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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).

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

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

M O N S D )

@creative

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 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 IT1 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. ¢peration,
troubleshooting guides and spafe parts information which will enable the
techician dt a Level Il Service Center to repair thesa computexs:. This
Manual i{s 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 replacement procedures. . There are sections
on the System Monitor, the.input/output devices and their operdticm; ‘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 IT SERVICE
CENTERS. THAT IS THE REASON FOR THE EARLY RELEASE. I AM WORKING ON
IMPROVEMENTS TO THE MANUAL, MORE FIGURES, BLOCK DIAGRAMS, AND bP-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)

General Description:

processing unit,
display and auxiliary I/0 (input/output).

is generated by a built-in speaker.

PERSONAL COMPUTER SYSTEMS

the game 1/0, with the game paddles, buttons and annunciators.

PRERREUE ASiE
ERSIEN

The Apple II and Apple II Plus systems, are composed of a CPU or central
RAM or random access memory, power supply, keyboard, video

This last category is made up of
Sound output

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.

rear edge of the system.

ArkrAxkkEAIRARK

processing ability.

system memorys

The Apple communicates

with the outside world through 8 (50 pin) plugs or slots located along the
This forms the nucleus of a Microcomputer system.

kkAkXkkAkkkkkx XKk xkkrARAkERAEX kkkikikkrkkxkhkk
* * g * *
* INPUT hkkkkExk Xk CPU kkkrkAhxk OUTPUT *
* * * *
AAxkhkkkkikAkkkk AkkkAkAkkhxAkkk kkhkkxkkkkikkkkk k%
*
*
AxAAkkkZkxkkkk%k kxkkhkkkkkkkhkk ‘kxkkkkkhkhxkxxxkk
* * % * * * .
* AUXILIARY * * MEMORY * * POWER SUPPLY *
* 1/0 * * * . I : *
* * kkkxkkAkkkhihkk kkxirhkxkEkkkkrkX

The Apple CPU or central processing unit is the 6502 Microprocessor.
This LSI (Large-Scale Integration) Circuit gives the system control and

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

types,
instructions and information.

This memory is actually made up of small ICs of two distinct
ROM and RAM. The RAM or random access memory contains the variable
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.
altered.

This memory is permanently recorded and may not be
It is read only memory, thus the designation ROM. When we are
or the Applesoft II Basic ROMs are present (making it an Apple II Plus).

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

This module

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)

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.

r—
Output &Ji ~
+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 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 om 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 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.
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ROM CARD * *
APPLESOFT * F8 *
BASIC %41-0020*
Akkkkixt k%
F800
AUTO
BOOT ROM

Akk k¥ kkk

ROM CARD * *
INTEGER * 78 *
BASIC * *
;yg;yppé
F800
oLD
F
ROM
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* *

*x FO =*
%41-001%

EhkkARKk
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ERES 223 2
x *

£ FQ %

3417999

FOO00

XExkEAxk
* *
* F8 =%
$41-0014

Akt kX kA

E800

FERALAAKR
* *
* E8 &
* *
1ﬁk¥¥¥¥i
E800

INTEGER BASIC
ROM SET

a3
1 51&5\\&3
I

*xAX2X2kXAK
X *
* EO x
841-0013

KkkRRARR
EQOOO

APPLESOFT IT EASIC

ROM SET

Xt kkkk kR

AR khkARA
* *
X D8 #
$41-0012

AAEAZTRNAR
D800

AXAA kkA K
x x

x D8 *
x %
PR SAA AR
D800

BEPTY
POSITION

LEEEETE Y
* Cx
* DO x|
841-001F .
ktkhkkkkk

D000

EEE 2 5 23 ¥
*

x DO *

*341-00f6
AXXkARARA

D000

»

PROGRAMMIER’S
AID ROM

Distributed under the Creative Commons License on page 4

Page 0014 of 0367 )




Apple ][/ ][-Plus Level 1l Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc.

0 o loho PRV P
r H g v-’ Y " .1
{‘j.___’_‘r{""'.‘(\-l! : !;...,\f"‘d'{_:
o B 51 B4 M Shin) M FE R W St
./‘-—"'. rﬂ ’/’_"- N r-‘t'
! -1_‘1 ] f: {
1 l ! 1

THE APPLE VIDEO DISPLAY

Dispiay 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-Resolution 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 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 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 screem, 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.

RRERREIIENSE
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SCREEN PAGES

There are actually two areas from which each mode can draw its information.
The first area 1s 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
Ll:‘;?on‘ Decimal Description:
SCO50 49232 -163804 Display a GRAPHICS mode.
$CA51 49233 -16303  Display TEXT mode.
$CO52 49234 -16302 Display all TEXT or GRAPHICS. g
SC853 49235 16381  Mix TEXT and a GRAPHICS mode.* | [= =]
SCP54 49236 -16388 Display the Primary page (Page 1). 2/‘\\
SCB55 49237 -16299  Display the Secondary page (Page 2). Uf/
SC056 49238 -16298  Display LO-RES GRAPHICS mode.® 1 ::_»—:j
$CO57 49239 16297  Display HI-RES GRAPHICS mode.* =5
i}flj“ fc:::)
There are ten distinct combinations of these switches: . r" —
Table 6: Screen Mode Combinations L 3
Primary Page Secondary Page L :\—;_—___!
Screen Switches Screen Switches { - E-E_]j
All Text $CA54  $CB51 || Al Text $CPA5S  3CO51 e
All Lo-Res  $C@54 $C856 || All Lo-Res  $CB55  $CB56 D P_J_Lﬂ
Graphics $CB852 $C@50 || Graphics $C@52 SC@so r .3'1_.7
All Hi-Res  $C@54 $C@57 || All Hi-Res $C855  SCOs57 ' Ry g
Graphics $C0O52 $C@5O || Graphics $C052  3CO59 e
Mixed Text SC854 $C056 || Mixed Text SCB855 SC856 -
and Lo-Res $C@53 $C958 || and Lo-Res $C@53  $C@50 J .
Mixed Text $SC054 $CB57 || Mixed Text  $C@S5  SC@57 i

and Hi-Res  $C853 SCP5@ || and Hi-Res  SC@53  $C@58
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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 O 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
$430 1152
$500 1280
$580 1408
$600 1536
$680 1664
$700 1792
$780 1929
s428 1064 L0
s4A8 1192 )
$528 1320 =
$SA8 1448 =, < 3
$628 1576 = (e
s6A8 1704 Ll S )1
$728 1832 o E \
§7A8 1960 S
s459 1104 k= 3 /
s4Dp 1232 E 3 (=
sssp 1360 TS
ssDo 1488 N ?:;:
$650 1616 - o
s6Dg 1744 o=
$750 1872 —
$7D@ 2000 o
Figure 1. Map of the Text Screen
[ Table 7: ASCII Screen Characters ‘
Normai '
‘f fnverse ‘ Flashing (Control) (Lovzmn)‘i
Decimal L] 16 N 48 64 3@ 9 12 128 144 6@ 176 192 288 224 2%e l
Hex S0 s$is s20 S3e $49 $58 Sed $79 339 $9¢ SAS $89 sCe sDe SEP SFL‘\
0| @ P 2 | @ P 2 |e P | s @ P | )
151 A Q ! 1 A Q ! 1 A Q \ ! 1 A Q ! 1
2! B R 7 2 /B8 R 2| B R | 2 B R | )
;e Cc s # 3 Cc s ¥ 3 lc s |# 3 ¢ s |# 3
wl!D T s 4 |D T 5 4 Db T|§ 4 D T |3 &
s E U % s | E U % 3 E U |% S E U | % 5
| F vV & 6 F v & 6 F v |& 6 F VvV I|& 6
mml G W 7 1l6 w7 716 W |~ 7 6 w - 7 |
W ox o s wox s pHox ] O8 hoox | (8|
ol 1 Y ) 9ty o9ty 1 N
N T Y R SN N S z -
nss ! K { + : K { + ; K ( + | K { \ + ; ‘l
usc | L \ . < L \ < L \ < L \ < |
dl M 1 - =M 1 = =M Pp- o= M 1" ‘!
4se | N . ) > | N : . > | N . . > N : . > |
ssk| O _ / ? 0 _ / ? (0] _ / ? 0 _ / ?
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
[} 50 Black 8 38 Brown
1 $1 Magenta 9 $9  Orange
2 $2 Dark Blue 10 $A  Grey2
3 33 Purple 11 $B Pink
4 34 Dark Green 12 $C  Light Green
5 35 Grey 1 13 $SD  Yellow
6 $6 Medium Blue 14 SE Aquamarine
7 Light Blue White

EREARENEASE
VERSION
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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 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
screene.

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

NS
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same byte.

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

5)

in the High-Resolution Graphics mode may differ.

On European-modified Apples, these rules apply but the colors generated

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

> T

eSS v

jumper pads
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THE KEYBOARD——— - —

The Appie Keyboard

Number of Keys:
Coding:
Number of codes:
Output:

Power requirements:

Rollover:

Special keys:

Memory mapped locations:

52

Upper Case ASCII

91

Seven bits, plus strobe

+5v at 120mA

—12v at 50mA
2 key
CTRL
ESC
RESET
REPT
Hex Decimal
Data SC008 49152
Clear 3C018 49168

-16384
-16368

«Photo”” 3. The Apple Keyboard.
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Apple I Computer Technical Information

APPLE I / APPLE 1I-PLUS

LEVEL II SERVICE REFERENCE MANUAL

Pre-Release Version

CHAPTER 3
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

e T ASL
VERSION
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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  SA@  SAP  SAP | RETURN | $8D  $8D  S$8D  $8D
0| $BO  S$BO $B0  SBO G| sc1 87 $C7 887
1'{ $BI $B1 SAl  SAl H| sc8  ss8 $C8 388
| $B2  $B2  SA2  $A2 1| sco  $89 $C9 389 .
3# | $B3  SB3 SA3  SA3 J| SCA 38A  SCA  S8A -
48 | SB4  S$B4  SA4  SA4 K| SCB  $8B  SCB  $8B @_/,
S% | $BS  $BS  SAS  SAS L| sSCC $8&C  sCC  $8C S
6& | $B6  $B6  3A6  S$A6 M| SCD S$8D S$DD  $9D [2 T
7| SB7  $B7  SA7  S$A7 N | SCE $8E  SDE  S9E ™
8( | $B8 $BS SAS  $AS O| SCF $8F  SCF  SSF FLJ‘; ‘:m)
9) | $89  $B9  SA9  SA9 P@ | SDP  $99 SCO 80  ——
| SBA SBA  SAA  SAA Q| sDI $91 $Dt 391 =
i+ | SBB $BB  SAB  SAB R| $D2 %92  $D2  $92 Pl
,< | SAC $SAC  SBC  S$BC S| sD3 393 $D3  $93 :
-=| SAD SAD $BD SBD T| $SD4  $94  SD4 394 [i_,:l
> | SAE  SAE  $BE  SBE U| $DS  $95 DS $95 —
/7| SAF  SAF $BF  $BF V| $D6 $96 $D6  $96 Llﬂ
Al sa $81 $C1 81 w | $D7  $97 $D7  $97
B| SC2 382 $C2 $82 X | sD8 398 $SD8  $98 f SJ
c| sc3  s83 $C3  $83 Y| $SD9  $99 SD9  $99 |
D| SC4  $84 $C4  $84 Z| SDA  $9A  SDA  S$9A | b
E| sCS s8  scS  s85 — | -ss&—~ $88 88 $88 |/ o)
F| SC6 S8  $C6  $86 —|Vs9s  §95  s95  §95 |l—e
ESC | $9B  $9B $9B  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
Decimai: 128 144 160 176 192 208 224 249
Hex: $80 399 sAD $BO SCO spDé SE@ SF@
' b nul dle # @ P p
1 1 soh  decl ! 1 A Q 2 q
2 s2 stx  de2 " 2 B R b T
k! $3 etx ded # k! C S c s
4 $4 eot dcd s 4 D T d t
5 $5 enq nak % 5 E U e u
[ $6 ack syn & 6 F v f v
7 §7 bel etb ! 7 G w £ w
8 33 bs can ( 3 H X h X
9 $9 ht em ) 9 i Y i y
19 SA If sub . : J Z } z
1 $B vt esc + : K { k {
12 $C ff fs . < L \ | |
13 $SD cr gs - - M )| m }
14 SE S0 s . > N - n -
15 SF si us ! ? 0 _ 0 rub
Table 1: Keyboard Special Locations

L;cez;uon. Decimal Description | &

SCP00 49152 -16384 Keyboard Data

SCO1@ 49168 -16368 Clear Keyboard Strobe

RRE:
UE

RELEAS

S ——

RISHON
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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 1is 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 Rome. 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 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 transition on the way
down when pressed and also on the way up when it springs back into place.

This sampling is quick enocugh 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.
oD
BRIESR
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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, 1is not available in the 01ld Monitor ROM.

The RESET cycle: When you first turn on your Apple or press RESET, the 0ld
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 1/0 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 comntroller
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 O
APPLE, either without pa-~APP r%} mware card or with such a card with

i rp [n (;1{73
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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 11s
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

Monitor.

 VERSIOL
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i
PRERE!
U L-" l_—x
SUBROUTINES W ﬁ r L\-]
Almost every program and language on the APPLE needs some si?fJ

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 positiom,
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. 1If 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 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. GE res and nuances, and it is good to be
.i : (@r:
UL—‘ 13 ! fj

-
' o

.AL‘ i

1= L:}."\ R

J

WFD%\ HiniN

| Distributed under the Creative Commons License on page 4 Page 0039 of 0367 )




Appl - i
pple ][/ ][-Plus Level Il Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc

familiar with the services it offers.

When called, GETLN first prints a prompting character, Or "prompt". The
Prompt helps you to identify which program has called GETLN requesting inpute.
A prompt character of an asterisk (*) represents the System Monitor, a right
caret (>) indicates Apple Integer BASIC, a right bracket (1) is the prompt
for Applesoft 11 BASIC, and an exclamation point (!) 1is the hallmark of the
APPLE Mini-Assembler. In addition, the question-mark prompt (?) 1is used by
many programs and languages to indicate that a user program is requesting
input. From your (the user) point of view, the Apple simply prints a prompt
and displays an input cursors. As you type, the charcaters you type are
printed on the screen and the cursor moves accordingly. When you press
RETURN, the entire line is sent off to the program or language you are
talking to, and you get another prompte.

Actually, what really happens is that after the prompt is printed, GETLN
calls RDKEY, which displays an input cursors When RDKEY returns with a
keycode, GETLN stores that keycode in an input buffer and prints it on the
screen where the input cursor was. It then calls RDKEY again. This
continues until the user presses RETURN. When GETLN recieves a RETURN code
from the keytboard, it sticks the RETURN code at the end of the input buffer,
clears the remainder of the screen 1ine the input cursor was Om, and sends
the RETURN code to COUT (see above). GETLN then returns to the program which
called it. The program oOr language which requested input may now look at the
entire line, all at once, as saved in the input buffer.

At any time while you are typing a line, you can type a CTRL X and
cancel that entire line. GETLN will simply forget everything you have typed,
print a backslash (\), skip to a new line, and display another prompt,
allowing you to retype the line. Also, GETLN can handle a maximum of 255
characters in a line. If you exceed this limit, GETLN will cancel the entire
line and you must start over. To warn you that you are approaching the
limit, GETLN will sound a tone every keypress starting with the 249th
character.

CETLN also allows you to edit and modify the line you are typing in
order to correct simple typographical errors. A quick introduction to the
standard editing functions and the use of the two arrow keys, <-=--- and
——-->, appears in the section entitled Keyboard Theory.
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RRIESBEREASIE

POWER SUPPLY

Theory of Operation WE@@ B @m

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.

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 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

Lflz
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the 220V position, if so equipped).
result.

THE APPLE POWER SUPPLY

Input Voltages: 107vac to 132vac
214vac to 264vac
+5.0
+11.0
-12.0 :
+5.2 i
Power Consumption:60 watts max.(full load)

79 watts max.{(intermittent
Full Load Power Output:

+5v: 2.5amp

=5v: 250ma

+12v: l.5amp(~2.5amp intermittent)

=12v: 250ma
Operating Temperture:

55c(131 degrees fareheit)

Supply voltages:

of the transformer (or more than 280 VAC when the supply’s switch is in
Permanent damage to the supply will
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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 AAI1040B (P/N 652-0337) (EM/N 652-9337)

(EM/N 699-9049)

European Version Astec Model AA11040B (P/N

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

699-0049)

11040-B was built by Astec to
115v/230v switch and now uses
to be a 115v or 230v power

supply.
a) RFI Version Astec Model AA11040B: r—j
'D).D\[Eg_q! Dng?f]f?g fﬂufngzg
110 volt (P/N 652-0337) (EM/N 652-9337) i S TR R T A RN
o ”"*——:L-.E_L,_; .\, i
R e N
l/}L.fé;.’l':'._W-.‘:"(\?
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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.

CogasT e R e _~ ,‘ ’ S i’ B afd
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 O 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.

&\7 GND 26

25 +5V
DMAIN 27 24 DMAOUT
INTIN 28 23 INT OUT-

22 DMA
21 RDY
20 1/O STROBE
19 N.C.
18 R/W
17 A15
16 Al14
15 A13
14 A12
At1
12 A10

M 29

Qj\ iRQ 30

[ RES 371
'(

[giiz C:::D N.C. 35

™ 36

o < Q3 37

~J &1 38

USER1 39

'[Z;E:J 0 40

\L\
I—
R‘:z|
<X
8%

A000000annannaAnNNNaANRANa

[C){ UIUUUUUUInI0000000000ugon Cﬂ

[7 11 A9
/\D DEVICE SELECT 47 10 A8
D7 42 9 A7
D6 43 8 A6
ZE%EE? D5 44 7 AS
D4 45 6 A4
1352:7 D3 46 5 A3
D2 47 PEYS
D1 48 3 Al
00 49 2
+12V 50 7 VO SELECT

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 MA

23 INT OUT

24 DMA OUT

25 +5v

26 GND

This line, normaliy high, will become low when
the microprocessor references page SCn, where
n is the individual slot 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 § 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,fv‘ 1o LuFToRFe FRFES au\-/,
This line goes low during 9 when the address
bus contains an address between $C800 and
SCFFF. 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 hoiding the address of the current
Jocation being fetched.

Pulling this line low disables the 65@2’s address
bus and halts the microprocessor. This line is
held high by a 3K Q2 resistor to +35v.

“1

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

Daisy-chained DMA output {0 lower priority
devices. This pin is usually connecled 10 pin 22
(DMA IN).

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

System electrical ground.

* Loading limits are for each peripheral card.
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Peripheral Connector Signal Description

Description:

Table 33 (cont’d):
Pin: Name:
27 DMA IN
= INT IN
2t
29 NMI
30 IRQ
3 RES
32 INH
33 —12v
34 -5v
35 COLOR REF
36 ™
37 Q3
38 o1
39 USER 1

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

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

Non-Maskable Interrupt. When this line is
pulled low the Apple begins an interrupt cycle
and jumps to the interrupt handling routine at
location $3FB.

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.

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

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

—12 volt power supply. Maxmum current is
200mA for all peripheral boards.

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

On peripheral connector 7 only, this pin is con-
nected to the 3.5MHz COLOR REFerence sig-
nal of\t\h/e video generator. ¥ T T TN T
7MHz clock. This line will drive 2 LSTTL
foads®.

9MHz asymmetrical clock. This line will drive
2 LSTTL loads®.

Microprocessor’s phase one clock. This line
will drive 2 LSTTL loads®.

This line, when pulled low, disables all internal
1/0 address decoding™*.

* Loading limits are for each peripheral card.
** See page 99.
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Table 33 (cont'd):

Peripheral Connector Signal Description

Pin:

Description;

40

Microprocessor’s phase 210 clock. This line

will drive 2 LSTTL loads®.

This line becomes active (low) on each peri-
pheral connector when the address bus is hold-
ing an address belween $C¢4@ and SCOnF,
where n is the slot number plus $8. This line
will drive 10 LSTTL loads®.

41 DEVICE

42-49 D@-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.

+12v +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 - 4}
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
]
O | +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 B10. When the

I/0 selector activates its "0" line, the data which is on the seven inputs on
the keyboard comnnector, 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: Kevboard Connector Signal Descriptions ) Bl
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 g

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 1
be pulled low when the -_RESET button is pressed. ‘
49.16 NC No connection. ‘\
5-7,10-13 Data Seven bit ASCII keyboard data input.
8 Gnd System electrical ground.
i
15 -12v —12 volt power supply. Keyboard should draw less than
S50mA.
+5v | 10O 16 | NC
STROBE | 2 151 —12v
RESET | 3 14 | NC
NC | 4 13 | Datal
Data$ | 5 12 | Data 9
Datad | 6 1] | Daa 3
Data6 | 7 10 | Data2
Gnd | 8 9| 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

Description:

Pin: Name:
1,2 Ground
3 +5v

4 +12v

5 —12v
6 —5v

Common electrical ground for Apple board.

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

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

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

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

—-12V -5V
+5V +12V
GND GND

Figure 19. Power Connector
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GAME I/0 CONNECTOR

Th '
anz g:iiiiedziizhe iam; i/g Connector is to allow you to connect special input
es to heighten the effect of progr i
specifically, game programs This D et monaect. th
¢ . connector allows you to connect three
:2et::tAiniuts, four one-bit outputs, a data strobe, and four analog inputs
Sout Appgg i; :léazi w?iéh cag be controlled by your programs. Supplied with
o ame Controllers which are com

° nected to cables which
plug into the Game I/0 Connector. The two rotary dials on the controllersc

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®
PBl1 | 3 14 | ANl
PB2 | 4 13 | AN2

CP40 STROBE | 5 12 | AN3
GCe | 6 11 | GC3
GC2 | 7 10 | GC1
Gnd | 8 9| NC

Figure 16.

Game 1/0 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 PB@-PB2 Single-bit (Pushbutton) inputs. These are standard 74LS series
TTL inputs.
5 o046 STROBE A general-purpose strobe. This line, normally high, goes low

during ®@ of a read or write cycle to any address from SC040
through SC@4F. Thisis a standard 74LS TTL output.

6,7,10,11 GC8-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.

e 2n =
D 33. IR AR
f}"L_Dlpli.-‘ I Y B (NN R
[ "E_i‘:‘.é L ey
L L—...‘_..,._W_JL_‘L_'\:—I}‘
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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.

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 i1s 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/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.

The USER 1 Jumper

Photo 8. The USER 1 Jumper.
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OTHER INPUT/OUTPUT FEATURES

Input: Cassette Input —
Three One-bit Digital Inputs 0l re m n ra l“\ f;\}r‘f
Four Analog Inputs r%i-Jc:;;{ﬁg ! P e o
OUTPUT: Cassette Output bl
Built-In Speaker

— TN rl M7
Four "Annunciator" Outputs ‘ rEi{}‘fQj %{a\%ﬁ
Utility Strobe Output » ‘l\iEE) Lﬁ)ij
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. 1Its 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 switchs 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.

f iy

Speaker
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ANNUNCTIATOR 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
Address:

Decimal Hex
0 off 49240 -16296 SC@58

. o a2
on 49241 -16295  SCO59 NE BIE (‘: !"\(
I RIS S Ve
i 1 ] , S

Ann. State

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

2 off 49244  -16292 3CO5C

on 49245  -16291  $C@5D . N N
3 off 49246 -16299 SCOSE \\f{EID‘j'L"J ARTREIR

on 49247 -16289  SCBSF

STROBE OUTPUT Lonos

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 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 I1”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 I1”s use of medium-scale IC’s

is straightforward, each MSI package is described before detailing how it
functions in the APPLE Il1. 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 1l sections

verbally guides you through the APPLE II logic within each section, with
appropriate overlapping between sectionms.

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 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 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 "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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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 I1”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 cormer 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-1 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/0 (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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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
signals

One Mhz
between
signals

3: Reference Oscillator and System Timing.
are created.

Here a variety of timing

signals PHASE ZERO and PHASE ONE are used to select altermately
the microprocessor and the video bus cycles (memory accesses).
also enable circuits such as Peripheral I/0 which use the System

These

LD194

(buffered 6502) Busses. LDPS” advances the Sync Counters at one Mhz.

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
I1”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 1include 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).

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.

In

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 1s 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.
SECTION 9: Peripheral I/0. The Main Logic Board offers expansion capability
via eight plug—in connectors. Three control signals, Device Select (DEV
SEL"), I/0 Select (1/0_SEL”) and I/0 Strobe (I/0 STRB”) appear at each

DJ!C tf’ffj
P*ﬁ I DS R
i N R
_lx_...; e ted s L
Y T

{ ol
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connector and make control over the peripheral device possible.

SECTION 10: On-Board I/0. The Apple II offers on-board I/0 (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 1in 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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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".

IE)IDHE; !”}l;s I‘(a)

s — = »l'! -"i-

n""g"“"—’ U‘Ej .:..E: i_v, ;-::ill.‘l“ \\.
n

MPU AND SYSTEM BUS

SECTION 2

1. ADDRESS BUS (A0 - AlS5)

These 16 lines point to 2716, 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 6502°s address lines A0 - Al5 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 1/0
space, and various chips on the peripheral cards.

The DMA® signal, normally pulled high through an on-board 1K ohm resistor,
drives inverter input Cl1-13. 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

this time

with 8T28 bus tranceivers.

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 -

Pins 1 and 15 of each 8T28 are tied

together, and form a receive / tranmsmit input.

Driving this input is Cl4-8

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 Bl1-3, and lags the System Timing PHASE ONE by a
few nanoseconds.

During a READ cycles, data to the 6502 must be valid at least 100ms 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.

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 SFFFD
in memory. This signal goes low for about 150 milliseconds after system
power—up and whenever the RESET key is pressed.

NMI’ is a non-maskable (unconditional) interrupt input which causes the 6502
to save its current address and then jump to the address pointed to by loca=-
tions S$FFFA and S$FFFB.

IRQ’ is much like NMI except that the I flag internal to the 6502 must be at
a logic "0" in order for this interrupt to be acknowledged by the CPU. The
6502 then jumps to the location pointed to by locations $FFFE and S$FFFF.

RDY is an input intended to extend read cycles by 1 microsecond when the 6502
is connected to slow memory devices such as EPROM ICs. This input is sampled
during PHASE ONE. If the RDY input is low (not-RDY) the CPU will then delay

for one microsecond before reading the data.

All of the S$FFFA-S$FFFF locations point into the F8 MONITOR ROM which perma-
nently stores these indirect addresses or "vectors". This allows the system
to be able to handle any of these input signals immediately upon power-up.

The R-W’ line controls the direction of data flow to and from the 6502. Like
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/0 transfers. This signal should be brought low during Il.

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 fetch-execute pattern is
called an instruction cycle. The time it takes for each instructiom cycle
varies from 2 to 6 microseconds with the APPLE II's Mhz clock.
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REFERENCE OSCILLATOR AND SYSTEM TIMING
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J

The Reference Oscillator consists of a differential amplifier made from dis-
crete components, and a quartz crystal. The base of Ql forms the different
amp’s inverting input and is held at AC ground (+5 V). The base of Q2 and
the collector of Ql 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:
l. 7M - A seven Mhz general purpose timing signal.

2. COLOR REF - A 3.58 Mhz signal used by an extermal 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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column 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 Q0° 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 Ql. Here are the states:
uu
™ CURRENT: Ql DI NEXT: Q1 g-_J
(=0~
N
0 0 0 0 =" E?_
\-: -
1 0 1 1 et (=
Ltlmgé (==>)
0 11 1 ! —
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Observe that Ql 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 '"D" 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 Q0 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 S1 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 switche.

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, 70ms.
Driving half of the inputs to the 153 (I0b 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 IOb or I2b inputs, the signal at Q2 then feeds back into itself.

The 153°s SO input is driven by AX“, and the S1 input by PHASE ZERO. When

AX’ is low, the I0b and ts he 153 are selected causing the Q2
PHE-GELERG:
‘ﬁg
Wﬂiﬁm !iﬂ
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signal to recirculate.

" The other two inputs to the 153, I1lb 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

Bl13 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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During PHASE ZERO high, the 6502 microprocessor accudes 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 $-6) and Ram Address Mux (Figure S-7)
circuits switch between the 6502°s Address Bus and the "Video Address Bus"
begins 1life 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 Dl4. 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 VO 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
menory 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. 1In addition D11-11 is high which means that all TC outputs including
the TC output from the 161 at D1l are high. This causes the PE inputs of DIl
and D12 to be held low by the inverter at Cll pin 8. On the next clocking,
both D11 and D12 will Parallel Load data. (The 161°s at D13 and D14 will again
wrap around to all zeroes as usual.) This causes D11 and D12 to be set to a
pattern six counts short of an all-ones condition.

However, Dl1l-11 is pre-set to a zero, which means that on the seventh clocking
after D11 and D12 Parallel Load, all counter outputs except D1l-11 will wrap
around to zero instead of Parallel Loading again. This happens because the
unused output of D11 (pin 11) is at a logic zero and therefore the 161 at D11
cannot generate a TC signal until D1l-11 goes high once again.

oo c E‘!EH 2l
NS R IS R N
uJL: BRI Vi g

DI T

\,f/ C ST

1R P p A

L HOBY

| Distributed under the Creative Commons License on page 4 Page 0091 of 0367 )




Apple ][/ ][-Plus Level 1l Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc.

Plile-[ELEASE

ROM MEMORY WE D(;(g_!‘;’ N
SECTION 5 ; UQ)"

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 II’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 - SFFFF, 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 (E1l” 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:

l. Al4 and AlS are high ($C000 - S$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 20 through Z7 outputs to go low. Since the Address Inputs to the
138 are driven by All through Al3, 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 A0
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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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 2716
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,
Al4 and Al5, select the 16K block to be addressed:

Al5 Al4 SELECTED MEMORY
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 I1/0 SPACE: $C000 TO S$CFFF

ROM OR LANGUAGE CARD: $D0O00 TO S$FFFF

This leaves 14 address lines, A0 through Al3, to select an individual byte
within a row of RAM. (I/0 and ROM / Language Card address space is discussed
separately.)

The 16K "4116" Dynamic RAM has only 7 Address Inputs, AO through A6. 1In 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.
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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
screene.

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 AQ-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:

l. 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 Sl 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 - Al2 and Al3 from the
microprocessor’s Address Bus. The Video Inputs to the 153 are not as straight-
forward, however. They come from the 257 at Cl2.

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

Now lets’s look at how RAM CAS’ is produced. Recall that we want to only give
the chips in a selected ROW of RAM the CAS’ signal. During PHASE ZERO (micro-
processor mode), the high-order address lines Al4 and Al5 Select between four
blocks of 16K bytes each. At thls[Fj us hese high order address lines

=1 5 !!" (@[3
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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 Jl.

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 IT will accept only 16K RAMs.
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Two bus cycles occur within an APPLE II each microsecond. One cycle occurs
when PHASE ZERQO 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 Sl 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 A0, Al, and A2. 1In 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 2710 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 VO 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 1is not used in the APPLE II
design. The following are the two four-bit word signals:
V3 (CIN)
0P A: H5" V3 H4  H3

OP B: + V4 H5” \Z 1 (SOFT 5 VOLTS)

= E3 E2 El EO (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 Cl2. Looking at Figure S-7, we see that the 257 generates the
upper two Address Bits of the Video Address. The Select Input of Cl2 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 Al2, 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.

When the HIRES soft-switch output is high (HIRES mode) these two outputs
reflect VA and VB from the Sync Counters. HIRES uses an eight K byte memory
block and must toggle the equivalent of Al2 to AO in the process of scanning
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

noving upwards.
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SECTION 8 WE @me

»

The APPLE II design centers heavily on the use of Random Access Memory (RAM).
Our explanations are limited to the use of type "4116" 16K dynamic RAM ICs.

The four corners of each RAM supply power to the IC:

PIN NUMBER FUNCTION VOLTAGE
1 Vbb -5 V——
8 vdd +12 Vv
9 Vee +5 V
16 (GROUND) Vss ov

Seven pins are used for addressing:

PIN NUMBER FUNCTION
5 A5
6 A4
7 A3
10 A0
11 Al
12 A2
13 A6

Since each address line is independent of the others, the addresss labels
assigned to the seven address pins are purely arbitrary. For example, one
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. Usually the signals driving the RAM address lines are routed to the
RAM address inputs at the convenience of the printed circuit board designer.

Two pins are used for DATA:

DIN (Data IN) appears at pin 2. This pin is driven by one of the System
Data Bus signals DO-D7.

DOUT (Data OUT) appears at pin l14. This RAM signal drives the 174 RAM
latches at B5 and BS8.
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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 BS 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/0

Einlehn
SECTION 9 ELU \U “.
Three pins on each slot of the APPLE II motherboard’ ‘are used to send contrd I
pulses to the circuit card installed in that slot position. They are:

CONN. PIN# SIGNAL NMEMONC

PRONOUNCED:
20 1/0 STRB’
"1/0 STROBE"
41 DEV SEL’
"DEVICE SELECT"
1 1/0 SEL’

"1/0 SELECT"

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/0 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 1/0 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.

1/0 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 AlQ 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 1is
addressed. The Z0 output of H12 responds to addresses in the $C000 to $COFF
range and is used to enable the keyboard, on-board I/0 and soft-switch circuits
when A7 is high ($C080 to $COFF), then the 138 at H2 is enabled and DEV SEL’
signals, to be detailled later, are generated.

The other seven outputs from the 138 at H12 are distributed among seven I/0
slots (Slot O does not receive I/0 SEL’). Since each slot receives I/0, SEL’
over a 256 byte range, this signal is used to enable a small program in PROM
which controls APPLE II’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.

1/0 SEL’ provides slots O 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/0O 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 USERIL pin at
the I/0 slot (Pin 39). If the jumper is shorted, then USERl may be used to
disable any 1/0 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/0 SEL signals.
Since the Z0 output of the 138 at H12 is used to enable the 138 at H2, the
address space is limited to the $CO00 to S$COFF space. Since A7 is also
used as an enable to the 138 at Hl12, the address space is further limited
to $C080 to $COFF. This allows each peripheral connector a 16 byte address
space since A4 to A7 Drive this 138“s Address Inputs. Normally, address
lines A0 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/0 space. In summary:

1/0 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 1/0 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 L/0 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/0
SECTION 10

APPLE 1T offers on-board I/0 (input/output) circuits which include the
keyboard, video display and the built-in loudspeaker. Other on-board 1/0
capability includes cassette interface circuitry, Game Paddle (analog to
digital conversion) circuits and some general purpose logic inmputs and
outputse.

Looking at Figure S-10, observe how address lines A0 - Al3 distribute them-
selves between the four ICs at the left. The 138s at F12 and HI2Z provide
enable signals to the ROMs and to the peripheral cards. This is mentioned
in detail in the Rom Memory and Peripheral I/0 chapters. It is important
to note that the Z0 output from the 138 at H12 goes low when an address in
the $C000 - $COFF range is generated. You may recall from the Peripheral
I1/0 chapter that the DEV SEL’ signals are only enabled when A7 is high and
the Z0 output just mentioned is low. The 138 at H12 also uses this Z0 out-
put and A7 as enable signals but A7 is used as a low-going enable signal
producing an address range of $C000 - $CO7F for the 138 at F13 where an
address range of $C080 - $COFF exists for the DEV SEL’ signals.

Driving the high going Enable Input of the 138 at F13 is the I/0 signal from
System Timing. This is done since the Address Bus is valid all the time
that 1/0 is high. Address lines A4 to A6 drive this 138°s Address Inputs.
Since A0 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 lowe.

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

70 ($CO000 - $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 - $COlF). 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 1l voltage divider and reduce the four volt peak-to-
peak signal from K13’s Q2 output to under 40 millivolts peak-to-peak.

73 ($C030 - $CO3F). 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.

24 ($C040 - S$CO4F). This signal appears at pin 5 of the game I/0 connector
and is available for user applicaitons.

25 (8C050 - $CO5F). This signal enables the 9334 at Fl4 which is responsible
for the graphics "soft switches" and some software-controlled signals avail-
able at the Game I/0 connector outputs.

76 ($C060 - $CO6F). This signal enables the 251 at Hl4. The 251 chooses
between the following inputs:
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MUX INPUT NAME INPUT IS
10 Cassette In
11 Swo
12 5wl
13 Sw2
14 PDLO
15 PDL1
16 PDL2
17 PDL3

Since the 251°s Select INputs are driven by A0O-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 Kl.

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 O to 255, in software.

z7 ($CO070 - $CO7F). 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 Fl4 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 A0 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/0 Connector. This general-purpose LSTTL outputs are available
for user applications.
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VIDEO GENERATOR

SECTION 11

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:

l. 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:

l. TEXT. Data is displayed as alphanumeric characters in 24 lines of 40 columns
eache.

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 273
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 ™ LDPS’ RESULT

X 1 X HOLD CURENT POSITION

- 0 0 PARALLEL LOADS

= 0 1 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 Al0 via pins six
and seven, to the other input of the Exclusive-OR gate. (The 194 at AlQ func-
tions as a latch.) The 555 Oscillator at B3 operates at about three hertz and
also feeds into the gates at Bll and Bl3. 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
0 0 INVERSE B13-4 IS HELD HIGH
0 1 FLASHING B13-4 WILL BE HIGH (EXCEPT WHEN 555 IS HIGH)
1 0 NORMAL B13-4 IS HELD LOW
1 1 NORMAL B13-4 IS HELD LOW

The video output feeds into the 151 at A9. This chip acts as a master switch
between TEXT, LORES, and HIRES modes. (will be discussed later)

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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-t
s1 S0 MODE RESULT w E o rg M
0 0 HOLD DATA STAYS THE SAME ! L"JQ’J\U\J/’L&J
1 0 SHIFT LEFT DATA FROM Q3 SHIFTS TO Q2, Q2 TO Ql, ETC
DSL INPUT SHIFTS INTO Q3
1 1 PAR. LOAD DATA AT DO - D3 APPEARS AT Q0 - 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 circuitse.

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 Fl4 pin 7 drives the 257’s Select Input. The 257 then chooses
between Data Input Set O 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 S1 Mode Con-—
trol input to the 194s.

The twin 194s have their Sl 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 Sl inputs
connect to Soft 5 volts via the IOc 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
Q0 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 S11, 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.

N
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The Zb and Zd outputs of the 257 pass through the 194 at Al10 which acts as a
latch. The Q0 and Ql outputs of the 194 which reflect the levels of the Zb
and Zd outputs from the 257, drive the A and B inputs, selecting either Data
Input D4, D5, D6, or D7. The selected input becomes the final output.

In LORES mode, Data Input set 0 is selected. HO and VC from the Sync Counters
are now routed to the A and B inputs, respectively, of the 151. This causes
two effects:

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

2, On even numbered columns, data is tapped from each 194 at its QO output.
On odd numbered columns, data is tapped from each 194 at its Q2 output. This
allows for continuous LORES patterns to be generated across the screene.
This happens because each 194 is two clockings out of phase after 14
clockings (14 MOD four is two). The "tap" is moved two places to corrector
for this.

vC, from the Sync Counters, changes polarity every time four horizontal lines
are generated. Switching between the Twin 194s every four horizontal lines
causes a byte of Latched RAM Data to appear as two LORES squares stacked on top
of one another.

In HIRES mode, the A and B inputs to the 151 are both low. This causes only
the QO output of the 194 at B4 to be selected.

In summary for mode switching:

1. In TEXT mode the C input to the 151 at A9 is low. Any values for the A and
B inputs to the 151 selected TEXT video. In either graphics mode, the C in-
put 1is high.

2. In LORES mode, HO and VC from the Sync Counters drive the A and B inputs to
the 151, causing a byte of Latched Ram Data to appear as two LORES squares,
stacked one on top of another.

3., In HIRES mode, only Q0 of the 194 at B4 is selected as video data.

At the bottom of Figure g-11 are two soft switch outputs, TEXT and MIX, two
soft Sync Counter outputs V2 and V4, and RAS’ from System Timing. These
signals combine in the gates at B12 and Bl3. The resulting signal, delayed
by 1.5 microseconds by the cascaded latches at B5 and B8 drives the C input
to the 151 switching between TEXT (C input high). These gates allow for MIX
mode which has four text lines at the bottom of the screen. The HIRES ENABLE
signal is produced by ANDing the HIRES signal with latch output B8-2, and is
used to alter the addressing scheme when in HIRES mode.

In either GRAPHICS mode, brightness and color informatiomn 1is contained in the
bit patterns that are shifted out. Brightness, or luminance is based on the
ratio of the number of dots set high to the total number of dots sent out
within a given screen area.

PIEEDIEEER
Color information is based on the phase relationship bet e%jff Syosgrinz i | ]y
X i :

o i i

LT

TN T

VERSTON
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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-order bit
from Latched RAM Data is set. We get greenm, violet, white and black when the
"eontrol bit" is O 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 AlO to pin 6 of the OR gate at Cl4. 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 BlLanking) 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 V1’. This is done with the lower LS51 in Figure S-11.
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 HZ goes high (4 microseconds total time).

The COLOR BURST signal is shaped by R5, L1, 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 om the APPLE II to
supplement controls found on the television set.

*Early revision boards used a 2513 Character Generator. [?][?%[3323,
. IE ’ i
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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/0).
Different areas of memory are dedicated to different functions. The Apple’s
basic memory map looks like this:

System Memory Map
Page Number:
Decimal Hex
) ]
1 a1
2 @z
. - RAM (5K)
190 SBE
191 SBF
192 sCr
193 sC1
. ) 1/0 2K)
198 SC6
199 T
208 s
201 sC9
. . VO ROM ¢X)
206 SCE F
207 SCF
208 4
209 $Of -
. . roM U
254 SFE
255 SEF

Figure 5. System Memory Mazp
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RAM STORAGE it

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:
[} S80 | Systen Programs
1 L) System Stack
2 $82 | GETLN Input Buffer
3 $83 | Monitor Vector Locations
4 S84
5 S#5 | Text and Lo-Res Graphics
6 S86 | Primary Page Storage
7 S87
8 So8
9 $89 | Text and Lo-Res Graphics
18 SBA | Secondary Page Storage
11 S#B
FREE
12 S8C
through
31 SIF
RAM
32 S$20 | H-Res Graphics
through Primary Page
63 S3F | S:orage
64 S48 | H:-Rzs Graphics
through | Seconziiry Page
95 SSF | Storage l
96 S68
through
191 SBF
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ZERO PAGE MEMORY MAPS

Table 18: Monitor Zero Page Usage

Deomal 31 2 3 4 5 6 7 8% 9 18 11 12 13 14 15
S0 S1 S2 S3 S4 S5 S6 $7 S8 $9 SA SB SC SD SE SF

)
$

Table 19: Applesoft II BASIC Zero Page Usage
1 2 3 s 6 71 8 9 1@ 11 12 13 14 15
$2 $3 §s S6 $7 $3 $9 SA $B- SC SD SE S§F
e e o . e o o e o o
e e o e o o o

X
[}
»
sele
s/
eei|le

2

z
o0 00 0000 000
0 ¢ ¢ ¢ 060 O & 00
e e 9 ¢ & 68 0 0 08
e &6 0600 0 0 00
® 69 6080 08 00
® 0 0 00 060 60 8o
[ ] ® 00 000 80
L ] [ 3 I BN BN BN BN N J
® 2 00 0 0 ¢ 00 0
® ®© 08 & 00 0 O
* 92000800090 0
e 05 0 00 0 00
e O O 00 O 0
[ N BN BN BN BN BN BN BN J
[ ] s o0 060 00
[ ] o o 880 0 O

L
n

=
=
-
L
L
R
["\
(

==)

u

- .'"“:9
Cord
R |
ey
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7
r=val
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B R

s |
. el
wne
|
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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 lcwermost 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 ! 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 l4.

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.
which are not displayed on the screen.

There are 64 locations in this range
These 64 locations are reserved for

use by the peripheral cards.

PR e i A ey |
DUE Tl T2
i e A R SR B B
RSS2 /st anta
N H s voig
L._}L.:L..J‘.._!__J.‘:J =
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1 Table 20: Apple DOS 3.2 Zero Page Usage
Decimal s 1 2 3 s 5 6 1 s 9 18 11 12 13 14 i‘
Hex §0 S1 $2 S3 $4 g5 S6 §7 53 $9 SA 3B sc SD SE SF
[ ] S00
16 S0
32 $20 [ ° L] [} ) ° )
48 $30 e ©
64 $40 ° o . [ ® . [ ) ® ® [} . .
g6 SS0
96 $60 e o °® ™ ™
112 79 ]
128 89
144 $99

176 SBO | ®

208 SD@ *
724 SE® l

240 PO

l Table 21: Integer BASIC Zero Page Usage

Decimal T 2 3 4 3 6 1 8 9 19 11 12 13 14 15
Hex §2 $3 $4 S5 s6 $7 358 $9 SA s8 SC SD_SE SF
L 509
16 Sie
32§28
48  S38
64 349
89§58
96 368
112 S7¢
128 89
144 590
160 SA®
176 SBO
192 sSCB
208 SDO
224 SE?
249 SF9

L=
@

L.........
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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 1is 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 1s 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 l4-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:

SCode
SBOIe
SAP0® | 16K
9008
4K l
5000
;000
S6808
16K | 16K | 16K &
5008
2K | &
S:000
3000
' . . =~

289 | 16K | 16K | I6K | 16K | I6K | 16K

&L | 4K
Si0ee [

&L |4k | 4K
S,
-‘;‘:‘ 48K 36K 37K 24K YK 16K I[X 8K 4K

| Distributed under the Creative Commons License on page 4 Page 0124 of 0367 )




Apple ][/ ][-Plus Level 1l Service Manual -- 1981 -- DigiBarn Computer Museum -- Apple Computer, Inc.

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 S8028-SFTE | 1 M4
z ¥
4K range S2000-SEFE | 7 z t
4K range S3000-SSETE | 4 Ir
4K range S4000-SFTF i F Iy
4K range SS@PR-SSEEF | 4 9
AKrange S3@@e-SigeF | 7 2]

Fiure 7.
Block Pinoutrs

If a row contains eight chips the 16K variety,
jumper wire from the pin corresponding to that
to a 16K range of memory. Similarly, if a row
should connect a jumper wire from the pin that

e ow (°CT)
(ttDV\)
E™)

Fv
Meddle ow
Backmos —w (**
No cpurnesion.

I6K range SAD0B-S3FFF
14K rargz $=800-STFFF
16K rargz $:2#00-SBFFF

Wemary Configuratine

then you should connect a
row to a pin corresponding
contains eight 4K chips, you
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
you would strap
through $OFFF),
High-Resolution
through $3FFF).

use the primary page fo the High-Resolution Graphics mode, then
one row of 4K chips to the beginning of memory (4K range $0000
and strap the other two rows to the memory range used by the
Graphics primary page (4K ranges $2000 through $2FFF and $3000
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.

PRE-RELEASE
s RN

H _.'_—.\ Ax "~
w;gge,}'-w’?;;;z%’\ﬂ
ST
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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:

| Table 17: ROM Orranization and Usage
{ Page Number: _
Decimal  Hex Use2 By

208 SDo . -
212 SD4 Progarmmer’s Aid #1
216 SD8
220 SDC Appissoft
224 SE® 11
228 SE4 BASIC
232 SE8 Iz:2g2r BASIC
236 SEC
2490 SFo
244 SF4 Utilizy Schrownines
248 SF3 for ROM Autosta= ROM
252 SFC Moaizer ROM utostar

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-Omnly
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 $D0 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
UP position and pressing and releasing the
location $C080 (decimal 49280 or -16256).

ROM’S again, flip the controller switch to
or reference location $C081 (decimal 49281

card’s controller switch to its
RESET button, or by referencing
To enable the Apple’s on-board

the DOWN position and press RESET,
or ~16255).

S

RS

it
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THE SYSTEM MONITOR ¥ !ﬁ ;

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 O to 255, and a group of four hex digits
can denote any number from O 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 digitse.
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 wvalue 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:
*EQ00

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.

** 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

*.ZB
D [?
0021- 28 00 18 OF OC 00 00 L‘LD

0028~ 18 06 DO 07
*300

0300~ 99 ,; \.ﬂ.‘:h’d

*.315

0301~ B9 00 08 OA 0A 0A 99
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Al oe=d g vt
e

0308- 00 08 {Jiji Ll
0310- 09 85

*,32A

C8 DO F4 A6 2B A9
27 AD CC 03

A

0316- 85 41
0318- 84 40 B8A 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 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 locatiom.

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 OA OA 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- 1B FD DO 03 3C 00 40 00

W EBIGHINIE
FEANNAIEIN
EEOMGH

First, the

EXAMINING STILL MORE MEMORY

0040- 30

*E015.E025

EO15- 4C ED ED

E018- A9 20 C5 24 BO OC A9 8D
E020- A0 07 SO ED FD A9

*

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 "cut". Once again, the last loca-
tion displayed is considered the last. opened and next changeable location.

*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~ 1B FD DO 03 3C 00 3F 00
*

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
*

You can also combine opening and changing into one operation:

*302:42
*302
0302- 42

*

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 locatioms, 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

L ! Fi ) f—:

PIEAPEIENCE
SNSRIt

i BN BT SRR g

0300-69 }
R, VRSN
x10:0 1 2 3 | lJJLnj(QJLJ{EJXJ
*: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

*300.30C

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. 1In
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 ES5 EE AO E2 F9 A0 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" tome 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 FO 08
*:CA DO F6 A6 00 4C 02 00 60

*0.14

0000~ FF FF AD 30 CO 88 DO 04
0008~ C6 0A FO 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. 1is 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.

*0:0000000000000000000
00

*0.14

0000- 00 00 00 00 00 00 00 00
0008- 00 00 00 00 00 00 00 00
0018- 00 00 00 00 OO

*.14R

*.14

0000~ FF FF AD 30 CO 88 DO 04
0008- C6 OA FO 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.
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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 C1 20 ED FD 18 69 1 C9 DB DO F6 60
*300.30C

0300~ A9 Cl 20 ED FD 18 69 0Ol
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 command 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 imstruc-

tions:
*300L
0300~ A9 Cl1 LDA #5C1
0302- 20 ED FD JSR $SFDED
0305~ 18 CLC
0306~ 69 01 ADC #501
0308- C9 DB CMP #SDB
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
!

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.

!300~-LDX #02

0300- A2 02 LDX #$02

! LDA $0,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 Fé6 BPL $0302
! BRK

030Cc~- 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:

1$FF69G

*

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

0300- A2 02 LDX #3502
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- QO 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

*

* The Mini-Assembler does not actually riside in the Monitor ROM, but is part
of the Integer BASIC ROM set. Thus, it is not available on Apple II Plus
systems or while Firmware Applesoft II 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- A2 02 LDX #3502
A=0A X=02 Y=D8 P=30 S=F8

*S

0302- B5 00 LDA $00,X
A=0C X=02 Y=D8 P=30 S=F8

*§

0304- 95 10 STA $10,X
A=0C X=02 Y=D8 P=30 S=F8

*12

0012- OC

*S

0306~ CA DEX

A=0C X=01 Y=D8 P=30 S=F8
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*S

0307- 8D DO CO STA $C030
A=0C X=01 Y=D8 P=30 S=F8

*S

030A- 10 F6 BPL $0302
A=0C X=01 Y=D8 P=30 S=F8

*S

0302- B5 00 LDA $00,X s
A=0B X=01 Y=D8 P=30 S=F8

*S

0304~ 95 10 STA $10,X

A=0B X=01 Y=D8 P=30 S=F8
*

Notice that after the third instruction was executed, we examined the contents
of location 12. They were as we expected, and so we continued stepping. The
Monitor keeps the Program Counter and the last opened address separate from one
another, so that you can examine or change the contents of memory while you are
stepping through your program.

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

in the program. If the TRACE encounters the end of a program which returns to
the Monitor via an RTS instruction, the TRACEing will run off into never-never

land and must be stopped with the RESET button.
*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- BS5 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=BO S=F8

0307 8D 30 CO STA $C030
A=0A X=FF Y=D8 P=B0O S=F8

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

030Cc~- 00 BRK

030cC- A=0A X=FF Y=D8 P=B0 S=F8
*

* In Murphy”s Law, and Other Reasons why Things Go Wrong, edited by Arthur Bloch.
Price/Stern/Sloane 197/.

** 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 G0 a machine language
program.

The Monitor reserves five locations in memory for the five 6502 registers: A,X,
Y,P (processor status register0O, 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 (0, 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 Y=D8 P=B0 S=F8
*:B0 02
*CTRL E
A=BO X=02 Y=D8 P=B0O S=F8
*3068
0306- CA DEX
A=BO X=0A Y=D8 P=30 S=F8
*g
030/- 8D 30 CO STA $C030
A=BO X=01 Y=D8 P=30 S=F8
*S
030A- 10 F6 BPL $0302

A=BO0 X=01 Y=D8 P=30 S=F8

*
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MISCELLANEOUS MONITOR COMMANDS

You can controly}h sg;ting of the Inverse/Normal lo
subroutine (se& &—) from the Monitor so that al

put will be in Inverse video. The INVERSE command d
lines are still displayed in Normal mode, however.
output to Normal mode, use the NORMAL command.

*0.F

0000- OA OB OC OD OE OF DO 04
0008- C6 01 FO 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 Ab
*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 lea
the language installed in ROM on your Apple, usually

will be lost. If you“ve left BASIC for the Monitor

command will return you to the language you were usi
variables intact.

The PRINTER command, activated by a CTRL P, diverts
for the screen to an Apple Intelligent Interface in

{spst number} CTRL P

A PRINTER command to slot number 0 will reset the fl
to the Apple”s video screen.

for the Apple”s keyboard. For details on how these
counterparts PR# and IN# work, please refer to "CSW
The format for the KEYBOARD command is:

{slot number} CTRL K

cation used by the COUT
1 of the Monitor”s out-

oes this nicely. Input
To return the Monitor”s

ve the Monitor and enter
either Apple Integer oOr

Applesoft I1 BASIC. Any program or variables that you had previously in BASIC

and you want to re-enter

BASIC with your program and variables intact, use the CTRL C (CONTINUE BASIC)
command. If you have the Apple Disk Operating System (DOS) active, the 73D0G’

ng, with your program and

all output normally destined
a given slot in the Apple”s

backplane. The slot number should be from 1 to 7, and there should be an inter-
face card in the given slot, or you will lose control of your Apple and your
program and variables may be lost. The format for the command is:

ow of printed output back

The KEYBOARD command similarly substitutes the device in a given backplane slot

commands and their BASIC
and KSW Switches”.
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The Monitor will also perform simple hexadecimal addition and subtraction.
Just type a line in the format:

{value} + {value}
{value} - {value}

The Apple will perform the arithmetic and display the result:

*20+13
=33 3 r_\
rrec PR RN
=3E 13 f_. A fa '
*FF+4
=03
*3-4
=FF
*
SPECTIAL 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 another address is encountered. The
NORMAL command makes a good separator; it usually has no effect and can be
used anywhere.

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

0300- 00 00 00 00 00 00 00 00 0O
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 not be separated by spaces.

If the Monitor encounters a character in the input line which it does not
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

*
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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 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
0320- 33 11 22 33 11 22 33 11

0328- 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
*301<300.31FM
*301<300.31FV

*304:02
*301<300.31FV

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
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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

!300:1LDY $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 #38D
! BNE 302

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

030D- 4C 69 FF JMP $FF69
13F8:JMP $300

03F8-  4C 00 03 JMP $0300
1$FF69G

*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 locatioms, the last value in a STORE must
be followed by a letter command before another address 1is encountered. The
NORMAL command makes a good separator; it usually has no effect and can be
used anywhere.

N { T e
*300.307 300:18 69 1 N 300.302 300S S ?J DJ;Ej Fk‘f—’ NG
=g E IR DR
e R RN RS S Rl i
0300- 00 00 00 00 00 00 00 00 00 ' e e A
0300- 18 69 01 P (R
0300- 18 CLC 21 h ~\§”=i5 AR
A=04 X=01 Y=D8 P=30 S=F8 LU lujte
0301- 69 01 ADC #$01 U LYWL
A=05 X=01 Y=D8 P=30 S=F8
*

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

If the Monitor encounters a character in the input line which it does not
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

*

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 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
*301<300.31FM
*301<300.31FV
*304:02

*301<300.31FV

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

1300: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 #3$8D

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

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

030D~  4C 69 FF JMP $FF69
13F8: JMP $300

03F8-  4C 00 03 JMP $0300
1$FF69G

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

*

PRE
i
BHEIHAK
VERSHEH

'7\A

BREESE
1

R e ‘I:"]
Ls»"f": !

-
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SUMMARY OF MONITOR COMMANDS

Summary of Monitor Commands.

Examining Memory.

{adrs} Examines the value contained in one location.

{adrs1}.|adrs2) Displays the values contained in all locations
between [adrsl] and {adrs2).

RETURN Displays the values in up 10 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)
1o those in the range beginning at {dest).

Saving and Loading via Tape.

{start].[end)W Writes the values in the memory range
{start}.lend} onto tape, preceded by a ten-
second leader.

{start}.{end)R Reads values from tape, storing them in
memory beginning at {start} and siopping at
{end]. Prints “ERR" if an error occurs.

Running and Listing Programs.

ladrs|G Transfers control to the machine language pro-
gram beginning at {adrs).

{adss)L Disassembles and displays 20 instructions, start-

ing at {adrs). Subsequent L’s will display 20
more instructions each.

GI 1 !D»I":ﬂll_,m‘ﬂji'g
Wi b b
. I L. Jot

51'_, H O

LT IR SR N

-
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uddressing formyts are differen;, Here 4t the Apple Standarg
Assembly Language:

Absolyte S{address}
Zero Page Sfaddress}

address) x
Y address] y

give an instrucyj Minj Assembler which cap be used jp, both Absolute and Zero-Page
Mmode, then the Mini-Assembler will assemble thag instruction in Absolyte mode if (he operangd
for thay inslrucrion IS greater than $F, »and it wip assemble 1hgay instruclion in Zero Page mode |f
the operand for that instruclion is less than $o1ep.
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LEVEL II SERVICE REFERENCE MANUAL
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CHAPTER 10
TROUBLESHOOTING GUIDE

Written by
Apple Computer, Inc. - Level II Service Center
1981
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TROUBLESHOOTING GUIDE D /F\K
. [ MR
General Troubleshooting Tips: WELﬂj @) J

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 EOOOLLL 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 paperworke.

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 A2L0O001A).

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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SERVICE PROCEDURES
Motherboard:

I. Test Set-Up:
A. Equipment Needed:

l. A "known good, in spec" 48k system complete with all
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

B. Set up Procedure:

1. Place mother board to be tested in postion on non-
conductive foam pad.

2. With power supply switch OFF, plug power supply and
video cable into motherboard.(noc RAM should yet be
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. 1If 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 ome.

I1I. Troubleshooting
A. Running Diagnostics:

l. 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 "™otherboard 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 1

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 seemingly 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.
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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:

CO050 CO056

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 $55 (Since the monitor already
speaks on hex, the dollar sign is not required.)

This is done with the command: @{—SE mr-:f. ~=m (,.1“5‘:]
. EaS IR Baksa Lty S
2000:55 2001<2000.3FFEM HobLuusT s TR

To see the results use the soft-switch commands:

C050 €053 €057
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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:

Cc056

To load into secondary HIRES page:

To display it type:

C050 €053 c055 €057

If you get lost, type:

C051 €054

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 1l system. Then on any machine
with good Reset you will be able to verify a video problem without special

equipment.
PRE-RE
WEJ“QU@M
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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 Ql 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

Cl1-74LS153

C2-74L5195

Turn power back on ----if still no video try these:

A2-74L5S00 B10-74LS74 C13-74LS51 D2-74LS20 F14-9334
A9-74LS151 B11-74LS08 Cl4-74LS32 D11-74LS04

Al0-74LS194 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 CAUSE
Blank white screen F14-9334
6502
A3-74166

B5,8-74LS174
Screen goes blank when
disk boots B9-74L5194
Will get into diagnostics
menu but screen goes all white
during RAM test B2-74S86
Video wavers Cl11-74LS04
D11-74LS161
D12-74LS161
D13-74LS161
D14-74L5161
Pulsating data with corresponding

speaker static H1-74LS08
Video distortion but reset OK D2-74LS20
Top of video missing/distorted B14-74L502
Video pushed down & to the right C13-74LS02
Can’t write into upper left of

screen 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

-
D Mﬁ [E\,\@a

Al1-74LS74

B14—74LS32PmEDBE ._E AL

Cl1-74LS04

B2-74L586

F8 ROM

B1-74LS174

C1-74LS153

C11-74LS04

E14-7415283

B3-555 timer

open from Cl pin 3 to H2 pin 14
B3-555 timer

0.luf capacitor just above B3
B5-74LS174

B11-74LS08

B4~T74LS194
B5-74LS174
B8-74LS174
A12-74LS02
F14-9334
A5-2513
A9-74LS151
Cl2-74LS257
D12~74LS161
B4-~74LS194

A3-74LS166
B4-74LS194
B9-74LS194
open Bll pin 6 to Hl pin 10

B12-74LSl11
B13-74LS02
B2-74LS86

Cl1-74LS04
B11-74LS08

Fl-(no Fl on boards Rev 7 and up).
Al1-74LS74

A5-2513
27 microhenry choke at end of
H-row

B14-74L502
C1-74LS153 ™
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Right half of text char. missing

Video shows only top halves of letters,
you get two tops Iinstead of a top &
bottom

Mis-shaped question marks/char

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

A3-74L8166

H1-74LS08
A5-2513(VC
A3-74LS166
A5-2513
A9-74LS151
B2-74L586
B10-74LS74
B4~74LS5194
B9-74LS194
A8-74LS257
A9-74LS151
A9-74LS151
E11-74LS153
A9-74LS151
Al10-74LS194

line to pin 13 held low

A3-74LS166

Al12-74LS02

replace video pot

N e

W@ S i“w
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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 Al3)
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 as they are arranged according to most
common failures and will save you some time: Remove all ROM and the 6502,
insert known good 6502 and the F8 ROM leaving all other ROMS out. Then
proceed with the chips at the following locations.

B6-741.8257 H10-8T28 H3-8T97 Cl4-74LS32 D2-74L520
B7-74LS257 H11-8T28 - H4-8T97 A2-74LS00 E11-74LS153
H5-8T97 B11-74LS08 E12-74LS153
E13-74LS153
Cl1-74LS153 F12-74LS138 F14-9334 H1-74LS08
B5-74LS174 F13-74LS138  F2-74LS139 H12-74LS138
B8~-74LS174 Cl1-74LS04 J1-74LS74  H14-74LS251

At this point, if you still have no reset, assure that your 16K of RAM
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 the only problem

arease.

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 . Cl4-74LS32

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

into rows 3/4, 11/12, 19/20 at reset
Repetitive/continuous reset without

load at cold start

Good at 16K, no reset above 16K

Good at 16K, intermittent reset over

16K & will not complete RAM test

Reset OK but no speaker output (no beep)
Good speaker output but no reset, prompt
or cursor

No prompt or cursor

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
fault)

No reset with Disk Interface Card,
OK without

At cold start, reset nay be intermittent,
random data input & will not complete RAM
test

Fl-jumper block

Cl11-74LS04

B7-74LS257
RAM short (RAO2 or RAO3)

F2-74LS139
J13-74LS74

Cl3-74LS51
F14-9334
E11-74LS153
E12-74LS153
E14-74LS153
H1-74LS08

B3-555

cap. just above B3
Cl1-74LS04

RAO1

H2-74LS138
H12-74L5138

RAM short

IR
[E=i
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MISCELLANEOUS MOTHERBOARD SYMTOMS/FAILURES ;; {Eg

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:

Will not boot disk, drive LED on,
prompt switches back and forth from
Monitor to a mis-shaped rounded Basic:
Will not boot disk:

Prompt but no cursor and will not
access disk:

Disk boots then screen goes blank:
Goes into monitor, program stops after
warmup:

Keyboard input failures but keyboard
is good: -

Will not run D-row RAM & has static

output to speaker & screen during
diagnostics:

Will not run E-row RAM & has static
output to speaker & screen during
diagnostics:

Will not run E-row RAM (no static
output at speaker):

Cursor moves by itself through
diagnostics menu, sometimes will not
move when ESC pressed & will boot
intermittently:

Will not go to Basic from Monitor with
CTRL B/C:

Double row of prompt,cursor, & chars.:

B5-74LS174
B6-74LS257
B5-74LS174 Cl-74LS153
H2-74LS138 B6-74LS257

H3-74LS8T97  B7-74LS257
H12-74LS138

B3-555
B9-74LS5194

RAM Cl-74LS153
E11-74LS8153  B6-~-74LS257
E12-7418153  B7-74LS257
E13-74LS153 ROM
E14-74L5153 Card in slot O
Slot 0 50-pin connector

B6~74L5257
B7-74L5257
B10-~-74LS74
anything in keyboard strobe
line

Cl1-74LS04
F13-74LS138

H1-74LS08
J1-74LS257
D2-74LS20

D2-74LS20
H1-74LS08
J1-74LS257

Dl-jumper block
D-row RAM

Fl-not on rev. 7 or
later boards.

1/0 select not grounded

B6-74L5257
E11-74LS153
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SCOPE AND METER
NO RESET

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 Al3, and the capacitor below Q5(.l microfarad). Usually
1f Q5 is bad the APPLE will keyboard reset (but will not power on reset).
If a transistion occurs check the following points with an oscilloscope:

Data Lines DO-D7 (pins 49-42 on I/O slots),

Address Lines A0 to Al5 (pins 2-17 on I/0 slots),

Read/Write (the write signal is active low) at pin 34 of the 6502,
pin 5 of H5(8T97),

pin 9(R/W in) of Cl4,

pin 8(R/W out) at Cl4.

Look for low logic levels and missing (except AD7 and AD9 which are
normally low) signals. The following IC’S could be at fault:

SYMTOMS PROBABLE CAUSE

Low Data Levels B6~-741LS257 H10-8T28
B7-74LS257 H11-8T28
Bad ROM’S

Bad Address levels H3-8T97 Bad ROM’S
H4-8T97 6502
H5-8T97

No R/W signal H5-8T97 A2-74LS00
Cl4-74LS32 6502

With an osilloscope check for the 1 MHz clock on pin 37 of the 6502.
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 Cl1-74LS04
B11-74L508

RAO1 (resistor pak)

AN am
'-E D(_,!_.!gv«_' ;‘!g!{\.s!j
[;)[Egtlscz[gggfifié‘;}%;>§i§

o
 —
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SCOPE AND METER
RAOl (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 F2-741.5139
Cl1-74LS153 C12-74LS257 D2-74LS20
Cl1-74LS04 Cl4-74L832 A2-~-741.300

Also check the Memory Select headers for continuity (except Rev 7 and
above boards)

Check RAM pins 5,6,7, and 10,11,12 for RAO (pinl0), RAl (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 RAQ2

and RAO3 resistor paks. These located between E10 and Ell and D10 and
D1ll. Check these with and ohm meter from pins 7 and 9 of E11,12,13
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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Service PRocebuRE

New stvle keyboards(two part)

Svmptoms Cause
No kevbcard output Encoder(331-0931)
Yo Data Strobe(no keybd output) B3(74LS00)
B4 (74L500)
C6(.1 microfarad cap)
Incorrect data out . Encode
R5(741LS04)
B3(741L500) i
No output Cable ‘
?, Return, and : keys repeat Change RIN to 3.0K ohn 1/4 watt

ERRIENEN T
D/ RN f—i/f‘ NE
LU= 0G5 A )

W

resistor. See Apple Service Bulletin #15

WJ%]
0

r

[
Ef“*:
=
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P.S. TEST PROCEDURE * '

i. DISASSEMELE

(A) REMOVE RIVETS AND SHEETMETAL SCREWS THAT HOLD LID TO HOUSING.
(B) REMOVE PCB BOLD-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 Cl16 10UF, 25V ; R17 R20 39 OHM,l/4W.
(B) CHECK FOR BAD DATE CODE OF CR1l, 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 Ql & 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)
(B)

(€)
(D)
(E)

S,
HOOK-UP P.S. TO TEST FIXTURE. CHECK FOR FAILURE. :

TAKE IN CIRCUIT RESISTANCE READINGS TO FIND CAUSE OF FAILURE.
BAVING A EKNOWN GOOD P.S. TO COMPARE WITH WOULD BE HELPFUL.

MAKE NECESSARY REPAIRS. ° . . ‘ b . _
TEST AT ALL S/W SETTINGS. - A
VIBRATION TEST, WITH POWER APPLIED TO P.S. , :

TAP PCB WITH THE HANDLE OF A SCREWDRIVER.

NO FLUCTUATION IN OUTPUT SHOULD OCCUR.

47 FINAL TEST

(A) SECURE PCB IN BOUSING, REPLACE LID.

(B) VERIFY OPERATION.

(C) BURN-IN FOR 3-6 EOURS.

COMMON THERMAL PROBLEMS ARl, CR17, CR18, OR CR19.
(D) VERIFY OPERATION. '
(E) REPLACE SHEETMETAL SCREWS & RIVETS.
~ I man I

Sl LIVt ST L
oL g AR SR TS I S S |
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A PRLE <3AJ¢3ngg, e

P.S. PROBLEMS -~ /7 =/« 2t/
"BAD" MEANS COMPONENT COULD BE OPEN, SHORTED, MISSING, WRONG VALUER, — — ———~— -~
PHSICALLY DAMAGED, HEAT SENSITIVE, OR HAVE A POOR SOLDER CONNECTION. -
STYMPTOM PROBABLE CAUSE
ON TESTER IN ORDER OF OCCURRENCE
FAILS CROWBAR TEST (1) QS BAD
@107 HI LOAD (1) FUSE BLOWN ~ CHECK CR3
NO OUTPUT (2) R1 OPEN - CHECK CR1
(3) BAD S/w
~ (4) CR15 OR CR16 BAD
(5) c»l BAD
@107 HI LOAD (1) ARl BAD
ALL VOLTAGES LO (2) C6 OR C7 BAD
WON’T ADJUST (3) Q1 OR Q2 BAD
. (4) CR9, CR18 OR CR19 BAD
@107 HI LOAD (1) ARl BAD
“CILLATING (2) C6 OR C7 BAD

CLICKING SOUND  (3) Ql OR Q2 BAD
(4) CRS, CR9 OR CR11 BAD

] &r b

@115: 1A LOAD (1) CR17, CR18 OR CR19 BAD
+12V° DROPS
BELOW 11.25V

o)[g mren ThRr
@120 HLOO LOAD (1) ARl BAD ,'L;‘ eI ISR Bl RN
EXCESSIVE RIPPLE OR (2) R17 BAD e R L Py N
MAKES CLICKING SOUND (3) C11, C12 OR C18 BAD oh

(4) CR9 OR CR19 BAD

@120 LROO LOAD (1) CR17, CR18 OR CR19 BAD
EXCESSIVE RIPPLE OR
MAKES CLICKING SOUND

@137 LO LOAD (1) C6 OR C7 BAD ’ - .
EXCESSIVE RIPPLE OR (2) CR5, CR6, CR9 OR CRIl BAD
MAKES CLICKING SOUND

VIBRATION PROBLEM (1) SOLDER CONNECTION OF
’ SINGLE ENDED CAPACITORS
T . (2) HEAT SINK TO PCB

SOLDER CONNECTION
(3) R16 BAD - REPLACE
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A t 1981
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¢ ,
REPAIR MANUAL FOR ASTEC POWER SUPPLY AXIOKU!

Section I: Test Set-up Wi

A. Equipment Needed

1. 1Isolation 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 18 no output refer
to Section III.
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AR
. £
Section III - No Output DLlnim e il e

General : V;-E

With the AC input applied to the L & N connections and the power-do
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 but may also be caused 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 fallure
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 1it.

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 (Dl).
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 1s not correct check Rl and DBl.

1f 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, q1, Dp3).

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 1is 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, Ql, D1, 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. 1If 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.
tion (ie. L2, L3, L4, L5).

Section V - Crowbar

Check respective choke for output in ques-

1f the crowbar is not operating, check Zl and SCR1.
triggering within the specified limits, change Z1 an
ment resistor in series with Z1 has not changed valu
value.

Section VI - Performance Test

Fach of these test conditions should be se
limits specified in Table II.

t-up and n

If the crowbar is not
d check that any adjust-
e from its color code

oted to be within the

g

STEP INPUT +5V LOAD +12V -12v -5V

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 Min

6. Test Crowbar Limits
1f the power supply does not pass the above test, refer to Section IV and V.

. I D T ST A
B'\mﬁ:’ :';i]r::“"z "‘,3...:

-l
WL H -
LN ed e T
gy S .

P
!
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Table I: Load Board Valves

T MIN . LOAD SAFE MAX LOAD SAFE
OuTPU 1 0AD RESISTANGE L DAD POWER 1 0AD RESISTANCE 1 DAD POMER
15V 1.0A 5.0 ohms 10 watts 2.5A 2.0 ohms 25 watts
+12v 0.25A 48 ohms 6 watts 2.5A 4.8 ohms 60 watts
-j2v 0.05A 240 ohms 1 watt 0.25A 48 ohms 6 watts
-5V 0.10A 50 ohms 1 watt 0.25A 20 ohms 2.5 watts
Table II: Voltage and Ripple Specifications

QUTPUT 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
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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 reguiated 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 ¢heck the other outputs. See text of section III for test points
within power supply.
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Section I1I

A. Visual Inspection: TV T e e

VI - o Y

Check power supply for any broken, burned, on'phwi usﬂy;damagdg;LJ

components. Visually check fuse, if dny question gﬁébk‘ﬁTth*ﬂ :
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 Qutput

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 (DB]?, 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 jintact:
Set power supply and attach X100 scope probe ground to the anode of
(D1). 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 1ikely caused by a shorted component that
is fed power by R28. Check the following components for proper oper-
ation, (Q2, Q1, D1)

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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-3-

presedt

If this is not priesent 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, (L3, Q1, D1 and R3).

Section IV - Low Qutputs

A. A1l 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 Z1, Q4, and SCR1. If the crow-
bar is not triggering within the specified 1imits change Z1 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
1imits 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 Limits.

If the power supply does not pass the above tests, refer to Section IV and V.

CTVTT T T T r‘\ e
LRt HEETEE TN USEERN  G
Uiy PR B "..l'—t‘\'-:;_.
I L= B R S T

e g SR UL PUVIS W NP T
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-4-
Table I: Load Board Valves
QUTPUT MIN LOAD SAFE MAX LOAD SAFE
1. QAD RESISTANCE ] OAD POWER 1 0AD RESISTANCE L.OAD POWER
) 1.0A 5.0 ohms 10 watts 2.5A 2.0 ohms 25 watts
+12V 0.25A 48 ohms 6 watts 2.5A 4.8 ohms 60 watts
-12v 0.05A 240 ohms 1 watt 0.25A 48 ohms 6 watts
-5V 0.10A 50 ohms 1T 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 -10.80¥ -13.20V 100MV
-5V -4.70V -5.70V 45My
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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/0 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.
1/0 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 "

SIGNAL MNEMONIC  LOCATION

14M B2-8
™ B1-15
™ Bl-14
COLOR REF Bl-3
COLOR REF’ B1-2
PHASE ZERO Bl-7
PHASE ONE Bl-6
RAS’ c2-15
AX” c2-14
CcAS’ c2-13
Q3 c2-12
Q3” c2-11
LD194 B12-8
LDPS’ A2-3
B. VIDEO
SIGNAL MNEMONIC  LOCATION
HO Dl4-14
H1 D14-13
H2 D14-12
H3 Dl4=11
H4 D13-14
H5 D13-13
HPE’ D13-12
HBL C13-6
VA D13-11
VB D12-14
ve D12-13
V0 D12-12
V1 D12-11
V2 Dl1-14
V3 D11-13
V4 D11-12
VBL B11-8
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
Al0 H4=9
All H4-11
Al2 H4=3
Al3 H5-3
Al4 H5-13
AlS H4=13
R/W H5~5
DO H11-2
Dl H10-2
o2 H10-14 == o] p— Y _
b3 H1l-14 ‘V fETf ' o ST TE
D4 H11-5 ‘:5, R ,\:;
D5 H.].O“S i Lo T RN S VO N __"1'
D6 H10-11 - o
D7 Hll-11

D. ROM

SIGNAL MNEMONIC LOCATION

cs’ : DO Fl12-13
D8 F12-12
EQ F12-11
E8 F12-10
FO F12-9
F8 Fl2-7
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 Cl4-11
RAM SEL’ A2-6

F. ON-BOARD 1/0

SIGNAL MNEMONIC LOCATION

KBD F13-15 Y
KBDSTRB F13-14 ]
CASSETTE CLK F13-13 :
CASSETTE OUT K13-8
SPEAKZR CLK F13-12
SPEAKER OUT K13-5
GAME I1/0 STRB F13-11
9334 EN’ F13-10
251 EN’ F13-9
PDL TRIG Fl13=-7

G. PERIPHERAL I/0

SIGNAL MNEMONIC LOCATION

DEV’ : SLOT O 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
1/0 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
1/0 STRB’ Fl2-14

¥OTE: Each location given represents the signal’s point of origin (furthest upstream
_ocation). The schematic diagrams should be used to follow the signal downstream if
acessary.
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Apple I Computer Technical Information

APPLE II / APPLE 1I-PLUY

LEVEL 11 SERVICE REFERENCE MANUAL

Pre-Release Version

APPENDIX A
IC CHIP MAPS - IC SPECIFICATIONS
6502 INSTRUCTION) - ROM LISTINGS

Wrilten by
Apple Computer, Inc. - Level II Service Center
1981

( This page is not part of the original service manual )
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Apple 1T Computer Technical Iniormation

APPIE 11 / APPIE 1I-PLUS

LEVEL II SERVICE REFERENCE MANUAL

Pre-Release Version

APPENDIX A
IC CHIP MAPY

Written by
Apple Computer, Inc. - Level II Service Center
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