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INTRODUCTION

What is this manual?

The Apple II / Apple II-Plus Level II Service Reference Manual is a compendium of 
notes, diagrams and instructions for diagnosing and repairing the Apple II and 
Apple Il-Plus computer systems. This is an internal document written by Apple 
Computer's service department for use by Apple's internal Level II service personel.

Facts about this manual

Author:

Apple Computer Inc

Document dates of record:

1981

Owner:

Organization: DigiBarn Computer Museum (www.digibarn.com)
Curator: Bruce Darner (http://www.damer.com/)

This digital rendition of this document is available for non-commercial, educational 
and research purposes with the requirement to provide attribution and share-alike 
under the Creative Commons license provided on page 4.

All other uses require the agreement of the DigiBarn Computer Museum (contact 
through www.digibarn.com).
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PROPERTY STATEMENT

This document is the property of the DigiBarn Computer Museum which is offering it 
under the following Creative Commons License found on page 4.

Under the terms of this license you must credit the DigiBarn Computer Museum and 
Apple Computer, Inc. if whole or part of this document is used for non-commerical, 
educational or research purposes. All other uses require the agreement of the 
DigiBarn Computer Museum (contact through www.digibarn.com).
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C O M MONS D E E I)

Attribution - Non Commercial - No Derivative Works 2.5

You are free: 

* to copy, distribute, display, and perform the work

Under the following conditions:

Attribution.
You must attribute the work in the manner specified by the author

*

You may not use this work for commercial purposes.

No Derivative Works.
You may not alter, transform, or build upon this work.

For any reuse or distribution, you must make clear to others the license 
terms of this work.

* Any of these conditions can be waived if you get permission from the 
copyright holder.

Your fair use and other rights are in no way affected by the above.

This is a human-readable summary of the Legal Code.

(This page is not part of the original document)
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Disclaimer

The Commons Deed Is not a license. It Is simply a handy reference for 
understanding the Legal Code (the full license) — it is a human-readable expression 
of some of Its key terms. Think of it as the user-friendly interface to the Legal Code 
beneath. This Deed itself has no legal value, and its contents do not appear in the 
actual license.

Creative Commons is not a law firm and does not provide legal services. 
Distributing of, displaying of, or linking to this Commons Deed does not create an 
attorney-client relationship.

(This page is not part of the original document)
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APPLE II SERVICE REFERENCE MANUAL

This is a Service Reference’Manual which describes the Apple II and Apple II 
Plus Computers, manufactured by Apple Computer Inc* This manual contains 
a general description of the Apple II followed by theory of- operation, 
troubleshooting guides and spare parts information which will enable the 
techician: at a Level II Service Center to repair these compute##* This 
Manual Is aim at component level maintenance.

This Manual only covers the Computers. It does not include videos, disk 
drives, peripheral devices, or interface cards. At the diid of this manual 
is an appendix containing IC maps and specifications, ROM listings, spare 
part information, and removal and replacement proceduresThere are sections 
on the System Monitor, the input/output devices and their operatipnj the 
internal organization of memory and input/output devices, and the actual 
electronic design of the Apple itself.

The real secret to this manual is using a scope, as signals- are described 
they can be observed as well, thus speeding up learning. It is suggested 
that* an open Apple II" be created using a logic board, keyboard, power 
supply and monitor. I hope you will enjoy and learn from this manual as 
I have.

THE IS A ROUGH DRAFT PRE-RELEASE VERSION OF THE MANUAL. WE FELT THAT THE 
INFORMATION CONTAINED IN THIS MANUAL WAS VITAL TO THE LEVEL II SERVICE 
CENTERS. THAT IS THE REASON FOR THE EARLY RELEASE. I AM WORKING ON 
IMPROVEMENTS TO THE MANUAL, MORE FIGURES, BLOCK DIAGRAMS, AND UP-TO-DATE 
INFORMATION INCLUDING A RFI SECTION. I WOULD LIKE TO ENCOURAGE COMMENTS, 
OR IF YOU HAVE INFORMATION WHICH YOU FEEL WOULD BE VITAL TO THIS MANUAL 
PLEASE SEND THEM TO CAROL JINKS 10260 BANDLEY DR. MAIL STOP 41 CUPERTINO, 
CALIFORNIA OR PHONE 408-973-2850.

THANK YOU IN ADVANCE FOR YOUR COOPERATION.
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APPLE II (PLUS)

PERSONAL COMPUTER SYSTEMS

General Description:

The Apple II and Apple II Plus systems, are composed of a CPU or central 
processing unit, RAM or random access memory, power supply, keyboard, video 
display and auxiliary I/O (input/output). This last category is made up of 
the game I/O, with the game paddles, buttons and annunciators. Sound output 
is generated by a built-in speaker. Programs and data may be saved and 
retrieved by means of the disk and cassette interface. Here a standard audio 
cassette tape recorder or Apple Disk II can be used. The Apple communicates 
with the outside world through 8 (50 pin) plugs or slots located along the 
rear edge of the system. This forms the nucleus of a Microcomputer system.

*************** ************** ****************

* * * *
* INPUT *********> CPU i***** **** OUTPUT *
* * * *
*************** **************

*
*

****************

*************** *************** '****************

* * k * * *

* AUXILIARY * * MEMORY * * POWER SUPPLY *

* I/O * * * * *
* * ****************

The Apple CPU or central processing unit is the 6502 Microprocessor. 
This LSI (Large-Scale Integration) Circuit gives the system control and 
processing ability. It moves character and numberic data around within the 
system and performs mathematic computations at microsecond speeds.

The instructions or software that controls the 6502 are located in the 
system memory. This memory is actually made up of small ICs of two distinct 
types, ROM and RAM. The RAM or random access memory contains the variable 
instructions and information. These memory locations can be changed at will 
by the 6502 and may be constantly updated. Another form of memory contained 
in the Apple is ROM. This memory is permanently recorded and may not be 
altered. It is read only memory, thus the designation ROM. When we are 
dealing with the Apple II or Apple II Plus, we can tell the two models apart 
by checking to see if the Integer Basic ROMs are present (making it an Apple II) 
or the Applesoft II Basic ROMs are present (making it an Apple II Plus).

The whole system is powered by a Switching Power Supply. This module 
supplies the 4 voltages necessary to run the Apple. They are:

Input
107 to 132 VAC or
214 to 264 VAC
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Line frequency is not important.

Output
+5 Volts at 2.5 amps
-5 Volts at 500 ma
+12 Volts at 1.5 amps (~2.5 amps intermittent) 
-12 Volts at 500 ma

In order to get information into the Apple we need the keyboard. This 
device is composed of 52 keys (switches) that generate all of the ASCII 
Characters. ASCII is the character code that the Apple understands. It 
stands for American Standard Code for Information Interchange. Any device 
that might be attached to the Apple must use this code. The Keyboard allows 
the user to talk to the Apple and issue commands to it. There are other 
forms of Input devices, that will be covered later.

Now that we have a means of getting information into the Apple, we need 
a way to get information and responses out. This output is generally in the 
form‘of video information sent to a video monitor or TV set. In the video 
mode we can present data in three different formats:

A. Text (40 characters by 24 lines)

B. Low Resolution Graphics (40 by 40 or 40 by 48 cell matrix)

C. High Resolution Graphics (280 by 162 or 280 by 192 cell matrix)

■When the Apple wishes to output data to the user, it presents that data 
in a video format. The video signal generated by the Apple is similar, but 
not quite the same as NTSC. It has a horizontal scan rate of 15 KHZ with 262 
horizontal scan lines. It is non-interlaced with 1 field per frame and 192 
active horizontal scan lines verticle. The total screen time is 65 
microseconds horizontal time with 40 miicroseconds active. It will work with 
almost every NTSC type video monitor or TV set.

The Apple has some additional I/O devices, such as the Game Paddles, 
Annunciators, Speaker, and Tape Cassette Jacks. The Game Paddles 
allow the user to provide a form of analog input to programs running on the 
Apple. Buttons are provided on the paddles for momentary contact switches 
that can be read by the Apple. The Apple may indicate to the user 
electrically that a condition is on or off, by turning the Annunciators on or 
off. If the Apple wishes to signal or interact audibly with the user, it can 
use it's built in miniature speaker. Music and voice can be generated here. 
Lastly programs and data may be recorded and played back, by means of the 
Tape Cassette Ports. Data in a binary form is recorded on the tape using 
audio tones to represent Is and 0s.

All of these are built in and included with the Apple II or Apple II 
Plus systems. The user need only add a video monitor and cassette recorder 
or disk drive to have a complete basic system. Other flexabilities are 
available by adding additional modules to the 8 (50 pin) plugs or slots on 
the rear edge of the Apple II system.
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ROM

ROM CARD
AAAAAAAA 

A A

AAAAAAAA 

A A

A A AAAAAA

A A
AAAAAAAA

A A

AAAAAAAA

A A

********
* *

APPLESOFT * F8 * * F0 * * E8 * * EO * * D8 * * DO *
BASIC $41-0020$

AAA AAAAA
$41-001$
AAAAAAAA

$41-001Z$
AAAAAAAA

$541-001$
AAAAAAAA

$41-001?
AAAAAAAA

$541-001$ ;
AAAAAAAA

F800 F000 E800 EOOO D800 D000

AUTO ADDT C C* A ZT TT EASIC -----------Al 1 LL«o\Jf X LX

BOOT ROM ROM SET

AAAAAAAA AAAAAAAA ******** AAAAAAAA ******** AAAAAAAA
ROM CARD A A A A A A * * * * * *

INTEGER * F8 * * FO * * E8 * * EO * * D8 * * DO *
BASIC *41-0002*

AAAAAAAA
^41-000f
AAAAAAAA

* * 
empty s***r*y**

*341-00$6
********

F800 FOOO E800 EOOO D800 DOOO

’ OLD - INTEGER BASIC - EMPTY PROGRAMMER'S
F8 ROM SET POSITION AID ROM
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SCREEN FORMAT

Three different kinds of information can be shown on the video display to 
which your Apple is connected:

1) . Text. The Apple can display 24 lines of numbers, special symbols, and 
upper case letters with 40 of these characters on each line. These characters 
are formed in a dot matrix 7 dots high and 5 dots wide. There is a one-
dot wide space on either side of the character and a one-dot high space above 
each line.

2) . Low-Resolution Graphics. The Apple can present 1,920 colored squares in 
an array 40 blocks wide and 48 blocks high. The color of each block can be 
selected from a set of sixteen different colors. There is no space between 
blocks, so that any two adjacent blocks of the same color look like a single, 
larger block.

3) . High-Resolution Graphics. The Apple can also display colored dots on a 
matric 280 dots wide and 192 dots high. The dots are the same size as the 
dots which make up the Text characters. There are six colors available in the 
High-Resolution Graphics mode: black, white, red, blue, green, and violet. 
For Apples with Revision 0 boards, there are four colors: black, white, green 
and violet. Each dot on the screen can be either black, white, or a color, 
although not all colors are available for every dot.

When the Apple is displaying a particular type of information on the screen, 
it is said to be in that paricular "mode". Thus, if you see words and numbers 
on the screen, you can reasonably be assured that your Apple is in Text mode. 
Similarly, if you see a screen full of multicolored blocks, your computer is 
probably in Low-Resolution Graphics mode. You can also have a fourline 
"caption" of text at the bottom of either type of graphics screen. These four 
lines replace the lower 8 rows of blocks in Low-Resolution Graphics, leaving a 
40 by 40 array. In High-Resolution Graphics, they replace the bottom 32 rows 
of dots, leaving a 280 by 160 matrix. You can use these "mixed modes" to 
display text and graphics simultaneously, but there is no way to display both 
graphics modes at the same time.

SCREEN MEMORY

The video display uses information in the system's RAM memory to generate its 
display. The value of a single memory location controls the appearence of a 
certain, fixed object on the screen. This object can be a character, two 
stacked colored blocks or a line of seven dots. In Text and Low-Resolution 
Graphics mode, an area of memory containing 1,024 locations is used as the 
source of the screen information. Test and Low-Resolution Graphics share 
this memory area. High-Resolution Graphics mode, a seperate, larger area 
(8,192 locations) is needed because of the greater amount of information 
which is being displayed. These areas of memory are usually called "pages". 
The area reserved for High-Resolution Graphics is sometimes called the 
"picture buffer" because it is commonly used to store a picture or drawing.

Distributed under the Creative Commons License on page 4 | Page 0017 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

SCREEN PAGES

There are actually two areas from which each mode can draw its information. 
The first area is called the "primary pages" or "Page 1". The second area is 
called the "secondary page" or "page 2" and is an area of the same size 
immediately following the first area. The secondary page is useful for 
storing pictures or text which you want to be able to display instantly. A 
program can use the two pages too perform animation by drawing on one page 
while displaying the other and suddenly flipping pages.

Text and Low-Resolution Graphics share the same memory range for the 
secondary page, just as they share the same range for the primary page.
Both mixed modes which were described above are also available on the 
secondary page, but there is no way to mix the two pages on the same screen.

SCREEN SWITCHES

The devices which decide between the various modes, pages, and mixes are 
called "soft switches". They are switches because they have two positions 
(for example: on or off, text or graphics) and they are called "soft" 
because they are controlled by the software of the computer. A program can 
"throw" a switch by referencing the special memory location for that switch. 
The data which are read from or written to the location are irrelevant; it is 
the reference to the address of the location which throws the switch.

There are eight special memory locations which control the setting of the 
soft switches for the screen. They are set up in pairs; when you reference 
one location of the pair you turn its corresponding mode "on" 
companion mode "off". The pairs are:

Table 5: Screen Soft Switches
Location: 
Hex Decimal Description:

SC050 
SC051

49232
49233

-16304 
-16303

Display a GRAPHICS mode. 
Display TEXT mode.

SC052
SC053

49234
49235

-16302 
-16301

Display all TEXT or GRAPHICS. 
Mix TEXT and a GRAPHICS mode.’

SC054
SC055

49236
49237

-16300
-16299

Display the Primary page (Page 1). 
Display the Secondary page (Page 2).

SC056
SC057

49238
49239

-16298
-16297

Display LO-RES GRAPHICS mode.*
Display HI-RES GRAPHICS mode.’

There are ten distinct combinations of these switches:

Table 6: Screen Mode Combinations
Primary Page Secondary Page

Screen Switches Screen Switches
All Text SC054 SC051 All Text SC055 SC051
All Lo-Res SC054 SC056 All Lo-Res SC055 SC056
Graphics SC052 SC050 Graphics SC052 SC050
All Hi-Res SC054 SC057 All Hi-Res SC055 SC057
Graphics SC052 SC050 Graphics SC052 SC050
Mixed Text SC054 SC056 Mixed Text SC055 SC056
and Lo-Res SC053 SC050 and Lo-Res SC053 SC050
Mixed Text SC054 SC057 Mixed Text SC055 SC057
and Hi-Res SC053 SC050 and Hi-Res SC053 SC050
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TEXT MODE

In the Text mode, the Apple can display 24 lines of characters with up to 
40 characters on each line. Each character on the screen represents the 
contents of one memory location from the memory range of the page being 
displayed. The character set includes the 26 upper-case letters, the 10 
digits, and 28 special characters for a total of 64 characters. The 
characters are formed on a dot matrix 5 dots wide and 7 dots high. There 
is a one-dot wide space on both sides of each character to seperate adjacent 
lines. The characters are normally formed with white dots on a dark back­
ground; however, each character on the screen can also be displayed using 
dark dots on a white background or alternating between the two to produce 
a flashing character. When the Video Display is in Text mode, the video 
circuitry in the Apple turns off the color burst signal to the television 
monitor, giving you a clearer black-and-white display. (This feature is not 
present on the Revision 0 board).

The area of memory which is used for the primary text page starts at location 
number 1024 and extends to location number 2047. The secondary screen begins 
at location number 2048 and extends up to location 3071. In machine language, 
the primary page is from hexadecimal address $400 to address $7FF; the 
secondary page is from $800 to $BFF. Each of these pages is 1,024 bytes long. 
Those of you intrepid enough to do the multiplication will realize that there 
are only 960 characters displayed on the screen. The remaining 64 bytes in 
each page which are not displaced on the screen are used as temporary storage 
locations by programs stored on PROM on Apple Intelligent Interface peripheral 
boards.

Photo 6 shows the sixty-four characters available on the Apple’s screen.
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$400 
$480 
$500 
$580 
$600 
$680 
$700 
$780 
$428 
$4A8 
$528 
$5A8 
$628 
$6A8 
$728 
$7A8 
$450 
$4D0 
$550 
$5D0 
$650 
$6D0 
$750 
$7D0

Table 7. ASCII Screen Character Set
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THE LOW-RESOLUTION GRAPHICS (LO-RES) MODE

In the Low-Resolution Graphics mode, the Apple presents the contents of the 
same 1,024 locations of memory as is on the Text mode, but in a different 
format. In this mode, each byte of memory is displayed not as an ASCII 
character, but as two colored blocks, stacked one atop the other. The screen 
can show an array of blocks 40 wide and 48 high. Each block can be any of 
sixteen colors. On a black-and-white television set, The colors appear as 
patterns of grey and white dots.

Since each byte in the page of memory for Low-Resolution Graphics represents 
two blocks on the screen, stacked vertically, each byte is divided into two 
equal sections, called (appropriately enough) "nybbles". Each nybble can 
hold a value from zero to 15. The value which is in the lower nybble of the 
byte determines the color for the upper block of that byte on the screen, and 
the value which is in the upper nybble determines the color for the lower 
block on the screen, and the value which is in the upper nybble determines 
the color for the lower block on the screen. The colors are numbered zero to 
15, see table 8.

Colors may vary from television to television, particularly on those without 
hue controls. You can adjust the tint of the colors by adjusting the COLOR 
TRIM control on the right edge of the apple board.

So, a byte containing the hexadecimal value $D8 would appear on the screen as 
a brown block on top of a yellow block. Using decimal arithmetic, the color 
of the lower block is determined by the remainder.

Figure 2 is a map of the Apple's display in Low-Resolution Graphics mode, 
with the memory location addresses for each block on the screen.

Since the Low-Resolution Graphics screen displays the same area in memory as 
is used for the Text screen, interesting things happen if you switch between 
the Text and Low-Resolution Graphics modes. For example, if the screen is in 
the Low-Resolution Graphics mode and is full of colored blocks, and then the 
TEXT/GRAPHICS screen switch is thrown to the Text mode, the screen will be 
filled with seemingly random text characters, sometimes inverse or flashing. 
Similarly, a screen full of test when viewed in Low-Resolution Graphics mode 
appears as long horizontal grey, pink, green or yellow bars separated by 
randomly colored blocks.

Decimal Hex Color Decimal Hex Color
Table 8: Low-Resolution Graphics Colors

0 $0 Black 8 $8 Brown
1 $1 Magenta 9 $9 Orange
2 $2 Dark Blue 10 SA Grey 2
3 S3 Purple 11 SB Pink
4 $4 Dark Green 12 SC Light Green
5 $5 Grey 1 13 SD Yellow
6 $6 Medium Blue 14 $E Aquamarine
7 S7 Light Blue 15 $F White

H L\J
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THE HIGH-RESOLUTION GRAPHICS (HI-RES) MODE

The Apple has a second type of graphics display, called High-Resolution 
Graphics ("HIRES"). When your Apple is in the High-Resolution Graphics 
mode, it can display 53,760 dots in a matrix 280 dots wide and 192 dots 
high. The screen can display black, white, violet, green, red, and blue 
dots, although there are some limitations concerning the color of individual 
dots.

The High-Resolution Graphics mode takes its data from an 8,192-byte area of 
memory , usually called a "picture buffer". There are two separate picture 
buffers: one for the primary page and one for the secondary page. Both of 
these buffers are independent of and separate from the memory areas used for 
Text and Low-Resolution Graphics. The primary page picture buffer for the 
High-Resolution Graphics mode begins at memory location number 8192 and 
extends up to location number 16383; the secondary page picture buffer 
follows on the heels of the first at memory location number 16384, extending 
up to location number 24575. For those of you with sixteen fingers, the 
primary page resides from $2000 to $3FFF and the secondary page follows in 
succession at $4000 to $5FFF. If your Apple is equipped with 16k (16,384 
bytes) or less of memory, then the secondary page is inaccessible to you; 
if its memory size is less than 16k, then the entire High-Resolution Graphics 
mode is unavailable to you.

Each dot on the screen represents one bit from the picture buffer. Seven of 
the eight bits in each byte are displayed on the screen, with the remaining 
bit used to select the colors of the dots in that byte. Forty bytes are 
displayed on each line of the screen. The least significant bit (first bit) 
of the first byte in the line is displayed on the left edge of the screen, 
followed by the second bit, then the third, etc. The most significant 
(eight) bit is not displayed. Then follows the first bit of the next byte, 
and so on. A total of 280 dots are displayed on each of the 192 lines of the 
screen.

On a blank-and white-monitor or TV set, the dots whose corresponding bits are 
"On" (or equal to 1) appear white; the dots whose corresponding bits are 
"off" or (equal to 0) appear black. On a color monitor or TV, it is not so 
simple. If a bit is "OFF", its corresponding dot will always be black. If 
a bit is "ON" however, its color will depend upon the position of that dot on 
the screen. If the dot is in the leftmost column on the screen, called 
"column 0", or in any even-numbered column, then it will appear violet. If 
the dot is in the rightmost column (column 279) or any odd-numbered column 
then it will appear green. If two dots are placed side-by-side, they will 
both appear white. If the undisplayed bit of a byte is turned on, then the 
colors blue and red are substituted for violet and green, respectively. 
Thus, there are six colors available in the High-Resoltion Graphics mode, 
subject to the following limitations:

1) Dots in even columns must be black, violet, or blue.

2) Dots in odd columns must be black, green, or red.

3) Each byte must be either a violet/green byte or a blue/red byte. It is 
not possible to mix green and blue, violet and blue, or violet and red in the 
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same byte.

4) Two colored dots side by side always appear white, even if they are 
different bytes.

5) On European-modified Apples, these rules apply but the colors generated 
in the High-Resolution Graphics mode may differ.

Figure 3 shows the Apple's display screen in High-Resolution Graphics mode 
with the memory addresses of each line on the screen.

$2000 
$2080 
$2100 
$2180 
$2200 
$2280 
$2300 
$2380 
$2028 
$20A8 
$2128 
$21A8 
$2228 
$22A8 
$2328 
$23 A 8 
$2050 
$201)0 
$2150 
$21D0 
$2250 
$221)0 
$2350 
$23 D0

SIMM 
SMM 

S0C00 
SHIM

Huiirr I, Mop of | Ik< 11 lull* 11 eiol ill Ion Gruplilci Hcrvun
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EURAPPLE (50 HZ) MODIFICATION

APPLE Il's can be modified to generate a video signal compatible with the 
CCIR standard used in many European countries. To make this modification, 
just cut the two X-shaped pads on the right edge of the board about nine 
inches from the back of the board, and solder together the three 0-shaped 
pads in the same locations(See photo 5). You can then connect the video 
connector of your Apple to a European standard closed-circuit black-and-white 
or color video monitor. If you wish, you can obtain a "Eurocolor" encoder to 
convert the video signal into a PAL or SECAM standard color television signal 
suitable for use with any European television receiver. The encoder is a 
small printed circuit board which plugs into the rightmost peripheral slot 
(slot 7) in the Apple and connects to the single video output pin.

THE EUROPEAN MODIFICATION IS NOT COMPLETE AND WE DO NOT SUPPORT OR RECOMMEND 
MODIFICATION OF APPLES FOR EUROPEAN TELEVISION SIGNALS.
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THE KEYBOARD

The Apple Keyboard

Number of Keys: 52

Coding: Upper Case ASCII

Number of codes: 91

Output: Seven bits, plus strobe

Power requirements: + 5v at 120mA 
— 12v at 50mA

Rollover: 2 key

Special keys: CTRL 
ESC 
RESET 
REPT

Memory mapped locations: Hex Decimal
Data SC000 49152 -16384
Clear SC010 49168 -16368

“Photo” 3. The Apple Keyboard.
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KEYBOARD

Theory of Operation

The APPLE 11 has a built-in 52-key typewriter-like which communications 
using the American Standard Code for Information Interchange (ASCII)*. 
Ninety-one of the 96 upper-case ASCII characters can be generated directly 
by the keyboard. Table 2 shows the keys on the keyboard and their 
associated ASCII codes. Photo 3 is a diagram of the keyboard.

The keyboard is electrically connected to the main circuit board by a 16- 
conductor cable with plugs at each end that plug into standard integated 
circuit sockets. One end of this cable is connected to the keyboard, the 
other end plugs into the APPLE board's keyboard connector, near the very 
front edge of the board, under the keyboard itself. The electrical 
specifications for this connector are given in Chapter 2.

The keyboard sends seven bits of information which together form one 
character. These seven bits, along with another signal which indicates 
when a key has been pressed, are available to most programs as the 
contents of a memory location. Programs can read the current state of the 
keyboard by reading the contents of this location. When you press a key 
on the keyboard, the value in the location becomes 128 or greater, and the 
particular value it assumes is the numeric code for the character which 
was typed. Table 3 shows the ASCII characters and their associated numeric 
codes. The location will hold this one value until you press another key, 
or until your program tells the memory location to forget the character 
it's holding.

Once your program has accepted and understood a keypress, it should tell 
the keyboard's memory location to "release" the character it is holding 
and prepare to receive a new one. Your program can do this by referencing 
another memory location. When you reference this other location, the 
value contained in the first location will drop below 128. This value 
will stay low until you press another key. This action is called "clearing 
the keyboard strobe". Your program can either read or write to the special 
memory location; the data which are written to or read from that location 
are irrelevant. It is the mere reference to the location which clears the 
keyboard strobe. Once you have cleared the keyboard strobe, you can still 
recover the code for the key which was last pressed by adding 128 
(hexadecimal $80) to the value in the keyboard location.

Table 11 shows the special memory locations used by the keyboard:

The RESET key at the upper right-hand corner does not generate an ASCII 
code, but instead is directly connected to the microprocessor. When this 
key is pressed, all processing stops. When the key is released, the 
computer starts a reset cycle.

When you turn your APPLE'S power switch ON or press and release the RESET 
key, the APPLE'S 6502 microprocessor initiates a RESET cycle. It begins 
by jumping into a subroutine in the APPLE'S Monitor ROM. In the two different 
versions of the ROM, the Monitor ROM and the Autostart ROM, the RESET cycle 
does very different things. jf)) "TD I"? fTTimn n z—x
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The CTRL and SHIFT keys generate no codes by themselves, but only alter 
the codes produced by other keys.

The REPT key, If pressed alone, produces a duplicate of the last code that 
was generated. If you press and hold down the REPT key while you are holding 
down a character key, it will act as if you were pressing that key repeatedly 
at a rate of 10 presses each second. This repetition will cease when you 
release either the character key or REPT.

The ESC key, when pressed causes the APPLE'S input subroutines to go into an 
escape mode. In this mode, eleven keys have separate meanings, called 
"escape codes". When you press one of these eleven keys, the APPLE will 
perform the function associated with that key. After it has performed the 
function, The APPLE will either continue or terminate escape mode, depending 
upon which escape code was performed. If you press any key in escape mode 
which is not an escape code, then that keypress will be ignored and escape 
mode will be terminated. The APPLE recognizes eleven escape codes, eight 
of which are pure cursor moves, which simply move the cursor without 
altering the screen or the input line, and three of which are screen clear 
codes, which simply blank part or all of the screen.

The backspace key <------- when pressed moves the cursor over the printed
text and deletes unwanted chars. This is extremely useful when correcting 
a typographical error.

The RETYPE key -------> when pressed has the same effect as typing the character
which is under the cursor. This is extremely useful for re-entering the 
remainder of a line which you have backspaced over to correct a typographical 
error.

Table 2: Keys and Their Associated ASCII Codes
Key Alone CTRL SHIFT Both Key Alone CTRL SHIFT Both

space SAB SAB $A0 SAB RETURN S8D $8D S8D S8D
0 SBB SBB SBB SBB G $C7 $87 SC7 $87

1! SB1 $B1 SAI SAI H SC8 $88 SC8 $88
2’ $B2 SB2 SA2 $A2 I SC9 $89 SC9 $89

3# $B3 SB3 $A3 $A3 J SCA $8 A SCA S8A
4$ $B4 SB4 SA4 $A4 K SCB S8B SCB $8B

5% $B5 SB5 SAS SA5 L see S8C $CC $8C
6& SB6 SB6 $A6 SA6 M $CD S8D $DD S9D
7 SB7 SB7 SA7 SA7 N" SCE S8E SDE S9E
8( SB8 SB8 SA8 $A8 0 SCF S8F SCF S8F
9) $B9 SB9 SA9 SA9 P@ $D0 $90 $C0 $80

SBA SBA SAA SAA Q SD1 $91 $D1 $91
; + SBB SBB SAB SAB R SD2 $92 $D2 $92
,< SAC SAC SBC SBC S SD3 $93 $D3 $93
-- SAD SAD SBD SBD T SD4 $94 $D4 $94

> SAE SAE SBE SBE U $D5 $95 $D5 $95
/? $AF SAF SBF SBF V SD6 $96 SD6 $96
A $C1 $81 $C1 $81 W SD7 $97 SD7 $97
B SC2 $82 SC2 $82 X SD8 $98 $D8 $98
C SC3 S83 SC3 $83 Y $D9 $99 $D9 $99
D SC4 $84 SC4 $84 Z SDA S9A SDA S9A
E $C5 $85 SC5 S85 —• 'S88F- $88 $88 $88
F SC6 $86 SC6 $86 — ' $95- $95 $95 $95

ESC S9B $9B S9B S9B

All codes are given in hexadecimal. To find the decimal equivalents, use Table 3.
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Table 3: The ASCII Character Set
128 144160176192
$80 S90 SA0 SB0 SC0
----------------’ 0 @

Decimal*.
Hex:

0 $0 nul die
i

1 $1 soh del
2 S2 stx dc2
3 $3 etx dc3 #
4 $4 eot dc4 S
5 S5 enq nak %
6 S6 ack syn &

7 S7 be! etb
8 S8 bs can (
9 $9 ht em )
10 SA If sub •

11 SB vt esc +

12 SC ff fs
13 SD cr gs ~~

14 SE so rs •11L
SF si us I

208 224 240
SD0 SE0 SF0 
“P

Table 1: Keyboard Special Locations----------

Location; Description
Hex Decimal ---------.-------

1 c

"crcWM 49152 -16384 Keyboard Data ...
SC010 49168 -16368 Clear Keyboard Suube
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KEYBOARD VARITIES

The first Apple keyboard was built by Datanetics, assembly number 01-0425. 
The built-in keyboard was built around a MM5740 monolithic keyboard decoder 
ROM. The inputs to this Rom, on pins 4 through 12 and 22 through 31, are 
connected to the matrix of keyswitches on the keyboard. The outputs of this 
Rom are buffered by a 7404 and are connected to the Apple's Keyboard 
Connector.

The keyboard decoder rapidly scans through the array of keys on the keyboard, 
looking for one which is pressed. This scanning action is controlled by the 
free-running oscillator made up of three sections of a 7400 at keyboard 
location U4. The speed of this oscillation is controlled by C6, R6, and 
R7 on the keyboard's printed -circuit board. This keyboard is 
non-serivable.

The second Apple keyboard was also built by Datanetics, assembly number 
01-0551-0. The keyboard comes with a redesigned keyboard made up of two 
parts, mechanical assembly (power light and 52 key switch matrix), and 
encoder board (contains all electronic components). This style uses the same 
key switch that was used on the old style keyboard (Assembly #01-0425). The 
replacement procedure for this key switch is found in Appendix D.

The third Apple keyboard was built by the keyboard Company which is located 
in Garden Grove, California. This style uses a new key switch whose 
replacement procedure is described in Appendix D. This style does not 
require the aluminum bracket stand-offs. This keyboard is refered to as an 
ALPS switchable with low profile or sculpured key caps. It also contains an 
encoder board seperate from the mechanical assembly.

The fourth Apple keyboard was also built by the Keyboard Company. This 
keyboard is described as a bucket keyboard. It also is a two piece keyboard 
with a detachable encoder board and a non—repairable mechanical assembly. 
This keyboard offers two types of keycaps low profile and sculpured.

All the keyboards described above use the same encoder board except the first 
keyboard built by Datanetics. Each keyboard is built around a AY-5-3600 
keyboard encoder Rom. The inputs to this ROM, on pins 17 through 26 and 36 
through 40 are connected to the matrix of keyswitches on the keyboard. The 
outputs of this ROM are buffered by a 74LS04 and are connected to the Apple 
keyboard connector.

The keyboard decoder rapidly scans through the array of keys on the keyboard, 
looking for one which has been pressed. This scanning action is controlled 
by the free running oscillator made up of three sections of a 74LS00 at 
location B3 on the separate encoder board. The speed of this oscillation is 
controlled by C7, R7, and R8 on the encoder board.
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ENCODER BOARD

Theory of Operation:

The keyboard is a scanning encoder scheme. It uses a clock formed by 3 
gates from B4 (74LS00), and 2 resistor with a capacitor to generate a 75 KHZ 
scan rate. The scan sequences through all of it's inputs looking for a 
transition. When it finds a transition it takes the X,Y co-ordinance of the 
key pressed and produces an ASCII character. This character corresponds to 
the key pressed.

The keyboard is also capable of repeating a particular character by activating 
the REPEAT key. This causes the some character to output with the strobe 
pulsing at 1 HZ or 1 character per/second. This repeat circuit is formed by 
a LM555 Monolithic Timer chip. It forms a square wave clock that pulses the 
data strobe line on and off for each repeat or a desired character.

The Encoder is a AY-5-3600-931 MOS chip which converts X,Y co-ordinates into 
ASCII Characters. It has inputs for Scan Clock, Repeat Clock, and Control 
Key functions. The output is held in the enable mode by pulling it to 
ground.

The keys are arranged in a matrix that has 5 columns and 10 rows. Each key 
on the board is a cross point switch which shorts a unique X,Y location on 
the matrix. Each key has it's own X and Y. This produces a unique address 
for each key. The encoder sequences through it's key addresses until an X 
causes a Y to go to logic 1. When this occurs we have a key press and the 
encoders current address in the sequence corresponds to a data byte which is 
the ASCII Character desired. It then presents this ASCII Character as it's 
output and generates a strobe.

When a Shift or Control Character is desired the appropriate CTRL or SHIFT 
key is pressed in conjunction with the selected key value. This alters the 
addressing of the encoder to produce the character with the bit pattern of a 
control character. The SHIFT key and CTRL key give us the function of many 
keys with few keep switches.

On the input to the encoder there is a debounce circuit. This circuit 
prevents the same key from being read two or more times. If it see's a 
second key press of the same key too soon it will ignore that signal. This 
delay in sampling is approximately the time it takes to depress and release 
a key switch. When a key is bouncing it will give a transition on the way 
down when pressed and also on the way up when it springs back into place. 
This sampling is quick enough that a ligitimate multipule character will be 
accepted.

When typing on the Apple II keyboard the fastest human operator will never 
loose a character as the key board has N Key roll over. This means that 
the keyboard is scaned at a faster rate than a human typist can generate 
characters.

ijuU’^jueJ _L
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KE/ B/OCK
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AUTOSTART ROM/MONITOR ROM

All Apple 11 Plus Systems include the Autostart Monitor ROM. All other 
Apple systems do not contain the Autostart ROM, but instead have the Apple 
System Monitor ROM.This version of the ROM lacks some of the features present 
in the Autostart ROM, but also has some features which are not present in 
that ROM. The main differences in the two ROMS are listed below.

Editing Controls: The ESC-I,J,K, and M sequences, which move the cursor up, 
left, right, and down, respectively, are not available in the Old Monitor 
ROM.

Stop-List: The Stop-List feature (invoked by a CTRL S, which allows you to
introduce a pause into the output of most BASIC or machine language programs 
or listings, is not available in the Old Monitor ROM.

The RESET cycle: When you first turn on your Apple or press RESET, the Old 
Monitor ROM will send you directly into the Apple System Monitor, instead 
of initiating a warm or cold start as described in AUTOSTART ROM RESET.

AUTOSTART ROM RESET

Apples with the Autostart ROM begin their RESET cycles by flipping the 
soft switches which control the video screen to display the full primary page 
of Text mode, with Low-Resolution Graphics mixed mode lurking behind the veil 
of text. It then opens the text window to its full size, drops the output 
cursor to the bottom of the screen, and sets Normal video mode. Then it sets 
the COUT and KEYLN switches to use the APPLE'S internal keyboard and video 
display as the standard input and output devices. It flips annunciators 0 
and 1 OFF and annunciators 2 and 3 ON the Game I/O connector, clears the 
keyboard strobe, turns off any active I/O Expansion ROM and sounds a "beep!".

These actions are performed every time you press and release the RESET 
key on your APPLE. At this point, the Autostart ROM peeks into two special 
locations in memory to see if it's been RESET before or if the APPLE has just 
been turned on, then the Autostart ROM performs a "cold start" otherwise, it 
does a "warm start".

l)Cold Start. On a freshly activated Apple, RESET cycle continues by clearing 
the screen and displaying "APPLE 11" top and center. It then sets up the 
special locations in memory to tell itself that it's been powered up and 
RESET. Then it starts looking through the rightmost seven slots in your 
APPLE'S backplane, looking for a Disk 11 Controller Card. It starts the 
search with Slots 7 and continues down to Slot 1. If it finds a disk 
controller card, then to proceeds to bootstrap the Apple Disk Operating 
System (Dos) from the diskette in the disk drive attached to the controller 
card it discovered. You can find a descripition of the disk bootstrapping 
procedure in Do's and Don't of DOS. Apple part number A2L0012, page 11.

If the Autostart ROM cannot find a Disk 11 controller card, or you press
RESET again before the disk booting procedure has completed, then the RESET

APPLE, either without

cycle will continue with a "lukewarm start". It will initialize and jump 
into the language which is installed on ROM on your APPLE. For a Revision 0
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its controlling switch in the DOWN position, the Autostart ROM will start 
Apple Interger Basic. For Apple U-plus systems, or Revision 0 Apple 11s 
with the Applesoft 11 Firmware card with the switch in the UP position, The 
Autostart ROM will begin Applesoft 11 Floating-Point BASIC.

2)Warm Start. If you have an Autostart ROM which has already performed a 
cold start cycle, then each time you press and release the RESET key, you 
will be returned to the language you were using, with your program and 
variables intact.

"OLD MONITOR" ROM RESET

A RESET cycle in the Apple 11 Monitor ROM begins by setting Normal video 
mode, a full screen of Primary Page text with the Color Graphics mixed mode 
behind it, a fully-opened text window, and Apple's standard keyboard and 
video screen as the standard input and output devices. It sounds a "beep!", 
the cursor leaps to the bottom line of the uncleared text screen, and you 
find yourself facing an asterisk (*) prompt and talking to the Apple System 
Monitor.
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print information on the screen. 
APPLE'S ROM which handle most

SUBROUTINES

Almost every program and language on 
of input from the keyboard, and some way to 
There is a set of subroutines stored in the 
of the standard input and output from all programs and languages on the 
APPLE.

The subroutines in the APPLE'S ROM which perform these input and output 
functions are called by various names. These names were given to the 
subroutines by their authors when they were written. The APPLE itself does 
not recognize or remember the names of its own machine language subroutines, 
but it's convenient for us to call these subroutines by their given names.

Standard Output:

The standard output subroutine is called COUT. COUT will display upper­
case letters, numbers, and symbols on the screen in either Normal or Inverse 
mode. It will ignore control characters except RETURN, the bell character, 
the line feed character, and the backspace character.

The COUT subroutine maintains its own invisible "output cursor"* (the 
position at which the next character is to be placed). Each time COUT is 
called, it places one character on the screen at the current cursor position, 
replacing whatever character was there, and moves the cursor one space to the 
right. If the cursor is bumped off the right edge of the screen, then COUT 
shifts the cursor down to the first postion on the next line. If the cursor 
passes the bottom line of the screen, the screen "scrolls" up one line and 
the cursor is set to the first postion on the newly blank bottom line.

When a RETURN character is sent to COUT, it moves the cursor to the 
first postion of the next line. If the cursor falls off the bottom of the 
screen, the screen scrolls as described above.

The Stop-List Feature:

When any program or language sends a RETURN code to COUT, COUT will take 
a quick peek at the keyboard. If you have typed a CTRL S since the last time 
Cout looked at the keyboard, then it will stop and wait for you to press 
another key. This is called the Stop-List Feature. This feature is not 
present on APPLES without the Autostart ROM. When you press another key, 
COUT will then output the RETURN code and proceed with normal output. The 
code of the key which you press to end the Stop-List mode is ignored unless 
it is a CTRL C. If it is, then COUT passes this character code back to the 
program or language which is sending output. This allows you to terminate a 
BASIC program or listing by typing CRTL C while you are in Stop-List mode.

A line feed character causes COUT to move its mythical output cursor 
down one line without and horizontal motion at all. As always, moving beyond 
the bottom of the screen causes the screen to scroll and the cursor remains 
at its same position on a fresh bottom line.

A backspace character moves the imaginary cursor one space to the left. 
If the cursor is bumped off the left edge, it is reset to the rightmost 
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position on the previous line. If there is no previous line (if the cursor 
was at the top of the screen), the screen does not scroll downwards, but 
instead the cursor is placed again at the rightmost position on the top line 
of the screen.

When Cout is sent a "bell" character (CTRL G), it does not change the 
screen at all, but instead produces a tone from the speaker. The tone has a 
frequency of 100 Hz and lasts for l/10th of a second. The output cursor does 
not move for a bell character.

Standard Input:

There are actually two subroutines which are concerned with the 
gathering of standard input: RDKEY, which fetches a single keystroke from the 
keyboard, and GETLN, which accumulates a number of keystrokes into a chunk of 
information called an input line.

RDKEY:

The primary function of the RDKEY subroutine is to wait for the user to 
press a key on the keyboard, and then report back to the program which called 
it with the code for the key which was pressed. But while it does this, 
RDKEY also performs two other helpful tasks:

1) .Input Prompting. When RDKEY is activated, the first thing it does is 
make visible the hidden output cursor. This accomplishes two things: it 
reminds the user that the APPLE is waiting for a key to be pressed, and it 
also associates the input it wants with a particular place on the screen. In 
most cases, the input prompt appears near a word or phase describing what is 
being requested by the particular program or language currently in use. The 
input cursor itself is a flashing representation of whatever character was at 
the position of the output cursor. Usually this is the blank character, so 
the input cursor most often appears to be a flashing square. When the user 
presses a key, RDKEY dutifully removes the input cursor and returns the value 
of the key which was pressed to the program which requested it. Remember 
that the output cursor is just a position on the screen, but the input cursor 
is a flashing character on the screen. They usually move in tandem and are 
rarely separated from each other, but when the input cursor disappears, the 
output cursor is still active.

2) . Ramdon Number Seeding. While it waits for the user to press a key, 
RDKEY is continually adding 1 to a pair of numbers in memory. When a key is 
finally pressed, these two locations together represent a number from 0 to 
65,535, the exact value of which is quite unpredictable. Many programs and 
languages use this number as the base of a random number generator. The two 
locations which are randomized during RDKEY are numbers 78 and 79 
(hexadecimal $4E and $4F).

GETLN:

The vast majority of input to the APPLE is gathered into chunks called 
input lines. The subrountine in the APPLE'S ROM called GETLN requests an 
input line from the keyboard, and after getting one, returns to the program 
which called it.
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familiar with the services it offers.

When called, GETLN first prints a prompting character. 
Prompt helps you to identify which Program System Monitor, a right
A prompt character of an asterisk (*) represents tne, y^ 
caret (>) indicates Apple Integer BASIC, 
for Applesoft 11 BASIC, and an c----
APPLE Mini-Assembler. In addition, user prOgram is requesting
many programs and languages to indicat . . . , -------nm,
Input! From your (the user) point of view, 
and displays an input cursor. As you type, 
printed on the screen and the cursor moves 
RETURN, the entire line is sent off to t e 
talking to, and you get another prompt.

Actually, what really happens is that 
calls RDKEY, -------- —. ' ■ , ,
keycode, GETLN stores that eyco e then calls RDKEY again,
screen where the input cursor was. Itthen -
continues until the user presses RETURN, 
from the keytboard, it sticks tn* ^^the'input cursor was on, and sends 
clears the remainder of the screen line the input cu 
tho RFTURN code to COUT (see above). C------- -

At any time /‘’''^H^ii^sLply’iorset'everythlns you l-“

- a new line ™ anotbat prompt._

line and you must start over. To warn you 
limit, GETLN will sound a tone every keypress 
character.

or "prompt". The 
has called GETLN requesting input.

a right bracket (!) is the prompt 
exclamation point (!) is the hallmark of the 

in addition, the question-mark prompt(?) 7

the Apple simply prints a prompt 
the charcaters you type are 

accordingly. When you press 
program or language you are

• ; after the prompt is printed, GETLN
7 which displays, an_input?ursor .^When^KE^returns

—- -o’ ■ ThiS
es Wher^GETLN reciZves a RETURN code^
the RETURN code at the end of the inp ’

------ —l, and sends e L.LLC
GETLN then returns to the program w

look at the

have typed,

Qa handle a maximum of 255 
GETLN will cancel the entire 

that you are approaching the 
starting with the 249thwith the 249th

the line
A quick

two arrow keys,

GETLN also allows you to edit and modify 
order to correct simple typographical errors. 
^^rlp^ears^i/tJrsSion'entltied Keyboard Theory.

you are typing in 
introduction to the

<-------and
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POWER SUPPLY

Theory of Operation

The metal box on the left side of the interior is the power supply. It 
supplies four volages +5v, -5.2v, +11.8v, and -12.Ov. It is a high-frequency 
"switching" type power supply, with many protective features to ensure that 
there can be no imbalances between the different supplies. The main power 
cord for the computer plugs directly into the back of the power supply. The 
power on switch is also on the power supply itself, to protect you and your 
fingers from accidently becoming part of the high voltage power supply 
circuit.

The Apple power supply first converts the AC line voltage into a DC voltage 
and then uses this DC voltage to drive a high-frequency oscillator. The 
output of this oscillator is fed into a small transformer with many windings. 
The voltages on the secondary windings are then regulated to become the 
output voltages.

The +5 volt output voltage is compared to a reference voltage, and the 
difference error is fed back into the oscillator circuit. When the power 
supply's output starts to move out of its tolerances the frequency of the 
oscillator is altered and the volages return to their normal levels. If by 
chance one of the output voltages of the power supply is short-circuited a 
feed back circuit in the power supply stops the oscillator and cuts all 
output circuits. The power supply then pauses for about 1/2 second and then 
attempts to restart the oscillations. If the output is still shorted, it 
will stop and wait again. It will continue this cycle until the short 
circuit is removed or the power is turned off.

If the output connector of the power supply is disconnected from the Apple 
board, the power supply will notice this "no load" condition and effectively 
short-circuit itself. This activates the protection circuits described 
above, and cuts all power output. This pervents damage to the power supply's 
internals.

If one of the output volages leaves its tolerance range, due to any problen 
either within or external to the power supply, it will again shut itself down 
to prevent damage to the components on the Apple board. This insures that 
all voltages will either be correct and in porportion, or they will be shut 
off.

When one of the above fault conditions occurs, the internal protection 
circuits will stop the oscillations which drive the transformer. After 
a short while, the power supply will perform a restart cycle, and attempt 
to oscillate again. If the fault condition has not been removed, the supply 
will again shut down. This cycle can continue infinitely without damage to 
the power suply. Each time the oscillator shuts down and restarts, its 
frequency passes through the audible range and you can hear the power supply 
squeal and squeak. Thus, when a fault occurs, you will hear a steady 
"click click click" emanating from the power supply. This is your warning 
that something is wrong with one of the voltage outputs.

Under no circumtances should you apply more than 140 VAC to the input 
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of the transformer (or more than 280 VAC when the supply's switch is in 
the 220V position, if so equipped). Permanent damage to the supply will 
result.

THE APPLE POWER SUPPLY
Input Voltages: 107vac to 132vac

214vac to 264vac
Supply voltages: +5.0

+11.0
-12.0
+5.2

Power Consumption:60 watts max.(full load)
79 watts max.(intermittent 

Full Load Power Output:
+5v: 2.5amp
-5v: 250ma
+12v: 1.5amp(~2.5amp intermittent) 
-12v: 250ma

Operating Temperture:
55c(131 degrees fareheit)
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POWER SUPPLY VARITIES
Physical Description:

Four basic power supplies have been used on the Apple II since it was first 
introduced. Modifications and changes to the power supplies have been 
incorporated during the normal evolution of Apple II, which have made new 
part numbers necessary to identify modifications to each basic model. The 
four basic power supplies, modifications, changes and part numbers in order 
of production are:

Note: Apple supports all of the power supplies listed below except the
first one which is being phased out. The RFI version is the only available 
new power supply.

1) Apple Power Supply (P/N 600—0026) (EM/N 600-9026)

The first power supply used in the Apple 11 computers was manufactured 
by Apple. A description on how the power supply functions is found in the 
theory portion of this chapter. To physically distinguish the first Apple 
power supply from the others note the toggle on/off switch on the outside of 
the case.

2) Apple Power Supply (P/N 605-5001) (EM/N 605-9001)

Designed and marketed by Apple Computer. Identified by the Apple Part number 
A2M001 on the back of the case. The case is Silver is color. On the back 
of the case indiciates UL recognition.

3) Astec Model AA11040 Standard (P/N 605-5703) (EM/N 605-9703)

Astec is a manufacturer of power supplies in Hong kong. The third power 
supply used in the Apple 11 computers was model 11040 built by Astec. The 
11040 standard power supply was more cost effective and had a higher 
reliability rate than the Apple power supply. The physical difference can be 
seen in photo 2.

a. Switchable Version Astec Model AA11040 Standard (P/N 605-6001)
(EM/N 605-9001)
Note the on/off switch and the black cover protecting the switchable 
115v/230v switch. The model number AA 11040 is located on the power supply. 
The 11040 standard power supply is not U/L approved but U/L reconized.

4) Astec Model AA11040B (P/N 652-0337) (EM/N 652-9337)

European Version Astec Model AA11040B (P/N 699-0049) (EM/N 699-9049)

The fourth power supply which is model number 
meet U/L approval. Astec removed the outside 
jumpers on the PCB to determine whether it is 
supply.

a) RFI Version Astec Model AA11040B:

110 volt (P/N 652-0337) (EM/N 652-9337)

11040-B was built by Astec to 
115v/230v switch and now uses 
to be a 115v or 230v power
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220 volt (P/N 699-0049) (EM/N 699-9049)

Astec Model AA11040B with Astec production numbers 55073241 through 55074240 
and all AA11040B units beginning with 55079547 are RFI. Astec production 
numbers are stamped in the case on the left side of the unit. RFI units 
are also identified by a red dot on the back of the power supply.

Ek-

( efeippta computer 
powtft •

110 volt model 110/220 volt model

Photo 2. The back of the Apple Power Supply.
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AifeTESJUNLESS OTHERWISE..SPECIFIED.
I.POWER CONNECTOR :(L) PRIMARY-3 PRONG 
INTERNATIONAL STANDARD POWER CORD RECEPTACLE 
^SECONDARY: AMP P/N I-35O2HI -9(HOUSING)^35Ofe^5rl. 
IkjCABLE ASSY. FROM EXIT POINT TO END OF ^iN
CONNECTOR SHALL BE I2"±.5"1(304.8 ±]2T7)—
3.CABLE SHALL BE ABLE TO WITHSTAND IOLBS.OF 
FORCE IN ANY DIRECTION WITHOUT DAMAGE TO 
ELECTRICAL CONNECTIONS OR WIRES.

ZZ2.Q.

Qcippkz computer inc.
SCALE: NONE

¥

-TlSIj-L-

D-r Mil

DETAIL A-A

EE
ZZE

I

OUTPUTS 
COMMONLfBLACK 
COM M OSFBLAC K 
+ 5V -YELLOW 
4-I2V-WHT/YEL 
- I2V--WMT/BLUE 
-5V-BLUE

DRAWING NUMBER 

699-0049-A 

SHEET IQ .OF 11 j
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PERIPHERAL CONNECTORS

Along the back of the Apple's main board is a row of eight long "slots", 
or Peripheral Connectors. Into seven of these eight slots, you can plug 
any of many Peripheral Interface boards designed especially for the Apple. 
In order to make the peripheral cards simpler and more versatile, the Apple's 
circuitry has allocated a total of 280 byte locations in the memory map for 
each of the seven slots. There is also a 2K byte "commmon area", which all 
peripheral cards in your Apple can share.

Each slot on the board is individually numbered, with the leftmost slot 
called "Slot 0" and the rightmost called "Slot 7". Slot 0 is special 
it is meant for RAM, ROM, or Interface expansion. All other slots (1 through 
7) have special control lines going to them which are active at different 
times for different slots.

The pin out for these connectors is given in Figure 21, and the signal 
descriptions are given in Table 33.

GND 
DMA IN 

INT IN 
NMI 
IRQ 
RES 
INH 

-12V 
— 5V 
N.C.

7M 
03 
*1 

USER 1 
♦0 

DEVICE SELECT
D7
D6 
D5 
D4 
D3 
D2 
D1 
DO 

+ 12V

o
26 cz zj
27 cz zj
28 Cl ZZJ
29 CZ Zl
30 CZ ZJ
31 CZ Z)
32 CZ ZJ
33 cz Z)
34 (ZZ ZJ
35 CZ ZJ
36 CZ ZJ
37 CZ Z)
38 CZ ZJ
39 CZ ZJ
40 CZ Z)
41 o p
42 rzl tzz
43 Ch
44 cz p
45 I
46 CZ Z)
47 CZ ZJ
48 CZ Z!
49 CZ ZJ
50 CZ ZJU

o

25
24
23
22
21 
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

+5V
DMA OUT 
INT OUT 
DMA
RDY
I/O STROBE 
N.C.
R/W
A15
A14
A13
A12
A11
A10
A9
A8
A7
A6
AS
A4
A3
A2
A1
AO_________
I/O SELECT

Figure 21. Peripheral Connector Pinout
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Table 33: Peripheral Connector Signal Description

Pin: Name: Description:

1 I/O SELECT This line, normally high, will become low when 
the microprocessor references page SCn, where 
n is the individual slot number. This signal 
becomes active during 4>0 and will drive 10 
LSTTL loads'. This signal is not present on 
peripheral connector 0.

2-17 A0-A15 The buffered address bus. The address on 
these lines becomes valid during 4>1 and 
remains valid through d>0. These lines will 
each drive 5 LS11L loads’.

18 R/W Buffered Read/Write signal. This becomes 
valid at the same time the address bus does, 
and goes high during a read cycle and low dur­
ing a write. This line can drive up to 2 LSTTL 
loads*.

19 SYNC On peripheral connector 7 only, this pin is con­
nected to the video timing generator’s SYNC 
signal^ fa- “*/■

20 17(5 STROBf This line goes low during <t>0 when the address 
bus contains an address between SC800 and 
SCFFF. This line will drive 4 LSTTL loads*.

21 RDY The 6502’s RDY input. Pulling this line low 
during *1 will halt the microprocessor, with the 
address bus holding the address of the current 
location being fetched.

22 DMA Pulling this line low disables the 6502’s address 
bus and halts the microprocessor. This line is 
held high by a JKfl resistor to + 5v.

> |

23 INT OUT Daisy-chained interrupt output to lower priority 
devices. This pin is usually connected to pin 28 
(INT IN).

24 DMA OUT Daisy-chained DMA output to lower priority 
devices. This pin is usually connected to pin 22 
(DMA IN).

25 + 5v + 5 volt power supply. 500mA current is avail­
able for all peripheral cards.

26 GND System electrical ground.
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Table 33 (cont’d): Peripheral Connector Signal Description

Pin: Name: Description:

27 DMA IN Daisy-chained DMA input from higher priority 
devices. Usually connected to pin 24 (DMA 
OUT).

1NT IN Daisy-chained interrupt input from higher 
priority devices. Usually connected to pin 23 
(1NT OUT).

29 NMl Non-Maskable Interrupt. When this line is 
pulled low the Apple begins an interrupt cycle 
and jumps to the interrupt handling routine at 
location S3FB.

30 IRQ Interrupt ReQuest. When this line is pulled 
low the Apple begins an interrupt cycle only if 
the 6502’s I (Interrupt disable) flag is not set. 
If so, the 6502 will jump to the interrupt han­
dling subroutine whose address is stored in 
locations S3FE and S3FF.

31 RES When this line is pulled low the microprocessor 
begins a RESET cycle (see page 36).

32 INH When this line is pulled low, all ROMs on the 
Apple board are disabled. This line is held high 
by a JKfl resistor to +5v.

* IV.
33 — 12v — 12 volt power supply. Maxmum current is 

200mA for all peripheral boards.

34 — 5v — 5 volt power supply. Maximum current is 
200mA for all peripheral boards.

35 COLOR REF On peripheral connector 7 only, this pin is con­
nected to the 3.5MHz COLOR REFerence sig-^ 
nal of the video generator.

c ■

36 7M 7MHz clock. This line will drive 2 LSTTL 
loads’.

37 Q3 2MHz asymmetrical clock. This line will drive
2 LSTTL loads’.

38 <bl Microprocessor’s phase one clock. This line 
will drive 2 LSTTL loads’.

39 USER 1 This line, when pulled low, disables all internal 
I/O address decoding”.

• Loading limits are for each peripheral card. 
~ See page 99.
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Pin: 
40“

Table33 (confd):

Name:___________
<t>0

Peripheral Connector Signal Description _

Description:_______ ___ :-----------------------------------
Microprocessor’s phase zero clock. This line 
will drive 2 LSTTL loads*.

41 DEVICE 
SELECT

This line becomes active (low) on each peri­
pheral connector when the address bus is hold­
ing an address between SC0/10 and SC0nF, 
where n is the slot number plus S8. This line 
will drive 10 LSTTL loads*.

42-49 D&-D7

50 +12v
_________

Buffered bidirectional data bus. The data on 
this line becomes valid 300nS into on a 
write cycle, and should be stable no less than 
100ns before the end of <t>0 on a read cycle. 
Each data line can drive one LSTTL load.

4-12 volt power supply. This can supply up to 
250mA total for all peripheral cards.
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SPEAKER CONNECTOR

The Apple's internal speaker is driven half of a 74LS74 flip-flop through 
a Darlington amplifer circuit. The speaker connector is a Molex KK100 series 
connector, with two square pins, .25 inch tall, on .10 inch centers.

The connector coming from the speaker is plugged into the socket labeled 
speaker between rows A and B on the rightmost section of the motherboard.

Table 32: Speaker Connector Signal Descriptions ---- ---------- -—.

pin:
1

i\ainc.
SPKR Speaker signal. This line will deliver about .5 watt into an 8 

Ohm load.

2 + 5v + 5 volt power supply. ---------------- ------------- -

SPKR

+ 5V

Figure 20. Speaker Connector
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KEYBOARD CONNECTOR

The data from the Apple's keyboard goes directly to the RAM data multiplexers 
and latches, the two 74LS257's at locations B6 and B7. The STROBE line on 
the keyboard connector sets a 74LS74 flip-flop at location BIO. When the 
I/O selector activates its "0" line, the data which is on the seven inputs on 
the keyboard connector, and the state of the strobe flip-flop, are 
multiplexed onto the Apple's data bus. The keyboard connector plugs into the 
A-7 socket on the main logic board.

Table 30? Keyboard Connector Signal Descriptions

Pin: Name: Description:
1 + 5v 4-5 volt power supply. Total current drain on this pin must be 

less than 120mA.

2 STROBE Strobe output from keyboard. This line should be given a pulse 
at least 10/is long each time a key is pressed on the keyboard. 
The strobe can be of either polarity.

3 RESET Microprocessor’s RESET line. Normally high, this line should 
he pulled low when the |RESET| button is pressed.

4,9,16 NC No connection.

5-7, 10-13 Data Seven bit ASCII keyboard data input.

8 Gnd System electrical ground.

15 — 12v — 12 volt povver supply. Keyboard should draw less than 
50mA.

+ 5v 1 O 16
STROBE 2 15

RESET 3 14
NC 4 13

Data 5 5 12
Data 4 6 11
Data 6 7 10

Gnd 8 9

NC 
— 12v 
NC 
Data 1 
Data 0 
Data 3 
Data 2 
NC

Figure 18.
Keyboard Connector Pinouts
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POWER CONNECTOR

This connector mates with the cable from the Apple power supply. This is 
an Amp #9-3028-1 six pin male connector. The connector leads from the power 
supply and plugs into the K-l socket of the main logic board.

Table 31: Power Connector Pin Descriptions
Pin: Name: Description:

1,2 Ground Common electrical ground for Apple board.

3 + 5v + 5.0 volts from power supply. An Apple with 48K of RAM 
and no peripherals draws —1.5 amp from this supply.

4 + 12v + 12.0 volts from power supply. An Apple with 48K 
and no peripherals draws —400ma from this supply.

of RAM

5 — 12v — 12.0 volts from power supply. An Apple with 48K 
and no peripherals draws ~12.5ma from this supply.

of RAM

6 — 5v — 5.0 volts from power supply. An Apple with 48K 
and no peripherals draws —O.Oma from this supply.

of RAM

-12V

+ 5V

GND

— 5V

+ 12V

GND

Figure 19. Power Connector
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GAME I/O CONNECTOR

The purpose of the Game I/O Connector is to allow you to connect special input 
and output devices to heighten the effect of programs in general, and 
specifically, game programs. This connector allows you to connect three 
one-bit inputs, four one-bit outputs, a data strobe, and four analog inputs 
to the Apple, all of which can be controlled by your programs. Supplied with 
your Apple is a pair of Game Controllers which are connected to cables which 
plug into the Game I/O Connector. The two rotary dials on the controllers 
are connected to two analog inputs on the connector; the two pushbuttons are 
connected to two of the one-bit inputs.

Figure 16.
Game I/O Connector Pinouts

+ 5v I O 16 NC
PB0 2 15 AN0
PB1 3 14 AN1
PB2 4 13 AN2

C040 STROBE 5 12 AN3
GC0 6 11 GC3
GC2 7 10 GC1
Gnd 8 9 NC

Pin:
1

Name.
+ 5v

supply. Total current drain on this pin must be 
less than 100mA.

2-4 PB0-PB2
Single-bit (Pushbutton) inputs. These are standard 74LS series 

TTL inputs.

5 C040 STROBE
A general-purpose strobe. This line, normally high, goes; low 
during <P0 of a read or write cycle to any address from SC040 
through SC04F. This is a standard 74LS TTL output.

6,7,10,11 GC0-GC3
Game controller inputs. These should each be connected 
through a 150K Ohm variable resistor to +5v.

8 Gnd System electrical ground.

12-15 AN0-AN3
Annunciator outputs. These are standard 74LS series TTL out­
puts and must be buffered if used to drive other than TTL

inputs.

No internal connection.__________________________________—
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CASSETTE INTERFACE JACKS

The two female miniature phone jacks on the back of the Apple 11 can connect 
your Apple to a normal home cassette tape recorder.

Cassette Input Jack:

This jack designed to be connected to the "Earphone" or "Monitor" output 
jacks on most tape recorders. The input voltage should be 1 volt peak to 
peak (nominal). The input Impedance is 12K ohms.

Cassette Output Jack:

This jack is designed to be connected to the "Microphone" input on most tape 
recorders. The output voltage is 25mv into a 100 Ohm impedance load.
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VIDEO OUTPUT

RCA Jack:

On the back of the Apple board, near the right edge is a standard RCA phono 
jack. The sleeve on this jack is connected to the Apple's common ground 
and the tip is connected to the video output signal through a 200 ohm 
potentiometer. This potentiometer can adjust the voltage on this connector 
from 0 to 1 volt peak.

Auxilary Video Connector:

On the right side of the Apple board near the back is a Molex KK100 series 
connector with four square pins, .25 inch on .10 inch centers. This 
connector supplies the composite video output and two power supply voltages. 
This connector is illustrated in figure 15 with a signal description in Table 
28.

Auxilary Video Pin:

This single metal wire—wrap pin below the Auxilary Video Output Connector 
supplies the same video signal available on that connector. It is meant to 
be a connection point for Eurapple PAL/SECAM encoder boards.

r Table 28: Auxiliary Video Output Connector Signal Descriptions

Pin Name Description
1 GROUND System common ground; 0 volts.

2 VIDEO NTSC compatible positive composite video. Black level is 
about .75 volt, white level about 2.0 volt, sync tip level is 0 
volts. Output level is not adjustable. This is not protected 
against short circuits.

i
I 3 + 12v + 12 volt power supply.
i
i 4 — 5v — 5 volt line from power supply.

Figure 15. Auxiliary Video Output Connector and Pin.

Distributed under the Creative Commons License on page 4 | Page 0065 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

Apple n Computer Technical information

APPLE II / APPLE II-PLUS 
LEVEL II SERVICE REFERENCE MANUAL

Pre-Release Version

CHAPTER 6
OTHER INPUT / OUTPUT FEATURES

Written by 
Apple Computer, Inc.•Level II Service Center 
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( This page is not part of the original service manual )
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"USER 1" JUMPER

There is and unlabeled pair of solder pads on the Apple board, to the left 
of slot 0, called the "User 1” jumper. This jumper is illustrated in Photo 
8. If you connect a wire between these two pads, then the USER 1 line on 
each peripheral connectors becomes active. If any peripheral card pulls 
this line low, all internal I/O decoding is disabled. The I/O SELECT and the 
DEVICE SELECT lines all go high and will remain high while USER 1 is low, 
regardless of the address on the address bus.
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A

OTHER INPUT/OUTPUT FEATURES

Input: Cassette Input
Three One-bit Digital Inputs 
Four Analog Inputs

OUTPUT: Cassette Output
Built-In Speaker
Four "Annunciator" Outputs
Utility Strobe Output

The Cassette Interface

board, on the right side next to the 
packages labelled "IN" and "OUT", 
you can plug a cable which has a 

The other end of this cable can be

On the back edge of the Apple's main 
VIDEO connector, are two small black 
are miniature phone jacks into which 
minature phono plugs on each end. 
connected to a standard cassette tape recorder so that your Apple can 
information on audio cassette tape and

These 
pair of

save
read it back again.

Apple 
The soft 

switch for the cassette out-put plug can be toggled by referencing memory 
location number 49184 (or the equivalent-16352 or hexadecimal $C020). 
Referencing this location will make the voltage on the OUT connector swing 
from zero to 25 millivolts (one forieth of a volt), or return from 25 
millivolts back to zero. If the other end of the cable is plugged into the 
MICROPHONE input of a cassette tape recorder which is recording into a tape, 
this will produce a tiny "click" on the recording . By referencing the 
memory location associated with the cassette output soft switch repeatedly 
and frequently, a program 
the pitch and duration of 
saved for later use.

The connector marked "OUT" is wired to 
board. This is another toggle switch,

yet another soft switch on the 
like the speaker switch

can produce a tone on the recording. By varying 
this tone, information may be encoded on a tape and

attempt to flip the soft switch for the cassetteBe forewarned that if you 
output by writing to its special location, you will actually generate two 
"clicks" on the recording. The reason for this is mentioned in the 
describtion of the speaker. You should only use "read" operations when 
toggling the cassette output soft switch.

The other connector, marked "IN", can be used to "listen" to a cassette tape 
recording. Its main purpose is to provide a means of listening to tones on 
the tape, decoding them into data, and storing them in memory. Thus, a 
program or data set which was stored on cassette tape may be read back in 
and used again.

The input circuit takes a 1 volt (peak-to-peak) signal from the cassette 
recorder's EARPHONE jack and converts it into a sting of ones and zeroes. 
Each time the signal applied to the input circuit swings from positive to 
negative, or vice-versa, the input circuit changes state: if it was sending 
ones, it will start sending zeroes, and vice versa. A program can inspect 
the state of the cassette input circuit by looking at memory location number 
49248 or the equivalents-16288 or hexidecimal $C060. If the value which is 
read from this location is greater than or equal to 128, then the state is a 
"one", if the value in the memory location is less than 128, then the state 
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is a "zero". Although BASIC programs can read the state of the cassette 
input circuit, the speed of a BASIC program is usually much too slow to be 
able to make any sense out of what it reads. There is, however, a program in 
the System Monitor which will read the tones on a cassette tape and decode 
them.

THE SPEAKER

Inside the Apple's case, on the left side under the keyboard, is a small 8 
ohm speaker. It is connected to the internal electronics of the Apple so that 
a program can cause it to make various sounds.

The speaker is controlled by a soft switch. The switch can put the paper cone 
of the speaker in two positions: "in" and "out". This soft switch is not 
like the soft switches controlling the various video modes, but is instead 
a toggle switch. Each time a program references the memory address a 
associated with the speaker switch, the speaker will change state: change 
from "in" to "out" or vice-versa. Each time the state is changed, the speaker 
produces a tiny "click". By referencing the address of the speaker switch 
frequently and continuously, a program can generate a steady tone from the 
speaker.

The soft switch for the speaker is associated with memory location number 
49200. Any reference to this address (or the equivalint addresses-16336 or 
hexidecimal $C030) will cause the speaker to emit a click.

A program can "reference" the address with memory location for the speaker by 
performing a "read" or "write" operation to that address. The data which are 
read or written are irrelevant, as it is the address which throws the switch. 
Note that a "write" operation on the Apple's 6502 microprocessor actually 
performs a "read" before the "write", so that if you use a "write" operation 
to flip and soft switch, you will actually throw that switch twice. For 
toggle-type soft switches, such as the speaker switch, this means that a 
"write" operation to the special location controlling the switch will leave 
the switch in the same state it was in before the operation was performed.

Distributed under the Creative Commons License on page 4 | Page 0069 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

ANNUNCIATOR OUTPUTS

The four one-bit outputs are called "annunciators". Each annunciator output 
can be used as an input to some other electronic device, or the annunciator 
outputs can be connected to circuits to drive lamps, relays, speakers, etc.

Each annunciator is controlled by a soft switch. The addresses of the 
soft switches for the annunciators are arranged into four pairs, one pair for 
each annunciator. If you reference the second address in the pair, you turn 
the annunciator's output "on". When an annunciuator is "off", the voltage 
on its pin on the Game I/O Connector is near 0 volts; when an annunciator is 
"on", the voltage is near 5 volts. There are no inherent means to determine 
the current setting of an annunciator bit. The annunciator soft switches 
are:

Table 9: Annunciator Special Locations

Ann. State
Address: 

Decimal Hex
0 off 49240 -16296 SC058

on 49241 -16295 SC059
1 off 49242 -16294 SC05A

on 49243 -16293 SC05B
' 2 off 49244 -16292 SC05C
I on 49245 -16291 SC05D

3 off 49246 -16290 SC05E
on 49247 -16289 SC05F

STROBE OUTPUT

There is an additional output, called 0040 STROBE, which is normally +5 volts 
but will drop to zero volts for a duration of one-half microsecond under the 
control of a machine language or BASIC program. You can trigger this 
"strobe" by referring to location 49216 (-16320 or $C040). Be aware that if 
you perform a "write" operation to this location, you will trigger the strobe 
twice.

ONE-BIT INPUTS

The three one-bit inputs can each be connected to either another electronic 
device or to a pushbutton. You can read the state of any of the on-bit 
inputs from a machine language or BASIC program on the same manner as you 
read the Cassette input, above, the locations for the three one-bit inputs 
have the addresses 49249 through 49251 (-16287 through -16285 or hexidecimal 
$C061 through $C063).

ANALOG INPUTS

The four analog inputs can be connected to 150k Ohm varible resistors or 
potentiometers. The variable resistance on an input varies, the timing 
characteristics of its corresponding timing circuit change accordingly. 
Machine language programs can sense the changes on the timing loops and 
obtain a numerical value corresponding to the position of the potentiometer.

Before a program can start to read the setting of a potentiometer, it must 
first reset the timing circuits. Location number 49264 (-16272 or
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hexidecimal $C070) does just this. When you reset the timing circuits, the 
values contained in the four locations 49252 through 49255 (-16284 through 
-16281 ir $C064 through $C067) become greater than 128 (their high bits are 
set). Within 3,060 milliseconds, the values contained on these four 
locations should drop below 128. The exact time it takes for each location 
to drop in value is directly proportional to the setting of the game paddle 
associated with that location. If the potentiometers connected to the analog 
inputs have a greater resistance than 150k Ohms, or there are no 
potentiometers connected, then the values in the game controller locations 
may never drop to zero.
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MAIN LOGIC BOARD

THEORY OF OPERATION

The APPLE Il's Main Logic Board represents the full range of integration 
from simple gates to highly dense microprocessor and memory chips. Much of 
the power of the APPLE II logic circuitry comes from the use of medium-scale 
(MSI) integrated circuits. These include multiplexers, shift registers, 
counters and decoders.

This Theory of Operation contains detailed descriptions of medium-scale ICs 
as they apply to the APPLE II design. It was written with the understanding 
that the reader has had exposure to simple gates and memory/microprocessor 
circuits. Since almost none of the APPLE Il's use of medium-scale IC's 
is straightforward, each MSI package is described before detailing how it 
functions in the APPLE II. In cases where an MSI device is used in several 
sections of the circuit board, the functional description will be repeated. 
If you already know how a device functions you may want to pass over the 
device's functional description, and concentrate on how it fits into the 
APPLE II design.

This material is especially intended for the Service Technician, but it should 
also be helpful to individuals who need to interface hardware to the APPLE II.

There are three sections to this chapter:

1. The written part, which breaks the Main Logic Board into 11 sections 
verbally guides you through the APPLE II logic within each section, with 
appropriate overlapping between sections.

2. A block diagram and ten schematic drawings (Figures SI - Sil) which show 
the APPLE II logic circuits within each section.

3. A System Timing Diagram which graphically shows the timing signals within 
the Main Logic Board and includes a state diagram of the Sync Counters.

The goal of this chapter is to allow you to understand how the APPLE II works, 
using the schematics to refresh your memory when necessary. The written part 
is intended to help you through the schematics, and should be read WITH the 
schematics and System Timing Diagram.

As a practical note, the Service Technician will want to be able to get around 
on the Main Logic Board using a scope. It is suggested that an "open APPLE II" 
be created using a logic board, keyboard, power supply and monitor. As signals 
are described they can be observed as well, thus speeding up learning.

Effort has been made to keep each section complete unto itself at the risk of 
making this part of the manual redundant at times. This will allow you to read 
the sections in any order you want to. Please read SECTION 1: OVERVIEW first 
to get a general flavor.

One great asset to the the Service Technician is a working knowledge of the 
software contained in the APPLE Il's F8 Monitor and the various APPLE II "soft 
switch" commands. The F8 Monitor is well documented in Chapter 9 and the 
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soft switches in Chapter 2.

Lastly, a few details:

ICs are identified on the Main Logic Board using an X-Y coordinate system.
The X coordinate ranges from 1 to 14 with position 1 on the far left and posi­
tion 14 on the far right as you face the keyboard. The Y coordinate ranges 
alphabetically from A (bottom row) to K (top row) as you face the keyboard.
IC "B2", for example, locates the 74S86 in the second row and column from the 
lower left edge of the Main Logic Board. Pin numbers are indicated with a dash 
following the IC location. "B2-8" therefore locates pin 8 of the 74LS86 at B2.

Three types of TTL (Transistor-Transistor Logic) are used in the APPLE II. 
They are:

Standard TTL (example: "74166”)... These parts are used only occasionally in 
the APPLE II and are electrically similar to Fairchild's 9000 series. APPLE 
part numbers of each type are prefixed with "301" so that the part number for 
"74166" becomes "301-0166", and the part number for "9334" becomes ”301-9334".

Low-power Shottky TTL (example: "74LS195")... These ICs combine fast 
switching times with power needs similar to standard TTL. These chips are 
used in the high frequency System Timing section of APPLE II. The 
corresponding APPLE part numbers begin with "307" so that "74S195" becomes 
"307-0195".

ICs of the above types will be described once in each section using the full 
part name, and then will be abbreviated as follows:

"74175" becomes "175"

"74LS138" becomes "138"

"74166" becomes "166"

Signals which are active low are indicated with a single quote (') following 
the signal's mnemonic as in RAS (Row Address Strobe).

Numbers in base 16 (hexadecimal) are preceded with a "$".
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OVERVIEW

SECTION 1 IBM
The Main Logic Board is one of a family of modules which make up the APPLE II 
product line. It is one of three "essential" modules which comprise a minimum 
APPLE II system. These essential modules are:

1. MAIN LOGIC BOARD. This is the large printed-circuit board which takes 
up most of the space inside the APPLE Il's case. It is an integrated 
single board computer and video display terminal. With it we can display 
text or graphics through an external monitor, or using an inexpensive 
modulator, through an ordinary television set.

2. POWER SUPPLY. This square metal box sits on the upper left-hand corner as 
you face the keyboard. It supplies all the power requirements needed by 
the APPLE II.

3. KEYBOARD. The keyboard sends parallel ASCII characters to the Main Logic 
Board and allows programs or data to be manually entered.

In addition to these essential modules, peripheral devices may by connected 
to the APPLE II by installing printed-circuit cards into one of the eight 
connectors at the back of the Main Logic Board. These include disc drives, 
printers, etc. Circuits within the Main Logic Board allow control signals to 
be sent to each peripheral card under program control.

The Main Logic Board is the nucleus of the APPLE II computer. Figure S-l is 
a Block Diagram of the logic board divided into 11 sections. Each section 
will by described briefly in this chapter.

The APPLE II Main Logic Board is both a computer and video display device; 
Random-Access Memory (RAM) is commonly shared by both. The computer end is 
controlled by a Synertek-MOS Technology 6502 microprocessor which generates 
16-bit Addresses (via the System Address Bus) and one system control output, 
the R/W' (Read-Write') line. The Address generated by the 6502 points to a 
memory or I/O (input-output) location, and the R/W' line controls the 
direction of data over an eight-bit Data Bus. Some of the data flowing into 
the 6502 contains instructions, called opcodes, which direct the 
microprocessor to perform certain tasks.

The video circuits also generate an address to memory. All of the accesses 
to memory by the video circuits are memory reads which cause a byte of data 
to be sent to the Video Generator adds sync pulses and a color burst signal 
to the video data to produce composite video, available from an RCA jack 
behind the computer.

Making all of this possible are the System Timing ciruits which coordinate 
the timing events of both the microprocessor and the video circuits.

Here's a quick guide to the topic of each remaining sections. The 
appropriate schematic will be the same as the section's number. For Section 
4 (Sync Counters) for example, the appropriate schematic would be Figure S-4.
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FIGURE S-1 APPLE II SYSTEM DIAGRAM
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SECTION 2: MPU and System Bus. Signals to and from the 6502 microprocessor 
are isolated from the System Busses by bus drivers. These chips also create 
Direct Memory Access (DMA) capability. System Timing signal "PHASE ZERO" 
drives the microprocessor's clock input.

Section 3: Reference Oscillator and System Timing. Here a variety of timing 
signals are created.

One Mhz signals PHASE ZERO and PHASE ONE are used to select alternately 
between the microprocessor and the video bus cycles (memory accesses). These 
signals also enable circuits such as Peripheral I/O which use the System 
(buffered 6502) Busses. LDPS' advances the Sync Counters at one Mhz. LD194 
controls when the Video Generator's graphics circuits load a new byte of 
data.

Two Mhz signals RAS' (Row Address Strobe) are timing signals to the APPLE 
Il's dynamic RAM which receives an address in two steps (multiplexed). AX' 
controls when the RAM Address Mux circuits do the actual multiplexing. Q3 
is available for general use.

Other System Timing signals include the 3.58 Mhz COLOR REF signal, 7M and 
14M. These signals are used by the Video Generator.

SECTION 4: Sync Counters. Clocked by the one Mhz LDPS' signal, these four 
binary counters generate six horizontal and eight vertical timing signals. 
In the horizontal direction, signals HO through H5 go through 65 states 
(40 microseconds of "live” characters and 25 microseconds of blanking). In 
vertical direction, signals VA, VB, VC, and VO - V4 go through 262 state 
(192 "live" and 70 blanking). In text mode, VA, VB, and VC select one of the 
eight vertical scan lines within each character. Signals Vo - V4 point to a 
row of characters out of 245 possible rows.

SECTION 5: ROM Memory. The Apple II stores some programs permanently in 2K 
byte Read-Only Memory (ROM) ICs. Six ROMs may reside in the Main Logic Board 
for a total of 12K bytes of storage. Several different ROM variations are 
currently being offered, but every stock APPLE II offers and F8 (machine­
langage) Monitor and a high-level BASIC language in ROM.

SECTION 6: RAM Select. Random-Access Memory (RAM) is stored in three rows 
of 16K-bit RAMs for a total of 48K bytes of on-board R/W' memory. A given 
byte-wide row of RAM is selected when it recieves the CAS' signal. This 
Section describes how that happens and describes how RAM address line A6 is 
driven.

SECTION 7: RAM Address Mux. This describes the circuits which allow both 
microprocessor and video circuits to access memory, and describes the 
function of some circuits which modify the Sync Counter outputs to create a 
Video Address.

SECTION 8: RAM Memory. The RAMs and their data latches are described here.

Peripheral I/O. The Main Logic Board offers expansion capability 
Three

SECTION 9:
via eight plug-in connectors.
SEL'), I/O Select (I/O SEL') and I/O 

Tpiq IP 
iruOL£=Lpa

control signals, Device Select (DEV 
Strobe (I/O STRB') appear at each

I d L dddn •
r>rW dHnil 1W Is Uu d GD lC1 
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connector and make control over the peripheral device possible.

SECTION 10: On-Board I/O. The Apple II offers on-board I/O (Input/Output) 
circuits which include the keyboard, video display and the built-in 
loudspeaker.

SECTION 11. Video Generator. The Apple II displays text characters and also 
operates in two graphics modes. This section describes how video data is 
created for each mode.

It will be helpful to have the System Timing Diagram and the appropriate 
detailed schematic alongside when tracing through the logic. The detailed 
schematics are of the REV 0 board and as such do not accurately show the 
current APPLE II circuitry in all cases.
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SECTION 2

MPU AND SYSTEM BUS

The 6502 microprocessor is the heart of the APPLE II computer. The 6502 is an 
eight bit parallel, single chip processor with a repetoire of 56 instructions. 
Signals coming in and out of the 6502 divide into three groups of related sig­
nals, or "busses".

1. ADDRESS BUS (AO - A15)

These 16 lines point to 2~16, or 65,536 unique locations in memory. The 
address lines coming from the 6502 cannot be placed into a high impedance or 
"floating" conditions. Also, they lack the drive capability to power both 
the on-board chips and peripheral cards which make use of them. 8T97 tris­
tate buffers are then used to connect the 6502zs address lines AO - A15 to 
the System Address Bus. The Address Bus, as presented by the 6502, is valid 
about 200ns before the rising edge of the PHASE ZERO clock and is valid 
until after the PHASE ZERO clock falls. When PHASE ZERO is high, or its 
inverse, PHASE ONE, is low, a valid address is present on the Address Bus. 
For this reason, PHASE ZERO is used as a high-going enable, and PHASE ONE 
as a low going enable to ICs which use the System Address lines as inputs. 
These ICs include the motherboard 138s which are decoders for ROM and I/O 
space, and various chips on the peripheral cards.

The DMA' signal, normally pulled high through an on-board IK ohm resistor, 
drives inverter input Cl 1-13. If a peripheral device pulls this signal low, 
it causes the 8T97s to become high impedance, which released the Address Bus 
to the peripheral device.

2. DATA BUS (DO - D7)

The Data Bus allows eight bits of data to be transferred to or from the 6502. 
When the 6502 performs a READ operations, data flows from the DATA Bus into 
the 6502. When a WRITE operation occurs, data passes from the 6502 onto the 
Data Bus.

As in the case of the address lines, the 6502 data lines are also buffered - 
this time with 8T28 bus tranceivers. Pins 1 and 15 of each 8T28 are tied 
together, and form a receive / transmit input. Driving this input is C14-8 
This signal goes low only when R/W' and the 6502's internal PHASE ONE goes 
low. Data from the 6502 will then be gated onto the System Data Bus. The 
6502's PHASE ONE is used instead of the PHASE ONE from System Timing because 
the flow of data across the Data Bus must closely follow the 6502's internal 
timing. The 6502's PHASE ONE clock is produced when it inverts the PHASE 
ZERO signal, as provided by Bl 1-3, and lags the System Timing PHASE ONE by a 
few nanoseconds.

During a READ cycles, data to the 6502 must be valid at least 100ns prior to 
the falling edge of PHASE ZERO.

During a WRITE cycle, data from the 6502 is valid roughly 200ns before the 
falling edge of PHASE ZERO.
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3. CONTROL BUS

This bus comprises six signals:

RES' NMI', IRQ', RDY, which connect directly to the processor.

R/W' which is buffered by one of the 8T97 gates

DMA' which is implemented in hardware surrounding the 6502

9

9

9

The RES' line is a "wake up" signal to the 6502 and causes it to begin exe­
cuting code, starting at the address pointed to by locations $FFFC and $FFFD 
in memory. This signal goes low for about 150 milliseconds after system 
power-up and whenever the RESET key is pressed.

is a non-maskable (unconditional) interrupt input which causes the 6502 
loca-

NMI'
to save its current address and then jump to the address pointed to by 
tions $FFFA and $FFFB.

is much like NMI except that the I 
in order for this interrupt 

to the location pointed

IRQ'
a logic "0" 
6502 then jumps

flag internal to the 6502 must 1 
to be acknowledged by the CPU. 
to by locations $FFFE and $FFFF

be at 
The

intended to extend read
slow memory devices such as EPROM ICs 

If the RDY input is

RDY is an input
is connected to 
during PHASE ONE.
for one microsecond before reading the

cycles by 1 microsecond when the 6502 
This input is sampled 

low (not-RDY) the CPU will then delay 
data.

All of the $FFFA-$FFFF locations point 
nently stores 
to be able to

into the F8 MONITOR ROM which perma- 
or "vectors". This allows the systemthese indirect addresses

handle any of these input signals immediately upon power-up.

controls the direction of data flow to and from the 6502. LikeThe R-W' line
the Address Bus, it is also valid roughly 200ns before the rising edge of PHASE 
ZERO. Similarly, PHASE ZERO can be used as a negative-going enable and PHASE 
ONE as a positive-going enable for any IC using R/W as an input.

DMA', when held low, causes both the System Address Bus And the System Data 
Bus to tristate. An external device can pick up the busses and perform its 
own memory or I/O transfers. This signal should be brought low during II.

When running a program, the 6502 first performs a fetch cycle by reading an 
opcode from memory. Then the 6502 executes the opcode, which could be a 
memory read or write instruction, an instruction to move data between two 
of the 6502's internal registers, etc. After this the 6502 then fetches 
another instructions and the pattern repeats. This 
called an instruction cycle. The time it takes for 
varies from 2 to 6 microseconds with the APPLE Il's

fetch-execute pattern is 
each instruction cycle 
Mhz clock.

L
I 
I

J
>.1

Distributed under the Creative Commons License on page 4



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

SECTION 3

REFERENCE OSCILLATOR AND SYSTEM TIMING

The Reference Oscillator consists of a differential amplifier made from dis­
crete components, and a quartz crystal. The base of QI forms the different 
amp's inverting input and is held at AC ground (+5 V). The base of Q2 and 
the collector of QI form the amplifier's non-inverting input and output, 
respectively. The crystal electrically looks like a series L-R-C circuit 
with a resonant frequency of 14.31863 Mhz. It is tied from non-inverting 
input to non-inverting output creating a positive feedback loop. Above 
and below the crystal's resonant frequency, inductive and capacitive reac­
tance, respectively, dominate and create a large voltage drop across the 
crystal causing very little voltage to appear at the base of Q2 (the non­
inverting input). At the crystal's resonant frequency, inductive and capaci­
tive reactance cancel allowing a large signal to appear at the base of Q2, and 
oscillations to take place.

The Exclusive-OR gate at B2 buffers and squares up the inverted output of the 
oscillator which appears across R3. The X-OR gate's output provides the 14M 
signal mainly to drive the System Timing circuits, but 14M is also used in the 
Video Generator section.

System Timing is generated by the tight interaction between three devices: 
the 195 at C2, the 153 at Cl and the 175 at Bl. These three devices are 
operated synchronously - which means that all three chips are clocked together 
causing outputs to change together. Many of the outputs drive inputs on the 
same or another chip, getting ready for the next clocking. In addition, HPE' 
(Horizontal Parallel Enable) from the Sync Counters periodically causes most 
System Timing signals to be stretched slightly.

Eight basic signals are generated by System Timing:

1. 7M - A seven Mhz general purpose timing signal.

2. COLOR REF - A 3.58 Mhz signal used by an external television receiver as a 
phase reference for color information, as sent by the APPLE II.

3. PHASE ZERO - A one Mhz signal used in both Microprocessor and Video timing. 
The term PHASE TWO is used in manufacturer's literature to describe the 
6502 microprocessor's clock input (and output). PHASE ZERO supplies this 
input and is used with PHASE ONE for one Mhz timing needs.

4. PHASE ONE - The inverse of PHASE ZERO.

5. RAS' (Row Address Strobe) - This two Mhz signal is used to strobe a seven­
bit row address into the 4116 dynamic RAM chips.

6. AX' (Address multiplex) - This two Mhz signal tells RAM hardware to switch 
from row to column address so that the seven-bit column address may be 
strobed into the RAMs.

7. CAS' (Column Address Strobe) - This signal, also two Mhz, tells a row of 16K 
dynamic RAM to select the memory cell at the intersection of the row and
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coliimn addresses, and perform either a read or write cycle.

8. Q3 - A general purpose two MHz waveform similar to the RAM timing signals.

Two other signals are generated by combining the basic signals. They are:

1. LD194 (LoaD 194s) - This signal is used in the Video Generator circuits and 
determines when the 194 Universal Shift Registers will parallel-load graph­
ics data.

2. LDPS' (LoaD Parallel to Serial) - This signal forms the clock input to the 
161 Sync Counters, and determines when the 166 Shift Register will parallel 
load one character row of data.

The Q3, COLOR REF and 7M signals also exist in their inverted form and are used 
occasionally in various sections of the Main Logic Board. These signals are 
produced as follows:

7M and COLOR REF are produced by dividing down 14M by two and then four; this 
is done in the 175.

RAM timing signals, RAS', AX' and CAS', are generated in the 195 by first 
parallel loading ones, then shifting in zeroes.

The Phase Clocks are produced by the interaction between all three chips. 
Using the 153, PHASE ZERO routes either Q3 or Q3' indirectly back into its 
D input at the 175, causing PHASE ZERO to change polarity twice each micro­
second.

The 175 acts as a divide-by-two to produce 7M and 7M'. With the help of the 
EXCLUSIVE-OR gate at B2, 7M is divided by two to produce the 3.58 Mhz COLOR 
REF signal. (The actual frequency of 14M is 14.31818 Mhz; when divided down, 
7M then has an actual frequency of 7.15909 Mhz, COLOR REF the required fre­
quency of 3.579545 Mhz, and so on). Later on we will discuss how the 175 
also helps generate the Phase Clocks.

The generation of 7M and 7M' is straightforward. The QO' signal feeds its 
DO Input to create a divide-by two. Less straightforward is the second 
divide-by-two which produces the 3.58 Mhz COLOR REF signal. Here the DI 
Input is 7M exclusive-ORed with QI. Here are the states:

7M CURRENT: QI DI NEXT: QI

0 0 0 0

1 0 1 1

0

1

0

1

1 1 1

1

0

0

0 0

0 0

1 1
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Observe that QI half the frequency of 7M, which creates the 3.58 Mhz color 
burst signal.

The 195 Four-Bit Parallel-Access Shift Register acts as a divide-by-seven 
and generates the RAM timing signals: RAS', AX', and CAS'. The J and K' 
inputs, when tied together, form a D type input; this "0" input (pins 2 and 
3 of the 195) is tied to ground. When the 195 is in SHIFT RIGHT mode, zeroes 
are continually shifted into to the QO position.

RAS', AX', CAS' and Q3 appear to be the same waveform shifted in time. This 
is true up until one 14M clock pulse after Q3 goes low. We also see that 
Q3 is connected to the PE' input of the 195. When Q3 goes, the operation 
mode changes from shift right mode to parallel load mode. This causes the 
195 to behave as a group of D type latches where data at the PO through P3 
inputs appears at the QO through Q3 outputs at the next clocking.

Then, AX' goes high one clock pulse after Q3 goes low. This happens because 
AX's Parallel Input Pl is held high by the NAND gate at D2 pin 6.

RAS' and CAS' go high one clock pulse after AX' goes high. This is because 
AX' feeds their parallel enable inputs PO and P2. Q3 goes high one clock 
pulse after RAS' goes high, because RAS' feeds the parallel enable input to 
Q3. At this point our cycle repeats for the 195's timing.

In detail, the generation of the phase clocks PHASE ZERO and PHASE ONE in­
volves the interaction of all three System Timing chips. The 153 at Cl 
plays an important part.

Driving the Select Inputs to the 153 are:

PHASE ZERO, which drives the SI Input and chooses between the IOb/Ilb set 
of inputs and the I2b/I3b set.

AX', which drives the SO input and chooses between the lower and higher 
numbered inputs within each set.

The phase clocks are generated using the 2 Mhz RAM signals which the 195 
generates the unused latches on the 175 as a shift register and the 153 
as a switch.

Of the phase clocks, only PHASE ZERO feeds back into the circuitry. Note 
the path that it takes within the 175 and how long each path takes:

From D2 to Q2, 70ns.

From D3 to Q3, 70ns.

Driving half of the inputs to the 153 (10b and I2b) is the Q2 output. Since 
the 153's Z output drives the D2 input to the 175 while the 153 is selecting 
either the 10b or I2b inputs, the signal at Q2 then feeds back into itself.

The 153's SO input is driven by AX', and the SI input by PHASE ZERO. When
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signal to recirculate.

The other two inputs to the 153, lib and I3b, are driven by Q3 and Q3', 
respectively. When AX' is high, either Q3' or Q3 is selected depending on 
the current value of PHASE ZERO.

During the first 500ns of timing, AX' is high, then goes low, then goes high 
again. When AX' is low, the signal from Q2 of the 195 recirculates through 
the 153 Q2 can only change when AX' is high.

Q3' is low, and Q3 is high when AX' first goes high. This causes PHASE ZERO 
to select a value equal to itself to be routed to the D2 input of the 175. 
Why? If PHASE ZERO is low with AX' high, Q3 (which is low) is routed to 
the D2 input. That leaves us with the period when AX' is high for the 
second time, for PHASE ZERO to change. Q3' is now high and Q3 low, causing 
PHASE ZERO to select its opposite to be routed into D2 of the 175. Two 14M 
clockings later this signal at D2 becomes the new PHASE ZERO.

The HPE' signal from the SYNC COUNTERS, which occurs during the 65th character 
position of each line, feeds into the EXCLUSIVE-OR gate at B2 which acts as 
an inverter. This output drives pin 1 of the 74LS20 at D2. Four signals must 
be high in order for the 74LS20's output to go low. They are:

HPE' (inverted by the X-OR gate)

COLOR REF'

PHASE ZERO

B13 pin 10 (AX' and CAS' low)

This occurs just before the second falling of Q3 as indicated on the System 
Timing Diagram.

When Q3 goes from high to low the 195 is in Parallel Enable mode. Usually, 
AX' is loaded with a one on the next clock pulse, which then pulls RAS' and 
CAS' up on the clocking after that. With Pl at a zero level, RAS', CAS', Q3 
and Phase zero are frozen because they all depend on AX' to go high in order 
to change. The only signal which feeds the LS20 that is not dependent on AX' 
to go high is the COLOR REF' signal. Therefore, System Timing stops until 
the clock pulse after COLOR REF goes low. This adds two 14M clockings or 
one-half COLOR REF cycle to each line and causes the COLOR REF signal to be 
inverted with respect to the video data after each line. This allows the non­
interlaced color video output of the APPLE II to work properly with ordinary 
color display devices.
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SYNC COUNTERS

SECTION 4

During PHASE ZERO high, the 6502 microprocessor accuses memory. The 6502's 
Address Bus is valid about 200ns before the rising edge of PHASE ZERO, and 
is stable until after the falling edge of PHASE ZERO. During PHASE ONE high, 
the Video circuits access memory, fetching a byte of memory and routing it to 
the Video Generator. Ram Select (Figure S-6) and Ram Address Mux (Figure S-7) 
circuits switch between the 6502's Address Bus and the "Video Address Bus" 
begins life at the Sync Counters as seen in Figure S-4.

The Sync Counters consist of four 161 Four-Bit Binary Counters cascaded 
together. The counters are operated syncronously (all of the counters are 
clocked at the same time). When a carry is to be generated from one counter 
to the next, the counter generating the carry sets a flag, which indicates 
that the last count has been reached. This flag, called TC (Terminal Count), 
Enables the next counter stage to advance at the next clocking.

The Sync Counters provide both horizontal and vertical addresses, which point 
to a memory location containing the ASCII code for the current text character 
to be sent out. Six signals are used to define the current horizontal charac­
ter position. They are HO through H5 and HPE' (Horizontal Parallel Enable).

APPLE II uses 65 horizontal character positions per line. 40 of those are 
"live" while 25 are used for blanking. One count is used for Parallel Loading 
the 161's at D13 and D14. This causes HPE' to go from low to high while the 
remaining six signals, HO through H5 stay low. 64 counts are used for these 
six signals HO through H5 to go through a complete count sequence.

Besides Parallel Loading the 161's at D13 and D14, HPE' also affects System 
Timing by introducing a 140ns "freeze" on most of the System Timing signals. 
Refer to Section 3 for more details.

Each time a line of horizontal characters is displayed (the horizontal signals 
HO through H5 and HPE' run through a complete 65-count sequence), the current 
vertical position is incremented so that the video circuits then begin fetching 
bytes of data from screen memory allocated for the next line. Eight signals 
are used to define the current vertical character position. They are VA, VB, 
VC, and V0 through V4.

VA, VB, and VC determine which row (of eight rows of dots) is to be displayed. 
In TEXT mode, these signals are used by the 2316 Character Generator ROM to 
select the correct row of dots to be shifted out. In LORES mode, VC selects 
between the two 194's - VA and VB are not used. In HIRES mode, these signals 
influence the memory addressing sequence so that data is fetched from a unique 
memory location for each character - wide row of dots to be displayed.

Looking at Figure S-4, we see that VA Feeds its own Parallel Enable input. This 
leaves VA undisturbed by the Parallel Load That occurs during HPE'. Each Par­
allel Load copies the current value of VA back into itself.

The Vertical scan time in the APPLE II design is divided into 192 scan lines 
of "live" video followed by 70 lines of blanking. Looking at the System Timing
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Diagram, observe that the "live" vertical count and the first 64 counts of 
blanking are straightforward binary up-counting. Six extra counts are added 
to the blanking time with the following scheme:

At the 64th count of blanking, all of the counters are at an "all ones" con­
dition. In addition DI 1-11 is high which means that all TC outputs including 
the TC output from the 161 at Dll are high. This causes the PE inputs of Dll 
and D12 to be held low by the inverter at Cll pin 8. On the next clocking, 
both Dll and D12 will Parallel Load data. (The 161's at D13 and D14 will again 
wrap around to all zeroes as usual.) This causes Dll and D12 to be set to a 
pattern six counts short of an all-ones condition.

However, DI 1-11 is pre-set to a zero, which means that on the seventh clocking 
after Dll and D12 Parallel Load, all counter outputs except Dll—11 will wrap 
around to zero instead of Parallel Loading again. This happens because the 
unused output of Dll (pin 11) is at a logic zero and therefore the 161 at Dll 
cannot generate a TC signal until DI1-11 goes high once again.
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SECTION 5

ROM MEMORY

LS juuuiij Jd
Just below the microprocessor are six sockets which may be filled with from 
one to six slightly smaller integrated circuits. These ICs are the Read-Only 
Memory (ROM) "chips" for the Apple. They contain programs for the Apple which 
are available the moment you turn, on the power. Many programs are available 
in ROM, including the Apple System Monitor, the Apple Autostart Monitor, Apple 
Integer BASIC and Applesoft II BASIC, and the Apple Programmer's Aid #1 utility 
subroutine package. The number and contents of your Apple's ROMs depend upon 
which type of Apple you have, and the accessories you have purchased.

The APPLE Il's motherboard ROM memory is organized into six sections of 2K 
(2048) bytes each. The type "2316" ROMs are referred to by the memory loca­
tions into which they map. The DO ROM occupies space from $D000 - $D7FF, the 
F8 ROM from $F800 - $FFFF, etc. On a standard APPLE II, locations $E000 - 
$FFFF contain ROM memory with an optional IC available for the $D000 - $D7FF 
memory space. An APPLE II PLUS contains ROM memory in the entire $D000 - 
$FFFF memory space.

The two low-going Chip Select Inputs for each ROM are provided by outputs from 
the 138 at Fl2. Looking at Figure S-5, we see that the two negative-going en­
able inputs to the 138 (El' and E2') are driven by pin 6 of the AND gate at Hl. 
In order for one of the 138's outputs to go low, all of the Enable Inputs must 
be satisfied. This happens only if:

1. A14 and A15 are high ($C000 - $FFFF memory space addressed.)

2. PHASE ONE is low (a valid address is on the Address Bus at this time.)

If the 138's Enable Inputs are not satisfied, all outputs Z0 through Z7 are 
high.

If the Enable Inputs are satisfied, the three Address Inputs to the 138 select 
one of the ZO through Z7 outputs to go low. Since the Address Inputs to the 
138 are driven by All through A13, each 138 output reflects a unique 2K byte 
memory space. These low-going outputs are routed to the two low-going Enable 
Inputs of the appropriate ROM chip. The selected ROM will then go from high- 
impedance to low—impedance mode. The ROM places a byte of code onto the Data 
Bus selected from the 2K bytes which are permanently stored (mask programmed) 
within it. The byte to be selected is determined by the 12 Address Inputs AO 
through All, which drive the appropriate inputs to the ROM.

At the rising edge of PHASE ONE, the low-going enable to the 138 is removed, 
forcing all of its outputs high and disabling ROM. The selected ROM returns 
to tristate mode at this time.

The high-going enable (CS2) to each ROM has a pullup resistor to +5 volts. 
This INH' signal is available on the bus to deselect ROM memory. Two current 
APPLE products, the ROM Card and the Language Card, use this signal to "bank 
switch" the motherboard ROMs out, so that memory on the peripheral card can be 
mapped into the same address space.
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SECTION 6

RAM SELECT

Right below the ROMs and the central mounting nut' is an area marked by a 
white square on the board which encloses twenty-four sockets for integrated 
circuits. Some or all of these may be filled with ICs. These are the main 
Random Access Memory (RAM) "chips" for your Apple. An Apple can hold 4,096 
to 49,152 bytes of RAM memory in these three rows of components.* Each row 
can hold eight ICs of either the 4K or 16K variety. A row must hold eight 
of the same type of memory components, but the two types can both be used 
in various combinations on different rows to give nine different memory 
sizes.** The RAM memory is used to hold all of the programs and data which 
you are using at any particular time. The information stored in RAM dis­
appears when the power is turned off.

The 6502 microprocessor has 16 address lines, and therefore can address 2~16 
or 64K bytes of memory. APPLE II memory space is divided into four 16K sec­
tions and takes advantage of 16K dynamic RAMs. The top two address lines, 
A14 and A15, select the 16K block to be addressed:

SELECTED MEMORYA15 A14

0 0 ROW C RAM: $0 TO $3FFF

0 1 ROW D RAM: $4000 TO $7FFF

1 0 ROW E RAM: $8000 TO $BFFF

1 1 I/O SPACE: $C000 TO $CFFF

ROM OR LANGUAGE CARD: $D000 TO $FFFF

This leaves 14 address lines, AO through Al3, to select an individual byte 
within a row of RAM. (I/O and ROM / Language Card address space is discussed 
separately.)

The 16K "4116" Dynamic RAM has only 7 Address Inputs, AO through A6. In order 
to send 14 address bits to the RAM, we send them in two groups of seven, a 
Row Address followed by a Column Address. We also send control signals which 
indicate when the Row and Column Addresses are valid. These control signals, 
RAS' (Row Address Strobe) and CAS' (Column Address Strobe) perform other im­
portant functions as well: RAS' refreshes data within the RAM, and when R/W 
is high and RAS' and CAS' are low, then the output of the RAM is enabled.

Looking at figure S-6 we see three sets of signals generated: RAM SEL', RAM A6, 
and RAM CAS'.

RAM SEL' goes low when there is a READ from RAM or the keyboard. This then 
places data from either RAM or the keyboard onto the System Data Bus, via the 
257s at B6 and B7. RAM A6 sends two bits of address information to the RAM 
each time a READ or WRITE is performed.

Distributed under the Creative Commons License on page 4 | Page 0094 of 0367



Apple ][/][-Plus Level II Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc.

Distributed under the Creative Commons License on page 4 | Page 0095 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

Distributed under the Creative Commons License on page 4 | Page 0096 of 0367



Apple ][/ ][-Plus Level II Service Manual -- 1981 -- DigiBarn Computer Museum --Apple Computer, Inc.

CAS' is the RAM chip select signal in 16K schemes. Only chips that receive 
CAS' actually go into a low-impedance mode when a READ from RAM happens.
During a WRITE to RAM, only chips that receive CAS' actually change their data.

Referring to the System Timing Diagram, note that there are two memory accesses 
(bus cycles) each microsecond. The first one occurs when PHASE ZERO is low. 
This is the Video Cycle where a byte of data is fetched to be displayed on the 
screen.

The second memory access occurs when PHASE ZERO is high. This is the Micro­
processor Cycle where a byte of data is read from or written to memory. There 
are three timing events within each cycle:

RAS'... When this signal goes low, the Row Address as it appears on RAM A0-A6 
is strobed into memory.

AX' (Address multiplex)... This signal causes a switchover from Row to Column 
Address as seen on RAM A0-A6.

CAS'... This signal strobes in the now valid Column Address into RAM and sel­
ects a row of RAM.

Referring back to Figure S-6, we have two activities occuring:

1. The PHASE ZERO clock selects between Video (PHASE ZERO low) and Micropro­
cessor (PHASE ZERO high) addresses.

2. AX' selects between Row Addresses (AX' high) and Column Addresses (AX' low) 
during each Video and Microprocessor Cycle.

Let's look at how the RAM A6 signal is produced. On systems with 16K RAMs, the 
RAM A6 signal is common to each RAM. The 153 at Cl produces both the Row A6 
and Column A6 for each bus cycle (Video and Microprocessor).

Driving the Select Inputs to the 153 are:

PHASE ZERO - Drives the SI input and chooses between the two Video Address In­
puts (pins 5 and 6) and the two microprocessor inputs (pins 3 and 4).

AX' - Drives SO input, and chooses between the two Video Address Inputs during 
PHASE ZERO low, and the two Microprocessor Inputs during PHASE ZERO high.

The Microprocessor Inputs to the 153 are straightforward - A12 and A13 from the 
microprocessor's Address Bus. The Video Inputs to the 153 are not as straight­
forward, however. They come from the 257 at C12.

Driving the Select 
HIRES graphics and 
scheme is required

Input to the 257 is the HIRES signal which is high during 
low otherwise. This is done because a different addressing 
for HIRES as opposed to LORES and TEXT.

Now lets's look at how RAM CAS' is produced. Recall 
the chips in a selected ROW of RAM the CAS' signal.

that we want to only give 
During PHASE ZERO (micro­

processor mode), the high-order address lines A14 and A15 Select between four
blocks of 16K bytes each. 
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to point to a row of RAM to receive CAS'. During PHASE ONE (Video Mode), we 
use the Video Address signals to properly select a row of RAM.

RAM CAS' is produced at one of the outputs of the 139 only when CAS' goes low. 
At that time the values at the A and B inputs determine which row gets CAS'. 
The A and B inputs are determined by the 257 at JI.

Note in Figure S-6 that the other half of the 139 sends its outputs to a four 
input NAND gate at D2. This half of the 139 is configured much like the first 
half except that the Enable pin (pin 15) is grounded. This 139 half feeds the 
four input NAND gate at D2 with a low going signal any time RAM in the mother­
board is selected. Also feeding this NAND gate is the KBD' signal from F13-5. 
The output of the NAND gate at pin 8 then goes high if either the keyboard or 
RAM is selected. DF2 pin 8 then drives one input of a two input NAND gate at 
A2. R/W', the microprocessor READ-WRITE line, drives the other input. The 
result is that RAM SEL' at A2 pin 6 goes low any time there is a READ from 
the keyboard or RAM. This gates keyboard or RAM data onto the System Data 
Bus (Figure S-10).

* You can extend your RAM memory to 64K by purchasing the Apple Language 
Card, part of the Apple Language System (part #A2B0006).

** Due to continuing cost reductions on 16K RAMs, current revisions of the 
Apple II will accept only 16K RAMs.
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SECTION 7

Two bus cycles occur within an APPLE II each microsecond. One cycle occurs 
when PHASE ZERO is high and causes the address generated by the micropro­
cessor to be presented to the RAM chips. The other cycle occurs when PHASE 
ONE is high and causes the Video Address generated by the Sync Counters to 
be switched in. Some of the Sync Counter Outputs are ready "as is" to be 
presented to RAM memory while others undergo further processing. Both the 
Microprocessor Address and the processed Video Address are, at alternate 
500ns intervals, presented to the RAM ICs. The RAM chips expect an address 
to be presented in two steps. With 16K RAMs, a seven bit row address is 
first presented. The RAM stores this internally when RAS' goes low. Then, 
a seven bit column address is presented and CAS' is sent to a selected row 
of RAM which causes it and the seven other selected RAM chips in that row 
to transfer data to or from the System Data Bus.

We then have a four-way multiplexing scheme, because both the Microprocessor 
Address and the Video Address must be presented to RAM, each being sent in 
two stages: a Row Address followed by a Column Address.

Looking at Figure S-7 (Appendix A) we see that six of the seven RAM Address 
lines are generated using the 153's at E12 and E13. The seventh address 
line is covered in the RAM Select chapter.

As shown in Figure S-7, two signals drive the select inputs to each 153:

1. PHASE ZERO - Drives each SO input. It is high during microprocessor ac­
cess and low during video access.

2. AX' - Drives each SI input. IT is high when the Row Address is being pre­
sented, and low when the Column Address is presented, to the RAMs.

Twice during each bus cycle, RAS' (Row Address Strobe) goes low, strobing the 
Row Address into the RAM chips (they internally latch the Row Address). Next, 
AX' goes from high to low causing the 153s to switch over to the Column 
Address. Only a selected Row of RAM receives CAS' (Column Address Strobe), 
which latches the Column Address, now valid at the RAM address lines, into the 
RAM chip and causes a READ or WRITE operation to take place.

The refresh scheme used with dynamic RAM requires each chip to receive the full 
128 possible Row Addresses, followed by RAS', every two milliseconds. The 
Video Address, multiplexed in during PHASE ZERO low, meets this requirement, 
and thus provides a transparent refresh without the need for dedicated refresh 
hardware.

Looking at Figure S-7, we see 12 Microprocessor Address lines and 12 Video 
Address lines driving the 153 inputs. For each Microprocessor address line, 
a corresponding Video Address line exists. In some cases the correspondence 
is straightforward - HO, Hl, and H2 correspond to AO, Al, and A2. In order 
to hold the screen memory size down to a minimum, however, an extra chip, 
the 283 Adder, was introduced. Here's why....
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In TEXT mode, there are 24 lines of 40 characters each for a total of 960 
"live" characters. To be able to address each character in memory we need 
only 10 address lines since 2~10 equals 1024, more that the 960 we need. 
Furthermore, we don't care what the Video Address looks like during blanking 
except to satisfy the RAM refresh requirements. We do want all of the RAM 
memory that contains video character to be in one continuous block, however. 
There are a total of 11 "video address" lines generated by the Sync Counters: 
HO through H5, and V0 through V4. (In TEXT mode, VA, VB, and VC go only to 
the 2316 Character Generator and don't affect the Video Addressing). The 
283 takes in 5 Video Address lines from the Sync Counters, and by adding them 
together a four bit sum is created. This reduces the count to ten lines 
resulting in 1024 memory locations used to map 960 "live" characters. (The 
64 "wasted" characters are used by the Peripheral Cards. This is documented 
in the Hobby Card Manual).

The 283 adds the two four bit binary words, plus a carry bit. It produces a 
four bit result and a carry out. The carry out is not used in the APPLE II
design. The following are the two four-bit word signals:

V3 (CIN)

OP A: H5' V3 H4 H3

OP B: + V4 H5' V4 1 (SOFT 5 VOLTS)

= E3 E2 El E0 (TO 153's)

The formula above accomplishes the compression from five signals to four. The 
circuit adds horizontal and vertical signals together, plus a constant, so 
that the address gaps created by horizontal and vertical blanking are removed. 
This scheme for generating addresses is responsible for the interweaving that 
takes place when a page of memory is filled with data from beginning to end 
consecutively. Adjacent lines are not stored in consecutive memory locations.

Another aspect of the Video Addressing not mentioned until now is the action 
of the 257 at C12. Looking at Figure S-7, we see that the 257 generates the 
upper two Address Bits of the Video Address. The Select Input of C12 is 
driven by the HIRES soft-switch output from the 9334 at Bll. When S is low 
(TEXT/LORES mode) the PAGE 2 soft-switch output from the 9334 and its compli­
ment form the Video Address equivalents of All and A12, respectively. This 
circuit creates the $400 or $800 base address used when in TEXT/LORES modes. 
The high-order four bits are all at a logic zero when in TEST/LORES. The 
circuits which do this are discussed in the RAM SELECT chapter.

outputs 
byte memory 
of scanning

soft-switch output is high (HIRES mode) these two 
VB from the Sync Counters. HIRES uses an eight K 
toggle the equivalent of Al 2 to A0 in the process

When the HIRES 
reflect VA and 
block and must 
the full memory block. VC is used as the video equivalent of Al2,and the base 
address of $2000 (HIRES PAGE 1) or $4000 (HIRES PAGE 2) is generated in cir­
cuits found in the Ram Select chapter. This causes the twelve-way interlace 
seen when filling a HIRES page with data, starting at the base address and 
moving upwards. [DRRrP R? f?H IT3 I7\ RR fP
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SECTION 8

RAM MEMORY WITH DATA LATCH

A

The 
Our

APPLE II design centers heavily 
explanations are limited to the

on the use of Random Access Memory (RAM). 
use of type "4116" 16K dynamic RAM ICs.

four corners ofThe each RAM supply

Seven pins are used

power to the IC:

PIN NUMBER FUNCTION VOLTAGE

1 Vbb -5 V

8 Vdd +12 V

9 Vcc +5 V

16 (GROUND) Vss 0 V

for addressing:

PIN NUMBER FUNCTION

5 A5

6 A4

7 A3

10 AO

11 Al

12 A2

13 A6

line is independent of the others, the addresss labels 
For example, one

Since each address
assigned to the seven address pins are purely arbitrary.
could switch the trace going to pin 5 of a RAM chip with the trace going to 
pin 6 with no effect in performance. Data would be stored in and read from 
different cells within the RAM but there would be no change external to the 

RAM address lines are routed to the 
of the

RAM. 
RAM

Usually the signals driving the 
address inputs at the convenience printed circuit board designer.

Two pins are used for DATA:

(Data IN) appearsDIN
Data Bus signals D0-D7.

at pin 2. This pin is driven by one of the System

DOUT (Data OUT) appears at pin 14. This RAM 
latches at B5 and B8.

signal drives the 174 RAM
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There are three RAM control inputs:

WRITE' (READ/WRITE input). This input is driven by the System R/W' line and 
is ORed with the PHASE ONE clock before being presented to the RAM chips.

RAS' (Row Address Strobe). This signal latches the ROW address into each 
RAM and causes all cells in the indicated ROW to be refreshed.

CAS' (Column Address Strobe) Is applied only to selected rows of RAM and 
causes the unique bit cell indentified by the row and column address to be 
selected. If a write operation is indicated, the value which appears at 
the DIN input of the RAM cell is copied into the selected bit cell. If 
a read operation is indicated, the selected bit cell's contents is routed to 
the DOUT pin and latched by the 174's.

Looking at Figure S-8, we see that the RAM's WRITE' is driven by ORing the 
System R/W' with the PHASE ONE clock as described earlier. This is done to 
guarantee that a WRITE cycle only occurs during PHASE ZERO high (the micro­
processor's turn to access memory) and never during PHASE ONE high (video's 
turn to access memory)•

The 174s at B5 and B8 are each Quad "D" Latches with a positive-going Clock 
input. RAM data is latched so that the system can use RAM data while the 
next address is being set up. Looking at the System Timing Diagram, we see 
that the new ROW address is strobed into RAM 140ns after the data produced 
by the previous READ is latched into the 174s.
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PERIPHERAL I/O

SECTION 9

Three pins on 
pulses to the

each slot of the APPLE II motherboard’are used to send contro 
circuit card installed in that slot position. They are:

CONN. PIN# 
PRONOUNCED:

SIGNAL NMEMONC

20
I/O STROBE"

I/O STRB

41
'DEVICE SELECT"

DEV SEL'

1
'I/O SELECT"

I/O SEL'

Each of these signals produces a low-going pulse for 500ns in response to an 
address generated by the 6502 microprocessor. Of the three signals, only one, 
I/O STRB', is common to all slots. The remaining two signals can be sent to 
a selected slot to the exclusion of all other slots. (I/O STRB' is detailed 
in the ROM Memory section).

DEV SEL' and I/O SEL' are slot dependent signals. Each slot has a set of 
addresses which cause a pulse to be generated only at that particular slot. 
This eliminates the need to have the hardware in each peripheral card decide 
which signals are intended for it and which are not.

I/O SEL' signals are generated by the 138 at H2. Driving its active-low inputs 
is F12-15 (see ROM Decode section). This pin goes low anytime an address in 
the $C000 to $C7FF range is generated. Looking at Figure S-9, we see that A8, 
A9, and A10 drive the Address Inputs to the (H2) 138. This causes the various 
outputs of the chip to go low anytime a particular 256 byte memory area is 
addressed. The Z0 output of H12 responds to addresses in the $C000 to $COFF 
range and is used to enable the keyboard, on-board I/O and soft-switch circuits 
when A7 is high ($C080 to $C0FF), then the 138 at H2 is enabled and DEV SEL' 
signals, to be detailed later, are generated.

The other seven outputs from the 138 at H12 are distributed among seven I/O 
slots (Slot 0 does not receive I/O SEL'). Since each slot receives I/O, SEL' 
over a 256 byte range, this signal is used to enable a small program in PROM 
which controls APPLE Il'S communication with the card. As described in the 
ROM Decode section, the outputs of the 138 at F12 go low only during PHASE 
AERO high. The enable into pins 4 and 5 of the 138 at H12 will only go low 
during Phase zero High. Our I/O SEL' pulses will then be active only during 
the PHASE ZERO-high portion that the appropriate address is generated.

I/O SEL' provides slots 0 through 7 with a 256 byte memory area. The mapping 
for this is $C <slot #> 00 to $C <slot #> FF, with slot 0 having no I/O SEL' 
signal.
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Observe in Figure S-9 that the active-high enable to the 138 at H12 has a 
pull-up resistor, and an optional jumper to connect it to the USER1 pin at 
the I/O slot (Pin 39). If the jumper is shorted, then USER1 may be used to 
disable any I/O signals in the $C800 memory range. This is done by bringing 
this pin to ground, which disables the 138's active high Enable Input.

DEV SEL' signals map into a tighter address space than the I/O SEL signals. 
Since the ZO output of the 138 at H12 is used to enable the 138 at H2, the 
address space is limited to the $C000 to $C0FF space. Since A7 is also 
used as an enable to the 138 at H12, the address space is further limited 
to $C080 to $C0FF. This allows each peripheral connector a 16 byte address 
space since A4 to A7 Drive this 138's Address Inputs. Normally, address 
lines AO to A3 Are used with the DEV SEL' signal to act as control signals 
for the peripheral card's hardware. The program to do this often resides 
in PROM, mapping into the peripheral card's I/O space. In summary:

I/O SEL' gives each peripheral slot, except Slot 0, 256 bytes of address 
space. Pin 1 of the selected slot will go low for one PHASE ZERO - high 
time period (500ns) each time one of the slot's 256 assigned addresses is 
generated by the 6502. This signal is used to enable a small PROM program 
on the peripheral card.

DEV SEL' gives each peripheral slot, including Slot 0, 16 bytes of address 
space. Pin 41 of the selected slot will go low for one PHASE ZERO - high 
time each time an address in the slot's DEV' address space is generated by 
the 6502. This signal is used to send control signals to the peripheral 
card.

Since the phase clocks are used to ENABLE the 138's, all signals generated 
by the 138's will LAG the phase clocks slightly. This means that that the 
DEV SEL' or I/O SEL' signal will be present until AFTER the falling edge 
of PHASE ZERO or the rising edge of PHASE ONE. These slot-dependent sig­
nals, along with I/O STRB', can be captured by sending the signal into the 
D input of a latch and clocking the latch with the rising edge of PHASE ONE.
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ON-BOARD I/O

SECTION 10

APPLE II offers on-board I/O (input/output) circuits which include the 
keyboard, video display and the built-in loudspeaker. Other on-board I/O 
capability includes cassette interface circuitry, Game Paddle (analog to 
digital conversion) circuits and some general purpose logic inputs and 
outputs.

Looking at Figure S-10, observe how address lines AO - A13 distribute them­
selves between the four ICs at the left. The 138s at F12 and H12 provide 
enable signals to the ROMs and to the peripheral cards. This is mentioned 
in detail in the Rom Memory and Peripheral I/O chapters. It is important 
to note that the ZO output from the 138 at H12 goes low when an address in 
the $C000 - $C0FF range is generated. You may recall from the Peripheral 
I/O chapter that the DEV SEL' signals are only enabled when A7 is high and 
the ZO output just mentioned is low. The 138 at H12 also uses this ZO out­
put and A7 as enable signals but A7 is used as a low-going enable signal 
producing an address range of $C000 - $C07F for the 138 at F13 where an 
address range of $C080 - $C0FF exists for the DEV SEL' signals.

Driving the high going Enable Input of the 138 at F13 is the I/O signal from 
System Timing. This is done since the Address Bus is valid all the time 
that I/O is high. Address lines A4 to A6 drive this 138's Address Inputs. 
Since AO to A3 do not connect with this device, each output will have a 16 
byte memory space where any one of the 16 addresses present on the Address 
Bus will cause the selected output to go low.

Let's cover some F13's outputs and the memory locations into which they are 
mapped:

ZO ($C000 - $COOF). A READ to any of these addresses causes an ASCII character 
from the keyboard to be placed onto the Data Bus via the 257s at B6 and B7•

Z1 ($C010 - $C01F). This is the Cassette Save signal which clocks the 74LS74 at 
K13 which is set up as a divide-by-two. This causes its output to toggle.
R18 and R19 form a 120 to 1 voltage divider and reduce the four volt peak-to- 
peak signal from K13's Q2 output to under 40 millivolts peak-to-peak.

Z3 ($C030 - $C03F). This signal clocks the other 74LS74 at K13 which is also 
configured as a divide-by-two. The output of this LS74 is AC coupled to a 
single-package Darlington amplifier which drives the speaker through a 27 ohm 
current-limiting resistor.

Z4 ($C040 - $C04F). This signal appears at pin 5 of the game I/O connector 
and is available for user applicaitons.

Z5 ($C050 - $C05F). This signal enables the 9334 at F14 which is responsible 
for the graphics "soft switches" and some software-controlled signals avail­
able at the Game I/O connector outputs.

Z6 ($C060 - $C06F). This signal enables the 251 at H14. The 251 chooses 
between the following inputs:
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MUX INPUT NAME INPUT IS

10 Cassette In

11 SWO

12 SW1

13 SW2

14 PDLO

15 PDL1

16 PDL 2

17 PDL3

Since the 251's Select INputs are driven by A0-A2, these various inputs 
appear at Data bit 7 when reading to addresses $C060 $C067. The 251's 
Y output drives bit 7 of the Address Bus.

The Cassette In Signal to the 251 comes from the 741 Op-Amp at location KI.

The PDL signals to the 251 come from the 558 Quad Timer. The varying 
resistance of each paddle changes the R-C time constant; therefore, the 
time period for which the output remains high. This time period is con­
verted into a number ranging from 0 to 255, in software.

Z7 ($C070 - $C07F). This output from the 138 resets all four of the 558's 
Timers.

The 257s at B6 and B7 buffer the keyboard and Latched RAM Data from the 
Data Bus.

The RAM SEL' signal drives the Enable Input to the 257, and goes low if RAM 
or the KBD is selected. When this happens, usually Latched RAM Data is 
selected. If our KBD' signal from the 138 at F13 is low, however, (READ from 
KBD) then the keyboard is selected.

The 9334 IC at F14 is an eight-bit Addressable Latch. The 9334's outputs 
perform two functions. The first one is to throw the soft switches which 
control the video modes. These switches are in the $C050 to $C057 address 
range. Note that AO forms the D input to this 9334. This second function 
performed by the 9334 is to set the four Annuciator Outputs available at 
the Game I/O Connector. This general-purpose LSTTL outputs are available 
for user applications.
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SECTION 11

VIDEO GENERATOR

The Video Generator circuits convert bytes of data into serial video. Hori­
zontal and vertical sync pulses are added to produce composite video. A color 
burst signal is also added when color graphics is displayed. The purpose of 
the Video Generator is then to:

1. Generate text or graphics serial video data.

2. Correctly route the video signal to the output jack.

3. Add horizontal and vertical sync pulses and, if required, a color burst 
signal.

There are three video modes:

1. TEXT. Data is displayed as alphanumeric characters in 24 lines of 40 columns
each.

2. LORES (LOw RESolution) graphics. Data appears as colored squares within a
40 (h) by 48 (v) matrix with 16 available colors.

3. HIRES (High RESolution) graphics. Data is shifted out as a 280 (h) by
192 (v) matrix with six colors available.

TEXT generation is the most straightforward of the three modes. Two principal 
ICs are involved - the *2316 Character Generator and the 166 Shift Register. 
Referring to Figure S—11 we see that the 2316 is a special-purpose ROM with 
9 Address Inputs and 5 Data Outputs. Let's describe what a character is sup­
posed to look like on the screen:

A TEXT character appears as seven groups of five dots across. These groups of 
five dots are stacked vertically to produce a five (h) by seven (v) dot matrix. 
To the left and right of each character is a blank column used to separate 
characters horizontally. An eighth ROW of blank dots is produced by the Char­
acter Generator to separate characters vertically.

The Character Generator produces eight groups of five dots each which are 
shifted out as serial video. Looking at Figure S—11, we see that six of the 
Character Generator's inputs are from Latched RAM Data and represent the 
ASCII code of th character to be displayed. Three other inputs to the 2316 
are VA, VB, and VC from the Sync Counters. These three signals go through 2~3 
or eight different states, each state addressing a different row of dots within 
each character.

The 166 Shift Register accepts each five-dot row from the Character Generator, 
adds a blank dot in front of an behind the row, and shifts out the dots one 
at a time.

Three inputs from System Timing, 14M, 7M, and LDPS' (LoaD Parallel to Serial) 
control the action of the 166. During each shift, bits are shifted up alpha­
betically: G moves to H, F to G, E to F, etc. Note that both H and B inputs
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are grounded; these create the blank dots to the left and right of each row 
which separate adjacent characters.

Our 166 mode diagram looks like this:

14M 7M LDPS'

X 1 X

0 0

0 1

RESULT

HOLD CURENT POSITION

PARALLEL LOADS

SHIFTS UP ONE POSITION

NOTE; "*■" represents a low-to-high transition. "X" means "can be any value."

The 166 is allowed to change only if 7M is high. This results in data being 
shifted out at 7 Mhz. Referring to the System Timing Diagram, we see that 
LDPS' occurs in the middle of PHASE ZERO once every microsecond, causing a 
new row of microsecond.

The Exclusive-OR gate, which QH feeds into, functions as a controlled inverter. 
Observe in Figure S—11 that Latched RAM Data bits six and seven feed into gates 
at Bll and B13, the output of which passes through the 194 at A10 via pins six 
and seven, to the other input of the Exclusive-OR gate. (The 194 at A10 func­
tions as a latch.) The 555 Oscillator at B3 operates at about three hertz and 
also feeds into the gates at Bll and B13. As a result, when pin 12 of the 
EXCLUSIVE-OR is high, video will be displayed in inverse field, otherwise it 
passes through undisturbed. The effect of DL6 and DL7 on the serial video out­
put is:

DL7 DL6 VIDEO MODE

The
between TEXT, LORES, and HIRES modes, (will be discussed later)

0 0 INVERSE Bl 3-4 IS HELD HIGH

0 1 FLASHING Bl 3-4 WILL BE HIGH (EXCEPT WHEN 555 IS HIGH)

1 0 NORMAL B13-4 IS HELD LOW

1 1 NORMAL B13-4 IS HELD LOW

video output feeds into the 151 at A9. This chip acts as a master switch

Both LORES and HIRES GRAPHICS make use of the 194 Universal Shift Register. 
The complexity of this chip is due to the four operation modes which cause a 
Hold conditon, Shift Left and Right conditions, and a Parallel Load condition. 
For our purposes we can ignore one unused mode and describe the 194's operating 
modes as: (see top of next page)
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SHIFT LEFT DATA FROM Q3 SHIFTS TO Q2, Q2 TO QI, ETC
DSL INPUT SHIFTS INTO Q3

PAR. LOAD1 DATA AT DO - D3 APPEARS AT QO - Q3

NOTE: References made to "the twin 194s" refer to the two at B4 and B9. These 
two ICs are the nucleus of the LORES and HIRES circuits.

In both LORES and HIRES schemes Latched RAM Data is parallel-loaded into the 
Twin 194s and then shifted left for a one microsecond interval. The HIRES 
signal from F14 pin 7 drives the 257's Select Input. The 257 then chooses 
between Data Input Set 0 when in LORES mode or Data Input Set 1 when in HIRES 
mode. The effect that changing modes has on the Twin 194s is to:

1. Change the way data circulates within the 194's - they act as independent 
recirculating shift registers, or "spinners" when in LORES. In HIRES mode 
the Twin 194s connect in series to make one eight position shift register 
(only 7 are actually used).

2. Change the rate at which the 194s are shifted by effecting the SI Mode Con­
trol input to the 194s.

The twin 194s have their SI Inputs held high all the time when in LORES. 
Remember that Data Input Set 0 is selected (routed to the Z Outputs) when 
in LORES mode, and Data Input Set 1 is selected when in HIRES. Following 
the path back from the ZC output of the 257, we see that the 194s SI inputs 
connect to Soft 5 volts via the 10c Input of the 257. The SO inputs of the 
194s are "hardwired" to the LD194 signal from System Timing. In LORES then, 
the 194s are in one of two modes:

1. Parallel Load (LD194 is high)

2. Shift Left (LD194 is low) enter a Hold state

3. When LD194 is low and 7M' is high, then the 194s do an eight bit shift. The
QO output of the 194 at B9 feeds the Data Shift Left Input of the 194 at B4.

The 151 at A9 serves as the master switch between TEXT, LORES and HIRES. It 
also switches between inputs in LORES mode. Looking at Figure Sil, we see 
that the C Input to the 151 is driven by pin 2 of the 174 at B8. This signal 
serves to switch between TEXT and graphics. When the C Input is low, one of 
the Data Inputs DO through D3 are candidates to become the output. Select
Inputs A and B choose between the four inputs. All four inputs DO through D3
are, however, driven by the video text signal. Therefore, we are in TEXT mode
regardless of the values of the A and B inputs when C Input is low.

When the C input is high, one of the data inputs D4 through D7 are selected to 
become the output signal. Here the final selection process is more involved.
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The Zb and Zd outputs of the 257 pass through,th.f
latch. The QO and QI outputs o e friDuts selecting either Data
and Zd outputs from the 257, drive the A and B ^puts . selecting 
Input D4, D5, D6, or D7. The

In LORES mode, Data Input set 
are now routed to the A and B 
two effects:

selected input becomes the final output.

0 is selected. HO and VC from the Sync Counters 
inputs, respectively, of the 151. This causes

1. When VC is low, the 194 at 
is selected.

B4 is selected. When VC is high, the 194 at B9

even numbered columns, data Is tapped from each 194 at Its QO output. This 
odd numbered columns, data Is tapped from each “ “s

continuous LORES patterns to be generated across t
2. On 

On 
allows for continuous LORES patterns uu ue , u
This happens because each 194 Is two « corrector
clockings (14 MOD four is two). The tap is moves u F 
for this.

VC, from the Sync Counters, 
are generated. L-----
causes a byte of Latched 
of one another.

c Counters, changes polarity every time tour horizontal lines 
Switching between the Twin 194s ^ery 'our horizontal line _

RAM Data to appear as two LORES squares stacked on top

In HIRES mode, the A and 
the QO output of the 194

B inputs 
at B4 to

to 
be

the 151 are both low. This 
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COLOR BURST signal, which is sent for a brief time following the rising edge 
of the horizontal Sync pulse, and the serial video data.

As explained in the new APPLE II Reference Manual, the most.significant bit 
from Latched RAM Data serves as a control bit in REV 1 or higher boards. This 
creates an additional 70ns delay to the serial video when the high-or-der bit 
from Latched RAM Data is set. We get green, violet, white and black when the 
"control bit" is 0 and orange, blue, whitel, and blackl when the control bit 
is 1.

The gates in the upper right corner of Figure S—11 produce the horizontal 
and vertical sync pulses that allow a television set to "lock in" to the 
APPLE II video signal. APPLE II generates composite video (all video infor­
mation is contained in one signal); sync pulses are mixed in with the video 
data via R6. Looking at the System Timing Diagram, we see that horizontal 
blanking occurs during the first 25 counts of the Sync Counters. Note also 
that vertical blanking occurs whenever V3 and V4 from the Sync Counters are 
both high. Within each horizontal and vertical blanking period, a corre­
sponding sync pulse is generated.

Circuits disable the 151 during blanking, thus forcing its output to a logic 
0. Looking at Figure S—11, we can trace back from the STRB Input of the 151 
(pin 7) through the 194 at A10 to pin 6 of the OR gate at C14. Since the 
STRB Input to the 151 is active low, we want the OR gate to go high only 
during horizontal or vertical blanking. Driving pin 5 of the OR gate is the 
HBL (Horizontal BLanking) signal produced by pin 6 of the LS51 - this signal 
is high during the first four counts of the Sync Counters. Driving pin 4 of 
the OR gate is V3 ANDed with V4, which is the Vertical Blanking signal. The 
sync pulses are produced by ANDing the blanking signals with a few more 
timing signals to narrow them down within the blanking periods. For the 
horizontal sync pulse we AND HBL with V3. For the vertical sync pulse we 
AND VBL with V2 And VI'. This is done with the lower LS51 in Figure S-U. 
This LS51 ORs the horizontal and vertical sync pulses and inverts the result 
so our sync pulses will be low-going. The final result is mixed into the 
output via R8.

Rev 1 or later boards have a modified version of the sync circuit, which 
corrects for some timing problems encountered when interfacing the APPLE II 
to certain television set models.

COLOR BURST occurs during HBL when H4 is high and H2 is low. Looking at the 
System Timing Diagram, we see that this starts right after the horizontal 
sync pulse and continues until H2 goes high (4 microseconds total time).

The COLOR BURST signal is shaped by R5, LI, C2, C3. This network is a tank 
circuit which is tuned to the COLOR BURST frequency of 3.58 Mhz.

Adjusting C3 causes a slight phase shift to the COLOR BURST signal with 
reference to the video data and has the effect of shifting the colors on the 
screen. This provides a "fine tuning" color adjustment on the APPLE II to 
supplement controls found on the television set.

★Early revision boards used a 2513 Character Generator. D
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'IDEO STATE DIAGRAM
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MORE MEMORY

The Apple's 6502 microprocessor can directly reference a total of 65,536 
distinct memory locations. You can think of the Apple's memory as a book 
with 256 "pages", with 256 memory locations on each page. For example, 
"page $30" is the 256 memory locations beginning at location #3000 and 
ending at location $30FF. Since the 6502 uses two eight-bit bytes to form 
the address of any memory location, you can think of the bytes as the page 
number and other as the location within the page.

The Apple's 256 pages of memory fall into three categories: Random Access 
Memory (RAM), Read-Only Memory (ROM), and Input/Output locations (I/O). 
Different areas of memory are dedicated to different functions. The Apple's 
basic memory map looks like this:

Figure 5. System Memory Map

System Memory Map
Page Nu^oer. 
Decimal Hex
0 SW
1 501
2 S«Z

RAM <4»O

190 SBE
191 SBE
192 set
193 SCI

- I/O (20

198 SC6
199 SC7
200 SCI
201 SC9

- I/O ROM ‘20

206 SCE
207 SCF
208 SD0
209 SDI

- ROM (120

254 SEE
255 SEE
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RAM STORAGE V

The area in the Apple's memory map which is allicated for RAM memory begins 
at the bottom of Page Zero and extends up to the end of Page 191. The Apple 
has the capacity to house from 4K (4,096 bytes) of RAM on its main circuit 
board, (only early revisions with RAM configuration blocks). In addition, 
you can expand the RAM memory of your Apple all the way up to 64K (65,536 
bytes) by installing an Apple Language Card. This extra 16K of RAM takes the 
place of the Apple's ROM memory, with two 4K segments of RAM sharing the 4K 
range from $D000 to $DFFF.

Most of your Apple's RAM memory is available to you for the storage of 
programs and data. The Apple, however, does reserve some locations in RAM 
for use of the System Monitor, various languages, and other system functions 
Here is a map of the available areas in RAM memory:

Table 16: RAM Organization and Usage
Page Number 
Decimal Hex Used For

• S00 System Programs
1 S01 System Stack
2 S02 GETLN Input Buffer
3 S03 Monitor Vector Locations
4 S04
5 S05 Text and Lo-Res Graphics
6 S06 Primary Page Storage
7 S07
8 $08
9 S09 Text and Lo-Res Graphics
10 S0A Secondary Page Storage
11 S0B

FREE
12 S0C
through
31 S1F

RAM

32 $20 H'-Res Graphics
through Primary Page

1 63 S3F Storage
1 64 $40 H;-Res Graphics

through Secondary' Page
95 S5F Storage
96 
through

S60

191 SBF
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ZERO PAGE MEMORY MAPS

Table 18: Monitor Zero Page Usage
Decimal 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Hex $0 $1 $2 $3 $4 $5 $6 $7 $1 $9 SA SB SC $D $E SF

• $00
16 $10
32 $20 •
48 $30 • • • • • • • • • • • • • • • •

64 $40 • •

88 $50 • • • • • •
96 $60
112 $70
128 $80
144 $90
160 SA0
176 SB0
192 set
208 SD0
224 SE0
240 SF0

Table 19: Applesoft II BASIC Zero Page Usage

Decimal 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Hex $0 $1 $2 S3 $4 $5 S6 $7 $8 S9 SA SB SC SD SE SF

0 S00 • • • • • • • • • • • •

16 $10 •
32 $20
48 $30
64 $40
80 S50 • • • • • • • • • • • • • • • •

96 S60 • • • • • • • • • • • • • • • •

112 S70 • • • • • • • • 0 • • • • • • •

128 $80 • • • • • • • • • • • • • • • •

144 S90 • • • • • • • • • • • • • • • •

160 SA0 • • • • • • • • • • • • • • • •

176 SB0 • • • • • • • • • • • • • • • •

192 SC0 • • • • • • • • • • • • • •

208 $D0 • • • • • • • • • • • • • •

224 SE0 • • • • • • • • • •
240 SF0 • • • • • • • • •
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Following is a breakdown of which ranges are assigned to which functions:

Zero page: Due to the construction of the Apple's 6502 microprocessor, 
the lowermost page in the Apple's memory is prime real estate for machine 
language programs. The System Monitor uses about 20 locations on Page Zero; 
Apple Integer BASIC uses a few more; and Applessoft II BASIC and Apple Disk 
Operating System use the rest. Tables 18, 19, 20, and 21 show the locations 
on zero page which are used by these system functions.

Page one: The Apple's 6502 microprocessor reserves all 256 bytes of Page 1 
for use as a "stack". Even though the Apple usually uses less than half of 
this page at any one time, it is not easy to determine just what is being used 
and what is lying fallow, so you shouldn't try to use Page 1 to store any 
data.

Page two: The GETLN subroutine, which is used to get input lines by most 
programs and languages, uses Page 2 as its input buffer. If you're sure 
that you won't be typing any long input lines, then you can (somewhat) safely 
store temporary data in the upper regions of Page 2.

Page three: The Apple's Monitor ROM (both the Autostart and the original) 
use the upper sixteen locations in Page Three, from location $3F0 to $3FF 
(decimal 1008 to 1023). The Monitor's use of these locations is outlined on 
Table 14.

Pages four through seven. This 1,024-byte range of memory locations is used 
for the Text and Low-Resolution Graphics Primary Page display, and is 
therefore unusable for storage purposes. There are 64 locations in this range 
which are not displayed on the screen. These 64 locations are reserved for 
use by the peripheral cards.
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RAM CONFIGURATION BLOCKS

NOTE: RAM Configuration blocks are not included on Revision 7 and later 
Apple boards.

The Apple's RAM memory is composed of eight to 24 integrated circuits. 
These IC'S reside in three rows of sockets on the Apple board. Each row can 
hold eight chips of either the 4,096-bit (4-K) or 16,384-bit (16K) variety. 
The 4K RAM chips are of the Mostek "4096" family, and may be marked "MK4096" 
or "MCM6604". The 16K chips are of the "4116" type, and may have the 
denomination "MK4116" or "UPD4260". Each row must have eight of the same 
type of chip, although different rows may hold different types.

A row of eight 16K IC'S represents 16,384 eight-bit bytes of RAM. The leftmost 
IC in a row represents the lowermost (least significant) bit of every byte in 
that range, and the rightmost IC in a row represents the uppermost (most 
significant) bit of every byte. The row of RAM IC'S which is frontmost on the 
Apple board holds the RAM memory which begins at location 0 in the memory 
map; the next row back continues where the first left off.

You can tell the Apple how much memory it has, and of what type it is, by 
plugging Memory Configuation Blocks into three IC sockets on the left side of 
the Apple board. These configuration blocks are three 14-legged critters 
which look like big, boxy integrated circuits. But there are no chips inside 
of them; only three jumper wires in each. The jumper wires "strap" each row 
of RAM chips into a specific place on the Apple's memory map. All three 
configuration blocks should be strapped the same way. Apple supplies several 
types of standard configuration blocks for the most common system sizes.

There are nine different RAM memory configurations possible in your Apple. 
These nine memory sizes are made up from various combinations of 4K and 16K 
RAM chips in the three rows of sockets in the Apple. The nine memory 
configurations are:
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Of the fourteen "legs” on each controller block, the three in the upper-right 
corner represents the three rows of RAM chips on the Apple s main board. 
There should be a wire jumper from each one of these pins to another pin 
in the configuration block. The "other pin" corresponds to a place in the 
Apple's memory map where you want the RAM chips in each row to reside. The 
pins on the configuration block are represented thus:

4K range S0000-SJFrF 
4K range SI00ft-Sittrt 
4K range S200ft-SZFFF
4K range S300ft-SEtF 
4K range $40ftft-S^tt4-
4K range S500ft-S5EFF 
4K range S8000-SiErF

1 c i
2 12
2 a
4 LI
J 10
6 9
7 a

rzn. (“C ) 
Middle row (“D") 
HacfcrnoS- arw (“E”) 
No ccrmeenjon.
I6K range Sf'000-S3FFF 
I6K range S^ft00-S7FFF 
[6K range 5.*-ft00-SBFFF

FJpire 7- Wemnn Configuralio* 
Block PinoulS

If a row contains eight chips the 16K variety, then you should connect a 
jumper wire from the pin corresponding to that row to a pin corresponding 
to a 16K range of memory. Similarly, if a row contains eight 4K chips, you 
should connect a jumper wire from the pin that row to a pin corresponding to 
a 4K range of memory. You should never put 4K chips in a row strapped for 
16K, or vice versa. It is also not advisible to leave a row unstrapped, or 
to strap two rows into the same range of memory.

You should always make sure that there is some kind of memory beginning at 
location 0. Your Apple's memory should be in one contiguous block, but 
it does not need to be. For example, if you have only three sets of 4K chips, 
but you want to use the primary page fo the High-Resolution Graphics mode, then 
you would strap one row of 4K chips to the beginning of memory (4K range $0000
through $0FFF), and strap the other two rows to the memory range used by the
High-Resolution Graphics primary page (4K ranges $2000 through $2FFF and $3000 
through $3FFF). This will give you 4K bytes of RAM memory to work with, and
8K bytes of RAM to be used as a picture buffer.

There is a problem in Apples with Revision 0 boards and 20K or 24K of RAM. 
In these systems, the 8K range of the memory map from $400 to $5FFF is 
duplicated in the memory range $6000 of $7FFF, regardless of whether it 
contains RAM or not. So systems with only 20K or 24K of RAM would appear to 
have 24K or 36K, but this extra RAM would be only imaginary. This has been 
changed in the Revision 1 Apple II boards.

Distributed under the Creative Commons License on page 4 | Page 0125 of 0367



Apple ][/][-Plus Level II Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc.

ROM STORAGE

The Apple, in its natural state, can hold from 2K (2,048 bytes) to 12K 
(12,288 bytes) of Read-Only memory on its main board. This ROM memory can 
include the System Monitor, a couple of dialects of the BASIC language, 
various system and utility programs, or pre-packaged subroutines such as are 
included in Apple's Programmer's Aid #1 ROM.

The Apple's ROM memory resides in the top 12K (48 pages) of the memory map, 
beginning at location $D000. For proper operation of the Apple, there must 
be some kind of ROM in the uppermost locations of memory. When you turn on 
the Apple's power supply, the microprocessor must have some program to 
execute. It goes to the top locations in the memory map for the address of 
this program. In the Apple, this address is stored on ROM, and is the 
address of a program within the same ROM. This program initializes the Apple 
and lets you start to use it.

Here is a map of the Apple's ROM memory, and of the programs and packages 
that Apple currently supports in ROM:

I _______ Table 17: ROM Organization and Usage
Page Number: 1 Used BrDecimal Hex

208 SD0 Prcmrmer's Aid #1
212 SD4
216 SD8
220 SDC Applesoft
224 SE0 II
228 SE4 BASIC
232 SE8 Imeser BASIC
236 SEC
240 SF0
244 SF4 Utility Subrovunes
248 SF8 Moaner ROM Autostar: ROM
252 SEC

Six 24-pin sockets on the Apple's board hold the ROM integrated circuits. 
Each sockets can hold one of a type 9316B 2,048—byte by 8-bit Read-Only 
Memory. The leftmost ROM in the Apple's board holds the upper 2K of ROM in 
the Apple's memory map; the rightmost ROM IC holds the ROM memory beginning 
at page $00 in the memory map. If a Rom is not present in a given socket, 
then the values contained in the memory range corresponding to that socket 
will be unpredictable.

The Apple Firmware card can disable some or all of the ROMS on the Apple 
board, and substitute its own ROMs in their place. When you have an Apple 
Firmware card installed on any slot in the Apple's board, you can disable 
the Apple's on-board ROM'S by flipping the card's controller switch to its 
UP position and pressing and releasing the RESET button, or by referencing 
location $C080 (decimal 49280 or -16256). To enable the Apple's on-board 
ROM'S again, flip the controller switch to the DOWN position and press RESET, 
or reference location $C081 (decimal 49281 or -16255).
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THE SYSTEM MONITOR

r.3 
' J
Lb

Buried deep within the recesses of the Apple's F8 ROM is a masterful program 
called the System Monitor. It acts as both a supervisor of the system and a 
slave to it; controls all programs and all programs use it. You can use the 
powerful features of the System Monitor to discover the hidden secrets in all 
65,536 memory locations. From the Monitor, you may look at one, some, or all 
locations; you may change the contents of any location; you can write programs 
in Machine and Assembly languages to be executed directly by the Apple s 
microprocessor; you can save vast quantities of data and programs onto 
cassette tape and read them back in again; you can move and compare thousands 
of bytes of memory with a single command; and you can leave the Monitor and 
enter any other program or language on the Apple.

ENTERING THE MONITOR

The Apple System Monitor program begins at location number $FF69 (decimal 
65385 or -151) in memory. To enter the Monitor, you or your BASIC program 
can CALL this location. The Monitor's prompt (an asterisk [*]) will appear 
on the left edge of the screen, with a flashing cursor to its right. The 
Monitor accepts standard input lines just like any other system or language on 
the Apple. It will not take and action until you press RETURN. Your input 
lines to the Monitor may be up to 255 characters in length. When you have 
finished your stay in the Monitor, you can return to the language you were 
previously using by typing CTRL C <CR> (or, with the Apple DOS:

3D0G <CR> or RESET

ADDRESSES AND DATA

Talking to the Monitor is somewhat like talking to any other program or lan­
guage on the Apple: type a line on the keyboard, followed by a <CR), and the 
Monitor will digest what you typed and act according to those instructions. 
You will be giving the Monitor three types of information: addresses, values, 
and commands. Addresses and values are given to the Monitor in hexadecimal 
notation uses the ten decimal digits (0-9) to represent themselves and the 
first six letters (A-F) to represent the numbers 10 through 15. A pair of 
hex digits can assume any value from 0 to 255, and a group of four hex digits 
can denote any number from 0 to 65,536. It so happens that any address in the 
Apple can be represented by four hex digits, and any value by two hex digits. 
This is is how you tell the Monitor about addresses and values. When the Moni­
tor is looking for an address, it will take any group of hex digts. If there 
are fewer than four digits in the group, it will prepend leading zeroes; if 
there are more than four hex digits, the Monitor will truncate the group and 
use only the last four hex digits. It follows the smae procedure when looking 
for two-digit data values.

The Monitor recognizes 22 different command characters. Some of these are 
punctuation marks, others are upper-case letters or control characters. In 
the following sections, the full name of a command will appear in capital let­
ters. The Monitor needs only the first letter of the command name. Some com­
mands are invoked with control characters. You should note that although the 
Monitor recognizes and interprets these characters, a control character typed 
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on an input line will not appear on the screen.

The Monitor remembers the addresses of up to five locations. Two of these are 
special: they are the addresses of the last location whose value you inquired 
about, and the location which is next to have its value changed. This are 
called the last opened location and the next changeable location. The useful­
ness of these two addresses will be revealed shortly.

EXAMINING THE CONTENTS OF MEMORY

When you type the address of a location in memory alone on an input line to the 
Monitor, it will reply*  with the address you typed, a dash, a space, and the 
value**  contained in that location, thus:

** The values printed in these examples may differ from the values displayed by 
your Apple instructions.

EXAMINING SOME MORE MEMORY

If you type a period (.) on an input line to the Monitor, followed by an ad­
dress, the Monitor will display a memory dump: the values contained in all loc­
ations from the last opened location to the location whose address you typed 
following the period. The Monitor then considers the last location displayed 
to be both the last opened location and the next changeable location.

*20

0020- 00
*.2B

*E000

E000- 20
*300

0300- 99
*

Each time the Monitor displays the value contained in a location, it remembers 
that location as the last opened location. For technical reasons, it also con­
siders that location as the next changeable location.

* In the example, your queries are in normal type and the Apple replies in 
BOLDFACE.

0021- 28 00 18 OF OC 00 00
0028- 18 
*300

06 DO 07

0300- 99 
*.315

0301- B9 00 08 0A 0A 0A 99
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*

0308- 00 08 08 DO 
AD

F4 A6 2B A9
0310- 09 85
*.32A

27 CC 03

0316- 85
0318- 84

41
40 8A 4A 4A 4A 4A 09

0320- CO 85 3F A9 5D 85 3E 20
0328- 43 03 20

You should notice several things about the format of a memory dump. First, the 
first line in the dump begins with the address of the location following the 
last opened location; second, all other lines begin with addresses which end 
alternately in zeroes and eights; and third, there are never more that eight 
values displayed on a single line in a memory dump. When the Monitor does a 
memory dump, it starts by displaying the address and value of the location 
following the last opened location. It then proceeds to the next successive 
location in memory. If the address of that location ends in an 8 or a 0, the 
Monitor will "cut" to a new line and display the address of that location and 
continue displaying values. After it has displayed the value of the location 
whose address you specified, it stops the memory dump and sets the address of 
both the last opened location, the Monitor will display the address and value 
of only the location following the last opened location.

You can combine the two commands (opening and dumping) into one operation by 
concatenating the second to the first; that is, type the first address, fol­
lowed by a period and the second address. This two-addresses-separated-by-a- 
period form is called a memory range.

*300.32F

0300- 99 B9 00 09 0A 0A 0A 99
0308- 00 08 C8 DO F4 A6 2B A9
0310- 09 85 27 AD CC 03 85 41
0318- 84 40 8A 4A 4A 4A 4A 09
0320- CO 85 3F A9 5D 85 3E 20
0328- 43 03 20 46 03 A5 3D 4D
*30.40

0030- AA 00 FF AA 05 C2 05 C2
0038- IB FD DO 03 3C 00 40 00
0040- 30 
*E015.E025

A

E015- 4C ED ED
E018- A9 20 C5 24 B0 0C A9 8D
E020- A0 07 SO ED FD A9

EXAMINING STILL MORE MEMORY

A single press of the <CR> key will cause the Monitor to respond with one line 
of memory dump; that is, a memory dump from the location following the last
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opened location to the next eight-location 
tion displayed is considered

*5

0005- 00 
*<CR>

00 00
*<CR>

0008- 00 00 00 00 00 00 00 00 
*32

0032- FF
*<CR>

AA 00 C2 05 C2
*<CR>

0038- IB FD DO 03 3C 00 3F 00
A

"cut" Once again, the last loca-
the last.opened and next changeable location.

CHANGING THE CONTENTS OF A LOCATION

You've heard all about the "next changeable location"; now you're going to use 
it. Type a colon followed by a value.

*0

0000- 00
*:5F

Presto! The contents of the next changeable location have just been changed to 
the value you typed. Check this by examining that location again:

*0

0000- 5F
A

You can also combine opening and changing into one operation:

*302:42

*302

0302- 42
A

When you change the contents of a location, the old value which was contained 
in that location disappears, never to be seen again. The new value will stick 
around until it is replaced by another hexadecimal value.
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CHANGING THE CONTENTS OF CONSECUTIVE LOCATIONS

You don't have to type an address, a colon, a value, and press <CR> for each 
and every location you wish to change. The Monitor will allow you to change 
the values of up to eighty-five locations at a time by typing only the initial 
address and colon, and then all the values separated by spaces. The Monitor 
will duly file the consecutive values in consecutive locations, starting at 
the next changeable location. After it has processed the string of values, it 
will assume that the location following the last changed location is the next 
changeable location. Thus, you can continue changing consecutive locations 
without breaking stride on the next input line by typing another colon and more 
values.

*300:69 01 20 ED FD 4C 0 3

*300

0300-69
*<CR>

01 20 ED FD 40 00 03
*10:0 1 2 3

*:4 5 6 7

*10.17

0010- 00 01 02 03 04 05 06 07
*

MOVING A RANGE OF MEMORY

You can treat a range of memory (specified by two addresses separated by a 
period) as an entity unto itself and move it from one place to another in 
memory by using the Monitor's MOVE command. In order to move a range of memory 
from one place to another, the Monitor must be told both where the range is 
situated in memory and where it is to be moved. You give this information to 
the Monitor in three parts: the address of the destination of the range, the 
address of the first location in the range proper, and the address of the last 
location in the range. You specify the starting and ending addresses of the 
range in the normal fashion, by separating them with a period, You indicate 
that this range is to be placed somewhere else by separating the range and the 
destination address with a left caret (<). Finally, you tell the Monitor that 
you want to move the range to the destination by typing the letter M for "MOVE". 
The final command looks like this:

(destination) < (start).(end) M

When you type this line to the Monitor, of course, the words in curly brackets 
should be replaced by hexadecimal address and the spaces should be omitted. 
Here are some real examples of memory moves:

*0.F
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0000- 5F 00 05 07 00 00 00 00
0008- 00 00 00 00 00 00 00 00
*300:A9 8D 20 ED FD A9 45 20 DA FD 4C 00 03

*300.300

0300- A9 8D 20 ED FD A9 45 20
0308- DA FD 4C 00 03
*<300.30CM

*0.C

0000- A9 8D 20 ED FD A9 45 20
0009- DA FD 4C 00 03
*310<8.AM

*310.312

0310- DA FD 4C
*2<7.9M

0000- A9 8D 20 DA FD A9 45 20
0008-DA FD 4C 00 03
*

The Monitor simply makes a copy of the indicated range and moves it to the 
specified destination. The orignal range is left undisturbed. The Monitor 
remembers the last location in the original rnage as the last opened location, 
and the first location in the original range as the next changeable location. 
If the second address in the range specification is less than the first, then 
only one value (that of the first location in the range) will be moved.

If the destination address of the MOVE command is inside the original range, 
then strange and (sometimes) wonderful things happen: the locations between 
the beginning of the range and the destination are treated as a sub-range and 
the values in this sub-range are replicated throughout the original range. 
See "Special Tricks", for an interesting application of this feature.

COMPARING TWO RANGES OF MEMORY

You can use the Monitor to compare two ranges of memory using much the same 
format as you use to move a range of memory from one place to another. In 
fact, the VERIFY command can be used immediatly after a MOVE to make sure that 
the move was succesful.

The VERIFY command, like the MOVE command, needs a range and a destination.
In shorthand:

(destination) < (start).(end) V

The Monitor compares the range specified with the range beginning at the desti­
nation address. If there is any discrepancy, the Monitor displays the address 
at which the difference was found and the two offending values.
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*0:D7 F2 E9 F4 F4 E5 EE AO E2 F9 AO C3 C4 C5

*300<0.DM

*300<0.DV

*6:E4

*300<0.DV

0006-E4 (EE)
*

Notice that if the VERIFY command finds a discrepancy, it displays the address 
of the location in the original range whose value differs from its counterpart 
in the destination range. If there is no discrepancy, VERIFY displays nothing. 
It leaves both ranges unchanged. The last opened and next changeable locations 
are set just as in the MOVE command. As before, if the ending address of the 
ranges will be compared. VERIFY also does unusual things if the destination 
is within the original range; see "Special Tricks".

SAVING A RANGE OF MEMORY ON TAPE

The Monitor has two special commands which allow you to save a range of memory 
onto cassette tape and recall it again for later use. The first of these two 
commands, WRITE, lets you save the contents of one to 65,536 memory locations 
on standard cassette tape.

To save a range of memory to tape, give the Monitor the starting and ending 
addresses of the range, followed by the letter W (for WRITE):

{start}.(end) W

To get an accurate recording, you should put the tape recorder in record mode 
before you press <CR> on the input line. Let the tape run a few seconds, 
then press <CR>. The Monitor will write a ten-second "leader" tone onto the 
tape, followed by the data. When the Monitor is finished, it will sound a 
'beep!' and give you another prompt. You should then rewind the tape, and 
label the tape with something intelligible about the memory range that's on 
the the tape and what it's supposed to be.

*0:FF FF AD 30 CO 88 DO 04 C6 01 F0 08
*:CA DO F6 A6 00 4C 02 00 60

*0.14

0000- FF FF AD 30 CO 88 DO 04
0008- C6 0A F0 08 CA DO F6 A6
0010- 00 4C 02 00 60
*0.14W

*
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It takes about 35 seconds total to save the values of 4,096 memory locations 
preceded by the ten-second leader onto tape. This works out to a speed of 
about 1,350 bits per second, average. The WRITE command writes one extra value 
on the tape after it has written the values in the memory range, is extra 
value is the checksum. It is the partial sum of all values in the range. The 
READ subroutine uses this value to determine if a READ has been successful (see 
below).

READING A RANGE FROM TAPE

Once you've saved a memory range onto tape with the Monitor's WRITE command, 
you can read that memory range back into the Apple by using the Monitor's READ 
command. The data values which you've stored on the tape need not be read back 
into the same memory range from whence they came; you can tell the Monitor to 
put those values into any similarly sized memory range in the Apple's memory.

The format of the READ command is the same as that of the WRITE command, except 
that the command letter is R, not W:

(start).(end) R

Once again, after typing the command, don't press <CR>. Instead, start the tape 
recorder in PLAY mode and wait for the tape's nonmagnetic leader to pass by. 
Although the WRITE command puts a ten-second leader tone on the beginning of 
the tape, the READ command needs only three seconds of this leader in order to 
lock on to the frequency. So you should let a few seconds of tape go by before 
you press <CR>, to allow the tape recorder's output to settle down to a steady 
tone.

*

*0:0 0 0 0 0 0 0 0 0 0 0 0 0 i 
0 0

*0.14

0000- 00 00 00 00 00 00 00 00
0008- 00 00 00 00 00 00 00 00
0018-
*.14R

00 00 00 00 00

*.14

0000- FF FF AD 30 CO 88 DO 04
0008- C6 0A F0 08 CA DO F6 A6
0010- 00 4C 02 00 60

After the Monitor has read in and stored all the values on the tape, it reads 
in the extra checksum value. It compares the checksum on the tape to its own 
checksum, and if the two differ, the Monitor beeps the speaker and displays 
"ERR". This warns you that there was a problem during the READ and that the 
values stored in memory aren't the values which were recorded on the tape. If, 
however, the two checksums match, the Monitor will give you another prompt.

X.
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CREATING AND RUNNING MACHINE LANGUAGE PROGRAMS

Machine language is certainly the most efficient language on the Apple, albeit 
the least pleasant in which to code. The Monitor has special facilities for 
those of you who are determined to use machine language to simplify creating, 
writing, and debugging machine language programs.

You can write a machine language program, take the hexadecimal values for the 
opcodes and operands, and store them in memory using the commands covered above. 
You can get a hexadecimal dump of your program, move it around in memory, or 
save it to tape and recall it agian simply by using the commands you've already 
learned. The most important command, however, when dealing with machine lan­
guage programs is the GO command. When you open a location from the Monitor 
and type the letter G, the Monitor will cause the 6502 microprocessor to start 
executing the machine language program which begins at the last opened location. 
The Monitor treats this program as a subroutine: when it's finished, all it 
need do is execute an RTS (return from subroutine) instruction and control will 
be transferred back to the Monitor.

Your machine language programs can call many subroutines in the Monitor to do 
various things. Here is an example of loading and running a machine language 
program to display the letters A through Z:

*300:A9 Cl 20 ED FD 18 69 1 09 DB DO F6 60 

*300.30C

0300- A9 Cl 20 ED FD 18 69 01
0308- C9 DB DO F6 60
*300G
ABCDEFGHIJKLMNOPQRSTUVWXYZ
* 

(The instruction set of the Apple's 6502 microprocessor is listed in Appendix)

Now, straight hexadecimal code isn't the easiest thing in the world to read 
or debug. With this in mind, the creators of the Apple's Monitor neatly in­
cluded a romTnand to list machine language programs in assembly language form. 
This means that instead of having one, two, or three bytes of unformatted hexa 
decimal gibberish to comprehend for each instruction. The LIST command to 
start at the specified location and display a screenfull (20 lines) of instruc 
tions:

*300L

0300- A9 Cl LDA #SC1
0302- 20 ED FD JSR $SFDED
0305- 18 CLC
0306- 69 01 ADC #$01
0308- C9 DB CMP #$DB
030A- DO F6 BNE- $0302
030C- 60 RTS
030D- 00 BRK
030E- 00 BRK
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*

030F- 00 BRK
0310- 00 BRK
0311- 00 BRK
0312- 00 BRK
0313- 00 BRK
0314- 00 BRK
0315- 00 BRK
0316- 00 BRK
0317- 00 BRK
0318- 00 BRK
0319- 00 BRK

Recognize those first few lines? They're the assembly language form of the pro­
gram you typed a page or so ago. The rest of the lines (the BRK instructions) 
are just there to fill up the screen. The address that you specify is remem­
bered by the Monitor, but not in one of the ways explained before. It's put 
in the Program Counter, which is used solely to point to locations within 
programs. After a LIST command, the Program Counter is set to point to the 
location immediately following the last location displayed on the screen, so 
that if you do another LIST command it will continue with another screenfull of 
instructions, starting where the first screen left off.

THE MINI-ASSEMBLER

There is another program within the Monitor* which allows you to type programs 
into the Apple in the same assembly format which the LIST command displays. 
This program is called the Apple Mini-Assembler. It is a "mini-assembler because 
it cannot understand symbolic lables, something that a full-blown assembler 
must do. To run the Mini-Assembler, type:

*F666G

i

You are now in the Mini-Assembler. The exclamation point (!) is the prompt 
character. During your stay in the Mini-Assembler, you can execute any Monitor 
command by prededing it with a dollar sign ($). Aside from that, the Mini­
Assembler has an instruction set and syntax all its own.

The Mini-Assembler remembers one address, that of the Program Counter. Before 
you start to enter a program, you must set the Program Counter to point to the 
location where you want your program to go. Do this by typing the address fol­
lowed by a colon. Follow this with the mnemonic for the first instruction in 
your program, followed by a space. Now type the operand of the instruction 
(Formats for operands are listed on page 66). Now press <CR>. The Mini-Assembler 
converts the line you typed into hexadecimal, stores it in memory beginning at 
the location of the Program Counter, and then disassembles it again and dis­
plays the disassembled line on top of your input line. It then poses another 
prompt on the next line. Now it's ready to accept the second instruction in 
your program. To tell it that you want the next instruction to follow the 
first don't type and address or a colon, but only a space, followed by the next 
instruction's mnemonic and operand. Press <CR>. It assembles that line and
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waits for another.

If the line you type has an error in it, the Mini-Assembler will beep loudly 
and display a circumflex (*) under or near the offending character in the input 
line. Most common errors are the result of typographical mistakes: misspelled 
mnemonics, missing parentheses, etc. The Mini-Assembler also will reject the 
input line if you forget the space before or after a mnemonic or include an 
extraneous character in a hexadecimal value or address. If the destination 
address of a branch instruction is out of the range of the brranch (more than 
127 locations distant from the address of the isntruction), the Mini-Assembler 
will also flag this as an error.

1300-LDX #02

0300- A2 02 LDX #$02
! LDA $o,x

0302- B5 00 LDA $00,X
! STA $10,X

0304- 95 10 STA $10,X
! DEX

0306- CA DEX
! STA $D030

0307- 8D 30 CO STA $C030
! BPL $302

030A- 10 F6 BPL $0302
! BRK

030C- 00 BRK

To exit the Mini-Assembler and re:enter the Monitor, either press <CR> or type 
the Monitor command (preceded by a dollar sign) FF69G:

!$FF69G

*

Your assembly language program is stored in memory. You can look at it again 
with the LIST command:

0300- A2 02 LDX #$02
0302- B5 00 LDA $00,X
0304- 95 10 STA $10,X
0306- CA DEX
0307- 8D 30 CO STA $C030
030A- 10 F6 BPL $0302
030C- 00 BRK
030D- 00 BRK
030E- 00 BRK
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030F- 00 BRK
0310- 00 BRK
0311- 00 BRK
0312- 00 BRK
0313- 00 BRK
0314- 00 BRK
0315- 00 BRK
0316- 00 BRK
0317- 00 BRK
0318- 00 BRK
0319- 00 BRK
A

* The Mini-Assembler does not actually 
of the Integer BASIC ROM set. Thus, 
systems or while Firmware Applesoft

riside in the Monitor ROM, but is part 
it is not available on Apple II Plus 
I is in use.

DEBUGGING PROGRAMS

As put so concisely by Lubarsky*, "There's always one more bug." Don't worry, 
the Monitor provides facilities for stepping through ornery programs to find 
that one last bug. The Monitor's STEP** command decodes, displays, and exe­
cutes one instruction at a time, and the TRACE** command steps quickly through 
a program, stopping when a BRK instruction is executed.

Each STEP command causes the Monitor to execute the instruction in memory pointed 
to by the Program Counter. The instruction is displayed in its disassembled 
form, thn executed. The contents of the 6502's internal registers are displayed 
after the instruction is executed. After execution, the Program Counter is 
bumped up to point to the next instruction in the program.

Here's what happens when you STEP through the program you entered using the 
Mini-Assembler, above:

*300S

0300-
A=0A 

*S

A2 02 LDX 
S=F8

#$02
X=02 Y=D8 P=30

0302- 
A=0C 

*S

B5 00 
X=02 Y=D8 P=30

LDA 
S=F8

$00,X

0304-
A=0C

95 10 
X=02 Y=D8 P=30

STA 
S=F8

$10,X

*12

0012- 0C
*S

0306- CA DEX
A=0C X=01 Y=D8 P=30 S=F8
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A

*S

0307- 
A=0C 

*S

8D DO CO 
X=01 Y=D8 P=30

STA 
S=F8

$C030

030A- 
A=0C 

*S

10 F6 
X=01 Y=D8 P=30

BPL 
S=F8

$0302

0302- 
A=0B 

*S

B5 00 
X=01 Y=D8 P=30

LDA 
S=F8

$00,X

0304-
A=0B

*

95 10 
X=01 Y=D8 P=30

STA 
S=F8

$10,X

was executed
They were as we expected, and

Notice that after the third instruction 
of location 12
Monitor keeps the Program Counter and the last 
another, so that you can examine or change the 
stepping through your program.

, we examined the contents 
so we continued stepping. The 
opened address separate from one 
contents of memory while you are

It will stop TRACEing the exe-The TRACE command is just an infinite STEPper
cution of a program only when you push RESET or it encounters a BRK instruction

If the TRACE encounters the end of a program which returns to 
TRACEing will run off into never-never 
button.

in the program
the Monitor via an RTS instruction, 
land and must

the 
be stopped with the RESET

*T

0306- CA DEX
A=0B X=00 Y=D8 P=32 S=F8

0307- 8D 30 CO STA $C030
A=0B X=00 Y=D8 P=32 S=F8

030A- 10 F6 BPL $0302
A=0B X=00 Y=D8 P=32 S=F8

0302- B5 00 LDA $00,X
A=0A X=00 Y=D8 P=32 S=F8

0304- 95 10 STA $10,X
A=02 X=00 Y=D8 P=32 S=F8

0306- CA DEX
A=0A X=FF Y=D8 P=B0 S=F8

0307 8D 30 CO STA $C030
A=0A X=FF Y=D8 P=B0 S=F8

030A- 10 F6 BPL $0302
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A=0A X=FF Y=D8 P=BO S=F8

030C- 00 BRK
030C- A=0A X=FF Y=D8 P=B0 S=F8
*

* In Murphy's Law, and Other 
Price/Stern/Sloane 197/.

Reasons why Things Go Wrong, edited by Arthur Bloch.

** The STEP and TRACE commands are not available on Apples with the Autostart 
ROM.

EXAMINING AND CHANGING REGISTERS

As you saw above, the STEP and TRACE commands displayed the contents of the 
6502's internal registers after each instruction. You can examine these regi­
sters at will or pre-set them when you TRACE, STEP, or GO a machine language 
program.

The Monitor reserves five locations in memory for the five 6502 registers: A,X, 
Y,P (processor status registerO, and S (stack pointer). The Monitor's EXAMINE 
command, invoked by a <CE), tells the Monitor to display the contents of these 
locations on the screen, and lets the location which holds the 6502's A-register 
be the next changeable location. If you want to change the values in these 
locations, just type a colon and the values separated by spaces. Next time you 
give the Monitor a GO, STEP, or TRACE command, the Monitor will load these five 
locations into their proper registers inside the 64502 before it executes the 
first instruction in your program.

*CTRL E

A=0A X=FF 
*:B0 02

Y=D8 P=BO S=F8

*CTRL E
A=B0 X=02

*30bS
Y=D8 P=B0 S=F8

0306- CA
A=B0 X=0A Y=D8 

*S

DEX
P=30 S=F8

030/- 8D 30 CO
A=B0 X=01 Y=D8

*S

STA 
P=30 S=F8

$C030

030A- 10 F6 BPL $0302
A=B0 X=01 Y=D8 P=30 S=F8

*
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MISCELLANEOUS MONITOR COMMANDS
i ..u At-n’nn nf thp Tnverse/Normal location used by the COOT

put Will be in Inverse video. The INVERSE command does this nicely.^I^P^ 
lines are still displayed in Normal mode, however. ------------
output to Normal mode, use the NORMAL command.

To return the Monitor's

*0.F

use the NORMAL command.

0000- 0A OB 0C 0D 0E OF DO 04 
0008- C6 01 F0 08 CA DO F6 A6 
*1

*0.F

0000- OA OB OC OD OE OF DO 04 
0008- C6 01 FO 08 CA DO F6 A6 
*N

*0.F

0000- OA OB OC OD OE OF DO 04 
0008- C6 01 FO 08 CA DO F6 A6
*

The BASIC command, invoked by a CTRL B, lets you leave * or
the language installed in ROM on your Apple, usually either APP ®

TT BASIC Any program or variables that you had previously in BASIC 
Applesoft II BASIC. Any Monitor and you want to re-enter
will be lost. If you ve left BASIC tor me non j (CONTINUE BASIC)
BASIC with your program and variables intact, u active the '3D0(T

Tf von have the Apple Disk Operating System (DOS) active, me ovu command'will ^tTA The language you were using, uith your program and 

variables intact.

The PRINTER command, 
for the screen to an 
backplane. The slot 
face card in the given slot, or you 
program and variables may be lost.

activated by a CTRL P, diverts all output normally 
Apple Intelligent Interface In a given slot in the Apple s 
numbershouldbe fro. 1 to 7, and there shoo d be an inter- 

will lose control of your Apple and your 
The format for the command is:

{s|>&t number) CTRL P
A PRINTER command to slot number 0 will reset the flow of printed output back 

to the Apple's video screen.

The KEYBOARD command 
for the Apple's keyboard. For 
counterparts PR# and IN# work,
The format for the KEYBOARD command is:

similarly substitutes the device in a given backplane slot
details on how these commands and their BASIC 
please refer to "CSW and KSW Switches .

{slot number} CTRL K
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The Monitor 
aJust type

will also perform simple hexadecimal addition and subtraction 
line in the format:

+{value} 
{value}

{value} 
{value}

The Apple will

*20+13 
=33 
*4A-C 
=3E 
*FF+4 
=03 
*3-4 
=FF
*

SPECIAL TRICKS

perform

WITH THE MONITOR

as you like, as long as 
characters

You can intermix any and all commands freely, 
Since the Monitor takes all values following

consecutive memory locations, the last value in a 
a letter command before 
makes a good separator;

many Monitor commands on a single lineYou can put as
you separate them with spaces and the total number of 
is less than 254.
STORE (:) command 
places them in 
be followed by 
NORMAL command 
used anywhere.

in the line 
except the 
a colon and 
STORE must

another address is encountered. The 
it usually has no effect and can be

not be separated by spaces

*300.307 300:18 69 1 N 300.302 300S S

0300- 00 00 00 00 00 00 00 00 00
0300- 18 69 01
0300- 18 CLC

A=04 X=01 Y=D8 P=30 S=F8
0301- 69 01 ADC #$01

A=05
*

X=01 Y=D8 P=30 S=F8

Single-letter commands such as LCS,I, and N need

in the input line which it does not 
it will 

and then grind to

If the Monitor encounters a character 
recognize as either a hexadecimal digit or a valid command character, 
execute all commands on the input line up to that character, 
a halt with a noisy beep, ignoring the remainder of the input line

The MOVE command can be used to replicate a pattern of values throughout a 
range in memory.

To do this, first store the pattern in its first position in the range:

*300:11 22 33 

*
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Remember the number of values in the pattern: in this case, 3. Then use this 
special arrangement of the MOVE command:

{start + number} < {start} . {end — number} M

This MOVE command will first replicate the pattern at the locations immediately 
following the original pattern, then re-replicate that pattern following itse 
and so on until it fills the entire range.

*303000.32DM

*300.32F

0300- 11 22 33
0308- 33 11 22
0310- 22 33 11
0318- 11 22 33
0320- 33 11 22
0328- 22 33 11

11 22 33 11 22
33 11 22 33 11
22 33 11 22 33
11 22 33 11 22
33 11 22 33 11
22 33 11 22 33

A similiar trick can be done with the VERIFY command to check whether a pattern 
repeats itself through memory. This is especially useful to verify that a 
given range of memory locations all contain the same value.

*300:0 

*301000.31FM

*301000.31FV

*304:02 

*301000.31FV 

0303-00 (02)
0304-02 (00)
*

of itself inde- 
to be repeated with 

a letter command, such as N?and ending it with the sequence 34:n, where n is

You can create a command line which will repeat all or part 
finitely by beginning the part of the command line which JLs 
a letter command, such as N, —1 
a hexadecimal number specifying the character position of the command whic 
begins the loop; for the first character in the line, n-0. The value for 
must be followed with a space in order for the loop to work properly.

*N 300 302 34:0

0300- 11
0302- 33
0300- 11
0302- 33
0300- 11
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0302- 33
0300- 11
0302- 33
0300- 11
0302- 33
0300- 11
0302- 33
030
*

The only way to stop a loop like this is to press RESET.

CREATING YOUR OWN COMMANDS

The USER (CTRL Y) command, when encountered in the input line, forces the 
Monitor to jump to location number $3F8 in memory. You can put your own JMP 
instruction in this location which will jump to your own program. Your pro­
gram can then either examine the Monitor's registers and pointers or the in­
put line itself. For example, here is a program which will make the CTRL Y 
command act as a "comment" indicator: everything on the input line following 
the CTRL Y will be displayed and ignored.

*F666G

!$FF69G

!300:LDY $34

0300- A4 34 LDY #34
! LDA 200,Y

0302- B9 00 02 LDA $0200,Y
! JSR FDED

0305- 20 ED FD JSR $FDED
! INY

0308- C8 INY
! CMP #$8D

0309- C9 8D CMP #$8D
! BNE 302

030B- DO F5 BNE $0302
! JMP $FF69

030D- 4C 69 FF JMP $FF69
!3F8:JMP $300

03F8- 4C 00 03 JMP $0300

*CTRL Y THIS IS A TEST. 
THIS IS A TEST.
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SPECIAL TRICKS WITH THE MONITOR

You can put as many Monitor commands on a single line as you like, as long as 
you separate them with spaces and the total number of characters in the line 
is less than 254. You can intermix any and all commands freely, except the 
STORE (:) command. Since the Monitor takes all values following a colon and 
places them in consecutive memory locations, the last value in a STORE must 
be followed by a letter command before 
NORMAL command makes a good separator;
used anywhere.

*300.307 300:18 69 1 N 300.302

0300-
0300-
0300-

A=04
0301-

A=05
A

00
18

00
69
18

X=01
69 

X=01

00 00 
01

Y=D8 
01

Y=D8

00 00 00 00

P=30

P=30

CLC 
S=F8

ADC 
S=F8

300S S

another address is encountered, 
it usually has no effect and can

The

Ji) cU d ly LU
#$01

Single-letter commands such as LCS,I, and N need not be separated by spaces.

in the input line which it does notIf the Monitor encounters a character
recognize as either a hexadecimal digit or a valid command character, it will 
execute all commands on the input line up to that character, and then grind to 
a halt with a noisy beep, ignoring the remainder of the input line.

The MOVE command can be used to replicate a pattern of values throughout a 
range in memory.

To do this, first store the pattern in its first position in the range:

*300:11 22 33

A

Remember the number of values in the pattern: in this case, 3. Then use this 
special arrangement of the MOVE command:

{start + number} < {start} . {end - number} M

This MOVE command will first replicate the pattern at the locations immediately 
following the original pattern, then re-replicate that pattern following itself 
and so on until it fills the entire range.

*303<300.32DM

*300.32F

0300- 11 22 33 11 22 33 11 22
0308- 33 11 22 33 11 22 33 11
0310- 22 33 11 22 33 11 22 33
0318- 11 22 33 11 22 33 11 22
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0320- 33 11 22 33 11 22 33 11 
0328- 22 33 11 22 33 11 22 33 
A

A similiar trick can be done with the VERIFY command to check whether a pattern 
repeats itself through memory. This is especially useful to verify that a 
given range of memory locations all contain the same value:

*300:0

*301000.31FM

*301000.31FV

*304:02

*301000.31FV

0303-00 (02)
0304-02 (00)
*

You can create a command line which will repeat all or part of itself inde­
finitely by beginning the part of the command line which is to be repeated with 
a letter command, such as N, and ending it with the sequence 34:n, where n is 
a hexadecimal number specifying the character position of the command which 
begins the loop; for the first character in the line, n=0. The value for n 
must be followed with a space in order for the loop to work properly.

*N 300 302 34:0

0300- 11
0302- 33
0300- 11
0302- 33
0300- 11
0302- 33
0300- 11
0302- 33
0300- 11
0302- 33
0300- 11
0302- 33
030
*

The only way to stop a loop like this is to press RESET.

CREATING YOUR OWN COMMANDS

The USER (CTRL Y) command, when encountered in the input line, forces the 
Monitor to jump to location number $3F8 in memory. You can put your own JMP 
instruction in this location which will jump to your own program. Your pro-
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gram can then either examine the Monitor's registers and pointers or the in­
put line itself. For example, here is a program which will make the CTRL Y 
command act as a "comment" indicator: everything on the input line following 
the CTRL Y will be displayed and ignored.

*F666G

!300:LDY $34

0300- A4 34 LDY #34
! LDA 200,Y

0302- B9 00 02 LDA $0200
! JSR FDED

0305- 20 ED FD JSR $FDED
! INY

0308- C8 INY
! CMP #$8D

0309- C9 8D CMP #$8D
! BNE 302

030B- DO F5 BNE $0302
! JMP $FF69

030D- 4C 69 FF JMP $FF69
!3F8:JMP $300

03F8- 4C 00 03 JMP $0300
!$FF69G

*CTRL Y THIS IS A TEST. 
THIS IS A TEST.

A
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SUMMARY OF MONITOR COMMANDS

Summary of Monitor Commands.

Examining Memory.

(adrs) Examines the value contained in one location.

{adrsl ).(adrs2) Displays the values contained in all locations 
between (adrsl) and (adrs2).

IreturnI Displays the values in up to eight locations fol­
lowing the last opened location.

Changing the Contents of Memory.

(adrs):(val) (val) ... Stores the values in consecutive memory loca­
tions starting at (adrs).

:(val) {val} ... Stores values in memory starting at the next 
changeable location.

Moving and Comparing.

(dest) < (start).[end)M Copies the values in the range (start), (end) into 
the range beginning at (dest).

(dest) < (start), (end) V Compares the values in the range (start).(end) 
to those in the range beginning at (dest).

Saving and Loading via Tape.

(start).(end)W Writes the values in the memory range 
(start).(end) onto tape, preceded by a ten- 
second leader.

(start).(end)R Reads values from tape, storing them in 
memory beginning at (start) and stopping at 
(end). Prints “ERR” if an error occurs.

Running and Listing Programs.

(adrs)G Transfers control to the machine language pro­
gram beginning at fadrs).

(adrs|L Disassembles and displays 20 instructions, start­
ing at (adrs). Subsequent L’s will display 20 
more instructions each.

59
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I lie Mini-Assembler

I (>66G

S[command|

SFF69G

.idrsl S

J.idrs) T

CTRL E|

Miscellaneous.

I

N

CTRLB1

( IRl. t'l

ival| + |val)

!\ all -1val)

Slot} [CTRL P

slot) |CTRl. K|

CTRLVl

• Not available in the Apple II Plus. 
•• Not available in the Autostart ROM.

Invoke the Mini-Assembler.*

Execute a Monitor command from the Mini­
Assembler.

Leave the Mini-Assembler.

Disassemble, display, and execute the instruc­
tion at (adrs), and display the contents of the 
6502’s internal registers. Subsequent S’s will 
display and execute successive instructions.**

Step infinitely. The TRACE command stops 
only when it executes a BRK instruction or 
when you press [RESETl.**

Display the contents of the 6502’s registers.

Set Inverse display mode.

Set Normal display mode.

Enter the language currently installed in the 
Apple’s ROM.

Reenter the language currently installed in the 
Apple’s ROM.

Add the two values and print the result.

Subtract the second value from the first and 
print the result.

Divert output to the device whose interface 
card is in slot number (slot). If (slot| = 0, then 
route output to the Apple’s screen.

Accept input from the device whose interface 
card is in slot number (slot). If |slot| = 0, then 
accept input from the Apple’s keyboard.

Jump to the machine language subroutine at 
location $3F8.

SOME USEFUL MONITOR SUBROUTINES
Here is a list of some useful subroutines in the Apple’s Monitor and Autostart ROMs. To use 
these subroutines from machine language programs, load the proper memory locations or 6502 
registers as required by the subroutine and execute a JSR to the subroutine’s starting address. It 
will perform the function and return with the 6502’s registers set as described.

JFDED COUT Output a character

COUT is the standard character output subroutine. The character to be output should be in the 
accumulator. COUT calls the current character output subroutine whose address is stored in 
CSW (locations $36 and $37), usually C0UT1 (see below).

SFDF0 COUT1 Output to screen

C0UT1 displays the character in the accumulator on the Apple’s screen at the current output cur­
sor position and advances the output cursor. It places the character using the setting of the 
Normal/Inverse location. It handles the control characters RETURN, linefeed, and bell. It 
returns with all registers intact.

SFE80 SET1NV Set Inverse mode

Sets Inverse video mode for C0UT1. All output characters will be displayed as black dots on a 
white background. The Y register is set to $3F, all others are unchanged.

SFE84 SETNORM Set Normal mode

Sets Normal video mode for COUTI. All output characters wwill be displayed as white dots on a 
black background. The Y register is set to $FF, all others are unchanged.

SFD8E CROUT Generate a RETURN

CROUT sends a RETURN character to the current output device.

$FD8B CROUT1 RETURN with clear

CR0UT1 clears the screen from the current cursor position to the edge of the text window, then 
calls CROUT.

SFDDA PRBYTE Print a hexadecimal byte

This subroutine outputs the contents of the accumulator in hexadecimal on the current output 
device. The contents of the accumulator are scrambled.

SFDE3 PRHEX Print a hexadecimal digit

This subroutine outputs the lower nybble of the accumulator as a single hexadecimal digit. The 
contents of the accumulator are scrambled.

SF941 PRNTAX Print A and X in hexadecimal

This outputs the contents of the A and X reisters as a four-digit hexadecimal value. The accu­
mulator contains the first byte output, the X register contains the second. The contents of the
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accumulator are usually scrambled.

SP948 PRBLNK Print 3 spaces

Outputs three blank spaces to the standard output device. Upon exit, the accumulator usually 
contains SA0, the X register contains 0.

$F94A PRB1.2 Print many blank spaces

This subroutine outputs from 1 to 256 blanks to the standard output device. Upon entry, the X 
register should contain the number of blanks to be output. If X = $00, then PRBL2 will output 
256 blanks.

JFF3A BELL Output a "bell” character

This subroutine sends a bell (CTRL G) character to the current output device. Il leaves the 
accumulator holding $87.

SFBDD BELLI Beep the Apple’s speaker

This subroutine beeps the 
registers.

Apple’s speaker for .1 second at lKHz. It scrambles the A and X

SFD0C RDKEY Get an input character

This is the standard character input subroutine. It places a flashing input cursor on the screen at 
the position of the output cursor and jumps to the current input subroutine whose address is 
stored in KSW (locations $38 and $39), usually KEYIN (see below).

$FD35 RDCHAR Get an input character or ESC code

RDCHAR is an alternate input subroutine which gets characters from the standard input, but also 
interprets the eleven escape codes (see page 34).

$FD1B KEYIN Read the Apple’s keyboard

This is the keyboard input subroutine. It reads the Apple’s keyboard, waits for a keypress, and 
randomizes the random number seed (see page 32). When it gets a keypress, it removes the 
flashing cursor and returns with the keycode in the accumulator.

$FD6A GETLN Get an input line with prompt

GETLN is the subroutine which gathers input lines (see page 33). Your programs can call 
GETLN with the proper prompt character in location $33; GETLN will return with the input line 
in the input buffer (beginning at location $200) and the X register holding the length of the input
line.

$FD67 GETLNZ Get an input line

GETLNZ is an alternate entry point for GETLN which issues a carriage return to the standard 
output before falling into GETLN (see above). "7"'j ~n"'] |""p >7'; t fT rp [~\

w v/jniiid ty 
suiiy

I ;;
I H

: t. |

E- 3

E--3

E- 3

E- 3

E- 3

E-'3

e 3

E? 3
1

E--3

E- 3

E* 3

E- 3

Ej 3

ra

E 3

SFD6F GETLN1 Get an input line, no prompt

GETLN1 is an alternate entry point for GETLN which does not issue a prompt before it gathers 
the input line. If, however, the user cancels the input line, either with too many backspaces or 
with a ICTRL X|, then GETLN 1 will issue the contents of location $33 as a prompt when it gets 
another line.

SFCA8 WAIT Delay

This subroutine delays for a specific amount of time, then returns to the program which called it. 
The amount of delay is specified by the contents of the accumulator. With A the contents of the 
accumulator, the delay is '/r(26 + 27A + 5A2) //seconds. WAIT returns with the A register zeroed 
and the X and Y registers undisturbed.

SF864 SETCOL Set Low-Res Graphics color

This subroutine sets the color used for plotting on the Low-Res screen to the color passed in the 
accumulator. See page 17 for a table of Low-Res colors.

SF85F NEXTCOL Increment color by 3

This adds 3 to the current color used for Low-Res Graphics.

SF800 PLOT Plot a block on the Low-Res screen

This subroutine plots a single block on the Low-Res screen of the prespecified color. The block’s 
vertical position is passed in the accumulator, its horizontal position in the Y register. PLOT 
returns with the accumulator scrambled, but X and Y unmolested.

$F819 HEINE Draw a horizontal line of blocks

This subroutine draws a horizontal line of blocks of the predetermined color on the Low-Res 
screen. You should call HLINE with the vertical coordinate of the line in the accumulator, the 
leftmost horizontal coordinate in the Y register, and the rightmost horizontal coordinate in loca­
tion $2C. HLINE returns with A and Y scrambled, X intact.

SF828 VLINE Draw a vertical line of blocks

This subroutine draws a vertical line of blocks of the predetermined color on the Low-Res screen. 
You should call VLINE with the horizontal coordinate of the line in the Y register, the top verti­
cal coordinate in the accumulator, and the bottom vertical coordinate in location $2D. VLINE 
will return with the accumulator scrambled.

$F832 CLRSCR Clear the entire Low-Res screen

CLRSCR clears the entire Low-resolution Graphics screen. If you call CLRSCR while the video 
display is in Text mode, it will fill the screen with inverse-mode characters. CLRSCR des­
troys the contents of A and Y.

SF836 CLRTOP Clear the top of the Low-Res screen

CLRTOP is the same as CLRSCR (above), except that it clears only the top 40 rows of the 
screen.

J

i
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SF871 SCRN Read the Low-Res screen

This subroutine returns the color of a single block on the Low-Res screen. Call it as you would 
call PLOT (above). The color of the block will be returned in the accumulator. No other regis­
ters are changed.

SFB1E PREAD Read a Game Controller

PREAD will return a number which represents the position of a game controller. You should 
pass the number of the game controller (0 to 3) in the X register. If this number is not valid, 
-.irange things may happen. PREAD returns with a number from $00 to $FF in the Y register. 
The accumulator is scrambled.

SFF2D PRERR Print “ERR”

Sends the word "ERR”, followed by a bell character, to the standard output device. The accu­
mulator is scrambled.

SFF4A IOSAVE Save all registers

The contents of the 6502’s internal registers are saved in locations $45 through $49 in the order 
A-X-Y-P-S. The contents of A and X are changed; the decimal mode is cleared.

$FF3F IOREST Restore all registers

The contents of the 6502’s internal registers are loaded from locations $45 through $49.

E -
-g MONITOR SPECIAL LOCATIONS

Table 14: Page Three Monitor Locations
Address: 
Decimal Hex

Use:
Monitor ROM Autostart ROM

1008 
1009

$3F0 
S3F1

None.

Holds the address 
of the subroutine 
which handles
machine language 
"BRK” requests 
(normally $FA59).

1010 
1011

$3F2 
$3F3

None. Soft Entry Vector.

1012 $3F4 None. Power-up Byte.

1013 $3F5 Holds a “JuMP” instruction to the
1014 $3F6 subroutine which handles Applesoft II
1015 S3F7 commands 

$FF.
.* Normally $4C $58

1016 $3F8 Holds a “JuMP” instruction to the
1017 $3F9 subroutine which handles “USER”
1018 $3 FA (|CTRL Y|) commands.
1019 $3FB Holds a “JuMP" instruction to the
1020 $3FC subroutine which handles Non-
1021 $3FD Maskable Interrupts.
1022 $3FE Holds the address of the subroutine
1023 $3FF which handles Interrupt ReQuests.

3
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TROUBLESHOOTING GUIDE

General Troubleshooting Tips:

On both a hardware and a software level, APPLE 11 is highly interactive. The 
first step in repairing an APPLE 11 system is to isolate the problem to a 
particular module. With the Modular Exchange Program, this is done at the 
Dealer level. When a Main Logic Board is received, it should be connected 
up to a known-good Power Supply, Keyboard and Disk 11 so that any failures 
observed are the fault of the board under repair. When a unit is received 
as a complete APPLE 11 having its own Power Supply and Keyboard, the case 
must be removed from the unit so the the board may be completely exposed. 
You may also wish to remove the board, and connect it to a known-good 
Keyboard and Power Supply.

Most board failures are due to IC failure. In this case, the problem can 
usually be narrowed down to an area on the board, and parts substitution 
will identify the bad component.

If the problem is mechanical in nature, (open or shorted trace, bad socket) 
no amount of chip-swapping will solve the problem. In this case, the bad 
signal must be found with an oscilloscope to repair the board.

When an IC fails, often one of its outputs will fail to toggle even though 
the inputs to the chips are good. Sometimes an IC'S input will, due to an 
internal short, hang up a healthy IC'S output. This can be difficult to 
locate when the signal goes to many places on the board.

Mechanical failures on the board generally cause either dead shorts or 
opens, which can be positively identified with a VOM or continuity tester. 
Mechanical intermittents should be aggravated by flexing the board to bring 
out the failure.

Board contaminants (spilled liquids, etc.) can be removed from the bottom 
side of the board by scrubbing the board with a small brush soaked in 
alchohol. This is much more difficult to do on the component side of the 
board, and requires that the plastic carrier for each socket in the 
affected area be removed, and the board area carefully cleaned as above.

With intermittent boards, special attention is required. A 24 or 48 hour 
burn-in period will show whether a repair on an intermittent unit was 
successful or not. In cases where a unit dies completely after a period 
of time, a simple Monitor command such as:

N E000LLL 34:0 <SP> <RET>

will generate repeating screen action, indicating whether the machine 
is functioning or not. Often a Heat Gun and a can of Cold Spray will 
speed things up.

Here are some suggestions:

Each technician should have their own personal known-good Main Logic 
Board to use as a source of components when substituting parts into 
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the board under repair. This serves two purposes. First, we have 
confidence in the parts which are being placed into the bad unit.
Second, the empty sockets in the known good board provide a record of 
what parts were replaced; this helps when filling out the paperwork.

It sometimes helps to scope out a known—good board when troubleshooting. 
This helps us get acquainted with what the proper signals should look 
like. After a while this won't be necessary.

The Main Logic Board Theory of Operation describes what the logic should 
be doing. It is especially important to spend time familiarizing yourself 
with the Medium-Scale (MSI) chips present on the board. Consult this material 
when in doubt.

Learn to use the F8 Monitor's software commands. (A tutorial on switching 
between video modes and testing video operation from the keyboard is 
given in the Section entitled "Using the Montor to Verify Video Failure"). 
It also helps to know 6502 Assembly Language programming (information 
on using the Dis-assembler and Mini-assembler can be found in the APPLE 11 
Reference Manual, APPLE product number A2L0001A).

Temperature-related problems can be fixed by using a heat-gun and cold­
spray to isolate the bad component. Heat the unit up until it fails, and 
then chill suspected ICS on the board using the thin plastic tube that 
comes with the cold-spray. The board will usually begin functioning 
correctly when the temperature-sensitive part is cooled.
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Motherboard:

I. Test Set-Up: 
A

SERVICE PROCEDURES

complete with all

B.

Equipment Needed:
1. A "known good, in spec" 

Apple peripherals.
2. Oscilloscope
3. I C Puller
4. 48K RAM
5. Disk Interface Card
6. Diagnostics Diskette
7. Non Conductive Foam Pad
8. Heat Gun

Set up Procedure:

48k system

1. postion on non­

2.

Place mother board to be tested in 
conductive foam pad.
With power supply switch OFF, plug
video cable into motherboard.(no RAM should yet be

power supply and

installed!)
C. Visual Inspection:

1. Look for obvious damage— burned chips, scratches, drink 
strains, burn marks, drops of solder, etc.

2. Make sure that there are no missing chips.
3. Make sure that all chips are what they're supposed to be.
4. Make sure all chips are firmly seated.
5. Make sure that all chips are installed correctly pin 1

to hole 1.
6. Make sure that no pins are bent under.

II. Start-up
A. Video Problem:

1. Turn ON power supply.
2. If you have a video failure, look for symtom and possible 

fix in the section entitled "Motherboard Video Failures/ 
Symtoms".

3. Repair video problem first and you may find that it will 
also fix a no reset problem if there is one.

III. Troubleshooting
A. Running Diagnostics:

1. When you have a good video pattern, continue the following 
procedures.

2. Assure power supply is OFF and insert only 16K of RAM 
(c—row only), plug in speaker and keyboard (Do not insert 
Disk Interface Card yet).

3. Turn ON power supply at which time determine whether you 
have a good cold-start reset (beep, prompt and cursor)— 
if you have an Autoboot ROM at F8 you may also get some 
data locations listed on screen along with prompt and 
cursor).

4. If you have a good cold start, turn OFF power supply, 
install full 48K RAM, insert Disk Interface Card, insert 
Diagnostics Diskette in drive and continue testing (most 
motherboard problems from this point may be found in the 
section entitled "Motherboard Miscellaneous Failures/ 
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Symtoms). IF YOU DO NOT HAVE A GOOD COLD START RESET 
(making sure all three: beep, prompt and cursor, are 
present), then refer to the section entitled "Motherboard 
Reset Failures/Symtoms".

5. When you have accomplished the fix and have a good cold 
start reset, turn OFF power supply and continue as stated 
in paragraph directly above.

V. Testing:
Once diagnostics have been completed error free, then it is suggested 
you final test system by running a continuous loop possibly similar 
to the following:

10 for X = 1 TO 39
20 TAB X (HTAB X for Applesoft)
30 PRINT X
40 FOR I - 1 TO 100:NEXT I
50 NEXT X
60 GOTO 10
RUN

While this loop is running you might run a heat gun over the board 
for a short period, then tap chips with the plastic end of a screw­
drive. In justifying this s.eemingly unorthodox procedure, a 
sufficient number of problems are found at this point that would 
otherwise have found their wayback to the dealer/customer. Remember 
that our objective at this point is to create a potential hidden 
failure if one indeed exists. If there is no failure after a couple 
of passes with the heat gun and one pass shocking the ICS, pat your­
self on the back and ship it (if you have any doubts put it on the 
burn-in rack overnight).

Of course, once these procedures above are exhausted, it becomes 
a matter of technical expertise finding opens, shorts, incorrect 
values, etc. Some test points for various system signals are 
provided in the section entitled "Scope and Meter".

It is suggested that as you repair a failure you might make note 
of the systom and the fix action to provide a means of evalution 
and ready, handy reference. This trouble shooting guide by no 
means provides all systoms or fix actions.

Distributed under the Creative Commons License on page 4 Page 0158 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

USING THE MONITOR TO VERIFY VIDEO FAILURE

First, we need to get into the Monitor. On systems with the F8 Monitor 
ROM this is easy: just turn on the power and press the Reset button a 
couple of times. An asterisk prompt (*) will be displayed in the lower 
left-hand corner of the screen. Newer circuit boards don't require you 
to press the Reset button at all, but it won't hurt to do so.

On systems with the newer Autostart Monitor (APPLE part number 341-0020) 
the system will boot up your disk drive if it finds a disc controller 
card in one of the motherboard slots 1 through 7. If no card is present 
it will go into BASIC, which is indicated with a greater-than (>) prompt 
in the lower left-hand corner of the screen. To enter the Monitor type 
CALL-151 followed by a Return.

To fill the screen with TEXT characters, type in the command L (for list). 
This invokes the disassembler which interprets memory locations as a series 
of machine language instructions and displays the opcodes for you. To look 
at the contents of the F8 ROM you type: F800 L. Each L command following 
causes the next locations in memory to be displayed.

Now suppose we wish to check out the LORES graphics mode. We do this by typing 
a series of soft-switch commands which causes the system to shift from 
TEXT mode into LORES mode. These commands are:

C050 C056

Now entering L causes the text displayed to appear as LORES characters. If 
we want a TEXT-window at the bottom to see what we are doing, we type:

C053

To make the TEXT-window disappear we type:

C052

These commands will tell you whether or not LORES graphics is ok or not.

For HIRES graphics, we can't alter the contents of screen memory just by 
entering L. This is because the HIRES screen memory area is mapped into 
locations $2000 to $3FFE instead of $400 to $800 as is the case with TEXT 
and LORES modes. In order to use the monitor to alter the HIRES screen memory 
we must do a "block move" into memory. Here's an example:

Fill the Hires main display page with the value 
speaks on hex, the dollar sign is not required.)

This is done with the command:

2000:55 200K2000.3FFEM

To see the results use the soft-switch commands:

C050 C053 C057

(Since the monitor$55

i

* ; 
L_‘ u
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This will display vertical bars of green and purple on the HIRES screen. Do 
the block move using AA instead of 55:

2000:AA 2001<2000.3FFEM

This will produce orange and blue vertical bars on the HIRES screen. (On REV 0 
boards you will still get the colors green and purple but the positions of 
the vertical bars will be reversed.)

The soft-switch cammand:

C055

Causes the APPLE 11 to jump into PAGE 2 of whatever graphics mode you are in. 
The screen locations for these secondary pages are:

Secondary page of TEXT/LORES: $800 to $BFF

Secondary page of HIRES: $4000 to $5FFF

To check out the secondary page of TEXT/LORES, try the following scheme:

C053 C055 (Page 1 with TEXT window)

800<400.7FFM (Loads data from primary to secondary page)

C055 (Switches into secondary page)

For LORES display type:

C056

To load into secondary HIRES page:

To display it type:

C050 C053 C055 C057

If you get lost, type:

C051 C054

Which will return you back to the primary TEXT page so you can see the last 
20 or so commands typed in.

Now you have a way to verify each graphics mode and the machine's ability 
to switch between modes correctly. Again, practice switching modes and 
block-moving data on a known-good APPLE 11 system. Then on any machine 
with good Reset you will be able to verify a video problem without special 
equipment.
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MOTHERBOARD VIDEO FAILURE/SYMTOMS

No video at all (dark rather than light screen): With scope grounded, 
first scope (B2-74S86 pin 10) for 14MHz signal from crystal. Replace 
crystal if no oscillator signal or if signal is questionable and if this 
does not correct oscillation then replace QI and Q2 (2N4258's) below 
crystal. If signal at B2 pins 10 & 8 are good then swap the following 
ICs: (Note:swap 2 or 3 ICs at a time leaving replacements in until you 
have video. Then remove replacements in the same manner reinserting original 
ICs and turning system on after replacing 2 or 3 to assure no more than 
the one chip you replaced is bad).

REMEMBER TURN POWER OFF BEFORE SWAPPING CHIPS!

Most likely cause replace these four first:
B1-74LS175
B2-74S86
C1-74LS153 
C2-74LS195 
Turn power back on ------ if still no video try these:
A2-74LS00 B10-74LS74 C13-74LS51 D2-74LS20 F14-9334
A9-74LS151 B11-74LS08 C14-74LS32 D11-74LS04
A10-74LS194 D13-74LS161
If you still have no video, refer to the Section entitled "Scope and Meter".

The following are various types of video failures/symptoms you may 
encounter and possible fixes. Be aware that the fix given may not be the 
only problem areas, they are only the most likely, giving you a starting 
point.

SYMPTOM
Blank white screen

Screen goes blank when 
disk boots
Will get into diagnostics 
menu but screen goes all white 
during RAM test
Video wavers

Pulsating data with corresponding 
speaker static
Video distortion but reset OK 
Top of video missing/distorted 
Video pushed down & to the right 
Can't write into upper left of 
screen

CAUSE 
FL4-9334 
6502 
A3-74166 
B5,8-74LS174

B9-74LS194

B2-74S86 
C11-74LS04 
D11-74LS161 
D12-74LS161 
D13-74LS161 
D14-74LS161

H1-74LS08
D2-74LS20
B14-74LS02
C13-74LS02

A9-74LS151
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Top three lines of HIRES missing 
Rolling(not scrolling) video

Full vertical screen of question 
marks scrolling (not rolling) up 
Entire screen inverse & prompt 
not flashing
Inverse/incorrect prompt at CTRL 
B/C
Split video with four corners

Split location of prompt/cursor

No prompt/cursor

No flashing cursor

Horizonial lines & garbage chars.

Color bar test has horizonial 
lines
Color bars come up in text mode

Distorted color bars
Vertical bars at cold start

Vertical bars in HIRES
Left margin has vertical white 
column
Graphic color bars broken up

No page 2
Black sqares with left to right 
moving characters

Smaller chars. & vertical bars 
Constantly active characters at 
row 9, column 39&40 also writes 
garbage into rows 3/4;11/12;19/20 
at reset
Random chars, upon keyboard reset

Part graphics & part text 
Entire screen background of 
exclamation marks
Garbage chars after warmup

Full video & reset but video 
is pushed down a couple of inches 
from top
Distorted, diagonal breaks in video

C11-74LS04

EU-74LS153

A11-74LS74
B14-74LS32

B2-74LS86

F8 ROM
B1-74LS174
C1-74LS153
C11-74LS04
E14-74LS283
B3-555 timer
open from Cl pin 3 to H2 pin 14
B3-555 timer
O.luf capacitor just above B3
B5-74LS174
BU-74LS08

B4-74LS194
B5-74LS174
B8-74LS174
A12-74LS02
F14-9334
A5-2513
A9-74LS151
C12-74LS257
D12-74LS161
B4-74LS194

A3-74LS166
B4-74LS194
B9-74LS194 
open Bll pin 6 to Hl pin 10

B12-74LSU
B13-74LS02
B2-74LS86

C11-74LS04
B11-74LS08
Fl-(no Fl on boards Rev 7 and up).
A11-74LS74

A5-2513
27 microhenry choke at end of
H-row

B14-74LS02
C1-74LS153
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Right half of text char, missing
Video shows only top halves of letters, 
you get two tops instead of a top & 
bottom

Mis-shaped question marks/char

A3-74LS166

No graphics but text ok

LORES/HIRES,only one works
Double row of prompt, cursor & text 
No video but will reset & boot disk

All white screen with black blinking 
cursor square
All white screen rolling upward & 
will produce a horizontal bar at each 
reset & may or may.not reset continusously 
Vertical roll in LORES (color bars) 
but ok in text & can be corrected 
momentarily by tweaking video pot

H1-74LS08
A5-2513(VC line to pin 13 held low 
A3-74LS166
A5-2513
A9-74LS151
B2-74LS86
B10-74LS74
B4-74LS194
B9-74LS194
A8-74LS257
A9-74LS151
A9-74LS151
E11-74LS153
A9-74LS151
A10-74LS194

A3-74LS166

A12-74LS02

replace video pot
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MOTHERBOARD RESET FAILURES/SYMTOMS

For a no reset condition where there is no cursor, no prompt, and no 
speaker beep as obvious symptoms, with scope grounded, check pin 40 of 
the 6502 for a high to low transition when the reset key is pressed. If 
no transition occurs, check the following:

REMEMBER TURN POWER OFF WHEN REPLACING ICS!

A13-555
Q5-(2N3904 near A13) 
capacitor below Q5 (.luf)

Usually if you have a good reset from the keyboard, but are unable to get a 
cold start reset , Q5 is good and change the capacitor.
IF YOU HAVE A GOOD TRANSITION WITH HIGH LEVEL AT +5V and still no reset 
swap the following ICS: NOTE: swap 2 or 3 at a time leaving replacements 
in umtil you have a good reset then remove replacement ICS in the same 
manner reinserting original ICS and turning system on after replacing 
2 or 3 to assure no more than the one chip you replaced is bad

Swap chips in the following order 
common failures and will save you 

good 6502 and the F8 
the following

H3-8T97 
H4-8T97 
H5-8T97

insert known 
proceed with 
B6-74LS257 
B7-74LS257

the chips at 
H10-8T28 
H11-8T28

as they are arranged according to most 
some time: Remove all
ROM leaving all other

locations.
C14-74LS32
A2-74LS00
B11-74LS08

ROM and the 6502, 
ROMS out. Then

D2-74LS20
E11-74LS153
E12-74LS153
E13-74LS153

C1-74LS153
B5-74LS174
B8-74LS174

F12-74LS138
F13-74LS138
C11-74LS04

F14-9334 
F2-74LS139 
J1-74LS74

H1-74LS08 
H12-74LS138 
H14-74LS251

if you still have no reset, assure that your 16K of RAMAt this point,
has not gone bad by replacing the row. If a bad reset condition still 
remains refer to the Section entitled Scope and Meter. This may assist 
you in getting started in the right direction.

The following are various types of reset failures/symtoms you may encounter 
and possible fixes. Be aware that the fix given may not be 
areas.

the only problem

No reset & intermittent oscillator
failure Short-pins 5&6
No reset & random char, generation
from keyboard reset D2-74LS20 Fl-jumper block

E12-74LS153 F2-74LS139
Intermittent reset both at cold
start & from keyboard reset C14-74LS32
Intermittent reset,inputs random data &
will not access drive A2-74LS00

E8-ROM
Random chars, at keyboard reset B11-74LS08
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Constantly active chars, at Row 9, 
column 39&40 & writes random data

Fl-jumper block

into rows 3/4, 11/12, 19/20 at reset 
Repetitive/continuous reset without

C11-74LS04

load at cold start B7-74LS257
Good at 16K, no reset above 16K 
Good at 16K, intermittent reset over

RAM short (RA02 or RA03)

16K & will not complete RAM test F2-74LS139
Reset OK but no speaker output (no beep) 
Good speaker output but no reset, prompt

J13-74LS74

or cursor C13-74LS51
F14-9334
E11-74LS153 
E12-74LS153 
E14-74LS153 
H1-74LS08

No prompt or cursor B3-555
cap. just above B3

Split location of prompt/cursor
No reset with ROM card in and 
switch in up position, OK with switch 
down (determined not to be a ROM card

CU-74LS04

fault)
No reset with Disk Interface Card,

RA01

OK without H2-74LS138
H12-74LS138

At cold start, reset nay be intermittent
random data input & will not complete RAM
test RAM short
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MISCELLANEOUS MOTHERBOARD SYMTOMS/FAILURES uD LI lib b'J
Following are various types of miscellaneous motherboard failures/symtoms 
and possible fixes. Be aware that the fix given may not be the only 
problem areas, they are only the most likely, giving you a starting point.

Unable to access drive: B5-74LS174
B6-74LS257

Will not boot disk, drive LED on, 
prompt switches back and forth from 
Monitor to a mis-shaped rounded Basic: B5-74LS174 C1-74LS153
Will not boot disk: H2-74LS138 B6-74LS257

H3-74LS8T97
H12-74LS138

B7-74LS257

Prompt but no cursor and will not 
access disk: B3-555
Disk boots then screen goes blank: 
Goes into monitor, program stops after

B9-74LS194

warmup: RAM C1-74LS153
E11-74LS153 B6-74LS257
E12-74LS153 B7-74LS257
E13-74LS153 ROM
E14-74LS153 Card in slot 0
Slot 0 50-pin connector

Keyboard input failures but keyboard
is good: B6-74LS257 C11-74LS04

B7-74LS257
B10-74LS74

F13-74LS138

anything in keyboard strobe
line

Will not run D-row RAM & has static
output to speaker & screen during 
diagnostics: H1-74LS08 

J1-74LS257 
D2-74LS20

Will not run E-row RAM & has static 
output to speaker & screen during 
diagnostics: D2-74LS20

H1-74LS08 
J1-74LS257

Will not run E-row RAM (no static
output at speaker): Dl-jumper block

D-row RAM 
Fl-not on rev 
later boards.

. 7 or

Cursor moves by itself through 
diagnostics menu, sometimes will not 
move when ESC pressed & will boot
intermittently: I/O select not grounded
Will not go to Basic from Monitor with 
CTRL B/C: B6-74LS257
Double row of prompt,cursor, & chars.: E11-74LS153
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NO RESET

SCOPE AND METER

A no reset condition is where there is no cursor, no prompt, and no 
speaker. Check pin 40 of the 6502 for a high to low transition when the 
reset key is pressed. If no transition occurs check the following:
Q5 (2N3904 near A13, and the capacitor below Q5(.l microfarad). Usually 
if Q5 is bad the 
If a transistion

APPLE will keyboard reset (but will not power on reset) 
occurs check the following points with an oscilloscope:

(pins 49-42 on I/O slots),
to A15 (pins 2-17 on I/O slots),

Data Lines D0-D7
Address Lines AO
Read/Write (the write signal is active low) at pin 34 
pin 5 of H5(8T97),
pin 9(R/W in) of C14,
pin 8(R/W out) at C14.

of the 6502,

Look for low logic levels and missing (except AD7 and 
normally low) signals. The following IC'S could be at

AD9 which are 
fault:

SYMTOMS

Low Data Levels

Bad Address levels

No R/W signal

PROBABLE CAUSE

B6-74LS257 H10-8T28
B7-74LS257 H11-8T28
Bad ROM'S
H3-8T97 Bad ROM'S
H4-8T97 6502
H5-8T97
H5-8T97 A2-74LS00
C14-74LS32 6502

clock on pin 37 of the 6502.With an osilloscope check for the 1 MHz
Also check Bll pin 1 (74LS08) for the 1 Mhz clock. Check Bll pin 1 
for +5 volt level. Cll pin 13 (74LS04) for a +5 volt level, and Cll 
pin 12 for a low level. See schematic for futher details. Check the 
following IC'S.

SYMTOMS PROBABLE CAUSE

No 1 MHz at 6502 C11-74LS04
BU-74LS08
RA01 (resistor pak)

Distributed under the Creative Commons License on page 4 | Page 0167 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

SCOPE AND METER

RA01 (resistor pak)

Check the following signals to make sure there is proper RAM addressing. 
Check the CAS bar signals at pin 15 of the RAM. The CAS bar signal at pins 
4 ($0-3FFF), 5 ($4000-$7FFF), 6 ($8000-$BFFF) from F2 (74LS139). Check 
the CS bar signal at pins 13 of the RAM and pin 7 of Cl (74LS153). Check 
RAM SEL bar at pin 4 of the RAM, pin 6 of A2 (74LS00). Check inputs and 
outputs of D2 (74LS20) and pins 10 ($8000-$BFFF), 11 ($4000-$7FFF), and 
pin 12 ($0-$3FFF). See the schematic for complete detail and check the 
inputs and outputs of the following IC'S.

J1-74LS257 H1-74LS08 F2-74LS139
C1-74LS153 C12-74LS257 D2-74LS20
C11-74LS04 C14-74LS32 A2-74LS00

Also check the 
above boards)

Memory Select headers for continuity (except Rev 7 and

Check RAM pins 5,6,7, and 10 ,11,12 for RAO (pinlO), RAI (pin 11), RA2
(pin 12), RA3 (pin 7), RA4 (pin 6), and RA5 (pin 5). These are the RAM 
refresh, video addressing signals. Also check pins 7 and 9 of Ell,12, 
and 13 (74LS153's). Check the address and sync inputs to the 74LS153's 
(see schematic for pinouts).

If the system works with 16k RAM but not with 32K or 48K check RA02 
and RA03 resistor paks. These located between E10 and Ell and DIO and 
Dll. Check these with and ohm meter from pins 7 and 9 of Ell,12,13 
between ground and +5 volts. There should be a reading of about 500 ohms 
between pin 7 of Ell and ground. Also, it should read the same for pin 7 
of Ell and +5 volt buss (about 500 ohms). The readings should be the same 
for each for them (see schematic for more details).
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'Jew style keyboardsftwo part)

Symptoms

No keyboard output

No Data Strobe(no keybd output)

Incorrect data out

No output

R, Return, and : keys repeat 
’■esistor. See Apple Service Bulletin

Cause

Encoder(331-0931)

B3(74LS00)
B4(74LS00)
C6(.l microfarad cap)

Encode
B5(74LS04)
B3(74LS00) ;

Cable :

Change RIO to 3.OK q'nn 1/4 watt 
■<'15
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1. DISASSEMBLE

(A) REMOVE RIVETS AND SHEETMETAL SCREWS THAT HOLD LID TO HOUSING.
(B) REMOVE PCB HOLD-DOWN SCREWS AND WASHERS.
(C) REMOVE PCB FROM HOUSING.
(D) FIND THE TWO RIVETS.

2. VISUAL CHECK

(A) DETERMINE LEVEL OF SUPPLY, UPDATE AS NECESSARY. 
C6 C7 C16 10UF, 25V ; R17 R20 39 OHM.1/4W.

(B) CHECK FOR BAD DATE CODE OF CR1, IF "7841" CHANGE.
(C) CHECK FOR MOST COMMON FAILURES.
(1) RESISTANCE ACROSS CR16 220 OHM, IF LESS CR15 OR CR16 BAD.
(2) IF FUSE BLOWN CR3 MAY BE SHORTED OR QI & Q2 MAY BE BAD.
(3) IF R1 IS OPEN CR1 PROBABLY BAD.

(D) CHECK FOR BURNT RESISTORS AND BAD SOLDER CONNECTIONS.

3. LOAD TEST

(A) HOOK-UP P.S. TO TEST FIXTURE. CHECK FOR FAILURE.
(B) TAKE IN CIRCUIT RESISTANCE READINGS TO FIND CAUSE OF FAILURE. 

HAVING A KNOWN GOOD P.S. TO COMPARE WITH WOULD BE HELPFUL.
(C) MAKE NECESSARY REPAIRS. . '
(D) TEST AT ALL S/W SETTINGS.
(E) VIBRATION TEST, WITH POWER APPLIED TO P.S. , 

TAP PCB WITH THE HANDLE OF A SCREWDRIVER.
NO FLUCTUATION IN OUTPUT SHOULD OCCUR.

4. -FINAL TEST

(A) SECURE PCB IN HOUSING, REPLACE LID.
(B) VERIFY OPERATION.
(C) BURN-IN FOR 3-6 HOURS.

COMMON THERMAL PROBLEMS ARI, CR17, CR18, OR CR19.
(D) VERIFY OPERATION.
(E) REPLACE SHEETMETAL SCREWS & RIVETS.
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P.S. PROBLEMS

)-■ tC U

"BAD" MEANS COMPONENT COULD BE OPEN, SHORTED, MISSING, WRONG VALUE 
PHSICALLY DAMAGED, HEAT SENSITIVE, OR HAVE A POOR SOLDER CONNECTION.

SYMPTOM
ON TESTER

PROBABLE CAUSE 
IN ORDER OF OCCURRENCE

FAILS CROWBAR TEST (1) Q5 BAD

@107 HI LOAD 
NO OUTPUT

(1) FUSE BLOWN - CHECK CR3
(2) R1 OPEN - CHECK CR1
(3) BAD S/W
(4) CR15 OR CR16 BAD
(5) CR1 BAD

@107 HI LOAD 
ALL VOLTAGES LO 
WON'T ADJUST

(1) ARI BAD
(2) C6 OR C7 BAD
(3) QI OR Q2 BAD
(4) CR9, CR18 OR CR19 BAD

@107 HI LOAD
"CILLATING

CLICKING SOUND

(1) ARI BAD
(2) C6 OR C7 BAD
(3) Qi OR Q2 BAD
(4) CR5, CR9 OR CR11 BAD

@115* LA LOAD 
+12V’’ DROPS

(1) CR17, CR18 OR CR19 BAD

BELOW 11.25V

@120 HL 00 LOAD 
EXCESSIVE RIPPLE OR 
MAKES CLICKING SOUND

(1) ARI BAD
(2) R17 BAD
(3) Cll, C12 OR C18 BAD
(4) CR9 OR CR19 BAD

@120 LHOO LOAD 
EXCESSIVE RIPPLE OR 
MAKES CLICKING SOUND

(1) CR17, CR18 OR CR19 BAD

@137 LO LOAD 
EXCESSIVE RIPPLE OR 
MAKES CLICKING SOUND

(1) C6 OR C7 BAD
(2) CR5, CR6, CR9 OR CRH BAD

VIBRATION PROBLEM 

f I

(1) SOLDER CONNECTION OF 
SINGLE ENDED CAPACITORS

(2) HEAT SINK TO PCB 
SOLDER CONNECTION

(3) R16 BAD - REPLACE
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REPAIR MANUAL FOR ASTEC POWER SUPPLY AAtO4U ‘ * '

~2 p <P pj
• ' , J P

Section JI: Test Set-up

A. Equipment Needed

1. Isolation Transformer (minimum of 500 VA rating) 
Dangerously high voltages are present in this power supply. For 
the safety of the individual doing the testing, please use an 
isolation transformer. The 599 VA rating is needed to keep the 
AC wave form from being clipped off at the peaks. These power 
supplies have peak charging capacitors and draw full power at the 
peak of the AC wave form.

2. 0-140V Variable Transformer (Variac)
Used to vary input voltage. Recommend 10 Amp. 1.4 DVA rating, minimum

3. Voltage meter — Needed to measure DC voltages to 50VDC and AC voltages 
to 200VAC. Recommend 2 digital Multi Meters.

4. Oscilloscope - Need X10 and X100 probes.

5. Load board with connectors
See table I for values of loads required. The entry on the table for 
safe load power is the minimum power ratings for the load resistors 
used.

6. Ohm meter.

B. Set-up Procedure

Set-up as shown in Figure 1. Monitor the input voltage and the 
output voltage of the regulated bus, which is the +5 output, with DVM's. 
Also monitor the +5 output with the oscilloscope using 50mv/div sensitivity. 
The DVM monitoring the +5 output can also be used to check the other outputs. 
See text of section III for test points within power supply.

Section II

A. Visual Inspection:

Check power supply for any broken, burned, or obviously damaged components. 
Visually check fuse; if any question, check with Ohm meter.

B. Load power supply with minimum load as specified in Table I. Bring power 
up slowly with variable Transformer while monitoring +5 output with scope 
and DVM. Supply should start with approximately 40-60 VAC applied and 
should regulate when 104 VAC is reached. If output has reached 5 volts, 
do a performance test as shown in Section VI. If there is no output refer 
to Section III.

Distributed under the Creative Commons License on page 4 | Page 0172 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

Section III - No Output
pj ry .....

General —= p iPrr; I 
With the AC input applied to the L & N connections and the poorer Li'J
produce an output, and power switch on one or more components have failed. 
A no output fault condition is most likely caused by a shorted or opened 
component on the primary side 
secondary. To determine this

but may also be caused by a short on the 
follow the steps below.

A. Check Fuse:
If fuse is blown, replace but do not apply power until cause of failure 
is found.

B. Preliminary Check on Major Primary Components:
Check Diode Bridge (DBI), Power Transistor (Q2) and check diode (D3) for 
shorted junctions. If a component is found shorted, replace it.

C. Primary Check on Major Secondary Components:
Using Ohm meter from output common to each output, with output loads 
disconnected, check for shorted rectifiers or capacitors. If the +12V 
output is shorted also check crowbar: SCR (SCR1), +12V.

D. Check B+ with the fuse Intact:
Set power supply and attach X100 scope probe ground to the anode of (DI). 
Slowly turn up power and check for B+ Cathode of D3 (near the transformer 
Tl). With input at 107VAC, this point should be between 260-270 VDC. If 
this is not correct check R1 and DB1.

If R8 is open, it was most likely caused by a shorted component that is 
fed power by Tl. Check the following components for proper operation, 
(Q2, QI, D3).

E. Check Q4 Waveforms:
Use X100 probe on Heat Sink of Q2, check collector waveform. Transistor 
should be switching, correct waveform is shown in Figure 2. If this is not 
present check for open junctions on Q2. If Q2 is OK, check to see if base 
voltage is being supplied to Q2; it should be . 7V. If it is not present, 
check components, (C6, QI, DI, and R3).

Section IV - Low Outputs

A. All outputs are low
If all outputs are low at the same time, check to insure that the voltage 
selection jumper is in the proper position.

B. +5V output
The power supply is regulated off the +5V DC output. If this output is 
low, it could cause the others to be low, If so, adjust +5V by changing 
R20. If adjustment to correct voltage is not possible, check Q3 and Q4.

C. If any one output is not present, first check the rectifier associated 
with that output and then the rest of the components in the circuit and 
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the solder joints on the PCB. Check respective choke for output in ques­
tion (ie. L2, L3, L4, L5).

Section V - Crowbar ____ ____________

If the crowbar is not operating, check Z1 and SCR1. 
triggering within the specified limits, 
ment resistor in series with Z1 has not 
value.

■ ------ , If the crowbar is not
change Z1 and check that any adjust- 
changed value from its color code

Section VI - Performance Test

Each of these test conditions should be set-up and noted to be within 
limits specified in Table II.

the

-5V
STEP INPUT +5V LOAD +12V -12V

1. 107 VAC Max Max Max Max

2. 132 Max Max Max Max

3. 120 Max Min Min Min

4. 120 Min Min Max Min

5. 132 Min Min Min Mln

6. Test Crowbar Limits

If the power supply does not pass the above test, refer to Section IV and V
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Table I: Load Board Valves

OUTPUT
MIN

1 OAD
LOAD 

RFST STANCE

+5V 1.0A 5.0 ohms

+12V 0.25A 48 ohms

-12V 0.05A 240 ohms

-5V 0.10A 50 ohms

SAFE 
OAD POWFR

MAX
1 OAD

LOAD
RESISTANCE___

SAFE
1 OAD POWER

10 watts 2.5A 2.0 ohms 25 watts

6 watts 2.5A 4.8 ohms 60 watts

1 watt 0.25A 48 ohms 6 watts

1 watt 0.25A 20 ohms 2.5 watts

Table II: Voltage and Ripple Specifications

OUTPUT MIN MAX RIPPLE (MAX RP)

+ 5V 4.90V 5.10V 45MV

+ 12V 11.10V 12.50V 100MV

-12V -10.80V -13.20V 100MV

-5V -4.70V -5.70V 45MV

Distributed under the Creative Commons License on page 4 | Page 0175 of 0367





Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

June 1981

REPAIR MANUAL FOR ASTEC POWER SUPPLY AA11040(B)

Section I: Test Set-up

A. Equipment Needed

1. Isolation Transformer (minimum of 500 VA rating) 
Dangerously high voltages are present in this power supply. 
So for the safety of the individual doing the testing please 
use an isolation transformer. The 500 VA rating is needed to 
keep the AC wave form from being clipped off at the peaks. 
These power supplies have peak charging capacitors and draw 
full power at the peak of the AC wave form.

2. 0-140V Variable Transformer (Variac)
Used to vary input voltage. Recommend 10 Amp. 1.4 KVA rating, 
minimum.

3. Voltage meter - Needed to measure DC voltages to 50VDC and AC 
voltages to 200VAC. Recommend 2 digital Multi Meters.

4. Oscilloscope - Need X10 and X100 probes.

5. Load board with connectors-
See table one for values of loads required. The entry on 
the table for safe load power is the minimum power ratings 
for the load resistors used.

6. Ohm meter.

B. Set-up Procedure

Set-up as shown in Figure 1. You will want to monitor the input voltage 
and the output voltage of the regulated buss, which is the +5 output, 
with DVM's. Also monitor the 5 output with the oscilloscope using 
50mv/div sensitivity. The DVM monitoring the+5 output can also be used 
to Check the other outputs. See text of section III for test points 
within power supply.
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Section II

A. Visual Inspection: n : i -! i \ ■ ■ I—,
r//i; iin

Check power supply for any broken, burned, ori^obviously.dampge'd 
components. Visually check fuse, if any question cfieclFwHh-Ohm 
meter.

B. Start-up

Load power supply with minimum load as specified in Table I. Bring 
power up slowly with variable Transformer while monitoring +5 out­
put with scope and DVM. Supply should start with approx. 40-60 VAC 
applied and should regulate when 95 VAC is reached. If output has 
reached 5 volts, do a performance test as shown in Section VI. If 
there is no output refer to Section III.

Section III - No Output

General

With the AC input applied to the L & N connections and the power does 
not produce an output, and power switch on, one or more components have 
failed. A no output fault condition is most likely caused by a shorted/ 
open component on the primary side but may also be cuased by a short on 
the secondary. To determine this follow the steps below.

A. Check Fuse:
If fuse is blown, replace but do not apply power until cause of 
failure is found.

B. Preliminary Check on Major Primary Components:
Check Diode Bridge (DBIJ, Power Transistor (Q2) and catch diode 
(D3) for shorted junctions. If any component is found shorted, 
replace.

C. Primary Check on Major Secondary Components:
Using Ohm meter from output common to each output, with output loads 
disconnected, check for shorted rectifiers or capacitors. If +12V 
output is shorted also check crowbar; SCR (SCR1), +12V.

D. Check B with the fuse intact:
Set power supply and attach X100 scope probe ground to the anode of 
(DI). Slowly turn up power and check for B+ on end of (R28) nearest 
the transformer. With input at 95VAC, this point should be between 
260-270 VDC. If this is not correct check resistor and DBI.

If R5 is open it was most likely caused by a shorted component that 
is fed power by R28. Check the following components for proper oper­
ation, (Q2, QI, DI)

E. Check Q4 Waveforms:
Using X100 probe on Heat Sink of Q4, check collector waveform. 
Transistor should be switching, correct waveform is shown in Figure 2.
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If this is not peiecontccheck for open junctions on Q2. If Q2 is 
ok, check to see if base voltage is being supplied to Q2, it should 
be ,7V. If it is not present, check components, (L3, QI, DI and R3).

Section IV - Low Outputs

A. All outputs are low.
If all outputs are low all at the same time, check to insure that the 
voltage selection jumper is in the proper position.

B. +5V output.
The power supply regulates off of the +5V DC output. If this out­
put is low, it could cause the others to be low. If so, adjust 
+5V by changing R25.

C. If any one output is not present, first check the rectifier accociated 
with that output and then the rest of the components in the circuit 
and the solder joints on the PCB.

Section V - Crowbar

If the crowbar is not operating, check Zl, Q4, and SCR1. If the crow­
bar is not triggering within the specified limits change Zl and check that 
R26 and R27 are of the proper resistance.

Section VI Performance Test

Each of these test conditions should be set-up and noted to be within the 
limits specified in Table II.

STEP INPUT + 5V LOAD + 12V -12V -5V

1. 90 VAC Max Max Max Max

2. 132 Max Max Max Max

3. 120 Max Min Min Min

4. 120 Min Min Max Min

5. 132 Min Min Min Min

6. Test Crowbar Limi ts.

If the power supply does not pass the above tests, refer to Section IV and V.
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Table I: Load Board Valves

OUTPUT
MIN 

1 OAD
LOAD 

RFSTSTANCE

+5V 1.0A 5.0 Ohms

+12V 0.25A 48 ohms

-12V 0.05A 240 ohms

-5V 0.10A 50 ohms

SAFE
1OAD POWER

MAX 
1 OAD

10 watts 2.5A

6 watts 2.5A

1 watt 0.25A

1 watt 0.25A

LOAD 
RESISTANCE

SAFE 
IPAD POWER.

2.0 ohms 25 watts

4.8 ohms 60 watts

48 ohms 6 watts

20 ohms 2.5 watts

Table II: Voltage and Ripple Specifications

OUTPUT MIN MAX RIPPLE (MAX RP)

+ 5V 4.90 V 5.10V 45MV

+ 12V 11.10V 12.50V 100MV

-12V -10.80V -13.20V 100MV

-5V -4.70V -5.70V 45MV
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Voltage
(VDC)

Ccnmon 
Ccnmon 

+5V 
+12V 
-12V
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SCOPE AND METER

Introduction:

The following scope & meter points of reference and procedures are provided 
only as a guideline for tech's in training status. Tech's should eventually 
develop their own methods/procedures with which they feel most comfortable.

When metering RAM, ROM or I/O slots for continuity the following will not 
zero out:
RAM: Row- pin 2 will read approximately 19 to 20 and pin 14 will read 
open.

Column- pin 15 will read open.
ROM: Pins 20 & 21 will read open.
I/O slots: The following pins will read open —1,19,23,27,28,35,41.
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SECTION 5: REFERENCE GUIDE TO SIGNALS

A. SYSTEM TIMING •

LD194 B12-8
LDPS' A2-3

SIGNAL MNEMONIC LOCATION

14M B2-8
7M Bl-15
7M' Bl-14

COLOR REF Bl-3
COLOR REF' Bl-2

PHASE ZERO Bl-7
PHASE ONE Bl-6

RAS' C2-15
AX' C2-14

CAS' C2-13
Q3 C2-12
Q3' C2-11

B. VIDEO
SIGNAL MNEMONIC LOCATION

HO D14-14
Hl D14-13
H2 D14-12
H3 D14-11
H4 D13-14
H5 D13-13

HPE' D13-12
HBL C13-6

VA D13-11
VB D12-14
VC D12-13
VO D12-12
VI D12-11
V2 DI 1-1.4
V3 Dll-13
V4 Dll-12

VBL Bll-8

SYNC C13-8
TEXT VIDEO B2-11

C. MPU

SIGNAL MNEMONIC LOCATION
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AO H5-11
Al H4-5
A2 H5-7
A3 H5-9
A4 H4-7
A5 H3-9
A6 H3-11
A7 H3-7
A8 H3-5
A9 H3-3

A1O H4-9
All H4-11
A12 H4-3
Al 3 H5-3
A14 H5-13
A15 H4-13

R/W H5-5

DO Hll-2
DI H1O-2
D2 H10-14 FiFFF PP i
D3 Hll-14 r1 Hi Pci
D4 Hl 1-5
D5 Hl 0-5
D6 H10-11 \ .■ ’ PP Pi ■
D7 Hll-11

D. ROM

SIGNAL MNEMONIC LOCATION

CS' : DO F12-13
D8 F12-12
EO F12-11
E8 F12-10
FO F12-9
F8 F12-7

E. RAM

SIGNAL MNEMONIC LOCATION

+ 12 PIN 8
+5 PIN 9

GND PIN 16
-5 PIN 1

AO PIN 10
Al PIN 11
A2 PIN 12
A3 PIN 7
A4 PIN 6
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A5 PIN 5
A6 PIN 13

RAS' C2-15

CAS' : ROW C F2-4
ROW D F2-5
ROW E F2-6

RAM R/W C14-U

RAM SEL' A2-6

F. ON-BOARD I/O

SIGNAL MNEMONIC LOCATION

KBD F13-15
KBDSTRB F13-14

CASSETTE CLK F13-13
CASSETTE OUT K13-8

SPEAKER CLK Fl 3-12
SPEAKER OUT K13-5

GAME I/O STRB F13-11
9334 EN' F13-10

251 EN' F13-9
PDL TRIG F13-7

G. PERIPHERAL I/O

SIGNAL MNEMONIC LOCATION

DEV' : SLOT 0 H2-15
SLOT 1 H2-14
SLOT 2 H2-13
SLOT 3 H2-12
SLOT 4 H2-11
SLOT 5 H2-10
SLOT 6 H2-9
SLOT 7 H2-7

I/O SEL : SLOT 1 H12-14
SLOT 2 H12-13
SLOT 3 H12-12
SLOT 4 H12-11
SLOT 5 H12-10
SLOT 6 H12-9
SLOT 7 H12-7

I/O STRB' F12-14

*’OTE: Each location given represents the 
ocation). The schematic diagrams should 
ecessary.

signal's point of origin (furthest upstream 
be used to follow the signal downstream if
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Apple n Computer Technical information

APPLE II / APPLE II-PLUS 
LEVEL II SERVICE REFERENCE MANUAL

Pre-Release Version

APPENDIX A 
IC CHIP MAPS • IC SPECIFICATIONS 

6502 INSTRUCTIONS * RON LISTINGS

Written by
Apple Computer, inc. • Level II Service Center 

1981
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CAS
SAVE
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I
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138

I/O 
SEL

138

ROM
SEL

153 
MPU 
VID 
ADD 
MUX

19 4 
GR 
SHFT 
REG

(

19 4 
GR

SHFT 
REG

174 
DATA 
LATCF

257 
KBD 
MUX

257 
KBD 
MUX

17 4 
DATA 
LATCH

175 
'OLOF
2MHZ

86
TEXr 
ldM

HZ
555 
CUR

166 KEY 257
00 TEXr ■» 2513 BRD VIDEO

XT AL LDP< SHF7 CHARACTER PLUG GEN
SOFr

5
REG GENERAT‘OR SEL

74 
VIDEO 
BUFF

1 2 3 4 5

558

GAME
P£D ____
timer) I/O

251

DATA 
SEL

|13R 

jHDWR 
!SEL
I
I___

9 334 

TEXT 

BR
^4ODE

153 
HPU
VID 

r\DD 
4UX

283 
vipU

VID
ADD
MUX

161
SYNC 
VERT

161 | 161

SYNC 'sync

4OR HOR

257
RAM
SEL

51 32
7IDE 0 DAT.
SYNC BUFF
^UX CONT

_____

08 
(D 0
AND

1
11 02 02
COLC R DOUR SYNC
BURS T NOR NOR

555 
RESET

151 19 4
VIDE VIDE( ) 74 02
SEL MODE PWR CLR

LATCF [ ON STR
RESF TKBD

L 
J

6 7 8 9
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IGURATIONS

TH

WPACKAGE

QUADRUPLE 2-INPUT
POSITIVE NAND GATE

SL QUADRUPLE 2 INPUT POSITIVE NAND GATE ■ S5 S54S03, N74S00,

.■H.; C*AH AC I ERISTICS. Vcc - 5V, TA “ 25 C, N - 10 (74S00)

S54S00/503—A,F ,W • N74S00/503-A.F N74SX> PARAMETER TEST CONDITIONS MIN TYP MAX

DIGITAL 54/74 TTL SERIES N14ML ~ r~~cspr*'^' delay time, low-to- CL- 15pF, RL - 2800 2 3 4 5

a^varvW o.’put CL - 50pF, Rl - 2800 4.5
A,F PACKAGE

*- njsgrdelay time, high-to-low- CL- 15pF, Rl - 2800
NOTE 1

2 3 5

n fi.nAnAn Output CL‘ 50pF, RL - 2800 5

U Li □ Lj ulTLJ

ter——*1 output voltage

paua 2-293

TEST CONDITIONS

“put voltage 
.<.<< “ put voltage 

. v—I P voltaye

revel output current

I, - -18inA

parameter

Series 74S

MAX,

All inputs at OV

V.

NDED OPERATING CONDITIONS

PARAMETER
S54S00 N74S00

MIN NOM MAX MIN NOM
Vcc 4.5 5 5.5 4 75 5

1 E Out from each Output, N. High logic level 20
Low logic level 10

In. .Li Temperature, TA -55 125 0

.AL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted) (74S00)

PARAMETER

Hi.pi ii'v.-i input voltage

Liw level input voltage

Input i lamp voltage

H..jli i. vcl output voltage

L o.v In el output voltage
I

If'.pui Miiien! at maximum input voltage i
IHigh level input current (each input I 

Low level input current leach input) 

Short . ucuit output current1

buM-'v 1 intent, high level output

Vcc - MIN.

Vcc - MIN.

M... « -1mA

VCC ' MAX,

Series 54S

CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

4-v»t current at maximum
-U..t VUHv1/.1
rx.^->K>ai u.put current (each input) 
tau«*4>«> H |>ut current (each input) 

current, high level output 
pe-r gate!

current, low-level output 
*9* L"< 9J,el

MIN
| TYP”

MAX

2
0.8

Vcc- MIN, l| - -18mA -1.2
VCC - MIN,
VOH - 5.5V

V)L - 0.8V,
250

Vcc = MIN, 
lOL “ 20mA

V,h = 2V,
0.5

VCC ■ MAX. V| - 5.5V 1

Vcc ‘ MAX. V| - 2.7V 50
VCC = MAX. V| = 0.5V -2

Vcc " max. All inputs at 0V 1.5 3.3

Vcc “ max, All inputs at 5V 5 9

wr.-aMsiCHARACTERISTICS, Vcc - 5V, TA - 25°C, N - 10

parameter TEST CONDITIONS MIN TYP MAX

delay time, low-to- CL - 15pF. Rl = 2800 NOTE 2 5 5ns
/< <*...* Output CL - 50pF, Rl » 2800

1
4.5

* delay tune, high-to- CL = 15pF, RL » 2800 2 4.5 7
tWU UtM .,,4) vritpul CL = 50pF, Rl ‘ 2800 7

IN or MAX, use the appropriate value specified under recommended operating conditions tor the

5V. Ta - 25 C.
■iiuuld be shorted at a time, and duration of the short-circuit test should not exceed one second.
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gnctns

IATIC

. t Component values shown are nominal.

MENDED OPERATING CONDITIONS

QUADRUPLE 2-INPUT IS54 2 
POSITIVE NOR GATE inxnn

S5402—A,F,W • N7402—A,F ■ ’ f I U Z- 1

DIGITAL 54/74 TTL SERIES I

SIGNETICS QUADRUPLE 2-INPUT POSITK - NOR GATE ■ S540:

ELfOmCAL CHARACTERISTICS (Cont'd)

PIN CONFIGURATIONS

PARAMETER TEST CONDITIONS* MIN TYP MAX

*CClSI Logical 0 level supply VCC - MAX, V(n - 5V 14 27

current

t^-rpi Logical 1 level supply VCC-MAX. Vjn - 0 8 16

current

SWlTCHsarfJ CHARACTER ISTICS, \£c" 5V. TA-25°C, N-10

PARAMETER TEST CONDITIONS MIN TYP MAX

Propagation delay time 
to logical 0 level

CL-15pF, RL - 4000 8 15

Propagation delay time 
to logical 1 level

CL- 15pF, Rl - 4000 12 22

* i ii j 1 a" shown at MIN or MAX, use the epproprlete value specified under recommended operating conditions for th« 
Kama tree o

” *« «r»x« wMuat are at VCc - 5V, TA - 25 C
t Hat — era Wtn one output should be shorted at a time.

PARAMETER MIN NOM MAX UNIT
:y Voltage Vqq'- S5402 Circuits 4.5 5 5.5 V

N7402 Circuits 4.75 5 5.25 V
jlized Fan-Out from each Output, N 10
ling Free Air Temperature Range, TA: S5402 Circuits -55 25 125 °C

N74O2 Circuits 0 25 70 °C

.ICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS* MIN TYP** MAX UNIT

vm(1) Logical 1 input voltage 
required at either input 
terminal to ensure 
logical 0 level at output

vcc - min 2 V

^iniO) Logical 0 input voltage 
required at both input 
terminals to ensure 
logical 1 level at output

vcc ’ MIN 0.8 V

Voutl 1) Logical 1 output voltage vcc - MIN, 
•load " -400pA

Vjn » 0BV 2.4 3.3 V

VOut(0) Logical 0 output voltage VCC " MIN' 
•sink * 16mA

Vin-2V, 0.22 0.4 V

in(0) Logical 0 level input 
curt ent (each input)

vcc “ max. Vjn-0.4V -1.6 mA

'.nil) Logical 1 level input Vcc ’ MAX, Vln-2 4V 40 PA
currer Vi input) vcc * max, Vjn-5.5V 1 I

‘OS
)

Short circuit output Vpp - MAX S5402 -20 -55
rr

I
ntA
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WPACKAGE

snores QUADRUPLE 2-INPUT 
POSITIVE AND GATES

iEMATIC (each gate)

S54O8—A,F,W * N74O8-A,F

DIGITAL 54/74 HL SERIES
PIN CONFIGURATIONS

) I b: Component value* shown ar* nominal.

S5^8 
N7408

A PACKAGE

- KJ ra m.
OMMENDED OPERATING CONDITIONS

MIN NOM MAX UNIT

upply Voltage Vqc; S5408 Circuits 4.5 5 5.5 V
N7408 Circuits 4.75 5 5.25 V

•urmalized Fan-Out from Output, N 10
perating Free-Air Temperature Range, T^: S54O8 Circuits -55 25 125 ’C

N7408 Circuits 0 25 70 •c

CTRICAL CHARACTERISTICS (over recommended operating fre»air temperature range unless otherwise noted)

PARAMETER

m(1)

■'uut(l)

''ouKOI

1 •n(0)

'md)

OS

SIGNETICS QUADRUPLE 2-INPUT PO? VE AND GATES ■ S

ELECTRICAL CHARACTERISTICS (Cont'd)

PARAMETER TEST CONDITIONS* MIN TYP**

'CC(I) Logical 1 level supply VCC ’ MAX- V,n - 5V 10

current

'CC(O) Logical 0 level supply Vcc - MAX, Vjn - 0 18

current

WITCHING CHARACTERISTICS, Vcc - 5V, TA - 25“ C, N - 10

PARAMETER TEST CONDITIONS MIN TYP

•pdO Propagation delay time 
to logical 0 level

CL-15pF, RL-400H 12

’pd1 Propagation delay time 
to logical 1 level

CL - !5pF. Rl-400D 17.5

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions
device type

•• All typical values are at Vcc - 6V. T. - 26* C
f Not more than <one output should be snorted at a time.

LJj

Logical 1 input voltage 
required at both input 
terminals to ensuie 
logical 1 level at output 

Logical 0 input voltage 
required at either input 
terminal to ensuia logi­
cal 0 level at output 
Logical 1 output voltage

Logical 0 output 
voltage

Logical 0 level input 
current (each input)
Logical 1 level input 
c t (each input) 
I ^Lircuit output

Cii..ontT

TEST CONDITIONS’ MIN TYP” MAX UNIT

Vcc - MIN 2 V

Vcc "MIN 0.8 V

Vcc - MIN, Vin-2.0V, 2.4 3.3 V
•load ‘ SOOpA

Vcc - MIN, 
•sink ’ •G'bA

Vin-0 8V, 0.22 0.4 V

Vcc ’ MAX Vjn - 0.4V -1.6 mA

vcc • MAX, vin " 2 4V 40 mA
VCC " max. Vin ' 5-5V 1 mA

vcc • max S5408 -20 ) mA
N7408 -18 -5b 1
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FEATURES
N74S11 ACTIVE PULL-UP
• TYPICAL PROPAGATION TIME
• TYPICAL POWER DISSIPATION 

AT 50% DUTY CYCLE

N74S15 OPEN COLLECTOR

IGITAL 54/74 TTL SERIES
SCHEMATIC (each sate)

POSITIVE AhD GATE

5 ns at = pF
32 mW PER GATE

ELECTRICAL CHARACTERISTICS (over operating free-air temperature range unless otherwise noted)

RECOMMENDED MAXIMUM FAN OUT FROM EACH OUTPUT 

 “ N74S11
Loads at a high logic level 
Loads at a low logic level

20
10

PARAMETER

V|H High-level input voltage 
V|l Low-level input voltage 
V| Input clamp voltage

UNIT
N74S11

MIN TYP** MAX
N74S15 

MIN TYP** MAX
TEST CONDITIONS

Vcc MAX. All inputs at 0 V

VCC ~ M|N, l| - -18 mA
vcc = min, viH-
Iqh = -1 mA
Vcc = M|N. V|H - 2 V.

: VOn - 5 5 V
Vcc ' WIISL V^L = 0.8 v, 

'OL = mA
VCC ° V| = 5.5 V
VCC J MAX, V, = 2.7 V

, Vcc = MAX, V| = 0.5 V 
Vcc " max

g conditions for the
•For conditions shown as MIN or MAX. use the appropriate value specified under 

applicable series on the second page of this section.
■ ' All typical values are at Vcc = 5V,TA = 25;C
JNot more than one output should te shorted at a time, and duration of the short-c.reu.t test shouid not exceed one second 

SWITCHING CHARACTERISTICS. Vcc = 5 V, TA = 25’C. N = 10

parameter TEST CONDITIONS
NOTE 1

N74S11 N74S15
UNITSMIN TYP MAX MIN TYP MAX

tPLH Prooagat on delay time. ;Jr. tc-high-te-.*! output CL = 15 pF, Rl ’ 280 n 2.5 4.5 7 2.5 5.5 8.5
.. .. CL ’ 50 pF. Rl = 2so n 6 . &:5

r$

’PHL P'op-rcat or- delay t.me, u gh-'o-ic.-. 'e-ei output Cl * 1 5 pF, Rl * 280 Q 2.5 5 7.5 2.5 / 6\ 9
CL ’ 50 pF, R L 280 n 7.5 ‘ 8 ns

NOTE 1: L c a d c: r c o ts e*or-— « shewn on r. -oe 2-2 93 -------------- - -------- X --------------- —- ■

2-282
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t
rr cOS'£ NDED OPE R AT1NG CONDITlONS____________________________________________________________________ _ _______________ ■

PARAMETER S54S20 N74S20 UNIT
MIN NOM MAX MIN NOM MAX

Voltage Vqq 4.5 5 5.5 4.75 5 5.25 V

Normalized Fan-Out from each Output. N: High logic level 20 20
Low logic level 10 10

?.-■ st-na Free-Air Temperature, T^ -55 125 0 70 ”C

LLi.CTP.iCAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS* 1 MIN TYP** MAX
1

UNIT ■
IlI 

X
1 

>
High-level input voltage 2 V |

VIL Low-level input voltage 0.8 v 1
1

V« Input clamp voltage Vcc - MIN, l( - -18mA -1.2 V • 
j

Vcc = MIN, V)L = 0.8V, Series 54S 2.5 3.4 V ,
VOH High-level output voltage

Iqh - -1mA Series 74S 2.7 3.4 V |

VCC = MIN, V,h-2V, 1
VOL Low-level output voltage

lQL ~ 20mA 0.5 V

Input current at maximum input voltage vcc * max. V, » 5.5V 1 mA j

’lH High-level input current (each input) VCC = MAX, V,=2.7V 50 mA ! 
j

'IL Low-level input current (each input) Vcc = MAX, V, = 0.5V -2 mA i

'os Short-circuit output current t Vcc = MAX •ufO -100
mA J

'.CM Supply current, high-level output Vcc = MAK, Al1 inputs at 0V 2.5 4 mA 1 
!

(average per gate)
1
1
;

iCCL Supply current, low-level output vCc' MAX- All inputs at 5V 5 9 mA |

(average per gate)

2283

Distributed under the Creative Commons License on page 4 | Page 0197 of 0367



EXPANDABLE DUAL 2-WIDE 2-INPUT 
AND-OR-INVERT GATES

DIGITAL 54/74 HL SERIES
PIN CONFIGURATIONS

S5450A,F,W • S5451-A.F.W • N7450-A.F • N7451-A.F

iEMATIC (each gate)

-

K 15R.

S5450 ■
£ JI PCMTICS EXPANDABLE DUAL 2-WIDE 2-INPUT AND-OR-INVER'. .ATES ■ S5450/51. r

N7450 14<,*CMCHARACTERIST,CS(c°ntd|
N745l' PARAMETER

Logical 0 level input

current (each input)

Logical 1 level input

current (each input)

Short circuit output

Current*

Logical 0 level supply

current

Logical 1 level supply

current

le
][/

][-
Pl

us
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ev
el
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19
81

mponent values shown are nominal.
in expsnder inputs are used simultaneously for expanding 

- expander is not used leave X and X pins open.

4. Make no external connection to X and X pins of the S5451 and 
N7451.

5. A total of four expandor gates can be connected to the ex­
pander Inputs.

CL
CL
<

AMENDED OPERATING CONDITIONS

h - 270pA,

TEST CONDITIONS'

CL - 15pF, Rl - 4oon
Cl “ 15pF, RL“ 400ft

h - 0.43mA,

V1 -0.4V, 

•sink • 16mA,
Rf -0 

•load *■ —400jaA, 
l2‘ -270pA 

•sink ’ 16mA,
Rl - 130ft

•sink “ 16mA 

<1 - 0.62mA,

TEST CONDITIONS

IflecL undfr. recommended operatlng cohdltlons fir the

L.i.r

TEST CONDITIONS*

Vcc - MAX, Vin-0.4V

vcc - max. Vi„ " 2.4V

vCc ' MAX. V|n-5.5V

VCC “ MAX S5450, S5451

N7450, N7451

Vcc - MAX, Vin * 5V

Vcc - MAX, Vin’O

MUXAL CHARACTERISTICS ( S5450 circuits ) using expandor inputs, Vcc - 4.5V, TA - -55° C

UCtMCMCHARACTERISTICS (N74S0 circuits) using expander inputs, Vcc - 4.7SV, TA

PARAMETER TEST CONDITIONS MIN TYP'

»• Expander current Vj • 0.4V, •sink “ 16mA

»MOf Base-emitter voltage of 
output transistor (Q)

•sink • 16mA, 
Rl -0

11 - 0.41mA,

Logical 1 output 
voltage

•load " -400pA, 
• 2 “ -0.15mA

11 - 0.15mA, 2.4 3.3

Logical 0 output voltage | •sink" 16mA, 
Rj - 138ft

It - 0.3mA, 0.22

'i PARAMETER

Logical 0 output voltage

Expander current 

Base-emitter voltage of 
output transistor (Q) 

Logical 1 output voltage

IKNMCHARACTERISTICS, Vcc - 5V, Ta - 25°C, N - 10

PARAMETER MIN NOM MAX UNIT
•Pply Voltage V^q: S5450, S5451 Circuits 4.5 5 5.5 V

N7450, N7451 Circuits 4.75 5 5.25 V
ormalized Fan-Out from Output, N 10
.^rating Free-Air Temperature Range, TA: S5450, S5451 Circuits -55 25 125 °C

N7450, N7451 Circuits 0 25 70 °C

TRICAL CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise noted)

PARAMETER TEST CONDITIONS- MIN TYP-* MAX UNIT

Vind) Logical 1 input voltage 
required at both input 
terminals of either AND 
section to ensure logical 
0 at output

Vcc - MIN 2 V

V.nlO) Logical 0 input voltage 
required at one input 
terminal of each AND 
section to ensure logical 
1 at output

VCC-MIN 0.8 V

Voutll) Logical 1 output vultage vcc - min, 
•load ” -400pA

Vin " 0.8V, 2.4 3.3 V

Vout(0) Logit Jtput voltage Vcc - MIN, 
lSink “ 16mA

Vin “ 2V. 0.22 0.4 1
1

PARAMETER

Propagation delay time 
to logical 0 level
Propagation delay time 
to logical 1 level

«MMsaM shown as MIN or MAX, use the appr 
Me* input* X and X are opea.

"sa t-e-ar •< VCC- 5 V, Ta - 26°C.
Va one output should be shorted et a time.

Q
J



ASCRIPTION

> 54/7432 provides four 2 input or logic functions. Each 
e may be used individually or connected serially to pro- 
e an equivalent five input or function.

iHEMATIC (Each gate)

S5432F/W/A • N7432A/F

DIGITAL 54/74 TTL SERIES

PIN CONFIGURATION (Top View) •

O £LECTR|CAL CHARACTERISTICS

» - f

VCC 48 4A 4Y 38 3A 3Y

Jj*l Rl Rl Rl Rl rn rri
t For condition* ihown as MIN or MAX, um tha appropriate value specified under recommended operating conditions for 

type
I All typical values era at Vcc - S V, TA - 25° C.
I Not more than one output should be shorted at a time.

L PARAMETER TEST CONDITIONS! MIN. TYP J
V|H High-level input voltage 2
V|L Low-level input voltage
V| Input clamp voltage Vqc = MAX. l| = -12mA

VOH High-level output voltage Vcc = MIN. Vih = 2v, 
Ioh “ -800pA 2.4 3.3

Low-level output voltage vcc = min. Vil-0.8 V,
0.221 VOL

•OL c 16 niA
1 11 Input current at maximum input voltage Vcc = MAX. V| = 5.5V

IlH High-level input current Vcc = max. V| = 2.4 V
IlL Low-level input current Vcc = max. V| « 0.4 V

•os Short-circuit output current $ Vcc - MAX
5432 -20
7432 -18

'CCH Supply current, high-level output Vcc - MAX, See Note 2 15
'CCL Supply current, low-level output Vcc “ MAX, See Note 3 23

1^-

CO 
o
M— 
o

CD 
CD

O
CD 
CD 
CO 

CL
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OMMENDED OPERATING CONDITIONS

CL
CL
<

III Ld Ld Id Lil Lil LI
1A 1B 1Y 2A 2B 2Y Ground

Positive Logic: Y - A ♦ B

•Pin assignments for these circuits are the same for all packages.

ABSOLUTE MAXIMUM RATINGS

NOTES: 2. Iqch •» measured with one Input of each gate at 4.5 V, the remaining Inputs grounded, and outputs open.
3- IqCL ls measured with both Inputs of all gates grounded, and outputs open.

SWITCHING CHARACTERISTICS Vcc - 5 V, TA - 25°C, N - 10

PARAMETER TEST CONDITIONS MIN. T
Propagation delay time,

P™L high-to-low-level output
CL=15pF, Rl-400DPropagation delay time, 

low-to-high-level output

Supply voltage, Vcc (see Note 1) ........................... 7 V
Input voltage......................................................... 5.5 y
Operating free-air temperature range:

5432 Circuits.................................-55°Cto 125°C
7432 Circuits.................................... 08Cto70°C

Storage temperature range....................... -65° C to 150°C

NOTE:
1. Voltage values are with respect to network ground terminal.

PARAMETER 5432 7432
UNITMIN. NOM. MAX. MIN. NOM. MAX.

ply voltage, Vcc 4.5 5 5.5 4.75 5 5.25 V
malized fan-out from each output, N 1---- — -h '°a'c *?vel ... 20 20

1 Low logic level 10 10
rating free-air temperature, TA -55 25 125 0 25 70
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** ■ jhic dual edge-triggered flip-flops utilize Schottky TTL
—-* "^^gduce very high speed D-type flip-flops. Each flip-flop 

clear and preset inputs, and also complementary Q
' * ft****®-

- y input D is transferred to the Q output on the 
**^*eo<r>9 edge of the dock pulse. Clock triggering occurs at a 
4P“*^ of the clock pulse and is not directly related to the 

t<rrw of the positive going pulse. When the clock input is 
***J^tM high or low level, the D-input signal has no effect.

^cvtts are fully compatible for use with most TTL or DTL 
A full fan-out to 10-normalized series 54S/74S loads is 
from each of the outputs at low logic level. At a high logic 

out of 20 is available to facilitate tying unused inputs to 
Maximum clock frequency is 75 megahertz, with a 

flower dissipation of 75 milliwatts per flip-flop.

DUAL D-TYPE CR4C74 n niD.nnDc JJiJ I *t

AL 54/74 TTL SERIES

N74S74

PIN CONFIGURATION

WMS74 is characterized for operation from 0°C to 70°C. 

f m1 Maximum Input Clock Frequency 90 MHz
inaoi Fewer Dissipation 75 mW per Flip-Flop 

farUTH TABLE (Each Flip-Flop)

[ ■*n + 1

«a<PUT OUTPUT
0 Q tr

L H

i M H L

w - M.fn level, L “ Low level

WOTC» A. tfi ® bit time before clock pul&e 
B. 1 “ bit time after clock pulse

FUNCTIONAL BLOCK DIAGRAM (EACH FLIP-FLOP)

•tCOMMENDED OPERATING CONDITIONS

PARAMETER MIN NOM MAX UNIT
tupply voltage, Vqq 4.75 5 5.25 V

Normalized fan-out from each output, N High logic level • 20
Low logic level 10

__ Oock frequency, fcloc(t 70 MHz
I W-dth of clock pulse, tw (clock) 7 ns
L__W*dfh of preset pulse, t^ (preset) 7 ns
t *'dth of clear pulse, tw (clear) 7 ns

[ lnput le» UP time, tsetup High level data 10
nsLow level data 12

I---- Input hold time, thold 0 ns
[ Opeiatmg free-air temperature, Ta 0 70 °C

2-291
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SIGNETICS DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS* S54S74,N74S74_______________________

ELECTRICAL CHARACTERISTICS

PARAMETER TEST CONDITIONS* MIN TYP** MAX UNIT J

V|n High level input voltage 2
V 1

V|[_ Low level input voltage 0.8 V ’ !

V| Input clamp voltage Vcc * MIN, l| = — 18 mA -1.2 V ;

Vqh High level output voltage
Vcc°MIN' vIH“2V
V|l = 0.8, Iol = 20 mA

2.7 3.4
v 1

ii

Vql Low level output voltage
Vcc ’ M,N- V|h ” 2 V
V|L • 0.8, lOL " 20 mA

0.5
n

V

|| Input current at maximum input voltage Vcc “ MAX. Vt - 5.5 V 1 mA

l|H High level input current

Vcc “ MAX, D input 50

mAV| • 2.7 V Clock or Preset 100

Clear 150

||l_ Low level input current

Vcc = MAX, D input -2

mAV| - 0.5 V Clock or Preset -4

Clear -6

'OS Short circuit output current J Vcc ' MAX -40 -100 mA i

ICC Supply Current Vcc ' MAX, See Note 1 30 —2LJ

•For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the 
applicable device type. °

• "All typical values are at Vqq “ 5 V, T^ “ 25 C.
JNot more than one output should be shorted at a time, and duration of the short circuit test should not exceed one second.

SWITCHING CHARACTERISTICS, VCC - 5 V, TA = 25°C, N - 10

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT ]

*max Maximum clock frequency 90 MHr |

»PLH
Propagation delay time, low-to-high level output, 

from clear or preset
5

n. |

’PHL
Propagation delay time, high-to-low level output, 

from clear or preset CL • 15 pF. RL = 280 n
8 ns

'PLH
Propagation delay time, low-to-high level output, 

from clock NOTE 1

7 - I

IPHL
Propagation delay time, high-to-low level output,

from clock
7 ns {

NOTE 1: Load circuit and test waveforms are shown on page 2-293

j 
I
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f^ATUR^S |~~

FUtLY COMPATIBLE WITH MOST TTL AND TTL
* US1 CIRCUITS —

fULLY SCHOTTKY CLAMPING REDUCES DELAY f o
* TIMES: —

7 ns Typical 
| ns Typical

4AS135* 74S135 CAN OPERATE AS EXCLUSIVE-ORi-.
* ■ msn nn ac CVCI I ICIVF.NnR< 

q^TE (C INPUT HIGH)

54S86*/74S86 
54S135*/74S135

QUAD EXCLUSIVE-OR, EXCLUSIVE-OR/ 
frn.r; NOR GATES

54/74 TTL SERIES

PIN CQINfTbLIRATION (Top View)’

qaTE (C INPUT LOW) OR AS EXCLUSIVE-NOR<“

^jjSOLUTE MAXIMUM RATINGS

voltage (see Note 1)...................
t-yti1 voltage...............................................
Qpgrgting free-air temperature range: 

54S86*, 54S135* Circuits ... 
74S86. 74S135 Circuits ....

(urage temperature range ...................
WQTt:
I »oH«9* values are with respect to network ground terminal.

74S86* W-A & F

5.5 V

-55°C to 125°C 
. 0°Cto70°C 

-65° C to 150°C

w • level, L " Low level

FUNCTION TABLE 54S86*, 74S86

[ INPUTS OUTPUT

f A B Y

L L L
L H H

1 H L H

H H L

FUNCTION TABLE 54S135*. 74S135

INPUTS OUTPUT

A B C Y

L L . L L
L H L H
H L L H
H H L L
L L H H

1 L H H L
H L H L
H H H H

* • level. L » Low level

2Y [T-

Ground |~7~

S54S86 
N74S86 

S54S135 
N74S135

3 Vcc

3

13

11

10

s

4B

4A

4Y

3B

3A

a 3Y

Positive Logic: Y " A • B “ AB + AB

74S135* W-B & F

t

Positive Logic: With C low, Y " A • 8 ■ AB + AB 
With C high, Y - A ® B - AB + AB

♦Pin assignments same for all packages.
2 293
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SIGNETICS QUAD EXCLUSIVE-OR, EXCLUSIVE-OR/NOR GATES ■ S54/N74S86, S54/N74S135

ELECTRICAL CHARACTER ISTICS (Over recommended operating free-air temperature range. Unless otherwise

PARAMETER TEST CONDITIONS* MIN. TYP.*’ MAX.
V|n High level input voltage 2 V

V||_ Low-level input voltage 0.8 V

V| Input clamp voltage VCC=MIN, lt =-18mA -1.2 V

VVqh High-level output voltage
Vcc = MIN, I, = -18 mA

V1~ 0.8 V, = ~1fTiA

Series 54S*

Series 74S*

2.5 3.4

2.7 3.4

Vql Low-level output voltage
VCC=M|N. V|H = 2V-

V|L = 0.8V, IqL = 20mA 0.5 V

l| Input current at maximum input voltage VCC " MAX, Vl = 5 5 V 1 rrX

l|l_l High-level input current vcc= MAX- Vl = 27 V 50 pA

11(_ Low-level input current Vcc = MAX, V, = 05. V -2 mA

'OS Short-circuit output currentt vcc = max -40 -100 mA

'CC Supply current Vqc ~ MAX, See Note

54S86* 

74S86 

54S135* 

74S135

mA

For conditions shown as MIN or MAX, use the appropriate value specified under recommended Operating conditions for the applicable oe.r 
type.

• * All typical values are V„ = 5V, T « 25°C.CC A
T Not more than one output should be shorted at a time, and duration of the short-circuit test should not exceed one second.
NOTE:

*CC measured with the inputs grounded and the Outputs open.

RECOMMENDED OPERATING CONDITIONS

- 54586* 54S135* 74S86 74S135
UNIT

MIN. NOM. MAX. MIN. NOM. MAX.
Supply voltage, Vq^ 4.5 5 5.5 4.75 5 5.25 V

Normalized fan-out from each output, N
High logic level

Low logic level

20

10

20

10

Operating free-air temperature, T^ -55 125 0 70 °C

■Full military v»r»ion to ba announced.
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’■.I;;■"

innotics 3 L1NE-T0’8 LINE AND dual 2-LINE-T0- 54/745138 □ijiia-uu^ 4-LINE DECODERS/DEMULTIPLEXERS *'*7
SIGNETICS DECODERS/DEMUL LEXERS ■ 54/74S1:

BLOCK DIAGRAMS

.CRIPTION
e Schottky-clamped TTL MSI circuits are designed to 
used in high-performance i memory-decoding or 
routing applications requiring ivery short propagation 
/ times. In high-performance (memory systems these 
tiers can be used to minimize the effects of system 
ding. When employed witK high-speed memories 
.■mg a fast-enable circuit the delay times of these 
ders and the enable time of the memory are usually 
than the typical access time of the memory. This means 

the effective system delay introduced by the 
dtky-clamped system decoder is negligible.

54S138 and 74S138 decode one-of-eight lines 
ndent on the conditions at the three binary select 
is and the three enable inputs. Two active-low and one 
c high enable inputs reduce the need for external gates 
uverters when expanding. A 24-line decoder can be 
^mented without external inverters and a 32-1ine 
Jer requires only one inverter. An enable input can be 

as a data input for demultiplexing applications, 
cal delay time through the three-level address circuitry 
nanoseconds total or an average of 2.6 nanoseconds per 

level. Average power dissipation is typically 245 
.vatts or approximately 16 milliwatts each for the 15 
.□lent gates.

54S139 and 74S139 comprise two individual 
ime-to-four line decoders in a single package. The 
e low enable input can be used as a data line in 
duplexing applications. Typical total delay time is 7.5 
.econds through the three-gate level address circuitry 
>ower consumption is typically 300 milliwatts total.

,f these decoders/demultiplexers feature fully buffered 
is each of which represents only one normalized Series 
/4S load to its driving circuit. All inputs are clamped 

high performance Schottky diodes to suppress 
mging and simplify system design. The 54S138 and 
39 are characterized for operation over the full 
iry temperature range of —55°C to 125 C; the 74S138 
/4S139 are characterized for 0°C to 70°C industrial
ns.

OLUTE MAXIMUM RATING

fy Voltage, Vqc (See Note 1)
i Voltage
..ting Free-Air Temperature Range: 
iS138, 54S139 Circuits
.S138 74S139 Circuits

7 V
5.5 V

~55°C to 125 C
0°C to 70°C

DIGITAL 54/74 TTL SERIES

PIN CONFIGURATIONS (Top View)

B-F W PACKAGES

54/74S138

SELECT

ENABLE

DATA
OUTPUTS

_ DATA
OUTPUT!

SELECT _ 
INPUTS

54/74S138

54/74S139 FUNCTION TAB 
(EACH DECODER/DEMULTIPLE

SITIVE LOGIC: SEE FUNCTION TABLE

54/74S139

inputs

ENABLE 
INPUTS

54/74S138 
FUNCTION TABLE

OUTPUTS

54/74S139

■ Low (•vet. X * Ifrelevtnt

INPUTS
OUT

ENABLE SELECT
G B A YO Y1

H X X H H
L L L L H
L L H H L
L H L H H
L H H H H
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SIGNETICS DECODERS/DEMULTIPLEXERS ■ 54/74S138, 54/74S139

RECOMMENDED OPERATING CONDITIONS

PARAMETER
54S138
54S139

74S138
74S139

UNITMIN NOM MAX MIN NOM MAX
Supply voltage, Vcc 4.5 5 5.5 4.75 5 5.25 V i

Normalized fan-out frornMchjaqtput N 
f—I n rn n PQ r?

High logic level 20 20

iLow logic level 10 10
• ' Operating freesair tempejratvre,T^X -55 125 0 70

ERISTICS (Over recommended operating free-air temperature range. Unless otherwise

PARAMETER TEST CONDITIONS1
54S138
54S139

74S138
74S139

"T
1

UNIT i
iMIN TYP2 MAX MIN TYP2 MAX

V|H High-level input voltage 2 2
V|L Low-level input voltage 0.8 0.8 vl
Vl Input clamp voltage Vcc = MIN, l| = -18mA -1.2 -1.2 V f

V|H High-level output voltage VCc= MIN, Vih = 2V, Series 54S 2.5 3.4 2.5 3.4 Ti
V|l = 0.8V, Iqh ~ -1mA Series 74S 2.7 3.4 2.7 3.4

I

VlL Low-level output voltage Vcc = MIN, V|h = 2V, 
V|| = 0.8V, IOL = 20mA

0.5 0.5 v]
l| Input current at maximum input voltage Vcc = MAX, V| = 5.5V 1 1 rr * i
'IH High-level input current Vcc= MAX, V| = 2.7V 50 50
'IL Low-level input current Vcc= MAX, V| = 0.5V -2 -2 mA !
'os Short-circuit output current^ VCC = MAX -40 -100 -40 -100 mA ’
ICC

NOTE

Supply current

S:

Vcc = MAX, Outputs enabled and 
open 49 74 60 90 mA j

1. For condition! shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable 
device type.

2. All typical values are at VCC ’ 5V, TA - 25-C.
3. Not more than one output should be shorted at a time, and duration of the short-circuit test should not exceed one second.

1 
!

SWITCHING CHARACTERISTICS vcc = 5 V, TA = 25°C, N - 10

PARAMETER1 FROM 
(INPUT)

TO
(OUTPUT)

LEVELS 
OF DELAY

TEST
CONDITIONS

54S138, 
74S138

54S139
74S139

i 
unit ;

MIN TYP MAX MIN TYP MAX

1PLH 
tPHL Binary 

select
Any

2

Cl= 15pF, 
RL = 280 n

4.5 7 5 7.5
7 10.5 6.5 10 ns .■

tPLH
1PHL

3 7.5 12 7 12
ns :8 12 8 12

1PLH 
tPHL 
tPLH 
1PHL

Enable Any

2 5 8 5 8 ns '
7 11 6.5 10

3
7 11

ns f7 11
NOTE: “ "
1. tp|_H ~ propagation delay time, low-to-high-level output 

'PHL ~ propagation delay time, high-to low level output 
2-306

Distributed under the Creative Commons License on page 4 | Page 0205 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 -- DigiBarn Computer Museum - Apple Computer, Inc.

8-INPUT DATA
SELECTORS/MULTIPLEXERS

S54S151 
S54S251
N74S151 
N74S251

DIGITAL 54/74 TTL SERIES
uription

£&4S151, S54S251, N74S151, and N74S251 Schottky-
f** . n,gh-performance, eight-input data selectors/multiplexers

* . .  — : — u :_v. onnlirotmnc

PIN CONFIGURATION

for use in very high-speed data routing applications. 
** °r^ult'Pl*xers se,ec’ one of ei9h’ da,i 

Dtnery address inputs. Both true an

• S54S151/N74S151 INTERCHANGEABLE WITH
S54151/N74151 IN MOST SYSTEMS

a SCHOTTKY CLAMPED FOR SIGNIFICANT REDUCTION IN 
DELAY TIMES... 4.5 ns TYPICAL, DATA INPUT TO W 
OUTPUT

' J . > I

>i«d when the strobe input goes low.

i

SMS151 and N74S151 are functionally and mechanically 
tnangeable with the S54151 and N74151 respectively, and in 
TTL systems can be utilized to upgrade the performance of 

designs as delay times are typically half that of the S54151 
ThMlSI.

OAT*IWFUTS D*T* SELECT

DATA IHAUTS OUTPUTS

Positive Logic: See function teble.

•w S54S251 and N74S251 have three-state outputs which permit 
ev outputs to be connected to a common bus. When the strobe 
, r - high, both outputs are in a high-impedance state in which 

the upper and lower transistors of each totem-pole output are 
and the output can neither drive nor load the bus. When the 

—is low, the outputs are activated and operate as standard TTL 
. ->pole outputs. FEATURES

power dissipation is 225 milliwatts for the S54S151 or 
*'<'151 and 275 milliwatts for the S54S251 and N74S251, or 
wwonmately 14 and 17 milliwatts respectively per equivalent gate. 
•»» SMS151 and S54S251 are characterized for operation over the 

military temperature range of — 55°C to 125°C; the N74S151 
N74S251 are characterised for operation from 0°C to 70 C.

• HIGHSPEED SELECTION FOR ONE OF EIGHT DATA 
SOURCES

• PERMITS MULTIPLEXING FROM N LINES TO ONE LINE

• S54S251 AND N74S251 HAVE TRI STATE OUTPUTS

• FULLY COMPATIBLE WITH SERIES 54/74 AND OTHER 
TTL MSI CIRCUITS

»tCOMMENDED OPERATING CONDITIONS

PARAMETER
S54S151 S54S251 N74S151 N74S251 UNIT

MIN NOM MAX MIN NOM MAX MIN NOM MAX MIN NOM MAX

twppiy voltage, Vcc 4.5 5 5.5 4.5 5 5.5 4.75 5 5.25 4.75 5 5.25 V

fan-out from each output, N 
t Uta low logic level)

10 10 10 10

•^’'i-ievef output current. Ina -1 —2 -1 —6.5 mA

Os»-ating free-air temperature, T^ -55 125 -55 125 0 70 0 70 °C

2-307

Distributed under the Creative Commons License on page 4 | Page 0206 of 0367



D
istributed under the C

reative C
om

m
ons License on page 4 

I Page 0207 of 0367

i ICS B INPU1 DAI A Si-LEC I OHS/MUL1IPLEXEHS • S54/N74S151, S&4/N74S251 SIGNE I ICS B-INPU1 DA 1 A SLLEC I OHS/MUL I IPLLXLHS ■ bb4/N/4S1b1,1

motion tablelw- iO»«r recommended operating tree air temperature range unless otherwise noted)

parameter TEST CONDITIONS’

S54S151

N74S151

S54S251

N74S251 UNIT

MIN TYP” MAX MIN TYP” MAX

High level input voltage 2 2 V

Low-level input voltage 0.8 0.8 V

Input clamp voltage Vcc = M,N. l| = - 18 mA -1.2 -1.2 V

High level output voltage
Vcc-MiN, V|Ha2V, | Series 54S 2.5 3.4 2.4 3.2

V
V|L‘08V, Iqh - MAX | Series 74S 2.7 3.4 2.4 3.2

Low-level output voltage
I

VCC ‘ MIN, V|Hi2V, 
V|L-0 8V, lOL-20mA

0.5 0.5 V

Ofl-state (high-impedance- j

'* state) output current

Vcc = MAX, VO - 2.7 V

Vcc ‘ MAX, VO ‘ 8 4 v

50

-50
pA

Input current at maximum input voltage Vcc * MAX, V( - 5.5 V 1 1 mA

High-level input current VCc - MAX- vl ‘ 27 v 50 50 pA

Low-level input current ! Vcc “ MAX, V| - 0.5 V —2 —2 mA

Short-circuit output current | Vcc - max -40 -100 -40 -100 mA

Supply current
Vcc - MAX, All inputs at 4.5 V, 

All outputs open
45 70 55 85 mA

INPUTS OUTPUTS

h SELECT STROBE DATA S54S151, N74S151 S54S251,
c B A S DO D1 D2 D3 D4 D5 D6 D7 Y W Y

X X X H X X X X X X X X L H Z

i L L L L L X X X X X X X L H L
; l L L L H X X X X X X X H L H

4 L L H L X L X X X X X X L H L
1 L L H L X H X X X X X X H L H
r l H L L X X L X X X X X L H L

4 L H L L X X H X X X X X H L H

r~~ l H H L X X X L X X X X L H L
1 L H H L X X X H X X X X H L H

n L L L X X X X L X X X L H L
- J H L L L X X X X H X X X H L H

L H L X X X X X L X X L H L
4 H

L H L X X X X X H X X H L H
H L L X X X X X X L X L H L

i h H L L X X X X X X H X H L Hnr H H L X X X X X X X L L H L

H H H L X X X X X X X H H L H

itiiorn shown al MIN or MAX, the appropriate value specified under recommended operating condltione for the r>atgh logic level, L - low logic level, Z <■ high Impedance, X • Irrelevant

a device type
.1 values are at Vcc “ 5 V. TA “ 2b c

... than one output should be shorted at a time. and duration ot the short circuit test should not exceed one second.

G CHARACTERISTICS, VCC - 5 V, TA » 25UC

tTER
FROM 

(INPUT)

TO 

(OUTPUT)

TEST 

CONDITIONS

S54S151, N74S151 S54S251, N74S251
UNIT

MIN TYP MAX MIN TYP MAX

A. B, or C 

(4 levels)

12 18 12 18
nsH-------- Y 12 18 13 19.5

A. B.orC 10 15 10 15
ns

--------- (3 levels)
W 9 13.5 9 13.5

Any D CL » 15pF, 

RL - 280 ft.
See Note 1

8 12 8 12
ns''--------- Y 8 12 8 12

w
4.5 7 4.5 7

ns’--------- Any D 4.5 7 4.5 7

- 11 165 nsStrobe Y
12 18

9 13
Strobe w 8.5 12

CL • 50 pF,
13 19.5

nsStrobe Y 14 21
H l *qU H, 
See Note 1

13 19.5 n
Strobe w 14 21

CL-5 pF,
r~y OQO ( J

5.5 8.5
nsStrobe Y 9 14

w
Hl ’*<
See Note 1

5.5 8.5
nsStrobe 9 14

'operation delay time, low to high level output 
ropagetion delay time, high to low level output 
..Jtput enable time ' h level 
ulpul enable lime J level

,„iput disable time from high level
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DUAL 4-LINE TO 1-LINE
DATA SELECTORS/MULTIPLEXERS U

I ION
jtnhic Schottky-barrier -diode-clamped TTL circuits are 
aunce multiplexers which are significantly faster than 
IN74I53 As an example, the two-gate-level delay from 
puts to the output is only 8.5 nanoseconds maximum 
to 18 or 23 nanoseconds maximum for the 

<ed pan Overall, the guaranteed delay times for the 
J4S153 represent approximately a 100% improvement 
. d TTL with only a 1 2% increase in maximum d-c power 
n In many cases, the S54S153 or N74S153 can plug 
J systems designed for S54153 or N 741 53.

wlectors/multiplexers are lully compatible for use with 
jd. high-speed, and low-power TTL and DTL circuits, 
damped input represents only one normalized Series 
,d. and full fan-out to 10 normalized Series 54S/74S 
table from each of the outputs at low logic levels. A 

.0 normalized Series 54S/74S loads is provided at high 
:a facilitate connection of unused inputs to used inputs, 
ci dissipation is 225 milliwatts.

j3 is characterized for operation over the full military 
range of 55" C to 125°C; the N74S153 is 

.1 for opeianoir from O' C to 70"C.

CHOTTKY BARRIER-DIODE CLAMPING FOR VERY 
EEDS

IS MULTIPLEXING FROM N LINES TO 1 LINE

DIGITAL 54/74 TTL SERIES

PIN CONFIGURATION

SIU^CgmM^g TO ,.L,NE DATA SELECTOHS/MULTlr' ~XEHS ■ S64S153 I

IMENDED OPERATING CONDITIONS

N74S15jf
1 Supply voltage. Vcc
If - --------------- ------------- ---------- —____________
1 formalized fan-out from each output, N I l09'c level
I).--- ------------------- ---------  ] Low logic level
■(Operating free air temperature range, TA '-----

PARAMETER

J OR N DUAL-IN-LINE 
OR W FLAT PACKAGE (TOP VIEW)

S54S153
MIN NOM MAX

N74S153

JTRICAL CHARACTERISTICS (over recommended operating free-air temperature

High-level output voltage

Low-level output voltage

High-level input voltage 

Low-level input voltage 

Input clamp Voltage

STRObE 0 ----------- -/OUTPUT GND
1G SELECT DATA INPUTS IV

LOGIC: SEE FUNCTION TABLE

FUNCTION TABLE

PARAMETER
rang* unlast otherwise noted)

Input current at maximum input voltage' 

High-level input current ~

Low-level input current ~ '

Short-circuit output current^ '

Supply current, low level output ~

TEST CONDITIONS

Series 54S

Series 74S

VCC ‘ MIN. 

Vcc “ min, 
V|L -0.8 V, 

VCC - MIN, 

V|L -0.8 V,

j/cc “ MAX, V| - 5.5 V 
“Vcc “ MAX, V| - 2.7 V 

Vcc ‘ MAX, V[ - 0.5 y~ 

Vcc “ MAX ■

Vcc - MAX, See Note 1

-18 mA 

V|H-2V, 

•OH “ -1 mA 

V(H " 2 V, 

<OL “ 20 mA

x conditions shown as MIN or MAX use the .nn,nn,i.»
pllcabla device type. ' p value specified under recommended
I typical values sre st Vcc - 5 V, TA - 25°C.
Jtmore than one output should be shorted et e time.
OTG: 1: I - - 1----------------1 -■lccu Is measured with the output,"open '.'nd .11 lnpt|.!gr jjn^dj f)^

• ICHING CHARACTERISTICS, VCC - 5 V, TA - 25°C, N

PARAMETER

IN ASSIGNMENTS AS S54153 AND N74153 SELECT

INPUTS
DATA INPUTS STROBE OUTPUT

l (ENABLE) LINE PROVIDED FOR CASCADING (N 
. O n LINES)

B A CO Cl C2 C3 G Y
X X X X X X H

L
L

L L L X X X L

L L H X X X L H
L AVERAGE PROPAGATION DELAY TIMES: L H

H

X L X X L L
a INPUT TO OUTPUT (2 GATE LEVELS) 6 ns v H 1 HiBE INPUT TO OUPUT (3 GATE LEVELS) 9.5 ns L A A A L

r CT INPUT TO OUTPUT (4 GATE LEVELS) 12 ns H L X X L X L L

H L X X H X L H

H H X X X L L L
AN-OUT low impedance totem POLE OUTPUTS H H X X X H L H

COMPATIBLE WITH MOST TTL AND DTL CIRCUITS

FROM 
(INPUT)

TO 

(OUTPUT)

E 2: LoaeutnHiand test waveforms are shown on page 2-293

Select
Select 

Strobe 

Strobe

operetlng conditions for the

TEST CONDITIONS

Cl “ 15 pF, RL - 280 n,
Sa* Not* 2

MIN TYP MAX 1 UNI

6 9 ns
6 9 ns

11.5 18 ns
12 18 ns

—
10 15 nsr

9 13.5 ns

= PropsgtiKw, delay time, low-to high level output. 
= PfoptMtroneelsv time, high to low level output.

Address Inputs A and B are common to both sections. 
H - High level, L - Low level, X - Irrelevant
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A

SIGNETICS DUAL 4-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS ■ S54S153, N74S153

FUNCTIONAL BLOCK DIAGRAM

TEST TABLE FOR NOTE 2

INPUTS OUTPUT Y 1

WAVEFORM 'B A CO Cl C2 C3 G

GND GND INPUT X X X GND A

GND 4.5 V X INPUT X X GND A

4.5 V GND X X INPUT X GND A
4.5 V 4 .5 V X X X INPUT GND A »

GND INPUT GND 4.5 V X X GND A

INPUT GND GND X 4.5 V X GND A
GND GND 4.5 V X X X INPUT B

X “ Irrelevant A“IN-PHASE OUTPUT 
B-OUT-OF-PHASE

v
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SYNCHRONOUS 4-BIT COUNTER S54160 N7 *
S54161 N741(|i^*>*^TIC^^Y^CHRONOUS4'BITCOUMTER * S54/N74160, S54/N741t>., S54/N74162, S54/N

S54162 N7415J
S54163 N741Q

TYP'

N74160.N74161
N74162.N74163

Apple ][/][-Plus Level II Service M
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PIN CONFIGURATION

B.F.W PACKAGE

S54160-B.F.W e S54161—B.F.W • S54162—B.F.W e S54163—B.F.W
N74160-B.F e N74161-B.F • N74162-B.F • N74163-B.F

S54163/N74163 SYNCHRONOUS BINARY COUNTERS 

S54161/N74161 synchronous binary counters are similar; however 
the clear is asynchronous as shown for the S54160/N 74160 decade 
counters).

DIGITAL 54/74 TTL SERIES

PARAMETER

CHARACTERISTICS (over recommended operating free-air temperature range unless otherwise (pacifiedI

PAAAMETER TEST CONDITIONS'
MIN TYP MAX MIN

2 2

2.4 2.4

0.4

1

VCC "MAX, V| -2 4V

Vt -0.4V

See Note 3

S54160.S54161
S54162.S54163

VCC ‘ MAX, 

VCC “ max
VCc ’ MAX.

O.8 
-1.5

80
40 

-3 2 
-1.6
-57

PTION
chronous, presettable counters feature an internal carry 

..J for application in high speed counting schemes. The 
^54162, N74160, and N74162 are decade counters and the 
S54163, N74161, and N74163 are 4-bit binary counters, 
ous operation is provided by having all flip flops ct-.cked 
uusly so that the outputs change coincident with ?ach 

. n so instructed by the count-enable inputs and inter,.al 
: lus mode of operation eliminates the output counting 
inch are normally associated with asynchronous (ripple 
inter*. A buffered clock input triggers the four J-K master­
flops on the rising (positive-going) edge of the clock input

is ara diode-damped to minimize tfansinission-lina effects, 
inplifying system design. A full faji-out to ten normalized 

• 74 loads is available from each of Ithe outputs in the low- 
A fan-out to 20 normalized Serie*j54/74 loads is provided 

gh-level state to facilitate connection of unused inputs 
r dissipation is typically 325 milliwatts.

DIAGRAM
--------------[.

S54160/N74160 SYNCHRONOUS DECADE COUNTERS 

(S54162/N74162 synchronous decade counters are similar; however 
the clear is synchronous as shown for the S54163/N74163 binary 
counters).

mmoOPERATING conditions

■**»*«** VCC
* *n*WI*M FawOut from each Output, N: High logic level 
$ Low logic level
*•*©■*• Frequency. fc)ock
‘•* Fwh4- 'wlclock)
. TuIm. irt(dL.dr)

Data Inputs. A,B,C,D
Enable P
Loud
Clear

aeamr mpui thold 
free Aw Temperature, T^

S54160, S54161 N74160, N74161
S54162, S54163 N74162. N74163

MIN NOM MAX MIN 1 NOM MAX
4.5 5 5.5 4.75 5 5.25

20 20
10 10

0 25 0 25
25 25
20 20
15 15
20 20
25 25
20 20

0 0
-55 25 125 0 25 70

H^fr-level input voltage 
Lew-revel input voltage 

clamp voltage

level output voltage

L*a» level output voltage 

t*pul current at maximum 
apjt voltage
Hgfi level Clock or enable T 
epU current Other inputs 
Low level Clock or enable T 
*u.t current Other input* 

circuit Output current t 
IwvsAv currant, all outputs high

VCC ’ max. 
VCC “ max. 
vCc-min. 
V|L - 0.8V. 
vCc- MIN, 
V|L -0.8V, 

vCc- max.

I( - -12mA 
V|h-2V. 
'OH “ -800pA 
V)h-2V, 
lOL “ 16mA

Vt - 5.5V

-20 -18
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HEX QUADRUPLE D-TYPE 
FLIP-FLOPS WITH CLEAR

S54S174
S54S175
N74S174

DIGITAL 54/74 TTL SERIES N74S175
” torTrff"**** monolithic, positive-edge-triggered flip-

Schottky TTL technology to implement D-type 
*sN* ***** A() have a direct clear input, and the S54S175 and
sar*** tajiirf complementary outputs from each flip-flop. Pin 

for these Schottky flip-flops are identical to the 
P***^^^rrt lru'?'" meaning that these Schottky versions can be 

lrf»grade existing system performance in most cases.

PIN CONFIGURATION

S54S174, N74S174

jl the D inputs meeting the setup time requirements is 
F**™*^^ the Q outputs on the positive-going edge of the clock 

jn the clock input is at either the high or low level, the D 
y Km no effect at the output.

■T j ■ .'•n#' "
f ¥
< /V

I *
ftAn*«» 
t

»
»

tutl SCHOTTKY CLAMPING TO ACHIEVE TYPICAL MAX- 
Tnr.Gl E RATES OF 110 MHz

FUNCTIONALLY AND MECHANICALLY IDENTICAL TO 
VW* SERIES 54/74 COUNTERPARTS AND CAN BE USED 
fQ UPGRADE EXISTING SYSTEMS WITH SIGNIFICANT 
improvement in speed
fkM.LV COMPATIBLE WITH OTHER TTL CIRCUITS

(M4E174 AND S54S175 OPERATE OVER FULL MILITARY 
ftMPCRATURE RANGE OF -55°C TO 125°C

PO« USE IN HIGH-PERFORMANCE:
SUFFER'STORAGE REGISTERS
SHIFT REGISTERS
COUNTERS
PATTERN GENERATORS

• SECTION TABLE (EACH FLIP-FLOP)

r—...—
CHAR

INPUTS OUTPUTS

CLOCK D Q Q +

L X X L H
N 1 _ H . H L
H t L L H

_ W L X Qo Qo

»e

CLEAR 10 10 20 20 30 30 GNO

Positive Logic: See function table

pin coNFiquBAyffiWt ■

>S54ST75, N74S175

CLOCK
’M I’M I141 I’M I’M I "I 1101 n

H
a CM D

-----------S-!=

q a
CLEAR C 

0CM
—.......1 t_____ a r—

vCK 0
1 Cl£AR

0 CK V 
CLEAR 0 

o a

2J LzJ L±J Lu LsJ L±J LzJ LsJ
EAR 10 l4 10 20 20 20 GNO

**‘P* level (steady state)
1 (steady state)
*’••••• mii

’••'"•mon from low to high leva!
J***1 °* G before the indicated steady-state 

conditions were established
Et-c«i7S ,od N74S175 on|y

Positive Logic: See function table

2-319
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itormance bidirectional shift registers are functionally 
-ally Identical to the N54194 and S74194, however, 
jl shift frequency of 110 megahertz the Schottky- 
ons can be used in very high s<n.-ed systems or can be 
r the N54194/S74194 to u|xjrId4L7krperTp4HWrjce of 

l systems. The universal shift r/giOeJIij^fXJr Estmci 
'ation, namely: I ,—'I <

MODE CONTROL

S1 SO
■dside) Load H H
n the direction OA toward O[g) L H
the duecnon Qq toward QA) H L

I tie) data L L |

<>ud mode, data is loaded into the associated flip-flop 
me outputs after the positive transition of the clock 
oodmg. serial data flow is inhibited. Shift right is 

, nchionously with the rising edge of the clock pulse 
- mid Si is low. Serial data for this mode is entered at 

rid input. When SO is low and SI is high, data shifts 
sly and new data is entered at the shift left serial 
circulated when both mode control inputs are low. 
inlity the mode controls can be changed independ-

4-BIT BIDIRECTIONAL
"I C'Itt nco'CTrnc vvrvl

N74S19(j..
PIN CONFIGURATION

ft, clock si

DIGITAL 54/74 TTL SERIES

PARALLEL INPUTS

Positive Logic: See description

FEATURES

• SCHOTTKY-CLAMPED TO ACHIEVE TYPICAL MAXIM* 
SHIFT FREQUENCY OF 110 MHz

nift registers are compatible with most other TTL 
amilies. AH Inputs are buffered to lower the drive 
one normalized Series 64S/74S load, and Input 
minimize switching transients to simplify system 

• equivalent of 46 galas on the monolithic chip, 
mputiun is less than 10 milliwatts per equivalent

J.ution over the full military 

he S74S194 is characterized

J OR B DUAL IN-LINE OR W FLAT PACKAGE 
(TOP VIEW)

On

‘ vc6 Q*> t>e’ A; Qo clock si so 
-p RRPl PI Pl R R

D

• FUNCTIONALLY AND MECHANICALLY IDENTICAL H i 
N54194, S74194 AND CAN BE USED TO UPGRADE EX It I t 

ING SYSTEMS WITH SIGNIFICANT IMPROVEMENT » 
SPEED

3
4

. FULLY COMPATIBLE WITH MOST OTHER TTL AND on 
CIRCUITS H |

k

• NB4S194 OPERATES OVER FULL MILITARY 
TURE RANGE OF -65°C TO 125*C

• FOR USE IN HIGH PERFORMANCE: 
ACCUMULATORS/PROCESSORS, 
SERIAL TO PARALLEL AND

TEMPI A*

j-

h

w.CVVtNDED OPERATING CONDITIONS

PARAMETER
MIN

54S194 1

MAX

74S194

NOM MIN NOM MAX

* iMWfy voli»8e. Vcc 4.5 5 5.5 4.75 5 5.26

trvcl output current, lQH -1 -1

output current, lQL 20 2C

*~T,xa frequency, «clotk 0 70 0 7C
I ->r"l^iuf clock pulse, tw(c)ock( 7 1 7

'"•cjiul clear pulse, lw((.|ea,, 12 12

Mode control 8 8

■ 'setup PA Serial and parallel data 5 5

1 Clear inactive-state 9 9

■ vs-M t>me »l dnV input, tho|1 3 3

r’uwstrng free air temperatuie, Tft -55 125 0 7C

fctCTl^CAL CHARACTERISTICS over recommended operating free-air temperature rango (unless otherwise noted)

PARAMETER

High-level input 
voltage

Low-level input vol j 
IL tillage I

High level output 
vullage

Low-level output 
CL voltage

Input cuirent at 
maximum input 
voltage

Input clamp voltage 
voltage

High-level input 
current------ ---------- r
Low-level input 
curient

Short-circuit
I ’u’S output_ current t

?

Supply current

TEST CONDITIONS*

54S194 I 74S194

MIN TYP** MAX MIN TYP** MAX

2 2

0.8 j O.t

vcc-min. l( --18mA -1.5 -1

Vcc-M'N,
V|L“0.8V,

V1h = 2V.
2.5 3.4

1

2.7 3.4

Vcc^M'N.
V|L “0.8V,

V|h^2V. ~1

lQL “ 20mA
0.5 0.!

VCC“MAX, V, “ 5.5V

----- ------- ------- - “ ■ I

1

Vcc “ MAX, V, - 2.4V 50 5(

/cc - MAX, V( “0.4V -2

/cc-max -40 -100 -40 -10(

/cc-max. See Note 2 85 135 85 131

/cc"MAX, 
rA-l25“C, 

iee Note 2

SN54S194N
SN54S194W

99
110
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Propagation delay lune, high-to-low-level output from clear

Propagation delay tune, low-to-high-level output from clock

ACHING CHARACTERISTICS Vcc - 5V. Ta - 25°C

I TEST CONDITIONS

CL - 15pF, 
RL - 280Q,
See Figure 1

*<ftftd>tion» shown as Ml N or MAX, use the appropriate value specified under recommended operating conditions. 
« *,.|,s.k»I values are at VQC - 5V, TA - 25“C.
« «u.« more man one output should be shorted at a time, and duration of short-circuit should not exceed one second.

Outputs open, Inputs A through D grounded,-and 4.5V applied to SO, S1, clear, and the serial Inputs. I 
GND. then 4.5V, applied to clock.

PARAMETER
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JFT REGISTEF" S54S194, N74S194

, high lev«' to « ,o"

UENCES

~LJ----------------------------------------

LT

(

1

u—a
4-BIT PARALLEL-ACCESS 1S54S1S5

SHIFT REGISTERS
f

i 
f

DIGITAL 54/74 TTL SERIES

ft ’SIS 5
MKftlPTION
.w- high performance 4-toit registers feature a 110-megahertz 

maximum shift-frequency which makes them particularly 
*- lor very high-speed data processing systems. As the pin

.. ..... X.-.X me existing
upgraded merely by utilizing the 

versions. The registers have two modes of

^7-r^nii are the same as the S54195 and N74195, 
can in most cases be "................. ..

^.xnr clamped 
y^.i.on:

Parallel (Broadside! Load
Shift (In the direction toward Qq)

j accomplished by applying the four bits of data
Znakmg 'he shitt/load control input low. The data is loaded into

. . i . __ _ -.Ira? tka nrhCitibfl

loedmg is

ftJsMOciated flip flop and appears at the outputs after the positive

Ww«»i-on <-■ .... -------- •of the clock input. During loading, serial data flow is

>» accomplished synchronously when the shift/load control 
as high. Serial data for this mode is entered at the J-K inputs. 
arpvH permit the first stage to perform as a J-K, D-, or T-type 

4„r.^>«r shown in the function table.

|h,|| registers are fully compatible with other TTL families. 
i.1 (<,ut are buffered to lower the drive requirements to one 
wru../.d Series 54S/74S load, including the clock input. The 
lls'ilrS is characterized for operation over the full military 
«,J».rui. range of -55“C to 125°C; the N74S195 is character- 
,j»( 'jt operation from O’ C to 70 C.

PIN CONFIGURATION

J OR B DUAL-IN-LINE OR W FLAT PACKAGE 
(TOP VIEW)

OUTPUTS 
--------------------- SHIFT/

VCC ^A°c %Oo'ctOCK tOAO

RFIFIFIFIFIFIFI

Qa Ofc a0 Qq CLOCK

CLEAR ’LOAD “

J K A BCD

Cj lL lL lb iL Jji&ct
CU.AR J K A B C Dy GND

r°

SlftlAl INPUTS FAHALLtL INHUIS

Positive Logic; See function table

FEATURES
• SCHOTTKY-CLAMPED TO ACHIEVE TYPICAL M 

SHIFT FREQUENCY OF 110 MHz

• FUNCTIONALLY AND MECHANICALLY 1DENT 
N54195, S74195 AND CAN BE USED TO UPGRAt 
ING DESIGNS WITH SIGNIFICANT IMPROVE 

SPEED

• FULLY COMPATIBLE WITH OTHER TTL CIRCUT

• N54S195 OPERATES OVER FULL MILITARY TEMPERA 
TUBE RANGE OF -55°C TO 125 C

• USE IN HIGH-PERFORMANCE:
ACCUMULATORS/PROCESSORS 
SERIAL-TO-PARALLEL, 
PARALLEL-TO SERIAL CONVERTERS

t
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QUADRUPLE 2-LINE TO 1-LINE
DATA SELECTORS/MULTIPLEXERS

DIGITAL 54/74 TTL SERIES

SC4S25:--------------------- ■S'.GrlE!£lguA0HUPLE 2-LIUE TO KIME
>^0MMENOED OPERAUNG CONDITIONS

PARAMETER

N74S25?'
N74S2S! ‘ Normalized fan-out from each output, N High lo9|c levei

Low logic level

Supply voltage, Vcc

IPTION
achut t ky clamped high-pei formance multiplexers feature 
jie outputs which can inteildce directly with and drive data 
i bus -oi.jantzed systems. With all but one of tha common 

disabled (at a high impedance statul the low impedance of 
,ie enabled output will dnve the bus line to a high or low

uiee state output feature means that n bit (paralleled) data 
is with up to 258 sources can be implemented for data buses, 
peimits the use of standard TTL registers tor data retention 
.out the system.

,acal piopagation delay times from data input to output 
only 4 8 nanoseconds tor the S54S257, N74S157 and only 
econds tor the S54S258, N74S258. Also, to minimize the 
jy thoi iwo outputs will attempt to take a common bus to

■ logic levels, the output enable circuitry is designed such
■ output disable times are sboiter than the output enable

.RES

l-STATE OUTPUTS INTERFACE DIRECTLY WITH 
,TEM BUS

itOTTKY CLAMPED FOR SIGNIFICANT IMPROVEMENT 
A C PERFORMANCE

LLY COMPATIBLE WITH MOST TTL FUNCTIONS IN- 
tJDING MSI

ME PIN ASSIGNMENTS AS S54S157, N74S157 AND 
.5158, N74S158

OVIDES BUS INTERFACE FROM MULTIPLE SOURCES 
HIGH PERFORMANCE SYSTEMS

1S257 AND N54S258 ARE GUARANTEED FOR OPERA- 
>N OVER THE FULL MILITAH Y TEMPERATURE RANGE 

55 C 10 125 C

ION TABLE

)

PIN CONFIGURATION

J OR B DUAL IN-LINE OR W FLAT PACKAGE 
(TOP VIEW)

S54S257, N74S257

INPUTS INPUTSOtjTPuT r-L-C_^OUTPUT/<-->C-^OUTPUT 
Win MAM

LJLdL±JLJML±JLdUT
SELtCTJA 1H. IV .2 A 2* GNO

---- ' OUTPUT  ------- OU IPUT 
INPUTS-----------------INPUTS

Positive Logic: See function table

S54S258, N74S258

Positive Logic: See function tabla

^7, S54S258, N74SJ

N74S257, N74S258

c
i Operating free-a

ir ’
•i -------- ....................... ___ ____

High level output current, Iqh

air mmperature. TA

PARAMETER

V|H High level input Voltage 

VlL 

V|
Low leveljnp£rvoi',ag~

Input clamp voltage

VOH High level output voltage

lO(off) °,f ,hlf|h ''"l>,-‘dance“ 

________ slale> <)U,PUI current

I current at maximum 
volr.iqi:

level

3 l| ,nPur
3* input
! I.H High I, 

input .

'IL Low le
input i

•os Shoit <

'cc Supply

s input

Any other

5 input

Any other

Iicun output current!
^All outputs high

cunent i^ll QU[puts low

_______ j^J' outputs off

vcc ' max. v(

VCC “ Max, See Note 1

VCC ‘ MAX, V, = 0.5 V

vcc * max

TEST CONDITIONS _S54S257^S54S258 N74S257 N7.

' cc,ndi»lon» shown as MIN or MAX ..... .u
dicable device ty„. ' U$a ,ha appropriate value specified unde,

......... a* Vcc 5 Ta - 25UC ^commended operating conditions for th 
tnan 0,,« umput should be shorm.l

" ” ..... .  - - - -• —- —
CHING CHARACTERISTICS, Vcc - 5 V,TA- 25°C °'J'PUI <Ond,,,<’"»-

FROM ~l 

<INpUT) I (OUTPUT)I —| PARAMETER

Select
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S54S258, N74S258
TEST 

CONDITIONS

[ Output I

I Control

Output !

Control I

S54S257, N74S257

F<L " 280 n.

See Note 4

Cl-5 PF

4,t> 6.5

8.5
nJ

13 19.5
14 21

_______ 5.5 8.5

* Prop*’*,','”" *' to hl<’h-|*v«l output
- Output hlv ’ W'"V” °U'UUt

“ Output <, l0 low |
* Output o.„r, „« horn hl
“ Output o ML , t Irom Io

Load tl,Cv„ ,.,v,,orn-,, ,hown on w 2_293
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SIGNETICS QUADRUPLE 2-LINE TO 1-LINE a S54S257, SE4S258, N74S257, N74S258

functional block diagrams

S54S257, N74S257
S54S258, N74S258
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TTL 
MSI

TYPES SN54283, SN74283
4-BIT BINARY FULL ADDERS WITH FAST CAHay

BULLETIN NO. DL-S 7211832, DECEMBER ig7j

Full-Carry Look-Ahead across the Four Bits

Typical Add or Subtract Times:
23 ns (Two 8-bit Words) 
43 ns (Two 16-Bit Words)

Systems Achieve Partial Look-Ahead 
Performance with the Economy of 
Ripple Carry

Supply Voltage and Ground on Corner Pins to 
Simplify P-C Board Layout

description

The SN54283 and SN74283 adders are electrically 
and functionally identical to the SN5483A and 
SN7483A, respectively. Only the arrangement of the 
terminals has been changed in the SN54283 and 
SN74283.

These improved 4-bit full adders/subtractors feature 
full look-ahead across four bits to generate the carry 
term in typically 10 nanoseconds. This capability 
provides the system designer with parital look-ahead 
performance at the economy and reduced package 
count of a ripple-carry implementation.

These full adders are designed so that levels of the 
input and output, including the carry, are in their 
true form. Thus the end-around carry is accomplished 
without the need for level inversion.

Power dissipation is typically 310 mW. Delay times 
through the package are 10 ns and 16 ns respectively 
from carry-in to carry-out and data-in to data-out. 
The SN54283 is characterized for operation over the 
full military temperature range of — 55°C to 125°C. 
The SN74283 is characterized for 0°C to 70°C 
operation.

function table and schematics of inputs and outputs

Same as SN5483A/SN7483A, see pages 198 and 199.

J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW!

I* C4

positive logic: see SN5483A/SN7483A function table

functional block diagram

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vqq (see Note 1) ................................................................................................................................ 7 V
Input voltage................................................................................................................................................................... 5.5 V
Interemitter voltage (see Note 2) ................................................................................................................................5.5 V
Operating free-air temperature range: SN54283 .................................................................................... -55°Cto125°C

SN74283 ............................................................................................ 0°C to 70°C
Storage temperature range....................................................................................................................... -65° C to 150°C

NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple emitter transistor. For this circuit,this rating applies between the following 

pairs: Al and Bl, A2 and B2, A3 and B3, A4 and B4.

i
I

I ‘ ‘ '
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u --------  --------------- TYPES SN54283, SN74283
binary full adders with fast carry

77U. U,i i o ~~recommended operating conditions

SN54283 SN74283
UNITMIN NOM MAX MIN NOM MAX

Supply Voltage. Vcc 4.5 5 5.5 4.75 5 5.25 V
High-level output current, Iqh Any output except C4 -800 -800

mAOutput C4 r -4oo -400
Low-level output current, Iql Any output except 04 16 16

Output C4 8 8
mA

Operating free-air temperature, T4 -55 125 0 70 °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

tWP«COO<,i'i0n* ’hOWn “ M'N °r MAX' ““ *ppropri*” v“'ua under recommended operatm8 condition, for th. applicable device

tAII typical value, are at VqC * 5 v. tA “ 25°C.
§Only one output should be shorted et a time.

PARAMETER TEST CONDITIONS* SN54283 SN74283
UNITMIN TYPt MAX MIN TYPt MAX

V|H High-level input voltage 2 2 V
V)L Low-level input voltage 0.8 0.8 V
V| Input clamp voltage vCc- min. l| - -12 mA -1.5 -1.5 V

VOH High-level output voltage VCC- M'N, 
V(L - 0.8 V,

V|H -2V, 

'OH ” MAX
2.4 3.6 2.4 3.6 V

vol Low-level output voltage vCc- min, 
V|l-0.8V,

V|h-2V, 
'OL “ MAX

0.2 0.4 0.2 0.4 V

«i
Input current at maximum 
input voltage VCC - MAX, V|-5.5V 1 1 mA

l|H High-level input current Vcc “ MAX. V| - 2.4 V 40 40 mA
'IL Low-level input curre nt vCc “ max. V| - 0.4 V -1.6 -1.6 mA

•os
Short-circuit Any output except C4

vCc - max
-20 -55 -18 -55

mAoutput current § Output C4 -20 -70 -18 -70

•cc Supply current Vcc - MAX,
AIIB low, other 
inputs at 4.5 V 56 56

mAOutputs open All inputs at
4.5 V 66 99 66 110

switching characteristics, Vqc = 5 V, Ta = 25°C

^’PLH — Propagation delay time, lovr-to high-level output 
’PHL 3 Propegation delay time, high-to low-level output

NOTE 3: Load circuit and voltage weveforms are ihown on page 148.

PARAMETER^ FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT
’PLH

CO Any L 14 21
*PHL nsCL-15pF, RL-400n, 12 21
’PLH See Note 3 16 24
’PHL

Aj or B|
16 24

‘PLH
C4 9 14

’PHL
CO

Cl* 15 pF, Rc- 780n, 11 16
’PLH

C4
See Note 3 9 14

’PHL
Aj ot Bj

11 16

IN u s A

r-’lUMENTS RESERVES THE BIGHT TO MIKE CHANGES IT ENT TIME 
I TO imovf DESIGN IND TO SUPPLY THE BEST PRODUCT POSSIBLE.

Texas InstrumentsINCORPORATED
e©BT omce box sou • Dallas, texas 7S2u

495
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I

9334 
93L34

8-BIT ADDRESSABLE LATCH~*j ft- n
I

F3 
I □ 
Lo

CONNECTION DIAGRAMS 
PINOUT A

LXj t-

^J^f^^i^ejrslng^njeral 

purpose storage applications in digital systems. It is a multifunctional device 
capable of storing single line data in eight addressable latches, and being 
a one-of-eight decoder and demultiplexer with active level HIGH outputs. 
The device also Incorporates an active LOW common clear for resetting all 
latches, as well as, an active LOW enable.

SERIAL TO PARALLEL CAPABILITY
EIGHT BITS OF STORAGE WITH OUTPUT OF EACH BIT AVAILABLE 
RANDOM (ADDRESSABLE) DATA ENTRY
ACTIVE HIGH DEMULTIPLEXING OR DECODING CAPABILITY 
EASILY EXPANDABLE
COMMON CONDITIONAL CLEAR

ORDERING CODE: See Section 9

' *SS
PIN

OUT

COMMERCIAL GRADE MILITARY GRADE PKG

TYPEVcc = +5.0 V ±5%, 
Ta = 0®Cto +70® C

Vcc = +5.0 V ±10%, 
Ta = -55® C to +125’ C

Plastic 
DIP (P)

A 9334PC, 93L34PC 9B

Ceramic 
DIP (D>

A 9334DC, 93L34DC 9334DM, 93L34DM 6B

Flatpak 
(A

A 9334FC. 93L34FC 9334FM, 93L34FM 4L

AoE
—• 3*"

isjCl

a?[7
Ood ujo
oid

o^e
OjE io|o»

GNoE T]o«

LOGIC SYMBOL

I
14A
£

CL Qo Qt Q? Q] Q< Os O« Or

Vcc = Pin 16 
GND = Pin 8

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

PIN NAMES DESCRIPTION 93XX (U.L.)
HIGH/LOW

93L (U.L.)
HIGH/LOW

Ao —A3 Address Inputs 1.0/1.0 0.5/0.25
D Data Input 1.0/1.0 0.5/0.25
E Enable Input (Active LOW) 1.5/1.5 0.75/0.38
CL Clear Input (Active LOW) 1.0/1.0 0.5/0.25
Qo —07 Parallel Latch Outputs 18/6.0 10/5.0

(3.0)
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34
FUNCTIONAL DESCRIPTION— The '34 has four modes of operation which are shown in the Mode Select 
Table. In the addressable latch mode, data on the data line(D) is written into the addressed latch. The addressed 
latch will follow the Data input with all non-addressed latches remaining in their previous states. In the memory 
mode, all latches remain in their previous state and are unaffected by the data or address inputs. To eliminate 
the possibility of entering erroneous data into the latches, the Enable should be held HIGH while the Address 
lines are changing. In the 1-of-8 decoding or demultiplexing mode, the addressed output will followthestate of 
the D input with all other outputs in the LOW state. In the clear mode all outputs are LOWand unaffected by the 
address and data inputs. When operating the ‘34 as an addressable latch, changing more than one bit of thr 
address could impose a transient wrong address. Therefore, tly 
mode.

□ouic laivn, uiiaiiyHiy muie uian one Dll OT the
:tw^ipntU dhiy be ffSnb ^5)l|Hn fFie ■

MODE SELECT TABLB

E CL ------------------trtr 
mode

L H Addressable Latch V■s r> ?—1 
I ! i r“

H H Memory \ V/ b
L L Active HIGH 8-Channel Demulti| jfexer-
H L Clear U-J » J

J L.

I 

!

TRUTH TABLE

INPUTS OUTPUTS
MODE

CL E Ao Ai Az Qo Qi Q2 Qa 04 Qs Qe Q?
L H X X X L L L L L L L L Clear
L L L L L D L L L L L L L Demultiplex
L L H L L L D L L L L L L
L L L H L L L D L L L L L
• • • • • • • • • • • • •
• • • • • • • • • • • • •
L L H H H L L L L L L L D
H H X X X Qt-1 Qt-i Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Memory
H L L L L D Qt-i Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Qt-1 Addressable
H L H L L Qt-i D Qt-i Qt-i Qt-i Qt-1 Qt-1 Qt-i Latch
H L L H L Qt-1 Qt-1 D Qt-1 Qt-i Qt-1 Qt-i Qt-1

H L H H H Qt-1 Qt-i Qt-1 Qt-i Qt-1 Ot-i Qt-1 D
HIGH Voltage Level X = Immaterial Previous Output State

LOGIC DIAGRAM

L * LOW Voltage Level

'/ •
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f
I SYMBOL

>C CHARACTERISTICS OVER OPERATING TEMPERATURE

KX

PARAMETER
I

93XX 93L
UNITS

Min Max Min Max

Power Supply Current XM 86 21
XC 86 26 mA

specified)

CONDITIONS

AC CHARACTERISTICS: Vcc = +5.0 V, Ta = +25’C (See Section 3 for

SYMBOL PARAMETER

93XX 93L

UNITS CONDITIONSCl = 15 pF Cl = 15 pF

Min Max Min Max
tPLH 
tPHL

Propagation Delay 
E to On

23
24

45
42 ns Figs. 3-1, 3-9

tPLH 
tPHL

Propagation Delay 
D to Qn

28
24

65
45 ns Figs. 3-1, 3-5

tPLH 
tPHL

Propagation Delay 
An to On

35
35

66
66 ns Figs. 3-1, 3-20

tPHL Propagation Delay 
CL to Qn 40 55 ns Figs. 3-1, 3-10 I

AC OPERATING REQUIREMENTS: Vcc = +5.0 V, Ta = +25’C

SYMBOL PARAMETER 93XX 93L
UNITS CONDITIONS

Min Max Min Max
(H) Setup Time HIGH, D to E 20 45 ns
(H) Hold Time HIGH, D to E 0 -5.0 ns

- Setup Time LOW, D to E 17 45 ns
Fig. 3-13

th <u Hold Time LOW, D to E 0 -7.0 ns
U (H) 
VL)

Setup Time HIGH or LOW 
An to E

5.0
5.0

10
10 ns

Fig. 3-21U (U E Pulse Width LOW 17 26 ns
U <L) CL Pulse Width LOW 35 ns Fig. 3-17

■ v\ n

J i iuU O' '-i O ^4
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DESCRIPTION
The 8T26A/28 consists of four pairs of 3- 
State logic elements configured as Quad 
Bus Drivers/Receivers along with separate 
buffered receiver enable and driver enable 
lines. This single IC Quad Transceiver de­
sign distinguishes the 8T26A/28 from con­
ventional multi-IC implementations. In ad­
dition, the 8T26/28 S ultra high speed while 
driving heavy bus capacitance (300pF) 
makes these devices particularly suitable 
for memory systems and bidirectional data 
buses.

Both the Driver and Receiver gates have 3- 
State outputs and low-current PNP inputs 3- 
State outputs provide the high switching 
speeds of totempole I IL circuits while of­
fering the bus capability of open collector 
gates. PNP inputs reduce input loading to 
200pA maximum.

APPLICATIONS
• Half-duplex data transmission
• Memory interface buffers
• Data routing In bus oriented systems
• High current drivers
• MOS/CMOS-to-TTL Interface

PIN CONFIGURATION

LOGIC DIAGRAM
8T26A

Inverting Output (3-State)BIDIRECTIONAL DATA BUS

Control lines may be tied together, such that 
logical "1" transmit, logical "0* receive

Logical "0" • active Logical "1" = active
Logical “T - Hl-z Logical TT =» Hl-z

numbers

8T28
Non-Inverting Output (3-State

684

1 
r/eO V

"OUT O—^l---- 1 —<3—<■
DoutO-L-< —I

. cL4--- J. "1
"outO-- —I

OoutO-L-C —|

°ihO---------- --------- 44
5ignntics
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DC ELECTRICAL CHARACTERISTICS

NOTE 
Output sink currant is supplied through a resistor to ground.

PARAMETER TEST CONDITIONS
8T2SA 8T28

UNIT
Mln Typ Max Min Typ Max

Input voltage
V|L Low N/A N/A
Vih High N/A N/A
Vic Clamp Vcc = MIN, liN = -12mA -1.0 -1.0 V

1 Output voltage Vcc = MIN
Vol Low

Drive lOL — 48mA 0.5 0.5 V
Receive lot = 20mA 0.5 0.5 V

Input current Vcc = MAX, Vin = 0.4V
Iil Low 

Drive (low level) -200 -200 mA
Disabled (low level) -25 -25 mA
Receive -200 -200 mA

AC ELECTRICAL CHARACTERISTICS

PARAMETER TO FROM TEST 
CONDITIONS

8T26A 8T28
UNIT

Min Typ Max Min Typ Max

Propagation delay
tON Rout Dout Cl = 30pF 14 17 ns

Dout Din Cl = 300pF 14 17 ns
tOFF Rout Dout Cl = 30pF 14 17 ns

Dout Din Cl = 300pF 14 17 ns
Data enable to data output Cl = 300pF

tPZL 0 High Z 25 28 ns
tPZL High Z 0 20 23 ns

Receive enable to receive output Cl = 30pF
tPZL 0 High Z 20 23 ns
tpLZ High Z 0 15 18 ns

TYPICAL APPLICATION
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I

(PROBE)

(PROBE)

PULSE 
generator

PULSE 
GENERATOR

Input pulse:
« tF = 5ns (10% to 90%) 

freq - 10MHz (50% duty cycle) 
Amplitude - 2.6V

PULSE 
generator

receive enable to r

IZ.SI

C»E OOUT 1

"E °OUT 3

O|N, OoUT 1

O|Hj °OUT 4

d|Nj "OUT 1 -O
O|N« "OUT z -O

"OUT 3 —o
"OUT 4 “O_

dOutto rout

DOUT 1 -o'

°E dour z -o PULSE

»0UT 3 —o generator

O|Nr □ out 4 —o
OfNj "out t

OfNj "out z —O
OlN, "out S —o

"out 4 ■—Q

DATA ENABLE TO DATA OUTPUT

Input pulse:
tn = u = 5ns <10% to 90%) 
freq = 5MHz (50% duty cycle! 
Amplitude = 2.6V

Input pulse:
* = if - 5ns (10% to 90%) 
freq = 10MHz (50% duty cycle) 
Amplitude » 2.6V

“OUT 1 -O
Oe “OUT z —o
"E OOUT 3 —o
°IN, °OUT 4

"OUT 1 -o
Or, "OUT 3 -O
0*4 "OUT 3 —O

"OUT 4 -O

Dim TO DOUT

“OUT 1 

“OUT 3

□ OUT 3

OoUT 4 

Rout i 

"out z

Rout 3 

"out <
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■ 4

, ^^SPECIFICATION DIGITAL 8T SERIES INTERFACE TTL/MSI

. the Tri-State Bus Interface Elements described 
, Mt iciw current PNP inputs and is designed with 

\ aT rTL technology f°r ultra high speed. The devices 
to convert TTL/DTL or MOS/CMOS to tri-state 

’. levels. For maximum systems flexibility the 8T95 
ft9" do s0 without logic inversion, whereas, the 8T96 

provide the logical complement of the input. The 
* t ,->d ST96 feature a common control line for all six 

,rt. »vhere3S, the 8T97 and 8T98 have control lines for 
ces from one input and two from another input.■*>

»

«
*

«

(Top View)

4

5
out3

GND

DM 8096 = 8T96DM 8097 = 8T97
DM 8098 = 8T98

cc
"S2 

in6 

out6

out6 

in5 

out5 

in4 

out4

' ' w
tCA CURRENT PNP INPUTS (400pA) 
»tiOH SPEED SHOTTKY TTL DESIGN (TYP. 8ns) 
TTL DTL, MOS/CMOS COMPATIBLE
IDA POWER DISSIPATION

8T95/97 TYP. 325mW
8T96/98 TYP. 295mW

n,n
' q V

olL
8T95

DISABLE INPUT
DISi dis2 INPUT OUTPUT

0 0 0 0
0 0 1 1 |
0 1 X H-z
1 0 X H-z
1 1 X H-z

.... 8T96 ~ I
DISA3LE INPUT

DIS] dis2 INPUT OUTPUT

0 0 0 1
0 0 1 00 1 X H-z1
1

0 X H-z
1 X H-z

OUT,

IN, 

OUT2

in3 

out3

OUT, 

in2 

OUT,

. s

W

OUT,

,n2

OUT, |T Q

-a e y'
OUT3 EiQ 
gnd ;» Ly\

3-197
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lies Ilk.II Si’Ll I) III X I HI S1A1 L LIU I I LHS/INVLHTLHS ■ 81 95/6/7/0

ABLE
> IS4

0

0

<
1

J)

8T97
INPUT 
DIS2 INPUT

1

OUTPUT | i DISABLE 
DIS4

8T98
INPUT 
DIS2 INPUT

CHARACTERISTIC

0

0
1

0

1

x
x X

0

1

H-z
H-z

0
0

x
1

0

0

1

0

1

x
X X

Output 5-6 only •• Output 1-4 only x- Irrelevant

Over Recommended Voltage and Temperature Range

CHARACTERISTIC

J “1" Input Voltage

- "0” Input Voltage

>1 "1” Output Voltage

.! 0” Output Voltage

-tale Input Current

■ late Output Current

1 ”1’' Input Current

"0” Input Current

Short Circuit Current

vice)
8T95/97

8196/98

VCC (Voltage

MIN
LIMITS

TYP. MAX, UNITS
TEST CONDITIONS

= 0.5V

CC ~ ~ 25°C

CC _ Min T^ - 25°C

= 48 mA

= 0.5 V
-400

DIS - 0.5V

Vo=2.4V

V. = 0.5V

l0 = 12 mA

vo = ov

ljn=-12mA

DIS = 2.0V

115

98mA

59 I 89mA

* t 
OUTPUT ■

j*' ~ t *-x>»>.tion Delay's 
0 f

Hz* | 

-J'” I

I.

• Ail Devices)
sia Inputs

to
Cat* Outputs

NOTES

I

i •*

w-r

1

to Outputs 
L^c "1" to High Z 

ip
Lo^c "0" to High Z 

tp

Z to Logic “1"

lP

Z to Logic "0“

ip

£ o|ijp n5

6. Output source current it suppllod through
7.
8.
9.

NOTI
UNITS

- 25’C and V

LIMITS
MAX.

TEST CONDITIONS

Apple ][/][-Plus Level II Service M
anual -- 

1981 
-- D

igiBarn C
om

puter M
useum - Apple C

om
puter, Inc.

*<r t *
» e*ug* measurements 

not spec
• *.1 «a*surements < 

torrent is (tainted 
logic doline 

...tonary muasm
>.tordance vv, 

d.odei becur

ad to the ground terminal, 
tricallv open, 
to zero volts, 
enced 

"1"; "DOWN'' “ "O". 
to ensure current limit- 

imum Ratings should the

io.

Output sink current is supplied through 
Refer to AC lest Figures and Test Table. 
VCC - 5.25V.
Not more than one output should be shorted at

S1 s2

lon Closed i Closed 1

'off Closed
I Closed

'oh Closed 1 Closed

'iH
j Closed | Closed

'ho - Closed I Open 1
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-Hl PTION
* SE 555 monolithic timing circuit is a highly stable 

z,.Ier capable of producing accurate time delays, or 
jpon. Additional terminals are provided for triggering 

^tting if desired. In the time delay mode of operation, 
. ne is precisely controlled by one external resistor and 

X~:°r- F°r a stable operation as an oscillator, the free 
- -- fiequency and the duty cycle are both accurately 
. ,/led with two external resistors and one capacitor, 
fcuit may be triggered and reset on falling waveforms, 
the output structure can source or sink up to 200mA 

f £ >»e TTL circuits.

t;ATUR£S
, TIMING from microseconds through hours 
, operates in both astable and monostable 

MODES
. ADJUSTABLE duty cycle
, high current output can source or sink

200mA
♦ OUTPUT CAN DRIVE TTL
. TEMPERATURE STABILITY OF 0.005% PER °C
• NORMALLY ON AND NORMALLY OFF OUTPUT

L'CATIONS
' -ASION TIMING
N.SE GENERATION
?ANTIAL TIMING

' DELAY GENERATION
■ AS WIDTH MODULATION

F'lSE POSITION MODULATION
* USING PULSE DETECTOR

ABSOLUTE MAXIMUM RATINGS
Supply Voltage +igy
Power Dissipation 600 mW
Operating Temperature Range

NE555 0°Cto+/0°C
SE555 —55°C to+125°C

Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 60 seconds) +300°C

TOOK DIAGRAM

6 63
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CTHICAL k ACTERISTICS = 25°C, Vqq = +5V to +15 unless otherwise specified ■ actlkistics
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20 magohm.

PAHAMETER TEST CONDITIONS SE 555 NE 555 T

MIN TYP MAX MIN TYP max 1
Supply Voltage 4,5 18 4.5 16 *

Supply Current VCc * 5V HL “ 00 3 5 3 6 ‘
Vcc - 15V Rl • 00 10 12 10 ’5 ;
Low State, Note 1

Timing Error(Monostable) Ra. Rb ‘ “> 100KH 1
Initial Accuracy C - 0 1 pF Note 2 0.5 2 1 i •
Drift with Temperature 30 100 50
Drift with Supply Voltage 0.05 0.2 0.1

Threshold Voltage 2/3 2/3 i
• •>

Trigger Voltage VCC ‘ ’5V 4.8 5 5.2 5 i #-
Timing Error(Astable) Vcc" 5V 1.45 1.67 1.9 1.67 1
Trigger Current 0.5 0.5 j
Reset Voltage 0.4 0.7 1.0 0.4 0.7 10 1 *
Reset Current 0.1 0.1 •><
Threshold Current Note 3 0.1 .25 0.1
Control Voltage Level Vcc " ’5V 9.6 10 10.4 9.0 10

VCC- 5V 2.9 3.33 3.8 2.6 3.33
Output Voltage (low) VCC-15V

'SINK ‘ 10mA 0.1 0.15 0.1 n 5
'SINK ‘ 50mA 0.4 0.5 0.4 u ! *
'SINK" 100mA 2.0 2.2 2.0 2s ; ■„

'SINK * 200mA 2.5 2.5 i
VCC * 5V
'SINK * 8mA 0.1 0.25 !

'V
'SINK - 5mA .25 -M ‘

Output Voltage Drop (low)

'SOURCE “ 200mA 12.5 12.5 I
VCc- 15V
'SOURCE “ 100mA
VCC - 15V 13.0 13.3 12.75 13.3
VCC- 5V 3.0 3.3 2.75 3.3

Rise Time of Output 100 100 •MM
Fall Time of Output 100 100 J

ES
.ppty Currant when output high typically 1mA last.

tted at • 5V and Vcc “ 15v
ut will determine the maximum value ot Ra* Ra.^or 16V operation,

MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING

LOW OUTPUT VOLTAGE 
„ OUTPUT SINK CURRENT

SUPPLY CURRENT 
vs SUPPLY VOLTAGE

Wf*lY VOLTAQt - «•»«

HIGH OUTPUT VOLTAG 
vj OUTPUT 

SOURCE CURRENT
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DESCRIPTION
The SA/SE/NE558 and 559 Quad Timers are 
monolithic timing devices which can be 
used to produce four entirely independent 
timing functions. The 558 output sinks cur­
rent whereas the 559 sources current. These 
highly stable, general purpose controllers 
can be used in a monostable mode to pro­
duce accurate time delays, from microse­
conds to hours. In the time delay mode of 
operation, the time is precisely controlled 
by one external resistor and one capacitor. 
Astable operation can be achieved by using 
two of the four timer sections.

The four timing sections in the 558 and 559 
are edge triggered; therefore, when con­
nected in tandem for sequential timing ap­
plications, no coupling capacitors are re­
quired. Output current capability of 100mA 
is provided in both devices.

PIN CONFIGURATION

TRIGGER O

CONTROL 
VOLTAGE

TWIGGER ■ TRIGGER C

TIMING A

TRIGGER A

TIMING ■

OUTPUT A

RESET

GROUND

OUTPUT C

FEATURES
100mA output current per section 
Edge triggered (no coupling capacitor) 
Output independent of trigger conditions 
Wide supply voltage range 4.5V to 18V

OUTPUT B

• Timer Intervals from microseconds to 
hours

• Time period equals RC
• Military qualifications pending

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT

APPLICATIONS
• Sequential timing

Supply voltage
..SE558, SE559 +18 V

• Time delay generation NE558, NE559 +16 V
• Precision timing SA558, SA559 +16 V
• Industrial controls Power dissipation 1.25 w
• Quad one-shot Operating temperature range 

NE558. NE559 0 to +70 ’C
SA558, SA559 -40 to +85 °C
SE558, SE559 -55 to +125 °C

Storage temperature range -65 to +150 °C
Lead temperature (soldering, 60sec) +300 °C
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EQUIVALENT CIRCUIT 

/

GNO

CTRICAL CHARACTERISTICS Ta = 25’C, Vcc = +5V.to +15V unless otherwise specified.

PARAMETER TEST CONDITIONS
SE558/SE559

NE558/NE559 
SA558/SA559

UNIT
Min Typ Max Min Typ Max

Supply voltage 4.5 18 4.5 16 V
Supply current (558)

(559)
ing accuracy (T = RC)

Vcc = Reset = 15V
Vcc = Reset = 15V
R = 2krt to 100kn 

C = 1MF

21
9

32
16

27
12

36
18

mA 
mA

Initial accuracy
Drift with temperature 
Drift with supply voltage

1.0
150
0.1

3 2
150
0.1

% 
ppm/°C 

%/V
Trigger voltage1 
Trigger current

Vcc =15V 
Trigger = OV

0.8 1.5
5

2.4
30

0.8 1.5
5

2.4
100

V 
mA

Reset voltage2 
Reset current Reset

0.8 1.5
50

2.4
300

0.8 1.5
50

2.4 V 
mA

Threshold voltage 
Threshold leakage

0.63
15

0.63
15

xVcc 
nA

Output voltage (558)3 Il = 10mA 
Il = 100mA

0.1
0.7

0.2
1.5

0.1
1.0

0.4
2.0

V
V

Output voltage (559)< Il = 10mA 
lL = 100mA

13
12.5

13.6
13.3

12.5
12.0

13.3
13.0

V
V

Output leakage 
Propagation delay (558) 

(559)

10
1.0
0.4

10
1.0
0.4

nA
MS
MS

Risetime of output 
Falltime of output

lL = 100mA 
Il = 100mA

100
100

100
100

ns 
ns

• trigger functions only on the falling edge of the trigger pulse only after previously 
'ig high. After reset the trigger must be brought high and then low to implement 
3«ring.
reset below 0 8 vofts. outputs set low and trigger inhibited. For reset above 2.4 

s. trigger enabled.
558 output structure is open collector which requires a pull up resistor to Vcc to 

: current. The output is normally low sinking current.
559 output structure is a darlington emitter follower which requires a pull down 

stor to ground to source current. The output is normally low and sources current 
‘ when switched high

SHjnotics 253
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±0.5V

-55°C to +125°C

-65°C to +150°C

500 mW 
±30V 
±15V

/xA741 
+22V

A PACKAGE

1. NC
2. NC
3. OH*et Null
4. Inv. Input
5. Non-lnv. Input
6. V"
7. NC
8. NC
9. Offt*t Null

10. Output
11. V*
12. NC
13. NC
14. NC

ORDER PART NO. JXA741CA

T PACKAGE

1. Off»«t Null
2. Inverting Input
3. Non-Inverting Input
4. V"
5. Otfiet Null
6. Output
7. V*
8 NC

ORDER PART NOS. pA741 T//1A74ICT

V PACKAGE

’C 1. CH»et Null
2. Inv. Input
3. Non-lnv. Input
4. V'
5. Gi'fvet Null
6. Output
7. V +
8. NC

.-s,pTION
is a high performance operational amplifier with 

loop S3'0' internal compensation, high common 
range and exceptional temperature stability. The 

’’'*1 is short-circuit protected and allows for nulling of

* voltage.

.-•TURES
**1t£RNAL frequency compensation

* -M3RT circuit protection

PIN CONFIGURATIONS (TOP VIEW)

‘Uting applies for
• for am

; * jx ti^pply voltages less than it 5V, tha absolute maximum Input 
is equal to the supply voltage.

' circuit may be to ground or either supply. Rating appllea to
’ ’ Z5*C casa temperature or +75°C ambient temperature.

‘ *'FSET voltage null capabili 
1 Excellent temperature stabi 
‘ ~ GH INPUT VOLTAGE RANGE
• latch-up

j'SQLUTE MAXIMUM RATINGS 
gA741C

Voltage
..fT4l Power

±18V

Y^pation (Note 1) 500mW
. rential Input Voltage ±30V
.^vt Voltage (Note 2)
,..uge between Offset

±15V

»nd V~ ±0.5V

„ iting Temperature
’Age

a j »gc Temperature
0°C to +70°C

’jnge -65i6Cto+150°C

, ; Temperature
300°C.ter, 60 sec)

,vt Short Circuit
..I (Note 3)

Indefinite

I

300°C
Indefinite

ORDER PART NO. pA7<1CV
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SIGNETICS GENERAL PURPOSE OPERATIONAL AMPLIFIER » gA741
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u 
co

cr 
c
CD 
Q.

O
3
3 
o
Z5
Cf)

Z5 
(f)
CD
O 
Z5

■o 
0)

CQ 
CD

"U 
Q) 

CQ
CD
O 
l\3
GO
CJ1
O —h 
o 
GO 
CD 
^1

■ERISTICS iv, =
TEST CONDITIONS

” 25* 0 unless otherwise specified)

MIN. | i /P. | MAX* | UNITS~|

~jUA 741C ~

2.0
20

6.0
200

mV 
nA

Rs < lOkll

■ 80 500 nA
0.3 2.0 Mil

1.4 pF
1,1 ±15 i mV

±12 ±13 1 Vio 70 90 dB Rs v lOkll

10 i 10 150 ' mV/V Rs k 10kll
' 20.000 200,000 I RL> 2kQ,VOut-
i ±12 ±14 i V Rl > 10kll
I ±io ±13 V Rl > 2kll
1 75 j n
1 25 I mA
1 1.4 2.8 mA

1 50 85 mW
0 Vjn-20mV,RL-

1 0.3 MS
5.0 %1 0.5 V/ps RL > 2kH

iply |

7.5

l mV

1 300 ' nA
800 nA

, 15,000 11 1 RL>2kn,vout-no | ±13 L ....
V Rl > 2kll

PA741
1 i
i | 1.0 5.0 mV Rs <10k 11

10 200 nA
i 1 80 500 nA
I 0.3 ' 2.0 Mil
; i 1.4 pF

UIB I 115 mV
I 50,000 i 200,000 RL>2kfl(Vout-
i i 75 11
1 25 mA
' i 1.4 2.8 mA

1 50 85 mW) i vjn - 20mV, RL -1 0.3 MS
1 5.0 %

0.5 V/MS Rl > 2kll
P»V 1 i

i
1.0

1
6.0 mV Rs < 10k 11

i ’ 7.0 200 | nA Ta = +125’C
1 i 20 500 | nA Ta --55°C
1 0.03 0.5 mA TA ”+125"C

1 0.3 1.5 j mA Ta =-55°C
1 112 ±13 V
1 70 | 90 dB Rg *. lOkll

> i | 10 150 MV/V Rs < 10kll
i 25.000 RL>?k“-Vout--! 112 ±14 V RL > 10klIno ±13 V Rl > 2k 11I 1.5 2.5 mA Ta = +125"C

2.0 3.3 mA Ta =-55°C
j 45 75 mW Ta = +125°C

I 45 100 mW Ta = -55° C

’’ICAu CHARA FUSTIC CURVES

OUTPUT VOLTAGE SWING 
ASA FUNCTION OF 
SUPPLY VOLTAGE

INPUT COMMON MODE 
VOLTAGE RANGE AS 

A FUNCTION OF SUPPLY VOLTAGE

POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE

INPUT BIAS CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE

INPUT RESISTANCE 
AS A FUNCTION OF 

AMBIENT TEMPERATURE

INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE

INPUT OFFSET CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE

POWER CONSUMPTION 
ASA FUNCTION OF 

AMBIENT TEMPERATURE

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE

_________
6-133
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DESCRIPTION
The Signetics 2513 is a high speed 2560-bit Static ROM 
organized as 64x8x5. A standard 7x5 dot matrix fits well in 
the 2513. The product uses +5V, -5V and -12V power 
supplies, TTL level interface signals and Tri-State Outputs 
for direct, low cost interfacing with TTL, DTL, CMOS and 
2500 Series MOS.

PIN CONFIGURATION (Top View)

N/l PACKAGE

FEATURES

450 ns TYPICAL ACCESS TIME
STATIC OPERATION 
TTL/DTL COMPATIBLE INPUTS 
+5, -5, -12V POWER SUPPLIES 
TRl-STATE OUTPUT CONTROLLED BY C 
ENABLE FOR BUSSING CAPABILITY 
2513/CM2140 ASCII FONT STANDARD (7 X 5) 
24-PIN DIP
P-MOS SILICON GATE TECHNOLOGY

r?
I
£ i,u ;

• a

APPLICATIONS

RASTER SCAN CRT DISPLAYS (ROW OUTPUT) 
PRINTER CHARACTER GENERATOR
PANEL DISPLAYS AND 3ILLB0ARDS 
MICRO-PROGRAMMING
CODE CONVERSION

PROCESS TECHNOLOGY

The use of Signetics' P channel Silicon Gate Process allows 
the design and production of higher functional density and 
operating speed than other techniques.

SILICONE PACKAGING

Low cost silicone DIP packaging is implemented and reli­
ability is assured by the use of Signetics unique silicon gate 
MOS process technology. Unlike the standard metal gate 
MOS process the silicon material over the gate oxide passi­
vates the MOS transistors. In addition, Signetics proprietary 
surface passivation and silicone packaging techniques result 
in an MOS circuit with inherent high reliability, superior 
moisture resistance, and ionic contamination barriers.

BIPOLAR COMPATIBILITY

All inputs of the 2513 can be driven directly by stand­
ard TTL voltage levels. The data output buffers are capable 
of sinking a minimum of 1.6 mA, sufficient to drive one 
standard TTL load.

7-40

1. VGG 24. VCC
2. NC 23 NC
3. NC 22. Ad.< 9
4. Out 1 21. Acd-tii •
5. Out 2 20. Addreaa 7
6. Out 3 19. Addrau •
7. Out 4 18. Addraaa 5
8. Out 5 17. Addraai 4
•8. NC 16. AddroM 3
10. Ground 15. Addraaa 2
11. Chip Enabla 14. AddraM 1
12. VDO 13. NC

PART IDENTIFICATION TABLE

PART ORGANIZATION progra-y^
2513N/I 
CM2140 64X8X5 ASCIll**^

2513N/I 
CMXXXX

64X7X5
64X8X5

N PACKAGE - 24 PIN SILICONE DIP

Distributed under the Creative Commons License on page 4 | Page 0236 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

CHARACTER FORMAT

ROW 
address

CHARACTER

»« A» s *e A.
Imch 
[CMAAACTtR 1 1 • * 1 •

SIGNETICS64 X 8 X 5 CHARACTER GENERATOR > 2513

MAXIMUM GUARANTEED RATINGS^)

Operating Ambient Temperature 
Storage Temperature
Package Power Oissipation<2) @TA 70°C 
InputO) and Supply Voltages 
with respect to V^

0°C to 70°C 
-65°C to +150°C 

730mW

+0.3 to-20V

< j’ rRiU Ui J
!

L J

D f

t

NOTES

1. Strasw, above thou listed under "Maximum Guaranty R.tina" 
cause permanent d.m.g. to th. dwlce. Thl. „ r.±’

oml *nd ,“"Ct,On*" of th. d^lc. thw. or .t any

“r - *•——
For operating .t elevated temperature, th. device mu.t be 
.7e,m • +,6° c temperature .nd
a thermal reelatanc. of H0°C/W function to ambient. 
All tnpun er. protected against static charge. 
^Ifl^r* V‘"d °P*'*''ne »*"P«r«tur. range unle.

All voltage measurement. are referenced to ground 
Manufacturer r«.n„ th. right to mak, design and procew 
ch*nQ*t md Improvement*.
Typical v/dM are at +25’C and nominal ,Upply voltage,.

'eVe!‘ ar* for -°r««ca« condition,
tion of O“C t ir1 VCC and a temperature varia-
to Vcr ar. V° ' VC ACUjal inPu‘ re’u'rem«nt1 with respect 
to VCC ar. V|H - vcc -1.85V and VIL - vcc . 415v

2.

3-
4.

6.
6.

7.
a.

CHARACTERISTICS

VCC • +5V ±5%; V0D - ±5%; VGG - 2V ±5% un(ess otherwise noted < * * ?)

SYMBOL MIN TYP MAX UNIT

'Ll

*LO

'dd

'gg VGG Power Supply Current

VIL

V|H Input Logic "1"

Output Leakage Current

VDD power Supply Current

Input Load Current

CONDITIONS

V|n = -5.5V 
Ta = 25° C

VOUT = "5.5V 

Ta = 25°C 

VCE = VCC

Outputs Open

Outputs Open 
VCE = VCC

Note 8

Note 8

7-41
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SIGNETICS 64 X 8X5 CHARACTER GENERATOR ■ 2513

AC CHARACTERISTICS

Ta - 0 C to +70°C; Vqq - 5V ±5%; Vqd = —5V ±5%; Vqq = —12V ±5%; unless otherwise noted.

SYMBOL TEST MIN TYP MAX UNIT CONDITIONS |

VOL Output Logic "Zero" -5 0.4 V One TTL Load |
VOH Output Logic "One" 3.0 V One TTL Load f

tCA(cM2140) Character Access Time 500 600 ns See AC Test Setup |
I

tra Row Access Time (Ai - A3) 450 500 ns
I

See AC Test Setup I
Chip Enable to Output 150 ns

CIN Address Input Capacitance 10 pF f=1MHz, VjH = |
VCC> 25mV P - P |

BLOCK DIAGRAM

<h #2 oj

timingVchagranU

character adoress 
<**•*»*

7-42

CE OUTPUT

0 DATA
1 OPEN

i. i 
t

r

i
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applications information

SERIAL data to 
z AXIS OF CRT

application INFORMATION

■ 1 ' • . 1' i 11 ' 'r> x■■

°tl/ttl interfacing
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ASCII CHARACTER FONT
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intel
2316A/4316A/8316A*
16K(2Kx8) ROM

Single +5 Volts Power Supply 
Voltage
Guaranteed 850ns Access Time 
Directly TTL Compatible—All 
Inputs and Outputs 
Three Programmable Chip 
Select Inputs for Easy Memory 
Expansion

■ Three-State Output—OR-Tie 
Capability

■ Fully Decoded — On Chip 
Address Decode

■ Inputs Protected—All Inputs 
Have Protection Against Static 
Charge

The Intel 2316A is a 16,384 bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 
The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined by the designer and 
the desired chip select logIC level ,s fixed during the masking process. These three programmable chip select inputs, as well as 
UH-tie compatibility on the outputs, facilitates easy memory expansion.
with ht'btT' °n'V memOr7 ” Wi,h N“hannel SiliCOn 9a,e This technology’provides the designer
7ompSe rf nCe' eaSV',O USe M0S clrcults- Onl'r' a si"Sla *5V power supply is needed and all devices are directly TTL

PIN CONFIGURATION

*4l

*5 |

GNO

■w—
24

2 23

3 22

21

20

« 2316A 19

1 17

9 16

10

11 M

It

PIN NAMES
! A0" A1O ADDRESS INPUTS |

; O,O, DATA OUTPUTS ■
! cs, CSj PROGRAMMABLE CHIP SELECT INPUTS ■

BLOCK DIAGRAM

‘All 4316A and 8316A specifications are 
Identical to the 2316A specifications. 4-22
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 2316A

A.C. Characteristics TA = 0 C to +70°C, V^c = +5V ±5% unless otherwise specified

SYMBOL PARAMETER
LIMITS

MIN. TYP?1’ MAX. unit

tA Address to Output Delay Time 400 850

tco Chip Select to Output Enable Delay Time 300

lDF Chip Deselect to Output Data Float Delay Time 0 Z I 300

CONDITIONS OF TEST FOR
A.C. CHARACTERISTICS

Output Load ... 1 TTL Gate, and CLqad = 100 PF 
Input Pulse Levels..........................................0.8 to 2.0V
Input Pulse Rise and Fall Times .(10% to 90%) 20 nS 
Timing Measurement Reference Level

Input .................................................................. 1.5V
Output.............................................0.45V to 2.2V

CAPACITANCE® TA = 25’C.f = 1 MHz

SYMBOL TEST
LIMITS

TYP. max.

C|N All Pins Except Pin Under 
Test Tied to AC Ground

4 pF 10pf

COUT All Pins Except Pin Under 
Test Tied to AC Ground

8 pF

Typical A.C. Characteristics
ACCESS TIME VS. AMBIENT 

TEMPERATURE
ACCESS TIME VS. LOAD 

CAPACITANCE

CLOAD
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2316A
Ag5OLUTE MAXIMUM RATINGS*
^ent Temperature Under Bias ......................-10°Cto80°C

1 Temperature......................................... -65°C to +150°C
' -ige On Any Pin With Respect

fo Ground . .
;^er Dissipation

-0.5V to +7V 
. . . 1.0 Watt

•COMMENT: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability.

p c. and operating characteristics ta = 0°C to +70°C, Vcc ~ 5V ±5% unless otherwise specified

SYMBOL PARAMETER

Li

•cc
VlL

V|H

Vol

Vqh

Input Load Current
(All Input Pins)

Output Leakage Current 

Output Leakage Current 

Power Supply Current 

Input "Low" Voltage 

Input "High" Voltage 

Output "Low" Voltage 

Output "High" Voltage

D Typical values for TA = 25°C and nominal supply voltage.

typical d.c. characteristics

TEST CONDITIONSUNIT
MAX.

V|N = 0 to 5.25V

Iql — 2.0 mA

LIMITS

V|N LIMITS VS. TEMPERATURE

OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE

vOl. <volts>

OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE

4-23
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rw l-
r*’ < .

t WkJ
TH

\ J iju u ■" ■ ■_ -.:-1 6,384 X1-BIT DYNAMIC RAM

MK4116(P/N)-2/3
VJ

FEATURES

- Recognized industry standard 16-pin config­
uration from MOSTEK

2 150ns access time, 375ns cycle (MK 4116-2) 
200ns access time, 375ns cycle (MK 4116-3)

□

□

Common I/O capability using "early write" 
operation

Read-Modify-Write, RAS-only refresh, and Page- 
mode capability

0 i 10% tolerance on ail power supplies (+12V, ±5V)

2 Low power: 462mW active, 20mW standby (max)

2 Output data controlled by CAS and unlatched at 
end of cycle to allow two dimensional chip selec­
tion and extended page boundary

DESCRIPTION

The MK 4116 is a new generation MOS dynamic 
random access memory circuit organized as 16,384 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MK 4116 (16K RAM) incorporates 
advanced circuit techniques designed to provide 
wide operating margins, both internally and to the 
system user, while achieving performance levels 
•n speed and power previously seen only in MOSTEK’s 
hi^i performance MK 4027 (4K RAM).

The technology used to fabricate the MK 4116 is 
MOSTEK’s double-poly, N-channel silicon gate, 
POLY II© process. This process, coupled with the 
use of a single transistor dynamic storage cell, pro­
vides the maximum possible circuit density and 
Pliability, while maintaining high performance

□ All inputs TTL compatible,low capacitance, and 
protected against static charge

□ 128 refresh cycles

□ ECL compatible on VBB power supply (-5.7V)

capability. The use of dynamic circuitry through­
out, including sense amplifiers, assures that power 
dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine 
to make the MK 4116 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MK 4116 
to be packaged in a standard 16-pin DIP. This 
recognized industry standard package configuration, 
while compatible with widely available automated 
testing and insertion equipment, provides highest 
possible system bit densities and simplifies system 
upgrade from 4K to 16K RAMs for new generation 
applications. Non-critical clock timing requirements 
allow use of the multiplexing technique while main­
taining high performance.

FUNCTIONAL DIAGRAM PIN CONNECTIONS

Yb8 1 C • 316 Vss

Oin 2 C J 15 CAS
WRITE 3 L 3 14 Dout

RAS 4 C 3 '3 a«
Ao 5 C 3 t2 a3
A2 6 C 3 11 A 4
A, 7 C -J 3 10 A,
Vqq 8 C 3 9 vcc

PIN NAMES
Aq a6 address inputs

column aooressstrobe 
OtN OATA IN
OquT OATA OUT
ffA? ROW address STROBE 
WRITE REAO/WRITE INPUT 
V3e POWER i 5VI
VCc POWE R ' • SV)
Voo POWER '12V'
vss GR”l -IC

?/f) 333-
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to VbB.................
Voltage on VqD. VQC supples relative to Vss 
vbb-vss (vod-vss>ov> •••_.........
Operating temperature, Ta (Ambient) . 
Storage temperature (Ambient) Ceramic 
Storage temperature, (Ambient) Plastic 
Short circuit output current.................
Power dissipation....................................
RECOMMENDED DC OPERATING C 
(0°C <Ta< 70°C)

. -0.5V to +20V 
-1.0V to + 15.0V 
..........................0V 
. . . 0°C to + 70X: 
—55°C to + 150°C

•Strew** greater than unde
"Absolut* Maximum Ratings may caus 
permanent damage to tba device Tn.s is 
straw rating only and functional ooaratio' 
of tn* device at the** or any oth*r cond 
tions above fho** indicated in th* op*'* 
tional sections of this specification it no 
imolied. Eaposur* to absolut* maaimur 

for emended periods ma

PARAMETER SYMBOL qjoTt^i < u UNITS NOTES

Supply Voltage VOD 
vCc 
vss 
VBB

"2r

4.5 
0 
-4.5

SJUdJI

5.0 
0 
-5.0

0 
-5 7

Volts 
Volts 
Volts 
Volts

2
2.3
2
2

Input High (Logic 1) Voltage, 
RAS, CAS, WRITE

V|HC 2.4 - 7.0 Volts 2

Input High (Logic 1) Vohy, 
all inputs except RAS, CA$
WRITE

V|H 2.2 — 7.0 Volts 2

Input Low (Logic 0) Voltage, 
all inputs

VlL -1.0 - .8 Volts 2

DC ELECTRICAL CHARACTERISTICS ,
( 0°C <TA <70°C) (VDD = 12.0V ± 10%; VCC = 5.0V ±10%; -5.7V < VBB < -4.5V; VSS - 0V)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT 
Average power supply operating current 
(RTS, cycling; tRC = tRC Min

<001 
'CC1 
'BB1

35

200

mA 

ma

4
5

STANOBY CURRENT
Power supply standby current (RAS = V|HC- 
DOUT = High Impedance)

'D02 
•CC2 
<BB2

-10
1.5
10
100

mA 
pA 
gA

REFRESH CURRENT
Average power supply current, refresh mode 
(RaS cycling, CaS » V|HC.’ tRC = tRC Min

>D03 
ICC3 
'B83

-10
25
10
200

mA 
ma 
ma

4

PAGE MODE CURRENT
Average power supply current, page-mode 
operation (RAS ■V|L,CAS cycling; 
tPC = tpC Min

'DD4 
'CC4 
*BB4

27

200

mA 

ma

4
5

INPUT LEAKAGE
Input leakage current, any input
(Vgg »-5V, 0V < V|N < +7.0V, all other 
pins not under test ■ 0 volts)

'I(L) -10 10 ma

OUTPUT LEAKAGE
Output leakage current (DOUT's disabled, 
0V < VouT < +5.5V)

'O(L) -10 10 ma

OUTPUT LEVELS
Output high (Logic 1) voltage (IOUT “ -5mA) VOH 2.4 Volts 3

Output low (Logic 0) voltage (IQUT ’ A.2 mA) VOL 0.4 Volts

NOTES:
1. T. is ss>*cifi*d her* for operation at frequencies to tRQ >’RC

(min). Operation at higher cycle rates with reduced amoient 
temperatures and higher power dissipation is permiwible. how­
ever, provided AC ooerating parameters arejnet. See fi^jre 1 4,
for derating curve.

2. All voltages referenced to Vgg.

3. Output voltage will swing from Vge to Vqc when activated with 
no current loading. For purposes or maintaining data in standby

mode, V^c may be reduced to Vss without effecting refresh 
operations or data retention. However, the Vq^ (min) specifics 
tion is not guaranteed in this mode.

IOO1. ’OO3. •nd >004 Oh cvele rate. See figures 2.3. V
4 for IQQ limits at other cycle rates.
I--. and >CC4 d<P<n0 upon output loading. Ourmg readout 
of high level data Vcc '• connected through a low impedance 
(135u typ) to data out. At all other time* Iqq consists of 
leakage currents only.
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SYMBOL

tRWC

tRMW

»CAC

tCAS
tRCO

tRAH

tASC
tCAH

tAR

tRCS
tRCH
tWCH

hWCR

tWP
tRWL

MK 4116-2 
MIN | MAX UNITS

12.0V i 10%; VCC = 5.0V ±10%, Vss = W- ^BB

Data-in set up time

‘OHR

tCP
tREF

tWCS
tCWD
tRWO

time

7 
a

NOTES (Continued I 
4.

parameter
Random read or write

Read-write cycle time 

Read modify write cycle time

Page mode cycle time
Access time from RAS 

Access time from CAS 
Output buffer turn-off delay 
Transition time (rise and fall) 

RAS precharge time 

RAS pulse width_______ __

ffA$ hold time__________
CAS hold time _________

CAS pulse width______ ___
RAS to CAS delay time 
JrAS to RAS precharge time 

ow Address set up time

Row Address hold time___________
Column Address set-up time _____________
Column Address hold time _______________
Column Address hold time referenced to RaS 
Read command set-up time ___________

Read command hold time
Write command hold time
Write command hold time referenced to AaS 
Write command pulse width_______________
Write command to RAS lead time 

Write command to CAS lead time

Data-in hold time ______________
Data-in hold time referenced to ff^S_________
CAS precharge time (for page-mode cycle only) 

Refresh period__________________
WRITE command set-up time____________

CSS to WRITE delay ___________

flAS to WR ifE delay 

to

n 
’2 
'3

Several cycles are required after power up before prooer device 
ooeranon s achieved Any 8 cycles which perform refresn are adequate 
for (hts purpose
AC measurements assume iT 5ns
VIHC (mini or VIH (mini and VIL (maxi are reference levels for measuring 
timing of mput signals Also transition times are measured between 
TheCsp^i.ca*Ions'tor tRC (mini tRMW (mini and tRWC (mini are used 
only to indicate cycle time at wn.cn proper operation over the full 
temperature range lO C O TA o 70 C) is assured
Assumes mat tRCO ■_ tRCDiMaxl It tRCO .s greater than the maximum 
recommended value snown m this table (RAC will increase by the 
amount -at tRCO exceeds the value shown
Assumes nat -RCD maxi ,
Measu. ' w —i a uJC -Ou .alert to 2 TTl u ids md tOipF 
lOFt- -J- ml...ust-et.mvatwmcntne 'Out ac e.estne open circuit 
cormt on and s not le-erenced to output voltage evels

1 7

‘RAC

tQFF

tRAS

tRSH 
tCSH

tCRP 
tASR

tCWL

‘ •i- -
9

Operation w.tn.n the tRCD |m«l Itmil insures UW tRAC (rnaai can be 
met tRCO (maxi is specified as a reference point only if tRCO is greater 
than the specified tRCO Iman limit, then access time s controlled 
exclusively by tCAC
These parameters are referenced to CAS leading edge m early write 
cycles and to WRITE leading edge m delayed wrue or read modify-write 

tWCS. tCWD and tRWO are restrictive operating parameters m read 
write and read modify write cycles only If tWCS i tWCS'mini, thecvcle 
>s an early write cycle and the data out pm will remain open circuit ih.gn 
impedancel throughout the entire cycle If tCWO _• tCWO (mmi and 
tRWO ' tRWO (mini. the cycle isa read write cycle andtneoata out will 
contain data read from the selected cell H neither ot the an we sets of 
conditions s satisfied the condition of the data out ,at access ! mei s 
indeterminate
Effect-ve capacitance calculated »<w the equation ■_ ,t

3 ,oHs and PC-.V- s .poms ” 'or- <-a>
CAS vIHC io Jis itii« 00 Lr

V w.r1

123
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AC ELECTRICAL CHARACTERISTICS
(0?C < Ta < 7CTC) (Vdo » 12.0V x 10%; Vss ’ OV; VB8 “ -5.7V < VBB < -4.5V)

CYCLE TIME tRC(ne)

PARAMETER SYMBOL TYP MAX UNITS NOTES

Input Capacitance (Ao—Ag), 0|N C|1 4 5 pF 17

Input Capacitance RA$. CAS, WRITE Cl2 8 10 pF 17

Output Capacitance (DquT) co 5 7 pF 17,18
e

CYCLE RATE (MHa)

Fig. 1 Maximum ambient temperature versus cycle rale for extended 
frequency ooeratior.. TA (max) for ooeration at cycling rates greater 
than 2.66 MHz (tQyq<375ns> is determined by TA (max) C • 70— 
9.0 x (cycle rate MHz —2.66) for -3. TA (max) °C ■ 70- 9.0 
x cycle rate MHz —3.125MHz) for-2 only.

CYCLE TIME tRC(m)

Fig. 2 Maximum Iqq^ versus cycle rate for device operation at 
extended frequencies. Iqqi (max) curve‘is defined by the equation: 

IqqI (max) mA • 10 ♦ 9.4 x cycle rate (MHz) for -3
(max) mA • 10 + 8.0 x cycle rate (MHz) for -2

CYCLE TIME tpr-lns)

CYCLE RATE (MHz) -103 /tRC(nri

Fi& 3 Maximum Iqq3 v*rju* cycle rate for device 
extended frequencies. Iqqj (max) curve is defined by 

operation at 
the equation:

CYCLE RATE (MHz) - 103 Apclml

Fig. 4 Maximum Iqq4 versus cycle rate for device operation in page 
mode. Iqo4 (max) curve is defined by the equation:

iQQj(max) mA • 10 ♦ 6.5 x cycle rate [MHz] for -3 
,OO3*'n4>l* rn* ■ 10 ♦ 5.5 x cycle rate [MHzJ for -2 

Iqq4 (max) mA ■ 10 ♦ 3.75 x cycle rate (MHz) for -3 
IqO4 (max) mA ■ 10 ♦ 3.2 x cycle rate (MHz) for -2

124
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READ CYCLE

WRITE CYCLE (EARLY WRITE)

OPEN
□out

125
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READ—WRITE/READ—MODIFY-WRITE CYCLE

RAS

CAS

AOORESSES

WRITE

DOUT

°IN

°OUT
OPEN

126
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XGE MODE READ CYCLE
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DESCRIPTION (continued)

System oriented features include ± 10% tolerance on 
all power supplies, direct interfacing capability with 
high performance logic families such as Schottky 
TTL, maximum input noise immunity to minimize 
"false triggering" of the inputs (a common cause of 
soft errors), on-chip address and data registers which 
eliminate the need for interface registers, and two 
chip select methods to allow the user to determine 
the appropriate speed/power characteristics of his 
memory system. The MK 4116 also incorporates 
several flexible timing/operating modes. In addition 
to the usual read, write, and read-modify-write 
cycles, the MK 4116 is capable of delayed write 
cycles, page-mode operation and RAS-onlv refresh. 
Proper control of the clock inputs!RAS, CAS and 
WRITS) allows common I/O capability, two dimen­
sional chip selection, and extended page boundaries 
(when operating in page mode).

prior to CAS, the Din is strobed by CAS, and the 
set up and hold times are referenced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re­
ferenced to the negative edge of WRITS rather than 
CAS. (To illustrate this feature, Din is referenced to 
WRlTt in the timing diagrams depicting the read­
write and page-mode write cycles while the "early 
write" cycle diagram shows Din referenced to CAS).

Data is retrieved frorn the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time.

ADDRESSING

The 14 address bits required to decode 1 of the 
16,384 cell locations within the MK 4116 are multi­
plexed onto the 7 address inputs and latched into the 

’-non-chip address latches by externally applying two 
^negative going TTL-level clocks. The first clock, the 

-—iRow Address Strobe (RAS), latches the 7 row address 
1.7?>'pits into the chip. The second clock, the Column

Address Strobe (CAS), subsequently latches the 7 
TJ^column address bits into the chip. Each of these
- ---’signals, RAS and CAS, triggers a sequence of events

which are controlled by different delayed internal 
' blocks. The two clock chains are linked together 
J^jogically in such a way that the address multiplexing 
...—operation is done outside of the critical path timing 

.Sequence for read data access. The later events in 
-.^j-(the CAS clock sequence are inhibited until the 
___ fxcurence of a delayed signal derived from the RAS
— cha'n- This "gated CAS" feature allows the 

pAS clock to be externally activated as soon as the
-Row Address Hold Time specification (tRAH) has 

been satisfied and the address inputs have been 
changed from Row address to Column address 
information.

Note that CAS can be activated at any time after 
tRAH and it will have no effect on the worst case 
data access time (tRAC) UP to the point in time when 
the delayed row clock no longer inhibits the remain­
ing sequence of column clocks. Two timing end­
points result from the internal gating of CAS which 
are called tRQD (min) and tRcp (max). No data 
storage or reading errors will result if CAS is applied 
to the MK 4116 at a point in time beyond the tRCD 
(max) limit. However, access time will then be de- 
termined exclusively by the access time from CAS 
(tCAC) rather than from RAS (tRAC), and access 
time from RAS will be lengthened by the amount 
that tRco exceeds the tRCD (max) limit.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into 
an on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D||\|) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WRITE input is brought low (active)

128

DATA OUTPUT CONTROL

The normal condition of the Data Output (DOUT) 
of the MK 4116 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high level, 
the DOUT P*n w'** b® floating. The only time the 
output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle. DOUT 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition.

If the memory cycle in progress is a read, read-modify 
write, or a delayed write cycle, then the data output 
will go from the high impedance state to the active 
condition, and at access time will contain the dat; 
read from the selected cell. This output data is thi 
same polarity (not inverted) as the input data. Oncu 
having gone active, the output will remain valid until 
CAS is taken to the precharge (logic 1) state,whether 
or not RAS goes into precharge.

If the cycle in progress is an "early-write" cycle 
(WRITE active before CAS goes active),then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this 
type of output configuration, the user is given full 
control of the Dqut pin simply by controlling the 
placement of WRITE command during a write cycle, 
and the pulse width of the Column Address Strobe 
during read operations. Note also that even though 
data is not latched at the output, data can remain 
valid from access time until the beginning of a sub­
sequent cycle without paying any penalty in overall 
memory cycle time (stretching the cycle).

This type of output operation results in some very 
significant system implications.

Common I/O Operation — If all write operations are 
handled in the "early write" mode,then D|n can be 
connected directly to DOUT for a common I/O data 
bus.

Data Output Control — DOUT will remain valid 
during a read cycle from tCAC until CAS goes back 
to a nigh level (precharge), allowing data to be valid 
from one cycle up until a new memory cycle begins 
with no penalty in cycle time. This also makes the 
RAS/CAS clock timing relationship very flexible.

Two Methods of Chip Selection — Since DQUT
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is not latched, CAS is not required to turn off the 
outputs of unselected memory devices in a matrix. 
This means that both CAS and/or RAS can be decod­
ed for chiD selection. If both RAS and CAS are 
decoded, then a two dimensional (X,Y) chip select 
array can be realized.

Extended Page Boundary — Page-mode operation 
allows for successive memory cycles at multiple 
column locations of the same row address. By de­
coding CAS as a page cycle select signal, the page 
boundary can be- extended beyond the 128 column 
locations in a single chip. (See page-mode operation).

OUTPUT INTERFACE CHARACTERISTICS

The three state data output buffer presents the data 
output pin with a low impedance to VQC f°r a logic 
1 and a low impedance to Vss for a logic 0. The 
effective resistance to Vqc (logic 1 state) is 
420 ft maximum and 135ft typically. The resistance 
to Vss (logic 0 state) is 95 ft maximum and 35 ft 
typically. The separate Vcc pin allows the output 
buffer to be powered from the supply voltage of the 
logic to which the chip is interfaced. During battery 

wdby operation, the Vcc P'n may have Power 
moved without affecting the MK 4116 refresh 

operation. This allows all system logic except the 
HAS timing circuitry and the refresh address logic to 
be turned off during battery standby to conserve 
power.

PAGE MODE OPERATION

The "Page Mode" feature of the MK 4116 allows for 
successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobing the row address into the chip and maintain­
ing the RAS signal at a logic 0 throughout all success­
ive memory cycles in which the row address is com­
mon. This "page-mode" of operation will not dissi­
pate the power associated with the negative going 
edge of RAS. Also, the time required for strobing 
in a new row address is eliminated, thereby decreas­
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to 
the 128 column locations determined by all combi­
nations of the 7 column address bits. However, in 
system applications which utilize more than 16,384 
data words, (more than one 16K memory block), the 
page boundary can be extended by using CAS rather 
than RAS as the chip select signal. RAS is applied to 
all devices to latch the row address into each device 
and then CAS is decoded and serves as a page cycle 
gleet signal. Only those devices which receive both 
RAS and CAS signals will execute a read or write 
cycle.

REFRESH

Refresh of the dynamic cell matrix is accomplished 
performing a memory cycle at each of the 128 

v addresses within each 2 millisecond time interval, 
although any normal memory cycle will perform the 
refresh operation, this function is most easily accomp­
lished with "RAS only" cycles. RAS-only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the IDD3 
specification.

POWER CONSIDERATIONS

Most of the circuitry used in the MK 4116 is dynamic 
and most of the power drawn is the result of an 
address strobe edge. Consequently, the dynamic 
power is primarily a function of operating frequency 
rather than active duty cycle (refer to the MK 4116 
current waveforms in figure 5). This current char­
acteristic of the MK 4116 precludes inadvertent 
burn out of the device in the event that the clock 
inputs become shorted to ground due to system 
malfunction.
Although no particular power supply noise restriction 
exists other than the supply voltages remain within 
the specified tolerance limits, adequate decoupling 
should be provided to suppress high frequency 
noise resulting from the transient current of the 
device. This insures optimum system performance 
and reliability. Bulk capacitance requirements are 
minimal since the MK -4116 draws very little steady 
state (DC) current.

In system applications requiring lower power dissi- 
Kation.the operating frequency (cycle rate) of the 
IK 4116 can be reduced and the (guaranteed maxi­

mum) average power dissipation of the device will be 
lowered in accordance with the <001 (max) spec 
limit curve illustrated in figure 2 . NOTE: The
MK 4116 family is guaranteed to have a maximum 
1DD1 requirement of 35mA @ 375ns cycle (320ns cycle 
for the -2) with an ambient temperature range from 0“ 
to 70°C. A lower operating frequency, for example 1 
microsecond cycle, results in a reduced maximum Idd 1 
requirement of under 20mA with an ambient 
temperature range from 0° to 70°C.

It is possible the MK4116 family (-2 and 3 speed 
selections for example) at frequencies higher than 
specified, provided all AC operating parameters are met. 
Operation at shorter cycle times (<tRC mm) results in 
higher power dissipation and, therefore, a reduction in 
ambient temperature is required. Refer to Figure 1 for 
derating curve.

NOTE. Additional power supply tolerance has Deen included on the V88 
supply to allow direct interface capability with both -5V systems -5 2V ECL 
systems

Fig. 5 Typical Current Waveforms 129
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Although RAS and/or CAS can be decoded and used 
as a chip select signal for the MK 4116,overall system 
power is minimized if the Row Address Strobe 
(RAS) is used for this purpose. All unselected de­
vices (those which do not receive a RAS) will remain 
in a low power (standby) mode regardless of the 
state of CAS.

POWER UP

The MK 4116 requires no particular power supply 
sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insure 
compliance with the Absolute Maximum Ratings, 
MOSTEK recommends sequencing of power supplies 

such that VbB is applied first and removed last 
V(3B should never be more positive than VSS when 
power is applied to Vdq.

Under system failure conditions in which one or more 
supplies exceed the specified limits significant addi 
tional marqin against catastrophic device failure may 
be achieved by forcing RAS and CAb to the inactive 
state (high level).

After power is applied to tfje device, the MK 4116 
requires several cycles before proper device operation 
is achieved. Any 8 cycles which perform refresh 
are adequate for this purpose.

130
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TYPICAL CHARACTERISTICS
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REV. ZONE ECO # REVISION APPD

A 655 INITIAL RELEASE

ENGINEERING SPECIFICATION

P/N 333-0002

DESCRIPTION: IC. Ram 32,768 X 1, MK4332.

Part is to have a 200nS. or less assess time (trac).

Specification Sheet of a MK4332 RAM is to be filed under 
Apple P/N 333-0002.
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TITLE

IC, Ram, 32K, 2OONS, WO/Logo, 
WO/burn-in

TOLERANCES DRAWN BY DATE
UNLESS OTHERWISE SPECIFIED 
nnuFMcmwc arf in iNrwF<?

C. Brown 3-15-81
CHECKED BY DATE

DECIMALS .X±-------- P- ziwxXX ±_____
XXX ±_____

!?■& /f /
APPROVED BY

Pits 7771ANGLES xx.x ±_____
FRACTIONS ♦_____ RECEDED BY date
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ARE IN MILLIMETERS. Mil
MATERIAL:

FINISH:
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DRAWING NUMBER
333-0002-A
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FEATURES

□ Utilizes two industry standard MK 4116 devices in 
an 18-pin package configuration

□ 200ns access time, 375ns cycle (MK 4116-3)
□ Separate RAS, CAS Clocks
□ t 10% toleranceon all power supplies (+12V,±5V)

□ Low power: 482mW active, 40m'.V standby (max)

□ Output data controlled by CAS and unlatched at 
end of cycle to allow two dimensional chip selec­
tion and extended page boundary
JCRIPTION

The MK 4332 is a new generation MOS dynamic 
random access memory circuit organized as 32,768 
words by 1 bit. As a state-of-the-art MOS memory 
device, the MK4332 (32K RAM) incorporates
advanced circuit techniques designed to provide 
wide operating margins, both internally and to the 
system user •

The technology used to fabricate the MK 4332 is 
MOSTEK’s double-poly, N-channel silicon gate, 
POLY II @ process. This process, coupled with the 
use of a single transistor dynamic storage cell, pro­
vides the maximum possible circuit density and 
reliability, while maintaining high performance 
capability. The use of dynamic circuitry through­
out, including sense amplifiers, assures that power

□ Common I/O capability using "early write" 
operation

□ Read-Modify-Write, RAS-only refresh, and Page- 
mode capability

□ All inputs TTL compatiblejow capacitance, and 
protected against static charge

□ 128 refresh cycles for each MK 4116 device in the 
dual density configuration

□ Pin compatible to MK 4116 and MK 4164 

dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine 
to make the MK 4332 a truly superior RAM product.

Multiplexed address inputs (a feature pioneered by 
MOSTEK for its 4K RAMS) permits the MK 4332 
to be packaged in a standard 18-pin DIP. This 
standard package configuration, is compatible with 
widely available automated testing and insertion 
equipment, and it provides the highest possible sys­
tem bit densities and simplifies system upgrade 
from 16K to 64K RAMs for new generation appli­
cations. Non-critical clock timing requirements allow 
use of the multiplexing technique while maintain­
ing high performance.

FUNCTIONAL DIAGRAM PIN CONNECTIONS
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ABSOLUTE MAXIMUM RATINGS*

Voltage on anv pin relative to VgB....................
Voltage on Vqd. VCC supplies relative to Vss 
vbb-vss (Vdd-vss>ov) • ••..................
Operating temperature, Ta (Ambient).............
Storage temperature (Ambient)............................
Short circuit output current.................................
Power dissipation.....................................................

. -0.5V to +20V
-1.0V to + 15.0V
...........................0V
.... 0°C to + 70X 
—65’Cto ♦ 150°C 
.......................50mA 
................... 1 Watt

'Stresses greeter man those listed under 
"Absolute Maximum Ratings" may causa 
permanent damage to me device This «« a 
strata rating only and functional operation 
of the device at these or any other condi­
tion* above those indicated in the opera­
tional sections of tni* specification «• not 
implied. Exposure to absolute maximum 
rating conditions for e*tenoed periods may 
affect reliability.

i
i

L.

r

t- -
c

i

RECOMMENDED DC OPERATING CONDITIONS6 

(0°C< Ta< 70° C)

r

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES

Supply Voltage VOD 
vcc 
vss 
vbb

10.8
4.5 
0 
-4.5

12.0 
5.0 
0 
-5.0

13.2
5.5 
0 
-5.7

Volts 
Volts 
Volts 
Volts

2
2.3
2
2

Input High (Logic 1) Voltage, 
FfTTS. CXS. WRITE

V|HC 2.4 - 7.0 Volts 2

Input High (Logic 1) Voltage, 
all inputs except RAt>, CAS 
WRITE

V|H 2.2 - 7.0 Volts 2

Input Low (Logic 0) Voltage, 
all inputs

V|L -1.0 - .8 Volts 2

DC ELECTRICAL CHARAC1 
(0°C< Ta< 70°C) 0/DD:

rERlSTICS 
= 12.0V ±10%; VCC = 50v 1 10%;-5.7 V < vbb <-4.5V; vss 3 ov)

PARAMETER SYMBOL MIN MAX UNITS NOTES

OPERATING CURRENT 
Average power supply operating current 
(RAS. CZS cycling; tRC M tRC Min)

'DD1 
•CC1 
>BB1

36.5

300

mA

MA

4,19
5
19

"•^ANOBY CURRENT
■_"2ZZEqwer supply standby current (RAS = VmC- 

QQUT “ High Impedance)

•DO2 
>CC2 
<BB2

-20
3.0 
20 
200

mA 
ma 
ma

— ■—----------------------------
RESH CURRENT

— ■"Average power supply current, refresh mode 
, cycling. CSS “ViHCitRC* tRC Min>

IOD3 
>CC3 
>BB3

-20
26.5
20
300

mA 
ma 
mA

4, 19

19

(JSSjE MODE CURRENT
' Axelage power supply current, page-mode 

—1 Operation (RAS “Vt|_,CAS cycling.' 
TTTP^-f tPC Min>

•DO4 
>CC4 
■BB4

28.5

300

mA 

ma

4,19
5
19

----- tftPUT LEAKAGE
Tiipus leakage current, any input

w — 5V, 0V < V|N < +7,0V, all other 
-'"pin* not under test • 0 volts)

•l(L) -20 20 ma

OUTPUT LEAKAGE
Output leakage current (DquT is disabled. 
OV < VouT < +5.5V)

•0(L) -20 20 MA

OUTPUT LEVELS
Output high (Logic 1) voltage (l0UT “ —5mA)

Output low (Logic 0) voltage GOUT * 4.2 mA) < < o o r I 2.4

0.4

Volts

Volts

3

NOTES:

1. T» ii h.r. for op.r.tion at frapuanciat to tpc
(min). Operation at higher cycle rates with reduced ambient 
temperature* and higher power diaiipation is permissible, how­
ever, provided AC operating parameters are met. Seo figure 1 
for derating curve.

4.

2.

3

All voltages referenced to Ve^.

Output voltage will swing from to Vcc ***'•*' activated with 
no current loading. For purposes or maintaining date in standby

5.

mode, may be reduced to without affecting refresh 
operations or data retention. However, the Vq^ (min) specifica­
tion is not guaranteed in this mode.

’OOV ’dD3' •n<s fOO4 d,otnd °n cycle rate. See figures 2,3. and 
4 for Iqq limits at other cycle rates.
Icci and JCC4 depend upon output loading. During readout 
of high level data Vcc *• through a low imoeoance
(135 u tvpl to data out. At all other times Ice consists of 
leafcage currents only.

140
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (6,7,8)
(0C<Ta< 70°C) ’ (Vqd • 12.0V i 10%; Vqc = 5.0V i 10%, Vss ’ 0V, -5.7V< Vbb < -4.5V)

■ -.«.rHlMK 4332
PARAMETER SYMBOL MIN MAX UNITS NOTES
Random read or write cycle time tRC 375 ns 9 <1..-'O
Read-write cycle time tRWC 375 ns 9 r'—I 

j r

Read modify write cycle time tRMW 405 ns 9
rr: i—•

Page mode cycle time tpc 225 ns 9

Access time from RAS tRAC 200 ns 10.12

Access time from CAS tCAC 135 ns 11,12 r ‘r. “~7
Output buffer turn-off delay tOFF 0 50 ns 13 L___ _■r
Transition time (rise and fall) tT 3 50 ns 8

i
1 c. ' ’1^

RAS precharge time tRP 120 ns

A aS pulse width tRAS 200 10,000 ns

RAS hold time tRSH 135 ns

CAS hold time tCSH 200 ns

CAS pulse width tCAS 135 10,000 ns i

" AS to CAS delay time tRCD 25 65 ns 14 i CD L,

♦o fl AS precharge time tCRP -20 ns
i Address set-up time tASR 0 ns

Row Address hold time tRAH 25 ns
Column Address set-up time tASC -10 ns 5?^
Column Address hold time tCAH 55 ns
Column Address hold time referenced to RAS tAR 120 ns

Read command set-up time 'RCS 0 ns
Read command hold time tRCH 0 ns

Write command hold time tWCH 55 ns
Write command hold time referenced to RAS WVCR 120 ns

Write command pulse width tWP 55 ns

Write command to RAS lead time tRWL 70 ns

Write command to CAS lead time tCWL 70 ns
Data-in set-up time tDS 0 ns 15

Data-in hold time tQH 55 ns 15

Data-in hold time referenced to RAS tDHR 120 ns
CAS precharge time (for page-mode cycle only) tCP 30 ns
Refresh period tREF 2 ms

WRITE command set-up time tWCS -20 ( ns 16
CAS to WRITE delay tCWD

80 j ns 16
RAS to WRITE delay tRWO 145 j ns 16

*07*9 Carr OKI
S $eve*a* CvctK*4r* *»U^>rM Alter pnwTjK ©r<JO*r d»*<*QP««t|iOn it Any

S cvctei **><" pe'iym ■*t»ev' are aneouate *o« m.t puipcw
7 AC m»au»re»*er'tt assume ty
* VfHC '”*■"» ™ V|h 'mtAi am Wil imaal ar* *twii >o« meau.r-r'«» m-

(Ml vara*' *'W lurvlion lime, betwmr’ or aM
9 Th* y>*<it.cations ‘<3> 'mmr 'RMW 1 m’c' am ’RWC 'm»m **« used Q"'* «o **<tiC4te

eyev at wr<X>*' JurafiO" Owe» the tyit ’r^uri 4t<a'» rare* 0 C ' T a ' ’0 Cl

14 OwratrOH w<t"in the tflQQ iA«ur«t that <QAC car De met ?RCO
i« m » r»<e»e**c» pa«rt o«*y -f »RC0 ’• mar ma suaeiMcl ir^q t,r,a«i

tree* accas* f«me it controlled »acl«at»«e'v Ov rC<iC
15. Tk«m parameters are 'eferererd to CAS ’eaa ^q edoe eanv wore cycles ana to vWTi

ia«d*«9 enqe ■* detayett *»•« or read mocify ern cycles
’• rVWCS- ‘CWO rRW0 ** 'WriCt'W o©e*a»mR©a»amete«s •« >eaa w»-te jthi read mrxf

ly write ever o«’y »i fWCS " ’WCS ,mm» macwa i»a« ea»‘v write cycf* a«n m< 'fata 
nui am w>ai irmaifl 3ue*s r rcuii <A>dn moeuntri thmuonout me ent.»e cycie it ’z~uurh

Assume '*at 'RC0 f*CO 1* ••CD '• <*•*’** ma« the manmu*i '*Commenrterf
iuf n ■<),» tjCjiy 'MAC Oy *muyiH that 'RCD '*♦

■ 'c*o wUf can’i
mm» f<i fRvMO ’RWO '•*.*» ma cvc»e » a read wr«ie cvce ■»*<’ ma data o«at 
<n data 'ear* from the selected ce” kt neither a< the aBo-m set! at conditton* .«

tnji ’ RCO
’? We-sw--.* *|-“ J Uf.w.el.rnttoJTTUt.aihar’.llOQbl
’ 1 ’□! F "" *• ■"•»!( AR th Oy’Ou I — l"» -,*#*•’ c ' j.t C •'« *»tc|

e -•••>- r -• i •■)

1 7 Effective cauac tare*
suuu*-e^ al nommat * 

'8 £A$ V,hC 11
19 One >8* RAM «at.l «

caKwiated ♦'o*n m« eawar an C i.'x w»m '.v 
•*‘1 ' w
•Ocul
• t*e r*e t « tta^Jhr ■^'>te

3 eotn ard Dceie»
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AC ELECTRICAL CHARACTERISTICS
(Ot Ta <70^} (VDO = 12.0V x 10%; VSS s OV; -5.7V < VBB < -4.5V)

PARAMETER SYMBOL TYP MAX UNITS NOTES

Input Capacitance (AQ-Ag), 0|N C|1 8 10 pF 17

Input Capacitance RAS, CAS, C!2 8 10 pF 17

Output Capacitance (DOUT> co 10 14 pF 17, 18

Input Capacitance WRITE C|3 16 20 pF 17

AC Characteristics and Timing Diagrams of MK4116-3.

CYCLE TIME tBC <n»)

IFig-.jl rWrrjmum imbium temperature versus cycle rate for extended 
iiequener-bperatior.. TA (max) for operation at cycling rates greeter 
thto'2j5<"|4Hz (tCYc<S75n«) it determined by TA (max) C ■ 70- 
^.0 a li.Ji.le rate MHz —2.66) for -3.

CYCLE TIME t RC (<•)

CYCLE RATE (MHI)- »s/t acf"*1

Fig. 3 Maximum lD03 versus cycle rate for device operation at 
extended frequencies. l003 (max) curve it defined by the equation:

i003(max) mA - 10 + 6.5 x cycle rata (MHz) for -3

CYCLE TIME tac '"•*

CYCLE RATE (MHt). »s/t rc1"*1
Fig. 2 Maximum l0D1 versus cycle rate for device operation at 
extended frequencies l001 (max) curve it defined by the equation: 

l001 (max) mA ■ 10 ♦ 9.4 x cycle rate [MHzl for -3

Fig. 4 Maximum lDD4 versus cycle rate for device operation in page 
moda. 10D4 <m*xl curve is defined by the equation:

1004 mA “ 10 * 3-75 « cyclei^u[MHz]forj3_____________ _
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WRITE CYCLE (EARLY WRITE)

°OUT v0L. OPEN
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0OUT

RAS

CAS

AOORESSES

WRITE

DOUT

Din

READ-WRITE/READ—MODIFY-WRITE CYCLE

"RAS-ONLY" REFRESH CYCLE
NOTE: CAS - V|HC- WRITE - Don't Care

OPENV

> rn m rpi7_’ ihq juj.rp’ tn v
r n ! \ t -1 □□13 Lt L33t i-P
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PAGE MOOEJREAD CYCLE
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LESC= continued)

-ifSts” ‘matures include ± 10% tolerance on
%i z-zz direct interfacing capability with
’ gh logic families such as Schottky

i L, -a/ inout noise immunity to minimize 
"‘a'se of the inputs (a common cause of
toft t~zn y zr,:p address and data registers which 
e mir.Ks t* for interface registers, and two 
chip se act -e~ods. The MK 4332 also incorporates 
v*/eral fsr's'% timing/operating modes. In addition 
’o the -xai read, write, and read-modify-write 
cycles, re 4332 is capable of delayed write 
cycles, cate r">de operation and RA§-<ylv refresh. 
P’-oper cytrot of the clock inputs! RAS, CAS and 
Z RlTE) a z/n common I/O capability, two dimen- 
: onal cr’c Section, and extended page boundaries 
'when cce'ating in page mode).

ADDRESSING

User access of a unique memory location is accom­
plished ty multiplexing 14 address bits onto 7 ad­
dress inputs and by proper control of the RAS and 
CAS clocks in a manner identical to operation of the 
MK 4116 in a memory array board. The 14 address 
bits required to decode 1 of the 16,384 cell locations 
within eacn MK 4116 are multiplexed onto the 7 
address inputs and latched into the on-chip address 
latches by externally applying two negative going 
TTL-le.el clocks. The first clock, the Row Address 

.. J Strobe (RAS), latches the 7 row address bits into the 
.. J chip. The second clock, the Column Address Strobe 

\ (CaS). subsequently latches the 7 column address 
■ /bits into the chip. Each of these signals, RAS and 

. CAS, triggers a sequence of events which are con- 
trolled by different delayed internal clocks. The two 

.T'^clock chains are linked together logically in such a 
_Jway that the address multiplexing operation is done 

.——outside of the critical path timing sequence for read 
. r-pjdata access. The later events in the CAS clock se- 
Z." JJpuence are inhibited until the occurence of a delayed

* signal derived from the RA$ clock chain. This "gated 
;—-tAS" feature allows the CAS clock to be externally 
LZZ“Jctivated as soon as the Row Address Hold Time 

—specification (tRAH) has been satisfied and the ad­
dress inputs have been changed from Row address to 
Column address information.
Note that CaS can be activated at any time after 
tRAH and it will have no effect on the worst case 
data access time (tRAC) up t0 the point in time when 
the delayed row clock no longer inhibits the remain­
ing sequence of column clocks. Two timing end­
points result from the internal gating of CAS which 
are called tRCD (min) and tRCp (maxL No data 
storage or reading errors will result if CAS is applied 
to the MK 4332 at a point in time beyond the tRCD 
(max) limit. However, access time will then be de- 
termined exclusively by the access time from CAS 
(tCAC) rather than from RAE (tRACZ and acC8SS 
time from RAS will be lengthened by the amount 
that tRCD exceeds the tRCD (max) limit.

several options_in_the write cycle timing In ai write 
cycle if the WRITE input is brought low (active) 
prior'to CaS, the D|N is st,robed ’"if Jhl
set-up and hold times are referenced to CAS. It the 
input data is not available at CA§ time or if it is 
desired that the cycle be a ready*r'tf® cv^ 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this d8^®d te 
cycle" the data input set-up andcJg^tll?aetLr^han 
ferenced to the negative edge of WRITE rather than 
CA5. (To illustrate this feature. Din is/^ereh?cedaJj 
WRITE in the timing diagrams deP'^'"9 e„™*
write and page-mode write cycles while the ^v 
write" cycle diagram shows Din referenced to CAS). 
Data is retrievedjrom the memory in a read cycle 
bv maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle m which 
CAS is active (iSw). Data read from .^e selected ceH 
will be available at the output within the specified 
access time.

DATA OUTPUT CONTROL
The normal condition of the Data Output (QOUTj 
of the MK 4332 is the high impedance
state That is to say, anytime CAS is at a high level, 
the DOUT P'n will be floating. The only 
output will turn on and contain either ai logic 0 or 
logic 1 is at access time during a read cyd^ 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition.
Since the outputs to both 16K devices are tied to­
gether, care must be taken with the t'mmg relation­
ships of the two devices. Both devices cannot be actn 
vated at the same time as a data output conflict can 

occur.
. If the memory cycle in progress is a read read-modify 
write, or a delayed write cycle, then the data output 
will go from the high impedance state to the active 
condition and at access time will contain the dat 
read from the selected cell. This output data is thi 
same Dolarity (not inverted) as the input data. Oncu 
Sng gone active, the output will remain valid unti 
As is taken to the precharge (logic 1) state.whether 
or not RAS goes into precharge.
If the cycle in progressjs an "early-write cycle 
(WRITE active before CAS goes, actlve2’tb5nct,r_ 
output pin will maintain the high ,mPedan<S,stt^® 

the^ser“ T" 2 

pdacement S 
and the pulse width of the Column Address Strobe 
durina read operations. Note also that even though 
data ?s not latched at the output, data ca" r8n?a!" 
valid from access time until the :°f oJra||
sequent cycle without paying any pena ty in overall 
memory cycle time (stretching the cycle).

This type of output operation results in some very 
significant system implications.

Common I/O Operation - If all write operations are 
handled in the "early write mode,then Din gan be 
connected directly to DOUT for a common I/O data 

bus.

Data Output Control - DOUT 
durinq a read cycle from tQAC until CAS goes bac 
to a high level (precharge), allowing data nds
from one cycle up until a new memory cycle begins

i
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DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into 
an on-ch io register by a combination of WRITE and 
CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (Din) register. This permits
146

Distributed under the Creative Commons License on page 4



Apple ][ / ][-Pliis Level II Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc.

with no penalty in cycle time. This also makes the 
RAS/CAS clock timing relationship very flexible. 

Two Methods of Chip Selection — Since DOUT 
s not latched, CAS is not required to turn off the 
outputs of unselected memory devices in a matrix. 
This means that both CAS and/or RAS can bedecod- 
ed for ch io selection. If both RAS and CAS are 
decoded, then a two dimensional (X,Y) chip select 
array can be realized.

Extended Page Boundary - Page-mode operation 
allows for successive memory cycles at multiple 
column locations of the same row address. By de­
coding CAS as a page cycle select signal, the page 
boundary can be extended beyond the 128 column 
locations in a single chip. (See page-mode operation).

OUTPUT INTERFACE CHARACTERISTICS

The three state data output buffer presents the data 
output pin with a low impedance to VQC for a logic 
1 and a low impedance to Vss for a logic 0. The 
effective resistance to Vqc (logic 1 state) is 
420 fl maximum and 13512 typically. The resistance 
to Vss (logic 0 state) is 95 J2 maximum and 35 £2 
typically. The separate Vcc pin allows the output 
buffer to be powered from the supply voltage of the 
logic to which the chip is interfaced. During battery 
standby operation, the Vcc P'n may have power 
removed without affecting the MK 4332 refresh 
operation. This allows all system logic except the 
HAS timing circuitry and the refresh address logic to 
be turned off during battery standby to conserve 
power.
PAGE MODE OPERATION

The "Page Mode" feature of the MK 4332 allows for 
successive memory operations at multiple column 
locations of the same row address with increased 
speed without an increase in power. This is done by 
strobing the row address into the chip and maintain­
ing the RAS signal at a logic 0 throughout all success­
ive memory cycles in which the row address is com­
mon. This "page-mode" of operation will not dissi­
pate the power associated with the negative going 
edge of kAS. Also, the time required for strobing 
•n a new row address is eliminated, thereby decreas­
ing the access and cycle times.

The page boundary of a single MK 4116 is limited to 
the 128 column locations determined by all combi­
nations of the 7 column address bits. However, the 
Page boundary of the MK4332 can be extended by 
using CAS rather than RAS as the chip select signal. 
RAS is applied to all devices to latch the row address 
into each device and then CAS is decoded and serves 
as a page cycle select signal. Only those devices which 
receive both RAS and CAS signals will execute a read 
or write cycle.

Refresh

Refresh of the MK4116 is accomplished by perform­
ing a memory cycle at each of the 128 row addresses 
within each 2 millisecond time interval. Each 
MK4116 in the MK4332 Assembly must receive all 
128 refresh cycles within the 2ms time interval in 
°raer to completely refresh all 32,768 memory cells.

Although any normal memory cycle will perform the 
refresh operation, this function is most easil?/TJ-l-^-| 
accomplished with "RAS-only” cycles. RAS-only re- — 
fresh resuls in a substantial reduction in operati^pj 
power. This reduction in power is reflected in the-- 
IDD3 specification.

j i IPOWER CONSIDERATIONS

Most of the circuitry used in the MK 4332 is dynamic.—- > 
and most of the power drawn is the result of an-'-7 
address strobe edge. Consequently, the dynamic- | 
power is primarily a function of operating frequency —j;J 
rather than active duty cycle (refer to the MK 41JEP 
current waveforms in figure 5). This current charp 
acteristic of the MK 4332 precludes inadvertent t.. 
bum out of the device in the event that the clock i : 
inputs become shorted to ground due to system^ 
malfunction.
Although no particular power supply noise restriction,. —» 
exists other than the supply voltages remain withirn___ ■,
the specified tolerance limits, adequate decoupling'- 
should be provided to suppress high frequency:: 
noise resulting from the transient current of th* 
device. This insures optimum system performance 
and reliability. Bulk capacitance requirements are 
minimal since the MK 4332 draws very little steady 
state (DC) current.

In system applications requiring lower power dissi­
pation.the operating frequency (cycle rate) of the 
MK 4332 can be reduced and the (guaranteed maxi­
mum) average power dissipation of the device will be 
lowered in accordance with the IOD1 (max) spec 
limit curve illustrated in figure 2 . NOTE : The 
MK 4332 family is guaranteed to have a maximum 
IDD1 requirement of 36.5mA @ 375ns cycle with an 
ambient temperature range from 0° to 70° C. A lower 
operating frequency, for example 1 microsecond 
cycle, results in a reduced maximum l0D1 require­
ment of under 20mA with an ambient temperature 
range from 0° to 70° C.
NOTE: Additional power supply tolerance has been included on the 
Vgg supply to allow direct interface capability with both -5V systems 
—5.2V ECL systems.

Fig. 5 Typical Current Waveforms for the MK 4116
•H/oH CTCLC uwe Hs *«.’ ctclx
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Althouah RAS and/or CSS can be decoded and used

d'onoT^e .WS* 

in a lowjpower (standby) mode regardless of the 

state of CAS.

POWER UP
Tho MK 4332 reauires no particular power supply 

such that Vrb is applied first and removed las 
VBB should never be more positive than VSS whe 

power is applied to VdD-
Under svstem failure conditions in which one or moi 
supplles/exceed the specified Ijm.u T.’®.™ 
t»nachiwS'bv9forcingaSSOand » the inact' 

state (high level).
After Dower is applied to the device, the MK 433 
requires several cycles before proper ^v<ce operate 
is achieved. Any 8 cycles which pertorm refre 
are adequate for this purpose. Each MK 4110 aevv 
must receive the 8 initialization cycles.

148
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TYPICAL CHARACTERISTICS OF THE MK 4116

TYPICAk IOO1 *00
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?00 •13-2*1 * i

1 i ~ “I
; i

I !
! 1

I i

TYUCAl ACCtSl TIMJ IN0RMM.1M0I " vcc
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REV. ZONE ECO # REVISION APPD

A 655 INITIAL RELEASE

^07
? Or- „

ENGINEERING SPECIFICATION

P/N 333-0007

DESCRIPTION: IC, Ram, 65,536 X

Part is to have a 200nS, or less 

Specification Sheet of a typical 
Apple P/N 333-0007.

1, 4164 type, 128 cycle, refresh, 

access time (trac).

4164 RAM is to be filied under

C'

oz

T4?

□j m 
?o

on 
X

o 
T1

^NEXT ASSY. SCALE:

r TOLERANCES DRAWN BY DATE
UNLESS OTHERWISE SPECIFIED 
niMKXICIONC ADC TN INCWFA C Rrnwn

CHECKED BY DATE
DECIMALS X±_____ •? /sl» /

YX +• X ———
.XXX ± _____ APPROVED BY /DATE

ANGLES xx.x ±_____
FRACTIONS ± _ RELEASED BY DATE
DIMENSIONS IN PARENTHESIS 4-lidfi
ARE IN MILLIMETERS.

MATERIAL:

FINISH:

TITLE
IC, Ram, 64K, 2OONS, 128 cycle, 
refresh, WO/Loao, WO/burn-in

SIZE DRAWING NUMBER
A 333-0007-A

^cipplcz computer inc

SHEET | OF 7
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NEC Microcomputers, Inc. C D ’
IS J

Li J

____ LI
65,536 x 1 BIT DYNAMIC 
RANDOM ACCESS MEMORY

NEC
UPD4164-1 
UPD4164-2 
MPD4164-3

DESCRIPTION The NEC gPO4164 is a 65,536 words by 1 bit Dynamic N-Channel MOS RAM designed 
to operate from a single +5V power supply. The negative-voltage substrate bias is 
internally generated — its operation is both automatic and transparent.

TheMPD4164 utilizes a double-poly-layer N-channel silicon gate process which provides 
high storage cell density, high performance and high reliability.

The pPD4164 uses a single transistor dynamic storage cell and advanced dynamic 
circuitry throughout, including the 512 sense amplifiers, which assures that power 
dissipation is minimized. Refresh characteristics have been chosen to maximize yield 
(low cost to user) while maintaining compatibility between Dynamic RAM generations.

The pPD4164 three-state output is controlled by CAS, independent of RAS. After a 
valid read or read-modify-write cycle, data is held on the output by holding CaS low. 
The data out pin is returned to the high impedance state by returning CAS to a high 
state. The ^PD4164 hidden refresh feature allows CAS to be held low to maintain 
output data while RAS is used to execute RAS only refresh cycles.

Refreshing is accomplished by performing HAS only refresh cycles, hidden refresh 
cycles, or normal read or write cycles on the 128 address combinations of Aq through 
Aq during a 2 ms period.

Multiplexed address inputs permit the //PD4164 to be packaged in the standard 16 
pin dual-in-line package. The 16 pin package provides the highest system bit densities 
and is compatible with widely available automated handling equipment.

FEATURES • High Memory Density
• Multiplexed Address Inputs
• Single +5V Supply
• On Chip Substrate Bias Generator
• Access Time: gPO4164-1 — 250 ns

pPD4164-2 - 200 ns
MPD4164-3 - 150 ns

• Read, Write Cycle Time: ;zPD4164-1 — 410 ns
gPD4164-2 - 335 ns
gPD4164-3 - 270 ns

• Low Power Dissipation: 250 mW (Active); 28 mW (Standby)
• Non-Latched Output is Three-State, TTL Compatible
• Read. Write, Read-Write; Read-Modify-Write, RAS Only Refresh, and Page Mode

Capability
• All Inputs TTL Compatible, and Low Input Capacitance
• 128 Refresh Cycles (Aq-A6 Pins for Refresh Address)
• CAS Controlled Output Allows Hidden Refresh
• Available in Both Ceramic and Plastic 16 Pin Packages

PIN CONFIGURATION NC C □ vss

OlN C 2 15 JCA5

WE Q 3 14 □ °OUT

^AS C 4 MPO 13 □ a6
AO C 5 4164 □ a3
*2 C 6 11 □ a4

ai d 7 10 □ As

vcc c 8 9 □ a7

PIN NAMES

A0-A7 Address Inputs

RAS- Row Address Strobe

CAS Column Address Strobe

WF Write Enable

O|N Data Input

OouT Data Output

Vcc Power Supply (+5V>

vss Ground

NC No Connection
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UPD4164
 0°Cto+70’C 

Operating Temperature ... ...............-55°C to+150°C
Storage Temperature (Ceramic Package!...................................... - 55° C to +125° C

(Plastic Package!.......................... ’ ’ ‘ +? Vol„ q
Supply Voltages On Any Pin Except VqC................................... .. - 0.5 to +7 Volts (J)
Supply Voltage Vqc...........................................................................  50 mA
Short Circuit Output Current................................................................................. 1 Watt
Power Dissipation...............................................................

ABSOLUTE MAXIMUM 
RATINGS’

Note: ® Relative to VSS
h under -Absolute Maximum Ratings" may cause permanent

COMMENT. Stress above those listed u d fuoctiOnal operation of the device at these or
damage to the device. Th.s is a stress rating o V ioo>1 $ectionl of this specification is not
any other Conditions above those mdicat for extended periods may affect device
implied. Exposure to absolute max.mum rating cond.t o

reliability.
DC CHARACTERISTICS

Supply Voltage

•T, - 25* C

limits

SYMBOL

•CC2

uPO4164-1

uPCX 164-2

uPO4164-3

uPO4164-1

uPO4164-2

uPO4164-3

'O(L)

•OH

All Voltages 
Referenced 
to Vs$

Not-; Q T. i» specified her. for

obtained with the output open.

input Leakage Current
Any Input

Under Test - 0V
Output Leakage Current
OouT » Oisabled.

Page Mode Current

Current,

Standby Current

Current (RAS • V|HC- 
Hi-lmpedance)

Refresh Current
Average Power Supply
Current,
Refresh Mode:__
RaS Cycling, CAS • V|hC-

CONDITIONSUNIT

CAS. WE
Low Level Input Voltage,
All Inputs

uP04164-1

uPO4164-2

uPO4164-3

PARAMETER

High Level Input Voltage. 
(RA§, CAS. WE)
High Level Input Volt—e. 
All Inputs Except RAS,

Operating Current
Average Power Supply
Operating Current 

FTXS, Ca3 Cycling:

Power Supply Standby

Average Power Supply

Page Mode Operation 
TO • Vit ; Ca?Cycling

V|N “ 0 ,0 Volts,
All Other Pins Not

Output Levon 
High Level Output 
Voltage UoUT * ® 
Low Lewi Output 
Voltaoe OouT “ 4.2
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AC CHARACTERISTICS

4

/IPD4164

T,-a*wM*C<D;Vee-«lV> <j) (J

raaamotia rr*MOA

LIMITS

UNIT
TUT

CONQlTlQMS
eROdlOAl «RO410A2 eRO41«A4

MIN MAX MW MAX MIN MAX

AeMem AeM er Wnee
CiMeFme

«wc 410 330 no ae 0
Am write Cv«e Tene ’RWC MS 330 no a 0
Rew MM Crete Fme *c 370 m 1T0 mb

Amm Time from iC££ MAC no 300 100 mb ® ®
Adeem Time frem Sk «CAC )M 130 100 <w <5 i>
Owwet OmNw TwmQW
Mee

*ORR 4 so 9 •0 0 40 ®
3 90 J SO 1 90 e» ®

AaI Rbcm»w F«me «RR IM 130 100 ae
haTam Moot <*A« no <0000 300 10 ©00 IM iQOoo m
RAS Mew Tern 'ASM ’SO 130 100 m
CAS RUw WWW »CAS IOS 10 ©00 130 10000 100 10000 <w
CAS MeM Twee *CSH no 300 ISO o
RAi wtAi OX* flow ’AC© » M 30 M a 90 <■ 0
UF «■ A AS RreeMrfB Tme <CA» • 0 0 ■a
?AS RrecMrw Fme

’CRN 30 X n ee
Ca3R*wmmi Time 4Rw 
R40» MeM Crrt* O*M)

& >00 so 00 •

WIT WecMrw HeM
Few

’ARC 0 0 0 •

R— I — 11 U«-U« TW ’AJR 0 0 0 m
Ame Merrti HeM Time IRAM n 30 ti ae
CdArme Addrem Set-m 
Time

’ASC 0 0 0 ae

CeAene AMwe Held Fme ’CAM TO w 40
CeAiiww Mdr>tt Me*d Time
AetemneeM te RAS

UR too IX M ae

Rem Cewem tet^Ue 
Time

ucs 0 0 0 •

Aeod Cemmend MeM Fme
Aeteraneed te A AS

’RAM 30 n 30 at o
Reed CemmeM Mett Time <RCM 0 0 0 ae o
Wne Commend MeM Time *WCM a M 40 a

AeNreneed te RAS
‘WCR 100 130 M MB

WneCemM Retee Wld* Rar TO M 40 a*
WMM Cemmend to RAS 
UM Fme

tRWL too M 40 m

WM Cemw* te OU*
UM Time

■CWL TOO as 40 -

0— 1* Set UB Time ’OS 0 0 0 o
Otd^HtdTww ’OM TO M 40 ae 0
Pen la Me4d Time ’OMR '100 )X M at

AMreM RenM ’RSF 3 3 3 >■
WRITS Coma* SetAJd 
Fea

wa -30 -X -JO a —0—
l*r»w«iTC om <cwo HO so SO <a 0
itlS'iaM'in M«

’RWO 300 140 ■110 MB 0
0

o

®
D

®
®
0
O 
o

Distributed under the Creative Commons License on page 4



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.

yu.PD4164

°OUT

•a»

CAt

*OO«<SMS

mTTI

AOOMtMS

TIMING WAVEFORMS
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APD4164

TIMING WAVEFORMS 
(CONT.)

PAGE MODE REAO CYCLE

PAGE MODE WRITE CYCLE
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^,PD4164
CAPACITANCE

T, • 0* to +70*C; VCC - *5V ♦ 1O'*;VSS"QV

parameter SYMBOL

Input Capacitanc* 
(A0-A7I. Din

cn

Input Capacitanca 
KXS. CAS. WRITS CU

Output Capacitanca 
(OqUT)

co

LIMITS TEST 
CONDITIONS

e

package outlines
gPD4164C

mPD4164D

Catamie

|T«
WU.iMTtM | IHCMU I

A ntMAK «•> UA«-

« IM 0 0*

c IM 31*

0 It 0 0®

I 1».M at*

p 13

« ItMML flMMtK. 

M &t Milt. " j n am _

1 At MAX • UMAX.

J 11 MAM.
p iMIUJ.

c ?• fl M

u »J Ufl

M UP Ml

41640S-9-80-CAT
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j Fiaiicc-'cnal Transceiver

General Description
The DP73O4B/DP83O4B are 8 bit TRI STATE* Schottky 
transceivers. They provide bidirectional drive for bus- 
oriented microprocessor and digital communications 
systems. Straight through bidirectional transceivers are 
featured, with 16 mA drive capability on the A ports and 
48 mA bus drive capability on the B ports. PNP inputs 
are incorporated to reduce input loading.

Transmit/Receive inputs determine the direction of logic 
signals through the bidirectional transceiver. The Chip 
Disable input disables both A and B ports by placing 
them in a TRI-STATE condition.

The output high voltage (Voh) '* specified at Vqq - 1.15 V 
minimum to allow interfacing with MOS, CMOS, TTL, 
ROM, RAM, or microprocessor!.

Features
• 8 Bit Bidirectional Data Flow Reduced System 

Package Count
• Bidirectional TRI-STATE Inputs/Outputs Interface 

with Bus-Oriented Systems
• PNP Inputs Reduce Input-Loading
• Output High Voltage Interfaces with TTL, MOS, and 

CMOS
• 48mA/300pF Bus Drive Capability '
■ Pinouts Simplify System Interconnections
■ Transmit/Receive and Chip Disable Simplify Control 

Logic
■ Compact 20 Pin Dual-ln-Line Package
• Low Ice Power (8 mA per bidirectional bit)

Logic and Connection Diagrams

ICO)

TRARSMIT/RtCttVE 
n/»)

I FORT

Order Numbers: DP8304BN, DP8304BJ, 
DP73O4BJ

See NS Package J20A or N20A

Logic Table

X - Don't Care

Inputs Resulting Conditions
Chip Disable Transmit/Receive A Port < B Port

0 0 OUT IN

0 ' 1 IN OUT
1 - X TRI-STATE TRI-STATE

i

y

v 315-8304-00

ENGINEERING RELEASE.
This revision supersedes all previous versions, 

destroy all aid copies.

The infomaticn contained herein Is the 
proprietary property of Apple Computer. Inc.

ECO-443-
DATE®/®°
INITIATED BY

RELEASED BY

APPROVED BY_

'S'/zreT / °p
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Absolute Maximum Ratings ij Recommended Operating Conditions
Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature .
Lead Temperature (soldering. IQ 
Power Dissipation •

Cavity Package (J) 
Molded Package (NJ

7V Min Max Units
5.5V
5.5V 

-65*C to +150*C 
ds J 300* C

Supply Voltage (Vqq) 
DF73048 4.5 5.5 V
DP8304B 4.75 5.25 V

730 mW at 125*C
Temperature (Ta) 

DP7304B -55 125 *c
600 mW at 70* C DP83O4B 0 70 *C

Electrical Characteristics (Notes 2 .nd 3)

Parameter | Conditions | Min | Typ | Max | Units

APort(A0-A7)
V|H Logical "1" Input Voltage CD -0.8V, T/R - 2.0V 2.0 V

Vil Logical "0" Input Voltage CD-0.8V. T/R-2.0V DP83O4B 0.8 V

DP73O4B * 0.7 V .

Vqh Logical "1" Output Voltage CD-0.8V, T/R -0.8V, lOH “ -0.4 mA Vcc-1-15 VCC-0-7 V

<OH “ ~3 mA 2.7 3.95 V

Vol Logical "0" Output Voltage CD - T/R - 0.8 V lOL “ 16mA (8304B) 0.35 0.5 V

Iql “ 8 mA (both} 0.3 - 0.4 V

•OS Output Short Circuit
Current

CO - 0.8V, T/R - 0.8V, Vo - 0V. 
Vcc “ max. Note 4

-10 -38 -75 mA

l|H Logical "1" Input Current CD - 0.8V, T/R - 2.0V, V|H - 2.7 V 0.1 80 pA
|| Input Current at Maximum

Input Voltage
CD - 2.0 V, VCC “ max, V|H - 5.25 V 1 mA

1 IL Logical "O'* Input Current CD - 0.8V, T/R - 2.0V, V|L - 0.4V -70 -200 pA

VclAMP Input Clamp Voltage CD » 2.0V. I(N - -12 mA -0.7 -1.5 V

Iqq Output/lnput
TRI-STATE Current -

CD - 2.0V V|N -0.4 V -200 pA

V|N - 4.0V 80 pA
BPort(B0-B7)

V|H Logical ”1" Input Voltage CO - 0.8V, T/R - 0.8V .2.0 V

V|L Logical "O'* Input Voltage CD - 0.8V, T/R - 0.8V DP83O4B 0.8 V

DP73O4B • 0.7 V

VOH Logical "1" Output Voltage CD-0.8 V, T/R - 2.0 V <OH “ -0 4 mA Vcc-1-15 Vcc-0.8 V

•OH " -5 mA 2.7 3.9 V

lOH “ -10 mA 2.4 3.6 V

VOL Logical "0” Output Voltage CD - 0.8V, T/R - 2.0V IOL“20mA 0.3 0.4 V

IQL “ 48 mA 0.4 0.5 V

iOS Output Short Circuit
Current

CD - 0.8V, T/R - 2.0V, Vo - 0V, 
Vcc “ max. Note 4

-25 -50 -150 mA

•|H Logical "1** Input Current CD - 0.8V, T/R - 0.8 V, V|H - 2.7 V 0.1 80 pA
|| Input Current at Maximum

Input Voltage
CD - 2.0V, Vcc “ m»x, V|H - 5.25V 1 mA

l|L Logical “O" Input Current CD - 0.8V, T/R - 0.8V, Vic - 0.4V -70 -200 pA

VCLAMP Input Clamp Voltage CD - 2.0V, I|N--12mA -0.7 -1.5 V

•OO Output/lnput
TRI-STATE Current

CD - 2.0V V|N -0.4V -200 pA

V|N “ 4.0V +200 PA

3/5-^304-OO sht 2
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Condition*

’IL V|L - 0.4 V

11N “ -12 mA

CP"VINA " 0.4 V, T/R - 2 V. VCC - max

tPDLHB

tPLZB

tPHZB .

VIH-2-7V 

Vqc ’ max, Vm

,Propagation Delay to a Logical "1“ from 
A Pon to B Port

VCLAMP Input Clamp Voltaga 
Power Supply Current 

’CC Power Supply Current

Propagation Delay from a Logical "0” to 
TRI-STATE from CD to B Port
Propagation Delay from a Logical "1" to 
TRI-STATE from CD to B Port

tpZLB Propagation Delay from TRI STATE to 
a Logical "0" from CD to B Port

Switching Characteristics vcc-5v.ta-25°c

[ Typ | Mix | UniU

«
Condition*

Parameter

____________ Perimeter

Control Input* CD. T/R

V|H Logical "1 '* Input Voltage

V|L Logical ’ 0" Input Voltage

11H Logical "1” Input Current

’l Input Current at
Maximum Input Voltage 

Logical "O'* Input Current

A Port Data/Mode Specification*

IPDHLA Propagation Delay to a Logical "0” from
B Port to A Port

tPDLHA Propagation Delay to a Logical “1“ from 
B Port to A Port

1PLZA Propagation Delay from a Logical "0" to 
TRI-STATE from CD to A Port

tPHZA Propagation Delay from a Logical “1" to 
TRI-STATE from CD to A Port

1PZLA Propagation Delay from TRI-STATE to 
a Logical “0” from CD to A Port

»PZHA Propagation Delay from TRI-STATE to 
a Logical "1" from CD to A Port

B Port Data/Mode Specification*

W’DHLB Propagation Delay to a Logical ~0~ from 
• A Port to B Port

tPZHB Propagation Delay from TRI-STATE to 
• • Logical “1" from CD to B Port

CD " 2.0 V, V|^j - 0.4 V, Vqq « max

CD - 0.4 V. T/R - 0.4 V (figure A),
Rl - Ik, R2 - 5k, Cl - 30pF 

“ 0.4 V, T/R • 0.4 V (figure A)
R1 - Ik, R2 - 5k, C1 - 30pF

B0 to B7 - 0.4 V, T/R - 0.4 V (figure C) 
S3 - 1, R5 » Ik, C4 - 15pF

80 to B7 - 2.4 V, T/R - 0.4 V (figure C) 
S3 - 0, R5 - 1 k, C4 - 15 pF

B0 to B7 - 0.4 V, T/R - 0.4 V (figure C) 
S3 - 1, R5 - Ik, C4 - 30pF

B0 to B7 - 2.4 V, T/R - 0.4 V (figure C) 
S3-0. R5 - 5k. C4 - 30 pF

CD - 0.4 V, T/R - 2.4 V (figure A)
Rl - 10012, R2 - Ik, Cl - 300pF
Rl “ 66712, R2- 5k,C1 - 45pF

CD - 0.4 V, T/R - 2.4 V (figure A|
Rl - 10012, R2-i1k, C1 - 300pF
R1 -66712. R2- 5k, Cl -45pF-

A0 to A7 - 0.4 V, T/R - 2.4 V (figure C) 
S3 - 1, R5 - Ik, C4 - 15pF

A0 to A7 - 2.4 V, T/R - 2.4 V (figure C) 
S3 - 0, R5 - 1k, C4 « 15 pF

A0 to A7- 0.4 V, T/R - 2.4 V (figure C) 
S3 - 1. R5 - 100(2, C4 - 300 pF
S3-1,R5 - 667(2,04 -45 pF

A0 to A7 - 2.4 V, T/R - 2jt V (figure C) 
S3 - 0, R5 - Ik, C4 - 300pF
S3 - 0. R5 - 5k, C4 - 45pF
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Not* 1: "Abeolut* Maximum Rating*" er* tho*a value* beyond which th* *af«ty of th* dawice cannot be ^jaranteed. They are not 
meant to imply that the devic** thould be operated at theta limit!. The table* of "Electrical Characteriitica" provide conditioni for 
actual device operation.
Note 2: Unlen oth*rwi»* »pecified, min/max limit* apply acroa* th* tupply and temperature range litted in th* tabl* of Recommended 
Operating Condition*. All typical value* given er* for Vqq “ 5V and T^ “ 25*C.
Note 3: All current! into devic* pin* ar* positive; all current! out of device pin* ar* negative. All voltage* ar* referenced to ground unle*a 
otherwite tpecified.
Note 4: Only one output at a time ihould be aborted.

Switching Characteristics (cont’d.) vCc - 5 v, ta - 25*c

Parameter Condition* Min Typ Max Unit*

Tranjmit/Receive Mode Specification* -- •

‘PHZR Propagation Delay from a Logical "1" to 
TRI STATE from T/R to A Port

CD - 0.4V (figure B)
51 - 1, R4 - 100Q.C3 - 300 pF
52 - 0. R3 - 1k, C2 - 15pF

7 12 nt

lPLZR Propagation Delay from a Logical "0" to- 
TRI-STATE from T/R to A Port

CD - 0.4 V (figure B)
51 -0, R4- Ik, C3-300pF
52 - 1,R3- Ik, C2- 15pF

10 14 nt

1PHZT Propagation Delay from a Logical "1" to 
TRI-STATE from T/R to B Port

CD - 0.4 V (figure B)
S1 -0, R4- 1k,C3- 15pF 

'S2 - 1. R3- 5k,C2 - 30 pF

16 22 ns

i

tPLZT Propagation Delay from a Logical “0" to 
TRI-STATE from T/R to B Port

CD - 0.4 V (figure B)
51 - 1.R4- Ik, C3- 15pF
52 -0, R3- 1k, C2- 30pF

17 22 nt

tPRL Propagation Delay from Tranjmit Mode 
to a Logical “0," T/R to A Port

1PRL “ IPHZT + 1PDHLA 25 40 ns
/

tPRH Propagation Delay from Transmit Mode 
to a Logical "I," T/R to A Port

lPRH ■ tPLZT + tPDLHA 30 40 ns

tPTL Propagation Delay from Receive Mode 
to a Logical "0,“ T/R to B Port

lPTL “ fPHZR +1PDHLB 25 35 nt

tpTH Propagation Delay from Receive Mode 
to a Logical "1," T/R to B Port

tPTH ’ 1PLZR + 1PDLHB 26 35 ' nt
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Z REV. ZONE ECO# REVISION
APPE?

ZY
00 352 INITIAL RELEASE

B PRE-PRODUCTION RELEASE - Sh. 9 all £5
unspecified XY locations were "0" k

3 500 ECO RELEASE; Sh. 3 - added Dart 
identification.

yz V

Th<’e EN&!N^rJNG release, 

verslons-

<’»> N.t r„MI or.pub11sj wh01e or Rrt

► <*

605-0105
^NEXT ASSY.

? TOLERANCES
UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE IN INCHES

DRAWN BY / DATE

DECIMALS ,X ± _Z_
YY + —

xxx ± r.._ , APPROVED MY
V - a'

DATE

ANGLES XX.X ± _Z_ - ' /
FRACTIONS ± 'RELEASED BY DATE
DIMENSIONS IN PARENTHESIS ■ • 'Lz
ARE IN MILLIMETERS

MATERIAL: .. .
N.A.

FINISH: .
N.A.

^cippla computer inc

TITLE KEYBOARD, ENCODER

DRAWING NUMBER

331-0931- B
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ELECTRICAL SPECS

Minimum Ratings

3)

4)

PIN CONFIGURATION
40 LEAD DUAL IN LINE

VDD & VGG (w/respect to Vcc): -20V to + 0.3V

Logic input voltages (w/respect to Vcc): -20 

Storage temp: -65°C to 150°C

Operating temp range: 0°C to +70°C

NOTE: Exceeding these ratings could cause 
permanent damage. Functional operation of this 
device at these conditions is not inplied - 
operating ranges are specified under "standard 
conditions" listed next.

STANDARD CONDITIONS

Vcc = +5 volts - 0.5 volts
VGG = 12 volts ± 1.0 volts VDD = GND

(Vcc = substrate voltage)

Operating temperature (Ta) = 0°C to +70°C

BLOCK DIAGRAM

to +03V
Option C • 1 
Option C 
Option C 
Option £ 

, Option □
Data Output B9 C 
Data Output 88 C 
Data Output B7 C
Data Output 86 C 
Data Output 85 C 
Data Output 84 £ 
Data Output 83 £ 
Data Output B2 C 
Dau Output Bi C 

GND VpoC
Data Ready 7

lop View 
-©r-

2
3
4

5
6
7

8
9
10
11
12
13

40
39
38
37
36
35
34
33
32
31
30
29
28

□ x,
3x,
□ x.
□ x.
□ x*
□ X..
□ x.
□ Delay Node Input

□ vr,c +5
2 Snitl input
□ Contro' Input

/---------------------------------
popple computer inc.

SIZE 

A

SCALE:

DRAWING NUMBER
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I X

CUSTOM CODING INFORMATION

The custom coding information for the Keyboard Encoder ROM should be 

transmitted in the form of 80 column punched cards. Each ROM pattern 

requires 92 cards (1 title card, 1 circuit option card and 90 ROM pattern 

cards). (See Note 1)

If it is not possible to supply punched cards, then the Truth Table should 

be completed (See Note 1). However, there would be a substantial savings in 

both the coding charge and turn-around time if punched cards 

receipt of the punched cards or the Truth Table, vendor will 

computer-generated Truth Table which will be returned to the 

verification.

were used. Upon 

prepare a 

used for

OPTIONS USED: Pins 1, 2, & 3 External Clock 
Pin 4 AKO

PART IDENTIFICATION

Part shall be marked with part number and revision.

I

—
^cippla computer inc

SIZE 
A

SCALE;

DRAWING NUMBER
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f

ELECTRICAL CHARACTERISTICS

I

•• Typical values are at +25*C ana nominal voltages

Charectertetics Sym Mln Typ” Mai Units Condition*

Clock Frequency f 10 50 100 kHz See Block diagram footnote* 
for typical R-C values

External Clock Width 
Oeta S Clock Input

7 — — nS

(Shift. Control.
Complement Control. 

Lockout/Rollover.
Chip Enable 

& External Clock)
Logic "0" Level V,.. V.x, *0 8 V
Logic ”1" Level 
Shift A Control Input

V,, V..-15 — V, < *0 3 V

Current Ixm 75 95 120 nA V, « *5V
X Output (Xc-X.)

Logic "1" Output Current I»i 40 170 400 nA V.... = V.. (See Note 2)
600 1300 2500 nA V.„ , = V..-1 3V
000 1600 3500 nA V..., « V..-2 0V
1500 3800 6000 nA V.., , * V..-5V
3000 6000 10000 nA V.» , « V..-10V

Logic "0" Output Current 1*.. 6 15 50 nA V.H , X V,,
6 11 35 nA V.. , = V..-1 3V
5 10 30 nA V... ! « V. .-2.0V
2 5 15 nA V... , x V.. -5V
— 0.5 5 nA V... 1 « V..-10V

Y Input (Yo-Y.)
T rip Level Vi V.,-5 V..-3 V..-2 V Y Input Going Positive (See Note 2)
Hysieresis 05 09 1 4 V (See Note 1)
Selected Y Input Current l>> 18 36 100 nA V.X * V..

14 28 90 nA V,x«V..-i3v
13 25 80 iA Vix - V..-2 0V
6 12 60 nA V,s« V..-5V
— 1 30 nA V,x*V..-10V

Unselected Y Input Current In 9 18 50 nA VlX « V..
7 14 45 nA V,x = V..-1 3V
6 13 40 nA V,x • V.. -2 0V
3 6 30 nA V.x« V..-5V
— 0.5 15 nA V.x » V..-10V

Input Capacitance 
X-Y Precharge

C.s — 3 10 pF at 0V (All Inputs)

Characteristics ♦P 1500 3500 5000 nA V« V..
200 600 1500 nA V« V.. -5 (See Note 2)

Switch Characteristics
Minimum Switch Closure 
Contact Closure

— — - - - See T immg Diagram

Resistance 2.. — 300 11
Z... 1 x 10’ — ii

Strobe Delay
Trip Level (Pm 31) 7m. V..-4 V..-3 V.<-2 V
Hysteresis Vm. 0.5 0.9 1 4 V (See Note i)
Quiescent Voltage (Pm 31) -3 -5 -9 V Wnh internal Switched Resistor

Date Output (Bl>B10), 
Any Key Down Output
Data Ready

Logic “0” — — — 04 V L« > 1 6m A
Logic "T V.,-1 - — V L. « 10mA

V..-2 — — V L. - 2 2m A
Power

1.. — — 8 12 mA V.. ’ ‘5V
1... — — 8 12 mA V... * - 12V

NOTE
1 Hysteresis is defined as the amount of return required to unlatch an input
2 Precharge of X outputs and V inputs occurs during each scanned docx cycle

Qgcippkz computer inc

¥
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✓* OPERATION
I 'x

The. Encoder contains (see Block Diagram), a 3600 bit ROM. 9- 
stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys 
for n key rollover operation, an externally controllable delay 
network for eliminating the effect of contact bounce, an output 
data buffer, and TTL/DTL/MOS compatible output drivers.
The ROM portion of the chip is a 360 by 10 bit memory arranged 
into four 90-word by 10-bit groups. The appropriate levels on the 
Shift and Control Inputs selects one of the four 90-word groups, 
the 90-mdividual word locations are addressed by the two ring 
counters Thus, the ROM address is formed by combining the 
Shift and Control Inputs with the two ring counters
The external outputs of the 9-stage ring counter and the external 
inputs to the 10-bit comparator are wired to the keyboard to form 
an X-Y matrix with the 90-keyboard switches as the crosspoints 
In the standby condition, when no key is depressed, the two ring 
counters are clocked and sequentially address the ROM, thereby 
scanning the key switches for key closures.
When a key is depressed, a single path is completed between one 
output of the 9-stage ring counter (X0 thru X8) and one input of 
the 10-bit comparator (Yo-Y,) After a number of clock cycles, a 
condition will occur where a level on the selected path to the 
comparator matches a level on the corresponding comparator 
input from the 10-stage ring counter.
N KEY ROLLOVER
— When a match occurs, and the key has not been encoded, the 
switch bounce delay network is enabled If the key is still de­

pressed at the end of the selected delay time, the code for the 
depressed key is transferred to the output data buffer, the data 
ready signal appears, a one is stored in the encoded key memory 
and the scan sequence is resumed If a match occurs at another 
key location, the sequence is repeated thus encoding the next 
key. If the match occurs for an already encoded key. the match is 
not recognized The code of the last key encoded remains in the 
output data buffer.

N KEY LOCKOUT
— When a match occurs, the delay network is enabled If the key 
is still depressed at the end of the selected delay time, the code 
for the depressed key is transferred to the output data buffer, the 
data ready signal appears and the remaining keys are locked out 
by halting the scan sequence. The scan sequence is resumed 
upon key release The output data buffer stores the code of the 
last key encoded

SPECIAL PATTERNS
— Since the selected coding of each key and all the options are 
defined during the manufacture of the chip, the coding and 
options can be changed to fit any particular application of the 
keyboard. Up to 360 codes of up to 10 bits can be programmed 
into the Encoder ROM covering most popular codes such as 
ASCII, EBCDIC, Selectric, etc., as well as many specanzed 
codes. The ASCII code in conjunction with internal osci';-r.?' K 
data outputs and any key down output, is available as a sta^ca'C 
pattern (See Figure 2)

TIMING DIAGRAM

SWITCH 
CLOSURE

DATA 
OUTPUT

DATA READY 
STROBE

KEY 
CLOSURE

i
i

-- ----------------- MINIMUM SWITCH CLOSURE --------------H

SWITCH , 
BOUNCE

90 CLOCK CYCLES 1
L STROBE 1
j DELAY

"LTLnj I FOUR ,
CLOCK ' i

i i CYCLES , i
I i,i

:_______________ :
. 1 1 1 1 • 1
I III'1 1
1 1 1 1 1 1 1

: -X : : !
ROLLOVER

LEVEL
PULSE

ANY KEY r
00WN 

OUTPUT-----

I RESUME SCAN FOR—” 
n KEY ROLLOVER |

[RESETS AT FIRST X0 YO1 
AFTER FIRST Xi Yi J

RESUME SCAN FOR 
n KEY LOCKOUT

MINIMUM SWITCH CLOSURE • SWITCH BOUNCE* (90 My) +STROBE DELAY * STROBE WIDTH

1
MAXIMUM 

EXPECTED

I 

DETERMINED 
EXTERNAL 

DETERMINED 
BY FREQUENCY 
OF OPERATION 
(EXTERNAL RC)

BY 
C V

MINIMUM TIME 
REQUIRED BY 

external 
circuitry

—
^cippkz computer inc
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/■

1 «• • W* • •« <*• Encoder '• ASC II

SYMBOL MOOC
SYMBOL

 MO H
N * c sc N s c SC

• 11 to io *0 SOm ■Oto ■5 »0 10 *9
A ■0 ’? Bi »? SH i' ’9 14 to 11 *9
• 15 ’3 1?’? (11 14 ’4 ■4 *4 ■4 T4 ■4 ’4 It *0
t »?•) 13 ’7 fOT 14 ”
0 ■2 ’2 I4»? 1*0 «3”
1 «7’i ■5 ’? AC « ■2 ’• ■>’• ■?TO
» ■ 3’7 If »2 Mi ■ 3’0 10’1 IJ’O
c M 'll IF ’2 OS 13 ’4
- • 0 »4 ■0’5 15’2 ■0 ’5 io n Mt ■0’4 ■0’4 10’4 10 *f 14 *9

IF’t 10 ’4 l» IF ’t nn IF’O
J «*.’! ■* ’0 vi 13 ’I 13’1 13 ▼ F ■ 3’F
4 >> T? 13’t I f IF Tf II ’0 IF ’■
I 1? ’t «•»? ■7 *1 un C«* 13’5 ■3’b 13 ’5 ■» *0 ■ » n
V «>TJ ■3’5 $0 10 ’1 ■0 ’ F 11 Tf •0 •» »' ’•
w M ’3 ii n S’ 11 fl It ’F If Y)
0 ■•’> I'll >0 ”
* 14 ’4 10’7 IC •? at • 15”
0 10 ’i it ’3 oc? 10 ’»
■ I3’J »7 ’3 IK J ■ 2

ii »’ ■4 ’? 0(4 a}
14 ’1 15 *1 MAT 17 »&
■ 0 ” at ’) • S’* IS ’4
M ’3 IF -3 no B< »C

• 1) vt It ’5 (A* a] *a 1) *4
a ■ » ’J ■1 ’? m »• fZ

■ 5 ” ■5’t Set •0 ’C
2 ■C ’3 lb ’5 ISC I’ ’r
• io ’J ■0 ’2 i; 9‘ «4
t 15’) ■5 ’j cst I? ’) ■7’3 •s Ii ’4 II ’4 II ’4

9 I? ’2 «? ’2 11$ ■ 2 ” ■ 7 ’1 12’7 *2 •
’ 11 T'

■ 3 ’2 13 •?
54 ■ 3 ’3 *4 ’9

IS ’0 is ’» io ’o ■5 *9 IS ’’
• ■4 »? ■4 i? ■ 3 -9 ■ 3*0 tl’b ii *9 ■ 3’9 • 3 ’9 •’ ’*
* is »; ■9 ’2 0 ■t n It *0 17 ’0 it ’9 »t ’9

1’ V 1 11 ’• s 12 ’5 12’5 13’0 12 ’i ■ 2 ’*
■4 ■t ’7 % . ■' ’5 1! T5 14 ’C I' ’5 ” /

■0 ’?
it ’0
Il’5 13 to Il ’5 PM

* if n II n ■ > ’3 ■ 1 ’> IF’4 13 «4 10 *C 11 ’9 ■ I *9
• at ’3 «' ’• >4 v) 14 ’I 14 to It” 10’9 14 «0 •4 <0
• ■I • i ■ 5 ’• ■5 to n ’0 ib *4 ■ b’l ■5 ’•

U ’0 i0’0 it *« 10’t 10 Tf 15*4 IF T» 10 ’0 10 *0 17 ’ F
10” 10 *t ■I ’3 ■0’3 ■0 ’) ■4 ’I
■ 3” ■ 3 ” — 1? ’4 12 ’• 10 ’F I? ’4 ■ O’’

i it *; II ’? ■1 ’4 ■0 ’< M F4 10 ’4
*4 v > 14 ’1 11 ’4 ■ 7’4
■O’* ■0 ’> 0 It Tl 10 ’• 10 TO ■0T7 IO Tf a to
14’3 ■4 ’3 1 ■0*0 IC TO ■OTO

• It Tf It vt 7 It TO 11 Tf 11 TO
• it rj 1* ’3 3 ■7’t ■2 to
* ■5’1 it ’i 4 ■3 ’0 13 ’0

10 *3
■0 ’t 17 ’0

10 ’3 5 •4 ’0 ■4 *0
I

■ >«<
}

M *0 13 TO 10 TO
J U H I' ’» if n if ” 1 ■ 1 TO ■ 7 ’0

I* TO I? ’4 1 to TO IM M *0
• 14 TF IC *1 ■4 ’ F If V’ 14 »’ 15’4 10 *5 15 T4 ■0’5
1 ■I n «3’t tin ■0 ’5 IS TO ■0 TS 15 Tf
( on ■4 *5 ■4 n < 10*5 IF TO It’S 10’0 •tT5

It ’4 u T4 II ’J IF ’7 if *4 14 *F 11 ’4
DU i; n ■7 ’0 » IS TS 1$ n 15 *0 10’T IS T5
•Uli ft V? ■5’7 mi io«t 15’2 10 ft ■4 ’0 14 n IF ’4 ■4 TO

Mow 2 Co«o> OOOOO11 mi oroaont w t«w IU"M« Encoder MIW"

___  ---- - <----1 /■----X <—1
Flg.2 STANDARD Encoder CODE ASSIGNMENTSrASCH CODE t''~' ' - ■ ; : nJ | T

I b )! •-> 1 \ .... i . ' ..J- i ■ r

OPTIONS PROVIDED WITH STANDARD ENCODER
■ Device Marking: Encoder
■ Interne' Oscillator on Pm Nos 1. 2. 3
■ Any Key Output on Pm No 4.

Any Key Output True (Logic 1) During Key Depression
■ Output Data Bit B10 on Pm No 5.

r". r; r

■ N-Key Rollover Only.
■ True Outputs Only
■ Pulse Data Ready Signal
■ Internal Resistor to Voo on ShifVControl Pm
■ Plastic Package

l ^cipplc computer inc.
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KEtRORRO >
INPUT

STATIC Z 
CHARGE ' 

PROTECTION 
DEVICE

INTERNAL

T INPUT STAGE FROM KEYBOARD
“X- OUTPUT STAGE TO KEYBOARD

OUTPUT

INPUT

OUTPUT DRIVER

xEtsoard

*cc COUNTER 
INRUT

HARGE
PROTECTION 
DEVICE

NOTE. Output driver capable of driving one TTL load with no 
external resistor
Capable ot driving two TTL loads using an external 6 BKI) res>s- 
tor to V,-.

PROTECTION 
DEVICE

TYPICAL CHARACTERISTIC CURVES

Fig.5 OSCILLATOR FREQUENCY vs. C,

Flg.S TYPICAL OUTPUT ON RESISTANCE 
(Roon) GATE BIAS VOLTAGE (VM)

—
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r A

LOC 
XY

ASCII BBBBBBBBB
123456789

HEX ASCII BBBBBBBBB
123456789

HEX ASCII BBBBBBBBB
123456789

HEX ASCII BBBBBBBBB
123456789

HEX

NORMAL SHIFT CONTROL SHT/CTR

35 N 011100110 OCE - 011110100 05E SO 011100000 OOE RS 011110001 he
36 M 101100110 0CD I 101110100 05D CR 101100000 OOD GS 101110001 1 ID
37 > 001101010 0AC < 001111011 1BC > 001101010 OAC < 001111011 1BC
38 • 011101010 0AE > 011111011 1BE • 011101010 OAE > 011111011 1BE

. 39 / 111101010 OAF ? 111111011 1BF / 111101010 OAF ? 111111011 1BF

. 40 s 110010111 ID 3 S 110010101 153 DC 3 110010001 113 DC 3 110010001 113
-- 41 2 010011011 1B2 II 010001010 0A2 2 010011011 1B2 it 010001010 0A2

42 1 100011011 1B1 1 100001010 0A1 1 100011011 1B1 i 100001010 0A1
43 ESC 110110001 1 IB ESC 110110001 11B ESC 110110001 1 IB ESC 110110001 11B
44 A 100000110 0C1 A 100000100 041 SOH 100000000 001 SOH 100000000 001

' _.............. 45 SP 000001010 0A0 SP 000001010 OAO SP 000001010 OAO SP 000001010 OAO
49 CR 101100000 00D CR 101100000 OOD CR 101100000 OOD CR 101100000 OOD

S f ; - 56 / 000011011 1B0 / 000011011 1B0 / 000011011 1B0 / 000011011 1B0
57 4 001011011 1B4 q 001011011 1B4 4 001011011 1B4 4 001011011 1B4

i.-------------
58 8 000111011 1B8 8 000111011 1B8 8 0001110.11 1B8 8 000111011 1B8

! <■ J •. 59 + 110101010 0AB + 110101010 OAB + 110101010 OAB + 110101010 OAB
i 66 1 100011011 1B1 1 100011011 1B1 1 100011011 1B1 1 100011011 1B1
C 67 5 101011011 1B5 5 101011011 1B5 5 101011011 1B5 5 101011011 1B5
/ J/Ko 68 9 100111011 1B9 9 100111011 1B9 9 100111011 1B9 9 100111011 1B9
\..../ L-

69 - 101101010 0AD - 101101010 OAD - 101101010 OAD - 101101010 OAD
Ltltl 76 2 010011011 1B2 2 010011011 1B2 2 010011011 1B2 2 010011011 1B2

77 6 011011011 1B6 6 011011011 1B6 6 011011011 1B6 6 011011011 1B6
78 011101010 OAE • 011101010 OAE 011101010 OAE • 011101010 OAE
79 CR 101100000 OOD CR 101100000 OOD CR 101100000 OOD CR 101100000 OOD
86 3 110011011 1B3 3 110011011 1B3 3 110011011 1B3 3 110011011 1B3
87 7 111011011 1B7 7 111011011 1B7 7 111011011 1B7 7 111011011 1B7
88 * 001101010 OAC 001101010 OAC > 001101010 OAC » 001101010 OAC

1. Pin option assisgnments Pin 1, Pin 2, Pin 3 = Internal Oscillator Pin 4 = AKO.
2. Non-specified X-Y locations to be filled as follows: Bl B2 B3 B4 B5 B6 B7 B8 B9 BIO

HEX 2A0 (negative logic) 000001 01 01
3. Output to be negative logic, ie "1" = low output (0.4V), "0" = high output (2.4V)
4. ASCII bit weight: B1 = Pin 14 (LSB), B2 = Pin 13, B3 = Pin 12, B4 = Pin 11, B5 = Pin 10,

B6 = Pin 9, B7 = Pin 8, B8 = Pin 8, B8 = Pin 7, B9 = Pin 6 (MSB)
5. Reference document 050-0021 (Logic, Number Pad Style Keyboard).
6. BIO = "0“ in all locations.

> ■o ■o
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I—F

cr 
c
^■F 
0
Q_

cn 
CD
O
Z5

"O 
0) 

CQ 
CD

CQ 
CD
O 
ro 
CD

O 
GO 
O)

PROGRAMMING MODEL

PROCESSOR STATUS REGISTER. "P“

CARRY
ZERO
INTERRUPT DISABLE 
DECIMAL MODE

— BREAK COMMAND
— OVERFLOW
— NEGATIVE

INSTRUCTION CODES

£

G

G 3

NOW I MM * •"fl ’ •<• I'•"•‘•■••fl IO MW l'«.l >»p»la> W A V M « N.W ? * «>•*• > • J • »'*'•» M "W»»»O M »•«-< I

Nemo
OucrlptlM

Operation Addreeilng 
Mode

Ataambly 
Language 

Form

HEX 
OP

Code
No 

lytoi
~T" Statue Neg 

I NZCIOV

AOC
Add memory to 
accumulator with carry

A-M-C — AC Immediate 
Zero Page 
Zero Page X 
Absolute 
Absolute X 
Absolute Y 
(indirect X> 
(Indirect) Y

ADC flOper
ADC Oper
ADC Oper.X
ADC Oper
ADC Oper.X 
AOC Oper Y
ADC (Oper.X) 
AOC (Operl.Y

69
65
75
60
7D
79
61
71

2
2
2
3
3
3
2
2

vW' ■

ANO
' ANO" memory with 
accumulator

AAM —A Immediate 
Zero Page 
Zero Page X 
Absolute 
Absolute.X 
Absolute Y 
(Indirect.X) 
(Indirect) Y

AND eOper
AND Oper 
ANO Oper.X
ANO Oper 
AND Oper.X 
AND Oper Y 
ANO (Oper.X)
AND (Oper) Y

29
25
35
20
3D
39
21
31

2
2
2
3
3
3
2
2

vV--------

ASL
Shih left one bit 
(Memory or Accumulator)

(See Figure 1) Accumulator 
Zero Page 
Zeio Page X 
Absolute 
Absolute X

ASL A
ASL Oper
ASL Oper.X
ASL Oper
ASL Oper.X

OA 
06
16 
0£ 
IE

1
2
2
3
3

-

BCC
Branch on carry clear Branch on C*0 Relative BCC Oper 90 2  

BCS 
Branch on carry set Branch on C*1 Relative BCS Oper BO 2 . _______

BEQ
Branch on result zero Branch on Z*t Relative BEQ Oper FO 2 . .............

BIT
Test bits in memory 
with accumulator

AAM. Mz — N. 
m6 —V

Zero Page 
Absolute

BIT* Oper 
Bll* Oper

24
2C

2
3

M/Vz Mb

BMI
Branch on result minus Branch on N*1 Relative BMI Oper 30 2 _________

BNE
Branch on result not zero Branch on 2*0 Relative BNE Oper DO | 2 ----------------

BPL
Branch on result plus Branch on N-0 Relative BPL oper 10 2

BRK
Force Break Forced 

Interrupt 
PC*2 ♦ Pl

Implied BHK* 00 1 _ - v-

BVC
Branch on overflow clear Branch on V*0 Relative BVC Oper 50 2

I ■ ’ ' : i -I c i • > I / 1 •- Un ’ ; • ;

' '' ' • z 's ' ’■ - -—7'-’

CD
00

J
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80 — STA — Absolute 

8E — STX — Absolute 

8F — NOP 
90- BCC 

9’ — ST A — (indirect). Y
92 — NOP
93 — NOP
94 ~ STY — Zero Page X
95 — STA — Zero Page. X
96 — STX — Zero Page. Y
97 — NOP
98 - TYA
99 STA — Absolute. Y 
9A - TXS
9B — NOP 

9C - NOP 
90 — STA — AbsofUte. X 

9E — NOP 

9F — NOP

AO — LOY — Immediate 
Al — LOA — (Indirect. X) 
A2 — LOX — Immediate 

A3 — NOP
A4 — LOY — Zero Page 

AS — LOA — Zero Page 
A6 — LOX — Zero Page 

A7 — NOP
AB - TAY

A9 — LDA — Immediate 
AA - TAX
AB - NOP
AC — LOY — Absolute 

AO — Absolute
AE — LOX — Absolute 

AF - NOP 

BO - BCS
8’ — LOA — (Indirect). Y
B2 — NOP 

83 — NOP

B4 — loy _ Zero Page. X 
B5 — LDA — Zero Page X 
8® — LOX — Zero Page. Y 

B7 — NOP
B8 - CLV
89 — LOA — Absolute Y 

BA - TSX
BB — NOP
BC — LDY — Absolute X 

80 — LDA — Absolute. X 
8E — LOX — Absolute. Y 

BF — NOP
CO — CPY — Immediate 
C1 — CMP — (Indirect. Xi 
C2 — NOP
C3 — NOP
C4 — CPY — Zero Page 

C5 — CMP — Zero Page 

C6 — DEC — Zero Page 

C7 — NOP
C8 — INY
C9 — CMP — Immediate 
CA - DEX
CB — NOP
CC —CPY — Absolute 

CO —CMP — Absolute 

CE — DEC — Absolute 

CF — NOP 

00 — BNE
D1 — CMP — (Indirect). Y
02 — NOP 

03 — NOP 

04 — NOP 
05 — CMP — Zero Page. X 

06 — OEC — Zero Page, X 

07 — NOP 
08 - CLD
09 — CMP — Absolute. Y

DA — NOP

OB - NOP 
OC — NOP
00 — CMP — Absolute X 

°E — DEC — Absolute. X 
OF — NOP
80 — CPX — Immediate
81 — SBC — (Indirect. X) 
E2 — NOP
E3 - NOP
E4 _ CPX - Zero Page 

85 SBC — Zero Page 

E6 INC — Zero Page 
E7 — NOP
E8 — INX
89 — SBC — Immediate 
EA - NOP
EB — NOP
8C CPX — Absolute
80 — SBC — Absolute 

8E — INC — Absolute 
EF - NOP

80 — BEQ

— SBC — Hndirect). Y 
F2 — NOP
F3 — NOP
84 - NOP
85 ~ SBC — Zero Page. X 
F6 — INC — Zero Page. X
87 - NOP
88 - SEO
89 — SBC — Absolute. Y 

FA — NOP
FB — NOP 

FC - NOP
80 — SBC — Absolute. X 
8E — INC — Absolute. X 

FF — NOP

128
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o 

C/>
—"5 
CT 
C

AUTOSTART ROM LISTING FBOO
FBOO
FBOO

69
70
71

ACC 
XREG 
YREG

EQU *45 i
EQU *46
EQU *47

NOTE OVERLAP WITH A5H‘

>
CD FBOO 72 STATUS EQU *48 ■U
Q_ 

C 0000 2
FBOO 
FBOO

73
74

SPNT 
RNDL

EQU *49 
EQU *4E

■U 
CD

3 000G 3 •* 1 FBOO 75 RNDH EQU *4F
CL 0000 4 • APPLE 1 1 _ i __, FBOO 76 PICK EQU *95 ■
CD 0000 5 * MONITOR II FBOO 77 IN EGU *0200

0000 6 * | FBOO: 78 BRKV EQU *3F0 NEW VECTOR FOR BRK 1
5 0000 7 • COPYRIGHT 1978 DY — 4 - FBOO: 79 SOFTEV EQU *3F2 i VECTOR FOR WARM START ■n
CD 0000 8 • APPLE COMPUTER, INC. FBOO. 80 PWREDUP EQU *3F4 > THIS MUST • EOR «*A5 OF SOFTEV*1 c
O 0000 9 ♦ —J F800 81 AMPERV EQU *3F5 i APPLESOFT & EXIT VECTOR C/)

0000 10 « ALL RIGHTS RESERVED 1 FBOO. B2 USRADR EQU *03F8
CD 0000 11 » F—3 FBOO. es NMI EQU *03FB CD
CD 0000. 12 • STEVE WOZNIAK F800: 84 IRQLOC EQU *3FE <
— 0000 13 • i FBOO: 85 L1NE1 EQU *400 CD< 
CD 0000 14 J FBOO: 86 MSLOT EQU *07rB __

0000 15 « le—“5$I
F800: 87 IOADR EGU »C000

o 0000 16 • MODIFIED NOV 197B F800 B8 KBD EQU *C000 cn
o 0000 17 • BY JOHN A

£—51
F800: B9 KBDSTRB EGU »C010 CD

3 0000 IB » FBOO: 90 TAPEOUT EGU *C020 2
g 0000. 19 FBOO: 91 SPKR EGU «C030 o
o FBOO 20 ORG »F800 1 FBOO: 92 TXTCLR EQU *C050 CD
3 FBOO 21 OBJ *2000 U-----3 FBOO 93 TXTSET EGU *C051 M

arC/0 FBOO fr—M FBOO: 94 MIXCLR EQU *C052
1— F800 23 LOCO EQU *00 | FBOO. 95 MIXSET EGU *C053

o' 
CD

FB00 24 LOCI EGU *01 FBOO: 96 LOWSCR EGU *C054 c
FBOO: 25 WNDLFT EGU *20 £—>3 FBOO 97 HISCR EQU *C0S5 CD

3 F800 26 wndwdth EGU *21 FBOO: 98 LORES EQU *C056
CO F800 27 WNDTOP EQU *22 FBOO: 99 HIRES EQU *C057 j
CD FB00 28 WNDBTM EQU *23 FBOO: 100 SETANO EQU *C058
O F800 29 CH EOU *24 F800 101 CLRANO EQU *C059
3 F800. 30 CV EQU *25 t FBOO: 102 SETAN1 EQU *C05A CD

00
"O FBOO 31 GBASL EQU *26 _ i__ _ FBOO: 103 CLRAN1 EQU *C05B
CD F600 32 GGASH EGU <27 F800: 104 SETAN2 EQU *C05C

CO F800. 33 BASL EQU *28 | FBOO: 105 CLRAN2 EGU *C05D j
CD F800 34 BASH EQU *29 FBOO: 106 SETAN3 EQU «C05E

FBOO: 35 DAS2L EQU *2A FBOO: 107 CLRAN3 EQU »C05F o
FBOO 36 DAS2H EQU *2B FBOO 108 TAPEIN EQU *C060 CQ
F800: 37 H2 EQU »2C j F800: 109 PADDLO EQU »C064
FBOO 38 LMNEM EQU »2C FBOO: 110 PTRIG EQU *C070

□d

F600: □ 9 V2 EQU *2D F—g FBOO 111 CLRROM EQU *CFFF CD
FBOO 40 RMNEM EQU *2D FBOO: 1 12 BASIC EGU *E000 Z5
FBOO 41 MASK EQU »2E r;’

EQU »2E | '1
nt—3r> n i FBOO: 113 BASIC2 EQU »E003 o

FBOO 42 CHKSUM FBOO: 1 14 PAGE
FBOO. 43 FORMAT EQU »2E i ‘ , J r-, I ' 5 ,.j i < ! - ’> ■■ FBOO: 4A 115 PLOT LSR A 3FBOO: 44 LASTIN

H/jlhr-; ■>L_i 1 F801: 08 1 16 PHP
F800. 45 LENGTH

EQU »2F || IJII'-J
~ F--^ F802: 20 47 FB 117 J5R QBASCALC

FBOO. 46 SIGN EQU *2F FB05: 28 118 PLP
FBOO 47 COLOR EGU *30 i ■:......, <

EQU *31 \ U f •" ! . ’
■ . i FB06. A9 OF 1 19 LDA #»0F CD

FBOO: 48 MODE 11 • 311 ■ '; H — .4-------, F808: 90 02 120 BCC RTMASK
FBOO: 49 INVFLQ EQU »32 V'1 / J ■■ - > 1; U i J 

iqjIolL
F80A: 69 EO 121 ADC #*E0

FBOO 50 PROMPT EQU »33 V1 ' I 1 F80C. es 2£ 122 RTMASK STA MASK c

FBOO: 51 YSAV EQU »34 LJ L-J U FBOE DI 2t 123 PL0T1 LDA (GBASL). Y

seurrFBOO. 
FBOO

52
53

YSAV1 
CSWL

EQU *35
EGU *36

F810 
F812:

45
25

30 
2E

124
125

EOR COLOR 
AND MASK

FBOO: 54 CSWH EGU *37 1 FBI 4 51 26 126 EOR (GBASL). Y
FBOO 55 KSWL EGU *38 K- 4 -□ F816: 91 -6 127 STA (GBASL). Y 1
FBOO: 56 KSWH EGU *39 K—“S FB18. 60 128 RTS 1

FBOO 57 PCL EQU *3A 1 F819 20 00 F8 129 HLINE JSR PLOT >
F BOO 58 PCH EGU *3B F81C: C4 2C 130 HL INE1 CPY H2 T5
FBOO 
FBOO

59
60

AIL 
AtH

EQU *3C 
EGU *3D

F81E 
F620:

BO 
C8

1 1 131
132

BCS RTS1 
INY

•pie 
(F BOO 61 A2L EQU »3E F821 20 OE F8 133 JSR PL0T1

FBOO 6 2 A2H EQU *3F F824 90 F6 134 BCC HLINE1 c.)
"0 FBOO 63 A3L EQU *40 FB26 69 01 135 VLINEZ ADC #*01 o
CD PBOO o4 A3H EQU *41 F82B 48 136 VLINE PHA 3
CD

FBOO 65 A4L EGU *42 F829 20 00 F8 137 JSR PLOT ■u
FBOO ot A4H EGU *43 F82C: 68 138 PLA c

o FBOO 67 A5L EQU *44 FB2D C5 2D 139 CMP V2 CD
00 F600: 68 A5H EGU *45 FB2F: 90 F5 140 BCC VLINEZ
o 
o

F831. 60 141 RTS1 RTS Inc.

—h 
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Q. 
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FF4C 
FF73 
FF98 
FFBE

SAV1 
NXTITM 
NXTBAS 
TOSUB

SYMBOL TABLE 
(ALPHABETICAL ORDER)
003D 
FE7F 
0040 
0044 
FBF4 
002A 
0029 
FD71 
FE00 
FC10 
F9BA 
0024 
C059 
FC9C 
FB3C 
FDED 
FC62 
0025 
F8A5 
FB97 
F9A6 
0026 
FD6A 
FCC9 
F819 
0200 
FB82 
C000 
03FE 
C000 
0038 
0400 
0000 
FE22 
C053 
F8C2 
FF69 
FA81 
FD5F 
FF9B 
FD75 
FA59 
FE97

A1H 
A1PCRTS 
A3L 
A5L 
ADVANCE 
BAS2L 
BASH 
BCKSPC 
BL1 
BS 
CHAR2 
CH 
CLRANO 
CLREOL 
CLRSC3 
COUT 
CR 
CV 
ERR 
ESCOLD 
FMT2 
GBASL 
GETLN 
HEADR 
HLINE 
IN 
INSDS1 
IOADR 
IRGLOC 
KBD 
KSWL 
LINE1 
LOCO 
LT2 
MIXSET 
MNNDX2 
MONZ 
NEWMON 
N0TCR1 
NXTBAS 
NXTCHAR 
OLDBRK 
OUTPRT

FC9E 
C05D 
CFFF 
F836 
FDF6 
0037 
FFBA 
FBA5 
FA9B 
FB47 
F8A9

CLE0L2 
CLRAN2 
CLRROM 
CLRTOP 
COUTZ 
CSWH 
DIG 
ESCNEW 
FIXSEV 
GBASCALC 
GETFMT

FF3A 
03F0 
F9B4 
FFCC 
FC46 
C05F 
F838 
0030 
FD8E 
0036 
FB02

BELL 
BRKV 
CHARI 
CHRTBL 
CLEOPi 
CLRAN3 
CLRSC2 
COLOR 
CROUT 
CSWL 
DISKID

F956 PCADJ3 FEA7 I0PRT1 FEB6 GO FB9B ESCNOW
0095 PICK FA40 IRQ C055 HISCR F962 FMT1
F910 PRADR1 FD1B KEYIN FB9B I EVEN 0027 GBASH
F930 PRADR5 002F LASTIN FE8B INPORT FD67 GETLNZ
FDDA PRBYTE FE5E LIST FBDO INSTDSP 002C H2
FDE3 PRHEX 0001 LOCI FEA9 I0PRT2 F81C HLINE1
F8DB PRNTBL FE20 LT C010 KBDSTRB FA6F INITAN
0033 PROMPT F9C0 MNEML FD21 KEYIN2 FE8D INPRT
03F4 PWREDUP F8C9 MNNDX3

1’ 002F LENGTH 0032 INVFLG
FF16 RD3 FF65 MON FE63 LIST2 FE9B IOPRT
FD35 RDCHAR 03FB NMI C056 LORES FB88 KBDWAIT
FAD7 REGDSP FB94 NOWAIT 002E MASK 0039 KSWH
FF3F RESTORE FF90 NXTBIT

A.

FAOO MNEMR FC66 LF
004F RNDH FFAD NXTCHR FDAD M0D8CHK 002C LMNEM
F87F 
F961 
003C 
003F 
0043 
0045 
03F5 
FBC1 
EOOO 
FBD9 
FE04 
FD62 
002E 
FCAO 
C05B 
FC42 
F832 
FDFO 
FEF6 
FDB6 
FC2C 
FD2F 
002E 
F856 
FFA7 
C057 
FC 58 
FB2F 
F88C

F879

RTMSKZ 
RTS2

FF59 
C064

OLDRST 
PADDLO

6—3. FE2C 
FAA3

MOVE 
NOFIX

C054 
C052

LOWSCR 
MIXCLR

AIL F95C PCADJ4 FCBA NXTA1 F8BE MNNDX1
A2H F80E PL0T1 FFA2 NXTBS2 0031 MODE
A4H F914 PRADR2 f F8F5 NXTCOL 07F8 MSLOT
ACC F94A PRBL2 FCE2 ONEDLY FD3D NOTCR
AMPERV FB1E PREAD F954 PCADJ2 FCB4 NXTA4
BASCALC FDE5 PRHEXZ —J_ 003B PCH FAC7 NXTBYT
BASIC F8D4 PRNTOP FBOO PLOT FF73 NXTITM
BELLI FD96 PRYX2 1 F926 PRADR3 FE95 OUTPORT
BLANK FAA6 PWRUP ELiZu! F94C PRBL3 F953 PCADJ
CANCEL FCFD RDBIT FB25 PREAD2 003A PCL
CHKSUM FDOC RDKEY 1_-3 FBF9 PRMN2 FD92 PRA1
CLE0L2 FEBF REGZ F944 PRNTX F92A PRADR4
CLRAN1 FF44 RESTR1 C070 PTRIG F948 PRBL.NK
CLREOP 004E RNDL FCFA RD2BIT FF2D PRERR
CLRSCR F831 RTS1 ~ -5 FCEE RDBYT2 F941 PRNTAX
C0UT1 FBFC RTS3 FAE4 RDSP1 F940 PRNTYX
CRMON FE7B A1PCLP F938 RELADR FAFD PWRCON
DATAOUT 003E A2L FADA RGDSP1 FFOA RD2
ESC1 0042 A4L c- .r.ru FB19 RTBL FC EC RDBYTE
ESC FD84 ADDINP FBEF RTS2B FEFD READ
FORMAT FB60 APPLEII J- —. FCCB RTS4B FA62 RESET
GBCALC FBDO BASCLC2 FE75 Al PC 002D RMNEM
GETNUM E003 BASIC2 1 ' 0041 A3H FBOC RTMASK
HIRES FBE4 BELL2 0045 A5H FB2E RTS2D
HOME FA4C BREAK E7UU FDD1 ADD FDC5 RTS4C
INIT FD7E CAPTST 002B BAS2H FE17 RTS5
INSDS2 FF7A CHRSRCH

-
FEB3 BASCONT FC2B RTS41 0028 BASE FC76 SCRL1

SCRN2

C05C SETAN2
FE86 SETIFLG
FE18 SETMODE
FB6F SETPWRC
002F SIGN
0049 SPNT
FEOB STOR
C060 TAPEIN
FEC2 TRACE
FECA USR
FE5B VFYOK
F828 VLINE
FCA8 WAIT
0022 WNDTOP
FEEF WRBYT2
FDA3 XAM8
FBU XLTBL
0034 YSAV
FC8C SCRL2
FC70 SCROLL
C05E SETAN3
FE80 SETINV
FE84 SETNORM 
FB39 SETTXT 
FABA SLOOP 
0048 STATUS 
FBFO STORADV 
C020 TAPEOUT 
C050 TXTCLR 
03F8 USRADR 
FBFD VIDOUT 
FC24 VTABZ 
FCAA WAIT3 
0021 WNDWDTH 
FEED WRBYTE 
FDC6 XAMPM 
0046 XREG 
FCDB ZERDLY 
FF4C SAV1 
FC95 SCRL3 
CO58 SETANO 
F864 SETCOL 
FEB9 SETKBD 
FAA9 SETPG3 
FE93 SETVID 
03F2 SOFTEV 
FEC4 STEPZ 
FFE3 SUBTBL 
FB09 TITLE 
C051 TXTSET 
002D V2 
FB78 VIDWAIT 
FC22 VTAB 
0023 WNDBTM 
FED4 WR1

b- 
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FECD
FDB3 
0047 
FFC7 
FF4A 
F071 
C05A 
FB40 
FE1D 
FAAB 
FB4B 
C030 
FB63 
FB5B 
FFBE 
FC1A 
FE36 ■ 
F826 < 
FCA9 I 
0020 I 
FCD6 I 
FCE5 t 
FEBO ) 
0035 \

) WRITE 
3 XAM 
’ YREG 
' ZMODE 
i SAVE

SCRN 
SETAN1 
SETGR 
SETMDZ 
SETPLP 
SETWND 
SPKR 
STITLE 
TABV 
TOSUB 
UP 
VFY 
VLINEZ 
WAIT2 
WNDLFT 
WRBIT 
WRTAPE 
XBASIC 
YSAV1

SYMBOL TABLE 
2589 BYTES 
2531 BYTES

SIZE
USED 
REMAINING

SLIST 4A
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Apple II Computer Technical information

APPLE II / APPLE II-PLUS 
LEVEL II SERVICE REFERENCE MANUAL

Pre-Release version

APPENDIX B 
BILL OF MATERIALS

Written by
Apple Computer, Inc. * Level II Service Center 

1981

( This page is not part of the original service manual )

Distributed under the Creative Commons License on page 4 I Page 0322 of 0367



Apple ][/][-Pliis Level II Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc.

P ARENTPART: 605^0T4B------------------ M------- UHTESTED A2 _5TD~48K~SYSTEM7 ~RFT UK:
ERC: B SRCE code: A TYPE: 1 ABC:

'■1

) I ITEM COMPONENT
E 
R DESCRIPTION PR COMM

s 
R

T 
Y

s A 
P B

P 
L

NO. PART NUMBER C REMARKS CD CODE C P R c N UM

J 000 606-0116D 0 EX ♦ 7 * * EA
DWG, ASSY A2 STD RF1

003 333-4116 ? 2 K b P 1 P A P EA •

ic, 16K RAM MRKD "APPLE" (NO BURN)
004 101-4016 0 RP P 1 P B P EA

1 ~RKS~’174OT3 MEG OHM
K13

005 820-0044 A RP P 1 P A P EA
PCB,“7V2 MAIFT TCTCI C~BD~RFI

006 101-4100 0 RP P 1 P B P EA
RES 1/4W 5% 10 OHM

J 1 4
007 101-4101 0 RP P 1 P B P EA

RES 1/4W 5% 100 OHM
' 4-J13,K14

. ! 008 101-4102 0 RP P 1 P B P EA
RES 1/4W 5% IK OHM

F1 4 ,Al“3 , B3 ,~2 -DI
009 101-4123 0 RP P 1 P B P EA

! f
[•' RES 1/4W 5% 12K OHM

b-K13,B3
M 010 101-4151 0 RP P 1 P B P EAw?
h RES 1/4W 5% 150 OHM

... Al
; 011 101-4152 0 RP P 1 P B P EAw 1 i 

ijj ■ RES 1/4W 5% 1.5K OHM
H

012 101-4202 0
J14

RP P 1 P B P EA
1 ! 
j3i i RES 1/4W 5% 2K OHM
lr! J14
Li

013 101-4225 0 RP P 1 P B P EA
o 1 

r t
RES 1/4W 5% 2,2 MEG OHM

A13
l; 014 101-4270 0 RP P 1 P B P EA
t-c!
1 .

RES 1/4W 5% 27 OHM
:4-’ ■ BT4Ttrr4
1 015 101-4272 0 RP P 1 P B P EA

o RES 1/4W 5% 2.7K OHM
J 14

•4‘i 016 101-4331 0 RP P 1 P B P EA
o RES 1/4W 5% 330 OHM

l‘ 1 A 1
LI 017 101-4335 0 RP P 1 P B P EA
I..'
i3:

RES 1/4W 5% 3.3 MEG OHM
L B3.................. ....... . —“ . .......
I : 018 101-4470 0 RP P 1 P B P EA

o ri
RES 1/4W 5% 47 OHM

K

019 101-4472 0
2-Al

'ELB P-
d RES 1/4W 5% 4.7K OHM IHh0! r

1 i f f"
/ i i \

U7 ■■ _j ■

*
> L 
l

z 
! i

k
fl. J 
X.

i i ”n'
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I

PRINTED 25-JAN-81 02:33

EFFECTIVITY DATE: 012381

PARENT PART! 606-01'48

ITEM 
NO,

COMPONENT 
PART NUMBER

020 101-4473

021 109-0001

022 111-0001

023 131-5701

024 136-2401

025 135-9101

026 138-0001

027 151-5501

029 301-0166

3?

030 301-9334

031 305-0000

032 305-0002

L 033 305-0004
I ’

I

t ■

034 305-0008

035 305-0011

036 305-0020

037 305-0032

APPLE COMPUTER, INC.

SINGLE LEVEL BILLS OF

M “ UNTESTET) A'2 STD "48K'"SYSTEff, RFT"
ERC: B SRCE CODE! A TYPE: 1

"DM': EA 
ABC! A

E 
R
C

DESCRIPTION 
REMARKS

F13
0 _ ___ ______

RES 1/4W 5% 4TK OHM
J13

0 _______________ _
~"PUT7~TRTM 20'0 OHMS 20%

J14
0 __________
"-RES’ABR'AY-^ X IK DBMS

K13.E11,D11

0
“ _CAP7"T7P'F 5V-K^70-50V

H14
A

CAP", TO 22DF'*"T0T"X7R"'5 01/
4-H13

-------------------- s- 5 y~p EXTE* 

PR COMM R Y P B L
CD CODE C P R C N UM

—^~CSPT.'TUF"+'8T-TO%' Z5D7Y5V50V"

R PM CAP,VARIABLE CERAMIC TRIMMER 5-50PF

FT4
B

CHOKE, 27UH 10%

0
IC, 74166 

-------------------- A3"
0

IC, 9334
--------------------

0
IC, 74LS00N

---------------------

0
IC, 74LS02N

---------------------BT37 R14 , A12 ,AT4

0
IC, 74LS04 

---------------------CTT"
0

IC, 74LS08 
---------------------Bl 1,HT
0

IC, 74LS11 
-------- _--------- BT2_

0
IC, 74LS20 -------------------- D-2__

0
1C, 74LS32

p 1 P B P EA

p 1 P B P EA

p 1 P B P EA

Rl

P 1 P B P EA

P 1 P A P EA

P 1 P A P EA

P 1 P A P EA

P 1 P A P EA

P 1. P..A P EA
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F EC T 1V I T Y D A T E I 012381 SINGLE LEVEL BILLS OF M

PARENT PARTS 606-0148 IT UNTEST ETF~A 2 “STD~48K—SYSTEM^-RFT
ERCS B SRCE CODE: A

'UMfEA 
ABC: ATYPE: 1

I *-M
NO,

COMPONENT 
PART NUMBER

E
R DESCRIPTION PR COMM 

CD CODE

S T S A P extendi.
OTY
PER

R Y 
C P

P 
R

B 
C

L 
N UMC REMARKS

038 305-0051 0
C14

RI P 1 P A P EA 1

039 305-0074

1C,

0

" 7’4 IS 51 “
C13

RI P 1 P A P EA 3

040 305-0138

7TC77 4I7S74
BIO, JI 3,All

0 RI P 1 P A P EA 4

041 305-0139

IC,

0

7405138
H2 , H12,F12,F1 3

RI P 1 P A P EA 1

042 305-0151

IC,7 4175139 
F2

0 RI P 1 P A P EA 1

043 305-0153

TC,~74LS151
A9

0 RI P 1 P A P EA 4

044 305-0161

IC,

0

74L5I53
E11,E12,E13,C1

RI P 1 P A P EA 4

f ; 305-0174

1L »

0

T4LS1 61
Dll ,D12,D13,D14

RI P 1 P A P EA 2

046 305-0194

1 c»

0

~74UST74 
B5,B8

RI P 1 P A P EA 3

047 305-0251

1 c

0

~7 47JST94'........  —
B4,B9,A10

RI P 1 P A P EA 1

048 305-0257

IC?

0

’74TS251
H14

RI P 1 P A P EA 5

049 305-0283

——IC;

0

7 4 L S 2 5 7
B6,B7,J1,C12,A8

RI P 1 P A P EA 1

050 307-0086

' JC7~^4US2 83
E14

0 RI P 1 P A P EA 1

051 307-0175

IC7~T4S8 6
B2

0 RI P 1 P A P EA 1
f i O X 

Bl
052 307-0195

053 315-8304

054 315-0897 ? 0

0
—TCT“^7 4_ST95~0R~~9 3SOD

C2

P 1 P A P EA

0
-----IC7_'83ir4B’_8-BTT~TPT-STATE

H10

1
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PRINTED 25-JAN-81 02:33 APPLE COMPUTER, INC.

EFFECTIVITY DATE! 012.381 S I N G L E LEV E L B I L L S 0 F

PARENT PART! 60b -0148 M UNTESTED A2 STD 48K SYSTEM, RFI
ERC! B SRCE CODE! A TYPE: 1

UM! EA 
ABC: A

ITEM COMPONENT 
NO. PART NUMBER

E 
R 
C

DESCRIPTION 
REMARKS

PR COMM 
CD CODE

STS 
R Y P 
C P R

A P 
B L 
C N UM

EXTEND 
QTY 
PER

IC, 8T97
H3,H4,H5

055 329-0555 0
IC, 555 TIMER

B3,A13

Rl PIP B P EA 2

056 329-0558 ? 0
IC, NE558

H13

Rl p r p B P EA 1

058 337-6502 ? 0
IC/MICROPROCESSOR 6502

H7

RL P 1 p A P EA 1

063 353-0741 ? 0
IC, 741CN-8 PIN MINIDIP

K13

Rl p 1 p B P EA 1

064 371-4148 ? 0
DIODE, 1N4148

J13

RP p 1 p B P EA 1

06S~372-3904 0
TRANSISTOR, 2N3904

J14,A13,F13

RP p 1 p B P EA 3

67 372-4258 0
TRANSISTOR, XX4258

2-Al

RP p 1 p B P EA 2

068 376-0003 ? 0
TRANSISTOR, MPSA13 

J14

RP P 5 P B P EA 1

069 511-0801 0
SOCKET, IC 8 PIN

K13,B3,A13

RP PIP B P EA 3

070 511-1401 0
SOCKET, IC 14 PIN

A2,A11,Al 2,A14,B2,

TP P TP A P EA 16

071 511-1601 0

bto^ttbittc nrc n,
C14,D2,H1, J13

RP PIP A P EA 59
SOCKET, IC~T5~PIN 

A3 , A7-A10,Bl, 
B4-B9,C1-C1O,C12,

---------------- D3 -D147 E4- El 47F 27 
Fl2-14,H2-5,H12-14 , 
JI,J14

072 511-2401 0
SOCKET, IC 24 PIN 

A5,F3,F5,F6,F8,

KB-.,___, P 1 P

7:^-

“TTP 
rpp

EA
P

7

71
■ ''-.A . J

'73 511-4001 0
F97FTr~

SOCKET, IC 40 PIN
RP r r

i
-PT p B P EA

074 513-5001 0
H7

CONNECTOR 50 PIN

\1j
RP ''A P EA - 8
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EFFECTIVITY DATE: 012381 SINGLE LEVEL BILLS OF M

PARENT PARTY 606-0148 ~M~ UNTESTED A2 STD“48K 5YSTEM? RFI’
ERC: B SRCE CODE: A TYPE: 1

CHOKE, WIDE BAND RFI TYPE
4-J1,K13

ITEM COMPONENT 
NO, PART NUMBER

E
DESCRIPTION 

REMARKS
PR 
CD

COMM 
CODE

S T SA"P

UM

EXTEND El 
QTY 
PER

R 
C

R 
C

Y 
P

P 
R

B 
C

L 
N

075 515-0001 ? 0 RP P 1 P B P EA 1
JACK, PHONO RT ANG (MON) NTT 333- 15

“KI4
076 515-0002 0 RP P 1 P B P EA 2

JACK, PHONE
2-K13

077 515-0054 A P * P ♦ P EA 2
CONN, STRAIGHT HEADER 4 PIN

078 515-0053 I' A P" 2
CONN, STRAIGHT HEADER 2 PIN

080 519-0001 7 0 RC P 1 P B P EA 1
CONNECTOR, 6 PINANUP9-330258 -1

KI
081 341-0016 ? 0 RL P 1 P A P EA 1

ROMY “DT WIT Y“TTO -
082 000-0000 0 D * P B P EA 0

NOT USED THIS ASSEMBLY
083 341-0001 7• 0 RL P 1 P B P EA 1

ROM 16K EO
084 341-0002 ? 0 RL P 1 P B P EA 1

TOTTT6K~~EB
C ' 341-0003 ? 0 RL P 1 P B P EA 1

ROM 16K FO
0 8 6 34 I-GOD4 i 0 RD” P 1 P B P EA 1

ROM 16K F8
087 197-0001 B Rl P 1 P B P EA 1

CRY bl'AL, 14,31’8 63 O' MHZ “ —
088 908-0003 1 EX X 1 P B P EA 0,0100

ADHESIVE, RTV # 3145 GRAY
U b y 3 41•V U 3b 0 kL 1 P 1- "B P “EA- 1--------------

ROM, SPCL
A5

U?U 1bb*U0U5 A 'RP ’ ~P~ 1 P '"B~ ETA—----------- 5--------------

091 511-200!" 0---------------------------------------------
SOCKET, IC 20 PIN 

H10

■RP P’lP BYTES’ I

‘ XT RP -p-T“p -B P EA 3092’132-7 TOT
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^cipplcz computer inc.
Rgl/-

BOARD PART APPLE OTHER SCHEMATIC
LOCATION DESCRIPTION. PART H LOCATION DESIGNATION

Al (2) .luf Capacitor 135-9101 Cl

Al 530 Ohm Res 1/4W 51 101-4331 RI

Al (2) 2N4258 Transistor 372-4258 Q1,Q2

Al Xtal, 14.318630 MHZ 197-0001

Al (2) 47 Ohm Res 1/4W 5% 101-4470 R2,R4

Al ISO Ohm Res 1/4W 5% 101-4151 •

A2 Socket 14Pin 143-S3-T 511-1401 All-12,B2,B10-
14,C-11,C13 -14
D1-2,E1,F1, 
J13

Hl

' A2 IC 74LS00 305-0000

. A3 Socket 16Pin 163-S3-T 511-1601 A3,A7-1O,B1 >
B4-9,C1-1O, C12,
D3-14,E2-14 >F2,

- F12-14,H2-S
H10-14,JI,J14

?A3 IC 74166 . 301-0166
305-0166

AS Socket 24Pin 246-S4-T 511-2401 A5,F3,F5,F6 
F9, Fll

,F8

AS ROM Character Generator 335-2513

A7 Keyboard Socket 511-1601 B6-7,C12,J1

A8 IC74LS2S7 305-0257 FT) C-il i~U r—s ,—, _
H i C L'r'P FP r JIJ i r ; ■ • s /A9 IC 74LS151 30S-0151 LTI

A10 IC74LS194 305-0194 B4,B9 n/7nr~.,,-.. T T "

All IC74LS74- 305-0074 B10,J13

A12 IC 74LS02 30S-0002 B13.B14

A13 2N3904 Transistor 372-3904 F13.J14 Q5

TITLE: APPLE II MOTHERBOARD p/w: 600-0001 REV: Page 1 of

..... -------- .. -------- ------ — .... ----------------- •--------" —---------------------- ''---------- - ----------------------- -
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^|cippla computer inc.

t

re

n r;p? ■ , ’’ '

ll
BOARD PART

\j kpPLE •
1 

'OTHER SCHEMATIC
LOCATION DESCRIPTION PART » LOCATION DESIGNATION

A13 .luf Capacitor 135-9101 C4

A13 IK Ohm Res 1/4W 51 101-4102 F14 R14

A13 2.2M Ohm Res 1/4W 5% 101-4225 K13 R26

A13 IC NE555 329-0555 B3

A13 Socket 8Pin 083-S3 -T 511-0801 B3,K13

A14 .luf Capacitor 135-9101 C12

Bl IC 74LS175 307-0175

B2 IC 74S86 307-0086

B3 IC NE5S5 329-0555 A13

B3 12K Ohm 1/4W 5% 101-4123 K14 R12

B3 3.3M Ohm Res 1/4W 5% 101-4335 R13

B3 .luf Capacitor 135-9101 C15

L84»B9 IC 74LS194 305-0194 A10

B5,B8 IC 74LS174 305-0174

B6,B7 IC ‘74LS2S7 305-0257

BIO IC 74LS74 305-0074 A11.J13

Bll IC 74LS08 305-0008 ’ Hl

B12 IC 74LS11 305-0011

B13.14 IC- 74LS02 305-0002 Al 2

B14 27 Ohm Res 1/4W 51 101-4270 KI 4 R2S

B15 Speaker Jack 515-0004

BIS .luf Capacitor 135-9101

Cl IC 74LS152 305-0153 Ell-13

C2 IC 74LS19S 307-0195

TITLE: APPLE II MOTHERBOARD p/N ■ 600-0001 REV: Page 2 of 6 -
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gappkz computer inc

BOARD 
LOCATION

PART 
DESCRIPTION

APPLE 
, PART It

OTHER 
LOCATION

•SCHEMATIC 
DESIGNATION

C3,C10 RAM 4K or 16K (4K)333-6604 
C16K)333-4116 
(16K)333-0416

C3-CS .luf Capacitor 135-9101

C7-C9 .luf Capacitor 135-9101

Cll IC 74LS04 305-0004

C12 IC 74LS2S7 305-02S7 A8,B6-7,J1

C13 IC 74LS32 30S-0032 -

CIS .luf Capacitor 135-9101

-DI Memory Select Plug * El, Fl

- DZ IC 74LS20 30S-0020 Rinnn3 r~~ C F?

-D3-D10 RAM 16K or 4K (4K)333-6604
(16K)333-4116 
(16K)333-0416

1 j \: r-* r~~ 
IJ iH'Lb J • ' -> Lb

: ' ' 'j

?D3-DS .luf Capacitor 135-9101 kJ

D7-D9 .luf Capacitor 135-9101 -

DlOh IK Ohm Resistor Array 111-0001 E10h,K12 RAO 2

D11-D14 IC 74LS161 305-0161

Dll,DIS .luf Capacitor 135-9101

El Memory Select Block * DI,Fl

E2 IC 74LS139 305-0139 F2

E3-E10 RAM 16K or 4K C4K)333-6604
(16K)333-4116 
(16K)333-0416

E3-E5 .luf Capacitor 135-9101

E7-E9 .luf Capacitor 135-9101

ElOh IK Ohm Resistor Array 111-0001 D10h,K12 RAO 3

IT,TLE;-APPLE II MOTHERBOARD p/w: 600-0001 REV: Page of

................... ..... ...... -.................................. ........ --------- ----- ...... ......... ............... .......-  ---------—------------
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—:' 
^appta computer

W ■- iW *
BOARD PART U APPLE OTHER SCHEMATIC
LOCATION DESCRIPTION ______________ PART »_______ LOCATION - DESIGNATION

Ell

E11-E13

E14

.luf Capacitor

IC 74LS153

IC 74LS283

135-9101 :

305-0153

305-0283

E1S •luf Capacitor 135-9101

Fl Memory Select Plug * DI,El i

F2 •luf Capacitor 13S-9101

F2 IC 74LS139 30S-0139 E2

F3 ROM F8 341-0004

F5 ROM FO 341-0003

F6 ROM E8 341-0002

F8 ROM EO 341-0001

F9

Fll ROM DO Programmer’s 
Aid #1

341-0016 
(Optional)

F12-F13 IC 74LS138 305-0138 H2,H12

F13 2N3904 Transistor 372-3904 A13.J14 Q6

F131J 4.7K Ohm Res 1/4W St 101-4472 R27

F14 9334 301-9334

FIS IK Ohm Res 1/4W 51 101-4102 A13 R5

F15 .luf Capacitor 135-9101

F15 5-SOpf Color Trim Cap 138-0001 C3

; Hl IC 74LS08 305-0008 Bll

H2 IC 74LS138 305-0138 F12-F13.H12

H2 .luf Capacitor 135-9101

TITLE:
V___ ______

APPLE II MOTHERBOARD p/N: 600-0001 REV: Page 4 Of 6
>
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i <■> !; L iR* f'T'i nn .—Igapplc computer inc. L Ull& ; ■ ' ‘ ••' :

n ■’ ■ ■■■

• J 'l : L '■ ’ ' ; ' y

BOARD PART APPLE OTHER 'schematic
LOCATION DESCRIPTION PART # LOCATION DESIGNATION

H3-H5 IC 8797 315-0897

H7 Socket 40Pin 406-S3-7 511-4001

. H7 IC 6502 Microprocessor 337-6502 I

H10-H11 IC 8T28 315-0828

H12 IC 74LS138 305-0138 F12-13.H2

H13 IC 558 329-0558 ...

H13 (4) . 22uf Capacitor 133-8401 C5-C7

H13 .luf Capacitor 135-9101 C9

H14 IC 74LS251 305-0251

H15 27uh Choke 151-5501 LI

HIS 47pf Capacitor 131-5701 C2

^H15 .luf Capacitor 135-9101

— JI IC 74LS257 30S-02S7 A8,B6-7,C12

J13 (4) 100.Ohm Res 1/4W 5% 101-4101 K14 R20-R23

J13 IC 74LS74 305-0074 All,B10

J13 (2) 12K Ohm Res 1/4W 5% 101-4123 R19,R29

J14 MPSA13 Transistor 376-0003 Q4

J14 IN914 Diode 371-0914 CR1

J14 47K Ohm 1/4W 5% 101-4473 R23

J14 Game I/O Socket 511-1601

J14 Single Pin 515-0005

J141i 200 Ohm Pot 109-0001 Rll

J15 2.7K Oha Res 1/4W 5% 101-4272 R6

title: APPLE II MOTHERBOARD p/N: 600-0001 REV: Page 5 of 6
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' OTHER
LOCATION -

APPLE - -
PART #

SCHEMATIC 
DESIGNATION

BOARD PART
LOCATION DESCRIPTION

4

J15 2K Ohm Res 1/4W 5% 101-4202 R8

J15 l.SK Ohm Res 1/4W 5% 101-4152 R7

JIS 2N3904 Transistor 372-3904 A13.F13 Q3

J15 10 Ohm Res 1/4W 5% 101-4100 R9

KI Power Supply Socket 519-0001

K12 IK Resistor Array 111-0001 DlOJi.ElOJj

K13 IC 74IC 3S3-0741

K13 2.2M Ohm 1/4W 5% 101-4225 A13 R15

K13 (2) 12K Ohm 1/4W 5% 101-4123 B3 R16.R30

K13 .luf Capacitor 135-9101 C10

K14 .luf Capacitor 135-9101 Cll

K14 100 Ohm Res 1/4W 5% 101-4101 J13 R18

K14 27 Ohm Res 1/4W 5% 101-4270 B14 R25

K14 (2) .luf Capacitor 135-9101 C13,C14

K14 Video O/P Plug 515-0003

0-7 Connector SO Pin 513-5001

Jack (7) Phono Cassette 515-0002

Jack Phone RCA 515-0001

* Memory Select Plug

16K 16K 16K 600-0078

16K 4K 4K 600-0077

4K 4K 4K 600-0076

TITLE: APPLE II MOTHERBOARD p/^*
\’________________________________

600-0001 REV: Page 6 of 6
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1 i •

I

r.'

’ I

I 1

' • r-

)

1

F ART Au/;BE

E
?. DESCRIPTION

E C REMARKS
F F R Y P

r» r

7- c r,'
E 3

605-6116B 2 CHASE IS A2 STD 16K SYSTEM EX A 7 P U E A r. 351

1 £ 3 - 4 11 6 1 AESY > PCS ; TST ■> MOTHERBD STD 16’1 A2 EH A 1 F A F EA 1 *■1

x> .* •- r v , c .q k rp c- r; e. < r? 1 ■ • 7 -_• W W w ......... x '

3 7 7 V ~ 7 ? O’ P0 ’2 E R 8 U F F' L Y , U L A F' F' D A S T E C ; A S R E <_ ) VX F 1 F * r EA 1 IX

605-5105 M B SUBASSY TST KEYBD AP2 U/ENCCDER V a *i 1 r h F' EA 1 - -

sos-cooi ■ 8 BASE, CHASSIS'AFFLEII”.................... ” " R h F‘ 1 R E< F' EA 1 EE'

-■ s o 5 ■■ o o i o 3 STIFFENER, REAR PANEL EX F 1 F C P EA 1 C5E

-? 8 v 3 0 011 0 BRACKET, MOUNTING APFLEII KEYBOARD EX F 1 F C F EA n

5 - 0O' 01 K HOUSING, FLASHC APPLE 11 ’ R M F' 1 F' B F EA 1 A 723

ry 815-0002 8 LID, ELASTIC AFF LE II RM F 1 F B P EA 1 3E r

A 8 2 5-- 0 0 0 3 0 LABEL, *VIDEO/CASSETTE IN-OUT* EX X 1 F C F EA 1 KE.'

1 825-0001 — B~LABEL, NAMEPLATE APPLE 11' EX F' 1 P C F EA 1 r

3 o l j ~ C* 0 o / 1 OBSOLETE LABEL,SER5AFFLE 11 STD(UL) EX X 7 P C P EA 1 <-■ £

3 8 3 0-00 0 2 0 FASTENER, HEAD LOCK 3MtSJ-330SR EX X 1 P C P EA 4 KE ■

330-0003 A FASTENER,‘ PC BOARD STANDOFF “ex r rf CT EA 6 ~ C w w

3 * • V C -I- Cj V A SOREL', 6-32 X 3/8 FLT HD (CAD) EX X 1 F C P EA 6 517

40 0-3610 A SCREW, 6-32 X 5/8 FLT HD (CAD) EX X 1 F C P EA 1

7 844-0001 7 0 SOREL', 14-40”X 3/8 SEMS PAN HD"<CD) TX'X IF C 7' EA~ *’4 y

- 84 4- 0 0 0 4 7 0 SOREL’, 46-32 X 3/8 SEMS PAN HD (BK) EX X 1 F C F EA o
■ - ------------- --- ------- -------------- ----- - - — -------- ‘ -— — — ■ •—

8 □ - 4 t 'j 5 7 0 SCREW, PHILLIPS UNDERCUT 46 X 5/16 EX X 1 F C P EA o

- 860-0008 7 0 E F A 0 E R,“H E X S 6-3 2 X 1/4 (AL U M) EX X 1 F CT’ EA 1

• 3-0001 0 FEET, RUBBER EX X 1 P C P EA 4 h -

808-0003 1 ADHESIVE, RTV 13145 GRAY EX X 1 F B P EA 0.0 4 0 0 352

3 033-0003 7 0 ■;3rS) REIDENTIFIED SEE 835-0116 E X X 1 F’ C F E H 1 ' 2 :

■- — »- C « ( ' v O 7 0 WAE-ER 36 INTERNAL TOOTH E X X 1 Fl C F EA 1
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C 1

6 1

L

f r.F'.

1J

AF\

L.

1 ' j

z-ooc -i

:ted

A F' F L E C C:; J T E X ; I NC .

E V E L T> 1 L L C 2

YET EZ r. j; ♦

H T Y fe: 1 .-.cc:

S T s a p E X T E ,

F R F; Y F E i 1; 'J ’

CD C F' F: C X U M F E

r y X 1 F' C F E A 2

vx er l-l r’ i; p EA -

EX X 1 F C P

Fi 1 F' A p EA

EX X 1 P A F' E A c

EX X 1 P C P E A 1

EX X 1 P C P E A i

D * P D p EA

EX X 1 P C F‘ EA

E X X 7 P C P EA c

3 I N

TIC;

H k

i-

I

H1 •i

7 ING •lo I

1

rT

NOTES:

ECO o >-2 ADDED ITEMS 4 >33
ECG O L. DELETED ITEM 26 > "7

ECO O ~ •_ CHANGED ITEM IS Q T Y FRO M 12
ECO 3E2 CHANGED ITEM 20 QTY FROM 4
ECO 7. F. 4 ADDED ITEM 12
ECO

xj z /
DELETED ITEM, 27
ADDED ITEM 22>30 > 31 :, 3

ECu O / t DELETED ITEM 28? 2? U liUO l-ua..- -4.......... -

ECO A E 3 CLOSED ITEM 34 r, _4 ;------- , ■■

ECO 4 72 A D D E D ITEM 35 \ ; i \ ‘ L ■

\ ' 7: ■ , .21"
EN Li LF REPORT
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ITEM
NO,

COMPONENT 
PART NUMBER

606-6116D

001 606-4548 ~

002 600-0009

003 699-0048

004 606-5105

005 810-0055

008 810-0360

~ 009^10-0359 "“

010 825-0003

011 825-0036

" 012'82 5-0068“'

013 830-0002

n14 830-0003

0,u 84 4-DO 12

017 844-0001

018 844-0004

~D21“8 65-0001“

022 908-0003

030 825-0043

031'944-0057 ~

033 805-0058

035 825-0205

036“8OS-0061

037 844-0013

M CHASSIS A2 PLUS 48K SYSTEM RFI—’
ERCJ B SRCE CODE: A TYPE: 1

E
R DESCRIPTION 
C REMARKS

STSAP-----
PR COMM R Y P B L 
CD CODE C P R C N UM

A EX ♦ 7 ♦ * EA
DWG, CHASSIS ASSY A2 STD SYS RFI

A ~ TS A'1“P'A“P“EX
TESTED A2 PLUS 48K MOTHERBOARD, RFI

RM P 1 P B P EAM B
ASSY,~SPEAKER

P 0 VX P 1 P A P EA
POWER SUPPLY, ASTEC (85V - 135V)

M _ VX jr 1 P A P EX
TESTED KEYBOARD, A2 RFI

A ___ RM
'■'BASE", CHASSIS“A2"RFr~~P AINTED------------ --
A RM

HOUSING, A2 W/EMI PAINTING DETAIL
A“ rm-------

LID, A2 W/EMI PAINTING DETAIL
0 _ EX

~~ LABETJ, "VIDE07CASSETTE“TN^0UT"
0 ex

NAMEPLATE, APPLEII PLUS 
r ex' i

LABEL, SERIAL # APPLE II PLUS (UL) 
? 0 EX

FA STENER, HEAD~U0CK~3K# S J-33 0“8 R
? 0 EX

FASTENER RICHCO TCB5-4N
0 ------------------------ex--------

SCREW, #6-32 X 1/2 PAN HD (BLK) 
? 0 EX

SCR EW7
? 0

P 1 P A P EA

P

P

X

X

X

X

X

X

1

1

1

1

7

1

1

7

P A P EA

P

P

P

P

P

P

P

A P EA

B P EA

B P EA

B P EA

B P EA

c

D

p

P

EA

EA

-■ UM r EA 
ABC: A

EXTENDE
QTY 
PER

0

T

1

1

T

1

1

1

1

1

1

4

5

4

EAX 
A4-40 X 3/8 SEMS'“PATF“HD~~(CDT

EX X 1 P C P EA
SCREW, #6-32 X 3/8 SEMS PAN HD (BK)

--------------- EX­
FEET, RUBBER

1 EX
ADHESTVE/ RTV ~r3US “URAY---------------

0 EX
LABEL, WARNING ASTEC UL P/S 

0 ----------------------------

FOAM PAD, SPEAKER
A

----- B7TR—GROUN DING ~Ar2~PCB----------
A

LABEL, FCC NON-COMPLIANCE
A -- ----------------------------- RM---------------p

CLIP, GROUNDING A2 RFI
0 EX X

SCREW,—#6 -32X“17 4 ~SE M S“PAN'H D“(B K)

RM

1 P C P

X 1~P~B~P~EA 4-

X 1 P B P EA 0,0400

X 1 P B P EA

X'lP C P EA

1 P C P EA

0

4
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X 
04 x -j X

C_> ■ \

LU
•

2

co

o o:> o o <: o o ■
J z ■ 03 CD . r> CO CD G G3 G3 .

3 i 12 Id 1 1 1 I 1 1 1
■ F- jd Xi :j Xi jCi . Xi Xi

• • ■ » <r □ CJ j o a i □ 3
-4 LlI -J uu Lu Lu ; . Lu Lu G. Lu U. i

U4 ! '4 1 1 t 1 1 1
c o :2 r) m r ) f) N 1 ■ -> r) r) :

CD 
d

J v-4 4 t~4 t—< • *4 t-4 r4

C3
O n o i 4 C4 Ci i 4 C4 r 4 i 4 CJ C4 1
Cd J ■ J X 1 1 r-4 If J i 3 13 ls3 1 2 LD liD i

r u. U

D

JO ! o o ro ; 3 M M I ] N M

<

c Id t
u LU U4 >4 ■

z - cd
♦ 3 * Ld r Ld > r-i vf ■ 4 -4 C 4 ■

(J X J F- 1 CL. 3
Z3 u X □

»-4 n Ld 3

J
z <z <z •U- Z u C <C ■ e <z <r

LU _t X I J Ld Ld 1 d Id Id ! J Id Id '
h-
3 -4 LU J z 3 Cu Cu ■ u X O. i i- LU LU
LU
x: a • < a o ■r Clj CCl ; Cj EQ ■ cn &
o U4 ! J

u 03 LU ic_> UZ u ID •- Cd : _ u- Cu t u CD £u
j » :

Id >- : f- : — lu : X r—! T—i • "4 tH t-4 ■ ■4 t-4 t"4

_J d Id
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d C' f— i u Z U4
'Ld □ o

J ' Cd J CJ . * *r-l
-U -J
I to i 

H t—|-4
xZ uu < o co i uXiL i -XX

□ t o : J Cd 3 I d Id Ld i ' UJ ui
, ^J13 1 J

/•H ! d (
3 U4
D m3

3___if) i J t U ^”4
£ J X

z: t ca 
f-

-< i+-ui 
^UI

n J if)
>- -J . J

1 u uC a. Cd Cu
d F- Z LU < 3 0 0

*-cn
3 Ct 2: Cu <r in F F- If)

- Ld —1 F3 i 4-U ■*"4
Ld • •* 1 3 -i o •

J z r J rH r—{ ■) >-<
"7** £ 3 - O <- LD LD J Eu UC

d -4 GD u o o • Zi _u
. ■ f J F- F- LU r-4
u iX ' D O Ld o
-t <r : u u) • -4 F4 C Z LD

X D • O □ o o
J Id -i L' j- 1 F4 J
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d u fi- O D 2 3 Z
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J Ei H* d co
~} Cd d Z □ £> !> r cd co r s -4 CI

1 - <£ z. xj J rM 5 o —< 14 «<3 CJ
o — LU 3 Z >0-4 JOO o o o
1-4 -4 u > o o . > o o o o o

> f— u F- 1 4 1 I 1 1 i i
3 Ld o > »j“) .3 LD UD n ld o

LJ - Ill j -d n .m o o o o o ’-4
I— -j x lu O dl o u r\ ru ,’x f.D CD

U4
U <

3 • c ;> r rD T UD Li r* cd

o '3 0 0 > o o o o o

Cu ■ -< z 3 0 0 o o o o o o

Jr-; •—- - „ •> * *
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Apple n Computer Technical Information

APPLE II / APPLE II-PLUS 
LEVEL II SERVICE REFERENCE MANUAL

Pre-Release Version

APPENDIX C
REMOVAL AND REPLACEMENT PROCEDURES

Written by
Apple Computer, inc. * Level II Service Center 

1981

( This page is not part of the original service manual )
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22 September 1981

To: Level II Service Managers

From: Jess Pack
Service Engineering

Subj: Service Engineering Pre-Release on the Apple II Keyboards.

Enclosed is the pre-release material on the Keyboard Company produced 
keyboards for the Apple II. Some of the parts have Apple part numbers, 
these are indicated with an A preceeding the part number. Part numbers 
preceeded by a K are keyboard company part numbers.

These part numbers will be on the service cashier up-date for October, 
use the part number indicated in this material for ordering any piece 
part for the keyboards.

This package should contain piece part breakdowns on the following:

1. Keyboard Encoder REV C
2. Apple II Alps Switchable (Low Profile Key Caps)
3. Apple II Alps Switchable (Sculptured Key Caps)
4. Apple II Contact Array Keyboard (Low Profile Key Caps)
5. Apple II Contact Array Keyboard (Sculptured Key Caps)

Note: Due to manufacturing changes at the keyboard company many parts 
are not interchangable. Refer to Service RElease SR2-009.
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17 September 1981

Apple II Switchable Keyboard 
Sculptured Key Caps

Keyboard Company

Part Number: 606-0650

Figure Description Part Number

1 Key Cap Set All B&M A605-0113
2 Adapter, 0 Degree K815-0013
3 Switch, KBB Alps Reset K705-0004
4 Header, Right Angle 26 Pin K519-0003
5 Lamp K710-0001
6 Adapter Power K815-0010
7 Plate Sub assembly K626-4001
8 Stabilizer 8 Position K810-0014
9 Standoff, Sawge K810-0008

10 Guide 0 Degree K815-0005
11 Pivot Stablizer K815-0014
12 Screw 6-32 Pan Head K842-0002
13 Richco Fastner A83O-OO17
14 Switch, KBB ALPS A7O5-OO15
15 Power Lens Printed K816-0119

Part Numbers: "K" Indicates Keyboard company
"A" Indicates Apple MIS

Item 13: Richo fastner is not on illustration, it is used to fasten the 
external keyboard encoder card to the keyboard.

A ’•
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17 September 1981

Part Number: 605-0118

Apple II Switchable Keyboard 
B&M Low Profile LKey Caps

Keyboard Company

Figure Description Part Number

1 Key Cap Set All B&M A605-0119
2 Adapter, 12 Degree K815-0009
3 Switch, KBB Alps Reset K705-0004
4 Header, Right Angle 26 Pin K519-0003
5 Lamp K710-0001
6 Adapter Power K815-0010
7 Plate Sub assembly K626-4001
8 Stabilizer 8 Position K810-0001
9 Standoff, Sawge K810-0008

10 Guide 12 Degree K815-0004
11 Pivot Stablizer K815-0014
12 Screw 6-32 Pan Head K842-0002
13 Richco Fastner A830-0017
14 Switch, KBB ALPS A7 05-0015
15 Power Lens Printed K816-0119

Part Numbers: "K" Indicates Keyboard company
"A" Indicates Apple MIS

Item 13: Richo fastner is not on illustration, it is used to fasten the 
external keyboard encoder card to the keyboard.
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16 Septembe 1981

Contact Array Keyboard 
Sculptured Key Caps

Keyboard Company

Part Number: 606-0649

Item Description Part Number

1 Sculptured Key Cap Set A605-0133

2 Lens Power Printed (all keyboards) K816-0001

3 Sheild 55 Position All EMI A810-0089

4 Keystem, Off-Set K815-0038

5 Spring Reset Key K870-0006

6 Stabilizer Bar 8 Position K810-0011

7 Spring Space Bar K870-0005
8 Guide Off-Set K815-0037

9 Lamp K710-0001

10 Connector 25 Pin K710-0001

11 PC Board 52 Position K820-0001

12 Richco Fastner (encoder card) A830-0016

Item 12: Richco Fastner is not on the Illustration, it is used to fasten 
the external keyboard encoder to the keyboard.

Note: Service on this board is very limited. The following items are not 
considered field serviceable and are listed for identification 
purposes only.

Item

4 Keystem Off-Set
11 PC Board 52 Position

Item number 3 is the EMI Modification for the Contact Array.
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16 September 1980

Contact Array Keyboard 
B&M Low Profled key Caps

Keyboard Company

EMI Untested Contact Array Keyboard Part Number 606-0115 
Untested CONTACT Array Keyboard Part Number 605-0115

Figure Description Part number

1 Keycap set All B&M A605-0119
2 Lens power Printed (all keyboards) K816-0001
3 Sheild 55 Position All EMI A810-0089
4 Keystem 12 Degree K815-0001
5 Spring Comp, All Keyboard Reset A810-0087
6 Space Stabilizer All Keyboard A810-0086
7 Spring Comp, All Keyboard, Space" A810-0088
8 Guide 12 Deg. All Array A815-0381
9 Lamp (All Array/Switchable) K710-0001

10 Connector 25 Pin K519-0002
11 PC Board 52 Pos K820-0001
12 Richco Fastner (encoder card) A830-0016

Part Number : "K" Indicates Keyboard Company 
"A" Indicates Apple MIS Number

Item 12: Richco Fastner A830-0016 is not on the Illustrstion, it is 
used to fasten the external keyboard encoder card to the 
Keyboard.

Note: Service on this board is very limited. The following items are 
not considered field servicable and are listed for identification 
purposes only:

Item:

4 Keystem 12 Deg.
11 PC Board 52 Pos.

Item number 3 is the part addition to make the array keyboard EMI.

Distributed under the Creative Commons License on page 4 | Page 0344 of 0367



Apple ][/][-Plus Level II Service Manual - 1981 - DigiBarn Computer Museum - Apple Computer, Inc.
/■

16 September 1981

EXTERNAL keyboard Encoder 
Apple II

Part Number: 605-0105 REV C (Current Encoder)

location Description Apple PT NO.

R8 Resistor 1/4W 5Z 510K OHM 101-4514

R5 Resistor 1/4W 5Z IK OHM 101-4102

R4 Resistor 1/4W 5Z 220 OHM 101-4221

R7 Resistor 1/4W Z5 220K OHM 101-4223

R2,3,6 Resistor 1/4W Z5 4.7K OHM 101-4472

Rl Resistor 1/4W 5Z 51K OHM 101-4513

RIO,5 Resistor 1/4W Z5 3K OHM 101-4302

Cl Capacitor 1UF AL ELEC -10Z175Z 50V 125-4101

C5 Capacitor 47PF 5Z N470 50V 131-5701

C2 Capacitor .022UF 20Z Y5P 25V 133-2401

C3,4,6,7,8 Capacitor .1UF +80-20Z Z5U/Y5V 50V 135-9101

B3,4 IC 74LS00N 305-0000

B5 IC 74LS04 305-0004

B2 IC 555 Timer 329-0555

B6 MB IC KEYBOARD encoder 331-0931

JI Socket, IC 16 Pin 511-1601

B Socket, 40 Pin 511-4001

Pl Connector 25 Pin Molex #4030—25AA 519-0022

SI Switch SLd #M10—0112—045—01—0 705-0013

PCB PCB Encoder Discrete Keyboard 820-0026

Note:

#1. REV C

Capacitor C8 was added to this version of the Encoder for the
Contact Array Keyboard.

#2. REV B / REV A

Components are the same as current encoder board*the PCB Traces
are different.
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ASTEC 11040 STANDARD POWER SUPPLY

LOCATION DESCRIPTION

Cl POLYESTER CAPACITOR 0.1 UF 400V
C2 ELECTROLYTIC CAPACITOR 47 UF 250V
C3 • ELECTROYLTIC CAPACITOR 47 UF 250V
C4 ELECTROYLTIC CAPACITOR 47 UF 250V
C5 ELECTROYLTIC CAPACITOR 47 UF 250V
C6 TANTALUM CAPACITOR 22 UF 16V
C7 CERAMIC CAPACITOR 1000 PF 3KV
C8 CERAMIC CAPACITOR 0.01 UF 1KV
C9 ELECTROYLITIC CAPACITOR 1000 UF 10V
CIO ELECTROYLITIC CAPACITOR 1000 UF 10V
Cll ELECTROYLITIC CAPACITOR 330 UF 16V
C12 ELECTROYLITIC CAPACITOR 220 UF 10V
C13 ELECTROYLITIC CAPACITOR 1000 UF 10V
C14 POLYESTER CAPACITOR 1000 PF 50V
C15 ELECTROYLITIC CAPACITOR 1000 UF 10V
C16 ELECTROYLITIC CAPACITOR 220 UF 10V
C17 ELECTROYLITIC CAPACITOR 680 UF 16V
C18 ELECTROYLITIC CAPACITOR 330 UF 16V

DI RECTIFIER RPG10M
D2 SILICON DIODE 1N4150
D3 RECTIFIER RGP10M
D4 RECTIFIER/HEATSINK ASSEMBLY
D5 RECTIFIER/HEATSINK ASSEMBLY
D6 RECTIFIER/HEATSINK ASSEMBLY
D7 RECTIFIER RGP15B
D8 RECTIFIER RGP10B
D9 SILICON DIODE 1N4150
DIO SILICON DIODE 1N4150
Dll BLANK

DB1 BRIDGE RECTIFIER KRP10

Fl FUSE 2.75 AMP 250 VOLTS

LI CONTROL CHOKE COIL
L2 FILTER CHOKE COIL ASSEMBLY
L3 FILTER CHOKE COIL ASSEMBLY
L4 FILTER CHOKE COIL ASSEMBLY
L5 FILTER CHOKE COIL ASSEMBLY

VENDOR NO. PP

058-10400100 CL^i-010 
057-47020040Y 
057-47020040^ 
057-47020040^4. 

057-47020040'C 
072-22600040 
055-10210001 
055-10367325 
057-10220020')C. 
057-10220020) C 

057-33120080 
057-22120060 
057-10220020 
058-10200020 
057-10220020 '‘o<<
057-22120060 maH-oa'' 
057-68120010 
057-33120080

226-10400050 <U375'-rf 
212-10700050 U3*7i- *
226-10400100 tx575<^/" 
853-00200020^
853-00200020? U.375'-C<^ 

853-0020002Q7
226-10100040 4x37 5^cr if 
226-10400070 U375'-00h 
212-107000500 3^,-
212-1O7OOO5OJ

226-30500010 Ct3S7-4¥r,

084-00200040 u74O-<'«

328-00150016
TF-20100010
TF-20100050
TF-20100010
TF-20100020

'A
ci 15'5'-ec*

i S'5 
cl I S3 rrf

Ql
Q2
Q3
Q4

TRANSISTOR 
TRANSISTOR 
TRANSISTOR 
TRANSISTOR

NPN PE8050
NPN 2SC1358
NPN PE8050
PNP PE8550

209-11700382
209-10200020 -
209- 11700382
210- 11700322 U.37fe-Cc<(

R1 THERMISTER 4R @25 DEG.CEN 4—10Z
R2 RESISTOR CARBON FILM 2.2M 4—5Z

258-40970015 0.107-0,
240-22506033 *O|

// c fi Q oMMsA/ AA/'o&'-f A/T
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R3 RESISTOR CARBON FILM 2.2M +-5Z 240-22506033
R4 RESISTOR CARBON FILM 82R +-5Z 240-82006033
R5 RESISTOR METAL OXIDE FILM 27R 248-27006052
R6 RESISTOR CARBON FILM 4.7R +-5Z 240-47906033 lei
R7 RESISTOR CARBON FILM 1OR 4—5Z 240-10006022 #©/ -427*
R8 RESISTOR METAL FILM O.33R +-5Z 247-03386054
R9 RESISTOR CARBON FILM 180R +-5Z 240-18106022 joi -Ml?)
RIO RESISTOR CARBON FILM 12R +-5Z 240-12006022 | o 1 -41 c
Rll . RESISTOR CARBON FILM 470R +-5Z 240-47106022
R12 RESISTOR CARBON FILM IK +-5Z 240-10206022 4-/o f - H io;.
R13 BLANK cI 6)~4loR14 RESISTOR CARBON FILM IK +-5Z 240-10206022
R15 RESISTOR CARBON FILM 33OR 4—5Z 240-33106022 |o|-H33
R16 RESISTOR CARBON FILM 5-6K +-5Z 240-56206022 CiG 1 — 4S"4
R17 RESISTOR CARBON FILM 27R +-5Z 240-27006022 qol-427'
R18 RESISTOR CARBON FILM 82R +-5Z 240-82006033 ioi -
R19 RESISTOR CARBON FILM IK 4-5Z 240-10206022 C lol -Mie

R20 RESISTOR CARBON FILM 2.7K +-5Z 240-27206022 io 1
R21 BLANK
R22 RESISTOR CARBON FILM 1OOR +-5Z 240-10106033"1
R23 RESISTOR CARBON FILM 1OOR +-5Z 240-1010603^
R24 RESISTOR CARBON FILM 39OR +-5Z 240-39106022 q©|-437O

SC1 SILICON CONTROL RECTIFIER 2P O5M 227-12500010 '^S7G-o«~7

T1 POWER TRANSFORMER ASSEMBLY TF-10200370
T2 CONTROL TRANSFORMER ASSEMBLY TF-1O2OO2OO
T3 COMMON MODE TRANSFORMER ASSEMBLY TF-20200010 LV IST? - OCC-t

Z1 ZENER DIODE 12.2V +-0.2V 222-12295001
Z2 ZENER DIODE 6.8V +-O.2V 222-06895003 CG37 / -ccc^

VDR1 VARISTOR 260VAC 256-26100014 q*L377-<^«'

PCB PRINTED CIRCUIT BOARD (NO PART'S) 042-02012202 US2O-<Xc.
1

CASE SWITCH (ROCKER TYPE) 278-01200020 7c£"-eo23
CASE AC IMPUT SOCKET (THREE PRONG GROUND) 149-00200010
CASE VOLTAGE SELECTION SWITCH 115/230 283-02200100

(CASE) BOTTOM PLATE 1.6 AL SHEET 403-03100700
(CASE) COVER (TOP) 1.6 AL SHEET 403-03100810
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ASTEC POWER SUPPLY AA11040B||

LOCATION

ci
C3
C4
C5 .
C6
C7
C8
C9
CIO
Cll
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25

DI
D2
D3
D4
D5
D6
D7
D8
D9
DIO
Dll
D12

DB1

Fl

ICI

LI
L2
L3
L4
L5

DESCRIPTION

MP CAP 0.1 UF +-20% 250 VAC
CER CAP 2200 PF +-20% 400 VAC 
CER CAP 2200 PF +-20% 400 VAC 
ELEC CAP 47 UF +100-10% 250V 
ELEC CAP 47 UF +100-10% 250V 
ELEC CAP 220 UF +50 -10% 10V
CER CAP 47 PF +-20% 3KV 250
CER CAP 0.01 UF 4—20% 1KV 25U
CER CAP 0.01 UF 4—20% 1KV 25V
POLY CAP 0.22 UF 4-10% 100V
ELEC CAP 1000 UF +100 -10% 10V 
ELEC CAP 1000 UF +100 -10% 10V 
ELEC CAP 1000 UF +100 -10% 10V 
ELEC CAP 220 UF +100 -10% 10V 
ELEC CAP 220 UF +100 -10% 10V 
POLY CAP 0.022 UF +-20% 100V 
POLY CAP 0.22 UF +-10% 100V 
ELEC CAP 1000 UF +100 -10% 10V 
ELEC CAP 580 UF +100 -10% 16V 
ELEC CAP 330 UF +100 -10% 16V 
ELEC CAP 330 UF +100 -10% 16V 
CER CAP 0.01 UF +-20% 1KV 25U 
ELEC CAP 47 UF +100 -10% 250V 
ELEC CAP 47 UF +10 -10% 250V

RECTIFIER RPG10A 
RECTIFIER RPG10M 
RECTIFIER RPG10M 
SILICON DIODE 1N4606 
SILICON DIODE 1N4606 
RECTIFIER ASSY 
RECTIFIER ASSY 
RECTIFIER ASSY 
RECTIFIER RGPA5B 
RECTIFER RGP16& 
SILICON DIODE 1N46O6 
RECTIIER RGP15B

VENDOR NO.

068-10400010
055-22200010“}
055-222200017 

057-47020040^ 
057-47020040/
057-22120080 
055-47167728 
055-10358925^ 

055-10358925/ 
058-22400120

W'ze pfa
4Z/.2/-
LU32L~ COO/ 

U /

a /A4-

U A3/ -<3 005.
U //7-OooJ

O57-1O22OO2OV.
057-102200201 (JL ftU-C®03
O57-1O22OO2Q/
057-22120060 Y
O57-2212OO6O/C
058-22300080 CU/?~ aoOA
058-22400120 /
057-10220020 C LL/^-O^3 
057-68120010 C U -OOO2T
057-33120080Y-
057-33120080/L

055-10368925 U/32.~
O57-47O2OO4OX UIZU'- e>C>e /
O57-47O2OO4Q>C-

226-10400050 C
225- 10400100SC
226- 10400100^0 

212-10700210} 
212-10700210/ 
853-00200210\ 
853-00200210< 
853-0020021^ 

226-10100040 e. 
226-10400070C 
212-10700210 
226-10100040 C

a wsc-ooM 

n 373'-^’° 13 

U3>7! ~

LL37^~oOl7

U37£~-co/5“
£4375-00/6
U37f~ 000 7 
U 37 00 75*

BRIDGE RECTIFIER KBP10 225-30500010 ZZ 3^7- OOO/

FUSE 2.75A 125V 084-00200040 64—7Y0 -eoo/

IC TL431CP/TL431CLP 211-10800100 3^7’000/

CHOKE COIL ASSY 852-2010014(T} tc- /.rr-Oco/
CHOKE COIL ASSY 852-2010014Q/
BASE CHOKE 2.2 UH 328-00100030 a_-/x$"-ooea.
CHOKE 1.5 MH (PROPRIETARY) 328-00100010 CC-/XS--COO3
CHOKE COIL ASSY 852-10100370 Kr/<ss--eooy

C" C ommw Co 7
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L6 choke coil assy
L7 choke coil
L8 choke coil

328-20100010 
852-1010049CT1 
852-10100490^

Ltisr-OOQS"

QI
Ql
Q2
Q3
Q3
Q4

NPN TRANSISTOR 2SD592NC
NPN TRANSISTOR 2SD467C
NPN TRANSISTOR 2SC1875
PNP TRANSISTOR 2SB621NC
PNP TRANSISTOR 2SB561C
PNP TRANSISTOR 2SB621NC

Rl THERMISTOR 4R +-10Z OR 5R
R2 RESISTOR METAL FILM 150K +-5Z 1/2 W
R3 RESISTOR METAL FILM 150K 4-5Z 1/2 W
R4 RESISTOR METAL OXY FILM 27R +-5Z 2 W
R5 RESISTOR CARBON FILM IK +-5Z 1/2 W
R6 RESISTOR CARBON FILM 27R +-5Z 1/2 W
R7 RESISTOR CARBON FILM +-5Z 1/4W 68R
R8 RESISTOR METAL OXY FILM 120R +-5Z 1W
R9 RESISTOR CARBON FILM 8.2R +-5Z 1/4 W
RIO RESISTOR CARBON FILM 10R +-5Z 1/4 W
Rll RESISTOR METAL FILM 0.56 +-5Z 1W
R12 RESISTOR CARBON FILM 68R4—5Z 1/4W
R13 RESISTOR CARBON FILM 27OR +-5Z 1/2W
R14 RESISTOR CARBON FIM D27OR +-5Z 1/2W
R15 RESISTOR CARBON FILM 8.2R +-5Z 1/2W
R16 RESISTOR CARBON FILM 39OR +-5Z 1/4W
R17 RESISTOR CARBON FILM 22R +-5Z 1/2W
R18 RESISTOR CARBON FILM 100R +-5Z 1/4W
R19 RESISTOR CARBON FILM +-5Z 1/4W 56R
R20 RESISTOR CARBON FILM 56R +-5Z 1/2W
R21 RESISTOR CARBON FILM 12K +-5Z 1/4W
R22 RESISTOR CARBON FILM 47OR +-5Z 1/4W 
R23 RESISTOR METAL FILM 2.7K +-2Z 1/4W
R24 RESISTOR METAL FILM 2.7K 4—2Z 1/4W
R25 RESISTOR CARBON FILM 100K +-5Z 1/4W
R26 RESISTOR CARBON FILM 680R +-5Z 1/4W
R27 RESISTOR CARBON FILM 1.8K 4—5Z 1/4W
R28 RESISTOR METAL FILM +-5Z 1W 1R
R29 RESISTOR METAL FILM +-5Z 1/4W 32R 
R30 RESISTOR METAL OXY FILM 220R +-5Z 1W 
R31 RESISTOR CARBON FILM 224 4—5Z 1/4W

209-11700400 
209-11700460
209- 10200030 
210 11700330
210- 11700350 
210-11700330

258-40970015 
240-15406033^ 
240-154060335 
248-27006063 
240-10206022 C 
240-27006022 C 
240-68006022 
248-12106052 
240-82906022 
240-10006022 Q 
247-05686054 
240-68006022 
240-27106033^ 
240-2710603V 
240-39106022 
240-39106022 C 
240-22006022 
240-10106022 C 
240-56006022X1 
240-56006022^ 
240-12306022 
224-27106022 
247-27015022) 
247-27015022) 
240-10406022 
240-68106022 
240-18206022
247- 10086-54 
240-82006033 C
248- 22106052 
240-22006022

U376*00ol 

u3n<r-ooeS3

U37«>- cec3

/O/- #220 
/d>/~

(0/- 4/33
W- 4*/7/ 
ClIay-eceST

let-4183L 
U 

ui&i-ooob

SCR1 SCR C122U/2N695 227-13000010 U37^L-©oo|

T1 COMMON MODE TRANSFORMER ASSY 852-20200950 57-doo|
T2 POWER TRANSFORMER ASSY 852-10200940

T3 POWER TRANSFORMER ASSY (SUB) 852-10200680 U. 15*7-0© o3

Z1 ZENER DIODE 9.8V +-0.2V (2K7) 222-98085002 U37f—oooiL
VDR1 VDR 260 VAC 256-26100014 G U377-COOI

CASE VOLTAGE SELECTION SWITCH 115/230V 283-02200100 C.
7o 03
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CASE
Sw/Vck Rocket
SWITCH ROCKER 278-01200020 C

n OST-O6©! 
r70 5"-O®a3

CASE AC INPUT SOCKET 149-00200010 C

CASE BOTTOM PLATE 1.6 AL SHEET 403-03100700
g0S"-ooc2>CASE COVER (TOP) 1.6 AL SHEET 403-03100810 c
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REMOVAL
1. Power off the Apple and remove power cord—first from power source and then from rear of

Apple housing

2. Remove Apple lie.

3. Turn Apple upside aown so keyDoard rests'on protective foam pac.

4. Remove six flat-head screws from.three outside edges of flat portion of Apple base (See A1).

5. Remove four rouno-head screws and lock washers from front of base (See A2).

6. Grasping both base and housing, turn Apple right side up.

7. Gently lift front of housing slightly off base and unplug keyboard connector from location A7 
at front of motherboard (See D1).

8. Lift housing off base and set aside.

9. Pinch sides of plug and release power supply plug from location K1 at top of motherboard 
(See D2).

10. Unplug speaker connector from location B8 on motherboard (See D3).

11. Remove 5/16 inch nut and lockwasher in middle of motherboard (See D4).

12. Push in on flanges with screwdriver or needle-nose pliers to release four stand-offs at 
corners of board and two stand-offs between I/O connectors 4 and 5. Lift board up and out 
(See D5).

INSTALLATION
1. Place new motherboard into position over four stand-offs at corners of board and two stand­

offs between I/O connectors 4 and 5. Press board down into place (See D5).

2. Install washer and nut in middle of board and tighten just until snug (See D4).

3. Reinstall speaker connector at B8 (See D3).

4. Reinstall power supply plug at K1 (See D2).

5. Place housing over base.

6. Gently lift front of housing slightly off base and reinstall keyboard connector at location A7. 
Be sure pin 1 of connector aligns with pin 1 of socket (See D1 and D10).

7. Grasping both base and housing, turn Apple upside down so keyboard rests on foam pad.

8. Make sure bent tab at back of base fits into slot in housing; then install lock washers and 
four round-head screws in front of base (See A2).

9. Install six flat-head screws in three outside edges of base (See A1).

10. To finish the procedure, complete these steps;
a. turn Apple right side up
b. replace Apple lid
c. reconnect power cord to Apple.

2-1 J
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r

REMOVAL
1.

2.

3.

4.

computer nc.

» L Lm i

Motherboard ROMs (See D6>.
Motherboard RAMs (See D7;
741 IC (See D12:.
ROM Card (Applesoft) in I/O connector 0 (See D13-.

Power oft system ana remove power cord—first from power source ana men ircm rem of 
Appie housing

Remove Apole iid

Locate IC to be removed
•

•

With the special IC extractor, lift out the IC. Use extreme caution when handling the IC to 
prevent all types of damage—including that caused by static (See D8).

INSTALLATION

1.

2.

3.

Identify correct placement of IC by holding it above socket so that:
a. notch in top of IC is toward front of Apple and
b. dot or dot indentation on top of IC (at pin 1) is next to white dot on board (at pin 1 of 

socket)—See D9 and D10.

Making sure that all pins line up with sockets, press IC firmly into place.

To finish the procedure, complete these steps:
a.
b.

reinstall Apple lid 
reconnect power cord to Apple.

1

*■ \
■■ . * t

\ •; ■, L-

5

i

I

2-2
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r
C ccmpuea- inc. ■

POWER SUPPLY REPLACEMENT PROCEDURE
REMOVAL

n

5.
C.

l.

Power c:f Anole and remove power cord—first from power source and then from rear of Apple 
housim.

Remove Apple Im.

If ROM care is installed in I/O connector 0 next to power supply, remove tor easier access. 

Pmcn sices ci piug anc release power supply plug from location K1 on motherboard (See 02). 

V'.Mh the Keyboard directly in from of you. turn Apple ud onto its left side.

Support the power supply unit (See Cl) with your left hand and use your right hand to remove 
the fear round-head screws and lock washers on the underside of base (See A3;

Turn the Apple back onto its base and lift out cower supply unit.

INSTALLATION’
1

n
0.

5.

Place new power supply unit into Apple (See 01).

Holding the unit in place and facing the front of the keyboard, turn Apple onto its left side. 

Support the power supply unit with your left hand and install the four lock washers and 
round-head screws to hold power unit to base (See A3):

Reinstall power supply plug at location K1 (See D2).

To finish the procedure, complete these steps:
a.
b.
c.

re-insert ROM card in I/O connector 0 (if removed earlier) 
reinstall Apple lid
reconnect power cord to Apple.

V ' ’’
. > .

2-3

U . i
' i \ ’
;: \1

y
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Power off tne svstem and remove power core—first rrom cuwer s 
Aocie nous' :̂

Remove Aos

lirn Aopre ucs se crown so kevooaro resis co choice.live ;c.-;m ■,-.

six ■ '■■"eao screws irom three cutsico eooes y fat ...... Am.e c

Remove ‘ow r: wc-neac sere,vs anc ico wesnew trem trent ci ■ 3-a A. 

He cute oom c..m and nousme. turn Acme ricm s:m m.

Gently lift front y housing Slightly up off base awe tmtrnjc r.evcc..". cw'm:mr
A7 at from C’ her boa rd (See Di

Lot housing y: case and turn rousing ups::w uo' n cm: wtm w .. r ' r'r' 

r-.y"y.~ ’em r_;s and lock washern (or sen .m > m wo 1 ;w ■ ■ ■ :-;j

is'n Kevbo.-.'d r-cht side up. Carefully remove coca from too -:gw ry.-'yr w

1 AskS keyboard cable tc connector at top right ccmw y mJ ........ - -
com nm tc tme pins (See CG).

2. Tc install replacement keyboard, first cheek tc s-e :: time ? j :.■■■ Sim j.. -■ •ms 
mounter; on ins ce of housing at sides cf kewma-r iccmim .?•; -2)
• If brackets are pre-instaiied. go to step 3.
* if brackets am not pre-instaiied. complete a thrmgh c :?.ww.

a) remo.c mur threaded rods (bent screws;
bl place b'aoaets flat side down on housing
c) insta'i screws at top and bottom of brackets (See B2i

3 Place new keyusa-a over bracket stand-offs and msiail lo>. washers and smews to he's 
keyboard to bramets (See B1

4 Lift housing ano place on base.

5. Lift front of housing sliahtly off base and reinstall keyboard conimm an mr-’ion A7 nR^e 
D1).

6. Holcing both base and housing, turn Apple upside down so keybvri'C rests on foam pact.

7. Install four lock washers and round-head screws at front of case (See A2).

8. Install six flat-read screws at three outside edges of Apple base (Seo Al).

9. To finish the pmcedure. comolete these steps:
a. turn Apple right side up
b. reinstall Apo'e lid
c. reconnect cower cord to Apple.
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r.

computer inc. u LflllL1"”

ENCODER IC REPLACEMENT PROCEDURE
REMOVAL

1. Power off the system and remove power cord—first from power source and the.) nr i n.ai o: 
Apple housing

2. Remove Apple lid.

3. Turn Apple upside down so keyboard rests on protective foam pad

4. Remove six flat-head screws from three outside edges of flat portion of Apple case (See A1)

5. Remove four round-head screws and lock washers from front of base (See A?)

6. Holding both base and housing, turn Apple right side up.

7. Gently lift front of housing slightly up off base and unplug keyboard connectoi from location 
A7 at front of motherboard (See D1).

8. Lift housing off base and turn housing upside down onto protective foam pad.

9. Remove four nuts and lock washers (or screws) holding keyboard to housing (See B1)

10. Turn keyboard right side up on protective foam.

11. Remove encoder IC (See C5) by pulling up on both ends with your thumb and index finger. 
Use extreme caution to protect the IC from damage, including that caused by sialic.

INSTALLATION
1. Install replacement encoder, ensuring that pin 1 of IC lines up with pin 1 of socket (See D9 

and D10).

2. With keyboard still resting on foam, attach keyboard cable to location A7 on motiicr board 
(See D1).

3. Power on system and run keyboard test again.
• If test is good, power system off and go to step 4
• If test fails, power off system and complete these steps:

a. gently remove cable from top right corner of keyboard (See C6)
b. obtain replacement keyboard

4. Unplug keyboard connector from location A7 on motheiboard (See D1).

5. Reinstall keyboard according to the following instructions:
• If the test run in step 3 was good and you are reinstalling the same keyboard. p'art- c 

onto housing and reinstall lock washers and nuts (or screws) (See B1).
• If the test run in step 3 fails and you are installing a replacement keyboard 

complete these steps:
a. Attach keyboard cable to plug at top right coiner of keyboard (See C6). [>• • ■. 

care not to bend pins and be sure plug aligns properly with socket.
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ENCODER IC REPLACEMENT, continue;

6.

I .

8.

9.

10.

6.

i.

8.

9.

10.

b. Check io see if tnere are two aluminum brackets mounted on insioe o‘ Acme housing 
where keyboard is to be attached (See B2i.
1. If brackets are pre-installed, go to step 3 beicr..
2. If tne brackets are not pre-installed, first remove four tnreaded rods. Tnen Diace 

Brackets flat side down on housing and install screws at top anc bottom of eacn 
bracket in place ot rods.

3. P ace new keyboard over bracket stand-offs and install lock wasners and screws 
to nold keyboard to brackets.

Lift housing and place on base.

Lift front ot housing slightly oft pase ano reinstall keyboarc connector at location A7 (See 
D1).

Holding both base and housing, turn Apple upsme down so keyboard rests on foam pao. ■ 

Install four lock washers and round-head screws at front of base (See A2).

Install six flat-nead screws at three outside edges of Apple base (See A1).

To finish the procedure, complete these steps:
a. turn Apple right side up '
b. reinstall Ample lid
c. reconnect power cord to Apple.

2-6
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BRIGHTNESS ADJUSTMENT PROCEDURE
If the Apple is connected directly to a monitor and tne image on the screen is too dim or too bright, 
adjust tne composite video pot to get optimum clarity.

1. Power off Apple and remove lie.

2. Unpiug game paddles if installea at game I/O connector (See D14;
3. Power on Acme.

4. Locate video pot at location Ji4 cirectiy in back of game I/O plug (See D11). Using your thumb 
ana maex finger, turn pot:

• clockwise to brighten image, or
• counterclockwise to dim image.

ELIMINATING SPEAKER RESONANCE
If the speaker is resonating at certain tones, install the supplied foam doughnut in accordance with 
the following instructions.

1. Power off Apple and remove lid.

2. Cut slit in one side of foam doughnut as shown (See F1).

3. Apply Dow Corning Silicone Rubber Sealant to bottom of doughnut and to inside of
circular cut-out.

4. Carefully fit cut-out in foam around base of speaker in position shown (See F2). Press down 
firmly to ensure good contact between foam and Apple base.

5. Allow glue adequate time to dry before testing speaker.

2-11 J
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Once you have comoleted the keyboard diagnostic test and identified the faulty key switch, replace it by 
following these procedures.

BEFORE YOU BEGIN. MAKE SURE YOU HAVE THE FOLLOWING MATERIALS.
60 watt. 700° (F) soldering iron with small. Flat tip 
"SOLDAPULLT" solder-sucker, model DS 017 
60/40 solder for printed circuit boaras 
number 1 philiips screw driver

REMOVE KEYBOARD

I

1.

2.

3.

4.

5.

6.

7.

8.

9.

Power off the system and remove power cord—first from power source and then from rear of 
Apple housing

Remove Apple lid.

Turn Apple upside down so keyboard rests on protective foam pad.

Remove six flat-head screws from three outside edges of flat portion of Apple Base (See A1).

Remove four round-head screws and lock washers from front of base (See A2).

Holding both base and housing, turn Apple right side up.

Gently lift front of housing slightly up off base and unplug keyboard connector from location A7 at 
front of motherboard (See D1).

Lift housing off base and turn housing upside down onto protective foam pad.

Remove four nuts and lock washers (or screws) holding keyboard to housing (See Bl).

REMOVE KEY SWITCH
1. Turn the keyboard upside down onto protective padding. Note that the printed circuit board has 

numbers for each key. Check Figure A below to identify the number of the key you want to 
remove. The "H" key, for instance, is number 34.

• • 2'

Figure A

2-12
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To prepare the solder-sucker, push the plunger down as far as it will go

Heat the soldering iron ana make sure it is clean and well-tinnec

When the soldering iron is readv. take it in one hand ana tne soider-sucKer in tne other as shown 
in Figure B. Hold tne semering iron at a ^5° angle so that one side of tne flat tip is firmly in contact 
with tne dig and the other sic? c/ tne ::r> is firmfv in contact with the cad at tne base of the pm 
'.‘.'hen the so'cer mens. auickiv push tne release button or iever of the solder-sucker to dick it up

!

X '

i > d \

);-

Figure B

i

Repeat this procedure tor the second pm. being careful to hold the sobering iron just as betore 
and to observe the 3-second limit.

If any solder remains around the base of the pin. or if it was not so meed properly to begin witn. 
apply a little solder to the joint. again placing the flat edges of the mn against both pin ano pad. 
Then repeat step 4 to ma'-e sure a" solder is removed.

2-13
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i »/ Uf.inc a number 1 philiips screwdriver, remove the c

i o Turn the Keyboard right-side up and pull up on tne k&; can to remove the kev swlcrt asse.mm 
; isee Figure 2....

| u. Pu'l the key cap straight up oft the key switch ana ciscarc me siv/rc/t.

| INSTALL REPLACEMENT KEY SWITCH

j t. Io Ptace cap onto tne replacement Key switch, hole me switch anc cap as sncvm. in Figure C s?
mat.
• the pins on the bottom of tne switcn are on me sice immest trom vo-..
• the white top of the switch bends to your left
• the letter on the key cap is at the side of the Key o^- your right

Figure C

2 Insert the key switch into the board so that:
• the pins go through the feed-through holes
• the short black plastic placement prongs fit into men notes on the board. (Figure D shows a 

properly installed switch—from the back side of tne board.)

3. Holding the key in place with one hand, turn the keyboard up-side-down onto the pad.

-. Reinstall the screw that holds the key in place.

5. Apply a little solder to the iron. Then, with the flat sides of tne iron's tip in contact with both tne 
pm and the pad that surrounds the pin hole, apply the new solder. Again, be sure that you do not 
overheat the board!

6 Check the joint to be sure that the solder has completely fdec the hole around the pin and that the 
solder is ouii! up in a little cone around tne pin. If the joint is not fined, apply mere solder.

2-14 J
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REINSTALL KEYBOARD
I

1. Reinstall '■eyooara in reusing and tighten nuts with lock washers (or sere
2.
■*1

Lift front :: rsusing sngntiy oft oase ar.c reinstall kevDoarc connector at location A7 (See

Hoicinc o::n oase one ncwsino. turn , ubsiae down so kevooarc! rests on foam

a screws at iron! of base (See A2;.
; f| c r qi f c : » at-neac screws ai tnree outside edaes of AoDie base (See

I

e orccecure. compete these steos
?.D!e.ngnt siae un

Acme ' d
r?T -g Apn:?

i

t

_ . ot

i
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APPLE II / APPLE II-PLUS 
LEVEL II SERVICE REFERENCE MANUAL

Pre-Release version

END OF MANUAL

Written by
Apple Computer, Inc. * Level n Service Center 
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