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Introduction

fter | reassemble a computer like a C64 or C128

wing a repair job, 1 usually type in some hit-

tle test program and run it. One of my quick favorites
is this two line tester;

10 7RND(1);
20 GOTO10

The test lines cause the screen to fill up with a
stream of scrolling decimal numbers. This tells me
that most of the chips in the machine are okay be-
cause they are participating in the action. [t s a good,
fast checkout exercise.

One time, after taking the step-by-step disas-
sembly photos for Chapter 2 and reassembling my
C128, [ routinely typed in the test lines. The line
number 10 appeared fine, but when 1 hit the ? key
to comnmmiand a PRINT, nothing happened. 1 tried the
It dide't work either.

Instead of using the 7, | typed in PRINT and
left off the semicolon, Then | ran the lines. Instead
of filling the entire screen with decimal numbers, a

row of decimal numbers started scrolling up the left
side of the screen.

I breathed a sigh of relief, The C128 itself was
okay. It looked like the trouble was strictly related
to the keyhoard. I took the top off the machine agam
and spotted the trouble. The keyboard port plug was
not seated properly. I had evidently pulled the plug
out a fraction during the final moves of the reassem-
bly. I seated it firmly and put the screws back in.
Sure enough, all was well again.

Easy-to-fix trouble is typical of the majority of
computer problems. If you develop a simple prob-
lem and take it into @ repair shop, you'll be presented
with a bill —after the shop gets to your C128, takes
it apart, diagnoses the ¢ircuit area, pinpomnts the
cause, and remedies it. In addition, davs and even
weeks could elapse without the use of vour
computer.

To avoid a lot of expense and hassle, all vou
have to do 15 learn how your CL28 works, from the
viewpoint of the hardware. Even though you might
be a top programmer or an expert computer opera-



tor, the troubleshooting and repairing of your C128
can only be accomplished by approaching the ma-
chine from a hardware point of view, It will be eas-
ier to gain the repairer’s viewpoint if vou are a
programmer or operator, but the hardware approach
is different from the software approach, ind requires
a different dimension of thought.

A car as an extension of your legs is analogous
o a computer as an extension of your brains, and
driving a car is analogous to programming a com-
puter. The average auto drver knows little about
how the car’s engine bumns gasoline. In the same
way, the programmer has only a smattering of what
the computer’s circuits are doing as it consumes
electricity. When the auto breaks down, the driver
takes it to the mechanic to be fived. When the C128
breaks down, the programmer looks for a computer
troubleshooter.

In one respect, this book, besides covering rou-
tine, easy repairs, is the manual the computer tech-
nician uses to make the necessary tests, no matter
how difficult, to get your C128 “up" and working
again. However, this book is much more than that.
Besides containing the specific information on
voltages, logic states and parts, this book is alse a
training course to give Commodore 128 owners the
information that, added to programming skills, will
give vou the missing hardware point of view that will
enable you to gain complete mastery over your
compuier.

In ordér to be able to fipure out and repair a
gircuit failure in your C128, first of all vou must be
able to picture in your mind how the crowt is work-
ing. Tried and true electronic service pathways that
have been developed over the years are useful, By
fullowing these methods, and using your natural
puzzle-solving abilities, you will be able to pinpoint
defective components or connections. Once the
trouble is located—the most trying part of a repair
job—then the rest of the chore is either replacing
the part or repairing the connection,

The starting point of any repairis 1o carefully
analvze the symptoms of trouble. One symptom is
the computer nol being able to display all the keys
on the kevboard, A number of others exist. In Chap-

ter 1, all the common symptoms are discussed. An
analysis of each symptom points te a circuit ared that
could possibly contain the source of the trouble. In
each circuit, there are primary suspects that should
be examined first. However, in order to get to the
circuits, you must be able to take the C128 apart.
It is not difficult, and Chapter 2 goes into the de-
tails; it"s all about knowing where the screws are.

You must use the right tools for the disassem-
bly. Dismaniling and reassembling must be per-
formed correctly, and with care, to avoid mishaps.
You are working with tiny items, and each move
must be made slowly and then it must be checked.
A wrong move could cause “induced'’ troubles that
will complicate things.

Chapter 3 contains the most used piece of ser-
vice information: the chip location guide—the main
printboard lavout of the 63 chips in the computer,
plus other prominent landmarks. The guide lets you
relate all the information you Jearn to the location
of any chip you might want to examine on the board,
and is used over and over again on every repair job.
Its use results in many repairs without any other ser-
vice information.

Chapter 4 provides the mechanical and elec-
tronic techniques that must be used if and when chips
have Lo be replaced. The tools and thinking that go
into the ticklish job of changing an integrated circuil
chip is reviewed. Changing a chip is not like chang-
ing a vacuum tube, and is similar Lo, but much more
exacting than, changing a transistor. These four
chapters will teach you how to quickly repair at least
50 percent of C128 faflures.

Chapters 5 through 8 introduce you, with more
intimacy than previous chapters did, to the chips in
your machine. Starting in Chapter &, you'll find the
first of the test point charts that make it a simple
matter to quickly check out every chip n the com-
puter. Each chart is the top view of a chip showing
the exact pinout. The name of each pin is given and,
where practical, a sketch of the chip's insides is also
shown, Arrows show the direction of the simal flow.
Attached to each arrow is the actual reading you
should receive if you probe the fest point with a logc
probe or vom (voltohm-milliammeter).

X1



The readings were made on a computer that
was first turned on in $128 mode, 40-column, with
the READY sign on the screen and with the cursor
blinking. When you read your chips, the logic state
of each Lest point should match up with the charts.
If all the pins on the chip read correctly, then that
chip ig deemed okay. Should one or more readings
on a chip be incorrect, then this is a symptom of
trouble and bears further investigation.

Actually, what you are doing is checking the in-
put and putput status of the chips. The inputs and
outputs are clearly shown by the arrows. If all sig-
nals are being npul properly but are not outputting
correctly, chances are that the chip's internal cir:
cuits are not passing the signals. That would indi-
cate a bad chip. On the other hand, if an input signal
is meorrect, odds are that the chip is okay bul that
the circuit feeding the chipis not getting a signal to
the pin. That circuit or bus line could have a short
or an open condition, The test point charts are your
entree to quickly getting repairs underway and locat-
ing troubles.

Chapters 5 through 24 comprise a servicmg
manual and a technical reference manual written on
a technician’s level, There are discussions of each
chip with considerable detail, and even some timing
diagrams for the chips that require them. You will
gain mastery over your C128 by gradually absorb-
ing the material. You might find that your program-
ming skills will also mmprove as you gradually realize
what is actually happening to the 1's and (1's as they
fash around the digital circuits,

This book ends up with a master schematic of
the CIZ28. The schematic is needed during a diffi-
cult repair after the dreuit area containing the trou-
ble has been located and the wiring details are
needed to pinpoint the prime suspects. The
schematic contains all the part numbers. These same
part numhbers are found printed clearly on the print-

board. For example, a U6 15 found panted on the
board next to the 8502 MPU. The schematic reads
U6 as the part number for the B502. All the transis-
tors, capacitors, ete. are identified in the same way.
With the chip location guide, the test point charts, the
theoretical discussions of the circuits, and the master
schemabic, vou should be-able 1o cover dll the infor-
mation regquired for the troubleshooting and repair of
your computer.

Chapters 10 and 11 are a short course in logic
gates and digital registers with specific reference to
the gates and registers in the C128. The way the ma-
chine uses bmary, hexadecimal and decimal is included
too. This knowledge enables you to work out BASIC
PEEK and POKE routines to signal trace circuits
that the 8502 MPU is able to address. The C128
also has a machine language monitor that can also
be used for signal tracing with its commands. The
ahility to convert from decimal to binary to hex and
back should be one of the tools of your servicing
repertoire.

To be able to make the easy repairs on your
C128 really pays off. The easy repairs are at least
half of the total repairs. While vour C128 is still in
warranty, there is no problem—Commeodore is very
accommodating. However, once the warranty period
is over, the complication begms. If the machine fails,
you must take it to 2 repair station. This often takes
some weeks, and the machine can be returned with
a healthy repair bill. If, on the other hand, you are
able to do the troubleshooting and repair yourself,
then the savings in tme and monéy become guile
worthwhile—besides the feeling of accomplishment
you get when you fix your machine, If, dunng the
life of your machine, you happen to get one repair
from this book, the savings will more than pay for
the price of the book, Then, of course, there is the
knowledge you'll gain from the experience.



1. C128 Briefing Session

he unusual thing about troubleshooting a C128

in comparison to trying to ix most other com-
puters is that the C128 case contains a form of Sia-
mese triplets. Three complete computer systems
are in the one case, The three computers are jomed
together at their inputs, outputs, MPLUs (Micro-
Processing Umits), and memory. They also share
many of the other circuits. Thev cannot be physi-
cally separated from each other.

The triplet feature of the C128, as might be
imagined, can complicate and confuse the situation
when trouble strikes. However, if vou are properly
briefed and are aware of the three-in-one computer
feature, as shown in Fig. 1-1, then symptom analy-
sis can be accomplished without difficulty, and that
is what this book is all about, It covers the three
computers in the CT28 case from a trouhleshooting
point of view,

THE SYMPTOM DEVICES

The input and cutput devices of vour computer
are diagnostic tools. The most valuable of them is

the TV display. Most computer troubles show up
on the TV display. In many cases, you can look at
what is happening, or not happening, in the display
and be directed to the circuits that are in trouble.

Other input or output devices that could also aid
in interpreting symptoms are: the printer, the disk
drrve, the cassette, the kevboard, the modem, a car-
tridge, the jovsticks, etc. When these devices *"act
up,”" you have to decide whether the computer is
at fault or the device is bad. The decision is easy
il you substitute a device that is known to be good
for the one exhibiting the symptom. If the new one
works properly, then the old one is defective. If the
trouble persists, the finger of gailt points to the com-
puter circuits. Table 1-1 is a trouble chart that indi-
cates the computer ciecuit that could be the problem
when penpherals stop operating, but are proven to
be good. These input and output devices are excel-
lent symptom indicators. However, as mentioned,
the TV display reveals the most symptom informa-
tion. The symptoms that displays show become elas-
gics, have names of their own, and contain valuable
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THREE-IN-ONE COMPUTER

ciz2a
Computer #1
C12a
40-Column L 4 o= A0-Colurnn
outpul
c128
B0-Column ¢ BO-Column
output
Computer #2
ChHd
40.Codumn .—c—ﬁ—- 40-Columin
output
Computer #3
CPM
40-Coluren ?—(—‘———F 40-Column
output
Bﬁ-'g;:ummn ® o ——= 80-Column
autput

Fig. 1-1, Troubleshooting the C128 can bacome confusing because there are three separale compulers joined together

like Siamase triplats.

troubleshooting information when interpreted prop-  there isn't any trouble. Table 1-2 shows the five pos-

erly. Let's go through them one by one.

The items in a Normal Display

sible types of display devices vou might be using.
They are (1} your home TV, {2) a momtor that dis-
plays a composite coler TV signal, (3) a monitor that *

Before you can spot trouble in a display you  needs an RGBI sigmal, (4) a monochrome monitor,
must know what the display should ook ke when  (5) a direct monitor.



Tabie 1-1. When a peripharal won 't work
because of computer trouble, these chips are the prime suspects.

Symptom Possible Defect Try

in C128
Bisk won't work claz Replacing chip
Printer stops ClaliCiaz Replacing chip

Keyboard won't work

Modem not operating CIAVCIAZ
Lozes audio s
40-column display

loses video

BO-column display

lozas video B56TALS244/44 16" Replacing chips
Canridges

won't work ClaA2MMUPLA Replacing chips
Control port

won't work ClA1 Replacing chip

Casseatte won't work

ClAT or Keyboard

VICIRF Modulator

BEOZCIAT/T406, 30

Reptace chip or rapair
ar replace keyboard
Replacing chips
Repiacing chip

Replace VIC or replace
or repair RF Mod box

Replace chips or trangistor

Table 1-2. The C128 cutputs five different
signal types from its two video output circuits. One
type of signal is for each of five different kinds of monitors.

Avallable Modes

Output Circuits

Display Device

Ci28 RF Modulator Home TV
4-column B5G4 VIC Composite Monitor
Direct Monitor
ci28 8563 Video RGBI Monitor
BO-column Controllar Menochrome Monitor
Ce4 RF Modulator Home TV
AQ-column Ba84 VIC Composile Monitor
Diract Monitor
CRIM RF Madulator Home TV
40-column 8564 ViC Compaosite Monitor
Direct Monitor
CPM 8563 Video RGBI Morvitar
Bo-column Cantroller Monochrame Monitar

Because most people use their home TV, I'll
use it as the example. In general though, the dis-
cussion covers all five types. The differences are
covered in detall in Chapters 20 and 21.

The C64 mode of the C128 is huilt to come on
as shown in Fig. 1-2. Item number 1 in the picture
is a light blue border. Item number 2 s a dark blue
display block. [tem number 3 is a sign-on message

ending with READY . Item number 4 is the blinking
cursor, These signals emerge from the RF socket
in the back of your C128, passing through the cable
and entering the TV via the Computer/TV switch-
box, into the VHF antenna termunals of the TV.
There is one more signal from the C128 that
is not displayed. The above four signals are pack-
aged up ina TV frequency set for either Channel 3
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Fig. 1-2. In C64 mode the display normally comes on with & light blus border, a dark blue display block, ight blue charac-

ters, a AEADY prompt and a blinking cursor,

or4, The Items are modulated in these TV channel
frequencies and are then demodulated in the TV so
that they may be displayed on the screen. The
modulation-demodulation process degrades the sig-
nals slightly. That is why the monitors are preferred
over a home TV display. For monitors, the signal
items are sent directly to the monitors through the
composite video socket or the RGBI socket with-
out having to go through the modulation-
demodulation in the RF Modulator circuits. The
haome TV is quite satisfactory and handy.

When you turn on your C128, vou should see
with the 40/80 key in the up position, and in C128
mode; a black block, a green border, green letter-
ing and a cursor. If anvthing is missing, then yeu
are experiencing trouble. Incidentally, if the block
and the border show, bat the lettering and cursor
are missing, then the first thing vou should do is
check the 40/80 key. It should be in the up posi-
tion. If it is depressed, it could cause the letiering
and cursor to be missing on your home TV screen.

When the 40/80 key is up, the signal is coming
out of the RF socket and shows all four Items on
the display. However, when the 40/80 key iz de-
pressed, the signal is switched around and the four
ltems appear out of the RGBI socket. The RF
socket only puts out the display block and the
border.

The Dead Computer

The most common problem with the C128 s 3
complete loss of power. When this happens, the TV
display shows a blank screen. If the display is a home
TV, then the picture will appear as if there isn't any
antenna attached. Most TVs at that time will show
a screenful of snow, or some snowy distant channel
as shownin Fig, 1-3. When you flip the C128 off-on
switch, nothing shows on the display. The red pilot
light might or might not go on.

You must make the obvious service moves first,
Check to be certain that the computer box is mugged
properly mto the wall socket on one side, and the
computer on the other, as seen in Fig. 1-4. If the
plugs are ckay, then feel the casing of the power
box. Is it slightly warm? If it is, then the box is prob-

i

brightness)-

5

Fig: 1-3. When your home TV or manitar comes on as usual
but your G128 won't display anything, your computer is play-
ing dead,



Fig. 1-4. The first obvious step 1o take whan the G128 5 playing dead |s 10 make sure thal the power box is plugged
into the wall socket and into the side of the computer.



ably okay. If it is stone cold, then it could be the
troublemaker. Trying a new one will prove the peint.
If a new one fires up the computer, then the old one
1s bac. Should the new one not work either, then
the old one is probably fine.

Once you complete these guick checks and the
computer is still dead, your next step is to turn to
Chapter 24. There you will find the next
troubleshooting steps. You'll need to take some ac
and de voltage readings, and probably disassemble
the power box and the C128.

Garbage Display

The next most common symptem is loosely
lnown as ‘garbage.” It is generally thought of as
a screenful of meaningless numbers, letters, sym-
bols, white spaces and black spaces as shown in Fig.
1-5. The trouble could happen during start up. The
display fills up with parbage instead of the normal
sign-on with the READY prompt. The garbage could
contain a flashing cursor, or the cursor could also
he missing. Other times the garbage could suddenly
appear while you are computing. Your program
crashes and the computer locks up,

The reason why garbage appears on the screen,
instead of the normal sign-on picture, 15 because the
microprocessor is out of control—it is running wild.
Normally the processor conducts its duties under

the careful control of the C128's operating system
in the ROM (Read-Only Memory) chips. When for
some reason the operating system loses control, the
processor simply goes mad, spewing addresses, data
and control signals around the computing circuits
without any rhyme or reason. The result is: the TV
display fills up with nonsensical characters, numbers,
symbols and spaces.

The garbage symptom does not pinpoint the
trouble to a single circuit. The failure could happen
in almost any of the digital circuit compenents or
chips. Your approach therefore must be: first, locat-
ing the general circuit area of the trouble before vou
can zero in on a specific drouit; second, locating a
component, connection or chip.

This procedure requires you to learn how the
digital circuits are processing data from a hardware
and voltage point of view, 4t the technician's level
of understanding. Then you can intelligently make
appropriate logic probe, voltage and scope readings
to hunt down defects, Chapters 6 through 23 con-
tain the information that will aid you in pinpointing
the troublemaker.

Empty Display Block

The empty display block is the same symptom
as what occurs when the 40/80 key is accidentally
depressed. As shown in Fig. 1-6, the border and dis-

'IDr'.I'I".’ll.l'l-E»T?-r-.l'lTZJ".‘-.*X-TI‘xr
aaaa(1 14 W T2 7TM
(11 4)D54d % Zall7 )4
MSES SCHAPTERL21 -1
130,193 5934%-0"5
I 'l4[*"ITVI3%#4;|
e B/ 054 28R 28RS
TC% T Vs S0sga2/"

J AL AL

[T

Ed it LRI

Fig. 1-5. When the display fills up with GARBAGE instead
of the READY sign-on massage and the blinking cursor, the
troubde is hidden somaewhare in the digital circuits of the
COMmputer.

Fig. 1-6. A variation of garbage is a display block that is
blank. The border and empty block can be seen but no
characters appear. Sliriking the keyboard has no apparant
effect.



play block are present but the block is completely
empty. You can strike the keyboard but try as vou
may, nothing shows up—the block remains devoid
of characters or svmbols.

When the display block is empty and the 40/80
kevy 15 up, you have a circuit problem that resules
in another form of garbage. Here again the same cir-
cuits come under suspicion. The fault could be lo-
cated anywhere in the digital circuits. It is a
troubleshooter’s job to take test readings and, from
the results of the readings, deduce what circuit area
15 in trouble. Again, an understanding of Chapters
6 through 23 should clear up the maze of chips and
printboard copper traces.

Chapters 6 through 23 contamn troubleshooting
techniques and theory of operations along with
detaited test pont charts showing voltage and logic
states that are normally present on the test nodes
when the READY sign appears. What vou do is run
voltage or logic probe tests, as deseribed in Chap-
ter 4. If you take some test readings and one or
more of the test results do not match up with what
15 supposed to be at the connections, then you have
found @ clue that could lead to the fault,

No Color

The C128 15 a color computer. Special circuits
in the machine generate the colers that appear in
the display. Should the C128 dizplay a picture with
good characters and symbiols,; except for the fct that
the picture is missing coloring, then no color indi-
cates trouble in the color cireuits.

The color signal 15 originated in the clock -
cuits, Chapter 17 covers the dock. The colors are

output for the 40-column displays in the 8564 VIC
chip. Chapter 20 explains the 8564 chip. The colors
for the Bi-column displays are output by the 8563
Video Controlier chip. The discussion on the 8563
is in Chapter 21. When there is no coler, turn to
these chapters to find out how the color is gener-
ated and how it passes through the computer. Once
you brief yourself on the color theory of operation,
you can then figure out how the colonng is failing
to appear and take the repair measures to restore
color,

No Video, Sound Okay

This symptom is almost like the dead computer
symptom except for one important difference: the
sound from the computer is still emanating from the
TV display. This means that the computer is fine,
except for the video circuits. Because there are a
number of different types of video outputs possible
from the C128, you must make some simple isola-
tion tests to determine which videos are missing and
which ones are present. The possible video outputs
vou can obtain from the CI128 are the following,

The RF output plug sends-a composite TV sig-
nal contained in a TV Channel 3 or 4 envelope (see
Fig. 1-7). A home TV can use this signal just as if
it was coming from a TV station, This RF cutput
has a 40-column display only.

The Video output plug is tricky. It puts out two
different type 40-calumm signals. First of all, it out-
puts through pin 4 a compesite TV signal without
the TV Channel 3 or 4 modulation envelope (see Fig.
1-8). This signal can be displaved on a composite
monitor TV. Secondly, the plug outputs another dual

S O o I

RAF Modulator
72 ohm
40-Column
display
Cutput
plug

Composite calor

Contained in
Ghannel 3 or 4

TV video

Fig. 1-7. The RF Mcdulator outpul plug sends a 40-column composite color TV signal on a Ghannel 3 or 4 frequency.

It works fine an a hame TV



COMPQSITE VIDEC PORT

A0-Corlurmmn
output plug
1 & o= Luminance/sync
Z ‘—ijund
5 | - > Audio -MWMI'*
i o g Comiposite color m
T
5 & < External auelia
5 e == Chroma
Toa— NG
i & 0+ 5 Volts
GCNB

Fig. 1-8. The Compesite Video Port sends out a numbar of signals. At pin 4 is a 40-column composite color TV signal
without Channel 3 or 4 modulation. Al pins 3 and 5 are audio cutput and input sigrals. Pins T and B output separate

af-column: LUMISYNC and CHROMA.

signal, From pin 1 it emanates a Luminance/Syne
signal. From pin 6 comes a Chroma signal. These
two signals can be injected into a direct TV monitor
to produce a display. There aren't too many of these
monitors around except for the Commodore 1702
and perhaps a few others. However, the combina-
tion signals are available at the pins and can prove
usefi] during the testing of video signals. Any ordi-
nary TV scope will show them nicely.
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The RGREI plug is also not straightforward. It
also outputs different signals (see Fig. 1-9). It puts
out a normal 80-column RGBI signal that can dove
an RGBI Monitor. The RGEBI signal exits through
most of the nine ping of the RGBI plug. In addition,
another separate 80-column signal is output from pimn
7 of the RGBI plug. It is an 80-column Monochrome
signal that can be used on an ordinary composite TV
monitor. It is similar to the 40-column signal com-




RGBI VIDEQ PORT
80-Column
Gutput plug
T e |
2
3 = Hod
4 & = Green
5 @ = Blug
5 e Inensity
Monochrome M
T video
a = # Horizontal sync
o @ = ‘Vertical sync
e e, —
CN10

Fig. 1-2. The RGBI Port outputs two saparato signaldypes. From pin 7 emanates an Bi-column Monochrome Videa, All
the rest of the signals combined produce an B0-column RGBI signal with corect horizontal and vertigal sync.

g out of pin 4 of the composite video plug—only
this pin 7 output from the RGBI plug has 80 columns.
The columns are different because the 40-column
output comes from the VIC 8564 chip and the
Bl-column ouiput comes from the B563 wideo con-
troller chip.

Table 1-2 shows the different outputs, The iso-
latiom test techmigques are discussed in detail in Chap-

ters 20 and 21. Chapter 20 covers the 40-column
outputs and Chapter 21 covers the B0-column
outputs.

No Sound

There are separate sound circuits in the C128,
They are covered in Chapter 22, The sound circuits
are mostly contained in the 6581 Sound Inicrface




Dreriee, called SID. When sound troubles happen,
they are usually related Lo that chip and its adjoin-
ng circuits.

51D, and the microprocessor it is operating
with, form a bond between them. It's as if they are
a small computer system of their awn. This makes
sound troubles relatively easy to test and handle,
Sound testing is discussed in greater detail later in
this chapter. For all the details though, turn-to Chap-
ter 22.

Peripheral Device Problems

As you know the C128 mode is the centerpiece
of the computer sysiem. Feeding into the C128 are
the kevboard, disk drives. cassette, joysticks, pad-
dles, light pens, inscription pads and so on. The com-
puter processes these inputs and then outputs to the
printers, disks, cassette, modem, TV display, etc.

As mentioned earlier, when a peripheral device
stops operating normally and cavses trouble, the first
step is to substitute the troubled peripheral with one
that is known to be good. If the trouble ceases and
normal compoting continees, then the trouble is
the peripheral. Repairing peripherals is a separate
job and is covered in other books. However, when
the new peripheral also won't work, then the trou-
ble is in the C128.

When you decide that the C128 iz at fault, turn
to Chapter 23, which discusses the inputs and out-
puts of the C128. There you will find the circuits
and plugs that receive the inputs and send out the
outputs. The chapter guides vou to specific circuits,
as found in Chapter 19. In Chapter 19 are discus-
sions on the 6526 Compler Interface Adapter (CIA)
chips. These two chips handle most of the IO {in-
put/output) work that is required for all the
penpherals except the ones that produce the nideo
displays and the audio output.

DIAGNOSTIC PROGRAMMING

Onee you get mto this book, you'll progress
through the following steps.

(1) You'll get an idea of what the printboard looks

lilee a5 you take it apart with directions in Chap-
ter 2.
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(2} You will become familiar with the location of the
chips as described in Chapter 3,

(3) Chapters 5 through 9 will give vou a good ides
of what the C128 is doing.

(4}  You will be briefed enough to mtelligently per-
form a lot of vour own tests using PEEK and
POKE in BASIC, or the machine language
momtor commands: MEMORY and FILL (M
and F), which perform the same jobs.

PEEK and POKE

Using the function PEEK and the statement
POKE gives the C128 the opportunity to test itself
and then tell you ahout it. It is an excellent self-test
and works well as long as the: C128 is not down com-
pletely. Should there be a power supply problem,
or other major problem, then the computer obviously
can't test itself. However, if the machine is operat-
g somewhat, but is exhubiting ghtches or other er-
ratic behavior, then you can eften pinpeint the circuit
and chip that is defective with these test techniques,
If you have been doing any programming at all m BA-
SIC, then you are well prepared to write a tiny test
program, run it, and come to diagnostic conclusions.

PEEK allows vou to read the contents of any
of the locations in the C128 or C64 memory map.
This includes all the ROMs as well as the RAM (Ran-
dom Access Memory) chips, and includes addresses
on the map that are in registers on large chips hke
VIC, SID, and the CIAs. As long as the location is
on the map, you can read its decimal contents which
in turn can be converted to hexadecimal and binary.

POKE permits you to load a byte or bits into
all of the memory addresses, with the exception of
the read-only locations (ROM), POKE gives you the
ability to run test data back and forth between the
processor and the residents of the memory map,

Two ways might be used to gel the PEEK and
POKE tests to operate. First, you can use them
directly withoul program numbers. Simply type in
the desired program line, then press RETURM. If
the line orders a PEEK, then the addressed loca-
tion will yield its contents and PRINT on the display
the decimal number equal to the binary contents of
the location. Should the ine command a POKE, then
the binary equivatent of the decimal number you put



in the line will be put In the location addreseed by
the line. It's really easy because PEEK is. in real-
ity, a ‘'read’’ operation and POKE is actually a
“write."" In the direct mode (e.g., LIST or RUN)
these operations are performed without firther ado.

Otherwise, you could wnte a tiny test program
with numbered lines. You could, for example, write
to some locations, install numbers in the locations
with POKEs, and then read those locations with
PEEKs. Another common test program could POKE
numbers into registers to see if the registers are
performing. When you POKE registers on a chip,
it is-exactly like working the switches of a control
board of the chip.

When you use POKE and PEEK as a signal in-
jector and location tester in the C128, the only tricky

part is having a clear idea of the relationship between
decimal numbers and the set of bits in a byte that
the decimal numbers represent. When vou POKE
a number into memory, you type a number that is
code for a particular set of digital bits. As vou PEEK
amemory location, a decimal number is returned to
you and is PRINTed on the sereen. The decimal
number is the code for the set of eight bits that are
contained in the regster you have just read.

For example, if you are in the C64 mode, then
you could desire, for troubleshooting reasons, to
learn what the contents of address number 209 are.
It's easy. Simply type in: PRINT PEEK (209). As
seen in Fig. 1-10, the answer 36 is PRINTed on the
display below your command line. This 36 is deci-
mal for the binary bits 00100100, The bits could also

TV display

F

READY,
Decimal code for

PRINT PEEK (209)

Memory location

re

LLHLLHLL
woltages
Bit holders
2 7 & 5 4 3 2 1 0 | —BIT POSITION
]
= 208 e
g 7 6 5 4 el 2 1 0
g“ 509 L L H L L H L L
Type of bit voltage
E 7 18 [5 |« |3 [z |t To e b
210
7 5 5 p a a 1 0 H = High voltage
L = Low voltaga

21
}——J'm.-——l'-—'—"“—

Maost significant
bl pasition

Least significant
bl position

Fig. 1-10. A auick-check of a chip is 1o read the contents of one of its registers. In this test, RAM

ragister 208 in Cé4

mode is read with a PEEK. When decimal number 36 is relurned, the register is considored okay,
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be called LLHLLHLL. The programmer usually
thinks of the bits as 1's and 0's, while the electronic
troubleshooter sees the bits as H's and L's (Highs
and Lows). Anyway, the PEEK function ¢an easily
read the contents of location 209 while the C128 is
used as a CH4. A programmer might need the h-
nary arrangement to switch data around in the pro-
gram. A troubleshooter could use the information
to compare the actual contents of 209 to what is sup-
posed to be in 209 at that time. If the correct bits
are present, then the location is considered okay.
Should the bits be miszing or incorrect, then that
is a clue that could lead to the pinpointing of a fault.

Another example of using these techniques also
refers to the C128 acting as a C64. Suppose that
you want to quick-check the operation of the color
RAM chip, A fast test could be a change of border
color on the display, Location 53280 controls the
color of the border. It so happens that if you write
the decimal number & to that lecation, the border
will change to orange—if the chip is okay. You can
enter POKE 53280.8 onto the kevboard. As vou hit
RETURN, the TV picture border should change
from light blue to orange. Ifit does, then the guick-
check infers that the color RAM chip is okay. Should
the POKE produce no effect, or the wrong effect,
then the chip or its associated circuits are indicated
to be in trouble. This is aaly a quick-check. The in-
ference is that if the chip responds well to one sure
test then odds are good that the chip is okay. There
is always the possibility that there could be some
other subtle form of trouble that the test is not re-
vealing. Howewver, when a test like this is made and
works out okay, chances are very good that the en-
tire chip is okay.

The 53280 is the decimal address of the color
RAM register. The decimal eight is a set of bits,
called 00001000 or LLLLHLLL. The color RAM
uses the four lowest bits, HLLL, to switch the bor-
der color to orange.

PEEK and POKE can be used as a Iocation
tester or signal mjector. BASIC is used in both the
C128 and C64 modes. It is not used in the CP/M
mode. These easy tests are not readily available in
CP/M as they are in BASIC. CP/M and BASIC are
nol permitted to run at the same time.
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When in C128 or C84 mode vou'll find that the
PEEK function and the POKE statements can be
used over the entire 128K RAM that the C128 uses,
and the full 64K RAM that the £64 has privy to. In
addition, POKE and PEEK cam be applied to the var-
ious static RAM chips, the ROMs, the 1/O chips as
well as the addresses on the video and sound chips.
You should consider the locations on the memory
map as bit holders and the decimal data you read
ot of the locations and write to the locations as code
for the bits. There will be more on these techniques
as you go through the book.

Diagnostic Programs

Besides reading and writing to individual ad-
dresses with PEEK and POKE directly, vou can.
once you acquire a tronbleshooting point of view,
also write programis that perform batteries of tests
and check out large portions of the memory map.
One useful diagnostic programming technigue is to
place PEEK and POKE in loops. A POKE in a loop
can make the C128 able to write to a large group
of memory locations automatically, one after the
other. A PEEK in 4 loop could have the C128 read
many memory locations and print the resalts m dec-
imal on the screen.

For example, a diagnostic program could be
used to test the ability of memory locations to con-
tain data, while at the same tme checlang out bus
lines for continuity. You would first write programn
lines that POKE data into lecations. Then you write
PEEK: to check and see whether the POKEs ever
arrived and were installed okay. If all the locations
you wrote (o are holding the data securely, then they
and the bus lines connected to them are considered
olary. Should some or all of the data not have reached
their destinations, you can then trace out the path
they were to have taken. Some sort of problem
stopped the data Aow, You have diaghosed a sus-
pect circuit area with your test program. There will
be more on these technigues in Chapters 14, 13,
16 and 18.

In addition to wnting your own lest programs,
there are diagnostic programs avalable. Checlk with
your local software store for the names of ones that
are for sale. For example, there is one diagnostc



that has been around quite awhile for the Cé4. You
can use it for the C128 when it is in the 084 mode.
It is called **64 Doctor.” Tt is manufactured by:

Computer Software Associates
50 Teed Dr.
Randolph, MA 02363

Commercial diagnosties are normally fancier
than the ones you will produce-—they are prettied
up with graphies. Once vou load the diggnostic into
the machine, then a menu pops up. One option
checks oul the disk system and the C64 mode's in-
ternal RAM. It is limited in that it can only test 64K
of the 128K in your machine. Next, there are tests
for the keyboard, a printer (if it is connected), a cas-
sette (if it is connected) and joysticks. Another test
runs patterns to check out your coler TV or moni-
tor. Lastly, the program makes the SID chip per-
form some music,

This diagnostic also works out the graphics on
the C64 mode. It produces sprtes that look like 3
TV set, a printer and so on. The sprites march
around the display.

For troubleshooting, a program like this has uze
but is limited, First of all, if the computer is down
completely, then il can’t run any program, includ-
ing the diagnostic. However, the program can some-
times decide whether a peripheral problem is located
in the peripheral itself, or if the computer circuits
are not performing properly. Should vou be unable
to substitute a peripheral that is known to be good
fior = suspect peripheral, as a test, this program eould
help.

While these programs are fun and oceasionally
useful during troubleshooting, they can be valuable
before you begin a programming session, Should vou
be planning a long program, it is a good idea to ex-
ercise the C128 everyday before you put program
lines into the machine. If the machine exercises
okay, then it is safe to work en. [t 15 very frustrat-
ing to spend hours programming, and then discover
there 15 some fault with the computer.

PRINTBOARD LANDMARKS

A C128 user is mostly concerned with zoftware
and applications. However, when trouble strikes,

that focus must be changed. You must switch your
view from the software to the hardware that is run-
ning the software. The next chapter deseribes how
o open up the C128 and get the prntboard out in
the: open. Once the printboard is exposed, vou will
see a complex maze of chips, capacitors, resistors,
foil connecting lines and many other items. In order
lo make any sense out of the layout, you have to
find out what all those components and connections
are, The place to start is with the landmarks. Once
you recognize them, you'll start 1o get to know vour
way around.

The main landmarks are the large chips, the
group of ROMs, and the collection of 16 RAMs. A
close look reveals the data and address buses cours-
ing over the board. Figure 1-11 depicts the nine large
chips, the locations of the ROMs, and the RAMs,

Figure 9-1 1s a block diagram of how these chips
are connected electronically, and the directions that
the data takes. The data flows over the system data
bus. The data enters the circuits via the kevboard
into a CIA, and passes onto one of the MPUs. The
MPU then reads the ROMs, reads and writes to the
RAMSs, and then outputs to one of the video chips,
a second CIA and to SID. The video chips in tum
output to the display and SID outputs to a sound
system.

Figure 1-12 shows how the address bus per-
forms, and how the chips are involved. The address-
ing emanates from the MPUs. They send the
address signals to the PLA (Programmable Logic Ar-
ray} and the MMU (Memory Management Unit).
These two chips then form the various addresses
and they are able to contact all the residents of the
menmory map. When a memory location is addressed
by this system, then data can be sent to its bit
holders.

Complex Interface Adapters

The two CIAs, Ul and U4, are physically lo-
cated on the two sides of the printhoard. 171 is found
in the lower right-hand corner and U4 is on the edge
of the left side just above the center of the hoard,
Both chips are plugged into 40-pin sockets. They
are both numbered 6526 and are called ClAs for
Complex Interface Adapters. The right side one is
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wired to a plug that the kevboard is connected to,
This 1s the kevboard's port of entry.

The right side CIA, called “'CIA1"" on the
schematic, besides letting the kevboard pulses in,
also is the port of entry for the two input plugs the
joysticks and other penipherals use. When a key is
struck or a joystick is moved, the electronic signal
generated enters U1, the CIALl. The signal is pro-
cessed by CIAL and is then output to the eight par-
alle]l copper traces called the “'System Data Bus, "'
The data bus then acts as the pathway for the sig-
nals to connect up {o the microprocessor further
down the board.

U4, called “CIAZ," on the left side of the board,
is the port of entry for signals entering or leaving
the User Portand the Senal Socket. CIAZ performs
in the same manner as CIAL.

When /O troubles crop up, an easy analysis can
clue you into the circuit area that could possibly be
containing the fault. This is shown in Table 1-1. For
mstanice, troubles with keyboard or control port in-
puts could be origmating in 171, the CIAL. Problems
with the input or output of the User Port or the Serial
Port could be a CIAZ2 circuit flaw. Chapter 23 goes
into details on this 1/0 subject.

The Microprocessors

There are two microprocessors in the C128.
The man processor is US, an 8502, It s an upgrade
of the 6510 processor found in the C84, which in
turn is an upgrade of the 6502 that resided in the
VIC 20 computer. All three processors use the same
Instruction Set.

The 8502 sits in the lower right quadrant of the
printhoard. It is in the center of the circuit. It is the
originator of the data bus and the address bus. It
does not have addresses on the memory map. It can
be likened 1o a central telephone exchange—the lo-
cations on the memory map are the telephone num-
bers that the exchange services. The CIAs have
addresses, and when the 8502 dials them up they
respond over the data bus. While the address bus
i¢ only one-wayv from the 8502 to the addressed lo-
cation, the data bus is two-way and can be read from,
or written to, by the 8502.
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The 8502 iz used when vou put the C128 into
the C128 or C64 modes. Besides connecting to the
CIAs, the data bus from the 8502 hooks up to all
the rest of the memory map locations. This 1s dis-
cussed in detail in Chapter 18,

110, the Z80 microprocessor, 13 called the
“Coprocessor. ' It is a full-fledged processor on its
own. But since the 8502 handles the C128 and Ch4
chores, the 780 is given a subservient role. The Z80
conducts the CP/M activities of the machine, It is
Iocated om the board, next to the 8502, on the right
Both processors have 40 pinz. However, the 8502
i5 plugged into chip sockets but the Z80 is not. The
£80 1s soldered directly to the printboard.

The two processors work independently of each
other: When the 8502 is operating, the Z80 is dis-
abled and sits quietly. As the 280 takes over for the
CP/M operations, the 8502 is turned off and just
waits idly by. With the two separate processors, the
C128 total machine thus becomes a form of Siamese
twin. The twing are joined at the 1/Os and memory,
Furthermore, since the 8502 is conducting both
C128 and C64 operations separately rom each
other, a third machine is present malking the C128
package Siamese triplets.

When trouble strikes a processor, the function
itis executing will fail. If the 8502 gets sick ar dies,
the C128 and CA4 aperations will be the ones to suf-
fer. When the Z80 passes away, the CP/M opera-
tions won't work. The 8502 and its problems are
covered in Chapter 12, The ZB0 processor is dis-
cussed in Chapter 13, There is more about both of
them in Chapter 5.

The Addressing Management Chips

When ane of the processors dials up an address,
all of the bits do not travel directly to the desired
location. Some of them are routed to two substa-
tion chips. They are U11, the 8721 PLA and U7,
the 8722 MMU. The PLA, U11,.55 a 48-pin chip and
15 goldered at center bottom of the printboard. The
MMU, U7, is also 2 48-pin chip and 15 located in a
socket on the fight-hand side of the board about half-
way down. The PLA 15 covered i detail in Chapter
14. PLA stands for Programmed Logic Array. The



MMU is discussed in Chapter 15, MM is short for
Memory Management Unit,

The two large chips work together to keep the
addressing straight. With two processors, five var-
ious operating modes, two separate type video out-
put chips, 128K of memory in two 64K banks and
many other complications, these chips have their
registers full.

When trouble strikes in these chips or their cir-
cuits, the main symptom is bad addressing, which
can result in garbage or other related symptoms.

The Video Output Chips

In the upper left quadrant, near the center of
the printhoard is a metal shielded enclosure. Inside
the enclosure, on the right, is a 48-pin VIC chip sol-
dered to the board. It 15 U21 and named the 8564,
It 15 an upgrade of the VIC chip found in the CR4.
VIC stands for Video Interface Chip.

On the left-hand side of the enclpsure is another
48-pin chip plugged into-a socket on the board. It
is U22, the 8563. Tt is the Video Controller.

These two chips are quite complex and are
sometimes referred to as microprocessors. They
can do almost the same job as a processor. VIC chips
can be used in video game machines as a processor
and also as an /0 chip.

The VIC 8564 is the subject of Chapter 20 while
the 8563 video chip detals are in Chapter 21, These
two chips do not work together, Like the 8502 and
the Z80, when one is on the other one is off. The
VIC chip is used exclusively for all 40-column oper-
ations. This includes the C128 40-column mode, the
Chd 40-column mode and the CP/M 40-column
mode. The 8563 Video Controller is used exclusively
for all 80-column operations. This includes the C125
8-column mode and the CP/M B0-column mode.
The €64 does not have an 80-column mode.

The VIC 8564 outputs directly to both the RF
Modulator box at the top of the printboard and to
the Composite TV Video plug to the right of the RF
Modulator hox. These are the exclusive 40-column
outputs. The 8563 video controller chip sutputs to
the RGEI output plug only. This plug puts out only
Bl-column viden signals,

The Sound Interface Device

Sitting in & socket to the right of the board’s
center, in the top hall of the board, is SID, the 6581
audio producer, SID is-only a 28-pin chip and has
little to do with any of the crouits except for the
microprocessors. SID takes care of all the sound re-
quirements of the C128, It is connected to address
and data bus lines. SID is covered in detail in Chap-
ter 22, When sound troubles occur, SID s the prime
suspect.

SID putputs its audio to both the RF Modulator
and to a couple of pins on the Composite Video plug.
The RF Modulator has audio from SID sent into its
aundio input plug. The Composite Video connector
devotes two pins to audio. Pin 3 handles the audio
output from 51D. However, pin 5 takes care of any
audio input that comes from an external device. The
outside audio is then sent to SID where it can enter
the chip and be processed according to SID's
dictates,

AN OVERVIEW OF TROUBLE ANALYSIS

When trouble occurs with your C128 system,
the first step, as discussed earlier in this chapter,
15 to determine whether the trouble is in the com-
puter or in a peripheral. When the trouble is in a
petipheral, you have the peripheral fixed. Should the
trouble be in the C128 itself, then this book apphes.

Figure 1-13 is a flow chart that could help you
decide the general circuit area on which you should
focus. Before vou start on the flow chart; if the com-
puter appears dead and the indicator light s cut, go
no further—the trouble isin the power supply. Chap-
ter 24 contains the service information far that con-
dition.

Should the light be on, then the {low chart can
hegin. Start by analyzing the svmptom. The purpose
of the analysis is to decide on what service approach
to take. For example, if the usual sign en display
is completely gone, and you konow the TV is okay;
then the computer is not putting out any video sig-
nal in that mode, What you must do is figure out if
ali of the computer signal is gone, or just the video.

A quick test could be to write a test program
to SID and determine if 31D is outputting. There is
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a small PEEK and POKE program in Chapter 22 that
will do this. 1f SID remains quiet, then there isn't
any computer output, sound or video. This indicates
power supply trouble even though the indicator hght
is ¢n. Chapter 24 has the test procedures.

On the other hand, if SID does start making test
tones then the computer 15 putting out some signals.
By the process of elimination, the video circuits are
the prime suspects. Look over the video chapters,
20-and 21.

The other general symptom is: some sort of dis-
play, but not a useful one. There could be parbage
on the sereen, an empty display block, a display that
has locked up and won't respond to keyboard

strikes, or just erratic operations. You could, in
those cases: try the reset button; turn the computer
off and on; depress the RUN/STOP and RESTORE
kews at the same time., If these measures do not cure
the problem, then examine the READY prompt and
the cursor. Arethey present and is the cursor flash-
ing? If 50, vou might be able to use PEEK and POKE
tests or a diagnostic program you have.

When the READY prompt and the cursor are
disabled, then you probably can't get the computer
to cure itself, At that point you must resort to the
various logic probe, vom and scope tests as de-
scribed in the book.
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2. Disassembly

WnEn a C128 gives up the ghost and you make
a decision to repair it, then most of the time

vou must Lake it apart. The first time you start tak-
ing out the screws, you are sure to be hesitant. You
know from past experience with many other repair
jobs that you could just possibly cause some addi-
tional troubles by simply taking it apart. You don’t
want to start a repair job by causing trouble,
Fortunately, the C128 is assembled in a sensi-
ble manner, which makes the disassembly relatively
easy, although extreme care and slow moves are the
order of the day. The first steps are common sense.
Arrange a large enough place for your work. Gather
vour tools together. Be sure to have good lighting
and place a rubber mat on the bench. Disconnect
all the attachments to the C128. Place it on the soft
mat. Figure 2-1 illustrates progress to that point.
It is a good idea to have the bench area as clean
as possible. Dirt and flings that accidentally get into
the computer could end up as additional troubles.
It is not a good.idea to work on the C128 m a low
humnidity environment. Should it be cold outside but
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warm and dry inside, with static sparks fiying and
popping as you walk on the carpet, be extra careful
while working on the computer. Static electricity
could be death to computer chips. There will be
more about the static electricity precautions in Chap-
ter 4.

GETTING THE HOOD UP

The C128 is put together as a sandwich. The
top slice holds the kevboard, the bottom slice holds
the printboard, and the compoenents are connected
to the printhoard. The first thing to do is take the
C128, turn it upside down and place it on the soft
pad, keyboard on the bottom. Then check the
screws. There are six of them. They are located as
shown on Fig, 2-2,

The six screws on my model are tny little
jeweler's types with a number 10 Torx hole instead
of a screwdriver slot. You should have the correct
form of driver 1o remove the screws, | purchased
my number 10 Torx screwdriver at Sears for $3.99
plus tax. With the correct screwdriver, the ittle ones



Fig. 2-1. To disassemble the C128, you need a number 10 Torx screwdriver, a Phillips head screwdriver, {ong nose pliers
and a low-wattage soidering iron. For the reassembly, a tube of heat-translerring silicone paste should alse be usad. The
logic probe, chip straightener-inserter and small cutters are also useful during troubleshoaoting.

come right out, as in Fig. 2-3. If you should not have
the Torx drver, vou'll have a hard time removing
the screws.

Once the six screws are out, then place them
all together in a safe place so that they will all be
available for replacement. (zrasp the C128 so that

it doesn't open and turn it back so that the keyboard
is on top once again, then try to pry the top away
from the bottom,

The case is plastic and the top edge is seated
in little kolders. Sometimes the edges get wedged
in the holders and it appears difficult to separate the
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Fig. 2-2. On the bottom of the ©128 are six Torx screws located at thesa spots.

top of the case from the bottom. Be persistent and
keep prying, gngerly. The top will dislodge itself and
separate after some prying.

Once you separate the top and bottom, then lift
the left side up first. The power indicator is on the
left side. A three wire socket on the printhoard holds
the indicator three wire plog. Disconnect the plug,
as in Fig. 2-4. Raise the top of the case and the top
will swing up from left to right. The reason that the
top will not come straight up is another number 10
Torx screw, seen in Fig, 2-5, on the lower right side
of the printboard that is holding a ground strap con-
nected to the keyboard, Then you will see that the
keyboard is plugged into a 25-pin socket on the main
board. Unplug the keyboard, as in Fig. 2-6, and the
top of the case is free.

Unless the keyhoard itself has troubles, there
is no reason to remove it from the top casing. How-
ever, should you need to remove the kevboard from
the top, it is easily taken off by removing six more
number 10 Torx screws. The kevhboard will then be
free,
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FREEING THE PRINTBOARD

Once the top is off, you'll be looking down at
ametal shield that covers the entire printhoard, top
and bottom:. The shield is ventilated with a ot of
holes, but it covers the entire beard. In order to do
any testing or parts replacmg on the mam board, this
shield must come off,

The first step i3 to remove the seven number
10 Torx screws, in Fig. 2-7, that are securing the
printboard-shield assembly to the bottom of the cabi-
net. The printboard and shield assembly will then
lift right out of the cabinet bottom, as Fig. 2-8 shows.
The next step is Lo separate the printboard from the
shield,

A close examination of Fig. 2-9 shows that the
shield has eleven twist tabs hooking the top and bot-
tom parts of the shield together. The tabs are lo-
cated on the front and sides of the shield. These tabs
must all be straightened. Once the tabs are no longer
holding the top and bottem of the sheld together,
there is one fast connection and one more screw.
The connection is a solder spot next toa twist tab



Fig. 2-3. The six Torx screws are removed easily. Don’t forget the hidden center screw above ithe nameplate.

holding the shield to the printboard, as seen in Fig.
2-101. It 1s located on the night side of the board. Af-
ter you desolder that connection, there is a Phillips
hiead screw, shown in Fig. 2-11, located on the top
of the shield nght n front of the RF Modulator box,
Onee thal screw is out, then the shield can be re-
moved, top and bottom, as seen in Fig. 2-12.
Once the shielding is removed, then the print-
board is revealed. You'll see 55 of the C128"s in-
ventory of 63 chips on the board, Some are plugged
into sockets while others are soldered directly to the
board without the convenience of sockets. If vou
need to change a chip in a socket, it is a ticklish job
tn make sure the pins are lined up properly, but the
job shouldn't take more than a minute or two. Should
you be unfortunate enough to have to replace a chip
soidered to the board, vou have a tedious soldering
job ahead raught with the danger of “'inducmg”™ ad-
ditional problems. Chapter 4 details the techniques

required for replacing chips In sockets or soldered
to the board.

In the top lefi quadrant is the BF Modulator box
and the metal shield box containing video associated
chips. The top of the video box comes off, as shown
in Fig. 2-13, and vou'll see eight more chips. You'll
find six small chips, U22 (the video controller) on
the left and U21 (the VIC) on the right.

When you remove the shiclding, note that there
is 2 heatsink that is designed to touch the shield on
the VIC. The sink is covered with a white silicon
paste to conduct the heat away from VIC. Should
vou disturb this heat connection be sure to apply
fresh siicon paste. You can obtamn it i any electronic
store, such as Radio Shack.

It is vital that, as you take apart the C128, vou
perform the disassembly m a slow and careful man-
ner. Note the way it comes apart 5o you will be able
to get it back together again without undue difficulty.
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Fig. 2-4. Once the screws dra oul the top will dislodge itsell. Lift the left side and disconnact the LED pilot light plug

THE POWER SUPPLY BOX

Power supply troubles dare among the most com-
mon in computers: If the computer is dead, then the
first siep is to check out the supply box. Chapter
24 poes into detail on the technigques reguired. If you
find that the box is, indeed, the source of the trou-
ble, then the next step is to try and disassemble the
box. Sometimes this is an easy task and at other
times 15 almost mmpossible. This is because there is

24

no one box that is found with all C128's, They all
produce the same supply voltages for the C128, but
with slightly different circuits and very different
CasIngs.

The last two boxes | encountered had twao
different casings. One was very heavy, which meant
that it was probably potted (a heavy waxlike
plastic was poured mto the box to seal the drcuits in
place).
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Fig. 2-8. Tha keyhoard plugs inte the maln chassis with this 25-pin plug. It pulls off easily. When rainsaring make sure
the piug is seated snugly
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Fig. 2-7. Seven more Tord screws secure the printboard-
shield assembly to the bottom of the case.

In spite of the fact that it was potted, | at-
tempted to pull it apart because the trouble was
definitely in the box, There was one long bolt. I re-
moved it and tned to pry the top from the bottom
of the case. They were 50 stuck together that the
only way they would come apart was if | broke them
apart. | opted to simply replace the power supply
with a new one. It was the economical thing to da,

On the other hand, another box [ worked on was
easy. It was much lighter than the first one. The
box was not potted. [t had four long bolts as shown
in Fig. 2-14. Once they were removed with a thin
Phillips head screwdriver, then the top hifted right
off.

Inside the box is a small printboard and some
other circuits, as shown in Fig. 2-15, There are also
two small fuses in fuse clips. Replading a bad fuse
might be a quick repair. In addition a power trans-
former, some dindes, filter capacitors, transistors
and one mtegrated chip are m the box. Chapter 24

details the circuit and the troubleshooting methods
needed to fix troubles,

VISUAL REPAIRS

After you disassemble the C128, then you are
afforded an excellent easy kind of repair that can pro-
duce a repair in a small percentage of cases: some
troubles can be seen and promptly remedied. One
such kind of trouble is accidentally installed in the
computer during manufacturing. After the printboard
15 assembled, then it is soldered with automatic ma-
chinery, Durng the soldening process, the machin-
ery generates hot gases that can expand rapidly and
shoot hot liquid solder into the air. As the solder
cools and falls, it hardens, The solder then drizzles
down and some of it could find its way onto a newly
assembled printboard. The drizzle contains solder
flux which can act as glue. Where the solder falls
it sticks.

Of course, the factory knows all about this, and
the board goes through extensive cleaning in the A-
nal stagez. However, ag hard as they try, an ocea-
sional shiver of solder will stick in a place where it
frustrates removal, as shown in Fig. 2-16. Also, it
does not cause any problems at that time, so it
sneaks through quality control, and 15 shipped out
with the finished computer.

The computer and solder sliver travels many
miles and 15 handled by a lot of people and machin-
ery. It finally ends up on a users desk. During the
next few months as the computer is used the sliver
jiggles around and then manages to lodge between
some copper etch lines of the address bus. When
the computer is then “'fired up, '’ then mstead of a
normal sign-on picture, a screenful of garbage
results. The computer needs service.

If you decide to check it out yourself, then the
first thing you do is take it apart. Once the print-
board is freed from its shielding, then the next step
is & close visual inspection under a good light. If you
are alert, then you would sight the shver of solder
and remove it. It could be that the computer is fixed.
As you turned it on, the normal sign-on message will
appear. All you have to do then is put it back to-
gether.
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Fig. 2-B. The printboard and shieid assembly will lift away from the bottom of the case atter removing its restraints. Some
times it is a vary snug fit and will require some careful prying to free it

While solder sliver troubles do happen on occa-
sion, most of the time you are not so lucky. There
are, however, a few other visual service moves that
are easy to make and that often do produce good
results. The only pieces of test equipment you need
are g bright light and s good magnifying glass, You
will be looking for short circuits, open crcuits, and
burmt or mangled components.

Long Lead Shorts

One common type of short circuit happens when
4 component’s lead, sticking out of the bottom of
the board, is left too long and manages to touch an
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other part of the board or the shield as shown in Fig.
2-17. The computer is put together in lavers. The
cabmet is at the very bottom with the shielding sit-
ting on the bottom. The shield acts as a common
ground for the entire printboard as well as a shield
to ward off and absorh electrical interference that
might come through to the C128,

A short of the long lead occurs when one of the
printboard's active connections manages to contact
other active connections or the ground. You can of-
ten spot long leads that are producing # short eir-
cuit and snip off the excess or bend them clear of
the shorting spot.
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Board Defects

There are thousands of connections, long
lengths of copper etch lines, etc., on the printhoard.
Sometimes a socket or chip pin can become bent un-
der, instead of properlv soldered into its board hole,
It could also sneak by inspection because it works
okay—the socket is otherwise firmly attached and
the bent-over pin makes a pressure contact, How-
ever, in about a vear, some corrosion builds up on
the pin and the pressure contact no longer holds.
Erratic performance develops leading to a perma-
nent disability.

This type of trouble can be seen with the bright
light and magnifying glass. Once you locate it, you
can gingerly move the pin into its appointed hole and
apply a tiny drop of solder with a small soldering iron.

Other types of hoard defects can also be found
visually. The address bus, the data bus, and the

the top shisld from the bottorn,

other bus lines are copper etch lines on the print-
board that travel over much of the board. These bus
lines must be continuous. There cannot be any
breaks or touching between lines. If vou find a break
or a place where they are touching, then you have
located an open or a short. Figure 2-16 shows both
problems. Either way, you have trouble. Chapter
18 covers all these bus lines in detail. It is 2 good
practice to examine all the bus lines carefully before
each repair. You could just be lucky enough to find
a solder sliver or a break and have a quick fix by
removing the short, or resoldering the break.

Blackening

Another item of repair importance is blacken-
ing. Look carefully at the board for blackened com-
ponents. If a resistor or capacitor starts smoldering,
thie chances are good that it will become blackened.
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Fig. 2-10. One solder spol holds the top shistd to the bottom shisld it must be disconnected

A burnt cover on a companent is a sure sign of a
bad component. In the same vein, you can often find
trouble by feeling the temperature of a component.
For example: the power supply box, when operat-
ing, becomes a bit warmish to the touch. If it is cold
it is not operating. Other examples are the chips.
Some of them are designed to operate warm and
pther ones quite hot.

The Feel Test

Table 2-1 1s achart for the usual feel of the large
chips in the C128 with the ranges of “cool,”
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“grarm, ' and “hot. " If the chip does not feel cool,
warm or hot chances are it is defective, according
ter the chart. The way to perform the feel test is with
the printboard freed and running for a few minutes.
Turn the computer off and pull the plug before touch-
mg the chips.

Besides being sure you do not contact electric-
itv by pulling the plug out before you stick your fin-
ger on a chip, you must also be very careful as you
touch each chip. Some chips get very hot! They
could burn your fingertips. Therefore, touch the
chips with great care.
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Fig. 2-11. A Phillips head screw holds the top shield to the video case fop in front of the RF Modulator box,

CLEANING

Another service move that might complete a re-
pair, but is useful in any case, is cleaning. While the
computer 1s apart, you will be able to see how much
dust has been collected. When a computer is used,
and time goes by, the inside will collect dust, un-
less you take extraordinary dust cover precautions.
Actually, dust itself is not really an electrical prob-
lem, Ordinary dust is an nsulator and, as such, won't
short out the printboard or its components. The
problem with dust is that it blocks off adequate ven-
tlation, Dust enters through the ventilation slots.,
If encugh of it collects, then air circulation is re-
stricted which, inturn, can cause overheating. Should
dust get into moving parts, as in the keyboard or

mto the interface ports, it could cause clogged plugs,
sticky kevs and other types of erratic operation,

There are many wavs to remove dust. | find the
best way is to brush the dust out carefully with a
thin, elean, dry pamt brush, The dust removal should
be done slowly and carefully, Be especially careful
around the RAM section and the large chips since
they are the most vulnerable to static electricity. Try
ot to dust on a day that is especially cold and dry
where static electricity is jumping off of you. It is
a-good idea to ground the brush: There is more static
electricity grounding information later on in this chap-
ter and in Chapter 4.

Never, ever use any water or other household
cleaning solutions on the board. The board must a)-
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Fig. 2-12. Thie top shield is shown removed from the printboard. Note the white spots on some of the [arger chips, The
tabs on the fop shield are dressed with silicone and fouch these chips, This is a healsink. The silicone transfers heat
from the chips to the shield. During reassembly it is good practice (o apply mora silicone to these surfaces.

ways be bone dry. The idea of dusting and cleaning
15 nol to make the board shiny and spotless. All vou
want is good air circulation and a clear view of the
circuits on the top and bottom of the printhoard.

A good preventative item to use is a2 dust cover
for the C128, Tf you place it on the C128 religionsly
after you use it you will avoid most of the dust prob-
lems that occur. The only precaution needed with
a dust cover 1s: do not put the cover on while the
C128 is still warm from operation. Let it cool down
first. The dust cover traps the heat somewhat and
might cause difficulty.

STATIC ELECTRICITY

If you are going to be handling printboards and
integrated circuits, then vou should be briefed on
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their wirst enemy: static electricity. A sificon chip
is considerad sturdy and reliable in normal opera-
tion mounted on a printboard, but it is in serious
jeopardy when it is loose and not in the protective
board environment.

For example, if vou walk across a carpeted room
ona dry day, and reach for a loose chip, and a static
spark flashes from your finger to the chip, then adds
are that the chip has just been electrocuted. Often-
fimes, vou cannot stop the state buildup of the elec-
tric charge on your body. How can you aveid this
problem? There are ways. Let's examine the situa-
tion first before discuszing the preventative mea-
sures you can take.

Two general types of chips exist that you'll find
in the C128. One is ealled a TTL, which stands for
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Fig. 2-13. In the video box sre eighl more chips. Two ef them have silicone paste and touch g heatsink 1ab on the box cover

Transistor-Transistor-Loge. The other is called an
MOS, which stands for Metal-Oxide-Semiconductor,
More detall on the construction and operation of
these chips s in Chapter 4.

Among the chip's vital characteristics is one
called Threshold Voltage for Electrostatic Damage.
This describes the amount of static electncity the
chip can withstand withoot being destroyed. The
average TTL is not able to take a jolt of 300 volts
or more. An MOS can’t siay alive il a static shot
of 250 volts ar more 15 applied. hd you ever won-
der how much voltage there 15 in a spark that leaves
your body for a doorknob on a dry day? 1t could eas-
ily be 30000 volts! As vou can see, it-is an easy mat-
ter to lose a chip if you do not take proper
precautions.

What is Static Electricity?

Static electricity involves the buildup of electric
charges on the surface of an insulator. The charges
are called electrons. The insulator will get charged
if there is an excess or deficiency of electrons. An
msulator with an excess of electrons is said to have
a negative charge. When there is a deficiency of elec-
troms, then a positive charge 18 present. The volt-
age developed gets larger as the charge increases.
It doesn't matter which type of charge is on the in-
sulator; either one will deal the chip a death blow,

Static electricity results from frction between
different types of matenals. Your-shoes-on-the-
carpet 1s one way to produce this friction. As vou
walk around the room, you charge up. The rug and
your shoes are both insulators. The charge 1s built
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Fig. 2-14, Some of the G128 power box units have these four bolts hoiding the case togethar,

on your shoes. The charge is then transferred to
your body, which is a conductor.

The charge on an insulator remains at the spot,
where it develops, The charge on a conductor, how-
ever, spreads itself evenly throughout the conduc-
tor. That is how we can get rid of the charge before
it can kill chips. If we, as conductors, touch an earth
ground, then the charge quickly leaks from us to the
ground. The only problem there is: only the charge
that was in our body is gone. The charge that is still
on our shoes or on our clothing remains. Therefore,
correct-chip-handling must still be ebserved even if
we are grounded properiyv.

To help alleviate the problem, it is a good idea
to wear conductive clothing. For instance, leather
soled shoes are better than rubber soled shoes, and
cotton clothing 15 more conductive than nylon.
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Wrist Strapping

One technique that professional servicers use
ko deal with static electricity is called "'wrist strap-
ping."" The wrist strap kit is available in electronic
supply houses, RCA puts one out called an Antistatic
Kit. It consists of a static dissipative mat, a light
weight wrist strap, a coil cord, and a six foot ground-
ing cable.

In senes with the wrist strap, cord and ground
is a resistor, typically about a megohm, Figure 2-18
shows the grounding scheme and Fig. 2-19 is an il-
lustration of the RCA kit hookup. Any charge that
builds up in your body will immediately be shunted
off ta the ground with this arrangement. Note that
this is an electrical earth ground. An electrician
usually attaches his ground to a cold water pipe for
a good earth ground. If you are in doubt about the



Fig. 2-15. Insice the power box are some small circuil boards and two easy lo replace fuses
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Table 2-1. This s a list of chips that can be quick-tested

with a hot-warm-cool feel test. If the condition of the chip

does not match the charl, then the chip could be
defective.

Chip Operating Condition

Ul ClA1 B528 Cool
U4 ClA2 6526 Coaol
s MPU  B502 Warm
10 MPU  ZB0 Warm
Uil PLA 8721 Warm
U7 MMU. 8rzz Warm
U5 31D 6581 Warm
w22 vic 8563 Hol

U1 VIC 8584 Hiot

U3z ROMI Warm
U333 ROM2 Warm
U3a BROM3 Warm
L35 ROM4 Warm
U38-U53 Set of HAM Coal
LB Character ROM Warm
U119 Color RAM Coal

Wrist
sirap

1 megohm

Earth
ground

Fig. 2-18. In-order 1o keep static electricity on vour body at
a harmiess, low level, commertially available wrist strap sys-
lems can be used. They provide an escape path to earth
ground for the unwanted charges.

earth ground, then consult an electrician to be sure
vou are connected correctly. If vou do not connect
to a true earth ground then the connection could be
useless and not discharge your static voltage.

It is also vital for the wrist strap to be used only
while vou are working with equipment that is com-
pletely disconnected from any sort of electric power!

Fig. 2-19, RCA markets an antistatic kil to keep you and your
workbench as static free as possible. It consists of a static
charge dissipative mat. a lightweight wrist strap, coil cord
and a G-foot grounding cable that constantly drains static
charges 1o ground. It is used CMLY while you are working
with equipment thal is completely disconnecied from any
sorl of electric power!

While vou are wearing the strap system, then you
are securely connected to ground. If you contact the
120 Vac, you could get a nasty electric shock. That
is why the megohm resistor is in series with the
cord. It is supposed to limit the amount of current
if you do manage to contact the 120 Vac. To be safe,
only connect yourself to the wrist strap system dur-
ing chip handling on disconnected equipment.

Put the wrist strap on after vou pull all power
plugs on the equipment. Then yvou can take the C128
apart. Keep the strap on during any chip handling.
You are producing static charges with every move
vou make, After the chips are safely installed in the
equipment you can remove the strap. Once the strap
is off you then, and only then, you can plug the C128
into the power line,

Additional Precautions

The professional electronic technician often uses
a lot of other static discharge techniques to avoid
killing chips with acadental static charges, First of
all, he pays attention to the workbench. Work-
benches for electronics are usually made of insulat-



ing materials like pressed wood. As insulators, they
canbuild up charges. You can’t easily discharge the
entire work surface because a ground wire will only
discharge the poinl on an insulator that the wire
touches. To solve this problem, the technician will
ground the printhoard he is working on. Ensuring
that the board is not connected to power, the tech
will connect a jumper wire, with a one megohm
restslor m seres, from the board to earth ground,

When vou receive a new sensitive replacement
chip, you could find it plugged into a black piece of
what looks like insulation. It is not insulation: it is
a conductive material, With all the pins pligged into
it, all the pins are more orless shorted together,
which 15 a safe condition. When you pull the chip out
of the material and free the pins, then the danger
begins. Don't remove the chip from the material til
the moment of installation, and then only when vou
are prepared by being grounded properly.

There are special tools for chip handling. A chip
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extractor has a hole in the top that can be connected
lo ground when necessary. A companion tool is the
chip mserter. It can also be connected to ground eas-
iy through the-pin an the top (See Chapter 4).

Sometimes static electricity 15 not a problem and
you can let up somewhat on your chip handling
precautions. If the humidity is relatively high, and
there is no trace of static charge, TTLs can be han-
dled without fear of damaging them. MOS chips,
though,.sheuld always get extra care. They could
be killed at any time.

[ don’t mean to scare anyone concerning these
chip handhng problems. It is possible and even likely
that vou could sucressfully replace the chips in your
C128 without these grounding measures. However,
if you do have to replace a chip m your computer
and it takes weeks until you receive delivery on it,
vou will get rather frustrated should it blow out from
a static spark, due to careless handling, before 1t is
installed.



3. Chip Location Guide

he previous chapter showed you how to take the

(128 apart and free the printboard, Once the
board is out in the open, you will see a conglomera-
tion of chips, resistors, capacitors, transistors, cop-
per connecting etch tracks, metal boxes, ports,
switches and other things. It is like fiying over a city
and trying to figere out what is where. This chapter
maps out the C128 environment and entifies all the
main components so that vou can know where you
are if vou make any service moves.

Figure 3-1 iz the map. Il is the Chip Location
Guide. It shows the physical relative position of all
the chips, transistors, ports and switches, dec test
points, a filter capacitor, a diode and a couple of ad-
Justment spots, During servicing, the Location Guide
is referred to continually. Many repairs can be con-
summated using only the Location Guide as service
information.

SPECIFIC INFORMATION

As you look at Fig. 3-1, you'll find that the front
of the printboard is on the right of the page and that

the left side represents the rear of the board. Across
the rear panel are seven ports and along the right
side are four more, plas the off-on switch. Table 3-1
lists these components, The ports are called CNs
and the switch, SW1. All the ports and the switch
have connection points. They are all numbered, In
Chapter 23 the voltages and logic states as well as
the pin numbers are provided. The Location Guide
zeros you in on the physical positions of the ports
and switch so that you do not accidentally try to test
the wrong port.

You can see that in front of the RF Modulator
box there is another metal box on the prntboard.
The box has a metal top with some ventilation holes
in it. The Location Guide shows this box uncoverad
and displays the interior. Thers are eight chips,
three transistors and an important adjustment coil
in the box,

The transistors are given a prefix €. There are
six transistors, Q1 through Q8. on the printboard.
There are Some more transistors in the power sup-
ply box and in the RF Modulator box, However, they
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Table 3-1. This is a list of the connectors
and switches around the top and right
side of the printboard counting clockwise.

Rear and Side Panel Item #
Clockwise
Liger Port CHG
RGBI Output CHN1D
AF Moduiator Box M1
Composite Video Oulpul CNB
Serial Port CHNE
Caszsetle Por ChNz
Expansion Port CH1
Powar Supply Input CH1i
Of-0n Switch W1
Resal Switch SW2
Control Pon 2 Che
Controil Port 1 CH3
Keyboard Port CN5
Internal

Serial Bus connections CN7T
FPower Supply connections CN12

Table 3-2. Six discrete transistors
are on the printboard located as shown.

Transistor Located at
a1 25C1815 Mear top of U22, B5E3
Q2 2501815 Mear fop of U5, SID
O3 25D880 Left of Expansion Port
24 2501815 Left of U21, VIC
Q5 25C1B15 Below 04
Q6 25C1815 Mear bortom of Li11, PLA

Table 3-3. The three power supply output
voiteges can be tested at these locations,

DC Test
Points Located at
+5:0 Volts Bottom lett of board &l bottom of resis-
tor R38
+11.5 Valts Top right ol board below the Baso
connection of O3, on the left connec-
tion of resistor R3
+11.9 Volts Bottom center of board next (o pin 7
of U171, the PLA, at top connection of
resistor R4s

are covered separately in their own chapters. The
six printhoard transistors are listed in Table 3-2,
along with reference locations,

Un the nght top quadrant of the Loeation Guide,
a 1000 pF filter capacitor and a diode CR15 are
shown. They are important test points, as described
m Chapter 24,

There are three de voltage test points shown
on the guide, They are listed in Table 3-3. They are
also deseribed in Chapter 24.

Then there are the 63 chips. They have U
numbers—U1 through U683, They are scattered all
over the board. They are different sizes, and vary
from U359 (a 12 volt voltage regulator, with only
three pins) to U22 (the Video Controller with 48
pins). The pin sizes can be judged on the Location
Guide by eomparison. Note that the largest chips
ire 48-pm, the next largest, like U6 the MPU are
40)-pin, the ROMs are 28-pin, and 20 on, For verifi-
cation of the comparative sizes, you can refer to the
vanous Test Peint Charts of specific chips in their
respective chapters. Exact details in schematic form
can be found in the Master Schemalic in the back
of the book,

Besides providing the U/ number for each chip,
there is additional servicing information shown in the
chips. First of all, the generic number of each chip
is shown. With the genenic number, you can pur-
chase a replacement chip. Simply take the number
to a supply house and give the counterman the num-
ber. He is able to look up the chip and cross-
reference the generic number over to the manufae-
terer's number of the brand that he carries.

Also, shown in eéach chip on the location guide
is its given name. Table 3-4 lists all 63 chips on the
board giving U numbers, generic number and given
names. Lastly, in each chip is shown the kevway to
identify the pin numbers.

The unfortunate thing about chips is: they can
be put in upside down. The keyway won't prevent
you from installing it incorrectly. However, the key-
way does show you where the first and last pin num-
bers are. The keyway is a notch on the physical chip.
It is shown as the black dot on the top or bottom
of the chip. Pin 1 is to the left of the chip when the
notch is at the top, as shown on U 8502, The pins
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Table 3-4, The C128 has room for 63 chips with U numbers.

U Mumber Generlc Mumber Given Name
U1 B526 Complex Interface Adapler
w2 40668 Quad Bitateral Switch
U3 T74L5138 1-of-8 Decoder
U4 G526 Complex Interface Adaplar
us 6581 Sound Interface chip
LUg 8502 Microprocessor
ur arzz Mamory Management Unit
L8 T4L508 Cuad 24nput AND Gate
g T4F52 Quad 2-Input OR Gate
Lo ZB0 Microprocessor
11 BT21 Programmad Logic Array
2 TALS3TI Cctal 3-State [ Latch
i3 TAL5244 Oetal 3-State Drivar
uia T4LS25T Cuad 2-Input Multiplexer
uis TaLS257 Cruad 2-Input Multipiexer
(BET T4L514 Hex Schmitt Trigger
umz T4LS3T3 Octal 3-State D Lateh
8 3900565-01 Character ROM
WRE 2016 Color RAM
20 406EB Cuad Bilateral Swilch
w21 8564 Video Interface Chip
22 BSE3 Video Controller
p23 4416 DRAM
Liza T4LS244 Octal 3-State Driver
uzs 4416 DRAM
u26 T4LS5257 Quad 2-Input Multiplexar
uar 556 Timar
Uze BT Clock
Lga 7408 Hex Inverter Buffer
30 7408 Hex Inverter Bufier
a3t FALS00 Cluad 2-inpul NAND Gate
L3z 251913-1 Read Only Memory
33 1801802 Read Only Memory
134 18015302 Read Only Memory
uas 318020-03 Foad COnly Memory
Ui Empty Socket for Functicnal ROM —_
37 T408 Hex Inverter Butier
LI3g-1153 4164 DRAM
1154 740532 Cuad 2-Input OR Gale
55 TAF245 Transcoiver
Us6 74574 Dsal O Flip-Flop
Us7 TaOT Hex Bulfer
use T4L503 Quad 2-Input NAND Gate
us9 7812 12 \Volt Regulator
Ued 7407 Hex Buller
L& T4LSDE Quad 2-lnput AMD Gate
(5 T4LS244 Octal 3-State Drivar
LIg3 T406 Hex Inverter Buffer

are then counted counterclockwise down ta pin 20,
across the bottom to pin 21, and then up to the last
pin 40.

When the kevway is mounted at the bottom of
the chip, as U6 the Z80 MPIUI is on the Location
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Guide, then pin 1 i3 directly to the right of the notch.
The pins are still counted counterclockwise from pin
1. Simply count upwards to the top rght pin 20,
across to the left to pin 21 then down to the bottom
left pin which is pin 40. The rule is that pn 1 and



the last pin number are always across from each
other at the keyway, and that the count is counter-
clockwise.

All the chips on the C128 hoard, except for U589,
the regulatar, are called DIPs. DIP stands for Dual
Inline Package. This refers to the fact that there are
twa lines of pins on the chip.

The Location Guide Perspective

The Landmark sketch m Chapter 1, Fig. 1-11,
and this Chip Location Guide, Fig. 3-1, show the ac-
tual physical locations of the most important com-
ponents on the board. They do not show the small
support components or the circuit connections be-
tween the chips. You do not need to bother with the
support components or the connections m the first
stages of a repair.

These guides are designed to enable you to
quickly find a suspect chip or transistor. You can re-
move and install the twelve chips in sockets. It
shows you where the adjustments are. [t lets you
know where convenient lest points are for power
supply voltage readings. It keeps the ports straight.
It lets you make all your visual tests quickly and ac-
curately. It turns out that, with only the aid of the
Location Guide, you will be able to take care of a
large percentage of repairs, cleaning and adjusting,

When the simple measures do not produce a fix,
then you must use more complex service informa-
tion. First of all, you can test chips for logic states
with the Test Pomt Charts. The charts are close up
views with the logic states that should be present
on all pins. The charts are also physical replicas of
the actual chips. The Location Guide shows you
where each chip is on the board.

For even more serious servicing, you will re-
guire the Master Schematic. It uses electronic sym-
bols to represent the physical chips, transistors,
capacitors, etc. You must, in your mind, be able to
refate the symbols to the actual components on the
board, The symbols bear no resemblance to the
components. Also, the pin conmections on the
schematic are drawn for the convenience of the
draftsman, and there 15 ne rule such as counting
counterclockwise. The pin connections can appear

anywhere on the drawn symbol. You'll pick up tips
on reading schematics as you proceed through the
boole. Anyway, you'll find that the familiarity vou gain
with the Location Guide helps bridge the step of find-
ing a part or connection on the board after reading
the schematic.

CHIP SURVEY

Getting back to Fig. 3-1, the chips appear to be
scattered helter skelter all over the board. Yet there
15 good design i the layout. The chips are wired
up in groups according to the various jobs required
in a computer. Let's check out the major chips on
the board and take an overview of their operation.

Microprocessors

Il we view the board m quadrants, from the
front, the MPUs are in the lower right. They are
the 8502 and the Z80 sitting next to each other. The
8502 is used to operate the C128 and CH4 modes.
The Z80 works when the CP/M modes are in oper-
atton. The 502 is an upgrade of the old 6502 and
the Z80 is the same one used for vears. They do
not operate together, Either one is working, or the
other one is, according to the mode you are using.
Chapters 12 and 13 cover the two processors in
detail,

The MPUs have the job of addressing all the
residents of the memory map around the board.
They send and retrieve data from the memory, and
process the data with the aid of internal registers,
its arithmetic and logic center, and its control cén-
ter, The MPU uses its internal registers as tem-
porary memory locations to store results in
progress, incoming instructions, and memory map
addresses that will have to be contacted during the
data processing.

The arithmetic and logic center does the data
processing, It is known as the ALU for Anthmetic
Logic Unit. Tt performs all the calculations. Tt also
selects, sorts; and compares the information accord-
ing to the instructions it receives. The control sec-
tion is a traffic cop in the MPU that keeps the data
traffic moving in the correct direction at the proper
Larmees,
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Complex Interface Adapters

The two main [/Q chips are the two 6526 Com-
plex Interface Adapters referved to as the ClAs. U1,
kmown as CIAL, Is located in the lower right quad-
rant also, next to the two MPUs on their right,
Directly to the right of CIAT is the kevboard port.
The keyhoard port is wired directly to CIAL. If vou
loak closely at the bottom of the actual printhoard,
then you can see the copper etch tracks connecting
the plug to the chip. It is obvicus then that CIAL
is the L/O port for the keyboard. In fact, that is the
main job CIA1 performs.

However, CIAl, in its spare moments, also
takes care of the [/O needs of the two nearby Con-
trol Ports, 1 and 2.

CIAZ2, the other 6526 1/0O chip, is found In the
upper left quadrant of the board. It is the chip that
handles peripheral signals from its nearby ports,
They are the User Port and the Serial Port.

The CIAs dre 40-pin chips and do a ot of work
in the C128. They are covered in detail m Chapter
19. Besides being an entrance and exit way for the
above mentioned ports, they also perform a fot of
other jobs: they possess shift registers and precise
timing circuits; they have a time-of-day clock; they
are also the source of many interrupts that permut
the MPUs to service various circuits.

The Video Interface Chips

As mentioned earlier, the C128 operates as a
C128, a CB4 and as 2 CP/M program runner and
writer tool. In the C128 mode and the CP/M maode,
the machine is able to cutput both 40-column and
#0-column displays. There are two wideo cuiput
chips—one handles the 40-colomn output and the
other the Bl-column output.

Both of the chips are found on the Location
Guide in the vpper left quadrant. They are under
the metal shield of the video container below the RF
Modulator box. On the right side of the video con-
tamer is the 48-pin 8564 VIC chip. It 15 an upgrade
of the 6567 VIC chip that is in old C64 machines.
This newer VIC takes care of all the 40-column dis-
play needs for the C128 and CP/M modes. It also

takes care of the 40-calumn display that the C64
maode puts out.

On the left side of the metal box is the 8563
Video Controller chip. Its job is to produce all the
A0-column displays that the computer is capable of.
It produces 80 columns for the C128 and CP/M
modes. The CB4 mode can't use an 80-column dis-
play, so the chip is not used when the Ct4 mode
1& I operation.

The video output chips are the interfice be-
tween the digital drcuils and the analog video out-
put circuits. The chips receive inputs from the digital
computer circuits. Inside the chips, the digital sig-
nals are transformed into analog outputs. The ana-
log outputs are various TV signals and RGBI signals.
The 8564 VIC chip produces twa TV sigoals, one
called Luminance/Sync and the other Chroma. In the
RF Modulator these signals are combined to help
produce the Composite TV Signal. The two signals
are also output individually to the Composite Video
Crutput Port,

The 8563 Video Controller Chip receives dig-
tal signals alsc. It then converts the digital to ana-
log Red, Green, Blue and Intensity signals. The
signals are then output in the 80-column format. The
#5363 also generates the required sync signals.

The video chips are the source of many forms
of outputs. They produce varations of alphanu-
merics, semigraphics and pure graphics. One of the
features of these machines is Lo be able to generate
“sprites.”” A sprite is a high resolution programma-
ble figure that can be put into a graphic display. It
i used in sophisticated graphic programs. A sprite
can be formed in all types of conceivable shapes and
made to cavort freely around the display.

These complex video output chips can act some-
what ke MPUs. They have addressing and
programmable capabilities. In some cases it is pos-
sible to have the actual MPUs turned off and let a
video output chip take over the computer during
video processing. When a video chip is in charge,
it conducts the addressing and control functions that
the MPU normally performs. Details on the 8564
chip is found in Chapter 20), and the 8563 is covered
in Chapter 21,



The Sound Interface Device

In the upper right quadrant, just right of the
video box 1s the 6581 SID chip. SID is the compan-
ion of the video chips that produce the sound to go
with the TV display. SID is a 28-pin chip and is a
programmable resident of the memory map. On the
printhoard it is known as U5.

SID is wired to the data bus, and also to enough
lines of the address bus so that it can be addressed.
The details are supplied in Chapter 22, SID has di-
rect inputs from the MPUs and can be programmed
easily. SID's output is audio and goes to an audio
output amplifier and then to the RF Modulator. From
the modulator, the audio goes to the RF Output plug.
SID also sends audio directly to the Composite Video
output port. Sound can then be heard from a home
TV acting as a monitor or from an actual monitor
with sound capahilities.

SID 15 the same chip that is also found in the
C64 machines, It is referred to as a three voice elec-
tronic music synthesizer. It is used to generate m-
teresting and exciting sound effects to go with the
graphics created by means of sprites and other video
creations. 51D has a wide range of frequencies that
it can produce. There is a high resolution control of
the frequencies, harmonics, and volume.

51D is able to generate four different types of
audio waveforms. They are known as triangular,
sawtooth, rectangular and white noise. The fre-
quency of each waveform can be varied individually.
Once generated, the sound can be fed to an enve-
lope shaper circuit. The audio arrangement of sus-
tain level, attack, decay and release rates is made,
With these variables you can produce audio that im-
itates musical instruments and other noises. Chap-
ter 22 tells you how to test SID for these sound
effects,

SID, like the video chips, is also a digital-to-
analog converter. The digital inputs from the pro-
gramming are changed to analog audio outputs,

The MMU and the PLA

Once the address bits leave the MPL, then they
are processed in a very complex way. U7, the 8722

Memory Management Unit, in the upper right quad-
rant, and U111, the 8721 Programmed Logic Array,
on the border between the bottom two quadrants,
do most of the processing. Chapter 15 covers the
48-pin MMU. Chapter 14 goes over the operation
of the other 48-pin PLA chip,

In general, the MMU uses its address and data
bus inputs and outputs to access and handle the two
banks of 64K RAM in a custom styled manner.
There are a number of ways that the RAM could
be used. The style of use is determined by a lot of
things, most impertant of which is the mede you
want the C128 to operate in. You could say that the
MML! controls the operating mode.

The PLA works as an assistant to the MMU.
The PLA also receives an input of address bits, but
in addition it receives inputs from the MMU. The
PLA in turn generates a lot of chip selection signals.
While the MMU is addressing the RAM banks in the
memaory map, the PLA selects the other chips. Tt
selects the ROM to be used—if a cartridge is
plugged into the C128 it will select it. It is able to
select the color RAM chip, the VIC registers, the
Character ROM and all the I/Q devices.

Between the MMU and the PLA, most of the
chip selecting and location addressing is conducted.
The operatinn details are covered m Chapters 14 and
15

The 128K RAM

The 128 is blessed with 128K of RAM. The
RAM is contained in 16, Dynamic Random Access
Memory 4164 clups. The MPUs in the C128 are the
so called eight-bit types. An eight-hit MPU can
directly address only 64K. Therefore the 128K is
broken up into two 64K banks, called Bank 0 and
Bank 1. With the help of the MMU chip, the proces-
sorin use is then able to address each bank in turn.
The full 128K of RAM is located in the bottom left-
hand corner of the printboard.

The 16 chips in the two banks are all identical
16-pin chips. These RAM chips are the storehouse
for the MPU, The chips are able to store data and
then transfer the stored data back to the MPU when
it is addressed. Chapter 6 goes into the details.

45



1] = Dm 0
D1 = ~{D. ;
0z
- Du. 2 i
Da _ I'D 3 it
Data o Do
Bus -1 B, 4 "—FD B3]
Ds D||| 5 L e D2
D& D Data
& L, 6 =3 Bus
—4 D, L Dou = 04
4116 D - =
[==1. ]
= D&
- D‘I:|ul - D’?
Lo

Fig. 3-2. Dynamic RAM is organized in bits. An addressed location is found split up on eight chips. Each ¢hip outputs

one bit of the byte al the locatien.

In one bank there 15 684K of RAM. In each of
the 64K Iocations there is one byte of storage space.
There are eight bits in each byte. Each bif is con-
nected to one of the elght correspondmg lines of the
data bus, D7 through DO. The bits in each location
are numbered 7, 6, 5, 4, 3, 2, 1 and 0, as shown
m Fig. 3-2.

In this type of dymamic memory, you'll find that
a location of eight hits is not on & single chip but is
spread over the eight chips: Each chip of the eight
in a bank contains one bit of a location. In order to
address a location, you must contact all eight bits,
Chip number 7 of the bank set contains all the num-
ber T bits for all of the 64K locations. Chip number
6§ has all number 6 bits and so on. When the MPU
addresses these RAM locations, then it is actually
addressing all eight chips at the same tme. [L gets
pne bit of the location from each chip.

Diynamic RAM, such as these 4164 chips, stores
bits as charges, or noncharges, in a gnd of Hnv
capacitances. The charge in the capacitance is very
fragile and can only exist for a few milliseconds be-
fore it leaks off. It must be recharged every few mil-

46

hiseconds m order to hold the charge. This
recharging, called *'refreshing, "’ is conducted by a
special refresh circuit in the VIC chip: The refresh-
ing is conducted continually by VIC as long as the
C128 is Tunning.

The ROMs

Directly above the 128K RAM are located the
ROMs one, two, three, four and an empty socket
for a possible fifth special ROM. The fifth ROM is
called “‘functional ROM 1.°" The five ROMs are
1132, 33, 34, 35 and 36. They are all 28-pin chips.
They-are covered in Chapter 7,

The ROM is unlike the RAM in that itis a Read
Only Memory. The ROM is already filled with per-
manent bits that are “'burnt”’ into the individual fo-
cations. Also, unlike the dynamic RAM memory, a
location 15 not spread over a group of ROM chips.
Each addressed location is found complete on a chip.
All eight bits of a byte location are together on one
chip, as Fig. 3-3 indicates.

The main difference between a ROM zand a
RAM is: the ROM can only be read by the MPLL
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Fig. 3-3. This ROM is organized in byies. Each addressed location is on one chip and contains eight bits.

It cannot be written to successfully. Wnting to a
ROM is useless. It does not respand.

The permanent programs contaned in ROM
chips are the controlling brains of the computer sys-
tem. The MPU is just a talented workhorse taking
its orders from the ROM system operating pro-
grams. The MPU has no mind of its cwn. That's
why, if 2. ROM chip becomes defective, the MPU
starts running without direction and fills the display
with garbage.

Inside the ROMs

The ROMs are located on the left side of the
board, n a clump, about the middle of the board.
There are five ROM locations: four are filled with

chips while an empty socket is present for use with
a fifth ROM chip. The four ROMs in operation all
have 16K locations. The fifth ROM, when itis used,
has a 32K socket awaiting it.

ROM1, U32, is the closest ROM to the edge
of the board. It is the controller when the computer
iz operating in the C64 mode. The PLA selects
ROM1 durmg C64 operation and leaves the rest of
the ROMs turned off. ROM1 containg the C84 oper-
ating system. This is a combination of BASIC 2.2,
the CA4 Kernel and other operating forces like the
40 Column Editor. There is more detail on these
systems and the contents of the rest of the ROMs
in Chapter 7,

ROM2, 1133, 13 next to ROM1, directly to the
right. It is selected by the PLA when the computer
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is put into the C128 mode. It operates the BASIC
L0 Version 7.00

ROM3, U34, immediately to the nght of ROM2,
also operates in the C128 mode and controls the BA-
SIC HI Version 7.0. In addition, ROM3 contains the
operating system for the Momitor that vou can use
when you enter machine Janguage programs from
the keyboard.

ROM4, 1735, is found directly above U34. Itis
also needed for C128 operation. It contains the C128
Kemel, Kernels in these Commodors machines take
over and control all the input, output and memory
management functions of the computer. Most of the
time the work consists of transferring data from the
MPU to the memory and back again. Another vital
job is to verify the data that travels from place to
place. The operating system has special load, store,
and verify routines that BASIC calls upon to con-
duet its business.

The Kemel is a specal operating system adpumet
that attempts to keep the operating system up Lo
date as time goes by, These C64 and C128 programs
will, i the future, be improved and upgraded. The
Kemel is therefore built with spedal jump tables that
are designed to accommedate changes. That way,
the machine language routines that vou might write
will not become obsolete and will work with newer
versions of the C64 and C128. The Kernel attempts
to maintain the compatibility of vour present machine
with future machines, There 13 more about the Ker-
nel operaticn in Chapter 7.

The empty socket to the left of ROMY is called
1136 and 12 inoperative till a special functional ROM
is plugged into it. Any such BOM will have special
applications. However, there is no sense in worry-
ing about it if it"s not there. You can concern your-
self with the socket since it is wired onto the board
and will have some voltage and logic states on the
pins. These are covered in Chapter 7.
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Other Board Landmarks

There are more, not so prominent lndmarks,
all over the board that you will get to know i you
spend time with the printboard—examining voltages,
loge states and scope pictures. Most obvious are
the RF Modulator box at top left, the expansion port
at top right, the dser port at top left, the off-on
switch on the top tight end of the beard, the cas-
sette port to the left of the expansion port, and so
on. There are three dc voltage test points on the
board. One is just below the expansion port to the
left. It should read +11.5 volts de when normal. A
second test point that should read +5 volts de is
in the lower night-hand corner of the board. Thirdly,
to the right of the PLA is.a +11.% Vdc point.

Other important spots on the board are: the
places where the six transistors, Q1 through Q6,
are found; the two adjustments to the sound coil in
the RF Modulator and the 14 MHz to the left of VIC;
the Character ROM TI18; the Color RAM U19. Al
of these minor landmarks are discussed in detzail in
their respective chapters, They are all important test
areas used during troubleshooting.

The chip location guide found in this chapter will
be the most used piece of service information for
the C128. It is & map of the printhoard. It shows
all the major components on the board and helps lo-
cate items.

It is easier {o use than a photo of the board be-
cause it does not confuse the situation with all the
wiring and hundreds of small components and con-
nections. For these fine details vou can refer to the
board itself, the Test Point Charts, and the Master
Schematic in the appendix.

The Location Guide provides you with clear lo-
cations of the 63 chips, the six transistors, the 10
external ports, two important adjustments, three de
test points and a few other items. Begin with this
piece of service information.



4. Chip Changing Techniques

hen chip trouble strikes your C128. then you
follow these steps.

{1} Interpret the symptoms and come to some sort
of diagnosis.

(2} Decide which chip or chips are the prime
suspects:

(3} Disassemble the machine to gain access to the
suspects,

{(4) Run some tests on the involved chips.

(3) If a chip is bad, then it must be replaced.

While the first four of the above steps require a
steady hand, they are relabvely danger free. Not so
with step number 5, That's because inside the chips
are transistors the size of perims. These transistors,
possibly thousands upon thousands ina smgle chip,
usually very rugged and rebable while the chip 15 con-
nected mits designed cireuit, becoms sensitive and
fragile when they are free and out of their protec-
tive circuit.

The danger begins when a chip is either plucked
oul of its socket, or otherwise removed from the
printhoard. Some chips are more vulnerahle than
others. The dangers consist of physical pulling and
pushing, heat, voltage and static electricity. As a
general rule, the smaller chips are less sensitive and
the larger chips are more sensitive, The larger the
chip, the more care it requires when it undergoes
movement to and from the printboard,

Even though some chips are more rugged than
others, it is a good idea to treat them all with great
care. This chapter covers the general techniques
needed to handle the various forms of C128 chips
when taken in and out of sockets, or desoldered and
resoldered. When you use the correct techniques
and tools, you will be able to change and test chips
with the least amount of danger,

THE RUGGED CHIPS

Table 4-1 is a list of the more rugged chips in
the C128. You'll notice that most of them start with
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Table 4-1. The TTL rugged
chip types are often 74—types.

74. These are usually TTL chips. TTL stands for
Transistor-Transistor-Logic. The TTL name is
given because, as shownin Fig 4-1, the input tran-

U Number Generic Number .
sistor an such a chip 1s a bipolar type but is endowed
gg "';‘4'155103: with double emitters.
ug 74Eaz A bipolar transistor (aside from the TTL), with-
Uiz T4L5373 out going into a long dissertation, 15 one with three
U3 7ALS244 connections called the Emitter, Base and Collector:
H:; ;ﬁggg; E, B and C. Figure 4-2 depicts the way typical npn
uis 74L514 and pap bipolar transistors move electrons and holes
ui7 74L8373 that electrons can be kept in. The transistors are
U245 TaL5244 f 3 ;
L26 7415957 called tipolar because conduction takes place in two
uzd 556 directions at the same time. The electrons, carry
vz 7408 a negative charge travel in one direction hetween
Hg[: ?Ifgﬁm emitter and collector, while holes which carry a posi-
U3z 7406 tive charge travel in the other direction. This type
LI54 TaLEa2 of conduction is different than Field Effect Transis-
ﬁ"gg ;ﬁfﬁ‘}i tors, FETs, which is discussed next, The FETs
us7 7407 move either electrons or holes but not both at the
usé 7ALS03 same time. If you desire more details on bipolar tran-
Ls9 7812 . 3 ;
LD 7407 sistor theory, please look it up in the many books
us1 74LS08 available from TAB.
Uz 74LS244 The TTL is a chip that evolved from earlier
i i chips such as the RTL and DTL. The TTLs have
Vee
% Caollector
| kY Cutpud
Double ]‘H‘
amittar Collector
R
£a
2o

I Baza

7

Fig. 4-1. Tha TTL (Transistor-Transistor-Logic) chips are based around special transistors with double emittars.
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Fig. 4-2. Bipolar transistors are so
called because they have slecirons
mawing in one direction while holes
are moving in the other.

combined a fot of the important features of these
earfier chips. The RTL, which stands for Resistor-
Transistor-Logic, was among the first forms of in-
tegrated circuits, It was an inexpensive chip that was
easily wired up with larger discrete components such
as resistors and capacitors. However, the RTL was
highly susceptible to voltage noises, and it had a low
fanout ability, Fanewd is the charactenistic a chip has
to drive a number of parallel lpads. The RTL ecan
only dove a few loads.

The RTL gate in Fig. 4-3 uses two resistors in
the base inputs of the two npn bipolar transistors.
That is why it is called a Resistor-Transistor-Logic
chip. This particular configuration is called 2 NOR
gate. There will be more about NOR gates in Chap-
ter 10.

The DTL gate in Fig. 4-4 uses diodes in the in-
pul circuit rather than transistors, This change of
component makes the gate faster; gives better nomse
immunity protection due to diode clipping, and in-
creases fanout charactenisocs. In addition the DTL

permits a large fan-in. Fan-in is the ability of the
chip to accept parallel nputs. The diodes are able
to isolate the gate input circuits from the preceding
stages and many parallel inputs can be connected
without loading the input. The basic DTL circuit is
called a NAND gate. There is more about NAND
gates in Chapter 10,

The TTLs in your C128 evolved from these two
basic circuits. In 1961, Thompson nvented the TTL.,
It is like a DTL in that there isa diode action in the
input. The input is through the double emitters of
the transistor. The extra emitters are pn junction,
just like diodes. All the inputs to the chip can enter
through the multiple emitters and be isolated in the
same way the DTLs are isolated. The circuit oper-
ation i1s guite like the DTL,

There is a whole family of TTL rhips—more
than 200 of them. A few mail order companies are
listed in Table 4-2. You can purchase replacement
chips from them or from local electronic supply
hounses.
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Table 4-2. List ol Mail Order Parts Houses.

Mail Order

dameco Electronics

1355 Shoreway Rd,

Belmont, California 94002

Oirders (415) 592-8097, Inguiries (415) 582.812

JOR Microdevices

1224 5 Bascom Avenue

San .Jose, California 95128

Orders 800-538-5000, Inquiries [408) 995-5430

DIGHKEY Corporation

P.O. Box 677

Thief River Falls, MN 56700
1-800-344-4530

While the number 74 indicates the chip is a TTL,
there are letters suchas L and S that also have spe-
cial meanings. The letter L stands for low power.
When there is an L in the chip number, then it means
that the chip uses 80% less power than a chip with-
out the L designation. However, the lower power
dissipation is at the expense of slower switching
speed.

That is why there is usually an S accompanying
the L in the nomenclature. The 5 stands for Schottky
clamped diode. When the 5 is in the name, then
there is a Schotthy barrier diode clamp in the base
circuit that speeds up the switching action. The S
characteristic compensates for the slowdown caused
by the low power characteristic. Therefore, if you
are called upon to replace a 74LS type chip, use an-
other 74LS type and not a plain 74 type. While the
two types are functionally about the zame, the ex-
act replacement is always the best way (o go. I you
have no choice but to make a change, just be aware
of it in case some other trouble symptom should sud-
denly appear. In some cases, the substituted chip
will not work properly.

TRISTATING TTLs

The main business of the: digital circuit in a com-
puter is the processing of two logical states. The
two states are known to a machine lanpuage
programmer s 1 and 0. To a technician, the states

are called high (1) and low (0). The high and low re-
fer to high and low voltages. Loosely speaking a high
is +5 volts dc and a low is zero volts de. These
voltages speed through the digital circuits, and as
they travel they are changed and changed again from
high to low and back. That is all that digital circuits
do. That is what the processing consists of: chang-
ing logic states.

At all the test points, which is every connec-
tion or pin you can lay a probe onto, you will be test-
ing for logic states. As long as the called for logic
state is present, then the pin is considered okay.
Should a test point have the wrong logic state, then
that could be a clue that could lead you to the trou-
ble spot. Table 4-3 shows the two most important
logic state testers: the loge probe and the vom. The
high and low readings and their corresponding volt-
age levels are shown. Also shown in the bottom
column is the third possible state a connection could
be in.

This third state (tristate, three-state or float-
ing, as it is called) can be confusing, It isn't actually
2 logic state, despite its description, It is a state of
being, that the test point is in, when the computer
is on but there is no definable cutput. Tt is the con-
dition that the test point exhibits when the chip is
energized but is turned off in the circuit. The TTL
output, being shut off, assumes a high impedance
condition. Any voltage level that might develop on
the tristated test point is simply static noise buildup,
nol logic. In contrast, the zero voltage state is a con-
nected state, the test point reads a voltage, but the
voltage is zero.

When a chip is tristating, there is no definable
output voltage. As a matter of fact, if vou should take
a de voltage reading with a vom, there will be a volt-
age reading in the vicinity of 2 volts. It is a result
of accumulated static electricity, not a logical high
or low. Should you read a tristating test point with
the logic probe though, then no LED lights will glow,
indicating the tristate condition. There will be more
about testing TTLs i Chapters 10 and 11,

Some TTLs are built with a tristating ability.
They have a special input stage that is able to dis-
able the TTL gate upon command. Figure 4-5 shows
a chip with the disabling stage. There are three npn
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Table 4-3. The vom and logic probe are the best
pleces of test equipment with which 1o check chips.

LOGIC VOM LOGIC PROBE
STATE READING LEQ LIGHTS

HIGH LW  PULSE

£y r
HIGH 23 1050V . O O
- LY

L .
LOW OV 1o 0.8V O . O
i b 2

THREE-STATE 0.9V to 2.2V O O O

FLOATING
Ve
T Drala stage
-
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L o8
24 ar (=]
| ¥ o =
¥ O =
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T Disable stage =
':'.I_
= &
3
=2
.o o7
]
"

Fig. 4-5. The top part of this chip i= a TTL NAND gate. The bottomn is a disable stage. The disable stage can act as a
switch to turn the NAND off and on. When off, the NAND is wistating or “'floating.”
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transistors and a diode in the disable stage. They
are Q2, Q3, Q5 and D1, When the disable input is
alow, Q2 wall turn on fully, and as it is called, “‘sat-
urate,”" As a result of Q2 saturating, (33 and 05 will
turn off. This turns off the output of the disable stage
antl the stage is disconnected from the rest of the
chip. The rest of the chip operates as if the disable
stage is not present. The normal processing of 1's
and }'s continues unabated.

Should the input of the disable stage go high,
23 and Q5 will then conduct and kill the output car-
rent at (4. This makes the output transistors of the
gate, Q7 and Q8 stop conducting, This makes the
chip tristate. Should vou measure the voltage at the
output, vou'll find neither a defined high nor low.
The only veltage there will be undefined, somewhere
between a high and a low. Technicians might say,
“it's floating."”

During bench troubleshooting, you can test the
gutput of a three-state chip at its output. You can
also produce a defined output by causing a high at
the disable input to effect the logic condition or a
low input to get the undefined performance.

The three-state effect can be used as 8 val-
uable servicing technique. Sometimes when a chip
dies, then it produces a three-state condition at its
output. At other times, a three-state condition 1s
present during normal operation. You can use the
reading yvou obtain, compared to what the Test Pomt
Chart reads, to figure out whether the condition is

normal or if it indicates trouble,
The TTL ig easily tested with either the logic

probe or the vom, The only difficulty is the tiny size
of the chip fect. The feet are test points, and you
must have a bright light and a magnifving glass. You
must take care to touch only the foot being tested
while the C128 is on. Avoid an accidental shorting
of two test points. Maest of the time vou would prob-
ably be lucky if vou shorted two points, but on og-
casion you'll burn something out by careless use of
the probe,

The vom, measuring a TTL, will normally re-
veal a logical one, or high, by reading a voltage he-
tween 2.3 volts and 5 voits do. The logical zero, or
low, will dizplay itself on a vom by reading a voltage
between 0 and 0.8 volts de. During a tristate condi-

tion, the vom will read somewhere in between, from
0.9 to 2.2 volts dc.

The logic probe has LED lights to l:lenote the
condition of a test point. Highs lght the HIGH light,
and lows make the LOW light shine. When the test
point is tristating, none of the LEDs light at all. Ta-
ble 4-3 rounds up all the high, low and three-state
readings.

Maost of the bench readings performed during
servicing are either with the vom or the logic probe.
The servicing consists of a search and seek expedi-
tion of examining tiny test points,

In the C128 there are a lot of TTL chips. They
are covered m Chapter 8. They are, for the most
part, the smaller support chips and are soldered onto
the board without the benefit of having their own
sockets in which to reside. The TTLs, as a rule,
are fairly rugged and can take handling and solder-
ing without too much fear of damage. They are also
easily and safely tested with both the vom and logic
probe. The actual logic states that exist on the TTLs
are shown in the many Test Point Charts through-
out the book. The Test Point Chart index (after the
Table of Contents) gives the figure numbers of the
charts in the book.

THE SENSITIVE CHIPS

The ather main group of chips, which nclude
all the large important chips, are too delicate to ap-
ply forces to. The forces are pushing and pulling,
heat, freezing and voltage. The group 15 loosely re-
ferred to as MOS chips. M5 stands for Metal Ox-
ide Silicon; alternately some users might mean Metal
(hade Semiconductor. There are three types of
MOS. They are: the NMOS, based around n-
material silicon; the PMOS, that has p-material sili-
con; the CMOS (Complementary MOS), which con-
tams both o and p siicon channels for electrons and
holes to move through.

All of the chips in both the rugged TTL and the
sensitive MOS groups are encased in ceramic or
plastic packages. The packaging has no electnical in-
fluence an the chip except that the package supports
the metal legs that attach to the printhoard or plug
into a socket.



Practically ail of the chips, which are tiny sili-
con wafers, are wired into what is known as Diual
Iniine Packages, DIPs. There are two parailel rows
of feet—one row on each of the long sides of the
rectangular package. More about the DIPs is given
later in this chapter. The packaging is the same for
both TTL and MOS chips. You can't tell the differ-
ence between TTLs and MOS's by looking at them.

While the TTLs are composed of areuits con-
taining bipolar transistors, either npn or pnp, the
transistors used in the MOS circuits are the Field
Effect Transistors, FETs. The TTL bipolar transis-
tors have elements called emitter, base and collec-
tor. The MOS5 Field Effect Transistors have
elements called source, gate and drain. The only
thirig the TTL chips and the MOS chips have in com-
mon is that they are both made out of pieces of p
and n semiconductor material,

As described earlier and illustrated in Fig, 4-2,
the bipolar transistors in the TTL ¢hip are con-
structed with building blocks. There are two types
of blocks made of n material and p material, A pnp,
as the name suggests is a sandwich. The n material

is sandwiched between two pieces of p material. The
junctions between the different materials are fused
together and form pn junctions. The npn is also a
sandwich with p material in the center and n mate-
rial on both sides. Whether the device is a pnp or
npn: the top piece is always the enllector, C; the
center piece is always the base, B; the bottom piece
15 always the emitter, E.

The bipolar transistor can roughly be thought
of as three gears meshing at the junctions. If you
get a small current to flow between the emitter and
base, then that will get a large current to flow be-
tween the emitter and collector. This is called a cur-
rent amplifier. The bipolar transistor deals in current
amplification, This iz different than the FET that
deals in voltage amplifying. We'll get to thatin a few
paragraphs.

The FET is not constructed with the same build-
ing block layout. The FETs on the chips are made
with a channel, The channel can be thought of as
a piece of either n material or p material. Study Fig.
4-6. On the left side of the channel is the connec-
tien called the drain, D. The other side of the chan-
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Fig. 4-6. The basic IGFET has four connectable sections: Ihe source, the gate, the drain, and the substrate.
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nel has the conmection called the source, S. In
between D and 5 is a layer of insulation made of a
glassy silicon dioxide. On top of the oxide msulator
is attached a metal lead. The oxide and the lead are
called the gate, G. Note that the lead is not con-
rected to the channel, it s msulated from it by the
oxide.

That the oxide remains intact and maintains the
insulation is crucial. When tragedy strikes, as shown
in Fig. 4-7, and 2 hole is blown in the oxide, then
the FET will die and your C128 will be in trouble.

Because there is an insulator between the gate
lead and the channel, electric current cannot pass
from the gate to the chamnel. In the bipolar transis-
tor, the base, which is analogous 1o the FET's gate,
is mot msulated from the emitter-collector path, That
i5 why the bipolar transistor s called a current am-
plifier. The current from the base controls the
emitter-collector current.

In the FET, current ¢an’t flow from the gate
to the channel, but a voltage on the gate can affect
electrons flowing in the channel. A voltage on the
gate, if it is varied, in turn will vary the nomber of
electrons that flow in the channel. For example, if
the voltage is high, it can stop the electron flow al-
together. If the voltage i= low, it can allow the elec-

trons to flow in full strength. Whatever its value,
the voltage on the pate directly influences the chan-
nel electron flow between the source and the drain.
That iz why the FET is called a voltage amplifier.

During troubleshooting and repair, the way the
microscopic transistors are performing in the chips
1s gbstract, There 15 no ordinary way that you can
test the individual TTL or MOS transistors.

All three types of MOS chips plus many varia-
tions are in common use. Forms of the NMOS are
used a lot in ferge scale integration (LS. The LSI
chips are those with about 100 individual gates on
a chup. It 15 sometimes useful to know that NMOS
chips use a + dc supply voltage.

The NMOS is referred to as 3 single-channel,
ome-polarty chip, This means that the de voltage ap-
plied to il goes to all the FETs on the chip at the
same time, The ground return is also connected to
every FET on the chip. But the gates, sources and
drains have their own configirations according to the
job they perform on the chip.

When the chanmels are made of p material, the
resultant PMOS chip works in a similar way, except
that positively charged holes move from source to
drain, instead of negatively charged electrons as in
the n matenal. Inan nchannel, a- 4+ voltage 15 ap-

Static electricity!

Can blow a hiole in
the insuiation
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Fig. 4-7. The glassy oxide insulater between the gate and the channel is very fragile. Static eleciricity can easily blow

a hole through i,
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plied to the drain to attract electrons from the
source. In a p channel, a negative voltage 15 applied
to the dram to attract holes from the source. The
gate gtill does the voltage controliing job except that
it varies the intensity of hole conduction rather than
electron conduction. You'll recognize a chip with p
channels beciuse the schematic shows a negative
de supply connected to the chip. Whatever the polar-
ity, whether holes or electrons are on the move, the
sensitivity of the MOS chip-to-gate oxide rupture
remains the same. Great care must be taken while
handling and testing any type of MOS chip.

The CMOS chip is the common one used in
small seirle inteevation (SSI), S51 15 the term used
for the chipwith less than 10 gates to a chip. The
CMOS type is also used a lot in mediwm seule in-
fegration (MSL). M5 chips contain between 10 and
100 gates. Please note that the number of gates is
not the same as the number of individual transistors,
There can be many microscopic transistors in a sm-
gle gate.

Typically the supply voltage to a CMOS is of
a positive nature. Internal wiring takes care of chang-
ing the voltage polanty and applying a correct polar-
ity to the different channels. The NMOS is thus able
to propel electrons from source to drain. The PMOS
i5 able to move holes from source to drain. The in-
sulated gates are then able to exercise control over
the channel currents, no matter whether electrons
or holes are on the move.

Just as the TTL chips have been designated
numbers i the 7400 or 74L500 senes, the CMOS
small package chips are assigned numbers in the
4000 series. An example of CMOS chips in the C128
are U2 and U20; both are type 40685, a quad bilateral
switch, This chip recelves more attention in Chap-
ter .

THE DIP PACKAGE

If you take a close look at the chip lavout on the
board of vour C128, then you will see that the chips
are in a rectangular package with two rows of evenly
spaced feet on the two long sides of the rectangle.
There are no feet protruding put of the top or the
bottom of the chip. In the Test Point Charts, the

chips are drawn exactly as they exist. On the
gchematic the chips are drawn for the convenience
of the drawing. On the schematics the connections
bear no physical resemblance to the actual chip as
the Test Point Charts do. While you can take test
readings directly by comparing the Test Point Chart
te its chip on the board, you can’t do that with the
schematic. You must take an extra mental step when
using the schematic. You have to relate the pin num-
bers of the schematic to the pin numbers on the
physical chip. This extra step clutters the
troubleshooting reasoning you are going theough, It
takes time to master relating the schematic to the
physical circuit. With a little practice though, the
techmique can be handled and become natural,

The C128 printboard is full of chips. Practically
all of them are DIPs, Dual In-line Packages, as men-
tioned earlier. On each chip, there are two in-line
rows of tiny feet. The top view of the chip reveals
a rectangle with a key designation at one end. The
kev is usually a notch, sometimes a paint dot or an
indentation. When a chip is replaced, the keyway of
the new chip must be placed in the same way the
chip of the old one was. These DIPs will fit into el-
ther its socket or its holes in the printbeard, back-
wards. Deon't mstall the chip backwards!

The pins all have numbers on the Test Point
Charts and on the schematics. To find pin 1, look
to the left of the keyway, with the keyway at the
top of the rectangle. In the C128, a lot of the chips
are mounted upside down. The keyways are then
at the bottom of the chip as it lays on the printhoard.
In those cases, starl your count to the night bottom
and count up.

Whichever way the chip is positioned. count
counterclockwise around the chip. The last pin an
the chip will be across the keyway from the number
1 pin.

When you replace a DIP, whatever you do,
make sure the key isiin the same position as the
orignal was before you put in the new one and ener-
gize the computer, The key is only a visual indica-
tor. The chip will fit into the socket or printhoard
holes wrong or right, Make sure it is right, You can
double-check the key position on the chip location



guide, On the guide, note all the chips that are in-
stalled with keys at the top and the others with keys
at the bottom.

As you test the feet, which are test paints on
the chip, you must be able to read the numbers on
the chip. The numbers are not marked. You must
be familiar with the numbering system as just de-
serhed.

Tests with the C128 energized consist mostly
of applving the vom probe to detect the voltage,
touching down on the test point with a logie probe
to find out what logic state the pinis in, and touch-
ing a test point with a low impedance probe on an
oscilloscope. With the plug pulled and the C128 off,
then the main test is with a low voltage continuity
tester. The resistance between a pin and ground is
the mest popular one. Other resistance tests to
check continuity between test points are also used.

The fastest way to find a pin on a chip is by
knowing at a glance how many pins are on a chip.
In the C128 there is a wide assortment of chips with
different numbers of pins. The largest chips have
48 pins, The rest have less. Use the 40-pin chip in
Fig. 4-8 as an example, Pin 1 is at the upper left
of the rectangular top view. Pin 40 is opposite to
pin 1 across the keyway. At the bottom left 15 pin
20, Across from it is pin 21. At the center of the
chip'on the left are pins 10 and 11. Across from them
al right center are pins 31 and 30.

With a little effort, vou can quickly train your-
self to find all six pins rapidly. Once you have your
eve on those ping, then you can touch down on any
other pin using those original six as reference, If you
are going to make a lot of tests on different pins on
the chip, then vou can take a couple of toothpicks
and stick one between 10 and 11 and another be-
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Fig, 4-B. Counting pins on a large chip can be made easier with bwo toothpick indicators inserted at locations 10-11 and 30-31.
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tween 31 and 30, That way you'll save a lot of long
counting. The most vou'll need to count on this
40-pmn chip is four pins. For instance, if you want
to test pin 25, you can count from pin 21—four up.
Pin 36 can be located by starting at pin 40 and count-
ing four down. That way, if you are making a lot of
careful readings, you won't accidentally touch down
on the wrong pin,

(fther chips you might have to handle have
different numbers of pins emerging from the pack-
age. You could find small DIPs with 14 or 16 pins.
Other packages have 18, 24, 28 or 48 pins. The
48-pin types are the largest in the C128. No matter
what the number of pins, the general packaging ar-
rangement, and counterclockwise numbering around
the keyway, are all the same.

Frinted on the DIPs, easily seen with the na-
ked eye or with the help of a magnifving plass, are
all sorts of servicing and replacement information.
There are many parts houses m most neighborhoods
where the C128is found, such as Radio Shack. The
markings on the chips in your C128 are helpful when
it is time for vou to purchase a new chip,

Note the markings on the chip in Fig, 4-9. All
the marks have meanings. First of all, note the logo
of the manufacturer. It is a fimifliar Commodore sign.
Following the logo is the chip part nurnber. The 6526

is the generic part number. Often the manufacturer
will put his own part number on the chip instead of
the generic number. Table 3-4 is a list of all 63 chips
in the C128 and their replacement part numbers,

With the number off of the chip you want to re-
place, any parts house clerk can cross-reference that
number to the part number that they carry.

Next on the chip is the code date. This is sup--
posed to be a deep, dark secret but i is easy to read
the date on most chips. This one says 4186. This
means that the chip was manufactured in the 41st
week of 1986. Others might be more tricky, but use
your imagination, What you puzzle out will probably
be correct. This code date 1s especially useful dur-
ing the time the C128 and its chips are under some
sort of warranty.

There is one word of warning when purchasing
replacement chips. If you are changing a chip try to
get an exacl replacement, that 1s, origingl manufac-
turers parts. Of course, if that is not possible then
vou must try another brand name. When vou do in-
stall a replacement from a different manufacturer and
the trouble still remains, or a new trouble starts hap-
pening, double-check the new replacement before
embarking anew on the troubleshooting trail. Some-
times you can get a supposed exact replacement that
is nol exsctly exact.

Generic part numbaoyr

' 4186

Manufacturer's logo
Commaodore

Iminiclisicliesfcials|

6526
2064,

Coda date
"BE 4151 week

LILJI_II_II_IL.I}_II_ILJLJLJI_TI.JLJI_II_TT.JI_IHI_I

Fig. 4-8. The markings on chips have meanings. You must use these markings when ordering raplacement chips.
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As you look down the list of 63 C128 chips in
Table 3-4, there are many TTLs in the 7400 and
74L500 families. There are a couple of CMOS chips
in the 4000 family. Then there are a lot of chips not
so ¢asily found on genenic lists. The C128 has the
two MPLUs, the 8502 and the Z80, the 8721 PLA,
the 8722 MMU, the two video output chips, the
video controller 8563 and VIC 8564, the two ClAs
both 6526's, the 6581 SID, the ROMs and the
RAMs:

When you suspect these chips and are seeking
a teplacement, your first stop should be at a Com-
modore service agency. Next you can try some of
the national mail order houses, They often come up
with odd chips.

The most expensive replacement chips you will
encounter are the ROMs. When vou purchase them
you are boying software that is burnt into hardware.
The ROMs contain the C128 operating system pro-
gram and other vital programming. There is more
about the ROMs in Chapter 7.

SOCKETED CHIPS

The C128 has some of its chips n sockets. For
example, the two 6526's and the 8563 under the
metal video box shield, The four main ROMs are
in sockets along with another empty socket that can
hold a fifth ROM. 5ID is in a socket as is the 8722
MMU; this totals twelve sockets. All the rest of the
chips are wired into the printboard. I must add that
this is the arrangement in my C128. Different
production rung could alter the layout.

The removal and replacement of the socketed
chips is relatively easy. All you need is a few guide-
lines to ensure that the job will proceed in a zafe
and smooth fashion.

Chip Removal

You probably won't be able to help yourself, but
a good rule to follow is: never touch a chip with vour
hands, body or clothing. Act as if you have a deadly
communicable disease that you can kill the chip with.
TTLs are not as sensitive as the MOS chips, but
I'd treat them in the same way. That is because,
on occasion, you might pick up what vou think is a
TTL and it turns out to be 3 sensitive RAM MOS.

The reason for the antiseptic approach is that you
can be carrving a static electric charge that could
kill a chip by electrocution;

The weak, vulnerable time of an MOS is when
it is loose. Any static spark into the chip at this time
could very easily burst some of the insulated gates
of the tiny FETs. On the other hand, when the chip
is plugged into a circuit, it is no longer vulnerable.
It can take a lot. When chips are shipped from a
manufacturer, they are plugged into a piece of con-
ductive foam. This effectively ties all the pins to-
gether, and the chip is no longer vulnerable. As you
handle a chip keep it in its conductive foam pad till
the instant before you ingert it into a socket or the
printhoard holes.

The chip you remove from a circuil should be
handled in a safe manner too. Often the chip is good
and will have to be put back after testing and han-
dling. Small chips, those with 24 pins or less, can
be extracted and handled safely with the DIP ex-
traction tool shown in Fig. 4-10. The tool is simply
a specially built type of tweezer. It is made with two
little lips that can be placed under the two ends of
the chip. This allows you te gently rock the chip out
of its socket. Once out, the chip can be placed on
a conductive grounded surface that shorts all the pins
to the surface. With all the pins shorted to ground,
no static voltage can build up and kill an FET gate.

The DIP extractor tool comes with a small hole
on its top. This is to allow vou to screw a grounding
strap onto the tool. The grounding strap is then at-
tached to earth ground through a one megohm resis-
tor. One important word of caution. Do not ever
remove or msert chips while the computer is plugged
into ac, whether it is on or off,

The extraction tweezer works well with chips
of 24 pins or less. It can be used with the larger pins,
too, if you take some extra care, The longer DIP
bodies, especially the 40 and 48-pin types, will be
placed under physical stress if you use the same
technique as you did with the smaller chips. The way
around that problem is not to pull the chip all at once.
Take one side at a time. Gingerly rock the chip out
of the socket, first tugmng one side and then the
other. That way the holding ability of the socket is
gradually relaxed and the large chip will not ex-
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Fig. 4-10. The chip extractor is the salest way to remove chips,

perience undue strain. Once again, after the chip is
free, place its feet on a conductive surface.

Chip Replacement

During troubleshooting and repair, chips are
usually in place when you hegin. The preceding sec-
tion went through chip removal from a socket. There
comes: a time in repair when the chips must be n-
serted back into the socket. Either a new replace-
ment or the old, proven good, chip 13 to be rein-
gerted. Just as much care must be exercised during
the chip insertion as the extraction.

B2

The chip to be inserted should be standing on
a conductive grounded surface. You could use the
grounded extractor tool if you are surehanded and
careful. There are dangers though as the little feet
are fragile and getting all the legs into the socket
at the same fime, without bending a leg or two un-
der, 15 tricky. Therefore, it is advisable to use the
chip inserter shown in Fig. 4-11.

The msertion tool in the ilustration 15 typical of
the devices that do this job. It has a conductive post
sticking out of the top where: a grounding strap can
be attached. The post conneets to all the metal parts
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Fig. 411, Chips are bes! inserlad with & gadget thal can hold and keep the chip grounded at the same fime.

of the tool. There are two metal holders at the bot-
tom of the tool that open and close, The holders are
able to grasp a chip or let it go 45 you pull the post
up and down, On the side of the gadget is a locking
button. This can lock the holders and post so a chip
can be held firmly. That way a chip will not be
dropped accidentally during an nsertion.

A feature of this inserter is a pin straightener,
also seen in Fig. 4-11. The pin straightener is also
grounded to the post, Often the little legs of a chip
can be squeezed out of hne. By simply pushing the

chip into the grounded straightener, all the legs are
med up properly. T usually make sure of the leg
lineup on every chip I handle whether it looks like
it needs it or not. Let's go through the chip inser-
tion step by step,

To begin with, the chip ghould be standing on
its own feet on a conductive surface. In this posi-
tion the entire pinout is at the voltage level of the
surface, which is zero volts or ground. Look closely

at the pins, Are they all lined up mcely? Are any of
them bent?
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Ifany are, or just on general principles, pick up
the chip with the grounded extractor toal. Push the
chip, feet first mto the grounded pin straightener on
the side of the nsertion tool. Rock the chip gently
till the pins are all in the best in-line spacing. Then
place the chip back on the conductive surface. Do
not use the extractor to nsert the chip. The inserter
15 better suited for the job, as you'll see.

Pick up the msertion tool. The post should be
jumpered to-earth ground. Pull the post out. The
twin holders on the bottom will respond by retract-
ing. Place the holders over the subject chip and re-
lease the post slowly. The holder will now come
down snugly arcund the chip and ground all the pins.
Note that the extractor had held the chip by its in-
sulated ends. The nserter holds the legs instead and
grounds them at the same time. Meanwhile, the chip
had also been grounded on the conductive surface
it was sitting on. You can now lift the chip off of the
conductive surface. The chip remained grounded
during the procedure. First on the conductive sur-
face and then to the holders of the inserter, the chip
was never off ground and was never vuinerable to
static sparks.

Once the inserter is in control of the chip, then
the chip can be placed over its socket. The legs are
carefully placed onto the top of the socket holes, Ob-
serve the keyway on the chip and on the socket.
They must match so that the legs will enter the cor-
rect socket holes.

Once the pins are all lined up and making con-
tact with the socket, pull the post up carefully. The
holders will release the chip. Again the chip was not
out in the open and vulnerable. The pins were trans-
ferred from the ground connections on the inserier
Lo the crcuitry connected to the socket. Then with
the post still held up, press the inserter aganst the
chip and seat it firmly. Do not press too hard—just
enough for proper seating. Then remove the ingser-
tion tool.

The extractor doesn’t keep the pins at ground
level. It grasps the chip at its msulated ends. It holds
on to the plastic packaging material of the DIPs. The
inserter, on the other hand, grounds the pins.
Grounding is the trick to keeping the MOS chip in-
tact during handling. If you must move or manipu-
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late the chips out of circuit, make sure you are
personally grounded. Attach grounding straps to
your wrist. Should you have to transport chips from
place to place—even just across the room—keep the
chips in a grounded condition (e.g. plugged onto the
foam pad it comes boxed with). It is very trying to
order a chip, have it arrive after a week or so0, and
then lose it to a shot of static electnicity, as vou carry
it across the carpet on a low humidity day, when all
vou had to do was keep the chip grounded.

SOLDERED-IN CHIPS

Of the 63 chips in the C128, only 11 of them
are in sockets, All the rest are soldered directly to
the printed circunt board. This presents a problem
when one or more of them must be removed or rein-
stalled. The desoldering and resoldermg of chips has
been described as a job for an artisan, not the ordi-
nary person.

Perhaps this is true, if you want to reproduce
the same finished look that is accomplished by ro-
bot machines i a factory. However, as much as you
take pride in your work, the polished look of a fin-
ished job does not influence the operation of the com-
puter at all. The only important thing is replacing
the chip accurately so that the computer begins oper-
aling once again.

Descldering

If you do find yourself faced with a chip solder-
ing job, it is wise to consider taking the C128 to a
good computer repair company and letting them do
the honors, However, if you do {eel confident that
vou can handle the chore, read on. I'll explain the
technique.

It is not that difficult, but you must take your
time: and examine every move after you make it. The
potential for inducing additional problems is a large
factor. It is bad enough to have one trouble in a
C128. Great care must be taken to avoid causing
a second and third complication by careless tech-
niques.

The first step is to reach for the nght soldering
iron. Only the right one will do. Don't place a hot
1004400 watt bench gun against the printboard, It



is much too hot. Use the lowest wattage iron you
have_ One that will just about melt the solder Thirty
watts is the absolute maximum, and if you have an
iron with less wattage use it. The iron should be one
specifically designed for chips and sensitive transis-
tors. They are on the market—some are battery
operated and others use dc operating schemes,
These are good to use when replacing MOS chips
because the use of de eliminates all the 60 Hz line
voltage sine waves you get out of the house sockets.
However, if vou do use a conventional ac house cur-
rent with an ordinary low wattage iron, then just
ground the iron like you did your wrist. Of course,
it goes without saying that the C128 should not be
plugged inte any house sockets during soldering
operations. The CIZE must be completely un-
plugged: power supply and kevboard—this means
printer, disks and everything.

The trick to using golder on chip legs is contral
of the heat. Too much heat. even momentarily, or
prolonged heat from a low wattage iron can kill 3
chip. Too little heat does not let the solder form a
good joint. A cold solder joimt between the chip leg
and the board can produce intermittent and other-
wise difficult additional troubles. All surfaces that re-
ceive solder must be clean, and the tip of the iron
should remain timned all during the operation. Tin-
ning an iron tip simply means keeping a thin coat
of fresh solder on the tip: The tip can be wiped off
with a piece of cloth pertodically. Wipe quickly so
the cloth 1s not on the tip long enough Lo start smol-
dering.

Heatsink techniques are a must, The best heat-
sink i5 to grasp the lead between the connection on
the board and the body of the chip with very skinmy
long noese pliers. That way as vou apply heat to the
connection, the heat runs up the leg to the pliers
and is tapped off before it can get to the body of the
chip.

If you ate not adept enough to hold the iron,
the solder, and the pliers all at the same time, then
an alternative heatsink can be fgged with a piece
of lamp cord, Attach a small clip lead to the cord. Clip
it onto the spot where the pliers would have been
holding. The rest of the cord ran hang loose. The
heat will always take the path of easiest dissipation,

which is the skinny plier nose or the lamp cord
rather, than the tiny leg on the chip. Itis a good idea
to ground the pliers or the lamp cord too, This pre-
vents the connections from developing any undesir-
able static buildup.

As mentioned, a solder tip is easily kept clean
and tinned by wiping it with a cloth or paper towel.
Wipe quickly to avoid charring the towel. The sol-
der must be rosin core, and it is advisable to use
type 60/40 (tin to lead). It melts at 371 degrees
Fahrenheit,

Desoldering a chip is not too hard, especially if
vou are sure it is bad and vou do not careif it is dam-
aged. Even if you do care, the technique when prop-
erly periormed, is easy. The first stepis to position
the board in a convenient place, where you are not
off balance while working. The top and the bottom
of the board should be free and dear of ohstacles,
A good bright bench lamp with a magnifier would be
extremely helpful. Get into a comfortable position
50 that you are not straining. Then the job can begin,

Note the number of connections. The job will
consist of freemg each connection in tum and remoy-
ing all excess solder. Attach the lamp cord heatsink
to the first connection—take them each in turn.
Don't rush. Realize that it is going to take time.
Touch the hot iron to the connection. Most of the
heat that is melting the solder flows into the lamp
cord. Jiggle the chip leg with a solder pick and wipe
the connection. Keep doing that patiently till the pin
is free. It will take a oumber of picks and wipes till
you get the feel of it. When most of the solder is
removed and the leg is free, go on to the next con-
nection. Pin after pin is freed in this way., Keep
working till each individual pin is free. Then [ift the
chip off the board. Should some solder drip across
the board white you are working, stop. Clean up the
drip before proceeding.

There are many soldering devices available that
will make the job a bit easier. One device 15 2 solder
sucker. It is a soldering ron complete with a rub-
ber suction ball. Place the solder sucker over the
hole, with the ball squeezed, and as the solder melts
let the ball inflate, The solder will be sucked into
the ball system. With a little practice, the solder
sucker will speed up vour desoldering time.
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An expernienced technician, when he is sure the
chip is defective and he just wants to get the chip
out of there, uses less care. He simply applies heat
and pries. After awhile the chip pops out. Remem-
ker though, he is experienced and has taught him-
self shorteuts. [ wouldn't advise moving so quickly
till you have successhully replaced a lot of chips,

Resoldering

Once the old chip is out, then clean up the holes
in the printhoard. Use a bit of heat, some wiping,
and pick out all the excess solder. All you want left
are tinned open holes. The new replacement then
can fit nicely into the holes. With the new chip in
place, apply a drop of properly heated solder to each
connection. After checking the connections for pos-
sible shorts or opens, then the job i done. Just be
sure you don't put the chip in backwards; it will fit,
and then wyou'll have the entire desoldering-
resoldering to do all over again.

As you can see, the tough part of the job is the
patient loosening of each lead and the preparation

of each empty hole during the desoldeting process.
It is good technique to never have to desolder the
same chip twice. Often a particular chip will die
repeatedly due to a manufacturer's design error,
The chip, over the life of the computer, fails over
and over again. You will do a lot of muttering if vou
find yourself desoldering and resoldering the same
chip every so often. What can you do? There is an
easy solution. You can avoid the unpleasant chore
after the first replacement. Make il a rule in your
repertoire of soldering techniques to always install
a socket whenever you have to remove an unsock-
eted chip. That way you'll never have to resolder
that particular chip again.

Follow the same resoldering instructions for in-
stalling a socket as you would for a chip. A bonus
for installing a sockel instead of the chip directly to
the printboard is, you need not worry about hurting
the socket as you solder it in place, like you would
with a chip. You stll want to use as little heat as
possible though, since the printboard is still sensi-
tive, as well as are the adjoining chips.



f you look down st the exposed printboard of the
C128, (further revealed with the chip location
guide of Chapter 3), then you'll see: two large 48-pin
DIPs; four almost as large 40-pm DIPs; one DIP
with 28 pins. Should vou remove the metal shield
with the rows of ventilation holes, you'll ind two
more of the 48-pin variety. These nine chips. are
classed as Large Seale Integration. LSI chips con-
tain at least a thousand individual microscopic cir-
cuits. These germ size circuits that are placed on
the chips are, under ordinary circumstances, inac-
cessible to us humans. Perhaps a mocrobe could
crawl in and out of the circuits, but we can't get to
them to run tests. Furthermore, sven if we could
somehow run a voltage or scope test and find a bad
circuit among the thousand or more circuits, there
would be no leasible way to remove the defective
componént and install a new replacement.
Therefare, these thousands of dreuits on a chip,
from a troubleshooting point of view can be thought
of as one. When a chip is deemed bad, it is replaced,
not repaired. Fortunately there are a number of

5. The LSI Chips

techniques that can be used to determine if a chip
is good or bad, First of all, the pins that stick out
are all test points, A probe can make definitive read-
ings that can be compared with what is supposed
to beon the pins. Secondly, you can contact and test
the registers of the circuits in the chip by writing
to them with a POKE or reading them with a PEEK.

If vou consider the number of circuits in com-
parisen with the number of ping, then there could
be 1000 circuits accessed by 40 pins. This means,
on an average, one pin connects to at least 25 sepa-
rate circuits. Each one of the tiny circuits could have
10 input-output leads. That makes each pin on the
DIP a connection to 250 internal nodes. While this
statement has many variaions and complications,
the pomt is; all the circuits inside the chips exist in
a different microscopic world. Therefore, during
troubleshooting and repair, forget the internal cir-
cuits of the LSI and larger chips, and consider each
chip as a black box with 40 or so test points avail-
able to vour vom, logic probe, scope and continuity
tester. Only the onginal designer and manufacturer
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know what is nside the black box down to the last
detail.

Fortunately, to service the C128, it is not neces-
sary Lo learn all there is Lo know about its 151 chips.
You do not need to know the detalled construction
secrets of the chips. The sernicing skills required
are in general those techniques that are used to re-
pair any electronic circuit, The servicing technigues
are those that specifically apply to the chips in the
(128. In this chapter, there 15 an overview of the
nine chips: two 6526°s, the 6581, BR02, 80, 8722,
8721, 8564 and 8563, This 15 an acquaintance you' |l
need in order to approach the chips. Later in the
book is a full chapter devoted to each of the chips,
replete with servicng techniques,

THE MICROPROCESSORS

The €128 is three complete computers in ane,
and they share some of the circuits. The C128 and
CH4 modes share the 8502 MPL. Each mode uses
the 8502 as its MPU—at different times. Both
moedes cannot run at the same time, but you can
switch from one mode to the other quite easily. The
8502 is an upgrade of the 6502 found in the VIC 20
and the 6510 in the Ca4. All three MPUs use the
same instruction set. Commodore purpesely chose
to go this design route so that as much software as
possible will be compatible n the three machines.

The Z80 MPU is used expressly for CP/M duty.
It iz brought into play when you place a CP/M disk
in the drive and start up the C128. When the Z80
goes into action, the 8502 is placed on hold. The
CP/M software library has tens of thousands of pro-
grams that you can use with the Z8( doing the heavy
work, The Z80 and the 8502, even though both oc-
cupy the C128, have very little in common.

The two processors share the same bus lines
at different times. [t's as if two strangers use the
same bedroom, but one works graveyard and the
other works daybght. They never contact each
other, bul do share the same f{acilibes. The 8502 is
really the main occupant of the C128 and the bus
lines are desigmed to handle its input-putput directly,
The Z80 can't directly use the lines designed for the
2502, Therefore, the Z80 has to use a special inter-
face circuit when it takes over the bus lines while
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the 8502 is nol operating. All this will be discussed
n more detall in Chapters 12 and 13

An MPU 15 commonly referred to as the heart
of the computer_ It iz called the “‘heart’' because
it connects and works with all the rest of the impaor-
tant chips. Like a heart it has no brains but plenty
of strength. The brains of a computer are programs
in the ROMs. These programs are known as the
operating system. The MPU can be likened to a mam
telephone exchange. It is connected to all the
registers in the chips of the memory map, The mem-
ory map is like a telephone directory. In the C128
128K memory map, there are 131,072 addresses.
The MPU is connected to all of the addresses.

The MPU has four types of lines that connect
Lo the chips with the addresses. They are the ad-
dress lines, data lines, control lines and special [0
lines as seen in Fig. 5-1. The MPU in all computers
is vital, It performs the computing. Without an MPU,
& computer is not a computer. You can design a com-
puter and leave cut any of the other chips. You can-
not leave out the Processor and still have a
computer. At this time let me introduce the general
duties of the MPU. They might not have much
meaning at this stage, but the duties will be dearer
45 we go.

The MPU, frst of all, has the job of providing
and requesting data. Figure 5-2 illustrates both of
these jobhs. The reason it requests data from the rest
of the computer is to process it. The data is obtained
from places like the RAM, ROM and the ClAs, The
MPU will send a message to one of these places and
request data. The data is sent back to the MPU over
the data lines. The MPU can then process the data
and send the finished data back to one of those stor-
age or /0 chips just mentioned. How does the MPU
alert a data helding area that it wants data’

The message that the processor sends to a
memory map focation is an address, like a telephone
number. The address goes vut over 16 address lines
in either the 8502 or the Z8(), whichever one is m
charge of the computer. The address lines are
ghown in Fig. 5-3. The 16 lines carry the address,
Each line can send a high voltage or a low voltage.
A high is a binary 1 and a low i5 a binary 0. The ad-
dress consists of voltages that mean 1's and 0's. The
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Fig. 51, The 8502 processor has four types of lines that connect to the rest of the computer chips. They are the address,

data, 'O and control linas.

address consists of 16 bits. One address bit is trans-
mitted out over each address line. The address lines
are one way avenues. The bits go out but none come
back, just like when vou dial a fmiend on the tele-
phone. Their number only goes out, it does not come
back.

Sixteen bits can form 65,536 different pattemns
of 1's and ('s. Each different pattern dials up a differ-
ent location. Because hoth the 8502 and the 280 only
have 16 address lines, and if they do nol get any
additional help, then they can only address 65,536
(B4K) of the total 131,072 (128K) locationsg in the
C128. but they do get help. The 8721 PLA chip and
the 8722 MMU chip give the MPU address lines a
hand. With their help, the 128K memory map is bro-
ken mto two 64K sections and the MPLs are able

to address each 64K section in turn. This is dis-
cussed further in this chapter and threughout the
rest of the hook.

When a processor in the C128 needs data, 1t
putputs, on its address line, a set of 16 bits that
opens up a location just like yvour telephone line is
opened up when someong dials vour number. As
soon as the C128 location has ppened the data in
that location, then a copy of the data in that location
moves out on the data bus, as shown in Fig, 5-4.
The data then travels to the processor that called
for it. If the 8502 called for the data, then the data
traverses the data bus and enters the 8502 without
further ado. If the Z80 had called for data however,
then the data travels the bus to the ZBD area. There,
the data is met by an interface consisting of a latch

[
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accessed, The data then can travel between the MPU and the lecation

chip and a buffer chip. The data moves through the
two chips and from there can enter the Z80.
Onee inside the processor, the data i manipu-
lated. An MPU is capable of doing some limited
mathematical and logical processmg of the data. The
nature of this work is covered m Chapters 10, 11,
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12 and 13. Onee the data is processed, then the
MPU is ready to send the data back to storage or
to an output peripheral.

The MPU then addresses the location where
the data is to be sent. The addressed location 15 ac-
trvated and opened by its own combination of address
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bits. The MPU then sends the processed data out
over the same data bus line. Note that the address
bus is one way from MPU to location. The data bus
on the other hand is two way. It moves data from
location to MPU and then after processing back to
a location, If the location 15 RAM, then the data is
stored. I the location 1s ROM then the data in ROM
is read. When the location is an 170 port then the
data is readied and output {0 a peripheral.

The two C128 processors are both eight-bit.
Eight-bit refers to the number of lines in the data
bus. Remember that the address bus is 16 hits wide.
Eight-bit also refers to the usisal size of the RAM,
ROM and /0 regmsters, The chip registers are eight-

bit (one hyte) wide. In the eight-hit processor, the
data is usually moved in byte-sized pizces.

The rest of the lines in the processors, exchid-
ing the address or data lines, are called the *‘con-
trol bus."" They are, however, not really bus lines
because they are all individually operated and all do
different types of jobs. They are, for example, the
reset ling, clock ines, the B/W line, interrupt ines
and others. They will be covered in more detail in
Chapters 12, 153 and others.

This explanation briefly describes what the
MPUs in the C128 do as they work through a pro-
gram. In old tme *'computerese,’” the job has been
known as the fetch and execute cycle. When the cy-
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cle breaks down, then the computer needs
troubleshooting and repair services. It is a must for
vou to understand this hardware layout and general
operation to apply the fix to the maority of repairs,
Your ability to write programs will not aid very much
here.

THE 6526 COMPLEX INTERFACE ADAPTERS

The two CIAs are mounted an opposite sides
of the board. Ul on the nght side of the board =
mounted near the port for the keyboard to plug into.
111 is placed there since its main job 15 to apply the
ASCIT bits that are generated when vou strike keys,
from the keyboard into the digital circuits—
specifically the data bus. The ClA on the left side
of the board, U4, is mounted there to handle the
ports over on that side. For instance, U4 1s the I/0
port for the nearby user port, as Fig. 5-5 demon-
strates.

The ClAs can act as either an inpul or an out-
put chip. They interface inputs such as the keyboard
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and joysticks, mput-output machines like the cas-
sette and disk drnive, and cutput-only units like a
printer.

The ClAs connect to the MPU through the
same data lines that go to all the other locations in
the computer. The ClAs have their own locations,
like RAM and ROM although not nearly as many.
When either the 8502 or the Z8( desires to access
a CIA, it outputs the CIA address and is connected
directly.

The nght side CIA 15 almost exclusively devoted
to the keyboard and the two control ports just abave
the keyboard. A CIA is equipped with 16 output pins,
divided into two sections of eight pins each. The key-
board uses all 16 pins to input your key strikes. The
control ports each need four pins to input their
voltages, as seen in Fig. 5-6. There is no conflict,
however, because both of them are open circuits
when they are not in use. Since the control ports
are not usually used while the kevboard is, they can
share lines and they do. While the keyboard is not
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being used you can use the joysticks. Just avoid us-
ing them both at the same time.

When you hit a key on the keyboard you are
shorting out a row and column. Internally the keys
are wired in a block composed of vertical rows and
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columrs as seen in Fig. 5-7. There are eight rows
and 11 columns. This produces 88 row-column in-
tersections where a switch can be placed. In addi-
tion to the 88, there are also four more singly wired
switches for the RESTORE, 40/80, SHIFT LOCK
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and CAPS LOCK switches. There are 92 kevs on
the keyhoard including the numeric pad that dupli-
cates the numbers, the positive sign, the negative
sign, and the decimal point. The ENTER key on the
pad duplicates the RETURN key on the main board.

When an individual switch 1s shorted then the
cir¢uitry generates a character inside the computer,
The kevboard CLA as shown in Fig. 5-5, is the de-
viee that transfers the shorted switch identity to the
MPU so0 that the desired character is generated.

The CIA on the left side of the board, performs
the same kind of duty for other external devices like
the User Port and the Serial Bus. These ports are
able to connect to a printer, a disk drive, a telephone
maodem or even another computer. With additional
software, the CIA will be able to send or receive
from a large number of devices.

The 40 pins of the CIA are shown in Fig, 5-8.
There are 24 pins to handle data. There are eight
pins that connect to the internal computer side and
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Fig. 5-8. The ClAs have address, data bus connections, control lines and two eight-bit ports.
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16 pins that hook up to the external peripheral side.
The 16 pins as mentioned are broken nto two sep-
arate port sections of eight pins each. These ports
are discussed in detail in Chapter 19,

The rest of the CIA ping are used to addréss
the chip and control it, There are five lines into the
CIA for addressing purposes. The CIAs only con-
tain 16 locations—unlike the RAM and ROM chips
that could have thousands of locations on a chip. The
five address lines handle contacting the 16 CIA lo-
cations eastly.

In addition to the normal /O duties that the
ClAs perform, they also have a 24-heur Trme OF
Dy (TODY clock which can be set for both AM and
PM. There is also an alarm for each clock. You can
set the time and alarm with 4 few program lines.

For some sophisticated computer operations,
special timing méchanisms are required. In the CIA,
there are two such circuits called 16-hit interval
timers, They are said to be independent and link-
able. These are characternistics needed when these
timers are used. There is more detail about these
timers and the TOD in Chapter 19.

Another feature of the ClAs is a special eight-
bit semal [/O shift remster. The term /O means
inpat-ontpul. The CIA bas its 16 output pins bro-
ken into two 8-pin ports. Because an eight-hit port
outputs elght-bits at 2 time, the eight-bits are all
moving at the same time abreast, and that is called
paralle] outpud. This bit movement s in contrast to
a series of hits that are moving out of one pin, in
single file. The single file movement of bits out over
one line is called serial ol You have probably
heard the terms parallel and serial concerning the
transfer of digital bits of information. Figure 5-8 con-
trasts this type of data movement in the CIA.

The CIAs #ach have (n addition to two eight-
bit parallel ports) one senal /O port using one pin,
In the chip, connected 1o the pin, are circuits that
malce up an eight-bit serial register. The eight-bits
that the registercan hold will leave or enter through
one end of the register, get shifted from bit holder
to bit hoider m single file, and exit or enter the chip
at the other end of the register. Chapter 19 has more
detail on this operation.

The ClAs can also act as the middieman duning

peripheral-computer handshake operations. The
handshake is so named because, as a data transfer
operation, many venfication checks of the data oc-
cur while transferring. The handshake is 2 comph-
cated procedure whereby the computer can either
receive information from a peripheral (read) or send
information to a peripheral (write), The handshake
is vital if the data is to be translerred ermor-free.

The handshake is a check and double-check be-
tween the computer and the peripheral, If we en-
dow computer and penpheral with human
characteristics, then the handshake will proceed as
shown in Fig. 5-10). For instance, a peripheral can
be attached to a CIA with mformation it wants to
transmit. The penpheral says over the lines, in dig-
ital code, “'Hi there 8502, vou old MP1. I have some
data for you."”

The 8302 receives the messige via the CIA.
The B502 replies through the CLA, 1 hear you call-
ing. All is clear, send the data,”

The penpheral promptly sends the data over the
paralle]l lines and waits. The data enters the CIA,
passes through the C1A and exits into the internal
data bus. The data then travels the data bus and
enters the 8502, The MPU notes the data entry into
its registers and calls to the peripheral, *'Okav there
penpheral, the data 5 received, ['m ready for
more. "’

The peripheral thus sends information to the
MPFU and is able to continue sending until all its data
has been transferred comrectly. Although the charac-
terization of the two devices is exapperated, the
procedure is essentially correct. The CIA chapter
has a description of the electronics that handle the
handshake operations.

THE VIC AND VIDEO CONTROLLER CHIPS

Under the metal shield are the two 48-pin video
output chips. They are both running all the time, but
do not necessarily output the video. They do out-
put a border and a display block. The one that is cho-
sen to run will output the video.

The 8564 VIC is stmply an upgrade of the previ-
ous VIC chips found in the C64 and the VIC-20, as
shownin Fig. 5-11. Like its predecessors, one out-
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put is a display block containing 40 columns across The other 48-pin chip in the metal enclosure is
and 25 rows down to total 1000 character spaces,  the 8563 Video Controller. It is a new chip and pro-
as shown in Fig. 5-12. The 8564 sends the video  vides other sorts of video output.

in two pieces from two pins called SYNC/LUM and The 8563 sends video in four pieces. These
CHROMA. These signals are applied to the RF  parts of the total video exit out of four pins, as shown
Modulator box. When you are in the d0-column in Fig. 5-13. The signals are called R, G, B and L.
mode—whether it is the C128, C64 or CP/IM—you  The R, G and B obviously mean red, green and biue.
are ysmg the output from the 8564 VIC. The 1 stands for indensiiy, Intensity has to do with
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luminance or hrightness. The four signals are sent
to some buffering circuitry in a smaller chip and are
then sent directly to the RGBI output port. The im-
portant difference between this video output and the
VIC's output 15 the number of columns in the dis-
play block. The 8563's output has 80 columns with
25 rows totaling 2000 character blocks on the TV
screen.

The VIC chip contains all the capabilities of its
predecessor 6567 VIC chip used in the C64. This
allows it to operate when the C128 i3 in the Chd
mode. These capabilities include sprites and high-
resolution bit-mapped graphics. In addition, the
newer 8564 VIC has some extra features. These will
be described i detail in Chapter 20 The features

30

include extended keyboard scanning to handle the
extra control lines in the C128 kevboard, an ability
to run at a faster 2 MHz speed rather than only 1
MHz, and other things. VIC is the chip that gener-
ates the clocks for the C128 in the same manner as
it did for the C64. Additional clocks are needed in
the C128, and VIC handies this. A 1 MHz clock for
the bus and 150 operations, and a 2 MHz clock o
regulate some operations (as well as the processor
when it is m 4 2 MHz mode) are in the VIC. A 4
MHz clock to take care of the Z80 CP/M program
running is also in the VIC.

VIC has a number of registers whereby all of
its operations can be controlled by writing to the
registers and changing register contents. Inciden-
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tally, VIC can be tested for some defects by read-
ing and writing appropriate bits for the registers.
Sample techmques of this sort are found in Chapter
.

The 8563 Video Controller is 2 text display chip,
The B0-column format it provides is very useful for
word processing, spreadsheet analysis and the like.
The 80-column mode 15 used more to produce text
than graphics.

The 8563 has two external registers and 37 in-
ternal registers. The externals are called the address
register and the dafe register. By writing to the ad-
dress register, and reading and writing to the data
register, you can access the 37 internal registers,

The 37 internal registers are used to set up the
mode of the registers. For mstance, in the ULS. the
video standard is called NTSC. In Europe the sys-

tem standard is called PAL. The set-up regislers set
up the C128 to use the desired standard or other
standards.

The display registers place and move the text
lettering on the TV screen. These 37 remsters as
well as other details are covered in Chapter 21.

The 8563 chip sends and receives a lot of sig-
nals. First of all, the 8563 must keep in constant
communication with the MPU with which it is oper-
ating. There are nine separate types of signals that
it uses—including bits on the data bus, chip selects,
register select, R/W and others. Five tvpes of sig-
nals let the 8563 work with its memory chips. Then
there are five types of signals that the chip uses to
get its BO-column display up on the TV screen,
These include the video dot cock, the character
clock, horizontal sync and the RGEI output. The
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8563 repgister map and all of these signals are dis-
cussed in Chapter 21. They are important test items
when an 8563 is suspected of causing trouble.

THE 6581 SOUND INTERFACE DEVICE

The SID chip is the 28-pin chip found just to the
right of the two video output chips m the metal en-
closure. SI1 is a companion chip to VIC. Both tvpes
are used m arcade/home video games. While VIC
puts graphics on the screen, SID provides the sound
effects. If vou are using a monitor that does not have
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any audio output, then the SID would be uszeless to
vou unless vou hook up & separate avdio ar-
rangement.

The SID, shown in Fig. 5-14, is a sound effects
generator. It is designed to be driven by circuits in
the 6502 MFU family of which the C128's 8502 1=
a member. Note that its number is 6581, The 65
indicates the family.

The SII} is an advanced computer music syn-
thesizer and sound effects chip. If you are musically
lmowledgeable, you'll recogmze the following qual-
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ites. First of all, the SID 15 able to provide a wide
ranged high-resclution control of pitch. Prich is
produced by controlling the frequency of an audio
output. There are three audio oscillators in the SID.
They are called vorces. Each voice can be used by
itself or in combination with the others as a trio. By
controlling the frequency of the oscillators, vou can
control the pitch of each voice.

In addition to pitch control, the SHDY permits con-
trol of tone color, This is accomplished because the
oscillators produce four waveforms at the tuned fre-
quency. Each waveform has its own distinctive har-
momic content. By judicious choosing of the individual
waveforms, vou can control the tone color of th
sound.

Besides controlling pitch and tone color, you can
mstruct the SIDs volume level. Each voice has what
15 called an envelope generator circutl. When the pro-
gram instructs it to, the envelope generator creates
an envelope waveform that controls the amplitude:
modukator, All this creates the desired amount of val-
ume. Lastly, there are programmable flter circuits
that further generate complicated, interesting tone
colors.

All of these functions can be programmed
directly into the SID. Programming these functions
also is an excellent test technique to determine
which SID} systems are working and which ones are
not. The electronics and test programming are
covered in Chapter 22—a {ull chapter on SID. You'll
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learn about the 29 eight-bil control remsters that
produce the sound effects for the C128.

THE PLA AND MMU

The 8721 Programmed Logic Array chip, near
bottom center on the printboard, and the 8722 Mem-
ory Management Unit chip, near right center, are
both 48-pin DIPs. They address the locations of the
memory map. Both the 8502 and the Z80 are eight-
bit MPUs. As is customary, each one sends 16 ad-
dress bits. Sixteen address bits are only capable of
dialing up 64K locations. In the C128, there are 128K
RAM locations alone. Then there are 32K of BA-
SIC ROM, 8K of Kernel operating system ROM,
4K of screen editor ROM, 4K of character set ROM,
a possible extra 32K of internal ROM, another 32K
of external ROM, plus a number of additional regis-
ter addresses inassorted chips. If the MPU can only
address 64K, then how are the rest of the addresses
contacted? With the help of the PLA and MM,

The PLA performs a chip select function. For
example, there are four large ROM chips in the C128
plus a fifth empty socket that one more ROM can
be plugged into. All five ROMs are wired up in the
same way. They are all connected to the same MPU
address lines. These lines are able to address all the
locations in each chip. If there are 32K locations on

4 chip then all of the chips will have the same ad-
dress numbers. If a number iz dialed up then all five
chips will be contacted at the same time. In order
to pick oul only one chip to address, that chip will
have to be selected. This is where the PLA comes
into the picture.

The PLA receives address lines A15-AL0, From
the bits on these lines, the PLA forms a chip-select
gignal. A line connects the PLA to each and every
chip that must be selected. Over the correct line
goes the chip-select bit that the PLA generated from
the A15-A10 address lines. The chip selected turns
on while the rest of the chips stay off.

Besides selecting a ROM among the five main
ROM circuits, the PLA selects VIC, the color RAM
chip, the character RAM, and other things. The de-
tails on the PLA will be covered in Chapter 14.

The MMU works along with the PLA. While the
PLA handles the chip selections, the MMU controls
the management of all the different modes in the
computer. The MMU can be programmed. There-
fore, inaddition to being hooked to the address bus,
the MMU i1s also connected to the data bus, seen
in Fig. 15-7.

In the MMLU chip thére are a series of program-
mable I/0 type regsters. These registers have their
own addresses on the C128 system memory map.

Table 5-1. The MMU selects the bank number 1o be used at any particular
program line. [t chooses from among the chips that are residents of the memory map.

Bank
Number Bank contents
[H AAM Sat O
1 RAM Set 1
2 AAM Set 2 {not in C128, uses RAM Sat 0}
3 RAM Set 3 (notin C128, uses RAM Set 1)
4 RAM Set 0, 1003, Functional ROM (empty socket)
5 RAM Set 1, O, Functionai ROM (emply socke)
[ HAM Set 2, 11O, Functional ROM {empty socket)
Fi AAM Set 3, If0, Functional ROM {empry socken)
i RAM Set 0, 1O, Carridge ROM
g AAM Set 1, O, Cartridge ROM
10 RAM Sel 2, 10, Carridge ROM
1 RAM Set 3, YD, Cartridge ROM
12 HAM Set 0, 1O, Kernel ROM, Functional ROM Low
13 RAM Set G, D, Kernel ROM, Cartridge ROM Low
14 RAM Set 0, Kermnal ROM, BASIC ROM, Character ROM
15 RAM Set 0, VO, Kernel ROM, BASIC ROM




On the C64 memory map the MMU does not exist,
The 8502 in the CH4 mode acts just like a Cé4. In
the C64 there is no need for the MMU, The 16 ad-
dress lines of the 8502 with the mid of the PLA can
handie all necessary addressing duties. Chapter 15
goes into detail on all these registers. For now, let's
take a quick look at the MMU in the C128 mode,

When the computer 15 n C128 mode, the de-
fault memory arrangement set up by the MMU
registers lists 16 banks. Each bank uses 84K of avail-
ahle address space. That way the 8502 or Z80 is able
to address whatever bank 15 in use at that instant.
Table 5-1 shows the 16 banks and what combina-
tions of RAM and ROM are assigned to each bank.
An interesting note is, banks 0-3 are each able to
address 64K, That means the C128 is actually able
to address 256K, However there is only 128K of
RAM in the machine. Perhaps Commodore has
some future plans for the additional 128K of address-
ing potential, 1 am sure that somebody, mavbe a

third party supplier, will come upwith a use for this
unused potential.

The MMU is able to allow the 16-bit address
bus to address a ot more than the 64K it can only
address without help. When you write a BASIC pro-
gram there is a BANK command that lets you switch
from one bank to another with a BANK n, where
n is a digit between (0 and 15,

The MMU, besides having these 1/Q) address
control registers also has lines that can detect if a
C64 cartridge is in place, if a fast serial disk is going
to be used, and whether the 40/80 key is up or
down. In addition, the MMU has the responsibility
of controlling which MPU, the 8502 or the Z80, is
in control of the computer,

The MMU is a main chip in the CI128. It gives
the eight-bit MPUs addressing abilities only found
in MPUs with many more address lines. 1t can also
step out of the way and let the C128 act like 2 C64.
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6. Dynamic Random Access Memory

In the lower left-hand comer of the printboard are
twio sets, eight to a set, of Dynamic Random Ac-
cess Memory chips, called DRAMs. The genenc
name for each chip is 4164. Each set containg 64K
of DRAM. They total 128K of DRAM. They are the
reason the computer is called a C128. As mentioned,
the MM is able to address 256K of DRAM. If an
upgrade 1s made in the future, then this computer’'s
name could be changed to the C256.

Three more RAM chips in the machine are not
connected with this group of 128K, Two 4416 chips
are under the metal video enclosure, near the 8563
Video Controller. These two DRAMs are not in the
C128 or Cb4 memory maps. They can only be ac-
cessed by going through the 8563, They operate
with the 8563 and are an important part of the 8563
operation. They will be discussed in Chapter 21
along with the 8563.

One more RAM chipis in the C128. 1t1s a 2016
and is found near the bottom of the board just to
the left of the PLA. The 2016 is the Color RAM chip
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and warks closely with VIC. It will be covered later
in this chapter.

Let's examine the DRAM in Fig, 6-1, lt is a
16-pin MOS chip. It contains 65,536 individual bit
holders, as flustrated in Fig. 6-2. The 65,536 is
rounded off and called 64 K. Note that there are 64K
single bit holders on the chip. It takes a set of eight
of them to supply 684K bytes of memory,

To get specific, in computer chips a "K,"" while
loosely thought of as a thousand, is actually 1024,
Therefore, if you multiply 1024 times 64, you get
£5,536. The reason 1024 is chosen is because com-
puters do all their figuring in powers of 2. The
closest binary multiple to 1000 15 2 to the 10th
power. Counting this way the numbers aseend thus:
1,2,4,8 16,32,64,128,256,512, and 1024, which is
2 to the 10th power. If you continue the progres-
sion, you'll encounter more familiar computing num-
bers, 2048 (2K), 4096 (4K), 8192 (AK), 16384
(16K), 32768 (32K) and 65536 (64K). Table £-1
summanizes all these numbers for you. It is a good
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Fig. 6-1. U38 through LI53 are the Dynamic RAM chips holding the 128K of memory. The chips are known as DRAMs.
This illugtration is a Test Point Chard. You can fest these ping one at a time with a logic probe. All of the chips have the

same logic stales on Lheir respective pins.

idea to remember these landmark numbers up to
64K, and even above, as you could find them very
useful during troubleshooting and repair.

The term RAM, for Rendom Access Memory,
is a holdover from before the microcomputer. The
[7 in DRAM simply means dynamic. The RAM part
1s not really an accurate description. The way com-
puter professionals view RAM is read/write mem-
ory in contrast to ROM which is read only memory.
ROMs are covered in the next chapter.

A RAM chip is a little warehouse where yvou can
store bits, It works with other active chips and pro-
vides a place where the chips can place bits aside
and then recall them. When a busy chip stores bits

it does so by writing the bits over to the storage
area. When the chip recalls bits it does so by read-
ing the locations where the bits are waiting.

Two main types of RAM exist: the static type
and the dynamic type, called DRAM. In the C128,
there is one static RAM chip, U19—the 2016 color
RAM. All of the rest of the RAMs are DRAMs: the
16 4164's in the 128K group and the two 44167s,
1125 and 123, that provide 16K of DRAM for the
Video Controller.

STATIC RAM

In the C64 the VIC works with a static RAM
chip, a 2114 that is used to store colors, as shown
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Fig. 6-2. Thase DRAMs are organized in one-bit registers with 256 columns and 256 rows. This totals 65,538 individual

rewasters on a chip,

in Fig. 6-3. In the C128, the newer and larger VIC
also works with a color RAM chip: U19 a 2016. The
way that the VIC and the 2016 operate together is
discussed in Chapter 20. The two color RAMs, al-
though quite different in makeup, operate in much
the same way.

The 2114 is an 18-pin DIP. The 201615 a 24-pin
DIP. The 2114 has the bit holders organized in a
1024 » 4 format. Therefore, 1024 mdividual loca-
tions are built inte the chip. The 4 means that four
bit holders are at each location. Four bits i half a
byte and is accordingly called a nvbble, Figure 6-4
illustrates the arrangement as a tall, skinny four-bit
wide strocture. Each nybble location has an inter-
nal address. The 1024 addresses are numbered 0
through 1023, Zera is the fiest address and 1023 is
the last.

88

Earh bit holder (four to an address) is able to
store a high voltage like +5 yolts or a low voltage,
like zero volts. The highs and lows are code for 1's
and ("s. The highs and lows are stored in fip-flop
cireuits. Each bit holder is a flip-flop circuit in a static
RAM. Static RAM uses flip-flops, but DRAMs use
other circuits that we will get to laterin the chapter.

This tall skinny memory layout 15 ealled the
memory matrix. Each location Is called a register.
In this 2114 the registers are four bits wide. The
address bus is connected to the rows of addresses
from (0 to 1023, The data bus is connected to the
four bit holders. The it holders could be called 133,
D2, 11 and D). All of the 1024 locations have their
D3 flip-flops connected to the D3 data bus Ime. The
D2 fip-flops are all connected to the D2 data bus
hine, etc. The signal on the address bus will deter-



Table 6-1. Good Mumbers to Remember.

mine which row of four flip-flops can place their data
an the data bus. Figure 6-5 illustrates this idea.

Powers of 2 Decimal Count Bits Reguired When one of the regjsters i adﬂTESSEd. then
it activates the connections between the data bus
5 . ; lines and its bit holders. A copy of the highs and lows
4 03 2 in the bit holders will pass over the data lines.
8 -7 3 The 2114 in the C64 has ten address lines
;g g_;f ; (nybhie) A9-AD. Ten address lines are able to bring 1024 pos-
4 083 pe sible combinations of highs and lows to the chip,
128 0-127 7 Since there are exactly 1024 regmsters in the 2114,
g?g g’_';ﬁ g (byte) the ten lines are able to bring a separate address
1024(1K) 0-1023 10 for each location in the chip. That is how the mem-
ﬁgtizl gjgg; ‘l; ory matrix of the 2114 can be addressed in the C64.
b 925 BK: o : & ~ Inthe C128, the same type of color RAM chip
16384(16K) 0-16383 14 15 needed, except that there are two banks of 64K
A2THA{I2K) 0-32767 15 in the 128K of DRAM. The color RAM stll only
65536(64K) 0-6455 16:(2 bytes) needs four bit holders to a register, but it requires
1024 of color RAM for each bank. The number of
+5 W
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Fig. 6-3. Tha Co4 works with a 2114 static RAM chip. Mote it only has four data bus lines, D3-D0. This is a color RAM.
It only has four bits in & regisler, This can produce 16 different codes to genarate 16 characier colors
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Fig. 6-4. The 2114 is organized in four-bit nybbles. The internal addresses of the nybbies range from 0-1023.

four-bit holders must be doubled. Therefore a new
static RAM chip has been emploved with 2048 four-
bit regsters,

Figure 6-6 is the schematic arrangement of pins
on the chip. It is 2 24-pin DIP. The rher:mry matrix
1810 a 2048 x & format. Note pins 9, 10, 11, 13,
14, 15, 16 and 17 are called data bus lnes DO
through D7, Yes, there are eight-bit holders to 4 reg-
ister. Only four-bit holders are needed. The rest of
them will only get in the way. They must be dis-
abled. Therefore lines D4, D5, X6 and D7 are all
connected to 3.3K resistors that go to +35 volts.
Since + 5 volts isa high, all four unwanted bit holders
are said to be held high and inactive. This 1s one de-
sign trick to disable unwanted pins ona chip so they
won't interfere with operations.

Berause there is the need to address 2048 in-
dividual locations, 11 address lines are connected:
A1D through A0. Each additional address bit dou-
bles the number of Incations that can be addressed.

a0

The 11 address lines are connected to ping 19, 22,
23,1.2,3.4,5, 6, 7Tand 8.

Pins 20 and 18 are called =C5, The €35 stands
for chip select. The asterisk in front of the CS means
that the ping are held high at + 5 volts most of the
time. When the high is on the pins, then the chip
is turned off. If you desire to select the chip and tumn
it om, then a low from the PLA is sent to the pins.
Note that they are tied together so that one low,
called “‘color RAM,"" from the PLA activates both
pins. They both must be so enabled for the chip to
turn on. When the chip is selected it will respond
te the 11 address hnes.

The asterisk, or on other schematics a line
above the C5, is the sign that the chip will be en-
abled by a low. If the asterisk is not there, it means
that the C3 pin is being held low while off and will
be enabled when a high arrives.

How does the chip know whether to output the
contents of the addressed register or input 2 new
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1 and the low indicates a 0. The register addresses are arranged in rows and the data bits are in the columns.

set of highs and lows? Pin 21, *WE, makes that de-
ciston. WE means *'write enable. " The status of the
write enable pin determines if the chip is to be read
or written to. It is the read/write line for the 2016
chip. The asterisk means that the chip is being held
high. This is the standby condition. While in this
standby, the registers can be read by another chip.
Most of the time, the Color RAM chip acts hke 2
ROM and is read. If it is necessary to wrile io the
chip, a low is sent to the *WE pin and the status
changes 1o write.

The last two pins on the chip are the +5 volt
power supply input at pin 24 and the ground con-
nection at pin 12. They can be tested with 2 vom
directly or with a logic probe. The +5 volts will read
a HIGH pn the probe while the ground connection
{0} volts) will read a LOW.

Figure 6-7 is the chip’s Teést Point Chart. Note
that the different pins are all labeled with a logic
state. Most of them are Pulses. Other chips in the
other charts will also have high and low levels. There
are also the input power supply voltages like +5
volts and ground connections. At the top of each chip
there is a hall moon notch which is the keyway for
the chip.

The voliages and logic states shown on the pins
are the ones thal should be present while the com-
puter is in a C128 40-column mode and idling. If you
read the pins one by one with a logic probe or vom,
a properly operating chip should show these states
or voltages. If you read these pins and one or more
of the readings are incorrect, then that could be a
clue to any trooble vou are looking for. If the read-
mgs are all okay, then the chip is probably okay. The
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Fig. 66, This is the schematic arrangement of the 2016 color RAM in the C128. It has sight data bil connections. Note
that four of the data lines are disabled by connecting them to = 5 volts. Only D3-D0 are neaded to code the character color,

use of charts like these are one of the test techniques
that professionals use to pinpoint trouble.

The beginning of this color RAM discussion de-
scribed what each pin on the 2016 chip is doing. As
you make logic probe tests on each pin, note care-
fully if the pin s domng what 1t 15 supposed to do.
When a pin is found that does not have the correct
high, low, pulse or dc voltage, then try to puzzle
out the cause. If vou solve the puzzle, which 1s
mostly mind work, you will then know what part or
connection is defective. Once the diagnosis is made,
then the physical repair of replacing a part or repair-
ing a connection or copper etch spot can follow
quickly.
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DYNAMIC RAM

One of the most striking differences between
static and dynamic RAM is the organization of the
bit holders., The static 2016 chip is organized in a
2048 x 8 layout with four of the eight bit holders
disabled by holding them high. Figure 6-8 shows a
2048 x 8 chip layout. In a chip hke this one, all of
the byte-sized registers are contained on one chip.
The layout of the 4164°s in the C125 is entirely
different.

One dynamic 4164 chip has a layout of 65,536
» 1. This means there are 65,536 registers on the
chip but each register is only one bit wide. Each reg-
ister or each bit as it turns out, has its own address.
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Fig, 6-7. This is the Test Point Chart for U198 the 2016 color RAM. It shows the actual pincut, the direction of signal flow
and the logic state that should be present whife the G128 is idling In C128 mode.

Figure 6-2 showed the lavout. You can seeall the
smgle bit registers in comparison to the 2016’s eight
bit registers.

In the C128, the 16 DRAMSs are arranged in two
banks of eight DRAMs each. Eight DRAMs are
wired up as one unit, They are connected in paral-
lel, Figures 6-9, 6-10 and 6-11 describe the lavout.
All of the eight chips are identical. Each chip has the
same mumber of bit holders. Because there are eight

chips to a set thére are enough bit holders on all the
chips to form 65,536 bytes. All they need is to be
wired correctly. The first thing that is done 1s to wire
all the address lines to the same pins on all chips
as in Fig. 6-11. That way, when an address comes
over the address bus, all eight chips address the
same location number simultaneously.

The next wiring 1s to connect each chip in the
set to a different data bus lne. That way, as the
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Fig. 610. RAM address 1024 is shown as one bil lom oul of sach FAM chip.

same mumber location in each chip is addressed each
of the bit holders addressed can either receive a bil
or output a bit, Each chip contributes one of the eight
bits in the addressed byte. A byte-sized register is
found in the set of eight—one bit from each chip

forming the eight-bit register. Figures 6-9 and 6-10
illustrate the design.

The it holders in the dynamic RAM are not flip-
flop circuits as in the static RAM. The bit holders
arc capacitance that is formed in the MOS gates as
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Fig. 6-12. DRAMs do not use flip-flops as bit holders, The gate capacitance of the FETs on the chip hold the highs and lows.

shown in Fig. 6-12. In the FETs that make up the
chip circuits, the gate is separated from the channel
by the sensitive glassy insulator. The gate becomes
one lead of a capacitor and the rest of the FET he-
comes the other lead. The msulator forms the di
electric. In this way a tiny capacitance is formed.
The capacitance, like any capacitor can be made to
hold a charge.

For the charge to represent code for the binary
data, the following convention has been arranged.
If thee capacitor is charged, it represents a high (bi-
nary 1). When there is no charge the capacitor is
storing a low (hipary 0). The ameunt of capacitance
is tiny but adequate. The memory matrix on the
4164 DRAM is really nothing more than a dever cir-
cult around a grid of tiny capacitors.

Memory Refresh

The 2016 static memory chip has active nybhble-
sized registers, four active flip-flops in each regis-
ter. The flip-flops are de stable. That is why the chip
ig'called static. If you place a flip-flop into a high state
ora low state (represenbing a 1 or 0), the flip-flop
will hold that state as long as the power is on. Noth-
ing more has'to be done. If you want to read a reg-

ister, then you address it. You can make as many
copies of the data in a static register as you want
without losing the stored state.

This is not the case with the dynamic RAM. The
4164°s are storing their states as capacitance
charges, not stable flip-flop transistor conductions.
The capacitors contain tiny charges. The capacitors
can anly hold their charges for a short period of time.
To be exact, the capacitor charge will fall to a use-
less voltage level in a little more than 3.66 milli-
seconds (thousandths of 4 second). The capacitors
must be recharged, called refreshed, at least once
every 3.66 ms.

As Fig. 6-13 shows, the VIC provides the
refreshments. Pins 19 and 20, signals =RAS and
*CAS, of the VIC are the ones involved with main-
taining the capacitance charges. These signals are
applied to all the 4164's at the same time. The RAS
stands for Row ‘Address Strobe and the CAS for
Column Address Strobe. The details on the sipnals
are found later in this chapter: These signals are de-
signed to recharge the grids of capacitor bit holders
in each chip's memory matrix.

In any computer using DRAMs, some sort of
refreshing system must be used to keep the mem-
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Fig. 613, Pins 19 and 20, -AAS and -CAS, deal with constantly recharging the tiny capacitance bit holders in DRAMs.

ory full of data intact. There are all sorts of schemes.
The C128 uses special signals generated in VIC to
do the job.

Memory Layout

As Fig. 6-2 illustrated, the hit holders are laid
out in a grid of 256 rows and 256 columns. Actually,
as Fig. 6-14 shows, the layout is divided in half with
two grids of 128 = 256, with a band of sense ampli-
fiers inbetween. But for all practical purposes, vou
can think of the grid as 256 » 256. Consider the
total gnid as a single component.

Figure 6-15 shows a functional block diagram
of the inside of 2 4164 RAM chip. Attached to the

Total
206 256

128

b
256

256
sanse amplifier

128
®
256

Fig. 6-14. The microscopic insides of the 4164 actually has
two grids of 128 = 256 with 256 sense amplifiers inbatwaan.
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bottom of the grid is a column decoder circit. It is
able to contact every one of the 256 columns. Con-
nected to the side of the grid is a row decoder cir-
cuit. It is able to contact every one of the 256 rows,

The column decoder dreuit is the data input/out-
put cireuit. When a bit in a grid is addressed and be-
comes achvated, the column decoder is there to help
out. If the bit is being read, the column decoder
receives the high or low contents of the bit holder
at one of its connections. When the bit is written
to, the column decoder will be the circut holding the
data and will transmit the data to the addressed bit.

The row decoder circuit is part of the bit holder
addrezsing mechanism, The column decoder is also
part of the addressing system. The column decoder
helps out with the addressing in addition to handhing
the data in and out,

The dynamic RAM chip is addressed differently
than the static RAM. From the mind's eye, a static
RAM is a hugh stack of individual byte locations, and
a dynarme RAM chip is a grid of bit-sized locations.
Each lpcation has its own address. The 4164 chip
hais 65,536 locations, but they are arranged ina 256
% 206 prid. 256 = 256 equals 65,536.

A smgle bit is addressed by using two ad-
dresses: a column address and a row address. The
desired bit holder is the location where the two ad-
dresses intersect. Therefore, the address sent out
by the MPU over the address bus is in two parts,
Eight of the address bits are to locate one row ad-
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Fig. 6-15. An addiess in a 4164 is contacted by first addressing one of the 256 rows and then addressing one of the 256
columns, The desired bit is found &t the resulting row-column intersection. That bit then opens up and can be read from

or writien 1o

dress, and the other eight bits find the column ad-
dress. The address bits all go to the RAM chips at
the same time. The same location bit, on each chip
of the RAM set is addressed. The contents of each
hit that 15 addressed this way can then enter or exit
each RAM.

Each chip holds one bit of the byte that the MPU
wants. All of the number 7 bits, in all of the 64K
bytes, are located on chip number 7 of the eight chip
get and are attached to data bus line number 7. All
of the number 6 bits are on chip number 6 and are
attached to data bus number 6, and so on.
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Fig. 6-16. Two multiplex chips perform the DRAM address chores. First they output the row address and then, over the

same lines, the column address.

The RAM chips in the C128 are addressed
through two 74L5257 muitiplex chips, as illustrated
in Fig. 6-16. All 16 chips are addressed at the zame
time. As each focation in every RAM chip 15 ad-
dressed simultanecusly, two bytes are actually ad-
dressed. The PLA is only selecting one bank of eight
chips at a time, however, and only one byte of data
15 accessed. The addressing gets complicated but
between the 7415257 chips doing the row/column
addressing and the PLA doing the chip selecting the
correct byte of bit holders are contacted. There is
more about this addressing in Chapters 12, 13 and
20. The internals of the 74L5257 multiplexers are
covered in Chapter 8.

Operation

Figure 6-1 is the Test Pomt Chart for all 16
4164's, U38 through 1753, All 16 chips should read
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the same. All 16 pins on each chip will have the same
logic states. They are all pulses except the + 5 volts
power on pin & reads high and the ground connec-
tion on pin 16 reads low. These states will be pres-
ent when the C128 is on and idling.

There are eight input lines from the multiplex
chips to all of the 4164"s. The lines are called MAT
through MAQO. The MA stands for multiplexed ad-
dresses. The eight lines are derived from the 16 ad-
dress lines that the MPUs put out. The 16 address
hines are connected to the two nudtiplex chips. Eight
bits at a time are needed by the 4164°s. Eight bits
are needed to address the 256 row addresses. Then
eight more bits are needed to address the 256
column addresses. Pins 5, 6, 7, 9,10, 11, 12 and
13 receive eight bits at a time—first the row address
and then the column address. The multiplexers send
the bits that way as shown in Fig. 6-16.



At pins 4 and 135, symals from VIC, «RAS and
«CAS arnive. These signals, the row address strobe
and the column address strobe are there to trigger
the two types of addresses into the decoders in synic,
Az the multiplex chips feed the 4164°s first with row
addresses and then with column addresses, the
+RAS signal strobés the row bits into the row
decoder and the «CAS signal strobes the column bits
into the column decoder.

This multiplexing plan uses only ¢ight address
pins on each of the 4164 s, The savings of eight lines
allow the 4164 chips to be placed in a 16-pin package.

Figure 6-11 illustrates that the 4164 has two
data pins at 14 and 2. Note that the data pins are
wired together and act as a single pin. The connected
pins attach to their respective eight data bus lines.

The two lines are for both input and output with
the data bus, as shown in Fig. 6-15. Internally, the
two ping are wired in with the column decoder cir-
cuit. The data-in connection 15 to the data latch. The
data lateh is a temporary holding register for the In-
coming data. The data latch is also connected to pm
3, *WE, the write enable pin. During a write oper-
ation, *WE poes low which activates the latch and
lets the latch transfer the data to the column
decoder. The decoder installs the data into the ad-
dressed bit holder.

When data is leaving the chip it is passed from
the bit holder to a data output buffer stage. The
buffers are connected to the =CAS inputs. When
+(CAS strobes, the data outpat buffer permits the
putgoing data to leave the chip and head outl over
the data bus.

Tlmlng

The timing diagram in Fig. 6-17 summarizes
how the 4164 memory array is controlled by the
three signals =RAS, *CAS and *WE. During the ad-
dressing as seen on the top waveform, the *RAS
strobe signal comes along into pin 4, till the mddle
of the row time, and then f{alls. Thiz falling edge
strobes the row bils mito the row address latch.
*RAS then remains low for the remainder of the cv-
cle. Meanwhile =CAS is moving into pin 15, As the
column address time arrives *CAS falls. This falling
adpe strobes the column bits mto the column address

latch. «CAS then remains low for the rest of the cy-
cle. The two fatches in turn gend their bite o their
respective decoders. One of the 256 rows is ad-
dressed and one of the 256 columns is addressed
and their intersection bit is activated.

While the above was going on the *WE signal
sets up either a read or write condition for the eight
selected bits, [} through D0, one on each chip in
the RAM set. In Fig. 6-17 2 write condition is ar-
ranged by *WE going low, A low at pin 3, the *WE
entranceway, causes the data-in latch to pass data
written to the array to be installed in the memory
bits. A high at =WE keeps the data-in latch shut and
lets the chip output the addressed data to the data
bus.

As you can imagine, the timing of the three sig-
nals is critical, Duning routine servicing, however,
the timing 15 not normally a factor requiring testing.
The timing is an important consideration during de-
sign. The important part that tming plays from a re-
pair point of view is its fealure during a chip
replacement. You'll see the timing in the spec sheet
of a new part referenced as access time. For in-
stance; the 4164 comes ina number of tHming ver-
sions. The access time on different 4164 chips could
be 150 nanoseconds, 200 nanoseconds or 300
nanoseconds, What do these different timings mean?

Different computers run at different speeds. For
example, the C1281in the C64 mode runs at a clock
rate of 1 MHz. This means that the 8502 in that
mode completes one million full cvcles in one sec-
ond. One cvele takes a millionth of a second, or as
it is called, 2 microsecond. Inone microsecond therse
are 1000 nanoseconds. A nanosecond is a billionth
of a second. When a 4164 is said to have an access
time of 200 nanoseconds, that means it uses 200 ns
of the 1K) nsin one clock cvele to be accessed,
either written to or read from. The 10 ns clock
cvcle comprises one full execution of the MPLL

During the 10K ng execution cycle, the R502
must address the 4164 arrav, send the sigmals to
control it, open up the addressed bits, either read
ot write to them, and then get ready for the next
cycle. A 200 ns array is fairly fast and can easily re-
ceive the control signals, open the addressed bits,
and complete the read or write; In fact, even the
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- Low
Sets up a wite condition
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Fig. 6-17. The 4164 chips are controllad by the three signals -RAS, -CAS and «-WE. During & cycle, the row addresses
are strobed and then the column addresses are strobed, During that time «WE sols up a read or write condition.

300 ns chips are easily accessed. If on the other
hand, you had some sort of chips that had a 1080
n§ access time, vou would be hard put to get them
fully accessed with a 1 MHz clock. You'd have to
get a slower clock or add additional circuitry to gain
proper access.

In C128 mode the 8502, besides running at 1
MHz, also can run at 2 MHz. This speedup in fre-
guency cuts the cycle time down to 500 ns, With
the 4164 array being able to be accessed in 200 ns,
the cycle time is still satisfactory. The action just
proceeds m a quicker fashion. The Z80 that conducts
the CP/M mode uses the same 4164 array.
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Refresh Timing

The 4164's, as DRAMs need to be constantly
refreshed. The refreshing at first glance looks im-
possible. There are 128K locations in the DRAM set
that are to be refreshed. That means 131,072 tiny
capacitances must be recharged at least once every
3.66 milliseconds or they will lose their information
as the charge drops below a certain voltage. For-
tunately each bit holder does not have to be individu-
ally refreshed. The refreshing can be accomplished
by simply addressing rows. When 2 row is addressed
all the bits in the row are recharged.

Also notice that the refresh time is in milli-
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Fig. 6-18. The 1 MHz clock has 2 1000 nanosecond cycle fime, About half the time ¢1 is active high and the othar hall,
22 is active high. ¢1 deals with the addressing while #2 conducts the data movement operation.

seconds, a thousandth of a second in comparison to
the micro- and nanosecond that was also mentioned.

Besides the slower timing needed for refresh-
ing, as mentioned it is also not necessary to do any-
thing but address the 256 rows in all the chips
simultaneously to recharge the tiny capacitances.
The electrical action of the addressing restores the
charge in the row that is addressed.

The requirement is that every row must be ad-
dressed within the 3.66 millisecond refresh period.
At the 1 MHz clock rate it only takes a fraction of
the required time to handle the refreshing.

A dynamic RAM refresh controller in the VIC
is able to refresh all 256 rows in plenty of time. The
refresh circuit uses the «RAS signal to address the
rows. It does the job while the computer is busy do-

ing other jobs, not duning the time the RAM is be-
ng accessed.

The 8502 is controlled by two clock signals
shown in Fig. 6-18. They are called phase 1 (1)
and phase 2 ($2). These will be discussed further
in Chapters 12 and 17. ¢1 is a signal that drives the
internal circuits of the MPTL. It 15 active about 500
nanoseconds of the 1000 ns total cycle time. ¢2 is
a similar signal that is active the other 500 ns of the
1000 ns cycle time. ¢2 drives the rest of the com-
puter external to the 8502, The 4164 array is ac-
cessed during 2.

During ¢1, while the MP1J is busy internally and
the 4164 is waiting to be accessed, the VIC goes
ahead and refreshes the 256 rows in the array.
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7. Read Only Memory

q computer, for the most part, is a hunk of ma-
mery. It needs an operator to get it to turn

onand start working: It needs brains to tell it what
to do. The brains-are in the system ROMs either
mternal or external. In the C128 most of the ROMs.
the so called read only memory, are plugged into
sockets on the printboard or plugged into the ex-
pansion port a8 a cartridge, There are five sockets
on the board for five 28-pin ROMs, U32, 33, 34,
35 and 36. U's 32, 33, 34 and 35 sockets contain
ROM chips. U36 Is an empty socket ready foran
additional ROM for expansion purposes. In addition
there is one 24-pin ROM, 118, the character ROM
which is seldered .

The ROMs themselves are also hardware
pieces. Inside the ROMs, though, are humid-
produced computer programs that run the CLZ28.
These programs are loosely referred to as the oper-
ating system (0S). In the ROMs are 08's for BA-
SIC and Kernel. In the C64 mode, 16K of ROM 1s
sot aside for about BK of BASIC and 8K of Kernel.
For the C128 modes, up to 48K of ROM is.aval-
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able. The BASIC system of version 7.0 has a high
and low section. Between BASIC 7.0 and the Ma-
chine Language Monitor, 32K of ROM space is used,
With the Kernel, some /0, and the 40/80 column
editor, another 16K of ROM space is unlized. CP/M
doesn't have to wse much of the ROM operating sys-
tem: It loads its OF program from the system dis-
kette that comes with the C128.

It the last chapter, it was shown that RAM is
4 storehouse for binary data bits. The bits can be
mstalled, removed, and remstalled contingally. In
fact, the data movement in and out of RAM 15 the
majority of the work thal the computer performsa.
The RAM is both read and write memory, ROM on
the other hand is read-only nmmnrj. It holds binary
dita bils engraved in the sificon. The bits are burmt
into the silicon in & factory and cannot be removed
or replaced. Once a bit is burnt into the chip there
15 no replacing it, To change the program the ROM
must be physically changed.

There are sll sorts of schemes to burn programs
into ROM chips. Figure 7-1 shows one of the com-
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Fig. 7-1, One of the many ways to burn a program into a ROM chip is with digdes. A chip is built with diodes connecting
rows and columns. W a diods is left intact it could be code for a high, If the diode is blawn it could represent a low,

mon methods. Tt is a portion of a ROM chip. There
are three addresses and at each location there is a
byvte of data burnt in. The addresses are the rows
and the bytes are the columns.

The layout is similar to the way a static RAM
15 made. All of the bits in the addressed byte are
om one chip. In the C128, the system ROMs are ei-
ther laid out as 16K x B or 32K x 8, Figure 7-1
shows three addresses with their respective bytes.
The addresses, of course, are connected to the ad-

dress bus while the bits are attached to the lines of
the data bus, D7-D0.

Each row has its own special address. Each
column is connected to every row. Between the row
ant a column, a dinde could be wired in. There iz
then one microscopic diode between each row and
every column, making each diode represent a bit.
In Fig. 7-2, row address 0010 has eight diodes at-
tached. The cathodes of the diodes are connected
to the row side. The anodes of the dindes are wired
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Fig. 7-2_ A row location could start out life with all eight diedes intact. Its contents would then be 1111 1111 1f some di-
odes ara then blown the contants would change o 1001 1100,

to the column side. While all eight cathodes are con-
nected in common to row Q010, the anodes are at-
tached separately to the eight columns.

The columns in turn are attached to the data bus
lines. When address (010 is dialed up, the eight di-
odes will conduct, cathode to anode. According to
the wiring, the conduction of the diedes could be
code for a binary signal 1. The columns will then out-
put 11111111 since all of the diodes are intact and
conducting when addressed. The 1°s will then flash
over the data bus to the MPLL

Suppose you are the one coding the ROM. You
do not want address 0010 to output 11111111, You
want address 0010 to output binary 10011100, In
order to effect the change, yvou must alter some of
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the diodes to produce the change in signal. An anal-
ysis of the change shows that vou want to alter bits
D6, D5, D1 and DG, Bits D7, D4, D3 and D2 should
be left alone because they are already outputting 1's.
But you want (s mstalled m bits D6, D5, D1 and DO,
The technique is to apply a large voltage onto
the diodes where the ('s are to be installed. With
the apphcation of the destructive voltage, the diodes
to hold 0's are blown. They become open circuits.
They can no longer conduct like the dindes that code
the 1's. With the conducting diodes representing 1's
and the blown diodes representing (s, the data at
address 0010 becomes the desired 10011100,
Although this procedure is fine for the ex-
perimenter on a workbench, during actual ROM



manufacturing nothing so slow can be used. After
the: program to be etched onto a ROM is written,
a large printed circuit pattern is made. The junctions
that are going to contain a diode or transistor are
clearly defined on the pattern. They will be the row-
column Jocations that will be outputting 1's. The
row-column locations that are to designate ('s are
left apen. Once the pattern is made, it iz then
reduced photographically and used to manufacture
large quantities of the ROM.

In the C128, U's 33, 34 and 35 started life as
identical chips. Then the operating systems were
burnit into the chips. They each assumed new iden-
tities. They are still addressed and have their data
output in the same way, but the data they output
is different.

BLOCK DIAGRAM

There are four main parts to a typical ROM, be-
sides the power in and ground. For example, look
over the ULS the character ROM. In the ROM is
code to produce on the screen two complete charac-
ter sets. One set is a group of 256 uppercase and
graphic characters. The second set is another group
of 256 upperflowercase and graphic characters.
There will be more detail on the ROM conténts in
the video Chapters: 20 and 21. U18 is shown in Fig.
7-3—the third Test Point Chart. There are 24 pins
on the chip. The pins are all connected to
microscopic circuits that are completely inaccessi-
ble to you. Even though the crcuits are too tiny to
work with directly, you can make tests accurately
from the pins on the chip.

In the block diagram in Fig. 74, note the mem-
ory matrix. The memory is organized as 4096 x 8.
This means 4096 byte-sized locations are in the
ROM. The locations are figuratively stacked ina tall
skinny pile with location 0 at the very top, and loca-
tion 4095 at the bottom. Actually, the matrix is laid
out in a gnd fashion, like dynamic RAM, but it is
wired as a tall pile, like the static RAM, so we should
consider the wiring, not the physical way it is
produced.

In order to address 4096(4K) individual loca-
tions: 12 address pins must be on the chip. 4096
different combinations of 12 bits are possible. To

choose one address out of the 4K locations, 12 ad-
dress bits must be applied. For instance. to address
location 185 you'd send bits 000010111001 out over
12 address lines. Those highs and lows will activate
location 185 and leave the rest of the locations shut
down,

The 12 address lines A11-A0 are the connec-
tions made to pins 18, 19, 22, 23, 1, 2 3, 4, 5, 6,
7 and 8. The lines enter the package and are con-
nected to an internal circuit called the address
decoder. In the decoder, the highs and lows are
evaluated and control voltages generated. These volt-
ages are processed into the memory matrix and ac-
tivate the smgle location that was desired.

Once the location is accessed, the voltage ap-
plied at the row address follows the wire pathways
as seen in Figs. 7-1 and 7-2. The paths are through
components, like diodes, that are connected from
the row line to the column lines. The pathways with
intact components pass the highs. The pathways that
were blown, or are missing diodes, do not pass a
high—they maintain a low. The byte of highs and
lows travels out the columns to the next stage.
These bit holders can only output highs and lows—
they are “'read.’”” They cannot receive highs and
lows, or be written to. The bit patterns are perma-
nently burnt into the memory matrix.

The next stage in the ROM is a set of eight
three-state buffers. Buffers are covered in Chapter
10, but for now consider a buffer to bie an amplifier
that can be turned off and on with the aid of its three-
state characteristic. The buffers are turned off and
on by another circuit in the ROM which will be dis-
cussed next. When the buffers are on, they pass the
highs and lows from the eight matrix columns to the
eight pin connections that attach to the data bus,
D7-D0. These are at pins 17, 16, 15, 14, 13, 11,
10 and 9.

Between the incoming 12 address lines and the
eight data lines, 20 of U18's pins are accounted for,
Pins 24 and 12 are 4+5 volts and ground. This leaves
twe pins unaccounted for. They are pins 21 and 20,
Pin 20 is called *CS1. The signal *CHAROM (the
character ROM select signal) from pin 46 of the
PLA, is apphed to pim 20. It so happens that 1118
shares addresses with some 1/0 functions, When
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Fig. 7-3. U18 js the character ROM Test Point Charl. The logic probe should show all pulses except for the chip select,

G52, the +5 volts and ground.

118 is selected the I/ is switched off. When U138
is mot tieeded, the 1/0 uses the addresses, Pin 20
does the selecting.

Pin 21 performs another job. Inside this ROM
chip are two 4K sets of characters, totaling 8K, Only
one 4K set, however, is available at a time. Why
two character sets? One set of 4K 15 used m C6d
mode, and the other 4K set is used in C128 mode.
Pin 21 is connected to the 128/64 signal coming from
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pm 47 of the MMLUJ and pin 15 of the PLA. When
you are in C64 mode, then the signal antomatically
chooses the CB4 character set. If you are in C128
miode, then the C128 character set 15 chosen.

Character ROM Contents

The character ROM, in one 4K set, has 4096
bytes of permanent memory. Internally the set is
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Fig. 7-4. The inside of the ROM is fairly straightforward. The chip-selects turm on tha chip, the address lines locate the
desired ragister, the register outputs fo some buffers and the data heads out over the data bus.

addressed from O to 4095, In the C64 mode the
ROM is addressed from 53248 to 57343. In the 4096
bytes of memory there are 512 characters. Each
character needs eight bytes to be stored (512 = 8
= 4096).

Each displayed character is composed of a grid
of dots in a character block that 15 eight hight dots
wide and eight dots high (see Fig. 7-5). The 64 dots
can be turned off and on to produce a character pat-
tern. A high from a bit in the ROM turns on a light
dot and a low turns off the dot.

The outpirt of a character ROM leaves the chip
through the data bus, D7-DO. The output goes to
VIC. The VIC receives a character shape in that way
and processes it into the TV display,

The first character in ROM is at address 53248
and extends eight bytes to 53255. It is the charac-
ter, @. Itis an uppercase character, The 512 charac-

CHARACTER BLOCK
Pixel on (1)

7

Pixal off {0}

Fig: 7-5: & charactar in the display appears when a grid of
eight light dots across by eight dots down has some of ils
dots it and others turned ofl. Here is how the charactar @
is formed.
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ters are contained with the following decimal
addresses for each category of characters:

Uppercase/Graphics Set

= 53248 Uppercase characters

= 53760 Graphics characters

s 54272 Reversed uppercase characters

= 54784 Reversed graphic characters

Uppercase/Lowercase Sel

s 55296 Lowercase characters

» 55HEOE Uppercase and graphic characters

= 56320 Reversed lowercase characters

» 56832 Reversed uppercase and graphics
characters

Checking Out the Character ROM

ROMz are very sturdy in comparison to other
chips, but trouble can strike them. If some bits on
a ROM should get destroyed, then incomplete
characters will appear on the screen. It 15 easy to
check out the characters on the ROM if character
trouble should happen.

In C128 BASIC, a little three line program can
be written. The character ROM can be accessed
through Bank 14. (There will be more about bank-
ing in Chapters 14, 15 and 16.) The program will
PEEK the contents of any or all of the ROM bytes.
You just have to specify which bytes you want to
know the contents of. The binary contents will be
returned in decimal. You can then obtain the pat-
terns of 1's and (0's from the Byte Sized Conver-
sion Table in the back of this book.

For example, suppose that vou want to see the
bits making up the @ character. The first thing to
do is to enter the PEEK program for the eight byvtes
in which the character is stored in the ROM. It is
stored at addresses 53248 through 53255, The first
line accesses Hank 14 and the last ine moves the
program back to Bank 15. The following is a simple
program for the CI28 mode:

100 BANK 14

200 FOR C=53248 TO 53255: ¢
PEEKI(C);:NEXT

300 BANK 15

110

When the program is run it will return 60 102 110
110 96 98 600, The bit patterns will look like the
following inan 8 = 8 matrix that one character block
on the screen displays:

Decimal Binary

60 0 0 1 1 1 1 O o

10 ¢ 1 1 40 0 1 1 4

oo 1 1 % 1 1 2 0

1 ¢ 1 1 o 1 1 1 0

9% 0 1 1 0 0 0 0 @

9% 0o 1 1 0 0 0 1 o0

B 0 90 1 1 1 1 o 0

0 0 0 0 0 0 0 0 0

If you look closely at the bit pattern you can see the
@ defined. Figure 7-5 shows what the screen looks
like with the 1's lit and the 0°s unlit.

You can also access the character ROM in ma-
chine language with the Monitor, or in C6d mode
n BASIC if need be—though it is more of a program-
ming job, Without the Bank command you must
write lines to switch In the character ROM and
switch cut the /0¥ hardware that is sharing the ad-
dresses. Then yvou must transfer the ROM bytes
to RAM. Then the ROM has to be switched out and
the I/} switched back into the memory map and BA-
SIC. Then the ROM bytes can be printed on the
screen in decimal.

Besides this test method, you can check out the
ROM with a diagnostic program like the 84 Doctor
mentioned earfier in the book.

THE REST OF THE ROMS

The character ROM is a special type that sup-
plies display materials. The other four ROMs: U32,
34, 34 and 35, deal mostly ‘with; the Kernel, the
Monitor and BASIC. The empty ROM socket, called
U386, is there for expansion. The socket is wired;
complete with 32K worth of addressing, eight data
bus lines and power. Any ROM plugged mn will start
operating immediately and can be contacted directly



from the Xeyhoard, Ttean be thooght of as & special
mibermil port,

Chips are produced for the socket that enharce
the operaton of the C128. One olip s advertised
by Ultilities Unlmeed ne. . T2305 NE. 152n0d Street,
Brush Fraivie, Washington 28606, They-call iz The
128 Superchip. 1 gives 32K of utilittes, such ag File
Copter, Mibbler, Track & Sector Editor, Sercen
Dhangy aned 3000120 baud Terminad Program. There
will be more of this tvpe of chip avalabie a3 time
goes by,

The BEOMs aiready in the C128 are operating
systems (05), They are ali 28-pm NP5 They con-
fuin all the programs that ron the computer, Wiken-

evier the MPU mmkes a move, it checks with the:

RUM= for directions on how to do it

Intemmally the ROM stroctore 1= quite Tike the
character BOM., They are powered wath +5 volis
at pin 28 and returned to ground at pm 14, 25 shown
in the Test Point Chart of Fig. 7-6. They all con-
nect to the data bus D7-Dd-at pms 1%, 18, 17, 16,
1% 13, 12 angd 11, Theugh the choracter ROM kas
nnly 12 wddress mns, these four other ROMs have
either 14 or 15 addrese ping,. With 14 pins A13A0,
16K of addresses cm be comtacted. With 15 address
pima AT4-A0, the ROM has 32K of programs,

In different mode] runs of the C128, U32 and
134 have been either 16K or 32K ROM, U35 and
L1355 are usually 16K Az ome goes by, however,
be prepared for either 16K or 32K inoany of the ROM
sockels.

The 16K ROM has the power, addressinge and
data ping, and i few other pins of aote. Pin'l i &
Programming Vodtage conpection bul & unused m
the CL2E. IUE connected 1o 45 volts and forgot-
len. P 3035 *CE, a chip enuble. It s sctive when
A Jow i applied. it & tied to ground, wioch o low.
The pizv i Uiez always active, Pm 2212 =0, 2nout-
put enable, It s active low., 1t réceives s sienal from
the PLAC On U132, pin-22- recesves the: zignal
«ROM1, Tf this 16K clup is'm any othet chip posi-
tiom, then i will receive the appropriate sigsal, For
metance, if USG5 a 16K 1t wall recetve the sigmal
«ROMA from the PLA.

The 32K ROM also has ather connections, Pin
1isa Programming Volage pin that iz Ged to 5.
volts and {orgotten ahout ay in the 16K HOM, Pin
20 1z alse & chig eoable, ted to ground and forgot-
ten about. Pin 22 i the autput enable and receives
A gppropriate = BOM signal from the PLA toselect
the chig, Whit sctually are these signa ingats doing?

InFig. 7-T, a tirning diagrim is shown for both
af thege ROMs: the 16K and the 32K, On the top
Lhe addressing bits gre shown, They eater all of the
Address pits, The bits select one of the: bvte-sized
Ications on the ROM.

AL the o Gime, inks pin 20 of the chips snters
the chip cosble signal. It 15 sctually always low since
the pains are all Ged to ground. The ping are active
I Also atthe same fime the ouipot enable signal
is entering at pin22, It i coming from the PLA, It
starts off high and then, as the sddress bits and e
chip enahle signal are working, il falls low, This ae-
livites the chip. Since ‘the BOM can ooly outpat
data, it does so 1o the dala bos pms.

ROM Contents

In Chapters 14 and 15, the wavs in which the
PLA and MMU contral the RAM and HOM is
vovered, They turn the ROMs off and on Lo gel the
best possible wse of the groop. 132, also called
RORAT, is the container for the C64 mode pperas-
ing system, I can be 16K or 32K accordimg to what
mode] run C128 you are using. In eitler case, 16K
of ROMI consnes the BASIC and Kemel pro
yrams—split up ahout 8K each,

Un the BASIC BOM are bundreds of small ma-
chine Imgreage programs that reseond to all the BA-
SIC statements and all the réguests fur calculations
il data mangadations. In Ohd mode, the ROM is
activated by approximately 65 specml keywords. The
keyboard upper and lpwercage characters; plus the
digits (-9, are mmed 1o prodice Lhese 63 keywords.
Home of the other symbols are also used to prodece
the BASIC keywords, The keywords are the CA4
cornenands oo are fmiBae wilth: for mstance, CHESR,
DATA, GOTO, etc. When you enter these key-
words, the BASIC ROM is addressed and muns a lit-
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Fig. 7-8. All four of the system ROMs will show e same fedults an (he logic probe excapt for LIZYs pin 22, which will

shirw a high instasd of & pobee,

tle program that pedorms the chore that the  Kemel ROM
Kevword & designed to do. The keywords amd other

programening detals are found m the Svstem Guide

that came with the C128.
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The BASEC BOM 12 2 collection of & few hun-
dred [tk progran that execute the keyword com-
mands of the BASIC language. The Kernel comlans
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the programs that perform e rest of the operating
syslem's duties. The Kernel, first of sll, setsup 1he
misciine when you frst furn it one 1 initialzes al
the regEters on all pertienl chips.

Seconidly, the Kemol activates the soreen odi-
for far the Obd activty, The soreen ediior ke the
stgmils- generaied from sinking the kevs and hias
then ingialled o therr reéspective charaeter Bocks
on the TV screan. The screen editor alsas contooks
The cursor, 11 also responds 10 comemamds ke de-
[ete znd et

Thirdey, the Keried privides accesy to the oper-
ahing syslem's proup of progragim e BOM. 22
doets s by medns of specid Commodore jumgp 1.
bles. Thise jumg tables are very imporiant (o users
ot the VIO 20, the C64, and now the CIZ8, A will
be explained m the next secting, the jurmp table gves
these computers a considershle amipant of lengevty.
Az ime goes by, the computers will not tend to be.
e ohsodete am uaickly a5 new operalmg systems
arc-introduced, Thie jiumg teldes allow your oldet -

chine to-adapt 1o i et of the new sybrowdines n 2
W oserating System,

When pou first swilch on the CU2E m (54 mode,
the: Kernel goes mto s inftializalnomn sequences. Tt
sets & section of RAM walled the staok. Then it ¢lears
the decimial mode of aperation, Next the Kemel
checks the ROM canttidge bolder smeuits: 113 ROM
caritidge 1 plogeed in, then the control of the ma-
cline i switched to the cadlridige system. H the
halder is empdy, then the Kemel retaing control and
comiloes ite mitialination procedures. _

The: Kemnel then tms its-attention to all the 10
devices and their rogisters. They will be discussed
in Chaplers 19 to 23 The seral bus s imhalzed.
CLAT i set to constantly scan the kepboard, The
60 Hz limer m cach ClA 18 turned on, The SID chip
is-cleared and the BASIC memery map for the £64
minde iz selected. The cassetle motor i turned off,

Asa gervicing checkout, the Kermed conlains 2
special dmgnostic program that exercees the HAM
thatl the CH§ mode will be using, The Kernel mns
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the diagmeostae af the begmmnmyg to make stre that the
RAM chips are intact, Oince the RBAM *‘checks
good,”’ the Kemel then sets the memory pointers
far the top and bottom of RAM. Then the first page
m BAM, page 0, 1 mtheed, The tape buffer 15 then
St

The Kemed then stoses some specil addresses
in RAM at specific Jocations. These addresses are
nepded durng some IO actvities. Another Gttle
qumig Labdee i8 inztalied by the Kernel iy the low sec-
tion of RAM. The TV screcen is cleared. The screen
editor Tias its varables reset.

All of these steps take care of the orgmsl howse-
keeping duties that the Kemel st perform before
v Begin vour BASIC propranmung, Owceall this
15 accompdished, BASIC is addressed and you are
EEADY, The Screen Editor program m the Kemnel
will now work with you to display, vour kevboard
npaut.

Jump: Tables

A vou can goe, the operabing system m the C64
made 15 detaded and complicaled. It B even more
go-m the CI28 mode., The BASIC and Kernet Cod
mvode programs in L3 are also crtseal, B one vital
bif @ an impartant byfe becomes defectve, then the
entire 16K of CH4 ROM could be rendered useless,

Like the BASIC section, the Kermel part is alsa
filled with many operatmg programs. The Kernel's
progriasms, Lhoeagh, are pot activated by BASIC key
words. The Kerned's programs are turned on by ma-
chme bnguage code pumbers, Another poit 1o
remember 1s: though the: BASIC programs can be
run with keywords, the BASIC output is i miechine
Lrgnge, Bke the Kemnet outpat i2. The machine lan-
guage outpat of BASIC and Kemel are instructions
and dista that the cest of the comgriler can under-
stand and process.

The Eemnel &5 divided into {we mn seclions,
The controd programs are bocated at the begnning
addresses 0f the ROM chip, Consisting of 8 few
dozen mpol/output routines and i oyt of other
margemant programs, these routings take up most
of the addresses on the chip. The jumgp table e
2 [ncated near the end of the address list, The jomp

Il4

tehle is 3 group of lscations with each beation Gl
ol datz as scen in Fig. 7-8. The data ineach Iocation
consists of an address. Each juing table addrass i
o starting point of one of the programs stored in the
besginning of the Kerme] ROM chip. The ciop works
fke e following., When vou wnite a meachine la-
gmape program, and you want Lo cill @ parboslar ber-
e Foting, then o address the Jocation in the jirmp
tabde that hodds the starting address of the routine
vou want foouse, As a location i Lhe jump table i3
atddressed, itis activated. Its contents-— the start-
g address of the degired rouline—is output, That
starting address =, o tum, put on the address bus
ard the rouline is thus conigcled,

The duestion arises, why bolher with this n-
direct way {0 contact the routine? Wisy mol mrst ad-
dress the Bemel locations dicectly? The answer 12
that the Commadore designers want the pressnt
miodedz Lo be compatible wath, and operste with, to-
ture models.

As time goes by, iImprovéements in' the opéra-
tion of the CLE8 will contimee. Even 2 small clsmee
cosle] mmke 3 pewer operating svsiem useless man
older model. In the mterast of having new 05s work
in ilder machines, the prop table scheme 15 ublized.
The jump tabie is designed to standardize Commo-
dore models with réspect tomput, sulpuat, and mem-
ory management m-the following way.

Dyring expected changes, the actual roatines
are not expected toochange moch. Bot even i they
do. they should stll run the 3502 MPU and s
DREAME withnot undue complication, What s ex-
pected to change are the addresses of the fouties
Il the addresses of the routines change, Hierily
thodsands of programs on tape or disk will becorme
chaclete, A lot of your programmEng won't work
with these changed O5s That is where the jmp
tabde: comes. in, ;

When a new Kermed chipis mamufactured, the
pump table will be Iocated a1 the sane chgy paces
it the baick addresyes a2 its predecessors. The con-
{ents of the locatons, whch are the addresses of
the routines, canbe chunged; That way your oid pro-
grams will el address the same old places in the
jump table. The tew address contents will then pant
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Fug: T-8. Al the lighest addrassas of tha Kermed TOM is a spocial jump table. Thi table consists of o aumbes af three-byis
data groaps. Each threa bytes & rtade up of & onecbyte [ump instroction and a twobyee addeass. I VI BOOTEES ODE
af the gata groupe. you are nstneciod 10 jump o the slorsd addrasa

[ the new address of the rontine, You won't even
know the difference as the progeam is o,

I dhd most mention that the jump table hobds some
program addresses nol found m the Kernel, These
off-ctp atdresses are located on the BASIC BFOM,
That is becase the BASIC ROM clap contaims a Jon
of programs that are very useful. Instead of writing
somse of these routines, the progiammer saves thme
by just putting 2 starting address in his program that
poes 1o the: pmp tabla. The jimp tabde, in turm, pd-
dresses a program oo the BASIC ROM. The pro-
gram is then called amd nm saving programming. bme
atn] effoat.

Diagnostic Programs

When the C128 & complelely down, then it can'l
hely pou locatle the trouble. When i s unconsoms,
then yail nkest uge the clectronic test technigues re-

ruared, This meledes using the Test Pant Charts,
the Master Schematic, etc., with test equipment
sich &% the vom and loge probe, Howeser, f the
C1E8 15 not unconscious, but i= operating Somewhat
ervatically, then you can wse programoming toods like
PEEK-and POKE to check B aul,

A short test routine vsing PEEK was dscussed
in the Character ROM section. With it, every byle
in the Character ROM can be examined. With an
eight hyte eximmmation, 3 charscter can be derived,
Thi bat= can be drawn on paper to depict the charac-
ter, If 3 few bits have been destroved, then those
bits can be pmpointed. The chip & then replaced.

All of the ROMs can be read with PEEKs i a
amélar way. In fact, moat of the memory map can
be: tested by PEERing the map incations. The ROMs
can only be read with PEEKS, but most of the rest
of the map can oot only e PEEKed bat alss writ-
ten o with PORES,



Thee C128 has 16 delaull memory map layouts,
T BASTC they are calisd BANKS ind are numberesd
from (0 to Th e descioml, T sl ugy ainoe osse e Lhae
16 fyouts, all that is needed is to wrige a program
lme wath-a BANK pomber. In the character HOM
PEEK; thefirst line was BAMK 14. BANK 141 the
anky invoul that includes the character ROM. Tatbe
-1 Hsts Ihe 16 BANK armangemants and the type
of memary that B meleded m cach BANK,

Wodés thit in the chiracter ROM PEEK routine
that the banking cim be changed [rom progeam lins
ter progrram fne. That is how an MPU like the ctght-
bif BRE. with vaby g B4E addressmg copacity, can
actually addréss 128K in the same program with the
a3 of bl

Avway, whet e CE28 s Cofescinus, the hest
place toostart lestmg s m-the BOM:: Reading the
ROMs is the first test of choice. The ROME are the
chips | conteol. I v can get the MPU o resd from
the RIS, youl know they are operating. When you
firat tizrm the computer on, Uhe MITU S boifl to -
tomatically read the start bytes of the ROM opera:-
my program, The computer sgns in by printing its
REAINY message oo the TV screen. If thas happens
then this MPE s suceessfilly reading fromy the ROM
gystem. Admitteddy, the MPD = ondy roading 3
deigen or 50 bytes, bul readieg is going oo, The ROM
can be read, and if any dscrepancies dre prosent,
then a PEER routine picks: it oot.

Theredore, when the ROM signs m, you man wse
tHagnostic programa for testing the ressdents of the
memery mEp. Thes compaber iFcotsckos, Thefs ine
a kot of different wavs the ROM can be tested foc
ustact routimess, Thie easiest way Lo 4o e B purchise
diggrmreti-siftware Bhe the 64 Doctor that has been
sefling for & number of years, Perhaps you would
bke o write u BOM diagnostic, somewhat ke the
oise i the B4 Dhector, for pour 128,

Thie idez  to test every bt in the ROMs, In
geeneral 0o progean mpst do the following, The tesr
Lo read each byvte ina ROM chip, byte after bvte,
The way it bz been done 1500 mun each bat e each
trvte (hrodigh a 16-bat shift regater. The shift rems-
ter 12 0 XOR each incommg bt from BOM with ats
B, 5. 11 amd 15 Bits. As each hit pasess throggh,
the value of the skl regster chunges,

ila

The test number m the shift register is called
a CRE for el Bedfendaney Olrock. Because the
repster - 1 bats, and door hex sumbers code 16
bits, the test pumber 15 called & four-dest CRC. Thas
15 an error checking test nied by progeammers 1o
check: the transmissinn of programs, Tromghbe-
shooters use it 1o redd the ROM.

AL the endoaf the BOM reard, the shift register
fs left wath & hex walue, This vakes, which is
predetermined by runsimg Use fesl on o provesd
(178, & then primted on the screen. I the number
om the sereen matches e oumber of the known-
good C128, theen the ROM bas been read-and s
abay, Shoudd 2 chip pot finish up with-the prescribed
number, then the chip 1 protably 2 damoged one:

A BOM can bee dhsabled o any shorts ar opens
aecnr - the burnt-m program bytes or comtral or-
culs, A legl posgram as described shoalid pick out
the bad: BOM guickly. '

A Short ROM Routine

In the zame way that the chataster ROB was
read, voar can also reid almost oy section of FOM
with a short BASIC program, For example, ot
highter addres=es of ROM3I are sonws ump table
numbers. Tha contents of the table hytes-contain
an address. Al decomal 44917, the ficet byte of a
three-byte routine called JMP GPLOT is located.
If vou demre to scress the three-hyte Towtine, and
read the contents of all three bytes, it cin be done
with the following short BASIC program:

100 BANK 14

200 FOR X=144917 T{ 44919
300 PEERX):

400 KEXT

500 BANK 15

When veu run the program, the C128 mode scroen
sl show the contents o dectmal

RUN

6 231 135

il e cssisns way you ca secess almost any BOM
Incation or groap of Incations. Thiz is & valgahle test



technique, In Chapter 16, the C128's memory maps
are covered. With the aid of that informmbion, vou
can run. @ test seboof readings while your T12E 1=
operating ckay, These readmgs, which will be the
contents of the EOM Iocations, cun be primted oug

on & sheet of paper, That way, if vou ever suspect
thal a ROM has become defective. then vou could
repont the ROM and compare the latest readings
with the proven readimgs. If they do not match, then
the ROM under test has become defectiva,

1y



8. Other Integrated Circuits

ere are B inteprated cirenit chigs in fhe U128,

We have looked over the nine large chips, the
16 DHAMSs, the color RAM, the character ROM and
the four 05 BOMe. That i total of 31 chigs, leas
ing @ balance of 32 smalter support chips: Th nine
large chaps, the chraclier KOM aed the color RAM
will afl have more degabed covengpe e mthe book
This chapter wili deal with the 32 smaller support
chips.

The support chips do many ompariant jobs.,
Let's determane: wial Uy are: e jobs they dos
how to test them o they become suspects during
irpubleshootmg. See Figo 8-1, 82 In this chapter
is 2 sct of Test Poml Charts for these chaps. The
charis give the ogic state of each pin on the chp
wiale the C128 & kfling at READY.

THE 7406 HEX INVERTERS

"Fhere are four 7406 chips: 129 st 1o U Jed
of VI 130 above the cmply ROM socker at the
tog befe of thie boarnd; 137 at the bottom of Uhe Toard
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o the right of the PLA; TH63 above CTAZ al U kel
gide of the bosed,

The: T4's sre Y4-pm THPs. The word hex
ibeanE-ai, T and there are six lictle mverters: bl
intm the chip. What s an mverlers?

Az o'l lBarn in Chapter 1, an inverier is
sommetimees called a NOT gale, I wou insect o e
higly inte i fverter, the circult changes the kigh
toa fw, and a koo wall esnerge [rom the gate. Shodid
son fmpat a kw mito the mverler, o s chimped o
i hagh, Refer 1o Fig. 3-3.

Hesides inverting the logic state, an mverter om
gt as aourrentamglifier and Tuffer to the incoming
sigmal. It can rge the current beved of the o stade
s thal the state will miotch o the subseguent
ks,

The 746 15 a TTL with s of these mverter
slages. Frnre: 844 shows that epch inverter stage
uses two pms. Unly one mpul @od ane ouipol are
cargedied 1o each NOT pgate. The six inverters re-
pitire 12 of the chip's 14 pns, The other two pins
are used fork + 5 volts power and ground,
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Fag. 81 Tha Test Point Chans show the loge stales thal
-shauln be gredent on all tha chip e The logic probe |3
Ihet chwvico that has |LEDS which rivept 1he highis, lews and
pulses cleady. Mo light is on whan a pin i@ tristating,

The six inverters are all on the same chip, and
all use a common power mput, but they are other-
wise independent of each other, The six gates on
the chug are all mgtalled in different circuits theough-
oat the computer. For example, in the outpt fines
of L .1AZ there arc two mverters from U63 and three
inverters from U30, In the cassette mator Ene 5 one
U30 mverter. There are four more US3, one 1129,
two U3t and & U37 in the 556 chip clock cirowt. The
clock i covered m detad in Chapter 17.

The NOT gates are sprinkled throuphout the
C128. The NOT has o schematic symbol, It isa tie
angle with @ drcle_at the outpul point. 1f you look
over the Magter Schematic, you will see the Hitle
NOT gate symbols. As you look at the NOT gate
you must realize that whatever signal is input at the

flat sxde wil e inverted and amplified a3 it smerges
from the poimty end.

With the sid of Figs. 81, 8:2. 84, Tahle 8-1,
ind a vaim of Jogic probe, you can check oul the hex
inverter quickly. Each inverter has its input and out-
put. “The only type of signal that showld be present
at the inputs and outpots are loge stiles. The 7406
hag o three-state capabilities, 3o there showld pot
be any three-state conditions on any of the ping un-
der ordmary circumslances. The npat pins, shown
by the arrows m Fig B are 1, 3, 5,9, 11, and 13,
The respective outputs are 2, 4, 6, 8, 10 and 12,
Fins 14 amed ¥ are powrsr:

The: first check with the vom should always be.
pins 34-and 7, Positive 5 valts should be on 14 and
0 volts or ground on 7. If esther voltage is incorrect,
then it & a chee. For examplé, suppose that there
ie o voltage at pin 14, If there are + 5 volts on the
surmeRrding claps but not on 14, then chances. are
thit the copper trace on the printboard to pin 14 is
broken or has o corroded connection, When the
quick-cleesck a1 14 shows power is prosent, then the
individual inverter stages should  come under
Acrutiny,

Fest the voltage at ezch input. A -high 8 con-
sidered +2.0 volts or higher, If the mput is a bngh,
then the outpat should be a low, The low on this
chip {it"% 4 TTL}Hs considered + 008 vales or fower.
When the mput is'a low, then the outpat should have
the opposite state, or & high. Al six of the mveriers
o the: chip sitould follow the same logcal approach:
mput high, oulpot low; ingat low, catput higly, IF the
imput should be a pulse, then the 7406 should pro-
duce an inverled pulse outpat.

Il there 15 3 discrepancy from this pattern, you
have a clue. The inverter with the wrong output
coubd be shorted or open. A dead short in the stage
would place the inpul voltage onte the sotpot. An
open circuil weuld place the surrounding voltage on
the utpat. This could be sy volage. inchuding a
three-state condition. '

The inverters are all mdividual and are com-
nected in many circuits aver the board. If you find
amy of the meerters not connected to any crout,
you will find voltages on the pins. Unused gates
usially have ther pms tied to +5 volts or ground
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10 keep them oot of the antrity, and this prevents
them ot causing cirost sderference during noer-
mal processing.

THE 7407 HEX BUFFER/DRIVERS

1157 ito the beft of VICT and 1129 (an mverier)
il UG (st tn the nght of the PLA) are e am:
plifier claps. A Baller!dover & simply an amplifier.
Thee mdividiual siages m each chip are drawn 1o ook
somethmg ke the ioverier symbal, agn Fig, 8-5.
A close loik demonsirates the difference. Mo bttle
WOT arrches are on the pointy end of the tHangde.
Otherwize the symbuols are the same, e ingant znd
o gty eonmect each boffer. Table B-2 provides
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the iogie states That should e present on U7s 57
and 4.

U the Master Schematic, voo'll find baffars in
thet videw controlber stages, Tour ol Lhem from UST
mn the cutput Enes of (24, 1 yoo Iook throwgh the
Master Schemalic for the lifle tnangles without
NOFT circles then you'll be able to find them easily.

Except for the ardey thal milicate an mverter,
a4 for @z troubleshoobmp poes, the 7407 18- identacal
to the 7406, All the pin mumbers and other charac.
Leristics cam becomurdered the same, The only deffer-
ence b5 that there i necsignal mversion, The gignal
- shilf amphbed so i will match info the cremts o
t= comneted to, BE the same loghe state that enfers
a huffer stapge will he oastpat from et stagee,



Input

v

brpn

LE
2 Chrilput
High
- Gtz
Trutpiit

T

I

tremrtad
cutpur

Fig B-3. Bosides chanping highs bo lows and vice versa, tha BOT gatn will alsa invert @ pulss that = high poing 1o fow

THE T4LS08 QUAD 2-INPUT AND GATES

178, a smalbsh chip at the bottom right in the
center of five small clups, and U1, at the botiom
tight of 31T, are the two TALS08 chips, They ane
408 clops with LS extras, The 1, stands for [ow-
poarer digspation al e expense of switching speed,
The 5 stands for Schottky. A Schotthy diode s
knowm for its high speed switchmg. By using hath
i i gate, the advantages work topetlser,

The quad part of e namwe means foor. Figurs
46 and Table 83 show the four Getle ANE gates
uni e chip. The 2-input means that each gate has
two npuis o gonteast fo e overters and buffers

that only need ome mput oe. Even though there are
two inputs into the AN gate, it only has one out-
put. The two mpuots are ANDed together to prothce
a logheal outymt. More detail on AND gates i given
i Chapter 1,

An AND gater requires a minmam of 1w inpats,
It cam have many more inpsits bat i stll only wses
o obtpel. On the TALSGE there are four gaies,
Torelve of the 14 pins are used to seoace the getes.,
three pins per gate. Ping 14 amd 7 ire used for +5
vodts: and pround Bke the 7406 and 7407,

The AND gate &= huilt so that i will outpot a
high i, aned cndy of, bolh mputs are high, as shown
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Table 8-1. Four 7406 chips ane n the C1248.
Here are the loglc states that shoukd be present on each ome.

Test Point Charts

PINS uze L0 3T UE3
1 Puise Liow Low L
z Putog High Higihi High
3 Lra Lo High High
2 High Righ L Lo
= Pufne Letwe Pulsa Pl
& Lo Hipgh Lo Ly
¥ Low Low Low Lerwe
g Futsd Q Low High
g Prakea Low High LW
10 Fuitsa High High Low
i1 Pulss Livmy Low High
12 Pubmn L vy Lo Loy
i3 Pk High High Eigh
14 High High High High

0 = M Rght
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Table 8-2. Two T40T chips ane in
the G128, Here are thelr pin logic stetes.

Test Point Charts

PING usT LIGE
1 Pulsa Pulse
2 Fulsa Low
3 Low High
4 Letwe High
4 Pulsa High
& Pulge High
7 Linw L
8 Ly High
g Puing High

k1] Huh Pulsm
1 High Hijlam
2 Ltrme Pulse
13 L Piise
14 High Haph

Fig. &5 Tha 7207 Hox Bufler chip has six wmplidior stages, Schamatically they ressmble-the NOT gate but withowt the
circda o ihe oulpul and,

in Figs. B-7 and 3-8, Shoukd one or botk of the in-
prats-bee Jowy, the ANTY wali not outpat-a Righ. 1t siin-
ply acts as an open cirenit.

Twro of the U AND gates can be found by the
wirng between the two MPUs. Three of the T61
gates are foumd cotmecied (o the AEC and REY ping
taf the BG02: The fourth LUST gate & at e AEC pin
of the MM, Note thil the ANDY gates do not have
any NOT circles. There are othier ballet shaped sym.
bols that Inok tike an AND gate bul bave circles at
thelr rounded outpul, They are NAND ptes dis
cussed later in this chapter and in Chapter 10

The other two, U8 gates are fourd by Jooking
fur the bullet shapes in the Master Sclhematic, One
i connectad to pin 26 of BOML. The other one is
i the 128564 Groml Ine, Table 8-3 lists the dogic
stiates that should be present,

The AND gates are used a5 handy control
dewvices to send @ high fo vanous terminals Bo by

e
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Hig
"IJT T T
L, High
Pulsa -E 13
g o7 e
ey ey
Pulaa 4 4 11 i # Fulsa
Hirg! Hig;
N T e
Praplmm % E '] F Pulse
7 | G0 ] |-' *Fulse

Fig. 848 The TALS0E is a Qoad Z-Input AMD gate |t has four AND getes on if, Two of thesa chips are in tha G128

Table B-3. The logic states
on the two T4LS08 s am shown,

Test Point Charls

PINS ua LM
i High High
F Pulse Pulse
3 Pisisa Pulse
4 Pulso Puilga
5 iHigin High
& Fulge Pulge
T Lgrw Low
) High Fulse
7 High Fulse
0 High High
11 Pl Hapi
12 Pulss High
13 Pulga Hagh
14 High Hegh
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chips and orcuits on and off. A Uregering high will
be output when two lnghs are appled (o e mpots,

THE T4LS500 & 74L503 NAND GATES

LI3T, & TALSO0, in the bottom rght-hund side
of the pristboard; and USE, 4 TALS03, shghthr ahove
and to the left of 1131; are both goad 2-mpot NANT
gates.. Both are lostrated in Fig. #-49. The main
difference Belwesn e chifs js that the T4LS03 fag
an open-collector output while the TALS0 does not,
Schemmatically they are drawn the same, YWhen vou
test them, using Table 5-4, the tests are the same.
What is an open collector outpus?

To begin with, all (bese 74 - - - bype claps are
I'Tl.=s hased on bipolar tresistors. Bipolars have col-
lectors. ge their cutpal electrode, After a pate log
cally processes the mput bits, it 15 ready to outpot
L Fmmalsed product trough (the outpul collsstar of



High

Inpbs

Inputs Lo

o

High
ND Druipia

High ——,\
Ly
inpus iy AND } Cutput
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AR St

{

Fig, B-7. The AND gate should hive thase three peedictable sululs with thass (nouts,

High
High pulses
Inputs Pulsa AMD Crtput
Ly
Low
Inputs Profag AN Diglpat

Fig. 3-8 When o putseis applied with an mpiid high, a high pulse is wrutput avary

a pulse 1 applieg wilth & mpul ow, $he gale rdver s on aad cominually sands_ oul & fow

firie the tnput pldse poes high. Whiea
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Feg 85 Tha 74LS00 and the 741500 we both HANL gabes
and drwn gcnemetically in this way

Table 8-4. The two MAND gales with dgifterent rumbers,
when okay, will proba out with these Togic states.

Test Point Charts
PINS TALS00, W31 T4LEOS. L53
1 High High
2 High Low
& Lprw High
4 e L
B High Low
fi g High
T Lo Low
a Pulse High
a Pulzs Ly
10 High High
1 High High
12 Ly L crae
13 Puabse e
14 High Huget

126

the staps. With open-crllector chips the output ton-
siator 15 made much beftier than the reel of e tny
truseskstors m the gate. Thess oulput fransistors are
tailt tos put out @ relatively targe 30 milmmperesof
LHErEnt,

The mterm] collector aitput resistor noomally
found: i a chip that does not féature open-
callectormg, §% left off in the ppen-collecior cirourt
by chips with the feature. An external discrete pull
up or doad resistoria mstalled on the printhosrd for
every npen-collecior output, That way the chig can
hamdle the exira currents.

If you Indk on the Master Schematic and find
1158 —the T4LSOE with the open-collector featare—
you Il fmd pins & and 11, two of the outputs, con-
et 1o the puli-up resistors, RP2-2 and KPEZ-4.
(537, the TALS00, without spen-collectors, has no
pull-up résistors in its cutpit lines. It doesn’t need
the resistors because the collectors are powered in-
ternally. Figore 310 shows the way m which the
spen-collector outpet transistor & wired.

A first glance the schematic drwwing of the quad
MANE smbes boks ke the guad ANTY gate. A oloser
leok reveals Titthe NOT circles-at each ootput con-
pection. The NOT circies change the AND gate to
2 NAND, short for NOT-AND. As vou rew] Chap-
ter 10 you'll find that the NAND gate outputs are
fike tlie AN gate cxcept that they ane NOTed {in-
verted). For example, the ANTE gate will anly out-
put a-high if all inputs are high. The NAND pgate will
oty mtput & Jow if ol inputs-are high. Any other
combanation of highs and lows at the NAND mputs
will output a high.

HANTY gbes are special. Itis oach more than
the meutie imples: an AND gate with aninverter, The
NAND gate is the main TTL logic building block.
AlLTTL hips start out as MAND pates. Any desired
type of jgate or register chip can be constructed from
he basic MAND mite. The TTL mtemmal circaits are
composed of bipolar transistors, diodes and resis-
tors; There are TTL transistors with mubtiple emit-
ters, ordinaey transistors with single emitters, pi
junctions acting a5 dicdes, and tny nfegrated cir-
(it fegEiances,

The TTL emitters are bed Lo the input pns of
a chip. If a gate has twoinpats then the TTL has



Pegca of TTL L;;-hl-ﬂ-

External Sovurce
PR

Eutisrmad Cvsorare
¥ Pull up
Resslor

Flg. B-13. An open collecter output means that no pulbup resistors e inside the chip, When such a stage s used, an
exlernal dischetie msistor must to uged, This: fealure pormits. the gate 1o prooess largm pmounts of curenl

two emitters. Shodld 3 gate have three or more in-
puts, the TTL will provide three or mors emilter
inpute—whatever is called for. The other bipolar
transistors act as mverters or Buffers.

The basic NAND circuil that is used m TTLs,
shown m Fig. B-11, cofwists of five internal creuts,
The first cxreuit s an AND. The- AN has mubtiph
emitters. The AND gate will only culpat a high i
the: Ingasts are all hghs. The AN} circasit output i
applied toa NOT areut, This NOT mverts (he AND
output. The NOT ase amplifies the current of the
sigmal,

The signal is then spht m ewo, One pathway is
through a nosse immunity Baler, also cabed a TES
pate becatse i does not change the logse state of
the signal. This YES gate outputs to a second YES
gate that is huilt @ anplify the signaf if it is a high
The secood puthway passes the same samal thenigh
still anpther YES gate thal 3 built 1 amplify the sig-

nal i it is 4 low, The two final outputs are joined to-
wether and cutput thedr resalts: It can be seen thal
the output ends ap 25 an amplified NANDing of the
it “sigrrinks.

The four NAND mates i the T4LS00 and e
ather four NAND gates wilh open-collectors in the
TALA0E are connected to a mamber of different S
euits. Six of them can be recognized because they
douk exactly Bke the buliet shiped AND; except they
have NOTT arcles at their egtpols, The foar LS8 epc.
tions are all clostered around the serial hus CNE and
the internal sedal bus CNT.

Twir of the U3T are easily found, one @8 con-
nocted near the MMU-PLA circuits and the othes
ome to the clock and MMU. The other tweo are twol
easly found. They are disnnsed as OR putes fdis-
cussed nex!) with NOT circdes at their inpats. This
is an-allernative way o deaw the MAND pates. Fig-
ure B-12 shows the scheimbic symbols normally

| )
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circisi you will Mnd eguivalan] MANDS a5 seen herm.
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psed o depicl the vanous gates. These two dilfer
eotly deawwn NANLY gates are part of the dock Sr-
ot covered-in Chapter 17,

THE 74F32 AND 740532
QUAD Z-INPUT OR GATES

Ui and 154 both contain four O gates, 179 5
located hetween the 120K BAM set and the PLA,
It is above the character ROM, LR, LB is found
Just to the Jeft of the viden metal box in the upper
left of the board, From a troubleshooting point of
iew the Dwor chips can b sonsidersd identical even
thowgh cne has an ¥ and the other haz an LS. They
are hoth from the 7432 family. Note the shape of

the OR symbalin Fig, 813, It is somewhat e e

AND excepl for the pomty owtput end and the
curved mpit end.

Logical OR is another wav 1hal bils can he
nunipatated. While the AND gate will only outpat
& high o all inpuls are high, the OR gate will only
catpat i fovwr, 5 all impots are ow: T too Ras twa or
mire inparts thit combme to produce a single out-
put. Flowever, f any of the inputs are & high thes
the putput will e & high. Ondy when all inputs are
bowr caman OH gate output a low.

If you Inok on the schemstic for the U9 OR sym-
hods they maght be hard to find. They are drasm in
the iltemnative wiy: 22 AN symbals with NOT cir-
chesak their iJ'Ipu?_'- and outpats. T of 1198 sym-
bols are found ot the mpoty of the two G RAM
sets, The other twn 119 symbols are 3t the outpl
of the PLA. The two at the PLA output each fapul
mte oo of the bputs of the two at the RAM inputs.
The OR gates are aiding in the choosing of which
BAM sets-are to be osed.

Tt ot the: 1154 OR pates are n the video con-
trofles ol oot that beads through 1124
driver stage cuvered later in this chapier—to the
RGEI autput part. 1154 OFs the Monochrome oot-
put of the port

The 7432 Gamily of OR chips are alsu 14-pm
DIPs howsmg four gates Ghe the 7408 AN chip
Beurmmby_ T pim Eawowits e identical with the power,
inpurts and autpuis all oo the same ping, I you are
choingt a lot of testng on thess pms i would be use.

ful to memorize the power, input and output nuem-
bers. The logic states oa thie pins-of 179 and LG4
are - Table §:5,

The NOT, ANI and OR pates are the three
thiain kgical functions n digital-electronics, Others,
such ag NAND, NOR, Exciusive OF and Exchisive
NOR. are all rovered in Chapter 10, The tain three
NEFT, ANTY sl OF are the basic gates. These three
can be combined Lo form any of the logical gates.
It you combine NOT and AND, then vou Tave a
legtimute NAND. Should vou put together § NOT
and (R, & NOR i created. The exchisive type gates.
il b produced by waring NAND gates together and

g [
B @3
& m
Eiﬁ ;
g @3
r B
"D =L

Fig 813, The {1A gptes ook someiting ke ANER Dul wilh
poinky ends:

129



Table 8-5. The wo OF gatas have

tha following logic siates on their pins.

placing & NOT gate where needed 1o invert the Joge
slate.

When vou are Iroubleshooting, Lthoagh, you do
Test Point Charts ot puiy mch alienton (o the overall gate that s
created by wining a mumber of individual gates 1o
— PR el U gether, You samply test mdividual gates ona chip,
R At Lo THE 74LS74 DUAL D FLIP-FLOP
2 Pulsa b The dock crast of the C128 uses a TALST
j Eﬁ il chip: U56. The cock is discussed in detail in Chap-
g High i ier 17. The flip-flop acts &5 @ momentary storage
B High Pulss devioe m the cleck. It &5 & 14-pm DIP, dlostrated m
7 Lo L Fig. 8-14. It i5 fourd in the bottom right side of the
8 Pulse il hoard m & group of fve emal] chips, between [E and
= i - 1131, US6 contains two fip-fop cireuite, A Tip-Qlop
i3 High Pulse i storage cifcuil, unfike gates thet simply manipo-
5 Pulsa Pulse tate Ingc states. A flip-flop stores bogie states, The
1 High Puise slorage tn static RAM iz aecomplished mn fp-flegs,
1 High High The fiip-fiops m the 741574 though are there
o store i state for only a facton of 3 miccosecodd
TEST PCHNT CHART
UsE
TALSTA FLIP-FLOP
High ~ w —High
—_— i 5 - = |_-GE
Lirw l_,——,_! o High
— e DR -
F'uiﬂr - ':‘_-;é & ___R:r:]"‘-’ & Prudse
HE- - A= j,._\ [ = 22 i
m
Liow. Puite
e d » p——3]nE -
Higgtt .
= - DE ol o — Pulso

Fig B-t4_Flip-Rops are logic state Siorago devices:

10



] Then change =tates as It fip-Oops. More dead
is faven on thes cireult activity m Chapter 17, Fig-
ure &-Id shows the lpe states of the chip; Thens
are s conmections for each Bp-fop and T Lerm-
mids, T oand 14 for groond and supply. voltage.

THE 7T4L5138 1-0F-85 DECODER

113 5.2 16-pin THE Lhat i= loeated just Lo the laft
nof the 8502 MPU It receives three addreas lines-
AdL, ABand A from Lhe 892 These three address
fnes are able o form eight different combinagions,
The: chip is'3 1-of-B decoder. According Lo what hies
tnter theaddress Eneingels, 1 of B outpat ines eot
abit, The bat that is emitted travels to 4 chig-select
pEn of chiges: fike Uhe twi CLAS, and selects one fip
ogeeTation,

Thoe ohig scts like an @ssitan W the FLA. The
chips that the PLA does not have the capacity to
sedect, the TALB138 decoder chip will.

The Master Schematic shows 2 dcheqiate
clogeun ol LIL. Note that A11, A9 and AH enter the
chip at pms 3, 2 amd |, The names of the pins are
A, Band €, Figure #-15 is the schematic of the -
Lcrn.l.l wiring of U3, Mot shown are the actual tran-
sistors, diodes, ete. that each gale is composed of,
You can forget shout the actual components in each
gate-and congider the gates as the parts the ohip is
anide up af,

The decoder works m the following way. The
three mput address lines are able to recefve one of
eight combitations of bits. They are LLL, LLAH,
LHL, LHH, HLL, HLH, HHL and HHIL Each one
ol these input possibililies can be decoded in the in-
ternal gates so that one of the eight gulput Enes will
put out @ resultant bit. The eight outpul pins are
named Y7 through Y9,

The TAL5138 {4 0 162pin DIP. Hesides Lhe three
mpnzt address ves and Lhe eight output selecd Bnes,
there are three input enshle po called GT, G224 and
G2B. The wsal + 5 volt mput and grownd e al their
pin stations and power afl the circuits m the chip o
the same time,

5 works through sight NAND gates, Each
MNANT gate auepiy Lo one pi. For sample, MAND

auntber O citputs to pin Y0 and MANTY number7
butputs to pin Y7, Each NANTF gate has four inputs.
The NAND imputs are commg from the three ad-
dressimg and three enahble inputs. The three enzhle
pins, G1, G2A and G2B are wired Lo an ANI gate.,

Let's examine what happens in this ANDY gate,
Firat of alf, the potput of the AND gate comnects
te ooe of the four NAND inpat lines on wll aight
NAND gites. In arder for the enable cirouit to be
abde to turn on the NAND gates, the enshle AND
gate must output a high, If the AND gate outpats

alow thew none of the NANT pates will operate and

the chip will Be dummant,

Gl inpaat i connected to =5 valts which iy a
fixed high, The lagh enters the chip and encounters
A NOT gate. The high is meerted to 4 low, It then
rumsntn & NOT Grcke, however, and is made a high
again. The high then enters the AND gate and keeps
(hat AN npet in o high stars.

The G2A chap input is commg from the PLA,
pim 38, This PLA signal ie called =005 which'is a
low (note the +). As this low enters (G2A, the first
component it meets is a NOT circle, The NOT in-
verts the Jow to-a high. The high enters the AND
gate. The G28 inpul pm s coming from U371, a
NAND gate.

The NAND hag lwo inpits. One from address
lme Al and the other from the Z80 MPU pin calbed
*MI, When U1 recefves two highs at its loputs, it
will output a low. That low enters G2B and finds jt
120t anuther NOT emeke, The lowe-ds inverled to a
tgh and enters the AND gate. With three inpul
highs, tiwﬁﬂﬁﬁﬁuﬂﬂ‘mmmﬁalﬁgham]paaﬁ
2 hpgh enabling sigmal to the eight NANT) gates of
the chips The chip will then b able to OPETiL e,

Meamwhale, down af the addross Bnes, ooe com-
bmaten of theee bils & entering, Thess bits now are
B contict anth & par of sefies MOT e As sach
bit passes through two NOT gates, it ends up heing
inverted twice in the same state it beygan. Note that
in the outpt 6f each dedes, NOT gates are con-
nected to four of the cight output NAND gates,

Each two senies NOT gates are connected. An
address bit thal s tapped off in this way, between
fr NOT gares, Tas s state inverted. Therefore.

i
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Flg. B-15, Tha threa anabs bis s able o furm on tha AND gnte which in turn Brables one conniclion anezch af the
MAND gates. The tiree address bits then Seiact ona of 1he NAND pabes acoording to the combinalion of kighs and loes,
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taicch o of These tipped s contains the inverted
state of the address bt mpur, Mote that esch ome
of these lines is comnecied directly o four of the
eight MAND gates:

Each NAMID mite thus receives four mputs. Che
miput &5 from the coable AND gate and thees mpuls
are from the address line circasts, A NAND can lurn
on atid oitpal A low when all four of fe inputs are:
high: Table 8-6 15 called a Troth Table: A way in
describe 3 hseho by culhng o 3 TRUE. In the'same
way-alow.is called 3 FALSE, The truth table there-
fore 15 nothing more thin s bsting of mpats, and then
the outputs resuitmg from the mpaes. A truth tabie
15 the Esting of the heghs and bows: mvolved. Table
BB shows which NAND gate will turn on when 173
= erabded and recewes three bits from the address
lines.

Let's follow one set of mputs fo see which
MANLY wnll furn oo and cutput 3 low, using Fig: 8-15.
When a NAND is ol turmed on, it will smply bold
a high state at it outpus. For example, suppose in-
puls ©, B and A are LHL, (The three enables m
this case must be HELL during operation, ) When the
bow al © pin dirrivies, il then passes through a KOT
gate and becomes a high. The high is firat tapped
o between the two NOT gates and sent 1o NAND
gates 3, 2, T and U,

The high also passes theough the second NOT
ante, Becomes myverted tooa low. and 15 appled 4o

NAND gates 7, 6. 5 aned 4. This low shuts down the
operation of these foar NAND gates. The other fowr
NAND gates 3, &, 1 and 0 now have two highs ap-
plied £ therr four mput dines . One high is Trom e
enzhle crowt and one high is from the C addross
inipl T,

At the same time, 3 high is arriving at the B
aditress ingart, “The lagh pasees through & NOT gate
ard becomes 3 low. The low 15 tapped off and senl
to MANDS 5, 4 and 1, The low turns them off. tod.
However, the low also continues straight aherd and
passes through the secend NAND gale in {he B ine
and becomes a fogh, The lagh is then wirsd into
NAND gate= 7, 6. 3 and 2. |1p to this paint, all the
NAND pales excepl 3 and 2 have recereed at least
one low which has fomed them off, Only 3 and 2
are 1ef. The bt that enters through the A address
ne will chiade one of the remzining two gites 10
be (e fimal ouatput, Only one oul of the eight NANDs
will b permitted {o putpud a chip selecton bat.

Entering the A line is a low. It passes throwgh
a WOT gate and becomes 3 hirh, The hgh is ap-
phed fo NANDS 6, 4, 2 and 0, The only one of these
four catpul candidates wathost any Jows & oumber
2 With this additional high applied, sumber & now
hies Tear bugghs aipgdied, One high s from the emblmg
circuit, one from the C address line, one from the
B fine ad one 15 feom the A boe, Therelore nom-
ber 2 MAMD wiil turn on et outpit & low, aocord

Table 8-6. Truth Tabia for the T4L5138.

Inputs Outpulz  *0

[held highj
E1 "E2 E3 AD AT A2 09 2:3 A4 5" & 7
L L _H L L L L HHHHHHH
L L H H | I H-L W _H M HHH
L L L H 1 H HLE HHHHH
L L H H H L H K i L HHHH
L L H E L K H HHHLHHH
L L H H L H HHH#HHLHEH
L L H L M H Ho-H H H-H H L H
L L H H H W o T o O T o O o O O - I

13



TEST POINT CHART
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TAL5138 1-0F-8 DECODER =B
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tﬁﬁ

Fig. 8-16. The-decodar should show thess Ingic atates.

ing to loguc. AD the rest of the NANDS kave gt e
ones fow applicd, donot turn on, god thes® malpat pins
rernain held high, In the C128, when number 2 oot -
puts a low, it then becomes a sigoal called +CS8565.
The #5363 chip is the Bl-column Video Contrallar.
It enters the 8563 al pin 7 which i called *CS, This
i the chip-select pinfor the 8563, The 8563 12 dis-
cnssed e Chagter 21,

Thee »CHE563 low gigmad 12 1-of -4 sienals the in-
puabs B 1 cam produce. The ofher simals are <100
«[FOT, «CIAZ, «CIAT and #5100 I vou want to prae-
tice understandmg this decoder chip, then you could
trace all the npul it triog amd see how eech 3-hit
address will choose ooe of the ootput Simaads, Fig-
re B-16 ks e Test Poinl Chard for the L3 chip.

THE 74L5257 MULTIPLEXERS

The CEZE uses three TALS25T chips to domok
tiplesang jobs, 074 and UTS are foumd prst to the
right of the 128K BAM chips. They work with the

two banks of 64K RAM, U126, the. therd muitigiexer,
15 located two chips to the nght oF T4, T tperates
with 1he VI

These multiplexers are 16-pn DMPs and are
calkad Cuad 2-Input Multiplexers with Lhree:atate
capability, The three-state function means that the
foatr mwbvidual multiplexer sections on each chip can
e cnmpletely put mto 2 sandby theee-gtate conrdi-
tiem with o simigle mpuehit, Each chipis abide 1o ad-
tlress eight nes: Two of these chips can control the
1& address oes from the BBt 8502 MPIT. Tlhese
ire U4 and 15 in the C128. The two multiplexers
wird with G1K af HAM a2 lime. Whichever BAM
bunk i chosen ala particolr momenl, the ml-
tiplexcers handle the addressing chares for it

In Chapter 6 the 4164 HAM chips were
covered, They are 16-pin D0Ps, and sight of the ping
ire wsed for ncoming addresses. These sight ad-
dress lines are given the job of handiing 16 address
lines, A15-AD, from the MPU. The way the 4164 '
bandle: 16 address Bnes is by accepting only cight
at o time. The multiplexers take care of sending eight
address ines at @ lme. This s what ultplexing is:

Figure 817 displays how the two TALS25T chigs
accepd 16 mddress ey and outpat (o g 64K DRAM
el eyt bimes at a time, Figurs 3-18 shows the gates
it 3 TALS2GT, There are four inpat-outpul circuits
inthe chip. Eack cireuit contains two AN gstes o
ame (R gate. Each of the ANIY gates in a section
Teis one input comng from an sddress line. This con-
nects eight adiress lines to the four circurts.

Let’s examiné one-gection with two AND and
ofe OR gate. Each AND has one inpat from an ad-
drese Tive and & sécond npot from a chap seléct pin,
in the chip select line there arc two NOT piles in
5eTRes, Thire are two outmst s from (e select line
une from & tap between the two NOT gates snd the
o] affeer the: bwen N gates, Tl tap Bne b= cod-
mected to four of the ANT) gates and the ofler e
to the remaimng four NOT gates. This frahes the
twor sefedd line outpats have opposie ngic sttes,
Thisl wiry, when ane select outpat i high, then the
other isTow, und vice varda. Therefore, one will se.
beel while its opposile will not. In the CL28 you'll
fnd pim 1 38 the seloct and is callsd =SELA
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Table 8-7. The T4LS2ET Truth Table has the different Input-cutpul possibilities,

INPUTS

Fin Outpaid Select

15 Control Pim 1 A B QUTPLUT ¥
H s - High Impedanca
L L L L
L L H - H
L H - L L
L L3 H H

Insidi the chop the AMIF outpul goes to one of
it= (R gate inputs. The ORs are thresstate and
have ther three-state connections wired tngether,
The thrie-state spnal enters at pin 15 called +E for
eoable. Tt iz lechnically Enown as.the Qutput: Con-
tral pin, Whesn 2 high enters at = the chip outpals
o mbe:a three-state high mpedance condition and
there 5 tio ouipat Irony any of the OF gares, The
Lruih tabée, Tablke 87 shows gl of the different m-
Pt e Ogtpu cosmsbitions .

Thixere mudtplexers twpically perforny m the fo-
towing way- [F you recall in the RAM chapter, the

4164 medniory tatris Land oot oo geid of 256 rows -

and 26 eobiimms,. Each sow needs cight bats to g
dress 255 localions-as does each colimn. The 16
address lines are contected to the 16 address pins
an the two multiplexer chips,

The-address hits-arrive, Tnadditson, a seldect B
arrives oo, When it v high, fourof the AND gates
o the efght on the chip are turned dn. Because there
ars twi chips, eight AND gates are turned on and
cight hits are ootputted hrough the OF gares,
These bits. could be the ones that address all 256
rosms on U DRAM =et.

1f the select bif Is o low, the sight AND gates
thal wese oo ge off and the ones that were off gn
on. The-other eight g of the 16 address lnes are
then passed throngh the DR gate and address the
256 coiwmng of the 4164 clops that are in aperation
at that moment. Figpure 8-19 15 the Test Point Clwird
foe both T4 and W15, Their Jogic stafes appear the
same na the probe.

THE 74L5373 OCTAL LATCHES

L2, one of the gotal latches, = ioeated 0l the
bartar gight-Taml commer of the printhoard, 117, the

C1285 ather nctal Tatch, {8 just Lo the left of the
PLA, U2 i8 the laich that operates with the Z&0
MPLL The ZB0 cannot directly mtertace with the
rest of the digital circwitry. The circaits are desymed
o work with the 8502 ML In order to interface,
the X300 neseds the hetp of T2, snd adep 113 which
g discussed nesxt U7 = also a T4LSTTT and is foxmd
mthe VIO enviromnent, Bolh TTE2 and U17 are dis-

eygsed agan o the ZH0 and VIC chapters,

The 74L5373 & a 20-pin TP Figure 8-201s 0
schemabic drawmg of the chip. Thene ave eight fip-
fops inside the dtch. They are sid to be *‘trans-
parenl.” This means that the outpot immeesdiatey
{oflows the imput a3 Yong as the chip ik enabled. The
edibding signal o fogh.

A signal prsses right through the chip, from an
irpuat b an cnbput when pe 11, ersible, is kigh. When
enable i low, the chip does the latching. When en-
able i Jow, the eighi highs and ko that enter the
I¥ inputs get Litched or stored in the Ep-fiops. The
way that a Nig-lop stores a high o low s covered
i Chapter 11. Wheen the enable sohsequently mes
g, the bits that are stored are then transferred
100 e biatpaal pens named Q.

V17, at pin 11 {endbled, & strobed by the VIO
prgiEted sgnal «RAS. When «RAS arvives, it un-
latches any Signal that might be stored i the - flig
fligs. Pim Lggves the clup a three-siate conirol, Tt
i commected to the system AEC ne, While AEC
15 heeld high. the chip three-states, which is s
called v high mpadanee state, The clap simply plays
dead. Then when AEC poes low, the chip is
dawiakened and  free to condoct its data transher-
Ting dutes.

The Bfed 1 g stagmg area for the address ity
thit-enter the eight Towest sddress nes of the color
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TEST POINT CHART
U4, Uss
U TALSIST MULTIPLEXERS + 3 UZE
; w :
Pulze i IE 15 High High
Lo L -E 14 € ] 75 158 Pulse
Pulse e ol 18 d E— Puine Low
Pules .-—H_[p“'“ 2 1 B e Fulse Puisis
Liw Pulie Is 2 aY EP“E“’ - Puise
Pizlse ei -5 | 28 3A e Pulse Low
Puisa Pulme E;r v I8 @ Piglsm L
L Lo 5 E Bl i Y5

Fig E-19. This Test Point Char shiwes a8 pulses excapl % 15 volts and grognd,

BAM. It mds m the choosing of colors for the charac
ter blocks m the TV display.

Adateh s a simple device. 1L s able to temporar-
iby slode s ag U bats pass throogh the digitad cr-
cuits: A fatch ceald-almost by thooght of as a form
ol statie RAM. Funre 821 and ts Table 3-8 poo-
vide the logac state arrange pents when in the U128
e,

THE 74LS244 OCTAL DRIVERS

The CLEM hes thiree oclal driver chips wilh the
same genetic tiinber: U3 is gt above 1112, to the
tight of the 250 MPU, U24 i in the video boy to
the: right of the 8563, U2 & to the immediate luft
of the MMU, Figure 5-22 shows the pin laymue, 1a:
bl 8-9 has the lnme states,

The chips are 20-pm LNPs. A drier, alst caled
a Buffer, = an mmplifier. TUST and UGG jre also
bffers, bt ave hex butfers. Thesd chips are ootal,
whicl means: that they contain eight individaal am-
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plificrs. The 741.5244 has another feature, 11 5 also
an inverler, The chip has sight inpul Hoes, 2, 17,
4. 10, 6; 13,8 and 11, These mpot Hnes connerc]
Lo their assigned tuffer, as shown in Fig: 522 and
then outpat Lo theid regpective pins, 18, 3, 16, 5,
14, 7, 12 and O Priss 1 and 19 ave mpts for g three-
stile sigmal. Each pin controls four buffers. Power
1= supplied gt pin 20 and jgrownd = 0t pin 10,

II13, as mentioned m the last suction, works
wilh latch L2 1o mterface the ZBUO to the 3302 de-
signed circuitry. The mterdacing will be covered in
maore detplin Chapders 12 and 13, hut for now Bere
i an overview on whal iz happening. Befer to the
Mazler Schematic,

In order for the 250 to use the 8502 cecuifs i
must coftleol the address and data bus Ines. They
hath &regoing 0 use e same lmes. The address
lines aicie easy Lo handie. The: £80 has Inoli-in tnstate
circuils 1o tum off the address fines. The 780 can
be isolated e simply. Lrestating address Tiney, The
it @nes, however, are harder fo manage
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That iz where the titch T % ind the buffer 113
worl. During & read, when data bats are travelmg
fromy the meisory map to e Z80 over the data by,
the data s ltehed into [UTE2 and then, when nesded,
passes o nto the data Ines of the Z80. Dhuring
write, when data bits are traveling from the Z80 (o
the memory map, the data enters U13. The data is
then wmplibed and passed. out b the data hos,
[Fy-1M1. Between 1112 and 1113 the svstem datz bus
is interfaced to the 280, The BS02 bms no trookie
with the data bus because it was: designed for (e
Rha,

24, another TALS244, operates in lhe S0
oofumn REBLoutpot mes. Its pins 2, 4, 6 and 8 re
cerve R, G, Boand 1 feom the 3563 video controller

b= 4 pin for input gnd owlpu

chip. Inside 124 these digisal video bits are ampli-
fied and matched directly to the B, , B and I pins
on the output port,

In aiddition. taps from the B, G. B and 1 lmes
are sent o a network of OR gates, buffers and tran-
sistors, These components mix and amplify The
RGEE signals and produce one total vdeo sigral
cilled Momockrome. Monochrome is 4 black and
white video representation hal s available 25 m
Bll-coumnn cutgart 3t pin 7 of the output port. This
can be fad o a monochrgmes momtnr and el -
play the $0-colamn output.

The third octal driver, 162, {2 sitting next 1o
the MBMU and wordes with eight ping of the MMIL
Cine of the functions of the MMU i8 to generate (he
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Tabte 8-8. Two TALSITA chips are
in the C128. These are the logic state readings.

Test Point Charts
PiNS uiz Uiz
i i Pulse
Hy o Fulse
. | Pulbeon Puisg
4 = Pz
5 i) Pisisa
fi Q Pl
7 Fulas Pukse
B Pulga Pulss
o 4] Pulsa
ki Low Liow
11 Piglse Pulga
2 i} Pulse
13 Pul=n Pulga
L | Paiga Pulse
i5 [+] Bylsm
113 14 Pilae
i Pulae Palse
H:| Bilse Pasm
19 0 Fliza
0 High kligh
g = 2 highl

Transkted address output lines. There are eight of
them calbed TAS-TALS, They el the MMU at pins
3-10. These signals are used as an mput to e mid-
tiplexers nstead of the usnal AR-A15 Gnes. This i
becauze they masst be iristated i the MMU danng
the low of a signal called AEC. U62 has the jol of

receiving TAB-TALS signals and bufferng them. The:

siginls enler the input Imes of 12 as TAS-TALS
and exat the gutpuat fines as AB-A1S

THE THAMNSCEIVER T4F245

1255 15 Incated on the prmthoard just 1o the right
of RUMZ, Tt 5 @ 20cpin DIF, Tt ts called a transceiver
beczuge o i= able to receive or send sgmals from
hoth it mputs and outputs. That 15, s ingaits can
be changed to outpits and #s outputs cm idso be
changed to mputs. 1T you look at Fig. 8-23, the Test
Point Charl, you can see there are 16 bofers dnrd

two AND gates. One bauffer i used for every mput
andt outipul liwe. The signals can travet i both dires-
tioms ke the data bus is able to move signals. The
twia ANT? gates are there to tristate the buffer sets
50 there are oo confiicts of shpnads. One AND gate
can tristate gignald gong moone direction and the
other ANT} gate can trissatie sigmaks going in the
other direction.

In the CLZR, pins 2-9 rpeesive address lines
AT-Al), see the Master Schematic, Inside the chip
these digital bits can be amplifisd and exif through
pins-18-11 in normal fxshion.

Besides simiply sending A7-A0 on its way, U558
ig-alsn able to reverse directions. After AT-A0
passes through 1755 it becomes the shared address
fine: SAT-5A0. Tt is shared by both the proceszar
and VIC with common circusts ke the charcter
ROM and the color RAM. However, during a signal
willed =TIMA that 5 appBed 1o pin 1, the mternal
AN gate tristates the forward direction and the re-
werse direction 5 opened up. The SAT-SA0 lmes
force their Bils in teverse, Thiz permits xtemal cir-
cuits ke an expansions carttidge to address the sys.
tern RAM and ROM. That is why a two way
frafsceiver chip 1= meeded in the crent,

THE SCHMITT TRIGGER 740514

Litsis & Hex Schmatt Trgger chip. On the board
it 15 immediately to the keft of the 8502 MPTL. It is
A b-pin DIP {zee Fig. B-24) and as the name states
has six trigger crouts—all of the mverier type, The
symbiol of the triggers is like the NOT gate, except
thiat o box-like: shape is inside each triangle symbel.

A Schmitt vircist & o circuil that is designed to
output square waves. In digital cireuits, ondy square
waves are 0 b used. Ifa sowe wave or some other
waveshape should be applicd to a dimtal circuit, then
Erotlile could oocor. Therefors, Schmilt trigger cir-
omts are placed strategically in series i digtal cir-
ciiit gaths. They receive mmpot sipnals and ensure
that the signals are eulpal Fom the fngger circuit
0t sduace wave format.

Figure: 8-25-t5 & nquare wave, It & the wave
formed by graphing voltage m the vertical s and
Frequency or time on the horisontal, The waveshape
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Tabls B8, The logle sletes on the threa
TILSZ4 s sre quite differsnt from sach other,

Test Point Charts
Pites u13 za G2
1 High Loy High
@ i Low Puiza
3 Pulye L Fialga
£ 4] Lo Pl
5 Fulse Prurieg Pulsn
6 Q Loes Pulssa
T Pt Lo Pulse
B 0 Lo Hulge
o Pirsa Pulsas Puisn
1 Lo Low Lo
11 i Piilag Fudse
12 Pulza Lo Pulen
13 i} Liow Pisog
14 Puism Livw Pl
15 a Pulge Puiza
16 Fulso Pulas Pl
17 a Low Prrtgsi
A Pulse L orey Pilgs
L1} High Lre High
L1 High Hngh High
¥ = Mo Light

has names for its garts. The wave, - viewsed on 3
scopt, traces out the shape in this wiy. The first
vertical line & called the rsfig edge. The (op
hosezental line s he kigh. The second vertics line
i the falling edie. The bottom borizontal line is the
feadt, Wobe that the huigh s at + 5ovolis and the low
3a-at O volts:

I the oxsngatier all of the ssgnals san are tnieel-
ing through the digital cireuits are fomms of sqoare
waves. Actual Ting and fadling edies are oot stragght
ugi e straight down. That would mean the Gasges
were taking place @nono tirme of all, The dsing ede
actually shopes somewhat to the nght and the Gilling
cdge to the lefr '

As lomg ag the shopes are slight, the durations
eIt and the slopes and duratisns ace jmed: in
2 sharp square pait, the waveshape can be opg
cessed salisfactonty i the digmtal circidts, Should the

waveshape i question be a slowly varying leresular
pulse; then the dyntal cirenits cannot handle i That
iz where the TALSH comes m. It will take a poorly
chefimed paglse and output o squre wave.

In the C1Z8 Schmitl teiggers are installied in the
folowing places, and are’ shown on the Master
Suhemmatic. First of &l (here &2 tigger in the Svolt
ne line [hal cemnects to the TOT pms on the two
ClAs: The trigget simply tikes the 60 He Sine wive
and changes it tooa 60 He square wave, The 60 Hi
origimtes af the electnc company, The TOE pm is
commected to the Tine OF Dy cinoust inthe Clis.
The sigtnire wave locks the TOID cinaat in e with
the electric company 5o that the campuater’s clock
will run precselv oo times,

Twno mone Sehumitt (riggecs ane placed at tha in
tesrnal geriid port circuits. The tiggers Both outpaot
it ot anpot of teg parts of US8—at quad NAND,
The: rriggers ersure that the senal hius & only moy-

‘iny-sguare wives and nod olher il-defined polses,

Two more tiggers from {116 are installisd m the
RESET and RESTORE circuits, They are in the
lines thar lead 1o twio NOT gates from 5T and 1730,
All of these triggers are instalied n (ircusts that are
an the fringe of the digatal cireoets AL thess plined
the siquare waves are in contact with other types.
of wiave and mmast be clearly defined before allowing
them into the digital world. Normally idgeers are
not needed apge the Squire waves are deep into dig-
it tertory)

THE 4066 GUAD BILATERAL SWITCH
Thiere are Lwo 4066"s m the C126. L2 s located
of the pointboard next tooand on the right of the
MM, L20 s found nedt e and on the right o the
VIO Bul culsmde of the vides boax, U2 iz connected
tiy the two control pons wnd mputs to SI0. 20 4s
instalked Belween the color BAM and VIO, It fan-
dles the color signal that VIC reads out of RAM.
A its ninmee imples, there are four sections 1o
the 406h and the sections are switches, shown in
Fig. 826, They are four on-off swilches, cloctrom-
cally controfled. They are kandy tooconteol Gt type
temes or select dala i other wayvs. Each of the four
swilchis kave three conpectsons. There' sie, fest
of Al two T lines. Simal can flow in these hnes
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TEST POIMNT CHART
Uss
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TEST POINT CHART

T4LS 14 HEX E-{:HIHIEI? ﬁ'nmaea. INVERTER N~
W

Figh { A = High

" L - I ? Fis E_ Livw
High .E 2R ¥ = High =

o Lo o L % B E__Hinh
F'ul.-:L_E 44, 5Y 1o o

i Pusa [ av ? aa [ High

Lo o 4 . Livaf

Fa. B24. The T4LS14 = o device that can change most wavslonns like sine waves 1o sguara waves

either way, The 10 Enes for the A section are pins
Tand Z. B sectson are pme 3 and 4. € section are
piris B-and 9 while D section are 10 and 11, Nothing
is mystemons- - these are off-on connections,

The third comnectonis the off-un contnd, When
youeweant bo close a switch,, you connect its comtend
connection fo a Eeh, I you want it permanestily

chosimd, then attach it to the sopply woltage, pin 14,
thal 15 suppled with 2 steady + 5 volts—a hiph

H-vou wanl Lo open a switch, then conect its
cunirol conmection do 2 low, Showld yoo want & per-
manently open Ewitich, then connect the control pin
to the grownd of the chip; pin 7. This low puts 0 volts
ofl Lhe controd and the switch will ned close.
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1 MHz
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Fig: 8-25. The dugiial sguenr wava
I3 & wvoliage lewel Mal pasdes
through Hma  and  periodically

bgvaly from O vols o =5
wolls and back

The contral pin for the A switch is pin 15, The
control pin for the Boswatch s 5, the € switch is 6
and the IV switch is 13,

These 4086 switches are ity rugged. They
can take a supply voltage up to + & volts. The CL2H
pnly nses + 5 voits, The only problem with switches
in senstive digetal cironts 15 the static electncty that
can bnld as the chups do their switching, If the 4066
does fail, it is usually doe to this problem. They can
be tested uuickly with 2 fogic prabe or vom using
the 4066 Test Pomnt Chart, Table 8-10.

THE 556 DUAL TIMER

127 5 the only 556 chip in the C133, It s lo-
cated on the printhoard just below and to the left
of SID0, As Ha namse implies, two separate fimer oir-
clits are on the chip. Cme of the ners i i e
+RESET circuit while the other is in the «NMI ar-
rangement. They are connected o3 shown in Fig.
827,

The tirmers are wsed (o clock out cycles &z the
regel or MM intermupt = controfled. These tmers
are able to me events ranging fromea microesecond
t Eours: They are versalie devices and ised in
many applications besides those i the C128

Each gmer is based ona fbp-lop stocage ct
cuat, The single FF in one timer can fip-flop once
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or a large number of times according to the controd
appded. The control i @ven toough comgataiod oir-
cinbs, s dlustrated o Figo 8-28, the Test Pont
Chart,

When a section of the 55615 made to fip-fop
once, it s g2 to be'acting as 0 ene-shad faeer, T
a section s made o keep on lg-loppmg, o s called
any wstahie osciliator.

The reset cront uses ome secton of the 536
to Hme out the reset sequence. It uses pins B, 9,
1ik, 11, 12 and 13, The resel cirouil connects to beth
flve 502 and XBQ proressors. In fact, reset 1= the
oy processur control signal that is shared. The
reset clrouit also connects to the two ClAs and the
ST chap.

When the reset botton 15 pressed, controd of the
syefern 18 given Lo the T80 and the 3302 @ placed
om standby. Incidentally. that is the same condition
Pt occurs when v turn on te C128,

The F30 then poes abodt mittalizing and then
turma contral over bo the BG02 m esther C128 o 064
miedes, aecordmg o conditions, Dnce the 8302 = m
opeTation it turns over contral to the Kernel mmitiali-
zation routine called START. START goes ahout its
husimess of resetting the system.

Tiw= other fimer m the 356 & wired info the
« MM corcarl. oo bt the RESTORE hey on the
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Fig, 8-26 Four slectionit swichas are i thi 4066 Each . swdi bars Pwn input-autpyl ping and-an eifon pin,

kevtoard then you generate 5 sigial called RSTR, #8502 semses the pegative edge-of the signal, The
It s apphed to pin 6 of the timor. The mer-ciromt — processor Lhen reads the NMI veclor out of metm-
then generales @ non-maskabie mlernmpt, *NML oy, The vector = simply an address o ROM wiksre
thit s appdied 1o the 8502 pin 4 culled «MML The  the NI program routine 18 located. The processor
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Tabie 8-10, Two 4088 chips are in fhe l:rl'!ii.
These loghc states should be on the ping.

thers reads the routine and sxecites it, The routin:
disables the oilher mtervupis (IRQs), and saves the

z processor’'s regeEter gontents onto & section of KAM
" Test F'il::iﬂ'l chﬂl"tﬂuﬂ calkesd the steck. The processor theo combinoes
through the MM sequence according to what 15
1 i Pulas needed for the RESTORE effect. There will bemure
a Pigsn Pulse about the =NMl @ Chapter 12
] P L Pulae
4 i Pulse OTHER CHIP-LIE COMPONENTS
5 Lirw Pulsa e s ;
E prygdl e ﬂfHu:-bd-L componentys i the C128, the last
3 Low Lt four duptlers dlE;:L!SEEﬂ al, _Thm'e are fwi Tore,
& Pulag Pulsa 1128 and LAY, 1ZE s located o the vides box 1o the
9 Pulse Pubse Teft of VI, [I5% = nota DIP. US9:as 3 transstor
L Fulse Pisse device to the rght of the MMU,
" 5 i 1728 is in a 16-pin DIP, It is numbered 8701 and
13 Lt Pulte oomtrols the frequency of the master oscillator of the
14 High High CI28. The master owcillitor mas at 3 coystab
o - No Light controlled frequency of 1431818 MHz. This. {ra-
quincy 15 aceded Lo derive the vagous frequencies
=o N
a5y ‘[:q I
% [P =5 g ==
a7 |
I F_I|.|-|‘u|:- i 1
: T e ly s P
— DIGSHARGE EeTe .4]" : i:m_ H5I0
e E!‘ THHE SHILS | HOE "M
Ml =¢ B 3 Feoa LRI
Fr s S o | vaLmat |_
e R D TR e S| S S
W |
! |
IKrEsanti LR
:AEETORE nw | |
;-1 [ K | Flesliag 2 | -
Lt r:-.lT.—]l-._EE)q—-nrrr
- et (HFIE S0 T | Wt
v CONTROR
A= R ”
‘bv?_w:::"'__l,},—u'__ TRIGGE 1 P:Esr-—_1——-n-h'.l
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Fag 827 Cach 558 lirmar soglbing lwo sepacate lirmess: One handles the reset cirowl end the slhes the BESTORE hey.
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Fig. B-28. The fimers respond o the kiglc prooa with the

required ere mothe United States area. The mas-
ter oscillator in the C128 15 also able to run al an
aternite frequency of 17.73447 MHz. Ths fre-
quency is needed to denve the frequencies reguired
in the Eurogean area. The C128 is an mternations]
rghcise.

In Chapter 17 the system clocks and all their
Ireguencies are discozsed i detal, which ihciodes
1124,

88 shabns

L7549 25 an intesgrated cireuit even thoogh it s nos
contained in e usual chip. It 18 used a8 a power
regulator ind m part of the power supply. It is the
12 volt regulator in the supply. It cutparts 3 smooth
+ 18 wolts de to the C128, In Chapler 24 the power
Fuppy in its entirety s covered—this nchedes the
external ac adapter boocand the parts of the supphr
moanted on the printhoard, of which TI59 m\ one af

the important components.
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9. The System Block Diagram

prin s point @ the book, he printhoard lay-

il a3 flustrated by the Chip Location Ceusde,
biss heen the way bo view the CI28 hardware. All
af tho-chips on the hoard have boen exarmred and
discyssed. The discusznns have been individual for
the maost part, showing the types of jobs that the
varigus chips are ¢apable of performmg.

The knowledge of wheee the chips are incated
am the board, and the overvies of whal each ciap
cands, will kelp vou to analvze symptoms of troo-
ble and come up with chip suspects. Cnoe you have
narrowed 1t down b the seat of e troubée in this
way, voil can either try chip ceplicement 28 3 Te-
par techimgue or using the Test Point Chirts, and
taking vom or doge probe readings. Ifa readmg =
mearréck, then that &3 cloe.

Should an meorrect reading be found 51 an out-
put pim. chanees are that the chip has an ofernal de
fect, When the wrong reading i at an myul pn,
chittsces are that the chap w okay oo that fhe circai
feoding that pin is catputting the troubde and needs
a closer ook, OF course, these assuinditiong are nod

150

100%s, bt they do mve you o good start on the re-
ganir. These Chip Loeation Cande techmogoes are very
powerful. Used properly they will enabie vou to foc
chip fatiure m-at least 60% of cises.

In the book from here-on, all those chips that
were discussed as mdnnduals on e printbosed will
moy B joinesd together to form the CEZE. o order
to be zble tn fix the rernaninge $0% of CL23 broak.
downs, you will have to know the way Lhat ths com-
pirker works: The hest phece of test equipment 15
your brain. In order to be able (o pozzie oot bow
the mischine fadled, you first have 30 know how o
witrks.

Al thos peinl 31 -G T excaming the O 128 hard
wire 10 detad. T start with the block dingram of
the maching in this chapter and then examine the
mdevidusl blocks of the disgram in subsequent
chapiers.

BLOCK DIAGRAM

From a block deogram pond of view, compaters
toiday are not moch different from the ongmnal ones



wsed shorthy after World War 10, Tl 38,0060 vieuam
fubesan the 1950 ENIAC bave been transtormed 1o
18000 micrmaoopic transistars on onie chip, bul the
Block dizgram view s shoat the same, Figire 9-1
presenls the Bock diapram of the 128,

The two central ks @ the diagram are based
aroand the teo MPUs: the 8502 and the Z80: Mot
the Bt audliary Eatchaltached to the Z8). As man-
toned, the atch and the buffer permil the Z30 to
wiark wilh (b data bus that s destgned for the 502

The cores of the MPLEe are the AL s-—one im
each MPL, The AL, the arthmelic logic unit,
takes the input information and performs arithmetic
afvd Tomk manipudatioss upon the dita. The fnshed
datzis then ostgat from the &L The ALD issir-
rounded meside Lhe MPU, by mimetous regsters and
pates. These are discussed m Chapters 12 and 13-

To the left of the MPUs are s ngut-only
blisicks. Inssde the blocks are the kevboard and CIALL
The kevboard practically uses dpall of the CIAL ca-
pacity. When vou strike 3 key, tle mipuize crepted
by-a kevboasd row bemp shorted toa kevboard
cohimnn s transfemred to CIAL CIAT m turn trans-
fers the generated pulse to'a register in U 8502
or i the Litch that 15 workang wath the 280, which-
ever MPL s in contrel at the time. i1t goed to the
latch thes the fatch will mpot the sigral to the 280,
From eithéer MPU. the kevsirobe i processed,
stored in video BAM aod appears on the TV display.

Another large group of chips in the block dia-
gratit consists of the residents of the memory: map.
The main job that the MPLUS do & to teansfer Wnery
ekt bits to o from the resdents of the memaory
muap. The MPLs can be chetransmilter of the data,
o the receiver, When & is transnmtiing the data, it
£s wiitiog fo the map. Durnng the recemving. the MPL
b5 reading the data from the mp,

The chaps that live in map addresses are most
nf the large chips that we have touched on so b
The siialleér support chips doonot have addresves,
althiough they are m address and datn pathways.
They just helpous and perform spedfic jobs to ex-
pedite the data transferring.

-l mestnory i ared; the frst obsions chips
are the 16 4164 dynamec BAM chins,. The MEPLT
wirks With them constasidly. The MPTHcin trans-

mit or receive from these read/wrile chips. The
MPL 3= able to store housekesping instnsctions lor
aperating the computer in some RAM Jocations, it
is able to store the kevboard Inpit mfornation in &
section Evown as video BAM. The MPU cun place
in RAM addresses of sprite characters. The MPU
can store programs (hal vou may write and the daty
fhat g3 with the programs in BAM. The storage
of binary hit data s the forte of RAM: The MPU
i then retneve any of the stored dista by properly
addressing the ncailons containmg the desired bils,

The next group of memory map residents are
the ROM chigs. These tnclyde BOMs 14 and the
character BOM, The addressed BOMs con trans-
roit data to the MPL bt they canmol receive data
from the MPT, because its bt holders are ol of fac
by burnt-im datn, Wihen e of the ROMs has 2 lo-
catzon addressed properdy; then the MPU can read
the krabon's contents easiy.

The two ClAs are also addresaed by the MPL
Theey are not-storage places ke RAM, The conirol
registers-in the: ClAs have sddresses. The MPL
sends these registers imstructions on bow to oper-
ate, Cince the registers are matalied with the proper
control bits; then the Clds become ports of entry
amd et for the C128, The MU s then abie to
transii data out to, and receive data m from,
penpheral devices. The data that does travel to and
ffom the ClAs has oo storage Gcikliss maide: the
CIZ8. The data must pass through the port to wher-
everit is coming from or going to. The CTAs only
have a few addreszes in comparisan & the thrusands
in BAM and ROM,

The PLA iz connected to the MPU address bus.
It only recetves ALS-AT0 Ines. It uges combmations
of these bits to produce ds chip select mitpats such
as those to the ROMz and VIC. The MMU s also
commested o address Bnes. It uses the address bits

40 penerate 15 assigned chip selects and the trans-
Aated address bus, TA1G-TAR vaed by the rouliiples-

ng chips for RAM accessing

VIC has 49 registers that luve tobe addressed
wilh multiplewed address fine inputs, This is & new
VIC but the 489 registers are compatible with the
alder VIC 10 the C64. The registers are used 1o con-
fraeree nll the wideo culpnls that the chip can produce
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The Viden Contraller alsn has registers that can
be addressed, These repsters are contacted by the
MPU e produce the S0-cobermm video outpuls;

S0 has s ow-altachments to the MPL ad-
dress ines. S ogerates mdependently of D rest
of tee commgaeler excepd for the MPUL It receives
its own mputs and produeces ity own oulputs. It mst
needs the MPLUL the dats bus and address lines
Ad-Al to operate its own registers.

The cofor RAM is in the memory map but has
nybble locatinnz rather than hyte-zized locations.
The fomir s in & nvbble can ondy hiold 16 possihle
combinations of kighs and lows, However, foor bits
por Wicabion s rewslly all thet 1w needed in the color
RAM. All the color BAM is assigned to do i change
colors in i respective TV screen locations. Cne bo-
cation romtrols the eolor of one of the 1000 [oeations
i i A-cofumn display, The 16 vanabons of bits in
a Bpcation lat the pddressed bocation change the 1

biock 1o one of 16 different colors, There will he
more: ahont this i the VIC chaptor,

The overall hlock diagram shows that the MPUs
are the originators of all sddressing 1o the residents
of the memmnry map, Aa MPU iz sded i its address-
ing chores by the PLA and MMU. The MPU geis
its operating instructivns from the FOMs, uses the
RAM to store dida bils, gets mput from the key-
board through s CIA, provides outputs to a CIA and
bielps the VIC, Video Controlier and SID provide
autpul, Let's exumine the relationships that the 8502
has with the residents of the memory magp.

THE 8502 AND DYMNAMIC RAM

The B512 processor hasfour types of linescon-
nected o 1ts 40 ping. In Fig. 92, yoo can sce 16
address pims, cight data bnes, seven control lines
and 10 port connections, Then there are the vsual
+5 volt inpast snd - ground.

TR T

Contra
lines

AP

=| Addross

Lo — bus

Do =7

Diata
Ous

Fig, 2. The BS02 has four types of lines connaecing b it They arg tha nddress, data, control and 4 oooSyte 10 pan.
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The address lines are cutput only. Thesr ane the
Famhar ATS-AG and toavel pver e board ta lot
of the chips. The data lnes conmect to the data bus,
7-D¥ whach also are found all over the board. The:
conteod limes are split between mpois and autputs,
The §0) ines are all outpat types. They connect to
the first two locations in RAM and do & specail job
that 15 discussed n Chapler 12,

The refationship between the 82 and the
128K of RAM workes m the fullowing way. The data
bus Boes are connected direothy fo the 16 chipa:
When a location m BEAM 1= addressed, then esght
of the 16 chips are activated. the looation foand and
data can mawve erther inld e location ar leave the
address, The addressing is tricky, however.

The 16 chaps are broken down mhle lwo banks
of eight chips each. The hanks are given the oum-
bers of () and 1. The fret thang thit the 5502 onest
dois Lo specily which bank it wants to address. The

HolEr ondy hus 16 sddress hnes which can only ad-
dress 64K of RAM al & time.

The 8302 theretore sends address bits to the
MMU, as in Fig., 8-3. The MMU is able to degive
signal hits from the A15-Af) mpat. The MMU then
cutputs, from its pins 12 and 11, two signals callsd
+CASDand »CAS], These sipils are then gited m
fwa sections: of 1M, the T4F32, and then sent anto
pns 15 of all the DRAMs. =CASD Js conasdied 10
eight chips of Bank O and =CASE s apphed to eght
chips in Bark 1. If «CAS0 is fow and =CASY is high,
then Bank 0 will be turned on. If #CAS] i low then
Bank 1 will B activated,

Omnee the bank &5 chosen, then the location oo
the clops.can be. activated, The adidress bus from
the 852 iz then sent to the two multiplexer chaps,
EI amef 1115, 8 pair of T4L3257 2 The connections
by the chips are not sieaight forward, 3 ndichted in
Fig, 9-4, The 16 address lines are comnected fike

CHOOSING A RAM BARK

MMALI

a1
P s
A3
Ata
A3

| TilFag SEOARD
o ,
e L F Fap Bank 1
Y2 =AE0
Pin= 15
11 Jicasy o
HAM Banks
"' & [FOAS
5 _- AAM Bank =
o~
Fin &%
PLA
kit

Fag. 5.9 Bacause the BS0E omn only handin 643X, or onie bank o a tame, the MMU and tha 7R3 Iend supgort, The BSDE
guneralal signass -GS0 and -CASY that choome ooe G4K ank gwier the othar.
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the followmg: 114 receives Enes AT, A, AS and
Ad- o sddition 114 receives from the MMLU, (rans
Inted neddress lowes, TALS, TAI, TALZ amd TALZ;
15 recedves the ramaming ines and gots A3, A2,
A1 and AT I alze gets TATT, TALD, TAS and TAH.

These 16 address Imes choose o of e 54K
locations in the chosen bank. The mulnplexers oat-
put the row address and the columm address of the
Incation. The eight bits needed 10 address the rows
of DRAM nrtrixes are 15-B The cight bits needed
to address the columns are 740, The multiplexers
with Useir AN aned OB gate mbermad creuils are whie

o augomatically output &l one time the aight 16-8

addroess bits, A -strobe signal called *RAS (pow ad-
dress strobe) 3% applied at the pimg 4 on the bank
of chips (See the Master Schematic ) This strobes
the 15-# bits mio the row degoder inside ench
[YRAM. The rows are thus addressed.

Maxt, & second strobe sigml called « CAS i3 ap-
plied at e pins 15 of the chosen bank, This tirns
off *HAS and *CAS opens up the multiplexed ad-
dress ping 10 recefve the column address bits, The
hits are then steobed into the column decoder and
address one of the columns, The two sienals = RAS
and =CAS eriginate in VIC.

Once the desired number row and (he degired
mrmber column are addressed onoall eight chips, thea
the bite located at their eight ntersections are 2cti-
vated, The locations are then open for business and
will either receive a byte from the 8502 or send o
hyte engy of their contents to fhe 8502 over the data
b=

A direct data bus s between e DEAM lunks
anad Hue H502 . T (he T80 s e MPU incoentred, then
the data bus is not directty connected. A lilch, TTE2,
and o buffer, U135, are in the data lmes 1o iterface
the 280 with the 3502 desiymed data bus, The data
bus s, BI7-100) are wired one to a chip ma bank,
The: 137 bne s wired to e BT assipned chip that

contaid all G D7 hit lecations. The D6 -lige s

wired to the D6 assiygned chip that contams ali the
[ bt locations, and =0 on..

Ezch DRAM chip Tias two data limes, one for-m-
putting o bit and one for outpatting o his. The fwno
chip lmes are wired together on the baard, but act

seeparately according to whether a read or wiite is
in progress, When:a read i going on-each DHAM
wves ap eoopy o the oo tabin e addressed loca-
tinn. Burmg awite cich TDIRAM recerves oaee Bl
anel steres ot Inio the addressed focation;

THE MPU aND ROM

128K of RAM is available b the CI28, When
voi tum noyor mackine in C128 mode thesgm-on
missage lets vou now that 124,365 of the 1310072
bytes i T28H w0 avadable, Where are the missing
BTOT bytes? 6144 are assigned to the Kerned amd
HASIC, 1024 are provided for tes 40-column widec,
1024 are used by the MMLL and the top 256 byles
in very hank are used by the MMU . Lastly, thrae
brtes are needad for BASIC (o ek the st and
ends: of proprmms.

However, although thereare 128K m BAM, the
16 address lnes from the MPL! can oaly deal with
i8R Bomk ot a fme. Addresscs i@ decimal tever
exceed the 64K cinge) [n order oo utthze all of the
availzhble AN, the MPL uges the helpof the MM
und bamking technigques.

The ROMs are also-addressed in Uee B4R range,
asseon 0 Fig. 95, This means that the ROMs have
the same addresses as parts of RAM, AL Grst gance
it appears that a condlict coud exist between hoth
of them uzing the same addresses. Chviously, this
silistion cannon be tolerated orprogrames wodkl
crash all over the map.

What happens is the following oy BOM ad-
dressing: The BOM:, T332, 33,34, 35 and 36, d A
1136 5% plugaed in, are all derectly wired 1o the MU
The mldress lines and the dota lines all goe straihl
to the BOMs without any other cups mbetwesn.
When o ROM iz addressed by the MPLL the 36 tics
g directhy. The vnly other addresemg thal & jaer
formesd on the BOMs are chipselects from the PLA,
to pick the one REM oot of the posatble Dve tolum
on,

EOMs caonot e writien 1o, They can only be
resd. When the MPL addresses o ROM with a LA
pemerated chip sedect aad the address bus bites, and
wsks for aread, then the CAS is disabled m both
ank (0 and Bank 1, This turns off 1l 128K of RAM.
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The ROM read con then ke plice with obarmp-
tion, The ROM brte kication addressed sends it copy
of its conlents fo the MPLI

Should the MPLU write 10 3 ROM location, the
CAS in RAM 5 not disabled. The ROM simply -
nores the daty bits that arrive ar its data bus lines,
The RAM is on. The data bits from the MPTI AiCE
the RAM is pvatable, pets stored m (he adidressed
Ibeatson. Programmers can find this sititation kandy
under some Greumstincees, Amrway, the ROMs are
read without probiems and if & write is allempled
te ROM, the data enids up in RAM that has the same
address.

I C128 miode, 48K of ROM &= avalable: In Cifd
mude, the same amount of ROM is used a3 in the
U64 machine, The MMU registers handie 5l the
RoM aiddressmg manipylation. This ta sovernd i
Llupler 15, There are masy different Evouds in
which the ROMs can be phaced.

Thecharacter BOM i i the memody map and
can be accessed by the MPL, However, s main
pbis to be aocessed by VIC and the H0-cobumn
Video Controller chip. It contains the coinglete
charscter sets for both the CI128 and CH4 modes,
These characters are designed to appear on the TV
sereen. When the MPU reads the character ROM
m BASIC it recetves bimary bits that get displaved
as decingl mrmbiers

The character ROM is actuslly iddressed Ly the
shared address bus, SAT-SAD, and the transiated
acdress bus, TALL-TAS. Thess buses are discssed
In more detail m Chapler 14, Oace the FOM i ad-
dressed it gives ofl o' copy of s 2ddressed Contents
for the datn bus. These bits can be received By the
MBI it i3 the addresser. Should the VI or Video
Cogtrofler be the addiesser, then they will receve
the: bits, convert the bite to viden slemals. and omt-
put them to the TV displiv.

MPU AND CIA INTERFACE

Each CIA only has 16 mtesnzl regisiers il G
be addressed. Only four address liwes are required
from the MPU, A3-AQ. Figure 98 shows how the
-address lines connect (o the CIAs. CTA means Com-
fiex Itertaee Adupter and the device is g ceampli-
cated miniscule machine. Chapler 19 poes into its
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details. The CIA sperales directly with the MPL o
i internal side. (O the sxternal part it operates with
perpherals,

The MPU sees the C1A a5 Simply snme more
addresses in the memary mip. The CLA=. though,
are the ports of ety and 'sxit giving the MPLf in.
stanl communication with peripherals,

The ClAs have the usual D7-D0 datz lines that
comnect to the data bus. The CIA cai e regd from
oF written 1o by the MPU, just as RAM can_ The
duta pins conmect to the meide of the computer, The
CIA has 16 other data ffnes that conpect to the
peripherals. These [ies are two sets of #ight rack
S0 they can handle bytes of daty, They are desiy-
nated with the fettering PA7-PAD and PR7-PRi.
Two sets of registers, almose denteal, are m the
CIA, The PA lines are exiting from one set and the
PE Tines from the other regsters The D700 bus
lines connedt to both sets, Each fegmiir set has fwao
addresses un the memory map, The data hos will
service whichever set the MPL dddrosses,

CIAL, B, &5 used 1o 1/0) the kevboard and the
control ports, CIAZ accesses the serial part, the
user port-and the expansion port. The 1w chips are
identical but because of the different Johs they are
perforrmng, the Test Pomt Charts of each havee very
different regmdings.

Imsides a CIA, the 1wo ports, Aand B. vse s
registers to do their job, Each Tegister is hyte szed.
In addition to these six, there are ten Mide Temislors
petlorming other jobs. These other dusies huve 1o
do with Emng, mtemmipls. and serial 10 which i
supplied besides: paralled 100, These fen registers
wlgw have their owi addresses giving the repsters
it total of 16 address Bnes, The four bus fines, 4541
e generate 16 different sets of address hiss.

The 16 addresses are openod up mrdividozlly
through four address pins, RS3-KS0. The RS stands
fnr register sedecl, RSI-RS0 are connected o
A-AD, .

The CIAs have ane pin called «CS to select the
chip. The selection bits are coming from U3, phe
TALSLER 1-0f-8 decoder chip, as mentioned arber.
The ClAs also receive 3 signal called R/eW
(read!write line) fram the MPLT, as-shown iy Fig.
#-7. The line tells them to send data to tie MPL
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Fig: 8-7. The Clas are squipped with an Bi-W (readivrite) line thal 1aila @ which dirgcton fo move Sata. Thore aro olner

sondrnd Imas inchuding <RESET and Tima ¢ Day,

when the bil &3 high or get ready o receive data
from the MPU when the bl 5 ow),

The ClAs are Initishzed by a signal dalled
SRESET when the- C128 i3 frst tommed on. The CIA=
arc comected atopim 19, TOD, bo the electnc-com-
pamy’s aceurate 60 He frequency. This makes it nm
ke an electric dock hrongh this Time O Day con-
necton,, Intemnally, four of the CIA's regpsters are
yséd to keep track of AMSPM hours, minutes, sec
onds and Tlths of secoids. More detail on the CLAs
1& m Chapter 19
THE MPU AND VIC

The M can address the VIC registers. VIC
has 49 remisters. The older 40-pin VIC found in the
CAd only had AT registers.. This pewer 48-pin VIG
duplicates the 47 regsters the ofd version had, plos

Ler myoe Chee of the addibonsl registers allows ex-
tonded kievboand scamming. Three. addstioml key-

L&

board control lmes are scanned with thas regsice.
This gives the CL28 kevbound additional kess in the
C128 mode while still remaming cumnpatilile with the
Chd, micde.

The other extra regster bets the VIC generate
3 new [aster 2 MHz clock. Thexe regsters are dis-
cussed m more-dotald m Chapter 20,

In addition to the MPL sddressmg VIC, VIC has
# 16K addressing atdity of Hs own, 1L can acoess
a 16K group of locations i the memory map. Dur-
ing itz operaton, VIO bas o be able 1o access parts
of RAM where wideo dats is stored—il mus! con-
stantly use the character ROM and the color RAM

VIC s pins are an assortment of mputs. outputs
and mputfoutputs, As vou can ses in Fig. 5-8. the
inpusts include the chip sefect, «U5, the cobor clock
ingut drive, Phase In, the Bi'sW [me and the adidress
times: bo choose one of The 49 remsters. VIS s the
generator of, and as a resull, sulputs signals sich
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Fig. S8l VI t8 & ooy chip that can feke over e computed and 200 lika an MPLL

as *RAS, «CAS, Synoilaminance, Chroma, the
MHz and 2 MHz clock sigmals, the 80 Phase ] clock,
the codor Phasel clock and AEC the address cnabile
control. Among other lmses are the neead [D7-0N0 B
connections and address lines keaving VIC to access
a chosen 16K pottion of memory.

In Chapter 20 the detalls are covered. bt for
now, it should be noted that some of the VIC s ad-
dress fines are two way elrests. The processor uses
them to aocess VIC regsters-and VIC uses them
to access vides EAM, character ROM and color

RAM. When the processor i acoessmg VIC the ines
ter VIC-are inputs. When VIC i in control the lmes.
becarie outputs,

Chil of pin 12 VIC sends out the AEC {address
enable controth sigmal. AEC 15 an imporiant conteol
When AEC s 2 high the MPU i in charge of the
circuits, 'When AEC goes bow, the MPU address
boes “are disabled and VIC takes comtrol,

When VIC iin charge it reads the video RAM
section 60 times g second. The-video RAM iz the
slorugee area where the codes for the characters that

La1



are-disptaved oo the soreen are kepl. VIC keeps
scanmng viden RAM and with the help of the charac-
tor ROM coatinially updates the characters heng
ihsploved.

The inputs to VIC dre-all distal signals, The -
pats pt fmentioned are also digetd simats. Bosides
these npuis-and outpubs, the VIO aizo oulpots three
anog syrmals, Inside VIC the digtal inpues are-con-
varted to anabog. These analog sigmals aré combined
to form eodor TV ydeo, This vides output 13 guite
lige the ones vou tecenve from a commercial TV
stafion,

Pin 17 cutputs the synicand emanenes gty of
the VIC formed signal, They are fed into the HF
Modulator bost, FPin L6 oulpuls the color signal. It
also goes oo the RF Modatator b,

RF Modulator

Inside the box the signals encounter i color -
img el amphfvmge ccdil, shown in Fig, 945, The
Tumingnce signnf is mpectod mio Uhe bese of 2 25C458
npn transglr, The cofor is passed throogh a col
and capacitor and 15 mjected indo a second 250458
transetor: The signals are processed m the transis-
tors-and are then passcd out of e box, from box
pines 6 and 7, to the composite vided autpirt port bo
pins 1 and 6 of the port, a5 in Fig. 9-10.

Besides thelr mdrridoal exits the [ommance and
golnr signals are mEwed logether & small RC cr-
aat, Their resultant; a composite coler TV sgoal,
is then passed oul of the box 1o pin 4 of the com-
posite viden oatput port. Note that this compate
codor TV signal i separate and is used independently
of the Jumimnee and color satpatz,

In sddition to these two separate TV display sig-
nals exiting the box, a thind TV displey signal is
genersted, A 250460 transiator i in the box. [tis
in an oscillator circuit thal s running at a TV fre
queency. A channet select switch cun set the escilla.
tor bo run 41 either Channel 3 or Channel 4, The
switch is-set on 3 m Fig. %4,

The 25C460 circuit is cutpotting o Channe] 3
catrier wave. The carmer emeryges oo the Twin
INAL4B dhitncles ained cotesects 1o 4 Bne. The lne con-
taims the compogite-color TV signal. Incidentaly, the

T

lme: aksq comtaing the audic.signal that SITY is send-
mg out through the audio circust from 2506460 wpn
transisior.

The Channel 3 signal then mives with the com.
pogile cubor TV sigril peneraled by VIE amd the an-
din’ mgmal precfeced by SIIY. Thesse spnals are
cleansd up through an RCL networly 8 the eqd of
the Ine and outpat through the BF outpat port. This
abgmal can he connected foanvoommercial TV, amd
viewed and beard on Channel 3.

VI is a ot of things: hot mainky -t i the- [0
ctip for the-cofor video, The cireuitey input 1o VIC
15 tested and probed with: the vom and logee probe.
Thee dfigital caztpart froom VIC that goes back into the
digital circoits algs can be exammesd with the vom
and logte probe. Thereare no feal réasons, doring
normal seraong, mothe digtal cronsts. to use @
seope. You are only deiing with loghs, ows and dag-
ikl podses,

e the anplop calor TV signals leave VIC, tho
servicang lechnsues are changed. The analog sig:
tuads are forms of TV imgedses. They can be checked
accurately with um ordmary TV scope. The wive-
forms the scope shookd display are foond m Chap-
fer 2.

THE MPU anD SID

The 6581 Sound Interface evice is the e
symithesizer and soumd effects system o gowith Lhe
arcade style graphics the U128 is capzble of produoc-
gt SIY i3 -0 23-pin DIF, The sumber 6581 iz com-
patible wath the 35 smeoe the B502 5 simgly an
negroved H502.

Thers are 28 addressahie reqaters meSID . Foee
iddress hnes are able (o contact 32 locations, i
has fve address nes Ad-Ad. as in Fie. 9-11, The
adidress lmes can gat up A read or wre from the
MPU o these ltong: Shoukd'a read of wole b
tried 1o one of the three remaimng addresses m S}
that do not emst, @read voturns garbage and o wrte
i gimply immored, The S0, from the MPU s viewr-
point, s comnsiderad 1o live 20 lagibie menmry aid-
dresses:

Tn Fig. 9-11, thers are the osuat sight data pms,
D¥a-THrat 22-15, Thwe MPU sampplies dula Lo STE dur-
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Fig. 8-8. The RF Modulator clreuilts contain discrala imnssions, dodes, (esesors, capaciton and coks, I acs toamplity
i WHC cgbor TV oltpats, also =808 b form 8 Channed 3 or 4 composite color. T slgnat {hat warks an your bemes Ty,

mg 4 wnte. SI¥ sends data to the MPLU during a
redd, The RAW line from the MPU decides the
drectron in which datz will Tow, When the BT Gne
i hagh, the SH sends data to the MPL, When Ri=W
soes bow, the SID 25 the recipient of the dida; The
29 registers are composed of read-only, write-only

and read-write types. The detals sre coversd i
Chapter 23,

POTX and POTY at pins 24-amd 23 are inputs
from the control ports. the permpherals thal are
phgged into the control ports suppy fhe mpue. The
inpits are sent to LFE, the 4066 quad wwich, whege

a3
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Fig. 3-10. Threa separse gulputs coma. tram the BF Moduiator bos, all-in b 40-colemn mode. One & the AF. Cutpa
for & homme TV, The sacsnd, fram pin 4'af ihe vided por, & & composile color T signad that woeks in B manigr. Tha
third is & combiration synclum-chrmoma signal, Trom ping T and &, that will work ina =pecal direct mondor

it 15 routed to the SY pins. The signals set the po-
sitton of podenbometers of the chap, The Awdis In
and the CAPz mix and flter the awdie. This. iz
covered m o the SID capter.

SID; -alter afl the waveform peneratmg. and
moduixting has one wkdio outpul al pan 27, The out-
put can have a prak-to-peak maxmum of two valis.
Tlwere & a die bevel of six volis wmd thes can be cou-
plesed tor aniy. audee amplifier. On the printboard, Q2
i an sudio ampEfier transistor that recsives the S0
aatedio output and gends it on. QF bs Tound to the icft
and up near the top of the SID IMP, on the
printboard,

¥ zends the audio cutput signal to both po 3
of the composte video porl plug and te pm 8 of the
EF Modulator box, shown i Figo 9-100 The-andio
can then be @ken from the port pleg and &2 also
merdulated inte the TV Channel 3 or 4 frequency as
soimd b0 o with the wndéo.

S iz o complex- chip that contams bath MOS
and TTL.components. The Master Schematic shows
Ve Pin 25 The chip gets + 12 valls Lo power the
MOS parts. AL pin 25, V.., the chip recedves +5
volts o encrgze the hipalar transistors. SI05 has a

LG4

+RESET line and 3 clock mgwut to keep it n time with
the: pacing of the MPL,

THE MPL AND THE VIDEQ CONTROLLER

The= MPU sees only two regsiers on the 563,
starting at decimal B4784. When thal address s con-
tacted, it iz throweh U3, the TALSIAE 1-of-E
decoder. The decoder emmits oo signal ol =053563,
Thiz turms on the clipat pin 7, +C3, On g 8, =RS,
jddress Ime Al enters and selects one of 1w
registars with either a fagh of-a low.

Actually there are 37 registers in the 8363 but
they must be contacted mdirectly throogh the ongi-
pal bwo, an aedfress regster and ot register, The
detads of the register addressing & described in
Chapler 21,

Berides being ahle to be accessed by the MT'U,
the B563 can do accessmg on 185 vwn like the VIO
cin, The #5653 ran do things a3 the VIO does. 1L does
ol duplicate. VIC, smee VIC 15 used for all the
d-columm displey and the 8563 performs all the
E)-column vides outpat chores:

VIC uses a secton of RAM for stommg its dis-
play codes that are appearing on the TV sreen. As
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Fig. 9-11, 50 communicates with thar MPL Broegh tha sghtbit dam bus. 51078 registers are pighl-bis wide,

tnentioned, VIC scans thar section of RAM. dubbed
viden BAM, sood can constandly update whatever
is on the TV screen.

The 6583 Video Controller does @ gsimilar job
arven it is displaying its- B0 colomes. However, the
Bodd has s own persopal BEAM, There are {wo
RAM chips, U23 and 125, 2 pair of 4416 chips that
the 8563 works with. Note the three different rets
of data pins om the 48-pin chip in Fig. 312, DAT-DAD
amd DDT-DON operate with the teo 4416 chips:
D704 comnect o the system data bus. The twe
441675 provide the 8563 with 16K of personal viden
HAM. The B563 also generates the refresh sl

for the two 4416 chips_ It also provides the HAS,
CAS, wrile etable (RIW), dddress amd data signads
for 1ts personal RAM. '

The video oulpul signaks of the 6383 are K, [,
B and [. The B columns are most useful with fext
displays, The RGEBI outpul produces the clearost
text display becanse il provides the best form of pic:
ture resolution avadable m the C128. The BH6 out-
puis Lo T24, e T4L5244, an octal dover. The
driver or buffer, amplfies the various sgnals: and
sefeds them Lo the RGBT oulpud port, Chagder 21
covers the BHEL o greater detail.
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10. Servicing the Logic Gates

Iﬂ order tn intelfigently froubleshool o comparter,
v should have an wyderstandmg of what 12 ac-
tually femppening. A computer works by transferring
highs-gred lows, positive 5 volis and O volts. Actu-
ally the voltages do not have to be exact. They can
vty someewhal, bul thal s not mportant.

The highs and linws are electnied code-for 1 and
0. The computer then works by penserating and
transferming 1's asd Vs, The 1 s:and 05, wiich you
kmow as bits. are transferred theough gates amd
regizters, Gales simpdy process and pass bits, B
registers can store them. All there are in digital cir-
cuits are gates and registers indling bits. When a
gabe or regster grcur faks; # doesn't handle bits
as it wes esygned to do-and trouble ocours.
Trodibleshooimyg conzsts of seeking oot the defimet
circmit. The repair 15 complete when the drooit {2
repliced with o good one, or 15 somehow fixed and
wiorh oee apEn.

When the 8302, T80, VIC or Video Cantraller
chip, addresses a location, it sends out binary bits
In minst kncations, eiphl birary bils are bemy stored.

In some locations, Bke color RAM, only four himary
bits are stored. The 16 address hits can form 65,538
differént combmations. Each combinaton represents
one maimber between §and 65,3355, Zero @ full
Bedged numbear and there 5 & logation called 0. The
eight hits i o byle-sized locatson can form 256 differ-
cot combinatinns representing aumbers between 0
and 255, In the color RAM nybble locationg thers
are Tour bits, They can form 16 different. combdng-
tions repredenting nimbess O lo 15,

When vou write 3 BASIC program, oF fun-s Lest
with BASIL, you must code the hinary combmations.
anto & deaml mumber. Shoubkd vou be writing inma-
chine language, the decimal number 15 not recog-
nized, Machine tingrizpe needs 3 dfferent numbenng
system b be recommized, calted bexadecingl or sm-

ply hex,

For the most part, you-can run tests in exsy BA-
SIC. However, it is 3 sood idea to be famifiar with
Lhe relalionshp between tinary bits, dednd code
lx the bmary bBits and ey code Tor the bmary bits.

The regt of this chapler s 2 boefmg session on
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Cracimial Decimal

MR addrass address
\"'i. 15 45 o E3535
. _ e
14 A14
SE— ] —_——
13 A3
b— _—
i2 A
e L —
n ATt
—— | — % H
12 FAT
. | —_— mH
9 A
— —— —3e
FProgram counes 8 A
HEL2 wddress repster =N Y —_—aH
¥ a7
_ —i H
&
— e L _
5 A5
_— — ]
¥
1 L i
a A3
2 A
— | —_— = H
1 Al
2 L 11|
a A
/' — i
L=8

Fig. 1431, The firs) possiia sat of Gits in ihe PC codes dSecimal adeess 0, Tha iesd set of bits codes decimal G5535
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banary bits and how thev are handled and coded in
gEtea. The neald chipber iz ahout binay bits and how
they jire processed and stored W regsters, Betwesn
thetwo chapters, vou will take a gl step towards
being able Lo understand what is happening i the
decpest circuits af the C1I8,

DECIMAL AND BINARY

Plectinal numbers-are used in the Commodare
128 BASIC to bet addresces. In the 8502 thersis
a 16-bit regater called the program counter. Tt does
st of the 35025 addreszsing chores. You have
seen wiere a row of 16 highs and lows con form 64K
vombinattons. Each combitation of highs and Jows
in the program counter can form one of the 4K ad-
dresses on the machine's memory map, The pro-
gram coantes Bits are connected oo A15-AD af the
address bazy.

The first combination of bits I the Program
Counter 36 LLLYL LLLL LULL LLLE. The row of
Inwa'n Fig. 10-1 is-callied address nomber 0 i ded-
ntil. (There are mo spaces in the: achl regester. |
jul them there for easier reading of the 16 hirs,)
The pragram coomter automatically places these bitd
unlo the address bus, As soon as these Bits beave
the MPL, the program counter is cremented by
one mutomaticaly. The PC i balt todo this,

The next addressis LLLL LLLL LLLL LLLH.
This group of bits will address location 1 m dectmal.
The next address i LLLL LLLL LLLL LLHL, This
i address number 2. The program coanter con-
tinues its merementing, IF it 15 not stopped, it will
mitellesely keep counting wp 1o HHHH HHHH
HHHH HHHH, This s location 65,535, Tt i the
66 536th physical location, since the first kcation has
an address of 0.

Lets-aid up the Ils and Ls and see how they
relate 1o the decimal numbers, or 0 other words,
how can they be coded back and forth, Tt really is
easy 1o crack the code, Il do il with 16 bats, and
then you can handle any size Tegister, Other
registers you might want to code eilbier way could
be the E-hit ROM Jocations or the 4-bit Color RAM

The bits in the address bus are names Al
Hircugh AD. A5 is called the MSB for the Most Sig-
ruficant Brl. Al &5 called the LSB for the Least Sig-
nificiinl Bit. The bits in between are sther hgher
or ivwer accordmg to what bity they are referenced
o, The LSE AD when related t0 decmal has a
wvalwe of 0t or 1 according to whether ot &5 Stering a
bow or a lugh. This, of conrse; seems obvions . Not
quite a5 obwions s the neadt bugher Wt A1 It Tas
decimal value of eather 0 or 2. A low 50 and 4 high
i% &, The next higher bit A2 has 2 vabwe of O or 4.
The values contimue to double on a high tll bt ALS
b a value of O or 32 V68,

In veder to convert 3 register to it decimel
code, all you lave te do s add up the values of a8
the hite, Asy it bolder containkng o low s commted
it ot 0. All bt holders stormg a high is counted by
its sigriificant value. The place valines wre g@iven in
Table 10-1.

With the and of Table 10-1, you can convert
laghs and lows to addresses and vice versa. For -
stance, supposs yoiuliace probmg the adiloess bus and
voui find i fooed st of hits o Uhe bus. The bas s
etuck on that e and will not respond to any
attenpl to change it You wand to know what -
dress the bis is pomting to. The bis are HLLY

Table 10-1_ Binary to Docimal Commralon.

Significance Law High
LSB A fi 1
A1 o 2
Ak ) 4
A3 43 B
A g 16
LLs i} 3
Ad 0 ad
AT 0 124
A b 256
AR 13 a2
AD vl id2a
ATl a I
At a ADBE
A1d 0 giad
And [u] TH3EE
MSE a15 8] “3amas
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HHHH LLLL LHLL. The M5B ks the first H and
the LSH 1= the Inat L. The sddress con b convetied
tor decirmad by adding the values of the bits together,
The conversion woukd fook Gke this:

liinar}' tes Dheciminl

MSH i HATRE

L. i

A ]

H 10

H e

il 1624

alzZ

25

L. 1l

L 1

L ]

L {

L i

H 4

I 1l

Lsh- 1 ]
Addrass. 40T0A:

The sddress on the stuck bus i discimal
070, Om the 54 memary raap, 40708 1z an address
that Is used by @ certridge ROM, This bt of ifor-
mithon 15 3 dlus 1o ndseate where and what 18 caus-
mg the stuck bas,

Sometimes 112 uselyl Wocode 3 decimal nom-
her to its-binary, equvalent. There could beea caze
where the 128 wall respond (0 certain addoeseses bot
it to pthers. Ome of the address Imes could be
shorted to ground or (o apother e, Suppose one
of the addresses that wll por work s 1024, If you
conwert decimal 1024 min binary, you-might et
some e of what line v inoperative,

To convert the decimal, you Inok for:a combi-
ratian of bits thal will sdd up 1o 1024, That one i
exsv. AT 3 exactly 1024, Uz address B LELL

K70

LLHL LLLL LLLL. Bt kooks blke sddress bus lme
ATois out of cormmmission, 16 can be tested fur shorts
OF 3T OERTL

Thas vwas an eaky conversion, SUppnss you g
1o code 53281 to binary. That woadd take a bit of
number jugelmg.. The first thing to dooas locate the
clisesl bal valie that # less than tw déesired num-
her. Then keep adding values Bl yvou armve af the
correct bigary code for the decimmal. 53281 5 con
verled m the following manner:

Decimal to Binary

MER  3RTRA it
1654 H
il L
4096 H
1 L
i L.
il 1.
i L
I L
1} L
a2 "
i I
1] L
i L.
LEB 1 H
Tiotal Bl

The conversion hack and forth is not diffioulr
Coding hinary intn decimal 5 simply o miuttter of
addmg the sigriificant decimal vialises of each Bt fp-
gether. Gedtmg the binary Bt Lot from & decing
number requires breakmg down the mumber mbo 2
eroiny of decinal numbers thiat congsst of decimal sig-
nificant vales. Then the corcespondmy bits are ar-
runged. from MEE (o 5B, Numbeér conversin is
1 myst during - same ropar work with the £145



HEXADECIMAL

Most of the time during troubleshooting and re-
pair werk on the C128, decimal and binary coding
will sutfice, The BASIC ROM comes on using deci-
mal. The logic probe and vom revesl binary highs
amed lowss om the varioas test points: IFvou can intel-
Iigently relale the two representations of voltages,
¥uu can do practically afl the jobs where numberng
cuties. into - play:

There are gome occasions though, where it
would be handy (o wse bexadecimal toe, Hex iz pest
i thard way to express the decimal or binary valuses,
It ts used extensvely in machine |languape program-
mng. lts use during repair jobs is to code hinary in
anather wiy,

Hesondecingal means six plos ten, Thal @, 1t s
a mumbering sysiem where yoo counl ten mumbers
from {) to 9 and then count on up to 15 with A, B,
Lo BN Eoand Fo Adfter Foomes 1, Hex lends tself
ke computers because @ nybble of binary mumbers
coueils from (HLLLLY to 15 {HHHH), The hex nom-
bers lime up with binary cxactly. Table 10.2 shows
the binary equivalents for hes nombers 0 through F,

Hex 16 3 convenient wiy for programmers to e
bnary. Table 10-2 shows that one hex number can
represent four-bimary voltage states. Thae i why
1 put 4 space between every four voltage levels.

Tabla 10-2. Binary Equivalents of Hex Numbers.

Haex Binary

LLLL
LLLH
LLHL
LLHH
LHLL
LHLH
LHHL
LHHH
HLLL
HLLH
HLHL
HLHH
HHLL
HHLH
HHHL
HHHH

TIM DI T~ OO L R —

Each space 15 betwesn one hey number. The four
voltage levels are one hex numiber. 1t is mgch eas-
ser for @ programmer to code one hex number than
four voltage states, four 15 and s, four trses and
fulses, four sets and resels, or whatever way some
cngneer of programmer decides to-call the logic
sfales,

To convert any binary mumber to bex, pur a
apace beiween every group of four bits. Thes God
the hex equivatent for each group. The lotal bit size
of the baniry oumber 15 not important. As Fig. 10-2
shows, there- are four bit holders iy each location
i the Color RAM. You can express the hits beld
in each location with-one: hex number. Thets are
cight hits in each ROM location. These locatian con:
temis can be written i@ fwo hex nombers, The ad-
dresses in the C124 are 16 binary bits each. All the
giddresses in the U128 can be described with four
hex numbers. Refer to Fig. 10-2

FEEK AND POKE

There are two routines 0 the BASHC ROM that
you'll fimd are very useful during repairs. The rog.
tines can be uzed normmlhy when the C128 has trou-
Be butl it 5 signing on with the BEADY and the
tinking cursor. If the trouhle is preventing the sign
on Tessaer rom being displayed. then the fnllow.
ing Service mepsures can'l be gsed,

Awsummg the C128 does sign on and there s
trowhle, vou G signal tace the residents of the
memory map with the BASIC commands PEEK and
POKE. PEEK lels you read the contents of a loca-
tion. POKE pives you the power to stick 3 byte into
atiy bocation that normally accepts bytes. Thess twno
capabdities are excellent troubleshooting methods.

PEEK 3 a functicn. It 35 not 3 command. Tt
meeds & command to work. The ususl commanid iz
PRINT. That way vou can see on the screen whit
wits in the location you pecked into,

To get a Gt look ot location 14, vou type
P'RINT PEEK {1024) and hit the Return key, What-
ever Bits are in 1024 will appear on the TV screen.,
However, the hits will be coded in dectmal,

Lizcation 1024 15 the first place on the TV soresn
at the upger left hand corner, If the character P s
boing displaved, the code 16 will respond (o the
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PEEK. This is the code the VIC picks up every
LiaHh Gl second 0 updare the seisen, Code 16
tells the VIC to display a P.

POKE i5 o combmrnd. I vou want o PORE the
numtber ¥ ko [ocaton 33D, vou lype POEE
B2, ¥ mbo the machine. The BASIC routine runa
ihe mumber 7 through the 3502 and oalo. the data
hus. Meanwtnie the ML ootputs the hinary states
Tor deciioad, 5280 and opens ap il kecation, The
hinary state for decimal 7, LHHH, = mstalled indn
the four it holders of the-locatinn. The PORE iz
cumpleLe,

Location 53280 pust happens to he the place
where the border codor around the TV soreen 15
stored. The LHHH forces the border to po velow,
Thes s test. T the border fellows mstractivns and
prees velow, thin all the components that carmed

i

the command, from the keyvbonrd to the TV sersen
are okay. If the border does not go yellow, this is
a symptom amd coubd besd to pinpoinbing the sooree
of & troghle,

The PEER: and POREe are powerful servic-
mp tsols. They can sipnal trace & preat deal of the
circurry o the 128, OF coorse: vodr musd eoder-
stand what should be happenmg in the circuts whe
voui Iey Lo PRIMT & PEEE or orée a FOEE meo
a Incation. There will be more ohout PEEKs ol
POREs throughout the peet of {hie boolk.

GATES

Mlost of the cinadis in the C1EH are comprized
of glcs and remsters, Bomistars gre coversd m.de-
taal inthe next cliagler, The loge states that eraved
throrysh the digital parts of the computer are -



lated by the paies, Most of the manipalation o
sists of erther mamtsining the voltage Ina bit or
chzngimg the state of the woltage. The states fiash
arnund the circuits in omes that afe messured m
panogesoils Gllioalhe of g eevond) and are chinged
from + five volts to 0 volts and back. Refer to Fig.
103

The regsters are storage areqs for the hits: You
cin place a3 g or o bow mio 3 regeter bt and the
reginter will hod the hit for a5 Jong s this correct
puwer mapphed, The regmters are found in varons
gizes. Thereare svhhle norsters sl Fodd four bits:
iefe stae repisfers holdmg cighe bits and eond
Frrrsters-that are 16 bits across. The Tegiziers lld
the bits through three general meothods: In ROM
chips, the hits are burnt in permanently. The tches
e skate RAM chips use fip-fops. Dvoamac BAM
stores voltage states in the cupacitance forrmed. in
the imsukated gt and ground of the MOS chp's-m-
sulated gates i tho FET=.

With careld loge slote climging in Uhe gales and
the rebable storage of the cegsters, compuimg tikes
place, When froubbe steikes, 1l w4 often due (o fal-
0T an & gate or regEter. The gfectronis circuls on
a chip can and do shorl, spen, or sprg 2 leak an-
deer voltage oo lemperafere pressurs; Figure 1044
shows stame of the hreakdowns that iy befadl & chap,

T troubleshiot thess opes of fElores, it s as-
seniial that you undesstand whal 5 happeniog 1o the
viltage states a8 they make their way through the
sates and the regsters: Tt way yvour vore and logee
probe testing will make sense md point vou to a
troubke quckiy.

Thasre are a lof of gates in the Commapdore 128
Mest promment are the T4 pin DIPs the T4 and
the T4LS0B, The 7406 has st imverters and the
THLE0E contans four ANLY gates.

Mot eswell seen are the gates o the TALSEST,
Fach of these 16-pin DIPs have Umee brverters,
cight AND gates and fower OR gates. While the
TALSOR has its gates separated with o pin assagned
b every input and outpat, the multipkéx chips have
the gates internaly wired togethee, The ANT oul-
puts are wited [0 the OR mputs, Yoo cm't pat s
profe on the AND-OH comnecbons.

The T4LEZ38. devoder alse contains internal
gates. The Character RN has an ANT) gate inits
chip gedisct ciromit. All of the large chips have vari-
s gates. The penpheral devices contain gles. Any
and all of the digital cirenils have dependentce on
gabes, Gates, like any other electronic: circuit, Gl
oceasiomaliy, You st know bow {0 kimdle gates
i you want to be able o repsr your Commiodore
128.

The mwites of concern for the U128 are the YES,
the NOT, ANDY, (R and NANLE

YES Gate

As the name imphies, 3 gate is a barrier i a path-
way thal van open to ot signal pass or close and
blnck passage, The YES mile perfomms that task cx-
acthy, 1t Tas fwo conbiectices, one mput and ooe ost-
put. If a2 high or low armves at the mpat and is
permitted o pass, the same tepe of signal will leave
ut thee output. That is; if 2 high armives, a high will
I, Shoull o low arrive, theoa ow will leave. See
Fig: 10-5. There t5 no change nade to the logic
state. You might ask, if there is no change i stite,
why bother?

The YES gate &5 an ampfifier stage. 1 s needod
toarmplly curvent levels and to match mmpedances
from ane circuit To- another. It gels its YES name
becausy. the sgmal does not make any logic state
changes as it passes from one stage to another, YES
matad gre fownd i U Brge chips of the C126. They
are the buffers that are mentioned on occaskon.

Insitde 3 YES gate i a lransistonzed amplifier,
When the chip iz usmg hipolar components the im-
plifies could be basesd around an npn. The cironit s
saumpde, a5 Fig. 10-6:shows. The npnis-powered nor-
mally through the +5 volt supply. The lgh or low
is ingul ot 1he emitter, The output 1z 8t the colkee.
terr: When 2 asgnal is input af an ogm emitter, there
i nie phiase peversal, The signal is nmplified and the
same fgic state that was inpul iz outpal, The only
changes are the power oltput s incredsed and the
impedazee of the cutput s desigred to match the
nExt e

The actual mlemal wirmg of 3 YES gate i mare
extensive than thiz example circuit, but that is the
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OR geles

Fig 10-4 IF an AND gate shoald open, tes highs could prodece @ low (4) 1 he same AND shoukd shor s lows coslg
cutput as a high (B]. fan CF gats should shart two kees couid read outpul migh (51, The same OF givte whaen opan coula

aulpdl & how even Dooegh twa Tlghs ave inpul (0.

way the gates wark. Ona normad schematic, smee
thee internal wiring is not scvessible . the entire YES
pile isodrawn 2503 ramgle. The inpotlead is on
flat side and the cutpal i al the pomted cnd oppo-
gite 1o Uhe mput.

Al gates fave a truth table. Truth fables pet
Lhedr o from the eogmeers that were isng e
amel false o descobe the ngh and the low states
IF they had Been using high and bow, the tables might
Favees Bempert callesd thehigh tabke. Technicians think
af bigh (H} and Jow (L when they see a truth table,
The truth table meght contaim any of the logica stile
descriptions shown in Fig. 10-7,

The table iz a hasdy tes) mediun. The columins
are labeded Inpoet and Cuotpot. i the mpof 4 a0 H
m & YES truth table, the output isan H. When the
input is-an L. the cutpat & an L. Therefore, if you
are testing a normal YES gate with the vom nr logic
probe, your test reading on the ingast shaadd also be
found on the sutput. The troth table is actually @
roltage-state test table,

The three-state control opens or choses the YES
gate. The three-atate contros are used Extensively
m the Commodone 128, They are used to control
YES gate-bulers and other chip crowits. Frgure 108
rewviews the three loge stales, hagh, low, and no
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Fig. 10-7. Hére are nine varatons on 1hae descrigtiona of the
two logic states. The inge stetes. regartass of 1he nama,
are sl oaly woltiges.

slate. The state of o state i3 vital to the operation
of the comguter,

For example, the sddress lines connect to ev-
ery location on the memoty map. The address that
leaves the Program Counter and armves on'the 16
bats lises - must open up onby one address. IF mhore
than one of the addresses are read of written to,
the computing will crash,

Ty avead this, all the locations in the Computer
Lzl B egquipped with thedr own YES gate that also
has a three-state control. Whide the computer 18 not
addressing a locatsm, all the three-state controls are
off and the memory map cmnot be accessed. As
S000 45 an address goes out over ALS-Al the one
bocation that is addressed has the three-state con-
trol m its YES gate go on: That way only the one
Incatson 18 contacted and all the rest of them sty
in an inaccessifde third state, There are 3 lot of
threo-state devices in the C128. The 8502, the

i
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Fag. 10-8, Tha third legical siale, when the chip is purpesely turmed off | is éafled thras-s2aem. I} = vitad 1o kirep &l circlis
o excpl s R inouse during e operEhon 56 hey 90 not Iniefene with sach ofher
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RAM, the HOM, the gates in the address and data
tis tines, and others have three-state capahilities.

HOT Gate

The NOT gate in Fig. 10-3 Tooks 3 lot ke the
YE5 gate on 2 schemabic doawing. It has the same
trangle shape and e sime mpmt and outpt Joeds.
The only difference 15 a tiny cocle between the
pointed end am the output bead, This i@ called the
NOT arcle, The NOT circle ts what makes the de-
vice o WO gate. Whatever state enlers the gale,
the opposite state leaves the gate. [£a high 1 inpat,
a low s outpul. Slould & Jow po mito the gate, e
lowr 0 changed mbo-a high and the hick comes out.
The truth table for the NOFT gate s shown o the
dlustratn.

Fimere 10-10 shows the bapolar arct ina NOT
gate. It = somethimg e the YES pate. Anonpn tran-
sistor could act out the part of the gate, The Voo
i st =5 valts. The obwous difference between the
two ciretits s in the inpat. The NOT gate nput is
cormected to the base of the npn. The YES gate had
the mpul ted toihe emitter, There was no reves-

sal of logic with Uthe emutber mput. When the [ogic
state enters the base, the state if reversed. The
chip s alas-called an. inverter,

The NOT gale or NOT crode i one of the mass
used ahilities in v computer, The nversion of the
Ingical state 35 Lhe opposite or the complement, NOT
Fates abways nogput the complement of the inpat.
Durng testmg, the fact that the outpot agic bevel
15 aiways the opposite of ks mput provides a guick
check to test an imverbet.

The 746N chip in the C12R has six inverzers.
They are afl used i output Eoes tat meed the slale
af the e complemented. This chip was discussed
m Chiapéer 8, There are tany olher NOT puies and
arches moe ot of the other chigs o the 128, They
are vital 1o the operstion of the computes,

The NOT fumction 15 fourd m alt sorts of places
in the Commeodare 128, As you peruse the schematic
during trouhleshootmg, there sre many terminals de-
actibed with a.ztraight line drewn scrass the top of
the name. This overscore means NOT. This s the
FOT Ime. 1t designates an mverted quantity. The
asterisk T ve been usmy is o subititute for the line;

"NOT girch

I D«L Lr
Ingua outpit

Trulh txbss
gt Chalpnat
AL | er
12§ il

Fig. 10-8 The schematic symbal of the ROT gete locks M the YES gate eacepl B ine Biile ROT circie on the oulpu pginl
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Fig, 10-10. Tha HOT gals san be constractad with the'same npa lansistor et the YES gate was smado with Th gLl
enters ihe Tase inglead of the emilbter and raverses ihe logic sate At the gutgut,

[ upess ther stemsl because ot i simpler (9 ose in writ-
ing. When yoa see Lhe astensk mstead of the Bne,
il means the same thing @5 e overseore. s o
practicad measure with ) other meanang. The aster-
isk iz als0 recopnaed az a NOT.

When a NOT -sign b gsed onoa terminal, it
pswally signals the Uypeoof logic state that will en-
able the terminal. For matance, if you see a termi-
nal caBed *RESET, it mesms the pinis waally held
high while the reset function is not heing used. If
atigd wheen thes bme arrves for ihe reset o be pna-
bled, the terminal s injected with s low, and the
remel goes mio iy routine,

On the other Iand. § the terminal & called
RESET without a ine or astensk, the opposite ef-
Feeds van be expected. The terming will be beld low
when inactive. To enable the reset function 3 high
i% senl o the pm. The hgh turos o the ress
TolEtimE.

When you are reading 3 schematic and you see
a terminal name fo desombe it function, try o form
the name in your mind. For instance, the resdiwrite
Ere m the CL2% s desonbhed a5 RMW. This woobd

te proncunced a& "' Read NOT-Wnte_'" Actually the
read/wrile lme 12 usimlly held high n & read pose
tim. To prodizce 3 write the ine mast be forded low
Another example i= the *1RQ Ene. Tt 15 an interrupt
request. It 8 held high till the inferropt i required.
Then the fne is made to go fow, A thicd cxample
i RIMY, a ready line, It & hedd low when it is on
standhy. To activite the RDY, the line & put into
a high state. This form of thimking as you read the
schematic should become “second pature as you
check out the test points on all the chips and con-
nectiong.

AND Gate

The AND schematic symbal i shown m Fig.
1-11. Tt ksoks ke a short fat bullet Iving on s side.
In conlriest bo the total of bwao leads oo che YES and
NOT gates, the AND gates in the T4LS08 chip of
the C1¥4 have three leads. 1t has two inputs ol
o autpul, Aclually, an ANL gate can have three
0f tnore mputs, bot it will oaly have one oatpu.

When the AND gate = also equipped with g
N cirgle hetwesn the blumt rounded end and the
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Fig, 1512 Tha NAND gaie w5 really s NOT AND gate, The infenm cutput 15 el of an AND gate

output lead, s shown in Fig. 10-12, it becomes #
MOT AND gate. You probabky have®seen these
giates, The NOT AND is shortened to MANL, The
MAND pate oubpls ace the complements of the
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AMIY gate. There iz.an AND pabe chip m the G125,
the 741508, This chip was discussed m Chapter 8,

Inssdke thes ANTY gade, a5 well 2 the ofher pates,
there are p lot of microscopic components, There




could be all sorts of transigtors, resistors, dindes,
and su on. Infact, any gate can be formed by con-
Aguning & ot of other tvpe gales ona chip and wir-
ing them i taor & parteular gate The bttle dat bulle
on fte side could be desigmating dozens of separate
Cornponenls,

From the zervicing poinl of view, all von need
by dex 15 think of the gate n the simplest terms so
tiat the testing and repair procecds as mpadly a5
posdible, Thal way vou can trace a3 sigral and pan-
point the source of & trouble. Except for your nato-
ral curicsily, i really does not matter whech minate
sechion of 0 minizcube internal {ransstor s @ven
up the ghost. The impartant thing i3 o realize the
tedal gate is dead and needs replacement. You can
test the mputs and, from vour understanding of the
iogic, be able to predict what the ontput shouolkd be.
[f the correct output state 15 present then the gate
igokay, I the outpart logc iz incorrect, Ueen the gate
becomee a- suspect.

The cdlaszicsl description of an AND gale i elec-
[rcal Lerms & 5 aront consistmg of an ootpot load
such as a light bulh with two switches in seres, The

only way that the buld m Fig. 10-13 wili Gght i if
both switches are closed. If one or-both switches
arg ofpeen, Lhe oroot 5 open and the lamp won't
glow, There are four possible postions the two
switches can assume, Assume that the energy is
supphed by 2 5 volt battery, The bulb has 3 high of
+ b volts applied when both switches are chosed aid
a lew of O volts when a switch o both switches are
opéen, We can call an open switch Loand 3 closed
switch H. The possible inpats are the following:

Inpuis Eesulis
L-L Mo hight
L-H Mo bght
H-l.. Mex Tight
H-H Light

The same 1¥pe of events take plice when there
are three AN mputs instead of two, The only differ-
ence i, thres mpuls create eapht possihle combina-
tinns that can be applied to the gate, Out of the eight
inputs only ane input group will hght the balh, That

oo ="

22 V)

Bty will
g upen HH

Light
Bulh

o

Log siates
Upen switch = L
Closed swich = M

Frg. 10-93 The cssscs destription ol an ARD circun is madp up of & batiery, i light it and feg switchas in seres,
Arl opengwilch i thoudght of as an L and o closed gwitch as an H. Only e agplicaton ol HE will ight the bulb
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5 when all three santches are cloged . The inpaits
andd results look like the following:

Inputs Results
L-L-L. N ligh
l-L-H  Nolight
L-FI-I. N ki
L-H-H N digght
H-L-L No light
H-L-H  No light
H-H-L.  Wo light
H-H-H lapht

When the AND gite has {oir mpiats; there aee
E6 combinzbions. Five oyuils makes 32 conbasitong
of posaible Jogn stateq, and &0 on. No motter how
rmany ks there are thoagd, the only way the AND
gate’ will output a-high is if all imputs are Hs, When
you are takmg the state of (he AN output, o high
mieans all ks are gk, 1 ooe of the pputs-ace

low sl e output i 3 high, that could be a symp-
bom o daibure. The gmfe could have-shorted or
ogeared m a way that 18 rausing the uoexpecied high
Femding.

The actul AND eircuit could be based wround
a parr of pap transistors wired in parallel. Refer to
Fag. 1014, The emitters af both the pop's copmesct
b =3 valts through & resisior. The AND ooipat'a
from the emuotters. The two ANDL mposs are enger-
ing through the Dwo hises,

Whes eithes or both mputstecewve:a low ), one
sif ther tramssetore or bothwall conduey and the Lyl
pul will bee-low, The only wiy a logh cin emecge
fromi the: output is if both mpats are high, Wien that
happens nelther payp cin condiost and the Gatpot
emitiers nse to the-sopply of +5 volls:

Youcoukd think of-an ANE pate ds @ electronic
combmation lock ol sorts, A low = output whils the
bk is shut tight. The only way the lock will upen
i when the cosrect combination = impot, The cor-
rect comhbination 5 the ingut of afl Hs,

-'-"IICE_
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& Clutmid

Fip 1012 T prip 1|'3T!-ﬂ:l_1'2|r'l wirkd @ parallal with & I.H.H INpE pnd an amiklsr patput can et AND gl
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OR (Gate

Figtiee 10:15 shows that the TALSEST elips e
(¥R gntes ag part of the intermal wirmg. The OR pae
outputs are connected to plos bt the nputs are at-
tached to the cutpats of the AND pites that they
are doing the mudhpteang with. The mputs from the
address bid are the inputs 1o the AND gates. This
chip vwas ahi discussed in Chapter 5

Thee (IR gate 1= drawn schematically ilke anar-
tlbery shell om it suhe, mstedd of o G bulet like the
ANE gate. The chissical ebectrical representation of
the (R gate'is also shown as switehes that operate
abght bully, The waring i Fig, 10-06 55 different than
the AND cirpumt, 'Whereas the AN cireuit had
switches n serigs, the R circyit has the: same

switches m parallel. The ANDY circuit also needed
tll the switches closed to beht the bulb, but the OR
crcult ordy needs 3 single switch closurs to Muminate
L bully The possable mpuls ace the kedlowmg:

Inputs  Hesults
L N lght
L-H Light
H-1. Light
H-H E._iHhI

Tl R gate afse an have more than two in-
puts: There can be three, foor, or more, Like the
AND gate, two myputs posduce foor mpot possibili.

Inside. the TaL 5257
Inpi Cuitgsast
from coiTol
afdress AND \
bus |i
Duustgwist
Ty
dynamis
|mg AN
from ]
addeass ™ ¢ aun 3
bus / Truth Tatrg
Irpais
A B Trpa
o L&} 1
’—1:. = :)"_‘
G 1 1
! 0 1
A
on Chalpd 1 1 1
B

Fig. 4015 Tha R gabta on ona auipul pmon e TaL SIS T reopves signal from teo AND gubes. Eiirh AND FaLe 15 ope-
atad by one Fddrees bit amd & seect-aignil The OF gate symbal lofks Hike an ariliery shall lying an' s side. The iR

opie's A is high wnbess-both inpds are low,
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Liigic states
Opan switch = L
Closed switch’ = H

Fug. 10-34 Tha A gate can be thowght of an tad swilches in paraiial, Tha buld will light it eiher ora of both of the seitches

are Sl

Ingut > -
Input > H
input —H—

# Oulput

—VianTTER

Fip 1017 The OF gate'can bo bied with dicde inpuEs In pasalled

a5, three inputs can have eght combissisons of Ha
and Lz, and four inpats make 16 poszable ways thae
the inpants cnn bearranged. Hewewer, no mistter-how
iy piats, e OF gale will ootpat @ low only when
#l inputs are low. (Mherwise the OR gate will out-
put a high. IE st one mpot out of many is gk and
ol the rest are kw, the OF gmte wilf pot oot g high.

An OR gzte can be built with & number of di-
pides and a ressstor as shown o Fig 10-17. I son
want i twa inpat gate; ta diodes are nsed. Fora
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three inpat gate, three dindes are needed, One di-
ode 35 meeded for each mpat.

The dindes are wired i parailel. The anodes of
the dicdes are the inpist pins and the cathodes. are
b tevpether. A remstor from — 5 vidts 15 conmecbed
b thv cathodbe junction, The jnction i dso e OR
output pm,

While the inputs are all near 0 volts, the thodes
do not conduct and the catput f5-hekd at -5 voits
which is & low_ If & lgh shoold appear ot one of the




anode mputs, that diode conducts.. This makes the
cathode jumcbon ose up 3 vidls tooa relatoee hagh.
A high onany of the-anodes will alzo produce & high
gt the vuotpel. Ths s legicad DR actoaty.

Exclusive-OR Gate

The C125 does not aseany exclusives0R ab-
breviated to XOR, chips. The XOR functon thoogh
i very important 1o the maching. O of the instr:-
tions-that the BE02 vall respond tow EOH, which
i alsoea winy L describe the action, EOR & the o
v for exchisive-OR. When you order the B502 o
EOE, o will exchizive-0E all the bits in the sooumi
lator regster with any memory bocation you prowide.
There will be miore about this o the nexl chapler
on registers. Meanwhie, we will review the XOH
gale so you will upderstand the EOR wien you get
B ke

The XOR gate symbol in Fig. 10-18 looks al-
most cxactly ke the OR symbol. The unly differ-
ence is a space between the input feads and the
bottom of the body of the symbol, A choser book re-
veals that at the mput end, the leads are attached
to a curve and there is 3 space between the curve
and the rest of the symbol, If you thmk of the sym-
bol as an artillery shell, then you can think of the
input beads a5 the ramred used to pish the shell mto

the big sun. The output lead s on the potited end
ol the shell appearing symbal,

Let’s cotnpare the OR and XOR inputs and out-
puks to see the difference the exclusivences makes;
If you are signal tracing a two-mput OF or an XOR
Fate there are four inpufl combinations possible for
both gates. They are the same inputs whether the
gate is-an OF o XOR, The difference s m the
oLt

O the OF outpuz, the state will always be a0
high except il both inpats are lows. . 1f vou logically
think abot these resnlts, they do not really follow
the definition of OF, The OR defmion is, i one
“OR" the other mput is high, then the oulpal is
hagh. Thg is true for L-H and H-L. For L-L. nei-
ther mput 15 hagh so the defimition indicates a bow,
which will be présent as long as the gate s okay.
Fior the st possibilty though, both outputs are high,
H-H. Yet the output. is high.

The XOR gate s a varason of the OR gate tha
diess ol the logic. When the four input possibili-
ties are considered, they are wenticad to the OR gate
except for the last possibility, H-H. When H-H aire
thee imgeisks of the XOR gate, the output is a low. The
XOH gate only putputs s high when ooe or the other
of the ingails are lngh, If both mpuots are the same,
both low, L-L, or both hegh, H-H, the outpat is a

Towe.

-
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Fig: 10-18. Thiz XOH gate @& similar to e OF gate, bul when twochighs sesppfed iobe mpuls, the X0 sdtpals & ke,
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HOR and XNOR Gates

Yo will not have to contend with NOE, XNOE,
andd other gate varatons. The CL23 deals mostly
wilh AND, OR. NOT, and soene KO knoc abshties.
I yau Jearn these four functions and understand wlst
the: castpurts of the pates doowith varous mpats,
tronbleshooting the C128 will become appreciably
easter. | mclude 3 bref descoptiom of these other
gates simply-for completensss,

NOR is NOT OF and XNOR 5 exclosme NOT
O The NOT samply changes the outpuss toa com-
plementl. The oufpul of the NOR gate 15 the com-
plement of the OF cutput: The sgme thing goes for
the XNOE. Fryure 10-19 shows the complementzcy
refalionsiips. Compare these with Fig. 10-15 and
Fig. 10-18.

GATE TESTING TECHNIQUES

When o gate 210 be tested the best equapment
iz the vom and the logse probe. These metruments
however, cab only give vou the surfses mdications.
Ax we have seen, the chips are aroats withan cir-
cpts within crowots, Deep down af maccessible
levels are the bipolar trmsistors, the FETs and
other compbnents that actually do the computing.

Ty are fovever seabed 31 munufactormg in therr
marrascopic space. You can think ghout them, tut
under normal sardicing crcumistances eon 'l mel en-
counler them drectly,

A gate B-atthe next bevel of sizeamd Uiy do
have test nodes that vou can measure and ohtain
readings, The gate circuil Jevel i5 the |evel where
et of your voltage and logic state testing will take
place. There are mpuots, outputs, YOO (collector)
and YOI {drain) pins readiy avallable. The more you
knowr aboat the way the Hs and Ls progress through
the gate leved circiitry, the quicker yvou will sgeol in-
eonrect lomeal states and pinpoint froukles.

The top kevel of circuitry is the cldp itsell, When
the chip & considered a5 a single component and
replaced as 3 test, you ave in the overview mode.
Thas as-the brst approach oo repar and & the pst
of the chapters up to thiz one. More than 505 of
actual roubleshootmg that lakes place in the Beld
ig in thiz overview mode. As g maiter of fact,
meanudlacturers kave taken this mode of servicing a
couple of steps further. They often will replace the
entire board of even the entire complter to get you
back in operation. The troubled compoter can then
be placed back en the fctory production fine and be
recycled back to mew.

A Critput
B
b. Dmm“.

3a

A j B | Oulpu
L L]|H
L|-H]|L
H|LJL
H|H]| L

Al B | Cutpdl
L 17k H

L} H L
H]:L L
H|H M

Fug 10-1% Tha NOA and XMOR symboés and trath tebbas
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Independent servicers, withoul the Bbeneft of
alnrge factory, follow the same procedure they havs
boen wsing for veirs on TV repudrs, Compulers are
egaily carried. The home computer or small busi-
ness compater owner disconmerts a brohen wml and
carries i il g repair shop, The servicer approsches
the cepair by changing the sockeled chips that are
imdicated by the symptoms of frouble. Once the
socketed chips are deemed okiy, then the servicer

will puli eut-service pobes on the machime and at-
tack test nodes with the vom or logic probe. He
ok for ncorrect volbames and wroog or oussmg
bogne states: mossng or wrong supply voltages, highs
where there should be lows, lows where higis
sheuld be present, three-statmg in the wrong places,
and so o A U can see, Enowing Lhe way gales
process highs and lows o ol
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11. Servicing Digital Registers

v this fime; you shoukl know that, besides the

b gt dygmtal electronees requires another
entire category of TTL and MOS devices. They are
called registers. Regsters are found throughout the
digital cirgiity, There ore muy in o e man LS1
chips. There are thousands wpon thousands of them
i RAM and ROM. Every resident of the memory
rrkp 1% @ vegister of ane sort o wrotber. A nomber
of the rest of the smaller chips: are forms of
Fedslers,

The mporiant difference hetween o gate and
8 register is Muatrated in Fig, 11-1. A regster can
slore o high ora bow while & pate cannol. As soon
a5 3 oo stake arTives st a gate, if it 12 nog thres-
slating, the Jigh or low etz a queck passige throogh
tey the outpit. [t czn't Inger in the internal circuit.
I e boreed o through, The only tmoe regored
the propagatam delay of the electron movement,
which is typacally abowt 15 nonoseconds. Besades tis
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15 haleonths ol 8 second pase. the state passes
theough the gate.

A& register o the ther hand has bit hoiders,
It ie a place of storage, Once o high or low enters
a register bit holder it cancstay =g long 45 vou wasl
it ter, provedmg the checinoty stays on,
_ Acremster is composed of one or more singe
bit conlaners. In the 4164 dvnamic RAM chips,
there are 65,036 single bl repisters onench chip
orgamzed as 53,556 » 1. The 2006 Color RAM chip
ie organized a3 2048 « B This chip has 2048 B-bit
repElers o ity mernory matrie.. The: T415373 D
Lifch connected to the Color RAM has gme 8-t
register, The Program Counter m the 8502 5 o
16-bit regpster. All the various sized reapsters do the
same g of job, They are aff able to store hitsan
crrdmg tov thelr orgonization,

Each form of regeter except the dymumic KAM
yzes fip-lop arowts as bt bolders, The dvnamic
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Fig: 111, The ream difference between 2 gane and a-tagister = thal & register can Share & logHs stide and @ gabe cannm,
In the top citcult, fwo BAMND gares are wirnd togedhes o lorm A AND guin, Inputs ore guickly ishared from the inpuls
10 ine uipit. The bothan circull shows the same two AND gates wired a8 a regester bit Inputs con be stered in the Inter-

nal mrcury,

RAM uses the voltage that i contained m 2 capac-
tor charge. Chapter 8 comtams additiemal inforims-
tion on vach of the fallowing chips.

FLIP-FLOPS

The (p-Qlop cireoit ig a9 old 3¢ electrondes, I8
53 meins-of storisg i charge. In the digital circuit,
the presence of a charge (s & bigh, and the lack of
a charge-is a low, With-a fhp-flop, you can ol only
store the charge, but vou can manpulate it You can
chitrige 2 fugh to ' fow or o kow to s gh. This is

a very vituable abaity: When vou couple the stor.
age znd the state chingng with the basic gate logw:
of KOT, AND, OR. ard XOR, you are computing,
A fip-flop can be budt by crisscrossing two to-
e vidcuwm tubes, or two npn’s, ot twn [mp's, of
two FETs, or even two gates, They are all able 1o
characterize a flip-lop. Let's pxamine the step-by-
gtep fp-flop action of the circuit n Fig. 11-2.
The circuit shiws the transistors with mputs
Nk tivedr bawes. Sinoe the npiits are imto the hases,
the mdividual prp's are wired as inverters. The
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Fig 118 The basic fip-fap canba built arsund (wo png trangisices,

hases ure 1hen eross-coupded o the other pop’s
cillactor. When voo power the twe pop’s; they both
try to conduct. However, one i always shghtly
quicker than the other. There i feedback from the
eollectors toothe ofher hase: The quicker php will
g0 Bo saturation. The slower one will thus be forced
intoy cutoff, They will hold this state of conduction.

The one m saturation outputs a g A e pull
ups resistor has a large vollage drop.across it The
one cuted] outpets o ow smee s resistor bes o volt-
age drogrand B a1 the —VCC supply voliage. The
o tramsstors will mamiain this staze. The oaly way
it can be forced Lo change i if 2 high pulse is applied
to the base of the cutoff pup or a2 low puise 18 sent
to the base of the saturating pnp. I either event
takes ploce the twn transstors will Qip-flop ther fomp:
gtates, The pog Lhat was euioft will then sabarate.
Thie prp thiat was saturatmg will cutoff, The fip-flop
will then haold that state ol another pulss comes ablong
Lo change it Agam.

While voucan't get imto a chip 4o test dip-fops,
il iz usetul to understand the way It stores a voltige
gtate. There are a number of tests you can make
om fi-flop rircaits to see i they are able to Store
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voltages. For inslance, i yoo know the address of
A suspect register or bit holder, you cin use the BA-
SIC PEEK function bo see i it is actualy hohdmg the
highs:and Jows that ot is supposed o, The POKE
command can be used 1o mstall test hits mio the rog-
et and Bren PEEK can look 1o see 1 the [est bits
ever amved, Refer to Fig 11-3: There will be mare
aboat this m Iater chaplers:

There are a oumber of chips mthe C128 that
are Nip-fiop types. The T4L5T4 in the clock circnit
contams two D Qip-fops. The T4L5373 15 called &
D bk,

The 556 chip has teo separate Gp-Gops mssde:
The fip-flops ace completely ndependent of cach
olher except for the fact hat they share VOO and
ground, The tuming abihty comes from scine oom-
parator circuits thitl are also built lato the siBron.
Let's exprming the Commodore’s chip dip-Oops.

TALST4 D Flip-Flop

The 74LS74 chip contans two fip-llog aroals,
Thie drawing of the pinoul was shown m Fig, 8-14.
There gre two pms for VOO and groond and six
athier conneckions.



Fiag. 11-3, Ay ragister in the mem-
ary mag and ewany bit in ihe regis-
fer can Da fesled with POKE and
PEEK fisi=.
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The D FF has-one Thta inpat. In fact, that s
why it 5 called a 1, Other type FFooare:called [3
Latches and K5, The 1% hias one Data (D) gl The
mpnt i smgle ik or low at a e When the Tog-
icad level enters the [ pin, it is stored m the Qip-flop
oremk.

When & low enters I Low wall appisir-at the
G omtput. OF iz the important ouipud. The other out-
put, *Q, will become a high- This is not an inspac-
tant outpit, It can be veehd sometmmes,; but the 0}
outpat 15 the one that usually passes the loge state

The fip-Oog, though, vill nod relinguish the state
it 15 storing that easdy. It must be triggered by a
clock pulse that goes high, The FF will ondy pveup
ils glored state when a high clock arrives, The
TAL5TA requires a high clock palse Lo pass the state
from D b0 ). Dther FFs can use a low clock pulse
for the datn transfer,

The T4LE74 has two other mpuf capabiiises,
They are Preset and Clear, They are used some
times, but not all the time, Wien i 5 necessary to
proset the ) ootpot fo.a liph, the nput pin preses
receives A low, When Q) is pequiced Lo be a low, then
the low s mmerted at the Clear pind

T4LS373 D Latch

The 74L5373 1 a [ kitch. The 1 latchis & close
relative: of the: [ fip-fiop. This Intch bas eighil FFs

in-it. Latches can come with four, six, or efpcht b
& package, They-are usoally used o bus boes-and
different bug imes in differant applications uss differ-
ent packages. (See Figs. 11-4 throogh 11-7,)

A fatch = 2 parallel oatput device. With this eight
pack, vou conezend eight bits over-eight address nes
ard hever them stored or batched Gl vou want them
to continue fheir journey, The kalch is different than
the [ m that the [} ¥F uses o clocked input to re-
lease the stored contents, A lateh uwies a latch en-
able pin. Fin 11 35 the Tatch enable.

When data armves af the eight FFs, i s stored,
The Btch will hold the data white thee Tatch enable
pan i Iow. As soon as & high arrives al the cnable
pan the data = freed and aflowed to pass onto the
o oubput. In the CT24, T]m datn comes from twa
places. The data enderiog D5-Dil s an address from
VIC, The data st 1¥7 and TN armves from the il-
Hplex chep. The olipul ping Q7-Q0 ronnect o
SAT-5A1 of the address bos. The chip & helping out
in the complex. addréssing chore. Both the MPL and
e WIC, of different Gmes mhst addeess BAM. The
octal ftch TALS37S works with the multiplex chig
andd the VIC 1o supply the correcl address bits at
the right time.

Each of the eght Sip-Oops bavea I inpat:and
a B output. The ¥ and & numbers show which &
which, For instance, Ii & the inpat to FF O sl Q0
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is the output for FF 0, Al of the fop-Bops are ted
tosether on one clock Imeand one three-state Tme.
Pin 11 s the clock line inpart. 1t updates the tatch
with the strobe signal from the VIO (*RAS). It will
open the latch jnd lel the =ight bits pass to the G
ottputs. Almost at the same me, 2 new sl of sight
bits moves inoand takes the place of the has that
just feft.

Pin 1, *0E i the three-state-control for the en-
tire chip. The sgnal AEC, alzo from the VIC, will
turn thee clupoonand off by exercising fhe three-stabe
capabidity.

The octal ktch is an 8-bit regster. It is a brmbed
type of register. All it van do is receive the signt
hits and hold them, Then, when given an enahle sig-
nal it outputs them. The latch is a handy device for
temporary storage of bits while they are bemg
flashed arcumnd the bus lines during the movement
of address or data bitz. Fhp-fiop arowts aea ol
more vepsille than the Wich shows them oo be.

556 Dual Timer
The 556 chip in the Commodore 128 has two
identical sections: There t5 & Aip-flop cirouit m each

secton that acts as - 1-bit register. The register
stores @ controb bit, One of the control bits tums
the reset circuil on and off. The olher conteol bit
enables the "MNMIL pm of the 8502, Both flip-flops
are very stable, and opce set of reset they will main-
fum that state wmbess focoed e change. See the Mas-
e Schematic.

Contrel of the control Int s accomplished with
specil cipcuits called comparators; A comiaraior oir-
cult scts something ke g Dip-Gop, bt it hes some
differences that make it difficult to use as.a regis-
ter. The fngin difference being a réference voltage
that 1= apphed. A fip-flop does nol need this special
voltage to store a state.

The comparator crowt m Frg. 118 & based
arnund bwo pop ansisiors wired with a common
emitter resmtor atd beo collector pésstors mopar-
aliel to negatve —WOC, The mput signal enters
[hroagpd the base of one prip. The-cutput signal etz
nt the collector of the other pap. The base of the
second pop receives the reference voltage.

The reference sgnal, a5k 1s appbed, oroes the
sevomd pap Lo either eut off or saterate. When the
pap 1 cutoll, the collecior outpul 33 the same as

=i

3

Cluilgmu

Flgstisrisre
votage

Fig 11-8. The vallage comperator cirgui i ohan ound in computers: | acts somsewhad bre s Bp-llon secesd (hal it changas

patas mocording 1o ihe coatiel of @ relerence vollaod
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~VOOo I the pap 5 salurating, the collector volt-
age nises. Therefore, the circait can attadn Two sta-
hle stages.

The mput voltnge can chamge the tofal com-
parator vodtage stile d #1s changed. i 0 jowis at
the mput pin, the comparatar wilk exhibit ane state.
A highi ab e mpul changes U comparator state to
the other stahle state. In effect, the comparator @n
obpud & -high or s low m response to 3 high or low
at the mpuot.

Thiz wirtput of the comparator controls the state:

of the fip-Eop. For caample, mthe 556 chip that con-
frols reset, the trgger o ted oo+ ovelts, When
the computer 1w first turned oo, the supply volfage
goes from serovolts fo 45 volls: Thes nse o +-5
violts tRgeers the comparator wihich in turn sets e
fBp-fop. The output of the fp-flop 15 3 hagh, The
hagh 1% changed to 2 low as it 15 passed throuph the
NOT gate, psection of the 7406, Thiz low. pulse is
transforred to the *RES pin of the 8502, This ac-
bon outpats the staming sddress ol the resel pou-
fne. That i how the compstter powers up amnd
eventually gets the READY sym and the cursor om
the screen.

The ofber part of the 556 perlomos & sdmiar job
with the *RESTORE spmal. When you priss Ee-
store on the keyboard. the resultant pubse I3 sent
to the trigger of the 556 section. This produces the
outpid signal *NMT which goes (o pin 4 of the 5302
o prowuce the *NMI effect, Both of these circuils
are operatmg i & one-shot mode.

COMPUTING REGISTERS

When vou get nght dowmn to i, the dipital -
sides of one computer i3 quite Bke any other, The
Lommodore 122 5 different in certam winys, bul i
omputes just fke aov other brand. Computing is
performed In registers; These are the remsters in
the MPL, memory, and 110 chips. The support chips
that we have pust discussed to do jobs like btching,
buffermg. decoding, moltipiexmg, and other dubies
tor help move the hirary highs and lows from place
Lep pbaeer i thee propeer furo al the mghl Ueres, These

samye bypes of support circuits are alsg found on the
e 151 chips o help move the highs and lows from
place b place of the chips, The computng itself,
Thiugd, tudoes place m the registers of the birge, fm
poriant chips.

Whal cormputing bods down to15 the mampuls-
tion of mumhers. Afl the calenlating, all the comsnu-
nhcations work, the composilion of graphics, md the
nther tagks that the computer iz able to do is noth-
g more than the matipadation of numbers. The
nuibers are clever codes of the Ietters and charac-
ters but they are still numbers. The mmbers are
represented m the regzsters as highs and lows, bot
the Inmc states are numbers pevertheless,

The regsters con perform 3 bmbed groop of
manipulations on the highs and lows, You lave al-
ready seen how o register of four bits can add bit
atter bit, from a start of L-L-L-L to a totad of H-H-
H-H. Thiz s o of the jobs & regisler cin do, The
other obs are cqually casy. tn comprihend: The
registers are mof capable of doaing any truly complesy
things. To itemize, remsters can add or subtract,
shift or rotate, merement o decrement, clear, com-
plement, AN, OR, or XOR.

Besides belng able to perform these pba in the
registers, they are budt to b able by move the con-
tents of the registers rom one register to another
The contents of MPU romsters can be stored in
BAM registers, the contents of RAM or ROM
regmsters can be Josdied back (o the MPT and dota
contents of the B0 registers can be stored, loaded
o swapped among each other, Inoadbbon, 8502 rog-
ister-contents can be-sent to 170 chips for transfer
tor peripherals, or penpbecd contents can be sent
Lep b 8502 copnstery via the IO chips. Duming ser-
viging it is best 10 keep in mind that the numbers
bemg rrampsated o moved are veltage ghs and
I,

[hrmg the mampakabng and moving of the mem-
bers, fue question comesap, where-shoubd iz data
b moves) to? The register thisl answers this giies-
teom 1% the program counter. It 15 o special register
that does the addressing, It is examined in detad in
Chapler-13.



Shifting

An important ability of @ register 5 shifting,
What iz shifting? [t iz the talent a register hag of be-
mg abbe fo-shift bits from side looside, For example,
suppose an eight ik register vou are working with
contims LLIE LHLIL If vou mstruct the regster
T *'ghift the contents one bt to the Jeft,”" the reg-
esler will go 1o state of LHLL HLHL. The con-
tents. of the regiater moved one bt to the left. Tf
vou now Lofd he register Womove ome bl o bhe
right, the register would then change hack to ats
omgmal state, LLHL LHLH. That s slaftmg. An-
cdher foem of shifting s called ratating. Shift and Keo-
Late afe important instructions that the MPLU and
other chips wath shift registers can respond: to.

Shill regislers are ol new, A shill regisier is
forned by adding some storage fip-flops to an ordi-
nary regstien as shown m P, 1129, 10 an B-bal feg-
isteris to be able to shift, it needs seven additional
flip-flops; The seven FEs are installed hetween the
eight mdividual regster Bts. They will latch the n-
dividual bits as they are transfermed durmg the shift.
For example, the remster contents from abowve
LLHL LHLH, could be shifted one bit to the left in
the folloanmg way.

First a copy of each H bit is placed into the latch
tor e deftof the register bit, Next, ol the register
hits are replaced with La. The last step s to move
the I1s out of the latching FFs into the next hit 1o
the left. The one bit shift left &5 complete.

Tl shifting andd rotating of bits ma registeris
a vahmable taleni. The 3502 responds too machme-

language mstroctions such as Shift Lef, Rotate
Hight, etc, Upon receipt of such an instruction the
reyister performs the shifi. Between the register
tats andd the atches mstalled between bits, the higha
and lows are shifted. What does the shift do num-
berwize?

Let's thmk of the Ls and Hz a3 binary (s and
15, Suppose the shift register is flled with 0000
00, In decmal, this is the number 1, The rogis-
ter is then given the instruction ' “shift ane hit to the
lefe,"" I does so and the remster then remks G000
0D, The 1 moved to the keft and the value of the
register in decimal & now 2. You are probably think-
itig, why thes 15 exactly ke the binary adder, Ko it's
mot. -Even though the adder, after an-adidision of 1,
totaled 2. this shift register has not sdded hat doo-
bled its- decimal value,

This bevomes dearer as we mstrsct the regs-
LeT to shift another bit to the left. The regster then
shaws (000 0L, This s the decmal value of 4,
The register has doubled again, The adder register,

ver another add would be three. Should we: shift
left once more the register goes to 0000 1000, which
1= decimal 8, The shift doubdes the vahee of the rep-
ister when it goes one bit to the left. This fact be-
comes very vahisble when you are manpulsting
mumbers a5 you compute.

I the shifl fefl produces a doubling of numbers,
what happens to the numbers during a shift rght?
The vale of the register i divided in half as the reg-
ister is made to shift oght. One move to a higher
significant hit multiplies the register value by two,

Sharags
Hiplops

e -

|
=l

e e

Fig. 178 The skl regsier needs sddibioril storage Hipdfops: bebweon mgistar bits. Fies, the states that ame 0 the bit
holders mra transierred io1he storage Hip-flops. Mast tho main register bits are- a8 caarad. Lastly, tha stored b= are reluimed
to tha mmin registar but shified ono Bif 1o the right or fafy, whichaver ig
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One move to a bower significant vilue divides the
register value by 2. Thig is one importint function
of & remster. durnng the task of number counching.

The shift register has other jobs d can do, &t
mds-during the Iransferring of mumbers from place
to place. As data is transferred from register to reg-
dster it 15 coded, decoded, biched, boffered, maul-
tiplexed. and changed in oumerous other wiys to
et the dati to the cight place, i the nght form, at
precisely the correct tme, Sometimes a byte of data
i \ransterrad in paraiel fashion, all bits moving over
5 hvte-simed bus, ephl abreagt. Other times the byie
& transferred inop serial way, over one wire, omne
hit at = tme, m & kogsmgle fle-columa, Therealso
comes 3 time when the paraliel groop of bits mast
leave the eight lines o the bus and enter one wire
i gingle fle.

Samedimies & serial sienal mwst e conwverted te

enter & paralled bus e, The shill register can do
the honors, This use of the shift register is strctly
-o transfer medium and kas oo brarmyg on the aamer-
il walue of the Bits, There dre o olember of these
types: of shill registers in the 170 crcwts of the

C128, The shaft register can receive & serial data
ingat 7 its lowest significant bit. The bits enter one
at a ime and are immedstely shafted to higher bits.
Asoa fall hyte of hits enters the hyte smed remster,
the bits fill the register, The senal hits are thus
latched into the register. Esch bt holder has an out-
putl fermimal, The outputs ave ail connected fo an-
other latch. This latch is connéected 1o the paralle]
s of P data buss The tel s opensd and the
hits fiow onte the 'data bos as a paralle] signal. Fig-
uge: 11100 Mlusirsies this prooess.

The roverse 1% abso pirt of the shifl fegizter’s
duties, The parallel data s 5 abie to latch is con-
tents. The latch 1z then commsecied to the shadl reg-
pster, The fateh empties nito the shift repster in &
paralled fashion. The shill cegster can ten shift the
hits toy the right and output them one al & e ot
of the leasl significant bt

Clearing

An important job that reégisters can' do i@
CLEAR The word clear mseans 1o reset a regster
pr bt to a1 low, of neesencally a (L Figure 1111 8-
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Fig. 1317 When a regiatar @5 inEructed fo clear o resst, ol th bits mre Mplaced w=h 08, mo matiar WHat wak e .

forehiand

lustrates this iden,. A remster usually mast start
nperating o a csar state of .

While the various names for this process sl
tmeart the same thing, there are some fine distine-
tions. The word reset seens awkward when refer-
ring (o the start of a regster. It seems to make mors
sense i a register is clear when it starts off and at-
i s slate of resed the second fime i goes-to
. A register shoold bagome 56t 1oa 1 before it cin
then be pesel toou 0,

Whatever the variations in definibions, you can
think of the register being chear, as long as it iz in
astate of 0, When a registsr is cleared all the bits
are resetto 0 There are many clectonic ways a

register can b seroed. You can add the eorrect
states o a regester wnd end up with all (s. The reg-
ister cani be shifted into-a complete O stsle. The reg-
ister tan have Os POKEd into it, The regster can
have AND or OR legic applied to it to produce (s,
The chearmg of registers is an lingortant zhifity and
besides programommng s used extensively in the far-
Lory during quatity control Lesting.

Complementing

When it regpster w complemented, afl the ghs
are chanped to fows and (he lows are changed o
highs.. This process 5 shown in Fig. 11-12, This s
casy th do esectronically. If you tranafer g hyte of

Bl
7 B 1 % ] 1 o
1 1 0 I 1] 1 5 i 1
Ao taing complimenled
f f 5 ] K| 2 | b
A Q 1 1 0 1 ] 0

Fig, 1112 o & reqister 2 madruclod fo complamant. all 0z are changed to s ead a7 1510 08
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hitss Trowe one remgter o wiother you cn change the
state of the ndividuat bits; All you need do 1= pass
each it through & NOYT gate a8 il moves ftom reg-
ister to reggster. The 1594l change-to 0 and the
(s will hecome 1s.

At first glance. this inoks ke an intarsgting hug
oed very wsedul dats nmgupulaton, What valoe can
the complement manewver be? As i works out, i
himary - anthmetic, complementing {5 an important
functan.

The circuits needed to-add binary numbers are
relpnvely simple. Wo've explored the hinery counter
arcut-someswhal. With tial cizcult it & edsy 1 add
mumbsers, It bs aldo easy and steaightforward W add
pne Tegistar to mnother. Simpls multipBeaton can
5o be performed smee mulbphoaton s onby- the ad-
diticn of 2 Tog of the same numbers, The hghtning
faet repmsters - perform multipiieaton by =smply
adding the grovp of same numbers logether. Tt
doesan’t need a multplication tabse like o msn does.
Topget 4 % 8, the regisfers pataddd = 4 + 4 =
g+ 4+ 4

While addition and muoliphicatim lend them-
selves 1o FForegsiers, sulbirscton does pol. boor-
der to design circwes that will subtract quackly,
expensive and difficult designs have to he manfac-
tured. There 15 an casar way tooget the comgreter
Lir subsract, It 15 called subtrection by addifion of
the comilemmeniz. This 1= -tncky, bot ooce wisder-
stood, simple

It works oot Eod vou’ll bave to ke my word
for i, that of vou take the complement of o by
number, and add il in g cenain way o anothier bl
nary number, the result will be the same ag of yoo
hint sebiracted the origingl mimber, That &5 low the
BR02 m the C128 doos sabtraction.

I"'m nob going into a proct; there are pleaty ol
Lok around o e subdect i vou are curioes, The
knowledge of the subtraction method is sot vital to
thi pepakr of e CLZE. For vour infocimaton (ough,
the CYEE perdorms the subtraction wath the twn's
complemenl

When you change the s to Us and the (5 0 1e
in & remster, it 45 called one’s complement. In or-
dor o oblam, the lwo’s complemnent, vou add 0]

to tHe register comtents. That makes the register
contam the twe's complement. In goder to-sabitract
the orijgingl regster number, the two's complement
nureher is added. The result of this addition s the
same g5 subitractily the orignal mmbers.

Incase you are curioazs about complex multipli-
cation-and diviszon of nwnbers, mcroeomputers
ustally have special sehrootines nstalled va ther
EDOM chips. These roulmes are called every time
a long multplication or division problem has 1o be
solvod. This has nothing to do with compiementmg.
The insportant use of compbementing 15 subtraction,
There are other thimgs 3 programmer might do.
Thess are of Ltk diterest dunng troubieshootmg

O FEpEr:

Increment, Decrement, and Jump

The Uommodore 128 has o number of registers
thiat are conlmnaily coonting ugp, countng down, or
ost umpeng from one binary nacober to ancotder, For
example, the 16-bd Program Counteris constantly
daing thiz. The PC alwavs cont@ns o Bosry smem-
ber. The number 15 the next address m the mem-
oty map that will be contacted. When the number
advances by one, it is said to be mercmenivd by one.
If the nimber 18 reduced by one, it 15 decreniended
b ome. Bhould 1he: number just change (o & number
that & far from the previous number, (2 making
& praly

Thess three regmster ahifibes ane wital to the
eperation of the PC. The PCB stiached to the 16
bdress bus nes. The B512 pets connected to what-
ever mumber the PC pots on the sddress by,

The PC & buill to sutomatically ncrement by
ot after every address cycle while running a pri-
gram. 1t dnes the incrememting condinually wnless
T = mstricied by the program to do otherwge. The
incramienting & smply adding & 1 (o the beust ap-
nificant bt of the register, I there-ts 2 low i the
LuH itis réplnced:-by & high, Shiould there be o hogh
in the LSE, the figh s transferred to the next hgber
it s the ESB eods up with o low. Hefar o Fig.
LL-13 A= each new high s applied (o the TSE the
{iMad Banary mumber = incremented by 1. Nnte- that
this precessis pddition m the register and ot shift-
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ing, which contimzadly doubles the (otal with cach
shift. The numbers mcrease one-at a tme as the ad-
dition carries from bit to higher bil.

Decrementing 15 the reverse of merementing,
During the decrement job, the {otal bnery. number
i'a register 15 reduced by 1. For instance, in the
BE02 there are bwo regsters colled the X and Y m-
dex registers, One of the techniques of indexing has
tor do with decrementing & register alter each ad-
dressmg cyele. Az 31 = removed the entire regis-
ter benary mamber B redeced by 1

Incrementing and decrementing registers by 1
15 & common pracice durng computng. Inaddition.
regizters can be changed drastically. For cxample,
the program counber can receve i JUMP instroc.
tion followed by a large number. When the JUMP
armves, the oumber coald be added b the presenl
address on the PC. A new larger rumber 15 then
produced on the PC. The pew pumber 12 placed op
the address bus. The addressing then jumngs over
4 groupof mimbers and lands oo the new number
placed on the b, This ik 2 very mportant functon
of the program counter regster.

ANDing and ORing

AND and OR gates have bean discussed. With
the aid of AND or OR gates. registers can also per-

form the ANT) and OR jobs. As Fig. 11-14 shows,
if you connect the outputs of a byte sized memory
Incation and an 8502 register to eight AND gates,
the outputs of the two registers can be ANIed to-
gether. The outputs of the AND mtes could then
be placed intoa third remster for storage, The thard
register would contain the results of the ANDed
refislers.

The ORing of two regsters can be accomplished
in the same way, The same position bits from bwo
regislers are imjected into OR gates and the outpats
of the gates placed into a third register. XORing two
repisters can abso be easily performed with this tech-
mique. ANI¥ng, ORing. and XORmng are all easily
done betwreen memory locations and the Jocurmka:
tor regester m the 8502, The XORmg ts called EOR
by Commusinre.

There will he 5 Int more aboul repsters in the
fedlowing discussions of the details on the main LS1
chips. However, you'll find that there isn'l really Loo
mulch variety in whit FF rejasters are doing. They
anly do & few jobs. They all can stoce, kch, and
pass on binary date. Thes some of them, bat oot
all, are able tooincrement, decrement, clear, Sofm-
plerment, shift, and rofate. Lastly, 3 chosen tew are
able o add, subtract, mdtply, divide, AND, OF,
andd KOR. That's obout-all repsters can do. That's
ail they have to do to get the computing. done,



12. 8502 Microprocessor

e 3502 i8 thee mam actor in the deama of 128

and U6 mode computing. The Z80H iz ffs coun-
terpart for CP/M mode, The B502, when it fils, can
produce the followmg symptomes. First of all, it cun
cause & complete breskdown with these conditions.
The pilot [ght will turn on okay, power will be pres-
ent i the computer-at all «5 volt connections, vet
nothmg will be bappemog. Falire of the 8502 un-
der these conditions, is indicated, The B502 iz the
number one suspecd and should be tested.

The: 8502 conzkd possibiv also be the culpni if ane
of the modes & gome but the ather one is stll okay.
However, the 3302 is not the prime suspect in these:
ciies: In fact, it 15 probably. good when only one
made fals,

Ther prime suspects whes the C128 mode conke
out &nd the C64 mnde is fine, pre the MM, U7,
the PLA, 111 and the ROMs which are ogerating
the C1ZH mode. They are 133 and U034, ROM= 2
amid 3. O the other hand, i the C124 mode iz down
and the U684 mode is okay, then the suspects he-

coma the UT MMU, U11 PLA and ROMT. ROMI
conlams the C64 aperaling system and the MMU
and PLA are myvolved because they perform the se-
lecting and addressmg of the ROMs. It is possble
Lhat the 850% could have some odd troibie that s
producing the symptom, bul is it probably alnght.

The %80, while not mvolved in the o ratiog o
the CI28 and U6 modes, 15 also 2 suspect. 1t so
happens that the Z50 is the chip that gets the C128
compuier stacted. The Z30, covered in the pext
chapler. @5 given control srhen vou first barmn on the
machine, Chtce the machine is running, the Z80 then
turns comtrol over to the BS02 and jls workmates,
Therefore the posstbality always exists that 3 bad Z80
is lalling the C128 and CB4 modes becanse it is ot
slarting up the macline. When the C128 does not
come ol properly, then fine up the symptoms and
piazle out what could be happening sccording to the
existing symptoms. The immediate suspects are the
BSUE, £80, MM, PLA, ROM1, ROM2 and ROMZ,

Note that the symptony specifies that power i



bemg 2uppled properly. [T there is no power, thi
chapter does.not cover the troubie. Chapler 24 hag
the mo-power slugy,

ADDRESS AND DATA BUS LINES

When the modes are jone and power iz okay,
then the e troubleshooting stepis 1o Test the wd-
dress and data bus lines a1 the 8502 pins. Coming
out of the pins m Fig. 121 are the address lines:
A15-A00. When Lhese lines-are operating okay. then
they are running continually and autputting vanous
sets of birs aconrding o the data thal & coming from
the operating system in the ROMs. Accordimg 40 -
stractnns, the address Tnes are pening up locabons
and - either reading the location's data or wntmg 1o
the locatioms. The feadmg aod writing cause bits 1o
he oomstantly ieaveling the data bas:

Yoo can detect the tal mravement on the D6 ad-
dregs Tines and etght dita Dines witly & logic priobse.
“The bits; both address and datn bits, travel as waves
ot pulses. When the bits are in motion, the pulsing
t5 called @chirdty. The Jogic probe will turn on its
PULSE Bght.

Trsiche the 8502, by each pin connection, 1= 3
tuatfer. The 16 address huffers ate two sets of sight
buiffers each. There are cight called address bus high
and eight called address bus low, The eight tagh mns
conmect tolinss. A15-AR mnd the low pmasare 10 e
AT-ATL These destmations folkow true to form hack
ter the npards of the chip. Decp mspde are the dwe
secdions of the program counter: program coanler
high and program counler ki,

Adso deep  the chop are the other repsters,
Fiure 12-2 shows how these registers intermct. The
slack pointér register connects to the low part of
the addressing system. The ALT comtects 1o both
the Iow and high sectyns: The npul data Bitch aiso
congects 10 both the low and high.

When you touch down on the addressing ping
witl: the: fopic probe, the address bats are commyg
from one of these four regsters, The most promi-
niht regisser is the 16-bif progom counter, It can
address one of the 64K memory banks becaoze it
haz 16 pns to form bit cominpalions

The ALUamd the dats latcds alse can address
the antire memory map with thewr ootpurs. The
slgci pomter, though, is enly attached (o the lower
acpdress ines, ATV-AlL | can ondy point to 266 mem-
pry lecations with its eight-hit eapacity.

In-the BEAM locations, = specal sechion = as-
signed to be the stack. The stack is pven 256 ad-
dreaszes, from docimal [Gezlion 256 through 581, ag
m Fig. 12-3. The 8502 uses thiz area o store tem-
porary data, subroutme cootrol bl amd anterrupt
bits: T give more detad on the stack later m thos
chapter,

Theeight data bos imes, unbke the oy ogt-
goang stidress lines, Gin Both inpot and oatpart data
bits. When data exits the D7-IN) pms, the belsoare
comimg sl of a-set of eight data bos buffers: The
bats conlinue on Lo whatever feation had just been
sddressed_ When the bits armee at the location they
eriler resiers and Jre SU0Ted of profuce 5ore sort
of action. it 15 smd that the processor has nost ex-
ernted & write;

When the processor s domg a cead, though, the
aes age entering the D7-DN0 pins. Unee inside the
chip, the bits have two pogsdile pleces they can go.
If the bils are ordinary data, they go to the same
dnta bis ffer stage thal sise cin output bits, Two
gels of sight buffers are In the stage. One set m
pivinited ot awd handies the bils that are keavang the
processor. The other cight buffers ape pointed m-
ward and handle tle input Bits. The input Bitzare
huffered and enter the processor cromis:

Thes utheer place mwomang bits can go 10 9 the
fRsfrirttnn regeter, knoown ps the TR, When a pro-
gram 1% bemg read |y e grocessor, firsl o inetre-
tion iz read and then the data e instruction refers
to, The mstractons go to the |R and the data goes
tip the data bass bofler. Fiure 124 shows e ac-
ratgeament

STACK

There are a number of mportant registers in
the 8502 that will be coversd now, {pe soch
regmber 15 the stach poibker; The word pointer sm-
ply refers toan address The-stack 15 allocaied dec-
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Fig, 12-2 Tha stack pointer (B abe [ form adirasses from 256 t0-511 oaly. It & connected only 1o e lowar address

et AD-AT:Of the pregram couvnbarr

umial addresses 256-511. The stack pointer i nine

hits wide (see Fig. 12-31, Nine bils are abke to form
encugh eombinations to held 2 stack address. The
acfdresyes thal the stack ponter regiater are able
tir iodrd are; in bimary: § 0000 0000 0 1 1111 1111,
The stack starts wath 1 1111 1111 which:is 511 in

dherarn.
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[256) of hyles.

1 1111 1111 i5 the address when the stack i3
empty. U the BHIR2 PUSHes a byte mito the siack,
then the byle enters 1 1111 1211 °and the pointer
decrements to the next kwer emply rumber; 11111
1110, The pointer regster keaps decrementing as
the stack s up. The stack is shid to: store a page
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tiog, I the 8582 should st stop to servee the
peripheral interrupt, what happens to all the data in
the regsters? I could 2l be lost a5 the BRI ser-

Il the stack & near iull, then the pomter could
read T (000 0100, Showld the B2 PULL a hyte off
the slack, fhe pointer would then ncrement and

point to the it empty hyte hodder: 1 0000 D101,
Thestack ares in RAM s the repository where the
states of the rowieters of the 3502 can be stored,
when need be. For example; a5 programs are being
rudn there are usually lots of mbterrupts: The mier-
rupt could be'a permpheral device that needs immed:-
ate attention from e 8502, A device that will have
priofty over tho runmng program.

T intermupt forcesthe 3508 tostop ol the pext
copvedsenl momenl. Meanwhie, il (he regisless m
the 352 are 1 the medst of a Iot of data mampuia-
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vices the intermupt.

Ad you may have geessed, @l the datain the
perhnent regsters are PUSHed onto the atack be-
iore the BH02 deals with the mterrupt. The regisier
byies are stored m the stack temporanly. First the
cantents of the TH-hit progriom cownter are peshed
onter bwn stack Jocations: Then the contents of the
® and ¥ mdex repsters are pushed oo two more
Teations, Following that, the ong hyte m the g
curmukator 15 pushed on. Lasty the eight bels m the
condition code regster are placed imto- ane byte.



Dnce the registers are stacked, i 8502 then ser-
vices the interrupt.

At thier eennd oof Lhe indermupl roubine thie 8562 15
rt:qu Lo resume: the: program that was in progeess
when the imersupl arfived. The 8502 nowr must re-
store that registers (o e state inowhed Uiey had
hesen. The 8502 starts pulling or as it & caflled. pop
fing, the bytes out of the staik, The pomter &8 ad-
iressing the lasl byte toogo m the condibon code
register. ‘The state of the CC, whicl was the lagl
bvte (Lust In Fust Out. LIFGO b5 popped and
returned to its refister in the MPUL Then thee pest
ad the bytes are popped m-the reverse order fhat
they entered. The poimter ends upoal the ongomal
lercatiom Bt b besin ackdrissing.

The hits in the stack phinter are not stoted m
e stack area becmise they aro ool affected by the
interrupt. They remam in the 852 fo remnember
wiere the bytes were stacked during the mtermpt.

[t iz sapd that the stock 15 found m " 'poee 17
il the 64 R FEAM feivory bank. A G4E bank 15 par-

tnoned of into “pages.”” A pepr 18 simply 256
bvtes. Page 0 hobds deimal locations (1255, Page
1 higs locations 256-511. In 64K there 15 cnough
roam for 256 pages. Thelast page m the 64K bunk
5 253,

ARITHMETIC LOGIC UNIT

The 8588 G5 quite like the 6502 (%l i m the
VIC Z0 and the 6510 found in the C64. Al of thege
MPUs are the result of more than 30 years of evo-
fution, There 15 nothing dramateally new aboot the
IECraproeEEsoT excopt for the fak that thelr’ crouits.
are microscopic. - Ezsentially the same ebeciroms
manipulations bave been going on for years in
varunm tubes, trangistors and then nlegruted cir-
cuits, The ALU, the artthnrefsc lagte wost, it not a
new innovation. It is ag old as computers, It is ssp
the most vital section of 2 compating system. Tt does.
e data mammpulstion,
A typical ALL hag Do bvie-smed mputs and one

eight-bit eutpat. a5 Fig. 12-5 shows. The AL i

ALY

Ingie A

L

Ciriglerrist

Ireremant
Decroment

Add
Suttract
AERpty

Diwada

T

Cleas

Crulpul

Shil
Fotpia
A0
A
KOIH

Inpist B

T D

Fig. 12-5. The ALL has o byle-sired inpels amg an meght-bit aulpul
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abde to-de the Tallowing things 25 it crunches the ters
mpats o @ smghe outpet. First it cancadd the two
inpots into & single owtpal result. The addition, with
some mathematical tnckerr can-also resull @ sub-
traction, multiplication and division. Next the ALL
can mmflmeent its mtermal registens, making al 1's
it 0's and all 0°s tnto 1'. I Gan cléar one of its
wignats; that is, change the inpatsto 0. It can becone
a shift register and shift all the bits in one of the in-
puts either to the fght or to the Tefi. Finlly it ¢an
perforin loge manpulabons suech as AND, OF and
Exclozive (MR,

Shifting

When a shift left in made, the valse of 9 fegms-
ter contents ssdoubled, a =k g 15 made; the
value m the remster 15 divided: by Do, When e
shift ght is made, the lowest signaficant bit falls oot
of the: register into a specizl bit halder i the condi-
tion code remater and 3 O 1= foreed into the most
sipgnificane hit_ Daring g abift Saft the MS bt fals oy
indo the bl holder and &0 placed mbo the LS bt
Figure 12-6. degpiots the wiy in which the: shift works.,

The shift ability has & vanation calied mofuts.
Hatating works i the same fation oz shifthg ex-
copd for ome eoggur differenze: when you shifta brte,
e of thae end bits falls mio the bt holder-n the 0
register.

With the rotate funchon, the hit that falls cant
dioed bod get estcas divwivin Figs 12-7. [0 caught
m the CC hit holder (e the shift function. However,

the conterts of the bit bolder are Brought aroumd
to the other end of the regster and installed there.
The same thing happens with sither a rotate right
nF rotate jell, the hit st traviels inthe other dizec
tiom. The CC bt hokder acts as & mnth bat of the shif:
register that connects the twn ends of the register
into 8 loop. Incidentally, the CC register ts alse
known 3 3 fluy remster and B eovered later i ths
chapder.

Logic Manipulations

A the dame implies the ALLL Seaides perform-
ing amthmetic calculabons, - akso dees logs mangu-
lsttony, Logw is 'a form of mathematics that depls
with the NOT, ANI, OR. atc. cakoddations. In the
AL are formes of these gales-to &) the loge work:
Forinstance, the congilementing mantioned earfier
is actually @ Jogic job. When o regster is com-
plemenied & has all #2-hits mun thiagh ROT gates
whoch change 1's to {s and 0%s Lo 16,

When the ALLT ANDs twio inpots_ 1t uses one
ANL gate for every bit position, 7.0, in the two m-
pits. The two M5 pasitions, bits. 7, can he the in-
put to the position 7 AND gate. The resultant AND
putput becomes the putpit bit 7. Each et of bids
can be ANDed in the same way, An AND aperation
proceeds smultaneousty m parallel. The operating
forms & tofal ANDed byte

When vou ARTF a byte with amother bocbe, ol
the Dit sets-that fad 0% wall output 0. AR thee bl
piis thet kad two 1's will outpoet 3 1. ANDme s byte

Covitans
Estig hit f.: ol ba T a8 6| A 3 2 1 o
Pl o S
hepictar 7 —
Bxshensie sHift laf
Conbanis
T 4 & i 3 2 [ o] it Eatra il
“ L ey

Logeznt shift righat

Fig %2-5 Caring ah Arfihredic Shell Lell instretion, a s gushed infaHE 0, Ta contonts of the registarze all shifted
o bl 1o 1he 18l and the coments of b 7 fall 1o the O Tz of e staluls register. Dunnd 8 Logical Shift Right, o 0=
pizshad ima [t 7, i registar comends ale ehiffed oae B i and e conlanis of b 0 fall injo e © Rag
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adlows you to magk a byte. If vou want to make sure
theat cerlain Bir positions will end wp wath "=, then
vour ANL those bits with O0's. Thes procedure, {o
michine kmgriage programmers, slwowm i Fig. 12-8,
iz-knrwm 85 maskme off cerlun bl postinpg.

O the grfeer hand if you want bal positons to
remain mnchanged, then they are W be ANThed with
"5, These bits are thos oot masked and wll be the
eagrie before and after ANTADE.

The ALL! OHs two mpat bortes 1 the same way.
Wheneves ome of Dwio ingaits mio an OR gate & 0
1, the cautpet 152 1. The oniy way two DRed bits
can produce @ O @ if both ingets e (3, The (otal
cezult of one byte beang Oled with amother byt i
i ORed outpot Byte.

When il is necessary Lo Ghamge certain bits i
one of the ALU mputs to 1's, all vou have fo do is
OR the chosen bits with 1's Figare 129 denon-
strates the process. Whether the bitima 0 oral.
when itis ORed with & 1 itwill bea 1 cutpot, The
brtw that are OFed with:a 0 will gol have any
chanpes, The 1’3 will remain | '=and the (1= will re-
mmn {1's,

The BLO2 15 also able to Exclostve OR two m-
put bytes. When Lwo ingstil bits ace e game, @i
ther a pair of 1'% or 0%, then the owlpul bit will be

a L If the two bits are different, 2 1 and 2.0, m e
ther way, thea the outpul beowal be 1, The totad
result of a byvte being O Red with - another Tyte is
a lodal EORed byte, The EOR opeecaticn s used b
detect arrors and correct code, While this is mostly
the programmer’s province, these ogical mankpu-
Intiong can be pstalled in enginesring diagnostic pros
grams to detect subtle arcmt faalts.

ACCUMULATOR

Yetoran computer people refer to the accuimn-
bitpr-as & sersfon pad. Thas ngme came aboul be-
caitser i is 3 holding place for the bmary numbers
that oo m and out of the: compater, The atcumnuka-
tor regisler in Lhie 8502 15 an eyght-bit place. wired
betwrean the: deta bis, DT-T, and e ALTT. The
progelammrer Lhinks of the acoumatlator bt doesn’t
voncern fiméell wath the ALU. As far as the
programmer 15 concerned, the ALY is just a calco-
lator that the accummilator uses.

The acoumulator os the most promanent toms-
ter. It performa all of the arithmetic and logic
manipukations with the ad of the ALY, The accumu-
Eitor s wired, with exght data Imes, Lo the miernal
data bos of the 8602, The miermal data bos leads
to Lhe data bus buffers and then aul 1o pins D7-D,
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Fig. 12-0 Pagister bits con be maskad oft to 0's by AMDing tham with 0's. Bits ANDed with 7°s will remaun the spms.

The connectum scheme = shown im0 Fig, B2-10.
When vou are probing the eight data bus pins; vou
ere avtually exarmning the eight bits of the accim-
Iator. When the computer is operating okay the loge
probe should show pulses on all eqght pine st bke
the address pins show pulses on all 16 pins.

The accusmulalor can either receve data kom
the data bus or cutput datz to the hos ines. The
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data bus buffers deade whach way the traffic should
be allowed to flow. Inside the mécroscopic data aas
buffer are 16 YES gates. The gates are three-state.
Eighl gates are wired to send bits out of the 3502,
andt the ather-eight mates are wired fo receive bits
[rom the memory map kocations. The gate wirtg &
called " head-to-toe, " The 16 gales are afl in seres
with the eight data knes, Two gates to 2 bne, the
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Fig. 12-0. Register bits can T changed 10 1's by ORing thorm wilh 18 Thaso Oflad with 0's will ramain unchanged,

rwe gates though are m parallel with each other, The  eight read gates go off and the write gates turn on
bwir gates are each pointed in the opposite direction. The accumulator seospts data durimg 3 read and oul-
from each other. puts data i a write ¥ -ordersd.

The three-state YES gates are controlled by the
Ri*W line. When the Bne is high, the eight gates INSTRUCTION SET
sl process the rend operation sare on and the sight The 8502 1= able to receive struchons in tha:
gates that allow the wiile are turmed off, i the ROW form of bytes of binary bits, In 3 byte thers can be
e goes low, Lhen the reverse takes place. The 3 possible 256 different combinations of bits. Hows' =

213



I
5'

Throe-sats
c:m rols

= Fn
in fwrl
Instruction Accumulator | | Haad L io 1o S
Cracooar 7 vrﬁ\Ej /
— I |
: YES o
js |
B | \'I-J;;"*':J I
J . YES 3
N L T
| g |
5 *rts\t,l \L |
; YES e
i
| a I YES |
YES a0
| o
| | |
a YES
ALL ""__I_, I YEE\L | 34, o
L
] 2 | vas\t \r\ |
| | ¢ YES | 35, G
| |
y |
| ; 3
| I
o YEE [
| YES E—DU
| -
________ |

Dusta bus Dufteds

Fog. 12410, Whad. wolr Bad proDing 1he data DS pms,: you-am: peially sxgmening the activity in e acoumitane:.

ever, today's B does not newd that many mstrgc-
fiomes. Al uses 5 56, Inckdantally, the mstrzction
siatof the 850F is identical to its ancestor, the GHOZ,

The 851 programe are runm bytes, When v
wribe's BASIC program, the BASIE EOM changes
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the program fmes wou wiite e bytes of eghsand
liws, These betes are then stored i EAM m ge-
quenbal addrogses: Thers arel other programs
stored m BOM., They are alsp oo sequential od
dresses, The RAM and ROM:are able to sutput



bvres tothe BO0Z, The bvtes are what the program
consists of and the 35302 processes byte after byte,
Thiz & whal a processor does, [T rning programs.

Thix 56 bytes that make up the mafruction set
all ave a different combination of highs and low, The
d502 has micrmal cEcurtny that can recogmize the 56
different eight-hit:sets,

To wse an analogy, suppose vou have 3 oombi-
naton Juck thal requires eight different nombsers to
open it up,, The lock wnll rérmaimy Tocked 1l vou en-
ter the numbers m the correct sequence, After vou
gnter the mumbers all the tomblers will fall and the
Pk will opent, You oold ay, Uhe eight combination
mumbers of the lock are an instruction that says
Yopen,"” When-applied, the lock aall always open.

The mgrrpciion bytes opernte m e zame way,
When o Bstruction bvte & appled (o the 8502 Troo
a memory bocation whete it was stored, it activates
e o 56 cpcuits, Eech crcit & hult 1o perdorm
1 job wien i = activated. The circoit responds by
deang the spedic job the mstruction byte calls for,

Instruction Byte

Aome of the bytes mothe stored program form
mstructions. Other bytes in the program are nol in-
structions, they are dats. The Insbuctions are
speciic Lo (e nstruction set. The data is the nfor
mation that the mstrectons process.

Tepical instructions are. store, Ioad, #dd, sub-
tract, compiement, ciear, morement, shaft, AND and
OR. Thera are alao instructions that will change ad-
drosees, such as prmp, branch, call and retormn.

Each-of the bits m an mstruction; shown m Fig.
12-11, has its owm job to do. Some bits cause the
ALY to perform a job. (Hher bifts speofy what ad-
dressing mode shothd be wsed. S4ll anather bit speci-
bes the 3502 regster to be osed. Table 12:1 wa
list of the &6 instrctions, It gives a shor descrip-
tion of cach muetrocton and the three letter
rnememes that mdicate the job, The hree letier
afyreviations of each instruction are the ofes used
when an assembly bngpeage program 15 witben.
Each three letter abbreviition is assembly Bnguage
code for ibs binary bit set.

MPLl rogustar
o by e
T =] =] 4 3 i 1 1]
Addrees Modas Operation
bmirmeeciate Store
Apaoluts Load
Indemed Add
Exe. Etc

Fig. 1217, Thet B502 uses oight-bil instraciong. ing typlecal
Imstrizzhon, ditferant bits are ooded 1o sasult in speciias b
b bake place. For example, Bit 8 cowd choosa the MPU mg-
isier 10 be used, bifs S and & might datsarming 1he address-
g modie, @ B 5, 2, 1 and 0 coukd specily tha spemalion,

Fetch and Execuls

Wihen a program i3 min, the matiction cycle,
n genent. procesds i the followmg way. It con-
ducts three cycles. One is the fefck, Two is the
decodimgy. Three is the sxerution, The entire opee-
Mion is-bopsely coBled fetch and execute. Figure
L3-12 ilustrates one operabion.

As the fetch begme, the program counter ouf-
puats thee 16 address bits opto the - address bus, The
high btz select the chip that i addressed and the
Ioweer Bty address the bite location o the chup. At
the same tme, the W hne s activated—a high
for a read and 2 bvw for o write. The B/=W line sets
up the dats bus bulfer m the 8502 and the buflers
m the memory chips that are selected. Let's use g
ROM resd signal in this example, We'll fetch an m-
suction.

Upon beang addressed the ROM chip decodes
the address it receivied inoats mtemal decoder siage,
The decoder thea sendsa pulse 10 The licaton that
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Table 12-1. The 8503 Instruction Set

B502 Instruction Sel

Instrsctaon Mnamanks Inpiruciign Mnemonic
A wilh Carry ADLC Jump 1o Subroutine JER
Logical AND AND Load Accumukabar LD
Arahimstic Shilt Lef mEL Load X LOX
Branch i Carmy Chear BCC Lz LDy
Branch i Carry Set BG5 Logiaal Shift Figh LsA
Biranch if Rasilt =0 8Ed Mo Cparasion e
Tast B BT Logeeal OA OFA
Branch il Mifss Bl Push & PHA
Branch. I 8ot Equal to 0 BHE Push P Statys PHF
Branch i Plus BFL Pull A PLA&
Hrank BrAx Pl P Saaius PLP
Brapch i Crepeflow Char By Hotate Laf R,
Araach o Owarfipw Sef BYE Aotale Fight RO
Cloar Camry CL Retum from inermupl ATl
Clear Decimal Flag CLD Fisturs [eom Subrouting HTS
ey Inderrog Disadia GLI Sundract with Carry S8C
Clgar Chearfiow oL S Gy SEG
Compare [ Accumuigho e el Dessima SED
Compars o X CFEX Sal Irfarrgpt Disable SEl
Compana Y CPY Storg Accumalalor BTA
Dacramant Mamony DEC Sfore X BTx
Diacremant X DEX oY 5TY
Dacremant DEY Trarstar A ol TAX
Exclumive OR EOR Trarshar A Y TAY
ircremani bemory NG Tranatar 5P to X T8X
Incrammsnt X 1 Trarslar ¥ io A A,
Ircr e Y 1 Transfer X 1o 58 TES
Jump JMF Transhar ¥ o & Ta

the address hits specify, Thal lecation is enabled
white all the other locations on the chip remamn
furned off.

The accossmy lakes a few hundres namnsec-
onsds, depending upon the access speed of tie chig,
The eight bats i the caton are teen et oul on the
data bas, The #ight hits flash over the data lncs to
the 23502 They artive at the mstnecton register, the
IE. The IR s eight bits wide and latches. the eight-
bit tnstructsa, Onee the sight hits are atched inthe
IE, the matruction febch 12 complele, Alyle of dafa
rould have been fetched in the seme way. The only
difference is that the data would have been sent
through Lhe data bus buffer instead of being latched
it the [E. The 8502 would have knowd what 1o do
gince the metruction would kave preceded the dala
and the mestructions woald lave grranged the divta
recepiinn.

Zlb

The decoding cycle begms as the TR refeases
Lthe mstmucton and leeds the instriectGon Wls o U
msiruction decader. The decoder 15 a macraschpoe
PLA cireuit, [ftakes the bite-and produces a st of
oatpud bits for uee in (he other 3502 regrsiers,
shown in Fig, 12-13,

The decoder conld send one ol to the ¥ index
register, one Bit to the- X index remster, one Bit fo
the stack paanter, tme bt Lo the ALT, oo bil Lo the
accumulator and one bat to the AT- Al low section
of the program coimter, Tt also has one hit for the
mput data fatch, These smple hits-are able to fum
these registers on of off according to wiat instrucs
finn 1= Seing proccased.

The execute takes place as the decodes are
driven by the clock. Each clock eycle makes the
decoder perform an imstrsction step. The varows
instructions of the 8507 need diferent mumhers o
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evcles to complete the matrocm. Some Eslrocbion
like ““decrement the ¥ remster™ can be execided
i bwn cydes, CHher mstroctions ke ' anthmet
shall kel maght oeed six or seven cycles by com-
plete. When the-B502 is running at & I MHz pace
a complete oycle takes 1000 panoseconds: or 1
microgecond. When you think of timing it & usually
in terms of one cycle.

Chces Lhes mstructon s decoded, the vanoes
registers thal are akmy part in the metroction cxe-
cutzon are burted onogad the instruction is able o
take place. Pamng a read, the dats -follows the in-
struction hits on the bies, The data could be hits thn
nesd to be processed or the data could be an ad-
drices that needs sccessng. Whatever Bie dala g
he, it 18 not an Instructon and goes to the data bus
buffer and o te the TR,

Thas byte, which 1= zfter the metruction, enters
the B5027% internial data bus theoagh the daba os
huffers. The data then enters the ensbled remeters
thai conmect 1o the inlernal doia bys amd 15 pro-
cesged. The next msinwclion with its data traiker is
realdy 1o be ferched and svecuted,

The 16-bit program counter memsters have 3
budly-in putomatic incrementor. As: soon as the PC
nutputs an. address, the by vabse 1n the PO s
meremented by 1. That wav ag soot as the BH02
fimashies one fetch o execute cyche, the next ad-
idress 5 sent out over the address bos. The PO wll
always simgdy merenient itsell undessan adidrezsing
inatriuction bke Jomp. Branch, Cull or Redum i cn-
counleced, Tien the PO will hodd off on Berement-
ing and follow the addressmg mstruchons of the byte.

Cince the specal addressmg mstmction, sechoas
Jormp vr Branch i disgmtched, e TC retusis 1 e
autonaatlc meremening 1815 kol to process. The
PL can start at the begmmmg of aloag program amd
mindleesly merement contmeally unkees o 5 RD0pRd
by ooe uf the special addressing mstroctions. Thers
are only a few addresang insiruchons that the 8502
will respond to. Thers are ten Branch metructons,
two Jumps and Two Relirns

INDEX REGISTERS

Besides the seowmabator, the X and Y index
regmsters gel most of the wction. A mschine: s

programmer-uses theny contimually, Indexnyg 1= a
valugble techoegue. One use of index remsters is
thear abality to look up data i tables that are mstalled
in the memory map. For mstance, = moitiplication
tahle can be placed in & program: The address of
the firat pumber in the Lablde o be pliced m the
mdex register. Then when a Inokup is needed, an
-offset number is added to the table start address in
the mdex regster. The offset plus the table start
mymber forms an gddress. This localion contans the
desired lookup. The table location is addressed by
the mdex register and the lookup is retreved,

The index registers can address a locabon, Tlos
facality and some other programmmg tncks make the
ke repister valuable, The 8502 baxs two engdd at
index registers, called X and Y. They are weed al-
mostas often as the acomulator. Infbct, the mdex
rogsters, besides ther tocky addressing capabii-
teeg, can be used as seratch pads, fo store data tem-
poranly, st fke the sccumalator,

The aceymutator and the index registers are the
kst BAM locations. Yoo cannot store data directhy
o WAM. In order 10 store data i RAM you must
farst load the dats inte the accumulator or the index
rematers. Then they will store the datz for you.

Theabove dizcussion reveals what s lsppen:
ing m the B502 and the things the ndex rematers
icam o, IF you want (o check an index register vou
can do b withoa bttle HASIC rootine. For example,
wiwen you write a program with FOR | . O NEXT
statement around 3 POKE, vou are coeatmye o loop.

L) FOR - 1024 TO 1054
21 TOKE Z.0

300 NEXT

The BASIC BOM m turn sends oot mochine -
puage biss that do the following 19 sccompiish the
FOR . _ . KEXT foop. First, it nads the acoumula-
tor with-the data that is to be POKEL, Then it teans-
fers the. contenta of the accumulitor to the X
regisler, Then it sfores the contents of the acouma-
lator m address 1024 + X,
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The first Ume throggh the boop, thie 09 stored
i 1024, The neagt machine language msiruciion m;
merement the X register, Once mereménted, the
X register becomes 1. After that the X register is
compared with the décimal number 31 {1054 - 1084
& 13 Ifthe contents of the X register, ab that e,
does not equal 11, then the kop conties. Because
X oontans 1, te loop contnpes. When it finally does
el 31 the regsiers 1024-1064 are loaded and the
roubime stops.

The above shows. what happens. betwern the
ateummidator, the mdex register, and HAM when you
write o FOR _ _ - NEXT routine in BASIC. To sum
it . if you want to test the X index register in the
C128 write n FOE | - NEXT loop and see if it exe-
cutes, If it does, then you have exercised the ac-
cumubator. thi X mdex regster, and asecton of
RAM that vou might hawe POKED daty inbo. They
are all apparenthy ukiay i the bop works:

Puring repair work, the index regmaters are not
usuzlly a proglem. They are part of the K52 biock

deagram thougl; and a servicer shoold be Gemilizre
with their aperation,

FLAG REGISTER

The flag register is shown m Fig 12-14, It ks
alsn knowm: as the Status Remister or Cooditon Code
Register. 11 i speciil oight-bit regster. It ts actu-
alty eipht smpske bit registers inched trgether. Each
of itz bits does its own job, Ths remster m the A
hars cight bits, but andy seven of the sight are in use,
Bit posttion fiveis unused. All of the cesl dave in-
dividual jobs.

The titz are called flags. The Aagean be mone
of tww states, | or 0, on o off. When a {lag s s
tos 1 atis in wse A0 bt means: the: fig is Ivlng
sl

The flags are vital dosfing 3 program ron, As e
proram 35 peogressme o dne to o and mstrec-
b after mstmucton, the figs are continaaliy torm-
ingz off and en accerding to the mstructon, Most of
the 852 mstruchons Cause one or more flags o

ingtruction decodar

Crvarfions

Magatve BRE

Diacirna Ty Carry

2
7
7

51
Irsmrrials dats s

Fig. 12-14. The flag reqistes alad kndar us the stales mgishar, 15 connegiad betwesen the data s and the ingtrnsian
gecodes. Each flag is o singée hil rogistar. Tha fags mondorawary decoding coermtion and ane s of clearsd aoseedinghy.
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Fag 12475, The: Hags 9o most of hisi business with tha ALLL

ke a clhange If the flage were sttached to lights,
the lights woitld be faghing continually as 2 program
I8 1.

The maching langmitage programmer mast be
completely dwace of every flag that pets set o
cleared, Each fag movensent performs some sor

of duty and has important meaning, The g repgs-
teris connected oty mstruchon decoder through
e eaght-bik bos and to the 85022 infermat duta bus
thriugh another eight fines, as seen in Fig, 12-15.
The flags conduct most of their busmess, with the
AL through the mternal data bas, The maa job thae
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the flags do is 1o set when the accwmulator attains
aparticular state, Let's examine some of the states
(hiat the: accurulator canget ikself into.

Programmer's View of the Flags

The flag register bas jts eight bits arranged ns
in Fig. 12-16.; Note that this block diagram shows
all of e important BH12 registers except for 1he 1n-
struction register, this data hus buffers and the ALLL
This i because, 25 a machine linguage program is
written, anly the accumulator, index, stack poanter,
program coanter and flag registers are congidered.
The IR, hadfers, and the ALU do ot enter mio the
programming, However, for hardware considera-
o such as rrouhleshooting, alk the registers must

b considered, becmyse any of thim can {0 and hong
down Lhe machine,

This programmes’s hlock diagram shows the
size of sach register in bils. Mote that the acoums-
lator and mdex registers are eight bits wide. The
program counter, between its PC high and PC low,
forms 16 bits. The stack pointer is eight hits phas
the: ninth hit: set at 1 w place the stack at addresses
T O 00 £256) through 11111 1111 (511). The
flag register is shown as eight ndradual Bits with
hit 5 blank, In the other bits are the Iotters, N, ¥,
B.D I, % andC.

Bil 7 of the flag register contains the N Bag. N
stands for negative, The nogative refers to the nu-
menc state of the contents of the accummulalor reg-

¥ a
Accumulabar A I
i L]
Indmx et X *
7 0
Lvifisn reisior ki
15 B 7 0
P high P ow PG
8T 0
1 Stack posier 5 o
T 0
MW BlD ZIC|F
Y EL
it XEOE 3
z 37 @

Fig. 12-16. This is 2 bkck disgram wmed by the. meshing languege programmi. I shows tha programmakle’ registery

& bhaetir bil =285
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wter. The pecumubatar is also an eight-hit register;
[Dunng caleulations thil wse negative nmbers. the
accumulator must hoist 2 fag te show that i85 con-
tents are & negative number.

When the negative nurober ts m the accumulas
tor, the gecumubator’s bit 7 becotnes a 1. When the
accammiztor kas a positive number, it3 bit 7 becomes
10, Therelore, whenever the acoumubator bit he-
comes 3 1, the N fag s hoisted—that iz, it becomes
a 1. Otherwise the flag stays al a standby 0 stage.

This arrangement works well for the program-
mer but can get cormplicated. Nothmg's perfect. The
complicition is that the flag pets sct whenever the
pecurmlator Bit 7 becomes 2 1, no matter what, This
i fine for caloulations bul can prove to he an un-
wanted fag raising in other programs. for ingtance
word processing. Howsver, this i% a problem for the
programmer, All a tech meeds to knewr iz (hal the
flag wall be set whenever bit 7 of the acewmuls-
tor goes to g high.

One use of the N fag & to couse 2 change of
‘mddress when the secumulator contenis become a
negative number. This ahifity is a handy program-
ming towd.

Bil 6 15 the Cleerfiow fag, Tt is used m two's
complement calculations (3 programming device),
Repar jobs have very Bttle need for two’s comple-
ment figuring. For repar purposes st he aware St
the Overflow flag gets sct when there is an anith-
metical carry from bit 6 to 7 of the accomulator.

When this overflow domars, pspecial dorrection
routme must be run of by the 4302 to comrect the
cverflonr, The reason it 1s mmportant Lo pote thes bit
6 o 7 overflow is that the overflow can changs hit
s negatve or positive sign and harm the progriom
rm. The overllow must not remain uocommecked.

Bit & of the flag register 1 unused in the pres-
ent 83K, That does not mean it will always remasn
umused. Future models of the 8508 conld include 2
e 5 thad does some 5ot of job,

Bit 4 1 the Break flag. Thers i one mstruction
called Break, The mstruchon, as it armves af the IR
aiwd becomes operatipnal, will 22t bit 4. This break
effert is useful during program writmg and running

B 3 is an arthmetic helger, When bit 3 15 not
set, the 3502 mms its moithematics: norrealy in ba-

nary. [hrmg some: decimal operations, howeyver, the
bmary modi of counting from @& to 15 is clumsy. It
I5 easier m these cazes (o be able to count from 0
to 8. This eomputer ability o count in decimal in-
slead of binary is called Bmary Coded Decimal,
BCI). The B502, when bit 31 set; has the vahmble
abdlity o cédse counting i Binary and start count-
g in decimal. When the fag 15 cleared, the 8502
goes back Lo counting i hinary: agaimn.

Bit 2 35 the IRQ) fag, IRQ stands for smterrup!
request. It ig relerred to as the inberraghi mask bt
When this bit is set, the mterrupt 2 masked and no
other interrupt can interrupt. The bit can be set with
some instructions by the programmer, or the 6802
itzetf will g8t it during a RESET operation, An in-
lerrupl will aleo set the bk,

Bit 1 is the zero fag, The zero flag Bke the N
g cam be set under many conditions. It becomes
sl whepever the sccumulator goes Lo 2 state of ail
zeroes. The L bit i@ bl fo get set whensver the
acuunndator O stater ooours--mtentional of not. That
ia the programmer’s problem.

Bt 0 is the Carrey ag. It is that nintl bit Lhal
wits mentioned earfier i the aecurmalztor shift and
rodate discussion. It will receive the bit that gets car-
nexd out of hit 7 of the accumudator during aritimetic.,
It will abso cateh the bt that Bails oul of the seoump-
bator during slift and rotate operations, For more
details on flags, refer to the miny books on G502
machine fanguge. For repair purposes, the shove
knowlelpe &5 sulficient to ren t=s5ts on the rdware.

More About Interrupts

I the B502 schematic diggram of Fig, 12-17,
are three infermupls that can enter the instruction
decoder and canse the 8502 10 stop what it &= doing
ind service the intermepts, They are called RESET
it pin 40, IRQ into pin 3 and NMI into pim 4.

The RESET vireurts, Fig. 12-1R. are usad to
pet the U128 started, When the machine i firmed
an, *RESET & appled to pin 40 of the #3502
*RESET begms fife when the RESET button s
preszed and closes. This pats + 5 valts into pin 8
of U27, the 566 timer chip, The tmer m response
outputs a dow from pn 9. The low passes theough
2 NOT buffer stage of U3, This condrioned Tow
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iz «RESET. *RESET goes to a number of chips in-
cheding pin 40 of the B502.

While the RESET button 18 held down, the
*RESET low stops-all actvity coming from - or go-
ing to the #502. Then, when the RESET button s
freed, the fow changes back to 4 high and the 8502
gtarts working anew. The RESET routme begins.
The frst thing that happens is: the 8502 registers

- are initialized and the B/=W line is made high so that
the= 8302 can read from memory, Thien the mask m-
terrupt flag 15 50t w0 oo other interruplions can in-
terfere with the RESET operation.

The B72 then reads tarreight-bid [ocations from
the Kernel ROM. These two bytes are called a vec-
for. The vector is an address, The 8502 leads this
sddress into its program counter and the address
goen out over the address bus, The address iz the
starting location of the operating system’s mitisli-
Fation program.

The progrant is then ran offand the screen soon
shows READY and the cursor iz biinking. That i=
what the BESET mput mbo pm 40 makes happes,

The secom] interrupt e into pin 3 is =IRQ, in-
ferruption request. It is mormally-bekd high and be
comes #ctive when forced low. When the low
arrives, the B502 poes mbo the milermipl routine,
This imterrupd Ivpically happens when & peripheral
device cplls the BG02 throogh an I'Or port, The
peripheral usnally wants to seod or receive data, The
RO Ime cosnes: Ioodn i 21 of CIAL and pin 4 of
the expansian bus.

When the +IRQ signal amves at the 8502, the
first thing the 8502 does 15 fo complete the mstruc-
beien 3t s workdng on before & moknowledges the «[RQ
signal. Once it does comgdels the current instrug:
tion, it checks fag bt 2, the TRQ bit. As long a3 the
mnsk 1% nol set, the B502 will fhen zervice the m-
terrupd. Shoold the: bt beoeet (Hee mbermipl i
mzsked), the 8502 will jpore the reqoest.

(e i action on the mberrupl, the B50E stares
some ot its repsters m the stack. The program
contter s curment address goes mio the atack, The
atatos of 2l the fags are stored in the stack. The
S502 then goes to the flag regster and sets the TRE
o moone other mberTopt cam mlerrupl (he service
program that & nboot to take place
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The 8502 is built 50 that, at a time like this, it
sddresses the st two addresses on the 84K mem-
ory map: 6553 and 65535, These addresses are
part of the Eermne]l BOM. They are also known as”
the =IEQ vector. In these veclor addresses s an-
other address in the Kerned. This-address is the stan
location of the IRE) service mutine, The 8502 reads
thiz address and loads it into the program counter,
The program counter m-furn addresses the service
roartine and the 3502 proceeds to rin off the routine.

Ag we hunans follow these interrupt proce-
dures, they seem compbcated and difficult to follow,
The C128, though, performs this game of using ad-
dress after address to fnally Gnd the service rou-
tine as second mture and has no difficulty. 1t whips
thrgugh it in millionths of 2 second.

e tlve interTopt has been servced and (he
peripheral thal caused the internept has been satis-
fiee], the B2 poes back to what it had been doing
before the IRQ bad arrived. The BR02 goes back to
e stack and places the prograom counter and Gag
values back mto the PC and fiag register. A speoal
mtermupt return mstruction i execuled and the 8502
resumes its program by addressing location after lo-
caflem,

The third terrupt is called «NMI for non-
maskable intermugd. T s activated by-a low mte pum
4 of the 8502, It works quite ke the =IREG mier-
rupt. Both miertupt pins, upon receiving & low, start
executing, Both preserve the contents of the FC and
the fag regmster in e stack, Both aufomatcally ad-
dress two locations near the top of memaory

The difference s in eir relabonship with bt
2in the CC, the flag regster, Bil 2 will mask off
iwti =IRQ when it arrives if bit 2 1 set. Bit 2 will enly
permntam [RG £tz aed set, *NMEis different, The
=M will abways go mbs acton oo matier wiat b
2’5 state happens-bo e,

[0 many computers, the *MMI = used i case
there 387 an emergency intermupt ke a-power fal-
pre, Inthe C12H however, it s ooged for o dilferent
purpose. [t is used in the RESTORE key circuit.

When the HESTORE key 1z pressed, as Fig,
12-19 shows, il sends signdl BSTR to pin 6 of
2T —the 556 chp that s aldo used for the RESET
activity, Dt of pin 5, 2 sgmal enierges and enters



i sectwn of LI29, a buffer NOT gate, The « NMI sig-
rmal thest proceeds topin & OF the BEOZ.

When «NMT arrives as-a signat from the RE-
STORE key, the processar goes throogh the same
sort of sequence as i an TRO had arrived, except
that it loads the program counter with = vector al-
dress from two bytes near the top of the memory
map an the Kermel ROM.

Theterm tvefor s confusing. Here, it desoribes

lwir hyte-sized locations whose combined contents:

form one 16:-bit address. For metance, Kemel ROM
bocutony 65535 and 65534 fepether contam the vec-
foringe adilress of the start locatson of the = [RG) ser

vice routine, Location 65533 and 65532 contain the
start address for the *RES routine. 655001 and 65530
will he pbdressed when «NMI in the processor is
Turned om.

This interrupt operation is not vnlike & game
where you are given i address. At that address you
will find amother zddresa that will pomnt vou Lo the
prize, which in this case & the ttle program i ROM
that services the mteTrupt.

THE 8502 SIGNALS

The BH0Z has 40 pins, a5 seen in Fig, 12-17.
There ure 16 pins coming from the progmam couanter,

+ 5

[20
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M

Fig, 12-18 Whan he RESTOFE kay is prossed the 3 gircult aande a sigral 80 fhe 8502
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AlS-AQ, that outpot the addrese bifs. There are
eight pims-connected to the instrisction regmister and
izt s hatfers that both mpst and cutpat data bits,
Then there are lhe thres forms of internapas, BEQ,
RES and NMI that recewve mtermapd mputs. Thers
are two pms for 4+ 5 volis and groamd. That takes
care of 22 of the 40 pins, What about the remaning
11 pees® What sol of cofmputer signals are they act-
ing 4% ports for?

There are seven pins, 24-30, called P6-P0. PG
ie.am input from the CAPS LOCK key on the key-
board. When you hit the key it wll ook and send
2 sigmad to PA. In upperdowercase mode, the proces-
sor will 1hen only permit capital letters to be placed
on the:sereen. PS, P4 and P3oace three connections
to the casselle circwts, Ph operztes the cassetio
msotor, P4 the cassctie sensor and T3 the cassetie-
wmite impikses. P2, P and P sre connected to the
FLA. They comnect the sigmals LORAM, HIEAM
ind CHAREM to the PLA.

At pin 5 i the Address Enable Control, AEC.
This iz an important mpot from VIO, The B502
ghares the wse of the address bus with VIC, When
VIC i pesrmitting a high at pin 5, the 2502 15 m con-
trol of e address bus. Shoukd VIC send & low,
though, the BE02 15 effectively turned off and VIO
uses the address b,

At pin 2 18 REY, “ready,” &s Wogas RDY iz
hagh, the processor performs normally. When RDY
goes low, the processor will Gnesh the: operdtion i
‘t5 conducting and then tumn off and let another cir-
cuit take over the hus lines.

Pin 3% 35 the allamportant read write fine called
Ei+W. As the name implies, when the fne goes high
the read oprration takes place, Wihen the line is
forced Jow the wmite operation- goes on.

Finally, Phase o is.inpul from the clock cireuits
at pin 1. Thes is the sigmaf that drives the #502. Both
the 1 MHz and 2 Mz chocks are input a1 this. pin,

TESTING

Foromately, the 850218 4 very relinile proces-
sor and is not the culprit when the compuler Tz,
However, lie any electromc gear, it is subject to
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hreakmg down. The foBowing tests cn gquickly check
il ol

O quick chieck cin be nade with the U128
Mombnr operatng svetem. In bhe 128 mode, all you
have to do s bype the direct command MONITOR
of press F8 (i this key e so programoed) oo e
kevhboard and you shicald see 5 display like the fol-
[ovwing.

MCHITOR
PC SR AC XR YR SF

; FBOOO 0D 00 00 D0 F2

Different 128" might not be exactly Bke this
e, which is off of my C128 display. If your display
comes up in this way, the odds are very good that
vour 8502 iz working fne. This deplay shows the
contents of the 8502 registers a5 you entered the
meonitor. The contents are described i bex, The
program counter, PC, is aboot te address the first
machme language instruction. The status regster,
5K, hns all eqght fiags with 05, The: secusmugalor,
AL, = mitsalzed with all 075, The X and Y index
regsters, KR and YR, are both inttmbzed with (s,
The stack poanter. 5P, shows the first address oo
thwe stack in hex. The B02 55 resdy for action, The
achon s enlering machine language programs.

The Moenitor is nothing mere tean an operating
system, ust as BASIC is. The Monitor though bets.
yinl program with the 8502 mstroction et amd deal
directly with the 8502 programming registers. This
wves you the opporiunitly To keép a cinse watch on
the registers for troubleshooting purpoeses, T the
registers starl showing bex cobitents that are not
predictable, that-could be zn mdicabion of & bad act-
ing #EEE. The Momtor also works along with RADM,
ROM, VIC and ather chips. [t could proade answens
b rEpir puzziey.

(¥ course, 2 look at the Monior can enly Tag-
pen when the cireuits are working enogggh to respond
tor the MONITOR compagid, If the C128 is not coan-
piling enough to show the Monitor respondmyg to
the command, then you must geab e logc probe
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or vom.and start testing, Fypare 12:20 5 the Test
Paint Charl fre the 8512, It shows wiat should Te
present-al each pm,

Tt chart readings were made on oy C123 with
e mrskchine energieed, e BEADY sigm on, and the
cursor hlinking. Thas is 4 good time for pin-dy-pm
readings, All of the Test Poiiit Charls were marde
under the same dperating condiires.

Youd ¢ gseuns all i well valh g chip under fest
as kng as the pms read the prescnped voltages or
slates. I dscrepincy s found, then that isa clue
and bears further investigaton.

I genern, if you Gl an meorrect ceading, then
naode i the pin s mput or cutput. 1Fthe wtong read-
g ks om A input pin, chapces are Lhat the chapas
okay and the trouble is Jocated in arewts providing
the inpat sigmal. When the wrong reading @ on an
cutput pin-odds are that the roubde Tas happeied
ingide the chip and the chip will protably need
replacement. This 18 not a hard and fazt mele he-

cause, of repair jubs, some of the oddest ¢omplica-
tions can and do ocour. Tois a good rle ro start the
repair with, however, and most of thee tmme will pronve
out:

The service charts dre drawn arpund (he aetual
pout of the chip. If you find a problem pin, vouw can
then go 1o e schematic, Fig, 12-17, which dies
nol fuliow the pmoat, and see where the sygnals and
voltages are coming (rom.

Youll find that the sddress amd data pine all will
show PULSE on the logic probe, Pin 1, the clack
signnd input, also has PULSE.

The threes mterrupt inputs should all read HIGH
till they are embded, and recerve a low, On norimal
standby, bowever, they are highs, BDY should show
2 HIGH as well g5 the B/=W nc. The RisW lines
&5 m 5 read mode when idling. V| should-adways be
high or +5 volts and V_ low or 0 volts. If any of
Heern are ot then you have uneovered 5 clue et
cold kead to the casse of the trouble:



13. Z80 Coprocessor

C128 16 a U564 and an 3502 machme Lmage

cormpuier, bul is adsoe p 230 corputer. The anty
problem with the ZH0 function i that there s no
operating system for the 280 on board—it may niot
opecite on its own. Commodore supphes o disk, with
overy CIE8 it produces, that contains a CH/M
Plus™ Vermon 3.0, This operating system,
produced by Digital Research Ine., is 2 popular one
that rans thousands of CPM based programs.

When vl want to use the 230, all yvou need 1o
do is load the operating system from the disk to
BAM, You then will have 3 Z80 computer wath 359K
of BAM wvaidable, ready to go. The CPM may be
ehaplayed oot of the Siecohimn Visleo Controller chip.
I yout e & d0-column monitor, you can seeall &)
eolsnns by pressing the CONTROL kew and serol-
ing with the appropriste CURSOR key.

While the: 8502 1= the mmin processor, the £R0
i thes copiiot. The two of them work fopether, Dur-
ing the C128 and 64 modes, the B502 s m charge
Lt udes the Z50 for some purpuses, such as star-
g the machine on power-up. When the C128 =pof

mta CF/M mode, the Z80 s mostly. in-charge bt
does vee the 5502 for jobs ke accessing the Ker-
nel ROM roubines, and some 1O work, The fwo
provessors ise each other when necessary.

When power iz Brst tumed on, insmy meode, the
a0 s ven contied, I the 8502 had boen mocontrol
at the start, the ZR0 could have accidentally started
addreszsing and movimg data. Thos would couse 1he
program o crash from the start. With the 280 in
charge it can do whatever o wanbs tooon e b
lmes. The B5U2 neit sits by and wats. After per-
forming some househecpmg and mibehationy, the
PR starts up the 350 m omther CI128 or Cfd
miode—thal s unless o CP/M disk is in the drive and
gets boaded into HAM. When that happens the 280
remains i charge and i ready to run or write CP/M
PIORrAMS.

Z80 BLOCK DIAGRAM

The X0 has muny regisbers, Eiphteen eight
hit and foor 16-kt rogsters are shownin Fig, 1341,
These are all scoessible o the machne languges
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Zag REGISTERS

Main rggisters Aarnabs rigeslers
oEnaral pairmass genpml pEposE
g i B o
") £ o E*
H K H' L
16 H 7 i i - &)
[ Accumsiator 4]  Fleps | [recamutaior a1 FagsF |
intarrupt WMomony
Vieotor | Hafrash H
Indes Feginier ¥
Inchex RodgEstar Y

Slack Poinkess 5P
Program Codmier PO |
15 1]

Fig. 13-1. The 2.'6[3 possesses TH oighebif reqistors and fowr 16-bi registors.

programimer. T ho-régistere are alss used as handy
litte sections of BAM. In addifion to b 22 repstors
the programmir can use, theusal ALL and Iastrue-
ton: Begister cionts are also avatdable;

As P 13-2 shows, the Z80 regsters are inone
grotty and connect to the ivteral dota Dus add e
Hi-bit gddress bus. The address bus 12 one wav-out
and i the endt for the hits penerated in w faar 1H-bit
rogesbers. They are the progrmm counter, PO, the
twe index registers, X and ¥, and the stack pomler,
oF.

The 18 other cight-bit regsters connect tothe
dight-bot mternad data b, These repisters are
provped s twir accumadators, two {lag remsters, 12
peneral purpose regisiers,-an inleimupt regmeter and
A epecd memory reftesh regmter for the DREAMs.

The mtemnal data hus in furm connecis (o he
ALY, the external Lilch, U112 and the extemal
buffer, U3 isee Fig. 13-3). The internl dats b
also connedts o the westrochon regpster and it or-
cuifs. In the metrection register circmis are the f-
strwsrbion decoder and provessor control comples.
The decoder—onbred areas recoe and ootpot 13
controd gigmals theough The register’s poes These
will bee covered liler mothe chapter, one by one.
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The 230 also has a clock signal, generated by
VIC. fed mieot, Lastly'there 15 the mandatory + 5
yolis and ground conneclions o edermee the chig,

The Registiers

The secumulators, flag registers and ‘genéral-
plrpose re@sters are scparated mo two groups.
Ui i rabed the Main Begister Sel and the other
the Altermate Rewmster Set. These are arranged. as
shown i Fig E3-1, 00 iwo groapes each with one ac-
cumilator, one flag regster, and six general-purpose
rejnslers.

The accumadators are used as sorateh pads and
the Oag remeters et up conditions gs useal, simalar
teo the way the 8502 operates, The general-mirpose
rogrstors can act as hiile storage areas ke BAM
and deda lot of the jobs that the soumokator does,

The registersan each set can be wzed i E6-hif
uperations as pars. AL of the pairs are selocted with
exchanpe nslnuctons from the £80 instruction e,

The' program coanter has no surprises. Tt out-
pises o LE-bil sddress and thes 5 meremented if the
nexl byte ma progrim is to be addressed. 1f 4 jump
mstruction appesrs, the PC s sol incremented but
has itz cofilents teplsced with the new pmp address.



a0 BLOCK DHAGRAM

&
5
]38

Data

B2l

BB

Lt

Insstopc Fign Instruction

2B Intaraal

Data Bus

deCoder rexgisar .:

A AL

Agcummulalars, Hegs.

lﬂ’l’l!"ﬂ] PUpOE.
inlarrupts, rafresh

w3 Contral
sipnaks

PC, X, ¥, SP

16-bit
Addrass Bus
&16 - Al

Fig. 13-2. &l of the regatars are n-one section ol (fe ZB0, The lour T6-bi registers dedl in addrisseng and oulpul bits
pwpe Ehg addmess: bus. The esghl-bil regislers: w‘nrl_: with data, Thay inpi snd o bits ovor the oeip Dus.

The X and Y mdex regsters are two mdepen-
dent 16-bit regaeers that hold the apecil addresses
necded for the index modes, The stack pointer =
another 16-bit address that hokds the start address
of the stack. The stack n RAM s -of Uie last-m st -
out vanely, Therefore, if there s anything m the

stack, then the stack pointer register will hobd the
address of the fast byt that was placed in the stack.

The Z20 has two regsters that the 8502 does
not have. Une is the eight-hit interrupt veclor, This
regpster holds Lhe address of 2 memory page where
an ntermapt service routine is stared, Thring some
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Fig. 133, The Z80 can connect-direcily i the sysiom address bes. It cannot connect directly b the system dala bus,
M must s this |81 ag an inderine during & read ard the BuHer ag an Inlarase whan pedoomang a write

W

intermupts, ths vector will be placed on the address: Lo refresh the BAM rows afler every mstruction s
hus to sddress that desired page. coenplated. Forget aboot 1t for the C1328, howevar,
Then the T30 has an eight-bit memory refresh . Bevause VIC takies care of refreshing the DRAMs,

pegister. This is a seven-bit address that & designed. and this mutpat friom pen 28 is not dsed.
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The Non-Programmable Registers

The ALL handles the arithmetic and lowic cal-
catlations that po onin the Z80. Specificatly, the AL
performs the following operationz; it ADDs, SUB-
TRACTs. ANDe, ORs, Exclasive ORs, SHIFT:
LEFT and RIGHT, [NCREMENT:s, DECHE-
MENT:, COMPAREs, SETs o bit. RESET= 7 ba
and TESTz a bit, These are all machine hanguage
progrunmmng concerns and du nol onter into g
troubieshooting job. but the understanding {hat these
jobs are performed by the ALU coold help aolve 3
repair puEdle oo some occasinng.

The viher non-programmable regsters are in
the matruction register realm. The instruction reg-
wsler, frst of all, is baded from the system data hus,
[37-100), during the mstrocton evele, Then the IR
uses a oontrod regster fooget the defined mstripc
tion performed, Thes melndes generating all the con-
trol sigmals that will send the resolts of the
metrEEon-operation o cormect register destingions.

Z80 SCHEMATIC DIAGRAM

Figure 13-3 shows the schematic diagram of the
Z8) m the CE28. Mote thal three contral ping are
oot connectedd: pins 18, 19 and 28. Pin 18 is 2 sigual
frony the Z30 calied =HALT. This pin 5 not con-
nected and will show i high, Tt goes: low when the
[rOCessar is swaitng & non-maskable nterrupt which
dews niot happen in the C128, Pin 1% s also a signal
from the Z30 called «*MEEQ. This sipml 35 2 low
whienn thee Z80Hz mdicating avahd sddress on e ad-
dress oz, *MREQ a4 three-state signal and: is
tristating se there will be no Jogic probe reading
present on the pin, Pin 25 is the *HFSH signal men-
tomed eaclier. Because the DRAM refresh i con-
thucted by VIC, the pin is held high and is insctive.

[t is necessary dimng troubleshooting to kave
im understanding of the umused pins as well 4: the
operating pmg. If an unozed pin's state should he
incorrect then that s a good clue.,

That leaves ten control pins. The first four are
Syatetd Cootrol, Pin 27, <M1, is in outpur thae is
an actiee low, so it will read high while the 0128

= ieffing and being rested with the iogic probe. Whes
it gues low, it signabs that the cureent mgchine-cyele:
fetch 15 in operation. Pin 20 («10ORQ) s active Tow
and will show 3 hagh when idlig. The =IORD shows
Lt the lower half of the sddress bus s valid when
iowr, also plavs a part with M1 whenan interrugt
acknowladge is nesded,

Pinz 21 nnd 22 are «RD and «*WE. When 21 s
not in the CP/M mode it is tristating hecause i iz
a thres-state output active bow. When low, it 1 the
read part of the BIW circut. Pin 22 55 the counter-
part of 21 and i5 also 3 three-state sutput active low.
Fn 22 will show & high when idling though hecsuse
it 5 fiedd hagh with 3 connection through & 3300 ohm
resistor to +5 volts. =B is the signal in CP/M
twtfe Chal mchcates when the Z80 wants to read fom
memory -of an [/ device. *WER is the gignal that
madicates 280 wants to write dala (o memary or an
LY device.

The next {our control ssgnals are mputs from the
resl of the computer o contod the Z30, Pin 24 i=
calied +WAIT, It iz an input active low. When ac-
tive it tells the Z30 that the memory,; or 10 device,
that & addressied 15 not ready to transfer data, Howe-
ever, this crouit does oot use this inpat and simply
Leess pim 24 o + 5 volts to keep il kigh, and not have
the Z80 accidentally go mto-s WATT state, Pin 17,
*NMI, the non-maskable mterrupt pin, is also un-
wiantod inthe CI28.and pets the same + 5 valt oo
nection, *NMI s actrve low and 5 thus beld: hgh
and vannot mtermept the operalion. P 16, =INT,
5 the mterrupt that s allewed to work: 1t s held
tugh. but will become active if forced low by an 1O
device. If the pin is probed then it will show pulses
ire present. Hin 26 18 the *RESET. It 12 held high
till the reset ks triggered. Then it acts He the 8502,

The last two control pins are 25 and 23,
*BUSREQ and =BUSAK. Both pins wilf show bowrs
when kfling, The bos request signal & an mput and
ig active dow. It is a request that the Z80 should
tostate its address. data and control symats for bus
sharmg. The £80 will show 2 low while the B502 1
m charge, Tke while dimg. The bus acknowledge sip:
nal is also dotive Jow. 1t = an outpot and miorms any
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device that is taking over the bus lines that the Z80
has indeed tristated. The device can thed take over
the bis. Pin 635 the mput for the clock. The dock
signals are generated in VIC, The £80 uses i single
phuase clock. The S50 usix 2 dual phnse clock. They
are dmepzsed n Chapter 17

The rest of the pins on the Z80are AT5-AD and
[07-I80. Tleey are & three-state activie Tdeh. The -
dresses bocate regsters o the memory map for
reading fromm and writing to. The data ping are the
280 ports for the bwo-way dain movement.

When the nddressing i conducted with an 'O
device, the sight lower address bits are able to
directly select up to 266 imput or output ports, Tf the
refregh regmster i used, the lower seven address
hits address all the rows m RAM,

Z80 INSTRUCTION SET

The 8502 has 3 Momtor thal lets vow program
r Lesst the chip with miachine Isnguage. The Moni-
tor 15 nothing mare than a prograns that acts as an
aperating system, not unike the way BASIC m ROM
works, O course there are differencss, sdvantapes
and disadvantages between the B502's use of BA-
SIC and the Mondtor's machine language usmyg U
Instructson Set directly.

The £30 i the C128 18 vot 50 fortonabe. Thers
i no Momizer for the Z80 Instraction Set. U you want
to program or test the Z80 i machine Tnguage, you
will bave 10 obtain a 80 Mozitor, There are plenty
of them on the market that will do the job on the
C1aa,

I you obtain o Monitor that will ket you write
ZH0 programs, then you'll fawd that the 280 has 158
different mstruclions, They will be heted will the
Maonitor o assembler that you by,

The mosat used instructions in @ machine -
guage program deal with the processor readifg and
writing to the memory map. The map for CP/M s
very differenl thin the C128 and CA4 maps. They
are all discussed n Chapter 16. Probably 70 to 30
percent of il instroctions are the read/write vari-
ety that meve data between the processor and menm:
ory. Exchinge instructions move dati it ondy swap
data heterecn regmsiets:
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The nexl groug of isstrschions have: o do with
sing the ALLL These metructems mun dala through
the ALU which resolts m arithmetc or logic bemg
executed. The results of the data processing are
then piaced into the accumulbator and the fags refat-
g to the ALL operations are ceared or sef ac-
coridingly,

One group of nsteuctzons shifts or rotates datn
in the accumulator, @ other Z200 cesmsters, o o
memory, These instructons have the ability (o do
anary coded deamal manipalations.

Another sroup of Instrsctons stops the program
counter from routme merenwenting dnd places spe-
cial pddreszes o the PO, These are Lhe TUMP,
CALL and RETURN mstructions.

The VO nstrucbon groog is oexl, The £30 s
pbie to address 256 inpot and 256 cutput ports: The
VD) structions read o wrle data between the
processorand memory, and memory and extemal
[0 devices.

Thexrs are aome matrictions thaf are able to halt
the 780 and rmamdpuiate interropts. One instruction,
NOP, makes the Z80 have no operation during the:
time the MO 5 processed.

There are some bit-handimg msiructions. They
are ahde to sel, resel, and test bitamosome Z50
registers ar memeory. The résufts of the instroction
execulion are then recorded i the fag register,

Lasthy, the ZB0 s able 1o transfer any size biock
of menwry o any other groop of next-door mem-
ory locations. Another nstruction lets the Z80 search
a block of memory for & desired byte et naght B
nasedid,

ZB0 CONNECTIONS

The ZB0 cannet operate with the 8502 crouts.
Specifically it has difficuity wilh the data bus lines.
The addross bus is 00t really a peobiom, because
the Z80 15 a throe-state device, When mstated, the
gddress Bries gn mto 2 gh-ammpesdance state. T here-
fore the 280 address lines can he connected directly
Lii the address bis and can share the e with the
AG02. When there g possible conflict the Z80
brstated,

Thie digta lines thowgh are not guite that simpée.



Thereiore the Tatch (17123 and the buffer (1713) are
s between the Z80 and the data bos. Tl teh

meerfaces the Z8G 1o the data bus during a read and.

the: buffer mterfaces the ZBU to the data bus durmg
awrte (see Fig, 12:3).

Despute their differences, the 8502 and the 720
must work topether b prodoee. all of the modes,
Thewr huswhicag is: they cunnot wse the bise litnes at
thesame fime, Athaugh both processons can be on
a1 the same time, they must, however, (ke lums
using. the basey

They do thetr jobs m the following way. The 780
is gven first use, When you turn on the C128 the
£80 1540 charge. The Z80 then perfrirms a kot of
initizhzations of registers. Then, sccording to haw
you have started pressng kevs or what is in the car-
{ridie port or disk drive, the Z80 will transfer con-
trol fo the 502 wnd the computer will eather come
up asa CL28, o Cod, or the X80 will stiy in charge
and Tun’ CP/M programs,

It o CF/M disk fs:in the drive, then the Z80 ro-
tams control and & CP/M program disk can be put
in the deve and inslalled mto BAM, As the CPM
progran iz run, the 80 5-able by, with the aid of
Lhe 8502, nre Kernel ROM routines snd perform its
1) needs.

The mechaniam that allows the 8502 and 780
to switch controd of the bis Hves are sigmals that ong
mate in the MMU, or VIC. These sigmals pass
through some gales and mrive ot the Z80 pm 25,
=BUSEG), bus request. The sipnal from the MM
15 called ZROENABLE, and the signal from VIC ks
BA. They cimse the 80 to foroe pm 23 low, Thal
boe holds *BUSACK, bus acknowledges. « BUSACK
&5 then senf {0 the allamportant AEC connections
through some gates: This makes AEC high and the
BOOZ KDY Tine high. The 8502 then lakes control.
When it 1= the ZB0°S turn agam, the ZB0ENABLE
goos low,, This® makes the «BUSEG low which
generates 4 lgh out of <BUSACK. The 8502 then
(ristates and the Z80 & bark in chargs

THE COMPUTER WON'T START

When vou Jook down at the Z80 o0 the pont-
board the keyway norch is on the bottom. The #5602,

to the faft of the 280, has its notch at the top of the

“chup. You could sey that the 250 is mounted upside

deswn. Be careful thal you do not gel confused as
you counl pms for test readings.

I the L300 should conk o, then the first thought
15 that CP/M won't run but ©128 and CF4 modes
Will be okay. Not sol Since the ZH0 15 sn mvobyed
with the BS02 and the 220 is the processor in charge
when the machine powers ug, @ bad ZB0 will nof fet
the machime come up.

However, the Z8( is onfy nne of the suspects.
Therefore, when = C128 will not start, the 780 is
m the middle of things but not necessarily the seat
of the frouble.

The following is 2 step-by-step procedire 6 run
when the C128 won't atarl, First of all, check and
ok sure that the power supply = okay, If ere
B e powet . a5 outlmed i Chapter 24, then the froa-
bic 18 m the supply: follow the steps in Chapres 24,
IT the: power supply 18 exonerated, then take 2 logic
probe and begn testing the address and data bus
ez of the ZBU and the 8502, with the Test Pome
Charls of Fige. 12-20.and 13-4,

Puises should be at all the address and data pms
on the 8502, On the 280, under nosmal operating
conditions, pukses should be o the address pins. but
the data pinz showld be tristating. This is bacauge,
whike the codnputer iz dimp in-C6d o C128 mode,
the ZBO date pms are innctive, I the machine is in
CP/M mode then the Z80 datz pms will have pulses.

Should the address or data pins not have
preseribed pidses, then you have a valid elue, The
nexd siep s o chéck out the resel creuf. You can
check it at either pin 40 of the 8502 or pin 26 of the
280, Attuch a logse probe with the machme off, Then
turn it om. The probe should a8 first go Tow and then
bmedialedy go kigh. Next press the reset batton
while the probe is still attached and the computer
ofl, Upon pressmg the hutton the probe should go
low. When you release il the probe should then go
high again,

Should the above not happen exactly as de-
scribed you have & number of suspects that codld
be calsing the trouble,

The schematic, Fig. 12-18, shows that the reset
arint 3% based around one half of the 556 tmer,
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TEST POINT CHART
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Fig. 124 If youl fing @ wrong moul logd siata, than chanons ano thal the 2080 = okay mnd the defect s pn:bnbﬂr_m tha
irpud circult io tha chip, Shaukd an gutput logic stabe be incorrect, odds are gaod that the 280 chip it has roubles

27, Alser m the resel Ime 0 NOT gate sectmmn coudd be found and the trouhle proven to be i the
from DRI, Then there is the reset switch, SW2: two reset cireut.

INS14 dodes, CRIZ ad CR1G, two Gler capac- Cmpees he pesel cicomd is checked oul as okiy,
fioes, 91 aned CU2, and one redistor, B24. Theze  ‘then the next step s to check the clock mpots o At
comnpnents shoeld be tested ope by one. Abad part pin § of the 8502, a2 MHz sigmal i3 supposed Lo be
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préesent. At pin 6 of the Z80 a Phase 1 signal is sup-
posed 1o be present. The kgic probe sl show both
cock sigmals as puises. Feither or both clocks ke
rmssmg, then that will explain why the puises are
missing from address and data line pins.

Shoukd the 1wo clocks be present and one or
more of the address wnd data pulses be gone, then
the processor exhibiting that behavioris defective,
The clock e entering MPU but the MPU i3 oot
generating the proper pulsing on the bus ping. The
trouble 15, most probably, o defect In-the MPL in:
termial cincuity,

Bhonld the clock mputs mot be present, though.
the MPTis are probably okay. The trouble = indi-
ciled to be in the circuits that are producing the
chocks, The 2 MHz clock for the 8502 s commg from

pin 23 of VIC. The Phase 1 clock for the Z80 is com-
ing fram pin 25 of VIC. VIC is the generatoe of all
clocks in the C128. Missing clock signals indicate
clock cireuit troubles (covered in Chapter 17),

The rest of the ping osni the ¥80 are vardous
forms of controls. The Test Point Chart, Fig. 13-4,
shows what Iogic states should be present and
whether the ping are recelving an mput from other
circuils or are sending signals that the Z80 has pro-
cessed. Gheck the pins for wrong loggc states. i vou
find 3 wrong inpat reading, then the 280 is probably
chay and the reason for the wrong readiog is 3 fanit
i the circiits that receive the inpat. Should there
be 2 wrong cutpat reading. then the Z80 has 2 de-
fect somewhere in ity internals and  peeds
Teplacement.



14. Programmed Logic Array

11 is the 8721 PLA chip, shown in Fig. 141 It

12 a d8-pm chap. The PLA for the C128 is sta-
tinned Tight in the middie of the address bus cirouts.
Tt warks in coordination with the MMU, U7, which
15 covered in the next chapter. U111 calleda fro
grammed logic array but it can’t be programmed
by e, It has already bees programsned, somewhat
the way # ROM is programmed, m the ctory. It
is placed onto the CL2E prmthoard, ready to work,
as all the ROMs are.

In the Commodone 64 muchine there 15 also a
PLA but it is only & 28-pin DIP. The CE28PLA Coi-
tame all the workings of the Cfd plus more arouls
40 it can aleo handle some of the C126 needs. When
the (128 5 in C128 moade; the PLA and the MMU
work side by side. When the C128s in the €4
mode, though, the PLA does the job wathoul the
MMLL The MM disappears from the memory map
during U6d mode. The MMU kas regizter locations
on the C1E2 memory map. The PLA does nut have
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Y TereTy mapaddresses. As mr_u!.i:;-rn:d. the PEA
does oot have user programmable registers.

PLA INTERMALS

The PLA w3 chip sélecior, I akse performs
ether jobs which will be discassed kater in this chap-
ter. Ag the name suggests, e PLA works by the
mangulztion of logie, A PLA 3 composed of a com-
hination of two arrays of logic: one armay’ of AND
gates and anothér array of OR gates, as Fig. 14-2
dlustrates. The AND gates receive e chip iputs
and the DR gatesd deliver the chip outpots,

The AKD pates at the chip input pins receive
a ot of control signals but the most important &-
puts zre from the address bus. The PLA is con-
pected to lings A15-ALD, These are the six highest
bits. From these bits and the control signaks the FLA
e abbe looproduce a ot of outputs.,

The AMI} gates begin the decodmg that wall re-
sult m the chip selects, An ANDF gate-can’t output
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# signal, unbéss all the mputs Lo the gate itsel are
highs. The AND gate can have two or moge mputa.
it only has one oulgot. It will output 8 kigh when
all mputs are high. The AND gate is an alsetronic
combination lock. It opens up and outgals when all
the highs are presedt, Clherwise @ ranmins off,

The OFR gate 550 named becanse it will ontput
a hagh if any of its inpauts are high. The OR gate can
have two or more mputs: It only has vme output.
It wall satput a high when one or more of s inputs
are Tigh,

The' CHH gate 5 also an edectrome lack. It turns
on when a ligh is inserted mto any of its inpot leads.
The difference betwesn the AND pate and the OR
gate does ol al best sppear stoking, bt it s, Be-
catige Of this difference in operation, the computer
t5 feasible,

In the PLA, the AND gates are able to distin-
guish belween a lot of different address bil mputs
and only aotput the desired signal w the OR grtes.
The OR gates are then able to ontput the correct
chip select signal from the designated pin.

The Chip Selects

First ol af, the PLA Gkes core-of the CA fmode
chip sclects, without any help from the MMUL The
address bus inpuis fnes ATS-ATO at ping 1-6; as
shown in Fiig. 14-1. Four control lines and these ad-
dress hits forme.a combaration that results in one chig
select, The four control fnes are BA, LORAM,
HIRAN and CHAREN.

BA, the bue available signal origmates m VIC,
It is uged bohetp turn on the RDY in e 3502 he-
sides hemg inserted nto the PLA. LORAM (low
RAM), HIRAM ragh KAM), and CHAREMN (charar-
ter ROM enable), all come from the 8502, They
estierge from the speoad register pins PO, P1and P2,

These input signals work their way through the
maze: of ANTH and OR cmamts in the PLA- and oul-
piit ose chup select bt Figure: 14-1 shows the in-
poim and possitde oulputs. The chip selscted is from
the groug-ol IO, BAM or BOMs thal Ui £68 mode
uses.

When & C64 mode cartridge is inserted, the
computer detecls i and brings into play two more

PLA mputs. They are *EXRDOM (external ROM)
and =(:AME, With the additional lines, 2 number of
dilferent memnry maps could be turned on, sceord-
mg to the combination of bits thal are entering all
[hpese mpuats. '

Thee C64 memory map is @ doubledeck affair,
shown m Fig. 14-3. The bottom deck is 54K byten
Imng and b= made up of wight 4164 DRAMs. The
cecking 14 oot one long unbiroken steetch, The deck
i gectioned off into pages of 256 bytes per page,
a5 shown i Fig. 14-4. This puts 256 pages into 64K
o Memmy.

On top of the 64K of RAM, using a lot of the
sarne addresses, 15 21H more of memory. This gives
a total of 85K thal the 064 mode uses, Because the
8502 can only address B4K a1 o time, the PLA &
needed 1o pick and nmtch different memory oagp lay-
outs-for varous uses,

Besides the double declang of 85K, the mem-
ary nap canbave some other residents, These are
external devices such as the cartnidge ROMs, They
#ain entrance by beng phigged inlo a cartridge
hedder and activating *EXROM and =GAME.

The C64 mode has a default memory map, Fig.
14-5 It comes up when vou start the C128 i CRd
mode, Seven other maps are available, besides that
defalt map, by changing bits inte LORAM, HIRAM,
GAME and EXROM, which change (he arrangement
of the chips that wall reside in the map. Besides that,
vou may pick one map and then bank in and out of
that mag the partoaiar chips that wre needed. These
and-other dezalds will be covered in Chapter 16.

I the C128 mode, the PLA also plavs 2 part
in the chip $edect process, 16 selects ol the ROMs.
it selects the VIC chip. color RAM and character
ROM. It also selects the vasies 10s, inchiding the
twin L1As and the 51D, The PLA does not perform
the: tunking of memory -t MMU is in charge of
that.

PLA Additionel Functions

Figure 14-1 ghows the schemalic drawing for
the FLA, The mputs zod valputs zre arrowed, Note
the: Eine-up of cutpats on the right side of the draw-
g You can see all the chip select tines. In. addi-
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Fig. 144 Tha 54K mamory mag 18 panitioned.off ino 266
Fages aach comaining 258 byles:

ftig, the =CAS (cobonn addressstrobe) B for
DRAMs. and CLRBANEK 18 for the color RAM.

There & =1YWE from pin 40 that is the wite
enzble strobe {or the DEAM:, and +GWE foom pin
44 that goes to UG6E g fip-fopd and then hecomes
the wnte enable for the color RAM

The PLA sends the X80 =ignals o burn it on and
1o handle the 28005 100 and memory meppag. Po
13, «BUSACK, 15 the bt that turns on the Z80. Pin
14260 10, goes 10 pan 20 of the Z80 to get the
[7{) data meving.

The /=W gigmal from the 8502 artves ot pin
16 of the PLA, The PLA then @kes care of the direc-
e m ' which the hits on the data bus will be
irpvelmg.

Besides all these jobs, the PLA, during the C128
mode, alsa makes ose of the CE agnals: LORAM
HIEAM and CHAREN. These imes m CF mode are
pairt of the banking scheme, The G864 mods can only
utiize 64K at a time. Yet 85K is available between
all the chips dsed for C64. The menfioned control
Imes 2 m banking the chips nke eght different con-
fgurations for the C84 o use, They are aot tessded
for kankmg m the 128 neode. The MM performs
the C128 banking duties,

Thas PLA 15 abde to change the ol of these three
fines and make good wse of them when C128 = m
action. The CIIAREN mput from the 3502 15 then
gsed to turm the character BOM off and on in the

| ]
AAM 16K
16K %
HaAM 168
m L
Bam R
40% +
BASIC
AOM s
. 1
RAM 4%
52K +
Vo 4K
Karnal
oM ‘1“
B4k

Fig. 145, Thie G064 mode mamory sefacll msap, e one ha
TS G when you swileh o OB, bas tha fallowing resi
datia: 0K of RAM, (v BASIC ROM, the Kormel ROM and
tha WO groime

VIC bank that &5 selected. CHAREN makes the
character ROM readily avallable m any VIC bank.

LOBAM andd HIRAM mputs are used to select
one of the twa sections of the color RAM, Spedh-
cally, LORAM mput canses the PLA to selact one
of the two HAM sections when the 8302 & m con-
trol. HIRAM mput cagses the PLA (o select one of
the two BAM sechons while the VIC is v charpe
of operations. ‘The makes the color displavs oper-
abe cleanly, T o vaduable featurs for programmers
and users.



PLA PINCUT

Frgrire 14-5is e Tesl Point Chart for fhe8721
PLA chip. Pms 1-6 are the iddress mes ATS-A4)
oo Lowchdowy o Uhiean with e Towsc peolse, then
they will all show activity as the probe reads PULSE.
What vou are seeng is the current address bitg ar-
riviig in step with the chook:

Fan 7, called VICFIX. i not bedng used at pres-
ent, 1 is conmected to grousd and the probe il read
a LOW. Pin 8, DMAACK for direc! meniory docess
goknpatledsr, 1% not heing used sither. Itis teed to
+ Gvoltz to keep it oul of getion, The probe will resd
i Tigh.

Pin 435 AEC coming from VIC. AEC lats the
FLA kntrw when the 831 5 n churge, or when VIO
has pomtrol, IU probes: PULSE while the C128 15
whlings. Pigi 10 s the Ri+W bne from the 8502, Tt lets
the PLA koow which direction the-bits on the: data
bus. shoukd be travcing, Pin 10 shows PULSE,

Ping 11 anid 12 are *GAME and <EXROM.
They: are: commg: from Lhe expansion bus. When a
cartricpe i i fhe expansion port, these signals be-
come actve snd can affeet memory maps. They both
probe IIGHS when there is nothing m the expan-
Fhealy P

Ping 13 and 14 are <280 ENABLE and Z80 170
They each show PULSE. The tadhie 4 hit from
the Za0. When the Wt 15 bigh the 83005 0 charge.
When the bif goes low, the PLA kiows that the X80
15 o tratating and has sven upocoptrol. The 280
U0 s a sigmal froan (he TLA 1o flwe 50, Tt s in-
terTupt thal the Z30 mght or mogld pod Tonor,

Fin 15 shovs the compmeter s mode_ I the probe
rends: HIGH then (he suchine i i C128, In O64
toocle the pin prohes o LOW. Pine 15, 16, 17 und

12 all commect dmectly (o MMU pins. Sisteen, &

LOW, is an /() select that reads low. Pins- 17 amd
18; PULSE:, are FOM BANEK HI nned BOM BANK
Lab. These four puins 15-14 e the mode status lines,
In the C128 mode, hetween the address bits and
these four imes, the €128 banking arrangemenis are
made,

* Ping B-and 20, Lwe more PULSEs, are two VIC
address bus lmes which are multglexed inlo pis
cilled MA4 and MAS: These spectal nddress lnes

hefp the PLA when the 8502 wants to arcess VIC
or 1 VIO wants to-actess the DEAM:, Po 21 3 e
BA sigmal from VIU. It shows-a PULSE. Pins 22,
adand 23ame LOFAM, HIRAM am] CHAREN from
the #6588 Pine 22 and 23 are HIGHs and 2515 2
LOW, Fin 24 & also 8 LOW hecause i isthe chip's
NI ponmection.

Piai 26 15 & hagher onder VIE address line b
codmes from CLAZ [t probes a HIGH, Pim 27 hag a
jurmiper i s mpu? e It sets the PLA for nee of
128K or 256K EAM. The jurmsper @5 open which sets
for 1ZEK KAM_ The bme is hebd HIGH, Pias 28 snd
8 are not comnected. Pin 28wl not show any logic
probe readings. Pm 29 will read FULSE from ier-
nal cotmeclHns,

Pins 33, 31, 32 and 34 are four TGS showg
the sigmals for ROM L, ROM H, CLEBANE ind
FROM?. Pins 34, 35, 36 and 37 are the chip select
gt Tor ROM4, ROMI, ROMZ and ROM1. They
are all PULSEs except 37 which'is HIGH,

Fin 38 i= an [/} chip select that i comang frim
the 13 decoder. It reads PITLSE. Pin 3% not con-
necied hut will read a pubse as sigmuls spill over -
stebe the PLA and makis it to the pin. “Mhe PULSE
Tz oo practioal meamng. Pm 46 e the «DWE ou
put, 4 write =nable to the DEAMs. Pm 41 s 2
PULSE that goes toa pair of NAND pates mn TH.
The pm 15 called «CASENHE for cofumn address
strobe cmable B, After prssage through the twao
WANDs it becomes *GOASD and »GEAS]. These
two gignals are MANDed agiin ard ire then applied
to the pwe hanks of RAM as «RAMOASD ool
*RAMCASIL. Eacl strobes its tespective: BaM
hanks for the column addregses.

Pisr 42 & the *VIC chip select. It reads a
PULSE. Pin 43 5 the <[00 ACC ool 5 mpplied 1o
VIC s u PULSE. Anvther PLLSE from pin 44,
»WE 15 the wrrle enalde Uil snds agal theaolor
RAM. Pin 45 outpot, another PULSE. s the
#TOLOR BAM chip select. 'Pin dfy, still another
PULSE [caBed »CHARROM). is the chip sedect for
thes character BOM,

Pand 7, =CAS, 1 the compamaon PITESE that iz
MANDed with GUASO and GOAS] gates to form
RAMCASH znd RAMCAS], which are applied to
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RAM banks 0 and 1. Pin 48 shows a HIGH. I s
the =5 valt power Imput pan.

Ty s up, the 45-pdn Programaned Loge Ar-
ray 15 the cnly large chip m the C123 that cannis
b programmed, [t has alresdy been biult with a mag
sive switching program mstalled. [t recelves inputs
froms wddress lines, control lines from the 8502, the
expansion port, VIC, ClA2 and a few cther places.
[t mierprets thisse nes and then ootpots chap selscts

and ather decoded signals,

The PLA prowvides all the chep selects anid olhes
necessny signals for the CB4 mode . For the €128
mode it does a bot, but not everything, The MM
dowes st of the mterpreting for the C128 mode us-
mg the PLA 35 5 helpmate. The next chapler oo the
MME goez imto more detail on how e PLACuper-
ates with the MM



15. Memory Management Unit

he Inst chaplier showed how this computer in

Chd mode uses the PLA and #ts mput signals
to comfigure ALK of available roermoory mto eght use-
ful maps of 64K each. A madmum of 64K is i each
map beciuse the B502 i ondy able to directhy ad-
ilress AR with its 16 address Enes.

In the €128 mode and the machine bnguage
Monitor mode. 372K of physical memory 55 avail-
zbde that the 35302 muest be ade 1o address. The 8502
still can onty address 64K at a tme. That = why the
Memory Management Undt, U7, &5 in the G128 de-
sign. This MMU, with (he help of the PLA, con-
hgores 16 different bank formats, and has the 3502
addresss all 372K of memory by quickly switching
fromm tank 10 hanl,

I eesch bank are carefolly sedected amounts of
RAM, ROM, LY ad other addresses, The amonnts
of each (ypie of memory have been decided upon m
b factory as the ones that would Te most usecful
in meatapplications, Asa program =-ton, the pro-
gram specifies diferent banks ar different places m
the routine. A bank & chisen by trpmg m BASIC,

the comumand BANK and then a pumber between ©
gnd 15,

Table 15-1 shows the arranpement of (e bunks.
Medes thait banks -3 mre four 84K stretches of RAM:
Dnes this mean that the MMU is capable of address-
ing 256K of KAM? Yes! However, there |5 only
128K of RAM in the C128. These are extra capatil-
ities that will aliow upgrades of the C12K in the -
lure. Swch 3 new machine would be the (256
Furthermaore, f 256K DRAMs were used instead
of 64K DEAMs, o C1024 would be created,

Anywiy, iels stay with the C12% for the pres-
ent. The zdditional 128K that can be sddeessed
witlich b i bambis 2 and 3.1 vou choose bank 2 then
vou will be addressmg hank 0, Shiuld you dial wp
bank 3, you will be addressing bank 1.

BANK CONTENTS

Table 15-2 is a bsting of what forms of memory
are in the hanks and their addresses in decimal and
hex, The hamks dare numbered §- 150 decmal and
i bex ave O-F. The decimal is needed when testing
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Table 15-1. In tha C128 mode, the MMU can get the compuler
to operate with 16 different memary map layouts. In BASIC the banks ars
calked oul wsing declmal numbers. in the Machine Language Monitor the banks need hexadecimal 0 appesr

Bank Mumbear Bank Confemis
D irmal Hex
o i RAM St O
1 1 Fasd Set 1
Z 2 Rl St 2 nol i 128, asas RAM Sel 0}
b 3 FAM Sel 3 {not in ©128, aaas RAM Sat 13
4 4 FAMM Set O, VO, Functional BOM (emphy sockely
5 5 RAM Sad 1, B0, Functaonad FOM. (ampty socket
& & RAM Sel 2, U0, Functonas ROM [ampty sockel)
T i Fadt Set i, VO, Funcionad ROM [ampby: socket)
B L] HAM el 0, WO, Em‘lrltl-pa AR
g § Fild Set 1, U0, Carridge AOM
10 A Fasd Sat 2, U0, Carridpe ADM
1 A RAM St 3, VO, Carridpa FOM
g o RAM St 0, UO, Kemel ROM, Internal ROM Low
12 ) Aas Sat 0, VO, Kemel BOM, Cartridge ROM Low
Tl E RAM Saf 0, Kenval ROM, BASHC ADM, Gharactes AOM
15 F R&M Sat O, D), Kemel ROM. BASIZ FEOM

Table 15-2. There are fourtesn possible residents tho MMU can pick and choose from.
RAM setd 2 pnd 3 are nod in the machine. If you choose them, then RAM sefs 0 and 1 will switch In instead,

Bank R=sidants Addrasaes
Typn of Memory Dacimal Hax
FaM S D 3-85,535 SD00G-5FFFF
AAM Sai 1 [l 53, FONH-EFFFF
RAM S 2 {samie as ) 035,533 FMOO-5FFFF
FRAM Sat 3 {sams &5 1) (k5 505 FO0-5FFFF
Funclional HOM LSE 32, 7658-53,247 EA000-5CFFF
Fupahonn! BOM LA 57,344-85 535 $EMI0-5FFFF
W 534057343 SD000-FOFFF
Cadtridgs A AR TG, 247 LA0N0-ECFFEF
Kemed BDM A8, 1 52-53,247 FRPCFFE
Eamed BOM S7.344-85 535 FECO-S5FFFF
BASIC RO TH 38849, 151 Ld000-3BFFF
Charactsr ROM F3.248-57. 343 SO000-30FFF
Mamcry Mansgamand Unit 5 28065, 264 FFRR0-3FFDA
. Mamory Managsmeant Unit et e #0601 20508

in BASIC and the hex 5 used when lestng in the
Monifor. Kote that addresses start with zero m dec-
imal and SRR bex, The sen means bex, BEach
bamk ends up with 65535 i decimal oed SFFFF m
hex. The: banks are 64K segments.
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The first four hanks 0-3, In Table 15-1, are all
BEAM except for some control addreszes thit are
peeded, The Memery Manogement Uil & mvolved
with every bank. The MM has addressed R5360,
p3251, GRIEE, B52A] and 65284, These addresses



in every bank are reserved for the MMU, Further-
mere, every bank starts off its favout with some
EAM from the 64K block 0. The amounts of RAM
from thas group of chips varies. Banks 1, 2, 3,5,
B, 7.8 10 and 11 e 1024 battes nom BAM block
. Hanks 4, &, 12and 13 use 32760 bytes of Hlock
0, Banks 14 and 15 use 16384 bytes of O RAM.

The MM registers appear - every bank for
the C128 to be able to swilch from bank to bank 50
eantdy_ i the MMLU reg=sters did not have residency
i every bank, then onoe youwgol oo 3 bink there
wonld be noowsy out. Chapter T has more detzils
gboul this:

Druring prweer up, the ROMs place copres of the
mestructions 1o handls TRQs, NMIs and regets @t
sections of the BAM that wall be used. That way,
cven B vou are ma bank that does notinclude the
R s, when these intermupts happen, the program
wali'E erash the intermuips will be serviced properdy.

Banks 4-7 are there fo work with the emgiy
ROM socker, called LI36, The banks have various
amoumnts of RAM from blocks 431 the bottom 32K
of the 64K bank. In the tog 321 of these banks, the
Functional ROM, 136 isinstaled. It resides ar md-
dreases AATHRR-51247 and RHA-6H280, There are
E3M chpe appearing on the market, like the Si-
perchip mentioned earfier. If you plog nne of these
mitermal fonchon BOMs mio socket UG vou can
then use banks 4-7, (therwise vou have oo meed
fior these banks,

Banks £-11 are Bke-the 4-7 banks cxcept that
they handi= a G123 External Funciion Cartredge
KM, The cartndpe BOM phags into the expansion
port s The ROMs use the same addresses as the In
temal Fonction ROMe, oven though they: ane not
physically in the same place. There s po confhcl
even though they use the same addresses becnse
ihe diference m bank numbers keep theme separate.
There is abso no confbet with C4 contridies v
the machime cam only come on m O mode wheo
such @ caririchice 15 10 the expangson pocl

Bank T2 also = only ised when an mternal func-
tinn BOM iz plugged into the 1136 socket. The Ker-
nesl ROM i incloded mn this bank , however, Bank £3
ias the seme conhguraion excoept that it deatz with
the extecoal Tanctidn BOM o the exgmnson por.

Banks 14 soeld 15 are the ones that are often
used. Hoth contain RAM [rom the 0 block at loca-
tEons (-TH3B3.. The BASIC 700 BOM .1 hoth o
Acdilresses 1638449151, The Kemel ROM & m both
banks at 49152-53247.

In bunk 14 at SE248-5T343 is the Charpcter
ROM, At these same addresses in bank 15 i3 the
I wystem, sound, vides and other 100 chigs, The
Kemel ROM also has addresses at 57344-65535 m
hoth hanks 14 and 15,

Remembenng afl the contents of (he 16 banks
canbe broken down inte Uwo groups. One groep has
the ‘banke used without the infermal and extersal
function ROMs, Banks 14 and 15 are the ones aith
all the BOMS and I'O. Banks 0 and I are the hanks
with pmctically ai RAM. Banks 2 and 3 are just
popies ol O and 1. As long as you do not use a func-
tionnt ROM chip in 136 or plug o CL28 cartridyne in
the expansen porl. just inform yourself on these
hanks,

When vou tarn an the mchine in C1268 mode
you come up i bank 15, For routine BASIC 7.0 pro-
gratnrmng, vou will work mbank 15 most of the time.
The BASIC commands thoogh are simply sharicuts
thatl m tern are mberpreted and call ot machine: lan-
uage programs that are the actual comguting., The
BASIC comruands then cnsse the maching to switch
from Bank to bank as the program lines jare ex-
ecuted. After the: lines are run eff, the machine
returns to bank 15, vnless vou issue o BANK
e,

In the Momtor though, the rubes are changed,
When vou enter the momter, bank O &= aotomaticaly
broaghs on, bank O &mostly RAM, I vou try 2o g0
direscty to hank 15 to acoess BOM routines, it won'l
work. Tn veder to swilek banks you must write o
the MMLU. This will he discussed kter in this
chiples,

MMU REGISTERS

Two sets of registers are in the MMUL The five
registers mentioned eacier appear iy all 16 banks
at addresses GRZB0-H52E. These rogisters ars four
boad condipuration registers (A, B, Caad TN, 2o the
mmam configration regester. These repisters are al-
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wavs addressable moany bank a5 bong as the L128
mode 15 being used.

_ Twelve more registers. arg cab addresscs
R G2#-54509, These repmsters ane grouped with the
170 system addresses inhank 15. If the bank shouid
be changed, then this group of MMU remsters will
disappear from the view of the 3502 That is the rea-
son for the: other groop-of Bee MMU pegsters that
e an every hank

Az sernin Fige 15-1, the remster thal appears
in the always-present groap and i the bank-15-only
group, b the configurabion regester. the CR.

o BASIC, all of these regstors are configured

“aistomatically by the roubines o the BOMs: In -
chine Janguage though, the programmer must con-
figure them by writmg to them with the 8502, There
are four boud muﬁg;tmﬂnn repiarers, LOHs, four
preconfiguration  registers, four page  pousler
regislers, one mode configurabon register, one
KAM somfguration register amd & Versson register
bessides the confipurition regster that appears twici.
at 65,280 and 54,528,

The carfiguration regster i the most mpor-
tant register in the MMU. Wnting to the CR will
sel up any hank that is desred. The 16 banks are
16 different sedlings of the CR. Let’s see exactly
what that mezns.

Setting the CR

Figare 15-2 shows the byle of s an the con-
figuration cogater. Woting to thas cegrster sels five
groups of bits, Bits 7 and 6 define the amount of
RAM that will be placed mio the desited bank, Two
hats are able to form four bit combanatsans. I you
piace hinary (0 nto bet posiiens 7 and 6, then the
circuits will choose from block @ of HAM. When hizs
(41 are mslalled, you have arranged to choose KAM
from hlock 1.

I 10 is placed into positions 7-and 6, than yoo
have chosen from the nol-avalable block 2. To the
C128, al present, vou'E simply be switched back to
Block 0. Should you place bmary 11 m the Tt posi-
Ligas, you'll be switched back e block T beciage

there 1z oo block 3. The MMLU 2 able to choooe
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blocks 2-and 3, providing 2568 but the: chips are
ok i the imackine,

o stz up: by wrting ‘bits to the O bl posi-
bons T ancd &, you com choese L BAM that yoo want
m e bank vou-are gomg W work in.

Bit positoing boand 4 are alse capabde -of having
feviir chotnes by the careful placing of bits. The its
() will Tave the internal MM circuitey choose the
Kermel ROM for use m the bank to be configured.
Biste 03 choose any indermal fonciion ROM that meight
Iee piligripessd il T36, Thes busary bals 10 do Uk smiune
thing freany extermal funcbon C12E BOK that roght
b plagrzed info the espansion port, Fioaly, bits 11
will pick BAM to be i the bank.

Hit posttinns & and 2 m the CR {ollow the same
{ornnils, Bilg 0D wre the onés that will get the BA-
SIC ROM into the desired bank. DBits 01 again
chsose U internad fusction BOGM and bits 10 the
external fonctzon ROM. Bite-] 1 chooze from BAM.

Hit position 1 canonly have two states. There-
fore ik i only Choose one of Two meenory compo-
et foo b in the bhank which the CR byte s formmng:
When position 1 &5 a 0, Lhe circoits install the BA.
SIC-ROM low for the hank. If a1 15 installed in bt
position 1, then RAM will be in the hank.

it posstion () alse can assume only two stites.
When itis 2 0, the B system is piaced in the hank.
Ifa 1 i placed m the regmster bit, then the Charac-
ber ROM, or iz ae allermative solie BAM, could be
chogen.

Asan example, let s 28t up hank-T4, Bank T4
calls for: RAM block 0 the Kerne] ROM; the BA-
SIC ROM: and the Charnoter KO, To place RAM
U mie the bank, bt positivns 7 oamd 6 rfeceive by
0 and 0. Tositions 3 and 4 receve (1 and O too, and
the Kemel bocomes a momber of the bank. Pos-
tions 3 and 2 Teceive () and 7 also-to have the BA-
SIC ROM high. Position | aiso gels a 0 for the
mchasion of BASIC EOM low!. Lastly position 0 pets
a1 for the Chargcter ROM . to he inchided m' the
hang, The fotal CR byte becomess (0001 for bank
k4 to be seen by the 8502,

Bank £5, the onethad comes upas you fpr o
the L1128 mode, 15 almost dendiced bo bank 14 ex-



Addreases
EFFOY e Y
3FF03 45 2Ed
SFFOE A5 28D
EFF B850
ZFFOD 556,280
30518 g, 590
a8 54 530
30509 E4 537
#0508 54,5
BOSOT 54,535
SOS0E 54534
i3 54,533
EDE4 54,55
Shsna 54,531
£D507 S, 5y
B0 ha B

A0500 14,526

MMLU REGISTERS

¥]

[

B

&

Cgnifguratien
reigishir

Nargiomn

FEpEdg

Paga 1  High

Fage 1 Low

Fate & High

Pige 0 Low

FamM HACH

Mode  MGH

i}

o

fi

Condiguration
s

Lisad
Confipurahon
Hagistary
RS

Pownsor
Hegisiers

Conliguration
HRagistars

Praconhigiaats
FRegiskors
g

Fig. 15-1. Thens are two sets.of registaes i (w MM, The ones a7 55 280-65, 284 are instafied in weiry anmeof ihe 16

biahn. The mest imgorant regstern tha GR, 2 ropesied 0 bolh register sats is addreases £5,280 and 54,520

253



Address CONFIGURATEICHN REGISTER
fi5. 200 1 G 4 3 -4 1 i
ar
34,558
Bank Seléet HESpEce Mid-Space S;—;ﬂ ﬁ-n
. e :
i ik t Bit Bit
] 0 L] 0 o ¥} 0 o
. BASIC e
raM Bank Foprmed - AOM BASID RO H | RO Lo Fegisiers
1
o 1 |0 1 o |0 | BN
Funchonal Furciinnal (Charag-
RaR Bank 1 RO BN Ak i
1 0 1 0 1 ¥}
Edgansion Caitradge Cartridge e i
Bank 2 FCn RO
1 1 1 1 1 1
Expansion o -
Bank 3 HR =ERY

Fig. 15-2. The programener san gonfiguse fve sats of bis Gy wdingg 10 the OH,

cept for hit position (0, In bank 15, position { 5 0.
That makes the CR byte (000000, The anly differ-
ence between bank 14 and 15 i= bank 15 chonses
the 0 sysfem on the memory mag and bank 14
chooscs the Character ROM instead.

The UK tsfound wilh two addresses: one = at
GAGAH atect Uhes oileer st 65280, The register al GR2E0
i acreasihbe to the 8502 no matter what bank is be-
ing used. The location at 54528 1s not always avad-
able in some banks, That i why the CR & given two
addregses. Without access o Lhe CR you can’t al-
wars switch [Pom bank fo hank.

Setting the Preconfiguration Registers

Tt &5 easy in BASIC to switch roan bank: ti Bank.
You simpdy insert g program bne like:

220 Bank 14

s e BASIC progmmm.  The BHE 3= then m-
strocted bar the BASIC ROM to place binary hids
OO jmdo the confguratsn regester.

In machine lamgrage i takes a little nrore work.
Yoo have to perform a write dperation sl install
the bits in the CR. That isn't too difficult either.
Then there are wars to change banks by usane uther
regislers o the MMUL This becomes vauable o the
programmer, |t coold be useful toa troubleshooter
whi wants Lo exepeize the MM tosee ifiL 5 per-
formmg peoperly.

In the set of MMU ropeters at 34528-54504
there are fuur preconfiguration registers 25 shown
i Fig. 15-1. These are knoem as PORs. In the groap
of MM reqnsters ol 65280-65264, thare are four
corresponding remsters called boad  combguration
registers, LORE:. The PCEs and LCEs are cach
called A, B, € and T respectively, The Az are a



working pamr. the B sare a working pair, and g0 on.
Lach pair together can be preset to change the fot
ol bels i the configuration resster, which swilches
banks. Then a single STORE instruction will trig-
ger the LCR 1o make the POR place its conténts
mto the CH and thus swatch banks.

It works like the following. In the beginning of
i program you can store up to four bank changes
in Lhe 'CR=. Then at appropriate places in the pro-
gram there will be 3TORE instmuctions to the ap-
propriate LORs, It shouid be noted thal the PCRs
are: oo abways avaikable to the BR02 m every Bank,
It dvesa’l soatter though' because the LCRs are al-
wavs gvadable i every bank. All that has to be dome
Is write a STORE ingtruction to the avadable LOR
and it will trigger its companson PCR even though
the 8502 can'l access the PCH, The LCR can -
ways get through. Incidentaly, the STORE instrue-
tiom to the LCE can have any valie attached, It &=
the STORE instruction that is the trigger, not tlae
data conteris of the program line, When the STORE
mstruction is executed (o the LCR, the PCR is trig-
pered and replaces the contents of the CR, with the
coditents the LCR had been preconfigured with, The
CH then canses the currént bank o be ewifchid In
aceordance with the new contents of the configrs-
ficky Tégister,

The above i3 what is going om m the R, PCRs
and LCHs. B you are using BASIC, then vou are
not supposed (o do anytiing with these registers.
BASIC will handle them all. If you do alter the reg.
ister contents then BASIC could become very con-
fused and anything coubd bupypsen meloding & progeam
cragh.

You zn look mto the MMU regsters and see
them contents in fmachine lnguage.

Inspecting the MMU Registers

Brecavze the MMU fms 17 registers with ad
Aresses, 11 & edsy o mepect them ind inike sure
they are acting normally. The easiest way to look
iwer the remsters is with the Monitor. OF course
you can onky inspecl the registers in this wav il thi
C128 is operating. Sheald the computer he down
compbetely, theondy troubleshooting neasires vou

can tike dre with test equipment lilke the logic probe
and vm,

The MMU register inspection beging by enter-
mg the Montor, When you enter, either by com
mandimg MONITOR ar pressing Fo, vl see the
BAETI-00:

MONITOR
PC  SRAC XA YR P
CFEQD DD D0 00 00 Fg

The: Mogiler opens with a hex read out of its
proarammable registers, Ths contents of e PC are
shown as FHEOO0. Becaose each hex number
represents four binary bits, FBOOO would appear to
be 20 bits. Thers are only 16 bits in the program
connter, The F is not mthe PC, 1L shows what bank
the 8502 sees at this lime. Fm hox 915, The 8502
15 looking af bank 15. The rest of the rogaters ol
kave two hex numbers representing eight bits, as
they shookd,

When your Monitor signs on in this way, il
showa that 4 lol of the arooits in the computer ars
working fine. All the circuils that are insthunsental
in placing the Monitor sign-on info the TV dispiay
are dolng so. Il the sign-on was incorrect, that conld
ety trouhles,

faetting back to the MMU pegisters: the Moni-
tor has two commimands that are wafuable for
troubleshootmg. One is M for Memory. Mis some-
what like a PEEK m BASIC. M followed by o start
address and an end address. both in hey, will dis-
play Uose addresses included from the start (o (he
end: For example, if yoo enter M FDS00 FDS0S,
then vou will display:

= FD500 00 3F 7F 01 41 B7 04 00
=FD508 FO 01 FO 20 FF FF FF FF

What does all that mean? You have st dis-
played the contents of hank 15, becations DS
through [OF. These 16 locations inchde the MMIT
remeters DS through DSOBE. The exira foor
registers shown, from DSOC through DSOF, are
throwm i for pood measure becnise the M command
displays i ononmmem of eigil registers on i e, The



Monitor starts. ecach lime with (he first address
shoywen, and froo ey o in multiples of eight. Note
that Lhe first Iine s addeegs TRANL d The second
fine Begins with THEIE.

Thie four preconfigralion registers are m this
grenyp of MBMU registers: The PCRs will always dis-
play the same contents. ak their respective LEHs
have, You'll see thel when you display the set of
regsters next St contain the LCRs

If your ace wondering what those symbobs are
an the right of each fine; they are the ASCU rharac-
ters correspoading to the eght memory lamtions
on the bne,

Opee vou have examined the twalve MM
registers in that group, then you can ook af e re-
piaining five in the other group. Enter:

M FFOO FFO4
When you press RETURN the display wall show:
~OFF 9F 3F 7F 01 41 78 48 8A

The disply  shows  MMU cegtsters,
FFOO-FFO., plos the contonts-of registers FFOG,
FF0& and FFO7, After the hex contents are the AS-
11 gymboki that are cafied by the contents of the
eight registers, When this display comes up, these
MM registers are indicated 10 be okay and oper-
ating normally, Note the O m fromt of Lhe address
that appears. That shows the bank that the momtor
is using at this time Itis bank O which B mosthy
BEAM except for the upper MMU regster and some
comiral sigmals.

‘The-other Manizor command that lets vou in
spevt the MM registers is D, It is the disassem-
Tile covmirmand and is used by the programmer 4o list
programs in memory. It ¢an be used Lo inspect the
MML| registers, Just enter the first address of the
group af registers:

O D500

The display will bring uga page of memory—im
ths case addresses DSH-TEHL The contents of
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these addresses wall be shown. Thie coitents are
ligted vertiaily alongaiie the address. I vou enter:

O Froo

fhien the gamne e OF display will be Shrom. Other
infrirmation 15 m the displiy oo, For example, the
period il the beginning denotes the disassembiy.
The (in front of the hex sdilresses i the bank
number, There are also machine language symbods
present. This is disassembiy mformidion, oot neces-
sarily aving anthing to do with the msgection test
i the MM repisters.

MODE CONFIGURATION REGISTER

Address TS5 35 the MCR (sco Freo 1630 I
muikes two vital decisions. First it decides which
provesgor shoulkd e incharge, the BS0E o Lhe £800
Secondly, if the B502 i i charge, then it decides
it pzode shoukd be vsed: C1288 o O848, The MCR
rpkes these decisions by the type of bite that are
imstulled in U repister, Each bitactivares a pariic-
iikir st of cireoits @ the MM that switches in the
desmred processor and the mode of the 8502, If
CPIM i o be used, then the 80 wall be goven
coatrul,

Hit position 0 chooses the processor. Tf the po-
satiom biag 2 0 then the 280 will be in charge, Shoald
a T he placed in that position, then the SHE2 wil get
P congrals. When the CL2R 15 first powered up,
the bt position is at @, This lets the Z30 get the mi-
fer started and the machine initishized. As spon as
the ZR0 does s work, the position state s changed
toa 1 and the BBO2 takes over

Should.a CPM disk be in the disk drve. the
Bt remaing at the O state and Uhe Z30 retoing o
trub of the computer. The ZB0 then leads the disk
contents o menwory and the compateris ready L0
b prrganamed as 2 280 compruler v be keaded with
CH/M progrims W do some useful work. The CP/M
aperaling system sections m ROM are accessad.

Bits 1 and 2 m the MOUR are not used. They
are there as exlea capaiity. [n the future they could
beeysed in case addinnal models sie mstalled in the
computer syster. 11 you recall. the MMU i alsd



MODE CONFIGURATION REGISTER

Adiarean
H & 4 B 2 1 o
G0 Gl B33
Linuse Untised
[ Che
T CRd Fal:2 [t DBy
4050 og:ﬂam i Badin Sasinl RAEs )
Huy biuads Daly Ty i)
Pratan kb Loy i
<Kol b i oo ;
i Bz
(354 !
L it ]
o ity s Cha Z80
&r | i (YT
-.Mnm Camey d _
i
i Lln th
1]
[awen L
o fed
1 1

Fag. 1540, The MOR minkes two decisions. 1 dacidas which processes 18 o e in charge and, it it gicks the BE02, which

made shoukd e used: G644 gr CTHE,

able 10 address another 128K of RAM 8 RAM hlocks
2 and 3 are ever installed i addition tethe present
RAM bocks () and 1. Bits 1 and 2 of the MCR are
s additronal power the MMLU can bring to bear
i et desired,

Bit 415 2 FAST seral input atd output control,
Ut 15 2 0 then it sets an ingut for FAST serial mpu
from the disk drive. IFsel 4t 13 canses in ootput
opetation from the senal bus buffer. ln the present
day C128, 1t 5 not used a5 an mput.

Bits 4 and b are the *GAME and ~EXROM
seqpse baly, When 2 cartridpe 1= m the expansion poet
these lines sense it and force the CLER inloa Cod
miode, The crirdge then Likes over control and
s the computer.

The Co4 cartridge will make oné of the *GAME
ot *EXROM Imes go bvw, When thas happens 1
ther it 4 or 5 will have 40 state and the C84 mode
will b actuated. If a CI28 cartridge is in the expon-
it poat, then these bwo boes will pot be-affectced
and both bits 4 and b will have 3 1. The computer
will sxay i G128 mude,

Bit 6 also iz o CH4C12E mocde setter, [t selecis
the operating system. If the bit i3 low then all of the
MMU registers are burmed on and the maching moes
mte G128 mode. Should the bit go lngh, then the
L4 mode. Lakes over,

Hit 7 is affected by the up or down posttion of
the #0780 DNSPLAY key. When the kev s m the up
posiitiomn, bit 7 15 held high and the compater will dis-
paay A eolumns. The video outpat will et from the
R Modulator or the composite video port, Should
the key be pressed into the down posation, ten bit
¥ goes low and the computer wall output 3-calomn
viden from the BCHRT outpat port,

The comlents of the mode confynmation regis:
ter can be mapected quickly by entering the Mond-
tor and: typing M FDS0S. A disploy will apgeear
showimg 48 registers from D505 on, Ignore them
Al except for DSOS, Tpon start op it will Tend hiex:
BT, Transkated to Ianary B7 15 10110211, Counting
from the [eft, the bit pesitions age 7, 6, 5,4, 3.2, 1.

Bit position 7 has a 1. That selects the 40-
culumn display cutpat, Bit position 6 his a 0. That
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pigss the mode into C128. Bt posilions 5 and 4 e
both highi. That Savs there are no O6 cartnidges
in place and the C126 mode holds ingact,

Bit poziton 33 a 0. Ko npat 15 o this machine
gognore it Bis 1 and 2 are held high bt they nre
unsedd and to be gnored too. Bit 4= o hagh, That
means the 8502 is the chosen processer, That is how
the MCR conducts its business as the C123 first
comes on normally

RAM CONFIGURATION REGISTER

The hex address of the RCR is D506, The RCE
comtrols thie amount of cormon BAM that i shared
between the tan B blocks. Oand 1, It also de-

cidess bow the conmmiem RAM 15 to be shared. Lassdy
it designaies the RAM block that the VIC can ese.

Figure 154 shows the four ways that the shared
RAM i assigned, There can be TK, 4K, 8K or 16K
amcamts shared.: Bits 0 and 1 of the BRCR, dctate
the ammount of RAM thal is to be shared. There are
forar possthle combizatons of the fao b,

Figure 15-5 shows the amounts of shared HAM
m accordance with the states in the bil positions.
I Fig. 15-5 the bit postions £ and 3 show whers
the shared BAM 15 to be placed, Bas & and 5 are
unused and reserved for future use. This is anather
example of the power this MMU has and indecates
foture potential of C128 compulurs.

Bank 0 Bank 1
e
soart LA WL,
1 Sharad
Hank. 0 Bt

< 77 VT
T T

B Shared

BLAFE

Bank O

W

dank 1

e U]

Ak Shatad

Gank O Ban# 1

V

SUFFF

16K Snared

Fig. 35-4. Tha AAM configuzation register picks the amoant of common FAM thal is to. a-shared belwoon the b Bk

bigcks O &=nd 1.
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HAM CONFIGURATION REGISTER

Addrass ¥ & 5 1 a = 1 i
oo S 53
Lnused Limasod
Salprcis Saclians of Empunds of
Rk HAM o ba shared HAabs
for MIC shred i hanks
a [} [ 43
o ha Shimng 1%
Bank
il 1 0 1
|
Bank2 Baltom of L
Ea&M bank 4
1 ¥ 1 2]
Top ol EK
RAM tank
| i 1 |
16K
Top & Bottom
RaM bank 0O

Fig 13-4, Tho ACH choers £r sets five of B8 Dits 10 prodiece 1he depired TRAM shasag:

Bit & deckdes whicly one-aof the two RAM banks
VIC 15 assigned o, B2 7 15 unused and also peml-
abde for future yze, IFWEG & 0 fow then RAM bk
{1 will be msed by VIEC: A high'in bit 6 nssigns VIC
o bank 1.

Il veur check the RCR contents by trpmp M
FDE0E, then you'll read hex 04, Thecimal 04 5 hi-
matry QOCOOEO0, Bit posiizons are counted from left
to right, 7-0. Bit position 7 and & are both 0's, Bit
T i gmered amd o B 6 assms VIO to BAM bank

i1, Bits 5 andd 4 arc alse gmorcd, Bits 3 and 2 are

Trand | which places the shared. RAM ot e bollom
of bank 0. Bits 0 and 1 are binary (N which places
the amount of shared BAM 10 he used ab 1R, This

ig the arranpemenl el ap 2t power-op in CE2a
e

THE PAGE POINTERS

Upon system starl up in CT24 mode, anter the
Moumnitor and type M FDSOY FDS0A, A lme of cight
hew contents starting at DHIT will appesr. The Fin
the hex address shows that bank 15 35 Lthe oo dis-
paved. The st {our hex pairs are the contents of
the page pontet remsters. The obher foar s pairs
ire the yversion rester (discissed nextj,. and three
ey repsters m the 10 sectinn of bank 15, This
groap. of MMU regsiers s located @ othe [0
seeion,



TEST POINT CHART
uv
BT2¢ MEMORY MANAGEMENT URIT

High - High [Low in Gid mods)
A 16 SENSE 40 [Fje—

Higt [:2 i AT :|4i' High (Lo in 80-calamnj
—-E“EE—E TALE -EXROM @m
—Pulss G raa GAME [l
—F&E TA13 FSOIR ELI-
e I lvate - 80 EN Eﬂh—-—
MLE TR o7 E—'ﬂui_..
_Pulss__FElrat0 D6 [T a2
_F‘u_'=i_.E _— 06 E‘ﬁ"‘
_Fi!"“—-ﬁms o4 w-
-LE “CASH o3 @-ﬂr
M‘W” pa [Te e
PLA o-ﬂ—-ﬁ D SEL % E-Eh—ﬂ—-
PLA 82 frglmss 00 ol
PLA Q&E WS GML E i _-L
Flilse E‘E AEC s :iaa Pusise ==
4-|P""““ 17| M Ry EEEI——FHEE
_Fulse  Talan A15 |51 et 58
— e Ald [a0ja—it
Pulzsa Eﬂ oz ATY E} Pustsn
Fidlsae EE'l A9 By :?ﬂ. Pulsa
PUIS) oz | Aains A1 E-E—
_P”E_@ ABIAT Aan E—mi
—Puist ool as 45 E—ﬂ_

& 5N

Fig. 156, Whan tha computar is down and tha MMU registers can’t be tesbed by reading fégissen contents; then the ngic
probie and 1he Tesl Poini Chart miust be used
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Mow 3 word about pages. 4K of memery, spe-
cifically 63536 bytes:. s composed of 256 pages-of
256 bytes. Each page is composed of 16 groups of
15 bytes. Each page 1 numbered m hex, Eom (0
tx FF. In the C128 pages 0.and 1 arve nembered
(¥-FF and 10-1FF . Each subsequent 256 byte page
15 numbered consecubvely. m hex, Ll the lasi page
of the 64K 15 FFOU-FFFF.

The page pointers deal woth pages 0 and 1.
Theze are mmportant pages. Page 0w used by the
B52 becagse o lot of the instructions it works with
are m this pegpe. Page 11k also vital becaose i 3x
the C128 stack. That is where the Bo02 stores its
register contents during milerrupls and sode Jump
InstIuCEicns.

The page pomnters are gble to change the page
mamber GF O jed 1 and relocate these pages some-
whers site m memory. Remsters at D07 and DS0E.
witen i felocation of page O & performed, will then
comtan the staming address of the new page num-
ber, Regsters at DS09 and DE0A, when a reloca-
tion - of page 105 performed, will then contain the
starting address of the new pege number. Addresses
Ba0T and DSOS will hold the dow bytes of the new
addresses and INE0F and DE0A will contam the gh
byies,

~ Atstart-upin the C128, the M command in -
chine language will show that the four bytes, D50T
throwgeh D50, wall be () FO 0% and FO. These hex
vahees o hinary are;

(R1 CMICHHE0
FO o 111108800
01 EHMO000iTL
Fir - T1T10000

The page pomiers @ve the machme language
programimer a Int of versatibty, For troohdeshoos-
g, all that 3 porokilly needed §s the abddy G read
the register contepts and theo compare them (o
what 5 supposed to be there at that tme. As long
as the above valees dre pressnr, e régisters can
then be forgotten about.. Should an meorrect vahoe
be present, that could be s choe that indcates tron-
bhe m the chip. That goes for all the MMU remsters.

VERSION REGISTER

Al address DS0OE &5 the version regster, The
contents of that register in my C128, if svstem atart
bp In G128 miode, s hex 20, In bmary, that converts
to 0100000, This regster holds an unchanging vahie
thal describes the model of the MMLand wiat znd
how much EAM is in the machine, It is sort of an
ehecironic name plabe, casly chanped:

Bits T contain the code mobits of how moch
memary 15 present. The bits (000 meeon that there
are Dwo banks of 64K BAM. Bits 340 contain the
MMU model number or version, The 000 s the
el MM [ have, This register 15 a signpost for
A programamer to know wihat type of system be is
dealing with in case theré ire some compatibibity
profleme. Compoter svstems sre always being up-
praced and inadvertent compatibdily profems coud
be built in. This remster could be helpful in those
CARES,

THE MMU PINOUT

When the CL28 has troubles but 15 still operat-
ing, the MMLU can be checked out by displaying the
regster contents and comparing them to the con-
tents that shoulbd be there. Il the C128 can’t display
the regzter contents, then the only recoorse 1o test
the MM = with the ke probe s wom, wsing Fig,
156, The pam slabes can then be comgared wath the
states shown i the Test Point Chort. I 5oy pins
do nob match up, then that could be o cloe o the
triouhile.

The Jobs of the MMU

The MMU 1 commwected fo the eabie address
bus, AIG-AD, Internally; it takes these incoming bits:
and trapslates them mle cighl translated address
hnes, TAIG-TAE a5 shown in Fig, 15-7, The MM
then sends these eighl bits and they are vsed to do
other addressing, The TAIS-TAR nes are decussed
in detail in Chapter 15,

The MMU 35 deweply imvolved i controthng the
thres procéssor modes, CI128, Chdand X80, At pin
AT s am outpul called 1225654, 110 jomt sutput with
pin 15 of the FLA, [£ goes to the charpoter RO
iochopse the character 2ot aocording o the mode,
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128 or C64. An enable signal 2t pim- 4% makes g
wy, i thes 280 and lums o vnand ot It has slresdy
been shown bow the mode configuration register
currols the chosce of mede.

The: MMLU gensrales Seleet Boes for CAS.
These outpuls ade {oond leaving ping 12 and 11,
rther sygnais such a5 those to choose the ROM-
BANE exil pns 14 and 15, which go direct to pins
17 and 1% of the PLA. The C128 would ni be
2128 wathaut the MMU providmg all the: fmportang
control and select mepsures,

Input Signal

Pms 15-21 are the npots for address Bnes
AD-AZ. The lome probe shows Lheen as pulses. They
along with pins 2431, AR-A15, also all pulsing; are
the remaining direc] sddress bils from Lbe proces-
sirs. Two address Wts, Ad and AL srecinput-at pin
22, At pm 23 are two more:s A6 and AT, Thage pans
givow pilses Yoo, They are combmed: simpdy to-Te-
duce the MMU pn count.

Theae two combinesd address brin are passed
through two OR gates between the bus and the pis.
With the use of an OR gale yoo can combine two
sigmits am] sve pins and wirmg.

AEC, the address enable gongrol frpmeVEC, 18
et ab pin 160 TUshould probe o puise. When AEL
i high the K502 i mven charge of the shired bus,
B AEC 15 low then VIC takes charpe of the bas.

Pin 32 18 an mpot from the 8502 It 15 the ays-
Ledns fead write line. 16 shows a pubse when okay.
When the Ri=W ne i migh thin e 85402 15 order-
ifg 0 rend operifion. A ow means that the 8502
wanis beconnedbic i wnle.

At pin A3 fhere shoold be aoiler pelee. I i
bk mput, 11 = called Thase 0, The B502 address-
i 1% trigmerad oo the mizing edge and data move-
ment i& triggered on (e flling edige. Maore an the
generation and dse of this @gnal s wven n Chapter
7.

Pin 2 s the *RESET inpaut, Whenoa low enters
lsere, 7s the machine is furmed on o after e reast
button has been pressed, the mtermal MMU
repisiers are all started and nialzed. Pin 2 s nor-

fually held high tll =RESET, alow, arrives. Pin 2
will probe = high during test standhy conditions,

Fin |7 & ancther polse. It & MUX, the mem-
oty muitiplex signal, It ks another clock-like mpet thas
15 coming from VIC.

The-nther two ipists o Uee MMUare 55 wolis
de from the power supply mto pin T, ¥ and
ground mto pm M. ¥ _: Pin 1 will probe a high-and
i A4 A low

Input/Outputs

Because the MME! can be programmed by the
pricessors; it s @ven morssl connectons o the dats
big. DDT are connected to-pins-35-42, They
should all probe putses, The processor uses them
wimogl excisively to write tothe MMU, You can,
however, also rend from the MMIT with these datn
i, This is very handy durmg programming and
testing: Lmes =(AME and =EXROM are @ pins 45
and 46, They should both probe hgh during test
lime. They are sensing Enes to detect 2-C8% or CL28
carirdpe n i expansion bus, When a cartrdge &=
i the expansion port these nes will go kow o ac-
cordance with e cartridge present.

Pin 4858 e 40080 cobonn control, It will probe
a palse. When the 40780 key is pressed the Ime will
fell e MM what columer should be displived s
cording tn whether the ey is fbved up or down. As
a 40/80 detector, it 15 an mput, Thers i o output
function aasigned to the circwil, In the future the out-
it ahiity could be ufilized,

The «FSDIR pin 44 20 wzed tocontrol the direc
ton m which data will flow i the fist seral disk m-
terface. I will probe o low onder et conditinns.

Output Signals

Wil all those mpats and [0 sdgmals Aowing in
e MM A gromge of outposs aré generated. Theugd
a wrong mput doean’t osually peram tee MM =
defective, o wromg output wnally doea.

The stgmads TAIS-TAK exit a1 pins 310 They
shotibd. all lest ay pulses: IF all the reat of the pons
test okay and one or more of Hhese pms are not
pulscs, then chenees are good that you must changr
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MULTIPLEX CHIPS
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the MMLUL T'A stands for Transhited Address. They

are senl Lo the two madtiplexers, Ul4 and 15, m Fig..

1R, along with oflwer address fines to find Iorations
o the 128K of RAM. Ther are'iso senl bo the
Shared Stk address bus that fmds lescations in the
character ROM and the color RAM, Durning AEC
low, when VIC i in charpe, these Enes are tristated
g0 Ll they won't mterfere with VIC "2 pddressmg.
More dedail on all the address buses 18 gven m Chap-
tar 18

The column address lmes from the MML are
SCASE and =CAS] emerang from pins 12 and 11,
reapectively. Fin 12 should be a pubse and 11 a high
dhurings (estmy at standby. When CAS0 & a pulse 7
turns on bank 0, 64K of RAM, At that tme CAS]
i5 held high which turns off bank 1, the other 64K
of RAM, When bank 1 i tomed oo and bank 0 off,
the two pns swilch states. During standby testing,

howeyer, LASD 18 on asa pulie and CASL is.off as.

a high. They controd which 54K bank of RAM is i
use af the moment,

Pir 43 i the 280 off-on swatch. When it is high,
the: ZR20 15 0ff and Lhe 8502 is in charge. If the pin
ig 2 low then the 280 goes on and the Bh02 pops
off. During standby testing it shoudd be' & high but
will probe a palse, putting the B502 on at that fime.

Pmeg 15 and 14 are M30 and MS1—two mem-

ory status bmes. They slxadd read palses at the jns,
These pins oalput to the PLA at pits 18 and 17,
EOMBANK LO and ROMBANE HI, These two sig-
nitls after bemg decoded in the PLA, select desirod
ROMs iu the C128 mode, In the 064 mode these
hinea do not eperate o the PLA, The PLA handles
the CA4 macke ROM selections withoul this M8
help:

When both of these bnes are owe, one of the
four system ROMs g selected. 1f MST s high and
M350 w, then the function ROM In 136, when pres-
enl. 5 sclected. Should MS1 be low and M52 high,
then the externul BOM cartndge i selected. When
both lines are Highs, then the underlving RAM, be-
neath the ROMs with e same addresses. is
geteled, As memtoned, m U miode these nes ame
meaningiess.

I'in 13 also connects directly 1o the FEA st pin
V6. 1t cam be referned totas M2, anil gete the PLA
1o select IO addresses m the memory msp. It reads
tow on the probe in U128 made, and hagh in CHd
moxde. As o high, the PLA will not use i, Pin 47 is
sometmes called M52 [t also connects directly tn
thee PLA. In C128 mode, st will read hph. Thal
the designation for U128 mode from this 128064 pin.
In CH4 mode it goes low. It 15 the mode control pin
from the MBLL
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16. All the Memory Maps

Wir.h regard to memory maps, thres different
computers are in the C128, The CI23 itsedf
1% special 064 and a Z80 compater. In Siamese trip-
let style, the three computers are jomned Logether
at many places in the maschine {see Fig. 16-1). They
share components, bus ines and other hardware,
They do not share memory maps. Each separate
compiater addresses ils own locations, completely
apart from each other. However. even though tse
mapping is separate, they all use the same field of
play.

The same physecl regsdents are represented on
all maps. There are 16 DRAM chips, four internal
ROMs, one intemal fanotional ROM empty sochet,
ane external carindge BOM sochel, 3 character
ROM, & color RAM chip, twa large T'0 chaps, the
MMLUL VIC, the Video Controllier system and S1E.

The 3502 addresses-all these chips I varous
pomfiguratons for the C126 and the 064 modes. The
ZEO sddresses the chips it needs for jls 230 mode.
-amy af the chips that can be addressed have trou-
bbe, then it will canse symphorms @y parficidss map
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in which if s incheded, This provides 2 shortout dur-
ing servicing. You do et have [o-1est aff three modes
1o find a bad chip. You can concentrate on any one
mode that uses suspect chips. When you find the
bad chip or chips and replace them yoo will have fooed
ali three modes at Lhe same time,

It iz probably best to do troobleshootng in the
C128 mode as fong as the machine is working. 0
coirse, o the compuler & completely dowm and
won' Lot ugy in any mode, then you can't. When.
the machine is apecating, although falty, ten this
approach s walid, The 128 mode provides full
coverage of all memory map chips m ks 16 bank coh-
Barurations.

Another important ftem recommendng e
128 mode for servcing 3s the Machine Langeage
Muonitor that ondy appears in the U128 mode. It 15
a waloablie gigral miecton and signal nspecton de-
wce [t has features that permit you to poke signals
b ATy and then prck U see 1 e sipnals have
armved intact. The momitor adsa 1 able Lo fead the
BOMs. I can also inspect all the registers i any
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chip that is on the map. These are powerdul servic-
i abilities, 1t is dmost as o the set designens had
pirposely nstalled 3 sgnal generator and specially
equipped oscilloscope for memory map serviong.
Before we get inlo the signal manipulations with the
Momitor iy CL28 mode, let's kiok ot the banting alal-
ities of the 8502, The 8502's special banking pins
are- LORAM, HIEAM and CHAREN.

The 8502°s IO Port

The 8502 helps the MMU durizig banking oper-
ations. it has three pins: PO, Tl and P2 that cubpat
signuls LORAM from pin 30, HIRAM from jun 28
and CHAREN from 28, All thiee ping-are heid high
with commections 1o +5 volis throvgh 303K resis-
tors, azshownm Fig. 16-2. They o low whwn they
putpul 3 signal. The three-signads all go to pins 22,
23 and 25 of the PLA, In the PLA chip, they wall
combine with some other symals (o do the follow-
ing jobs.

LORAM dnd HTRAM are wsed to gelact from
the twn-sechons of the color RAM, When LORAM
foes Jow it selects the color that 15 to be seen whike
the processor is in control, FHIRAM poesdow then
the color is sclected tiat is 1o be seen when VIC
i3 i charge, This ahility bets the C128 switch rom
oase full color picture W amother withaut undoe pic-
ture distortion, Also, the processor can stk om0
full color picture while showing another pcture

CHAREN hizu vaheable job. It is used to- turm
the character ROM off and on m a partoular bank
that 5 osing VIC. 1L s turmed onwhen needed and
then when it i no longer in use, it gets tormed off.
The charncter ROM shares addresses with 10
devices, It 15 handy to sumpdy bank i the ROM when
necded, then get md of it and let the 1/0s ose the
addresges.

The 2502 piszz PO, F1 and P2 are cxatomg from
i special [0 rogmster inssde the 3502, This 15 a hyte-
sized register, and LORAM, HIRAM and CHAREN
gre bits 0, 1 and 2. The rest of the hits are uwsed
by other functions unrelated to memoty maps. Bits
3§ ond 3 are '3, P4 and Po—cassette controlkers.
Bit 6, 6. iz the CAPSLK. Pin P'7 is umised.
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Bits O, 1 and 2 do the memory work with the
pastputs LOTEAM, HIRAM and CHAREN, This 170
register hag % mpart connectad io the mferaal dats
bus, DO-DT, musade e 3302, The milermal data bus
i ronnectad w the system data bus via pins 25-31.
The: mbterml aod eyatem boses are directly con-
peeded, The locatinons in RAM coadld geat as well he
mesde the B502 i they could B However ey are
actually mutside the 8502, T bong upr thes pomt be-
cHase, ns shown i Fig. 16-3; the V0 register his
itz mput side connecied 1o the doto bas, BAM ad-
dresses 0 oand 1 pre assigned to work with the L0
register. Address. O i oreserverd] oo be the PO
register's data direction register, and 1 & reserved
Lot cagetaite ws U ampud foutpent port.. The 100 regis-
ter 14 the perpheral output boffer regeter. W sm-
plv owtpirds the resultint statesool  =LOBEAN,
*HIRAM and »CHAREN.

Figure 16-3 Shows the HAM addresses O and
[ and how they work as thedata direction register,
DDE, snd oiutput repister, OK. They are both oon-
nected to the eght-bnt data bus-of the sysiem. fs
mentioned, thowgh they work as if they werein the
B2, they are physically i KAM.at addresses 0 oand
L. The restriction 1s: they must ool be used for any
othier BAM purpose, They Bebong oo the BA0E. They
are in constant use. There are orownts m the 85
that control the Leo lcations as 0 ey were In the
processor. The rest of RAM is mdependent of the
[IETCESaT,

As o'l read m Chapter 19 {aboul CIAS Uwms
gl have DDREs and OR=), the datn direction cogis-
ter comtrobs the direction signal Dows Lo and from
the: cutput register, The DD 8 programmed t by
bit.. The DEE bits are coupbed (0 U respeetive il
i the (. That i, bt 0 of the DDER conmects g
bal 1) of thes OR @ 20 gar Gown the Bne. When voa
program & bit mthe DDE witha 1, the correspond-
mig O bt becomies a single bt autput port. Shoikd
vou program o DYE bt wath a i), the samee ob
the OR becomes a single Bal inpat por. The per-
spechive s from e processor; When a bit 5 an out-
pt, it ks an output from the priscessor (o the rest
of s Comgreler. Al biput Bt 15 an-ingat to the
provessor from the rest of the compiter
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bank the color RAM in and oot of memory space
shared with 170 chips: This is only 3 simall area of
conceErn in e vasl memory maps.:

THE C128 MaPs

The CL23 mode makes the most weeof afl the
chips that can be addressed and are thus residents
of the myerpoey foaps. The: B502 con anly address
4K at a time, with a potential of 385K addresses
that could be placed mio this mackne :nd addresged,
Th 8502 = ahle to separate the potenial addresses
o 16 different banks and sddress them one 3t #

a7

i s switcles fromm bank to bank at an ingtant s
notice,

The fayout of all these addresses on all (hese
chigs can he thought of 38 a building with eaght sto-
ries, a5 Fig. 164, All eight stories have addiess
numbers ranging from 0 to 65535, The processor
can ke up 8 B4R Boor by chousing addresses from
any of the eight stores and putting them topetier
g one fioor,

The bottem four floors are four sectons of
RAM, The bottom Boor is-64K of RAM 0. The sec-
ond foor 15 4K of BAM 1. The thord and fourh
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fioors are each 64K of RAM 2 and 3 but they dn not
exist m the present C128. The reason they are m-
chwded 1s because the MMLT is able to address them
in four of 1t bamks: I vou doowse these bankes, the
C128 ix programimed 1o give you substitute RAM
gections. Instead of BAM 2 vou'll be piven HAMM 0,
Insteqd of BRAM 3 vou'D ger RAM 1.

The bfth foor has the addrosses of the foor
ROM chips: hat congai the BASIC 7.0, the Ker-
nel, the soreen editor and all the 1) Directly above:
the L0k is the charscler BOM addresses i eparsely
popidnted eighth fiopr.

The sixth and seventh floors are the addreszes
of the: mternal funcbon BOM, 1136, and the exter-
nal cirtridge ROM respectively. Figure 16-4 shows
the eight-story bunlding snd the boundanes of the
vanons addresy blewks m both decingal amd bex. Ta-
blis 522 s mwres e

Beciuse the 8502 can only address fK at o
e, all of the addresses’ i all eight stories are par-
tabmed it w16 &4K hanks of convendence. The
RAOE can quickly switch from bank e bank by sim-
phir msomy 1be baitk comimand, The computer comes
it inbank 15, Then as the need for a parbicular chigs
i reguired, the hank command 35 wssocd and the
hank contamng {he desived chigy eomes on and the
chip cin be accessad. The fact that the CE2H can
switch banks so quick amd easy muibkes §F & overy
powerfil machine,

Anpther feature thal mereases the versatilify of
the sddressing 15 the relationshap betweea RAM and
ROM. For instance, in bank 15 the 64K residents
are EAMN 0, the BASIC and Kerned BOMs ad the
Iy group. Floors 1and &oare inclhoded m bank 15;
This 15 a two-story bank. The boltom oo is 64K
of BAM, Abosve 1hat 5 48K of ROM and 10 How
vt the 8500 aceess s 112K of sddresses with 48R
lewing the sime addrosses?

Tl machdne is banlt so that if an arddeess 9 9ent
st £ 1 ROM location that overdays RAM with the
surne address, e following happens, Il e ooress
in @ read, then the BOM o feid, Shoubd U nccess
e 3 write, and the ROM cannot be wotten to; then
the BAM pets the dita bits that the 2502 is wnting
to that address.
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It i= troe that the datd bits; stored in RAM be-
o the ROM can't perform o that way, cannt
be retrieved in that baik. 1T those RAM sddresses:
st B peemed, all Uhak is seeeded s Lo swatch o an-
nther bank where the HOM i= not overlaying the
RAM. The BAM bits can be pesad while the new bank

A5 I USE.

The 10 chipy, also everlaying some RAM with
the: same addresses, are hantdbed too. The 1/(F chips
have pricsisy over the underlving RAM. The I &n
b baoth read and waiten b, The BAM remams dor-
ot beneath the 0, I the RAM Beneath the 170
miet be aecessed, then here again it is a0 edsy mat-
ter 1o switch to g bank with no sddresses over the
BEAM addresses that oeed accessmg.

As you look over the eight-story building and
rekabe 1t o e 16 banks, woul can see how the biank-
g lats i aoeess all that memory with ondy 16 zd-
dress Bnes,

THE CEB4 MAPS

In comparison Lo the CTZ8 vight-story building,
the CA4 mode in the machine s only 3 twoe-story unit
with = fttle penthouse on the roof for the character
KM, z5 shown m Fig: 16-5. Mo banks are shown
although with the signads, LORAM, HIRAM, GAME
and EXROM the 8502 1 able to yout at lessn seven
different chip configurations by picking and choos-
g among the chips:

Programming in the O mode 15 comebmes
usefol even thoogh the C1EE mode = far supenor.
The mehision of the Cod mode in the machope was
dome s0 that all avalsble CHd software will mun mn
the CTE2; The OB4 mode:is quite like the CA4 ma-
chime tsel, There are some differences in the B502
and il pew upgraded VIC, The dillerences are: the
extra PG pin in the 8502 thal handles the CAPS
LOCK kv two more regsters in VIO that read the
extra 24 keysand control the clock rate, These fea-
bures, howover, ace used n the UT2H mode and nat
b tgeful in the C64. A programmes coold el them
haody m some msbmees.

The st foor of the C84 bulding = g stretch
of K of RAM. Uverlaving the BAM 15 the O6d BA-

B ROM addeesses; the D groog end the Ker-
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mol. Inthe pesthoatse. shove the T proup. 8 e
character ROM.

A tobal of 85K of soemery clap addresSes s
the £64 mode. As mentoned above, the 64K ol
FAM siretohies acengs theeatire st foar, The sec-
o] flsor and the penthouse have the additional 21K:
They svertay the RAM from address 32768 1o the
epd 63535, AD of the gecond fioor between Z2TES
and A5535 are not addresses on chips, A ot of the
[ncations can be empiy. The tddresses (fom 3275
to 40955 are reserved for o cartndge ROM. When
& CRd ROM isdn plece, then the area i occopied.
The 8K BASIC ROM s a1 40060 through 45151

An ungecopied 4K area b frm 49152 o 55247,
FAM is beneath that emply afea. The RAM can be
usedful. From H3248 to H7343 s the 10 groop, Fig,
16-6. From 53248 16 53294 are 47 registers m VIC.
Addresses 54272 through FEEH5 dre 1023 ocitions
sssigned to STD. From locitions 55206 1o 56314, an-
other 1K Is where the color EAM & foond.

The next chap areq i for the CIAL amd CIAZ
pddresses, The address space allovated Tor e CTAg
i T Lo 5EE3L, Then above the entire 4K 17D
ared, with the same sddresses but ome floor above,
ts the charicler ROM.

The fmal chp on the secnd Qoo is the 8K e
nel with addresses from 57344 throogh 65535,

THE CP/M MaAP

Thee 280 34 very difTarent -l mokeup fron this
RS2 in st aspects. The memory mag that the Z81)
ures o o CPYM progrms i also motiong like the
BEO-bzgesd migps, When the UPM miode 151 use
then the CLES and Q64 operatmg systems, for the
mizal part, are tomed off. The oporatmg svsbsm,
which dictates the map layout, enters the machine
from the CP/M disk m the external digk drive,

When the: CP/M mede is desred, the CPYM
dizk = placed in the drree and the svslem Harped o,
The 280 as nsmml getsthe tmehine startsd and then
turm GVl cantre] To the 35 The B2 thoogn
Facipmizes that the disk is-m the dovesand pathes
thin set up for C128 or CB4 mode, it goes mta thie
CPM mosde =5 a helpmate. It will haodle ol the dEsk
pecess or telecommumcitions that will be needed
it CRM, The frst job that the 8502 (hep does s
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o s of the contents of the disk ' mes RAM.
Unee loaded it then turns conteol hack over Lo the
A,

In fhe CFYM e, The memory map simciure
appears a8 3 two-story boiding as shown i Fig:
16-7, On the bottom foor is the 64K of RAM O that
movertayied by some BOM arens, When aclod BUM
chip addresses are over the KAM, the ROM ran he
reid, bl when wiitien do. the tals are gtored m
RAM, mrat 25 the other modes do. I CH/M some
ROM is used from Lhe Kemnedwmd a lew other spots,

The first 4K An the bottom floor 15 Kerne] RO
that s at locations H3248-57343 in the 8502 mem-
try map. The BOM shicws op m CTYM &l addresdes
(4095, The ROM performs:-al the stan-op procs-
dures thit the TIVM needs. 11 also omtams the pris-
rarm Lo veset, When the BOM iz needed dunag start
iR ar reset: the 280 turne off: the 3508 turms on:
the rootmes that are deeded are mon: Once the ma-
chme s slarted ve peset, then the 35008 shuts down
and turms comtrol Back over (o the S8

Frorm 40896 Lo E:i-l-H. e kevboned dedimnaoms and
{hid 87 cofumn screen storage are acdressed. From
HTAR ke 10239, o part of the operating sy stem 15 bo-
pated, rafled CCP.

A‘stretch of memory follows from 10240 1o
57343, This holde the BDOS and BIDS programs
Lhal work with the CCP 10 openate the CPIM. The
restof the B4 K area i=-fll of many vectors and Tou-
brzpees Loy atiek dn cummisgg progeiams, Tn tns ared are U
MM romsters st GH2S0-65284 (hex FFO0-FFd)
al the sime addresses as in the B502 modes,

Ui the seeomd Boor{another G4 streteh) a long
section of RAM s addressed, It is called the Trun.
msient Program Area, TPA. it shoot 359K long and
isused 2 RAM, After that, the rest ol the sevond
foor i taken up by the BDOS and BIOE commuon
areas. The MMU reserved area is on the second
ooy Lo,

The letters CEP - BDUE and IO were men-
lned above, They are the programs that make up
must-of the CP/M oprratng system. They e m-
stalled in RAM from the CP/M disk. The LCF, Con-
siddis Commmaaed Provessar, is the progeam thal gets
the programmer intn the operating system. [t has
irripertam conirod comnds, These compimnds are
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TYPE, ERASE, RENAME, UISER, DIR and DIRS.
The CCF works in the TPA, where a0 (he applica-
bon programs are performeed. The COP has the Pro-
gram Loader which loads CP/M s froem disk
mto the 59K TPA.

The BIMIS, BASIC sk Operating System, i=
A progzram that containes faoctons which the COP and
other programs use to iput and ouatpol disk and
character operations. Also, it 15 the center of CPIM
operations and acts 2 o file spstem.

The BIOS, BASIC Input Outpur System, & also
used for 110 imterfacng, but handles more complesx
tusks

These three sets of progrems are important tn
the runming and writing of CP/M programs. 1 vou
need more mformation, the inanoal that came with
your C128 will @ve vou references whiere mors de-
tml can be founed. For troubleshooting purposes,
ihrse detals are not mportant. The memory map
foir CP/M. though, could be wseful.

PEEK anD POKE

The previois dso=sinns showed how the chips
in the oy me sireas can be comifigured i nsiny
ways. There are 16 banks avadlable for C128 mode,
al Jearsl seven maps for C84 mode, and o CP/M map.
All these mags use and reuse the sdme chips. Wlen
trogthle stokes and a chip s suspected, it s not
nooeesary to use all modes and maps even thoogh
the trouble m affectmg all of them. If you can find
the bad chip and replace o, then all the mups wil
retumn,

It would be sensible to ose the most convenient
und fzatest way (o do the testing, In the C64 my
chine, the best way 10 simal-trace the chipy with
addresses is with FEEK: and POKEs i BASIC.
When you can use them, ie., if the compatter sn't
dewn altogether, they act as a software probe, With
PEEK, you cam read the contents of the-kications
ot the: nap. With POKE vou can write 1o any RAM
location ar any 10 address. POKE = useless with
ROMs since they are read-unly. They wos't aceept
any more hiks,

PEEK & a hnction that will returm un sight-Bit
binary oumber which is stored in a register on the
map. BASIC will code the bits mito decing) and print
it on the screen. POKE allows you o write an ejght-
bit bisiary number (o any RAM kocation. You enter
the decimal code of the binary hits and the comnzand
will decode the devimal to hinary and install the hits,

When ROM overlays RAM, dnd vou wrile to
1. ROM, the bits will be forced o the RAM Joca-
tion heneath the: same number ROM kcation. I woig
then try to read that focation, the ROM bits will be
returned fol the RAM. Al these facts are the way
thee C64- maching §s supposed to work. 1 it doesa't,
then thal coold be 4 sign of trouble,

You annol PEEK or PORE a chip that i not
a resident of the memory map, You can only PEEK
ar POKE an address, All sddresses are 16 bits and
range from decimal i to 65535, BASIC used dedi-
mal. To get the contents oot of 3 location and have
it printed oo the screen, all vou have to do i trpe
PRINT PEEK(the address in decimal) and then
press RETURM, To instadl § number it 2 BAM lo-
cation, you must type POKE(the address in deci-
mal) and then press RETURN, These are direct
moves and do not require any programming line
mumbers, although you can write 2 smail RASIC pro-
gram to do the same thing.

In the C128 machine you can use the exact ame
PEEK and POKE technigues. They are kundy for
i guck check of particolar bcations or o g FOR:

« «» NEXT toutme batch of ocations. You can regd

the values of ROM locations 1o see f the chip 1=
operatmg or Lhe lecation kad (he commect tumber,
You can write a number toa location or a batch of
mumbers in 3 small progeam (o RAM or FO. Then
vest condd read that location or locations to seeif the
numbers ever armved safely, It did not, that coukd
indfecate & defective chip or a bad /0 interface chip,

The BASIC ROM in these cises becomes u
suftware sigmal mjector and tracer. The: techmigues
are indeed vseful, In the C128 in 128 mode there
15 & serond device that 15 even handier, 1t i the Ma-
chine Language Monitor, It does everything the BA
SIC ROM can do and more efficiently
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MEMORY AND FILL

BASIC uges decmal, but the Moagtor uses hex-
adecisml, The memory map must be addressed
hex. Mote that the Monitor only operates inthe
C1E8 mode,

To pet the Mooitor on, either type MONITOR
or press the F& key. You will be grected by the word
MOMITOR zod the conlents of the 8502 program-
mahle regislers, as covered sarfier. When you en-
ber an @ddress into the momtor, gee fve digitz. The
first digst 12 the bank you wanl addressed, The 16
hanks in hex run from 0-F. After the hank number.
yse the four digits of the address.

The Momtor has a list of commands that are
needed to program in machme language. Two of
(hem, MEMORY and FILL. are somewhat like
PEEX and POKE. They are very convenient be-
cause you can gel i result by simply typmg M for
metnory and F for fill.

With the memary command Yo can display the
canbents of zny ROM or parts of the BOM. For ex-
ample, soppose you want toread the contents of the
Kerneb. It is located at Uwe hex addresses EQDD
throagh FEFF, Al yoo have to do’is snler;

M FECOD FFFFF

The entire contents of the Kernet will then seroll
down the screen, 1T vou want 1o see any parboadar
seciion of the ROM, vou can stop the scrolling by
pressng the BUNSTOP key as the addriesses go
by and the section you want appears, If you ondy
want to seo one area, for instance.

M FEO18 FEDCE

then ongé sereenful will appear. Try ik, Note, onthe
ripht-hand sxfe, thes row of eight graphic characters
representing the contents of the eight hex pairs on
the szme Ime=. Each hex pair iz the ASCI code for
its respective graphic. With MEMORY you can look
at any section of memory. On each line Beplayed,
there will be the hex contents of eight incations, fol-
loowestl I the eight graphics.
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If wou want te read the character BOM, all you
need to type 1:

M EQDOD EDFFF

and the contents of the ROM will scroll past. Bank
14 was contacted this tme with the frsl address digit
E. E i hex for decimal 14. The charscter ROM only
appears in bank 14. If you b Lyped:

M FooD FOFFF

then e comlents of all the regesters mthe T/0 block
wiolld have scrolled past. That would have included
some RAM register contents that are beneath the
10 Block where there aren’l any 10 remsters.
While MEMORY acts ke 2 super PEER comimand,
FILL i5 a super OKE, For instance, a good way
totest HAM chips i to cxercise them, An exercise
coudd consist of Orst looking at p=ecton of BAM.
In hank 0-there are 64K of RAM and Oitle elze. A
ghort section Gf BAM picked a1 random 15
DS0R-D0GT. I the conmmand:;

M 00508 0DBET

is given, then the screen will display the contents
of 12 rows of cight regsters, Followme the rems-
fer contents are the eight praghics v ench line: The
iinused RAM registers should display ether (40 or
FF: Ther are, of course, bex for by GO0
and 11111111, The graphic for eight 0's i the C1238
i5 a period and the praphic for eighl 1756 the Greek

i

U= Biltle exercize that the Monitor albows 1= to
change a repster”s contents at will. Usmg the cor-
sof controls at the top of the keyboard, place the
cursor somewhere o e middle of the display on
a register, Then type 54 and press AETURN, The
54 will replace that chosen register-and the capital
letter T will appear n the correspondmg griphic
spot,

The mamber 54 & the hex ASCIT code for T.
Wlait vou have done is poke the 3 mite the RAM
repister; The VIC then came along and converted



the 54 to the display as 2 T, I vou then put hex 45,
53 and 54 inte the next thres registers, then the
word TEST will appear i the graphic section. 1f you
can do that, then the eight RAM chiges in bank 0 have
periosmed ckay. Kemember, there s one bit in cach
register on edght chips. They all get tested in this
way at the same time: Shoahd the test not work, that
1 & goeod cluie o trouble. Chances are there 2 3 bad
RAM clap.

The above test s without wsimg FILL. With
FILL vou can poke eotive EAM sections wilh bits.
The following i3 Blle RAM stress test. We can
use the same display, Type the commmd:

F oDooe 00567 FF

and meote the FF on the eod. This s TPI1171T hat
wilt he installed in évery register between D08 and
D567 m bank 0.

When you press RETURM there is no action
the dizplay as the regsters are filled. Then when
viour wew them with:

M COG0E DDSEY

you'll see the display il will all FFs and the graphues

fu.lith all pi's. You have shown Ut this BAM drea
15 ahle to be filled with highs. The next step m the
exercise s to Gl them. with Tows:

F QD508 0D&ET 00

Agdin, when you press RETURN, only the cur-
sof moves 3 Ine: Then the command:

M OD508 0DSET

s entered. The dispiay moves and the registers ad-
dressed i bank () are filled with lows. The graphics
change to alf peoods. If all of the highs can be m-
stalled and then alt of the lows can be made to re-
place the highs, then the RAM section is aperating
and odds are these eight chips are trodiblefres.

To exerdse the other sight RAM chips, smoply
address bank 1 and perform the same (ype of test.
if you have the bine vou could tun & test of the en-
tire RAM but it would take hours, Simple tests be
the above are valid most of the ttme. If the BAM
cannot perform the easy exercise, yoo could have
abad RAM chop or claps: On some: pace occasion
some wird troable would not be fousd, but that
does not happen very oflen,



17. The Clocks

ye master clock in the CLZE s based arownd the

dlock chip, U28, the 8701 16-pin DIP. The: chip
#% Lhe drummes for the marchmg of bits that takes
place in Lie compater. A the chip heats out it5 Tre-
quencies, the bits march throughout the machme.

Figare 17-1 shows the schematic' connectons
aned tpanediate ciromtry for the clock chap. The chap
has & crystal connected across pms 13 and 14, When
voltage is impressed on the crystal it starts oscillat
pg-at ome of P frequencies. In America the clock
runs al 1431818 Mz, This frequency can be
divided mto 2l the freqienocs needed (o conform
with Amencan NTSC standards. The other taster
frequesey the escllator ca run at is 1773447 Mile,
This frequency can be divided mlo the required Ea-
ropean PAL standards. There i 3 jumper coming
off of pin 7. *PAL, of the clock chup. Whes the: jum-
per is upen the coystal mins o 1431818 Mikz. I
the machine & to be used in Europe then the quem
per i connected and the frequency modified for
PAL

280

Uennected to the crystal at pin 13 to ground is
a tiny variable capacitance, C20, a 4-40 pF. Il can
he zdjusted and will change the escillagor frequancy
asmall amount. The froquency can be checked with
a frequency ¢ounter, Connect the mput of the
coutiter to pin 8, (0 COLOR, «f the chock chap. Ad
just G20 for the exact fregeency of 1431818 MHz
in the 105, In Eorope tune for 1773447 MH:,

The chip oatputs are 3t pins 8§ and 6. Pin 8 sends
1 szgmal, called $Color, Lo pin 29 0f VI, Pin Gaends
# signal colled fIN to pm 30 0f VIC. The most stk
ing difference between the frequency genemated by
the crvatal cireuit and the subzequent cock outpul
iz2 the crystal prodoces i siae wave and the chip
ieanges the sine wave and cartputs tooa sqmee wive,

SINE WAVE TO SQUARE WAVE

The ingast oot Lo the chock chip s & sme wave
prachsce] with the help ol the erystal, The crysial
tg only part of the egciliator circait. The rest is m-
side the chig, The sine wave s:an analig s, Dig-
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cirsul oovarad 10 Ghapber 21

ital compulens, cannof use sme waves, They can
v opeErate with siquare waves. A sing wive i con
timsous with an infinite number of smooth changes
in ane cvele, a5 shownm Fig. 17-2) A sqoare wave,
on the other hand, consists of one low, o chatge up-
wards, one high and then a sccond change down-
wiltgs, The digial circnit 2ol 1o hapdis square
waves with highs and lows only,

The clack cirguit, hesides heing & crvstal nsed-
lator circwt & also an anidog to dggtal converter.
iianging the sme arves i sqoare wave poz@es. The
freguences remam the seme, only the waveshape
is change:.

L cycke of the perfece square wave 15 thought
af ax having the followme tmme. The wave conld

slart with s duration of ball the crike ot the lowr vaolt-
age. At the end of the low dorshion, the volage: poes
strnghl up 1o the egh vollage with oo tme elaps-
ing. Then for the duration of the rest of the cvcle,
The voltage rermaing high, As 1be cyole vaxds, the volz-
ape [alls to 3 low, again instanthy, mono tme a3t all.

Whie the pbove is e descaption of a theoret-
woal snuare wave, e not posable for the voltage
to ehange from 0w (0 high or lgh b low nsero
tunes. There must be some tme wsed to make. the
Lram=itwons, mo matter how smudl, The time coadd be
measured in biflienths of & secosd—but it 12 time,

Thit actual waveshape slopez-to the fght and
upwards-as it goes from low to high, [t slopes o
the left and downwards as it goes from high to low.

251



Digital

CFrouit

g
%‘ ——g  Convarter — i ._'Eb
i &

High

abip Buile

Low

Fig. 17-2 The crystal prodeses an analog sing wave, The-clock chip convens e sina wive i0 squere waves 1hat the
digitel cirCuits raed 1o cparaie with, Cma squam wismée consists of '@ Asing &dge. a mgh, a falling sdge and-a 0w

PN 28 VIC

SLeope Ficiure 001 a6

R B i T

sy pp

_“Ih-_r.'-“h‘l

Fig. 17-1 An expensive scope set o 0. microsecend Sweep will Show about fen squara waves. of the cosar clock,

The bow to hegh 15 colled a mstage edge, and the high
to low transition &g called a faling edpe. The edges
are vital m digtal circuits to wigger a kot of the ac-
tivity,

The sme waves ire generaiéd ot the crystal ps-
cEartor circuit, converted to aquare waves mside fhe
chock chip and outpat frons two chock pns to two VIC
pins: Thess mput squire waves have names. At VIC
g 29 Lhe sigmal enterng 18 called dCalor, the color
clock. At VIC pin 30 the sipnad is called SN, the
dot chock.

If wou are cqmpped with & good seope you can
view the molor clock-and the dot cleck. AL 0.]
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microsecond scope rate, at pin 29, Fig. 17-3, you'll
see dhout len square wave palses. At pin 30, Fig,
174, there are about six pulies. The padses will kave
i peak-to-peak voltage o the neaghbarhood of 4-5
wilts, The scope i really nof thid essential, The lopc
probe will read FULSE at both of the tést pomls
Thix 35 2 st [est point to determine if the dock
is runming. No pulse, of course, indicates that the
clock 15 il

Inside VIC

The-zquare wave coters VIC amd procesds
direelly 1o the VIC clock generating circuits, Tl
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Fig, 17=-4. The scope will show ahoul 80 squane waves of (b dol cock.

bwn sguare wives also go 1o other crots o pro-
duce the smcluminance and chroma display catputs,
hut this = covered m Chapter 20 The avstem clock
signais are there 1o drive the mtemal digral croits.

The first dock genersted bs the 1 Mz clock.
11 15 made by dividme the meommg clock Feguency.
This makes the clock approximately 1 MHz. This
t5 the system bus dock and exats VIC at pin 18, The
1 MUz et of all s conrected to 510, the C1AZ and
s Hxpansion Port. Then a fap is connected o the
1 Mz clock lines, a 68 ohun resistor is placed in se-
ries-and the resultant signal & called DIMHz, The
DIMHzZ 15 gent to AN gates to work with the AEC
sigmals. AEC and the 1 MHz control and clock the
s Tme actinnz. It alse goes to CIAT and the [F12
Intch m the Z30 dala bus milerface.

Chut of VIO pin 23 goes the 2 MHz clock. The
2 MHz clock is prodduced by alsa dividing the fre-
gquencies. The 2 MHe clock 18 changeable. Tt s able
{orunc gt either 1 MHz or 2 MHz. In fact it could
run at 1 MEHz a lot of the bme. It rups at 2 MHz
vnlv under the Tollowing comfition,

Bit postteon ) of a regpstes o VIC at-address
hex B0, decimal 53296 sete up the 2 Mz chock
[resguency, If the bit Tas a high, then pin 23 will out-
put 2 MHz. Should the bat bold a low, then pm 23
outputs 1 MH:z: Thers will be myore about this reg-
{ster i Chaptor 20,

Thie soecalled 2 MHz clock has a mumber of des-
tmations: First of &l & clocks the 8563 widea con-
troller chdp, I also procesds diréctly to the MM
and the 8502 processor. With its versatle ahility to
run o either 1 MHz or 2 MHz it bag s great deal
of control over the computer.

The third VIC penerated clock s called F80a.
It =5 2 special 4 MHz clock that 15 designed to opec-
ate the 80 processor. [t comes out of VIC pin 25,
More about thes dock will be given later in this

chapter,

B50Z TIMING CONTROL

The so.cafled 2 MHz clock from VIC poes to
it 1 of the 8502 processor, Tt s called oM. As men-
tioned, the 2 MHz clock muns at efther 1 or 2 MHz
accotding 1o the state of e 2 Mk bt m VIC. Let's
examine what happens i the BH02 when it-is driven
by the 1 MHz meode.

The 1 Mz palsé esters pin 1 and goes directly
to the Timing Control circuits in the 502, Fig, 173,
It is-ihe ondy ioput Lo the cireuits. The aroosts take
the inconsng pulses and generate theee outpats, The
Lo cireuils are - based around a phase detector
circuit. In this cicome, the moomang ol is split into
twor pulses, both stifl minning ai 1 MHz bul mode
vt of phase with each other by ¥ degrees. They
are called &1 and @2 These tag o mgnals should

283




FROM -

1 |
VIC & S
M

B50Z
WPL
3 e
Teming
Contiol Insdruct
oy nedruchion
Fhase Npcodar
Crpteciory an

Fig. 17-5. A one MHZ goes 10 the liming conteal Gircult inihe 8502 RIEF sty

ek b confused withay ollser o symsis m e com-
puiter, Thesa ars mternal fo the E'—':I:In"_l

&1 and $2 are then mput 10 By Instructon Reg-
ster and enter the:decoder section of the regster
circuits, The decoder matches the way the address
and data: bus pulses are nmnme, 1 15 matched to
the address bos pukses and &2 with the data bus
pulses, ¢l & going to be the drommer for the ad-
dress bis and &2 the drurmmer for the data bis, The
Bits in these buges will maech to the beat of el
specizl drammier.

$l and 2 thus Becomse e working freglied.
cies of the 8502, Figure 17-6 shows the bmang of
the sigmals. The twe signals are quite alke excepl

thear timmumges are out of phase, Thas makes their highs.

and Inws staggered. The sketch shows that o] has
x hugh while o2 hag a bow, Then when &2 gowes lugh
i1 poess low. Mote the sianted rsing edees and fall-
it eidges thal represent the short {ime that elgses
hetapen the highs and lows.

Figire 17-T Slustrates one complote cycle at 1
M, Thatt mesins the cyele tikes place in one mil-
lbmthinf a decond. Becmass 1000 Hillionls of 2 Sec-
ond are in one mllonth of a second,; and hallinnrhs
nre called mnoseconds, the cycle is talinye 1K ns,
Tl ps 15 the conventional mezsurement of the clock
cycles. The high and low represent the voltage m-
valwed.

The mportant part of the ovele, 1o e com-
puter, ix the Queation of the high in te cvele and
the qunck voltage change of the edge. The low really
dfossnt do much bul mack tmse whide the highs and
edpes are producing the computme. The highin &1
tasts for = duration of 430 o= The low in &) takes
place w470 as. The shnly fse and Gl edpes take
place m 25 s,

What are the highs sod edpes dome? Eot's taloe
2 tnip along with ane cycle of ¢1 and 32, The cycle
beging 4t the rising edpge 'of 81, Remiember that the
imtrwection decoder, wher the sigmals are operat-
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operites the cdinta b,

mg, i connected ingide the 8502 to all the registers
and internil s imes of the processer, Ax the cpcle
starts the nsing edge of ol i changmg from a low
to @ high in 25 ns. The fast changing vellage has a
trmgger effect,

As mentoned, &l @48 concerned with adifress-
ing, Therelore twe nsmg edpe triggess (he program
counter. It forces the PCto place the current -

dress in the 16-Int regpater i place the bits omta the

address bas, A2, meanwhile, i low and ot domg
migch, Mote the falling edge of the prdévons & o=
cle hits ot bottom right hefore the neng edge of &1
ok off.

Unce L puts the address bits anto the sddress
Bus the high durstion of o1 takes place. It sts for
430 nz. This is plenty of tme for the bits o mavel
thie length of the address bus and open op a Tocation
om e Temory mE.

Dhuring the 25 na that the ol faling edge takes,
the PU i= triggéred by the shock of the fast voltage
change frooe high Lo Jow, This tigger makes the PO

merement tself by one, This sets op the next se-
fuesntial dddress. That way the PC 5 up and wait-
mg for the next cyede.

As 1 begins its Iow, the low in @2 comes o
an end. The rising edge of ¢2 begins. The 25 ns rise
triggers the 8502 1o place the byte of dala it 5 -
lerested inonto the dets bas, I the operation 83
reead, the data in the addressed location is placed on
ther bz Shoukd the operation be a wote, the daia
the B602 had been working on is pleced on the dats
bus, Either way the g2 rising edge places itz on
tEie bus:

Nexl the duration of &2 takes plice, for AT ns.
Druirmyg that oo the: data s well able to travel from
the memuory Lo the 8502 or from the data bus buffer
it the EG02 to memory. As the &2 duration emds,
the fallEng edee ocours. It cavses the deta from mem-
ary to b latched into the Instruction Register of the
502 during a read, or the dats from: the 8502 Lo
be latched mto memory durng o write.

The: 8502 knows to ship data to memiory when

aiin



::: 1000 N5 :;
] ]
| £30 ns 1
| a ' ¥
I s ] I
o i
| |
|
1 |
42 in I i i :.
Il v, TEF% 1
| y '
F I
! Readinle P mriarier
sptup—=8d n.;.|.-j-i-'| 10 Nz
100 s | s i
Y =] — = —y L
% ]
| )(:
R . - - 1
| I
| I fddress holg—s =0 1
i Addrrns i 1 1
L BAidraEsing 1
1 P05 T i i
| | i
Address i 1 |
fram ML | |
AELC ] |
Selup—t  —— i
mns 1| [
bt 8502 nat altected !
I ]
| I
[ [
trom WEC- |
| |
I
I Mamory fead access |
= 300 ng g
| tirmua |

Fig. 17-7, The st clock & ihe wignal that gats the addressing Fone. Mate it 5 high whs the Fasd goes high ar tha - Wirae
goes low Clogk &1 in als high whan tha addrags bits from (e WP entes e address Dus. Clock 87 1S B0 higih wihan
BEC goes high and froas the DuRers i e addmss Bna, Whan o1 goes kow, 42 goes high. Durng fhue 52 Pagh, note that
tha MRy RocEsS G fakes placa

286




it receivies o maching language STORE mstrisction,
It also understands that it must direct data 1o either
its mstruction register or data bus buffer when it
receives a LOATY instrpction, These two instructions
are the most used members of the Instruction Set.

OTHER TIMING SIGNALS

The B502 needs other byproduct signals from
thee origing] clock signal, Thers are fve of these nther
sigmals. Four of them the 8502 is able to generate,
and VIC makes up the fifth one. The first signal is
an edge to trigger the data bus dirsction, Tt is the
Ry,

The R/+W i5 a stepdy state that the instruction
gecnder sends out. Its energy is [rom $1 and o2
driving pulses. The B/W lne ts connected mnside
e 8502 10 the data bus hufler and wlso to the out-
put pm 3%, When the e is fgh, the buffurs are
coahled to receive data from the data bus, 15 the line
iz Jow Hoe bulfers are made 1o Iransmt dats to the
data bus.

When you ook at the B/«W condition with refer
ence togl and ¢, certam comeiences become ap-
parent. The state remaing steady o &1 and o2 hagin
a cycte. Both of thdir edges take place and the RieW
line remiins steady. The state stays that way for
- perod of hme called ragdsordle setup fime. This
i the fime required for the BisW state 1o be setup
and become very stable, That way when the stale
changes it won't shake up everytimg.

The: read'write setup tine is calculated 1o be
aboust 100 ns. At the end of the setap ime, the ReW
is #ble 0 safely change statés, The setop tme he-
gms 25 ] s high beging. The sotun Hime finishes
T0iY g infos U= o] b durstion, T the 2502 1= read.
g, then Ki=W_ at thal Lme, goes high. Should the
SHE be writing, BW will go Iow,

Dnce the Ime poes hgh for-a read oF low for
@ write, it stays thal way for awhile. It remaing m
tleat state for the rest of thee ¢l high and duning the
1 falbng edpe, W contmmyes tohold for the mostof
thecycle 45 91 poes low, This s called, readwrite
ol Lime, The B50E reqiices the Br=W to hold al.
ter the Bne stabiizes it state 3t bease 10 ns, but o
usually will hald for aboant 39 ns right at the end of

the cyele. After the hold time, the line could change,
1t is safe to make the change then. The rest of the
setigitive Dghtning fast signals will not be deturbed.

Address Signals

The &1 clock tmggers off the address ot of the
PC. Anaddress signal from the imstruction decoder
does the job, The address. signal gets s start as
the reing edge of 81 goes from a Jow to a high at
the begmming of the cycle. At that instant, the ad-
dress setup time is begun. The signal travels to the
program counter. The address setup time is typi-
cally about 100 ns. At the end of the setop time,
the address sygnal changes states. The selug time
= als0 needed with the address fine in order not o
destabifize the activity,

After the address signal changes states, the PC
can then safély put the address bits on the address
bux. The address sigmal then bolds the state il the
cycle is over, The address mist be stible on the
address bos at the end of the cyele for an address
hodd time of at least 10 ns. Actially the address bus
will be holding for about 30 1is;

Another adedress symal m the CI28 comes from
¥IC. VIC & considered in arcade game machines gs
the procegsor. In the C128 itis the 40 column wnden
ot pud, but ot does exhibil some processar qualites.
It i& constantly addressing some sections of RAM
for update miormation to keep the display intact on
te TV soreen. It slures the address hus with the
sl

VIC does this by using one of its own gener-
ated signads, the addresa enshle contral, or AEC,
The AEC dne rums il around the G128, There will
b more about the AEC connections to other chips
m Cikapder 20.

One of the AEC connections is at pin & of the
RA02. Pin 5w the nput to the three-state buffess
Litat ¢an turn the address drots mthe 8502 off and
on. In this way VIC can turm the 8502 off and on,
VIC does shut the 8502 off while it is rumning the
CLE8. VIC mmiag on the BS0 when il relinguishes
romniral,

The BG0Z, though, s not helpless, T can con-
tral thavps oo, The 2502 must mmke sure that the

287



AEC 15 disabbed and won 1 mierfere while the 85402
condurls it hsiness: The Be kuows thial the ondy
time the AEC can shul it down i when the AEC
fine 3= lovw, Wiken the AEC is hugh the 8502 bus coim.
plete control. Therefore thi: 8502 conducts its. af-
fairs while AEC 15 high

The BR02 rmust adso oberve an AEC sotup lams
i the AEC = changing from low to high, The AEC
setup time is a maximom of 75 w5, The AEC setup
time must be concluded by the tme the Bi«W and
adelress signals tove fished their setup Gioe. There
ic no need Tor any AEC hold time, While the 502
is-operating the AEC line just stays ligh and does
nedl. interfere.

Data Timing

The HioW, address signal, and AEC all were
timed with the high of the &l siesal. Data Sming
worhes with the Kgh of 52 signal thal oceurs - sbout
o) degeres after the @1 inthe same cycie, The first
thing o nbserve in g processor is the memory read
aoress e, The M502 hag an gocess tomee of about
400 ns What dees this reean? Tt refecs to Hhe amount
nf mirnie that i availsble during o cFeie to rooidve dats
froan pesidents of the memory mup.

The access time of {he 3502 began near the fin-
iahi of the high of $1. As the read/write sotup time
ends. both B/eW and the address agmal hive st
experienced their rismg edge. The memery read -
s tme showmn Fig, 17-8 hegns at that nstant.
The ER02 from that pomt m time fes 300 ng to e
ther read data from memory of write data o
nmln;.

The 4164 DRAM chips must be able to send or
rereive data nowell ander the 3000 ns acoess tme
of te B85 IF they Rave an acoess Lime of 150 ns
or thereahouts, then they can easily be acoessed
during the BH02 acceswng perod.

Onge the R W and sddress sigzmals are aetve,
the access time of the B2 commences. §1 com:
pletes its hagh und poes through ils flling edge, ¢
then beging s nsing edge. In Fig. T7-8 1018 shown
thart the: trigger effogt of the cdie enables the ad-
dressed chip, and the dnta concerned & pladed on

thes data bos. Uninng 3 read the data heads for the
HLOZ,

It takes the dats abeut T zs 20 make the trp
from BAM to the 8502, Tz 3ot of 2 gelup Goe
period, Oniece e data arrives ar the 8506, 1t can en-
ter one of tee piaces, I e dite iz an instructon
vode, il B oaccepted by the Istruchon Regmster,
Should the data e an operand i 1z shotthed over to
ther diata bars Taffer. Th Biyout of the progpram lises
dictates which gocs wihers

Before the IR or data buffer will accign e hits,
they must wait 4 short period of ome while they
stabifize. The top from memory 16 processar ook
have upzet the degomr of the data. The data sta-
hlity fime &5 about ) ns. Danmge stahilizig me the
fallimg cdge of@32 occurs. This flling edge tngpens
the apening of the TR and the data buffer, The staks-
lizesd elnga-is then allowed to enler he processor
registers.

Dice the data i5 strobed into its dssigned reg-
ister, 3 hokd time maost take place. The hold hme
is bewel, about 190 ns: The data 15 then foally. feady
o be processed mthe 3502,

During a write operation the couline §5 very
simidar ¢ the reaid, The processor acoess Hme is
thies e 300 n and bemps nthe sanie way, that
b when B Woand the adilress slmal fidsh thetr be-
wmning edge, The &1 high then falls and the ¢2 ris:
g sdge takes plice, The memory address 15
enabled and the 3502 places dita on the data bus.
The duls then spesds to the addressed icabion. A
dnta setup ame takes placy for the wite operation.
It 3 mbout 100 ps. The dsta from the 8502 ap-
proathes s memory destination,

Agaity there is o data stability time segment of
about 60 55, The fling edge of #2 occurs. The sta-
bie chiga is then let mbo the location and the Bats are
stored in thiir respective bit holders. A 10 ns hold
time takes place. The trunsfer s complets.

Reading and Writing 1o Peripherais

When the BS02 wants tooread daty from 3
preriptaerail, all it has to wenry abioul 35 (e Sefup me.
The R=W and the adideess sigmats armange the direc.
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tign of the: data bus and open up the regster m the
peripheral. This is all done dunng the rising edge
and ihe high of $1.

A setup time of about 150 ne is then pesded o
stabilize (he dats bus to receive the data. Again re-
fer to Fig. 17-8. Onot the setup time has efupsed,
the rising edge of ol ocours and the dita s placed

of e bus: The data teavels (o the B502 and the
tagh of 2 takes place. Then the falling edge of ¢2
coities ahong. The dath is given entry to the BS(E"5
R or data buffer for processing.

The writing to peripherals is {he reverse oper-
ation., The 850 addreases the: perphersd and makes
the B/«W kow for a write. As the 42 rising edge con-
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tinues, the B50E places the data for the penipheral
on the data bus. The data then takes a tnp to the
petipheral. The faling edge of $2 oceurs and the data
i strobed into the peripheral register, A setup time
was not needed, but & considerable holdis required.
It is called delay time, The date needs a 300 oz de-
lay in order to ensure that the dati to the peripheral
arrives with validity. This works fine, except that
it slows down the transfer of data to the peripheral.

The way the clock marches bits to address lo-
cations and transfer data has a bot of intncate steps,
Each stép is simple and not confusing. There dre
just .z ot of steps.

The 2 MHz Mode

The so called 2 MHz clock has two modes. The
1 MHz: meode of the 2. MHz clock has just been dis-
cusged. What about 185 2 MHz mode, the one the
clock = amed for? The first thmgto consides 15 Lhal
the clock 15 runoimg e as st [n the 2 MHz
mode, the clock B completing two milion cncles ev-
ery second, This chamge culs the mumber of nannse-
vomds the clock takes for a cycle to about Tail of the
ns needed for the 1 MH2 mode. While the 1 MHz
mode peeded about T ns (o cyole, the 2 MHz
minde needs about 50005, According to the speaf-
cation sheet, the 2 MHz dock 1= smd b take ex-
aothv 489 ns. All the other timings such as setup
times, hold fmes, nsmg edee bmes, Glling edge
tmes and g6 forh, are mastly cot m kald toe, Table
17:1 shows the timings an 8502 m 2 MHe mode re-
OUACCS.

Table 17-1. With a 2 MHz clock some of the
fimings are halved compasad fo the 1 MHz version,

TIMINGS FOR 2 MHz CLOCK
Timings Hl.r:ul&l‘.?wﬂl
Cycig Tima. A5
Higmg Edges 0
Falling Edgas A
Adfrass Satup a0
AEC Setup a7
Babdrass Hold 40
Dt Gatup 1)
Crata Siakia 44
Dala Hokd 4
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A porplication can happen when the BSE2 1=
made to run a8 2 MHz. The 2 MHz works-smoothly
when the 8502 13 transferring dats o and from the
Al BOM and other mternal chips. When the 8506
s petforming [70 operations, however, the clock
speed in 2 MHz mode sometimes must be adusted
to the 1 MHz mode, The 1 MHz clock drives all the
1463 chips even when the B502 is m 2 MHz mode.

This adjustment is called clock stretching. Fig-
ure 17-9 shows the stretching tachnigee in 2 MHz
mode, The top square wave shape shows one | MHz
cvide. Duting one 1 MHzcvcle, there dre two 2 MHz
cycles. Note both 2 low and a high in the 2 MHz
waveshape durg the fow of the 1 MHz2 waveshape.
Then there is another kow-and high during the high
of the 1 MHz wave, There are two complete 2 MHz
cycies duning one complete 1 MHz cyvele.

In the second set of waves m Fig. 17-9, the tog
wave shows e 8502 making an 10 access in the
1 MHz mode. This is the normal wave armingetbent
the 8502 uges to-access 0. Tt works perfectly with-
ot comphcation, The third set of waves shows.the
wity the 2 MHz mode st be stretehed in onder
to- adiest to the 1 MHz PO access wave, The
strelching & performed by a concerted effort be-
tereen the 3502, VIC and the LA, If they didn™
stretch the cdocking, the 10 access would be oul
of svnd with Lthe 1 MHz clock that is driving all the
1) chips.

THE Z80 TIMING

The Z80 13 10 strange teroiory in e G125, The
gireuits in the C128 are all desigred to support e
BEE . Thes £80 fnst be equipmed with 1112 and 1113
in arder for 1t to adust by the 85302 circuitey. The
Z v TTEE aned VT3 to-atch and bufter s way
in and oot of the data bos.

The BRIZ conivesrts it clock mpuat from ViIC mto
two mdividual plases, ¢ and $2. The L85G oo the
other hand réceives s own 280 clock from VIC but
depes ok sphit i mle two phases. The 260 has o =n-
ghe phase clock. That 12 the e difference between
thie T80 mrd the-duad phase 8512, The Z80 goes nght
ahead. and uses the dock as iz,

VIE supphies 5 dock that beats at a4 MHz e
quoncy. Thal makes the clock twice as fast as the



2 Mtz CLOCK STRETCHIN

Cney
:"_ oycia
|

el [

I MHE

2 MHz

oaems O\ [

4

Whes |
10 Aceess AN

Fig. 17-9. The 2 MHZ Clock musl be siredched i ardes 1o compensate o B fact (had tha 11D can anly Dﬂﬂtalé 11 b
i MHz mode

291



2 MITz-andd four times Faster than the 1 MHz. How-
ever, the VIC only supplies clock pulses diring AEC
[erw. Whesn AEC s high, VIO sluts down the £50
clock outpest. This-makes the cleck wave trm con-
g1l o twor fast d MHz polses dormg ARC low, then
nn palses, qust o continuods low during AEC high
amd then twio more pulses as AEC goes bw again.
This is shown m Fig, 17-10, The Z80 iz oy con
nected te Lhe system bus ne during AEC low. Dur-
iy AEC high it is disconnected. The B502 on the
other-band is comnected to the bus fines during AEC
high and disconnecied dunng AEC Tow, when the
ZA0 can fake over. Thisig the basis for the two
processors to be able Lo work (ogether, switching
fromm ome Lo Uwe ofber.

With the processor runmmig ai 4 5MHz bat ondy
bemy on dusing AEC low, it can run the CP/M oper:
ating svstem ot an efective 2 MHz mte. The 280
arls as i o continmous 2 MHz clock s doangs the Bl
driveg. nzide the Z80 1he clock 15 called & iphase;.
A smmre wave highoand v s called, ooe clock
period. An metroctun cyile & composed of about
12 clock perods. The 12 clock periods are the op
code fedoh, the memory read nnd the memory wile,
as seen in Fig, 17-11. In Fig. 17-12 snd Fig. 17-14
thet timimgs are shown,

Thie risimg and falbng cdges mpeer the circuits
in the processor. The first rsing edge m the op-
crde-fetch group briggers the program counter to
place its addreas hits onte the address bus, The Grst
falling edge causes pin 19, «MBEQ, and pin 21,

=K1}, tn output bits to the memery to produce 3
read. This casses a copy of the stared op code geato
the dats b,

The second clock prlse marks tme. The nsing
cdee of the third clock strobes the op code thitl was
fetelssd, nto il instroction register of e 280, That
third nsing cdpe atso turns: off *MREQD. and <RI,

Tl memory write aperation I quite hke the
forch or read operation. The ficst nsmg edee places
the address hats qn the bus @ the same way. U abso
triggers +MREEQ and «RD on thetr way. What is
* BRI doang in this wmite operation? 11 vou lock ol the
timimy dingram, Fig, 17-13. vou’ll see the <K1Y sig-
naf is low during the memony tead clock penods bul
s hiph and pob s operation a5 the mamory write
clock pennds take place. As the ciock gets into mem-
ory write time; the = MREELD pocs tugh too but thea
gors Jow s e @llog edge of the first amte clock
{akes plice,

Ax the nemng edge of the fiest wnite clock he-
gins, pin 22, «WH, outputs a kigh, Then as the fall
of the sevond write clock edge takes place, it makes
«WH molows, Thag m turn cousey the data from the
processor 10 teaverse The data bos snd e strobed
inta the addressed latiom.

That is the way the clock periods ire used i
simgle phase clocks tofetch mstructsons, read data,
ared write datal There are aiso a lot of other basc
dubies the ciock 15 made tooperform, Tt must ener-
gize the reading and writing to 10 chips, the refresh-
ing of dymamic memery, the fabrication of the
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composite TV display sgmal, production of asdic
tones and eiher things. Al the bits i the C128 march
to the béat of the cbck.

TESTING THE CLOCK

When the computer is recewing power and 12
nat produemgsany oatpat-al all, the chockcould kave
siopped, 1675 wseful then to be able to quick-check
the ¢lock 1o see it is runmng or not. The best place
tn check 1t 15 at a stage after the sioe wive Bag been
coaverted 1o a square wave. [f yoo test near the
ervsial, the test probe coold ad down the osalla
tor crct ared kill the frequency even i the clock
ig indesd Tummning:

In the C128, a convenient place Lo test B (e
& M put at pin 1 ol the BR0Z. It should mead
PULSE om the o probe o the chck b runmng,
Funire 17 14 shows what the pukse should faok ike
Iwou view it onoan expensive soope sel ol 0.3
microseromds The waveshape will have 3 peak-to-
peak voltzge of aboot 5 volta,

If you have st an ondinary TV répar scope,
then you can't view the 2 MHz frequency, but Louch-
it Ao on- e pin will Tet you sée an sovelope fon-
taining the frequency, as m Fig. 17-16. Even thesgh
yout gl eead e [requency, il the envedope does
appear, then the ook 18 running. The. clock fre-
quency-slzo & probably okay because the rrrstal cut
for 18 31818 Mz won'l rfing undess the master e
quency s near that vahe.

0 o s vady esguipped. with the bogic probe;
there are many test points that will verify that the
Clock 1 on, Any of the sddress or data hus connec-
tions shoukd show FULSE of the clock is-on. Tn fact,
any of the pins on afl the Test Point Charts that in-
dizate the presence.of a pulse are dock test points,
1 ai pulse is at any of these ping, the clock i oscil-
ting. Al of thepe pulses areomgnnated mthe dock
chip. O course, f teere are mo pulses anywhers m
thee miachime, e dock has been stopped,

A vnm with a necdle medicator, nob a dualal vian,
canalsn provide o qiEck gomo-go test of the clock,
When you tooch dowmn on it pulse tost pomt the pee-
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Fig, 17-12, Tho first rsing edge of the feich l:l-lag-ei‘a
The firss tning adge irggers - MRELD o enable the

ih& program cosinbar fo place 1hir address bits on U addess hves.
mamary chips gnd snabéag the - AL signal @ cause a ropd. The dp

coda enlers the dala bus, The third risng adps sirebes the op code from the dats bus into the ZBE. The third rising edge

aisg tsms of -MREC and -BD.

dle will read a sort of three-state value around 2 volts
on the meter Gce, The necdle will appesr a hit un-
gtable and mught show an apprecable wobhle, This
mcans 3 runmng clock,

It was mentioned ‘earfier that a frequency
enunter and an expersve scope Ccould be useful, The
[Fequency counter enubd provide you with the zotual
[requency at which the clock is minndng. You can ad-

juist the timmer capactor C20 for a frequency of
14 31814 Mz, The counter should be connected
o pin B of V28, the BT01 clock chp,

1 wou decide 1o perform this adjustment, then
bry o ose a pickup boop rather than & direct connec:
tion, The koop will pick up the frequency by indue-
tinnand not make a physical connection (o theclock
cireuit, This is advisahle if posmble. If it 15 o0t easy
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Fig. 1711 The memony read operation (s very Srmilar (o the fetch opecation, The fising edge places the address on tho
nus. Tha mlling edge tmggars -MAED and -RD. The faliing edge of the third clock strobes the data into the Z80. Tha
memary write cparation thouph & somewhal gifferent. The sadressing k= the samea, tekes pdace during the rige of e
first write clock, and ~MAEG m enaléded at fse fall of the Frsl cloch «AD is not used, bl «WH 8. Dala enlers the data
fus and stahdres. A1 the [all of e second write clock, <WHR stobes the daia inlo the memory focation,

to de then use the direct connection—just be care-  however, that you'd need such soope details {or re-
ful makmy the connection. You coudd possibiy lead  pair work. Theses wavelorms are 3 Job more valua-
the circuit; stop the cock and get mesleading rosults.  ble to the 'desym and manofacturing enginesrs rather

An expenzive scope will actuzlly display the var-  than 1o a feld sepvicer. Figure 1716 is the Test
o5 clock waveshapes e frequences. Tt i rare,  Poant Chart for the 8701 clock chip,
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18. Address, Data and Control Buses

Te C128, the C6d and the 280 computers, al

encapsilated onto the anghe printboard, share
three types of bus nes Lo pass bits between them-
selves and the chips with which Lthey commumcate,
For addressing parphses, they all use the 16-bit ad-
dress hus. Topass bytes of data back and forth they
all s the eight-bit Dwo-wnay data bus. For the mimy
ways they need to control the dirowts, theee are 3
murnber of inpat-only, output-onty amd Iwo-way m-
dividual control lines.

Al of the bus lines transfer dyatal tughs, lows
atil pulses; Thers are-no other types of signals in
the digital circuits. In the port drowit areas, thete
cum be pther signals such as agdio and color videa,
bat in the digital circuits there are only aghs, lows,
pulses or turmed off thres-stated voltages. No other
working comdition can be attamed, I poo are tesl
ing the lines, thn those are the states you are look-
ing for. These copper traces that travel around the
printboard and cofmect to all the magor chips are very
vulnerabie when the bhoard is exposed. They are of-

izl

len the smiroe of problems during repoir jobs. Thise
troathles: are covered in this chapter.

ALL THOSE ADDRESS BUSES

The address buses, Fig, 18-1, origmmale m' (e
anix? and 280, Coming out of pms 7-23, except for
pan 21 {GNED), are the AD-ALS lines from Lhe B50E
Program coatler circoits. Fromy jins 30-40 and 1-5
of the Z80 are the A-ALS lines from its program
coimder, Thess address Bmey are Faned fogether mio
one bus. The 8502 and XM can casily share (iese
acddress lines because they are both never noat the
gnmetime. Either the 8502 has contrul or (he 250
b5 charge but never both together.

Just mzide both of the processors, belwesn the
piris and the propramy counter, are 16 three-ste
buffers. The buffers can be fumed on and off 2
needed by an mput controt ine from VIC, ViC 153
provessor in s own right. T produces AEC, address
enahbe comtrol, ABG js wery important m contrallng
these address buses and will be discussed nomeore
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detad ter mothis chapber. I doed i 1ot of tirming
off and furmmg on as regquired.

O the lnes: arrve at the ougpat pins of the
processor chips, they assume the names AD-ALS
Some o all of the Eres connect fochips on the mem:
ary map,. Each chigoand every regster on cach chip
i given its own address. Each mdividual address can
beropened up whibe all e rest ol e sddresses re-
faain closed. The 16 lines are, as menticned many
tines; able to carry 65536 wehividhial sete of highs
uned lows. These sets of highs and dows are cach a
pombination 6 open up ane 3nd ooly one adedrises.
If mare than one address opens dorng an address.

Jing opeeralid, then the program coudd crash.

In this machine, bowever, multiple foors are in
the many-stored memory map bulding s shown in
Chapter 16, Many registers are on-didffereat chaps
with the same sddrese, The map i many-sianed
buitding wnth the samic addresses on eich Joor. Each
fzor feas o pessible G4K addresses. A hank pioks and
¢honses chips from thie cightl Boors Lo form o 64K
blesche, A bank npmber must be pddad oo the T6-Tr
addriesaes by reach the chosen Bock:

During troubleshooting, PEEK and PORE in
BASIC or MEMORY and FILL commands m ma-
-chife lahguage can be osed to good advantape.
These troubleshoating signal tracing &nd inpection
techmigues operate over the address and: data bas
lmes.. As s resull vou can use them o test thess
bz Bnes, The actual techmmques are disrussed af the
end- of this chapter.

Thee AU-ALD bus that exits Both tle 85002 pwd
280 are connected together Ene for fne_ These nes
go directly o the RAM multiplex chips, ROMs and
ClAs: They also connect 1o the MM, the PLA, the
8563 Vided Comleoller dnd SHI,

Translated Address Bus

Al Baaukiress fmes connect (o e MMEL The
MM procesees them and then outpots’ the trans-
laped address bus. Onby cight Enes are mn the taws-
latedd address bus, TAR-TA1E These lnes  ane
generated om the mput boes AS-A15. The rans-

200

[ated address bus performs addresging chores [of
RAM wd VIC

First of alf, lines TAR-TAIS are connected to
i twro meadtiplex chips (U714 aod 1715) as-shown m
Fig. 182 TAIZ-TAIS connect o Uld and
TASTALL to TS, They represent the high-order
aiiress bits, The repular low address Imes, AB-AT,
areaiso connected 8o U4-and 1115 A4-AT o114
and Af-AZ 10 1115, Witk these inputs the TALS257
miultiplex: chips zre =ble o form the BAM rowe-and
column addresses,

The: next:job the transiated address bus does
i tese 1s TALY Bre to sohstitute for ALE m address-
g ROMA_-ROMA 2 the ROM that mmast get s ad-
dress changed when the #80 takes over. If you
rocall, ROMA pets its hex addresses DOOO-DFFF
chimnpged to 0000-000F. TALZ from the MMLU per-
forms this task, The ansleted address bus also s
used 10 C6d mode. It becomies: address Gnes 8-13
OF thes expanision por.

The translated address nes are also imvolved
dunng the time that VIC & 0 conirol and doing somse
sidrezsing. When VIC 15 m charpe. the MM
brastales TAB-TALL Then it pulls TALZ TALShigh
G et e ol of the wary, VIO 12 then able G use
the TAR-TA1Z imes to sutput 05 VIC addresses
VAE-VALL More aboul ths = gven m the mext
ST

When VIC s nier bonger m charge but an exter-
fial ekice 15 in chirge such as a cartrdize, all of the
MM TA lines are trstated, leaving the lines iree
for use by the externad device. The device can then
s the regular address Apes; AB-ALL, The device
can then address the entirc memory map éxcept for
the MM

The Two Multiplexed Address Buses

The bwyy mudbpiex chops menboned abowe, 1714
and U5, have inputs- AG-AT and TASTALS. The
twor chips also commect to VMAG-VMAT—the VIC
Multiplexed Address Bus. These same sigrals are
il pasted through 373 ohm resistons. Once e sgg-
il passes through the resistor, this-catpul st of
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bits is named: MAG-MAT, the Multiplexed Address
Bus. The connections of the bus siygnals are illus-
trated m Fig. 183

The VMARYMAT and MAD-MAT are produced
By UT4-and 115 when AEC, muerted al pms 15 on
e two chips. 15 -hieh. When AEC 1= hagh the two
chips multples TAS-TALS with AD-AT The contral
for the multiplexing comes m ping 1 with the MUK
signal. The 33 ohm seres resistors then take the
VMAD VAT and, in tiern, medplex them to pro-
duce MAG-MAT.

The VWM& signats are connected by VIC. Thi
MA signaks are: sent (o the system DEAMs, The
procegsors can then address the VIC regrstérs or
address the 128K BRAM set,

These YMA lines are also wsed by VIC when
it needs toracoess secbons of RAM., When AEC poes
Tow and VIC is m charge, VMA becomes an oulpul
address bus oo VIC, VIC uses VMAG-YMAT plus
the other address lines that are all three-stated dor-
ing the AEC Jow,

More detail iz given oo hew VIC accesses and
refreshes the DEAMs in Chapler 20, To sumima-
rize, VIO only uscs 14 address Boes. as shown i
Frig. 184, ot 16, [t is onby required 1o address 16K
directly. VIC reccives VA13 and VA4 from CIAZ,
descugsed i the next chapter. VIC generates the
putpot bits over YMAD-VMAT for the DRAM ac-
cessing and refreshing, The other lines output by

VIC, TAS-TAILL, are used by the next addrass hus.

discussed, the Shared Address Bus. VIC acoesses
the characler BOM and color RAM with these,

The Shared Address Bus

The Shared Address Hus s called “'shared'” be-
cawse both the processors and VIO nse it when they
aren charge. It = not malaplexed. The Shared Ad-
dress Bus Is needed to allow both the processors
and VIC to address the charucter ROM and the color
RAM. Both of them must use these twn chips and
they are approaching the chips from different drec-
thons, When the processor accesses the chips. as
i Frg. 18-5, it sends tits in one direction. When VIC
is aceessmg, as m Fig 18-6, the address bibs are
comng from the otfer direction.

When AEC 1= high and the processor = m
charpe, the Shared Addresys Bus, SA0-SAT, 15 an
cutpul of U35 the TEFZ4S Transceiver chip. A
transceiver indicates tameway ransmession, When
AEC 15 high. address bits A0-AT enfer the chipaml
SA0-5AT exit. The SAQ-SAT output i fed to the
character ROM and the color BAM. The cutput of
Tlsese chiips are into the svstermn dzta bus. The higher
order address hits are suppliesd by TAS-TATLL, an-
other form of shared address bog, With Ues address.
ing miechanism the processors are well able to access
the character ROM and-theoolor BAM from its
direction

When AEC goes bow, the VIC addresses
VMAG-VMAT, alsocalled VALVAT, then takes over
the Shared Address Bugand proceeds to send hits
pver fhe bug from the opposite direction from whoch
the provessors senl bils, You could sy the bits are
driving e hus hackwands. '

WIC supplies the loweér order bits, and the trans-
lated address bus hagher order address hits. The
character ROM needs TAS-TATL while the color
KAM only requiree TAR and TAS,

When a cariridge is in place, the shared address
ps i3 able to-supply the Inwer order of address bits
for the Expension Port, This permita VIC teaddress
the cartridge, Should the cartidee be given charge
of e system, the SA and TA lines czn be doven
hackwards and address RAM and ROM.

To sum wp: four address hus systems are in the
L1228 First are the regular ARALS address Tnes,
Seeowd i the Translited Address Bos, TAS-TALS,
that the MM generates. Third is the VIC Mul-
tiplexed Address Bus, VMAG-VMAT and it cousim
the Multiplexed Address Bus, MADMAY. These
buges are tsed by VIC when it must do addressng,
Lastly i the Shared Address Bas, SAQ-5AT, This.
bus i needed so-that both VIC and the processor
canaddress the character ROM and thie cober RAR,

THE DATA BUS

T comparison to the aiddress hoses, the data
hse 15 2 simple affar . I haes eght ines, D74, Ex-
ery Teglster in the memory map, cxcept for colar
RAM, 12 eapht betz wide. Codor RAM registers anly
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ase four of the cight bats in teeir registers, making
the color RAM remsters effectively only foor hits
wide. Ot the actual color RAM chip, 119, 2 2016,
eight hits are In each register. The eight bits attach
to s 8-17, DO-D7. Pins D4-17, however, connect
to four 3.3K resistors, that m turm are wired to <5
volts, This arrangement hodds D4-DT high-and ef-
fectively out of the drowit, as.in Fig. 18-7:

When the color RAM is addressed by the
processor, of VIC, the lower four bits of the data
bz handle the register accessmg. The higher four
bats of the data bus are ignored m the scheme of
things.

The codor RAM is addressed and & nybble of
data 18 accessed by the processor when AEC = high,
The access: takes place throngh U0, the 4065

=1
Color o
Aan
39K
T e =
F3K
My #
i 1.
'*u _‘
b Bl 4
Wiz
Bk i
43
I O
A4 o1

Fig. 18-7. When the Color HAM iz ascessed, i piy uses four date fines o BuUpDiy & ehoiae af 16 diffarent cokers. The
othar dajn bnes, D704, are held high and are effectively out of 1ha circuit
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switch clap. The 4066 has commections to te proces:
sor data bus Imes, G-I, and commectonn to the
color RAM chip, DE-T.

When AEC & low, the 4066 swntch s opensd
and the processor data bus disconnected. Remem-
ey, VIO must alsn be able 10 acoess the color RAM,
wheremn the codes [or the color o the dasply re
side. VIC pmy 46-43 are its extended data bus,
BE-D11. These four VIC pins also connect fo the
eolor HAM DHETIE gins, When the proceszor dati
bz s switched-out durtne AEC low, VIC & able to
goiress the cotor RAM data nybbles,

The rest of Ihe map, all with wncompliated
byie-sized registers, s connected 1o D7-D of the
processor data s, The-bus 15 directional. The
4502 is able to read and write on the bas. Every
Iseation 15 compected to the same data lnwes, There-
fre. 4 the D7's, all pver the map, are wired to-
pether, all the D6"s are connected, and so on. Most
ol the time the bocations are dormant, When a ke
tion is addressed, thea that lociton, out of 2 ol the
B4K in ahank, is accessed. [tis nead from or wril
tem to. The rest of the locations are (umed off and
do nothmg.

The chatn bus huffer m the 2502 origmtes is
data bus, The bulfers can receive dita from the bus
or transmit data to the bus. The mstruction regs-
ter ie also connected inside the 8502, bul il is 2n
mput oy device. It can oaly receive metructon
data—not fransind daty to-the bus.

The buffers znd IR m the Z30 operate i the
same wiy. Howewer, o3 mentimed earfier, the £80

can't interface directy with the 8502 desigoed bug-

fines. It Is necessary to use U2, the P4LS373 latch,
for-the dats entering the Z80. The latch commecls
directly tothe 7-IH] system bos. Ti s aiso neces-
gary touse U113, the 741.5244 boffer, to amplify L

detaleaving the 780, The buffer chip also conmects.

directly to the [7-D0 data bus.

Between the ktch and uffer chips, and the
DF-Di0 pins on the Z80, i & small set of bus lines
cplled ZD7-ID0. This ZD bus connects to the tck,
the baffer and the Z80. The wirmg @ ditec). When
AEC is higgh, and the 284 35 writing 1o the memory
map, the dats keaves the 780, goes to the buffer,
is amplified and then is placed on the system data

Ak

ts Bnes: DT-D0, When the Z80 wants 1o read o lo-
cation, the daty leaves the: addressed Jocation and
enters the kitch. Then at the proper tine, desipmated
hy the system clock, the data s given fo the Z30.

The duta-bus, obce clear of the grocessocs,
aplis off into many branches, An imgortant branch
goes o the 16 4164 RAM chips: The chops are scpa-
rated o two sectans, bank O ind Bank 1, each wath
eaght ¢hips. Each bank has chips numbered (-7. Cnoe
dhatn Ine i3 sssiymed (o each chip in the beo-banks.
D0 mekes twe connectons, e eacll 10 the two
mamber U BAMs: DI to fhe two HAM 1's; D2 Lo
the two RAM 25, and so on. Thad wity, a byté can
be storsd with one bid in each chip of a baok. Pins:
14 and 2 onoeach RAM chip aro tied togeiber and
ponnect to one dati fine, Tine pinis for mputlng &
bit, while the other pm outputs o bir,

Cither brasches of the data bus conmect eighl
Enes toothe ROMs, the Clis, the Expansion Port,
the MMLU, VIC. (he 8563 Viden Controller, and SIT2.
The data birs commections to VIC, the 8563 and 510
will be discessed in their respective chaplers agin
in more detail,

THE 80-COLUMN DISPLAY BUS

While VIC handles all the dlkcolumn display
rhores, the 8583 Viden Controller Lakes care of dis-
playing 80 cofumng. Chapter 27 will discuss he 3563
activity in more detadl, Meanwhile. the 5563 has ils
own private Hitle hoses that bawe hittle (o do with
the rest of the system bages. The 3563 1= wired 1o
two DRAMs, 123 and 1125, o par of 4416 chips,
a5 shown in Fig. 18-8. These DRAMs have nothmng
(o de with: the 128K of system DRAM.

The 8563 vriginudes two litthe buses, ome Ioead-
dresging U's 23 and 25, end the other to pass
through data. The address bos ta calied the Display
Address Bus and the data bus 5 called the Thaplay
I}ata Bus. Accocdimgly, their nes are DARDAT for
the address tus, and DENFBLT for the data bas.

The address bos, DAGDAT, leaves the 4563
at pins 26-33, It conpects to each 4416 at pins 14,
13, 12, 11, 8, 7. B, 10, The 4416 are special 16K
dhynnme: FAMs wilh fouer-bit registers, The dirta bus
DIH-DT leaves the 8563 at ping 3442 except or
37, which B V-
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The data bus lines are- then split oo half.
DDO-10103 are connected 1o U23 and DIM-DDT to
1525, Each DRAM supplies a nybbie L the data bas
which, together_ are the byte that the 8563 wants
trr mse. Thal way, the: 8563 has a DRAM. capacity

of TEK bytes belwesn the ten $16's. The 5563
pperates with these DEAMs (o produce the
Bi-cohimn dispday.

The 8563 does the entme job fur the two
DRAMz. It suppiies row and colimm: strobes out of
ping A7 and 48, It jso provides thear refresh signals.

THE CONTROL LINES

The: many control fines eoring and going om
the 85, Z80, VIC, the Video Controller and other
chips are collectively referred 1o a5 the Contred Bas:
Actually, the Ines are afl individual wath each one
dotng its cwn specfic jub, They are unfike the ad-
dress bus and data bus wystems in that each has
niny lines &l doing the same joh.

The various lines m the different chups are co-
vered in the chaplers on those chips. There dre four
lines though that connect to & number of chips. and
are worthwhile ceviewing even though they fave the
chapter coverage. These lines are the B/eW, the
«IR0Q), the RESET line and the clock lines.

R/+W Line

Thi best keewn conteol line isthe BAW, T s
pn B502 output that travels to all the magor chips in
the memory map. It connects all the B =W pins on
the conternsd chips together, The entire bne is nir-
mially held bigh by 2 4. 7K resistor connected to +5
valte, When high, the B/f«W line is n 2 read mosde.
Mote in the e that the B does nol liave an gster-
igh. Theretore when Lhis line 15 high, the B (Kead)
is active, When the line is foreed low by the 82,
then the W (Write), that does have an asterishk, i
artves, The BieW Ine determines which way data
i o travel o the data bas.

The line, as showsn in Fig. 188, goes to the
RAM chips, the ClAs, MMU, PLA, VIC, the 8563
Video Controller. STE and the Expansion Port, The
Ri«W sigmal orginales m the BH0E2 instruction
decoder. I conaects imternally 1o Lhe data bus

BiH

buffers and 15 then cutpot from pin 39, T s held high
st of the bmwe a3 The 8507 reads from the mem-
ory map. When it &5 tme for the B302 1o wnle (o
the mmp residents, the instruction decoder forces
the hae how,

*RD and *WR

The Z80 orignates separate read and write oom-
tral ines, shown in Fig. 18-10. The =KD and =WH
tines: out of the Z50 do the same bype of job-ag the
smgle R« W lirie out of the 8502, The +KD lDe out
of pin 21 commects directly to +E: enable pin 1 of
the latch 12 {74L5373). Wheno the Z80 wanis to
read, =R} pets the latch o operate.

This Z80 =WE pin 22 15 held high by-a commes
tian to < 5 owodts througha 33K resistor, *WEH also
connects 1o stene gates and then the T4LS7 clock
cirpuit ftip-flop. This Hip-Oop then outpnts to a NAND
gate that, & tum, connects toan enable pm 1 of UL3.
the 7415244 buffer. That way the *WE kas control
awer the barffer that intertuces the Z80 data hus to
the system datn bus. When the Z8(wants to write,
*WE pets the bufier workmg.

The =IRO Line

The =IRG lme s #n external mput to the 3502
and the 286, The =1RQ, us in Fig. 18-11, can orlg-
nate from CIAL, VIC, or the Expingson Pacl, The
line is hebd high by a conmection (o + 5 volts through
a 3.3K ohim resistor. When one of the origimtion
points wants bo mtermupt the 8502 or Z80, which-
ever 18 nocharge, it sends a boow over the Boe,

A peripheral connected to CLAT can send an in-
terrept through the U0 chip. WIC conbd geossibly
need an interript and would then generate a how,
A cartridge in the Expansion Port coubd be the org-
nator and scnd A low over the lise.

Whatever the reason 15, 1 Che B502. suddenty
i input a Jow at pin 3, then it will go o fs oter-
rupt service routing as: descrbed i Chapter 12
Shonld the X80 be o charge, the lw will traved o
pin 16, the Interrupt Request pin, and it will do what
il miust do for the inberrugd.

The intérrupt must he considered when you are
eonductng machine [anguage programming. [t per-
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torms: automatically if BASIC s being used. For  The AESET Line

trowibleshooting, vou need o know where the lines The RESET line is used to get the computer
are4m the printhoard and to dook for the high or low  underwsy when i is fref turned on. The line
that shouk! be present under your test conditions,  origmates at the 556, Gmer chip D27 (see Fg.
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1812, Tlhere are two Hmers in the cldp. Cne is for
the =NMT lime: coveeed eatfier and the second, m Fig:
18-12; iz for the BRESET orcoit.

" Whisn the CE28 is first furned on, the + 5 valts -

connected to the tigger pm 8 starts o bald, As the
£ 5 volts develops, the bgeer is pulled, a high s
geperated and outpat from pin %, The gh is passed

throogh a NOT gate and sent oot over the line, The'

fie is otherwize held high by a 1K resigtor con-
nected to 45 volls,

«RESET ts attacked dirctly Lo the 8502, 280,
MML 8563 Video Controller, the twn ClAs, the
User Port, the Sertal Port. the Expassion Port and
SH). When these RESET destingtions recewve the
lerw, thiew o ot operate. They are turned off. Then
iz the fine retums o s beld-high state, the proces-
sir goes it its RESET service routine, This -
itinlizes the C128:and prepares . for duty.

The 128 also has a RESET button, The 64
computer does oot havea RESET button. The bul-
tom 15 a switch connected tn the trpeer pin of the
556. 1f vou press the bulton, the connected parties
all turn off and lose their intialzation. When you let
up on the button the €125 <tarts all those crcuits
ooy agam, The regsters are reimtialized,

The Clocks

As dmcugsed in Chapter 17, VIC generates all
the system clocks after it pperates with the crystal
to produce one of the two master freguencies &-
ther tor American or European ase, The mait cock
derived from the chosen frequency s the 1 MHz.
All of the 1/0) operations use the 1 MHz clock. In
adefilhon, the majority of the system bus Imes move
hits o the T MHz beat.

The edock leavas pin T8, axits pin 23 (confus-
ingly calked the @ MHz) and is processed through
A 6 ohm resmtor and called INMHz, The clocks
are comfected to the BS02, ZBN, the Clhs, BG6ET,
S, MMU apd the Exponscn Poct, The dlocks do
all the driving of the ity that travel from place b
place m the compuier, Ths keeps all operating par-
tiew in parfect syne with each other, The ciock oo
trvity cin be found at raany test point pins readng
PULSE on the logic probe.
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TESTING THE BUS LINES

Because the bus lineés m oy mesocompHer
cover a ot of printboard real estate, they bave 5 lot
uf exposure 1o troubke, In the Botory, when com-
priters are made. the bus fnes can be the soarce
of 8 It of problems. Most of the damage 15 created
deiring the soldering cpératons. Sometimes e sol-
der sproade all over amd forms balls, threards, and
eher odd shapes. The soiler can drage ftsell over
the tup and bottom of the board and create hive:,
The solder can gel belween traces, from trace to

ground @nd in all the tiny crecks and coevices the

components and chips cegsde i,

Ins the early davs of printboard mamifscturing,
this was in expensive. problem, but nower fech-
nigies have formmately efmmaied the majonty of
these troubles. However, the situation stll requires
that troathleshooters check out the solder drip prob-
len durng routme checks, When trouhle stokes, the
bus labes are soill prime sospects, Solder shorting
still happens o cocasion; open traces still ooour; anmd
fhe components o the bus nes could il

As you can gee, the hus lnes are the wirmg of
(he computer tpre. One of the Bret lests you gould
conduct is the continuity of the copper trace bus
[izves,

Conlinuity ests-are of oodrse, bestsof (e ve-
aigtance m ohms of the copper lines. The resiztance
of the copper W electrc fiow 5 5o low thst your obm-
meter winldd cead near e ol Tids means the
lne just tested & intact between the two probe
touchdown points. O the other hand, if there 15 0o
contmdty or the ohmmeter reads minite resstance,
then this mdicates that (he lne under test haz a break
and will not pass ebsctric curmenl.

These losts are exsy with-anophmmeter. Un-
forunately the chmmeter does not gve @ relable
test when there are integrated snlid state clrcuits
connected to the bus under test, and all the buses
will have ICs comnectad,

it 5o hapgens Uhat there s nsually 3 1.5 volt bat-
tery driving the shmmeter. When yei tosch down
with the two probes, (e 1,5 voits is pushed throagh
thee e undler teat, Transstors tom on with valliges
woll under 2 volt. Silicon Tanststors turn on with the
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Fig. 18-12 Whan the -RESET signal ls activated it lurns off those chips and then stans them all owor

application of about (0.6 volta, The 1.5 voits coald
get many transistors gperating somewhat ind pro-
duce false readings on the ohmmeler, Is bestnot
to use the ondinary elmmeter for contingity testing
of hats Hires,

I vour by ood-have & special type ohimimeter to
dir these tests, then one cin be made easily. It is
called & fow voliage conlinnity tesfer. The disgram
fuar 1t 15 1n Fig. 18-13. The parts are mxpenEve mmd
easfly wired topether. It will only push aboul 9,25
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Table 18-1. Go-No-Go Contlnuity Chart.

SYRPTOM-CORS TANT PACGHAM E9ROMAS

Senice char

RESISTAMLE TEST HO-GO
POIMT TO POINT AL POINTS OFEN
COMTE RIS TRACE
THACE TO.GRCUE ALL AERISTANGES A TRACE
FREFRLY IR aND REALS SHOET
AL 10} GAOLIND

THACE TO TRACE

ALl FOENTS ARE
HIGH BESIETANGCE

SHORT RETWEEN
THAGE S

vits through the sepsitive ciremis. This will geoba-
by 1t affect any nearty silicon nctions, Thie fester
will read the two required resistance conditions. If
the ling undér tear is continueas, near seso obms,
then the ball will Bght. Should the ine be open, (he
bodbe will g light.

Besides testing the continuity from test point
Lir Lest point, & second type fest @ from 4 troce o
chassis ground. i o trace is shorted to grownd. and
il 25 oot supposed 1o be, then the test balk a4 Tight.
Shiotakd the trace” be ok i ot shorted 16 ground,
Phier bultewall nod Tighil, Table 18T slbws the ginn
go test results, With the tégter, the b lnes can
be checked oot dar opens or shorts - very sy,

Using the Tester

The continuity lester 15 one of the most used
peeces f lest equpment during troubleshooting, The
first thimg to make sure of i that the 128 & com:

pletely disconnected from power and peripherals.
Pufl the power supply 2c phug oul of the wall, Alde
disconnect the power supply onit from the side of
the C125. You do not want any onergired cirodits
during testing. This could light the tester's bulh and

waase confision.

The Best place to view the arouit traces is from
the lop of the' printhoard. The bottom of the board
15, for the most part, where the solder connections
are. [ the C1ZR, & number of the dips. are sock-
eted. It 18 often usefd o renve the socketed Chips,
with greal care, to gel o good resistance test. When
the chipes aze out of the way, pouare sure that the
readings are of the board wiring and snldered com-
Ponegls only.

The firs! tests that should be made are point-
to-prnl comtinutties. Onee Lhe 16 address lines, the
eizht data lines, and other bos lines are chenred for
opens then you can mum tests for shorts, The method
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i oot as foolproot as finding an open trace. but il
15 worth the effort. Meassure the resistance to
ground of all the sddress and data bnes one by one,

The results should all be the same. All e frace
tey ground readings should be a high resistance and
mert it the hath undes normal ciroumstances. If you
wie an ohmimeter, then there would be a high resis
tance. at exch trace Lo groand, and there could be
a slight variation in resistance but still a very high
resistance. Should you find one of the braces quite
diffapent than he ofher, then that could be a vabd
clue Lhat the trouble & nearby.

Locate the circuit mvolved with the trace and
with the i of the Master Schematic. A reason for
the: difference in the resstance o ground is possi-
hbe in some odd case, bul 1haven™t encountersd 2oy
m different models, Chances ane, if ene of the traces
shows # dramatically lower resistance than its com-
panions, thew you have pinpointed & short that is
causing the troubbe,

Oince the resistance te ground of each trace s
tested, check the resstaice between Loaces. Here
agiin there should be » high resistance bebween al
traves, Should you find a low resistance or 3 short
indfeation, this iz a che, Probobiy some sort of short,
ke 2 sliver of solder, i5 between the two traces that
has developed the low registance.

Bus Line Writing and Reading Tesls

The confinuity tests-can be run under any or-
cumetances. Juat be sure Ut the CH2H is completely
disconmected fom all powes and peripherats. The
contmuity tests are ran of & Gead comguler. The
ualy energy applied is the tiny amount of current
from the tester's hattery, They are the stalie fests.

[hmanw: tests are Tun with the cCOmpuier ener-
gized, When the C128 15 operatmg but 15 not ad-
dressing properly, or is delivering incorrect data, you
potld 1tae the writing and readmg tests, These are
the BASIC PEEK and POKE tests or the Monitor's
MEMORY and FILL tests.

Ench bas fine can be tested individually. For ex-
ample, il vou want to test & particular addeess fne,
all you have to do & address a key Jocamion, W
sommie dala te the registier amd then read the contients

318

and ses 1 the data did indeed armve wnd get stored
it the Tocatinn. A key location is o register that necds
this sddress line heing tested in the nddress bits.
"That way, the processor sends a high over the sus-
pect adkdress lne to open the register. If the regs-
ter responds, then it address o i okay, Shouli
the: reggster not be reached, it could be hecause the
suspect Bne 15 open or shorted and cammol carry the
address it

To review, 18 address lines eave the prioces-
sor, Each fme &5 capeble of ransporting a high or
low. Actually, only mghs are sent. When 3 lme s
ot cartying 2 high it i considered as carmyinga ow,
A Tine, therefore, 15 deemed okay if you can send
a high successfully from the processor to the mem-
ory location addressed. by the high.

Tahle 18-2 hows the addresses in decimal and
hex thiat send a high over one address line while all
il rest of the address bnes are caTYIRE 10ws.
Therefore, if yoo mitput an address on the bus that
has ll ks fepeent for the copper trace vou wint
{o Rest, which wall capry a2 high), and the: address 5

accessed, then that trace is doing its job okay. I the

acdréss cannot be sccessed, then the Lrave being
tegted is nol Lransporting the high sod could be the
scat of the trookie.

Thie addresses m Table 18-2 test one address
Tisie each. The lme carnang thehigh i the one he-
mg tested, For the address bus test, i dpes not mal -
ler what combimation of hits vou send to be stored
poid thes read, The addressing exercise is the tesk,
not the data senl

To get the addriess into the machime. all yoo
need to do is use the decmal code for the desred
birry hit address amd, e BASIC, POKE the addrass
with zny byte of data. If you want to use the Mom-
tesr, uge the his code for the binary address and
FILL & coupie of sequential addresses inchading the
e to be bisbed.

The addresses shiown are all i RAM, If for
SOTRE: Foassn you are testmg an address that lands
o d KOM then you in dispense sath the PORE
ar the FILL. Tust PEEK or MEMORY the address
and pead the contents. 1 the contents miake senme,
thes the line carrymg the address. high 1= okay.



Tatde 18-2. Addreps Bus Test Char.

e
]
[Copper TEST
Aodress
Line} Binary Address Decimal Address Baok
Al DO G000 D000 000t 1 RAN
At G000 0000 0000 00140 2 FAM
A2 Q000 0030 DROG 2100 4 AAM
A2 OO OO0 G0 1000 B A
fis D00 0000 D00F D000 16 Ham
AS 0G0 000 4070 o0 a RAM
Ak CORI G0 01 060 0G0 54 Flasg
AT D000 D000 1 000" D =i} Fant
it OO0 GO0 G000 D000 268 FAM
a3 B0 S04 0000 00D {7 R
Al CR00 10K CHRHD 00 1023 Ham
A1t SO0 1000 D0 D000 2048 AN
AZ 8001 0000 0000 9000 A FAAM
A1 Q010 000 DO00 008 8182 Rk
A4 00 DOGH 000 8000 16384 RAM
a5 1D Q00D DO00 DD00 AreH FAM
Tahble: 18-2 shoows the binary addresses, the dec Table 16-3. Data Bus Tost Chart.
maf code for the biury, the hex code for the bi-
nary ami the type of register T loand I the C128
far the fedt examples. Innewer (128 models, there I::-r.pl :
ciitld possibhy be different clups at those addresses. Lins Binary Cata Decimas Dats
Check the memary mag of your machine
The data bus can be tested in o sinslar manner,
For the duta bus teat, however, you need to [ oo OO0 D001 1
duce sight dats bytes that have afl lows except for gé DOOD g‘il{!:g 2
the data fine tested, That line will have 4 high. =) mu: e .
Table 18-3 shows the sight bytes of data that D 0. D00 8
will tent each dita busdine. All that 1 needed is to 05 D010 0000 32
POKE or FILL the eighl brtes into an o o 16 Ho o
! i ¥ICE: IR0 &y group o7 10 CHO0a 124
cIght KAM sidresses. NMext, PEEK or MEMUORY
the eighl locations. The desplay will show e results

nf the tests, If all the written bytes are correctly
imstalled-in their fgsiged Iocotions, then the data
bus bnes are passing the datz from the processor
to the locatioms okay. Shotdd one or more of the k-
catimy not contain the correct contesfls, Lhen the
tata bus lime orlines that weee bo carry the high 1o
that locaton coild be shorted or open, I twre ara
any Eiteches, buffers, gates; miltiplexers or any hiig
large or seriall mthe indicated Ene, that are sipposed

80 pass L bets, then they are also suspect. For in-
stance, of the binary byte G100 &F sl arave
a1 its addressed register, then dati lone TG could
have trouble,

Controf Buz Tests

Thelines called the Controf Bus can be dnstyzed
ifr an et Wiy witen the amiting and remding fests
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are performed m BASIC or i the Monitor, For m-
stance, PEEK is 2 function thal sets off a BASIC
ROM routine that reads an address. POKE is a com-
mand that sers off a BASIC ROM routine thal wiites
data toan address, I you can successfully write and
e to addresses, then the B/+W line from the 8502
18 working okay.

Using the same reasoning, if you can enter
CP/M then the +RIF and «WR lines i the £80 are

okay. The exercising of the usual procedure shows:

that Uhe control linee invobved are working. Shookd
ome of the routing procedures fail to perform, then
yau can puzzle cut what lines are mvolved in the
process and consyder them suspects Wl they can be
tested with the vom of logic probe and be dentified
ay okay or nol,

Recause the control Bves are all indpviduals, the
best tests for U control ines is 1o find their orig-
wation and destmation plices and test along with the
logpe: probe. Start st the orgination point and pro-
peed step by step (o the destnation. You should be
slile to follow the fine wnder test and reason oul what
logic state should be present.

For example, suppose yoiL want to trace oul the
NML The symptom could be: when you press the
RESTORE key nothing hapgens. In Fig. 12-191 can
be seen that the RSTH fine coming from the RE-
STORE key is heid high by R, a 10K resistor, to
+5 wolts. If you touch down these with the logic
probe then you will read a HIGH. In series with the
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e s UITh, & tngger, and V37, 0 NOT gate The
trgger has a NOT circle, The high gocs low but then
goes high apaim after the MO gte. Fhe ine: showid
riaed o HIGH then after the MOT gate,

If these readings are okay then the next stop
15 the mput of the 556, U227, pin 6. Accopding 1o the
LT Fest Point Chart it sTiold e & high' 1 it s then
test pin 5—it should be a low_ From thtre you én-
counter a section of U249, 8 NOT gate, This inverts
the fow to a high. That part of the line is also held
hagh by the 1K resistor connected to + 5volts, From
thiere, NMI goes topin 21 of CIAZ, the Expanson
Forz, and o 4 of e 8502,

There shoukd be highs onall three of these test
points. 1f vou find a weong logic state somewhere
#lopg the test path, then vou have jost passed over
the troablemaker. Test the parlsax! check the con-
mectinns toere and you will probably locate the had
part or conmection.

When wou are signal tracing in this way, yoll
have Lhe aid of the Master Schematic and the Test
Point Charts. When the pathway connects Lo a chip
path 3 1 sumber, double-check what loge stabe
shonld he present on that pin on the Test Puing
Chart. Sometimes the states thal ook ke they
shioudd be present have 3 clreult quirk and the aptio-
site slate iz actualky present. The Test Point Charts
wili keep you siraight. When troubleshooling, a chie
that i not a clue could casily appear. [Don't let one
ool woar.



19. Complex

fie Complex Interface Adapter is packaged as a

4l-pm chip, It has the job of interfading the dig-
ital cireaits with all of the external devices that the
computer fas t0 deal with, These are inpots such
as the keyboard and joysticks and outputs ke the
seral bus amd wser port.

Inzide the digital part of the computer, the A5O3,
RAM, ROM, ete. gl operate at matchmg speed, fro-
fquencies, voltages, and currents, The 8502 can in
lerface with the rest of the digital crcuits by simply
attaching bulfered pathways and begin operations,
Unfortunately, the vanou: peripheral devices do not
usually have the same characteristics a5 RAM and
BOM. The 8502 cannot just ook into the extermal
devices. That is where the CIAR come in, The ClA
has addresses and an 8-bit data bus conmection on
the computer side. The address lines and the data
bais connect Lo the processor jusl as the memary
chips di,

On the outside of the CIA, thers are two byte
size buses that mterface with perpheral devices. In-
sude the CIA are registers thae are bl 1o recenve
the byles from the digital qrewts, take care of wm

Interface Adapters

masmatching, and smooth the way for the streams
o datw to be sutpat 1o the peripheral, The two out-
shle buses also recenve data from the peripherils and
forward the dita through the CIA to the internal data
b

Besides these parallel 170 remsters, the (TAx
bave a serial U0 register. This 55 a shift register that
receives parndlel data from the internzl data bus and
convetls il to a special output. The output leaves
through a singde pin. The serial regiater tan also han-
die @ serial mpat and convert it to parallel.

In mddition to all that 1'0 work, the CIA is a
damdy little tming device. It has registers thal act
as mierval timers and more registers that provide
an howrs-mitutes-seconds-tenths. of seconds real
fime clock.

ADDRESSING AND CONTROLLING

The CIA has four pins connected (o the address
bus a5 shown m Fig. 18-1, They are pins 35-38.
They are register selects BS3, RS2, RS and RS0,
They tke mto address Enes A-AS, Thess address
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lines choose among the registers in the CIA. There
are foair lines that can sedect {rom 16 registers, The
16 regpsters o the CIA have decimal addrészes,
DE20-36335 for CIAL and 56576-36501 for CiAZ,

I acdelition £ the internal sddressing of the CIA,
thers = 3 chip select at pin 23, *C8. A low here will
aid in selecting the chip, The signal for the chip se-
lect comes from the decoded signals out of the PLA
and ils aceompamang chips (Master Schematic), The
chip won’t sctually be selected unbess g clock signal
At pin 25 1s smitaneously high, Ths = a timing
reference 5o the CIA can be in sync with the puis-
ing of the dats bus.

When the *C5 is low and the clock is high a0
the: same e, then the CIA will go to work with
the RiE*W line dnd the addressmg bits. If B*W is
fagh, the B0 can read the CIA. I B=W on pin 22
is low, the BS0@ iz able to write to the CTA

The *RES, at pin 34 is usually held hgh and is
not actve once Lhe computer s operatmg. If the
need be, and the *RES & forced low, ol the inter-
mitl registers i the CIA will be reset. The TO pins
are ali set as mputs, The [0 registers are reset at
zero. The timer controd regsters are made zero and
thee timer’ Titches are filled with highs. Al the other
regsters are cleared Lo zero.

INTERNAL DATA TRANSFER

The UIA 35 connected a8 pins 2633 to the data
bus Imes DF-T0. These pins are held in 3 three-state
rondition untd *C5 s low and &2 pulses high at the
same tme. With the R/*W line also high, the data
trom g periphemal will be pushed gl ooto the dita
bus and can b read by the BE02.

The CLA has an iterrupt request e 6t pin 21
calbed *TRE), 1015 normaliy held high by a pullup resis-
ter Lo +3 volts i is inactive while ldgh, This lets
the line hive a number of intermupts cornectid Lo-
gether. If one of the interropts forces the Boe low
the mterrupt acts as descrihed later in the chapter
in the JCR discussion,

TIMING

The CLA responds to the addressang by the 8502
ad the clock cyele. goes from dow to high and then
hack to low, This takes about 1000 ns: During that

time, lhe *CS pin & forced low, the BOW line i
made high for a read or low for a weite, the RS ping
receve 1 register sddress, and the data bus eifler
mpets data or receives data, A timing diigram ap-
peirs m Fig, 10-2,

The output pins in tum place data into the C1A
foir o read operation or send data ourward if 3 write
b taking place. All of this 1= shown in the timing di-
gram. The diagram is confising et first glance, bot
taken step-hy-slep it can be comgrehended.

The 2 chock éycle controls the timdng of the
dita tramsfer. The cycle time 5, a5 mentioned, 1000
ng, This coincides with the nccessing by the 8502
The: &2 signal has o high pulse that bists 440 ne. Iz
bowr iang 420 n=, The rise and Bl Hmes are 25 o

each.

Write Timing

When the B502 writes 1o a CIA, the liming of
each signal 15 measured, The write operation begirs
Ly the 8502 addressing and activating the CIA. The
proceseor output=san address over the address bus.
Bus imes A15-A1# enter the PLA and cause the PLA
by ontput *J3CE {o pin 5 oof the T4L5238 decader,

Meanwhile A11, A9 AR enter ping 3, 2, 1. The
chig then can gutput the CIA select sigmals. *C1AL
and CIAZ, 3z m Fig. 19-3. These signals go 1o *CS
of the tano (143, The signads will enable *CS when
Toaw .

As the write cycle begms, 2 goes hgh. For
the first 58 ns, the addressing goes through an ad-
dress selu tome. The address bits are making Lheir
way through the PLA and decoder, Then the signal
arrives al pm 23 of the CIA. The sipnal is a Jow_ It
barns on *005, T low stavs there for the remamder
of the lume &2 stays high, That = 280 ns:

dd then falls to g dow, As it falls; the low on *C%
gock throogh o queck 10 os eddves fodd e and
then mees to 3 high,

While the chip selection is poing on, the
regislers that are to receive the data are addressed,
Address Bnes A3-Al open up one &f the 16 registers
in the CIA by putting address bits into pins 35-38,
RS3-R50.

Alzo during the & hagh, the B502 semds the
R/*W agnal to pin 22 of the CIA. The R/*W signal

S23



1 i
——ﬁ: 200 :_-G—Fwt B lime
ey
X Dala entanng A ar B port fom panphasal
Datm lsaving & or B pot 1o )‘{ Pariprmaras
! I
:—: 1900ns »
& 447 Ay |
| &
& 3 I
& b
R
\ 280 s
: : =F|I'W Il::
1 AN getap Fiy
* s M :""15 ns ™
| (
i Rirad I | Smme . mmeasan
iy
i Wit /
Bebdraas | I Agdressy |
g seful - e Hoa -
i = : : 10 ns :
i
RES-RES
g 1] Wahd point
1 : 1| Data redease |
P 240 rmey p— 5l s ——
I i [ I
Dala 1o BEGE I
-7 Diaka
{risad oparatan)
I 1 |
| Hald
:"55‘”'“‘ 200 fi Bl 2y ns—"""lt
i |
Crata from BRO2 i
Do-0O7 Data
[t aperatonk
oL 152, The b lop waveshspes a0 Gaks antging o lenving sna 0 e pods. o2 muet bechigh whan 1hat friappsans.:
'.=|;E:|5 roust b Bw A Eamt or wrile sighad |HIJIEMBE_W%I.'?C|'I wary (e data mriest fow. The regicler Secy s dgreirs ap ene

of the 16 lscataas: Yalid apta can I'Jl::n

24

be fatchad Bs 8 tlls.




7aL5138
DECODER

c3

gy

=11

M1
A 3
AR i
-
wIBCR . .
£ < - Fin 3B L1
g
U_.d[ ——{Aﬂj
TELS00 |1 B
—?—M{.Fin‘z?uw

Fig. 183, The 74LS1:35 Oecogar pedonms he TIAT and CLAZ chip salecis with glgnals «CIAT and -C1a2

slarts off high but then falls 35 the write operation
begins. The R/*W signal goes through a 15 ns B
safup Hiee as soom as it poes low, 1L stays low all
during the remuinder of the ¢2 high. Then it fas a
15 e BYWholid e,

Unce the chip is selected, the desired register
addressed, and the ROW fine made low, the das
can- be written {o the CIA. The data beaves the
processar, goes out on the data bos, and arrives af
Lhies daly bus pins of the CIA, T dirives sbouat half-
way intn the high of 2. The data most have a date
setup time of a1 least 200 ns during the &2 high,
Then s o2 Glls the data 5 sirobed Bie e C1A.
The data then must remazn valid for another 25 ng,
the datn hedd time,

Meanwhie. all during the gperalion, the data
outpat ping are waling for the data to be received
by the CIA and pass through it and emerge Lo the
periphernl. The data oulpot & able to remainin wa
g for 960 s of the 1000 ns total crcde Lmee. This
i plenty of time for the dafa 1o gel throwgh and oot
a5 the BHE: writes 10 a peopheral device.

Read Timing

When the processor wants to read from the
CIA it goes throuph 3 smmilsr procedure, The main
changee is that the data will be travefing from the ClA
to the B502 rather than the other way around, Dt
i e read cycle, there are 3 kot of identical move-
ments of signals wnd limngs: The *CS low remains
280 s during the ¢2 high in the same way, The ad-
dress setup and hoh] limes are identical. The B*W
setup and hodd limes are dso the zames. However
{or the read operation, the R/*W goes high nstead
of bow,

The tead operstion beging shightlty before the
2 cycle. First, (e port pms muost be open and avad-
able to receive data from the peripheral, This is
talled the port setup fime. The ports must e setap
tar 300 ns. After the 300 ne stabiixing time the a2
chock will then go high, The dota enters the ClA
throagh the ports and s ready to be read by the
Processor,

The &2 clock at that point in time goes high.
The ClAvcan then be sedected, and the desired reg-
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ister can be addressed: Az OS50 forced fow, 2 240
g Limee peeriod begins, The data 1 ot loose oot the
dntn bus but will not be valid Gl that time elapses
and the data sellles o oplace, Chwe the 240 oz
elapzes, the data iz vabd and can be Biched into the
8502, This happeas a5 &2 falk 1o @ low, The duts
then has a short hold time to ensure stabibty. The
lioabel Giee i caled dife releose e ad Ssts Tor 50
15

Apithe processor secessed e CIA 6 st dis
o while *C5 18 low and the register s addresaed
by RS(-R53 signal bits. &2 must be Wigh, and the
data must be vald, i any of these requirements are
nof med, Lhe dila will nof trave] rom the peripheral
device ti the CIA and over the data bus into’the
502

I PORTS

The *CSpin, ¢2, B/™W, RS0-RS3, and 137-1M)
pires.all work om the computer side of the CIA and
comrnumcate  directly . with the 8502. On the
peripheral side of the CIA, there arc the ping fhat
feesep 1o bouch witlh the external devices, There are
twe bt 1D ports and 3 nuenbser of other pas, Let's
exanie the ports first,

It was mentivmned thal there e 16 addressable
reqnslers in each CEA. The registers are addressed
internally through bits entermg B53-RE0, The hrst
four remisters m binary. are LLLE, LLLH, LLIL imd
LLHH. These four-addresses are t0o the four B-bit
registers that operate the ports; There ane bane
poris, Aand B, Each port has g Penpheral [nea Heg-
ister, PRand a Data Direction Register, POR, Fig-
ure 191 shows which “sddresses  contact -what
location,

The PE remsters, through buffers, are con-
nected W the port pins, PRA connects (6 pins 2.9,
FAO-PAT, and PEE to pima 10-17, PEFPET. The
DR regmsters do mol have extermal pins oo the chip,
They are connected mternafly oo the PR remsters,
bt by bt For mestance, DDEA BiU T conmects o the
PRA it 7.

The DK remarer bits go one way to their PR
register bats, Hits do nod traveel the olbier way from
thee PR o the IHIE, The DOE controds the PR, The
DR bits ke Uhe decision of whether @ PR it §=

seoinge by bean mput bt or an antput B, a bt n
the TIDH = et to.a high then the comesponding bat
i the PR becomes an outpot. Showld 3 Bt jn the
DR be reset to a Jow then the same bl in the PR
fures indo e mput.

Chge the MO Es-are programmed and {om the
PR tabs mbo the desmed mpict ot cutput mode, they
are not waed agam onbess a PE bit must have itz sta-
tids changed, There are whermd crcurts that set up
the mput or pubpat mode of the PE=. Dring a read
eperation, the PRs are inputs atul will latch the m-
coming data from the penpheral. For awmite apera-
Ly, the PHsare outputs and will conduct the data
right om oul 1o the peripheral

*PC AND "FLAG PINS

The CIAs are abée tn transfer data with kand-
shokmyg, Mandahaling i a Gy sure way of receiy-
ing data from.a penphemal or sending data (o the
peripiveral. Handshaking iz a programmoing chone, bt
during servicing.. there could be Gunies when vou
el Lo understand what s happening at the ports
a5 the handzhatang takes place. Pm 18, *PC, and
pin 24, *FLAG, are deeply invedverd] with the hand-
shaking.

*FLA 15 an input pi that conmects tothe m-
termal data bisof the ClAamd, therefore, to the in-
putz of boah the A and B port circuits. “PL i
cutput pin that exte ooy from the B porl theough
g special *PC buffer stage, "PU will outpul a low
for one cycle after any read or write of the B port.
HKefer to Fig. 19-4. Durng bandshalong, this auto-
roaetic bt cant be wsed 1o talk to another device. The
sigrel conild be rode saying,'data s ready "’ or data
has been ceceived.””

The dnput tor "FLAG = abso useful durmg the
handshalong operabon, ITa low iz sent o *FLAG,
the: signal sete an mieroal mlerrupl 8k the CIAL
Setting the *FLAG hit can be osed as a code sig-
nafving the readiess of teception of Jals tow, As
mentioned, andshaking i 3 programming job_ 1 you
want more detals, check sl a programmung book:

TIMERS

Thers pre twere T6-hit interval timar remisters m
thee CIA. They neesd four addresses smee (hey are
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16 bty each, as Frue. 19-5 shows. Timer A has an
Bbat Iow register and an B:bit high register. They
have addresses of LHLL and LHLH, Timer B has
a stmiar arrangement. Addresses LHHL and LHHH
contacis the low and high bitg of the regaster.

The tmesrs bave a number of modes. They are
very uzeful mlots of appBeations. They can pener-
ate lomyp time delavs in 3 program, handle different
width pulses, puise mains, and wavelonn reguency
changes. They cin count pulses, measure frequen-
cies-and other charactenstcs of pulses fhat are in-
pected into pin 40, CNT.

Each timer is contredled by anather rapister in
the CIA. Timer A is controlled by an 8-bit register
ab address HIHL. Timer § 15 controlled by the reg-
Bteratl HITHH. The control registers nun e limees.
The. two timers are sindar in operation but not

The timers: need two addresses becanse they
yEe 16-hit registers atteched to the B-BA data bus
In oeder to read of write 1o a timer, the 8502 frat
addrezses the low regster and scoessestt, Then
addresses the Mgh register ard socesses Bl Aciu-
ally each timer consists of two Lo-tat registers. One

R 4]



g
282
& E A
ESY o
o Fleisd resgislars
LHLL
LHLH
’{ Write resislaes
(Same) -
Contngd n ar A
T 124 5 ] | 2 ] I a0
HEHL et 0N e {0171
8
Apad ragosars
LHHL
LHHH
T Write regimtars
[Same; -
Control register B
. 4 & G i 3 z 1 L

Fig. v9-5_ Tha fimar ragistars crn counl piises, moasure fmguesncias, generabe anglima delays, and other things. Thoy
racann their data gl pip 40, COUMT

is contarted durmg 2 wnte and the other when the  When the same address 5 read the processor
processor does a rexd. receives the current contents of the timer comler,

The register that s wotten o 55 a kich. The  Here agaim this action s important o the program-
regaster that is read is the tmer counter. Anythmg  mer. For senncng it is onty of value to bave an idea
wrtten o 18l tner ecation becomes Tatched.  of what these registers do,
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REAL TIME CLOCK

There are four registers in the CIA that a0t as
a reql tmme clock: They areshown in Figg. 19-6. Dhr-
g actual prograrmeming applications, 3 real time click
15 often oeeded, This one has four B-bit regsters
tex handle the timekecping. Address HLLL caynis

Mehs of seconds. HLLH takes care of full seronds.
HLHL s the mitite caleulator sod HLHH iz the
AMTEM fioders remster,

With these registers, the CIA can do 24-hour
timing with § resolution of 10ths of 2 second, The
four regsters are an electnc clock, Like any elec-
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Fiug. 18-8, Ench GiA contains four rogisters thal acl as a real ima ciock. Thy count as fast g tenths of sacands end
anir controbed A 80 He pudspe inta pin 19 fom the powar supphy.



tric chock it is plugged into the electne company and
uses the 60 Hz voltage to time the clock. That is,
60 Hz i this country, other nabong coukd wee 20
Hz. The 60 Hz comes from the power supply and
enters the chip at pin 19, TOD, time of day. The
&0 Hz signal doves the count in the regsters.

It t5 alsss am abarm clock. The alarmcian be pio
grammed 1o generate an mlerrupt whenever it |s
needed. The alarm is conducted by some other -
ternil registers: These regesters dre at the same ad-
drenses a¢ the TOD registers. The control register
for timer B can open up the alarm register. Bit 7
of the control register {Fig. 19-8). if sel 10 a high,
allows you to write to the alanmn registers and set
the alarm. When bit 7 is low, addressing Lhe chock
contacts the clock and nod thealarm.

Using the real time clock regrsters is accom-
plished by carcful programming. This &5 the realm
of the progmammer and not needed for routine ser-
vicing. The servicer shoukl be aware of the dock
registers i the CIA and in general what they do.

INTERRUPT CONTROL REGISTER

The mterrupts hat kave the CLA a5 *TRO) and
o to the processor ane vital Lo tes operation of the
compuater. They alert the processor, and the 8502
then goes mto its-*IRQ routime. There are five CLA
internal mputs nto the iternupt register of the CIA,
Each type of interrupt s able 1o'set one bt of the
K.

The intermal address of the ICR s HHLH. At
the address are two 8-bit rogslers. There s ons
repsier that bs contacted when the BR02 wnites to
TR, This is e MASK regester. Thi other one, the
DATA register, can be reached only if it 15 being
read. Refer to Fig. 19-7,

Insxde the CIA, five circnits go to the DataMash
reyster combination thit & the ICR. Each of the fve
circuits s assigned its own hit in the Data part of
the FCR. Anintermupt pulse {oa smy one o more
af the cireuits will set 102 mdivadual bit in the Data
regiater_

Eacli bit in the Data renster has 4 correspond-
m bit o the Mask register, The mask bit can ei-
ther let thesinterrupt through or Block i off, When

the mask bit lets the mterrupl pass, the *IRQ pin
will go Jow and comtinue on to the processor, The
2502 will be meerrupted and go into its IRQ routine
as descobed i Chapter 12, Should the mazk bif not
Jet the interrupt pass, that i the end of the mter-
rupt: pdee.

The fve arouwts and thelr respective Bit posr-
thmis i the ThatasMask regpisters are as follows: hit
0 handles underflow from timer A; bit 1 handbes the
underflow from tmer B bit 2is uged to control the
glarm on the fime-of-day clock: bt -3 signifies
whether or not the serial data regisier is full or
empty; bt 4 mdicates the condition of the "FLAG
Diiffer- _

Bits 5 and 6 do not have moch use bot bit 7 is
mpartant &nd tricky. Bit T of the Mask FEmEter 5
cafled SET/*CLEAR. It performs Lhe [ollowing mask
tvpe job on the individua! mask bits. Suppose. you
write to the Mask regester and place 3 Jow in bit 7.
The register will then placelows into any mask bits
that bave highs. Bits that afready are low w1l re-
miain fhit iy,

O the other hand. if you write a high mto bt
7 of the Mask register, the remster will place highs
mio anv sk bits: with highs and leave the lows
Al

I order for o of the iniernal dirouis o caose
an actual mlermpd, first 2 pulse from the intermpter
mmist enter the Data register and set its bt The
Iata register then checks the correspondmg Mask
bit, T the hitis & bow, then nothang happens, Should
it bit- e 2 high-the mierrup) Gikes another step

The mterrupl will sec hit 7 of the Data régister,
When bit 7 of the Data register geta sst, pin 21,
‘IR0, goes Jow, The interropt is then oo its way.

SERIAL DATA REGISTER

Ar CIA mternal addeess HHLL, thereis acbm-
plete 1) port, This ks the Semmi Port, SP. It con-
fects 10 pin 39 Inside the chip the pm i atisched
to the SP buffer siage and then onte’ the gerial port
register. Hafer to g, 19-8.

Mg discussed enrdier, the seral port works ns
a shift register. 1 connects to the internad data bus

aned B one of the mtermupt circuits that can makoe:
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Fig 194 A compita two way gerial por |s fsand af pin 39, 0 works well wilhh “TRG ard THT

*[RE) go low. Thie shifl register kas itz paralbel sade
connected Lo the eight bit data bus and the serial
st the 5B buffer, 11 also attaches to the CNT
buffer and e two timers.

The scrial port can be placed inlo an nput or
istput mode. Bit6 of the contred register A sets

the mode (Figs 19-5 If 2. high 15 pul in bit &, the
serial port 15 an autpat staps, When @ low is plsced
n tat 6 e port acts as an mput

[ the input mode, e CHT pim A0 combrogs 1 e
operation. Whien there 15 dala coming from 2
penphernl and s wailing on the SP mn, i nsng edge



o UNT opens the SE-pn, and the dats can enter
the shift register ome lat al a tme. Then after wight
CNT puises the data in the shifl register is trans-
fecred to the Senal Datas Register in 2 paralie] fash-
iedy ali of the Bls move at the same tme, Once the
data 15 m the register, an mlernopt 1s generated. The
8502 thkes over from there.

When the port s acling as an outpat, it needs
u timer. Tomer A setsa rate of dita Bow, This wil
be the rate of flow of the serial bibs that leave the
SP pant for a peripheral, This computer shifts the dita
oot aof the SP pin-at 5 the underflow mie of omer
A

The 8512 can cutpul data trough the serial por
by writing to the scrial data register, The only re-
quirement 15 that timer A-is running in the contim-
olig mode, Durmig the wnte operation the clock
signal from timer A &5 outputted fom pn 40, CNT.
The data that arrives mthe senial register, in e
with the clock, is then placed in the shift regstar
and shifted cul oo pin 39, 5P. The data i shifted
ot starting with it 7, then hit & and 50 on, endmg
the bt catput with bil 0.

The: data & shifted out bit by bit, After egght
CNT pulses 5 byte i$ outpulted to a-peripheral. At
that time the 5P ciromt gensrates an interoupt. and
aemds it to the interrupt Data register. The inter-
rupt 15 designed o el the procossor that the previ
o rte has been tranamitted and the senal regster
& ready for the oext bybe, i thete'is one,

The processor though muns one step ahead of
the SE circit, If it has more data, it will gt the bvie
mio the Sermal Register immediately before: the n-
terrupt. The data is then shifted out of the SP pin.
As dong as the processor Keeps one hyte abesd of
the ST creust, the data output will be contimons.
When there is no longer any data, after the eighth
CNT polse, CHT will go Magh and the transmission
will rease.

CPERATION

There are twa 6526 CIA chips in the C128. The
ClAs b jobs that regure a deygital-to-digital inter-
fnce. This 15 i contrast 1o the VIC and 51D chips
that coovert digntal signals to analog signaks, Thege
chips are covered in Chapters 21 and 22,

Cial

Ome of the CTAs 15 used to receive the kevhoard
ngt strikes, The sanse commections that receive Lhe
Eeyboard pulses are aiso sttached Lo the two con-
trid ports. Refer to Master Schematic. Joysticks and
other pesiphersal mputs can alse enter here. There
15 no conflict. wnder normal circumstances. The kew-
board and the joysticks are wually not made o per-
forimepl the same fime: The perpherals, when off,
present & high impedance to the CLA port ping and
de ot interfere. Even d both were activated al once.
there probably will be po retd hirm: done.

The keyboard operates into the ClA port pins
it this way. Port B PRO-PR?, pins 10-17, are con-
nected directly to eghl rows of keys, Porl A
PALRPAT, pins 2-9, are connected directly to cight
cofumng of Keys, When the computer-starts up, une
ol the: himscheeping jobs that the: Kerpel dowes 15 con-
fyure these CLA port ping. It writes 1o the Data
lrirestion Begsster of the ports and makes the row
connesctions mputs and the column connections
dattpurts,

There are eight rows wired intemally m the key-
hosrd,. The wiring béars no resemblanee 1o the
WWERTY hiyout of the kevioard, On each wized
ronw, there-are eight colemns. At the mtersections
of the rows and columns, the keys are attached.
When vou strike a key, you cause a short berween
a1 row and 3 oolumn. There-are 64 possible shorts
vou can e, The Kemel keepe a cdose watch on
the kevboard (o delect any key strikes.

The way the Kemnel does this 15 by scanming the
rows and columms contmually osing the part
regosters. The decimal address of Port A in the
memary mip is 56320, The address of Port B is
36321, The cofumns are gt at port A and the rows
are mput at port B, Bits (-7 of part A will contain
the state of column bits 0-7. Bits 0-7 of port B will
contain the status of row bils 007,

The Eermel scans the columnz and rows-in Lhis
way_ It writes a high to each column in turn. After
each colimn wrte it reads the status of (e fows,
IFa row and column have a key closure the Kemel
will know which columin it kaid written to and which
roww was shosted. The row and: coliomn informalion
denotes ome struck key out of thee 64 possibles. The
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Eermed decodes the mfurmation and processes the
value of the closed key,

While most of the part pins m this CIA sire géed
for the keyhoard and joestick type inputs, the serta
port, SIind the timing devices in the 6528 are left
to do other dutics. Pin 40, CNT and pim 39, 5P are
wired to the User Port. *FLAG is connected to the

csermal Bus und the cassetie interface.

ClAZ2

The other CTA uzes its paralle] output port pins
in entirely diffecent types of operations. The port
B PEO-PHET ping are connected directly to the user
port pins, C, 1, E, F, H, I, K and L. In addition.
pin M is connected to Part A pin PA2 and pm B iz
vonnecisd to "FLAG on the CIA. Refer to the
Master Schematic,

This srramgernent gives a programmer complete
ingaut or cutput contral over Pore 8 of the CIA, The
additional pins of PAZ and *FLACG permits the
progeammer o use the port B register mo 3 hand-
shaking vpreration with 8 peripheral,

Fin 34 the Seral Port and its companion cowler
CNT at pm 411 poin the other CTAs SP and ONT a1
the uzer pord plig. The other bandshaking line PC
athso goey to e usar port,

PAT is a data outpat tn the serial bus plug. PAG
15 clock oulpat to the same plug, PAS. PA4, and
PAZ also are connected 10 the sertab bus. The serisl
Bies i the place where 3 disk diive or printer can
be plugped in, In this connector, vp to five different
devices ciun be connected ai ooe tme, The CI12R i
the conirolier of the bus; Each dewvice i mivena bus
address. The sddresses are mumberad from 4 1o 31,

A programmer with the aid of the port A pins,
PAT-PAZ, is able (o contral, talk, and Tisten 1o any

and all devices connected to the serial bus. Unky.one
device can tafle a1 & lime, although all of the devices
can listan all the time,

TESTING

The twa C1As perform a ot of complex 170 jobs.
You can test to see f the CEAS are set up to do their
distzes by probing the CIA pins ane by oae with the
ogic probe., The test point charts in Figs. 19-9 amd
19-10 show what state shoold be present on each
pm wiien the computer i first turned on and dis-
plays the READY message and the blinking curser,
It not necessary 1o know if you are readinga port
pin-or a control state; It 33 ondy required that vou
compars the-woltage or lope state yoo fmd with what
should be there during normal operation,

I you shouwld find a test point that has a reading
that does nod match up with what should be there,
that could be s valid service cue. Then it i3 useful
to know more about the test point with the dis-
crepancy. At that time, voo fnd out what pin it was
that tas the wrong reading. Then if v have an ides
of what the pm &8 doing s low the arcuit involved
5 aperaing. vou canintelipently cope (o some con-
clusions as to what could possibly be cnming the
troubde,

Muost of the circits m the CIA ares of the com-
puter have been buried m the CIA chip. There are
i simple and easy ways, besides direct replacement
ot 8 chip, thot will mnpoint 3 cireudl fouble. ¥oar
technpqee must be an anpyss of the npet and oul-
jut signatz and states. The resuits of the {ests can
give: you an wdea of whether 4 state is enterng prop-
ey, wad processed and of it i8 exsting correctly. Your
understandmg of the workings will aflow you to comse

Lo such & conclosiodn,
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20. 8564 Video Interface Chip

¥ ¥adeo displays for compaters are relatively

new, In the days before microcompaters, the
manframes and mini’s gsed teletype machimes ag
a kewboard @nd prmter. The Eeyvhoard was (he im-
portant input snd the printer the main cutput, There
were some forms of video display systems bot they
were used mestly for special purposes.

When personal nucrocomputers armived, they
came with TV displays. At first, thevideo interface
circuits consisted of a mumber of chips that per-
formed the stop-by-step conversion of digital brts o
analog wides spmals that a TV device could use
Then a5 the populasity of TV displays becanse ap-
parent. all sarts of video outpul chips were designed
and produced, Commodore becamne known for its
VIC systems, the Video Interface Chips. In the C128
is one of the blest n the lme.

The #8564 VIC is-an upgrade of the B3E/GRGT
VIC used i the C64 macidne, Tt contams afl the cir-
cuits needed to keep it completely comgatibie so that
the C128 can output during the use of its buit-in C54

mode. The H564 algo has 2 rumber of additionat fea-
tures to et it wock with the CI28 mode too.

The older VIC 15 housed in a 40-pim DIP. This
newer 8564 VIC. seen in Fig. 20-1, has 43 pins so
1t can input and output thie extrs featires. The most
obvious addrional features of the new VIC are Ko,
K1 and K2, the hanidlers of the extra keys noeded
i C128 mode, and the new clocks for 2 MHz and
Z80r operation. The VIC sl penersles the T MHz
clock, plus producng all the variows graphics used
in d4l-column mode, The Hilecolimn mode s
produced by the other viden output chip, the #4563
covered m the next chapler.

VIC GRAPHICS

The word “graphics™ includes cvery type of
output that VIC can produce for display, First of all
are: the aiphasumerics, the alplabet, numbers b
sytmbols that appear as you type on the keyboard.
Then, the drawings, custom defined characters and
sprites are output that the C12K is able to develop.
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All these items are graphics, As an example, let's
teke an overview of what happens when vou steike
A key i it appears on e screen,

The Reyelrike shorts out 4 row-column switch
m the keyboard and generates a specific et of hits
that passes through the CIA, goes 1o the proces-
s0r, a1 stored i vides BAM . In-stindard color
character mwde, THKY bytes of RAM, betwesn ad
dresses 1024 and 2023, are assigned 10 hold the
codes for the charscters that are W appear on the
gereen. This address space betwesn TO24 and 2003
is calbed vichen RAM.

Upon the TV screest, i the display block, there
are TOG0 chiracter blocks, 40 ¢olumns smays and
25 down. The video RAM nmtches up with the [O00
character bocks on a one-to~one basis, Each charac-
ter block consigts of eight rows and eight cobumns.
Each row containg cight dots of Gght, Each dot can
b turreed on or turmed off By VIC, This makes each
character block conlan a Hght matrix of 64 dols.

Stored m the video RAM sre bvies of code, one
far each charvacter that can be displaved. To actu-
ifly vonvert the video RAM code stored te n.charne-
teriz a chore that VIC and the charpoter BOM fake
enre of.In the charscter BOM are the actual bits
to display: the character. Each character takes up
aigh KON byles. Eight ROM bytes make up a bit
matryx of 3 bytes w0 B bits; o 64 bt matmw. IF 3 bit
is & high it will Gght a dot on e séreen, Should s
bit be a kow it will turn off 2 dot of Bght on the sereen.
VI takes the code from RAM, and according ro the
eode, takes a Character from the ROM and displays
1

VIC scans the Video RAM 60 times a second
and picks up all the latest character codes. It then
places the cufrent characters inlp thelr soooen
character blocks: VIC 8 continually. seannimg video
RAM and constantly updating the TV screen, You
can witlk iwity from your working computer and VIC
just keeps on scanning RAM and updating the
SOTERT.

VIC performs the e type of scanning and 1p-
dating om the scresn in s other modes ton, A Sec-
ond graphic mode is called standard high resoloton.
Imstesad of usamg 1000 character blocks, VIO uses the
entire display block 25 one: Inthe Block there were

A characters across with eighl Jots of Bght for' sach.
40t = 8 = H20: Ineach block there wire 25 charae-
ters down. With eighl dots in each block down, 25
® # = 200, This gives the C128 a high resolution
of 320 x 200, The individus? dots of light are he
picture giements, micknamed poeels.

Another mode for the U128 graphics =5 called
split Rerecn high reschition. This is. quite ke the
sl higrh resoloton except 4 character window can
be métalled 3t the botlom of the screen. This proc
vides texl with the graphics.

The above high resolotion modes allow you to
program in twa colors. Another mode lets you plice
four colors into the picture. However, there i&5-no
free hmch, the resofution ie reduced to THD « 200
piels, This mode also has o companion split sereen
mode to give you the option of having & text win-
dow at Lhe bottom of the. picture ton,

Besides the VIC Lype modes, there are more
wdeo capabilitics i the C128 out of the 8563 Video
Coatroller chip. These are discussad in the next
chapter with the Bi-column capability.

VIC PIN-BY-PIN OPERATION

VIC has addresses: m  deamal  from
SZAR-GA206. When AEC out of pin 12 s high, as
in Fig. 20-2A, thise regmters can be contacted by
the processor throaph addeess Gnes AD-A3, There
are only 4% regesters, and si% address fines are able
1 contact 64 addresses. Limes AG-AS do the job cas-
dy. Lines A-AS armve 8t ping 32-37 and when e
processor is wsing thern they zre inputs (o ViC. The
logi: probe: should show them all with palses, AEC
will show o pulse too.

Druring the low of AEC, as Fig, 20-28 shows,
the processor turns control over Lo VIC. VIC has
a complicated multiplexed address situation. VIC has
tn keen addressing the video RAM to kean updat-
mg the TV dsplay. YIC uses pims 52-39 for the mul-
tiplexing of the video RAM addrassing. Whea VIC
s using these pns they are outpots. First it ad-
dlresses the rows and then it addregses the cobmne
in viden RAM, The multiplexing aiows the. pins to
outpul 14 address lines, eight lor rows and 2ix for
eofurmns. The 14 addeess liney are ahle to contact
16K addresses. The system BAM of 128K = wr-
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Fig. 20.2. The processor can address VIG throlgh @5 st MAS-MAT muftiplsnd address gins. VIC 10 10D Lses thass

3 ping to sand Bits the other way lo address vidan FAM

ranged m ciht 16K viden banks. VIC can address
any one of the banks. The video RAM can be m
ytalled i any desired hank. These address ping
should read pulses on the logic probe,

Pins 31, 40, 41, and 42 ace more address lnes,
MAR-MALTL, in Fig. 20-3. These are also outputs:

i

from VIC. They are used by VIC to goeess the
character ROM and the color RAM. The pins sheld
afl road pulses on the loge probe

Pins 7-1 and 47 are connected tn the system
dita bus: D7-IM. They dre only for bse by the
processor when it accesses the VIC regsters. They
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Fig 20-3 VIL has moe eddress lines, MABEMATL, 3 access 1he charatter BOM &nd the color FAL.

are twi-wiy finey so that the processor can: both
read {rom or write 1o the régisters. They work only

when AEC is ngh.

More data fines cone from VIC. They are at
pms-46-43 and are called DA-IN1. These are spe.

caabdata fnes uzed only by VIC toacesss the color
RAM. Color HAM can only outpot & color avbble
over-four lines, These color nvbbles kave a ane-to-
me relationship with the vides RAM. When VIC
getz 2 bate from video RAM it also pets its corre-
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wpnnding colir nybbie for the same character hlock
fromcolor BAM, The fowr lines can provide gme of
16 colors fue the character block. The feur Bnes
should afl show pulses loo.

The following are examples of control lines that
enter amd ke VIC, P 13, a pudse from the
processor te select the VIC chip, s called +05. Pin
14 % the BW lne ffom the processor that poo-
vides the contral that decdes the direcion the data
1. to Jow over the data bus between the VIC anid
the processar. The *RAS line is out of VIC's pm
19 that provides the tow address strobe {or system
HAM. «RAY has & compamon signat caled =CAS:
from pin 2, thal contributes the cobomm wddress
strobe for systém RAM,

Next out of pin 21 comes the « MUX multiplex-
it comtrol for the RAM chips. Out of pin 3 emerges
the *IRQ intermupt signal from VIC that lets the
processor know an interrupl is happening. Fmally
the clock pulses leave heir origimation crouits in
VIC. From pin 18, the 1 MHz clock leaves VIC, The
2 Mz Gock comes oul of pin 23 and the 4 MHz
750 clock emerges from pim 25,

When vou Lest all these pins jusl mestioned
thiz paragraph with the logic probe, and they e
operating normally, they should ali read as pulzes
on the pmim, If the pulse i missing on any of the
pizts, that i5 2 signal of trouble. Should the missing
pulse bea VIC autpat, you-probably have a bad VIC
chip. A& missmg input pulse mdicales trouble i the
crciats that ape supplying the: puise.

Pins 26, 27 and 26 are K, K1 and K2, Thess
three ping lead to the Keyboard Control Regnster
in VIC: bits-, 1 aod 2 The regster soab decial
acldress 53245, The register continually scans the
keyboard (o see i the three keyhoard lines found
orly I C128 mode, but not used in C64 mode, ave
been pressed. This permmits e keybonrd to be able
1o be used i both G4 and CE28 modes.

If vou read the three ping with a logc probe,
they will all show LOW. The three pins connect to
the three lower bits of Uk register. The other Iifs,
2.7, are not used in the CE28 so far. They do not
commect to pins. You can read them with the Moni-
tor MEMORY command or with 2 PEER - If you-do
they will be found o be hedd high.

a2

Fin 4, «LF, 15 reserved lar-a ight pen mpat.
Thehght pen latches the sereen position of the spot
the ped is touchimg mis (we re@siers. 53267 and

53266, Thew are Light Pen Xand Light Pen ¥ The

logic prohe will read this pirt as 2 higth.

Pin 10. BA, is'the bus available VIC output. T
goes to the RDY pin on the 8502, the «BUSEUST
i Uhee F80 pn the BA pimoon the PLA. When VIC
putputs a low Lo the RDY input at the #3502 and the
+BUSRGST input on the Z30, the processor that 15
or wdl fmsh its current aperztwn aod then shit
down. This makies the svstem hos lines avallable for
sharing and direct memory aocesses, Pm L0 will read
a pulse of the Tnmr probe,

Pins 11 and 15 are unised. Pin 11 will read 2
high hecause it is Ged 1o +5 volts through a 10K
resistor, Thiskeeps it aut of the way., Fin 15z not
pomnected externally, It will probe a pulse ot its
internal connections. Pins 48 and 24 are-a +Hvolt
souree and ground,

Pin 22 i an mpot from the PLA. It is-called
s[OACE, Tt tells VIO that an I atcess 8 talimg
place, and VIC should accommidate the access by
arretchmy the clock, The Ingic prube will read pulse.

Pins 28 and 30 are the twe connections to the
tinck chip discoesed in Chapter 17, Pin 28 is the
color clock npur to VIC, as in Fig, 20-4. From the
colog chock the  Chroma sigmil is formied. The
Chroma signal leaves VIC at pm 16 and goes fo the
Chirgami drput of the RF Modulitor, Pl 30 is the
Diit clock mput from (e clock chip and 5 the {re-
quency that 4l the test of the system frequencies
are derved foms, Thesé inclode the 1 M, 2 MRz
andd 4 MHz clocks. In addition, the output from pis
17, Syno/Lumiinance, comes from the Dot clock toa.
The pin 17 oatpat goes directly to the: KF Moduli-
tor too. All of these pins will show pulses an the logic
ke wnder normial operating conditions. These pins
ace aksn pood places for other Lests, which-are cov-
ered later m this Chapder,

VIC Character Fetch

VIC has 49 registers m the U 128, This 15 two)
fipare than in the CHd. The addrtiomd twio tegisters
are used i the C128 to tandle the three additional
kevhoard lmes at 3285 and to sel cock frequen-
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spuancieds It will e running o and Gutputting. Two such aul

puts are, Chroma and Sync/Lisminance hal produce the eolor TV display:

ces 3t RA206. Otherwese the VIC registers are ahot
e same m both the CIZ8 and Chd.

The start sddross for VIC i5 53248; register 0.
The last address is 53296 rogster 48, For @ charae-
ter fetch, repister 24 (53272), the VIC memory con-
trol regster musl be contacted with a program fine,
The data b form the video BAM and character ROM
addresses are in pegister 24, Bits T4 contain the
video matiix base address and bils 5340 have the
character dot-data baze address.

Video RAM must be addressed by VIC 0 ob-
tan the charscter pointer code Bits. VIC uses 14
maudtmplexed address bits 1o access video RAM, The
14 bitss will address 16K of the total RAM. The BaM
i arranged in 16K hanks so that VIC can access with
onfy id bits, All of the chips that VIC needs, sich
as the video RAM, color RAM and charzcter ROM.
are arranged so they appear in the 16K bank {hai
VIC will use to prodiuce the display character.

VIC begins (o put together the address of the
character pointer with the aid of repster 2. As W
Fig. 20-5, the highest four bets of 24 are the address
bits A13-Al0 of video RAM, VIC outpits them as
part of the address of the character in ROM.

Meanwhile, internal to VIC 15 4 counter regis-
ter that has ten bits and is constanth counting from

0oy B —which 35 the 1000 vidisn RAM locations
and the corresponding 1000 TV character biocks on
the screen. The tén bits from this counter and the
foner it from register 24 form the address for the
character pointer, The counter is constantly scan-
amng the 1000 commecutive places. When a desired
character iz needed by VIC, it outputs the ten addi-
tiona bits through MAGMAY of its address nins.
The widea RAM is accessed in this manner and gives
up 3 copy of the cight bits in the pointer address.

The next step is Lo form another T4-bit address
g0 that VIC cin access the character ROM for the
etght bytes of dot information to form the character
n lights on Lhe screen, The makenp af the address
15 shown m the buitom register in Fig. 20-5, The
three most sigrificant bits of the address are found
m register 24 mobits 3, Fand 1. VIO wses them as
abidress hits A13-A11 to point to the character
ROM. The next eight bils of the pointer, A10-A3,
are the bits VIC has just fetehed fFom video RAM.
Thar leaves only A2-A0 to be Blled in order to form
the character address thal will ler VIO avcess the
character ROM,

To review, bits ATEATD are the character
ROM select hits, These three bils are foumd m VIO s
own register 24, bits 3, 2 and 1. Bits A10-A3 are
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frarm the characlar polnter just racaives from video RARE AZAD come from 4 theae-bit colntar In the WG {C).

the register select to choose from among the 256
characters m 2 set in ROM. That leaves AZ-Ad,

AZ-AD i 8 three-bit counter. The three bits can
coumt from O-be 7 i hingary: 000, O] G0, 011, 100,
3, 110 and 111, There are ekl byiez to ono
character. AL each ROM byte locaton. the connter
pomts to each hyte m turn Gl all eight bytes of a
characier have been addressed amd accezsed by
VIC.

Iri the charpoter display modes, the activity can
e sumimed ap qiickly. VIC starts the memory ac-
rezsimg by first reading a character pointer out of
videa EAM. The pointer: s ane byte nowidth amd
i an address. The address 15 the start localson 10
the character ROM where the desired charactar is
agtored melght bytes. The coanter contimues Lo ad
dress all sight bytes, The 64 Dits in the eigi betes

J44

that contam the character in fighs and Jows are pro-
cessed by VIO to light up the 84 dots m ope of the
O character blocks to form the charseter, The
highs fght their respective dots while the lows ex-
timgtrsh the dot fights.

Character Colors

In the color BAM chep thal atlackes 1o VIC
through four data pins. the repsters are arranged
te have four active bits. The ather four bits are dis-
zhled. These nybbles contral the color of the charac-
ter that gets digplayed. Becausze each register has
four mazble bits and four bile can have 16 combima-
horis, each nyhbie can code one of 16 codors

The color RAM has 1K) of ds registers as-
shned on 3 one-to-poe basas bo the 100D bytes in
vider BAM. The wiring is also armanged 4o thal



whesn a video RAM bocation je addressad, its corre-
sponding regater m the color RAM s also addressed
at the same tme, It is a5 o the video RAM has 12
bils meitead of de-crght, Eight Bits for video aod Gr
bits- for coldring,

As the 12 bits are thus addressed, the sight
vickeo hitg ender the data bas IN-DT and enter VIC
pirs 1137, The additiomal four bits from the color
EAM leave the chip and enter VI of gas DS L
VIC then processes all 12 hits.

Character Modes

Charncters are displayed by VIC m three differ-
enk mEskes, Ope mode, the Standard Character mogde
i the one that oomes. up sutormatically when vou o
pn your Uommodore 123, The operatmg system sets
up this moede duormg s -bosekeeping duties.

The ¥VIC will adopd a speafic character mode
as throo bits nits cegistars are sei o cleared, The

VIC iz designad 1o respond with  meode as the fol-
lowing three bite are affected efher by the opersit-
ing sysiem or by planned programming: The first
bit 13 narmed MCM and is in register 22, bit position
4. The second bit is called BMM and 15 found in reg-
isger 17, il position 4. The third bil is called ECM
and 18 also m register 17 bot at bit position 5, Refer
to Fig, 2.6,

e your C1285 28 first turmed on, a8 three bits
are: cienred and hold lows. This forces VIC (o adopt
the-Stepdard Charaecler mode. In this mode, when
eight bytes of a character are fetched by VIC, a
eight bytes are displayed directly onto Lhe eight lines
nf each characier space on the screen,

If wou place s nto these hit positions the back-
groand will be displived as.a result of register 33,
When 1's are installed, the foreground color is
selocted by the color nybble. This s performed as
degires] by (he proprammer.

ECH Bhind
I
¢ 17 T a 5 4 3 0
A
|
Regisier Z2 s & 5 4% |3 2 A u
- BAult
Standard R E itmping E=E culn:
harachar "
c.::mu Chasactel cokar ”:':"’ bit map
e mode EEE N moda
ECM L L H
Einan L L | H H
A L H L H

Fig. 20-G.- Tho threa bite Ahat set up he variaun VI moges-are 1ownd in registess 17 and 22



The= Mucltr-Codayr Clvaracter mode s ofained by
installmg s 1 m MOM, BMM and ECM are left Jow.
Thas mode allows the programies to have up to four
codors in each character space. However the reso-
lution of the character suffers with the sdditional
colommg. Two bits are peeded to specfy one dot
color m this mode. This reduces Lhe 3 B dot ma-
trix toa 4 x 8 matsx with each dol twice its ongl-
nal horizontal size. The characler is not quite as
digtinctve we i lbe 8 » 8 matmx.

The Exfended Color mode is produced by sot-
ting KCM to & 1 aod leaving BMM and MCM as 0's.
This mode lets the progrommer have ndiadaal
salecton of backoroond eobors for each character
space in the 8 » # matm.

The pxtended color feature1s pad for o the
number of characters that the VIC can use m ths
miede. Only 64 chacacters are availzhle because two
af the churgeler address bits are being usad for the
color mformition. For further delails on program-
iy these three characler modes, rofer Lo-a pro-
grammming book that covers the VIC from this point
of Thew,

Bit Map Modes
Bit 5 in the VIC register 17 i BMM, Bit Map
Mode, H the hit-is set tia 1 the BMM azon (Fig.

20-73, When the bit i cheared to 3 0 the mode goes
off. In the character modes, VIC accessed video
EAM to get a character pointer, This was:an ad-
dresss fo eight bytes in BOM that wics storing &
character. The chiracter wes mstalled 64 Hght
dols 0 pscreen character space.

In the bit map mode; the VIC desplays in the
same 64 light dot spaces but has more detsled con-
tred. Thie VIC, m bil map mode, i9 able to control
each of the 64 Tight dots by itsell. A bit in video RAM
15 assagmesd o each and every Gghl dof on thescreen.
If the hit ts 2 1, the dot goes nn. When its assined
diot 15 a 1, the bt goes off.

Tlhers are 1000 character spaces oo the screen.
There are 64 light dote m each space. This means
there afe UK drts on the screen tobe combrobed.
W one video RAM memory bit ¢ontrols ont dol,
theri has to be 64000 hits in vdea BAM 10 handie
the sereen, Eight bits to a byte means the bit mip
mode requires 3000 bytes of memory for the:
contral,

The resolution of the mode s 30 horizontal
duts by 200 verncal dots, The VIC sccesses the
BOON hytes of vides RAM m bit map mode i the
wame way i aocessed the T000byres of viden RAM
in the character mode. However, the VIC 15 not
knking for character pomters. [t seeds direct codor
dhata,

Memary poirars

Fegiatar {7 ] 5 4 3 2
]

Al
dispiay 4+ *—
b

WHZ
10 B 7 B 5 q k| 2 a
addre 13 12 1" g 1
ragisEr
A3 10-Bil courtar ==
display — t::“" 1?;? T_ pasier ing—e
besa cognisr

mghi tasiar |ines

Fig. 207 In hit map mode, tha VIC foiches data 1rom mamony on & ona 1o ome Gasis wnlike he chamcler typa letohang
Bl thrme of regeder 24 i psed a8 A17 |0 this mode. Thie sest of The' aodnass = formed with e 16n-bit coumter praviding

&12-83 aind the threahil counter canfriouling A2-A0
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Thee address that the VIO oo to a0cess viden
EAM iz also produced by a counter. The counter
constantly scans the ¥ides EAM (o kecp the display
up tooditte, ALS of the address VIC outputs is taken
from register 24, bil 3 called CRI13. Refer 1o Fig.
201-7_ Bits A12.A% are the outputs of the video RAM
counter. The st three bits AZ-A0 dre the counter
that covers the wight lmes moeach chisract er-space.

The mddressing of the 1000 spaces on the
siTeen is quite ke the way the character pointers
pre-sddressed, Al s the chip sedect for the viden
RAM start location. A12-A% svans the 1000 spaces.
It scans the 40 horerortal spaces enehl Enes at a tme.
AZ-A0 thien omts Hhe mdnadual eight Tses @ each
space. That way exiih dod Bandividually addressed:

When BMM 5.2 1 the Standard Hit Map mode
appeirs cotrtesy of the VIC, The color mformation
15 obtained only from the state-of the individus] dois
in vides RAM, The Color RAM chip has nu effect
in-Eis mode, _

The color of dots in one of the 1000 spacey 12
crmpleoliisd b thes sepeen memory byt of e space.,
For nstance, decimal 1024 & the screen memory
address of Ue upper lefl hand space on the soreen
In bet map mode, this pemter becomes the coloe cun-
trolber of that gingle block. There ore cight bits in
the: momory pointer.

Thee itz are prranged o four more sigmficant
btz and: tour lower hits. The four bts each become
i cobsr coptroller, In bt map mode, the higher four
Its-ave the codor cude-for all the bits m-the Block
that are set as 18 The lower four bits are Lhe color
vode forall the bits in tas block that are reset o (1

The Multi-Calor Bit map mode is produced by
oot ondy setling BMM Lo 1, but alse MUM. bit posi-
tion 4, in remster-22 to a 1. The additional feature
of more colors-has @ price 1o be paid 190, Two bits
are ugas] woselect the oolorsand the size of the
horizontal dot has 1o be doubled reducmy resolotinn
10 150 horteontal dits by 200 verticals. However,
three separate colors pius thie backeround color can
all be displayed o any of the TN E = Bdatapices.

SPRITES
Line of the exceptiomd alalities of the VIC 15 the
mimmfacturng of sprites, The engneering dpec

sheets on the VIC call them MOES for movabie ob-
jeet blocks. The MOB is 2 daracter: The MOB i
not foumd stored ina ROM lke the kevhoard charac-
ters. MOBs are conceived and designed by you.
Onie despned they ars stafed m A Becatioms.

A MOB charactin 19 seen on the sereen m a 24
# 21 dot arrengement. Tlkis is much larger than the
B % # dot characiers one of the 1000 spaces can
deisplay. A MOB needsz 63 byies in memory in com-
parison to the eight bytes that 3 keyboard charie:
EeT requires.

The V1C can display up to cight MOBs at one
fimter, TheJarge charsrters can be placed at any spot
on the TV screen, They n be made in color, They
cain be miagnibed and moved arouid, The ahifity to
s the MOB with its graphic capubslities makes the
V1L an excepticeslly good chap to display arcade [ype
games. For further MOE programmmg details;
there are a fot of beoks on the sobject.

Once a MOB 15 programamed, the dot miorma-
ton i stored i 63 bytes of memory. Each thies
hates of copseculive memory defines one line of U
character. Thres bytes n;:a,lnlum the dot light mior-
miation for 24 spaces. Since there are 21 fines i a
MO, the complete characler reguires 63 bytes to
lurme all thee dots on and off,

To find 2 MOB in EAM, the VIC must: sutpat
the eorrect [4-tal sddress. It forms the address with
an #-bat pointer that locites the start address of the
63 byte chasacler and a soc bit counter thal steps
through the 63 bytes. Refer 1o Fig, 20-8.

VIC gets the pomter from video RAM, It
produces the coonter from an mlemal regster, If
you fook at the VIC s cegister map, there are 16
MOE % dd v pozmibon réegsters (Fig, 20:9%, Ooe
and ong ¥ register for egch Of the cight sprikes; The
VIC used these positions with reference to the up-
per left hand comner of the TV screen to keate the
MOE un the sereen.,

For the aciual locatmg, VIC considers the TV
face a8 having a resolution of 512 honzontal posi-
Fiond: and 255 vértical posiBonz. This includes the
cotire.screent horder ag well as desplay area. The.
visibde soreen area 15 from postions 23 to 347
hormontally and B0 to 249 vertically. With the x and
¥ positions from the MOEB regsters for each of the

7
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WIC

i Bewile Pt
0 ) i 5|4 3 |2 1 0 f »*
1 o ¥
Z 1 X
3 ! ¥
4 2 X
5 2 ¥
L 3 ‘n:
d 3 i
B 4 X
g & ¥

10 5 x
11 5 i
e & X
ke & ¥
14 7 X
15 5 bl
18 MEE of X

Fig. 20.8. Sixtear o VIC's regishors: ore usad @0 loende o sonte on the TV scoman,

etght sprites, the VIC can easily install the dot in-
formition on - the TV faee,

Hepster 21 in Fig, 20-10, in the VIC is the off-
piswilch for the sprites, There 15 one bit for each
MOR. If the Bit i set to.a T the sprite will light up.
A0 will tumn it off. Regster 23 and 29 perform the
magnifcation of 4 sprite. Register 29 expands. it
horzontally dand 23 cxpands ot verticaliy. A 1 does
the expanding while 8 0 makes it 2 normal ke, Tf
¥ou want to disply one sprite on lop of another,
displey register 27 will do- the b, just install 2 0
int the MOR = bit, A 1 i the bit will shift the dsplay
prarly 1o the orgmal display

There are all gorts of tricks you can do with
sprtes, but here apmin we are getting into the realm
o the programmer. It is important 19 comprehend
ill these workings of the VIC for servicing in case
it beature fails, TFit does, you will be able to pinpeint
where the trouble 15 by knowmg how the system
15 supgrmed 10 be gperating normadly,

OTHER VIC FEATURES

The VIU registers have some other jobs that
they dre assigned to perform. One such job is the
ability Lo blank out the sereen. In register 17, bat
4 is named DEN. It is usually saf to 3 1 which s

3y



H - sprite on
L - sprita ot

H - sprite gaxpands waricaly
L - fdrmad Sz

H - sprite sxpands hoszontally
L - normal sze

Sprile anable
RAmgiater | T & & 4
1
Sprdacy axpand
Regiatar
&
Sprite K sxpand
Hagesiar
2B
Spfita priprity
Rmgister
27

Fig. 2018 Begisker 29 coniging aight olF-on gafchas, one inr ewmry possitie sprite. Pagister 23 expands The spates vart)-
Py whiie 23 papands them hodzontaly, Regster 27 Gan placaa aprita on iog of amy olher gsplay that might e on the Stneen,

the mormmal disptay mode. T vea install & i the b,
L zereen will be Blanked cut. When it does biank
ot it will assinee the cobor prescribed by the bals
in register 32, which sete the exteror cotor.

The winal display pattern oo the scoeen s 1000
characier spaces with 2 40 « 25 layout. Bit 3, CSEL
in register 22 and hit 3, HSEL m repstes 17 18 nor-
mrally sel with 1's to produce this arrangement. 1T
woul want fo chanpe this to 38 = 24 mstadl (s into
the hits,

The VIC provides either vertical or horzoatal
sevolling g0 game characters can be casily moved
arpund the seresen a9 programmed. Register 22, bits
i1, 1 and & moves the display data an entire: charac-
ter space at a tinves in the horizemtal position. Regis-
ter 17. hitz 0, 1 and 2 moves the display verticafly:

Raster Reglster

Register 18 12 the mister register, The rasler,
of courae, i the Tines of ight on the TV screen. The

A0

VIC places the display precisely onto the lnes of
ligght, Tn order to do this, the VIC musst know which
dot of ight s bemg it or turnad off at every instant
of time. VIC i5-aware of the dol fiming.

The raster regsster keeps track of the current
raster position. 1f vou read the register, the lower
gight hits of the posilion gre found in the regiter.
Ty mast signifieant bit of the posison 2 then found
in regster 17, hit 7, RCE. This data is used by
programmers to make Liming changes m the display
tor get mid of ficker. The changes are made. whike
thes border is beimg scanned by the CRT cathade ray
and not during the display window. The changes are
made before the cathode ray reaches posilion 51 o
after postion 251,

Whale Lhe raster register read 18 useful fo elm-
irrate fickering m the pecture, @ write to the tster
register, mchuding o write to bit 7 of egpster 17, per-
forms ancther job_ The data written gets [atched m
the registers. Then as the position of the raster oo



the screen changes, the positice of the rasier is com-
pared with the regisier contents, When the peEition
o the raster becomes the same 38 the eijghl bits in
reapster 18 and the MS bt in register 17, an inter-
rupt g is thrown in regster 25, the interrup;
register.

Interrupt Register

There are five active bits i the VIC Intermupl.

regeter 26, They ace shows m Fig. 20-11. When
the stale of 3 bit changed from 0 o 1, it sigmfies
it a flag i5 thrown and an interrupt takes plice.

The mterrupts tell VIC that an event has taken place
and thit the VIC must take approgriste action.

The fiag o bit 035 the one that becomes a1
when the actusl raster position becomes the same
iz the Tagter position that has been latched in the
raster regisier. B 1 becomes sel when the first ool
Rsdon ocours betweesn a sprite and display data. A
sprite and digpliy data collision is noted by register
31, Bab 2 s set when the first colliion happens be-
Iween twio sprites. A spote o sprite. colBsion is
noted by register 30. (nce any of the flags #re sel.
they stay that way till the programmes purposely
resets them,

i
= A=
T
e =hjz2|a g
; £ o
pl:ﬂ E El2%13 31 2
: Frdarrupl
Hagistar | ¥ 5 5 i oL Z 1 0
25
Yy & ¥ - *
i | 1 | i
1 | 1 1 i
i i I i I
rterrupt =npbie
Ragsinr
26
Lhpefe-gprite callision
Aargestar | 7 £ & 4 3 3 1 o
a0
Spirdedina doidion
Rangastar | 7 & b 1 ) z 1 o
3

Fig. 2011, Registar 26 is e intarrpt. When a oolision ocoies betwisen n spote and Somne clisgHay dath, Bit 1 Gecdmes
sed, IFbie collision 18 Datwedn b Spotes b 2 15 agt The merrupts ana noted by regisiers 31 for ine sgrile-dala callision
and 30 tor the sprie-sprite colfision. Th |Rerupt con be ciaamad by witing a 1 10 the corrasponding hit of repester 26

th eberrupl @rabio,

Rk |



The resctting & accomplished by writmg a 1 Lo
the Interrupl Enable register 26, H yon write the
1 to Lhe ¢corresponding bat, the same hit m regester
25 will chear,

Bit 3 of the Interripl register is set by the lght
pen during a segative transition of the ingut. Bit 7
15 sel automatically whenever one of the four sourcey
of imterrupts happens, Ths aflows the mtermipt reg-
ister to be able o output 2 Jow through pm 8, *IRQ
ot the VIC, Tust becaase bt 7 pets get, that does
nel mean the low will leave pin B amd head out into
thye system nterrupt- Inorder for the Jow sigral t
actually leave the VIC, bit 7 of the Intermupt Enalde
rejtister 26 musl alio be set to a 1.

The: twn mterrupt regsters are very vildughle
Lo thve programmer. They let him use the screen i
a larpe pumber of wseful ways, He is able Lo design
split screen formats, mstall enghl or more sprites,
mi bet and graphics and other important graphic
yechnigues, It 15 important durng truubleshooting
and repair to have-a good idea of the mierrupes so
that wou can make PEEK and PORE tests todeter-
mine & the regsters are operating propurly.

LIGHT PEN

Part of the Eght pen mechanism s msade VIC.
The fight pen 5 a device that gives the 54 3 touch-
‘pad ahifity. When the ight pen 15 leached dowm on
the TV scpeen, the exact position:and dot 8 Wuches
down on is recorded in two registers of VIC, The
rogsters are 19 and 20,

This cathiode ray soans the TV Soreen snio ov-
ery frnme. Electrons impinge on every dot once ev-
ery raster frame. Whea the elsctrons armve sl the
spot that the Sght pen i touching, the pen'is acts-
vated, Since the dot & ooy it once every rasler
frame, the light pen latch 18 tmggered only once #9-
Iy Al

Register 19 latches the x position of the touch.
down. The x position 1§ defined by a 512 bal counter.
This medns there are D bits the counter keeps slep
pang through from G to 511, Hcmstr_-.r 15 Lstches the
eight M5 hits out of the mne, Bit 0 ks not recorded.

Regmater 3 latches the ¥ postam of the light
pen on the raster, The v position & delned by & 256

352

hit counter. Thas s the eseal elght hits ang the reg-
isler i able to store them all

VIDEQ QUTPUT

All of the VIC mputs and outpots shown 2o far
ligwe heen digital highs aed lows. The 459 regaters
can be rosd, written to, recenne conbrols, and ouf-
pal contrals. All of the processing has been i the
digital circuits of the computer.

Tnternal to VIZ are circints that convert muary
of the mpot signals from a digital nature 1o analog
vifeo signals. The VIC isa digital-to-video device.
i vou test all the signals shown: so far, the loge
probe reveals their digital states. The same log
protee s wheless ot the analog outpo! pins.

At the ootpud ping, the ordmary TV service
acope makes excellent tests. The ontput signals are
each a portion of a composide color TV signal. Al
pin 17, the SYNC/LUMINANCE output s & cons-
posite-signal containing the actual video, the vern-
cal and horizontal syne signals, and the boghtoess
or Juminance sigral that controls the mtensiy of the
cathode rav. Refer to Fig. 20-13,

P16, the COEOR gutpul, contains all the oolor
miormation. This includes the chrommance sigmak,
the color bursl und afl the colors that the display =

Ordinary sarsce scapa

Fig. 2012 Tha oramary S8nvioe scopn can display tha r
signals that it the: VIC saslly. At pin 16 Thers ahould B
this TV sync Brd minance Sgnal



Cirdingry senvice scope

Fig, #0-13. A1 pin 14, the TV color signal can be viswed on
e scops.

supposed to show. Befer to Fig. 20-13. When the
two output pins have thetr signals mixed properly,
the result can be mput o2 CRT for display.
The scope shows the signals well, You can ses
if the signal is petting out of VIC quickly with the

scope. This 15 often one of the firse teg) ponts cov-
ered during video type ieoobies, The resultant com-
posite color TV signal &5 then attached directly into
the of modulator creudt. It-is then installed onto &
TV Channed 3 ¢f signal and output 1o the home
TV,

Separate signals of both SYNC/LUMINANCE
arl COLOR are also connected to the asdin-video
piug. These signals can be applied to 4 specal TV
display monitor that does not requice the o mody
[alican.

Umee the signals exit the VIC they are in ana-
log dorm and must be traced with the ordinary TV
service scope. The signals Lhat should be present
are all ordinary TV video signals: Any boss of witles
codld be a clue o the touble you are searching out.

TESTING

The tear paint chart in Fig. 20-1 can be used
W compare your readings from the VIC, Any devia-
tons from the chart indicates trouble. A logic probe
0r @ vom and a service scope are nesded 1o make
all of the tests.

S



21. 80-Column 8563 Video Controller

1C receives the digital comgailer work and oul-

puts a composite colar TV signal that appears
in 1000 character blocks on the display. The dsplay
cin e sent to the antenna terminals of 3 TV, or
pluges of & color monitor, and it shows 40 cohzms
of characters 25 chiracters high, The B563 ciip, on
the pther hand. 12 quite different. its output & 2000
character blocks. Its output cannot be sent to the
arilennn termnais of @ TV—it won't display correctly
min & d-column momtor, The B565 outpat is speol,

The 85463 doet receive the digitad oatpul from
the C128 or CP/M modes, not the 084 mode, and
putputs two signais, (ne 5 a compesite mono-
chrome TV symad thal can be inserted info 3 o
tor. The sévomd 35 an Bll-colamn by 25 row color
disptiy called RGBIL The RGBE signal can only be
psed hr-a special RGEI momtor ke the Commio-
dore 1902 memitor, | hive my G128 booked upp o
3 special 20" Sanyo Model AVM2T0 monitor TV Uit
hits an RGBT npit phag. _

The 850 RGBT TV outpur = excellent o word
processmg. spreadsheet work and so forth. The

354

C128 graphics thoogh, are nol oo exsy b manage.
Itz nnt the Gt of the 8583 chip. The chip bas magy
powerful graphic abalities bt the C128 has no com-
mands o use them. |f you are do experbenced
graphics programmer. then you can get Some mono-
chrome graphics working. [o the future there will
probably be méormation amd additional hardware to
use the A563 Lo the best of its abibity,

The 8563 works with its-own hith group of
chaps. Tt has its very own 16K of dynamic RAM nn
town 44 16chipe, U235 and V25, shown carber m Fig
185, The special address and data bus, DAG-DAT
ared DOO-DDT, between the 8563 and e specul
BAM was discossed m Chapler 18, In ifs outpot
fmes, m Fig, 21-1, the 8563 wses U2, 57415244
barffer, 10 amplify #e output for the GBI port. Also
in the outpul stages are some gates, From 1154
theire are two OR stages. From A7 there are four
braffierss smacd from 129 there are two MOT gates. The
aitput-stage also ks tree transistors: (31, G4 and
5, These components amsd their duties will be dis-
cussed Bier in this chapber.



Another soall 3563 circult is a coystal nscillator
rurnimg st TH MHz, 1t 8 (he determines of (the wideh
nf the pixels m the 8i-column: display.

THE 8563 RAM

The 8363 &5 the center of a small cmouit enclve,
It 15 an B-column color viden display controller. Te
do the: job, it act= as a form of microprocessor with
it= own sel.of 16K RAM. The RAM is located nn
Lwer 44168 DREAMs, each with o matrie of 16K-by-
{our bits. Between the twn 44165, they are able to
store bytes: TI2Y stores hits 0-3 and 125 s shle to
hodd bits 4-7. Figure 18-4 shows the conneclions be-
Eween Lhe 8563 and @5 two 44165 Note that the
eight data s lines, DIVV-D00 from the 8563 to the
DRAM: are split in two sections of foar lines each.
DIxs-DO0 go to U235 and DD7-DM t0 U125, The
edght address Imes DAT-DAD all go to both RAM
chips.. The B563 only neweds eight madtiplesied ad-
dresss bmes Lo contact the total 16K af the tweo chips,

The 8563 also penorates the *CAS andf =KAS
o sfobe the columm and row addresses min the
DRAMs and Eeep them redreshed. The 8563 il
connectg the resdiwmite line, DEW iothe DEAMS,
There are- 18 ping on each chip, Fig. 21-2. All bat
four of b pms, when checked with a fogic probe,
will read pulses. Pin 4 =WE, on cach DRAM i the
read/write line and should read figh, Pios 9 are von-
nected W+ 5 volts and accordingly showld show 2
high if obcay. Pms: 1 and 18 are both growumded and
should read boar,

The 16K of RAM the 2563 has to itself is nsed
in the followmg way. First of all, they are used to
hold the BO-column vides that iz to appear an (he
TV zoreen, The 80 columms areeach 25 charackers
mgh. This puts 2000 charicter bocks an the sepeen,
fcoordigdy, 2000 bytes are regerved in these RAM
chips for videa pointers. The firse 2000 locations
from (F 2o 1999 are the 8563's video RAM,

Starting a4 |ncation 20438 through 447, a towl
of another 2000 byles, the screen attributes are
#tored. What are screen atinbautes? They are the
codor and some olher charactenstics that appear on
the screen. These are the 8563 color BRAM and
other featores. Each character position mthe dis-
piar block B mven 3 one-be-one redationship with the

2000 bvtes of video RAM i (0-199%, Therefore each
attrbute byte gets data that applies to one. charac-
ter bock that it i3 to enhance with attrilwtes. Each
of the 200G atiribute bytes contain the bits.of ifar-
mation shown in Table 21-1, for the hkock it will
emihance.

Hits 03 control the color or mtensity of the
character in each block, Bit 0 works on the inten-
sity, bit 1 on Blue, bt 2 on Green and bit 3 on Fed,
Actually, the color can be one of 16, a8 in Talde 21-2.
Simply chooge the binary bits of ane of the 16 deci-
ret] peribers and mstall them in bits 0-3. That color
will appear.

The background color for the character Block
mconfrofled by a regster m the 8563, The regster
w2, Bits (-3 m chis register will choose the desgired
background color for the display. Contacting the
863 registers are discossed later m Uhes chapter
ilong with contacting the BS61"s own RAM,

Bit 4, wlwen set-tooa 1, will cause the character
and backgrommd colars (o switch hack and forth. Thiy
appeirs a5 bbmkmg of the chosen character:

In regmter 29 of the 8363 is the underiine
charneteristic controlled by bits (-4 of regster 29,
Bit 5 of the attribute byte when set to a1 turns on
the onderdise feature. A O borng §L off

Bt fi when set to a | reverses the character
aned bk eround colors to pove you g Beverse Video,
A 1) resels the character and hackground colors hack
to their orginal selting.

Bit 7 when set toa 1 pats 256 more chiracters
mtis action. These additional characters are the AL
ternate Character Sef.

Locations 8192-1634% m the 44165 gre used to
store the character =t from the characder ROM m
biank 14. When the CI28 §s Grst turned on, a copy
of the characler set s oaded info (hese loestions
o1 the top of the 85633 RAM,

When vou are m the B0-column mode, as vou
strike keys, vou place pointers mto the 2000 byles
m the viden RAM, These pomters are apoomipanied
by the zcreen aitrdntes onoa one-lowons basis o
presvade the character color, the hlinker, the inder-
Imer, the reverss adeo opfion and (he-altemate
characier set, These pointers also tell the E563
which character in the character st slatage area in

3ah
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Fig. 23-1. The B583 Lsed an ampElier bufler chip, U24, 10 strengihen and matgh the RSB putpods b e Saboeduen
tompoade monochrma TV circuits and tho AGEI porl.

B192- 16383, to place in the pomiler’s charicter lock however, these registers dre oot on the sysieny

oi the TV screen. memory map. The 8563 system t5 m an enciave and

the regisiers require special techniques 1o be con-

The 8563 Registers tacted. B won are sble tooget b the registers and

Insiche the 8563 are 37 comivol registers. Une  their 16K of personal RAM and manipulate them,
ke nost of the other regmsters mthe computer, | yod can run exercise tests on the 8503 sysiem,
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memary map, They are decimal HA784 and G4TER.  BH63, namety AD It goes to pin B, *BS the repmster

The 8563 3 addressed by the processor pulling the  select (Fig. 158}

arfdress bits A LT, A0 and A% into- (13, the T41.5138 The remster ot 54 784 vs the address remster
decoder, The decoder in turn oatpots o chipsedect,  for the 37 intemal registers: The interna) regsters
CRERR. Thes turns on the #5635 pn 7. 4C5. The aro mumbered 0-36: The regiater at 54 TES s the data
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Fig. 29-2. Tha tapd 4418 DRARM chipt thal 1he B5E3 ufes a5 il own privabe AR howe the siena fogic sietes on thes pans

register tor the mternal registers, These two ad-
dreazes tn this syatem memary g are (b post ints
Lhes 8563, The 3T mtermal registors consise of twe
groups. Une s setup registers and the pther s dis-
play regmelers, Sefup registers are used To make
gure the correct charcters aod atinbates get mta
the proper character Block. The display registers
produce the correct characters and condut the at-
tribiites on the characiers. These registers are vi-
tal to meke sure that the NPSC standards are m
place m Amenta, snd PAL: standards are in ploce
in Earope.

Tade 21-1. The B581 nses might
atlributes io enhance Bs 2000 characher Blocks.

Imi oot o rend O wnile Lo the infernal registors
o far tha rﬁaﬂr: the 8563°s DREAMS, wou must pass
the bits through the two externa registors.

I you want o read the contents of ame of the
B3 regaaters or write bifs th the register, then you
nave to place the regater number from 0 ta 36 inth

Tabla 21-2. The characior

Bk OO cor be chosen by installing binary bits
D000 ta 1111 in bt positicns -3 of an attdbute byte.

Bt Mumbsar Attribate
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Blinking
Uindgrlineng
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=R bl R = R

Allernate Charpciar

Bo-Colemn Baalo Color Codes
i Himck
2 Whita
i Crark Hea
4 Ligght Cyan
5 Light Purple
E Diask Gragn
f % By
B Ligat Yallowy
@ Diark Purple
1) Bark Yalldew
11 Light Rad
12 Daark Cyan
1 dadium Gray
ia Light Thirean
18 Light Bluw
16 Light Gray
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the sddress tegister, M7, Onoe the registér nime
ber i in plice you can access the register by read-
ing or writing to the dats regisier. 54785, The dnta
register acts g mtermediary for all 37 registers.

In order 10 sctually access the 37 registers vou
will have to wnite a BASIC ar machine Tangsmge pro-
giram that pecfurms the requred steps.. Many such
programs dre in 128 programming books,

Inargder 14 redd of write o Lhe 8565 DIRAM:,
Lt voin mest write to the registors: a5 desoribed
above. Specifically, register 18.and 19 are the
derte RAM Iorniion regmters. These bang registers
are the port ingo the 44165, Once vou woike o them
=il the wmite 15 complete, you can then access
EAM. Here again the entire exercise must be done
thriugh i carcfully designed program found m C128
programming baoks. A ool Test progeam could be
one thit writes characters to the video RAM m the
44165, That woy, in 8f-column mods, the soreen
would show the characters you wote o the ad-
drosses (1999 m the 2563 s personal KAM.

For more detalz on the regsters and what cach
e does from & programming poimt of view, please
refer (o the programming oemesls you can parchase
to aid you in your programming. efforts.

PIN-BY-PIN CHECKOUT

The main symipioos of Lrvable mothe 55653 sys-
tem is, n video on the &l-colmn display with the
Al-cohomn display working well. The prime suspect
15 122, the 3563, but trouble could be happening in
other parts of the crcuits;

When testing video vutput cercutts, gond tech=
nigpe dictates starting at the end of the dreats and
work towird the bemnomg. The eod of the circuitry
i the connection from the buffer, U24, 1o the RGBI
conberlor, You can start with the loms probe anid
mavhe pick up an incorrect realing

InU122, the 3563, the finad vicles oufpots are ox-
itmg ping 46, 45, 44 and 43, Fag. 21-3. They are the
tats that turn the mxets that Bght tle screen off and
on. They form a 4-bit number that pats one of 16
Cenrs Or gray scales [nfo one pixel,

Actuatly, a color paxel s made uprof Three plios
phor dots, one red, one gresn and oqe Blue, Thers

are-thrée cithode beams in the color CRT. Each
beam iz arranged to light one color phosphor in the
pied, Whent the pixed ight= it emits three color ights
but the dots are so small that the Tights add and foal
Four eye into thinkmg yon are seeng one color dot.

A fourth voltage controd ts also needed, called
Intensity. The intensity control determines how
heavy a beam of elecirons will hit the dots, This con-
trols the brilliance of the colors: If & moaechrome
mixitor & used, the intensity controls the gray sonle
that 12 produced, _

Thesa four pixel lighting spnals exit these foar
pies, Chat of @n 46 of the 8663 cotmee the red videa
information. 1t s wired to pin 2 of 1224 the buffer,
fir. 21-1, Inside the buffer ari a sel of amphfiers.
They are YES gales and do not mvert the skl
A loow enters pin 2, passes through o buffer and then
tuiits pm 18, A low should be on pin 18 too. The lne
goes to-the B pin of the RGBI port.

The wdentical sigaal movement lappens for the
green gign comng out of pin 45, the blue signal
from pin 44 and the intensity gipnal from pm 43, You
cam gquickly check out the 8563 output, the 1124 in-
put aed catput and evesn the conmection 48 the RGIL
port. It a reading is wrong you have a clie as to
whers Lhe sigmal kas met foul play.

Caming out of pees 20 and 3 are the vertical syne
and horzontal syne aignals 1o go with the RGRL
viden, The horigontal syne locks the horiontal as-
cillator in the TV monttor in step with (he desires
of the 8563, The vertical sync signal locks the var-
tirat nacillalor in sync with the vertical outpal of the
computer.

Pin 20 of the 8563 outpats the vertical sync sig-
nal. The signalenters the buffe at pm 11, is ampdi-
hied and 15 then sent to the RGBI connector from
pin 9, Pint3 outputs the hormontal synd signal from
the BG4S, 1t enters the bafler at pin 15, exits a1 pin
5. All of the sync fines will show pulses,

At the two sync pins, the sgnal =2 TV type
and e eastly be seo onthe ordinary TV service
soope. Figore: 214 shows whal the pulics shoubd
ook like oo the inéxpensive scope, Pin 20 of the
2563 shows the vertical pulse sl pin 3 the borzontal
E¥TIC.
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soope will show the sync signals claarly,

The Monochrome Composite TV Signal

Int the curtput limes from the 7415244 buffer to
the: RGRI port in Fig. 21-1, note the taps on each
of the six output lines. The taps frim the red and
green Enes podirectly Lean OR gate, part of U,
The tap trom the blue fne goes to another OR @ate
in series with the first one. A thres lines are thus
yned together; and pat through a buffer from 157,
The intensity ling: tap s simply passed through an-
other buffer from L5T. The two buffers. one con-
taming K, ¢ and B and the other contaiming T, have
their mustputs jpined, The resulting voltages are then
mpscled into the base of (1, a video ampbfier tran-
sislor.

Meanwhife, the Uwo taps from the vertical and
hortzontad syme outpots are connected to more
huffers. The vertical syme 1z bed to tang gates, one
NOT gate friom 1329 znd one YES gate from L57.
The horizontal svoc i connected to one YES gile
from U7 and a WOT gate from LE29, The sy oak-
puils are then amplified in Q5 and Q4. The outputs
are jomed and then omed again-with the RGBT oul-
pul in the base of QF, thé final video amp, Al this
syoe and video mixing processed & workable mono-
chrome composite TV signal, @1 performs the finat

amplification and has its output wared to pin 7 of tae
RGEL commector. At this junchon there i an
Bllcofumm - monochrome composite TV display
RigTIad.

There has been some confusion among people
about this signal. [t s 3 sepirate signal from the R,
., B and [ outputs. [t fas nothing to do with them
rxcept for the fact that it wis constructed from the
gix L24 ootput sigials as' were the R, &, B and |
signals. The combusion is that a ot of people selling

-l uzmng the U128 are oot wware of this separate

monocheome signal. It does exist and works fine on
a mopgchrome manitor.

The Video Dot Clock

Al pin 2 of the 8563, the logic probe will resd
8 pulse. You seed din expensive stope to dee this
sine wive signal because it i 16 MHz—even higher
tian the C128 master frequency which =-14.31818
MHz. Pin tw is connected to it, 3 16 MHz crystal
oscillitar rnodule with accompanyving cepactors. This
15 the Video Dot Clock, called DCLK. Thisis really
the neisler requency for the B563 crouit enclave,
The 8563 makes its own master froquency 1o dedl
with 15 own personal ciromts.



The higher frequency, frst of all, isoeeded 1o
gige the: piels for RGBI disphny porposes. The
Afbrolomn svstem uses o wider pixed than the
sleodemn: A wider pocel turns off and onat o sbower
rare. [0 #0-colwmn work, the narrower prxcl muost
e oo wath-a Gisier frequency sooit can furn
aft and ovn Taster.

The 16 MHz is also used by the 8563 to develop
the timing for the vertical and horimontal syoc pdses.
The master frequency is divided ingide the 3563 to
produce the desized frequencies that emes e out of
pins 20 and 3. The 16 MHz signal performs olher
whores too, Ome 38 not used 1 the C123. 1t i called
the character chock, COLEK, 2nd uses pin 1. Even
though the COLK is unused, if you probe pin 1 vooT
find a pulss is present, Fig. 21-3. This pulse is o re
sull of internal wiring. Whes the B563 iz mmnimg,
however, that pulse, for testing purposes shoubd be
present. I it mn't there then the chip could- be
defective.,

The DCLK 1= also used by the 8563 to time ol
itz 16K DRAM, It penerates the palaes vou will find
on the internal address and data s lines: DA-DAT
at pins 26-33; DDO-DD7T ot ping 35, 36 and 36-42.
It produces the pulses ot the » RAS and =CAS lines
at pins 47 and 48

The ReadWrite Lines

The 8583 has twe readiwrile fines. One i oan
fnpat frem Uws 8502, 1 connects to pm S and is calbed
FRW. Thezctual B =W line leaves the 3502 at pm
49, The lmeis held high by a 4.7K resistor at +5
yolts. The B/W line then connects to an AND pale
froam T7R. The nutput of the AND gpite s FRW that
connects 1o pin 9 of the 8663, Pin 9 will probe a

The FR/AW Ene enters the 356835 and controls
the direction of the sysdem daty bus, D7-100, that
iz vonnected 0 pins 10-18, cxcept for 12 which s
vhip ground. All the pins probe out pukses except
for 12 af ground which is a Jow, This data bus is used
b access the 37 remsters by the BRG2.

Ot of pm 21 comes the second readiwrits ine:
AW, Thes hioe s prodoced by the 8363 Lo oo
tra] the direction of its personal data bus, DIYF-10K0,
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it of ping: 534-42, except for 37 which connects 1o
+ 0 volts.-All of the data bus Tines probe pulses. Pin
A7 though will probe a high becduse it is defivering
+5 volts to the chig.

DR=W comes nut'of pm 21 of the B563 and con-
nects to pins 4 of the two 44168, The DRE/AW ng
does nob probe 3 pulse. I will réad 3 logh on the
legic probe. Pins 4 of the 44 165 will also read a high
bese s they are direct cormections o 'the DE=W

The Other Control Lines

Two chip sedect pins ane on the 8563, One s
C5 ar pind. Note there i oo 2sterisk in frontof the
C5, which ms=ans it mast be high moomder for the
chip to be selected, The signal entermg pin 4 is the
2 MHz pulse from VIO, Ths sipnad fies the 8561
into sync with the rest of the systemn. The odip is
sedected pt pimd everviime the 2 MH2 square wave
The other chip selecl i pin 7, 05, has an’ aster-
ish. Thiz pan is made active when the simal 15 jow,
The signal that enters this pin is the «CS58567 that
wras croabed from system sddress Ines and armved
from the decoder 113 When 5 & high and =CSEA6
& bow, then the 8563 chip i= tumed on. Boll of these
pins will probe cut as palses when operating cor-
recdly,

Pm 3 probes-a pukse oo, It & the remster se-
leet, «RS. The pin s ted U address line A0, A0 can
be @ high or low according to the addross the 8502
puts ot from its program counker. When A i a
high, the 8563 will permit reads and writes to its
mput data register. These reads.and writes are then
conducted betwesn the processor and the 37 mier-
nal regsters oOf the 3563,

When A is Jow, the 8502 can write (o the ad-
dress register-m the 8563 1o pick 0wl the one out
of 37 hilernal remsters 6 wants (o choose, A bow
aban permats a read of the status remsier. _

Between the two chip selects and the action of
address fine A0 into the BT, the two mput reggslers
can be actvated o that the 3502 cin get to the 37
ifernal registers.

At pen22 of the B563 15 the [NT {Inifialzation ]
mpit. 0 i Ged to ground afong with pins 24 amd 12,



Pin 12 15 the 8563 normal ground and ping 22 and
24 are tied thete to keep them out of the way. They
will all probe a low singe they are at ground,

The reset action m the 3563 is condurted
through pin 23, »RESET, This pin wall probe a lugh
hecange if 5 Led Lo the system *BESET lime. When
the ine i low, a8 during mnitial start up, the e
cases the 8563 internal atches to be deared. This
15 the initialization the 8563 needs to begin operation,

Some pms on the 8563 are completely unused,
They are:

* +I'm 19, INSPEN. display snabde. no connec-
Bon, probes a pulsa.

* Pms 5 and 6. no comnections, no probe
* Pin 1, the character clock, CCLE: It probes
a palse from mternal wiring to it

At pin 25 is the mpot for the light pen when
used, It probes a kigh, When it is a high it will piace
il latches the vertical and horizental block posi
tens of flw character it i dealing with on the display.

Jiid



292. Sound Interface Device

he Sound Intesice Pevice 13 the audio cotrpas-

ion to the VIC and the B563. The SIIV 15 de-
shgmed b take bytes or hits from the processor, con-
virt the bils into audio signals, and sead them to
the speaker in the TV monitor or & separate anidio
system, The created audio produces all the Keuerd
wffects to further excite the graphics of o imitate
szl istruments,

Thee 51D hay 29 addressable regsters hal cre-
ate the scund effects. You can wrle 1o 25 of Lhe
registers with the BASIC POKE statement. The
registers that can be writtes o canmol b pead froam,
You can read from the remaining four registers with
the PEEK function, The read registers are also one
dirertional. They can only be read and not written to.

PINOUT

The 4502 sees the SIIF a5 29 addresses on the
memory map. When the processor wants 1o acgess
the SID it cutputs = regster address. The higher
sdidress bits are then sent pver the address iis and
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‘arrive: at the PLA chip. The bits are decoded and

an 1/} pulse comtimaes on to the 113, 3 L5138 as
ity Fig. 22-1. The output is connected to the *L5
pin & of the SIT), When the SIT} is dialed op. 4 Jow
enables pin 8. The pmout is shown m Fig. 22-2.

That ome Jow though will not fully address te
selected register. The S needs more signats. It
needs a chock driving pubse to open up the rogmster.
The pulse i 1 MHz @ enters the SHD - al pin 6.
Prurmg the high SID can be accessed qust &5 RAM
or RO iz, Both the reads and Lhe writes are per
formed during the high of 1 MHz.

The SID knows 1o recerve data or outpat data
ancording 10 the mput on pin T, KW, ITR™W is
high 5100 aflows the processor Lo cedd the regster,
When ROW s bow SID acoepts data biks from te
HATE.

The regsters themselves are addressed with
thie five lowes? address lmes, Ad-Al. With five lines,
a totad of 32 regsters could be addressed. Smee Lhe
SH onlv has 20 regsters, that leaves three extrane-
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Fig, 22-2. The S0 is & compéax chip thal needs Iwo S larens suppias Thare i« 12 wolts 88 pin 28 and -+ 5volts at pin 25

s addregses. Shoukd one of the sxtra registers be
writien to, S simply ignores the dats that arrees
from the processor. If one of these registens s ms-
takenly read. dala wall arrive at the procesaor but
it will be meanimgless.

Th= data Bres to the SHY are the nommeal TFF-TH)
attachments in the system. They connect to pins
15:22 oo the SH). There are data buffers m the 51D
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to handle the data transfer. The three-state buffers
are o when the 8502 smites data Lo the 51T, ot ac-
cepts data when the 510 is read.

Pin 5 on S0 is the *RES input, If the resat pin
iz brought low for at least ten cycles. the SITY will
peget all of its regesters 1o Zers. This stops any au-
din outputl Ut might be gomg on. The reset pulse
i& the same one that originates in the 556 and starls



the processor ol The 5 i ataried ot the same
b

Fin 14 1= ground. Tt @5 a good idea 1o always
reconistt SID's ground to the power supply and not
anywhere near the other digizal circuits, The VIC
should be connected separately m the same way,
Both the audie and the video outpuks can be dam-
aged by notse from the fast moving digital bits that
are traversing the digital bus fnes- pd chips,

Pin 28, V131, 15 the + 12 volt suppéy that ener-
gizes the draing of the FETs m the SIDN VDD
receives @ separate power lne and 15 fitered and
bypassed thoroughly. The capacitor removes high
[requency ooie, medinm frequency noise, and Jow
T type noise that might appear,

Pm 25, VOO, 5 the +5volt supply thol ener-

gizes the colleclors of the transistors in S0 Thes:

bine too is separatein the «fort (o keep noise kevels
ag close Lo mm-existent as- possible,

Pin 27 i= the apdin oulpul pin, Tt exts from an
npen source bulfec and contans all theoutputs from
all the sodio genstators:in 51D,

The total audio output energy s set by an m-
ternal volume comtral, Tl wolume is controfied by
the progratmer and the data he sends to the con-
trol. It han a peak-to-peak value of & 'volts at a de
levet of six volts, A 1K resistor roturns the sounce
o groumnd.

The outpt sigmal in this machine is coupled 1o
the base of an npn ermittar followsr i Fig. 22-1. The
avphiey By remeven] frodn the npn through 3 25 work-
mg woll, 10 gF sedes filter, The & voll de level is
ac coupled m this manner, The signal &= ootpat to
the rf modulator and alsé can be tapped Gt the
audin/viden plug,

SPECIAL INPUTS

The 51D has. some other vory useful inputs,
First of all there s pin 26, [Ewill apcept oo sy
nale from an external source such as your vosce or
i vl instrument, Amy signal that 18- mpuf hers
should eoter at 5 de level of & volts and be farger
than 3 vells peak-to-peak. This is accomplished in
the: same way the S10 outputs audio. A senes 10
uF filter will perform the mput chore. The ingert im-
pedance at-this pio 15 sboor TOOK ohms,

Tl signal that is ingsil 2t pin 26 i mixed with
the: auds that the SITHs putting ot It 15 also passed
through the fiter. This inpul is vabaable in case vou
wint to use a number of addittenal 210 chipsg, The
only restriction to the number of additional chips you
cin nput 1= the noise that each additionat chip adds
to the eltpul. A large mamber of chps can be input.
The volume control in the SID is positioned to set
on the tolal nput a5 well s SID's own output.

Two more specil inputs are at s 23 and 24,
Refer to Fig. 22-3. The'y are called POT x.and PO
¥- These inpute are connected over & pair of 1000
pF bypass capacttors.. The two capacitors are de-
signed Lo operate with-a pair of externa 470 ohm
potentiometers. The pots connect to +5 volts and
vafes the inpof voliage.

The pins:are mputs te the analog to digital con-
verters insade the SID. The AT converters take the
umalog de voltage and convert it to a digital sel of
highes and lows. The capacitor s desipned at 1000
pF for the 510 o Keep pot jiter 3t 9 minimim.

The last special mputs are at pms-1. 2, 3 and
4. These hobd the infegratmg capacitors for the fil-
ter. All of these mputs are discussed in more detat
later inthis chapter, The SIT has two of thege cu-

ifors metalled. Fach has a vadue of 470 pF. One
i ingtalled between pin 1 and 2, while the other con-
nects 3 and 4. They are fuirly well matched, The
capacitors are the polystyrens type.

The filter operates over the pudio tange he-
tween 3 Hz and 12 kHz. Thes is aboot the ringe
the nortmal bome TV sudic ootputs, Tn specal audso
applicabons, vou could change the capacilors o
difierent values to extend or reduce the frequency
rEsponse.

OFERATION

The SII hag three sets of circuits that are all
quite alike_ Each circuit set is designed to outpat a5
mdrvidual seter. The choir operates as g total voiee
o7 each circwil can sing 2 salo.

Eich crout set containg o tone oscillstor, 2
wavetorm generitor, anenvelope generator and an
amphlude modulator. Refer to Fig. 224 The tone
nsillator is vartable and can be toned to produce
different froquencies, This @ called the pitch of the
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Flg. 22-1. Each yoice i3 produced by meang of four circuits warking together Thare i34 tone oscaler, a wivadoon g

atdr, an amaape genecalar, and an ampliode modidator,

vedce. The pitch can be varied over the range the
TV audin will reproduce.

The wavelorm generator i able to take the os-
allstor frequency and produce four  different
wiveshapes  at that frequency.  The different
waveshapes of the some Frequeney cause variations
in the sudio. The dilferences in sound are cafled tone
color,

The loudness of the-awdio is controlled b the
amplitode modulstor. The envelope generator = able
to create-an envelope around the aedio to congral
the vodume. The volome 18 programmable due (o the
ability of the envelope penerator.

"The 25 write-only registers produce the sound
effects. on order, as they recerwe datn from the

8502, The processor 15 also abbe to resd the four
read-only regsters, Two of the four registers con-
tiun the vatues of POT x and POT v, Another of the
registers has data from the emvelope register in the
third get of circuits, The ast register contains the
onstantly chasynng cutput of the third (one os-
Cilksitar.

These read outputs from the:S1T can be used
in a number of waye, They ean be mxed in with
other audio to producs sound effects. The changing:
frequency of the third nsclldor has a random move-
ment. It is used to generate random numbers that
can be used as the basis for some games, Let us
examine the activity in the 29 registers as they
operite,
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REGISTERS viiees il the Bber repisters are all write-galy, The
The S has five sets of regpsters. They are  four odd ob regesters are the oead-ondy bpes,
stown m Fig, 22-5. There are three sets of voice Ezch register i= addressed internally by means
registers, one set of cegesters for the flter and o of five bits Ut enter Srough address ines A4-A10.
sof of four registers o handie the odd jobs, The “The registers are afl byte size. The bits in the

Mosgm 1

ioipe 2

Wi 5

LA2EH

Sz

Filter

542049

el onfy mgistens

5424007

54500

only

Woliime
comfrl
S4205

Fig, 225, The 510 comans (hnes gals of voece Tagihars, one sol ol mygisters 1 1he filkar and cne 8ad for feady only Usas
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registers controb the circuits that penarate the ao-
dinn gl Each bt 157 ke 5 pesh button on g con-
trol Bogird 1o produce smed effects and other related
functioas. There are seven registers sssigned oo
each voici.

First Voice Registers

Of the seven registérs-in Fig, 226, two e
called Freguency High gnd Frequency Low. They
are wired together and form & 16-bir register. The
regisler conlrols the freguency of the tone oscilla:
tor in the firgl voice, If you POKE 2 deGmal nom-
ber min the 16 bits, the ST will generate o mosical
note. In your users goide, there 35 o table of the
numiers and what musical notes they will genecate
when PORKED,

Twio more registers ane calkisd Pulse Width High
and Pulse Width Low, These registérs are also
wired topether to form & two byle register. How-
ever, oniy 12 of the 16 bits are vsed, Four of the
higher Pidse Wadth High bits are Lunised, Thes 12-his
reqpster controls the pulse width of the wavedorm
tiat comes oul of the tone dscillator, This alfows the
andio cutput changes 1o be smooth as the {ooe
ehanged from frequency to frequency.

The pulse can vary from a constant do cutpat

at nne sxtreme o @ square wave with equal hghs.

and kowes al the other sxtreme. To produes 3 éon-
stant bowr, TN Q000 0K 15 installed, To produoce
a constant de high, 0000 1111 1111 1= placed in the
regeter. I your wiml 3 wguare wave, 900 D000 D000
is ingtalled, For pufses inbet ween, othier hinary hity
are pluced - the: registers.

Voice Control Register

The eaghe bits in this reguster muke the tone os.
cillator perform in different wiys, Bil 0 s called the
Gate: bit. The sctual details are discussed Tater in
this chapter Bart the Bit controls two fonctinng. When
the Dl i et fo 2 1, that tiggers the dnvelope pemer-
ator and the ATTACK/MECAY/SUSTAIN cvele 1«
begun, I the bit 35 cleared the RELEASE oycle takcs
oveT,

Bit 1 1= the SYNC. When it is set to 1. tone e
allutor 1 is synchromized with tome esellator 3, Thas
aids in producing desirable harmonic sounds.

it 3 18 the TEST bet: When His st to s 1 il
resets and focks the tone oscillator at zeeo. It dlen
cEsets the noise waveform of the osciBator pmd (e
pllse vaveform outpst is placed at & steady di level.
This positoning is needed for program fests, Ir alsg
w-useful for the programmer o be able §o BVT-
cheogaze the asciliator with soumd that is SUCUTTHR
vutzde S1E,

Bil 4 when set to 1is (e control that furss the
tnangle waveloro on m the toné ostiliator, The te-
angle wavelorm is one of the wiys the oscilfator can
tun. As an awdic outpul. it sounds’ something Bke:
a-fluge.

Bit 5 when set o 1 turns the sawtooth wave-
formm on o the oscillator, Tt has sort of & brass -
sirument oifect,

Bit & when se1 1o a 1 twrns on the pulse wave-
form m the osallator. The Pulse Width can be ad-
Justed by writing Lo the PW registers as discussed
before. Al types of inleresting sounds can be-
produced from a hollow booming square wave to g
squeaky reedy peep., _

Bit 718 the Noise ootput. Noise by iy VETY Id-
ture i% & true random device, The random noise cin
be adusted from numbling to hissing or whatever
b thes tesmes oscillntor when bil 7@ eetto s 1 This
15 the bit that can produce the explosions, rocket
motors, windstorms, wives, drums, cymibals, and
B OfL,

Envelope Generator Registers

The ATTACR/DECAY remster and (the S115-
TAIN/RELEASE . regster control the envelope
generator cirewsts. When 3 sound beging and rises
i vl that & called the affoch mte of volume.
When the sound then peaks out snd falls m volime,
that is calked the decry, Thers 5s an B-bit register
in Lhe voice that controls the emvelope generstor that
prodices the ATTACK/DECAY. The four highest
bits are attack hits. The four lowest bils are the de-
cay hits:
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Fig. 22-7 When 4 sound baging ard increpsas in volumes,
it is called tha pitack, Az i peskd oul and falls i yohane
It 15 casad the dacay. The md ange of scond after attack
ar G EY EF ket s sustain, Whean ihe sound quts, it goes
i ihe relaasa:

The mud romge of 3 soond that goes througd al-
tack and decay @ ealled the sustain, Swstarn isa wol:
wme [evel, When the sound guits, it falls (o oo
vodume at all, dead quiet, The rate at which the val-
ume falls 1 hothing is called Releese, Figure 22-7
dluztraces thepe four conoephs,

A companon regster to ATTACK/TECAY i
the SUESTAINRELEASE régister, For more details
on fiow 10 use the regsters durmg programming see
the user manmua that came with your CI28. The bits
m the SUSTAIN/RELEASE register are lad oul like
the ATTACK/DECAY register. The higher hits are
pged for the sustan control and the lower bits for
the  decay, When the programiner uses these
registerd, he must Jollow carcfulty all the ruies of
pperatom. Some truhy amazing sound effects can be
produced with attention o the detals,

The Other Volces

The two olher voices and ther seven registers
are cssentally identical to the first voice. The ondy
difference between them are the synchronization of
the ascillatrrs and the ring modukated replicement
of 1he Lo wavelomm,

When He vooces ure operated, you would have
to select first of all the frequency vou want (o pro-
duce, Mext there 15 the choce of the waveshape;
Thire you must pick nut the effect that is needed.

Thiis'is dome wath the SYNC and RING MOD Bits.
The-envelope rates are decided on after that. When
to turn the doumd on and off and the length of time
you want the sound fo-$tay onis figured next, The
vonces ik be sed ascendos; o as s chor,

Filter Registers

The firat 1wo regsters, FO LOW/FC HIGH In
the fiiter sef. ate combmed to form 3 double-tyvte
register. However, anly 11 Dits are needed for the
b so bats 3-7 of FC LOW are not used, The job
the regesters performiis by sel the cutoff frequency
of the filter, The frequency used = 30 He to 12 kHz.
The registers can e wrillen to, which makes the
filter a programomble crooe. Refer to Fig, 22-8,

The: Giter can be tuned to resonate at particular
frecquencies, When iU s luned fo a frequency |, sounds
it thal renge have & much shirper sound. All the
frecuency components in that rnge are emplossed.

The hgher hits of the RES/FILT register are
wired so-they can tune o a parteninr frequency
range, Smwe there are four bits to thecontrol, 16
resonant seftings oo be made. 000 produces an
resomant effect, and 1111 prodiuces the fnest tuning.

Hits 0-3 of the register serve a different pur-
pose. Each bit zcts as 4 switeh (o foute four differ-
ent signals throogh the flter. Bit 0 works on the
route the firsl voice takes to the audio outgul pin
27. When hit 0 & cleared to 0, the voice bypasses
thee [iiler and goes dmectly tothe audio mutput. When
bat 18 set to-a 1, the voice &5 forced thrinigh the
ey and i processed accordingdy.

Bits 1 and 2 perform the exact same routing job
for the second and third vowce ootpats. Bit 3 alwo
rottes 1 signal the same way. It handles the zudio
inpart that entery pin 26. A 0 in the bit bypasses the
aushior gt aroumd the fter, A 1 in the kit forces
the auds input through the Alter.

Mode/Volume Register

Here again the eight bits in the regdster are
seqirated mto two mybbies, with the nybbles per-
forming siméar pobs with its four bits. The higher
nybbde, bts 4-7, deodes on the mode of operation
the fifter will perform ‘in, Bit 4 5 called the LB
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Fig. 22-8. The filler saie tha cutolf fangd of ihe-audy beqween 30 HE 1o 12 kHz.

hit, since it works with the low-pass quaktics of the
fitter. When bit 4 is set toa 1. the low- pass outpat
of the: filter i ueed, A frequences below 38 Hz are
passed a5 &, The irequencies above ) Hz are-at-
venuated. This produces: hearty sounds,

Bil 5 iz called BP for bandpass ouwtputs. The
passhand for the andio putpol s between 30 Hi and
13 ke When bit 5 1% set to a 1, the frequencies
in e passhand are allowed through and the igsn-
cies ahove and below the band are attenuated. Thes
mode produces pormal sound with mo harmonic
coptent.

Bt 6 i the Bigh-pass output (HFY. AL the fre-
guencies that are above 12 kHz are passed as is.
and all the reqgienices below 12 kHz are attenated
when the bit 1 sel oo 1, The sound produced with
this fiftering is tinmy.

Bt ¥ s teeoffom switch fog be third woice,
When set toa 1, the third voice is disconnected from
the auds oulpol ciecuils,

The loorer nivhible of the MODE/NOL regizter
i% tlee VO part. The hagher nvbble iz the MODE
section, Bits (-3 arcoabde io choose belween 16
[evels of volume that will emanate from the asdio
putpat, R all kil volume @together, while 1111
produces maximum vohime. The bit layoats mhe-
tween produce. varvipg volume: levels

a7

Writing and Reading

The preceding repsters wers gl weidle-only
Iypes. The processor is abke o wole o all those
regsters and the ndividual bits 1o produce the many
aord viirsesd sound - effects. BASIC, wath its POKE
statement, can work -easidy with all the remsters,
Durme  troubleshootmg each repster could be
FURED a1t will o check i3 operation,

The pext foir registers are read-only, BASIC
with its PEEK function can read all the regmaters and
Thie hels,

Pot Registers

The:next two remsters are the ones where the
porsitions of fhe fwo POTS, §and ¥, are stotisd, The
mput tor thee regmater for POT % 5. pin 24 of the 5110,
An the potentiometer is varied a do voltage i var-
e, The woltage cntors an analog-to-digital ciecil
which chanpes the vallage [fom s swgle devaloe fo
# relative binary number between DDOO00M - sind
11111111, The zeros reprosent. MITEITLT FeREEAT0E
anid e opes masimum resistance of the pol sel-
tmgs. Bofer to Figo 2225,

Thee binary values are sloded mthe POT reges-
tier %, The valoe & always the preseot pot sctting
and is updated every 512 cocks, POT ¥ works 0
exacthy the zame way excepl for e inpul that eoters




Raad anky
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Fig, 2&%. Adl of the ragisters 0 tha SI0 & wrile only sxcepd for these four whach are read oaiy,

at pm £3. The 8502 can read the 1wo POT regsters
and alwavs kisow the positions the pots dre sel at,

0SC 3/Random Register

This register i able to generate random: num-
bers as ome of ity abalitios. Nowse i58 tree gandom
aoemdl. When the noise wivelorm is produced in the
third wosee by setting the noise bit 7 in the control
register toa 1, this register stored the hanary nim-
bers that represent the random changmg nose. The
register stores the upper waght hits of the thicd
vioice s tone ssallator. These s are the resull of
the changing noise waveform being generated. The
random mumbers can then be read by the processor
and used in games. Refer to Fig, 22-9.

Besides producing random numbers, this rep-
ster can be used for many mmg or seqeendcing por-
praes. Hnce this register s constantly changmg and
recording the upper eight bits of the third voice,
different waveforms will produce different types of
changmyg number sets. You've seen how the regs-
ter bits record the random wave shape, If you set
Bit 5 tovits controd cegister to a 1, the sawtonth wave-
form 15 gencrated by this third voice.

The O05C WRANDOM register will then have
its bit change in tme with the changing sawtooth
waveform. Each sawlooth will mcrement the regis-
ter by 1. The binary bits will cossnt froam (000000
0 11111111 over awd over aimm. When bit 4 of the
control register is sel to 1, the triangle waveform
will drive the OS5 3'RANDOM regster. The reg-

ister will then count in'a slightly differest way. It
will starl the zame and count from GOD00000 (o
TTIN1ITE. Then instead of slartng over and con-
timng its incromenting, it wall smply  start
derrementing the count backwards il it regchies
zeroeagain, AL thal time, it will go back o the m-
cromemnting.

The register can record the action of the pulse
wavelorm too. The square-wave type pukse goes
trom high to low and back and so0 on. The register
coamts 11111117 as of 35 high and 0000000 when
itis af a bow, Just a8 the square wave does nof have
any gradations between the high and fow the regs-
ter does not record any binary numbers that repre-
sent- mhefween states.

The mam himction of tis regster though B a2
o modulabion generator. The nombers that can be
generabed by changing the different waveshapes
available can be used m a program to produce sound
effects, Combinations of this regsters aombers phiss
thie bits generated by othier remisters can ngke the
audio polpul sound Bk sirens, moaning, groanig,
amd aill sorts of interestmg effects. Other registers
that will waork stnoothly with the OSC 3RARKDOM
fegister are the palse sndth regaters, the fler and
the ozeillator.

ENV 3 Register

The Tast read-only register is named ENV for
Envedope . Thes remater lets the B502 read the oul
put-of the third volce envedope generator, This reg-
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ister anly records the cutpat of the covelope gener-
atar when the EG is mnonmg. The numbers producer
in thas register can he added 1o other remsters for
more sound effects, Beler toFig 225,

TIMING

The S 15 accessed by the 8502 in a very
straightiorward way, The 20 registers look to the
B2 like vrdmary locations, Mast of the bids that
travel baick and forth . are e to prodice sound
pffocts:

Tour Lommnders is deswned 1o run 2t noar 1
MHz. This means a foll cycde i 1000 na. The SID
5 sooessed only durmg the high of @2 which con-
sumes 450 ns. When *C5 pim 8 s made low i st
provide at Inzst 375 ns of *CS setup fism duripg the
ol high, Onee the data ks aceessed the *US stabili.
g Hold tme nesds more 15 mores rs. Refer to tim-
ing dingram in Fig. 22-10,

As the addresses entor AG-A4, pigs 913, the
hits nesed 2 setoup time of 45 05 during the high of

2. Alter the data §s accessed, the address bits necd
16 meare oy a5 hold time,

The= nexct signak that is nlso entering SHY s the
R™Woat pin 7. It nms neck and neck with the aid-
dress bits: and needs the ime getup fime (45 nsk)
and the same hald time (15 ns).

Thir write-anly registers receive their contents
from the dala pins when R/*W iz low. The registers:
fesed 8 setup tinee of 125 ns to selthe the bits into
pidce. Chce the bits are: sfable, @ hold time of 25
ns 35 needed to be sure.

The read-only registers’ place their contents
onto the data pinswhen RI*W is high, The total ac-
cess time from when the chip is selected sl the Jars
18 placed om the system dati bos iz 350 ns. Then
1 takes 3 data hold ttme of 5 ns Lo stabilize the hits
in the data system.

TESTING

You cin check out SHUY quickly by POKEmg the
munbers 0 Fig. 22-11 inlo the SID. It will prodoce

POKE 5429615

7
’/ AEADY

/ POKE 5278, 748
HEADY
POKE bagra g

REALTY
POKE 5427617

ACADY
FORE 5423610

REALR

/

T A O f‘fffff,«’fﬂ

et HMH“&_H“H. me-. o

g

T 7 I 7T 3277 F TP lT 2

Fig 22-11 You c8n check eul S quichy with lhese POSE.
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a combiznioas Tae from voice 1, The first POKE sets

the volume contral register. The second FORE ar-
ranges Uy AD S/R properly. The third POKE sets
the-note in Lhe oph Fegoency cange. The fourth
POKE sets the waveform o a sawtooth,

[ri-a poed- 5100, the oot showld come-on oo

a7e

arledeir, it does not the SID has troobée. Totum
off the note, PORKE 54286, 0. This shuts down the
vilume register. To check out the other voices or
the high frequency remister, simply-substitote the
pther register addresses,



23. Inputs and Outputs

0o s al your computer, with pour fin-
gers on the kevbourd and voer eyes watching
the 'I'V display, you and the C128 becoms a closed
circamk, Your Imgers mput data from your brain, The
keyboard codes your data into bimary bits the digntal
circunls meed to work aath. Your Angers on fhe ey
board are your input into the innards of the diggtal
CAFCHiEs, You are an exterml deviee mputhing v the
compiter.

Your Binary eoded Keystrkes are fed to CIAY,
aTe passed o the processor, are then processed on
Eherouph to VIC o the 3563, If vou are working m
A0-columi, VIC semds the oatput. In #0-column the
Rand does the honors. Whichever msde 5 used, 2
pictiure of B key characier appears on the TV diz-
play: You read the screen, and vou can tell Troo e
way Lhe dila appears how vou showld continge your
computmg. The data on the sereen thus becomes
an input, through vour eves, back mbg your brian.
Tl C126-20w) vos are a system, Erher the com-
puter is a peripheral ta you or you dre i peripberal
Lo Hee compiter. accordmg b who 5 nocontrol,

Besides mterfacmg with you, the C128 is. shle
Lo receive inpats from jovsticks, paddles and a light
pen. [t is able to output data directly to the cassette,
disk dirnve, prnter and modem, The C128 is aso able
to comnect external ROM cictrdpes by means of the
expansion port and other devices into the memory
maEp:

As Table 23-1 shows, there are eleven port
pluggs, an ac internal connector, and the LED plag,
tr handle the inpats and ootpots. They are mombered
CHI throagh CHN13. Conmector (CH1 15 the 44-pin
expanzion port, It conoects cartridge BOMs o all
the intemal bus ines. Connector CNZ 5 an 10 siot
that controls the cassette motor as well as the Lape
reding ad wotimg. Connectors UR3 and CM4 are
ey 9-pim mput control parts that are needed tosin-
part povstick positons and pashbutton immilses, Con-
nector CNG s the kevhoard 1/0 plug with 25 pings.
It mputs to the CIAL drectly. NG is the valuabie
Senal Port that does mput and output work_ It con-
nects data to the printer andfor 1o 3 disk dove, éi-
ther-gigle o double-seded.
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Table 23-1_0f the thirleen connectors
with the CM deslgnation, Only ten are
wvailable to the veer. Connector CHT and CHT2
are intarnad snd CHT3 1 the LED pliot bulb plug.

Connector Homa Deacriplion

44-Pin Expansian Por
12-Pin’ Coasselbe Pon

_*.}-P'm Corroller Poet 1
-Pen Controties 2o 7
25-Piy BdwSasid Pon
B-Pim Sperial Pt

&FPin intarital Sarial Bus
B-Pin Camposiie Vdas Oulpi
24-Fin Lfagr Por

.0 REE Video Dulpat
5-Fin ac Adnpies Plug

2332392

o
2929
Zowom

G2 G-Bin Intarmal aeade Connesslon
Gho1d 3-Fin LED Light Fiug
RF Dutput i Cm Vidhea Plug

Connector UNT does nob connect o the outssle,
It 15 the internad seml porl, TU b & way giation 1o
hedp the actual senal port, CNG, with its 10 dubies.
Connector CME 5 the compogsbe video oulpil
directly from VIC: It = mnpot tooa TY monstor to dis-
play 4l codumng,

Connector CHY . the 24.pm User port. Tt al-
lovw's connecions b maky peripherals, It connecis
it CIAZ. A printer, madem or another computer
ke 2 O or a C128 coudd be connected to CN9 with
the: proaper interfwmg. Comector CRED B e
Wikl catput plug from the 3563, 1 will outpat
gither an RGBEI or & mimocheome TV sigrial—boeth
m &) columns.

Commector CH11 = the mpul plog from (e ac
adapler pn'wer asipply: iz covered m dekad o the
next chapter, The final output is the RE Modulstor
pircui.- It iz hitle metal box contamng the tran-
storized RF oscillator and amplifiers. 1t has one out-
put plug resembhlng a phone jack where the Y2 ohm
cialle from the C128 to the home TV-antenna fer-
minals are conneeted. More detod 12 gven o the end
of this chapter.

CHECKING OUT IO TROUBLES

When an L0k troubkle happens, the frst steg m
the troubleshooting i deciding whether the prob-
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Term:ig being catized by the C123:.0c thi penpherat
that B ped working. This can be easy,

If vou have 2 spare penpheral or-a second Coms
patibde oodpipiler that works okay, then yod can
rake A substiuton. For mstance, if the cassetts
stops: pperating propery, then frvoa known-good
spare cassette or iry the suspect cassette on a sec-
ond compuber. If the spare cissette Works on your
C128, then the trouble 15 m the onginal cassette:
Ehoubd the gecond cassette not work eifher, chinces
are good that the CLES miemmal dasseite ooty are
rakfarcticndng,

Bemdes the obvious substtution method, a &-
apnodtic program ke the-64 Doctor, mentioned in
an eacly chupder, s baosdy, You could run the 64 Thi-
tor in the (64 mode on the C12Z8_ [t will nm norerate
testa on-the keyboard, the TV monilor, the three
voices of S0, the smgle sided disk system, the
pronfer, cissette and the jovstcks. I fells yoo
whither the devioe and the ports sire operating cor-
fectly or nob. The 64 Doctor; ora program Hee it
written for the G128, can be useful in wolating a
defectve peapberal system and Telling you il the
peripheral is bad or i the C1283 wocausing the prob-
beme Also, dom't e afrad o use these princples and
write yourself some Ettle dizgnostc programs to
check out the [0 systems. These programs work
wedl becanse only & peripheral b acting up and the
rest of the computer ¢an mn the program.

CH1 Expansion Port

The expansio plug 1s the arge 44-pm connec:
tor vn the upper vigll-lami corner of the bodnd, 1t
hag 22 conmections on the top side and 22 more on
the botiom, This port is the obe with the most ver-
satility, It connects the vger o almost every impor-
taint spmal b mnschane, The phug has conmections
to-address and data bus foes, Also avalableire the
1 MHz, Ri=W, =IRC), =NMI, =RESET md others,
shown m Fig, 23-1. As a result of this access, this
port ®a gond place to test for the presence of most
of {he sigmabs thal are suppesed (o be coursing
through the compuoter.

Toaid vou dhering point by paint checking, Fig.
23-2 shows the female odge conmector s the up-
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Fig, 232 The 44 ping of tha poet and numbared 1-22 on the top dnd Ebeed A-Z on 1he boltom

per 23 pms oomberdd EE. The lower sdges are
ksbweled A through X with G, 1, O and § missing. In
Fig. 23-1 are Tour pround conmsctions; 1, 22, Aand
Z. P 2and 3 are.the +5 wolt supply: They are
fitered with 3 10 mF, 25 working voll capacitor.

The -cight data bus lnes-are conpected 1o ping
14-21. The address lines are connected at F through
Y. Ping F-Foare attacked to Ui Lrarslaled dddeess
hus, TAIS-TAS, while R-Y are connected to the
shared address bus nes, SAT-8A0, Line BH+Wis
at'pn 5 and *TRQ) i= 08 pm 4. The-bos [mes should
shnwrall ke probe pulles, and 1he fwo congrod lnes
are poTraly held high. To turm on -+ TREG 0L must be
frrced iw, Pins 8 and 9 are =L AME and =EXROM.
Tikey-are external device mputs W the MM and
FLA. They gre held high when not in use. Pins 11
and Bare BOME and BOME cutputs o the PLA
andd are: also el high when not in gse. They go low
et netive, Pin C e =RESET, an input. Itis adso
held Tagh whes umised and goes on when forced how
= N M am usused gl or uEpLL comsection Al
D, Fins T and 10 are both outputs from the decoder
‘chip 1132 P4LS138,

Do MHz = on pin E. Pn Goas the vedeo did
clock, A lob af the system Gming 2 a result of that
freguency. Fan 1 s the bus svailable gl BA,

357

that oogpnatesin VIO, 1L & held high @l VIC takes
controd of the bus lines. [t goes low threecvcles be-
fore VIO gocs mto action and slys Tow il VIC is
fmdshed accessing and displaying ot TV signals.

Pin 13 18 the dircct memory acoess, DMA. Tt
g5 bl bugh erovgn 20338 pullep resistor: Anoex-
ternel processor can be connecbed to this interface
abil foree this line: ow during & system clock low,
Whin thal kagisens, the E/=W line, the address bus
abiel the data tus become three-stated. The oatsade
processor can en fime op with VIC and mon the
C125. When nof i usé, i shimld be hogh,

CH2 Cassette 110 Slot

The cassetteslot, m Fig: 25-3, looks lke o fees
12 pms bul electically they are only sk The cor-
respanding pins at top and bottom are tied together,
The besp pures e 1-6 aamd the bodtiom pins are A-F.
This provided ant pins called 1-A, 2-15. 5-C4-00, 5-E
and 6-F. a5 seenm Fig. 23-4. When you test A yau
arc tosting T simudbancowslv, A-1 s the ground con
meciiods-and H-2 15 the +5 yolt sopply-

C-bis the metor swatch, E-5 B the write out-
put L ged F-60ig the crssette zense. These nes
wiere all distussed w the 3503 chapler. They are
B502 ping 25, 26w 27 which are: PS5, P4 and 13
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Fig, 233, Conrnecipr CRZ i3 a 12-pin ol bul. because 1he fop and Batiom fayers an connecled anelarong, onky six

indaagual connections are ewclant

respectively. They are commected o the special 502
internal IO regster. The setting of the register bits
3, 4and 5 decide what aclion these lines are to take,
The 8502 test pomt charl shows their pormal
standby states. Line 'S is high, P4 is high and P3
1= held low

Thet emily remaining pin s the cassette read 14,
It is held ligh by a 3.3K pullop resistor. When (he
processir wanks o read from the cassette, if forces
[r-4 bow and the read will take place, D4 connects
to pin 24 of the keyboard CIAL. Pin 24 is «FLAG.
Whes it bs pulled bow, it sgnals the chip that = data
tramsaction is about to take place.

CHN3 and CH4 Control Ports

When 2 jovstick, paddle or Bght pen refusses to
work, either the device is broken or the computer
has a defect. If avalable, a known-pood spare shouid
be treed. 1f the replacement restores the activily then
the odd one was defecttve and the trouble has been
found. Should the spare one still not aperate, then
the compiter becomes stspect, When thie computer

w ihe troable, besan troubleshaoting at the nopera-
tive: conbrol port. Nine pins are on each control port.
Each port can connect to a joystick or paddle, Con-
trod purt 1 can also have a Bght pen plugged o it
The ports are shown m Fig, 23-5.

O each port, i Fig. 23-8, pins 7 recefve +5
volls and pins- 8 are both ground. Pins 1-4 are the
Jovstick mputs. Port Teonnects its joystick mputs to
the port ping PRI1-PE4 of CIAT. These are the sime
pins that rows 1-4 of the keyboard nre cormected
1o but smee the jovsticks and kevboard are not sup-
posed 1o operate together, there: is no apparent
conflict,

Control Port 2 connects to CIAL pins PALPA4
iy the: same way. These are also keyboard connec-
lons from cohumns 1 o 4 amd e confBet is mdicated,
The butions no the joysticks are from ping & and 0o
tos PBO and PE1 of the CIAT. The four jovsticks and
the buttons are all switches. The position awitches
are wsed to-dmect the image on the oreen and the
buttons are fite switches. The switches are con-
nected Lo the lower five bits of the port registers

4



STNIND SN PIFe [OIjUGS el Daa 2 By pees B eead @ plesEes B s g sopshuuEn g By

B iR -1
Akt —
o LE=——."
fii
ABE i
ol .ﬂ. €0
L ERD
Ly LA b iy el——— - i
&d
G il | | e P o
gasn o % :
Et = &t OEEnEE EE m .
£0 2
b EBLEE _.|-.__ W
it
HEE
Edl
A
i 1
o R
A + —Ahh—L AR
=1l | s

it 0|



—h
]
S
B
L

>0
¥
L o)
w

Comirgilér Port | (and 2)

Aight sie viea
al computer

Fig. Z3-5. The fwo conbmol porls, CHE and GH4, e plogs
A tha right alde of Ihe compater with (hess pins.

i CIAL The switches are beld hgh tll a direction
is chosen or the bulton s progsed, Then the swatch
shorts the bif [ @ low.

The quick way to check out these ten mputs on
the twn ports is with the bogic probe. A high shookd
be present when the computer is first nermed on amd
the kevibcard 5 untouched,

The parts-each have pin 8. Control Port 1 oot-
puts to 51D signal pot x and Port 2 outpuls pot v.
These twe mputs are checked easly with the logi:
probe. They are both lows and reman low all the
way through to 510,

The light pen shares pin 6 in Port T with the
fire button connection, I the button is working, then
a good bght pen will too, Test for the standby high
the Bulion wses to operate with,

CH5 Keyboard Port

T CL2Y keyboard s ity characters bid out
m what 18 known s the QWERTY arrangement.
This thens the first six letters, from top lef to vight
spell QWERTY. This is the conveational typewriler
beyout. When you learn to touch fype you commit
the letters to refexc Inaddition, many more by,
and even an individual numene keypad, are on the
keyboard. This arranpgement &5 for your con-
venience. The computer dogsn’t see the keyvboard
characters in thal way.

The C128 sews o gwod of eght rows-aed 11
codurmns. In additem, the SHIFT LOCK, RESTORE,

40M80 and CAPS LOCK kevs are not included in the
grid but are inparta 1o individual circuits, Thers are
eight switches and 80 intersections in the grid. This
gves i total key count of 99,

1 you bk at the schemutic of the keyvbourd cir-
cuil. back in Fig. 5-7, then vou'll see the lagout, A
separate switch 18 mevery row of the grid, Thee rese
of the switches dre-al the battom of the page. If you
press powof the switches, then an mpaise will travel
out of thut particular row and enter the keyhoard
port pleg UNG at one of the row pins. For instange,
pressig RETURN will send an impulse out o pin
11 of CNG. Pressing 40780 will send an impuolse oui
0 parr. 24,

At the BU infersections though, the pressing of
ey does oot produce as straighiforeward a resull,
Every tme one of the kevs is pressed, one of the
rows-and ond of the columns are shorted togather.
Nute the Bottom right dircle inset of a switch that
t5 befow every mtersection key. When the key is
pressed, the switch shorts the row §o the coloma.

Connector CNG is the port on the prontboard a
the: bottom nght-land comer. It is.not acoessibde on-
less the cose and ihield are removed from the print
board. The keyvboard i plagged nbere, Commector
CNG 15 3 25-pan male |0} port, See Fig. 23-6, Elght
culummn connections and cight row connections are
shivam,, The column connections are attached b the
PANPAY port pins of CIAL The row conpectons
are attached (o the FBO-PBT poct pinz of C1A1, The
row connections are mpoly to CIAL

The coluims comnections are cutpots from CIAL
1 the keyboard, These outpur ping send palses 1o
the keyboard. The pulses, moving guickly i com-
pansan to even the fastest typist, are strobe pulses.
They constantly scas the colimns, gin by pin, with
a strobe palse generated by the svstem cock, The
strobe starts with colummn cme and checks i for ghor
circnits, I there i5.no short crowt-at column one,
then the pulse checks eolumn (v, The pulse keeps
testing each column'in turn tll it areives at 3 column
that has one: of its Tows sharted 10 it due 1o vou stok-
ing @ key on the hoasd.

The eight rows are connected to etght pins on
the CIAL. Whea i strobe pulse loeales & row short,
it causes that row to mput a pulse into the chip. The

AR5
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Fig. 237 The keytosrd pon has 25 ping moeated on ik pnnloosed ingide the oo

correct row (8 thus regaterad ot the mpot, At the
same tmner, thestrobe pulse bag been keeping frack
of which coburmm the tow was shorted to by yoo
presamg the ke, With e ko bedge of which one
af the intersections is shorted, Tow to cofumn, the
compuler knows which key on the kevhoard has
heen pressed. CIAL then tutputs the code of the
pressed key over the datx bus to the processor. The
processar takes o rom there,

CHS s the porm between the keyhoard and
CIAT, secmin Py 238-T,0 10 handles all the kevboard
nutputs and n o zddition suppbes the kevboard with
the sirobe pulse bipiis to scan the columns,

CHE and CNT Serial Porls

The Serinl Port, Fig. 23-8, performs hoth in-
puils gnd outputs: It has smopos, Pin 2 & groumsd
and pin 6 kB connected too the extermil resel,
«EXTRES. on Lhe ueer pont, OND. The remainmg
four gans perform the serial transmssion of datz. The
dazn can trevel [rom the CLEE out to a8 dewvice Bke
a printer or both wavs when it 18 used for penpherais
auch as-the desk deive. Figure 23-9 shows the: ar-
PN MEnT

ARA

Fin Lis the seril service regueest, <SREIN, The
=S RN fine can b hooked up be o number of ex-
ternal devices, +5RQIN i held hugh. 1f a device
wants service, then it forces =SROTN e and the
line responds;

Unce pme 1 goed low, the C128 wall ceact, It
birimgs pir 3 the serial attention infoot fme, ATN—
fear, I there zreany other devices on the Ime, i
they dre aleried, The devicezon [he line can do
thriee thmgs. They can bsten, Lk or contiol, The
devices -items ke a disk dnve, grapioe printer or
others—are ol conmected oo the samme Boe, They
e gl Tisten at the same tme, but only doe can talk
at 3 bme, The computer conlosds e ooe il wants
1o talk,

When pin 3 i¢ then brought low, all devices Bs-
ten and the ore mstructed G tilk wall cespond. The
data that the device sends o e C1Z8 will armve
i serial Fasheon: o b ab o time; over pan 5; - pecil
bt in/oul; DATA. Pin 4 carries s clnck signal, CLE,
to sync the tmmg of the external devices with the
processor. P4 is called seral clock miont, CLE.

CINT, Fig. 2310, k2 the Internal Sertal Huz. It
5 A donvemEet post connsction nelbwork Ul helps
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Fig. 244, Connegior GHE, the sarial port, kas s pins available on the back of 1he compriter.

the C6 porl andke the dala that passes betwoen
e G128 and its serisl penpherats, CHT 5 a form
of way station where the signals ean get routed and
ENER Toreve Somme processing by nearby gares,

In Fig. 23-11, it can be seen that pms 1 and &
of UNT connesct o gorme Duffers, triggers, NANDs
ek aak ANIY Thizs network of gates logcally process
mygmale between CWNT and the user port, CNS, dis-
cussied aterin this chapter.

Pans 2, 3 ind 4 wre connected. directly to the
garizl port CNG. Note that CNT has one more pim
than CNB: pin 7. [t receives 3 signal called
=DRESET. Thes s resel connection and ool i
volved with CNG.

RF MODULATGR

In Chapter 20 and the Master Schemabic, the
VI system isshown. Coming out of VIC pins 17
and TH'are the EYMCLUM and CHROMA signals
They conmect directly into pins 2 and 4 of the RF
Modulator box. In Fig. Y-4 are the crouits that are
firined 1n the tene. The circuits sare based o four
{ranssators, The SYMC/LUM slpnal s mput ta a
PRCA5E npn amplifier. The CHEOMA stpmal b o
second 250458, The two sigaals ave amplified and

then puned together through some couplng resis-
s, copaciters and & small ool The combEnation
outpul is then placed into the RF OUTPUT line
whiere the signals are scot through a flter network
sk then ploced at the BF OUTPUT plug,

Meanwhile, ot the top of the schematic diagram,
Lhee sy eptprat froms ST enters the circt through
pin B of the box, The sude ks sent throuph'a 10 m¥F
capacitorand some couplng resistors and capacitors,
miko @ 250480 audy amplifier, The transisior oul-
pat i then coupled mbo the zame BF Ouiput fne
and poans b video sapoals sl the BF Oulpul plg.
The video and awdio are repdy toemerge from the
phug excepl for oo more Lem,

At the bottom of the drawing 15 2 dront based
arctid another 25C460 transistor, The teansstor
ts operating as an BF gsalltor and can mon st ei-
ther the Channel 3 or 4 commeercial fregaency. The
chanmed sebect swatch chooses the desred frequency.
The swikch & bocated at the-back of the computer,

Tl BF segnal devedtped in the osillator eir-
cuit 5 abso coupled divecty into the BF Cretpul Boe,
It mixes wath the video and audio and the result is
a migmal that closely resembles the TV zpnala TV
station iransmns, For instance  if the switch 15 g0t

3
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Fig, 2310, Canpacior CHT i3 the intermal Serial Bug. Phiysically i iz simply @ raw of saldes conmastiang on the printbonsd,

At Channel 3, then a color TV sigmald s oulput that
varies between 60 and 66 megahertz. Thiz carmer
wave modulated with video, color and audio can be
obtained at the BF Qutpat plog and connected to the
antenna termomabs of any commercial TY. A strong
signal will be seen on channel 3 of the TV

Besues cotpattmg the TV channel 3, the RF
Modudator box outputs all the signals, except the RF
pgclkabor and the audio mdependendly, Adap & cone
nected bt Sy L um-Chroma output betwesn a
270 ohm resiator anda 150 pF capacitor. This tap
picks up some of the signal and cutputs 1t from pin
5 of the box. This sigmal containg afl the video, colar
and syne. It & 8 composte color TV, signal wathout
an BF carmcr.

Aoroas-the 160 pF capadilor i the enlitter of
the 250458 and conmects fo s vollage divider con
sistig of an 82 and 150 ohm resistor to ground. At
the center tap of the two reststors, pin 7 of the box
is connected. AL this juncire the color signal can
bee obsaimed.

Backn the emutter oot of the other 250458
s another tap throngh a 100 ohm resistor. This con-
necton pioks off Lhe syneuminanee Signaland con-
necis it to pin 6 of the box. No output comes from
the box for audio, Only composite TV from pin b,
godor from pin T-and syneflummance from pm & are
avatlable, besides the RF Output for Channel 3 or
4. Figure 23-12 dlustrates the BF Modulator cireuig
COnnesiins.,

a4

CNE8 Audic-Video Port

The B¥ Modolator conmescls to CNS, called the
Composite Video Connector, in Fig. 23-14. The
name mnphes thal composite video 15 105 output bat
there are other putputs too. In Fig 23-12 (he com
posite video, coming o pin 5oof the RF Modula-
tor, only takes up one CNH pm: pan 4, At they
connection, vou'can obtam & cobor TV picturs with
syne: thal can be connected Into a composite TV
momtor, withoul speed:for any other signals.

A mamber of other siemals, bowever, come ouf
of CNE and ever one audio input connection. Com-
ing oul of ping I and & are SYNC/LUM and
LCHROMA {akso called COLOR). These two signals
logether comprise 3 composite color TV signal,
They are nesded separately to drve a TV monitor
knowm as 4 Direct Menitor., I vou do aetase a di-
rect monror, these two signals will probably not be
uzed at all,

Prm 3 of CHE recedves the audio oulput From SIE
directly, This signal is used for monibors or for any
zudsy amplficr. The signal iz opure aubo with oo
other sipgnids mixed, While andio s placed into the
RF Modulator box to be placed on the Channe] 3
or 4 carmer, that dudio = oot Lipped off and usied
e CNE, Connector CHE gets andio straight from
Sl into pm 3,

Pin 55 reserved Do an external aodso inpot.
The sudic can-enter CHE pin 5 az anmpot. It then
passes through @ frole bead, FRIL, aver top of 2
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FES

16

CHROAA

FE13

CNA

E-Pin DIk
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Aoy FE14 3
T
FEIS 5
Ext Fizs
Ay
i 100K ———
i1 Pin 26
11 =

Fg. 2312, The AF Modulator otpul phug comas: right cut of the back of tha matal AF box: Coming oul of the side of

the bax are the viden signals o CHE

100K resistor to ground and theough a .1 capacitor
o pim 26 of SID.

Connector CNE winds. up with pin 2 groumded
te the RF MOD case. No commections to pin 7 are
made. Pm & connects 10 +5 volte throogh FBL3

CHNS User Port

This 24-pin uger port 17 apist mto two LE-pincsec-
tionig, one on top and the olher cross the bottom.
The togp pins are numbered 1-12 ad the botton A-
N as seen in Fig. 23-14. The port has a number ol
coditral Bmes connected tott but ome of Qe maim fune-
tions 35 fo atiach @ periphecal to the PH output port
of CIAZ, shownm Fig, £3-9.

304

Eight tnes commecl fom pins C-L o the
PBO-PET ping of the CIAZ, These Lz age for both
mput and output jobs, Two lnes control 2 handshak-
ing operation. They are pms B, =FLAG, and pin M,
FAZ. Pios Aoand N are grounds.

Cn the tog side, pans 1 amd 12 are grousds while:
2 connects too+ S volts. Pins 10 and 11 are the sy=-
e inpot pomts for the 9 volt ac with 3 pogitive
phase and 9 volt ac with a negative phase. They
come from the power supply transformer.

Pin 3% attached to ~EXTRES. the reset cir-
ot This pin is wsually held high. 1F vou force it low
by shorting @t to ground, then the processor will
restart amd reimitiabizs the entire machme, Tios =
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Fig: 2313, Conrectar CHE s an Bpin plog tha cuipuss video
gignal Dl of pin 2 comes & cornposiio colar T signal iha
will driea s TV monitor. Pine 4 and 8 outsat the Ghroma aad
Symciluminancs signals s drivwe @ spacal St monitorn

a good gervice test: The C128 will be restarted bl
if thre t5 any data in memory il shoubd 55l remain
i the computer 18 nperating okay.

Pin & 12 another handshaking contral Tine 1hat
goes to *PC of CIAZ. Pin 7 is the serial port line
thit can transfer daty (o and from pm 39 of CIAZ,
It:2s a valuabie and much yeed IO connection. Mo
fi i8 the Sermi Fort Counter lme-for CTAZ that works
with Pin. 7.

[in 5 ts. the counterpart serial post fne to the
keyboard CIAT. Fin 4 is the Serial Part Counter line
that also goes to CIAL The user port therefore hay
Twor mseful seral porsin its repertoire—aone on esch
ClA,

Fin 9 does not work with the other pms. 1t con-
pects tocthe =*ATHN line of the serinl porl, TNE. It
works with PAT i the PAPAT port rogster, the
other one in CIAZ,

The user port 1% needed mastly 1o bhandle the
U} for modems. The port can do many other jokes
tow. For mstance 1 can perform the O duties in
communicating with another computer.

CN10 RGBI Port

The RGBEI comnector, Fig, 23-15_ s 3 Sopin I
tvpe. RGEI stands for Bed, Grean, Bl and Inten-

CHE

Uz Port
y - 3 &R a8 7 B & 1w 11 12
MO0 nera e
I 8 N0 I o 6 R =
& B G B E F R O3 K L MW

Aar wuew

of

COmipLlar

Fig. 2314 Connectar CHE 5 1he i por. U s numbenad 1-12 an the iop and laSaled A an the besdiam
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aity. This is an 80-column output and handles the
signals the BSE3 penerates, )

Besdes outputting B, G, B and I from pins 3,
4, band B, as Fig. 23-16 shows, CN10 also sends
vut the horizontal syne and vertical syng from ping
8 amd 8. In order ro digplay the TV picturs, CNY
st sUpply six crouits in the RGBE monttor. Thege
cireuits in turn do the followitig.

The three color signals, B, (3 and B drve the
three elediron guns in the color CRT. The Tnben-
sty signal determinis the mtensity of the electron
int the beim that leaves the guns. This determines
the hrightness or lummance on the screen,

Ini the momstor are horzontal and verteal sweep
circurts that produsce the sean Bres on the séreen.
The honzontal syne signal locks the horizontal scan
frequency. The vertical syne signal locks the vert-
il syme frequency. With the proper syne, the diz-
piay Bock with is 2000 character blocks witl 21l he
Iit at the correct places on the soreen:

Fresides the s signals to produce the RGII pc-
ture, CNI0 zlso outputs another separate signal
called Monochrome. This is also an 80-column gig-
nal. It i='a composite monochrome TV signal that
i5 derived from the B, G, B, 1. horizontal syne and
vertical syne developed in the 8563, It emerges from

LED PILOT LIGHT COMNECTOR

=5
d LED
42
s AAA o |3
10

LT F

A3

A =0 t
180 SR
13

Fig. 2317, Gomnectar GN 13 |5 the fille 3-pen LED pilot light
conneslor,

pin 7 and can be used in a compasite TV monitor,
This signal is quite ke the 40-colmmn composite TV

sigial that CNE outpats from pin 4, except that there

15 00 calor compomnsent.
Pins 1 and 2 of the RCBI connector are

grounded. That was the fmal port conectar. CH111

and CNLZ are the inputs for the power supply ac
adapter box. That is covered i the next chapter.
Figure 23-17 s the LED pilot light connector.
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24, The Power Supply

he power supply o the. C128 i shown m Fig,

24-1, Fig. 24-2 and Fig. 24-3. The supply is
found m the acadapler box; Fig. 244, and alsoon
the 126 printhoard. The acadapter, wisch s stmply
s mant version of a cakaulator ac adapter, 5 m the
borx accompanying your 133, Tk has [wo o sec
boos, First is the power transformer part, Fig. 24-1,
I one lesr of the transiormer secondary isa 1.6 amp
fuger, F1, and the ather leg 15 the 4 amp fuse, F3.
Fuse F1 is in U winding that sspplies & 4.6 Vac
to pins 3 and 5 to CN11 on the mde of the computer
case, Fuse T3 protects an LB.Y volt de catput to the
ather vircyits in the power box,

The computer needs the 9.6 Vac and three de
viltages to opecale. The 9.6 Vac s mijected directiy
by CN11 and then inte the computer, The 18.7 Vdco
& ment toos power regudator crcut, Fig, 242, in the
power box, The regulntor circudt converts the 167
Ve tooa well regaiated, heavy duty, « 5Wde thai

powers practicafly every chip in the machme, The
regulator mpects the 5 volls mis pin 1 of CNI1.

Pms 2 and 4 of CN11, Fig. 24-3, are grouncded
Fin 2's grounding is accompanied by shielded wire
aned two 01 capacitors to ground. This grounding
is mside the 128 case and 1= there (o make sure oo
spunous. cscillations fake place and hurt the data
Processimg.

The bwo 3 Vag inputs to the main board dre oyt
of phase with ¢ach other and thus formea potentil
of 16 walis ac, This volage 5 processed and tang
source viltages produced, One gzoan 115 voll de
amd the other an- 109 wolt do source:

Power supply voltages are gimong: the meods
common in the computer. Typically, the machine
simply gocd dead I the spurce voltages are ool
applied. The fuses could blow, rectifiers short,
regulators. open up, the transformer or another
comyponent could atart srookmg. @nd other things.
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AC ADAPTER PLUG

a
HVac
o L)
L]
r 0
Ef‘ﬂgc
O
?

0 +5Y

Fig. 2d4-4. This is the ac adapler pheg coming off of My powar Dox ard cormecung io GH1T, Chhar varsions of this powar

b0 misi.

Aside from the symptoms of smoking, which pro-
vides instant identsfication of the teouble and perhaps
even the bad component, the best way bo chieck out
a defective power supply 15 step-hy-step.

FIRST STEP

When the compater goes dead and you suspect
power supply trouble, the first question is “'which
power section has fmbed, the ac adapter or the print-
board par?™”

Without plugemg the ac adapter into CN1T in
the C128, plug the adspter into the 120 Vi howse
will socket. Noooffcon switch is in the power box
w0 1t comes on when phigged im.

A numbser of dfferent o adaplers come pack-
aged with the C128. Some are polted i epoxy,
Others are easy 1o ook at and test. Whichover one
vou own, they all output the same voltages, 1T you
test their outpets then vou showkd obtaim the {folow-
ing results f the aroots w e box are okay.

Fipure 24-4 shows the layvout of the phug that
mates mio CHIT, With-the keyway at 18 o'clock,
coumting clockwise: jan 4 B at 2 o'clock; pin T at
& o"clock; pin 2 at To'clock; pin 3 at 10 o'cleck; pin
L i the center of them all, Witl 4 vom, place the
poditive probe om pin 1wl the negative on pm 4.

G2

Fin 4 iz pground and pin 1is a2 +5 v-:ﬂmur_m:r.. The
vom should resd + 5.2 volts or pretty close to i
the voltage 15 ckay. 1f the +5 volts is missing, then
the next step 15 covered in the following section. Pm
2 can be ignored—it has no cotmectson.

When the £ 5 volts i present, check the volt-
ape aeToas pms 3 and- 5. You will be testing for on
¢ voltage. About § or 10 volts ac should be pres-
ent. The steps to take when it i3 missmg are -oo-
viersd n the fext sectons.

Fusze Considerations

When the +5 volts 15 pone, thal explaing the
reazon for the dead computer. 1 sour power box
is the type that has the cirooits encased o epoxy,
themn it has been recommended that it i more troo-
bie tham il & worth to pull and hack the cirowits free.
A new power boot costs about $40 and is prohably
the easiest and most practicd schlion.

If your power box = easy tn open and the or-
cuits fairly accessble, hen voo'T see the fuses.
Different boxes have different sme foses bot they
run between 1 and 4 amips i ratings, Test the foses
and if you find 2 bad one, change it with the same
value. Do oot gverfuse 35 that could be dangerous,

Il the + 5 volts is muzsmg thion the fuse % in the



Lrumsiormer secondary winding that prodoces the
1.7 valts il 8650 mA, Tt could be a 3o 4 2mp fuse,
Figure 24-1 shows the secondary corouit for the +5
vt

shoukd the 8 Vac be missing. there 15 another
fuse in the other transiormer secondury wimnding, I
it opens, then the 9 Vac will disappear, Try replac-
g theat fuse. Iteoadd be = smaller value fuse of per-
haps 1 or & amnps.

Chiroes are good that if vou find o bad fose g
ehange o thar the computer could start operating
spain. However, o it does not and the fuse blows
agitin, there is a short i the power mpue circuits
and they must be checked out and ‘dleared before
the fase will stop bowing. Let’s go inside the gower
supply and see how it works 50 we can puzzie oot
now it wiil il A tvpecal C128 power box liss twe
sertinns: the power transfonmer section: and the
power regulagor.

Power Transformer

Figare 24-1 starts. with the ac thres-pronged
polanzed plig -l the Teft, The box circuits are de-
signed Lo draw about 225 mA ot 120 Vae. Note {he
center ne & grounded. The lwo bee lines enter a
ngdse flter. The flter is smaply some capacitors
fcross the three Imes. Typicatly. the copacitors ara
s wath = hgrhe woeking woltage such s 1000 work-
g vilte. These capacitors are there to smoath out
any high frequency noige pubses that mighl enter-the
ek with the-ac Tme mpot voltsge.

The 120 volt ac enters the prmary of T1, the
puwer trnsformer. The two secondary windings are
step-down 1ypes. The top winding has the 1270 Vae
stepped down to 9.6 Yac, The bottom winding has
the voltage stepped dosm to sbout 20 Vac. The Lop
windmg is connected divectly to piivd 3 and 5 of
CN11. The § Vac gains cntrance {o the printhoard
mthat way. The hettom windmg places the 20 Vac
inte a bridee rectifier network,

The four diedes that make up the bridie rect-
fier change the o input into 3 palsating de o,
There are two legs in the bndie, cach with two di-
odes ih senics. The bridge rectifier acts ws a full- wave
rectifier without the need for 4 conter-tapped trans-
fostrmer

The sutma of the bridige i sent into a pair of
JW0 mi¥ filter capacitors; The cagacitors change the
puisatiag de ints i smmooth de with 3 resultant vl
age of T8.7. This waoliage can SRRy up to 560 -mA
af current. The 18.7 Ve is then sent to the second
srction of lhe power box, the Power Begultor.

Power Regulator

The 18,7 Ve &5 going to figally result in +5
volts aller i@ is processed in the regulator cirooit.
In the examplé Gromt 'm using as an ilbsstration,
there are a kot of components that are gomg 1o work
over the 18.7 Vdc. Basically what they mast do js
convert the 18.7 Vide inlo a specific. stable + 5 vilts,
and hold that. + 5 volt level over wide variations of
the Input +18.7 volis or wide vasiatons in th load
the +35volts must supphe. In sther words, the valt-
e must be sirictly regulited. I the ingat line vodt-
age shoadd drogy sognewhat &8 sometimes happens,
or some Carliidee is pligred mto the Expangion Port
andl draws more thin normal currents, then the
regulator must hold that +5 volts steady,

Wit that means is. the circuits are goisg to
sample the output voltage and if # &5 not predsely
the desired +5.2 volts, the atror will he apled,
correcton vilage genermted and the amwount of volt-
age in error will be erased. This results in keeping
Lhe wvaltage at +5.2 volts no matter what.

Withou! going into a long dissertation on resn-
lator theary, the idea m that the Power Regulator
system receives the + 18,7 volts and converts it 1o
A 1 5.2 volts that will work in g trouble-free manner
in the semsitive digital circotts. The +5.2 volls s
mjected mtn CN11 at pin 1, In Fig. 24-3 1 shwrwr pins
4 and 2 a5 heing grounded. 11 is possible that some
power boooes could Teve these ping reversed and oi-
ther or both could be grounded.

When yoo test the ac adapier and find the +5
volts missing, and the 9 Vac is present, chances are
oo theat the regulator circuit has faded. I you have
an epoxy cnceied power supply, then the engiest
Wiy out 18 10 purchase a new relable power box as
mentianed earlier.
the easiest way oot is 1o porchase o new reliahle
powes box as mentenod earier.

Should you be determined to try 1o fix 1, here
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is the procedure. The box s semisealed by the
memulicturer. 1t i possible to tnle oapart bt
chanees of ruinmg it are geod. The first step is, do
ned Ly taking it apart while it is phigged sl 1t does
copnect to 120 Vag which 15 2 duigerous voltage
when plugged n.

With a thin serewdnver you conld gingersy pry
the case agart, You will then encounter a thel op
axy biver: You will kave to break off ue layer, be-
ing careful since the epoxy contams embedded
wiring. The components will be buried beneath the
BRIV

Shiotkd ou be able to safely repair the wirmg
Fiilts, retrace your steps wntil you have the wt back
togetier. Again fet me mention thal the =poxy £n-
e umil was designed as o throwaway and it might
ned be practical or reliable to repar it UniBss o ars
an experienced wircmEn.

If vou own one of the power bosxes that comes
apart easily, &5 shown m Fig, 24-4, theen you tan at-
Lcm]:ll; repairs and if you ean’t fix it, & Commodore

repair shop can.
Power Supply on Main Board

Figure 24-3 hias CN11 in the upper Teft nan
corner. The regulited + 5 wolts enters pan 1and the
0 Vae comes m through pms 3 and 5. The ¢ 5wl
input & bypassed with C98 a 1 capacitor. It con-
tinues theaugh L5 to the power switch, SW1. When
SW i turnsed oo, the voltage counses Of OVET some
flters and a host of small cipacitors such as 2275,
Al's and 1% 1 enters and powers all the +5
volt pomile. Note the ol + 52 volts deops to +5.4
volis dne to wire and ool rosstance. The < 5 volts;
of course, maest Temam well regulated 3l +5 volts.

The U Vae enlers st pine 3 and 5of CN11 and
passes around & 22 mF @ter and through L5, The
fine is also switched by part of SW1. Aftér L5 the
ar i ingerted mto he bodge rectifier CRLE

The bridge changed the & Vac 1o a pulsating de.
The de is then fltered 1o a clean bt unregulated
de by the 1000 m¥ flter. The resultant voltage 1=
a +11.5 volts. Thix voltage is not going to be used
to power chips so strict regulation & not mieded,

A tap is feade at the « 115 Source point. This
vap goes through a poir of senes diodes and thea

4

imto n TR1E regulator, U5 on the printboard, This
regubitor works like the more complex circuit m the
pwer box but is oot a5 critical.

UGS s a good Lest point on the prinkboard. Tis
putput 12 + 119 voles at pin 3. If that vallige is pres-
enl, the entire 8 Vac line & shown to be working
akay. Hoth sides, input at pn 1 and gulput at pin
%ol 159 are heaviy Glteced,

Mote that o tag is made of the 9 Vac to the rght
of 1.5, Thia lme goes to pn 11 of N9, the User
Port. Fnaddition to the kel of CR13 15 2 compamun
4 Vi tap that goes to pin 10 of CN9. This voltage
is used o power the Tmme OF Day pins of the {wo
CIAs. This ac ts the power company's 60 Hy fre-
quency wded 1o bome all elecin: clocks.

POINT BY POINT CHECKOUT

When the computer is dead and the fuse and olf-
ont switeh are ntact; the vem is mecded, First stop
i& af the brulge rectfer, CR13, inputs on the
printboard. There should be 5 Vac present. If the
ac voitage is missing. then work back scruss the
components to pins 3 and Goof CH1L, The compo-
nents are L5-and C95. An open winding m L5, a
shorted power switch, 95 or 3 board shart could
Lilk the corpect volbage,. When the 9 Vae is preseil
i the-input of CR13, check the output, The 8 Vac
15 rectified prd Atered fo the + 17,0 volts, 1018
mssing, then CR13 is-probably defective. It it s
present, then the line checks ot ckay and you fiove
om to the next leg

Check UGS pm 1. 4 +19.4 volts: should be
thers. If it ig-tos, then the two diodes, CRL1 and
UR10, and the fiters Cl104, C105, C101 and C115
become saspects. Test them for faults. When the
voltage on pm 1 16 correct, move Your uchdowe
pent 10 gitn 3, About + 12 voits shoukd be there: [
show the designed voltage of « 11.9 volts an Fig,
24-3. T the voltage t5 missing there, then the primo

- sgspect becomes USS. Another way the voitage

could be iasing is if one of the three Gter capac-
tors is shorted. They are C86, C111 and C116, U
ane-of the theen opens or develops o high resistance
short this voitage could be changed from + 12 volts
1o some other value. Test the capacitors of these is
a Tmssing or wrong valiage and US% proves okiry.



When those toro legs check out olay and the
+3 voits 15 missing on the bojrd, Gretstop is pin
| of CN1L. If the 45 volts is at W11, then all the
companents in the +5volt inpul lne from CK1L o
the chip itiputs are suspect, The input fine congists
of a series coil L3, the senes aff-on switch, part of
5W1 and all the hypass and Alter capacitors shown
m the fine, Especially vulnerabie are C107, a4 100
ml fiter, and C61 a 10 mF. If 1.5 should open or
any of the pacitors shart, the + 5 volts could dis:
(AT

slartmg at pin 1 of CN11. where the valtage is
present, nwove down the kine.and take softage read-
ings of 1he senes componesls. As so0n 55 you pass
a component and the voltage disappeans you have
just crossed over the defect. Don't forget thee of-
on switeh SW1. It has two sections, one m the up.
per log and the sécond m the bottom leg, One see-
ton coubd break open while the other side remains
F T
When the +5 walts 15 missing ot CN11 pin 1,
the trouble 15 indicated 1o be m the power bos. The
first stop-is at the collector, C, of the 5 volt regul
tor npn trangistor, There should be 18,7 volts
there, I thevollzine s missing, then the fuse T3 be-
comes suspect. If the fuse s blown then the bridge
rectifiers have probably shorted and need teplace-
ment. A less likely but possible trouble is 4 shorted
3300 mF fiter’ in that ne.

Another possibilily s the 5 volt regulator brm-
siktor itaelf. If it shorts, it could lall the + 18,7 volt
gt Bemote possiilities are the 5.6 volt Zener
dinde, the silicon controlled rectifier, SCR, the
power Lransformer T1 and the el power ine oo,

When the voltage 15 present at the 5 volt rege-
fator transistor collector, check the voltage a1 the
ematter, E. There should be- about +5.3 volts there,
If it 15 missing, 1hen both of the transistors become
suspects. Either ons or both of them cosld e
defective.

Shoukd the transistors test out viay, the prime
suspect then becomed MEITEY, the Regmiator Pulse
Width Modulator. The correct voliages ate shown

Tabby 24-1. MBIT59 DC Voltages.

Aaguiafor Pulse Width Modulator
MEITSS D Voltages
Py DG Voltage
L] 2.4
z 26
¥ an
4 D&
& 1B
B 36
T =
E 133
o i
1 =
11 133
T 18.7
13
14 a
15 5.2
18 5.2

on the schematsc. I they check out mcorrectly, then
first test the components off 1he pin with the WO
voltage on it. If the components are okay, then
chances are gond that the MB3758 is defective and
needs replacement {see Table 24-1).

Should all of the above test okay and this volt-
#Re i correct on the emilter of the fegulator tran-
sistor, then the rest of the components between the
efmitler and the cutpul pio to pin 1 of CN11 become
auspect. If L2 or L3 should open ap, this comdition
would ocour. i one or bath of the two dicdes ha.
neath L2 should short, 1t wrould kil the viltage,
Shoubd the 4700 mb or 220 mF fter short, that oe-
ourrence would mike the voltage disappear,

Power supply troubdes are the mosl common
that happen to computers, They are also the easi-
est 0 fol The ac and de vidtiages can be tested from
thet input pins to any destmation. 1 you start a2 an
input pin and the voltage is there, then v cin check
aut the entire line by followmg it and crossimg over
component by ¢omponent. I the voltage suddenly
dEappeass, then vou have ust passed over the
dlefec,

405



Appendix

TROUBLESHOOTING & REFAIRING THE Ci28

U Mumber Ganaric Humber

Main Board (11 shests)

Gihvan Name

Master Schomatic

(841
Uz
Lz
L4
LS
LI

BS2E
A0RER
L5130
BLIE
H541
asng
B
FALSOE
TAF3Z
IED
BTZE
TALS3TI
TaLE244
TaLEIST
FaLs3sT
TdLE{4
TALEIT
E0055-01
2016
0GR
B5A

Complex Intarfaca Adaptar
Qusd Bilmeral Swilch
1-p1-8 Dlacodar

Cioeplay infaripce Adapter
Sound {merece Chip
Microprocissar

Mamoey Managamant Linil
Cnd 2-Inpist A0 Gata
Cuad 2-npul OF Gata
WiCroprDoEssed
Programmed Logic Amay

‘Octad J-Grake D Latch

Ot 2-Bxate Deivar
Dripd rput Motiplexas
(g F-Input Muhiplexes
M Schimil] Triggar
Ootal 38t D laich
Characier BOM

Cofor Ral

Jund Bllaieral Swich
Wide Interince Chip

2
2
11

I
-t

[Tl - - -




Lizs
Li2e
Uzr
&g

U3
L
LiEg
L

Lay
Liag.LIEY
L%
55

Ly
LES
LS
LI
LIg1

B5A3
1416
TALS 244
g
TAESI5T
H56
BT
T40E
TADE
TALBOO
25101301
FB016.02
FB0GR
B0

T4l
A164
TALSI2
THF2AG
TALSTY
7407
TALS0Y
THA
a7
F4L 503
THEL 5244
TA0E

Vides Conlroliee

HAM

D0 5 Stwte Drfear
OFAM

Ciad 2-nma Multipleses
Tiresr

Tk

Hpx Imvenier BuBler

Har Irvgrier Bufler
Qead Z-input MAND Gatn
Read Cnky Marndry

Read Onty Memory
Readl Only Mamory
Fead Only Mamory
Emply Sockal for Fonclional
AOM

Haox nwartar Buifar
DIRARM

Cund Z-npat OF Gate
TranscRyar

Dumi| [ Flip-Fiop

Yo Bt

Qigad 24npul MAND Gate
12 Vol Regulatar

Hex Bullar

Cuad 2:npaut AND Gate
Ol 3-State Dover

Hox Immrter Bufler

13
0
1
10
¥
7
)
78,1011
ST 8

T T
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POWER SUPPLY OMN MAIN BOARD
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