erasure when exposed 
to dlract sunlight. If the B741A Is to be exposed to these 
types of lighting conditions for extended periods of 
time, op'aque labels are available from Intel which 

Should be placed over the 8741A window to prevent 
unintentional erasure. 

The recommended erasure procedure for the B7 41 A Is 
exposure to shortwave ultraviolet light which has a 
wavelength of 2S37 A. The Integrated dose (I.e., UV Inten· 
slty x exposure time) for erasure should be a minimum 
of 1S w·sec/cm2. The erasure time with this dosage Is 
approximately 1S to 20 minutes using an ultraviolet 
lamp with a 12,000 "W/cm2 power rating. The 8741A 
should be placed within one Inch of the lamp tubes duro 
ing erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 

A.C. TIMING SPECIFICATION FOR PROGRAMMING 
TA = 2S·C :l:S·C, Vee = SV :l:S%, Voo = 2SV:l:1V 

Symbol Parameter Min. MIx. Unit Te.t Condition. 

tAW Address Setup Time to RESET 1 4,cy 

IWA Address Hold Time After RESET 1 4,cy 

low Dala in Setup Time 10 PROG 1 4,cy 

Iwo Dala in Hold Time After PROG 1 4,cy 

IPH RESET Hold Time to Verify 4,cy 

tvoow Voo Setup Time to PROG 1 4tcy 

IVOOH Voo Hold Time After PAOG I 0 
tpw Program Pulse Widlh 50 60 mS 
Irw Test 0 Setup Time for Program Mode 4tcy 

tWT Test 0 HOld .. Time After Program Mode 4tcy 

too Test 0 to Data Out Delay 4tcy 

tww RESET Pulse Width to latch Address 4tcy 

Ir.tf Voo and PROG Rise and Fall Times .' 0.5 2.0 1'5 

tCY CPU Operation Cycle Time 5.0 I'S 

IRE RESET Selup Time Before EA I. 4tcy 

Not.: II TEST 0 Is high. 'DO can be 'rlggered by REsET I. 

D.C. SPECIFICATION FOR PROGRAMMING 
TA = 2S·C :I: S"C, Vee = SV :l:S%, Voo = 2SV :I: 1V 

Symbol Parameter Min. Max. Unit Te.t Condition. 

VOOH Voo Program Voltage High level 24.0 26.0 V 

VOOL Voo Voltage low level 4.75 5.25 V 

VPH PROG Program Voltage High level 21.5 24.5 V 

VPL PROG Voltage low level 0.2 V 

VEAH EA Program or Verify Voltage High level 21.5 24.5 V 

VEAL EA Voltage low level 5.25 V 

too Voo High Voltage Supply Current 30.0 mA 

IPROG PROG High Voltage Supply Current 16.0 mA 

lEA EA High Voltage Supply Current 10 mA 
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8041 A/8641 A/8741 A 

WAVEFORMS FOR PROGRAMMING 

COMBINATION PROGRAMNERIFY MOOE IEPROM'S ONLY) 

.. :----'! 
1--------- P.OG.AM -------_+---VEAIFY--+----PAOGAAM----

TEm 

tAW;'---I-+"'A 

~ ,---~DA~T~A~T~D~B~E--~ 
OBo-D87 -..r -- PROGRAMMED VALID 

LAST 
ADDRESS 

---{ NEXT ADDA C VALID 

NEXT 
ADDRESS 

~ ~ ___________ ~§.-~-T-----------------------------------------
.. -J.J D----' ---'''''------

VERIFY MOOE IROM/EPROM) 

mrr~ / 
\\-. __ ---J \'--__ ..oJ! \'----

DBo-DB, =>-__ ---{ NEXT X NEXT DATA }-
\'. ____ AD_D_._E_SS __ ....J. . OUT VALID 

__________ -J)(,, _________ A_D_D_AE_SS __ IB_-O_IV_A_L_'D ________ -J)(,, ___________ N_EX_T_A_D_D_.E_S_S_V_AL_'_D ____________ _ 

NOTES: 
1. 'ROO MUST FLOAT IF EA IS LOW (I"" .. IS¥). OR IFTO_IV FOR THE 1S7 .. ,A. POR THE 

BM.A .ADQ MUST ALWAYS FLDAT. 
2. ~~~1F~~D.;!:: :::~~~~~t': :~:::A~~~:::' .. 17,.sec IcY. THIS IS ACCEPT· 
3. AD MUST 81 HILD LOW P ..... OV) DURING .RDQRAMNIRIFY MODES. 

The 8741A EPROM can be programmed by either of two 
Intel products: 

1. PROMPT·48 Microcomputer Desilln Aid, or 
2. Universal PROM Programmer (UPP series) perlphersl 

of the Intellee"' Development System with a UPP-848 
Personality Card. 
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8021 

ABSOLUTE MAXIMUM RATINGS' 

Ambient Temperature Under Bias ....... O'C to 70'C 

Storage Temperature ........... -65'C to + 150'C 
Voltage on Any Pin with 

Respect to Ground ............... -0.5V to + 7V 

Power Dissipation ........................... I W 

D.C. AND OPERATING CHARACTERISTICS 

TA = o'e to 70'e. Vee; 5.5V ± IV. Vss = OV 

Symbol Parameter 

VIL Input Low Voltage 

VIH Input High Voltage (All except XTAL 1& 2, Tl 
RESET) 

V1H, Input High Voltage (XTAL 1 & 2, Tl 
RESET) 

VIH(10%) Input high voltage (all except XT AL 1 & 2, 
n, RESET) 

V1H,(IO%) Inputhlghvoltage(XTAL 1 &2, n,RESET) 

VOL Output Low Voltage 

VOLI Output Low Voltage (Pl0, PI I) 

VOH Output High Voltage (All unless Open Drain) 

ILO 
Output Leakage Current 
(Open Drain Option-Port 0) 

Icc Vee Supply Current 

T1 ZERO CROSS CHARACTERISTICS 

·COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec· 
tions of this specification is not implied. Exposure 10 absolute maxi
mum rating condilions for extended periods may affect device 
reliability. 

Limits 

Min. Typ. Max. Unit Test Conditions 

-0.5 O.B V 

3.0 Vee V 

3.B Vee V 

2.0 Vee V Vee = 5.0V :!: 10'10 

3.5 Vee V Vee = 5.0V :!: 10'10 

0.45 V IOL = 1.6 mA 

2.5 V IOL = 7 mA 

2.4 V IOH = 40 "A 

±10 "A Vss+0.45:SVINSVee 

40 75 mA 

TA = Q'C to 7Q'C, Vee = 5.5V ± tV, vss = OV, CL = BOpF 

Symbol Parameter Min. Max. Unit Test Conditions 

Vzx Zero·Cross Detection Input (T 1) I 3 Vpp AC Coupled, C = .2~F 

Azx Zero-Cross Accuracy ± 135 mV 60 Hz Sine Wave 

Fzx Zero-Cross Detection Input Frequency (Tl) 0.05 1 kHZ 
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8021 

A.C. CHARACTERISTICS 
T A = O·C to 70·C. VCC = 5.5V ± W. VSS = OV Test Conditions: CL = 80 pF. tCY = 8.38 liS 

Symbol Parameter Min. Max. Unit Test Conditions 

tCY Cycle Time 8.38 SO.O liS 3.58 MHz XTAL 

tpRL ALE to Time P:t Input Must Be Valid Iinpuls.lup) 4.0 \IS 

Normal tpL Output Data Setup Time 0.6 \IS 
Operation tLP Output Data Hold Time 0.6 liS 

tPFL Input Data Hold Time 0 liS 

tLL ALE Pulse Width 0.8 liS 

tR Reset High 3 tCY 

RXTAL Resistor Across XTAL .5 1 

tcp Port Control Setup Before· Falling Edgle of PROG 0.3 liS 

tcp Port Control Hold Alter Failing Edge of PROG 0.8 liS 

Expender tpR PROG to Time P:t Input Must Be Valid 2.0 4.0 liS 

Operation top Output Data Setup Time 1.0 \IS 

tpo Output Data Hold Time 0.6 liS 

tpF Input Data Hold Time 0 .15 liS 

tpp PROG Pulse Width 6.0 liS 

PORT2TIMINO 

~ 
NORMAL OPERATION 

ALEn n 

o&:'P~';::J ~ 
~ 

ALEn 1\ 

PORT ( DATA X INPUT 

I- ·1 H 
'''' 

EXPANDER OPERATION 

ALE n n 
PRoo \ / 

'" ·1 
PORT ~ C§.O OUTPUT CONTROL 

I:I-"c~ r-',,+.:;-I 
ALEn n 

PAOG 

\ I 
PORT ~ DATA ::j~ INPUT 

t ... 

'"~ 
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8022 

ABSOLUTE MAXIMUM RATINGS' 

Ambient Temperature Under Bias ....... O·C to 70·C 

Storage Temperature ........... -65·C to +180·C 

Voltage on Any Pin with 
Respect to Ground ................. -0.5V to +7V 

Power Dissipation .......................... 1 Wall 

D.C. AND OPERATING CHARACTERISTICS 

TA=O·C to 70·C, Vee=5.5V ± IV, Vss=OV 

Symbol Parameter 

VIL Input Low Voltage 

VILI Input Low Voltage (Port 0) 

VIH 
High Voltage 
(All except XTAL 1. RESET) 

VIHI 
Input High Voltage 
(All except XTAL 1. RESET) 

VIH2 Input High Voltage (Port 0) 

VIH3 Input High Voltage (RESET. XTAL 1) 

VTH Port 0 Threshold Reference Voltage 

VOL Output Low Voltage 

VOLl Output Low Voltage (Pl0. Pll) 

VOH 
Output High Voltage (All unless Open Drain 
Option-Port 0) 

III Input Current (Tl) 

ILO 
Output Leakage Current (Open Drain 
Option-Port 0) 

ICC Vee Supply Current 

A.C. CHARACTERISTICS 

TA=O·C to 70·C. Vec=5.5V ± IV. vss=ov 

Symbol Parameter 

tey Cycle Time 

Vzx Zero·Cross Detection Input (Tt) 

Azx Zero· Cross Accuracy 

Fzx Zero-Cross Detection Input Frequency (T 1) 

·COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cuase permanent damage to the device. This is a 
stress rating only and functional operation 0' the device at these or 
any other conditions above those indicated in the operational sec· 
tions of this specification is not implied. Exposure to absolute maxi
mum rating conditions for extended periods may affect device 
reliability. 

limits 

Min. Typ. Max. Unit Test Conditions 

-0.5 0.8 V VTH Floating 

-0.5 VTH-O.l V 

2.0 Vee V Vee = 5.0V ± 10% 
VTH Floating 

3.0 Vee V Vee = 5.5V ± IV 
VTH Floating 

VTH+O.l Vee V 

3.0 Vee V Vee = 5.0V :!: 10% 

0 .4Vee V 

0.45 V IOL = 1.6 mA 

2.5 V IOL = 7 mA 

2.4 V IOH = 50p.A 

±200 p.A Vec~VIN~VSs+·45V 

±10 p.A VCC~VIN~Vss+0.45V 

50 100 mA 

Min. Max. Unit Test Conditions 

8.38 50.0 p.s 3 MHz XTAL= 10 p.s tey 

1 3 VACpp AC Coupled 

± 135 mV 60 Hz Sine Wave 

0.05 1 kHz 
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8022 

A.C. CHARACTERISTICS 

TA=O·C to 70·C. Vcc=5.5V ± IV. vss=ov 

Expander 
Operation 

Normal 
Operation 

~ 

Symbol 

tcp 

tpc 

tpR 

top 

tpo 

tpF 

tpp 

tpRL 

tpL 

tLP 

tPFL 

tLL 

Parameter 

Port Control Setup Before Falling Edge of PROG 

Port Control Hold After Falling Edge of PROG 

PROG to Time P2 Input Must Be Valid 

Output Data Setup Time 

Output Data Hold Time 

Input Data Hold Time 

PROG Pulse Width 

ALE to Time P2 Input Must Be Valid 

Output Data Setup Time 

Output Data Hold Time 

Input Data Hold Time 

ALE Pulse Width 

PORT 2 TIMING 
NORMAL OPERATION 

Test Conditions: CL =80 pF tCy=8.38I's 

Min. Max. Unit Notes 

0.5 I'S 

0.8 I'S 

1.0 1'8 

7.0 I'S 

8.3 I'S 

0 .150 I'S 

8.3 I'S 

3.6 I'S 

0.8 I'S 

1.6 I'S 

0 1'8 

3.9 23.0 1'8 tCy=8.38 1'8 for min 

ALE;r-\ ____________________________ ~r_\~ __________________________ ___ 

PO'T~ ~ OUTPUT----JI _______________ ~~ _______________ _ 

~ 
ALE;r-\~ ________________________ _Jr_\~ __________________________ _ 

I:~~~ -----------1(~ __ ~D~A~TA~ __ .;X'_ _________________ _ 
1-----... --001·1 H 

..... 
EXPANDER OPERATION 

A~;-\ _______________ _Jr_\~ _____________ ___ 

PROO \~ _______________________ ~r____ 
I ., 

~~~------------------~---------~ 
r.;t-.oc..j 

ALE n _________________ -...Jr_\~ ____________ __ 
PROG ___________________ ~ 

\~ ____________________ _Jr____ 

I:~~--------------------'~ DATA F ----:~-__rl::j 

~~-i 
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8022 

AID CONVERTER CHARACTERISTICS 
TA=O·C to 70·C, Vec=5.5V:!: 1V, vss=ov, AVcc=5.5V:!:1V, AVss=ov, AVcd2" VAREF" AVec 

Parameter Min. Typ. Max. Unit Comments 

Resolution 8 Bits 

Absolute Accuracy .8% FSR:!: 'II LSB LSB (Note 1) 

Sample Setup Before Failing Edge of ALE (tssl 0.20 tCY 

Sample Hold After Failing Edge of ALE (tSH) 0.10 tCY 

Input Capacitance (ANO, AN1) 1 pF 

Conversion Time 4 4 tCY 

ANALOG INPUT TIMING 

NOTE: 

1. The analog Input must blUDaintalnad at a constant voltage du~ng tho sample limo (Iss + 1sH~ 
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8243 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O··C to 70' C 
Storage Temperature .............. -6S"C to 'IS0"C 
Voltage on Any Pm 

W,th Respect to Ground ............ -O.SV to' 7V 
Dower Dissipation . ...................... 1 Watt 

D.C. AND OPERATING CHARACTERISTICS 
TA = o·C to 70·C. Vee = SV t 10% 

SYMBOL PARAMETER MIN. 

Vil Input low VolTage -O.S 

VIH InpuT High Voltage 2.0 

VOll Output low Voltage PorTS 4-7 

Vou Output low Voltage Port 7 

VOHt Output High Voltage PorTS 4-7 2.4 

IllI Input Leakage Ports 4-7 -10 

IIl2 Input Leakage Port 2. CS. PROG -10 

VOl3 Output low Voltage Port 2 

IcC Vee S\lpply Current 

VOH2 Output Voltage Port 2 2.4 

IOl Sum of alilOl from 16 Outputs 

'See following graph for additional sink current capability 

A.C. CHARACTERISTICS 
TA = o·C to 70·C. Vee c SV tlO% 

SYMBOL PARAMETER 

tA Code Valid Before PROG 

ta Code Valid After PROG 

tc Data Valid Before PROG 

tD Data Valid After PROG 

tH Floating After PROG 

tK PROG Negative Pulse Width 

tes CS Valid BeforelAfter PROG 

tpo PorTS 4-7 Valid After PROG 

tlPI Ports 4-7 Valid BeforelAfter PROG 

tAce Port 2 Valid After PROG 

6-D20 

'COMMENT: Srresses above rhose lisret/ under "Absolute 
Maximum Rarings" may cause permanenr dam~ge ro rhe 
device. This is a srress r"ring only and funcrional opera· 
rion of rhe d!,vice ar rheie or any orher condirions above 
rhose indicated in rhe ope,arional secrions of rhis specifi· 
carion is nor implied .. Exposure ro absolute maximum 
,aring condirions fa, ex rentied periods may affecr device 
reliabiliry. 

TYP. MAX. UNITS TEST CONDITIONS 

O.B V 

Vee+O·S V 

0.4S V IOl = SmA' 

1 V IOL = 20mA . 

V I,OH= 240j.tA 

20 j.tA ViOl .. Vee to OV 

10 pA Vin c Vee to OV 

.4S V IOlaO.6mA 

10 20 rnA 

IOH= l00I'A 

80 mA SmA Each Pin 

MIN. MAX. UNITS TEST CONDITIONS 

100 ns 80 pF load 

60 ns ;!O pF load 

200 n. 80pF load 

20 ns 20 pF load 

0 150 ns 20 pF Load 

700 n. 

50 ns 

700 ns 100 pF load 

100 ns 

650 ns 80 pF load 



8243 

WAVEFO~MS 

PORTZ 

PORTZ 

PORTS.·' 

tIP 

PORT •• ' 

tcs 

~--------------tK--------------~ 

FLOAT 

PREVIOUS OUTPUT VALID 

INPUT VALID 
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8243 
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GUARANTEED WORST CASE 
CURRENT SINKING 
CAPABI LlTI ES OF ANY I/O 
PORT PIN VI. TOTAL SINK 
CURRENT OF ALL PINS 

o ~~--~~--~~--~~~~--~~--~~~ 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 

MAXIMUM SIN~ CURRENT ON ANY PIN@.45V 
MAXIMUM IOL WORST CASE PIN (mA) 

Sink Capability 

The 8243 can sink 5 mA@.45V on each of Its 16 110 lines 
simultaneously. If, however, all lines are not sinking 
simultaneously or all lines are not fully loaded, the drive 
capability of any Individual line Increases as Is shown by 
the accompanying curve. 

For example, If only 5 of the 16 lines are to sink current 
at one time, the curve shows that each of those 5 lines Is 
capable of sinking 9 mA@.45V (If any lines are to sink 
9 mA the total IOL must not exceed 45 mA or five 9 mA 
losds). 

Example: How many pins can drive 5 TTL loads (1.6 mAl 
assuming remaining pins are unloaded? 

IoL=5 x 1.6 mA=8 mA 
dOL = 60 mA from curve 
/I plns=60 mA+8 mAlpln=7.5=7 

In this case, 7 lines can Sink 8 mA for a total 
of 56 mAo This leaves 4 mA sink current capa· 
bility which can be divided In any way among 
the remaining 8 1/0 lines of the 8243. 

Example: Tills example shows how the use of the 20 
mA Sink capability of Port 7 affects the sink· 
Ing capability of the other 1/0 lines. 

An 8243 will drive the following loads slmul· 
taneously. 

2 loads - 20 mA@1V (port 7 only) 
8 loads - 4 mA@.45V 
6 loads - 3.2 mA@.45V 
Is this within the speclflad limits? 

d OL=( 2 x 20)+(8 x 4)+(6 x 3.2)=91.2 mAo 
From the curve: for IOL = 4 mA, dOL = 93 mA 
since 91.2 mA < 93 mA the loads are within 
specified limits. 

Although the 20 mA@1V loads are used In 
calculating dOL, It Is the largest current reo 
qulred@.45V which determines the maximum 
allowable dOL. 

Note: A 10 to 50Kn pullup resistor to +5V should be added to 8243 outputs when driving to 5V CMOS directly. 
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Chapter 7 
ZILOG Z80 

Zilog Z80 microcomputer devices have been designed as 8080A enhancements. In fact, the slime individuals 
responsible for designing the 8080A CPU at Intel designed the Z80 devices at Zilog. The 8085, described in 
Chapter 5, is Intel's 8080A enhancement. 

The Z80 instruction set includes all 8080A instructions as a subset. In deference to rational necessity, 
however, neither the Z80 CPU, nor any of its support devices attempt to maintain pin-for-pin compatibility with 
8080A counterparts. Compatibility is limited to instruction sets and general functional capabilities. A program 
that has been written to drive an 8080A microcomputer system will also drive the Z80 system - within cer
tain limits: for example, a ROM device that has been created to implement object programs for an 8080A 
microcomputer system can be physically removed and used in a Z80 system. 

But Z80-8080A compatibility does extend somewhat further, since most support devices that have been 
designed for the 8080A CPU will also work with a Z80 CPU: therefore in many cases you will be able to upgrade 
an 8080A microcomputer system to a Z80, confining hardware modifications to the CPU and its immediate in
terface only. 

It is Interesting to note that the Z80 pins and signal interface is far closer than the 8085 to the three-chip 8080A 
configuration Illustrated in 8080A chapter. Also. whereas the Z80 instruction set is greatly expanded as compared to 
the 8080A. the 8085 instruction set contains just two new instructions. However. both the Z80 and the 8085 have 
resolved the two most distressing problems associated with the 8080A - the three-chip 8080A CPU has in both cases 
been reduced to one chip. and the three 8080A power supplies have in both cases been reduced to a single +5V power 
supply. 

ZILOG. INC .. manufacturers of the Z80. are located at: 

10460 Bubb Road 
Cupertino. California 95014 

The official second source for Zilog products is: 

MOSTiOK. INC. 
1215 West Crosby Road 

Carrollton. Texas 75006 

N-Channel MOS technology is used for all Z80 devices. 

THE zao CPU 

Z80 LSI 
TECHNOLOGY 

Functions implemented on the Z80 CPU are illustrated in Figure 7-1. They represent "typical" CPU logic, 
equivalent to the three devices: 8080A CPU, 8224 Clock and 8228 System Controller. 

A SUMMARY OF Z80!8080A DIFFERENCES 
We are going to summarize Z80/8080A differences before describing differences in detail. If you know the 
8080A well"read on: if you do not, come back to this summary after· reading the rest of the Z80 CPU descrip
tion. We will also contrast the Z80 and the 8085, where relevant. 

For the programmer, the Z80 provides more registers and addressing modes than the 8080A, plus a much larger 
instruction set. 

Significant hardware features are a single power supply (+5VI, a single system clock signal, an additional inter
rupt, and logic to refresh dynamic memories. 
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Interrupt Priority 
Arbitration 

Programmable 
Timers 

ROM Addressing 
and 

Interface Logic 

Read Only 
Memory 

I/O Ports 
Interface Logic 

I/O Ports 

Figure 7-1. Logic Functions of the Z80 CPU 

The 8085 also has a single power supply and a single system clock signal. The 8085 has three additional interrupts. but 
lacks. logic to refresh dynamic memories. 

Is the zao CPU indeed the logical next aOaOA evolution 7 

Hardware aspects of the aOaOA represent its weakest features. as compared to principal current competitors. 
Specifically. the fact that the 8080A is really a three-chip CPU is its biggest single problem: three chips are always 
going to cost more than one. Next. the fact that the 8080A requires three power supplies (+5V. -5V and +12V) is a very 
negative feature for many users and the desirability of going to a single power supply is self-evident: the Z80 requires a 
single +5V power supply. This is also true of the 8085. 

The problems associated with condensing logic from.three chips onto one chip are not so straightforward. Figure 7-2 il
lustrates the standard three-chip 8080A CPU. Let us assume that the three devices are to be condensed into a single 
chip. Asterisks (*) have been placed by the signals which must be maintained if the single chip is to be hardware com
patible with the three chips it replaces. Forty-three signals are asterisked. therefore the standard 40-pin DIP cannot be 
used. The problem is compounded by the fact that not all8080A systems use an 8228 System Controller. Some 8080A 
systems use an 8212 bidirectional I/O port to create control signals. A few of the earliest 8080 systems use neither the 
8228 System Controller. nor an 8212 I/O port: rather external logic decodes the Data Bus when SYNC is true in order to 
generate control signals: for example. that is how the TMS5501 works. We must therefore conclude that any attempt 
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to redu\;e three chips to one will create a product that is not pin compatible with the 8080A: and. indeed. the Z80 is not 
pin compatible. What Zilog has done is include as many hardware enhancements as possibie within the confines of a 
40-pin DIP that must be philosophically similar to the 8080A. without attempting any form of pin compatibility. Figure 
7-2 identifies the correlation between Z80 signals and 8080A signals. Notice that there is a significant similarity. 

Figure 5-3 is equivalent to Figure 7-2. comparing 8085 and 8080A signals. Z80 signals are far closer to the 8080A 
three-chip set than the 8085. 

Here is a summary of the hardware differences: 

1) The Z80 has reduced three power supplies to a single +5V power supply. 

2) Clock logic is entirely within the Z80. 

3) The complex. two clock signals of the 8080A have been replaced by a single clock signal. 

4) Automatic dynamic memory refresh logic has been included within the CPU. 

5) Read and write control signal philosophy has changed. The 8080A uses separate memory read. memory write. I/O 
read and I/O write signals. The Z80 uses a general read and a general write. coupled with a memory select and an 
I/O select. This means that if a Z80 CPU is to replace an 8080A CPU then additional logic will be required beyond 
the Z80 CPU. You will either have to combine the four Z80 control signals to generate 8080A equivalents. or you 
will have to change the select and strobe logic for every I/O device. We will discuss this in more detail later. 

6) Address and Data 8us float timing associated with DMA operations have changed. The 8080A floats these busses 
at the beginning of the third or fourth time period within the machine cycle during which a bus request occurs: 
this initiates a Hold state. The Z80 has a more straightforward scheme; a Bus Request input signal causes the Data 
and Address Busses to float at the beginning of the machine cycle: floating busses are acknowledged with a Bus 
Acknowledge output signal. 

7) The Z80 has an additional interrupt request. In addition to the RESET and normal 8080A interrupt request. the Z80 
has a nonmaskable interrupt which is typically used to execute a short program that prepares for power failure. 
once a power failure has been detected. 

Now consider internal organization of the zao in terms of Instruction set compatibility and enhancement. 

As illustrated by Table 7-3 the 8080A instruction set is. indeed. a subset of the Z80 instruction set. Unfortunately. the 
Z80 uses completely new source program instruction mnemonics. therefore 8080A instructions cannot immediately be 
identified. Technical Design Labs. Inc .. has an 8080-like Z80 assembly language. 
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Figure 7-2. The Standard 8080A Three-Chip System and Z80 Signal Equivalents 
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There are very few unused object codes in the 8080A instruction set. The l80 has therefore taken what few unused ob
ject codes there are. and used them to specify that an additional byte of object code follows: 

11011101...-Spare 8080A object code 
...-Specifies new l80 object code follows 

This results in most new l80 instructions having 16-bit object codes; but simultaneously it means that a very large 
number of new instructions can be added. 

Any enhancement of the 8080A can include major changes within the CPU; providing the 8080A registers and status 
flags remain as a subset of the new design. instruction compatibility remains. These are the principal enhancements 
made by the l80: 

1) The standard general purpose registers and status flags have been duplicated. This makes it very easy to handle 
single-level interrupts. since general purpose register and Accumulator contents no longer need to be saved on the 
Stack; instead. the program may simply switch to the alternate register set. 

2) Two Index registers have been added. This means that additional l80 instructions can use indexed memory ad
dressing. 

2) An Interrupt Vector register allows external logic the option of responding to an interrupt acknowledge by issuing 
the equivalent of a Call instruction - which vectors program execution to a memory address which is dedicated 
to the acknowledged external logic. 

4) A single Block Move instruction allows the contents of any number of contiguous memory bytes to be moved from 
one area of memory to another. or between an area of memory and a single I/O port. You can also scan a block of 
memory for a defined value by executing a Block Compare instruction. 

5) Instructions have been added to test or alter the condition of individual register and memory bits. 

In contrast to the extensive enhancements of the l80. the 8085 registers and status architecture are identical to the 
8080A. There are only two additional instructions in the 8085 instruction set however. the 8085. like the l80. allows 
Call instructions to be used when acknowledging an interrupt - a particularly useful enhancement. 

While on the surface the Z80 instruction set appears to be very powerful. note that instruction sets are very 
subjective: right and wrong. good and bad are not easily defined. Let us look at some nonobvious features of the 
Z80 instruction set. 

First of all. the execution speed advantage that results from the new l80 instructions is reduced by the fact that many 
of these instructions require two bytes of object code. Some examples of l80 instructions and equivalent 8080A in
struction sequences with equivalent cycle times are given in Table 7-1. 

Table 7-1. Comparisons of l80 and 8080A 
Instruction Execution Cycles 

l80 8080A 

Instructions Cycles Instructions Cycles 

LD R.(lX + d) 19 LXI H.d 10 
DAD IX 10 
MOV R;M 7 

27 
LD RP.ADDR 20 LHLD ADDR 16 

MOV C.L 5 
MOV B.H 5 

26 
SET B.(HL) 15 MOV A.M 7 

ORI MASK 7 
MOV M.A 7 

21 

Also. a novice programmer may find the l80 instruction set bewilderingly complex. At a time when the majority of po
tential microcomputer users are terrified by simple assembly language instruction sets. it is possible that users will 
react negatively to an instruction set whose complexity (if not power) rivals that of many large minicomputers. 

Many of the new l80 instructions use direct. indexed memory addressing to perform operations which are otherwise 
identical to existing 8080A instructions. Now the l80 has two new 16-bit Index registers whose contents are added to 
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an a-bit displacement provided by the instruction code; this is the scheme adopted by the Motorola MC6aOO. This 
scheme is inherently weaker than having a 16-bit. instruction-provided displacement. as implemented by the Signetics 
2650. When the Index register is larger than the displacement. the Index register. in effect. becomes a base register. 
When the Index register has the same size. or is smaller than the displacement. it is truly an Index register as described 
in "Volume 1 - aasic Concepts". The Signetics 2650 implementation is more powerful. 

zao PROGRAMMABLE REGISTERS 
We will now start looking at the Z80 CPU in detail, beginning with its programmable registers. 

The Z80 has two sets of 8-bit programmable registers, and two Program Status Words. At any time one set of 
programmable registers and one Program Status Word will be active and accessible. 

In addition, the Z80 has a 16-bit Program Counter, a 16-bit Stack Pointer, two 16-bit Index registers, an 8-bit 
Interrupt Vector and an 8-bit Memory Refresh register. 

Figure 7-3 illustrates the Z80 registers. Within this figure, the 8080A registers' subset is shaded. 

{
Thea. two a-bit registers 

~ __ -- are sometimes treated .. ____ _ 

as a 16-bit unit ~ 

Program Status Words :iIDiit:] l~ 
Primary Accumulators r 

...... ...;.;...,--J 

Secondary Accumulators/Data Counter 

Secondary Accumulators/Data Counter 

Secondary Accumulators/Data Counter 
Stack Pointer 

Program Counter 

Index Register X 

Index Register Y 

Interrupt Vector 

Memory Refresh Counter 

Shaded registers represent the 8080A subset. 

Figure 7-3. zao Programmable Registers 

A' 
S' C' 
0' E' 
H' l' 

The Z80 uses its Program Status Word, Its A, B, C, D, E, H, and L registers, plus the Stack Pointer and the Pro
gram Counter exactly as the 8080A uses these locations: therefore no additional discussion of these registers 
is needed. 

The Program Status Word, plus registers A, B, C, D, E, Hand L are duplicated. Single zao instructions allow you to 
switch access from one register set to another. or to exchange the contents of selected registers. At any time. one or 
the other set of registers. but not both. is accessible. 

There are two 16-bit Index registers, marked IX and IV. These are more accurately looked upon as base registers. as 
will become apparent when we examine zao addressing modes. 

The Interrupt Vector register performs a function similar to the ICW2 byte of the 8259 PICU device (described 
in the 8080A chapter). zao interrupt acknowledge logic gives you the option of initiating an interrupt service routine 
with a Call instruction. where the high order address byte for the call is provided by the Interrupt Vector register. The 
aOa5 also provides this capability. 

The Memory Refresh Counter register represents a feature of microcomputer systems which has been over
looked by everyone except Fairchild and Zilog. Dynamic memory devices will not hold their contents for very long. 
irrespective of whether power is off or on. A dynamic memory must therefore be accessed at millisecond intervals. 
Dynamic memory devices compensate for this short-coming by being very cheap - and dynamic refresh circuitry is 
very simple. Using a technique akin to direct memory access. dynamic refresh circuitry will periodically access dynamic 
memories. rewriting the contents of individual memory words on each access. About the only logic needed by dynamic 

. refresh is a counter via which it keeps track of its progress through the dynamic memory; that is the purpose of the zao 
Memory Refresh Counter register. The zao also has a special DMA refresh control Signal; therefore the zao provides 
much of the dynamic refresh logic needed by dynamic memory devices. 
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zeo ADDRESSING MODES 
lao instructions use all of the aOaOA addressing modes; the laO also has these two enhancements: 

11 A number of memory reference Instructions use the IX and IV registers for indexed. or base relative ad
dressing. 

21 There are some two-byte program relative Jump instructions. 

A memory reference instruction that uses the IX or IV register will include a single data displace
ment byte. The 8-bit value provided by the instruction object code is added to the 16-bit value 
provided by the identified Index register in order to compute the effective memory address: 

PROGRAM 
MEMORY 

, .IV I ~OPCode l 
---..- ~~ Displacement ~ 

,~ : . 
l I • 

EffecINa Address = ppqq + dd ., I I 
P. q and d represent any hexadecimal digits; 
dd represents an 8-bit. signed binary value, 

Memory 

Reference 

instruction 

This is standard microcomputer indexed addressing and is less powerful than having the memory 

lao 
INDEXED 
ADDRESSING 

reference instruction provide a 16-bit base address or displacement: for a discussion of these addressing modes see 
"Volume 1 ...,... 8asic Concepts", Chapter 6. 

The program relative. two-byte Jump instructions provided by the Z80 provide standard two-byte, program relative ad
dressing. A single. 8-bit displacement is provided by the Jump instruction's object code: this 8-bit displacement is ad
ded. as a signed binary value. to the contents of the Program Counter - after the Program Counter has been incre
mented to point to the sequential instruction: 

Branch ins1Juction op code 

llispIar:em8Iot ------

PROGRAM Memory 

MEMORY Address 

XX 
dd 

ppqq-2 
ppqq-l 

ppqq 

ppqq+ 1 
ppqq+2 

Program Couroter 

The next instruction object code will be fetched from memory location ppqq+2+dd. p. q. and d represent any hex
adecimal digits. dd represents a signed binary. 8-bit value. 

For a discussion of program relative addressing. see "Volume 1 - 8asic Concepts". 

The laO addressing enhancements a~ of significant value when comparing the laO to the aOaOA. 

The value of the Index register comes not so much from having an additional addressing option. but rather IX and IV 
allow an efficient programmer to husband his CPU register space more effectively. Look upon IX and IV as performing 
memory addressing tasks which the 8080A would have to perform using the BC and DE registers. By freeing up the BC 
and DE registers for data manipulation. you cal"! significantly reduce the number of memory reference instructions ex
ecuted by the Z80. 
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The two-byte program relative Jump instruction is useful because in most programs aO% of the Jump instructions 
branch to a memory location that is within 12a bytes of the Jump. That is the rationale for most microcomputers offer
ing two-byte as well as three-byte Jump instructions. 

lao STATUS 
The l80 and 8080A both use the Program Status Word in order to store status flags. These are the l80 status 
flags: 

Carry (C) 
Zero (Z) 
Sign (S) 
Parity/Overflow (P/O) 
Auxiliary Carry (AC) 
Subtract (N) 

Statuses are recorded in the Program Status Word by the zao. as compared to the aOaOA. as follows: 

7 6 5 .. 3 2 1 0 _Bit No. 

I s I z I X 1£1)( M N I c I-Z80 Program Status Word 

7 6 S .. 3 2 I O_BitNo. 

I s I z I X rei X I p I X let--8080A Program Status Word 

The Parity/Overflow and Subtract statuses differ from the 8080A. All other statuses are the same. Note that 
the l80. like the 8080A. uses borrow philosophy for the Carry status when performing subtract operations. That is 
to say. during a subtract operation. the Carry status takes the reciprocal value of any Carry out of the high-order bit. For 
details see the aOaOA Carry status descriptions given in the aOaOA chapter. 

The aOaOA has a Parity status but no Overflow status. The zao uses a single status flag for both operations. which 
makes a lot of sense. The zao Overflow status is absolutely standard. therefore only has meaning when Signed binary 
arithmetic is being performed - at which time the Parity status has no meaning. Within the zao. therefore. this single 
status is used by arithmetic operations to record overflow and by other operations to record parity. For a complete dis
cussion of the Overflow status see "Volume 1 - Basic Concepts" 

The Subtract status is used by the DAA instruction for BCD operations. to differentiate between decimal addition or 
subtraction. The Subtract and Auxiliary Carry statuses cannot be used as conditions for program branching (condi
tional Jump. Call or Return instructions). 

laO CPU PINS AND SIGNALS 
The l80 CPU pins and signals are illustrated in Figure 7-4. Figure 7-2 provides the direct comparison between 
l80 CPIj signals and the standard 8080A. 8228. 8224 t"ree-chip systems. 

Let us first look at the Data and Address Busses. 

Ttle 16 address lines AO -A15 output memory and I/O device addresses. The address lines are tristate; they may 
be floated by the zao CPU. giving external logic control of the Address Bus. There is no difference between l80 and 
8080A Address Bus lines. . 

The Data Bus lines DO - D7 transmit bidirectional data into or out of the l80 CPU. Like the Address Bus lines. the 
Data Bus lines are tristate. The l80 Data Bus lines do differ from the 8080A equivalent. The aOaOA Data Bus is 
multiplexed: status output on the Data Bus by the aOaOA during the T2 clock period of very machine cycle is strobed 
by the SYNC pulse. The zao does not multiplex the Data Bus in this way. The zao Data Bus lines operate at normal TTL 
levels. whereas the aOaOA Data Bus lines do not. 

Control signals are described next; these may be divided Into system control. CPU control 
and Bus control. First we will describe the System control signals. 

M1 identifies the instruction fetch machine cycle of an instruction's execution. Its function 
is similar. but not identical to the 80SOA SYNC pulse. The zao PIO device uses the low M1 
pulse as a reset signal if it occurs without 10RQ or RD simultaneously low. 

MREQ identifies any memory aCCeSS operation in progress; it is a tristate control signal. 

l80 SYSTEM 
CONTROL 
SIGNALS 

10RQ identifies any I/O operation in progress. When 10RQ is low. AO - A7 ~ntain a valid I/O port address. 10RQ is 
also used as an interrupt acknowledge; an interrupt Is acknowledged by M1 and 10RQ being output low - a uni
que combination. since M1 is otherwise low only during an instruction fetch. which cannot address an I/O device. 
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RD is a tristate signal which indicates that the CPU wishes to read data from either memory or an I/O device. as 
identified MREO or 10RO. 

WR is a tristate control signal which indicates that the CPU wishes to write data to memory or an I/O device as in
dicated by MREO and 10RO. Some Z80 I/O devices have no WR input. These devices assume a Write operation when 
10RO is low and RD is high. RD low specifies a Read operation. 

The various ways in which the three control signals. Ml. 10RO. and RD. may be interpreted are summarized in Table 
7-5. which occurs in the description of the Z80 PIO device. 

RFSH is a control signal used to refresh dynamic memories. When RFSH is output low. the current MREO signal 
should be used to refresh dynamic memory. as addressed by the Ibwer seven bits of the Address Bus. AO - A6. 

Next we will describe CPU control signals. 

All 
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Figure 7-4. Z80 CPU Signals and Pin Assignments 
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HALT is output low following execution of a Halt instruction. The CPU now enters a Halt state 
during which it continuously re-executes a NOP instruction in order to maintain memory refresh 
activity. A Halt can only be terminated with an interrupt. . 

WAIT is equivalent to the 8080A READY input. External logic which cannot respond to a CPU 

180 CPU 
CONTROL 
SIGNALS 

access request within the allowed time interval extends the time interval by pulling the WAIT input low. In response to 
WAIT low. the l80 enters a Wait state during which the CPU inserts an integral number of clock periods: taken 
together. these clock periods constitute a Wait state. 

INT and !liMI are two interrupt request inputs. The difference between these two signals is that NMI has higher 
priority and cannot be disabled. 

There are two Bus control signals. 

RESET is a standard reset control input. When the l80 is reset. this is what happens: 

The Program Counter. IV.and R registers' contents are all set to zero. 

Interrupt requests via INT are disabled. 

All tristate bus Signals are floated. 

180 BUS 
CONTROL 
SIGNALS 

BUSRQ and BUSAK are bus request and acknowledge signals. In order to perform any kind of DMA operation. ex
ternallogic must acquire control of the microcomputer System Bus. This is done by inputting BUSRO low: at the con
clusion of the current machine cycle. the l80 CPU will float all tristate bus lines and will acknowledge the bus request 
by outputting BUSAK low. 

Z80 - 8080A SIGNAL COMPATIBILITY 
If you are designing a new product around the 180 CPU, then questions of 180 - 8080A signal compatibility 
are irrelevant: you will design for the CPU on hand. . 

If you are replacing an 8080A with a 180, then it would be helpful to have some type of lookup table which 
directly relates 8080A signals to 180 signals. Unfortunately, such a lookup table cannot easily be created. The 
problem is that the l80 is an implementation of three devices: the 8080A CPU. the 8224 Clock. and 8228 System Con
troller: but there are very many 8080A configurations that do not include an 8228 System Controller. 

Possibly the most important conceptual difference between the l80 and 8080A involves read and write control signals. 
The 8228 System Controller develops four discrete control signals for memory read, memory write, I/O read and 
I/O write. The 180 has a general read and a general write, coupled with an I/O select and a memory select. By 
adding logic. it would be easy enough to generate the four discrete 8080A signals from the two l80 Signal pairs: here 
is one elementary possibility: 

zao aOaOA Equivalent 

Signals Signals 

MREa D MEMR 

Ri5 

MREci D MEMW 

WR 

iORQ 0 IIOR 
AD 

lORa 0 IIOW 
WR 
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If your design allows it. however. it would be wiser to extend the zao philosophy to the various support devices sur
rounding the CPU. Recall from our discussion of aOaOA support devices in Chapter 4 that every device requires sepa
rate device select and device access logic. For some arbitrary read operation. timing might be illustrated as follows: 

Select 

Ruad 
Strobe 

\ I 
____________________ ~r__\~ __________ __ 

With an aOaOA scheme. select logic is decoded from Address Bus lines. while strobe logic depends on one of the four 
control lines i70R. I/ow. MEMR or MEMW. Using the zao philosophy. the memory select (MREO) or I/O select (lORO) 
control lines become part of the device select logic. while the read (iID) or write MiA) controls generate the strobe. 

The l80 has no Interrupt acknowledge signal; rather it combines IORQ with M1 as follows: 

IO:~ -------------~K)--------------

Some zao support devices also check for a "Return-from-Interrupt" instruction object code appearing on the Data Bus 
during an instruction fetch (when M1 and RD will both be low). This condition is used to reset interrupt priorities 
among zao support devices. 

The 8080A HOLD and HLDA signals are functionally reproduced by the l80 BUSRQ and BUSAK signals. 

The aOaOA SYNC pulse has no direct zao equivalent. M1 is pulsed low during an instruction fetch. or an interrupt 
acknowledge. but it is not pulsed low dur.!!!9. the initial time periods of an instruction's second or subsequent machine 
cycles. Frequently the complement of M1 can be used instead of SYNC to drive those aOaOA peripheral devices 
that require the SYNC pulse. 

The l80 has no signals equivalent to 8080A INTE. WAIT or <112. There is also no signal equivalent to the 8228 
BUS EN. 

If for any reason external logic must know when interrupts have been disabled internally by the CPU. then the zao will 
be at a loss to provide any signal equivalent to the aOaOA control signals. Remember INTE in an aOaOA system tells ex
ternal logic when the CPU has enabled or disabled all interrupts:since external logic can do nothing about interrupts 
being disabled. and requesting an interrupt at this time does neither good nor harm. knowing that the condition exists 
is generally irrelevant. 

The single zao WAIT input serves the function of the aOaOA READY input. Irrespective of when the WAIT is requested. 
a Wait clock period will only be inserted between T2 and T3: moreover. as we will see shortly. there are certain zao in
structions which automatically insert a Wait state. without waiting for external demand. You would need relatively 
complex logic to decode instruction object codes. clock signal and the WAIT input if your zao system is to generate the 
equivalent of an aOaOA WAIT output. In all probability. it would be simpler to find an alternative scheme that did not 
require a signal equivalent to the aOaOA WAIT output. 

The zao simply has no second clock equivalent to aOaOA <112. Any device that needs clock signal <112 cannot easily be 
used in zao configurations. 

The a22a BUSEN input is used by external logic to float the System Bus. In a zao system. CPU logic floats the System 
Bus: therefore BUS EN becomes irrelevant. 

The 8080A CPU has no signals equivalent to l80 RFSH. HALT and NMI. 

RFSH applies to dynamic memory refresh only: it is irrelevant within the context of a zao - aOaOA signal comparison. 

NMI. being a nonmaskable interrupt request. also has no aOaOA equivalent logic. 

The l80 HALT output needs some discussion. One of the more confusing aspects of the 8080A is the interac
tion of Walt. Halt and Hold stetes. Let us look at these three states. comparing the l80 and 8080A configura
tions and in the process we will see the purpose of the l80 HALT output. 

The purpose of the Wait state is to elongate a memory reference machine cycle in deference to slow external memory 
or I/O devices. The Wait state consists of one or more Wait clock periods inserted between T2 and T3 of a machine cy
cle. The aOaOA and the zao handle Wait states in exactly the same way. except for the fact that the zao has no Wait 
acknowledge output and under certain circumstances will automatically insert Wait clock periods. 
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The purpose of the Hold condition is to allow external logic to acquire control of the System Bus and perform Direct 
Memory Access operations. Again both the ZBO and the aOaOA have very similar Hold states. The only significant 
difference is that the zao initiates a Hold state at the conclusion of a machine cycle. whereas the aOaOA initiates the 
Hold state during time period T3 or T 4. The a22a System tontroller also needs a high BUS EN input in order to float its 
Data and Control Busses while the zao has no equivalent need. 

The big difference between the zao and the aOaOA comes within the Halt state. When the aOaOA executes a Halt in
struction. it goes into a Halt state. which differs from a Hold state. There are some complex interactions between Hold. 
Halt. Wait and interrupts within aOaOA systems. None of these complications exists in the zao system. since the zao 
has no Halt state. After executing a Halt instruction. the zao outputs HALT low. then proceeds to continuously execute 
a NOP instruction. This allows dynamic memory refresh logic to continue operating. If you are replacing an aOaOA 
with a zao. you must give careful attention to the Halt state. This is one con,dition where unexpected incom
patibilities can arise. 

zao TIMING AND INSTRUCTION EXECUTION 

zao timing Is conceptually similar to. but far simpler than aOaOA timing. Like the aOaOA. the zao divides its in
structions Into machine cycles and clock periods. However. all zao machine cycles consist of either three or four 
clock periods. Some instructions always insert Wait clock periods. in which case five or six clock periods may be pre
sent ina machine cycle. Recall that aOaOA machine cycles may have three. four or five clock periods. 

The aOaOA may require from one to five machine cycles in order to execute an instruction: zao instructions execute in 
one to six machine cycles. If we shade optional machine cycles and clock periods. zao and aOaOA instruction time sub
divisions may be compared and' illustrated as follows: 

Following 

interrupt 

acknowledge 

only 
During input 

or output 

machine cycle 
only 
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zao clock signals are also far simpler than the aOaOA equivalent. Where the aOaOA uses two clock signals the zao 
uses one. Clock logic may be compared as follows: 

Tl T2 T3 T" TS 

<Ill }--
zao 

INSTRUCTION FETCH EXECUTION SEQUENCES 
As compared to the aOaOA. zao instruction timing is marvelously simple. Gone is the SYNC pulse and the decod
ing of Data Bus for status. Every instruction's timing degenerates into an instruction fetch. optionally followed by 
memory or I/O read or write. Add to this a few variations for Wait state. interrupt acknowledge and bus floating and you 
are done. 

Let us begin by looking at an Instruction fetch. Timing is illustrated in Figure 7-5. Look at the instruction fetch timing 
in the aOaOA chapter to obtain an immediate comparison of the zao and the aOaOA. 

1-ooII1---------MCl Cvcle -------~ 

T, T, 

AO - AIS 

RD 

MI 

DBO DB7 

RFSH 

Figure 7-5. zao Instruction Fetch Sequence 

Referring to Figure 7-5. note that the instruction fetch cycle is identified by M1 output low during T 1 and T2 (j)). 
Since there is no status on the Data Bus to worry about. the Program Counter contents are output immediately on the 
Address Bus and stay stable for the duration of T 1 and T2. 

Since an instruction fetch is also a memory operation. MREQ and RD controls are both output low. This occurs half-way 
through T1. at which time the Address Bus will stabilize. The falling edges of MREQ and RD can therefore be used to 
select a memory device and strobe data out. The CPU polls data on the Data Bus at the rising edge of the T3 clock (~). 
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Clock perods T3 and T4 of the instruction fetch machine cycle are used by the zao CPU for internal operations. 
These clock periods are also used to refresh dynamic memory. As soon as the Program Counter contents are taken off 
the Address Bus (@), the refresh address from the Refresh register is output on lines AD - A6 of the Address Bus. This 
address stays on the Address Bus until the conclusion of T 4 (@). 

Since a memory refresh is a memory access operation. MREQ is again output low; however. it is accompanied by RFSH 
rather than RD low. Thus memory reference logic does not attempt to read data during a refresh cycle. 

A MEMORY READ OPERATION 
Memory interface logic responds to an instruction fetch and a memory read in exactly the same way. There are. 
however. a few differeces between memory read and instruction fetch timing. Memory read timing is illustrated 
in Figure 7-6. The principal difference to note is tha.t during a memory read operation. the data is sampled on the falling 
edge of the T3 clock pulse. whereas during an instruction fetch it is sampled on the rising edge of this clock pulse. Also 
a normal memory read machine cycle will consist of three clock periods. while the normal instruction fetch consists of 
four clock periods. Remember also that the zao identifies an instruction fetch machine cycle by outputting M 1 low dur
ing the first two clock periods of the instruction fetch machine cycle. 

<I> 
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(00- 071 

1-ooIr-.-- MemOf'( Read Cycle ---I~ 

AO -A15 
--~----~~~~~~----4A---

MREQ 

RO 

DATA BUS 

(00 '- 07) 

Figure 7-6. zao Memory Read Timing 

Memory Write Cycle 
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-- MEMORY AOOR 

\ 

\ 

DATA 0 

Figure 7-7. zao Memory Write Timing 
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J 

MEMORY WRITE OPERATION 

~ 
P-

~ 

I 

Figure 7-7 illustrates memory write timing for the Z80. The only differences between memory read and memory 
write timing are the obvious ones: WR is pulsed low for a write. and can be used as a strobe by memory interface 
logic to read data off the Data Bus. 
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THE WAIT STATE 
Like the aOaOA. the laO allows a Wait state to occur between clock periods T2 and T3 of a machine cycle. The 
Wait state frees external logic or memory from having to operate at CPU speed. 

The zao CPU samples the WAIT input on the falling edge of 11> during T2. Providing WAIT is low on the falling edge of 
11> during~ait clock periods will be inserted. The number of Wait clock periods inserted depends strictly on how 
long the WAIT input is held low. As soon as the zao detects WAIT high on the falling edge of 11>. it will initiate T3 on 
the next rising edge of 11>. 

Note that the single lao WAIT signal replaces the READY and WAIT aOaOA signals. As this would imply. no sig
nal is output telling external logic the zao has entered the Wait state. In the event that external logic needs to know 
whether or not a Wait state has been entered. these are the rules: 

1) The zao will sample WAIT on the falling edge of 11> in T2. 

2) If WAIT is low. then the zao will continue to sample the WAIT input for all subsequent Wait state clock periods. 

3) The zao will not sample the WAIT input during any clock period other than T2 or a Wait state. 

Figure 7-a illustrates zao Wait state timing. 

~I----------- MI Cycle ------

AO -A15 

MREQ 

RD 

WAIT 

Figure 7-a. zao Wait State Timing 

INPUT OR OUTPUT GENERATION 
Timing for laO input and output generation is given in Figures 7-9 and 7-10. 

The important point to note is that Zilog has acknowledged the infrequency with which typical I/O logic can operate at 
CPU speed. One Wait clock period is therefore automatically inserted between T2 and T3 for all input or output 
machine cycles. Otherwise timing differs from memory read and write operations only in that 10RQ is output low 
rather than MREQ. 

Note that there is absolutely nothing to prevent you from selecting I/O devices within the memory space. This is some
thing we did consistently in the aOaOA chapter when describing aOaOA support devices. But if you adopt this design 
policy. remember that your I/O logic must execute at CPU speed. unless you insert Wait states. 
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-RD J } Read 
Cycle 
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OUT 
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Figure 7-9. Z80 Input or Output Cycles 
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Wait 
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AO·- A7 

lORa 
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RD r--t--- CYCLE 
~---4---+---+-----~~~ 

WAIT 

DATA BUS 

WR 

BUS REQUESTS 

OUT 

} 
WRITE 

r-~---- CYCLE 
~----+-------r-----~----J 

Figure 7-10. Z80 Input or Output Cycles with Wait States 

The Z80 does not have a Hold state as described for the 8080A. but Z80 bus request logic is eguivalent. The ZSO will 
float Address. Data and tristate Control Bus lines upon sensing a low BUSRQ signal. SUSRO is sampled by the 
Z80 CPU on the rising edge of the last clock pulse of any machine cycle. If SUSRO is sampled low. then tristate lines are 
floated by the CPU. which also outputs SUSAK low. The Z80 CPU continues to sample SUSRO on the rising edge of ev
ery clock pulse. As soon as SUSRO is sensed high. floating will cease on the next clock pulse. This timing is illustrated 
in Figure 7-11. 

7-15 



One significant difference between the l80 and 8080A results from differences between the Hold and bus 
floating states. As the logic we have described for the zao would imply. it will only float the System Bus in between 
machine cycles. The aOaOA. on the other hand. will enter a Hold state variably during T3 or T4 of the machine cycle. 
depending on the type of operation in progress. It is therefore possible for the zao to float its bus three clock periods 
later than an aOaOA in a similar configuration. 

~SRQ --~-----+----~~ ______ ~ ____ ~~ 
~~K~----~-----r~==~~--~----4-~~ 

AO - A15 

DO - 07 --+-------~----+-----M 

~RD -+----~----+-----M 

WR'iORQ 
RfSj:j 

Figure 7-11. zao Bus Timing 

I Last M Cycle ...... ~1r-4 .. ----- Interrupt Acknowledge ______ _ 
of Instruction I Forced Wait State 

LaItT State 

iNT-

T • w T • w 

AO-AI5 --r----r----~----+_~~--+_------~----~~~~~ 
~--~-----+------~ 

~--~----~-----+--~~ 
NmEQ --~----_4------_+------_r------~------+_----f_+_--~ 

~--~-----4-------+-------r------~--~ __ ~--+_~~ 
OATABUS -r-----r-------r------t-------+_-----+_--t-i 

WAIT -
R6--~----~-------+-------r-------r------+-------+------

Figure 7-12. zao Response to a Maskable Interrupt Request 

Note also that if you are using the dynamic memory refresh logic of the l80, then during long bus floats, external 
logic must refresh dynamic memory. The simplest way around this problem in a zao system is to ensure that DMA 
operations acquire the System Bus for many short periods of time. rather than for a single long access. 

EXTERNAL INTERRUPTS 
The l80 has two interrupt request Input signals: INT and NMI. The NMI (non-maskable interrupti input cannot 
be disabled and has a higher priority than the INT interrupt Input. There are three different operating or response 
modes feJr the INT Input, while the response to NMI is simple and straightforward. Let us therefore begin by 
describing the INT interrupt request. 

Timing for INT interrupt request and acknowledge sequence differs significantly from that of the 8080A inter
rupt request and is illustrated In Figure 7-12. 
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The interrupt request signal Trii'f is sampled by the Z80 CPU on the rising edge of the last clock pulse of any 
instruction's execution. Note that there is an exception to this statement: during execution of block search and 
transfer instructions. the interrupt request signal is sampled after each byte of data is transferred/compared. 

An interrupt request will be denied if interrupts have been disabled under program control. or if the BUSRO signal is 
also low. Thus a DMA access will have priority over maskable interrupts. 

The zao CPU acknowledges an interrupt request by outputting iiiIT and IORO low. This occurs in a special interrupt 
acknowledge machine cycle. as illustrated in Figure 7-12. Note that this machine cycle has two Wait states inserted so 
that external logic will have time for any type of daisy chained priority interrupt scheme to be implemented. 

When IORQ is output low while iiii1 is low, external logic must interpret this signal combination as requiring an 
interrupt vector to be placed on the Data Bus by the acknowledged external interrupt requesting source. This 
interrupt vector can take one of three forms; the form depends on which of the three modes you have selected for 
the zao under program control. 

In Mode 0, the interrupt vector will be interpreted as an object code. representing the first instruction to be executed 
following the interrupt acknowledge. If a multi-byte object code is supplied. then the bytes following the first must be 
supplied during subsequent machine cycles. This is equivalent to the standard interrupt response of the 8080A. 
Whenever you are replacing an aOaOA with a zao. therefore. the zao must operate in interrupt response Mode O. 

zao interrupt response logic in Mode 1 automatically assumes that the first instruction executed following the in
terrupt response will be a Restart, branching to memory location 003816' If the zao is in Mode 1. no interrupt vec
tor is needed. 

zao Mode 2 interrupt response has no aOaOA equivalent. When you operate the zao in Mode 2, you must create a 
table of 16-bit interrupt address vectors, which can reside anywhere in addressable memory. These 16-bit ad
dresses identify the first executable instruction of interrupt service routines. When an interrupt is acknowledged by the 
CPU in Mode 2. the acknowledged external logic must place an interrupt response vector on the Data Bus. The 
Z80 CPU will combine the IV register contents with the interrupt acknowledge vector to form a 16-bit address, 
which accesses the interrupt address vector table. Since 16-bit addresses must lie at even memory address bound
aries. only seven of the eight bits provided by the acknowledged external logic will be used to create the table address: 
the low order bit will be set to O. Thus the table of 16-bit interrupt address vectors will be accessed as follows: 

IV Register 

16-bit address points to first 

Interrupt response 

vector from external logic 

1/11111 !OJ 

T 
INTERRUPT 

ADDRESS 
VECTORS 

JJ 
JJ 
KK 
KK 
LL 
LL 

MM 
MM 
NN 
NN 

The Z80 CPU will execute a Call to the memory location obtained from the interrupt address vector table. 

Let us clarify this logic with a simple example. Suppose that you have 64 possible external interrupts: each interrupt 
has its own interrupt service routine. therefore 64 starting addresses will be stored in 12a bytes of memory. Let us ar
bitrarily assume that these 12a bytes are stored in a table with memory addresses OF0016 through OF7F16. Now in 
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order to use Mode 2. you must initially load the value OF16 into the zao IV register. Subsequently an external interrupt 
request is acknowledged and the acknowledged external logic returns on the Data Bus the vector 2E16; this is what 
will happen: 

MemolV 

MEMORY Address 

Intenupt response 

from external logic JJ OF28 

JJ OF29 

KK OF2A 

KK OF2B 

LL OF2C 

LL OF2D 

80 
20 
NN 
NN OF31 

pp OF32 

pp 

Program 
Counter 

~
I 207F 

Push previous 

contents onto 

Stack 2080,• to Program Counter. 

First post-intenupt instruction' 

object code fetched 

from here 

2080 

2081 

2082 

. 2083 

If two Wait states are insufficient for external logic to arbitrate interrupt priorities and place 
the required vector on the Data Bus. then additional Wait states can be inserted in the usual 
way by inputting'ijij"Aff low. Timing is illustrated in Figure 7-13. 

Z80WAIT 
STATES 
DURING 
INTERRUPT 
ACKNOWLEDGE 

AO -. A15 

MI 

WAIT 

lORa 

DATA BUS 

MREci 

RD 

!~ ... _________ Interrupt Acknowledge __________ .~; 

! i l Forced Wait State I 
I ... .. I 

T, T2 Tw' Tw' Tw T3 T. 

~ """"""L-~ ~ ~ ~ ~ --
I PC T -. REFRESH ADbR. 

-h J J 
- ----- ---- ----- _-_ili~ n: -----1------ -- ---- ----- ---- 1----- -----I 

\ I I 

rjN ~ 
~ I-' 

r-I--
I 

I 

Figure 7-13. Wait States During zao Response to a Maskable Interrupt Request 
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The response of the laO CPU to the non-maskable interrupt (NMIl is quite similar to Mode 1 inter
rupt operation. There are a number of significant differences. however. First of all. the NMI inter
rupt cannot be disabled and has priority over the INT interrupt. (Remember that BUSRQ has 
priority over both interrupt inputs.) 

zao NON
MASKABLE 
INTERRUPT 

Next. the non-maskable interrupt is an edge-sensitive (negative edge triggered) input. The laO reacts only to the edge 
of a pulse on the NMI line. rather than to a low level as is the case with the INT input. The negative edge of the 1\ffii1J in
put causes an internal flip-flop to be set in the laO. and this flip-flop is checked during the last cycle of an instruction 
execution. The CPU response to this interrupt is similar to a normal memory read operation except that the Data Bus is 
ignored on the next Mi cycle. Timing for the interrupt response to the non-maskable interrupt request is illustrated in 
Figure 7-14. 

The laO pushes the contents of the Program Counter onto the external stack and then automatically executes a Restart 
instruction to memory location 006616. Thus. this response is the same as the response to an INT interrupt in Mode 1 
except that the Restart call is to a different memory location. 

While the laO CPU is responding to the nQn-maskable interrupt. the internal flip-flop (lFF1) used to enable maskable in
terrupts is reset to prevent interrupts during the NMI service routine. Upon completion of the service routine. you do 
not simply want to once again set the IFF1 flip-flop. sincemaskable interrupts may not have been enabled prior to NMI. 
This quandary is solved by using a second internal flip-flop (lFF2) for temporary storage. As the CPU begins its response 
to the Nfiiii interrupt. it saves the state of the interrupt enable flip-flop (lFF1) by copying it into IFF2. At the end of the 
NMI service routine. you must execute a Return from Non-Maskable Interrupt (RETN) instruction which will copy the 
contents of IFF2 back into IFF1. thus automatically restoring the correction status for the maskable interrupt enable. 

-- Last M Cvcle Interrupt Acknowledge 

last T Time T, T2 T3 T4 T, 

<I> r-t- r---t.......... ~ r-t-~ r----t-.. ~ ~ -
NMi - ---_L J..---- ----- r----- ----- ----- ----- -- --- ---- ---- ---- ----------'- -

AO - A15 I PC I REFRESH I 

Mi t I 

MREO l J 

RD \ I 

RFSH \ I 

Figure 7-14. laO Response to a Nonmaskable Interrupt Request 

THE HALT INSTRUCTION 
When a Halt instruction is executed by the laO CPU. a sequence of NOP instructions is executed until an interrupt re
quest is received. Both maskable and nonmaskable interrupt request lines are sampled on the rising edge of cI> during 
T 4 of every NOP instruction's machine cycle. 

The Halt state will terminate when any interrupt request is detected. at which time the appropriate interrupt 
acknowledge sequence will be initiated. as illustrated in Figures 7-13 and 7-14. 

Note that the laO executes the sequence of NOP instructions during a Halt so that it can continue to generate dynamic 
memory refresh signals. 

Halt instruction timing is illustrated in Figure 7-15. 
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iNTor 
WI 

- Ml --I~~~----- Ml -...,..-----'~ ... - Ml 

T, 

HALT INSTRUCTION 
IS RECEIVED 
DURING THIS 
MEMORY CYCLE 

T2 

Figure 7·15. zao Halt Instruction Timing 

THE Z80 INSTRUCTION SET 

T, T2 

We are going to describe the laO instruction set as an aoaOA enhancement. Table 7-2 summarizes the laO in
struction set in the standard format used for all microcomputers in this book; unfortunately. the fact that the 
aOaOA instruction set is a subset of Table 7-2 is not immediately obvious. since a number of significant concep
tual differences exist between the lilog and aOaOA assembly language mnemonics. Table 7-3 therefore shows 
laO equivalents for every aOaOA instruction. The few incompatibilities which exist are identified. 

Also because of laO mnemonics. the lilog instruction set is not easily forced into the standard instruction 
categories that we have selected for consistency. In particular. laO mnemonics group Memory Reference. 
Register-Register Move and Immediate instruction into a single "Load and Exchange" category. The same holds 
true for laO Arithmetic and Logical instructions; in Table 7-2 these become Secondary Memory Reference. 
Register-Register Operate and Immediate Operate instructions. 

INPUT IOUTPUT INSTRUCTIONS 
These are the types of input/output instructions provided by the zao: 

1) The standard aOaOA IN and OUT instructions. Whereby the second byte of instruction object code provides an 
I/O port address. which appears on Address Bus lines AO . A7 .• 

2) Register indirect Input and Output instructions. These instructions transfer data between Register A. B. C. D. E. 
H or L. and the I/O port identified by the contents of Register C. Thus the instruction: 

LD C.PORTN ;LOAD PORT NUMBER INTO REGISTER C 

IN 

is equivalent to: 
IN 
LD 

D.(C) 

A (PORTN) 
D.A 

;INPUT DATA FROM PORTN TO REGISTER D 

The I/O port address. now the contents of Register C. is output on AO . A7 in the usual way. 

3) Block Transfer I/O instructions. These instructions move a block of data between the I/O port identified by 
Register C and a memory location addressed by the Hand L register pair. Register B is used as a block byte counter. 
After each byte of data within the block is transferred. the contents of Register B are decremented; you can specify 
block transfer I/O instructions that will either increment or decrement the memory address in Registers Hand L. 
Here is a programming example with the aOaOA equivalent: 

zao aOaOA 
LD B.COUNT MVI B.COUNT 
LD C.PORTN LXI H.ST ART 
LD HL.START LOOP: IN PORTN 
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INIR MOV 
INX 
OCR 
JNl 

M.A 
H 
B 
LOOP 

These instruction sequences input COUNT bytes from I/O port PORTN. and store the data in a memory buffer 
whose beginning address is START. COUNT and PORTN are symbols representing B-bit numbers. START is an ad
dress label. The block transfer I/O instruction will continue executing until the B register has decremented to O. 

4) Single Step Block Transfer I/O instructions. These are identical to the block transfer 110 instructions described in 
category 3 above. except that instruction execution ceases after one iterative step. Referring to the INIR instruction 
example. if the INIR instruction were replaced by an INI instruction. a single byte of data would be transferred from 
PORTN to the memory location addressed by START. The address START would be incremented. Register B con
tents would be decremented. then instruction execution would cease. 

When a block transfer or single step. block transfer I/O instruction is executed. C register contents. which identify the 
I/O port. are output on the lower eight Address Bus lines in the usual way; however. B register contents are output on 
the higher eight address lines A 15 - AB. Therefore external logic can. if it wishes. determine the extent of the transfer. 

Let us now look at the advantages gained by having the new zao I/O instructions. 

The value of the Register Indirect I/O instructions is that programs stored in ROM can access any I/O port. If I/O 
port assignments change. then all you need to do is modify that small portion of program which loads the I/O port ad
dress into the C register. 

The Block Transfer I/O instructions must be approached with an element of caution .• In response to the execution 
of a single instruction's object code. up to 256 b9tes of data may be transferred between memory and an I/O port. This 
data transfer occurs at CPU speed - which means external logic must input or output data at the same speed. If exter
nal logic cannot operate fast enough. it can insert Wait states in order. to slow the CPU. but that takes additional logic; 
and one might argue that the traditional methods of polling on status to effect block I/O transfers is cheaper than 
adding extra Wait state logic. 

Note that all laO enhanced I/O instructions require two bytes of object code. 

PRIMARY MEMORY REFERENCE INSTRUCTIONS 
Instructions that we classify as Primary Memory Reference constitute a subset of the Load instructions. as classifed by 
lilog. Within the Primary Memory Reference instructions category. as we define it. Zilog offers a single enhan
cement: base relative addressing. Instructions that move data between a register and memory may specify the 
memory address as the contents of an Index register; plus an a-bit displacement provided by the instruction object 
code. Here is a programming example of lilog base relative addressing and the aOaOA equivalent: 

laO aoaOA 
LD IX. BASE LXI H.BASE 
LD C.(iX + DISP) LXI D.DISP 

DAD 0 
MOV C.M 

Observe that the two laO instructions do not use any CPU registers - other than the IX Index register. The aOaOA uses 
the DE and HL registers. Here is an example of the true value that results from having Index registers. The laO can use 
the DE and HL registers to store temporary data. which the aOaOA cannot do; the aOaOA would have to store such tem
porary data in external read/write memory. 

The biggest single advantage that accrues to the laO from having indexed addressing is the fact that well written laO 
programs will contain far fewer memory reference instructions than equivalent aOaOA programs; therefore laO pro
grams will execute faster. 

Other primary memory reference instructions provided by the laO. and not present in the aOaOA. include instructions 
which load data into the Index registers and store Index registers' contents in memory. Since the aOaOA does not have 
Index registers. it cannot have memory reference instructions for them. The laO also has instructions which transfer 
16-bit data between directly addressed memory and any register pair. except AF. Recall that in the aOaOA. HL is the 
only register pair which stores to memory and loads from memory using direct addressing. 

BLOCK TRANSFER AND SEARCH INSTRUCTIONS 
We classify the Zilog Block Transfer and Search instructions in a separate category. since our hypothetical com
puter. as described in Volume I. had no equivalent instructions. 

A Block Transfer instruction allows you to move up to 6&.&36 bytes of data between two memory buffers 
which may be anywhere in memory. The Hand L registers address the source buffer. the 0 and E registers addre~s 
the destination buffer. and the Band C registers hold the byte count. 
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After every byte of data is transferred. the Band C registers' contents are decremented; instruction execution ceases 
after the Band C registers decrement to zero. You have the option of incrementing or decrementing the source and 
destination addresses following the transfer of each data byte. Thus you can transfer data from low to high memory. or 
from high to low memory. Here is a programming example of the ZBO Block Move instruction. along with the B080A 
equivalent: 

LD 
LD 
LD 
LDIR 

zao 
BC.COUNT 
DE.DEST 
HL.SRCE 

LOOP: 

8080A 
LXI 
LXI 
LXI 
MOV 
STAX 
INX 
INX 
DCX 
MOV 
ORA 
JNZ 

B.COUNT 
D.D.EST 
H.SRCE 
A.M 
o 
H 
D 
B 
A.B 
C 
LOOP 

The two instruction sequences illustrated above move a block of data. COUNT bytes long. from a buffer whose starting 
address is SRCE to another buffer whose starting address is DEST. SRCE and DEST are 16-bit address labels. COUNT is 
a symbol representing a 16-bit data value. 

The zao - 80aOA comparison above is one that makes the aOaOA look particularly bad. This is because it emphasizes 
80aOA weaknesses; the 80aOA requires memory addresses to be incremented as separate steps. Also. after decrement
ing the counter in Registers a and C. status is not set therefore ac contents are tested by loading B into A and ORing 
with C. 

You can use B.lock Move instructions in zao configurations that include dynamic memory. While the Block Move 
is being executed. dynamic memory is refreshed. 

The Block Search instruction will search a block of data in memory. looking for a match with the Accumulator 
contents. The Hand L registers address memory. while the Band C registers- again act as a byte counter. When a 
match between.Accumulator contents and a memory location is found. the Search instruction ceases executing. After 
every Compare. the Band C registers' contents are decremented; once again you have the option of either increment
ing or decrementing Hand L registers' contents. Thus you can search a block of memory from high address down. or 
from low address up. 

The results of every step in a Block Search are reported in the Z and PIO statuses. If a match is found between Ac
cumulator and memory contents. then Z is set to 1; otherwise Z will equal O. When the Band C registers count out to 
zero. the PIO status will be reset to 0; otherwise the PIO status will equal 1. 

Here is an example of a program using the zao Block Search instruction. along with 80aOA program equivalent: 

zao a080A 
LD 
LD 
LD 
CPDR 

A.REFC LXI BC.COUNT 
BC.COUNT LXI HL.SRCE 
HL.SRCE LOOP: MVI A.REFC 

CMP M 
JR Z.FOUND JZ FOUND 

;NO MATCH FOUND 

;MATCH FOUND 
FOUND: 

DCX H 
DCX B 
MOV A.B 
ORA C 
JNZ LOOP 

;NO MATCH FOUND 

:MATCH FOUND 
FOUND: 

Each of the above instruction sequences tries to match a character represented by the symbol REFC with the contents 
of bytes in a memory buffer. The memory buffer is origined at SRCE and is COUNT bytes long. 
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In the example illustrated above. SRCE is the highest memory address for the buffer. which is searched towards the low 
memory address. FOUND is the label for the first instruction in the sequence which is executed if a match is found. If no 
match is found. that is. the BC registers count out to O. program execution continues with the next sequential instruc
tion. 

The lSO Block Search instruction is particularly useful when searching a large memory buffer for a byte that 
may frequently occur. Suppose you have an ASCII text in which Control codes have been imbedded. For the sake of 
argument. let us assume that all Control codes are two bytes long. where the first byte has the hexadecimal value 02 
and the second byte identifies the Control code. You can use one set of registers in order to search the text buffer for 
Control codes. while using the second set of registers to process the text buffer after each Control code has been lo
cated. 

All you need to do in the Block Search instruction sequence illustrated above is follow the CPDR instruction with an 
EXX instruction: after executing the instruction sequence following MATCH FOUND. again execute an EXX instruction 
before returning to search for the next Control code. 

Each of the Block Move and Block Search instructions has a single step equivalent. The single step instruction 
moves one byte of data. or compares the Accumulator contents with the next byte in a data buffer: addresses and 
counters are incremented and decremented as for the Block Move and Search instructions. however execution ceases 
after a single step has been completed. 

SECONDARY MEMORY REFERENCE (MEMORY OPERATE) INSTRUCTIONS 
I nstructions that we classify as Secondary Memory Reference. or Memory Operate. constitute a portion of the 
arithmetic and logical instructions. as defined by the ZBO. Within the Memory Operate group of instructions. the 
single enhancement offered by the lSO is a duplicate set of instructions that uses base relative addressing. We 
have already discussed this enhancement in connection with Primary Memory Reference instructions. Here is a pro
gramming example with the aOaOA equivalent: 

LD 
ADD 

zao aOaOA 
IX. BASE LXI H.BASE 
(IX + DISP) LXI D.DISP 

DAD D 
ADD M 

The same comments we made regarding the use of indexed addreSSing in the Primary Memory Reference example ap
ply to the instruction sequences above. 

IMMEDIATE INSTRUCTIONS 
Within the group of instructions that we classify as Immediate. the lSO offers two enhancements: 

1) Instructions are provided to load immediate data into the additional zao registers. 

2) You can use base relative addreSSing to load a byte of data immediately into read/write memory. 

JUMP INSTRUCTIONS 
In addition to the standard Jump instruction offered by the SOSOA. the lSO has Ii two-byte. unconditional 
Branch instruction. and two instructions which allow you to jump to the memory location specified by an 'Index 
register. . 

The two indexed Jump instructions transfer the contents of the identified Index register to the Program Counter. 

The two-byte Jump instruction interprets the second object code byte as an a-bit signed binary number. which is ad
ded to the Program Counter. after the Program Counter has been incremented to point to the next instruction. This is a 
standard program relative branch. as described in Volume I. 

Note that the zao uses many of the spare aOaOA object codes to implement the two-byte Branch and Branch-on-Con
dition instructions. This makes sense: it would certainly not make much sense to have two bytes of object code 
followed by a single branch byte. since that would create a three-byte Branch instruction - offering no advantage over 
the three-byte Jump instructions which already exist. 

SUBROUTINE CALL AND RETURN INSTRUCTIONS 
The lSO instructions in this group are identical to SOSOA equivalents. 

IMMEDIATE OPERATE INSTRUCTIONS 
lSO Immediate Operate instructions. as we define them. are identical to those in the SOSOA instruction set. 
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JUMP-ON-CONDITION INSTRUCTION 
The l80 offers two significant Jump-on-Condition instruction enhancements over the 8080A: 

1) There are two-byte equivalents for four of the more commonly used Jump-on-Condition instructions. The 
two-byte Jump-on-Condition instructions execute exactly as described for the two-byte Jump instruction. 

2) There is a decrement and Jump-on-Nonzero instruction which is particularly useful in any kind of iterative loop. 
When this instruction is executed. the B register contents are decremented; if the B register contents. after being 
decremented. equal zero. the next sequential instruction is executed. If after being decremented the B register con
tents are not zero. then a Jump occurs. This is a two-byte instruction. where the Jump is specified by a single a-bit 
signed binary value. 

Here is an example of how the DJNZ instruction may be used along with the aOaOA equivalent: 

LOOP: 

AND 
LD 
LD 
LD 
LD 
ADC 
LD 
INC 
INC 
DJNZ 

zao aOaOA 
A ANA 
IX.VALA LXI 
IY.VALB LXI 
B.CNT MVI 
A. OX) LOOP: LDAX 
A.OY) ADC 
OX),A STAX 
IX INX 
IY INX 
LOOP DCR 

JNZ 

A 
D.VALA 
H.VALB 
B.CNT 
D 
M 
D 
D 
H 
B 
LOOP 

The two instruction sequences illustrated above perform simple multibyte binary addition. The contents of two buffers. 
origined at VALA and VALB. are summed; the results are stored in buffer VALA. 

The first instruction in each sequence is executed in order to clear the Carry status. Like the aOaOA. the zao does not 
have an instruction which sets the Carry status to O. while performing no other operation. 

REGISTER-REGISTER MOVE INSTRUCTIONS 
Register-Register Move instructions. as we defined them in this book. constitute a subset of the zao Load instructions. 
All zao Exchange instructions. except those that exchange with the top of the Stack. are also classified as Register
Register Move instructions. 

The l80 enhancements within this instruction group apply strictly to the additional registers implemented 
within the l80. That is to say. because the zao has registers which the aOaOA does not have. the zao must also have 
instructions to move data in and out of these additional registers. 

The instructions which exchange data between registers and their alternates need comment. Note that you can swap 
the entire set of duplicated registers. or you can swap selected register pairs. If you use these instructions following an 
interrupt acknowledge. you do not have to save the contents of the registers on the Stack. Of course. this will only work 
for a single interrupt level. There are also occasions when the alternate set of registers can be used effectively in normal 
programming logic. as we illustrated when describing the Block Search instruction. 

REGISTER-REGISTER OPERATE INSTRUCTIONS 
There are a few new l80 Register-Register Operate instructions which do the following: 

1) Add without Carry the contents of a register pair to an Index register. 

2) Add with Carry to HL the contents of a register pair. 

3) Subtract with Carry from HL the contents of a register pair. 

REGISTER OPERATE INSTRUCTIONS 
Within this category, the l80 has two enhancements: 

1) You can increment or decrement the contents of an Index register. 

2) A rich variety of Shift and Rotate instructions have been added. These instructions are illustrated in Table 7-2. In 
particular. note the RLD and RRD instructions. which are very useful when performing multidigit BCD left and right 
shifts. 
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BIT MANIPULATION INSTRUCTIONS 
The SOSOA has no equivalent for this set of lSO instructions. We give these instructions a separate category in Ta
ble 7-2 because of their extreme importance in microprocessor applications. 

Bit manipulation instructions are particularly important for signal processing. A single signal is a binary entity; it is not 
part of an 8-bit unit. One of the great oversights among microprocessor designers has been to ignore bit manipulation 
instructions. The lSO has instructions that set to 1 (SET). reset to 0 (RES) or test (BIT) individual bits in memory 
or any general purpose register. The resu It of a bit test is reported in the lero status. 

Here are some l80 instructions with 8080A equivalents: 

l80 8080A 
BIT 4.A MOV B.A 

ANI 10H 
MOV A.B 

The 8080A tests Accumulator bits destructively - all untested bits are cleared; Accumulator contents must therefore 
be saved before testing. We can also contrive an example to emphasize the strengths of the l80 bit instructions: 

LD 
SET 

l80 
IY.BASE 
2.0Y + DISP) 

LXI 
LXI 
DAD 
MVI 
ORA 

8080A 
H.BASE 
D.DISP 
o 
A,4 
M 

Once again. note that the 8080A needs to use the D. E. Hand L registers. 

Note that all l80 Bit instructions operate on memory or CPU registers. But in most microcomputer applications in
dividual pins at I/O ports will most frequently be set. reset or tested. The l80 has no I/O Bit instructions. If you wish. 
you can interface I/O devices so that they are addressed as memory locations; however. in that case. you cannot use 
Block I/O instructions. 

The 8080A can do anything that a l80 Bit Manipulation instruction can do but an additional Mask instruction is 
needed and the Accumulator is involved. On the surface these seem to be small penalties; but it is the frequency with 
which Bit Manipulation instructions are needed that escalates small penalties into major aggravations. 

STACK INSTRUCTIONS 
Additional Stack instructions provided by the lSO allow the lSO Index registers to be pushed onto the Stack. 
popped from the Stack. or exchanged with the top of the Stack. 

INTERRUPT INSTRUCTIONS 
In addition to the 8080A Interrupt instructions. the l80 has two Return-from-Interrupt instructions. RETI and RETN are 
used to return from maskable and nonmaskable interrupt service routines. respectively. 

RETI and RETN are two-byte instructions. Within the CPU these instructions enable interrupts. but otherwise ex
ecute exactly as a Return-from-Subroutine (RET) instruction. However. devices designed by lilog to support 
the lSO CPU use the RETI and RETN instructions in a unique way. Any support device that has logic to request·an 
interrupt also includes logic which tests the Data Bus contents during the low M1 pulse. Upon detecting the second 
byte of an RETI or RETN instruction's object code. a device which has had an interrupt request acknowledged deter
mines that the interrupt has been serviced. 

Why does a support device need to know that an interrupt service routine has completed execution? The reason is that 
lilog extends interrupt priority arbitration logic beyond the interrupt acknowledge process to the entire interrupt ser
vice rou ti ne. 

This is the scheme adopted by the 8259 PICU. After reading the next paragraph. if you are still unclear on concepts. 
refer to the 8259 PICU discussion in the 8080A chapter. 

Consider the typical daisy chain scheme used to set interrupt priorities in a multiple interrupt microcomputer system. 
Daisy chaining has been described in good detail in Volume 1. When more than one device is requesting an interrupt. 
an acknowledge ripples down the daisy chain until trapped by the interrupt requesting device electrically closest to the 
CPU. As soon as the interrupt acknowledge process has ceased. an interrupt service routine is executed for the 
acknowledged interrupt; acknowledged external logic will now remove its interrupt request. Unless the CPU disables 
further interrupts. a lower priority device can immediately interrupt the service routine of a higher priority device. With 
the lilog system. that is not the case. A device which has its interrupt request acknowledged continues to suppress in
terrupt requests from all lower priority devices in a daisy chain. until the second object code byte for an RETI or RETN 
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instruction is detected on the Data Bus. The acknowledged device responds to an RETI or RETN instruction's object 
code by re-enabling interrupts for devices with lower priority in the daisy chain. 

Providing a Zilog microcomputer system has been designed to make correct use of the RETI and RETN instructions. in
terrupt priority arbitration logic will allow an interrupt service routine to be interrupted only by a high priority interrupt 
request. 

Here is an illustration of the Zilog interrupt priority arbitration scheme: 

IREQI 

Main 

Program 

Lower priority 

(-:; -Active 
lREQ4 

o 

Only IREQ 1 can be 

acknowledged while Device 2 

interrupt service routine is 
executing 

Main 
Program 

RETI instruction executed 

here enables interrupts at 
Devices 3 and 4. lREQ4 
can IlOV'I be acknowledged 

o 

The three 1M instructions allow you to specify that the CPU will respond to maskable interrupts in Mode O. 1 or 
2. These three interrupt response modes have already been described. 

STATUS AND MISCELLANEOUS INSTRUCTIONS 
ZBO and aOaOA instructions in these categories are identical. 

THE BENCHMARK PROGRAM 
Our benchmark program is coded for the zao as follows: 

LD BC.LENGTH ;LOAD 10 BUFFER LENGTH INTO BC 
LD DE. (TABLE) :LOAD ADDRESS OF FIRST FREE TABLE BYTE OUT OF FIRST TWO TABLE 

;BYTES 
LD HL.IOBUF ;LOAD SOURCE ADDRESS INTO HL 
LDIR ;EXECUTE BLOCK MOVE 

The program above makes absolutely no assumptions. Both source and destination tables may have any length and 
may be located anywhere in memory. 

Notice that there is no instruction execution loop. since the LDIR block move will not stop executing until the entire 
block of data has been moved. 
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The following abbreviations are used in this chapter: 

A.F.B.C.D.E.H.L The 8-bit registers. A is the Accumulator and F is the Program Status Word. 

AF'.BC',DE',HL' 

addr 

x(b) 

cond 

data 

data16 

disp 

xx(HI) 

IV 

IX,IV 

xy, 

LSB 

label 

xx(LO) 

MSB 

PC 

port 

pr 

R 

reg 

rp 

SP 

The alternative register pairs 

A 16-bit memory address 

Bit b of 8-bit register or memory location x 

Condition for program branching. Conditions are: 
NZ - Non-Zero (Z=O) 
Z - Zero (Z=1) 
NC - Non-carry (C=O) 
C - Carry (C=1) 
PO - Parity Odd (P=O) 
PE - Parity Even (P=1) 
P - Sign Positive (S=O) 
M - Sign Negative (S=1) 

An 8-bit binary data unit 

A 16-bit binary data unit 

An 8-bit signed binary address displacement 

The high-order 8 bits of a 16-bit quantity xx 

Interrupt vector register (8 bits) 

The Index registers (16 bits each) 

Either one of the Index registers (IX or IV) 

Least Significant Bit (Bit 0) 

A 16-bit instruction memory address 

The low-order 8 bits of a 16-bit quantity xx 

Most Significant Bit (Bit 7) 

Program Counter 

An 8-bit I/O port address 

Any of the following register pairs: 
BC 
DE 
HL 
AF 

The Refresh register (8 bits) 

Any of the following registers: 
A 
B 
C 
D 
E 
H 
L 

Any of the following register pairs: 
BC 
DE 
HL 
SP 

Stack Pointer (16 bits) 
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Statuses 

[ ] 

un 

A 
V 

¥ 

The zao has the following status flags: 
C Carry status 
Z Zero status 
S Sign status 
P/O Parity/Overflow status 
AC Auxiliary Carry status 
N Subtract status 
The following symbols are used in the status columns: 
X 
(blank) 
1 
o 
? 
P 
o 
I 

flag is affected by operation 
flag is not affected by operation 
flag is set by operation 
flag is reset by operation 
flag is unknown after operation 
flag shows parity status 
flag shows overflow status 
flag shows interrupt enabled/disabled status 

Contents of location enclosed within brackets. If a register designation is enclosed within the 
brackets, then the designated register'S contents are specified. If an I/O port number is enclosed 
within the brackets, then the I/O port contents are specified. If a memory address is enclosed within 
the brackets, then the contents of the addressed memory location are specified. 

Implied memory addressing; the contents of the memory location designated by the contents of a 
register. 

Logical AND 

Logical OR 

Logical Exclusive-OR 

Data is transferred in the direction of the arrow 

Data is exchanged between the two locations designated on either side of the arrow. 

The fixed part of an assembly language instruction is shown In UPPER CASE. 

The variable part limmediate data. I/O device number. register name. label or address' is shown in lower case. 
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Table 7-3. A Summary of Instruction Object Codes and ExeCution Cycles with 8080A Mnemonics 

for Identical Instructions 

CLOCK 8080A 
INSTRUCTION 08JECTCODE 8VTES 

PERIODS MNEMONIC 

ADC data CEyy ACI data 7 
ADC (HL) BE 1 ADC M 
ADC HL,rp ED 01xxl0l0 2 15 
ADC (Ix +dlap) DO 8E yy 3 19 
ADC (lV+dIap) FDBEyy 3 19 
ADC reg l000lxxx 1 4 ADC reg 4 
ADD datI C6yy 2 ADI data 
ADD (HL) 88 ADD M 
ADD HL,rp 00xx1001 1 11 DAD rp 
ADD (lX+dlsp) DO 86 yy 3 19 
ADD IX.pp DO 00xx1001 15 
ADO (lV+diap) FD 88 yy 3 19 
ADD IV." FD 00xx1001 2 15 
ADO reg l0000xxx 1 4 ADD reg 4 
AND dati E8 yy 2 ANI data 
AND (HL) A8 1 7 ANA M 7 
AND (IX + dIap) DO A8 yy 3 19 
AND (IV +diap) FD'A6 yy 3 19 
AND reg 10100xxx' 1 4 ANA reg 4 
BI1' b.(HL) CB 2 12 

01bbbll0 

BIT b.(lX+dlsp) DO CB yy 4 20 
01bbbl10 

BIT b.(lV+disp) FDCByy 4 20 
01bbbll0 

BIT b.reg CB 8 
01bbbxxx 

CALL label CD ppqq 3 17 CALL label 
CALL C,labai DC ppqq 3 10/17 CC label 
CALL M,label Fe ppqq 3 10/17 CM label 
CALL NC,labei D4 ppqq 3 10/17 CNC label 
CALL NZ,IabeI C4 ppqq 3 10/17 CNZ label 
CALL P,IabeI F4 ppqq 3 10/17 CP label 
CALL PE.labei EC ppqq 3 10/17 CPE label 
CALL PO,labei E4 ppqq 3 10/17 CPO label 
CALL Z,label CC ppqq 3 10/17 CZ label 
CCF 3F 4 CMC 4 
CP data FEyy 2 CPt data 7 
CP (HL) BE 1 CMP M 7 
CP (lX+dlap) DO BE yy 3 19 
CP (IV + dlap) FD BE yy 3 19 CMP reg 19 
CP reg 10111xxx 4 
CPO ED A9 16 
CPDR EOB9 21/18· 
CPt EO AI 2 18 
CPlR ED Bl 2 21/18· 
CPL 2F 4 CMA 4 
OM 27 4 OM 4 
DEC (HL) 35 1 11 OCR M 
DEC IX DO 2B 2 10 
DEC (IX +dlap) DO 35 yy 3 23 
DEC" IV FD28 2 lQ 
DEC (lV+diap) FD 35 yy 3 23 
DEC rp 00xx1011 8 DCX rp 
DEC rag 00xxx101 4 OCR reg 

DI F3 1 4 01 
DJNZ diap 10 yy 2 8/13 
EI FB 4 EI 4 
EX AF.AF Q8 4 
EX OE.HL EB 4 XCHG 4 
EX (SPI,HL E3 1 19 XTHL 
EX (SPI,IX ODE3 2 23 
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Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 

for Identical Instructions (Continued) 

INsTRucnoN OBJECT CODE 
CLOCK 8080A 

P~~~Ss BYTES 
PERIODS MNEMONIC 

EX ISPI.IV FDE3 2 23 
EXlC D9 1 4 
HALT 18 1 4 HLT 4 
1M 0 ED 48 2 8 
1M 1 ED 58 2 8 
1M 2 ED5E 2 8 
IN A,part DByy 2 10 IN pan 10 
IN rag.lCl ED 2 11 

01dddOOO 

INC IHU 34 1 11 INR M 
INC IX DO 23 2 10 
INC IIX+dIop) D034yy 3 23 
INC IV FD 23 2 10 
INC CIY +dIop) FD34yy 3 23 
INC . '" 00u0011 1 8 INX rp 
INC .... 00xxx100 1 4 INR rag 
IND ED AA 2 15 . 
INDR ED SA 2 20/15 
N ED A2 2 15 
INlR EDB2 2 20/15 
JP label C3_ 3 10 JMP label 10 
JP c.IaboI DA_ 3 10 JC label 10 
JP CHU e 1 4 PCHL 
JP CIXI DO e 2 8 .~" 

JP IIV! FDe 2 8 
JP M.IabeI FA_ 3 10 JM label 10 
JP NC.IabeI 02_ 3 10 JNC label 10 
JP NZ,1aboI C2_ 3 10 JNZ label 10 
JP P.IabeI F2_ 3 10 JP label 10 
JP PE.1abeI EA_ 3 10 JPE label 10 
JP PO,IabaI E2_ 3 10 JPO label 10 
JP Z.IabeI CA_ 3 10 JZ label 10 
JR C,dIop 38yy 2 1/12 
JR dIop 18 yy 2 12 
JR NC,dIsp lOyy 2 1/12 
JR NZ,dIop 20yy 2 1112 
JR l,disp 28yy 2 1112 
LD A.c-I 3A_ 3 13 LDA acIcIr 13 
LD A.IBCI OA 1 1 LDAX B 1 
LD A.(DEI lA 1 1 LDAX D 1 
LD A.I ED 51 2 9 
LD A.R ED5F 2 9 
LD Iaddrl.A 32_ 3 13 STA addr 13 
LD c-I.BC ED43_ 4 20 
lD Iaddrl.DE ED 53_ 4 20 

LD ladd'),HL 22 ppqq 3 18 SHLO add, 16 
LO (add,l.Ix DO 22 ppqq 4 20 
LO (add,),1V FD 22 ppqq 4 20 
LD ladd,),SP ED 13 ppqq 4 20 
LD IBC),A 02 1 1 STAX B 1 
LD (OE),A 12 1 1 STAX 0 1 
LD HL.(acIcIr) 2A ppqq 3 16 LHLD add, 18 
LD (HL),data 38 yy 2 10 MY! M,data 10 
LD (HL),rag 01110ass 1 1 MOV M,rag 1 
LD loA ED 41 2 9 
LD IX,Iaddr) DO 2A ppqq 4 20 
LD IX,data18 DO 21 yyyy 4 14 
LO /IX + dilpLdata DO 38 yy yy 4 19 
LD /IX + dispLrag DO 01110ass 3 19 

yy 
LD IV,/add,) FD 2A ppqq 4 20 
LD lV,datal8 FD 21 yyyy 4 14 
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Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 
for Identical Instructions (Continued) 

CLOCK BOBOA BOBOA 
I,.STRUCTION OBJECT CODE BYTES PERIODS MNEMONIC CLOCK 

PERIODS 

LD OY + diap),cIa1a FD 36 vyyy 4 19 
LD OY + diap~reg FD 01110aaa 3 19 

yy 
LD R.A ED4F 2 9 

Lil reg,data 00ddd110 2 7 MVI reg,data 7 
yy 

LD regJHl) 01dddll0 1 7 MOV reg,M 7 
LD reg,OX + dlsp) DD 3 19 

01dddll0 
yy 

LD regJIV + dlsp) FD 3 19 
01dddd1l0 

yy 
LD reg,reg 01dddaaa 1 4 MOV reg.reg 5 
LD rp,(addr) ED 01 ... 1011 4 20 -LD rp,cIa1a18 00u0001 3 10 LXI rp,data16 10 

vyyy 
LD SP.Hl F9 1 6 SPHl 5 
LD SP,IX DDF9 2 10 

LD SP,IY FDF9 2 10 
LDD ED AS 1 16 
LDDR ED 86 2 21/16· · 
LDI ED AD 2 16 

LDIR ED 80 2 21/16· · 
NEG ED 44 2 8 

NOP 00 1 4 NOP 4 
OR cIa1a Feyy 2 7 ORI cIa1a 7 
OR (HU 86 1 7 ORA M 7 
OR (IX +cfoap) DD86yy 3 19 

OR OY+diap) FD86yy 3 19 
OR reg 10110. ... 1 4 ORA reg 5 
OTOR ED 88 2 20/15· · OTIR ED B3 2 20/15· · OUT (C~reg ED 01aaaOOl 2 12 

OUT PDn,A D3 yy 2 11 OUT pan 
OUTO EDAB 2 15 

OUTI ED A3 2 15 
pop IX DD El 2 14 
POP IV FD El 2 14 
POP pr llxxOOOl ; 10 pop rp 10 
PUSH IX DD E5 2 15 
PUSH IV FD E5 2 15 
PUSH pr 11...0101 1 11 PUSH rp 11 
RES b,(HLI CB 2 15 

IObbbll0 
RES b.(IX + dIsp) DDCByy 4 23 

IObbbll0 
RES b,OY+ dlsp) FD CB yy 4 23 

IObbbll0 
RES b,reg CB 2 8 

IObbb ••• 
RET C9 1 10 RET 10 
RET C D8 1 5/11 RC 5/11 
RET M Fe 1 5/11 RM 5/11 
RET NC DO 1 5/11 RNC 5/11 
RET N2 co 1 5/11 RNZ 5/11 
RET P FO 1 5/11 RP 5/11 
RET PE E8 1 5/11 RPE 5/11 
RET PO EO 1 5/11 RPO . 5/11 
RET Z C8 1 5/11 RZ 5/11 
Rm ED4D 2 14 
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Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 
for Identical Instructions (Continued) 

CLOCK 1010A 1010A 
INSTRUCTION OBJECT CODE BYTES 

PERIODS MNEMONIC CLOCK 
PERIODS 

RETN ED 45 2 14 
RL (HU CB 18 2 15 
RL OX+diap' DO CB yy 18 4 23 
RL (IY +diap, FD CB yy 18 4 23 
RL rag CB 2 8 

ooolOxxx 
ALA 17 1 4 RAL 4 
RLC (HU CB08 2 15 
RLC (I)(+diap' DD CB yy 08 4 23 
RLC (IY+ diap' FDCByy08 4 23 
RLC rag CB 2 8 

CJOOCIOJooc 
RLCA 07 1 4 RLC 4 
RLD ED 8F 2 18 
RR (HU CB IE 2 15 
RR OX + diap' DD CB yy IE 4 23 
RR (lY+dlap, FD CB yy IE 4 23 
RR rag CB 2 8 

00011_ 
RRA IF 1 4 RAR 4 
RRC (HLI CBDE 2 15 
RRC (I)(+diap' DO CB yy DE 4 23 
RRC (IY + diap, FDCByyDE 4 23 

RRC rag CB 2 8 
00001_ 

RRCA OF 1 4 RRC 4 
RHO ED 87 2 18 
RST n 11_111 1 11 RST n 11 
sac da1a DEyy 2 7 SBI dll18 7 
sac (HLI 9E 1 7 SBI8 m 7 
sac HLrp ED 01xxOO10 2 15 
sac (I)(+diap, D09Eyy 3 19 
sac OY+diap' FD9Eyy 3 19 
sac rag loo11xxx 1 4 SBB rag 4 
SCF 37 1 4 STC 4 
SET b.(HLI CB 2 15 

l1bbbll0 
SET b.OX+diap' DOCByy 4 23 

l1bbbll0 
SET b.(1Y + diap' FDCByy 4 23 

l1bbbll0 
SET b.rag CB 2 8 

llbbbxxx 
SLA (HLI CB 28 2 15 
SLA OX + diap, DO CB yy 28 4 23 
SLA OY+diap' FD CB yy 28 4 23 
SLA rag CB ool00xxx 2 8 
SRA (HLI CB 2E 2 15 
SRA (I)(+diap' DD CB yy 2E 4 23 
SRA OY+diap' FDCByy2E 4 23 
SRA rag CB 00101_ 2 8 
SRL (HLI CB3E 2 15 
SRL (I)(+diap' DO CB yy 3E 4 23 
SRL (IY +diap, FD CB yy 3E 4 23 
SRL rag CB 00111_ 2 8 
SUB dll18 D8yy 2 7 SUI dll18 7 

SUB (HU 98 1 7 SUB M 7 

SUB (I)(+diap' DO 98 yy 3 19 

SUB (lY+dillp' FD98yy 3 19 
SUB rag loolOxxx 1 4 SUB rag 4 
XOR dll18 EEyy 2 7 XRI dll18 7 

XOR (HU AE 1 7 XRA M 7 
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Table 7-3. A Summary of Instruction Object Codes and Execution Cycles with 8080A Mnemonics 
for Identical Instructions (Continued) 

CLOCK 1010A 1010A 
INSTRUCTION OBJECTCOOE BYTES 

PERIOOS MNEMONIC CLOCK 
PERIOOS 

XOR (IX+dlspl DOAEyy 3 19 

XOR (IV +displ FD AE yy 3 19 

XOR rag 10101xxo 1 4 XRA rag 4 

0 _ts an optional binary digit. 
bbb represents optional binary digits identifying a bit location in a register or memory byt •. (000 = LSB. 111 = MSBI 
ddd represants optional bin.ry digits id.ntifying a destination register. 

111 =A 
OOO=B 
001 =C 
010=0 
011 =E 
100=H 
101 =L 

sss represants optional binary digits id.ntifying a source register - sam. coding as ddd. - represents a four hexadecimal digit memory addrass. 
yy represents two hexadecimal date digits. 
yyyy represents four hexadecimal data digits. 

When two possable execution times are shown (i .••• still it indicates that 
the number of clock periods depends on condition flags. 

"Execution lima shown Is for one iteration. 

SUPPORT DEVICES THAT MAY BE USED WITH THE Z80 

The Z80 signal interface is very close to that of the 8080A. When looking at Z80 signals we saw how they may be com
bined to generate 8080A equivalents. Thus 8080A support devices may be used with the l80 CPU. Exceptions 
are the 8269 Priority Intarrupt Control Unit and the TMS6601 multifunction device. 

The 8259 Priority Interrupt Control Unit should not be used with the Z80 CPU because the Z80 CPU provides essen
tially the same capabilities within the CPU chip itself. So far as signal interface is concerned. you could use an 8259 
with a Z80. but it would make no sense. 

The TMS5501 cannot be used with a Z80 because it assumes status on the Data Bus - as output by the 8080A with
out an 8228 System Controller. 

The 8086 support devices - the 8155. the 8355 and the 8755 - are difficult to use with the l80; you have to 
multiplex the low order eight Z80 address lines and the Z80 8-bit Data Bus to simulate the 8085 multiplexed bus lines. 
Logic needed to perform this bus multiplexing would likely be more expensive than discrete packages that implement 
individual functions provided by the 8155 and 8355 multifunction devices. 

Using MC6800 support devices with the l80 is not practical. MC6800 support devices all require a synchronizing 
clock signal whose characteristics cannot be generated simply from the Z80 clock signal. 

With the exception of the l80 DMA device; l80 support devices (which we are about to describe) are not 
general-purpose devices. The Z80 Pia. 510. and CTC devices decode the M1. lORa. and RD control Signals to identify 
!I number of functions. Table 7-4 defines the manner in which these signals are decoded. Were you to use the Z80 Pia. 
510. or CTC with any other microprocessor. you would have to multiplex the other microprocessor's control signals in 
order to create equivalents of M1. lORa. and RD; this may not be straightforward. 
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Table 7-4. zao Pia Interpretation of Control Signals 

SIGNALS 
FUNCTIONAL INTERPRETATION'" 

M1 lORa RD 

0 0 0 No function 
0 0 1 Interrupt acknowledge 
0 1 0 Check for end of interrupt service routine 
0 1 1 Reset 
1 0 0 Read from Pia to CPU 
1 0 1 Write from CPU to Pia 
1 1 0 No function 
1 1 1 No function 

... These interpretations only apply If the device. has been selected 

zao support devices also rely on exact zao CPU characteristics for interrupt processing. Specifically. zao support 
devices detect every instruction fetch. as identified by M1 and RD simultaneously low: if a return from interrupt object 
code is fetched. then zao support devices respond to this object code by resetting internal interrupt priority logic. Ac
counting for this end of interrupt logic in a non-ZaO system could be difficult. 

Because of the unique characteristics of the Z80 support devices, the Z80 PIO and CTC devices ai'e described in 
this chapter. The Z80 DMA device is described in Volume 3, however. because this device is easily used in non-ZaO 
configurations: moreover. its unique capabilities make it a highly desirable part to include in any microcomputer 
system that has to move text or data strings. The Z80 810 device is also described in Volume 3 because it is an ex
ceptionally powerful device: in many cases the power of the zao SIO device will compensate for the additional logic it 
will demand in a non-ZaO microcomputer system. 

THE zao PARALLEL I/O INTERFACE (PIO) 

The Z80 PIO is Zilog's parallel interface device; it may be looked upon as a replacement for the 8255 PPI, but it 
is equivalent to the PPI at a functional level only. No attempt has been made to make the Z80 PIO an upward 
compatible replacement for the 8255 PPI. 

The Z80 PIO has 16 I/O pins, divided into two 8-bit I/O ports. Each I/O port has two associated control lines. 
This makes the Z80 PIO more like the Motorola MC6820 than the 8255 PPI. 

The two Z80 PIO I/O ports may be separately specified as input, output or control ports. When specified as a 
control port, pins may be individually assigned to input or output. Port A may be used as a bidirectional I/O port. 

The Z80 PIO also provides a significant interrupt handling capability. This includes: 

- The ability to define conditions which will initiate an interrupt. 
- Interrupt priority arbitration 

- Vectored response to an interrupt acknowledge 

Figure 7-16 illustrates that part of our general microcomputer system logic which has been implemented on the 
Z80 PIO. 

The Z80 PIO is packaged as a 4O-pin DIP. It uses a single +5V power supply. All inputs and outputs are TTL-level 
compatible. The device is fabricated using N-channel silicon gate depletion load technology. 
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Figure 7-16. Logic Functions of the Z80 P)O 
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zao PIO PINS AND SIGNALS 
zao PIO pins and signals are illustrated In Figure 7-17. Signals are very straightforward: therefore their functions 
will be summarized before we discuss device characteristics and operation. 

Let us first consider the PIO CPU interface. 

All data transfers between the PIO and the CPU occur via the Data Bus. which connects to pins DO - D7. 

For the PIO to be selected. a low Input must be present at CEo There are two additional address lines. BlA SEL 
selects Port A if low and Port B If high. For the selected I/O port. C/O SEL selects a data buffer when low and a 
control buffer when high. Device select logic is summarized in Table 7-5. 

Table 7-5. zao PIC Select Logic 

SIGNAL 
SELECTED LCCATICN 

CE a/A SEL C/o SEL 

0 0 0 Port A data buffer 
0 0 1 Port A control buffer 
0 1 0 Port a data buffer 
0 1 1 Port a control buffer 
1 X X Device not selected 

zao PIC device control logic is not straightforward. Cf the control signals output bV the zao CPU. three are input to the 
PIC,: M 1. ICRO. and RD. WR is not input to the PIC. Table 7-5 illustrates the way in which zao PIO interprets M1. 
10RQ and RD. Cbserve that AD is being treated as a Signal with two active states: low RD specifies a read operation. 
whereas high RD specifies a write operation. This does not conform to the CPU. which treats RD and WR as signals 
with a low active state only. 

Let us now look at the PIO external logic interface. 

AO - A 7 represent the eight bidirectional I/O Port A lines; I/O Port A is supported by two control signals. A RDY 
anei A STB. 

Similarly. I/O Port B is implemented via the eight bidirectional lines BO - B7 and the two associated control lines 
B RDY and B STB. 

The I/O Port A and B control lines provide handshaking logic which we will describe shortly. 

Now consider interrupt control signals. 

lEI and lEO are standard daisy chain interrupt priority signals. When more than one PIC is present in a system. the 
highest priority PIC will have lEI tied to +5V and will connect its lEO. to the lEI for the next highest priority PIC in the 
daisy chain: 

+5V No connection 

lEI lEO lEI lEO lEI lEO 

PlO PIO PlO 
2 3 n 

Highest Second Third Lowest 
(firstl priority priority priority 

priority 

If you are unsure of daisy chain priority networks. refer to Volume 1 for clarification. 

INT is a standard interrupt request signal which is output by the zao PIC and must be connected as an input to the 
zao CPU interrupt request. Cbserve that there is no interrupt acknowledge line. since M1 and ICRO simultaneously low 
constitute an interrupt acknowledge and will thus be decoded by the zao PIC. 

Clock. power. and ground signals are absolutely standard. The same clock signal is used by the PIC and the zao 
CPU. 

Observe that there Is no Reset signal to the PIO. M1 low with both RD and ICRO high constitutes a reset. We will 
describe the effect of a zao PIC reset after discussing operating modes. 
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Figure 7-17. zao PIO Signals and Pin Assignments 
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zao PIO OPERATING MODES 
To the programmer, a Z80 PIO will be accessed as four addressable locations: 

I/O Port A I/O Port A 

Data AO-A7 

I/O Port A 
ASTB 

Control AROY 

I I 
Data Bus 

L.. __________ -' 

00-07 r---- ------, 
I I/O Port B logic I 

I/O Port B BSTB 

Control BROY 

I/O Port B I/O Port B 
Data 80- B7 

By loading appropriate information into the Control register you determine the mode in which the I/O port Is to 
operate. 

The Z80 PIO has operating modes which are equivalent to those of the 8266 PPI, plus an additional mode which 
the 8266 PPI does not have. However. 8255 PPI Mode 0 provides 24 I/O lines. as against a maximum of 16 I/O lines 
available with the Z80 PIO. 

Zilog literature uses Mode O. Mode 1. Mode 2. and Mode 3 to describe the ways in which the Z80 PIO can operate: in 
order to avoid confusion between mode designations as used by the Z80 PIO and the 8255 PPI. mode equivalences are 
given in Table 7-6. 

Table 7-6. Z80 PIO And 8255 Mode Equivalences 

Z80 PIO 8255 PPI INTERPRETATION 
Mode 3' Mode 0 Simple input or output 
Mode 0 Mode i Output with handshaking 
Mode 1 Mode 1 Input with handshaking 
Mode 2 Mode 2 Bidirectional I/O with handshaking 
Mode 3 None Port pins individually assigned as con-

trols 

'Special case of Mode 3 

Let us now look at the Z80 PIO modes in more detail. 

Output mode (Mode 01 allows Port A and/or Port B to be used as a conduit for transferring data to external logic. 
Figure 7-18 Illustrates timing for Mode O. An output c~ is initiated when the CPU executes any Output instruction 
accessing the I/O port. The Z80 PIO does not receive the WR pulse from the CPU. therefore it derives an equivalent sig
nal by ANDing RD • CE • C75 • lORa. 

This pseudo write pulse (iiiiR. in Figure 7-18) is used to strobe data off the Data Bus and into the addressed I/O port's 
Output register. After the pseudo write pulse goes high. on the next high-to-Iow transition of the clock pulse ell. the 
ROY control Signal is output high to external logic. ROY remains high until external logic returns a low pulse on the Si'B 
acknowledge. On the following high-to-Iow clock pulse ell transition. ROY returns low. The low-to-high STB transition 
also generates an interrupt request. 
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WRO 

PORT OUTPUT 
(8 BITS) 

ROY 

STB 

INT ----~~ 
MODE 0 (OUTPUT) TIMING 

Wiio= RO .CE • CiD . iORQ 

Figure 7-18. Mode 0 (Output) Timing 

The ROY and ST8 signal transition logic has been designed to let ROY create STB. If you connect these two signals. the 
ROY low-to-high transition becomes the STB low-to-high transition and ROY is strobed high for one clock pulse only. 
This may be illustrated as follows: 

ROY __ .................. 1 

STB 

Timing for Input mode (Mode 1) is illustrated in Figure 7-19. External logic initiates an input cycle by pulsing STB 
low. This low pulse causes the Z80 PIO to load data from the I/O port pins into the port Input register. On the rising 
edge of the STB pulse an interrupt request will be triggered. 

On the falling edge of the <I> clock pulse which follows STB input high. ROY will be output low informing external logic 
that its data has been received but has not yet been read. ROY will remain low until the CPU has read the data. at which 
time ROY will be returned high. 

It is up to external logic to ensure that data is not input to the zao PIO while RDY Is low. If external logic does in
put data to the Z80 PIO while ROY is low. then the previous data will be overwritten and lost - and no error status will 
be reported. 

In bidirectional mode (Mode 2). the control lines supporting 1/0 Ports A and B are both applied to bidirectional 
data being transferred via Port A; Port B must be set to bit control (Mode 3). 

Figure 7-20 illustrates timing for bidirectional data transfers. This figure is simply a combination of Figures 7-18 and 
7-19 where the A control lines apply to data output while the B control lines apply to data input. The only unique 
feature of Figure 7-20 is that bidirectional data being output via Port A is stable only for the duration of the A STB low 
pulse. This is necessary in bidirectional mode since the Port A pins must be ready to receive input data as soon as the 
output operation has been completed. 

Once again. it is up to external logic to make sure that it conforms with the timing requirements of bidirectional mode 
operation. External logic must read output data while A STB is low. If external logic does not read data at this time. the 
data will not be read and the Z80 PIO will not report an error status tothe CPU; there is no Signal that external logic 
sends back to the Z80 PIO following a successful read. 
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Also. it is up to external logic to make sure that it transmits data to Port A only while B ROY is high and A ROY is low. If 
external logic tries to input data while the zao PIO is outputting data. input data will not be accepted. If external logic 
tries to input data before previously input data has been read. the previously input data will be lost and no error status 
will be reported. 

STB 

PORT INPUT 
(B BITS) 

ROY 

INT 

Figure 7-19. Mode 1 (Input) Timing 

iiiiR· 
A ROY _______ -:1 

ASTB 

PORTA 
DATA BUS 

INT ---------~~\ 

iSii 

BRDY 

WIi·= RD • CE • C75 . lORa 

Figure 7-20. Port A. Mode 2 (Bidirectional) Timing 

Control mode (Mode 3) does not use control signals. You must define every pin of an I/O port in Mode 3 as an in
put or an output pin. The section on programming the zao PIO explains how to do this. Timing associated with the ac
tual transfer of data at a single pin is as illustrated in Figures 7-1a and 7-19. ignoring the ROY and STB signals. If all the 
pins of a single port are defined in the same direction. then that port can be used for simple parallel input or output 
(without handshaking). 

zao PIO INTERRUPT SERVICING 
The zao PIO has a single interrupt request line via which it transmits interrupt requests to the CPU. 

An interrupt request can originate from I/O Port A logic. or from I/O Port B logic. In the case of simultaneous in
terrupt requests. I/O Port A logic has higher priority. 

An interrupt request may be created in one of two ways. We have already seen in our discussion of Modes O. 1 and 2 
that appropriate control signal transitions will activate the interrupt request line; that is the first way in which an inter
rupt request may occur. In Mode 3 you can program either I/O port to generate an interrupt request based on the status 
of signals at individual I/O port pins; you can specify which I/O port pins will contribute to interrupt request logic and 
what the pin states must be for the interrupt request to occur. In a microcomputer system that has more than one zao 
PIO. interrupt priorities are arbitrated using daisy chain logic as we have already described. But there is a significant 
difference between priority arbitration within a zao system as compared to typical priority arbitration. Figure 7-21 il
lustrates interrupt acknowledge timing. 
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Figure 7-21. Interrupt Acknowledge Timing 

The zao PIO requires the CPU to execute an RETI instruction upon concluding an interrupt service routine. 
Following an interrupt. an acknowledged zao PIO continously scans the Data Bus whenever M1 is pulsed low. Until an 
RETI instruction's object code is detected. the acknowledged zao PIO will continuously output lEO low. thus disabling 
all lower priority zao PIOs. As soon as an RETI instruction's object code is detected on the Data Bus. the zao PIO will 
output lEO high. thus enabling lower priority zao PIOs. What this means is that interrupt priorities extend to the inter
rupt service routine as well as the interrupt request arbitration logic. Once an interrupt has been acknowledged. all 
lower priority interrupt requests will be denied until the acknowledged interrupt service routine has completed execu
tion and has executed an RETI instruction. However. higher priority interrupts can be acknowledged and in turn inter
rupt an executing service routine. This is identical to the priority arbitration logic which we described for the a259 
PICU. 

You can. if you wish; enable lower priority interrupts by executing an RETI instruction before an interrupt service 
routine has completed execution. But this requires that you execute an RETI instruction in order to return from a 
subroutine within the interrupted service routine. This instruction sequence may be illustrated as follows: 

;START OF INTERRUPT SERVICE ROUTINE 

CALL 

RET 
ENABLE RETI 

ENABLE ;ENABLE ALL INTERRUPTS AT PIO DEVICES 

;END OF INTERRUPT SERVICE ROUTINE 

If you simply executed an RETI instruction shortly after entering an interrupt service routine. you would make a hasty 
exit from the routine - before completing the tasks that have to be performed in response to the acknowledged inter
rupt. 

PROGRAMMING THE zao PIO 
You program the zao PIO by outputting a series of commands. 

Let us start by identifying command format. 

If the 0 bit of a command is low, then the receiving I/O port logic will interpret the command as an interrupt vec
tor, with which it must respond to an interrupt acknowledge. assuming that the CPU is operating in interrupt Mode 2: 

7 6 S 4 3 2 1 0 _____ Bit No. 

I I I I I I IO~Command8yte 
<., r T - .. ----Interrupt vector specified 

'--------- Output these eight bits when 
an interrupt request is acknowledged 
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Do not confuse CPU interrupt modes with I/O port modes; they have nothing in common. 

In order to define an I/O port's mode you must output a Control code to the I/O port's Control buffer. Thi& ·is the 
Control code format: 

7 6 5 4 3 2 1 0 ~Bit No. 

~~~:, 
01 Input. Mode 1 
10 Bidirectional. Mode2 
11 Control. Mode 3 

Observe that the same address. the I/O Port A or B Control buffer address. is used when outputting a Control code. an 
interrupt vector. or a mode select. The low-order four bits of the Control code determine the way in which the Control 
code will be interpreted. The following Control code will enable or disable Interrupts: 

~~~~~~~~gJ--"-Controi Code 

l Interrupt enable control 
L.... ______ Don·t Care 

'---------.... -i 0 Disable interrupts 
1 Enable interrupts 

If a Mode Select Control code is output specifying that an I/O port will operate in Mode 3, then the next by~e 
output Is assumed to be a pin direction mask. 1 identifies an input pin. whereas 0 identifies an output pin. Here is a 
sample instruction sequence: 

LD 
LD 
OUT 
LD 
OUT 

C.(PORTACI 
A.OCFH 
(CI.A 
A.3AH 
(C).A 

;LOAD PORT A CONTROL ADDRESS INTO REGISTER C 
;LOAD MODE 3 SELECT INTO ACCUMULATOR 
;OUTPUT TO PORT A CONTROL REGISTER 
;DEFINE PINS 5. 4. 3 AND 1 AS INPUTS. 
;PINS 7. 6. 2 AND 0 AS OUTPUTS 

If you set an I/O port to Mode 3, then you can define the conditions which will cause an interrupt request; you 
do this bY outputting the following interrupt Control code: 

.... t---IBit No. 

Cl:l:I:l@JD:l]][}_--control Code 

'------Interrupt control word 

'--------0{ 1 if interrupt select mask follows 
o otherwise 

'----------1 1 high input on selected pins is active 
o low input on selected pins is active 

1 AND selected Pins for interrupt 
o OR selected pins for interrupt 

1 Enable intsrrupts 
'-----------~ 0 Disable interrupts 
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When you output an interrupt Control code. as illustrated above. if bit 4 is 1. Z80 PIO logic will assume that the next 
Control code output is an interrupt mask. An interrupt mask selects the pins that will contribute to interrupt request 
logic. A 0 bit selects a pin. while a 1 bit deselects the pin. 

Combining the various Control codes that have been described we can now illustrate a typical sequence of instructions 
for accessing a Z80 PIO. Assume that PIO I/O port addresses are: 

Port A data 4 
Port A command 5 
Port a data 6 
Port a command 7 

We are going to !!et I/O Port a to Mode 3. with an interrupt request triggered by either pin 6. 3 or 2 high. Pins 6. 3. 2 
and 1 will be input pins. while pins 7. 5. 4 and 0 are outputs. The Port a interrupt vector will be 04. Port A will be a 
bidirectional I/O port with an interrupt vector of 02. Here is the initialization instruction sequence: 

LD A.8FH :SET PORT A TO MODE 2 
OUT (51.A 
LD A.2 
OUT (51.A 
LD C.7 
LD A.OCFH 
OUT (CI.A 
LD A.4EH 
OUT (CI.A 
LD AA 
OUT (Cl.A 
LD A.Oa7H 
OUT (CI.A 
LD A.Oa3H 
OUT (Cl.A 

:OUTPUT INTERRUPT VECTOR 

:SET PORT a ADDRESS IN C 
:SET PORT a TO MODE 3 

;OUTPUT PIN DIRECTION MASK 

;OUTPUT INTERRUPT VECTOR 

:OUTPUT INTERRUPT CONTROL WORD 

:OUTPUT INTERRUPT MASK 

THE zao CLOCK TIMER CIRCUIT (CTC) 

The Z80 Clock Timer Circuit Is a programmable device which contains four sets of timing logic. Each set of tim
ing logic can be programmed independently as an interval timer or an external event counter. 

The master Z80 system clock is used by interval timer logic. A time out may be identified by an interrupt request. 

An external signal is used to trigger decrement logic when the timer is functioning as an event counter. An interrupt 
may be requested when the predetermined number of events count out. 

If you compare the Z80 CTC with the 8263 CounterlTimer described in Volume 3. you will see that the Z80 CTC 
has four sets of counter/timer logic as compared to the three sets of the 8263: however. the 8253 has more pro
grammable options. In addition to functioning as an event counter or an interval timer. the 8253 can be programmed to 
generate a variety of square waves and pulse output signals. 

the zao CTC is fabricated using N-channel depletion load technology. It is packaged as a 2a-pin DIP. All pins are 
TTL-level compatible. 

zeo CTC FUNCTIONAL ORGANIZATION 
Befor. we examine pins, signals, and operating characterics of the zao CTC in detail, let us take an overall look 
at device logic. 

There are four counter/timer logic elements in a Z80 CTC: each is referred to as a "channel". 
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Each of the four counter/timer channels may be visualized as consisting of three a-bit registers and two control 
signals. This may be illustrated as follows: 

S-bit Channel 0 only 

Control 
Register 

en 
:::> 
'" .J 
<t S-bit Z 
a: 

TIme Constant w 
I-
~ Register 

ClK/TRG 

B-bit 
Down Counter 

Register 

Control logic 

An initial counter or timer constant is loaded into the Time Constant register. The value in the Time Constant 
register is maintained unaltered until you write a new value into this register. 

The initial Timer Constant is loaded into the Down Counter register at the beginning of a counter or timer opera
tion; the contents of the Down Counter register are decremented. You can at any time read the contents of the Down 
Counter register in order to determine how far a time interval or event counting sequence has progressed. 

The Channel Control register contains a Control code which defines the channel's programmable options. There 
are four Control registers, one for each of the four channels. Thus one channel's operations in no way influence opera
tions for any other channel. 

There is an Interrupt Vector register which is addressed as though it were part of channel 0 logic. This register 
contains the address which is transmitted by the zao CTC upon receiving an interrupt acknowledge. The Z80 
CTC assumes that the Z80 CPU is operating in Interrupt mode 2 - in which mode the device requesting an interrupt 
responds to an acknowledge by providing the second byte of a subroutine address which the CPU will Call. For details 
refer to our earlier discussion of the Z80 CPU. 

Z80 CTC PINS AND SIGNALS 
zao CTC pins and signals are illustrated in Figure 7-22. 

DO - 07 is the bidirectional Data Bus via which parallel data is transferred between the CPU and any register of the 
Z80 CTC. 

CE is the master chip select Signal for the Z80 CTC. This signal must be low for the device to be selected. 
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While CE is low. CSOand CS1 are used to select one of the four counter/timer logic channels as follows: 

CS1 CSO Channel 

o 0 0 
o 1 1 
1 0 2 
1 1 3 

D4 
05 
D8 
07 

GNO 
AD 

ZC/TOO 
ZC/TOI 
ZC/T02 
Sa 

lEO 
iNi' 

lEI 
Mi 

PIN NAME 
00-07 

ClK/TRGO •. } 
CLKITROI. 
CLKITRG2. 
ClK/TRG3. 

ZC/TOO } 
ZC/TOI 
ZC/T02 
Mi 

iOiiQ 
R6 
RESET 
lEI 
lEO 
iNi' 
ce 
CSO. CSI 
<II. +5V. GNO 

1 
2 
3 
4 
5 
6 

Z80 
7 

CTC 
8 
9 

10 
11 
12 
13 
14 

DESCRIPTION 
Data Bus 

18 
27 
26 
25' 
24 
23 
22 
21 
20 
19 
1.8 
17 
16 
15 

External Clock or timer tfi!!ger 

Zero Count or timeout indicator 

Instruction fetch machine cycle 
sjgnal from Cpu 
Input/Output request fro/fl CPU 
Read cycle stat~ from CPU 
Device Reset 
Interrupt enable in 
Interrupt enable out 
Interrupt request 
Device enable 
Register select 
Clock •. P9W8I' and ground 

03 
02 
01 
00 
+5V 
ClK/TRGO 
CLK/i'RGl 
ClK/TRG2 
ClK/TRG3 
CSI 
CSO 
ii&'I' 
CE 
41 

TYPE 
Bidirectional. tristata 

Input 

Output 

Input 

Input 
Input 
Input 
Input 
Output 

Output, Open-drain 
Input 
Input 

Figure 7-22. ZaO-CTC Signals and Pin Assignments 
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CSO and CS 1 select registers associated with counter/timer logic. to be accessed by read and write operations. The ac
tual register which will be accessed is determined as follows: 

Write to Channel 

~ . • 

7 6 5 4 3 2 1 0 .... _-- Bit No. 

1[[1 [1[1 [ I~ IY[I~ IX}-"'- Data written 

.. --_ .. X = O. channel = 0 
Select Interrupt 

Vector 

..... --~ X = 1. select Channel 

Control register on 

first access . 

Read from channel 

• • • 

Down Counter 

.... ----_ ... If Y = 0 ___._Select Time Constant register 

on next write 

If Y = 1 --... Select Channel Control register 
again on next write 

(If Channel = O. select on next 
write according to X.) 

As the illustration above would imply. the Down Counter register is the only location of any channel whose contents 
can be read. All other registers are write only locations. 

When you write to a channel. bits 0 and 2 of the data byte being written determine the data destination as follows: 

1) If bit 0 is 0 and you are selecting channel O. then the data is written to the Interrupt Vector register. 

2) If bit 0 is 0 and you select channell. 2 or 3. the data destination is undefined. 

3) If bit 0 is 1. then on the first access of any channel the data will be written to the Channel Control register. 

4) If within the data byte written to a Channel Control register bit 0 is 1 and bit 2 is O. then the next data byte written 
to this channel will be loaded into the Time Constant register. irrespective of whether bit 0 is 0 or 1. The data writ
ten will be interpreted as a time constant: select logic will immediately revert to selecting the Channel Control 
register or the Interrupt Vector register on the next write. depending on the condition of bit 0 of the next data byte. 

M1. 10RQ and RD are three control signals input to the zao CTC. Combinations of these three control Signals control 
logic within the laO CTC. as described for the laO PIO. An exception is the device Reset. The zao CTC has its 
own RESET input. The PIO decodes a Reset when M1 is low while IORO and RD are high. With the exception of the 
RESET function. Table 7-4 defines the manner in which the zao CTC interprets ill. IORO. and RD Signals. 

Interrupt logic has three associated signals: lEI. lEO and INT. These signals operate exactly as described for the 
zao PIO. 

The zao CTC requests an interrupt with a low INT output. 

lEI and lEO are used to implement daisy chain priority interrupt logic as described for the PIO. 

Each of the four counter/timer channels has a CLK/TRG input control. This signal can be used to trigger timer logic; 
it is also used as a decrement control by counter logic. 

Counter/timer logic channels O. 1 and 2 have a ZC/TO output. This signal is pulsed high on a time out or a count out. 

When a low input is applied to the RESET pin. the laO CTC is reset. At this time all counterltimer logic is stopped. 
INT is output high. lEO is output at the lEI level and the Data Bus is floated. Register contents are not cleared during a 
reset. 

zeo CTC OPERATING MODES 
The laO CTC is accessed by the CPU as four I/O ports or four memory locations. Timing for any CTC access con
forms to descriptions given earlier in this chapter for the CPU. 

Let us begin by looking at a counterltimer operating as a timer. 
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Using an appropriate Control code (described later) you select Timer mode for the channel and specify that an initial 
time constant is to follow. 

You load an initial constant into the Time Constant register. after which timer operations begin. 

You have the option of using the CLK/TRG input to start the timer. in which case timer logic is initiated by external 
logic. The alternative is to initiate the timer under program control. in which case the timer starts on the clock pulse 
fo!lowing the Time Constant register being loaded. 

When timer operations begin. the Time Constant register contents are transmitted to the Down Counter register. The 
Down Counter register contents are decremented on every 16th system clock pulse. or on every 256th system clock 
pulse. You make the selection via the Control code. Assuming a 500 nanosecond clock. therefore. the timer will decre
ment the Down Counter register contents every 8 microseconds. or every 128 microseconds .. 

When timer logic decrements the Down Counter register contents from 1 to 0 a time out occurs. At this time ZC/TO is 
pulsed high. the Time Constant register contents are reloaded into the Down Counter register and timj:lr logic starts 
again. Thus timer logic is free running; once started. the timer will run continuously until stopped by an appropriate 
Control code. 

Here is a timing example for a timer started under program control and decrementing the Down Counter register on ev
ery 16th clock pulse: 

2 3 .- 15 16 15 16 15 16 2 
<I> 

ZC/TO 

INT 

Output Output Time Constant Decrement Down Counter Ragistar 
Control Initial to Down Counter Down Counter DecnIments flam 1 to O. 
Code Time Register. Start Register Reload Down Counter flam 

Constant Timer Tune Constant Ragistar and 
.-timer 

Here is a timing example for a timer whose operations are initiated by CLK/TRG. where the Down Counter register con
tents are decremented on every 250th clock pulse: 

2 3 

CLK/TRG 

ZC/TO 

Output Output 

Control initial 

Code time 
constant 

255 256 1 255 256 1 255 256 

Time 
Constant 

to Down 
Counter 

Register. 

Start 
Timer 

Decrement 
Down Counter 

Register 
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Observe that every time out is marked by a ZC/TO high pulse.iN'f is also output low providing interrupt logic is enabled 
at the channel. 

In the illustration above CLK/TRG is shown as a high true signal. You can specify CLK/TRG as a low true signal via the 
Channel Control code: the timer will be initiated as follows: 

2 

I ~/_--_\----'-~~ 
CLK/TRG L 

\ \ 

I 
For exact timing requirements see the data sheets at the end of this chapter. 

You can at any time write new data into the Time Constant register. If you do this while the timer is running. nothing 
happens until the next time out: at that time the new Time Constant register contents will be transferred to the Down 
Counter register and subsequent time intervals will be computed based on the new Time Constant register contents. 

If you are unfortunate enough to output data to the Time Constant register while a time out is in progress and the Time 
Constant register contents are being transferred to the Down Counter register. then an undefined value will be loaded 
into the Down Counter register: however. following the next time out the new value in the Time Constant register will 
apply: that is to say. there will only be one undefined time interval. 

Let us now look at a counter/timer operating as a counter. 

Using an appropriate Control code (described later) you select Counter mode for the channel and specify that an initial 
time constant is to follow. 

You load an initial constant into the Time Constant register. after which counter operations begin. 

When counter operations begin. the Time Constant register contents are transmitted to the Down C:ounter register. The 
Down Counter register contents are decremented every time the CLK/TRG input makes an active transition. Counter 
logic begins on the first active transition of CLK/TRG following data being loaded into the Time Constant register. The 
active transition of CLK/TRG may be selected under program control as low-ta-high or high-ta-low. 

When counter logic decrements the Down Counter register contents from 1 to O. a count out occurs. At this time the 
ZC/TO signal is pulsed high: an interrupt request occurs. providing the channel's interrupt logic has been enabled. The 
Time Constant register contents are reloaded into the Down Counter register and counter operations begin again. That 
is to say. counter logic is free running and will continue to re-execute until specifically stopped by an appropriate Con
trol code. Counter logic timing may be illustrated as follows: 

Output Output Start 

Control Initial Counter 
Code Time 

Constant 

Decrement Down Counter 
Down Counter register 
Register decrements 

from 1 to 0 
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zao CTC INTERRUPT LOGIC 
Every laO-CTC channel has its own interrupt logic. A channel's interrupt logic generates an interrupt request 
when the channel counts out or times out. All interrupt requests are transmitted to the CPU via the INT output. 
This is true if one, or more than one channel is requesting an interrupt. If more than one channel is requesting an 
interrupt, then priorities are arbitrated as follows: 

Highest Priority Channel 0 
Channell 
Channel 2 

Lowest Priority Channel 3 

Every channel's interrupt logic can be individually enabled or disabled under program control. 

The laO CTC device's overall interrupt logic is identical to that which we have already described for the laO 
PIO. 

The interrupt request is transmitted to the CPU via a low INT signal. 

The CPU acknowledges the interrupt by outputting Ml and IORO low as illustrated in the data sheets at the end of this 
chapter. 

The device requesting an interrupt which is highest in the daisy chain acknowledges the interrupt. Presuming this is a 
zao CTC. the CTC places its interrupt vector on the Data aus; it is assumed that the CPU is operating in Interrupt mode 
2. The zao CTC immediately outputs lEO low. disabling all devices below it in the daisy chain. 

When an RETI instruction is executed. zao CTC logic sets lEO high again. 

For more information on zao interrupt logic refer to discussions of this subject given earlier in the chapter for the zao 
CPU and the PIO. 

PROGRAMMING THE zao CTC 
These are the steps required to program a laO CTC: 

1) Output an interrupt vector once, when initializing the laO CTC. 
2) For each active counter/timer channel, output one or more Control codes. Control codes are used initially to 

set counter/timer operating conditions and to load the Time Constant register. Subsequently Control codes 
are used to start and stop the counter/timer, or to change the initial time constant. 

The interrupt vector is written to a counterltimer by outputting a byte of data to counter/timer channel 0 with a 0 in the 
low order bit. The interrupt vector may be illustrated as follows: 

~g~~~~~~~~"--lnterruPt Vector 

"----Must be 0 to identify Interrupt Vector 

"------Ignored by zao CTC which substitutes 

bits as follows: 

o 0 for Channel 0 interrupt 

o 1 for Channel 1 interrupt 

1 0 for Channel 2 interrupt 

1 1 for Channel 3 interrupt 

...... --------- Address bits stored 
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The Con~rol code which must be output to each active channel will be Interpreted as Illustrated in Figure 7-23. 

7 6 5 .. 3 2 1 0 ~BltNo. 

111111111 

• 
Control code 

Must be 1 to identify date as e Control code 

RESET 1 stopa channel immediately or 
o leaves it running 

LOAD Next da1a output ~ a time cons1ant to be loaded into 
the Time Cons1ant register. If counter/timer is not 

ruming. do not start until time ~nt has been written. 
o No time cons1ant follows. 

TRIGGER 1 If timer is stopped. start on CLKITRG 
o If timer is stopped. start on ell 

SLOPE 1 CLK/TRG positive edga triggered 

o CLK/TRG negative edge triggered 

l Timer Mode 
r Only 

RANGE 1 Decrement Down counter fIVIJfY 256th ell pulse.l Timer Mode 
o Decrament Down counter fIVIJfY 16th ell pulse. r Only 

MODE 1 Coun1ar mode 

o Timermoda 
IE Enable channel interrupt 

o Dissble channel interrupt 

Figure 7-23. zao CTC Control Code Interpretation 

ait 0 must be 1 to identify the data as a Control code. If bit 0 is O. then the data is interpreted as an interrupt vector
providing Channel 0 is addressed: the data is undefined otherwise. 

Bit 1 is used to stop the channel when it is running. If !;lit 1 is O. then every time the channel times out the Down 
Counter register is immediately reloaded from the Time Constant register contents and channel operations restart ac
cording to current options. If bit 1 is 1. the channel stops immediately: the ZC/TO output is inactive and channel inter
rupt logic is disabled. The channel must be restarted by outputting a new Control code. 

Bit 2 is used to output time constants. If bit 2 is 1. then the next data output to the channel will be interpreted as a time 
constant. If bit 2 is O. then the next data output to the channel will be interpreted as another Control code. or an inter
rupt vector. depending on the bit 0 value. 

Bit 3 applies to Timer mode only: assuming that the timer is not running. it determines whether timer operations will be 
initiated by the system clock signal til. or by CLK/TRG. 

If bit 3 is 0 then timer operations are initiated by system clock signal til: the timer will start on the next leading edge of 
til. unless the current Control code specifies (via bit 2) that a new time constant is to be output. in which case the timer 
will start on the rising edge of til which immediately follows output of the time constant. Timing for these two cases has 
been illustrated earlier. . 

If bit 3 is 1. then the active transition of the CLK/TRG signal initiates the timer. Once again. if bit 2 of the current Con
trol code specifies that a new time constant is to be output then timer logic cannot be started until this new time cons
tant has been output. Timing has been illustrated earlier. 

Bit 4 determines whether the low-ta-high or the high-to-Iow transition of CLK/TRG is ~ctive. Assuming that bit 6 has 
specified Timer mode and bit3 has specified the timer will be triggered externally by CLK/TRG. the active transition of 
CLK/TRG starts the timer. If bit 6 is not 0 or bit 3 is not 1. then the active transition of CLK/TRG decrements the counter. 

If bit 4 specifies that a low-ta-high transition of CLK/TRG will be active then CLK/TRG may be illustrated as follows: 

CLK/~G ______________ ~~--------~\~ ______________ _ 

If bit 4 specifies that the high-to-Iow transition of CLK/TRG will be active then CLK/TRG may be illustrated as follows: 

------------~ I~·--------CLK/TRG ~~ _____________ J. 
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Bit 5 applies to Timer mode only. If bit 5 is O. Down Counter register contents will be decremented every 16th system 
clock pulse (cII). If bit 5 is 1. the Down Counter register contents will be decremented every 256th system clock pulse 
(cII). 

Bit 6 determines whether the channel will be operated as a counter or a timer. If bit 6 is O. Timer mode is selected; 
Counter mode is selected if bit 6 is 1. 

Bit 7 is an interrupt enable/disable flag. If O. the channel's interrupt logic is disabled; if 1. the channel's interrupt logic 
is enabled. 

Let us now look at the programming example. Here ara the assumed operating conditions for the ZSO CTC: 

1) Channel 0 is operating as a counter with an initial time constant of S016 and interrupt logic enabled. 

2) Channel 1 is operating as a timer. It decrements on every 16th system clock pulse and. has an initial time constant 
of 4016; its interrupts are disabled and CLKlTRG starts the timer on its low-to-high transition. 

3) Channel 2 is operating as a timer. It decrements every 256th system clock pulse and has an initial time constant of 
CS16; its interrupts are enabled and the system clock starts the timer. 

4) Channel 3 is inactive. 

The CPU is operating with interrupt logic in Mode 2. CTC interrupt service routine starting addresses are stored at 
memory locations 2C4016. 2C4216 and 2C4416. The CTC is accessed as I/O ports BS16. B916. BA16. and SB16. 

Here is the appropriate CTC initiation instruction sequence: 

LD A.2CH ;LOAD INTERRUPT VECTOR REGISTER OF CPU 
LD I.A 
1M 2 
LD A.40H 
OUT (OBSH),A 

;ST ART CHANNEL 0 
LD A.OC5H 
OUT (OBSH).A 

;SELECT CPU INTERRUPT MODE 2 
;OUTPUT INTERRUPT VECTOR TO 
;CHANNEL 0 

;OUTPUT THE CONTROL CODE TO CHANNEL 0 

LD A.SOH ;OUTPUT THE INITIAL COUNT TO CHANNEL 0 
OUT (OBSH),A ;CHANNEL 0 BEGINS OPERATING. 

;START CHANNEL 1 
LD A.1DH 
OUT (OB9H),A 
LD A.40H 
OUT (OB9H),A 

;START CHANNEL 2 
LD A.OA5H 
OUT (OBAH),A 
LD A.OCSH 
OUT (OBAH),A 

;OUTPUT THE CONTROL CODE TO CHANNEL 1 

;OUTPUT THE INITIAL TIMER CONSTANT TO CHANNEL 1 
;CHANNEL 1 SEGINS OPERATING. (IF TRANSITION OCCURS) 

;OUTPUT THE CONTROL CODE TO CHANNEL 2 

;OUTPUT THE INITIAL TIMER CONSTANT TO CHANNEL 2 
;CHANNEL 2 BEGINS OPERATING 
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DATA SHEETS 

This section conta!ns specific electrical and timin~ data for the following devices: 

Z~O and ZaOA CPU· 
zao and ZaOA PIO 
zao and ZaOA CTC 

7-01 



zao-cpu 
Absolute Maxinmm Ratings 
Temperature Under Bias 
Star. Temperature 
VoIl", On Any Pin 

wllh Respec. 10 Ground 
Power Dluipllion 

Spedfled uper.lillS 'anac. 
-65'C '0 + 150'C 
-O.3V.o +7V 

I.SW 

"Comment 
Stresses above tho_listed under "Absolute 
Maximum RaUnao• may CIUII permanent 
dam ... IO.he device. this Is, II .... ra'ina 
only and (unell ..... operation or !he devIc. 
It these or any other condition above those 
indicated in the operationaillclions of this 
specifscatlon II not implied. Exposure to 
absolute maximum raUnl condiiioni for 
•• lended periods may ,rrtc' device .. 1I11>11I.y. 

Z80-CPU D.C. Characteristics 
T A ·O°C IU 7ftC. V",( • 5V :t: 5'''' unle. otherwise sp,dOed 

Symbol - .. IIIn. Typ. Max. UnIt Tal Condition 

VII.(' elu," Inpul Luw Vultase -0.3 0.45 V 

VIHC Ch",k Inpu, Hip VolI ... 
Vc:c-Il V .. +.3 V 

VIL Inpu. Low Vol .... -0.3 0.8 V 

VIH Inpu, Hip VoII.se ~.O Vee V 

VOL OuIPUI Low Vol .... 0.4 V IOL"1.8mA 

VOH Ou'pu, Hip Vohoge 1.4 V IOH· -:!:So"A 

ICC Puwer Supply Cunenl 150 mA 

IU Inpul Leakage Currenl 10 ~A V1NaO ro Vee 

ILOH Tri·Slale OUIPUI LeakiIJe CUrrenl in Rool 10 ~A VOur8 ::l:.4toVcc 

ILOL Tri·State OU'PUI Leakage ("urrent in Float -10 ~A VOUTOOO.4V 

ILD Oatil Bus teakilp Currenl in Input Mud. tlO pA O<VIN<V", 

ZSOA-CPU D.C. Characteristics 
TA = 0'1(" III 70°(,. V t.:t.:. ~V!: ~.; unl.:)., Illher"l~ spC\.'llied 

Symbol Plnm'ltr Min. Typ. Ma •• Unl. TOIl CondI.ion 

VIL(' ('1",1,; IUPIII Luw V"II01~ -0,,' 0.45 V 

VIII(' fh""k Inpill 1I1f,h Vull",c V .. -.6 V .. +.3 V 

VIL IUPIII Ln .. Vull,,'': -U"I U.lI V 

vIII Inpul.h.1a V"II;! • .: :.U Vo:..: V 

VOl. OutP11I LIM Vull ..... O.~ V IOL ·I.~'"A 

VOII OUlpu11harh V,tllalJt ~." V Inll = -:~Upl\ 

In' ""wei Supp!)' fUirtnt 90 ~OO mA 

III Input ltilkaKe ('UffCIII 10 ~A V1N=O 1\1 V.:..: 

II.ml TII·Slilh~ OIUrUI LC"""iI~ ('uncnt III Fhtlll IU ~A VOllT=~'''' In V"...: 

IU,.. Tn·Slall: Olllp"II . .:;i!tap:\'ullenl III final -IU ~A VOl1ylll(J·4V 

11.11 1>"1;& 8u)I Leakosp! ('UUlnl In Inpul Mud. tlU ~A O<V1N .;;'V"...: 

Note: For lK().('PU an AC and IX' characlerislics remain lhe 
same rOf lhe mililary ... plr" exccpl Icc' 

Icc a :oDmA 

Capacitance 
TA = 2s·c.r= 1 MHz. 
unmeasured pins returned to ground 

Symbol 

_or 
Ma •• Uni' 

C. CI~k Capat.:llance lS pF 

CIN Inpul CapJl(ilance 5 pF 

COUT OutPUI CapaLilance 10 pF 

Z80-CPU 
Orderiilg Information 
C - Ceramic 
P - Pla.ic 
S - S.andard SV !:S" 0° 10 ,ooe 
E - EXlended SV U" -40· 10 85°e 
M - MiIi.ary SV !I~ _55° 10 125°C 

Capacitance 
T A = 25·('. f = I MH7.. 
unmeasured rins returned to I!tround 

Symbnl Parameler MIl", 

('.~ (."~.,,, (',IpoIl.'uoIn.:,· 35 

('1)0 hll'l11 ('ar"': .... I1':,· 

('01'1 ()UlplIl('oIPoI':II.III.:t IU 

ZSOA-CPU 

Unit 

p~ 

pl' 

p~ 

Ordering Information 
C-C,ramic: 
p- Plnlie 
5 - Stanard 5V 1:5'.J ff' 10,rtC 

w. reprint data ah .. ta on pegea 7-D2 through 7-D13 by permlsalon of Zilog. Incorporatad. 
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ZSO-CPU 
A.C. Characteristics 

TA = O'C 10 70·C. Vee = +5V ± 5%. Unless Otherwise Noted. 

Slana! Symbol Pm"".., MI. 

" 
Clu • .:k 1\"1111.1 .4 

'" 'w·1fJ1IJ CltlCk Pulse Width. ('Itll;k High 180 
'wltPl) Cluck PillSI.' Widlh. Cluck Lnw 180 
1 •• 1 Cluck Rill: ilnd Fall Time 

'DIADI Add",ss OUII'UI Delli), 

'FlAP' DeIOl)' hi FIlial 

',11':111 Address Stublc Prior hi i'IfF.ij (Me-mury Cycle) 
"0-15 ';h:i Addrt'ss SI:lblt Prillr III mmJ. m tlf WI( ClIO Cycle) -

',~ Address Siabl ... fml11 !p, \V.!.z. JilIRlI or llIm1 131 
ICOIf Address Slilbl ... FWIl1 RD liT WR Dulin~ Fluoal 141 

10101 Data Output D:lay 

'FIDI Dela)- III Float Durin, Write Cycle 

'S.CO' llIIta Setup Tinw h, Risinlll:d. u" {'tuck Ouring M I Cycle 

Do-7 'si'CDI Dill Stlup Time III Fallina Edse uf Clu.;k Ouring M11n M~ 
Idem Data Stable PriUT III \Vii (Memory ('yeltl 
tcki Data Stable PriUT IU WR 010 ('ycl,) 
Icdr Datil Stable FfUm Wi TIf 

'H Any Huld Time r.,r Selup Time 0 

'DL.CMRI ~ Drlay Frum FaUiDS Ed • .,r Cluck. MREO l.uw 

'DH.CMRI MiEO Delay Fmm RisinS Edar .,f Cluc:k. iiE5 Hiall 
J:mO 'DHi'CMRI ~ Delay From Fallina Edar .,r Cluc:k. MRE' j HiSh 

'w(MiU., Pulse Widlh. MiEO Low 
'wciiiui) Pulse Wid'h. MliEij High 191 

'DL.(lR) iOiQ Delay From Rians EdJe of Ooc:k.IORO Low 

~ 'DL.(lR) ~ Delay From FIlling Edge .1 Clock.IORQ Low 

'DH.(lR) 10RQ Delay From RIlIng Edge 01 Clock. iOiiQ High 
'DH.(lR) i5iij Delay From FalliDS Ed. of Clock. IORO Hlsh 

'DL.CRD) !!! DeilY From Kistns Edar of Clock.1Y!. Low 

iii 'DL.CRD) !!! DeilY From FaUiDS Ed. ofClock.,RP Low 
'DH.CRD) RD DeilY From Ri1iDS Ed. of Clock. RD Hlsh 

'DHi'CRDI iD Delay From Fallina Ed. of Clock. R6 Hish 

'DL.CWRI !! Delay From lUsinS Edar of Clock. !!. Low 

fiI 'DLi'(WR) WR Delay From FailinS Ed. of Clock. WR Low 
'DHi'CWR) Wi Delay From FaUins Ed. of Clock. WI( Hiah 
'w CfilL) Pulse Widlh. Wi Low 101 

Vi 'DLCMII 
'DHeMl) 

iii Delay From RisinS Edae ofCloc:k. MI Low 
III Delay From Risl.g Edge olClock.iii High 

mil 'DLCRF) RFSH Delay Fr.,m RisinS Edge of Cloc:k. RFSH Low 
'DHCRF) iif§ii Dei,y F,om Rising Edge 01 Clock. iii'Sii HI", 

WAIT ',cwr) WAIT SeIUP Time I., FaUins Edar.,r Clock 70 

HALT 'DCHTI HALT Delay Time Frum FallinB Edp .,f Cluck 

INT IS (IT) INT SeIUp Time I., RJsina Ed • .,f C1uck gO 

Nil! Iw(NML) Pulse Widlh. NM I Luw gO 

iiiiSliO ',(BQ) BUSRO Selup Time I., Rislna Edar of Cluc:k gO 

fiilm( 'DL(IAI DAR: Delay From RisinB EdSt .,rCloc:k. iiJiAI Low 
'DH(IAI 1IDIII Delay From Fallin. FAiSt .,r ntH:k, IiUSiR' Hlsh 

imT ',CRS) RF.SET SeIUP Time I., RisinS Edar of Clock 90 

'FCC) Delay 10 Float (MREO.IORO. RD and WR) 

'm, MI Siable Prjur 10 IOROflnterrupl Ac:k,' (III 

NOTE-Ii: 

A. (hIli! 5iltluld ~ rnllbled ,!!!!,,, Ihe.!!!!.. d.;ala hus when iiii IS active. DUJlng inlerrupl aeknnwledp dilta 
shfoluld Ix enahled whrn MI ilnd IORO art' hUlh lellyr. 

B. All (unlful 5I,mll, are Inlrrnally synchrullll.rd, '" Iht'y lIllIy be IUlally asynehrnnuus wilh rC5ptct 
hllhrduck 

l'. The mET lItu'ill mu,., be aCllye 1'", iI nummum ut' J duck I:ydr~. 
D. Output Delay Y!I.. Luaded ('apacl,.nct' 

TA = 70GC Vee· HV !S"h 

MIX Uni. 

II~J ."" lEI .'" 
~OOO .so< 

30 .'" 
145 .s« 
110 .se, 

nscc 
nsec 
nsec 
nsec 

230 nsec 

.'" .s« 

.S« 

.s« 

.sc.: 

.K< 

100 "'" I ... , 
"'" DseC 
.sec 

90 ... , 
'ICC ... , 

IIU "'" 
100 .sec 

.sec 

.sec 
IIU "'" 
80 "'" se, 

.se, 

.so, 
130 .so, 
130 ... , 
180 ., .. 
150 .sec 

.sec 

300 .sec 
... , 
.sec 

.... 
120 .... 
110 .... 

.... 
100 .sec 

nle': 

Add IOnsee delay Co, .aeh SOpClncre ... In 10ld up.o I mlxlmum oC200pCCo •• he dill bus" lOOpC Cor 
.ddmt" COII'roll ..... 
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TellCondilion 

CL' 50pF III tacm = IWC4»H, ... lr- 75 

121 lacI,"le-80 

131 tca .. IWC4»U ... I, - 40 

141 ''-'!If = tWC4»l) "'1,-60 
CL =SOpF 

151 Idem a Ie - 210 

1·1 Idc! = 1w(.L) + I, - 210 

171 'celC= 1w(.L) +.,..BQ 

Cl -5OpF 

181 tw(MRU=tc -40 

191 IWCMRH' rr IWC+H'''' tr- 30 

Cl ' 50pF 

CL ' 50pF 

CL ' 50pF 

CL = SOpF 

CL = SOpF 

CL ' 50pF 

CL ' 50pF 

Load circuit ror Output 



ZSOA-CPU 
A.C. Characteristics 

T A = oOe to 70°C. Vee = +SV ± 5%. Unless Otherwise Noted. 

...... Symllal .......... lifo 

" 
Clock ""rlod .25 

• 'w(~) Clock "" .. Widlh. Clock IIIF 110 

'w'·L) Clock "'". Wid'h. Clock Low 110 
',.r Clock RIse and FIll Time 

'D(AD) Addrell Outpul Delay 
'F(AD) Delay to Floa. 

"0-15 '""" Add .... Stobie Prior 10 MiiEii (M.mory Cycle) 

'''' Add ... S"bl. Prior '0 RII!l).1111 or Wi! (1/0 Cycle) -
',~ Add .... SlObl. lrom m. ~ IlliQ or ~ 

Addre. Stable From i6 or Durina FlOit 
~ 

'CII '" 
'0 (D) DI'I Output o.lay 
'F(D) Delay to FlOit Dur1na Write Cycle 

's.(D) Dati Setup Time to RUinS Ed. of Clock .Durinl M I Cycle 
1>0-7 '~(D) DIll Setup Time to FailinB Edge or Cluck Durinl M:! 10 MS '- Da" Slable PrIor '0 VIIi (Mera.." Cyde, 

'dd DalO Slab'. Prior '0 VIIi (1/0 Cyd.) 

'ed! Dill Stable From Wi '" 
'H Any Hold nme ror Setup Time 

'DLi'(MR) ~ DeilY From FIlling Ed .. or Clock. MREQ Low 
'oo.(MR) IiIIl!l1DellY From Rlstng Ed .. or Clock. MREQ IIIF 

RmI 'DH~R) ~ Delay From Filling Ed .. oICiock. ~IIIF 

'. RL) "" .. Widlh. 'iii!ll Low 
..,(iiiili) "" .. Wldlh. 'iii!lllligh .. r 

'DL.(IR) mlii! DeilY From Rlstna Edp oICIock.1lliQ Low 

mRO 'DLi'(IR) lliIiQ Delay From Filling Ed .. 01 C1ock.IORQ Low 
'011. (IR) ll5iij IIeIay From Rlstna Edp oICIock.1lliQ1IIF 
'DHi'(IR) 10RQ IIeIay From FalHng Edp 01 C1ock.IORQ IIIF 

'~(RD) RD IIeIay From Rlstng Edp oICIock. RD Low 

iii 'DLi(RD) !j2DeIay From Fa1Hns Edp oIClock.'!p Low 
'011. (RD) RD Delay From Rlstna Edp 01 Clock. RD IIIF 
'DHi'(RD) m IIeIay From FllUna Edp oICiock. iii) IIIF 

'D~(WR) Wi DeIlY From Rlstng Edp 01 Clock. WR Low 

Wii 'DLi'(WR) Wi DeIlY FlOm Fioina Edp oICIock. Wi Low 

'~) Wi! DeIlY From FIIHna Edp oIClock.Wi!1IIF 
'w L) "'110 Wldlh. Wi Low IIUI 

III 'DL(MI) III Dei,y From Rillna Ed .. 01 Clock. MI Low 
'OIl (MI) Iitllelay From Rlstng Ed .. oICiock. III IIIF 

Iii'III 'DL(RF) RFSH DeilY From RIsIng Ed .. oICiock. RFSH Low 
'DH(RF) mn Delay From RIling Edp oICiock. iiFiii HIgh 

WAli' "(Wf) WAfi'So'.p Time '0 FalHng Ed .. 01 Clock 70 

iim' 'D(HT) HALT DoIlY nme From Fallina Edp 01 Clock 

IliI'i' " (IT) IliI'i' So,., n ... '0 Rlstng Ed .. or Clock SO 

iiMI 'w(iiiiiL) ...... Wldlh.iiiiii Low SO 

IIllmi "(10) BUSRQ Setup Tlme to RiIIn. Ed&t orOock 50 

IiIIIn: 'DL(BA) IiUiD IIeIay From Rlstng Edp oICiock. iillm Low 
'OII!SA) IIllID Delay From Fa1Hns Edp 01 Clock. iillm IIIF 

Ii!m' "(RS) mET Setup nmc to RIIIn. E. ofOock 60 

'F(C) Delay '0 FI .. , CiiiiEQ.IORQ. RD and Wi) 

'rat MI Slable Prior '0 10RQn ... nup' Aek.) 1111 

NOTES: 

A. Da" should be enabled onto lhe CPU dBla bus when 1m II &elM. During interrupllCknowlodp datI 
IhouId be enabled when 111 and mR1J are both selive. 

8. All CDnlrollipll.lre Internlll)' synchronized. 10 they 11'11)' be tOlally II)'nchronouI with rtIpIClt 
10 thtdock. 

C. The III!I" ....... must be lelive ror I minimum or 3 dock cycles. 
D. Output Delay VI. Loaded Capacitance 

T".7O"C Vcc-+5Vt5. 

Mal 

IIll 
lEI 

.10 

110 

150 

0 

85 
85 
as 

75 

85 

85 
5 

85 

65 
SO 

100 
I ... 

130 
120 

300 

100 
100 

SO 

Add IOn •• delly for each 50pf btcreau bt I .. d up 10 maxlmum of 200pf for dala bus and lOOpf for 
.dtIna A conlrol Un .. . 

&. AI ........ Ilitle by design ..... ina guano, ... 'w(.H) 01 2OO __ m 
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UnII T"_. -n .. , 
n .. 
n'" ... , .... .... 

CL• SOpF .... [II , .... ·'w(~·'I-6S ... , .... [21 'act D 'c,,70 

.... 
nltl: 

131 I .. a l,,(.L) + I, - 50 

.... 
n .. CL a50pf 
n .. , 
n .. , 

[41 tc:arDtw(.L) t 'r .. 45 

151 Idem a I. -)70 

[61 ldel a 'w(.L) +., - 170 ... , [71 Icdf· 'w(.L) + ., - 70 .... .... .... r L• SOpF 

""" .... [81 "'(MRL) " ',-30 
[91 'o<iiiiH>. 'O<.H) • 'I- 20 

""" .... CL • SOpF .... .... 
.... .... 

CL• SOpF .... 
.tee 

.... .... 
CL" SOpF .... .... 

.... CL .50pF. ... , 
n.ee CL =50pF nlOC 

.... 
n ... CL'SOpF 

... , 
n .. , 

... , 

.... 
r L• SOpF .... 

.... 
-
""" 

.-........ _.-if-i ...... : ...... 
"'l .-

Lood d .... ' lorOutpU' 



zao-cpu 
A.C. Timing Diagram 

Timing measurements are made at the following 
voltages, unless otherwise specified: 

'DLIMlI 

f.fl 

mR 

IIimm 

1m 

WR 

Rmn 

1m 

WR 

Wlm' 

RittT 

m 

IiRI 

lI"OIIm 

lIUIR 

Rm'f 

"I" ''0'' 

CLOCK V .. -.6V .4SV 
OUTPUT a.Gv .BV 
INPUT a.Gv .BV 
FLOAT AV tD.sv 

' ... 
'" ' .. , 
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zeo-Plo 
Absolute Maximum Ratings 

Temperature Under Bias Specified operating range. 
Storale Temperature _650 C to + I 50° C 
Voltase On Any Pin Wilh 

Respect To Ground -0 .• 1 V lu +7 V 
Puwer Dissipalion .b W 

ZSO-PIO and ZSOA-PIO 
nc. Characteristics 
TA 1:11 0° C 10 70° C. Vee =:\ V ± 5';; uiliess utherwise spel.'ilied 

Symbol Parameter 

VILC Clock Inpul Low Vuhage 

VIHC Clo..:k Inpul Uigh Vullage 

VIL Inpul Luw V,)lIage 

VIH Input High Voltage 

VOL OUIPUI Low Vnllage 

VOH Output High Vtlilage 

ICC Power Supply Currenl 

ILl Input Leakage Curren I 

ILOH Tri-Slale Output Leakage Current in Float 

ILOL Tri-Stale Output Leakage Currenl in Fhmt 

ltD Data Bus Leakage Current in Inpul Mude 

10HD Darlington Drive Currenl 

Min. 

-0.) 

Vcc-.6 

-0.) 

~.O 

:!.4 

-1.5 

Max. Unit 

.45 V 

VCC+.3 V 

O.K V 

Vee V 

0.4 V 

V 

70 .. A 

10 ~A 

10 ~A 

-10 ~A 

tlO ~A 

J.K mA 

7-06 

·Comment 
Siressesabove those listed under "Absolute Maximum 
~tinl" may cause permanent damage to the device. 
~is is a stress ralina only and functional opera lion of 
the devil:e al these or any olher condition above ahose 
indit:ated in Ihe operalional sections of Ihis specinca' 
lion is 1101 implied. Exposure to absolute maximum 
ralillg condilions for extended periods may affect 
device reliability. 

Note: AU AC and DC characteristics remain the-same for 
the mUHary grade parts except Icc' 

Icc"UOmA. 

Test Condition 

IOl"":!·OmA 

IOH 1I.-2S0p.A 

VIN "" 0 to Vee 

VOUT "" 2.4 to Vee 

VOUT= 0.4 V 

Oo;;VINo;;V,,, 

VOH =1.5 V 

REXT 'J90n 

POri BOniv 



ZSO-PIO 
A.C. Characteristics 

TA = O· eta 70· C, Vcc = +5 V ± 5%, unless otherwise noted 

SIGNAL SYMBOL PARAMETBR 

Ie ClockPc<1ocI 

+ IwI4>HI Clock Put .. Width. Clock High 
IwI4>LI Clock Pulse WocIth. Clock Low 
... If Qock Rise and Fall Times 

1M Any HoIdTfme for Specified "·Up Time 

CB.a 'SCoICBI ConuoI Signal Set-Up Time 10 Riling Edge of I!- During Read 
ETC. arWriceCvdt 

'ORIOI DatI OuCPUt Detay from F.lling Edge of AD 
'&40101 DIu ~.Up Time to Riling Edge of ""During Write or at 

Do·07 Cyale 

'01101 .,... 0. ..... DeIlY from Filling Edge.f iiililI DtninglNTA 
Cvde. 

'F 101 Oet.., to FIoItIng Bus 100tput Buffet Disable Timel 

lEI 'SIIEII lEI SeW. Time to Filling Edge.f iiililI Ou'in~ INTA Cycl. 

'OHIIOI lEO Delay Time &om Riling Sdgo of IE. 
lEO toLIiOI lEO Delay Ti ... _ F.llinE Edge.f lEI 

'DMIIOI 'lEO Del!!. _ Filling Sdgo of Iilll .... 'u .. CIcou"inE J .... 
_1010111 'Sol_A. 

iiililI 'SCoIiRI iiililI Sot·U. Time 10 Riling Sdgo of. OurinE _ .. Wri,. 
CycI. 

M. 'SCoIMII iii Sot"" Time to RiII"II Edge.f. Du'ingINTA .. 1Il 
Cycle. Sol_B. 

li5 'SCoIROI li5 Sot·Up TirnllO Riling Edge of. Ouring R .... or III 
CycI. 

rslPDI Port De .. Sot,UP Ti ..... Rbing Sdgoof mm I_II 
tosCPOI Port Oou 0 ...... DtIty from Filling Edge.' mlIIii! 

AcrA7. 1_21 
80-87 "CPOI De..., BE FIOIIlng Port De" B ... _ Riling Sdgo of 

STRO ,1M"" 21 
tolCPOI Port.,... iubre _ Riling Sdgo of Il!Im Du'inE WR 

CvdeI_iII 

fIB· IwIST! 
__ .iiI'iIiIiili 

iNi' tollTl INT DeIly Time _ RiII"II Edge of fi'lilm! 
to 1IT3I iNVDeIIy Ti ... _De .. _Dtning_3 0 .... _ 

AROY. toHIRYI RIIdy _ 'rune lrom RdinE Edge.' iiililI 
BROY 

toLIRYI R_ R_ Time lrom Riling Edge.' S'Tli5iiE 

NOTES: 
A. 2.& 1e>IN·21'OL 1.01 "0101 1101 ''I IIEII' TTL Butter DeIlY. if ... 
a. iii mUll be II:tivo for. minimum of 2'cIock .... iods to met the PIO. 

Oulputloacl circuli. 
TEST POINT 

MIN 

4GO 
'70 
'70 

0 

28D 

,lID 

'40 

2I5D 

210 

240 

2fIII 

'IID 
141 

MAX UNIT COMMENTS 

III .... 
2000 .... 
2000 .... 
30 .... 

.... 
noac 

430 n ... 121 
noec 

CL"IID.' 
340 .... 131 

.IID .... 
.... 

2'0 .... III 
'SO .... I6ICL'IID .. 
30D .... III 

ntae 

.... 
n ... 

.... 
230 .... 161 

2DD .... CL-BOpF 

2DD n ... 1&1 

.... .... 
4SO n ... 
420 .... 
Ie' .... 1&1 
480 CL'SO" 
Ie' .... III 
4GO 

III le'IwNoHI'IwI4>LI',,+l1 
121 Inc:teIIOtoR fD) by 10 nsec: foruch 60 pF Incre.e In IoIdtng up to 2OOpFIftIIC. 
13) Inc:reae 101 iDI by 10 mec tor HCh 60 pF IncrtIIO In 10000ng up to 200 pPm ••• 

141 For - 2: Iw ISTI>rs CPOI 
161 Increae thee values by 2 nsec for uch 10 pF lncruIe In 10Iding up to 100pF max. 

CR, - CR4 'NB14 OR EQUIVALENT 
CL '110 pP ON DctD7 

• SO pF ON ALL OTHERS 

Symbol Pantmet. Mal<. Unil Test Condition 

C. Clo.-l. C.pacil."". 10 pF Unmeasured Pins 

CIN Input C.pacilance S pF Relurned 10 Ground 

COOT Outpul Capacitanc. 10 pF 

7·07 



ZSOA-PIO 

A.e. Characteristics 

TA = o· C to 70· C. Vcc = +S V ± S%. unless otherwise noted 

SIGNAL SYMBOL PARAMETER MIN MAX UNIT COMMENTS 

.. Dock Period 2&0 111 nsec 

4> 'W14>HI Ctock Pulse Width. Clock High 106 2000 nsec 

'W14>LI Clock Pulse Width. Clock Low 106 2000 nsec 
...... Cock Rite and FaU Times 30 n ... 

'. Any Hold Tlme for Specified Set·Up Time 

CS.~ ts.ICSI Control Signal Set-Up Time to Rising Edge of ~ During 146 
ETC. Read or Write Cyde 

'DRIDI DatI Output DeilY From Falling Edge of Fib 380 nlOC 121 

ts.IDI [Jm Set-Up Time to Rising Edge of cit During W'IU! or &0 nlOC 

Do-D7 M1 Cycle CL -50pF 

101101 DIU Output DeIly from Falling Edge of rmm During INTA 2&0 131 
Cycle 

'FIDI Deity to Flolting 8U1 'OutPut Buffer Oiubls Time' 110 

lEI 1$ IIEII lEI Set·Up Tim. toF,lIIng. of rmm During INTA Cycle 140 

tOHUO' lEO Delay Time trom Riling Edgt of lEI .&0 

b'~ _ CL -60pF 'DLIIOI lEO Del.., Time from Felling Edge of lEI '30 
:'~ lEO 'DMIIOI lEO De'!!, from Failing Edge of Mi (Interrupt Occurring Just 1~'i' 

Prior to M1' See Note A. "I~~.~/'" ~' ,."1 

i6iiQ ts.IIRI 'i5im Set·Up Time to Rltlng EdgD of. During Read or 
Write Cycle. 1.\~~~i1 ~;~~tt::~ 

~;~r:;., 

Mi ts.IMt) g; Set·Up Time to Riling Edge of 41 DUring INTA QI at'~,;··'~\ 1;;110 
Cyde See Nota I .;, 

.~, ' 
y 

RD 'S4>IRDI RD Set-UP Time to Rtsing Edge of. DurInt Rad ~:IR 115 
Cycle .,.' •. 

tslPDI P ... 00 .. Set·Up TI ...... ~idaOiif STROBE IMode 11 230 nse, 
tDSCPDJ Port Data Ourput Oeley'fFiiftI""lftg Edge of STFiOiE 210 noe, 151 

CMode2) .' '.,' 
Ao·A7· 
10-17 'FIPDI ~.:::..:t.lIktj ..... DoIIBUI &om RI,I ... E ...... !i'i'RiiiE 180 - CL-50pF 

tDI CPDlc'~ ,-: ~'''''&IIIIIe from Riling Edge of iOFiii DuringWR 180 161 
t·,~ ~,~.(IiIIooIoOI 

ASTB. IWcSfi.· . 'PUlse Width. STROlE 160 nM' 
liSTs 141 

INT tOUT' ~ Deley time Irom Riling Edge of STROBE 440 

'DIIT31 INT Oeley Time from Data Match During Mode 3 Operfiion 380 

ARDY. tDHCRY' Ready Response Time from Rising Edge of iOJiij 
BRDY 

'DLIRYI Ready Responlo Time from Riling Edge of SiiWiE 

NOTES: 

A. 2.5tc>CN·2'tOL 110) +tDM 1101 + IS nEn + TTL lulfer DII.y.1f .ny 

I. Mi mUlt be active for. minimum at 2 clock periods to reset the PlO. 

... 151 
410 CL-50 pF ... 161 
380 

I1J lc a twC.HI+tW(4tLI.tr +t, 

121 Incrn .. tOR (0' by 10 nsec for each 50 pFinCfUle in loading up to 200 pFmax. 

131 Increase tOI (0' by 10 nsec 'Of each 50 pF increae in loading up to 200 pFm.x. 

141 fat Mode:l. 'W ISTI>ts IPDI 
[51 Increase these values by 2 nsec for each 10pF inerease in loading up to 100 pFmex. 
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ZIO-PIO 
A.C. Timing Diagram 

Timing __ ......... t tho 'ollowing voItBgas. _nlea _. -"led: 

.. 

liD 

lEI 

lEO 

READY 
IARDYOR 
BRDYI 

mRIII! 
1A1Tli OR li'1TIl 

IMODE 21 

IMODE 11 

MOOE 31 

IIIIT 
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"1" "0" 

CLOCK VIC"". .4av 
OUTPUT Z.OV O.8V 
INPUT Z.OV O.BY 
FLOAT 4V .-

------~ 

-'oIIPDI \ --------
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zaO-CTC 

Absolute Maxinrum Ratings 
·Comment 

Temperature I:Inder Bias 
Slora. Temperature 
Vollage On Any Pin Wilh 

O· C til 70Cl (' SuessesaboYe those listed under ., Absolute Maximum 
.. 65· r '(I + I SO· (' RatinS" may ('ause permanent damaae to the device. 

This is iI stress raling ulily and funclional operalicm or 
Respect To Ground 

Power Dissipalion 
..o,.l V III +7 V Ihe devke al these or any other ,audilion above those 

O.8W indh:aled in the uperational se(lillns of this spec:inca· 
linll is 1101 implied. Exposure In absolute maximum 
,ating ",!,ditinns fur extended periods may affect 
dcVjL'e reliabililY. 

uc. Characteristics 
TA I: o· C Iu 70· (', V('(::;; 5 V t S4h unless "Iherwise spe('iI'itd 

ZSO-CTC 
Symbol Parameter Min Max Unit Teat Condition 

VILe Clock Input Low Voltage ..Q.3 AS V 

VIHC Clock Input High Voltage (1) Vce-·6 Vee+·3 V 

VIL Input Low Voltage ..Q.3 0.8 V 

VIH Input High Voltage 2.0 Vce V 

VOL Output Low Voltage 0.4 V IOL =2mA 

VOH Output HighVoltaga 2A V IOH =-260,.A 

ICC Power Supply Current 120 mA TC =400 nsec 

ILl Input Leakage Current 10 "A VIN=OtoVCC 

ILOH TrioStst. Output Leakage Current in Float 10 ,.A VOUT = 2A to Vce 

ILOL TrloState Output Leskage Current in Float -10 ,.A VOUT=0.4V 

IOHD Darlington Drive Current -1.5 mA VOH = 1.5V 

REXT=390n 

Z80A-CTC 

Symbol Perameter Min Max Unit Test Condition 

VILC Clock Input Low Voltage ..Q.3 .45 V 

VIHC Clock Input High Voltage (1) VCC-·S VCC +.3 V 

VIL Input Low Voltage ..Q.3 0.8 V 

VIH Input High Voltage 2.0 VCC V 

VOL Output Low Voltage 0.4 V IOLD2mA 

VOH O~tput High Voltage 2.4 V IOH =-260,.A 

ICC Power Supply Currant 120 mA TC = 250 nlet 

ILl Input Leakage Current 10 "A VIN =OtoVCC 

ILOH Tri·State Output Leakege Current in Float 10 "A VOUT = 2.4 to Vee 

ILOL TrioState Output Leakage Current in Float -10 "A VOUTa 0.4V 

IOHD Darlington Drive Current -1.S mA VOH = 1.5V 

REXT= 390n 

Capacitance 

Symbol Parameter Max. Unit Test COncII1Ion 

C", Clock Capacitance 20 pF Unmeasured PI ... 

'CIN Input Capacitance 5 pF Returned to Ground 

COUT Output Capacitance 10 pF 

7-010 



Z80-CTC 
A.C. Characteristics 

TA = 0° C to 70° C, Vee = +5 V ± 5%, unless otherwise noted 

Signal Symbol Parameter Min Max Unit Comments 

tc Clock Period 400 (IJ ns 

~ twl~HI Clock Pulse Width. Clock High 170 2000 ns 

twl~ll Clock Pulse Width, Clock low 170 2000 ns 

t r• tf Clock Rise and Fall Times 30 ns 

tH Any Hold Time for Specified Setup Time 0 ns 

CS.CE. etc. tS4>ICSI Control Signal Setup Time to Rising Edge of 4> During Read 160 ns 
or Write Cycle 

tDRIDI Data Output Delay from Rising Edge of RD During Read 480 ns (2J 
Cycle 

tS4>IDI Deta Setup Time to Rising Edge of 4> During Write or Ml 60 ns 

00-0 7 
Cycle 

tDIIDI Data Output Delay from Falling Edge of lORa During 340 ns (2J 
INTACycle 

tFIDI Deley to Floating Bus IOutput Buffer Disable Time) 230 ns 

lEI tsUEII lEI Setup Time to Falling Edge of lORa During INTA 200 ns 
Cycle 

tDHUOI lEO Delay Time from Rising Edge of lEI 220 ns (3J 
tOLUOl lEO Delay Time from Falling Edge of lEI --. 190 ns (3J 

lEO 
tDMUOI lEO Delay fr~ Falling Edge ofM1Unterrupt Occurring 

'. - 300 (3J ns 
just Prior to Ml I 

iORQ tS4>URI lORa Setup Time to Rising Edge of 4> During Read or 250 ns 
Write Cycle 

Mi tS4>IM11 Ml Setup Time to RISing Edge of 4> During INTA or Ml 210 ns 
Cycle 

AD tS4>IRD) RD Setup Time to Rising Edge of 4> During Read or Ml 240 ns 
Cycle 

iN'f tDCKUTI INT Delay Time from Rising Edge of ClK/TRG 2tcl4>1 + 200 Counter Mode 

tD4>UTI INT Delay Time from Rising Edge of 4> tcl4>1 + 200 Timer Mode 

tclCKI Clock Period 2tcl4> I Counter Mode 

tr.tf Clock and Trigger Ri .. and Fall Times 50 

tslCKI Clock Setup Time to Rising Edge of 4> for Immediate Count 210 Counter Mode 

tslTRI Trigger Setup Time to Rising Edge of 4> for Enabling of 210 Timer Mode 
ClK/TRGO_3 Pre .. aler on Following Rising Edge of 4> 

tWICTHI Clock and Trigger High Pulse Width 200 Counter and 
Timer Modes 

twlCTlI Clock and Trigger low Pul .. Width 200 Counter and 
Timer Modes 

tDHIZCI ZC/TO Delay Time from Ri.ing Edge of 4>. ZC/TO High 190 Counter and 

ZC/TOO_2 
Timer Modes 

tDlIZCI ZC/TO Delay Time from Falling Edge of 4>. ZC/TO low 190 Counter and 
Timer Modes 

Notes: (1 J tc = twl~HI + tWI~ll + tr + tf. 
(2J Increa .. delay by 10 nsac for each 60 pF increase in loading. 200 pF maximum for data lines and 100 pF for control line •. 
(3J Increa .. delay by 2 nsac for each 10 pF increase in loading. 100 pF maximum 
(4J ~ must be ectilie for a minimum of 3 clock cycles. 

OUTPUT LOAD CIRCUIT 
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Z80A-CTC 
A.C. Characteristics 

TA = 00 C to 700 C. Vcc = +5 V ± 5%. unless otherwise noted 

Signal Symbol Parameter Min Max Unit Comments 

tc Clock Period 250 [11 ns 

4! 
tW(4!ti) Clock Pulse Width. Clock High 105 2000 ns 
tw(4!l) Clock Pulse Width, Clock Low 105 2000 ns 

t r• tf Clock Rise and Fall Times 30 ns 

tH Any Hold Time for Specified Setup Time 0 ns 

CS, CE.etc 
tS4>(CS) Control Signal Setup Time to Rising Edge of ell During Read 60 ns 

or Write Cycle 

tDRID) Data Output Delay from Falliog Edge of RD During Read 380 ns (2) 
Cycle 

tS4>(D) Data Setup Time to Rising Edge of til During Write or M1 50 ns 
00-0 7 Cycle 

tDI(D) Data Output Delay from Falliog Edge of IORG During 160 ns [21 
INTA Cycle 

tF(D) Del.y to Flo.ting 8us (Output Buffer Disable Time) 110 ns 

lEI tslIEI) lEI Setup Time to F.lliog Edge of lORa During INTA 140 ns 
Cycle 

tDHIIOI I EO Del.y Time from Rising Edge of IE I 160 ns [3J 

lEO 
tDlIIO) lEO Del.y Time from F.lling Edge of lEI 130 ns [31 
tDMIIO) lEO D.I.y fr~ Falling Edge of Ml IInterrupt Occurring 190 ns [3J 

just Prior to M1} 

lORa tS4>IIR) lORa S.tup Time to Rising Edge of 4> During Re.d or 115 ns 
Write Cycle 

M1 tS4>(Ml) Ml S.tup Tim. to Rising Edge of 4> During INTA or Ml 90 ns 
Cycle 

AD tS4>(RD) RD Setup Time to Rising Edge of 4> Duriog Read or Ml 115 ns 
Cycle 

i1iiT tDCKIiTl i1iiT Delay Time from Risiog Edg. of ClK/TRG 2tC(4)) + 140 Counter Mode 
tD4>IIT) i1iiT Del.y Time from Rising Edge of 4> tC(4)) + 140 Timer Mode 

tC(CK) Clock Period 2tC(4)) Counter Mode 

tr • tf Clock and Trigger Rise and Fall Times 30 
tS(CK) Clock Setup Time to Rising Edge of ell for Immediate Count 130 Counter Mode 

tS(TR) Trigger Setup Time to Rising Edge of ¢l for enabling of 130 Timer Mode 
ClKITRGO_3 Prescaler on Following Rising Edge of ell 

tW(CTH) Clock .nd Trigg.r High Pulse Width 120 Counter and 
Timer Modes 

tW(CTl) Clock .nd Trigger low Pulse Width 120 Counter and 
Timer Modes 

tDH(ZC) ZC/TO Delay Time from Risiog Edge of 4>, ZC/TO High 120 Counter and 

ZCITOO_2 
Timer Modes 

tDl(ZC) ZCITO Delay Tim. from Rising Edge of 4>, ZC/TO low 120 Counter and 

Timer Modes 

Notes: [1 J tc = tW(<I>H) + tW(<I>ll+ tr + tf. 
[2J Increese d.l.y by 10 nsec for each 50 pF incr.ase in loading, 200 pF maximum for data line. and 100 pF for control lines. 
[3J Incr .... del.y by 2 ns.c for e.ch 10 pF incr .... in lo.dlng, 100 pF m.ximum. 
[4J Fi'ESET must be active for. minimum of 3 clock cycles. 

OUTPUT LOAD CIRCUIT 

TEST POINT Vce 

R, "2.1 Kn 

~:~RO~:;~To---_ .... _-... --K.I---.... CR, ~ CA 4 1N9140R EQUIVALENT 
CR 2 CL " 50 pF ON ALL PINS 

CR3 

CR. 
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zaO-CTC 
A.C. Timing Diagram 

Timing measurements are made at the following voltages. unless otherwise specified: 

... 

lEI 

EIO 

CLKI 
TRG0-3 

ZCJTOo-z 

(COUNTER MODEl 

(TIMER MODEl 

7-013 

"'" "0" 

CLOCK VCC-·6V .45V 

OUTPUT 2.0V .8V 

INPUT 2.0V .8V 

FLOAT t.V ±0.5V 





Chapter 8 
THE ZILOG Z8 

The Z81s ZlIog's first one-chip microcomputer: It Is alate entry, but the Z8 and Motorola's 6801 are clearly the 
most powerful and versatile of the one-chip microcomputers available In early 1979. 

The Z8 can be configured in numerous ways; to operate as a one-chip microcomputer, as the Central Procasslng 
Unit for a large microcomputer system, as a secondary microprocessor In multiple-CPU configuration, or in a 
variety of mixed roles. 

The most noteworthy za characteristic Is the fact that its many configuration options are selected under pro
gram control, and may be changed dynamically under program control. Other one-chip microcomputers nearly al
ways require configuration options to be specified at the mask level. You should look carafully at the advan
tages which accrue from being able to reconfigure the za dynamically under program control. 

The one deficiency of the Z8 is the fact that no EPROM version is currently available. or planned in the near future. 

The Z8 is manufactured by: 

ZILOG INC. 
10460 8ubb Road 

Cupertino. California 95014 

Currently there is no second sou.rce for the Z8 and it is unclear whether Advanced Micro Devices or MOS Technology 
will become the official second source. 

THE Z8 CPU 

There are two versions of the za: a 4o-pin version for use in commercial products, and a 64-pin veraion pro
vided for za product development. 

The Z8 uses a Single +5 V power supply. 

Using an 8 MHz clock. instruction execution times range between 1.5 and 2.5 microseconds. 

Z8 signals are all TTL-level compatible. 

Figure a-1 represents that part of our general microcomputer system logic which is provided by the za, whereas 
Figure a-2 represents the logic of the za in block diagram form. 

8-' 



Figure 8-1. Functional Logic Included in the Z8 Microcomputer 
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Machine Timing 
and Instruction 

Control 

UART .I'----- > ALU Program 
'v--- Memory 

204S x S-Sit 
Flags 

Timer/ ilL-Counters I'r-(2) 

Reg. Pointer 

CJ Interrupt ~ Register File '--- Program 
Control '--' 124 x S-Sit - Counter 

~J 
Port 3 Port 2 Port 0 ~ ~ Port 1 .. 

~} 
<Ii ~ 84 84 tls 4 

II. 
=--Outputs Inputs I/O 

(Sit Programmable) 
Address or I/O 

(Nibble Programmable) 
Address/Data or I/O 
(Byte Programmable) 

Figure 8-2. Z8 Microcomputer Block Diagram 

Z8 PROGRAMMABLE REGISTERS. MEMORY SPACES. AND ADDRESSING MODES 
When the Z8 is configured as a one-chip microcomputer, its registers also serve as its data memory. We will 
therefore include a discussion of Z8 programmable registers with an overall description of Z8 address spaces 
and addressing modes. 

Figure 8-3 summarizes microcomputer address spaces. 

In Its one-chip microcomputer configuration, the Z8 offers 2048 bytes of on-chip read
only program memory and 144 bytes of on-chip read/write data memory. 

The ·flrst 12 bytes of on-chip program memory serve dedicated functions. 

Six 16-bit interrupt vector addresses are stored in the first 12 bytes of program memory. We 
will describe lhese interrupt vector addresses in more detail later. when discussing Z8 inter
rupt logic in general. 

Following a system reset program execution begins at address OOOC16· 

The 2048 bytes of on-chip program memory can be extended with 63,488 bytes of ex
ternal program memory. 
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Figure 8-3. Z8 Microcomputer Address Spaces 

Up to 63.4118 bytes of external data memory can also be added. 

Program memory may be looked upon as a continuum: that is to say. external program memo
ry is a logjcal extension of on-chip program memory. Instructions that reference program 

Z8 EXTERNAL 
DATA MEMORY 

memory do not distinguish between on-chip program memory and external program memory. Such is not the case for 
data memory. You can access on-chip data memory using a wealth of instructions and addressing modes. none of 
which access external data memory. The Z8 assumes that external data memory will be used exclusively as a deposito
ry for data. A limited number of well thought out instructions move data between internal registers and external data 
memory. No instructions that operate on data allow external data memory to be specified as a data source or destina
tion. 
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Block a 

Block 7 

Block 6 

Block 5 

Block 4 

Block 3 

810ck 2 

Block 1 

Register 
Number 

(Hex) 

FF 

FE 

FD 

FC 

FB 

FA 

F9 

Fa 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

FO 

EF 

, 
80 
7F 
, 

70 
6f , 
60 
5F 

50 
4F , , 
40 
~F , 

~ , 
20 
1F , , 
10 

SPL 

SPH 

RP 

FLAGS 

IMR 

IRQ 

IPR 

P01M 

P3M 

P2M 

PREO' 

TO' 

PRE1' 

T1' 

TMR 

SIO' 

-. 

.~o I Of 

04 
03 

02 

01 

00 

P3 

P2 

P1 

PO 
-.,..-.

a Bits 

k Pointer LOW} 
k P ' H' h Stack Pointer omter Ig 

Stac 

Stac 

Regi ster Pointer 

s Register Statu 

Interr upt Mask Register 

rupt Request Register 

rrupt Priority Register 

Inter 

Inte 

1/0 P orts 0/1 Mode Control Register 

ort 3 Mode Control Register 

ort 2 Mode Control Register 

1/0 P 

1/0 P 

Time r 0 Prascaler Register 

TIma r 0 Register 

Time r 1 Prascaler Register 

r 1 Register Time 

Time 

Seria 

'; 

r Mode Control Register 

11/0 Buffer 

Not 
Implemented 

124 General Purposa Registers 

Control. 
Status. 
Communication. 
and 
Timer Registars 

, These 5 registers cannot 

f~ Ports 

Program Counter 

-v 
16-Bits 

be used as genaral purpose 
registers when not assigned 
to their specific control function 

I 
./ 

Figure 8-4, Z8 Microcomputer Internal Registers 
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External program and data memory mayor may not share the same address space. If they do. then all instructions 
that access external data memory select program memory locations. But if external data memory has its own address 
space. then some instructions access data out of external data memory. while other instructions continue to access 
data out of external program memory. The external memory select logic determines whether external program and data 
memory share an address space or have separate address spaces. We will describe external memory select later in the 
chapter. 

Program object code always resides in program memory. Instructions cannot be accessed out of data memory. 

We will begin our discussion of Z8 memory addressing by looking at the 144 on-chip I Z8 REGISTERS I 
registers, which are Illustrated in Figure 8-4. -. 

None of the 144 Internal registers heve addressing preference. Z8 assembly language Instructions can acceas 
any internal register with equal ease, either as a data source, a data destination, or as the Index for a memory 
address. 

Two register addressing mechanisms are employed: 

1) An object code byte directly addresses one of the 144 registers. 

2) Four object code bits identify one of the 16 registers in a "register block"; the "register block" 
is identified by the Register Pointer register, which is itself one of the 144 internal registers. 
(These 16 registers within the "register block" are referred to as working registers.) 

An instruction that directly addresses any Internal register may be Illustrated as follows: 

Instruction { 
Object 

Code 

X is any hexadecimal digit 

Program 
Memory 

Op-code 

XX 

,8-6 

• • • 

: 

Intemal Register 
Registers Address 

• • • 

• · 

FF 

FE 
FD 

Fe 
FB 

FA 

XX 
XX -1 

• §§ 03 

02 
01 

00 

Z8WORKING 
REGISTERS 

Z8 REGISTER 
DIRECT 
ADDRESSING 



Instructions that address one register within a 16-register block may be used as follows: 

Instruction { 
Object 

Code 

Program 
Memory 

Op-code 

Ht 

X and Y represent any 
hexadecimal digits. 

E = 1110 

, 
• . 

Registers Register Address 

~ 0 

• • , 

FF 
FE 

FD Register Pointer register 

FC 
FB 

FA 

XY+ 1 

XY 

XY -1 

XY-2 

XY-3 

05 

04 

03 
02 

01 

00 

As Illustrated above. the Register Pointer register provides the four high-order bits for the selected register ad
dress. and thus Identifies the selected register block. The RP register can be written with any value: however. 
since the lower four bits are not used. they are always forced to zero. . 

Thus. to select a particular register. the four bits supplied by the object code are concatenated with the four high-order 
bits of RP to form the actual a-bit register address. 

To allow all instructions access to the working register block in this manner. additional logic has been included. When 
a direct register address falls within the range of EO through EF (which are non-implemented register addresses). the 
hig'h-order four bits (1110) are replaced with the high-order four bits of the contents of RP. This may be illustrated as 
follows: 

Progrem 
Memory 

Op-code 

E 

~ 

1 
I 

RP Register 

;;. 0 I 

74 
Actual regi ster address 

Note that there are 266 register addresses. even though there are only 144 actual reglstera. Addresses 8016 
through EF16 are unused. 
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A single Instruction (LD) uses Indexed addressing to acce .. one of the on-chip registers. In 
this addressing mode, the Index register is one of 16 working registers. The contents of the Index 
register are added to an a-bit displacement provided by the instruction object code in order to 
compute the effective register address. This address logic may be illustrated as follows: 

Registers 
Register Address 

FF 

FE 

Z8 REGISTER 
INDEXED 
ADDRESSING 

.~. 0 FD Register Pointer register 

Instruction { 
Object 

Code 

Program 
Memory 

Op-code 

E ;1; 

PP 

, P, Q, X and V represent 
any hexadecimal digits. 

E = 1110 

aQ .. +PP 
PP+QQ 

• • • . 
.--=- aa 

• , • 

, 
• 

• • • 

FC 

FB 

XV+ 1 

XV 

XV - 1 

=-sPP+QQ+l 

PP + QQ Selected register 

PP + QQ-l 
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You can aiao addre .. reglate,. Indirectly. Either a working ragister or any register can provide 
the effective register address. . 

Fi~t consider Indirect addre .. l~g via any reglater: this may be illustrated as follows: 

Select Re 
Register 
MM+1 

gister MM or 
PairMi\A and 

Instruction { 
Object 

Code 

Op-cada 

XX 

X and M raprasent 
a!1V haxadacimal digits. 

.{-. 

""""=' 

Register 
Register Address 

r---""FF 

FE 
...----t FD 

...-__ -t FC 

t-_--t FB 

I 

I 

MM 

I 

I 
I 

MM+2 

MM+l 

M!I/I 
~M-1 

x~+ 1 

XX 

XX-1 

XX-2 

04 
...--...,--t 03 

...-__ -t 02 

t-_--I 01 
....._ .... 00 

Some instructions use indirect addressing. via any register. or. in· some cases. via a working 
register only. in order to select 16-bit words which are subsequently used as addresses. For these 
instructions. the ,ffective register address (MM in the illustration above) must be even. and must 
select the high-order byte of the addressed word or register pair. This may be illustrated as follows: 

Low-ordar byte ~ MM + 1 
High-ordar byte . MM - Even numbarad addrass 

. MM-1 

8·9 

za REGia,.. .. 
INDIRECT 
ADDRES.INQ 



Here Is an Illustration of Indirect addre88lng via a working register: 

Register 

Register Address 

FF 
FE .0 FD Register Pointer register 

Instruction { 
Object ~--=--I 

Code 1-';;;""""-1 

X and V represent 
eny hexadecimal digits. 

E = 1110 

• • 

• • • 
MM 

• 

• • • 

I 

FC 

FB 

MM+2 

MM+ 1 
MM 

MM-1 

XV+ 1 

XV 

XV -1 

XV-2 

04 

03 

02 
01 

00 

The key to Z8 generel utilization Is the fact that even though all 144 registers can be ad
d,...ed with equal 88se. 20 of the registers have special assignments. Registers 0 
through 3 access four 1/0 ports. while registers F016 through FF16 implement Stack Pointer. 
Control. and Status registers. together with special registers required by timer and serial logic. 
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We will now examine external data memory addressing. 

All external data memory is addre .. ed Indirectly via a working register pair. 

Here is an illustration of Indirect data memory addressing via any register pair: 

Z8 EXTERNAL 
DATA 
MEMORY 
ADDRESSING 

Instruction { 
Object 

Code 

Prograin 
Memory 

Op-code 

E 

P, a. X and V represent 
any hexadecimal digits. 

E = 1110 

Memory 

Registers 

eo 

• I • 

PPQQ+ 3 

PPQQ+ 2 

PPQQ + 1 

PPQQ 

PPQQ-1 

PPQQ-2 

FF 
FE 
FD 

FC 

QQ 

PP 

XV+2 

XxyV+1}~~ ..... 
XV must be an 

XV - 1 even numbered 
address 

04 
...... ---1 

03 
t----I 02 

01 
t----I oo 

The indirect address is held in a pair of registers, since a 16-bit address must be generated in order to access any ad
dres.sable memory location. In the illustration above, this 16-bit memory address is represented by the label PPQQ. 
Note carefully that the instruction object code must contain an even register address, illustrated above as XV; this 
register holds the high-order byte of the effective 16-bit memory address. 

If the indirect address PPQQ is 07FF16 or less, then one of the on-chip 2048 bytes of program memory will be selecte'if. 

If the indirect address PPQQ is 080016 or more, then an external memory location will be selected,lf external program 
and data memory share an address space, then PPQQ can only address one memory location. But if external program 
and data memory have separate address spaces, then two memory locations may have the address PPQQ. In order to 
distinguish between these two memory locations, the special control signal OM is output low during execution of in
structions that specifically access external data memory. OM remains high during execution of all other instructions. 
We will describe this control signal, together with associated memory select logic, later in the chapter. 
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An Indirect address held In a working register pair may address external memory as follows: 

Program 
Memory • • 

Memory 

Registers 

.0 
• • 

PPQQ+-3 

PPQQ+ 2 

PPQQ+ 1 

PPQQ 

PPQQ-1 

PPQQ- 2 

FF 
FE 
FD Register Pointer register 

FC 

Instruction ~~.....,--1 
Object {t-..;.."",,!:~" 

Code 'I-_~--1 

• 
PP 

x Y~~~)-------' 
p. Q. X and Y represent 
any hexadecimal digits. 

E = 1110 

• I • • 
04 

t----I 03 

02 
t----I 01 

..... _~OO 

The Z8 uses a Stack which may reside within generel purpose registers, or In external 
memory. You select the Stack location via the control code which you load into the Port 0/1 

I Z8 STACK t 
Control register. If you select an on-chip stack. then Register FF16 serves as the Stack Pointer. Any number of con
tiguous general purpose registers can function as a stack. 

If you select an external Stack. then Registers FE16 and FF16 function as a Stack Pointer. FF16 holds the low-order byte 
of the Stack address. while FE16 holds the high-order byte of the Stack address. Now the Stack can occupy any con
tiguous block of external memory locations. but it cannot reside in the general purpose registers. 

We now turn to Z8 program memory addressing modes. 

Z8 progrem memory addressing is very streightforward. Conditional jump and subroutine 
call instructions directly address any program memory location using a 16-blt direct 
memory address which is provided by the instruction· object code. 

The Decrement-and-Jump and the Jump Relative instructions both use program relative. 

Z8PROGRAM 
MEMORY 
ADDRESSING 

direct addressing. An 8-bit displacement provided by the instruction object code is added. as a signed binary number. 
to the Program Counter contents following a "true" condition. 

Z8 program memory addressing options are absolutely standard. For a discussion of these addressing modes. see 
Volume 1. Chapter 6. 
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VCC (+5 V) 
VMM/XTAL2 

XTAL1 
SOUT/P37 

SIN/IRQ3/P30 
RESET 

RIW 
OS 
AS 

DAVO/RDYO/P35 
GND 

IRQO/DAVO/RDYO/P32 
A8/POO 
A9/POl 

Al0/P02 
All/P03 
A12/P04 
A13/P05 
A14/P06 
A15/P07 

.~ 

-
-
~ . 

-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Pin Neme Description 

POO-P07 I/O Port 0 
Pl0-P17 I/O Port 1 
P20-P27 I/O Port 2 
P30-P33 I/O Port 3 
P34-P37 I/O Port 3 
ADO-AD7 Data/ Address Bus 
A8-A15 Address Bus 

40 
39 
38 
37 
36 
35 
34 
33 
32 

Z8 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

RDYO,DAVO I/O Port 0 Handshaking Controls 
RDY1, DAVl I/O Port 1 Handshaking Controls 
RDY2,DAV2 I/O Port 2 Handshaking Controls 
RIW ReadlWrite Control 
OS Data Strobe 
AS Address Strobe 
OM Data Memory Select 
IRQO-IRQ3 Interrupt Requests 
SIN Serial Data Input 
SOUT Serial Data Output 
TIN Timer Input 
TOUT Timer Output 
RESET System Reset 
XTAL 1, XTAL2 Crystal/Clock Connections 
VMM Standby Power Supply 
VCC,GND Power, Ground 

· -
.. 

- -

· · .. 
~ 

P36/RDY2/DAV21T0UT 
P31/RDY2/DAV2/IRQ2IT1N 
P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 
P33/RDY1/DAV1/IRQl 
P34/RDY1/DAV1/DM 
P17/AD7 
P16/AD6 
P15/AD5 
P14/AD4 
P13/AD3 
P12/AD2 
Pll/ADl 
Pl0/ADO 

Type 

8idirectional, Tristate 
8idirectional, Tristate 
Bidirectional, Open Drain Option 
Input 
Ouput 
Bidirectional 
Output 
Input or Output 
Input or Output 
Input or Output 
Output, Tristate 
Output, Tristate 
Output, Tristate 
Output 
Input 
Input 
Output 
Input 
Output 
Input 

Figure 8-5. Z8 Microcompu1er Signals and Pin Assignments 
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Z8 STATUS 
General purpose register FC'6 also serves as the Z8 Status register. Status bits are assigned as follows: 

7 6 5 4 3 2 o ....--BitNo. 

I C I Z I S I 0 10 I H I U21 U1 , Status Register (FC 161 

User Flag 1 
User Flag 2 
Half Carry 
Decimal Adjust 
Overflow 
Sign 
Zero 
Carry 

Z8 Status flags (with the exception of the Decimal Adjust and User flag status) are all standard. 

The Carry status reports carries out of the high-order bit following arithmetic operations as described in Chapter 4 for 
the8080A; it is also modified by rotate instructions. 

The. Overflow status reports carries out of the magnitude bits for Signed binary arithmetic. For a discussion of Over
flow status logic see Volume 1. 

The Zero status is set to 1 when the result of an arithmetical or logical operation generates a 0 result: the Zero status 
is set t6 0 otherwise. 

The Sign status is set to the value of the high-order result bit following an arithmetic or logic operation. 

The Half-carry status represents any carry from bit 3 to bit 4 following an add or subtract operation. 

The Z8 uses its Decimal Adjust status in a fashion that differs slightly from other microprocessors. Like many other 
microprocessors. the Z8 uses a Decimal Adjust instruction. following binary addition or subtraction. in order to handle 
binary coded decimal arithmetic. But (as explained in Volume 1) different decimal adjust steps are needed following 
binary addition. as opposed to subtraction. The Z8 Decimal Adjust status is therefore set to 1 following binary subtrac
tion. and it is reset to 0 following binary addition. Subsequently. the Decimal Adjust instruction uses this status to 
make the correct decimal adjustment to the result of a binary arithmetic operation. 

You set and reset the two user flags under program control. Conditional Jump instructions can subsequently inter
rogate these two flags. 

Z8 MICROCOMPUTER PINS AND SIGNALS 
Z8 microcomputer pins and signals are Illustrated In Figure 8-&. This figure shows all Z8 signals. Including those 
which can optionally occur at various Z8 pins. 

Note carefully that mask options are never needed when assigning a multifunction pin to one function or another; all 
choices are made under program control. by loading appropriate codes into control registers. These codes and 
control registers are described later in the chapter. 

The Z8 has four 8-bit I/O ports. represented by POO - P07. P10 - P17. P20 - P27. and P30 - P37. Following our 
usual convention. pin 7 is the high-order pin and pin 0 is the low-order pin. 

1/0 Ports O. 1. and 2 are bidirectional but they have different signal assignment capabilities. 

The low-order four bits and high-order four bits of 1/0 Port 0 are each assigned to input or output 
as a group. 

All eight pins of 1/0 Port 1 must simultaneously be assigned to input or to oU,tput. 

Pins of 1/0 Port 2 can be assigned individually to input or output. 

Z81/0 PORT 
DIRECTION 
ASSIGNMENTS 

Pins of I/O Port 3 are permanently assigned. The four low-order pins are always aSSigned to input. while the four high
order pins are always assigned to output. 
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Thus. we can summarize za I/O port pin direction assignment options as follows: 

{< >PO,_ } 
1/0 Port 0 Tristate 

< )P03-POO 

1/0 Port 1 < )P17-P10} Tristate 

.. .P27 ... .P26 .. .. P25 

1/0 Port 2 ... .. P24 
Optionally open drain .. .. P23 .. .. P22 .. ... P21 ... ... P20 

{' )P37-P34 

1/0 Port 3 

<; 4P30-P33 

As illustrated above. I/O Port 2 outputs can optionally be open drain. No other I/O port outputs can be open drain. 
You select the open drain option for I/O Port 2 under program control. by loading the appropriate code into the I/O Port 
2 Control register. 

As we will see in the course of this chapter; zal/o ports can be programmed to function in a variety of ways. But when 
functioning as I/O ports. Ports O. 1. and 2 can operate with or without hllndshaking control Signgls. All handshaking 
control signals are 110 Port 3 pin options. They are shown In Figure 8-6 as RDVO and DAV ,RDV1 and DAV1, 
and RDV2 and DAV2. Each Signal occurs twice. once as an input and once as an output. We will describe these sig
nals in detail later when looking at parallel I/O logic in general. 

I/O Ports 0 and 1 serve optionally as Data and Address Busses connecting the Z8 with external memory: output 
signals from these two I/O ports can be floated. 
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You can create external Data and Address Busses in three increments. For very small 
memory increments. you can create an a·bit multiplexed Data and Address Bus at I/O Port 
1. This may be illustrated as follows: 

o 
~ 
Q. 

g 

1:: 
f. 
g 

P07 

P06 

P05 

P04 

P03 

P02 

POl 

POO 

P17 

P16 

P15 

P14 

P13 

P12 

Pll 

Pl0 -- --

AD7 

AD6 

AD5 

AD4 

AD3 

AD2 

ADl 

ADO 

1/0 

Multiplexed. B·Bit Data Bus 
and B·Bit Address Bus 

N 
1:: o 
Q. 

g 

'" ~ 
Q. 

g 

P27 

P26 

P25 

P24 

P23 

P22 

P2l 

P20 

P37 

P36 

P35 

P34 

P33 

P32 

P3l 

P30 

-

a 

> 

---

za DATA AND 
ADDRESS 
BUSSES 

1/0 

1/0 

This minimum expansion actually allows the.za to communicate with up to 256 bytes of external memory. or 512 bytes 
of external memory if external program and data memory have separate address spaces. Logic internal to I/O Port 1 
switches pin assignments between input and output at the proper time. so that I/O Port 1 can support a bidirectional 
Data Bus. 

If 256 bytes of external memory is insufficient. the first level of expansion allows 1/0 Port 0 pins 0 through 3 to add 
four Address Bus lines. thus generating a 12·bit Address Bus whose eight low·order bits are multiplexed with the 
Data Bus. This configuration allows for a total of 6K of program memory and 4K of external data memory. for a total of 
10K of addressable memory using only 12 address lines. The address spaces would be as follows: 

Program Memory Data Memory Physical Address on A 11 OS and R/W 
Address Address Ports 0 and 1 

0000·07FF 
oaoo - OFFF 
1000 - 17FF 

oaoo - OFFF 
1000 - 17FF 

8·16 

000 - 7FF 
aoo - FFF 
000 - 7FF 

o 
1 
1 

Inactive 
Active 
Active 



This addressing configuration may be illustrated as follows: 

o 
1: o 
a.. 
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1: o 
a.. 
g 
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P02 

POl 

POO 
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Pl0 -

} I/O 
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06 

05 

04 

03 

02 

01 

DO 

All 

- Al0 
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~A7 

--'A6 

<II ~A5 
" al 

~ -----.A4 
0 
;!:: ~A3 
al 
.0 -----'A2 

~Al 

--..AO 

P27 

P26 

P25 
N 

1: 
0 a.. 

P24 
> 1/0 

g P23 

P22 

P21 

P20 

<II 

dl 
<II 
<II 

l!? 
P37 

" ~ P36 
~ 

as 
N (') 

P35 

1: 
0 a.. 

P34 
1/0 

g P33 -
P32 

P31 

P30 

You can generate a 16-bit Address Bus by outputting the high-order eight Address Bus lines via I/O Port 0 as 
follows: 

1: 
o a.. 
g 

P07 

P06 

P05 

P04 

P03 

P02 

POl 

POO 

P17 

P16 

P15 -
P14 

P13 

P12 

Pll 
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--

-
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07 

06 

05 <II 

" al 

04 ~ 
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03 ~ 
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02 .0 

01 

DO 

-
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A12 

All 

Al0 

A9 

AS 

----.A7 

--..A6 

----'A5 

--'A4 

--.A3 

--.A2 

--"Al 

--'AO 

P27 
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P25 
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<II 
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1/0 
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P31 
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As illustrated above. the Z8 now generates a 16-bit Address 8us whose low-order eight bits are multiplexed with the 
Oata 8us. 

There are some non-obvious consequences of Z8 external bus logic. which become obvious when you under
stand how this bus logic works. 

Z8 external bus logic is active for any memory reference machine cycle; that is to say. any machine cycle which ac
cesses on-chip program memory. external program memory. or external data memoiy causes a memory address to ap
pear on the Address 8us. (An instruction which accesses one of the registers is not treated as a memory reference 
machine cycle by Z8 external bus logic.) 

All Z8 memory addresses are 16 bits wide. But external bus logic. when confronted with a 16-bit address and fewer 
Address Bus lines. simply ignores the excess high-order address bits. Thus an B-bit Address Bus will output the low
order eight bits of the selected 16-bit address. while a 12-bit Address Bus will output the low-order 12 bits of the 
selected 16-bit address. This may be illustrated as follows: 

Arbitrary 
IS-Bit 

Memory 
Address 

+ ,--" 

IS-Bit Address Bus outputs B5C3'6 

t 
o --. 0 12-Bit Address Bus outputs 5C3'6 

,--' 1 ,--..., , 
0--"'0--"'0 
1 --... 1 -+ 1 8-Bit Address Bus outputs C3'6 
o--...o~o 1 
--... --... 1 , 
--... --... 1 --... 1 

--... --""~' 
0--"'0--"'0--"'0 
o --... 0 --+- 0 --. 0 
O--.O~O--...O 

o --... 0 --... 0 --+- 0 ,--...,-...,--..., 
1~1--"'1--"'1 

The Z8 uses control signals AS. OS. R/W and OM. In order to differentiate between on-chip memory ad.cire .. es 
and external memory addresses. 

AS. OS. RIW and OM are active only while the Z8 is configured with an external Address Bus. In this configuration. AS 
is pulied low while an address is being output unless It has been trlstated under program control. 

OS is output low when valid data Is being output or input. 

R/W is output high during a memory read machine cycle; It Is output low during a memory write machine cycle. 

OM must be selected under program control. since it shares a pin with I/O Port 3 bit 4. If selected. this signal Is out
put low during execution of a few Z8 instructions that specifically access external data memory. in contrast to 
external program memory. These instructions are specifically identified in Table 8-7. 

The Z8 a"ows you. under program control. to place Data/Address Bus lines of I/O Port'. and 
companion control signals. In a high impedance state. At this time pins of I/O Ports 0 and 1 that 
are serving as a Oata/Address Bus are floated. along with control signals R/W. OS. and AS. The 
control signals OS. R/W and OM are inactive when any address in the range 000016 through 

FLOATING THE 
Z8 EXTERNAL 
BUS 

07FF16 is selected. even though this address (or its significant low-order bits) appear on the Address Bus. 

This Address Bus logic has soma interesting and non-obvious consequences. 

Control signals (usually OS and R/W) must be included in any external memory select logic. otherwise internal and ex
ternal memorY would be selected by addresses in the range 000016 through 07FF16. 
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A 16-bit Address Bus can, in consequence, select only 63,488 bytes of external memory. However, you can use 
AS to select program memory, and DiiiI to select data memory having the same addresses, thus doubling the 
amount of externally addressable memory, as illustrated in Figure S-3. 

Z8 counter/timer logic uses the TIN and TOUT optional signals, which occur at I/O Port 3 pins 1 and 6, respec
tively. An external clock input may be received via TIN. Various square wave outputs may be generated at TOUT. For a 
detailed discussion of these two signals. see the description of ZS counterltimer logic which is given later in this 
chapter. 

The Z8 has four optional interrupt request inputs: IRQO, IRQ1, IRQ2, and IRQ3. These four interrupt request in
puts share pins with I/O Port 3 bits 2. 3. 1. and O. respectively. You assign pins of 1/0 Port 3 to their various possible 
functions by loading the appropriate code into the 1/0 Port 3 Control register. 

Z8 serial I/O logic uses I/O Port 3 pins 0 and 7 to accept serial data Input (SIN, via P30) and to output serial data 
(SOUT, via P37). Once again. these are shared pins and you use the appropriate I/O Port 3 control code to assign these 
two pins to service serial data input and outPllt logic. 

There are two signals associated with Z8 reset logic: RESET and VMM. These signals are described later in this 
chapter. together with a general discussion of ZS reset logic. 

XTAL 1 and XTAL2 provide the Z8 with its clock logic. You can connect an external crystal or an LC circuit across 
these pins; you can also input a clock Signal directly via XTAL 1. Since the standby power supply VMM shares a pin 
with XTAL2, you must use an external clock signal if you are using a standby power supply. 

Z8 EXTERNAL MEMORY SELECT LOGIC 
Because of the various external memory options provided by the Z8, It is worth summarizing memory select 
logic associated with various Implementations. 

You can ignore the internal registers when designing external memory select logic, since internal Z8 register 
addressing logic Is separate and distinct in all respects from logic which addresses program memory or external 
memory. 

When you configure a Z8 with external memory. memory select logic will decode addresses off the Address Bus. but 
companion control signals must contribute to memory select logic; this is because an Address Bus once configured. 
will be active when on-chip program memory is being addressed (but not when on-chip registers are being selected). In 
the simplest case. you use the low DS strobe as an external memory enable. since this Signal is outPllt low only when 
external memory is being addressed. This logic may be illustrated as follows: 

Z8 .1--' n 

Memory 

Address 

OS Latch 

"'n 

Memory 
Select __ AO - An_1 

Extemal 
Memory 

~ 

~ 

.. 
> Datal Address 

Bus 

When configuring a Z8 with S-bit or l2-bit Address Busses. you cannot discriminate between on-chip and external 
memory via the address alone. This is a consequence of Z8 Address Bus logic. which we described earlier in this 
chapter. But if the ZS is configured with a l6-bit Address Bus. you can differentiate between on-chip program memory 
and external memory via the address alone. in which case you no longer need the DS control signal as an external 
memory enable. 
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If you have separate external program and data memories. then you must use DM as the separate data memory select. 
There are two configurations in which you may wish to discriminate between external program and data memory. If 
your Z8 is configured with a 16-bit Address Bus. then separating external program and data memory allows the Z8 to 
address 124K bytes of external memory. This may be illustrated as follows: 

EN Data 
Memory 

AO-A15 

iSiiif 
A8-A15 

Z8 

7 

.. Address AO-A15 
ADO-AD7 Latch 

1-- ...... 

AS 
r 

EN 

~ • EN Program 
Memory 
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Z8 TIMING AND INSTRUCTION EXECUTION 

The Z8 executes instructions as a series of machine cycles, each of which contains three in
ternal clock periods. The internal clock which times clock periods runs at half the clock frequen
cy input via XTAL 1 (or generated by an external crystal). In the discussion that follows. when the 
clock signal is referenced. it is assumed to be the internal clock. 

Z8 MACHINE 
CYCLE 

With the exception of special circumstances. such as a Reset and Interrupt Acknowledge sequence. the Z8 combines 
three types of machine cycles in order to execute any of its instructions; these are: a memory read, a memory 
write and an internal operation. Timing for memory read and write machine cycles is illustrated in Figures 8-6 
and 8-7. Timing for the internal operation machine cycle is not shown. since there is no external bus activity. Thus. to 
external logic an internal operation machine cycle would be equivalent to a three-clock-period delay (of six external 
clock periods). 

Timing is identical for machine cycles that reference on-chip program memory or external mre;,;,;m;,;,;o;,;r..:,y,;., ___ "'" 

You can, under program control, add a fourth internal clock period to each external memory Z8 EXTENDED 
read/write machine cycle. You select this option by loading an appropriate code into the I/O MACHINE 
Ports 0/1 Control register. which is described later in conjunction with our discussion of I/O Ports CYCLE 
o and 1. The additional clock period occurs between T2 and T3. Signal levels shown for T2 are '-_____ ..1 

propagated through T3. 

Z8 memory read and write machine cycle timing is very straightforward. We will first examine the memory 
read/instruction fetch machine cycle illustrated in Figure 8-6. 

We described earlier in this chapter how the Z8 Address Bus. if selected. may vary from eight lines 
occurring at I/O Port 1 only. up to 16 lines occurring at I/O Ports 1 and O. In Figure 8-5. POO - P07 
is shown in parentheses. since these lines are optional. 

The address output via P10 - P17 is stable for the first clock period of the machine cycle only: 
these lines are turned around during the second clock period. so that data can be inpu In the 
same lines during the third clock period. 

Any address output via I/O Port 0 remains stable for the entire machine cycle. 

Z8 MEMORY 
READ 
MACHINE 
CYCLE 

AS is pulsed low for half of the first clock period within the first machine cycle. Memory select logic should use the 
trailing low-to-high transition of AS as an address stable strobe. The low-order byte of the address output via P1 0 - P17 
must be latched. since it disappears at the end of the first clock period. The high-order byte of the address need not be 
latched. since it remains stable for the entire machine cycle. 

OS goes low at the end of the first clock period. External logic must place data from the addressed memory location at 
P10 - P17 by the low-to-high transition of OS: this low-to-high transition of OS is used as a data-in strobe. 

R/W will remain high for the duration of a memory read machine cycle. 

OM. if selected. will be output low for the duration of a memory read machine cycle executed in response to an instruc
tion that explicitly selects data memory. 

Turning now to a Z8 memory write machine cycle, timing illustrated in Figure 8-7 does not 
differ significantly from Figure 8-6. Address logic remains the same. Once again AS is pulsed 
low for the first half of the first clock period: on the trailing edge of AS. the low-order address byte 
occurring at P10 - P17 must be latched. but any address output via POO- P07 need not be latched 
since it remains stable for the entire machine cycle. 

Z8 MEMORY 
WRITE 
MACHINE 
CYCLE 

No turnaround time is needed at P1 0 - P17. since data is to be output. Data out is valid at the leading edge of OS and 
remains valid throughout OS active low. 

Rm is output low for the duration of the memory write machine cycle. 

OM. if selected. will be output low for the duration of a memory write machine cycle executed in response to an in
struction that explicitly selects data memory. 

Z8 instructions execute in six or more machine cycles, and the way in which machine cycles are concatenated 
is very important. 

Every instruction's execution begins with an instruction fetch which may require one or more machine cycles. 

8-21 



I: Ml 

:1 T1 + T2 + T3 

I I 
I I 

eLK 

Pl0-P17 00-07 

AS-A11 or AS-A15 

~ 

OM 

~--------~----------------------------+-----------~ 

Address 
Stable 

Data In 
Stable 

Figure 8-6. A Z8 Memory Read or Instruction Fetch Machine Cycle 

For many Z8 Instructions. instruction execution terminates with one or more Internal Z8 INSTRUCTION 
operation machine cycles. The Z8 will use these machine cycles to fetch the next In- PIPELINING 
structlon. This has the effect of reducing an instruction's execution time by the number of 
trailing machine cycles which get utilized as instruction fetch machine cycles for the next instruction. This may be il
lustrated as follows: 

. ____ ~I--M--+__M--~-M--~----
Instruction n - - - - - -I I 

I I I 
IFF 1- - - - -1- - - - - - Instruction n + 1 
I I I 
I I I 

M = A machine cycle 

I = An internal execute machine cycle 

F = An instruction fetch memory read machine cycle 
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Ml 

:1 + T2 + T3 ~_---T1----+14_---
I I 
I I 

elK 

P10-P17 00-07 Output ~ ______ -<>-____ -J~~ ____________________________ ~~ 

(POO-P07) AS-All or AS-A15 

~-------C~--------+-----------------------------~~ 
AS 
I'----~ 

i5M ~ ______ ~~ ________ ~ ____________________________ -J~ 

RiW 

Address 
Stable 

Data Out 
Stable 

Figure 8-7. A Z8 Memory Write Machine Cycle 

We use the name "pipeline" machine cycles to describe an instruction's trailing internal operation machine cy
cles that get used to fetch the next instruction's object code. Not all instructions have trailing pipeline machine cy
cles: those which do have two. In Table 8-8. the number of internal clock periods pipelined to complete the instruc
tion's execution is identified. Z8 instructions have one. two. or three bytes of object code. requiring one. two. or three 
instruction fetch machine cycles. 

INTERRUPT LOGIC 
The Z8 can respond to internal and external interrupt requests. Four internal and four external Interrupt requests 
are supported; they combine to generete six separately Identifiable vectored interrupts, as summarized in Table 
8-1. 
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Table 8-1. Z8 Interrupt Sources 

Interrupt Vector Type Request Condition 
Address 

IROO 0,1 External A high-to-Iow transition input at P32. An IROO input for general interrupt requests, or a 
DAVO/RDYO input for 1/0 Port 0 data transfer with handshaking. 

IROl 2, 3 External A high-to-Iow transition input at P33. An IRO 1 input for general interrupt requests, or a 
DAV1/RDYl input for 1/0 Port 1 data transfer with handshaking. 

IR02 4, 5 External A high-to-Iow transition input at P31. An IR02 input for general interrupt requests, or a 
DAV2/RDY2 input for I/O Port 2 data transfer with handshaking, or a timer external interrupt. 

IR03 6, 7 External A high-to-Iow transition input at P30. An IR03 input for general interrupt requests. 

Internal Serial data input interrupt request. 

IR04 8, 9 Internal Counter/Timer 0 time out or serial data output interrupt. 

IR05 10, 11 Internal Counter/Timer 1 time out interrupt. 

Each of the six interrupts listed in the leftmost column of Table 8-1 has an associated vector address. This ad
dress is stored in two of the first twelve on-chip program memory locations: the addresses for the two vector address 
bytes are given in the "Vector Address" column of Table 8-1. 

It is important to note that a high-to-Iow transition input to anyone of I/O Port 3 pins P30 - P33 will cause an in
terrupt request. provided the interrupt has been enabled. Where different interpretations can be placed on signals 
input at these pins. it is up to your program logic to properly handle interrupts that may occur. In the general discussion 
of Z8 interrupt logic which follows, we will deal with non-specific interrupts only. We will describe special interrupt 
handling logic together with the associated special function (for example. interrupt logic that may accompany I/O 
transfers with handshaking), 

IR03 is a special case, in that when I/O Port 3 pin 0 is being used to input serial data, high-to-Iow transitions input at 
this pin no longer generate interrupt requests: rather, serial data input logic generates an interrupt request when a 
character has been assembled and should be read. 

Interrupts IR04 and IR05 are generated in response to internal interrupt conditions only. IR04 is shared by 
CounterlTimer 0 and serial data output. since these two sets of logic are mutually exclusive - as described later in this 
chapter. 

Z8 interrupts are enabled and disabled using the Interrupt Mask register (FB161. Register 
bits are assigned as follows: 

6 543 o ",-BitNo. 

I I I I I I I I I 
I~ I , I 

I 
I 
I 
I 
I 
I 

nterrupt Mask Register (FB 16) 

ROO 
ROl 
R02 
R03 1 = Interrupt enable 

R04 0 = Interrupt disable 
R05 
Unused 
All interrupts 

Z81NTERRUPT 
MASK 
REGISTER 

Bit 7 is used to globally enable and disable interrupts: with bit 7 reset to zero, all interrupts are disabled: with bit 7 set 
to one, all interrupts which have their corresponding interrupt mask bit (bits 0 through 5) set are enabled. 
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You define interrupt priorities via the Interrupt Priority register (F9161. Interrupt Priority 
register bits are assigned as follows: 

7 6 5 4 3 2 

I I I I I I 
t 

o ~BitNo. 
Interrupt Priority Register (F916' 

Group C 
0= IRQl > IRQ4 
1 = IRQ4 > IRQ1 

Group B 
o = IRQ2 > IRQO 
1 = IRQO > IRQ2 

000 - Undefined 
001 -C > A > B 
010-A>B>C 
011 -A> C > B 
100-B>C>A 
101-C>B>A 
110-B>A>C 
111 - Undefined 

Group· A 
o = IRQ5 > IRQ3 
1 = IRQ3 > IRQ5 

Unused 

Z81NTERRUPT 
PRIORITY 
REGISTER 

The logic illustrated above pairs internal and external interrupts: you define a priority within each of three pairs. then 
you define an overall priority for the three sets of pairs. 

You can dynamically modify the Interrupt Mask register and the Interrupt Priority register: however. you should 
not write to either of these registers without first disabling all interrupts by executing a Disable Interrupts instruction 
(OJ). 

The Interrupt Request register (FA16) reports active interrupt requests as follows: 

7 6 5 4 3 2 o .....-BitNo. 
r-r-~~~~~~~ 

Interrupt Request Register (FA161 

'------ :~~!} 1 = Interrupt request pending 
L--------IRQ3 0 = No interrupt request 

..... -------..,IRQ4 
..... ---------IRQ5 

L--------------Unused 

You will not normally use the Interrupt Request register, since interrupt priority arbitration is handled automat
ically. as specified by the Interrupt Priority register. and the highest priority interrupt is serviced via its vector address. 
You use the Interrupt Request register with polling logic when all interrupts are disabled. 

You can force an interrupt by writing to this register: however. interrupts should be disabled (by executing a 01 instruc
tion) first. 
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Sample 
external 

interrupts 
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intemal 

interrupts 

• "'141------------ Interrupt Acknowledge -------------._1 
I I 
I I 

M (Last) I Ml I M2 I M3 I M4 I M5 I M6 I M7 I Ml (Next) I 1------------1----------I Mamory Internal Intemal Internal I Memory Memory Memory Mem!>ry 
I Read Operation Operation Operation I Write . Write Write Read 
"data ignored) I Save PC Save PC Save status Fetch 

........ V "", low-order high-order on Stack instruction 
byte on byte on addressed 

Arbitrate Priorities Stack Stack by acknowledged 

I 

\ 

Figure 8-8. Z8 Interrupt Acknowledge Sequence 

Interrupt requests are sampled during the last machine cycle of every instruction's execution. 
External interrupt requests are sampled during the first clock period of this machine cycle; in
ternal interrupt requests are sampled during the last clock period of this machine cycle. If an 
interrupt request is acknowledged, the following steps occur: 

1) The low-order byte of the Program Counter is pushed onto the Stack. 

2) The high-order byte of the Program Counter is pushed onto the Stack. 

3) The Status register !the contents of register FC16) ill pushed onto the Stack. 

interrupt's 
vector 

Z81NTERRUPT 
ACKNOWLEDGE 
TIMING 

4) Program execution continues with the instruction stored in the memory location addressed by the acknowledged 
interrupt's vector. \ 

The entire interrupt acknowledge sequ8n~ require. seven machine cycles, as Illustrated In Figure 8-8. 

Z8 RESET OPERATION 
You reset the Z8 by holding the RESET input low for at least 18 clock periods. 

The Z8 has no automatic power-on reset logic, Your external logic must hold RESET low for at least 50 ms after 
power has been input and has become stable. This 50 ms allows time for the crystal oscillator to stabilize and reset in
ternallogic. If power is stable prior to the initialization of a reset, then RESET need only be held low for 18 external clock 
cycles. The following is an example of a typical power-on reset circuit: 

+5V +5 V 

= 
100 

1 kG kG 
RESET 

Z8 

~ 
1 "F 

Jl0V 
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Table 8-2. Z8 Control Register Contents Following a Reset 

Contents After 
Register Register Name 

Reset 
Number 

76643210 

FF Stack Pointer. high-order byte XXXXXXXX 

FE Stack Pointer. low-order byte XXXXXXXX 

FD Register Pointer register XXXXOOOO 

FC Status register XXXXXXXX 

FB Interrupt Mask register - Disable all interrupts OXXXXXXX 

FA Interrupt Request register - No interrupts pending XXOOOO·OO 

F9 Interrupt Priority register XXXXXXXX 

F8 Ports 0/1 Control register - Ports defined as inputs. normal memory cycles. intemal Stack 01001101 

F7 Ports 2/3 Control register - Port 2 open drain. Port 3 simple 1/0 OOOOOOXO 

F6 Port 2 Data Direction register - Port 2 lines all input 11111111 

F5 Timer 0 prescaler register - Single count mode. intemal clock source XXXXXXXO 

F4 Timer 0 register XXXXXXXX 

Fa Timer 1 Prescaler register - Single count mode. intemal clock source XXXXXXOO 

F2 Timer 1 register XXXXXXXX 

F1 Timer Control register - Timers stopped 00000000 

FO Serial 1/0 register XXXXXXXX 

X - bit undefined 

While RESET is low. AS is output at the internal clock rate (which is half of the applied external clock rate). DS is held 
low. R/W is high. All lines of I/O Ports O. 1. and 2 are assigned to input. 

When RESET subsequently goes high. program execution begins with the instruction stored in on-chip memory loca
tion OOOG16. 

Only during a RESET operation can AS and DS simLiltaneously be low. Zilog literature suggests that you can use this 
condition to generate a reset pulse for external logic connected to the Z8. 

Table 8-2 summarizes Control register contents following a reset. 

Z8 POWER-DOWN AND STANDBY POWER SUPPLY 
If you input an external clock signal to the Z8 via XTAL 1. then you can use the XTAL2 pin to input a standby 
power supply. Zilog literature recommends the followjng circuit: 

+5 V 

... ---IVDD 
TRICKLE 

Z8 

-
I 
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Following a general power-down. the circuit illustrated above will provide standby power to Registers 0416 through 
7F16. and to Z8 reset logic. But In order to use the standby power supply, external logic must monitor the power 
supply input to Its transformer, and detect incipient power failure sufflciehtly in advance of actual power failure 
to allow time for a Power Fail interrupt service routine. This may be illustrated as follows: 

Execute interrupt 
service routine 
to prepare for 

power fail. 

Power fail detected. Generate 
external interrupt request. 

Time 

An external interrupt request will typically be generated at the point where power failure is detected. You now have a 
few milliseconds until external power falls to the point where +5 V cannot be maintained. During these few millise
conds you should execute a preparatory interrupt service routine. This interrupt service routine should load that data 
which must be preserved into the protected registers. 

Once the Reset interrupt service routine has completed execution. the RESET input should be pulled low and held low 
until the subsequent power-up has gone to completion. 

Z8 I/O PORTS AND I/O DATA TRANSFERS 
From our previous discussion of Z8 pins and signal assignments, It will be apparent that Z8 I/O ports can func
tion in a variety of ways. We will now describe the actual logic associated with Z8 I/O ports. Tables 8-3 and 8-4 
summarize programmable options that are described in the discussion that follows. 
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Table 8-3. Z8 1/0 Port Data Transfers with Handshaking 

I/O Port Bits Direction Control Signals Comment 

4 DAVO input at P32 Data directions can be specified separately for POO-P03 
(P04-P07) IN 

RDYO output at P35 and for P04-P07. 
0 or The P04-P07 specification selects IN or OUT control 

S OUT 
RDYO input at P32 signals. 

(POO-P07) DAVO output at P35 

IN 
DAVI input at P33 Data direction assignment must be the same for all 

S 
RDYI output at P34 lines of 1/0 Port I. 

1 
(PIO-PI7) RDYI input at P33 

OUT 
DAVI output at P34 

IN 
DAV2 input at P31 Pin directions are individually assigned. P27 direction 
RDY2 output at P36 specification selects IN or OUT control. signals. 

S 
OUT 

Open drain OUT can function as pseudo- bidirectional. 
2 (P20-P27) 

RDY2 input at P31 

Pseudo~ 
DAV2 output at P36 

bidirectional 

I/O Ports O. ,. and 2 have logic which may be illustrated as follows: 

Output Registar--..... 
~~4-~~~~~~ 

Write Strobe -----e 
ROY 1fiA'ii .--....... 

Output Suffer ---I" 
~p-4-~~~~~~ 

Output Enable ----...I 

,...----DAv/RDY 

.... I--Input Register 

Input Suffer 

r"'T-rlrT:il-T-'~I--I/O Port 0, I, or 2 
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Table 8-4. Z8 I/O Ports O. 1. and 2 Options Summary 

Register Fa Register F7 
I/O Port Direction Hand shaking Comment 

76&43210 76&43210 

POO-P07. 8-bit input 01 
No P04-P07. 4-bit input. POO-P03 01 

functioning as Address Bus 
Input 

POO-P07. 8-bit input 01 
Yes P04-P07. 4-bit input. POO-P03 01 

functioning as Address Bus 

POO-P03 input. P04-P07 output 00 
No POO-P03 output. P04-P07 input 01 

0 Bidirectional POO-P03 input without handshaking 00 

Yes 
P04-P07 output with handshaking 
POO-P03 output without handshaking 01 
P04-P07 input with handshaking 

POO-P07. B-bit output 00 
No P04-P07. 4-bit output. POO-P03 00 

functioning as Address Bus 
Output 

POO-P07. B-bit output 00 

Yes P04-P07. 4-bit output. POO-P03 00 
functioning as Address Bus 

PI O-P 1 7. B-bit input 01 
No 

Input 

Yes PI 0-PI7. B-bit input 01 
1 

PI 0-PI7. B-bit output 00 
No 

Output 

Yes PI O-P 17. B-bit output 00 

Data Direction register selects 
direction for individual bits 

2 I/O of I/O Port 2. Bit 7 direction 
determines handshaking 
logic 

X - This bit can be 0 or 1 
P - 0 makes I/O Port 2 outputs open drain 

1 makes I/O Port 2 outputs function with pull-ups 

Let us begin by looking at simple data input and output. without handshaking. for I/O 
Ports O. 1. or 2. 

You write data to an output port by writing to its associated register. Output data flows 
through the Output register to the Output buffer. and thence to any I/O port pins which have 
been assigned to output. Output data also flows to Input buffer and Input register bits that cor-

01 0 
1 0 

01 1 
1 1 

01 0 
00 0 

01 1 

00 1 

00 0 
1 0 

00 1 
1 1 

OX 
10 

1 1 

OX 
10 

1 1 

Z81/0 DATA 
TRANSFER 
WITHOUT 
HANDSHAKING 

respond to I/O port pins which have been assigned to output. Writing to an I/O port has no effect on pins that have 
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been assigned to"input. nor does it affect Input buffer or Input register bits corresponding to pins that have been 
assigned to input. Here is one example of data output to I/O Port 2: 

Write 9A to 
Register 2 

Output Register--.I.2-1.~O~~~~~~J.~~J 

Write Strobe ----. 

RDY/DAV 4-----J 

Output Buffer _-I~ 

Output Enable-----' 

~----5Aii/RDY 

l.!.l_L.1.!.,~.l.!!...L-1-_ .... t---lnput Register 

L----_Ready Strobe 

Input Buffer 

o 

While the illustration above identifies I/O Port 2. only the individually assigned I/O port bits are unique to I/O Port 2. I/O 
port logic and concepts. as illustrated. apply also to I/O Ports 0 and 1. 

When external logic transmits data to pins of I/O Ports O. 1. or 2. then bit positions corresponding to input lines are im
mediately modified within the Input buffer and Input register. If you read from an I/O Port. then bit positions corres
ponding to output pins return data held in the Output register and buffer. Continuing the example above. this may be 
illustrated as follows: 

Write 9A to 
Register 2 then Read back Fa 

from Register 2 

OUtput Register--~L..!-1-!.L.!:~.!,.L;.l!.I.2.1~ 

Write Strobe----. 

RDY/DAV 4-----' 

Output Buffer ----4~ 
~+-~~~~~~~_J 

Output Enable -----' 
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r-----DAV/RDY 

o .... I--Input Register 
~L-~~~~~-p~ 

~----Ready Strobe 

Input Buffer 

o 0 



Again. the illustration above is specific to lID Port 2 only insofar as pins have been individually assigned to input and 
output The illustrated concepts apply also to lID Ports 0 and 1. 

I/O Port 2. but not I/O Ports O. 1. or 3. can be configured under program control with open 
drain output pins. 

If an lID Port 2 open drain output is high. then external logic can pull this signal low. The reverse 
is not true. An open drain low output cannot be pulled high by any external logic without damage 
to the Port 2 output transistor. 

If two or more open drain I/O Port 2 pins are wlre-ORed. then the connection will be low if one 
or more of the outputs is low. The connection will be high only when all outputs are high. 

The wire-OR capability associated with open drain outputs is self-evident. What is not 
self-evident is the fact that open drain outputs are pseudo-bidirectional- in the manner 
described for the 8048 microcomputer. This is because you will read back a 0 in any bit posi
tion corresponding to an open drain output which was high and got pulled low by external 

Z8 OPEN 
DRAIN 
OUTPUTS 

Z8 OPEN 
DRAIN 
WIRE OR 

Z8 PSEUDO
BIDIRECTIONAL 
I/O PORT 

logic. If you write a 1 to an lID Port 2 open drain output pin. then external logic has the option of leaving a 1 at the pin. 
or pulling the pin low. thus changing it to a O. From a programmer's viewpoint. this is equivalent to saying that you 
must prepare lID Port 2 pins for input by writing 1 s to all bit positions with associated input pins. But if you write 0 to 
any bit position. then you block input to the associated pin. Here is an illustration of lID Port 2 serving as a pseudo
bidirectional I/O port: 

Write FA to 
Register 2 

then 
Read back SA from 

Register 2 

r-----DAV/RDY 

Output Register·--~r;T1r;T~I'1Tor;TOl o .... t--Input Register 
~~~~~~~~~~ 

Write Stroba----. 

RDY/DAV4----I 

Output Enable----..,.j 

'------Ready Strobe 

o .... t---Input Suffer 

.......... -110 Port 2. Pseudo-bidirectional outputs 
~~~~~~~~~ 

+ + + + 
1 0 0 0 
~ 

Pseudo
bidirectional 

lines 

Note that the illustration above. unlike the previous two. applies only to lID Port 2. since only I/O Port 2 can output 
open drain signals. 

The illustration above shows the four high-order lines of I/O Port 2 functioning as pseudo-bidirectional lines: but this 
choice is arbitrary. Any open drain I/O Port 2 output lines can function as pseudo-bidirectional lines. provided you write 
1s to those lines which must be capable of receiving input. 
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If I/O Ports 0 and 1 are functioning as a Data/Address Bus. then you can no longer write to Registers 0 or 1: if 
you do. the instruction is ignored. If you read from Register 0 or 1. you will read whatever transient data happens to be 
on associated internal bus lines at the point in time when the instruction execution reads the register. 

I/O Port 0 can be configured with the four low-order bits functioning as part of the Address Bus. while the four 
high-order bits function as a 4-bit I/O port. In this configuration. you continue to access I/O Port 0 via Register O. but 
only the four high-order bits of Register 0 are significant. 

From the programmer's viewpoint. when I/O Port 0 is split between I/O and address functions. you continue to access 
I/O Port 0 via Register O. but you ignore its four low-order bits. Anything you write to these bits will be lost. while any
thing you read back from these bits will be indeterminate. 

I/O Port 3 has simpler logic than I/O Ports O. 1. and 2. I/O Port 3 logic may be Illustrated as follows: 

P34-P37 P34-P37 P30-P33 

P34-P37 P30-P33 

As illustrated above. the four low-order bits of I/O Port 3 ca.n function only as inputs. while the four high-order bits of 
I/O Port 3 can function only as outputs. . 

You output to I/O Port 3 by writing to Register 3. You input from I/O Port 3 by reading from Register 3. When you write 
to I/O Port 3. the four low-order bits are lost: the four high-order bits are held in the Output Data Return buffer. as well 
as being output via connected pins. When you read from I/O Port 3. data input to P30-P33 is returned in the four low
order bits. while previously output data is returned in the four high-order bits. 

As we saw when describing Z8 pins and signal assignments. I/O Port 3 pins can serve a variety of controi functions. 
You cannot write to any bit pOSition of I/O Port 3 if its associated pin is functioning as a special control signal; and if 
you read from the bit position. you will get indetermi':!ate data. 

I/O Ports O. 1. and 2 can function as input or output ports with handshaking. Table 8-3 
summarizes Z8 I/O capabilities with handshaking. 

In the generel case we can lIIustrete input handshaking logic as follows: 

ROY 

DATA IN 

Z81/0 WITH 
HANDSHAKING 

--------------~~---C~----~--~-------------------

Data 
latched 
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Initially, ROY will be output high and OAV will be input high at appropriate pins of I/O Port 3, When external logic in
puts new data, it simultaneously inputs OAV low. 

The low OAV input causes I/O port logic to latch the input data into the Input register, provided the Input register is not 
holding data that is waiting to be read. External logic cannot overwrite data in the Input register. 

The high-to-Iow transition of OAV, since it occurs at pin 1,2, or 3 of I/O Port 3, will cause an interrupt request -assum
ing that interrupts have been appropriately enabled. If interrupts have not been enabled, the Z8 can use polling soft
ware to detect data input. Recall that the Interrupt Request register bit corresponding to the interrupt request will be 
set. You could also read Port 3 to determine which signal line caused the interrupt. 

The Z8 may read the contents of the Input register at any time, since external logic cannot overwrite this data. 

External logic will normally wait for ROY to go low, then raise OAV high. I/O port logic will output ROY high after OAV 
is input high and the contents of the Input register have been read by the CPU. External logic should use ROY high as 
an indicator that its previously transmitted data has been read by the CPU, and new data will now be accepted by the 
input port. 

Turning to data output with handshaking. timing for the general case may be illustrated as follows: 

RDY 

DATA OUT Data Stable 
__________ A-______________________ -J~ ______________ _ 

Initially, external logic will input ROY low, while the Z8 outputs OAV high. 

When external logic is ready to receive data, it must input ROY high. A program executed by the Z8 may output data to 
the I/O port at any time: however, I/O port logic will not output OAV low until data has been written to the I/O port by 
the CPU, and the ROY input has been driven high by external logic. 

Once external logic has input ROY high, it should wait for a low OAV output as its Signal that fresh output data is 
available. Having read this data, external logic should input ROY low again, This will cause I/O port logic to output OAV 
high: the high-to-Iow transition of the ROY input will also generate an interrupt request. if interrupts have been 
enabled, and set the appropriate Interrupt Request register bit. The Z8 program controlling data output should wait for 
this interrupt request. or test its associated Interrupt Request register bit. before outputting any more data to the I/O 
port. This is the only protection offered by the Z8 against a program's writing premature data to an I/O port. and thus 
overwriting previously output data before external logic is able to process it. 

As soon as I/O port logic outputs OAV high, external logic is free to input ROY high again - assuming that it is ready to 
receive fresh data, 

High-speed I/O data transfer with handshaking control signals will make the assumption 
that the receiving station is always ready for transmitted data. If the Z8 is the receiving 
stption and external logic is transmitting data, then external logic can ignore the ROY output. 
The Z8, however, must give very high priority to the interrupt request generated by a high-to
low transition of the OAV input accompanying fresh data, A very short interrupt service 

Z8 HIGH
SPEED I/O 
WITH 
HANDSHAKING 

routine will load the received data from the I/O port into an appropriate memoJY location - and that is all. 

If the Z8 is transmitting high-speed data, and external logic is always ready to receive the data, then you may turn the 
OAV output back as the ROY input. This will satisfy output handshaking logic requirements and provide high speed, 

Three control registers determine I/O port operating modes; they are: 

1) Register F816. the I/O Ports 0/1 Control register. 

2) Register F716. the I/O Ports 2/3 Control register. 

3) Register F616. the I/O Port 2 Data Direction register. 
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Bits of Register F816. the I/O Ports 0/1 Control register. are interpreted as follows: 

L 
7 6 5 4 3 2 o ......--BitNo. 

I I I I I 1/0 Ports 011 Control Register (FB161 

T 00 - POO-P03 Output 
01 - POO-P03 Input 
1 X - POO-P03 serve as AB-A 11 

Z81/0 PORTS 
0/1 CONTROL 
REGISTER 

0- Stack in external memory. FF and FE function as 
Stack Pointer 

Note that when bit 7 is set: 
P04-P07 serve as A 12-A 15 

POO-P03 serve as AS-A 11 

1 - Stack in general purpose registers. FF alone 
functions as Stack Pointer 

00 - Pl 0-P17 Output 
01 - Pl0-P17 Input 
10 - Pl 0-P17 serve as ADO-AD7 
11 - Float external bus 

o - Normal machine cycles 
1 - Extended machine cycles 

00 - P04-P07 Output 
01 - P04-P07 Input 
lX - P04-P07 serve as A12-A15 

In addition to defining options for 1/0 Ports 0 and 1. Register F816 also controls machine cycle timing and Stack loca
tion. 

Bit 2 of Register F816 determines whether the Stack will reside in external memory or within the 
on-chip general purpose registers. If you select external memory. then Registers FE16 and FF16 
combine to function as a 16-bit Stack Pointer. and all instructions that reference the Stack gener
ate external memory reference machine cycles in order to access the Stack. If you select an on

Z8 STACK 
LOCATION 
SELECT 

chip Stack. then instructions which reference the Stack generate register access machine cycles. using Register FF16 
as the Stack Pointer. 

Registers FE16 and FF16 have combined 16-bit increment logic: this is an obvious necessity if the 
two registers are to function as a 16-bit Stack Pointer. But this increment logic remains active 
when you select an on-chip Stack within the local registers. Under normal circumstances. Stack 
Pointer 16-bit increment logic is irrelevant. since it becomes active only when the low-order byte of the Stack incre
ments from FF16 to 00. Since an on-chip Stack should reside entirely within the unassigned general purpose registers 
(which have a ceiling address of 8016). no problems should arise. For Register FF16 to increment from FF16 to 00. the 
Stack wou Id have to overwrite the top 20 control registers and the Stack Pointer itself. If for any reason an error condi
tion should occur which resulted in Register FF16 contents being incremented from FF16 to 00. then Register FE16 
contents would also increment. So long as you avoid this problem. you are free to use Register FE16 as an unassigned 
data register when an on-chip Stack has been specified. 

I/O Ports 0/1 Control register bit & determines whether there will be three or four clock 
periods within memory reference machine cycles. If you select four clock periods. then the ad
ditional clock period occurs between T3 and T4: T2 signal levels persist through the extra clock 
period. Figures 8-6 and 8-7 illustrate Z8 machine cycle timing. 

You cannot specify four clock periods within a non-memory reference machine cycle. 

Z8 MEMORY 
REFERENCE 
MACHINE 
CYCLE SELECT 

Z8 extended ntachlne cycle logic differs sharply from that of most other microcomputers; commonly an external 
READY signal triggers extended machine cycles. and allows any number of additional clock periods to be inserted 
within an extended machine cycle. 

8-35 



Bits 0.1.8. and 7 of Register Fa18 control I/O Port 0 operations. Bits 0 and 1 control the 
low-order four bits of I/O Port O. while bits 6 and 7 control the four high-order bits of I/O Port O. 
Your choic!l in each case is to assign the associated four bits of I/O Port 0 to data input. data 
output. or ~igh-order Address Bus lines. 

zallo PORT 0 
OPTIONS SELECT 

As an I/O port. Port 0 can function as an input port. an output port. or a combined input/output port. (See Table B-4.) 

All or half of I/O Port 0 may function as part of the Address Bus. If half of I/O Port 0 is functioning as part of the Address 
Bus. then it will be the low-order half - POO-P03. 

I/O Ports 0/1 Control Register bits 3 and 4 determine I/O Port 1 operations. You have the za I/O PORT 1 
choice of assigning I/O Port 1 to parallel data input or parallel data output. or it can serve as a OPTIONS SELECT 
multiplexed Data/Address Bus. You can also put I/O Port 1 lines in a high impedance state: in 
addition to I/O Port 1. this floats any lines of I/O Port 0 that are functioning as Address Bus lines. along with control sig
nals AS. OS. and R/W. In other words. the entire external bus is floated. irrespective of which Address Bus option you 
have selected. 

Register F718. which functions as the I/O Ports 2/3 Control register. has the following 
bit assl~nments: 

7 6 5 4 3 2 o ~BitNo. 

I I I I I I I t-- I 

• 
, 10 Ports 2/3 Control Register (F716) 

o -1/0 Port 2 open drain 
1 - 1/0 Port 2 pull-ups active 

Unused 

o -P32 = Input. P35 = Output 

zal/o PORTS 
2/3 CONTROL 
REGISTER 

1 - P32 = OAVOIROYO. P35 = ROYO/OAVO 

00 - P33 = Input. P34 = Output 

01l -
10 r P33 = Input. P34 = OM 

11 - P33 = OAV1/ROY1. P34 = ROY1 ifiAiJ'j 

0- P31 = Input or TIN. P36 = Output or TOUT 
1 - P31 = OAV2/ROY2. P36 = ROY2/0AV2 

o - P30 = Input. P37 = Output 
1 - P30 = SIN. P37 = SOUT 

o - Parity off 
1 - Odd parity on 

Bit 0 alone applies to I/O Port 2: this bit determines whether I/O Port 2 outputs ara open 
drain. or whether pull-ups are active • 

. Bit 1 is unused. 

Bit 2 of Register F716 determines whether I/OPort 3 pins 2 and 5 serve as data inputs and out
puts. respectively. or whether they provide I/O Port 0 with handshaking control Signals. The 
data direction specified for P04-P07 determines whether input or output handshaking controls 
are selected. 

Bits 3 and 4. likewise. determine whether I/O Port 3 pins 3 and 4 function as data input and 
output lines. or whether they provide I/O Port 1 with handshaking control signals. You also 
have the option of assigning I/O Port 3 pin 4 to function as DM. the data memory select 
Control signal. If you select handshaking controls. then the data direction you select for P10-
P1idetermines whether input or output handshaking controls are selected. 

Bit 5 detllrmines whether I/O Port 3 pins 1 and 6 function as data input and data output lines. 

za I/O Pf"RT 2 
OPTIONS SELECT 

zal/o PORT 3 
OPTIONS SELECT 

zal/o WITH 
HANDSHAKING 
SELECT 

za DATA 
MEMORY SELECT 

or Whether they provide I/O Port 2 with handshaking control signals. I/O Port 3 pins 1 and 6 must be assigned to data 
input and data output if counterltimer logic is going to use these Signals. Therefore. you cannot use I/O Port 2 with 
handshaking If counter/timer logic uses external clock and square wave output options. The data direction 
selectee! for P27 determines whether input or output handshaking controls are selected. 
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Note that when you assign any I/O Port 3 pins to function as handshaking control signals. the tacit assumption is made 
that the associated port is correctly configured to transfer parallel data. But there is nothing to stop you from assigning 
I/O Port 3 pins as handshaking control signals. even though the associated I/O Port may have been separately assigned 
to function as a Data/Address Bus. However. the results of such an assignment would be unpredictable. 

Table 8-4 summarizes Registers F716 and F816 bit settings that give you the legitimate Z8 parallel I/O options. 

1/0 Ports 2/3 Control Register bits 7 and 6 apply to serial I/O logic. If bit 6 is O. then serial I/O 
logic is disabled and I/O Port 3 pins 0 and 7 function as data input and output lines. respectively. 
But if bit 6 is 1. then I/O Port 3 bit 0 receives serial data input. while bit 7 transmits serial data out
put; under these circumstances. I/O Port 2/3 Control Register bit 7 enables or disables parity logic 
associated with serial I/O. If parity js selected, then odd parity Is assumed for transmitted and 
received serial data. 

Register F616 specifies the data direction for I/O Port 2 pins as follows: 

7 6 5 4 3 2 o 4--BitNo. 

za SERIAL 
1/0 SELECT 

za PARITY 
OPTION 

zal/O PORT 2 
DATA DIRECTION 
REGISTER 

I I I I I I I I 1/0 Port 2 Data Direction Register (F616) 

I I , 

Z8 SERIAL INPUT/OUTPUT 

P20 
P21 
P22 
P23 0 configures the pin for output 
P24 1 configures the pin for input 
P25 
P26 
P27 

The za has a relatively primitive serial input/output capability; Ita logic may be illustrated as follows: 

Write 
to FO 

EOC from 
TO 

Read 
from FO 

-

( 
~ 

...... 

+ 16 

::J 

Transmit Register L 

Receive Register 
, ,-

..c , 
Receive Buffer I 

Serial 

-- Output 
logic 

I 

Serial 
Input 
logic 

I 

I 

SOUT (P37) 

IRQ4 

IRQ3 

SIN (P30) 

za serial 1/0 logic uses CounterlTimer 0 in order to generate the serial bit rate clock. Therefore, If you use the za 
serial 1/0 capability, you cannot use CounterlTimer 0; conversely. if you need CounterlTimer O. you cannot use the 
serial I/O capability. For details. see the CounterlTimer 0 description. 

The only programmable serial 1/0 option is to select odd parity or no parity. Bits 7 and 6 
of the I/O Porta 2/3 Control register IF7161 control za serial 110 logic. We have already 
described this Control register. 
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Without parity. transmitted and received characters have the following formats: 

Transmitted 
Character 

5 00000000 00 

Received 
Character 

5 00000000 0(0) 

Z8 SERIAL I/O 
CHARACTER 
FORMAT 

tJ:k+ L,.ooo b;. L--=:: 8 data bits 

1 start bit 

-----t t 1 "'oo,b;' 
8 data bits 

'--_______ 1 start bit 

With the parity option. transmitted and received characters have the following formats: 

Transmitted 
Character 

5 0000000 P 00 

Received 
Character 

5 0000000 E 0(0) 

'-v-"UkL , ........ C Odd parity bit 

7 data bits 

TtT 1 ,,'Oo,b;. 
Parity status bit 

7 data bits 
L... _______ 1 start bit 1 start bit 

Address F016 accesses separate read-only and write-only locations. (This prevents you 
from using Register F016 as a general purpose register when you are not using Z8 serial I/O 
logic. since you cannot read back what you write out.) 

You transmit characters by writing to Register F016' The character is held in the Transmit 
register. If parity is not selected. then the eight data bits of the Transmit register are output. 
least significant bit first. with a single leading start bit and two trailing stop bits. If parity has 
been selected. then seven data bits are taken from the Transmit register: the high-order bit is 

Z8 SERIAL I/O 
TRANSMIT 
LOGIC 

ignored. The transmitted character consists of a leading start bit. seven data bits with the least significant bit leading. 
an odd parity bit. and two stop bits. 

In between characters. serial output logic outputs a continuous high marking signal. 

Since there is no Transmit buffer. there will always be some marking interval between 
transmitted characters. Serial output logic generates an interrupt request via IR04. which a 
supervisory program should use as a signal to transmit the next data character. If a program 

Z8 SERIAL I/O 
OVERRUN 

writes another character to the Transmit register before the previous character has been output. then the previous 
character will be overwritten. an erroneous output will be generated. and no error will be reported I r-----....., 
S.rial input logic interprets the received serial signal in one of two ways. depending on 
whether parity has or has not been selected. If parity has not been selected. serial input 
logic assumes one start bit. eight data bits. and at least one stop bit. The eight data bits are as
sembled in the Receive register. with the assumption that the least significant bit was received 
first. If parity has been selected. then the eighth data bit is converted into a Parity Status 

Z8 SERIAL I/O 
RECEIVE LOGIC 

Z8 SERIAL I/O 
PARITY ERROR 

bit. If the eight bits occurring between a leading start and trailing stop bit have odd parity. then a 0 is returned for the 
Parity Status bit. But if even parity is detected. then a 1 is returned for the Parity Status bit. The high-order bit of the 
character assembled in the Receive register will be the Parity Status bit. A supervisory program rnust examine 
this bit in order to detect status errors. 

Serial input logic has a Receive buffer. As soon as a character has been assembled in the 
Receive register. it is transmitted to the Receive buffer. and an interrupt request is generated 
via IR03. A monitoring program has one character time within which to read the contents 
of the Receive buffer. If the Receive buffer contents are not read in time. the Receive register 
contents will overwrite the Receive buffer. but no overrun error will be reported I 
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General 
Purpose 
Register 

Address es 

F5 'l: 

Write F4 '( 

.. 
Read F4 < 
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~ 

)I 
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f1 c:::=>I 
Read F2 < 

~ t --y 
Write F2 

...... 
F3 '- )I 
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Prescaler 0 Buffer I )J Prescaler 0 Register 

-y 

Counter 0 Buffer L..-.)t Counter 0 Register ... 

~ J, 
I Counter 0 Decrementer 

; 
Timer Control Register I 

• I Counter 1 Decrementer 

~ 

Counter 1 Buffer [ )I Counter 1 Register --y 

Prescaler 1 Buffer L ,)I Prescaler 1 Register 

Figure 8-9. Z8 Counterlrimer Logic 
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The Z8 has extensive counter/timer logic. centered around two counter/timers. as illustrated In Figure 8-9. 

CounterlTlmer 0 has fewer pr.ogramrnable options than CounterlTimer 1. Also. CounterlTlmer 0 functions as the 
baud rate generator for Z8 serial I/O operations. Therefore. you should use CounterlTlrner 1 In preference to 
CounterlTlmer O. and remember that CounterlTlmer 0 will become unavailable whenever serial I/O is enabled. 

Both counter/timers are based on very elementary logic. Each counterltimer receives a clock signal which is 
divided by a prescaler. The prescaler value. which is held in the Prescaler register. can vary between 1 and 64. The in
put clock frequency divided by the prescaler value becomes the decrement time interval. The Counter Decrementer 
contents are decremented once each decrement time interval. This logic may be illustrated as follows: 

o n-1 n o 
Clock , n-1 n o n-1 

t 
Prescaler register contains "n". so decrement 
Counter Decrementer contents once every 
nth clock pulse. 
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The initial value which is loaded into the Decrementer can vary between 1 and 2&8 (00 counts as 2&8). 

The frequency of the clock signal input to Counterfrlmer 0 is the external crystal frequency Z8 COUNTER/ 
or clock input. divided by 8. For Counterfrimer 1 you have the progremmable option of: TIMER CLOCK 

1) Choosing this same clock signal. or 

2) Inputting a separate external clock signal. or 

3) Inputting an external conditioning signal as a companion to the internal clock signal. 

We will describe these CounterfTimer 1 clock options in more detail later. 

Whenever the Decrementer contents reach the end-of-count. an Interrupt request is generated; the interrupt re
quest occurs at IRQ4 for CounterfTimer O. and at IRQ5 for CounterfTimer 1. Therefore. for each counterltimer there are 
three embedded levels of time interval; there is the input clock signal. the input clock signal divided by the prescaler. 
and the time interval between Decrementer time-outs. This may be illustrated as follows: 

Interrupt 
Request I: Time interval between·Decrementer time-outs 

Decrement I I Decrell)ent L Decrement 
1"'----= interv81 .... interval "r interval· 
I I I I I 

CIOCklVv\~J\MJ\J\Nv\JVl 
t t t t 

Decrementer X - 1 End of 
initial value 

=X 

To illustrate this fundamental counter/timer logic. consider CounterlTimer 0 providing 
serial I/O with its baud rate. The baud rate is generated as the time interval Decrementer 
times out. CounterfTimer 0 runs at 16 times the bit rate. Now in order to generate commonly 
used baud rates. you should connect a 7.3728 MHz crystal across XTAL1 and XTAL2. load a 
prescaler value of 3 into the Prescaler 0 register. and load the initial values shown in Table 8-& 

count 

Z8 SERIAL I/O 
COUNTERtrlMER 
o BAUD RATE 
GENERATOR 

into the Counter 0 Decrementer. This table explains how the required bit times are subsequently generated. 

You should not lose sight of the fact that in order to generate the standard baud rates shown in Table 8-5. the entire Z8 
is driven by a 7.3728 MHz crystal. which has a lower frequency than the maximum allowed 8 MHz crystal. 

A few simple options are available with CounterfTimer 0 or 1. 

Both counter/time,. may be frae running or one-shot. If free running. then every time the 
Decrementer decrements to end-of-count it is reloaded with an initial value. which is 
preserved in the Counter register; then decrementing continues. In one-shot mode. Counter 0 
stops when the Counter 0 Decrementer decrements to O. 

Z8 COUNTER/ 
TIMER OPTIONS 

When the Decrementer decrements to end-of-count. an interrupt request occurs at IRQ4 for CounterfTimer O. and 
at IRQ5 for CounterfTimer 1. You have the option of enabling or disabling these interrupt requests. r-----__ 
Counterfrlmer 0 or 1 can drive the TOUT output (which is an optional use for I/O Port 3 pin Z8 COUNTER/ 
6). TOUT is output low when you write to either counter register. Subsequently it switches TIMER SQUARE 
level whenever the Decrementer decrements to end-of-count. Thus TOUT generates a square WAVE OUTPUT 
wave output. which may be illustrated as follows: 

TOUT I \ I \ n 

1 t t t t t 
f Decrementer Time-out 

Reload Counter register Reload Counter register 
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Table 8-5. CounterlTimer 0 Baud Rate Generation 

A B C D E F 
Crystal Counter 0 Time Intervel Decrementar Decrementer Bit Rate 

Frequency Clock from Prescaler' Present TimeOut = 10'1I16E) 
(MHz) =A/B =3/8 Interval (Bits/Sac) 

(kHz) /p.sec) = C x D /p.sac) 

1 3.255 19200 
2 6.510 9600 
4 13.021 4800 
8 26.042 2400 

7.3728 921.6 3.2552 16 52.083 1200 
32 104.167 600 
64 208.333 300 

128 416.667 150 
175 •• 569.661 110 •• 

• Prescaler register contsins 3 
.. Error = 0.26% 

CounterlTimer 1 has a number of powerful options that are not available with CounterlTimer O. 

TIN can provld. Count.r/rlm.r 1 with It. Int.rnal clock. The clock input at TIN is not divided before being pro
cessed by the prescaler: therefore. it can have a maximum frequency of 1 MHz - equivalent to the maximum frequen
cy that internal clock logic can derive. There is no minimum frequency for a clock signal input via TIN. 

TIN may al.o r.ceiv. an input with random tran.ltlon •• In which ca •• Count.r/rim,r 1 will 
function a. an .v.nt count.r. You should load a prescaler value of 1 at this time. otherwise 
CouriterlTimer 1 will divide the TIN input by the prescaler value and report some fraction of the 
active transitions. 

r---"!I 

TIN may b. programm.d to function a. an .nabllng .Ignal. capabl. of .tartlng and .topplng the Int.rnal 
count.r/tlm.r clock. When gating the clock in this fashion. TIN stops CounterlTimer 1 when low. and allows it to run 
when high. This may be illustrated as follows: . 

Timer 1 
Clock 

TIN \ I 
Effective 
Timer 1 

Clock 

TIN may al.o function a. a r.trigg.rabl. or non-r.trlgg.rab!. trigg.r input to Count.r/rim.r 1. As a trigger input. 
a high-ta-Iow transition of TIN downloads the contents of the Counter 1 register to the Counter 1 Decrementer and 
starts CounterlTimer 1. If the retriggerable option is selected. then on each subsequent occasion that TIN makes a 
high-ta-Iow transition. CounterlTimer 1 logic will be restarted. irrespective of its status when the retrigger occurs. 

If the non-retriggerable option is selected. then subsequent transitions of TIN are ignored. 

Z8 count.r/tlm.r logic i. acce.sed via the five r.glst.r addr ••••• F116. F216. F316. 
F416. and F616' 

Register addresses F416 and F516 access CounterlTimer O. Register addresses F216 and F316 
access CounterlTimer 1. When you write to F216 and F416. data is loaded into the Counter 1 

Z8 COUNTER/ 
TIMER 
PROGRAMMING 

and Counter 0 buffers. respectively. When you write to F316 and F516. data is loaded into the Prescaler 1 and 0 
buffers. respectively. You subsequently load appropriate codes into the Timer Control register to move the contents of 
buffers to their respective registers. and to start the counter/timers. When you read from Registers F216 and F416. you 
read the contents of the Counter 1 and Counter 0 Decrementers. respectively. Thus you can monitor a counter or timer 
operation by reading the Decrementer contents on the fly. You cannot read the contents of the Prescaler buffer or 
register. 
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Presc:aler register contents for Co'unterlTimers 0 and 1 are interpreted as follows: Z8 COUNTER/ 
TIMER 
PRESCALER 
REGISTER 

7 6 5 4 3 2 o "'-BitNo. 

ri-ri ..... ri-ri-i.. ..... -Prescaler Register (F316 or F5161 

'-----0 - One-shot 
1 - Free running 

L-----CounterlTimer 1 only: 

o -Disable TIN 
1 - Enable TIN 

...... ------...... ---Prescaler 

Bit 0 determines whether the counter/timer will be free running or one-shot. In tree running mode. whenever the 
Decrementer decrements to end-of-count. Counter register contents are downloaded into the Decrementer. which con
tinues operating uninterrupted. But in the one-shot mode. counterltimer logic stops following a Decrementer time-out. 

Prescaler register bit 1 applies only to CounterlTimer 1. This bit must be set to 1 In order to enable TIN. If this bit is 
O. then any TIN options selected via the CounterlTimer Control register wi" be ignored. 

The six high-order bits of the Prescaler registers provide the prescaler values used by each set of counterltimer logic. A 
value of 00 is interpreted as 4016: therefore. the prescaler wi" always report a value ranging between 1 and 64. 

You can write to any counter/timer register at any time. But you can only read the contents of the two Decre
menters. This allows a prograin controlling counter/timers to read the Decrementer on the fly. A program can 
also modify Pr.scaler and/or Counter register contents at any time: before starting a counter/timer, or while the 
counter/timer Is running. 

You write to Register F116 in order to access the Timer Control register, whose bits are Interpreted as follows: 

7 6 5 4 3 2 

I I I I I I 
I 

o 4--BitNo. 

L 

• , 
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0 
0 
1 
1 

0 

Timer Control Register (F 1161 

o -No operation 
1 - Load CounterlTimer 0 

o -Disable Counter/Timer 0 
1 - Enable and start CounterlTimer 0 

1 - Load Counter/Timer 1. 
o -No operation 

o -Disable CounterlTimer 1 
1 - Enable and start CounterlTimer 1 

o -TIN receives external clock input 
1 - TIN receives gate input 
o -TIN receives non-retriggerable trigger input 
1 - TIN receives retriggerable trigger input 

o -TOUT unused 
01 - CounterlTimer 0 generates TOUT 
10 - CounterlTimilr 1 generates TOUT 
11, - Internal clock output at TOUT 



Control register bits O. 1. 2. and 3 enable and start the counter/timers. 

Bit O. when set to 1. moves the Prescaler 0 buffer contents to the Prescaler 0 register. and the Counter 0 buffer contents 
to the Counter 0 registElt. Bit 2. when set to 1. performs the same operation for CounterlTimer 1. 

Bit 1. when set to 1. starts CounterlTimer O. Bit 3. when set to 1. starts CounterlTimer 1. 

If you write to Control register bit 0 or 2 then the 1 is reset to 0 as soon as the specified operation has been performed. 

Control register bits 4 and 6 specify the way In which Countermmer 1 uses TIN. These two bits depend on bit 1 
of the Prescaler 1 register. which enables or disables TIN. In other words. CounterlTimer 1 logic ignores Control register 
bits 4 and 5 if the Prescaler 1 register holds a 0 in bit 1. 

We have already described the four TIN options available at CounterlTimer 1. 

Coritrol register bits 7 and 6 select TOUT logic. 

If CounterlTimer 0 or 1 generates TOUT. then a square wave output will occur. with a transition occurring at every 
Decrementer time-oLit. as we have already described. 

If the internal clock is output via TOUT, then the clock signal used by the Z8 is output, not the clock signal used 
by counter/timer logic. In other words. TOUT will output a signal whose frequency is half of the crystal frequency con
nected across XTAl1· and XTAL2. 
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THE Z8 INSTRUCTION SET 

Table 8-7 summarizes the Z8 instruction set. Table 8-8 provides a listing of instructions by their object codes in 
numerical order. 

Table 8-7 treats Z8 registers as registers. rather than as data memory. Accordingly. Table 8-7 shows relatively few 
memory reference instructions. and nq memory operate instructions. On the other hand. there are a large number of 
register-register operate and register operate instructions. 

When the Z8 is used in a one-chip microcomputer configuration. then the net effect of its instruction set is to give you 
excellent access to data memory. plus great data manipulation flexibility. 

When' the Z8 is configured with external data memory. then you should use the external data memory as a Simple data 
depository. All programs must be broken into modules that load data into registers. operate on this data. then return 
data to external data memory when it is no longer needed. 

THE Z8 BENCHMARK PROGRAM 
Since we are dealing with a one-chip microcomputer. we will modify our benchmark program for the Z8. showing how 
a block of data may be moved from registers to external data memory. The beginning external data memory address. 
the beginning register address. and the number of bytes to be moved are held in four contiguous registers within a 
register block as follows: 

Register 
Address 

XN+3 

XN+ 2 

XN+ 1 

XN 

LO 

HI 

Buffer for number of bytes to be moved (CNT) 

Starting registers address (RADR) 

} Starting extemal data memory address (DADR) 

We will assume that {he external data memory address DADA can be left unaltered. since data from registers must be 
moved into the external data memory buffer. beginning with the first free buffer location - which will be the residual 
address following the previous data movement. The starting register address AADA must be reinitialized after every 
block of data is moved. since the same register space will be reused as each sequential data block is written out to data 
memory. Similarly. the number of data bytes to be moved must be held permanently in some appropriate memory loca
tion and must be moved to a buffer where it can be decremented during the subroutine's execution. This may be illus
trated as follows: 

Registers 

External 
Data 

Memory 

CNUI-__ ~l--------~ RADR f DADR 

The Z8 benchmark program appears as follows: 

LOOP 

SRP 
LD 
LDEI 
DJNZ 
SUB 

X 
CNT.CNTP 
(DADR). (RADR) 
CNT. LOOP 
RADR.CNTP 

;SELECT REGISTER BLOCK 
;LOAD BYTE COUNT INTO BUFFER REGISTER 
;MOVE NEXT DATA BYTE 
;DECREMENT COUNT. RETURN FOR MORE 
;RESTORE REGISTER'S STARTING ADDRESS 
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Table 8-6. Mnemonics. Object Code 8its and Interpretation for Z8 Condition Codes 

Condition Code Mnemonic Object Code Blta Status Comment 

0 0000 None Never true 
1 LT 0001 8~0= 1 Less than 
2 LE 0010 Z+(8~0)= 1 Less than or equal 
3 ULE 0011 C+Z= 1 Unsigned less than 
4 OV 0100 0=1 Overflow 
5 MI 0101 8=1 Minus 
6 Z 0110 Z = 1 Zero 
7 ULT 0111 C=l Unsigned less than 
8 1000 None Alwavs true 
9 GE 1001 8~0=0 Greater than or equal 

10 GT 1010 Z+(8~0)=0 Greater than 
11 UGT 1011 C+Z = 0 Unsigned greater than 
12 NOV 1100 0=0 No overflow 
13 PL 1101 8=0 Plus 
14 NZ 1110 Z=O Not zero 
15 NC 1111 C=O Not carry 

This program is very short because the Z8 architecture is well suited to the particular benchmark program selected in 
this book. 

A single instruction moves data to external data memory. from a register. using indirect addressing to identify source 
and destination locations. This instruction. LDEI. also increments the indirect addresses. RADR is the label assigned to 
the register address. and DADR is the label assigned to the external data memory address. These labels identify ap
propriate registers within the selected block is illustrated previously. 

The DJNZ instruction then increments the Byte Counter; LDEI is re-executed if the byte count is not O. 

The following abbreviations apply to Tables 8-7 and 8-8: 

C The Carry status 
cc A Condition Code (see Table B-6) 
DA A 16-bit unsigned binary Direct Address 
DAHl The High-order byte of a Direct Address 
DALO The Low-order byte of a Direct Address 
Disp An 8-bit signed binary address Displacement 
1M Immediate data 
IR Any Indirect Register (or indirect working register) address 
Ir An Indirect working register address . 
IRR Any Indirect Register (or indirect working register) pair address 
Irr An Indirect working register pair address 
IX An Indexed address 
r Any Register (or working register) address 
R A working register address 
RA A Relative Address (for which a Disp is generated) 
RR Any Register (or working register) pair address 
SR The Status Register 
U An Undefined status bit setting 
X A status bit that is modified during the instruction's execution 
@ Indirect Address prefix 
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THE ZS/64 DEVELOPMENT MICROCOMPUTER 

The Z8/84 is a 64-pin version of the Z8; it has been designed as a Z8 development device. The Z8/64 has no on
chip program memory. You use external memory to simulate Z8 on-chip program memory. Address and Data Bus 
lines are provided by the Z8/84 specifically to service this substitute. external program memory. Also. the 
Z8/64 has no standby power or associated logic. 

Figure 8-10 illustrates Z8/64 pins and signal assignments. The following Z8/84 signals differ from those which 
we have already described for the Z8: 

SAO-SA 10 is a Program Memory Address Bus used to select the first 2048 bytes of program memory. that is to say. the 
program memory which will ultimately become on-chip Z8 program memory. 

SA 11 is a special Address Bus line whose function is not specified by Zilog: it is described as a reversed pin. 

SDO-SD7 serves as the Data Bus when the first 2048 bytes of program memory are being addressed. 

Note carefully that SAO-SA 10 and SDO-SD7 do not substitute for the external Data/Address Bus configured out of Z8 
I/O ports. The Z8/54 will generate external Data/Address Busses out of its I/O ports exactly as described for the Z8. 
SAO-SA 10 and SDO-SD7 are present solely to access 2048 bytes of external memory which are substituting for the 
eventual on-chip program memory. 

MDS is a program memory data strobe that is output low during the instruction fetch machine cycle for any instruction 
that accesses the first 2048 bytes of program memory. 

SYNC is a synchronization strobe that is output low during the clock period that directly precedes the beginning of a 
new instruction fetch. 

SCLK outputs the internal clock. SCLK has a frequency that is half of the external crystal frequency. 

lACK is an interrupt acknowledge signal that is output high during the interrupt acknowledge sequence. 
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P36/RDY2/DAV2/TOUT 1 VDD 
P31/RDY2/DAV2I1RQ21TIN 2 XTAl2 

P27 3 XTAl1 
P26 4 SOUT/P37 
P25 5 SIN/IRQ3/P30 
P24 6 RESET 
P23 7 RiW 
P22 B DS 
P21 9 AS 
P20 10 DAVOIRDYO/P35 

P33IRDY I/DAVI/IRQ 1 11 IRQOIDAVO/RDYO/P32 
P34/RDY 1/iiAi7i /DM 12 ABIPOO 

PI7/AD7 13 A9/POI 
PI6/AD6 14 Al0/P02 
PI5/AD5 15 All/P1l3 
PI4/AD4 16 

ZB/64 
A121P04 

PI3/AD3 17 GND 
PI2/AD2 lB A13/P05 
Pll/ADI 19 A14/P06 
Pl0/ADO 20 A15/P07 

SD7 21 lACK 
506 22 SYNC 
505 23 SClK 
SD4 24 MDS 
SAO 25 SDO 
SAl 26 SOl 
SA2 27 SD2 
SA3 2B SD3 
SM 29 SAIl 
SA5 30 SA10 
SA6 31 34 SA9 
SA7 32 33 SAB 

Pin Name Description Type 

The following agree exactly with the ZB. and Figure B-4: 
POO-P07 I/O Port 0 Bidirectional. Tristate 
Pl0-P17 I/O Port 1 Bidirectional. Tristate 
P20-P27 I/O Port 2 Bidirectional. Opan Drain Option 
P30-P33 I/O Port 3 Input 
P34-P37 I/O Port 3 Output 
ADO-AD7 Data/ Address Bus Bidirectional 
AB-AI5 Add .. ss Bus Output 
RDYO.DAVO I/O Port 0 Handshaking Controls Input or Output 
RDY1.DAVl I/O Port 1 Handshaking Controls Input or Output 
RDY2.DAV2 I/O Port 2 Handshaking Controls Input or Output 
RiW ReadlWrite Control Output. Tristate 
OS Data Strobe Output. Tristate 
AS Address Strobe Output. Tristate 
OM Data Memory Select Output 
IRQO-IRQ3 Interrupt Requests Input 
SIN Serial Data Input Input 
SOUT Serial Data Output Output 
TIN Serial Deta Input Input 
TOUT Serial Data Output Output 
RESET System Reset Input 
XTAll. XTAl2 Crystal/Clock Connections 
VDD.GND Power. Ground 

The following are specific to the ZB/64: 
SAO-SAl 0 Simulation Memory Address Bus Output 
SAIl Reserved 
SDO-SD7 Simulation Memory Data Bus Input 
MDS Simulation Memory Select Output 
SYNC Instruction Synchronization Pulse Output 
SClK System Clock Output 
lACK Interrupt Acknowledge Output 

Figure 8-10. Z8/64 Microcomputer Development Device Signals and Pin Assignments 
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Table S-S. ZS Instructions Listed by Op-code 

HEX OP·CODE INSTRUCTION HEX OP·CODE INSTRUCTION 

00 R DEC R 40 R DA R 
01 IR DEC @R 41 IR DA @R 

02 rxry ADD 'x,ry 42 r'l!Y OR 'x,ry 
03 ,I, ADD '.@' 43 ,I, OR '.@' 
04 RX Ry ADD RX·Ry 44 RX Ry OR RX·Ry 
05 R IR ADD R.@R 45 R IR OR R.@R 

06 R 1M ADD R.IM 46 R 1M OR R.IM 

07 IR 1M ADD @R.IM 47 IR 1M OR @R.IM 

08 R LD rO.R 48 R LD ,4.R 

09 R LD R.rO 49 R LD R.,4 

OA RA DJNZ rO.Add' 4A RA DJNZ '4.Add' 
OB RA JR eeO.Add' 4B RA JR ee4.Add, 

OC 1M LD ,O.IM 4C 1M LD '4.IM 
OD DAHl DALO JP eeO.Add' 4D DAHl DALO JP ee4.Add' 

OE INC rO 4E INC ,4 

OF - 4F -
10 R RLC R 50 R POP R 

11 IR RLC @R 51 IR POP @R 

12 rxry ADC 'x,ry 
13 ,I, ADC '.@' 

52 rxry AND 'x·ry 
53 ,I, AND r.@r 

14 RX Ry ADC RX·Ry 54 RX Ry AND RX·Ry 
15 R IR ADC R.@R 55 R IR AND R.@R 

16 R 1M ADC R.IM 56 R 1M AND R.IM 

17 IR 1M ADC @R.IM 57 IR 1M AND @R.IM 

18 R LD ".R 58 R LD ,5.R 

19 R LD R.,' 59 R LD R.,5 

1A RA DJNZ ".Add, 5A RA DJNZ ,5.Add' 
1B RA JR eel.Add' 58 RA JR ee5.Add, 

1C 1M LD ,UM 5C 1M LD ,5.IM 

1D DAHl DALO JP eel.Add, 5D DAHl DALO JP ee5.Add, 

1E INC ,1 5E INC ,5 

1F - 5F -
20 R INC R 60 R COM R 
21 IR INC @R 61 IR COM @R 
22 rxry SUB 'x·ry 
23 ,I, SUB '.@' 

62 rxry TCM 'x·ry 
63 ,I, TCM '.@' 

24 RX Ry SUB RX·Ry 
25 R IR SUB R.@R 

64 RX Ry TCM RX·Ry 
65 R IR TCM R.@R 

26 R 1M SUB R.IM 66 R 1M TCM R.IM 
27 IR 1M SUB @R.IM 67 IR 1M TCM @R.IM 
28 R LD ,2.R 68 R LD 'B.R 
29 R LD R.,2 69 R LD R.,6 
2A RA DJNZ ,2.Add, 6A RA DJNZ ,6.Add, 
2B RA JR ee2.Add' 6B RA JR eaB.Add' 
2C 1M LD ,2.IM 6C 1M LD 'B.IM 
20 DAHl DALO JP ee2.Add' 6D DAHl DALO JP eeB.Add' 
2E INC ,2 6E INC ,B 
2F - 6F -
30 IRR JP @RR 70 R PUSH R 
31 1M SRP 1M 71 IR PUSH @R 

32 rxry SBC rx,ry 
33 ,I, SBC '.@' 

72 rxry TM rx·ry 
73 ,I, TM '.@' 

34 RX Ry SBC RX·Ry 
35 R IR SBC R.@R 

74 RX Ry TM RX·Ry 
76 R IR TM R.@R 

36 R 1M SBC R.IM 76 R 1M TM R.IM 
37 IR 1M SBC @R.IM 77 IR 1M TM @R.IM 
38 R LD ,3.R 78 R LD ,7.R 

39 R LD R.,3 79 R LD R.,7 
3A RA DJN2 ,3.Add' 7A RA DJNZ '7.Add, 
38 RA JR ee3.Add' 7B RA JR ee7.Add' 
3C 1M LD ,3.IM 7C 1M LD ,7.IM 

3D DAHl DALO JP ee3.Add, 7D DAHl DALO JP ee7.Add' 
3E' INC ,3 7E INC ,7 

3F - 7F -
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Table 8-8. Z81nstructions Listed by Op-code (Continued) 

HEX OP-CODE INSTRUCTION HEX OP-CODE INSTRUCTION 

80 RR DECW RR CO R RRC R 

81 IRR DECW @RR Cl IR RRC @R 

82 rlrr LDE r.@rr C2 rlrf LDC r.@rr 

83 Irlrr LDEI @r.@rr C3 Irlrf LDCI- @r,@rr 

84 - C4 -
86 - C6 -
86 - C6 -
87 - C7 rx R LD r.x,A 
88 R LD rB,R C8 R LD r12,R 

89 R LD R,rB C9 R LD R,r12 

8A RA DJNZ r8,Addr CA RA DJNZ r12,Addr 

8B RA JR ceB.Addr CB RA JR ce12,Addr 

8C 1M LD rB,IM CC 1M LD r12,IM 

8D DAHl DALO JP eeB,Addr CD DAHl DALO JP ee12,Addr 

8E INC rB CE INC r12 

8F DI CF RCF 

90 R RL R DO R SRA R 

91 IR RL @R Dl IR SRA @R 

92 Irrr LDE @rr,r D2 rlrf LDC r.@rr 

93 Irrlr LDEI @rr,@r D3 1rrf LDCI @rr.r 

94 - D4 IRR CALL @RR 

96 - D6 -
96 - D6 DAHl DALO CALL Addr 

97 - D7 rx R LD R.f,X 

98 R LD r9,R D8 R LD r13,R 

99 R LD R.r9 D9 R LD R,r13 

9A RA DJNZ r9,Addr DA RA DJRZ r13,Addr 

9B RA JR cc9.Addr DB RA JR cc13,Addr 

9C 1M LD r9,IM DC 1M LD r13,IM 

9D DAHl DALO JP ec9,Addr DD DAHl DALO JP ec13,Addr 

9E INC r9 DE INC r13 

9F EI DF SCF 

AD RR INCW RR EO R RR R 
AI IRR INCW @RR El IR RR @R 

A2 'xry CP rx·tv E2 -
A3 rlr CP r.@r E3 rlr LD r.@r 

A4 RX Ry CP Rx,Ry E4 Rx Ry LD RX,Ry 
A6 R IR CP R,@R E6 Rx IRy LD RX,@Ry 
A6 R 1M CP R,IM E6 R 1M LD R.IM 
A7 IR 1M CP @R,IM E7 IR 1M LD @R,IM 

A9 R LD rl0,R E8 R LD r14,R 
A9 R LD R,rl0 E9 RA LD R,r14 
AA RA DJNZ rl0,Addr EA RA DJRZ r14,Addr 
AB RA JR celO.Addr EB 1M JR ce14,Addr 
AC 1M LD rl0,IM EC DAHl DALO LD r14.IM 
AD DAHl DALO JP ecl0.Addr ED JP cc14.Addr 
AE INC rl0 EE INC r14 
AF RET EF CCF 

BO. R CLR R FO R SWAP R 
Bl IR CLR @R Fl IR SWAP @R 

82 rxry XOR (x·rv F2 -
B3 rlr XOR r,@R F3 IrXry LD @fx,ry 
B4 RX Ry XOR Rx·Ry F4 -
B6 R IR XOR R,@R F6 IRX Ry LD @RX,Ry 
B6 R 1M XOR R.lM F6 -
B7 IR 1M XOR @R,IM F7 -
B8 R LD rll,R F8 R LD r15,R 
B9 R LD R,rll F9 R LD R,r15 
BA RA DJNZ rll,Addr FA RA DJNZ r15,Addr 
BB RA JR cell.Addr FB RA JR ee15,Addr 
BC 1M LD rll,IM FC 1M LD r15,IM 
BD DAHl DALO JP cell,Addr FD DAHl DALO JP ce15"Addr 
BE INC rll EE INC r15 
8F IRET FF NOP 
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DATA SHEETS 

This section contains specific electrical and timing data for the Z8 Microcomputer. 
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Z8 

1 
Absolute 
Maximum 
RatiDgs 

2 
Stcmdard 
Test 
CoDcIitiODS 

3 
DC Char· 
acterlstlca 

Voltages on all inputs and outputs 
with respect to GND ....... -O.3V to + 7.0V 
Operating Ambient 
Temperature .............. O°Cto +70°C 
Storage Temperature .... -65°Cto +150°C 

The characteristics below apply for the 
following standard test conditions, unless 
otherwise noted. All voltages are refer
enced to GND. Positive current flows into 

Symbol Parameter Min Max 

VCH 
Clock Input High 
Voltage 

VCL 
Clock Input Low 
Voltage 

VIH Input High Voltage 2.0 VCC 

VIL Input Low Voltage -0.3 0.8 

VRH 
Reset Input High 
Voltage 

VRL 
Reset Input Low 
Voltage 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 0.4 

IlL Input Leakage 

IOL Output Leakage 

IIR Reset Input Current 

100 Voo Supply Current 

IMM VMM Supply Current 

Electrical 
Parameters 

Stresses greater than those listed under 
"Absolute Maximum Ratings" may cause permanent 
damage to the device. This Is a stress rating only; 
operation of the device at any condition above those 
indicated in the operational sections of these 
specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods 
may affect device reliability. 

the reference pin. Standard conditions are 
as follows: +4.75V s Vee s +5.25V, 
GND = OV, O°C S TA S +70°C. 

Unit Conclltlon Not .. 

V Driven by External 
Clock Generator 

V Driven by External 
Clock Generator 

V 

V 

V 

V 

11 IOH = -250 p.A 

V IOL = +2.0 rnA 

p.A Os VIN s +5.25V 

p.A o S VIN :s +5.25V 

p.A VRL = OV. 
VCC = +5.25V 

rnA 

rnA 

I. For AO-All. ~. SYNC. SCLK and lACK on Ihe Z8164 pin version. IOH = -IOO,.A and IOL = 1.0 mAo 

Data Sheets on pages 8-02 through 8-08 are reprinted bV permission of Zilog. Incorporated. 
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Z8 

4 
Extemal 
lastructiou 
Fetch. 1/0 
or Memory 
Read Tim$llg 

Symbol Parameter 

TdA(AS) Address Valid to Address 
Strobe Delay Time 

Address Strobe to Address TdAS(A) 
Float Delay Time 

TdAS(Dl) Address Strobe to Data In 
Valid Delay Time 

TwAS Address Strobe Width 

TdA(DS) Address Float to Data Strobe 
Delay Time 

TwDS Data Strobe Width 

TdDS(Dl) Data Strobe to Data In Valid 
Delay Time 

ThDS(Dl) Dilta In Hold Time 

TdDS(A) Data Strobe to Address 
Change Delay Time 

TdDS(AS) Data Strobe to Address Strobe 
Delay Time 

TdR(AS) Read Valid to Address Strobe 
Delay Time 

TdDS(R) Data Strobe to Read Change 
Delay 

1. Delay times given are for an 8 MHz crystal Input 
frequency. For lower frequencies, lhe change In clock 
period must be added to the delay time. 

2. Data Strobe Width is given for an 8 MHz crystal input 
frequency. For lo~er frequencies the change in three 
clock periods must be added to obtain the minimum 
Width. The Data Strobe Width varies according to the 
instruction being executed. Refer to Figures 1-9 and 
1-10. 

CLOCK 

PORT o.1SM 

PORT 1 

MID MaxUalt CondltlOD Notes 

30 ns Test Load I 

60 ns Test Load I 

280 ns Test Load 1 3 

60 ns Test Load 1 

o ns Test Load 1 

230 ns Test Load 1 2 

160 ns Test Load 1 3 

o ns 

60 ns Test Load 1 

50 ns Test Load 1 

30 ns Test Load 1 

60 ns Test Load 1 

3. Address Strobe and Oat. Strobe to Data In Valid 
delay Urnes represent memory sys.em access times and 
are given for an 8 MHz crystal input frequency_ For 
lower frequencies; the change In four clock periods 
must be added to T dAS(DI) and the change in three 
clock periods added to TdDS(DI). 

4. All timing references assume 2.0V for a logic "I" and 
0.8V for a logic "0." 

~ .. DrIN 

ThDSCDI, 

TdDlI(AS) 

9---r--------~~-----

RIW 
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Z8 

5 
External I/O 
or Memory 
Write Timla9 

Symbol Parameter 

TdA(AS) Address Valid to Address 
Strobe Delay Time 

TdAS(A) Address Strobe to Address 
Change Delay Time 

TwAs Address Strobe Width 

TdDO(DS) Data Out Valid to Data Strobe 
Delay Time 

TwDS Data Strobe Width 

TdDS(A) Data Strobe to Address 
Change Delay Time 

TdDS(DO) Data Strobe to Data Out 
Change Delay Time 

TdDS(AS) Data Strobe to Address 
Strobe Delay Time 

TdW(AS) Write Valid to Address Strobe 
Delay Time 

TdD5(W) Data Strobe to Write Change 
Delay Time 

I. Delay times given are for an B MHz crystal tnput 
frequency. For lower frequencies, the change in clock 
period must be added to the delay time. 

2. Data Strobe Width is given for an B MHz crystal input 
frequency. For lower frequencies the change in three 
clock periods must be added to obtain the minimum 

CLOCK 

PORT D, D'M 

PORT 1 

Min Max Unit Condition Not .. 

30 

60 

60 

30 

150 

60 

60 

50 

30 

60 

ns Test Load 1 

ns Test Load 1 

ns Test Load 1 

ns Test Load 1 

ns Test Load I 2 

ns Test Load 1 

ns Test Load 1 

ns Test Load 1 

ns Test Load 1 

ns Test Load 1 

width. The Data Strobe Width varies accordtng to the 
instruction being executed. Refer to Figures 1·9 and 
1-10. 

3. All timing references assume 2.0V for d logic "1" and 
O.BV for a logic "0." 

Do-Dr OUT 

TdDO(OS) 

lIS -"1"---------,\1----TwDS----II~-----

Rli'I TdDS(W) 
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Z8 

8 Symbol Parameter Mba Max UDiI CoDdilioD Not .. 
Memory Port 
(ZS/M) TdA(AS) Address Valid to Address 
TlmiDg Strobe Delay Time 30 ns Test Load 2 

TdAS(DI) Address Strobe to Data In 280 ns Test Load 2 3 Valid Delay Time 

TwAS Address Strobe Width 60 ns Test Load 2 

TdAS(MD) Address Strobe to Memory 60 ns Test Load 2 Data Strobe Delay Time 

TwMD Memory Data Strobe Width 230 ns Test Load 2 2 

TdMD(DI) Memory Data Strobe to Data 160 ns Test Load 2 In Valid Delay Time 

ThMD(DI) Data In Hold Time a ns 

TdMD(A) Memory Data Strobe to Ad- 60 ns Test Load 2 dress Change Delay Time 

TdMD(AS) Memory Data Strobe to Ad- 50 ns Test Load 2 dress Strobe Delay Time 

I. Delay times given are for an 8 MHz crystal input 3. Address Strobe and Memory Data Strobe to Data In 
frequency. For lower frequencies, the change in clock Valid delay times represent memory system eccess 
period must be added to the delay time. Umes and are given at an 8 MHz crystal Input fre· 

2. Memory Data Strobe Width is given for an 8 MHz quency. For lower frequencies the change In four 

crystal input frequency. For lower frequencies the clock period. muat be added to TdAS(D1) and the 

change In three clock periods mus! be added to obtain chanlle In three clock period. added to TdMS(D1). 

the minimum Width. The Memory Data Strobe Width 4. All timing references assume 2.0V for a logic "I" and 
varies according to the instruction being executed. 0.8V for a logic "0." 
Refer to Figures 1·9 and 1·10. 

CLOCK 

I-Tdllo(AlF 
JI"'"----+_~ I DON'T CARE 
li-----+_"I 

Aa-A" 4 
Do-D, I 

ADDRESS VALID 

DON'T CARE 

TdAS(DII 

MIll 

rdllo(DI'---/ TWMO------I;,...--------
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Z8 

7 
AclcIltlcmal 
TlmlDg 

Symbol 

TpC 

TrC. TIC 

TwC 

TdSC(AS} 

TdSY(DSj 

TwSY 

P_I-

Input Clock Period 

Input Clock Rise and 
Fall Times 

Input Clock Width 

System Clock Out to Address 
Strobe Delay Time 

Instruction Sync Out to Data 
Strobe Delay Time 

Instruction Sync Out Width 

1. Test Conditions use Test Load 1 for SCll and SYNC 
when output through their ~ Port 3 pins and 
Test Lose! 2 on the SCll and SfIiIe direcl outputs 
on the 64 pin version. 

MID 

125 

Max UDiI CoacUtloD Notes 

ns 

From Ex-
ns ternal Clock 

Generator 

From Ex-
ns ternal Clock 

Generator 

ns 

ns 1.2 

ns 1.2 

For lower frequencies, the change in two clock per
iods must be added. 

3. All timing references auume 2.0V for a logic "I" and 
O.BV for" logic ''0.'' 

2. Times given assume an B MHz crystal input frequency. 

CLOCK 

~LK~ , __ oJ/ ''-__ 

All ----:1-1 ---I 

III READ CYCLE "WRITE CYCLE r 
j-TdSYCDS) 

3 -----"" 
TwSY---f 
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Z8 

8 
Hcmd8hak~ 
TImlDg 

Symbol P_ler MID 

TsDI(DA) Data In Setup Time 0 

ThDA(DI) Data In Hold Time 190 

TwDA Data Available Width 

Data Available Low to Ready TdDAL(RY) 
Delay Time 

0 

Data Available High to Ready TdDAH(RY) 
Delay Time 

0 

TdDO(DA) Data Out to Data Available 
Delay Time 

TdRY(DA) Ready to Data Available Delay 
Time 

DAlAIN 

TaD~DA) 

CfNP~ -------~\I..--
1-----,~---=1f"1 

ROY 
(OUTPUT) 

TdDAL(Ry) 

DATA OUT 'l: 
ADY 

CINPUT) 

--_ ...... , ~TdDO(DA) 

Inpul Handabak. 

DATA OUT VALID 

Max 

m-----------~------_t_\~--_+ 

UDiI 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

CoDdllloD 

Input Handshake 
Test Load 1 

Input Handshake 
Test Load 1 

Output Handshake 
Test Load 1 

Input Handshake 
Test Load 1 

Output Handshake 
Test Load 1 

Test Load 1 

Test Load 1 

PORT 
READ 

(OUTPUT) ~:r----""---,J 

OUlpul Handshak. 
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Z8 

9 
Test Load 
CIrcuIts 

Vee 

Test Load 1 

2.1K • 18K 

Tust Load 2 
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Chapter 9 
THE MOTOROLA MC6800 

The MC6800 was developed by Motorola as an enhancement of the Intel 8008. at the same time that Intel was 
developing the 8080A. also as an enhancement of the 8008. 

When comparing the MC6800 to the 8080A. the most important feature of the MC6800 is its relative 
simplicity. Here are a few superficial. but illustrative comparisons between the two products: 

1) As compared to the 8080A. MC6800 timing is very simple. MC6800 instructions execute in two or more machine 
cycles. all of which are identical in length. In contrast to the 8080A. which we described in Chapter 4. note that an 
MC6800 machine cycle and clock period are one and the same thing - each MC6800 machine cycle has a single 
clock period. 

2) Whereas the 8080A has separate I/O instructions. the MC6800 includes memory and I/O within a single address 
space. Thus all I/O devices are accessed as memory locations. 

3) The MC6800 has a simpler set of control signals. therefore it does not mu Itiplex the Data Bus - and does not need 
any device equivalent to the 8228 System Controller. 

4) Whereas the 8080A requires three levels of power supply. the MC6800 uses just one - +5V. 

5) The instruction set of the MC6800 is much easier to comprehend than that of the 8080A. The MC6800 has fewer 
basic instruction types. with more memory addressing options: the 8080A. by way of contrast. has a large number 
of special. one-of-a-kind instructions. 

It is very informative to extend the five comparisons above with the enhancements that Intel has made to the 
8080A in order to come up with the 8085. Let us take the five points one at a time. 

1) 8085 instruction execution timing is far simpler than the 8080A. But MC6800 timing is still far simpler than the 
8085. 

2) The 8085 retains the separate memory and I/O spaces of the 8080A. 

3) The 8085 has separate control signals which do not need to be dert;lultiplexed off the Data Bus. as required by the 
8080A. The price paid by the 8085 is a multiplexed Data and Address Bus. Neither the MC6800 nor the 8085 need 
any device equivalent to the 8228 System Controller: however. the 8085 will need a bus demultiplexer in con
figurations that do not use the standard 8085 support devices. 

4) The 8085. like the MC6800. has gone to a single +5V power supply. 
5) The 8085 instruction set is almost identical to that of the 8080A. 

An additional point worth noting is that the 8085 includes clock logic on the CPU chip. The MC6800 requires a sepa
rate clock logic chip. 

Looking at the 8085. there are grounds for arguing that Intel has acknowledged that the MC6800 has some 
desirable characteristics not present in the 8080A. In order to compete with the 8085. therefore. Motorola will 
not be required to make MC6800 enhancements of the same magnitude as Intel made going from the 8080A to 
the 8085. Specifically. these are the MC6800 characteristics which remain to be addressed by any MC6800 
enhancement: 

1) Clock logic must be moved on to the CPU chip. 
2) Multifunction CPU and support devices must be developed so that Motorola can offer low chip count microcom

puters. 

Additional weaknesses of the MC6800 that have manifested themselves include: 

1) An instruction set that makes excessive use of memory as a result of too few Index registers and a lack of data 
mobility between registers of the CPU. This is a weakness that was identified in the first version of this book. 

2) The synchronizing E signal. required by support devices of the MC6800. render these support devices useless in 
any microcomputer system other than the MC6800. In contrast. 8080A support devices can be used widely in 
microcomputer systems not based on the 8080A CPU. 
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Future Motorola plans address many of the points raised above. The MC6802 and 6801 described in this chapter are 
the first steps towards reducing chip counts in MC6800-based microcomputer systems. The MC6809 is the new 
enhanced MC6800 and competes with the 8()85. The MC6809 provides additional Index registers. plus instructions 
that move data between Accumulators and Index registers. The MC6809 has ciock logic on the CPU chip. 

MC6800 and MCS6500 support devices are interchangeable: that is to say. you can use MC6800 support devices (de
scribed in this chapter) with the MCS6500 microprocessor (described in Chapter 10) and you can use MCS6500 sup
port devices (described in Chapter 10) with the MC6800 CPU. 

These are the devices described in this chapter: 

• The MC6800 CPU 
• The MC6802 CPU with RAM 
• The MC6870 series Clocks 
• The MC6820 Peripheral Interface Adapter (PIA) 
• The MC6850 Asynchronous Communications Interface Adapter (ACIA) 
• The XC6862 Synchronous Serial Data Adapter (SSDA) 
• The MC6828 Priority Interrupt Controller (PIC) 
• The MC6840 Programmable Counter/Timer 
• Tile MC6844 Direct Memory Access Controller 
• The MC6846 Multifunction device - the second part in an MC6802-based two-chip microcomputer. 
• The MC6801 Single-Chip Microcomputer 
· The MC6809 Microprocessor 

Two new series of MC6800 parts offer higher speeds. Standard MC6800 parts use a 1 MHz 
clock signal. "A" parts use a 1.5 MHz clock signal. while "B" parts use a 2 MHz clock signal. There 
is. in addition. an MC6821 PIA which is identical to the MC6820 in operating characteristics. but 
has different physical characteristics. 

The principal MC6800 manufacturer is: 

The second sources are: 

MOTOROLA INCORPORATED 
Semiconductor Products Division 
3501 Ed Bluestein Boulevard 
Austin. TX 78721 

AMERICAN MICROSYSTEMS 
3800 Homestead Road 
Santa Clara. California 95051 

FAIRCHILD SEMICONDUCTOR 
464 Ellis Street 
Mountain View. California 94040 

HITACHI 
Semiconductors And Integrated 
Circuits Division of Hitachi LTD 
1450 Josuihan-Cho-Kodaira-Shi 
Tokyo. Japan 

SESCOSEM 
Thompson CSF 
173 Haussmann Blvd. 
Paris. France 75008 

MOTOROLA 
A AND 8 
SERIES PARTS 

The MC6800 devices use a single +5V power supply. Using a one microsecond clock. instruction execution 
times range from 2 to 12 microseconds. A one microsecond clock is the standard for MC6800 microcomputer 
systems. 667 nanosecond clocks are standard for the 68AOO series while 600 nanosecond clocks are standard 
for the 68800 series. 

All MC6800 devices have TTL compatible signals. 

N-channel silicon gate. depletion load MOS technology is used for the MC6800. 
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THE MC6800 CPU 

Functions Implemented on the IlliC6800 CPU are illustrated in Figure 9-1; they represent typical CPU logic. As 
compared to other microprocessors described in this book. the MC6800 might be considered deficient in requiring ex
ternal clock logic: however. its principal competitor. the 8080A, requires external clock logic and Data Bus 
demultiplexing logic. 

The need for external clock logic simply reflects the fact that the MC6800 is one of the earlier microprocessors. 

THE MC6800 PROGRAMMABLE REGISTERS 
The MC6800 has two Accumulators. a Status register. an Index register. a Stack Pointer and a Program 
Counter. These may be illustrated as follows: 

8 bits Accumulator A 

8 bits Accumulator B 

16 bits Index Register X 

16 bits Program Counter PC 

16 bits Stack Pointer SP 

8 bits Status Register 

The two Accumulators. A and B. are both primary Accumulators. The only instructions which apply to one Ac
cumulator. but not the other. are the instructions which move statuses between Accumulator A and the Status register 
and the DAA {Decimal Adjustl instruction. 

The Index register is a typleal microcomputer Index register. as described in Volume 1. 

The MC6800 has a Stack implemented in memory and indexed by the Stack Pointer. as described in Volume 1. 
Because of the nature of the MC6800 instruction set. it is more realistic to look upon the MC6800 Stack Pointer as a 
cross between a Stack Pointer and a Data Counter. Memory reference instructions make it very easy to store the con
tents of either the Stack Pointer or the Index register in read/write memory: by maintaining a number of base page 
memory locations as storage for these two Address registers. each can be put to multiple use. 

The Program Counter is a typical Program Counter. as described in VolUme 1. 

MC6800 MEMORY ADDRESSING MODES 
MC6800 memory reference Instructions use direct addressing and indexed addressing. 

The MC6800 has an unusually large variety of three-byte memory referencing instructions; a 16-bit direct ad
dress is provided by the second and third bytes of the instruction. Therefore. 66.636 bytes of memory can be 
directly addressed. The commonly used memory reference instructions also have a base page. direct addressing 
option; this is a two-byte instruction. with a one-byte address which can directly address anyone of the first 
266 bytes of memory. 

All memory reference Instructions are available with indexed addressing. Indexed addressing on the MC6800 
differs from indexed addressing as described in Volume 1, in that the one-byte displacement provided by the memory 
reference instruction is added to the Index register as an unsigned 8-bit value: 

Byte 1 Byte 2 

..... __ o_p_c_od_e __ ...... ____ xx ___ ..Jllnstruction 

..... ______ p_p_q_q ______ ..Jllndex Register 
Effective Address - ppqq + OOxx 
P. q. and x represent any hexadecimal digits 

MC6800 programs can use the Stack Pointer as an Address register, but two bytes of read/write memory must be 
reserved for the current top of Stack address and interrupts must be disabled while the Stack Pointer is being used to 
address data memory. A single instruction allows an address to be loaded into the Stack Pointer: another single instruc
tion allows the Stack Pointer contents to be stored in read/write memory. This use of the Stack Pointer is not recom
mended. however. since you cannot disable the non-maskable interrupt {NMIl. Additionally. you would not be able to 
use the software interrupt instruction {SWn as a program debugging tool if the program were using the Stack Pointer 
as an Address register. 

9-3 



Serial to Parallel 
Interface Logic 

Programmable 
Timers 

Clock Logic 

Interface Logic 

Read Only 
Memory 

Interface Logic 

I/O Ports 

Figure 9-1. Logic of the MC6S00 CPU Device 

Branch and Branch-on-Condition instructions use program relative. direct addressing; a single byte displacement 
is treated as a signed binary number which is added to the Program Counter, after Program Counter contents have 
been incremented to address the next sequential instruction. This allows displacements in the rarige +129 to -126 
bytes. 

Dne note of caution: Motorola's MC6S00 literature uses the term "implied addressing" to describe instructions that 
identify one of the programmable registers. The closest thing the MC6800 has to implied addressing. as the term 
is used in ~his book. is indexed addressing with a zero displacement. 
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A2 
A3 
A4 
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PIN NAME 

°AO - A15 
°00 - 07 

°HALT 
°TSC 
°R/W 
°VMA 

°DBE 

°SA 
oiiiQ 
RESET 
NMi 
<1>1. <1>2 

VSS. VCC 

1 
2 
3 
4 

- 5 
6 
7 
8 
9 

10 
MC6800 

11 

- 12 
13 

:= 14 
15 

~ 16 
17 - 18 

~ 19 
20 

DESCRIPTION 

Address Unes 
Data Bus Lines 

Halt 
Three State Control 
Read/Write 
Valid Memory Address 

Data Bus Enable 
Bus Available 
Interrupt Request 

Reset 
Non-Maskable Interrupt 
Clock Signals 

Power 

°These signals connect to the System Bus. 

40 
39 
38 
37 
36 
35 
34 
33 
32 -31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

--
. 
--
. 

TYPE 

RESET 
TSC 

<1>2 
DBE 

R/iii 
DO 
01 
02 
03 
D4 
05 
D6 
07 
A15 
A14 
A13 
A12 

Vss 

Tristete. Output 

Tristata. Bidirectional 
Input 

Input 

Tristeta. Output 
Output 
Input 

Output 
Input 

Input 
Input 
Input 

Figure 9-2. MC6800 CPU Signals and Pin Assignments 

MC6800 STATUS FLAGS 
The MC6800 has. Status register which maintains five status flags and an Interrupt control bit. These are the 
five status flags: 

I"-r-l ""I Tl ... IA_C ... I_I .... I_s ..... l_z_11..0 ....... 1 C_~Stetus Register 

+ ... ~! .... ------------These unassigned bits are permanently set to 1 
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The Carry status is standard for all additions and shift operations: however. Borrow logic sets the Carry status to 1 
when there is no carry out of the high-order bit during a subtract operation. while the carry status is reset to 0 if ~here is 
a carry out of the high-order bit during a subtract operation. For a discussion of Carry status logic during 'subtract 
operations. see the Status flag section of Chapter 4. 

I is the external interrupt enable/disable flag. When it is 1. interrupts via IRQ are disabled: when it is O. interrupts via 
IRQ are enabled. 

MC6800 literature refers to the Sign bit as a negative bit. given the symbol N: the Overflow bit is given the symbol V. 
The Intermediate Carry bit represents the standard Carry out of bit 3 and is ref~rred to as the Half Carry bit. given the 
symbol H. Statuses are nevertheless set and reset as described for our hypothetical microcomputer in Volume 1. 

MC6800 CPU PINS AND SIGNALS 
The MC6800 CPU pins and signals are illustrated in Figure 9-2. A description of these signals is useful as a guide 
to the way in which the MC6800 microcomputer system works. 

The Address Bus is a tristate bus: it is 18 bits wide and is used to address all types of memory and external 
devices. 

The Data Bus is also a tristate bus: it is an 8-bit bidirectional bus via which data is transmitted between memory 
and all MC6800 microcomputer system devices .. 

Control signals on the MC6800 Control Bus may be divided into bus state controls. bus data identification. and 
interrupt processing. 

These are the bus state control signals: 

Three State Control (TSCI. This input is used to float the Address Bus and the read/write control 
output. 

Data Bus Enable (DBEI. This signal is input low in order to float the Data Bus. When the Data 

MC6800 
BUS STATE 
CONTROLS 

Bus. the Address Bus and the read/write control output have all been floated. Direct Memory Access operations may be 
performed by external logic. DBE is frequently tied to the 4>2 clock input. in which case 4>2 and DBE are identical sig
nals. 

HALT. When this signal is input low. the CPU ceases execution at the end of the present instruction execution and 
floats the entire System Bus. 

Bus Available (BAl. This line is output high when the Data and Address Busses have been floated following a HALf in
put only. When BA is low. the CPU Is controlling the Data and Address Busses: information on these busses is 
identified by the following two control signals: 

ReadlWrite (RIWI. When high. this signal indicates that the CPU wishes to read data off the Data Bus: when low. this 
signal indicates that the CPU is outputting data on the Data Bus. The normal standby state for this signal is "read" 
~~~ . 

Valid Memory Address (VMAI. This signal is output high whenever a valid addre.ss has been output on the Address 
Bus. 

There are three interrupt processing signals as follows: 

IRQ. This signal is used to request an interrupt. If interrupts have been enabled and the CPU is not in the Halt state. 
then it will acknowledge the interrupt at the end of the currently executing instruction. 

Non-Maskable Interrupt (NMII. This signal differs from IRQ in that it cannot be inhibited. Typically. this input is used 
for catastrophic interrupts such as power fail. 

REiE'T. This is a typical reset signal. . 

Note that a number of control Signals output by the MC6800 are only capable of driving one standard TTL load. Some 
form of signal buffering and amplification will therefore be required in most systems. 
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MC6800 TIMING AND INSTRUCTION EXECUTION 

The MC6800 uses a relatively simple combination of two clock signals to time events within 
the microprocessor CPU and the microcomputer system in general. These two clock signals may 
be illustrated as follows: 

«1>1 I \ I 

«1>2 \ I \ 

Observe that clock signals $1 and $2 both have high pulses which occur within the width of the 
other clock signal's low pulse. 

\ 

MC6800 
CLOCK 
SIGNALS 

I 

A further timing signal, given the symbol E, is used by support devices within an MC6800 microcomputer 
system. $1, $2 and E timing signals are generated by the clock logic devices described later in this chapter. 

Each repeating pattern of $1 and $2 signals constitutes a single machine cycle: 

~ One Machine 
Cycle "I~ One Machine -..j 

Cycle 
I • I 

'1>1 1 \ ., \ t 
I I 

\ 
I 

\1 , \' , 
I I 
I • 

MC6800 
MACHINE 
CYCLE 

\ 

I 
MC6800 instructions require between two and eight machine cycles to execute. Interrupt instructions are an excep
tion. requiring longer instruction execution times. 

So far as external logic is concerned, there are only three types of machine cycles which can 
occur during an instruction's execution: 

1) A read operation during which a byte of data must be input to the CPU. 
2) A write operation during which a byte of data is output by the CPU. 
3) An internal operation during which no activity occurs on the System Bus. 

MC6800 
MACHINE 
CYCLE 
TYPES 

All MC6800 instructions have timing which is a simple concatenation of the three basic machine cycle types. 

Let us therefore begin by looking at these three basic machine cycles. 

Figure 9-3 illustrates timing for a standard read machine cycle. Observe that in the normal 
course of events. neither the Address nor the Data Busses are available for DMA operations. The 
address output is stable for most of the machine cycle. Data needs to be stable for a short interval 
of time late in the machine cycle. Exact timing is given in MC6800 data sheets at the end of this 
chapter. 
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<1>1 

R/iii 

VMA 

AO-A15 Address Out 

DO-D7--------------------------------~:::D~a~ta~ln::::~~------__1 

Figure 9-3. A Standard MC6S00 Read Machine Cycle 

Figure 9-4 illustrates a standard MC6800 write machine cycle. This machine cycle is not as 
straightforward as the read. The address to which data is being written is stable on the Address 
Bus for the duration of the machine cycles: however. the data being written is stable for a period 
within the high DBE pulse. While DBE is low. the Data Bus is floated. 

<1>1 

R/W 

VMA 

MC6800 
WRITE 
MACHINE 
CYCLE 

AO-A16------~--~~:::::::::::!~::~~::::::::~:J~~------~ 
DBE 

DO-D7 __________ ~---------;--~~----~Da:ta~O~ut~----.J~--------_l 
Data Bus floated 

Figure 9-4. A Standard MC6S00 Write Machine Cycle 
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Under normal circumstances, DBE is identical to «112: 

~
2 

37 

36 DBE 

«1>2 or DBE 
, I ' ...... ___ ..J1 

If the high «112 pulse is too short for external logic to respond to the write, the slow external 
logic can be accommodated in two ways. You can input a DBE signal to the CPU that has a 
shorter low pulse and a longer high pulse. DBE and «112 are no longer identical signals: 

, I \ 
DBE LJ 

There is some minimum time during which DBE must be low. since the CPU itself requires time to 

MC6800WAIT 
STATE WITH 
SLOW 
MEMORY 

I 

perform internal operations. This minimum time is given in the MC6800 data sheets at the end of this chapter. 

You can also accommodate slow memories by stretching the system clocks; this may be illustrated as follo\IVs: 

«1>1 

\ I 
Stretched clock 

signals accommodate 

slow memories 

\,,:-__ r 
I 
I 
I 
I 
I 

The standard clock devices. described later in this chapter. provide clock stretching logic. During a clock stretch. «111 
and «112 cannot be held constant for more than 9.5 f.Lsec; the MC6800 is a dynamic device. and longer static clock 
periods can result in loss of internal data. 

During an internal operation's machine cycle, there is no activity on the System Bus. R/W is 
in its normal high state and VMA is low. 

Table 9-2 defines the way in which individual MC6800 instructions· concatenate machine 
cycles and use the System Bus during the course of instruction execution. 

The VMA and DBE signals require special mention, bec,",use their significance can easily be 
missed. External logic uses VMA as a signal identifying the address on the Address Bus as having 

MC6800 
INTERNAL 
OPERATIONS 
MACHINE 
CYCLE 

been placed there by the CPU. DBE similarly identifies that portion of a machine cycle when the CPU is active at one 
end of the Data Bus. either transmitting or receiving data. And this is why these signals are so important: MC6800 
microcomputer systems rely heavily on clock signal manipulation as a means of accommodating slow memories. imple
menting Direct Memory Access. or refreshing dynamic memory. On the next few pages we are going to see exampl!"s 
of how this is done. So long as you understand that the VMA and DBE signals identify the unmanipulated portions of a 
standard machine cycle. you will have no trouble locating the time slices within which special operations such as 
Direct Memory Access or dynamic memory refresh are occurring. 
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THE HOLD STATE, THE HALT STATE AND DIRECT MEMORY ACCESS 
The Hold state typically describes a CPU condition during which System Busses are floated, so that external 
logic can perform Direct Memory Access operations. 

Tholigh the MC6800 literature does not talk about a Hold state, this microprocessor does indeed have two 
equivalent conditions. 

You can float the Address and Data Busses separately, using the TSC and DBE signals. 

You can enter an MC6800 Halt state, which is equivalent to our definition of a Hold state. 

Let us begin by looking at the use of TSC and DBE signals. 

The Three State Control signal (TSC)' if input high. will float the Address Bus and R/W line. VMA and BA are forced 
low. The unusual feature of the Three State Control input is that when this signal is input high. you must 
simultaneously stop the clock by holding <1>1 high and <1>2 low. Timing is illustrated in Figure 9-5. Now the MC6800. 
being a dynamic device. will lose its data contents if the clock is stopped for more than 9.5 /lsec. You must therefore 
float the Address Bus just long enough to perform a single Direct Memory Access. 

<1>1 

rsc 
______ J 

AO-AI5 ________________ ~~------------.,~----------------------~ 
Address Bus. 

R/WandVMA 
floated 

Figure 9-5. TSC Floating the Address Bus 

Just as the Three State Control input floats the Address Bus. so the Data Bus Enable input (DBE) floats the Data Bus. 
When Di3E is input low. the Data Bus is floated. 

The clock devices. which are described later in this chapter. provide all necessary clock stretching logic. 

There are two very important points to note regarding the use of Three State Control ITSC) and Data Bus Enable lOBE) 
signals. 

First of all. note carefully that the Bus Available IBA) signal is held low when the busses are floated by the Three State 
Control ITSC) and Data Bus Enable lOBE) Signals. The purpose of the Bus Available Signal is to indicate that the System 
Bus is available during a Halt or Wait state. both of which we have yet to describe. 

The second important feature of the Three State Control ITSC) and Data Bus Enable lOBE) Signals is that they do indeed 
float the System Bus in two halves. Now in many MC6800 systems <1>2 and DBE are the same signal: in such a con
figuration you will automatically float the Data Bus whenever you float the Address Bus. as illustrated in Figure 9-6 . 

. Now consider the MC6800 Halt state. 

The Halt state of the MC6800 is equivalent to the Hold state of the 8080A. If a low HALT is input to the MC6800. 
then upon conclusion of the current instruction's execution. the System Bus is floated .. Timing is illustrated in Figure 
9-7. Observe that the Bus Available Signal. BA. is output high: VMA is output low. The Address and Data Busses. and 
the R/W control are floated. 

In summary, the MC6800 provides two means of performing Direct Memory Access operations. You can use 
the TSC and DBE inputs to gain control of the System Bus for as long as it takes to perform a Single DMA ac
cess, or you can use the HALT input, following which external logic can gain control of the System Bus for as 
long as you wish. 
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<1>1 

<1>2 

TSC 

AO-AI5 ------------------\.----------------C--------------------------1 

DBE-<I>2 

OO-D7 

Address Bus, 

R/iN and VMA 

floated 

Data Bus 

floated 

Figure 9-6_ TSC Floating the Address and Data Busses When DBE Is Tied to e112 

Conceptually, the MC6800 scheme for implementing Direct Memory Access or dynamic. memory refresh, is very 
elegant If you stretch the e111 and e112 clock signals. then you can transfer the normal CPU generated address. 
and an extraneous address within one machine cycle. VMA identifies the CPU generated address. Within the 
one machine cycle can perform two Data Bus transfers; the first is in response to the external address. while 
the second is in response to the CPU address. Now DBE identifies the CPU response. This scheme may be illuStr
ated as follows: 

<1>1 (Stretched) , \ , 
<1>2 (Stretched) \ I \ 

AO - A15 --..{ DMA Address ) ( Normal Address ) 

VMA I \ 
00- D7 ( DMA Data ) ( Normal Data ) 

DBE' I \ 
From this conceptually elegant beginning. some very complex design considerations can arise. Complexities 
disappear. however. when standard 6800 support devices are used to implement direct memory access logic. 
Specifically. you should use the MC6875 clock device in conjunction with the 6844 Direct Memory Access 
controller. 
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<\>1 

<\>2 

BA 

VMA 

last 
I machine 
I cycle of I 
I instruction I 
: execution : 

R/W ______ ~'""""'"1t--

AO-AI5 ____________________ .J .. ~~-----' 

DO-D7:::::::::::::::::::::Jr=--~~---
Halt state during 

which System Bus 
is floated 

Figure 9-7. System Bus Floating During the Halt State 

INTERRUPT PROCESSING, RESET AND THE WAIT STATE 

Next 
instruction 

fetch 

MC6800 microcomputer system Interrupt logic. as implemented within the 6800 CPU. is based on polling 
rather than vectoring. The MC6828 Priority Interrupt Control device. described later in this chapter. extends 
CPU interrupt logic to provide vectored interrupt response. All normal interrupt requests. when acknowledged. 
result in an indirect addressing Call through a single high memory address. If more than one device can request an in
terrupt. then the basic assumption made is that the interrupt service routine will initially read the Status register con
tents of every device that might be requesting an interrupt: and by testing appropriate status bits. the interrupt service 
routine will determine which interrupt requests are active. If more than one interrupt request is active. interrupt service 
routine logic must decide the order in which interrupt requests will be acknowledged. 

But be warned: this type of polling quickly !Jecomes untenable as a means of controlling microcomputer systems 
with multiple random interrupts. If you have more than two or three competing external interrupts. the time taken to 
read Status register contents and arbitrate priority will become excessive. If your application demands numerous exter
nal interrupts. then you must resort to external hardware which implements interrupt vectoring. We will describe ways 
in which this can be done. 

If you casually look at a description of MC6800 interrupt logic. you may at first believe that some level of interrupt vec
toring is provided. In reality. that is not the case. 
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The MC6800 sets aside the eight highest addressable memory locations for interrupt processing purposes. Four 
16-bit addresses are stored in these eight memory locations, identifying the interrupt service routine's starting 
address for the four possible sources of interrupt. This is how the eight memory locations are used: 

FFF8 and FFF9 Normal external interrupt 
FFFA and FFFB Software interrupt 
FFFC and FFFD Non-maskable interrupt 
FFFE and FFFF Reset (or restart! 

The lower address (FFF8. FFFA. FFFC. FFFE) holds the high order byte of the starting address. 

In the event of simultaneous interrupt requests. this is the priority sequence during the 
acknowledge process: 

Highest (1) Restart 
(2) Non-maskable interrupt 
(3) Software interrupt 

Lowest (4) Normal external interrupt 

MC6800 
INTERRUPT 
PRIORITIES 

Only the lowest priority interrupt is normally used by the typical support device that is capable of requesting interrupt 
service. The three higher priority interrupt levels represent special conditions and cannot be accessed by the standard 
external interrupt request. 

We will begin our discussion of MC6800 interrupt processing by describing the four interrupts. 

The normal external interrupt request is the standard interrupt present on all 
microprocessors that support interrupts; it is equivalent to the 8080A INT input. In very simple 
systems. the addresses FFF816 and FFF916 may indeed access real memory locations: in the 
multiple interrupt MC6800 microcomputer systems. FFF916 is more likely to select an 8-bit buffer 
within which an address vector is stored identifying the interrupting source. This is essentially 
how the MC6828 Priority Interrupt Controller (PIC) works. 

A software interrupt is initiated by the execution of the SWI instruction. What the SWI in
struction does is cause the MC6800 to go through the complete logic of an interrupt request and 
acknowledge. even though the interrupting source is within the CPU. Software interrupts are 
typically used as a response to fatal errors occurring within program logic. Whenever your pro
gram logic encounters a situation that must not. or should not exist. the error condition may be 
trapped by executing an SWI instruction: this causes a call to some general purpose. error recov
ery program. 

The non-maskable interrupt cannot be disabled. Otherwise it is identical to the normal ex
ternal interrupt request. Note that the 8080A has no non-maskable interrupt however. the 
Zilog Z80 and the 8085 have incorporated this feature. 

A Reset is treated as the highest priority interrupt in an MC6800. How does the Reset differ from 
the non-maskable interrupt? Conceptually. the non-maskable interrupt is going to be triggered by 
a termination condition such as power failure. while the Reset is going to be triggered by an in
itiating condition such as power being turned on. 

r:M~C~6:::8:O:0~O-'"" 

NORMAL 
EXTERNAL 
INTERRUPTS 

MC6800 
SOFTWARE 
INTERRUPT 

MC6800 
SWI 
INSTRUCTION 

MC6800 
NON-MASKABLE 
INTERRUPT 

There are some differences between the MC6800's response to a Reset as compared to any other interrupt re
quest. 

To contrast the two. we will look at the normal interrupt acknowledge sequence. and then we will look at a reset. Figure 
9-8 illustrates MC6800 response to a normal external interrupt, a software interrupt, or a non-maskable inter
rupt.ln each case. the interrupt request will be acknowledged upon completion of an instruction's execution. A normal 
external interrupt will only be acknowledged providing interrupts have been enabled. 

If more than one interrupt request exists. then the highest priority interrupt will be acknowledged. 

Following the interrupt acknowledge. normal interrupts are disabled by the CPU. which then pushes onto the Stack the 
contents of all internal registers. This process is illustrated in Figure 9-8. The Program Counter is then loaded with the 
appropriate interrupt service routine starting address. which will be fetched from memory locations FFF816 and 
FFF916. FFFA16 and FFFB16 or FFFC16 and FFFD16. 
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I This is the 11m moc:hine cycle for execution of the inltfUCtion during which 
the interrupt W8I requested. 

Thia is the instruction fetch for tho interrupted inltrUction. ThiI inItructIon 
----------1 fetch is IbortocI and re-occunl8fterthe interrupt servicetoUtine has com~ 11 pIetecIBJlacution. 

ICr,-1#21 #3 I #4 I #" I #6 I #7 I #8 I #9 I #1. I #11 I #12 I #13 I #14 I #16 

.. 
Add, ... 
Bu. 

Next lnat _, SPln-" _-21 SPln-31 _-41 _-51 _-61 
felCh 

IRQ or 
NMi 

Interrupt 
Ma.k 

Cata Bu. 

Instbd PCO - 7 PCB - 15 IXO - 7 lX8 - 15 Accum Accum SA 

RfIII 
___________ , A B 

VMA 

Figure 9-8. MC6800 Interrupt Acknowledge Sequence 

FFf8 FfF9 PC 

'" Addnoos 
FfFA FFf8 obtained 

in 1:'2 
FfFC FFFD and 1:13 

NewPCO-7 -
_PCa-15 - Fimlnstof 

Interrupt Routine 

Referring to Figure 9-8. note that an interrupt is acknowledged following the last machine cycle for the instruction dur
ing which the interrupt request occurred. During the first two machine cycles following the interrupt acknowledge. an 
instruction fetch is executed. as it would have been had the interrupt not occurred. This instruction fetch is aborted 
and will reoccur after the interrupt service routine has completed execution. Two machine cycles are expended per
forming this aborted instruction fetch. 

Following the aborted instruction fetch. CPU registers' contents are pushed onto the Stack in the following order: 

• Lower half of Program Counter 
• Upper half of Program Counter 
• Lower half of Index register 
• Upper half of Index register 
• Accumulator A 
• Accumulator B 
• Status register 

When the 8080A acknowledges an interrupt. if CPU registers' contents are going to be saved on the Stack. you must 
execute individual instructions to perform the operations which the MC6800 performs automatically. The advantage of 
the MC6800' s scheme is that it saves instruction execution time. The disadvantage of this scheme is that there are oc
casions when you do not need to bother saving registers' contents. 

After all CPU registers' contents have been saved on the Stack. the next two machine cycles are used to fetch an ad
dress from the appropriate two high memory bytes. This address is loaded into the Program Counter. causing a branch 
to the appropriate interrupt service routine. 
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r 

I f1lmm ;:;0 Indeterminate I 
Figure 9-9. The Reset Sequence 

We will now ex~mine the MC6800 Reset operation. 

Figure 9-9 illustrates Reset timing. First of all. note that RESET must be he.ld low for at least 
eight machine cycles to give the CPU sufficient response time. On the high-ta-Iow transition of 
RESET the CPU outputs VMA and BA low and R/W is high. On the subsequent low-to-high transi-

FFFE FFF 

y 

The MC6800 
RESET 
OPERATION 

tion of RESET. maskable interrupts are disabled. then the contents of memory locations FFFE16 and FFFF16 are fetched 
and loaded into the Program Counter. If RESET is not held low for a minimum of eight machine cycles. then when 
RESET is input high again. indeterminate program execution may follow. 

It is absolutely vital that the RESET rise time is less than 100 nanoseconds on the low-to-high transition of 
RESET. 

Additionally. you must provide external logic to hold IRQ and NMI high (inactive) while RESET is active (low). If an inter
rupt input becomes active while RESET is active. indeterminate program execution will result when ~ goes high. 

We stated that the difference between a Reset and a non-maskable interrupt is that the Reset represents initiation con
ditions. This is illustrated in Figure 9-9. which includes the power supply level. When power is first turned on. the 
MC6BOO will automatically trigger a Reset when power increases above +4.75 volts: this is in response to the normal 
powering up sequence. The fact that Reset represents initiation conditions also explains why no CPU registers' con
tents are saved. as occurs with any other interrupt. Clearly. if we are initiating operations. there can be no prior 
registers' contents to be saved. Therefore pushing registers' contents on the Stack would be pointless and impossi
ble: it would be pointless because there is nothing to save; it would be impossible because when powering up. we 
have no idea what the Stack Pointer contains. 

Powering up an MC6800 microcomputer system represents a special Reset case. Those 
MC6BOO microcomputer system devices that have an external Reset input control. expect this 
control to be held low while power is being turned on for the first eight clock cycles following 
power-up. When designing Reset logic be sure to keep this in mind. 

MC6BOO configurations using BOBOA support devices are easy to design and commonly seen. 

MC6800 
RESET 
DURING 
POWER UP 

Necessary system bus logic is described later in this chapter. But if you have such a mixed configuration. be sure to 
satisfy the separate and distinct Reset requirements of the MC6BOO CPU as against the BOBOA support devices. 
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System 
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Figure 9-10. MC6800 Wait Instruction Execution Sequence 

.+2 

We complete our discussion of the MC6800 interrupt logic with a discussion of the WAI 
instruction. which puts the MC6800 into a "Wait-for-interrupt" state. 

A WAI instruction is executed when the CPU has nothing to do except wait for an inter
rupt. Rather than pushing registers' contents onto the Stack following the interrupt 
acknowledge. as illustrated in Figure 9-8. the WAI instruction pushes registers' contents onto 
the Stack while waiting for the interrupt. as illustrated in Figure 9-10. Thus some execution 
time is saved. 

I .+3 I .+4 I .+1 I 

FFF 

First Inlt 
ot Inwrupt 
Routln. 

New PC 8-15 New PC 0-7 
Addr... Add,." 

MC6800 
WAIT STATE 

MC6800 
WAI 
INSTRUCTION 

Once all registers' contents have been pushed onto the Stack. the MC6800 floats the System Bus in the Wait state. 

This gives rise to another frequent use of the WAI instruction: block data transfers under DMA control. 

Consider again the sequence of events which follows the WAI instruction execution: 

1) All registers' contents are pushed onto the Stack. 
2) The System 8us is floated .. 

MC6800 
USE OF 
WAIT FOR 
DMA 

This is very convenient if you are going to transfer a large block of data via DMA. because you will announce the end of 
the DMA transfer with an interrupt request. This method of handling block DMA transfers has been discussed in 
Volume 1. Now when using an MC6800 microcomputer system. all you need to do is initiate the actual DMA transfer by 
executing a WAI instruction: knowing that once the DMA transfer has been completed. an interrupt will be requested 
and program execution can continue. 

THE MC6800 INSTRUCTION SET 
Table 9-1 summarizes the MC6800 instruction set; this instruction set is characterized by a heavy use of read/write 
memory and a rich variety of instructions that are able to manipulate the contents of memory locations as though they 
were programmable registers. Whereas the primary memory reference instructions offer base page direct addressing. 
extended direct addressing or indexed addressing. secondary memory reference instructions offer extended direct ad
dressing and indexed addressing only. This simply means that secondary memory reference instructions use three-byte 
direct addressing even when a base page byte must be accessed. 
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Of the microcomputers described in this book. the MC6800 has one of the largest varieties of Branch-on-Condi
tion instructions. Note that these and the unconditional Branch instructions are the only MC6800 instructions which 
use program relative direct addressing. 

When comparing the MC6800 and 8080A instruction sets. the conclusion we must draw is that the MC6800 is 
going to have to rely on a large number of memory reference instructions. You are going to have to set up programs 
with this in mind. As a result. relatively simple programs will make the MC6800 look better than the 8080A. because 
the MC6800 has such a diverse variety of memory reference instructions. The moment a program starts to become 
complicated. the large number of 8080A registers is quickly going to become an advantage. since the MC6800 will be 
forced to execute memory reference instructions where the 8080A can use register-register instructions. 

The SWI and WAI Instructions within the interrupt instruction group are relatively unusual within microcom
puter systems. 

The SWI instruction initiates a normal interrupt sequence. taking the interrupt service routine·s starting address from 
memory locations FFFA16 and FFFB16. 

The WAI instruction prepares for an interrupt by saving the contents of all registers and status on the Stack; the 
System Bus is then floated while the CPU waits for an interrupt request to occur. 

We have described both the SWI and WAI instructions in some detail earlier in this chapter. 

The one set of instructions which are missing. and which would greatly enhance the MC6800 instruction set. are in
structions that move data between the Accumulator and the Index register. or allow Accumulator contents to be added 
to the Index register. 

THE BENCHMARK PROGRAM 
The benchmark program is coded for the MC6800 as follows: 

STS SSP SAVE STACK POINTER CONTENTS IN MEMORY 
LOX #TABLE LOAD TABLE BASE ADDRESS INTO INDEX REGISTER 
LOX O.X LOAD ADDRESS OF FIRST FREE TABLE BYTE 
LOS #IOBUF LOAD I/O BUFFER STARTING ADDRESS 

LOOP PULL A LOAD NEXT BYTE INTO A 
STAA O.X STORE IN NEXT FREE TABLE BYTE 
INX INCREMENT INDEX REGISTER 
DEC 10CNT DECREMENT I/O BYTE COUNT IN MEMORY 
BNE LOOP RETURN FOR MORE BYTES 
STX TABLE STORE NEW ADDRESS FOR FIRST FREE TABLE BYTE 
LOS SSP RELOAD STACK POINTER 

The memory initialization for the MC6800 interpretation of the benchmark program is identical to the memory initializa
tion for the 8080A benchmark program. The MC6800 assumes that there is some memory location in which the current 
real Stack address can be stored. so that the Stack Pointer may be used as a Data Counter. 

In Table 9-1. symbols are used as follows: 

ACX Either Accumulator A or Accumulator B 
The registers: 

A.B 
X 

PC 
SP 
SR 

Accumulator 
Index register 
Program Counter 
Stack Pointer 
Status register 

Statuses shown: 
C Carry status 
Z Zero status 
S Sign status 
o Overflow status 
I Interrupt status 

AC Auxiliary Carry status 
Symbols in the STATUSES column: 

(blank) operation does not affect status 
X operation affects status 
o flag is cleared by the operation 
1 flag is set by the operation 
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ADR8 

ADR16 
82 

83 
DATA 

DATA16 
DISP 
xx(HI) 

xx(LO) 
[ ] 

[[n 
[MEM] 

An 8-bit (1-byte) quantity which may be used to directly address the first 256 locations in memory. or may 
be an 8-bit unsigned displacement to be added to the Index register. 
A 16-bit memory address 
Instruction Byte 2· 
Instruction Byte 3 
An 8-bit binary data unit 

A 16-bit binary data unit 
An 8-bit signed binary address displacement 
The high order 8 bits of the 16-bit quantity xx; for example. SP(HI) means bits 15 - 8 of the Stack Pointer. 
The low order 8 bits of the 16-bit quantity xx; for example. PC(LO) means bits 7 - 0 of the Program Counter. 
Contents of location enclosed within brackets. 
Implied memory addressing; the contents of the memory location designated by the contents of a register. 
Symbol for memory location indicated by base page direct. extended direct. or indexed addressing. 
That is: 

[ MEM] = [ADR8] 
or 

[ ADR16] 
or 

[[X]+ADR8] 
[M] Symbol for memory location indicated by extended direct or indexed addressing. That is: 

[M]=[ ADR16] 
or 

[[X]+ADR8] 

A Logical AND 
V Logical OR 
.lJ- Logical ExClusive-OR 

Data is transferred in the direction of the arrow. 
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MC6800 SUMMARY OF CYCLE BY CYCLE OPERATION 
This table provides a detailed description of the information present on the Address Bus. Data Bus. Valid Memory Ad
dress line (VMAl. and the ReadIWrite line (RIWI during each cycle for each instruction. 

This information is useful in comparing actual with expected results during debug of both software and hardware as 
the control program is executed. The information is categorized in groups according to Addressing Mode and Number 
of Cycles per instruction. (In general. instructions with the same Addressing Mode and Number of Cycles execute in the 
same manner; exceptions are indicated in the table'! 
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Table 9-2. Operation Summary 

ADDRESS MODE 
AND CYCLES CYC!-E VMA 

ADDRESS BUS RIW DATA BUS 
INST~UCTIONS 

NO. LINE LINE 

AoC EOR I I OpCodoAddrea I OpCodo 
IU AOD LDA 2 I Op Code Add .... + 1 I O_Do" I- AND ORA 2 
! liT sac 
CI CMP SUB 
IU 
J CPX I I OpCodoAddraa 1 OpCodo 

~ LDS 3 2 1 Op COde Addreu + 1 1 O,....nd Data IHIgh 0nI0r _I LDX 
3 1 OpCodo Addrea+ 2 1 o,....nd Data ILawOnlor_1 

AOC EOR I 1 OpCodeAddraa I OpCodo 
ADD LDA 

2 1 OpCodo_+l 1 _010_ AND ORA 3 
BIT sac 3 
CMP SUI 

1 Add ..... of Operand I o,....ndData 

CPX 1 1 OpCodeAddraa I opCCido 
LOS 
LDX • 2 1 Op Code AddntII + 1 1 _oIO,....nd 

3 1 _01~ 1 o,....nd Do .. IHIgh 0 __ 1 

1; 4 1 o,....nd Add_ + 1 1 o,....nd Dote lLawOnlor_1 
IU sTA I 1 Op Code Add ... : 1 OpCodo a: 
.0 4 

2 1 OpCodoAddraa+1 1 DatI ... I011_ 
3 0 DestInation Addr_ I 1_. Dote 1_11 

• I 
DatI __ 

0 o.t8 from Accumulator 

STS 1 1 OpCodoAdd_ 1 OpCodo snc 
2 1 OpCodoAddraa+l I Adcfrea 0' 0 ...... 

& 3 0 Add,.aof OP;Bflnd 1 Irrelevant Data (Note " 
4 I _010_ 0 Rosltter Dote IH"'" 0nI0r Bytel 
6 1 _01~+1 0 ROSItter Dote 14W0nI0r_1 

.IMP I 1 OP Codo Adtir.. I OpCode 

4 
2 I OpCodo_+1 1 Olflot 
3 0 I_ROS_ 1 ,_ Dote IN .... 11 

4 0 ,_ ~ PlIII 01fI0t Iw/o c..vl 1 1 ... 1ow .. Dote INo .. 11 

AOC EOR 1 1 OpCodoAddraa 1 OpCode 
ADD LDA 

2 1 OpCodoAddraa+1 1 01fI0t AND ORA 
liT sac & a- 0 I_RosIIter I ,,_ .. Dote 1_11 
CMP SUI 

4 0 Indo. Ros- PlIII Olflot Iw/oc..vl 1 1...-. Dote INotall 
6 1 1_ RosIIter PIIII 01fI0t I ~Dote 

CPX I I OpCodoAddrea 1 OpCodo 
LOS 2 1 OpCodoAddrea+1 1 01fI0t LDX 

• 3 0 I_ROS .... ' 1 ... _ Dote I_,I 

• 0 Indo. Rosltter PIIII 01fI0t Iwlo c..vl I I_Dote_II 
& 1 Indo. Ros- PlIII 01fI0t 1 OporadDataI1fllll_~ 

8 I I"" AIlSlIlter Plus Offal + 1 I 0pnnII Data lLaw 0nI0r BytoI 

ITA I I Ope-_ I OpCodo 
2 I OpCodo_+l 1 01fI0t 

• 3 0 In .. Ros_ I ,_ Dota IN .... 11 

4 0 Indo. Ros- PI .. Of""' Iwlo COrryI I ,,_ o.IAo I~ .... II 
IS 0 Index Realmr Plu. 0ffIIt I Irrelevant Da\1I (Note 1 I 

CI 8 1 1ndP: Allister Plul 0ffIIt 0 o,....ndDota IU 
)( 

AIIL L8R 1 I OpCodoAdd_ 1 OpCodo IU 
CI 

_ NEG 
2 1 Op CadI 'Add,.. + , I 01fI0t 

! CLR .ROL 
COM ROR 3 0 1_. Aegl.., 1 IrreI ..... Dote IN .... 11 
DEC T8T 4 0 1_ ~PIUlOff .. lw/o c..vl 1 IrreI ..... Dota IN .... 11 INC 7 

6 1 1_ ROS"'" PI .. 01fI0t I Cumnt Operand o.tI 
8 0 ,_ RosI_ PI .. Off .. I '''''''''' Dote I_,I 
7 I/O 

INota 
lnett. Rlliltar Plus 0tftIt 0 Now~ Dote 1_ 31 

31 

ins 1 1 OpCodoAddraa .., OpCodo 
snc 2 1 Op Code Addrea + 1 I 01fI0t 

3 0 Index R,,1IUr I 1_. Do .. 1_'1 
7 4 0 1*'0( Allister PIUI Of,. (w/o CIrry, 1 1_00 .. 1_11 

6 0 ,_ ROS_ PI .. 01fI0t 1 1_00 .. _11 

8 I Inda RlgI.., Plus 0ffsIt 0 0_ Dote IHIgh 0nI0r Iytel 
7 1 ..... RIIlster Plus 0ffIIt·+ 1 0 ~ Dote ILaw 0nI0r_1 

.I8R I I OpCodoAddrea I OpCode 
2 I 01' Code Add,.. + 1 I 01fI0t 
3 0 Index Rilliter I I,"""'nt DatIl (NoW 1) 

8 • 1 _Pointer 0 Return _ILowO_ Bytol 
6 1 Stack Pointer - 1 0 R .... rnAddreaIHI ... Order _I 
8 0 SUck Pointer - 2 1 1 ... _ Dote INo .. 1I 

7 O. I_Ie ......... I 1 ... _ Dote 1_11 

8 0 Inct. Reg, ..... Plu. 0"'" (w/o Cerrv) 1 1_00 .. 1_11 
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Table 9-20 Operation Summary (Continued) 

ADDRESS MODE 
CYCLE VMA 

"NO CYCLES ADDRESS BUS RIW 
DATA BUS NOo LINE LINE 

INSTRUCTIONS 

.l¥P I I Op~- I OpcGdo 
3 2 I Op~_+1 I 

Jump°_,HIghO __ , 

3 I OP~_+2 I Jump_I,"-Ordo,_, 

AOC EOR I I Op~- I Op~ ACD LOA 
2 I Op~_+1 I _of~ IHlaI!O",", Bytel AND ORA '4 

BIT sac 3 I OP ~ Addna+ 2 I _of~ I'"-Ontor Bytel Cl4P SUB 
4 I _ofO_ I O ....... Dato 

aox I I apCodo_ I Op~ LOS 2 I Op~Add_+1 I _of Oporond IHIgh 0_ Byte, LOX 
6 3 I Op cOdo Add_ + 2 I _of O_I,"-Order_' 

4 I Add_ of O,*""" I Oporond Doto IHIgh Order _, 

6 I _ofO_+1 I Oporond Doto I ...... 0 __ ' 

STAA I I OP~Add_ I o,;~ 
STAB 2 I Op~Ad_+1 I Qostl __ ,HIgh Order Byte' 

• 3 I Op~_+2 I __ ,,"-Order Byte' 

4 0 
Oporond Deal __ 

I I_DatoI_1I 
6 I 0 ........ DeotIMlIon_ 0 Datolrom~_ 

Q 
AB~ LSR I I Op~Add .... I Op~ IU 

D AIR NEG 
~ I Op~_+1 I _of Oporond IHIgh Order_' Z CLR ROL 

IU COM ROR 3 I 0., CadI Add,... + 2 I _ofO_I ...... Order_' I- DEC TIT )( 6 4 1 ·_ofO_ I Current Oporond Dato IU INC 
I 0 _ofD ........ I 1_.Dato 1_0

" 
B I/O _ofO_ 0 Now 0_ Dato '_3' IN ... 

3' 
ITS I I Op~- I Op~ 
STX 

2 I Op~_+1 I __ .,O_IHIgh Ordor Byte' 

8 3 I Op~_+2 I _ of 0 ........ I Low Order_, 
4 0 _of~ I ,-" Dato IN ... " 
& I _ofO_ 0 0,....'" Dato IHIgh Order _, 

8 I _ofO_+1 0 Oporond !lflii 1'"- Order Byte' 
JSR I I Op~- I OpCode 

2 I Op~_+1 I _ of Subroutl ... ,HIgh Ordor Byte' 

3 I Op~_+2 I 
__ of 8ubrou., ... ILow Order _, 

4 I _ ........ , .. - I Op'COde of No. Instruction 
9 I I _Po_ 0 Return Add,... CLow Order Byte' 

8 I _Pointer-I 0 R_m --IHIgh 0 __ ' 

7 0 
__ -2 

I I".. ..... Dato IN ... I' 
B 0 Op~_+2 I 1".levant 0111 (Note " 

9 I Op~_+2 I __ of Subroutine 1'"- Order Byte' 

ABA DAA Sec I I Op~- I Op~ 
AIL DEC SEI 2 I Op~_+1 I ()P Code of Ne.t Instruction AIR INC SEY 
CIA LSR TAB 
CLC NEG TAP 2 
CLI 

_ TBA 

CLR ROL TI'A 
CLY ROR TIT 
COM S8A 

DEI I I Op~- I Op~ 
DEX 2 I Op~_+1 I 01' Code of Next Inllruation INS 4 

I Irrelevant Data (NoM " INX 3 0 _ ... RIa--" 
4 0 

_R __ 
I ''''' ...... Dato IN ... I' 

PSH I I Op~- I Op~ 

2 I Op~_+1 I 01' Code of Ne.t InIlfUCI~ a: 4 

~ 
3 I _Po_ 0 Accumula10r DMe 
4 0 

__ ·-1 
I Accumul~ DatI 

a: PUL ,. I Op~- I Op~ 

J: 2 I OpCoclo--+1 I Op Code af Next Instruction 

~ 
4 

0 _Pol_ 1 trreflYlnt Data (Note " 3 
4 I _Pointer + I I 0,....'" o."'rom Steck 

IU a: 
TSX I I Op~AIidna I Op~ 

2 I Op Code Add ... + t I ()P Code of Next IftllfUCtlon 
4 

Ii _Pol_ I ,-. 0. .. (N ... II 3 
4 0 Nowl_Rla_ I Irrelewn~ Dlta (Npte U 

TXS I I D!'~_ I Op~ 

2 I Op~_+1 I 01' ~ of Next Instruction 

3 0 
I_~ 

01 Irrelevant Data 
4 4 0 N_ StIICk Pointer I Irrelevant oat. 
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Table 9-2. Operation Summary (Continued) 

ADDRESS MDDE 
CYCLE VMA RIW 

AND CYCLES NO. LINE ADDRESS BUS LINE 
DATA BUS 

INSl'RUCTIDNS 

RTS 1 1 Op~_ 1 OpCodo 

2 1 0.. eo. Add .... + 1 1 1,,8I8Vlnl: Data CNote 2' 

3 0 Stedc PoInter 1 1". ...... 0 ... -IN_1I 
B 

4 1 Steck Pointer + 1 1 Addrea of N,xt Instruction (High 
O_Bytel . 

B 1 Stedc Pointer + 2 I Add .... of Next Instruction CLow 
Order Byta) 

WAI I I Op Code Addrea 1 OpCode 

2 1 Op Code Add,... + 1 I Op Coda of Next In_ruction 

3 1 Stack Pointer 0 Return Addrea CLow Order Byte' 

4 I Stack Pointer - , 0 Return Addrea (High Order Byte' 

9 6 I Stack Pointer - 2 0 Inde. Register Claw O_Byte' 

8 I Steck Polmer - 3 0 Index Reglater .Hlgh Order Byte' 

7 I Stack Pointer - 4 0 Contlntl of Accumulator A 

is a 1 Slick Pointer - 6 0 Comenu of Accumulator a 

!!l 9 I Stack Pointer .... 8 (Nota 4' 1 Contenll of Cond. Code Realltttr 

Z RTI I I Op Code Add_ 1 OpCodo 
i= 

2 1 Op Cod. Add ..... + 1 1 Irrelevant o.u (Nota 2) Z 
0 3 0 Stick Pointer I Irrelwant Date 'Note" g 

4 1 Stack Pointer + 1 I Contents of Cond. Cod, RIIIster from 
ii: 'Stack 

i 5 I Stack Pointer + 2 1 ContenD of AccumulltOl' B from Stack 

10 8 I Shick Pointe; + 3 1 Contents of Accuonulator A from Slack 

7 1 Stack Pointer + 4 1 Indl. Resllter from S1ack (High Orct. 
a: 8yte) 

I a I Stack Pointer + 6 I Index Regl .. e, from Stack (Low Order 
Byte) 

I 9 1 Stack Pointer + 6 1 Next INtructlon Addr. from Stack 
CHIgh Order Byte) 

10 1 Steck Pointer + 7 I Next Instruction Addrea from Stock 
(Low Order Bytel 

SWI I I Op Code Address I OpCode 

2 1 Op Code AddI'8ll + 1 I Irralevant Data CNota 1 I 

3 1 Stack Pointer 0 Return Addreu fLow Order BYteI 

4 I Steck Pointer - 1 0 Return Add,.. tHigh Order Byt., 

5 1 StICk Pointer - 2 0 Index Regllter CLow Order Byte) 

S I S'lck Poln .. r - 3 0 Ind.x Register tHigh Order Byte) 

12 7 1 Stack Pointer - 4 0 Con.en .. of' Accumulator A 

a I Stack Polntat - 6 0 Conleno of Accumulator B 

9 I Stack Pointer - 6 0 Con.ems of Condo Code Regitter 

10 0 S.ack Pointer - 7 I Irrelevan. Oa .. fNo.a 1} 

" I Vector Addrea FFFA (Hax) I Addreu of Subroutlne •• Htgh Order 
J!vte. 

12 1 Vector AddI"8ll FFFB (Hex' I Addrea of Subrou.lne flow Order 
Byte. 

Bee BHI BNE I I Op Code Addreu 1 OpCode 
BCS BLE BPL 2 I Op Code Addr ... + 1 I Branch Off ... 
BEQ aLS BRA 4 
BGE BLT BVC 3 0 Op Code Addt811 + 2 1 Irrelevant DaI8 (Not. " 
BGT BMI BVS 4 0 Branch Adctraa 1 Irrelevant Data lNot. 1) 

w BSR I 1 OpCodeAddntll 1 OpCode > 
~ 

2 I Op Code Add ..... + 1 1 Branch Off ... 

-' 3 0 Return Addreu of Main Program 1 Irrelevant Data INo .. 1) 
w 4 I S.ack Pointer 0 Return Addr ... flow Order BYte} a: a 

5 1 S.ack Pointer - 1 0 Return Acldlllll'CHlgh Ordor Byte) 
S 0 Stack Pointer - 2 I Irrelevant Data (Note 1) 
7 0 Return Addreu of Main Progrem 1 Irrelevant Oeta INote 1) 
B 0 Subroutine Addrea 1 Irrelevant Data (Note 1) 

Note 1. If device which II acldreaad during thil cycle u_ VMA. then the 08 .. BUI will 90 to thct high ImPedance .h ........ condition. 
Depending on bul capacitance. data from the previous cyde may be retained on the Oatil BUI. 

Note2. Oate is Ignored by the MPU. 

Note 3. For TIT. VMA • 0 and Operand data dOlll'no. change. 

Note 4. While the MPU II waiting for the Interrupt. BUI Available will to high Indicating the following st8lft of the cantroilln..: VMA It 
low; Adcttea Bus. RIW. and Data SUI are aU in .he high l"'"*ncI ...... 
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The following codes are used in Table 9-3: 

aa two bits choosing the address mode: 
00 immediate data 
01 base page direct addressing 
10 indexed addressing 
11 extended direct addressing 

pp the second byte of a two- or three-byte instruction. 
qq the third byte of a three-byte instruction. 
x one bit choosing the Accumulator: 

o Accumulator A 
1 Accumulator B 

yy two bits choosing the address mode: 
00 !inherent addressing) Accumulator A 
01 (inherent addressing) Accumulator B 
10 indexed addressing 
11 extended direct addressing 

y one bit choosing the address mode: 
o indexed addressing 
1 extended direct addressing 

Two numbers in the "Machine Cycles" column (for example. 2 - 5) indicate that execution time depends on the ad
dressing mode. 
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Table 9-3. MC6BOO Instruction Set Object Codes 

OBJECT MACHINE 
MNEMONIC OPERANDlSI CODE BYTE CYCLES 

OBJECT 
MNEMONIC OPERANDI8I CODE 

MACHINE 
IYTE CYCLEI 

ABA II 1 2 JMP 011y1110 

AGe Acx. 1x881001 ADR8 pp 2 4 

ADR8 or DATA pp 2 2-5 ADR16 qq 3 3 
ADR16 qq 3 4 JSR 101yll0l 

ADD ACX. 1_1011 ADR8 pp 2 • 
ADRB or DATA pp 2 2-5 ADR16 qq 3 9 

ADR16 qq 3 4 LOA ACX. 1-0110 
AND ACX. 1-0100 ADRB or DATA pp 2 2-5 

ADRB or DATA pp 2 2-5 ADR16 qq 3 4 

ADR16 qq 3 4 LOS lOaalll0 
AS\. ACX 0lyyl000 1 2 ADR8 pp 2 3-5 

ADRB pp 2 7 ADRI6·or DATA16 qq 3 4-6 
ADR16 qq 3 6 LOX 11 .. 1110 

ASR ACX 01WOlll 1 2 ADR8 pp 2 3-5 
ADR. pp 2 7 ADR16 or DATA16 qq 3 4-6 
ADR16 qq 3 6 LSR ACX 01W0100 1 2 

ace DISP 24 pp 2 4 ADRB pp 2 7 
8CS DISP 25 pp 2 4 ADR16 qq 3 6 
REO DISP 27 pp 2 4 NEG ACX 01vvOOOO 1 2 
BGE DISP 2C pp 2 4 ADRB pp 2 7 
BGT DISP 2E pp 2 4 ADR16 qq 3 6 
&HI DISP 22 pp 2 4 NDP 01 1 2 
BIT ACX. 1-0101 ORA ACX. 1 ... 1010 

ADRB or DATA pp 2 2-5 ADRB or DATA pp 2 2-5 
ADR16 qq 3 4 ADR16 qq 3 4 

8LE DISP 2F pp 2 4 PSH ACX 0011011. 1 4 
8LS DISP 23 pp 2 4 PUL ACX 0011001x 1 4 
ILT DISP 2D pp 2 4 ROL ACX 0lyyl00l 1 2 
SMI DISP 2B pp 2 4 ADRB pp 2 7 
BNE DISP 26 pp :i 4 ADR16 qq 3 6 
BPL DISP 2A pp 2 4 ROR ACX 01WOll0 1 2 
BRA DISP 20 pp 2 4 ADRB pp 2 7 
BSR DISP 8D pp 2 • ADR16 qq 3 6 
BYC ~ISP 28 pp 2 4 Rn 3B 1 10 
BVS DISP 28 pp 2 4 RTS 39 1 5 
CIA 11 1 2 SBA 10 1 2 
CLC OC 1 2 sac ACX. ",.80010 
CU OE 1 2 ADRB or DATA pp 2 2-5 
CLR ACX 01yyl1l1 1 2 ADR16 qq 3 4 

ADRB pp 2 7 SEC OD 1 2 
ADR16 qq 3 6 SEI OF 1 2 

CLV OA 1 2 SEV OB 1 2 
CMP ACX. lxaaOOOl STA ACX. 1lIII80111 • 

ADRB or DATA pp 2 2-5 ADRB pp 2 4-6 
ADR16 qq 3 4 ADR16 qq 3 5 

COM ACX 01yyOOl1 1 2 STS lOaallll · ADR8 pp 2 7 ADR8 pp 2 5-' 
ADR16 qq 3 6 ADR16 qq 3 6 

CPX lOaall00 STX 11l1li1111 · ADR8 pp 2 4-6 ADR8 pp 2 5-7 
ADR18 or DATA16 qq 3 3-5 ADRI6 qq 3 6 

DAA 19 1 2 SUB ACX. lxaaOOOO 
DEC ACX 01yyl0l0 1 2 ADR8 or DATA pp 2 2-5 

ADR8 pp 2 7 ADR16 qq 3 4 
ADR16 qq 3 6 SWI 3F 1 12 

DES 34 1 4 TAB 16 1 2 
DEX 09 1 4 TAP 06 1 2 
EDR ACX. 1 ... 1000 TBA 17 1 2 

ADRB or DATA pp 2 2-5 TPA 07 1 2 
ADR16 qq 3 4 m ACX 01yyll0l 1 2 

INC ACX 0lyyl100 1 2 ADR8 pp 2 7 
ADRB pp 2 7 ADR16 qq 3 6 
ADR16 qq 3 6 TSX 30 1 4 

INS 31 1 4 TXS 35 1 4 
INX 06 1 4 WAI 3E 1 8 

.l1li = 00 • not permitted. 
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SUPPORT DEVICES THAT MAY BE USED WITH THE MC6800 

Using 8080A support devices with the MC6800 is very straightforward in terms of control signals generated. 
You must break out the single MC6800 Rfii control signal into separate RD and WR control signals. Other signal 
interconnections are self-evident. Here is appropriate logic: 

R/W 

ti g : AD 
¢l2 (TIL) 

WR 

ri>o : BuSEN 
MC6800 

HALT 
8080A 

Signals HOLD Signals 

iRO ~ 0<] iNT 

Decode FFF9 on 

rD Address Bus • iNi'A 
VMA 

Signals illustrated above apply to communications between the MC6800 CPU and 8080A support devices. External 
memory will communicate with the MC6800 CPU using standard MC6800 timing. 

There are some limitations imposed on communications between the MC6800 CPU and 8080A support devices. 

As illustrated above. you must create an interrupt acknowledge control signal by decoding the second interrupt 
acknowledge address. FFF916. appearing on the Address Bus. Similarly. if you wish to create specific I/O read and 
write control signals. then you must decode off the Address Bus those memory addresses which you have assigned to 
1/0 devices. 

If you wish to extend instruction execution cycles for slow 8080A support devices. then you must use the MC6800 
clock stretching logic for this purpose. Clearly the 8080A support devices cannot use Wait state logic since the 
MC6800 has no such logic. 

You can generate an 8080A compatible system clock from the <Il2 (TTL) 6870 series clock as follows: 

¢l2 (TTL) 

+ 5V + 5V 

CLR 

B 

74LS123 
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Figure 9-11. Use of 8080A Support Devices With MC6800 CPU 

Figure 9·11 illustrates the interface for an 8261. an 8253 or an 8255 device connected to an MC6800 CPU. 
Figure 9·12 provides the timing for 8080A support devices used with an MC6800 CPU. 

The 8257 DMA device and the 8259 PICU should not be used in an MC6800 since MC6800 DMA and interrupt logic 
are not compatible with these devices. 

8086 support devices could be used with an MC6800 but would require that you multiplex the Data Bus and low 
order eight Address Bus lines. as required by the 8155. 8355. and 8755. Extra logic needed to perform this bus 
multiplexing would probably destroy the cost effectiveness of the 8085 support devices in an MC6800 system. 

The only Z80 support device that is practical in an MC6800 system is the Z80 DMA device. This is because the 
other Z80 support devices decode a Write' state from a combination of the M1. INT. and RD control signals. The Z80 
DMA device uses separate read and write control inputs: therefore it may be used with an MC6800 CPU. The logic 
needed to create Z80 DMA control inputs from MC6800 control signals is identical to the 8080A control signal logic il
lustrated above. The Z80 SID device will probabl . not be effective in an MC6800 system: in preference. use specific 
MC6800 serial liD devices. 
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<1>1 NMOS / \ .. / 

<1>2 NMOS \ J \ 
.. 

-1'2 TTL \ ~ 0 
/ 

R/W. ADDR • \ I VMA 6800 

DATA IN ,. ....... 
6800 '\' -..J 

DATA OUT I \ 6800 I 
iffi ORiiVR TO \" I ,1 

8251, 8253. 8255 

Figure 9-12. Timing for 8080A Support Devices Used With an MC6800 CPU 

When using non-MC6800 support devices with the MC6800 CPU. remember that there is a particuiarly per
nicious problem associated with MC6800 Reset logic on power-up. As discussed earlier in this chapter. the 
MC6800 does not internally disable interrupt requests until the trai~Ag low-to-high transition of the RESET signal. Thus 
external devices capable of requesting an interrupt may randomly do so during the power on Reset sequence: and this 
may result in an interrupt being acknowledged following the initial system Reset. rather than the expected system in
itialization program getting executed. You must make certain that all support devices capable of requesting an inter
rupt are disabled by the leading high-to-Iow transition of RESET during the power-up sequence. 

THE MC6802 CPU WITH REAO/WRITE MEMORY 

The MC6802 is a combination of the MC6800. CPU. clock logic. and 128 bytes of read/write memory. Figure 
9-13 illustrates logic of the MC6802 CPU device. 

The actual CPU architecture and the instruction set of the MC6802 are identical to the MC6800 which we have already 
described. 

The 128 bytes of read/write memory which are present on the MC6802 chip are accessed by memory addresses 
000016 through 007F16· The first 32 bytes of this read/write memory may be protected during power down by a 
special low power standby input. 

MC6802 CPU pins and signals are illustrated in Figure 9-14. Pins and signals which differ from the MC6800 il
lustrated in Figure 9-2 are shaded. We will examine these new signals only. 

Since clock logic is on the MC6802 chip. three pins are needed for this specific purpose. Normally a crystal will be 
connected across XTAL 1 and XTAL2. A 4 MHz crystal should be used since the MC6802 has internal divide-by-four 
logic to create a 1 MHz system clock signal. (An inexpensive' 3.58 MHz color burst crystal may also be used'! A TTL 
level system clock signal is output via c112 (TTL). 

You can. if you wish. drive the MC6802 using an external clock signal: this signal is input via XTAL2: it must not be 
faster than 4 MHz. XTAL 1 should be left unconnected in this mode. 
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Interrupt Priority 
Arbitration 

Interface Logic 

Programmable 
Timers 

Interface Logic 

Read Only 
Memory 

Interface Logic 

I/O Ports 

Figure 9-13. Logic of the MC6802 CPU Device 

In order to provide the clock stretching logic that is a standard part of MC6800 microcomputer system. a Memory 
Ready (MR) signal is present. MR is normally high. In order to stretch 11>2. MR must make a high-to-Iow transition 
while 11>2 is high: 11>2 then remains high until MR makes a low-to-high transition. Timing may be illustrated as follows: 

x 

<1>2 

MR 

, I I 
I I 

I 
I 
I I 
I 200ns I 

/ ... ·1 
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IRO 
VMA 
NMI 

BA 

VCC 
AO 
Al 

A2 

A3 
A4 
A5 
A6 
A7 

A8 

A9 
Al0 

All 

-

-
-

-

PIN NAME 

·AO - A15 
·00 - 07 
·HALT 
·MR 
·RE 
·R/W 
·VMA 
·BA 
·IRO 
RESET 
NMI 
XTAL1.XTAL2 
E 

VSS.VCC 
VCC (ST) 

1 40 
2 39 
3 38 
4 37 
5 36 
6 35 
7 34 
8 33 
9 32 

10 
MC6B02 

31 
11 30 
12 29 
13 28 
14 27 
15 26 
16 25 
17 24 
18 23 
19 22 
20 21 

DESCRIPTION 

Address Lines 
Data Bus Lines 
Halt 
Memory Ready 
RAM Enable 
Read/Write 
Valid Memory Address 
Bus Available 
Interrupt Request 
Reset 
Non-Maskable Interrupt 
Crystal/Clock Connections 
Enable 
Power 
Standby Power 

·These signals connect to the System Bus. 

~ 

-

.. -

TYPE 

Output 

DO 
01 
02 

03 

04 
05 

06 
07 
A15 

A14 

A13 
A12 

Vss 

Tristate. Bidirectional 
Input 
Input 
Input 
Output 
Output 
Output 
Input 
Input 
Input 
Input 
Output 

Figure 9-14. MC6802 CPU Signals and Pin Assignments 

Two signals have been added to support the on-chip read/write memroy. RE is an enable signal for the on-chip 
memory. RE must be input high for the on-chip memory to be accessed. If RE is low. on-chip memory cannot be written 
into or read. While on-chip memory is disabled its address space is also disabled. and addresses in the range 000016 
through 007F16 are deflected to external memory. Thus the address space 000016 through 007F16 is duplicated; 
it accesses on-chip RAM when RE is high. but it accesses external RAM when RE is low. 

The first 32 on-chip read/write memory bytes Iwith addresses 0000 through 001 F) can have the contents preserved by 
applying +5V at the VCC standby pin when power is down on the MC6802. But to be of any value. we must guarantee 
that the contents of these 32 read/write memory locations are not destroyed during any power down sequence: in 
other words. we must anticipate any power down. In order to preserve the contents of the 32 low-order read/write 
memory bytes. RE must be input low at least three clock periods before power drops below +4.75V. This is easy 
enough to do for a scheduled power down: however. it is impossible during a non-scheduled power down -- such as 
might occur as the result of a power failure - unless power-down-interrupt circuitry is provided. 

MC6800 signals which have been removed. going to the MC6802. include the clock inputs <1>1 and <1>2. plus the 
bus control signals TSC and DBE. 

Obviously. the clock inputs must be removed since clock logic is now on the CPU chip 
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Removal of the System Bus control signals TSC and DBE reflects the fact that if you are going to need direct memory 
access. you (Ire not going to use the MC6802. Only larger microcomputer systems need direct memory access; for such 
systems the MC6800 is available. The MC6802 is intended as half of a two-chip 6800 configuration. witt.in which 
direct memory access would be meaningless. 

If DMA is necessary with a 6802-based system. then the use of external tristate bus drivers will be necessary. Bus 
Available (BAl and HALT are available on the 6802 for this purpose. 

The MC6846 multi-function device is the other half of the two-chip microcomputer system. However. the 
MC6846 can be used with the MC6800 CPU or the MC6802 CPU; t!lerefore it is described later in this chapter 
along with other 6800 support devices. 

When HALT is input low. the MC6802 enters the Halt state at the end of the current instruction's execution. In the 
Halt state the Data Bus is floated. Bus Available (BA) is output high. and valid memory address IVMA) is output low. 
The Address Bus outputs the address of the instruction which will be executed when the halt condition ends. Timing 
may be illustrated as follows: 

<1>2 

HALT 

SA 

VMA 

DO - 07 

AO - A15 

The HALT input signal is level sensitive. The level of HALT is sensed 250 nanoseconds before the end of a machine cy
cle. If HALT is low at this time. then the low level is detected. If HALT makes a high-to-Iow transition within the last 250 
nanoseconds of a machine cycle. then it may not be detected. This may be illustrated as follows: 

I I 
I 

~ 
I 

<1>2 ---1 \ I I I \ I 
I I I I 
I I I I 

HALT 

HALT low not]) 

I I I 
I I I 

I HaitlOWOjJ 
detected here 

1~50' 
detected here 
~ 

250 ns 
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Once a Halt has been detected. the current instruction completes execution before the Halt condition starts. In the 
simplest case this may be illustrated as follows: 

I 

HALT 

If a Halt transition occurs within the last 250 nanoseconds of a machine cycle. then the HALT will probably not be 
detected until the next machine cycle. Assuming that the next machine cycle terminates an instruction's exeuction. 
the Halt condition will begin as follows: 

HALT 

The next machine cycle could be the first of a multi-machine cycle instruction. Now the Halt condition will begin as 
follows: ' 

HALT 

I , here 

I Next instruction 
End of l!.o ... ---executes in three ---. 

instruction : machine cycles 

Note that if the HALT transition had occurred a little earlier. the HALT condition would have begun a whole instruction 
exeuction time sooner - three machine cycles sooner in the illustration above. 
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The HALT condition terminates on the machine cycle that follows HALT going high again. Once again the HALT signal 
is sampled 250 nanoseconds before the end of the machine cycle. Thus the HALT may terminate within the machine 
cycle where the HALT signal makes a low-to-high transition: 

But the HALT condition may terminate one machine cycle later if the HALT signal makes its low-to-high transition 
within the last 250 nanoseconds of a machine cycle. This may be illustrated as follows: 

<1>2 

HALT 250 ns 

Start next instruction's 
execution 

Observe that it is possible for a low HALT pulse to be completely missed if it is less than one machine cycle long 
and transitions are not properly synchronized. If. for example. the high-to-Iow transition occurs within the last 250 
nanoseconds of a machine cycle and the subsequent low-to-high transition occurs correctly in the next machine cycle. 
the HALT pulse will be completely missed. This may be illustrated as follows: 

HALT is simply 
___ -------4---+---::::::=---detected high here I ____ --.1 

HALT 1 
I 

250ns~ I 
This high-to-Iow transitionY 

occurring too late. is I 
not detected I 

This low pulsa is 
never detected 

1 
I 

~250ns 
I 
I 
I 

During the HALT condition no interrupts will be acknowledged. If any interrupt requests oc
cur during a HALT condition. they simply stack up waiting for the end of the HALT condition. 

There are also some differences in MC6802 interrupt and reset logic as compared to the 
MC6800. 

INTERRUPTS 
DURING AN 
MC6802 HALT 

Motorola literature recommends that interrupt request inputs IRQ and MNI have a 3K ohm external resistor to Vee. 
This may be illustrated as follows: 

Vee 

6802 3.0 kG 

IRQ or NMI .... t--~t----
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The MC6802 RESET input may be a stand-alone input or it may be tied to the RAM enable input IRE). Timing for the 
RESET signal rise and fall differs in the two cases. as defined in the data sheets at the end of this chapter. Note that by 
tying RESET to RE you cause the on-chip RAM to be enabled whenever the MC6802 is receiving power. 

The MC6802. like the MC6800. does not disable interrupts until close to the end of the reset sequence. Thus. if 
you have non-6800 support devices connected to an MC6802. you must make certain that you have included logic that 
prevents these support devices from requesting an interrupt until after the reset operation has gone to completion. If 
you do not take this precaution. then following RESET you may vector to a support device's interrupt service routine 
rather than executing the intended system initialization program. 

THE MC6870 TWO PHASE CLOCKS 

Four clock logic devices supporting the MC6800 CPU are described. The MC6802 does not need any external 
clock logic device. 

The MC6870A is a very elementary device providing minimum clock signals needed with an MC6800 
microcomputer system. Its pin assignments are illustrated in Figure 9-15. 

GND -

<1>2 (TTL) -
Vee (+5V )-

<1>2 (NMOS) -
Pin Name 
<1>1 (NMOS) 
<1>2 (NMOS) 
<1>2 (TTL) 

Vee. GND 

1 

5 

7 

12 

MC6870A 
18 

13 

Description 
<1>1 Clock to MC6800 
<1>2 Clock to MC6800 
<1>2 Clock to microcomputer 
system 

Power and Ground 

GNO 

<1>1 (NMOS) 

Type 

Output 
Output 
Output 

Figure 9-15. MC6870A Clock Device Pins and Signals 

The first enhancement is provided by the MC6871A. illustrated in Figure 9-16. which adds clock signal stretch
ing capabilities and a twice frequency clock output. 

The MC6871B. illustrated in Figure 9-17. is a variation of the MC6871A. 
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GND 

MEMORY CLOCK 

<1>2 (TTL) 

Vcc (+5V) 

<1>2 (NMOSI 

Pin Name 

<1>1 (NMOS) 
<1>2 (NMOS) 
<t>2 (TTL) 

MEMORY CLOCK 
2xfc 

ii6LOi 
MEMORY READY 

Vcc,GND 

1 

3 

5 

7 

12 

24 

22 

20 

MC6871A 
18 

13 

Description 

<1>1 Clock to MC6800 
<1>2 Oock to MC6800 

-

<1>2 Clock to microcomputer 
system 
Select to memory devices 
Twice frequency clock 
Stretch <1>1 high control 
Stretch <1>1 low control 
Power and Ground 

2xfc 

MEMORY READY 

GND 

<1>1 (NMOS) 

Type 

Output 
Output 
Output 

Output 
Output 
Input 
Input 

Figure 9-16. MC6871 A Clock Device Pins and Signals 

GND 

. ...--<1>2 (TTL) UNGATED 

<1>2 (TTL) --
Vcc (+5V) -

<\>2 (NMOS) -
Pin Name 

<1>1 (NMOS) 
<1>2 (NMOS) 
<1>2 (TTL) 

<1>2 (TTL) UNGATED 

2xfc 
HciDi 
Hoi:52 
Vcc. GND 

1 

3 

5 

7 

12 

24 

22 

20 

MC6871B 
18 

13 

Description 

<1>1 Clock to MC6800 
<1>2 Clock to MC6800 
<1>2 Clock to microcomputer 

system 
Free-running <1>2 (TTL) 
Twice frequency clock 
Stretch <1>1 high control 
Stretch <1>1 low control 
Power and Ground 

2xfc 

GND 

<1>1 (NMOS) 

Type 

Output 
Output 
Output 

Output 
Output 
Input 
Input 

Figure 9-17. MC68718 Clock Device Pins and Signals 
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Xl----t~ 

X2----t~ 

EXT IN ----t~ 

4xfc..,.i---4 

2xfc""--4 
MEM READY 

'1>2 (TTl) 

GND 

Pin Nama 

<1>1 (NMOS) 

<1>2 (NMOS) 

<1>2 (TTL) 

MEMORY CLOCK 

2xfc 

4xfc 

DMA/REF REa 

REF GRANT 

MEM READY 

'SYsliES 
iiESe'T 
EXT IN 

Xl. X2 
Vcc• GND 

1 
2 
3 
4 
5 
6 
7 

8 

16 1--- Vcc (+ 5V) 
15 <1>1 (NMOS) 

14 RESET 

MC8875 
13 '1>2 (NMOS) 

12 SYs RES 
11 REF GRANT 

10 DMA/REF REa 

9 MEMORY CLOCK 

Description 

<1>1 Clock to MC6800 

4>2 Oock to 1\IIC6800 

<1>2 Clock to microcom
puter system 

Free-running <1>2 (TTL) 

Twice frequency clock 

Four Times frequency clock 

Stretch 4>1 high control 

Stretch 4>1 high acknowledge 

Stretch 4>1 low control 

Asynchronous system reset control 

Synchronous reset control 

External synchronization control 

External crystal connections 

Power and Ground 

TyP8 

Output 

Output 

Output 

Output 

Output 

Output 

Input 

Output 

Input 

Input 

Output 

Input 

Figure 9-18. MC6875 Clock Device Pins and Signals 

The MC6876 is the most versatile of the clock devices provided for the MC6800.lt Is illustrated in Figure 9-18. 

Since these various clock logic devices represent essentially the same capabilities. but with increasing enhan
cements. we will describe logic and capabilities in the order of the device illustrations. 

Much of the clock device logic we are going to describe stretches the <111 (NMOS) and <112 (NMOS) clock Sig
nals. But recall that stretching <111 (NMOS) and <112 (NMOS). in Itself. is only half of the logic needed to stretch 
the entire System Bus. Additionally. the MC6800 needs a high TSC input to float the Address and RIW Bus lil'lee 
while <111 (NMOS) Is high. DBE must be input low In order to float the Data Bus lines while the clock is being 
stretched with <111 (NMOS) low. 

THE MC6870A CLOCK DEVICE 
This Is a minimum clock device: it outputs <111 (NMOS) and <112 (NMOS). the two clock signals required by an 
MC6800 CPU. 

<112 (TTL) is also generated. <112 (TTL) Is used to synchronize support devices: it has sufficient load capacity to 
drive five devices without signal buffering. 

The MC6870A contains an internal crystal and oscillator; in its standard form clock signals with a 1 MHz frequency are 
generated. A variety of other clock frequencies can also be ordered. 

THE MC6871A CLOCK DEVICE 
In addition to the standard signals output by the MC6870A. the MC6871 A provides two additional TTL output clock 
signals and externally controlled pulse stretching capabilities. 
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HOLD1 is used to stretch the standilrd clock signals: <1>1 (NMOS). <1>2 (NMOS) and <1>2 (TTLI. which we de
scribed for the MC6870A. Timing may be illustrated as follows: 

<1>2 (NMOS) and <1>2 TTL 

It is very important that HOLD1 makes its active high-to-Iow transition during a <1>1 (NMOS) high state. Subsequently. 
<1>1 (NMOS). <1>2 TTL clocks will be stretched until HOLD1 makes a low-to-high transition within the contraints de
scribed below. 

As illustrated above. HOLD1 stretches clocks with <1>1 (NMOS) high. If you refer back to our dis
cussion of the MC6800. you will see that these clock levels identify the portion of a machine cycle 
when an address is being output. Typically. the clock will be stretched so that two addresses can 
be output: the first for a Direct Memory Access or dynamic memory refresh operation; the second 
for the normal address output which is required when any instruction is executed. Device select 

MC6800 
STRETCHING 
ADDRESS 
TIMING 

logic must discriminate between the two addresses being output: DMA or dynamic memory refresh logic must receive 
the first address only. while memory or I/O devices receive the second address only. 

Two additional clock signals are output by the MC6871A: 2xfc and MEMORY CLOCK; they are not part of normal 
memory addressing logic. therefore these two clock signals are not stretched by H5L51. 
2xfc Is a twice frequency clock signal which can be used for various synchronization logic around an MC6800 
microcomputer system. 

MEMORY CLOCK is identical in waveform to <1>2 TTL except MEMORY CLOCk is not stretched by HOLD1. 

HOLD1 must make its high-to-Iow transition while <1>1 (NMOS) is high. HOLD1 must subsequently Cake its low-to-high 
transition while <1>1 (NMOS) would have been high. had it not been stretched. An asynchronous H LD1 request must 
therefore be synchronized with <1>1 (NMOS) in order to generate a valid HOLD1 clock input. This is a simple logic 
operation; here is one possibility: 

Asynchronous 
HOLD request 

7402 
MEMORY CLOCK 

2xfc 

! 

+5V 

0 PR 

CK 

C[ 

+5V 
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This circuit synchronizes the high-to-Iow and the low-to-high transition of HOLD1. The low-to-high clock transition oc
curs only during 1111 (NMOS) high time: 

<1>1 (NMOS) 

MEMORY CLOCK 

2xfc 

C _-J""'--..J{\ ..... _fL 
Observe that synchronization logic can create a time delay of up to one half clock cycle between the unsynchronized 
and the synchronized HOLD signals changing state. 

MEMORY READY also stretches clock signals. Timing may be illustrated as foilows: 

<1>1 (NMOS) 

<1>2 (NMOS). <1>2 TTl 

MEMORY READY 

2xfc 

Clock signal stretching begins with 1112 (NMOS) high following the MEMORY READY high-to-Iow transition. Clock 
stretching ends with the falling edge of 2xfc following the MEMORY READY low-to-high transition. Observe that 
MEMORY READY stretches MEMORY CLOCK. which HOLD1 does not do. 2xfc. however. is not stretched. either by 
HOLD1 or by MEMORY READY Also note that MEMORY READY does not require input synchronization. as does 
HOLDL 

If you refer back to the timing diagrams which illustrate MC6800 instructions' execution. you will see that MEMORY 
READY stretches clock signals during the data access portion of a machine cycle. This is the part of the machine cycle 
during which external memory has to respond to a CPU access: therefore. this is the portion of the machine cycle 
which must be stretched for slow memories - which is why MEMORY READY can be visualized as the signal which 
slow memories must input low in order to gain the access time they require. 

The MC6871A contains an internal crystal oscillator. In its standard form. clock signals with a 1 MHz frequency 
are generated. A variety of other clock frequencies can also be ordered. 

THE MC6S71 B CLOCK DEVICE 
This device differs from the MC6871A in two ways. MEMORY READY is replaced by HOLD2 and MEMORY 
CLOCK Is replaced by 1112 (TTL) UNGATED. HOLD2 Stretches clock signals with 1111 (NMOS) low. just as MEMORY 
READY did: however. like HOLD1. HOLD2 must have its active transitions synchronized with the clock output - in this 
case with 1112 high. 1112 (TTL) UNGATED. however. is not stretched. Timing may be illustrated as follows: 

<1>2 (NMOS) . 

and <1>2 TTl 

<1>2 TTL UNGA TED 
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THE MC6S75 CLOCK DEVICE 
This is the most sophisticated of the clock devices offered with the MC6800 microcomputer system. Its prin
cipal features are that it performs control input synchronization which must be handled externally by other 
clock devices; also. the MC687S allows external timing. 

As we have already stated. clock signals are stretched with cl>l and cl>2 low in order to allow a Direct Memory Access or 
dynamic memory refresh address to be output. The MC687S DMAtREF REQ input performs this clock stretching 
operation. just as HOLD1 does. except that DMA/REF REQ can be an asynchronous input. MC6875 internal logic 
performs the synchronization operations which have to be handled externally for the MC6871A and MC6871 B clocks. 
In addition. the MC6875 outputs REF GRANT high while the clocks are being stretched with cl>l (NMOS) high. External 
DMA or dynamic memory refresh logic can use REF GRANT as an enable strobe. 

MEMORY READY and MEMORY CLOCK are as described for the MC6871A. MEMORY READY stretches clocks 
with cl>l (NMOS) low. MEMORY CLOCK follows cl>2 (NMOS) and is stretched by MEMORY READY but not by DMA/REF 
REO. 

The MC687S clock signal outputs cl>1 (NMOS) and cl>2 (NMOS) have sufficient capacity to drive two MC6800 
CPUs. 4xfc is an additional oscillator running at four times the cl>1 and cl>2 clock rates. 

X1. X2 and EXT IN are three signals which allow MC687S clock rates to be controlled externally. 

You can optionally attach a crystal oscillator or an RC network to Xl. X2 as follows: 
CRYSTAL OPERATION RC OPERATION 

...------t XI XI 

R 

..... ----1 X2 6875 X2 6875 

EXT IN I C £ EXTIN 
Crystal~ 

* You can also input an external clock signal to EXT IN. in which case the MC687S will adopt the frequency of the 
external signal. The extemal clock frequency must be four times the cl>1 and cl>2 clock frequency. 

The MC6S7S is able to.take an asynchronous SYSTEM RESET input and convert it into a synchronous RESET. 
which may be used throughout an MC6800 microcomputer system. SYSTEM RESET can be any input signal which is 
processed through a Schmitt trigger to create a RESET output. as described for the 8224 clock device in Chapter 4. 

SOME STANDARD CLOCK SIGNAL INTERFACE LOGIC 
There are a number of very common ways in which MC6870 series clock signals are used within MC6800 
microcomputer systems. 

You will find that all of the support devices described in the rest of this chapter require an 
enable synchronizin~ signal. given the symbol "E". This signal is usually generated as the 
AND of the MC6800 VMA output and the cl>2 TTL clock output: 

MC6800 
ENABLE 
SIGNAL 
GENERATION 

The purpose of ANDing cl>2 with VMA is to make sure that devices receiving signal E are inhibited while VMA is low
at which time the CPU cannot be accessing the support device. 
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The HALT signal. which is used in MC6BOO microcomputer systems to float the System Bus for 
extended periods. must be a synchronous input. You can create a synchronous tim from 
an asynchronous HALT using «1>2 TTL as follows: 

+5V 

Asynchronous HALT -----10 PR 0 Synchronous HALT 

1/274LS74 
<1>2 TTL ~>--I)CK 

+5V 

MC6800 
SYNCHRONOUS 
HALT 
GENERATION 

THE MC6820 AND MCS6520 PERIPHERAL INTERFACE ADAPTER 
(PIA) 

This part is manufactured as the MC6820 by the companies listed at the beginning of this chapter. MOS Tech
nology and its second source companies (whose products are described in Chapter 101 manufacture the same 
part. but call it the MCS6520. 

The MC6820 PIA is a general purpose I/O device. designed for use within MC6800 microcomputer systems. 

The MC6820 PIA provides 16 I/O pins. configured as two 8-bit I/O ports. We will refer to these as Port A and 
Port B. Individual pins of each I/O port may be used separately as inputs or outputs. Each I/O port has two asso
ciated control signals. one of which is input only. while the other is bidirectional. The only differences between 
I/O Ports A and B are in their electrical characteristics. and in their handshaking control capabilities. But these are 
very significant differences. as we will explain shortly. 

Figure 9-19 illustrates that part of our general microcomputer system logic which has been implemented on the 
MC6820 PIA. 

The MC6820 PIA is packaged as a 40-pin DIP. It uses a single +5V power supply. All inputs and outputs are TTL 
compatible. 

The .device is implemented using N-channel silicon gate MOS technology. 

THE MC6820 PIA PINS AND SIGNALS 
The MC6820 pins and signals are illustrated in Figure 9-20. We will summarize signal functions before describ
ing PIA operations. 

Consider first the various Data Busses. 

DO - 07 represents the bidirectional Data Bus via which all communications between the CPU and the MC6820 
occur. 

PAO - PA7 and PBO - PB7 represent Data Busses connecting the two 8-bit I/O Ports A and B with external logic. 
The 16 110 port pins may be looked upon as 16 individual signal lines. or two B-bit I/O busses. Each 110 port pin can be 
individually assigned to input or output. but an individual pin cannot support bidirectional data transfers. 

These are the differences between I/O Port A and B pins: 

1) Bits of 110 Port A may be set or reset at any time by voltage levels applied to associated pins. Irrespective of data 
that may be in a bit position following a Read or Write operation. an 110 Port A bit will be reset to zero any time a 
voltage of +O.8V or less is applied to a Port A pin. A 1 will be written into a Port A bit any time a voltage of +2V or 
more is applied to the Port A pin. 110 Port B bit contents are not affected by voltage levels at I/O Port B pins. For ex
ample. suppose that a 1 has been output to bit 2 of 110 Ports A and B. Subsequently suppose that pin 2 of 110 Ports 
A and B are drained excessively. so that voltage levels transiently drop to +O.5V. 110 Port A bit 2 will become O. but 
110 Port B bit 2 will retain a level of 1. 

2) As outputs. 110 Port B pins may be used as a source of up to 1 mA at +1.5V. to directly drive the base of a transistor 
switch. This is not feasible using 110 Port A pins. 
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There are five device select pins. 
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Arithmetic and 
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Interface Logic 

Read Only 
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Accumulator 
Register(s) 

Data Counter(s) 

Figure 9-19. Logic of the MC6820 PIA 

CSO. CS1 and CS2 are three tvpical chip select signals. For an MC6820 device to be selected. CSO and CS1 must 
receive high inputs while CS2 simultaneously receives a low input. 

Providing CSO. CS, and CS2 have selected an MC6820 device. RSO and RS1 address one of four memory locations. 
Thus an MC6820 device will appear to a programmer as four memory locations. 

Any of the standard schemes described in Volume 1 can be used to address an MC6820 PIA. There is nothing unusual 
about the select logic with which you will assign four unique memory addresses to an MC6820. 

There are four timing and control signals which interface an MC6820 with external logic. 

CA 1 and CA2 are control signals associated with I/O Port A. CA 1 is an input only signal and is usually used by ex
ternal logic to request an interrupt. CA2 is a bidirectional control signal which is used to implement various types of 
handshaking logic. 

CB1 and CB2 are the control signals which support I/O Port B. These two signals are analogous to CA 1 and CA2. 
although there are some differences in the handshaking logic associated with C82 as compared to CA2. 
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Pin Name 

00- 07 
PAO- PA7 

PBO- PB7 
CSO. CSI. CS2 
RSO. RSI 
CAl 

CA2 
CBl 

CB2 
E 
R/iii 
iiilA. iRciB 
Re5Ef 
Vee. Vss 

Vss 
PAO 
PAl 

PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 
CBl 

CB2 

Vee 

1 40 
2 39 
3 38 
4 37 
5 36 - 6 35 
7 34 
8 33 
9 

MC6820 
32 

10 
PIA 

31 
11 

(MCS65201 
30 

12 29 
13 28 
14 27 
15 26 
16 25 
17 24 ----. 18 23 
19 22 
20 21 

Description 

Data Bus to CPU 
Port A peripheral Data Bus 
Pon B peripheral Data Bus 
Chip Select 

Register Select 
Interrupt input to Pan A 

Port A peripheral control 
Interrupt input to Pan B 
Pon B peripheral control 

Device synchronization 
Read/Write control 
Interrupt request 

Reset 
Power and Ground 

-

-

-
--

CAl 
CA2 
iRQA 
iRQi 
RSO 
ASI 
iiESEi' 
00 
01 
02 

03 
D4 
05 
06 

07 
E 

CSI 
CS2 
CSO 
R/iii 

Type 

Tristate. bidirectional 
Input or Output 
Tristate. Input or Output 
Input 

Input 
Input 

Input or Output 
Input 
Input or Output 

Input 
Input 

Output 
Input 

Figure 9-20. MC6820 PIA Signals and Pin Assignments 

There are two control signals associated with the MC6820 CPU interface. 

E is the standard synchronization signal generated by the various MC6870 series clock devices. The trailing edge 
of E pulses synchronizes all logic and timing within the MC6820. Manufacturer literature refers to E as a device enable 
signal. but it is more accurately viewed as a device synchronization signal. 

Rfiii is the standard ReadlWrite control signal output by the MC6800 CPU. When R/W is high. a Read operation is 
specified: that is. data transfer from the MC6820 PIA to the MC6800 CPU occurs. When R/W is low. a Write operation 
is specified: that is. data transfer from the CPU to the PIA occurs. 

There are two interrupt request signals. iiiCiA and IRQB. Under program control you can specify the conditions 
under which an interrupt request can originate at logic associated '!'lith 1/0 Port A or 1/0 Port B. The actual interrupt re
quest is transmitted to the MC6800 CPU via signallROA for I/O Port A logic. and via IROB for 1.'0 Port B logic. Interrupt 
requests originating at either Signal will connect to the MC6800 IRO input. 

RESET is a standard Reset input. When it is input low. the contents of all MC6820 registers will be set to zero. 
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maA38~·~-------------------------------------r~I~:::RR~U:~~' 

0033 
0132 
0231 
0330 
0428 
0628 
06 27 
0726 

OATABUS 
BUFFERS 

(OBB) 

OUTPUT BUS 

STATUS 
CONTROL A 

40 CAl 

39 CA2 

OUTPUT 
REGISTER A 

(ORA) 

r:~~~"'~2 PAO 
..... _ ...... "-1 3 PAl 

CSO 22 
CS124 
CS2 23 
RSO 38 
RSI38 
RIGhI 

ENABlE 25 
RESET 34 

BUS INPUT 
REGISTER 

(BlR) 

I vCC=~m I 
vSS=~ 1 

CHIP 
SElECT 

AND 
R/::;; 

CONTROL 

OUTPUT REGISTER B 
(ORB) 

INPUT BUS 

mcs37--------------------------------------~ 

I~RRU~ 

STATUS 
CONTROlB 

Figure 9-21. Functional Block Diagram for the MC6820 PIA 

MC6820 OPERATIONS 

4PA2 
5 PA3 
6 PM 
7 PA5 
8 PA6 
9 PA7 

10 PBO 
11 PBl 
12 PB2 
13 PII3 
14 PB4 
15 PB5 
1~ PBS 
17' PB.7 

18 CBl 

19 CB2 

As compared to the 8255 PPI. the MC6820 PIA has less formalized operating modes. The MC6820-to-externallogic in
terface consists of two I/O ports. each of which has two dedicated control lines. You have the option of assigning in
dividualllO port lines to input or output; as a completely separate operation you can use the two control lines to 
perform a limited amount of handshaking and interrupt processing - or you can Ignore the control lines. in 
which case the 1/0 port is supporting simple input and/or output. Bidirectional I/O. equivalent to 8266 Mode 2. 
is not available. Figure 9-21 generally represents MC6820 functional organization and Table 9-4 summarizes 
the available operating modes. 
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Table 9-4. MC6820 Operating Modes 

OPERATING MODE MC6800 AVAILABILITY 

Simple input I/O Port A or B 
without handshaking 

Simple output I/O Port A or B 
without handshaking 

Bidirectional I/O Not available. but individual pins of 
without handshaking either I/O port may be separately 

assigned to input or output 

Input with I/O Port A only 
handshaking 

Output with I/O Port B only 
handshaking 

Bidirectional I/O Not Available 
with handshaking 

Table 9-5. Addressing MC6820 Internal Registers 

SELECT LINES 
ADDRESSED LOCATION 

RS' RSO. X 

7 6 5 4 3 2 1 0 ~BitNo. 

0 , I 1 I I I I X I I I/O Port A Control register 

J 

0 0 t I/O Port A Data Direction register 

0 0 , I/O Port A Data buffer 

7 6 5 4 3 2 1 Ii ~BitNo. , , I j j J 1 I X I I I/O Port B Control register 

J 
, 0 t I/O Port B Data Direction register , 0 , I/O Port B Data buffer 

There are six addressable locations within an MC6820 PIA; they are shaded in Figure 9-21. 
Since there are only two register select lines. RSO and RS1. four unique addressable locations can 
be identified within the MC6B20. Table 9-5 summarizes the manner in which the MC6820 uses 
four addresses to access six locations." Logic defined in Table 9-5 requires that you first output a 

MC6820 
REGISTERS 
ADDRESSING 

Control code to each I/O port Control register; next you access either the I/O port Data Direction register. or the I/O port 
Data Buffer. You use the same memory address to access an I/O port Data Direction register and I/O port Data Buffer. 
Which location you access is determined by bit 2 of the I/O port's Control register. 
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You must precede any 1/0 port Data Direction register. or Data Buffer access with a Control code. written to the 1/0 
port's Control register. Once you have written a Control code to an 1/0 port Control register. you do not have to write 
another Control code for addressing purposes until you wish to switch from accessing the 1/0 port Data Direction 
registet to the Data Buffer. or from accessing the Data Buffer to the Data Direction register. 

To illustrate MC6B20 addressing. suppose the four addresses C00016. C00116. C00216 and C00316 select an 
MC6B20. This is how addressable locations within the MC6B20 would actually be selected if address line AO were con
nected to RSO and A 1 to RS 1 : 

Address 
COOOT6 

C00116 
C00216 

C00316 

Selected 
1/0 Port A Data Direction register. if C00116CF1. bit 2 = 0 
1/0 Port A Data buffer. if C00116. bit 2 = 1 
1/0 Port A Control register 
1/0 Port B Data Direction register. if C00316. bit 2 = 0 
1/0 Port B Data buffer. if C00316. bit 2 = 1 
1/0 Port B Control register 

If you read from an I/O port data buffer. you input from the 1/0 port to the CPU; if you write to an 1/0 port data buffer. 
you output from the CPU to the 1/0 port. 

The Data Direction registers identify each pin of an 1/0 port as being dedicated to either input or output. These are 
write only registers. You must write a control word into each Data Direction register; a 0 in a bit position configures the 
corresponding 1/0 port pin as an input. while a 1 results in an output: 

7 6 5 4 3 2 0 4--Bit No. 

Loi,j'.lo\o\'\ol' , • I 

---

Control register 

r--
0 

t-
1 

t-
2 

I""-
3 

I""-
4 -t-
5 

I""-
6 

t-
14"-7 -I/O Port 

PUI. 

Observe that 1/0 Ports A and B will both be configured as B-bit input ports when the MC6820 is teset. since RESET 
clears all internal registers. 
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Control fegister interpretation is ,quite complex. 

The two high-order bits of each Control register are read only locations. which record the status of 
interrupt requests which may originate from either of two control lines associated with an liD 
port: 

Both interrupt requests are 

L output via iRciA 

7 6 5 4 3 2 0 4--BitNo. 

I 

f 
I 
~ 
I I ~Control Register A 

Status of interrupt requests originating at CA2 logic 

Status of interrupt requests originating at CA 1 logic 

Both interrupt requests are 

L output via iRQe 

7 6 5 4 3 2 0 4--BilNo. 

I' I I I ~ Control Register B 

If Status of interrupt requests originating at CB2 logic 

Status of interrupt requests originating at CB 1 logic 

MC6820 
CONTROL 
COPES 

The remaining six con~r.ol bits may be written into or read: they define the way in which the liD port will operate. 

Figures 9-22 and 9-23 describe the Control register interpretation for liD Ports A and B respectively: since the two Con
trol register interpretations are very similar. the points of difference are shaded so that they are easy to spot. 

Let us clarify the functions enabled by the two Control registers. 

Each liD port has its own interrupt request signal: IROA for liD Port A and IROB for liD Port B. 
Each interrupt request Signal has two separate sets of request logic. based on an interrupt request 
originating with a CA 1 ICB 1 signal transition. or a CA2/CB2 signal transition. 

MC6820 
INTERRUPT 
LOGIC 

Control register bit 0 enables or disables IROA/IROB. based on Signal CA 1 ICB 1 transitions only. Ouite independently. 
Control register bit 3 enables or disables IROA/IROB based on transitions of signal CA2/CB2. However. Control register 
bit 3 has an alternative interpretation: the one we have just described only applies if Control register bit 5 is O. 

Interrupt requests are triggered by the "active transitions" of a control signal. The active transitions of control signals 
may be a high-te-Iow. or a low-te-high trar.sition. For CA 1 ICB1. the active transition is selectee! by Control register bit 
1. For CA2/CB2. the actiye transition is selected by Control register bit 4. but only if Control register bit 5 is O. 

Irrespective of whether interrupt request signals IROA and IROB have been enabled or disabled. Control register bits 6 
and 7 will report the interrupt request as a status. that is to say. if a condition exists where CA 1 ICB 1 makes an interrupt 
requesting active transition. then Control register bit 7 will be set to 1. Similarly. if control signal CA2/CB2 makes an in
terrupt requesting transition. then Control register bit 6 will be set to 1. Once set. Control register bits 6 and 7 will re
mllin set until a Read operation addresses the Control register: at that time Control register bits 6 and 7 will both be 
reset to O. while other bits of the Control register are left unaltered. 

If Control register bit 5 is 1. then Control register bits 4 and 3 take on a second interpretation. If Control register bits 5 
and 4 are both 1. then control signal CA2/CB2 will be output at all times with the level of control bit 3. 
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6 432 

6 5 4 3 

I/O Port A Control register 

enabled) on OIan-to-IIOW 
enabled) on low-to-high 

I/O Port I!Direction register 
I/O Port IIData buffer 

} ~'-O 
interrupt handshaking } 
programmed handshaking Bit 5 = 1 

Figure 9-22. I/O Port A Control Register Interpretation 

o .....--BitNo. 
r-~~~~~~~_ 

1/ 0 Port B Control register 

(if enabled) on high-to-Iow.transition 
(if enabled) on low-to-highRtransition 

select I/O Port I Direction register 
select 1/ 0 Port Data buffer 

}~5=O 
interrupt handshaking } 
programmed handshaking Bit 5 = 1 

Figure 9-23. I/O Port B Control Register Interpretation 
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If Control register bits 5 and 4 are 1 and 0 respectively. then Control register bit 3 
specifies an automatic handshaking signal sequence. Let us describe these signal se
quences. 

Input interrupt handshaking applies to I/O Port A only. and may be illustrated as follows: 

MC6820 
AUTOMATIC 
HANDSHAKING 

... -........... ~ 
R/W __ ..... ' 

DO - 02 

CA2 

CAl 

\ 
JRead Data I 

c-
Active 

CAl 
Transition 

CA2 is output on the trailing edge of E. after the CPU has read the contents of the 1/0 Port A data buffer: this tells exter
nal logic that previously input data has been read and new data may now be input. External logic receives CA2 low. 
and upon transmitting new data to 1/0 Port A. must cause an active interrupt requesting transition of input control sig
nal CA 1. What constitutes an active transition will be determined by 1/0 Port A Control register bit 1. When external 
logic requests an interrupt via signal CA 1. CA2 will be set high again. 

Input programmed handshaking applies only to I/O Port A. and may be illustrated as follows: 

E 

cso.csl-CSi 

Riw 

DO - 07 

CA2 

Once again control signal CA2 is output low when 1/0 Port A data buffer contents are read by the CPU. This tells exter
nallogic that previously input data has been read and new data may be input. External logic does not have to identify 
newly transmitted data with an interrupt request; rather. CA2 will be reset as soon as the MC6820 is deselected. Using 
programmed handshaking. external logic may use the CA2 low pulse as a Write strobe. causing new data to be input to 
110 Port A. 
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Output interrupt handshaking applies only to I/O Port B. and may be illustrated as follows: 

E ....• -..•...... ~ 
R/Vii \ I 

Write 

DO - D7 I Data I 
eB2 ~_f __ 
eBl 

In this instance. control signal CB2 is output low on the high-to-Iow transition of E following a Write to I/O Port A Data 
buffer. In other words. CB2 tells external logic that new data has been output to I/O Port B and is ready to be read. Ex
ternal logic tells the MC6820 that I/O Port B contents have been read by making an interrupt requesting active transi
tion of the CB 1 signal. Once again. I/O Port B Control register bit 1 will determine what constitutes an active transition 
of the CBl signal. Program logic can use an interrupt to branch to a program which outputs the next byte of data to I/O 
Port B. 

Output programmed handshaking applies only to I/O Port B. and may be illustrated as follows: 

eso ·esl-Csi 

R/Vii 

DO - D7 

eB2 

CB2 makes a high-to-Iow transition when data is written into the I/O Port B data buffer. just as occurred with output in
terrupt handshaking. However. CB2 will automatically be set to 1 as soon as the MC6820 is deselected. External logic 
can use the CB2 low pulse as a strobe. causing it to read the contents of I/O Port B. 

Many other handshaking protocols may be created under program control. The four automatic protocols described 
above are simply four situations which can be specified. and which will subsequently occur without further program in
tervention. But remember. you can modify the level of control signal CA2/CB2 any time by outputting a Control code, 
with bits 5 and 4 both set to 1; CA2/CB2 will then take the level of Control code bit 3. You can also determine the con
ditions which will cause an interrupt request as a result of any control signal transition. 
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THE MC6860 ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 

The MC6800 microcomputer system provides separate devices supporting synchronous and asynchronous 
serial 110. The MC6850. which we are about to describe. provides asynchronous serial I/O. The MC6852. which we will 
describe next. supports synchronous serial liD. . 

Taken together, the MC6850 and MC6852 devices ara approximately equivalent to the 8251 USART. The 8251 
is a general purpose 8080 device that can be used with a variety of microcomputers. Refer to Volume 3 for a descrip
tion of 8251' s. 

Figure 9-24 Illustrates that part of our general microcomputer system logic which is provided by the MC6850 
and MC6852 devices. . 

Having separate synchronous and asynchronous serial 1/0 devices has advantages and disadvantages, when 
compared to the 8251 USART which provides both sets of logic on a single device. In a microcomputer system that 
uses either asynchronous or synchronous serial I/O. but not both. separate devices are better. because they come in 
smaller packages and require less space on a PC card. If your microcomputer system uses both synchronous and 
asynchronous serial liD. then a single device will be more economical. 

When comparing the MC6850 with the 8251, you will find that the 8251 offers more asynchronous serial 1/0 
options, but It is harder to program. In fact. you must program the 8251 defensively; 8251 statuses and control sig
nals simply prompt your program logic. but actually do nothing within the 8251 USART itself. When using the MC6850 
and MC6852. that is not the case; these two devices are much easier to program. 

The MC6850 ACIA is packaged as a 24-pln DIP. It Is fabricated using N-channel silicon gate technology. 

A single +5V power supply is required. 

In the discussion of the MC6850 that follows we will frequently refer to the 8251 USART description in Volume 3. If 
you are unfamiliar with asynchronous serial I/O devices In general, see Chapter 5 of Volume 1, then read the 
description of the 8251 USART which Is given in Volume 3. 

THE MC6860 ACIA PINS AND SIGNALS 
MC6850 ACIA pins and signals are Illustrated In Figura 9-25. Signals may be divided Into the following four 
categories: 

1) CPU interface and control signals 

2) Serial input 
3) Seria I output 

4) Modem control 

We will first consider CPU Interface and control signals. 

DO - D7 constitutes an 8-bit bidirectional Data Bus connecting the MC6850 with the CPU. 

When data is output to the MC6850 by the CPU. either a byte of parallel data or a Control code will be transmitted. 

A byte of parallel data will be serialized and transmitted according to the protocol which has been selected under pro
gram control. 

Either data or status may be input from the MC6850 ACIA to the CPU via the Data Bus. Data consists of an a-bit parallel 
data unit extracted from the serial input data stream. Status consists of the contents of the ACIA Status register. 

The Status register of the MC6850 ACIA is very important. because the MC6850 uses status flags where the 8251 
uses control signals to monitor serial data transfer logic. 

The MC6850 ACIA is accessedJrLthe CPU as two memory locations. MC6850 select logic consists of the three chip 
select signals CSO, CS1 and CS2: manufacturers' literature also refers to the enable signal E as being part of the 
chip select logic: however. E is more accurately visualized as an internal synchronization signal. 

For the MC6850 ACIA to be selected. CSO and CSl must be input high while CS2 is simultaneously input low. Once 
selected. the register select signal RS determines which of the two addressable locations within the MC6850 
ACIA will be accessed. When RS is low. a Read will access the ACIA Status register. while a Write will access the 
ACIA Control register. WhenRS is high. ACIA data buffers will be addressed. 

While the MC6850 ACIA is selected. internal logic is synchronized on the trailing edge of the E signal. E is a standard 
output of the various MC6870 clock devices used to synchronize support logic throughout an MC6800 microcomputer 
system. 
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Interface Logic 

Read Only 
Memory 

Accumulator 
Registeris) 

Data Counteris) 

I/O Ports 
Interface Logic 

110 Ports 

Direct Memory 
Access Control 

Figure 9-24. Logic of the MC6850 ACIA or MC6852 SSDA Devices 

R/W is the control input which determines whether a Read or Write operation is in progress. When RIW is high. 
the CPU is reading data out of the MC6850. When R/W is low. the CPU is writing data to the MC6850. 

The MC6850 has no RESET input; a Control code is used as a master Reset. When power is first detected within 
the MC6850. internal logic automatically initiates a Reset sequence. Subsequently. before initializing the MC6850 for 
serial data transfer you should again reset the device by inputting a Reset Control code. 
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VSS 
RxO 

RxCLK 

TxCLK 

Ri'S 
TxO 
iRQ 
CSO 
CS2 
CS1 

RS 

VOO 

Pin Name 

00 - 07 
CSO, CS1. CS2 

1 
2 
3 
4 
5 
6 MC6850 

7 ACIA 

8 
9 

10 
11 
12 

Description 

Data Bus to CPU 

Chip Select 

21 

16 
15 

as 
'6Co 
00 
01 
02 
03 
D4 
05 
D6 
07 
E 

.---R/W 

Type 

Tristate, bidirectional 

Input 

E Internal synchronization Input 

RS Register Select Input 

R/W Read/Write control Input 

TxCLK Transmit Clock Input 

TxO Transmit Data Output 
RxCLK Receive Clock Input 
RxO Receive Data Input 

ffi Claar To Send Input 

Ri'S Request To Send Output 
5Co Data Carrier Detect Input 

iRa Interrupt request Output 

VOO,VSS Power and Ground 

Figure 9-25. MC6850 ACIA Signals and Pin Assignments 

MC6850 DATA TRANSFER AND CONTROL OPERATIONS 
There are a number of buffers through which data flows in and out of the MC6860 ACIA. These data flows may 
be illustrated as follows: 

Parallel 
Data In 

Parallel 
Data Out 

Data Address 

Buffer Buffer 
RA TA 

Assembled Byte to 
Byte transmit 

Register Register 

RB TB 

Serial Serial 
data data 
input output 
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Buffer names in the illustration above conform with terminology used for the 8251 in Volume 3; this will make 
it easier for you to c(!mpare the two devices. 

Like the 8251. the MC6850 has double buffered serial input and output logic. As described for the 8251. while a data 
byte is being serialized and output from Buffer TB. you must simultaneously write the next data byte to Buffer 
TA: Also. while a serial data byte is being assembled in Buffer RB. you must read the previously assembled data 
byte out of Buffer RA. . 

Unlike the 8251. the MC6850 has a separate Control register. You can therefore write Control codes and read status 
at any time without fear of scrambling data waiting to be transmitted. 

As compared to the 8251. the MC6850 has very elementary serial 1/0 logic. 

TxCLK is an externally provided clock signal which times the serial. asynchronous data 
stream which is output via TxD. 

Similarly. RxCLK is an externally provided clock signal which times the serial. asynchronous 
data stream which is input via RxD. 

T!1ere are no control signals accompanying serial I/O data; rather. a single interrupt request 

MC6850 
SERIAL I/O 
DATA AND 
CONTROL 
SIGNALS 

signal is shared by all transmit and receive conditions. You have to write an interrupt service routine which reads the 
contents of the MC6850 Status register. and thus determine which one of the many serial data transfer interrupt re
quest conditions has occurred. 

The fact that you must execute instructions to duplicate the logic which the 8251 provides with its TxRDY. RxRDY and 
TxE signals will certainly make an MC6800 microcomputer system less attractive in an application that makes heavy 
use of seriall/Q. Conversely. the MC6800 system will appear more attractive in simple applications. since you have less 
interface circuitry to be concerned with. 

Three modem control signals are provided: Clear To Send ICTS). Request To Send IRTSI. 
and Data Carrier Detect lOCO). CTS and RTS are identical to the signals with the same names 
described in Volume 1. Chapter 5 for the general case. and in Volume 3 for the 8251. 

RTS is output by the MC6850 under program control when the MC6850 is ready to transmit data. 
A full duplex line turns RTS around and sends it back as CTS: a half duplex line returns CTS after 
line turnaround has occurred. 

MC6850 
MODEM 
CONTROL 
SIGNALS 

The MC6850 has no Data Set Ready IDSR) signal: this is the signal which many serial 1/0 devices transmit to modems 
or any external receiving logic when ready to commence with serial data communications When using an MC6850. 
RTS must serve double duty. additionally substituting for DSR. 

Even though the MC6850 has only three of the normal four control signals. these signals work hard within the 
MC6850. 

The DCD input must be low for serial transmit logic within the MC6850 to be enabled This is true also of the equivalent 
8251 DSR signal: however. if the DCD signal makes a low-to-high transition. the MC6850 will generate an interrupt re
quest. thus effectively halting serial data output A low-to-high DCD transition implies that the modem has. for some 
reason. disconnected itself; any further data transfer will be lost In the case of the 8251. if a modem disconnects itself 
and DSR goes high. this condition will be refl!'lcted in a Status register flag. but unless the CPU executes instructions to 
read the Status register and test for this condition. the 8251 will continue transmitting data - even though the receiv
ing end is dead. 

The MC6850 uses CTS high to prevent the Status register from reporting a "Transmit Register Empty" condition. The 
MC6800 CPU determines when to send another byte of data to the MC6850 by testing the Status register. and looking 
for a "Transmit Register Empty" condition. If this condition never gets reported. no data will ever be uselessly transmit
ted. Contrast this with 8251 logic. where a misprogrammed 8251 can and will continue to transmit data after CTS has 
gone high. 

II 
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MC6850 ACIA CONTROL CODES AND STATUS FLAGS 
Let us now examine the way in which the MC6860 Control and Status registers are interpreted. 

~==-a H,re is the Control register interpretation: MC6850 

7 6 5 4 3 2 o 4--SitNo. 

Control register 

'----- 00 Isosynchronous,+1 clock rate 
01 + 16 clock rate 
10";'-64 clock rate 
11 Master Reset 

'----------000 7 bits. even parity, 2 stop bits 

001 7 bits. odd parity, 2 stop bits 
010 7 bits. even parity, 1 stop bit 
011 7 bits, odd parity, 1 stop bit 
100 8 bits. no parity, 2 stop bits 
101 8 bits, no parity, 1 stop bit 
110 8 bits. even parity, 1 stop bit 

111 8 bits. odd parity, 1 stop bit 

1....------------00 R'i'S low. disable transmit interrupt logic 

01 R'i'S low, enable transmit interrupt logic 
10 Ri'S high,·disable transmit interrupt logic 

CONTROL 
REGISTER 

11 Ri'S low. disable transmit interrupt logic, output break level 

1....--------------0· Disable receive interrupt logic 

1 Enable receive interrupt logic 

The CPU neither sends nor receives the parity bit. The MC6850 adds the parity bit to transmitted data and strips or 
resets the parity bit in received data before it goes to the CPU. 

Control register bits 0 and 1 determine the data transfer clock rate. Recall that serial data is usually transmitted or 
received at 1/1 6th or 1/64th of the clock rate, TxCLK or RxCLK. Transferring serial data at the exact clock rate is refer
red to as isosynchronous data transfer. 

The master reset Control code substitutes for the normal reset input signal, which the 
MC6850 lacks. A master reset cle(!rs all MC6850 registers. with the exception of Status register 
bit 3. which is unaltered. 

Control register bits 2,3 and 4 identify data bit. stop bit and parity options. Compared to the 8251, 

MC6850 
SYSTEM 
RESET 

MC6850 options are somewhat limited: five and six data bits are not provided and you cannot select 1.5 stop bits. 

Control register bits 5 and 6 are transmit logic control bits. Control register bit 7 is a receive 
logic control bit. 

Transmit logic consists of the RTS modem control and various transmit conditions that can cause 
an interrupt request. 

Receive control logic consists of various receive conditions that can cause an interrupt request. 

Interrupt logic of the MC6850 is an integral part of status logic. Conditions that can result in 
an interrupt request are therefore summarized below along with· a definition of Status 
register bits. A "T"is placed in those bit pOSitions that can result in an interrupt request from 
transmit logic. An "R" is placed in those bit positions that can resu It in an interrupt request from 

MC6850 
SERIAL I/O 
CONTROL 
LOGIC 

MC6850 
INTERRUPT 
LOGIC 

receive logic. Status register bit positions that have neither a "T" nor an "R" identify conditions that do not result in in
terrupt requests. 

In those bit positions containing a "T" or an "R". a 1 causes an interrupt request to occur. OCO (bit 3) is an exception: 
here it is the transition from 0 to 1 that causes an interrupt request. In each case. the interrupt request will only occur if 
interrupt logic has been enabled. If you look back at the Control register. you will see that transmit and receive interrupt 
logic can be enabled and disabled separately. Control register bits 5 and 6 determine whether transmit interrupt logic is 
enabled. while Control register bit 7 determines whether receive interrupt logic is enabled. Note that the condition of 
Status register bit 3 can also disable a TORE interrupt request. 
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When an interrupt request occurs. the requesting condition is cleared in various ways depending upon where the re
quest originated. 

An RDRF interrupt request will be cleared if the CPU reads data from the MC6850. or if a reset Control code is output. 

A TORE interrupt request will be cleared by writing data to the MC6850 or by issuing a reset Control code. 

interrupts requested by DCD or OVRN are cleared by reading the Status register after the error condition has occurred. 
and then reading the Data register. A Master Reset will also clear these interrupt requests. 

Let us now take a closer look at the Status register itself. This is how register bits are interpreted: 

Status register 

'----RDRF, Receive Data register fun 

'------TDRE, Transmit Data register empty 

'-------i5C5, Data carrier Detect signal status 

'--------Ci'S, Clear To Send signal status 

'-----------FE, Framing Error 

'------------OVRN, Receiver overrun error 

'--------------PE, Parity Error 

'--------------IRQ, Interrupt request 

(1 in a bit position represents "true" condition for bits 7, 6, 5, 4, 1 lind 0.) 

Status register bit O. Receive Data Register Full. goes to 1 when a byte of assembled data is transferred from 
Receive register RB to Receive register RA. Bit 0 is cleared as soen as the CPU reads the contents of Register RA. The 
DCD modem .:ontrol signal. when high. forces Status register bit 0 to stay low so that the CPU will not attempt to read 
nonexistent data. 

Status register bit 1. Transmit Data Register Empty. goes from 0 to 1 as soon as data is transferred from RegisterTA 
to Register TB. This bit is reset to 0 as soon as the CPU writes another bit of data into Register T A. Transmit Data 
Register Empty on the MC6850 is equivalent to Transmitter Ready on the 8251. The MC6850 has no status bit or pin 
equivalent to Transmitter Empty on the 8251. 

Status register bit 2. Data Carrier Detect. is used by the MC6800 to determine the status of external logic com
municating with the MC6850. When DCD makes a low-to-high transition. an interrupt request is generated and Status 
register bit 2 goes high. Bit 2 remains high until the Status register contents are read by the CPU after DCD has gone 
low again. A Reset will also set Status register bit 2 to O. If the CPU reads the Status register while DCD is high. then 
subsequently Status register bit 2 will track the DCD level: however. another interrupt will not be requested. It is the 
actuallow-to-high transition of the DCD signal which causes an interrupt request. not a high level of Status register bit 
2. 

Status register bit 3. Clear To Send. tracks the CTS modem control input. MC6850 logic uses Status re~r bit 3 to 
inhibit serial data transfer when external receiving logic is not ready to receive the serial data. When CTS is high. 
Status register bit 1 will be held low. A TORE interrupt request cannot occur. and program logic which tests Status 
register bit 1 will noi transmit another data byte to Register TA until it detects a 1 in Status register bit 1. Thus. for as 
long as CTS is high. serial transmit logic will be inhibited. 

Status register bits 4. 5 and 6 report framing. overrun and parity errors. respectively. Recall that a framing error is 
reported when start and stop bits dOllOt correctly frame a data character: a framing error refers to the data byte cur
rently waiting to be read out of RA. An overrun error is reported if the CPU does not read Register RA contents before a 
byte of data is transferred from Register RB to Register RA. A parity error is reported if parity has been enabled by Con
trol register bits 2. 3 and 4. but the wrong parity is detected. 

A framing or parity error is automatically reset as soon as the erroneous data is read out of Register RA. or is overwrit
ten. 

An overrun error is cleared by reading data from the MC6850. 
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Status register bit 7. Interrupt Request, is 1 whenever there is an unacknowledged interrupt request pending at the 
MC6850 device. One method that an MC6800 will use to determine the source of an interrupt request is to read device 
Status registers. If the MC6850 has no other method of identifying itself to the CPU when requesting an interrupt. then 
the CPU determines whether the MC6850 was the requesting device by reading the contents of the MC6850 Status 
register and testing the condition of bit 7. 

THE MC6852 SYNCHRONOUS SERIAL DATA 
ADAPTER (SSDA) 

The MC6862 SSDA provides MC6800 microcomputer systems with synchronous serial I/O logic. 

The MC6862 SSDA may be looked upon as a companion device to the MC6860 ACIA which we have just de
scribed. Taken together. these two devices provide MC6800 microcomputer systems with total serial I/O 
capability. 

Figure 9-24 Illustrates that part of our general microcomputer system logic which is provided by the MC6860 
and MC6852 devices. 

The most striking difference between the MC6860 and the MC6862 is their respective capabilities. Whereas 
the MC6860 offers fewer asynchronous sariall/O options than the 8261 USART (described in Volume 3). the 
MC6862 offers significantly more synchronous serial I/O options. Moreover. the MC6852 provides additional 
serial I/O options without the penalty of defensive programming which is demanded by the 8261 USART 

The MC6862 SSDA is packaged as a 24-pln DIP. It Is fabricated using N-channel silicon gate technology. 

A single +5V power supply is required. 

In the discussion of the MC6862 that follows. we will frequently refer to ,he 8261 USART description given in 
Volume 3. If you are unfamiliar with synchronous serial I/O devices in general. see Chapter 5 of Volume 1. then 
read the description of the 8261 USART which Is given in Volume 3. 

MC6852 SSDA PINS AND SIGNALS 
MC6862 SSDA pins and signals are illustrated in Figure 9-26. Most of these signals are Identical to those illustr
ated in Figure 9-26 for the MC6860. therefore we will only describe four signals which differ. 

The MC6852 has a master Reset input. which .. when input low. logically resets the MC6852. We will define how a 
Reset occurs after describing the MC6852 controls and status flags affected by a Reset. 

The Data Carrier Detect (DCD) modem control Input performs two functions. The normal function of DCD is to 
serve as a control signal transmitted by an external data carrier which is ready to transmit serial data to the MC6852 
SSDA. 80th the high-to-Iow aAd the low-to-high transitions of DCl5 have additional significance. The high-to-Iow sig
nal transition can optionally be used as an external synchronization indicator. while a subsequent 10W-lo-high transi
tion is an error indicator. signaling an unexpected disconnect: 

RxCLK 

RxD 

Rising edge of RxCLK following falling edge of 
DC5 can seNe as external synchronization. marl<
ing the start of data bits incoming on RxD. 

An untimely Iow-to-high transition of i5C5 
means the transmitter got disconnected unex
pectedly. 

Using the high-to-Iow Dcb pulse for external synchronization is a programmable option. The error condition reported if 
DCD makes an unexpected low-to-high transition is not a programmable option: it is a permanent part of the MC6852 
error detection logic. 
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Pin Name 

00-D7 
CS 
E 
RS 

R/w 
TxCLK 

TxD 

RxCLK 
RxD 

REsET 
DcD 
CTs 
SM/DTA 

TUF 
Fa 

Vss 
AxD 

RxCLK 

TxCLK 

SM/i5TR 

TxD 

iRli 
TUF 

RESeT 
CS 
AS 

VDD 

VDD. Vss 

1 
2 
3 
4 
5 
6 MC6852 

- 7 
8 
9 

10 
11 
12 

Description 

Data Bus to CPU 

Chip Select 

SSDA 

Internal synchronization 

Register Select 

llead1Write control 

Transmit Oock 

Transmit Data 

Receive Cock 

Receive Data 
Master Reset 

Data Carrier Detect 

Oear To Send 

24 

23 
22 
21 
20 
19 
18 
17 

16 
15 
14 

13 

Sync Match/Data Terminal Ready 

Transmitter Underflow 

Interrupt request 

Power and Ground 

-
-

Ci'S 
0C0 
00 
D1 

D2 
D3 

D4 
D5 
OS 
D7 
E 

R/W 

Type 

Tristate. bidirectional 

Input 

Input 

Input 

Input 

Input 

Output 

Input 

Input 

Input 

Input 

Input 

Output 

Output 

Output 

Figure 9-26. MC6852 SSDA Signals and Pin Assignments 

Clear To Send (CTS) is the modem control signal which is normally input by external receiving logic. indicating that 
the MC6852 may begin transmitting serial data. Like DCD. the CTS high-to-Iow transition can be used to synchronize 
the bell!!!!!.ing of data transmission: the low-te-high transition of CTS is an error indicator. Once again. using the high
to-low CTS pulse t.Q.£.rovide external transmit synchronization is a programmable option. However. an untimely low-te
hJ9.!1 transition of CTS is an error indicator only if internal synchronization is being used. Therefore. if the high-to-Iow 
CTS transition is active. then the low-te-high subsequent transition must be inactive: conversely. if the high-te-Iow 
CTS transition is inactive. then a subsequent low-te-high transition will be active. This is because the high-to-Iow tran
sition. if active. means that external synchronization has been selected - in which case the disconnect error logic is in
active. 

Note that whereas the CTS signal low-te-high transition is only active during internal synchronization operations. the 
bCD low-to-high transition is active at all times. This means that external logic disconnecting itself during a serial 
transmit operation will only cause an error to be indicated if external synchronization has been selected. On the 
other hand, during a serial receive operation, if extemal logic disconnects itself, an error will be indicated 
whether internal or external synchronization has been selected. 

Since DCD and CTS can both be used for external synchronization. as we might expect. DTR also serves a double 
function. Under normal circumstances. DTR will be output low by the MC6852 when it is ready either to transmit. or to 
receive serial data. If the MC6852 has output DTR low before transmitting serial data. then the receiving data carrier 
will turn DTR around and send back a high-te-Iow DCD pulse as we illustrated. If you have selected external syn
chronization under program control. then you can additionally program DTR to output a single high pulse as soon as 
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synchronization has been detected. This may be illustrated as follows: 

XC6852 wants to Data carrier says it is XC6852 says it has detected 

ready to transmit data external synchronization 

SM/OTR 

RxCLK 

RxD 

Rising edge of RxCLK following falling edge of 

'OCi5 can serve as external synchronization. mark

ing the start of data bits incoming on RxD. 

An untimely low-to-high transition of DCD 

means the transmitter got disconnected unex

pected�y. 

Because DTR also acts as a Sync Match acknowledge. it is referred to as SM/DTR. 

When the MC6852 transmits serial data. it transmits the least significant bit first. The 
MC6852 also expects to receive the least significant bit first when receiving serial data. 

MC6852 
SERIALIZATION 
SEQUENCE 

Transmitter Underflow (TUF) is the fourth unique MC6852 signal. This signal is output when an underflow condi
tion occurs during serial synchronous data transmission. Recall that during serial synchronous data transmission. if 
serial transmit logic finds no data ready to be output. then in order to maintain synchronization. a break character or a 
Sync character will be output. A break character is a continuous high level. equivalent to FF16. A Sync character will 
have some predefined binary pattern. Providing you have programmed the MC6852 to output Sync characters when 
no valid data is ready for serial transmission. the MC6852 will precede each Sync character with a high TUF pulse. Ex
ternal receive logic can use a high TUF pulse as an indicator that the next received character is a Sync and can be dis
carded. 

MC6852 DATA TRANSFER AND CONTROL OPERATIONS 
Like the MC6850. the MC6852 SSDA is accessed via two memory addresses; however. these two memory ad
dresses are shared by seven locations within the MC6852. which results in a complex set of data flows. as il
lustrated in Figure 9-27. 

These are the seven addressable locations of the MC6852: 

1) Data input - a read only location. 

2) Data output - a write only location. 

3) Status register - a read only location. 

4) Sync Code register - a write only location. 

5. 6. and 7) Three Control registers - all are write only locations. 

Data input and data output are self-evident apart from being triple buffered - and wewill discuss the implications of 
triple buffering shortly - there is nothing unusual about MC6852 data input or output. 

The Status register is absolutely standard. 

The three 8-bit Control registers provide the MC6852 with a substantial variety of control options. as compared to 
the MC6850. which was somewhat limited in this respect. 

The Sync Code register stores the 8-bit synchronization character code: this is the character which must appear at 
the beginning of any synchronous serial data stream and may also be transmitted when data is unavailable during a 
normal transmit sequence. 
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Figure 9·27. Data Flows Within an MC6852 SSDA 
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Of the seven addressable locations. two are read only. while five are write only. Each memory address can access 
two locations, providing one is exclusively read only. while the other is exclusively write only. Since there are 
just two read only locations. one is assigned to each memory addre~s Since there are five write only locations. one 
(Control Code 1) is assigned to the lower address. which leaves four assigned to the higher address: the two high-order 
bits of Control Code 1 are used to select one of the four write only locations assigned to the higher address. While this 
may look like a complex scheme. in reality it is not: all it meims is that you have to observe a rigid programming se
quence when using an MC6852. In fact. understanding the MC6852 depends completely on understanding the Control 
and Status registers: therefore we will describe these registers first. then look at data transfer sequences. 

MC6862 STATUS REGISTER 
The MC68&2 Status register may be illustrated as follows: 

-4--BitNo . 

.... t--MC6852 Status register 
~~~-,~~~~~ 

L-___ RDA. Receive data available; read RA 

L-----IDA. Transmit data register available; write to TA 

L-------DCD. Data Carrier Detect signal status 

L--------Ci'S. Clear To Send signal status 

L-_________ TUF. Transmitter Underflow error indicator 

L-__________ OVRN. Overrun error indicator 

L-____________ PE. Parity Error indicator 

L--------------IRQ. Interrupt request status 

(1 in a bit position represents "true" condition for bits 7. S. 5. 4. 1 and 0.) 

Conditions that may generate interrupts are marked with letters in appropriate Stetus register bit positions. An 
interrupt request initiated by an error condition is represented by the letter E. Interrupt requests originating at transmit 
or receive logic are represented by the letters T and R. respectively. 

Status register bit 0 (RDA) indicates when the MC68&2 Status register has a byte of data 
ready to be read. Similarly Status register bit 1 (TDA) indicates when the MC68&2 Is ready 
to receive another byte of data which will be output as a serial data stream. 

As indicated in Figure 9-27. MC6852 transmit and receive logic is triple buffered. This differs from 
the MC6850 which uses double buffering. 

IIiIC68&2 
TRIPLE 
i>ATA 
BUFFERS 

You can use the triple buffering of the MC68&2 in one of two ways which you select using appropriate Control 
register codes. 

You can select a single byte option. in which case as soon as a single byte of data can be written to Buffer TA or read 
from 8uffer RA. the appropriate status flag will be set -and if interrupts are enabled. an interrupt request wili be made 
to the CPU. The program controlling MC6852 operation must respond by reading or writing a single byte of data. A 
byte of data written to Buffer T A will automatically be rippled through Buffer TT to Buffer TB. whence it will output as a 
serial data stream. Data arriving at Buffer RB will be rippled through Buffer RT to Buffer RA. whence it must be read by 
the CPU. 

If you select the two byte option under program control. then no status flags will be set. nor will interrupt requests 
occur until two of the three 8-bit buffers are empty. Thus. status bit 0 will be set and a receive interrupt request will oc
cur when Buffers RA and RT are both full. Under program control you must. at this time. read two bytes of data. So long 
as a single pulse of the timing E Signal separates the two read commands. MC6852 logic will transfer Buffer RT con
tents to Buffer RA so that the second read accesses what had been in Buffer RT. In fact. you should read RA contents, 
then status. then RA contents again. If there are errors associated with the data byte in RT. they will not be reported un
til RT contents have been transferred to RA. 
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When using the two byte option with transmit logic. Status register bit 1 will not be set and the appropriate interrupt 
request will not occur until Buffers TA and TT are both empty. At this time the executing program must write two bytes 
of data to the higher MC6852 address. while Control code 1. bits 7 and 6 are both 1. The first byte of data written to the 
higher MC6852 address will store data in Buffer T A. The next pulse of the E clock will transfer the contents of Buffer TA 
to Buffer TT. The second write will again load Buffer TA whose previous contents are now in Buffer TT. 

Status register bits 2 and 3 are associated with signals DCD and CTS. respectively. If DCD or CTS makes a low-to
high transition. then its corresponding Status register bit will latch high - that is. it will maintain a level of 1 until it is 
reset by the CPU. Once bit 2 (or 3) has been reset it will track DCD (or CTS) until the next low-to-high transition. 

Note that in Sync mode. if Status register bit 3 is 1. then Status register bit 1 will be held at 0; this is how the 
MC6852 suppresses subsequent transmit logic. . 

Status register bits 4. 5 and 6 indicate Underflow, Overrun or Parity errors. respectively. 

An Underflow error occurs when transmit logic does not have a byte of data ready to transmit and has to insert a Sync 
character. The Underflow error is reported just before the Sync character is transmitted. When Status register bit 4 is 
set. the TUF signal is simultaneously pulsed high. 

An Overrun error occurs when a byte of data is written into Buffer RA before prior buffer contents have been read. An 
Overrun error therefore indicates that a single byte of data has been lost. 

A Parity error indicates that a Parity option has been selected. but the wrong Parity was detected for the data byte cur
rently in Buffer RA. 

These three error conditions are completely standard; however. the way they are handled within the MC6862 
is not standard. When anyone of these error conditions occurs. the appropriate Status register bit will be set and 
simultaneously an interrupt request will be generated. providing you have enabled these three error interrupts. 

An error status is not cleared automatically. To clear Status register bits 4: 5 or 6. you have to read Status register con
tents. then issue an appropriate Control code to reset the selected bit. 

We can summarize the functions performed by MC6862 Status register bits by looking at the manner in which 
each bit is set or reset; then we can separately examine the way in which interrupt logic is assoc"iated with 
each status bit position. 

Table 9-6 summarizes the conditions which cause each bit to be set and then reset. Table 9-7 summarizes inter
rupt requests associated with each status bit. indicating the way the interrupt is enabled or disabled and the way in 
which an interrupt request occurs. You will find Table 9-7 following the three Control registers' description. because in
terrupt logic is equally dependent upon the Status register's contents and the three Control registers' contents. 

THE MC6852 CONTROL REGISTERS 
Now consider the three MC6852 Control registers. 

Control register 1 is normally the first to be accessed and has to be written into in order to select any other write only 
MC6852 location. Control re9ister 1 format may be illustrated as follows: 

7 6 5 4 3 

I I I I I I I 
I 

o -4--BitNo. , MC6852 Control Register 1 

RxRS. Reset and inhibit receive logic 

TxRS. Reset and inhibit transmit logic 

STSYNC. Strip SYNC characters when detected 

CLSYNC. Inhibil all SYNC character logic 

TIE. Enable transmit data interrupts 

RIE. Enable receive data interrupts 

00 Select Control Code 2 } 
01 Select Control Code 3 High address 

10 Select Sync Code wnte 
11 Select Transmit Buffer TA select 

(1 in a bit position represents "true" conditIon for bits 5. 4. 3. 2. 1 and 0.1 
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Control register 1. bits 0 and 1 reset and inhibit receive and transmit logic. respectively. You use these two Con
trol register bits in order to disable transmit and receive logic while modifying the contents of any Control register or 
the Sync register. 

Control register 1. bits 0 and 1 are very important. It is easy to miss the significance of these two control bits. If 
you always inhibit transmit and receive logic before modifying the contents of Control or Sync registers. you can make 
sure that spurious data is never transmitted or received. The 8251 USART described in Volume 3. does not have any in
hibit logic of this. type; and as a result. you have to adopt elaborate precautions to avoid data transmission errors. 

While transmit and receive logic is inhibited. Status register bits 2 and 3 will still track the DCD and CTS signals; 
however. no data transfers will occur and interrupts associated with the inhibited logic will be disabled. 

Using Control register 1. bits 0 and 1 to inhibit transmit and/or receive logic also affects Status register bits and inter
rupt requests. as summarized in Tables 9-6 and 9-7. 

Table 9-6. MC6852 Status Register Bit Set/Reset Conditions 

STA1\JS SET RESET 

11 If Control register 2 bit 2 is 1. when 11 Write 1 in Control register 1 bit O. 

RDA- Bit 0 
Buffer RA is full. 2) Read Buffer RA contents. 

2) If Control register 2 bit 2 is O. when 
Buffers RA and RT are full. 

11 If Control register 2 bit 2 is 1 when 1) 1 occurs in Status register bit 5. 

TDA - Bit 1 
Buffer TA is empty. together with 0 in Control register 3 bk O. 

2) If Control register 2 bit 2 is 0 when 2) Write 1 in Control register 1 bit 1. 
Buffers TA and TT are empty. 3) Write into Buffer TA. 

A low-to-high om input transition when 11 Head lltatus regIster. then read Buffer 
Control register 1 bit 0 is O. RA. Status will subsequently go low 

i5Ci5 - Bit 2 
when 'i5Ei5"input goes low. 

2) Write 1 into Control register 1 bit O. 

Status will subsequently go low when 

i5C6 input goes low. 

A low~to-high CTS input transition when 11 Write 1 to Control register 3 bit 2. 
Control register 1 bit 1 is O. Status will subsequently go low when 

m-Bit3 
crs input goes low. 

2) Write 1 into Control register bit 1. 
Status will subsequently go low when 
m input goes low. 

TUF -Bit 4 
Underflow whon Control register 3 bit 0 is 0 1) Write 1 into Control register 3 bit 3. 
and Control registor 2 bit 6 is 1. 2) Write 1 into Control register 1 bit 1. 

OVRN- Bit 5 
Buffer RT contents is transferred to Buffer 1) Road Status registor, thon read Buffor RA. 
RA boiore Buffer RA contents is reed by CPU. 2) Write 1 into Control register 1 bit O. 

PE· Bit 6 
Parity orror for data in RA; providing Control 11 Read data out of Buffer RA. 
register 2 bits 3, 4 and 5 idontify a parity option. 2) Write 1 into Control register 1 bit O. 

IRQ -Bit7 Anv interrupt request occurs. No active interrupt requests exist. 
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Table 9-7. MC6852 Interrupt Summary 

INTERRUPT ENABLE REQUEST 

RDA - Read Buffer Control register 1 bits 0 and 5 must be StetUl register bit 0 = 1 
RA or Buffers RA o and 1 respectivelv 
and RT contents 

TDA - Wriie into Control register 1 bits 1 and 4 mUll be Status register bit 1 = 1. 
B~ffer TA or RA o and 1 faspectivaly. This will not occur if StetUl register 
apdTT bit3=1. 

DCD - Transmitting Control register 2 bit 7 must be 1 On Iow-to-high transition of OCO. 
~8ta carrier 
diSfOnnected 

CTS - Receiving Control register 2 bit 7 mUll be 1. On Iow-to-high transition of CTS. 
ext"!'"'llogic 
disconnected 

~F-Transmit Control register 2 bit 7 mUll be 1. Statu. regiater bit 4 = 1. 

4nd9rf1ow ha. 
OCl:urrad 

OVRN - Receive Control register 2 bit 7 must be 1. StatUI register bit 5 = 1. 
overrun error 
"!I.occurrad 

PE - Parity Error Control register 2 bit 7 must be 1 StetUl register bit 6 = 1. 

Control regisler 1. bit Ii allows you to enable or disable receive data interrupt logic. Control register 1. bit 4 
allows '11011 lO ~nable or disable transmit data interrupt logic. 

There is no cOl'1nection between Control register 1. bits 0 and 1. and Control register 1. bits 4 and 5. Obviously. if 
transmit or receive logic has been inhibited. then it makes no difference whether interrupt logic has been enabled or 
disabled; in eithE!lr case an interrupt cannot occur. However. if transmit or receive logic is enabled. then interrupt logic 
may be sepllratelx. enabled or disabled. 

Control regist~r 1. bits 2 lind 3 determine the way the Sync character will be handled. If Control register 1 bit 2 is 
high. then all Sync characters in a serial receive data stream will be stripped. so that only non-Sync characters are read 
by the CPU . .If Control register 1.bit 2 is low. then the entire data stream will be transmitted to the CPU. including data 
and Sync charllcters. Note that the initial Sync character is always stripped. 

Control regis.,r 1. bit 3 allows you to completely inhibit all Sync character logic. Now the Sync character will be 
cleared. and the MC6852 must use external synchroni2ation. 

Control regil!1er bits 6 and 7 determine which write only location will be accessed when the CPU writes to the 
higher """'9'1 IQcatlon of the I\IIC6862. 

I 
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Now consider Control registers 2 and 3. which are best looked upon as a single 12·bit control unit. These two 
Control registers may be illustrated as follows: 

7 6 5 432 o 4----Bit No. 

I I I I I I I I MC6852 Control Register 2 

T 00 Output continuous high 8t SM/i5i'R 

6 5 4 3 2 

I I I I I I I 

0 1 Output 8 high pulse at SM/i5i'R upon detecting a Sync match 
o Output continuous low at SM/DTR 1 

1 1 Output a continuous low at SM/i5i'ii and inhibit Sync match 

Read/Write data two bytes at a time 
1 Read/Write data one byte at a time 

000 Select 6 data bits plus even parity 

00 1 Select 6 data bits plus odd parity 
0 10 Select 7 data bits and no parity 
0 11 ,Select 8 deta bits and no parity 
1 00 Select 7 data bits and even parity 
1 01 Select 7 data bits and odd parity 
1 

1 

0 
1 

10 Select 8 data bits and even parity 
11 Select 8 data bits and odd parity 

Transmit break code (all 1 bits) on underflow 
Transmit Sync character on underflow 

0 Inhibit all error interrupt requests 
1 Enable all error interrupt requests 

o 4----Bit No. 

I 

MC6852 Control Register 3 

o Select intemal Sync mode 
1 Select external Sync mode 

o Select two Sync characters 

1 Select one Sync character 

1 Clear CTS interrupt request 

1 Clear transmitter underflow interrupt request 

Unassigned 

Control register 2. bits 0 and 1. an,d Control register 3. bits O. 1. 2 and 3 are used to define synchronization logic. 

Control register 3 .• bit 0 is used to determine whether internal or external synchronization will be employed. If internal 
synchronization is selected. then Control register 3. bit 1 determines whether one or two Sync characters must precede 
a serial data stream for initial synchronization to occur. 

Control register 2. bits 0 and 1 must now be set so that SM/DTR logic conforms to the synchronization options selected 
by Control register 3. bits 0 and 1. You also use Control register 2. bits 0 and 1 to select the signal level that will be out
put for a standard DTR modem control. 

Control register 2. bits 2. 3. 4. 5 and 6 define the data transfer options. 

Recall that when the CPU reads received data. or writes data to be transmitted. data may be read and written one byte 
at a time. or two bytes at a time. We discussed this option when describing Status register bits 0 and 1. You select the 
one byte or two byte mode via Control register 2. bit 2. 

Control register 2. bits 3. 4 and 6 allow you to define the number of data bits per word. and parity options. These 
are standard selections which have been described in detail in Volume 1. Chapter 5. Notice that the MC6852 provides 
a much wider variety of data and parity options than the MC6850. 
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Control register 2. bit 6 determines the response of MC6852 transmit logic when no data is ready to be transmitted. If 
Control register 2. bit 6 is O. then a break code will be output on underflow: if this bit is 1. then a Sync character code 
will be output on underflow. Remember. an Underflow error will be reported in the Status register only if you transmit 
Sync character codes on Underflow. Therefore. Control register 2. bit 6 must be 1 if Underflow errors are to be reported 
in the Status register. Recall that an underflow error is reported before a Sync character is transmitted: also. the under
flow error status is accompanied by a high TUF output signal pulse. 

Along with Control register 1. bits 4 and 5. which we have already described. Control 
register 2. bit 7 and Control register 3. bits 2 and 3 apply to MC6852 interrupt logic. 
MC6852 interrupt logic is quite complex. There are a number of interrupt sources and no standard 
procedure for enabling. disabling. acknowledging or processing different interrupt requests. 

MC6852 
INTERRUPT 
LOGIC 

Rather than describing the Control register bits that pertain to interrupts. therefore. various interrupt options pro
vided by the MC6852 are summarized in Table 9-7. 

PROGRAMMING THE MC6852 
Let us now look at the normal sequence of events when programming the MC6852. 

First the MC6862 must be initialized. Initialization begins by resetting the MC6852 using the RESET control input 
When the MC6862 is reset this is what happens: 

1) Control Register 1. bits 0 and 1 are set to 1. inhibiting transmit and receive logic. 

2) Control register 2. bits 0 and 1 are reset to O. causing SM/OTR to be output high. 

3) Control register 2. bit 7 is reset to O. disabling OCO and CTS interrupt requests. and all error 
interrupt requests. 

4) Control register 3. bit 0 is reset to O. selecting internal synchronous mode. 

MC6852 
RESET 
OPERATION 

5) Status register bit 1 is cleared and held low so that the CPU never reads a status that requests data be written to 
the MC6852. 

Control register bits affected by the RESET control input cannot be modified until RESET goes high again. 

Following device Reset. you must load Control registers 1. 2 and 3 and the Sync Code register. The only caution con
cerns Control register 1: remember. Control register 1. bits 6 and 7 must be modified so that you can access Control 
registers 2 and 3 and the Sync Code register. When modifying Control register bits 6 and 7. be sure not to inadvertently 
modify the remaining six bits of Control register 1. 

Once the MC6862 has been initialized. you are ready to start transmitting or receiving data. 

The only complications associated with transmitting or receiving data involve the way in which you select the pro
grammable options of this device. There is nothing intrinsically different or complicated about the MC6852. as com
pared to any other synchronous serial liD device. These are the only rules to observe: 

1) Always inhibit transmit and receive logic via Control register 1. bits 0 and 1 before modifying the contents of any 
Control register or the Sync register. 

2) Unless you have enabled error interrupts. always precede any data read or write operation by reading the contents 
of the Status register and checking for errors. 
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Interface Logic 

Programmable 
Timers 

Clock Logic 

Arithmetic and 
Logic Unit 

Interface Logic 

Read Only 
Memory 

Accumulator 
Register(s) 

Data Counter(s) 

Interface Logic 

I/O Ports 

Figure 9-28. Logic olthe MC6828 Priority Interrupt Controller 

THE MC8507 (OR MC6828) PRIORITY INTERRUPT 
CONTROLLER (PIC) 

This Priority Interrupt Controller has two part numbers. identifying the fact that it is a bipolar part. and also com
patible with the NMOS family of the MC6800 microcomputer devices. We will use the part identification 
MC6828 in the discussion that follows. 

The MC6828 Priority Interrupt Controller processes up to eight external interrupt requests. creating a vectored 
response to an interrupt acknowledge. Interrupt priorities are determined by pin connections. but under pro
gram control you can set a priority level below which all interrupts are inhibited. 

Figure 9-28 illustrates that part of our general microcomputer system logic which is provided by the MC6828 
PIC. 
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The MC6828 PIC cannot be compared to the 8269 PICU which is available with 8080A microcomputer 
systems. The briefest inspection of the two devices will indicate that the 8259 offers a significantly wider range of op
tions - which can be a'good thing or a bad thing. As we have often stated. an excessive dependence on interrupt pro
cessing in microcomputer applications is hard to justify: in all probability the more limited capabilities of the MC6828 
will adequately sent'e the needs of any reasonable microcomputer application. 

The MC6828 is packaged as a 24-pin DIP. It is fabricated using bipolar LSI technology. 

A single +5V power supply is required. 

MC6828 PINS AND SIGNALS 
MC6828 pins and signals are illustrated in Figure 9-29. 

In order to understand this device. you must first look at the way in which it is used within an MC6800 
microcomputer system. 

CSI 1 24 Vee 

S'i'fiETcH 2 23 Fa 

Pin Name 

Al-A4 
ZI- Z4 

iNO-'iN7 
CSii,CSl 
R/Vii 
E 

IRQ 

VCC,GND 

cso 3 22 Z4 

iNO 4 21 Z3 

Trii1 5 MC8507 20 Z2 

iN2 
iN3 
IN4 
m 
iNS 
irii7 

GND 

6 MC6828 19 ZI 

7 18 E 
PIC 

R/W B 17 
9 16 Al 

10 15 A2 
11 14 A3 
12 13 A4 

Description 

Termination of system Address Bus lines A l-A4 
Continuation of system Address bus lines. A l-A4 
External interrupt requests 

Device Select 
Read/Write control 
Device Enable 
Clock stretching signal 
Interrupt request 

Power and Ground 

Figure 9-29 MC6828 Signals and Pin Assignments 

Type 

Input 
Output 
Input 
Input 
Input 
Input 

Output 

Output 

Recall that when any standard external interrupt is acknowledged by an MC6800 CPU. the CPU will fetch the starting 
address for the interrupt service routine from memory locations FFF816 and FFF916 These two addresses may be il
lustrated as follows: 

15 14 13 12 11 10 9 B 7 6 5 4 3 2 0 4--BiI No. 

~~~~~I-l~I~~~-T-I~o~l-o~lx~1 
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The MC6828 PIC is positioned serially. preceding the external memory device which is to be selected by the 
addresses FFF816 and FFF916' Address lines A1. A2. A3 and A4 terminate at the MC6828. Logic within tIJe 
MC6828 appropriately manipulates these four address lines and outputs some value which may differ from the 
input value. This may be illustrated as follows: ' , 

Address 
transmitted 

by CPU 

AI5 
AI4 

AI3 
AI2 
All 
AIO 

A9 
A8 
A7 
A6 

Address 
received 

by memory 

A5 
A4 

A3 I 
A2 0 
Al 0 

--------------------- ~} Address 

y lines 

Y modified 
Y by MC6828 
X AO X 

.... -
'-- -MC6828 

""'--

Thus. what the MC6828 does is extend the two addresses FFF816 and FFF916 into 16 addresses. FFE816 through 
FFF716· 

The CPU knows nothing about the address manipulation which is taking place within the MC6828. So far as the CPU is 
concerned. upon acknowledging an external interrupt. it reads two bytes of data from memory locations FFF816 and 
FFF916; the fact that there are eight possible responses to these two addresses is of ·no concern to the CPU. 

Conceptually. the MC6828 is acting as an 8-way switch. The CPU addresses the switch by its "stem". via a single ad
dress. The actual conduit for the transfer of two bytes of data depends on the switch position at the time the CPU ac
cesses the switch stem; and the switch position is going to be determined by the highest priority active interrupt re
quest. This may be illustrated as follows: 

IN7_-.. 
11116_ 

FFFB. FFF9 

iiii5'-
iiii4~ - m .... 
iN2 Z 

iiiiT: 
1Nli .--

Let us now look at the device pins and signals. 

A 1 - A4 represents the terminat~on of System Address Bus lines A 1 - A4 at the MC6828. 

The continuation of the four address lines is via pins Z1 - Z4. 

FFF6. FFF7 
FFF4. FFF5 
FFF2. FFF3 
FFFO. FFFI 
FFEE. FFEF 
FFEC. FFED 
FFEA. FFEB 
FFE8. FFE9 

The eight external interrupt requests ar~nnected to INO - IN7. Interrupt priorities are in ascending level. from 
INO which has lowest priority through IN7 which has highest priority. 

Device select logic consists of CSO and CS1. For this device to be selected. CSO must be low while CS1 is high. 
There are additional select requirements that depend on the operation being performed. as we will describe shortly. 
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Rfiii is the read/wi'ite control output by the MC8800 CPU. 

E is the standard enable signal required by all support devices of an MC8800 microcomputer system. You can 
extend the response time available to the MC6828 by extending the E input. 

A STRETCH output is 'created and can be connected directly to the clock device of the microcomputer system in 
order to provide as much response time as needed by the MC6828. 

The actual interrupt request Vlihich generates the entire response process occurs via the IRQ output from the MC6828. 
This output will normally be connected to the MC6800 IRQ input. 

THE INTERRUPT ACKNOWLEDGE PROCESS 
When anyone of the eight interrupt request lines iiiiO . iN7 Is low. an interrupt request Is generated via IRQ. 
This interrupt request is passed on to the MC8800 CPU. 

As is normal. the MC6800. upon acknowledging the interrupt request. will perform two read operations; during these 
read operations the contents of memory locations FFF816 and FFF916 are read. The MC6800 CPU interprets the con
tents of these two memory locations as a 16-bit address. identifying the beginning of the interrupt service routine 
which is to be executed following the acknowledge. 

When the MC8800 CPU Is reading the contents of memory locations FFF818 and FFF918. these are the signal 
levels for the control and select inputs.to the MC8828: 

Rm CSO CSl A4 A3 A2 Al 
101 1 100 

The MC8828 interprets the signal combination R/w.CSO.CS1.Ai ·A2·A3.A4. as a special select. causing it to 
output binary data on the Z1. Z2. Z3 and Z4 pins representing the highest priority active Interrupt request occu r
ring on any of the interrupt request pins INO - IN7. Table 9-8 defines the binary data output corresponding to each in
terru pt level. 

If R/W is high. CSO is low and CS 1 is high. but A 1. A2. A3. A4 are not 0011. then the MC8828 will simply out· 
put. via Z1 • Z4. whatever Is being input via A 1 - A4. Also. when the MC8828 is not selected. A 1 - A4 Is simply 
output via Z1 - Z4. whatever values are Input via A 1 • A4; that Is to say. 0011 input to A 1· A4 will be output via 
Z1 - Z4 if the MC8828 Is not seiected. Thus. the presence of the MC6828 on the A 1 - A4 address lines of the Ad
dress Bus will be transparent until either the address FFF816 or the address FFF916 appears on the Address Bus. 

In order to guarantee that the MC6828 remains synchronized with the rest of the MC6800 microcomputer system. 
logic Internal to the MC8828 uses the E synchronization signal as part of intemal enable logic. The way in which 
the E synchronization signal is used is of no particular concern to you. as an MC6828 user. Providing the E synchroniza
tion signal which drives the rest of the MC6800 microcomputer system also drives the MC6828. problems will not 
arise. 

Table 9-8. MC6828 Address Vectors Created for Eight Priority Interrupt Requests 

PRIORITY PIN Z4 Z3 Z2 Zl EFFECTIVE ADDRESSES 

Highest 7 IN7 1 0 1 1 FFF6 and FFF7 
6 IN6 1 0 1 0 FFF4 and FFF5 
5 IN5 1 0 0 1 FFF2 and FFF3 
4 IN4 1 0 0 0 FFFO and FFFl 
3 IN3 0 1 1 1 FFEE and FFEF 
2 IN2 0 1 1 0 FFEC and FFED 
1 iN1 0 1 0 1 FFEA and FFEB 

Lowest 0 INO 0 1 0 0 FFE8and FFE9 
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INTERRUPT PRIORITIES 
Table 9-8 defines the priorities that will be applied to simultaneous Interrupt requests occurring at pins INO -
IN7. This table also Indicates the exact memory addresses which will be created by the MC6828 in response to 
each of the interrupt requests. In order to use the MC6828 PIC in an MC6800 microcomputer system. 16 bytes of 
PROM or ROM. selected by the addresses given in Table 9-8 must be connected to the MC6828. Within these 16 bytes 
of PROM or ROM. you must store the starting addresses for the eight interrupt service routines which are going to be 
executed following acknowledgement of each possible external interrupt request. For example. suppose that interrupt 
requests arriving at the IN5 pin of the MC6828 must be serviced by an interrupt service routine whose first executable 
instruction is stored in memory location 2E0016· The value 2E0016 must then be stored in the two PROM or ROM bytes 
selected by memory addresses FFF216 and FFF316· Remember. the high-order byte of an address is always stored at 
the lower address. Thus 2E16 will be stored in memory location FFF216 while 0016 is stored in memory location 
FFF316· 

In simple configurations the 16 bytes of PROM or ROM selected by the MC6828 will be part of the MC6800 address 
space; the MC6828 simply sits on the Address Bus. Logic may be illustrated as follows: 

A15 

A5 
A4 

Al 
AO 

VMA 
R/W 

<1>2 IE) 
IRQ 

INO 

IN7 

· · · · · • 

· · · 

... 

~f 

l+ 

-· · · 
--
--

· · · · A4 

· · j" 
Al 

CSO Z4 -;-. 
Al ZI ...!....-

A4 
IRQ 

MC6828 
CSI 

<1>2 IE) 

R/W 

j ..... 

Chip select logic generates CSO as the NAND of address lines A5 through A 15; thus. the MC6828 will be selected only 
when these address lines are all high. VMA is used to generate select line CS1. Since VMA is high only while a valid 
memory address is being OUlpUt. valid select logic is completed. Address lines A4 through A 1 physically terminate at 
the MC6828. which re-generates them via the Z4 through Z1 outputs. Z4 through Z1 will exactly reflect A4 through 
A 1. unless the MC6828 is selected and A4 through A 1 is 1100. Thus. the presence of the MC6828 will add a slight pro
pagation delay on the Address Bus. but otherwise it will have no effect on addresses being transmitted until FFF816 or 
FFF916 appear. 

9-75 



It is also possible to move the MC6828 PIC out of the main Address Bus path, in which case its 16 bytes of PROM 
or ROM are not within the main microcomputer address space. This scheme may be illustrated as follows: 

A15 

A5 
A4 
A3 
A2 
Al 
AO 

VMA 
R/W 

<1>2 (E) 
IRQ 

INO 

IN7 

· · · 

n 

· · · 

.~ 
... 

1111 

¥. 
''-,- -'-

~ 
~ eso 

· A1 Z1 · · A2 Z4 

A3 
MC6828 

A4 

CS1 

- <1>2 (E) 

R/IN 

IRQ 

j ..... j 

· · · .. 
::: 

';; 

. 
· · · 

MC6800 
SYSTEM 
BUS 

ROM 
ENABLE 

SEPARATE 
ROM 
ENABLE 
AND 
ADDRESS 
.LOGIC 

AO 
A1 

A4 

In the above scheme it is only necessary that memory addresses FFF816 and FFF16 be reserved for the MC6828 PIC. 
This is because A4. A3. A2 and A 1 contribute to CSO logic; they must be 1100 for CSO to be low. CS 1 is generated by 
the high VMA pulse. Address 8us lines A 1. A2. A3 and A4 now branch to form a new five-line Address Bus - AO with 
Z1 through Z4. This five-line Address Bus is input to a separate ROM or PROM which is enabled by the same logic that 
enables the MC6828. 
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If you move the MC6828' PIC out of the main Address Bus. then you can have more than one MC6828 device within a 
single MC6800 microcomputer system. Each MC6828 device must have its own 32 bytes of PROM or ROM. and device 
priority must be established by conditioning lower priority MC6828 select logic with higher priority interrupt request 
logic. This may be illustrated as follows: 

A15 

A5 
A4 
A3 
A2 
Al 
AO 

VMA 
IRQ 

· · · 

')( 

-

~ -J 

- t 

· · · 

... 

""'1 

CSO } Highest priority 
CSI MC6828 
iRCI 

CSOl Second highest 
CS 1 priority MC6828 

IRQ 

r 

Anyone interrupt request being true at a higher priority MC6828 PIC will suppress the high VMA pulse and automat
ically prevent a lower priority MC6828 PIC from being selected. 

INTERRUPT INHIBIT LOGIC 
The MC6828 provides a very elementary level of interrupt inhibit logic. You can output a mask to the MC6828 _~.--
identifying a priority level below which all interrupts will be Inhibited. 

Now the mask is written out to the MC6828 in a very unusual way. 

Recall that the MC6828 requires memory addresses FFE816 through FFF916 to access PROM or ROM. Any attempt to 
write into these memory addresses will be ignored. The MC6828 takes advantage of this fact by trapping attempts to 
write into memory locations FFE816 through FFF916· That is to say. when R/W is low while CSO is low and CS1 is high. 
the MC6828 considers itself selected. but it interprets the four address lines A 1. A2. A3. A4 as data. defining the mask 
level below which interrupts will be inhibited. Table 9·9 defines the way in which the mask specified by address 
lines A 1. A2. A3 and A4 will be Interpreted. 
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Table 9-9. MC6828 Interrupt Masks - Their Creation and Interpretation 

Write anything and Address Bus Which will inhibit 
to this address: lines A 1-A4 will all interrupts. including 

have this value: and below: 

FFEO or FFEl 0000 All interrupts enabled 
FFE2 or FFE3 0001 INl 
FFE4 or FFE5 0010 IN2 
FFE6 or FFE7 0011 IN3 
FFE8 or FFE9 0100 IN4 
FFEA or FFEB 0101 IN5 
FFEC or FFED 0110 IN6 
FFEE or FFEF 0111 IN7 

FFFO through FFFF 1000 through 1111 All interrupts disabled 

THE MC6840 PROGRAMMABLE COUNTER/TIMER 

This is a programmable device which contains three sets of counter/timer logic. Each set of counter/timer logic 
can be programmed independently to perform a variety of time interval. pulse width measurement and signal 
generation operations. 

The MC6840 programmable counter/timer is described in this chapter rather than in Volume 3 because. like 
other 6800 support devices. it requires the enable clock signal as an input. 

The MC6840 is somewhat more versatile than the 8263 programmable counter/timer. which was first developed 
as an Intel 8080 support device: the 8253 counter/timer is described in Volume 3. Within an MC6800 or MCS6500 
microcomputer system. the 8253 is probably preferable to the MC6840; this is because capabilities of the MC6840 are 
not sufficiently superior to the 8253 to compensate for the enable clock signal and its attendant synchronization prob
lems. 

The MC6840 is fabricated using N-channel silicon gate depletion load technology; it is packaged as a 28-pin DIP. 

THE MC6840 COUNTER/TIMER PINS AND SIGNALS 
MC6840 counter/timer pins and signals are illustrated in Figure 9-30. These pins and signals are described in 
conjunction with a general discussion of the MC6840 organization logic and capabilities. 

Each of the three sets of timer logic has a 16-bit Counter. a 16-bit Latch and three control signals. illustrated as 
follows: 

IRQ .. ----------------------------------------~-----------

Data In 

C 

Counter/ 0 
Data Out TImer 

Logic 

G 
<1>2 (E) 

Data In >--_________________ --,1' 
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(GNO)VSS 1 28 C1 
G2 2 27 01 
02 - 3 26 G1 
C2 

~ 
4 25 - DO 

G3 5 24 01 
03 6 23 02 
a 7 

MC6840 22 03 
RESET -'" 8 21 04 

IRQ 9 20 05 
RSO ____ 

10 19 06 
RS1 ____ 

11 18 07 
RS2 ____ 

12 17 - <1>2 (E) 
R/Vii ____ 

13 16 CS1 

VCC- 14 15 CSO 

PIN NAME DESCRIPTION TYPE 

DO - 07 Data Bus Tristate, bidirectional 
C1 Timer 1 clock Input 
01 Timar 1 output Output 
Gl Timer 1 gate Input 
C2 Timer 2 clock Input 
02 Timer 2 output Output 
G2 Timer 2 gate Input 
C3 Timer 3 clock Input 
03 Timer 3 output Output 
G3 Timer 3 gate Input 
RSO, RS1, RS2 Register salact Input 
CSO.CSI Chip select Input 
R/Vii Read/Write control Input 
RESET System reset Input 
IRQ Interrupt request Output 
<1>2 (E) Clock input Input 

VCC. Vss Power and Ground 

Figure 9-30. MC6840 CounterlTimer Signals and Pin Assignments 

When any counter or timer operation is initialized, the 16-bit latch contents are loaded 
into the associated 16-bit Counter. The Counter is then decremented either on high-Io-Iow 
transitions of the external clock signal (Ci or on high-to-Iow transitions of the internal <1>2 
clock Signal; selecting one or the other is a programmable option This may be illustrated as 
follows: 

Initialize 

<1>2 or C -.l t I \ I \ 
+ + + 

XXXX XXXX-l XXXX-2 
from in in 
Latch Counter Counter 

to Counter 

XXXX represents any initial 16-bit value. 

MC6840 
COUNTER/TIMER 
INITIALIZATION 

I L 
+ 

XXXX-3 
in 

Counter 

If the external clock signal is used to decrement the counter/timer, then it is being used as an event counter; if 
the internal synchronization clock is used to decrement the counter/timer, then it is being used as a timer. 

The external signals C and G are sampled on the trailing edge of <1>2. This has important synchronization conse
quences. 
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. Timing for external clock signal C or if may be illustrated as follows: 

I 
I 

<1>2 (E) I \ 
I 

CorG 

I 

MC6840 
EXTERNAL 
SIGNAL 
TIMING 

\ 

'-101 __ -----One machine cycle -----~ 

C must be stable low before start 
of machine cycle. and must not 
start retuming high until after end 
of machine cycle. 

Thus. external clock signal frequencies may vary from 0 (DC) to somewhere less than half of the internal «1>2 clock fre
quency. 

It is very important that external signal timing conform to the illustration above. If insufficient setup time is pro
vided. MC6840 logic will possibly recognize the initial high-to-Iow signal transition twice: once assuming that the 
setup time just made it. and again assuming that it did not. this may be illustrated as follows: 

<1>2 (E) I \ I \ 
I 
I 

CorG \ 
~ C or G ~ detected :) 

. here or here 

A similar problem may occur on the trailing edge of the external signai This may result in clock pulses being missed. 
This may be illustrated as follows: 

C or G ~ may be detected Cor G -r may be detected 

<1>2 (E) --1~----i\..J~U- ~~"-=i) I 
I I ~ ___ J 

Actual C or G 

Some or all of 
these four Cor G 

interpretations 
are possible 

\ 

\ 

\ 
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Any transition of the Cor G input signals is not recognized by internal MC6840 logic for four «1>2 clock periods. 
This may be illustrated as follows: 

<1>2 

Actual Cor G \ I 
I 

CorGas I I 

internally \ I recognized 
I I 

One point can cause confusion when you are using the external clock (e) to decrement the counterltimer: it will still 
take four internal clock pulses (<<1>2) to recognize each external clock pulse. as illustrated above. A common mistake. 
when using this part. is to assume that internal clock recognition is simply delayed four clock pulses. the delay is four 
internal clock pulses. 

The only significance of this delay is that there is indeed a delay. This delay has no effect on external clock signal fre
quency or timing. 

The gate input (G) is used variously to initiate or suspend timer operations. 

Timer results can be output via the output signal O. A variety of continuous or one-shot wave forms may be generated 
via the 0 output signals. 

The programmer accesses an MC6840 counterltimer as eight contiguous memory locations. A memory location is 
selected via two chip select inputs (CSO and CS1) plus three register select inputs (RSO. RS1 and RS2). 

As is standard for MC6800 support devices. chip select logic should be conditioned by the valid memory address 
(VMA) signal. Device select and addressing logic may be illustrated as follows: 

VMA ~CSl 

A15 :~ Select 
• CSO 

Logic' 
A3 

A2 .. RS2 
Al .RSl 
AO • RSO --- ---Signals output Signals input to 

by the MC6800 the MC6840 
CPU Counter/Timer 

Once the MC6840 has been selected. the level of the R/W signal determines whether a read (R/W high) or a write 
(R/W low) operation is to occur. If RIW is low. the CPU will write into the selected MC6840 location: if RIW is high. 
the contents of the selected MC6840 location will be read. 

Any data transferred to or from the MC6840 is transferred via the Data Bus. The MC6840 Data Bus connection is 
three-state: when a read or a write operation is not in progress. the MC6840 disconnects itself from the Data Bus. 

The MC6840 is reset by applying a low input signal to the RESET pin. Necessary reset tim- I MC6840 RESET I 
ing may be illustrated as follows: 
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RESET signal timing requirements are the same as the C and G requirements which we just described. The RESET is 
recognized by internal logic two clock puises after a low level is detected. 

Following a valid reset. all Latches are loaded with the value FF16. and this value is transferred to the Counter registers. 
All Control registers are reset to O. with the exception of Control Register 1 bit O. which is set to 1. This is a system in
itialization bit which we will describe later. The Status register is also cleared. Thus. following a reset. those program
mable options which are selected by 0 bits in the Control registers will be enabled. 

MC6840 ADDRESSING 
Addressable locations within the MC6840 are all read-only or write-only locations. Table 9-10 identifies MC6840 ad
dressable locations. 

Table 9-10. MC6840 Addressable Locations 

Register Selected Operations 

RS2 RS1 RSG 
Lebel R/W~G (Write) R/W=1 (Read) 

Addrall, 

0 0 0 DEV Write to Control Register 3 No operation 
if Control Register 2. bit 0 is 0 
Write to Control Register 1 
if Control Register 2. bit 0 is 1 

0 0 1 DEV+1 Write to Control Register 2 Reed Status register 

0 1 0 DEV+2 Write to MSB register Reed Counter Register 1 

0 1 1 DEV+3 Write to Latches 1 Read LSB register 

1 0 0 DEV+4 Write to MSB register Reed Counter Register 2 

1 0 1 D~+5 Write to Latches 2 R8ad LSB register 

1 1 0 DEV+6 Write to MSB register Reed Counter Register 3 

. 1 1 1""- DEV+7 Write to latcheS 3 Read LSB register 

There are some nonobvious aspects to MC6840 addressing. We will first look at write addresses. 

If we number the three counter/timer logic elements 1. 2 and 3. counter/timer logic element 2 has a unique write-only 
address for its Control register. (It is address DEV+l). Counter/timer elements 1 and 3 share a single write-only address 
(DEV). The level of Control register 2 bit 0 determines whether Control Register 1 or 3 will be selected by address DEV. 
This may be illustrated as follows: 

7 6 5 4 3 2 o ~BitNo. 

Address DEV + 1 ~:::::::::::::::::::::I:::~Control Register 2 

t 
Addrass DEV ------------...".--" &~--: eontrol Rliilister 3 (f = ___ , 
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Following a device reset. Control Register 2. bit 0 will be O. Therefore. initially Control Register 3 will be selected by ad
dress DEV. Th\.ls. you will normally access Control registers in the sequence 3. 2. 1. as follows: 

1) Select address DEV.access Control Register 3. 

2) Select address DEY+l. access Control Register 2. Set Control Register 2. bit 0 to 1. 

3) Select addre!1s DEV. access Control Register 1. 

Three write addresses select an "MSB" register. All three write addresses select the same temporary "Most Significant 
Byte" buffer. This buffer allows 16 data bits to be written into anyone of the three 16-bit latches when a single 8-bit 
write is executed. This may be illustrated as follows: 

7 

MSB buffer 

15 

Latches 1 MSB 

15 

Latches 2 MS!:I 

15 

Latches 3 MSB 

MSB means Most Significant Byte 
LSB means least Significant Byte 

O~ 

8 7 

8 7 

8 7 

Bit No. 

Write Address 
OEV+2. OEV+4. OEV+6 

0 .. Bit No. 

Write Address 
LSB 

OEV+3 

0 .. Bit No . 

Write Address 
LSB OEV+5 

0 ... Bit No. 

Write Address 
LSB 

OEV+7 
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The Most Significant Byte (MSB) buffer allows the MC6840 to be accessed by MC6800 16-bit write instructions. You 
can. for example. use an STX or STS instruction to transfer the contents of the Index register or the Stack Pointer to the 
selected MC6840 location. There are three MC6840 locations which can receive a 16-bit data value; they are the three 
counter/timer latches illustrated above as Latches 1. Latches 2 and Latches 3. You address these counter/timer latches 
via their associated Most Significant Byte buffer address. Now when you output a 16-bit value (for example. from the 
Index register). first the high-order byte is transferred to the Most Significant Byte (MSB) buffer. For Latches 2 this may 
be illustrated as follows: 

15 8 7 o 

STX DEV+4 

MSB Buffer 

DEV+2.DEV+4 
DEV+6 

15 8 7 o ......-BitNo. 

Latches 1 

DEV+3 

15 8 7 o ....-BitNo. 

Latches 2 

DEV+5 

15 8 7 o ......-BitNo. 

Latches 3 

DEV+7 
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Then the low-order byte is transferred to the low-order byte of the addressed counterltimer latches. while 
simultaneously the Most Significant Byte (MSB) buffer contents are transferred to the high-order byte of the addressed 
counterltimer latches. This may be illustrated as follows: 

15 8 7 o 

CPU Index Register "I _______ .... lo.lo.~~lo.lo.lo.lo.lo.lo.~ 
STX DEV+4 

7 o "'-BitNo. 

MSB Buffer 

8 7 O",-BitNo. 

Latches 1 

DEV+3 

Latches 2 

DEV+5 

15 8 7 O~BitNo. 

Latches 3 

DEV+7 
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You can. of course. access counter/timer latches using single byte instructions. You could. for example. transfer a 16-
bit value one byte at a time from Accumulator A. via the following instruction sequence: 

LOA A.#HI LOAD ADDRESS HIGH-ORDER BYTE AS IMMEDIATE DATA 
STA A.DEV+4 STORE IN MSB BUFFER 
LOA A.#LO LOAD ADDRESS LOW-ORDER BYTE AS IMMEDIATE DATA 
STA A.DEV+5 WRITE 11 DATA BITS TO LATCHES 2 

This instruction sequence may be illustrated as follows: 

MSBBuffer 

Latches 1 

Latches 2 

Latches 3 

7 O...--BitNo. ,.-----., 

DEV+2.DEV+4 
DEV+6 

15 8 7 O~BitNo. 

p-----------~----------~ 

DEV+3 

15 8 7 O~BitNo. 

DEV+5 

15 8 7 O......--BitNo. 

~----,------

DEV+7 
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MSB Buffer 

Latches 2 

Latches 3 

MSB Buffer 

Latches 1 

Latches 2 

Latches 3 

7 

DEV+2.DEV+4 
DEV+6 

15 8 7 O~Bit.No. 

~--------~--------.., 

DEV+3 

15 8 7 O~BitNo. 

~--------~--------.., 

DEV+5 

15 8 7 O~BitNo. 

~--------~---------, 

7 

DEV+2.DEV+4 
DEV+6 

DEV+7 

O~BitNo. 

15 8 7 o .......--BitNo. 

r-----------~----------~ 

DEV+3 

15 8 7 o ~BitNo. 

DEV+5 

15 8 7 o ...-BitNo. 

DEV+7 
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Memory 
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7 o 

7 

MSB Buffer VL,,;...:."'-t~~ 

8 7 o .--BitNo. 

latches 1 ""--"""" 

DEV+3 

latches 2 r///~v/// 

8 7 

latches 3 

DEV+7 

Memory 

As illustrated by the instruction sequence above. you must first transfer the high-order byte of data to the Most Signifi
cant Byte (MSB) buffer. then you must transfer the low-order byte of data to the timer/counter Latches address; when 
you write to the timer/counter Latches address: the data moves into the low-order byte of the timer/counter Latches. 
while simultaneously the Most Significant Byte buffer contents are transferred to the high-order byte of the 
timer/counter Latches. 

There are seven read-only locations within the MC6840. 

Address DEV does not select any read-only location. 

Address DEV+ 1 reads the contents of a Status register; this register records time out and interrupt request status for 
the three sets of counter/timer logic. The Status register is described later. 
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The remaining six read-only addresses are used to read the contents of the counter/timer counters in a manner that is 
analogous to the way in which you write into the counter/timer latches. This may be illustrated as follows: 

0 ~tNO'--~'~"~~7~ __________ ~ 

LSB Buffer 

BitNo.~15 8 7 0 

Counter 1 

Address: DEV+2 

BitNo.~15 8 7 0 

Counter 2 

Address: DEV+4 

BitNo.~15 8 7 0 

Counter 3 

Address: DEV+6 
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The three addresses which select the Least Significant Byte (LSB) buffer once again address the same location. Con
sider the LDX instruction which loads a 16-bit data value into the CPU Index register. When this instruction addresses 
an MC6840 counter/timer. you first read a Counter register high-order byte into the Index register high-order byte 
while simultaneously transferring the Counter register low-order byte into the Least Significant Byte (LSB) buffer. For 
Counter 2 this may be illustrated as follows: 

15 0 

I CPU Index Register 

BitNo.~7 0 

LSB Buffer 

Bit No.-----'15 8 7 

Counter 1 

Address: DEV+2 

Counter 2 

Address: DEV+4 

Bit No.-----' 15 8 7 0 

Counter 3 

Address: DEV+6 
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~ .. 

The Least Significant Byte (LSB) buffer contents are then transferred to the low-order Index register byte: 

15 8 7 o 

LSB Buffer 

Bit No.--.... 15 8 7 0 

Counter 1 

Address: DEV+2 

Bit No.--.... 15 8 7 0 

Counter 2 

Address: 

BitNo.~ 15 8 7 0 

Counter 3 

Address: DEV+6 

You can. of course. read Counter register contents one byte at a time. but you must make sure that you read the high
order byte first by addressing the counter itself; then you must read the low-order byte by addressing the next ad
dressable location. This may be illustrated for Counter 2 by the following instruction sequence: 

LOA A.DEV+4 LOAD COUNTER HIGH-ORDER BYTE TO ACCUMULATOR A 
LOA B.DEV+5 LOAD COUNTER LOW-ORDER BYTE TO ACCUMULATOR B 

There are some ways of getting into trouble when accessing the MC6840. 

As illustrated for Counter read and Latch write operations. when reading or writing to the MC6840 you must first select 
an even address location. and then address the next sequential location. If you write first to an odd address. you will 
transfer into the selected latches eight bits of data plus whatever happens to be in the Most Significant Byte buffer. 

If you read first from an odd address. you will read whatever happens to be in the Least Significant Byte (LSEi) buffer. 
You must never access the MC6840 with an instruction that modifies the cOntents of a memory location; these instruc
tions read the contents of the addressed memory location to the CPU. modify its contents. and then write the contents 
back to the same addressed memory location. For an increment memory instruction: 

INC DEV+4 
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this may be illustrated as follows: 

Step 1 

7 Bit No. 

MSB Buffer 

DEV+2.DEV+4. 
DEV+6 

LSB Buffer 

DEV+3.DEV+5 
DEV+7 

15 

Latches 1 

DEV+3 

15 DEV+2 

Counter 1 

15 

Latches 2 

DEV+5 

15 DEV+4 8 7 

Counter 2 

15 

Latches 3 

15 DEV+6 8 7 

Counter 3 
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Step 2 

MSB Buffer 

LSB Buffer 

Latches 1 

Counter 1 

Latches 2 

Counter 2 

Latches 3 

Counter 3 

Incremented 
value from 

CPU 

15 

15 

15 

15 

15 

15 

DEV+2.DEV+4 
DEV+6 

DEV+2 

DEV+6 

8 7 

8 7 
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As illustrated above. the same address accesses different MC6840 locations on a read or write: you will read the con
tents of one location. modify them. and write them back to a totally different location. Therefole. when accessing the 
MC6840 under program control. you must be sure not to use instructions that modify memory~ use only instructions 
that read from memory or write to memory. 

MC6840 COUNTER/TIMER PROGRAMMABLE OPTIONS 
We will begin our discussion of the MC6840 counter/timer options by describing the Control code which must 
be written into each Control register. Subsequently. the various operating modes will be discussed along with 
appropriate examples. 

This is the general format for the Control code: 

6 4 3 o ....--BitNo. 

L I I I I I I I Control Register 

~ j I 

Control Register 1 - 0 No operation 
1 Initialize all counter/timers 

MC6840 
CONTROL 
REGISTERS 

Control Register 2 - 0 Write address 0 selects Control Register 3 
1 Write address 0 selects Control Register 1 

Control Register 3 - 0 No operation 
1 Select +8 prescalar for Counter/Timer 3 

o - Select extemal clock 
1 - Select intemal <1>2 clock 

o - Select 16-bit counting mode 
1 - Select 8-bit counting mode 

o - Continuous or Single-shQt mode 

0- With programmed start 
1 - Without programmed start 

o - Select Continuous mode 
1 - Select Single-shot mode 

01 - Frequency Comparison mode 
11 - Pulse width Comparison mode 

o - Interrupt or Gate pulse shorter 
1 - Interrupt on time out shorter 

o - Disable interrupts 
1 - Enable interrupts 

o - Disable Output signal 
1 - Enable Output signal 

Bits 0 of the three Control registers are unusual in that they have different interpretations for the three Control registers. 

Control Register 1. bit 0 is a system initialization bit. System initialization is identical to a 
system reset. with the exception that latches are not effective. Thus. as soon as a 1 is written 
to Control Register 1. bit O. all three counter/timers are stopped. the contents of all three 
Latches are transferred to their associated Counter registers. the Status register is cleared. and 
all Control register bits (with the exception of Control Register 1 bit 0) are reset to O. 

MC6840 
PROGRAMMED 
INITIALIZATION 

Control Register 2. bit 0 is an addressing bit. When this bit is O. a write to the lowest MC6840 address (DEV) will access 
Control Register 3: when this bit is j. a write to address DEV will select Control Register 1. This was graphically illustr
ated in our earlier discussion of MC6840 addressing. 
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Control Register 3. bit 0 is unique to counter/timer 3. When this bit is 1. every eighth clock pulse 
will be active at counter/timer 3. This may be illustrated as follows: 

Actual <1>2 or C 

MC6840 
DIVIDE',BY
EIGHT CLOCK 

Effective <1>2 or C n.L_....: __ ..;..._~_....:I __ +-_....I.1 .... fL 
-~--~--~--~----~------~--~~ 1- I 

1 I 2 3 4 I 5 , 6 7 I 8 I 2 3 4', 5 6 7 

Control register bits 1 through 7 serve identical functions. but apply only to one set of counter/timer logic. 
Each of the three counter/timer logic elements operates quite independently. and is in no way influenced by 
conditions at either of the other counter/timer elements. 

Control register bit 1 determines whether Counter register contents will be decremented by external clock sig
nal IC) transitions. or by the internal <1>2 clock. In either case the counter will be decremented on high-to-Iow clock 
transitions. 

Control register bit 2 determines the way in which the Counter register will decrement. 
There are two options: 16-bit counting mode and 8-bit counting mode. In 16-bit counting 
mode. the 16-bit counter contents are treated as a single 16-bit entity. Once an initial value has 
been loaded into the counter. it decrements on each active clock transition. When the clock 
decrements to O. a time out occurs. This may be illustrated as follows: 

<l>20rC n n n 

MC6840 
16-BIT 
COUNTING 
MODE 

'1 U ! LJ * L --- --- ----------. ~ 

'-- 'V' ~ ,--~--..... v-
Initialize. 

Load latches 
contents into 

Counter 

Decrement Counter 
on each clock 

pulse 

Counter Reload 

Decrement Counter on 
each clock pulse. This 
may occur automatically, 
or following another initialization 

decrements Counter 
to 0 with Latches 

contents 
'-, V--,/ 

This is a time out 

There are a variety of ways in which you initialize a counterltimer. These are programmable options which depend on 
the selected operating mode - which we will describe later. 

A time out occurs after a Counter register decrements to O. On the next clock pulse the Counter register is reloaded 
with the contents of the latches. Under program control you can determine whether a time out will be marked by an in
terrupt request. and whether the counter/timer will stop or run continuously. 
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In a-bit counting mode the high-order and low-order bytes of the counter are treated as separate 
entities. On each active clock transition the low-order counter byte is decremented: when the low
order byte decrements from 1 to O. nothing happens. On the next active transition of the clock. 
the low-order byte is reloaded from the low-order byte of the latch and the high-order byte is 
decremented. This may be illustrated as follows: 

MC6840 
8-BIT 
COUNTING 
MODE 

4>2 or C JV1.JVl .. _._.JUV\.JL ..... J\JUV\..fL_ ... 
+ + + ..... + + ..... + + 

Initialize. Load 
latches contents 

into Counter. 

~~------~~~------~~ 
Decrement Counter low-
order byte on each clock 
pulse 

Counter low-order byte 
decrements to 0 

Decrement Counter high
order byte and re-Ioad 
Counter low-order byte from 

latch 

~ 
Decrement Counter low
order byte on each clock 
pulse 

Counter low-order byte 
decrements to 0 

Counter high-order byte 
decrements to 0 last time 

and now contains O. Reload 
both Counter bytes from 

latches 

~,--------,~~------~.; 
This is a time out 

Initialization logic. time out logic and programmable options are identical in 16-bit and a-bit modes. What differs are 
the events between initialization and time out. 

We can contrast a-bit and 16-bit modes Clecrement logic by looking at what happens after an initial value of 040A16 
has been loaded into a counterltimer latch. In 16-bit mode a time out will occur after 101110 clock pulses. Assuming a 
1 microsecond clock. a time out will occur every 1.011 milliseconds: 

040A16 = 101010 
Time out occurs one clock pulse later. that is. after 101110 pulses 
101110 microseconds = 1.011 milliseconds 

In a-bit mode a time out will occur after 55 clock pulses. With reference to the a-bit mode illustrated above. let us see 
how we derive this value. 

The low-order Counter register byte contains OA16. which is equal to 1010. It takes 1010 clock pulses to decrement 
the low-order byte to O. On the 11 th clock pulse the high-order byte is decremented. while the low-order byte is 
reloaded from the low-order byte of the latches. The high-order byte is therefore decremented once every N+l clock 
pulses. where N is the initial value which is loaded into the Counter register low-order byte. 

The Counter register high-order byte decrements to O. On the next attempt to decrement the Counter register high
order byte. if it already contains O. a time out occurs. Thus. the Counter register high-order byte is decremented M+l 
times. where M is the initial Counter register high-order byte contents. Thus. you can compute the number of clock 
pulses until a time out occurs in a-bit mode via the following equation: 

(M+l) • (N+l) 

where M is the initial Counter register high-order byte contents and N is the .initial Counter register low-order byte con
tents. 

For each counter/timer you can select one of eight operating methods via Control registers bits 3. 4 and 5. 

For any MC6840 operating mode. interrupts and/or the output signal (0) mayor may not be enabled. 

If interrupts have been enabled (via Control register bit 6). then on every time out (and for certain 
other special conditions) an interrupt request will be made to the CPU by outputting a low IRQ sig
nal. Simultaneously. appropriate Status flags are set in a Status register. If interrupts are disabled. 
the Status register bit settings occur. but no interrupt request is output via IRQ. 
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If the output signal (0) is enabled. then during Continuous and Single Shot operating modes an 
output signal is generated. The output signal (0) is not used in frequency comparison and pulse 
width comparison operating modes. 

The Status register of the MC6840 reports time outs and interrupt request status. Status 
register bits are interpreted as follows: 

7 6 5 4 3 2 o .......-BitNo. 

Status Register 

Counter/TImer I} 1 = Interrupt or time 
L-____ Counter/TImer 2 out condition 

o = No interrupt or 
....... ----- Counter/TImer 3 time out condition 

..... ---------Not Assigned 

..... ------------- 1 - Active interrupt pending 
o - No active interrupt pending 

MC6840 
OUTPUT 
SIGNAL 
~NABLE 

StATUS 
REGISTER 

The MC6840 Status register is a read-only location accessed via the address DEV+1. as shown in Table 9-10. 

There are some nonobvious consequences of Status register organization. We will therefore describe the in
dividual Status register bits and then the way in which they should be used. 

Status register bits O. 1 and 2 will be set to l' if an interrupt condition exists at counter/timer 1. 2 or 3. respec
tively. This will occur whether or not interrupts have been enabled. For example. if a time out occurs at counter/timer 
2. then Status register bit 1 will be set. irrespective of whether counter/timer 2 interrupts have or have not been 
enabled via Control Register 2. bit 6. Thus. Status register bits O. 1 and 2 do not report an interrupt pending from a 
counter/timer; rather. they report the existence of a condition capable of generating an interrupt request. Status 
register bit 7 indicates the presence of a valid interrupt request. Status register bit 7 will be set to 1 if a valid inter
rupt request has been generated by one or more of the counter/timers. That is to say. if Status register bit O. 1 or 2 has 
been set to 1 while the associated Control register bit 6 is 1. then Status register bit 7 will be set to 1. This may be il
lustrated via the following logical equation: 

S7 = (SO. C16) + (S1 • C26) + (S2 • C36) 

In the equation above. SO. S1. S2 and S7 represent Status register bits 0.1.2 and 7. respectively. C16. C26 and C36 
represent bit 6 of Control Registers 1. 2 and 3. respectively .• and + signs represent logical AND and OR operations. 
respectively. 

Now. in an MC6800 microcomputer system that is using vectored interrupt acknowledge logic. Status register bit 7 is 
useless. This is because the vectoring logic associated with the interrupt acknowledge allows the executing program to 
branch directly to an interrupt service routine dedicated to this particular MC6840 device. For example. in an MC6800 
microcomputer system that includes an MC6828 Priority Interrupt Controller (PIC). the interrupt request line from the 
MC6840 would terminate at one of the MC6828 interrupt request pins; the MC6840 interrupt service routine's start 
address would be fetched by the MC6828 PIC following an interrupt acknowledge. 

Upon acknowledging the interrupt request. the MC6800 knows that this particular MC6840's interrupt has been 
acknowledged; therefore the high-order Status register bit contains no useful information. In MC6800 microcomputer 
systems that use polling logic following an interrupt acknowledge. the interrupt acknowledge process will begin with a 
general purpose interrupt service routine that reads the contents of every device Status register - checking for devices 
with an active interrupt request. Now Status register bit 7 of the MC6840 is useful. The initial general purpose interrupt 
service routine will read the contents of the MC6840 Status register and check bit 7. If this bit is 1. then an active inter
rupt request exists. Here is an appropriate instruction sequence: 

LOA 
81T 
8NE 
LOA 

A.DEV+1 
A.#80H 
MC6840 
A.NEXT 

READ STATUS REGISTER 
TEST HIGH-ORDER BIT 
IF NOT O. BRANCH TO SERVICE ROUTINE 
READ NEXT DEVICE'S STATUS REGISTER 

You cannot use the MC6800 Status register to create interrupt request priorities within the MC6840. One or 
more counterltimer interrupts must be enabled via the Control register bit 6 for an interrupt request to begenerated. 
but if more than one counter/timer can generate an interrupt request. you have no way of determining which 
counter/timer generated the interrupt request. Suppose. for example. that only counter/timer 1 has its interrupt re
quest logic enabled via Control Register 1. bit 6. Now if a time out (or other condition capable of generating an interrupt 
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request) occurs at counter/timer 2. and then at counterltimer 3. and then at counter/timer 1. this is how Status register 
bits will be set: 

Event Status Register Comment 

I 0 I I I I I I I 0 I Counter/Timer 2 
0 0 0 0 0 1 

Counter/Timer 2 interrupts are disabled so there is 
times out no interrupt request and Status register bit 7 is O. 

I I I I I I I I 0 I Counter /Timer 3 interrupts are disabled so there is Counter/Timer 3 0 0 0 0 0 1 1 
times out no interrupt request and Status register bit 7 is O. 

I I I 1 0 I I I I I Counter/Timer 1 1 0 0 0 1 1 1 . Counter/Timer 1 interrupts are enabled so there is 
times out an interrupt request and Status register bit 7 is 1. 

An interrupt request is generated only after counterltimer 1 encounters an interrupt condition. but there is no way of 
reading the Status register in order to find out what happened All the Status register says is that all three 
counter/timers have active interrupt conditions and at least one of them has its interrupt request logic enabled Pro
gram logic within the interrupt service routine must therefore take care of arbitrating priorities between the three 
counterltimer elements of an MC6840 counter/timer. Therefore. use the MC6840 interrupt enable/disable logic to 
select the counter/timers that can cause an interrupt request to occur. but ma~e sure that your MC6840 inter
rupt service routine uses program logic to arbitrate interrupt priorities between the three counterltimer ele' 
ments. 

Status register bits are reset to 0 by a reset operation (RESET is input low) or by a general initialization (Control Register 
1 bit 0 is 1). Logic that resets individual Status register bits has been carefully designed to avoid miSSing interrupt re
quests. In order to reset Status register bit O. 1 or 2 to O. you must read the Status register and then read the particular 
counterltimer's Counter register This may be illustrated for counterltimer 2 as follows: 

LDA 
LDX 

A.DEV+1 
DEV+4 

READ STATUS REGISTER CONTENTS 
READ COUNTER 2 CONTENTS AND RESET STATUS REGISTER BIT 1 TO 0 

By reading the contents of one particular Counter register. you also identify the Status register bit to be reset. If all 
Status register bits were reset when you read Status register contents. you might miss pending interrupts that you are 
not currently proceSSing. 

You can also reset individual Status register bits by writing to a counterltimer's counter latches. providing the 
counter/timer's Control register bit 4 is 0 - which results inthe counterltimer being initialized when data is written to 
the counterltimer's latches. 

Let us now look at each of the operating modes in turn. Options are defined by the Control register. whose bits 
we have already described. Table 9-11 provides an options summary. 

We will first examine Continuous mode. 
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In Continuous Operating mode with 16-bit counting, a time out will occur after N+1 active 
clock transitions; recall that you may select the internal <1>2 clock or the external clock (C) In each 
case the high-to-Iow transition of the selected clock is an active transition. If the output signal (0) 
is disabled. then Continuous Operating mode with 16-bit counting simply generates a time out ev
ery N+ 1 active clock transition This may be illustrated as follows: 

MC6840 
CONTINUOUS 
MODE 

2 3 N-1 N N+1 

<1>2 or C J\...J"V-vL _____ JVlJ\JL.. __ _ 

!J~~~ +ll 
Initialize. Load N into 

Counter register 
Decrement Counter Time 

Out 

If interrupts are enabled for the counter/timer which times out. then the time out causes an interrupt request to be 
transmitted to the CPU and appropriate Status register bits are set. If interrupts are not enabled. then the appropriate 
Status register bit is set. but no interrupt request is transmitted to the CPU. 

In Continuous Operating mode with 16-bit counting. if the output signal (0) is enabled. then this signal will change 
level on each time out. thus creating a square wave Here is the exact waveform: 

2 N N+1 N N+1 N N+ 1 

<1>2 or C Jlflfl ____ fln11. ____ flf11l ___ _ 
o 

~ ~ ~ 
Initialize. Decrement Time out Decrement Time out Decrement Time out 

Load N from Counter and Counter and initialize Counter and 
latches into register initialize register again register initialize 

Counter again again 

In Continuous mode. observe that following each time out the value held in the counter latches (N in the illustration 
abovel is transferred to the Counter register. If the output signal 0 is enabled. therefore. the following square wave is 
generated: 

0 J \ I \ I \ I 
I I I I I I 
I I I I I I 

~P ~I" P ~I" p ~I" p ~I" p ~I" P~ 
TO TO TO TO TO TO TO 

TO identifies a time out. P represents the time interval between time outs; it is equal to (N+ 1 )*t where N is the initial 
16-bit value loaded into the Counter register and t is the time interval between active transitions of the clock (<1>2 or C) 
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In Continuous Operating mode with 8-bit counting. the interval to time out is (N+ 1) • (M+ 1) clock transitions. where 
M is the initial Counter register byte and N is the initial low-order Counter register byte. We have already described this 
time out logic. If the output signal (0) is disabled. then a time out will occur after the appropriate number of active clock 
transitions. When the time out occurs. an interrupt will be requested via IRQ if interrupts are enabled for this 
counter/timer by setting its Control register bit 6 to 1. Simultaneously. appropriate Status register bits will be set If in
terrupts are disabled. then a Status register bit will be set. but no interrupt request will occur. If the output signal (0) is 
enabled. then it generates pulses as follows: 

'" 
;:: ~ 

+ + + + 

~ ::E ~ ~ ~ ~ 
+ + + + + + 

2 3 N N+l N+2 N+3 ~ ~ ~ ~ ~ ~ 

<1>2 or C .JU\JlJ\. . .J\.JU1..J\..JlJlJ\.Jl... 
o 

"'-... _--.... v
Decrement Counter 

register 
low-order byte 

Initialize. 
Load MN 

into Counter 
register 

"----v-
Decrement Counter 

register in 8-bit 
Decrement Counter Decrement 

Decrement 
Counter register 
high-order byte 

and reload 
low-order byte 
from latches 

mode 
Decrement 

Counter register 
high-order byte. 
It is O. Reload 
low-order byte 
from latches 

register 
low-order byte 

Counter 
register in 

TIme out. 8-bit mode 
Reload both 

bytes of Counter 
register from 

latches 

Thus. in 8-bit counting mode you use the low-order Counter register byte to define the pulse width. and you use the 
high-order Counter register byte to define the interval between pulses. This may be illustrated as follows: 

w w w 
0~ _______ ~r-l _______ ~1l ________ ~(iL 

I I I I 
I I I I 

~I~~---P------~~I··-----p------·~I·------p----~~~I 
TO TO TO TO 

In the iIIu5trdti:m a!;ovtl. TO identifies a time out P represents the time interval between time outs In 8-bit counting 
mode P is equal to (M+ 1) • (N+ 1) • t. where M is the initial value for the high-order byte of the Counter register. N is the 
initial value for the low-order byte of the Counter register. and t is the time interval between active transitions of the 
clock (4)2 of C) W represents the time interval of the high 0 pulse; it is equal to N • T. Suppose. for example. DADC 16 is 
the initial value loaded into the Counter register which is being operated in 8-bit counting mode 0 will generate a 
pulse output where the high pulse is 1210 clock periods long and the frequency is 14310 clock periods: 

0\ I \ I \ I l 
TO TO TO I 

TO I 
I I I 

I l-v-I 
I 

l I 
V' 
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There are some further options available to you when operating the MC6840 in Continuous mode. 

Having loaded the counter latches by writing out data to the appropriate address, MC6840 HARDWARE 
there are two ways in which you can initialize the counter. A high-to-Iow transition of INITIALIZATION 
the Gate (G) input will always start the counter: 

cf>2 orC I \ I (1 I \ 
G 

Initialize 

You can always initialize any counterltimervia its Gate input @ as illustrated above. Once a counterltimer has been in
itialized via its Gate input (Gl. G must remain low. If G goes high at any time this will stop the counter/timer im
mediately. When G subsequently makes a high-to-Iow transition. the counterltimer will be re-initialized. This may be il
lustrated as follows: 

cf>2 or C 

G 

Initialize. Assume OAOC16 is 
loaded from latches into 
Counter 

Stop. Assume 020416 cur
rently in Counter. This value is 
lost 

Initialize. Raload OAOC16 
from latches into Counter 

Note carefully that the Gate signal @ going high does not suspend counterltimer operations: it stops these operations. 
then restarts them with are-initialization. 

You can also initialize a counter/timer under program control. Programmed initialization is an option. whereas hard
ware initialization via the Gate input (G) is always available. whether or not programmed initialization has been 
selected. You select programmed initialization via bit 4 of the counter/timer element's Control register.'" 

If Control register bit 4 is O. then the process of writing a 16-bit value to the counter/timer's latches will start the associ
ated counter/timer logic. That is to say. as soon as the 16-bit value has been written to the latches. this value is 
transferred to the 16-bit Counter register and the counter begins operation. 

When using counter/timer 3 only, you can select a "divide by 8" mode; this is done by set
ting Control Register 3. bit 0 to 1. Now every eighth active clock transition (of either the internal 
«1>2 clock or the external clock) will be considered active. as illustrated earlier. All other options re
mai., available when operating counter/timer 3 in "divide-by-S'· mode. The clock has effectively 
been slowed down by a factor of S - and that is all. 

When operating in Continuous mode with 8-bit counting, two special options that de
pend on the initial value loaded into the latches are available. If the low-order byte of the 
initial counter value is O. then. as we might expect. there is no high output Signal (0) pulse 
(assuming that the output signal is enabled); however. on each time out the output Signal 
changes levels to create a square wave that is similar to a 16-bit counting. This may be illustr
ated as follows: 

0 \ I \ 
I I I 
I I I 

14 P "I- P ~14 P 

TO TO TO 
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When operating in Continuous mode with either 8-bit or 16-bit counting. if the initial value loaded 
into the latches is O. then Counter registers are not decremented and a square wave is output with 
half the clock frequency. This may be illustrated as follows: 

cI>2 or C ---.J \ I \ I \ 
0----1 \ 

I I 
I I 

I 

I 
I 
I 

TO TO TO 

MC6840 
CONTINUOUS 
MODE WITH 
o INITIAL 
VALUE 

L 

Time outs occur on every transition of O. Since interrupts could not possibly be serviced every other clock pulse. they 
should be disabled (by having 0 in Control Registers 1 to 6) for any counter/timer element operating in the form illustr
ated above. 

Note again that in any operating mode, continuous or otherwise, when the external clock 
(CI is selected, you are in fact counting events, not time. Although all of our illustrations show 
a synchronous clock signal with all active transitions evenly spaced. in reality active transitions 
could be quite random. This may be illustrated as follows: 

C-.J 1-1 1 I 

COUNT COUNT COUNT 

MC6840 
EVENT 
COUNTING 

COUNT 

If random timing is present on the external clock (C)' then wave forms. if output via the output signal (0). will not be 
uniform. This is something you may wish to use when counting external events. You could. for example. use con
tinuous operating mode with 8-bit counting to count a fixed number of events. but to signal shortly before this fixed 
number of events has occurred. 

Suppose you wish to count 100 events. with a signal identifying the 90th event. This could be done loading 090916 as 
the initial Counter register value: TO TO 

I I 

o \I...-____ ~I 

• • 
lri 
\ I L
.~----.. 

Event Numbers ~ 0 90 100 90 100 

The low-to-high 0 signal transition must now be used to generate an interrupt request. Time Out (TO) interrupt re
quests mayor may not be disabled. 

Note again that the three sets of counter/timer logic are totally independent of each other. The manner in which 
you operate one set of counter/timer logic has no bearing whatsoever on the manner in which you operate 
either of the other two sets of counter/timer logic. 

The primary difference between one shot mode and continuous mode Is that following the 
first time out the output signal (01. if enabled. is disabled. In single shot. 16-bit counting 
mode. the output signal (0) does not make its low-to-high transition until he end of the first clock 
pulse. This may be illustrated as follows: 

<l>2orC 

.~--------------~ o 

Initialize Time out Re-initialize 

9-103 

MC6840 
ONE SHOT 
MODE 

Time out 



In single shot. 8-bit counting mode. the output signal is simply disabled after the first time out. The counter/timer con
tinues to run and time outs continue to be generated. but the output signal (0) remains disabled until the counterltimer 
is re-initialized. 

Another difference between one shot mode and continuous mode is that in one shot mode you do not stop the 
counter/timer by inputting the Gate signal @ high. Recall that in continuous mode. if the counterltimer has been in
itialized by inputting a high-to-Iow Gate (<3) pulse. you can stop the counterltimer at any time by inputting the Gate sig
nal @ high again. This property of the IT input applies only in continuous mode. 

Notice that the two special continuous mode conditions that result when the low-order Counter register byte is initially 
o or the entire Counter register contents are initially 0 do not apply in one shot mode. This is because in continuous 
mode nothing happens to the output signal until the end of the first time out. at which time in one shot mode the out
put signal is disabled anyway. 

MC6840 frequency comparison and pulse width measurement modes are almost identical: 
they differ only in the active levels of the G input. The frequency comparison and pulse width 
measurement modes both compare the time interval of a pulse. input via the IT signal. with the 
time interval to a time out. In frequency comparison mode a high IT pulse is measured. 

You can select frequency comparison mode with Gate pulse by having 001 in control register 
bits 5. 4. and 3 as described earlier: then an interrupt request will be generated if the G signal 
makes a high-to-Iow transition before a time out occurs. This may be illustrated as follows: 

MC6840 
FREQUENCY 
COMPARISON 
AND PULSE 
WIDTH 
MEASUREMENT 
MODE 5 

<1>2 or C _.JL.nJL 
G 

Initialize TIme out. 
no interrupt 

Ae-initialize 

--y-
Aequest interrupt since time 

out has not occurred 

As illustrated above. if the G signal makes its high-to-Iow transition after the time out occurs. 
then no interrupt is requested. 

The Counter register is reloaded from the latches and continues to decrement. but time outs do cause interrupt re
quests or Status register bit settings. Until the. counter/timer is re-initialized by a high-to-Iow transition of the G input 
Signal. it continues to run freely as though it wele in continuous mode. but time outs lose their significance. Once the 
counter/timer is re-initialized by a high-to-Iow G transition. then frequency comparison logic begins again. 

If following an initialization or re-initialization the G input does make a high-to-Iow transition before a time out occurs. 
then an interrupt will be requested and the counter/timer logic is stopped: it cannot be re-initialized until the interrupt 
has been cleared. Clearing interrupts is described in conjunction with our discussion of the Status register. Once an in
terrupt has been cleared. then on the next high-te-Iow transition of the gate input. counter/timer logic will be re-in
itialized. 

In other words. between the time an interrupt request occurs and the interrupt is serviced. high-to-Iow transitions of 
the IT input are ignored. 

Observe that you can select either 8-bit or 16-bit counting modes in order to generate time outs when operating the 
MC6840 in frequency comparison or pulse width measurement modes. 
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You select frequency comparison mode with time out shorter by loading 101 into bits 5. 4. and 3 of the Control 
register. Now an interrupt request will occur if the G input makes its high-to-Iow transition after the time out has oc
curred. We can compare the previous illustration for frequency comparison mode with Gate pulse shorter. using the il
lustration below for frequency comparison mode with time out shorter: 

<1>2 or C 

G 

Initialize Aeque~t interrupt since time Ae-initialize 
out precedes Gate high-to-

low pulse 

.lLI\J -_Or 
Gate high-to-Iow pulse pre
cedes time out. No irterrupt 

request occurred 

Once again. if an interrupt occurs the counter/timer will stop. It cannot be restarted until the interrupt is cleared and 
the G input makes a high-to-Iow transition. 

Pulse width comparison modes are identical to frequency comparison modes. with the exception that once a 
counter/timer is operating. low-to-high transitions of the gate input are active. The frequency comparison 
modes may therefore be reproduced for pulse width comparison equivalents. as follows. 

First. here is pulse width comparison mode with Gate pulse shorter: 

<1>2 or C 

G 

Initialize TIme out, 
no 

interrupt 

Next. here is pulse width comparison mode with time out shorter: 
Time out 

<1>2 or C 

G 

Ae-initialize 

Initialize Aequl\st interrupt since time Ae-initialize 
out precedes Gate high-to-

low pulse 

.. .nJ\J 

Aequest interrupt since time 
out has not occurred 

_.l\JU 

----1 
Gate high-to-Iow pulse pre
cedes time out. No interrupt 

request 

Notice that in pulse width comparison mode. initialization and re-initialization require a high-to-Iow G transition. 
although the end of the G pulse is marked by a low-to-high G transition 

THE MC6844 DIRECT MEMORY ACCESS CONTROLLER 

The MC6844 Direct Memory Access controller provides MC6800-based microcomputer systems with logic to 
support four direct memory access channels. This device has been designed to work with the unique timing 
logic of MC6800 and MCS6500 microcomputer systems; it should therefore be used with MC6800 and 
MCS6500 microcomputer systems only. That is why the MC6844 is described in this chapter rather than in 
Volume 3. 
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From our discussion of the MC6800 CPU, recall that this microprocessor allows its system clock to be stretched 
so that direct memory access operations may be intermingled with normal instruction execution. Alternatively, 
the MC6800 may be plit into a Halt state dliring which the CPU disconnects itself from the system busses: ex
ternal logic then accesses memory by mimicking CPU signals on the Address, Data and Control Busses. Logic of 
the MC6844 DMA controller allows you to perform Direct Memory Access operations using either clock 
stretching or Halt state techniques. 

The MC6844 DMA Controller has two noteworthy features: 

11 The abiiity to assign permanent priorities to the four DMA channels or to rotate priorities on a round-robin 
basis. 

21 By reducing the number of DMA channels to three, one DMA channel can be used for the recursive DMA 
transfer of fixed length or chained records. 

Figure 9-31 illustrates that part of our general microcomputer system logic which has been implemented on the 
MC6844 DMA controller device. 

Interrupt Priority 
Arbitration 

Interface Logic 

Programmable 
Timers 

Clock Logic 

Arithmetic and 
Logic Unit 

ROM Addressing 
and 

Interface Logic 

Read Only 
Memory 

Accumulator 
Register(s) 

I/O Ports 
Interface Logic 

I/O Ports 

Figure 9-31. Logic of the MC6844 DMA Controller 
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The MC6844 DMA controller chip is fabricated using N-channel silicon gate MOS technology. It is packaged as 
a 4O-pin ceramic or plastic DIP. All signals are TTL-compatible. 

MC6844 DMA CONTROLLER PINS AND SIGNALS 
Figure 9-32 summarizes MC6844 DMA pins and signals. Many of these signals have MC6800 counterparts: 
therefore we will describe them within the context of a general MC6844 device discussion. 

PIN NAME 

DO - 07 
AO-A4 
A5 - A15 
R/W 
IRQ/DEND 
DRQH 
DRQT 
D!3RNT 
CS/TxAKB 
TxAKA 
TxSTB 
TxROO - TxRQ3 
~2DMA 
RES 
Vss. VDD 

(GND)VSS 
CS/TxAKB 

R/W 
AO 
Al 
A2 
A3 
A4 
A5 
A6 
A1 
A8 
A9 

Al0 
All 
A12 
A13 
A14 
A15 

VDD 

a 

... 

-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

DESCRIPTION 

Bidirectional Data Bus 

40 
39 
38 
37 
36 
35 
34 
33 
32 

MC6844 31 
DMA 

CONTROLLER 30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

~ 

--
--

~DMA 

RES 
DGRNT 
DRQT 
DRQH 
TxAKA 
TxSTB 
IRQ/DEND 
TxRQO 
TxRQl 
TxRQ2 
TxRQ3 
DO 
01 
02 
03 
04 
05 
06 
07 

Four low-order Address Bus lines and Register Select lines 
Address Bus lines 
Read/Write Control 
Interrupt request and end of DMA indicator 
DMA Hold Request 
DMA Clock Stretch Request 
DMA Acknowledge 
Chip Select and Device Acknowledge 
Device Acknowledge 
DMA I/O Device Strobe 
DMA Service Request 
Clock Input 
System Reset 
Power and Ground 

TYPE 
Tristata, bidirectional 
Tristata, bidirectional 
Output 
Bidirectional 
Output 
Output 
Output 
InpUt 
Bidirectional 
Output 
Output 
Input 
Input 
Input 

Figure 9-32. MC6844 DMA Controller Signals ano Pin Assignments 
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MC6844 ADDRESSABLE REGISTERS 
Logic associated with each DMA channel consists of a 16-bit Address register. a 16-bit Byte Count register and 
an 8-bit Control register. There are three additional registers which are shared by the four DMA channels. These 
are a Priority Control register. an Interrupt Control register and a Data Chain Definition register. These may be il
lustrated .as follows: 

These three 
Control Registers 

apply to all four 
DMA channels 

18-bit Priority 
'-_____ ~ Control register 

18-bit Interrupt 
'-____ ~ Control register 

18-bit Data Chain 
'-____ --' Definition register 

8-bit Control 1 I l6-bit Byte Count Cha~nel 0 
t-------------I- RegIsters 

l6-bit Address 

~----------------~ 

8-bit Control ) 

I l6-bit Byte Count ( Cha~nel 1 1-___________ -1_ ) RegIsters 

l6-bit Address 

~----------------~ 

8-bit Control 1 I l6-bit Byte Count Cha~nel 2 
1-___________ -1_ RegIsters 

l6-bit Address 

~----------------~ 

8-bit Control ) 

I l6-bit Byte Count ( Cha~nel 3 
t------------;- ( RegIsters 

l6-bit Address J 
~--------------~ 

The transfer of any block of data via DMA begins with an initial memory address. byte count and DMA mode being 
specified via the registers illustrated above As each byte of data is transferred. the method of data transfer is controlled 
by options selected via the Control register The Address register identifies the memory location which will be accessed 
during the DMA transfer. Address register contents may either be incremented or decremented following each DMA 
transfer The Byte Count register contents are always decremented following each data transfer. and the DMA opera
tion ends when the Byte Count register contents reach D 

The MC6844 DMA controller is accessed by the CPU under program control as 23 memory locations. Individual 
memory locations are selected via address lines AO - A4. as defined in Table 9-12. When writing into or reading 
out of 16-bit registers. you will usually use the LDX and STX instruction: that is to say. the most efficient method of 
transferring 16-bit data between the CPU and MC6844 DMA controller is ·via the CPU Index register 

r--~~ _____ .., 
Note carefully that addresses given in Table 9-12 apply only when the CPU accesses the MC6844DMAC 
MC6844 DMAC under program control to initialize a DMA transfer or to monitor DMA DATA BUS 
operations. These memory addresses have no significance to actual DMA logic. Furthermore. the MC6844 DMAC 
Data Bus connection to the MC6844 DMA controller plays no part during a DMA operation. Data ADDRESS BUS 
is transferred between the CPU and the MC6844 DMAC via the Data Bus (DO - D7) only 
while the CPU is accessing MC6844 addressable locations under program control. Actual 
data transfers between an external device and memory occur via the microcomputer system Data Bus. completely 
bypassing the Data Bus connection to the MC6844 DMA device However. during DMA data transfers. addresses and 
control signals are output from the MC6844 DMAC to the System Bus via the Address Bus lines AD - A 15 and appropri
ate control signal outputs. This is standard DMA logic. If you do not understand these DMA operations. see the discus
sion of direct memory access given in Volume 1 before proceeding further with this description of the MC6844 DMAC 
device. 

The CPU may access the MC6844 DMAC under program control at any time by simply executing 
an instruction which references one of the 23 memory addresses set aside for the MC6844 DMAC 
device The MC6844 DMAC is selected by a low CS pulse. This low pulse must be generated by 
appropriately decoding Address Bus lines A5 through A 15. together with VMA. VMA must con
tribute to MC6844 device select logic to guarantee that spurious selections do not occur during a 

MC6844 
DMAC 
DEVICE 
SELECT 

DMA transfer or while the Address Bus is floated In this context it is important that only a VMA signal output by the 

9-108 



MC6800 CPU be used by MC6844 device select logic. During a DMA operation. the MC6844 DMAC generates its own 
VMA equivalent via TxSTB. TxSTB must be excluded from MC6844 device select logic Here is one possibility: 

T~~------"T~D~------ "System" VMA 

MC6SM.SELECT _____ ...J_ 

CONTRIBUTION 

Depending on the number of active MC6844 DMA channels. CS may become a bidirectional signal; TxAKB is 
output via the same pin as the CS input. In this case remember that CS must be generated as an open collector 
gate outplit. 

We will discuss the individual MC6844 addressable locations and the way in which you will program them after 
describing MC6844 operating modes. 

Table 9-12. MC6844 DMAC Register Addresses 

Address 
Accessed Location 

A4 A3 A2 A1 AO Label 

0 0 0 0 0 DEV Channel 0 Address register, high-order byte 

0 0 0 0 1 DEV+ 1 Channel 0 Address register, low-order byte 

0 0 0 1 0 DEV+2 Channel 0 Byte Count register, high-order byte 

0 0 0 1 1 DEV+3 Channel 0 Byte Count register, low-order byte 

0 0 1 0 0 DEV+4 Channel 1 Address register, high-order byte 

0 0 1 0 1 DEV+5 Channel 1 Address register, low-order byte 

0 0 1 1 0 DEV+6 Channel 1 Byte Count register, high-order byte 

0 0 1 1 1 DEV+7 Channel 1 Byte Count register, low-order byte 

0 1 0 0 0 DEV+B Channel 2 Address register, high-order byte 

0 1 0 0 1 DEV+9 Channel 2 Address register, low-order byte 

0 1 0 1 0 DEV+A Channel 2 Byte Count register, high-order byte 

0 1 0 1 1 DEV+B Channel 2 Byte Count register, low-order byte 

0 1 1 0 0 DEV+C Channel 3 Address register, high-order byte 

0 1 1 0 1 DEV+D Channel 3 Address register, low-order byte 

0 1 1 1 0 DEV+E Channel 3 Byte Count register, high-order byte 

0 1 1 1 1 DEV+F Channel 3 Byte Count register, low-order byte 

1 0 0 0 0 DEV+ 10 Channel 0 Control register 

1 0 0 0 1 DEV+11 Channel 1 Control register 

1 0 0 1 0 DEV+ 12 Channel 2 Control register 

1 0 0 1 1 DEV+ 13 Channel 3 Control register 

1 0 1 0 0 DEV + 14 Priority Control register 

1 0 1 0 1 DEV+ 15 Interrupt Control register 

1 0 1 1 0 DEV+ 16 Data Chain Control register 

MC6844 DMA TRANSFER MODES 
You can select. under program control. one of three modes via which DMA transfers will'occur for each of the 
four MC6844 DMA channels. You can mix and match separate and distinct modes for each of the four channels 
in any way since each channel has its own Control register. 
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We will begin our discussion of modes by looking at all three modes superficially before examining each one in detail. 

First there is Three-Stete Control, Cycle Stealing mode. In this mode the MC6800 CPU clock is stretched with 1112 
low while the MC6844 device transfers a single byte of data via direct memory access. This may be illustrated as 
follows: 

<1>1 

<1>2 

Normal program execution Transfer one 
byta of data 

via DMA 

Normal program execution 

We have discussed clock stretching logic of the MC6800 microcomputer earlier in this chapter. 

The second and third MC6844 DMA transfer modes both force the MC6800 CPU into a Halt state which floats 
the System 8us. The Halt stete may last long enough for a single byte of data to be transferred via direct memory 
access. in which case the mode is referred to as Halt, Steal mode. This may be illustrated as follows: 

<1>1 

<1>2 

Normal program execution Halt long 'enough 
to transfer one 

byte of data 
via DMA 

Normal program execution 

The Halt state may be maintained for as long as it takes to transfer an entire block of data; that is to say. until a chan
nel's Byte Count register decrements to O. This is referred to as Halt Burst mode. 
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MC6844 DMAC THREE-STATE CONTROL, CYCLE STEALING MODE 
Let us now look at the different DMA modes In detail beginning with the three-state control cycle stealing 
mode. Timing for this mode Is given In Figure 9-33 and appropriate pin connections are given In Figure 9-34. 

c C u D u c c c c 

4>1 

4>2 

4>2 (DMA) 

TxRQN 

DRQT 

DGRNT 

TxSTB 

TxAKA.TxAKB 

AO - A15 

R/W 

Figure 9-33. Timing for Three State Control. Cycle Stealing Direct Memory Access wi!h the MC6844 

9-111 



--· · · -

MC6800 
CPU · · · 

HALT 

IRO ~ 
~ ~ 

VMA 
BA 

:E :E TSC 
~ ~ DBE ~ i ~ R/W 

j j j 

Ii 
RESET 

DMA/REF REO 
DMA/REFREO 

.~ REF GRANT 
REF GRANT 

<l>2(TTU 
MEMORY CLOCK 

MC6875 

• 

~ 
A5 

DEVICE SELECT E: 
LOGIC :: • 

A15 
CS 

+ CS/TxAKB 

DROT AO ~ 
A4 · DGRNT · A15 · 

<1>2 (DMA) DO · MC6844 · · 

· · '--
--
--· · · 

j 

--

REF 
GRANT 

DO 

D7 
AO 
Al 
A2 
A3 
A4 
A5 

A15 
HALT 

BA 

R/Vii 

SYSTEM 
VMA 

TxAKB 
TxAKA 
TxSTB 

D7 
CLOCK DMAC R/W .... t:o-IRQ/5tr;f5 

DEND 

TxAKA 
TxSTB 
TxRQO 
TxRQ3 

: - TxRQO 
TxRQ3 

Figure 9-34. An MC6844 DMAC Connected for Three State Control. Cycle Stealing Direct Memory Access 

A DMA operation begins when an external device makes a DMA access request by inputting a 
high signal via one of the four inputs TxROO through TxR03. This input to the MC6844 DMAC 
may be asynchronous. The MC6844 responds by outputting DROT low. This low output must 

MC6844 DMAC 
TxRON. DQRT 
DGRNT SIGNALS 

be connected to the MC6875 clock CMA/REF REO input. This connection causes the MC6875 MC6844 DMAC 
clock device to stretch the <1>1 and <1>2 clocks at the end of the next machine cycle - with <1>1 <1>2 DMA CLOCK 
high and <1>2 low. The onset of the stretched clocks is identified by the MC6875 device output-
ting REF GRANT high. This signal must be input to the MC6844 DGRNT pin. The DMA data 
transfer now occurs. taking three machine cycles to transfer one byte of data. Machine cycles are timed by <1>2 DMA. 
which is the memory clock output of the MC6875 device Recall that when the MC6875 clock device receives a low in
put via DMA/REF REO it does not stretch the memory clock output. The MC6844 DMAC needs a <1>2 DMA input only 
while a DMA data transfer is in progress. <1>2 DMA ,is therefore frequently the AND of MEMORY CLOCK and REF 
GRANT: 

REFGRANT----------~~~---------------DGRNT 

MEMORY CLOCK --__________ ~--_L_'~-----<1>2 DMA 
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As soon as clock stretching begins. the MC6800 CPU must float the System Bus. This may be done by inputting the 
REF GRANT signal to the MC6800 TSC pin as well as to the MC6844 DGRNT pin. Now REF GRANT input to TSC will 
cause the MC6800 CPU to float its Address Bus and three-state control signals. If DBE is connected to <112. as is usually 
the case. then the low <112 signal will automatically cause the MC6800 CPU to float the Data Bus. Now as soon as REF 
GRANT goes high. the MC6800 CPU is disconnected from the System Bus and the MC6844 DMAC can become bus 
master. 

The MC6844 DMAC takes control of the System Bus for three machine cycles. during which it 
transfers a single byte of data. The first and third machine cycles represent setup time. The actual 
DMA transfer occurs during the second machine cycle. For the memory end of the DMA transfer. 
the MC6844 DMAC outputs a memory address via the Address Bus. For the I/O device end of the 
DMA transfer. the DMAC identifies the direct memory access channel being acknowledged via 
the output signals TxAKA and TxAKB. as follows: 

TxAKB TxAKA 
o 0 
o 1 
1 0 
1 1 

Acknowledged 
TxROO 
TxROl 
TxR02 
TxR03 

MC6844 
DMAC 
TxAKA AND 
TxAKB 
SIGNALS 

Timing for signals output by the MC6844 DMAC conform to normal MC6800 System Bus timing for a memory read or 
memory write operation. 

The low TxSTB pulse substitutes for VMA at the memory and I/O device ends of the DMA transfer 
The direction of the DMA transfer is defined by the level of the RIW signal: the interpretation of 
this signal conforms to normal memory read and write operations: 

RIW low causes data to flow from the I/O device to memory. 

R/Vii high causes data to flow from memory to the I/O device. 

MC6844 
DMAC 
TxSTB 
SIGNAL 

Data may flow freely across the Data Bus during the direct memory access operation. since both the MC6800 CPU and 
the MC6844 DMAC are disconnected from the Data Bus at this time. 

As each byte of data is transferred. the Byte Count register contents for the selected DMA channel 
are decremented: but the Address register contents may be either incremented or decremented. 
depending on the Control register option selected When the Byte Count register contents decre
ment to O. a low pulse is output via IRO/DEND. This pulse can be used to generate an interrupt at 
the MC6800 CPU and/or it may be used to tell the external device that the current data transfer 
has gone to completion. 

MC6844 
DMAC 
IRQ/DEND 
SIGNAL 

The interrupt request output IRO/DEND will pulse low when the Byte Count register decrements to 0 only if interrupts 
have been enabled for this DMA channel via its Interrupt Control register. If interrupts have been enabled. it is a good 
idea to guard against spurious interrupt requests by conditioning IRO/DEND with the DGRNT high pulse. The interrupt 
request input to the MC6800 CPU should be an open collector signal generated as follows: 

The DEND signal output to I/O devices may be ANDed with REF GRANT or with TxSTB. An AND with TxSTB is illustr
ated in Figure 9:34. 

Assuming that the acknowledged DMA channel is transferring data at less than maximum speed. it must use the low 
TxSTB strobe to remove its TxRON high request. If the channel keeps its TxRON DMA request active. then the next 
DMA transfer will occur during the next machine cycle. Using Three-State Control. cycle stealing direct memory ac
cess. therefore. it is possible to transfer a byte of data during every machine cycle: however. each machine cycle will 
have its length increased by three machine cycles. Thus. any executing program will be reduced to executing at one 
quarter of its normal execution speed. 

MC6844 DMAC HALT MODES 
The next DMA operating mode we are going to look at is the Halt Cycle Stealing mode. In this mode the CPU is 
halted for three machine cycles. during which a single byte of data is transferred Timing is illustrated in Figure 9-35 
and appropriate pin connections are illustrated in Figure 9-36. 

9-113 



C C c U o U c c 

TxRON 

BA-OGRNT 

VMA 

TxAKA.TxAKB 

----~--------~--~-+------~~,~----------~ 

R/W 

AO - A15 

DO - 07 

C - CPU operations machine cycle 
U - Unused machine cycle 
o - OMA machine cycle 

Figure 9-35. Timing for Halt. Cycle Stealing Direct Memory Access 
with the MC6844 

A DMA transfer is initiated by one of the four DMA requeSt signals TxRO through TxR3 going high. 
These signals are sampled on the rising edge of «1>2. The MC6844 responds to a high DMA 
transfer request by outputting DRQH low. In the Halt. Cycle Stealing mode. DRQH must be input 
as the MC6800 CPU halt request. As explained earlier in this chapter. when a low input occurs at 
HALT. the MC6800 CPU completes executing its current instruction. then enters a Halt state. Dur
ing the Halt state. VMA is output low while the Address and Data Busses. along with the RIW 
control signal. are floated. In Figure 9-35 the Halt state is shown beginning one full'machine cycle 
after DRQH goes low. 

The MC6800 CPU indicates the onset of the Halt state by outputting BA high. This output 
becomes the DGRNT input to the MC6844. Once DGRNT goes high. the MC6844 assumes 
control of the System Bus. TxSTB is pulsed low as a substitute for the VMA signal. The address 
of the memory location to be accessed during the DMA transfer is output on the Address Bus 
along with the R/W. which indicates the direction of the DMA data transfer (as described for 

MC6844DMAC 
TxRO - Tx'R3 
SI~NALS 

MC6844DMAC 
Diiffii SIGNAL. 

MC6844DMAC 
DGRNT. TxSTB. 
TxAKAAND 
TxAKB SIGNALS 

three-state control cycle stealing mode). The DMA channel being acknowledged is identified via the TxAKA and TxAKB 
signals. which are decoded as described earlier. 
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MC6800 

CPU 

· · · · · · 
HAlT 

jim 

§ § 
VMA 

BA 
TSC 

~ ~ D8E ~ 
i ; R/VIi 

I j A5 

~~ 4-: 

Ii 
DEVICE SELECT 

LOGIC · A15 
......... 

CS 

RESeTt 
--CS/TxAKB 

I-- DRmI" AO ~ CLOCK 
~ 

A4 · DGRNT · A15 · 
«1>2 (DMAI DO · MC6844 · · DMAC 07 

~ R/W ~ 
IROIDEND 

TxAKA 
TxSTB 
TxRQO · TxRQ3 · -

Figure 9-36. An MC6B44 DMAC Connected for Halt. Cycle Stealing or Halt Burst 
Direct Memory Access 

. 

DO 

07 
AO 
Al 
A2 
A3 
A4 
A5 

A15 

BA 
TSC 

R/W 

SYSTEM 
VMA 

TxAKB 
TxAKA 
TxSTB 

DEND 

TxRQO 
TxRQ3 

The VMA signal used by the system must now be the OR of VMA and TxSTB. The external MC6844 DMAC 
device whose DMA request has been acknowledged must detect the low TxSTB signal and use TxSTB SIGNAL 
it to reset its DMA request. If the DMA request is still active after a single byte of data has been 
transferred via DMA. then a single instruction will be executed before the next byte of data is transferred via direct 
memory access. One instruction will be executed even if TxRQN remains high. because in Halt Cycle Stealing mode the 
MC6844 will return its DRQH signal high as soon as a single byte of data has been transferred via direct memory ac
cess. This will free the CPU to execute another instruction. and while this new instruction is being executed the whole 
timing process illustrated in Figure 9-35 will begin ag!li[1. 

When the Byte Coun1 register contents decrement to O. the IRQ/DEND signal will o\Jtput low. As was the caSe for 
Three-State Control Cvcle Stealing mode. this signal can be used to request an interrupt and/or to identify the end of a 
data transfer block to external logic. It is a good idea to condition interrupt requests and DEND outputs with TxSTB in 
order to avoid generating spurious signals. 

The third and last II/IC6844 DMA mode Is th. Halt Burst mode. This differs from Halt Cycle Stealing mode in that 
once a Halt condition has been initiated. it is maintained while data is transferred via direct memory access until the 
Byte Count register has decremented to O. Thus. Halt Burst mode timing will differ from Figure 9-35 only in that DRQH 
will remain low until the channel's ~yte Count register decrements to O. This will happen irrespective of the level on the 
DMA request line TxRQN. Note that. as illustrated in Figure 9-35. one byte of data will be transferred via direct memory 
access in three machine cycles. even when operating in Halt Burst mode. Pin connections for Halt Burst mode are as il
lustrated in Figure 9-36. 
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COMPARING MC6844 DMAC MODES 
You will use Three-State Control. Cycle Stealing mode when program execution time is critical but data transfer rates 
are not. 

You will use Halt. Cycle Stealing mode when data transfer rates are not critical. program execution time is important 
and you do not have an MC6875 clock device. 

You will use Halt Burst mode when data transfer rates are critical and program execution time is not. 

Table 9-13 summarizes maximum data transfer rates for the three modes. A /Lsec machine cycle time is assumed 

Table 9-13. MC6844 DMAC Modes' Response Times and Transfer Rates 

Mode 
Response Time Maximum Transfer Rate 

(/Lsec) KHz 

TSC Steal 2.5 to 3.5 250 
Halt Steal 3.5 to 15.5 200 - 67 
Halt Burst 2.5 to 3.5 1000 

USING AN MC6844 DMAC WITH MIXED MODES 
If you are going to use Three-State Control and Halt modes with a single MC6844 DMAC device, the only 
special precaution needed is to generate DGRNT as the OR of BA and REF GRANT. 

The Three-State Control and Halt modes have separate DMA request lines. DROT and DROH. respectively: therefore no 
special logic is needed to handle DMA requests using mixed modes. 

THE MC6844 CONTROL REGISTERS AND OPERATING OPTIONS 
As summarized in Table 9-12. the MC6844 DMAC has a number of programmable Control registers, which are 
used to select the DMA transfer modes which we have already described. plus additional operating options. 

~=~~ The best place to begin a discussion of Control registers is with the Enable/Priority Control MC6844 
register. Bit settings for this register may be illustrated as follows: ENABLE/ 

6 5 4 3 2 o 4--BitNo. 

Enable/Priority Control Register 

'------Channel 1 0 - Disable channel 
'--______ Channel 2 1 - Enable channel 

ChannelO} 

L--------Channel 3 
L-----------Unused 

'--------------- 0 - Fixed priority 
1 - Rotating priority 

PRIORITY 
CONTROL 
REGISTER 

Each DMA channel that is to be active must have a 1 placed in its enable bit within the Enable/Priority Control register. 
A 0 in any channel's enable bit will disable the channel. It is important to understand that if a channel is disabled. this 
simply means that DMA requests arriving via the associated TxRON input will be ignored. Disabling a DMA channel 
has no effect on your ability to write into the channel's registers or read from the channel's registers. 

If more than one DMA channel is enabled. then two or more DMA requests can occur 
simultaneously. You arbitrate priority in one of two ways. If bit 7 of the Enable/Priority Control 
register is O. the following fixed priorities will always be used: 

Highest Priority: Channel 0 
Channel 1 
Channel 2 

Lowest Priority: Channel 3 
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Rotating priority may be selected by writing a 1 into bit 7 of the Enable/Priority Control 
register. Rotating priority initializes the four channels with the fixed priority illustrated above. 
As soon as any DMA channel has been serviced. however. it becomes the lowest priority chan
nel- and associated channels are rotated in a round-robin fashion In order to illustrate rotat
ing priority mode. let us assume that DMA Channel 2 is serviced and then DMA Channel 0 is 
serviced. This is how priorities would be assigned: 

Initial Priority: 
Highest Priority: Channel 0 

Channell 
Channel 2 

Lowest Priority: Channel 3 

Channel 2 is serviced. These are the new priorities: 

Highest Priority: Channel 3 
Channel 0 
Channell 

Lowest Priority: Channel 2 

Channel 0 is serviced. These are the new priorities: 

Highest Priority: Channell 
Channel 2 
Channel 3 

Lowest Priority: Channel 0 

The next Control register we will look at is the Data Chaining Control register. because this also 
contributes to channel enable logic. Data Chaining Control register bit assignments may be il
lustrated as follows: 

7 6 5 4 2 o 4--BitNo. 

Data Chaining Control Register 

'----- 0 - Disable data chaining function 
1 - Enable data chaining function 

'------- 00 - Chain Channel 3 to Channel 0 
01 - Chain Channel 3 to Channel 1 
10 - Chain Channel 3 to Channel 2 
11 - Illegal 

'---------0 - Select 2 channel mode 
1 - Select 4 channel mode 

'-------------Unused 

Bit 3 of the Data Chaining Control register is. in fact. an enable/disable bit for the TxAKB out
put function associated with the CSlTxAKB signal TxAKB is disabled if the Data Chaining 
Control register bit 3 is O. This is referred to as Two-Channel mode. because with only TxAKA 
enabled it is only possible to acknowledge DMA requests from channels 0 or 1. This may be il
lustrated as follows: 

TxSTB 
TxAKA 

~~ _____ SELECT 1 

~ SELECT 0 
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If the Data Chaining Control register bit 3 is 1. then the TxAKB signal is active. allowing 
anyone of the four DMA channels to be acknowledged. This is referred to as Four-Channel. 
mode. and may be illustrated as follows: 

MC6844 DMAC 
FOUR-CHANNEL 
MODE 

TxSTB .................... -i~J-.................... --, 

T~KA .................................... ~~ 

CS/TxAKB~"""""""""""""""""''''''''' 

CS----0000001''''' 
DGRNT .... ---~(J 

(open collector 
gate here) 

A 

B 

C 
SELECT 0 

VI SELECT 1 
74155 

SELECT 2 

SELECT 3 
G 

-
The logic above uses the TxSTB pulse as a strobe for a 2-to-4 decoder. The four decoder outputs become individual 
select lines for the four devices capable of requesting DMA access. 

In order to rotate CS/TxAKB requirements. chip select creation logic is shown. This logic has nothing to do with genera
tion of the Select 0 through Select 3 lines: however. unless the chip select input portion of the CSlTxAKB signal is cor
rectly generated. TxAKB will either be held at ground or pulled to a level of 1. in which case the four-channel select 
logic will not work. 

It is very important to note that there is no direct connection between the logic of the Data Chaining Control register bit 
3 and the Enable/Priority Control register bits 0 through 3. Whether you select Two-Channel mode or Four-Channel 
mode/via bit 3 of the Data Chaining Control register. you can independently enable or disable each of the individual 
channels via Enable/Priority Control register bits 0 through 3. Clearly. there are certain combinations which are not 
reasonable. Options may be illustrated as follows: 

Data Chaining Enable/Priority Control Register 
Control Register 

Bit 3 Bit3 Bit2 Bit 1 BitO 

0 0 0 0 0 Select Two-Channel mode. but channels 0 and 1 are 
disabled. 

0 0 0 0 1 Select Two-Channel mode. but only channel 0 or 
0 0 0 1 0 channel 1 is enabled. 

0 0 0 1 1 Normal Two-Channel mode with both channels ac-
tive. 

0 0 1 X X In Two-Channel mode you can enable channels 2 and 
- 3. Their DMA requests will be accepted via TxRQ2 
- and TxRQ3. but DMA requests will not be 
- acknowledged via TxAKB. Channels 0 and/or 1 must 
0 1 1 X X be enabled. 

1 0 0 X X Four-Channel mode with channels 2 and 3 disabled 
makes no sense. Use Two-Channel mode instead. 

1 0 1 X X Four-Channel mode with channel 2 and/or 3 enabled. 
and any enable/disable combination for channels 0 
and 1 is alright. 

1 1 1 X X 

9-118 



If you enable data chaining by writing a 1 into the Data Chaining Control register bit O. then 
DMA operations at channel O. 1 or 2 become continuous. Via bits 1 and 2 of the Data Chaining 
Control register. you select channel O. 1 or 2 to operate in Chained mode. 

Chained mode simply means that as soon as the selected channel's Byte Count register decre-

MC6844 
DATA 
CHAINING 

ments to O. the selected channel's Byte Count and Address registers will be reloaded with values stored in the Channel 
3 Byte Count and Address registers. Suppose. for example. you want to continuously transfer. via direct memory ac
cess. 256 bytes of data. The data is to flow via Channel 0 to memory. with the data being loaded in memory locations 
OA0016 through OAFF16. To perform this task you would store 00FF16 in the Channel 3 Byte Count register. and 
OA0016 in the Channel 3 Address register. 'MIe assume that the Address register is going to be incremented.) Every 
DMA transfer will begin with 00FF16 being loaded into the Channel 0 Byte Count register from the Channel 3 Byte 
Count register. while OA0016 is loaded into the Channel 0 Address register from the Channel 3 Address register. This is 
an automatic operation which requires no program intervention once data chaining has been enabled. Thus. DMA 
transfer via Channel 0 will continue endlessly with the DMA transfer rate determined by the DMA mode selected. 

It is important to note that a data chaining specification is to MC6844 DMAC logic an isolated event. The fact that data 
chaining has been enabled does not automatically disable DMA Channel3 logic. You must do this by writing 0 into the 
Enable/Priority Control register bit 3. Also. if you specify chaining. you in no way affect the manner in which registers 
can be accessed. You can write into Channel 3 registers. or you can read the contents of Channel 3 registers. This can 
be very useful. If 256 bytes of data are continuously b'eing read into memory locations OA0016 through OAFF16. it 
would take complex program logic to access all data that gets written into this buffer before the data gets overwritten 
on the next DMA pass. 

A better way would be to have two buffers: for example. the first from OA0016 through OAFF16 and the second from 
OB0016 through OBFF16. Now. following each end of block interrupt. you would write the new address into the Chan
nel 3 Address register. This is illustrated in Figure 9-37. 

There are some nonobvious aspects of Figure 9-37. 

Observe that when you are initializing the MC6844 operating in Chained mode. you must load initial addresses and 
byte counts in Channel 3 Address and Byte Count registers as well as in the Address and Byte Count register for the 
chained channel. The actual chaining operating does not occur until the chained channel's Byte Count register decre
ments to O. When you start the chained channel. the first DMA operation uses initial Byte Count and Address values 
loaded into the chained channel's Byte Count and Address registers. After the first end-of-block interrupt. the byte 
count and address values loaded into the Channel 3 registers will be transferred to the chained channel registers for 
the next operation. 

Let us now consider the Channel Control register which is associated with each DMA chan
nel. Channel Control register bit assignments may be illustrated as follows: 

7 6 5 4 3 2 

L I I 0 o I I 
I j 

I 
o -4--BitNo. , Channel Control register 

0- Transfer data from I/O device to memory 
1 - Transfer data from memory to I/O device 

00 - Select Halt Steal mode 
01 - Select Halt Burst mode 
10 - Select Three State Control, Steal mode 
11 - Illegal 

o - Incremant Address register 
1 - Decrement Address register 

Unused 

0- Donet 
1 - Busy f Read-only. Status bit 

0- Not end of DMA block l Read-only. DEND 
1 - End of DMA block f status bit 

MC6844 
CHANNEL 
CONTROL 
REGISTERS 

Channel Control regist~ bit 0 simply reflects the level which will be output on the R/W pin during DMA operatio~ -
that is to say. while RIW is an output from the MC6844 DMAC. Channel Control register bit 0 has'!!p effect on RIW 
while the MC6800 CPU is acceSSing the MC6844 DMAC under program control. The level of the RIW signal during a 
DMA operation determines whether data will be transferred from the I/O device to memory (RIW is low). or from 
memory to the I/O device (R/W is high). Since each DMA channel has its own Control register and therefore its own 
Control register bit O. channels may be programmed independently to generate DMA transfers in either direction. 
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C Start ) 
+ 

Load OOFF 16 into Channel 0 and Channel 3 Byte 
Count registers 

• 
Load OAOO16 into Channel 0 Address register 

• 
Load 080016 into Channel 3 Address register , 
Start Channel 0 

--'-
Channel 0 Interrupt. 0800 16 is transferred from 
Channel 3 Address register to Channel 0 Address 
register. OOFF 16 is loaded from Channel 3 Byte 
Count register to Channel 0 Byte Count register , 
Load OAOO16 into Channel 3 Address register , 
Process data in buffer OAOO 16 through OAFF 16 

~ 
Channel 0 Interrupt. OAOO16 is transferred from 
Channel 3 Address register to Channel 0 Address 
register. OOFF16 is loaded from Channel 3 Byte 
Count register to Channel 0 Byte Count register , 
Load 080016 into Channel 3 Address register 

_t 
Process data in buffer 080016 through OBFF16 

I 

Figure 9-37. Logic for MC6844 DMAC with Channel 3 Chained to Channel 0 and Data Flowing 
into Alternate Memory Buffers 
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Channel Control register bits 1 and 2 are used to select one of the three DMA transfer modes which we have just de
scribed. 

Channel Control register bit 3 determines whether the channel's Address register contents will be incremented or 
decremented following each DMA transfer. Thus you can perform a DMA operation specifying the highest address or 
the lowest address of a memory buffer as the starting address. 

Channel Control register bits 4 and 5 are unassigned. 

Channel Control register bits 6 and 7 are read-only status bits which should be looked at in con
junction with the Interrupt Control register. Interrupt Control register bits are assigned as 
follows: 

7 6 4 3 ° "'--BitNo. 

Interrupt Control register 

'------ Channel 1 ° -Disable interrupt request 
'-------- Channel 2 1 - Enable interrupt request 

ChannelO} 

L--------Channel 3 

'------------Unused 

'----------------° -No interrupt request pending 
1 - Interrupt request pending 

MC6844 
INTERRUPT 
CONTROL 
REGISTER 

You can. at any time. examine a DMA channel to find out if it is "busy" or if it is "done". If "busy". the channel is in the 
middle of transferring a block of data. If "done". the channel is currently idle You determine a channel's status by read
ing the contents of the Channel Control register and examining the level of bit 6. 

When you reach the end of a data block. that is. a DMA channel's Byte Count register decrements to O. the channel's 
Control register bit 7 will be set to 1. If the channel's interrupt logic has been enabled via bit O. 1.2 or 3 of the Interrupt 
Control register. then an interrupt request will occur via a low output at IRQ/DEND This interrupt request will not occur 
if the channel's interrupt logic has been disabled within the Interrupt Control register. 

If an interrupt request does occur. then bit 7 of the Interrupt Control register will be set to 1 

Irrespective of whether a channel's interrupt logic has or has not been disabled. the channel's Control register bit 7 will 
be set to 1 when the channel's Byte Count register decrements to 0 

Bit 7 of the Channel Control register remains set to 1 until the CPU reads the contents of the Channel Control register 
The process of reading the Channel Control register contents automatically resets bit 7 to O. 

The Interrupt Control register bit 7 is reset to 0 as soon as the Channel Control register for the DMA channel requesting 
the interrupt is read by the CPU. 

Suppose. for example. Channels 0 and 1 are active. with Channel 0 interrupts enabled and Channell interrupts dis
abled. Here are appropriate Interrupt Control register settings: 

76543210 
1o 1 ° 1 ° 1 ° 1°/11°/+/11°/11 

Channel ° 
Control 

Register 

Oil means the bit may be 0 or 1. 

6 5 4 2 ° 1° 1 ° 1 ° 1 ° 101110/110/110/11 
Channel 1 

Control 
Register 

6 5 4 3 

10101010101 
Interrupt 
Control 
Register 

Now suppose Channell becomes active Its Control register Busy bit will be set: 

7 

° 
6 5 4 3 2 ° 

Channel ° 
Control 
Register 

6 4 3 2 ° 
I ° ~~iitN ° 1 ° 1°/11°1+/11°/11 

Channell 
Control 
Register 
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7 

1 ° 1 
6 5 4 3 

° 1 ° 1 ° 1 ° 1 
Interrupt 
Control 
Register 

° 
° 1 ° 1 

2 ° 
° 1 ° 1 



Next. suppose Channel 0 becomes active. The Channel 0 Busy bit will also be set: 

7 6 5 4 3 2 1 ° 7 6 5 4 3 2 1 ° 6 5 4 3 2 ° 
1° _ ° 1°1°/11°/11°/11°/11 1 ° I I ° 1° 1°/11°/11°/11°/11 10101010101010111 

Channel ° Channell Interrupt 
Control Control Control 
Register Register Register 

When the Channel 1 DMA operation ends. no interrupt request will occur. since the Channel 1 interrupt logic has been 
disabled. Thus. the Channel 1 Control register Busy bit will be reset to O. the DEND bit will be set to 1 and the Interrupt 
Control register will not change: 

76543210 
I ° 11 I ° I ° 1°/*/+/+/11 

Channel ° 
ContrQl 
Register 

76543210 
1_1 ° 10 1°/110/11°/11°/11 

Channel 1 
Control 
Register 

765 4 3 210 
1 ° I ° I ° I ° I ° I ° I ° I 

Interrupt 
Control 
Register 

As soon as the CPU reads the contents of the Channel 1 Control register. the Channel 1 DEND bit (bit 7) will be reset to 
O. 

Suppose Channel 0 now reaches the end of a data block; it will request an interrupt. The Channel 0 Control register's 
Busy bit will be reset to O. the DEND bit will be set to 1 and the active interrupt request bit of the Interrupt Control 
register will also be set to 1: 

7 6 5 4 3 2 ° 7 6 5 4 3 2 ° 
111010101010101 

Channel ° Interrupt 
Control Control 
Register Register 

Reading the contents of the Channel 0 Control register will reset the Channel 0 DEND bit (bit 7). Reading the Channel 0 
Control register contents will also reset the Interrupt Control register bit 7. since the Channel 0 interrupt request 
caused this bit to be set. Reading the Channel 1 Control register will have no effect on the Interrupt Control register bit 
7. since Channel 1 did not cause the interrupt request to be generated. 

If more than one active interrupt is present. then your program must arbitrate priorities by examining the DEND status 
of each channel's Control register. Also. bit 7 of the IAterrupt Control register will be reset when you read the contents 
of the Control register for the first channel to request an interrupt. For example. suppose all channel interrupts have 
been enabled. and Channel O. then Channel 2. then Channel 1 request interrupts- before the CPU acknowledges an 
interrupt. The CPU can determine which channels have requested interrupts by reading Control register contents for 
Channels O. 1 and 2. But it is the act of reading Channel 0 Control register contents that will reset bit 7 of the Interrupt 
Control register.' -

RESETTING THE MC6844 DMAC 
The MC6844 DMAC is reset whe" a low sig"al is i"put at the Reset pi". Whe" the MC6844 DMAC is reset, all 
Co"~rol registers have their co"te"tsreset to O. Address ami Byte COU"t registers' co"te"ts, however, are "ot 
altered. 

PROGRAMMING THE MC6844 DMAC 
Programmi"g the MC6844 DMAC is quite straightforward. 

The first step Is i"itializ~tlo". If you have reset the MC6B44. then all Control registers' contents will be 0 ..:..- in which 
case all DMA requests and interrupt requests have been disabled. If you have not reset the MC6844 DMAC. then you 
should do so under program control by outputting 0 to the Enable/Priority Control register and the Interrupt Control 
register. 

O"ce the MC6844 DMAC has bee" disabled, the" i"itlalize cha""el Address a"d Byte COU"t registers by load
I"g appropriate i"itlal values i"to these registers. 

Next, defi"e the DMA opereti"g modes by loading appropriate codes into the channel Control registers for the 
enabled channels. and into the Data Chain Control register. 
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Initialization is now complete. You start OMA channels by outputting an appropriate code to the Interrupt Control 
register and then to the Enable/Priority Control register. 

Monitoring DMA operations while they are In progress is also quite straightforward. Normally you will wait until 
the end of a OMA transfer is signaled by an interrupt request. at which time if more than one channel could have re
quested the interrupt. the interrupt service routine arbitrates priorities by reading all active channel Control registers' 
contents. The interrupt service routine must now respond to the active interrupt request according to the requirements 
of your program logic. This mayor may not require restarting the same channel or another channel. 

You can II'!Onitor DMA operations while they are in progress by reading the contents of Address and Byte Count 
registers while a DMA operation is in progress. However, this is something you should only do while operating a 
DMA channel in one of the Halt modes. If you read register contents on the fly while operating in Three-State 
Control mode, you may read the wrong answer, and determining what the right reading should be is not easy. This 
is because an instruction that reads 16 bits of data executes in two machine cycles. If this read operation occurs while a 
Three-State Control. Cycle Stealing OMA transfer is occurring. this is wh t happens: 

I I I I I 

I I I I n: 
~2 JUl I n n'-------t...... :_._ 

I I I I I I 
I LOX I Increment I Read I Increment Read I Increment Next I 
I instr. I 16 bits to I high- I 16 bits to low- I 16 bits to instr. I 
I fetch I 032A16 I order I 032816 order I 032C16 fetch I 
II I I byte I byte I I 

I I I ~_ I 03£ oct,. 
In the illustration above. an LOX instruction loads the contents of a 16-bit register (we will assume it is the Channel Ad
dress register) into the Index register of the CPU. First the high-order byte of the Address register (03) is transferred to 
the high-order byte of the Index register. At the end of this machine cycle. however. the Address register is incre
mented. Now. you may say that this is no problem since you have read the valid Address register contents as they were 
at the end of the LOX instruction's execution. But unfortunately there is a special case. Suppose the Address register 
contained 020016 and was decrementing. Now you will read 02FF when 01 FF was the correct value: 

I I I I I II I 
,......{ ,..., I ,..., I I 

~...J U l I I l In: 
I I I I I 
I LOX Decrement I Read I Decrement Read I Decrement I Next 
I instr. 16 bits to I high- I 16 bits to low- I .16 bits to I instr. 
I fetch 020016 I order I 01FF16 order I 01FE16 I fetch 
I I byte I byte I I 

I mi' ;).~ 
The error illustrated above cannot occur when operating OMA in a Halt mode. since the OMA transfer occurs in bet
ween instruction executions. Thus. the contents of any 16-bit registers within the MC6B44 OMAC will not change 
while an LOX instruction is being executed. because no OMA transfer can occur until the LOX instruction has com
pleted executiqn. 

You can. if you wish. write into any MC6844 DMAC register at any time. For example. you can write into an Address or 
Byte Count register for a channel that is busy. Once again. you can get into trouble if you write into Address or Byte 
Count registers for a channel that is operating in Three-State Control. Cycle Stealing mode. since you will write the low
order byte. all 16 bits may be incremented or decremented. and then you will write the high-order byte; and who 
knows what the results will be. Writing into registers on the fly will not cause errors if you are operating in one of the 
Halt modes. 
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THE MC6846 MULTIFUNCTION SUPPORT DEVICE 

Tlte MC6846 multifunction support device is designed to work with the MC6802 as a two-chip microcomputer. 
However. the MC6846 can be used just as easily in any other MC6800 microcomputer system. 

Figure 9-38 illustrates that part of our microcomputer system logic which is implemented on the MC6846 
multifunction device. This device provides 2048 bytes of read-only memory. a single 8-bit parellell/O port with 
handShaking control signals. and a counter/timer. 

The MC6846 multifunction device is packaged as a 4O-pin DIP. It uses a single +6V power supply. All inputs and 
outputs are TTL-compatible. 

The device Is implemented using N-channel silicon gate depletion load technology. 

IViC6846 MULTIFUNCTION DEVICE PINS AND SIGNALS 
MC6846 pins and signals are illustrated in Figure 9-39. 

The device select lines CSO and CS 1 work in two ways: they activate the MC6846. and they select which func
tion is in use - ROM or I/O and counter/timer. The user specifies as a mask option two active combinations of 
CSO and CS1 levels: one to enable the ROM and one to enable the I/O and counter/timer. For example. you might 
wish to enable ROM when CS1 is high and CSO is low. and enable the I/O and counter/timer when both select lines are 
high. This combination would then disable the MC6846 when CS1 is low. 

When ROM is selected. the eleven lines AO - A10 will address one of the 2048 bytes of read-only memory. 
These 2048 memory bytes may be located anywhere in the memory space. 

In addition to CSO and CS1. certain of the address lines are used to select the I/O and counter/timer functions. 
Lines A5. A4. and A3 must be low to select the I/O and counter/timer operations. You select as a mask option what 
level at line A6 enables I/O and the counter/timer. and whether or not one of the lines A10. A9. A8. and A7 must be 
high to enable these functions. Here is how address lines are used to select I/O and the counter/timer: 

Al0 A9 AS A7 A6 

'------ Intemal register address 
(See Teble 9-14) 

'-------.....;;..-- These three lines must be low to select I/O and counter/timer 

'------------- User decides whether high or low selects I/O and 
counter/timer 

'-----------------All fO\lr "don't care" or user may assign one line on which a 
high lavul selects I/O and the counter/timer 

Once an MC6846 has been selected as an I/O device. address lines AO. A1. and A2 select one of seven 
registers in eight I/O addressable locations. Table 9-14 identifies the locations accessed with each address. Note 
that addresses 0 and 4 access the same location. 

Table 9-14. MC6846 I/O Addressable Locations 

Address Line 
Internal Register Selected 

A2 A1 AO 

0 0 0 Composite Status register 
0 0 1 Peripheral Control register 
0 1 0 Data Direction register 
0 1 1 Peripheral Data register 
1 0 0 Composite Status register 
1 0 1 Timer Control register 
1 1 0 Timer register (high-order byte) 
1 1 1 Timer register (low-order byte) 
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Arithmetic and 
Logic Unit 

Accumulator 
Registerls) 

Data Counterls) 

Figure 9-38. Logic of the MC6846 Multifunction Device 
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(GND)VSS 1 40 A8 

A7 2 39 A9 

A6 3 38 Al0 

AS 4 37 RES 

A4 5 36 IRQ 

CSO 6 35 CP2 

R/W 7 34 CPl 

DO 8 33 AO 

01 9 32 Al 

02 10 MC6846 31 A2 

03 11 30 A3 

04 12 29 VCC 
OS 13 28 PP7 

D~ 14 27 PPS 

07 1S 26 PPS 

CSI 16 2S PP4 

CTG 17 24 PP3 

CTC 18 23 PP2 

CTO 19 22 PPI 

E 20 21 PPO 

PIN NAME DESCRIPTION TYPE 

CSO.CSI Device select Input 
AO - Al0 Address lines Input 
DO - 07 Data lines Bidirectional 
R/W Read/Write Input 
E Device synchronization Input 
PPO - PP7 I/O Port lines Bidirectional 
CPl Interrupt/Strobe Input 
CP2 Peripheral Control Input or Output 
CTO Counter/timer output Output 
CTC External clock for counter /timer Input 
CTG Counter/timer gate Input 
IRQ Interrupt request Output 
RES Reset Input 

VCC. Vss Power and Ground 

Figure 9-39. MC6846 Multifunction Device Signals and Pin Assignments 

9-126 



All data transfers between the CPU and the MC6846 device occur via the bidirectional Data Bus (DO - 07). This 
is a three-state Data Bus: when the device is not selected the MC6846 holds these lines in the high-impedance state. 

The RIW control determines whether data will flow Into the MC6846 (a Write operation with RIW low) or from 
the MC6846 (a Read operation with Rfiii high). 

E is the standard synchronizing clock signal used throughout an MC6800 microcomputer system. 

The 8-bit parallel I/O port of the MC6846 is very similar to I/O Port B of an MC6820 Peripheral Interface Adapter (PIA). 
Differences are described later. Lines PPO - PP7 constitute an 8-bit bidirectional parallel I/O port. Control lines CP1 
and CP2 are the two handshaking and interrupt control signals associated with the parallel I/O port. 

The counter/timer of the MC6846 is very similar to counter/timer 3 of the MC6840 counter/timer, which has 
been described earlier in this chapter. CTO is the output signal, CTC is the external clock and CTG Is the gate in
put. 

Interrupt requests originating from the parallel I/O logic of the counter/timer logic are output via IRQ. 

The device is reset by inputting a low level at RES. The actual operation of the reset logic is described after the 
registers which it affects have been discussed. 

MC6846 COUNTERITIMER LOGIC 
Before reading this section. you should be familiar with the MC6840 counterltimer device described earlier in this 
chapter. We are only going to examine the differences between counter/timer logic of the MC6846 and channel 
3 of the MC6B40. Note that channel 3 of the MC6840, like the counter/timer logic of the MC6846, can be oper
ated in divide-by-eight mode. 

The MC6846 counter/timer has its own Control register, Most Significant Byte register, and Least Significant 
Byte register. As illustrated in Table 9-13. these three registers are accessed via addresses DEV+5. DEV+6. and 
DEV+ 7 respectively. The counter/timer logic does not have its own Status register; this is shared with I/O port 
logic. 

The counter/timer Control register address is not the same as any of the three addresses set aside for Control registers 
of the MC6840. The Most Significant Byte register and Least Significant Byte register addresses. however. are the same 
as two addresses allocated to these two registers by the MC6840. 

Bits of the MC6846 counter/timer Control register are not assigned in the same way as they are for any MC6840 Con
trol register. Here are the counter/timer Control register bit assignments for the MC6846: 

7 6 5 4 3 2 

I I I I I I I I 
I A • 

o ....--BitNo. , Counter/TImer Control register 

o Enable timer 
1 Preset counter 

o TImer uses CTC as clock input 
1 TImer uses E as clock input 

o Use input clock frequency 
1 Use input frequency divided by 8 

Select operating mode: 
000 Continuous (program initiated) 
001 Cascaded single-shot 
010 Continuous 
011 Normal single-shot 

Frequency comparison: 
100 CTG changes before counter times out 
101 Counter times out before CTG changes 

Pulse width comparison: 
110 CTG changes before counter times out 
111 Counter times out before CTG changes 

o Mask timer interrupt 
1 Enable timer interrupt 

o Set CTa low } except during cascaded 
1 Enable counter output single-shot operation 
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Bit 0 is the internal reset bit. This is the same as bit 0 of the Control register of MC6840 counter/timer logic 1. 

Bit 1 determines whether the external clock (CTC) or the system clock (<1>2. via E) will be the timing signal. This is the 
same as in MC6840 Control registers. 

Bit 2 enables or disables the divide-by-eight prescaler: bit 0 of counter/timer 3's Control register performs the same 
task in the MC6840. 

Bit 6 enables or disables interrupt logic. and bit 7 enables or disables the output signal for the counterltimer as de
scribed for the MC6840. 

Control register bits 3. 4 and 5 determine the operating mode of the counterltimer. There is just one difference bet
ween the interpretation of these three bits in the MC6846 as compared to the interpretation of these three bits in the 
MC6840. The MC6846 has no program-initiated single-shot mode. Only a high-to-Iow transition of the gate input will 
initiate single-shot mode. This missing variation of single-shot mode is replaced by a cascade mode. In the cascade 
mode. Control register bit 7 is connected to the output signal CTO. When Control register bit 7 is O. the output signal is 
set low on the next timeout when Control register bit 7 is 1. the next timeout sets the output signal high. This is called. 
a "cascade" mode because it allows you. under program control. to count timeouts which generate interrupt requests 
in the usual way and then. under program control. to change the level of the output based on the time interval com
puted via timeouts. 

MC6846 I/O PORT LOGIC 
Before reading this section. you should be familiar with the MC6820 PIA described earlier in this chapter. We are only 
going to examine the differences between I/O port logic of the MC6846 and I/O Port B of the MC6820. 

The MC6846 I/O Port can provide programmed handshaking on either input or output. 

Any of the data lines PPO - PP7 can directly drive the base of a Darlington NPN trailsistor. The control line CP2 
also has this capability. 

The MC6846 I/O Port has its own Control register. Data Direction register. and Peripheral Data register. As il
lustrated in Table 9-13. these three registers are accessed via addresses DEV+ 1. DEV+2. and DEV+3 respectively. The 
I/O port logic does not have its own Status register; this is shared with the counter/timer logic. We will describe 
the Composite Status register later on. 

In the MC6846. the Data Direction register and the Peripheral Data register have separate addresses. Recall that 
in the MC6820 PIA these two registers share one address. and Bit 2 of the Control register determines which location is 
accessed by that add ress. 

Bits of the MC6846 Peripheral Control register are not assigned in the same way as they are for either of the MC6820 
Control registers. Here are the Peripheral Control register bit assignments for the MC6846: 

6 5 4 2 o .....-BitNo. 

I I I I I 1 I I Peripheral Control register 

I , 
o Disable CPl interrupt 
1 Enable CP 1 interrupt 

o CPl high-to-Iow transition generates interrupt request 
1 CPl Iow-to-high transition generates interrupt request 

o Do not latch input data 
1 Latch input data on active transition of CP 1 

~".~,. } o Disable CP2 interrupt 
1 Enable CP2 interrupt Bit 5 = 0 _ 

o CP2 high-to-Iow transition generates interrupt request 
1 CP2 low-to-high transition generates interrupt request 

a CP2 is output 
00 CP2 serves as an interrupt acknowledge 

Bit 5 = 1 ~ 01 CP2 serves as an input/output acknowledge 
lx set CP2 to x 

Not used 

o Normal 0 eration P 
1 Reset I/O port 
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If Bit 0 is set to 1. then an active transition (as defined in Bit 1) at CP1 will set IRQ low. Bits 0 and 1 are used in the same 
way in the Control registers of the MC6820. 

Bit 2 selects the input latch function. When bit 2 is set. an active transition at CP1 will latch data input on lines PPO -
PP7. The MC6820 does not provide an input latch function. 

Bits 3. 4. and 5 control the CP2 line in the same way that MC6820 Control Register B bits 3.4. and 5 control line CB2 of 
that device. 

Bit 6 is not used in the MC6846. 

Bit 7 serves as an internal reset for the I/O port. The CPU may set this bit by writing a 1 into it. but it will also be set au
tomatically when the MC6846 receives a low level at the reset input. RES. You clear bit 7 by writing a 0 to it during a 
CPU write to the Peripheral Control register. 

The interrupt flags for both the timer/counter and the I/O port appear in the Composite 
Status register. which the CPU accesses via either of the addresses DEVor DEV+4. This register 
is a read-only location. 

Here are the bit assignments for the Composite Status register: 

7 6 5 4 3 2 0 ~Bit No. 

Composite Status register 

'----- Timer interrupt 

'------ CPl interrupt 

'--------CP2 interrupt 
'--_________ Not Ulled 

'---------------Composite interrupt 

Note that interrupt conditions will appear in bits O. 1. and 2 of the Composite Status register. 
whether or not interrupts are enabled in the corresponding Control register. 

MC6846 
COMPOSITE 
STATUS 
REGISTER 

A counterltimer interrupt will set bit 0 of the Composite Status register. Any of the following actions will reset the 
counterltimer interrupt flag to 0: 

• Timer reset via either Timer Control register bit 7 or RES input 

• Initializing the counter 
• Writing to the timer latches in Frequency Comparison mode or Pulse Width Comparison mode 

• Reading the Timer register after reading the Composite Status register while the timer interrupt bit was set. That is. 
the following sequence resets bit 0 of the Composite Status register: bit 0 is set by the counter/timer interrupt the 
CPU reads the Composite Status register (location DEVor DEV+4); then the CPU reads the Timer register (locations 
DEV+6 and DEV+7). 

Interrupt transitions at CP1 and CP2 will set bits 1 and 2. respectively. of the Composite Status register. Each of these 
bits will be reset to 0 by a Read or Write to the Peripheral Data register {location DEV+31. but only if the flag was 
already set when the CPU last read the Composite Status register. This is analogous to the fourth counterltimer flag 
reset condition described above. 

Bit 7 will be set to 1 only when IRQ is set low; that is. anyone of the three interrupt bits described above will set bit 7. 
but only if that interrupt has been enabled in the appropriate Control register bit. Bit 7 will be 0 only when all three of 
bits O. 1. and 2 are reset to O. 

Bits 3. 4. and 5 of the Composite Status register are not used. 

The Data Direction register and the Peripheral Data register work in the same way as those in the MC6820 do. 

MC6846 DEVICE RESET 
When the MC6846 receives a low level on RES. all the I/O and counter/timer logic enters the Reset state. In ad
dition. the I/O port and the counter/timer can be reset Individually via the internal reset bits of their respective 
Control registers - bit 0 of the Timer Control register and bit 7 of the Peripheral Control register. 
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These are the results of a counter/timer reset: 

• The counter latches take on the maximum count (65.536). This occurs only during external reset (RES low). 

• The counter clock is disabled. 

• Bits 1 through 6 of the Timer Control register are reset to O. as are the output line CTO and the interrupt flag (bit 0 of 
the Composite Status register). 

The net effect is that the counter/timer becomes inactive until the CPU writes a 0 to bit 0 of the Timer Control 
register. 

These are the results of an I/O port reset: 

• All bits of the Peripheral Data register and Data Direction register are reset to O. as are the interrupt flags (bits 1 and 2 
of the Composite Status register). 

• Bits 6 through 0 of the Peripheral Control register are reset to O. 

The net effect is that the port is in input mode. and its interrupts are disabled. 



THE 6801 FAMILY OF SINGLE-CHIP MICROCOMPUTERS 

At the beginning of this cbapter, we compared the MC8800 to the 8086 and noted that there were several 
enhancements required If the MC8800 microprocessors were to remain competitive. First, the clock iogic. must 
a.e Moved onto the CpU chip and, second, a .multifunction CPU should be developed so that low chip-count 
microcomputers could be designed with tha 8800 family. The 8801 series of microcomputers address both of 
these shortcomings; all members of this family Include an enhanced version of the basic 8800 CPU with an im
proved Instruction set, on-chip memory, I/O ports, on-chip timer, and on-chip serial 110 logic. The primary ver
sion of.the 88Cn also Includes an internal clock. 

Members of the 8801 family Include the NMOS devices - MC6801 and MC6803 - plus a CMOS version, the 
MC;4880& •. All of these devlces.ha"e on-chip clock oscillators. Versions using external clocking schemes are 
also available and are identified by having sn E appended - thus, the MC6801 E Is the externally clocked ver
sion of the MC6801. 

The primarY Version of the MC6801 provides on-chip ROM. Versions that provide EPROM are also available, and 
these devices are Identified by the numerical 7 - thus, the MC68701 is the EPROM version of the MC6801. 

The MC6801 Is e .. entiallY an expandable, single-chip version of· the MC6800, enhanced with additional 
features and capabilities. The MC6803 Is a "ROM-less" version of the MC6801. Table 9-15 summarizes the 
generel characteristics of the 6801 family members. 

Table 9-15. Summary of MC6S01 Family Single-Chip Microcomputers 

Bytes Of Memory 
Input/Output Timer 

Device Description On Chip Functions 
External (bits) 

ROM RAM Parallel Serial 

8801 Expandable to 3 modes 
Intemal clock 

2K 128 84 K 31 3 3 x 16 

8801E Extemally clocked 2K 128 64 K 31 3 3 x 16 

88701 EPROM version of .8801 2K 128 64 K 31 3 3 x 18 

88701E 
EPROM varsion with 

2K 128 64 K 31 3 3 x 16 
extemal clock 

8803 6,,01 without ROM 0 128 64 K 13 3 3. x 16 

6803E 6803 with external clock 0 128 64 K 13 3 3 x 16 
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Figure 9-40. Logic of the Me6801 Microcomputer 

THE MC6S01 SINGLE-CHIP MICROCOMPUTER 

The MC6801 is an expandable, single-chip, multi-mode microcomputer. It incorporates within a single package 
most of the functions of the following 6800 devices: 

6800 CPU 

6875 Clock 
6821 Peripheral Interface Adapter (PIAl 
6850 Asynchronous Communications Interface Adapter (ACIAI - partially 

6840 Pr!lgrammable Counter/Timer 
68316 2K ROM 

In short. this device is indeed a system. Figure 9-40 illustrates the functions provided by the MC6801. 
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In addition to an improved version of the basic 6800 CPU. the MC6801 provides 2K bytes of ROM. 128 bytes of 
read/write memory. clock circuitry. a programmable timer. a serial communication interface. and 31 parallel I/O 
lines. 

Despite the fact that the MC6801 incorporates many of the capabilities of the standard 6800 support devices. 
the designers have wisely decided to make this family of devices as compatible as possible with the original 
family. Therefore. even though the MC6801 includes a few new instructions. all of the 6800 instructions are object 
code compatible with those of the MC6801. The MC6801 is also hardware compatible with the basic 6800 system; 
therefore. this microcomputer can interact with all of the well-proven 6800 CPUs. memories. peripherals. and special 
purpose devices. 

Because the primary version of the MC6801 incorporates a mask-programmed ROM one might assume that it is useful 
only in high volume applications where the cost of custom programming the ROM can be amortized over a large pro
duction run. Such is not the case. however. As will be shown later. the MC6801 can be configured with an external 
EPROM. permitting the user to reap the benefits of the MC6801 system architecture without having to pay the cost of a 
customized ROM. In addition. versions with on-chip EPROM have been announced. 

NEW INSTRUCTIONS FOR THE MC6S01 
The full MC6800 instruction set is implemented on the MC6801 - thus current 6800 programs will run on the 
6801 without modification. In addition. execution times of key instructions have been reduced to increase 
throughput. 

Ten new instructions have been added. including six 16-bit (2-byte) operations and an 8 x 8 hardware multiply. 
Double precision operations are achieved by concatenating the A and B accumulators to form one 16-bit ac
cumulator. as shown below: 

b7 bO b7 bO 

l I £1 I [J I :>\... ,/ 

"-, 
ACCA ACCB 

~ 
V" 

ACCD 

This concatenated accumulator is denoted ACCAB. or simply ACCD. 

The 16-bit (double precision) instructions are: load the double accumulator. store the double accumulator. add a 16-bit 
number to the double accumulator. subtract a 16-bit number from the double accumulator. shift the double accumula
tor right. and shift the double accumulator left. 

Three new Index register instructions have been added. They are: add the B accumulator to the Index register. push 
the Index register onto the Stack. and pull the Index register from the Stack. In addition. the existing instruction to com
pare the Index register has been changed so that the C bit of the Status register is properly conditioned when CPX is 
executed. 

Finally. an 8 x 8 hardware multiply has been added. This instruction generates the unsigned 16-bit product of two 8-bit 
numbers in 10 microseconds (1 MHz clock). approximately twenty times faster than a software implementation. 

The double precision instructions have been implemented with all the addressing modes available for single-accumula
tor instructions. 

MC6S01 STATUS FLAGS, PROGRAMMABLE REGISTERS, AND ADDRESSING MODES 
The status flags provided by the MC6801 are identical to those of the MC6800 as described at the beginning of this 
chapter. The programmable registers of the MC6801 CPU are also the same as those provided by the MC6800. with the 
one enhancement described in the preceding paragraph: Accumulators A and B can be concatenated to form one 16-
bit accumulator - Accumulator D. 

The addressing modes that can be used in MC6801 memory reference instructions are the same as those described for 
the MC6800. 
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Figure 9-41. Me6S01 Functional Block Diagram 

THE MC6S01 OPERATING MODES AND FUNCTIONAL OVERVIEW 
There are three basic modes of operation for the Me6S01: 

Single-chip mode 
Expanded multiplexed mode 
Expanded non-multiplexed mode 

The operating modes control the definitions of the following 6801 resources: 

The configuration and use of I/O Ports 3 and 4 
• The amount of memory address space available 

• The physical location of interrupt vectors 

Before we discuss the characteristics of each operating mode further, we must take a closer look at the 
resources provided by the Me6801. Figure 9-41 illustrates the functional logic of the Me6801. 
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In addition to the basic enhanced version of the 6800 CPU. the MC6801 includes four I/O ports. 128 bytes of 
RAM. 2K bytes of ROM. a programmabl~ timer. and a serial communications Interface. We shall describe the 
operation of the timer and the serial communication interface later. since their operation is not mode dependent. The 
operating mode does have a slight impact on the way on-chip memory is addressed. but we shall defer that discussion 
until later in this chapter. Let us now cOl'lcentrate on the four I/O ports and how they are configured for the various 
operating modes. 

I/O Port 1 operates in a completely straightforward manner; it Is a simple I/O port that is always 
used for data input or output. Each of its eight lines (P10-P17) can be individually programmed 
to act as an input or an output. The operation of I/O Port 1 is the same for all of the MC6801 
operating modes. 

I/O Port 2 is also unaffected by the MC6801 operating mode. You can see in Figure 9-41. 
however. that the lines to and from this port perform multiple functions. This port has only 
five lines. and all five may be used as simple parallel data inputs. Four of the five lines may 
also be used as simple data output lines. but P21 can only be used to output information from 

MC6801 
I/O PORT 1 
FUNCTIONS 

MC6801 
I/O PORT 2 
FUNCTIONS 

the programmable timer. Three of the lines are also used by serial communication interface logic whenever this 
function is enabled. During reset operations. the three low-order lines (P20. P21. P22) are used to select the 
MC6801 operating mode. We shall describe this mode select function in detail when we discuss the reset operation. 

You may have asked yourself why three lines are required to select the operating mode when we have stated that there 
are only a total of three different modes. The answer to that question is that there are several variations within each of 
the three primary operating modes. so that there is an actual total of seven different modes of operation. Thus. three 
lines or bits are required to select one of the seven modes. A detailed discussion of the nuances of each of these sub
modes is not necessary to the understanding of the three primary operating modes. and we shall therefore defer that 
discussion until we have completed our overview. 

I/O Port 3 provides eight lines (P30-P37) that are used either for data input/output or ad
dress output. depending on the operating mode. When the MC6801 is in the single-chip mode. 
P30-P37 simply function as parallel data inputs/outputs. In the expanded non-multiplexed mode 
of operation. I/O Port 3 becomes the bidirectional Data 8us for the 6800 CPU. In the expanded 

MC6801 
I/O PORT 3 
FUNCTIONS 

non-multiplexed mode. I/O Port 3 is used both as the Data 8us and as the Address 8us for the eight least significant ad
dress bits (AO-A7l. This I/O port also has two strobe control signals (SCI. SC2) associated with it; these two signals are 
used as data input/output strobes in the single-chip mode. and as a read/write and I/O strobe signal in the expanded 
modes of operation. 

I/O Port 4 operation also varies according to the MC6801 operating mode. In single-chip mode. 
this port is a simple programmable parallel Input/output port. In the expanded modes of 
operation. the lines from I/O Port 4 (P40-P47) are used as address outputs. 

Now that we are a bit more familiar with the resources of the MC6801. let us once again approach 
the topic of operating modes. 

MC6801 
I/O PORT 4 
FUNCTIONS 

The single-chip mode of operation for the MC6801 implies that the device will be used MC6801 
without external memory. In this mode of operation. address information from the CPU is SINGLE-CHIP 
available only on the chip. since all of the I/O ports are used for transfer of data. CONFIGURATION 

Obviously. if you cannot address external memory. then during single-chip operation you are limited to the internal 
or on-chip memory provided by the MC6801. and you therefore have 128 bytes of read/write memory and 2K bytes 
of ROM. 

The expanded non-multiplexed mode of operation is intended to allow the MC6801 
to be interfaced directly to the standard 6800 family of peripheral devices without. 
additional external logic. When you operate in this mode. I/O Port 3 is used as the stan
dard 6800 system Data Bus and I/O Port 4 becomes a partial Address Bus (address lines 
AO-A7). These eight address lines allow the MC6801 to address up to 256 bytes of external 

MC6801 
EXPANDED 
NON-MULTIPLEXED 
MODE 

memory in addition to the on-chip RAM and ROM. In this mode of operation. the two control signals (SC1. SC2) pro
vided by Port 3 are used as the I/O Select (iDS) and ReadlWrite (Rm) signals. 
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Figure.9-42. MC6801 Port 3 and Port 4 Usage 

The third primary mode of operation for the Me6S01 is the expanded multiplexed mode. 
This mode allows the Me6S01 to addrass a full 64K words of memory or 1/0. This addressing 
capabiiity requires a total of 16 address lines and is achieved by devoting Port 4 to the eight high
order address lines (A8-A 15). while Port 3 is used for both the low-order address lines (AO-A7) and 
the system Data Bus. Thus. the Port 3 lines are multiplexed: at the beginning of a read or write 

Me6S01 
EXPANDED 
MULTIPLEXED 
MODE 

operation they are used to output address information and during the latter portion of a read/write cycle they are used 
to input or output data. The SC2 signal from Port 3 is used as the ReadlWrite (R/W) signal. while the SCl line from Port 
3 is used as an address strobe (AS) signal. The address strobe can be used by external logic to demultiplex the address 
information from the Port 3 lines. 

Figure 9-42 illustrates the functions of each of the Port 3 and Port 4 lines for the three primary operating modes. 
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Figure 9-43. MC6801 Memory Map 

Me6801 MEMORY MAP 
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The allocation of memory and/or I/O address space varies from mode to mode in the MC6801. Figure 9-43 il
lustrates the memory map for the three primary modes of operation. 

As we described in our discussions of each operating mode. the amount of external memory address space availa
ble varies from 0 in the single-chip mode to UK in the expanded multiplexed mode. But as you can see in Figure 
9-43. there are some constants that prevail in all modes. The address space from 000016 to 001 F16 is always devoted 
to internal registers. We will explain the purpose of these internal registers shortly. The 12B bytes of internal RAM are 
pOSitioned in the address space from 00B016 to 00FF16. The 2K bytes of on-chip ROM are located in the address space 
FBOO through FFFF. with the uppermost 16 bytes of this space reserved for interrupt vectors. 
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Figure 9-44. MC6801 Internal Registers 

For the single-chip mode. the internal memory is the only address space available. The expanded non-multiplexed 
mode makes an additional 256 memory address locations (from 010016 to 01 FF16) available. In the expanded 
multiplexed mode of operation. the entire 65K address locations can be addressed using both Ports 3 and 4 to output 
add resses to exte,rna I devices. 

We must note at this point that there are several other address map options that can be obtained or achieved in the ex
panded multiplexed mode of operation. We will discuss these additional options when we describe the expanded 
multiplexed mode of operation in further detail. 

At this point. it is relevant to discuss the internal registers and interrupt vectors which occupy part of the memory ad
dress space. but which have not yet been referred to in our description of the MC6801. 

Me6S01 Internal Registers 
The MC6S01 reserves the first 32 address locations (0000-001 F) for u.e as internal registers. Currently. only the 
first 15 of these locations are assigned for specific functions. Figure 9-44 illustrates and lists the function of each of 
the registers located in this address space. As you can see in this figure. some of these registers are used to control 
and access the four I/O ports. while the others are used for the programmable timer and serial I/O functions of the 
MC6801. We shall describe how each of these registers is used when we describe the associated logic functions. At 
this point we shall merely point out that these address locations are not part of the internal RAM area. That is. although 
these internal registers might be cOl1o,idered read/write memory in the pure sense of that definition. any attempt to 
write to an address location in the memory space occupied by the internal registers will always result in a modification 
of the contents of these reg isters. 

9-138 



MC6801 Low Power Standby Considerations 
This discussion may. at first glance. seem to have been incorrectly included within the section describing 
memory maps. But bear with us and you will see that the topic is indeed relevant at this point. 

The first 64 bytes of internal RAM (locations OOSO to OOBF) have a low power standby mode. These locations 
are energized via a power pin separate from the power pin that supplies the rest of the MC6S01. This pin (VCC 
Standby) must be powered, regardless of whether or noi the user intends to utilize the standby power feature, If the 
standby feature is not required, tie VCC Standby to Vcc. If the standby feature is required, the following circuit can be 
used: 

+5 V 
) 

Vee 

...... Vee Standby .... 
t 

+ 5.25 v::i: 

1 .t'ss --
To maintain the integrity of data in the standby memory. you must ensure that V CC Standby does not fall below 
the minimum specified value VSBB noted in the data sheets. 

A RAM Control register is provided in the MC6S01 internal registers (address 0014) to monitor and control the 
status of the standby RAM. The following illustration shows the function of each bit in this register: 

7 6 5 4 3 2 o 4--BitNo. 
r-~~~--P-~~~~ 

RAM Control - Address 001416 

~------- Not Used 

L... ____________ RAM Enable: Set to "1" on RESET 

o - Internal RAM disabled 
1 - Internal RAM enabled 

'-------------- Standby Bit: Always cleared 
when Vee Standby drops below 
VSBB' Not affected by RESET 

RAME is the enable bit for on-chip RAM. RAME must be "1" for the on-chip RAM to be accessed. If RAME is "0", on
chip RAM cannot be read from or written to. While on-chip RAM is disabled, its memory space is also disabled, and ad
dresses in the range 0080 to OOFF are deflected to external memory. Thus, the address. space 008016 through 00FF16 
is duplicated. When RAME = 0, external memory is accessed: when RAME = 1, internal RAM is accessed. 

RAME is set to "1" during RESET, provided that standby power is available on the positive edge of RESET. 

For standby storage to be of any value. you must guarantee that the contents of the standby RAM are not 
destroyed by spurious writes as power-down occurs. and that the standby voltage has not dropped below the 
minimum VSBB required to maintain data integrity. In the following discussion, it is assumed that the system has 
some sort of power-down interrupt circuitry. 

As part of the power-down sequence, the software clears the RAME bit. removing the standby memory from the com
puter's address space. While this does not guarantee the integrity of data in the standby RAM (a "runaway" processor 
can still write a "1" to the RAME bit and subsequently alter the RAM!. it greatly reduces the probability that this data 
will be altered. (By way of contrast. the MC6802 uses an external voltage source on its RE pin to enable or disable the 
internal standby RAM - thus, it cannot be accidentally restored to the computer's address space by a "runaway" pro
cessod. 
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Bit 7 of the RAM Control register is used to monitor the standby source. This bit is normally set to "1" by software 
during the power-down sequence. If the standby voltage drops below VSBB at any time (normal operation or during a 
power loss situation), this bit will be cleared by hardware. To determine whether the standby dropped too low. the state 
of bit 7 may be tested after powerup. If the bit is still set. VCC Standby did not drop below VSBB. If the bit is cleared. 
the contents of the standby RAM should be suspect. 

You can use bit 7 to test the standby voltage at any time by writing a "1" into it. then reading it back. If the result of 
this read is a "0", it means the standby voltage is below VSBB. 

MC6S01 Interrupt Vectors 
The uppermost 16 locations of the MC6801 address space are reserved for use as interrupt vectors. This use of 
address space for interrupt vectors is the same as in the basic MC6800 system. except that several additional 
interrupt options are provided. We shall describe the operation of these interrupt vectors and the additional options 
available later when we discuss the interrupt system in detail. At this point we shall merely point out that in the memo
ry map shown in Figure 9-43, the interrupt vectors are shown in internal ROM on the MC6801. This would be the most 
typical place for the interrupt vectors in a system that is mass produced. However. some of the variations available in 
the expanded multiplexed mode of operation allow the interrupt vectors to be located in external memory to provide 
additional flexibility in system configuration. We shall discuss these options in detail as we discuss each of the alter
nate modes. 

MC6S01 MICROCOMPUTER PINS AND SIGNALS 
The MC6801 microcomputer pins and signals are illustrated in Figure 9-45. A description of these signals is 
useful as a guide to the way in which the MC6801 works. 

P10-P17 serve as the Data Bus for I/O Port 1. Each pin may be individually programmed for either input or output. 
and these pins perform only this function regardless of the mode operation. 

P20-P24 are multifunction pins. These five pins serve I/O Port 2 and can be individually programmed for input or out
put. P20 and P21 also serve the programmable timer: P20 is the input to the timer and P21 is the output from the 
timer. P22. P23. and P24 serve the serial communication interface logic in addition to their I/O port function. 

P30-P37 serve I/O Port 3 and also serve as the Address Bus in expanded modes of operation. 

P40-P47 serve I/O Port 4. and in the expanded multiplexed mode of operation serve as a partial Address Bus in 
conjunction with P30-P37. 

SC1 and SC2 are strobe control signals associated with Port 3. SC1 can be used as either an input or output 
handshaking signal in the Single-chip mode and is the address strobe signal in expanded modes. SC2 is a data output 
strobe Signal in the single-chip mode and is used as the ReadlWrite (RMi) Signal in expanded modes of operation. 

IRQ and NMI are the standard 6800 interrupt request inputs. The IRQ input can be disabled under program control. 
while the NMI interrupt request cannot be inhibited. 

E is the standard 6800 system enabling synchronizing signal which is output by the MC6801 to simplify interfacing 
to the 6800 family support devices. As we explained earlier in this chapter during our discussion of 6800 clock devices. 
E consists of the MC6800 VMA Signal. ANDed with the symbol <P. 

CC1 and CC2 are the clock connections to the MC6801. 

RESET is a typical reset signal. 
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VCC 1 40 E 

VCCS 2 39 SCl 
CCl 3 38 SC2 
CC2 4 37 P30 

RESET 5 36 P31 
IRQ 6 35 P32 
NMI 7 P33 
Pl0 8 P34 
Pll 9 P35 
P12 10 MC6801 

P36 
P13 11 P37 
P14 12 P40 
P15 13 P41 
P16 14 P42 
P17 15 P43 
P20 16 P44 
P21 17 P45 
P22 18 P46 
P23 19 P47 
P24 20 21 VSS 

Pin Name Description Type 

Pl0 - P17 Port 1 Data Bus Input or Output 
P20 - P24 Port 2 Data Bus. P20, P21 also used by timer. P22 - P24 also used Input or Output 

by Serial Communication Logic 
P30 - P37 Port 3 Data Bus. Also serves as Address Bus in Expanded Modes Bidirectional, Tristate 
P40 - P47 Port 4 Data Bus. Also serves as partial Address Bus in Expanded Input or Output 

Multiplexed Mode 
SCl Strobe Control signal used with Port 3 as data or address strobe Input or Output 
SC2 ) Strobe Control for Port 3 in Single-Chip Mode. RIW signal in Ex- Output 

panded Modes 
IRQ Interrupt Request Input 
NMI Non-Maskable Interrupt Input 
RESET Reset Input 
E Device Synchronization Output 
CC1,CC2 Clock Connections Input 

VCC' VCCS, 
VSS Power, Standby Power, and Ground 

Figure 9-45. MC6S01 Signals and Pin Assignments 
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MC6S01 TIMING AND INSTRUCTION EXECUTION 

Let us begin our detailed analysis of MC6S01 microcomputer operations by looking at basic timing. 

An internal divide-by-four circuit on the MC6S01 permits the use of a 4 MHz crystal to achieve 1 MHz opera
tion. For applications where precise timing is not critical. an inexpensive 3.58 MHz color T.V. crystal may be used. 
Alternatively. CC2 may be driven by an external clock with a maximum frequency of 4 MHz. The divide-by-four 
circuitry is still used in this case. CCl must be grounded if an external clock is used. 

Crystal Operation 

,....---1CCl 

MCSSOl 

L----1CC2 

E 1----1. f/4 

External Clock 

..... ---ICC2 E 1----1. f/4 

MCSSOl 

r----ICCl 

The clock on the MC6801 cannot be stretched - thus. dynamic memories which rely on this technique cannot be 
used. Memory must either be of the static type or use "hidden refresh" techniques. 

The Enable pin E distributes the synchronizing clock signal to the rest of the system. It is a TTL-level signal 
derived from the processor clock. and provides data synchronization and clocking to other 6800 family devices. 

There is a mask option of the MC680' that requires an external clock. This mask option. the MC6801 E. does not use an 
internal divide-by-four circuit. and thus the system functions at the frequency of the external source. There are several 
other differences between the standard MC680' and the mask option MC6801 E. These differences are relatively minor. 
and we shall describe all of them after we have completely described the basic MC680l. 

THE MC6801 RESET AND MODE SELECT OPERATIONS 
The reset operation for the MC6S01 is basically the same as that described for the MC6S00. with minor timing 
differences and one significant functional addition. To reset the MC6S01. RESET must be asserted low for a 
minimum of three cycles to give the device sufficient response time. On the subsequent low-to-high transition of 
RESET. maskable interrupts are disabled. and then the contents of memory locations FFFE16 and FFFF16 are fetched 
and loaded into the Program Counter. This sequence is the same as for the basic MC6800 CPU. 

One additional function is accomplished during the reset operation: the mode in which the MC6S01 Is to be 
operated is established on the rising edge of RESET. You specify the operating mode by applying the appropri
ate logic levels on pins P20. P21. and P22 of Port 2. The levels present at these pins are sampled on the positive 
transition of RESET. You will recall that P20. P2l. and P22 also serve as the inputs and outputs for Port 2 and are used· 
by both the programmable timer and serial communications interface logic. Therefore. you will usually not want to 
simply tie P20. P2l. and P22 permanently to the required logic levels. A simple mode selection scheme that could be 
used is shown in Figure 9-46. 

Isolation between peripheral devices and ·this initialization circuit may be required if those other devices require levels 
at initialization which differ from those required to program the operating mode of the MC680l. In this case. a bidirec
tional coupler. such as an MC140668. may be used. 
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Figure 9-46. MC680l Typical Mode Selection Circuit 

The following table summarizes the allocation of the Me6S01 resources for the various operating modes. 
Modes 5, 6, and 7 are the three primary operating modes which we have already described. Modes 1,2, and 3 
are variations of the expanded multiplexed mode (mode 6) and we shall describe these variations when we dis
cuss that mode in detail. Mode 0 and mode 4 are special purpose test modes. 

Mode P22 P21 P20 ROM RAM 
Interrupt 

Bus 
Vectors 

7 Single-Chip Hi Hi Hi I I I I 
6 Expanded Multiplexed Hi Hi Lo I I I Ep/M 
5 Expanded Non-Multiplexed Hi Lo Hi I I I Ep 
4 Single-Chip Test Hi Lo Lo 1(2) 1(1) I I 
3 64 K Address I/O Lo Hi Hi E E E Ep/M 
2 Ports 3 and 4 Extemal Lo Hi Lo E I E Ep/M 
1 Lo Lo Hi I I E Ep/M 
0 Test Data Output from ROM Lo Lo Lo I I I' Ep/M 

and RAM to I/O Port 3 

E - External (all vectors are external) 'First two addresses read from external after reset 
I-Internal (1) Address for RAM XX80 - XXFF 
Ep - Expanded (2) ROM disabled 
M - Multiplexed 

When the operating mode is established during the reset operation, the state of the P20, P21, and P22 lines is 
stored in the Data register for I/O Port 2. (Data and Control registers for I/O ports will be described shortly.) 
Therefore. you can determine the current operating mode by reading the contents of I/O Port 2. These three bits in the 
I/O Port 2 Data register are read-only bits. with one exception - when the MC680l is operating in mode 4 (the single
chip test model you can change the least significant mode bit to a 1 and thus go to mode 5 without having to reset the 
processor. 
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Vector 

MS LS 

Highest Priority FFFE FFFF 
FFFC FFFD 
FFFA FFFB 
FFF8 FFF9 
FFFS FFF7 
FFF4 FFF5 
FFF2 FFF3 

Lowest Priority FFFO FFFl 

Description 

Restart 
Non-Maskable Interrupt 
Software Interrupt 
IRQ 1/interrupt Strobe 3 
IRQ2/Timer Input Capture 
IRQ2/Timer Output Compare 
IRQ2/Timer Overflow 
IRQ2/Seriai I/O interrupt 

Memory Address 
0000r-----.. 

~t----t 
FFFF '-----~ 

Figure 9·47. MC6801 Inlerrupt Vectors 

THE MC6801 INTERRUPT SYSTEM 
The response of the MC6S01 to interrupts is identical to that of the MC6S00. and you should refer to the dis
cussion of the MC6S00 interrupt processing at the beginning of this chapter for detailed information. The 
MC6S01. however. does include four additional sources of interrupts beyond those provided by the MC6S00. 
Figure 9-47 shows the memory map for the interrupt vectors. The sources of interrupts are listed in the order of their 
priority. The four lowest priority interrupts are the ones that have been added to the MC6801 and. as you can see. they 
are associated with the programmable timer and serial I/O .functions provided by the MC6801. Since the response to 
these interrupts is identical to that of the MC6800. we shall not repeat a description of the interrupt response. We shall 
defer discussion of the usage of these new interrupts until later. when we describe the programmable timer and serial 
I/O functions provided by the MC6801. 

MC6801 I/O PORT OPERATIONS 
Each of the four MC6S01 I/O ports has two registers associated with it: a Data Direction register and a Data 
register or buffer. All of these registers are internal (on the MC6S01 chip) and occupy address locations 000016 
through 000716 (as shown in Figure 9-44). 

The Data Direction register for each port is used to specify which lines are to function· as inputs and which as 
outputs. The Data register associated with each port is used to hold the data being transferred from the CPU to 
the I/O port (on output! or from the I/O port to the CPU (on input!. To specify that a line is to be an output. you write 
a "'" into the corresponding bit position of that port's Data Direction register. Those lines that are to be inputs must 
have a "0" written Into the appropriate bit position of the Data Direction register. For example. addresses 0000,6 and 
0002,6 are the Data Direction register and Data register. respectively. for Port 1. The following four· instruction se· 
quence 

LDA A #$FF 

STA A $00 

LDA A #$15 

STA A $02 

results In all eight of the Port' lines being defined as outputs. and causes the following logic levels to be output on 
pinS P,O-P17: 

Data Direction Register 

(OOOO'S) 

Data Register 

(0002,S' 

Port I 
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This aspect of the I/O ports is the same for all four when they are being used as simple I/O ports. As we have seen in our 
preceding discussion. however. Port 1 is the only port that always functions as a simple I/O port. Additionally. the 
electrical characteristics of all of the ports are not the same. Let us now consider each of the I/O ports and its charac
teristics. 

Consider Port 1. This port is the most straightforward and always functions as a sim
ple I/O port. Its eight output buffers are tristate devices. permitting them to enter a high
impedance state when configured for input. As outputs. these lines are TTL-level compati
ble and may source up to one mA at 1.5 volts to drive a Darlington transistor. On RESET. all 
of the Port 1 lines default to the input state. 

Consider Port 2. This port provides only five lines. which are shared between the pro
grammable timer. the serial communications interface. and the paraliell/O port. While 
all five lines may be configured as parallel inputs. only lines P20. P22. P23. and P24 may be 
used as parallel outputs. When line P21 is configured as an output. it becomes the timer 
output. When the serial I/O logic utilizes lines P22. P23. and P24. this usage overrides any 
other use of these lines. 

MC6801 
PORT 1 
OPERATING 
CHARACTERISTICS 

MC6801 
PORT 2 
OPERATING 
CHARACTERISTICS 

The five output buffers for Port 2 have tristate capability. permitting them to enter a high-impedance state 
when configured for input. As outputs. these lines have no internal pull-up resistors. but will drive TTL directly. Exter
nal pull-up resistors are required for driving CMOS circuits. On RESET. the Port 2 lines default to the input state. 

As we described in our earlier discussion of the reset operation. Port 2 is also used during initialization to estab
lish the operating mode. Since Port 2 provides only five I/O lines. it uses only the five least significant bits in its 
Data register. The three most significant bits are then used to store the mode bits: 

7 6 5 4 3 2 o ~BitNo. 
~~~~~~~~-. 

Address 000316 

L....-----------Mode Bits 

When RESET goes high. the operating mode (asserted on lines P20. P21. and P22) is latched into bits PCO. PC1. and 
PC2. respectively. You can then read the contents of these locations to determine the current operating mode. As we 
have mentioned previously. these bits are read-only bits with one exception - you can go from mode 4 to mode 5 by 
setting PCO to a "1" 

Let us now consider Port 3. First of ali. the function of Port 3 depends on the operat
ing mode of the MC6801. At this point we shall only consider the operation of Port 3 
when the MC6801 is In the single-chip mode (mode 71. We shall describe how Port 3 is 
used in the expanded modes of operation later when we discuss those modes in detail. 

In the single-chip mode of operation. Port 3 may be used in the following ways: 

• As a simple I/O port 
• As an I/O port with handshaking 
• As an I/O port with latched inputs 

MC6801 
PORT 3 
OPERATING 
CHARACTERISTICS 

When used as a simple I/O port. the operation of Port 3 is the same as Port 1. which we described earlier. 

When Port 3 is used as an I/O port with handshaking or as an I/O port with latched inputs. the two strobe control 
signals (SC1 and SC21 associated with Port 3 are used. SC1 becomes an input strobe signal (referred to as IS31 
and SC2 becomes an output strobe signal (referred to as 0831. The operation of Port 3 when it is used with 
handshaking or as a latched input port is supervised and controlled by the Port 3 Control/Status register. The 
Port 3 Control/Status register is one of the internal registers and is at address OOOF16. Figure 9-48 shows how each bit 
in this registeis used. The Significance of each of these bits will become apparent as we proceed through our descrip
tions of the latched and handshaking I/O operations. 
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7 6 5 4 3 2 ......-SitNo. 
r-~~~~~~~~ 

Port 3 Control/Status Registar - Address OOOF 18 

~~~~~~'-~------NotUs~ 

.... -------------Latch Enabla bit 
o - Data is not latch~ 
1 - Data input tb Port 3 is latch~ on filling qa of IS3 

..... ---------OUtput Strobe Salect (OSS) 
o -OS3 is ganarit~ by Raad of Port 3 
1 - 0S3 is ganaratad by a Writa to Port 3 

.... ---------------------IS3 Enabla 
o - tha IS3 Flag is sat by tha falling ~ga of tha Input Strobe. 

but no intarrupt Is. ganiratad 
1 - An iRQ1 interrupt is anabl~ .,y tha falling ~ga of tha 

input Sttobe iS3 
..... ------------IS3 Flag (Raad-only) 

This bit is sat by tha falling ~ga of iS3 

Figure 9-48. MC6801 Port 3 Control/Status Register. 

The following illustration shows the general connections and timing that apply when Port 3 is used as a latched input 
port: 

Data 
Extamal Port 3 
Davica .in Wl///ll Data _ 

Valid 
MC8S0.1 m-y-

Latch Data and sat flag 

As illustrated above. data supplied to the CPU by the external device is latched into Port 3 on the falling edge of IS3. A 
subsequent LOA instruction may be used to load· the data into ihe Cpu. A flag is also set by IS3. This flag may be 
checked by software or it may initiate an interrupt. depending on the configuration of the Port 3 Control/Sta.tus 
register. 
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CPU 1 

VCC 

CPU 2 

VCC 

r----1CC1 E 1---. Enable _---1CC1 E 1--_._. Enable 

L,---ICC2 

.... I---NMI 

.... 1-~-iROi L----1CC2 

..... I---NMI 

..... 1---IRQl 

VCC Standby 

Rmi' 
MC6801 

#1 

VCC Standby---...... 

RESET--" 

MC6801 
#2 

Data Transfer 

Port31~-__ -------__ -~~Port32 

~11-------------~IS32 

is'31 OS32 

VSS 

Figure 9-49. MC6801 Port 3 Used in Handshake Mode 

VSS 

Timing for the input strobe is shown below. Note that it is the external device which must meet these timing con
straints. as it supplies the data and asserts 153 low to effect the transfer. 

I.. Data Valid ·1 

---~~---,x--. --
I I 

Data 

I I 

I I 

: ~ tlH----J Hold Time 

------------------~i~------·~~: ____________ --~I 
I I I 
I I I 

Setup Time r------t,s--.+I.-----PW,S----,MI 

Consult the MC6801 data sheets at the end of this chapter for timing details. 

Figure 8-48 illustrates a pair of MCSS01 microcomputers communicating with one another 
by using'Port 3 in the handshake mode. . 
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In this case, strobe lines iS3 (SC1) and OS3 (SC2) are responsible for 1/0 management. Output strobe OS3 is 
an active-low strobe generated by the MC6801. Typical operation is as follows: 

1) CPU 1 places data on its Port 3 output lines and asserts 0531 low. 

CPU, CPU 2 

Data 
Port 3, Port 32 

053, 1532 1S32~ 
Latch Data to Port 3 of 

CPU 2 and set the 
Port 32 flag 

2) The low-going strobe 1532 latches this data into Port 3 on CPU 2. selting a flag or generating an interrupt. 

3) When CPU 2. determines that it has new data in Port 3 (either via an interrupt or by checking the flag!. it loads it 
into an accumulator and manipulates it as necessary. 

4) CPU 2 now acknowledges the receipt of the above-mentioned data by asserting 0532 low. This may be a simple 
acknowledgement. or it may be used to return a word of data to CPU 2. 

CPU, 

Data 
Port 3, 

153, 

CPU 2 

Port 32 

0532 1S"y-
Latch Data to Port 3 of 

CPU , and set the 
Port 3, flag 

5) If CPU 2 is returning data to CPU 1. the low-going strobe on 1531 latches this data into CPU 1 Port 3 and sets the 
flag (or asserts an interrupt). If CPU 2 is not returning data. the signal from 0532 is simply treated as an 
acknowledgement that CPU2 has received that data and is ready for more. 

5ince Port 3 is the only port involved in the above transaction, the remaining 21 1/0 lines may be used for other 
control functions. 

This illustration of handshaking is. of course. only one of the many variations that may be implemented. 
~~~---... 

Let us now consider Port 4. In the single-chip mode of operation, Port 4 functions as a MC6801 
simple 1/0 port with its Data Direction register at 000516 and its Data register at 000716. PORT 4 
In the expanded, multiplexed mode of operation (mode 6), the Port 4 pins are used to OPERATING 
output address information. However. some of the Port 4 pins may still be available as in- CHARACTERISTICS 
put pins even in this mode of operation. We shall provide a further discussion of the Port 4 
pins when we describe the expanded operating modes in detail. 

THE Me6S01 OPERATING MODES 
As we have seen in the preceding discussion, there are three primary modes of operation for tpe 
MC6801: single-chip mode, expanded non-multiplexed mode, and expanded multiplexed mode. Figure 9-50 
shows the signal definitions for the single-chip mode of operation. 

In the single-chip mode of operation the only memory available is the on-chip memory provided by the MC6801. We 
have already discussed how each of the I/O ports functions in this single-chip mode. and no further discussion is 
needed at this point. 

The expanded, non-multiplexed mode of operation (mode 5) is intended to allow the MC6801 to be interfaced 
directly to standard 6800 devices. To operate in this mode. Ports 3 and 4 must be functionally redefined as 
shown in Figure 9-51. Configuration of these ports occurs at RESET time. Ports 1 and 2 remain unchanged. 
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VCC Standby 

RESET 

Port 1 
a I/O Lines 

Port 4 
a 1/0 Lines 

r};j 
-r 

<.. 

<.. ... 

,VCC 

CCl E 

CC2 

MC6aOl 
CPU 

SCl 

SC2 

J:SS --

..... 
) ... ~y 

.oL 

) ...- -v 

Enable 

Port 3 
a 1/0 Lines 

153 

OS3 

Port 2 
5 1/0 Lines 
SCI Timer 

Figure 9-50. MC6801 Single-Chip Mode (Mode 7) 

,VCC 

CCl E Enable 

~ NMI -r CC2 IRQl 

VCC Standby 

RESET MC6aOl 
CPU 

Port 1 -'" ..... Port 3 
a 1/0 Lines < ) a 1/0 Lines ...-

SC2 RIW 

SCl 1/0 Strobe 
Port 2 .... ..A. Port 4 

5110 Lines <.. To a Address Lines 
Serial 1/0 Timer 

...- .,.. 
or to 7 1/0 Lines 

J;5S 
(Inputs Only) 

Figure 9-51. MC6801 Expanded. Non-Multiplexed Mode (Mode 5) 
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Port 3 functions as a dedicated, standard MC6800 system Data Bus. 

Port 4 brings out a subset of the Address Bus Uines AO to A7l. permitting partial decoding of the external memory 
space. When all eight lines are not needed for addressing. the not used ("don't care'"lines may be used for data in
put. To configure a line as an input. set the corresponding bit in the Data Direction register to "0"; to configure a line as 
an address. set the corresponding bit to "1". It should be noted that Port 4 defaults to the condition of eight user in
puts: thus, any line that is to be an address line must have its associated Data Direction bit. initialized to the "'" 
state by software. 

With all eight Port 4 lines configured as address lines, the MC680' may address 266 external locations as 
shown below. 

Address 

0000 r-----'" 
001F 

0080 

Internal 
RAM 

OOFF 1-____ -1 
0100 

External 
Memory 

Internal 
ROM 

l1li Notusabla 

W~;;llnterrupt Vectors in Internal ROM 

Note that these locations are from addresses 0100 to 01 FF. not from 0000 to OOFF as one might expect when using 
lines AO to A7 only. This occurs because the Input/Output Strobe lOS (which is used as a chip select! decodes bits A9 
to A 15 internally as 01 (hex). 

Standard MC6S0D parts can be interfaced to the system as illustrated in Figure 9-52. 

RfiR and E play the same role in this interface as they do in the basic MC8800 scheme. 

Figures 9-63 and 9-&4 illustrate Read and Write timing for devices on the bus. Exact timing is given in the 
MC6S01 data sheets at the end of this chapter. 
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,:ort ~ 

< -y 

APort 2 

< ...- ..... 

E 

R/W 

Address 

MC6821 MC6821 

rB~ 
RIW CS E RtWCSE 

~ ~ 1 } "I ~ 1 > 
Data 

A Bus (8) 
Port 3 

MC6801 
SC2 .1 SC1 

E 
Address Bus (8) 

Port 4 

Figure 9-52. Interfacing Standard MC6800 Peripherals to the MC6801 

~ 

"} 
-y 

RtW 
105 
E 

II> 
1: 
CD 
IL 
o o 
<Xl 
co 
u 
:!: 

(P40_P47) ____________ A-_________________ A_d_d_re_s_s_O_ut __________________ ~~~--______ ~ 

Data 
(P30-P37)-----------------------------------------1L-__ ~D~at~a~ln~ __ ..J 

Figure 9-53. MC6801 Non-Multiplexed Bus Timing (Read Cycle) 
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E 

RtW 

Address 
(P40-P471 __________ .A ____________________ ~~----------------~----------~ 

Data _________________________________________ ~~----~~O:~--_,~----------~ 
(P30 _ P371 Data Out 

Figure 9-54. MC6S01 Non-Multiplexed Bus Timing (Write Cycle) 

VCC 

r 
CC1 E Enable 

~ NMI 

-r CC2 IRQ1 

VCC Standby SC2 RfW 

RESET MC6S01 
CPU .... ...... Port 3 

Port 1 
SilO Lines < S Lines ..... .,.. 

Multiplexed Datal Address 

SC1 Address Strobe 

Port 2 Port 4 
5110 Lines < > S Lines 

Serial 1/0 Timer ".- .,.. 
Address Sus 

.J;SS -
Figure 9-55. Expanded. Multiplexed Mode (Mode 6) 

Let us now consider the expanded. multiplexed modes of operation - modes 1. 2. 3. and 6. 

In these modes. the Me6101 may be expanded to a full64K pf memory and I/O. This is achieved by multiplexing 
the Data Bus and low-order address lines on Port 3 and bringing the high-order address lines out on Port 4 as 
shown in Figure 9-55. It should be noted that any Port 4 lines not required for addressing may be used for inputs. 
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Since address lines AO to A7 and data lines DO to 07 share Port 3. an external, a-bit latch will typically be required 
to capture or demultiplex the address bits. The Address Strobe signal (AS) can be used as the demu Itiplexing con
trol signal. as shown in the following illustration: 

.. 

-,{ .. 
AS t 

~ 
Me6S0l 

Latch 

~ 

--( 
Figure 9-56 illustrates the general connections required to create an expanded system with external PROM. RAM. and 
I/O interfaces. 

The timing waveforms that result from this expanded, multiplexed mode of operation are illustrated in Figure 
9-67. 
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rEl~ 
r+ Latch PROM RAM 

AS • I ~ 
"\ 

~ 1/01 
ADD/DATA 

AS-A15 AO -A7 
MC6S01 

RIW 

~ 1/02 E 

IRQ1 

I r • 
PIA ACIA 

Figure 9-56. MC6S01 Expanded. Multiplexed System 

AS 

E 

RAN.----------~~::~::~~------~~~;;~~;;----------_,~~~----~ AO-A15 __________ -J 

DO-D7------------., ______ ~~~~~~Jr--+-------~~~.(--~~~;--,~~l-~w~ri~te~ AO _ A 7 ___________ r - Data Valid 

DO-D7::::::::::::J~------~~:5~i:~~--------~1(::~~~~:J~----~R:e=ad~~ AO _ A7 Data Valid 

Figure 9-57. MC6S01 Sus Timing for MUX Operation (Read and Write) 

Although the Read and Write waveforms are similar. data setup and hold times differ for the two cases. Actual 
values are contained in the data sheets for the MC6S01 at the end of this chapter. 

The four different expanded. multiplexed modes (1.2. 3. and 81 provide four memory 
space options. giving you the choice between internal RAM. ROM. and interrupt VeC

tors. Memory maps for each Qf the four modes are shown in Figure 9-58. 
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Address 

0000 

001F 

OOFF 

MODE 1 

External 
Memory 

Intemal 
RAM 

Extemal 

Memory 

F800 t-...-----I 

FFFO 

FFFF 

Internal 

ROM 

Address 

0000 

001F 

0080 

OOFF 

FFFO 

FFFF 

_ Interrupt Vectors in External ROM 

MODE 2 

External 
Memory 

Internal 
RAM 

I;xtemal 
Mernory 

Address 

001F 

FFFO 

FFFF 

MODE 3 

External 
Memory 

Address 

001F 

0080 

OOFF 

MODE 6 

External 
Memory 

Internal 
RAM 

External 
Memory 

F8001-...... ----....4 

FFFO 

FFFF 

Internal 
ROM 

Figure 9-58. MC6801 Memory Maps for Multiplexed Operation 

These options give you a greC!t deal of flexibility. For example. consider mode 2. This is defined as an expanded. 
multiplexed mode. capable of expansion to 64K of memory and 1/0. Normally. one would expect to use this mode to im
plement memory- and .I/O-rich expanded systems. However. this mode can also be· used tQ implement simple. low-end 
systems that consist essentially of an MC~801. an EPROM. and .a latch. Such a system takes advantage of theTact that 
the total operating program lincluding interrupt and restart vectors) can be inserted into the external memory space via 
a standard.' ofHhe-shelf EPROM. Such a minim!,!1 system provides an EPROM-based control program and 13 lines of 
1/0. including timer and serial communications capability. 
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Me6S01 PROGRAMMABLE TIMER 

THree timer functions are provided on the MC6101 - one controls outputs, one controls inputs, and the third 
serves as a timer overflow. Together. they permit the user to make measu rements on input waveforms and to gener
ate output waveforms. a'il under software control. Pulse widths for both inputs and outputs may range from a few 
microseconds to several seconds. 

The timer Interface to the outside world Is via pins P20 and P21 of Port 2 as shown In Figure 9-41. Bit' of the 
Port 2 Data Direction register must be set to "'" (output! to steer the timer output to P21. 

Foui' user-accessible internal hardware registers are provided: 

• an I-bit Control/Status register 
• a 16-bit counter 

a 16-bit Output Compare register 
• a 16-bit Input Capture register 

Memory 

The '6-bit registers are formed by the concatenation of pairs of memory locations in the "internal register" area of 
MC680' memory and are accessed by the low-order address of the pair, Thus. the contents of the counter may be read 
by the double-precision instruction: 

LDD $09 

Monitoring and control of the timer is via the I-bit Timer Control/Status regiilter ITCS) 10- MC6101 TIMER 
cated at address 000816. Bit assignments are shown in Figure 9-59. Bits 5. 6. and 7 are read- CONTROL/STATUS 
only flag bits. set by certain hardware operations. Bits 2. 3. and 4 are Interrupt Enable bits - REGISTER 
they enable interrupt IRQ2 for the conditions specified. If the I-bit in the processor Condition 
Code register is clear (I = 0). a priority vectored interrupt will be effected. corresponding to the flag bits set. 

The free-running counter at address 0009/000A Is a 16-bit up-counter, clocked by the MC6101 TIMER'S 
MC6101 CPU's internal clock signal, $2. It is a read-only register with one excepiion - for COUNTER 
test purposes. a user may write into address 0009. but such a write will always result in a pre-
sent value of FFF8,6. regardless of the value involved in the write. You should also note that this 'test write' can disturb 
operation of the SCI. The counter is cleared to zero on RESET. 
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6 5 4 3 2 o -4--Bit No. 

I'CF I OCF I TOF I EICIIEOCIIETO~IEDGPLV~. -

t 
Timer Control/Status - Address OOOB 1 6 

Output Level. This is the value gated to P21 

Input Edge. This defines which input edge the timer responds to 
o - Transfers on high-to-Iow transition 
1 - Transfers on low-to-high transition 

Enables Timer Overflow Interrupt 
o - Interrupt inhibited 
1 - Enables IR02 for a TOF Interrupt 

Enables Output Compare Interrupt 
a - Interrupt inhibited 
1 - Enables IR02 for an Output Compare 

Enables Input Capture Interrupt 
a - Interrupt inhibited 
1 - Enables IR02 for an Input Capture 

Timer Overflow Flag. This flag is set when the counter contents reach 
0000. It is cleared by a read of the TCsR followed by a read of the 
Counter. 

Output Compare Flag. This is set when a match is found between the 
Counter and the Output Compare register. It is cleared by a read of the 
TCsR followed by a write to the Output Compare register. 

Input Capture Flag. Set by an active transition on the input. It is cleared 
by a read of the TCsR followed by a read of tha Input Capture register. 

Figure 9-59. MC6S01 Timer Control/Status Register (TCSR) 
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The Output Compare register at addre •• OOOB/OOOC is a 18-bit read/write register 
used to generate output waveforms. It is initialized by software. The value stored in this 
register is constantly compared to the value in the counter by hardware (this operation is 
invisible to the user). When the incremented contents of the counter match the number 

MC8801 TIMER 
OUTPUT COMPARE 
REGISTER 

pre-stored in this register. the Output Compare flag (OCF) is set. and the current value of the Output Level bit (OLVL) is 
strobed to a 1-bit Output Level register. as shown in the following illustration: 

CPU $2 

Output Level register 

r-__________________________ ~~------~~P21 

DDR Port 2 I Outside 
I World 
I 

If bit 1 of the Port 2 Data Direction register is set. the Output Level bit is steered to port pin P21. The values in the Out
put Compare register and OLVL may now be updated to control the output level on the next compare value. On RESET. 
the Output Compare register is initialized to FFFF. 

To illustrate. let us generate a square wave. 

P21 output I \ I ----~ ,P-------~I \,,--------
1-100 Cycles • i . 100 cYcles--l 
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An appropriate instruction sequence is shown below. 

Note: 

1) P21 is configured for output by setting bit 1 of Data Direction Register 2 to 1. 

2) The output level bit OLVL is complemented (using the exclusive-OR instruction) each time a match is found. 

3) The Output Compare register is updated with the next compare value before the timer reaches the new value. In
crement size is 64,6 = 100. 

START LOA A #02 INITIALIZATION FOR TIMER OUTPUT 
STA A DDR2 

LOOP LOA A TCSR 
BIT A #$40 
BEQ LOOP 

CHECK OUTPUT COMPARE FLAG OCF 

·FOUND MATCH -CHANGE OUTPUT 
EOR A #01 TOGGLE OLVL BIT 
ST A A TCSR UPDATE OLUL BIT 

·UPDATE OUTPUT COMPARE REGISTER 
LDD OUTCMP GET CURRENT REGISTER VALUE 
ADD 0 #$0064 ADD OFFSET 
STD OUTCMP UPDATE OUTPUT COMPARE REGISTER 
BRA LOOP 

The Input Capture register at address OOOD/OOOE Is a 16-blt read-only register. It is used 
to capture "on the fly" the current value of the free-running counter at the instant a 
defined edge transition occurs on input pin P20 of Port 2. If bit 1 (lEDG) of the Timer Con
trol/Status register is O. capture occurs on a high-to-Iow transition. whereas. if IEDG is 1. cap
ture occurs on the low-to-high transition . 

MC6801 TIMER 
INPUT CAPTURE 
REGISTER 

.. 
_____ ~P20 Input Waveform 

Port 2 I -, 
Capture when IEDG = 0 Capture when IEDG = 1 

Note that the Input Capture Flag (lCF) in the Timer Control/Status register is also set by this transition. 

Since IEDG is a read/write bit. it can be changed at any time under program control. Thus. you can measure pulse 
widths as shown below. redefining the active transition between captures. 

I \ , 
t t 

Capture 1 Capture 2 

If the above pulse width is less than 6&,&36 CPU cycles, it can be measured as follows: 

1) Define the active edge as a leading edge by setting IEDG = 1. 

2) When the first capture occurs. store the counter value. 

3) Set IEDG = 0 to redefine the active transition. 

4) When the second capture occurs. read the new counter value. 

5) The difference between the two values is the pulse width (in CPU cycles). 

Obviously. the pulse width must be longer than the service time in order for this technique to work. 
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When measuring pulses whose width exceeds 65,536 CPU cycles, the Timer Overflow Flag (TOF) may be used. 
It is set by hardware when the counter contents roll over to 0000. By tallying these occurrences. you can determine 
how many times the counter has cycled through its complete range of 65.536 counts during the measurement interval. 
The tallying must be done by software. 

I II , 
+ + + + + + 

Capture Overflow Overflow .................... Capture 
Count 1 1 2 Count 2 

-----------------------------------Continuously Running Counter 

With a 4 MHz crystal, the CPU clock rate is 1 MHz; thus, each CPU cycle is one microsecond long. 

MC6S01 SERIAL COMMUNICATION INTERFACE (SCn 
The MC6801 incorporates an on-chip, Serial Communication Interface (Scn. This is a serial I/O port which can 
be used to communicate with a variety of devices - these include simple serial I/O devices as shift registers. and stan
dard computer terminals such as CRTs - or it can be used to link together a number of processors in a multiprocessing 
environment. A "wake-up" feature permits units in a multiprocessor scheme to respond only when accessed. 

The SCI is a full duplex, asynchronous interface. It is comprised of a transmitter and a receiver which operate in
dependently of each other, but at the same data rate and using the same data format. Clocking is obtained from 
the internal baud rate generator; or. optionally. clocking may be supplied from an external source. 

The SCI interfaces to the outside world via pins P22. P23. and P24 of Port 2 as shown in Figure 9-41. Two data for
mats are provided. These are program selectable: 

Standard Mark/Space (NRZ) 

• Self Clocking Bi-Phase (Manchester) 

Standard Mark/Space is normally used with terminals (CRTs) and modems. while Bi-Phase is intended for in
terprocessor communications. (Bi-Phase provides a much larger lOlerance to clock mismatch between the transmitter 
and receiver oscillators than does standard Mark/Space encoding.) Data formats are as follows: 

Start LSB MSB Stop 

(ldlel + + + + 
Mark/Space 

o o o o 

Ten bits are used: a Start bit, eight data bits, and a Stop bit. 

For configurations using the on-chip oscillator. communication occurs at one of four program selectable sub-multiples 
of the CPU «1>2 clock. For systems using an external source. the clock must be eight times the desired baud rate. 

The following options must be software configured: 

Data Format - Mark/Space or Bi-Phase 
Clock Source - Internal or external 

Baud Rate - Select one of four internal or the external x8 input 

Clock Output - Internal out or external in 
Wake-Up Feature - Enabled or disabled 
Interrupt Requests - Enabled or masked individually for transmitter and receiver 

MC6801 SCI 
PROGRAMMING 
OPTIONS 

In addition. since bits 3 and 4 (P23. P24) are shared among other Port 2 activities. you must appropriately configure the 
SCI to serve the serial I/O function. 

9-160 



MCSS01 SCI CONTROL 
Four user-accessible registers are provided: 

a 4-bit Rate/Mode Control register 
an S-bit Control/Status register 
an S-bit Receive Data register 
an S-bit Transmit Data register 

Memory 

Monitoring and control of the SCI is via the S-bit Transmit/Receive Control/Status 
(TRCS) register located in the MC6801 internal registers at address 0011. 8it assignments 
are as shown in Figure 9-60. 8its 5,6, and 7 are read-only Flag bits set by hardware. Bits 1, 
2, 3, and 4 are Enable bits, while WU is the wake-up bit - these are read/write bits set by 
the user to select the operations desired. Bits which enable IR02 will cause an interrupt if 
the I-bit in the processor Condition Code register is clear (I = OJ. 

MC6S01 SCI 
TRANSMIT/RECEIVE 
CONTROL/STATUS 
REGISTER 

RESET initializes the TRCS register to 2016 (bit 5 set. all others cleared). This is in addition to the following techniques 
of setting and clearing bits. 

Bit 0 WU: This bit must be set by software. It is cleared by hardware upon receipt of ten consecutive 1 s. 

Bit 1 TE: Must be set by software. Setting this bit produces a preamble of nine consecutive 1 s and enables the 
transmitter output to Port 2 pin P24, regardless of the corresponding bit value in the Port 2 Data Direc
tion register. When clear, the SCI has no effect on P24. 

Bit 2 TIE: This bit is set or cleared by software. When set. it enables an IR02 interrupt to occur when TORE (bit 5) is 
set. When bit 2 is clear, TORE cannot generate an interrupt. 

Bit 3 RE: When set. this bit gates pin P23 of Port 2 to the Receiver, regardless of the corresponding bit value in the 
Port 2 Data Direction register. When this bit is clear. the SCI has no effect on P23. 

Bit 4 RIE: Set or cleared by software. When set. it enables an IR02 interrupt to occur when RDRF (bit 7) or ORFE (bit 
6) is set. When clear, these bits cannot generate interrupts. 

Bit 5 TORE: This is a read-only bit which is set by the transmitter hardware when a transfer is made from the Transmit 
Data register to the Output Shift register. This bit is cleared by a programmed read of the TRCS register 
followed by a write of new data to the Transmit Data register. RESET initializes this bit to the 1 state, in
dicating the Transmit Data register is ready to receive a byte of data. No data will be transmitted if TORE 
is not cleared. 

Bit 6 ORFE: This is a read-only bit which is set by hardware when an overrun or a framing error occurs. It is cleared by 
performing a read of the TRCS register followed by a read of the Receive Data register. (An overtun is re
ported if the user does not read the data from the Receive Data register before a new byte is received. A 
framing error occurs if the data received is not properly framed by the Start and Stop bits'! 

Bit 7 RDRF: This is a read-only bit. set by hardware when a transfer from the Input Shift register to the Receive Data 
register is made. To clear RDRF, read the Transmit/Receive Control/Status register (TRCSl. then read the 
Receive Data register. 

Selection of data format. baud rate. clocking source and configuration of P22 is ac
complished via bits set by software in the Rate/Mode Control register (shown in Figure 9-61) 
at address 001016. (These bits are all cleared on RESET.! 
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REGISTER 



6 5 4 3 21 O........-BitNo. 

fRDR~Fe!roFHj RIE / RE / TIE / TE /WU: 

t 
TRCS - Address 001116 

Wake-Up 
Transmit Enable 
.Transmit Interrupt Enable 
Receive Enable 
Receive Interrupt Enable 
Transmit Data Register Empty 
Overrun-Framing Error 
Receiver Data Register Full 

Figure 9-60. MC6801 Transmit/Receive Control and Status Register (TRCS) 

7 6 5 4 3 2 o ........-BitNo. 
r-~~~~~~~., 

RatalMode Control - Address 001016 

ce1,ceO 

00 
01 
10 
1 1 

Notes: 

'------ Speed Select 
00 - Divide «112 by 16 
01 - Divide «112 by 128 
1 0 - Divide «112 by 1024 
1 1 - Divide «112 by 4096 

L... _______ See Table 9-16 

1-___________ Not usad 

Figure 9-61. MC6801 SCI Rate/Mode Control Register 

Table 9-16. MC6801 SCI Clock Control and Format Select 

Clock Port 2 Port 2 
Formet 

Source Bit 2 BIt3 

Bi-Phase Intemal Not Used Note 1 
NRZ Intal'flal Not Used Note 1 
NRZ Intemal Output Se~allnput 
NRZ Extemal Input Serial Input 

11 Serial data can be input on P23 for these cases only if RE = 1. 
2) Serial output appears on P24 for these cases only if TE = 1. 

Bits SO and S1 are speed select bits. They select the baud rate as a function of the internal CPU 
$2 clock. but have no effect when external clocking of the SCI is used. 

Bits CC1 and CCO select the data format and SCI clocking source, as Shown in Table 9-16. 
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MC6801 SCI OPERATION 
The SCI must be software initialized by configuring the Transmit/Receive Control/Status register (TRCSI and 
the Rate/Mode Control register. 

Setting the Transmit Enable bit (TEl to 1 causes the output of the SCI to be gated to Port 2 
pin 4 (P241 regardless of the value in the corresponding bit position of the Port 2 Data Direction 
register. The following illustration shows the relationship between the TRCS register. transmitter 
logic. and the P24 pin: 

Me6S01 Internal Sus 

MC6S01 
SCI 
TRANSMIT 
OPERATIONS 

Tx 
)-+--.P24 

Outside 
World 

In addition. setting TE to 1 initiates the transmission of a 10-bit preamble for synchronization purposes. The 
preamble consists of a succession of ones. which sets the output line to the high (Mark) condition as required to mark 
the line idle condition. The line will remain in this Mark condition until a byte of data is ready for transmission. 

To trallsmit a byte of data. you must first check the status of the TORE flag. If TDRE is set (indicating that the 
Transmit Data register is empty!. a byte of data may be loaded into it using an STA instruction. This clears the TDRE 
flag (TDRE = 0). indicating that the Transmit Data register is full. The following instruction sequence would perform the 
required steps we have described: 

LDA A #$20 
BIT A TRCS 
BEQ LOOP 
LDA A CHAR 
STA A TX 

CHECK TDRE FLAG 

GET CHARACTER 
LOAD TO TRANSMITTER 

The data written will remain In the Transmit Data register until the Shift register is empty: that is. until it has finished 
sending the previous byte. When the Shift register is empty. the byte will be transferred to the Shift register. and the 
TDRE flag will be set (automatically. by hardware!' indicating that a new byte may be loaded into the Transmit Data 
register. 

If a new byte is not available in the Transmit Data register when the previous one has been sent. the output will go to 
the idle state. and transmit a Mark condition. 

Bi-phase operation is the same as that described above. except that a "1" output is represented by toggling at half bit 
times. instead of Marking. and a "0" is represented by toggling at full bit times. instead of as a Space. 

If you wish to use interrupt programming. you must set TIE to 1. This permits an IRQ2 interrupt to be generated when 
TDRE is set. 
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Setting t!le Receive Enable bit (REI to 1 steers the serial input applied to P23 (Port 2 pin 31 
to the Receive Shift register. The following illustration shows the relationship between the 
TRCS register. receiver logic. and the P23 pin. 

MC6S01 Intemel Bus 

·IRQ2 

Rx 
P23 __ ~~----------------------------~ __ ~ 

Outside 
World 

Rx Shift Register 

MC6801 SCI 
RECEIVE 
OPERATIONS 

The incoming data stream is assembled into a parallel byte by the Shift register. When a full byte has been correctly 
received (no overrun. no framing error). it is transferred (automatically by the hardware) to the Receive Data register. 
and the RDRF flag bit is set. 

To determine whether a byte of data is available. the program must read the TRCS register and check the RORF 
flag. When a byte is available. it is read by an LDA instruction. This read also clears the RDRF flag. 

Read 
TRCS Register 

Read Receive 
Data Register 

This also 
clears RDRF 

If the above read is not performed by the time a new byte is assembled in the ShHt register. an overrun is re
ported by setting the ORFE flag to 1. 

If you wish to use interrupt programming. you must set RIE to 1. This permits an IRQ2 interrupt to be generated by 
RDRF or ORFE. There is only one level of interrupt priority for the SCI. Thus. software polling is necessary to deter
",in. which of the flags - RORF. ORFE. or TORE - caused the interrupt. 
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MC6S01 SCI CLOCKING OPTIONS 
Clocking for the SCI may be derived internally from <1>2 of the CPU, or alternatively, an external clock may be 
used. 

As noted in Table 9-16. if CCl = 1 and CCO = O. the internal clock is brought out on P22 (Port 2 pin 21. This clocking 
signal is 1 times the bit rate and has its rising edge at mid-bit. The output data format is NRZ. This permits the MC6S01 
to communicate with standard shift register. providing a very low-cost serial interface. 

MC6S01 

P23 Shift Register 
P24 
P22 ClK 

The clock output signal is available regardless of the settings of RE and TE: thus. this clock signal is made available to 
the outside world. even if pins 3 and 4 have been disabled for serial 110. The maximum frequency is <1>2 divided by 16. 

As an alternative. an externally supplied source may be used. In this case. Port 2 pin 2 (P22) brings the clock signal into 
the SCI. This clock frequency must be eight times (Sx) the desired baud rate. with a maximum of E or <1>2. To use this 
option. CCO and CC 1 must be set to 11. 

MC6S01 

~ P22 
P23 
P24 

MC6S01 WAKE-UP OPERATION 

Clock 

RxD } Serial Data Lines 
TxD 

The MC6S01 contains a "wake-up" feature that is useful in serially linked, multiprocessor applications. Any pro
cessor in the link can be programmed to respond only to messages directed to it, and ignore all others. This is 
achieved by including a control word or destination address in the data stream that identifies the destination receiver. 
All processors for which the message is not intended simply ignore the remainder of the message. and carryon with 
whatever they are programmed to do. 

Serial Sus Line 

Serial Out Serial In Serial In 

MC6S01 MC6S01 MC6S01 

MASTER SLAVE 1 SLAVE 2 
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The "wake-up" feature is enabled by bit WU in the Transmit/Receive Control and Status register (TRCSI. If 
WU = D. the serial I/O channel functions normally; if WU = 1. the wake-up feature is invoked. With the wake-up 
feature operational. the receiver section of the SCI continues to assemble bytes of data in its Receive Shift register as 
they are received. but it does not set the RDRF flag bit to signal reception of a byte - thus the incoming data stream is 
effectively masked from the processor. This action is performed automatically by the hardware and is transparent to the 
software. 

The reception of ten consecutive 1s in the data stream (indicating an idlelinel clears WU. reestablishi~g normal 
flag operation in the SCI receiver. Note that both data and the Stop bit count in the total of ten 1 s. I 

The transmitter in this scheme has certain obligations. It must send out a message as a string of characters in such 
a manner that it does not let the line go idle within the message for a period sufficient for the receivers to clear their 
"wake-up" bits. If this happens. the transmitter must again send out the destination receiver identification before con
tinuing with the remainder of the message. 

After the last byte of a message. the transmitter must idle the line for a minimum of ten consecutive 1 s to permit the 
other receivers on the line to wake-up before the next message is sent. 

It is Important to note that testing for the destination address (or central character or words. as the case may 
bel is carried out simultaneously by all receivers using software. Thus. as the bytes specifying the destination 
receiver arrive. they are read by software from the respective Receive Data registers and compared with each receiver's 
preprogrammed code. If no matcl;l is found. the software sets the WU bit and ignores the remainder of the message. 
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THE MC6S01 INSTRUCTION SET 

The MC6S01 uses all MC6S00 instructions plus ten new ones. Only the new instructions are summarized in Table 9-17. 
Symbology here follows that of Table 9-1. with the following additions: 

: This symbol denotes concatenation. 

ACCD is the double Accumulator formed by concatenating the A and B Accumulators . 

.... _A_C_C_A_.....I ..... _A_C_C_B_ .... I ACCD = ACCA:ACCB 

~~--------,~~--.. ----~~ 
ACCD 

Example: [ACD]- [MEM] : [MEM+1] is equivalent to""'\ 
[ACA] - [MEM] I J 
[ACB]- [MEM + 1] j.ooo--------
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MC6801 SUMMARY OF CYCLE-BY-CYCLE OPERATION 
. Table 9-18 is similar to the one for the Me68DD. However. the execution times of many instructions have been reduced 

to increase throughput. and ten new instructions have been added. 

This table provides a detailed description of the information present on the Address Bus; Data Bus. and the Read/Write 
line (R/W) during each cycle for each instruction. 

This information is useful in comparing actual results with expected results during debugging of both software and 
hardware as the control program is executed. The information is categorized in groups according to addressing modes 
and number of cycles per instruction. (In general. instructions with the same addressing mode and number of cycles 
execute in the same manner: exceptions are indicated in the table.) 
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Table 9-18. MC6801 Cycle-by-Cycle Operation Summary 

Address Mode and 
Cycles 

Cycle 
Address Bus 

RIW 
Data Bus 

Instructions No. Line 

ADC EOR 2 1 Op Code Address 1 Op Code 
ADD LOA 2 Op Code Address + 1 1 Operand Data 
AND ORA 
BIT SBC 

! CMP SUB 
.! LOS 3 1 Op Code Address 1 Op Code 'a 
III 

LOX 2 Op Code Address + 1 1 Operand Data (High-order Byte) E 
.5 3 Op Code Address + 2 1 Operand Data (Low-order Byte) 

CPX 4 1 Op Code Address 1 Op Code 
SUBD 2 Op Code Address + 1 1 Operand Data (High-order Byte) 
ADDD 3 Op Code Address + 2 1 Operand Data (Low-order Byte) 

4 Address Bus FFFF 1 Low Byte of Restart Vector 

ADC EOR 3 1 Op Code Address 1 Op Code 
ADD LOA 2 Op Code Address + 1 1 Address of Operand 
AND ORA 3 Address of Operand 1 Operand Data 
BIT SBC 
CMP SUB 

STA 3 1 Op Code Address 1 Op·Code 
2 Op Code Address + 1 1 D~stination Address 
3 Destination Address 0 Data from Accumulator 

LOS 4 1 Op Code Address 1 Op Code 
LOX 2 Op Code Address + 1 1 Address of Operand 
LDD 3 Address of Operand 1 Operand Data (High-order Byte) 

4 Operand Address + 1 1 Operand Data (Low-order Byte) 

STS 4 1 Op Code Address 1 Op Code 
STX 2 Op Code Address + 1 1 Address of Operand 

STO 3 Address of Operand 0 Register Data (High-order Byte) 
4 Address of Operand + 1 0 Register Data (Low-order Byte) 

CPX 5 1 Op Code Address 1 Op Code 
SUBD 2 Op Code Address + 1 1 Address of Operand 
ADDD 

.-
3 Operand Address 1 Operand Data (High-order Byte) .. 

" 4 1 Operand Data (Low-order Byte) ! Operand Address + 1 
is 5 I Address Bus FFFF 1 Low Byte of Restart Vector 

JSR 5 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Subroutine Address 1 First Subroutine Op Code 
4 Stack Pointer 0 Return Address (Low-order Byte) 
5 Stack Pointer + 1 0 Return Address (High-order Byte) 
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Table 9-18. MC6801 Cycle-by-Cycle Operation Summary (Continued) 

Address Mode end 
Cycles 

Cycle 
Address Bus 

Rfii Data Bus 
Instructions No. Line 

JMP 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Offset 
3 Address Bus FFFF 1 low Byte of Restart Vector 

ADC EOR 4 1 Op Code Address 1 Op Code 
ADD LOA 2 Op Code Address + 1 1 Offset 
AND ORA 3 Address Bus FFFF 1 low Byte of Restart Vector 
BIT SBC 4 Index Register Plus Offset 1 Operand Data 
CMP SUB 

STA 4 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Offset 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Index Register Plus Offset 0 Operand Data 

lOS 5 1 Op Code Address 1 Op code 
LOX 2 Op Code Address + 1 1 Offset 
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector 

4 Index Register Plus Offset 1 Operand Data (High-order Byte) 
5 Index Register Plus Offset + 1 1 Operand Data (low-ordar Byte) 

STS 5 1 Op Code Address 1 Op Code 
'a STX 2 Op Code Address + 1 1 Offset 
GI 

STD 3 Address Bus FFFF 1 low Byte of Restart Vector Ie 
GI 
'a 4 Index Register Plus Offset 0 Operand Data (High-order Byte) .5 

5 Index Register Plus Offset + 1 0 Operand Data (Low-order Byte) 

ASL LSR 6 1 Op Code Address 1 Op Code 
ASR NEG 2 Op Code Addrass + 1 1 Offset 
CLR ROL 3 Address Bus FFFF 1 low Byte of Restart Vector 
COM ROR 4 Index Register Plus Offset 1 Current Operand Data 
DEC TST (1) 5 Address Bus FFFF 1 low Byte of Restart Vector 
INC 6 Index Register Plus Offset 0 New Operand Data 

CPX 6 1 Op Code Address 1 OR. code 
SUBD 2 Op Code Address + 1 1 Offset 
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector 

4 Index Register + Offset 1 Operand Data (High-order Byte) 
5 Index Register + Offset + 1 1 Operand Data (Low-order Byte) 
6 Address Bus FFFF low Byte of Restart Vector 

JSR 6 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Offset 
3 Address Bus FFFF 1 low Byte of Restart Vector 
4 Index Register + Offset 1 First Subroutine Op Code 
5 Stack Pointer 0 Return Address (low-order Byte) 
6 Stack Pointer - 1 0 Return Address (High-order Byte) 

ABA DAA SEC 2 1 Op Code Address 1 Op Code 
ASL DEC SEI 2 Op Code Address + 1 1 Op Code of Next Instruction 
ASR INC SEV .. CBA LSR TAB 

I: ClC NEG TAP ! 
GI CLI NOP TBA ~ 

.5 ClR ROL TPA 
CLV ROR TST 
COM SBA 
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Table 9-18. MC68D1 Cycle-by-Cycle Operation Summary (Continued) 

Addre •• Mode end 
Cycle. 

Cycle 
Address Bu. RIW Data Bus 

Instruction. No. Lina 

ABX 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Address Bus FFFF 1 Low Byte of Restart Vector 

ASLD 3 1 Op Code Address 1 Op Code 
LSRD 2 Op Code Address + 1 1 Irrelevant Data 

3 Address Bus FFFF 1 Low Byte of Restart Vector 

DES 3 1 Op Code Address 1 Op Code 
INS 2 Op Code Address + 1 1 Op Code of Next Instruction 

3 Previous Register Contents 1 Irrelevant Data 

INX 3 1 Op Code Address 1 Op Code 
DEX 2 Op Code Address + 1 1 Op Code of Next Instruction 

3 Address Bus FFFF 1 Low Byte of Restart Vector 

PSHA 3 1 Op Code Address 1 Op Code 
PSHB 2 Op Code Address + 1 1 Op Code of Next Instruction 

3 Stack Pointer 0 Accumulator Data 

ISX 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Op Code of Next Instruction 
3 Stack Pointer 1 Irrelevant Data 

TXS 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Op Code of Next Instruction 

'I 3 Address Bus FFFF 1 Low Byte of Restart Vector 

" c PULA 4 1 Op Code Address 1 Op Code ;: 
& PULB 2 Op Code Address + 1 1 Op Code of Next Instruction g 

3 Stack Pointer 1 Irrelevant Data .. c 4 Stack Pointer + 1 1 ! • .c PSHX 4 1 Op Code Address 1 Op Code .5 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 0 Index Register (Low-order Byte) 
4 Stack Pointer - 1 0 Index Register (High-order Byte) 

PULX 5 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Irrelevant Data 
3 Stack Pointer 1 Irrelevant Data 
4 Stack Pointer + 1 1 Index Register (High-order Byte) 
5 Stack Pointer + 2 1 Index Register (Low-order Byte) 

BCC BHT BNE 3 1 Op Code Address 1 Op Code 
BCS BLE BPL 2 Op Code Address + 1 1 Branch Offset 
BEQ BLS BRA 3 Address Bus FFFF 1 Low Byte of Restart Vector 
BGE BLT BVC 
BGT BMT BVS 

BSR 6 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Branch Offset 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Subroutine Starting Address 1 Op Code of Next Instruction 
5 Stack Pointer 0 Return Address (Low-order Byte) 
6 Stack Pointer - 1 0 Return Address (High-order Byte) 
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Table 9-18. MCB8D1 Cycle-by-Cycle Operation Summary (Continued) 

Address Mode and 
eyel .. 

Cycle 
Addre.s Bus RIW Data Bus 

Instructions No. Line 

JMP 3 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Jump Address (High-order Byte) 
3 Op Code Address + 2 1 Jump Address (Low-order Byte) 

ADC EOR 4 1 Op Code Address 1 Op Code 
ADD LOA 2 Op Code Address + 1 1 Address of Operand 
AND ORA 3 Op Code Address + 2 1 Address of Operand 

(Low-order Byte) 
BIT SBC 4 Address of Operand 1 Operand Data 
CMP SUB 

STAA 4 1 Op Code Address 1 Op Code 
STAB 2 Op Code Address + 1 1 Destination Address 

(High-order Byte) 
3 Op Code Address + 2 1 Destination Address 

(Low-order Byte) 
4 Operand Destination Address 0 Data from Accumulator 

LOS 5 1 Op Code Address 1 Op Code 
LOX 2 Op Code Address + 1 1 Address of Operand 

(High-order Byte) 
LDD 3 Op Code Address + 2 1 Address of Operand 

(Low-ordar Byte) 

4 Address of Operand 1 Operand Data (High-order Byte) 
5 Address of Operand + 1 1 Operand Data (Low-order Byte) 

STS 5 1 Op Code Address 1 Op Code 
STX 2 Op Code Address + 1 1 Address of Operand 

1 (High-order Byte) 
'a STD 3 Op Code Address + 2 1 Address of Operand c: 
! (Low-order Byte) 
Ie 
III 4 Address of Operand 0 Operand Data (High-order Byte) 

5 Address of Operand + 1 0 Operand Data (Low-order Byte) 

ASL LSR 6 1 Op Code Address 1 Op Code 

ASR NEG 2 Op Code Address + 1 1 Address of Operand 
(High-order Byte) 

CLR ROL 3 Op Code Address + 2 1 Address of Operand 
(Low-order Byte) 

COM ROR 4 Address of Operand 1 Current Operand Data 

DEC TST (11 5 Address Bus FFFF 1 Low Byte of Restart Vector 

INC 6 Address of Operand 0 New Operand Data 

CPX 6 1 Op Code Address 1 Op Code 
SUBD 2 Op Code Address + 1 1 Operand Address 

(High-order Byte) 
ADDD 3 Op Code Address + 2 1 Operand (Low-order Byta) 

4 Operand Address 1 Operand Data (High-ordar Byte) 

5 Operand Address + 1 1 Operand Data (Low-order Byte) 
6 Address Bus FFFF 1 Low Byta of Restart Vector 

JSR 6 1 Op Code Address 1 Op Code 
2 Op Code Address + 1 1 Address of Subroutine 

(High-order Byte) 
3 Op Code Address + 2 1 Address of Subroutine 

(Low-order Byte) 
4 Subroutine Starting Address 1 Op Code of Next Instruction 
5 Stack Pointer 0 Return Address (Low-order Byte) 
6 Stack Pointer - 1 0 Address of Operand 

(High-order Byte) 
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THE MC6809 MICROPROCESSOR 

The MC6809 is an advanced processor within the 6800 family. It is a high performance machine. both faster and 
more powerful than its predecessor (the MC6800). yet it retains hardware and software compatibility (at the 
source code leven with existing MC6800 parts. 

The MC6809 has been developed with particular attention to the software needs of the user. Because it provides 
powerful new addressing modes and an extended register complement. the MC6809 is capable of supporting 
modern software techniques. such as modular programming. position independent (self-relative) coding. recursive pro
gramming. reentrancy. and high level language generation. 

The MC6809 instruction set contains fewer instructions than the MC6800: some existing 6800 instructions have been 
combined into more general and powerful ones. leaving room for some new ones. Many of these new MC6809 instruc
tions perform 16-bit manipulations. 

The MC6809 retains all the MC6800 addressing modes and adds some new ones. These modes include long 
relative branches. sixteen variations of indexed addressing. Program Counter relative modes. and extended in
direct modes. This extension of existing modes retains the ease and familiarity of the 6800 language. but adds high 
performance capability where needed. 

Hardware improvements have also been implemented on the MC6809. On-chip clock facilities have been ad
ded. an internal Schmitt trigger circuit has been incorporated to permit the use of an RC Reset Circuit. and the 
bus timing specifications have been improved to make the system easier to use. Some bus signals have been 
redefined. and new ones have been added. to permit the CPU to function in multiprocessor applications while 
still retaining compatibility with existing parts. In ali. these enhancements. combined with the software enhance
ments. simplify the use. increase the throughput. and make the CPU tremendously more capable than its predecessor. 

Motorola has clearly aimed the MC6809 at the vast consumer markets yet to come. as well as at existing markets that 
have already been penetrated by the MC6800. With the MC6809. Motorola has maximized the performance of its mid
range 6800 family. and now offers an updated product line that spans the range from the low-end single-chip MC6805 
series through the expandable single-chip MC6801 and the mid-range MC6809. up to the newly introduced 16-bit pro
cessor. the MC68000. 

The principal manufacturer is Motorola. The primary second source is AMI. and other firms that second source the 
MC6800 may also second source the MC6809. 

The MC6809family is fabricated using N-channel. silicon gate. ion-implanted depletion load technology. It has 
TTL-level compatible inputs and outputs and operates from a single +6 volt power supply. All outputs are able 
to drive 130 pf !typically eight MOS devices) plus one standard TTL load (or four Low Power Schottky loads) at 
full rated bus speed. 

THE MC6809 CPU 
Figure 9-62 illustrates that part of our general microcomputer system that is implemented on the MC6809. 
Enhancements over the MC6800 include an on-chip clock. control logic for cycle-stealing DMA. and interrupt-priority 
arbitration. Not evident in this illustration is the enhanced register complement provided by the MC6809. 
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Programmable 
Timers 

Interface Logic 

Read Only 
Memory 

Interface Logic 

I/O Ports 

Figure 9-62. Logic of the MC6809 Microprocessor 

THE MC6809 PROGRAMMABLE REGISTERS 
The MC6809 has an enriched set of registers as compared to the basic MC6800. The register complement con
sists of two Accumulators. a Status register. two Index registers. two stack Pointers. a Program Counter and a 
Direct Page register. The mobility of data between the registers has been improved by the introduction of a 
"Transfer Registers" instruction (TFR). This instruction. and the indexing capability of four of the MC6809 registers. 
overcomes most of the weaknesses of the 6800 CPU identified at the beginning of this chapter. 
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The following illustration shows the programmable registers provided by the MC6809. The registers that have been ad
ded beyond the basic 6800 CPU complement are shown shaded. 

Accumulator A 

Accumulator B 

Index Register X 

Index Register Y 

Program Counter 

Stack Pointer S 

Stack Pointer U 

Status Register 

Direct Page Register DP 

1--________________ Tlhese four registers function as Index Registers 

'------------------Tile Program Counter has limited indexing capabilities 

Sixteen-bit operations are implemented by concatenating the A and B Accumulators to form one double-preci
sion Accumulator D as follows: 

ACCA ACCS 

~~----"--~'r~--""--~~ 
ACCD 

This concatenated Accumulator is referred to as ACCD. 

Four registers (X, y, S, and U) provide indexing capability. They permit a 16-bit Effective Address (EA) to be formed 
by the addition of an optional offset to the pre-loaded contents of the specified register. There are some differences in 
the ways in which these registers operate and can be used. 

Registers X and Y have been designated the Index registers. 80th are capable of performing the same indexing 
functions as were implemented on the basic MC6800. plus a great deal more. Full details are included below. in the 
memory addessing section. 

Two Stack Pointers have been provided, permitting the implementation of two independent Stacks. These 
Stacks are implemented in read/write memory at the locations pointed to by their respective Stack Pointers. These 
Stacks function on a "Last-In. First-Out" (LIFO) basis. 

Stack Pointer S is a hardware stack pointer used by the processor to automatically save machine status and ac
tive register contents during subroutines and interrupts in a manner similar to that of the MC6800. With the 
MC6809. however. the user has the option to save a subset only. or the entire register complement. 

Stack Pointer U is a User's Stack Pointer, controlled exclusively by the user's software. It facilitates the passage 
of arguments to and from subroutines. 

The Stack Pointers U and S feature the same indexing capabilities as the X and Y registers; thus. Sand U are essen
tially enhanced index registers. (There are some differences when using the "Load Effective Address" (LEA) instruc
tions. This will be discussed later.) 

The Program Counter points to the next instruction to be executed. Its capability has been enhanced such that Pro
gram Counter relative addressing is now provided. This capability effectively permits the Program Counter to be 
used as an index register.with limited capabilities. 

The Direct Page register (DPR) permits enhanced direct addressing by allowing a page lin addition to the base 
page) to be software relocated anywhere in memory during program execution. 8y way of contrast. the MC6800 
does not have a Direct Page register. All MC6800 instructions using the direct mode have their high-order address 
bytes fixed at 00 by hardware. This limits direct addressing in the MC6800 to the first 256 memory locations (0000 to 
OOFF). 
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Location Accessed 

Direct Page Register [:::::::::::J 
~ Op-Code } 
+ .... I------tjp~p~l Two-Byte Instruction 

! i 
EA = xx + pp--.... tl .... :::3 

EA = Effective Address 

Figure 9-63. MC6809 Direct Page Addressing Scheme 

To enforce compatibility with the MC6800. the contents of the Direct Page register oh the MC6809 are automatically 
cleared on Reset. To move the page to some other location. the user must software relocate it by loading the high-order 
address bytes into the Direct Page register during program execution. vilhen an instruction using Direct Page address
ing is executed. the contents of the Direct Page register are automatically concatenated with the usual 8-bit address 
byte'contained in a direct instruction. 

MC680e MEMORY ADDRESSING MODES 
Let us now look at the addressing enhancements provided by the MC6101. 

With the incorporation of a Direct Page register. direct addressing has been extended 
throughout lill memory. Direct page addressing uses a two-byte instruction format in which the 
second byte specifies the address to be added to the Direct Page register contents. This scheme is 
illustrated in Figure 9-63. The Direct Page register contains the most significant byte of the 16-bit 
address to be accessed. while the second byte of the instruction cohtains the least significant byte. 

MC6809. 
DIRECT PAGE 
ADDRESS~NG 

Since the contents of the Direct Page register are software defined. this page can be dynamically relocated within the 
read/write memory as desired during program execution. 

Many of the new addressing modes require a byte Immediately following the operation code 
to further define the interpretation of the instruction. This Is called a Post BYte. 

Op-Code 
.Post Byte 

While this added byte may at first seem wasteful of memory space. the extra power and fiexibility provided far out
weigh the small additional amount of memory required. It should also be noted that many programs will be composed 
primarily of familiar 6800-type instructions and that the amount of additional memory space ponsumed by those in
structions requiring Post 8ytes will usually constitute a relatively small percentage of the total memory used. 

The meaning ascribed to the various bits in the Post 8yte depends on the addressing inode - se. Tilble 1-11. 

The four registers X. Y. S. and U are indexable. The Post Byte in this case defines the options ac- Mell" 
cording to the scheme shown in Figure 9-64. INDEXED 

ADDRESSING 
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7 

0 , 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

~-----Addre:ssirlg Mode Field 
~ _________ llnalirect Field 

(Sign bit when B7 = 0) 

~-----------R81lister Field 
00: R =X 
01: R=Y 
10: R=U 
II:R=S 

Figure 9-64. MC6809 Post Byte Bit Assignments 

. Table 9-19. MC6809 Indexed AQdressing Post Byte Register Bit Assignments 

Bit Number 
Add ..... lng Mode 

6 5 4 3 2 1 0 

R R X X X X X I-Bit Offset 
R R 0 0 0 0 0 Auto Increment by One 
R R I 0 0 0 1 Alito Increment by Two 
R R 0 0 0 1 0 Auto Decrement by One 
R R I 0 0 1 1 Auto Decrement by Two 
R R I 0 1 0 0 Zero Offset 
R R I 0 1 0 1 Accumulator B Offset 
R R I 0 1 1 0 Accumulator A Offset 
R R I 1 0 0 0 B-Bit Offset 
R R I 1 0 0 1 1 6-Bit Offset 
R R I 1 0 1 1 Accumulator D Offset 
X X I 1 1 0 0 Program Counter B -Bit Offset 
X X I 1 1 0 1 Program Counter ,. 6 -Bit Offset 
X· X 1 1 1 1 1 Inc;lirect 

..... _- ..... 

t 
J 

• 
Addressing Mode Field 
Indirect Field 
(Sign bit when B7 = 0) 
Regis~er Field 
00: R=X 
01: R = Y 
10: R = U 
11: R = S 
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.. ,_ ... , .... cp 
+ .----~t-~---t 

j 
EA = xxyy + aabb __ ...... ....1---Location Accassed 

Figure 9-65. MC6809 Constant Offset (Indexed Model Addressing 

Many options are provided - they are constant offset. accumulator offset (using Accumulator A. Accumulator 
B. or Accumulator D). auto increment or decrement (by one or two) and indirection. 

Figure 9-65 illustrates a two-byte offset. However, some options do not require any offset. while others require one and 
still others require two. Thus. depending on the option chosen, the indexed mode may require two, three, or four bytes. 

Note: Most MC6800 indexed instructions map into an equivalent two bytes on the MC6809. 

In the constant offset mode. the offset Is temporarily added to the value contained In the 
specified register to form an Effective Address (EA). Note that these offsets may be positive or 
negative. In contrast. the MC6800 permits only positive offsets. 

Several variations of constant offset indexing are provided. One of the variations uses bit 
space in the Post Byte itself to specify the offset. In this case, the offset is limited to that which 
may be specified by four bits. The instruction thus consists of the op-code and the Post Byte - no 
additional offset bytes are used. The offset is specified by the bit pattern contained in bit positions 
o through 3. Bit position 4 contains the sign of the displacement. this can be illustrated as follows: 

...... -----Offset 

MC6809 
CONSTANT 
OFFSET 
INDEXING 
ADDRESSING 

...... ---------Twos Complement Sign Bit 
..... -----------Register Select 

...... -------------Bit 7 = 0 
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The second constant offset mode is a three-byte instruction. consisting of an op-code. a Post Byte. and a 7-bit twos 
complement offset. This mode can be illustrated as follows: 

'-------Pattern for 7-Bit Offset 

'----------Address is Direct 
'------------- Register Select 

...... ------------- Bit 7 = 1 

To achieve longer offsets than provided above. two offset bytes are used: a four-byte instruction results. The offset is 
specified in twos complement form. The applicable Post Byte is shown as line 10 in Table 9-19 . ...----...... 
Accumulator offset is implemented as a two-byte instru!=tion. There are three variations. 
one for each of the Accumulators A. B. and D (see lines 8. 7. and 11 of Table 9-19). The con
tents of the specified accumulator are treated by the instruction as a twos complement offset. 
Since this is rather complex. let us illustrate with an example. Suppose Accumulator D con
tains 110716 and Index Register X contains 103216. The Post Byte. shown here. 

7 6 5 4 3 2 

'-------------Register Select 
00 = X 

'---------------Bit 7 =1 

MC6809 
ACCUMULATOR 
OFFSET 
ADDRESSING 

specifies that the contents of Accumulator D are to be added to the contents of the X register to form an Effective Ad
dress (EA): 

EA = 110716 + 103216 = 213916 

This is the address to be accessed by the instruction. 

A zero offset addressing option is also defined in which the selected pointer register IX. Y. 
S. or U) contains the effective address of the data to be used by the instruction. This is a two
byte instruction which may incorporate an automatic increment or automatic decrement of the 
addressing register's contents as part of the addressing mode mechanization. 
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When auto increment is employed. the address in the designated register (X. Y. U. or S) 
is used to access the desired memory location. then the contents of the register are au
tomatically incremented. Incrementation is by one or two. depending on the bit configura
tion of the Post Byte - see Table 9-19. lines 2 and 3 (reproduced below). 

11 X I X 0 10 I 0 I 0 I 0 ~Increment by One 

11 X I X X 1 0 1 0 1 0 11 t.-Increment by Two 

T +L---------SpeCify Direct or Indirect Addressing 

- Select Desired Register 

When auto decrement is employed. the address in the designated register (X. Y. U. or S) 
is decremented. then the updated address is used to access the desired memory loca
tion. Decrementation is by one or two. depending on the bit configuration of the Post Byte -
see Table 9-19. lines 4 and 5. 

Indexed indirect addressing is also provided for all indexed options except the 6-bit offset 
case and the auto increment/decrement-by-one cases. Bit 4 of the Post Byte is used to define 
whether the instruction is indirect or not (see Table 9-19). Indexed indirect addressing as imple
mented on the MC6809 is a pre-indexed mechanization. as described in Volume 1. Chapter 6. The 
offset value referenced by the instruction is temporarily added to the contents of the designated 

MC6809AUTO 
INCREMENT 
ADDRESSING 

MC6809 AUTO 
DECREMENT 
ADDRESSING 

MC6809 
INDEXED 
INDIRECT 
ADDRESSING 

pointer register (X. Y. U. or S) to form an indexed address. The memory location pointed to by this indexe~ address con
tains the actual address desired. 

The offset for indexed indirect addressing is specified as 8-bit or 16-bit twos complement offset following the Post 
Byte. as illustrated in Figure 9-66. 

Accumulator indexed indirect addressing obtains the offset as a twos complement number from one of the Ac
cumulators A. B. or D as specified by the instruction. 

Indirect addressing for the auto increment/decrement cases is implemented only for the increment by two and 
decrement by two cases - thus indirect increment and indirect decrement by one are not permitted. 

For the case of auto increment indirect. the address in the designated pointer register (X. Y. U. or SP) is used to 
recover an address from memory. This recovered address is the address of the location to be accessed (the 
Effective Address). Following this transl!ction. the contents of the Pointer register are incremented by two. Post 
Byte bit definitions are indicated in Table 9-19. 

Auto decrement indirect is similar to auto increment indirect. In this case. however. the specified register con
tents are decremented twice before the indirect address is abstracted from the register. Post Byte bit definitions 
are indicated in Table 9-19. 

Limited indexed mode addressing is also permitted with the Program Counter. This is detailed in Table 9-19 (lines 
12 and 13). Note that 8-bit and 16-bit offsets only are provided. 

Relative addressing in the MC6809 has been greatly enhanced over that provided in the 
basic MC6800. First. it is no 10llger limited to branch instructions and. second. the relative 
range has been extended through the use of a 16-bit twos complement offset. 

MC6809 
RELATIVE 
ADDRESSING 

Relative addressing is an important ingredient in pOSition-independent coding. and the enhanced scheme provided on 
the MC6809 greatly facilitates this method of program structuring. 

All branch instructions have been implemented in the traditional MC6800 form (referred to as the short form) and in a 
long form. The short form takes a one-byte op-code with a one-byte offset. while the long form takes a one- or two-byte 
op-code with a two-byte offset. For the long branch case. the actual address is formed by adding the two bytes follow
ing the op-code as a twos complement number to the Program Counter. (Remember. the Program Counter points to the 
next instruction - thus. it has already stepped over the offset bytes.) 
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~-~-cr 
+ .-----<t-;:;:---1 Offset (Two bytes illustrated) 

! 
xxyy + aatlb----.1-~~_I 

Location Accessed 

Figure 9-66. MC6809 Constant Offset Indexed Indirect Addressing 

Relative addressing has been extended to include all memory reference instruction •. It has been implemented 
as Program Counter relative indexed addressing. Two variations are permitted; one uses an 8-bit twos complement 
offset (for short reaches!' and the other uses a 16-bit twos complement offset (long reaches). Table 9-19 defines the 
Post Bytes for these two cases (lines 12 and 13). The general address formation scheme is similar to that of Figure 9-67. 
This is illustrated below for a long relative transfer. 
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Program Counter 

Op-Code 2 Bytes long 
Op-Code 1 i Op-Code: One or Two 

Updated Contents bb ~{ aa Offset (One or Two Bytes) 

of Program Counter = ppqq I Next. :.-. Destination if Branch 

t nstructlon --- k 
not ta en 

I I 
+ L I t (" I 

"" + ubb .\"; ... c>,t- ::"";00 if B.~" 

Figure 9-67. MC6809 Long Branch Addressing 

This example Illustrates the position-independent nature of this form of addressing: 

LOA 

T 
label. PCR 
~ 

I 
: 

Data to be accessed is at location "label." 

- Load the data into Accumulator A 

The MC6809 assembler requires that you use the mnemonic "PCR" for Program Counter relative addressing. The as
sembler then automatically computes the distance or offset from the "present" Program Counter value to the specified 
location. 

From Table 9-21. we determine that the hex code for LOA (indexed) is A6. From Table 9-19. line 12. we get the Post 
Byte for an 8-bit offset: 

8 0 
~~ 

11101010111110111 

1 t 'tL ______ Bit Pattern from Line 12 of Table 9-19 

- Reference is Direct 
None of the Registers X. Y. U or S is used 
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Program Counter Op-Code 

Post Byte ..... Table 9-19 Line 12 or 13 

U d t d C t t J{ .. " } Offset (One or Two Bytes) pae onens=xxyy bb 
of Program Counter t --Nit' ____ ext nstruc Ion 

t r'c>"'; 

~w + .. ~ ';m. ~}~i E_;~ -, J 
ppqq ~,':l. ''''''';00 ,""n"" 

Figure 9-68. MC6809 Relative Indirect Addressing 

Assume the program segment starts at address 100016. and that "label" represents location l04A16. 

Program Counter 

Address 

1000 

1001 

1002 

Updated Contents 6t'1 003 
of Program Counter , 

A6 

BC 

47 

Code for LOA (Indexed) 

Post Byte 

Offset (computed by assembler) 

Next Instruction 

+-'------: . 

IotA 5a--
'104A Data ' Data is retrieved from 

this address 

During execution. the updated Program Counter value is added to the offset: thus. if the program is relocated. it still 
functions correctly since the location referenced remains the same relative distance away. 

Long reaches are similar to the above. except that the Post Byte is 8016 (line 13 of Table 9-19). and two bytes are re
quired for the twos complement ·offset. 

Relative indirect addressing is an extension of relative addressing. The Program Counter is 
used again as an indexed register. The general scheme is illustrated in Figure 9-68. 

The offset (one or two bytes. twos complemend is added to the updated contents of the Program 
Counter to form a pointer to a pair of memory locations which contain the actual address to be ac
cessed. For a one-byte offset. the Post Byte is 9C 16: for a two-byte offset. the Post Byte is 9016 -
see Table 9-19. lines 12 and 13. 

MC6809 
RELATIVE 
INDIRECT 
ADDRESSING 

Instructions that use extended indirect addressing require four bytes of object code: an op-code. a Post Byte 
and two bytes which specify a 16-bit address. These last two bytes are a pointer to a location that contains the 
actual address to be referenced. This approach to indirect addressing differs from that of Volume 1. Chapter 6 only in 
that a Post Byte is used. The Post Byte has a value of 10011111 (9F16) as defined by line 14 of Table 9-19. (This mode is 
shown in Table 9-19. since it is actually implemented as an indexed. indirect instruction. relative to the Program 
Counter.) 
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MC6809 STATUS FLAGS 
The MC6809 has a Status register which maintains five status flags and three Interrupt control bits. The five 
status flags are: 

Carry (C) 
Overflow IV) 
Sign (S) 
Zero Il) 
Auxiliary or Half-Carry (H) 

Statuses are assigned bit positions within the Status register as follows: 

7 6 5 4 3 2 1 0 "-BitNo. 

IEIFIHlllslzlvlcl 
Note that the two high-order condition codes (bits 6 and 7) are used here; in the MC6S00. MC6S01. and MC6S02 they 
are permanently set to 1. 

Bits 0 through 6 are the same as the corresponding MC680Q/MC6801/MC6802 Status register bits: however. 
there are differences in how some of the Instructions aff,.ct these bits: 

1) On the MC6S00 and MC6S02. only the Z bit is set correctly when the CPX instruction is executed. On the MC6S09. 
all bits are handled correctly. 

2) The multiply instruction (MUll on the MC6S09 sets the Z bit (if appropriate). T~e MUL instruction of the MC6S01 
does not. 

3) On the MC6S00. MC6S01. and MC6S02. the right shift instructions (ASR. LSR. and ROR) set the overflow bit IV) if 
applicable; the corresJ)onding instructions on the MC6S09 do not affect Overflow status. 

4) The TST instruction on the MC6S00. MC6S01. and MC6SQ2 clears the C bit; the MC6S09 TST does not affect it. 

5) The H bit is undefined on the MC6S09 after the operations CMP. NEG. SBC. and SUB. The corresponding MC6S00. 
MC6S01. and MC6S02 instructions all clear H. 

Details of the effect of each instruction on the Status register bits are included in the MC6S09 Instruction Set Sum
mary - Table 9-23. 

Bafore describing the three remaining status bits. we must look at the hardware and software interrupts that 
are provided on the MC6809. 

An additional maskable hardware interrupt. designated FIRo.. has been provided on the MC6809. This Is a Fast 
Interrupt Request input, masked by bit 81F) of the Status register. FIRQ ~es only a subset of registers to be 
pushed onto the Stack. The three hardware interrupts ara. in order of priority. NMI (highest and non-maskable). FIRQ 
(maskable by the F bid and IRQ (lowest and maskable by the I bid. 

Three software interrupts are provided. They are SWI. SWI2 and SWI3. 

Let us now return to the three status bits I. F. an~ E. 

!...!! the external Interrupt disable flag a880clated with hardware interrupt Input IRQ. When I = 1. interrupts, via 
IRQ are disabled; when I = O. interrupts via IRQ are enabled. NMI. FIRQ. IRQ. RESET and SWI all set I to 1. SWI2 and 
SWI3 have no effect on I. 

F iii the external interrupt disable flag a880ciated with hardware interrupt Input FIRQ. When F = 1. interrupts via 
FIRQ are disabled; when F = O. interrupts via FIRQ are enabled. NMI. FIRQ. SWI and RESET all set F to 1: IRQ. SWI2 
and SWI3 have no effect on F. 

E is the Entire flag bit. The occurrence of NMI. IRQ. SWI. SWI2 or SWI3 sets E and stacks the entire machine register 
complement. while FIRQ clears E and stacks only the Program Counter and the Status register. Note that only the E bit 
in the saved or Stack Status register has any significance. 

E is used at the end of interrupt processing to determine how much to unstack. When the RTI instruction is ex
eCLIted at the end of an interrupt. the processor checks the E bit from the recovered Status register. If E = 1. the full 
complement of registers is restored from the Stack. whereas. if E = O. only the subSet conSisting of the Program 
Counter and Status register is retrieved. 

MC6809 CPU PINS AND SIGNALS 
The MC8809 CPU pins and signals are iIIustreted in Figure 9-69. A description of these signals is useful as a 
guide to the way in which the MC8801 works and to the ways in which It differs from the MC6800. 
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VSS 
NMI 
IRQ 

FIRQ 
BS 
BA 

VOO 
AO 
A1 
A2 
A~ 
A4 
A5 
A6 
A7 
AB 
A9 

A10 
A11 
A12 

Pin Name 

·AO-A15 
·00-07 
·E, Q 
·RIW 
·SA 
·BS 
EXTAL, x"fAL 

·MROV 
·OMA/SREQ 
·HALT 
·RESET 
NMI 

·FIRQ 
·IRQ 
VOO,VSS 

.,. 

.,. 

.,. 

1 
2 
3 
4 
5 
6 
7 
S 
9 

10 
MC6S09 

11 
12 
13 
14 
15 
16 
17 
1S 
19 
20 

Description 

Address lines 
Data Bus Lines 
Clock Signals 
ReadlWrite 
Bus Available 
Bus State 
Crystal 
Memory Ready 
OMA/Bus Request 
Halt 
Reset 
Non-Maskable Interrupt 
Fast Interrupt Request 
Interrupt Request 
Power and Ground 

·These signals connect to the System Sus. 

40 
39 
3B 
37 
36 
35 
34 
33 
32 
31 
30 
29 
2S 
27 
26 
25 
24 
23 
22 
21 

-

HALT 
XTAL 
EXTAL 
RESET 
MREAOY 
Q 
E 
OMA/BREQ 
RIW 
DO 
01 
02 
03 
D4 
05 
06 
07 
A15 
A14 
A13 

Type 

Tristate, Output 
Tristate, Bidirectional 
Output 
Tristate, Output 
Output 
Output 
Input 
Input 
Input 
Input 
Input 
Input 
Input 
Input 

Figure 9-69. MC6S09 CPU Signals and Pin Assignments 

The RESET input is used to initialize the CPU. To reset it. the RESET line must be asserted low for at least one bus cycle. 
This aborts the current operation. An internal Schmitt Trigger circuit on the RESET input permits the use of a Simple RC 
network to reset the entire system. 

~--------------~~ 

·Abort c;urrent instructions 

·Set F and I of Status 

·Clear OP 

·Oisarm NMI 
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EXTAL and XTAL are inputs for a parallel resonant crystal; alternatively. EXTAL may be driven by an external TTL
level compatible clock by grounding the XTAL pin. 

The Enable pin E distributes the clocking signal to the rest of the system. It is a standard 6BOO Bus system timing 
signal and is usually connected to the Einputs of MC6BOO family devices. 

Q is a new clocking output signal that has no counterpart in the MC6800. MC6801, or MC6802 versions. Its 
positive transition indicates when stable address exist on the system busses. 

lVIemory Ready (MRDY) is an input control signal that is used to extend the data access time when slow memories are 
used. It is also used to extend the access time in multiprocessor applications when shared memories are used. 

The Address Bus lines (AO to A 16) and Data Bus lines (DO to D7) are standard 6800 peripheral-compatible 
busses. Their relationship with bus control signals is detailed later. 

R/W Is the same as the MC6800 signal. It is valid with the positive transition of Q. 

Control signals on the MC6809 Control Bus may be divided into bus state controls, bus data 
identification, and Interrupt processing. There are some lines here that do not exist on the 
MC6S00. 

These are the bus state control lines: 

MC6809 
BUS STATE 
CONTROLS 

DMA/Bus Request (DMA/BREQ): This is an input line used for DMA or memory refresh operations. When asserted 
low. it suspends CPU operation (by stretching the internal CPU clock). takes the processor off the bus and tristates the 
system busses. (There is no equivalent to this line on the MC6BOO - in fact. it t/!kes two lines. TSC and DBE. just to 
float the system busses.) 

No DBE (Data Bus Enable) input is provided on the MC6809. The equivalent of DBE is generated internally by the 
processor. 

HALT: When this input is asserted low. the CPU ceases operation at the end of the current instruction and the system 
busses (Address. Data and R/iiii) are tristated. The CPU may remain in the halted state indefinitely without loss of data. 

Bus Available (BA): This output line (when driven high by internallogicl indicates that the system busses (Address. 
Data and R/iiii) are in their high impedance state and available to external devices' for Direct Memory Access (DMA) 
transactions or any other form of bus sharing activities permitted. BA high does not imply that the bus will be available 
for more than one cycle. however. When driven low (by internal logic) an additional bus cycle at high impedance oc
curs before resuming operation. 

Bus State (BS): This is an encoded output which. in conjunction with output BA. indicates the current state of the 
CPU. Combinations are listed in Table 9-20. 

Table 9-20. MC6B09 Bus Status Signals 

BA BS Function 

0 0 Nonnal Operation (Running) 
0 1 Interrupt Acknowledge 
1 0 SYNC Acknowledge 
1 1 BUS GRANT or HALT Acknowledge 

Status indications are valid on the leading edge of Q. 

No VMA (Valid Memory Address) output is provided on the MC6809 - Instead, when the 
processor does not need to use the. system busses for a data transfer, it simultaneously sets 
all address lines high (FFFF16) and R/W = 1. This is a "dummy" read of address FFFF. During 
this dummy read. both BA and BS = O. The only other required read of address FFFF occurs during 

MC6809 
VMA 
CONDITION 

a fetch of the low-order Reset vector address. During this access of FFFF. however. BA = 0 and BS = 1 (see Table 9-20). 
Thus. the status of lines BA and BS permits the user to differentiate between these two situations. (Note that MRDY will 
not be used to extend one of these dummy cycles since there is no logical reason to extend these cycles.) 

These are the three interrupt processing signals: 

Non-Maskable Interrupt (NMII: This interrupt cannot be masked. It is an edge-sensitive (as opposed to level-sensi
tive) input that responds to a high-to-Iow transition. On NMI. the full register complement is stacked. NMI has the high
est priority. 
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IRQ is a hardware Interrupt Request input. An interrupt generated at IRO stacks the full complement of CPU 
registers. IRO has lowest priority. 

FIRQ is a Fast Hardware Interrupt Request input. It provides fast response by stacking only the return address and 
the Status register. It has higher priority than IRO but less than NMI. 

MC6809 TIMING AND INSTRUCTION EXECUTION 
An internal divide-by-four circuit on the MC6801 permits the use of Inexpensive, parallel 
resonant crystals. Alternatively, EXTAL may be driven by an external TTL-level compatible 
clock. Since the internal divide-by-four circuit is still utilized. the bus frequency is 1/4 input fre
quency. 

Clock 

Crystal Operation 

EXTAL 

XTAL 
~ 

..c--I EXTAL E 

} f 4f~ 

~ XTAL Q 

MC6S0S MC6S0S 

E 

Q 

MC6801 
CLOCK 
OPTIONS 

4f 

The phase relationship between the MC6801 timing outputs E and Q is shown below. Q is a quadrature clocking 
signal that leads E. 

~ Start of Cycle 14- End of Cycle 
I 
I 
I I 

1---1/4 Cycle -I- 112 Cycle -I- 1/4 Cycle--l 

I I I I 
I I I 

\ I 
I , E I 
I 

I I 
I I I 
I 

1 , 
Q 

I 
I 

I I 
I I 
I I 

I' 1 Machine Cycle -, 
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E !l J I Ch 
I 

)) ( 
I 

Q .5) Guaranteed t 

" 
Stable ,JI Address ! 

Address \ 1 Bus 
I I l ~ Data latched 

Data Bus Data Out 
lh. -'"w ...... w, w. 

Data Bus • 
is tristate 

Figure 9-70. MC6B09 E and 0 Timing for Write Cycles 

E 

DataBus---------------,~------~--~--------~---------o;;~--------~~~~~ 

is tristate 

Figure 9-71. MC6B09 E and 0 Timing for Read Cycles 

Addresses from the CPU may start to change after the hold time from the falling edge of E. but 
they are guaranteed to be stable on the leading edge of O. as shown in Figure 9-70. The timing 
shown in this figure is for an MC6B09 write cycle. 

MC8809 
WRITE 
TIMING 

During the write cycle. the processor starts to propagate data onto the Data Bus at the positive transition of 0; this data 
is guaranteed to be valid on the trailing edge of O. 

Figure 9-71 illustrates the timing for an MC6B09 read cycle. 
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Peripherals generally propagate data into the system via the Data Bus during E high. Data needs 
to be stable a short time before and after E goes low. This is the hold time. 

Note that the Data Bus is floated during the interval when both E and Q are low (on ~ write cycle) or for 1/2 cycle when 
E is low (on a read cycle.) This interval allows "turn-around" time on the bidirectional Data Bus. 

Several control signals are provided to increase timing parameters so that tLe MC6809 can 
be easily interfaced to slow devices. 

If E (high) is too short for the external device logic to respond to during the write cycle. the slow 
device may be accommodated if we stretch the bus clocks. MRDY permits this stretching. By 
asserting MRDY low. the clocks are stretched as indicated in the following illustration: 

Stretched Clock Signal __--' 
accommodates slow memories ------; 

E '-_...I' \ I 

° __ ---11 \ I 
MRDY \----------------, 

MC6809 
ACCESSING 
SLOW 
DEVICES 

'--
\~--

A low input on MRDY when E goes high causes E to remain high; stretching terminates when MRDY is returned high. 
Stretching will always be an integral number of high-frequency clock cycles (that is. 1/4 bus cycles) and must not ex
ceed 10 microseconds in order to maintain the integrity of the CPU internal registers. 

Note that MRDY alters the system E signal. Devices which require a constant clock frequency must therefore use a 
different clock source if this clock stretching technique is implemented. 

MC6809 DIRECT MEMORY ACCESS 
The MC6809 bus state control monitoring signals permit all three of the most widely used DMA techniques 
(Halt mode. cycle stealing. and bus multiplexing) to be implemented. With the on-Chip clock version of the 
MC6809. cycle-stealing DMA is controlled by the chip itself. 

Consider first Halt mode DMA. This is the simplest mode. as one simply shuts down the CPU 
while transactions take place on the bus. The MC6809 Halt state is equivalent to the Halt on the 
6800. or the Hold state of the 8080A. The CPU will float its Address Bus. Data Bus. and RiW line 
and suspend instruction execution in response to a low level applied to the HALT input. The CPU 

MC6809 
HALT MODE 
DMA 

will maintain this condition indefinitely (without loss of data) until the HALT input is driven high again. While in this 
state. BA and BS are asserted high by internal CPU logic. When HALT is driven low. the CPU will continue to run until 
the end of the current instruction before it enters the Hold state. The worst case latency is 20 machine cycles. This oc
curs with the Software Interrupt instructions SWI2 and SWI3. 

CPU output lines Bus Available (BA) and Bus State (BS) both go high in the Halt mode. These lines 
may be asynchronously decoded to yield a BUS GRANT Signal. 

BA "'I-::~~J[--_-_"'r'---BUS GRANT BS _ 
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CPU CPU DMA DMA 
_ is Bus -+-Corning+Cornin~ .DMA Device -_ .. +-I .. o---Corning--_" +-1 .. 1-

Master I Off I On I IS Bus Master Off 

CPU 

I I 
I 

E 

Q 

AddresS::::::-:-:-~)-______ ~~~~~~~r=~~~~~)---------------~ 
Bus ---------I 

Data Bus 

DMA/BREQ 

BA 

Externally 
Generated 

Figure 9-72. MC6S09 Timing and Signals for Cycle-Stealing Single-Cycle DMA 

In most cases. it will be sufficient to use BA alone as a BUS GRANT signal. 

With the above as background. we can summarize the Halt mode DMA activity as follows: 

• The external device asserts the CPU HALT line low. 
• At the end of the current instruction. the CPU suspends operation. floats the system busses (Address. Data and 

R/iiii). and outputs BA high to signify to the DMA device that it may take over the busses and commence a DMA 
transaction. 

• The bus clocks E and 0 continue to furnish synchronization signals to the DMA interface. 

• At the end of the transaction. the external device asserts HALT high. This terminates the DMA activity by making 
BA =0 and restores the CPU to normal operation one cycle later. 

Now consider cycle-stealing DMA. This mode is easily implemented because the inter
nal circuitry of the MC8809 incorporates all the clock stretching and bus floating logic 
required. 

The external DMA device initiates cycle-stealing DMA by pulling the MC6S09 Bus Request 

MC8809 
CYCLE·STEALING 
DMA 

line DMAIBREO low. Recognition of this low on DMA/BREQ causes the internal CPU clocks to be stretched. while the 
bus clocks (E and 0) continue to function normally. In addition. both BA and BS go high. and the system busses (Ad
dress. Data and R/W) are floated. Figure 9-72 illustrates the timing sequence for cycle-stealing DMA. 

A DMA transaction is initiated by pulling the DMAIBREO line low before the trailing edge of O. This suspends opera
tion of the internal clocks (it stretches them an integral number of basic machine cycles). and starts to float the system 
busses (a hold time after the trailing edge of E). 

To prevent false reads or writes to memory and peripherals as the address and RliNlines I EXTERNAL VMA I 
are floated. the system must generate an external VMA signal (denoted DMAVMA). This 
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DMAVMA signal is used to disable the memory and peripherals until the DMA device has control of the system busses. 
A circuit that could be used to generate this DMAVMA signal is as follows: 

BA-+---fD 

Latch 

E En 

The CPU acknowledges DMA/BREO by asserting BA and BS high. This is the BUS GRANT signal. It signifies to the DMA 
device that the CPU has been removed from the busses. and that a DMA transaction may take place. The bus clock sig
nals E and 0 continue to furnish bus timing to the DMA interface. 

At the end of the transfer. the external device returns DMA/BREO high. restoring the CPU to normal operation. This 
must occur before the trailing edge of O. and the DMA device must get off the bus a hold time after the trailing edge of 
E (in the same cycle). The CPU busses will begin to emerge from their floating condition after the dead cycle. Agaih. the 
system must provide a low VMA Signal (DMAVMA) to prevent false accesses while the Address Bus and RIW line are 
going through this floating state. 

One significant difference between the DMA logic of the MC6809 and that of the MC6800 is the "self-refresh" 
capability of the MC6809. With the MC6800. there was a maximum duration specified for DMA operations: the 
DMAREQ signal had to be returned high periodically to allow internal circuitry of the MC6800 to be refreshed. 
With the MC6809. however. the microprocessor itself will periodically recover the system busses to petform a 
single MPU cycle and thus refresh itself. 

Dynamic memory refresh can also be implemented on a cycle-stealing basis by making the 
refresh controller a high priority DMA device. and accessing the required number of consecu
tive locations within the time required to maintain data integrity. Another way of refreshing 
dynamic memory would be to simply perform a high-speed scan through 64 or 128 consecu
tive memory locations. This is easily done through a Single-instruction subroutine consisting of 
63 (or 127) pre-bytes and an RTS (or RT!). 

MC6S09 INTERRUPT PROCESSING AND RESET 
Interrupt capabilities implemented on the MC6809 are: 

• Hardware Interrupts NMI. FIRO. and IRO 

• Software Interrupts SWI. SWI2 and SWI3 

• RESTART 

NMI and IRQ are equivalent to the corresponding interrupts on the MC6800. 

M06809 
DYNAMIC 
MEMORY 
REFRESH 
OPERATIONS 

FIRQ is a Fast Interrupt Request that has no counterpart on the MC6800. It is a maskable. hardware iriterrupt of 
higher priority than IRQ. Its implementation provides the MC6809 with an easy to use two-level vectored inter
rupt scheme. An interrupt on IRO automatically vectors to its own software handler routine. while an interrupt on FIRO 
automatically vectors to its unique software handler routine. The higher priority device is connected to FIRO to achieve 
priority response. 

Within each of these levels. software polling may be used if more than one interrupt device is connected on each inter
rupt input. However. as noted in the MC6800 description. software polling greatly increases interrupt latency and can 
.quickly become untenable. 

An alternate scheme that permits direct vectoring by the interrupting device itself to anywhere in memory may be im
plemented. This is described later. 

The MC6809 sets aside the sixteen highest addressable memory locations for interrupt pro
cessing purposes. Seven 16-bit addresses are stored in these locations (one pair of locations 
is reserved for future definitionl. These seven addresses identify the starting addresses of 
the service routines for the seven possible sources of interrupt. 
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This is how the memory locations are used to store the interrupt vectors: 

FFFO and FFF 1 
FFF2 and FFF3 
FFF4 and FFF5 
FFF6 and FFF7 
FFF8 and FFF9 
FFFA and FFF8 
FFFC and FFFD 
FFFE and FFFF 

Reserved 
SWI3 
SWI2 
Fiim 
IRO 
SWI 
NMI 
RESET 

The lower address of each pair (FFFO, FFF2, FFF4, ... FFFE) holds the high-order byte of the starting address, 
.... ~~--t 

In the event of simultaneous interrupt requests, this is the priority sequence during the Me6a09 
acknowledge process: INTERRUPT 

PRIORITIES 

T" 
Lowest 

1) RESET 
2) Non-Maskable Interrupt (NMi) 
3) Software Interrupt (SWi) 
4) Fast Interrupt Request FIRO 
5) Standard Hardware Interrupt (iRQ) 

We will begin our discussion of Me6809 interrupt processing by describing the various interrupts. r-__ -_ 
Consider first FIRQ. FIRQ permits high-speed response to hardware interrupts by stacking Mela" 
only a subset of the register complement - only the return address and the Stack register con- FAST 
tents are pushed onto the Stack. At the end of the interrupt. these two items only are restored INTERRUPT 
from the Stack. Status register flag bits F and I are set to mask out the present FIRO and further REQUEST 
IRO and FIRO interrupts. (If you wish to admit multiple-level interrupts, you can now clear the F 
and I flags.) 

We will refer to iRa as the standard hardware interrupt. It provides slower response than 
FIRQ. because it stacks the entire machine state. Thus. IRQ functions in the same way 
as the MC6800 IRQ. FIRO can interrupt IRO, but IRO cannot interrupt FIRO, since FIRO disa
bles IRO by setting the I bit of the Status register. 

The MC6809 includes three software interrupts. SWI has higher priority than IRQ and 
FIRQ. and disables these interrupts by setting the Status flags F and I. SWI2 and SWI3 
do not disable any interrupts. All three save the entire machine status by pushing the 
cont",nts of all the active registers onto the Stack. 

SWI is implemented on the MC6800, but the MC6800 has no counterpart to SWI2 and SWI3. 

Mela09 
STANDARD 
HARDWARE 
INTERRUPTS 

Me6a09 
SOFTWARE 
INTERRUPTS SWI. 
SWI2 AND SWI3 

Note that these instructions cause the MC6809 to go through the complete logic of an interrupt request. even though 
the interrupting source is within the CPU. . ..-----.. 
The non-maskable interrupt NMI. as with the MC6800. cannot be disabled. Like IRQ. it Mel809 
stacks the entire machine status. NON-MASKABLE 

8ecause NMI is not masked, repeated NMI interrupts occurring before the previous ones have 
peen terminated by an RTI (Return from Interrupt) instruction can cause the Stack to overflow. 
This will cause a fatal error. 

A detailed discussion of RESET versus Interrupt response is included with the MC6800 descrip
tion and will not be repeated here. However, the following points should be noted: 

INTERRUPT 

If the HALT or DMA/BREO inputs are asserted low when RESET makes its low-to-high transition, it will be 
latched, and the CPU will wait until the resumption of a running state before completing the reset. 

A single-bus-cycle low on RESET will start the reset sequence. 

Asserting RESET will not bring the CPU out of tristate during a HALT or DMA condition, 

Because a Schmitt trigger is used on the RESET input. a simple RC network can be used to reset the CPU. This 
is much less stringent than the 100 nanosecond rise time limit of the MC6800. 

NMI is disabled by RESET until after you have loaded the Stack Pointer(s). 

Normally, the reset action takes five bus cycles. However, since DMA may occur during reset. the actual reset may take 
considerably longer. 
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Through the use of some external logic, it is possible for the interrupting device to force 
a vectored jump to anywhere In rnamory. This scheme makes use of the Interrupt 
Acknowledge (lACK) signal. 

Table 9-20 shows the lACK is indicated by BA = 0 and BS = 1. These status indications are 
valid on the leading edge of Q. 

E \ I \ 

Q J ___ ---rJ \ 

lACK _______ ... ff$41"""''''',, ------~ j US,e lACK to remove the 
l ROM from the Data Bus 

MC6808 
INTERRUPT 
VECTORING 
BY EXTERNAL 
DEVICES 

Data BUI ( Add~ssB~e )~----------

~j Add~ss B~e jammed on 
l by the extemal device. 

Figure 9-73. MC6809 Signals for Externally Vectored Interrupts 

lACK indicates that a byte of vector address is being retrieved from one of the memory locations FFFO to FFFF as a result 
of an interrupt (RESET. ~. FIiID. mo. SWI. SWI2 or SWI3). lACK is valid during both the high-order and low-order 
vector address byte fetches. 

Note that the address locations corresponding to the seven vectors are all of the form FFFX. where X is between 0 and 
F: thus. only the last four bits of the address diffet. By externally decoding these four low-order bits plus the lACK sig
nals BA and BS. you can determine what type of interrupt has been accepted. disable the ROM containing addresses 
FFFO to FFFF. and jam Onto the Data Bus the address of an appropriate interrupt service routine. This is done in turn for 
both the high-order and low-order address bytes by external device logic. Figure 9-73 illustrates the sequence for exter
nally vectoring an interrupt. 

Note that the address byte jammed onto the Data Bus is loaded into the Program Counter by the CPU as its normal 
response to an interrupt request. but now the 16-bit address loaded is the address supplied by the external device. not 
the address normally retrieved from the applicable address pairs FFFOIFFFl to FFFE/FFFF. 

At the end of this transacticin. the program commences execution at the address supplied by the interrupting device. 
Thus. a vectored jump to the device service routine has been effected. 

This technique can drastically reduce Interrupt response time 8S compared to 8 polled approach. 
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Stack Pointer SP is used during interrupts. For all Interrupts except FIRQ. the full comple
ment of rellistersls stacked. The sequence in which the registers are saved on the Stack can be 
illustrated as follows: 

E3 
--r--I • 

I I 
I I 

FFFF E3 E 
~I : Direction :LI I~ 

PC (low) 

PC (high) 

U (low) 

U (high) 

STACK Y(low) 

Y (high) 

X (low) 

X (high) 

DP 

B 

A 

.-@ Status 
-'-

0000 
Before Interrupt After Interrupt 

MCSI09 
STACKING 
DURING 
INTERRUPTS 

The MCSI09 Stack Pointerls' points to the last item placed In the Stack. instead of to the next empty location 
as with th, MCSIOO. MCSI01. and MCSI02. The new stacking order interchanges the order of Accumulators A 
and B to make A the high-order byte instead of B. as is the case on the MC6BOO. MC6B01. and MC6B02. 

The MCSI09 provides two methods. of achieving external process synchronization. MCSI09 
The fi.,.t method we will consider is similar to the one implemented on the MCSIOO. HARDWARE-
It uses the CWAI Instruction. which is similar to the MC6BOO sequence CLI WAI. SOFTWARE 
However. CWAI does not float the system busses as WAI does on the MC6BOO. (No WAI in- SYNCHRONIZATION 
struction exists on the MC6B09.) 

When the CWAI instruction is executed. the processor logically ANDs the immediate-byte of the instruction into the 
status register. stacks the entire machine status. then sits idle until an interrupt occurs. When an interrupt occurs. it 
can be processed immediately. as no time need be spent in stacking machine status. 

The CWAI instruction is an immediate mode instruction. with the immediate data being a mask byte. During execution. 
this byte is automatically ANDed with the Status register byte to clear interrupt bits F and I if required. 

When an interrupt occurs. it will (if it hasn't been masked) cause a transfer to the appropriate interrupt service routine. 
Note that when an FIRQ occurs. it will enter its service routine with the entire machine status stacked !instead of just 
the Program Counter and Status register); however. the corresponding RTI instruction will correctly unstack it. since 
the state of the stacked E bit will properly indicate how much status was stacked. 

The second method of synchronization uses the new MCSI09 SYNC instruction. When ex- MCSI09 SYNC 
ecuted. SYllle causes the processor to cease further execution and wait for an interrupt to INSTRUCTION 
occur. 'Any of the interrupts NMI. FIRQ or IRQ may release the processor from the SYNC 
stat~. If the interrupt is enabled. the processor will service it: if it is disabled. the processor simply continues on 
to the next instruction in sequence. without stacking the machine status. The logic of the SYNC Instruction is il
lustrated in Figure 9-74. 
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Float the System Busses 
SetBA=l 

BS =0 

Begin execution of 
the SYNC instruction. { SYNC 

'----r-------' 

Interrupt 
Occurs 

I 
I 

Continue execution at 
the next instruction 
in sequence. 

No 

Wait for any 
interrupt. 

Stack the 
machine Status and 
transfer to the 
applicable Interrupt 
Service Routine. 

Figure 9-74. MC6809 SYNC Instruction Logic 
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One obvious use of the SYNC instruction would be to implement high-throughput program/device synchroniza
tion. The following diagram illustrates this concept. (To keep it simple. we have assumed that only one interrupting 
device is connected to the system.) 

SYNC 

+ Interrupt 
Occurs 

I 

load byte into 
Accumulator and 
store in buffer area. 

Decrement Bvte 
Counter 

Wait for data 
byte available 

Device generates an 
interrupt when a 
byte of data is 
available. 

Has all the 
data been 
transferred 7 

External logic can determine when the CPU is in the SYNC state by decoding the MC6809 BA and BS signals. A SYNC 
acknowledge status is indicated by BA == 1 and BS = O. as shown in Table 9-20. Note that since BA = 1. the system 
busses are floated. 

SYNC can also be used to mechanize block transfer of data under DMA control. When SYNC 
Is executed. the busses are floated and BA = 1. BS = 0 announces to the DMA device that 
It may take over the system busses. At the end of each block transfer. the DMA device advises 
the CPU by asserting an interrupt request. and the program resumes execution. 

MC6a08 USE 
OF SYNC 
FOR DMA 

Note that the MC6800 does not have a SYNC instruction. Block transfer DMA for the 6800 can be implemented via the 
WAI instruction as described in the MC6800 section. 

THE MC6809 INSTRUCTION SET 
Table 8-21 lists the MC6a09 instruction mnemonics. while Table 9-22 summarizes the instructions which differ 
from those that appear in the MC6aOO Instruction set. Note that all MC6800 addreSSing modes have been imple
mented. plus the enhanced modes that we described at the beginning of this section. 

When comparing the MC6809 instruction set to the MC6800 set. you will notice that Direct Page addressing for the 
MC6809 applies to all memory reference instructions. not just the primary memory reference instructions as is the case 
for the MC6800. In addition. the Direct page can be dynamically relocated. 

During our discussion of the MC6800. we noted the paucity of index registers and the lack of data mobility be
~ them. These deficiencies have been corrected and the MC6a09 set Includes' two types of Instructions 
for reglster-to-register transfers - the Exchange and the Transfer Instructions. The only restriction on the use of 
these instructions is that the source and destination registers must be the same size (i.e .. both 8 bis or both 16 bits). 
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An examination of the MC6809 set reveals that some of the familiar MC6800 instructions 
are missing. However. provision has been made to perform the missing operations in alter
nate ways. For example. the instruction to clear the Carry bit C is implemented on the MC6BOO as 
CLC; to perform this on the MC6B09. one must use ANOCC #$FE. The result of these changes is 

MC6809 
MISSING 
MNEMONICS 

that. even though the MC6B09 is fully software compatible (at the source code level) and much more powerful. it uses 
fewer mnemonics than the MC6BOO (59 versus 72). 

The MC6809 contains many instructions that the MC6800 does not. Some of these we have 
already noted. such as Synchronize with Interrupt (SYNC). Clear and Wait for Interrupt (CWAIl. 
Exchange Registers (EXG). Transfer Register (TFR). and the Software Interrupts SWI2 and SWI3. 
Some of the remaining differences are simply extensions of the existing instructions to make them 

MC6809 
ADDED 
MNEMONICS 

apply to the new registers - e.g .. ANOCC. LOY. etc. - while others are totally new - e.g .. Sign Extend (SEX) and 
Load Effective Address (LEA). 

Some mnemonics that are used with both the MC6800 and the MC6809 have slightly altered meanings. This is 
illustrated below for the "Load Accumulator" instruction. 

MC6800/MC6801/MC6802 

Generic Form: LOA 

LOAA = Load Accumulator A 
LOAB = Load Accumulator B 

MC6809 

Generic Form: LO 

LOA = Load Accumulator A 
LOB = Load Accumulator B 
LOO = Load Accumulator 0 
LOS = Load Hardware Stack Pointer 
LOU = Load User Stack Pointer 
LOX = Load Index Register X 
LOY = Load Index Register Y 

The "Store Accumulator" instruction has similarly been altered. 

The Push and Pull instructions have been enhanced such that any. all. any subset. or none of 
the CPU registers can be pushed or pulled from the stacks. PSHS and PULS access the Hard
ware Stack. while PSHU and PULU access the User Stack. These instructions require a Post Byte. 

MC6809 PUSH 
AND PULL 
INSTRUCTIONS 

as shown in the following illustration: -------

If ',', Stack contents of: 

'----- Status Register 
L-____ Accumulator A 

'-------- Accumulator B 
1-______ ---. Direct Page Register 

L-_________ Index Register X 
L-__________ Index Register Y 

L-____________ Stack Pointer (S)/User Pointer (U) 
L-_____________ Program Counter 
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To illustrate. the assembler instruction PSHS D is encoded as follows: 

PSHS ~ 34 7 6 5 4 3 2 1 0 

06 ~I 0 1 0 1 0 1 0 11 11 1 0 1 0 

~BitNo. 

~(Post Byte) 

It } 
Stack 

-- Accumulators A and B 

Note the interpretation of bit 6. When executing PSHS. if bit 6 = 1. the contents of U are saved. When executing PSHU. 
if bit 6 = 1. the contents of SP are saved. Note that PSHS cannot save the contents of SP and PSHU cannot save the 
contents of U. 

The Exchange Registers and Transfer Register instructions also require a Post Byte to 
identify the source and destination registers. as shown in the following diagram: 

MC6aoe EXCHANGE 
REGISTER AND 
TRANSFER REGISTER 
POST BYTE 

7 6 5 4 3 2 o .......-BiINo. 

--1 ....... ------
~ 

Source Destination 
'V" 

Register Field 

0000 = 0 (A.B) 
0001 = X 
0010 = Y 
0011 = U 
0100 = S 

0101 = PC 
1000 = A 
1001 = B 
1010 = CCR 
1011=OPR 

One of the strengths of the MC6aOe system is the ease with which position independent 
code can be generated. The Load Effective Address Instruction (LEA) is provided to help 
facilitate this. This instruction can be used with any of the indexed registers. yielding the four 
source forms LEAX. LEAY. LEAS. and LEAU. A Post Byte is required (from Table 9-19). 

MC6aoe 
LEA 
INSTRUCTION 

The following program segment illustrates how LEA is used to generate pOSition independent code. During the assem
bly process. the offset (from the end of the LEA instruction) to the beginning of the table is determined and inserted as 
the two-byte offset 0009. 

Op Poat 
Address Code Byte Offaet Source Code 

0100 30 80 OOOg START LEAX TABLE.PCR 
0104 A6 80 LOOP LOA .X+ 
0106 

0100 TABLE FCC IT ABLE OF CHARACTERS! 
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Assume that the program is stored at the locations shown. During execution. the offset 0009 is added to the updated 
Program Counter value 0104 to yield the start of table address 0100. This value is loaded into Index Register X. rather 
than put out on the Address Bus. When the indexed instruction LDAX+ is executed. this newly computed address 
(stored in the Index register) is used to access data from the table. 

Address 

0100 
0101 

~~~:J{ 
0104 

!. i 

30 

}u 80 

00 

09 

AX TABLE.PCR 

A6 .... Next instruction 

+ : 
0100 First Entry T 

!Index Register XI 
~ 

T 
PCR = Program Counter Relative 

Notice what happens if the above block of code is moved to another location in memory as shown below. 

Address 

0400 

0401 

30 

80 

00 
AX TABLE. PCR 

0402 { 

ti, 
lu 

09 

A6 ~ Next Instruction 

+ ! 
0400 -_ .... i!F~irs~tJE~ntry~T 

(Index Register XI 

Table 

I 
During execution. the new table address 0400 is formed in Index Register X when LEAX is executed and used by the 
instruction LDA.X+ to correctly abstract entries from the table. Truly. this is pOSition independent code. 

The instructions shown shaded in Table 9-21 are the new (or modified) instructions. They are summarized in 
deteil in Table 9-22. The remaining instructions have already been summarized in the MC6800 section (Table 
g-1).1t should be noted that many of the unchanged instructions take fewer machine cycles to execute on the MC6S09 
than on the MC6S00. 

When comparing the MC6S00 family processors. it should be noted that the MC6S00 and MC6S02 have the same in
struction set. and the MC6S01 has a superset of the MC6S00. but a subset of the MC6S09. 
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Instruction 

ADC 

ADD 

AND 

ASL3 

ASR3.6 

BCC 

BCS 

BEQ 

BGE 

BGT 

BHI 

BIT 

BLE 

Notes 

Table 9-21. MC68Q9 Mnemonics (New and Modified Instructions are Shaded) 

Source Forms Instruction Instruction 

BLS DEC 
ADCA 
ADCB BLT 

EOR 

INC 

CLR 

CMP3 

NOP 

Source 

DECB 
DEC 

EORA 
EORB 

INCA 
INCB 
INC 

NEGA 
NEGB 
NEG 

PSH 

PUL 

ROL 

ROR6 

ROLA 
ROLB 
ROL 

RORA 
RORB 
ROR 

SBCA 
SBCB 

TSTA 
TSTB 
TST 

1. The unshaded instructions are described in the MC6BOO section. They have the same object codes for both the MC6BOO 
and the MC680S processors. 

2. R 1 and R2 may be any pair of 8-bit or 16-bit registers. The 8-bit registers are A. B. DP and CC. The 16-bit registers are X. 
y. U. S. D. and PC. 

3. The Auxiliary or Half-Carry bit H is undefined for these cases. 

4. This MUL sets the Z bit if appropriate. The MC6801 MUL does not. 

5. This instruction does not affect the C bit. On the MC6BOO/6B01/6B02 it clears C. 

6. These do not affect the overflow bit (VI. On the MC6BOO/6B01 /6B02 they may. 

7. This instruction correctly sets all flags. On the MC6800/6B02 it does not. 

8. On the MC680S. the E status bit is checked during RTI to determine how much to unstack - the complete register comple-
ment or just the Stack register and Retum Address. 

S. SWI sets bits F and I: SWI2 and SWI3 have no effect on F and I. 

10. These Instructions are implemented on the MC6BOO with slightly different mnemonics. as discussed above. 

11 . This instruction is implemented on the MC6BOO as PSH. 

12. This instruction is implemented on the MC6BOO as PUL. 
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In Table 9-22. the following symbols are used in addition to those used in Table 9-1. 

ACD.D Accumulator D 
bO-b 7 Bits of Post Byte or other registers 
U User Stack Pointer 
Y Y Index Register 
DP Direct Page Register 

B4 
DISP16 
REG 

Instruction Byte 4 
A 16-bit. twos complement displacement 
A 16-bit register (S. U. X. or Y. as the context demands) 

[PC'] Contents of the Program Counter after it has "stepped over" the offset bytes in a multi-byte instruc
tion - thus. PC' is the address of the next instruction in sequence. 

R1. R2 

LIST 

Register pairs. botH a-bit or both 16-bit 

List of registers to be stored on or retrieved from the Stack 

Effective Address EA 

OFFSET.R This symbology is used to denote all forms of indexed addressing and all forms of indirect addressing. For 
this addressing scheme. the total byte coUnt is the sum of the base count indicated in Table 9-22 and the 
appropriate value from the following chart. 

Non-Indirect Indirect 

Type Flirm Assembler Post-Byte ! Assembier post-Byte I 
Form Op-code ~ Form Op-code III 

No Offset • R lRR00100 0 [.RI lRA10l00 0 

Constant Offset from R 
5-Bit Offset n. R ORRnnnnn 0 defaults to 8-bit 
8-Bit Offset n. R 1 RROI 000 1 [n.RI lRRll000 1 

; 6-Bit Offset n. R lRR0100l 2 [n.RI lRRll00l 2 

A - Register Offset A,R lRROOll0 0 [A.RI lRR10ll0 0 
Accumulator Offset 

B - Register Offset 8.R lRR0010l 0 [8. RI lRR10l0l 0 
from R o - Register Offset D.R lRR010ll 0 [D. RI lRR11011 0 

Increment by 1 • R+ lRROOOOO 0 ncit allowed 

Auto Increment! Increment by 2 • R++ lRROOOOl 0 [.R+ +1 lRR1000l 0 
Decrement R Decrement by 1 • -R 1 RROOOI 0 0 not allowed 

Decrement by 2 • --R lRROOOll 0 I.--RI lRR10011 0 

Constant Offset from PC 
8-Bit Offset n. peR lXXOll00 1 In. PCRI lXXlll00 1 

16-Bit Offset n. PCR" lXXOll0l 2 In. PCRI lXX11101 2 

Extended Indirect 16-Bit Address - - - [nl 10011111 2 

R = X. Y. U. or S 
X = Don't Care 

Note: This chart conforms to Motorola nomenclature; their use of square brackets [ I indicates to the assembler that the addressing 
mode is indirect - thus. their use of [ I differs from the use in Table 9-22. 
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DATA SHEETS 

This section contains specific electrical and timing data for the following devices: 

• MC6800 CPU 
• MC6802 CPU/RAM 
• MC6870A Clock 
• MC6871A Clock 
• MC6871B Clock 
• MC6875 Clock 
• MC6820 PIA 
• MC6850 ACIA 
• MC6852 SSDA 
• MC6840 PTM 
• MC6844 DMAC 
• MC6846 ROM-I/O-Timer 
• MC6801 One-Chip Microcomputer 
• MC6809 CPU 

\.. 
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MC6800. MC68AOO. MC68BOO 

TABLE 1 - MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC 
Input Voltage Vin 

Operating Temperature Range-TL to TH TA 
MC6800, MC68AOO, MC68BOO 
MC6800C, MC68AOOC 
MCBBOOBQCS, MCBBOOCQCS 

Storage Temperature Range Tstg 
Thermal Resistance 9JA 

Plastic Package 
Ceramic Package 

Value 

-0.3 to +7.0 

-0.3 to +7.0 

o to +70 
-40 to +B5 
-55 to +126 

-55 to +160 

70 
50 

Unit 

Vde 

Vde 

°c 

°c 

°CIW 

This device contains ~ircuitrv to protect the 
inputs against damage due to high static voltages 
or electric fields; however. it is advised that 
normal precautions be taken to avoid appli a 

cation of any voltage higher than maximum 
rated voltages to this high impedance circuit. 

TABLE 2 - ELECTRICAL CHARACTERISTICS (VCC· 6.0 V, t 6%, VSS' 0, TA' TL to TH unless otherwise notedl 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Logic VIH Vss +2.0 - VCC Vde 
4>1,t/,2 VIHC VCC -0.6 - VCC + 0,3 

Input Low Voltage Logic VIL VSS -0.3 Vss +0.8 Vde 
4>1,4>2 VILC VSS -0,3 - VSS +0.4 

Input Leakage Current lin "Ade 
(Vin -Oto 5.25 V, VCC· maxi Logic· - 1.0 2.6 
(Vin'O to 5.25 V, VCC· 0,0 VI 4>1,4>2 - - 100 

Three-State (Off State) input Current 00-07 ITSI 2.0 10 "Ade 
(V in • 0.4 to 2.4 V, VCC· maxi AO-A15,RJW - - 100 

Output High Voltage VOH Vde 

(lLoed - -205 "Ade, VCC - mini 00-07 Vss +2.4 - -
(lLoad = -145 "Ade, VCC = mini AO-A15,RJW,VMA VSS +2.4 - -
(I Load • -100 "Ade, VCC' mini BA VSS + 2.4 - -

Output Low Voltage (lLoad = 1.6 mAde, VCC· mini VOL - - VSS + 0.4 Vde 

Power Dissipation Po - 0.5 1.0 W 

Capacitance Cin pF 

(Vin - 0, T A • 250 C, f = 1.0 MHzI 4>1 - 25 35 
4>2 - 46 70 

00-07 - 10 12.5 
Logic Inputs - 6.5 10 

AO-A15,R/W,VMA Caut - - 12 pF 

TABLE 3 - CLOCK TIMING (VCC· 5.0 V, ±5'16, VSS -0 TA - TL to TH unless otherwise noted I 

Characteristics Symbol Min Typ Max Unit 

Frequency of Operation MCBBOO f 0.1 - 1.0 MHz 
MC68AOO 0.1 - 1.5 
MC68BOO 0.1 - 2.0 

Cycle Time (Figure 1) MCBBOO tcyc 1.000 - 10 "s 
MC68AOO 0.666 - 10 
MC68BOO 0.500 - 10 

Clock Pulse Width 4>1,'1>2 - MCBBOO PW4>H 400 - 9500 ns 
(Measured at VCC - 0.6 VI 4>1.4>2 - MC68AOO 230 - 9600 

01>1,4>2 - MCBBBOO lBO - 9500 

Total 4>1 and <1>2 Up Time MCBBOO tut 900 - ns 
MC68AOO 600 - -
MC68BOO 440 - -

Rise and Fall Times t4>r. t 4>f - - 100 ns 
(Measured between VSS + 0.4 and VCC - 0.61 

Delay Time or Clock Separation (Figure 1 J !d - 9100 
ns 

(Measured at VOV = VSS + 0.6 V@tr·tf 0;; 100 nsl 0 

(M.asured at VOV = VSS + 1.0 V@tr·tf 0;; 35 nsl 0 - 9100 

Data sheets on pages 9-02 through 9-046 reprinted by permis~ion of Motorola Semiconductor Products, Inc. 
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MC6800 

TABLE 4 - READJWRITE TIMING (Reference Figure. 2 Ihrough 61 

Characteristic 

Address Deley 
C =90 pF 
C = 30 pF 

Peripheral Read Access Time 

lac' lUI - hAD + IDSRI 
Data Setup Time (Read) 

Input Data Hold Time 

Output Data Hold Time 

Address Hold Time 
(Address. Rm. VMAI 

Enable High Time for DBE Input 

Data Delay Time (Write) 

Processor Controls 
Processor Control Setup Time 
Processor Control R iSB and 

Fall Time 
Bus Available Delay 
Three..state Delay 
Data Bus Enable Down Time 

During tP1 Up Time 
Data Bus Enable Rise "and 

Fall Times 

Reference Tables 2 and 3 

1/>1 

Addre. 
From MPU 

MC&800 MC&8Aoo 

Symbol Min Typ Max Min Typ Max 

lAD 
- - 270 - - 180 

- - 250 - - 166 

tacc - - 530 - - 360 

IDSR 100 - - 60 - -
IH 10 - - 10 -
tH 10 25 - 10 25 -

tAH 30 50 - 30 50 -

tEH 450 - - 280 - -
IDDW - - 225 - - 200 

tpcs 200 - - 140 - -
tPCr.IPCf - - 100 - - 100 

t8A - - 250 - - 166 
ITSD - - 270 - - 270 

lOBE 150 - - 120 - -
tDBEr.IDBEf - - 25 - - 26 

FIGURE 1 - CLOCK TIMING WAVEFORM 

--. ---- "-_.- feye -----------1 
. -- tut -----j 

tlo"Jf 

FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 

'q,f 

-_.,.. _____ lacc _____ ~+~·DSR 

MC&8BOO 

Min Typ 

- -
- -
- -
40 -
10 -
10 25 

30 50 

220 -
- -

110 -
- -

- -
- -
75 -
-

Data __ ~~ _________________ ~2~.;O~V~~~~~~~~~~ From Memory 
or Peripherals 0.8 V 

t\\\\\%'l Do •• No. Valid 

® IfIIOTOROLA Semiconductor Products Inc. 

9-03 

Max URft 
ns 

150 
135 

250 ns 

- ns 

- ns 

- ns 

- ns 

- n. 

160 n. 

- ns 
100 ns 

136 ns 
220 ns 

- n. 

25 ns 



] ... .. 
;:: 
>-

~ .. 

MC6800 

600 

500 

400 

300 

200 

100 

FIGURE 3 - WRITE IN MEMORY OR PERIPHERALS 

,.- Start of Cvc:le 

~------------------~c------------------~ 

4>1 

R/W 

Addrau ~>.4\r~~~~~~~~--------------------------------~~~~ 
FromMPU~~~~~~~~~ .. ~ ________ ~ ______________________ -+~~ 

vMA, _____ -t"~ 

~-----------·EH------------~ 

DBE 

OMS ___________________ -4 __ ~2~.4~V~~t_~----~~~~----~~ 
From MPU Data Valid ~»-----

0.4 v- 1------------i~ 
'DDW 

~~D ... NO.V.lld 

FIGURE 4 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING (TDDW' 

FIGURE 5 - TYPICAL READIWRITE. VMA. AND ADDRESS 
OUTPUT DELAY vorsus CAPACITIVE LOADING (TAD' 

10H --205 pA mox '2,4 V 
600 

IOH =-145 pA mox '2,4 V 
IOl'" 1.6mA max@! 0.4 V IOL = 1,6mA max@lO.4V 
VCC - 5.0 V 
TA' 25"C 

500 VCC'5,OV 
TA = 25"C 

] 400 ... .. ---f..-

;:: 
300 >-

~ .. 
200 

VMA 

....... - I 

r- -....... Address.RIW- -
~ 

......... l----: 
I--- -100 

CL includes stray capachaRCB CL includes stray capacitance 

100 200 300 400 500 600 100 200 300 400 500 600 

CL. LOAD CAPACITANCE (pFI CL. LOAD CAPACITANCE (pFI 

® MOTOROLA Semiconductor Products Inc. 
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MC6800 

FIGURE 6 - BUS TIMING TEST LOAOS 

Test Point o-..... --1~-+ .... --+ 
C R 

C 1:1 130 pF for 00-07, E 

Vee 

RL = 2.2 k 

MMD6150 

or Equlv. 

MMD7000 

or EQulv. 

ICI 90 pF for AO-A1S, RIW. and VMA 

(Except tAD2) 

'" 30 pF for AO-A15. RIW. and VMA 

(tAD2 only) 
a30pF for SA 

R = 11.7 kn for 00-07 

'" 16.5 kSl for AO-A16. RIW. and VMA 

"" 24 kSl for SA 

9-05 

TEST CONDITIONS 

The dynamic test load for the Data Bus Is 
130 pF and one standard TTL load as shown. 
The Address, R/W. and VMA outputs are tested 
under two conditions to allow optimum opera
tion in both buffered and unbuffered svstems. 
The resistor (R) is chosen to insure specified 
load currents during VOH measurement. 

Notice that the Data Bus lines, the Address 
lines. the Interrupt Request line, and the DeE 
I ina arB all specified and tested to guarantee 
0.4 V of dynamic noise Immunity at both 
."., and "0" logic levols. 



MC6800 

., 

System 
</>, 

MPUf,'J' 

Cycle #, 

FIGURE 12 - THREE STATE CONTROL TIMING 

=4 =5 =6 =1 =8 

Address )C=lc:*---.:~-----tt--l==X==:JC==X==:JC==:X: Bus _ 

R/Wgt--~~~~~ 
VMA 

~--~~--------~~-------------------
D8ta-==~<TIt=)---------~~----<X==~C==X==~C=: Bus _ 

.TSC ___ ~ 

FIGURE 13 - HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 

II n.tructlon II "struction I 
Fetch Execute 

tBA 

BA _________ ___', 

VMA ~---.... \------t(f .... -------'I v==-\ 
RtW ~-------~I/~ --------, X >-

Fetch. Execute ..... ----

~=re .. :Y..~~~J(:::>--------f.II--------« Add. M + 1)~(E===3)~. -
Dda ::::::J(::X::::JC::)~--------1If---------~:)C::;~)(:::> ~ ~ ~ 

X Y 

Nota: Midrange waveform indicates 
high Impedance state. 

® MOTOROI.A Semiconductor Products Inc. 
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MC6802 

MAXIMUM RATINGS 
Rating Symbol 

Supply Voltage VCC 
Input Voltag. Vi" 
Operating Temperature Range TA 
Storage Temp.ratur. Range Tstg 
Th.rmal Reslstanc. 8JA 

Valua 

-0.3 to +7.0 

-0.3 to +7.0 

o to +70 

-55 to +150 

70 

Unit 

Vdc 

Vdc 

OC 
OC 

°CIW 

This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages or electric lields; how .. !Ir. it is advioad that 
normal precautions be taken to avoid applica
tion 01 any voltage high.r than maximum rated 
voltages to this high impedance circuit. 

ELECTRICAL CHARACTERISTICS !VCC = 5.0V ± 5%.Vss = O. TA = 0 to 700e unlesoth.rwise noted.)' 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Logic. EX tal VIH VSS + 2.0 - VCC Vdc 
ReS8t VSS+ 4.0 - VCC 

Input Low Voltage Logic. EXtal VIL VSS - 0.3 - VSS + O.S Vdc 
Ir.So'i VSS -0.3 VSS + 2.3 

Input Leakage Current !-ogic· lin - 1.0 2.5 jlA-lc 
(Vin • 0 to 5.25 V. VCC = max) 

Output High Voltage VOH Vdc 
ilLoad = -205 jlAdc. VCC • min) 00·07 VSS + 2.4 - -
ilLoad = -145 jlAdc. Vec = min) AO·A 15. Riw. VMA. E VSS + 2.4 - -
ilLoad = -100jlAdc. VCC = min) SA VSS + 2.4 - -

Output Low Voltage VOL - - VSS + 0.4 Vdc 
ilLoad = 1.6 mAde. VCC = min) 

Power Dissipation PO"" - 0.600 1.2 W 

Capacitance :# Cin pF 
(Vin = O. TA = 250 C. 1= 1.0 MHz) 0()'07 - 10 12.5 

Logic Inputs. E Xtal - 6.5 10 

AQ.AI5;R/W. VMA Cout - - 12 pF 

Frequencv 01 Operation (Input Clock +4) I 0.1 - 1.0 MHz 
(Crystal 'Frequency) IXtal 1.0 - 4.0. 

Clock Timing 
Cycle Time Icye 1.0 - 10 jlS 

Clock Pulse Width PW4>Hs 450 9500 ns 
IO'qasured at 2.4 V) PW4>L 

Fall To:ne '4> - - 25 ns 
IMeasured betwe.n VSS + 0.4 V and Vss + 2.4 V) 

-Except IRQ and NMI. which require 3 kG pullup load resistors for wire-OR capabilitv at optimum operation. Does not include EXtal and 

Xtll. which are crystal inputs. 

··In power-down mode, maximum power dissipation is less than 40 mW. 

=Capacitances are periodically sampled rather than 100% tested. 

READ/WRITE TIMING (Figures 2 through 6; Loed Circuit 01 Figur. 4.1 

Characteristic Symbol 

Addre .. Delay tAD 
P.riph.ral R.ad Access Time tacc 

tace ~ lut - hAD + tOSR) hut = tcyc - '4» 
OataS.tup Time (Read) tOSR 
Input Data Hold Tima tH 
Output Data Hold Tima tH 
Address Hold Tim. (Addr .... RIW. VMA) tAH 
Data Delay Time (Write) toow 
Processor Controls 

Processor Control Setup Time tpCS 
Processor Control Rise and Fall Time tPCr. tpCI 

(Measured betw.en O.S V and 2.0 V) 

9-07 

Min Typ Max Unit 

- - 270 ns 

- - 53!) n. 

100 - ns 

10 - .- n. 

30 - - ns 

20 - - ns 

165 225 ns 

200 .0 -- n. 
° - 100 ns 



MC6802 

E 

Addrs. 

FIGURE 2 - READ DATA FROM MEMORY OR PERIPHERALS 

2.4 V 
0.4 V 

F,omMPU 20~A~V~~~~~~~r. ________________________________ ~~~~ 

---o!------·acc------I-·OSR 

Da.a ___ ~~ __________________________ ~2~.0~V~~~t:~~~~~~ From Memory 
or Peripheral. 0.8 V 

t\\~\\\\\1 D.'a No. Valid 

FIGURE 3 - WRITE DATA IN MEMORY OR PERIPHERALS 

E 

RiW 

Addr ... 

F'omMPU~~~~~~~~~~------__ --4-----------------------~~~ 

tDDW 

Oag _____ ~ ______________________ ~~2~.4~V~~~t:~~~~=::l~ 
F,om MPU 0.4 V Data Valid 

~~ Data Not Valid 

FIGURE 4 - BUS TIMING TEST LOAD 

4.75 V 
~ 

c - 130 pF fa, 0D-07. E 

RL- 2.2 k 
Telt Point o-..... -1'""""-+~........ MMDS150 

11, 0' Equlv. 

- 90 pF fa, AO·A1S. RiW. and VMA 
- 30 pF fo, BA C F R 

R - 11.7 kn fa, 00·07. E 
• IS.S kn fo, AO·A1S. RiW. and VMA 
-~~~~ ~ 

9-be 

11r MMO'iOOO 1. 0' Equlv. 



MC6802 

FIGURE 5 - TYPICAL DATA BUS OUTPUT DELAY 
versus CAPACITIVE LOADING 

600 • 
IOH I, -20~,.A m!." /4 V-+-+--4--I----I--I--I----I 

SOD ~C~ '. ~60 ~A mil til 0 4 V -+_+_-1-_1----+_+_-1----1 
TA' 2S C 

1001--+-l---+-+--t-+----I-+---I1-+-l---I 

CL includes SUit\' capacllance 
°0~-L-1+00-~--20LO--~-3~0~0--~~4~00==~~SO;0~~~600 

CL. LOAD CAPACITANCE IpFI 

FIGURE 6 - TYPICAL READIWRITE. VMA. AND 
ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 

600 
IOHI'-14SI,.Am!."'2~V-+-+--t-+-II-+-I---i 

SOD ~OC~ '}S60 ~A mu i' 0.4 V -I--+--I--+---i--+--I----I 

TA' 2S-C 

~ 400~-+-~-+-~~-+-~~A-dd+re-~-.V~M~A-+-~~-+--~ 
~ p 
~ 300 I--+-+--+-+---I:_"'~:::::;"-I----II-+-I-+--I 
:5 l-
e 200 1--I"-==-t-::::!_ ..... ::q_=--4,.-__ +RNI~I-+_I-+----I 

1---

1001-+-t--+-t--+--+--t-+-I1-+---<1---i 

CL includes stray capacitance 
°0~~--1~0~0~~~20~0-~-3dO~0~~;4~00-~~SO~0~--~60'0 

CL. LOAD CAPACITANCE IpF) 

4_75 V,; 

VCC --' 

FIGURE 10 - POWER-UP AND RESET TIMING 

I 

Re.e. ---4-"'1 "rl.t;;_8 V 

~.ms_ 
Min f--

~ 
Rese. -----...,1'""'"0.8 V 

RE 
_______ ~0~.8~V~ ft2.0V 

J 'PC,<'OOns 

VMA __________________ J~ 

II 

II 

NOTE: If option 1 is chosen, Reset and RE pins can be· tied together. 

9-09 

!-'PCS >4.0 V ______ 1 __ _ -
1r-0.8V 

- !-.PCI 
I OPtion 1 

(5 •• Note below) 

:-------I ---OP-'ion 2 

I Se. Figure 11 for 
I Power Down condition 

~~I-------------

\_-----
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FIGURE 1;1- MEMORY READY CONTROL FUNCTION 

A - SETUP 8 - RELEASE 

E 

I 9.SIlSma Xo-------t1 

~ 1/ r-
2.4 V \. 0.4 V / 

---- -';;200nl -1-~ 300n.mln .• 300nl+ 1/2 Tclock ma •. 

~ -tpCI';;100n. -tpC,';;100nl 
-----::-~i. 

2.0V"\ V2.0V 

0.8 V 0.8 V 
MR 

FIGURE 11 - POWER'DOWN SEQUENCE 

VCC 

E 2.0J 

160 n. 
tpCI ';;ldo n.~ l-

RE 2.0 V "' I-- 3 cycles_ 

0.8 V 

9-010 



MC8870A 
limited function mlcroproceaaor clock 
250 kHz to 2.5 MHz 

--1-1.3C0 __ 

; UAX 

--Ol$'Da'IID.A PlMSI 

_1.IOO----:Dos ---I, :".:.005 

PIN 

1 

3 

5 

7 

12 

13 

18 

20 

22 

24 

WAVEFORM1IIIIIIG 
(ALL TIME IN NANOSECONDSl 

lI!8T CIRCUIT 

C". _ MAX CAPACltV 50 Dr 

CONNECTION 

GND 

NC 

01 TTL 

V .. (+5VDC) 

0. NMOS 

0,NMOS 

GND 

NC 

NC 

NC 

c ..... _I20fJI=oIODfISlHESP£ClrlED 
10'1". LOAD CAPAC,'''''CE 

RL 1"~I1' s .... U .... 'ES 

II ... , SII"ULAIES lHL Io'IOIonoV, 
t,IIC601ODo,,<Il,,",.,.PUI 

M[AI p .... nTOI"MPl) 

+5V DC ~ ~~ III NMOS 
MC6870A Ill. NMOS 

GND 1.... ___ ...I Ill> TTL 

specifications 

Rat ... 
_DOl 

YalUe Unn 
Supply Volla.e v .. 5.00"'5% Vde 
Operating Temperatura Range T. 010+70 'C 
Storage Temperature T,~ 5510+125 'C 
Power Supply Drain (max. I", 100 rnA 

ELECTRICAL CHARACTERISTICS (V .. = 5.0 :!: 5%, V. = O,T. 
- O· to 70·C unless otherwise noted) -

Cllaracl8r1I11C 
_DOl 

Min .. 
F"",_ 
Operating FreQuencY f. .250 2.5 

O.-:~i:~~:~~I:7a~~; ~~Ive "".UI 

+2S-C. operating temperature. 
input vollage change. load 
change, aging. shock and 
vibration) 

NMOS Outp"'o' 1,0 MHz Ope.aOon" 
Pulse Width (meas. at TI2I,H 430 
Vee= -.3V de level, TI2I,H 450 
Logic Levels V ... C V,,·.1 V,,+.3 

V .... V .. ·.3 - V .. +.I 
Rise and Fall Times I, 5 12 50 

I. 5 12 50 
-Overshoot/Undershoot 

t~:~::~:: V .. -.5 \ V .. +.5 
V .. V,,·.5 V,,+.5 

Pulse duration of any over-
shOOI Of undershoot Too 40 
Period @ 0.3V de Lovel .... 1.00 
Edge Timing @ V .. 0.3Vde Tx 940 
NMOS Relationship t", 0 
@ +0.5V de Level .... 0 8.0 

TTLO.1JI.ia 
In ref. 10 10. NMOS @! 0.3V de 

, 
0,TTL@+1.4Vde T. 15 30 45 

T. 10 25 40 

LoglcLovols VOM 2.4 3.2 
V ... .3 .4 

Rise and Fall Times 
.4V and 2.4V I, 15 

2.4Vand .4V I. 15 
Logic "0" Sink (lGale ... 1.6 
Logic "I" Source (lGale) .... +40 
Current Output Shorted I .. 18 57 

Lead 
NMOS-Load Ca acitv 0., e, C- 80 120 160 
TIL No. 01 Loads 5 
TTL Load Capacil Cm 50 
°lnlO specllutd lesl load 

fOI frequencies OIlier Ihan 1.0 MHz; 

rOUTEnNAl 
nUOuENCY 
STANDARO 

Un" 

MHz .,. 

ns 
ns 

Vde 
Vde 
ns 
ns 

Vde 
Vde 

ns 

~:-
us 

ns 
ns 

Vde 
Vde 

ns 
ns 
mA 
uA 
mA 

pf 
111 
pf 

L..-_______ ® MOTOROLA INC. COMPONENT PRODUCTS DEPT.--------...... 
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MC6871 A 
full funcUon mlCroproceaaor clock 
850 k:iz to 2.5 MHz 

specifications 
bUng .,..,Il0l VllUe 

SlIPj)Iy_Voll~QI> V .. 5.00:1:5'1'0 
Operating Temperature Range T. 010+70 
Storage Temperature Tllo 5510+125 
Power Supply Drain (max.) I .. 100 

Un" 
Vdc 
'C 
'C 
mA 

ELECTRICAL CHARACTERISTICS (V .. = 5.0 :!: 5'1'0. V .. = O.T. 
= O· to 10·C. unless otherwise noted) CIIO, __ .,..,Il0l Min T ox Unlt 
Freq_ 
Operating FraQuency I. .850 2.5 MHz 

O~~i~:r;:n ~~I~7a~~: ~tSIW "'.UI .,. 
+2S-C. operating temperature, 
input voltage change. load 
change. aging, shock and 
vibration) 

NMOS Ou ...... et 1,0 MHz Ope,eUon'" 

C~I~ ~~g~h d(~::i)a, Te,H 430 ns 
T"IH 450 ns 

Logic Levels V ... V .. ·.l V .. +.3 Vde 
V .... V .. ·.3 - V .. +.l Vde 

Rise and Fall Times I. 5 12 50 ns 
I. 5 12 50 ns 

·Overshoot/Undershoot 

~g:~::~:: V .. ·.5 V .. +.5 Vde 
V .. V .. ·.5 V .. +.5 Vde 

Pulse duration of any over~ 
shoot or undershoot T .. 40 ns 
Period @ 0.3V de Lovel lcoc 1.00 us 
Edge TIming eel V .. 0.3Vde Tx 940 ns 
NMOS Relationship ... 0 
@ +0.5V de Lovel ... 0 8.0 us 

TTL 0 ....... 
In rei. 10 0, NMOS @0.3Vde 
ilIlnl T. 15 30 45 ns 
@1.4Vde T. 10 25 40 ns 
Memory Clock T. 30 50 70 ns 
@1.4Vde T, 20 40 60 ns 
2xle @ 1.4V de T. 40 80 120 ns 

logic La .... V"" 2.4 3.2 Vde 
Yo, .3 .4 Vde 

Rise and Fall Times 
.4Vand 2.4V I. 15 ns 

2.4Vand .4V I, 15 ns 
Logic "0" Sink (lGale) I .. 1.6 mA 
Logic "1" Source (lGale) 10M +40 uA 
Current Output Shorted I,. 18 57 mA 

loId 
NMOS-Load Capacity 0,. 0, C .... , 80 120 160 pi 

TTL-No. 01 Loads 5 ttl 
TTL-Load Capacity em 50 pI 

Logic Inp.t." ("0" Lavel AppUOI HOLD or MEMORV READY) 

Holds ~tfo~C?Eo~!,g~:'~L 'Low' HOLD 1 
.2 +.4 Vde 

HOlds e, NMOS 'Low', e. NMOS MEM· .2 +.4 Vde 
'High', 0, TTL 'High', and ORY 
MEMORY CLOCK 'High' READY 

'Inl0 speCIfied last load 

"Must be allternallv held al ."" level (2 4V min., S,OY malt II' nol used 
"'Apply paramelers 'Ot lfeQuenCIes Dlhe, Ihan 1 MHz 

lo,H ns 
To,H ns 
TII=IP 
where =desl,ed pellod 01 operallon In nanoseconds 

+5VDC ~ . ~ 2xfc GND MC6871A fIJ,NMOS 
I2I,NMOS 
fIJ,TIL I +. MEMORY CLOCK 

HOLD 1 MEMORY 
READY 

PIN CONNECTION 

1 GND 

3 MEMORY CLOCK 

5 0,TTL 

7 V .. (+5VDC) 

12 0,NMOS 

13 0,NMOS 

18 GND 

20 HOLD 1 

22 MEMORY READY 

24 2xfc 

NOI~ Alld"nensoOnsare"',neIleS 

WAVEFORM :rtMING 

(ALL TIME IN NANOSECONDS) 

TEST CIRCUIT 

'------(iTcM)'; 

e", MAX CAPACITY so pf 

120pF::40IlfISTHESPECIFIED 
MAJC LOADCAJIACITANCE 
THAT SIMuLATES THE MOTOROLA 
MC6800 MPU INPUT 

'HQLOAND MEMORY READY Must 
BEElTERNALlYHELOAT , 
lEVEL I~ 4vDC MIN !i D'lDC MilK I 
WHEN NOT uSEO 

*,C,., 

RS-122UISINULATES 
AEAlPAATOFt./iPU 

DIMENSIONS 

_1.100----, 

'---------@ MOTOROLA INC. COMPONENT PRODUCTS DEPT, ________ --' 
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MC8871B 
aHemate functIOn mlcroproceaeor clock 
250 kHz to 2.5 MHz 

speclncallons - I- v-Su I Voll v .. 5.00:1:5"" 
Operating Temperature Range T. 010+70 
Storage Temperature T ... 5510 +125 
Power Supply Drain (max.) I" 100 

\hilt 
Vdc 
'C 
'C 
mA 

ELECTRICAL CHARACTERISTICS (V .. = 5.0 :I: 5'110. V .. = O.T. 
= O· 10 70·C. unless otherwise noted) 

c Mn 
F_ 
Operating Frequency I. .250 2.5 
Frequency stability (inclusive ±.O1 
of calibration tolerance at 
+25-C. operating temperature, 
Input voltage change, load 
chango. aging. shock and 
vibration) 

NMOS OUIpa" .. ,.0 MHa Operation· .. 
Pulse Widlh (moa •. al TI!J.H 430 
V .. = -.3V dc level) TI!J,H 450 
Logic Level. V"" V,,-,1 V,,+.3 

V_ V .. -.3 - V ...... l 
Rise and Fall Times ~ 5 12 50 

to 5 12 50 
·Overshoot/Undershoot 

t:i~::~:: V .. -.5 V .. +.5 
VOl V,,-.5 V,,+.5 

Pulse duration 01 any over-
shoot or undershoot To. 40 

I Period @ 0g3~ dc Level I ... 1.00 
Edge V.. 0.3V de Tx 940 
NMOS hip 1.0. 0 
@+O. '" 0 8.0 

TTLOulpu" 
In ret. 10 1210 NMOS @ 0.3V dc 
I!J. TTL @ 1.4V de T. 15 30 45 

T. 10 25 40 
(-;0 Ungaled @ 1.4V dc T, 30 50 70 

T, 20 40 60 
2xlc @ 1.4V dc T, 40 80 120 
LoglaLeveIa VOM 2.4 3.2 

Vo-. .3 .4 
Rise and Fall Times 

.4V and 2.4V I. 15 
2.4Vand .4V I, 15 

Logic "0" Sonk (lGBI.) I .. 1.6 
Logic "'" Source (lGale) Iaoo +40 
Current Output Shorled I", 18 -57 

Load 
NMOS-Load capacity I!J •• I!J. C ..... 80 120 160 
TTL No. 01 Loed. ·5 
TTL-Load Capacily CUL 50 
logic Inpu .... C"O" La .... appllea HOLD, 

HOld. ~M'!,~C?E~,~g~;'~t 'LoW' HOlf) 1 .2 +.4 

Hold. ~i;~.O:' ;.';-f.~F;,~MOS HOLD2j .2 +.4 

Inlo speclhed laSI load 
• 'MU51 be .xrerna"v held 81 • '" level 12 4V min. 5 OV max 'II nOI used 

• "ADDIV Derameters 101 irequencres OIlier Ihan 1 MHz 
TI,)H ns ,,,,H n. 
iI=! 
where 

Unit 

MHz 
'110 

ns 
n. 

Vdc 
Vdc 
n. 
ns 

Vdc 
Vdc 

ns 
us 
n. 

us 

n. 
n. 
n. 
n. 
n. 

Vdc 
Vdc 

n. 
n. 
mA 
uA 
mA 

pi 
III 
pi 

Vdc 

Vdc 

+5WC 
GND 

2xlc 
fIloNMgS 

L..,---.-..... -.-~ =:wt s 
fIl,UNGATED 

PIN CONNECTION 

1 GND 

FRiG. 3 I1'J,TTLUN~TEb 

5 I1'J,TTL 

7 iI .. (+5VDC, 

12 I1'J,NMOS 

13 1210 NMOS 

18 GND 

20 imiJIT 

PIN '" LOCATION --l. 

j 1t H83MAI ...... ,0QU tr tr tr'L: .... _'" 
~~ ,0'5',021 OIA cPINSI 

. ..'GO-! 

22 1l&ll2 
24 211fc 

Noto: 411fc available on l'8CIuest 
Noat·NldlmlN'l.IOII .... Ift~ 

WAVEFORM lIMING. 
ALl TIME IN NANOSECONDS, 

TEST IIIAGRAII 

.--=::-<>'::~nD 
r+_-'rl'-+"'~::::.:-o., TTL 

'------<H&l>i 
'------<;mm 

L.... ___ -,-_-<, •• 

I20Df:!:.sGDfISTH!SPECrfIEO 
M .... LOAD CAPACnANCE 
'"A' SIMULATES tHE MOTOAQlA 
ue&eao MPU INPut 

"H&li'"1 ANOHi5l"!5'1 MUSt Q[ 
[XIERHAlLYHElO",I I lEVEL 
12 4VOC NIH S OVDC MAli: I 
WHEN NOI USED 

Ai-mit' SIMULATES 
AEALPAATOFUPU 

MOTOIIO&.A INC. COMPONENT PRODUCTS DEPT. 
2553 N. Edgington Franklin Park,lII. 60131 312/451-1000 
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MC6820 

ELECTRICAL CHARACTERISTICS (VCC a 5 0 V >5% Vss - 0 TA ~ 0 to 700 C unl ... otherwise noted ) -
Characteristl. Symbol Min Typ Ma. Unit 

Input High Voltage . Enable VIH VSS +2.4 - VCC Vde 
Other Inputs VSS +2.0 - VCC 

Input ~ow Voltage Enable VI~ Vss -0.3 - VSS +0.4 Vd. 
Other Inputs Vss -0.3 - Vss +0.8 

Input ~eakage Current RIW,Reset, RSO, RS1,CSO,CS1,~CA1, lin - 1.0 2.5 AAdc 
(Vin 0 0 to 5.25 Vd.) CB1, Enable 

Three-State (Off State) Input Current 00·07, PBCl-PB7, CB2 ITSI 2,0 10 /IAd~ 
(Vin a 0.4 to 2.4 Vd.) 

Input High Current PAO·PA7,CA2 IIH -100 -250 /lAd. 
(V IH a 2.4 Vd.) 

I "put Low Current PAO·PA7, CA2 II~ - -1.0 -1.6 mAde 
(V I~ 0 0.4 Vd.) 

Output High Voltage VOH Vde 
(I ~oed a -205 ,.Ade, Enable Pulse Width < 25,..) 00·07 VSS +2,4 - -
(I ~oad a -100 ,.Ade, Enable Pulse Width <25 ,..) Other Output. VSS + 2.4 - -

Output ~ow Voltage VO~ - VSS +0.4 Vde 
(I ~Dad 0 1.6 mAde. Enable Pulse Width < 25 ,..) 

Output High Current (Sourcing) 10H 
(VOH a 2.4 Vde) 00·07 -205 - - ,.Ade 

Other Outputs -100 - - ,.Ade 

IVa t:: 1.5 Vdc, the current for driving other than TTL. e.g., 
Darlington Base' PBCl-PB7. CB2 -1.0 -2.5 -10 mAde 

Output Low Current (Sinking) 10~ 1.6 - - mAd. 
(VO~ = 0.4 Vde) 

Output ~ .. kage Current (Off State) IROA.IROB I~OH - 1.0 10 ,.Ade 
(YOH a 2.4 Vde) 

Power Dissipation Po - - 650 mW 

I "put Capacitance Enable Cln - 20 pF 
(V in 0 O. TA 0 25°C. f '1.0 MHz) 00·07 - - 12.5 

PAO·PA7, PBO·PB7. CA2, CB2 - - 10 
TI./W. Re .. t. RSO. RSI. CSO, CSI. CS2. CAl. CBl - - 7.5 

Output Capacitance IRDA.IROB Caut - - 5.0 pF 
(V in ~ O. TAo 25°C, f = 1.0 MHz) PBCl-PB7 - - 10 

Peripheral Data Setup Time (Figure 11 tPOSl 200 - - n. 

Delay Time, Enable negative transition to CA2 negative transition tcA2 - - 1.0 ,.. 
(Figure 2. 3) 

Delav Time. Enable negative transition to CA2 positive transition tRSl 1.0 ,.. 
(Figure 2) 

Ri .. and Fall Time. for CA 1 and CA2 input .ignal. (Figure 3) tr.tf - - 1.0 ,.. 
Delay Time from CA 1 active transition to CA2 positive transition tRS2 - - 2.0 ,.. 

(Figure 3) 

Delay Time, Enable negative transition to Peripheral Data valid tpOW - - 1.0 ,.. 
(Figure. 4, 5) 

Delav Time, Enable negative transition to Peripheral CMOS Data Valid tCMOS - - 2.0 ,.. 
(VCC - 30% VCC, Figure 4; Figure 12 ~oad C) PAO·PA7, CA2 

Delay Time, Enable positive transition'to CB2 negative transition tcB2 - - 1.0 ,.. 
(Figure 6. 7) 

Delay Time, Peripheral Data valid to CB2 negative transition toc 20 - - ns 
(Figure 5) 

Delay Time, Enable positive transition to C82 positive transition tRSl - - 1.0 ,.. 
(Figure 6) 

Rise and Fall Time for CQ1 and CB2 input signals (Figure 7) tr.tf - - 1.0 ,.. 
Delay Time, Cel active transition to CB2 pOSitive transition tRS2 - - 2.0 ,.. 

(Figure 7) 

Interrupt Release Time. TImA and IROB (Figure B) tlR . - - 1.6 ,.. 
Reset Low Time- (Figure 9) tR~ 2.0 - - ,.. 
-The Reset line must be high a minimum of 1.01'5 before addressing the PIA. 

® MOTOROLA Selniconduct:or Product:s Inc. 
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MC6820 

MAXIMUM RATINGS 
Rating 

Supply voltage 

lriput Voltage 

Oper~lng Temperature Range 

Storage Temperature Range 

Thermal Resistance 

BUS TIMING CHARACTERISTICS 
READ (Figures 10 and 12) 

Characteristic 

Enable Cycle Time 

Enable Pul .. Width, High 

Enable Pul .. Width, Low 

Symbol 

VCC 

Vin 

TA 
Tstg 

°JA 

S~tup Time, Address and R/W valid to Enable positive _transition 

Data Delay Time 

Data Hold Time 

Address Hold JiMe 

Rise and FalfTime for Enable input 

WRITE (Figure. 11 and 121 

Enable Cycle Time 

! cnable ~u .. wlatn, High 

Enable Pul .. Width, Low 

Setup Time, Address and A/W valid to Enable positive transition 

I UBta ""tup ime 

Dat8 Hold Time 

Ada.... ola Ime 

RI.e and Fall Time for Enable Input 

Value Unit 

-0.3 to +7.0 Vde 

0.3 to +7.0 Vde 

o to +70 °c 

-55 to +150 °c 

82.5 °C/W 

Symbol 

leveE 
PWEH 

PWEL 

tAS 

tDDR 

tH 

tAH 

tEr. tEf 

leyeE 
PWEH 

PWEL 

'AS 
tDSW 

tH 

tAH 

tEr, tEl 

This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages or electric fields; hOVllOVer. it is advised that 
normal precautions be taken to avoid applica-
tion of any voltage higher than maximum fBted 
voltages to this high impedance circuit. 

Min Typ Max Unit 

1.0 - ~s 

0.45 - 25 ~s 

0.43 ~s 

160 ns 

320 ns 

10 ns 

10 - - ns 

- - 25 ns 

1.0 - ~s 

0.45 25 ~s 

0.43 - ~s 

160 - n. 

195 ns 

10 ns 

10 ns 

25 ns 

FIGURE 2 - CA2 DELAY TIME FIGURE 1 - PERIPHERAL DATA SETUP TIME 
(Read Made) (Read Mode;CRA-5 g CRA·3 g 1,CRA-4 g 0) 

PAO'PA7~2 .. OV 
PBO·PB7 ._c.:;0;:;.8:.-V-=-_______ _ 

tPDSUr-

/ 1-:-2.-:-:'4 V,.----'
Enable ___ ....I 

Enable 

CA2 

0.4 V 

tCA2 iv P' 2.4 V 

• Assumes part was deselected during 
the previous E pulse. 

Enable 

CAl 

CA2 

FIGURE 3 - CA2 DELAY TIME 
(Read Mode; CRA·S g 1, CRA-3; CRA-4 g 01 

0.4 V 

___ +-___ --1;L-_-i-{. t- tr,t, 
2.0V 
0.8 V 

-tCA2L~RS2 2.4 V 

0.4 V 

@ MOTOROLA Sel7Jiconductor Products Inc_ --------' 
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M~20 

FIGURE 4 - PERIPHERAL CMOS DATA DELAY TIMES 
" : (Write Mode: CRA-6 G CRA03 G 1, CRA-4 G 01 

FIGURE 6 - CB2 DELAY TIME 
(Write M_: CRN • CRB03 G 1, CRB-4 a 01 

CB2 

V~'RS1' 
2.4)1 

F"------J 

-A.urnes part wa. deselected during the 
previoul E pulse. 

FIGURE 8 - iiffi RELEASE TIME 

,~ EPObIO----, I---
___ 'IR~2.4V 
IRQ I _____ --J 

FIOURE 10 - BUS READ TIMING CHARACTERISTICS 
(Reed Information from PIAl 

FIGURE & - PERIPHERAL DATA AND CB2 DELAY TIMES 
(Write M_: CRN G CRB03 .1, CRB-4· 01 

Enable 

PBO·PB7 

CB1 

CB2 2.4V~ 

CB2 Nota: CB2 g08llow .. 8 l'8Iult of the 
positive tran,ltlon of Enable, 

FIGURE 7 - C~ DELAY TIME 
(Write MacIe: CRN G 1, CRB03 = CRB-4 ·01 

'r·tt 

2.4 V ~B ~RS2' 
CB2 0.4 V 

• Allum .. part wal dnelected during 
any previoul E pulse. 

FIGURE 9 - RESET LOW TIME 

-The Fi8i8i line must be. VIH for 8 minimum of 
1.0,a1 before addrBIIlng the PIA. • 

FIGURE 11 - BUS WRITE TIMING CHARACTERISTICS 
(Write Information Into PIAl 

® MOTOROLA SenJ;conduc~o, P,oduc~s Inc. ______ ----' 
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MC6850 

MAXIMUM RATINGS 
Rating Symbol Val .. Unit 

Supply Voltage VCC -0.3 to +7.0 Vd. This device contains circuitry to protect the 
Input Voltage Vln -0.3 to +7.0 Vd. inputs against damage due to high static 

ODeratln. TamDeratura Aan .. TA Oto+70 °c 
voltages or electric fields; however. it is ad-
vised that normal precautions be taken to 

Stor_ Tamparatura A.ng. TstA -55 to +160 °c avoid application of any voltage higher 

Thennal Re.istance 'JA 82.5 °C/W than maximum rated voltages to this high-
impedance circuit. 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V 05%. VSS = O. T A a 0 to 700C unl ... otherwl .. noted.) 

Ch.racterlstic Symbol Min Typ Max Unit 

Input High Voltaga VIH VSS + 2.0 - VCC Vd. 

Input Low Voltaga VL VSS -0.3 - VSS +O.B Vd. 

Input Leakage Currant AiW.CSO,CS1,CS2,En.ble lin - 1.0 2.5 "Ad. 
(Vln a 0 to 5.25 Vd.) 

Thrao-Stat. (Off Stat.) Input Current 00·07 ITSI - 2.0 10 ,.Ad. 
(Vln a 0.4 to 2.4 Vd.) 

Output High Voltaga 00·07 VOH Vdc 

(I Load = -205 "Ad., Enable Pul .. Width <25 ".) VSS + 2.4 - -
(I Load a -100 "Ad., Enable Pul .. Width <25 ".) Tx Data, ATS VSS + 2.4 - -

Output Low Voltaga VOL - - VSS + 0.4 Vd. 
(I Load a 1.6 mAd •• Enable Pul .. Width <25 ".) 

Output Le.kaga Currant (Off State) IAQ ILOH - 1.0 10 "Ad. 
(VOH a 2.4 Vd.) 

Power Dissipation Po - 300 525 mW 

Input Capacitance Cin pF 

(Vin a 0, T A = 250C. f = 1.0 MHz) 00·07 - 10 12.5 
E Tx Clk, Ax Clk, AiW, AS, Ax Data. CSO, CSl, CS2, CTS, OCO - 7.0 7.5 

Output Capacitance ATS. Tx Data Cout - - 10 pF 

IVlnaO, TA a 260C, f a 1.0MHz) 'iRQ - - 5.0 

Minimum Clock Pul.e Wldlh, Low (Figura 11 +16, +64 Mod .. PWCL 600 ns 

Minimum Clock Pul .. Width. High (Figure 21 : 16, +64 Mod .. PWCH 600 n. 

Clock Frequency +1 Mode fC - - 500 kHz 
+16. +64 Modes - - BOO 

Clock·lo·Oata Delay for Transmitter (Figure 31 !Too - - 1.0 "s 
Aacelve Data Selup Time (Figure 41 :1 Mode IAOSU 500 - ns 

Aacelve O.ta Hold Time (Figure 51 +1 Mode tAOH 500 - - ns 

Interrupt Requesl A.I .... Tim. (Figure 61 IIA 1.2 jIS 

Aequ.st-Io-Send Delay Time (Figur. 51 IATS 1.0 II' 

Inpul Transillon Tim.s (ExcePI En.bl.1 tr.tf - - 1.0· "s 

·1.0 ~s or 10% of the pulse width, whichever is smaller. 

BUS TIMING CHARACTERISTICS 
AEAO (Figures 7 and 91 

Characteristic Symbol Min Typ Max Unit 

Enabl. Cycl. Time ley.E 1.0 - - "s 

En.ble Pulse Width, High PWEH 0.45 - 25 "s 

Enabl. Pulse Wldlh, Low PWEL 0.43 - - jIS 

Setup Time. Addre .. and A/w valid 10 En.bl. positive tran.llion lAS 160 - .- ns 

Oala Dalay Tima 100A 320 n. 

Data Hold Tim. IH 10 ns 

Address Hoid Tim. IAH 10 - ns 

Aise and Fall Time for Enabl. Inpul IEr.IEf - - 25 ns 

WRITE (Figure B and 91 

Enabl. Cycl. Tim. ley.E 1.0 - "s 

Enabl. Puise Width. High PWEH 0.45 - -25 "s 

Enable Pulse Width, Low PWEL 0.43 - - jIS 

Setup Time. Address and A/W valid 10 Enable poaitlw transilion lAS 160 - ns 

Dau SetuP Time 10SW 195 - ns 

0 .... Hold Time IH 10 - ns 

Address Hoid Time IAH 10 ns 

Rise and Fall Time for Enable input IEr,lEf - - 25 ns 

M MOTOROLA Sen'liconductor Products Inc. 
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MC6850 

FIGURE 1 - CLOCK PULSE WIOTH, LOW·STATE 

Tx elk 
0' 

Ax elk 

FIGURE 3 - TRANSMIT OATA OUTPUT DELAY 

TxCIk ~ O.SV / 

~ 
Tx Data ---------,~r-:-:.-.:-:-----

FIGURE 5 - RECEIVE DATA HOLD TIME 
(+1 Mod.' 

2.0 V 

2.0 V 
Rx Data 

KtRDH 

___ -,0c..,S;;""'V-J 

FIGURE 7 - BUS READ TIMING CHARACTERISTICS 
(Read information from ACIA) 

Enable 

RS,CS.R/W 

Data Bus 

FIGURE 2 - CLOCK PULSE WIDTH, HIGH-8TATE 

Tx elk 

RxClk 

FIGURE 4 - RECEIVE DATA SETUP TIME 
(+1 Mod., 

Ax Data 0.8 V ~2'OV 
'---------

_I,::_~O" 
____ ¥O.8V 

Ax Clock 

FIGURE 6 - REQUEST·TO-8END DELAY AND 
INTERRUPT·REQUEST RELEASE TIMES 

Enable 

RTS 

IRQ 

tlR--L 
_________ J_-' 2 2 •• 44 V V 

FIGURE 8 - BUS WRITE TIMING CHARACTERISTICS 
(Write information into ACIA) 

@ MOTOROLA SeTniconductor Products Inc. _______ -' 
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MC6852/MC68A52/MC68B52 
MAXIMUM RATINGS 

Rating Symbol Value Unit 
Supply Voltage Vee -0.3 to +7.0 Vdc 
Input Voltage Vin -0.3 to +7.0 Vdc 
Operating T amperatura Ranga TL toTH TA TL TH DC This device contains circuitry to prctact 
M~,M~,MC~B~ Oto+70 the Inpull against damag. duo to high 
M~C,MC~C -40 to +86 
M~BJCS, M~CJCS -56 to +125 

static voltages or electric fields; however. 

Storag8 Temperatura Range Tstg -66 to +160 DC 
Is is advised that no"""'l precautions be 
taken to avoid application of any voltaga 

Thermal Resistance 'JA DC/W higher than maximum ratad voltagas to 
Plastic Package 121l this hlgh·lmpedance circuit. 

Ceramic Package 60 
CerdiD Packalle 66 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V i5%, VSS = 0, TA = TL to TH unl ••• otherwise notad.) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltag. VIH VSS + 2.0 - - Vdc 

Input 'Low Voltage VIL - - ~£S+0.8 Vdc 

Input Leakage Current Tx Clk, Rx Clk, Rx Oata, Enable, lin - 1.0 2.5 "Adc 
(Vin = 0 to 5.25 Ydc) Reset, RS, RtW, CS, i5C0, C'i'§ 

Three-State (Off Stat.) I nput Current 00-07 ITSI - 2.0 10 "Ade 
(Vin = 0.4 to 2.4 Vdc, VCC = 5.25 Vdc) 

Output High Voltage VOH Vdc 
ULoad = -205 "Adc, Enable Pulse Width <26"s) DO-D7 VSS + 2.4 - -
ULoad = -100 "Adc, Enable Pulse Width <25"s) __ 

Tx Data, DTR, TUF VSS + 2.4 - -
Output Low Voltage VOL VSS + 0.4 Vdc 

ULoad = 1.6 mAdc; Enable Pulse Width <25",) 
Output Leakag. Current (Off State) IRQ ILOH - 1.0 10 "Adc 

(VOH = 2.4 Vdc) 

Power Dissipation PD - 300 525 mW 

Input Capacitanc. ei" --- -- _. ,pF 
(Vin = 0, TA = 25OC, f = 1.0 MHz) DO-D7 - - 12.5 

All Other Inputs - - 7.5 

Output Capacitance Tx Data, SM/DTR, TUF Cout .- .- 10 pF 
(Vin = 0, T A = 25OC, f = 1.0 MHz) "i'FRi 6.0 

ELECTRICAL CHARACTERISTICS (VCC = 5.0 V ± 5%, VSS = 0, TA = TL to TH unle .. oth.rwise noted.) 

MC6852 MC68A52 MC68B52 
Characteristic Symbol Min Max Min Max Min Max Unit 

Minimum Clock Puis. Width, Low (Figure 1) PWCL 700 - 400 - 280 - ns 

Minimum Clock Pulse Width, High (Figure 2) PWCH 700 - 400 - 2BO - ns 

Clock Frequancy fC - 600 - 1000 - 1500 kHz 

Receive Data S.tup Tim. (Figure 3, 7) tRDSU 350 - 200 - 160 - n. 
R.ceive Data Hold Time (Figure 3) tRDH 350 - 200 - 160 - ns 

Sync Match Delay Tim. (Figure 3) ISM 1.0 0.666 0.500 lIS 

Clock-to-Data D.lav for Transmlttar (Figure 4) trDD - 1.0 - 0.666 - 0.500 lIS 

Tran,mitter Underflow (Figure 4, 6) trUF - 1.0 - 0.666 - 0.500 lIS 

D'fl!fD.lay Tim. (Figure 51 tOTR - 1.0 - 0.666 - 0.500 ". 
Interrupt R.qu.st R.I .... Tim. (Figure 5) IJ.B 1.6 1.1 0.1Ia) "S 
Reset Minimum Pulse Width tR., 1.0 - 0.666 - 0.500 - lIS 

C'i'SSetup Time (Figure 6) leTS 200 - 150 - 120 - ns 
HCD"Setup Tim. (Figure 7) tDCD 500 - 350 - 250 - n, 

Input Rise and Fall Times (.xcapt Enable) tr, tf 1.0· - 1.0· 1.0· ". 
(O.B V to 2.0 VI 

·1.0,us or 10% of the pulse width, whichever is smaller 

FIGURE 1 - CLOCK PULSE WIDTH, LOV¥-STATE FIGURE 2 - CLOCK PULSE WIDTH, HIGH-STATE 

!'---PWCL-

/ TXClk~ 2.0V 

~ TXClk\ or 
or Rx elk 

FIx Clk 0.8 V 
-PWCH-

9-D19 



MC6852/MC68A52/MC68852 

BUS TIMING CHARACTERISTICS 

MC6852 MC68A52 MC68B52 
Characteristic Symbol Min Max Min Max Min Max Unit 

Enable Cycle Time leyeE 1.0 - 0.666 - 0.5 - 1" 

Enable Pulse Width, High PWEH 0.45 25 0.28 25 0.22 25 1" 

Enable Pulse Width, Low PWEL 0.43 - 0.28 - 0.21 - 1" 

Setup Time, Address and Rm valid to Enable positive transition tAS 160 - 140 - 70 - n. 

Data Delay Time tDDR - 320 - 220 - 180 n. 

Data Hold Time tH 10 - 10 - 10 - n. 

Address, "C'S, R/W Hold Time tAH 10 100 10 100 10 100 n. 

Rise and Fall Time for Enable input tEr, tEl - 25 - 25 - 25 n. 
WRITE (FIgure. 9 and 10) 

Enable Cycle Time teyeE 1.0 - 0.666 - 0.5 - 1" 

Enable Pul.e Width, High PWEH 0.45 25 0.28 25 0.22 25 It' 
Enable Pulse Width, Low PWEL 0.43 - 0.28 - 0.21 - 1" 

Setup Time. Address and R/W" valid to Enable positive transition tAS 160 - 140 - 70 - n. 

Data Setup Time tDSW 195 - 80 - 60 - n. 

Data Hold Time tH 10 - 10 - 10 - n. 

Address, es, RfW Hold Time tAH 10 100 10 100 10 100 n. 

Ri.e and Fall Time lor Enable input tEr, tEl - 25 - 25 - 25 n. 

FIGURE 3 - RECEIVE DATA SETUP AND HOLD TIMES AND SYNC MATCH DELAY TIME 

Rx elk 

Ax Data 
~~~1=-~!........J 

n = Number of bits in character 

~ "" Don't care 

h~~~ MV 

FIGURE 4 - TRANSMIT DATA OUTPUT DELAY AND 
TRANSMITTER UNDERFLOW DELAY TIME 

Tx 
elk 

Tx 
Data 

TUF 

2.0 V on 0.8 V 

tTUF--j 

n "" Number of bits in character 

9-020 

I-----~ ~:i:dClk_---.., 

FIGURE 5 - DATA TERMINAL READY AND INTERRUPT 
REQUEST RELEASE TIMES 

Enable 

tOTR 

'Di'R 

tlRl 

iAQ 
2.4 V 



MC6852/MC68A52/MC68B52 

FIGURE 6 CLEAR-TO-SEND SETUP TIME 

)"' . t--'CTS 

0.8 V V 
Tx elk 

'TDD~ 
)(12.0 V 

T. Da'a ____________ ....J, 1 ~ DO 

FIGURE 8 - BUS READ TIMING CHARACTERISTICS 
(R.ad information from·SSDA) 

FIGURE 7 - DATA CARRIER DETECT SETUP TIME 

Notes: 
1. Must occur before i5CD goes low. 
2. First data bit placed in Rx shift register. 
3. Last data bit of byte placed in Rx shift register. 
4. Rx data byte transferred from shift register to Rx FIFO. 
5. Clock edge required for generation of iRtl by RDA status. 

Note: refer to Figure 3 for the Rx data setup and hold times. 

FIGURE 9 - BUS WRITE TIMING CHIlIRACTERISTICS 
(Writ. information into SSDA) 

FIGURE 10 - BUS TIMING TEST LOADS 

L.utld A 
(00-07, DTA, Tx Dara. TUF) 

50V 

R l = 2.5 k 

Tllo;' Po,"~ o-+-1~-+"'.-. MMDG1~O cp 1_ R - 1 Q.l""," 

MM{)/OOO 
or t flIIIV 

C' 130 pF for 00 07 
30 pF ttlr OTR, Tx DoHa. itnrl TUF 

9-021 

Load B 
IIRQOnlyl 

-!".ov 

J. 

lAst POUlI r 100". 

R 11.7kUfurDO OJ 
24 kH for '6TR. Tx [Jil I 01, .11111 TUF 



MC6840 

MAXIMUM "ATINGS 

Rating Symbol 

Supply Vollaga VCC 
Inpul Voltaga Vin 
Oparating Temparat"," Range TA 
Storage Tamparatur. Ranga Tstg 
Thermal Resistance 8JA 

Value 

-0.310 +7.0 
-0.310 +7.0 

Oto+70 

-6510+150 

82.6 

Unll 

Vde 
Vdc 

°c 
°c 

OC/W 

This clevica contains circitry to protact 
Iha Inputs against damaga due to high static 
voltages or electric fields; however, it is advised 
that normal pr .. autlons be taken to avoid 
application of any voltaga high .. than maximum 
rattid voltages to this hlgh~mpadance circuit. 

ELECTRICAL CHARACTERISTICS (Vee· 5.0 V >6%. Vss D O. TA D Oto 700e unl_otherwl .. noted' 

Cheractaristlc Symbol Min TVp Max Unll 

Input High Voltaga V,H Vss +2.0 Vee Vde 

Input Low Voltaga VIL VSS-0.3 VSS+O.8 

Input Uakage Current lin 1.0 2.5 ,.Ade 

(Vin D 0 to 6.25 V) 
Three.stete (Off Stete) Input Current DO 07 'TS' 2.0 10 "Ade 

(Viri • 0.4 to 2.4 V) 

Output High Voltaga VaH Vde 

(lloed· -206 "A) 00-07 VSS+2.4 - -
(I'oad D -200,;A) Other Outputs VSS+2.4 - -

Output Low Voltage VOL Vde 

U'oad D 1.6 mAl 00-07 - - VSS+0.4 
U,oed D 3.2 mAl 01-03,IRQ - - Vss +0.4 

Output Leekega Currant (Olf State) IRQ ILOH 1.0 10 "Ade 
(YOH = 2.4 Vde) 

Power Dissipation Po 560 mW 

Input Capacitance Cin pF 

(V in = 0, TA D 260C, I ·1.0 MHz) 00-07 - - 12.5 
All others - - 7.6 

Output Capacitance COUI pF 

(V in = 0, TA· 25OC, I ·1.0 MHz) IRQ - - 5.0 
01,02,03 - - 10 

BUS TIMING CHARACTERISTICS 

Characteriitic Symbol Min Max Unit 

READ (Soa Figures 2 and 8) 

Enable Cycle Time IcycE 1.0 10 ". 
Enable Pulse Width, High PWEH 0.45 4.6 "s 
Enable Pulse Width, Low PWEL 0.43 ". 

Setup Time, Address and R/W valid to enable positive transition tAS 160 - no 
Data Oalay Time tOOR 320 ns 
Data Hold Time tH 10 - ns 
Address Hold Time tAH 10 - nS 
Rise and Fa.1I Time for Enable input tEr,tEI - 26 ns 

WRITE (See Figures 3 and 8) 

Enable Cycle Time tcycE 1.0, 10 ". 
Enable Pulse Width, High PWEH 0.46 4.6 ". 
Enable Pulse Width, Low PWEL 0.43 ". 
~etup Time, Address and R/W valid to enable positive transition tAS 160 - ns 
Data Setup'Time tosw 195 - n. 
Data Hold Time tH 10 - n. 
Addres. Hold Time IAH 10 - no 
Rise and Fall Time for Enable input tE., TEl - 26 ns 

® MOTOROLA Sernlconducf:or Producf:s Inc. 
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MC6840 

AC OPERATING CHARACTERISTICS 

Ch.racterlstlc 

Input Rise and Fall Times C, G .nd Reset 
Input Pulse Width Low (Figure 4) C.-a .ndlflmii 
Input Pulse Width High (Figure 5) CG 
Input SeluP Tim. (Figur. 6) C, G and Res.t 

(Synchronous Mod.) C3 (+8 Pr .... I.r Mod. only) 

Input Hold Time (Figure 6) C,G .nd Reset 
(Synchronous Moda) C3 (+8 Pr .... I.r Mod. only) 

Output O.I.y, 01 03 (Figur. 7) 
(VOH' 2.4 V, Load A) TTL 
(VOH' 2.4 V, Load C) MOS 
(VOH' 0.7 VOO, Lo.d C) CMOS 

Interrupt Release Time 

·tr and tf c; 1 x Pulse Width or 1.0 I'S, whichever is smaller. 

FIGURE 2 - BUS READ TIMING CHARACTERISTICS 
(Read Information from PTM) 

FIGURE 4 - INPUT PULSE WIDTH LOW 

Symbol 

tr.tf 
!'Wi: 
PW 

tsu 

thd 

'co 
tem 

lemos 
tiR 

Min M.x Unit 

- 1.0' ,.s 
'cycE + Isu + thd - ns 

IcycE + I ... + thd - ns 

200 - ns 
- -

50 - ns 
- -
- 700 ns 
- 450 n. 

- 2.0 ,.s 

- 1.6 ,.s 

FIGURE 3 - BUS WRITE TIMING CHARACTERISTICS 
(Write Informetlon into PTM) 

FIGURE 6 - INPUT PULSE WIDTH HIGH 

® MOTOROLA Serniconducf:or ProcIucf:e Inc. 
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MC6840 

FIGURE 8 - INPUT SETUP AND HOLD TIMES FIGURE 7 - OUTPUT DELAY 

LoodA 
(DO-D7) 

Test Point 

. 130 pF 11.7 k 

~ 
':' '=' 

LoadC 

(IRQ Only) 

5.0V 

~ .. Test Point 

100pF I 

Enable Jf2.0 V \\----

~ I--'eo. 'em. 'emos 

Cl-C3. 'G'r-G3. 
RESET 

01-03 
\J 2.4 V 

______ -J~lFO~.4~V~----

FIGURE 8 - iiiQ RELEASE TIME 

Eneble ~ _______ __ 

r=.,"~ 
TIre J ______ -J 

FIGURE 9 - BUS TIMING TEST LOADS 

5.0 V 

RLa 2.5k 

MMD6150 
Test Point 

or Equiv. 

MMD7000 
40 pF 

or EQuiv. 

Load B 
(01. Q2. 03) 

Vee of devIce under test 

RL ~ 1.25 k 

MMD6150 
or Equiv . 

11.7 k 
MMD7000 
or Equiv. 

~ 
':' '=' 

Load 0 
(CMOS Load) 

Te"Po;n,1 

. I30PF 

® IftIIOTOROLA Sen'liconducf:or Producf:. Inc. 
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MC6844 

MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC' 
Input Voltege Vin· 
Operating Temperature Range TA 
Storage Temperature Range Tstg 
Thermal Resistance ROJA 

* In respect to Vss. 

RECOMMENDED OPERATING CONDITIONS 

Rating Symbol 

Power Supply Voltage VCC 
Input Voltage VIL 

VIH 
Operating Ambient Temperature Range TA 

Value 

-0.3 to +7.0 

-0.3 to +7.0 

o to +70 

-55 to +150 

82.5 

Value 

+4.75 to +5.25 

-0.3 to +0.8 
2.0 to VCC 

o to +70 

Unit 

Vdc 

Vdc 

°c 
°C 

CIW 

Unit 

Vdc 

Vdc 

°C 

Permanent device damage may occur 
if ABSOLUTE MAXIMUM RATINGS are 
exceeded. Functional operation should 
be restricted to RECOMMENDED 
OPERATING CONDITIONS. Exposure to 
higher than recommended voltages for 
extended periods of time could affect 
device reliability. 

ELE.CTRICAL CHARACTERISTICS (VCC = 5.0 V '5%, VSS =0, TA = -20 to +7SoC unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage VIH VSS+2.0 - VCC Vdc 

Input Low Voltage VIL VSS -0.3 - VSS +0.8 Vdc 

Input Leakage Current Tx!RQO-3,<I>2 OM A, RES, DGRNT lin - - 2.5 ~Adc 

(Vin 00 to 5.25 V) 

Three-5t&t8 Leakage Current AO-A1S, RIW ITSI -10 - 10 ~Adc 

(Vin • 0.4 to 2.4 V) 00-07 

Output High Voltage VOH Vdc 
(I Load 0 -20S ~Adc) 00-07 VSS +2.4 - -
(I Load 0 -14S~Adc) AO-1S, R/W VSS +2.4 - -
(lLoad 0 -100 ~Adc) All Others VSS +2.4 - -

Output Low Voltage VOL - VSS +0.4 Vdc 
(lLoad' 1.6 mAde) 

Source Current ICSS - 10 -
(Vin 00 Vdc, Figure 10) Cs/Tx AKB 

Power Dissipation Po 500 mW 
Capacitance Cin pF 

(Vin • 0, T A = 25°C, f = 1.0 MHz) <l>2DMA - - 20 
DO-D7,Cs,AO-A4,RAN - - 12.5 

All Others - - 10 

Cout - - 12 pF 

® MOTOROLA Semiconductor Products Inc. 
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MC6844 

BUS TIMING CHARACTER ISTICS (Load Condition Figura 11) 

Characteristic Symbol Min Max Unit 

READ TIMING (Figure 4) 

Address S.etup Time AO-A4, RIW, CS 'AS 160 - n. 

Address Input Hold Time AO-A4,RIW,CS tAHI 10 - n. 

Data Delay Time 00-07 tOOR 320 n. 

Data Access Time 00-07 tACC 480 n. 

Data Output Hold Time 00-07 tOHR 10 n. 

WRITE TIMING (Figure 4) 

Address Setup Time AO-A4, RIW, CS 'AS 160 - n. 

Address Input ,Hold Time AO-A4, RIW,CS tAHI 10 - n. 

Data Setup Time 00-07 tosw 195 n. 

Data Input Hold Time 00-07 tOHW 10 n. 

CLOCK TIMING 

Characteristic Symbol Min Max Unit 

.p2 OMA (See Figure 4) 

Cycle Time teve 1000 - n. 

Pulse Width-High PWH 450 - n. 
Low PWL 430 -

Rise and Fall Time t.pr, '.pI - 25 n. 

OMA TIMING (Load Condition Figure 11) 

Tx RO Satup Time (Figure 5) n • 
.p2 OMA Rising Edge tTOSl 120 -
.p2 OMA Falling Edge tTOS2 210 -

Tx RO Hold Time (Figure 5) ns 
.p2 OMA Rising Edge tTOHl 20 -
.p2 OMA Falling Edga tTOS2 20 -

OGRNT Satup Time (Figure 6) tOGS 155 - n. 

OGRNT Hold Tima (Figure 6) tOGH 10 n. 

Address Output Oalay Time (Figura 15) AO-AI5, RIW, Tx STB tAD - 270 n. 

Address Output Hold Time (Figure 15) AO-15, RIW tAHO 30 - ns 
TxSTB 35 -

Address Three-$tat8 Delay Time (Figure 8) AO-AI5, RIW tATSO - 700 ns 

Address Three-State Recovery Time ( Figure 8) tATSR 400 n. 

Delay Time (Figure 7) OROH,OROT tooo - 37~ n. 

Tx AK Delay Time ns 
.p2 OMA Rising Edge (Figure 7) tTKOI - 400 
OGRNT Rising Edge (Figure 10) tTK02 - 190 

IRQ/OENO Delay Time ns 
.p2 OMA Falling Edge (Figure 8) tOEOl - 300 
OGRNT Rising Edge (Figure 10) tOE02 - 190 

® MOTOROLA Semiconductor Products Inc. 
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MC6844 

FIGURE 4 - READJWiiiTE OPERATION SEQUENCE 

~2DMA 

AO-A4 (Input) 

RtW (Input) 

CS (Input) 

(Write Operation) 

FIGURE 5 - Tx RQ INPUT TIMING 

FIGURE 6 - DGRNT INPUT TIMING 

Setup Timing 

4>2DMA~ ._ ~ F::: ~~l--tDGS 
DGRNT 

Hold Timing 

4>2DMA 

OGRNT 

~"":y.~ 
2.0V 
0.8V 

0.8V 

FIGURE 7 - iiiiQH, DRQT, Tx AK OUTPUT TIMING 

~2DMA 

TxAKA 
CS/TxAKB (OutPutl _____ ..J-,..:=~ ___ _ 

FIGURE 8 - ADDRESS, IRQ/DEND OUTPUT TIMING 

AO-A15 (Output) 

RtW (Output). TXSTB __ -+--, ~=~------"f' 

FIGURE 9 - ADDRESS THREE-8TATE TIMING 

4>20MA 
(or OGRNT) 

AO-A1S, RtW 

~2 DMA 
(or OGRNT) 

AO-A1S, AIW 

tATS DE 
------~- 2.4 V 

-------'" 0.4 V 

FIGURE 10 - Tx AKB, IROiDEND 
OUTPUT TIMING FROM DGRNT INPUT 

DGRNT 
2.0V 

'TKD2 

CS/Tx AKB (Output) 

® MOTOROLA Semiconductor Products Inc. 
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MC6844 

FIGURE 11 - TEST LOADS 

01 

Te.t Point o-..... -<P--i .. -i 

c R 

TOItPln 

00-07 

AO-A1S, RIW 

eS/TxAKB 

Othert 

S.OV 

2.S k 

02 

03 

04 

C~pF 

130 

90 

SO 

30 

R~kn 

11.7 

1S.5 

24 

24 

FIGURE 12 - CSlTx AKB 
SOURCE CURRENT TEST CIRCUIT 

r--------------, 
Vee I 

~ 
I 

TxAKB 

V,," .. 

Enable 

CS Input 
L- ____________ ....l 
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MC6846 

MAXIMUM RATINGS 
Rating Symbol 

Supply Voltage VCC 
Input Voltage Vin 
Operating Temperature Range TA 
Storage Temperature Range Tsta 
Thermal Resistance °JA 

Valua 
-0.3 to +7.0 

-0.3 to +7.0 

o to +70 

-55 to +150 

70 

Unit 

Vde 

Vde 

OC 

DC 
PC/W 

Thl. device contains circuitry to prot8ct 
the Inputs agelnlt damage due to high 
static voltages or electric fields; however. 
Is 10 advilld that normal precautions be 
taken .to avoid application 01 any voltage 
higher than maximum ratad voltages to 
thl. hlgh·lmpedance circuit. 

ELECTRICAL CHARACTERISTICS (VCC = s.o V • s", Vss c 0, TA = 0 to lOOC unl ... otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage All Inputs VIH VSS+ 2.0 - VCC Vdc 

Input Low Voltage All Inputs VIL Vss -0.3 - VSS + 0.8 Vde 

Clock Ovanhoot/Undanhoot - Input High Leval VOS VCC-O.S - VCC + 0.6 Vdc 

-Input Low Laval VSS -0.6 - VSS+0.6 

Input Laokage Current Rm, Rosat, CSO, CSI lin - 1.0 2.6 pAdc 
(Vln cO to 6.26 Vde) CP1, CTG, t!'i'C, E, AIJ.A10 

Thraa-Stata (Off Statal Input CUrrent OO-D7 ITSI - 2.0 10 pAdc 
(Vin 0.4 to 2.4 Vde) PP()'pP7,CP2 

Output High Voltage VOH Vdc 

II Load c -206 pAde,) 00-07 VSS+ 2.4 - -
II Load g -200 pAdc) Othar Outputs Vss + 2.4 - -

Output Low Voltage VOL Vdc 
II Load g 1.6 mAde) 00-07 " - - Vss + 0.4 
(I Load = 3.2 mAde) Othar Outputs - - Vss + 0.4 

Output High Currant (Sourcing) 10H ~Adc 
(YOH g 2.4 Vdc) 00-07 -205 - -

Other Outputs -200 - -
(VO a 1.5 Vde, tho current lor driving other than TTL, e.g., 
Darlington a_) CP2,PP().PP7 -1.0 - -10 mAde 

Output Low Currant (Sinking) 10L mAde 
(VOL c 0.4 Vde) 00-07 1.6 - -

Othar Outputs 3.2 - -
Output Laakage Currant (Off State) lim ILOH - - 10 pAdc 

(VOH = 2.4 Vde) 

Power Dissipation Po - - 1000 mW 

Capacitance Cin - - 20 pF 
(Vln = 0, TA = 250 C, f = 1.0 MHz) 00-07 - - 12.6 

PP(J.PP7, CP2 - - 10 
Ao-Al0, Rm, Reoat, CSO, CS1, CP1, CTC,c:TG - - 7.5 

lim 
PPo-PP7, CP2, CTO Cout 5.0 pF 

- 10 

Fraqulncy 01 Operation I 0.1 1.0 MHz 

Clock riming 
Cycle Time 'cycE 1.0 - - PI 

Re .. tLowTlma tRL 2 p. 

Interrupt Rei .... tlR 1.6 III 

® MOTOROLA Semiconductor Products Inc. 
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MC6846 

READIWRITE TIMING (FI~ ... :i and 41 
~ 

Enabll Plil .. Width, Low 
Enablo Pula Width, High 
Sot Up Time (Add .... CSO, CS1, R/WI 
Dati Doll'/. Tlmo 
Data Hold Time 
Add .... Hold Time 
RI .. and Fall Time 
Dati Sot Up Tlma 

BUS TIMING 
Perlpharal I/O Lin .. 

Perlpharal Date SetuP 
RI .. and FaU Tim .. CP1, CP2 
Delay Tlma E to CP2 FaU 
Delay Tma I/O Data CP2 FaU 
Delay Tlmo E to CP2 RI .. 
Delay Tlmo CPl to CP2 Rlso 
Peripheral Data DoIay 

a.-teriltic 

PerIpheral Data SetuP Tlmi for Latch 
Perlphoral Dote Hold Tlmo for Latch 

Input RI .. and FaU Tlma 
Input Pul .. Width High 

(Asynchronoul Modal 
Input Pul .. Width Low 

. (Asychronoul Modal 
Input Setup Tlma . 

(SynchronOUI Moda' 
Input Hold Tlmo 

(Sync~ronoul Modal 
Output Delay 

FliW.A.C8 

DaQ Bua 

FIGURE 3 - BUS READ TIMING 
Read I~on from MCII8481 

CTCanciCTG 

Symbol 

PWEL 
PWEH 
tAS 

tDDR 
tH 

tAH 
tEf, tEr 

tosw 

Symbol 

tpDSU 
tPr.1f>c 

tcP2 
tDC 
tRSl 

IRS2 
tl'DW 
tpSU 

. tpDH 

tCR,tcF 

tl'WH 

tPWL 

lou 

Ihd 

1eT0 

Min Typ Ma 
430 - -
430 
180 -
- - 320 
10 -
10 - -- - 2& 
19& -

Min Typ Ma 
200 -
- - 1.0 

- - 1.0 
20 - -
- 1,0 

- 2.0 

- - 1.0 
100 - -
1& -
- - 100 

1cvc+ 2&0 - -
1cvc+2&O 

200 -
&0 - -

- 1.0 

FIGURE 4 -·BUS WRITE TIMING 
(Write Information froni MPUI 

Unit 
ftI 

no 
ftI 

nl 
nl 

.no 
ftI 

na 

U,,1t 

na 

/.II 

/.II 

!'I 
/.II 

/.II ,. 
ftI 

nl 

nl 
ftI 

ftI 

ftI 

ftI 

/.II 

FIGURE & - PERIPHERAL PORT LATCH SETUP AND HOLD TIME 

). 2.0V2.0,.C PPO-PP7 
Ito.BV O.SII: 

'Psu tpDH 

~ 
2.0 V 

CPl 
0.8 V 

'------® MOT'OIIO&.A Semiconductor PtOd&iclSlnc. 
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MC6801/MC6801-1 

MAXIMUM RATINGS 
Rating Symbol 

Suppl~ V ~lldge Vec 

Inpul Valldge Vin 

Operallng T emperalure Range TA 

SIOlage Tempelalure Range TSIII • 

THERMAL CHARACTERISTICS 
Characteristic Syml!ol 

Thermal Resislance 
Plastic Package 'JA 
Ceramic Package 

Value 

-0·.310 +7.0 

-0.310 +7.0 

01070 

-5610 +150 

Value 

100 
50 

Unit 

Vdc 

Vdc 

DC 

DC 

Rating 

DC/W 

This device contains circullry 10 prolecl Ihe in· 
puts againsl damage due 10 high SIalic vollages 
or electric lields; however. il is advised Ihal nor· 
mal precaulions be laken 10 avoid application 01 
any vollage higher Ihan maxullum raled vollages 
to ihis high·impedance circuli. For proper opera· 
iion il is recommended Ihal Vin and VOUI be con 
strained to Ihe rangeVSSsIV,n or VOUI)SVCC 

ELECTRICAL CHARACTERISTICS IVCC = 5 0 V ± 5% VCC = 0 T A = 70 DC unless otherwise nOled) 

Characteriatic Symbol Min Typ Mex Unit· 

Inpul High Vollage RESET 
VIH 

VSS+4.0 - VCC Vdc Other Inputs· VSS+2.0 - Vec 
Input Low Voltage AlllnpulS· V,L VSS-O.:i - VSS+O.B Vdc 

Input Load Currenl Pon4 
lin 

- - 0:5 mAdc 
IVin =0 10 2.4 Vdcl SCI - - O.B 

Input Leakage Current 
lin - 1.5 2.5 ".A 

IVin=Ot05.25Vqc) mnI. iliQl. REm 
T~,...Stale 10ff Stalel Inpul Current 

IVin .. 0.510 2.4 Vdel Pl()'PI7. P30-P37 ITSI - 2.0 10 ,.A 
P20-P24 - 10.0 100 

Outpul High Voltage 

lI'oad" -205,.Adc. Vcc .. minl P30-P37 
VOH 

VSS+2.4 - - Vdc 
Ilload= -145,.Ade. Vcc .. minl P40-P47. E. SCI. SC2 VSS+2.4 - -
lI'oad" -loo,.Ade. Vcc=minl Olher Outputs VSS+2.4 - -

OUIPUI Low Voltage 
VOL - - VSS+0.5 Vdc 

lI'oad",,2.0mAdc. Vcc .. mirtl AIiOutpulS 

Darlington Drive Currenl 
10H 1.0 2.5 10.0 mAdc 

IVO .. 1.5Vdel Pl()'PI7 

Power D,ssipalion Po - - 1200 mW 

Input Capacitance 
IV,n .. O. T A = 25DC. 10 .. 1.0 MHzI P30-P37. P40-P47. SCI Cin - - 12.5 pF 

Olher Inpuls - - 10.0 

. VCC Standby Powerdown VSBB 4.0 - 5.25 
Vdc 

Powerup VSB 4.75 - 5.25 

Standby Current Powerdown ISBB - - 6.0 mAde 

Frequency 01 Opera lion 
MC6BOI EXlernal Clock EXTAL2 410 2.0 - 4.0 
MC6BOI Cryslal XTALI. EXTAL2 IXTAL 3.579 - 4.0 MHz 
MC6B01·1 EXlernal Clock EXTAL2 410 2.0 - 5.0 
Mc6Bol.l Cristal XTALI. EXTAL2 IXTAL 3:579 - 5.0 

• ExcePI Mode Programming Levels; See Figure 1 ~. 
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MC6801/MC6801-1 

PERIPHERAL PORT TIMING (Refer to Figures 3-61 

Characteristics 

Peripheral Data Setup Time 

Peripheral Data Hold Time 

Delay Time, Enable Positive Transition to OS3 Negative Transition 

Delay Time, Enable Positive Transition to OS3 Positive Transition 

Delay Time, Enable Negative Transition to Peripheral Data Valid 
Port 1 
Port 2, 3, 4 

Delay Time, Enable Negative Transition to Peripheral CMOS Data Valid 

Input Strobe Pulse Width 

Input Data Hold Time 

Input Data Setup Time 

FIGURE 3 - DATA SETUP AND HOLD TIMES 
(MPU READ) 

PtO·Pt7 
P20-P24 
P40-P47 

Inputs 

P30-P37 
Inputs· 

.MPURead 

·Port 3 Non-Latched Operation (LATCH ENABLE 00) 

FIGURE & - PORT 3 OUTPUT STROBE TIMING 
'SINGLE CHIP MODE) 

Address 
Bus 

053 

r· MPU access of Port 3· 

-Access matches Output Strobe Select (055 ;; O. a read; 
OSS = t. a write) 

9-032 

Symbol Min Typ Max Unit 

tPDSU 200 -
tPDH 200 -
~SDl - - 350 

tOSD2 - - 350 

tPWD - - 500 
- - 350 

tCMOS - - 2.0 

tpWIS 200 - -

tlH 50 - -

tiS 20 - -

FIGURE 4 - DATA SETUP AND HOLD TIMES 
(MPUWRITE) 

r MPUW"te 

I 
05V\ / 

ns 

ns 

ns 

ns 

ns 

"S 
ns 

ns 

ns 

rtCMOS-j 

I- tPWD- ' . - :f - - - 0.7 VCC 
, 

- Data Valid All Datil }. 24 y' 
Port Outputs 0.5 V 

----------~ ~------

NOTES 
10 k Pulh..ip resIstor required for Port 2 to reach 0.7 Vee 
Not applicable to P21 
Port 4 cannot be pulled above Vee 

P30-P37 
Inputs 

FIGURE & - PORT 3 LATCH TIMING 
(SINGLE CHIP MODE) 



MC6801/MC6801-1 

BUS TIMING (Refer 10 Figures 9 and 10 aAd 22b) 

Characteristic 

Cycle Time 

Address Strobe Pulse Widlh High 

Address Strobe Rise Time 

Address Strobe Fall Time 

Address Slrobe Delay Time 

Enable Rise Time 

Enable Fall Time 

Enable Pulse Widlh High Time 

Enable Pulse Widlh Low Time 

Address Slrobe 10 Enable Delay Time 

Address Delay Time 

Dala Delay Wrile Time 

Data Sel-up Time 

Dala Hold Time 
Read 

Write 

Address Selup Time for Lalch 

Address Hold Time for Lalch 

Address Hold Time 

Address. R/W Sel-up Time Before E 

AO-A7 Sel-up Time Before E 

Peripheral Read Access Time: 
Non·Multlplexed Bus 

Multiplexed Bus 

Oscillator Stabilization Time 

Processor Conlrol Setup Time 

FIGURE 7 - CMOS LOAD 

Test Point 

9-D33 

McsaOl MCSaOl-l 

Symbol 
('0=1_0 MHz) ('0 = 1.25 MHz) 

Min Typ Max Min Typ Max Unit 

teye 1 - 2 0.8 - 2 ps 

PWASH 200 1Atcyc - 150 1A1cyc - ns 

IASR 5 - 30 5 - 30 ns 

IASF 5 - 30 5 - 30 ns 

IASD 60 'Alleye - 30 'Alleye - ns 

IER 5 - 30 5 - 30 ns 

IEF 5 - 30 5 - 30 ns 

PWEH 450 Y2tCYC - 340 I'Ilcye - ns 

PWEL 450 Yltcyc - 350 Y2tcyc - ns 

lASED 60 - - 30 - - ns 

lAD - - 260 - - 220 ns 

IDDW - - 225 - - 225 ns 

IDSR 80 - - 70 - - ns 

IHR 10 - - 10 - - ns 

IHW 20 - - 20 - -
IASL 20 - - 20 - - ns 

IAHL 20 - - 20 - - ns 

IAH 20 - - 20 - - ns 

lAS 200 - - 140 - - ns 

IASM 190 - - 130 - - ns 

tACCN - - 570 - - 410 ns 

tACCM - - 560 - - 400 

tRC 100 - - 100 - - ms 

tpcs 200 - - 200 - - ns 

FIGURE a - TIMING TEST LOAD PORTS 1. 2. 3. 4 

VCC 

1F! RL 2.0kO 

Test Point MMD6150 
or Equiv. 

C . R MMD7000 

or Equiv. 

~ ':'" 

C = 90 pF for P30-P37. P40-P47. E.SCI. SC2 
= 30 pF fOI Pl0-P17. P20-P24 

R = 16.5 kO for P30-P37. P40·P47. E. SCI. SC2 
= 12 kO for Pl0-PI7. P20-P24 



MC6801/MC6801-1 

Enable 
IE) 

AO-A7 
R/Vii.·IOS 

MPU Write 
00-07 

MPU Read 
DO-07 

Address Strobe 
lAS) 

Enable 
IE) 

R/W. A8-A15 
IPort4) 

MPU Write 
00-07. AO-A 7 

IPort 3) 

MPU Read 
00-07. AO-A7 

IPorL3) 

FIGURE 9 - EXPANDED NON-MULTIPLEXED BUS TIMING 

teye 

FIGURE 10 - EXPANDED MULTIPLEXED BUS TIMING 

I-------tcye------I 

2.4V 2.4 V 

~;;....;.-----+--... 0.5V 

tHR 

2.0 V Data 

Valid 
O.S V 1'-..... _" 

!--tOSR 

9·034 



MC6801/MC6801-1 

FIGURE 17 - MODE PROGRAMMING TIMING 

1.4V 
RESET ~0.8V 0.8V/' 

I-- ~RSTL.;-::I .. tMHP __ 
tMPS 

Mode Inputs VMPH f- ... VMPH 
Data Valid (P20, P21, P22) VMPL ~ ... VMPL 

MODE PROGRAMMING (Refer to Figure 17) 

Characteristic Symbol Min TYD Max Unit 
Mode' Programming Input Voltage Low VMPL - - 2.2 Vdc 
Mode Programming Input Voltage High VMPH 4.0 - - Vdc 

I RESET Low Pulse Width PWRSTL 3.0 - - E-Cycles 
Mode Programming Set-Up Time tMPS 2.0 - - E-Cycles 
Mode Programming Hold Time tMHP 150 - - ns 

FIGURE 18 - TYPICAL MODE PROGRAMMING CIRCUIT 

vr 

~ R1· 
~ 

R2 • • R1 R1.~ 

REm' 
6 

m"Ei 
8 

P20 P20 (PCOI 
g 

P21 P21 (PC1I 

P22 
10 

P22(PC21 

Mode 
Control 

Switches MC6601 

0 0 D 

Notes: 
1. Mode 7 as shown 

C~ 2. R2"C= Reset time constant 
3. R1 = 10 k (typicail 
4. D= 1N914, 1N4001 (typicail 

MEMORY MAPS the ROM has bUlln relocated by a mask option. The first 32 
The MCU can provide up to 64K byle address space locations of each map are reserved for the MCU's internal 

depending on the operating mode. A memory map for each register area, as shown in Table 4, with axceptions as in-
operating mode is shown in Figura 19. In Modes 1 Rand SR, dicated. 
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MC6801/MC6801-1 

FIGURE 23 - MCS801 OSCILLATOR CHARACTERISTICS 

(at Nominal Recommended Crystal Param818ra 

MC6BOI 

2 

• 
25 pF 25 pF 

CL = 24 pF (typical, 

NOTE 
TTL-compatib-;;illators may be 
obtained from: 

Motorola Component Products 
Attn: Data Clock Salas 

2553 N. Edginton St. 
Franklin Park. IL 60131 

Tel: 312-451-1000 
Telex: 025-4400 

Vcc 

MCB801 Nominal Crystal Parameters 

3.68 MHz 4.00MH 6.0 MHz 
RS BOn 50n 30·50n 

Co 3.5 pF 6.5 pF 4.6 pF 

C, 0.Q15 pF 0.025 pF 0.Q1·0.02 pF 
Q >40k >30k >20k 

°Note: These are representative AT-cut crystal parameters 
only. Crystals of other types of cuts may also be used. 

2------11 ..... 1 ----- 3 

C, RS 

2 3 

Co 

Equivalent Circuit 

(bl Oacillator Stabilization TIme (tRcl 

-~~4.~7~5~V----------~~~'--------------------------------

I. IRC 

Oscillator 
Stabilization 

Time.IRC 

9-D37 



Me6809. Me68A09. Me68B09 

MAXIMUM -RATINGS 
Rating Symbol Value Unit This device contains circuitry to protect the· 

Supply Voltage VCC -0.3 to +7.0 VelC inputs against damage due to high static 
~,?Itage Vin -0.3 to +7.0 Vdc voltages or electric fields; however. it is 
Operating Temperature Range TA o to +70 uc advised that normal precautions be taken 

Storage Temperature Range Tstg -55 to +150 °C to avoid application of any voltage higher 

Thermal Resistance 8JA 70 °C/W 
than maximum rated voltages to this high 
impedance circuit. 

'. 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ±5%. VSS = O. T.o. = 0 to 70°C unless otherwise noted. I 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Logic. EXtal VIH VSS+ 2.0 - VOO Vdc 
RESEi VSS +4.0 - VOO 

Input Low Voltage Logic. EXtal. ~ VIL VSS - 0.3 - VSS + 0.8 Vdc 

Input Leakage Current Logic lin - 1.0 2.5 /lAdc 
(Vin = 0 to 5.25 V. VCC = maxi 

Output High Voltage VOH Vdc 
(lLoael = -205 /lAdc. VCC = mini 00-07 VSS + 2.4 - -
(lLoad = -145 /lAdc. VCC = mini AO-AI5. R/w. O. E VSS + 2.4 - -
(lLoad = -100 /lAdc. VCC = mini BA.BS VSS + 2.4 - -

Output Low Voltage VOL - - VSS +0.5 Vdc 
(lLoad = 2.0 mAdc. VCC = mini 

Power Dissipation Po - - 1.0 W 

Capacitance # Cin pF 
(V;n = O. TA = 25°C. f = 1.0 MHzl 00-07 - 10 15 

Logic Inputs. EXtal - 7 10 
AO-AI5. R/W Cout - - 12 

Frequency of Operation MC6B09 f - - 4 MHz 
MC6BA09 fXTAL - - 6 

(Crystal or External Inpull MC6BB09 fXTAL - - B 

Three·State (Off Statellnput Current 00-07 ITSI - 2.0 10 /lAdc 
(Vln = 0.4 to 2.4 V. VCC = maxi AO-AI5. R/W - - 100 

READ/WRITE TIMING (Reference Figures 1 and 21 
MC6809 MC68A09 MC68809 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 
Cycle Time tCYC 1000 667 - 500 - - ns 
Totlil Up Time tUT 975 640 480 - - ns 
Peripheral Read Access Time tACC 695 - - 440 - - 320 - - ns 

tac = (tAD = tosRI 
Data Setup Time (Readl tOSR 80 - - 60 - - 40 - - ns -
Input Data Hold Time tOHR 10 10 - - 10 - - ns 
Output Data Hold Time tOHW 30 30 30 - - ns 
Address Hold Time tAH 30 - - 30 - - 30 - - ns 

(Address. R/WI 
Address Delay tAD - - 200 - - 140 - - 110 ns 
Data Delay Time (Writel toow - - 225 - - 180 - - 145 ns 
Elow to Ohigh Time tAvS - - 250 - - 165 - - 125 ns 
Address Valid to Ohiah tAO 25 25 15 - - ns 
Processor Clock Low tPWEL 450 - - 295 - - 210 - - ns 
Processor Clock High tPWEH 450 - - 280 - - 220 - - ns 
MRDY Set Uo Time tPCSR 60 60 - 60 ns 
Interrupts Set Up Time tpcs 200 - - 140 - - 110 - - ns 
FIALT Set Up Time tpCSH 200 140 110 - - ns 
m:m Set Up Time tPCSR 200 - - 140 - - 110 - ns 
CI\iIA7BI'I~1:I Set Up Time tpCSO 125 125 125 - ns 
Crystal Osc Start Time trc 100 - 100 - - 100 - - ms 
E Rise and Fall Time tER. tEF 5 25 5 - 25 5 - 20 ns 
Processor Control Rise/Fall tPCR. 100 100 - - 100 ns 

tPLF 
o Rise and Fall Time tOR. tOF 5 25 5 - 25 5 - 20 ns 
o Clock High tPWOH 450 280 220 - - ns 

Data sheets on pages 9-031 through 9-039 reprinted by permission of Motorola Semiconductor Products. Inc. 
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MC680~. MC68A09. MC68B09 

READ DATA FROM MEMORY OR PERIPHERALS 

2.4V 2.4V 

IPWEH ----t~ _!""O",.S;",.V __ _ 

° 

ADDR 

IACC 

DATA __________________ ~~ 

MRDY 
bMA/BREa _______________________ ~~~~~------

b\ \\ \ \1jNOT VALID 

WRITE DATA TO MEMORY OR PERIPHERALS 

E 

o 

R/Vii 

ADDR 

BA. BS _-"'''-''~~ 

DATA DATA VALID 
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Me6809, MC68A09, MC68B09 

BUS TIMING TEST LOAD 

475 V 

RL' 2.2 K 

Tesl Poinl 0-......... --+ ............ MM06150 
....... , or Equiv. 

c 

C • 30 pF for BA. BS 
130 pF for 00·07. E. a 
90 pF for AO·A15. R/W 

R 
" MM07000 
,. or Equiv. 

R· 11.7 kO for 00·07 
16.5 kO for AO·A 15. E. a 
24 kO for BA. BS 
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Me680e, Me68Aoe, Me68Boe 

Q 

HALT -.... Bus 

R/W 

BA 

BS 

Oala 
Bu. 

2nd To Last Lalt Cycle 

HALT AND SINGLE INSTRUCTION 
EXECUTION FOR SYSTEM DEBUG 

CycleD' Of 
Current I Current Dead Dead Instruction Instruction Dead 

I Inti Inlt I Cycle I· ______ H:::.:::�ted=--_____ -I�i-=C:!:yc:::�.:....r~F::etc~h::-I!-=Ex:: .... ='.:.jor-c::YC!= •• II-H;,;;.;,;;lted~ .• • • I.' I.' CP I.e I.' I.' I.' I.e 

P c 

1 ( ex::> 
1 ( ~ 

I tV \ I 
t\' \ I 

1 ( ~ 
Instruction 

()pcod. 
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MC680e, MC68AOe, MC68BOe 

E/Q RELATIONSHIP 

Slarl flf C;yclt> End (If Cvclt! (Latch Dala) 

I I 

E ---i'---_~I ~'----
I+-IAVS~ ! 
: ~~74~V------~\~ __ 41 __ __ o 

I Acldu'ss Valid I 

FIGURE 13 MRDV TIMING 

\,------,1 
0 _______ 1 

MRDY 
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MC6809, MC68A09, MC68B09 

TYPICAL DMA TIMING (--14 CYCLES) 

MPU DEAD DMA DEAD MPU 

a 

BA. BS 

\~_/ 

ADDRIMPUI 

ADDRIDMACI-------------«I.. ____________________ .J)>-------I 

NOTE: 
DM'A\iMA IS a sI9nai which 
is developed .·xlernally. but 
IS a system reqUlr~mfml for DMA 

AUTO·REFRESH DMA TIMING ( 14 CYCLES) 

1 1 ) I 
IDEADI .......... --------14 DMA CYCLES----------i .. ~I'DEADI MPU DfADI..--DMA-----+ 

I I 1 I 1 1 
I I 1 I 

a 

1 
DMA BREa~~i _______________________________________________ ~I--~I--~I---------------

I I I I 
BA. BS--Yr--7-------------------....... ~~-+-----

--------------~------------~\I "I J~------
DMAiiMA ~ '---J '---J 
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Chapter 10 
THE MOS TECHNOLOGY MCS6600 

In many ways MCS8600 series microprocessors can be compared to the Zilog zao, which we described in 
Chapter 7. Just as the Z80 Is an enhancement of the 8080A, which Is described in Chapter 4, so MOS Tech
nology's products are enhancements of the MC8800, which we described in Chapter 9. 

But there are some Interesting conceptual differences between the way MOS Technology went about enhanc
Ing the MC8800, as compared to the product enhancement philosophy adopted by Zilog. 

The Z80 is indeed an enhancement of the 8080A, but only to the extent that the 8080A instruction set is a 
subset of the Z80 Instru,ctlon set; there are architectural similarities between the Z80 and the 8080A, but 
System Bus philosophies are markedly different. It would be hard to look upon the Z80 as simply another mem
ber of the 8080A family of microcomputer devices. 

The MCS8600 product line, by way of contrast, can be looked upon as a CPU whose philosophical concepts 
agree closely with the MC8800 product line -wIthout being in any way compatible, either in terms of instruc
tion set or System Bus philosophy. While on the surface it may appear as though MCS6500 CPUs represent some 
form of an MC6800 superset. this is hot the case. System Busses are sufficiently different that you could not consider 
replacing an MC6800 CPU with an MCS6500 equivalent. leaving other logic unaltered. Instruction sets are similar, but 
deceptively so. In reality, the instruction sets are sufficiently different that converting an MC6800 source program to its 
MCS6500 equivalent is no simple task. It would be completely impossible to take an MC6800 program ROM and use it 
to drive an MCS6500 CPU. Recall that you can take an 8080A program ROM and use it to drive a Z80 CPU. 

Sinca this chapter Is devoted to the MOS Technology product line, let us begin by summarizing the components 
of this product line, and the principal CPU enhancements that have been made. 

The MaS Technology devices,described in this chapter consist of ten CPUs. plus four support circuits and a one-chip 
microcomputer. A fifth support circuit is described in Chapter 9. 

The ten CPUs share the same instruction set and addressing modes, but have minor differences in packaging and 
system interface. Table 10-1 summarizes the ten CPUs. 

The four support circuits that are described in this chapter are the MCS6522 Peripheral Interface Adapter. the 
MCS6530 and MCS6532 Combination Logic Device. and the MCS6551 Asynchronous Communication Interface 
Adapter. The, MCS6520 PIA is identical to the MC6820 PIA; for a description of this device see Chapter 9. 

MCS8600 support devices are described in this chapter rather than in Volume 3 because, like the MC6800, the 
MCS8600 relies on a synchronizing clock signal. While it would be possible to use MCS6600 support devices 
with other microprocessors, the extra logic needed In order to create MCS6600 compatible bus Interfaces 
would not be sufficiently rewarded by the specific capabilities of the support parts themselves. MCS6500 sup
port devices can be used with MC6800 microprocessors and, conversely. MC6800 support devices can be used with 
the MCS6500 CPU. 

In order to enhance the MC8800 CPU, MOS Technology made a number of usefui yet obvious instruction set 
changes; they also made a number of subjective architectural changes which might have significant impact in 
particular applications, but which In general result In products that adhere quite closely to MC6800 philosophy. 

The most important enhancement that MOS Technology has made is to develop a whole family of CPU devices. 

The second most Important feature of the MCS6600 line of CPU devices is the fact that the MCS660X series 
CPUs contain on-chip clock logic; therefore, when using these CPUs. you do not need an MC6870 series clock device. 
However. you will need an external crystal oscillator or RC network -which is typical of any microprocessor with on
chip clock logic. 

Another Important feature of all MCS6600 series CPUs is that you cannot float the Address and Data Busses 
separately during 411 high and 411 low clock pulses, and there is no HALT condition. Also, you cannot stretch 
clock pulses. Slow memories are accommodated in the more traditional manner. by allowing you to insert extra 
machine cycles, equivalent to 8080A Wait states. 
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Table 10-1. A Comparison of MCS6500 Series and the MC6800 CPU Devices 

CPU Pins and Signa" 

CPU 
,i II Comments 

j II .. u 

J >-
I~ Ii z II I~ ... • g i N Ii! = 0 .. E eo III 0 

8502 AO-AI5 00-07 I 0 0 I I I 0 I I 0 40 This is the on-chip-clock version of the 8512. 
8503 AO-All 00-07 I 0 I I I 0 28 This Is the on-chlp-clock version of the 8513. 
8504 AO-AI2 00-07 I 0 I I 0 28 This is the on-chip-clock version of the 8514. 
85p5 AO-Al1 00-07 I 0 I I I 0 28 This Is the on-chlp-clock version of the 8515. 

85011 AO-Al1 00-07 I 0 0 I I 0 28 On-chlp-clock version. 4K memory. IRQ. 
.1 (out) and.2 (out). 

8~07 AO-AI2 00-07 I 0 I I 0 28 8K memory without iiii and with ROY. 
11512 .o.O-AI5 00-07 I I/O I I I 0 I I 0 I 40 Thla CPU Is moat like the MC8SOO. The HALT. 

VMA. TSC and SA signala are not presant. 
SYIIIC. SO •• 2 (out) and ROY are add8!l. 

8513 AO-Al1 00-07 I I I I I 0 28 4K memory with IRQ and HM. 
8514 AO-All 00-07 I I I I 0 28 8K memory with iRQ. 
8515 AO-All 00-07 I I I I I 0 28 4K memory with iRQ end ROY. 

Mi::!!aOO 'A!l-AI5 00-07 I I I I I 0 I 40 The MC8aOO TSC. VMA. SA and HALT slgnala 
are not Impl8ll)ehted on:any MCS8500 CPU. 

'The sedOfld name la the name used by MC8800 literature for the same algnal. 

Within CPU Pins pnd Signala columns. Iidentifies an input signal present. 
o identifies an output signal present. 

I/O identifies a signal that appears twice. at two pins. one as an Input. the other ai an output. 

6500 parts use a 1 MHz clock. 
65 .. A parts use a 2 MHz clock. 
6500 a palt4 use a 3 MHz clock. 

If you are making extensive use of clock stretching. or DMA data transfers during Halt states. in an MC6800 microcom
puter sy~tem. switching to an MCS6500 CPU will require considerable system redesign. 

In order '0 refresh dynamic memory In an MCS6600 system. you ,"ust "steal" machine cycles by In.ertlng Wait 
.tate •• ~. y~u would for .Iow memorle •• 

MOS Tech"ology. the principal manufacturer of the MCS6600 product line. I. located at: 

Second sources are: 

MOS TECHNOLOGY. INC. 
950 Rittenhouse Road 

. Norristown. PA 19401 

SYNERTEK. INC. 
1901 Old Middlefield Way 

Mountain View. CA 94043 

ROCKWELL INTERNATIONAL 
Microelectronic Devices 

P.O. Box 3669. RC56 
Anaheim. CA 92803 

Since Honeywell acquired Synertek. MOS Technology has become the smallest of the three 6500 series sources. Many 
new parts are being designed by Rockwell and Synertek. therefore it may be more accurate to treat all three 6500 
sources as eql!al. 

The MCS6600 device. u.e a single +6 V power supply. ,",Sing a 1 microsecond clock. Instruction execution 
time. ran~e from 2 to 12 microseconds. 

All MCS8600 devices have TTL-level compatible .Ignal •• 

N-chann,l •• 1II~on gat •• depletion load MOS technology i. u.ed for MCS6600 device •• 

Three series of 6500 microprocessors are available. differing only in clock speed. For details see Table 10-1. 
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Interrupt Priority 
Arbitration 

Programmable 
Timers 

Interface Logic 

Read Only 
Memory 

I/O Ports 
Interface Logic 

I/O Ports 

Figure 10-1. Logic of MCS6500 Series CPU Devices 

THE MCS6500 SERIES CPUs 

650X Devices 
Lo:..:.""",,",,Only _All Devices 

Functions Implemented on each of the MCS8600 CPUs are illustrated In Figure 10-1. As this figure would Imply. 
capabilities offered by the various MCS8600 CPUs differ In scope rather than fUnction. 

MCS6600 SERIES CPU PROGRAMMABLE REGISTERS 
The· MCS8600 series CPUs all have the same programmable registers: they may be Illustrated as follows: 

15 7 «> 

• Accumulator A 

I Index Register X 

J Index Register Y 

L • Program Counter PC 

• Steck Pointer SP 

I Status Register 
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The MC6800 has two Accumulators; the MCS6500 has just one. 

The Index register represents a significant departure from the MC6800. The MCS6500 breaks one 16-bit Index 
register into two 8-bit Index registers. 

The MCS6500 Stack Pointer also represents a significant departure from MC6800 architecture. The MC6800 Stack 
Pointer is sixteen bits wide. which means that the Stack may be located anywhere in memory. and may be of any 
length. 

The MCS6500 Stack Pointer is eight bits wide. which means that maximum Stack length is 256 bytes. The CPU 
always inserts 0116 as the high-order byte of any Stack address. which means that memory locations 010016 through 
01 FF16 are permanently assigned to the Stack: 

.-=r~ 
+ 01XX is the Stack address 

There is nothing very significant about the shorter MCS6500 Stack Pointer if you are using this CPU as a stand
alone product. A 256-byte Stack is usually sufficient for any typical microcomputer application; and its location in 
early memory simply means that low memory addresses must be implemented as read/write memory. If you are 
transferring from an MC6800 to an MCS6500. however. there are two very important consequences of the 
shorter MCS6500 Stack Pointer. 

The first and most important consequence is that you are unlikely to be so lucky as to have implemented the MC6800 
Stack within the address space that the MCS6500 requires. Therefore. you will have to reassemble MC6800 programs. 
repartitioning memory in order to run the same programs in an MCS6500 microcomputer system. 

A less obvious consequence of a shorter MCS6500 Stack Pointer is the fact that many MC6800 programs use the Stack 
Pointer as an alternate Index register. If you have used the Stack Pointer in this way when writing programs for an 
MC6800 microcomputer system. the program conversion. when going to an MCS6500 system. could be significant. 

The MCS6500 Program Counter is a typical program counter. identical to the MC6800 implementation. 

MCS6500 MEMORY ADDRESSING MODES 
MCS6500 memory reference instructions use direct addressing. indexed addressing. and indirect addressing. 
The MC6800 has no indirect addressing and different indexed addressing. 

There is one small. but very important. difference between the way in which the MCS6500 and MC6800 han
dle addresses. In the MCS6500. 16-bit addresses are stored with the eight least significant bits first (at lower 
address) followed by the eight most significant bits (at the higher address). This is the same technique that is 
used in the 8080. 8085. and Z80 microprocessors. but the opposite of that used In the 6800 microprocessor. 

The MC6800 and MCS6500 have identical direct addressing. Three-byte instructions use the second and third 
bytes of the object code to provide a direct. 16-bit address; therefore. 65.536 bytes of memory can be addressed 
directly. The commonly used memory reference instructions also have a two-byte object code variation. where the sec
ond byte directly addresses one of the first 256 bytes of memory. 

MCS6500 direct indexed addressing differs markedly from MC6800 indexed addressing. 

The MCS6500 offers base page. Indexed addressing. In this case. the instruction has two bytes of object code. The 
contents of either the X or Y Index registers are added to the second object code byte in order to compute a memory 
address. This may be illustrated as follows: 

x or Y Index 

reUister 

+ 

+ 
Effective address XX + pp = 
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Base page. indexed addressing. as illustrated above. is wraparound - which means that there is no carry. If the sum of 
the Index register and second object code byte contents is more than FF16. the carry bit will be discarded. This may be 
illustrated as follows: 

PP ,. A3 
xx = 9A 

-J"'_om. 
Carty 

Absolute Indexed addressing Is also provided. In this case. the contents of either the X or the Y Index register are ad
ded to a 16-bit direct address provided by the second and third bytes of an instruction's object code. This may be il
lustrated as follows: 

x or Y Index 

register 

+ 4 

-Effective address - PPQQ + xx 

{ 

PROGRAM 
MEMORY 

OP 

QQ 

PP 

t Three·byte instruction J object cOde 

Indirect addressing represents a feature of the MCS6600 which the MC6800 does not have. Instructions that 
use simple Indirect addressing have three bytes of object code. The second and third object code bytes provide a 
16-bit address: therefore. the indirect address can be located anywhere in memory. This is straightforward indirect.ad
dressing. as described in Volume 1. Chapter 6. 

MCS6600 Indirect. indexed addressing comes In two f"rms: there is pre-indexed Indirect addressing and there 
Is post-indexed indirect addressing. 

In each case the instruction object code is two bytes long and the second object code byte provides an a-bit address. 

Instructions with pre-indexed I"dlrect addressing add the contents of the X Index register and the second ob
ject code byte to access a memory location in the first 256 bytes of memory. where the indirect address will be found: 

DATA MEMORY 
lin base pagel 

{t=~RR~' :l"-::J Effective address = QQRR ... 4 .. ----< 
.QQ 

. , 
I I 

: PROGRAM I 
I MEMORY I 

X Index register .. 1 ___ xx ___ 1 ...... _o_p_ .. } Two-byte instruction 
PP object code 

When using pre-indexed indirect addressing. once again wraparound addition is used. which means that when the X 
Index register contents are added to the second object code byte. any carry will be discarded. Note that only the X In
dex register can be used with pre-indexed indirect addressing. 
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The V Index register Is used for post-indexed indirect addressing; now the second object code byte identifies a 
location in the first 256 bytes of memory where an indirect address will be found .. The contents of the Y Index register 
are added to this indirect address. This may be illustrated as follows: 

Y Index 
register cp 
+~-

QQRR + OOYV 
is the effective 

address 

DATA MEMORY 
Gn base pagel 

PP-2 
...... ---1 
,I-__ -I PP- 1 

RR I pp~ 

I QQ PP+ 1 

1'1'+2 

I I 
I I 

I I I I I I 
: PROGRAM I 
I MEMORY I 

OP 

pp 
} Two-byte 

object c 
instruction 

ode 

Note that only the Y Index register can be used with post-indexed indirect addressing. 

MCS8600 Branch and Branch-on-Condltion instructions use program relative. direct addressing as described for 
the MC6800. These instructions have two bytes of object code. The second object code byte is treated as an 8-bit. 
Signed binary,number. which is added to the Program Counter after the Program Counter contents have been'incre
mented to address the next sequential instruction. This allows displacements in the range +127 through -128 bytes 
from the next instruction. 

The MCS6500 literature uses the term implied addressing. as Motorola's MC6800 literature does. to describe instruc
tions that identify one of the programmable registers. The MCS8600 does not have implied addressing as the term 
Is used in this book. 

MCS6600 STATUS FLAGS 
The MCS8600 has a Status register which maintains six status flags and a master Interrupt control bit. These 
are the six status flags: 

Carry (C) 
Zero (Z) 
Overflow (0) 
Sign (S) 
Decimal Mode (D) 
Break (B) 

Statuses are assigned bit positions within the Status register as follows: 

7 6 5 4 3 2 o ~BitNo. 
Sialus Register MC56500 

7 6 5 4 3 2 0 ~BitNo, 

I Ad I I s I z I 0 I c ~ 51alus Regisler MC8BOO 

In the illustration above. MCS6500 statuses and status bit assignments that differ from MC6800 equivalents have been 
shaded. 
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The Carry. Zero and Sign statuses are standard and are identical in function to those of the MC6S00. 

Carry represents any carry out of bit 7 during arithmetic or logical operations. 

Zero is set to 1 when any arithmetic or logical operation results in a 0 value. Zero is set to 0 otherwise. 

The Sign status will acquire the value of the high-order (Sign) bit of any arithmetic operation result. Thus. a Sign status 
value of 1 identifies a negative result and a Sign status of 0 identifies a positive result. The Sign status will be set or 
reset on the assumption that you are using signed binary arithmetic. If you are not using signed binary arithmetic. yo~ 
can ignore the Sign status. or you can use it to identify the value of the high-order result bit. 

The Decimal Mode and Break statuses have no MC6S00 equivalent. 

The Decimal Mode status. when set. causes the Add-wlth-Carry and Subtract-with-Carry instructions t., per
form BCD operations. Thus. when the Decimal Mode status is set and an Add-with-Carry or Subtract-with-Carry in
struction is executed. CPU logic assumes that both source S-bit values are valid BCD numbers - and the result gener
ated will also be a valid BCD number. Because MCS6500 CPUs perform decimal addition and subtraction. there is no 
need for an Intermediate Carry status. This status is used for decimal adjust operations only. as described in Volume 1. 

The Break status pertains to software interrupts. MCS6500 supports software interrupts. just as the MC6S00 does. 
When a software interrupt is executed. however. MCS6500 CPU logic will set the Break status flag. 

I is a standard master interrupt enable/disable flag. When I equals 1. interrupts are disabled; when I equals O. inter-
rupts are enabled. . 

The Overflow status is a typical overflow. except that it can also be used as a co"trol input. Recall that an Over
flow status represents a carry when performing signed binary arithmetic. The Overflow status has been discussed in 
detail in Volume 1; it equals the exclusive-OR of carries out of bits 6 and 7 when performing arithmetic operatiq[ls. 
Some MCS6500 CPUs allow external logic to set or reset the Overflow status. in which case it can be used subse
quently as a general logic indicator; you must be very careful when using the Overflow status in this way, since the 
same status flag will be modified by arithmetic instructions. It is up to you. as a programmer. to make sure that an in
struction which modifies the Overflow status is not executed in between the time external logic sets or resets this 
status. and subsequent program logic tests it. . 

MCS6500 CPU PINS AND SIGNALS 
Figures 10-2 through 10-10 Illustrate pins and signals for the nine CPUs of the MCS6600 family. Shaded pIns In 
Figures 10-2 and 10-7 Identify signals which are identical to the MC6800. both in pin location lind signal type. 
Most of the 28-pln MCS6600 series CPUs have signals which are identical to those of tile MC6800: however. 
between a 4O-pln DIP and a 28-pin PIP. it is impossible to talk about pin compatibility. 

MCS6500 signals may be divided b~tween those that have MC6S00 equivalents and those that do not. We are going to 
describe all of the MCS6500 series signals. as a group. In order to determine which signals are available on the 
different MCS6600 CPUs. see Table 10-1. 

Let us begin with the signa!s which are direct reproductio .. s of MC6800 signals. 

DATA BUS ENABLE (DBEI. Only the MCS6512 CPU supports this signal. This signal is input low in order to float the 
Data Bus. DBE is frequently tied to the $2 clock input in which case $2 and DBE are identical signals. 

READIWRITE (RJW). When high. this signal indicates that the CPU wishes to read data off the Data Bus; when low. 
this signal indicates that the CPU is outputting data on the Data Bus. The normal standby state for this signal is "read" 
(high). 

INTERRUPT REQUEST (iRQ). This signal is used by external logic to request an interrupt. If interrupts have been 
enabled. then the CPU will acknowledge an interrupt at the end of the currently executing instruction. There is a small 
difference between MCS6500 and MC6S00 interrupt acknowledge logic. The MC6800 cannot acknowledge an ip
terrupt while it is in the Halt state. The MCS6600 has 1'10 Halt state. therefore this situation cannot arise. 

NONMASKABLE INTERRUPT (NMIl. This signal differs from IRQ in that it cannot be inhibited. Typically this input is 
used' for catastrophic interrupts such as power failure. Not all of the MCS6500 series CPUs provide this signal. 

iiEffi. This is a typical RESET signal. Reset logic within an MCS6500 microcomputer system is identical to Reset logic 
within an MC6S00 microcomputer system. 
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lIIixt consider MC6800 signals which are the same on some MCS6600 CPU •• but not on others. 

THe ~Iock signals cl>1 and cl>2 are identical to MC6800 clock signals for the NlCS661X series CPUs. These CPUs 
require external clock signals whose waveforms are identical to the MC6800. The MCS660X series CPUs have clock 
ioglc: on the CPU chip; these CPUs output cl>2; the MCS6502 and the MCS6506 output cl>1 as well. 

Tti~Pata Bus of the MCS6600 series CPUs Is identical to that of the MC6800. The Data Bus is a tristate. 8-bit 
~,idirec.tional bus via whiph data is transferred between memory and all MCS6500 microcomputer system devices. 
However. only the MCS6612 has a DBE input for external control of the bus. On MCS6500 CPUs other than the 
MCS6512. an internal Data Bus Enable is connected to cl>2; in these devices the Data Bus is always floated during the 
first part of a machine cycle 

; 
We will now look at the CPU signals which are unique to the MCS6600 microcomputer system. 

The Address Bus in MCS6500 microcomputer systems is not a tristate bus and cannot be floated. Also. the 28-pin 
rviCS6500 series CPUs have either 12 or 13 Address Bus lines. allowing a total memory space of either 4K or 8K bytes. 
The Address Bus is used in the normal way by the CPU to output memory addresses . 
. ,' 1 . 
READY (RDY) Is an Input contr~1 signal which. in MCS6500 microcomputer systems. performs the task of MC6800 
tsc; DBE and HALT signals. The ROY input causes the equivalent of a Wait machine cycle to be inserted within the 
normal machine cycle sequence. In order to generate a Wait machine cycle. ROY must make a high-to-Iow transition 
duririg a cl>1 high clock pulse in any machine cycle other than a write. We will illustrate the use of the ROY signal. and 
discuss a number of its non-obvious ramifications. following this summary description of MCS6500 Signals. 

The Set Overflow flag (SO) signal can be used to set to 1 the Overflow bit of the Status register. When the SO in
put makes a high-to-Iow transition. the Overflow status is set to 1. The SO input can make a high-to-Iow transition at 
any time; this is an asynchronous input. 

Ydu cannot use the SO input signal to reset the Overflow bit of the Status register to O. 

The SYNC signal is used to identify instruction fetch machine cycles. There are a number of important uses for this 
signal. which we will discuss along with general instruction timing. 
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40 
39 
38 

37 
36 
35 
34 
33 
32 

MCS6502 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Pin Name Description Type 

R/W Read/Write conll'Ol OUtput 
iRQ Interrupt f8C1ueat InPut 

NMI Non-maskable interrupt Input 

RESET Re...t Input 
cjJ() t:Pu clock Input 

<1>1. C\>2 System clocka Output 

080-087 Oets Bus Tristate. bidirectional 
ABO-ABI5 Address Sua Output 

ROY Single cyj:le control InPut 

SO Set Overflow flag Input 

SYNC Identify op code fetch cycle Output 

VCC.VSS Power and Ground 

Figure 10-2. MCS6502 Signals and Pin Assignments 

10-9 



iiESET 4>2 
Vss 2 410 
iRci 3 RtW 
NMi 4 D80 

Vee 5 DBI 
ABO 6 DB2 
ABI 7 

MCS6503 
DB3 

AB2 8 DB4 
AB3 9 D85 
AB4 DB6 
AB5 18 D87 
AB6 17 ABU 
AB7 16 ASl0 
AB6 15 AB9 

Pin Name Deacrlptlon Type 

R/iil IIIIad/Write control Output 
iiiQ InteII'Upt reqllOSt Input 

AMi Non-masI<abIe intenupt ~ 
iim Reset Input 

410 CPU clock Input 

4>2 System clock Output 

DBO-DB7 Data Bus Tristate. bidirectional 

ABO-ABf1 Address Bus Output , 
Vee. VSS Power and Ground 

Figure 10-3. MCS6503 Signals and Pin Assignments 
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1iESE'i 28 $2 
Vss 2 27 410 

ROY oriiKi 3 28 R/W 
Vee 4 25 IlIID 
AIJIJ 5 24 081 
ABI 8 

MCS8504 23 DB2 
AB2 7 D83 
AB3 8 

or 
21 

MCS8507 D84 
AB4 9 20 DB5 
AB5 19 D88 
AB8 18 087 
AB7 17 AB12 
AB8 18 ABII 
AB9 15 ABl0 

Pin Name Description Type 

R/W Read/Wrile control Output 
(85041 iRa Interrupt raquest Input 

iiiiT Reset Input 

410 CPU doc:k Input 

$2 System clock Output 

0lI0- D87 Data Bus Tristate. bicIiracIionaI 
AIJIJ- AB12 Addraoa Bus Output 

(85071 ROY Single cycle control Input 

Vee. Vss Power and Ground 

Figure 10-4. MCS6504 Signals and Pin Assignments 
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RESET <1>2 

Vss <1>0 

ROY R/W 

iiiQ 4 9BO 

Vee 081 

ABO 6 082 

ABI 7 MCS6505 
D83 

AB2 "84 
AB3' 9 OBS 

A84 0B6 

AB5 11 OB7 

AB6 ABll 

AB7' ABl0 

AB6 15 AB9 

Pin Name Description Type 

R/W Read/Write control Output 

iRci Interrupt request Input 

ReSET Reset Input 

<1>0 CPU clock Input 

<1>2 System clock Output 

OBO-OB7 Data Bus Tristate. bidirectional 

ABO - ABl1 Address Bus Output 

ROY Single cvcle control Input 

Vee. Vss Power and Ground 

Figure 10-5. MCS6505 Signals and Pin Assignments 
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RESET 1 <P2 
Vss 2 cI>O 

<1>1 3 R/Vi 
iiffi 4 DBO 
Vee '6 OBI 
ABO 6 DB2 
ABI 7 DB3 
AB2 8 MCS65D6 

DB4 
AB3 9 DBS 
AB4 086 
ABS 087 
AB6 ABll 
AB7 AB10 
AB8 AB9 

Pin Name Description Type 

R/Vi Read/Write control Output 

iRa: Interrupt request Input 

Re5E'f Reset Input 

cI>O CPU clock Input 

<1>1, <P2 System clocks Output 

OBO- DB7 D.t. Bus Tristate. bidirectional 

ABO - ABll Address Bus Output 

Vee,Vss Power and Ground 

Figure 10-6. MCS6506 Signals and Pin Assignments 
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40 
2 39 
3 38 
4 37 
5 38 
6 35 
7 ~ 
8 33 
9 32 

10 
MCS6512 

31 
11 30 
12 29 
13 2B 
14 27 
15 2& 
16 25 
17 24 
18 23 
19 22 
20 21 

Pin Name Description Type 

DBE Data Bus Enable Input 
R/w _/Write control Output 
iiiQ Intenupt request Input 
NMi Nan-masIcabIe inIenupI Input 

iiESEf Raset Input 

.',412 CPU c:Iacks Input 
412(0110 ~cIock Output 
DBO-0B7 Data Bus Tristate, --.aI 
ABO-ADI5 Adchss Bus Output 
ROY Single cycle control Input 
so Set Overflow flag Input 
SYNC Identify op code flitch cycle Output 

Vee. Vss 
__ Ground 

Figure 10-7. MCS6512 Signals and Pin Assignments 
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Vss ReSET 
<1>1 <1>2 

iRQ 3 R/W 
NMi 4 OBO 
Vee OBI 
ABO 6 DB2 
ABI 7 DB3 
AB2 8 

MCS6513 
DB4 

AB3 9 DB5 
AB4 DB6 
AI!5 DB7 
AB6 17 ABll 
AB7 13 AB10 
AB6 14 AB9 

Pin Name Description Type 

R/W Read/Write control Output 

iRa' Interrupt request Input 

NMi Non-maskable interrupt Input 

ReSff Reset Input 

<1>1.<1>2 CPU clocks Input 

DBO-DB7 Data Bus Tristate. bidirectional 

ABO-ABl1 Address Bus Output 

VCC.VSS Power and Ground 

Figure 10-8. MCS6513 Signals and Pin Assignments 
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Vss 'ii'SE'i' 
4>1 2 4>2 

iiiQ 3 RM 
Vee 4 OlIO 
ABO 5 DBI 
ABI 6 D82 

MCS6514 D83 
8 DB4 

A84 9 OIlS 
A85 .086 
A85 DB7 
AB7 AB12 
A88 AIUI 
A89 ABl0 

Pin Name Description Type 

RiW _/Write control 0uIput 

iRci Intenupt request Input 

ReSeT ReSet Input 
4>1, 4>2 CPU clocks Input 

DBO- DB7 Data au. Tristate, biCirectionat 
ABO-ABI2 Address Bus 0uIput 

Vee. VSS 
__ Ground 

Figure 10-9. MCS6514 Signals and Pin Assignments 
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Vss I RESET 
ROY 2 4>2 
~1 3 RtW 

iiiQ 4 DBO 
Vcr: 6 DBI 
ABo 8 DB2 
ABI 7 DB3 
A82 8 

MCS86IS 
OIl'! 

A83 9 DB6 
A84 10 DB8 
A86 11 DB7 
A88 12 AB11 
A87 13 AB10 
AlB 14 AB9 

Pin Name DescriptiOn Type 

R/W Reod/Wrila c:an1nII Output 

iii5' lntenilpt~ Input 
RESE1 R_ Input 
~i, 4>2 CPU ckIcIcI Input 
080-087' Data Bus Tristate, ·bidrectional 
ABO-AB11 AddIaa Bus Output 

ROY Single cyde c:an1nII Input 

Vee. Vss "-' and Ground 

Figure 10-10 .. MCS6515 Signals and Pin Assignments 
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MCS6500 TIMING AND INSTRUCTION EXECUTION 

MCS6500 CPUs execute instructions using exactly the same clock signals. machine cycles and machine cycle 
types as described for the MC6800 in Chapter 9. 

Recall that the two clock signals. 4>1 and 4>2. define machine cycles as follows: 

I I I 

01>1 n h h h-
I 1 I 

<l>2n I n I n n I I 

I 
I Machine Machine Machine 

! Cycle 1 Cycle 2 Cycle 3 

So far as external logic is concerned. there are only three types of machine cycles which can occur during an in
struction's execution: 

1) A read operation during which a byte of data must be input to the CPU. 

2) A write operation during which a byte of data is output by the CPU. 

3) An internal operation during which no activity occurs on the System Bus. 

As was the case with the MC6800. all MCS6600 instructions have timing which is a simple concatenation of 
the three basic machine cycle types. See Figures 9-3 and 9-4 and the accompanying text in Chapter 9 for a 
description of these three basic machine cycles. 

Instruction execution differences between the MC6BOO and MCS6500 arise only when we depart from simple instruc
tion execution logic. The MCS6500 SYNC signal is also a difference to be noted: the SYNC signal identifies MCS6500 
machine cycles during which any instruction object code is being fetched. SYNC timing may be illustrated as follows: 

01>1 

01>2 

SYNC 

Instruction 
fetch machine 

cycle 

MCS6500 CPUs do not allow the 4>1 and 4>2 clocks to be stretched. nor do they allow the Address Bus to be floated: 
some MCS6500 CPU versions do not allow the Data Bus to be floated. Also. there is no Halt state. The single RDY sig
nal is used to interface slow memories. to refresh dynamic memories or to perform Direct Memory Access 
operations. 

What the RDY input signal does is allow you to insert one or more Wait machine cycles in 
between two normal instruction execution machine cycles: 

01>1 

Machine 
Cycle N 

I I 

.... ~ 

WAIT 

10-1 B 

Machine 
Cycle N+ 1 

MCS6500 
WAIT 
STATE 



The RDY input allows Wait machine cycles to be inserted within any instruction's normal sequence of machine cycles. 
ForWait machine cycles to occur. the RDY input must make a high-to-Iow transition during a <1>1 high clock pulse. This 
transition may occur during any nonwrite machine cycle. Timing may be illustrated as follows: 

1\>1 

RDY 

wArr wArr 

I 
I 
I 
I Machine Machine 

Cvele N I CycteN+l 

Wait machine cycles will be inserted until RDY is sensed high during a <1>2 high pulse. 

If a RDY high-to-Iow transition occurs during a write machine cycle. then the Wait states will still be inserted. but the 
insertion will occur following the next nonwrite machine cycle. 

A non-obvious feature of the MCS6500 RDY signal is the fact that there is no acknowledge response from the 
CPU to external logic. This can be a problem. To guarantee that the machine cycle following the RDY high-to-Iow 
transition will be a Wait. you must make sure that RDY never makes a high-to-Iow transition during a write cycle. For
tunately. you can use the RIW output to detect write cycles and thus generate a safe RDY input. Here is simple sample 
logic: 

+5V 

PRE 
RDY D Q 

1\>2 (MCS65121-t><>-} 
7474 

c Q 
I\> 1 (MCS65021 

RDY to cPU 
ClR 

+5V 

R/iii 

Since the same <1>2 clock pulse that triggers the 7474 flip-flop also triggers any change in RIW signal level. RIW is 
NANDed with IT after taking the 7474 settling delay - which also gives RIW time to acquire its new level. 

If you are interfacing slow memories. performing Direct Memory Access or refreshing dynamic memories. in each case 
the extra time provided for the secondary operation is the Wait state generated via the RDY input. as we have just de
scribed. 

When interfacing slow memories. the logic of the Wait state is self-evident. The slow memo
ry simply has additional machine cycles in which to respond to the memory access. and 
memory select logic holds RDY low for any required time delay. 

When using a Wait state to perform Direct Memory Access or dynamic memory refresh 

MCS6500 
SLOW MEMORY 
INTERFACE 

operations. there is a further complication. During the Wait state. the Data and Address Busses are not floated. Alter
nate Data and Address Busses must therefore be provided. connected via a tristate buffer to any memory device which 
is being accessed. 
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MCS6500 INTERRUPT PROCESSING AND SYSTEM RESET 
The MCS6600 microcomputer system handles interrupts and reset operations quite similarly to the way that 
the MC6800 does, but there are a number of significant differences. Like the MC6800, the MCS6600 provides 
two interrupt inputs mro. and iiiiiiIl), a reset (RESET) input and a software interrupt-type instruction. However, 
the interrupt processing sequence performed by the MCS6500 differs in several ways from that of the 
MC6800. 
Like the MC6800. the MCS6500 interrupt logic is based on polling rather than vectoring. For a discussion of this aspect 
of the interrupt system you should refer to the 6800 interrupt discussion in Chapter 9. 

The MCS6600 sets aside the six highest addressable memory locations for interrupt processing purposes. Three 
16-bit addresses are stored in these six memory locations. identifying the interrupt service routines' starting address for 
the four possible sources of interrupts. The MC6800 system, on the other hand, sets aside the eight highest ad
dressable memory locations for interrupt processing. Additionally, the assignments for these locations are 
different for the two systems. The following table summarizes how the memory locations are used for interrupt 
processing purposes for the two systems. 

Address Used (Hex) 

Interrupt Source 6600 6800 

MS Byte LS Byte MS Byte LS Byte 

iRCi FFFF FFFE FFF8 FFF9 

BRK Instruction FFFF FFFE - -

NMI FFFB FFFA FFFC FFFD 

SWI Instruction - - FFFA FFFB 

RESET FFFD FFFC FFFE FFFF 

You can see that all of the MCS6500 memory assignments are different from those of the MC6800 system. Ad
ditionally. as we have previously noted. the MCS6500 stores 16-bit addresses with the eight least significant bits at the 
lower address followed by the eight most significant bits at the higher address. This is the opposite of the system used 

. in the 6800 microprocessor. 

Also note that the interrupt request (IRQ) and BRK instructions share the two memory locations (FFFF, FFFE) 
used to store the interrupt vector. The 6800 system, on the other hand. provided separate locations for the soft
ware interrupt (SWII instruction. Because IRQ and the BRK instruction use the same locations to store their interrupt 
vectors. the interrupt processing sequence which your program must perform will be a bit more complicated than a 
similar routine in the 6800: your program must determine whether the interrupt that it is serving is due to the IRQ input 
or execution of a BRK instruction. 

There is an inherent priority in the MCS6600 interrupt structure which is essentially the 
same as that of the 6800 system. In the event of simultaneous interrupt requests. this is the 
priority sequence during the acknowledge process: 

Highest (1) Reset 
(2) Nonmaskable interrupt (NMi) 
(3) Break instruction 

Lowest (4) Normal external interrupt (IRQ) 

MCS6600 
INTERRUPT 
PRIORITIES 

The operation and use of these interrupts is basically the same as we described for the MC6800 in Chapter 9, 
,and you should refer to that description for a detailed discussion of the interrupts. The one significant difference 
is that the MCS6600 saves only the Program Counter and the Status register as it responds to an interrupt re
quest. This is the same approach used in 8080 systems but differs from the MC6800 which saves the contents of all 
the CPU registers during the interrupt acknowledge sequence. With the MCS6500. if you want to save the contents of 
the CPU registers. you must execute individual instructions to perform the operations which the MC6800 performs au
tomatically. 

The Break instruction provided by the MCS6600 is comparable to the software interrupt 
(Swll instruction of the MC6800 but there are differences. First. just as was the case with the 
hardware interrupt. the Break instruction saves only the Program Counter and the Status 
register contents, while the MC6800 SWI saves all of the CPU registers. Next. you will recall that 

MCS6600 
BREAK 
INSTRUCTION 

the Break instruction shares the vector storage locations with the IRQ interrupt while the SWI had its own sep
arate vector storage locations. When the Break instruction is executed. the Break status bit ill the Status (P) register 
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is set to 1 and then the Program Counter and Status register are pushed onto the Stack. Your interrupt routine must 
provide the instructions to differentiate between a Break instruction and a regular interrupt response. Since the con
tents of the Status register will have already been stored on the Stack. you must pull the contents of the Status register 
from the Stack to check the value of the B (break) status flag. 

One final difference between the Break instruction and the SWI of the MC6800 is that they have different op
codes. This is hardly surprising. but it is significant because the op-code for the BRK instruction is 00. This choice of 
op-codes means that the BRK instruction can be used to patch programs in fusible-link PROMs. since blowing all the 
fuses makes the contents of a PROM word 00. Thus. an erroneous instruction in your PROM program can be corrected 
by changing the first object code byte to 00 and inserting a patch via the interrupt vector routine. 

There are two other minor differences that you should note between the interrupt systems of the MCS6500 
and MC6800: 

1) Neither the MCS6500 nor the MC6BOO will respond to an interrupt if the interrupt enable status bit has been set to 
1. Additionally. the MC6BOO will not respond to an interrupt while in the Halt state. The MCS6500 has no Halt 
state. but Wait states induced by the ROY line may be looked upon as equivalent. If an interrupt request occurs 
while Wait states are being created by an MCS6500 CPU in response to the ROY control input. then the interrupt 
response process will begin with the first non-Wait machine cycle. 

2) The MCS6500 Stack is 256 bytes long and is implemented in memory locations 010016 through 01FF16. The 
MC6BOO Stack can have any length within the allowed memory space. and can be located anywhere in memory. 

The MCS6500 series microcomputers have no interrupt acknowledge signal. You must create this signal by 
decoding off the Address Bus the interrupt acknowledge address FFFF16. which is the second address to be output 
during the interrupt acknowledge sequence. Creating an interrupt acknowledge signal in this fashion is described later 
in this chapter. 

MCS6500 CPU CLOCK LOGIC 
Clock logic required by the MCS651X series of CPUs is identical to that which has already been described for 
the MC6800 in Chapter 9. Indeed, you can use any of the MC6870 series clock devices in order to create timing 
inputs. 

The MCS650X series CPUs have on-chip logic; all they need is an external crystal or RC network. A number of 
possible circuits, described in MOS Technology literature, are reproduced in Figure 10-11. 

There are 1 MHz. 2 MHz. and 3 MHz versions of 6500 series microcomputers. See Table 10-1. 

MCS6500 CPU INTERFACE LOGIC 
Look again at Table 10-1 and you will see that the 2B-pin CPUs are remarkable in that they output so few control sig
nals; in fact. the MCS6513. MCS6514. and MCS6515 output just one control signal: R/W. The remaining 2B-pin CPUs 
additionally output clock signals only. There is no interrupt acknowledge. no synchronization output. nor any control 
signal which external logic can use to determine what is going on within the CPU. Of all the microprocessors de
scribed in this book, none provides so few control output signals. So long as you are building relatively straightfor
ward microcomputer systems. this does not present a problem. The Address and Data Busses are never floated by 2B
pin CPUs; therefore. external logic. upon detecting a select address on the Address Bus. will simply respond by reading 
or writing - depending upon the level of the R/W signal. The fact that R/W is high in its idle state. indicating a read. 
simply means that selected external logic will place the contents of its addressed memory location on the Data Bus. If 
the R/W signal is really in its standby state. then the CPU will ignore the Data Bus contents and no harm is done. Thus. 
for simple' microcomputer systems. the MCS6500 series CPUs are remarkably simple devices to work with. If a 
microcomputer system becomes complex. however. problems may arise. DMA logic must account for the fact that 
there is no detectable standby state for memory or I/O devices to detect; any device selected by the address on 
the Address Bus is continuously responding to a read or write command. 

When designing microcomputer systems around an MCS6500 CPU, if you are going to share the System Bus in 
any way, you must be very cautious about ensuring that you have accounted for the passive role of support 
logic surrounding the CPU. 

Despite the paucity of control signals on the MCS6500 bus. you can. in fact. do anything that you could do on any 
other bus. Using the MCS6500. it is simply going to take a little more logic. Some suggestions are given later in this 
chapter. when we explain how you can use non-6500 support devices (in particular BOBOA support devices) with a 
6500 CPU. 
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x .... -----...... ~~_ ... _a~--- SYSTEM <1>2 

o CRYSTAL 

PIN 
X <I>OUNI 
Y <1>2 (OUTI --Vee 

AI Parallel Mode Crystal Controlled Oscillator 

X 1-----.... --1 ~)__..CJI~-_ .. SYSTEM <1>2 

CRYSTAL PIN 
X <I>OUNI 
Y <1>2 (OUTI 

Bl Series Mode Crystal Controlled Oscillator 

X 1-----.... --1 ~)__-a ~-_ .. SYSTEM 'P2 

PIN 
X <I>OUNI 
Y <1>2 (OUTI 

Cl Time Besa Generator - RC Network 

X is pin 39 for the MCS6502. or pin 28 

for any other MCS650X CPU 

Y is pin 37 for the MCS6502. or pin 27 

for any other MCS650X CPU 

Figure 10-11. Time Base Generation for MCS650X CPU Input Clocks 
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THE MCS6600 INSTRUCTION SET 
Table 10-2 summarizes the MCS6600 instruction set. This instruction set follows the philosophy of the MC6BOO 
very closely. 

THE BENCHMARK PROGRAM 
The benchmark program is coded for the MCS6500 as follows: 

LDY IOCNT LOAD BUFFER LENGTH INTO Y INDEX 
LOOP LDA (lOBUFl.Y LOAD NEXT SOURCE BYTE 

STA (TABLE).Y STORE IN NEXT DESTINATION BYTE 
DEY DECREMENT Y 
BNE LOOP RETURN FOR MORE BYTES 
LDA IOCNT AT END ADD NUMBER OF BYTES 
CLC TO CURRENT TABLE BASE ADDRESS 
ADC TABLE+1 
STA TABLE+1 

This is the memory map assumed: 

DATA 
MEMORY 

Number of bv\88 .......... 

I'Iiga 0 

admess{ 
QQ 

PP 

~{ ss 
RR 

Soun:e _ base 

I 
I 

I I 

Start of'lOUI'C8tabie § PPQQ 

I I 
I I 
I I 

Stan of dastinaIIon lable § 
I I 
I I 
I I 

Rrsl fiae cleallnalion tabla byIa H RRSS 

I 
I 
I 

The programming example illustrated above {llakes use of indirect addressing. Somewhere in the first 256 bytes of 
memory we store the number of bytes to be transferred. the beginning address for the source table. and the address for 
the first free destination table byte. By loading the byte count into the Y Index register. we can use this register both as 
an index for moving data from source to destination. and as a counter. 

After moving the block of data. we must add the number of moved data bytes to the destination table first free byte ad
dress: this reflects the fact that the destination table has been incrementally filled. 
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When comparing the MCS6600 with the MC6800. we see that we have indeed reduced the number of instruc
tions from 11 to 9; the number of instructions within the iterative loop has been reduced from 5 to 4. We cannot make 
a more substantial reduction in the number of instructions because the MC6800 program uses the Stack Pointer as an 
Index register-which is not an option with the MCS6500. We might argue that the MCS6500 has an advantage by 
not immobilizing the Stack· while the instruction sequence is executed; however. the MCS6500 has the disadvantage 
of requiring both the source and destination tables to have a maximum length of 256 bytes; the MC6800 program 
makes no such demand. 

Symbols are used in Table 10-2 I!S follows: 

Registers: A 
X 
Y 

PC 
SP 
SR 

Accumulator 
Index Register X 
Index Register Y 
Program Counter 
Stack Pointer 
Status register. with bits assigned as follows: 

7 6 5 4 3 2 o 4---Bit No. 

Islollalol'lzlcl 
t .. ___________ Reserved for expansion (unused at this time) 

Statuses: S Sign status 
Z Zero status 
C Carry status 
a Overflow status 

Symbols in the column labeled STATUSES: 

ADR 
ADR16 
a8 

a16 

B 
o 
DATA 
DISP 

lABEL 
M( ) 

PC(HII 
PC (lO) 

(blank) operation does not affect status 
X operation !lffects status 
o operation clears status 
1 operation sets status 
6 status reflects bit 6 of memory location 
7 status reflects bit 7 of memory location 

8 bits of immediate or base address 
16 bits of immediate or base address 
Any of the following operands and addressing modes: 

ADR Base Page Direct 
ADR.X Base Page Indexed via Register X 
(ADR.X) Pre-Indexed Indirect 
(ADR).Y Post-Indexed Indirect 

Any of the following operands and addressing modes: 
ADR16 Extended Direct 

ADR16.X Absolute Indexed via RE!gister X 
ADR16.Y Absolute Indexed via Register Y 

Break status 
Decimal Mode status 
8 bits of immediate data 
An 8-bit Signed aqdress displacement 
Interrupt disable status 
16-bit immediate address. destination of Jump-on-Subroutine call 
The memory location addressed via the mode specified in parenthesis 
The most significant 8 bits of the Program Counter 
The least significant 8 bits of the Program Counter 
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[ ] Contents of location enclosed within brackets. If a register designation is enclosed within the brackets. 
then the designated register's contents are specified. If a memory address is enclosed within the 
brackets. then the contents of the addressed memory location are specified. . , 

[[ ]] Implied memory addressing'; the contents of ttae memory location designated by the contents of a 
register or address calculation. 

A Logical AND 
V Logical OR 
¥ Logical Exclusive-OR 

Data is transferred in the direction of the arrow 
Data is exchanged between the two locations designated on either side of the arrow 
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The following symbols are used in the object codes in Table 10-3. 

Address mode selection: 
aaa 

000 pre-indexed indirect - (ADR,X) 
001 direct-ADR 
010 immediate - DATA 
all extended direct - ADR16 
100 post-indexed indirect - (ADR),Y 
101 base page indexed - ADR,X 
110 absolute indexed -ADR16,Y 
111 absolute indexed - ADR16,X 

bb 
00 direct-ADR 
01 extended direct - ADR16 
10 base page indexed - ADR,X 
11 absolute indexed - ADR16,X 

bbb 
001 direct-ADR 
010 accumulator - A 
all extended direct-ADR16 
101 base page indexed - ADR,X 
111 absolute indexed -ADR16,X 

cc 
00 immediate - DATA 
01 direct-ADR 
11 extended direct - ADR16 

ddd 
000 immediate - DATA 
001 direct-ADR 
all extended direct - ADR16 
101 base page indexed -ADR,Y in LOX; ADR,X in LDY 
111 absolute indexed-ADR16,Y in LDX; ADR16,X in LOY 

pp the second byte of a two- or three-byte instruction. 
qq the third byte of a three-byte instruction. 
x one bit choosing the address mode. 

Two numbers in the Machine Cycles column (for example, 2 - 6) indicate that execution time depends on the address
ing mode. 
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SUPPORT DEVICES THAT MAY BE USED WITH THE MCS6500 
SERIES MICROPROCESSORS 

The MCS6600 and MC6800 microprocessors are similar enough for MC6800 support devices to be used with 
an MCS6600 series central processing unit. 

The similarities between the MC6BOO and MCS6600 extend also to the way in which you use other support 
devices with these two microprocessors. Therefore. you should read the MC6800 section in Chapter 9 that de
scribes using the MC6800 CPU with other support devices before you read this text. C.)mments regarding 
8080A and Z80 support devices being used with the MC6800 apply for the most part to the MCS6500. 

But the MCS6600 does have some limitations. The most prominent limitation is the fact that no MCS6500 
microprocessor floats its System Bus. Only the MCS6512 has any bus floating capability at all; you can float its Data 
Bus. Within an MCS6500 microcomputer system. if you wish to float the System Bus or perform direct memory ac
cess operations. you must have an external tristate buffer. This tristate buffer receives as inputs the System Bus 
from the MCS6500; it creates as outputs the System Bus which will be used by support devices. This may be illustrated 
as follows: 

Float control from external logic 

t A BUSEN equivalent to 8080 

Address Bus Address Bus 
-" 

") 

08t8 Bus Dat8 Bus • 
MCS65XX 

Tristate ) 
Buffer 

.. Control Bus Control Bus --" 

Tristate System Bus 

If you are going to use an MCS6500 CPU with support devices from other microprocessor families. you will in all 
probability use the MCS6502 or the MCS6512. It would make little sense to begin with the limitations of a 28-pin 6500 
CPU and then expand it to interface with non-6500 support devices. We will therefore consider only MCS6502 and 
MCS6512 busses expanded to generate 8080A compatible interfaces. Logic may be illustrated as follows: 

MCS6502 or 
MCS6512 Bus 

R/W 

ct>2(TTl) 

ROY 
(Asynchronous) 

ROY to MCs65XX CPU 

Decode FFFF on 
Address Bus 

· · 

· 
~7 

-

+5V 
I 

PRF 
0 Q 

7474 

U (A) 
C 0: 

CLR 
I 

+5V 

B080A Bus - .RD 

M +5V 
-J 

i - PRF ] rp-- o 7474 Q 

(B) 

C 0: --- HOLD 

CLR 
I 

+5V 

- INT 

--
--'" 
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The logic illustrated above is quite similar to that which we described for the MC6BOO in Chapter 9. The Read (RD) and 
Write (ii'\iR) control signals are generated by separating out RIW via two NAND gates that are conditioned by <112 (TTL). 
This is the same logic that we illustrated for the MC6BOO. 

HOLD and Bus Enable (BUSEN) signals require more complex generation out of an MCS6500 bus - but still the logic is 
quite simple. Since the MCS6500 has no Hold condition, we must use the Wait State created in response to a ROY in
put. The 7474 D-type flip-flop marked (A) synchronizes an asynchronous ROY iAput to ensure that it makes a high-to
low transition while <111 is high, as is required by MCS6500 logic. To ensure that the synchronous Ready output does 
not occur during a Write cycle, the (A) flip-flop output is NANDed with R/W to create a valid MCS6500 ROY input. We 
use the next high-to-Iow transition of <112 (TTL) to identify the beginning of the Wait State. Timing may be illustrated as 
follows: 

<1>1 

<1>2 

ROY 

R/Vii 

D(B) 

HOLD 

WArrSTATE 

As illustrated by the timing above, the HOLD and BUSEN signals will accurately identify time intervals when the 
Mc:;S6500 CPU is in a Wait State. But remember, busses are not floated by the MCS6500 CPU whil,e it is in the Wait 
State. You must therefore use either the HOLD or BUSEN signal as a float control strobe on a tristate buffer (as 
illustrated earlier). 

If we look at the interrupt request and acknowledge signal~.of the BOBOA bus, the interrupt request represents no prob
lem; we simply invert INT to create IRQ. Generating an interrupt acknowledge is not so straightforward. We must 
decode the second address byte of the interrupt acknowledge sequence (FFFF16) off the Address Bus, without the 
comfort of a valid memory address (VMA) signal. The logic shown uses the combination of RIW high, indicating a 
necessary read condition, together with the initial asynchronous ROY high, indicating no Wait request. to validate the 
FFFF 16 address on the Address Bus. You must also keep in mind that the BRK instruction and the IRQ input use thl'! 
same memory locations (FFFE, FFFF) to store their interrupt vectors. 

Thus, a 7474 D-type flip-flop together with four NAND gates and two inverters will create an BOBOA-compatible 
System Bus for an MCS6502 or MCS6512 CPU. 

You can generate an BOBOA-compatible system clock from <112 (TTL) as follows: 
+5V 

B Qt--.CLK 

74LS123 

The clock logic illustrated above is identical to that which we described for the MC6BOO. 
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THE MCS6522 PERIPHERAL INTERFACE ADAPTER 

The MCS6522 PIA is an enhanced version of the MC6820 (described in Chapter 9'. which is also manufactured 
by MOS Technology as the MCS6520 Peripheral Interface Adapter. As such. the MCS6622 PIA can be used in
terchangeably in MC6800 or MCS6500 microcomputer systems. 

The MCS6622 PIA is a general purpose I/O device which. like the MC6820 PIA. provides 16 I/O pins. configured 
as two 8-bit I/O ports. As compared to the MC6820 PIA. the MCS6622 provides more handshaking logic associ
ated with parallel data transfers occurring via I/O Port A. Counter/timer and elementary serial I/O logic have 
been added to MCS6622 Port B. 

Figure 10-12 illustrates that part of our general purpose microcomputer system logic which has been imple
mented on the MCS6622 PIA. 

The MCS6522 PIA is packaged as a 40-pin DIP. It uses a single +6V power supply. All inputs and outputs are 
TTL-level compatible. I/O Port A and B pins are also CMOS logic compatible. I/O Port B pins may be used as a 
power source to directly drive the base of a transistor switch. 

The device is implemented using N-channel. silicon gate MOS technology. 

THE MCS6522 PIA PINS AND SIGNALS 
The MCS6522 PIA pins and signals are illustrated in Figure 10-13. Signals which are identical to the MC6820. 
both in function and pin assignment. are shaded. 

We will summarize all signal functions. those which are unique to the MCS6522 as well as those which are 
common to the MC6820. before describing the various MCS6622 PIA operations which can be performed. 

Consider first the various Data Busses. 

DO - 07 represents the bidirectional Data Bus via which all communications between the CPU and the MCS6522 oc
cur. This Data Bus is identical to that of the MC6820. When the MCS6522 is not selected. the Data Bus buffer is 
placed in a high impedance state - which is absolutely necessary. since MCS6500 CPUs (with the exception of the 
MCS6512) cannot float the System Data Bus. 

PAO - PA7 and PBO - PB7 represent Data Busses connecting I/O Ports A and B with external logic. In terms of 
simple data transfers. these two I/O ports are identical on the MCS6622 and MC6820 devices. In each case the 
16 I/O port pins may be looked upon as 16 individual signal lines. or as two a-bit I/O busses. Each I/O port pin can be 
individually assigned to input or output. but an individual pin cannot support bidirectional data transfers. 

There are differences between I/O Ports A and B. Some of these differences are found in MC6800 I/O ports; 
others represent enhancements of the MCS6622. Let us first look at I/O port differences which are common to 
the MC6820 as well as the MCS6622: 

1) An I/O Port B pin which has been assigned to output will enter a tristate condition during an input operation: this is 
not the case for an I/O Port A pin. This means that loads placed on I/O Port B pins will not modify data waiting to be 
read by the CPU. 

2) I/O Port A pins will register logical 1 ';"'hen +2V or more are input: logical 0 results from an input of +O.4V or less. 
I/O Port B pins will register logical 1 when power levels below +2V are input. 

3) As outputs. I/O Port B pins may be used as a source of up to a milliampere. at + 1.5V. to directly drive the base of a 
transistor switch. This is not feasible using I/O Port A pins. 
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Figure 10-12. Logic of the MCS6522 PIA 
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The different I/O Port A and B characteristics are a function of port pin design. 

I/O Port A pins contain "passive" pullups which are resistive and allow the output voltage to go to +5V for logrc 1: 

+5V 

.... - ..... -.PA 

---4= 
1. -

The Port A pins can drive two standard TTL loads. 

I/O Port B pins are push-pull devices: the pullup is switched "off" in the 0 siate and "on" for a logic 1: 

+5V 

..... - .... - .. PB 

---4: 
l --

The pullup can source up to 3 ma at 1.5 V: that is why an I/O Port B pin can drive a diode. LED or similar device. 

Let us now look at differences between MCS6622 I/O Port A and B pins which are the result of MCS6622 logic 
enhancements: . 

1) There are two programmable counters connected to I/O Port B logic. The MC6820 has no counter logic. 

2) There is an 8-bit Shift register associated with I/O Port B logic. The Shift register provides an elementary serial I/O 
capability which may be adequate for certain types of control logic. but falls short of what is needed tei support 
serial data communications. The MC6820 has no serial I/O capability whatsoever. 

3) I/O Port A provides CA2 as an output control signal when the CPU reads or writes data. I/O Port B provides CB2 as 
an output control signal when the CPU writes data only. 

The MCS6622 PIA has six device select pins. 

CS1 and CS2 are two typical select signals. exactly equivalent to MC6820 signals bearing the same names. 
Note that the MCS6522 has no CSO select. For the MCS6522 device to be selected. CS1 must receive a high input 
while CS2 simultaneously receives a low input. 

RSO. RS1. RS2 and RS3 address one of 16 locations within the MCS6622. Thus an MCS6522 device will appear to 
a programmer as 16 memory locations. Note that the MC6820 has only two address lines. RSO and RS 1. and appears 
to a programmer as four memory locations. 

Addressing logic associated with the MCS6522 is. in fact. quite simple. Combining the two chip 
select signals. CS1 and CS2. with the four address select signals. RO. R1. R2 and R3. simply means 
that total device logic will be derived from six of the 16 Address Bus lines - and to the program

MCS6622 
ADDRESSING 

mer. the MCS6522 PIA will appear 8S 16 contiguous memory locations. Table 10-4 identifies the 16 addressable 
locations' of the MCS6522. For the moment it is not important that you understand the nature of these addressable 
locations: rather. let us concentrate on the select lines RSO - RS3. Throughout this description of the MCS6522. we are 
going to identify addressable locations by a label and a "select code".The "select code" consists of the signal levels 
given in the left-hand column of Table 10-4. To a programmer. a "select code" will simply become Some index which 
must be added to a base address. Suppose. for example. that your interfacing logic will cause an MCS6522 to consider 
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The different I/O Port A and B characteristics are a function of port pin design. 

I/O Port A pins contain "passive" pullups which are resistive and allow the output voltage to go to +5V for logic 1: 

+5V 

..... -t--.PA 

~: 
l -

The Port A pins can drive two standard TTL loads. 

I/O Port B pins are push-pull devices; the pullup is switched "off" in the 0 state and "on" for a logic 1: 

+5V 

----I 
..... ____ ..--.. PB 

~: 
l 

The pullup can source up to 3 ma at 1.5 V; that is why an I/O Port B pin can drive a diode. LED or similar device. 

Let us now look at differences between MCS6622 I/O Port A and B pins which are the result of MCS6622 logic 
enhancements: 

1) There are two programmable counters connected to I/O Port B logic. The MC6820 has no counter logic. 

2) There is an 8-bit Shift register associated with I/O Port B logic. The Shift register provides an elementary serial I/O 
capability which may be adequate for certain types of control logic. but falls short of what is needed to support 
serial data communications. The MC6820 has no serial I/O capability whatsoever. 

3) I/O Port A provides CA2 as an output control Signal when the CPU reads or writes data. I/O Port B provides CB2 as 
an output control signal when the CPU writes data only. 

The MCS6522 PIA has six device select pins. 

CS1 and CS2 are two typical select signals. exactly equivalent to MC6820 signals bearing the same names. 
Note that the MCS6522 has no CSO select. For the MCS6522 device to be selected. CS1 must receive a high input 
while CS2 simultaneously receives a low input. 

RSO. RS1. RS2 and RS3 address one of 16 locations within the MCS6622. Thus an MCS6522 device will appear to 
a programmer as 16 memory locations. Note that the MC6820 has only two address lines. RSO and RS 1. and appears 
to a programmer as four memory locations. 

Addressing logic associated with the MCS6522 is. in fact. quite simple. Combining the two chip 
select Signals. CS1 and CS2. with the four address select Signals. RO. R1. R2 and R3. Simply means 
that total device logic will be derived from six of the 16 Address Bus lines - and to the program

MCS6622 
ADDRESSING 

mer. the MCS6622 PIA will appear as 16 contiguous memory locations. Table 10-4 identifies the 16 addressable 
locations of the MCS6522. For the moment it is not important that you understand the nature of these addressable 
locations; rather. let us concentrate on the select lines RSO - RS3. Throughout this description of the MCS6522. we are 
going to identify addressable locations by a label and a "select code".The "select code" consists of the signal levels 
given in the left-hand column of Table 10-4. To a programmer. a "select code" will simply become some index which 
must be added toa base address. Suppose. for example. that your interfacing logic will cause an MCS6522 to consider 
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Table 10-4. Addressing MCS6522 Internal Registers 

Select Lines 
Label Addressed Location 

RS3. RS2 RS1 RSO 

DEV 0 0 0 0 Input/Output re(lister for I/O Port B 
DEV+l 0 0 0 1 Input/Output register for I/O Port A. with handshaking 
DEV+2 0 0 1 0 I/O Port B Data Direction register 
DEV+3 0 0 1 1 I/O Port A Data Direction register 
DEV+4 0 1 0 0 Read Timer 1 Cou nter low-order byte 

Write to Timer 1 Latch low-order byte 
DEV+5 0 1 0 1 Read Timer 1 Counter high-order byte 

Write to Timer 1· Latch high-order byte and 
initiate count 

DEV+6 0 1 1 0 Access Timer 1 Latch low-order byte 
DEV+7 0 1 1 1 Access Timer 1 Latch high-order byte 
DEV+B 1 0 0 0 Read low-order byte of Timer 2 and reset 

Counter interrupt 
Write to low-order byte of Timer 2 but do not 

reset interrupt 
DEV+9 1 0 0 1 Access high-order byte of Timer 2; reset 

Counter interrupt on write 
DEV+A 1 0 1 0 Serial I/O Shift register 
DEV+B 1 0 1 1 Auxiliary Control register 
DEV+C 1 1 0 0 Peripheral Control register 
DEV+D 1 1 0 1 Interrupt Flag register 
DEV+E 1 1 1 0 Interrupt Enable register 
DEV+F 1 1 1 1 Input/Output register for I/O Port A. without 

handshaking 

itself selected when any address is output in the range C00016 through COOF16. Select code 00002 now corresponds 
to memory address C00016; select code 01112 now corresponds to memory address C00716. That is the relationship 
between select code and memory address. 

There are four timing and control signals which interface an MCS6622 with external logic. These four signals 
are CA1. CA2. CB1 and CB2. Superficially. these four signals are identical to their MC6820 equivalents. But 
there are some secondary differences. 

CA 1 and CA2 are control signals associated with I/O Port A. CAlis an input signal whereas CA2 is bidirectional. CBl 
and CB2 are equivalent signals associated with I/O Port B. however. CB 1 is bidirectional. although it is used as an input 
by Shift register logic only. 

There are two control signals associated with the MCS6622 CPU interface. 

<1>2 is the phase two clock which is output by any of the MCS6500 CPUs. The MCS6622 uses <1>2 as a standard syn
chronization signal. equivalent to the E signal used by the MC6820. The trailing edge of each <1>2 pulse synchron
izes all logic and timing within the MCS6522. <1>2 is used optionally by Shift register logic to clock serial input or output 
data. 

R/W is the standard read/write control signal output by all MCS6600 CPUs. This signal is identical to that on the 
MC6820. Recall that when RIW is high. a read operation is specified and data transfer from the MCS6522 PIA to the 
CPU will occur. When RIW is low. a write operation is specified and data transfer from the CPU to the PIA will occur. 

The MCS6622 has a single interrupt request signal iRQ. In contrast. the MC6820 has two interrupt requests 
iRQA and iiRii. If you are simply going to wire-OR interrupt requests and connect them to the CPU IRO pin. then hav
ing two requests. IROA and IROB. makes no sense; combining them is preferable. On the other hand. if you a~oing to 
include any type of interrupt priority arbitration logic. such as the MC6828. then by combining IROA and IROB into a 
single interrupt request. you can no longer vector separately to interrupt requests ariSing at either I/O Port A or I/O Port 
B logic. You must vector a single interrupt request. arising from either of these ports; then you must execute instruc
tions to test status bits and determine the exact interrupt source. 

RESET is a standard Reset input. When input low. the contents of all MCS6522 registers will be set to O. Reset logic 
of the MCS6522 and MC6820 is identical. 
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MCS8522 PARALLEL DATA TRANSFER OPERATIONS 
ThetlNo S·bit I/O ports (A and B) ara controlled by four internal MCS6&22 ragisters: 

,.) Data Direction Register A (DEV+3) determines whether the pins on I/O Port A are input or output. 
2) D.ta Direction Register B (DEV+2) determines whether the pins on I/O Port B are Input or output. 
3) The Peripheral Control register (DEV+C) determines which polarity of transition (rising edge or falling edge) 

will be recognized on the input status lines (CA1 and CB1) and also how the other status lines (CA2 and 
(:B2) will operate. 

41 The Auxiliary Control register (DEV+B) specifies whether the I/O port inputs are latched and Is also uied to 
control the timers and shift register operations. 

When I/O ports A and B are being used for parallel data transfers, then their operation is nearly identical. There 
a,re however some significant differences between the two ports. Therefore, we will first describe the opera· 
tion of I/O Port A and then point out the differences that exist on I/O Port B. 

When you examine I/O Port A operations. the first addrasssblelocation to look at Is 0011 
(DE",+3) -the 1/0 Port A Data Diraction register. You must load a mask into this register 
in order to assign individual I/O port pins to input or output. A 0 in any bit of the Data Direction 
register will cause the corresponding I/O Port A pin to input data only. A 1 in any bit position 
will cause the corresponding I/O Port A pin to output data only. 

MCS6&22 
I/O PORTA 
DATA TRANSFER 

You access I/O Port A. either to read or write data. via select code 00012 (DEV+ 1) or 11112 (DEV+F). 

But before we discuss why I/O Port A has two select codes. we must describe the way In which read and write 
operations occur in conjunction with pins having been assigned to input or output. Read and write logic is best il
lustrated as follows: 

.. _------{ 1/0 
Output 

Buffer 

.. _--{ I/O 
Input 

Latches 

-

r-- , 

-
f-- l"'-

f--

f--

I"'-

~ 

~ 

- f--

- --II 

> 
Eight 

1/0 PunA 
PIns 

CA 1 latches data 

Dalli peing output is written to the I/O Output buffer: signal levels are created immediately at those I/O pins which 
hav~ been.declared as output pins. I/O pins which have been declared as input pins are. in effect. disconnected from 
the I/b OutPut buffer - and are in no way affected by I/O Output buffer contents. 

I/O input latches will reflect the signal level of every I/O Port A pin. whether it has been assigned to input or output. 
YO\J have the option of enabling or disabling the input latching function for I/O Port A using bit 0 of the Auxiliary Con
troi register. The bit assignments for the Auxiliary Control register are illustrated in Figure 10-14 and this register is ad
dressed as select code 1011 or location DEV+B. Writing a one into bit 0 of the Auxiliary Con~rol register enables the in
put latching function for Port A and a 0 disables the latching function. If inpUt latching is disabled then the data that is 
on the Port A I/O pins is always the data that will be presented to the CPU. With these input latches disabled. this I/O 
port operates the same as the 6820 PIA which has no input latches. When the latching function is enabled. then the 
(jata will be latched by an active transition on CA 1. Note that 'active transition' is defined by bit 0 of the Peripheral 
Control register. 

For the most part. this scheme is inconsequential to you as an MCS6522 user. since whatever you write to output pins 
will be output. and you will read whatever external logic inputs to input pins. The only caution is that you cannot read 
back what you write to' 6iJlput pins. Latch timing and transient signal levels at output pins can modify data. as it travels 
from I/O Output buffers to I/O Input latches. 
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Irrespective of whether I/O Port A pins have been assigned to input or output. control signals CA 1 and CA2 can be 
used to provide handshaking. External logic uses CA 1 to communicate with the microcomputer system; CA2 may be a 
control input or a control output signal. 

After you have specified data direction and latching options. you must select your CA 1 and CA2 controi options by 
writing appro[)riate codes into bits 0 - 3 of the Peripheral Control register. which is illustrated in Figure 10-15. 

When you access I/O Port A via select code 00012 (DEV+1). then as soon as data is written into the I/O Port A buffer. 
the CA2 signal may output low. or it may pulse low; you determine how CA2 will respond by the code you load into the 
Peripheral Control register. Bits 3. 2 and 1 of the Peripheral Control register determine the way in which control signal 
CA2 will function. If these three bits are 100. then when you address I/O Port A via select code 00012. CA2 will go low 
as soon as the I/O port is accessed: 

CA2 

Cpu iust read from or wrote to 
I/O Port A via select code 0001, 
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7 6 5 432 o 04--Bit No, 

I I I I I I I I Auxioary Control register 

7 6 

f t 
o Disable latching of inpula at 110 Port A 
1 Enable latching of inputa at 110 Port A 

o Diaable letching of inputa at VO Port B 
1 Ensble latching of inputs at 110 Port B 

000 Diaable Shift register 
001 Shift in at Counter 2 rate 
010 Shift in at <1>2 clocl< rate 
011 Shift in at external clock rate 

100 Frae-ruMing output at Counter 2 rate 
101 Shift out at Counter 2 rate 
110 Shift out at <1>2 clock rate 

111 Shift out at external clock rate 

o Decramllnt Counter 2 on <1>2 clock, in one-shot mode 
1 Decrement Counter 2 on external pulses input via PB6 

o Dna-shot mode } 
1 Frae-running mode 

Counter 1 controls o Disable output Ilia PB7 
1 Enabla output Ilia PB7 ' 

Figure 10-14, Auxiliary Control Register Bit Assignments 

5 4 3 2 o ~BitNo, 

Ir-.,... l"'Ir-"T'"" I"I-r-'-IT"'" l"'Ir""""1~"'=-__ IPariph8ra1 Control register -C=0 RequBBt interrupt on high-tO"IOW} 
transition of CA 1 On interrupt request aat 

1 Request· interrupt on Iow-to-high Inteirupt Rag register bit 1 
transition of CA 1 

000 CA2 input mode l ReqUBBt interrupt on 1 On interrupt 
001 CA2 'independent input mode f high~to-Iow CA2 transition .reqUBBt sat 
010 CA2 input 'mode t Request interrupt on Interrupt Reg 

011 CA2 independent input mode r Iow-to-high CA2 transition register bit 0 
100 CA2 output low on CPU reed or write 
101 CA2 output low putse on CPU reed or write 
110 Output CA2 low 

111 Output CA2. high 

o RequBBt'interrupt on hi9h_ta-low} 
transition of CBl On interrupt request aat 

1 RequBBt interrupt on low-to-high Interrupt Rag register bit 4 
transition of CB 1 

L _______________ ooo CB2 input mode l Request interrupt on } On interrupt 

001 CB2 independent input mode r high-to-Iow CB2 transition request aat 
010 CB2 input mode t Request interrupt on Interrupt Rag 
011 CB2 independent input mode r low-to-high CB2 transition register bit 3 
100 CB2 output low on CPU write . 
101 CB2 output low pulse on CPU write 
110 Output CB2 low 
111 Output CB2 high 

Figure 10-15, Peripheral Control Register Bit Assignments 
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If bits 3.2 and 1 of the Peripheral Control register contain 101. then CA2 will pulse low for one clock period when you 
access the I/O Port via the select code 00012: 

CA2 ~ I 
:pu just read from or wrote to 

I/O Port A via seleet code 0001, 

If bits 3. 2 and 1 of the Peripheral Control register contain any other values. CA2 will not be affected by the CPU access
ing I/O Port A via select code 00012 (DEV+1). 

If CA2 makes an active transition when you access I/O Port A. then any interrupts pending for CA 1 or CA2 will 
be cleared. 

If you access I/O Port A via the select code 11112 (DEV+F). then CA2 is unaffected. regardless of what Peripheral Con
trol register bits 3. 2. and 1 contain. 

Notice that bits 3. 2 and 1 of the Peripheral Control register primarily determine whether control signal CA2 will be an 
input or an output control. We have seen two of the output control options. The remaining two output options force 
CA2 to be either output high or low. 

Let us look at the CA2 input options. which are also specified via Peripheral Control register bits 3. 2 and 1. If any input 
option has been specified. then it makes no difference whether you access I/O Port A via the select code 00012 
(DEV+1) or 11112 (DEV+F); since CA2 has been specified as input control. it cannot be output low or pulsed low when 
you access I/O Port A. 

The CA2 input options available to you are as follows: 

1) You can specify that a CA2 input high-to-Iow. or low-to-high transition will generate an interrupt request. 
2) You can specify that any interrupt pending from a CA2 active transition will. or will not be cleared when I/O Port A 

is accessed via the select code 00012 (DEV+11. Accessing I/O Port A via the select code 11112 (DEV+F) will never 
affect any pending interrupt statuses. In Figure 10-16. CA2 "input mode" means prior CA2 active transition 
interrupt requests are cleared when you access I/O Port A via select code 00012 IDEV+1); no such inter
rupt reset occurs in "independent input" mode. 

Peripheral Control register bit 0 determines whether input control signal CA 1 will generate an interrupt request on a 
high-to-Iow. or a low-to-high transition. One or the other transition will always cause an interrupt - and the only way 
of ignoring CA 1 interrupts is to individually disable them. We will describe how this is done later when we discuss in
terrupt logic in general. 

If you access I/O Port A via the select code 00012 (DEV+1). and you cause CA2 to output low by storing 100 in bits 3. 2 
and 1 of the Peripheral Control register. then CA2 will return high again when CA 1 makes its active transition. This may 
be illustrated as follows: 

CAl 

-----,)I-------r'~-CAl 

cpu accesses 
1/0 Port A 

Extemal logic acknowledges 
with active CA 1 transition 

While handshaking options available with 1/0 Port A may seem complex. in reality they are quite simple. For 
easy reference. options are summarized in Table 10-6. 

Next. consider 1/0 Port B. 

If you look upon 1/0 Port B simply as a data transfer conduit. then it is very similar to I/O 
Port A. simply lacking a few I/O Port A features. 

Like I/O Port A. I/O Port B has a Data Direction register {select code 00102 or label DEV+21. 
which you use to identify input and output pins. You must load a mask into this register in 

MCS6622 
1/0 PORT B 
DATA TRANSFER 

order to aSSign individual I/O port pins to input or output. A 0 in any bit of the Data Direction register will cause the cor
responding I/O Port B pin to input data only. A 1 in any bit position will cause the corresponding I/O Port B pin to out
put data only. 
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Table 10-5. Summary of I/O Port A Handshaking Control Signals 

1/0 Port A 
Peripheral 

~elect 
Control Interrupt ·CONTROL SIGNALS 

Code 
Register Reset 

(Binary) Blta 

3 2 1 0 

0001 ,0 On 0001 
CAl~ select coda 

or access or 
1111 0 0 0 0 CA2~ \0 programmed 

reset 

0/ On 0001 
0001 0 0 0 1 CAl ..... select coda 

or ,0 acceaa or 
1111 CA24- programmed 

raset 

0001 0 0 1 0 CA1~ \0 Programmed 

or ,0 reset only 
1111 CA2~ 

0001 00 1 1 CAl~ '0 Programmed 
or ,CD reset only 

"." CA24-

0 On 0001 

0001. 0 i 0 0 CAI4- \ ·select coda 

or ,0, 
access or 

1111 CA2-4- programmed 
raset 

0, On·OOOl 

0001 0 1 0 1 CAI-4- select coda 
or CD, access or 

1111 CA24- programmed 
raset 

0001 0 1 1 0 CAl~ ,0 
Programmed 

or CD, raset only 
1)11 CA2-4-

CD 0001 0 1 1 1 ·CA1~ 
, 

Programmed 
or CD raset only 

1111 CA2~ I 

CD 
0001 1 0 0 0 CAl~ 

~ 
At@or 

CA2 ..... '@ 
programmed 
reset 

~0 1111 1 0 0 0 CA1~ Programmed 
reset only 

CAl .... 
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Table 10-5, Summary of I/O Port A Handshaking Control Signals (Continued) 

I/O PortA .............. 
Cantrol ..... , 
.... Ister 1_p1 

Code BIta' 
CONTROL SIGNALS ..... , 

IBI....,I 
3 2 , 0 

000' 
, o 0 , CA'''' 

~ 
At®ar 

CA2~...,® 
_mmed -

II" , o 0 , CA' .... ciL Prog;8ihliiGd 

CA2 .... -only 

<D At®ar 000' 
, 0 , 0 CA' .... l:::.-

CA2 .... -f!!J ~ -
II" , 0 , 0 CA' .... 

<D L- Programmed 

CA2 ..... unaffected 
-only 

000' , 0 , , CA'..,. <Dr- At®ar 

CA2 ..... --@J _mmed -
1111 I 0 I I CAl'" <Dr-

........ ammad 

CA2 ..... unaffactad 
-only 

0001 CAI~ 

ar 

<D , On 000' 
IIIact code 

1111 I , o 0 CA2 .... -----------CHeldIow) _ar 
progoammad -(!) On 000' 0001 CAl .... I 

ar oeIect code 

1111 I I 0 I ------------i'HeldIow) _ar 
CA2 ..... Pftl8llllllmed -<D On 0001 

0001 CAl .... \ IIIact code 

or ....... ar 

1111 I I I 0 CA2-. ____________ !.Heldhigh) _mmed -CD On 000' 

0001 CAl .... I IIIact code ........... 
ar _mmed 

1111 , I , I CA2.,. _____________ iHeld high -Q)Int.nupt ~ ®CPU ....... 
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You must enable or disable the input latching function for I/O Port B by loading a 1 or 0 into bit 1 of the Auxiliary Con-
trol register. just as you had to do for I/O Port A. 

Subsequently. you access I/O Port B via the single select code 00002. 

You have to load an appropriate code into bits 4 - 7 of the Peripheral Control register to define the way in which control 
signals CBl and CB2 will operate. just as you had to load a code into bits 3 - 0 of the Peripheral Control register to 
define control signal CA 1 and CA2 operations. The only difference between control signals CBl and CB2.as compared 
to control signals CA 1 and CA2. pertains to codes 100 and 101 in bits 7. 6. 5 or 3. 2. 1 of the Peripheral Control register. 
Code 100 causes CA2 or CB2 to output low when appropriate conditions exist. while code 101 causes the signal to 
pulse. For I/O Port A. "appropriate conditions" consist of the CPU reading or writing. while selecting I/O Port A via the 
select code 00012 (DEV+ 1). For I/O Port B. "appropriate conditions" consist of the CPU writing. but not reading. ac
cessing I/O Port B via the select code 00002 (DEV) - the only select code available for I/O Port B. 

I/O Port B also has a simpler interface with the CPU Data Bus. Rather than having separate output buffer and input 
latches. there is a single output buffer. which is accessed by the CPU when reading from. or writing to I/O Port B. 
Coupled with the different pin configuration. which we have already described for I/O Port B. you can guarantee that 
bit levels written to I/O Port B output pins will subsequently be read back accurately. 

The more limited capabilities of I/O Port B reflect the fact that pins 7 and 6 of this I/O port may be used by Interval 
Timer logic. Thus. the MCS6522 will frequently be configured with I/O Port A providing parallel I/O. while I/O Port B 
provides various types of control dialogue. 

MCS6522 INTERVAL TIMER LOGIC 
The most important point to note regarding the additional functions associated with I/O Port B is that they have 
logical priority over simple data transfers; what this means is that the Interval Timers and Shift register may. under 
some circumstances. use I/O Port B pins. control signals and interrupt logic. When Interval Timer or Shift register re
quirements are in conflict with simple data transfer. then Interval Timer or Shift register requirements will prevail. 

Let us look at a specific example; pins of I/O Port B are used by Interval Timer logic as follows: 

7 1--..... Imerval Timer 1 outputs or 

6 .... t--- Interval Timer 2 inputs 

5 

4 

3 

2 

Suppose you have identified I/O Port B pin 7. via the Data Direction register. as an input pin; Interval Timer 1 uses. this 
pin to output pulses or square waves and will override the Data Direction register. 

It is a good idea not to use I/O Port B for parallel data transfer while you are using Interval Timer or Shift register 
logic. Also. exercise caution when using both Interval Timers. or when using the Serial Shift register in conjunc
tion with Interval Timers. 
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Let us first examine Interval Timer 1. This Is the more versatile of the two MCS6622 Inter
val Timers; it Is most easily understood if visualized as follows: 

16-Bit Latch registe, 

/"~--...... --~~,~ ...... --~, 
High-Order Low·Order 
Latch Byte Latch Byte 

....... V J 

~ Connection enabled by ACR bit 6 = 1 

I / - , 
High-Order low-Order 

Counter Byte Counter Byte 

'-,----...... ~~~--...... --~~ 
l6-Bit Counter register bit 7 =1 

I/O Port B 
pin 7 

MCS6622 
INTERVAL 
TIMER 1 

You select from among its many functions by appropriately loading bits 7 and 6 of the Auxiliary Control register 
(ACR). 

Interval Timer 1 addressing via select codes may be illustrated as follows: 

R 

Select 
Code 
0101 

Select 
Code 
0111 

DEV+7 

r-DEV
+

5
--, I eed . w~te 

r 

High-order 

Latch byte 

I 
High.order 

Counter byte 

Select 
Code 
0110 

DEV+6 

Select 
Code 
0100 

r-DEV + 4 --, 

1 

wr Rea 

Low·order 

Latch byte 

I 
Low.order 

Counter byte 

d 

Select codes 01102 (DEV+6) and 01112 (DEV+7) are quite straightforward. The former accesses the low-order Latch 
byte to read or write: the latter accesses the high-order Latch byte to read or write. 

Select codes 01002 (DEV+4) and 01012 (DEV+5) are not so straightforward. If you access the MCS6522 PIA with 
select code 01002 (DEV+41. you will write into the low-order Latch byte. but you will read the contents of the low-order 
Cou nter byte. 

If you access the MCS6522 PIA with select code 01012 (DEV+51. you will read the contents of the high-order Counter 
byte; but upon writing. you will access the high-order Latch byte and the high-order Counter byte. while 
simultaneously transferring the low-order Latch byte contents to the low-order Counter byte. This allows a clean 
method of loading 16 bits of data into the Counter byte following the execution of a single instruction. 

Writing to select code 01012 (DEV+5) will also initiate a new Timer interval. 

The two Counter registers constitute a 16-bit entity which is decremented on the trailing edges of the «112 clock pulse. 
The initial value loaded into the Counter registers identifies the interval of the Counter. An active time-out of the 
Counter is marked by an interrupt request. 
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If the Counter is connected to pin 70f I/O Port B. then an active time-out will also cause the signal output lit pin 7 of I/O 
Port B to invert or pulse low. depending on the mode in which the Interval Timer is operating. 

A 1 in bit 7 of the Auxiliarv Control register will connect Counter logic to pin 7 of I/O Port B. A 0 in bit 7 of the Auxiliary 
Control register disconnects Counter logic from pin 7. 

Via bit 6 of the Auxiliary Control register. you can connect or disconnect Counter and Latch logic. A 0 in bit 6 of the 
Auxiliary Control register is a disconnect whereas a 1 is a connect 

Referr'ng to Figure 10-14, "One-Shot Mode" refers to disconnected Latch and Counter 108ic, while "Free Run
ning Mode" refers to connected Latch and Counter logic. 

If Counter logic is disconnected from the Latch registers. then following Counter initiation there will be one active time
out. after which the Counter will continuously redecrement from 000016. through FFFF16. and back to 000016. Subse
quent counts are inactive - which means that no interrupt will be tequested. and if connected to pin 7 of I/O Port B. 
no signal changes will be output. 

If Counter. logic is connected to the two Latch registers. then every time the Counter times out. it is immediately· 
reloaded with the contents of the Latch registers - and begins another active time out. Under these circumstances. 
every CoUnter time out is active - and will be marked by an interrupt request. plus a signal level change at pin 7 of I/O 
Port B. if this pin is connected to Counter logic. 

While the Interval Timer 1 options may appear complicated, Iii fact they are very simple. 

To you, as a progranimer, there Is oniy one option that you inuit. define when using Interval Timer 1 of the 
MCS6622: do you want the Interval Timer to operete In one-shot or tree ninnlng mode? 

Let us first consider one-shot mode, which Is selected by having a 0 In bit i of the Auxiliary 
Control register. 

Recall that in one-shot mode the Counter is disconnected from the Latch registers. For practical 
reasons. however. this disconnection is not complete: you have to initiate a time out by loading an 
initial value into the high-order and low-order Counter bytes: but the Counter is continuously run
ning. Were you to load the low-order byte. and then the high-order byte into the Counter register. 

MCSIB22 
IN~RvAL 
TiMER 1 
ONE-SHOT 
MODE 

problems could arise. because the low-order byte would start decrementing before you had completed loading the 
high-order byte. To resolve this problem. you initially load the low~order Counter register byte value into the low-order 
Latch register byte: then you directly load the high-order Counter register byte. You do this by writing into the memory 
addresses associated with select codes 01002 (DEV+4) and 01012 (DEV+5). When you write into select pode 01002 
(DEV+4). you load the low-order byte of the initial Counter value into the low-order Latch register byte. When you write 
into select code 01012 (DEV+5). you load the high-order Latch register byte. but immediately the 16 Latch register bits 
are loaded into the Counter. which starts decrementing. As soon as the Counter times out. an interrupt is requested; 
and if. via Auxiliary Control register bit 7. you have connected I/O port pin 7 to the Counter. then a low pulse will be 
output via pin 7. The low pulse will have a width of one «1»2 clock period: 

4>2 -----.11 r-\...._ ...... ~ .. ~ . 
------+--------.... --

Pin 7 

Initiate a Trma out 
_inteIvaI 

Note that when using an MCS6522. the onus is upon you to make sure that all programmable signal levels are at their 
correct level. In the illustration above. «1»2 is not a programmable signal. so· you cim ignore it. The pin 7 level is program
mable: it is up to you to make sure that a high level is being output at pin 7. or else a lovil pulse will not occur. 

What we are saying is that Interval Timer 1 logic will not insure tbat pin 7 is normally outputting a high level. You must· 
first define pin 7 as an output by writing a 0 into bit 7 of the I/O Port B Data Direction register. Then you must output a 
1 to bit 7 of I/O Port B. Having thus established a continuous high level being output at pin 7. you can be sure of a low 
pulse marking an active time out. 

Following a time out in' the one-shot mode. the Counter decrements continuously via FFFF16 to 000016.· 9n subse
quent time outs no interrupt request occurs and no low pulse is output via pin 7 of I/O Port B . 
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If you have !!peclfled the free running mode by loading 1 into bit 6 of the Auxiliary Con
trol raglater, then as soon as the Counter times out. Latch register contents are immediately 
transferred to the Counter register. which again decrements to an active time out Thus a se
quence of interrupt requests. with optionai Signal output via pin 7 of I/O Port B. will occur
but there are some c;lifferences. 

MCS8622 
INTERVAL 
TUlliER 1 FREE 
RUNNING MODE 

When using Interval Timer 1 in free running mode. you initialize exactly as you do for the one-shot mode; you load the 
Iqw-order and high::order Counter bytes via select codes 01002 (DEV+4) and 0.1012 (DEV+5). As soon as you write into 
select code 01012. the Latch contents are transferred to thE! Counter. which starts decrementing. While the Counter is 
decrementing you can reset the next Counter initial value by writing into the Latch register using select codes 01102 
(DEV+6) and 01112 (DEV+ 7). Now as soon as the Counter times out. the new value you have loaded into the Latch 
register becomes the next initial Counter value. 

If you have connected I/O Port B pin 7 to the Counter by storing 1 in Auxiliary Control register bit 7. then each time the 
Counter times out. the Signal output via pin 1 of I/O Port B is inverted. generating a square wave: this may be illustrated 
as follows: 

I/O Part a .... 7: l 
Tine Out I lime Out 3 lime Out 4 etc 

Remember. you can. at any time. read the contents of Interval Timer 1 Counter or Latch registers. This gives you a com
plete ability to test and modify Timer intervals In any way. under program control. while Interval Timer 1 is operating. 

Now consider Interval Timer 2. 

MCS6622 Interval Timer 2 haa logic whl!=fJ la markedly dlffera"t from Interval Timer 1. 
which we have Just described. I"terval Timer 2 offer. ~o modes of operatIon: 

1) One-shot mode with no ,Ignal ou~ut. 
2) Pulse counting mocl8. 

MCS6622. 
INTERVAL 
TIMER 2 

You select one of th'e two Interval Timer 2 options by appropriately setting bit 5 of the Auxiliary Control register. as il
lustrated in Figure 10-14. 

One-shot mode. with no signal output. is identical in operation to one-shot mode with no signal output. as described for 
Interval Timer 1. . 

Pulse counting mode is an alternative one-Shot mode: the Interval Timer 2 Counter decrements on high-to-Iow transi
tions of signal input via pin 6 of I/O Port B. Thul!. in the pulse count mode. Interval Timer 2 will-count out after the num
ber of high-te-Iow transitions specified by the initial Counter value. For example. if you initially load 200016 into the In
terval Timer 2 Counter. then after 8192 high-te-!ow transitions of the signal input via pin 6. an active time out will oc
cur. 

Following an active time out. an interrupt is requested. Subsequently. Interval Timer 2 continues to decrement con
tinuously from 000016 through FFFF16 and back to 000016: on subsequent time outs however. no interrupt request is 
generated. Subsequent time outs are passive. 

Since the logic cap~bilities of Interval Timer 2 differ from Interval Timer 1. as we might expect. the register organization 
and ac!dressing logic associated with Interval Timer 2 also differs. It may be illustrated as follows: 

!-Ow-Ordar 
Latch I!Yta 

Permanent connection 

I/O Part B 

1 =1 ~o:£'l 
"- v~: -_~ ____ ~ by l81ecting 

IS-Bit Counter ragister Pulse CoUlltiI!U Made 

~ 
Counter Byte 
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Interval Timer 2 is accessed via two select codes. 10002 (DEV+8) and 10012 (DEV+9); addressing may be illustrated 
as follows: 

Select 

r-=~ Write Reed 

t 
Low-Order 
Latch Byte 

I r I 
High-Order Low-Order 

Counter Byte Counter Byte 

Since Interval Timer 2 has no free running option. there is no need for a high-order Latch register byte; the sole purpose 
of such a location is to store a high-order Counter byte. waiting to be loaded into the Counter register when it times out. 
You do need a low-order Latch register byte. because when loading the Counter register. you still have to make two ac
cesses. You cannot load the low-order Counter byte. and then load the high-order Counter byte; the Counter is con
tinuously decrementing and would start decrementing the low-order Counter byte while you were loading the high
order Counter byte. 

The initiation procedure for Interval Timer 2. whether you are in one-shot mode or pulse counting mode. is to write the 
low-order Counter byte to select code 10002 (DEV+81. then the high-order Counter byte to select code 10012 
(DEV+9). As soon as you write the high-order Counter byte to select code 10012 (DEV+91. Interval Timer 2 logic 
transfers the contents of the low-order Latch byte to the low-order Counter byte - and initiates decrementing. 

If you are in one-shot mode. the Counter register is decremented on each high-to-Iow transition of the <112 clock pulse. 

If you are in pulse counting mode. the Counter decrements on each high-to-Iow transition of a signal input via pin 6 of 
I/O Port B. 

That is the only difference between the two modes. 

MCS6522 SHIFTER LOGIC 
MCS6522 Shifter logic may be illustrated as follows: 

Interval Timer 2 
~tive time out 

7 6 4 3 0 4----Bit No. 

~ :,;~I""""~""""'---""""''''''''''----f.-Shifter 

'-.... ·-so·~-;:...,~,.~ .. ~ ... - ... - _: •• -; 
Enable Strobe or out via CS2 

As illustrated above, serial data may be shifted into bit 0 or out of the Shift register bit 7. Serial data is transfer
red via control signal CB2. 

When you shift into bit 0 the data transfer is accompanied by a one-bit left shift of the Shifter contents. When you shift 
out of bit 7. the data transfer is accompanied by a one-bit left rotate of the Shifter contents. 
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Every serial bit data transfer is enabled by a strobe signal. The strobe may be derived from: 

1) A signal input by external logic via CB1. 

2) The 1112 clock signal. 

3) Interval Timer 2 active time-outs. 

If the enable strobe is derived from external logic via CB1 or from 1112. then the high-to-Iow transition of either signal 
triggers the enable strobe. 

If the shift enable strobe is derived from Interval Timer 2. then only the low-order eight Counter bits for Interval Timer 2 
are decremented. 

There are seven modes in which the Shifter can be operated; three are input modes and four are output modes. 
You select an appropriate mode by the code loaded into bits 4. 3. and 2 of the Auxiliary Control register. Let us examine 
the response of Shifter logic to the eight possible Auxiliary Control register bit combinations. 

Mode 000; disable Shift register. When Auxiliary Control register bits 4. 3. and 2 are 000. the Shift register is dis
abled. Control signals CB1 and CB2 respond as defined by bits 7.6. and 5 of the Peripheral Control register. While the 
Shift register is disabled. the CPU can still write into it and read from it; you. as a programmer. can therefore use it as a 
storage location for a single data byte. 

Mode 001; Input under Interval Timer 2 strobe. Auxiliary Control register bits 4. 3. and 2 set to 001 specify serial 
data shifted in. as timed by Interval Timer 2. However. only the low-order byte of Interval Timer 2 is active. which 
means that 256 is the maximum initial Interval Timer 2 count which can be used. A low pulse with a width of one 1112 
clock is output via CBt on each Interval Timer 2 time-out. as a signal that external logic must provide the next serial 
data bit to be input. Interrupts are generated. as usual. following each time-out; an additional interrupt is generated 
after eight bits in the Shift register have been serially output. 

When Interval Timer 2 is being used to strobe the Shift register in Mode 001. then it operates in a unique mode which 
is not available at any other time. 

Whenever Interval Timer 2 times out. the contents of the low-order Latch byte are immediately transferred to the low
order Counter byte - and decrementing resumes. Thus. Interval Timer 2 is operating in a free running mode. with only 
the low-order Counter byte active. As this would imply. you must initiate Interval Timer 2 by loading the appropriate in
itial count into the low-order Timer 2 Latch byte - before enabling the Shift register in Mode 001. Following a time-out 
you can. of course. reload the Interval Timer 2 low-order Latch byte to modify the next time interval. Timing may be il
lustrated as follows: 

Interval Timar 2 time-outs strobe shifter 

l,ll,l l,* tIll 
CB2 Shift Shift Shift Shift Shift Shift Shift Shift Shift 

o 1 2 3 4 5 6 7 8ar 

~ 
next shift 

0 

Interrupt 
request 

CPU must raad shifter contants...;... __ _ 

within thia time interval 

Note that it is your responsibility as a programmer to ensure that all logic needed by the Shifter has been appropriately 
set for operations illustrated above. This means that you must program Interval Timer 2 to redecrement following each 
time-out by writing a 0 into select mode 10012 (DEV+9). the high-order Timer 2 Counter byte. 

Since control signals CB1 and CB2' are being used by the Shift register in this mode of operation. Shift register require
ments will override any CB1 and CB2 control Signal specifications that have been made via bits 7.6.5. and 4 of the Pe
ripheral Control register. 
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Mode 010; input under 412 clock strobe. This mode is specified by 010 in bits 4. 3. and 2 of the Auxiliary Control 
register. 

In Mode 010. and in all other Shift register modes that are clocked by 4l2. shifting stops on the eighth stjift - which is 
marked by an interrupt request. Timing may be illustrated as follows: 

<1>2 

CB2 

Shift register bit 0 0 0 0 0 
at final interrupt: 4 3 0 , 

Interrupt 

request 

Mode 011; input under external pulse strobe. This mode is specified by 011 in bits 4. 3. and 2 of the Auxiliary Con
trol register. This mode is equivalent to the standard serial input found in most serial 110 devices. where external logic 
provides the clocking signal which is used to time in serial data. In this case. external logic provides a clocking signal 
via CB1; a high-ta-Iow transition of CB1 is interpreted by the Shift register as a strobe to input the next serial data bit 
from CB2. 

Timing may be illustrated as follows: 

Shift 6 Shift 7 

t 
Interrupt 

request 

Shift 0 Shift 1 Shift 2 ---

As was the case with Mode 001. shifting is continuous. So far as external logic is concerned it is shifting in an endless 
stream of serial data bits. Shifter logic generates an interrupt request every eighth shift so that the CPU will know when 
to read the contents of the Shifter. The CPU has the time interval between a Shifter interrupt and the next high-to-Iow 
transition of CB 1 within which to read Shifter register contents. If the CPU does not read Shifter register contents in this 
time interval then an error will occur but no error status will be reported. 

Shift register use of control signals CB 1 and CB2 overrides specifications made for these Signals via bits 7. 6. 5 and 4 'of 
the Peripheral Control register: however. the policy of overriding adopted by the designers of the MCS6522 is some
what subtle. Since control signal CB2 is used as a serial data input Signal. any specifications made for this signal via the 
Peripheral Control register are totally ignored. Specifications made for control signal CB 1. however. remain. If you have 
enabled the input latches of lID Port B via bit 1 of the Auxiliary Control register. then the active transition for control 
Signal CB1 which is specified by bit 4 of the Peripheral Control register will apply. Thus you will generate an interrupt 
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whenever CB1 makes an active transition in the process of clocking in serial data. The two possibilities may be illus
trated as follows: 

cal '\£1-C82 

InterNPI Data Intenupt Data Data read and interrupt request 

raquaat Read request Read 

You can disable interrupts occurring as a result of active CB1 transitions via the Interrupt Enable register. which we 
have yet to describe. 

Let us now look at the output modes of the Shift register. In all output modes. the Shift register transfers the con
tents of bit 7 to control signal CB2. Simultaneously. bit 7 contents are shifted back into bit O. This may be illustrated as 
follows: 

7 6 5 .. 3 2 1 0 ~Bit No. 

fE11111 I·"') .... 

Out to CB2 

Depending upon the serial output option you choose. CB1 mayor may not be used as a companion con-trol signal. 

Mode 100; free-running output under Interval Timer 2 strobe. This mode is selected via 100 in bits 4. 3. and 2 of 
the Auxiliary Control register. Data is shifted out of Shift register bit 7. clocked by Interval Timer 2. as described for in
put mode 001. Data shifted out appears on CB2. Shifting is continuous. which means that the bit pattern in the Shift 
register will output endlessly. 

Mode 101; output under Interval Timer 2 strobe. This mode is specified by 101 in bits 4.3. and 2 of the Auxiliary 
Control register. It differs from Mode 100. which we have just described. in that once eight bits have been shifted out of 
the Shifter. an interrupt is requested and shifting halts. 

You can output continuously under Mode 101 by making appropriate use of Shift register interrupts and Interval Timer 
2. The Shift register interrupt occurs on the eighth shift out of the Shifter; but within the time it takes for Interval Timer 
2 to again time-out. you can reload the Shifter. If you reload the Shifter during this time interval. then on the next time
out of Interval Timer 2. shifting will begin again. and thus become an uninterrupted bit stream on signal CB2. 

Mode 110; shift out under <1>2 pulse. This mode is selected via 110 in bits 4. 3. and 2 of the Auxiliary Control register. 
In this mode eight bits are shifted out of the Shift register. clocked by <1>2. Then shifting ceases. 

These are the steps you must adopt when using the Shifter in Mode 110: 

1) Disable the Shifter by loading 000 into bits 4.3. and 2 of the Auxiliary Control register. 
2) Load a byte of data into the Shifter. Remember the data you load will be shifted high-order bit first. 

3) Enable the Shifter by loading 110 into bits 4. 3. and 2 of the Auxiliary Control register. 

4) Again disable the Shifter by loading 000 into bits 4. 3. and 2 of the Auxiliary Control register. 

In Mode 110. data will be shifted out on every high-to-Iow transition of the <1>2 clock pulse. Thus the entire shift opera
tion will be completed in eight clock pulses. 

Mode 111; shift out under external pulse strobe. This mode is identical to Mode 101. except that instead of output 
being timed by Interval Timer 2. external logic provides the output timing pulse via control signal CB1. As was the case 
for input mode 011. the high-ta-Iow transition of the external timing signal input via CB 1 causes serial data to be 
shifted out of the Shift register. Once again. unless you have disabled CB1 interrupts via the Interrupt Enable register. 
the condition of bit 4 in the Peripheral Control register will cause the interrupts to be requested each time control signal 
CB1 makes a high-ta-Iow or a low-to-high transition. 
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MCS6522 INTERRUPT LOGIC 
Interrupt logic is one of the first things you must initialize when starting to use an MCS6522. It is the last subjec.t we 
describe. because in order to understand MCS6522 interrupts. you must first be aware of the numerous ways in which 
interrupt requests may originate within this device. 

There are two addressable locations within the MCS6522 dedicated to interrupt logic: 

1) The Interrupt Flag register. selected by 11012 (OEV+O). 

2) The Interrupt Enable register. selected by 11102 (OEV+E). 

These two registers have individual bits assigned to the different interrupt requesting sources as follows: 

7 6 5 4 3 2 

... 
• • 

o ~BiINo. 

f + 

14--1 nterrupt Flag register 

~ - I nterrupt Eneble register 

I 

I 

Active transition of CA2 

Active transition of CA 1 

Shift register aiij'"h shift 

Active transition of C8:! 

Active transition of CB 1 

nterval Timer 2 time~out 

"terval Timer 1 time-out 

Enable/disable specification 

Any active interrupt request 

The Interrupt Flag register identifies those Interrupts which are active. A 1 in any bit position indicates an active 
interrupt. whereas a 0 indicates an inactive interrupt. 

You can selectively enable or disable individual Interrupts via the Interrupt Enable register. You enable individual 
interrupts by writing to the Interrupt Enable register with a 1 in bit 7. Thus you could enable "time-out for Timer 1" and 
"active transitions of signal CB1" by outputting 0016 to the Interrupt Enable register: 

7 6 5 4 3 2 o 4--BitNo. 

.. 1.,......1~I ... o ...... 1 "1" ... 1_0-1..1 _0 .... 1_o .... l ... o ..... j..--lnterrupt enable Register 

f f +L.----------Bil 4. active transition of CBl 

- Bit 6. Interval Timer 1 time-out 

~--------------Eneble specified 

You selectively disable interrupts by writing to the Interrupt Enable register with bit 7 set to O. Thus you wou.ld disable 
time-outs from Timer 1 and a~tive transitions of Signal CBl by outputting 5016 to the Interrupt Enable register. 

If an active interrupt exists in the Interrupt Flag register for an .interrupt which has been enabled via the Interrupt Ena
ble register. then bit 7 of the Interrupt Flag register will be set - and an interrupt request will be passed on to the CPU 
by setting IRQ low. The interrupt service routine executed in response to an interrupt request from the MCS6522 must 
read the contents of the Interrupt Flag register in order to determine the source of the interrupt. and thus the manner in 
whicj1 the interrupt must be serviced. 

You can clear any bit in the Interrupt Flag register. except bit 7. by writing a 1 to that bit. Writing 0 to a bit has no 
effect. Thus. if interrupt requests were being made from time-out of Timer 1 and an active tral')sition on CA 1 : 

7 6 5 4 3 2 1 0 ~Bit No. 

I, I, I ° I ° I ° I ° I, I ° j..--Interrupt Rag rag8ter 

Writing either 8216 or0216 to select code 11012 (OEV+O) would clear the interrupt due to an active transition on CA 1 
(bit 1); however. bits 7 and 6 would remain set. 

There are a number of ways in which interrupt requests are automatically cleared. and the corresponding Interrupt Flag 
register bits get reset. These are summarized in Table 10-6. 
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Table 10-6. A Summary of MCS6522 Interrupt Setting and Resetting 

Set Cleared By 

6 Time-out of Timer 1 Reading Timer 1 Low-Order 
Counter or writing Tl High-Order Latch 

5 Time-out of Timer 2 Reading Timer 2 Low-Order 
Counter or writing T2 High-Order Counter 

4 Active transition of the signal on CB 1 Reading from or writing to I/O Port B 

3 
Active transition of the Reading from or writing to 
signal on CB2 (input mode) I/O Port B in input mode only 

2 Completion of eight shifts Reading or writing the Shift register 

1 Active transition of the signal on CA 1 Reading from or writing to 
I/O Port A using address 00012 

0 Active tra nsition of the Reading from or writing to I/O Port A Output 
signal on CA2 (input mode) register (ORA) using address 00012 

in input mode only 
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THE MCS6630 MULTIFUNCTION SUPPORT LOGIC DEVICE 

This Is a device which appears to have been designed by MOS Technology as an answer to one-chip microcom
puters. For new designs you should use the RI&31. Introduced by Rockwell. In praference to the RI&30.· 

In order to compete in low-end. high volume. price sensitive markets. MOS Technology came up with the MCS6530. 
which provides 1 K bytes of FlOM. 64 bytes of RAM. two I/O ports. a Programmable Interval Timer and interrupt logic. 
The realities of the MCS6530 are such that if you use the Interval Timer and interrupt logic. one of the I/O ports is only 
partially functional. Nevert!leless. an MCS6530 multifunction support device. together with an MCS6500 series CPU. 
can compete effectively with the two-chip microcomputers described in this book. 

If we look at the MCS6530 simply as a member of the MCS6500 microcomputer family of devices. it is best visualized 
as a memory device which. in addition. provides a significant subset of the MCS6522 logic capabilities. 

Figure 10-16 illustrates that part of our general purpose microcomputer logic which has been implemented on the 
MCS6530 multifunction logic device. Figure 10-16 also applies to the R6531 and the MCS6532. which we will de
scribe next. 

The MCSI&30 is packaged as a 4O-pin DIP. It uses a single +& V power supply. Allinputa and outputs ara TTL
level compatible. I/O Port A and B pins are also CMOS compatible. PAO and PBO may be used as a power source 
to directly drive the base of a transistor switch. 

The MCSI&30 Is Implemented using N-channel silicon gate MOS technology. 

Figure 10-17 Illustrates the logic provided by an MCSI&30 m,.ltifunction logic device. 

THE MCS6530 MULTIFUNCTION DEVICE PINS AND SIGNALS 
The MCSI&30 multifunction device pins and signals are Illustrated in Figura 10-18. 

These signals ara identical to signals with the same names which we have already described for the MCSI&22: 

DO - 07 the bidirectional Data Bus 
cfJ2 the system clock input 
R!W the Read/Write control output by the CPU 
RESET which is a standard reset input 

I/O port pins PAO - PA7 and PBO - PB7 are functionally similar to equivalent I/O port pins of the MCSI&22. but 
there are some differences. 

Pin 17 ~el!peclfled. when you order the MCS6530. as iiiQ only. PB7 only. or as the programmable dualfunc
tlon pin IRQ/PB7. 

Electrical characteristics of all 16 MCS6530 I/O port pins are equivalent to MCS6522 I/O Port B pins. rather than I/O 
Port A pins. 

MCSI&30 pins 18 and 19 may Implement I/O Port B pins PBI an!l PBS. or they may serve as chip select pins. 
Note carefully that these are not programmable dual function pins. Each pin will either have one function or the other; 
and when ordering the part •. you must indicate which function the pin is to serve. Pins 18 anq 19 are logically indepen
dent. and the function assigned to one in no way restricts the choices available to you when assigning functions to the 
other pins. 

If pins 18 and/or 19 have been assigned to chip select logic. then they contribute to device addressing In a uni
que way. 

The MCSI&30 has ten address lines. AO - AI; this is sufficient to address 1024 bytes of ROM. 
In addition. the MCS6530 has 64 bytes of RAM plus assorted I/O and Interval Timer logic which 
needs to be addressed. RSO. CS1 and CS2 are used to discriminate between ROM addresses. RAM 
addresses and additional logic addresses. But there is no predefined way in which the different 

MCSI&30 
ADDRESSING 
LOGIC 

addressable locations of the MCS6530 will be accessed - which is only to be expected since CS 1 and CS2 are not per
manent features of every MCS6530 device. When RSO Is high. ROM will always be selec;ted. When RSO Is low. 
RAM or additional logic may be accessed-and the way in which the access works is entirely up to you. 
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Clock Logic 

Bus Interface 

Accumulator 
Registerisl 

Data Counterisl 

Stack Pointer 

V:&.. :0}:1 MCS6530 
/(-/. / < and R6531 

Figure 10-16. Logic of the MCS6530. the R6531 and MCS6532 Multifunction Support Devices 
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PB7 or 
PAO PA7 PBO PB4 IRQ 

... .' .. 
... ... r. ~ I' I 

I/O Port A 14- ~ I/O Port B 

Control 
and 

I/O Port A I/O Port B 
Select logic 

Data Direction ~ ~ Data Direction 
register register 

..... 
DO 07 Interval ..... I--
r .... Timer AO A9 

t ... t 
Data Bus 

Data 
II Buffer 

64 Byte. 1024 Byte. 

of 14- I...- o! 

RAM ROM 

Figure 10-17. Logic Provided by the MCS6530 Multifunction Device 

RAM and additional logic each have an internal master select: and what you specify is the way in which these master 
selects will be derived. As you will see upon examining Table 10-7. master selects for RAM and additional logic each 
will consist of the following: 

1) RSO set to O. 

2) Address lines A4 - A9 with specific values which you define. 
3) CS1 and CS2. if implemented. with specific values which you define. 

As seen by a programmer. the address space of an MCS6530 can be divided in many flexible waVs. 
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Vss 40 PAl 
'PAO 39 PA2 

<1>2 38 PA3 
qso 4 37 PM 
AS 5 36 PAS 
A8 6 35 PA6 
A7 34 ·PA7 
A6 8 33 DO 

R/W S 32 Dl 
A5 10 MCS8530 31' .D2 
A4 30 D3 
A3 D4 
A2 13 D5 
Al 14 D6 
AD 15 D7 

iiESEi' 16 PBO 
iRci/PS7 17 PSI 

·CS1/P86 18 P82 
·CS2/P85 22. P83 

Vee 21 P84 

Pin Name Description Type 

DO-D7 Data Bus to CPU Tristate. bid'lf8Ctional 
<1>2 System C1oc~ Input 

R/W Read/Write control Input 
i&i' Reset Input 
'PAO - PA7 Port A Peripheral Data Bua Tristate. I,nput or Output 
P80 - PS7 . Port B Peripheral Data Bus Tristate. Input or Output 
iRci Intertup! from Interval Timer; Input 

special function of input pin PS7 
CSI. CS2 Chip Sslect Input 
AD-AS Address lines Input 
RSO ROM Salect Input 

Vee.,Vss !'ower and Ground 

·Mutually exclusive functions. One or the other must be specified when the chip is ordered. 

Figure 10-lB, MCS6530 Multifunction Device Signals and Pin Assignments 

Usually RSO will be connected to a high-order address line: let us assume it is Al0. so that we can develop real exam
ples. Now ROM will be accessed by addresses in the range 040016 through 07FF16. 

AI5A14A13A12Ali Al0A9A8A7 A6A5A4A3A2Al AO 
~.... V J 

RSO AS-AD 
~~ ___ A __ ..... 

0000010000000000 

--~ o 4 0 0 

~ 
0000011111111111 

---~ o 7 F F 

Lower ROM Hmit 

Upper ROM limit 

RAM may respond to any 64 contiguous addresses in the range 000016 through 03FF16. 

:>imilarly. I/O and timer logic will be selected by 16 contiguous memory addresses in the same address space. 
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In summary. we may illustrate addressing and select options as follows: 

Al5Al4Al3Al2 All AIOA9A8A7 A6A5A4A3A2Al AOCSI CS2 

~I--.-.' I 

Select RSO I: I/O and I 
logic from : Timar address : 

these address -----I 
lines RAM address I 

I 
I 

Generate RAM -------11-' 
select and 

I/O Timer select 
I 

'-~ .... ~'r~ .... --~~ 
ROM address 

There are a number of aspects to MCS6&30 addressing which need clarification. 

First of all. you may well ask why pins 18 and 19 can optionally be assigned as '1dditional chip select inputs. After all. 
with RSO low. you have more than enough address lines to access RAM plus I/O and timer logic. The purpose of having 
CSl and CS2. as additional chip selects. is to allow a number of MCS6530 devices to interface with a single CPU
without requiring complex device select logic. If the additional chip select signals CSl and CS2 are not available. you 
can still have more than one MCS6530 connected to a CPU. but additional support logic must selectively suppress «112 
for all but one MCS6530 device. Remember. RSO. Rfiiii and the Address Bus are all signals with two active and no 
passive states. These signals are always selecting some MCS6530 location. 

Since the whole purpose of the MCS6530 is to support very low cost. simple microcomputer configurations. the ability 
to minimize device select logic becomes very important. 

Observe that address logic is used not only to access individual addressable locations within the MCS6530. but also to 
perform certain programming functions. We will describe these programming functions in greater detail later. It is in
teresting to note that both the MC6800 and MCS6500 microcomputer devices use address logic to provide control 
functions in support devices. In contrast. 8080A devices will be very spartan when it comes to device addressing. fre
quently having two I/O or memory addresses to access numerous different locations - with complex sequencing 
schemes determining how locations will be accessed. 

MCS6630 PARALLEL DATA TRANSFER OPERATIONS 
Parallel data transfer operations. when using the MCS6530 are exactly as described for the MCS6522 I/O Port B. 

Each I/O port of the MCS6530 has a Data "Direction register. Into this register you load a mask which has a 1 in every bit 
position corresponding to an output I/O port pin and a 0 corresponding to an input I/O port pin. Subsequently the CPU 
reads and writes data by accessing the assigned I/O port address. 

MCS6630 INTERVAL TIMER AND INTERRUPT LOGIC 
MCS6530 Interval Timer logic differs significantly from MCS6522 logic. The MCS6530 Interval Timer is a single 8-bit 
register which can be loaded with any initial value. The initial value decrements on high-to-Iow transitions of the «112 
clock pulse. or multiples of the «112 clock pulse; and on decrementing to O. an interrupt request is generated. Thus the 
largest time interval is generated by loading 0 into the Interval Timer register. 
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Table 10-7. Addressing the MCS6530 Multifunction Support Logic Device 

Primary Select 

RAM I/O Timer Accessed Locations 
RSO 

Select" SeleCt· 

1 x X AO - AS directly address one of 1024 ROM bytos 

0 1 0 AO - AS directly addreaa one of 84 RAM byt .. 

Secondary Select 
Interpretetlon 

A3 A2 A1 AO 

0 0 1 X 0 0 0 Acooss I/O Port A 

0 0 1 X o· 0 1 Acooss 1/0 Port A Data Direction register 

0 0 1 X 0 1 0 Access 110 Port B 

0 0 1 X 0 1 1 Access.!!2 Port B Data Direction register 

0 0 lW 0 I X X Disable IRQ 
0 0 lW 1 1 X X enable iiiQ 
0 0 lW X 1 0 0 Writo to timer. lhon decremant overy CW pulse 

0 0 lW X 1 0 1 Writoto·timer. thon dacremont overy 8 4>2 pulses 

0 0 lW X 1 1 0 Write to timer; then docrement overy 84 CW pulaoa 

0 0 lW X 1 1 1 Write to timer. then dacremont -.., 1024 4>2 pulses 

0 0 lR X 1 X 0 Read timer 

0 0 lR X 1 X 1 Read interrupt flag 

• RAM select and I/O select are "true" if 1. or "false" if 0; true and false are functions of your specification. You specify the combination 
of addfllSS lines that create a "true" line condition. 

X repreaents "don't care". Bits may be 0 or 1. 
1 R represents Select during a read. 
1W represents Selact during a write. 

As defined in Table 10-7. the Interval Timer has four addresses which you can use when loading an initial timer value. 
Each address specifies a different decrement interval. The four decrement intervals are 1. 8. 64 or 1024 c112 clock 
pulses. 

Suppose the MCS6500 microcomputer system is being driven by a 500 nanosecond clock. The four decrement options 
mean that the Interval Timer may be decremented once every 1/2. 4. 32 or 512 microseconds. The timeout will occur 
anywhere from 1 to 256 decrements following the write into the Interval Timer. 

Following a timeout an interrupt will be requested. When an interrupt request occurs. the interrupt flag will be set. 
This flag may be read by the CPU using the address shown in Table 10-7. 

The interrupt request will appear as a low level on pin 17 if the following conditions are met: 

1) Address line A3 is 1 when reading from or writing to the timer. 
2) PB7 has been programmed as an input by loading a 0 into bit 7 of the I/O Port B Data Direction register. (This is not 

necessary if the pin is factory masked to be iRQ only.! 

The interrupt to pin 17 is disabled when address line A3 is 0 on a timer read or write. 

The interrupt request is cleared (that is. IRQ returns high) the next time the timer is written or read. 

Once the Interval Timer has timed out. it will decrement once more. from 0 back to O. Then it will stop. Post-interrupt 
decrementing occurs on every c112 clock cycle. regardless of whether prEl,interrupt decrements occurred every 1. 8. 64 
or 1024 c112 clock cycles. 
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PAO PA7 PBO PB7 

I ..... ..... 
t 

1/0 Port A ~ Interrupt Lagic .... 1/0 Port B 

Control 
and 

1/0 Pen A 1/0 Pen B 
Data Direction ~ 

Interval .. Data Direction 
Register Timer 

Register 

Select Logic 

; Data Bus 
Oal8 ,( 

Buffer ; : .... ~ t2811yt .. 

of 

I 

AO A6 

DO 07 RAM 

Figure 10-19. Logic Provided by the MCS6532 Multifunction Device 

THE MCS6532 MULTIFUNCTION SUPPORT LOGIC DEVICE 

This device is a variation of the MCS6630 which we have just described. As for the R6630. we recommend 
using the R6631. introduced by Rockwell. in preference to the R6532. 

The MCS6532 provides no ROM memory. but twice the RAM - 128 bytes. 

External logic can request an interrupt via the MCS6532 using a control signal which may be likened to the MCS6522 
CA 1 or CB 1 control input. 

The mask defined addressing options of the MCS6530 have been removed from the MCS6532; otherwise the balance 
of logic on the two devices is identical. 

Figure 10-16 also illustrates that part of our general purpose microcomputer system logic which has been imple
mented on the MCS6632 multifunction device. Figure 10-19 illustrates the logic functions provided by the 
MCS6632. 

The MCS6632 multifunction device is packaged as a 40-pin DIP. It uses a single +5V power supply. All inputs 
and outputs are TTL compatible. I/O Port A and B pins are also CMOS logic compatible. Pins of I/O Port B may be 
used as a power source to directly drive the base of a transistor switch. 

The device is implemented using N-channel silicon gate MOS technology. 
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Vss I 40 A& 
AS 2 <1>2 
A4 CSI 
A3 4 CS2 
A2 5 AS 
Al 6 RtW 
M 7 iiSEi' 

PM 8 OBO 
PAl 9 OBI 
PA2 10 0B2 
PA3 II MCS6S32 0B3 
PA4 12 0B4 
PAS 13 0B5 
PA6 14 086 
PA7 IS OB7 
PB7 1& iiiQ 
PBS 17 PBO 
PBS 18 PBI 
PB4 PB2 
Vee 21 PB3 

Pin Name De8crlptlon Type 

OBO-OB7 Data Bus to CPU Tristate. Bidirectional 
<1>2 System Clock Input 
R/W Read/Write control Input 
ReSE'i' Reset Input 
PAO- PA7 Port A Peripheral Data Bus Tristate. Input or Output 
PBO-PB7 Port B Peripheral Data Bus Tristate. Input or Output 
iRa Interrupt Request Output 
CSI.CS2.Rs Device or internal register select Input 
AO-A& Address lines Input 
VCC. Vss Power and Ground 

Figure 10-20. MCS6532 Multifunction Device Signals and Pin Assignments 

MCS6632 MULTIFUNCTION DEVICE PINS AND SIGNALS 
The MCS6532 multifunction device pins and signals are illustrated in Figure 10-20. These are the only differences bet
ween MCS6532 and MCS6530 signals: 

1) IRQ. CS1 and CS2 are assigned. unique pins by the MCS6532; the MCS6530 requires you to choose individually 
between these three signals and the three high order bits of I/O Port B. 

2) For the MCS6532 to be selected. RS and CS2 must be low while CS1 is high. Recall that with the MCS6530. RSO is 
a Signal which discriminates between ROM and other addressable locations; you define the way in which CS 1 and 
CS2. if present. will function when you order an MCS6530 part. 

Addressing the MCS6532 is a good deal Simpler than addressing the MCS6530. since the 
MCS6532 has no ROM present. and it has separate Chip Select signals. You still must define RAM 
select and I/O timer select as a function of RS. CS1 and CS2 and address lines AO - A6. By con

MCS6632 
ADDRESSING 

necting RS. CS1 and CS2 to higher address lines. you can assign RAM or I/O timer logic various address spaces. This 
ability to define RAM and I/O Timer select as a mask option is a convenience. where with the MCS6530 it was fre
quently a necessity. With the MCS6532 you can accept whatever standard "off-the-shelf' option is being provided. 
and still have enough flexibility using RS. CS1 and CS2 to include a number of MCS6532 devices in a microcomputer 
configuration. 
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Table 10-8. Addressing the MCS6532 Multifunction Support Logic Device 

Primary Select Secondery Select 

RAM 1/0 Timer 
In~tatlon 

Select Select 
A4 A3 A2 AI AO 

I 0 X X X X X AO - AI dlractly ~ one of 128 RAM ~. 

0 1 X X 0 0 0 Accaas I/O Pan A. 

0 1 X X 0 0 1 Accaaai/O POri.A Date DiI8ction·reIJIatar 
0 1 X X 0 1 0 Accaaa I/O Pan a' 
0 1 X X 0 1 1 Accaaa ~ Pan a oats DlnIctIon reIJIatar 
0 IW 1 0 1 X X OIaablelRQ 

0 IW 1 1 1 X X EnabieTliO 

0 IW l- X 1 0 0 Write to timer, then decrement fN8ry 4>2 pulse 

0 IW 1 X 1 0 1 Write to. timer,. then dacnJmant" fMIIY 8 4>2 pulses 

d IW 1 X 1 1 0 Write to timer, 1hen dacnJmant fN8ry.84 4>2 pulsae 

0 IW 1 X 1 1 1 Writ .. to t.imar, then decrement av.,., 1024 4>2 puIIaa 

0 IR X X I X 0 Readti""" 
0 IR X X I X I React interrupt flags 

P IW 0 X I X 0 Request interrupt on high-to-iow PA7 tranlilion 

0 IW 0 X I X I Request Interrupt onJow-to-high 'PA7 transition 
0 IW 0 X I 0 X Eneble PA7 interrupt request 

0 IW 0 X I I X o;eable P.A7 interrupt request 

X represents "don't care". Bits may be.O.or I. 
IR represents Read .ce .... IW represerits Write' BCCeaa. 

MCS6532 LOGIC FUNCTIONS 
Table 10-8 summarizes the way in which addressing is used both to access locations within the MCS6532 and to pro
vide various logic functions. 

The only logic of the MCS6532 which differs from the MCS6530 and needs to be described is the external interrupt re-
quest capability. . 

External logic requests interrupts via I/O Port A pin PA7. I/O Port A pin PA7 must be declared an input pin by loading 0 
into bit 7 of the I/O Port A Data Direction register. Data Direction registers have been described in conjunction with the 
MCS6522. A low-to-high or high-to-Iow transition on a signal input to PA7 will generate the interrupt request. An inter
rupt'request will be accompanied by bit 6 of the Interrupt Flag register being set. Table 10-8 defines the way in which 
You select interrupt options. .' 

MCS~532 interrupt acknowledge logic requires the CPU to read the Interrupt Flags register. This read operation resets 
MCS6532 interrupt logic. 
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THE R6531 MULTIFUNCTION SUPPORT DEVICE 

The RI631 is an enhancement of the MCSI630 multifunction support device. described earlier in this chapter. 
The 1631 was deslined by Rockwell; we therefore precede the device number with the letter R. 

The RI631 is clearly superior to the MCSI630 or the MCS6632; therefore the R6531 is the part of choice in new 
designs. However. the R6531 is neither pin nor program compatible with the MCS6530 or the MCS6532: replacing 
these parts with an R6531 in existing designs is therefore unlikely to be cost effective. . . 
Flgu.re10-11 also illustrates that part of our general purpose microcomputer logic which has been implemented 
on the RI631 multifUnction device. 

The RI631 is packaged as either a 4O-pli'l DIP. or a 52-pin quad in-line package. It uses a single +6 V power sup
ply; optionally. an additional +6 V read/write memory standby power supply may be selected. All inputs and 
outputs are TTL-level compatible. . 

The R6531 is implemented using N- channel silicon gate MOS technology. 

Figure 10-21 iilustrates the logic provided by the R6631 multifunction device. Most of this logic is a variation of 
either MCS6522 or MCS6530 logic: however. there are numerous small differences. Since the R6531 is likely to be the 
part of choice in many 6500-based microcomputer systems. we will describe this part in detail. contrasting it with the 
MCS6522 and the MCS6530. but not relying upon these prior part descriptions for any logic discussion. 

THE R6531 MULTIFUNCTION DEVICE PINS AND SIGNALS 
The RI631 multifunction device pins and signals are Illustrated in Figure 10-22 for the four possible pin and 
package options. 

The R6531 can be selected as a 40-pin DIP or as a 52-pin quad in-line package. Each package offers the option of a 
special read/write memory standby power supply. In addition; there are a number of pin and address options which you 
must specify when ordering an R6531. Package. pin and mask options are summarized in Table 10-9. 

00-07 represents the bidirectional Data Bus via which all communications between the CPU and the R6531 occur. 
When the R6531 is not selected. the Data Bus buffer is placed in a high impedance state. 

PAO-PA7 and PRO-PBI are two I/O ports. each pin of which is software programmable to act as either an input 
or an output. Note that Port A is eight bits wide while Port B is seven bits wide. Port B is only six bits wide when using 
the 40-pin R6531 DIP with the standby power supply (VRR) option. 

~n output operation. all Port A and B pins are push-pull drivers. identical to the MCS6522 liD Port B pins. 

Ali I/O Port B pins have optional alternative functions. 

The 62-pln quad in-line package variations of the R6631 have two additional i/O ports: I/O Ports C and O. C is an 
output-only port. while D is an input-only port. Port C pins are. like those of Ports A and B. push-pull drivers. 

The RI631 has three optional device select signals: CS1. CS2 and CS3. CS1 and CS2 can be selected as a mask 
option with any R6531 package. CS3 is available only on the 52-pin quad in-line package. All three of these device 
select Signals share pins with I/O port lines. as shown in Figure 10-22. You select this function for these lines as a mask 
option. If you choose the device select option for any of these pins. then you cannot use the associated I/O port pin for 
any other purpose. We will explain how these select lines are used later. when we describe R6531 device addressing. 

There are two control signals associated with the R6631 CPU interface. 

412 Is the phase 2 clock which is output by all MCS6600 series microprocessors. The R6531 uses 412 as a stan
dard synchronization Signal. The trailing edge of each 412 pulse synchronizes all logic and timing within the R6531. 412 
is used optionally by the shift register to clock serial data input or output: it is also used optionally by the 
counter/timer. 

R/W is the standard read/write control signal output by all MCS6500 series microprocessors. Recall that when Rm 
is high. a read operation is specified and data is transferred from the R6531 to the CPU. When Rm is low. a write 
operation is specified and data is transferred from the CPU to the R6531. 

REi is a standard system reset Input. When RES is held low for four or more 412 cycles. it resets all the R6531 inter
val registers to zero. with the exception of the interval timer and the serial 110 logic. Thus. after reset. the R6531 is in 
the following state: 

• I/O Port A and B lines are all inputs 
• I/O Port C lines all output a high level (1) 

• All interrupts are disabled. as are the interval timer and the serial I/O logic. 
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VSS PB3 SOlO VSS PB3'SOl0 

CS21CNTOIPB4 RW CS2 CNTO PB4 RW 

CSl 'CNTI'PBS PB2 SClK CSl CNTIPBS PB2'SClK 

IRO'PB6 PBl CA2 RES PSl CA2 

RES PBO CAl 07 PBO CAl 

07 PA7 06 PA7 

06 PA6 05 PA6 

05 PAS AS PAS 

AS PA4 A7 PA4 

A7 AS '~2 AS 
<~2 A6 04 A6 

04 PA3 03 PA3 

03 PA2 02 PA2 

02 PAl 01 PAl 

01 PAO DO PAO 

DO A2 AO A2 
AO A4 All A4 

All Al A9 Al 
A9 A3 A10 A3 

A10 VCC I+SVI VRR VCC I+SVI 

VSS PB3 SOlO VSS PB3S010 

CS2'CNTO'PB4 RW CS2 CNTO PB4 RW 
CS 1 'CNTI'PBS PC6 CSl CNTI PBS PC6 

IRO'PB6 PB2SClK IRO PB6 PB2 SClK 
PC7 PBl CA2 PC7 PBl CA2 
RES PBO CAl RES PBO CAl 
07 PCS 07 PCS 
06 PA7 06 PA7 
05 PA6 05 PA6 

CS3 P02 PAS P03 PAS 
AB PA4 ICS31 P02 PA4 
A7 PC4 AB PC4 
<~2 AS A7 AS 

POl A6 1112 A6 
04 PC3 POl PC3 
03 PA3 04 PA3 

POO PA2 03 PA2 
02 PAl POO PAl 
01 PAO 02 PAO 
DO A2 01 A2 
AO A4 DO A4 

All PC2 AO PC2 
PCO PCl All PCl 

A9 Al PCO Al 
A10 A3 A9 A3 

I+SVI VRR 26 27 VCC I+SVI A10 VCC I+SVI 

Pin Name Description Type 

DO - 07 Data Bus to CPU Tristate, Bidirectional 
<1>2 System Clock Input 
R'W Read Write Control Input 
RES Reset Input 

PAO - PA7 Port A Peripheral Data lInes Input or Output 
PBO - PBS Port B Peripheral Data Lmes Input or Output 
PCO - PC7 Port C Peripheral Data Lmes Output 
POO - P03 Port 0 Peripheral Data Lines Input 
IRQ Interrupt Request Output 
CAl Handshake or Interrupt Request Input 
CA2 Handshake or Interrupt Request Output 0' Input 
CS1, CS2, CS3 Chip Select Input 
AO - Al 1 Address Bus Input 
CNTI Event Counter Input Input 

CNTO Timer Output Output 
SClK ShIft Register Elliernal Clock Input 

SOlO Senal Data Bldlrecllonal 

VRR RAM Standby Power 

VCC,VSS Power. Ground Reference 

Figure 10-22, R6531 Multifunction Device Signals and Pin Assignments 
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Table 10-9. R6531 Mask Definitions and Programmable Pin Options 

Type Availability 

c: c: c: 
g 0 -! 0 

Ii ! i i Option Specification 
.D ~g Ii c:1 .50 . .58 .50 
E .. - ito 1La: IL., 1La: 
::I -i. OUI i:: NO Na: Z ::lEo (/)(/) .... ID IDIL ID> 

1 X X X X X ROM address. Select All = 0 or 1. 
2 X X X X X RAM address. Select any 6-bit pattern for A6 - All. 
3 X X X .X X 110 address. Select any 8-bit pattern for A4 - All. 
4 X X X X X p~ 2 - PII4ICNTO ~ OS2} '7~ ..... m"" bo 5 X X X X X P~n 3 = P85/CNTI or CS 1 specified separately for 
6 X X P~n 11 = P02 or CS3 ROM. RAM and 110. 
7 X X Pin 10 = P02 or CS3 
8 X X X X X Pin 2 = PB4 or CNTO (but not if CS2 is selected) 
9 X X X X X Pin 3 = PB5 or CNTI (but not if CS 1 is selected) 

10 X X X Pin 36 ~ PBO or CA 1 for interrupt request ~ either 
11 X X X Pin 47 PBO or CA 1 for Port A handshaking or both 
12 X X X Pin 37 } PBl or CA2 for interrupt request ~ either 
13 X X X Pin 48 PB 1 or CA2 for Port A handshaking or both 
14 X X X Pin 38 } PB2 or SCLK for interrupt request ~ either 
15 .X X X Pin 49 PB2 or SCLK for serial 110 or both 
16 X X X Pin 40 } PB3 or SOlO for interrupt request ~ either 
17 X X X Pin 52 PB3 or SOlO for serial 110 or both 
18 X X X X Pin 4 = PB6 or IRQ 

Table 10-10. R6531 Addressable I/O Locations 

I/O Address 
Addressed Location and Operation Parformed 

A3 A2 A1 AO 

0 0 0 0 110 Port A 
0 0 0 1 110 Port B 
0 0 1 0 Output Port C (Write only) ~ 52-piri version only 
0 0 1 1 Input Port 0 (Read only) . 
0 1 0 0 Read from Counter. write to latch. low-order byte 
0 1 0 1 Read from Counter. write to latch. high-order byte and start Counter 
0 1 1 0 Write only. to latch low-order byte 
0 1 1 1 Write only. to latch high-order byte 
1 0 0 0 Serial Data register 
1 0 0 1 Interrupt Flag register 
1 0 1 0 Interrupt Enable register 
1 0 1 1 Auxiliary Control register 
1 1 0 0 Peripheral Control register 
1 1 0 1 110 Port A Data Direction register (Write only) 
1 1 1 0 110 Port B Data Direction register (Write only) 
1 1 1 1 Unused 
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There are five signals associated with R6S31 interrupt logic; all five signals share pins with I/O ports. 

I/O Port B pin 8 can be set aside to output IRQ. a general interrupt request. If I/O Port B pin 6 is so designated. then 
any interrupt request condition will cause a low IRQ output. If IRQ is not enabled. interrupt requests will set appropriate 
status flags. which must be tested by a status polling program. 

Signals input at I/O Port B pins O. 1. 2 and 3 can generate interrupt requests. CA 1 and CA2. input to I/O Port B pins 
o and 1. are selected as a pair; if selected. they generate interrupt requests on high-to-Iow transitions. At I/O Port B 
pins 2 and 3. SCLK and 5010 (in addition to optionally serving as serial data input logic) can independently be selected. 
as a pair. to generate interrupt requests on low-to-high transitions. 

If you use R6531 serial I/O logic. then serial data is input or output via 5010. The serial data transfer can. optionally. be 
clocked by SCLK. 

Under program control. you can assign I/O Port B pins 4 and S to counter/timer logic. CNTO is used to generate 
square wave outputs. while CNTI is the input for external event counter logic. 

R6631 ADDRESSING LOGIC 
The R6S31 has variable addressing for ROM. RAM. and I/O. each of which you must select 
as three separate device mask options. This logic is similar to the MCS6S30 device address
ing; it may be summarized as follows: 

1/0 Address space select 

~----.. ~~~--.... ~ 
(" RAM Address " I 
: space select I 

lr' ._A , I 

A15 A14 A13 A12 All Al0 A9 AS A7 A6 A5 A4 A3 A2 Al AO 
'-,_~",I I ~ 

CS1. CS2~S3 ~elect I L I/O Addresse:, 

"',---"v - -
I 
I RAM Addresses 

~ ........ -.. ~~~--........ ~~ 
ROM Address.es 

..... ----ROM Address space select 

R6S31 
ADDRESS 
SPACES 

Address lines A 12 through A 15 should be used to select CS3. CS2. and/or CS1. depending on which (if any) of these 
three select signals are active. From a programmer's point of view. the logic which creates "true" select signals out of 
the four address lines A 12 through A 15 defines the four high-order bits of the address spaces separately assigned to 
ROM. RAM. and I/O. Note carefully that ROM. RAM. and I/O may have the same select levels. For example. if CS3. CS2. 
and CS1 are all active. then ROM. RAM. and I/O might share the same 4096 address space as follows: 

A15 A14 A13 A12 

o r L:- '_,."""OM. RAM ... 1/0 

:~ 
1 (j 1 -Select assumed 

by ROM, RAM and I/O 
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On the other hand. ROM. RAM. and I/O may be selected by different levels at CS3. CS2. and CS 1. This may be illus
trated as follows: 

A15 A14 A13 A12 
P Q R S 

~:;=jl 
~---------1 CS3~ I I 

o 1 
o 0 

o 

1 Select ROM (Addresses Fxxx 16) 
o Select RAM (Addresses CXXXI6) 

1 (Select I/O Addresses 1xXXI6) 
5xxx16 
9xxx16 

External logic will generate CS3. CS2. and/or CSl from the four high-order address lines A 12 through A 15. but mask 
options (which you specify) determine which CS3. CS2. and CS1 combinations will be considered as "true" selects by 
ROM. RAM. and I/O. 

Any of the three select signals CS3. CS2. and CS1. if not active. become "don't care" signals. 

You do not have to use all four address lines A 12 through A 15 in order to generate select signals. but any address lines. 
if ignored. will (of course) duplicate address spaces to which the R6531 will respond. If. for example. A 15 and A 14 are 
unused. then the two high-order address bits can have any values. and ROM. RAM. and I/O will consider themselves 
selected. providing select logic has been otherwise satisfied. 

Address lines AO through A 11 connect directly to address inputs of the R6531. However. you must specify address line 
levels which will select ROM. RAM. and I/O. Each of these three may have separate and distinct address space 
specifications. For each address bit. you have the option of specifying that the bit must be low. high. or don't care. Here 
are some possibilities: 

Select CS3. CS2. CS 1 

f 
On-chip I/O select mask 

.r " I On-chip RAM select mask 
I 
I 

On-chip ROM select-mask 

I 
I 

10 9 8 7 I 6 5 4 3 2 0 ~BitNo. 
I 

~Address Bus I 
15 14 13 

1 0 0 0 lOx x x x x x x x x x x ROM address space = 800016 - 87FF16 
1 0 0 0 I 1 0 0 0 0 x x x x x x x RAMaddressspace=880016 -887FI6 
o 0 0 0: 1 1 1 1 x x x x I/O addreSS space = OFF016 - OFFF16 
- - - - - - - r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - ----
x x 11 x x x x x x x x x x x ROMaddressspace=380016 -3FFFI6 

x x o 

o 

I 
I 

01 0 

o 

t= 

o o o o x 

o o O. 0 o 

x x x x 

o o x x 
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x x 

x x 

. or 780016 - 7FFF 1 6 
or B80016 - BFFF16 
or F80016 - FFFF 16 

RAM address space = 000016 - 007F16 
or 400016 - 407F 16 
of 800016 - 807F16 
or C00016 - C07F16 

I/O address space = 700016 - 700F 16 

These address bits are assumed to select 
correct levels of CS3. CS2 and/or CS 1 



Rockwell's R6531 prototyping circuit specifies ROM. RAM. and I/O address spaces as follows: 

C63CS2CS1 All Al0A9A8A7A6A5A4A3A2Al AO 
1 x x 1 
o x x 0 
o x x 0 

ROM addrass space 
RAM address space 
I/O address space 

T CS3 is selected and can be generated 
in any way from A 1 5 - A 1 2. 
CS2 and CS 1 are inactive. 

Address bit A8 is a RAM "don't care" bit so that RAM can be selected as the first or third 128 bytes of memory. This 
allows RAM to serve either as page 0 read/write data. or as the page 1 Stack. 

The 40-pln version of the R6531 gives you the option of assigning I/O Port B lines 4 and 5 to 
devic, select inputs CS2 and CS1. The 52-pin version of the R6531 gives you the ~ditional 
option of using I/O Port D line 2 as a third device select input. CS3. Note that if you select CS1 
and/or CS2. then you cannot use the~e pins for either the program selectable counter options 
CNTI and CNTO. or for any other I/O functions. Similarly. if you select CS3. you cannot use line 2 
of I/O Port D to input data. 

The 16 I/O port addresses are used to access'addressable locations. specify I/O Port A and B pin 
directions. and initialize counterltimer operations. Table 10-10 summarizes R6531 I/O address-
ing options. ' 

R6531 PARALLEL DATA TRANSFER OPERATIONS 

R6531 
DEVICE 
SELECT 
LOGIP ' 

All versions of the R6531 have an a-bit I/O Port A and a 6- or 7-bit I/O Port B. each line of which can be an input 
or an output. The 52-pin versions of the R6531 have. in addition. an a-bit output-only Port C and a 4-bit inpllt-
only Port D. . 

All output lines (Port C and those lines of Ports A and B programmed as outputs) have push-pull type drivers capable of 
driving a single TTL load. For more information. see the data sheet at the end of this chapter. 

You define the direction for each pin of I/O Ports A and B via their respective Data Direction 
registers. A 1 written into a Data Direction register bit causes the associated I/O port pin to act as 
an output; a 0 written into a Data Direction register bit forces the associated pin to act as an in
put. 

R6531 DATA 
DIRECTION 
REGISTER 

When I/O port bits are assigned to any special function. then the special function pin direction must be specified 
via the Data Direction register. If. for example. you write a 1 to bit 5 of Data Direction Register B. then I/O Port B pin 5 
becomes an output pin. However. if you try to use this pin to input CNTI. the signal which counterltimer logic uses to 
count external events. then the device will malfunction. 

All seven I/O Port B pins can be assigned to special functions. Any pin that is aSSigned to a special function should 
not be used to transfer parallel data; however. unassigned pins can be used to transfer parallel data. If. for example. I/O 
Port B pins 6. 4. 1 and 0 are assigned to IRQ. CS2. CA2 and CA 1. respectively. then these four pins cannot be used to 
transfer parallel data; however. PB5. PB3. and PB2 can still be used to transfer parallel data. 

I/O Port A is the primary I/O port for R6531 devices. No pins of I/O Port A provide special functions; however. sig
nals CA 1 and CA2 at I/O Port B pins 0 and 1 can be used to provide primitive handshaking logic for I/O Port A. 

I/O Port A handshaking logic uses pins 0 and 1 of I/O Port B. Pin 0 receives a control input and pin 1 generates a control 
output. Pin 1 is normally high. but switches low when you read or write to I/O Port A. Pin 1 remains low until a high-!o
low transition occurs at the pin 0 input. 

Ports C and D. available on the 52-pin version of the R6531 device. do not have Data Direction registers. since 
they are output-only and input-only. respectively. Remember. I/O Port D pin 2 can optionally function as a chip select. 
in which case it cannot be used to input data. 
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Ra531 INTERVAL TIMER LOGIC 
The simplest method of understanding R6531 interval timer logic is to first understand register organization. and then 
operating modes. 

Intenial timer register organization may be illustrated as follows: 

Select 
Code 

r 0101 -, 

Write 
Select 
Code 
0111 

Read Write 

High-order 
Latch Byte 

High-order 
Counter Byte 

Write 
Select 
Code 
0110 

Select 
Code 

r 0100-, 
Write Read 

Low-order 
Latch Byte 

Low-order 
Counter Byte 

You write an initial timer constant into the latches. This initial constant is downloaded into the counter when you write 
td the high-order latch byte using select code 5 (0101). This select code also starts the counter. Subsequently. if the in
tenial timer is free running. the initial value in the latch bytes will automatically be downloaded into the counter bytes 
follbwing every time-out. 

YOll.can read the counter on the fly. but you must do so in two halves: this protects 
against a decrement modifying the high-order counter byte in between the two counter 
re.ad operations. Suppose. for example. the counter contains C30016. If you read the high
order byte. then the counter decrements to C2FF16: then 'When you read the counter low
order byte. this is what happens: 

Counter 
Contents Operation 

C300 Read Counter high-order byte 
C2FF 
C2FF Read Counter low-order byte 

Value Read 

C3xx 

C3FF 

R6631 
COUNTER READ 
ON THE FLY 

Thus you have erroneously read C3FF16 instead of C2FF16. There are many ways of protecting against this error. Here 
is one possibility: 

Read Counter high-order byte 
Read Counter low-order byte 
Re-read Counter high-order byte 

If the first and second high-order counter byte readings are the same. you have no problem. 

If the first and second high-order byte readings differ. you must determine which value is correct. If the low-order 
c6unter byte is 00 or higher. then the decrement which changed the high-order byte must have occurred after you read 
the low-order byte: therefore. use the first high-order byte reading. If the low-order byte is FF16 or less. then the decre
ment which modified the high-order byte occurred before you read the low-order byte: therefore. use the second high
order byte. 

There are a number of counter options available to you. You select counter options using appropriate Auxiliary Con
trol/register settings (which we will define later). 

Event counter mode decrements the counter whenever he CNTI signal makes a high-to-Iow 
transition. 

InterVal timer mode decrements the counter whenever the C112 system clock makes a high-to
low transition. In other words. interval timer mode counts C112 system clock pulses. 
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COUNTER MODE 

R6631 INTERVAL 
TIMER MODE 



External trigger mode counts «1>2 clock pulses as described for interval timer mode: however. 
the counter does not start to decrement until CNTI makes a high-to-Iow transition. This may be 
illustrated as follows: 

v: ~ CNTI 

I I X: I I 
4>2 

R6S31 
PULSE WIDTH 
MEASUREMENT 
MODE 

Counter Contents ppqq ppqq ppqq-1 ppqq-2 
• 

Event counter, interval timer and external trigger modes can all be free running or one
shot. In free-running mode. whenever the counter decrements to zero. it will automatically 
reload from the latches and restart. Furthermore. every time the counter decrements to zero it 
will set a bit in the Interrupt Flag register. Free-running mode may be illustrated as follows: 

4>2 nnnn 
(orCNTI)·' !-l U ~ H 

I I I I 
Counter I n r n-1 I n-2 I 

Contents I I I I 

Interrupt Flag 
Register 

R6S31 FREE
RUNNING MODE 

R6S31 ONE
SHOT MODE 

Interrupt Flag' 
Register 

In one-shot mode. the counter continues to decrement after it reaches zero. but it sets the interrupt flag only once. 
when it first decrements to zero. One-shot mode may be illustrated as follows: 

4>2 
(or CNTI) 

I 
Counter I 

Contents I 

Interrupt Flag No action 
Register 

In both modes you can stop the decrementing by disabling the counter. or you can restart the decrementing by loading 
a new value from the latches. When a flag is set in the Interrupt Flag register. an interrupt request occurs if interrupts 
have been appropriately enabled. I nterrupt logic is described later. 

There is one additional option that you have in any of the counter/timer modes or combination of 
modes. You may specify that the CNTO output at I/O Port B pin 4 generates a square wave 
output. 

Initially. CNTO is output high. When you start the counterltimer. CNTO switches low. Following a 
time-out CNTO switches high !lgain. In free-running mode. however. CNTO simply switches level 
following each time-out. 

R6531 SERIAL INPUT/OUTPUT 

R6S31 . 
SQUARE 
WAVE 
OUTPUT 

R6531 serial I/O logic consists of an a-bit serial data register connected to I/O Port B pins 2 and 3. Serial data 
must be input or output via I/O Port B pin 3. which must be programmed to act as the SDIO signal. You determine the 
serial data direction using an appropriate Auxiliary Control register bit setting. Serial data transfer may be clocked by 
either the «1>2 system clock or an external clock. The external clock must be input at I/O Port B pin 2. Of course. this pin 
must be programmed to function as the SCLK option. If serial data is clocked by «1>2. then the seriai data rate is half of 
the «1>2 clock rate. If the external clock is used. then any clock rate up to half of «1>2 may be used. 

If serial I/O is clocked by «1>2, then the derived serial data rate (half of «1>2) is output via SCLK. 

In the external clock mode only, an Interrupt request may be generated after every eighth shift In or out. Provid
ing interru·pts have been enabled appropriately. this interrupt request may be used to service the serial data transfer. 
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You must exercise extreme caution when using R6531 serial 1/0 logic since this logic is very primitive and 
easier to misuse than use. 

The R6531 Serial Data register is not buffered. If you are transmitting or receiving serial data continuously. you have 
one bit time at each character boundary within which to service the serial data transfer. or else face serial data under
flow/overflow. This may be illustrated as follows: 

CLOCK 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 

You must service 
serial 1/0 in this time 
~ 

Bit 1 Bit 0 Bit 7 Bit 6' ••••• 

~,------------~v~------------~~ • 
One character Start of next character 

You cannot operate serial data transfer logic continuously and at maximum speed. since serial data will then be 
transferred at half the $2 clock rate. This will give you two clock periods within which to service serial data transfer 
between characters: 

CLOCK"") 

and that is simply insufficient. 

I---Service Serial 1/0---.1 

C--1 
Bit 0 

I 
I 

C--1 
Bit 7 Bit 6 

Probably the safest method of operating serial 1/0 logic is in external clock mode. using counterltimer logic to " 
generate a square wave timing signal at CNTO. Input CNTO as the serial 1/0 clock signal at SCLK. Using 
counterltirner logic. you have some control over serial logic timing. 

When transmitting serial data. operate the counterltimer in free running limer mode. The initial value you load into the 
counterltimer latches now determines the pulse rate output at CNTO; this becomes the serial data transfer clock rate 
input at SCLK. Providing the pulse rate is slow enough. you can use the serial data transfer interrupt request. which will 
be generated every eighth clock pulse. to write another data byte into the serial data register. 

When receiving serial data. you do not need to use counter/timer logic; instead. the transmitter can generate its own 
companion clock Signal which becomes the SCLK input. 

In an asynchronous configuration which is transmitting data at a fixed baud rate. you can use counter/timer logic to 
generate SCLK for serial data input. See the SY6551 description in this chapter. or Section C of Volume 3. where tables 
are given for baud rate generation as a function of system clock frequencies for a number of different devices. 
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R6631 CONTROL REGISTERS 
The R6&31 has an Auxiliary Control register and a Peripheral Control register. You use these two registers to 
control parallel data transfer. counter/timer. and serial I/O operations. Auxiliary Control register bit assignments 
may be illustrated as follows: 

L J I I I I I 
I I 

I T 
Auxiliary Control register 

a a - Counter off 
a 1 - Counter mode. Count events input via CNTI 
1 a - Timer mode. Count c112 clock pulses 
1 1 - External trigger mode. Start counting c112 clock pulses when CNTI goes low 

Counter output at CNTO. a = off. 1 = on 

a - Counter one-shot 
1 - Counter free running 

a a - Serial 1/0 off 
a 1 - .Serial 1/0 clocked by SCLK input at PB2 
1 x - Serial 1/0 clocked by c112. SCLK outputs derived serial 1/0 clock 

a - Serial data in 
1 - Serial data out 

Unused 

Auxiliary Control register bits O. 1. 2 and 3 control the counter/timer. Bits 0 and 1 are used to enable the 
counterltimer. selecting event counter. interval timer. or external trigger modes. Bit 2 selects the CNTO output at I/O 
Port B bit 4. Bit 3 selects one-shot or free running operation. . 

Auxiliary Control register bits 4. & and 6 control serial I/O logic. Bits 4 and 5 enable serial I/O logic. selecting either 
external or internal clocking. Bit 6 determines the serial data transfer direction. 

The Peripheral Control register controls parallel data transfer modes at I/O Port A. together with the signals that 
will be used by interrupt logic. Peripheral control register bit settings may be illustrated as follows: 

7 6 543 2 o ......--BitNo. 

I I I I I I I : .... _I--PeriPheral Control register 

T a a - PBa. PB 1 not used for special functions 
a 1 - PBa. PB 1 supply handshaking for 1/0 Port A 
1 x - High-to-Iow transitions of PBa and/or PB 1 generate interrupt requests 

a - PB2. PB3 not used for special functions 
1 - Low-to-high transitions of PB2 and/or PB3 generate interrupt requests 

a - PB6 not used for IRQ 
1 - PB6 functions as IRQ 

L-------------Unused 

Peripheral Control register bits 0 and 1 apply to parallel data transfer at I/O Port A. 

Normal operation means that signals will be input or output as specified by the Data Direction register. with no accom
panying handshake or interrupt logic. 

We described I/O Port A handshaking logic earlier. 

The negative edge detect option allows an interrupt request to occur whenever a high-to-Iow transition is input via 
CA 1 or CA2 at I/O Port B pin 0 or 1. The actual interrupt request will reach the CPU only if associated interrupt logic 
has been enabled and IRQ is active. 
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Table 10-11. R6531 Interrupt Conditions 

BIt" Condition Enable 

0 High-to-Iow transition input at CA 1 Peripheral Control ragister'bit 1 = 1 

1 High-to-Iow transition input at CA2 Peripheral Control register bit 1 = 1 

2 Low-to-high transition input at PB2/SCLK Peripheral Control register bit 2 = 1 

3 Low-to-high transition input at PB3/SDI0 Peripheral Control register bit 2 = 1 

4 I/O Port A handshaking service request Peripheral Control register bits 1 and 0 = 01 

5 Serial Data register full/receive or empty/transmit Serial data transfer logic must be enabled via 
Auxiliary Control register bits 5 and 4 

6 Counter decrements to 0 Counter logic must be enabled 
via Auxiliary Control register bits 1 and 0 

7 One or more of Conditions 0 - 6 active None 

"This bit number is associated with the Condition in the Interrupt Flag and Enable registers. An exception is bit 7, which 
is active in the Interrupt Flag register only. 

Peripheral Control register bits 2 and 3 apply to interrupt logic. Bit 2 allows interrupt requests to be generated when 
signals input at I/O Port B bit 3 or 2 make low-to-high transitions. Peripheral Control register bit 3 is used to enable IRQ 
at I/O Port B bit 6. 

I/O Port B pins may be used to input or output data if they have not been assigned special functions; but if they 
have been assigned special functions. they may not be used to transfer data. 

R6S31 INTERRUPT LOGIC 
'Interrupts can be generated by the R6S31 based on external signal transitions or internal I/O Port A. 
counter/timer and serial data transfer operations. In all. there are seven conditions capable of genereting an in
terrupt request; these conditions. together with their associated register bits. are summarized In Table 10-11. 

The Peripheral Control register. which we have already described. enables IRQ. plus the level detection interrupt logic 
at I/O Port B pins O. 1. 2 and 3. IRQ is an open drain signal; therefore. it can be' wire ORed for a number of R6531 
devices. 

There are two additional registera associated with R6631 interrupt logic: the Interrupt Enable register and the 
Interrupt Flag register. Individual bits of these two registers are associated with specific interrupt conditions as 
defined in Table 10-11. Interrupt Flag register bit 7. you should note. is a general "interrupt request pending" bit. 

Whenever a condition capable of generating an interrupt request occurs. its associated bit is set in the Interrupt Fla!;, 
register. At the same time. bit 7 of the Interrupt Flag register is set. An Interrupt Flag register bit setting becomes an in
terrupt request only if the interrupt is enabled. The interrupt is enabled by writing a 1 to the corresponding Interrupt 
Enable register bit. Here. for example. are some arbitrary Interrupt Flag and Interrupt Enable register bit settings. show
ing the resulting active interrupt requests: 

Interrupt Flag register: 1 0 1 1·0 0 1 0 1 1 0 1 1 0 0 1 1 0 0 0 1 0 1 0 
Interrupt Enable register: 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 0 1 0 1 1 0 

(XI Interrupt requests: X XX X X 

If there are one or more .active interrupt requests. then iRO will be output low - providing you have enabled IRQ via 
Peripheral Control register bit 3. If IRQ is not enabled. then Interrupt Enable register bit settings become meaningless. If 
IRQ is enabled. it will remain Iqw for as long as there are any active interrupt requests within the R6531. 
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Interrupt Flag register bit settings remain set until they are specifically reset. You reset bits by writing to the Interrupt 
Flag register with 1 in those bit positions that need to be clear!ld. For example. if you write 2E1 6 to the Interrupt Flag 
register, you will reset bits 5. 3.2 and 1. In addition. Interrupt Flag register bit 6 is reset when you read the contents of 
the low-order counter byte using I/O address 4. or when you write to the high-order latch byte using I/O address 5 or 7. 
Interrupt Flag register bits 5 and 4 may be reset ina similar way. by writing to the Serial Data register or Port A. respec
tively. 

If IRQ is not enabled. then you can use the Interrupt Flag register in order to poll an R6531 device. and thus detect con
ditions in need of service. You will. in any event. read the contents of the Interrupt Flag register when acknowledging 
an interrupt request in order to determine the source or sources of the interrupt request(s). 
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THE SY6551 ASYNCHRONOUS COMMUNICATIONS 
INTERFACE ADAPTER (ACIA) 

The SY6661 ACIA is a fairly standard asynchronous serial I/O device. designed by Synertek to support 6800 
and 6600 series microcomputer systems. The SY6661 may be looked upon as an enhancement of the MC6860 
ACIA. which we described in Chapter 9. On-chip baud rate generation represents the principal SY6551 enhance
ment the SY6551 also has more Modem signals and programmable options. 

As with the MC6850. we describe the SY6661 in Volume 2 rather than Volume 3 because of the <1>2 clock and 
special control signals shared by 6800 and 6600 series microcomputers. Interfacing the SY6551 ACIA to other 
microprocessors would not be difficult; however. the SY6551 offers no special capabilities to compensate for even 
small additional interfacing requirements. In particular. the INS8250. described in Volume 3. offers a number of 
capabilities and programmable options not provided by the SY6551. 

The SY6551 ACIA is packaged as a 28-pin DIP. It is fabricated using N-channel silicon gate MOS technology. All sig
nals are TTL-level compatible. A single +5 V power supply is required. 

This discussion of the SY6661 assumes that you understand asynchronous serial I/O protocol. If you do not. see 
Volume 1. Chapter 6. The SY6661 uses Non-Return to Zero (NRZ) serial I/O coding. 

THE SY6551 PINS AND SIGNALS 
The SY6661 ACIA pins and signals are illustrated in Figure 10-23. Signals may be divided into the following four 
categories: 

1) CPU interface/control 
2) Serial input 
3) Serial output 
4) Modem control 

We will first consider signals on the CPU interface. 

DO-D7 constitutes an 8-bit bidirectional Data Bus connecting the SY6551 to the CPU. 

When data is output to the SY6551 by the CPU. either a byte of parallel data or a control code will be transmitted. 

A byte of parallel data will be serialized and transmitted serially. in NRZ format. according to the asynchronous protocol 
variations which have been specified under program control. 

Either data or status may be input from the SY6551 ACIA to the CPU via the Data Bus. Data consists of an 8-bit parallel 
data unit extracted from the NRZ serial input data stream. Status consists of the contents of the ACIA Status register. 

The SY6661 ACIA is accessed by the CPU as four memory locations. SY6661 select logic SY6661 
consists of two chip select signals. CSO and CSl. For the SY6551 to be selected. CSO must be DEVICE 
high and CS 1 must be low. Once selected. the address inputs RSO and RS1 determine which of ADDRESSING 
the four addressable locations within the SY6661. ACIA will be accessed. Addresses are in-
terpreted as shown in Table 10-12. 

We will say more about SY6551 addressable locations later. when describing device operations. 

While the SY6551 ACIA is selected. Internal logic is synchronized on the trailing edge of the <1>2 signal. <1>2 is the 
standard output of all MC6800 and 6500 series microprocessors; it is equivalent to the E signal of MC6800 
microprocessors. 

RIiii Is the control input which determines whether a read or write operation is in progress. When RIW is high. 
the CPU is reading data out of the SY6551. When RIW is low. the CPU is writing data to the SY6551. 

Let us examine serial Input and output signals. 

Serial data is transmitted via TxD; it is received via RxD. 

XTAL 1. XTAL2. and RxC are used by serial data transfer timing logic. 

You may connect a crystal across XTAL 1 and XTAL2 and use the crystal frequency to generate the baud rate internally. 
under program control 

Alternatively. you can input a clock signal at XTAL 1 while leaving XTAL2 floating. The clock signal input at XTAL 1 is 
also used to generate the baud rate internally. under program control. 

In either case you can. under program control. cause receive logic to be timed by a Signal input via RxC. If you do not 
program RxC to serve as the receive logic clock signal. then RxC outputs a clock signal with a frequency that is 16 
times the programmed baud rate. 
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Pin Name 

DO - 07 
CSO,CSI 
<1>2 
RSO, RSI 
RiW 

GND 
CSO 
CSI 
RES 
RxC 

XTAL1 
XTAL2 

RTS 
CTS 
TxD 
DTR 
RxD 
RSO 
RSI 

XTAL1, XTAL2 

TxD 
RxC 
RxD 
CTS 
imi 
DCD 
DSR 
DTR 
IRQ 
RES 
VCC,GND 

1 28 
2 27 
3 26 .. 
4 25 
5 24 
6 23 
7 

SY6551 
22 

8 21 
g 20 ... 

- 10 19 
11 18 .. 12 17 .. 13 16 
14 15 

Description 

Data 8us 
Chip Select 
Internal Synchronization 
Register Select 
ReadlWrite Control 
Internal Baud Rate Generator Crystal 
Connections 
Transmit Data 
External Transmit/Receive Clock 
Receive Data 
Clear-to-Send 
Request-to-Send 
Data Carrier Detect 
Data Set Ready 
Data Terminal Ready 
Interrupt Request 
Device Reset 
Power, Ground 

--

...... 

--

RiW 
<1>2 
IRQ 
07 
06 
05 
04 
03 
02 
01 
DO 
DSR 
DCD 
VCC (+5V) 

Type 

Tristate, Bidirectional 
Input 
Input 
Input 
Input 

Output 
Input or Output 
Input 
Input 
Output 
Input 
input 
Output 
Output 
Input 

Figure 10-23. SY6551 ACIA Signals and Pin Assignments 

Table 10-12. SY6551 Addressable Locations 

RS1 RSO Addressed Location 

0 0 Read from Receive buffer 
Write to Transmit buffer 

0 1 Read from Status register 
Write to device reset 

1 0 Read from, or write to Command register 
1 1 Read from, or write to Control register 
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When gellerating a baud rate internally, you should connect a 1.8432 MHz crystal acroSs XTAL 1 and XTAL2. 
You may then specify any of the common baud rates using an approprlata Control register setting; which we 
will describe later. 

In multiple-ACIA configurations. you will frequently generate a master clock signal by connecting a crystal across 
XTAL 1 and XTAL2 for one ACIA. then using the RxC output from this ACIA as XTAL 1 inputs to other ACIAs. This may 
be illustrated as follows: 

RxC 

ACIA 
1 XTAL1 XTAL1 XTAL1 etc.· 

ACIA ACIA ACIA 

x TAL1~~~XTAL2 2 3 4 

1.8432 
MHz 

Crystal 

As illustrated above. just one SY6551 has a crystal connected across XTAL 1 and XTAL2. This device generates a baud 
rate internally and outputs. at RxC. a clock Signal with a frequency of .16 times~he baud rate. This lex clock Signal is in
put to all other SY6551 devices in the configuration. thus ensuring that all de\irices operate at exactly the same serial 
data frequency. 

If you input a clock signal to RxC, this clock signal, divided by 18; times the received serial data streaM. 

The SY8551 has all five standard Modem control SlgnDls: R'i'§ (Request to Send),CTI (Clear to Send), 6TH 
(Data Terminal Ready), DSR (Data Set Ready), lind DC (Data Carrier Detect). See Volume 1, Chapter 5 for a 
general discussion of these l\IIodem control signals. . 

Only the CTi Input directly affects St85S1 logic. 

The CTS si~ must be loiN for the transmitter to be enabled. When C'i'S goes high. the transmitter is immediately. dis
abled. The RfS and lTI'R outputs Simply respond to appropriate Command register bit settings. The DSR and i5CD in
puts. similarly. modify Status register bits. and can generate interrupts. if Interrupts have been appropriately enabled. It 
is up to your program logic to make sure that RTIl. DTR. DSR. and 0C0 are interpreted in the accepted way. 

The SY8651 has a master raset input. REi. This Signal. when input low. resets all internal registers. You can also 
reset the SY8551 by wrltln!l to addressable lOcation 1. These two resets are described ih detail later on. 

SY6551 DATA TRANSFER AND CONTROL OPERATIONS 
SY8651 transmit and receive logic are each single buffered; that is to say. there is a single tiJffer storage location 
between the serial transmit/receive logic and the Data Bus. The SY8551 has, in addition, a Status register, a Com
mand register, and a Control register. Data flows may be illustrated as follows: 

Address 0 Address 1 Address 2 Address 3 

Transmit Receive Status Command Control 
Buffer 8uffer Register Register Register 

Transmit Receive 
Register Register 

TxO RxO 
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The Transmit and Receive buffers are write-only and read-only locations. respectively: they are accessed as memory 
location 0 within the SY6551 ACIA. 

The Status register is a read-only location <!ccessed as address 1 within the SY6551 ACIA. When you write to address 
1. you perform a software reset in the device. 

The Command and Control registers are read/write locations. accessed via addresses 2 and 3. respectively. 

In the normal course of events. the SY6551 will transmit and receive data as a contiguous stream of characters. 
Transmit logic always transmita the low-order bit of a character firat: receive logic assumes that It firat receives 
the low-order bit of • Character.' ' 

You have the option of transmitting data with or without Interrupts. You will normally 
transmit data with interrupts. in which case the transmiUer generates an interrupt request 
whenever it starts transmitling the start bit of a new character. The CPU responds to this request 
by executing an interrupt service routine which writes the next character to the Transmit buffer. This may be illustrated 
as follows: .. . ' 

Character n Character n+ 1 

~~--------------~~,--------------,,~~-----------'~~------------" 

SA ;.. Start bit 
SO = Stop bit 
Oi = Data bita 
P =0 Parity bit 

® 

<D SY6551 generates an interrupt request at the beginning of start bit transmission. 
® ~'is reset. and the interrup't condition cleared. whe~ the CPU reads Status register contents. 
® During this time the CPU must write the next character to the TranSmit buffer. otherwise II continuous mark is 

transmitted. 

If you are transmitting data with interrupts disabled. then a monitoring program would have to continuously poll the 
Status register to dEltermine when the next character should be written to the Transmit buffer. 
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If the CPU doe. not write a new character to the transmitter within the allowed time, then 
the SY8661 will underflow and transmit a continuous, high marking signal; however, It con
tlnuea to generate Interrupt raquests every character time. This is not an error condition; it 
may be illustrated as follows: 

<D The SY6551 generates an interrupt request at the beginning of start bit transmission, as it would do for normal 
transmit operations. 

~ IRQ is reset and the interrupt condition is cleared whenever the CPU reads Status register contents, whatever the 
cause of the interrupt. 

® During this time the. CPU' must write the next character to the Transmit buffer. 

® During this time the CPU does not write the next character to the Transmit buffer; therefore, an underrun occurs 
and transmit logic outputs a continuous marking Signal. 

® Although transmit logic is outputting a continuous marking Signal. an interrupt request is generated every 
character time. You can disable this interrupt via the Command register. 

® The CPU must write another character to the Transmit buffer during this time in order to end the underrun. 

If CTS goe. high while the transmitter Is active, then the transmitter will immediately suspend operations and 
output a continuous marking signal. Interrupt requests will continue to be generated every character time. When CTS 
goes high again, the transmitter starts transmitting a new character, which will be the character in the Transmit buffer. 

No status bit reports CTS having gone high. You must deduce this condition by noting that an interrupt request has oc
curred with no other possible cause. We will discuss later the way in which you should read and interpret Status 
register contents. 

You can operate the receiver with interrupts enabled or disabled. If interrupts are enabled, 
receive logic generates an interrupt request while receiving the last .top bit of a character. 
The CPU now has one character time within which to read the received character. Timing 
may be illustrated as follows: 

Character n <:haracter n+ 1 

--------~~--------'r~----~--~------~, 
RX~OO [01 1021 : 

-~ '] 
IRQ 

® 

-_ .. 

(j) An interrupt request is generated on the 9th clock pulse of the received character's stop bit. Recall that each bit 
time within the SY6551 is 16 clock pulses wide. 

® As usual, when the CPU reads the contents of the Status register, interrupt conditions are cleared. 

@) During this time the CPU must read the contents of the Receive buffer. 
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If the CPU does not read the received character in time. then subsequently received charac
ters are lost. Timing may be illustrated as follows: 

Char n Char n+1 Char n+2 Char n+3 

@ !5L. 
\'--_______ @ ____ ~ LJ 

® 
(j). ® and ® identify correct receive operations. as described above. 

Char n+4 

L 

® identifies a character time within which the CPU does not read the contents of the Receive buffer: therefore. at 
{D the overrun status is set. 

In the upper IRQ illustration. interrupt requests continue to occur and are cleared by the CPU reading Status register 
contents. But the CPU does not read Receive buffer contents until @. Thus. characters n+2 and n+3 are lost. At 
@ the CPU reads character n+l. which will have been in the Receive buffer while characters n+2 and n+3 were dis

carded. 

If the CPU does not acknowledge the interrupt request. then. as illustrated at @l . the interrupt request will remain 
active until ®. 
A Modem will transmit DCD low while sending data to receive logic. If the Modem goes off 
line for any reason. DCD will be input high and a short time later the received serial data stream 
will become a continuous. high marking signal. An interrupt request is generated at the 
SY6&&1 when i5C6 or DSR makes an active transition: low-to-high or hlgh-to-Iow. Further 

SY6&&1 
MODEM 
DISCONNECT 

transitions of DCD and DSR will be ignored until the CPU services the pending interrupt request. Then the next transi
tion of DCD or DSR will again generate an interrupt request. 

By writing an appropriate Command register code. you cen transmit a continuous break: 
however. interrupts are disabled. in contrast to an underrun break. during which time interrupts 
remain enabled. 

SY6&&1 
PROGRAMMED 
BREAK 

Receive logic. upon receiving a continuous break. will treat the low Signal as data. generating an interrupt request ev
ery character time. but reporting a framing error. in the absence of a stop bit. for every character. 

The SY6&&1 can also operate In echo mode. In the simplest case. the SY6&&1 retransmits 
whatever it receives with a one-half bit time delay. However. If CTS goes high while the 
SY6&&1 Is operating in echo mode. then the receiver continues to operate. but the transmit
ter ceases to retransmit. Unfortunately. there is no way in which the CPU can detect this condi

SY6&&1 
ECHO 
MODE 

tion. Normally. the CPU assumes that CTS high caused the interrupt request if no' interrupting cOI1Qition can .be found 
in the Status register. But when operating in the echo mode. receive logic is still functioning. and the Receive buffer full 
condition is reported in the Status register. Thus. the default CTS high condition cannot be detected. 
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The SY6551 responds to an overrun in echo mode by retransmitting a continuous. high marking signal while received 
characters are being lost. This may be illustrated as follows: 

Overrun 

Char n Char n+l 'Char n+2 Char n+3 Char n+4 

Char n 

TXD~ DATA 

Char n+l Char n+3 Char n+4 

~ DATA I ~ DATA ~"""-DA-T-A-fsO\ 

SY6551 PROGRAMMABLE REGISTERS 
We will now examine SY6551 programmable .registers. starting with the Control register; whose contents are in
terpreted as follows: 

I 1 
6 5 4 3 2 o ,,-BitNo. 

I I I I J Control register 

~ Program selected baud rate 
0000 - x16 external clock 
0001- 50 
00 1 0 - 75 
o 0 1 1 - 109.92 
0100- 134.58 
0101- 150 
o 1 1 0 - 300 
o 1 1 1 - 600 
1 000 - 1200 
1 00 1 - 1800 
1 0 1 0 - 2400 
1 0 1 1 - 3600 
1 1 00- 4800 
1 1 0 1 - 7200 
1 1 1 0 - 9600 
1 1 1 1 -19.200 

Baud rate. assuming a 
1.8432 MHz crystal 

..... ---------0 - Use RxC input to time received serial data 
1 - Use program selected baud rate to time received serial data 

..... ------------ 0 0 - 8 data bits per character 
o 1 - 7 data bits per character 
1 0 - 6 data bits per character 
1 1 - 5 data bits per character 

L-______________ O - 1 stop bit per character 

1 - 1 stop bit with 8 data bits and one parity bit per character 
1-112 stop bits with 5 data bits per character 
2 stop bits otherwise 

Assuming that you have connected a 1.8432 MHz crystal across XTAL 1 and XTAL2. Control register bits 0,1,2, and 
3 generate baud rates as shown above. If the crystal frequency is not 1.8432 MHz. then the baud rate will vary by the 
ratio of the actual crystal frequency to 1.8432 MHz. 

Control register bit 4 determines whether the received serial data rate is controlled by the internal baud rate 
generator or an external clock. If this bit is O. then an external clock. input via RxC. controls the received serial data 
rate. If Control register bit 4 is 1. then the internal baud rate generator controls the received serial data rate. and RxC 
outputs a clock signal whose frequency is 16 times the computed baud rate. 

Control register bits 6, 6, and 7 allow you to specify the common asynchronous character bit combinations. 
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The SY6551 restricts the use of 2 or 1-1/2 stop bits. But this will rarely be a restriction. since 1-1/2 stop bits are 
generally used only with five data bits. to generate BAUDOT codes. Also. \he use of two stop bits with eight data bits is 
rare. Therefqre. unless yours is a non-standard application. SY6551 stop bit restrictions will cause you no problems. 

The SY6661 Command register bits are interpreted as follows: 

7 6 5 4 3 2 0 4--Bit No. 

Command register 

...... --- Master enable/disable: 1 - enable 
D'i'R output is the complement of this bit 

...... ____ 0 - Enable IRQ 

1 - Disable IRQ 

...... ------0 0 - Disable transmit interrupt. Output RTS high 
o 1 - Enable transmit interrupt. Output RTS low 
1 0 - Disable transmit interrupt. Output RTS low 
1 1 - Disable transmit interrupt. Output RTS low 

and transmit a Break 

...... -------- 0 - Receiver normal operation 
1 - Receiver echo mode 

1-___________ x x 0 - Disable parity logic 

o 0 1 - Select odd parity 
o 1 1 - Select even parity 
1 0 1 - Transmit parity bit high. Disable parity check 
1 1 1 - Transmit parity bit low. Disable parity check 

Command register bit 0 is the master enable/disable for the SY6661.lf this bit is O. then transmit and receive logic 
are both disabled. If this bit is 1. then transmit and receive logic are both enabled. Command register bit 0 also sets 
or resets the D'i'R Modem output. The DTR output is the complement of Command register bitO. 

Command register bit 1 enables or disables int.rrupt requests output via iRQ. Note that this bit does not enable or 
disable interrupt request logic within the SY6551; it merely allows or prevents the interrupt condition from generating 
a low IRQ output. The effect of Command register bit 1 depends on Command register bit O. If Command register bit 0 
holds a O. then the transmitter and receiver are disabled; in that case the contents of Command register bit 1 are in
consequential. since no interrupt requests will occur. 

Command register bits 3 and 2 control transmitter logic. The transmitter interrupts may be disabled or enabled; the 
device may be requesting to transmit. or it may be transmitting a break. 

Code 00 in bits 3 and 2 disables the transmitter. You can use this code to disable the transmitter while the receiver is 
enabled. 

You use code 01 during normal pperations; this code causes RTS to be output low while data is transmitted with ac
tive interrupts. 

Code 10 causes data to be transmitted with interrupt logic disabled. RTS is output low. 

Code 11 causes RTS to be output low while a continuous break !low) signal is output. with interrupts disabled. 

Command register bit 4. if O. specifies normal receiver operation. If this bit is 1. then the SY6551 operates in echo 
mode. in which case the data stream received is retransmitted after a delay of one-half bit time. 

Command register bits 6, 6, and 7 control parity options. You can enable or disable parity logic. If enabled. you can 
select odd parity or even parity. You can also force the parity bit tq be 1 or O. in which case parity checking logic is dis
abled. since parity is no longer being used for its usual purpose. 
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You will interrogate the Status register in order to monitor normal operations and detect errors. Status register 
bits are interpreted as follows: 

765432 O.......-BitNo. 

I I I I I J I I 

t 
Status register 

Parity error } 
Framing error 0 = no error. 1 = error 
Overrun error 

o - Receive buffer empty 
1 - Receive buffer full 

o -Transmit buffer full 
1 - Transmit buffer empty 

~~~ } 0 = low input. 1 = high input 

o - No interrupt pending 
1 - Interrupt pending 

Parity. framing. and overrun errors are absolutely standard. The parity error will be reported if parity has been 
enabled and the wrong parity is detected. A framing error will be reported if start and stop bits do not correctly frame 
the received character. A framing error does not stop receiver logic. and the framing error status is reset after one 
character time. Thus the framing error status bit applies only to the character just received. 

The SY6551 overrun error condition is not standard. An overrun error occurs. in the usual way. if the CPU does not 
read the contents of the Receive buffer within the allowed time. Normally. an overrun results in the next received 
character overwriting the contents of the Receiver buffer. But following an overrun. the SY6551 discards the next 
received character. Thus. following an overrun error. the CPU will normally read the most recently received 
character: however. in the case of the SY6551. following an overrun error you will read the last valid character 
transmitted before the overrun occurred. This event sequence was illustrated earlier. 

Status register bits 3 and 4 report the condition of the Receive and Transmit buffers. respectively. 

Receive logic will set Status register bit 3 to 1 whenever a new character has been assembled by receiver logic. You 
have one character time in which to read Receive buffer contents. When you read the contents of the Receive buffer. 
Status register bit 3 is reset to O. If you do not read the Receive buffer contents within the allowed one-character time. 
then an overrun error will occur. as described above. 

Status register bit 4 is set to 1 whenever the Transmit buffer contents are moved to the Transmit register. At this time 
you should write the next character to the Transmit buffer. Writing to the Transmit buffer resets Status register bit 4 to 
O. If you do not write to the Transmit buffer while the current character is being transmitted. then Transmit logic will 
output a mark signal while waiting for the next character to transmit. This is not an error condition. 

Status register bits 5 and 6 report the levels of the DCD and DSR Modem inputs. 

Status register bit 7 reports the presence or absence of any condition capable of requesting an interrupt. 

A program controlling the SY6551 will usually be interrupt driven. Following an interrupt request. a service 
routine must read the Status register in order to determine the interrupt request condition. Figure 10-24 illus
trates the sequence in which you should examine Status register bits. 
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Enter SY6551 
interrupt 

service routine 

Read Status 

message 

Modem went off line 

Data set went off line 

Read received data 

Received data error 

Write next character 
to Transmit buffer 

Figure 10-24. SY6551 Interrupt Service Routine. Status Register Testing Logic Portion 
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SY6551 DEVICE RESET 
You can reset the SY6&&1 by inputting a low signal at RES. or by writing to location 1. The two resets modify 
register contents and signals as follows: 

RES low Write to 1 

76543210 76543210 .. Bit No. 
Control register 00000000 XXXXXXXX 
Command register 00000010 XXXOO010 
Status register OXX10000 XXXXXOXX 
DTR high high 
DCD and DSR high high 
DCD and DSR interrupts disabled disabled 
Other interrupts unaffected unaffected 

X represents "no effect. keeps prior value". 

SY6551 DIAGNOSTIC LOOP-BACK MODES 
The SY6&&1 does not have loop-back modes for testing the device. Most serial I/O devices automatically allow 
transmit and receive logic to be connected for internal test: 

.#I TxD 

DO - 07 

., 
I ., 

" " 
I ..... -'" 

( , I 
-v I ... "",,, 

RxD 

or for external test: 

... TxD 
" , , 

DO - 07 
..... Joo. , 

< I ... --.. \ 
\ , 

... 
RxD 
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Synertek recommends the .following circuit In order to provide local and remote loop-back capabilities: 

I~I~~ 

L LB 

~ 

,....... 

-:: -
- SEL 1Y 

J:. +5V ) 

STB 2Y 
3Y 

74157 4Y --
~ 1B 1A 
~ 2B 2A 
L....- 3B 3A 

- 4B 4A -

When LLB is high. the following occurs: 

SY6551 

SEL 1Y 
STB 2Y 

3Y 

74157 4Y 

1B 1A 
2B 2A 
3B 3A 
415 4A 

01° IIIl Ia: ~gt;~ 

I--
I---

D 
C 
D 

RxD 
i5CD 

TS 
DSR 

T 
D 
R 

xO 
TR 

im 

MODEM 

Notes: 
1. 
2. 

High 'on LLB B!llects local 100 p-back mode. 
ates "B!' inputs 

A" to "Y". 
High on 74157 salect input g 
to "Y" out uts' low ates" p , g 

1) The TxO. OTR and RTS outputs from the SY6551 are disconnected from the Modem. 

2) The RxO. DCD. CTS. and OSR inputs from the Modem are disconnected from the SY6551. 

3) TxO is connected to RxO. 

4) OTR is connected to DCD. 
5) RTS is connected to C'fS. 

For normal operation LLB will be low. 

Remote loop-back is programmed as follows: 

Control Register bit 4 = 1. Transmit clock = Receive clock. 

Command Register bits 4.3.2.1 = 1 1 0 0 

Select Echo mode with interrupts disabled. 
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'I:ARLY SY6551 DESIGN PROBLEMS 
SYnEirtek has had the wisdom to publish certain functional problems that have been discovered in the first batch of 
SY6551 parts shipped. Synertek ought to be commended for publishing this information. Too often. manufacturers 
keep such information secret. allowing user after user the expensive luxury of discovering errors for themselves. 

The following six problems are reported: 

1) Either a Break command issued by writing 11 to Command register bits 3 and 2. or an external reset occurring at 
the instant that the transmitter is transmitting a start bit will cause transmitter logic to hang up. 

2) Transmitter parity logic does not function. You cannot predict whether the parity bit will be 1 or O. 
3) Command register bit 1 has inverted logic. A 0 disables interrupts. while a 1 enables interrupts. 

4) the SY6551. like all other asynchronous serial I/O devices. is able to detect a false start bit. However. after detect-
ing a false start bit. the SY6551 is unable to detect a valid start bit and hangs up. 

5) Receive logic is unable to detect a stop bit occurring at the end of a continuous break character. 
6) Receive parity logic will report a parity error when a 0016 character is received with odd parity. 

All these errors can be cleared by toggling D'i'R or DCD. DTR is toggled by writing 0 and then 1 to command register bit 
O. DCD must be toggled by external logic. 
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DATA SHEETS 

This section contains specific electrical and timing data for the following devices: 

MCS6500Series CPUs 
• MCS6530 Multifunction Device 

R6531 Multifunction Support Device 
SY6551 Asynchronous Communications Interface Adapter 
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MCS65XX Microprocessors 

ICOMMON CHARACTERISTICS I 
MAXIMUM RATINGS 

RATING I SYMBOL 1 VALUE I UNIT This devicE' contains in-
put protection against 

SUPPLY VOLTAGE Vee -0.3 to +7.0 Vde damage due to high static 
INPUT VOLTAGE Vin -0.3 to +7.0 Vde voltages or electric fields; 

to +70 ·C 
however, precautions should 

OPERATING TEMPERATURE TA 0 be taken to avoid applica-

STORAGE TEMPERATURE TsTG -55 to +150 ·C 
tion of voltages higher 
than the maximum rating. 

ELECTRICAL CHARACTERISTICS (Vee' 5.0V ± 5%. V" = O. TA = 25· C) 

1<'1, 1<'2 applies to MCS6512, 13, 14, 15, 1<'0 (in) 
applies to MCS6502, 03, 04, 05 and 06 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

Input High Voltage VIH }' Vde 

Logie.00 (in) Vss + 2.4 - Vee 
0,.02 Vee - 0.2 - Vee + 0.25 

Input Low Voltage VIL Vde 

Logie,00 (in) Vss - 0.3 - VB. + 0.4 
0, .02 Vss - 0.3 - VBS + 0.2 

Input High Threshold Voltage VIHT 

RES,NMI,RDY,IRQ,Data, 
5.0. Va. + 2.0 - - Vde 

Input Low Threshold Voltage VILT 

RES ,NMI,RDY .IRQ,Data. 
5.0. - - VB. + 0.8 Vde 

Input Leakage Current lin 
(Vin • 0 to 5.25V. Vee· 0) 

- - 2.5 "A Logic (Exel.RDY,S.O.) 
0,.02 - - 100 "A 

°0 (1n) - - 10.0 "A 

Three-State (Off State) Input Current ITS I "A 
(Vin • 0.4 to 2.4V. Vee· 5.25V) 

Data Lines - - 10 

Output High Voltage VOH 
(ILOAO • -IOO"Ade. Vee· 4.75V) 

SYNC,Data.AO-AI5, R/W Vss + 2.4 - - Vde 

Output Low Voltage VOL 
(ILOAO • 1.6mAde, Vee' 4.75V) 

SYNC.Data,AO-AlS. R/W - - Vss + 0.4 Vde 

Power Dissipation PD - .25 .70 W 

Capacitance C pF 
(Vin CiI 0. T • 25°C. f • !MHz) 

A 
Logic Cin - - 10 

Data - - 15 
AO-AI5.R/W, SYNC C - - 12 out 

00 (1n) C0o (in) 
- - 15 

0, C0, - 30 50 

O2 CO2 - 50 80 

".te: I Rn .nd NMI require 3K pull·up resillon. 

Data sheets on pages 10·02 through 10·07 reprinted by permission of MOS Technology. Inc. 
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MCS662X and MCS663X 

MAXIMUM RATINGS 

RATING SYMBOL VOLTAGE UNIT 

Sup.,ly Voltage VCC -.3 to +7.0 V 

Input/Output Voltage VTN -.3 to +7.0 .V 

Operating Temperature Range Top 0 to 70 °c 
Storage Temperature Range TSTG -55 to +150 °c 

All inputs contain protection circuitry to prevent damage due to high 
static charges. Care should be exercised to prevent unnecessary application 
of voltage outside- the specification range. 

elECTRICAL CHARACTERISTICS (VCC = 5.Ov:!: 5%, VSS = Ov, TA = 25° C) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

Input High Voltage VIH Vss+2.4 VCC V 

Input Low Voltage VIL VSS-·3 VSS+·4 V 

Input Leakage Current; VIN = VSS + 5v lIN 1.0 2.5 llA 
A0-A9, RS, R/W, RES, 02, PB6*, PB5* 
Input Leakage Current for High Impedance State ITSI ±1.0 ±l0.0 llA 

(Three State); VIN = .4v to 2.4v; D0-D7 

Input High Current; VIN = 2.4v IIH -100. -300. J.lA 
PA~-PA7. PB~-PB7 
Input Low Current;,VIN = .4v 

IlL -1.0 -1.6 MA 
PAjl-PA7 PB~-PB7 
Output High Voltage VOH V 
VCC = MIN, I LOAP ~ -100J.lA(PA0-PA7,PB0-PB7,D0-D7) VSS+2.4 

ILOAD ~ -3 MA (PA0,PB0) VSS+1.5 

Output Low Voltage 
VCC = MIN, I LOAD ~ 1.6MA VOL VSs+.4 Y 

Output High Current (Sourcing); IOH VOH ~ 2.4v (PA0-PA7,PB0-PB7,D0-D7) -100 -1000 J.lA 
~ 1.5v Available for other than TTL -3.0 -5.0 MA 

(Darlingtons) (PA0,PB0) 
Output Low Current (Sinking); VOL < .4v.~tl~f~~ - B -PB IOL 1.6 MA 

Clock Input Capacitance CClk 30 pf 

Input Capacitance CIN 10 pf 

Output Capacitance COUT 10 pf 

Power Dissipation PD 500 1000 MW 

*When programmed as address pins 
All values are D.C. readings 
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MCS652X and MCS6536 

WRITE TIMING CHARACTERISTICS 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

Clock Period TcyC 1 10 \.IS 

Rise & Fall Times TR, TF 25 NS 

Clock Pulse Width TC 470 NS 

R/W valid before positive transition of clock TWCW 180 N~ 

Address valid before positive transition of clock TACW 180 NS 

Data Bus valid before negative transition of clock TDCW 300 NS 

Data Bus Hold Time THW 10 NS 

Peripheral data valid after negative transition TCPW 1 liS 
of clock 

Peripheral data valid after negative transition TCMOS 2 \.IS 
of clock driving CMOS (Leve1=VCC-30%) 

READ TIMING CHARACTERISTICS 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT 

R/W valid before positive transition of clock TWCR 180 NS 

Address valid before positive transition of clock TACR 180 NS 

Peripheral data valid before positive transition TPCR 300 NS 
of clock 

Data Bus valid after positive transition of clock TCDR 395 NS 

Data Bus Hold Time THR 10 NS 

IRQ (Interval Timer Interrupt) valid before TIC 200 NS 
positive transition of clock 

Loading = 30 pf + 1 TTL load for PA~-PA7, PB~-PB7 

=130 pf + 1 TTL load for D0-D7 
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MCS652X and MCS653X 

CLOCK INPUT 

R/W 

ADDRESS 

DATA BUS 

PERIPHERAL 
DATA 

CLOCK INPUT 

R/W 

ADDRESS 

PERIPHERAL 
DATA 

DATA BUS 

,----------2.4v 

O.4V 

~-----------2.4V 

'------------O.4V 

---------- 2.4V 

'------------ O.4V 

Tcpw 
T DCW --MI--~ ..... =-.:.~ 

_______ V~_-30% 

I~=~------ 2.4 V 

~~~-------O.4V 

WRITE TIMING CHARACTERISTICS 

'----+-------OAV 

~~~~---~-----+_-~------2.4V 

~~+_----+_-----~-------O.4V 

~~-+-----r_----__ ~-------2.4V 
~--r----__ ~----_4-------0.4V 

2.4V 

O.4V 

PB7(TRQ) _______________________ ~'__~_c ____ __ ~ 2.4V 

O.4V 

READ TIMING CHARACTERISTICS 
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SY6551 

ABSOJ,..UTE MAXIMUM RATINGS 
; 

Rating Symbol Allow~ble Range 

Supply Voltage Vee -0.:fV to +7.0V 

InpuVOutput Voltage VIN -CJ.3V to +7.0V 

Operating Temperature TOp .' O°C to 70°C 

Storage Temperature TSTG -!)5°C to 150°C 

All inputs contain protection circuitry Ito prevent damage to 
high St,tic charges. Care should be exe¥ised to prevent unneces-
sary application of voltages in excess of the allowable limits. 

/ ! 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of 
the device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied. 

ELECTRICAL CHARACTERISTICS (Vee = 5.OV ± 5%, TA = 25°C, unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage VIH 2.0 - Vee V 

Input Low Voltage VIL -0.3 - 0.8 V 

Input Leakage Current: VIN=O to 5V. liN 
(4)2, RfiiJ, RES, CSo, CS1, RSo, RS1, CTS, RxO, DcD, - ±1.0 ±2.5 J.lA 
DSR) 

Input Leakage Current for High Impedance State ITSI - ±2.0 ±10.0 J.lA 
(Three State) 

Output High Voltage: ILOAO=-100JlA VOH 2.4 - - V 

Output Low Voltage: ILOAO=1.6mA VOL - - 0.4 V 
(080.087, TxO, RxC, RTS, OTR,IRO) 

Output High Current (Sourcing): VOH=2.4V IOH -100 -1000 - JlA 

Output Low Current (Sinking): VOL =0.4V IOL 1.6 - - J.lA 

dutPu~ Leakage Current (off state): VouT=5V IOFF - 1.0 10.0 JlA 
(lRO) 

Clock Capacitance (4)2) CCLK - - 20 pF 

Input Capacitance (except XTALl and XTAL2) CjN - - 10 pF 

Output Capacitance COUT - - 10 pF 

Power Dissipation Po - 350 500 mw 

Data sheets on pages 10-08 through 10-011 are reprinted by permission of Synertek. Incorporated. 
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SY6551 

1--------- 'eye ---------1 

Jr,-----V,• 
02 

V,L 

V,. 
cs". CS,. Rs". RS, 

V,L 

Jr,---------V,. 
RiW 

V,L 

V,. 
DATA BUS 

V,L 

Write Timing Characteristics 

WRITE CYCLE (Vcc = 5.0V ± 5%, TA = 0 to 70°C, unless otherwise noted) 

SV6551 SV6551A 

Characteristic Symbol Min Max Min Mllx Unit 

Cycle Time tCYC 1.0 40 0.5 40 1.15 

tP2 Pulse Width tc 470 - 235 - ns 

Address Set-Up Time tACW 180 - 90 - ns 

Address Hold Time tCAH 0 - 0 - ns 

R/W Set-Up Time twcw 180 - 90 - ns 

R/W Hold Time tcwH 0 - 0 - ns 

Data Bus Set-Up Time tocw 300 - 150 - ns 

Data Bus Hold Time tHW 10 - 10 - ns 

(tr and tf = 10 to 30 ns) 
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SY6&&1 

V'L 

V,. 
Clio. CI,. RSo. RS, 

V,L 

.r----+---------i------------- V,. 
RIW 

V,L 

VOL 

Read Timing Characteristics 

READ CYCLE (Vcc = 5.0V ± 5%, TA = 0 to 70·C, unless otherwise noted) 

SY6551 SY6551A 

Characteristic Symbol Min Max Min Max Unit 

Cycle Time tCYC 1.0 40 0.5 40 /lS 

Pulse Width (412) tc 470 - 235 - ns 

Address Set-Up Time tACR 180 - 90 - ns 

Address Hold Time tCAR 0 - 0 - ns 

R/W Set-Up Time twCR 180 - 90 - ns 

Read Access Time tcOR - 395 - 200 ns 

Read Hold Time tHR 10 - 10 - ns 

(tr and tf = 10 to 30 ns) 
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SY6&&1 

'CCY , 
I-tcH----j Il2 

~ XTAL1 , --'RTS-(TRANSMIT J' 1 CLOCK INPUT) 

~tcL-I ~~ iiTS 

~.oox ~ 

T.O -'j-NOTE: T.O rate is 1/18 TxC rate. 
iiiO 

Figure 48. Transmit Timing with External Clock 
(CLEAR) 

t r~=t Figure 4b. Interrupt and RTS Timing 

RxC 
(INPUT) 

~tcL=l 
NOTE: RxD rate 1.1118 Rxe rate. 

Figure 4c. Receive External Clock Timing 

TRANSMIT/RECEIVE CHARACTERISTICS 
SY6551 SY6551A 

Characteristic Symbol Min Max Min Max Unit 

Transmit/Receive Clock Rate tCCY 0.5* - 0.5* - /.IS 

Transmit/Receive Clock High Time tCH 235 - 235 - ns 

Transmit/Receive Clock Low Time tel 235 - 235 - ns 

XTAL1 to TxD Propagation Delay too - 500 - 500 ns 

Ri'SPropagation Delay tRTS - 500 - 500 ns 

I RQ Propagation Delay (Clear) tiRO - 500 - 500 ns 

(tr• tf = 10 to 30 nsec) 
1 

*The baud rate with external clocking is: Baud Rate = 
16 x TCCY 
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R6B31 

SPECI FICATIONS 

Maximum Ratings 

Rating Symbol Value Unit 

Supply Voltage VCC -0.3 to +7.0 Vdc 
Input Voltage Yin -0.3 to +7.0 Vdc 
Operating Temparature Range T °c 

Commercial Oto +70 
Industrial -40 to+S6 

Storage Temparature Range Tsto ·66 to +150 °c 

This device contelns circuitry to protect the inputs agelnst damage due to high static voltages. however. it is advised that normal precautions be 
taken to avoid. application of any voltage higher than maximum rated voltages to this circuit. 

Electrical Characteristics 

(VCC a 6V :!:. 10% for R6631. VCC a 6V :!:. 6" for R6631 AI 

Characteristic 

Input High Voltage 

Input Low Voltage 

Input Leakage Currem; VIN = Vss +5V. VCC = + 5V 

AO·A 11. cs. RIW. An. 4>2 .POO·P03 

Leakage Current for High Impedance State. V CC = +5V 

'(Three Statel; V IN a 0.4V to 2.4V; 00·[>7. PAO-PA7. PSO-PS6 

Output High Voltage 

VCC a MIN. ILOAD <·200 "A (PAO-PA7. PS-PB6. DO.[)71 

Output Low Voltage 

VCC =MIN. I LOAD <2.1 mA 

Output High Current (Sourcingl; 

VOH > 2.4V (PAO-PA7. PBO-PB6. PCO.f'C7. PDO-PD3. DO'[)71 

Outpllt Low Current (Sinkingl; VOL <0.4V (PAO-PA7I 

(PBO-PB61 

(PCO-PC71 

Clock Input Capacitance. V cc = BV 

Input Capacitance. V CC a 5V 

Output Capacitance. VCC = 5V. chip deselected 

Power Dissipation 

·When programmed as address pins 

All values are D.C. raedings 

Symbol Min 

VIH 2.0 

VIL '().3 

liN 

ITSI 

VOH 

VSS+2.4 

VOL 

IOH 

·200 

IOL 2.1 

CCik 
CIN 

COUT 

Po 

Data sheats on pages 10-012 and 10-013 Bre reprinted by permission of Rockwell (nternational. 

10-012 

Max Unit 

VCC V 

+O.S V 

2.5 "A 

:!:.10.0 "A 

V 

vss + 0.4 V 

"A 

mA 

20 pF 

10 pF 

10 pF 

1.0 W 



RIB31 

Write Timing Characteristics 

1 MHz 2 MHz 

C'--1It1o Symbol IIIln Max Min Max Unit 

Clock Period TCYC 1 10 0.5 10 ,.s 

Rise & Fall Times TR·TF 25 15 ns 

Clock Pulse Width TC 470 235 no 

R/W valid balore positive transition of clock TWCW 180 120 ns 

Address valid balore positive transition of clock TACW 180 120 ns 

Data Bus valid before negative transition of clock TOCW 270 135 ns 

Oeta Bus Hold Time T HW 10 10 ns 

Peripheral data valid after negative transition Tcpw 900 450 no 
of clock 

Read Timing Charac:taristics 

Characteristic Symbol 

R/W valid balore positive transition of clock TWCR 

Address valid balore positive transition of clock TACR 

Peripheral data valid before posltiva transition 
of clock 

TpCR 

Data Bus valid after posltlva transition of clock TCOR 

Data Bus Hold Time THR 

IRQ valid after negative transition of clock TIC' 

Loadlng= l00pF + 1 TTL load for PAO·PA7. PBO-PB6. PCO-PC7 
= 100 pF + 1 TTL load for 00-07 (R6531 A) 
a 130 pF + 1 TTL load for 00'[)7 (R6531) 

" __ --'r 

Aiii 

• AY 
~ __ J~~~ ____ -+-''_ __________ ~, 

GA' 

J.4V 
DATA IUS ____ .,.....~r 

GA. 

PERIPHERAL ----~~==~!::~~j:;;;....:.::.:=::.: 
OATA .A. 

Write nming Charac:tarlstlcs 

1 MHz 2 MHz 

Min Max Min Max Unit 

180 120 ns 

180 120 no 

270 135 ns 

350 180 ns 

10 10 ns 

900 450 ns 

.. 
ARI '-_-+ _____ GA. 

-~""ltf.:::_F;;;...--+----+----- .. • 
A_na 

.~~r_----_r------_;---------- .... 

PERIPHERAL Ir.,~_+---+----I_----- JA. 

OATA _..J·-".:=_I_---+----+-----O.4V 
DATA BUS -----C~~~__4------

JA' 

GA. 

PB71ma, 

_________ ~~T_~ ______ _ 

Read nming Charac:taristics 
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· Chapter 11 
THE SIGNETICS 2660A 

The 2660A Is functlonaliy Identical to the 26&0 microprocessor which hes been described In previous editions 
of this book. The 2660A Is • redesigned chip thet Is smaller .nd che.per to prodUce th.n the old 2660. 

Th.2660A-1 Is. new hlgh.r-apeed vet8lon of the 26&OA. 

Within the frame of r.ferenc. Of the microcomputers being described In this book. the Signatics 2660A Is • 
v.ry minicomputer-like devlc •• 

The Signetics 26&OA has • wealth of me......, .ddresalng mod.s: • larg. number of CPU-gener.ted control slg
n.ls .re .Imed at .llowlng TTL logic to surround the mlcrocomput.r device Itself. rether th.n requiring. family 
of support cievlce ••. 88 do most products described In this book. However. you wili have very little trouble using sup
port devices of the BOBOA with the Signetics 2650A CPU. MC6BOO support devices can be used with the Signetics 
2650A - but with more difficulty. 

Th.re .re two support de.vlces designed by Signetics specifically for the 26&OA. They are: 

1) The 2666 System Memory Int.rf.ce (SMI). This is a multifunction support device that provides read-only 
memory. read/write memory and parallel I/O logic on a single chip. 

2) Th.2661 Progr.mmeble Communlc.tlons Interf.ce (PCI). This is a universal synchronous/asynchronous data 
communications controller. .. 

Th. 2666 .nd 2661 .re both described In Volume 3. This is because the two devices can be used as easily with a 
2650A. or with any othe,r microprocessor. 

Interesting fe.tures of the 26&OA. which .re described on the following pag .... re the lmeglnatlve use of 
status flags •• rich v.rletY of very Informatlv. contr~1 slgn.ls •• nd the use of the second object code byte. In 
multlbyte Instructions. to .ncode memory .ddresslng options. . 

Flgur. 1'-1 Illustrates the logical functlonslmpl.ment.d on the 2660A CPU chip. Memory .nd other extern.1 
logic will connect dlr.ctly to the 26&OA .ddr .... data .nd control lines. without nead for interf.ce devices 
(other th.n buffer .mpllflers needed to meet slgn.lloads'. 

The 2650A uses a single +5V power supply. 

Using a clock with a O.B. microsecond period. 2650A instruction execution times vary between 4.B and 9.6 microse
conds. Using a clock with a 0.5 microsecond period. instruction execution times vary between 3.0 and 6.0 microse
conds. 

All 2650A signals are TIL compatible. 

The principal manufacturer for the 2650A is: 

SIGNETICS CORPORATION 
B11 East Arques Avenue 

Sunnyvale. CA 940B6 

Signetics has a second sourcing agreement with National Semiconductor. whereby National Semiconductor is sup
posed to second source the 2650A. At the present time it does not look as though National Semiconductor will exercise 
this second source option. 

THE 2660A CPU LOGIC 
The 2660A CPU h.s. typical microcomputer organization. The Arithmetic .nd Logic Unit. the Control Unit .nd 
progrsmmable registers .re .11 Implemented on the 2660A CPU. 

The .ddltlons .nd omissions shown In Figure 1 ; -1 •• s comp.red to typlc.1 CPU logic. need some prelimln.ry ex
planation. 

"-1 



Programmable 
Timers 

Clock Logic 

1/0 Ports 

Figure 11-1. Logic of the 2650A Microcomputer CPU 

Although the 2650A has just one interrupt request line and one interrupt acknowledge line. CPU logic allows every in
terrupting device to force a vectored branch to its own unique interrupt service routine; for this reason. logic to handle 
interrupt requests is shown as an integral part of CPU chip logic. 

Standard ROM and RAM devices can be connected directly to 2650A bus lines; therefore. the 2650A is shown as pro
viding complete memory interlace logic. Note. however. that TTL load levels will almost certainly require that signal 
buffer amplifiers interlace memory devices to the 2650A CPU. 

I/O port interlace logic is shown as only partially implemented on the 2650A CPU chip. A 2650A-based microcomputer 
system with one or two I/O ports will require no special I/O port logic; control signals allow the Data Bus to be used 
either as a conduit to external devices or to memory. But if a 2650A-based microcomputer system has more than two 
separately addressable I/O ports. external I/O port select logic- must be added. 

Figure 11-1 excludes clock logic from the CPU chip. The 2650A CPU does indeed require external logic to create its 
clock signal; however. a single TIL level clock signal with relatively lax tolerances is required. Therefore. external 
generation of the clock signal will be both inexpensive and free of problems. 
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2650A PROGRAMMABLE REGISTERS 
In addition to a 15-bit Program Counter. the 2650A has seven 8-bit programmable registers which may be il
lustrated as follows: 

B Register 
Bank selected 
~'''l;",'\-'_':''':: >{-~",;:::t"v'" 

Register 
Bank B 

~~------------------------~yr--------------------____ ~J 
Six Secondary Accumulators/Index Registers 

Provided by Register Banks A and B 

RO is a primary Accumulator. This register is always accessible. 

The remaining six 8-bit registers form two 3-register banks. A status bit (which will be de
scribed later) is used to identify one of the two register banks as accessible at any given time. 
Thus. depending on the status bit setting. Registers RD. R1A. R2A and R3A may be accessible. 
or else Registers RD. R1 B. R2B and R3B may be accessible. 

The six secondary registers serve as both secondary Accumulators and Index registers. 

2650A 
ACCUMULATOR 

2650A INDEX 
REGISTERS 

The 2650A has no Data Counters. as do most microcomputers: rather. it uses the minicomputer philosophy of adding 
an index. out of an Index register. to a memory address which is computed from information provided by every Memory 
Reference instruction. 

The Program Counter is 15 bits wide; therefore up to 32.768 bytes of memory may be ad
dressed in the normal course of events. 

The two high-order bits of the Program Counter represent page select bits. 2650A memo
ry is divided into four pages with 8192 bytes of memory per page: this scheme is illustrated as 
follows: 

Program Counter 

14 13 12 11 10 9 8 7 6 5 4 3 2 1 0"- Bit No. 

t I I I I I I I I I I I I I 
./ 

MEMORY ]------- ----- ---- --7 
\ t 
I 

----------------i 

\ \ 7------------------J 
t \ 
J 
------------------

J 
Page Select t Address within page \ 

------------- -------
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2650A PROGRAM 
COUNTER 

2650A 
MEMORY 
PAGES 

Memory 

Address 

0000 

lFFF 

2000 

3FFF 

4000 

5FFF 

6000 

7FFF 



Pages are selected by Branch Instructions. but we will defer to the discussion of addressing modes a description of 
how this is done. 

The 2660A has a primitive Stack. implemented on the CPU chip; this Stack is eight addresses I 2660A STACK I 
deep. and its use is limited to storing subroutine return addresses and interrupt return addresses. 
Subroutines and interrupts may therefore be combined to a nested level of eight There are no Push and Pop type in
structions. and the Stack is indexed via three bits of a Status register. 

THE 2660A MEMORY ADORESSING MODES 
The 2660A has an extensive and veraatlle range of memory addressing modes. 

Primary and secondary memory referencing instructions each provide two seta of addressing options. one based 
on program relative addressing and a two-byte Instruction code. the other based on direct addressing and a 
three-byta Instruction code. These options are referred to in Table 1 1 -1 as the program relative addressing op
tions and the extended addressing options. 

Instructions with program relative addressing options have the following object 
code: 

2660A PROGRAM 
RELATIVE ADDRESSING 
OPTIONS 

o r _A , 
765"3210 

I I I I I I I I I 

"'-ByteNo. ". __ ~A._ 

-lL--_~_ 
- 7-bit. signed binary displacement (-64 to 

+ 631 which is added to PC contents 

L...-----------Indirect bit. If 1. program relativa. 
indirect eddressing is specified; if O. 
direct program relative addressing is 
specified. 

L...--------------One of four registers selected as 
source or destination of memory 
reference operation. The four registers are 
RO. R1A or R1B.R3A or R3B. 

L... __________________ lnstruction operation code. 

In the above illustration. the second byte of the instruction code provides a program relative displacement in the range 
+63 to -64. The displacement is provided as a 7-bit Signed binary number; bit 6 is treated as the sign bit The high
order bit of the displacement byte specifies direct or indirect addressing. 

If direct. program relative addressing is specified. then the effective memory address is created by adding the 7-bit 
signed binary displacement to the Program Counter contents - after the Program Counter contents have been incre
mented. Direct and indirect program relative addressing have been described in Volume 1. Chapter 6; 2650A program 
relative addressing differs only in the shorter displacement which is allowed. 

If we are to relate the 2650A to our hypothetical microcomputer of Volume 1. Chapter 7. or to any of the other 
microcomputers described in this book. then the task of specifying direct or indirect addressing should fall to a bit with
in the first object program byte. The fact that the 2650A uses a bit of the displacement byte to specify direct or indirect 
addressing means that. in effect. the 2650A instruction set has more than 256 object code options available to it. This 
feature of the 2650A allows it to have a much more powerful instruction set - in the minicomputer sense of the 
word - than any of the other devices described in this chapter. The price paid is that most instructions generate two or 
three bytes of object code. There are very few one-byte object codes. Consequently. memory utilization is not as effi
cient as it might initially appear to be. 
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In all probability. indirect. program relative addressing will be more commonly used than direct. program relative ad
dressing. This is because microcomputer programs usually reside in read-only memory. If direct. program relative ad
dressing is used. then data bytes must be located within 64 bytes of the memory reference instruction. That excludes 
having instructions in ROM and data in RAM; therefore. only unalterable constants can be addressed using program 
relative direct addressing. 

Addressing range. all likely 
to be within one ROM chip 

XXXX-4016 

XXXX 

XXXX+3FI6 

PROGRAM 
MEMORY 

~ • • i i 

>-
• • I · • • 

~ 

l Program relative. memory 
r reference instruction here 

Indirect. program relative addressing. on the other hand. only requires memory addresses to be positioned within 64 
bytes of the memory reference instruction; this is illustrated as follows. using arbitrary memory addresses to make the 
illustration easier to understand: 

ROM 

RAM 

Memory 

Ad::: ~ROM . . cd 

0411 Memory reference instructIon c e 

0412 Displacement = + 2A16 

= I 21 I J"''' • ""'-' .""" ] 
043E 
043F 

2178 
2179 
217A 
2178 
217C 
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Extended addressing options of the 2660A microcomputer may be Illustrated as 
follows: 

26&OA EXTENDED 
ADDRESSING OPTIONS 

0 2 ....... --ByteNo. 

r A. -7 6 5 4 3 2 " 1 0 
r vA , 

76543210 

r~-__ "'A._ 
7 6 5 4 3 2 "' 1 0 ........ --Bit No. 

I I I I I I I I I r I I I 

T 
I I I 

13 -bIt direct address 

00 No indexed addressing 

01 Index with auto-increment 

10 Index with auto-decrement 

11 Simple indexed addressing 
L-______________ 0 Direct addressing 

1 Indirect addressing 

II Indexing is specified. post

Indexed. indirect addressing occurs 
L-________________ 00 Register RO 

01 Register RIA or RIB 

10 Register R2A or R2B 

11 Register R3A or R3B 

This is the source/destination register. 

if direct addressing is specified. 

This. is the Index register. and RO is the 
source/ destination. if indexed 

addressing is specified. 
'-_____________________ Instruction operation code 

A" of the addressing options illustrated above have been described in Volume 1. Chapter 6. To summarize. 
however. these are the addressing combinations which are allowed: 

1) Direct addressing (absolute or program relative) 
2) Direct indexed addressing 
3) Direct indexed addressing with auto-increment 
4) Direct indexed addressing with auto-decrement 
&) Indirect addressing 
6) Indirect addressing with post-index 
7) Indirect addressing with post-index and auto-increment 
8) Indirect addressing with post-index and auto-decrement 

There is a sma" difference between indexed addressing as described in Volume 1. Chapter 6. and indexed ad
dressing as implemented by the 26&OA. The 2650A memory reference instructions provide a 13-bit absolute ad
dress. which represents the full addreSSing range of any memory bank: an a-bit index value is added to this displace
ment. as follows: 

12 11 10 9 8 7 6 5 4 3 2 1 0 "--Bit No. 

r I I I I I I I I I I I I ,.. Address Provided By Instruction 

7 6 5 4 3 2 1 0 '4--Bit No. 

II , , , I I I I... Index register 

Effective address = 13-bit absolute address + a-bit index. 
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If you are not clear on the difference between pre-indexed. indirect addressing and post-indexed. indirect addressing. 
refer again to Volume 1. Chapter 6. before proceeding with this discussion of the 2650A microcomputer. 

The fact that the 2650A has a 13-bit absolute address and an 8-bit index means that post-indexed. indirect addressing 
is very viable. The 13-bit absolute address identifies the memory location. anywhere within an 8192-byte program 
page. where an indirect address will be found. The indirect address becomes the base of a 256-byte .table. which may 
be indexed via anyone of the six Index registers. The Index register contents are treated as an unsigned binary number. 

Now look again at indexed addressing the way it is in most microcomputers. and the way it is described in Volume 1. 
Chapter 6. A 16-bit Index register indexes tables that are up to 65.536 bytes in length. and that is clearly ridiculous in 
microcomputers. The usual programming procedure. when using microcomputers that have a 16-bit Index register. is 
to use only the low-order byte of the Index register for indexing. The base address is created out of the high-order byte 
of the Index register. plus the displacement: 

Index 

Index register 

Displacement 

------------------- Base Address 

If the base address is created half out of an Index register and half out of a displacement. then clearly post-indexed. in
direct addressing is impossible. 

Any minicomputer programmer will attest to the fact that post-indexed. indirect addressing is far more useful than pre
indexed. indirect addressing. 

The 2650A has a wide variety of Branch and Branch-on-Condition instructions. which have 
the following object code and format: 

2650A 
BRANCH 
INSTRUCTION 
ADDRESSING 

2 ~ByteNo. 

A .... __ .... , r A_ " 
4 3 2 1 0 7 6 5 .. 3 2 1 0 ~Bit No. 

,,~::' :;' :;' =L~I1: I I I I I 09 
15-bit direct address 

~ ___________ o Direct addressing 

1 Indirect addressing 

L... _____________ Absolute Branch and Jump instructions interpret 

these two bits as identifying an Index register. as 

described for bits 5 and 6. Byte 1 of Extended 
Memory Reference instruction addressing. Con
ditional Branch and Jump instructions interpret 

these two bits as identifying the test conditions. 
L... __________________ lnstruction operation code 

11-7 



Most 2tJ50A Jump and Branch Instructions are conditional; that means that only cilrect Or indirect adciresslng 
may be used. 

Notice that the branch direct address Is 15 bits wide. Therefore. a Branch instruction may reference any byte 
within the maximum 32K-byte mamory allowed by the 2650A. 

Branch instructions are. In fact. the maans provided by the 2650A microcomputer to select 
a psge of mamory. The two high-order bits of a Branch instruction's direct address select an 8K
byte memory bank. which remains selected until another Branch instruction modifies the selec
tion. 

The 2650A has two unconditional Branch instructions. These instructions also have a 15-bit direct 

2650A 
MEMORY 
PAGE 
SEI,.ECTi.ON 

address; therefore. they also select a memory page. In addition to allowing direct or indirect addressing. these two in
structions allow indexed addressing to be specified. as described for the extended addressing options. 

Since Branch instructions specify a 15-bit direct !lddress. in the vast majority of cases simple direct addressing will be 
used. Indexed addressing will be valuable only in special logic sequences. such as branch tables. Branch instructions 
with indirect addressing will rarely have any justifiable value. 

Conditional Branch instructions use bits 0 and 1 of byte 0 to determine if a test condition has been met The way ih 
which these two bits are used is discussed below. along with the descriptiol') of 2650A Status registers. 

THE 2660A STATUS FLAGS 
The 26&OA microcompUter has two I-bit Status reglstera as follows: 

• 3 2 1 O~BitNo. 

C><J><I. SP2 I SPI I SPO I.. Upper Program Status Word (PSUI 

... 7~ ... .;6~...;,5 ... ~ ..... ..;3~~2~~ ... _O;..,.~Bit No. 

Iced ceo IIDC I RS I we I 0 I coM I C I ......... -Lowilr Program Status Word (PSLI 

Sand F represent a Sense Input bh and a Flag Output bit, both of which are connected directly to two CPU device 
pins. These two bits allow one input and one output signal to directly interface external devices to the CPU. under pro
gram control. 

The Interrupt Inhibit bit Is the master Internipt disable flag for the 2650A microcOmputer system. 

SPO. SP1 and SP2 constitute a 3-blt Stecle Pointer. Recall that the 2650A has a Stack eight addresses deep; the cur
tent top-of-Stack is addressed by this 3-bit Stack Pointer. 

The two Condhlon Codes CCO and CC1 report the condition of a data byte as zero. poshlve or negative. The zero 
condition represents a byte containing eight binary zeros. The positive condition represents a byte with 0 in the high
order bit The negative condition represents a ~yte with 1 in the high-order bit These Condition Codes are set following 
the execution of any instruction which loads a byte of data into a register or modifies the.registet'scontents. These two 
Condition bits represent a minor variation of the more common technique. in which a conditional instruction tests a 
register's contents directly. at the time the conditional instruction is executed. 

The CCO and CC1 flags should be interpreted as follows: 

CC1 ceo Intel'pretation 

0 0 Zero result 00000000 

0 1 Positive resu It: OXXXXXXX 
1 0 Negative result: 1XXXXXXX 

1 1 Not significant 

For Compare instructions. CC1 and CCO should be interpreted as follows: 

CC1 CCO Register-Register Compare Register-Memory Compare 

0 0 Register 0 = Register X Register X = Memory 
0 1 RegisterO > Register X Register X > Memory 
1 0 Register 0 < Register X Register X < Memory 
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IDC Is a standard Intermedlata Carry bit. reflecting the carry out of bit 3. 

O. the ~erllow bit. and C, the CarrylBorrow bit. are standard Overflow and Carry statuses as described in 
Volume 1. ChiJptar 2. 

SENSE 40 FlAG 
A12 2 39 VCC 
All 3 38 CLOCK 
Al0 4 37 PAU,SE 
A9 5 36 OPACK 
AS 6 35 RUN/WAIT 
A7 7 34 INTACK 
A6 8 33 DO 
AS 9 32 01 
A4 10 2650A 31 1)2 
A3 11 30 03 
A2 12 29 04 
Al 13 28 05 
AO 14 06 

A6REN 26 07 
RESET 25 i5iUSEN 

iN'I'REQ 24 OPREQ 
Al4-0/C 23 R/W 

A13-E/I'JE 22 WRP 
M!iO 21 GNO 

Pin Name Daacription Type 

"AO-A12 Addrass Bus lines Output 
"A13-A14 Page Select fines Ou~put 
"1X>'-07 Data Bus lines Bidirectional 
OSEN$E Control input Input 
°FlAG Control output O!llPut 
"AOiiiij Addrass Bus float Input 
~OBUseN Data Bus float Input 
"RESET . Reset l'1put 
oO/C Data/Control output Output 
"M/iO Memory /10 Reference Output 
o"R!W Read/Write Output 
"OPREQ Operation Request Output 
"OPACK Operation AcknOwledge Input 
"E/NE I/O Instruction length Output 
"WRP Write Pulse Output 
"iNTReQ Interrupt ReqLl88t Input 
°INrAcK Interrupt Acknowledge Output 
"RUN!WAIT Run status Output 
"PAuse Wait Input 
CLOCK Timing Input 
VCC. GNO Power and Ground 

"These signllis become the SVstam Bus. 

Figure 11-2. 2650A CPU Signal!! and Pin Assignments 

RS. the Register Bank Select bit. specifies the current bank of Accumulatorllndex registers: either R1A. R2A 
and R3A or R1B. R2B and R3B .. 

Recall that addition. subtraction. shift and rotate instructions optionally mayor may'not include the Carry status; in 
other words. a microcomputer may have an Add-with-Carry or an Add-without-Carry instruction; it may have a Rotate
simple or a Rotate-through-Carry instruction. The WC bit specifies whether the Carry will or will not be included in 
2650A instructions of this type. If the C status is included in a rotate. thelDC status will also be included. operat
ing as a branch c;arry out of bit 3. This is a unique 2650A feature. 
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The Compare status determines whether Compare instructions will treat data as signed or unsigned binary num
bers. Consider an instruction which compares the contents of Register RO with the contents of a memory byte. Clearly 
the result of the comparison will differ significantly. depending on whether the high-order bit of each byte is being in
terpreted as a sign bit. or whether positive numbers only are being compared. If the COM status flag is set to 1. the two 
bytes are assumed to be positive numbers. If the COM status is set to O. the two bytes are assumed to contain signed 
binary numbers. 

The WC and COM statuses of the 2660A microcomputer are very powerful features; their significance is that 
they double the available number of Arithmetic and Compare instructions, respectively. without increasing the 
number of instruction object codes. 

THE 2650A CPU PINS AND SIGNALS 
The 2660A CPU pins and signals are illustrated in Figure 11-2. A description of these signals will highlight the 
underlying philosophy of the 2660A chip design: that this device can be used with standard off-the-shelf TTL 
logic. rather than requiring a family of support devices. There are applications where the Signetlcs philosophy is' 
viable and will work; there are other applications where the specialized devices provided by Signetlcs and 
other microcomputer manufacturers cannot be reproduced at equivalently low cost. 

The Address Bus is 13 lines wide; it is used to address a single byte within 8192 bytes of memory. The low-order 
eight address lines may also be used to address an external device. 

A 13 and A 14 are page select lines. As described in the discussion of addressing modes. only 8ranch instructions pro
vide 15-bit memory addresses. When a 8ranch instruction is executed. the two high-order bits of the address. output 
on pins 18 and 19. are used by external memory to select or deselect 8K memory pages. Subsequent memory reference 
instructions that provide only a 13-bit memory address will reference the most recently selected 8K memory bank. This 
may be illustrated as follows: 

AI2t-------------------------------, Allt--------------------------------A10t---------____________________ _ 
A9t---------______________________ _ 
A8t-------------------________ __ A7t---------__________________ __ 
A6t---------------____________ __ 
A5t---------------------______ __ 
A4t-----------------------______ __ 
A3t-----------------------------A2t-----------------____________ __ 
A1t-------------------------____ ___ 
AOt------------------------------/ 

A 14 t---"4 .JO--......, 

Page 0 select 

Page 1 select 

Paga 2 select 

Page 3 select 

General 
Address 
Bus 

These selects must be latched 
since the A 13 and A 14 pins are 
shared with control signals 

Control lines of the 2660A microcomputer may be grouped Into categories as follows: 

1) CPU execution control 
2) Data and Address Bus access control 
3) Data and Address Bus contents identification 
4) Interrupt processing 
6) Direct. external device interface 
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CPU execution control signals. being of primary importance. will be discussed first. 

CLOCK is the master timing signal required by the 2660A CPU. Depending upon the way in 
which external logic is implemented. CLOCK mayor may not be needed by other devices that sur
round the 2650A; in most cases CLOCK will not be needed by other devices. since system control 
will normally be handled by 2650A control inputs and outputs. 

2650A CPU 
EXECUTION 
CONTROL 
SIGNALS 

RESET is the master reset Input which every microcomputer has. As is standard for most microcomputers. when 
the CPU is reset. the Program Counter is cleared. with the result that the instruction stored in memory location 0 is ex
ecuted. The CPU will typically be reset when first powered up. 

PAUSE causes the CPU to enter a Walt state. PAUSE is an input signal which may be used by external direct memo
ry access logic to stop the CPU while memory is being accessed. The Halt instruction also causes the CPU to enter the 
Wait state. A Wait state will be terminated by a Reset or by external logic removing its PAUSE input. i-----_ 
There are two bus access control signals on the 2650A: DBUSEN and ADREN. These two 2650A BUS 
signals float the Data and Address Busses. respectively. On the Address Bus. only the 13 Ad- ACCESS 
dress Bus lines AO - A12 are floated; the two page select lines A 13 and A 14 are not floated. CONTROL 

The most Interesting feature of 2650A control signals Is the scheme employed for iden
tifying events on the Data and Address Busses. 

The inception of any operation which will involve external devices is identified by 
OPREQ going high. 

SIGNALS 
2650A BUS 
CONTENTS 
IDENTIFICATION 
SIGNALS 

Normally. the first step in any operation that involves external logic is for an address to be output on the Address Bus. If 
memory is being accessed. then M/iO is output high. iflW is output high to identify a write operation or low to 
Identify a read operation. As soon as memory has responded to the memory read or write operation. it inputs OPACK 
low. If OPACK low does not arrive in time for the CPU to continue processing the current instruction at the next clock 
cycle. then the CPU temporarily enters the Wait state and outputs RUN/WAIT low to indicate this condition. Now as 
soon as OPACK is input low. the Wait state will end and the CPU will continue execution. 

The CPU will also output a write strobe. WRP. when writing to memory. This strobe is output when data is 
steady on the Data Bus. 

When an I/O device is being accessed by one of the I/O instructions. M/iO is output low. You will see in Table 
11-1 that the 2650A instruction set includes two sets of I/O instructions; one set does not identify an I/O port. and has 
a one-byte object code; the other set identifies an I/O port via a second byte of object code. Let us assume that the 
short I/O instructions will always reference I/O Port O. while the long I/O instructions will specify one of 256 I/O ports. 
The E/NE signal. if low. identifies a short I/O instruction. therefore an instruction which accesses I/O Port 0; if high. this 
signal indicates that the current contents of the low-order eight address lines contain an I/O port address. and should 
be so decoded. In fact. the I/O port which is selected by a short I/O instruction can be defined by you. You can look 
upon E/NE as a signal which. when low. is a unique select line. When high. E/NE identifies the low-order eight Address 
Bus lines as providing the I/O port address. Thus. you can generate I/O port select logic as follows: 

A"O 

. 
A7 

E/NE 

High 
enable 

Single I/O select line !low true) 

Once an I/O port has been selected. and external logic knows from the M/IO and E/NE controls which I/O port is 
selected. I/O logic needs to know whether an input or output I/O operation is to occur. and whether data or con
trol/status information is to be transmitted. (Volume 1. Chapter 5 discusses at length the difference between data. con
trols and status'! The RIW control indicates whether data is being transmitted from the CPU to external devices. or 
whether external devices are supposed to transmit data to the CPU; then D/e identifies the output as either data or 
control information. Conversely. when RIW identifies the CPU as requiring input from an I/O device. Die indicates 
whether the input should be data or status. 
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When external device logic responds to the I/O request, it concludes by inputting OPACK low. Figure 11-3 illustr
ates how control signals may be used to interpret events on the Address and Data Busses. 

2660A interrupt handling is very straightforward. An interrupt is requested by setting 
INTREQ low. The interrupt is acknowledged by the CPU outputting INTACK high. 

The SENSE and FLAG signals allow the 2660A to directly control external devices. The con
dition of a SENSE input is immediately translated into a 0 or 1 within the Sense bit of the 2650A 
Status register. A 0 or 1 in the Flag bit of the 2650A Status register is immediately reflected by a 
low or high signal output at the Flag pin. 

INTERFACING MEMORY TO THE 2650A MICROCOMPUTER 

2650A 
INTERRUPT 
CONTROL 
SIGNALS 

2650A 
EXTERNAL 
DEVICE 
CONTROL 
SIGNALS 

Given the wealth of control signals provided by the 2660A microcomputer, most types of memory can be inter
faced with very little difficulty. The only peculiarity of the 2650A which external logic must be able to cope with is 
the fact that memory is paged into 8192-byte pages. Any memory device whose addressing range is smaller than a 
page must have select logic which takes into account not only high-order address lines on the 13-line Address Bus but. 
in addition. the two page select lines. The two page select lines change status occasionally when a new page is being 
selected; therefore. page select must be stored in an external buffer. 

The 2650A CPU also expects to receive an OPACK acknowledgement from memory. If memory can respond to an ac
cess within the allowed time. then you can simply tie OPACK to ground for all memory accesses. lID accesses must still 
be able to respond with a high or low OPACK. depending upon prevailing conditions. Here is appropriate logic: 

I/O OPACK 
(normally low) ------c:r-'I>-__ OPACK to CPU 

--Memory 
OPACK 

lID OPACK is normally low. I/O logic drives OPACK high at the beginning of an I/O access if the lID device requires ex
tra time to respond to OPREO. 

The OPACK input during memory access operations is equivalent to the 8080A READY input. You should refer to the 
extensive discussion of the 8080A READY input given in Chapter 4 in order to find ways of using OPACK logic in a 
2650A microcomputer system. 

INTERFACING I/O DEVICES TO THE 2650A MICROCOMPUTER 
The simplest way of interfacing external devices to the 2660A microcomputer is to use the microcomputer's 
I/O instructions, plus the control signals which identify I/O operations. 

A very small microcomputer system may only have one I/O port. In this case the lID port can connect directly to the 
Data Bus and can always consider itself selected. A larger system may have up to 257 8-bit ports. with select lines that 
simply connect to the Data Bus and use EINE as a select enable signal. 

THE 2650A MICROCOMPUTER INTERRUPT PROCESS 
The 2650A has a single interrupt request line and a single interrupt acknowledge line. Interrupt priorities will 
therefore be handled via a daisy chain. 

When the CPU acknowledges an interrupt, first it dlsablas all further interrupts. Next, it pushes the contents of 
the Program Counter onto the address Stack and zeros the Program Counter. 

The CPU will now insert the first byte of a ZBSR instruction code into the Instruction register; this instruction 
code is a Branch-to-Subroutine using program relative addressing. The interrupting device must submit a byte 
of data on the Data Bus, which will be interpreted as the second byte of the ZBSR instruction. 
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OPREQ =1 
The next two clock 

periods require 
memory or 1/ 0 access 

I 
t 

MIlO =1 
M/'iO=O 

Memory is referenced 
A memory address is 

An 1/ 0 device 

on the Address Bus 
is referenced 

• t • t 
R/W=O R/W=1 E/NE=O E/NE = 1 

Transmit data Write data on A one-byte 110 Read 110 port number 

on the Data Bus Data Bus into instruction off the low order eight 

to the CPU memory Address Bus lines 

........ V .", 

+ • 'R/W=O R/W:l 
Transmit a byte Receive a byte 

on the Data Bus output by the JaPU 

to the CPU on the Data Bus 

t t 
D/C=O D/C=O 
Transmit Receive 

Status Control 

D/C=1 DIC =1 
Tra,nsmit Receive 

Data Data 

t 
At conclusion of oper- f4-
ation input OPACK low; 
otherwise CPU will enter 
WAIT state and output 

RUN/WAli' 0 

Figure 11-3, How Control Signals Identify Address and Data Bus 
Use for the 2650A Microcomputer 

Look again at the disclJssion of 2650A addressing modes and you will see that with the Program Counter set to 0, the 
byte of data input by the interrupting device becomes a displacement vector. 
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Assume that each external device has the beginning address of its interrupt service routine stored somewhere within 
the first 64 bytes of the zero memory page. The interrupting device must input the following byte of data: 

~------Slx·blt device select code; must be twice the device number. 
since two bytes will be needed for each device address. 

L..---------Must be 0 since only positive displacements from memory loca
lion 0 are being used. (Negative values. with addreRsing the top 
64 bytes of memory also feasible.) 

L.. __________ lndirect addressing must be specified 

This byte of data causes an indirect program relative jump to the interrupting device's interrupt service routine. as 
follows: 

O....-BitNo. 
-~"I"!"I~'!!"I"!!'~ 

Indirect addressing 
specified 

Displacement of 

lA16 is specified 

Program execution continues 
with instruction stored in 

memory location OA4A16 

2650A MICROCOMPUTER DIRECT MEMORY ACCESS 

Memory PROGRAM 

Address MEMORY 

:I:::::::j 
0002J::::=:1 

: . 
5 i • • • • 

Direct memory access In a 2660A system Is left up to external logic. Two schemes are possible. 

External logic may stop the. CPU, using the PAUSE input: while the CPU is disabled, external logic may teke 
control of Data and Address Busses to access memory in any way. 

Alternatively, DMA logic may be implemented to operate in parallel with the CPU. The 2650A has periods when 
both the Data Bus and the Address Bus are floated. Handling DMA in parallel with normal instruction execution is 
made possible if you combine the OPREQ and OPACK handshake signals with normal timing sequences. 

The only economical way of handling direct memory access in a 2660A microcomputer system is to use one of 
the direct memory access control devices described in Volume 3. Timing requirements are given with the discus
sions of these devices. The flexibility of the 2650A System Bus is such that you will have very little difficulty generating 
an interface with any of these direct memory access control parts. 

THE 2650A MICROCOMPUTER INSTRUCTION SET 
The 2660A microcomputer instruction set is the most minicomputer-like of the microcomputers discussed in 
this book. It is particularly rich in addressing modes and memory reference instructions. The instruction set is 
listed in Table 11-1. 

Memory reference instructions are shown as offering program relative addressing options or extended addressing op
tions. See the discussion of 2650A addreSSing options for a definition of these terms. 

Note that in the statuses column. CC identifies the CCO and CC1 statuses. These two statuses a're used to test for a 
zero. positive or negative branch condition: these two statuses are described along with the 2650A Status registers. 
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The TMI Immediate Operate instruction compares a register's contents with a mask provided by the instruction 
operand. This instruction allows any bit combination to be tested for. in any CPU register. 

The Decimal Adjust (DAR) instruction of the 2650A differs from the instructions with the same name as implemented 
on a number of other microcomputers. The Decimal Adjust instruction can be used to perform binary decimal 
arithmetic. Referring to the discussion of binary decimal arithmetic given in Volume 1. the 2650A DAR instruction per
forms Step 3 of the binary-coded-decimal addition operation described in Chapter 3. 

THE 2650A BENCHMARK PROGRAM 
This is how the 2660A may implement our benchmark program: 

LODA.R1 TLENGTH LOAD DISPLACEMENT TO FIRST FREE TABLE BYTE 
LODA.R2 10BFL LOAD I/O BUFFER FILLED LENGTH 

LOOP LODA.RO *IOBUF.R2 LOAD NEXT I/O BUFFER BYTE 
STRA.RO *TABLE.R1.+ STORE IN TABLE. AUTO-INCREMENT R1 
BDRR.R2 LOOP DECREMENT R2. RETURN TO LOOP ON NON-ZERO 
STRA.R1 TLENGTH AT END. RESTORE NEW TABLE LENGTH 

The benchmark program. as illustrated for the 2650A. assumes that both the data table and the I/O buffer have max
imum lengths of 256 bytes. 

The displacement to the first free byte of the data table is stored in a memory location identified by the label TLENGTH. 

The number of filled I/O buffer bytes is stored in a memory location identified by the labellOBFL. It is assumed that the 
I/O buffer can be read backwards: in other words. the last I/O buffer byte becomes the first byte stored in the perma
nent data tab Ie. 

The instruction with label LOOP begins by loading the last byte in the I/O buffer. using indirect. indexed addressing 
without auto-increment or auto-decrement. Subsequently. Index Register R2 is decremented: if it does not decrement 
to O. execution returns to the instruction labeled LOOP. 

The instruction which stores data in TABLE uses indirect. post-indexed addressing. with the contents of Index Register 
R1 auto-incremented. Thus. at the conclusion of data movement. Index Register R1 contains the displacement to the 
next free byte of TABLE. 

Comparing the 2650A benchmark program with other benchmark programs shown in this book might suggest that the 
2650A has the shortest. and therefore the fastest and most efficient benchmark program. This is not necessarily the 
case. Certainly the 2650A instruction set provides a source program which is likely to be shorter than any other 
microcomputer's source program. but that is because instructions are very minicomputer-like. The number of bytes re
quired to implement the 2650A object program. and the time taken to execute the program. may bear no relationship 
to the length of the source program. For example. the program loop. although it contains only three instructions (LODA. 
STRA and BDRR). will require eight bytes of object program. 

Once again. we caution against drawing fast conclusions from benchmark programs. 

The following symbols are used in Table 11-1: 

* ADDR(X) 16-bit extended addreSSing mode: 

*BADD 

C 

(X) 

ADDR 

II ·1 I I I 

(X) 

1 for indirection 
00 for non-indexed 

I I I 
v 

ADDR 

01 for indexed with auto-increment 
10 for indexed with auto-decrement 
11 for indexed only 
13-bit absolute address 

16-bit absolute addressing mode: 

I I 
>' 

I I I I I I I~I::~;:I::I~~~I~I 
~~--.......... ~~ ~ 

BADD 

1 for indirection 
BADD 15-bit absolute address 

Carry status 

11-15 



CC The two Condition Code bits CC 1 and CCO 

CCl CD CCO 

CIDC The Carry and Inter-Digit Carry Cm IDC 

dataNE The non-extended data port 

DATA2 2-bit data unit 

DATAa a-bit data unit 

°DISP a-bit relative addressing mode: 

lJ:::u:::e:I9 
DISP 

1 for indirection 
DISP 7-bit signed displacement 

EAA Effective address generated by °BADD 

EAD Effective address generated by :ADDR(X) 

EAR PC relative address generated by °DISP 

IDC Inter-Digit Carry status 

o Overflow status 

P An a-bit port number 

PC Program Counter 

PSU Upper byte of Program Status Word 

PSL Lower byte of Program Status Word 

One of the seven CPU registers 

RAS(SP) 

RO 

The Return Address Stack location indicated by the Stack Pointer 

Accumulator 

SP 

status NE 

ZEA 

x<y.z> 

[ ] 

[[]] 

A 

v 

Stack Pointer 

The Non-Extended status port 

A zero page relative address generated by DISP 

Bits y through z of the quantity x; for example. RO<3.0 > represents the lower 4 bits of the Accumulator. 

Contents of location enclosed within brackets. If a register designation is enclosed within the brackets. 
then the designated register's contents are specified. If an I/O port number is enclosed within the 
brackets. then the I/O contents are specified. If a memory address is enclosed within the brackets. then 
the contents of the addressed memory location are specified. 

Implied memory addressing; the contents of the memory location designated by the contents of a 
register. 

Logical AND 

Logical OR 

Logical Exclusive-OR 

Data is transferred in the direction of the arrow 

Data is exchanged between the two locations designated on either side of the arrow. 

Under the heading of STATUSES in Table 11-1. an X indicates statuses which are modified in the course of the instruc
tion's execution. If there is no X. it means that the status maintains the value it had before the instruction was ex
ecuted. 
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Table 11-2. Signetics 2650A Instruction Object Codes 

MACHINE 
OBJECT CODE BYTES 

MACHINE 
INSTRUCTION OBJECT CODE BYTES 

CYCLES 
INSTRUCTION ' CYCLES 

ADDA,. ·ADDRfXI 10001188 3 4 COMA •• , ·ADDR(XI 11101188 3 4 

~ bccqqqqq 
QQ QQ 

ADDI.r DATA8 10000188 2 2 COMI •• DATA8 111001 •• 2 2 
pp pp 

ADDR •• ·DISP l00010aa 2 3 COMR •• ·DISP 111010aa 2 3 

""""- """"-
ADDZ.. l00000aa 1 2 COMZ •• 11 tOOOail 1 2 
ANQA •• ·ADDRIXI 01001188 3 4 CPSL DATA8 76 2 3. 

bccqqqqq pp 
QQ CPSU DATA8 74 2 3 

ANDI •• DATA8 01000188 2 2 pp 
pp DAR •• 10010188 1 3 

ANOR.r ·DISP 0100IOaa 2 3 lORA •• ·ADDR(XI 00101188 3' 4 

""""- bccqqqqq 
MfJZ,r 010000aa 1 2 QQ 
BCFA.DATA2 ·BADD l00111ff 3 3 EORI •• DATA8 00100188 2 2 

bqqqqqqq pp 
QQ EORR •• ·DISP 001010aa 2 3 

BCFR.DATA2 ·DISP' l00110ff 2 3 "--
~ EORZ,. 001000aa 1 2 

8CrA,DATA2 ·BADD 000111ff 3 3 HALT 40 1 2 
bqqqqqqq lORA." ·ADDRIXI 01101188 3 4 

'QQ bccqqqqq-
BCTR.DATA2.·DISP 000110ff 2 3 QQ 

~ IORI •• DATA8 01100188 2 2 
BDRA.r ·BADD 11111188 3 3 pp 

Ijqqqqqqq IORR •• ·DISP· 011010aa 2 3 
QQ ~ 

BDRR •• ·DISP 111110aa 2 3 
011000aa 2 

~ 
IORZ.. 1 

BIRA,. ·BADD 11011188 LODA.. ·ADDR(XI 00001188 3 4 
3 3 

bccqqqqq 
bqqqqqqq 

aQ QQ 

IIHR •• ·DISP 110110aa LODI •• DATA8 00000188 2 2 2 3 pp .-
3 3 LODR •• ·DISP 0000IOaa 2 3 BRNA •• ·BADD 01011188 

~ 
bqqqqqqq 

LOOZ •• 000000aa 1 2 QQ 
LPSL 93 1 2 

BRNR •• ·DISP 010110aa 2 3 
U'SU 92 1 2 

~ 
NOP co 1 2 BSFA,DATA2' .BA"DD 101111ff 3 3 
PPSL DATA8 77 1 3 bqqqqqqq pp 

QQ 
PPSU DATAl 76 2 3 2 3 BSFR,DATA2 ·DISP 101110ff pp 

~ 
REOC •• 001100aa 1 2 BSNA,. ~BADD 0111t188 3 3 

bqqqqqqq 
REOD •• 0111QOaa 1 2 

QQ RIDE •• P 01010188 2 3 

011110aa 2 3 pp 
BSNR •• ·DISP 

'*--
RETC.DATA2 000101ff 1 3 

00l1l1ff 3 3 RETE.DATA2 001101ff 1 3 BSTA.DATA2 ·BADD 
bqqqqqqq IUII..,r 110100aa 1 2 

QQ HRR •• 010100aa 1 2 

BSTR.DATA2 .DI8P 001110ff 2 3 SPSL 13 1 2 

~ SPSU 12 1 2 
STRA •• ·ADDR(XI 11001188 3' 4 

BSXA ·BADD IF ;I 3 
bccqqqqq 

bqq- QQ 
QQ STAR., ·DISP 110010aa 2 3 

SXA ·BADD SF 3 3 
~ 

bqqqqqqq 
QQ 

STRZ •• l10000aa 1 2 
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Table 11-2. Signetics 2650A Instruction Object Codes (Continued) 

INSTRUCTION OBJECT CODE BYTES 
MACHINE 
CYCLES INSTRUCTION OBJECT CODE BYTES 

MACHINE 
CYCLES 

SUBA •• °ADDIIIXI ,0,0" ... 3 4 lPSU DATAl B4 2 3 
bccqqqqq pp 

00 WRTC.r 101100aa 1 2 
SUII •• DATAl 10100188 2 2 WRTD •• llll00aa 1 2 

pp WRTE.r P 11010188 2 3 
SUBR •• °DlSP 10101088 2 3 pp - ZBRR °DlSP 98 2 3 
suaz .• 101000aa 1 2 -TMI •• DATAl 11110188 2 3 Z8SR °DlSP BB 2 3 

pp -TPSL DATAB B6 2' 3 
pp 

The following symbols are used in Table 11-2: 

aa 

b 

Two bits which. in conjunction with the Register Bank Select bit in the PSL. choose the register 

One bit selecting the indirection option 

cc 

eeeeeee 

ff 

PP 

q 

o 

Two bits chOOSing the indexing mode: 
00 No indexing 
01 Indexing with auto-increment 
10 Indexing with auto-decrement 
11 Indexing only 

7-bit signed address displacement 

2-bit test value 

eight bits of immediate data 

One bit of absoll,lte or extended address 

One byte (eight bits) of absolute or extended address 

SUPPORT DEVICES THAT MAY BE USED WITH THE 2660A MICROPROCESSOR 
Interfacing the 2660A with 8080A support devices is very straightforward. Figure 11·4 shows how 808DA con· 
trol signals may be genereted from 2660A control signals. Figure 11·6 provides the 88me information for the 
MC6800. 

But there Bre some ambiguities not Immediately apparent when you look at Figure 11·4. To begin with. the 
2650A uses a request/acknowledge handshaking control protocol which is alien to an 8080A-based system. Thus 
OPACK. which is shown creating RDYIN in Figure 11-4. may well be grounded in a configuration that is not going to in
sert Wait states into 2650A lDstruction execution cycles. OPREO will be used as a contributor to the chip select logic of 
8080A support devices. M/IO. which is shown discriminating between memory and I/O control Signals in Figure 11-4. 
may alternatively be used as a contributor to chip select logic. Figures 11·6 through 11·9 Illustrate 8261 and 8266 
devices connected to a 2660A CPU, being selected within memory or I/O spaces. Note that where devices are 
selected within the 2650A I/O space. c!5 could be generated from the 2650A C/O control output rather than using 
address line ·ADRO. 

Figure 11·10 shows how 2660A priority interrupts may be generated using an 8214 Priority Interrupt Control 
Unit. 

Interfacing MC6800 support devices to a 2660A CPU is again complicated by the synchronizing signal required 
by MC6800 support devices. But tile 2660A Is flexible enough to make this Interface possible. 

We must use OPREO in order to generate the synchronizing enable signal for MC6800 support devices. Unfortunately. 
there is a significant variation in the leading edge of OPREO. Therefore. logic to create an ENABLE synchronizing sig· 
nal must have the following three parts: 

1) Create a continuous clock Signal to substitute for the MC6800 ENABLE synchronizing signal. 

2) Make sure that during a write cycle MC6800 device select logic is true across one pulse of the ENABLE signal. Chip 
select logic must be true from shortly before the beginning of the ENABLE Signal positive transition until shortly 
after the end of the negative transition. 
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3) During a read cycle. again make sure that chip select logic for the MC6800 support device is valid for one ENABLE 
cycle only: but this time stretch the ENABLE true pulse so that the 2650A CPU can latch the data on the negative 
transition of OPREQ before ENABLE goes low. 

Timing for the above three conditions Is Illustrated in Figure 11-11. But note that since the minimum cycle time for 
MC6800 support devices is 1 microsecond. the 2650A CPU must also operate at this frequency - rather than using a 
0.8 microsecond clock. which is the fastest allowed. 

Figure 1 1 -12 illustrates a 2660A-6860 ACIA Interface. Figure 1 1 -13 illustrates a 266QA-6820 PIA in~rface. 

Important aspects of 2650A interface timing are defined in Figure 11-14. 

l : BUsEN 

PAUsE f>o HOLD 

'iN'i'ReQ [>0 .. INT 

INTACK • o<J iNTA 

RESET f>o ~ RESiN 

0PAcK [>0 ... RDYIN 

RUN/WAif. ~ o(J WAIT 

R/WR MEMii 

M/iO iiOR 

MEMvii 
WRP 

ii5W 
2650A 8080A 

Signals 3-chip CPU 
Signals 

Figure 11-4. 2650A-8080A Signal Equivalents 

PAUSE .. HAi:i' 

AoiiEN [>0 ... TSC 

DiiUSEN [>0 ... DBE 

OPREQ .. VMA 

Riw [>0 ... R/Vii 

RESET ... RESET 

iNi'iiEci .. IRQ 
2650A MC6600 

; 
/ Signals Signals 

Figure 11-5. 2650A-MC6800 Signal Equivalents 
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Figure 11-6. An 8251 US ART Accessed by a 2650A as an I/O Device 
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Figure 11-7. An 8251 US ART Accessed by a 2650A as a Memory Device 
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Figure 11-8. An 8255 PPI Accessed by a 2650A as an 1/0 Device 
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Figure 11-9. An 8255 PPI Accessed by a 2650A as a Memory Device 
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Figure 11-10. Vectored Interrupt Using the 8214 PICU with a 2650A CPU 
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Figure 11-12. An MC6850 ACIA Connected to a 2650A 

INTREO 
4.7K 1 Vcc ..... . .. a 8 ~ 

DBUSO-7 , 
, . .. 

AORO 
AORI 

2650A Address '--

CPU Decoding 5--~ 
Logic J 

AORI3-E/NE 

M/iO ~ 
INTACK I 

Riw 
To 

} Interface 
OPREO From {LOR.-.. Circuitry 

CLOCK i'4-<I>1 

OPACK~ -• 
Interface EN ....... 

From Circuitry R/W~ 
Interface 
Circuitry (See Figure 11-111 

Figure 11-13. An MC6820 PIA Connected to a 2650A 
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·OPREO can make a transition any time within this 600 nsec. region. 

Figure 11-14. Important Timing Considerations When Interfacing a 2650A CPU with MC68XX Series Devices 
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DATA SHEETS 

This section contains specific electrical and timing data for the 2650A microprocessor. 
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2850A/2650A-1 

ABSoLUTE MAXIMUM RATINGS' 
PARAMETER RATING 

TA Operating ambient temperature2 O·C to 70·C 
TSTO Storage temperature -85·C to +150·C 
Po Package poWer dlsalpetlon2 1.8W 

All Input, output, and supply -0.5Vto+8V 
voltagas with respect to ON03 

be ELECfRICAL CHARACTERISTICS TA" o·c to 70·C, VCC'" $V ±5'1b. 

LIMITS 
PARAMETER TEST CONOInONS 

Min Typ Mall 
uNIT 

Current p.A 
III Input load. : VIN co 0 to 6.26V -10 10 
ILoH Output high leakage i\i5ii!Iii,.~ .. 2.2V VOUT co 4V -10 10 
ILOL Output low leakage ADRER, ~ .. 2.2V VOUT .. 0.46V -10 10 

Voltage levels V 
ViH Input high 2.2 VCC 
VII; Input low -0.6 0.8 

VOH Output high 101i co -100p.A 2.4 
VOL Output low IOL co 1.8ma 0 0.46 

ICC Power supply current VCC = 6.26V T A = O·C 150 mA 

Capacitance pF 

OIN Input Ic co lMHz 20 

C;:OUT Output Unmeasured pins tlad to ground 20 

NOTES 
1. Stresses above thosG lIatail under "Absolute Maximum Ratings" may cauao permanent 3. thill product Includes circuit". apeclWeall,. designed for the protection of Ita InteMal 

damage to the davtce. this Is a ann rating only and functh2nal operation of the device at devices from the damaging effects (" excessive stallc charge. However, It is SUlHlested 
theBe or at any other condition above those Indicated In the operation aactlons of thla that corwenllonal precautions be taken to avoid appl,tno any voItagee target then the 
specificalion is not implfecl. rated maxima. 

2. For oPeratlftg at eleYated temperatures the device must be derated baaed on +11O°C 
maximum juIIctlon lemperat&n and thermal reale.ance of 6O°CtW Junction to ambtent 
(1Wi. cetomlc packaae). 

Data sheets on pages 11-D2 through 11-D6 are reprinted by permission of Signetics Corporation. 
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2650A/2650A-1 

AC CHARACTERISTICS TAmO ·C to +70 ·C V • ·CC = 5V 1 234 ±5%· .. 

LlMtTS 
PARAMETER 

Min Max 
UNIT 

tAS Address stable 50 ns 

tTVO 3-State enable delay time 250 ns 

tVTO 3-State disable delay time 150 ns 

tos Data stable 50 ns 

tOIH Data in hold 0 ns 

tOIA Data in access time (2650A-l) tcp + tCH - 200 ns 
(2650A) tcp + tCH - 300· 

tCH Clock high pllase (2650A-t) 250 
ns 

(2650A) 400 

tCl Clock low phase (2650A-l) 250 
(2650A) 400 

ns 

tcp Clock period (2650A-l) 500 
(2650A) 600 

ns 

tpc Processor cycle time5 (2650A-l) 1500 
(2650A) 2400 

ns 

tOR OPREQ pulse widthS tcp + tCH - 50 tcp + tCH + 75 ns 

tCOR Clock to OPREQ time (2650A-l) 50 200 
(2650A) 50 300 

n9 

tOAD OPACK delay time (2650A-l) tcp - 250 
n9 (2650A) tcp - 360 

tOAH ~holdtime tcp ns 

tcss Control signal stable 50 ns 

twpo Write pulse delay tCH- 50 tCH + 100 n9 

twpw Write pulse width6 tCl - 50 tCl + 125 n9 

tlRH INTREQ hold time 0 ns 

tpSE Pause delay tcp ns 

tRST Reset width 3tCP n8 
NOTES 
I. Input levela awing between 0.4 and 2.4 yolto. 
2. Input signal transition times arG 2Dns. 
3. All yoltage measurements are referoRced to ground. All lime measurements are al the 50% 

levol for inputs and al O.SV and 2.0V for outputs. 
4. Output load is l00pF. 
5. Proceasor cycle time consists of three clock periods. 
e. lhese values 888ume that omK io 'etumed In time to not causa the processor to idle. 

Otherwise. the specified maximum will increase by an Integral number 01 clock cycles. 

11-D3 



2650A/2650A-1 
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Chapter 12 
THE RCA COSMAC 

We are going to describe the single-chip CPU referred to as the CDP1802. This is a one-chip implementation of 
the previous two-chip CPU, consisting of the CDP1801 and CDP18101. 

COS MAC is a "low end" microprocessor: it is well suited to simple. high-volume applications with limited program
ming needs. As compared to many other microprocessors described in this book. COSMAC is a poor choice for low
volume. program intensive applications: this is because COS MAC is relatively difficult to program optimally. 

But where does the transition from a simple application to a.complex application occur? For COSMAC. it is sudden
an application either is or is not suited to COSMAC. with very little grey area. 

The principal advantage of COSMAC is that it requires very little power, since it is fabdcated using CMOS tech
nology. If your application is going to be battery powered for any length of time, CMOS logic Is strongly favored. 
In addition. if speed is not essential in your application. then power consumption can be further reduced by using a 
lower clock frequency. The advent of one-chip microcomputers has clouded the previously clear-cut power supply ad
vantage associated with CMOS technology. There are occasions when a multi-chip COSMAC lor IM6100) 
microcomputer system, even though It is all CMOS, will use approximately the same amount of power as a 
single-chip NMOS microcomputer; the single-chip microcomputer will be capable of doing the same job. Before im
mediately assuming that your application demands CMOS technology for power supply purposes, it is worth 
checking the power supply requirements of an equivalent NMOS one-chip microcomputer. 

Both the power and the inflexibility of COS MAC are based on a subtly clever use of CPU logic, coupled with a 
somewhat primitive Interfacl! between CPU and external memory. Providing you can accommodate all "pro
gram housekeeping" using CPU registers for your read/write memory, COS MAC Is a superb microprocessor. 
"Program housekeeping" Includes maintaining the program and data memory address required by subroutines, 
interrupts, and data accesses in general. A large class of microprocessor applications fit these restrictions and are 
well suited to COSMAC. 

Devices described in this chapter include the CDP1802 Central Processing Unit and the CDP1852 8-bit input/output 
port. There is also a CMOS Universal Asynchronous ReceiverITransmitter IUART) - the CDP1854 device. This part is 
described in Volume 3. 

COS MAC is fabricated using CMOS technology. It operates with a single power supply and is very insensitive to noise. 
The power supply can vary between +3V and +12V. 

CMOS technology also results in COSMAC having avery low power consumption and a broad operating temperature 
range. It is one of the few products described in this book that operates within the full military specification tem
perature range of -55°C to +125°C. 

You should be cautious with your power supply when using COS MAC. CMOS is indeed immune to noise in the 
power supply: the power supply can swing wildly between +3V and +12V without affecting the 1 and 0 levels at in
dividual gates. However. timing swings accompany power supply swings. This would not be a problem if all Signals 
changed frequency together: however. as we will discuss later in this chapter. signals do not change in unison. Thus. it 
is quite possible that a COSMAC system which works perfectly well with a +5V power supply is inoperable 
with a +8V power supply, because signal transitions have shifted sufficiently for +5V logic to no longer apply. 

Using a +10V power supply. a 155 nanosecond clock results in instruction execution times of 2.5 or 3.75 microse
conds. In reality. a 200 minosecond (or slower) clock should be used. Even though faster clocks are allowed. users have 
experienced design problems when attempting to run COS MAC microcomputer systems with clocks that are 
faster than 200 lIanoseconds. 

The principal manufacturer for the COSMAC is: • 

RCA SOLID STATE DIVISION 
P.O. Box 3200 

Somerville. N.J. 08876 
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The second sources are: 

HUGHES AIRCRAFT INC. 
Industrial Electronics Group 

500 Superior Avenue 
Newport Beach. CA 92663 

SOLID STATE SCIENTIFIC INC. 
Montgomeryville Industrial Park 

Montgomeryville. PA 18936 

THE COSMAC CPU 

Functions implemented on the CDP1802 CPU are illustrated in Figure 12-1. 

Logic to handle an external interrupt request is provided by the COSMAC CPU. along with an elementary ability to han
dle interrupt priority arbitration. 

An unusual feature of COSMAC. as compared to other CPUs described in this book. is the fact that COS MAC provides 
an elementary DMA capability using CPU logic. 

COSMAC PROGRAMMABLE REGISTERS 
These are the programmable registers of the COSMAC CPU: 

16 Bits _A .... __ ..... , 
8 Bits 8 Bits 

---"----"-
4-bit. Program Counter Pointer ~ 

4-bit. Data Counter Pointer X 

8-bit buffer for P and X T 

R(O).1 R(O).O 

Rll).1 R(1).O 

R(2).1 R(2).O 

R(3).1 R(3).O 

R(4).1 R(4).O 

R(5).1 R(5).O 

R(6l1 R(6W 

R(7).I. R(7).O 

R(8).1 R(8).O 

'R(9).1 R(9).O 

RIA). 1 R(A).O 

R(B).1 R(B).O 

R(C).1 < R(C).O 

R(DI.l RlD).O 

RlE).1 R(E).O 

RlF).1 RlF).O II 

Sixteen 16-bit Address registers or thirty
two 8-bit Data registers. No p,rmanently 
assigned Data Counters or Program Coun
ters. 

o 8-bit Primary Accumulator 

The D register functions as 8 primary Accumulator. 

The sixteen 16-blt registers may serve as Program Counters. Data Counters. or scratchpad memory. 

As scratchpad memory. each 16-bit register consists of two 8-bit registers whose contents can be transferred to or from 
the primary Accumulator (D register). 

The nomenclature RN is used to define a 16-bit general purpose register. N may be any number in the range 0 - 15. 
When general purpose registers are being treated as 8-bit data storage units. R(N).1 is used to identify the high-order 
byte of General Purpose Register RN and R(N).O is used to identify the low-order byte of General Purpose Register RN. 
For example. R6 identifies the seventh 16-bit general purpose register. This general purpose register contains a high
order byte. identified as R(6).1 and a low-order byte. identified as R(6).0. 
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Programmable 
Timers 

Interface Logic 

Read Only 
Memory 

I/O Ports 

CDP1852 I/O Port 

Figure 12-1. Logic of the CDP1802 COSMAC CPU and the CDP1852 I/O Port 

The 4-bit P register Identifies the 16-bit register which at any point in time is functioning as the Program 
Counter. 

The 4-bit X register identifies the 16-bit register which at any point in time is functioning as the Data Counter. 

The T register is a simple. 8-bit buffer within which X and P register contents are stored following an interrupt. 

COSMAC literature identifies a third 4-bit register. called the N registar. On first reading. the N register may look 
like the X register. but in reality. the N register represents the low-order four bits of the Instruction register. The N 
register is not a programmable register as we define it. 

The first three 16-bit registers have dedicated functions. 

Register RO is the Memory Address register used by the DMA logic of COS MAC. 

Following an interrupt acknowledge. Register R1 is assumed·to contain the beginning address for the interrupt 
service routine: General Purpose Register R2 serves as a primitive Stack Pointer. A single instruction allows you 
to push the contents of the T register into the memory location addressed by General Purpose Register R2. Another 
single instruction loads P and X with the contents of the memory location addressed by General Purpose Register R2. 
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COSMAC MEMORY ADDRESSING MODES 
COSMAC offers implied addressing of data memory and direct addressing of program memory. 

Ahy COS MAC instruction that accesses data memory indicates one of the sixteen General Purpose registers as provid
ing the required memory address. Implied memory addressing with auto-increment or auto-decrement is also available 
in a limited number of cases. ' 

An instruction that accesses data memory may directly identify the general purpose register wherein the implied data 
memory address will be found: 

8-Bit Object 

General Purpose 
Register 

I 

Code J-l 

C:~I::~~JJC:~I----~ .. ~', Jt==p~p~~~q~q~j 
~~ J+l 

Four Four 1-----t--....... -4 
instruction regiS1er 

bits identify 
bits 

This memory location accassed 

ppqq-l 
ppqq 

ppqq+l 

ppqq+2 

Pliqq+3 

Date 
Memory 

~ 

Alternatively. an instruction may specify that the X register points to the general purpose register which is to be used 
as a Data Counter: 

I 
" 

8-Bit Object 
Code 

-'v -' Eight 
instruction 

I 
./ 

r- b..--its ~ 
L.x register _....; __ _ 

J-l 

General Purpose 
Register 

I 

J r:JP~p~!~q!q!:~ 
J+l~ __ --t_~"~~ 

This memory location accessed 

ppqq-l 

ppqq 

ppqq+l 

ppqq+2 

ppqq+3 

Dilte 
Memory 

f+-. 

Branch instructions use direct memory addressing. COSMAC has two-byte and three-byte Brimch instructions. A two
byte Branch instruction uses paged. direct addressing; the second byte of object cOde replaces the low-order byte of 
the 16-bit general purpose register currently serving as Program Counter: 

P register m---. RJ 

General Purpose 
RegiSter 

i , 
l 

I 

I 

! 

I .. 

I 
I 

I 

Program 
Memory 

KK 

I 
I 

I 1 Two-byte Branch inS1ruction------------J 

In the illustration above. the P register contains a hexadecimal digit represented by J. General Purpose Register RJ is 
therefore currently serving as the Program Counter. A two-byte Branch instruction contains an a-bit value. represented 
by KK. in the second object program byte. When a branch is executed. KK is loaded into R(J).O. ,he low-order byte of 
General Purpose Register RJ. This represents straightforward. absolute paged direct addreSSing as described in Volume 
1. ' 
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The second and third object code bytes of a three-byte Branch instruction provide a 16~bit address which replaces the 
entire cQntents of the general purpose register currently serving as Program Counter. This is equivalent to simple non
paged direct addressing as described in Volume 1. When a 16-bit address is stored in memory. the high-order address 
byte precedes the low-order address byte as follows: ' 

General Purpose 
Register 

I 

, -t-"'" 

XX I VV 
I 

I 

I 

--...,., 
r-. ~ 

Data 
Memory 

XX 
yy 

, Progr.m .nd d.~ memory in • COSMAC microcomputer system m.y be common or sep.r.te. Because COSMAC 
has a wealth of control signals. it is almost as easy to implement program and data memory with duplicated memory 
addresses and address spaces as it is to implement program and data memory with separate addresses and address 
spaces. Thus COSMAC can have separate program and data memories. as describeq for the SMS300. or it can have a 
shared address space. as is the case for all other microcomputers described in this book. 

CQSMAC STATUS FLAGS 
COSMAC h.s no Stetus register. but It does h.ve seven fl.gs which. in. rather unusu.1 w.y. provide status in-
foRnatlon. ' 

Two of the seven !Itatus fI.gs .... orthodox: 

There Is the Data Flag (DF). which Is equlv.lent to the C.rry status.s we describe It. 

There Is.n Interrupt En."le fl.g which must be set to 1 if interrupts are enabled: this flag is reset to 0 in order to disa-
ble interrupts. ' 

Five of the seven status fl.gs .re direct loalc control statuses. 

There are four I/O flags 1m -~ which are connected through Inve~ers to CPU input pins. Extern.llogic c.n 
Input high or low slgn.ls at these four pins. Subsequently. COSMAC Branch-on-Condition instructions can test any 
one of these four pins. then branch or not branch. depending on the status of the pin. 

The fifth· condition status is referred to as the Q status. This status C.I'! be set or reset directly by .pproprl.te COS
MAC Instructions. Subsequent Branch-on-Condition instructions will test the Q status in order to determine whether 
or not the branch will occur. In addition. the Q status is output to a pin which external logic can use in any way. 

We may summarize the I/O and Q statuses as follows: 

...-----....... CPU may read theIIestatus 
bits. but not write into them 

CPU may read or write 
into this status bit 

Status levels Status 
set by input 'level 

signals output 

In addition. there are three I/O control signals output by COSMAC (NO. N1. and N2). These three signals can be used as 
cQntrol/status outputs to external logic. These three signals are described below. together with other COSMAC signals. 

COSMAC CPU PINS AND SIGNALS 
COSMAC CPU pins .nd slgn.ls .re lIIustr.ted In Figure 12·2. A description of these sign.ls is useful .s. guide 
t!) the w.y In which the COS MAC microprocessor works. Slgn.1 n.mes In Figure 12·2 conform with those used 
by COS MAC Iltereture. 
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BUSO - BUS7 Is a standard bidirectional parallel Data Bus. usually called DO - D7 for other microprocessors de
scribed in this book. All parallel data communications between the COSMAC CPU and external logic. memory. 
or I/O occur via this Data Bus. 

MAO - MA7 represent an 8-bit Address Bus. Most other microprocessors described In this book use the sym
bols AO - A7 for equivalent Address Bus lines. The fact that COS MAC has only eight address lines is very important. 
On the one hand. it frees up eight CPU DIP pins. which are used to provide extra control signals. The disadvantage of 
having just eight Address Bus lines is that all addresses must be multiplexed; the high-order address byte is output 
followed by the low-order address byt&. RCA provides memory devices that include address decode logic. An addi
tional advantage of multiplexed address lines is that ROMs of varying sizes but identical pinouts can be constructed to 
recognize their own address space. thus giving users extra flexibility in constructing custom products. 

The remaining signals may be divided Into timing. status. and control signals. 

The timing signals are CLOCK. XTAL. TPA. and TPB. 

CLOCK 1 40 VDD 
WArr 2 39 XTAL 

CLEAR 3 38 DMA-IN 
Q 4 37 4-- DMA-OUT 

SCI - 5 36 INT 
SCO 6 35 -- MWR 
MRD4-- 7 34 ~TPA 
BUS7 8 33 TPB 
BUS6 - 9 32 MA7 
BUS5 10 COP 1802 

31 MA6 
BUS4 11 30 MA5 
BUS3 12 29 -- MA4 
BUS2 . 13 28 MA3 
BUSI .. 14 27 MA2 
BUSO 15 26 MAl 

VCC 16 25 MAO 
N2 17 24 IFf 
Nl 18 23 EF2 
NO 19 22 - EF3 

Vss 20 21 EF4 

Pin Name Description Type 

BUSO-BUS7 Parallel Data Bus Bidirectional 
MAO-MA7 Address Bus Output 
CLOCK Extemally generatad clock Input 
XTAL Extemal crystal connection Input 
TPA, TPB Timing pulses Output 
m-m Extemal flags Input 
Q Q status Output 
SCO.SCI State Code lines Output 
MWR Write pulse Output 
MRD Read level Output 
NO- N2 I/O command Output 
WAIT. CLEAR Control lines Input 
DMA-IN. DMA-OUT Direct memory access control Input 
INT Interrupt request Input 

VDD Intamal voltage supply 

VCC Input/Output voltage supply; logic 1 
Vss Ground; logic 0 

Figure 12-2. CDP1802 COSMAC CPU Signals and Pin Assignments 

CLOCK is the principal timing signal input by external clock logiC. Any frequency up to 6.4 MHz. when using a +10V 
power supply. is advertised. but frequencies-above 5 MHz are not recommended. 

If you are using the on-chip clock logic. then you must connect an external crystal. with a parallel resistor. to the XT AL 
and CLOCK pins. 
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TPA and TPB are timing pulses output bV the CPU to control external logic. 

CLOCK. TPA. and TPB timing is Illustrated in Figure 12-3. 

The status signals are EF1 - EF4. Q. and SCO - SC1. 

We have already encountered signals EF1 - ER. These are four signals which external logic can input high or low; 
they are tested by conditional Branch instructions. 

Q is output continuouslv. reflecting the level of the Q status flag. which you can set or reset by executing appropri
ate COSMAC instructions. External logic can use the Q output signal in any way. 

The two state signals SCO and SC1 are output bv the CPU to identifv the type of machine cvcle which is in 
progress. SCO and SC1 are output as follows: 

SCl SCO Machine Cycle Operation 
o 0 Instruction Fetch 
o 1 Instruction Execute 
1 0 DMA Access 
1 1 Interrupt Acknowledge 

Typically. external logic will use the SCO and SCl signals as an integral part of device select logic in order to ensure 
that no device considers itself selected inappropriately. 

Remaining signals mav be classified generallv as controls. 

A low MWR pulse identifies a memorv write operation. an I/O data input operation. or the two operations occur
ring simultaneouslv. 

MRD low identifies a memory read operation. an I/O data output operation. or the two operations occurring 
simultaneouslv· 

You should always keep in mind the possibility of using the high 1iiIWR and MRD signal levels in a COSMAC microcom
puter system. This is because the delays between signal transitions can vary markedly with clock frequency. Some
times you will find it easier to use the NOT 1VlWFr or the NOT MRD condition to generate a strobe. rather than relying on 
the low pulse. 

When an Input or Output instruction is executed. as against a Memory Reference Instruction. a nonzero value is 
output via the three I/O command pins NO. N1. and N2.lf all three pins are low. no I/O operation is in progress. How 
you use the three I/O command pins is up to you. They can. if you wish. identify an I/O port. in which case you can im
mediately address up to seven I/O ports. Alternatively. you can use these pins to distinguish between command. status 
or data. 

External logic can control the CPU via the WAIT and CLEAR inputs. These two inputs combine to force the CPU 
into the following states: 

CLEAR WAIT CPU State 
o 0 
o 1 
1 0 
1 1 

Load 
Reset 
Pause 
Run 

In the Load state. the CPU is idled and external logic can load memory directly. using the direct memory access logic 
provided by the CPU itself. That is to say. no instructions are executed and output Signals are inactive; however. if 
ITfiilA-liiJ is input low. then a DMA-IN machine cycle will be executed. as described later in this chapter. 

The Reset state is a typical reset. During a reset. the Instruction register. the X and P registers. RO. and the Q status 
are all reset to zero. The Reset state must last for at least nine clock pulses. You should end the Reset state by entering 
the Run state. Thus. you may look upon WAIT as a Signal which is maintained high during a normal sequence of Run 
and Reset states; CLEAR then becomes equivalent to the single RESET signal provided by other microprocessors. 

When you enter the Run state following a Reset. the P register will contain 0; therefore. General Purpose Register RO 
acts as a Program Counter. General Purpose Register RO contains 0000; therefore. the first instruction fetched follow
ing a Reset will have its object code stored in memory location 0000. When the COSMAC CPU is reset. interrupts are 
enabled. You must therefore disable interrupts with the first instruction of vour bootstrap program. If you do not 
do this. any stray interrupts will be acknowledged with unpredictable results. 

The Pause mode stops all Internal CPU operations other than the CLOCK signal. Note that COSMAC is a static 
device. CPU operations can halt for any length of time with no loss of data. 

The Run mode is the condition in which the CPU will normallv operate. 
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DMA-IN ·and DMA-OUT are control signals input by external logic in order to perform direct memory access operations. 
DMA-IN requests a data transfer from external logic to memory: DMA-OUT requests a data transfer from memory to ex
ternal logic. In each case. memory is addressed by General Purpose Register RO. External logic is implicitly identified -
it is the source of the ~ and DMA-oOT signals. Following a DMA transfer. General Purpose Register RO contents 
are incremented. 

IIiI'i' is a standard interrupt request input • 

.... I-------------One Machina Cycle-------------~ 

T1 

CLOCK 

TPA 
------\0----' 

TPB 

T2 T3 
I 
I 
I 

T4 T5 T6 

---+-----~----------------' 
SCO. SCI 

--~~---~------------------~-~ 

DMA-iN or 
DMA-OUT or INT 

DMA or INT request sampled (ex
cept during an instruction fetch 

machine cycle) 

Figure 12-3. COSMAC Machine Cycle Timing 

COS MAC TIMING AND INSTRUCTION EXECUTION 

COS MAC signal timing varies with the frequency of the clock signal. Variations are non-linear. In the data 
sheets at the end of this chapter, delays are given for various clock frequencies. We recommend that you use 
one of the clock frequencies shown in the data sheets; you cannot accurately predlQt delays for other clock fre
quencies by Interpolation or extrapolation. If you are using a clock frequency that is not shown In the data 
sheets, you should create your own data sheets by viewing waveforms on an oscilloscope and measuring 
delays experimentally. 

In the timing diagrams which follow, we have made some attempt to highlight the wide 
variations In timing that can separate a trigger signal transition and a subsequent dependent 
signal transition. In an NMOS device we might show a control pulse dependent on a clock signal 
as follows: 

~~ 
SIGNAL 
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The same clock pulse might be more accurately illustrated for COS MAC as follows: 

ClOCK1--.J US;=_._L_ 
SIGNAL 

ClOCK2 

SIGNAL 

All COS MAC Instructions are executed as a sequence of machine cycles. Each machine cy
cle has eight clock periods, as Illustrated in Figure 12-3. Two timing Signals. TPA and TPB, are 
output as an integral part of every machine cycle's timing. 

COSMAC 
INSTRUCTION 
MACHINE 
CYCLE 

Most COSMAC instructions execute in two machine cycles: an instruction fetch machine cycle and an instruction ex
ecute machine cycle. A few three-byte instructions execute in three machine cycles. 

For any memory reference Instruction, a 16-blt memory address is output, one byte at a time, on the a-bit Ad
dress Bus, as Illustrated In Figure 12-4. The high-order address byte appears first and should be read on the trailing 
edge of TPA. The low-order address byte is read with the accompanying data strobe. 

When using certain clock frequencies, the high-order addre .. byte does not appear on the 
Address Bus until some time after the trailing edge of TPA. This is IdentHled In the data 
sheets by a negative set-up time, which may be illustrated as follows: 

: 
I I I I I 

: TO : Tl I T2 I T3 I 

~ 
I 
I 

MAO-MA7 I 
------------------~I----~I-----------------

~ l.-tsu Positive setup time 
I I 
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TO T1 T2 T3 I 
I I 

I I I I I 

:~ 
I 
I 

~-M~ I 
----------------------~I--~I------------

~ ~tsu Negative setup time 
I I 

Instruction Fetch 

TO Tl T2 T3 T4 T5 T6 n TO 

CLOCK 

TPA 
---' 

TPB 

--------~~----------
sco 
--------~~----------~~~ 

Memory Read 

T1 T2 T3 T4 T5 .T6 n 

SCl 

~------~+---------~--~~----~~~------------~~ 

BU~-BUS7----------_t--------------~~~t_--------_t------------_l_1~ 

Latch high
order address 

byte 

CPU latches 
data in 

Latch high
order address 

byte 

Figure 12-4. COS MAC Memory Read Instruction Timing 

If your clock frequency results in negative set-up times. then you must be sure to include 

CPU latches 
data in 

extra logic that accounts for this fact. Note carefully that negative set-up times occur in a number of different 
places within any machine cycle. 
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COSMAC MEMORY READ TIMING 
Figure 12-4 illustrates timing for a two-machine cycle memory read instruction's execution. An instruction fetch 
operation occurs in the first machine cycle and a memory read operation occurs in the second machine cycle. The only 
difference between these two machine cycles is the level of the SCQ control output and the source of the memory ad
dress which appears on the Address Bus. 

The trailing edge of TPA is normally used as the high-order address byte strobe. When there is a negative set-up time. 
the trailing edge of TPA occurs before the high-order address byte is stable on the Address Bus. You will now have to 
use some clock signal transition occurring after TPA as your high-order address byte strobe. 

MRD low occurs early on in a memory read or instruction fetch machine cycle. Therefore. as soon as the low-order ad
dress byte has been read by a memory device. it can immediately respond to a read request. The combination of MRD 
low and some appropriate clock signal transition must be used to generate a low-order address byte strobe. This strobe 
logic will be highly dependent on your clock frequency. The CPU reads data off the Data Bus on the rising edge of the 
T7 clock pulse. At this time. data on the Data Bus must be stable. 

COSMAC MEMORY WRITE INSTRUCTION TIMING 
A two-machine-cycle memory write Instruction's timing is illustrated in Figure 12-5. Memory strobes the'high
order address byte exactly as it would for a memory read. A low MWR pulse acts as the low-order address byte strobe 
and a data output strobe. The CPU has valid data on the Data Bus before the high-order address byte output is com
plete: since the low-order address byte is stable on the Address Bus for a considerable time. there are no timing prob
lems associated with the low-order address byte or data output. 

Instruction Fetch 

TO Tl T2 T3 T4 T5 T6 T7 TO T1 

CLOCK 

TPA __ .J 

TPB ____ ~~~----------J 
sea 
---------r~~--------+-_+-J 

SCl 

Memory Write 

T2 T3 T4 T5 T6 T7 

B~-BUS7------~~----4-----~~~~~r-~r-~----~r---"----~D~AT~A~O~U~T----~~--' 

Latch high
order address 

byte 

CPU latches 
data in 

Latch high
order address 

byte 

Figure 12-5. COSMAC Memory Write Instruction Timing 
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COS MAC DATA INPUT, DATA OUTPUT, AND DIRECT MEMORY ACCESS 
COS MAC DMA and I/O logic are combined. We will therefore describe them together. beginnirig with direct 
memory access. 

External logic initiates a DMA-IN or DMA-OUT operation by inputting the appropriate DMA control signal low. 
As illustrated in Figure 12-3. the CPU samples the '!'5fiiiA-iN and DMA-OUT lines at the end of T6 in non-instruction 
fetCh machine cycles. Upon detecting one or the other of these two signals low. the CPU performs a direct memory ac
cess operation during the next machine cycle. Figure 12-6 illustrates timing for a DMA-IN machine cycle; Figure 
12-7 illustrates timing for a DMA-OUT machine cycle. As illustrated in these two figures. a DMA machine cycle 
consists of a simultaneous memory and I/O acceS$. 

Consider first the DMA-IN machine cycle illustrated in Figure 12-6. As "DMA-IN" would imply. data is to flow from 
an external device to memory. The external device is implicitly identified: it is the device which drove the ~ con
trol signal low in the previous machine cycle. The memory location to be accessed is addressed by Register RO. A DMA
IN machine cycle therefore consists of a data input machine cycle superimposed on a memory write machine cycle. In 
many microprocessors. superimposing these two operations within a single machine cycle would be impossible. since 
the Address Bus is used to identify memory locations and I/O devices: also. memqry and I/O accesses occur during the 
same part of a machine cycle. In the case of COSMAC. the two operations can occur within a single machine cycle. 
The memory location to be accessed is identified in the usual way by outputting a memory address on the a-bit Ad
dress Bus. Memory interface logic selects a memory location and writes into it as it would for any memory write 
machine cycle. Timing is illustrated in Figure 12-5. The external device which requested the DiiifA:TfiI can use the com
bination of a high TPA pulse together with SCO low. SC1 high. and MRD high as a control signal forcing data onto the 
Data Bus. By the time TPA is high. MRD will have been driven low for a data out machine cycle. The DMA machine cy
cle is itself identified by SCO low and SC1 high. 

TO Tl T2 T3 T4 T5 T6 T7 

CLOCK 

TPA 

TPB 

SCO 

SCl 

BUSO-BUS7 DATA FROM EXTERNAL DEVICE 

--------------~---------------------+--------~ 
MEMORY ADDRESS MEMORY ADDRESS 

MAO-MA7 ________________ -ft _______ H_.0_._B_YTE ________ ~ _____________ L.~0~.B-YT--E------______ ~ 

Strobe data input 
from I/O device 

to addressed 
memory location 

Figure 12-6. COS MAC DMA-IN Machine Cycle 
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TO Tl T2 T3 T4 T5 T6 n 

TPA 

TPB 

sco 

SCI 

~-BUS7----------------------------------------------------~::::::~~~2:::::~ 
MEMORY ADDRESS 

MAO-MA7 H.O. BYTE L.O. BYTE ____________ ~~ ____________ _J~ ______________ ~~----~ 

Figure 12-7. COSMAC DMA-OUT Machine Cycle 

Strobe data output 
\ from addressed 

memory location 
to I/O device 

For the DMA-OUT machine cycle, illustrated in Figure 12-7, the memory access portion of the machine cycle 
does not differ from a memory read, as illustrated in Figure 12-4. The signal causing the addressed memory loca
tion to place data on the Data Bus will be generated. as shown in Figure 12-7. from the combination of MRD low an<l 
some appropriate clock transition; the appropriate clock transition will depend on the clock frequency you are using. 
The I/O device requesting the DMA-OUT machine cycle can use the high TPB pulse as a strobe to read data off the 
Data Bus. 

External logic may know whether a DMA-IN or a DMA-OUT operation is being performed. since th\I/O device gener
ated the initial DMA request. In this case. external logic does need a CPU control signal identifying the direction of tpe 
DMA transfer. In Figure 12-6 we could show input data appearing on the Data Bus soon after the beginning of the 
DMA-IN machine cycle. as identified by SCQ low and SC 1 high. It is only necessary for the data to be stable on the Pat!! 
Bus while the ~ pulse is low. since this is the memory write strobe which will cause the input data to be written 
into memory. 

During any DMA machine cycle, the address output on the Address Bus comes from Register RO, which is tl1en 
incremented so as to point to the next memory location; this is in anticipation of a data block being transferred via 
direct memory access. 

If more than one device is capable of generating a DMA request, the CPU does nothing to help you resolwe 
priority conflicts. In every DMA machine cycle. the CPU assumes that only one external device is requesting direct 
memory access, and that this device can uniquely identify itself. If more than one device is capable of requesting djreGt 
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memory access. then you must have your own external DMA arbitration logic. You must also be sure that the program 
has placed the correct value in the single DMA Address register (RO). Some variation of daisy-chaining is the simplest 
and most obvious scheme: it may be illustrated as follows: 

~ ______________ .-______________ ~ ______________ ~ ________ .. DMARQ 

to CPU 

DMARQ3 DMACK3 DMARQ2 DMACK2 DMARQl DMACKl DMARQO 

Iii tHe primitiv,e logic illustrated above. DMARQ may be the DMA-IN or the DMA-OUT request iine. In each case. the sig
nal input to the CPU is simply the wire-OR of all DMA requests from external devices. Thus. if one or more devices is re
questing DMA access. a high DMARQn input will cause a low DMA-IN or DMA-OUT to occur at the CPU. 

Device 0 is considered to have highest priority. This device has no DMA acknowledge input. If Device 0 is requesting 
DMA access. it will assume that it is being serviced by the next DMA machine cycle. Lower priority devices require a 
DMA acknowledge signal. This signal can be the NOR of all higher priority DMA requests. Providing all higher priority 
DMA requests are low. no higher priority device is requesting DMA service: therefore the DMA acknowledge will be 
true. 

One problem can arise with the scheme illustrated above. If a lJMA-iN and a DMA-OOf request occur simultaneously. 
t~e CPU gives the DMA-IN request priority over the DMA-OOf request. You must therefore couple the OM A-IN and 
DMA:OOT requests in order to generate the DMA acknowledge signals returned to lower priority devices. You have two 
options. In the simpler case. iJMA-iiiij requests from all devices can have priority over DMA-OOf requests from any 
device: that is to say. Device 3 l5M'A-IN requests will have priority over Device 0 OM A-OUT requests. Here is 'appropri
ate logic: 

DMA IN3 DMINAK3 DMA IN2 DMINAK2 DMAINl DMINAKl DMA INO 

~----t---------~.---------------~.---------------~~--------.. DMA1NroCPU 

r---------------~--------------~f_--------------_.----~--_I~DMAOUTtoCPU 

DMA OUT3 DMOUTAK3 DMA 0UT2 DMOUTAK2 DMA OUTl DMOUTAKl DMA OUTO DMOUTAKO 
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A more reasonable scheme would be to give Device 0 DMA-IN and DMA-oUT requests priority over Device 1 DMA-IN 
and DMA-OUT requests. and so on. This can be accomplished as follows: 

DMA IN3 DMACK3 DMA IN2 DMACK2 DMA INI DMACKI DMA INO 

~--;----------r~ __ --;-~-------r~~--~---------r~~--------"DMAIN~CPU 

r---+---------+-~---+--------_+~._--+_--------+_~--------__ .DMAOUT~CPU 

DMA OUT3 DMACK3 DMA 0UT2 DMACK2 DMA OUTI DMACKI DMAOUTO 

Instruction Fetch Data Input 

TO Tl T2 T3 T4 T5 T6 T7 TO Tl T2 T3 T4 T5 T6 T7 

CLOCK 

TPA 

TPB 

sco 

SCI 

MAO-MA7 ______ ~ __ ~~ __ -n ______ ~--------~~--~--~~~~--A-D-DR-E-S-S-L-.O-.-BYT--E--~~ 

BUSO-BUS7 --------------------------~J::::::}~~~~~~~::::::~I/~O~D~A~T~A~I~N::::::~ 
INSTRUCTION 

IN 
NO. Nl. N2 

Figure 12-8. COSMAC I/O Data Input Instruction Execution Timing 
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Instruction Fetch Data Output 

TO T1 T2 T3 T4 T5 T6 T7 TO T1 T2 T3 T4 T5 T6 T1 

CLOCK 

TPA ---' 
TPB ______ ~-----------J 
sco ________ ~--------------_+-J 
SC1 

~----~~--------------~-------+----------------~~ 

MAO-MA7 
------~~~~~~~------~~--~~~~----~------~ 

BUSO-BUS7--------------------------c 

INSTRUCTION 
IN 

N~N1.N2--------------------------------------~--------------------------~ 

Figure 12-9. COSMAC 110 Data Output Instruction Execution Timing 

1/0 instruction execution timing is illustrated in Figures 12-8 and 12-9. 1/0 machine cycles do have one addi
tional piece of logic not present in a DMA machine cycle: the NO. N1. and N2 signals identify the 1/0 machine 
cycle. and the 1/0 device being accessed. During any I/O machine cycle. one or more of these three signals will be 
high; thus. seven I/O devices may be identified. If you have fewer than seven I/O devices. then you can use the three 
signals NO. N1. and N2 to differentiate between data and control information. For a COSMAC system with three I/O 
devices. here is one possibility: 

'-----00 - Memory access 
01 - I/O device 1 select 
10 - I/O device 2 select 
11 - I/O device 3 select 

'--------0 - Data 
1 - Control/Status 
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The fact that 1/0 operations are in reality half of a DMA operation rellults in an anomaly. The MRD and MWR con
trol signals are logically inverted during an I/O operation if you think of them as I/O control signals. MRD low. which 
signals a memory read operation. identifies an I/O output operation. MV'iTR low. which signals a memory write opera
tion. identifies an I/O input operation. 

When an output Instruction is executed. the Data Counter is incremented. The Data Counter is not affected 
when an Input instruction is executed. The progtamming ramifications of COSMAC I/O instructions are discussed in 
more detail later in this chapter. 

A SUMMARY OF COSMAC INTERRUPT PROCESSING 
External logic can. at any time. request an interrupt by inputting a low signal at INT. INT signal timing is given in Figure 
12-3. Providing interrupts are enabled. following execution of the current instruction the CPU will respond to the in
terrupt request with these three steps: 

1) The contents of the X and P registers are moved to the T register. 

2) 1 is loaded into the P register and 2 is loaded into the X register. 

3) Interrupts are disabled. 

Steps 1 and 2 may be illustrated as follows: 

K X 
L-_...-_..I 

J K T 

~----------------------~ 
The interrupt service routine now begins executing with the instruction addressed by General Purpose Register R1. Any 
data accessed by the interrupt service routine must be addressed by General Purpose Register R2. 

In the event that an interrupt service routine may itself be interrupted. you can store the T register contents in memory. 
at the location addressed by General Purpose Register R2 (which is now pointed to by Xl. 

The four input signals. EF1 - EF4. are the only means directly available for external logic to identify itself when 
more than one external device can request an interrupt. Use of these external flag signals means that the interrupt 
service routine must begin with a number of Branch-on-Condition instructions that test the input flags to determine 
which is high. 

More complex interrupt priority arbitration schemes must rely upon external logic to create an identifying code for the 
CPU to read out of an I/O port. 

THE COSMAC INSTRUCTION SET 
Table 12-1 summarizes the COS MAC Instruction set. 

You should allow for some anomalies in the COSMAC instruction set before starting to write programs. 

There are four instructions which access the Data Counter. They are: 

1) LOX - transfer the contents of the memory location addressed by the Data Counter to the CPU Accumulator (0 
register). 

2) LDXA - same as LOX. but post-increment the Data Counter. 

3) IRX - increment the Data Counter. 

4) STXD - store the CPU Accumulator (0 register) contents in the memory location addressed by the Data Counter. 
then post-decrement the Data Cou nter. 

These four instructions are sometimes difficult to use. Usually. a pair of instructions that increment and decrement 
a memory address will pre-increment and post-decrement. or post-increment and pre-decrement. In either case you 
can use the Data Counter as a Stack Pointer. Post-increment and post-decrement logic simply makes programming 
more difficult. The problem is further compounded by the fact that there is an LOX instruction. but no STX instruction; 
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also. there is an Increment Data Counter (lRX) instruction. but no Decrement Data Counter instruction. The fact that 
there is no Decrement Data Counter instruction is annoying. since every output instruction increments the Data 
Counter - something you don't always wish to do. 

COSMAC has no Jump-to-Subroutine instructions. You must maintain a separate Program Counter within the 
CPU registers in order to address subroutines. In very simple programs. this is a perfectly workable scheme; 
what it means is that all subroutines are single level (that is to say. a subroutine will be called by a main program and 
never by another subroutine). 

Consider the following register/memory scheme in a small COSMAC microcomputer system: 

DMA Memory Address RO 
Interrupt Program Counter 

Interrupt Data Counter 
1 

Main Program Counter R3 

{ 
R4 
R5 

Program Counters R6 
for six subroutines R7 

RS 

f 

Rl 
Data Counters for Rll 
four data buffers 1 

Rl 
FQur secondary 

Accumulator data bytes 

Mamory 

Interrupt 
service 
routine 

Main 
Program 

Subroutine 1 

Subroutine 2 

Subroutine 3 

Subroutine 4 

Subroutine 5 

Subroutine 6 

Interrupt 
Data Area 

Data buffer 1 

Data buffer 2 

Data buffer 3 

Data buffer 4 

Programs 
in ROM 

Data RAM 

The scheme illustrated above shows data memory being divided into four stacks. each of which has its own Data 
Counter. The program consists of a main program and six subroutines. The main program has a Program Counter. and 
each subroutine has its own Program Counter. In order to call a subroutine. you simply switch from the main Program 
Counter to a subroutine Program Counter. In order to return from a subroutine. you simply switch from the subroutine 
Program Counter to the main Program Counter. This may be illustrated as follows: 

.. MAIN PROGRAM. IT USES DATA BUFFER 1 . 

SETP 5 .. CALL SUBROUTINE 2 
.. SUBROUTINE 2 RETURNS HERE 

.. SUBROUTINE 2 BEGINS AT INSTRUCTION START 
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RET SETP 
START SETX 

SETX 
BR 

3 
11 

10 
RET 

.. RETURN TO MAIN PROGRAM 

.. SUBROUTINE 2 USES DATA BUFFER 2 

.. RESTORE MAIN PROGRAM DATA COUNTER 

.. BRANCH TO RETURN INSTRUCTION 

Subroutine 2 program logic illustrated above is self-evident. except for the return procedure. 

Initially. Register 5 holds the address of the subroutine 2 instruction labeled START (that is. the SETX 11 instruction). 
Therefore. when the SETP 5 instruction is executed in the main program. execution branches to instruction START 
within subroutine 2. This instruction selects Register 11 as the Data Counter for subroutine 2. After the body of 
subroutine 2 has been executed. the return procedure begins with the SETX 10 instruction. which restores the Data 
Counter pointer required by the main program. This is assumed to be Register 10. The next instruction branches to RET. 
which is the instruction preceding the start of subroutine 2. This instruction loads the value 3 into the P register. thus 
selecting Register R3 as the next Program Counter - this causes execution to return to the main program. But notice 
that Register R5. which was the Program Counter for subroutine 2. is left addressing START. since R5 will have been iri
cremented while executing instruction RET. Thus. the next time the main program calls subroutine 2. Register R5 will 
be pointing to START. which is the correct entry point for subroutine 2. The instruction execution path may now be il
lustrated as follows: 

.. MAIN PROGRAM. IT USES DATA BUFFER 1 . 

..--L!p 5 .. CALL SUBROUTINE 2 D .. SUBROUTINE 2 RETURNS HERE 

.. SUBROUTINE 2 BEGINS AT INSTRUCTION START 
RET-SETJ>----S .. RETURN TO MAIN PROGRAM 

STAl:R: :~:~::~~,: ~::::::~:~~~:~Nm ~R-~---RRE .. BRANCH TO RETURN INSTRUCTION 

Note that when the SETP 5 instruction is executed. Register 3 is left pointing at the next memory location. If desired. a 
list of parameters can be stored following the SETP 5 instruction and then picked up by the subroutine via LDA 3 in
structions. For example. 

SETP 
06 
'S' 
T 
'G' 
'N' 
'0' 
'N' 

RET SETP 
START LDA 

PLO 
SETX 

LOOP OUT 
DEC 
GLO 
BNZ 
BR 

5 

3 
3 
6 

.. NUMBER OF BYTES 

.. ASCII MESSAGE 

3 
PORT$NUMBER 
6 
6 
LOOP 
RET 
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By keeping a number of short subroutines on a single 256-byte page of memory, you can increase the number of 
addre!lsable subroutines. Consid~r the following scheme: 

R5 accesses I IF XX 
seven subroutines L _____ ""-____ ..... 

Program 
Memory 

Subroutine 2.1 

~ubroutine 2.2 

Subroutine 2.3 

Subroutine 2.4 

Subroutine 2.5 

Subroutine 2.6 

Subroutine 2.7 

Arbitrary 
Memory 
Address 

lFOO 

lF40 

lF60 

lF80 

lF80 

lFCO 

lFEO 

In order to call one of the seven subroutines held on Page 1 F16. you must loael the correct subroutine starting address 
into the low-order byte of Register R5 prior to calling the subroutine. This may be illustrated as follows: 

.. MAIN PROGRAM. IT USES DATA BUFFER 1 . 

LDI 
PLO 
SETP 

61H 
5 
5 

.. INITIALIZE R(5).0 FOR SUBROUTINE 2.3 

.. CALL SUBROUTINE 2.3 

.. SUBROUTINE 2.3 RETURNS HERE 

.. SUBROUTINE 2.3 IS ORIGINED AT lF61H 
ORG lF60H 

RET SETP 3 
START SETX 11 

SETX 
BR 

10 
RET 

.. RETURN TO MAIN PROGRAM 

.. SUBROUTINE 2.3 USES DATA BUFFER 2 

.. RESTORE MAIN PROGRAM DATA COUNTER 

.. BRANCH TO RETURN INSTRUCTION 
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You can use a similar scheme to increase the number of addressable data buffers. For example. you could have a large 
number of short data buffers on a single 256-byte page of data memory. This may be illustrated as follows: 

R5 accesses 7 
subroutines 

R 11 accesses 7 
data buffers 

1F 

04 

I Xx 

xx 
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Program 
Memory 

Subroutine 2.2 

Subroutine 2.3 

Subroutine 2.4 

Subroutine 2.5 

Subroutine 2.6 

Subroutine 2.7 

Data 
Memory 

Data Buffer 2.1 

Data Buffer 2.2 

Data Buffer 2.3 

Data Buffer 2.4 

Data Buffer 2.5 

Data Buffer 2.6 

Data Buffer 2.7 

Arbitrary 
Memory 
Address 

1FOO 

1F40 

1F60 

1F60 

1FBO 

FeO 1 

1FEO 

0400 

0420 

0430 

0450 

0470 

04AO 

0480 

04FO 



We must now modify our instruction sequence as follows: 

.. MAIN PROGRAM. IT USES DATA BUFFER 1 

LDI 
P~O 
SETP 

61H 
5 
5 

.. INITIALIZE R(5).0 FOR SUBROUTINE 2.3 

.. CALL SUBROUTINE 2.3 

.. SUBROUTINE 2.3 RETURNS HERE 

.. SUBROUTINE 2.3 IS ORIGIN ED AT 1F61H. IT USES DATA BUFFER 2.3 
ORG 1F60H 

RET SETP 3 
START LDI 30H 

PI-O 11 
SETX 11 

SETX . 10 
BR RET 

.. RETURN TO MAIN.PROGRAM 

.. INITIALIZE R(11l.0 FOR DATA COUNTER 

.. RESTORE MAIN PROGRAM DATA COUNTER 

.. BRANCH TO RETURN INSTRUCTION 

COSMAC 
NESTED 
SUBROUTINE 

There is no simple way of handling nested subroutines using the COS MAC instruction set. 
The pro!Jlem is that if a subroutine can be called by another subroutine. then you have no obvious 
return logic. Suppose. for example. that subroutine X can be called by subroutine A. B. or C. or by 
the main program. If subroutines A. B. and C each have their own Program Counter. then how is 
subroutin~ X going to know which Program Counter to select when returning? In order to resolve this problem. you will 
need a special subroutine to call subroutines. with another special subroutine to return from subroutines. Consider the 
followil1gregister assignments: 

RO 
Rl 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

Rl1 

R12 

R13 

R14 

R15 

DMA memory address 

Interrupt Program Counter 

Intarrupt Data Counter 

Main Program Counter 

call subroutine Program Counter 

Retum subroutine Program Counter 

Stack Pointer 

Every time a subroutine is called. Register R4 must be selected as the new Program Counter. Register R4 switches to a 
special subroutine whose only purpose is to save the contents of Register R3 in an external stack. which is addressed 
by R6. If additional registers are dedicated to serving as Data Counters. then the contents of these registers may also 
have to be saved on the external stack. After register contents have been appropriately saved. the CALL subroutine 
musl select the required subroutine. There are many ways in which you can identify the required subroutine: one tech
nique would be to use an additional register as a pointer to a data table within which all subroutine addresses are 
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stored. For example. R7 might point to such a data table. Now the calling program must load into R7 the address of the 
location in the data table where the required subroutine address is stored. Now the CALL subroutine will use R7 as a 
pointer to two bytes of data. which must be loaded into R3 before the CALL subroutine terminates execution by select
ing R3 as the next Program Counter. 

When a subroutine completes execution. it returns by selecting Register R5 as the Program Counter in order to call a 
RETURN subroutine. The RETURN subroutine must reload R3. and any dedicated Data Counter registers' contents from 
the external stack. which is addressed by R6. Having done this. the RETURN subroutine selects R3 as the next Program 
Counter. thus affecting a return from subroutine. 

It takes 128 microseconds to execute a well-written CALL subroutine. It takes 112 microseconds to execute a well-writ
ten RETURN subroutine. These times assume a 2 MHz clock. 

RCA's COSMAC Programming Manual describes some additional techniques for handling nested subroutines. 

Programming interrupt service routines is quite simple - providing you do not use COSMAC 
subroutines within the interrupt service routine. Remember. as soon as an interrupt is INTERRUPT 
acknowledged. R1 becomes the Program Counter and R2 becomes the Data Counter: the previous SERVICE 
Program Counter and Data Counter pointers are stored in the memory location which was ad- ROUTINE 
dressed by the Data Counter when the interrupt occurred. Now. providing there are no PROGRAMS 
subroutines in the interrupt service routine. you can simply execute a program which is addressed 
by R1. while using R2 to access data memory. If you do execute subroutines, you must consider all of the problems 
associated with using subroutines in a main program, but you must add a new complication: R1 is now the main 
Program Counter. You must either have special subroutines that are called only by the interrupt service routine. or you 
must write some type of instruction sequence which switches to using the main Program Counter register within the 
interrupt service routine before you start calling subroutines. 

COS MAC I/O instructions are quite unusual. The most unusual (and useful! aspect of COS
MAC I/O instructions is the fact that they transfer data between memory and an I/O device. 
Most microprocessors transfer data between the CPU and I/O devices. When you are inputting or 
outputting one byte of data at a time. it makes more sense for the data transfer to occur between 
the CPU and the I/O device. since the single byte of data is likely to be generated in the CPU for an 

COSMAC 
INPUT/ 
OUTPUT 
PROGRAMS 

output operation. or is likely to be operated on by the CPU after being input. When blocks of data are being input or 
output. it makes more sense for the data transfer to occur between memory and an I/O device. since the block of data 
must be held in a memory buffer. 

COSMAC input instructions transfer the data to the CPU Accumulator and the memory location addressed by the Data 
Counter. thus giving you the benefit of both possibilities. If your program is in read-only memory. you can avoid input 
data being written into memory by selecting the same register to act as Program Counter and Data Counter. Now the 
input data will be stored in the Accumulator (D register). but the attempt to write the input byte into memory will be th
warted. since the selected memory .Iocation will be a read-only memory location. 

COSMAC output instructions increment the Data Counter after performing the output operation. This makes it easy to 
output a block of data from data memory. 

If you select the same register to act as Program Counter and Data Counter during an output operation. then the Pro
gram Counter will be incremented twice: once for the normal instruction fetch increment. and a second time for the 
data output. This allows you to perform immediate output operations. 

THE BENCHMARK PROGRAM 
Now consider our benchmark program; for COSMAC it looks like this: 

LOOP: 

LDI TABHI .. LOAD TABLE BASE ADDRESS HIGH ORPER BYTE 
PHI R15 .. INTO R15 AND R13 
PHI R13 .. R15 POINTS TO NEXT FREE TABLE BYTE 
LDI 00 
PLO R13 
PLO R14 
LDN R13 
PLO R15 
LDI 10BFHI 
PHI R14 
LDN R14 
PLO R14 
LDN . R14 
STR R15 

.. R13 POINTS TO FIRST BYTE IN TABLE 

.. ASSUME THAT DISPLACEMENT TO FIRST 

.. FREE BYTE IS STORED IN FIRST TA!3LE BYTE 

.. LOAD 10BUF START ADDRESS INTO R14 

.. LOAD DISPLACEMENT TO END OF FILLED 10BUF 

.. LOAD NEXT BYTE FROM 10BUF 

.. STORE IN NEXT FREE TABLE BYTE 
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INC 
DEC 
GLO 
BNZ 
GLO 
STR 

R15 
R14 
R14 
LOOP 
R15 
R13 

.. INCREMENT R15 

.. DECREMENT R14 

.. TEST LOW ORDER BYTE OF R14 

.. IF NOT ZERO RETURN TO LOOP 

.. AT END RESET FIRST BYTE OF 

.. TABLE TO NEW FIRST FREE BYTE ADDRESS 

This is the memory map assumed by the benchmark program above: 

IOBUF 

t--p..;.p-.... xxoo 
TABLE 

I-_Q~Q"---I YYOO 

I I 

§~ First free byte 

Tables IOBUF and TABLE are both origined on page boundaries; that is to say. the low-order eight bits of the origin ad
dress are zeros. Data in table IOBUF is stored backwards. The first byte of data to be moved from IOBUF to TABLE is' 
stored at the highest memory address of IOBUF. This highest memory address. illustrated above by XXPP. is derived by 
adding the contents of the first IOBUF table byte to the origin address. Thus. the first byte of IOBUF stores that length of 
table IOBUF which is currently filled. COSMAC program logic can now decrement the initiallOBUF address from XXPP 
and. upon testing the low-order byte equal to zero. logic knows that all data has been transferred. 

The destination table stores the displacement to the first free table byte in the first byte of TABLE. Thus the address of 
the first free byte equals the origin plus the contents of the first TABLE byte. 

Since the displacement to the first free byte of TABLE is stored in a single data byte. clearly TABLE cannot be more 
than 256 bytes long. Thus. IOBUF must contain less than 256 bytes at any time. 

If you look at the COSMAC program. it appears rather long. The instruction loop itself contains only six instructions. 
which compares well with many other benchmark programs. What is deceptive about the benchmark program is the 
fact that we have taken a large number of instructions in order to load initial addresses into general purpose registers. 
Remember. COSMAC has sixteen such general purpose registers. and the whole programming philosophy of this 
microcomputer is that you load addresses into general purpose registers once. at the beginning of the program. and 
never again. In fact. the benchmark program points up both the strength and the weakness of the COSMAC instruction 
set. Its strength is that large numbers of addresses can be permanently stored within CPU registers. thence memory ac
cess becomes a trivial task. Its weakness is that it takes a lot of instructions to get memory addresses into general pur
pose registers in the first place -and that becomes a liability if you have to re-use the same general purpose register in 
a number of different ways within one program. 

The following symbols are used in Table 12-1: 

ADR8 8-bit address 

ADR16 16-bit address 

D D register 

DATA8 8-bit data unit 

DEV 3-bit code: 1 through 7 

DF Data Flag or Carry 

EFn Pin status: EF1. EF2. EF3. or EF4 

IE Interrupt Enable bit 
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n One of the numbers 1. 2. 3. 4 

N 4-bit register select unit 

N210 Three output pins. N2. N1. NO 

P 4-bit Program Counter Pointer registet 

Q Q status output flip-flop 

R(z) Specifies a register: 
if z is N the instruction operand specifies the register 

P the contents of the P register specify the register 
X the contents of the X register specify the register 

T T register 

X 4-bit Data Counter Pointer register 

x<y.z> Bits y through z of a register or memory location. For example. T <7.4> represents the high-order four bits of 
the T register. 

n Contents of location enclosed within brackets. If a register designation is enclosed within the brackets. then 
the designated register's contents are specified. If an I/O port number is enclosed within the brackets. then 
the I/O port contents are specified. If a memory address is enclosed within the brackets. then the contents of 
the addressed memory location are specified. 

£0] Implied memory addressing; the contents of the memory location designated by the contents of a register. 

A Logical AND 

V Logical OR 

.l.J- Logical Exclusive-OR 

Data is transferred in the direction of the arrow. 

Under the heading of STATUSES in Table 12-1. an X indicates statuses which are modified in the course of the instruc
tion's execution. If there is no X. it means that the status maintains the value it had before the instruction was ex
ecuted. 
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The following symbols are used in Table 12-2: 

aaaa 4 bits selecting one of the 16 registers 

bbb 3-bit data unit output to N2. N 1. NO lines 

PP 8-bit address 

00 Second 8 bits of a 16-bit address 

XX 8-bit immediate data unit 

Table 12-2. COSMAC Instruction Set Object Codes 

MACHINE 

INSTRUCTION OBJECT CODE BYTES· CYCLES INSTRUCTION OBJECT CODE 

ADC 74 1 2 LBNF ADRIS C3 

ADCI DATA8 7C 2 2 pp 

xx QQ 

ADD F4 1 2 LBNQ ADRI6 C9 

ADI DATA8 Fe 2 2 pp 

XX QQ 

AND F2 1 2 LBNZ ADR16 CA 

ANI DATA8 FA 2 2 pp 

XX QQ 

BDF ADR8 33 2 2 LBO ADR16 Cl 

pp pp 

BNF ADR8 3B 2 2 QQ 

pp LBR ADR16 co 
BNQ ADR8 39 2 2 pp 

pp QQ 

BNZ ADR8 3A 2 2 LBZ ADR16 C2 

pp pp 

BNI ADR8 3C 2 2 QQ 

pp LOA N 0100a ••• 

BNZ ADR8 3D 2 2 LOI DATA8 F8 

pp XX 

BN3 ADR8 3E 2 2 LON N OOOOaaaa 
pp LOX FO 

BN4 ADR8 3F 2 2 LDXA 72 
pp 

BQ ADR8 31 2 2 LSOF CF 

pp LSIE CC 

BR ADR8 30 2 2 LSNF C7 

pp LSNQ C5 

BZ ADR8 32 2 2 
pp LSNZ C6 

Bl ADR8 34 2 2 LSD CD 

pp LSKP C8 

B2 ADR8 35 2 2 LSZ CF 

pp MARK 79 

B3 ADR8 36 2 2 NBR 38 

pp NLBR C8 

B4 ADR8 37 2 2 NOP C4 

pp OR Fl 

DEC N 0010a ... 1 2 ORI DATA8 F9 

'OIS 71 1 2 xx 
GHr N 1001 .... 1 2 OUT P 01100bbb 

GLO N l000aaa. 1 2 PHI N 1011 .... 

IDL 00 1 2 PLO N 1010 •••• 

INC N 0001 .... 1 2 REQ 7B 

INP P 01101bbb 1 2 RET 70 

lAX 60 1 2 SAV 76 

LBOF ADR16 C3 3 3 SEQ 7A 

pp SEP N 1101 .... 

QQ SEX N 11 lOa ••• 

12-31 

MACHINE 

BYTES CYCLES 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

1 2 
2 2 

1 2 

1 2 
1 2 

1 3 

1 3 

1 3 

1 3 

1 3 

1 3 

1 3 

l' 3 
2 

2 2 
3 3 

1 3 

1 2 
2 2 

1 2 
1 2 
I 2 
I 2 
I 2 
I 2 
I 2 
I 2 
1 2 



Table 12-2. COSMAC Instruction Set Object Codes (Continued) 

MACHINE MACHINE 

INSTRUCTION OBJECT CODE BYTES CYCLES INSTRUCTION OBJECT CODE BYTES CYCLES 

SD F5 1 2 SM F7 1 2 
SDB 75 1 2 5MB 77 I 2 

SDBI DATA8 7D 2 2 5MBI DATA8 7F 2 2 

XX XX 

501 DATA8 FD 2 2 SMI FF 2 2 

XX XX 

SHL FE 1 2 STR N 0101 •••• 1 2 
SHLC 7E 1 2 STXD 73 1 2 

SHR F6 1 2 XOR F3 1 2 

SHRC 76 1 2 XRI 'DATAB FB 2 2 

SKP 38 1 2 XX 

USING COS MAC WITH OTHER MICROPROCESSOR SUPPORT DEVICES 
Using the COS MAC microprocessor with other microprocessor support devices will rarely make econom
ic sense. We are therefore not going to describe how other microprocessor system busses can be gener
ated from the COS MAC System Bus. 

The principal advantage of COS MAC is its CMOS technology. The architecture. instruction set. and signal tim
ing of COSMAC are not in themselves attractive enough to warrant selecting this CPU. as compared to many 
other popu lar 8-bit microprocessors described in 'this book. Thus. the principal reason for describing bus-to-bus 
conversion logic does not exist in this case. If you are going to use BOBOA or 6800 support devices in your 
microcomputer application. you will almost certainly want to use the 8080A or 6800 CPU in preference to COS
MAC. 

The one other CMOS microprocessor described in this book. the IM61 00. has support devices which are very de
pendent on the peculiarities of the IM6100; therefore. they are not useful in a COSMAC microcomputer system. 

CSI 
MODE 

010 
000 
011 

001 
012 

002 
013 

Pin Name 

010 - 017 
000- 007 
MODE 
CSI. CS2 
CLK 
SR/SR 
CLEAR 
VDD. Vss 

003 
CLK 

Vss 

1 
2 
3 - 4 .. 5 
6 
7 
8 
9 

10 
11 
12 

Description 

Data Input 
Data Output 

CDP1852 

Input or Output mode select 
Device Select 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

Extemal logic data input strobe 
Service Request 
Master Reset 
Power. Ground 

-

-

~ 

--'" 
~ 

Type 

VDD 
SR/SR 
017 
007 
016 
006 
015 
005 
014 
004 
CLEAR 
CS2 

Input or high impedance 
Output or high impedance 
Input 
Input 
Input 
Output 
Input 

Figure 12-10. CDP1852 I/O Port Pins and Signals 
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THE CDP1852 PARALLEL I/O PORT 

The CDP1862 parallel I/O port provides a OOSMAC microcomputer system with bidirectional parallel I/O 
logic. Although we classify the device as bidirectional, It must be operated in input mode or output mode 
at any given time. 

Figure 12-1 Illustrates that part of our general microcomputer functional logic which is implemented by 
the CDP1862 device. 

The CDP1852 is fabricated using CMOS technology: it is packaged as a 24-pin DIP. 

There are two versions of the CDP1862 I/O port, differentiated by their power supplies. The CDP1862D 
will operate with power supplies ranging between +3 and +12 volts. The CDP1862CD requires a power 
supply ranging between +4 and +6 volts. 

CDP1852 PINS AND SIGNALS 
CDP1862 I/O port pins and signals are Illustrated in Figure 12-10. 

There are two Data Busses. Date Is input to the CDP1862 device via DI0-DI7: data output occurs at DOO
D07.lf the COP1852 device is operating in input mode. then 000-007 will be connected to the CPU Data Bus 
(BUSO-BUS7). If the COP1852 device is operating in output mode. then 010-017 will be connected to the CPU 
Data Bus (BUSO-BUS71. 

The mode of the CDP1862 device is determined by the MODE input. If MODE is low. then the COP 1852 
device is operating in input mode. In this mode. data will be transferred from external logic to the COP1852 
device via the 010-017 signals; this data will be read by the CPU via the 000-007 signals. When MODE is high. 
the COP1852 device is operating in output mode. In output mode data will flow from the CPU to the COP1852 
'device via the 010-017 signals. while external logic will read this data via the 000-007 signals. 

External logic strobes data into the CDP1862 device via a hlgh-to-Iow transition of the ClK signal In In
put mode. ClK high is a prerequisite for data Input when the CDP1862 device is operated in output mode. 

CS1 and CS2 are select signals used by the CPU to access a CDP1862 device. CS1 is high true in input 
mode and low true in output mode. CS2 is always high true. 

'Iif/SR Is a handshaking control signal: in input mode 'Slfis used by the CPU. while in output mode SR is used 
by external logic. 

WAifls a master reset Input. When input low. it resets all data bits within the COP1852 to 0 and it outputs 
SR low. 

CDP1852 OPERATIONS OVERVIEW 
The CDP1862 I/O port can operate in input mode or output mode. Input mode is specified by a low MODE in
put and output is specified by a high MODE input. 

In input mode. external logic transmits data to the COP1852 1/0 port via 010-017. External logic uses ClK to 
strobe data into the 1/0 port. Data is output via 000-007. which holds valid data whenever CS1 and CS2 are 
both high. In the general case, Input mode timing may be illustrated as follows: 

DATA IN 
--~~~~-------------

eLK 

SR 

CSl 

CS2 

------------------------------~ 
.DATAOUT------------------------------------------~~----~~-----:~--------
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SR is an acknowledge signal sent back to external logic. SR goes low as soon as external logic provides a high
to-low ClK transition. SR returns high as soon as the COP1852 I/O port ceases to be selected via CS1 and CS2. 
Thus. external logic can look upon SR low as a "device busy" signal. and the low-to-high SR transition as an in
put acknowledge. 

When the CDP1852 I/O port is operated in output mode. the CPU Data Bus is connected to 010-017. The 
combination of CS1 low. CS2 high. and ClK high latches data input into the COP1852 I/O port. The output lines 
000-007 are always enabled: therefore. as soon as new data is latched into the I/O port. this data appears at 
the output pins. Timing may be illustrated as follows: 

DATA IN ---------( DATA 

ClK 

CS1 

CS2 

SR ______________ ~----J 

DATA OUT DATA ________________ A-__________________________________ __ 

SR is pulsed high in output mode. SR goes high as soon as new data is strobed into the COP1852 I/O port. and 
remains high until the next high-to-Iow ClK transition. External logic can use the SR high pulse as a data input 
strobe. 

CDP1852 INPUT OPERATIONS 
The CDP1852 can be operated as an input port using programmed input or DMA input. We will first ex
amine programmed input. 

Figure 12-11 illustrates the CDP1852 I/O port operating in input mode with programmed input. Before 
examining this figure. you should be familiar with Figure 12-8 and its associated text. 

The logic in Figure 12-11 assumes that external logic uses the eight data input lines 010-017 and two control 
lines ClK and"SR. 

When external logic has new data available. it will place the data on 010-017 and pulse ClK high. This latches 
the data into the COP1852I/O port and simultaneously sets SR low. External logic will not attempt to input more 
data until ~ is no longer low. 

Since the SR signal is connected to one of the flag inputs EF1-EF4 of the CPU. program logic can monitor the SR 
signal by testing the proper status flag. When an input instruction is executed by the COSMAC CPU. the 
COP1852 I/O port will respond by gating data onto the CPU Data Bus. This gating is controlled by the two chip 
select inputs CS1 and CS2. The CPU reads this data on the low MWR strobe. External logic can use the low SR 
pulse as its acknowledge and "device busy" signal:$R is pulsed low from the time that the external logic data is 
strobed into the COP1852 I/O port until the time that this I/O port ceases to be selected after being selected for 
an input operation. Thus. when SA goes high again. external logic knows that its data has been input to the 
CPU. 
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Instruction Fetch Data Input 

TO Tl T2 T3 T4 T5 T6 T7 TO Tl T2 T3 T4 T5 T6 T7 

CLOCK 

000-007 ___________________________ -(:::::::1 
(=BUSI 

CS2 
(=NO. Nl. N21 ___________________________ ...... ____________ +-_oIJ<"""" 

SR 

----------------------------------------------+---~ Data input 

COP 1802 
CPU 

EF{l 

• 

·BUSO 000 -. 
:euS7 007 

t:ermD 
CSl 

NO I CS2 Nl 
SELECT 

N2 a I 

• • • 

COP 1852 
I/QPORT 

r! --

to memory 
and CPU 

010 

017 

ClK 

SR 

Figure 12-11. CDP1852 I/O Port in Input Mode with Programmed Input 
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CDP1862 input mode With DMA operation is illustrated in Figure 12-12. This figure Is a variation of the 
DMA-IN machine cycle timing illustrated in Figure 12-6. You shouid be familiar with Figure 12-6 before 
looking at Figure 12-12 and the text below. 

OMA-IN Machine Cycle 

I I 
T6 T7 TO Tl T2 I T3 I T4 T6 T6 I T7 

CLOCK 

010-017 ________ ~ __________ A_~----------------------------~ 
ClK -------I 

SR 

SCO(~) 

SCl (=CS2) ___________ +-+-...... ~ 

000-007 
(=BUS) 

COPl602 
CPU 

BUSO 000 
0 
0 
0 

BUS7 007 

SCl CS2 

SCO ....... CSl 

~ r--! OMA-IN SA - " - l 

COP1852 
I/O PORT 

Data input by eiltemal logic 

.0 
·0 

0 
0 .. 

II ":'" 

010 

CLK 

ACK 

Data from I/O 
port written into. 
memory location 
addressed by RO 

Intarfeca With 
extemallogic 

Figure 12-12. CDP1852 I/O Port in Input Mode with DMA Input 
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External logic initiates a data input operation by placing data at the 010-017 pins of the COP1852 device and ap
plying the ClK strobe. On the trailing edge of the ClK strobe. data is latched into the COP 1852 I/O port andSA 
is output low. 

The i51iiiA-iN' signal is input low when SA goes low. But we only want one OMA-IN machine cycle to occur at a 
time. If you examine Figure 12-3. you will see that the OMA-IN signal is sampled at the end of the T6 clock pulse 
in all non-instruction fetch machine cycles. In addition. we now want to suppress OMA-IN during a OMA 
machine cycle. We therefore create Ufiifj\-fjiJ as the NAND of SR and SCO. SCO will be low only for instruction 
fetch and OMA machine cycles. Since OMA is not sampled during instruction fetch. the net effect of our logic is 
to disable OMA-IN during a OMA machine cycle. Thus. in Figure 12-12. DMA-i'N will be sampled low at the end 
of T6. which means thatthe next machine cycle becomes a OMA-IN machine cycle. During this machine cycle 
"SA remains low; however. mA-TfiJ goes high shortly after SCO goes low. 

We use SCO and SC1 to create the COP1852 select inputs. SC 1 is tied directly to CS2. while CSO is inverted and 
then becomes SC1. Therefore. shortly after the beginning of the OMA-IN machine cycle. the data that was input 
via 010-017 appears at 000-007. which are connected to the COSMAC Data Bus (BUSO-BUS7). Data remains 
stable on the bus for almost the entire OMA-IN machine cycle. The MWR low pulse. when it appears. strobes the 
data from the Data Bus into the memory location addressed by Register RD. 

External logic can use SR as its handshaking signal. When SR goes low. external logic knows that the CPU has 
been informed of data present at the COP1852 I/O port. When SR goes high again. external logic knows that the 
OMA-IN machine cycle is complete; therefore. external logic is free to input the next byte of data. 

CDP1852 OUTPUT OPERATIONS 
Now consider a CDP1862 device operating in output mode. 

There are two ways in which it would make sense to operate the CDP1852 device in output mode: the 
CPU could initiate the operation by executing an output instruction. or external logic could initiate the 
operation by applying a low signal at DMA-OUT. Figure 12-13 provides timing and signal connections for 
the CPU initiating the output operation with an output il)struction. Figure 12-14 provides timing and sig
nal connections for external logic initiating the output operation by applying a low signal at DMA-OUT. 
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Oata Output Next Instruction Fetch 

TO Tl T2 T3 T4 T5 T6 T7 TO T1 T2 T3 T4 T5 T6 T7 

CLK(=TPB) 

~-------r-------------
CS2 

(=NO. Nl. N2\1t) ...&---1-----------~~_I'--_J------------t_"1 

010-017 ______________ ..... 

(=BUS) 

SR ----------------------r--4 
000-007 ______________ ~~~~-------0-at-a-t-o-I/-0-0-e-v-ice _______ -i 

COPl802 
CPU 

BUSO . 
BUS7: 

TPB 

NO 
N1 .. Select 
N2 

MAD 

Oata strobed 
into COP 1852 

I/O Port 

010 __ 

• 017: __ 

CLK ~ 
COP1852 
I/O PORT CS2 __ 

CSl __ 

· · · 

MOOE 

000 

007 

SR 

VCC 

Figure 12-13. COP1852 liD Port in Output Mode with Programmed Output 

Interface with 
external logic 

First consider the CDP1852 I/O port operating in output mode with programmed output. as illustrated in 
Figure 12-13. Before looking at this figure in detail. you should be familiar with Figure 12-9 and its associ
ated text. 

When a COP1852 liD port is being operated in output mode. the output lines 000-007 are always active. out
putting the contents 

When a COP1852 I/O port is being operated in output mode. the output lines 000-007 are always active. out
putting the contents of the I/O port. Data input via 010-017 is latched into the I/O port by the combination of 
ClK high. C52 high. and C51 low. In Figure 12-13 we connect ClK to TP8: this becomes the actual data strobe. 
This data strobe is conditioned by C52 being high and C51 being low. C51 is tied to the memory read control 
signal MRO. which must be low during an output operation. C52 is connected to the liD select lines NO. N1. and 
N2. thus creating the required device select when more than one COP 1852 I/O port is present. As soon as the 
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data input is strobed into the CDP1852 1/0 port. it is output via 000-007. and the service request signal SR 
goes high. SR is held high until the falling edge of TP8 during the next machine cycle. which will be an instruc
tion fetch. The fact that the next machine cycle is an instruction fetch is not relevant to external logic. which 
simply knows that it is going to receive a signal pulsed high for one machine cycle to identify the presence of 
new output data. 

There are certain frequencies of operation where TPB is not pulsed high while the CPU is outputting stable data 
on the Data Bus. Under these circumstances. you will have to use some alternative logic to generate ClK. 

Figure 12-14 illustrates CDP1852 output mode operation using the CPU direct memory access logic. 
Before looking at this figure, you should be familiar with Figure 12-7 and associated discussion. 

T4 

CLOCK 

CLK (=TPB) 

CS2{=SCO} 

=SC1 

Instruction 
Execute 

T5 T6 T7 TO 

---.....,--_ .. 
CS 1 (=iiiiiID) 

OMA Out Instruction Fetch 

T1 T2 T3 T4 T5 T6 T7 T2 T3 

DATA FROM 
010-017 _____ + _____ JL _____ ~JM~E~M~O~R~Yq:::;t::~---..;..---_1 
(=BUS) 

000-007 ______ ~--------~~------------------------~~-0-AT-A--FR-0-M--M-EM-0-R_Y ______ ~ 

SR 

OMAOUT 

COP1802 
CPU 

f 

BUSO 010 · · · · • · BUS7 017 

TPB CLK 
MRO CS1 

sea 

---f' CS2 
SC1. 

I --' 

Strobe data output 
from addressed 
memory location 

to I/O device 

COP1852 
I/O PORT 

MODE 

• · · · 

OM 

000 

007 

SR 

VCC 

OMACK 
A OUT 

Figure 12-14. COP 1852 1/0 Port in Output Mode with DMA Output 
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External logic initiates the data output in Figure 12-14 by inputting a low signal via !JMA-OUT. This signal must 
be low at the end of T6 in a non-instruction fetch machine cycle. The OMA-OUT machine cycle is identified by 
SCO high and SC1 low: this combination is sent back to external logic as a OMA acknowledge. External logic 
must use this OMA acknowledge in order to set OMA-OOf high again. If DMA-OOf remains low for the OMA
OUT machine cycle. then a number of OMA-OUT machine cycles will be executed. 

During the OMA-OUT machine cycle. valid data is output from the memory location addressed by RD. The pre
sence of valid data on the Data Bus is identified by the TPB high pulse with MRO low. The CPU Data Bus is con
nected to the COP1852 010-017 input lines. This data input is clocked into the COP1852 device by ClK high. 
CS2 high. and CS1 low. In order to achieve these conditions. we once again connect ClK to TPB and CS1 to 
MRO. CS2. which was generated from NO. N1. and N2 in Figure 12-13. is now generated from SCO and SC1. 
When these two signals identify a OMA machine cycle. CS2 is true. CS2 also becomes the OMA acknowledge 
signal which is sent back to external logic. 

As soon as ClK is high. SCO is high. and SC 1 is low. data input via 010-017 is strobed into the COP1852I/O port. 
This data immediately appears at 000-007. and SR is output high. As illustrated in Figure 12-13. SR will remain 
high until the next high-ta-Iow transition of ClK - which will occur at the end of the next machine cycle. 

As seen by external logic. the output operation illustrated in Figure 12-14 begins when external logic inputs 
OMA-OUT low. Upon receiving OMACK high. external logic must set OMA-OUT high again. When SR subse
quently is output high. external logic knows that new data has been output and must be read. 
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DATA SHEETS 

The section contains specific electrical and timing data for the following devices: 

·.CDP1802 CPU 

• CDP1852 I/O Port 
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CDP1802/CDP1802C 

<, 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, (VDD) 

(Voltage referenced to V SS Terminal) 

CDP1802. . • • • • • • 
CDP1802C • • • • • • 

INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (PO): 

Fur T A = -40 to +6O"c (PACKAGE TYPE E) • 

For T A = +60 to +85°C (PACKAGE TYPE E) 

For T A = -55 to +IWC (PACKAGE TYPE D) 

For TA = +100 to +125"C (PACKAGE TYPE D) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

•• -05to+ll V 
.• -0.5to+7V 
-O.S to V DO +O.S V 

. ±10mA 

• SOOmW 

Derate Lonearly at 12 mWfC to 200 mW 

••....•••. SOOmW 

Derate Linearly at 12 mWf C to 200 mW 

For T A = FULL PACKAGE· TEMPERATURE RANGE (All Package Types) • •• 100mW 

OPERATING· TEMPERATURE RANGE (T A): 
PACKAGE TYPE 0 • • . • • • 
PACKAGE TYPE E. • . • • • • • 

STORAGE TEMPERATURE RANGE (Tstg) 

LEAD TEMPERATURE (DURING SOLDERING): 

· -55 to +12SoC 
• -40 to +8SoC 

-55 to +ISd'C 

At distance 1116± 1/32 inch 11.59 ± 0.79 mm) from case for 10 sma ••• • • • +265°C 

STATIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85°C, except as noted. 

CONDITIONS LIMITS U 

CHARAC· VCC, CDP1802D CDP1802CD N 

TERISTIC CDP1802E CDP1802CE I 
Vo VIN VDD T 
(V) (V) (V) Min. Typ.· Max. Min. Typ.· Max. S 

Quiescent Device - - 5 - 0.01 50 - 0.02 200 
Current,l L - - 10 - 1 200 

IlA - - -
Output Low Drive 

(Sink) Current, 

IOL -- 0.4 0,5 5 1.1 2.2 - 1.1 2.2 -
(Except XTAL 0.5 0,10 10 2.2 4.4 - - - - mA 

XTALOutput 
IOL 0.4 5 5 75 150 - ·75 150 - p.A 

Output High Drive 
(Source) Current 4.6 0,5 5 -0.27 -0.55 - -0.27 -0.55 -

IOH mA 
(Except XTAL) 9.5 0,10 10 -0.55 -1.1 - - - -
XTAL Output 

IOH 4.6 0 5 -38 -75 - -38 -75 - IlA 
Output Voltage - 0,5 5 - 0 0.05 - 0 0.05 

Low· Level 
10 

VOL 
- 0,10 - 0 0.05 - - -

Output Voltage - 0,5 5 4.95 5 - 4.95 5 - V 

High Level, 
VOH - 0,10 10 9.95 10 ~ - - -

Input Low Volt· 0.5,4.5 - 5 - - 1.5 - - 1.5 
age VIL 0.5,4.5 - 5,10 - - 1 - - 1 

1,9 - 10 - 3 - - - V 

Input High Volt· 0.5,4.5 - 5 3.5 - - 3.5 - -
ageVIH 0.5,4.5 - 5.10 4 - - 4 - -

19 - 10 7 - - - - -
Input Leakage Any 0,5 5 - ±10'4 ±1 - ±10'4 +1 
Current liN Input 0,10 10 - ±10'4 ±1 - - - p.A 

'Typical values are for T A = 25° C. 

Data sheets on pages 12·02 through 12·012 are reprinted by permission of RCA. 
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CDP1802/CDP1802C 
STATIC ELECTRICAL CHARACTERISTICS at TA =-40 to +850 C,exc:eptasnoted. 

CONDITIONS LIMITS U 
CHARAC· VCC, CDP1802D CDP1802CD N 

TERISTIC CDP1802E CDP1802CE I 
Vo VIN VDD T 
(VI (VI (VI Min. Typ.* Max. Min. Typ.· Max. S 

3·State Output 0,5 0,5 5 - ±10·4 ±1 - ±10·4 ±1 
Leakage Current IlA 

lOUT 
0,10 0,10 10 - ±10·4 ±1 - - -

Minimum Data 
VOD = VoR - 2 2.4 - 2 2.4 V 

Retention Volt· 
age,VDR 

Data Retention Voo = 2.4 V - 0.01 1 - 0.5 5 IlA 
Current, lOR 

·Typical values are for T A = 25°C. 

RECOMMENDED OPERATING CONDITIONS at T A = -40 to + 85"C Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the following ranges. 

CONDITIONS LIMITS 

CHARAcTERISTIC VCC' VDD CDP1802D CDP1802CD UNITS 
(VI (VI CDP1802E CDP1802CE 

Supply·Voltage Range - - 4 to 10.5 4 to 6.5 V 

Input Voltage Range - - VSS to VCC VSS to VCC V 

Maximum Clock Input Rise or 
Fall Time, t r or tf 4-10.5 4-10.5 1 1 IlS 

5 5 6.4 6.4 
Instruction Time2 

5 10 5.1 - IlS 
(See Fig. 81 

10 10 3.2 -

5 5 312 312 

Maximum DMA Transfer Rate 5 10 390 - KBytes/sec 

10 10 625 -
5 5 DC-2.5 OC-2.5 

Maximum Clock Input Frequency, 
5 10 OC-3.1 - MHz 

fCLOCK3 10 10 DC- 5 -
NOTES:. t: V CC ... V DO; for COPt802C, V DO = V ~C = 5 volts. 

2. Equals 2 machine cycles - one ·Fetch an one Execute operation for all instructions except Long Branch and 
long Skip, which require 3 machine cycles - one Fetch and two Execute operations. 

3. load capacitance ICll = 50 pF. 
DRAIN-lO-SOURCE VOLTAGEIVDS)-V 

~o -9 -0 -7 -. -. -4 -. -. -I 0 .. 
4 

1 • ~30 
9 

2·, ~ 25 

• 
II! GATE-lO-SOURCE V()LTAGE IVGS'olOY a 20 

I 

!] 
i 15 

~ 
MSIENf TEMPERATURE' -40 TO.85·C ~ 10 

~ .v il • 

0 I 2 • 4 • 6 7 0 9 IC 

!tlcS-llee3 
DRAW-lO-SOURCE VOLTAGE tvos,-y 

92CS-3UI64 

Fig. 2 - Minimum output high (source) current Fig. 3 - Minimum output low (sink) current 
. characteristic,. characteristics. 
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CDP1802/CDP1802C 

,HL 
25 SO 75 100 125 I!K) 175 ZOO 

LOAD CAPACITANCE ICLI-pF 

Fig. 4 - Typical transistion time 11$. load 
capacitance. 

I~LOADCAP.oC"ANC~ ,I~L !~~~. 

I 
II IE 

~~,.. AMBIENT TEMPERATURE (TA)--C 
4'8 .1. .18 

0.01 OJ I 10 
CLOCK INPUT FREQUENCY (ted-UNa ,zcs- 21541 

NOTES: IDLE- ·OO·AT MIOOOOI BRANCH.· 3107-AT M 18107) CL· 50 pF _ Ai ~ pF 'Ilro; l'lW7 

Fig. 6 - Typical maximum clock frequet1cy as a Fig. 7 - Typical power dissipation as a function of clock frequency for 
BRANCH instruction and IDLE instruction for CDP1B02. 

4000 

1000 

o 
2 

function of tamperature. 

.ClOCK ~lIfCL· T 
INSTRUCTION TIME -16(fCL'· 2 MACHINE CYCLES 
(EXCEPT LONG BRANCH AND LONG SKIP, WHICH 
REQUIRE 3 MACHINE CYCLES) 
tAce • 5 T-'p (CLOCK TO LOW MEMORY 
ADDRESS, BYTE'-tsu C DATA SET UP, 

cc· 

6 7 ,0 
INS1HUCTION TIME-ps 

53 32 267 229 2 178 16 
CLOCK INPUT FREQUENCY (fCl'-MHz 

Fig. 8 - Required memory system addre$$ time as a function of instruction rime. 
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CDP1802/CDP1802C 

~-V-1 
VSS 

NOTE' 

7:;JT~ZT ~:~~\lTV~~~:a~tE~t~i~ 

o 
V55 

INPUTS ,-----''----'', 

VSS 
Fig. 9 - Noise immunity test circuit. Fig. 10 - Quiescent-device leakage current test circuit. 

Yoo Yee 

r----''---'-,OUTPUTS 

Voo 

Y
oo 

1NPUOS Voo VCC NOTE 

'-----0--- MEASURE LN.PUlS 
o ~ SEQUENTIALLY 

Vss TO BOTH Veo AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR Vss 

~ o 
VSS 

NOTE: 

VSS 
[

FORCE DEVICE 1 
INTO DMA OUT 
STATE 

MEASURE OUTPUTS 
SEQUENTIALLY. 
CONNECT ALL UNUSED 
INPUTS TO Yee OR Yss. 

Fig. 1 7 - Input leakage current test circuit. Fig. 12 - Three-state output leakage (data bus) test circuit. 

TPA 

TPB 

MEMORY 
ADDRESS 

I 
I I I 

I I I I 

~ 
I H 

I 

MoD ~ I II p-I'PLH 

'OIEIIORY I ... -~II--"""'---..j.....----"":"'I -1-T111-t---I READ CYCLE) 

'~Y -----~I ----r: ~---~~~~~L \. __ ~~~:---
WRITE CYCLE) I I I ~~ 
~1A!o'll:W "'7:~n~711!/;;r.rn::~~~":"';:'PH~L I, : i : ~ 

~~~ ! Ii i ! ~I" 
________ ~I--------~:--~.-I-PL-H-,-'P-H-L--J1(~---------4'--~: --r~------

NO,NI,NZ I I I I bL 
(110 tpLH I.' I " 
~&r'ON --------...;,JI , I OATA """ 

DATA FROM 
auSTOCPU 

'6IiA 
REQUEST 

iii'TERiiijjiT 
REQUEST 

if 1-4 

NOTES; 

I I I LAltIIED IN CPU 

I INTERRUPT SU 'H 
I SAMPLEO (51, SZ) I 

II FLA. LINES I W 
SAMPLED (IN SI) I I 

~'----I-: ----
I ANY NEGATIVE 

TRANSITION 

92CL-29599R 1 

I. 'THIS TIMING DIAGRAM IS USED TO SHOW SIGNAL RELATIONSHIPS 3 SHADED AREAS INDICATE MOON'T CARE M OR UNDEFINED STATE; 
ONLY AND DOES NOT REPRESENT ANY SPECIFIC MACHINE CYCLE MULTIPLE TRANSITIONS MAY OCCUR DURING THIS PERIOD 

2 ALL MEASUREMENTS ARE REFERENCED TO 50% POI"''! OF THE 

WAVEFORMS Fig. 13 - Timing waveforms. 
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CDP1802/CDP1802C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85OC. CL = 50 pF. 
VDD ±5%. except as noted. 

CHARACTERISTIC 
VCC VDD 

LIMITS 

(VI (VI Typ.- Max. 

Propagation Delay Time. tpLH. tpHL: 5 5 300 450 
Clock to TPA. TPB 5 10 250 350 

10 10 .150 200 
5 5 900 1350 

Clock-to-Memory High-Address Byte 5 10 500 760 
10 10 400 600 
6 6 350 600 

Clock-to-Memory Low-Address Byte 5 10 260 376 
10 10 160 260 
5 6 300 460 

Clock to MRD. tpLH 5 10 260 360 
10 10 160 200 
6 6 300 460 

Clock to MRD. tpHL 5 10 250 360 
10 10 150 200 
6 6 300 460 

Clock to MWR. tpLH. tpHL 6 10 260 360 
10 10 160 200 
6 6 460 650 

Clock to (CPU DATA to BUSI 6 10 360 460 
10 10 200 300 
6 6 600 750 

Clock to State Code 6 10 350 450 
10 10 260 300 
6 6 360 660 

Clock toO 6 10 260 400 
10 10 160 260 
6 6 660 800 

Clock to N(0-21. tpLI-i 6 10 360 600 
10 10 260 360 

Minimum Setup and Hold Times. tsu tH'" 6 6 -30 0 
Data Set Up • 6 10 -26 10 

10 10 -10 20 
6 6 200 300 

Data Hold 6 10 126 200 
10 10 100 150 
6 6 -75 0 

DMASetup 6 10 -50 0 
10 10 -26 0 
6 6 150 260 

DMAHold 5 10 100 200 
10 10 76 126 

-Typical values are for T A = 25"C and nominal V DO. 

"'Maximum limits of minimum characteristics are the values above which all devices function. 
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CDP1802/CDP1802C 
OYNAMIC ELECTRICAL CHARACTERISTICS (cont'd) 

CHARACTERISTIC LIMITS 

VCC VOO UNITS 
(V) (V) Typ. Max. 

Minimum Setup and Hold Times, tsu, tHY 5 5 -75 0 
Interrupt Setup 5 10 -50 0 

10 10 -25 0 ns 
5 5 150 250 

Interrupt Hold 5 10 100 200 
10 10 75 125 
5 5 -15 0 

WAIT Setup 5 10 -25 25 ns 

10 10 0 50 
5 5 -30 0 

EFl-4 Setup 5 10 -20 0 
10 10 -10 0 ns 
5 5 150 250 

EFl-4 Hold 5 10 100 200 
10 10 75 125 

Minimum Pulse Width, tWLY 5 5 300 600 
CLEAR Pulse Width 5 10 200 400 ns 

10 10 15Q 300 
5 5 150 200 

CLOCK Pulse Width, twL 5 10 120 160 ns 
10 10 75 100 

Typical Total Power Dissipation f= 2 MHz 5 5 4 - mW 
Idle "00" at M(OOOO), CL = 50 pF f= 4 MHz 10 10 30 -

Effective Input Capacitance, CIN 
5 - pF 

Any Input 

Effective 3-State Terminal Capacitance 
7.5 pF 

DATA BUS -
-TVPlcal values are for T A = 2SoC and nominal V DO. 

YMaximum limits of minimum characteristics are the values above which all deVices function. 

TIMING SPECIFICATIONS as a function of T (T=1lfCLOCK) at TA = -40 to +86°C. 

CHARACTERISTIC LIMITS 

VCC VOD UNITS 
(V) (V) Min. Typ.-

High-Order Memory-Address Byte 5 5 2T·800 2T·600 
Setup to TPA Time, tsu 5 10 2T·635 2T·475 

10 10 2T·400 2T·300 
High-Order Memory-Address Byte 5 5 T/2+O T/2+30 

Hold after TPA Time, tH 5 10 T/2+0 T/2+20 
10 10 T/2+0 T/2+10 

Low-Order Memory-Address Byte 5 5 T+O T+30 
ns 

Hold after WR Time, tH 5 10 T+O T+20 
10 10 T+O T+10 

CPU Data to Bus Hold 5 5 T+25 T+120 
after WR Time, tH 5 10 T+10 T+75 

10 10 T+O T+50 

.Typical values are for T A = 25°C. 
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CDP1852/CDP1852C 

MAXIMUM RATINGS,Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDO) 
(Voltage referenced to Vss Terminal) 

CDP1852. . • . . . . . 
CDP1852C • . . . . . . 

INPUT VOLTAGE RANGE,ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 

.. -0.5to+ll V 
-0.5 to +7 V 

-0.5 to VDD +0.5 V 
••.. ±10mA 

POWER DISSIPATION PJ=R PACKAGE (PO): 
For T A = -40 to +600 C (PACKAGE TYPE E) . 
For T A = +60 to +85 <i, (PACKAGE TYPE E) . 
For TA = -55 to +100 f (PACKAGE TYPE D) 
For TA = +100 to +125 C (PACKAGE TYPE D) 

• ...•..... 500mW 
Derate Linearly at 12 mWt"C to 200 mW 
.... ' .•••.. 500mW 
Derate Linearly at 12 mW/oC to'200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, H . • • • . . . 
PACKAGE TYPE E. . . • . . . . . . . . . . . . 

STORAGE TEMPERATURE RANGE (Tstg) • . . . . . . . . 
LEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from'case for 105 max. 

DZO 
3,}---4------------------+~~~ 

L ________ _ 

... 100mW 

. -55 to +125°C 

: -6:~~~~:~:~ 
.' • +285°C 

DII r- - - - - - - -- - 1 - -- - - - - - - -'"'---.J ' DOl 
~. I t---@ 

L ____ ----]] -[-- - --- - ---[--r--J 
DX7 r - - - - - - - - - - - - - - - - - . - - -, D07 

®---I . I--@) L ________________________________ ..J 
92tL-31293 

Fig. 2 - CDP7862 logic dillgram. 
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CDP1852/CDP1852C 
RECOMMENDED OPERATING CONDITIONS at TA = Full Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is always 
within the fol/owing ranges: 

LIMITS 

CHARACTERISTIC CDP1852 CDP1852C UNITS 
Min. Max. Min. Max. 

DC Operating·Voltage Range 4 10.5 4 6.5 
Input Voltage Range Vss VDD Vss VDD 

STATIC ELECTRICAL CHARACTERISTICS at TA = ~ to +85°C 

CONDITIONS 

CHARACTERISTIC Vo 
(V) 

Ouiescent Device -
Current, 100 -

Output Low Drive 0.4 
(Sink) Current, IOL 0.5 

Output High Drive 4.6 
(Source) Current, 
IOH 9.5 

Output Voltage Low· -
Level VOLA -

Output Voltage -
HighLevel, VOH -

Input Low Voltage, 0.5,4.5 
VIL 0.5,9.5 

Input High Voltage, 0.5,4.5 
VIH 0.5,9.5 

Input Current, -
liN -

loState Output D,S 
Leakage Current 
lOUT 0,10 

Operating -
Current, 1001# -

Input Capacitance -
CIN 

Output Capacitance, 

CoUT -
• Typical values are for TA = 25°C. 
& IOL D IOH = 1 ,.A 

VIN VDD 
(V) (V) 

D,S 5 

0,10 10 

D,S 5 

0,10 10 

D,S 5 

0,10 10 

D,S 5 

0,10 10 

D,S 5 

0,10 10 

- 5 

- 10 

- 5 

- 10 

D,S 5 

0,10 10 

0,5 5 

0,10 10 

0,5 5 

0,10 10 

- -

- -

LIMITS 

CDP1852 CDP1852C 

Min. Typ.* Max. Min. Typ.* 

- - 10 - -
- - 50 - -
1.6 3.2 - 1.6 3.2 

3 Ii - - -
-1.15 -2.3 - -1.15 -2.3 

-3 -6 - - -

- 0 0.1. - 0 

- 0 0;1 - -
4.9 5 - 4.9 5 

9.9 10 - - -
- - 1.5 - -
- - 3 - -
3.5 - - 3.5 -

7 - - - -
- - +1 - -
- - ±2 - -

- - ±1 - -
- - ±2 - -
- 130 200 - 150 

- 400 600 - -

- 5 7.5 - 5 

- 5 7.5 - -

V 

V 

UNITS 
Max. 

50 p.A 
-
- mA 
-

- mA 
-

0.1 

- V 
-
-

1.5 

- V 
-
-

+1 p.A 
-

±1 p.A 
-

200 p.A 
-

1.5 
pF 

-

# Operating current Is measured at 2 MHz in an CDPl802 system with open outputs and a program of &N55, &NAA, 
6N55, 6NAA, ._ •• 
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CDP1852/CDP1852C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85°C, VDD = ±5%, 
tr,tf = 20 ns, VIH = 0.7 VDD, VIL = 0.3 VDD, CL = 100 pF, and 1 TTL Load 
LIMITS ATVDD= 10V APPLY TO THE CDP1852 ONLY 

CHARACTERISTIC VDD I 
(VI Min. 

MODE 0 -Input Port 

5 -
Minimum Select Pulse Width. tsw 10 -
Minimum Write Pulse Width. tww 

5 -
10 -

Minimum Clear Pulse Width, tCLR 
5 -

10 -

Minimum Data Setup Time, tso 
5 -

10 -

Minimum Data Hold Time, tOH 
5 -

10 -

Data Out Hold Time. tOOH. 
5 30 

10 15 

SR Output Transition Time 
5 -

10 --

Data Output Transition Time 
5 -

10 -
Propagation Delay Times. tplH' tpH l: 5 30 

Select to Data Out· 10 15 

Clear to SR 
5 -

10 -

Clock to SR 
5 -

10 -

Select to SR 
5 -

10 -
MODE 1 - Output Port 

Minimum Clock Pulse Width, tCl 5 -
10 -

Minimum Write Pulse Width, tww 
5 -

10 -

Minimum Clear Pulse Width. tCLR 
5 -

10 -

Minimum Data Setup Time. tos 
5 -

10 -
Minimum Data Hold Time, tOH 

5 -
10 -

Minimum Clock-after-Select Hold Time 
5 -

10 -

SR Output Transition Time 5 -
10 -

Data Output Transition Time 5 -
10 -

.. 
.. Minimum value IS measured from CS2; maximum value IS measured from CS1. 
• Typical values are for T Ii. = 25°C and nominal VOO. 
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LIMITS 

Typ.* Max. 

180 360 
gO 180 

90 180 
45 90 

80 160 
40 80 

-10 0 
-5 0 

75 150 
35 75 

185 370 
100 200 

30 60 
15 30 

30 60 
15 30 

185 370 
100 200 

170 340 
85 170 

110 220 
55 110 

120 240 
60 120 

130 260 
65 130 

130 260 
65 130 

60 120 
30 60 

-10 0 
-5 0 

75 150 
35 75 

-10 0 
-5 0 

30 60 
15 30 

30 60 
15 30 

I UNITS 

ns 

ns 



CDP1852/CDP1852C 

RECOMMENDED OPERATING CONDITIONS at TA = Full Package Temperature Range 

For maximum reliability, operating conditions should be selected so that operation is always 
within the fol/owing ranges: 

LIMITS 

CHARACTERISTIC CDP1852 CDP1852C UNITS 
Min. Max. Min. Max. 

DC Operating· Voltage Range 4 10.5 4 6.5 V 
Input Voltage Range VSS VOO Vss VOO V 

STATIC ELECTRICAL CHARACTERISTICS at TA = -40 to +8SoC 

CONDITIONS LIMITS 

CHARACTERISTIC Vo VIN VDD CDPl852 CDPl852C UNITS 
(V) (V) (V) Min. Typ." Max. Min. Typ." Max. 

Quiescent Device - 0,5 5 - - 10 - - 50 /JA 
Current, IDO - 0,10 10 - - 50 - - -

Output Low Drive 0.4 0,5 5 1.6 3.2 - 1.6 3.2 - mA 
(Sink) Current, 10 L 0.5 0,10 10 3 I> - - - -

Output High Drive 
(Source) Current, 

4.6 0,5 5 -1.15 -2.3 - -1.15 -2.3 - mA 

IOH 9.5 0,10 10 -3 -6 - - - -

Output Voltage Low· - 0,5 5 - 0 0.1 - 0 0.1 
Level VOL~ - 0,10 10 - 0 0;1 - - - V 

Output Voltage - 0,5 5 4.9 5 - 4.9 5 -
HighLevel, VOH - 0,10 10 9.9 10 - - - -

Input Low Voltage, 0.5,4.5 - 5 - - 1.5 - - 1.5 
VIL 0.5,9.5 - 10 - - 3 - - - V 

Input High Voltage, 0.5,4.5 - 5 3.5 - - 3.5 - -
VIH 0.5,9.5 - 10 7 - - - - -

Input Current, - 0,5 5 - - ±1 - - ±1 
/JA 

liN - 0,10 10 - - ±2 - - -
3·State Output 0,5 0,5 5 - - ±1 - - ±1 

/JA Leakage Current 

lOUT 0,10 0,10 10 - - ±2 - - -

Operating - 0,5 5 - 130 200 - 150 200 
/JA Current, 1001# - 0,10 10 - 400 600 - - -

Input Capacitance - - - - 5 7.5 - 5 1:5 
CIN pF 

Output Capacitance, 

COUT - - - - 5 7.5 - - -
• Typical values are for TA = 25°C. 
• IOl = IOH = 1 "A 

# Operating current is measurad at 2 MHz in an CDPl802 system with open outputs and a program of SN55, SNAA, 
SN55, 6NAA, ._ •. 

12-D9 



CDP1852/CDP1852C 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = -40 to +85°C, VDD =±5%, 
tr,tf = 20 ns, VIH = 0.7 VDD, VIL = 0.3 VDD, CL = 100 pF, and 1 TTL Load 

LIMITS AT VDD = 10 V APPLY TO THE CDP1852 ONLY 

CHARACTERISTIC VDD I 
(V) Min. 

MODE 0 - Input Port 

5 -
Minimum Select Pulse Width, tsw 10 -
Minimum Write Pulse Width, tww 

5 -
10 -

Minimum Clear Pulse Width, tCLR 
5 -

10 -

Minimum Data Setup Time, tSD 
5 -

10 -
Minimum Data Hold Time, tDH 

5 -
10 -

Data Out Hold Time, tDOH'" 
5 30 

10 15 

SR Output Transition Time 
5 -

10 --

Data Output Transition Time 
5 -

10 -
Propagation Delay Times, tpLH' tpH L: 5 30 

Select to Data Out'" 10 15 

Clear to SR 
5 -

10 -

Clock to SR 
5 -

10 -

Select to SR 
5 -

10 -
MODE 1 - Output Port 

Minimum Clock Pulse Width, tCL 5 -
10 -

Minimum Write Pulse Width, tww 
5 -

10 -

Minimum Clear Pulse Width, tCLR 
5 -

10 -
Minimum Data Setup Time, tDS 

5 -
10 -

Minimum Data HoldTime, tDH 
5 -

10 -
Minimum Clock-after-Select Hold Time 

5 -
10 -

SR Output Transition Time 5 -
10 -

Data Output Transition Time 5 -
10 -

.. 
.. Minimum value IS measured from CS2; maximum value IS measured from CS1. 

• Typical values are for T A = 2SoC and nominal Vee. 
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LIMITS 

Typ.· Max. 

180 360 
90 180 

90 180 
45 90 

80 160 
40 80 

-10 0 
-5 0 

75 150 
35 75 

185 370 
100 200 

30 60 
15 30 

30 60 
15 30 

185 370 
100 200 

170 340 
85 170 

110 220 
55 110 

120 240 
60 120 

130 260 
65 130 

130 260 
65 130 

60 120 
30 60 

-10 0 
-5 0 

75 150 
35 75 

-10 0 
-5 0 

30 60 
15 30 

30 60 
15 30 

I UNITS 

ns 

fl 

ns 



CDP1852/CDP1852C 
DYNAMIC ELECTRICAL CHARACTERISTICS (Cont'd) 

CHARACTERISTIC VDD 
LIMITS UNITS 

(V) Min. Typ.· Max. 

Propagation Delay Times, tPLH, tPHL: 5 - 140 280 
Clear to Data Out 10 - 70 140 

Write to Data Out 
5 - 220 440 

10 - 110 220 

Data I n to Data Out 
5 - 10C. 200 

·100 
ns 

10 - 50 

. Clear to SR 
5 - 120 240 

10 - 60 120 

Clock to SR 
5 - 120 240 

10 - 60 120 

Select to SR 
5 - 120 240 

10 - 60 120 

• Typical values are for T A = 25°C and nominal VOO. 

CSI'CSZ* f- 'sw . ..... 

CLOCK J--'ww-~ 
'DH-j 

DATA IN I )[ 

~'DS- l-'soo1 
l-'ooH-

DATA BUS 
HIGH 
IMPEDANCE r 1 

I I-'ss 
iii i'-'RSR-/ teslt\. J 

I 

CLEAoi---'~ 
* eSI·eS2 IS THE OVERLAP OF eSI-' AND e52- I 

INPUTS OUTPUTS 

INPUTS OUTPUTS CLOCK CS"CS2f CLEAR SA LATC~ 

"LOCK CS1°CSZt CLEAR DATA OUT SliOUT • • 0 1 

• 0 0 HIOHl 1 • 1 • 1 

• 0 1 HIGHZ SA LATCH- '- 0 1 0 
0 1 0 0 0 ...r 0 1 NO CHANGE 
0 1 1 O!,TAlATCH 0 t cst·CS2" 1 .... CS1 '" 1 and CS2 = 1. 
1 1 • DATA IN 0 

• SR Latch is intelnat to the device (See Fig.2J. 

Fig. 3 - MODE 0 input port timing diagram and truth 'rabIes. 
92CIIII-31192 
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PULSE 
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MA •. COPl852 92CM-31296R 1 

Fig. 4 - Dam out hold time waveforms and rest circuit. 
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CDP1852/CDP1852C 
& 

"-----------,I,--f, ' ... 
:SI·r:;SZ*- - . 

CLOCK ______ .L._/] 

OATA I" 

OATA OUT 

SR 

~ 
I \ 

'eSR 

--, I 
CLEAR~'~LR~~----------------------------------------------

~ 1_ * CS"CSZ IS THE OVERLAP OF C51 sO AND CSZ. I 
• WRITE IS THE OVERLAP QFCSI'CS2 AND CLOCK 

INPUTS 

.CL;'"~ICS1'~~~;~ 0 SR~UT 
I 1 0 I 0 I 0 0 

X o!, DATA LATCH I SA LATCHe 
I 1 , DATA LATCH 0 

~~_.J X .. IOAT~ __ ' 0 

-INPUTS OUTPUT 

~~~ ~~1'~S2t c""iE.iR SR LATCH-

I~ i ~ 
~_~ 1 __ • _ NO CHANGE 

t CS1'CS2" 1 -C51 ~ 0 andCS2" 1. 
• SA Latch 1$ Internal to the device (see Fig. 2), 

92CM- 31295 

Fig. 5 - MODE 1 output port timing diagram and truth tables. 
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Chapter 13 
IM61 GO MICROCOMPUTER DEVICES 

The IM6100 is an almost exact reproduction of the t:lDP-8E minicomputer. The IM6l 00 has the same instructiori 
set as the PDP-8E: however. there are differences in direct memory access logic. Also. the IM6l00 cannot use the 

. PDP-8E extended arithmetic element or user flag options. 

Rather than concentrating on differences between the IM6l00 and the PDP-.8E. we will in this chapter relate tHe 
IM6l00 to other microprocessors described in this book. This reflects the fact that minicomputer concepts are simply 
not viable in the microcomputer world. The PDP-8E was developed at a time when Central Processing Units were very 
expensive and it was reasonable to demand that controllers surrounding the Central Processing Unit contain a lot of in· 
ternal intelligence. This intelligence. in turn. demanded complex System 8us signals that identified the state of the 
CPU as it progressed through an instruction's execution. Microcomputers are inexpensive. and their low cost i:; defe
ated if they have to be surrounded by expensive device controllers. Therefore. it will be more valuable in this chapter to 
show how the IM6l00 can be used in a m.icrocomputer system with a simple bus and standard microcomputer support 
devices. rather than comparing it with the PDP-8E minicomputer. 

The PDP-8 is a 12-bit minicomputer, therefore the IM6100 is a 12-bit microcoinputer. 

The very existence of the IM6l00 is testimony to one of the less well understood aspects of minicomputers versus 
microcomputers: people tend to place too much emphasis on "creeping featurism". The majority of applications that 
are going to use a microcomputer could be implemented with almost any microcomputer described in this book. The 
economics of exact chip counts and product development expense is worth exploring. but in most cases detailed com
parative evaluations of instruction sets and addressing modes are a waste of time and money; enhancement of one pro
duct as compared to another will rarely have any significant economic impact. This is true of microcomputers today. 
and it was also true of minicomputers yesterday. The PDP-B was the first popular minicomputer. Compared to nearly 
any other minicomputer on the market today. the PDP-8 is a very primitive device. Yet there are more PDP-8s in the 
world than any other minicomputer. Despite the large number of new. more powerful minicomputers that are available. 
the PDP-8 continues. from year to year. to rank among the leaders in minicomputer sales volume. 

It is this popularity of the PDP-B. for all its shortcomings as a minicomputer. that has given birth to the IM6l00. Many 
design features of the IM6l00 are dubious. when looked upon from the microcomputer user's point of view. It is safe to 
say that no microcomputer designer would have seen fit to develop a product even remotely like the IM6l00. but for 
the predecessor PDP-8. The IM6l00 exists to participate in the continuing sales volume of PDP-B. and to take advan
tage of the huge library of PDP-8 software which is available - much of it at no cost. 

You must look at the IM6l00 (and the microNOVA) from a totally different perspective. as compared to any other 
microcomputer described in this book: do not look for justification of IM6l00 design features in terms of a microcom
puter application's needs: rather. accept the IM6l 00 for what it is - a very low-cost reproduction of something which 
already exists: a product whose existence is justified by a large established product market and a prior base of existing 
software. 

In addition to thelM6100 CPU, we are going to describe thelM6101 Parallel Interface Element and thelM6102 
MEDIC multifunction support device. The IM6402 UART is also available; it Is described in Volume 3. 

All liI.161 00 microcomputer devices use a single power supply which may range between +4V and +11V. 

Using a 250 nanosecond clock input. instruction execution times range from 5 to 11 microseconds. 

AIIIM6100 microcomputer devices use CMOS technology. which means that they are highly immune to noise in the 
power supply and they consume very little power. Recall that COS MAC is the only other microprocessor described in 
this book that offers CMOS technology. 

The principal manufacturer of the IM6100 is: 

INTERSIL. INC. 
10900 North Tantau Avenue 

Cupertino. CA 95014 
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The second source is: 

HARRIS SEMICONDUCTOR DIVISION 
P.O. Box B83 

Melbourne. FLA 32901 



THE IM6100 CPU 

Functions implemented on the IM6100 CPU are Illustrated in Figure 13-1. IM6101 Perallellnterface Element 
logic is also shown. 

Programmable 
Timers 

Interface Logic 

Read Only 
Memory 

Interface Logic 

I/O Ports 

Figure 13-1. Logic of the IM6100 CPU and the IM6101 
Parallel Interface Element 

_ IM6100CPIJ 

~ IM6101PIE 

Bus interface logic is shown as implemented by the IM61 01. This is because the bus control signals input to and output 
by the CPU do not conform with the standard PDP-8 bus. or with typical microcomputer busses. You are going to need 
additional logic either to create a PDP-8 bus equivalent or to reduce IM61 00 control signals to manageable microcom
puter bus proportions. The IM6101 creates a microcomputer type of System Bus. 

Direct memory access control logic is shown as absent. The CPU has logic which will respond to a DMA request by 
floating the System Bus; however. the actual DMA transfer. including creation of memory addresses. is the respon
sibility of external logic. 

Observe that clock logic is provided on the CPU chip. 
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IM6100 PROGRAMMABLE REGISTERS 
The.IM6100 has just three programmable registers as we define them: an Accumulator, a Program Counter and 
the MQ register. All three registers are twelve bits wide. 

The Accumulator is a typical primary Accumulator. With a single exception. it is the only source or destination with
in the CPU for data being operated on. 

The MQ register is a simple buffer for the Accumulator. The only operation you can perform on the MQ register con
tents is to OR them with the Accumulator contents: the result is returned to the Accumulator. You may also exchange 
the contents of the Accumulator and the MQ register. 

The Program Counter, being 12 bits wide, limits thelM6100 to an address IIpace of 4096 memory words. The 
IM6102 allows this address space to be expanded to 32.768 memory words. 

Intersil literature describes additional registers, but these are not programmable registers as we define them. 

The IM6100 has no Data Counter. There is a Memory Address register within the CPU. but you have no direct access to 
this register. It is a simple depository for addresses which are automatically computed by CPU logic during the execu
tion of memory reference instructions. 

IM6100 MEMORY SPACE 
Memory addressing modes that we are about to describe. apply to a single 4096-word memory bank. If you' have more 
than one such memory bank. then each one must be considered as a separate and distinct entity. This is important. 
because the nature of the IM6100 demands that if program memory is in ROM. then both ROM and RAM must be pre
sent in external memory. Thus. if you have more than one bank. each memory bank must include ROM and RAM. 

IM6100 MEMORY ADDRESSING MODES 
IM6100 memory reference instructions use absolute, paged, direct addressing and indirect addressing. 

AIIIM6100 instruction object codes occupy a single 12-bit word. There are no two-word or three-word object codes. All 
memory reference instructions have the following object code format: 

11 10 9 8 7 6 5 4 l 2 1 04-Bit No. 

I I I I I I I I I I I I " Memory reference instfUCtk)n object coda 

~ l .. ____ t ____ , ~:d:ress current page 

o = Address Page 0 

1 = Indirect address 
o = Direct add""", 

Instruction operation code 

A memory reference instruction that uses direct addressing has seven address bits; thus memory is divided into 
128-word pages. The memory page bit gives you the option of directly addressing a memory word on Page 0, or 
within the instruction's page: 

II I I Ixl 
Add""", 

=PP,o 

This object code 
resides in Page N 
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This is standard. absolute paged direct addressing. as described in Volume 1. Chapter 6. 

A memory reference instruction with indirect addressing simply takes the 12-bit word accessed by the direct memory 
address and interprets this 12-bit word's contents as the effective memory address. This is standard indirect address
ing. In the case of the IM6100. a memory reference Instruction can access an indirect memory address either on 
the base page or on the instruction's current page. 

You can use indirect addressing to create the equivalent of a two-word, nonpaged direct addressing Jump in
struction. 

To do this. store the 12-bit absolute direct address directly following the Jump.lndirect instruction. This may be illustr
ated as follows: 

ADDR 

8--JMPI+l 

H"ADDR 

I I 

~ Jump occurs to this memory word 
which may be anywhere within 
4096-word memory 

You cannot use this technique with any memory reference instruction other than a Jump. That is because any other in
struction would leave the Program Counter pointing to the indirect address as the next object code to be executed. 

For memory reference instructions other than a Jump. reserve a few memory words at the end of the current page to 
store indirect addresses. This may be illustrated I;IS follows: 

Arbitrary 
Memory 
Address 

31A §t TADI7D 
31B 
31C 
310 

• ~ JMPI + 1 
380 

ADDRI 

Access memory location ADDRI 

Jump indirect via next word. i.e •• to New Page 

37C 
370 
37E 
3lE 

ADDR2 } Store addresses at end of page 

New Page 380 
381 
382 

ADDR3 

The IM6100 also has auto-Indexed indirect addressing. If you store an indirect address in anyone of the eight 
memory words with addresses 00816 through 00F16 then. when the IM6100 CPU fetches this address. it will also in
crement and return it. Note that the address that is fetched from one of these eight locations is incremented before it is 
used as an address. --

For ~xample. you can store the beginning address (minus one) of a table in memory location 00816. You can subse
quently read sequential table words by indirectly accessing the table. The IM6100 benchmark program illustrates this 
use of auto-indexing. 

It is just as well that the IM6100 has indirect addressing with auto-increment. because it has no Data Counter or im
plied memory addressing. Volume 1. Chapter 6 discusses the problems that result from using direct addressing to ac
cess sequential memory locations when programs are stored in read-only memory. 

Note that the IM6100 makes no distinction between program and data memory. Thus Jump instructions use ex
actly the same memory addressing options as memory read or write instructions. The concept of separate program and 
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data memory is a microcomputer phenomenon. because it was only with the advent of the microcomputer that pro
grams started to be stored in read-only memory. Minicomputers use read/write memory for programs and data -and 
frequently a minicomputer will make no clear separation between the memory spaces that will be assigned to programs 

. as against data. 

The way in which the IM6100 handles subroutine calls represents an excellent illustration of the fact that 
minicomputer concepts can run into trouble in the world of microcomputers. 

When a JMS instruction is executed. the return address is stored in the first word of the 
subroutine's object code. 

The scheme certainly made sense to the PDP-8 designers; they visualized memory as a general 
read/write depository for programs and data. This scheme is nonviable when programs are stored 
in read-only memory. since you cannot write a return address in read-only memory. In order to use 

IM6100 
SUBROUTINES 
IN READ-ONLY 
MEMORY 

subroutines with an IM6l 00. you must origin all subroutines in read/write memory. then jump to a program sequence 
stored in read-only memory. This may be illustrated as follows: 

/BASE PAGE STARTS HERE 

SUBA o 
JMPI 
PPO 

'PPO 

.+1 
/FIRST WORD OF SUBROUTINE SUBA 
/JUMP INDIRECT TO SUBROUTINE IN ROM 
/PPO REPRESENTS THE STARTING ADDRESS IN ROM 

/SUBROUTINE ORIGIN IN ROM 

JMP I SUBA /LAST INSTRUCTION OF SUBROUTINE IN ROM 
/MAIN PROGRAM WHICH CALLS SUBROUTINE SUBA 

JMS SUBA /SUBROUTINE CALL 
DCA DATA !EVENTUAL SUBROUTINE RETURN 

Let us examine the path of instruction execution illustrated above. 

Begin by looking at the JMS SUBA instruction in the main program which calls subroutine SUBA. SUBA is a label repre
senting a location in the base page of memory. When the JMS SUBA instruction is executed. the address of the next in
struction. arbitrarily illustrated above as a DCA instruction. will be stored in the memory word with label SUBA. The 
first instruction executed following the Jump-to-Subroutine is the instruction stored in the memory location following 
SUBA; this is the JMP I ·+1 instruction. This instruction jumps indirect via the address stored in the next memory loca
tion; we represent this memory location's contents with PPO. PPO is the address of the first instruction to be executed 
within the subroutine. This instruction. and all subsequent subroutine instructions are stored in read-only memory. The 
last instruction executed by the subroutine in read-only memory is the JMP I SUBA instruction. This instruction per-
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forms an indirect jump via the address stored at SUBA. This is the address of the DCA DATA instruction. This execution 
sequence may be illustrated as follows: 

/BASE PAGE STARTS HERE 

UBA-O I 

C
d~61---' • 

;PP: 
/FIRST WORD OF SUBROUTINE SUBA 
/JUMP INDIRECT TO SUBROUTINE IN ROM 
/PPQ REPRESENTS THE STARTING ADDRESS IN ROM 

/SUBROUTINE ORIGIN IN ROM 

Jt-I!1P I-S BA /LAST INSTRUCTION OF SUBROUTINE IN ROM 
/MAIN PROGRAM WHICH CALLS SUBROUTINE SUBA 

SUBA /SUBROUTINE CALL '----~t r DATA /EVENTUAL SUBROUTINE RETURN 

Handling subroutine calls through RAM has some non-obvious repercussions. 

First of all. at least the first page of the first 4096-word memory bank (Page 0) must be read/write memory; this is due 
to the way the IM61 00 handles interrupts. which we will discuss later. In. all probability, there will be more than one 
page of read/write memory. 

Next. if you are going to initiate subroutines in Page 0 RAM, then when you power up the system, you must load this 
RAM from ROM. This is because RAM will lose its contents when powered down. Thus, every restart or reset procedure 
must include the execution of an instruction sequence which moves a block of data from ROM to Page 0 RAM. 

Possibly the most serious problem associated with calling subroutines through Page 0 RAM is the fact that. apart from 
interrupt handling, existing PDP-8 software does not do that. Thus, if you are going to implement programs in read
only memory, the existing PDP-8.software base is not available to you - and that is one of the principal reasons for the 
IM6100's existence. Converting existing PDP-8 programs, so that subroutines are called through Page 0 RAM, is not a 
simple task. If you look again at the discussion of direct. paged addressing given in Volume 1, Chapter 6, you will see 
that there are very significant problems associated with memory mapping. Programs cannot lie across page bound
aries; therefore, the addition of a few instructions to anyone program can have serious consequences. In some cases it 
may be possible to generate special assemblers and compilers that convert existing source programs into object pro
grams which partition memory into ROM for programs and RAM for data, allowing subroutines to be called via the base 
page - but that assumes the base page has free space available for this purpose. 

There is a hardware solution to the IM6100 Jump-to-Subroutine problem. This solution uses an external 
read/write memory Stack to store subroutine return addresses in the manner of a conventional stack. Necessary logic 
and minor programming ramifications are described later i'n this chapter. 

IM6100 STATUS FLAGS 
The IM6100 has a siAgle Carry status; it is called the Link or L status in PDP-8 and IMf!,100 literature. 

IM6100 CPU PINS AND SIGNALS 
IM6100 CPU pins and signals are illustrated in Figure 13-2. Once again, the minicomputer ancestry of the IM6100 
is evident from the complex control signals input and output by the CPU. Minicomputer designers favor a rich variety of 
control signals on a System Bus because that makes the job ·of designing peripheral device controllers easier. 
Microcomputers rely on low-cost support devices, and complex System Busses Simply increase the complexity and 
cost of surrounding the CPU with support logic. After reading this summary of IM6l00 pins and Signals, compare it to 
the 8080A described in Chapter 4; then compare it with the MCS6500 described in Chapter 10. The MCS6500 repre
sents the ultimate in Simplicity. 
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Pin Name 

VCC 
RUN 

OMAGNT 
~ 
~ 

RUN/HLT 
@Ei" 

If.i'mEij 

XTA 
LXMAR 

WAIT 
XTB 
XTC 

OSCOUT 
OSCIN 

(OXll)OXO 
(OX10)OXl 
(OX9) OX2 
(OX8) OX3 
(OX7)OX4 

-

Description 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 IM6100 
11 CPU 

12 
13 
14 
15 
16 
17 

·18 
19 
20 

Data and Address Bus 
Crystal or extemal clock 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

OXO - OXll 
OSCOUT 
OSCIN 
XTA.XTB.XTC 
LXMAR 
i5EV8E[ 

Crystal in or extamal clock ground 
Machine cycle timing 
Extemal memory address strobe 
I/O device select strobe 

-
- .. 
-

Instruction Fetch machine cycle identifier 
Memory· select strobe . 

OATAF 
INTGNT 
CPSEL 
MEMsEL 
IFETCH 
SKP 
a-
c;-
eo 
SWsEL. 
OEVSEL 
LINK 
OX11 (OXO) 
OX10 (OX1) 
GNO 
OX9 (OX2) 
OX8(OX3) 
OX7(OX4) 
OX6(OX5) 
OX5 (OX6) 

Type 

Bidirectional 
Input 

IFETCH 
MEMSEL 
OATAF 
LINK 

Execution phase of indirect addressing instruction 
Unk status 

Input 
Output 
Output 
Output 
Output 
Output 
Output 
Output 
Input 
Output 
Input 

RUN/HLT 
RUN 
RESET 
WAIT 
eo.Ei.C2.SKP 
OMAREQ 
OMAGNT 
If.i'mEij 
INTGNT 
CPREQ 
CPSEL 
SWSEL 
VCC,GNO 

Run/Halt control 
CPU running status 
Reset 
Wait state control 
CPU control during I/O operation 
OMA request 
OMA grant 
Interrupt request 
Interrupt grant 
Control panel interrupt request 
Control penel memory select 
Switch register select 
Power and Ground 

Input 
Input 
Input 
Output 
Input 
Output 
Input 
Output 
Output 

Figure 13-2. IM6100 CPU Signals and Pin Assignm'ents 

The IM6100 has a siQgle 12-bit multiplexed Data and Address Bus. represented by pins DXO - DX 11. Memory 
and I/O interface logic must use appropriate control signals in order to demultiplex data and addresses off this single 
bus. 

Intersilliterature numbers the bits of registers and memory words from left to right: that is to say. IM6100 BIT 
with the 0 bit representing the high-order bit. In this book we consistently number bits of registers NUMBERING 
and words from right to left; that is to say. with the low-order bit represented by the 0 bit. 
Data/Address Bus lines are confusing when you compare the discussion in ,this chapter with Intersilliterature, In Figure' 
13-2. DXO - OX 11 signals are identified first with labels that conform to Intersil literature: the bracketed labels that 
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follow show the signal name that agrees with bit numbering as used in this book. The two bit-numbering and signal
naming systems may be compared as follows: 

x o 

0 X x 
0 0 

+ 
High 
order 

bit 

en 
X o 

N x 
0 

'" x 
0 

... x 
0 

to 
X o 

It) 

x 
0 

It) 

x 
o 

to x 
0 

.... x 
0 

110 en x x 
0 0 

0 x 
0 

o 
X 
o 

x 
0 

+ 
Low 
order 

bit 

Line numbering in this book 

Datal Address Bus 

Intersil line numbering 

Tile remaining signals can be divided into timing, bus control, CPU control, DMA and interrupt control. 

Let us consider timing signals first. 

OSC IN and OSC OUT are clock signal pins. If you are using the internal clock logic. then a crystal must be connected 
across these two pins. If you are using an externally generated clock signal. then it must be input via OSC OUT - OSC 
IN must be grounded. 

XTA, XTB and XTC are three timing signals which are output for external logic to identify the state of an in
struction's execution. Timing and states are illustrated in Figure 13-3. 

CLOCK 

XTA 

XTB 

XTC 

One Instruction Cycle 

--:-----i--~ 

T4 

I 
I 
I 

Figure 13-3. IM6100 Machine Cycles and Clock Periods 

T5 

Let us now look at the signals output by the CPU to define events on the System Bus. 

Optional 
Clock Period 
~ 

T6 

LXMAR is output as a high pulse which external logic can use to strobe an address off the Data/Address Sus. 

DEVSEL is output as a low pu Ise when information on the Address/Data Sus must be interpreted by I/O devices as 
device identification or I/O operation control. 

IFETCH is output high for the duration of an instruction fetch machine cycle. IFETCH may be used as a synchronization 
signal identifying the beginning of a new instruction cycle. 

MEMSEL is output as a low pulse during a memory reference operation. Memory interface logic determines whether a 
memory read or a memory write is in progress via the condition of the XTA. XTS and XTC signals. (Only XTS is really 
necessary for this purpose.) 
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DATAF is a signal output high during the execute phase of an instruction that uses indirect addressing. 

LINK is a signal output at all times to represent the level of the Link status. We include this signal among control out
puts because you can use it as a direct external logic control signal. By executing instructions to set or reset the Link 
status you can modify the level of this control signal on a real time basis. 

Let us now consider the control signals input by external logic to control CPU operations. 

RUN/HL T is a control input which allows external logic to halt the CPU. This signal is similar to the Halt input which 
some 8-bit microcomputers have. but its purpose in the IMB100 is to give control panel logic some means of executing 
program instructions one at a time. This helps in debugging. 

RUN is output high when the CPU is running; it is output low when the CPU has been halted. 

REm is a typical reset input. When input low. it clears all CPU registers except the Program Counter. which is loaded 
with FFF1B. 

WAiT is used by slow external logic which needs to acquire more time to respond to a memory or I/O access. As long 
as WAIT is input low. the CPU will maintain register and signal levels. but not advance the state of an instruction's ex
ecution. 

CO, C1, C2 and SKP are very unusual input control signals. During an I/O operation {that is. whiie an lOT instruction 
is being executed}. external logic can use these four control signals in order to determine CPU operations. 

Control signals CO. CT and C2 are interpreted by the CPU as follows: 

C2 CT CO 
L L X Transfer data from DXO - DXll to Program Counter (execute an absolute jump) 
L H X Add data on DXO - DXll to Program Counter (execute a program relative jump) 
H L L Load data from DXO - DXll to Accumulator 
H L H OR data from DXO - DXll with Accumulator 
H H L Transfer Accumulator contents to DXO - DX 11. then clear Accumulator 
H H H Transfer Accumulator contents to DXO - DX11 but do not clear Accumulator 

X represents "don't care"; CO may be low or high. 

If external logic inputs SKP low during an lOT instruction, then the CPU will skip the instruction which im
mediately follows the lOT. SKP logic is separate and distinct from CO. Ci' and C2 logic. 

! 

Two signals support DMA operation. External logic requests DMA access by inputting a low signal via DMAREQ. 
As soon as the current instruction has completed execution. the CPU responds by outputting DMAGNT high- At this 
point the Data/Address Bus is floated. External logic must provide all DMA transfer signals; the only thing the CPU 
does in response to a DMA request is float the Data/Address Bus for a single instruction cycle. The bus is floated for as 
long as DMAREO is held low. DMAREQ and DMAGNT are rarely used. The IMBl 02 provides simu Itaneous DMA logic. 
which is preferred. 

Interrupt logic reflects the IMB100's minicomputer heritage. Normal interrupts are requested via iNTiiEQ being in
put low. Upon acknowledging an interrupt, the CPU will output INTGNT high. Microcomputers are no different 
but an IMBl 00 control panel interrupt request has its own dedicated CPREO signal. Microcomputers do not assume the 
possible presence of a control panel. 

Two additional control signals are provided to support the presence of a control panel. The IMBl 00 control panel will 
have its own memory in order to support logic required by switches and indicators of the control panel." Following a 
control panel interrupt, CPSEL is output low instead of MEMSEL, so that programs can be executed out of con
trol panel memory, rather than out of main memory. 

There is also an instruction which reads the contents of control panel switches and ORs them with the contents of the 
Accumulator. 'SWSE[ is output low in order to inform control panel logic that switch levels must be returned as 
data on the Data/Address Bus. 

IM6100 TIMING AND INSTRUCTION EXECUTION 

An IM6100 instruction's execution is timed by a sequence of machine cycles, each of which is subdivided into 
clock periods. A machine cycle may have five or six clock periods. Machine cycles and clock periods are identified by 
the CLOCK. XTA. XTB. and XTC signals. as illustrated in Figure 13-3. Note "that each clock period consists of two ex
ternal clock cycles. 

IM6100 machine cycles, like those of almost any other microcomputer, consist of memory or I/O read cycles, 
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memory or I/O write cycles and CPU operation cycles. Specific events occur only during specific clock periods 
of a machine cycle. 

A memory or I/O device address is output during T1. 

Data is input during T2. The I/O control input lines CO. C1. C2 and SKP must be input during T2. 
with timing conforming to data input. 

Internal CPU operations occur during T3. T4 and T5. 

Data is output during T6. 

IM6100 
CLOCK 
PERIOD 
ASSIGNMENTS 

In order to best understand the nature of different IM6100 machine cycles. we will begin by looking at the basic 
data input. data output and no operation machine cycles. Then we will look at specific interpretations of these 
machine cycles for various types of instruction execution. 

IM6100 NO OPERATION MACHINE CYCLE 
An IM6100 "no operation" machine cycle may have five or six clock periods. Only the XTA. XTB and XTC signals 
change levels during a no operation machine cycle. therefore Figure 13-3 (excluding the sixth clock period) illustrates 
a no operation machine cycle. 

IM6100 DATA INPUT MACHINE CYCLE 
Data input machine cycle timing is illustrated in Figure 13-4. Observe that there are four different sources for data 
being input to the CPU. The four different sources are identified by individual select lines. 

IM6100 DATA OUTPUT MACHINE CYCLE 
Data output machine cycle timing is illustrated in Figure 13-5. Data output occurs during the T6 clock period of the 
machine aycle. and is identified by a low Select pulse: otherwise. timing is the same as illustrated in Figure 13-4. 

CLOCK 

XTA 

XTB 

XTC 

LXMAR 

·Select 

OXO - OXll 

T1 T2 T3 

CPU samples 
data here 

·Select will be MEMSEL for a memory read 
OEVSEL for input from an I/O device 
SWSEL for input from panel switches 
CPSEL for a control panel memory read 

T4 

Figure .13-4. IM6100 Data Input Machine Cycle Timing 
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CLOCK 

XTA 

XTB 

XTC 

LXMAR 

'Select 

oxo- OXll 

Tl T2 T3 T4 T5 T6 

___ .T 

____ -J~_~~ _____________ A_~~~_~ 

'Select will be MEMSEL for a memory write 
OEVSEL for an output to an I/O device 
CPSEL for a control panel memory write 

Figure 13-5. IM61DD Data Output Machine Cycle Timing 

IM6100 ADDRESS DEMULTIPLEXING 
The minicomputer flavor of the IM61DD can cause some initial confusion when you try to interface devices to its 
System Bus. Normally. if we encounter a multiplexed Data and Address Bus. we immediately demultiplex the 
bus to create separate Data and Address Busses. Indeed. this is easy enough to do when working with the 
IM6100. but it is not necessary. Providing the address stable time on the Data/Address Bus is satisfactory. memory 
and I/O devices can simultaneously use the LXMAR high pulse as an address or device select strobe. Since there are 
separate subsequent control strobes for memory. I/O devices and control panel logic. the fact that an ambiguous ad
dress appeared earlier is irrelevant. Without the subsequent control strobe. a memory device that was spuriously 
selected by an I/O instruction. for example. will not perform a read or write operation. Moreover. the IM61D1 Parallel In
terface Element creates unique select strobes for individual I/O devices. as we will see later in this chapter. The only 
occasion when you will almost certainly want to demultiplex the IM6100 Data/Address Bus is if you are creat
ing a System Bus which is compatible with some other microcomputer - for example. the 8080A. 
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T1 T2 T3 T4 T5 

CLOCK 

XTB 

XTC 

LXMAR 

OXO-OX11 __________ ~ ____ ~ ______ ~ ______ ~~ __________________________________ ~ 

Figure 13-6. IM61DD Memory Read Machine Cycle Timing 

T1 T2 T3 T4 T5 

CLOCK 

XTA 

XTB 

XTC 

LXMAR 

OXO - OX11 

--~--~----~--~~-----&----------------------+---~ 
IFETCH 

Figure 13-7. IM61DD Instruction Fetch Machine Cycle 

13-12 



T1 T2 T3 T4 T5 

CLOCK 

XTB 

XTC 

LXMAR -+_ ....... " 

OXO - OXll 
__ ~ ____ ~ __ ~ __ ~ ______ -A ______________________ ~ __ ~ 

Indirect addrass. was 
DATA IN on previous 
machins cvcla 

Figure 13-8. Machine Cycle Timing for Memory Read from Indirectly Addressed Location 

IM6100 MEMORY READ MACHINE CYCLE TIMING 
Figure 13-6 represents the memory read variation of Figure 13-4. ~Mii'E'i'Mii'S"'ET"L is pu Ised low for a select. but otherwise 
the two figures are identical. 

Logically there is no difference between an instruction fetch machine cycle and a memory 
read machine cycle: however. the IM6100 outputs IFETCH high for the duration of the in
struction fetch. memory read machine cycle. Timing is illustrated in Figure 13-7. 

There is one additional memory read machine cycle which is specifically identified via its own 
signal. Memory reference instructions AND. TAD. and ISZ. if they specify indirect addressing. 
output DATAF high for the duration of the machine cycle that carries the indirect address as 
an address. rather than data. Figure 13-8 illustrates timing for a machine cycle during 
which the CPU reads from an indirectly addressed memory location. DATAF is not output 
high when JMP or JMS instructions specifying indirect addressing are executed. 

The IM61DD has two instructions that read data from memory to the Accumulator: the AND 
and TAD instructions. Without indirect addressing. each of these instructions will be executed 

IM6100 
INSTRUCTION 
FETCH MACHINE 
CYCLE 

IM6100 
INDIRECTLY 
ADDRESSED 
MEMORY 
READ CYCLE 

in two machine cycles: the first machine cycle will be an instruction fetch. as illustrated in Figure 13-7. while the sec
ond machine cycle will be a memory read. as illustrated in Figure 13-6. If either of these instructions specifies indirect 
addressing. then the instruction will be executed in three machine cycles. The first machine cycle will be a Simple in
struction fetch. as illustrated in Figure 13-7. The second machine cycle will be a simple memory read. as illustrated in 
Figure 13-6: however. during this machine cycle the effective memory address will be read as data. The third machine 
cycle will be an indirect addressing memory read. as illustrated in Figure 13-8. The data input during the second 
machine cycle will be output as an address during the third machine cycle. 

The ISZ instruction reads from memory. increments the data just read. and writes it back. The sequence of machine cy
cles used to execute ISZ is almost the same as sequences for AND and TAD: the only difference is that. for ISZ. a 
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memory write cycle follows the last memory read cycle. Thus. the CPU executes an ISZ without indirection in three 
machine cycles: an instruction fetch. a memory read. and a memory write. If indirect addressing has been specified. 
there will be four machine cycles: an instruction felch followed by a memory read. an indirect addressing memory read. 
and a memory write. Figure 13-9 shows ordinary memory write timing. 

T1 T2 T3 T4 T5 T6 

CLOCK 

XTA _....,.---1 __ """"",....,.-1 

XTB 

XTC 

LXMAR ____ T'I 

OXO - OX11 

Figure 13-9. IM6100 Memory Write Machine Cycle Timing 

IM6100 MEMORY WRITE MACHINE CYCLE 
A simple IM6100 memory write machine cycle is illustrated in Figure 13-9. This figure is identical to Figure 13-5. 
except that tiii8iilm is shown generating a low strobe in ;r6. 

The IM6100 has two instructions that write to memory: the DCA and the ISZ instructions. Also. any memory reference 
instruction that specifies indirect addressing with auto-increment must write into memory. This is because when auto
increment addressing is specified. the indirect address which is fetched from one of the memory locations 0816 
through OF16 is incremented. then written back to the same memory location. 

A simple memory write machine cycle with indirect addressing will have timing identical IM6100 
to Figure 13-9. except that DATAF will pulse high for the duration of the machine cycle. as 11- INDIRECTLY 
lustrated in Figure 13-10. The memory address output during this indirect addressing. ADDRESSED 
memory write machine cycle will have been input as data during the previous machine cycle. MEMORY 
which will be a simple memory read machine cycle with timing as illustrated in Figure 13-6. WRITE CYCLE 

Any memory reference instruction that specifies indirect addressing with auto-increment IM6100 
will insert a write during T6 of the second machine cycle. During this machine cycle. the in- INDIRECT 
direct address will be fetched from one of the memory locations with addresses 0816 through ADDRESSING 
OF16. During the T6 clock period this address. having been incremented. is written back to the WITH AUTO-
same memory location. During a third machine cycle. the memory read or write required by the in- INCREMENT 
struction will occur. Figure 13-11 illustrates timing for an indirect addressing with auto-incre- TIMING 
ment machine cycle. Observe that a memory read and a memory write occur in this single 
machine cycle~ albeit to and from the same memory location. 
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CLOCK 

XTA 

XTB 

XTC 

LXMAR --+---

OXO - OX11 

OATAF 
---' 

T1 T2 T3 T4 T5 T6 

Figure 13-10. Machine Cycle Timing for Memory Write to Indirectly Addressed Location 

T1 T2 

CLOCK 

XTA 
--f-f---+--++' 

XTB 

XTC 

LXMAR 

OXO - OX11 

----' 

address. must be in 

range 0616 through OF16 

T3 T4 

incremented. then output 
back to the same memo
ry location. in the same 
machine cycle. 

T5 T6 

Figure 13-11. Auto-Increment Machine Cycle for an IM6100 Memory Reference Instruction 
that Specifies Indirect Addressing with Auto-Increment 
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T1 T2 T3 T4 T5 T6 

DXO - DX11 ______ ~~ __ A__J~ ____ ~ __________________ ~~~~--~ 

co, C'1. C2, SKP ______________ -J~~--~------------------~--------~ 
co, IT. IT and SKJ5 must 
be input with Data in 

Figure 13-14. IM6100 I/O Data Input Machine Cycle 

Data output if specified 
by CO, CT and C2 control 
inputs 

Timing for execution of a DCA instruction with indirect addressing is given in Figure 13-12. Timing for this same 
instruction with indirect addressing and auto-increment is given in Figure 13-13. 

IM6100 INPUT/OUTPUT TIMING 
A peculiarity of IM61 00 input/output instructions is that they are undefined. The instruction object code's three 
high-order bits identify the instruction as an I/O instruction, but they do not identify the type of I/O instruction. 
By convention, six object code bits constitute an I/O device code, and the three remaining bits are interpreted 
as a control code (this is illustrated later). In reality, the I/O instruction object code must contain 110 in the 
three high-order bits, but the manner in which the remaining nine bits are interpreted is entirely up to external 
logic, which mayor may not divide these nine bits into six device select bits and three I/O operation control 
bits. As far as the CPU is concerned, when it executes an I/O instruction, it outputs DEVSEL low instead of out
putting MEMSEL low, but otherwise the CPU has no idea what is. going to happen in the course of the I/O in
struction's execution. The external device which considers itself selected by the I/O instruction object code. 
determines the I/O operations which are to occur by appropriately inputting to the CPU the control signals CO, 
C1, C2 and "Si<P. 
If you are familiar with standard microprocessors such as the BOBOA, this IM61 00 I/O logic will appear very strange. 
The I/O device must tell the CPU what is to happen during the'course of the I/O instruction's execution, All the CPU 
knows is that an I/O operation is in progress. 
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Tl T2 T3 T4 T5 T6 

CO.~.C2.SKP ____________________ A-__ ~ __ -ft ____________________ ~ ______________ -1 

be input with timing of 
data in 

Figure 13-15. IM6100 I/O Data Output Machine Cycle 

Every IM6100 I/O instruction executes in three machine cycles. 

The first machine cycle is a standard instruction fetch. as illustrated in Figure 13-7. 

The second machine cycle is a variation of the data input or data output machine cycle. as illustrated in Figures 
13-14 and 13-16. 

The third I/O instruction machine cycle is a "no operation" machine cycle. The no operation machine cycle has 
six clock periods. The clock. XTA.·XTB. XTC. and LXMAR signals are active. but the Select lines and the Data/Address 
Bus are not. 

The most important difference between the I/O input and output machine cycles illustrated in Figures 13-14 and 
13-15. as against the standard input and output machine cycles illustrated in Figures 13-5 and 13-6. is the fact that the 
control inputs CO. CT. C2 and SKP must be accounted for. Timing for these four signals. as inputs. must conform to 
data input timing. Thus. every I/O machine cycle must include a DEVSEL low pulse at read time so that the selected I/O 
device knows when to input the four control signals. The CPU uses these control inputs to determine whether a data in
put or a data output is to occur. I/O logic will normally hold C1 and C2 high in between I/O operations so the 
default 10C instruction is a data output. This is necessary since there is very little time separating the LXMAR high 
pulse and data output. CO may normally be held low or high. depending on whether the Accumulator is to be cleared or 
not following data output. 

The I/O instruction object code. rather than an address. is output on the Data/Address Bus during Tl of any I/O instruc
tion's second machine cycle. 
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By PDP-8E convention, the I/O instruction object code has the following format: 

11 10 9 8 7 6 5 4 3 2 o 4--BitNo. 

I 0 I I I I I I ,I/O instruction object code 

...... - L f Control code 

I/O device code 

The interpretation of bits 0 through 8 is, in reality, undefined. The illustration above shows standard PDP-8E format 
using this convention; I/O devices must decode lines 3 through 8 to determine if they have been selected; lines 0, 1 
and 2 identify operations which must b.!,performed by the selected I/O device. The operations which the selected I/O 
device must perform include returning CO, C 1, cr and Si<P levels, which determine the nature of the I/O instruction for 
the CPU and for the selected I/O device. 

A complete I/O instruction's timing is given in Figure 13-16. 
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THE IM6100 WAIT STATE 
External logic may insert Wait states within a data input or data output machine cycle. In each case. external logic 
requests the Wait state via a low WAIi input. The Wait state will generate additional T2 clock periods during a data in· 
put operation. Timing is illustrated in Figure 13· 17. Additional T6 clock periods will be generated during a data output 
operation. as illustrated in Figure 13· 18. 

T1 T2 

CLOCK 

XTA 

XTC 

LXMAR 

Select· 

T2 
WAIT 

T2 
WAIT 

T3 T4 T5 

DXO.DX11 ____ -J~~~L_ __ ~----------------_tR-----~----------------------_1 

·Select will be MEMSEL for a memory read 
~ for input from an I/O device 
SWSEL for input from panel switches 
CPSEL for a control panel memory read 

Figure 13· 17. Wait States within an IM6100 Data Input Machine Cycle 
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Tl T2 T3 T4 

·Select will be ~ for a memory write 
DE'ii§El for output to an I/O device 
~ for a control panel memory write 

T5 T6 T6 
WAIT 

Figure 13-18. Wait States within an IM6100 Data Output Machine Cycle 

T6 
WArr 

Tl 

In Chapter 4. we described ways in which READY input signals can be generated in order to create Wait states of one. 
or of a few clock periods. Although the Chapter 4 discussion is for the 8080A microprocessor. the logic applies equally 
well for the IM6100. 

IM6100 HOLD AND HALT CONDITIONS 
The IM6100 has a single Halt state which is equivalent to the Hold and Halt conditions of other 
microprocessors. The Halt state can be initiated by executing a Halt instruction. or by inputting a low signal via 
RUNIRL'f. 

The IM6100 has two control signals associated with its Halt state. RUN/R['f is an input which can be used to 
initiate and terminate Halt states. What is unusual about the RUN/RI'i' control input is that the low-to-high transi
tion of this signal is active. This may be illustrated as follows: 

.UN/:: __ C..l------.~-N-----~"' ______ \ ______ C..l~-R-U-N-
HALT HALT 

13-23 



T1
 

T2
 

C
LO

C
K

 

XT
A 

X
TB

 

X
TC

 

W
 

I 
L

X
M

A
R

 

'" "'" 
M

E
M

S
E

L 

O
XO

 -
O

X
11

 

R
U

N
 

In
st

ru
ct

io
n 

ad
dr

es
s 

IF
ET

C
H

 

T
3

 
T

4 
T

5 

H
L T

 
in

st
ru

ct
io

n 
ob

je
ct

 
co

de
 

T1
 

T2
 

H
LT

 
E

X
E

C
U

TE
 

T
3

 
T

4 
T

5 

H
A

L
T

 

T1
 

T2
 

T
3

 

F
ig

ur
e 

13
-1

9.
 A

n 
IM

61
00

 H
al

t 
S

ta
te

 I
ni

tia
te

d 
by

 E
xe

cu
tio

n 
o

f 
a 

H
L T

 I
ns

tr
uc

tio
n 

H
A

L
T

 

T
4 

T5
 

T1
 

T2
 

T
3 

I 
T

4 
T

5 



IF
ET

CH
 

T
l 

T
2 

T3
 

T4
 

T
5 

T1
 

C
LO

C
K 

XT
A 

X
T8

 

XT
C

 

LX
M

A
R 

iiM
S

B
: 

C;
; 

I ..., U
1 

DK
O 

-
D

K
ll 

R
U

N
/H

LT
 

RU
N

FF
 

RU
N

 

1"
2 

IN
S

TR
U

C
llO

N
 

El
CE

CU
TE

 

T3
 

T
4 

T
5 

H
A

LT
 

TI
 

1"
2 

T3
 

T
4 

F
ig

ur
e 

13
-2

0.
 A

n 
IM

61
00

 H
al

t 
S

ta
te

 I
ni

tia
te

d 
an

d 
T

er
m

in
at

ed
 b

y 
th

e 
R

U
N

/H
L 

T
 I

n
p

u
t 

H
A

LT
 

T
5 

T1
 

T
2 

T
3 

T
4 

T
5 

T
l 

N
E

X
T 

IF
ET

CH
 T
2 



The RUN output signal always indicates whether the CPU is running or has been halted. RUN is output high while 
the CPU is running: RUN is output low when the CPU has halted. Figures 13-19 and 13-20 illustrate Halt state tim
il1g. Note that once a Halt state has been initiated. either by executing the Halt instruction or by inputting RUN/R'[i 
low. the Halt state will last some integral number of five-clock-period machine cycles. 

If a Halt state is initiated by the RUN!R[i input. then as soon as this input makes a low-to-high transition. an internal 
Run flip-flop is reset to O. This internal flip-flop is sampled in the middle of the first clock period during the last machine 
cycle of the currently executing instruction. If the internal flip-flop is reset at this time. then a Halt state will begin with 
the next machine cycle. This internal flip-flop remains reset until the next low-to-high transition of the RUN/RCi' input. 
During every Halt machine cycle the internal Halt flip-flop is sampled in the middle of the first Halt machine cycle clock 
period. As soon as the internal flip-flop is detected high again. the Halt state terminates at the end of the current Halt 
machine cycle with a "transition" Halt cycle. during which DMAGNT is held high. Program execution then continues 
with an instruction fetch on the next machine cycle. Figure 13-20 shows Halt state termination timing. 

Observe that the three clock signals XTA. XTB. and XTC continue to be output in the normal way during Halt 
machine cycles. 

IM6100 DIRECT MEMORY ACCESS 
There are two ways in which direct memory access operations can be performed in an IM6100 microcomputer 
system. 

You can put the IM6100 CPU into a Hold state. during which DMA operations are being performed. In this case the 
CPU will slow down in order to accommodate direct memory access. 

Alternatively. direct memory access operations may occur in parallel with instruction execution by exploiting 
clock periods T3. T4 and T5 of machine cycles within which no write operation occurs. This type of parallel direct 
memory access does not slow down the CPU. 

The IM6102 MEDIC device. described later in this chapter. enables parallel direct memory access in an IM6100 
microcomputer system. For a discussion of this type of direct memory access. refer to the IM61 02 device description. In 
the text below we will consider only the use of the Hold state to implement direct memory access operations. 

Note that parallel direct memory access using the IM6102 MEDIC is definitely preferred. 

IM6100 Hold state DMA logic is similar to that which we have described for the 8080A in Chapter 4. External logic 
that wishes to take control of the System Bus makes a DMA request by inputting DMAREQ low. The CPU sam
ples DMAREQ in the middle of the first clock period of a machine cycle. Upon sensing DMAREQ 10"". the CPU 
acknowledges the DMA request at the end of the cu rrently executing instruction. providing no higher priority control 
input exists. Table 13-1 and associated text summarize control priorities. When the CPU acknowledges a DMA re
quest. it outputs DMAGNT high and suspends program execution. The Data/Address Bus is floated and all select 
lines are output high: the clock signals XTA. XTB and XTC continue to function. clocking five-clock-period machine cy
cles. External logic must now use the System Bus to perform all DMA transfers. Figures 13-21 and 13-22 illustrate 
DMA initiation and termination timing. respectively. 

DMAREO is sampled in the middle of the first clock period of every DMA machine cycle. Upon senSing DMAREO high. 
the CPU will terminate DMA operations at the conclusion of the current DMA machine cycle. and will then proceed 
with the next schedu led instruction fetch. 

External DMA logic is responsible for all events associated with the DMA transfer. This includes having special 
device select lines. The device select lines output by the CPU cannot be used. since these are held high during a DMA 
transfer. This is not a significant problem: you can simply AND the DMA Select with the CPU Select in order to gener
ate a valid memory or I/O device Select. This is possible since the inactive select input will always be held high while 
the active select input is pulsed low. You will have a negative-logic OR: 

DMA Select _____ ~~IO-----MemOry or I/O Select 
CPU Select cL.-/" 

the select line will be active (that is. low) if either the DMA Select line or the CPU Select line is active. 

Since all DMA machine cycles have five clock periods. memory write timing during a DMA transfer cannot 
agree exactly with memory write timing during normal program execution. This is not a problem. since there is 
sufficient time within a machine cycle to execute a memory write. Logic beyond the IM6100 does not know the 
difference between one clock period and another. therefore the DMA memory write can occur at any time within the 
DMA machine cycle. 
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The Halt state has priority over the DMA state. Thus. a DMA request will not be acknowledged while the CPU is in a 
Halt state; however. while the CPU has acknowledged a DMA request and is executing DMA machine cycles. it will res
pond to a Halt request generated by a low-to-high transition of the RUNIRLi' input. In the Halt state the Data/Address 
Bus is not floated. therefore you must make sure that RUN/H['f does not pulse low while the CPU is acknowledg
ing a DMA request. This is simple enough to do. Here is appropriate logic: 

RUNIHLT------D 
DMAGNT _ ~-----RUN!R[i to CPU 

Table 13-1 summarizes operation priorities within IM6100 CPU logic. 

You will have no trouble using the DMA control devices described in Volume 3 in order to implement direct 
memory access in an IM6100 microcomputer system: however. the IM61 02 is preferred in IM61 00 microcomputer 
systems. The DMA control devices described in Volume 3 are all NMOS devices. therefore you will need CMOS-to
NMOS bidirectional drivers. These drivers may buffer the CPU from the rest of the system. or. if most of the system is 
implemented using CMOS technology. these buffers will isolate the DMA logic from the rest of the system. 

THE IM6100 RESET 
You must input the RESET signal low in order to reset the IM61 00 CPU. The CPU samples this signal in the middle 
of the first clock period during the last machine cycle of an instruction's execution. Upon detecting RESET low. the CPU 
enters a Reset condition beginning with the next machine cycle. The Reset condition is maintained for an exact number 
of five-clock-period machine cycles while the RESET input is low. When the CPU detects RESET high in the middle of 
the first clock period of a Reset machine cycle. the processor will begin program execution at the end of that Reset 
machine cycle. thus terminating the Reset state. 

Timing for the initiation and termination of a Reset condition is identical to timing for DMA initiation and ter
mination, as illustrated in Figures 13-21 and 13-22. In these two figures, by substituting RESET for DMAREQ, 
and by eliminating the DMAGNT signal, you create Reset initiation and termination timing. 

During a Reset condition the following events occur: 

1) The Program Counter is set to FFF16. 

2) The Accumulator and Link flag are cleared. 

3) The Data/Address Bus is floated. 

4) All Select lines are output high. 

5) The three clock signals. XTA, XTB. and XTC. continue to output. timing five-clock-period machine cycles. 

The only difference between a Reset condition and a DMA condition is the fact that during the Reset condition the Ac
cumulator and flags are cleared and the Program Counter is set to FFF16· You will normally initiate a bootstrap loader 
program at memory location FFF16 in order to restart the microcomputer system following a reset. 

IM6100 INTERRUPT LOGIC 
The IM61 00 has two separate and distinct interrupt requests, one for the control panel and another for external 
devices in general. We will now discuss external devices' interrupt request logic, leaving control panel interrupt 
request logic to the control panel discussion which follows. 

Any external device wishing to request an interrupt does so by inputting a low signal via INTREQ. The CPU sam
ples this signal in the middle of the first clock period. during the last machine cycle of the current instruction's execu
tion. Upon detecting INTREQ low. the CPU will acknowledge the interrupt at the conclusion of the current instruction's 
execution. providing no high priority control input exists. Priorities are summarized in Table 13-1. Upon acknowledg
ing a valid interrupt request, the IM6100 CPU goes through these steps: 

1) The interrupt grant signal INTGNT is output high. 

2) Interrupt acknowledge logic is disabled. 

3) Program Counter contents are stored in memory location 000. 

4) An instruction fetch machine cycle is executed. with the next instruction's object code fetched from memory loca-
tion 001. 

Timing is illustrated in Figure 13-22a. 

IM6100 interrupt logic is, by microprocessor standards, quite primitive. A single interrupt service routine. origined 
at memory location 001. must be executed in response to every external interrupt request. 
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There is a group of eight I/O instructions which are treated as interrupt processing in
structions. These are: 

IM6100 
INTERRUPT 
PROCESSING 
INSTRUCTIONS 

SKON 
ION 
10F 
SRQ 
GTF 
RTF 
SGT 
CAF 

- Skip if interrupt On 
- Enable interrupts 

Disable interrupts 
Skip if there is an active interrupt request 

- Get flags 
- Retu rn flags 
- Undefined 1/0 operation 
- Clear all flags 

Figure 13-16 illustrates instruction execution timing for tWese eight instructions. 

When any I/O instruction. including the eight instructions above. is executed. the INTGNT signal is reset low. 
INTGNT reset timing is illustrated in Figure 13-16. 

In the simplest case. here is an appropriate interrupt service routine that can be used to determine device priorities: 

INTS 

DEV1A 
DEV2A 
DEV3A 

'001 IINTERRUPT SERVICE ROUTINE ORIGINED AT 001 
JMP I .+1 IJUMP INDIRECT VIA ADDRESS IN NEXT WORD 
INTS ILABEL OF INTERRUPT SERVICE ROUTINE 

lOT DEV1.INT 
SKP 
JMP I DEV1A 
lOT DEV2.INT 
SKP 
JMP I DEV2A 
lOT DEV3.INT 
SKP 
JMP I DEV3A 

etc 
ADDR1 
ADDR2 
ADDR3 

IDEV1 ACTIVE? 
IIF NOT. SKIP OVER 
IIF SO. SERVICE DEV1 

The instruction sequence above begins (at memory location 1) with a Jump Indirect instruction that holds the start of 
the interrupt service routine in memory location 2. This interrupt service routine origin is identified by the labellNTS. 
INTS may be anywhere in program memory. 

The instruction sequence beginning at INTS is a sequence of I/O. Jump Indirect. and Skip instructions. The 1/0 instruc
tions identify. sequentially. the devices that can request an interrupt. Each identified device is provided with a control 
code given the label INT. This control code must be interpreted by the addressed device as a command to return a low 
pulse via SKP during 1/0 data input time. if the device is requesting an interrupt. Thus. if there is an interrupt request. 
the next instruction. which is a Skip instruction. will be stepped over and the Jump Indirect to the appropriate device 
interrupt service routine will be performed. The lOT instruction may thus be illustrated as follows: 

lOT OEVX -11 10 9 8 7 6 5 4 3 2 

INT 

o 4----Bit No. 

I I I 
+1.. __ -___ 1/0 device. if selected. must interpret these 

three bits (whose contents are not specified 
here. but must be specified in a real situationl to 
generate SKP low when OEVSEL is low if thera 
is a pending interrupt request. 

~-----------Thase bits identify the 1/0 davices. 
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Thus. the first device in the program chain which has an active interrupt request will return "S'I<P high. whic\1 means 
that the next Jump Indirect instruction will be executed. 

All of the Jump Indirect instructions identify a location which must be on the same page of memory. Within this loca
tion the actual address of the interrupt service routine for the selected device is stored. 

The problem with the polling scheme described above is that it demands a certain amount of intelligence from the pe
ripheral controller. We could eliminate this intelligence by reading the contents of a device Status register. then jump
ing or not jumping. based upon a particular bit setting within the status register. 

But remember. as the interrupt service routine increases in length. interrupt response time also go.e~s_u_p;... ____ _ 

You can implement a vectored interrupt acknowledge using daisy chain logic, as illustrated 
for' the 8048 microcomputer in Chapter 6. Consider Figure 6-14. Eight separate interrupt 
acknowledge signals are generated together with a three-bit code identifying the acknowledged 
device - which is the highest priority device requesting an interrupt. This three-bit code could be 
he'id in a 12-bit buffer. which the CPU reads as an I/O port. If logic associated with this I/O port. 

IM6100 
VECTORED 
INTERRUPT 
ACKNOWLEDGE 

upon being accessed. inputs control signals C2 low and C 1 high. then the three-bit code (shifted left appropriately to 
meet the needs of Branch logic) will be added to the Program Counter. This implements a program relative jump. and 
then a vectored branch. Figure 13-23 illustrates an appropriate instruction sequence. 

ORG 

JMPI NEXT / JUMP INDIRECT TO INTERRUPT SERVICE ROllTlNE 

NEXT DA INTS /STORE INTERRUPT SERVICE ROllTlNE ADDRESS HERE 

ORG INTS /INTERRUPT SERVICE ROllTlNE ORIGIN 

Input contents of 
buffer IOBUF 

-- ----- ---- lOT IBUF.IN /INPUT INTERRUPT VECTOR PlUS C2=O. Cl=l and add to 
Program Counter 

JMPI DEVl /JUMP INDIRECT TO DEVICE 1 INTERRUPT SERVICE 

DEV1 DA ADR1 /ROUTINE, WHICH IS ORIGINED AT ADR1 

JMP I DEV2 /JUMP INDIRECT TO DEVICE 2 INTERRUPT SERVICE 

4-DEV2 DA ADR2 /ROUTINE. WHICH IS ORIGINED AT ADR2 

JMPI DEV3 / JUMP INDIRECT TO DEVICE 3 INTERRUPT 

4-DEV3 DA ADR3 /SERVICE ROUTINE. WHICH IS ORIGINED AT ADR3 

etc etc etc 

Figure 13-23. Logic and Instruction Sequence for an IM6100 Vectored Interrupt Acknowledge 
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Let us examine Figure 13-23. 

When the interrupt is acknowledged. the Indirect Jump instruction stored in memory location 1 is fetched. This in
struction causes program execution to jump to the memory location whose address is stored in the next memory word. 
which is assigned the label NEXT. but is location 2. The address stored in location 2 is referred to by the label INTS. 

The main interrupt service routine is stored in memory. origined at INTS. The first instruction to be executed is an lOT 
instruction. which inputs data from a location identified by the labellBUF. IBUF is assumed to be the label of the 12-bit 
buffer which has the 3-bit device vector stored in bits 1. 2 and 3. During the IOTA machine cycle. this buffer's contents 
will be transmitted to the CPU. Simultaneously. C2 is input low while C1 is input high: therefore. the buffer contents 
will be added to the Program Counter. Adding the buffer contents to the Program Counter will cause one of eight in
structions to be executed next. These eight instructions are all Indirect Jump instructions. which are immediately 
followed by the address to be jumped to indirectly. Thus. one of eight routines origined at ADR1 through ADR8 will be 
executed. 

Although INTGNT is reset low with the first 1/0 instruction executed within an interrupt service routine. note that once 
you acknowledge an interrupt. all further interrupts are disabled until you execute an iON instruction. The ION instruc
tion re-enables interrupts. but not until the conclusion of the instruction fetch for the next instruction to be executed. 
You will therefOre normally leave interrupts disabled for the duration of an interrupt service routine. re-enabling the in
terrupts by executing an ION instruction directly before you exit the interrupt service routine via a Jump Indirect in
struction. Thus the following two instructions will normally conclude an interrupt service routine: 

ION 
JMPI o 

IRE-ENABLE INTERRUPTS 
IRETURN FROM INTERRUPT SERVICE ROUTINE 

Since interrupts will not be re-enabled until after the Jump Indirect instruction object code has been fetched. you will 
succeed in returning from the interrupt before another interrupt request gets acknowledged. if pending. 

You can. if you wish. re-enable interrupts within an interrupt service routine in order to accommodate nested in
terrupts. If you do this. then prior to re-enabling interrupts within the interrupt service routine. you must save the 
return address. which is stored in memory location O. in a software stack. But remember. nested interrupts rarely make 
sense in a microcomputer system. The low cost of microprocessor Central Processing Units invariably makes it more 
economical to generate multi-CPU configurations in preference to time sharing a single CPU with nested interrupts. 

The preferred method of handling multiple interrupts in an IM6100 microcomputer system is to use the IM61 02 
MeDIC. together with IM6101 PIE devices. These devices automatically implement daisy-chain interrupt priorities 
with vectored interrupt logic. That is to say. you obtain the same result illustrated in Figure 13-23. but without any of 
the complexities associated with special logic of the type illustrated in Figure 6-14. 

IM6100 CONTROL PANEL LOGIC 
Since the IM6100 reproduces the logic of a microcomputer. the possible presence of a minicomputer control 
panel is assumed. Control panel logic for a minicomputer can be quite complex: given the limitations of the IM6100 
CPU. this could present problems. These problems are rE!solved. however. by allowing the control panel to have its own 
memory. Control panel memory is used to store programs that implement control panel logic. Control panel memory is 
separate and distinct from main memory. Control panel memory addresses can (and usually dol overlap with 
main memory addresses. External logic can discriminate between a main memory location and a control panel 
memory loestlon with the saine address beesuse control panel memory locations are selected by the efSSEI. 
strobe. whereas main memory locations are selected by the MEMSEL strobe. Timing for control panel memory 
and main memory accesses are identical. with the exception of the different select strobes. 1---.., 
There is a single instruction. the OSR instruction. which accesses a control panel switch IM6100 
register. The switch register is assumed to be a 12-bit register holding data that is input via con- CONTROL 
trol panel switches. The OSR instruction reads the switch register contents and ORs this data on a PANEL 
bit-by-bit basis with the contents of the CPU Accumulator. When the OSR instruction is ex- SWITCH 
ecuted. timing is a variation of a memory read instruction with direct addressing. Timing is iIIustr- REGISTER 
ated in Figure 13-24. 
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There is nothing very complex about accessing the Switch register; it is a single location. accessible via a single in
struction. The same is not true for control panel memory. which can be accessed by any memory reference instruction. 
although its address space is parallel with main memory (i.e .. control panel memory and main memory use the same 
memory addresses). You must therefore execute a special control panel interrupt' request in order to initiate ex
ecution of any program that is stored in control panel memory. 

Following a control panel interrupt request. all direct memory accesses are identified by a low CPSEL pulse instead of a 
low MEMSEL pulse. This means that all instruction fetch machine cycles will fetch an instruction object code out of 
control panel memory. not out of main memory. Thus as soon as a control panel interrupt request has been 
acknowledged. a program stored in control panel memory will be executed. Furthermore. all direct memory reference 
instructions contained within this program will also access data locations within control panel memory. not within 
main memory. 

You request a control panel Interrupt by inputting a low signal via CPREQ. Timing for the request acknowledge 
sequence is identical to the general interrupt timing given in Figure 13-22a. providing you substitute CPREQ for 
INTREQ. 

A control panel interrupt request is a higher priority interrupt request than the general external interrupt request. (See 
Table 13-1 for a summary of priorities). If the two interrupt requests occur simultaneously. the control panel interrupt 
request will be acknowledged. while the external interrupt request will not be acknowledged. In fact. only a Reset has 
higher priority than a control panel interrupt request. therefore no INTGNT output occurs following a control panel 
interrupt request. 

A control panel interrupt request has higher priority than Halt or DMA. therefore the control panel interrupt request 
will be acknowledged while the CPU is halted. The Halt condition will be terminated and the CPU will enter a run 
condition as soon as the control panel interrupt request is acknowledged. At the end of the control panel interrupt ser
vice routine the CPU will return to the Halt state. 

The control panel interrupt's priority over external interrupts extends for the duration of the external interrupt service 
routine. A control panel interrupt request will be acknowledged even if it occurs while an external interrupt ser
vice routine is being executed. That is to say. if you disable external interrupts. this has no effect on control panel in-
terrupt logic; a control panel interrupt request will. nonetheless. be acknowledged. . 

When a control panel interrupt request is acknowledged. the following events occur: 

1) Program Counter contents are stored in control panel memory location O. This is not the same as main memory 
location 0; therefore. if a control panel interrupt request is acknowledged while an external interrupt service 
routine is being executed. no harm is done. A control panel interrupt can be nested within an external interrupt. 

2) All interrupts are disabled. External interrupts and further control panel interrupts will be ignored. 

3) The.Program Counter is set to FFF16. Thus the control panel interrupt service routine must be origined at control 
panel memory location FFF16. 

4) The CPU will output CPSEL instead of MEMSEL for all memory accesses (except as explained below). 

When an AND. TAD. ISZ or DCA instruction is executed within a control panel interrupt service routine. if in
direct addressing is specified. then control panel memory Is accessed for the direct addressing machine cycle; 
however. main memory is accessed for the indirect addressing machine cycle - that Is. for the machine cycle 
during which DATAF is high. We can reproduce Figure 13-12 for execution of an indirect addressing DCA in
struction within a control panel interrupt service routine. as shown in Figure 13-26. Thus. you cannot indirectly 
address control panel memory. If you are going to indirectly access data within a control panel interrupt service routine. 
the address of the data can be held in control panel memory. but the data itself must be held in main memory. 
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You must. leave all interrupts disabled while executing thse
E 
control panel interrupt service routine. This is a prere

quisite for the CPU to output CPSEr. pulses instead of MEM L pulses. If you enable interrupts within a control panel 
interrupt service routine. you will immediately disable CPSEL and re-enable MEMSEL. and therefore program logic will 
exit the control panel service routine. When you execute any I/O instruction. you re-enable control panel interrupts and' 
exter'nal interrupts, Thus. executing any I/O instruction will also cause you to exit the control panel interrupt service 
routine. Therefore. you cannot use 1/0 Instructions within a control panel Interrupt service routine. 

In order to return from a control panel memory interrupt service routine. therefore. you simply re-enable inter
rupts and execute an indirect jump via memory location O. The following two instructions will terminate the control 
panel interrupt service routine: 

ION 
JMPI o 

/ENABLEINTERRUPTS 
/RETURN FROM INTERRUPT 

When the ION instruction is executed. all interrupts are re-enabled: however. this does not happen until the following 
instruction object code has been fetched. This instruction is a Jump Indirect. When the direct address (000) is output. 
CPSEL is pulsed low: therefore the contents of control panel memory location 0 are fetched. But when the indirect ad
dress which was fetched from control panel memory location 000 is output. MEMSEl is pulsed low: therefore we 
branch back to main memory for the next instruction fetch. ION disables crsm. so all future memory accesses select 
main memory. 

The RTF instruction is another I/O instruction which is frequently used (instead of ION) in the control panel interruPt 
service routine exit sequence. 

Note that a Reset enables all interrupts: therefore. if a reset occurs in the middle of a control panel interrupt ser
vice routine. then when program execution restarts. it will restart out of main memory. as described earlier in 
this chapter for the reset operation. 

Table 13-1. IM6100 External Signal Sampling Priorities 

Priority Operation Associated Signals 

First (highest) Reset l'iEill" 
Second Control panel interrupt request CJ5l'irn. crsm 
Third Halt RUN/RIT. RUN 
Fourth DMA DMAREQ. DMAGNT 
Fifth (lowest) External interrupt request INTREQ. INTGNT 

EXTERNAL CONTROL SIGNAL PRIORITIES 
Table 13-1 summarizes the sequence In which external control signals are sampled by the IM6100 CPU. As a 
consequence of these priorities. a l'iEill" input will always be accepted and the IM6100 CPU will always be reset. ir
respective of what operations the CPU happens to be performing. 

A control panel interrupt request will be acknowledged unless the CPU is in the process of being reset. Thus. if the CPU 
is in a Halt state. the Halt state will be terminated and the CPU will enter a Run state while the control panel interrupt 
service routine is executed. If a Hold state DMA operation is in progress. then the DMA operation will be suspended for 
the duration of the control panel interrupt service routine. 

The third highest priority condition is the Halt state. This means that a Halt condition will be terminated to execute a 
control panel interrupt service routine: however. a Halt condition has priority over DMA. 

An external device interrupt request is acknowledged as the lowest priority external control input. Thus an external 
device's interrupt service routine will be slowed down by DMA logic. it will be stopped by a Halt and it will be inter
rupted by a control panel interrupt service routine. 

IM6100 INSTRUCTION SET 
The IM6100 instruction set is unusual because of limitations imposed by the fact that every single instruction gener
ates a single 12-bit object code. 

The IM6100 is very deficient in memory reference instructions: it has absolutely no immediate instructions. but it has 
an incredible wealth of register operate instructions and I/O instructions. Instructions are summarized in Table 13-2. 

Look first at the memory reference instructions. There is no simple memory read instruction or memory write instruc
tion. The TAD instruction performs a binary add of memory with the Accumulator. leaving the result in the Accumula
tor. In order to read the contents of a memory word. you must clear the Accumulator. and then add memory to the Ac-
cumulator. . 
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DCA is a deposit and clear instruction which is close to a memory write. When this instruction is executed the contents 
of the Accumulator are written to memory and the Accumulator is then cleared. 

The only Boolean logic instructions provided AND the contents of memory with the Accumulator. You can also OR the 
MQ register and Accumulator contents. If you require XOR. you must create it using 'the operations available. 

There is a single Jump instruction which uses absolute. paged direct or indirect addressing. There are no conditional 
Jump instructions: however. there are a wealth of conditional Skip instructions. In order to perform conditional 
branches. you must use skip logic. 

The total absence of immediate instructions results from the fact that no instructions have two words of object code. 
Where you would have used an immediate instruction. you must instead use the TAD instruction to add a constant to 
the zeroed Accumulator. It is important to note that given the architecture of the IM6100 CPU. immediate instructions 
are not very valuable - and the lack of them is not consequential. Since you only have one Accumulator and no Data 
Counters. you do not need immediate instructions in order to load initial addresses or data. 

IM6100 I/O instructions are also unusual. At one extreme. you could say that the IM6100 only has one I/O instruction. 
which outputs a 9-bit code on the Data/Address Bus. which external logic can interpret in any way. In practice. the 
PDP-B minicomputer interprets this 9-bit code as follows: 

11 10 9 8 7 6 5 4 3 2 0 4--Bit No. 

11 11 10 I I I I I f...--IOT instruction 

~~~~~"~~--~~-,I~~~~L~~~ ____ _ ---..,. 
I/O operation 1 ..... ------------Device selected 

L..------------------IOT instruc~ion 
If you are designing a product from scratch. there is no reason why you must use the 9-bit code output by an lOT in
struction as illustrated above. If you are using existing PDP-B software. you are forced to conform to the,above lOT in
struction interpretation. 

The most unusual feature of IM6100 I/O instructions is the fact that external devices can talk back and control the CPU 
via the CO. CT. C2 and SKP control inputs which we have already described. 

THE IM6100 BENCHMARK PROGRAM 
The IM6100 benchmark program may be illustrated as follows: 

CLA /CLEAR THE ACCUMULATOR 
TAD 10BUF /LOAD 10 BUF BASE ADDRESS INTO 
DCA B /AUTO-INCREMENT LOCATION 
TAD TABLE /LOAD TABLE FIRST FREE BYTE ADDRESS 
DCA 9 /INTO AUTO-INCREMENT LOCATION 
TAD CNT /LOAD BYTE COUNT 
CIA /COMPLEMENT AC AND INCREMENT 
DCA INDEX /SAVE IN RAM 

LOOP TAD I B /LOAD NEXT WORD FROM 10BUF 
DCA I 9 /STORE IN NEXT FREE TABLE WORD 
ISZ INDEX /INCREMENT BYTE COUNT COMPLEMENT 
JMP LOOP /RETURN FOR MORE 
TAD 9 /AT END RESTORE NEW TABLE FIRST 
DCA TABLE /FREE BYTE ADDRESS 

The benchmark program illustrated above uses auto-increment memory locations Band 9 to indirectly address 10BUF 
and TABLE. These two tables can be of any length within the constraints of the available 4096-word address space. 
Three other words in the base page are reserved to store the 10BUF base address. the address of the first free byte in 
TABLE and the byte count. An'additional memory word in the base page is used to store the complement of the byte 
count. This location is represented by the label INDEX. Note thatlOBUF and TABLE must initially be set to the begin
ning address of each. minus one. since the address values will be incremented before they are used. 
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The following symbols are used in Table 13-2. 

A Accumulator 

°ADDR 

CMND 

DEV 

EA 

IE 

L 
MQ 

PC 

SR 

x<y> 
[ ] 

A 

v 

Addressing operands. ° indicates indirect mode specified. ADDR may be zero page or current page address 
as described in the text. 

Three-bit 110 command. 

Six-bit Device address 

Effective Address generated by °ADDR operands. 

Interrupt Enable flip-flop 

Link status 

MQ register 

Program Counter 

Switch register - a 12-tiit register external to the CPU. 

The yth bit of the quantity x. For example, A<O> specifies the low bit of the Accumulator. 

Contents of location enclosed within brackets. If a register designation is enclosed within the brackets, then 
the designated register's contents are specified. If a memory address is enclosed within the brackets, then 
the contents of the addressed memory location are specified. 

Logical AND 

Logical OR 

Data is transferred in the direction of the arrow. 

Under the heading of STATUS in Table 13-2, an X indicates that the Link is modified in the course of the instruction's 
execution. If there is no X, it means that the Link maintains the value it had before the instruction was executed. 

13-39 



T
ab

le
 1

3-
2.

 
IM

6
1

0
0

 I
n

st
ru

ct
io

n
 S

et
 S

u
m

m
a

ry
 

12
-B

IT
 

S
T

A
T

U
S

 
T

Y
P

E
 

M
N

E
M

O
N

IC
 

O
P

E
R

A
N

D
IS

) 
W

O
R

D
S

 
O

P
E

R
A

T
IO

N
 P

E
R

F
O

R
M

E
D

 
C

 

g 
lO

T
 

D
EV

.C
M

N
D

 
, 

[D
E

V
I-

I.
C

M
N

D
I 

Is
su

e 
th

e 
co

m
m

an
d

 t
o

 t
h

e 
d

ev
ic

e.
 

~
~
~
 

D
C

A
 

°A
D

D
R

 
[E

A
I-

[A
I 

<
0

2 
[A

l-
O

 
~~

I!
! 

f
~
~
 

D
ep

o
si

t 
th

e 
A

cc
u

m
u

la
to

r 
in

 m
em

o
ry

; 
th

en
 c

le
ar

 A
cc

u
m

u
la

to
r.

 

a:
 

w
 

I-
A

N
D

 
°A

D
D

R
 

, 
[A

l-
[A

l 
A

 [
E

A
I 

<
 a:
 

A
N

D
 A

cc
u

m
u

la
to

r 
w

it
h

 m
em

o
ry

. 
w

 ... 
T

A
D

 
°A

D
D

R
 

, 
X

 
[A

l-
[A

l+
 [

E
A

I 
0 >

 
A

dd
 m

em
o

ry
 t

o
 A

cc
um

ul
at

or
. 

a:
. 

[E
A

I-
[E

A
I 

+
' 

0 
IS

Z 
°A

D
D

R
 

, 
~
 

If 
[E

A
I 
~
 0

; 
sk

ip
 

w
 

~
 

In
cr

em
en

t 
m

em
o

ry
 a

n
d

 s
ki

p 
if 

ze
ro

. 

w
 

1- o 

JM
P

 
°A

D
D

R
 

I 
[P

C
I-

E
A

 
... 

I 
B

ra
nc

h 
un

co
nd

iti
on

al
. 

~
 

I 
::>

 
JM

S
 

°A
D

D
R

 
[E

A
I-

[p
c
l 
+' 

-. 
[P

C
I-

E
A

+
 ,

 

Ju
m

p
 t

o
 s

u
b

ro
u

ti
n

e 
un
co
nd
it
io
~a
1.
 

lA
C

 
, 

X
 

[A
l-

[A
l+

' 
In

cr
em

en
t 

A
cc

u
m

u
la

to
r.

 
I 

I 

li
l-
;f
~;
::
t1
$l
-r
" ,J

 
I 

) 
R

A
L 

, 
X

 

I 
w

 
R

ot
at

e 
A

cc
um

ul
at

or
 i

ef
t 

on
e 

bi
t 

th
ro

ug
h 

Li
nk

. 
I-

L
I
~
 ,

-
-
~
 :

:l 
0 

<
 a:
 

w
 

R
TL

 
, 

X
 

... 0 a:
 

o 
1

1
1

1
1

1
1

1
1

1
1

1
1

 
w

 
l-

I-
-

--
-'

t 
<I

I s w
 

a:
 

R
o

ta
te

 A
cc

u
m

u
la

to
r 

le
ft

 t
w

o
 b

it
s 

th
ro

u
g

h
 L

in
k.

 

I 

R
A

R
 

, 
X

 

Lo
--i

X-
fu

n;
:;O

ff,
J 

R
o

ta
te

 a
cc

u
m

u
la

to
r 

ri
g

h
t 

o
n

e 
b

it
 t

h
ro

u
g

h
 l

in
k.

 



T
ab

le
 1

3-
2.

 I
M

6
1

0
0

 I
n

st
ru

ct
io

n
 S

et
 S

um
m

ar
y 

(C
on

tin
ue

d)
 

12
·8

1T
 

S
T

A
T

U
S

 
T

Y
PE

 
M

N
E

M
O

N
IC

 
O

P
E

R
A

N
D

IS
) 

O
PE

R
A

T
IO

N
 P

E
R

F
O

R
M

E
D

 
W

O
R

D
S

 
C

 

RT
R 

1 
X

 
L

,
-
t
f
 

-
?
 J

 
o 
~ 

I T
TT

TT
IT

T I
 1

1-
~ 

'-
-'

--
--

"
'-

-'
--

I 
R

o
ta

te
 A

cc
u

m
u

la
to

r 
ri

g
h

t 
tw

o
 b

it
s 

th
ro

u
g

h
 L

in
k.

 

II
I 

B
SW

 
1 

lll!I
I,W

jW
 

~
 ~ 

0 
II

I 
II

I 
[A

] 
~
 

::>
 

o 
2 

I<
 

i=
 

II
I 

2 
~
 .. 0

 
c; 

!d
 

S
w

ap
 t

he
 t

w
o

 h
al

Ve
s 

o
f 

th
e 

A
cc

um
uf

at
or

. 
II

I 
I<

 

C
M

A
 

1 
[A

]-
fA

] 

'f
 

~
 

C
om

pl
em

en
t 

A
cc

um
ul

at
or

 c
on

te
nt

s.
 

CI
A

 
1 

[
A

]
-
W

 +
 1

 ' 

N
eg

at
e 

hw
os

 c
om

pl
em

en
t) 

A
cc

um
ul

at
or

 c
on

te
nt

s.
 (

sa
m

e 
as

 C
M

A
 l

A
C

) 

CL
A

 
1 

[A
]-

O
 

I 
C

le
ar

 A
cc

um
ul

at
or

. 

C
LA

 l
A

C
 

1 
[A

]-
1

 

I 
C

le
ar

, 
th

~n
 i

nc
re

m
en

t 
A

cc
um

ul
at

or
. 

ST
A

 
1 

[A
]-

F
F

F
,.

 
S

et
 A

cc
um

ul
at

or
 b

it
s 

to
 a

n 
on

es
. 

ls
am

e 
as

 C
LA

 C
M

A
) 

SN
L 

1 
If 

[L
]o

'1
; 

[P
C

]-
[P

C
]+

2
 

Sk
ip

 o
n'

 L
in

k 
se

t.
 

SZ
L 

1 
If 

[L
]=

O
; 

[P
C

]-
[P

C
]+

2
 

2 
Sk

ip
 o

n 
U

nk
 r

es
et

. 
0 

SZ
A

 
1 

If 
[A

]=
O

; 
[P

C
]-

[P
C

]+
2

 
E

 
Q

 
Sk

ip
 o

n 
A

cc
um

ul
at

or
 z

er
o.

 
2 

SN
A

 
1 

If 
[A

]>
'O

; 
[P

C
]-

[P
C

]+
2

 
0 t)

 
Sk

ip
 o

n 
A

cc
um

ul
at

or
 n

on
ze

ro
. 

2 0 
SZ

A
 S

N
L 

1 
If 

[A
]=

O
o

r 
[L

]=
1;

 [
P

C
]-

[P
C

]+
2

 
;z

: 
Sk

ip
 i

f 
ei

th
er

 A
cc

um
ul

at
or

 z
er

o 
or

 L
in

k 
se

t. 
t)

 
2 

SN
A

 S
ZL

 
1 

If
 [

A
]'

<
o

an
d

 I
L

I=
o;

 [
p

c
]-

[p
c
]+

2
 

c
( 

S
ki

p 
if 

A
cc

um
ul

at
or

 n
on

ze
ro

 a
nd

 L
in

k 
re

se
t. 

I<
 

ID
 

SM
A

 
1 

If
A

<
1

1
>

=
1

; 
[p

c
I-

[p
c
I+

2
 

Sk
ip

 i
f 

A
cc

um
ul

at
or

 n
eg

at
iv

e.
 

SP
A

 
1 

If
A

<
1

1
>

=
O

; 
[p

c
I-

[p
c
I+

2
 

Sk
ip

 if
 A

cc
um

ul
at

or
 p

os
iti

ve
 o

r 
ze

ro
. 

--
-
-



T
ab

le
 1

3-
2.

 
IM

61
D

D
 I

n
st

ru
ct

io
n

 S
et

 S
u

m
m

a
ry

 (
C

on
tin

ue
d)

 

12
-B

IT
 

S
T

A
T

U
S

 
T

Y
PE

 
M

N
E

M
O

N
IC

 
O

PE
R

A
N

D
 IS

) 
W

O
R

D
S

 
O

PE
R

A
T

IO
N

 P
E

R
F

O
R

M
E

D
 

C
 

SM
A

 S
N

L 
1 

I
I
A
<
1
1
>
~
1
 o

r 
[L

l~
1;

th
en

 
[P

C
I-

[P
C

I+
2

 
Z

 
0 

S
ki

p 
if 

A
cc

um
ul

at
or

 n
eg

at
iv

e 
or

 l
in

k 
se

t. 
i=

 
I
I
A
<
I
I
>
~
O
a
n
d
 
[L

I9
l:

 t
he

n 
[P

C
I-

[P
C

I+
2

 
c
-

SP
A

 S
ZL

 
1 

z 
C

 
S

ki
p 

if 
A

cc
um

ul
at

or
 p

os
iti

ve
 a

nd
 l

in
k 

re
se

t. 
o 

W
 

(.)
 

::::>
 

SM
A

 S
Z

A
 

1 
II 

[A
I 

";
0

; 
th

en
 [

P
C

I-
[p

c
I+

2
 

z 
i!!:

 
o 

.... 
S

ki
p

 i
f 

A
cc

u
m

u
la

to
r 

ze
ro

 o
r 

n
eg

at
iv

e.
 

Z
 

If 
[A

I>
 0

; 
th

en
 [

p
c
I-

[ 
PC

I 
+

 2
 

%
 

C
 

SP
A

 
SN

A
 

1 
(.

) 
(.

) 
Z

 
-

S
ki

p 
if 

A
cc

um
ul

at
or

 p
os

iti
ve

. 

'" 
1 

H
 [

A
I,

.;
O

 o
r 

[L
l·

 1
 

II
: 

SM
A

 S
Z

A
 S

N
L 

.. 
Sk

ip
 i

f 
A

cc
um

ul
at

or
 le

ss
 t

ha
n 

or
 e

qu
al

 t
o 

ze
ro

 o
r 

if
 w

ok
 s

et
. 

SP
A

 S
N

A
 

SZ
L 

1 
II 

[A
I>

 0
 a

nd
 L

··O
 

S
ki

p 
if

 A
cc

um
ul

at
or

 p
os

iti
ve

 a
nd

 l
in

k 
re

se
t. 

SZ
A

 
CL

A
 

1 
II 

[A
I"

o
; 

[p
C

I-
[P

C
I+

2
. 

z 
[A

I-
O

 

w
 

j,
. 

N
 

0 
SN

A
 

CL
A

 
1 

Sk
ip

 o
n

 A
cc

um
ul

at
or

 z
er

o.
 C

le
ar

 A
cc

um
ul

at
or

. 
i=

 C
 W

 
II 

[A
lt

O
; 

[P
C

I-
[P

C
I+

2
. 

z 
.... 

SM
A

 C
LA

 
1 

[A
I-

O
 

o 
'" 

(.
) 

II
: 

Sk
ip

 o
n 

A
cc

um
ul

at
or

 n
on

ze
ro

. 
C

le
ar

 A
cc

um
ul

at
or

. 
z 

W
 

1 
II 

[A
I 

<
 0

; 
[P

C
I-

[P
C

I+
2

. 
o 

~
 

SP
A

 
CL

A
 

%
 

C
 

[A
I-

O
 

(.) 
z 

S
ki

p 
on

 A
cc

um
ul

at
or

 n
eg

at
iv

e.
 C

le
ar

 A
cc

um
ul

at
or

. 

~ 
'" 

II
: 

II 
[A

I 
~
O
;
 
[P

C
I-

[P
C

I+
2

. 
.. 

[A
I-

o
 

S
ki

p
 o

n
 A

cc
u

m
u

la
to

r 
g

re
at

er
 t

h
an

 o
r 

eq
u

al
 z

er
o

. 
C

le
ar

 A
cc

u
m

u
la

to
r.

 

LA
S 

1 
[A

I-
[S

R
I 

Lo
ad

 A
cc

um
ul

at
or

 f
ro

m
 S

w
itc

h 
re

gi
st

er
 (

sa
m

e 
as

 C
LA

 O
SR

l. 

M
O

L 
1 

[M
O

I-
[A

I 
[A

I-
O

 
Lo

ad
 M

Q
 r

eg
is

te
r 

fr
om

 A
cc

um
ul

at
or

. 
C

le
ar

 A
cc

um
ul

at
or

. 

W
 

S
W

P
 

1 
[A

I-
[M

O
I 

>
 

ff
i~
 

E
xc

ha
ng

e 
A

cc
um

ul
at

or
 a

nd
 M

O
 l

sa
m

. 
as

 M
O

A
 M

O
L)

. 

~f
fi

 
C

A
M

 
1 

[A
I-

o
 

Cl
I 

...
. 

[M
O

I-
O

 
W

U
l 

C
le

ar
 A

cc
um

ul
at

or
 a

nd
 M

O
 I

sa
m

e 
as

 C
LA

 M
O

L)
. 

1I
:c

; 
W

 
A

C
L 

1 
[A

)-
[M

O
I 

II
: 

Lo
ad

 M
Q

 in
to

 A
cc

um
ul

at
or

 (
sa

m
e 

as
 C

LA
 M

G
A

). 

C
LA

 S
W

P
 

1 
[A

I-
O

 
[A

I-
[M

O
) 

C
le

ar
 A

cc
,,:

,m
ul

at
or

; 
th

en
 s

w
ap

 A
cc

um
ul

at
or

 a
nd

 M
Q

. 



T
ab

le
 1

3-
2.

 I
M

6
1

0
0

 I
ns

tr
uc

tio
n 

S
et

 S
um

m
ar

y 
(C

on
tin

ue
pl

 

·1
2-

B
IT

 
S

T
A

T
U

S
 

T
Y

PE
 

M
N

E
M

O
N

IC
 

O
P

E
R

A
N

D
 lS

I 
W

O
R

D
S

 
O

PE
R

A
T

IO
N

 P
E

R
F

O
R

M
E

D
 

C
 

ti:
a:

:w
. 

O
SR

 
, 

(A
I-

(A
IV

 (
S

R
I 

1
U
1
U
~
 

li
il
ii
~ 

O
R

 A
cc

um
ul

at
or

 w
ith

 S
w

it
ch

 r
eg

ia
te

r.
 

ii
ii
ii
~ 

M
Q

A
 

, 
(A

I-
(A

IV
 (

M
O

l 

!
~
o
 

O
R

 A
cc

um
ul

at
or

 w
it

h 
M

O
. 

C
U

 R
A

l 
, 

X
 

(
ll

-
O

 

QJ
:,';

;;;.
..-4

i-.,
Jl-

ilJ
 0 

C
lo

er
 U

nl
c.

 t
he

n 
ro

ta
te

 A
cc

um
ul

at
or

 l
ef

t 
o

n
e 

bi
t 

th
ro

ug
h 

U
nk

. 

w
 t 

C
ll

 R
T

l 
, 

X
 

Cr
'" 

i~
"n

i'
 

IU
 

~ 
1,

,~
,,

'i
i'

J 
~
 

C
( a::
 

IU
 

"-
C

lo
er

 U
nl

c.
 t

he
n 

ro
ta

te
 A

cc
um

ul
at

or
 l

ef
t 

tw
o

 b
its

 t
hr

ou
gh

 U
nk

. 
0 0

: 
IU

 
e
ll

 R
A

R
 

, 
X

 
(
ll

-
O

 
Iii iii

 
l 

" 
0 

IU
 

~
~
I
!
"
~
'
l
 

a::
 

0 Z
 

; 
C

( in
 

::
:)

 
~
 ~ 

C
la

ar
 U

nl
c.

 t
he

n 
ro

ta
te

 A
cc

um
ul

at
or

 r
ig

ht
 o

n
e 

bi
t 

th
ro

ug
h 

U
nk

. 
I/

) 

C
L

l 
R

TR
 

, 
X

 
(
ll

-
o

 

• 
l 

"
,
-
"
.
.
~
~
~
 

I 0
 

~ 
II

IU
II

I
!g

I1
 

'-
-f

"'
-'

 '-
' -...

...
..A

 
'
-
"
 "
"
-
' 

I 
C

le
er

 U
nk

. 
th

en
 r

ot
at

e 
A

cc
um

ul
at

or
 r

ig
ht

 t
w

o
 b

it
s 

th
ro

ug
h 

U
nk

. 

C
LA

 C
I.L

 
, 

(A
I-

O
 

(
ll

-
O

 
C

lo
er

 A
cc

um
ul

at
or

 e
nd

 U
nk

. 
G

Tl
 

, 
(A

I-
O

 
(A

<
o

>
I-

(l
l 

a
e
 ..

 A
cc

um
ul

at
or

. 
th

en
 r

ot
at

e 
U

nk
 i

nt
o 

lo
w

 b
it

 l
sa

m
e 

as
 C

LA
 R

A
ll.

 



T
ab

le
 1

3-
2.

 
IM

61
D

D
 I

n
st

ru
ct

io
n

 S
et

 S
um

m
ar

y 
(C

on
tin

ue
d)

 

1
2

-B
IT

 
S

T
A

T
U

S
 

T
Y

P
E

 
M

N
E

M
O

N
IC

 
O

P
E

R
A

N
D

 IS
) 

W
O

R
D

S
 

O
P

E
R

A
T

IO
N

 P
E

R
F

O
R

M
E

D
 

C
 

:I
: 

U
 

[p
c
l-

[p
c
l+

2
 

z 
SK

P 
1 

C
 

S
ki

p 
ne

xt
 i

ns
tr

U
ct

io
n 

a:
 

II
I 

I 
E

xe
cu

tio
n 

o
f 

an
y 

o
f 

th
e 

fo
llo

w
in

g 
in

st
ru

ct
io

ns
 w

in
 r

es
et

 I
N

TG
N

T.
 

1 

SK
O

N
 

1 
If

 [
IE
I~
l;
 
[p

c
l-

[P
C

I+
2

 
If

 i
nt

en
up

ts
 e

na
bl

ed
. 

sk
ip

 n
ex

t 
in

st
ru

ct
io

n.
 

IO
N

 
1 

[i
E

I-
l 

En
ab

le
 in

te
rr

up
ts

. 

10
F 

1 
[i

E
I-

o
 

D
is

ab
le

 i
nt

er
ru

pt
s.

 

lL 
S

R
Q

 
1 

Sk
ip

 n
ex

t 
in

st
ru

ct
io

n 
if.

 I
nt

er
ru

pt
 R

eq
ue

st
 b

us
 i

s 
lo

w
. 

;;
;)

 
a:

 
G

TF
 

1 
A

<
l1

>
-
[
L

)
 

a:
 ... 

A
<

9
>

 -i
N

Ti
iE

Q
 

I- ! 
A

<
7

>
 -

[l
E

I 
G

et
 f

la
g 

••
 

R
TF

 
1 

X
 

[L
I-

A
<

ll
>

; 
[i

E
I-

l 

I 
R

et
ur

n 
U

nk
 a

nd
 e

na
bl

e 
in

te
rr

up
ts

 a
ft

er
 t

h
e 

ex
ec

ut
io

n 
o

f 
th

e 
ne

xt
 s

eq
ue

nt
ia

l 
in

st
ru

ct
io

n.
 

SG
T 

1 
I/

O
 d

ev
ic

e 
lo

gi
c 

de
te

rm
in

es
 o

pe
ra

ti
on

 

C
A

F 
1 

X
 

[L
l-

O
 

[A
l-

O
 

[I
E

I-
O

 
O

ea
r 

el
l 

fl
ag

s.
 

C
M

L 
1 

X
 

[L
l-

IT
T

 
10

 
C

om
pl

em
en

t 
U

nk
. 

;;
;)

 
I-

C
LL

 
1 

X
 

[L
l-

O
 

~.
 

R
es

et
 U

nk
. 

10
 

ST
L

 
1 

X
 

[
L

l-
l 

S
et

 U
nk

. 

H
LT

 
1 

H
al

t 

N
O

P 
1 

N
o 

O
pe

ra
ti

on
 

--
-



The following symbols are used in Table 13-3: 

a 
b 
ccccccc 
dddddd 
eee 

One bit which determines if indirect addressing is used. 
One bit which determines if current or zero page is used. 
Seven-bit page address. 
Six-bit device code. 
Three-bit 1/0 command. 

Most instructions are described in this manner: 

mnemonic xxx x 
yyy 

where xxxx is the octal object code associated with the mnemonic and yyy is the hexadecimal object code associated 
with the mnemonic. IM61DD literature uses octal notation. 

Some instructions have this form in the input clock cycles column: 

albic 

a is the number of cycles required using direct addressing. 
b is the number of cycles required using indirect addressing. 
c is the number of cycles required using auto-indexed addressing. 
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Table 13-3. IM6100 Instruction Set Object Codes 

12-BIT 
INPUT 

12-BIT 
INPUT 

INSTRUCTION OBJECT CODE 
WORDS 

CLOCK INSTRUCTION OBJECT CODE 
WORDS 

CLOCK 

CYCLES CYCLES 

ACL 7701 1 20 RTF 6005 1 34 
FCI C05 

AND 'ADDR OOOabccccccc 1 20/30/32 RTL 7006 1 30 
BSW 7002 1 30 E06 

E02 RTR 7012 1 30 
CAF 6007 1 34 EOA 

C07 SGT 6006 1 34 
CAM 7621 1 20 C06 

F91 SKON 6000 1 34 
CIA 7041 1 20 coo 

E21 SKP 7410 1 20 
CLA 7200 1 20 F06 

ESO SMA 7500 1 20 
CLA Cll 7300 1 20 F40 

ECO SMA ClA 7700 1 20 
CLA lAC 7201 1 20 FCO 

E81 SMA SNl 7520 1 20 
CLA SWP 7721 1 20 F50 

FDI SMA S2A 7540 1 20 
Cll 7100 1 20 FSO 

E40 SMA SZA SNl 7560 1 20 
Cll RAl 7104 1 30 F70 

E44 SNA 7450 1 20 
Cll RAR 7110 1 30 F28 

E48 SNA CLA 7650 1 20 

CLL RTL 7106 1 30 FA8 

E46 SNA SZl 7470 1 20 

Cll RTR 7112 1 30 F38 

E4A SNl 7420 1 20 

CMA 7040 1 20 FlO 

E20 SPA 7510 1 20 

CMl 7020 1 20 F48 

El0 SPA CLA 7710 1 20 

DCA 'ADDR 011abccccccc 1 22/32/34 FC8 
GTF 6004 1 34 SPA SNA 7550 1 20 

C04 F68 

GTl 7204 1 20 SPA SNA SZl 7570 1 20 

E84 F78 

HlT 7402 1 20 SPA SZl 7530 1 20 

F02 F58 

lAC 7001 1 20 SAO 6003 1 34 

EOI C03 

IOF 6002 1 34 STA 7240 1 20 

CO2 EAO 

ION 6001 1 34 STl 7120 1 20 

COl E50 

lOT DEV.CMND IIOddddddeee 1 20 SWP 7521 1 20 

ISZ 'ADDR 010abccccccc 1 20 F51 

JMP 'ADDR 101abccccccc 1 20/30/32 SZA 7440 1 20 

JMS 'ADDR l00abccccccc 1 22/32/34 F20 

LAS 7604 1 30 SZA CLA 7640 1 20 

F84 FAO 

MOA 7501 1 20 SZA SNl 7460 1 20 

F41 F30 

MOL 7421 1 20 SZl 7430 1 20 

Fll F18 

NOP 7000 1 20 TAD 'ADDR 00labccccccc 1 20/30/32 

Eoo 

OSR 7404 1 30 

F04 
RAl 7004 1 30 

E04 

RAR 7010 1 30 

E08 
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SOME SPECIAL IM6100 HARDWARE CONSIDERATIONS 

The apparently complex System Bus of the IM6100 has some non-obvious advantages. The wealth of bus sig
nals makes it very easy to generate System Busses compatible with other microprocessors and to circumvent 
certain limitations of the IM6100 instruction set. 

IMPLEMENTING A HARDWARE STACK 
Consider first the problem of the Jump-to-Subroutine instruction, which we described earlier in this chapter. Recall 
that the IM6100 Jump~to-Subroutine instruction cannot work when programs are stored in read-only memory. because 
the subroutine return address is stored in the first word of the subroutine - which will be a read-only memory location. 
We can circumvent :this problem by creating a special read/write memory stack which is addressed by an up
down counter. Appropriate logic Is illustrated in Figure 13-28. 

Before examining the logic in this figure. let us look at what we are trying to accomplish. 

Remember. a Jump-to-Subroutine instruction contains a write machine cycle during which the Program Counter con
tents are stored in the first memory location of the subroutine. Timing for execution of the Jump-to-Subroutine in
struction with indirect addressing, along with the logic that accompanies the instruction's execution, is illustr
ated In Figure 13-26. Timing for direct addressing or auto-increment addressing variations of the Jump-to-Subroutine 
instruction can be readily deduced from Figures 13-12 and 13-13. 

We are going to identHy the Jump-to-Subroutine object code; then, for the rest of the Jump-to-Subroutine in
struction's execution, we will deflect memory write accesses to an external read/write memory stack. Timing 
and an appropriate event sequence are illustrated in Figure 13-27. Figure 13-28 illustrates the logic used to im
plement timing In Figure 13-27. Figure 13-28 also shows the logic used to return from subroutines; we will de
scribe this later. 

In Figures 13-27 and 13-28 we use a 7474 D-type flip-flop to generate a low true select Signal (aSEL). This select signal 
is used to differentiate between stack and normal memory accesses: the trailing low-to-high transition of this select 
Signal is also used to increment the up-down counter. which generates the stack address. Thus. any "write to stack" 
operation will be a "write and then increment address" operation. The write select signal aSEl is generated low true by 
decoding 100 on Data/Address Bus lines 11. 10 and 9. while the Data/Address Bus is carrying an instruction object 
code. We can identify this condition by the combination of IFETCH high and XTC high. This combination generates the 
DIN input to the 7474 flip-flop. which is clocked by DClK. the AND of MEMSEl and IFETCH. Since the low-to-high 
clock transition is active. it is very important that data be stable on the Data/Address Bus until well after MEMSEL has 
made its low-to-high transition. This may be illustrated as follows: 

XTC 

IFETCH 

OXO - OX11 ~ __ -A ________ ~ ____ ~~ ________ ~ __ ~~ ____ ___ 

DCLK 

DIN 
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Read 

" Select 
I (low true) 

Figure 13-28. Using an External Stack Memory to Avoid 
IM61DD JMS ROM Problems 
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Once aSEL has gone low. it will remain low until the next instruction fetch. DCLK will make its next low-to-high transi
tion at the beginning of Tl for the next instruction fetch machine cycle. at which time DIN will be high again. OS'EI will 
then go high. which is what we require. That is to say. TIm remains low only for the non-instruction fetch machine cy
cles of the Jump-to-Subroutine instruction. 

While aSEL is low. we want to divert all memory write select pulses from MEMSEL to the stack. We do this by generat
ing Ei<MSE[ for standard memory selects. ~ is generated as the OR of MEMSEL with two conditioning inputs. 
The truth table for EXiiirnt[ may be illustrated as follows: 

DESL XTC aSEL EXMSEL Condition 
L L L MEMSEL Will never arise 
L L H MEMSEL Return from subroutine; non-read part of machine cycle 
L H L MEMSEL Will never arise 
L H H H Return from subroutine; read part of machine cycle 
H L L H JMS. write part of machine cycle 
H L H MEMSEL Normal machine cycle 
H H L MEMSEL JMS. read part of machine cycle 
H H H MEMSEL Normal machine cycle 

A memory read that implements indirect addressing for a JMS instruction will access normal memory; 
however. you cannot use a Jump-to-Subroutine instruction with auto-increment memory addressing. since the 
incremented address will be written back to the stack instead of being written to the auto-increment location in 
Page O. 

A return from subroutine is executed via a Jump Indirect instruction. The Jump Indirect instruction in a normal 
PDP-8E program will reference the first subroutine word as the location in which the indirect address is stored. For our 
adaptation. we must select one memory address that is referenced by all Jump Indirect instructions that return from 
subroutines. This may be illustrated as follows: 

IM6100 Subroutine PDP-8E Subroutine 

/PDP-8E stores subroutine return address at START 
/IM6100 does not use this logic 
START JMP .+1 START 

/Return from subroutine 
JMP I FFF JMPI START 

We have shown the address FFF16 being used as the single address which will always be referenced by Jump Indirect 
instructions which are returning from an IM6100 subroutine. Our logic in Figure 13-28 will decode the address selected 
(in this case FFF16) using the LXMAR high pulse as a strobe. Whenever the required address is detected while LX MAR 
is high. DSEL will be output low. The leading high-to-Iow transition of DSEL must be used as a down count trigger for 
the up-down counter. Thus. all "read from stack" operations will be "decrement and then read" operations. The DSIT 
signal will remain low until another address is detected - that is to say. until the next occurrence of a high LXMAR 
pulse with another address on the Data/Address Bus. While 1JS'E[ is low. all memory read operations will be deflected 
to the stack and away from normal memory. See the truth table given earlier. and the logic of Figure 13-28 for verifica
tion of this logic. 

The net effect of Figure 13-2B logic Is that all subroutine return addresses will be stored in an external stack. 
IM6100.and PDP-BE Jump-to-Subroutine instructions will be identical. There will. however. be differences in 
the Return-from-Subroutine instructions within an IM6100 program as compared to a PDP-BE program. A 
PDP-BE program which is to run on an IM61 00 must have all Return-from-Subroutine Jump Indirect instructions 
modified to access the single memory location which has been assigned to identify the external stack. 

SUPPORT DEVICES THAT MAY BE USED WITH THE IM6100 
Since the BOBOA System Bus is the most useful. in that it supports the most readily available support devices. 
we will begin by looking at how BOBOA-compatible signals may be generated from the standard IM6100 
System Bus. Figure 13-29 provides necessary bus conversion logic. The bus conversion is quite simple. 

The most complex portion of Figure 13-29 is the logic which demultiplexes the Address and Data Busses. A 12-bit ad
dress buffer must be present. using LXMAR as a latching strobe. This buffer will create the Address Bus. while DXO -
OXll otherwise implements the Data Bus. Remaining control signals are generated using simple gates. Note that no 
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attempt is made to generate signals that reproduce 8080A clock signals or exact machine cycle timing. Since the 
8080A System Bus is asynchronous, this presents no problem. So long as control signals have the required pulse 
widths and logic levels, they will work with 8080A support devices. Thus an 8080A System Bus as illustrated in Figure 
13-29 can be used in a microcomputer system where the IM6100 is the CPU and 8080A support devices provide addi
tional logic; however, Figure 13-29 does not generate a System Bus which could be used in a microcomputer system 
where an IM61 00 and an 8080A were communicating with each other. For those 8080A support devices that do need 
a clock signal, one can be derived from XTA, XTB and/or XTC. . 

IM6100 
SIGNALS 

LXMAR 

OXO 

OX11 

XTB 
XTC 

· · • -

• • • • • • • • • 
r----+ 

-..... 

-; 

-y 

t LATCH 

12-Bit 
Latched 
Buffer 

'"" l' 

-, I"' -
""" .F 

---i'--

• • • • • • • • • • 

• • • 

6060A 
SIGNALS 

AO 

All 

OBO 

OBll 

MEMW 

wArr--------------------------------------------------... ~R~OY 
~---------------------~--------------------------•• ~IRQ 
I~NT----------------------~t>o--------------------------... ~INTA 
~ ~ __________________________ : .. ~EN 

~HOLO 

OMAGNT--------------------------~---------------------------... HLDA 

R~~---------------------ot>q >------------------------__ .... R~~ 

Figure 13-29. IM6100 System Bus Converted to an 8080A
Compatible System Bus 
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Generating 8086-compatlble signals from the IM6100 bus is not so straightforward. This is because the 8085 
generates state signals SO and S1. and an 10/Memory discriminator (101M) Whose levels must be specified for the entire 
duration of read and write machine cycles that access memory or I/O devices. The IM61 00 generates RUN and IFETCH 
signals that extend for the duration of a machine cycle. but memory or I/O access control signals are not generated in 
this fashion. If you look at timing for the'808& support devices - the 8166. the 83&& and the 876& - it would 
appear that the IM6100 System Bus can generate adequate control inputs for these support devices. However. 
we have no experimental verificatio!.'l of this fact. 

We do "not recommend using MC6800 or MCS6600 support devices with the IM6100 because of the peculiar 
synchronous natura of the MC6800 and MCS6600 microcomputer systems. It wou Id be very hard to make I M61 00 
machine cycle timing conform to MC6800 or MCS6500 machine cycle timing. Moreover, MC6800 and MCS6500 sup
port devices are not attractive enough to make this logic exercise worthwhile. 

THE IM6101 PARALLEL INTERFACE ELEMENT (PIE) 

The IM6100 CPU. being a copy of the PDP-8 minicomputer. hall a number of features which are not well suited 
to the average microcomputer application; but that Is no fault of the IM6100 chip designer - his product was 
specified for him. The IM6101. on the other hand. is a well thought out part that goes a long way towards rec
tifying the problems that you are likely to encounter if you try to design logic around the IM6100 CPU. 

'!\'Ie IM6101 is best visualized as a control signal Interface on the IM6100 System Bus. connecting an IM6100 
CPU and its support devices. This concept may be illustrated as follows: 

Data/Address Bus 
) 

~ ~ ~ ~ 
.. 

'< )0 '< ,. 
Memorv devices 

IM6l00 
and typical 

CPU 
microprocessor 

I/O support 

IM6l0l devices 

Complex PIE -< ~ 
control 
signals ... Simple control signals '< ,. 

r 

Conceptually. what is important about the illustration above is the fact that the IM6101 does not lie on the address or 
data path of the microcomputer system. Like a typical DMA controller. the IM6101 generates and receives control sig
nals. while memory and I/O devices communicate directly with the System. Data and Address Busses. 

Functionally. Figure 13-1 illustrates that part of our general microcomputer system logic which is implemented 
on the IM6101 Parallel Interface Element (PIE). 

The IM6101. like all members of the IM6100 family. is fabricated using CMOS technology: it requires a single power 
supply that may range between +4V and +10V and is packaged as a 40-pin DIP. 
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-
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Data and Address Bus 
Control signals from CPU 
CPU control/interrupt request 
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CPU control signals 
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Priority out 
Power and Ground 

-

a 
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Figure 13-30. IM6101 Parallel Interface Element Signals and Pin Assignments 
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IM6101 PARALLEL INTERFACE ELEMENT PINS AND SIGNALS 

} Write control pulses 

} Read control pulses 

} ' ...... _,,,,W d • ., ".m 

Figure 13-30 illustrates the pins and signals of the IM6101 Parallel Interface Element. Figure 13-31 illustrates 
the Important logic components of the IM6101. 

We will begin by summarizing IM6101 signals. 

The IM6101 communicates directly with the IM6100 CPU via the Data/Address Bus (DXO - DXll) together with the 
three control signals LX MAR. DEVSEL and XTC. As per our discussion of the IM61 00 Data/Address Bus. remember that 
we number bus lines. register bits and word bits in an opposite sense to Intersil literature. Thus. in Figure 13-30. 
Data/Address Bus line signals are shown as they appear in Intersilliterature. with our equivalents. in brackets. adjacent 
to them. 

Interrupt requests are transmitted to the CPU via INTREQ (which shares a pin with ~). The IM6101 receives in 
response the CPU interrupt acknowledge signal INTGNT. 

The CPU communicates with the IM6101 PIE via lOT instructions. The IM6101 therefore returns CT. C2 and SKP as I/O 
controls. Recall that IM6l 00 I/O logic demands that the selected I/O device return I/O control signals which specify the 
I/O operations to occur. The IM6l01 does not return CO; this signal must be generated externally. SKP shares a pin 
with~ 

The fact that INTREQ and SKP outputs share a pin presents no problem since the two signals are active at different 
times in any machine cycle. You could. if you wish. separate the two signals via the following logic: 

SiSKj(fPi7i/~iNNTRi'REEnQ·~===~~~~~-------"lik:~ ....-_____ ~ 
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There is. in fact. no need for SKP/iN'i'REO to be separated as illustrated above. The CPU distinguishes the two signals 
on the single line via instruction timing. 

External devices capable of transmitting data to or from the IM6100 CPU use the IM6101 iiEAD1. READ2. 
WRITE1 and WRITE2 control outputs as read/write strobes and ~evice select signals. That is to say. each of these 
signals will connect to a single device. A READ Signal pulse will cause data to transfer from the connected device to the 
IM6100 CPU. A WRITE pulse will cause data to flow from the CPU to the connected device. This may be illustrated as 
follows: 

Data/Address Bus 

J I 
READ 

IM6'OO 
CPU 

Control Signals ... 
IM6101 I/O 

PIE Device 

WRITE" .... ~-j,l 
The IM6101 has five select inputs. SEL3 - SEL7.lnternallogic compares the levels at these five 
signals with five I/O instruction object code bit levels (described in detail later) in order to deter
mine whether the IM61 01 is or is not selected when an I/O instruction is being executed. In other 
words. the five Signals SEL3 - SEL7 allow you to specify a unique device code for the IM6101 by 

) 

IM6101 
SELECT 
LOGIC 

tying signals selectively to power or ground. A device code of 0 is not allowed. since special internal CPU I/O instruc
tions use this device code. The five select lines SEL3 - SEL7 therefore allow 31 unique device codes to be specified for 
IM6101 devices. . 

The IM61 01 PIE provides eight any-purpose control signals. FLAG 1 - FLAG4 constitute four flag outputs which may 
be set or reset under program contro\. SENSEl - SENSE4 represent four status inputs which may optionally lJe used as 
interrupt request lines. . 

When more than one IM6101 PIE is present in a microcomputer system. the PRIN and POUT signals allow daisy
chained priority interrupt logic to be generated. For a discussion of daisy-chain logic. see Volume 1. 

Figure 13-36 illustrates a large IM6100 microcomputer system that includes more than one IM6101 PIE. 

IM6101 FUNCTIONAL LOGIC 
You access an IM6101 Parallel Interface Element using I/O instructions; this is how the 
IM6101 will interpret an I/O instruction code as it appears on the Data/Address Bus: 

IM6101 
PROGRAMMING 

I/O instruction.} -L ir------------Device Select Standard PDP-B Interpretation 
_ . . r------Control Code . ---- ----.... ,-'-. '1 10 9 B 7. 6 5 4 3 2 D 4--Bit No . 

... 11..,1-, .... 1-0 .... 1-..,1-....1-....1--1 ..,I-....I-....I-~I/Olnstruction 

--t--~ l- ~~ 
_ - Control Code } 
~------------Device Select IM61Dl Interpretation 

I/O Instruction 
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Note that the IM6101 and the PDP-8 differ in their Interpretation of the I/O Instruction code. 

IM6101 logic Identifies an I/O instruction object code by examining Data/Adc!ress 13us bits 9. 10 and 11 d"ril'lg 
an IOTA machine cycle. Timing is illustrated in Figure 13-16. 

Now. if you look at Figure 13-16 and then examine the signals input to the IM61 01. there appears to be a possibility for 
confusion. The only control inputs received by the IM61 01 are LXMAR. ~ and XTC. What is to stop the IM61 01 
from being confused by an address output during the instruction fetch machine cycle? LXMAR will be high at this 
time. An address can certainly look like an 1/0 instruction object code; in fact. any address in the range C1016 thr9L!gh 
DFF16 will look like an 1/0 instruction object code. Since the IM61 01 does not receive the IFETCH signal as an input. it 
cannot identify an instruction fetch machine cycle. There is no problem. however. becallse the PIE detects the subse
quent DEVSEL low pulse - or lack of low pulse. Indeed. an address in the range mentioned above. output during an in
struction fetch machine cycle. may match an IM6101 selection code; however. without the subsequent low ~ 
pulse. the IM6101 wi.11 not respond to this selection. Since DEVSEL is pulsed low during IOTA. but not during an in
struction fetch machine cycle. possible problems of ambiguity are resolved. 

In order to determine whether or not it is selected. IM6101 logic compares I/O instruction object code bits 8 througll 4 
with select inputs SEL3 through SEL7. as <;lescribed earlier. 

Here is how the bits are compared: 

o 2 3 4 5 6 7 8 9 10 11 4-- OX line (lntersil numbering) 11 10 9 8 7 6 5 4 3 2 0 4-- OX line (our numbering) 

"'1-1"'1-1-1-0"'1-"'-"'---"'-I"'I-c"'l-c~'I"'-c"l-c'"14-- I/O Instruction 

7 ~...- SELi!lputs 

+L _____ Control Code 

3 4 5 6 

T I/O InstruCtion 

The low-order four bits of the I/O instructlc," object code are used by IM6101 logic to generate 16 specific I/O 
instructions. which are defined in Table 13-4. This table shows the standard instruction mnemonics recognized by 
the Intersil assembler. together with the low-order four object code bits' settings. 

Table 13-4. IM6101 Interpretation of 1/0 Instruction Control Bits 3-0 

Instruction Control Bit 
Mnemonic 3 2 1 0 Interpretation 

READl 0 0 0 0 Generate a low pulse output on RtAI5i. 
READ2 1 0 0 0 Generate a low pulse output on READ2. 
WRITEl 0 0 0 1 Generate an active pulse output on WRITE1. 
WRITE2 1 0 0 1 Generate an active pulse output on WRITE2. 
SKIPl 0 0 1 0 Test the SENSEl status. If it is active, output 'a low pulse via SKP/INTREO, to 

be interpreted by the IM6100 CPU as an SKP pulse. 
SKIP2 0 0 1 1 Test the SENSE2 status. If it is active. output a low pulse via SKP/lNTREO, to 

SKIP3 1 0 1 0 
be interpreted by the IM6100 CPU as an '§R15" pulse. 
Test the SENSE3 status. If it is active, output a low pulse via SKP/INTREQ, to 
be interpreted by the IM6100 CPU as an SKP pulse. 

SKIP4 1 0 1 1 Test the SENSE4 status. If it is active. output a low pulse via SKP/INTREQ, to 
be interpreted by the IM6100 CPU as an SKP pulse. 

RCRA 0 1 0 0 Place the contents of Control Register A on the Data Bus as data. The 
IM6100 CPU will OR Control Register A contents with the Accumulator con-
tents. 

WCRA 0 1 0 1 Write the contents ofthe Accumulator to Control Register A. 
WCRB 1 1 0 1 Write the contents of the Accumulator to Control Register B. 
WVR 1 1 0 0 Write the contents of the Accumulator to the Interrupt Vector register· 
SFLAGl 0 1 1 0 Set Output Signal FLAG 1 high and set Control Register A bit 8 to one. 
SFLAG3 1 1 1 0 Set Output Signal FLAG3 high and set Control Register A bit 10 to one. 
CFLAGl 0 1 1 1 Reset Output Signal FLAGl low and reset Control Register A bit 8 to zero. 
CFLAG3 1 1 1 1 Reset Output Signal FLAG3 low and reset bit 10 of Control Register A to zero. 
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Let us look at the operations which may be performed when the instructions identified in 
Table 13-4 are executed. 

IM6101 I/O 
INSTRUCTIONS 

The two read instructions. READ1 and READ2. cause data to be transferred from an ex- IM6101 READ 
ternal device to the CPU. Timing is illustrated in Figure 13-32. The IM6101 outputs a low INSTRUCTION 
READl or READ2 pulse, which acts as both a select signal and a strobe signal for the external 
device which is to transmit data to the IM6100 CPU. The IM6101 transmits IT low and ~ 
high to the CPU in order to identify the I/O instruction as a Read. The actual data transfer occurs directly between the 
selected device and the IM6100 CPU via the Data/Address Bus. 

The two write instructions. WRITE1 and WRITE2. cause the IM61 01 to send back CT and IT 
high at data input time in order to signal a write operation to the IM6100 CPU. Subsequently the 
IM6101 outputs a WRITE pulse via WRITEl or WRITE2, Under program control you may select a 
high write pulse or a low write pulse. An external device will use the write pulse both as a select 

IM6101 
WRITE 
OPERATION 

and as a signal identifying stable data on the Data/Address Bus, which is to be read by the selected device. Timing is 
illustrated in Figure 13-33. 

Remaining IM6101 I/O instructions affect control signals and interrupt logic. 

The IM6101 has eight control signals: four Flag outputs and four Sense inputs. The Flag outputs, 
FLAG 1 through FLAG4, are simple control outputs. Under program control. the levels of these four 
outputs can be set or reset. but the manner in which external logic uses these four signals is un
defined. 

The four Sense inputs, SENSEl through SENSE4, are shared by interrupt logic and control logic. 
These signals can be used by external devices to transmit control information to an IM61 01, 
and/or they can be used to generate interrupt requests. When used to generate interrupt re
quests, the four Sense inputs constitute four independent interrupt request lines which can be in

IM6101 
FLAG 
OUTPUTS 

IM6101 
SENSE 
INPUTS 

dividually enabled and disabled. Under program control, you can specify that an interrupt request will occur when a 
sense line is high, low, makes a high-to-Iow transition, or makes a low-to-high transition, 

The various programmable options of the IM6101 are specified by writing control codes to 
two control registers. 

Control Register A can be written into (by WCRA) or its contents can be read (by RCRA). 
Control Register A contents are interpreted as follows: 

11 10 9 8 7 6 5 4 3 2 o ""'---Bit No. 

I 1 1 1 J Ixl I xl I I I Control Register A 

I I 

IM6101 
CONTROL 
REGISTERS 

, 
1 = enable, 0 = disable SENSE1 interrupts 

1 = enable, 0 = disable SENSE2 interrupts 

1 = enable, 0 = disable SENSE3 interrupts 

1 = enable, 0 = disable SENSE4 interrupts 

{ 
{ 
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1 = output high pulses via WRITE 1 
o = output low pulses via WRITE 1 

1 = output high pulses via WRlTE2 
o . = output low pulses via WRITE2 

FLAG 1 output level 

FLAG2 output level 

FLAG3 output level 

FLAG4 output level 
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The levels of the four Flag outputs. FLAG1 - FLAG4. are determined by the contents of the four high-order Control 
Register A bits. In addition. specific control instructions shown in Table 13-4 allow FLAG 1 and FLAG3 to be set or reset 
(by SFLAG1. SFLAG2. CFLAG1. CFLAG2). You can therefore modify FLAG1 and FLAG3 in two ways - by executing 
specific 1/0 instructions. or by loading appropriate information into the flag bits of Control Register A. 

Bits 5 and 7 of Control Register A determine whether the Write output signals WRITE1 and WRITE2 will pulse high or 
low when a write lOT instruction is executed. Note that you cannot program read pulse levels; a read lOT instruction 
pulses one of the read lines low. 

You use bits 0 through 3 of Control Register A to determine whether the stetus inputs SENSE1 - SENSE4 are to 
function as interrupt requests or as stetuses which will trigger IM6100 CPU skip control logic. You can define 
the function of each signal in any way and thus create any combination of interrupt requests and skip controls. 

Control Register B determines what will constitute an "active" stete for each of the four Individual sense in
puts. Each sense input has two control bits in Control Register B. one of which determines whether signal level or tran
sition will constitute the active stat~; the other control bit determines polarity. Here is Control Register B format: 

7 6 5 4 3 2 o ...-BitNo. 

I I I III J I Ixlxlxlx.- Control Register B 

I I , 
S 

S 
S 
S 

:::~ } 1 = A high level. or a Iow-to-high transition is active 

ENSE3 0 = A low level. or a high-to-Iow transition is active 
ENSE4 

S 

S 
S 

~:~~ } 1 = Sense a high or a low level 

ENSE3 0 = Sense a high-to-Iow. or a low-to-high transition 
ENSE4 

By appropriately setting the two bits of Control Register B which are assigned to any sense input. you can cause a high 
level. a low level. a high-to-Iow transition or a low-to-high transition to be the active sense signal state. 

Note carefully that Control Register B determines only what will constitute an active sense condition. Control Register B 
does not hold sense input information. 

You write to Control Registers A and B by executing the WCRA and WCRB instructions. respectively. Timing is 
as illustrated in Figure 13-16 for a stendard device output operation. 

You can read the contents of Control Register A by executing the RCRA instruction. but you cannot read the 
contents of Control Register B. When the RCRA instruction is executed. timing conforms to Figure 13-14. 

Recall that instructions which transfer data between the IM6100 CPU and the IM6101 PIE treat the IM6101 PIE as a 
standard 1/0 device - selected by a 5-bit device code. READ1. READ2. WRITE1 and WRITE2 instructions. in contrast. 
select an IM6101 via a 5-bit device'code. but subsequently cause a data transfer to occur between the IM6100 and the 
1/0 device which is connected to the selected IM6101 RtAiS or WRITE control Signal. 

There are four instructions which directly control the level of FLAG1 and FLAG3 flag out- IM6101 FLAG 
puts. These four instructions are SFLAG1. SFLAG3. CFLAG1 and CFLAG3. When anyone INSTRUCTIONS 
of these four instructions is executed. the flag output changes state during T2 of IOTA.. as il-
lustrated in Figure 13-32. In addition to changing the level of the flag output. these instructions modify the associated 
Control Register A bit. 

When you write to Control Register A (via a WCRA instruction) you can modify all four flag output levels. since 
the four flag outputs reflect associated bit levels in Control Register A. However. any changes in flag levels will occur 
during T6 of IOTA. as illustrated in Figure 13-33. 

You cannot sample the level of the Sense inputs. since there is no register which stores Sense IM6101 SKIP 
input levels in the form of binary data. You must execute a SKIP Instruction in order to test INSTRUCTIONS 
a Sense input's level. A SKIP instruction tests for an "active" Sense signal condition. This 
"l3ctive" condition is defined within Control Register B. As explained for Control Register B. the "active" Sense signal 
condition may be a high level. a low level. a high-to-Iow transition. or a low-to-high transition. 
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A particular Sense line can be used with skip logic or with interrupt logic. If interrupt logic has been enabled for 
the Sense line, then as soon as the active condition occurs at the Sense line, an interrupt will be requested, If interrupt 
logic has not been enabled for the Sense line, then the active condition of the Sense input will be recorded in an inter
nal flip-flop. Subsequently, when a SKIP instruction identifying the Sense line is executed. a skip pulse will be 
returned to the IM6100 CPU if the "active" Sense input has occurred. The Sense flip-flop is then cleared. 

IM6101 INTERRUPT HANDLING LOGIC 
The IM6101 has typical daisy-chain priority interrupt logic. implemented via the PRIN and POUT signals. 

PRIN must be a high input if an IM6101 is to generate an interrupt request based on one of the four sense lines. 
Therefore, the IM6101 electrically closest to the CPU must have its PRIN input connected to a high logic level so that its 
interrupt request logic will always be enabled. So long as no interrupt request is active at this highest priority IM61 01, a 
high signal will be output via POUT; it becomes the PRIN input for the next IM61 01 in the daisy chain. 

w '" '" w w en en en 
Z Z Z w 'm w en en 

(Highest! 

+5V 

... 
w en z w en 

Enable 
Priority 2 

w '" w en en 
ill z 

w en en 

'" ... w '" '" ... w W W W w en en en en en en z z z z z z w w w w w w en en en en en en 

etc, 

Priority 3 

As soon as an interrupt request occurs via one of the sense lines at an IM61 01, it immediately sends an out interrupt re
quest low level via SKP/INTREQ; simultaneously, the IM6101 outputs POUT low, thus disabling all interrupt request 
logic at lower priority PIEs in the daisy chain. 

The IM6100 CPU acknowledges the interrupt request. providing interrupts are enabled at the CPU, by executing a 
"Jump-to-Subroutine at memory address 000" instruction. Thus, the interrupt return address is stored in memory loca
tion 000, and the instruction object code stored in memory location 001 becomes the first instruction executed follow
ing the interrupt acknowledge. Upon acknowledging an interrupt. the IM6100 outputs INTGNT high. The first lOT in
struction executed, of any type or to any device, resets INTGNT low. We have described IM61 00 interrupt logic earlier 
in this chapter. 

The IM6101 has an Interrupt Vector register which you write into via the WVR instruction. The Vector register 
contents are interpreted as follows: 

11 10 9 8 7 6 5 4 3 2 o 4----Bit No. 

00 SENSE 1 interrupt request 
L..-___ -( 01 SENSE2 interrupt request 

10 SENSE3 interrupt request 
11 SENSE4 interrupt request 

L....-------------High-order ten bits of interrupt vector address 

When an "active" condition occurs at one of the Sense inputs. and interrupt logic for this Sense input has been 
enabled. then the IM6101 will generate an interrupt request by outputting SKPflNTREQ low. As soon as the CPU 
acknowledges the interrupt by outputting INTGNT high, the IM6101 device which has highest priority in the daisy 
chain (and is requesting an interrupt) will trap the INTGNT signal. When the next I/O instruction is executed, this 
IM6101 device will place on the Data Bus the contents of the I nterrupt Vector register, while simultaneously outputting 
C 1 and C2 low. This causes an absolute Jump to be executed, with the contents of the interrupt vector becoming the 
address of the instruction that program logic jumps to. The location addressed by the interrupt vector should contain a 
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Jump Indirect instruction. since a single wo~d in the interrupt service routine is allocated to each Sense line of an in
dividual IM61 01. This may be illustrated as follows: 

IM6100 
MEMORY ~MemOry Address 

Store return address following interrupt service routine here -_ ...... §] 000 } 

"Disable interrupts" lOT instruction .. CO2 :004~ ~~~:rite 

VECTOR REGISTER 
CONTENTS 

I • 
I I 

!M6101 

1:"':2 for SENSE3 ..... JMP I ADDR2 XXX + 1 

~:~~O~:S~MPIADDR1§: : XXX 

~~ '" 3 for SENSE4-.JMP I ADDR3 XXX + 2 
~-...,...,....n~'/: JMP I ADDR4 XXX + 3 

; I 

I: 1= ISR3 ADR3 
ADR4 

• I 

""" ....... ,_ ........... ~ .. ' 
I I 
• I ...... ,...., _ ........... § 1SR2 

• • I • · . 
.... 01""'" -.. ..... """'" s'"" 

• I I , -........ - ........... ~ ... 
As we have just stated. the INTGNT signal output by the IM6100 CPU remains high from the time 
the interrupt is acknowledged until an lID instruction is subsequently executed by the CPU. While 
the INTGNT signal Is high. the acknowledged IMe101 device freezes its internal interrupt 
logic: that is to say. no further active transitions at Sense inputs will be recognized. Therefore. the 
Sense input which will be acknowledged is the highest priority Sense input at the instant that 
INTGNT goes high. Sense inputs have the following priority at any single IM6101 device: 

Highest Priority: SENSE1 
SENSE2 
SENSE3 

Lowest Priority: SENSE4 

IM6101 
SENSE 
INTERRUPT 
PRIORITY 

Normally. an 10F instruction will be the first lID instruction executed by the CPU within an interrupt service rolitine. 
This instruction disables interrupts at the CPU. where they are already disabled: therefore. it constitutes a ho operation 
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110 instruction which simply serves to reset the INTGNT signal low. Thus. the interrupt acknowledge routine which will 
service one or more IM6101 devices may be illustrated as follows: . 

*1 
10F 
*INAK 

/Interrupt acknowledge I/O instruction 

/Interrupt acknowledge routine origin 
JMP I Pl Sl /PIE1. SENSEl interrupt 
JMP I Pl S2 /PIE1. SENSE2 interrupt 
JMP I Pl S3 /PIE1. SENSE3 interrupt 
JMP I Pl S4 /PIE1. SENSE4 interrupt 
JMP I P2S1 /PIE2. SENSEl interrupt 
JMP I P2S2 /PIE2. SENSE2 interrupt 
JMP I P2S3 /PIE2. SENSE3 interrupt 
JMP I P2S4 /PIE2. SENSE4 interrupt 

P1Sl ADRl 
P1S2 ADR2 
P1S3 ADR3 
P1S4 ADR4 
P2S1 ADR5 
P2S2 ADR6 
P2S3 ADR7 
P2S4 ADR8 

In the instruction sequence above. INAK is the address for the first Jump Indirect instruction - the JMP I Pl Sl instruc
tion. All of the Jump Indirect instructions address memory locations which must reside on the same 128-word page of 
memory. The actual starting address for the interrupt service routine will be stored in the memory location addressed 
by the Jump Indirect instruction. 

You will return from an IM6101 device's interrupt service routine as described for the 1l1li6109. You can either 
execute a CAF (Clear All Flags) instruction, an RTF (Return Flags) instruction, or an ION (Enable Intel11lPts) in
struction. Whichever one of these three instructions you select, it must be followed by a Jump Indirect via 
memory locatio" 0 instruction. 

THE IM6102 MEDIC 

The IM61 02 MEDIC allows an IM61 00 microcomputer system to access up to 32,768 words of memory. It also 
provides bus sharing direct memory access logic, dynamic memory refresh logic and real-time clock logic. 

Memory expansion logic of the IM6102 is compatible wi1h the DEC PDP-8/E. KM8-E memory extension option. 

The real-time clock logic of the IM6102 is compatible with the DEC PDP-81E. DK8-EP programmable real-time clock op
tion. 

IMal02 direct memory access logic is not a reproduction of any PDP-8E option. 

Figure 13-34 illustrates that part of our general microcomputer functional logic which is Implemented on the 
IM6102 MEDIC. 
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Clock Logic 

Accumulator 
Registe,{s) 

Data Counte,{s) 

I/O Ports 

Figure 13·34. Logic of the )M6l 02 MEDIC 

The IM61 02. like all members of the IM6100 family. is fabricated using CMOS technology: it requires a single 
power supply that may range between +4V and .+10V. The IM6102 is packaged as a 40-pin DIP. 

IM6102 MEDIC PINS AND SIGNALS 
Figur. 13-36 illustrate. the pins and signals of the IM6102 MEDIC. We will summarize these pins and signals 
before proceeding to examine their functions in detail. 

Table 13-& Identifies selected pins of the IM6102 that should be tied to power or ground when specific func
tions of the device are not used. 
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Pin Name 

OXO - OXll 
XTA. XTC 
LXMAR 
OEVSEL 
IFETCH 
MEMSEL 
Rmf 
co: C1. C2 
SKP/INT 
EMAO. EMA 1. EMA2 
SKP/INTX 
PROUT 
XLXMAR 
XXTC 
UP 
OMAEN 
QMAGNT 
XMEMSEL 
INTGNT 
CLOCK 
O$C IN. OSC OUT 
VCC.GND 

VCC 1 
~ 2 

DMAGNT 3 
MEMSEL 4 

IFETCH 5 
XMEMSEL 6 

RESET 7 
UP 8 

XTA 9 
LXMAR 10 

XLXMAR 11 
XXTC 12 

XTC 13 
CLOCK 14 

SKP7iN'i'X 15 
(DX11l DXO 16 
(DX10)DXl 17 
(DX9)DX2 18 
(DX8) DX3 19 
(DX7)DX4 20 

Description 

Data/Address Bus 
Machine cycle timing 

IM61 02 
MEDIC 

Extemal memory address strobe 
I/O Device select strobe 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Instruction fetch machine cycle identifiar 
Mamory select strobe 
Reset' 
CPU control during I/O operation 
Skip control input to CPU and interrupt request 
Extended memory eddress 

. PROUT 
INTGNT 
EMA2(EMAO) 
EMAI 
EMAO(EMA2) 
SKP/INT 
C2 
CT 
co-
OSCOUT 
DEVSEL 
OSCIN 
DX11 (DXO) 
DX10(DXll 
GND 
DX9 (OX2) 
DX8(DX3) 
DX7 (DX4) 
DX6(DX5) 
DX5 (DX6) 

Type 

Bidiractional. tristate 
Input 
Input 
Input 
Input 
Input with pullup 
Input 
Output with open drain 
Output with pullup 
Output 

Skip control input and interrupt request output from IM6101 
Daisy chain priority out 

Input with resistive pullup 
Output with pullup 
Output with pullup 
Output with pullup 
Output with pullup 

DMA extemal memory address strobe 
DMA machine cycle timing 
DMA user pulse 
DMAenable 
DMA grant from CPU 
DMA memory select 
Interrupt grant from CPU 
Systam Clock 
Counter Clock 
Power. Ground 

Input 
Input 
Output 
Input 
Input 
Input 

Figure 13-35. IM6102 MEDIC Signals and Pin Assignments 
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Table 13-5. IM6102 MEDIC Pins that should be Tied to Power or Ground 
when Certain Functions are Unused 

EXTENDED EXTENDED MEMORY 
REAL-TIME MEMORY CONTROL AND 

PIN CLOCK CONTROL . DYNAMIC MEMORY 
NUMBER PIN NAME ONLY DMA ONLY ONLY REFRESH 

2 DMAEN GND USED GND GND 
3 DMAGNT USED USED USED USED 
6 XMEMSEL N/C USED N/C USED 
8 TIP N/C USED N/C N/C 

11 XLXMAR N/C USED N/C USED 
12 XXTC N/C USED N/C USED 
15 SKP/INTX VCC VCC USED USED 
29 OSCIN USED GND GND GND 
31 OSC OUT USED N/C N/C N/C 
34 C2 USED USED N/C N/C 
36 EMAO N/C N/C USED USED 
37 EMAl N/C N/C USED USED 
38 EMA2 N/C N/C USED USED 
40 PROUT USED USED N/C N/C 

Only one IM6102 MEDIC can be present in an IM6100 system. 

Let us first look at the IM6102 signals which connect directly with the IM6100 CPU. 

DXO - DX11 is the system Data/Address Bus. As in the IM6100 and IM6101 descriptions. our Data/Address Bus sig
nal names are shown in brackets next to names used in Intersilliterature. Addresses and data will flow directly between 
the IM6102 and the IM6100. via the Data/Address Bus. when the CPU is accessing the IM6102 via the I/O instructions 
described in Table 13-6. 

Of the IM6100 control and timing signals. XTA. XTC. LXMAR. DEVSEL. IFETCH and MEMSEL are input to the 
IM6102. Note specifically that XTB and DATAF are not transmitted to the IM6102; functions performed by these sig
nals are implied by logic within the IM6102. 

RESET is a standard reset input. RESET input timing must conform to IM6100 reset timing. 
When the IM6102 is reset. all of its internal registers and flags are cleared. 

The IM61 02 generates the four I/O control signals required by the CPU: CO. C1. C2 and iKP. 
However. SKP and the interrupt request signallNT share a single pin. as is the case with the IM6101 devices. 

If IM6102 and IM6101 devices are present together in an IM6100 microcomputer system. then the IM6102 
must be the device with highest interrupt priority. IM6101 devices having lower priority will use the PROUT 
output of the IM6102 to initiate interrupt priority daisy chain logic. Interrupt requests from IM6101 devices 
must be input to the IM6102 via SKP/INTX. The IM6102 will pass the Interrupt request on to the IM6100 via 
SKP/INT at the proper time. This is illustrated in Figure 13-36. 

In order to address additional "fields" of memory. EMAO. EMA 1. and EMA2 act as three high-order address lines. ex
tending the normal 12-bit memory address available on DXO - OX 11 to a 15-bit address as follows: 

High-order bit Low-order bit 
of 15-bit address of 15-bit address 

• t 
a! :;( ~ It) II> 

0 

~ X N .., ... ID .... '" x X Intersil Signal Name ~ ~ t5 x x x x x x x x 
w w C C C C C C C C C C C C 

~ :;( a! 0 

'" r.! .... ID It) 

~ 
.., N ~ t5 ~ t5 x x x x x x x x X Our Signal Name 

w c c c c c c c c c c c c 
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Any interrupt request from the IM6102 Is acknowledged by the CPU via INTGNT. the standard interrupt 
acknowledge signal output by the CPU. 

For direct memory access and dynamic memory refresh functions. the IM6102 generates XLXMAR. XXTC. and 
XMEMSEL. signals derived from LXMAR. XTC and MEMSEL respectively. In addition. UP is generated as an I/O 
device pulse. 

DMAEN Is a master DMA enable which must be input low to the IM61 02 to enable any DMA operation. DMAGNT Is 
the standard DMA grant output by the CPU; DMAGNT is received by the IM6102. which suspends DMA operations 
if DMAGNT is high - in which case some other DMA operation. not initiated by the IM6102. is in progress. 

Counter/timer logic of the IM8102 is driven by an external crystal which must be connected across OSC IN and 
OSC OUT. 

The IM61 02 MEDIC requires two sets of clock logic. A crystal must be connected across OSC IN and OSC OUT: 
this crystal is used by the IM6102 real-time logic only. The master IM8100 microcomputer system clock signal 
must also be input to the IM8102. Since no such clock signal is output by the IM6100 CPU, you must generate this 
clock signal externally. This means you cannot use the IM6100 internal clock logic if you are also using an IM6102 
MEDIC. External logic must generate the clock signal. which is input to the OSC OUT pin of the IM61 00 CPU. and to the 
CLOCK input of the IM6102 MEDIC. 

The crystal connecting the OSC IN and OSC OUT pins of the IM61 02 should have the following characteristics: 

Rs :E; 150 ohms 
CM = 3 to 30 fF (10-15F) 
Co = 10 to 50 pF (12 pF preferred) 

Static capacitance = 5 pF 

THE IM6100 - IM6102 INTERFACE 
Figure 13-36 Illustrates an IM8100 microcomputer system that Includes an IM6102 MEDIC and a number of 
IM8101 devices (two are shewn). The IM6102 has been designed on the assumption that there will be no more than 
one of these devices in a single IM61 00 microcomputer system. The IM61 02 will be the highest priority device in an in
terrupt daisy chain. 

The CPU communicates with the IM8102 device via a specific set of I/O instructions. which are summarized in 
Table 13-6. A few of the 1/0 instructions shown in Table 13-6 are general instructions that affect all devices connected 
to an IM6100 CPU. but most of the instructions in Table 13-6 are specific to the single IM61 02 device that can be pre
sent in the system. If you look at Table 13-6. you may. notice the possibility for confusion in instruction object codes. 
First of all. none of the instruction object codes identify an 1/0 device - yet in our earlier discussion of IM61 00 1/0 in
struction object codes we saw that five or six object code bits were set aside to provjde device identification. This prob
lem is resolved in two ways: 

1) A few of the instructions shown in Table 13-6 are general 1/0 instructions which must be acted upon by all 1/0 
devices in the IM6100 microcomputer system. Since all 1/0 devices will respond to these instructions. the lack of 
an 1/0 device code presents no problem. 

2) There is only one IM6102 device allowed per IM6100 microcomputer system. Therefore. the I/O device numbers 
which happen to be usurped by IM6102 1/0 instruction object codes given in Table 13-6 must not be us~d for 
IM6101 devices. or any other 1/0 devices in the IM61 00 microcomputer system. That is to say. the following I/O 
device codes cannot be used if an IM8102 is present: 

Instruction 
Mnemonics 

CLZE. CLSK. CLDE. CLAB. 
CLEN.CLSA.CLBA.CLCA 

CDF. CIF. RDF. RIF. } 
RIB. RMF. LlF. LCAR. 
RCAR. LWCR. LEAR. REAR. 
LFSR. RFSR. SKOF. WRVR 

Binary Device Code 
Used by IM6102 

xxx0010lxxxx 

{ 
xxxO 1 OOOxxxx 
xxxOl001xxxx 
xxxOl010xxxx 
xxxOl0llxxxx 

Five of the 31 allowed IM6101 device codes are used by the IM6102 lOT instructions. therefore a maximum of 
28 IM8101 devices may be present in an IM6100 microcomputer system that includes an IM8102. 

IM6102 EXTENDED MEMORY CONTROL 
The IM8102 Implements extended memory addressing via the simple expedient of creating three additional 
high-order address lines. over and above the 12 address lines output on the Datal Address Bus. These three hlgh
order address lines are EMAO. EMA 1 and EMA2. Together with the address output on the Datal Address Bus. these 

13-69 



three address lines create 15-bit memory addresses. as illustrated earlier in our discussion of IM61 02 signals. Note 
again that since we number signals and bits in the opposite sense to Intersil literature. our signal names compare 
with Intersi! signal names as follows: 

Highest Lowest 
order order 

bit bit 
Intersil Signal name: EMAO EMA 1 EMA2 

Our signal name: EMA2 EMA 1 EMAO 

There are two 3-bit registers within the IM6102 which hold the value to be output via 
EMA2. EMA 1 and EMAO. These are the Instruction Field register and the Data Field 
register. The EMA2. EMA 1 and EMAO outputs will always come from one of these two 
registers. 

The Instruction Field register contents are output as three high-order address lines most 
of the time. The Data Field register contents are output as the three high-order address 
lines only during the third machine cycle of an AND. TAD. ISZ or DCA instruction -

IM6102 DATA 
FIELD REGISTER 

IM6102 
INSTRUCTION 
FIELD REGISTER 

when the instruction is using indirect addressing to reference memory. This machine cycle is identified by the 
DATAF signal. See Figure 13-13 for DATAF signal timing. 

The DATAF signal is not input to the IM6102; logic internal to the device recognizes the third. direct addressing 
machine cycle of an AND. TAD. ISZ or DCA instruction that specifies indirect addressing. Figure 13-40 is.a reproduc
tion of Figure 13-13. including EMA outputs of the IM6102. 

Neither the Instruction Field register nor the Data Field register contents increment 
along with the Program Counter. Suppose. for example. the Instruction Field register con
tains the value 3. If the Program Counter contents increment from FFF16 to 00016. the effec
tive address will change from 3FFF16 to 300016. The effective address will not increment from 

IM6100 
MEMORY 
FIELDS 

3FFF16 to 400016. This means that the IM6102 memory extension logic divides memory into separate and dis
tinct 4096-word "fields". Since there are three extended memory address lines .. there can be a total of eight 4096-
word "fields". for a maximum of 32.768 words of memory. 

There are some important programming implications in the fact that the I nstruction Field and Data Field register con
tents do not increment. We will examine these programming implications later. 

When the IM6102 is reset. the Data Field and Instruction Field registers both contain O. 
But the Program Counter is initialized with the value FFF16 when the IM6100 is reset. 
Therefore. initial program execution begins with a bootstrap program origined at location 
FFF16. the highest address within the first 4096-word memory field. 

Following an interrupt acknowledge. the Instruction Field and Data Field registers' con
tents are saved in the Save Field register. then zeros are loaded into the Instruction Field 
and Data Field re9isters. Thus. interrupt service routines will be origined at memory location 
1 of the first 4096-word memory field and the interrupt service routine return address will be 
stored in location 0 of this same memory field. just as though there were no additional memory 
fields present. Thus. additional memory fields have no effect on restart logic or interrupt 
acknowledge logic. 

Base page logic is reproduced in every 4096-word memory field of an IM61 00 microcom
puter system. That is to say. a memory reference instruction that specifies base page address-

IM6100-IM6102 
RESET 
BOOTSTRAP 

IM6100-IM6102 
INTERRUPT 
ACKNOWLEDGE 

IM6100 BASE 
PAGE IN 
EXTENDED 
MEMORY 

ing will access one of the first 128 words within the current memory field. Moreover. auto-increment memory address
ing logic will apply to addresses stored in memory words 00816 through 00F16 of every 4096-word memory field. 

Let us examine the way in which you will use the Instruction Field. Data Field and asso- IM6102 
ciated registers of the IM6102 extended memory address control logic. These registers. EXTENDED 
and instructions which access them. are illustrated in Figure 13-37. MEMORY 
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J' 

In struction Field register I I I Date Field register 

-< ;r." 

~ "- INT 
"< 

::J 

+ + II- RDF :! .., 
RMF + Instruction Buffer I I register 

"1 .... INT 

+ CDF.RTF 

RMF ~ 

~ 

I I I I I Save register 

V Iv. U ~v~ 
RIF RTF.CIF GIF RIB 

Figure 13-37. IM6102 Extended Memory Addressing Registers and Data Paths 

Note that the Instruction Field register has a Buffer register. This is necessary. since the in
struction that loads a new value into the Instruction Field register would otherwise cause an im
mediate branch into the next sequential memory location of a new memory field. Using arbitrary 
memory addresses. this may be illustrated as follows: 

The LlF instruction loads an immediate value. 
here assumed to be "4". directly into the Instruction 
Field register 

Field 1 

13-71 

Field 4 

Program 
execution 

path 

IM6102 
INSTRUCTION 
BUFFER 
REGISTER 



A scheme such as the one illustrated above is feasible. using the LlF instruction. but. without other options. program 
logic would be difficult to handle and would severely reduce the value of extended memory. By buffering the Instruc
tion Field register. we can load a new memory field identifier into the Instruction Buffer register. then hold it there until 
the next Jump instruction is executed - which is supposed to cause non-sequential instruction execution anyway. 
Using arbitrary memory addresses and real instructions. this may be illustrated as follows: 

F'l8ld 1 Field 4 

41C 27A 

Load new field number into Buffer register 410 27B 

41E ... 27C 
41F ....... ' 270 

"4;0 

421 27F 

422 280 
Execute an indirect jump. but to field identified by Buffer {~=...:.:.:o..t 

register 27C 

423 281 

424 282 

425 283 

426 284 

427 285 

428 286 

Program 
execution 

path 

Let us now examine the ways in which we can access the Instruction Field and Data Field registers of the 
I.M61 02. 

SpeciallM6102 I/O instructions transfer data to or from IM6102 extended memory addressing registers. 

Tile CDF and CIF instructions are equivalent to I/O instructions with immediate addressing. These instructions specify 
(as part of the instruction object code) a 3-bit value which is to be loaded into the Data Field register or the Instruction 
Buffer register. The instruction operand must equal the immediate 3-bit value left shifted three times to reflect the 
operand bit positions in the instruction object code. For the CDF instruction this may be illustrated as follows: 

L-__________ .. _____ COF 40 /Load 4 octal into 0 register 

This is a quirk of the Intersil assembler; it has nothing to do with IM6102 device logic. 

Timing for execution of these instructions is as illustrated in Figure 13-15. 

AND.TAD.ISZ and DCA instructions that specify indirect memory addressing go to the memory field identified by the 
Data Field register for the direct access of memory that occurs during the third machine cycle of the instruction's ex
ecution; this is illustrated in Figures 13-39 and 13-40. 

When you load a new value into the Instruction Buffer register. the Instruction Field register does 
not change. and therefore program execution continues in the currently specified memory field. 
But when the next Jump or Jump-to-Subroutine instruction is executed. as part of the instruction 
execution logic. the Instruction Buffer register contents are transferred to the Instruction Field 
register. so the Jump or Jump-to-Subroutine occurs across memory field boundaries. as pre
viously illustrated. 

13-72 

IM6102 
JUMP 
ACROSS 
MEMORY 
FIELDS 



W
 

I .....
 

W
 

IF
ET

CH
 

D
C

A
 

T
l 

T
2 

T3
 

T
4 

T
5 

T1
 

T
2 

T3
 

T
4 

T
5 

T
6 

CL
O

CK
 

XT
A 

X
TB

 

XT
C 

LX
M

A
R 

M
E

M
S

E
L 

IF
ET

CH
 

D
X

O
 -

O
X

1
1

. 
~
 

•
•
 

_< 
. 

. 
~
 

. 
..

 
L..

....I
 

EM
AO

 -
E

M
A

2 

In
st

ru
ct

io
n 

ad
dr

es
s 

fr
o

m
 

P
C

. 
m

e
m

o
ry

 
fi

e
ld

 
sp

ec
ifi

ed
 

b
y 

In
st

ru
ct

io
n 

Fi
el

d 
re

gi
st

er
 

In
st

ru
ct

io
n 

ob
je

ct
 

co
de

 
in

pu
t 

In
st

ru
ct

io
n"

 R
ei

d 
re

gi
st

er
 c

on
te

nt
s 

D
ire

ct
 a

dd
re

ss
 c

om
pu

te
d 

fr
om

 
in

st
ru

ct
io

n 
ob

je
ct

 
co

d
e

 
a

n
d

 
In

st
ru

ct
io

n
 

Fi
el

d 
re

gi
st

er
 

F
ig

ur
e 

13
-3

8.
 

IM
6

1
0

0
 D

C
A

 I
n

st
ru

ct
io

n
 T

im
in

g
 w

it
h

 D
ir

ec
t 

A
dd

re
ss

in
g 

U
si

ng
 E

xt
en

de
d 

M
e

m
o

ry
 A

dd
re

ss
in

g 

D
at

a 
ou

tp
ut

 
to

 
di

re
ct

ly
 

ad
dr

es
se

d 
m

em
or

y 
lo

ca


ti
o

n
 

in
 

m
e

m
o

ry
 

fie
ld

 
id

en
tif

ie
d 

b
y 

In
st

ru
ct

io
n 

Fi
el

d 
re

gi
st

er
 



You do have the option. via the LIS instruction. of directly transferring the Instruction Buffer register contents to the In
struction Field register. This will cause program execution to branch to the next sequential memory location in the 
newly specified memory field. as previously illustrated. 

Having examined the extended memory addressing registers in general. let us now look at some of the specific 
ways in which these registers work. 

First of all. recall that the Instruction Field and Data Field registers do not increment with the Program Counter. Thus. 
program memory is divided rigidly into 4096-word fields. where you can only move from one field to another via a 
Jump or Jump-to-Subroutine instruction. or by executing an LIS instruction. 

Let us examine some of the ways in which instructions will execute out of fields other than field O. Consider the 
DCA instruction. 

Using direct memory addressing. the instruction and the word that is referenced must lie in the same memory field: the 
referenced word may be in page 0 of the field. or in the instruction's page of the field. Timing is illustrated in Figure 
13-38. 

Now consider a DCA instruction that specifies indirect addressing. The instruction and the word that contains the in
direct address must lie in the same memory field. but the ultimately accessed memory word will lie in the field specified 
by the Data Field register - which mayor may not be the same field. Timing is illustrated in Figure 13-39. 

A DCA instruction that specifies indirect addressing with auto-increment will directly reference one of the memory 
words with address 0816 through OF16 in the current field of memory. The contents of this memory location will be in
cremented and written back: the incremented value will become the address of the memory word ultimately accessed. 
However. this memory word will be in the field identified by the Data Field register. Timing is illustrated in Figure 
13-40. 

You also have register-to-register type instructions that access the Instruction Buffer register and the Data Field 
register. This is because the IM6100 CPU treats IM6102 extended memory addressing registers' contents as status 
flags. The GTF instruction loads the Data Field and Instruction Buffer registers' contents into the low-order CPU Ac
cumulator bits. while the RTF instruction transfers the low-order six CPU Accumulator bits to the Instruction Buffer and 
Data Field registers. Results of these instructions are illustrated in Table 13-6. 

13-74 



W
 

I .....
 

U
1 

IF
ET

CH
 

IN
D

IR
E

C
T 

D
C

A
 

T1
 

T
2

 
T

3
 

T4
 

T
5 

T1
 

T
2

 
T

3
 

T4
 

T
5 

T
l 

T
2 

T
3 

T4
 

T
5 

T
6

 

X
TA

 -
-
-
_

 .... 

X
TC

 

M
E

M
S

E
L 

D
A

TA
F 

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

 --
J

 

IF
ET

CH
 

D
X

O
-
D

X
ll
-
-
-
'j
 

'
j
 
l'

 
'
w

 •
•
 ~
'
 

~
 

~
 

E
M

A
O

 -
E

M
A

2 
In

st
ru

ct
io

n 
Fi

el
d 

re
gi

st
er

 c
on

te
nt

s 
D

at
a 

R
ei

d 
re

gi
st

er
 c

on
te

nt
s 

In
st

ru
ct

io
n 

ad
dr

es
s 

fr
o

m
 

P
C

. 
m

e
m

o
ry

 
fi

e
ld

 
sp

ec
ifi

ed
 

by
 

In
st

ru
ct

io
n 

R
ei

d 
re

gi
st

er
 

In
st

ru
ct

io
n 

ob
je

ct
 

co
de

 
in

pu
t 

D
ire

ct
 a

dd
re

ss
 c

om
pu

te
d 

fr
o

m
 

in
st

ru
ct

io
n 

ob
je

ct
 

co
d

e
 

a
n

d
 

In
s
tr

u
c
ti

o
n

 
R

ei
d 

re
gi

st
er

 

dr
es

se
d 

m
em

or
y 

lo
ca


tio

n.
 i

np
ut

 a
s 

da
ta

. 
th

en
 

o
u

tp
u

t 
as

 
an

 
ad

dr
es

s.
 

b
u

t 
in

 t
he

 m
em

or
y 

fie
ld

 
sp

ec
ifi

ed
 

by
 

th
e 

D
at

a 
Fi

el
d 

re
gi

st
er

 

F
ig

ur
e 

13
-3

9.
 

IM
61

00
 D

C
A

 I
ns

tr
uc

tio
n 

T
im

in
g 

w
it

h
 I

nd
ir

ec
t 

A
dd

re
ss

in
g 

U
si

ng
 E

xt
en

de
d 

M
em

or
y 

A
dd

re
ss

in
g 

D
at

a 
o

u
tp

u
t 

to
 i

nd
ira

ct
ly

 
ad

dr
es

se
d 

m
em

or
y 

lo
ca


ti

on
 



to
) 

I .... 0
)
 

IF
E

TC
H

 

T1
 

T
2 

T
3 

T
4

 
T

5
 

T
l 

C
LO

C
K

 

T
2 

IN
D

IR
E

C
T 

W
IT

H
 A

U
T

O
-I

N
C

R
E

M
E

N
T

 

I 
T

3
 

T
4

 
I 

T
5

 
I 

T
6 

T
l 

X
TA

 
-
1

1
-
.
 _
_

_
_

_
 __

 

X
TB

 

XT
C

 

LX
M

A
R

 

M
E

M
S

E
L 

D
A

T
A

F
 

IF
E

TC
H

 

D
X

O
 -

D
X

ll
 

E
M

A
O

-
E

M
A

2 

/ 

In
st

ru
ct

io
n 

F
ie

ld
 r

eg
is

te
r 

co
nt

en
ts

 

In
st

ru
ct

io
n 

ad
dr

es
s 

fr
om

 
P

C
. 

m
e

m
o

ry
 

fi
e

ld
 

sp
ec

ifi
ed

 
b

y
 

In
st

ru
ct

io
n 

f'o
eI

d 
re

gi
st

er
 

In
st

ru
ct

io
n 

o
b

je
ct

 
co

de
 

in
pu

t 
D

ire
ct

 a
dd

re
ss

 c
om

pu
te

d 
fr

o
m

 
in

st
ru

ct
io

n 
ob

je
ct

 
co

d
e 

an
d 

In
st

ru
ct

io
n

 
Fi

el
d 

re
gi

st
er

 

C
on

te
nt

s 
o

f 
d

ir
e

ct
 

ac
i

dr
es

se
d 

m
em

or
y 

lo
ca


tio

n.
 i

n
p

u
t 

as
 d

at
e.

 T
he

 
in

cr
em

en
te

d 
ad

dr
es

s 
is

 
o

u
tp

u
t b

a
ck

 t
o

 t
h

e
 s

am
 

m
em

or
y 

lo
ca

tio
n.

 T
he

 in


cr
em

en
te

d
 

ad
d

re
ss

 
is

 
o

u
tp

u
t 

as
 

th
e 

ne
xt

 a
d


dr

es
s.

 b
u

t i
n 

th
e 

m
em

or
y 

fie
ld

 
sp

e
ci

fie
d

 
b

y
 

th
e

 
D

at
a 

Fi
el

d 
re

gi
st

er
. 

F
ig

ur
e 

13
-4

0.
 

IM
61

00
 D

C
A

 I
ns

tr
uc

tio
n 

T
im

in
g 

w
it

h
 I

nd
ir

ec
t 

A
dd

re
ss

in
g 

an
d 

A
ut

o-
In

cr
em

en
t 

U
si

ng
 E

xt
en

de
d 

M
em

or
y 

A
dd

re
ss

in
g 

T
2 

DC
A 

T
3 

T
4

 
T

5 

D
at

a 
Fi

el
d 

re
g

is
te

r 
co

n
te

n
ts

 

D
at

a 
o

u
tp

u
t 

to
 in

di
re

ct
ly

 
ad

dr
es

se
d 

m
e

m
o

ry
 lo

ca


tio
n

 
in

 
m

em
o

ry
 

fie
ld

 
sp

ec
ifi

ed
 

b
y

 
th

e 
D

at
a 

Fi
el

d 
re

gi
st

er
. 

T
6 



IM6102 EXTENDED MEMORY PROGRAMMING CONSIDERATIONS 
Here Is the necessary instruction sequence for program logic to branch from any memory 
tield into memory field 3: 

CIF 30 IPREPARE TO JUMP TO MEMORY FIELD 3 

CDF 20 ISET DATA FIELD TO 2 
JMP I ·+1 IJUMP TO LOCATION AD DR IN FIELD 3 
ADDR 

IM6100 
EXTENDED 
MEMORY 
JUMP 

Observe that the CIF and CDF instruction operands require the field number to be specified in bit positions 3. 4 and 5: 

5 4 3 2 1 0 ~Bit No. 

1011111010101 -..----
3 0 

The Intersil assembler assumes octal data in the operand field unless otherwise defined. 

Calling subroutines and returning from subroutines across field boundaries is not nearly as 
simple as the Jump Illustrated above. The problem is that a subroutine has no way of knowing 
out of which field it was called. Thus. when it is time to return from the subroutine. the normal 
return sequence will not work. Your program logic must therefore include special instructions that 
transmit to the subroutine the field number out of which the subroutine was called. The technique 
most commonly used is to load the program field number into the Data Field register before call

IM6100 
EXTENDED 
MEMORY 
SUBROUTINE 
ACCESSES 

ing the subroutine. If we arbitrarily assume that a subroutine in memory field 1 is to be called by a program in memory 
field 4. accessing data in memory field 5. then the subroutine calling sequence can be illustrated as follows: 

IBelow is the subroutine calling sequence 

CDF 40 !LOAD PROGRAM FIELD INTO DATA FIELD REGISTER 
CIF 10 ILOAD SUBROUTINE FIELD INTO INSTRUCTION BUFFER REGISTER 
JMS I .SADR IJUMP TO SUBROUTINE IN MEMORY FIELD 1 
CDF 50 IAFTER RETURNING FROM SUBROUTINE. RESTORE DATA FIELD REGISTER 

SADR SUBR 112-BIT SUBROUTINE ADDRESS 
ISUBROUTINE IN MEMORY FIELD 1 BEGINS BELOW 
SUBR 0 IRETURN ADDRESS IS STORED HERE 

EXIT 

RET 

CLA ICLEAR ACCUMULATOR AND INPUT DATA FIELD REGISTER CONTENTS 
RDF 
TAD 

DCA 

0 
JMPI 
CIF 

RET 

EXIT 

SUBR 
00 

} 

. IADD 110010000010 TO CREATE INSTRUCTION FIELD REGISTER RESTORATION 
IINSTRUCTION 
lAND INSERT AT EXIT 

Body of subroutine occurs here 

/THIS BECOMES A CIF N INSTRUCTION 
IRETURN TO CALLING PROGRAM 
/DATA USED TO CREATE INSTRUCTION AT EXIT 

Before executing a Jump-to-Subroutine instruction. the CDF instruction loads the current program memory field num
ber into the Data Field register. Next. the CIF instruction loads the subroutine's memory field into the Instruction Buffer 
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register. Now when the Jump-to-Subroutine instruction is executed. a subroutine in field 1 will be accessed. since the 
Instruction Buffer register contents are transferred to the Instruction Field register. 

Instructions at the beginning of the subroutine must load the Data Field register contents into the Accumulator. then 
add the appropriate binary digit pattern to create a CIF instruction which will restore the correct Instruction Field 
register contents prior to returning from the subroutine. A memory word at location EXIT is reserved for this instruction. 
This memory word occurs directly in front of the Jump Indirect instruction. which actually causes the return to occur. 

There are two problems with the subroutine logic illustrated above. They are: 

1) A subroutine's object code must reside in read/write memory. since the return address and the memory word 
labeled EXIT are both going to be written into. . 

2) Subroutines must be rewritten as soon as you add extended memory. But note that a subroutine which has been 
written to work with extended memory will also work in the absence of extended memory. providing you do not 
pass parameters to the subroutine via the Accumulator. 

If you want to store subroutines in read-only memory and have these subroutines called out of extended memory. then 
you must use an external read/write memory stack as desc'ibed earlier in this chapter. You could locate the word 
labeled EXIT on page O. but this is a very expensive solution to the problem. since page 0 has just 128 memory loca
tions - and these get used up very quickly. 

IM6102 EXTENDED MEMORY INTERRUPT CONSIDERATIONS 
When an interrupt is acknowledged in an IM6100 microcomputer system that is using extended memory ad
dressing, the following events occur: 

1) The contents of the Instruction Buffer register and the Data Field register are transferred to the Save Field register. 
Note that the Instruction Field register contents are not saved. 

2) Zero values are loaded into the Instruction Field register and the Data Field register. 

3) The Program Counter contents are saved in memory word 0 of memory field O. 

4) The instruction located in memory word 1 of memory field 0 is fetched and executed. 

Thus. the interrupt acknowledge scheme is the same whether or not the IM6100 microcomputer system uses 
extended memory addressing. 

The standard IM6100 interrupt acknowledge procedure would appear to pose a problem. 

From our earlier discussion of programming logic that jumps from one memory field to another. recall that you will nor
mally load the Instruction Buffer register with the number of the destination memory field: This number is held in the 
Instruction Buffer register until a Jump or Jump-to-Subroutine instruction is executed. at which time the Instruction 
Buffer register contents are moved to the Instruction Field register. Thus. the Instruction Buffer register and the Instruc
tion Field register contents will differ from the time you load a new value into the Instruction Buffer register until you 
subsequently execute a Jump or Jump-to-Subroutine instruction. During this time. if an interrupt were to be 
acknowledged. the Instruction Buffer register contents would be saved and the Instruction Field register contents 
would be lost. Subsequently. upon returning from the interrupt. you would return to the memory field identified by the 
Instruction Buffer register - which would be the wrong memory field. The memory field within which the program was 
executing when the interrupt was acknowledged was the memory field identified by the Instruction Field register. In 
order to overcome this problem. IM6102 logic disables external device interrupts (but not control panel inter
rupts) when any instruction that loads data into the Instruction Buffer register is executed. The IM6102 keeps 
external device interrupts disabled until a Jump or Jump-to-Subroutine is subsequently executed. Interrupts 
are also re-enabled when an LlF instructic)n is executed. 

The IM6102 has vectored interrupt acknowledge logic, as is the case for the IM6101 
devices. The IM6102 has an II-bit Interrupt Vector register. The WRVR instruction transfers the 
contents of the CPU Accumulator to the Interrupt Vector register. but the low-order Interrupt Vec
tor register bit is automatically set or reset by the IM6102 counter/timer logic. as described later. 

From the discussion of IM6100 interrupt acknowledge logic given early in this chapter. recall that 

IM6102 
INTERRUPT 
VECTOR 
REGISTER 

the INTGNT signal is output high by the CPU from the time an interrupt is acknowledged until the end of the second 
machif')e cycle for the first I/O instruction executed following the interrupt acknowledge. IM6102 interrupt 
acknowledge logic uses the INTGNT high signal occurring during an I/O instruction's execution as a signal to 
output the Interrupt Vector register contents with Ci and C2 I/O control inputs both low. Timing conforms to 
standard I/O data input timing. 

The interrupt service routine initiation instruction sequence described earlier in this chapter for the IM6101 ap
plies also for the IM6102. However. the IM61 02 generates only two vector addresses. whereas the IM61 01 generates 
four vector addresses. 
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The logic used to return from interrupt service routines is also identical in IM61 00 microcomputer systems that 
do and do not employ extended memory addressing. In both cases you return from an interrupt service routine by 
jumping indirect via the address stored in memory location 0 of memory field O. But in a microcomputer system that 
employs extended memory addressing, your interrupt service routine's return logic must restore the Instruction 
Buffer and Data Field registers' contents from the Save Field register prior to returning from the interrupt. This is 
done via the RMF instruction. as follows: 

RMF 
ION 
JMPI 

ILOAD INSTRUCTION BUFFER AND DATA FIELD REGISTERS FROM THE SAVE FIELD 
IRE-ENABLE INTERRUPTS 

o IJUMP INDIRECT VIA SAVED ADDRESS IN LOCATION 0 OF FIELD 0 

When the RMF instruction is executed. the Save Field register contents are transferred to the Instruction Buffer and 
Data Field registers. and interrupts are disabled. When the subsequent Jump Indirect instruction is executed. the In
struction Buffer register contents are transferred to the Instruction Field register. Interrupts are enabled by the ION in
struction. Thus. program execution returns to the point of interrupt - which may be within an instruction sequence 
stored in any memory field. 

IM6102 DYNAMIC MEMORY REFRESH AND DIRECT MEMORY ACCESS LOGIC 
If you look again at the various machine cycle timing diagrams. you will see that with the exception of data output 
machine cycles. the second half of the machine cycle is used for operations internal to the CPU. This time is therefore 
available to perform a second memory access. The IM6102 uses the second half of non-data output machine cy
cles in order to perform a second memory access, either to refresh dynamic memory or to perform a direct 
memory access operation. Figures 13-41 and 13-42 illustrate timing for a DMA read and a DMA write, respec
tively. A memory refresh machine cycle differs from a DMA machine cycle only in pulse timing, as defined in the 
data sheets at the end of this chapter. Also. there is no low UP pulse during a memory refresh machine cycle. 

External devices that are accessed during a DMA operation use the Data/Address Bus (in
cluding the three extended memory address signals) and three control signals: XXTC, 
XMEMSEL, and ms: XXTC becomes, in effect, a single read/write control. If this signal is 
high. then it identifies data being transferred from memory to an external device - a DMA read 

IM6102DMA 
CONTROL 
SIGNALS 

machine cycle. If XXTC is low. the.n a DMA write machine cycle is specified - data being transferred from an external 
device to memory. In either case. the low XMEMSEL pulse is interpreted as a memory enable strobe. while the low UJ5 
pulse is interpreted as an I/O device strobe. A DMA operation will occur in an allowed machine cycle only if 
DMAENis low on the rising edge of XTA. i5'MAEN is a master external DMA enable/disable control. 

IM6102 DMA logic uses these four registers: 

A 12-bit Word Count register. 

A 12-bit Current Address register. 
A 3-bit Extended Current Address register. 

A 7·bit Status register. 

...-----, 
IM6102DMA 
REGISTERS 

The Current Address register identifies the memory location which is to be accessed during the next DMA or 
dynamic memory refresh operation. The contents of this register are incremented after each DMA or dynamic memo
ry refresh operation. 

The Extended Current Address register is a 3-bit register which creates the three high-order address lines of a 15-bit 
address. The Extended Current Address register is equivalent to the Instruction Field register of extended 
memory address control logic. Thus. during DMA or dynamic memory refresh operations. the 15-bit"address seen by 
external memory is created as follows: 

~ :;( ~ 0 

'" 00 .... '" It) :t .f'> N 0 

1;3 u u :;( :;( « « « « « « « :;( « .....---Our bit names w w U U U U U U U U U U U u 

Extended Current t.-----Current Address register 
Address register 

~ :;( N ~ :;( N f'> :t It) '" .... 
~ '" 0 ~Intersil bit names « « « « « « « :;( :;( u u u u u u u u u u u u u 

"w w w U u/ 
'V 

15-bit DMA or Dynamic 
Memory Refresh Address 
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T1 1'2 T3 T4 

CLOCK 

XTA 

--------------~ 

XTC 

LXMAR --_ ... 
MEMSEL 

XXTC 

XLXMAR 

XMEMSEL 

UP 

. OXO - OX11 

EMAO-EMA2 

Instruction execution 
memory address 

Instruction data input. if 
needed 

Figure 13-41. IM6102 DMA Read Timing 
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~MSEl 

XLXMAR 

XMEMSEl 

UP 

DXO - DX11 

EMAO- EMA2 

T1 

Instruction execution 
memory address 

T2 T3 

Instruction data input. if 
needed 

T4 

Figure 13-42. IM6102 DMA Write Timing 

T5 

Data. to memo[\' from 
I/O device 

But there is a Significant difference between the Extended Current Address register and the Instruction Field register of 
extended memory addrel!s control logic. Under program control you can specify that the Extended Current Ad
dress register wlli Increment along with the Current Address register. That is to say. when the Current Address 
register increments from FFF16 to 00016. the Extended Current Address register can be forced to increment. Extended 
memory address control logic. in contrast. does not allow the Instruction Field register to increment when the Program 
Counter increments from FFF16 to 00016· . 

Dynamic memory refresh logic requires that the Extended Current Address register be allowed to increment along with 
the Current Address register. Dynamic memory refresh requires that you load 0 into the Extended Current Address and 
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Current Address registers. which then increment as a single 15-bit Address register. Thus. dynamic memory refresh 
logic automatically moves from one memory field to the next. If the Extended Current Address register did not incre
ment. then in order to refresh more than one memory field. you would have to execute instructions between each 
memory field to increment the Extended Current Address register and thus select the new dynamic memory field to be 
refreshed. 

Direct memory access logic does not benefit from the fact that the Extended Current Address register contents can in
crement automatically. A block of data that is moved via direct memory access logic will rarely be more than 4096 
words in length. 

The Word Count register is a 12-bit register that must initially be loaded with the twos complement of the DMA 
block length. The Word Count register is inactive during dynamic memory refresh operations. The Word Count 
register's contents are incremented after every DMA operation. When this register's contents increment from FFF16 to 
00016. an end of DMA is signaled via an appropriate Status register bit setting: optionally. an interrupt request may be 
generated. Depending on the DMA mode. DMA operations may cease at the end of a DMA block transfer. or the DMA 
operation may restart. 

The DMA Status and Control register is a 7-bit register whose contents are interpreted as follows: 

5 6 7 8 9 10 11 4-- Intersi! bit number 

6 5 4 3 2 0 4-- Our bit number 

I I I I I I I 
-,-.-

{ 

{ 
{ 

1 

DMA Status/Control 

o Disable interru tS} Appli~~ o~ly to DMA error 
. p condition Interrupts 

Enable Interrupts (see bits 5 and 6) 

o DMA read - Memory to port 
DMA write - Port to memory 

o Do not increment Extended Current Address register 
Increment Extended Current Address register 

00 Refresh mode 
01 Normal DMA mode 
10 8urst DMA mode 
11 Stop 

Word Count register overflowed 
Attempt to increment beyond 32.768 memory words. 
(Field 7 Wrap Around error) 

Status/Control register bit 0 is an interrupt enable/disable bit which allows interrupt requests to be generated when er
ror conditions associated with bits 5 or 6 of the Status/Control register occur. 

Status/Control register bit 1 determines whether the DMA operation will be a Read or a Write. A DMA Read constitutes 
a transfer from memory to an I/O device. while a Write constitutes a transfer from the I/O device to memory. 

Status/Control register bit 2 determines whether the Extended Current Address register increments as part of a 15-bit 
address. If this bit is O. then the Extended Current Address register does not increment. If this bit is 1. then when the 
Current Address register increments from FFF16 to 00016 the Extended Current Address register increments by 1. 
When the Extended Current Address register contains 111. however. it cannot increment to 000. If the Extended Cur
rent Address register is supposed to increment when it contains 111. then instead a "field 7 wrap around error" occurs 
an.d Status/Control register bit 6 is set to 1. At this time an interrupt request will also occur if Status/Control register bit 
o has been set to 1. Once a field 7 wrap around error occurs. Status/Control register bit 6 can be reset to 0 by execution 
of a CAF or an RFSR instruction. A reset operation resets all Status/Control register bits to O. 

Whenever the Word Count register increments from FFF16 to 00016. Status/Control register bit 5 is set to 1. If 
Status/Control register bit 0 has also been set to 1. then an interrupt request will accompany the Word Count register 
incrementing from FFF16 to 00016. If you want to identify the end of a DMA data transfer with an interrupt request. 
you do so by enabling interrupts via bit 0 of the DMA Status/Control register. When the Word Count register incre-
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ments from FFF16 to 00016. you have. in effect. reached the end of a DMA block - which will be ide'1tified with an in
terrupt request. providing the DMA Status/Control register bit 0 is 1. 

Status/Control register bits 3 and 4 allow IM61 02 DMA logic to be disabled. or one of three 
modes to be selected. 

In Refresh mode. a sequence of DMA Read machine cycles is executed; however. the UP sig-

IM6102 
DMA MODES 

nal is not output and DMAEN as an input is ignored. Thud external logic cannot suppress dynamic memory refresh by 
inputting DMAEN low. But in refresh mode the rest of the Status/Control register is active. which means that you must 
set bit 2 to 1 if the Extended Current Address register is to increment. in which case a field 7 wrap around error will oc
cur if the Extended Current Address register attempts to increment from 111 to 000. 

In normal DMA mode. a DMA operation will be performed during every allowed machine IM6102 DMA 
cycle. providing DMAEN is low at the beginning of the machine cycle. However. an LWCR PROGRAMMING 
instruction must be executed to start a normal DMA mode operation. As illustrated in Figures 
13-41 and 13-42. DMAEN is sampled on the rising edge of XT A. If'iTh1AEN is high at this time. then no DMA operation 
will occur. Logic internal to the IM61 02 decodes the instruction object code which the IM6102 receives along with the 
IM6100 in order to identify machine cycles when no memory write operation is scheduled and a DMA operation can 
therefore be performed. When the Word Count register increments from FFF16 to 00016. a normal DMA operation 
stops. Status/Control register bit 5 is set (as already described) and if interrupts have been enabled. an interrupt re
quest is generated. IM6102 DMA logic remains in normal mode at this time; however. it must be restarted under pro
gram control by executing another LWCR instruction. Thus. the following instruction sequence will initiate normal 
DMA mode: 

CLA 
TAD 
LCAR 
TAD 
LFSR 
TAD 
LWCR 

/CLEAR ACCUMULATOR 
DMAD /FETCH STARTING DMA ADDRESS 

/LOAD INTO CURRENT ADDRESS REGISTER. CLEAR ACCUMULATOR 
SR /FETCH STATUsicONTROL REGISTER SETIINGS 

/LOAD INTO STATUS/CONTROL REGISTER. CLEAR ACCUMULATOR 
WC /FETCH TWOS COMPLEMENT OF WORD COUNT 

/LOAD INTO WORD COUNT REGISTER AND START DMA OPERATION. 

Burst DMA mode is identical to normal DMA mode. except that when the Word Count register increments from 
FFF16 to 00016 the mode immediately reverts to dynamic memory refresh. Burst mode is used when DMA opera
tions are being performed with dynamic memory. in which case you must be careful to keep DMA transfer blocks short 
enough not to interfere with dynamic memory decay times. Remember. while a DMA operation is being performed. no 
dynamic memory refreshes are occurring. 

In Stop mode. no DMA or dynamic memory refresh operations occur; however. any of the DMA registers may be 
accessed. 

IM6102 PROGRAMMABLE REAL-TIME CLOCK LOGIC 
The IM6102 has relatively simple real-time clock logic. which computes time intervals using pulses generated 
by an external crystal. The crystal is connected across the OSC IN and OSC OUT pins of the IM6102 device. 
Crystal characteristics were defined earlier. together with the description of IM61 02 pins. 

A 12-bit Clock Counter register is at the heart of IM61 02 real-time clock logic. The contents of this register are in
cremented at time intervals which you select under program control. By selecting the appropriate increment time inter
val and initial Clock Counter register value. you can compute almost any time interval up to 40.950 milliseconds. 

The Clock Counter register has an associated Clock Buffer register. You actually transfer data between the Clock 
Buffer register and the CPU Accumulator. The Clock Buffer register contents are transferred to the Clock-Gounter 
register to start computing a time interval. While the Clock Counter register is incrementing. you can. under program 
control. load a new value into the Clock Buffer register; the next time interval computed will then differ from the time 
interval currently being computed. 
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IM6102 real-time clock registers and the instructions which access them may be illustrated as follows: 

12-bit Clock Counter register 

+CLAB 

12-bit Clock Buffer register 

ClBA or ClCA:, +CLAB 

12-bit Clock Enable register 

The programmable options of the IM61 02 real-time clock logic are selected by loading appropriate bits into the 
Clock Enable register. This register's bits are assigned as follows: 

o 2 
11 10 9 

3 4 
8 7 

5 
6 

6 
5 

7 
4 

8 
3 

9 10 11 4--lntersil bit assignments 
2 0 ......-.. Our bit assignments 

r-~~~~~~~~~~~~ 
Clock Enable register 

1 - Master disable 
L----------<O _ Master enable 

000 - Stop the counter 
001 - Stop the counter 
010 - Increment once every 40.000 pulses 
011 - Increment once every 4000 pulses 
100 - Increment once every 400 pulses 
101 - Increment once every 40 pulses 
110 - Increment once every 4 pulses 
111 - Stop the counter 

o - One-shot mode 
..... ----------------~ 1 - Continuous mode 

{ 
0 - Disable interrupts L-____________________ 1 _ Enable interrupts 

Clock Enable register bit 4 is a master enable/disable control. When set to 1. this bit stops IM61 02 real-time clock logic. 
When the IM61 02 is reset. this bit is cleared; after a reset. therefore. real-time clock logic can run. The CAF instruction 
resets bit 4 to O. 
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Clock Enable register bits 6.7 and 8 select the interval between increment pulses. With a 4 MHz oscillator. the time in
terval between Clock Counter register increments may vary between 1 microsecond and 10 milliseconds. as follows: 

Bits 

876 
010 
o 1 1 
100 
1 0 1 
110 

Time interval between 
increments 

10 msec 
1 msec 

100 p.sec 
10 p.sec 
1 p.sec 

Following a reset. or execution of a CAF instruction. all Clock Enable register bits are reset to 0: therefore real-time 
clock logic is effectively disabled. This is because the Clock Counter register increment logic is stopped. even though 
clock logic in general has been enabled by bit 4. 

Clock Enable register bit 9 is used to select One-shot mode or Continuous mode. If this bit is O. then One-shot 
mode is selected: as soon as the Clock Counter register increments from FFF16 to 00016. a clock overflow flag 
is set and the clock stops. If bit 9 is 1. then when the Clock Counter register increments from FFF16 to 00016. the 
clock overflow flag is set. but the Clock Buffer register contents transfer to the Clock Counter register. which starts in
crementing again. 

Clock Enable register bit 11 enables or disables timer Interrupts. Timer interrupts can occur when the Clock 
Counter register overflows. From our earlier discussion of the IM6102 Interrupt Vector register. recall that the 
low-order bit of this register is set in response to an interrupt request coming from real-time clock logic. Thus. if 
Clock E!1able register bit 11 is set to 1. then an interrupt request will occur whenever the Clock Counter register incre
ments from FFF16 to 00016. In response to an interrupt acknowledge. the address vector transmitted to the CPU will 
uniquely identify IM6102 real-time clock logic. 

Programming the IM61 02 real-time clock logic is very straightforward: it may be illustrated by the following instruction 
sequence: 

CLA 
TAD 
CLAB 
TAD 
CLDE 

/CLEAR THE ACCUMULATOR 
INIT !LOAD STARTING VALUE INTO THE CLOCK 

/COUNTER BUFFER 
ENAB !LOAD CONTROL CODE INTO THE CLOCK 

/ENABLE REGISTER AND START THE CLOCK 

IM6102 MEDIC INSTRUCTIONS 
There are a number of special I/O instructions recognized by an IM6102 MEOIC. These instructions. together 
with their object codes and.operends. are listed in Table 13-6. Note carefully that the operands (where they oc
cur) consist of two octal digits. The high-order octal digit can have any value in the range 0 through 7. The low
order octal digit must be O. 

The following abbreviations are used in Table 13-6: 

AC CPU Accumulator 

AC < x-y > CPU Accumulator bits x through y inclusive. For example. AC <4-0> represents bits 4. 3. 2. 1. and 0 of 
the CPU Accumulator 

CAR Currenl Address register 

CBR Clock Buffer register 

CC Clock Counter register 

COF Clock Overflow status 

OF Data Field register 

ECAR Extended Current Address register 

EN Clock Enable register 

H High level voltage - positive logic "1" 

IB Instruction Field buffer 

IE CPU Interrupt Enable status 

IF Instruction Field register 
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IIFF Interrupt Inhibit Flip-Flop (lM6102 internal interrupt enable/disable status) 

L Low level voltage - positive logic "0" 

LINK CPU Link status bit 

n An octal operand digit in the range 0 through 7 

SF Save Field register 

SF <2.1.0> Save Field register bits 2.1.0 

SF <5.4.3> Save Field register bits 5. 4. 3 

SR DMA Status register 

SR6 DMA Status register bit 6 - the Field 7 wrap around carry error bit 

SR5 DMA Status register bit 5 - the Word Count Overflow error bit 

VR Interrupt Vector register 

WCR DMA Word Count register 

xxx Three bits of object code corresponding to "n". described above 

[ ] Contents of location enclosed within brackets 

A Logical AND 

V Logical OR 

Data is transferred in the direction of the arrow 
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DATA SHEETS 

ThiS section contains specific e"!edtrical and timiRg" data for the following devices: 

·IM6100CPU 
• IM6101 PIE 
• IM6102 MEDIC 

13-01 



IM6l00 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Input or Output Voltage Applied 
Storage Temperature Range 

IM6100/C +4.0V to, 7.0V 
IM6100A l-4.0V to 11.0V 
GND -0.3V to Vee +0.3V 

-65c C to +125 C 

Operating Temperature Range 
Commercial 
Industrial 
Military 

DC CHARACTERISTICS V" = 5.0V ~ 10% (IM6100). 10.0V cO 10% (IM6100A). TA = Commercial. Industrial or Military 

PARAMETER 
Logical "I" Input Voltage 
Logical "0" Input Voltage 
Input Leakage 
Logical "I" Output Voltage 
Logical "I" Output Voltage 
Logical "0" Output Voltage 
Logical "0" Output Voltage 
Output Leakage 
Suppty Current 

tnput Capacitance 
Output Capacitance 

SYMBOL 

VO• 
V" 
I" 
VOH2 

VOH' 
VOL2 

VOLl 

10 
Icc 

CO" 
Co 

CRYSTAL 
FREQUENCY·fc 

STATES 

LXMAA 

CONOITIONS 

OV:s;; VIN:s;: Vee 
lour=O 
10.=-0.2mA 
louT =0 
10L =1.6mA 
OV ~ Vo -,.; Vf,C 
Vee = 5.0 volts 
Vee = 10.0 volts 
C, = 50 pF; TA = 2S·C 
F CIDeK = Operating Frequency 

MEMJDEV/SW/CP ---+-... 

MIN TVP 

70% V" 

-1.0 
V,,-O.OI 
2.4 

-1.0 

5.0 
8.0 

SELECT b:=:;-..... 
-1'AS I-I!N IAl lOS 1--1 t-IOH 

~~111 %%ill iWJ,i';@I ~ 1% 
ADDRESS READ DATA WRITE DATA 

XTA r---'\. .. __________ _ 
XTB 

xm-1r--------------~\ .. ________________ _ 

tM6100 TIMING AND STATE SIGNALS 

AC CHARACTERISTICS (TA = 25· C) 0 Derate 0.390'·C 

Data sheets on pages 13-02 through 13-06 reprinted by permission of Intersil. Incorporated. 

13-02 

MAX 

2O%Vcc 
1.0 

GND +0.01 
0.45 
1.0 
2.5 
10.0 

O·Cto +75·C 
-40·C to +8S·C· 

-SS·C to +12S·C 

UNITS 

V 
V 

,.A 
V 
V 
V 
V 

,.A 
mA 
mA 

pF 
pF 



IM6101 

ABSOLUTE MAXIMUM RATINGS 
&lpply Voltage 

IM6101 +8.0V 
+12.0V 

Operating Temperature Range 
Industrial 

IM6101A 

Applied Input or 
Output Voltage 

Storage Temperature Range 

GND -·0.3V to VCC +0.3V 

Military 

Operating Voltage Range 
IM6101 
IM6101A 

DC CHARACTERISTICS VCC = Operating Voltage Range TA = Temperature Range 

PARAMETER SYMBOL CONDITIONS MIN TVP 

Logical "1" Input Voltage VIH 70%VCC 

Logical "0" Input Voltage Vil 

Input Leakage IlL OVo;;;;VIN o;;;;VCC -1.0 

Logical "1" Output Voltage VOH2 lOUT" 0 VCC -0.01 

Logical "1" Output Voltage VOHl IOH = -·0.2 mA 2.4 

Logical "0" Output Voltage VOL2 lOUT = 0 

Logical "0" Output Voltage VOLl IOL = 2.0 mA 

Output Leakage 10 av o;;;;VOo;;;;VCC -1.0 

&lpply Current ICCl VIN= VCC 1.0 

ICC2 VCC = 5V flM6100 = 4 MHz 1.0 

Input Capacitance CI 5 

Output Capacitance Co 8 

Input/Output Capacitance CID 8 

AC CHARACTERISTICS TA = 2S·C CL = SOpf 

PARAMETER SYMBOL CONDITIONS MIN TVP 

Delay from DEVSEL to READ tDR IM6101 VCC=SV 150 
IM6101A VCC = 10V 7S 

Delay from DEVSEL to WRITE tDW IM6101 VCC=SV lS0 
IM6101A VCC = 10V 75 

Delay from DEVSEL to FLAG tDF IM6101 VCC= SV 200 
IM6101A VCC = 10V 100 

Delay from DEVSEL to Cl, C2 tDC IM6101 VCC=SV 200 
IM6101A VCC = 10V 100 

Delay from DEVSEL to SKP/INT tDI IM6101 Vee = 5V 200 
IM6101A Vee = 10V 100 

Delay from DEVSEL to DX tDA IM6101 VCC=SV 200 
IM6101A VCC = 10V 100 

LXMAR pulse width tLXMAR IM6101 VCC=5V 200 
IM6101A VCC = 10V 100 

Address setu p ti me tADDS IM6101 VCC= SV SO 
IM6101A VCC = 10V 2S 

Address hold time tADDH IM6101 VCC = 5V 100 
IM6101A VCC = 10V 50 

Data setup time tDS IM6101 Vee = 5V 200 
IM6101A VCC = 10V 100 

Data hold time tDH IM6101 Vee=5V SO 
IM6l01A Vee = 10V 25 

13-D3 

-40·C to 8S·C 
-SS·C to 12S·C 

4Vto 7V 
4Vto llV 

MAX UNITS 

V 

20% VCC V 

1.0 /lA 

V 

V 

GND+O.Ol V 

0.4S V 

1.0 /lA 

/lA 

mA 

7 pf 

10 pf 

10 pf 

MAX UNITS 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 



IM6101 

TIMING DIAGRAM 

Timing for a typical lOT transfer is shown below. During 
IFETCH the processor obtains from memory an lOT 
instruction of the form 6XXX. During the IOTA the 
processor places that instruction back on the OX lines 
@ and pulses LXMAR transferring address and control 

information for the lOT transfer to all peripheral devices. 
A low going pulse on DEVSEL while XTC is high @ is 
used by the addressed PI E along with decoded control 

information to generate C1, C2, SKP and controls for data 
transfers to the processor. Control outputs ~ EAD 1 and 
READ2 are used to gate peripheral data to the OX lines 
during this time. A low going pulse on DEVSEL while XTC 
is low ® is used to generate WRITE1 and WRITE2 
controls. These signals are used to clock processor accumu· 
lator instruction data into peripheral devices. 

..... ------------IOTINSTRUCTION--------------! 

XTC 

LXMAR 

Ox (0-111 

READ 

WRITE 

WRITE 

CFLAG 

SFLAG 

FLAG 

SKPlINT 

1--_--1' r I-ILXMAR 

.. -IADDH 
IADDS-i-

<Dl ® @ ® ~.a@ 
lOA- - ~~.I-toH 

lOR .... ..... ::-"!-i=.toR f1--tow 

(NEGATIVE POLARITYI 
~ -{ lOW -

(POSITIVE POLARITYI h 

(NEGATIVE POLARITYI 

"'"' 'OF'" ~ 

.... 10F 1-_______________________ 
(VIA WCRA COMMANDI .. 
--------------------t~:. --~:. --~ioi-----

INTERRUPT DATA SKIP 

Sense FF are sampled 
wilen LXMAR i, hip by 
the PIE. 

toc .... ~::t_ 
~ 

I ntlrrupts are sampled by 
the IM6100 on the rising 
edge 01 T2. 

INTERRUPT DATA 

i-toc 

OX d .... CO. C1. ez. and 
lID ora road by the IM6100 
on the riling edge of T3. 

All PIE timing is generated from IM6100 signals LXMAR, 
DEVSEL, and XTC.· No additional timing signals, clocks, 
or one shots are required. Propagation delays, pulse width, 
data setup and hold times are specified for direct inter
facing with the IM6100. 
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IM6102 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Input or Output Voltage applied 

Storage Temperature Range 

Operating Temperature Range 

Operating Voltage Range 

BV 

GND -0.3V to V CC + 0.3V 
-65·C to +150·C 

IM61021 -40·C to +85·C 

IM6102M -55·Cto+125·C 

4-7V 

DC CHARACTERISTICS V CC = 5.0V ± 10% T A = Industrial or Military 

PARAMETER 

Logical "1" I nput Voltage 

Logical "0" Input Voltage 

Input Leakage 

Logical "1" Output Voltage 

Logical "0" Output Voltage 

Output Leakage 

Supply Current 

Input Capacitance 

Output Capacitance 

AC CHARACTERISTICS 

SYMBOL 

VIH 

VIL 

IlL 

VOH 

VOL 

10 

ICC 

CIN 

Co 

CONDITIONS 

OV .;; VIN .;; VCC except pins 15.29.31 
IOH=-0.2 mA except pins 32. 33. 34 

IOL = 2.0mA 

OV';;VO';;VCC 

Vcc= 5.0V 

CL = 50 pF; TA = 25·C 

FCLOCK = Operating Frequency 

MIN 

VCC-2.0 

-1.0 

2.4 

-1.0 

TYP 

7.0 
B.O 

MAX 

O.B 

1.0 

0.45 

1.0 

2.5 

B.O 

10.0 

VCC = 5.0V ± 10% TA = Industrial 0, Military CL = 50pF fc = 4MHZ : TS = 2/fc = 500ns All times in ns 

PARAMETER SYMBOL MIN TYP MAX PARAMETER SYMBOL MIN 

LXMAR pulse width IN tLIN 260 LXMAR· pulse width tLD 
XTApulsewidth IN tXAI 600 160 

DMA READ access time: 
Address setup time IN: DX·LXMAR UI tAIS 100 LXMAR· IlI·UP Itl 'DRAT 
Address hold time IN: LXMAR UI·DX tAIH 100 

OX & EMA add,e .. setup time tDXAS 
Data output enable time: wrt LXMAR· (l) tEMAS 

DEVSEL(l)·DX tDEN 200 
Controls output enable time: OX & EMA address hold time tDXAH 

DEVSEL UHines CO, CI, C2, SII tCEN 100 wrt LXMAR· (ll tEMAH 

Write pulse width IN tDVW 75 OMA READ enable time: 
MEMSEL· (ll·UP (t) tDREN 

Data input setup time: DX·DEVSEL (tl tDIS 0 
Data input hold time: DEVSEL (tj·DX tDIH 60 UP pulse width DMA READ 'RUP 

RESET input pulse width tRST 100 DMA WRITE access time: 
LXMAR· (l)·MEMSEL· (t) tDWAT 

SKPIINTX to SKPIINT 
propagation delay tSID 100 DMA WR ITE enable time: 

UP U)·MEMSEL· (t) 'OWEN 
DMA control signals delay: XTC·XTC·; 

MEMSEL· MEMSEL·, LXMAR· MEMSEL· ,etuptime DMA WRITE 
LXMAR· tOM LX 100 MEMSEL· (lj·Ll<MAR· (l) tMWS 

Enable/Diseble'tima from DMAEN ,etup time w.r.t. XTA (t) tOMS 
DMAGNT to EMA lines tDEM 100 DMAEN hold time w.r.t. XTA (T) tDMH 

MEMSEL· pul,e width· DMA READ tMDR 500 UP pulse width DMA WR ITE twuP 
MEMSEL· pulse width . DMA WRITE tMDW 625 
MEMSEL· pulse width· 

DMA READ/REFSH tMDRR 500 
MEMSE L • pulse width· 

DMA WRITE/REFSH tMDWR 375 
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IM61021 
IM6102M 

UNITS 

V 

V 

IlA 
V 

V 

IlA 
mA 

pF 

pF 

TYP 

250 

500 

375 
375 

125 
125 

375 

250 

600 

375 

125 

50 
50 

500 

MAX 



IM6102 

SOMA OPERATIONS TIMING 

DMAREAD 
LXMAR-

~--~l~~VIL -'DRAT--~ --
MEMSEV 

UP 

DMAWRITE 
--.--r~IH LXMAR-

MEMSEL-

UP 

DMA 
READ/REFRE SH tOMLX-~ 

MEMSEL-

UP 

DMA 
WRITE/REFRE 

UP 

LXMAR 

MEMSEL 

ox 
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Chapter 14 
THE 8X300 (OR SMS300) 

We have described this product in previous editions under the designation SMS300. However. its manufacturer 
now calls it 8X300. and that is the standard part number. 

The 8X300 is described by its manufacturer as a "microcontroller" rather than a "microprocessor". This distinc
tion draws attention to the unique capabilities of the 8X300 which make it the most remarkable device de
scribed in this book. 

The 8X300 is designed to serve as a signal processor or logic controller. operating at very high speed. The 
8X300 can handle applications of this type at more than ten times the speed of most other devices described in 
this book. On the other hand. the 8X300 has a very limited ability to access read/write memory. or to perform 
arithmetic operations - particularly when handling multibyte arithmetic. 

If yours is a high-speed. signal processing application. then give the 8X300 serious consideration: otherwise. the 
8X300 is probably not for you. 

We describe the 8X300 in Chapter 14 because it lies between the 8-bit microcomputers. which we have just described. 
and the 16-bit devices described beginning with Chapter 15. The 8X300 accesses program memory as 16-bit words. 
while accessing data in 8-bit units. 

Although Scientific Micro Systeins was originally considered the prime source for the 8X300 (then known as 
the SMS300). the only manufacturer of 8X300 parts to date has been Signetics. Signetics has always manufac
tured parts for itself and for Scientific Micro Systems. even through Signetics was looked upon as the second source. 
The second source designation came from the fact that the part was initially designed by Scientific Micro Systems. 
which contracted with Signetics for production. Scientific Micro Systems no longer sells the 8X300 or related compo
nents. 

AII8X300 devices are manufactured using bipolar technology. For this reason. devices have very fast logic: but conver
sely. they consume a great deal of power. 

At present. the sole source for 8X300 components is: 

SIGNETICS 
P.O. 80x 9052 

811 E. Arques Avenue 
Sunnyvale. CA 94086 

THE 8X300 MICROCONTROLLER 

Figure 14-1 illustrates that part of our general microcomputer logic which is implemented by the 8X300 Micro
controller. Figure 14-2 provides a functional overview of this device. 
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Programmable 
Timers 

_ 8X3OO Mlcrocontroller 

~ fIf32/3/5/8 

Figure 14-1. Logic ofthe 8X300 Microcontroller and 8T32/3/&/& 

The 8X300 is manufactured using bipolar LSI technology; it is packaged as a 50-pin DIP. A single +5V power supply is 
required. 

Using a 1'50 nanosecond clock. instructions execute in 250 nanoseconds. However. comparing 8X300 instruction ex
ecution times with other microcomputer instruction times can be misleading. A single 8X300 instruction. when simply 
manipulating data. can be the equivalent of five "typical" microcomputer instructions; on the other hand. it may take 
four or more 8X300 instructions to perform a memory access which could be accomplished using one "typicClI" 
microcomputer instruction. 

It is important to note that the very fast 8X300 clock demands external logic with appropriately fast response times. 
You are therefore highly restricted in the size of memory. and the type of I/O device which you can include in an 8X300 
microcomputer system. 
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Figure 14-2. A Logic Overview of the 8X300 Microcontroller 

8X300 ADDRESSABLE REGISTERS 
Addressable registers of the 8X300 may be illustrated 8S follows: 

R1 
R2 
R3 
R4 General Purpoee Registers 18 bits) 
R5 
R6 
R1l 

Auxillaly R8g1ster 18 bits) 

I Program Counter 113 b~s) 

erl6 bits) IIYB Bus Buff 
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The seven General Purpose registers and the Auxiliary register constitute eight primary Accumulators. The 
result of any ALU operation may be stored in the Auxiliary register. or in anyone of the seven General Purpose registers. 
ALU operations that require a single data input may receive this input from any General Purpose register. or from the 
Auxiliary register. ALU operations that require two data inputs will receive the second data input from the Auxiliary 
register only. 

The 8X300 IVB Bus is equivalent to a microprocessor Data Bus. The IVB Bus buffer operates as a source or destina
tion for data in the same way as a general purpose register; it can be the destination of an ALU operation. or it can be 
the source for one ALU input. Strictly speaking. the IVB Bus buffer is not a programmable register. in that there are no 
instructions that will simply load data into the IVB Bus buffer or read data out of the IVB Bus buffer. However. any in
struction that outputs data on the IVB Bus or reads data off the IVB Bus will also write into the IVB Bus buffer. 

The strange general purpose register numbering reflects instruction object code interpretations which we will describe 
later in this chapter. 8X300 assembly language uses register designations to identify a number of operations that have 
nothing to do with programmable registers; do not be confused. 

The Prqgram Counter is thirteen bits wide; thus. a total of 8192 program memory words may be addressed. The 
Program Counter is one feature of 8X300 logic which is not unusual; at all times. this register addresses the next pro
gram memory location from which an instruction code will be fetched. 

Manufacturer's literature describes an Instruction Address register. but this is not a programmable register; it is simply 
a location within which effective proQram memory addresses are computed before being output to the program memo
ry. 

Observe that the 8X300 has no Data Counter. Stack Pointer. or other logic via which external data memory can 
be addressed. 

8X300 STATUS FLAGS 
The 8X300 has a single status flag. referred to in the manufacturer's literature as the Overflow (OVF) flag. This flag is. 
in fact. a Carry status. as we would define it. 

In keeping with the generally unusual architecture of the 8X300. the Overflow status flag is addressed as though it 
were the low order bit of General Purpose Register 8 (10 octall. 

8X300 MEMORY ADDRESSING 
The 8X300 can access program memory and I/O devices; the 8X300 has no logic capable of addressing data 
memory. 

Program memory is addressed in 16-bit words; up to 8192 words of program memory can be 
addressed. You can address program memory in order to fetch instruction object codes. but 
that is all. You cannot store data tables in program memory. because there is absolutely no 
way of transferring the contents of a program memory word to any data register. Also. there is 
absolutely no way in which you can write into program memory. 

All data and external logic is addressed as 8-bit data units. via 512 I/O port addresses. If 
you want to have readlwrite memory present in an 8X300 system. you must set aside a block 
of contiguous 1/0 port addresses in order to select individual bytes of readlwrite memory; 
alternatively. you must access 8-bit buffers. via I/O port addresses. in order to create the 

8X300 
PROGRAM 
MEMORY 
ADDRESSING 

8X300 
DATA AND I/O 
ADDRESSING 

memory address and Data Busses which are needed by external readlwrite memory. For example. you could address 
65.536 bytes of external readlwrite memory by allocating two 8-bit 1/0 ports to hold 16 bits of data which will create a 
memory Address Bus; a third 8-bit I/O port must be set aside as a buffer. holding data being written out to external 
memory or being read from external memory. 

The 8T32/3/5/6 Interface Vector Bytes (IV Bytes). which are described later in this chapter. have 
been designed to operate as I/O ports. readlwrite memory and the 8X300 Microcontroller external 
logic interface. Because of the unique architecture of the 8X300. and particularly because of its 
very high speed. you will probably find that the IV Bytes currently have no substitutes in any 8X300 microcomputer 
system. 

Looking at the 8X300 from the frame of reference of any other microcomputer described in 
this book. an IV Byte is a simple. 8-bit parallel 1/0 port. But unlike the 1/0 ports of other 
microprocessors. 8X300 instructions that access an 1/0 port do not identify the 1/0 port that is 
to be accessed. You must first execute an instruction which selects an 1/0 port; then any in

8T32/3/5/6 
IV BYTE 
ADDRESSING 

struction which specifies an I/O port access will access the most recently selected 1/0 port. You can have two 1/0 ports 
simultaneously selected. since the 8X300 divides a total of 512 addressable 1/0 ports into a left bank and a right 
bank -within each bank a single IV Byte can be selected. 
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As we have already stated. if you want to have read/write memory present in an 8X300 microcomputer system. you 
must create the address and Data Bus required by the external read/write memory using IV bytes. This is no different 
than using I/O ports of any other microcomputer system described in this book in order to create Address and Data 
Busses. The reason the 8X300 can get away with such an apparently clumsy method of accessing read/write memory 
is because of the very high speed of instruction execution - and because of the fact that the 8X300 is simply not 
designed for data manipulations that use a lot of read/write memory. For the type of signal processing and logic control 
applications that are well suited to an 8X300. 512 bytes of external read/write memory will be more than sufficient. 

VCR 50 VREG 
IA51A7 2 49 AI (A41 
(A61A6 3 46 AI (A3) 
(A7)A5 4 47 Al0(A2) 
IA81A4 5 46 All (At) 
(A91A3 6 45 A12 (AOI 

(AtO)A2 7 44 . iiALi' 
(Att)Al '6 43 iiEi' 
(At2IAO 9 42 MCLK 

XI 10 41 Mi M) 
X2 11 40 iVi IMI 

GND 12 39 iV2(iV5) 
(lt5) 10 13 8X3OO 38 iVsliV4\ 
(lt4) 11 14 37 Vee 
(lt3) 12 15 36 iV4 (lV3) 

(112) 13 18 35 iViliV2l 
(It 1)14 17 34 iVi liV'f) 
(ItO) 15 18 33 MiiVo} 

(19) 16 19 32 iii 
(18) 17 31 Li 
(17118 30 we 
(16119 22 29 sc 

(15) 110 23 28 115 (10) 
(141111 24 27 114 (111 
(131112 25 28 113 (12) 

Pin Name Daacriptlon Type ./ 

AO-AI2 ProglBm Memory AdcIreaa Bus_ Output 

Mi-iV7 Interface Vector Byte.Bua IIIdlr8ctlonsl 
iiii.ii. we.SC Control Signals Output 
MCLK Synchronizing Cock Oinput 
HALT' CPU Hall Input 
iiSEi' -. Input 
XI. X2 CJyataI Connections Input 

10 -115 InatruClion Bua· Input 

VREG R ........ Voltage 10 Peso TlBnsialOr 

VCR Regulated Supply Voltage from Peso TlBnsiaIOr 
Vee.GND Power and Ground 

Figure 14-3. 8X300 Microcontroller Signals and Pin Assignments 

8X300 PINS AND SIGNALS 
8X300 pins and signals are illustrated in Figure 14-3. 

Signetics literature numbers bits and busses beginning with 0 for the high-order bit or line. We number bits and busses 
in the opposite direction. with 0 representing the low-order bit or line. In Figure 14-3. therefore. signals are identified 
first with the nomenclature used by Signetics documentation. then in parentheses with the signal name using our 
numbering system. Furthermore. all bit numbers throughout this chapter refer to our numbering system. 

All addresses are output to program memory via the Address Bus lines AO - A 12. Note carefully that addresses 
cannot be output via AO - A 12 to data memory. The only time an address will be output via the Address Bus is dur
ing an instruction fetch operation. The fetched instruction object code will be returned via the sixteen instruction 
pins. 10 - 115. 

IVO - 'lV7 is a combined Address and Data Bus via which external logic is accessed by the 8X300. You will find it 
easiest to understand this bus if you visualize it as a multiplex I/O port address and I/O Data Bus. 
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The two control signals. RB and LB. may be looked upon as an extension to the IVB Bus when an liD port address 
is being output via this bus. Whenever an address is being output on the IVB Bus. either RB or LB will be low, while the 
other signal is high. You can use these two signals in order to decode the address on the IVB Bus as selecting one or 
two of the 256 liD port banks. We will describe how to output liD port addresses. as against data, later in this chapter. 

The WC and SC control outputs further define the contents of the IVB Bus as follows: 

SC WC 
o 0 Data is input to the 8X300 via the IVB Bus 
o 1 Data is output on the IVB Bus by the 8X300 
lOAn liD port address is output on the IVB Bus by the 8X300 
1 1 Never output 

MCLK is a synchronizing clock signal which is output as a high pulse during the last quarter of every instruction cy
cle. 

The HALT and RESET signals are absolutely standard, 

When HALT is input low. the 8X300 will cease executing instructions until HALT is input high again. 

When RESET is input low and is held low for at least one machine cycle. the Program Counter contents are set to zero;' 
subsequently, program execution will begin again with execution of the instruction stored in memory location zero. 

The two inputs X1 and X2 are used either to connect a crystal or a capacitor. If the 8X300 Microcontroller is being 
used at maximum speed (125 nanosecond signal frequency) then you must connect a crystal across Xl and X2. If you 
are using a slower clock, then a capacitor connected across these two inputs will suffice. 

8X300 INSTRUCTION EXECUTION AND TIMING 
8X300 instructions are executed in either one or two machine cycles. Minimum instruction cycle time is 250 
nanoseconds, Each instruction cycle is divided into 62.5 nanosecond quarters as follows: 

One machine cvcle (250 ns) 

( 
/"-. 

'\ 
I I I I 
I 1 I I 
I I 

~ L I MCLK I 
I First I I Fourth I 

I Quarter I I Quarter I 
Second 1 Third I I Input 

I 
Output 

QUBrter I Quarter I I instruction 
I next 

~ 
via 10-115 

I) 
I instruction I 
I address via I .....,. 
I AO-A12 and I 

Input data via I 
IVB Bus I data via I 

I IVBO-IVB7 I 
\ ) 

'" Perform intemal 
logic operations 

During the fourth quarter of a machine cycle, the address for the next machine cycle's instruction object code is output 
via the Address Bus, AO - A 12. 

During the first quarter of the next machine cycle, the addressed instruction object code is input via the Instruction 
Bus, 10 - 115. 

During the second and third quarters of a machine cycle, data is input off the IVB Bus by the 8X300, if necessary; then 
any internal operations on data are perforrned. 

During the fourth quarter, in addition to the next address being output to program memory, data is output to the IVB 
Bus, if necessary. 

Within the rather simple-looking instruction tirning illustrated above, some very complex event sequences can occur as 
a result of the 8X300 Microcontroller's unique internal logic organization. Timing and propagation delays are quite 
complex and must be examined with care using vendor data sheets as your guide. 

The 8X300 Microcontroller's internal logic is unique because a good deal of it is distributed along various data 
paths, This is illustrated in Figure 14-2. 
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Consider the implications of the shift. merge. rotate and mask logic positions. 

Data entering the Arithmetic and Logic Unit. either from the IVB Bus Buffer. or from a general pur
pose register. must pass through both the rotate and mask logic. The rotate logic optionally allows 
the entering eight data bits to be right-rotated by any number of bit positions: 

The mask logic optionally allows you to take the output from the rotate logic and mask off any 
number of bits. beginning with the high-order bit: 

A 
Mask Out ..... 1\'" Keep 

./ , - " ,l " Range ?f ,":" 
, .... mask OptiOnS -, 

11111111 
MI!skad out bit positlo .... are RlPlaced by O. 

8X300 
ROTATE 
AND MASK 
LOGIC 

Thus. the data entering the ALU from either a general purpose register or the IVB Bus register may be rotated and/or 
masked before being operated on. . 

Combining the rotate and mask logic that we have just described. the input to the ALU may be illustrated as follows: 

Bit NumbersC. 7 0 1 

4 3 2 
\ 

high order Arrv 

bit boUniiary~c:= 
of bits 

data bits 
Zero bits ... ~ ..... 

_./ '-.,. .... 
/ range of " 

I bouda ' t I I In t I I J I 

Incoming data shown as 
8 continuous cylinder to 
illustrate right rotate capability 

Resuh of rotate/mask logic 

7 6 ~ 43210 ,-BitNumber 

Suppose an input is right-rotated three bit positions. then the two high-order bits are masked off: this would be the 
result: 

7 6 543 
Initial value: A7 A6 A5 A4 A3 

After right rotate: A2 A 1 AD A7 A6 
After mask: D D AD A7 A6 

2 1 
A2 A1 
A5 A4 
A5 A4 

D 
AD 
A3 
A3 

Bit No. 

The result of the rotate/mask logic illustrated above becomes an Arithmetic and Logic Unit (ALU) input: it may be the 
only ALU input. or it may be one of two ALU inputs. If it is the only ALU input. it willsimply be passed through the ALU. 
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If it is one of two ALU inputs. then the second input is the unmodified contents of an a-bit Auxiliary register. You may 
Add. AND or XOR the two operands: 

AuxDiary register 
contents 

mask/rotate logic 

Thus. the ALU output may be the unmodified result of rotate and mask logic. or it may be the output from an arithmetic 
or logical operation. as illustrated above. In either case. the ALU output may be stored in the Auxiliary register. or in one 
of the general purpose registers: or it may be output to the IVB Bus. 

Data being transferred to the IVB Bus passes through shift and merge logic. This shift and merge 
logic combines in a very unusual way. ALU output. if shifted. may be shifted left from one to seven 
bits. However. zeros are not shifted in to the low-order bits: rather. any prior contents of the IVB 
Buffer are moved into the vacated bit positions. 

8X300 
SHIFT AND 
MERGE LOGIC 

In addition, you can specify the number of high-order bits which will retain their IVB Buffer values. This may be illustr
ated as follows: 

Bit Bit 
7 0 

BJ Beete. I etc.A~. I etc. Bl Bo. 
~- - ..-..- -. -

t {
These Iow-order bit. equal the number of left 

'----- shifts specified. and retain prior'IVB buffer bit 

contents. t 
'---------- Merge specification specifies this bit field width. 

{
If sum of shift left and merge field' width is 1e88 

'------------- than 8. remaining high-order bits retain prior IVB 

buffer values. 

Thus you create a new IVBBus output by inserting from one to eight new data bits anywhere in the old data bit field. In 
the illustration above. Ai represents new data bits: Bi represents old IVB Buffer bits. 

Suppose you specify a 2-bit left shift and a 3-bit merge: this would be the result: 
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Figures 14-4 through 14-7 illustrate the four possible data paths that may be specified by aX300 instructions. In all four 
figures. data entering the ALU from the Auxiliary register is optional. but. if present. requires an Add. AND or XOR 
operation to be performed. 

THE 8X300 INSTRUCTION SET 
We cannot neatly categorize Instructions as we have done for any other product described In this book; one 
8X300 instruction may perform a data move. plus five additional operations. Therefore. in order to summarize 
the 8X300 instruction set in Table 14-2. we list individual instructions that perform many operations under e!lch 
of the instruction classes that may apply. 

Table 14-2 will help you understand what the true comparison is between theaX300 instruction set and other 
microcomputer instruction sets. However. Table 14-2 will do nothing to help you understand 8X300 assembly 
language. This is because of the strange assembly language mnemonics adopted by Scientific Micro Systems for the 
aX300 Assembler. But without some understanding ofaX300 instruction codes. any further discussion of assembly 
language mnemonics will have little meaning; therefore let us take a look at these object codes. and simultaneously 
look at the assembly language syntax that goes with them. 

The one general statement that can be made for all 8X300 instructions is that every Instruction has a single. 16-
bit object code; the 3 high-order object code bits define the instruction class. while the next 13 bits provide ad
ditional operand or qualifying data. This may be illustrated as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 

I I I I I I I I I I I I I I I I I 
.J 

Operand 

Instruction Class 

Now we are going to make the discussion which follows conform to the rest of this book by numbering instruction 
words and data byte bits from right to left and we are going to use hexadecimal object code notation. Signetics' 
literature. by way of contrast. numbers data words from left to right. and uses a form of bastardized octal notation to 
describe instruction object codes. 

The first four classes of 8X300 instructions have identical object code formats which may be illustrated as 
follows: . 

IS 14 13 12 11 10 9 8 7 6 5 " 3 2 I 0 

I I I I I I I I I I I I I I I I I --...--

t t L 

Bit No. 
Instruction Object Code 

Destination definition 

Source rotete or meek, and 

destination marge definition 

Source definition 

'---------1: 010 
011 

MOVE 
ADD 

AND 

XOR 

The "Source definition" and "Destination definition" are defined as register numbers; since each definition is five bits 
wide. a register number in the range 0016 through 1F16 (OOa through 37a) may be specified. But you get to specify a 
lot more than a source or destination register. Table 14-1 summarizes the possibilities. 
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Table 14-1. 8X300 Source and Destination Object Code Interpretations 

CODE INTERPRETATION 

BINARY OCTAL HEX SOURCE DEANmoN I DESTINATION DEANmoN 

00000 00 00 Auxiliary register 

00001 01 01 General Purpose Register R 1 

00010 02 02 General Purpose Register R2 

00011 03 03 General Purpose Register R3 

00100 04 04 General Purpose Register R4 

00101 05 05 General Purpose Register R5 

00110 06 06 General Purpose Register RB 

00111 07 07 All zero input 

I 
Output an 8-bitl/O port addra.s 
to a left bank IV Byte 

01000 10 08 OVF status (low-order bit only) Not allowed 

01001 11 09 General Purpose Register Rll 

01010 12 OA } through No operation 
01110 16 OE 

01111 17 OF All zero input Output an B-bltl/O port add .. ssto 

a right bank IV Byte. 

10XXX 2X 10 Contents of left bank IV Byte AlU output i. shifted left 7-X 

to selected by most recent 07 output bit positions. After passing 

17 is loaded into IVB buffer: this through merge logic. merge logic 

data is then right rotated X bit output will ba stored in IVB ' 

positions. on its way to the ALU. 

I 
buffer. and in left bank IV Byte 

IVB buffer holds unrotated input. most recently selected by an 

07 output. 

llXXX 3X 18 Identical to 10XXX. e.co,pt that right bank IV Byte most recently 

to salected by a OF (or 17) output is accessed. 

lF 

8X300 assembly language syntax closely follows the object code format; this may be illustrated as follows: 

LABEL OP S. N. D 

LABEL represents any normal assembly language instruction label: as usual. LABEL is optional. 

OP represents the operation or instruction mnemonic. OP may be MOVE. ADD. AND. or XOR. depending on which of 
the four instructions is being executed. OP corresponds to bits 15. 14 and 13 of the instruction code. 

The assembly language operand field consists of three terms: S. Nand D. 

With reference to the instruction object code we have illustrated above. S represents bits 8 through 12. the source 
definition. 

N represents bits 5 through 7 which may provide rotation. mask or merge parameters. depending on the nature of S 
and D. 

D represents bits 0 through 4 of the instruction object code and provides the destination definition. 

The problem with the S. Nand D terms of the operand field is that they are not reali'y operands as one would normally 
define them in an assembly language instruction set. These three fields also help identify part of the instruction opera
tion. or mnemonic. If you approach 8X300 assembly language realizing that its operand field is really an extension of 
the mnemonic field. you will have less trouble understanding individual instructions. 

The various ways in which a Move. Add. AND. or XOR instruction may be executed are illustrated in Figures 14-4 
through 14-7. Let us look at these possibilities in more detail. 

When a register is specified as both the source and destination of data. Figure 14-4 defines the operation. Refer
ring to this figure. note that the source data is rotated. but it is not masked. The second ALU input will only occur if you 
are executiAg an Add. AND. or XOR instruction: and in each case the second ALU input will be the unmodified con
tents of the Auxiliary register. 
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The classes of instruction illustrated in Figure 14-4 can be listed under the following categories: 
j 

1) A Register-Register Move. This involves specifying a Move instruction with different registers as the data.source 
and destination. but no right rotate. 

2) Register Operate. By specifying the same register as the source and destination for a MOVE. you can create a 
Register Operate instruction if you also specify some degree of right rotation. You can create additional Register 
Operate instructions by specifying the Auxiliary register as both source and destination for an Add. AND or XOR in
struction. 

3) Register-Register Operate. By specifying an Add. AND or XOR operation that does not use the Auxiliary register as 
both source and destination. you create Register-Register Operate instructions. 

Consider some possibilities. 

In order to complement any register's contents. load FF16 into the Auxiliary register (using an XMIT instruction!' then 
XOR the General Purpose register contents with the Auxiliary register contents. returning the results to the General Pur
pose register. These two instructions can be executed in 500 nanoseconds. 

You can AND or XOR Auxiliary register bits with other data bits from the same Auxiliary register by specifying the Aux
iliary register as the source and destination for an AND or XOR instruction with right rotate. The ability to perform logi
cal operations on bits within a single 8"bit unit is very useful if you are treating the contents of a register as status. 
representing individual signal levels rather than treating the bits contiguously. as data items. 

Apparently absent instructions. such as Register Increment. Register Decrement. OR and Compare. can be generated 
by using the Auxiliary register to hold appropriate intermediate data. 

General 

Purpose 

Register 

Shift 

Instruction Object Code 
lit No. 

Figure 14-4. An 8X300 Register-lo-Register Instruction's Execution 
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Figure 14-6 Illustrates Move. Add. AND and XOR instructions where the IVB Bus Is the data source and a 
general purpose register is the data destination. Referring to Figure 14-5. observe that the mask and right rotate 
logic are both involved. Bits 5.6 and 7 of the instruction object code. which in Figure 14-4 specify the amount of right 
rotation. in Figure 14-5 specify the degree of masking which will occur. Bits a. 9 and 10 in Figure 14-5 specify the 
amount of right rotation which will occur. 

aX300 assembly language mnemonics do not discriminate between this new use of bits 5.6 and 7. You will still write 
assembly language instructions with the format: 

LABEL OP S. N. 0 

5 now defines the right rotate while N defines the masking operation. 

Now consider instructions which specify an IV byte as the data destination. Figure 14-6 illustrates instructions 
where a General Purpose register is the instruction source; Figure 14-7 illustrates IV byte-to-IV byte opera
tions. 

General 
Purpose 
Register 

Instruction object Coda 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 

Figure 14-5. An aX300 IV Byte-to-Register Instruction's Execution 

There are three instruction classes which include immediate data. 

The XEC instruction. identified by 100 in the three high-order object code bits. uses the 13 operand bits to compute a 
temporary program memory address out of which the next instruction object code will be fetched. When an XEC in
struction is executed the Program Counter contents are not incremented. 
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The NZT instruction. specified by 101 in the three high-order object code bits, provides the 8X300 with its conditional 
logic. 

The XMIT Instruction. represented by 110 in the three high-order object code bits, provides the 8X300 with its im
mediate instructions. 

Figure 14-6. An 8X300 Register-to-IV Byte Instruction's Execution 
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In8truclion Object Code 

8 7 6 5 " 3 2 1'0 BlIND. 

Figure 14-7. An 8X300 IV Byte-to-IV Byte Instruction's Execution 

All three Instructions. XEC. NZT and XMIT. use one of the two following instruction object code formats: 

Format A: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 

! IlJ2!2l v!tvJ.J I II J I I) 
~- t t ...... -----.. 8 bits of immediate data 

- Register specified by yyy 

Instruction object code 

L------------------l:~~~ 
110 XMIT 
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Format B: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit No. 

II I II I I I I I I I I I I I Instruction object code 

1
.,-. T r- t~ '".M;~_"'~ l - Mask or merge specification 

Right rotate or left shift specification 

j 10 Left ba~k IV Byte 
'--------------'·lll Right bank IV Byte 

{
100 XEC (rotate and mask) 

...... ---------------- 101 NZT (rotate and mask) 
110 XMIT (shift and merge) 

For all three instructions. XEC. NZT and XMIT. the Format A object code uses bits a through 12 to specify a General 
Purpose register. or the Auxiliary register. 

The Format B instruction object code uses bits 5 through 12 to specify the currently selected left bank or right bank IV 
byte. where byte contents will be subject to a mask and a rotate. as illustrated in Figure 14-5. 

Let us take another look at how the XEC. NZT and XMIT instructions use the data generated by their operand 
bits. 

The XEC instruction allows you to stay at one object code. continuously re-executing this single object code. while it 
points to another object code which actually gets executed. The address of the object code which actually gets ex
ecuted is computed in one of two ways: 

1) For the Format A object code. the current five high-order Program Counter bits are concatenated with the a-bit 
sum of the specified register contents. plus the immediate data: 

------12 11 10 9 B 7 6 5 .. 3 2 1 0 11 10 9 B 7 6 5 .. 3 2 1 0 

pcl 1 1 1 1 1 1 1 1 1 1 1 1 1 Ilvlvlvlllllll IJ~:t 

! 
:a:':1 1 1 I' 1 "I 1 1 1 1 1 1 1 1 111111 1 1 I Registeryyy 

12 11 10 9 B 7 6 5 .. 3 2 1 0 
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2) With the second object code format. the 8 high-order current Program Counter bits are concatenated with the 5-
bit sum of the immediate data. plus the rotated and masked IV byte data: 

12 11 10 9 8 7 6 5 4 3 2 1 0 

pelllllllllllll) 

I 
~:::::I I I I I I I I I I I I I 

12 11 10 9 8 7 6 5 4 3 2 1 0 

You may use XEC instructions in one of two ways: 

Low-order five 
bits of rotated 

and masked IV Byte 

contents 

1) You may create a branch table of Jump instructions: based on the contents of any General Purpose register or IV 
byte. you may jump to one of 256 locations uSing Format A instruction object code. or one of 32 locations using 
Format B instruct,ion object code. 

2) Extemal logic may directly control the sequence in which instructions are executed. The XEC instruction is 
equivalent to a single instruction which requires 500 nanoseconds to execute: 250 nanoseconds to process the 
XEC instruction's object code and another 250 nanoseconds to execute the object code fetched in response to the 
XEC instruction. If you are using the Format B instruction. external logic can use the second 250 nanosecond time 
interval to load new data into the selected IV byte. Thus. external logic can indefinitely control instruction execu
tion sequence within an 8X300 microcomputer system. 

The NZT instruction uses the 13 operand bits to identify a data byte that will be tested for a zero or a nonzero value. 
Additional operand bits are used to identify a branch address. If the identified data has a nonzero value. then the 
branch address is used to generate an absolute paged jump. 

The Format A NZT instruction object code tests the contents of a general purpose register: upon detecting a nonzero 
value. the eight immediate data bits are loaded into the eight low-order Program Counter bits - thus caUSing an ab
solute paged branch to occur within a 256-word program memory page. For zero general purpose register contents. the 
next sequential instruction is executed in the normal way. 

The Format B NZT instruction tests the contents of a selected IV byte. subject to rotate and mask logic. Upon detecting 
a nonzero result. the five immediate data bits are loaded into the low-order five Program Counter bits thus causing an 
absolute. paged branch to occur within a 32-word program memory page. If a zero result is detected. program execu
tion continues with the next sequential instruction. 

Thus the NZT instruction allows you to base branch logic on the contents of the Overflow status. or on any bii field. in 
any general purpose register. auxiliary register or external addressable location. We cannot classify such a wide-rang
ing instruction as a single instruction: it would not conform with the definition of a single assembly language instruc
tion as used by any other microcomputer described in this book. 

In the case of the XMIT instruction. the immediate data gets loaded into the general purpose register specified by a 
Format A instruction. or the external IV byte specified by a Format B instruction. In the case of a Format B instruction. 
the immediate data is shifted and merged. as illustrated in Figure 14-7. before being output to the identified IV byte. 
Recall that the identified IV byte will be the byte most recently selected by a Move instruction that specifies Register 7 
or F as the destination. 

The Jump instruction is the only one which remains to be described: it is also the simplest to describe. When this in
struction is executed. the 13 operand bits are loaded directly into the Program Counter: thus you perform a simple un
conditional jump to any location in program memory. 

Observe that the 8X300 has no subroutine or interrupt handling logic. 

Subroutine logic can be created using the XEC instruction and a'n appropriate jump table. but this is rather clumsy. In 
most cases it will be simpler to do without subroutines. 

The lack of interrupt logic is probably inconsequential. Given the fqct that the 8X300 can execute instructions in 300 
nanoseconds. polling on status will invariably be a satisfactory way of allowing external logic to control events within 
the 8X300 microcomputer system. 
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A very effective way of allowing external logic to control the 8X300 microcomputer system is to have the system con
tinuously re-execute an ineffective instruction as the result of an XEC. For example. the XEC could point to an instruc
tion which simply moves the contents of a General Purpose register back into itself. Using Format B for the XEC instruc
tion. external logic could modify the contents of the selected external IV byte in order to force program execution to 
branch in one of 31 different directions. 

THE 8X300 BENCHMARK PROGRAM 
The benchmark program we have been using throughout this book is particularly ill suited to the 8X300; in fact. it 
could well illustrate a benchmark program that a competitor would select in order to make the 8X300 look bad. This is 
because the 8X300 is not good at memory addressing. The 8X300 would never be used in an application that prin
cipally reads blocks of data into read/write memory. then moves blocks of data around read/write memory. 

The 8X300 has no ability to address read/write memory; as we have already described earlier in this chapter. should 
you require the presence of read/write memory in an 8X300 system. you are going to have to create a memory Address 
Bus and Data Bus for the external read/write memory; IV bytes must be used to create these busses. 

We will therefore change the benchmark program so that a sequence of data bytes entering via the left bank IV byte 
must immediately be output via a right bank IV byte. The first byte read will be interpreted as identifying the number of 
data bytes to follow. Now the benchmark will appear as follows: 

XMIT AUX.377 LOAD 377 OCTAL INTO THE AUXILIARY REGISTER TO DECREMENT COUNTER 
XMIT 20.0.SRCE SELECT SOURCE IV BYTE IN LEFT BANK 
XMIT 30.0.DST SELECT DESTINATION IV BYTE IN RIGHT BANK 
MOVE R1.0.SRCE LOAD COUNTER INTO R1 

LOOP MOVE SRCE.O.DST MOVE NEXT DATA BYTE 
ADD R1.0.R1 DECREMENT COUNTER 
NZT R1.LOOP 

The following symbols are used in Table 14-2: 

A Auxiliary register 
ADDR 

DATA5 

DATA8 

DISP5 
DISP8 

IV1.IV2 
(L) 

PC 
(Rl 
RX. RY 

x<y.z> 
[[]] 

A 

13-bit address value 

5-bit data unit 

8-bit data unit 

5-bit address value 

8-bit address value 

IV Byte 

Optional Field length for IV Byte 

Program Counter 

Optional rotate value for register 
Any General Purpose registers 

Bits y through z of the specified value. For example. PC <7.0 > is the low byte of the Program Counter. 
Contents of location enclosed within brackets. If a register designation is enclosed within the brackets. then 
the designated register's contents are specified. If a memory address is enclosed within the brackets. then 
the contents of the addressed memory location are specified. 

Logical AND 

Logical Exclusive-OR 
Data is transferred in the direction of the arrow. 

Under the heading of STATUS in Table 14-2. an X indicates OVF fs modified in the course of the instructions execution. 
If there is no X. it means that the status maintains the value it had before the instruction was executed. 
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The following symbols are used in Table 14-3. 

a 
ddddd 

III 

rrr 

one bit of immediate address. 

5 bits choosing deStination register or IV Byte. 
one bit of immediate data 
three bits specifying length of IV Byte field. 

three bits specifying the number of rotates performed. 
sssss 5 bits choosing source register or IV Byte. 

The sssss and ddddd fields are restricted in the following ways: 

If sssss or ddddd represents a register, it must be in the range 008 - 178. 
If sssss or ddddd represetns an IV Byte, it must be in the range of 208 - 378. 

Table 14-3. 8X300 Instruction Set Object Codes 

MACHINE 
INSTRUCTION OBJECT CODE BYTES CYCLES 

ADD IVI,(L),IV2 00 I ssssslllddddd 2 1 
IV1.(L),RX 
RX,(L),IV1 

ADD RX,(R),RY 001sssssmddddd 2 1 
AND IV1.(L),IV2 010ssssslUddddd 2 1 

IV1.(L),RX 
RX,(L).IV1 

AND RX,(R),RY 010sssssrrrddddd 2 1 
JMP ADDR 111 SS&888SaaSSBa 2 1 
MOVE IV 1 ,(L),IV2 OOOssssslllddddd 2 1 

IV1,(L),RX 
RX,(L).IV1 

MOVE RX,(R),RX OOOsssssrrrsssss 2 1 
MOVE RX,(RtRY OOOsssssmddddd 2 1 
NZT IV1.(L),DISP5 101 ... sslll ••••• 2 1 
NZT RX,DISPB 101sssssBs8s8ssa 2 1 
XEC IV1.(L),DISP 100ssssslll ••••• 2 1 
XEC RX,DISP l00sssssasaas8s8 2 1 
XMIT DATA5,IV1 110dddddilliiiii 2 1 
XMIT DATAB 110dddddiiiUiii 2 1 
XOR IV 1 ,(Ll.IV2 011ssssslllddddd 2 1 

IV1.(Ll.RX 
RX,(L),IV1 

XOR RX,(R),RY 011sssssmddddd 2 1 
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(UDO) UD7 

(UD1)UD6 

(UD2) UD5 

(UD3)UD4 

(UD4) UD3 

(UD6)UD2 

(UD6) UD1 

(UD7)UDO 

BOC 
BIC 

ME 
GND 

Pin Name 

'iVo-IV7 

UDO-UD7 

ME 
iC.iOC 
MCLK 

SC.WC 

VCC.GND 

2 

3 

4 
8132 

5 
8T33 

6 8135 
7 8T36 
8 IV BYTE 
9 

10 

11 

12 

Description 

IVB Bus 

Extemal Logic Data Bus 

Master Enable 

Extemal IV Byte Control Unes 

Master Clock 

IVB Bus Control 

Power and Ground 

24 

23 

22 

21 

20 

19 

18 

17 
16 

15 

14 

13 

VCC 
IV7(1VO) 

IV6(1V1) 

IV5(1V2) 

IV4 (iV3) 

IV3 (iVii) 
IV2{IV5) 
IV1 (iiiii) 
IVO (iV'i) 

wc 
sc 
MCLK 

Type 

Tristate. Bidiractional 

Tristate or Open Collector. Bidirectional 

Input 

Input 

Input 

Input 

Figure 14-S. ST32/3/5/6 Interface Vector Byte Signals and Pin Assignments 

THE ST32, ST33, ST35, AND ST36 INTERFACE VECTOR BYTE (IV BYTE) 

This device serves as an I/O port and IVB Bus interface for all external logic communicating with the 8X300 
Microcontroller. 

The various Interface Vector Bytes are summarized in Table 14-4. This table identifies part differences. 

Table 14-4. Interface Vector Byte Options 

Part 
Name Data Input via UDO - UD7 UD Pins Logic IV Byte Address Logic 

ST31 Synchronous. when Tristate None 
MCLK is high 

ST32 Synchronous. when Tristate Present 
MCLK is high 

ST33 Synchronous. when Open Collector Present 
MCLK is high 

ST35 Asynchronous. Open Collector Present 
independent of MCLK 

ST36 Asynchronous. Tristate Present 
independent of MCLK 

The IV Byte is Implemented using bipolar LSI technology and is packaged as a 24-pin DIP. It requires a single 
+6V power supply. 

ST32/3/5/6 IV BYTE PINS AND SIGNALS 
Figure 14-8 illustrates the pins and signals of the IV Byte. Figure 14-9 illustrates how an IV Byte will normally 
be used. 

As described for Fi9ure 14-3, we show signal numbers in Figure 14-8 first as given in Signetics literature, then 
in brackets as we would number these signals. 
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IVO -IV7 represent the pins via which the IV Byte communicates with the IVB Bus. These pins represent the IV Byte in
terface with the BX300 microcomputer system. 

Pins UDO - UD7 represent the B-bit bus via which the IV Byte communicates with logic beyond the BX300 microcom
puter system. These pins may be tristate or open collector. as defined in Table 14-4. 

ME is a master enable signal. This signal is connected to LB or RB, output by the BX300 Microcontroller to distinguish 
between two banks of I/O ports with 256 I/O ports addressable in each bank. iiifE is just one contributor to device select 
logic; we will describe the whole IV Byte select process later. 

IV BYTE - EXTERNAL 
LOGIC INTERFACE 

I ...-:-. 
I 
I 

IV BYTE - INTERPRETER 
INTERFACE 

IV BYTE MCLK Master Clock 

ME Master Enable 

Controls { me we 

} input by Controls 
external input by 

logic BOC 8X300 Microcontroller 
SC 

UDO IVBO 

Data Bus Data aus 
to external to 8X300 

logic Microcantroller 

UD7 IVB7 

Figure 14-9. BT32/3/5/6 IV Byte Control Signals and Interfaces 

BIC and BOC are signals which control data flow between the IV Byte and external logic. via the UD Bus. BIC 
and BOC must be input to the IV Byte by external logic. MCLK, output by the BX300 Microcontroller, synchronizes ac
tual data transfers. m<:", ~, and MCLK combine to control events on the UD Bus as follows: 

BIC BOC MCLK 
1 0 X IV Byte output data to external logic 
o X 1 External logic input data to IV Byte (synchronous parts) 
o X X External logic input data to IV Byte (asynchronous parts) 
o X 0 Disable UD Bus for BT31, BT32, BT33. Input data to IV Byte for BT35, BT36 
1 1 X No operation 

X signifies "don't care"; the signal may be low or high. 

SC and WC control the IVB Bus which connects alllVB bytes with the 8X300 Microcontroller. Control Signals SC 
and WC are automatically output by the 8X300 Interpreter. BIC contributes to IVB Bus logic in order to resolve access 
conflicts; external logic accessing the IV Byte via the UD Bus will have priority over an 8X300 Mic;:rocontroller access 
occurring via the IVB Bus. MCLK synchronizes data transfers occurring via the IVB Bus for synchronous and 
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asynchronous parts. IVB Bus control logic also requires ~ to be low; observe that UD Bus logic ignores m. Combin
ing SC. WC. mc;. MCLK and ME. this is how IVB Bus interface logic responds to control signals: 

SC WC BIC MCLK ME 
X X X X 1 IV Byte not selected; no operation. 
0 0 X X 0 IV Byte must place data contents on IVB Bus. 
0 1 1 0 IV Byte reads IVB Bus as data. 

0 X g} IV Byte reads IVB Bus as a select address. (not 8T311. 
1 0 

0 IV Byte reads IVB Bus as a select address. and as data. 
8T31 reads IVB Bus as data only. 

Data is inverted when it flows across an IV Byte. If data is input by external logic via UDO - UD7. then the comple
ment of this data will be read by the 8X300 on IVBO - IVB7. Conversely. if the 8X300 outputs data via IVBO -IVB7. then 
external logic will read the complement of this data via UDO - UD7. 

If the 8X300 Microcontroller reads back data which it wrote out. then it reads back the exact data it wrote out. and not 
the complement of the data it wrote out. Conversely. if external logic reads back the data it wrote out. then it too will 
read back the exact data it wrote out. and not the complement of the data it wrote out. 

8T32/3/5/6 IV BYTE OPERATION 
There is no device address logic on the external logic interface of any IV Byte. The IV Byte inputs and outputs 
data via the UDO - UD7 lines depending on the condition of the '"lie and iiOC signals. Synchronous IV Bytes. as 
identified in Table 14-4. will input data via UDO - UD7 only while MCLK is high. Asynchronous IV Bytes ignore MCLK 
when recieving data input from .external logic. All data output via UDO - UD7 is asynchronous. 

On the Microcontroller interface of an IV Byte. all devices (with the exception of the 8T31) have address logic 
and select logic. The 8T31 will always respond on the Microcontroller interface if the SC. WC. ME. BIC. and MCLK sig
nals are at the correct levels. 

All IV Bytes (with the exception of the 8T31) have an internal Address regiser. The contents of this internal Ad
dress register are usually created when the IV Byte is manufactured. You can buy an IV Byte whose internal address 
has not been set. in which case you may set the address following a procedure described later .. 

The Microcontroller must output select addresses to select IV Bytes. Any IV Byte that detects a select address coincid
ing with its internal address will consider itself selected. It will remain selected until a new select address that does not 
coincide with its internal address is detected. Once an IV Byte has been selected. it will respond to data input or output 
operations specified by control signals on the Interpreter interface. An IV Byte which is not selected will not respond to 
input or output operations specified by control signals on the Interpreter interface. Select logic has no effect on the ex
ternal logic interface of the IV Byte. 

Address and select logic does not exist in the 8T31 IV Byte. which will therefore always respond to control signal levels 
on the Interpreter interface. 

Let us now look at dialogue occurring between an IV Byte and the 8X300 Interpreter via the 
IVB Bus. Note carefully that the following discussion applies only to the IV Byte-8X300 interface. 
The IV Byte-external logic interface is controlled entirely by external logic manipulating the BIC 
and BOC control signals. 

At any time. just one IV Byte should consider itself selected on the left bank of IV Bytes. and just 

8T32/3/&/6 
IV BYTE 
ACCESS 
lOGIC 

one IV Byte should consider itself selected on the right bank of IV Bytes. In order to select an IV Byte. you execute a 
Move instruction which outputs data to Register 7 fhe left bank. or F for the right bank. There is no Register 7 or F; in 
response to either of these Move instruction destination definitions. the 8X300 outputs data on the IVB Bus. just as it 
would for any normal data output operation. but control signals SC and we are set t.£..1 and O. respectiv~ly. A destina
tion Register of 7 causes LB to be output low. while the destination address F causes RB to be output low. Thus. the net 
effect of executing a Move instruction specifying Register 7 or F as the destination is that the data moved is the address 
of the IV Byte which is going to consider itself selected; all other IV Bytes will at this time deselect themselves. If no IV 
Byte has a select address equal to the address output. then all IV Bytes will be deselected. 

Once an IV Byte selects itself. it will remain selected until a subsequent Move to Register 7 or F causes a new Byte to 
select itself. 

Remember. the 8T31 has no select logic; it always considers itself selected. 
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All aX300 instructions that specify the IVB Bus as the source or destination of data will automatically access the single 
selected IV Byte - on the left or right bank of IV Bytes. whichever is being accessed by the Move instruction. Table 
14-1 describes the way in which you specify whether the IV Byte selected on the left bank or right bank will be ac
cessed. 

Observe that external logic will always have priority over the aX300. should both simultaneously attempt to output 
data to an IV Byte. BIC will be input low by external logic whenever it is attempting to write to the IV Byte: but BIC low 
inhibits any attempt by the aX300 Microcontroller to write data into the IV Byte. 

When inputting data from external logic using a synchronous IV Byte. you will have no timing problems. Data will be 
input only while MCLK is high. at which time the aX300 is guaranteed not to be accessing the IV Byte. 

When using asynchronous IV Bytes. data will be input by external logic to the IV Byte at any time. Unless you provide 
your own logic to guard against it. there is nothing to prevent external logic from inputting data to an asynchronous IV 
Byte while the aX300 is partway through accessing the same IV Byte. in which case the aX300 operation will be inac
curate. 

8T32/3/5/6 IV BYTE ADDRESSES 
IV Bytes can be bought from Signetics with predefined addresses 01 through OA16. IV Bytes with addresses 
OB16 through 3216 are held in smaller quantities. You can. if you wish. buy an IV Byte whose address has not 
been set. This IV Byte will. in fact. have an address of FF16. You must create the address you want by resetting in
dividual address bits to O. This is an operation you can do just once. Once an address bit has been reset to O. it cannot 
be set to 1 again. The following procedure is described by Signetics for resetting individual address bits to 0: 

Table 14-5. Specifications for Signals Illustrated in Figures 14-10 and 14-11 

PARAMETER TEST LIMITS UNITS 
CONDITIONS Min Typ Max 

VCCP Programming supply voltage 
Address 7.5 a.o V 
Protect 0 V 

ICCp Programming supply current VCCP = a.ov 250 mA 

Max time VCCP > 5.25V 1.0 s 

Programming voltage 
Address 17.5 la.O V 
Protect 13.5 14.0 V 

Programming current 
Address 75 mA 
Protect 150 mA 

Programming pulse rise time 
Address 1 1 ,""S 

Protect 100 ,""S 

Programming pulse width 5 1 ms 

;---'C7~ 
vccp 

I I OV 

~J'C'8V ADDRESS 90% 
PROGRAMMING I 

PULSE 10% I I 
I I OV 

-Itrl- r-<tm5.j 
1 COns < tr < 1 J,IS 

Figure 14-10. aT32/3/5/6 IV Byte Address Programming Pulse 
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~J\-
14V 

PROTECT 90% 
PROGRAMMING I 

PULSE 10% I I I L I OV 
~trl tr <100¢) r-<lms.J 

Figure 14-11. 8T32/3/5/6 IV Byte Protect Programming Pulse 

1) Set all control signals to their inactive state; BIC. BOC. and ME must be tied to power while SC. WC. and MCLK 
are' held at ground. Leave all IVB Bus pins open. 

2) Increase VCC to 7.75V ± 0.25V. 

3) After VCC has stablized. apply a single programming pulse at the UB Bus line corresponding to the bit which 
must be reset to O. Figure 14-10 provides timing for the Address Programming pulse. The current should be 
limited to 75mA. 

4) If the entire programming operation occurs in less than one second. return VCC to 7.75V. If the programming 
operation takes more than one second. VCC must now be reduced to OV. 

5) Repeat Steps 3 and 4 for each additional UD line whose corresponding address bit must be reset to zero. 

6) Verify that the proper address exists by inserting this address via the IVB Bus. with m and WC low. while SC and 
MCLK are high. Next. input data via the IVB Bus and read it via the UD Bus. If the correct address exists within the 
IV Byte. the inverted data will appear at the UD Bus. . 

7) If the address is correct. proceed to Step 8. If the address is incorrect. you may be able to save the IV Byte by 
hunting for the actual address using trial and error. If the actual address has one or more bits high which should 
be low. then you can repeat Steps 2 and 3 in an attempt to pull these bits low. If an incorrect bit has been pulled 
low. then you must either modify the address that you were seeking to create. or you must throwaway the IV 
Byte. 

8) Set VCC and all control inputs to 0 volts. Leave IVB and UD Bus line pins open. 

9) Apply a protect programming pulse as illustrated in Figure 14-11 to every UD Bus pin. This includes UD Bus pins 
which were accessed during Steps 2 and 3. as well as UD Bus pins which were not accessed during Steps 2 and 
3. The current should be limited to 150mA. 

10) Apply + 7V to each UD Bus pin and measure the amperage. It must be less than 1 mAo If it is more than 1 mAo then 
the particular line has been damaged and the IV Byte should be discarded. 

Table 14-5 provides specifications for the pulses illustrated in Figures 14-10 and 14-11. 
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GND 28 VCC 
(lVoo) IV07 2 27 IVI7 (IVIO) 

(lV01)IV06 3 IVI6 (lVI" 

(lV02) IV05 4 IVI5(1VI2) 

(lV03) IV04 5 24 IVI4(1VI3) 

(lV04)IV03 6 23 IVI3(1VI4) 

(lV05) IV02 7 
8T39 

22 IVI2(1VI5) 
or 

GND GND 8 8T58 21 
(lV06)IV01 9 20 IVI1 (lVI6) 

(lV071IVOO 10 19 IVIO (lVI7l 

WCO 11 18 WCI 

SCO 12 17 SCI 

MCLKO 13 16 MCLKI 

MEO 14 15 

Pin Name Description Type 

IVIO - IVI7 IVO - IV7 from Intarpreter Tristate. Bidirectional 
IVOO -IV07 IVO - IV7 to IV Bytes Tristate. Bidirectional 
WCI WC from Interpreter Input 
WCO WC to IV Bytes Output 
SCI SC from Interpretar Input 
SCO SC to IV Bytes Output 
MCLKI MCLK from Interpreter Input 
MCLKO MCLK to IV Bytes Output 
MEl ME from Interpreter Input 
MEO ME to IV Bytes Output 

Figure 14-12. BT39 and BT5B Bus Expander Signals and Pin Assignments 

THE 8T39 AND 8T58 BUS EXPANDERS 

These two devices buffer the IVB Bus and control signals output by the 8X300 Microcontroller. Up to 16 IV 
Bytes may be connected to one Bus Expander. which will present a load equivalent to one IV Byte on the 
8X300 Bus. The 8T39 Bus Expander contains internal address and select logic. while the 8T68 Bus Expander 
does not. 

The two Bus Expander parts are implemented using bipolar LSI technology and are packaged in 28-pin DIPs. 
These parts require a +6V power supply. 

Figure 14-12 identifies the pins and Signals of the two Bus Expander parts. These signals are not described. 
since they are identical to the signals with the same names as already described for the Mlcrocontroller and IV 
Bytes. Notice that the signals are input on one side of the Bus Expander and output on the other side of the Bus Ex
pander. The input signals will connect to the BX300 Microcontroller. while the output signals will generate a bus to 
which up to 16 IV Bytes may be connected. 

A 16 nanosecond propagation delay will occur across each Bus Expander for signals input and then output. You 
must make sure that you add this delay time when computing the total access time for external logic respond
ing to an 8X300 Mlcrocontroller access. 

The BT39 Bus Expander has internal addressing and select logic. The BT5B Bus Expander has no internal addressing or 
select logic. For the 8T39 only. the four high-order address lines are examined when the BX300 outputs an IV Byte ad
dress. The actual response of the BT39 to addresses is identical to that which we have described for IV Bytes. The 16 IV 
Bytes connected to an BT39 Bus Expander must have addresses corresponding to the fixed four high-order address bits 
specified by the Bus Expander. 

There are four address options available to you when buying an 8T39 Bus Expander. These four address options. and 
the allowed IV Byte addresses that may be connected to each option. are identified in Table 14-6. 
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Table 14-6. BT39 Bus Expander Addresses and IV Byte Addresses That May Be Connected 

Part BT39 Internal 
Number Address IV Byte addresses that may be connected 

BT39-00 OOOOXXXX 00-OF16 
BT39-01 0001 XXX X 1016-1 F16. 2016-2F16. 4016-4F16. B016-BF16 
BT39-03 0011XXXX 3016-3F16. 5016-5F16. 6016-6F16. 9016-9F16. A016-AF16. C016-CF16 
BT39-07 0111XXXX 7016-7F16. B016-BF16. D016-DF16. E016-EF16 
BT39-17 llllXXXX F016-FF16 
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DATA SHEETS 

The folloWing section contains specific electrical and timing data for the following devices: 

• 8X300 Interpreter 
• 8T32 IV Byte 
• 8T39 Bus Expander 
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8X300lNTERPRETER 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

VIH High level input voltage 
X1,X2 
All others 

V IL Low level input voltage 
X1,X2 
All others 

VeL Input clamp voltage Vee = 4.75V 
(Note 1) II = -10mA 

IIH High level input current 
X1,X2 Vee = 5.25V 

V IH = .6V 
All others Vee = 5.25V 

V IH = 4.5V 

IlL Low level input current 
X1,X2 Vee = 5.25V 
IVBO-7 VIL = .4V 

Vee = 5.25V 
10-115 VIL = .4V 

HALT,RESET 
Vee = 5.25V 
VIL = .4V 
Vee = 5.25V 
VIL=.4V 

VOL Low level output voltage 
AO-A12 Vee = 4.75V 

10L = 4.25mA 
All others Vee = 4.75V 

10L = 16mA 

VOH High level output voltage Vee = 4.75V 
10H = 3mA 

lOS Short circuit output current 
(Note 2) Vee = 5.25V 

Vee Supply voltage 

lee Supply current Vee = 5.25V 

I REG Regulator control Vee = 5.0V 

leR Regulator current (Note 3) VeR = 0 

VeR Regulator voltage (Note 3) VREG = OV 

NOTES 
1 Crystal Inputs XI and X2 do not have clamp diodes. 
2 Only one output may be grounded at a time. 

LIMITS 

Min Typ Max 

.6 
2 

.4 

.8 

-1.5 

2700 

<1 50 

-2500 
-140 -200 

-880 -1600 

-230 -400 

.35 .55 

.35 .55 

2.4 

-30 -140 

4.75 5 5.25 

300 450 

-14 -21 

290 

2.2 3.2 

3 (Limits apply lor Vee 5V! 5C!ra and DoC" T A • 70°C unless specified otherwise.) 

SI!IOOIIGS 

UNIT 

V 
V 

V 
V 

V 

jJA 

jJA 

jJA 
jJA 

jJA 

jJA 

V 

V 

V 

mA 

V 

mA 

mA 

mA 

V 

Data sheeta on pages 14-02 through 14-012 reprlntad by pennlsslon of Signetics Corporation, Copyright'" 1977 by Signeties 
Corporation. 811 East Arques Avenue. Sunnyvale. California, 
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8X300lNTERPRETER 
TYPICAL INSTRUCTION CYCLE TIMING 

-------INSTRUCTIONCYCLE-------I 

:----.'N",(~'AK--__ i·----D'ITNrpH'~----:.-'.~r'HME 

INS'RUCTIO~ ---'-----!------', 
ADDRESS 
IAO-A121 _---l ____ -'-___ J 

INSTRUCTION ---11,.1,----;-----,. 
DATA 

110-1151 

I I- MCLKY'OSCIWC 
~I INI'UTCjTROL 

: \ I I / i1 r- LBI:,;r=:fTT~c:,~~gOL : 
1 ____ MCLICTOLBIRB ~I ==t:=::x DUTTCO"TADL II x,---i-i -~)C 

_I 1 MCL~ TO LBIRB ! 
I INPU.' CONTROL I I 

IVIjlJ,lJ 
IIV80-IVS71 

I 1 __ 'NSTRU~TlONTO'VBUSS'AbU --_III 
II I I I 

! ~- ,v Bu"l ~Il !I ~I r-- AODRESSSTABLE I 
-----MfUTOIYBUSSTABLE--- : 

~ 1_- WBUI ---'1 1-- IV8US -
11O..:.J INPUt ACTIVE OUTPUT ACTlV.E 

DEVICE-I CROSSHATCHED ~ 
ACCESS. AREA INDICATES 

IV8US TRI STATE 

Figure 10 

SOLID AREA 
INDICATES 
CHANOINO 
DATA -

AC ELECTRICAL CHARACTERISTICS V cc = 5V ± 5% and O·C .;; T A < 70·C 

DELAY DESCRIPTION 
PROPAGATION CYCLE TIME 

XI falling edge to MCLK (driven from external 
pulse generator) 

MCLK to SCIWC falling edge (input phase) 
MCLK to SCIWC rising edge (output phase) 
MCLK to LB/RB (input pha.se) 
Instruction to LB/RB output (input phase) 
MCLK to LB/RB (output phase) 

MCLK to IV data (output phase) 

IV data (input phase) to IV data (output phase) 
Instruction to Address 
MCLK to Address 
IV data (input phase) to Address 
MCLK to IV data (input phase) 
MCLK to Halt falling edge to prevent 

current cycle 
Reset rising edge to first MCLK 

NOTE 
1. Reference to MClK is to the failing edge when loaded with 300pF. 
2, loading on Address lines is 150pF. 

DELAY TIME LIMIT 

75ns 
25ns 

% cycle + 25ns 

35ns 
35ns 

'!. cycle + 35ns 
185ns % cycle + 60ns 

115ns 
185ns % cycle + 40ns 
185ns % cycle + 40ns 
115n& 

% cydle - 55ns 

'!. cycle - 40ns 
o to 1 cycle 

smnot•GII 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage VCC ................................. 7V 
Logic Input Voltage ......•..•...••........••..••.. 5.5V 
Crystal Input Voltage .......•..•..•...........•..••. 2V 



8X300lNTERPRETER 

MeLK 

10·115 

LB,AS 

IVO·' 

MCLK 

10-115 

SYSTEM INSTRUCTION CYCLE TIME 

\ 
I \ 

Figure 7 

SYSTEM INSTRUCTION CYCLE TIME 

lID Program storage access lime. 
I® MCLK 10 LBJRB !input phase) 

I or imlruction to LB/RB 
hnputphase). 

:a> IV Byte output enable ITOE'· 

\® IV data (input phase) to 
addr8S1. 

\ 

~-r!----~ 
I I • I 

I INSTRUCTION TO I PROGRAM STORAGE I 
~ ADDRESS ~ ..... I ACCESS I ...... 

\ I I I 
\ \ \ \ 
I \ \ I 
\ \ \ \ 
I I I I 

Figure 8 
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8T32/8T33/8T3&/8T36 
DC ELECTRICAL CHARACTERISTICS v cc = 5V ± 5%, O·C .;; T A .;; 70·C unless otherwise specified 

PARAMETER TEST CONDITIONS 

Input voltage 
V,H High 
V,L Low 

V'C Clamp " = -5mA 
Output voltage VCC = 4.75V 

VOH High 

VOL Low 
Input current" VCC= S.25V 

I'H High V,H = 5.25V 
I,L Low V,L = .5V 

Output curren .. 

lOS Short circuit VCC = 4.75V 
UDbus 
IV bus 

ICC V CC supply current VCC = S.25V 

PROGRAMMING SPECIFICATIONS5 

TEST 
PARAMETER CONDITIONS 

VCCP Programming supply voltage 
Address 
Protect 

'CCP Programming supply· current VCCP = B.OV 

Max time V CCP > 5.25V 

Programming voltage 
Address 
Protect 

Programming current 
Address 
Protect 

Programming pulse rise time 
Address 
Protect 

Programming pulse width 

NOTES 

3. The Input current Includes thetrl-stBleJopen collector leakage current of the output driver on the data 
lines. 

4. Only one output may be shorted at B time. 
5. If all programming can be done In less than 1 second. vee may remain at 7.75V for the entire 

programming cycle. 

9!!)DIIIIC9 
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Min 

7.5 

17.5 
13.5 

.1 
100 

.5 

LIMITS 
Min Typ Max 

2.0 
.B 
-1 

2.4 
.55 

<10 100 
-350 -550 

10 
20 

100 150 

LIMITS 

Typ Max 

B.O 
0 

250 

1.0 

18.0 
14.0 

75 
150 

1 

1 

UNIT 

V 

V 

tJA 

mA 

mA 

UNITS 

V 
V 

mA 

s 

V 
V 

mA 
mA 

!JS 
!JS 

ms 



8T32/8T33/8T36/8T36 
8T32/8T33/8T36/8T36-NA,F 
AC ELECTRICAL CHARACTERISTICS 

PARAMETER 

tpo User data delay (Note 1 ) 

tOE User output enable 

too User output disable 

tpo IV data delay (Note 1) 

tOE IV output enable 

too IV output disable 

tw Minimum pulse width 

tSETUP Minimum setup lime 

IHOLO Minimum hold lime 

• Applies for 8T32 and 8T33 only. 
t Applies for 8T35 and 8T36 only. 

INPUT 

UOX 
MCLK· 
BICt 

BOC 

BIC 
BOC 

IVBX 
MCLK 

t.,otE 
SC 
WC 

ME 
SC 
WC 

MCLK 
BICt 

UOo 
BIC· 
IVX 
ME 
SC 
WC 

UOxo 
BIC· 
IVX 
ME 
SC 
SC 

TEST 
CONDITION 

CL = 50pF 

CL = 50pF 

CL = 50pF 

CL = 50pF 

CL = 50pF 

CL = 50pF 

(Nole2) 

(Nole2) 

e Times are referenced to MCLK tor 8T32 and 8T33. and are referenced to SIC 'or 8T35 
and 8T36. 

NOTES: 

1. Data delays referenced to the clock aru valid only if the input data is stable at thearrivat 
of the clock and the hold time requirement is met. 

Z. Set up and hold limes given ara for "norma'" operation. SIC setup and hold times are 
lor a user write operalion. SC setup and hold times are for an IV Byte select operation. 
we setup and hold times are for an IV Bus write operation. ME setup and hold limes 
are ,or both IV write and select operations. 

1I1101lGII 
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LlMIT$ 

Min Typ Max 
UNIT 

25 38 
45 81 ns 
40 55 

18 28 47 ns 

18 28 35 
18 23 33 ns 

38 53 
48 81 

ns 

14 19 25 ns 

13 17 32 ns 

40 
35 

ns 

15 
25 
55 
30 

ns 

30 
30 

25 
10 
10 

ns 
5 
5 
5 



ST32/ST33/st36/ST36 
ST32/ST33/ST36/ST36-NA.F 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

VCC Power supply voltage -0.5 to +7 
VIN Input voltage -0.5 to +5.5 
Vo Off-state output voltage -0.5 to +5.5 
TA Operating temperature range -55 to +125 
Tstg Storage temperature range -65 to +150 

ADDRESS PROGRAMMING PULSE 

1\ 1\ '.'ov 

VeeP --..Ii-, .. r-~\""J \.. OV, 

~I IJL'BV • ADDRESS 9QI, 
PROGRAMMING I 

PULSE '010 I I I ov 

_I.,L lOOns",' 1". ~ .. lm.~ 

Figure 1 

PROTECT PROGRAMMING PULSE 

~J.L
'4V 

PROTECT 90% 
PROGRAMMING I I 

PULSE 
, ... I I I 

I I I OV 
-It, - ... '100ps .... :..lms--t 

Figure 2 

9!!)DDbC9 
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UNIT 

Vdc 
Vdc 
Vdc 
·C 
·C 



ST32/ST33/ST35/ST36 
ST32/ST33/ST35/ST36-NA, F 
PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT FOR OPEN COLLECTOR OUTPUTS LOAD CIRCUIT FOR TRI-STATE OUTPUTS 

ALL DIODES 
ARE lN914 

51 OR eQUIVALENT 52 

Vee ~--"':>-""'-DlHI>I--[*"""-(l_ 
TEST 

POINT 

FROM 

e~b~~T ---..... --+ 
TEST 

NOTE: CL includes fixture capacitance. 

INPUT 
DATA 

OUTPUT 
DATA 

INPUT WAVEFORM 

DATA DELAY TIMES 
Input Data Reference 

'", '", 

SrnootiCS 
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." 

DATA 

CLOCK PULSE WIDTH 

DATA DELAY TIMES 
Clock Referenced 

'".. I 

J-'PO .:, 

"'v 
OUTPUT 
DATA 



8T32/8T33/8T35/8T36 
8T32/8T33/8T35/8T36-NA,F 
PARAMETER MEASUREMENT INFORMATION (Cont'd) 

SETUP AND HOLD TIMES 

B'C _______ -'X·:--------
.. 'SETUP "," 'HOLD .. 

14-09 

OUTPUT ENABLE AND DISABLE TIMES 
(Tri-State Outputs) 

LOW LEVEL 
ENABLlNQ 

~\I ,,' 
CONTROL 1 SV I !jV 

OUTPUT , I HIGH LEVEL 
; '- _1 ____ _ .J [ ENABLING 

-IOE--1 t-'IOO.../ 

DATA / ,/;' I I: 
OUTPUT 1 //t '. : 

DATA> 
OUTPUT 2 

WAVEfORM ,,1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS LOW WHEN THE TRI·STATE DRIVER IS ENABLED. WAVEFORM .. 2 IS FOR 
THE OPPOSITE CONDITION. 



8T39 BUS EXPANDER 
TEST LOAD CIRCUIT 

TEST 
POINT 

I-'S, 
FROM OUTPUT , UI 

UND •• TEST 11 ..... , .,(SEE NOTE ., 

.. ~ 
C. ., ---11 

Type lOt All reSIstors ".'ues are typical and ;11 Ohms. 

NOTES 

A. C L includes probe and Jig capacitance. 
B. All diodes are 1N916 or 1N3064. 

DC ELECTRICAL CHARACTERISTICS vcc = 5V ± 5%, O·C';; TA .;; 70·C 

PARAMETER TEST CONDITIONS 

Input voltage 
VIL Low 
VIH High 
VIC Clamp 

Output voltage VCC = 4.75V 
VOL Low 10L = 16mA 
VOH High 10H = -3.2mA 

Input current VCC = 5.25V 
IlL Low VIL = .5V 
IIH High VIH = 5.25V 

lOS Short circuit output current VCC = 4.75V 
ICC Supply current VCC = 5.25V 

LIMITS 
Min Typ 

2.0 

2.4 

< 10 

-40 

AC ELECTRICAL CHARACTERISTICS VCC = 5V ± 5%, O·C';; T A';; 70·C, CL = 300pF 

PARAMETER TO FROM TEST CONDITIONS 
Min 

Path delay 
DOX DIX 

tpd Data DIX DOX 

ME (out) ME (in) 

tpd Control MCLK (out) MCLK (In) 
SC (out SC (in) 

WC(out) WC(in) 

14-010 

Max 
UNIT 

V 
,8 

-1 

V 
.55 

uA 
-250 
100 

rnA 
200 rnA 

LIMITS 
UNIT 

Typ Max 

ns 

15 

15 



8T39BUS EXPANDER 
VOLTAGE WAVEFORMS 

CONTROL PATH DELAY 
(THREE-STATE OUTPUTS 

DATA PATH DELAY TIMES 

OUTPUT 
CONTROL 

__ ,-----~ ,..---3V 

WAVEFORM 1 

WAVEFORM 2 

8T68 TRANSPARENT BUS EXPANDER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Power supply voltage 
VIN Input voltage 
Vo Off-state output voltage 
TA Operating temperature range 
TSTG Storage temperature range 

NOTE Includes tri-stale leakage. 

RATING 

+7 
+5.5 
+5.5 

o to +70 
-65 to +150 

INPUT 

IN PHASE 
OUTPUT 

OUT OF PHASE 
OUTPUT 

UNIT 

Vdc 
Vdc 
Vdc 
·C 
·C 

AC ELECTRICAL CHARACTERISTICS Vee = 5V ± 5%, O"C S TA S 70·C, CL = 300pF 

PARAMETER TO FROM TEST CONDITIONS 

Path delay DOX DIX 
tpd Data DIX DOX 

ME(OUT) MEliN) 
tpd Control MCLK(OUT) MCLKIIN) 

SC(OUT) SCIIN) 
WC(OUT) WCIIN) 

Data MEliN) 
Output DIX SCIIN) 

too Enable DOX WCIIN) 

Data MEliN) 
Output DIX SCIIN) 

tad Disable DOX WCIIN) 

IlnOb11 

14-011 

LIMITS 

Min Typ 

28 

15 

UNIT 
Max 

15 ns 

15 ns 

56 ns 



8T&8 TRANSPARENT BUS EXPANDER 
PARAMETER TEST CONDITIONS 

LIMITS UNIT 
Min rYD Mall 

Input voltage 
Vil Low 
VIH High 
VIC Clamp 

Output yoltage 
VOL Low 
VOH High 

I nput current 
hl Low1 
hH High1 

los Short circuit output current 
Icc Supply current 

VOLTAGE WAVEFORMS 

PROPAGATION DELAY TO 
THREE-STATE OUTPUTS 

.8 
2.0 

-SmA at Vee min -1 

Vee = 4.75V 
10l= SOmA .55 

10H =-3.2mA 2.4 

Vee = 5.25V 
Vil = .5V -250 

VrH = S.2SV <10 100 

Vee = 4.7SV -40 
Vee = 5.2SV 200 

PROPAGATION DELAY TIMES 

OUTPUT 
CONTROL 

_----.v 

WAVEFORM 1 

WAVEFORM 2 

TEST LOAD CIRCUIT 

TeST 
POINT 'f. 

S' 

FADM OUTPUT .... 
UNDER TEST .1 .... , ,ISEE NOTf! 2) 

.. ~~ 
CL ~ 

IS •• NOT. 'I lSI 
":" ":" 

All resistors values are typical and in ohms. 

NOTES 

1, CL Includes probe and jig capacitance. 
2. All diodes are 1N916 or 1N3064. 

TYPICAL APPLICATION 

"'PUT 

IN PHASE 
OUTPUT 

USING 2 BUS EXPANDERS 
TO CREATE 33 110 PORTS PLUS WORKING STORAGE 

WORKING 
STORAOE 

II!IDDllBI 

14-012 

BUS EXPANDER 

110 POATS 

BUS EXPANDEA 

110 PORTS 

"DPOAT ..... n. 

ale aoc USER 
DATA 

V 

V 

/loA 

mA 
mA 



Chapter 15 
THE GENERAL INSTRUMENT 1650 

SERIES MICROCOMPUTERS 

The 1650 series of one-chip microcomputers have been manufactured by General Instrument to compete in the high
volume. price sensitive. digital logic replacement market. If we compare the 1650 series of one-chip microcomputers to 
other one-chip microcomputers. they are most similar to the 3870; in reality. they are copies of no other product. They 
are unique devices in their own right. 

Describing the 1650 family of microcomputers at this point in the book is. perhaps. not strictly accurate. since they are 
not 16-bit microcomputers. nor do they have any relationship to the CP 1600 described in the previous chapter. 

The 1650 series have separate on-chip program and data memories. Program memory is 12 bits wide. while data 
memory is 8 bits wide. Table 15-1 summarizes the 1650 options. None of these microcomputers are expandable. If your 
application outgrows the 1670. then you must look elsewhere for a replacement. 

The prime source for the 1650 series of microcomputers is: 

GENERAL INSTRUMENT CORP. 
Microelectronics Division 
600 West John Street 
Hicksville. New York 11802 

In Europe a second source for the 1650 is: 

INTERMET ALL 
19 Hans-8un Strasse 
7800 Freiburg 
West Germany 

The 1650 series microcomputers use a single +5V power supply. With an oscillator frequency of 1 MHz. instructions 
execute in four or eight microseconds. 

1650 series devices are packaged as 18-pin. 28-pin. or 40-pin DIPs. They are manufactured using NMOS ion implanta
tion technology and have TTL-compatible signals. 

Figure 16-1 illustrates that part of our general microcomputer system logic which is implemented on the 1660 
series one-chip microcomputers. Once again. we must warn against making direct comparisons using these figures; 
logic shown as present says nothing about the extent to which the logic has been implemented. Read/write memory is 
shown only half present because between 11 and 39 bytes of on-chip read/write memory are provided' by the various 
1650 options. 64 words is the smallest amount of read/write memory provided by any other one-chip microcomputer. 

A 1650 FUNCTIONAL OVERVIEW 
Logic of the 1660 series microcomputers is illustrated functionally in Figure 16-2. 

The Arithmetic ilnd Logic Unit and the Control Unit are inaccessible to you as a user. therefore we will ignore this por
tion of the microcomputer. 

Table 15-1. 1650 Series One-Chip Microcomputer Options 

Program 
Memory Data Input Output 

Part 12-Bit Memory Only Only Stack Power Package 
Number Words Bytes I/O Lines Lines Lines Levels IntelT\lpts Supply Pins 

1650 512 23 8x4 - - 2 No +5V 40 
1655 512 23 8 xl 4 xl 8 xl 2 No +5V 28 
1670 1024 39 8x4 - - 4 Yes +5V 40 
1645 256 16 4 xl 4 xl 4 xl 3 Yes +5V 18 
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Figure 15-1. Logic of the 1650 Series Microcomputers 
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I 
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Figure 15-2. 1650 Functional Logic 

Program memory is 12 bits wide. The 1650 has 512 words of program memory. As illustr
ated in Table 15-1, other variations may have 256 or 1024 words of program memory. All 
program memory is read-only memory. There are curren,tly no EPROM or EAR OM program memory 
versions of the 1650. For development purposes. there is the 1664. which has no on-chip program 

'MCLR 

OSC 

CLK OUT 

1650 
PROGRAM 
MEMORY 

I 

memory; rather. it generates a memory Address Bus and a program memory Data Bus via a 64-pin DIP. so that external 
program memory can be accessed. Note that General Instrument has strong EAROM (Electrically Alterable Read-Only 
Memory) technology. but no significant EPROM (Erasable Programmable Read-Only Memory) technology. EPROMs and 
EAROMs are described in Volume 3. . 

I/O ports of 1650 series microcomputers are connected directly to 8-bit registers which can 
also be accessed as general purpose registers. In Figure 15-2. Registers R5. R6. R7. and R8 are 
shown connected to four 8-bit bidirectional 110 ports. I/O variations for other 1650 options are 
summarized in Table 15-1. Register connections for these other options are defined in Table 
15-2. 

Those 1650 series microcomputer I/O pins which are defined as bidirectional are, in reality, 
pseudo-bidirectional. Pin logic is illustrated in Figure 15-3. The logic illustrated in this figure 

1650 I/O 
PORT 
REGISTERS 

1650 I/O 
PIN LOGIC 

has become standard pseudo-bidirectional pin logic for one-chip microcomputers. The 3870 and 8048 have similar 
logic. 

When outputting data to a 1650 1/0 port pin. the data is applied to the D input of a D-type flip-flop. which is clocked by 
an internal WRITE control signal. The reason for having two sets of gates on the flip-flop output is to provide a high 
voltage from VXX when switching a pin low. Vee sources 100 microamps. Thus. external logic connected to a high
level pin need only sink 100 microamps in order to pull a high pin low. External logic that attempts to write a 1 to a pin 
that is outputting 0 must pull-up Q2. which will be on and connected to ground; this is not feasible. Therefore. as was 
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the case for other one-chip microcomputers. the CPU can output a 0 or a 1 to any pin. but a pin that is going to receive 
input must first have a 1 written to it. External logic can now leave 1 at the pin. or can pull the 1 to a O. External logic 
cannot write a 1 to a pin that is outputting O. 

For a complete discussion of this pseudo-bidirectional logic. refer to the B048 functional overview presented in 
Chapter 6. 

1650 SERIES MICROCOMPUTER PROGRAMMABLE REGISTERS 
All of the 1650 series microcomputers have a single B-blt Accumulator plus a register file. as illustrated In 
Figure 15-2. 

All registers in the register file are eight bits wide. with the exception of the Program Counter and the Status register. 

The Accumulator. which is referred to in General Instrument's literature as the W 1650 
register. is a primary Accumulator. as described for other microcomputers in this book. It is ACCUMULATOR 
the source of one operand for two-operand instructions. and an optional destination for any in-
struction that moves or operates on data. 

----~-

On 
(INTERNAL - .... ---... 0 
DATA BUS) Q 

WRITE e 
(INTERNAL - ..... r-... 

SIGNAL) 

READ 
(INTERNAL 

SIGNAL) 

Vxx 
(lOV) 

--

Vee 
-;0 BIT I 

I 
I 
I 

r--
I Vee 

I 
I 

--
I ~L DEVICE OUTPUT 

L10~CO~~ 

Figure 15-3. 1650 Series Microcomputer Bidirectional 
I/O Port Pin Logic 

Register 0 does not exist When identified by any instruction. implied register addressing via Register 4 is 
assumed. That is to say. when Register 0 is specified as a source or destination. the register identified by R4 will be 
selected instead. For example. suppose R4 contains OF16. An instruction which selects RO will then. in fact. access 
R15. 

Register R1 can be used as a general purpose register unless you are making use of 1650 real-time clock/counter logic. 
Every high-to-Iow transition of the RTCC input increments the contents of R1. 

Register R2 is the Program Counter. The bit width of Register R2 depends on program memory 
size. For 1650 series microcomputers that have 512 words of program memory. R2 will be nine 
bits wide. The 1670 one-chip microcomputer will have a 10-bit R2 register. while the 1645 will 
have an a-bit R2 register. R2 is a write-only location; however. it is otherwise treated as a 

1650 
PROGRAM 
COUNTER 

general purpose register. Thus. any instruction that specifies a general purpose register as a destination. without 
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specifying the same general purpose register as a source. can select Register R2. But note that all data manipulations 
operate on eight bits of data only. Thus. to a limited extent. 1650 series microcomputer program memory is divided into 
256-word pages. 

Register R3 is the Status register. This register is only three bits wide and contains the 
following status flags: 

2 0 4-----Bit No. 

Register Fl3. the Status register 

..... -----Digit Carry (DCI 

""-------Zero (Zl 

1650 
STATUS 
REGISTER 

The Carry status is absolutely standard. It reflects a carry out of the high-order bit following an arithmetic operation. 
When a subtract instruction is executed. the Carry status is set if twos complement addition causes a carry out of the 
high-order result bit. 

The Digit Carry status is an Auxiliary Carry: it identifies any carry from bit 3 to bit 4: 

7 6 5 4 3 2 o 4-----Bit No. 

I. Ie} 
Carry here 
sets DC 

The Zero status is set to 1 when an arithmetic operation produces a 0 result: it i,s reset to 0 when an arithmetic opera
tion generates a non-zero result. 

Register R3 is a read/write location. Instructions can identify R3 as a source or destination for 'data. When reading the 
contents of R3. bits 3 through 7 will be read as 1 bits. When writing to R3. bits 3 through 7 will be lost. 

Register R4 is a register pointer similar to the ISAR register described for the 3870. Register R4 is an 8-bit register: 
however. the low-order five bits are interpreted as a register select whenever an instruction identifies RO (which does 
not existl. 

Table 15-2. 1650 Se~ies Microcomputer Register Designations 

FUNCTION 

REGISTER 1660 1655 1670 1646 

RO Not implemented. Specifies implied register addressing via R4 

Rl Real-time clock/counter register 

R2 Progrsm Counter 

R3 Status register 
R4 File Sslect register. holds implied register address 
R5 I/O Port A I/O Port A 1/0 Port A I/O Port A 

(bits 0-3 only) 

R6 I/O Port B Output Port B 1/0 Port B Output Port B 
(bits 0-3 only) 

R7 I/O Port C Input Port C I/O Port C Input Port C 
(bits 0-3 only) (b~s 0-3 only) 

RB I/O Port 0 Scrstchpsd register I/O Port 0 Scrstchpsd register 

R9-R19 Scratchpad registers present in all versions 
R20-R23 Scratchpsd registers 

} Not present R24-R31 Scrstchpsd registers 

R32-R47 Not present Scrstchpad registers 
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Registers R6 through RS are connected to 1/0. ports in various ways for different members of the 1660 family. as 
defined in Table 16-2. When you write to anyone of these four registers. associated I/O port pins. if they contain out
put logic. will generate a high output level for a 1 and a low output level for a O. When you read the contents of Register 
R5. R6. R7. or RB. then each register bit that is connected to an I/O port input pin will reflect the level of the most re
cently input data. For an I/O pin. if no data has been input: then the most recently output data will be read back. Any 
·register bit that is not connected to an I/O port pin becomes a standard Scratchpad register. bit. Whatever was mostre
cently written to this bit willbe read back. 

Beginning with Register R9. remaining registers are general Scratchpad registers. Different 1650 versions provide 
different numbers of Scratchpad registers. 

1650 SERIES MICROCOMPUTER MEMORY ADDRESSING MODES 
Since the 1650 series microcomputers have a very small number of data registers. they have very simple data memory 
addressing options. Scratchpad registers up to R31 may be identified directly by any instruction that operates on data. 
If Register RO is identified. however. then the register selected by the low-order five bits of Register R4 will in fact be 
selected. This may be illustrated as follows: 

Select RO ----. 
Rl·r-----. 

R21-__ -I 
R31-__ -I 

R4 1-_9;;;,A":---I 

R51-__ -I 

R6 t----1 
R7 

t----t 

R21 t----1 
R221--__ ...... 

R23 t----1 
R24 
R25 t----t 

Select Register R26 R26 ...... __ --1 

9A = 10011010 -.-

For the 1670 only. six bits of Register R4 are active address bits. This is necessary since the 1670 has general purpose 
registers numbered up to 4710. Note that for the 1670. general-purpose registers R32 through R47 can be ac
cessed only via Register R4. using indirect addressing. 

Program memory is addressed by Jump instructions and Jump-to-Subroutine instructions. using direct address-
ing only. \ 

Jump instructions can identify any 9-bit address - covering the 512 words of program memory. 

The Jump-to-Subroutine instruction can directly address only the first 256 words of program memory; all subroutines 
must therefore be origined in the first 256 words of program memory. although a subroutine can be called from any 
memory word. 

The 1670 one-chip microcomputer has a four-level Stack: other 1660 series one-chip 
microcomputers have a two-level or three-level Stack. Thus. wi.th the exception of the 1670 
and the 1645. only.a single level of subroutine nesting is allowed. The 1670 allows three levels of 
sU'broutine nesting. the 1645. two. For a program that can only be 5" 2 words long. two levels of subroutine nesting are 
probably quite sufficient. 

1650 SERIES MICROCOMPUTER PINS AND SIGNALS 
Figure 16-4 illustrates pins and signals for the 1660 microcomputer. 

1646 pin assignments are not available at the present time. 
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The 1650 series microcomputers communicate liVith external logic via their I/O ports. In Figure 15-4. three types of 
I/O pins are identified: pseudo-bidirectional. input-only. and output-only pins. We have already described the logic 
of pseudo-bidirectional pins. Input-only and output-only pins. as their names imply. are limited to receiving data from 
external logic only or transmitting data to external logic only. 

The 1650 series microcomputers have just two control signals: MCLR and RTCC. 

MCLR is a master reset control input. This Signal should be held low for at least 1 millisecond after the power supply is 
valid. It forces all output pins to a high level and it sets all Program Counter bits to 1. Therefore. the first instruction ex
ecuted following a reset will be located at the highest program memory location. 

(Ground) Vss 1 40 VXX (+ 10V or + 5V) 

AO 2 VCC(+5V) 

A1 3 RTCC 

A2 4 MClR 

TEST 5 OSC 

A3 6 ClK OUT 

A4 7 07 

A5 8 06 

A6 9 1650 05 

A7 10 MICRO- 04 

.80 11 COMPUTER 03 
181 12 02 

82 13 28 01 

83 14 27 DO 

B4 15 26 C7 

85 16 25 C6 

86 17 24 C5 

87 18 23 C4 

CO 19 22 C3 

C1 20 21 C2 

Pin Name Description Type 

AO - A7 I/O Port A Pseudobidirectional 
BO - 87 I/O Port 8 Pseutlobidirectional 
CO - C7 I/O Port C Pseudo bidirectional 
DO - 07 I/O Port 0 Pseudo bidirectional 
MClR System Reset Input 
RTCC Clock/Event Counter Input 
TEST Debug and chip test control Input 
OSC Clock Input 
ClK OUT Clock Output 

VXX. VCC. Vss Power. Ground 

Figure 15-4. 1650 Microcomputer Signals and Pin Assignments 

On high-to-Iow transitions of RTCC. the contents of Register R1 are incremented. RTCC will 
not respond to a frequency that is greater than 250 KHz. That is all there is to 1650 counterltimer 
logic. No interrupts are generated on a time-out. nor is there any special logic associated with 
reading the contents of Register R1 or writing to this register. A program will access Register R1 as 
it would any other register. and RTCC will increment register contents without regard to events in
ternal to the rnicrocomputer. 

If you are not uSing counter/timer logic. it is a good idea to ground the RTCC pin. 

1650 
COUNTER/ 
TIMER 
LOGIC 

TEST is a control input used to read the contents of program memory as data. General Instrument purposely pro
vides no information on the TEST pin or how it is used. since they do not want customers using this pin. 
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Two pins are associated with clock logic: the OSC input and the ClK OUT output. For very precise execution frequency. 
an external oscillator signal can be input via OSC. For less precise input. an RC network may generate the input as 
follows: 

Vcc 

Rext ~ 
~osc 

Cext 

I 
Rext and Cext options are described in the data sheets at the end of this chapter. 

The clock signal which drives the microcomputer is output via ClK OUT. 

The very simple timing associated with 1650 series one-chip microcomputers is given in 
the data sheets at thi end of this chapter. 

Although you can run any 1650 series one-chip microcomputer with a single +5V power sup
ply. it is sometimes d~sirable to have an additional +10V power supply connected to the 
VXX input. As illustrated in Figure 15-3. this power supply allows the bidirectional I/O port 
pins to sink more current, typically to drive higher current loads such as lED displays. 

1650 TIMING 

1650 VXX 
POWER SUPPLY 

None of the 1650 series microcomputers have any DMA or interrupt logic. The absence of DMA logic makes a lot 
of sense; the whole concept of Direct Memory Access is ridiculous when your data memory consists of 39 bytes or less. 
The absence of interrupt logic is simply a designer's choice. There are plenty of arguments for including interrupt logic 
in a one-chip microcomputer. since this allows external devices to influence event sequences asynchronously within 
the one-chip microcomputer. In the absence of interrupt logic. a program executed by a 1650 series microcomputer 
must test an input pin looking for a high or low level to trigger specific events. 

1650 SERIES MICROCOMPUTER INSTRUCTION SET 
The 1650 series microcomputer instruction set is summarized in Table 15-3. 

We have arbitrarily chosen to classify instructions which access registers as memory reference instructions. These are 
also I/O instructions if Register R5. R6. R7. or R8 is identified. If Register R3 is identified. they become status instruc
tions. Furthermore. any of these instructions could also be classified as register-register instructions. 

Instructions that test. set. and clear bits become I/O instructions if a bit of Register R5. R6. R7. or R8 is specified; they 
are Status registers if Register R3 is specified. 

\he more you look at the 1650 instruction set. the more multifaceted many of the instructions become. Generallnstru
ment recognized this fact by creating assembly language instruction mnemonics to identify special cases of in
structions. These are summarized in Table 15-4. 

There are two anomalies in the 1650 instruction set which you must guard against. 

There is no Add-with-Carry instruction. This makes it difficult to handle multi-byte arithmetic. Consider 16-bit binary 
addition. 

You can start off simply enough by adding the two low-order bytes; this will generate a.carry for the two high-order 
bytes: 

1 .. C 
31 EA 
24 68 

55 

On first inspection. !ldding the two high-order bytes looks like no problem. You can add the carry to the augend: 

o ... C 
32 EA 
24 68 

55 
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Then you add the high-order addend byte to the sum of the high-order augend byte plus the carry: 

o .. C 
32 EA 
24 6B 
56 55 

A problem arises if the high-order augend byte happens to be FF. Now when you add a carry to FF. you get 00 and the 
carry is reset: 

1. 
FF EA 
24 6B 

55 

C--'1 
00 
24 

EA 
6B 
55 

Upon adding the high-order addend byte. the Carry status will be cleared erroneously: 

o ~ C (should be 1) 
00 EA 
24 6B 
24 55 

This becomes a significant problem when dealing with numbers that are three or more bytes long. since you can no 
longer guarantee that the correct carry will be generated for the second and higher-order bytes. There are ways around 
this problem. but they lead to more complex programs. Fortunately the problem is not particularly severe. since in an 
application that is limited to a data memory as small as that of the 1650 you are most unlikely to have much multi-byte 
arithmetic anyway. 

Note that any time you return from a subroutine you will modify the contents of the Accumulator. 

Table 16-6 summarizes 1660 instruction object codes and execution times. 

THE 1650 BENCHMARK PROGRAM 
Our standard benchmark program is of little use with the 1660 microcomputers. Given the very small amount of 
data memory available. moving blocks of data around makes no sense. We therefore illustrate a modified benchmark 
program in which a number of data bytes are input via I/O Port A and then output via I/O Port B. The first data 
byte input identifies the length of the data block which follows. 

We are going to use bit 0 of I/O Port C to provide handshaking controls between the 1650 and external logic. 
Whenever external logic transmits new data to I/O Port A. it resets bit 0 of I/O Port C low. The 1650 program tests this 
bit before attempting to read data from 1/0 Port A. As soon as the program outputs data to 1/0 Port B. it sets 1/0 Port C 
bit 0 high again. Thus. external logic can wait until it detects I/O Port C bit 0 high before attempting to input new data 
- which will be followed by I/O Port C bit 0 being pulled low by external logic. 

Here is the necessary instruction sequence: 

MOVLW FF INITIAliZE PORT A FOR INPUT BY 
MOVWF R5 OUTPUTTING ALL HIGH BITS 
BSF R7.0 SET PORT C BIT 0 HIGH 

L1 BTFSC R7.0 IF PORT C BIT 0 IS O. READ FIRST DATA BYTE 
GOTO L1 
MOVF R5 INPUT FIRST BYTE 
MOVWF R9 STORE AS A COUNTER IN R9 

LOOP BSF R7.0 SET PORT C BIT 0 HIGH 
L2 BTFSC R7.0 IF PORT C BIT 0 IS O. READ NEXT DATA BYTE 

GOTO L2 
MOVF R5.0 INPUT NEXT DATA BYTE FROM PORT A 
MOVWF R6 OUTPUT VIA PORT B 
MOVLW FF PREPARE PORT A FOR NEW INPUT 
MOVWF R5 
DECFSZ R9 DECREMENT R9 
GOTO LOOP IF NOT ZERO. RETURN FOR NEXT BYTE 
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These abbreviations are used in Tables 15-3 and 15-4: 

R 

W 
d 
[R] 

DATA 

LABEL9 
[STACK]

-[ STACK] 

n 

Any register 

Accumulator. or W register' 

Destination identifier digit; must be 0 or 1. 

Ones complement of Register R contents 

Immediate 8-bit data value 

Program memory address (9 bits) 

Push onto Stack 

Pop off Stack 

A bit identification number. in the range 0 through 7. (0 low-order. 7 high-order) 
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Table 15-4. Mnemonics Recognized by the 1650 Assembler for Special 
Cases of General Instructions 

Special Equivalent Status 
Mnemonic Mnemonic(s) Affected Function 

CLAC BCF 3,0 - Clear Carry 
SETC BSF 3,0 - Set Carry 
CLADC BCF 3,1 - Clear Digit Carry 
SETDC BSF 3,1 - Set Digit Carry 
CLRZ BCF 3,2 - Clear Zero 
SETZ BSF 3,2 - Set Zero 
SKPC BTFSS3,O - Skip on Carry 
SKPNC BTFSC 3,0 - Skip on No Carry 
SKPDC BTFSS 3,1 - Skip on Digit Carry 
SKPNDC BTFSC 3,1 - Skip on No Digit Carry 
SKPZ BTFSS 3,2 - Skip on Zero 
SKPNZ BTFSC 3,2 - Skip on No Zero 
TSTFR MOVFR,1 Z Test File 
MOVFWR MOVF R,O Z Move Rleto W 
NEGF R,d COMF R,1 Negate File 

INCF R,d Z 
ADDCF R,d BTFSC 3,0 Add Carry to File 

INCF R,d Z 
SUBCF R,d BTFSC 3,0 Subtract Carry from File 

DECF R,d Z 
ADDDCF R,d BTFSC 3,1 Add Digit Carry to File 

INCF R,d Z 
SUBDCF R,d BTFSC 3,1 Subtract Digit Carry from Rle 

DECF R,d Z 
B LABEL9 GO TO LABEL9 - Branch 
BC LABEL9 BTFSC 3,0 Branch on Carry 

GO TO LABEL9 -
BNC LABEL9 BTFSS 3,0 Branch on No Carry 

GO TO LABEL9 -
BDC LABEL9 BTFSC 3,1 Branch on Digit Carry 

GO TO LABEL9 -
BNDC LABEL9 BTFSS 3,1 Branch on No Digit Carry 

GO TO LABEL9 -
BZ LABEL9 BTFSC 3,2 Branch on Zero 

GO TO LABEL9 -
BNZ LABEL9 BTFSS 3,2 Branch on No Zero 

GO TO LABEL9 -

The following abbreviations are used in the Object Code" column of Table 15-5: 

C - a "don't care" binary digit 

n - binary digits that identify a bit number 
r - binary digits that represent a register number 
x - any hexadecimal digit 
a - binary digits of a nine-bit address 

Abbreviations defined for Table 15-3 are preserved in the Instruction" column of Table 15-5. 
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Table 15-5. 1650 Instruction Set Object Codes 

Instruction Object Code 

ADDWF R,d c00111drmr 
ANDLW DATA Exx 
ANDWF R,d c00101drmr 
BCF R,n 0100nnnrmr 
BSF R,n 0101nnnrmr 
BTFSC R,n 0110nnnrmr 
BTFSS R,n 0111nnnrmr 
CALL LABEL 9xx 
CLRF R 0000011rmr 
CLRW 0000010ccccc 
COMF R,d 001001drmr 
DECF R,d 000011drrrrr 
DECFSZ R,d 001011drmr 
GOTO LABEL9 101aaaaaaaaa 
INCF R,d 00 10 1 Odrmr 
INCFSZ R,d 001111drmr 
IORLW DATA Dxx 
IORWF R,d c00100drmr 
MOVF R,d '001000drmr 
MOVLW DATA Cxx 
MOVWF R 00000o 1 rrrrr 
NOP COO 
RET BOO 
RffiW DATA 8u 
RLF R,d 001101drmr 
RRF R,d 001100drmr 
SUBWF R,d 0000 1 Odrmr 
SWAPF R,d 001110drmr 
XORLW DATA Fxx 

All object codas occupy one 12-bit word. 

All instructions execute in one machine 
cycle, with the exceptio'l of conditional 
Skip instructions, which execute in one 
machine cycla for no skip or two machine 
cyclas to skip. 
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DATA SHEETS 

The following section contains electrical data for the 1650. 
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1650 ELECTRICAL CHARACTERISTICS 

MAXIMUM RATINGS' 

Storage Temperature ....................................... -55·C to +150·C 
Operating Temperature ......................................... O·C to +70·C 
Vee. Vxx• and all other input/output 

voltages with respect to Vss ................................. -0.3V to +12.0V 

STANDARD CONDITIONS (unless otherwise noted) 

Vee: +5V ± 5% 
Vxx: +4.75V to 10.0V 

Characteristics Sym Min Typ" 

DC CHARACTERfSTICS 

Power Supply Currents Icc - 35 
Ixx - 1 

logic Inputs 
Low VIL 0 -
High V,H 2.4 -

logic Outputs 
Low (Note 1) VOL - -
High VOH 2.4 -

AC CHARACTERISTICS 

OSC Frequency fiN .2 -
RTCC Frequency - DC -
CLKOUT Frequency - .25 fin -
ClK OUT 

Rise Time t, - -
Fall Time tl - -

110 Registers A, B, C, D 
Output Mode: 
Delay From CLKOUT too - -

Input Mode 
Set-Up tiS a -
hold tlH 100 -

1650 LED Direct Drive 

Vxx drives the gate of the output buffer, allowing adjustment of 
LED drive capability: 

Vxx VOUT 
5V O.4V 
5V 0.7V 

10V O.4V 
10V O.7V 
10V 1.0V 

1650 OSCILLATOR INPUT 

ISINK (typ.) 
2.5mA 
4.2mA 
5.BmA 

10.0mA 
14.1mA 

The oscillator input (OSC) can be driven directly by a crystal with 
compatible output or by an external RC network. 

Vee 

CRYSTAL ~ OSC 

Max Units 

50 mA 
5 mA 

.65 V 
Vee V 

0.45 V 
Vee V 

1 MHz 
200 KHz 
- -

200 ns 
200 ns 

500 ns 

- ns 
- ns 

'Exceeding these ratings could cause 
permanent damage. Functional operation of 
this device at these conditions is not 
implied-operating ranges are specified 
below. 

Conditions 

Vxx=5V @ IOL=I.6mA 
IOH=100pA min. 

1 TTL load and 100 pF 

1 TTL load and 100 pF 

CLOCK OUT 1"'1 

1650 TY~ICAL OSCILLATOR RC CHART@ 26·C 

We reprint data sheets on pages 15-02 through 15-03 by permission of General Instrument Corporation. 
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'650 I/O TIMING 

INTERNAL 
WAVEFORMS 

elK OUT 

OUTPUT 

INPUT 
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INDEX 
ALE 

differences in 8085 and 8085A. 5-5 
generation in B085 and 8085A. 5-18 

AMD 9080A status difference. 4-6 

Buffering SC/MP busses. 13-29 

CALL. BOBOA interrupt response using. 4-54 
COP400 

binary counter. 1-30 
CKO options. 1-37 
data memory. 1-27 
Enable register. 1-26 
input options. 1-28 
MICR08US interface. 1-28 
output options. 1-27 
power-on reset. 1-37 
program memory. 1-26 
return address stack. 1-25 

COSMAC 
input/output programs. 12-23 
instruction machine cycle. 12-9 . 
interrupt service routine programs. 12-23 
negative set-up time. 12-9 
nested subroutine. 12-22 
timing variations. 12-8 

Demultiplexing SC/MP .bus. 3-30 
DMA and multiprocessor logic of SC/MP. 3-1 
DMA control signals in IM6102. 13-79 
DMA modes in IM6102. 13-83 
DMA priority arbitration. MC6844. 9-116 
DMA programming. IM6102. 13-83 
DMA registers. IM6102. 13-79 

Extended memory. base page in IM6100. 13-70 
External VMA. 9-192 

F8 
device set. 2-1 
direct memory access. 2-53 
DMI memory refresh. 2-52 

F8/3870 
accumulator. 2-5 
data counters. 2-6 
program counter. 2-6 
scratchpad. 2-6 
Stack' register. 2-6 

Halt state in 8085 and 8085A. 5-24 
Hold state in 8085 and 8085A. 5-24 

IM6100 
base page in extended memory. 13-70 
bit numbering. 13-7 
clock period assignments. 13-10 
control panel switch ragister. 13-33 
extended memory. 13-70 
extended memory jump. 13-77 
extended memory subroutine access. 13-77 
indirect addressing with auto-increment. 13-14 
indirectly addressed memory read. 13-13 
indirectly addrassed memory write. 1.3-14 
instruction fetch m~chine cycle. 13-13 
interrupt acknowledge. 13-70 
interrupt processing instructions. 13-31 
memory fields. 13-70 
reset bootstrap. 13-70 
subroutines in read-only memory. 13-5 
vectored interrupt acknowledge. 13-32 

xix 

IM6101 
control registers. 13-58 
FLAG instructions. 13-61 
FLAG outputs. 13-58 
interrupt acknowledge. 13-70 
I/O instructions. 13-58 
programming. 13-56 
Read instruction. 13-58 
reset bootstrap. 13-70 
select logic. 13-56 
sense inputs. 13-58 
sense interrupt priority. 13-63 
SKIP instructions. 13-61 
WRITE operation. 13-58 

IM6102 
Data Field register. 13-70 
DMA control signals. 13-79 
DMA modes. 13-83 
DMA programming. 13-83 
DMA registers. 13-79 
extended memory addressing registers. 13-70 
Instruction Buffer register. 13-71 
Instruction Field register. 13-70 . 
interrupt acknowledge. 13-70 
Interrupt Vector register. 13-78 
jump across memory fields. 13-72 
reset bootstrap. 13-70 

MC6800 
address timing. stretching. 9-42 
bus state controls. 9-6 
clock signals. 9-7 
Enable signal generation. 9-44 
external interrupts. 9-13 
HALT. interrupts during. 9-38 
internal operations machine cycle. 9-9 
interrupt priorities. 9-13 
interrupts during HALT. 9-38 
machine cycle. 9-7 
non-maskable interrupt. 9-13 
Read machine cycle. 9-7 
reset. 9-13. 9-15 
reset during power-up. 9-15 
software interrupt. 9-13 
SWI instruction. 9-13 
synchronous HALT generation. 9-45 
WAI instruction. 9-16 
wait state. 9-16 
wait state with slow memory. 9-9 
write machine cycle. 9-8 

MC6801 
expanded multiplexed mdoe. 9-136. 9-154 
expanded non-multiplexed mode. 9-135 
I/O port functions. 9-135 
I/O port operating characteristics. 9-145 
Port 3 handshake.mode. 9-147 
SCI programming options. 9-160 
SCI receive operations. 9-164 
SCI Rate/Mode Control register. 9-161 
SCI transmit operations. 9-163 
SCI Transmit/Receive Control/Status register. 9-161 
single-chip configuration. 9-135 
Timer Control/Status register. 9-156 
Timer Input Capture register. 9-159 
Timer Output Compare register. 9-158 
Timer's counter. 9-156 



MC6809 
accessing slow devices. 9·191 
accumulator offset addressing. 9·181 
auto·decrement addressing. 9·182 
auto·increment addressing. 9·182 
bus grant. 9·191 
bus state controls. 9·188 
clock options. 9·189 
constant offset indexing addressing. 9·180 
cycle·stealing DMA. 9-192 
direct page addressing. 9-178 
Exchange register. 9·200 
fast interrupt request. 9·194 
halt mode DMA. 9·19 
hardware interrupts. 9·194 
hardware·software synchronization. 9·196 
indexed addressing. 9·178 
indexed indirect addressing. 9·182 
interrupt priorities. 9·194 
interrupt vector addresses. 9·193 
interrupt vectoring by external devices. 9·194 
LEA instruction. 9·200 
non·maskable interrupt. 9·194 
post byte. 9·178 
Pull instruction. 9·199 
Push instruction. 9·199 
read timing. 9·190 
relative addressing. 9·182 
relative indirect addressing. 9·185 
reset. 9·194 
software interrupts. 9·194 
stacking during interrupts. 9·196 
standard hardware interrupts. 9·194 
SYNC instruction. 9·196 
SYNC. use of for DMA. 9·198 
VMA condition. 9·188 
write timing. 9·190 
zero offset addressing. 9·181 

MC6820 
automatic handshaking. 9·53 
control codes. 9·51 
interrupt logic. 9·51 
register addressing. 9·49 

MC6840 
continuous mode. 9-100 
continuous 8-bit counting square wave. 9·103 
control registers. 9·94 
counter/timer initialization. 9·79 
divide·by·eight clock. 9·95 
divide·by·eight mode. 9·103 
8·bit counting mode. 9·96 
event counting. 9·104 
external signal timing. 9·80 
frequency comparison. 9·105 
hardware initialization. 9·102 
interrupt enable. 9·96 
one·shot mode. 9·104 
output signal enable. 9·97 
programmed initialization. 9·94 
16·bit counting mode. 9·95 
Status register. 9·97 

MC6844 
channel control registers. 9·119 
data chaining. 9·119 
Data Chaining Control register. 9·117 
DMA priority arbitration. 9·116 
DMAC address bus. 9·109 
DMAC data bus. 9·109 
DMAC device select. 9·109 

xx 

DMAC signals. 9·113 
DMAC four·channel mode. 9·118 
DMAC two·channel mode. 9·117 
Enable/Priority Control register. 9·116 
fixed DMA priority arbitration. 9·116 
Interrupt Control register. 9·121 
rotating data priority arbitration. 9·117 
signals. 9·113-115 

MC6846 Composite Status register. 9·129 
MC6850 

Control register. 9·59 
interrupi logic. 9·59 
modem control signals. 9·58 
serial I/O control logic. 9·59 
serial I/O data and control signals. 9·58 
system reset. 9·59 

MC6852 
interrupt logic. 9·70 
reset operation. 9·70 
serialization sequence. 9·63 
triple data buffers. 9·65 

MCS6500 
slow memory interlace. 10·29 
wait state. 10·18 

MCS6522 
addressing. 10·37 
Interval Timer 1. 10-45-47 
Interval Timer 2. 10·47 
I/O Port A data transfer. 10·39 
I/O Port B data transfer. 10·41 

MCS6530 addressing logic. 10·54 
MCS6532 addressing. 10-61 
Modem control signals. 9·58 
Motorola A and B series parts. 9·2 

NEC 80BOA differences. 4-17. 4-24. 4·25. 4·33 

PACE MILE used in SC/MP system. 3·31 
PPS4/1 

clock logic. 1·58 
decode matrix. 1·54 
interrupt inputs. 1·54 
memory addressing. 1·53 
parallel I/O. 1·54 
serial I/O. 1·54 
status flags. 1·53 

PSU address space. 2·40 

ROMC state. 2·35 

R6531 
address spaces. 10·67 
counter read on the fly. 10·70 
Data Direction register. 10-69 
device slect logic. 10·69 
event counter mode. 10·70 
free·running mode. 10·71 
interval timer mode. 10·70 
I/O address. 10·69 
one·shot mode. 10·71 
pulse width measurement mode. 10-71 
square wave output. 10-71 

SC/MP 
bus access control signals. 3·6 
bus sharing control signals. 3·17 
busses. buffering. 3·29 
data bus definition signals. 3·7 
data bus demultiplexing. 3·30 
data input cycle. 3·12 
data output cycle. 3·12 



DMA and multiprocessor logic. 3-1 
8212110 port used with. 3-32 
ENOUT signal. 3-10 
instruction execution speed. 3-3 
1/0 cycle status information. 3-7 
I/O cycle. suspension of. 3-9 
I/O. bus access logic continuously enabled. 3-10 
logic level. 3-3 
memory pages. 3-3 
multiprocessor systems. 3-18 
NHOLD signal. 3-13 
PACE MILE used with. 3-31 
return-trom-interrupt. 3-15 
serial I/O. 3-1 
timing control signals. 3-7 

SC/MP and SC/MP II. 3-3 
signal differences. 3-5 

SY6551 
device addressing. 10-76 
echo mode. 10-81 
modem disconnect. 10-81 
overrun. 10-81 
programmed break. 10-81 
receive. 10-SO 
transmit. 10-79 
underrun. 10-80 

TMS 1 000 subroutines. 1-5 

Z8 
address bus. 8-16 
counter/timer. 8-40-42 
data bus. 8-16 
data memory select. 8-36 
event counter. 8-41 
extended machine cycle. 8-21 
external bus. floating the. 8-18 
external data memory. 8-4 
<lxternal data memory addressing. 8-11 
external program memory. 8-3 
high-speed 1/0 with handshaking. 8-34 
instruction pipelining. 8-22 
Interrupt Mask register. 8-24 
Interrupt Priority register. 8-25 
1/0 control registers. 8-34 
I/O data transfer without handshaking. 8-30 
I/O ports. 8-36 
1/0 with handshaking. 8-33 
I/O with handshaking select. 8-36 
machine cycle. 8-21 
memory read machine cycle. 8-21 
memory reference machine cycle: 8-35 
memory write machine cycle. 8-21 
open drain outputs. 8-32 
open drain wire OR. 8-32 
parity option. 8-37 
program memory addressing. 8-12 
pseudo-bidirectional I/O port. 8-32 
register assignments. 8-10 
register direct addressing. 8-6 
register indexed addressing. 8-8 
register indirect addressing. 8-9 
registers. 8-6 
serial I/O character format. 8-38 
serial I/O errors. 8-38 
serial 1/0 parity logic. 8-37 
serial 1/0 receive logic. 8-38 
serial 1/0 transmit logic. 8-38 
stack. 8-12 
stack pointer. 8-35 

xxi 

word addressing. 8-9 
working registers. 8-6 

Z80 
bus control signals. 7-9 
CPU control signals. 7-9 
indexed addressing. 7-6 
LSI technology. 7-1 
system control signals. 7-7 
wait states. 7-18 

1650 
accumulator. 15-4 
counter-timer logic. 1 :';-7 
I/O pin logic. 15-3 
1/0 port registers. 15-3 
program counter. 15-4 
program memory. 15-3 
stack. 15-6 
Status register. 15-5 
timing. 15-8 
Vxx power supply. 15-8 

2650A 
accumulator. 11-3 
branch instruction addressing. 11-7 
bus access control signals. 11-11 
bus contents identification signals. 11-11 
CPU execution control signals. 11-11 
extended addressing options. 11-6 
external device control signals. 11-12 
index registers. 11-3 
interrupt control signals. 11-12 
memory pages. 11-3 
memory page selection. 11-8 
program counter. 11-3 
program relative addressing. 11-4 
stack. 11-4 

387q 
clock logic. 2-10 
direct scratch pad addressing. 2-7 
event counter mode. 2-17 
expansion. 2-3 
implied scratchpad addressing. 2-7 
interrupt disable. 2-13 
interval timer mode. 2-16 
memory addressing. 2-6 
pulse width measurement mode. 2-16 
reset. 2-10 
scratch pad memory addressing. 2-6 

3870/F8 
accuulator. 2-5 
data counters. 2-6 
program counter. 2-6 
scratchpad. 2-6 
Stack register. 2-6 

8022.6-54 
pins and signals. 6-55 

8035 reset. 6-1 7 
8041 Buffer Status register. 6-44 
8048 

debug mode. 6-15 
reset. 6-17 
standard memory devices connected to. 6-22 

8080A 
carry status borrow logic. 4-5 
carry status nomenclature. 4-26 
clock periods. 4-7 
data bus definition signals. 4-7 
direct addressing. 4-5 



8080A (Continued) 
implied addressing. 4-4 
instruction status. 4-10 
interrupt control signals. 4-7 
interrupt response using CALL. 4-54 
machine cycles. 4-7 
NEC 8080A differences. 4-17. 4-24. 4-25. 4-33 
slow memories. 4-13 
timing control signals. 4-6 
wait state request logic. 4-14 

8085 
ALE generation. 5-18 
interrupt acknowledge. 5-29 
I/O write timing. 5-16 
memory read timing. 5-15 
memory write timing. 5-16 
multi byte acknowledge. 5-29 
select problem. 5-14 

8085/8085A. 5-1 
ALE differences. 5-5 
ALE generation. 5-18 
Halt state. 5-24 
Hold state. 5-24 
interrupt differences. 5-28 

8085A 
ALE generation. 5-18 
bus control signals. 5-5 
bus idle machine cycle. 5-18 
clock periods. 5-18 
control signals. 5-5 
data bus definition signals. 5-5 
device select logic. 5-10 
Hold within Halt state. 5-27 
interrupt acknowledge. 5-29 
interrupt signals. 5-5 
machine cycles. 5-7 
multi byte acknowledge. 5-29 
multiple device select. 5-11 

xxii 

reset signals. 5-5 
RIM after TRAP. 5-31 
select problem. 5-14 
serial I/O. 5-5 
TRAP interrupt. 5-31 
transient selection. preventing. 5-12 

8155 device reset. 5-38 
8155/8156 

I/O modes. 5-38 
I/O port addresses. 5-40 

8212 
I/O port used in SC/MP system. 3-32 
used as output port in SC/MP system. 3-33 

8224 clock signals. 4-46 
8243 reset. 6-57 
8259 PICU 

interrupt mask. 4-59. 4-63 
interrupt service routine priorities. 4-57 
polling. 4-59 
rotating interrupt priorities. 4-58 

8355. connected to 8048. 6-22 
8748 

debug mode. 6-15 
programming mode. 6-15 
reset. 6-17 

8755.5-51 
connected to 8048. 6-22 

8755A.5-51 
8T32133/35/36/ IV bytes. 14-4 

access logic. 14-23 
addressing. 14-4 

8X300 
data addressing. 14-4 
I/O addressing. 14-4 
program memory addressing. 14-4 
rotate and mask logic. 14-7 
shift and merge logic. 14-8 

9080A status difference. 4-6 
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