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To the Reader,

This manual was developed for all the A/// Service Technicians at our
Level 11 Regional Service Center. The intent of this book is to help
you understand and repair the Apple ///. The book is partitioned into

two sections: Theory of Operation and Servicing Information. There is
sufficient information in this manual so that an inexperienced technician

can be productive in a short time. This manual should help you understand
and appreciate the Apple ///.

In Appreciation:

Although many people have helped me with this manual I wish to particularly
thank the following people for their contribution to this manual:

Bill Holman
Wendell Sanders
Mike Fallon
Rick Hoiberg
Ed Goodwin
Sandy Sanford
Peter Quinn

Thanks!

%6 '

Bob Cummings

\ ,
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INTRODUCTION

GENERAL DESCRIPTION

The Apple /// 1s a personal computer for the professional. It has the
capabilities to run very involved programs since it can have up to 256K of
RAM. The overall unit has been designed to Incorporate the best features and
options that make it a complete personal computer. The Apple ][ emulation
mode allows users to run most Apple ][ software. However, minor modifications
may be required for some Apple ][ programs or other peripheral devices.

The base system has a full ASCII keyboard which includes a 13-key numeric key
pad with two special function keys. There are four cursor control keys. The
A/// has two special repeat features: 1) each key repeats when held depressed,
and 2) a high-speed repeat 1is activated with the Solid Apple key. it's
typewriter style keyboa;d 1s sculptured for maximum typing speed and accuracy.

The Apple /// has a built-in disk drive (140K bytes) and controller which is
capable of supporting three additional external drives without additional
interfacing. One interesting feature is that the two drives may be on at the
same time. This increases the disk-to-disk transfer effectiveness- The Apple
/// can also be used with "Profile"- Apple's 5 Megabyte hard disk for mass
data storage.

A built-in RS-232 port, located on the back panel, allows you to ~onnect the '
Apple /// to letter quality printers, high-speed data collection devices,
modems, and other serial input/output devices using RS-232-C protrocol. The
A/// has two joystick ports for games, sophisticated cursor contral, ot
silentype operation.

The Apple /// has 8 different modes of video operation. B/W Text in 40 and 80
column, a 40 column 16 color text mode (where the foreground and background of
each character can be defined). The Apple ][ graphics wodes are duplicated
and there are three more graphics wmodes: a super black and white Hi~Res, 16
color Hi-Res, and 16 color medium resolution graphics. The eigth mode 1is
actually a utilizatin of the color text mode where the user defines the
character image and builds video images with these "character sets”. Since !
the video character generator is RAM, not ROM, as in the Apple ][, it provides |
the user with the capability of defining character sets to display whataver I
the user wants. Three video outputs are provided at the back panel; these are
black and white, NTSC color composite, and RGB video ftcr a2xceptional color
purity and resolution. t

The Apple ///'s Central Processing Unit (CPU) can be “interrupted” hy
peripheral devices whenever they require CPU control. Alternatively the CPU
can poll the devices to determine which needs attention, therebv =minimizing
the software required for peripheral control.

There are more features in the Apole /// such as, a built-in clock/calender, a
hardware beeper to simplify programming, a six-level D/A converter for rore

1.1
_ y
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complex tone generation, and the duplication of the speaker function of the
Apple ][.

As you can see there are many onboard features that would fully load an Apple
][, yet the Apple /// has four expansion slots for additional wuser
interfacing. As you read this document and learn how it works, you will
appreciate its capabilities, design, and usefulness.

SIMPLIFIED FUNCTIONAL DESCRIPTION

The Apple /// is not an easy machine to understand. It has been designed to
emulate the Apple ][ and has done many operations in a different manner, while
adding many enhancements which contribute to its complexity. To understand
the system structure it is best to start building functional blocks and gain
an understanding of each separately, and then comprehensively.

There are five major parts (modules) to the Apple ///. These parts are:

1) Main Logic PCB = this board functions primarily as a processor and device
controller. Many functions are integrated into the board, including
the disk controller.

2) Memory PCB = this board stores data/programs temporarily (until power is
removed).

3) Keyboard PCB = this is the primary input device provided to the user.
4) Disk Drive - Mass storage device for storing data.
5) Power Supply - provides the voltages and regulation required to keep

everything else working.

THE MAIN LOGIC BOARD

The Main Logic Board 1is easily identified by its large size and mass
quantities of integrated circuits (IC's).

Referring to the block diagram of Figure 1.1 we encounter the microprocessor
(MPU), Boot/Monitor ROM, address decode/select circuitry, the Versatile
Interface (VIA) containing the bank switch register and the sound register,
the VIA containing the environmental and zero page registers, the Asynchronous
Communications Interface Adapter (ACIA), analog to digital circuit (joystick
inputs), the expansion I/0 slots, disk controller, keyboard encoder, video
generator, RAM, RAM address circuits, and the system and video timing
circuits. Whooo, now you see why it's so big!

Figure 1.1 shows the Apple /// in it's simplest form and presents its expanded
I/0 capability. On the other hand, the System Functional Block Diagram
displays the system in more detail and presents a sophisticated system using
some highly unique designs. Some definitions have been provided for some of
the terms used in the block diagram.

L 1.4
_J/
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It is best to think of the Apple /// processor as more than just the MPU chip.
The processor/controller {is actually comprised of many components. The most
significant of these are the MPU and the two VIA's. Because of the system's
complexity and memory size, the MPU must have extended addressing. Extended
addressing is accomplished thru bank switches, environmental register, and a
zero page register.

The Apple /// system 1is interrupt driven. 1In order to efficienctly use
processing time, only those devices that allow programs access to the
processor are serviced. In fact the processor can even totally mask (disable)
the reset key.

THE MEMORY BOARD

The other PCB in the Apple /// is the memory board. It is mounted on the Main
Logic Board by two rows of pin connectors. There are two distinct types of
memory boards. The early memory board version is commonly refered to as the
12V Memory Board. Below is an illustration of this board.

THE 12 VOLT MEMORY BOARD (128K CONFIGURATION)

L
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With the correct Main Logic Board configuration, this board can have up to
128K RAM (without modification). The board uses 16K and 32K RAM chips.

The latest memory board version is called the 5 Volt Memory Board. This
board, 1llustrated in the accompanying pages, can be configured for 128K or
256K RAM. The 5 Volt Memory Board, however, requires the correct Main Logic
Board configuration.

L 1.6
__J
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THE 5 VOLT MEMORY BOARD (128K CONFIGURATION)
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THE KEYBOARD PCB

This has to be one of the nicest keyboards around. The sculptured keys are a
delight to touch. The Apple /// does not have an on board keyboard encoder -
the keyboard encoder is on the Main Logic Board. The keyboard is basically a
matrix of switches. The keyboard 1is connected by means of a 26 pin ribbon
cable to the Main Logic Board.

THE DISK DRIVE

The disk drive is similiar to the Disk ][. The major difference between the
Disk ][ and the Apple /// drive are the door, the bezel, and the Analog Card.
Disk switch detection circuitry has been added to the Disk /// Analog Card.
Through daisey-chaining you can have up to three (3) external disk drives.

THE APPLE /// POWER SUPPLY

The power supply, accessible from the bottom of the Apple ///, is housed in
the casting. It is a "switching type”™ power supply that supplies the
following voltages:

o +5.0 VDC
o +11.8 VDC
o =5.0 VDC
o -12.0 VDC

yet, it consumes less power than a 100 Watt light bulb. The power supply also
has several protection features, ie. overvoltage protection.

\__ W,

| Apple Computer Inc « 1982 Page 0017 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

— ~

Now that we have taken a tour of the contents of the Apple /// let us begin to
learn the inner workings.
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THE APPLE /// MAIN LOGIC BOARD (MODULE)
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INTRODUCTION TO THE APPLE /// MEMORY

MEMORY & MEMORY ADDRESSING

do Jjust that, and,

In looking at the Apple /// and its memory we are immediately posed with the
problem of how the 6502 processor can handle 128K of RAM, 4K of ROM, and a
heavy array of internal and external I/0 devices.
further,
additional 128K of memory (for a total of 256K).

This "magic™ is accomplished by Bank Switching technology.

The Apple /// does indeed
has the hardware capability of controlling an

At any one time,
With the addition of the

Bank Switch Register, an extended
different banks of 32K RAM space.

The first 8K of memory,

FFFF is also switchable.
containing the startup program.

the processor can directly address 65K locations.

1/0 locations can be replaced with RAM.

from locations 0000 to L1FFF,
memory from locations locations 2000 to 9FFF are electrically switchable.
Apple /// can choose any of 15 banks to place in this area at any one time.
The maximum amount of storage on the Apple ///,
Banks x 32K per bank + 32K fixed storage.
have three banks, a 256K system would have seven, etc.

In addition, the area in the fixed bank from location C000 to CFFF can be

switched from RAM memory to 1/0 space for the slots.
When the machine 1is turned onmn,

addressing register, the program can call up
With other software switches, ROM and all
[See Figure 2.1)

The 32K
The

are fixed.

therefore, is equal to 15
By comparison, a 128K system would

The area from FO00 to
this area 1s ROM
This program runs a quick system check then

loads SOS in from the internmal drive.

SO0S then switches this area back to

RAM.

into bank N while addresses

Alternate Stack 1locations.
flexibility.

SIMPLIFIED MEMORY LOGIC

\—

The extended addressing mode allows any two adjacent banks, N and N+l, to be
addressed as a contiguous 64K RAM space.

The Apple /// has the capability for variable Zero Page locations and

They also provide means for very large application programs, or
applications that need large amounts of RAM space for data crunching.

If we simplify the memory and memory address logic we get three basic

elements:
o the processor
o the RAM address circuits
o the RAM array

Addresses 0000 to 7FFF are mapped
8000 to FFFF are mapped into bank N+1.

All these features give the Apple /// great

J
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39000 p— ———— — . Memory Map

$100¢ RAM @K 128K

1FFF

$290¢ BANK BANK 1 BANK 2

$3002
$400¢

$5000

seaee RAM (32K RAM (32K RAM (32K

Bank @ Bank 1 Bank 2
$790¢

$800¢

$9902

9FFF

$A220

$8200

Cdgg

$Co02

[ 70 (4K)

CFFF

$0904 RAM (24K

$E999
Foog
ROM (4K) FFFF

$F99

FFFF

FIG 2.1
\_ ) y
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In this discussion, tu> processor is more than juét the microprocessor chip;
it also contains various external registers and control ROMs which enable the
extended addressing and bank switch modes. [Refer to Figure 2.2.]

Very simply, the processor presents an address for memory cycle, which is
multiplexed iato the address bus, ARX, and i{s decoded to develop the RAS (Row
Address Strobe) and CAS (Column Address Strobe) to the RAM array (RAM group A
& B). The direction of the data is controlled by Read/Write*. The selection
of which RAM group is being gated to the data bus 1is controlled by the CAS
decode circuits. :

The display is memory mapped, the Screen time-shares the RAM on the opposite
phase of the processor clock. Both the screen and the processor are running
at a 1MHz rate, which means that the RAM is running at a 2MHz rate. Oune new
feature of the Apple /// is that the processor is able to make use of the
other "phase” while the screean is off. 1In other words, any time the screen is
off, the processor may run at a full 2MHz rate.

MEMORY ADDRESSING: BLOCK FLOW

As more detail is added, it 1s possible to see the basic elements of the
complete memory system (For now, we are not considering any to the hardware or
1/0). ‘

o In the memory addressing logic of Figure 2.3, the processor now
shows the MPU and the two registers for expanded addressing capacity:

- the bank address register
- zero page register
o The address circuit is comprised of two sections:
- the address multiplexer
- the RAS/CAS decoder
o The RAM array is expaanded to show the eight RAMs.
It should be noted that this diagram depicts a 128K system (with a 12V Memory
board), and that each of the RAMs shown actually represents eight RAM chips,
one for each bit. Each RAM contains 16K bytes. The dotted lines indicate the
row of chips that contain the 32K RAM chips. These are actually two 16K RAMs
which reside on the one IC package.
THE PROCESSOR
The MPU is isolated from the rest of the memory by various huffers, muxes, and

registers. The mux switches in the Zero Page reglister whenever the MPU is
attempting to reference the zero page.

\_ _J
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o The register may contain the true zero nage or may be set to any of
255 other values, under program control.

o The zero page register resides in the VIA and is accessed at FFDO.
(On the Main Logic Board this is the VIA at location B6.)

o The Bank Register is located in the other VIA and is accessed at FFEF

(at location B5). Zero page selection is independent of bank
selection.

MEMORY ADDRESS MULTIPLEXER

The Memory Address Mux provides the four sets of addresses to the RAM array.
They are:

o MPU RAS
o Video RAS
o MPU CAS
o Video CAS

These are time multiplexed by the four states determined by AX* line which is
held at a steady state, allowing the processor full access to the RAM.

The Video addresses are much the same as in the Apple }[. There is a minor
difference in the Summing Circuit, but the technique of condensing undisplayed
addresses 18 the same. There is an additional consideration in the Apple ///,
which has a feature requiring additional control of the Video lines. This new
feature is called slow scrolling of the screem.

Slow scrolling is accomplished in the Video Mux ROM by the arithmetic offset
of the VA, VB, and VC lines. This offset causes characters to be fetched from
memory in advance of where the screen actually thinks it 1is. The character
array on the screen shifts up the number of dots determined by the binary
weight of the VBX lines. The processor, by monitoring the Vertical Blanking,
can then step the VBX lines and scroll the screen by moving in new lines at

the bottom, removing the top line, and placing it at the bottom, thus rolling
the display.

RAS/CAS DECODE

The RAS/CAS decode circuit is made from four ROMs, a latch, and a latching
mux. The basic inputs to the circuit are:

o the Address Bus

o the Bank Switches

o the Zero Page Select

./
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INDIRECT ADDRESSING

LDA (Z PAGE), Y YREG=0

2000 Bl LDA (Z PAGE), Y OP CODE

2001 &5 ZPAGE ADDRESS
Cms 0] (IsT. 8 BIT BYTE)
PUT TOGETHER TO GET INDIRECT ADDRESS
06 AB (2o, 8 BIT BYTE)
& AR LOAD ACCUMULATOR FROM ABCD

Coom NEXT OP CODE

FIG 25

L 2.8
-
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IF ZPAGE = 18-1F (IF ZERO PAGE FALLS BETWEEN THE RANGE OF 18-1F)

28 Bl LDA (ZPAGE). Y OP CODE
W B ZPAGE ADDRESS
Ciss O
16-BIT READ 1896 AB 1% &
G280 LOAD ACCUMILATOR 7| FLAG 1=EXTENDED INDIRECT

@mz) NEXT 0P CODE  B-NORAL INDIRECT

ABK2
:ngBKL EXTENDED ATDRESS
AR

2.9
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{Refer to Figure 2.4]

Normal or Direct Addressing looks at the address and current bank selection,
and enables the appropriate array of 64K RAM. This Direct Addressing always
uses RAM 0 and RAM 3. Bank switches determine which of the RAM pairs is used
for the other 32K of RAM.

It should be noted that on any read cycle, one RAS line and two CAS lines are
selected. In this way, two bytes are always presented to the video circuits
and the data selector. During a write cycle only one of each is selected.

The dual byte read usually provides only the information for the new video
modes, but there is a new special memory fetch cycle built into the hardware.
It is a special extended Indirect Addressing scheme which places the entire
memory in virtual access.

By using Indirect Addressing through the zero page containing the 16 bit
address, an instruction can address any of the 64K bytes contained in the bank
pair. Thus any of the 32K byte RAM banks can be paired with any of their
neighbors to form a 64K byte virtual address space.

If, during a zero page reference the zero page register has a value between
$18 and $1F ($ means hexadecimal), a special Indirect Mode is called up.
This mode looks at the sister fetched data byte on the RAM address bus and
also looks at the high order bit. See Figures 2.5 and 2.6.

This special Indirect Mode is determined by the zero page register (X page = Z
page EOR $0C) 1If the bit 1is zero, the mode is not actualized and the refe-
rence continues in a normal manner in the presently selected bank arrangement.
But if the High Order Bit (DA7) is high, the bank control mux latch switches
to the state determined by the state of the DAO-DA2 lines. This allows the
program to have access to another array of special zero pages.

When the system is in this special extended Indirect Mode, the I/0 and LSI are
totally disabled and the RAM is enabled to the data bus.

ALTERNATE STACK

Alternate Stack, the new feature of the Apple ///, is not shown in the block
diagrams. One of the bits of the Environmental Register (from one of the
VIAs) 1is the Alternate Stack Switch. If the Alternate Stack Switch is
selected, the stack associated with that zero page is either the one after the
zero page, 1f the zero page reference 1is even, or the one previous if the
reference is odd (i.e., if zero page is 2B then the stack is located in 2C; if
the zero page 1s 31 then the stack is in 30).

OTHER BANK SWITCHING

Earlier it was mentioned that the processor can access RAM associated with the
addresses that are normally with I/0, ROM, and other circuits. Looking again
at the Environmental Register, there are several switches that enable or
disable 1/0, ROM, and other circuit address decoding. .If these switches are

2.10
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selected to disable their associatzd function,  the control ROM, which
develops the enable for the RAM data selector, senses the fact that no
hardware is being selected and allows RAM data to be read on the bus. No
other special enables are needed since RAM is always read for every address
presented. It should be noted that a special RAM write enable is used to
prevent inadvertant writing into the RAM space associated with the hardware
while the hardware is enabled.

2.11
\_ )
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MEMORY & MEMORY ADDRESSING APPENDIX
The attached figures and illustrations are provided for your reference.
Little or no explanation has been provided.
This Appendix contains:
o  THE APPLE /// MEMORY MAP
o MEMORY MAP SPACE ALLOCATIONS
o ADDRESS LOGIC TRUTH TABLE
o 128K 12V MEMORY BOARD: PHYSICAL MEMORY
o THE 5V MEMORY BOARD: PHYSICAL MEMORY
o ADDRESSING LOGIC EXPRESSIONS
o MPU REGISTERS
2.12
\— W,
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' APPLE /// MEMORY MAP
SO8 MEMORY ALLOCATION
Location Assignment
0000-1FFF SOS and Interpreter Workspace
2000-9FFF Bank 0 Graphics Page 1 and 2
2000-9FFF Bank 1 Program
2000-9FFF Bank 2 Driver and Interprter
AQOOQOO-BFFF Intecpreter
CO00~CFFF 1/0 or SOS Kernal (Bank switchable to RAM)
DOOO-EFFF SOS Kernal
FOOO-FFFF Boot ROM OR SOS Kermal
ADDRESS ASSIGNMENT
ADDRESS ASSIGNMENT
(HEX) (FUNCTION)
0000-00FF Zero Page
0100-01FF Stack
0200-02FF Input Buffer
0300-03FF Open
0400-07FF Lo-Res Display (Primary) and text
0800-0BFF Lo-Res Display (Secondary) and text
0CO0-OFFF Open-Reserved for system space
1000-1FFF Open
2000-3FFF Hi-Res Pgl (Primary) switchable to RAM
4000~-5FFF Hi-Res Pgl (Secondary) switchable to RAM
6000-7FFF Hi-Res Pg2 (Primary) switchable to RAM
8000-9FFF Hi-Res Pg2 (Secondary) switchable to RAM
AQ0OO-BFFF Open
C000-CO7F System I/0
€000 Keyboard "A" bus data
C001-C007 Same as 0000 but not used
€008 Keyboard '"B" bus data
C009-COO0F Same as C008 but not used
Cc010 Keyboard reset
C011-CO2F Not used in Apple III
€030 Toggle the speaker like in A-11l
C031-CO3F Same as C030 but not used
C040~-C040 Sound hardware beeper
CO4E Character Ram Disable
CO4F Character Ram Enable
C050 Clear Text Mode
C051 Set Text Mode
€052 Clear Mix Mode
co53 Set Mix Mode
€054 Clear PG2 Mode
2.13
\. _/
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C055 Set PG2 Mode

C056 Clear HIRES Mode

C0s7 Set HIRES Mode

€058 Clear EMSOT PDLO

C059 SET ENSOT PDLO

C05A Clear PDL2 (A/D Addr 2)

C05B Set PDL2

c0scC Clear PDLEN (A/D Ramp Start)

COSD Set PDLEN

COSE Clear AXCO (A/D Addr 1)

COSF Set AXCO

€060,C068 Read SWO

C061,C069 Read SW1/MGNSW

C062,C06A Read SW2

C063,C06B Read SW3/SCO

C064,C06C Read IRQ3

C065,C06D Read IRQ4

C066,CO6E Read PDLOT (A/D Ramp Stop)
C067,CO6F Read MUXI (PRAS Control)

C070 Access Real Time Clock

C071-CO7F Sames as C070 but not used
C0O80-COFF I1/0 Scot Device Enable

COS8F

C09X NDevice Select 1

c0AX NDevice Select 2

COBX NDevice Select 3

cocx NDevice Select &

CcoDo Clear DS A0 A0,A1=0,0=no select
CcoD1 Set DS A0 1,0=Ena 1 Exit
CcoD2 Clear DS Al 0,1=Ena 2 Exit
CcOoD3 Set DS Al 1,1=Ena 3 Exit
COD4 Clear Enable 1 Int

COD5 Set Enable 1 Int

COD6 Clear Side 2

coD? Set Side 2

CcoD8 Clear SCR

COD9 Set SCR

CcOoDA Clear ENCWRT
- CODB Set ENCWRT

coDncC Clear ENSEL

CODD Set ENSEL

CODE Clear ENSIC

CODF Set ENSIO

COEOD Clear DPHO (also VAL)

COE1 Set DPHO

COE2 Clear DPH1l (also VBI)

COE3 Set DPH1

COE4 Clear DPH2 (also VCI)

COES Set DPH2

COE®6 Clear DPH3

COE7 Set DPH3

COES8 Disable Motor Drive (strt 2 sec to) COE9 Enable Motor Drive
COEA Enable Ext

COEB Enable Int

L_i 2.14
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COEC Clear Q6 Note:Q6,Q7 control read
COED Set Q6 write, and sense write
COEE Clear Q7 protect
COEF Set Q7
COFOr 6551 Rec Data Reg
COFOw 6551 Xmit Data Reg
COFlr 6551 Status Reg
COFlw 6551 Program reset
COF2r/w6551 Command Reg
COF3r/w6551 Control Reg
CIXX NIO Select 1
C100~C7FF I/0 Slot individual ROM Space
Cl100 Slot 1 Firmware
C1FF
C2XX NIO Select 2
C200~C2FF Slot 2 Firmware
C3XX NIO Select 3
C300-C3FF Slot 3 Firmware
C3FF
C4xx NIO Select 4
C400~CAFF Slot 4 Firmware
C500-C7FF Run Space only
C800—-CFFF Expansion Rom Firmware
DOOO-DFFF Open (system software)
E000 Bank switchable between Rom and Ram
FFCX Always Ram
FFDO Port B VIA~73 "Zero Page Reg"
FFD1 Port A VIA-73
FFD2 DDR B VIA-73
FFD3 DDR A VIA-73
FFD4 Timer 1 low Latch (w)/Counter (r)
FFD5 Timer 1 High Counter
FFD6 Timer 1 Low Latches
FFD7 Timer 1 High Latches
FFD8 Timer 2 Low Latch (w)/Counter (r)
FFD9 Timer 2 High Counter
FFDA Shift Register (serial print)
FFDB Aux Control Reg VIA-73
FFDC Peripheral Control Register
FFDD Interrupt Flag Register (73)
FFDE Interrupt Enable Register (73)
FFDF ORA/IRA With no handshake
FFEOQ Port B (97) (sound and slot NMI)
FFE1 Port A (97) Banksw and IRQ’s
FFE2 DDR B (97)
FFE3 DDR A (97)
FFE4 Timer 1 Low Latch/Counter
FFES Timer 1 High Counter
FFE6 Timer 1 Low Latches
FFE7 Timer 1 High Latches
FFE8 Timer 2 Low Latch/Counter
FFE9 Timer 2 High Counter
FFEA Shift Register (97)
FFEB Aux Control Register (97)

L} 2,15
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FFEC Peripheral Control Register (97)
FFED Interrupt Flag Register (97)
FFEE Interrupt Enable Register (97)
FFEF ORA/IRA with no handshake
FFEO Ram/Rom Bank
FFFl E/O Bank Switch
FFF2 2 MHz/MHZ Mode Switch
FFF3 Hires Bank Switch
FFF4 Screen Enable
FFF5 Display Modes
FFF6 Zero Page Register
FFF7 Interrupt Control
FFFF
2.16
_ _
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0000
0100

0200

0400

0600

1000

1800

1FFF

2000

9FFF

A000

C000

€500
€800
0000

FO00

FFFF

—
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MEMORY MAP SPACE ALLOCATIONS

PRIMARY ZP.

PRIMARY STACK

TEXT
DISPLAY

IMAGE PAGES

SPECIAL ZERO
PAGES

BANK 0 BANK 1 2-6 BANK 7
(HIRES) RAM
RAM B RAM 6 D-4 RAM |
1/0 DEV €000
SLOT 1 €100
SLOT 2 c200
SLOT 3 €300
chLoo
SLOT &4 CUFF
c800
SHARED
1/0 CFFF
ROM 1 [ _ ROM 2

*%* FFCX, FFDX, FFEX ARE ENVIRONMENT ADDRESSES

2.17
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HOW TO READ PROM (ROM) LOGIC EXPRESSIONS

X =- The single quote at the end of an expression means that the state of
the signal is true when low, or it may represent the inversion of the
state of the signal.

* —— Defines a logic AND operation. The expressions on either side of the
asterisk is ANDed.

+ == Defines a logic OR operation. The expression on either side of the
asterisk is OR’d.

() =-- Defines the boundaries of a logic expression. A new expression is
defined by what ever is inside of the brackets.

RULES FOR INTERPRETATION

1.

Always interpret (transform) the expression within the brackets first.

2. Interpret AND (*) logic operations before OR (+) operations.
EXAMPLE:
Given: INPUTS: AIISW’ HIRES TEXT
MIX V2 V4
VBL .

LOGIC REPRESENTATION:

OUTPUT: DHIRES = (AIISWAHIRES*(TEXT+MIX*V2*V4) “+AIISW’*HIRES)*VBL’

INI-de32
MIX Ad 07———-.” DMIALS
V2 - ] To—-1 P 72 ELS—Y. 7Y D
V4 — racez L2 (7 L S S ST
. Ly 1 VY L S -
rwues ._LM &‘—L—-——¥ AninES
i _tlay 0 '; o TARL
TExr _2lpe ald > SEL 7Y
TEXT ) AT MK )=
vy o 1., &%
ALISW -—-—r—-[>o— ‘ s
A
. 3 C32 e @
I
—\ D—— DHIRES
~ r

VBL

)

2.22
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A=All
B=Al3
C=Al4
D=Al5
E=R/WN
F=DHIRES
G=AY’
H=ABK2
I=PRASI, 2
J=PRASO, 3
DO=PCASO’
D1=PUSELB
D2=PCAS3
D3=PCAS3’
PCASO’=(PRASO, 3 * (DHIRES’ *AY’ +AY* (AL15°* Al4° * Al3° *All’ *R/WN’ +
Al5° *Al4° #*A13°* R/WN+ALS*AL4°*A13’ *All)))’
PUSELB=PRASO, 3 * (Al5’ *Al4° *A13’ *All +A1S5 *Al4 *A13° *All’ +Al5 *Al4
*A13) +PRASO, 3 *PRAS1, 2 *(Al5’ *Al4’ *Al3+A15% Al4’ *A13’) +PRASO,
3 *PRAS1,2 ‘*(Al5° *Al4’ *AI3+A15° *Al4 *A13°) +PRASO, 3 ‘* PRASL, 2
* (Al4° *A13° +Al4 *Al3) +PRASO, 3 ‘ *PRASLl, 2 ° *Al4’
PCAS3=PRASO, 3 * (DHIRES ’ *AY ‘ + AY* (A1S5’ *Al4’ *Al13° *All + Al5 *Al4
Al3° *All’ +A15 *Al4 *Al13))
PCAS3’=(PRASO,3 * (DHIRES ° *AY’ +AY* (AL5° *Al4° *A13° *AL1+AlS *Al4 *A13°
*Al1’ +A15% Al4* Al13)))’
34-¢dse
PRASE3 ::_» ol
__ABNR2 iy C 12
AY e ol 13
RO WRES 2] as
RIW 2] ae 12
Py 02
AlS _Llias
Al _2laz
A3 _6la p3p!
Al Slde ¢ .
& 7 -
a et r
= r
2.23
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A=Al3

B=All

C=AlS
D=PRASO, 3
E=DHIRES
F=ABK1
G=ABK2
H=ABK3
I=Al4

JmAY’
DO=PCAS4,7°
D1=PCAS5,6"
D2=PCAS1’
D3=PCAS2

PCAS4,7°= (AY*PRASO, 3 * (ABKI*ABK2*ABK3‘+ABK3* (ABK1’ + ABK2’))* (AlS’
*Al4) +AY* PRASO,3 “* (ABK1’ *ABK2*ABK3’*Al4+ABK1*ABK2*ABK3’+ABK2’
*ABK3+ABK1’ *ABK2*ABK3*A1S5‘) *(Al4’ *A13+Al4*A13))°

PCAS5,6’= (AYS8PRASO,3 *(ABK1*ABK2*ABK3’ +ABK3* (ABK1’ +ABK2’))* (Al5°‘*Al4°
*A13+A15%A14° *ALl4°*A13’) +AY*PRASO, /3 ‘*(ABK1’*ABK2*ABK3’ *AlS5+
ABK1*ABK2*ABK3*‘+ABK2’ *ABK3+ABK1‘ *ABK2*ABK3*A15°) *(Al4‘*Al13’Al4*
Al3))’

PCAS1’ = (DHIRES *AY’+AY*PRASO, 3 * (ABK3’ * (ABK1’+ABK2’) +ABKI*ABK2*ABK3)
* (A15°* Al4” *A13+A15*Al4° *A13’) +AY*PRASO, 3 ‘*(ABK2’ *ABK3’+ABK1’
*ABK2*ABK3 *A15°) * (Al4’* Al13°+A14%Al13))"

PCAS2’ = (DHIRES *AY’ +AY*PRASO,3 *(ABK3’* (ABK1’ +ABK2’) +ABK1*ABK2*ABK3)
*Al5°* Al4+AY*PRASO,3 “*(ABK2‘*ABK3’+ABK1’*ABK2*ABK3‘*Al5) *(Al4’

*A13+A14%A13°))°
— ls
AY 'S
AS- L)
Al4_16] o N—L
ABR3 171, CI3
ABRZ __) ] Ao Y] __'3
ABRI _2]as
RDOAWES_2l,4 12
AS Tl
(Y] B3 PO A
A3 _Slag Es
- TP (Y
2.24
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RAS 258

A=ABK1
B=ABK2
C=ABK3
D=PAlS5
E=AY’
F=PA8
G=ZPAGE’
H=DHIRES
I=RFSH
J=ABK4
DO=PRASO, 3
D1=PRAS1,2
D2=PRAS4, 5
D3=PRAS6,7

PRASO,3 = AY’* (DHIRES’ +RFSH) + ((ABK4* (ZPAGE*PA8°’)’)’+ABK4* (ZPAGE*PA8)’
’*ABK1* ABK2*ABK3)*AY PRAS1,2=AY’+AY PRAS4,5=AY’+AY*(ABK4* (ZPAGE*
PA8)‘)‘*(ABK1*ABK2*ABK3’+ABK1’*ABK2%ABK3’ *PAl5+ABK1’* ABK2’#PAl5’
+ABK1*ABK2*ABK3) PRAS6,7 +AY *DHIRES’+AY* (ABK4*(ZPAGE*PA8°)’)‘*
(ABK1* (ABK2’ +ABK3’)) +AY*ABK4* (ZPAGE*PA8°)°* (PAl5’*ABK1* (ABK2’
+ABK3’) +PA15*ABK1‘* (AKB2’ + ABK3’))

PT oy 13 20
ABKA_S s -
. RFSH_1&] Ay 4
RDHIRES 1]y DY) )
ZPAGE _Li,a, 3
PAB _2lay DT
COPAIS A, ®
. a2 . Gl "
A »
Ade

8 @

[

(R R

0

2.25
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RAS.2.TEXT

A-ABKl
B=ABK2
C=ABK3
D=PAl4 5
E-AY’
F=PAS
G=ZPAGE
H=DHIRES
I=RFSH
J=ABK4
DO=PRASO, 3
D1-PRASI1,2
D2=PRAS4,5
D3=PRAS6,7

PRASO, 3 =AY’* (DHIRES’+RFSH) + ((ABK4* (ZPAGE*PA8’)

*AY

PRAS1,2 =AY’* (DHIRES+RFSH) =AY* (ABK1‘* AKB2‘*ABK3’* (ABK4* (ZPAGE*PA8’)
"#*%PA15) ‘+ABK1*ABK2*ABK3) +AY*ABK3’* (ABK1’%* ABK2* ABK4* (ZPAGE*
PA8) ‘#*PA1S5+ABK1*ABK2*(ABK4* (ZPAGE*PA8’) *PAl5)’)

PRAS4,5 =RFSH*AY’+AY*ABK2’*ABK3’* (ABKI’*ABK4* (ZPAGE*fAB') ‘PA15+ABK1*

(ABK4* (ZPAGE*PA8’) ‘*PAl5)’)

PRAS6,7 =RFSH*AY’+AY*ABK3’* (ABK1*?BK2‘*ABK4* (ZPAGE*PAS’) ‘*PAlS+ABK]’*
ABK2* (ABK4* (ZPAGE*PA8‘) ’*PAlS5)’)

. 34)- ooMG.
ABKL ABi¢ 31
E— RFSH_16 v . *
RDHIRES 1?] o9 4
ABK LoALLlAL
Alkz ZPAGE L, 3
ong || a8 2l o[
AY ._imq‘ °
PAIS A1, @
-ABK4 4 a2 ch i
6 lay L2
Slase
8 @
2.26

") ° +ABK1*ABK2*ABK3)
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75 N
. @i+~ computar nc.
A= A)
B=Al2
C=Al3
D=Al4
E=IOSYNC
F=SEL2M’ .
G=ABK4
H=PAS
I=15
K=PAGE’
DO=5399
D1=PRDY’
D2=IND’
S399=ZPAGE*PA8’ *AlS5’ *Al4’ #*A13° *Al2% All
PRDY’=I0SYNC *SEL2ZM *ABK4
IND’= (ABK4* (ZPAGE* PA8’) ‘)’
341-ggN3
ZPAGE IS 3 4
16
Als ‘6l DB 5399
PAB _‘_7-‘A7
ABK4 _! Al ol 13 9
SELZM .in
LOSYNC 3 ]as 12
4 o TND
Al4 —iA3 RO
Ai3 —-Z—AZ ci1
Alz_s_‘.“ 03 il N.C
All —t AP €
0
-
2.27
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Ul75 1. TEXT

A=VA
B=VB
C=VC
D=VAl
E=VBl
F=VCl
G=DHIRES
H=SCR
I=WE2114°
J=VBL
DO=MUX1
D1=MUX2
D2=MUX3
D3=ENHREG’

MUX1=(DHIRES® +SCR * (VA* VAL’ +VA’ *VAl) + SCR’ #*VA) * (VBL’ + WE2114)
+VBL * WE2114° .

MUX2=DHIRES* (SCR* (VA* VAl* (VB* VBLl’ +VB‘* VBl)’+ (VA* VAl)‘* (VB* VBl’
+VB * VBl) ) +VB* SCR’)

MUX3=DHIRES * (SCR* ((VA* VAl* (VB+ VBl) +VB* VBl) * (VC* VCI’+VC’* VCl)
‘+(VA* VAl* (VB+ VBL) +VB * VBl) ‘#(VC * VCl) ) +VC* SCR’)

ENHREG'=DHIRES’ *WE2114’

Bu1-ppss

~ vBL 2fas el
qu~u3- A8
"SCR A1 "
RDHIREﬁ —a DY p—
ver —2has-
VB! A \2
02 e
VAL =21
-VC ...Z_‘m_ F9 -
vB —&4a D3t
VA —{ np
iS ||¢
-
2.28
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THE VERSATILE INTERFACE ADAPTER

GENERAL

The Versatile Interface Adapter (VIA), as used in the Apple ///, is a very
flexible I/0 control device which minimizes the discrete control circuitry on
the Main Logic Board. There are two VIAs used in the systenm.

Each VIA contains two 8-bit I/0 ports, a serial port, and two 16-bit interval
timers, as shown in the VIA Block Diagram. Each of the sections is very
flexible and can be utilized in many operating modes. In the Apple ///,
however,some of these modes cannot be used because of certain hardware design
considerations.

Control of peripheral devices 1is handled primarily through two 8-bit
bi-directional ports. Each line can be programmed as either an input or an
output. Several peripheral I/0 lines can be controlled directly from the
interval timers for generating programmable frequency square waves, or for
counting externally generated pulses. To facilitate control of the many
powerful features of this chip, an interrupt flag register, an interrupt
enable register, and a pair of fuaction control registers are provided.

Before we get into a functional description of how the VIA is used in the
Apple ///, let”s first go through a pin description of the it.

VIA [6522] PIN DESCRIPTIONS

RES* (Reset) (34)

The Reset input clears all internal registers to logic O (except Tl and T2
latches and counters, and the shift register). This places all peripheral
interface lines in the input state, disables the timers, shift register, etc.,
and disables interrupting from the chip. On both VIAs this pin (34) is
connected to the RESET* of the system. The system generates the reset at
pover on, or at depression of the Reset switch in conjunction with the Control
key. (Note the latter may be disabled.)

02 (Input Clock) (25)

The Input Clock is the system PREIM (PRE~1 MHZ) clock which operates at 1MHZ
and is used to trigger all data transfers between the system processor and the
VIA. The PREIM, developed in the system timing circuits, is used within the
device to clock the various functions of the registers and timers.

3.1
_ y
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-3 iR
Interrupt Control Port A Regrsters
Flags Input
NFR) Laten
(o ————-d -
p——— Enable Output Butters
BER) r::> (oRA) <:> (2] C:Dm A
. R ——
Osta Oata Dir
ODats
Sus .:: c DORA)
ors
Function Controt Handshake Control
Periphersl -l CAt
:D Lol :> Port A -l —— CA2
P - o o oo - o an & o - o -y
Auxiliary -
ACR) Port 8 ~
Tiner 1
. Latch { Latch Shift Register S C81
L me-u (SR) - = 82
R/W it >------+--_--_
CLK e ind Counter Counter |
e e mew b meu Port 8 Regusters
51 ==t
RSO———igmm]  Access Timer 2 nout Laten
[T ] pr—— Control — --o.“---..
c tput Butfers
RS2 ——— g Port 8
o—— o | A e KA W=
:> Counter Counter Deta O
TCH - g m2cu DOAB}
Block Diagram of the 6522 Versatie Interface Adapter
Addressing 65622 VIA Internal Registers
Select Lines
Label mlale]| o Addressed Location
niniala
gjlcjie|x
Dev 0010 O |Output regsster for I/O Port B
DEV+1 | 0 | 0|0 | 1 |Output register for I/0 Port A. with handshaking
DEV+2 | 0| O] 1| O |V/O Port B Data Direction register
DEV+3 0|01 1 |1/O Port A Data Direction register
OEV+4 | 0| 1|0 | O | Read Timer 1 Counter low-order byte
Write 1o Timer 1 Latch low-order byte
DEV4S [ 0| 1] 0] ' |Read Timer 1 Counter high-order byte
Write to Timer 1 Latch high-order byte and
. initiate count
DEV+6 | 0 |1 0 | Access Timer 1 Latch low-order byte
DEV+7 { O 1] 1] 1| Access Timer 1 Latch high-order byte
DEV+8 1 0 Read low-order byte of Timer 2 and reset
’ Counter interrupt
Write to low-order byte of Timer 2 but do not
reset interrupt
DEV+9 1101 0] 1] Access high-order byte of Timer 2. reset
Counter interrupt on write
DEV+A | 1 10| 1] O | Senal 1/O Shift register
DEV+8 110[ 1] 1 | Auxihary Control register
DEV+C 1111 0] 0] Penpheral Control register
DEV+D 11 1] 0] 1] interrupt Flag register
DEV+E 1]11] t]| O | tnterrupt Enable register
DEV+F 11 1] 1] 1] Output register for I/0 Port A. without handshaking
L 3.2

J/
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/W* (Read/Write) (22)

The direction of the data transfers between the 6522 and the system processor
is controlled by the R/W* line, which is driven by the Internal Read/Write, I
R/W*, signal generated by the processor.

If pin 22 1is 1low, data will be transferred out of the processor into the
selected VIA register, as in a write operation.

If R/W is high, data will be transferred out of the selected 6522 register, as
in a read operation.

DBO-DB7 (Data Bus) (33-26)

The eight bi-directional data bus lines (in the Internal Data Bus) are used to
transfer data between the VIA and the system processor.

o During read cycles, the contents of the selected register are placed
on the data bus lines and transferred into the processor.

o During the write operation, these lines are high-impedance inputs and
data is transferred from the processor into the selected register.

0 When the 6522 is unselected, the data bus lines are at high-impedance.
These lines are connected to the Internal Data Bus and are not acces-
sable from the outside world.

CS1, CS2* (Chip Selects) (24,23)

These two chip select lines are connected to direct decodes of the processor”s
address bus.

o CSl on both VIAs 1s controlled by the signal CS6522, a signal which is
qualified by other system consideration.

o CS2 18 driven by the signal FFDX for IC at location BS, and FFEX for
IC9 at location B6. The selected VIA register will be accessed when
CS1 1s high and CS2 1is low.
RSO-RS3 (Register Selects) (38-35)
The four Register Select inputs permit the system processor to select one of
the 16 internal registers, each of which performs a specific function, of the
VIA as shown in the accompanying table.

IRQ (Interrupt Request) (21)

The Interrupt Request output goes low whenever an internal (to the VIA) flag
is set and the corresponding interrupt enable bit 1s at 1. This output is

3.3
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open~drain” to allow the interrupt request signal to be "wired~OR“ED" with

other equivalent signals in the system.

PAO-PA7 (Peripheral A Port) (2-10)

The PA port consists of 8 lines which can be individually programmed to act as
inputs or outputs under control of a data direction register.

The output 1is controlled by an output register. Input data may be latched
into an internal register under control of the CAl line. All of these modes
of operation are controlled by the system processor through the internal
control registers.

On standard TTL load, these lines are present in the input mode. Conversely,
on standard TTL load, they will drive in the output mode.

CAl, CA2 (Peripheral A Control Lines) (40,39)

The two PA control lines can act as interrupt inputs (as used in the Apple
///) or as handshake outputs. Each line controls an internal interrupt flag
with a corresponding interrupt enable bit.

PBO-PB7 (Peripheral B Port) (11-17)

- The PB port consists of 8 bi-directional 1lines which are controlled by an
output register and a data direction register in much the same manner as the
PA port.

The polarity of the PB7 output signal can be controlled by one of the interval
timers, while the second timer can be programmed to count pulses on the PB6
pin-

Peripheral B lines represent one TTL load in the input mode and drive one
standard load in the output mode.
CBl, CB2 (Peripheral B Control Lines) (18-19)

The PB control lines act as interrupt inputs or as handshake outputs. As with
the CA lines, each line controls an interrupt flag.

These lines also act as a serial port under control of the Shift Register.
They have loading and driving characteristics identical to the CA control
lines.

L 3.4 D
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VIA FUNCTIONAL DESCRIPTION

Port A and Port B Operation

Each 8-bit peripheral port has a Data Direction Register for apecifying
whether the Peripheral pins are to act as inputs or outputs.

0 A "0" in a bit of the DDR causes the corresponding peripheral pin to
act as an input.

o A "1" causes the pin to act as an output.

Each peripheral pin is also controlled by a bit in the Output Register and a
bit in the Input Register. When the pin is programmed as an output, the
voltage on the pin 1is countrolled by the corresponding bit of the output
Register. A one in the ORX causes the output to go high; a zero causes the
output to go low.

Data may be written into ORX bits corresponding to pins which are programmed
as inputs. In this case, however, the output signal is unaffected.

The IRB Register operation is similar to that of the IRA. For pins pro-
grammed as outputs, however, there is a difference. When reading the IRB, it
is the bit stored in the ORB that is sensed. That means the buffering and
gating on the two ports differ in respect to pins programmed as outputs.

See the figures below detailing the data bytes programmed into the DDRs and
the two control registers for each of the ViAs. Compare these with the
environments of each device.

Timer Operation

Interval Timer Tl consists of two 8-bit latches and a 16 bit counter. The
latches are used to store data which is to be loaded into the counter. After
loading, the counter decrements at the rate of PREIM.

Upon reaching zero, an interrupt flag will be set; if the interrupt is
enabled, the IRQ* will go low. The timer will then disable any further
interrupts, or will automatically transfer the contents of the latches into
the counter and will continue to decrement.

In addition, the timer may be programmed to invert the output signal oa a

peripheral pin each tme it "times out.” Each of these modes is discussed
below.

Timer 1 One-~Shot Mode

The interval timer one-shot mode allows generation of a single interrupt for
each timer load operation. As with any interval timer, the delay between the
write T1C~H (FFD5, FFE5) operation and generation of the processor interrupt

3.6
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is a &1, ... Tuaction of the data loaded into the timer.

In the une-~shot mode, writing into the high order latch has no effect on the
operation of Timer 1. However, it is necessary to assure that the low order
latch contains the proper data before initiating the count-down with a “write
T1C-H" operation.

When the processor writes into the high order counter
o the Tl interrupt flag is cleared;

0 the contents of the low order latch are transferred into the low order
counter;

0 the timer again begins to decrement at the PREIM rate.

After the timer reaches its time out, it continues to decrement until it is
reset with the proper write operatione.

The processor may read the current count of the timer to determine how long it
has been since the interrupt has been set. Reading the counter does not reset
the interrupt flag or the timer.

Timer 1 Free-Run Mode

The most important advantage associated with the latches in Tl is the ability
to produce a continuous series of evenly spaced interrupts. These 1inter-
rupts are accomplished in the "free-running mode.”

In the free-running mode, the interrupt flag is set each time the counter
reaches zero. However, instead of continuing to decrement from zero, the
timer automatically reloads the contents of the high and low latches, and
continues to decrement from there. In this mode, the interrupt flag can be
cleared by writing T1C-H, or reading T1C-L, or by writing directly to the
iaterrupt flag.

It is not necessary to rewrite the timer to enable setting the interrupt flag

on the next time-out. All of the interval timers are “"retriggerable.” Re-~
writing the counter will always re-initialize the time-out period.

Timer 2 Operation

Timer 2 operates as an interval timer in the one-shot mode only, or as a
counter of negative pulses on the PB6 peripheral pin. A single bit in the ACR
is provided for this mode selection.

Timer 2 is comprised of a write-only low order latch, a read-only low order
counter, and a read/write high order counter.

Timer 2 One Shot-Mode

\_ Y,
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As an fnterval timer, T2 operates very much like Tl in the one-shot mcde.

Jetting of the interrupt flag, however, will be disabled after the first time
out, and it will not be set again until the write T2C-H operation.

The flag can be reset by reading T2C-L, or by writing T2C-H.

Timer 2 Pulse Counting Mode

In the pulse counting mode, T2 serves primarily to count a predetermined
number of negative-going pulses on the P6 pin. This is accomplished by first
loading a number into T2, which clears the interrupt flag and allows the
counter to be decremented by the pulses on PB6. The interrupt flag will be
set when T2 is decremented to zero. The counter will continue to decrement.

Note that it is necessary to rewrite the timer to re-enable the subsequent
interrupt flagse.

Shift Register Operation

The Shift Register performs serial data transfers into and out of the CB2 pin
under control of an internal modulo-8 counter. Shift pulses can be applied to
the CBl pin from an external source or, with the proper mode selection, shift
pulses generated internally will appear on the CBl pin for controlling
external devices.

The control bits which set the various register modes are located in the ACR.
In total, there are eight modes for this register. The primary use of the
shift register is control of the serial printer port.

In the FFEX VIA, the shift register can be activated to “count” 8 VBL
(Vertical Blanking) pulses. The shift register sets its interrupt flag each
time it completes 8 shifts.

Refer to the figure below for descriptions of the various modes of the shift
register.

Interrupt Operation

Controlling interrupts within the VIA involves three principal operations.
These are:

o flagging the interrupts
0 enabling ihe interrupts
o signalling the processor that an interrupt condition has occurred.

Interrupt flags are set by interrupting conditions which exist within the
chip, or on inputs to the chip. These flags normally remain set until the

3.8
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interrupt has been serviced by the processor. To determine the source of an
interrupt, the processor must examine these flags in order from highest to
lowest priority.

Procedure:

1. Read the flag register into the accumulator.

2. Shift it right or left.
3. Use conditional branch instructions to detect an active interrupt.

Assoclated with each flag bit is an enable bit. This can be set or cleared by
the processor to enable or disable the flag respectively. If a flag bit is
enabled and set, it will cause the IRQ* output to go low, thus sending a
direct request to the processor. In addition, bit 7 of the flag register is
set to allow quick determination of which chip contains an interrupt condi-
tion.

The IFR may be read directly by the processor. In addition, individual flag
bits may be cleared by writing a "1” into the appropriate bit of the IFR.
When the proper chip select and register controls are applied to the chip, the
contents of the IFR are placed on the Data Bus. Bit 7 indicates the condition

of the IRQ output, however it cannot be directly cleared; all other bits wust
be cleared in order for this bit to become inactive.

For each interrupt flag in the IFR there 18 a corresponding bit in the
Interrupt Enable Register. This is accomplished by writing to the IER. There
are two steps to consider: the enabling write cycle and the disabling write
cycles The cycle is determined by the logic state of bit 7:

o If bit 7 and the corresponding 0-6 bits are at "1", the 0-6 bits
enable their matching flag.

o If bit 7 18 a 0, then the 0~6 bits containing a "1" disable the
matching flag.

Refer to the figures to see the data byte configuration and device.

3.9
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6522 VIA Z.viroude.: and Control

The description so far has been very general and has not completely detailed
the functions of the two VIAs within the Apple ///. However, one must be
familiar with the many registers and modes to understand how the VIA is
utilized and how it can be configured for various operations.

The following figures and tables detail the eanvironment and address locations
of each of the registers and 1/0 pins for the two chips. (Many of the signals
are common controls or busses; their descriptions relate to both devices.)
IDO-ID7

The data bus pins of the VIA are comnected to the associated pins of the
Internal Data bus. When the chip is properly addressed and selected, each of
the various registers may be accessed for reading or writing data, control
bytes, status or timer states. It is this bus through which all data passes
to the system and/or processor.

Reset

The RES pin is connected to the RESET line. The system generates the reset at
Power On or when the Reset switch is depressed with the Control key.

(Note: the Control key may be software disabled.)

I R/W*
The R/W* pin 1s connected directly to the processor”s internal Read/Write

line. This signal cannot be accessed from the outside worlde It is obviously
used to control the direction of the data to or from the device.

PRE1M

The 02 clock pin is driven by the PRELM signal developed in the system timing
circuits. It is used within the device to clock the various functions of the
registers and timers.

Cs6522

This signal is developed under Rom decode of various address states or ranges
and other mode selections, and drives the CS1 line of both VIAs.

AO0-A3

The processor”s address lines directly drive the Register Select input lines.

th 3.10 D
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Register | RS Coding Register Description
ADDORESS | Number | RS3 |RS2 | RS1 | RSO | Desig. Write Read

FFD# ' 0 0 1] 0 0 | ORB/IRB | Output Register *’B” Input Register “B**
~FD/ 1 0 0 0 1 | ORA/IRA| Output Register “A” Input Register “A*
~FD2 2 0 0 1 0 DDRB Data Direction Register “B”

D3 3 0 0 1 1 DDRA Data Direction Register A"

FFDY 4 o |l 1| o] o [mecL T1 Low-Order Latches | T1 Low-Order Counter
FFRDS 5 0 1 0 1 |TICH T1 High-Order Counter
~~~Doé 6 0 1 1 0 [TILL T1 Low-Order Latches
~FD7 7 0 1 1 1 |[TILH T1 High-Order Latches
FFRD8 8 1 | o 0 0 [TcL T2 Low-Order Latches | T2 Low-Order Counter
FFD9 9 1 0 0 1 |T2CH T2 High-Order Counter

FFDA F 10 1t o | 1 0 |sA Shift Register

FEDB . 1 1 0 1 1 |ACR Auxiliary Control Register

FEDC ¢ 12 1 1 0 0 |PCR Peripheral Control Register

~FDD . 13 1 1 (1] 1 IFR Interrupt Flag Register

FFRDE | 14 1 1 1 0 |IER Interrupt Enable Register

FADF 718 1 1 1 1 ORA/IRA | Same as Reg 1 Except No “Handshake"’

S$Y 6522 Internal Register Summary
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These four addresses, along with the two chip select lines, activate the chip
for access to and from the data bus. You can see that the decimal equivalent
of the address (Register Select) lines equals the register number, as detailed
in the port address tables.
To determine the complete I/0 location:

o Express the AO-A7 bits in Hex

o Substitute the Hex expression for the "x" in the signal name

applied to the CS2 input.

IRQ*
The Interrupt Request line {s a wire OR”ED bus, shared with the other LSI
devices within the system which directly interrupt the processor. The VIA can
generate an Iinterrupt due to {internal status and can be configured to
interrupt on various input conditions. Each VIA provides indirect interrupts
to the processor for the other devices in the system, including the slot

interrupts. By polling the VIAs, the processor can quickly determine which
device or group of devices needs servicing.

VIA (FFDX)
This VIA has the following responsibilities:

o Environmental Register

o Zero Page Register

o Global Interrupt Request

o Serial Data Port Interrupt & Clocking (Silentype)
The signals of the IC at location B6 which are not common to both 65228 are
either the port I/0s or the chip select line, CS2.
FFDX

This signal comes from the Device Select logic, and is true for the 16 address
states, FFDO through FFDF.

The table below shows how the signal FFDX (CS2) and the Address Lines on the
Register Select Inputs access each of the 16 registers within the VIA.

L 3.12 )
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qut A Description

The ORA for this device is also called the "Environmental Register™ by the
system. It is programmed to all outputs, and coatains various coantrol mode
states which may be software wodified.

PAO and PAl are used as software switches to control which set of Roms are to
be used by the system, and also to indicate there is an expanded set of Rom in
the system.

PA2 provides the software switch that enables the Apple /// to switch between
two memory stacks.:

PA3 is a software switch which will enable or disable the system for writing
into the Ram. It can be set for entire banks or it can be set at will to
disallow writing into memory.

PA4 1is a software switch which will cause the function of the Reset switch to
be ignored, and will simultaneously disable the Non-Maskable Interrupts from
the 1/0 slots.

PAS contains the switch "Scrn”™ (Screen) which is used to modify the Blanking
signal.

Global IRQ

The CAl line 1is conmnected to "OR" function of the slot IRQs. If any slot is
requesting an interrupt, this line will toggle. The VIA then generates an IRQ
and sets the associated Interrupt flag.

Swl/Mgnsw

This line connected to the CA2 line can be programmed to cause an interrupt on
either edge of transition. It could be used to have a Function Only run while
the switch is depressed, or vice versa.

SCO/SER

These two signals form a very elementary serial data port. They are usually
programmed as data, and strobe to a serial RO printer.

The port may also be configured as a serial input register or simply as inter-
rupts for the two external lines.

SCO/SER are connected to CBl and CB2 respectively.

Z0-Z7 (Zero Page Register)

\_ 3.13 D
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- Register RS Coding Register Description
ADDRE 35S I Number | RS3 [RS2 [ RS1 | RSO | Desig. Write Read
FFE% o 0 0 0 0 ORB/IRB Cutput Register “B* Input Register "B’
L / 1 0 (0} 4] 1 ORA/IRA Output Register “A** Input Register “A**
FFRE?2 2 0 f o 1 ¢ |ODCRs Data Direction Register "B
FFES3 3 0 0 1 1 |oDRA Data Direction Register “A*
FFE4 4 o | 1 0 0_|TicL T1 Low-Order Latches | T1 Low-Order Counter
FFES 5 0 1 0 1 |TICH T1 High-Order Counter
~FEG 6 0 1 1 0 |TiL-L T1 Low-Order Latches -
~FE 7 ? ] 1 1 1 | TILH T1 High-Order Latches
~FES 8 1 0 ] o |T2cL T2 Low-Order Latches | T2 Low-Order Counter
FFET 9 1 [ ) 1 |T2CcH T2 High-Order Counter
~FLFEA 10 1 0 1 0 |SR Shift Register
FFRER 11 1 | o 1 1 |ACR Auxiliary Controf Register
S~FEC 12 1 1 0 0 PCR Peripheral Control Register
~F~ED 13 1 1 0 1 IFR Interrupt Flag Register
/’FEE 14 1 1 1 0 IER Interrupt Enable Register
FFEF 15 1 1 8 1 ORA/IRA | Same as Reg 1 Except No “Handshake* -J
3.14
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The PB port is referred to as the Zero Page Register. In other words, its
primary function is to store the current "Zero Paze” -of the memory. The Apple
/// is capable of moving the Zero Page, a feature which greatly enhances the
flexibility of the system.

The PB port has a secondary function; it also serves as the address register
for the Real Time Clocke The RIC must have the addresses stable for an ex-
tended period of time, so instead of adding another latch in the hardware, the
designers use this port for control.

Note that each time the port is used for the RTC function it must be restored
to the current Zero Page setting.

VIA (FFEX)
This VIA aids in providing the following:
o Bank Switching
0 Sound Register
o Interrupt Recognition=-clock, keyboard

The signals connected to the VIA located at B5 which are not common to both
VIAs are:

o the A and B port 1/0s,

o the port control lines, and

o the CS2 line.

FFEX

This seignal corresponds to FFDX in that it 1s true for a group of 16
addresses. See the corresponding table for the complete detail of the
register access locations.

Port A Description

The PAO-PA2 lines are configured as outputs and contain the software switches
for the Ram banks. Currently, the system segregates the 128K memory into

three banks. The decimal decode of the binary bit weight reveals the bank.

The PA4-PA7 lines are configured as inputs. Slot 1 and 2 IRQs, the Solid
Apple switch, and the IRQ line itself form the respective inputs.

If it“s interrupted, the processor will poll the VIAs first to get a quick

look at most of the system. It can then identify and service the requesting
device faster, since it doesn“t need to poll each individual device.

3.15
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The processor can, at certain times, read this port for the status of the
special Apple switch on the keyboard without disturbing the keyboard circuit.

The IRQ* signal is wrapped around to the PA? line for special diagnostic pur-
poses.

CLK IRQ*

The Real Time Clock”s interrupt is connected to the CAl line, which 1is
programmed to be a negative edge active input. When the clock generates an
interrupt, it will set the IRA flag in the IFR. The PA port 1is conditioned
for non-latching, however, resulting in a basically independent iaterrupt for
the clock.

Keyboard Interrupt

The keyboard”s interrupt is connected to the CA2 input, which is programmed to
be an independent negative edge interrupt. It will set Bit O in the IFR and
cause the IRQ* line to go low.

Note: The keyboard cam, for the most part, be disabled by disabling the
interrupt flag for the CA2 line.

VBL (Vertical Blanking)

This input can perform two functions, depending on how the CBl, CB2, and Shift
Register are programmed.

© The system may want to be interrupted at each vertical blanking
cycle. If so, you would program the CB2 line to be an independent
interrupt OR let it strobe the IPB and set the corresponding bit
flag.

o The system may want to synchronize an operation to the display, but
may not want to be interrupted at each VBL. If this is the case,
the system can coufigure the Shift Register to count 8 occurrences
of the VBL signal. An interrupt will then occur after each set of
8 Vertical Blanking cycles (about once every second), in sync with
the display scan.

PB Port Description

The first 6 lines of the B port are configured to be outputs. They are inputs
to the sound Generator.

0 The tone generated at the speaker can be varied by changing the bit
values of these lines.

© There are 127 possible tone combinations; the missing one turns the
tone off completely.

3.16
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PB6 18 connected to the I/0 Count line. Depending on the devicc in the slots,
the VIA may be programmed to count a certain number of pulses generated or to

determine that only one pulse occurrede Either way, the VIA will generate an
IRQ and set the appropriate bit flag.

The last bit 1s used to wmonitor the NMI (Non Maskable Interrupt) 1line
generated by the devices in the I/0 slots.

3.17
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REG 0 — ORB/IRB FFDg/ Eﬂ REG 1 - ORA/L. E;E‘l/ D1
TITTEIT monoutnE

rod Jj S ’a0)
v | S
ez b—— DA 2
TPUT R pn
OUTPUT AEGISTER 3™ (ORS) ;| OUTPUT REGISTER “A" (ORA)
83 - on
o [+ 1] e e JET Y )
INPUT REGISTER “A” {IRA|
PB4l INPUT REGISTER “B" (ORBY ks ) '
res
PA
L——_ res 6

PAT
re7) J
Pin
Pin Dats Direction WRITE AREAD
Data Dwecton WRITE READ Selection
Selection iy ODRA = "1 (OUTPUT! | MPU writes Ouout Level | MPU 1eads ievel on PA pen.
OORE = "V (QUTPUT) | MPU writes Output Level | MPU reads output reqister bt {input latching disabled) | (ORA).
10R8) in ORB Pin ievel has no affect. DORA = “1" (QUTPUT) MPU reads {RA bit which 1
DORS « “0” (INPUT) MPU wictes into ORB. but | MPU reads input levet on P8 {Input latching enabled) the level of the PA pin at the
{tnput latching diadied) | ne effect on pin tevel, unti | pen. time of the laxt CA Y sctwe
DORB changed. - 178t ion
OCRE = “0" (INPUT) MPU reads 1RB bit, which 15 DDRA = 0" {INPUT) MPU writes inic ORA, but | MPU reads ievel on PA pen.
{Input latehing enabled) the fevel of 1he PB pin at the {input latching d-wbled) | no effect on pi~ ievel, unul
tume of the last CB1 actwe ODRA changed
transihon, DORA = 0" {INPUT) MPU resds IRA bit which 13
(tnput latching ensbled) the level of the PA pin st the
time of the last CA 1 actrve
tranyition.

Figure 9. Output Register B (ORB),
Input Register B {IRB) Figure 10. Output Register A (ORA),

Input Register A (IRA)
REG 12 — PERIPHERAL CONTROL REGISTER

OC/EC

REG 2 (DDRB) AND REG 3 (DDRA)

cuconno;-——:_—‘ CATINTERAUPT CONTROL [7I‘]5 I‘I:lz]‘m FFD 2
776 S|OPERATION In * NEGATIVE ACTIVE EDGE
0 0 0 INPUT NEGATIVE ACTIVE EDGE 1 = POSITIVE ACTIVE EDGE PBO/PAC]
0/0]1|INOEPENDENT INTERRUPT
I Immv NEG EDGE CazconrRot PBIPAY
0110 INPUT POSITIVE ACTIVE EDGE 321 oreraTion
0 1] 1 'NDEFENDENT INTERAUPT 00[0] INPUT NEGATIVE ACTIVE EDGE Pe2/PA2
| | 1inpuTrOS £DGE 00! 1] INDEPENDENT INTERRUPT
11010 HMANDSHAKE QUTPUT INPUT NEG EDGE PB3/PA3
TA
Y1011, PULSE OUTPUT 0170 INPUT POSITIVE ACTIVE EDGE s 9!‘,, oaof.:fﬁgg’:!’:g"‘s"'“
1 1.0 L0OWOUTPUT G|V |1]INOEPENDENT INTERAUPT e PBA/PAL
1]1]1 =IGH OUTPUT INPUT POS EOGE ras/Pas
11010 HANDSHAKE OUTPUT | — 17 /Y
CBY INTERRUPT CONTROL 1,011 PULSE OUTPUT
[o- NWEGATIVE ACTIVE wc?J {1167 LOW OUTPUT PBE/PAS
B TP
1: POSITIVE ACTIVE EDGE V[V ][1, miGH OUTRUT rar/mar)

“0" ASSOCIATED PB/PA PIN IS AN INPUT

Figure 14, CA1,CA2,CB1,CB2 Control (HIGH IMPE DANCE]

“1" ASSOCIATED PB/PA PIN IS AN OUTPUT,
WHOSE LEVEL ISDETERMINED BY
ORB/ORA REGISTER BIT.

REG 10 — SHIFT REGISTER FFfA/Dl REG 11 — AUXILIARY CONTROL REGISTER
[7]6I5l.l312[1|°] 7161514312110 FFDB/B
-
—_

SHIFT SHIFT REGISTER
ol :'51215755 MODE CONTROL

OPERATION

OISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNDER CONTROL OF 19

SHIFT IN UNDER CONTROL OF EXT CLK
SHIFT OUT FREE RUNNING AT 72 RATE
SHIFT QUT UNDER CONTROL OF T2
SHIFT OUT UNDER CONTROL OF 49
SHIFT QUT UNDER CONTROL OF EXT CLK

"

NOTES: .

1. WHEN SHIFTING QUT. BIT 7 IS THE FIRST BIT
OUT AND SIMULTANEOUSLY IS ROTATED BACK
INTO BIT 0.

2. WHEN SHIFTING IN. BITS INITIALLY ENTER
BIT 0 AND ARE SHIFTED TOWARDS BIT 7.

m|mjmleslaojo|olola
AR O (-0 -1 (%]
- O - jO]=O]-|Ooln

Figure 22. SR and ACR Control Bits
3.18
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Two bits are provided in the Auxiliary Control Reg-
ister (bits 6 and 7) to allow selection of the T1 oper-

ating modes. The four possible modes are depicted
in Figure 17.

FFM EHEG 4 —~TIMER 1 LOW-ORDER COUNTER
SEAnnnnnnno

IS

I —

COUNT
™ vaLve

|

WRITE ~ 8 BITS LOADED INTO 71 LOW-ORDER
LATCHES. LATCH CONTENTS ARE
TRANSFERRED INTO LOW-ORDER
COUNTER AT THE TIME THE HIGH-
ORDER COUNTER IS LOADED (REG 8).

READ - 8BTS FROM T1 LOW-ORDER COUNTER
TRANSFERRED TO MPL'. IN ADDITION,
TV INTERRUPT FLAG IS RESET (BIT S
IN INTERRUPT FLAG REGISTER).

Figure 15. T1 Counter Registers

REG 5 — TIMER 1 HIGH-ORDER COUNTER
[T 25745
I

32708

WRITE - 8 8ITS LOADED INTO T1 HIGH-ORDER
LATCHES. ALSO, AT THIS TIME BOTH
HIGH AND LOW-ORDER LATCHES
TRANSFERRED INTO T1 COUNTER.
T1 INTERRUPT FLAG ALSO IS RESET.
READ - § BITS FROM T1 HIGH-ORDER COUNTER
TRANSFERRED TO MPU.

REG 8 - TIMER 1 LOW-ORDER LATCHES

FFDG/EG ’I‘I‘M’H‘%_

e
et
s
$ 1 counr
1 | VALUE
2
o
28

WRITE - 8§ BITS LOADED INTO T1 LOW-ORDER
LATCHES. THIS OPERATION IS NO
C.)I!FGFERENT THAT A WRITE INTO

READ ~ 8 BITS FROM T1 LOW-ORDER LATCHES
TRANSFERRED TO MPU. UNLIKE REG 4
OPERATION, THIS DOES NOT CAUSE
RESET OF T1 INTERRUPT FLAG.

Figure 16. T1 Latch Registers

6/42?77
REG 7 — TIMER 1 HIGH-ORDER LATCHES

Llelelsfol=] o]

e §12

-

1024

2048 | count
ope | VALUE

8192
16384/
ey
WRITE — 8 8ITS LOADED INTO T1 HIGH-ORDER

LATCHES. UNLIKE REG 4 OPERATION
NO LATCH-TO-COUNTER TRANSFERS

TAKE PLACE.
READ -~ 8 BITS FROM T1 HIGH-ORDER LATCHES
TRANSFERRED TO MPU.

FFDC /EL

REG 11 — AUXILIARY CONTROL REGISTER

Llefelelafz] o]
T1 TIMER CONTROL [

of~
ole

OPERATION *e?
TIMED INTERRUPT
EACH TIME TV 1S

LOADED | DISABLED

o[ 1jconTinuCUS
INTERARUPTS

1|0] TIMED INTERRUPT | ONE-SHOT
EACH TIME T1 (8 ouTrUT
LOADED ]

1| 1| CONTINUOUS SQUARE
INTERRUPTS WAVE

ouTPUT

T2 TIMER CONTROL

51| OPERATION

TIMED INTERRUPY
Y[ COUNT DOWN WITH
PULSES ON PBS

=

PA  LATCH ENABLE/DISABLE

S ndid ] 0= DISABLE
1= ENABLE LATCHING

SHIFT REGISTER CONTROL

OPERATION

OISABLED

SHIFT IN UNDER CONTROL OF T2

SHIFT IN UNOER CONTROL OF 02

SHIFT IN UNDER CONTROL OF EXT. CLK
SMIFT OUT FRAEE-AUNNING AT T2 RATE
HIFT OUT UNDER CONTROL OF T2

HIFT OUT UNDER CONTROL OF 02

MIFT OUT UNDER CONTROL OF EXT_CLK.

“lwlojo|si-0jOjw
=[o]=|oj=|o|=]oln

w]e|s]-]o]o

Figure 17. Auxiliary Control Register

Note: The processor does not write directly into the low order counter (T1C-L). Instead, this half of the counter is loaded auto-
matically from the low order latch when the processor writes into the high order counter. In fact, it may not be necessary to
write 10 the low order counter in some applications since the timing operation is triggered by writing to the high order counter.

3.19
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REG 8 — TIMER 2 LOW-ORDER COUNTER REG 9 — TIMER 2 HIGH-ORDER COUNTER

CLELEEE 29742 0000000 ARG

17 L——-zg1

2 — 1 ! 1

—— ] 1024
S —— ] COUNT 2048 COUNT

VALUE ™~ VALUE
1 e w09

2 s192
. 16384
) ey
WRITE - 8 BITS LOADED INTO T2 LOW-ORDER WRITE ~ 8 8ITS LOADED INTO T2 MIGH-ORDER
LATCHES. COUNTER ALSO. LOW.-ORDER LATCHES
READ - 8 8ITS FAOM T2 LOW.ORDER COUNTER TRANSFERRED TO LOW-ORDER
° TRANSFERRED TO MPU, T2 INTERRUPT COUNTER IN ADOITION, T2 INTERRUPT

FLAG IS RESET. FLAG IS RESET.

READ ~ SBITS FAOM T2 HIGH-ORDER COUNTER
TRANSFERRED TO MPU,

REG 13 —~ INTERRUPT FLAG REGISTER

nooononc i

SETBY CLEARED BY
CA2 ACTIVE EDGE | READ OR WRITE
CAZ4 REG 1 (ORA)*
CA1—JCAT ACTIVE EDGE | READ ORWRITE |
REG 1 (ORA)
SHIFT REG{ COMPLETE 8 SHIFTS | READ g: tgwm's
SHIFT
ca2 CB2 ACTIVE EDGE | READ OR WRITE ORB® PIN CONFIGURATION
CB?! ———— . {CBY ACTIVE EDGE READ ORWRI |
TIME-OUT OF T2 READ T2 LOW OR vss gy, cal
TIMER 2 WRITE T2 HIGH rad g
TIME-QUT OF T1 READ T1LOW OR a: cA2
—TIMER | —————— WRITE T1 HIGH rards nso
Lina ANY ENABLED CLEAR ALL
INTERRUPT INTERRUPTS ?a2 s LH
»

* IF THE CA2/CB2 CONTROL IN THE PCR IS SELECTED AS aQgs 82
“INDEPENDENT” INTERRUPT INPUT, THEN READING OR rAL C ¢ RS
WRITING THE OUTPUT REGISTER ORA/ORB WILL NOT
CLEAR THE FLAG BIT. INSTEAD, THE BIT MUST BE vas 17 AES)
CLEARED BY WRITING INTO THE IFR, AS DESCRIBED ras]s 00
PREVIOUSLY.

rar ] 1]
Figure 25. Interrupt Flag Register (IFR) reo (] 02
s
REG 14 — INTERRUPT ENABLE REGISTER rs2

re3

0DBEDAE o

CA2 gl .2

CA1 re7 (17 cs

SHIFT REG cn [ =

ca2 0= INTERRUPT DISABLED cs2 A
" ™ 1 - INTERRUPT ENABLED vee O L

TIMER 2

TIMER Y

SET/CLEAR)

NOTES:

1V IFBIT7ISA 0", THEN EACH "1" IN BITS 0 - 6 DISABLES THE
CORAESPONDING INTERRUPT.

2.1FBIT7ISA "1 THEN EACH “1”INBITS 0 - 6 ENABLES THE
CORRESPONDING INTERRUPT.

3.IF AREAD OF THIS REGISTER 1S DONE, BIT 7 WILL BE 0" AND
ALL OTHER BITSWILL REFLECT THEIR ENABLE/DISABLE STATE.

3.20
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THE 6551 ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER

As you know, the Apple /// can be used to communicate to all devices that use
the RS~232~C standard communications format. This means the Apple /// can
communicate with letter-quality printers, modems, high speed data collection
devices, and other computers. The Apple /// has a built in Asynchronous
Communications Interface Adapter (ACIA). It is located at addresses COF0
through COF3. This device is solely for use as a serial port input/output
controller. This RS-232~C protocol, specified by the Electrical Industries
Association (EIA), is provided at port C comnector through two buffer devices
as shown below. :

BUFFER

ACIA PORT C

BUFFER

The 6551 contains seven registers and five control circuits dealing with the

control, timing, and interrupt logic of transmitting amd receiving data
through the serial EIA port. A block diagram of the 6551 ACIA is shown in

Figure 1.

Before using the 6551, the system (or programmer) must initialize it for the I/0
mode. Once initialized it will be set to transmit and/or receive data within
the parameters set in the control bytes.

The Apple /// 1I/0 addresses for data and control are presented in the following
discussions. The function of the data byte (depending on location) will also
be shown. The characters in parentheses next to each register represent the
function of the associated pin of the ACIA (i.e. R=Read,W=Write).

RECEIVE DATA REGISTER (RxD)

The Receive Data Register is accessed with I/0 location COFO (r). The con-~
tents of the Receive Data Register will be the data bits of the completely
received serial input character. This register is used as temporary data

storage for the 6551 receive circuit. The first data bit received will be
the LSB of the data byte (Bit 0).

COFO (R) RECEIVE DATA REGISTER

L; 4.1 y
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TRANSMIT DATA REGISTER (TxD)
To load a byte to be transmitted out the serial EIA port, I/0 location
COF0 (w) must be accessed. The LSB will be the first data bit transmitted.

COFO (w) TRANSMIT DATA REGISTER (w)

STATUS REGISTER

The 6551 continually monitors the condition of the registers and the
quality of the incoming data. When I/0 location COFl (R) is accessed
the contents of the Status Register is placed on the data bus. The
meanings of the eight bits of the status byte are detailed following
the illustration.

COF1 (R) STATUS REGISTER

IRQ--Bit 7 indicates that the 6551 generated an IRQ to the system
for one of the folllowing conditions:

l. Change of status of the DCD line.

2.. Change of status of the DSR line.

3. The Transmit Register has emptied.

4. The Receive Register has filled with a new incoming character.

(Note: the third and fourth conditions are program controlled as to
whether or not they inititate an IRQ).

DSR-——Bit 6 indicated the status of the DSR line from the interface.
O=DSR 1s low and ready. 1=DSR is high and not ready.

DCD--—Bit 5 shows the condition of the Data Carrier Detect line from
the interface. O0=DCD is low and the carrier is detected. 1=
DCD is high and not ready.

TDRO--Bit 4 informs the host that the Transmit Data Register has
transferred its contents to the outputs shift register and
now ready to accept another character (byte). O=not empty,
l=empty.

RDRF1-Bit 3 indicates that the Received Data Register has been
filled with a character from the line. O=not full, l=full.

OVERR-Bit 2 shows that there has been an overrun error, that is,
a new character has been transferred to the Received Data
Register before the previous received character was taken
by the program and the RDRF1 flag reset. This error will
not generate an IRQ but should be checked by the program
so that tht lost data can be recovered. O=no overrun, l=
overrun has occurred.

4.3
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FRMERR-Bit 1 informs the program that the incowing data did not
conform to the parameters set in the Control Register.
That means usually that when the 6551 checked for the
position and number of stop bits if found a descrepency.
This error most often happens when the remote device is
transmitting at a different baud rate. O=no framing error,
l=framing error detected. This error does not generate an IRQ.

PARERR--Bit 0 indicates that there has been a parity error in the
incoming data. This error does not cause an IRQ to be gen=-
erated. O=no parity error,l=parity error detected.

PROGRAMMED RESET
By accessing COFl (w) the Status Register will be reset to all 0°s. The
data byte on the bus at that cycle does not have to be any particular

structure.

COF1l (w) PROGRAMMED RESET (w)

COMMAND REGISTER

To access the Command Register to initialize or modify the Command byte a
COF2 (w) must be executed with the data byte configured for the desired
effect. To inspect the contents (or curreant command structure) a COF2 (R)
will cause the 6551 to place the contents of the Command Register om the
data bus. The meaning of each bit is explained below.

COF2 (r/w) COMMAND REGISTER (r/w)

Parity ck ctrls--Bits 7 through 5 command the 6551 in regard to parity
checking. Bit 5 is parity enable. Bit 7 determines whether the parity
bit position will have odd/even or fixed one/zero function. Bit 6, de-

pending on the condition of Bit 7 selects either odd or even parity, or
fixed mark (one) or fixed zero (space). Table == below clearly shows the

conditions of these bits.

ECHO--Bit 4 determines whether the 6551 will echo (traansmit a duplicate

image of what is received) the received data to the remote device.
O=no echo, l=echo data.

TRANS CTRLS--Bits 3 and 2 control the 6551 in three (3) functions. They
are Transmit Interrupt, the state of the RTS line, and the
Transmit BRK (break, a continuous space on the line for
approximately 200 milliseconds). Table == shows which
state controls which function.

INT-~Bit 1 command the 6551 to either enable or disable interrupt on
Received Data Register full (bit 3 of the status byte). O0=IRQ
on RDRFl, l=no interrupt.

4.4
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DTR--Bit O enable the 6551 to transmit and receive or not. It also
changes the state of the DTR output to match the condition of
the 6551. O=disable xmit/rcv (DTR high), l=enable Xmit/Rcv
(DIR low).

CONTROL REGISTER

The final I/0 location on the 6551 is the Control Register. By writing
to CPF3 (w) with a properly structured date byte four functions are con-
trolled. They are Number of Stop bits appended to outgoing data byte
(and checked for on the incoming date byte), the source of the receiver
clock, and the baud rate selection. By reading location COF3 (x) the
current control configuratioa can be seen on the data bus.

COF3 (R/W) CONTROL REGISTER (R/W)

STOPB--Bit 7 controls the number of stop bits that will be added to the
transmitted data word. O=lstop bit, and depending on the word
length selection 1=2 stop bits or 1 bit if word length is 8 and
parity is selected, or 1/2 bits if word length is 5 and no parity
is selected.

WORD LEN--Bits 6 and 5 determine the number of data bits that will be

transmitted or received in the data word. The values (6,5)
are as follows: 0,1=7 bits; 1,0=6 bits; 1,1=5 bits.

‘XCLK--Bit 4 indicates the source of the receiver clock. O=external
clock source, l=baud rate generator (internal). When the int-
ernal selection is made the RxC pin becomes an output.

BAUD RATE--Bits 3 through O select the baud rate at which the 6551 will
operate. Table =-- details the various selections available
based on a standard 1.8432 MHZ clock input. It should be noted
that 0,0,0,0 selects the external clock as the baud rate source
but the clock rate is actually dividied by 16 so the external
clock should be 16x the desired baud rate.

L 4.5
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SIMPLE SERIAL PORT

Incorporated into the A /// logic design is a provision for a simple serial
port. 1Its main purpose is to support a Silentype printer. However, it is
not a dedicated port since it shares the same coanector with one of the
joysticks., The user has the option of having the Silentype or a secoad
Joystick., For most applications, one joystick is more than enough since the
A /// 18 not really intended for a "games" player. The joystick would be used
more for applicatioms like cursor coatrol.

The serial port is actually derived from a feature of the VIA. Two of the
port coatrol lines (PBl, PB2) can be configured to be a shift register, hence
a simple serial port (see the section on VIA’s and read the spec sheet in the
appendices). In the system certain other software controlled switches must be
set to enable the port. These switches are found in another addressable latch
(U177). They control the direction of data and clock to and from the board.
The VIA is programmed internally to determine its function.

The signal ENSIO when high enables data from the VIA to the port, when low it
enables data from the port to the VIA. The signal ENSEL determines the direction
of the clock, high enables clock from the VIA to the port (if and oaly if PDL2

is low), low enables the port to supply the clock to the VIA. ENSEL when high
also enables the AXCO signal to the port, this can be used as a select or acknow-
lege to the remote device. The remote device may put status bits on the "switch"
line which can be used to notify the processor of some requirement mutually agreed
upon.

- 4.6 J
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PIN

9-19
20

PINOUT OF THE RS-232~C SERIAL INTERFACE (PORT C)

NAME
SGND

XD
RCD

RTS

Cts

DSR

DESCRIPTION

‘Serial Card emulation checks this

Shield GrouND.

Transmitted Data; serial data output
from the Apple.

ReCieved Data; serial input to the
Apple.

Request To Send output; this
indicates that the Apple is ready
to transmit data. This line {is

active whenever the Serial Card
emulation is used.

Clear To Send input; this
acknowledges that the Apple may
begin transmission. This line 1is
ignored by the Serial Card emulation.

Data Set Ready input; this

acknowledges that the remote device

is operational. The Serial Card
emulation checks this line and will
not send characters if this line is
held inactive. This can be used to
prevent the Apple from overflowing a
printer input buffer. .

Signal GrouND.

Data Carrier Detect; this
acknowledges that the remote device
is ready to transmit data. The

line and will not send characters if
this line is held inactive. This
line can be used to prevent the Apple

from overflowing a printer inmput
buffer.

No connect.

Data Terminal Ready output; this
indicates that the Apple 1s on and
operational. This line will be
active anytime the Serial Card
emulation is used.

4.8
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The Apple /// has a built-in 6551 ACIA (Asynchronous
Communication Interface Adapter). It is located at addresses $COFO
thru $COF3 (decimal -16144 to ~16141). The ACIA has five registers:
transmit data, receive data, status, command, and control.

The transmit register ($COF0) is used to send data out the Apple
/// to an external device, such as a modea or a printer. A byte is
transmitted by setting the control and command registers
appropriately and thea polling the status register. When bit 4 of
this register is one the ACIA is ready to shift the next byte out.
Often bits 5 and 6 are tested for zero to assure the Data Carrier
Detect and Data Set Ready are valid as some printers use these lines
as handshake signals. )

Care must be taken when writing to the transmit data register as

it is at the same address as the receive data register. The 6502
will do false reads when certain address modes are used, thus

discarding whatever was in the receive data register.
The receive data register ($COFQ0) contains the last byte received

from an external source, such as a modem. Bit 3 of the status
register is one whenever this register is full.

The status register ($COFl) indicates the states of Data Set
Ready, Data Carrier Detect, whether the transmit and receive

registers are full, and whether a framing, overrunm or parity error
has occured on input.

The command register ($COF2) sets the parity, echo mode,
transmit and receive enables, and BRK transmission.

The control register ($COF3) sets the number of stop bits, data
word length, receiver clock source, and baud rate.

PHYSICAL PINOUT OF THE RS-232-C SERIAL INTERFACE

13 12 11 10 9 8 7 6 5 4 3 2 1

25 26 23 22 21 20 19 18 17 16 15 14

o/
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RS232 CONNECTOR USAGE (PORT C)

The Apple /// 1s classified as Data Terminal Equipment (DTE)
under the EIA RS-232-C interface specification. It can be directly
connected to a plece of Data Communications Equipment (DCE), such as
a modems To connect the Apple to another piece of Data Terminal
Equipment (such as a printer), you must use a modem eliminator.

All output levels are minimum +6 volts when logic 0 and maximum
-6 volts when logic 1, measured into a 3K ohm load.

All inputs have a turn-on positive going threshold of +1.25
volts and a turn-off negative going theshold of +.8 volts, typical.
All inputs sink a 10 mA current, maximum.

L 4.10
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CONTROL ¢ 3ISTER

The Control - ,ister is use to s2lect the desired mode
for the SY65L. Tha word length, number of stop bits,
and clock controls are all determined by the Control
Register, which is depicted in Figure 6.

CPF3

CONTROL REGISTER

Lrlefslafat2]1]o0]

| J | BAUD RATE
STOP BITS GENERATOR
0= 1 Swp Bt 0] 0] 0] 0] 16x EXTERNAL CLOCK
1= 2 Swp Bin ojofo] 50 BAUD
1 Stop Bit if Word Langah olofv0 7%
3 8its ond Parity* BERERK 10092
1% Stop Bits if Ward Length
= § Bits snd Ne Parity. 0oj1]0]0 13458
oj1{o}f 180
FoT ToaTA Wors o[V To -
S TE]  LenaTH o111 600
0 s 1]ofole 1200
o)1 7 1Jofoln 1800
+To N 1{o]1]o0 2400
K] r 1011 3600
11100 4800
RECEIVER CLOCK SOURCE 1[vJol 7200
0 = External Receiver Clock HIERERK 9600
1 = Boud Rate Generster [BERERK 19,200
*This silows for 9-bit tranamission (8 dets bits phus perity).
7 6 § 4 3 2 1 0
MARDWARE RESET 0JoJoJoJo]o )
PROGRAM RESET —=-1-1-= p
Figure 8. Contro! Register Format
COMMAND REGISTER
The Command Register is used to control Specific Trans-
mit/Receive functions and is shown in Figure 7. C’ﬁ £2
COMMAND REGISTER
L2lejsjefajafr1]o]}
| M
PARITY CHECK CONTROLS DATA TERMINAL READY
BIT OPERATION 0 = Dissble Receiver/Transmitter
7618 (OTR high)
0 | Parity Dissbied - No Parity Bit 1 = Ensbie Receiver/Transmitter
Genersted - No Parity Bit Received (DTR low)
0| 0 ]| 1| OddParity Receiver snd Transmitter
0| 1 [ 1 | Even Parity Recoiver and RECEIVER INTERRUPT ENABLE
Transmitter 0= IRQ Interrupt Enabled from Bit 0
1] 0 | 1| Mark Parity Bit Tranemiteed, of Status Register
Purity Check Disabled 1 = IRQ interrupt Dissbled
1] 1| V| SpeceParity Bn Transmitted,
Parity Check Dissbied TRANSMITTER CONTROLS
8IT TRANSMIT ATS OTHER
3] 2 | INTERRUPT | LEVEL
ofo Disabled High -
NORMAL/ECHO MODE 01 Enabled Low -
FOR RECEIVER Y Draatied Cow -
0 = Normal 111 Disabled Low Transmit BRK
1= Echo
7 6 S 4 3 2 1 0
HARDWARERESET [o|oJoJoJoJo[ 1] o
PROGRAMRESET [-[-[-Jolofo] 1] o0

Figure 7. Command Register Format
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STATUS REGISTER O~/

The Status Register is used to indicate to the processor
the status of various SY6551 functions and is outlined
in Figure 8.

STATUS REGISTER
vjejsfafaT2T1T0]

Pority Error®

0 = No Parity Error
1 = Parity Error Detected

e Framing Errvor®

0 = No Framing Error
1 = Framing Error Detected

Overrun®

0 = No Overrun
1 = Overrun Has Occurred

Receiver Data Register Full

Tr i Oata Register Empty

0 = Not Empty
1= Empty

Data Carrier Detect (DCD)

0 = DCD low (Detect)
1 = DCD high (Not Detected)

Data Set Reedy (5SF)

0 = DSA low (Ready)
1 = DSR high (Not Ready)

Interrupt (1RQ)

0 = No Interrupt
*No interrupt occurs for these condits 1 = Interrupt Has Occurred

7 6 5 4 3 2 1 0
HARDWARE RESET Gjofo
PROGRAM RESET - ~-fl=-)=|=-]O0] -]~

(-]
t
L]
-
(-]

Figure 8. Status Register Format

PIN CONFIGURATION

GND [ et 28 ] AW

]2 272

& s 26 (Jifa

RES [ 25[J o8,

mcs 24 [] 08¢ PIN NO. 1
xTaLi[Je 23[] oBg IDENT. —
xTAL2 7 6551 222[]08,

A’ e 2a1[]08,

s 20 [] 08,

=<0 [ 10 18 ] 08,

DTR[J 11 18 [] DBy

RxD [J 12 17 [] DSR

RS% (] 13 16 |[] OCO

RS []1e 15 [J Vec

4.12
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SYSTEM CLOCKS & TIMING

MAIN CLOCK (Cl4M)

The Apple /// has as its master clock a 14 megahertz crystal controlled
oscillator. The active components of the clock circuitry are Q10, Qll, and Yl.
The exact frequency of the oscillator is 14.318 MHz. The slight increase over

14 MHz 1s compensated for in other logic. Device Bl13 provides buffering and
power amplification to drive all the other loads on the Cl4M and Cl4M* lines.

FREQUENCY DIVIDER

The next circuit in the system clock section is the frequency divider formed by
device Bl12 and Bl3. This develops both the C7M* and the C3.5M*.

The C7M signal is developed by clocking the Q* output into the data input of a
D-type latche This results in a divide~-by-two function of the clock frequency.

The C3.5M clock is developed in the same manner. However, the data input to the
latch is an Exclusive-=Or function of C7M and C3.5M at Bl3. This accomplishes
two functions:

o it divides the Cl4M clock by 4, and
o it gives a definite phase relationship of C7M to C3.5M clocks.

Looking at the timing diagram below we see that the D2 input of Bl12 is high if
either the C7M or the C3.5 clock is high but not when both are high. This
function is effectively at 3.5 MHz which toggles on the positive edge of the 7MHz
clocke The true C3.5M signal toggles on the negative edge of the C7M clock.

&/

C3.5M

|

- o o iy | - ——

g - = g - —— -
_T
r——

L
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"Q" TIMING

The Q clocks are a series of 2 MHz clocks which are out of phase with one another

by one clock time (refer to the Apple /// Timing diagrams). The rest of the
system timing depends on the states of the "Q" outputs. They provide the basis

5.1
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for processor and RAM address timing. .

The Q clocks are initialized with each Load Parallel;&o Serial pulse (LDPS),
which changes the mode of the LS195 (D10) from a shift register to a parallel

loaded register when low. At each load, all of the bits are set high. When
LDPS* returns high the next clock will shift the zero of Q3* across the register.

This means that Q0 will stay high for ome clock cycle. Ql will stay high for 2
clocks, etc. When the Q3* goes high at the forth clock edge after LDPS the JK
input will now see a "1". Subsequent clocks will start shifting that one across
the register. When Ql goes high again, LDPS* will be enabled low and another

load will be accomplished at the next clock edge. The waveforms are assymmetrical,
Each of Q0=Q2 are up for three clocks and down for four. Q3 is up for four and
down for three.

This type of cycling will continue for 128 cycles. Then the Horizontal Phase
Disable (HPE*) "freeze” will occur.

HPE* FREEZE

The HPE* signal will cause the Q states to extend their next cycle by two clock
times. The purpose of the shift is to shift the phase of the color reference
signals to the data in the video generator. A detailed discussion of this
phenomenon is described in the video generator section. How this shift occurs

is discussed below.

Looking at the gate array of C9 and Bll we see that since HPE* is normally high,
the output of C9 is normally low. This de-gates the And inut shared with QO,

and allows LDPS to function as usual. But when HPE* goes low, which will always
coincide with Cl14M going low, the And gate shared with QO will become enabled
and cause the extension of the LDPS* for two extra clock cycles. This state will
exist until C3.5M returns high and relieves LDPS*. The next clock will change
the state of QO and that will not be able to "disrupt” the clocks until the next
HPE pulse.

AX, PREIM, & CIM

The AX, RAM address (the signal used to select which addressing source [row or
column] is presented to the RAMs: see RAM Address Logic) is another 2 Mhz slgnal
which lags Q1 by one half clock cycles. It is developed at All pin 9.

PRE1M can toggle at each positive edge of AX, if the data input to the latch is
at the opposite state. Looking at D11 (ClM*) we will be able to see just that.
If PREIM has just toggled low, one half clock cycle later CIM* will toggle high
which forms the data input to the PRE1M Flip~Flop. But remember, the clock to
the flip-flop is AX, a 2 MHz signal. D1l pin 5 acts much like Bl2 pin 2 in that
the data is always opposite to the "Q" output of the latch at the time of the

clock edge, therefore we have a "clock divided by 2" function, of a 1 MHZ output.

RAS (Row Address Strobe)

L 5.5 W,
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The RAS signal ¢ 0 delayed by one clock and inverteds This 1 acccomplished

at D10 pin.15 & 14. (Note: the inversion is done by calling ¢! : "Q" output the
active low signal RAS*, clever huh?) RAS is used in the RAM ad-ress logic to

develop the "row select” signals for the RAMs.

VIDEO HORIZONTAL & VERTICAL STATE COUNTERS

This circuit is made up of four 4~bit binary counters, (F10, Fl1, Gl1, Gl12),

which develop the essential signals for partitioning the screen and addressing
the RAM for all the video data.

Basically, there are two sections of the circuit:
1 « horizontal postion counter

2= vertical position counter
These two counters form the X and Y coordinates of each addressable byte on the
screen. Each byte contains 7 bits or dots in 40 character modes.

From the various discussions about the Apple ///, we have learned that in the
40 character mode there are 280 dots across the horizontal line that can be
defined, and 192 of these horizontal line (280 X 192). In the Apple /// modes
there are 560 dots in the horizontal line, however, there are still only 192
horizontal lines (560 X 192).

The Video Counter works identically in either of these modes. It provides the
resolution of 40 by 192 matrix. Each one of the 40 horizontal positions defines
either 7 or 14 dots (40 or 80 character modes, respectively). These dots are
actually bits of data bytes in memory that are parallel loadedd into a shift
register and shifted out serially to the video monitor. In the 40 character
modes the system loads the shift register at a 1 MHz rate and shifts at a 7 MHz
rate. In the 80 character modes it loads at a 2 MHz rate and shifts at a 14 Mhz
rate. It 1is interesting to note that in either mode the state counter increments
at a 1 Mhz rate.

The system provides two complete accesses for the video output per increment of
the state counter, but in the 40 character modes one of these are masked out.

HORIZONTAL SECTION

The Horizontal section of the state counter uses 7 of the counter stages and

develops the HO through H5 and the HPE* signals. The remaining 9 stages of
the counter develop the Vertical states VA, VB, VC, and VO through V5.

The Horizontal section provides the capability of a 128 state counter, however,
it only provides 65 states. This 1s due to the action of the most significant
stage, HPE*, The counter actually counts from 64 to 128 then resets to count
64. Simply, HPE* starts high and when the counter increments HPE* low after
64 counts it is then reset to state 64 after the next clock input, this yields

L 5.7 )
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65 states all together.

Looking at Fl1 we see that the HPE* output is counected to the "load” input of
F10 and Fll. At the next clock input these two devices will be loaded with the
state determined by what is on the data inputs. All inputs except pin 5 of Fll
are tied low (disregard the input to pin 6 of Fll at this time). This binary
state equals 64. So rather than starting back at "zero” the counter jumps to 64.

For real time considerations of the monitor, it takes 25 states or 25 microseconds
for the sweep to return from the right hand side to the left side. So the system
ignores the first 25 states and blanks the video output and the returning trace

is not shown. The boolean expression for the horizontal blanking would be
expressed:

(H4* and HS5*) or (H4 and H3%)

This logical function is done within the G9 Control ROM. Refer to page 10 of
10 of the schematic diagram.

In summary, the horizontal counter provides the address necessary for the display.
It divides the horizontal line into forty (40) sections, and yields the timing
for horizontal blanking. The HPE* signal is used to momentarily "freeze” some

of the system timing.

VERTICAL SECTION

The Vertical State Counter provides the Y-axis of the display matrix. The nine
stages, if left alone to count, would provide 512 states. As in the horizontal
counter, it is preset to count higher than zero eadch time it reaches the

"terminal count”. Also, some of the states are used to blank the video while
the trace returns from the bottom of the screen to the top (VBL).

The vertical counter effectively counts the number of HPE*“s that have occurred,
or simply, the number of horizontal lines that have been generated in this scan.

At this time the counter is reset to count 250. Look at the timing diagram of
the vertical counter. One can see that all vertical signals would normally

go low, but instead the counter is loaded with the data inputs. VA will not be
affected by the teminal count/load and will continue as discussed before. VB
will be loaded to the present state of "comp” (or VA) which 1s high. VC and V5
will be loaded to a low and the rest of the bit states wil be loaded to "1".
This will decode to decimal 250.

Six counts later VA through V4 will toggle low and V5 will toggle high. This 1is

the point where the logic assumes to be at scan line “zero”. It will now take
256 counts to reach the terminal count sequence and start again. Using some math

we see that the counter defines 262 states (256+6 = 262).

Vertical blanking takes 70 of the 262 states developed by the counter. The
boolean expresssion for the vertical blanking signal would be:

(V3 and V4)

L¥ 5.10 . )
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This signal is developed at F8 pin 6 and i{s used in the system to indicate that

a complete scan of the curreant display page has occurred. It is also an input
to the Control Rom, G9, and therefore is a modifier to its outputs.

We were looking for the majic number of 192. Well, if you“ve been keeping track,
it“s simply the difference of 272-70.

\ 5.11 )
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DISPLAY MODES

o

L3O CHARACTER APPL I; : 40x24 cHARACTER B/W
TEXT (2K BYTES |

0 40 CHARACTER_APPLE ///: u40Qx24 cHARACTER CoLoR
TEXT - 1b BAckGrRounD, 16 TexT CoLORS

o 80 CHARACTER BLACK & N¥ITE APPLE ///:
80x24 cHARACTER B/W TexT

o BLACK & WHITE HIRES: 280x192 B/W Hires (8K RAM)
o [MEDIUM RESOLUTION 16 COLOR GRAPHICS APPLE ///:

E80x192 16 Coior Hires wiTH 40x192 BAckGRoUNnD/
OR:ZGROUND RESOLUTION

o SUPER HIRES APPLE ///: 560x192 B/W HIRres
0 - APPLE /// HIRES: 140x192 16-CoLor HIREs

0  RAM CHARACTER GENERATOR (128 CHARACTER)

L 6.1 y

Apple Computer Inc « 1982 Page 0100 of 0730 |
\,




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

- )
@icepia computar inc.

APPLE /// VIDEO

INTRODUCTION

The Apple /// has 11 defined video modes of operation. Thers are 5 Apple ]|
modes and 6 new Apple /// modes. There are now 3 text modes and 8 graphics
modes. Though the Apple /// can emulate all of the Apple ][ video modes,

there are many differences in the video hardware between the Apple ][ and
Apple ///, including:

o 80 column text with full upper and lower case character
capability

o New color text mode
o Super high resolution black and white graphics
0 2 new color hires modes

AND

o A modifiable character set

The modifiable character set is a major new feature of the Apple ///. You can
now change the character set by changing the pattern in the character
generator. This 1s possible because of a ram, instead of a fixed rom
configuration.

There are also improved video outputs. An NTSC (National Television Standards
Committee) composite Black and White and color composite, plus the primary
video signals, are available at the back panel for mixing into the input of a
high quality RBG monitor.

The Apple ][ emulation mode has the very same video modes as the Apple ][.
The Apple ///, while in its native mode, can have the following modes.

40 Character Apple ]{

This mode is equivalent to the Apple ][ text mode. The only difference is it
has upper and lower characters.

o The screen is divided into 40 horizontal columns and 24 vertical
lines.

o The characters are usually white dots on a black background.
0 This mode has inverse video and flashing characteristics.

o This mode has no color.

L¥ | 6.2 )
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0 This mcde has two screen pages mapped into memory:

-~ Page 1 is located at 0400-~07FF

- Page 2 1s located at 0800-0BFF.

40 Character Apple ///

This second 40 character text mode is the most interesting and, in a way, the

most powerful. This 1is the only color text mode. It has the same screen
resolution as the Apple ][, and the same video attributes. BUT it also has
the ability to select both the color of the foreground (dots) and the color of
the background. Sixteen (16) colors are available as in the Apple ]{ Lores
Graphics.

o The color resolution can be selected for each character and can change
for each character.

o It is interesting to note that by down loading a character set, a new
low resolution graphics mode can be manufactured from a text mode.

The page mode is differemt for this mode since both pages are used at once.
Why? Because the first page contains the character data and the second page
contains the color information. The page 2 mode reverses the mapping, that
is, the characters in page 2 are stored where the color was stored in page 1,
and vice versa.

In the color byte, bits 4-~7 set the foreground color and bits 0-3 set the
background color. The mapping between color and character is 1:1. That is, a
character located in 0409, for example, has its foreground color determined by
the byte in location 0809.
In the page 1 mode the mapping is as follows:

0400-07FF contain the characters

0800-0BFF contain the color information.
In the page 2 mode:

0800-0BFF contain the characters.

0400-07FF contains the color.

80 Character Black & White Apple ///

This new text mode is the same as the 40 column mode with the obvious
exception that it has 80 columns instead of 40. This 80 column display has
full upper and lower case, and inverse video.

Unlike the 40 character mode, it does not have 2 distinct pages. It uses both

6.3 .
\_ y,
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pages to hold the characters.
The memory mapping for Page 1 utilizes:
0400~07FF for the primary fetch
0800-0BFF for the secondary.
In this mode, location 0400 contains the first character and 0800 contains the
second. The third and the fourth characters come from locations 0401 and 0801
respectively.
In the Page 2 mode the primary fetch 1s from 0800-OBFF and the secondary from

0400-07FF. Therefore, the first and third characters come from 0800 and 0801
and the second and fourth come from 0400 and 0401.

Black & White Hires

This is a new graphics mode that has a 280 by 192 resolution in Black and
White only.

It has two distinct pages:
Page 1 is located at 2000-~3FFF

Page 2 is located at 4000-SFFF.

Medium Resolution 16 Color Graphics Apple ///

This is a new graphics mode for the Apple ///. It has the same dot resolution
as the Apple ][ Hires (280 by 192), but it has an expanded color capability of
16 background colors. The B/W Output will yield 16 levels of grey scale.

The screen is divided into a 40 wide by 192 high matrix. That is, the color
selection for foreground and 16 background can change for each 7 dot [o000000]
pixel segment. You can think of each segment as a one-bit-high slice across a
character space, as illustrated below.

40
//—"" /// \\
=S = = EOEEE
i K f / )
| or gy e
i ;L 27 s 1 D74 37
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The memory mapping is as follows:
Page 1: 2000-3FFF each byte represents 7 pixels in the segment

4000~5FFF each byte represents the foreground and background colors
for the corresponding 2000~3FFF byte.

Page 2: 2000-3FFF each byte represents the colors

4000-5FFF each byte represents 7 pixels.

Super Hires Apple ///

This is the Apple /// Hires equivalent of 80 character mode. It is a Black
and White mode which has the dot resolution of 560 Horizontal by 192 vertical
spaces.

There are two distinct screen pages, each with a primary and secondary page.
Because it is like the 80 character modes, this mode draws its information
from alternating ram. Each memory byte contributes 7 pixels. In Page 1 mode,
the primary contains the odd dot groups and the secondary contains the even
dot groups. The primary (first 7 pixels) is located at 2000-3FFF, and the
secondary (second 7 pixels) is found at 4000-5FFF. In Page 2 the primary is
at 6000-7FFF, and the secondary is 8000-9FFF.

In each byte the Most Significant Bit (MSB) 1is ignored and the data is
displayed with the Least Significant Bit (LSB) first from left to right.

Apple /// Hires

This is the third new graphics mode. It has 140 by 192 pixel resolution, and
1 of 16 color selection per pixel. In this mode the pixel is formed by a
group of four dots of the same color.

There are two distinct screen pages in this mode but the mapping of the
individual pages 1s, at first encounter, a bit difficult to master. Good
luck!

o The display dot represents a sequence of 4 data bits in the RAM
display area.

o Two rams are used starting at 2000 and 4000 respectively and alternate
bytes are fetched from each ram area.

i,
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o In any video mode only 7 of the 8 bits of each byte are displayed.

With this informatioa in mind...and remembering that each pixel in this mode

is made from 4 bits...you can see that you need 4 bytes of information to get
7 pixels.

The way in which these bytes map into picture elemen;s is shown
below.

2000 X2001
2000-3FFF 1 —y
- \\
4000 74001
4000-SFFF L4 ] % S

4 BYTES -
/ X y \
2000 4000 2001 4001
LLIIIH;IFI.HI.[HHI HEEEE
e 1 er | s | ope | oes | e | 7

\—

6.6
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4000-5FFF each byte represents 7 pixels.

Super Hires Apple ///

This is the Apple /// Hires equivalent of 80 character mode. It is a Black and
White mode which has the dot resolution of 560 Horizontal by 192 vertical
spaces.

There are two distinct screen pages, each with a primary and secondary page.
Because it 1s like the 80 character modes, this mode draws its information from
alternating ram. Each memory byte contributes 7 pixels. In Page 1 mode, the
primary contains the odd dot groups and the secondary contains the even dot
groups. The primary (first 7 pixels) is located at 2000-3FFF, and the secondary
(second 7 pixels) is found at 4000-5FFF. In Page 2 the primary is at 6000-7FFF,
and the secondary is 8000~9FFF.

In each byte the Most Significant Bit (MSB) is ignored and the data is displayed
with the Least Significant Bit (LSB) first from left to right.

Apple /// Hires

This is the third new graphics mode. It has 140 by 192 pixel resolution, and
1 of 16 color selection per pixel. In this mode the pixel is formed by a
group of four dots of the same color.

There are two distinct screen pages in this mode but the mapping of the
individual pages 1is, at first encounter, a bit difficult to master. Good luck!

o The display dot represents a sequence of 4 data bits in the ram dis-
play area.

o Two rams are used starting at 2000 and 4000 respectively and alternate
bytes are fetched from each ram area.

o In any video mode only 7 of the 8 bits of each byte are displayed.

With this information in mind...and remembering that each pixel in this mode
is made from 4 bits...you can see that you need 4 bytes of information

to get 7 pixels. The way in, which these bytes map into picture elements

1s shown below.

6.7
\_ )
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It is apparent, from the diagram, that picture elements overlap the byte
boundaries for 7 picture elements and 4 bytes. The basic pattern then
repeatse.

The four bytes are shifted out in a fashion similar to the other Apple ///
modes:

o The first byte comes from the primary and the second byte
comes from the secondary.

o The first byte contains the first pixel and the second byte comes from
the secondary.

o The first byte contains the first pixel and 3 bits of the second
pixel. :

o The second byte coutains the fourth bit of the second pixel, the third
pixel, and the first two bits of the fourth pixel.

o The third byte contains the last two bits of the fourth pixel, the
f1fth pixel, and the first bit of the sixth pixel.

o The fourth byte contains the last three bits of the sixth pixel and
the entire seventh pixel.

We hope the preceding diagram will help you picture what has already been
described.

For this mode, Page 1 is mapped with the primary fetch in 2000-3FFF, and the
secondary in 4000-5FFF. In Page 2 the primary is 1in 6000-7FFF, and the
secondary is in 8000-~7FFF.

6.8
\_ _J
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APPENDIX (VIDEO)

° Apple /// Video Logic Block Diagram
o Video Logic Diagrams for:

l. Hires Mode Page 1, B/W 280 X 192

2. Hires Mode Page 2, B/W 280 X 192

3. Color Hires Mode Page 1, 280 X 192

4, Color Hires Mode Page 2, 280 X 192

5. Super Hires Mode Page 1, 560 X 192

6. Super Hires Mode Page 2, 560 X 192

7. Ahires Test Page 1, 140 X 192

8. Ahires Test Page 2, 140 X 192

9. Color Bar & Grey Scale Test
10. Apple II Text Mode Page 1, B & W, 40 Column
11, Apple II Test Mode Page 2, B & W, 40 Column
12, Sara 40 Column Text Mode Test, 16 Colors
13. ' Sara 80 Column Text Mode Test, B & W

o Apple /// Video Modes Truth Tables
o Video Prom Listing
o Video Prom Equivalent Logic

L 6.0
v
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PP Vv R
. CLKEN 80
EN CH80 P
HREG — | TOFs
| T
@ VIDEO
R A DATA
AT SERIALIZE:
—>{r o >
H H
I CliM
I A A I A
FROM D T T
SR S @l s
0 H CHARACTER 31T |
> GENERATOR A ] TRAIX
A ve MUX
— 'I Ve ] ~ AL ]
CIM CIM VB ]
VA ] P
DL | I — 117 JT
A A - INVERS A
FROM TT LOGIC =1
RAM AC |
H N
|
| [ I
___) CIM ‘._r\___: 2 t
|
Cim
SEL 374 v Ll _1
0——f'\—-—'—> I
OE 37 COLOR
9 REGISTER DiM l |
C1hM | |
f
e
VIDEO v D M  IDEQ
RGB 8
CONTROL ROM ~ 1 A YT RcB b
—4AII LORES . g‘ A RGB 1
_DE37L >
GE 2o |_IWE0 E— 4
’ i}:s- MATRES ]um or
TxT ] TSEL3TY _;> BACKGROUND 3-S5 (AHIRES) |
[ PG2 MULTIPLEXER !
——t
I

.10

| Apple Computer Inc « 1982

Page 0109 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

CLKEN 80
| 7508
ENARES TAE0 ——@n__‘.rm
} AN )
1 6 _H1s
L 7
S 4
&1 3£3[8 > 1
— B 33 .
2000.3FFF 4 cim__ 4,6 | 6
5 RESET —4
L T1 , 9
g 8K | 8 -
FROM . 1 4
Ran B BUS ZFZ 8 Q s
RAMS 1
D 2114 T4 5
[11 ve -
o CiM
Cim B EN VA ES & E4 _E J3
13 10 B?DH RES = (171D |
L | é BT
S WEZTIE | \veRs _,:;;——Huass LORE
FROM 3 LOGIC ‘
8 U7 Ll 1
m ZEZ TV Py 1 L53 L
|11 U
cmj » CIM | en - nlesigh b
7= Y
SEL374 8 14173
v LA 11f Ls 3z 13
. ) c0LE§3%QTCH .
0E374——C —_— '
N '
3 Cl4M LS374
4 4 ‘
1]
PULL UP L b
> s [FoRed
342-0032 15 10BL 3 HO-RGB2
L g H5+RrGBI1
9
SR S—>
:> 1 H3 &
PULL ; |9
DOWN
0} 63 14M or
0] 3.5M (AHIRES)
Wires

1.

A/// VIDEO LOGIC DIAGRAN

2000.3FFF (3K)

HIRES MODE PAGE 1 - B'& W - 280 X 192
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A/// VIDEO LOGIC DIAGRAM
8 — CLKEN 80
ENRREG <ngs — 4 0
l] TR — 713
6 5
L 7
S 4
8 3F3(8 > 1
—’:> A 67l LSOk
4 cism__ A6 v 6
L f RESET —4
FROM g I 8 L T
by BUS ZF2 8 Q S
[ RAMS 1
A > 2114 T 1_1% 5
c1lr11‘ 35 ~TT 1
- D4 _MTTag00. sere va—3] E> & EY _EL} J3
13 L 107 Hongees | | = TP [y
s 8K WEZTIE | wveRs r_,:ﬁ}——u%mes LORE
FROM 3,18 LOGIC .
RAM 7E2 H/ 11 LS%E 1
4 d P G2
1 —
1y
m CIM s en |- nlsih b
CIM— 3
SEL374 8 |_1 178
\/ LA 1l Ls3zh LS
1 COLEgaliﬁTCH 2
0e37 2 L] |
T C1hM 1if, LS374 'T
1{
PULL UP L b RGB
342-0032 Tost — § TS
15
DHIRE L g RGB1
11LO S
CHBO PEE ; I|\9
AHIRE DOWN :
TOLRKL—0O 63 14M or
2. SEL37h 3.5M (AHIRES) il
Pz Mhires
S MODE PAGE 2 - B & W - 280 X 192 ‘
SFFF (8K)
6.12
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A/// VIDEO LOGIC DIAGRAM
8 — CLKEN 80
ENAREG s — 12
ENHREG CAB0 —4 €3 | oee
l T 13 i
1 6 _Als
: :
S
8 3318 ° 8 1
"B 3E3 |
2000, 3FFF 4 Cih4M 7 6 1 6
X A RESET —
S 8K I 8 2N
FROM  “3us 4 3F2 s Q 4
RAM Z 3] S
RAMS q 1
2 7 2114 h 5
{11 g% _JE\ f‘i‘ 1
C AL T it 58 E4 3 3
13 4000.5FFF 0 8[’0[—{ RES = 1 1? [d
: w_jﬁszn : I —HIRES LoRe
sl sl O
W>M:> 7E2 |8 HE ST
4 —p 52
CT'I‘I N F:; Ls3fh
L1
SEL374 _\8/ mu:an
‘ 1] LS37h
T =
0
]_L_——
3 DI LS374
T C1hM ji 22 'T
1]
PULL UP , L 2 res
342-0032 YCLD > 3 ﬁﬁggg
Z,. DHIRE L 9 pH5—+RrGBI
11LOR S :} 9
PAGE2L %H_g%ﬁ L — 1y 1 H3 o
IRES-2 PULL 3 9
Mix L AHIRE DOWN i or
TEXT™ G5 k2w sEL374 ——>| 63 3.5M (AHIRES)
FeZ Whires
3. Q X COLOR HIRES MODE PAGE 1 ( FGD/BKGD HIRES)
% 00 S&EE (%K)
6.13
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A/// VIDEO LOGIC DIAGRAM

— CLKEN 80

71508
ENHREG CHBO — y LOPS
| TR —T3t8
1 ‘ 6 J:!S
L 7
S 4
& 3rz[8 > 1
7E) 6t LSOL
8000.9FFF 4 ClbM___ 74 6 1 6
L An RE2 )
g 8K . I 8 ; 7
FROM 1
e B BUS ZFZ 8 Q '-’E; S
RAMS — 1
> 2114 o IJ% 5
[T Ve —hd % 1
TR AL N Vsé fu
3 D4 §000. JFFF VA E> & E4 X J3
- VO SroHgres = WP Pan
Vg Vg U LORE 3
b B 5 i e
FROM
8 8 I
RAM zEZ H? J LS};E 1
—L G2
Ar
1 '
CiM IA EN +—1 ” L53§§ :
CIM — 3 ‘
8 Ll‘ 178
SEL374 {/ L II>LS}Z)’4 (15
. COLEg3l72TCH .
—_l ]
0E374 ; 1 s
C14M 1}, LS37H
4 4 ‘
. 1
PULL UP L RGB
s [FRes
3!42-0032 DBL > 3 m*ESSz
15 135
 1oEo Lt.A DHIRE 4 L 3 RGBT
IIEORE S
$|CONTL [~ :>
PAGEZ Rom VL Trigs 17 L —3 | S .
|aes-— e CH80 PULL ; 9
O} mix 4 ”——t%% / DOWN 1L4M or
TEXT G5 ko ser3zu—t7 63 3.5M (AHIRES) i
e P62 —{C Wrires

4, 280 X 192 COLOR HIRES MODE PAGE 2 (FGB/BKGD HIRES)
6000.9FFF (16K)

6.14
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A/// VIDEQ LOGIC DIAGRAM

— CLKEN 80
17508
l ZUE J
i 6 615
7
. 4
| g 3f3(8 > 1
753 GFq LS04
2000.3FFF 4 Cibm___ 74 6 1 6
-4 RESET —¢
L IIT ~
S 8K 8 . A\
FRon Bus 3 3F2 |8 w »4{:§ s
4 RAMS 1
N A:i> 2114 ”“——gi 5
1 ggzjg — }% 1
O 23N pi Drresg® EX w2 E5 & E4 £ J3
13 = 107 5i‘DHgREs = 1P P
S VEZTTE [ \erste —RAR—omires “OFF
RON 3. Ig 8K LogIC 1
RAM A ZEZ 7 S 1 L53 1
] G2
4 1
1Y 1 '
. |
CIM— 3 o
14178
SEL37k \3/
37 7 LA 11>LS?;]710 S
. JCOLOR_LATCH
0E374—G LS374 —_— 1 178
3 o c14m 1, LS37 )
W | 62
10
. PULL UP L b
N s [Tk
342-0032 15J0BL 3 [0.-res2
! L 9 PBS5—RGB1
VIDEO S 9
2} pacesd son L Pl 4
1REs 2] ROM 3 E
MiIX £ 63 14M or -J
O} 1ext®] G5 3.5M (AHIRES) el
Whires

5.

2000,5FFF (16K)

6.15

SUPER HIRES MODE PAGE 1 - B & W - 560%1.92
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A/// VIDEO LOGIC DIAGRAM

6.

— CLKEN 80
| 7h508
ENAREG TH80 —4 g | oors
TITF 37
l] '3 6 his
7
s 2
[T & 3g3(8 i§:> 1
7E3 5Fq LSO
8000.9FFF 4 C14M f> 6 1 6
A R —
L In ESET —5
g 8K 18 n %N
FROM :
g B BUS 7F2 I8 Q i
4 RAMS
A > 2114 ""—'lr; 5
n Vgé — b -% 1
T v
(i Teo=]8 EN V5] E5 & EY 4 3
| D4_/T76000. 7FFF oy B
'3 1 107 Hongees P TPaull
v 4
S 8K WEZT1E | \veRs __,v\—_DJ-HRES
3 LOGIC
FROM . ]
Mﬁ:} ZEZ 8 H P ]]>LS%_§7E 1
A
m CIM_ |a EN 1 Ls3y!
CIM — 3 G2
1178
8/ L1
SEL374 \/ LA ”>LSE]7’+ 18
. c0LE§3%\TcH
0E374—g 1
! S T
4 4 G2
1T
pUll UP L o
T s [Zkes
342-0032 15‘LDBL 3 PO RrGB2
' 0 9 HS—reB1
N 1DEO S 9
- lconT ::> ; — b Wz .
e on > E
7+ mix 4 DOWN 63 14M or I
0+ text®] G5 3.5M (AHIRES) |
WhiRes

6000.3FFF (16K)

.16

SUPER HIRES MODE PAGE 2 - B & W - 560 X 192
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A/// VIDEO LOGIC DIAGRAM

8 — CLKEN 80
w1
ENHREG CH30 £8 , TOPS
l T i
6 _H15
7
L
? > |
2000.3FFF 4 cim_ 76 | 6
A RESET — @" 'I
L Iu -
S 8K 8 T N
FRoM BUS 3 3F2 [ Q S
4 RAMS X 1
. > 2114 5
L %E"Z;_ ATy 1
CIN m < s en va—3] E5 & EY 43
13 3000.51"?5‘ 10 WDH RES g =11 IP l‘ﬁ(‘)'E
3 —‘T'Bvszn NVERS b — N —DHIRES
FROM 3 8K Logic .
RAH A ZEZ 8 ln ] |l LS;;E 1
ny :{::4 1
CJH A EN —r 11 LSBég
CIM— 3 o
\4—7%
SEL374 \y/ LA nfusazh
. c0L823521cn
0E374—9 h1 = ‘
ClLM :1 :;
y 4 ‘
1]
PULL UP > ‘S- y sgg
42-0032 DBL 10 rgB2
3 3 ) 15J> 3 H5—RGB1
ViDEO :tz.; DHIRE 7 L 9
#|CONTL 2 4E95ES :@ % > HZ .
% mggi" ROM r’-é: CHBO PULL 5 E
mix £ T BPRRL . DOWN 63 14M or
TEXTY G5 fe-seL3zh 3.5M (AHIRES)
L PG Wiires
7. AHIRES TEST PAGE 1 - 140X192
2000,5FFF (16K)
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A/// VIDEO LOGIC DIAGRAM

—— CLKEN 80
k508
ENHREG CAB0 ——@U_‘. oFS
TR — 3
lx 3 6 K15
L :
S
! s CEIe
8000.9FFF a 14N 6 |y ¢
A RESET —4
L |1 : )
FROM g 8K 18 4 T
1
iy B_BUS ZFZ Q ?
RAMS
7 2114 -4 s
4 1
I 355-2: A 5% 1
Ci @rﬁi—lﬂ ™ Vai=H] 5 & E4 £ 3
13 L60 . 10 stH_éES = {1 l‘All ‘
g 8K “ws‘z'T;[E wErRstT —RAR—otires LOFE
FROM LOGIC
RAM__A 7E2 |8 R I8 L
4 AN—b 2|
3K U7 1,
m CiM A EN — 1 LS37
CiH— 3
SEL374 8 178
31 v LA nl Lsazs AL
1 COLES3%2TCH
0E374—dq ‘
37 $1—p7H
3 C14M 11}, LS37%
4 4
1]
PULL UP L oo
g~ B v
342-0032 158U 3 HO-RGB2
/ 2 9 MP5—-RGBI1
V 1DEO &.A,?H('JEE '§ 9
JcontL 2 5E95E | — 1 m—) [
PAGER oM V¥fe ChE
IRES ] g, CHeo PULL ; |9
Z AHIRE DOWN
MIX 7 G3 14M or
TexT G5 %"»ssun 3.5M (AHIRES) i
= PGZ WhiRes
8. AHIRES TEST PAGE 2 - 140X192
600J.9FFF (16K)
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A/// VIDEO LOGIC DIAGRAM

CLKEN 80
12 S08
ENHREG CHBO0 E8 LIPS
) ZUNRE
! 6 _A15
L /
S
1
3 330 = I
2000.3FFF 4 citm___7, 6 i 6
A RESET —9
L In :
S . 8 : .
Fz:: B_BUS §F2 8 Q "’E:; S
— . RAMS JL_Z > 0
7 2114 5
[T v V(B:_jz_ _/V\_di 1
o v
T 0y Drigas 8 =t E5 8 EA 73
‘ 5 :ooo.sprp - Bor ok L Lt ‘P I‘%le
S 8K wEZT NVERS'L—’__,V}-——vuREs
Ran_A 762 B i L pyeri.am
4 4 > 52
‘l\ LY; e ;
11 Y 1
CIM A EN - 11 LSB;
(M — 3
1 178
SEL374 LA ”,LS&Z;' 15
C14M :1'-5327;" 'T
OIﬁ -
PULL UP L [2
4 DBL 3 3 J_'lﬂ*Eggz
-0032
342-003 ‘5{‘ g H0-Rab2
9
S
, L i — > RO
PAGEZ] PULL 3 3
IRES— DOWN |
MIX £ G3 14M or
TEXTZ-E- 3.5M (AHIRES)
Wyires

9, COLOR BAR & GRAY SCALE TEST
2000.5FFF (16K)
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A/// VIDEO LOGIC DIAGRAM

— CLKEN 80
| LS08
ENHREG cHB0O —4 8 1 ) TOPS
| e L
1 6 15
L 7
S 4
1
5Fq LS04
cism__ 76 |13 m & l
L RESEI 9
S -
FROM 3 L '
iooh B BUS ZFZ -E S
RAMS 1
2114 ~“T—14 s
c]ln _/Vﬁ 1
CIM ﬂ M
. DY 04005 E5 & E4 J3
3 3 1oy o DHIRES RN EE
S VEZTIE [\ens - HiRes LOAES
FROM 3 LoGIC '
rRaM _A 7E2 HL : ‘Lsgég 1
4 ’\_—1'1> Gt)
AI —
11 17
1
CIM N nlesigh b
m—é D4 3 A E —p—1 %42
SEL374 iy 78 1s
A n*s;z}u
i COLE§3%2TCH .
A B A S I
- C14M 1pts3h 'T
17 v
PULL UP L 2, RGB
> s [T
342-0032 15 J0BL 3 m_.f'igﬁz
ony 2 308 s ’
y :—’_l> 1 H3
nggi‘ ROM [L~ THB0 PULL ; AP
7 AHIRE DOWN
MIX Y/~ TOLRRL 63 14M or
TEXT] G5 %"—5557& 3.5M (AHIRES)
- P62 Whires
10, APPLE II TEXT MODE PAGE 1 - B & W - 40 COLUMN

0400.07FF (1K)
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A/// VIDEQ LOGIC DIAGRAM

— CLKEN 80
| o108
ENHREG “CHB0 —@_‘__‘m
1‘ TR T ¢ Lis
7
5 4
3F3(8 1
0800.0BFF 7E3 qu LSol
. CIL’H_.Z> ] X
FE?ET—-; m
s
FROM
B BUS n—& S
RAMS — 1
N 2114 ™14 s
[T Ve AN
e D V5| E5 & EY 3
13 T o7 WDH;RES = P53,
S WEZT1% | yvers P —otires L0
3 LOGIC
7 T 9 1B,
4 /\___1_]1>L53§§ |
1 9
| ]
LA nl DU
|_L 178 i
LA n;s&z}u
| PO 1/2
LS
C1hM 14,537 T
1 .
PULL UP L 2. res
S
342-0032 5108t 5> 3 J_’m-.gggz
IDEO u-..A DHIRE L g ee!
£l 1LOR S
{CONTL < Eg Ay }
PAGEE»- RoM P4 TweG —7 Pﬁ;} - H3 2]
r:] :":is"' - AHIRE gl oou ml
ey CUERKL or
OF text G5 L-.szl.37u G3 3.5M (AHIRES) L
- FC 0 Wyires
11. APPLE II TEST MODE PAGE 2 - B & W - 40 COLUMN
0800-0BFF (
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A/// VIDEO LOGIC DIAGRAM

— CLKEN 80

71508
ENHREG CHBO0 — ks | 5T
1, TR J
6 15
L :
S
3g3[8 ‘Fy
7 6 LSOk
0800.0BFF 4 Cibm___ 7, 6
R —
L T1 g
g 1K —h
FROM 1 4 .
R B ZFz g 0 L-f:;. s
RAMS 1
2114 ™14 s
1 __/V\_C& 1
T CiM
i 5::::HT“EZJ; E5 & E4 72 3
13 g 10 STOHIRES | | = VTP o
S WEZT1 NSNS H1RES LOAES
. NVERS
FROM 3 LOGIC :
R;;:::ZEE£E§::§> IE2 ST E
P 62
A
11 L ‘/ﬁ 1
CIM 11l Ls37
-——‘J-) A EN (S
CiM 2 Dq 3 1ol o \30
J- | 11>LS?;77
OE37h -
{8 Ny - Ls37k
4 4 C14M 11 62 T
1 '
PULL UP } IS- 2 %EE
342-0032 151LDBL 3 HO .RrRGB2
DHIRE L g RGB!
IILORE (o) S :>
0E37
[0]- page —g— 7 L— ] H3
(O FHIRES-E CH30 PULL ; |9
y AHIRESHO DOWN
OF MIX = TOLRRL—/ 63 14M or
TEXT 2, SEL374—{ 7/ 3.5M (AHIRES)
Pez —0 Wires

12.
0400.0BFF (2K)
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A/// VIDEO LOGIC DIAGRAM

— CLKEN 80
E):
ENHREG CTHBO0 — k8 ) TOPS
TR 13
ll 3 6 Jns
c 4
S
3 1
753 8 GFq LS04
0800.0BFF 4 citm__ 2, 6
L A RESET —¢
g 1K T
FROM
Ty —
4 RAMS 71 1
. 2114 —f\_gii 5
[T —™ 1
ik s ES & E4 3
3 ) o7 Brongres | | = TP [P
g WEZT18 | \yeRs D———phires LOYE
FROM Loete [;_‘ ]
oW A ZEZ v ) >Ls3r§7E 1
A
R L v 178 s
e FpELLE L
2 3 N
1'
& Wt
\ COLE§3I7_2TCH
0E374——C _— L3778
Z L—TA C14M LS374
W s 62
I
— —p 5 Bt
342-0032 15.PBL 3 HO-RrGB2
OHIRESHO L g RGBI
| ILORE S 2>
0E37
0] PAGE&* tHeo / :> : H3 4
@ mes-— CHBO PULL ; 9
o AHIRESHJ]  DOWN ik or
0] TExT" 0o SEL374—]/ 63 3.5M (AHIRES) B
Tz {0 Mhires

3. 400 SB F?O w TEXT MODE TEST - B & W
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VIDEO OUTPUTS

o NTSC COLOR COMPOSITE VIDEO

o NTSC B/W COMPOSITE VIDEO

o SYNC

o FOUR PRIMARY INDEPENDENT VIDEQO LINES

o MIX TO FORM RGB APPLE COLORS
THREE LINES CAN DRIVE TTL RGB MONITOR

L 6.26
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Name Descripcion
1 sG Shield Ground. Tt
2 XRGB4 One of four GRB outputs. This (and piﬁs s, 9, - 7 -

and 10) is a TTL output with instantaneous color
information. A linear weighted sum of these four
signals will form a true l6-color RGB video signal

3 SYNCH Composite synchronization signal with negative-
going tips.

4 PDI Not used.

5 XRGBl  See pin 2.

6 GND Power and signal ground. '

7 -5V -5 volt power supply. A device may draw up to
200 ma through this pin.

8 +12V +12 volt power supply. A device may draw up to
500 ma through this pin.

9 XRGB2 See pin 2.

10 XRGB8 See pin 2.

11 BWVID Black and white composite video. This is an NTSC

composite video signal with negative-going synch )

tips, 1 volt peak-to peak into a 75 ohm load.
Coldr information is encoded as a linear grey scale.

12 NTSC. Color composite video. This is an NTSC-compatible
video signal with negative-going sych tips, 1 volt
peak-to-peak into a 75 ohm load.

13 GND Power and signal ground.

14 -12V =12 volt power supply. A device may draw up to
200 ma through this pin.

15 +5v +5 volt supply. A device may draw up to 1 amp
through this pin.

This connector supplies 7 different video signals and 4 power supply
voltages. Through this connector you can hook up the Apple to any

NTISC color or black and white video monitor. With an additional
circuit you can hook up the Apple to a studio-quality RGB color monitor.

All power supply current ratings assume that no peripheral cards are
installed in the system. If there are cards in the system, be sure
to account for the current drawn by those cards.

’ 6.31
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INPUT/OUTPUT (1/0)

DESCRIPTION

In Apple computers I/0 devices are treated very much like memory locations.
Most of the system’s I/0 functions are mapped into the address range C000 to
CFFF. The 1/0 space is enabled by a bit in the Environmental Register.
Addresses COXX control the on-board I/0. Addresses ClXX, C2XX, C3XX, and C4XX
are reserved for the exclusive use of the four I/0 slots. The 1/0 expansion

space from C800 to CFFF is switched between the 1/0 slots. Addresses C500 to
C7FF are always Ram, regardless of the setting of the 1/0 enable bit.

1/0 ADDRESS SPACE

_ . oooo_ __
1/0
. Space
CAFF _ _
RAM
%M__
1/0
Expansion
Space
_ _ CFFF_ _
Normal I1/0 Enabled

INTERFACE CONTROL SIGNALS

For every I/0 slot, the Apple /// provides 16 locations that set the Device
Select* signal and 256 locations that set the I/0 Select* signal.

The Device Select* signal is a signal specific to.each slot. It is active for
for a 16-address block. This signal is ususally used as an enable signal.

The I/0 Select* signal can be used to control a page of memory (256 addresses)
which could be placed in ROM, in the interface circuitry, for executing
"driver routines". The I/0 Select* signal could also be used in circumstances
where a small amount of read/write memory for temporary storage 1is needed.
Each I/0 slot has its own I/O Select* signal, and each signal is active when a
specific page of memory is addressed. .

The I/0 Strobe is common to all I/O slots. This signal will be low (true)
when an address location within the range of C800 to CFFF (2K of memory).

7.
\_ ! )
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INTERRUPTS
Interface cards that are capable of generating interrupts MUST latch the
interrupt output until it 1s reset by the software. In addition, they MUST
include the ability to mask and unmask their {interrupt through software, and
MUST default to the masked state when the system is reset.

C09x Slot 1 Device Select

CIXX Slot 1 I/0 Select

COAX Slot 2 Device Select

C2XX Slot 2 I/0 Select

COBX Slot 3 Device Select

C3XX Slot 3 I/0 Select

cocx Slot 4 Device Select

C4XX Slot 4 I/0 Select
The method of accomplishing this transmission between the interface and the
computer is called handshaking. 1In the Apple ///, the handshaking is normally
accomplished through the exchange of Device Select*, I/O Select*, IRQ*, and
R/Wx. The R/W* control signal 1s used to synchronize the flow of data to and
from I/0 devices. When the Read/Write* signal 1s a logic one, the processor
is reading information from the data bus. Conversely, when R/W* is low, we
are performing a write to the data bus.
As you can see, the handshaking between the Apple /// and the interface 1s
dependent upon the software. Let us again emphasize the role of addressing
plays in the I/0 process.
ADDRESSING THE I/0
There are certain addresses that you can write to or read from to control the
operation of the interface card. Where "n" is the number of the slot where
the interface 1s installed, these hardware addresses are in the range:

C080 + n0 to C087 + n0
For example, if you install an interface in slot 2, you should write to the
addresses from COAQ through COA7.
The operations that the interface card performs are initiated by the read or
write operations presented on these hardware addresses.
L 7.2
_/
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THE INPUT OPERATION

In the input operation, whenever the correct address is presented to the
interface card, the data is present on the data lines D7-DO. For example, if
the location C083 + n0 corresponds in the software to an input, the data
presented on D7-D0 is accepted by the computer. If the interface card
contains a control ROM, the code in ROM is being addressed whenever the I1/0
Select line is low; that is when the address on the address lines 1is between
Cn00 and CnFF). Recall that "n" is the slot number.

Device Select

Address Bus

TYPICAL INTERFACE
Data Bus *

THE OQUTPUT OPERATION

In the output operation,
IF the address Co81 + n0 represents an output operation
in the software
AND the Read/Write* signal is low,
THEN the data is presented on the data bus and latched into
the interface whenever the address CO81 + n0 is presented.

Device Select

Address Bus

Data Bus‘

A system timing diagram is provided. This diagram shows the timing of some
signals at the I/0 slots in the 1| MHz and 2 MHz frequency modes.

TYPICAL INTERFACE

SYSTEM TIMING

/
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I/0 TIMING DIAGRAMS
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THE A/// JOYSTICK

The A/// has two ports designated for joystick (x and y axis paddles) each
with two switches. However, unlike the Apple II the ports do not have
"annunicator" outputs. One of the switches is a momentary contact and the
other is a toggle.

The Analog X and Y inputs are read through a ramp type Analog to Digital
converter (A/D). These values derived must be interpreted by the program.
The switches are read to the data bus directly through a mulitplexor.

The 9708 has multiplexed inputs. To select which input channel is to be read
the proper address must be set in an addressable latch and must be held during
the PDLEN (ramp start) low cycle.

The I/0 address for the setting and clearing -of the A/D addresses and the ramp
start is as shown in the following table:

I/0 Address A/D Signal Name
Function

C058 A0 Clear PDLO

Co59 AD Set

CO5A A2 Clear PDL2

COSB A2 Set

Co5C Ramp Start Clear PDLEN

CO5D " " Set

COSE Al Clear AXCO

COSF Al Set

To read the various signals associated with the joysticks the following
addresses should be read:

I/0 Address Function

C060.8 Switch O

Co61,% Switch 1/Margin Switch
C062,A Switch 2

C063,B Switch 3/Serial Clock

C066,E A/D ramp stop (PDLOT)

Note: The joystick port at J3 (Port A) can be configured to be a serial port
to support a device like-the Silentype. Care must be taken to insure that the
port has been configured for the proper device or signal contention will occur
and give erroneous results.

The sequence of operation for the A/D would be as follows:

1) set the desired channel address nto A/D O through A/D 2.

7.5
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2)

3)
4)
5)
6)

start the A/D by cycling the PDLEN signal low for 40 micro seconds then
back high

set up one of the timers to count.
test for ramp stop
read the counter

compute the value of the channel input.

7.6 y

| Apple Computer Inc « 1982 Page 0137 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

f ' R
@iorpia compuita v
Peripheral Connector Pinout
GND 26 25 +5V
DMAOK 27 24 NOT USED
DMAI 28 23 NOT USED
IoNMI 29 22 TSADE (Open collector)
IRQ 30 21 RDY (Open collector)
IORES 31 20 1/0 STROBE
INH 32 19 PHO
-12v 33 18 R/W A/// Peripheral Connector Slot
-5V 34 17 AlS TOP VIEW
SACK OF AC. BTAAD
SYNC 3s 16 Al4
c7M 36 15 A3 O
Q3 37 14 A12 omsoR 27 |3 3| 3¢ wor useo
CIM - 38 13 All r&;_%s § g % ;:; -
iN 4G
TOCLR 39 12 AlO o ¥ s
o o |SB| s an
ClM 40 11 A9 23 § ié :i E:z
1 1
PEV SEL “4 10 et & SS(% 4
or 42 A2
D7 42 9 A7 B8 i
R
D6 43 8 AS c2 47 4 a2
0T 4 3 :;
D4 4s 6 Ab O
D3 46 5 A3 FRONT OF PC. BCARD
D2 47 4 A2
D1 48 3 Al
DO 49 2 AD
+12V 50 1 I/0 SELECT
L ’ 7.7 :
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18

19

20

21

22

23

24

25

26

27
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Table 33: Peripheral Connector Signal Description

Name:

1/0 SELECT ©

AD-AlS

R/W

PHO

Z /o Description:

I,0

I,0

T/G STROBE ©

RDY

TSADB

+5V

DMAOK

V4
NA

NA

This line, normally high, will become low when the
microprocessor references page $Cn, where n is the
individual slot number. This signal become active
during PHO (nominally 500ns) and will drive 12 LSTTL
loads. .

The buffered address bus. The address on these lines
becomes valid withia 300ns after the beginning of

CIM and remains vaild through PHO. These lines will
each drive 8 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 during a write.
This line can drive up to 10 LSTTL loads.

A 1 MHz signal which is identical to ClM. This
line will drive 5 LSTTL inputs.

This line will go low during CIM when the address
bus contains an address between $C000 and $CFFF.
This line will drive 12 LSTTL loads.

The 6502°s RDY input. This line should change
only during CIM, and when low will halt the
microprocessor on the next read cycle. This line
has a 1K oha pullup to +5V. This line should be
driven from an open collector output.

A low on this line from the peripheral will cause

the address bus to tri-state for Direct Memory Access
(DMA) applications. This has a 1 K ohm resistor
pullup to +5V. This should be driven from an

open collector output.

Not used in an Apple /1110 DASEY EHAIMNG OF PELIPHERMS!

Not used in an Apple ///.

Pogitive 5-volt supply, 2.0 amps total for all
peripheral boards together (but note a limit of
1.5 Watts per board).

System circuit ground. O volt line from power
supply. Do not use for shield ground.

Acknowledge signal to the peripheral following

7.8

~

_/

| Apple Computer Inc ¢

1982

Page 0139 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

28

29

30

31

32

33

34

35

36

37

- 38

39

40

41

DMAT z
TONMI z
=] z
IORES 0
™" I
-12v 0
-5V o
SYNC 0
cIM 0
Q3 o
TIM o
oz ¢
TIM (/)

DEVICE SELECT

its request for the special Direct Memory Access
(DMA) mode. Informs the peripheral that the DMA
can now proceed.

Direct Memory Access (DMA) interrupt. Requests the A
Apple /// DMA mode. Has a ! K ohm pullup to +S.
This should be driven from an open collector output.

Input/Output Non-Maskable Interrupt. This is THE NAZ 0AES
equivalent to the IORES (pin 31) line as it will N7 GediLZVZY 2
execute the same code in the Autostart ROM. This TAFAfacESSalSD

line should be driven by an open collector output.g;c,%-ggrﬂ
Ré.

This line is ignored in Apple ][ emulation mode.
It should be drivea by a TTL output.

Input/Output Reset signal used to reset the peripheral
devices. Pulled low by a power on or RESET key. This
line will drive 12 LSTTL loads.

Inhibit line. When a device pulls this line low, all
system memory is disabled. This line has a 1l K ohm
pullup resistor to +5V and should be driven form an
open collector output. '

Negative 12 volt supply, 200mA total for all peripheral
boards together.

Negative 5 volt supply, 200mA total for all periperal
boards together. .

The 6502 opcode synchronization signal. Can be
used for external bus control signals. Will

drive 10 LSTTL loads.

Seven MHz high frequency clock. Will drive 10
LSTTL loads.

A 2MHz (nonsymetrical) general purpose timing signal.
Will drive 10 LSTTL inputs.

Complement of CIM clock. This will drive 12 LSTTL
loads.

Provides the $C800 space disable function directly
without address decoding ($CFFF 1s used for Apple )|
peripherals. It is addressed from $C02x. This line
will drive 12 LSTTL loads.

Phase CIM clock. This is the same as the
wicroprocessor’s 1| MHz clock. This will drive 12
LSTTL loads.

This line becomes acive (low) ou each peripheral

7.9
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SO +12v 0

L

.. plus $8. This line will drive 12 LSTTL loads.

. NETE:  TorAL SOLEL BRAUW BY AN OME P PRERAT. Liodtnis S Mol 7P
EHCESD L5 TS

connector when the address bus is holding address
between $COn0 and $COnF where n is the slot number

The 8-bit system data bus. During a write cycle,
data is set up by the 6502 less than 300ns after

the beginning of CIM. During a read cycle the
6502 expects data to be ready no less than 10Ons
before the end of CIM. These lines will drive 8
LSTTL inputs.

Positive 12 volt supplfﬁ 300mA total for all peripheral
boards together. :

./
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The Real Time Clock/Calendar

A real time clock has been incorporated into the A /// using 58167 CMOS
Clock/Calendar chip. This chip has the resolution to count to thousandths of
a seconde The clock circuitry can be set to cause an interrupt at intervals
from a tenth of a second to interrupts every month.

Since the clock is a CMOS circuit it consumes about 10ua in the standby (power
off in the Apple ///) mode. This is about the same as a normal LCD watch.
Three "AA" alkaline batteries are mounted in a battery pack that clips to the
casting near the internal speaker. Wires attached to the battery holder
connect to a 2 pin molex coanector at location Gl3.

This clock chip is not a member of the 6500 family and is not directly
compatible. Special considerations have been incorporated into the logic design
to allow the Apple 1II to access and control of the clock chip.

The timing requirements for the clock chip require that the address lines be
latched for much longer than the processor can accomplish in normal
operations, so the clock is addressed with the "Zero Page Register”™ (the B
port of VIA B6). The operating system will temporarily store the current zero
page address at another location then write the desired clock address into the
zpage register. The processor clock, PHO, is extended to -=-usec by the action
of the prom 180 and associated circuit. The clock chip also requires a
separate read and write strobe so appropriate logic was designed to split the
R/W signal into a read and write strobe.

When the processor has completed its access to the clock it will return the
proper zero page address to the VIA and PHO will return to its normal
operation.

Please refer to the specification sheet in the Appendices for complete details
of the clock.

The transistor array performs two functions. Omne it supplies Vcc from the power
supply when the Apple /// is "on", and develops a power down strobe to the clock
chip to set its standby mode just before the supply fully decays.

The clock may be programmed that while it is in the standby mode to provide a
PDINT to an external device which may restore power to the Apple to service a
particular device. This feature would be very useful in communications networks
that poll at specific times in off-hours. However, at the time of this printing
no such remote device has been specified.

The clock runs on a 32KHZ crystal may be adjusted to an operating tolerance of 5
minutes a month. There are two methods used, on is a vertifications of
operation using software, this however has the accuracy of approximately 5
minutes a month, which for many applications and users is close enough, but for
those users who demand a closer setting a method of setting the clock using an
accoustic probe and frequently meter is available. The only problem with this
is the cost of the calibration equipment (nearly $1000 per station). Level II
centers will most likely be equipped with these devices.

It should be noted that there 1s a slight shift if frequently between power on

L 7.11 y
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and standy modes. Depending on the actual usage of power on and off the clock
may vary perceptibly over the course of a month. So it is best to describe
the entire function as a clock, not a chronograph.

.
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THE KEYBOARD

The Apple /// has a built-in 74 key typewriter-like keyboard which includes
full alpha/numerics, four cursor control keys, two special function keys, and
a numeric keypad. It has full upper and lower case ASCII code generation
capability as well as full incorporation of Apple ][ functions.

The drawiang on the previous page shows the standard keyboard legend and
details the keystation number. Note that in addition to the 74 keys there 1is
a recessed Reset key. Every key on the keyboard can be observed individually
by the soft- ware. The Control and Shift keys modify the key codes when
presented to the system. )

The keyboard is electrically connected to the main circuit board by a 26 comn-~
ductor ribbon cable. The cable plugs into a socket on the keyboard and the
main circuit board. The signal assignment is shown on the Pin Signal Assign~
ment table.

Repeat Functions

Any key held down for more thn 1/2 second is automatically activated to repeat
at a 10 CPS rate. A high speed (30 CPS) repeat function is activated by
holding down the closed Apple key (Key #68) after depressing and holding the
key to be repeated. An idiosyncracy of the Apple /// is that if the closed
Apple key is depressed before another key, it is displayed as only one charac-
ter, If it 1s depressed after another key, the high speed repeat |is
activated.

The four cursor control keys (63, 70, 71, 72) are two-contact keys. This
means that as the key is partially depressed, it makes 1its first contact
generating a signal code. When it 1s fully depressed, it will make a second
contact, automatically activating a high speed repeat of that key.

READING THE KEYBOARD

The keyboard can be thought of as two hardware ports (busses) that can provide
two distinct types of data. The first type is ASCII, which is addressed by
Memory Address C000; we will call this the KA port. The KA port always con-
tains the lower 7 bits of the ASCII code and, like the Apple ][, uses the MSB
as a “"keyboard data ready"” flag. The second type of data 1s addressed by
Memory Address C008; we call this the KB porte The KB port looks at the
"direct connect” keys and at the eighth bit of the key code. A summary of the
bit meanings for these two types of data is shown in the table at the top of
the following page.
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KEYBOARD ENCODER MATRIX
KEYBOARD  VERTICAL Y KEY PAD
YO0 A z ESC TAB NONE
Y1 1 Q ] X 9 6 3
Y2 2 W D c . ENTER
Y3 3 E F v SPACE 8 5 2
Y4 4 R H B )4
Y5 5 T G N 741 -
6 6 Y < J M RETURN NONE
Y7 7 += U B K <, t i NONE
Y8 8 )4 I P 33 -— > . NONE
Y9 9 §1 0 "L 2/ NONE
KEYBOARD  HORIZONTAL X KEY PAD
X0 ESC 1 2 3 4 5 6 7 8 9 NONE
X1 TAB Q W E R T Y U I o0 NONE
X2 AS D F G H J K L & ; NONE
X3 Z X C V B N M <& > 1/ NONE
% g = + = 789
£t 1 o
X6 " ' RETURN ¢ 123 . 4
X7 SPACE < — | - ENTER
8.4
u y
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MEMORY ADDRESS REFERENCE

RRRRRA AR RRK A IR de kR dedede s e sk oo dede et ke o s s e o e ok e o e e e e e e ek ok e e ek e ek ek o o ok o ok ek ek e

KA PORT (CO000) KA PORT (CO008)

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

ASCII Bit
ASCII Bit
ASCII Bit
ASCII Bit
ASCII Bit
ASCII Bit
ASCII Bit
"1"="data ready flag"

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

“1"="any key down”
"0"="ghift depressed”

" "0"="control depressed”
"0"="alpha lock set”
"0"="Apple 1 switch depressed”
“"0"="Apple 2 switch depressed”
"l1"="gtart up uncommitted monde”
ASCII Bit 7

NoOwnmswN~ O

LN O
* % % * N ¥ ¥ ¥
NOwMesWNN~ O

*******t***********************************************************i*********

The KA data is used exactly like that in the Apple ][ keyboard. The KB data
is provided for function expansion. The KB ports 1 to 5 are direct mechanical
connections to defined function switches. Bit O is an output from the eacoder
circuity and bit 7 is the eighth bit of the key code. Bit 6 is a special bit,
a flag used during turn-on to show that the operational mode (Apple /// or
Apple ])[) has not yet been determined..

It should be noted that the Reset key cannot act on its own but has to be
depressed with another key. This is a safety feature to prevent blowing away
a good night”s programming effort. Now isn“t that nifty!? A CONTROL~ RESET
will give a true system reset. However, it cannot be used for recovery from
Apple ][ mode. The CONTROL~RESET will also give the system an NMI (Non-
Maskable Interrupt). This provides Apple /// with two levels of "reset."”

J
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KEYBOARD CODES
A complete 1list of the codes generated by the encoder circuitry 1is presented
is the following table:
Table: Apple /// KEYBOARD CODES (HEX)
Key # Key Name US SH CT SU-CT Key # Key Name US SH CT SU~CT
1% ESCAPE 9B 9B 9B 9B 39 F 46 46 04 04
2 1 31 21 31 31 40 G 47 47 07 07
3 2 32 40 32 00 41 H 48 48 08 08
4 3 33 23 33 23 42 J 4A 4A OA 0A
5 4 34 24 34 24 43 K 48 4B OB OB
6 5 35 25 35 25 44 L 4 4C OC OC
7 6 36 SE 36 53 45 H 3B 3A 3B 3A
8 7 37 26 37 26 46 < 27 22 27 22
9 8 38 24 38 A 47 RETURN oOp OD OD OD
10 9 39 28 39 28 48% 1 Bl Bl Bl Bl
11 0 30 29 30 29 49* 2 B2 B2 B2 B2
12 - 2D S5F 2D IF 50% 3 B3 B3 B3 B3
13 - 3D 2B 3D 2B 51 SHIFT = = ===== KB=1 ===~~~
14 BACKLASH 5¢ 7C T7F 1C 52 A 54 S5A 1A 1A
15% 7 B7 B7 B7 B7 53 X 58 58 18 18
16* 8 B8 B8 B8 B8 54 c 43 43 03 03
17+% 9 B9 B9 B9 B9 55 v 56 56 16 16
18% TAB 89 89 89 89 56 B 42 42 02 02
19 Q 51 51 11 11 57 N 4E 4E OE OE
20 W 57 57 17 17 58 M 4D 4D OD OD
21 E 45 45 05 05 59 ’ 2C 3¢ 2¢ 3cC
22 R 52 52 12 12 60 . 2E 3E 2E 3E
23 T 54 54 14 14 61 / 2F 3F 2F JF
24 Y 59 59 19 19 62 SHIFT KB~1-~~
25 U 55 55 15 15 63% P-CURSOR 8B 8B 8B 8B
26 I 49 49 09 09 64* 0 BO BO BO BO
27 0 4F 4F OF OF 65% . AE AE AE AE
28 P 50 50 10 10 66 ALPHASLK = ===== KB=3~~~==~
29 RT-BRACK 5B 7B 1B 1B 67 APPLE 1 ===-=- KB=4==~==~=
30 LT-BRACK SD 7D 1D 1D 68 APPLE 2 a==sakB=5==~===
31 LT-BRACK 60 7E 60 7E 69% SPACE A0 A0 AO AO
32% 4 B4 B4 B4 B4 70% LT~CURSOR 88 8B 8B 8B
33> 5 B5 BS5 BS BS 1% RT-CURSOR 95 95 95 95
34* 6 B6 B6 B6 B6 72*% DN-CURSOR 8A 8A 8A 8A
35 CONTROL w===~KB=2======~ 73% - AD AD AD AD
36 A 41 41 01 01 74% ENTER 8D 8D 8D 8D
37 S 53 53 13 13
38 D 44 44 04 04
* Bit 7 (MSB) on these keys appears on bit 7 of KB port, on the KA port.
Note: the keys on the numeric keypad have only one code. Shift and Control

L 8.6 )
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have no effect on these keys.

THE APPLE II EMULATION MODE

In this mode the Apple /// special functions are locked out, making the
keyboard look exactly like the Apple ][. Thus, the Apple ][ software does not
look at the KB port and must get all the Apple }[ codes for the KA port. This
is the reason for coding and bit arrangements. However, the Apple ///
functions are not really locked out and could be read by an enterprising
programmer, if desired.

Some of the keyboard codings which should be noted because of the Apple II
emulation mode are:

l. °“NUL" {8 a coutrol-@ (Control-Shift=2). With the Apple ][, the
"NUL" is a Control-Shift-p.

2. "RS", record separator, is a control-Shift-6, which corresponds
to control-Shift-n in the Apple ][.

3. The Shift-m, for a left square bracket in the japple ][, is not
available in the emulation mode since the character is represented

on the keyboard. The "GS", group separator, is a Control-left
bracket rather than the Control-Shift-m.

4. "BS", backspace, has been retained for the left arrow and "NAK",
negative acknowledgment, for the right arrow for both the Apple
]J{ and Apple /// modes. .

5« "VT", vertical tab, and "LF, line feed, were chosen for the up
and down cursor keys. In the Apple ][ mode these will not give
a cursor movement (unless the operating system is changed) but
will give the Control-k and Control=-j codes. This could cause
some slight confusfon for those Apple ][ programs that use those
codes («senow he tells me!).

6. The autorepeat and high speed repeat functions will work for the
Apple ][ just 1like they do in the Apple /// mode. Nice!

ELECTRONIC CIRCUIT DESCRIPTION

Please refer to sheet 9 of 10 of the Schematic (Drawing Number 050-0039) for
the following Keyboard Logic circuit description.

The Apple /// keyboard is simply an 8 by 10 X,Y matrix which is scanned by the
encoder circuit [keyboard encoder rom Hl4] on the main logic board. All keys
are scanned with the exception of five keys [shift, control, capslock, Applel,
Apple2] that are direct connected. The second contacts of the cursor keys
(high speed repeat function are OR“d wired into the Apple2 switch line on
KB‘5-

8.7
_ )

| Apple Computer Inc « 1982 Page 0151 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

—

On the main board the encoder scans the keyboard matrix and provides the
correct code outputs plus a strobe and an "any key down" signal. A diagram
for the key wmatrix shows the key locations, and their ASCII character
representations are shown on the following page. The special function keys
can be detected separately from the standard control keys by observing that

the MSB of the KB port is set high.

The A3 signal to the Tri-state data selectors (LS257°s) selects whether the
output of the LS257 will be a KA or KB port. If A3 is high, selected by
memory address C008, the KB port is selected. The KBD line enable the reading

of data off the keyboard.

The Repeat Function: The normal repeat function (10 cps) that occurs when a
key 18 held down 1s the result of clocking and resetting the flip-flop Hll
(feeding into H12). This is accomplished by the AK (any key) and DTRDY (data
ready) setting, Hll then having CLRSTB (clear strobe) resetting the flip-flop.
The Apple2 key, when depressed after a character key, engages the high-speed
repeat function. The combination of the Apple2 key signal clocking the edge
triggered flip-flop (Hl1l), and pulse change to the inputs of the 556 (L10)

dual timers speeds up the timing.

The Reset Function: The power on reset 1is provided by the one shot (AS).
Depressing the reset key results in a soft reset. This causes the KRESET line
to go low and enable the LS139 (J11). 1If the Control key and the Reset key
are both depressed, a hard reset results. This hard reset can be foiled
through sophisticated programming. The RESETLK (reset lock signal) provided
from the Environmental Register [6522 - B6], can disable the Reset and NMI.

(Try itl)

Keyboard Light: The keyboard light indicates the VCC is provided to the key-
board. If no light is observed, check Q9 [MPV 51].

L 8.8 | y
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Pin #
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19
20
21

27
4

23
24
25
26

PIN SIENAL ASS/ENMEAST~

“escription

Nt

1

Power Light

Y2

spnle 2 (high speed repeat)
3

Apple 1

v

Alpha Lock (alternate action)

Y5

Control

‘%

Sisnal Cround
xn

Peset

X2

<7

w2

X5

X3

%,

Y9

Y6

Shift (both keys)
Y7

Xh

"

12
174

184

11
20,

2/ 1
22

af]
25 .

2¢

b /3
&5

L 0
9
8
7
¢
&

Ny

3
r 2

Je

T/
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Table 2: Keys and their Associated ASCII Codes (Bit 7 always set)

Key Alone
<{space> $AO
ESCAPE $98

1! $B1

2@ $B2

3¢ $B3

43 $B4

5% $BS

6" $B6

7& $B7

8* $B8

9( $B9

0) $BO

- $AD

=t $BD

\1 $DC

TAB $89

({ $DB

1} $DD

o $A7

RETURN $8D

»< $AC

> $AE

/7 SAF

{left arrowd $88
{right arrow> §95
{up arrowd> $8B
{dowmn arrow) $8A
. $AE

- $AD

ENTER $8D

$DO
sD1
$D2
$D3
$D4

HNPOWOZXHCTRLHEOM OO WD
L724
O
-]

CONTROL SHIFT

$AD
$9B
$B1
$B2
$B3
$B4
$BS
$B6
$B7
$B8
$B9
$B0
$AD
$BD
$9C
$89
$9B
$9D

SAT7-

$8D
$AC
$AE
SAF
$88
$95
$8B
$8A
$AE
SAD
$8D
$81
$82
$83
$84
$85
$86
$87
$88
$89
$8A
$8B
$8C
$8D
$8E
$8F
$90
$91
$92
$93
$94

$AD
$9B
$Al
$CO-
$A3
$AGL
$AS
$DE-
$A6
$AA
$A8
$A9
S$DF
$AB
$FC
$89
$FB
$FD
$A2
$8D
$BC
$BE
$BF
$88
$95
$8B
$8A
SAE
$AD
$8D
$Cl
$C2
$C3
$Cb
$CS
$C6
$C7
$c8
$C9
$CA
$CB
$cc
$CD
$CE
$CF

$D1
$D2
$D3
$D4

Both

$A0
$9B
AL
$80-
$A3
SA4
SAS
$S9E

$87
$88

$8D
$8E
$8F
$90
$91
$92
$93
$94

8.10

| Apple Computer Inc « 1982

Page 0154 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

$DS
$D6
$D7
$D8
$D9
$DA

NdM EQQ

$95
§96
$97
$98
$99
$9A

$DS

$D6

$D7
$D8
$D9
$DA

$95
$96
$97
$98
$99
$9A

.11
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Section | of II « Theory of Operation

Chapter 9 « Power Supply
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Apple Computer Inc « 1982 Page 0158 of 0730




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

a )

@icepia computar inc.

THE APPLE /// POWER SUPPLY

The Apple /// power supply converts power from the AC line to DC. This is
a constant voltage power supply. This means:

1. The output voltage is maintained constant regardless of changes in the
load, line, or temperature.

2. The Apple /// power supply is a free running flyback type, off line
switching power supply.

- It can accept either 115VAC or 230VAC (jumper selectable) and
delivers 4 regulated DC outputs at a total of 55 watts.

= It supplies +5, -5, +11.8, and -12VDC.

- It is called a flyback type power supply because energy is trans-
ferred from the primary of the transformer to the secoadary when
the switching transistor switches off (during flyback).

The following paragraphs will describe the switching power supply in more
detail.

THE BASIC SWITCHING POWER SUPPLY

The regulating element of the switching power supply consists of a transistor
that acts as a rapidly opened and closed switch. The AC input is rectified

to unregulated DC, then "chopped" by the switching element components at a

fast rate, approximately 25kHz. The resultant is transformer-coupled to an
output network which provides the final rectification and filtering. Regulation
is accomplished through coutrol circuits that vary the on-off periods (duty
cycles) of the switching components.

Advantages
1. Greater Efficiency

- Lower power is dissipated because of the on/off role of the
regulator. The switching transistors dissipate very little
power when either saturated (on) or cutoff (off). With less
wasted power, the switching power supply runs at cooler tempera-
tures and costs less to operate.

2. Size and Weight
- Because components such as capacitors, transformefs, and induc-
tors operate at high switching rates they can be smaller and
weigh less than those that operate at power line frequencies.

3. Operating Conditions

~ The switching power supply can operate under low AC conditions .
and can sustain (holdup) its output if input power is momen-

9.1
\— W,
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THE APPLE /// POWER SUPPLY
PARTS LAYOUT
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tarily lost. This is because the AC input is rectified and the
filter capacitors charge to peak voltages on the AC line.

Disadvantages
l. Transient Recovery Time

- The dynamic loading regulation is slower than that of the series
regulated supply. The recovery is limited mostly by the induc-
tance of the output filter network.

2., EMI (Electro-Magnetic Interference)

- This is a natural byproduct of this type of power supply. This
EMI can be conducted to the load (resulting in higher output
ripple and noise), and it can be conducted back into the AC
line. (Now you know where that stuff on TV came from).

- Apple designed this power supply with filter networks and
shielding to greatly reduce EMI.

HOW IT WORKS!

Regulation is accomplished by a switching transistor Q2 operating under control
of a feedback network. The feedback network, consisting of a voltage compari-
tor and blocking oscillator, controls the duty cycle of the oscillator.

The energy is transferred from the primary to the secondary of the transformer
and delivered to the output rectifier/filter. Here the waveform is rectified
and averaged to provide a DC output level that is proportional to the duty
cycle of the waveform.

Referring to the block diagram, Figure x.x below, note that:

o The AC is passed through an EMI filter and then rectified to provide
approximately 300 VDC across the capacitive input filters (C6é, C7,
C8, C9 of the schematic diagram). This voltage is applied to the
primary of the transformer (T2) by the switching elements (turning
on power trangsister Q2). A linear current ramp is developed by the
primary inductance of the transformer.

o When the switching elements are turned off, the energy stored in
the transformer is transferred to a second set of rectifiers
through a capacitive filter network to provide filtering of the
output .

0 The +5 volt output of the final rectifier network is compared to
a reference voltage, and the error is fed back to a blocking oscil-
lator.

o The blocking oscillator basically changes the frequency depending on
the output voltage. This in turn changes the repetition rate of the
switching elements, which changes the energy transfer through the
transformer and voltage output. This is how regulation is accom-

L¥7 9.3
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o If the output voltage should change in such a way that the blocking
oscillator goes into saturation, the output is essentially cut off.

DETAILED HARDWARE DESCRIPTION [Refer to Schematic]

A THERMISTOR, Rl, is used to limit AC input surée curreant by its negative
temperature coefficient of resistance. When cold, during turn on, Rl has a
high resistance; after it heats up, Rl has a low resistance.

VDRl is a varistor and is used as a transient suppressor. It keeps voltage
splkes that result from power supply switching from affecting the performance
of the power supply. It basically provides AC line surge current protection
at turn on,

THE AC LINE SELECTABLE JUMPER, when connected to -220V position, causes the
power supply to act as a conventional full wave rectifier. For 120V AC inputs
the input circuitry becomes a voltage doubler.

THE EMI FILTER made up of Tl, L1, L2, and Cl, helps prevent high frequency
RFI spikes from being conducted to the load or back into the AC line.

DBl is a diode rectifier bridge.

THE SWITCHING ELEMENT consists of the circuitry associated with Q2 and Ql.
You may recall that the linear current ramp, developed in the primary of the
transformer when Q2 is turned on, is transferred to the secondary when Q2 is
turned off.

The turn on of Q2 is accomplished by R2 for starting, and thereafter
by the feedback winding in T2 driven by R4 and Cl0. This winding initiates
turn on during the ringdown following the flyback.

If a sufficient voltage is developed across R9, Ql will be forward bias.

This would occur if by chance one of the output voltages were shorted. In that
case, the oscillator would stop and shut off all the outputs, pause for 1/2
second, and attempt to restart.

THE OUTPUT RECTIFIER DIODES, D7 through D12, provide rectification, but also
protect internal components against reverse currents that could be injected
into supply by an active load.

IC1 helps accomplish regulation by comﬁaring the output voltage against
its own internal reference and delivering a voltage level to the base
of Q3.

The emitter of Q3 is driven by a positive going ramp created by the inductive
resistance associated with Rl4 while Q2 i{s on. When this voltage 1is sufficient
to forward bias the emitter-base junction of Q3, conduction of Q2 is terminated.

You can now see that the operating frequency varies with the line and load.

OVERVOLTAGE PROTECTION is accomplished by sensing the +12V level via the re-

L¥ 9.6 -
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sistor voltage divider of R17 and R18, referenced to the zener voltage on Z1.
When the +12V output rises above tolerance, Q4 is turned on, which in turn
triggers SCRl. SCRl then clamps the +12V to ground, causing the power supply

to fold back.

L 9.7 J
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APPLE II1 POWER SUPPLY

DESCRIPTION

BRI
col
co2
COo3
Cco4

C05
C0o6

co7
Cco8
co9
Cl10
Cll
cl2
Ci3
Cl4
Cl15
Clé
c17
Cis8
Cl19
C20
cz2i
c22
ca23
C24
C25
C26
DO1
D02
D03

AC Input Socket

Connector Housing 1 CCT

Crimp Terminal

Double Side Tape Width=3x4mm
Faston Tab

Heatsink

Insulator 298. 45X88.9MM

Nut M3 P=0.5 MS/NP

On/0ff Switch

Pan

PHL Pan M.C Screw M#x12 P=0.5 BS/NP
PHL Pan M.C Screw M3X8 P=0.5 BS/NP
PHL Pan M/C Screw M3X8 P=0.5 BS/NP
PVC Coating CU Wire 100MM UL1015
PVC Coating CU Wire 80MM UL1015

PVC Coating CU Wire 95MM UL101l5
Rectifier RG3B

Resistor, 68K +-5% 1/4W, Carbon Film
Resistor, 82K +=5% 1/4W, Carbon Film
SCR Cl22u

Solder Bar

Solder Bar 60/40

Spring Washer M3 BS/NP

Standoff M3

Bridge Rectifier KBP1O

Cap, 0.22uf, 250VAC, Metallized Paper
Cap O.luf, 250VAC, Metallized Paper
Cap, 4700pf, 400 VAC, Ceramic
Cap, 4700pf, 400 VAC, Ceramic
Cap, 0.luf, 400 V, Polyester
Cap, 100uf, 250V, Electrolytic
Cap, 100uf, 250 V, Electrolytic
Cap, 100uf, 250v, Electrolytic
Cap, 100uf, 250V, Electrolytic
Cap, 100uf, 250V, Electrolytic
Cap, 0.001luf, 3KV, Ceramic

Cap, 22uf, 100V, Polyester

Cap, 1000uf, 10V, Electrolytic
Cap, 1000uf, 10V, Electrolytic
Cap, 1000uf, 10V, Electrolytic
Cap, 1000uf, 10V, Electrolytic
Cap, 330uf, 16V, Electrolytic
Cap, 220uf, 10V, Electrolytic
Cap, 0.22uf, 100V, Polyester
Cap, 1000uf, 10V, Electrolytic
Cap, 0.22uf, 100V, Polyester
Cap, 1000uf, 10V, Electrolytic
Cap, 330uf, 16V, Electrolytic
Cap, 680uf, 16V, Electrolytic
Cap, 330uf, 16V, Electrolytic
Cap, 0.1/1KV, Ceramic

Diode, Rectifier, RGP10OA

Diode, Rectifier, RGPI1OM

Diode, Recitifier, RGPLOM

9.10

Oogo»- =R A W e pm b bt LD DD et e DN b e e N e

Ao ONN — S =N -

- s

NN e W~ W

PART NUMBER
149-00200020
138-00000170
403-02200510
027-01400010
403-0220070v
398-00200060
183-00101410
394-00400011
278-01100010
403-01101810
391-20204141
391-20204061
391-20204021
356-12200571
357-11800545
356-12200566
226-10700011
240-68306022
240-82306022
227-13000010
366-00130010
366-00130010
392-00800031

393-00200100

226-30500010
068-22400010
068-10400010
055-47220001
055-47220001
058-10400100
057-101201170
057-101201170
057-10120170
057-101201170
057-22120080
055-10261328
058-22400120
057-10220020
057-10220020
057-10220020
057-10220020
057-33120080
057-22120060
058-22300080
057-10220020
058-22400120
057-10220020
057-33120080
057-68120010
057-33120080
055-10360925
226-10400050
226-10400100
226-10400100

| Apple Computer Inc « 1982

Page 0168 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

REF
D04
DO5
D06
DO7
DO8
D09
D10
Di1
D12
D13
Fl
ICl1
J1
J2
J3
J&4
L1
L2
L3
L4
LS
L6
L7
L8
Ql
Q2
Q3
Q4
RO1
RO2
RO3
RO4
ROS5
RO6
RO7
RO8
RO9
R10
R12
R13
R14
R15
R16
R17
R18

R19
R20
R21
R22
R23
R243
R25

APPLE III POWER SUPPLY

DESCRIPTION

Diode, Rectifier, 1N40O1GP

Diode, Silicon, 1NS5282

Diode, Silicon, 1N5282

Diode, Rectifier/Scr Assembly

Diode, Rectifier assembly

Diode, Rectifier Assembly

Rectifier Assembly

Schottky Diode S3SC3M

Rectifier RG3B

Diode, Silicon, 1N5282

Fuse 2.75A 125V

Integrated Circuit, Regulator, TL431CP
Jumper Wire

Jumper Wire

Jumper Wire

Jumper Wire

Choke

Choke

Base Choke

Choke 1.5mH

Choke Coil Assembly

Choke Coil

Choke Coil

Choke Coil

Transistor SD467

Transistor 25C1358

Transistor SB561

Transistor SB561

Thermistor, 4R @25 C +10% 6R @ 25 C +=20%
Resistor, 150K +=5% 1/2wW

Resistor, 150K +=5% 1/2w

Resistor, +-5% 47R 2W, Metal Oxide
Resistor, +=52 1/4W 1.2K

Resistor, 5.6R +5% 1/4W

Resistor, +-5% 56R 1/4W, Carbon film
Resistor, +5Z 120R 2W

Resistor, +=5% 1/4W 15R

Resistor, +-5Z 1/4W 10R, Carbon Film
Resistor, 0.47R, Metal Film
Resistor, =5% 1/4W 39R, Carbon Film
Resistor, +=5% 270R 1/4W

Resistor, +=5Z 270R 1/4W, Carbon Film
Resistor, 8.2 +=5% 1/4W, Carbon Film
Resistor, +=5% 680R 1/4W

Resistor, +-5Z 1.8K, Carbon Film
Resistor, +-5% 2.2K, Carbon Film
Resistor, +-5% 2.7K 1/4W, Carbon Film

Registor, +-5% 560R 1/4W, Carboa Film
Resistor, 22R 1/4W +-5%, Carbon film
Resistor, 100R +-5Z 1/4W, Carbon Film
Resistor, 56R +-5Z 1/4W, Carbon Film
Resistor, 56R +-5Z 1/4W, Carbon film
Resistor, 12K +-5Z 1/4W, Carbon Film
Resistor, +=5% 1/4W 470R, Carbon Film

9.11

Ll S S A il e o i N g A . "

[l o o o N = = DN e —

W = e

PART NUMBER
226-10400080
212-10700200
212-10700200
853-00700010
853-00200140
853-00200140
853-00200140
212-31100030
226-10700010
212-10700200
084-00200040
211-10800070
358-80810011
358-80810011
358-80810011
358-80800001
852-20100350
852-20100350
328-00100030
328-00100010
852-20100010
852-10100370
328-00100060
328-00100060
209-11700463
209-10200010
210-11700353
210-11700353
258-~40970015
240-15406033
240-15406033
248-47006063
240-12206022
240-56906022
240-56006022
248-12106063
240-15006022
240-10006022
247-04786054
240-39006022
240-27106033
240-27106033
240-82906022
240-68106022
240~18206022
240-22206022
240-27206022

240-56106022
240-22006022
240-10106022
240-56006022
240-56006022
240-12306022
240-47106022
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APPLE III POWER SUPPLY

REF DESCRIPTION

R26 Resistor, +-2% 2.7K 1/4W, Metal Film
R27 Resistor, +=2% 2.7K 1/4W, Metal Film
R28 Resistor, 100K +=5% 1/4W, Carbon Film
R29 Resistor, 100K +-2% 1l/4W, Carbon Film
R30 Resistor, =-5% 56R IW, Matal Oxide Filmm
R31 Resistor, +-5% 220R 1W, Metal Oxide Film
R32 Resistor, 1R !w, Metal film
Tl Common Mode Choke Assembly
T2 Power Transformer assembly
T3 Control Transformer Assembly
VDRL Varistor 260VAC
Z1 Zener Diode 9.6 to 10.V @ ImA

9.12

et ot et Pt fuh Pt b et

PART NUMBER
247-2701502
247-27015022
240-10406022
240-10406022
248-56006052
248-22106052
247-10086054
852-20200010
852-10200760
852-10200680
256-26100014
222-98085002
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THE APPLE /// PONER SUPPLY
COMPONENT LAYOUT
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Apple /// Computer Information

~ Apple///
Service Reference Manual

Section | of I[I e« Theory of Operation

Chapter1o « Apple ][ Emulation

Written by Apple Computer ¢ 1982
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APPLE IT EMULATION RESTRICTIONS
0 NO LANGUAGE CARD
0 NO ROM CARD
0 PADDLES ARE DIFFERENT
0 ENTER WITH SOFTWARE BUT ONLY
RESET WILL EXIT
L¥7 10.1 D
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THE COLOR VIDEO CONNECTOR

peak-to-peak into a 75 ohm load.

13 GND Power and signal ground.
200 ma through this pin.

through this pin.

to account for the current drawn by those cards.

10.2

Pin Name Description
1 SG Shield Ground.
2 XRGB4 One of four GRB outputs. This (and pins 5, 9,

and 10) is a TTL output with instantaneous color
information. A linear weighted sum of these four
signals will form a true l6-color RGB video signal

3 SYNCH Composite synchronization signal with negative-
going tips. '

4 PDI Not used.

5 XRGBl  See pin 2.

6 GND Power and signal ground.’

7 -5V -5 volt power supply. A device may draw up to
200 ma through this pin.

8 +12V +12 volt power supply. A device may draw up to
500 ma through this pin.

9 XRGB2 See pin 2.

10 XRGBS See pin 2.

11 BWVID Black and white composite video.

This is an NTSC
composite video signal with negative~going synch .

tips, 1 volt peak-to peak into a 75 ohm load.
- Color information is encoded as a linear grey scale.

12 NTSC Color composite video. This is an NTSC-coumpatible
video signal with negative-going sych tips, 1 volt

14 -12V -12 volt power supply. A device may draw up to

15 +5V +5 volt supply. A device may draw up to 1 amp

This connector supplies 7 different video signals and 4 power supply
voltages. Through this connector you can hook up the Applé to any

NTSC color or black and white video monitor. With an additional.
circuit you can hook up the Apple to a studio-quality RGB color monitor.

All power supply current ratings assume that no peripheral cards are
installed in the system. If there are cards in the system, be sure
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THE HIGH-RESOLUTION GRAPHICS (HI-RES) MODE

right edge of the screean will cause
This 1s normal though distracting.

THE SPEAKER

following additional features.

A reference to location 49216 (

plug into this jack, the Apple’s int

plug, then that device will receive

tip and signal ground on its ring.

THE CASSETTE INTERFACE

/}]/. References to the cassette out
equivalent -16352 of hexadecimal $CO
slots to go low for a microsecond.

native mode peripherals to deselect

Reading the cassette fnput port
-16288 or hexadecimal $C060 will rea

\_ 10.3

The Apple ][ emulation mode high resolution graphics are
identical to the Apple ][ except some combinations of colors on the

The speaker function is f{dentical to the Apple ][ with the

-16336 or hexadecimal $C040) will cause a 0.1 second 1 KHz tone to be
produced which is similar to the sound the AUTOSTART monitor makes
when the BELL character is sent to the screen. The advantage to this
is 0.1 seconds of cpu time is returned to the user since only 1
microsecond is required to start the BELL sound.

The AUDIO connector at the back of the Apple /// provides the
same signal as the speaker. When you insert a miniature phone-tip

there 1s an amplifier or other device properly connected to the

the Apple. The signal is a 0.5 volt peak-to-peak audio signal on its

The cassette interface is completely eliminated on the Apple

the left edge pixels to blink.

or the equivalent addresses

ernal speaker is silenced; if

all audio signals generated by

put port at 49184 (or the

20) will cause pin 39 of the I/0
This is for use by Apple ///
to $C800 ROM address space.

at 49248 or the equivalents
d Joystick switch O into bit 7.

J
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Table 10: Input / Output Special Locations
Function Address:
Decimal Hex Read/Write
Speaker 49200 -16336 $C030 R/W
Beep 49216 =16320 $C040 R/W
Deselect $C800
for Apple ///
periperals
(pin 39 in slots) 49184 -16352 $C020 R/W
Joystick switch 0 49248 -16288 $C060 R(bic 7)
Joystick switch 1 49249 -~16287 $C061 R(bit 7)
Joystick switch 2 49250 -16286 $C062 R(bit 7)
Joystick switch 3 49251 -16285 $C063 R(bit 7)
A/D Select 0 49240 -16296 $CO0S58 R/W
A/D select O 49241 -16295 $CO59 R/W
A/D Select 1 49246 -16290 $COSE R/W
A/D Select 1 49247 -16289 $COSF R/W
A/D Select 2 49242 -16294 $COSA R/W
" A/D Select 2 49243 -16293 $COSB R/W
A/D Ramp charge 49244 -16292 $COSC R/W
A/D Start timeout 49245 -16291 $COSD R/W
A/D Timeout 49254 -16282 $C066 R(bit 7)
Clock millisecond
counter ($NO) 49264 -16272 $C070 ' R(bits 7-4)
Table 9: A/D Selection
A/D2 A/D1 A/DO Input
0 0 0 Ground
0 o 1 Joystick, Port B, X axis
0 1 0 Joystick, Port B, Y axis
0 1 1 Joystick, Port A, X axis
1 o 0 Joystick, Port A, Y axis
1 0 1 Clock Battery
1 1 0 No connection
1 1 1 Reference Voltage
10.4
\ J
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ANALOG INPUTS

The system has two joystick ports with provisions for two A/D
inputs each. Joystick Port A reads A/D inputs 0 and 2 while Port B
reads inputs 1 and 3 as defined in BASIC and the monitor subroutine
PREAD.

To read the A/D inputs, the software must select the desired
input and charge the ramp capacitor for at least 500 microseconds.
Then the ramp is started and the time measured until the A/D timeout
goes low. The discharge time is proportional to the input voltage.
STROBE OUTPUT

The strobe output ($C040) has been replaced by a 0.1 second 1
KHz tone from the speaker.
AUTOSTART ROM / MONITOR ROM

The Apple ][ emulation only comes with a modified version of the
Autostart ROM. This is in write protected RAM which {s loaded when
the Apple ][ emulation disk is booted.

10.5
. J
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THE SYSTEM MONITOR
SAVING A RANGE OF MEMORY ON THE TAPE
Since there is no cassette port on the Apple /// the W (for WRITE)
command has no effect. The code in the Emulation mode Autostart
Monitor contains an RTS instruction followed by NOP instructions,
followed by BRK instructions. This fills the space occupied by the WRITE
subroutine (locations $FECD-SFEF4). .
READING A RANGE FROM TAPE
Again, since there 18 no cassette port the R (READ) command has
no effect. The READ subroutine contains an RTS followed by NOP
instructions, followed by BRK instructions (locations $FEFD-$FF2C).
SOME USEFUL MONITOR SUBROUTINES
$FBIE PREAD READ A JOYSTICK AXIS
PREAD will return a number which represents the position of a
joystick axis. You should pass the number of the joystick axis (0 to
3) in the X register. If this number is greater than 3, port A, Y
axls {s read. PREAD returns a number from $00 to $FF in the Y
register. The accumulator is scrambled.
Joystick Reference #
Port A, X axis 0
Port B, X axis 1
Port A, Y axis -2
Port B, Y axis 3
10.6
\ ),
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Page Three Monitor Locations
Address: Use:
Decimal Hex
1008 $3F0 Holds the address of the subroutine which handles
1009 $3F1 machine language "BRK" requests (normally $FA59).
1010 $3F2 Soft Entry Vector. These two locations contain the
1011 $3F3 address of the reentry point for whatever language
is in use. Normally contains $E003.
1012 $3F4 Power-up byte. Normally contains $45.
1013 $3F5 Holds a "JuMP" instruction to the subroutine which
1014 $3F6 handles Applesoft ][ "&" commands. Normally $4C $58
1015 $3F7 $FF.
1016 $3F8 Holds a "JuMP" instruction to the subroutine which
1017 $3F9 handles "USERY (CONTROL Y) commands.
1018 $3FA
- . 10.7 )
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) Built-In I/0 Locatons

$0 §1 $2 $3 $4 $§5 $6 §7

$C000 Keyboard Port A Input

$C008 Keyboard Port B Input

§CO010 Clear KReyboard Strobe

$C020 Deselect all expansion I/0 space (pin 39) for Apple /// cards

$C030  Speaker Toggle (lus) pulse

§C040  Speaker Beep (l KHz for 0.l second)

$C0S0 | gr | tx | nomix | mix | pri | | lores | hires |
l | 1 | | 1 1 1

$C058 | A/DO | A/DO | A/D 2 | A/D 2 | A/D CHG| A/D ST) A/D 1 | A/D 1 |
1 1 | | | | 1 | 1

$CO60 | SWO | SW1l | SW2 | SW3 | IRQ2 | IRQ 1l | A/D TM| MUXL |

$C070  Clock millisecond output ($NO) .

$C090-$CO9F Slot 1 Device Select (pin 41) goes low during CIM

$COAO-$COAF Slot 2 Device Select (pin 41) goes low during CIM

$COBO-$COBF Slot 3 Device Select (pin 41) goes low during CIM

$C0CO-SCOCF Slot 4 Device Select (pin 41) goes during CIM

$COEQ Disk Stepper Motor Phase A

$COEL Disk Stepper Motor Phase A

$COE2 Disk Stepper Motor Phase B

$COE3 Disk Stepper Motor Phase B

$COE4 Disk Stepper Motor Phase C

$COES Disk Stepper Motor Phase C

$COE6 Disk Stepper Motor Phase D

$COE7 Disk Stepper Motor Phase D

L 10.8 J
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$COE8  Disk motor off
SCOE9 Disk motor omn
$COEA Select Drive 1 (Built-in)
SCOEB Select Drive 2 (First external)
$COEC Q6L ]
$COED Q6H
$SCOEE Q7L
$COEF Q7H
$COFO  ACIA Receive/Transmit Data register
§COF1  ACIA Status register
$COF2 ACIA Command register
$COF3  ACIA Control register
$C100-$CIFF Slot 1 I/0 Select (Pin 1) goes low during CIM low
$C200-$C2FF Slot 2 I/0 Select (Pin 1) goes low during CIM low
$C300-$C3FF Slot 3 I/O Select (Pin 1) goes low during CIM low
$C400-$CLFF Slot 4 1/0 Select (Pin 1) goes low during CIM low
L 10.9 p
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PERIPHERAL BOARD 1/0
The Apple /// implements only slots 1 through 4. Slot 6 18
always a disk interface card and slots 5 and 7 emulate either a
SERIAL or COMMUNICATIONS card. Slot O scratchpad RAM exists but no
provision is made to put a LANGUAGE card or FIRMWARE card into the
system. Thus the RAM is limited to 48K with a 12K ROM chosen at Boot
time.
PERIPHERAL CARD I/0 SPACE
Slot 6 device 1/0 space $COEO-$COEF contains the hardware for
the disk interface. Slot 7 device I/0 space $COF0-$COF3 contains the
addresses for the onboard ACIA.
PERIPHERAL CARD ROM SPACE
Slot 5 and slot 7 contain code which 1is functionally equivalent
to the COMMUNICATIONS or SERIAL card for the Apple ][. They differ in
that they use the built-in ACIA. For a more complete explanation
see "SERIAL AND COMMUNICATONS CARD EMULATION ".
Slot 6 contains a copy of the Apple ][ 16 sector Boot PROM.
10.10
\ J
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" ROM MEMORY

The Applesoft, Integer Basic, and Autostart Monitor "ROMS" are
actually write protected RAMs in the Apple ///. When the Emulation
mode disk is booted it loads RAM memory with an image of each set of
ROMs. Whichever language is selected when the Apple ][ disk is
booted f{s loaded into the address space ($DO00-$FFFF) and write
protected.
RAM MEMORY

In Emulation mode there is always 48K of RAM. It 1s addressed
$0000 to $BFFF. There is no provision for a slot 0 Language or
Firoware card.
"USER 1" JUMPER

There is no "User 1" jumper in the Apple ///.
THE GAME I/0 CONNECTOR

There is no 16 pin Game I/0 connector in the Apple ///. However
there are two 9 pin "D" - joystick connectors.
THE JOYSTICK PORTS

The Apple /// has to joystick ports (A and B). The A port will
NOT operate a silentype printer in Emulation mode. The physical
pinout is: . )

5 4 3 2 1
9 8 7 6
L 10.11 y
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PORT A PINOUT

- —

Pin Name Description

1 SGND Shield ground.

2 +5V +5 volt power supply.

3 GND. Power and Signal Ground.

4 X0 Horizontal analog fnput, PDL (0) in BASIC.
5 swWl Joystick switch 1, grange button.

6 +12V +12 volt power supply.

7 GND Power and signal Ground.

8 YO Vertical analog input, PDL (2) in BASIC.

9 SW3 Joystick switch 3. |

PORT B PINOUT

Piq Nmae Description

1 sGND ‘Shield Ground.

2 +5V +5 volt power supply.

3 GND Power and Signal ground.

4 X1 Horizontal analog input, PDL (1) in BASIC.
5 swW2 Joystick switch 2, orange button.

6 +12V +12 volt power supply.

7 GND Power and signal ground.

8 h 4 Vertical analog input, PDL (3) in BASIC.

9 SWO Joystick switech zero.

\_ 10.12 y
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THE KEYBOARD

The keyboard is different in design but the locations of the
Keyboard Data Input and the Clear Keyboard Strobe are the same. For
more information see "THE KEYBOARD" in chapter l.

CASSETTE INTERFACE JACKS

There are no cassette interface jacks in the Apple ///.

POWER CONNECTOR

The power connector is different but is not user accessible.
SPEAKER

The speaker 1s identical to the Apple ][.

PERIPHERAL CONNECTORS

The Apple ][ emulation redefines a few of the pins on the
connector and adds several new ones.

The most significant difference is that interrupts will not be
sent to the 6502 from the slots. In fact the IRQ (pin 30) is an
input to the cpu so the card can’t even determine if an interrupt is
occuring. Thus Emulation mode runs without interrupts, period.

The RES (pin 31) 1is an output to the card and goes low when the

"RESET key 1s pressed on the keyboard. However the microprocessor is
actually performing an NMI not a RESET.

\ 10.13 )
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Peripheral Connector Pinout

GND
DMAOK

DMAI

IONML

IRQ

IORES
INH

-12v

SYNC
c7M
Q3
<IN
TOCLR
CIM
DEV SEL
D7

D6

DS

D4

D3

D2

D1

DO

+12V

26

27

28

29
30
31
32
33
34
35
36

37’

38
39
40
41
42
43
44
45
46
47
48

49

50

25
24
23
22
21
20
19
18

17

16

15
14
13
12
11

10

(-]

w & Wn

+5V

NOT USED

NOT USED

TSADE (Open collector)
RDY (Open collector)-

1/0 STROBE

PHO
R/W
AlS
Al4
Al3
Al2

- All

AlQ

S -

5 &

Al

AD

I/0 SELECT

10.14
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Peripheral Connector Signal Description

Pin: Name: Description: »
1 1/0 SELECT This line, normally high, will become low when the

microprocessor references page $Cn, where n is the
individual slot number. This signal become active
during PHO (nominally 500ns) and will drive 12 LSTTL
loads.

2-17 AD-AlS The buffered address bus. The address on these lines
becomes valid within 300ns after the beginning of

CIM and remains vaild through PHO. These lines will
each drive 8 LSTTL loads.

18 R/W Buffered Read/Write signal. This becomes valid
at the same time the address bus does, and goes
high during a read cycle and low during a write. =~
This line can drive up to 10 LSTTL loads.

19 PHO " A 1 MHz signal which is identical to CIM. This
, line will drive 5 LSTTL inputs.’

20 170 STROBE This line will go low during CIM when the address
bus contains an address between $C000 and $CFFF.
This line will drive 12 LSTTL loads.

21 " RDY The 6502°s RDY input. This line should change
only during CIM, and when low will halt the
microprocessor on the next read cycle. This line
has a 1K ohm pullup to +5V. This line should be
driven from an open collector output.

22 TSADB A low on this line from the peripheral will cause
the address bus to tri-state for Direct Memory Access
(DMA) applicatfons. This has a 1 K ohm resistor
pullup to +5V. This should be driven from an
open collector output.

23 , Not used in an Apple ///.
24 Not used in an Apple ///.
25 +5V Positive S-volt supply, 2.0 amps total for all

peripheral boards together (but note a limit of
1.5 Watts per board).

26 GND System circuit ground. O volt line from power
supply. Do not use for shield ground.
27 DMAOK Acknowledge signal to the peripheral following
10.15
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28 DMAT
29 TONMIL
30 RQ
31 IORES
32 INH
33 -12v
34 -5V
35 SYNC
36 c7M
37 Q3
-38 TIN
39 IOCLR
40 TIH
41 DEVICE SELECT

its request for the special Direct Memory Access

(DMA) mode. Informs the peripheral that the DMA
can now proceed.

Direct Memory Access (DMA) interrupt. Requests the A
Apple /// DMA mode. Has a 1 K ohm pullup to +5.

This should be driven from an open collector output.

Input/Output Non-Maskable Interrupt. This 1s
equivalent to the IORES (pin 31) line as it will
execute the same code in the Autostart ROM. This

line should be driven by an open collector output.

This line is ignored in Apple ][ emulation mode.
It should be driven by a TTL outpute.

Input/Output Reset signal used to reset the peripheral
devices. Pulled low by a power oa or RESET key. This
line will drive 12 LSTTL loads.

Inhibit line. When a device pulls this line low, all
system memory is disabled. This line has a 1 K ohm
pullup resistor to +5V and should be driven form an
open collector output. ’

Negative 12 volt supply, 200mA total for all peripheral
boards together.

Negative 5 volt supply, 200mA total for all periperal
boards together.

The 6502 opcode synchronization signal. Can be
used for external bus control signals., Will

drive 10 LSTTL loads.

Seven MHz high frequency clock. Will drive 10
LSTTL loads. :

A 2MHz (nonsymetrical) general purpose timing signal.
Will drive 10 LSTTL inputse.

Complement of CIM clock. This will drive 12 LSTTL
loads.

Provides the $C800 space disable function directly
without address decoding ($CFFF is used for Apple ]{
peripherals. It is addressed from $C02x. This line
will drive 12 LSTTL loads.

Phase CIM clock. This i{s the same as the
microprocessor’s 1 MHz clock. This will drive 12
LSTTL loads.

This line becowmes acive (low) on each peripheral
10.16
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connector when the address bus is holding address
between $COn0 and SCOnF where n is the slot number
plus $8. This line will drive 12 LSTTL loads.

42-49 D7-DO The 8-bit system data bus. During a write cycle,
data is set up by the 6502 less than 300ns after

the beginning of CIM. During a read cycle the
6502 expects data to be ready no less than 100ns

before the end of CIM. These lines will drive 8
LSTTL inputs.

50 +12V Positive 12 volt supply, 300mA total for all peripheral
boards together.

10.17
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APPLE ][ EMULATION MODE AUTOSTART ROM LISTING

@oppia computar nc.

=+ -~ ROM LISTINGS

~

The following is a listin
the Autostart ROM to eliminate ca

the NMI vector to the RESET code.

FA49:

FF10:
FFll:
FFl13:
FFl4:
FFl16:

FFFA:

FA62:
FA63:
FA66:
FA69:
FA6C:
FA6F:
FA72:
FA7S:
FA78:
FA79:
FA7A

THE ACIA IS CAPABLE OF GENERATING INTERRUPTS IN EMULATION MODE.
IF IT DOES THE INTERRUPT RECEIVER SETS THE PROCESSOR INTERRUPT
INHIBIT BIT TO PREVENT THE SERVICING OF THIS INTERRUPT

4C 10 FF

68
09 04
48
AS 45
40

THE RESET KEY IN EMULATION MODE GENERATES AN NMI (NONMASKABLE

INTERRUPT).

RESET CODE WHICH ALSO MAKES

62 FA

D8 RESET

AD EC

20 84
20 2F
20 93
20 89

NAAI =888

EA
EA

THE CASSETTE READ ROUTINE SIMPLY RETURNS TO USER CALLS

JMP IHBIRQS

PLA
ORA #$04
PHA

LDA $45
RTI"

THEREFORE

DFB

'CLD
LDA
LDA
LDA
JSR
JSR
JSR
JSR
NOP
NOP
NOP

THE NMI

RESET

$COEE
$COEC
$COE8
SETNORM
INIT
SETVID
SETKBD

10.18

8 of addresses which changed content 1n
ssette 1/0, read joysticks, and redirect

SURE THE DISK MOTOR STOPS

;JMP TO CODE TO INHIBIT INTERRUPTS

;GET PROCESSOR STATUS BYTE

;SET INTERRUPT INHIBIT BIT

;PUT STATUS BYTE BACK ON STACK
sRESTORE ACCUMULATOR

sRETURN WITH INTERRUPTS INHIBITTED

VECTOR IS SET TO POINT AT THE

sPOINT NMI VECTOR TO RESET CODE

;BINARY ARITHMATIC PLEASE
;SET DISK READ

sTURN OFF DISK

)

. 2
| Apple Computer Inc + 198

Page 0190 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

Ve WO We WO WO e W Yo W W we

.

READ JOYSTICK AXIS.

r =
@cepia computar inc.

FEFD: 60 READ RIS ;NO CASSETTE PORT - RETURN TO USER
FEFE~-FFOA: EA NOP ;FILL CODE WITH NOPS
FFOB: 22
FFOC-FFOF: 00 _BRK ; STOP USER FROM JUMPING INTO MIDDLE OF CODE
FF17-FF2C: 00 BRK
H THE CASSETTE WRITE ROUTINE SIMPLY RETURNS TO USER CALLS
FECD: 60 RTS ;NO CASSETTE PORT - RETURN TO USER
FECE-FEF2: EA NOP ;FILL CODE WITH NOPS
FEF3-FEFS: 00 BRK 3 STOP USER JUMPING INTO CODE

THIS IS THE SAME ENTRY ADDRESS OF PREAD
WHICH READS THE GAME PADDLES IN THE APPLE ][

X REGISTER CONTAINS JOYSTICK AXIS AND Y RETURNS $00-$FF OF JOYSTICK

JOYSTICK AXIS

X REGISTER
0 PORT A,
1 PORT B,
2 PORT A,
3 PORT B,
FBLE: 8A PREAD TXA
FB1F: 48 - PHA
FB20: 49 01 EOR #$01
FB22: AA TAX
FB23: AD 59 CO LDA $COS9
FB26: AD SE Q0 LDA $COSE
FB29: AD 5A OO LDA $COSA
FB2C: 4C C9 FC JMP JOY2
FCC9: E8 Joy2 INX
FCCA: CA DEX
FCCB: FO 12 . BEQ JOY3
FCCD: AD SF OO LDA $COSF
FCDO: CA DEX
FCD1: FO OC BEQ JOY3
FCD3: AD 58 CO LDA $C0S8
FCD6: CA DEX
FCD7: FO 06 BEQ JOY3
FCD9: AD SE QO LDA $COSE
10.19

X AXIS

X AXIS

Y AXIS

Y AXIS

sSAVE X REGISTER
sREMAP JOYSTICK ADDRESS
+SET ANALOG MUX TO PORT B, X AXIS
s SET FLAGS

;PORT B, X AXIS?

;NO

;PORT A, X AXIS?

; NO

;PORT B, Y AXIS?

s NO

y
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FCDC: AD 5B C0 LDA $COS5B ;MUST BE PORT A, Y AXIS
FCDF: AD 5C CO JOY3 LDA $C0S5C ; CHARGE CAPACITOR
FCE2: A9 OF LDA #$0F ;WAIT 800US

__FCE4: 20 A8 FC JSR WAIT
FCE7: AD 80 LDY #3580
FCE9: AD 5D 0 LDA $COS5D ;START TIMEOUT
FCEC: A2 48 LDX #$48 ;WAIT 370US
FCEE: CA JoY4 DEX
FCEF: 10 FD BPL JOY4
FCFl: E8 JOYS INX
FCF2: B9 E6 BF LDA $BFE6,Y ; FALSE READ
FCF5: 2A ROL
FCF6: AD 66 CO LDA $C066 ;BIT 7 IS VOLTAGE CROSSOVER
FCF9: 30 F6 BMI JOYS ;HAS 'VOLTAGE CROSSED OVER?
FCFB: 8A TXA ;YES
FCFC: 10 04 BPL JOY6 ;WAS COUNT POSITIVE?
FCFE: A9 FF LDA #SFF ;NO
FDOO: DO O1 BNE JOY7 ;USE $FF
FDO2: 2A JOoYé ROL ; DOUBLE COUNT .
FDO3: A8 TAY ;RETURN COUNT IN Y
FDO4: 68 PLA ;RESTORE X
FDOS5: AA TAX
FD0O6: 60 RTS
FDO7-FDOB: 00 BRK ;FILL SPACE

Lk 10.20
i,
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Apple /// Computer Information

~ Apple ///
Service Reference Manual

Section | of I « Theory of Operation

Chapter 11 o Schematic Diagrams

Written by Apple Computer « 1982

| Apple Computer Inc « 1982 Page 0193 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

: SIEIEE I S e ey
. ) L. ¢ _ ’
\O_ w 0 ....:— BNON wnvn WIN wwnie] W gae IVRVED 11V N o
MHLIHG g BNy BN
9-6£00-0S0| o WIN wisivn] ——
BIOR I N rav R " e ATCr ~wt - ’I.I“...”P-nﬂh... w.@. M
€ J1907 NIVI Lime . supduof Som= 1000 S
v |4/ 3WddV JUVWIHOS |27 o s =i e £
" e 1=\
A n " = } TR
2w mndu bt T ....”.m,um.nwm.u.g <
w WOLLATY N 0 VNAN Leve — A0 ':.— ﬁ
: —t M
- o)
ia . . A N
n ")
33 N .—.ZNQ H_ZO w Q m
%o ] .
& NOD Y. 3 v
: i 1,9
HILNdi L oy I $3 .
. orA Y YIS 7 v
e R . : \ ' 4
"Hed 10 3jum U1 1 ysHQNd 10 2IAs QwoN (Y ' = c N I ;
"W 4do3 4o 92npoide: o} 1oy ()} - ’ 3
"93uBpyuOcp Ul JUBWNI0p BIYy) uRjuisw oy )y . *ﬂ m ..hl I N X
Bupmoyio} ay) o) $93;6e Jossaessod ayy - - N
“u| “seinduo) 9iddy jo Auadosd Aivjapd ”
oyl 8| uipiay pauieyuos uonewsdjuy eyy ’ il
verr o AR Ud AUVLIIHAONd 4O IJILON LY W\“T -
] "$91d0d plo || Lossop ased)q I~ . \< ;.VS v/
Suoisie sponoid 119 s9pasiadns uorsiAes s1y ) a F hy OS50 2000 SHNIS 319
JISV313Y ONIYIINIDNT .
9
_% .RO.PNV_MNM(.\“@:._MI M..%Wm.._« ‘ZHN OﬁuOfN.I Sl 1A SNILSAS CuNT HOI'ZHN Omo&.m.z Sl IA SNALSAS gZ(.ﬁluou&
A 2;0.n<3 SAGRTER TN - ° O900-IhE SI €9 ST LSAS OBNI3 . HOL'OEOO=IHE Sl 6O SWILSAS OUVONVLS .anuv
] ~(€|) (RS ST DOHCOXDIN " 41TEAIT A3Y UV SOI0-OP ASSY. SLNISINCTY INLVWSHIS SIHLh
e S :
SWM L 'O2r "0cOLSO! MON - T rHM3HL290L Q31VI01 3301 SN XI1OW ONINIL TV = O €
SITYNPOSYW 1D =<2
SVM &I HAOM_LIIN Dt FTvAY
OIN'EN‘EIM EIN'EIN SioY
‘(M) AVESVY a%D OZ13723 ke 4 ‘HEAHL220L QELVOOT 33 OL SN X310 1S21 H3ONN SLINN TIY = CID 2
T TITISVETEN CTE pos =
a | szonvHD NSt oz el | =l IP - |
J 25 B NOU SnasEs -2 | | 3= Vs
Sz -onz | WU QIS ISIMUINLO $S3 WD AION
Oddv "I BE — o008 -lﬂ.—n- L
6 | » ' r |

J

Page 0194 of 0730

11.1

Apple Computer Inc « 1982

\



. . )
Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual
g B .5 5 R
w 8 c AT o “TER
3 Og8c K
§§ gifit comP
S8 >°95==¢ PP ~ O‘g‘it‘
ESg%pesEas T TE s A R
gasbs8LEEs pUELILG
s8%zc5985% Fais
T IV 0°9n D B . .
Woeggorea,da :
ggff'csgzga i 0
Qany, ©EE _ag,‘,: ‘ o ‘ [ N <
SN S I o)
Tgiggsfica  xl pwin 'IREE
52, 582°28 T e e R 'g‘. felo
~x g£Sfs== § S |Pels
: QR YS= H 38 i
- Rr2 £ ? e 9] |-
- M g I
; DB BE AR GE Rk AR RRAE D ol
" e Ol ife ~ e
. g ;f: i §§2~;i;:'i .
. _:” “u E d 9. -:‘
o |m b 3 s o -
—~—]¢|r Clsoff gl e ,L’L’?
== < RN -
g 2% 2 L Els B ‘:|:
A HH H T (s
tig R ALdb N
PRI P e
L SRR s
3 RS IRHHE 1=
~ N - ~ lf
: b ;Lg laig_ !_: l‘o
{ BRI R 55 28 l.
N e[y B
R a o™ ks
1o i F:
R ] e
=
E
: E
=y
: !
; - PO s
: it I ¢ .—
" e 3 ~ @
g . X e 8¢ &
- E Hﬂﬂﬁﬂﬁﬁ ;-3 :v 'f.—»\/vy—r -
z <] a z 2
g Bl %
; -
5 11.2
N\ J
o | ) + ® | <
Page 0195 of 0730 |

Apple Computer Inc « 1982




' | )
|
(0100 € 3em] Jr— : ’ %
T WS | ATV L3BN ™~
ia“!’ﬁg 2 Tvienivn ) m
T 901 ssIWaGVY o
2 v € vyve %
= FoH —
= = smondusco oddcll) v ©
Q
31 (: s >
el (3 | £900-1b€ ZThoo-Ipg €10 5
o 2-~1b poO-
S| 1 Lot e 115
© mm Q%Y WIw * |
()
Wv mm iy o [ TR o‘!(
c oo S«
o o Fo-sv soo/ a Db
0| e - e
N —sw € - —
— —— I ApP?
nVu i n T ‘
o L'asvwd le v H
— ' SVie " 9 bod KA
~ e A
= . T svwe (4 Vl.HBci_u
m. ; '. ] ] bm‘go o’
. ey “
o e (7 . .
Anm. Af N2 15 4
-2LNAJ -
[ ]
5
...u u
©
IS - E ]
c -
o —
- ° e
c IWewa 4«0
5 OIS
- ——
>
: tesoas 3
(@] "Ued 20 Soum W) K YeNANd 20 ee) m
O W 4003 30 eanportes of roms i)
g §S-¢!§!§§?.’Go-_~"" ¢
= vy .!.%e.ibsa... U1 0) sc 400 :0%398%0d oy
<< Pmliboin ﬂq ...4....«...; Auedaid Asienudo, 2
e AL M ] .r._:...::u voneWIo)N  eyy - <
) a 191348 0 EVLT:C044 40 391108 -
Q. on $1103 P10 e AONTeD eesery &]s]e -
o W4 enowerd Ne sepasiadng Py rr " [ Q
2 possasl v fymay e " IISSIRL AV SO PSS WOXS-TS00-2PE -2100 | 0. =
priALLS | s - 93250 marg €990 24 - bRI2O’ MOIS ~EHQ0-2DE - 1D @ _ =
_ | ANe B35 , \ ot - .\-ﬂ( th NIV N1 -SRI SWPIode 2690 ~IbE-EID @ P XP2O/ WOIS = S300-2bC-6de S
- 4 S SISww OFI WIWNS =1 P2002pE
\2 , .h —.Bm b | MOYS SO P IPWA2/~ VVQQ'WWWO\\Q . QAIDMS IMYINLO SSTWN F | ON n.Ou
[ ] ‘\l ﬂ
AT A , ()
?.g.., 9 J1Y , _ v S
o
<

\




SNy OF1p|

DRAWING NUMBSR
©%0-0039-H

Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

[§ AL e R R M RA_R__B A e -
/ S = o T I
v- | z ¢ ’ ,A
" a !-..n— . v mewud | assv axan N
—— L} ovsrvomw /200y woxy - 1590 -1 bE - 6¢
&~ g‘h
1bcT NOTIION4.ONOIW p— HOLLIVES oy W
€ YHVS vIxX  sTONY W'y (117 T] LI 14T
un X ' _ _InA
- "
b——— ekl ok
O p———Y S y n ] wars s
J no P Cotnn
OLLTE IS }
* v
bes
(123
20T
=11
e o'y MELW
soz
L 14
02
we ée '
wa'y 1@
W'y %0 foe-
“w €8 .
..w“m "“ - w'twg — -
e 90 ~eg'photer =
Ww'e 9 fa's 19'bgee
spcony 't de + "
- £ Wy
. . & 0 2
. o -1
-4 o O] D 0 510 3
L - % T e MYRT
2w ! " 9 I uefTY
2% vijw § g [T Lad velT
s e o 3 0 e -l
s 90 w T 0 ad ea L [T
(3 3 m.ﬂ.. wiw
hYo e 2 l.tﬂ.lx L g
v
» aNe%
t2'8 WA oﬁoﬂﬂ“ g
T
€90 0 141
19¢ M..: ea vt M
E X /] " ¥ P ey Tl oq [*]
e "4 92 w& w
(1 1] " 4 T L4 [ . w
190 i H wiT » (™)
ey d b £ 7l ¢ [w w
[ X 1] 3 b [0 0 1 Y w
: vs i +1 ' I3 ™
Ty'e 0 N v a |7 L7
of
to's dSmae—3 o tew
F €
..&asﬂnﬂw.“zzaazzo.;.s..z . il
030y Su...:._.e...ﬁn._.“......:..i.“ O KNy 3
' ~p _%._“w:a.%m:o. “401e ;L
SUN 1y uiiay ﬂ_eﬂuﬁuzﬁﬁkﬂ.ﬂ__u P ¢ F L ey
Al¥340ud A¥ViliddOoue 30 321100 e oM e
OISR 301102 D10 ye Aonsep ex: » v W
no1eid w8 sepessedny ) d St
gggot "
: Sy 1w
| | L33us 35 QD34S TSIMNINLO SSTINN S | ON
NOISIADY 0002 | swozfaay| 1S¢g-ihe —ﬂm— )

LELLLE]EL .
HaLNd: T 71 , 1 . _ ;

J

Page 0197 of 0730

11.4

Apple Computer Inc « 1982

\




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

4

[0\ & 1zen] v

- H-LE00-0%0

ks
NN DA vED sms

2i%c7 O/1
v S Ywvg

u.-i-!o!nﬂﬁ

DRATIG FUNSEA
~0039-M
=
L)

taterg dtetde dd

CEE R

20

py Wmzey. -
Busoy: v o o "

s W Ad 1w
. TIUR 0D 1 e 2, TTP0I 1 € sons 1)
e o) "
i Iy 12 4 'C>4390 o,
2 AN1010 4 pgyqyy, .—
oy LR

bxp2osr Woy -ShoO-|1bE ~-Sd

QDS BHANINLO0 SSTWN F JON

“LN3nINe

L _d809 31ddy

’

11.5

J

Page 0198 of 0730

Apple Computer Inc « 1982

\




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

< N A S S L .b.,.n..1.n.._,.r._,._.,.....n_t_._ S " k I T :
v - a _ _ _ / _
_ 8 L. z ¢ — . F
a_ 0 O ..ir E a0 3 R [Pre—
H-6E00 ,9‘.0_ 2 —
E’:tguiiﬂ E T
o7 O30IA
€ s Woy 290D CITIA - 2800 -1PE <G D
!gi -
9 [y —
3
»
L]
£z g
20 ro
wm. n.ea.s!.rﬂnl_)\,)lulldo HImS . uy ¢
DM ._ | ’ | ot 738 —
Il )
L 2]
s-st 19— AAH— e ,m.w...lu.o :
P Swmo
| o |
651 ' 0WR ——agANH— 2N
A _ [} - td
JT,._ 3))&1_ [ 7] :”a 4 "l
z-or‘semx ' awn ot tesw eren "
— s e |8 prjw jaT s
. ley!
-9 Qe N =7 J
Jd
]
n ulv
W LS ¥ n,
< “ . " .‘_“ @' OX.
=] { sl 706 e 1as
I S m S ]
T nafcr et
. NI B ator
o
©
$ oo -ce0
11 100
e % SN 2wy f—
.o." | B R4 Jorys
s 79
* P91 0 Hv.. Pe 3
Munq- w 7 °F «'ay
sl wb o T g < =k +v'o
{3y (T N ’ oTIE sV sow
m*ﬂ..am LY T dveawa a
v... 10 9o *colrs
_ 1 A n
amd0 DIO N AOIseD SN " uu!.xu
| sncmesd ¥ seooaIrS WYE U - AR yreyepepeppe— 210!
\anid - 33 s 0058 | w0z} a2y - N
JdUIINO) —
! ¢ — N

431Nd%0I I1ddy

J

Page 0199 of 0730

Apple Computer Inc « 1982

\



Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

[ Cisod -H.a— a ATY Tvs

(FAE-COIN |39 v

L IGEEL
43107103 ddV

1 . “— | 4ug 2393

DRAVEO JIVIE 48N 00
WOLLYIONY 1INV aBN)

B9

YOy rrrdw ILvLE WO ~ 8200-25 - /1Y

[

G34DS FMNINLO SSTWNN F JON

—

t | v

11

J

Page 0200 of 0730

Apple Computer Inc « 1982

\




- (DRAWING NUMBER
0850-0039:|3" gory

2

Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

( 0leo © - VR e | -asev awen . J
Arc7 o/1 wna} Yanos HS‘
v € vovs — P41 v
L Ty IVRDea [
uve AS LD "
S sonchuwsoo Dol [ /e 51 | e ; s ees
uve 28 navea SONVETOL ) . e fu 38
[spr— weanwt 1eva _:v v | ]
! 1 [

JETN——

. o9
m) 4 a3 Tt
ol v (L2, ]

490 et

3 Nz b1 L 29
wyotusa sronasd !ch vt“ e hoiisop execiy &k Y Al T)° onnvuises
W Vetuciadng pos . S
| T Bvaraw g v . St 1 nw..n__ Q314D34S IAVIRLO ST FJON
NOISIAZY 2002 any 5¢ < )

ERIERITH : S _ v
HIINE AT 314

J

Page 0201 of 0730

11.8

Apple Computer Inc « 1982

\



T TR U T N T LI S AR S R S R - " - N
. _ . m ...... i | I _ 9
(Ol & .B-u— v e P——— 1 n_w
. W<BROOD- e ) J——— N -
— wsewnK DMAvYea o] - o
© =~ SmeTen e
> >%07 quvoR AN = - otV N
c sy 3 ——sxxx  snowy o
v € YuysS sive - * K g A
a  rew. wme — un () l‘ H"!I et Ndu- T o
M Nemwcg % “ﬁl » x €799 wpvis ec.mla v
had E K uot/g 940 | enans messuo s « 3 ok )
Q sve 20 uat SIONVETIOL 4 atyl (@]
m W NOLLITEORSD seRnn 1eve —ta IE._ 6s18 [y .y <
o 3 ! ! , i o
— 15 I L 5 H 5
...n_h. o, ».1 pro e
Daﬂ.v ﬁdAa .ug 71 sv 45 |
L
@ W\ cm usn il X2T)
S o
P *
3 i) owe
n LT *o
N a5t
© Tl e
> ) | —lﬂ
» Qe -
M_.v Jmﬂ e Lo Sty ! = “H:
= G UL T
= 1 u— L
o #l@f! o
2 U vy .
S ot ; il -
< i
T L
. - - b . -
(] .n’v.lm ..N_.. ] T
c ' w S :
o a>p . _
— Q_iv 1_ (i N
£ iyl = o
- (g 11.1 e -4 u
S w YT
w— - i
k= ad “ - (13
— Th? L o 13
(<] T 13 (] R FTT 1y
= F3iAV T u - e H>
TIow “ A
w T 1 [od - 2 A . N
m ! Tilwy o --ﬂ [ [ - “b %
o Jia . hxﬂ "..U TA —
O ey 1] bd m £y wr oy LY
~
= .73 0 cioum Wl ¥ yriand 10 15033 7 10N (1i1) Nsh &)
) ‘1 Ad03 10 §o1ON2 01 10N (11 4 c
—_— a 0357 7meI 0 .:Q...‘_sqov -.:qau.u_ﬂ.wi ° .o.." c
[=% 2 e Ko Apgyond & a —
MI ¢ T ey P e [T TODE [T} .‘ﬂl-v
1O L ST oo €V 250007 TIvogheY VoY —SE-2VE - BYf 3
wortes SNOvRd e NS WSO e L m
\Gv gﬂuﬂlﬂl 1008 AILDLS BEANINLO SSTWNN J TON o)
' » @)
L ' ; i ; )
R =
H3L.. iod 31ddY B

\




sl A s e e e R R

' — t N ¢ ) | v

o m—..

Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

Q! ol .-n!.- Vs wmg | assv axen IJ
H -6EOD -0%0 Tvnvn : T
‘GPENNN DAY Ea T3 ol
uva - _ SRt @ Somae & .
o107 SMIWIL s~ P N —add aL o WD Ay
E vyve — ~ = Hu“"- L4 wa2e'or I e 2 Ig M‘O..uw v
= uuat v IH\MIU al.“ Somme “el® " T ‘0 g0 "
b 4 o -
“!-lBEBFIUUiRI‘-mM%; K et S ;
a NOLLETEOSEO wNeRNN 2UVE —5 !-
) 1
B
i= +y' v '
: J’ 'O L]
N
‘ ]
mb - 5'ol hdne o " T oA\L?
" 19's Ls L o5
o2
E-12£
‘... A &h N - h Nld‘.
v fewtar <
IR Ju- 99 SE— 8 e w——a § 3
oy e 9 wh— |eyor b ol s 9 ﬂ
ALl P53 s | sz wa |ty w1 %
| ') wecavu v £ wiy— o | 3308 0
T 16 my PR e 1N REDS
L) avmaun ™ [ A | wr'or
— = e pol | e | L.
v M Mt (glor
_ . L aaad .o.o..
A
}:
s Tow sev o
Rl o
0?-.-\0 o <9/ ngb
s
._<w_.:, 014N0D -
{ () X1
mmhr_pf o ml—mm
vy peuguod voliewsojL ¢ 4 (1) er
>..~.E|o.t AYVL31440Ud 40 30110M w
39400 )
ok snoward ge ..h.s..u.....s..a.....u.u P (Pavaodn 3>ura90r8) WOIIIINAE pvo 2y vy-Spt O-ZbE a
FVIIIY NOLINAOWY A!Z £2) .—QQN‘)\»\V&h V‘O&\&Qg ~pE~ mmw
¥ X P29/ WoYd - SHOO-2kE ~-LI
— 1 ans B39, QALDS ISMEIRLO SSTINN “FJON
\osv HOISIARY _2.5- noz|ABy )

' [ ¢ a t | ’

J

Page 0203 of 0730

11.10

Apple Computer Inc « 1982

\



~
o
™
N~
o
d Yy—
o
4
= o
2 NesIs bl 8Os bL N
m =z © INVY VW 03— gy )
(@]
= 3
8] o
c
o
[}
Y
(&)
o
(¢} 40
2 %0
S -
n v
N €0
o zo
= .
- oc
= i
2 A
o -
p ~
<
[ ]
c
Q
©
£ -
o
Y
c L S
= 'vo
m IR 1 ¥ ¥ ¥ v ¥ v 3! 1y 11 ®
= 1$ . 131311111 S
m »r -.m u.-....r.!. o .1 e em e .
) ’ )
= \\Q\m P k\\x ESm RBI 1S /// Tiade =
3 2
Q o Eeeioliiz: Tt S emas s ET bk s —— e e -}
(o8 i et ; el el TISILLT ol - e = e e e 2
< - : L ’ o 2
.Ie T8 PV &Iv ML TR o)
v T T T C
[}
i ¢ 1 . v =
W— p
<

\




APPLE GUMP L ER
CONFIDENT L

Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

(1) To maintain this document in confidence.

(11) Not to reproduce or copy it.
() Not to reveal or publish it in whole or part.

proprietary property of Apple Computer, Inc.

The information contained herein Is the
The possessor agrees to the following;

| g . - (
. [N .
S — e C e e— — - . e e ——
e _ t i ¢ ] v
3 AP .:....— C A Twn A7/0y  weesu ) asavanen N\
- ....-NAOO.Q.WOHU /N wisae " ! < 2+
HEDR N DMLa Ve o< o ~a- -1, rr— _v l—r
T } A e m— L TR IO oY
o] e ameer LTS 1
‘41 .'l OVOT AR | O z 1= T p.
e VNS e EETTESTE Y |
o o i
uUl..b-nLnunuﬂ.h. T otameees | [ew)]
o a o | axverus ) wnr
wsewon tove | m10 .l:_u 2d% S 1 o
Tl _MEE IS Nu o ' N
y— e asuuts MEE a5 e O .b.
——s - _——= il

1 ! : e S s - {
IS S S U S & i Y § 3 % %

“ L}
FRUSU GRS NI (NP 121 4 '
- mf. . 2 = wva Joif Gy eIt el g tTRf 0T v.b.» - TH-

v || t isc
o | 4 266

L]
3

: o ceo
7] ¥ *%a

] 4

> =
nr

9

=1 =1 =1|ew = 1. _JI_ —IJ =) ] e
) lvo.i. o . 2w wvewss| | AM_a
N N I N |y o Y N [ S i vkt N ) I O NN

-y !I‘l

% N S ...%:.uu A1 | m—E _ _ _ _
E 4" ) - TN Fi .} - ;
) 100

=L J 1 o | ] O B N B B

= ¢ ] “NORIANY ¥rad W OL GEINaMcS @ = o !

R P AOH DL Ak W NI GITY *2eH 1 1 .~
— 1 PNWIC WL O RN P RIOW ORJ3Y | OLv] ]2} . wir-sw
m a Bz FVIEI T | iee O - : w

B B3 B -FYNNND DN INT=mOND ST - WiT-wEs g
R : Wi GBI § ABSUIA fawnid hO) - = bd Ciions $-— bad it W == VA Quo-o- — —
23 307 SSIVIaY = d TR b m 2 Pl = 4S5V OoNY &AM 9610-019°
I Mary OINIDI0) SV AVINY weoY BERAAND nad Thed 2Rl & {hed LT = - “Asey urIcaua von s ]
T ‘SOIOwI GINVOIN 04 NrvO Y jscs} 0 n_ 2 o QIDUS IARWLLO SSTWN J | ON
fa.. rg OIARE QO JenOT] A0 M )

n ' T i t G | v

J

Page 0205 of 0730

11.12

Apple Computer Inc « 1982

\



» Apple /Il Level 2 Service Reference Manual

Apple //I Computer Information

SWILSASGLrg pPuv SLIVINGIWIP V2l

£ k\l.\. T — ~<--
m €C
oQU ~Pb . WO m NS
- ; L1297
NALSA SO ws¢ o “
4 //) O, | 9
4 sQowq\kV. " oo | %7
]
L6l e OVAS 4y m
oLy -Z | !
-~ i
1
Sy o S75 2 —
o/ !
L_ -
9L movsy o K
oy o |
v “ Hw
Nv ]
WSSl LV A P .7 g b
]
7 ~59- J S
8 g | N
o e g Xopy EEW /() \ b
[ 74, 74 S !
{ Swg v "
~65- ) b %
~09~ > 0> P o 144 ] “
1y oYy 1
S0y SSRO0Y \
V% woy | |
A Wil o5 | u
WIUSASENG Aopripy gs”

Source /) AATENT— MAY /783

J

Page 0206 of 0730

1982

Apple Computer Inc

\




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

o] |
”XZ (dooerss
’ Lo,
. o 7700
j 7
A BurreR
fooéiy —103— L‘4°’ﬂ7
K -
o — & R
dg ]
a 9 Mux S—- r(b-ﬂs
473
A0 ——22
AH —2Z3 J
4,2 24_
413 —T—— Mux |—2g
A,‘,____j{ —a7b~ [
st £ 7y
/
I —
89 LT ST
88 87 [
82, |
83
&
SN , ffy.z
xS
w)]

ADDPESS and’ DAZA RYS ARHITECTURE
Source /// SATENT —rMAY /983

| Apple Computer Inc « 1982 Page 0207 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

& ——f
6-;'5: 1bb“// n ; *»
a—]| Aw g
| ¢ b
2 0 P2
o— 9 \ ——‘W
4%3:';1 - - — By EMBLE
v Y s .
3 - .
e 8}—sv so. . Ao
i -
5'2 AoAy nux ‘_a,m
4 IR/ 430 A2
s— | cru &2
o) s 7l ol 6:3
M—_@/W
37 to Aae8
3}=0) L % L [ ys&e8 o Bus
nm—) 391-02 — A4
18- (53
o— L‘G'ms X7 4554
- S mox 8s
n— | D001 s -9~ 436 —As
Nt B PR
55—/ 34 0 \ [ %% . | 67 ]
P, =7
A B S ¢
- IRQ o2 J D P L“ - 70
RESET Esake | L Aast
3 T 7evsa || T
W 3 R L 7od
i FRoM
6
Oma/ ~ 2
>e h
- %
- L oneans
—t ]
L7193

CRUY and ADLRESS/DA74 PUS /i/7eerAcE
Source /// FATENT— May /983

| Apple Computer Inc « 1982 Page 0208 of 0730 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

128
O5AY— AX —
am —__J 2l 14
= :
7 Ad 7
Al ede Sust 4 7
AS
%—g gé‘/ 4 S/ w L X Lle
£ e © Ar 9 ae/
£ ! S 2 vi
2 E2
s R AS
va u o EsjRSUHs . T'_'_E'_i‘_L
e’ ° Hz .
nc :;’ 7 AR2
-y |
11i X /“7
Az 9 AR3
Q0 A
<a) 124 |2 Hs_
DHIRES —— ‘;’4‘5
121 g
1 an A 125 4 18
N ' 1) T mMux
VBJJ ) 'JS = 9 “6
s a,lasa s o) | P
1 0 ry , A L&
o) 7
va; & | s8 P TL 15
@2 & T o
=) 12 7] |_-119
/" esp3 6, ! a7 7
nc - 1’5 Aat_!i —— AMC
- 126 AR &
- a3 ae 44
r52 —*) ae3 4
P o
c/ Ci
ij. P 4

APPRESS BUS and DISPLAY COUNTELR
SHGNA- SELECTIONS CIRCUITRY

Source /// FATENT— MAY 1983

| Apple Computer Inc « 1982

Page 0209 of 0730 |




» Apple /Il Level 2 Service Reference Manual

Apple //I Computer Information

| IS L4 X
| |
4 > |
Vs “ g |
w1 »— i
! i ﬁJ 2y |

p L ~II°I LT

e e e ] e O LV 4
VZi S J .MﬂNv.“
z Z oy g/
s / W ys " S/ By £9p O n  tpPro
i = Mw g Ab on . W 5 emS 09
z z WQM\\N v ~0g~ ﬂlunwmrg
:-M / N..\§G « »| SPY M\h\lh.WyQ Gt — Y.A,M!lt\\g.w.\\“\.v“
1
ShK/ «nj WSy $§13 £/
8% r § ~oT)- v
M 1>
L
S7Tvwvey)e st
IS —g ¥
F.o w - -
L22735 AXoI3Iw sosvo—o] L ET
esw—zgy1 s
oY
. 50—z 2
Sbr/ PSW —3 _ fe S A
0 tSr»
1Y
N ks
W 7 SIIN 0
£ N T
3 7 Sy
EEEE: G L
sed L L T T

J

Page 0210 of 0730

1982

Source // FA7EN7— MAY /983

Apple Computer Inc

\



9 1/

hamd . /4

(1,74
£pvo

ﬁ,n 474

L

S muy vy or

L]

» Apple /Il Level 2 Service Reference Manual

Aﬂ; %9

F«:

w\\V \.\—Q\w\

VL4
1944
s

SISRY AXoW31/) v W

S7@-p
- pro

12 4 4

J

Page 0211 of 0730

S LSy —

St Sv> —

:r_ﬂ

Sy WYY Y/

oSy -

T MRy Y -

paniy
710 YR XYY i

g R

_[f

z0] W& _!ME \Q_ Io

o

1982

Apple //I Computer Information

Source /// FATENT— MAY (983

Apple Computer Inc

\



AHLINS2FID VVIIS WNVHIQ AVW74/d 050 I

wsed =
oo % £
ld L2 oy 42 1

Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

) "
Lo m S7H Y — =1 L $333LEle br.
el ~991- % [T azC4
xoyy 79
- -~ - \JA
U 7 &
SOl o N | e— 9! J
ogl | = XOW T o J
Ol ] L_ —
v no— . e H
[ 06! rL cll- <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>