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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 II-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 Damer (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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@creative
ommons
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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
or licensor.

Noncommercial.
You may not use this work for commercial purposes.

No Derivative Works.
You may not aiter, 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

actual license.

Creative Commons is not a law firm and does not provide legal services.

attorney-client relationship.

( This page is not part of the original document )

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

Distributing of, displaying of, or linking to this Commons Deed does not create an
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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 spafe. parts information which will enable the
techician at a Level II Service Center to repair these computexs.. This
Manual is aim at component level maintenance. o

This Manual -only covers the Computers. It does not include videos, disk
drives, peripheral .devices, or interface cards. At the énd of this manual
1s-an appendix containing IC maps and specifications, ROM-listings, spare
part information, and removal'and‘replacementvprocedures;;’Thtrﬁ,are sections
on the System Monitor, the.input/output devices and their operatiam, ‘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 sigmals. 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 HP-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 4I CUPERTINO,
CALIFORNIA OR PHONE 408-973-2850, S

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

ERSION

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/0 (input/output). This last category is made up of _
the game 1/0, 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.

PERSONAL COMPUTER SYSTEMS

General Description:
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* 1/0 * * * * : *
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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
{nstructions 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 1is 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 1I)
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

| Distributed under the Creative Commons License on page 4
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Line frequency is not important. Q f?(ﬁ\ {
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+5 Volts at 2.5 amps
=5 Volts at 500 ma
+12 Volts at 1.5 amps (T2.5 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/0 devices, such as the Game Paddles,
Annunciators, Speaker, and Tape Cassette Jacks. The Game Paddles

allow the user to provide a form of
Apple. Buttons are provided on the
that can be read by the Apple. The
electrically that a condition is on
off. If the Apple wishes to signal
use it’s built in miniature speaker.

analog input to programs running on the

paddles for momentary contact switches

Apple may indicate to the user

or off, by turning the Annunciators om or

or interact audibly with the user, it can
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 tomes to represent ls and Os.

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.

| Distributed under the Creative Commons License on page 4
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ROM CARD P 3 * * * * % *x *x * X * . E 3
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r8 ROM SET POSITION AID ROM
ROM ’
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THE APPLE VIDEO DISPLAY

Display type:

Display modes:

Text capacity:
Character type:
Character set:
Character modes:

Graphics capacity:

Number of colors;

The Apple Video Display

Memory mapped into system RAM

Text, Low-Resclution Graphics,
High-Resolution Graphics

960 characters (24 lines, 40 columns)
5 x 7 dot matrix
Upper case ASCII, 64 characters
Normal, Inverse, Flashing
1,920 blocks {(Low-Resolution)

in a 40 by 48 array
53,760 dots (High-Resolution)

in a 280 by 192 array

16 (Low-Resolution Graphics)
6 (High-Resolution Graphics)
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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 charactexs
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 O 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.

PRE-BELEASE
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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" and its
companion mode "off". The pairs are:

Table 5: Screen Soft Switches
ngz;llon. Decimal Description:
SCOS0 49232 -16304 Display a GRAPHICS mode.
$CO51 49233 -16383  Display TEXT mode.
$C852 49234 -16302 Display all TEXT or GRAPHICS. Ny
$CB53 49235 -16381  Mix TEXT and a GRAPHICS mode.* E{__J
SCP54 49236 -16308 Display the Primary page (Page 1). ain\
$CB5S 49237 -16299  Display the Secondary page (Page 2). @/{l
SC056 49238 -16298  Display LO-RES GRAPHICS mode.® ] g
$CO57 49239 -16297 Display HI-RES GRAPHICS mode.* = ‘: ;
{FIlJ“ (=)
There are ten distinct combinations of these switches: . r" ]
Table 6: Screen Mode Combinations FL %
Primary Page Secondary Page - _v\—;_-___‘
Screen Switches Screen Switches {1;, ::‘ [;F__:]j
All Text $CP54  $COS1 || All Text $CB55  $COS1 -t
All Lo-Res  SC054 $C056 | All Lo-Res  $CB5S  SCB36 0 Y
Graphics $C852 $C850 || Graphics $CO52 SCoso F .-’L_—}
All Hi-Res  $CB54 SC@57 || Al Hi-Res  $C@55  $C057 ' Ry 5
Graphics $C052 3$CA5O || Graphics SC@As2  $Coso i st
Mixed Text $C054 $C056 || Mixed Text SC@55  SC056 -
and Lo-Res $C@853 $C@58 || and Lo-Res 3C@#53  $CB50 j .
Mixed Text $CB54 SCB57 || Mixed Text SC@S5  SCB@57 L
and Hi-Res $C0853 3CP50 || and Hi-Res  3C@853  $CB850
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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.

Photo 6. The Apple Character Set.

WERSIOL
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$400 1024
$480 1152
$500 1280
$580 1408
$600 1536
$680 1664
$700 1792
$780 1929 -
s428 1064 i
$4A8 1192 J28s )
$528 1320 SR |
$5A8 1448 =43 & 3
$628 1576 ot 1 >
S6A8 1704 A )
§728 1832 = N E 3
$7A8 1968 o)
sasp 1104 E-d :
s4Dp 1232 (e (=
$550 1360 V- ;
$sDp 1488 -‘in %‘:
$650 1616 = o
$6D0 1744 [~
8750 1872 —
$7D0 2000 ——
Figure 1. Map of the Text Screen
[ Table 7: ASCII Screen Characters ,
h inverse \ Flashing Norma! ]
(Control) (Lowercase) |
Decimal [ ] 16 n 48 \ 64 3@ 96 12 \ 128 144 169 176 192 208 24 240 l
Hex $M b4 $20 30 $49 $58 S68 $79 339 $9¢ SAS £3:1 sCe piol SEP SFL\
| @ P ? | @ s | @ P | e @ P | ?
st | A Q ! i A Q ! 1 A Q \ ! 1 A Q \ ! 1
182 B R " 2 B R " 2 B R | - 2 B R ) bl
il c s # 3, ¢Cc s ¥ 3 lc s|l# 3 € S| # 3 \
wwlD T s 4 |D T 5 & D T 1| S 4 D T |8 4
sss| E U % 5 E U % $ E U | % 5 E U | % 5 ’
| F VvV & 6 | F vV & ¢« | F Vv | & 6 F VvV I& 6 |
il G W 7 1l w 1716 Wi~ s G W | 7|
bl n X (s Hox 8 pH X § H X \ (8 \
989 1 Y ) 9 | Y ) 9 { Y \ ) 9 i Y ) 9 |
SN R O T 2 T R yoozo e |
ael kK L+ |k Lo+ K ( \ + . K \ +
use | L\ < | L A\ < | L A < L A\ o<
1330 \ M 1 - =1M 1 - =M P - = M - =
ase | N . . > N : . > N . . > N . . > |
1ssF| O _ / ? [o] - / ? o] _ \ / ? o] _ \ / ?
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. 1In 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.

Table 8: Low-Resolution Graphics Colors
Decimal Hex Color Decimal Hex Color
'] $0 Black 8 38 Brown
1 $1 Magenta 9 $9  Orange
2 $2 Dark Blue 10 $SA  Grey2
3 33 Purple 11 $B Pink
4 34 Dark Green 12 $C  Light Green
) $5 Grey 1 13 SD  Yellow
6 $6 Medium Blue 14 SE Aquamarine
7 Light Blue White

PRE-RELEASE
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Figure 2. Map of the Low-Resolution Graphics Mode
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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 pilcture 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 $S5FFF. 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. 1If 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 limitatioms:

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

ViERISHIAN
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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.

IR 33ER323885 4050333555055 95 255888555
Semmenormo IR RO AR T SRRSO RS
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EURAPPLE (50 HZ) MODIFICATION

APPLE 11°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 O-shaped
pads in the same locations(See photo 5). You can then coannect 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.

jumper pads

Photo 5. Eurapple (50 hz) Jumper Pads.
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THE KEYBOARD— —— -~ —

The Apple Keyboard
Number of Keys: 52
Coding: Upper Case ASClI .
Number of codes: 91 -
Output:  Seven bits, plus strobe

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

Rollover: 2 key

Special keys: CTRL
ESC
RESET
REPT

——

Memory mapped locations: Hex Decimal
Data 3C@0é 49152 -16384
Clear 3C018 49168 -16368

«photo’” 3. The prle Keyboard.
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APPLE II / APPLE 1I-PLUM
LEVEL 11 SERVICE REFERENCE MANUAL
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CHAPTIR 3
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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. -
PRE-PEIRAS,
LLiG i L L
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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

e€rror.

Table 2: Keys and Their Associated ASCII Codes
Key | Alone CTRL SHIFT Both Key | Alone CTRL SHIFT Both
space SAQ SAQ SAQ SA8 || RETURN $8D $8D $8D 38D
[} $BO $Bo $BO $BO G $C7 $87 $C7 $87
1! $B1 $B1 $SAl SAl H 3C8 $88 $C8 388
2 $B2 $B2 SA2 $A2 1 3C9 389 $C9 389
3# $B3 $B3 $A3 $A3 J | $CA S8A $CA 38A
43 $B4 $B4 SA4 SA4 K SCB 3$8B $CB $8B
5% $BS $BS $AS $AS L | 8CC $8C $CC $8C
6& $B6 $B6 $A6 SA6 M| $CD $8D $DD $9D
7 SB7 3B7 A7 SA7 N® SCE $8E $DE $9E
8( $B8 $BS SAS8 $AS8 0] $CF $8F S$CF $8F
9) $B9 $B9 $A9 SA9 P@ SDé $90 $Co $86
= | S$BA SBA SAA  SAA Q| sDI $91 $D1 $91 '
o+ SBB $BB SAB SAB R $D2 $92 $D2 $92
,< SAC $AC $BC $BC S $D3 3§93 D3 $93
— $SAD SAD $BD $BD T | $D4 $94 SD4 $94
> SAE SAE $BE $BE U $DS5 $95 $D5 $95
/? SAF SAF $BF $BF v 3D6 $96 D6 $96
A sC1 381 $C1 381 w $D7 $97 $D7 $97
B $C2 $82 $C2 $82 X $D8 $98 $D8 $98
C $C3 383 $C3 $83 Y $D9 399 $D9 $99
D $Cq 384 $C4 384 Z | 3DA 39A $DA $9A |
E 3Cs $85 $CS 385 — | 388~ 388 388 $88
F 3$C6 386 $C6 $86 — | 395 395 $95 $95
ESC $9B $9B $9B $9B

All codes are given in hexadecimal. To find the decimal equivalents, use Table 3.
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Table 3: The ASCII Character Set
Decimal: 128 144 160 176 192 208 224 249
Hex: $80 399 sAD SBO SCO spDé SE@ SF@
] M nul dle 9 @ P p
1 1 soh decl ! i A Q 2 q
2 $2 stx  de2 " 2 B R b T
k! $3 etx ded # 3 C S c s
4 $4 eot dcé S 4 D T d t
5 $5 enq nak % 5 E U e u
6 $6 ack syn & 6 F v f v
1 s7 bel etb ‘ 7 G w £ w
8 $3 bs can ( 3 H X h X
9 $9 ht em ) 9 I Y i y
19 SA If sub . : J Z j 4
1 $B vt esc + : K { k {
12 $C ff fs . < L \ 1 |
13 $D cr gs - - M )| m )
14 SE S0 rs . > N - n -
15 SF st us / ? o) _ 0 rub
Table 1: Keyboard Special Locations
tion: ..

L;O!C;mn Decimal Description | &

SCP90 49152 -16384 Keyboard Data

SCB10 49168 -16368 Clear Keyboard Strobe

RRE:
UE
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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 1is

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 tramsition 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 soom 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 tramsition 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. -
PRE RIELEN:
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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 0ld 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, 1s not available in the 01ld 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/0 connector, clears the
keyboard strobe, turns off any active I/0 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".

1)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 1l 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 ll.

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
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
APPLE, either without pe~4ps mware card or with such a card with
LN
JE/'J\:;?‘;;J

AR

VERSIGS
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its controlling switch in the DOWN position, the Autostart ROM will start
Apple Interger Basic. For Apple ll-plus systems, or Revision O Apple lls
with the Applesoft 11 Firmware card with the switch in the UP position, The
Autostart ROM will begin Applesoft 1l 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

@E&F =S lE Y 5
W\E{%@U@m
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SUBROUTINES

Almost every program and language on the APPL nee s some si?fJL“J
of input from the keyboard, and some way to print information on the screen.
There is a set of subroutines stored in the APPLE’S ROM which handle most

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 positionm,
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 1/10th 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 1is 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. GE res and nuances, and it is good to be
ULA ,: 1._"_ '; - "P
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The metal box on the left side of the interior 1s the power supply. It
supplies four volages +5v, =5.2v, +11.8v, and -12.0v. 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.

POWER SUPPLY

Theory of Operation

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

voltage

The
windings.
the

output voltagese.

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.

I1f one of the output volages leaves its tolerance range, due to any problen
either within or extermal 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 0 E ,_DEH F )
Input Voltages: 107vac to 132vac ﬂ_LEJC3[{7}’:5' i.wj“\(:L
o e ! i _,L ~

214vac to 264vac

Supply voltages: +5.0 N
+11.0
-12.0 ‘

+5.2 i
Power Consumption:60 watts max.(full load)
79 watts max.(intermittent
Full Load Power OQutput:
+5v: 2.5amp
~5v: 250ma
+12v: l.5amp(~2.5amp intermittent)
~12v: 250ma
Operating Temperture:
55¢(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 11040-B was built by Astec to
meet U/L approval. Astec removed the outside 115v/230v switch and now uses
jumpers on the PCB to determine whether it is to be a 115v or 230v power
supply.

a) RFI Version Astec Model AA11040B:

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

All RFI power supplies are UL Recognized.

'DJE 1L
{1 .} .""'.
(55

b Pzl
b =S et
qd_a_llbukj!j

o e R T e _ ‘ ’ S 2 i~ b Kd
110 volt model 110/220 volt model

Photo 2. The back of the Apple Power Supply.
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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 (1l 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.

=B
[;£Ei7 GND 26 3| 25 +5V
C—\ DMAIN 27 | 24 omaour
P INTIN 28 3| 23 INT OUT
- NMI 29 | 22 DMA
e JRQ 30 | 21 RDY
/11* S RES a1 (1} 20 7O STROBE
SefV iNH 32 3| 19 NC.
\J L -12v 33 | 18 /W
C:::f7 S -sv 34|C] B3] 17 Ats
~-4 % N.C. 35 3] 16 A14
S 7™M 36 | 15 A13
o3 Q3 37 3| 14 A12
~J &1 38 3| 13 A1
/ZSX;:j USER1 39 [ 12 At0
0 [ $0 40 3| 71 A9
, /‘\‘\:7 DEVICE SELECT 41 |10 as
07 4«2itd |8l a7
ZEEE%? £§§S§7 0§ 43E§ —1l 8 A
D5 44 (3{7 AS
[EZED D4 45 |6 A4
D3 46 M| 5 A3
D2 47 4 A2
D1 48 113 At
Do 49 312 A0
+12V 50 —{ 7 /O SELECT
. ——
O |

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

Pin: Name:

Description:

1 170 SELECT
2-17  AB-AlS

18 R/W

19 SYNC

20 [70 STROBE

21 RDY
22 DMA
23 INT OUT

24 DMA OUT

25 +5v

26 GND

This line, normally high, will become low when
the microprocessor references page SCn, where
n is the individual siot number. This signal
becomes active during ®@ and will drive 10
LSTTL loads®. This signal is not present on
peripheral connector 2.

The buffered address bus. The address on
these lines becomes valid during @1 and
remains valid through @®@. These lines will
each drive 5 LSTTL loads®.

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®.

On peripheral connector 7 only, this pin is con-

nected to the video timing generator’s SYNC
signal;z“ Do b rTioRse— ~

R RS ety
This line goes low during ®@ when the address
bus contains an address between SC800 and
SCFFE. This line will drive 4 LSTTL loads®.

The 6582's RDY input. Pulling this line low
during ®1 will halt the microprocessor, with the
address bus holding the address of the current
Jocation being fetched.

Pulling this line low disables the 6562°s address
bus and halts the microprocessor. This line is
held high by a )}!J(Q resistor 1o +5v.

!

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

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

+5 volt power supply. S00mA current is avail-
able for all peripheral cards.

System electrical ground.

* Loading limits are for each peripheral card.

RRESRERE!
RiSH

W

2

N

d

o e

[

) Lo
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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).

INT IN Daisy-chained interrupt input from higher
priority devices. Usually connected to pin 23

(INT OUT).

29

Z

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

=
Q

Interrupt ReQuest. When this line is pulled
low the Apple begins an interrupt cycle only if
the 6582’s 1 (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 $3FF.

B

3 When this line is pulled low the microprocessor

begins a RESET cycle (see page 36).

32

e

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

1Ko
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

nal of the video generator. %> "Y'

IMHz clock. This line will drive 2 LSTTL
foads®.

36 ™

37 Q3

2MHz asymmetrical clock. This line will drive
2 LSTTL loads®.

38 (3] Microprocessor’s phase one clock. This line

will drive 2 LSTTL loads®.

39 USER 1 This line, when pulled low, disables all internal

1/0 address decoding™®.

sig-
e

* Loading limits are for each peripheral card.
** See page 99.
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Table 33 (cont'd): Peripheral Connector Signal Description
Pin: Name: Description:
40 o) Microprocessor’s phase zero clock. This line
will drive 2 LSTTL loads®.

41 DEVICE This line becomes active (iow) on each peri-
SELECT pheral connector when the address bus is hold-
ing an address between $Co4 and 3CBAF,
where 7 is the slot number plus $8. This line
will drive 10 LSTTL loads*.

42-49 D8-D7 Buffered bidirectional data bus. The data on
this line becomes valid 300nS into 8 on a
write cycle, and should be stable no less than
100ns before the end of ®® on a read cycle.
Each data line can drive one LSTTL load.

S0 +12v +12 volt power supply. This can supply up to
250maA total for all peripheral cards. |
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SPEAKER CONNECTOR

The Apple’s internal speaker 1is 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 - J
Pin:  Name: Description: .
1 SPKR  Speaker signal. This line will deliver about .5 wait into an 8
Ohm load.
2 +5v +5 volt power supply.

[0 | 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 Bl0. When the

I/0 selector activates its "0" line, the data which is on the seven inputs on
the keyboard comnector, 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: Ke}board Connector Signal Descriptions !
Pin: Name: Description:
1 +5v +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 10us 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 ]
be pulled low when the -RESET button is pressed. ‘
49.16 NC No connection. ‘l
5-7,10-13 Data Seven bit ASCII keyboard data input.
8 Gnd System electrical ground.
i
(18 -12v —12 volt power supply. Keyboard should draw less than
| S0mA.
+5v | 10O 16 | NC
STROBE | 2 15 | —12v
RESET | 3 14 | NC
NC | 4 13 | Datal
Data$ | 5 12 | Data @
Datad | 6 1] | Data3
Data6 | 7 10 | Data2
Gnd | 8 91 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 of RAM
and no peripherals draws ~400ma from this supply.

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

6 —5v —5.0 volts from power supply. An Apple with 48K of RAM
and no peripherals draws ~0.0ma from this supply.

T
Vo 2 N
5 6
—12v @ © -5V
3 4
+5V @ © +12V
12
GND L ®© © GND
#U’_“

Figure 19. Power Connector

] I? ’D”—E” o)
< H o \Q"‘E
Mig=in JC,L.C"MQ\?;
[ S ST I R f'__»:
hm? N A ]
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G
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GAME 1/0 CONNECTOR

Th '
anz g:igziedziiZZe iam: i/g Connector is to allow you to connect special input
s to heighten the effect of progr i
specifically, game programs This D et moraent th
¢ . connector allows you to connect three
ggetgitAiniuts,lfour one-bit outputs, a data strobe, and four analog inputs
pou Appgg i; 2 ;azi z?iéh cag be ci?trolled by your programs. Supplied with
ame Controllers which are con
: nected to cables whi
plug into the Game I/0 Comnector. The two rotary dials on the controllersCh

are connected to two analog in
puts on the connector; the tw
connected to two of the one-bit inputs. ’ ° pushburtons are

+5v | 10O 16 | NC
PBO | 2 15 | AN®
PBl | 3 14 | AN]
PB2 | 4 13 | AN2
C040 STROBE | 5 12 | AN3
GCe | 6 11 | GC3
Ge2 | 7 10 | GC1

Gnd | 8 91 NC

Figure 16.

Game 170 Connector Pinouts

Table 29: Game 1/0 Connector Signal Descriptions
Pin: Name: Description:
1 +5v +5 volt power supply. Total current drain on this pin must be
less than 100mA.

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

5 Coad STROBE A general-purpose strobe. This line, normally high, goes low
. during @@ of a read or write cycle to any address from SC049
through SCO4F. Thisis a standard 74LS TTL output.

6,7,10,11 GC9-GC3 Game controller inputs. These should each be connected

through a 150K Ohm variable resistor to +5v.

8 Gnd System electrical ground.

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

9.16 NC No internal connection.
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CASSETTE INTERFACE JACKS

The two female miniature phone jacks on the back of the Apple 1! 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.

J Table 28: Auxiliary Video Qutput 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
I3 +12v +12 volt power supply.
i
1 4 —-5v —35 volt line from power supply.
2 o
& @ o 2z
T >0
—t _Connector
EIEIZID E e
’)_: ) !u_) w o
nt :3;1‘5\" S

[5]—— Lo Uis=ini oo

Figure 15. Auxiliary Video Output Connector and Pin.
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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. 1If 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/0 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.

NI LR 4

The USER 1 Jumper

A S
dL_;;.~~»~.,,.*L,ri.é‘t\)/'L.:]
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OTHER INPUT/OUTPUT FEATURES

Input: Cassette Input

Three One-bit Digital Inputs 0l [Eg ‘ D}{EE
Four Analog Inputs A = R EE
[ 3l

OUTPUT: Cassette Output
Built-In Speaker

— TN Y ™
Four "Annunciator" Outputs ‘ rEi[E‘(Qf ;{E\Qﬁ
Utility Strobe Output » ‘!\HEP) Ly iﬁ
The Cassette Interface

On the back edge of the Apple’s main board, on the right side next to the
VIDEO connector, are two small black packages labelled "IN" and "OUT". These
are miniature phone jacks into which you can plug a cable which has a pair of
minature phono plugs on each end. The other end of this cable can be
connected to a standard cassette tape recorder so that your Apple can save
information on audio cassette tape and read it back again.

The connector marked "OUT" is wired to yet another soft switch on the Apple
board. This is another toggle switch, like the speaker switch. 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 can produce a tone on the recording. By varying
the pitch and duration of this tone, information may be encoded on a tape and
saved for later use.

Be forewarned that if you attempt to flip the soft switch for the cassette
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 switche.

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.

FEERR RIS RERNIN03)i

Speaker
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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 annunclators 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/0 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 |
Address:

Decimal Hex
0 off 49240 -16296 SC@58

on 49241 -16295  5C@59 E\"\ BIGHRE !"\(
l_‘l ,- j ry

Ann. State

1 off 49242  -16294 SCBSA
on 49243  -16293  $C83B

7 off 49244 -16292 SC@5C
on 49245 -16291 S$C@5D ; T

‘ oot

3 off 49246 -16299 SCOSE E[ {J‘j' oy

on 49247 -16289  SCBSF

STROBE OUTPUT PRI

There is an additional output, called C040 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 locatiom 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

P

The APPLE II”°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 II”s use of medium-scale IC”s

is straightforward, each MSI package 1s described before detailing how it
functions in the APPLE Il1. 1In 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 sectioms.

2. A block diagram and ten schematic drawings (Figures S1 - S11) 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 1l: 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 II°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 74586 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 "745195" 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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The Main Logic Board is ome of a family of modules which make up the APPLE II

product line. It is one of three "essential” modules which comprise a minimum
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