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To the Reader,

This manual was developed for all the A/// Service Technicians at our
Level IT Regional Service Center. The intent of this book 1is to help
you understand and repalr the Apple ///. The book 1s 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!

24 '

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 mcst 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 l3~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 Agple key. it's
typewriter style keyboard is 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 i
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, or
silentype operation.

The Apple /// has 8 different modes of video operation. B/W Text in 40 and 80
colunn, 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 modes: a super black and white Hi-Res, 16
color Hi-Res, and 16 color medium resolution graphics. The eigth mode is
actually a utilizatin of the color text mode where the user defines ‘he
character image and builds video 1images with these "character sets”. Since
the video character generator 1s RAM, not ROM, as in the Apple ][, it provides
the user with the capability of defining character sets to display what=ver
the user wants. Three video outputs are provided at the back panel; these are
black and white, NTSC color composite, and RGB video tcr 2xceptional color
purity and resolution.

The Apple ///'s Central Processing Unit (CPU) caa te “interrupted” hy
peripheral devices whenever they require CPU control. Alternatively the CPU
can poll the devices to determine which needs attention, therebv =»iatmizing
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 gpore

1.1
_ )
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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 /// 1is 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 is 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 1s 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 1is accomplished thru bank switches, environmental register, and a
zero page register.

The Apple /// system 1is interrupt driven. In 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 18 commonly refered to as the
12V Memory Board. Below is an illustration of this board.

THE 12 VOLT MEMORY BOARD (128K CONFIGURATION)
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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 1s called the 5 Volt Memory Board. This
board, illustrated 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
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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 1s similiar to the Disk ][. - The major difference between the
Digk ][ 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 ///, 1s 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, ile. overvoltage protection.

L 1.7
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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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MEMORY & MEMORY ADDRESSING

INTRODUCTION TO THE APPLE /// MEMORY

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. The Apple /// does indeed
do just that, and, further, has the hardware capability of controlling an
additional 128K of memory (for a total of 256K).

This “"magic” is accomplished by Bank Switching technology. At any one time,
the processor can directly address 65K locations. With the addition of the
Bank Switch Register, an extended addressing register, the program can call up
different banks of 32K RAM space. With other software switches, ROM and all
1/0 locations can be replaced with RAM. [See Figure 2.1]

The first 8K of memory, from locations 0000 to 1FFF, are fixed. The 32K
memory from locations locations 2000 to 9FFF are electrically switchable. The
Apple /// can choose any of 15 banks to place in this area at any one time.
The maximum amount of storage on the Apple ///, therefore, 1is equal to 15
Banks x 32K per bank + 32K fixed storage. By comparison, a 128K system would
have three banks, a 256K system would have seven, etc.

In addition, the area in the fixed bank from location CO00 to CFFF can be
switched from RAM memory to 1/0 space for the slots. The area from F0O00 to
FFFF 18 also switchable. When the machine is turned on, this area 1s ROM
containing the startup program. This program runs a quick system check then
loads SOS in from the internal drive. SOS then switches this area back to
RAM.

The extended addressing mode allows any two adjacent banks, N and N+l, to be
addressed as a contiguous 64K RAM space. Addresses 0000 to 7FFF are mapped
into bank N while addresses 8000 to FFFF are mapped into bank N+l.

The Apple /// has the capability for variable Zero Page locations and
Alternate Stack locations. All these features give the Apple /// great
flexibility. They also provide means for very large application programs, or
applications that need large amounts of RAM space for data crunching.

SIMPLIFIED MEMORY LOGIC

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

\_ _J
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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 into the address bus, ARX, and is 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. One new
feature of the Apple /// is that the processor is able to make use of the
other "phase” while the screen is off. In 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 1is 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 expanded to show the e{ght 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 bhuffers, muxes, and

ragisters. The mux switches In the Zero Page register whenever the MPU is
attempting to reference the zero page.

L¥7 2.4 y
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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 1is the VIA at location B6.)

o The Bank Register {s 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 is 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 screen.

Slow scrolling 1s 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 is. 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

k; 2.6
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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 O 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 1is 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 is zero, the mode 1is 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 1s in this special extended Indirect Mode, the I/0O 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) 1s the Alternate Stack Switch. If the Alternate Stack Switch 1is
selected, the stack associated with that zero page 18 either the one after the
zero page, 1if the zero page reference 1is even, or the one previous 1if the
reference 1s odd (i.e., if zero page is 2B then the stack 1s located in 2C; 1if
the zero page is 31 then the stack is in 30).

OTHER BANK SWITCHING

Earlier it was mentioned that the processor can access RAM assoclated 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 I/0, ROM, and other circuit address decoding. .If these switches are

L 2.10
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selected to disable their associated 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
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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

AOOO-BFFF Interpreter

CO00~-CFFF I/0 or SOS Kernal (Bank switchable to RAM)
DOQO-EFFF S0S Kernal

FOOO-~FFFF Boot ROM OR SOS Kermnal

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
0COO-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

AQOO-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-COOF Same as C008 but not used
€010 Keyboard reset
CO11-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
Cc050 Clear Text Mode
CO051 Set Text Mode
Cc0s52 Clear Mix Mode
Cc053 Set Mix Mode
C0S54 Clear PG2 Mode
L 2,13
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C055 Set PG2 Mode
C056 Clear HIRES Mode
C057 Set HIRES Mode
€058 Clear EMSOT PDLO
C059 SET ENSOT PDLO
Co5A Clear PDL2 (A/D Addr 2)
CO5B Set PDL2
C05C Clear PDLEN (A/D Ramp Start)
CO5D Set PDLEN
COSE Clear AXCO (A/D Addr 1)
CO5F Set AXCO
€060,C068 Read SWO
C061,C069 Read SW1/MGNSW
C062,C06A Read SW2
C063,C06B Read SW3/SCO
C064,C06C Read IRQ3
€065,C06D Read IRQ4
C066,C06E Read PDLOT (A/D Ramp Stop)
C067,CO06F Read MUXI (PRAS Control)
Co70 Access Real Time Clock
C071-CO7F Sames as C070 but not used
C080-COFF I/0 Scot Device Enable
CO8F
(6{01°) ¢ NDevice Select 1
COAX NDevice Select 2
COBX NDevice Select 3
cocx NDevice Select 4
CcoDo Clear DS A0 AO0,Al1=0,0=no select
conl Set DS AO 1,0=Ena 1 Exit
cob2 Clear DS Al 0,1=Ena 2 Exit
CoD3 Set DS Al 1,1=Ena 3 Exit
COD4 Clear Enable 1l Int
COoD5 Set Enable 1 Int
COD6 Clear Side 2
con7 Set Side 2
coD8 Clear SCR
(oD 1] Set SCR
CODA Clear ENCWRT
“ CODB Set ENCWRT
coDc Clear ENSEL
COoDD Set ENSEL
CODE Clear ENSIC
CODF Set ENSIO
COEO Clear DPHO (also VAL)
COE1l Set DPHO
COE2 Clear DPH1 (also VBI)
COE3 Set DPH1
COE4 Clear DPH2 (also VCI)
COES Set DPH2
COE6 Clear DPH3
COE7 Set DPH3
COE8 Disable Motor Drive (strt 2 sec to) COE9 Enable Motor Drive
COEA Enable Ext
COEB Enable Int
L 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
Cl00-C7FF 1/0 Slot individual ROM Space
C100 Slot 1 Firmware
CIFF
C2XX NIO Select 2
C200-C2FF Slot 2 Firmware
C3XX NIO Select 3
C300-C3FF Slot 3 Firmware
C3FF
C4xx NIO Select 4
C400-C4FF 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)
FFDS 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
FFEO 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
FFE?7 Timer 1 High Latches
FFES Timer 2 Low Latch/Counter
FFE9 Timer 2 High Counter
FFEA Shift Register (97)
FFEB Aux Control Register (97)
L¥7 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
FFF1 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

L 2.16 )
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MEMORY MAP SPACE ALLOCATIONS
8?88 PRIMARY ZP.
0200 PRIMARY STACK
0koo TEXT
0600 DISPLAY
1000
IMAGE PAGES
1800 SPECIAL ZERO
PAGES
1FFF
2000 -t
BANK 0 BANK 1 2-6 BANK 7
(HIRES) RAM
RAM 6 D-4 !
SFFF RAM B RAM
A00O 1/0 DEV €000
/,//, SLOT 1 €100
€000 SLOT 2 €200
rm—
€500
> SLOT b CLFF
c800 €800
SHARED
0000 1/0 CFFF
FO00
FFFF ROM 1 [ _ ROM 2
x% FFCX, FFDX, FFEX ARE ENVIRONMENT ADDRESSES
2.17
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BANKS 0, 1, 2
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. and

HIGH ADDRESS

(80XX - FFXX)
RANGES

MIDDLE ADDRESS
RANGE

18 17161514131211109 8 7 6 6§ 4 3 2 1
(40XX - 7FXX)
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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 .

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

LOGIC REPRESENTATION:

34i-8832
MIX — blas o :v s OMIAES
V2 — oL L., [ CLS——Y. /7Y )
V4 — racer _Slae [ L e )
. Wee _dla, oA e
raes —z-lﬁ) ﬁ".—,:_—\ﬂntnit
mx _Yay wpt! — TETRL
2 gL 7Y
TEXT TExr _2ilag sl y oL
. » ve 22l W12 ) vz
v _'%pu &s
AIISW —— - L 45—
61,
. 3 S e @
HIRES | | | 135 Q“’?’S J20
|

N\ _)—- DHIRES
/

VBL >
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A=All
B=Al3
C=Al4
D=AlS
E=R/WN
F=DHIRES
G=AY’
H=ABK2
I=PRAS1,2
J=PRASO, 3
DO=PCASO’
D1=PUSELB
D2=PCAS3
D3=PCAS3’

PCASO’=(PRASO, 3 * (DHIRES’ *AY’ +AY* (Al5°%* Al4’ * Al3’ *All’ *R/WN’ +
AlS5’ *Al4’ *A13°% R/WN+ALS*AL4‘*AL13° *All)))”

PUSELB=PRASO, 3 * (ALl5° *Al4° *Al3’ *All +Al5 *Al4 *Al3’ *All’ +AlS5 *Al%
*Al3) +PRASO, 3 *PRAS1, 2 *(Al5’ *Al4’ *A13+A15% Al4° *A13‘) +PRASO,
3 *PRAS1,2 “*(Al5° *Al4’ *ALl3+A15’ *Al4 *A13°) +PRASO, 3 ‘* PRASI, 2
* (Al4° *Al3° +Al4 *Al3) +PRASO, 3 ‘ *PRAS1, 2 ‘ *Al4’

PCAS3=PRASO, 3 * (DHIRES ‘ *AY ‘ + AY* (ALl5° *Al4’ *Al13° *All + AlS5 *Al4
Al3° *All’ +Al5 *Al4 *A13))

PCAS3’=(PRASO,3 * (DHIRES ’ *AY’ +AY* (ALl5° *Al4’ *A13° #*AL1+ALS *Al4 *A13’
*ALlY +AL5% Al4* Al3)))’

avi-¢gdse
PRASE3 2N L
(= ]

__ABNKR2 LA PO -4 ¥4
AY e o 13
R D HIRES 2] as

R Upm 12

AlS _4las

Al _2laz

A13 _6la p3ht

Al _Sias,e ¢ L

B Y\ -
(e]] : 'J__ ‘_'
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A=Al3

B=All

C=Al5
D=PRAS0, 3
E=DHIRES
F=ABKI
G=ABK2
H=ABK3
I=Al4

J=AY’
DO=PCAS4,7’
D1=PCAS5,6°
D2=PCAS1’
D3=PCAS2

PCAS4,7 = (AY*PRASO, 3 * (ABK1*ABK2*ABK3’+ABK3* (ABK1’ + ABK2’))* (AlS’
*Al4) +AY* PRASO,3 “* (ABK1’ *ABK2*ABK3’*Al4+ABK1*ABK2*ABK3’+ABK2’
*ABK3+ABK1‘ *ABK2*ABK3*Al5°) *(Al4° *Al3+Al4*A13))°

PCAS5,6 = (AYS8PRASO,3 *(ABK1*ABK2*ABK3’ +ABK3* (ABK1’ +ABK2’))* (AlS5’*Al4’
*AL3+ALS5*ALl4’ *Al4°*A13°) +AY*PRASO, /3 ‘*(ABKl’*ABK2*ABK3’ *Al5+
ABK1*ABK2*ABK3*"+ABK2’*ABK3+ABK1‘ *ABK2*ABK3*A15°) *(Al4’*Al3°Al4*
Al3))’

PCASLl® = (DHIRES *AY’'+AY*PRASO, 3 * (ABK3’ * (ABK1’'+ABK2‘) +ABK1*ABK2*ABK3)
* (A15°* Al4” *AL3+A15%Al4° *A13’) +AY*PRASO, 3 ‘*(ABK2’ *ABK3’+ABKl’
*ABK2*¥ABK3 *A15°) * (Al4’* Al3°+A14%Al13))’

PCAS2’ = (DHIRES *AY" +AY*PRASO,3 *(ABK3‘* (ABKl’ +ABK2’) +ABKI*ABK2*ABK3)
*Al5°* ALl4+AY*PRASO,3 ‘*(ABK2’'*ABK3’+ABK1’*ABK2*ABK3’*Al5) *(Al4’
*AL13+A14%A137))°

Ay 15 £
Al_l6 .o 0.'114:
ABR3 _171,, CI13
ABR) _21as
RDOHRES_Dl,, 12
-PRAS 03 _4 1.y 02—
¥ 'TE“Al "
Al _6} ‘
Al3 ..Em:; |:3

— y
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RAS 258

A=ABK1
B=ABK2
C=ABK3
D=PALS
E=AY’
F=PAS
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 PRASI,2=AY’+AY PRAS4,S5=AY’+AY*(ABK4* (ZPAGE*
PA8’)’ )’ *(ABK1*ABK2*ABK3’+ABK1’*ABK2*ABK3’ *PAlS+ABK1‘* ABK2’*PAlS5’
+ABK1*ABK2*ABK3) PRAS6,7 +AY’*DHIRES’+AY* (ABK4*(ZPAGE*PA8’)’)’*
(ABK1* (ABK2’ +ABK3‘)) +AY*ABK4* (ZPAGE*PA8’)‘* (PALS‘*ABK1* (ABK2’
+ABK3’) +PA1S5*ABK1’* (AKB2’ + ABK3’))

S= T auget |

P apkatS s |
" RFSH_1%} ag 4
ADHIRES 11! pq - D¥) .
- EPAGE L, 3
PAB 215 P
COPAIS A R
sz CI} 0
elay, D}p——
Slase
8 ¢
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RAS.2.TEXT

A-ABK1
B=ABK2
C=ABK3
D=PAl4 5
E-AY’
F=PA8
G=ZPAGE
H=DHIRES
I=RFSH
J=ABK4
DO=PRASO, 3
D1-PRASI,2
D2=PRAS4, 5
D3=PRAS6,7

PRASO, 3 =AY’* (DHIRES’+RFSH) + ((ABK4* (ZPAGE*PA8°)’) ’ +ABKI1*ABK2*ABK3)
*AY .

PRAS1,2 =AY’* (DHIRES+RFSH) =AY* (ABK1’* AKB2’*ABK3’* (ABK4* (ZPAGE*PA8’)
"#%PA15) “+ABK1*ABK2*ABK3) +AY*ABK3‘* (ABK1’* ABK2* ABK4* (ZPAGE*
PA8) “*PA1S+ABK1*ABK2*(ABK4* (ZPAGE*PA8’) *PAlS5)’)

PRAS4,5 =RFSH*AY’+AY*ABK2’*ABK3‘* (ABKI’*ABK4* (ZPAGE*fAS') "PA15+ABK1*
(ABK4* (ZPAGE*PA8‘) ‘*PAlLS)’)

PRAS6,7 =RFSH*AY’+AY*ABK3‘* (ABK1*?BK2‘*ABK4* (ZPAGE*PA8’) ‘*PAlS+ABK1'*
ABK2* (ABK4* (ZPAGE*PA8’) ’*PAlS)”")

- By -
ABR\ ABKe 2rs —="
1 RFSH_1b] oo . +
RDHIRES 17} ®
sk ZPAGE _! :: 3
2 o1
ABRS PAB Zlm
AY 3l
PAIS _41 .. o2
-ABk4 7 a2 cil "
—Sla) D3
S Mg
8 @
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AA)
B=Al?2
C=Al3
D=Al4
E=I0SYNC
F=SEL2M’ .
G=ABK4
H=PA8
I=15
K=PAGE’
DO=S399
D1=PRDY’
D2=IND’

S399=ZPAGE*PA8’ *Al5° *Al4" *Al3”° #*A12* All
PRDY’=IOSYNC *SEL2M *ABK4

IND’= (ABK4* (ZPAGE* PA8’) ')’

34i-gou3d
ZPAGE IS 4
AlS 1614 Do 5399
pAB _'71,,
ABK4 Ll 113 9
SELZM _2 . —
LOSYNC _31.s 2 —
A4 as 22— IND
Al -ETA2 cie
Al2 _2la, 1)
03— N.C
All 2 1m0 53
Is ]\¢
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Ul75 1. TEXT

A=VA
B=VB
C=vVC
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* VA1’ +VA’ *VAl) + SCR’ *VA) * (VBL’ + WE2114)
+VBL * WE2114’

MUX2=DHIRES* (SCR* (VA* VAl* (VB* VBl’ +VB‘* VB1)’+ (VA* VAl)’* (VB* VBL’
+VB * VBl) ) +VB* SCR’)

MUX3=DHIRES * (SCR* ((VA* VAl* (VB+ VBl) +VB* VB1) * (VC* VC1’+VC’* VCl)
‘+(VA* VAL* (VB+ VB1) +VB * VBl) “*(VC * VCl) ) +VC* SCR’)

ENHREG’=DHIRES’ *WE2114°

341-pg55

- VBL 'b A9 14
R i
SCR —=1A)
A DHIRES —'z“’ e
VEY —Eqas-
2
ver — ». 022
VAL —= A3
‘ve ~n F9
ve —24a1  papd
VA—2Hm
[B Iw
-+
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THE VERSATILE INTERFACE ADAPTER

GENERAL

The Versatile Interface Adapter (VIA), as used in the Apple ///, 1s 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 system.

Each VIA contains two 8-bit 1/0 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
congiderations.

Control of peripheral devices is 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
poverful features of this chip, an interrupt flag register, an interrupt
enable register, and a pair of function 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 0 (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
power 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~l1 MHZ) clock which operates at 1MHZ
and is used to trigger all data transfers between the system processor and the
VIA. The PRE1M, developed in the system timing circuits, is used within the
device to clock the various functions of the registers and timers.

L_¥ 3.1
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e e c: DORA)
Sutters Function Controt Handshake Control
Penipheral - CAt
: [ Ford Ll A2
- - ®» o oe o o 4 o - - > -y
ACR Ponr B
Timer 1
i Latch : Latch Shuft Register — C8 1
e me-u (SR) -y = CB2
W —— :D------.i...-..---
CLK e iiind Counter
CS o chp TIC-H) : mic-u Port B Reg:sters
E:?)—.— Access Timer 2 out Latch
] e Latch B -;u;: -7 Buffers
el o | A e K= e o
:> Counter Counter Oata Oir
S B (DORB}
Block Diagram of the 6522 Versatiie Interface Adapter
Addressing 6522 VIA internal Registers
Select Lines
Labei mlanlelo Addressed Location
alninlo
cicic|x
DEV 0]0j0| 0 {Output register for 1/O Port 8
DEV+1 0|00 ]| 1 {Output register for I/0 Port A. with handshaking
DEV+2 0|O0|1] O |0 Port B Data Direction register
DEV+3 | 0|0} 1| 1 |1/O Port A Data Direction register
DEV+4 0| 110 O |Read Timer 1 Counter low-order byte
Write to Timer 1 Latch low-order byte
DEV+5 | O | 1]0] Y {Read Timer 1 Counter high-order byte
Write to Timer 1 Latch high-order byte and
. mnitiate count
DEV+6 | 03 1] 1| O | Access Timer 1 Latch low-order byte
DEV+7 Q[ 1] 1] 1| Access Timer 1 Latch high-order byte
DEV+8 1|10| 0| O|Read low-order byte of Timer 2 and reset
* Counter interrupt :
Whnite to low-order byte of Timer 2 but do not
reset interrupt
DEV+9 1]0] 0] 1 | Access high-order byte of Timer 2. reset
Counter interrupt on write
DEV+A | 11O 1| O | Senal /O Shift register
DEV+B 110( 1] 1 | Auxihary Control register
DEV+C 11 1] 0} O] Perpheral Control register
DEV+D 111} 0] 1] interrupt Flag register
DEV+E 1{ 1] 1] O] tinterrupt Enabie register
DEV+F 11 1] 11 1] Output register for 1/0 Port A. without handshaking
k 3.2
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R/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 is low, 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.

o0 During read cycles, the contents of the selected register are placed
on the data bus lines and transferred into the processor.

0 During the write operation, these lines are high=-impedance inputs and
data 1is 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.

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

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

0 CS1 on both VIAs is controlled by the signal CS6522, a signal which is
qualified by other system consideration.

0 CS2 is driven by the signal FFDX for IC at location B5, and FFEX for
IC9 at location B6é. The selected VIA register will be accessed when
CS1 1is high and CS2 is 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-ORED" 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 is 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) (1l1-17)

- 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

| Apple Computer Inc - 1982 Page 0056 of 0730 |
PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor



http://www.cvisiontech.com

[ Apple /// Computer Information + Apple /// Level 2 Service Reference Manual A
- ROM
8 LK
P
E N
ZERO =23 1P § <lr__. MUX : * g
PAGE C A8-A15 C j 'E: /{_8_5
REG. 1 6502 R N——
;
— A
mx N—— oK
| KCzEroemee ] VIA <‘,‘_‘ DATA BUS
6522 /0
EYBOARD
355" Shrcobe)
ADDRESS -
DATA TO Ram
BUS FFEX 170 EoRne cTors
VIA t INTERNAL DATA BUS
6522
ACIA <:::
6551
— =
' |
| CLOCK
I caL. |
L 1
3.5
| Apple Computer Inc - 1982 Page 0057 of 0730 |

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor


http://www.cvisiontech.com

Apple /// Computer Information + Apple /// Level 2 Service Reference Manual

| @ooria computarme

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.

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

© 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 controlled 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 PRE1M.

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, FFES5) operation and generation of the processor interrupt

3.6
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is 8 di. ... “uaction of the data loaded into the timer.

In the une-gshot 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;

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

o 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 operation.

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 inter-
rupts are accoumplished in the "free-running mode."”

In the free-running mode, the interrupt flag 18 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 writiang T1C-H, or reading T1C-L, or by writing directly to the
interrupt 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

L 3.7 J
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As an Jirterval timer, T2 operates very much like Tl in the one-shot mode.
ietting 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 flags.
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 éhe 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 1in 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.

Associated with each flag bit is an enable bit. This can be set or cleared by
the processor to enable or disable the flag respectively. 1If a flag bit is
enabled and set, it will cause the IRQ* output to go low, thus sending a
direct request to the processor. 1In 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. 1In 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 wmust
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
cycle. 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.
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6522 VIA Suvilowdes: 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 eavironment 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 connected to the associated pins of the
Internal Data bus. When the chip 1s properly addressed and selected, each of
the various registers may be accessed for reading or writing data, control
bytes, status or timer gtates. It is this bus through which all data passes
to the system and/or processor.
Reset
The RES pin 1s connected to the RESET line. The system generates the reset at
Pover On or when the Reset switch is depressed with the Control key.
(Note: the Control key may be software disabled.)
I R/Wk
The R/W* pin 1is connected directly to the processor”s internal Read/Write
line. This signal cannot be accessed from the outside world. 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 CSl line of both VIAs.
A0-A3
The processor”s address lines directly drive the Register Select input lines.
3.10
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) Register | RS Coding Register Description
ADORESS | Number | RS3 [RS2 | RS1 | RSO | Desig. Write Read
FFDﬂ ‘ 0 0 0 0 0 ORB/IRB Output Register ‘8" 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 “8"
~rFED3 3 0 0 1 1 DDRA Data Direction Register “A*
DY 4 .O 1 0 0 TIC-L T1 Low-Order Latches I T1 Low-Order Counter
FPRDS 5 0 1 0 1 |TICH T1 High-Order Counter
D6 6 0 1 1 0 |(TILL T1 Low-Order Latches
~FD7 7 0 1 1 1 [TILH T1 High-Order Latches
FFD8 8 1 0 0 0 |T2c-L T2 Low-Order Latches | T2 Low-Order Counter
FFD9 9 1 0 0 1 | T2CH T2 High-Order Counter
FFDA A 10 1 | o] 1| o |sR Shift Register
FFDB . !N 1 0 1 1 |ACR Auxiliary Control Register
FEDC ¢ 12 1 1 0 0 PCR Peripheral Control Register
F,rRDD o 13 1 1 0 1 IFR Interrupt Flag Register
FFRDE 14 1 1 1 0 |IER Interrupt Enable Register
FARDF 718 1 1 1 1 { ORA/IRA | Same as Reg 1 Except No “Handshake’
SY6522 Internal Register Summary
3.11
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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 is a wire OR“ED bus, shared with the other LSI
devices within the system which directly interrupt the processor. The VIA can
generate an interrupt 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 respounsibilities:

° Environmental Register

+] 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 1/0s 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.

3.12
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Po;t A Description

The ORA for this device 1s also called the "Environmental Register” by the
systea. It is programmed to all outputs, and contains various control mode
states which may be software modified.

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

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

Global IRQ

The CAl line is connected 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
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FFEX T3
Register RS Coding i ime; -
ADDRE 35S [ Nu:nber RS3 | RS2 | RS1 | RSO RSZ'?: ‘ Write Pricgiesion Read
FFE% 0 0 0 0 0 ORB/IRB Output Register *B" Input Register “8**
e / 1 0 0 0 1 ORA/IRA | Output Register “A* lnput Register “A**
FRE2 2 o1 o 1 0 DDRB Data Direction Register "'B**
FFES3 3 0 0 1 1 DDRA Data Direction Register A
FFE4 4 0 1 0 0 |TictL T1 Low-Crder Latches | T1 Low-Order Counter
~FES 5 () 1 0 1 | TICH T1 High-Order Counter
~FEG 6 o 1 1 0 [TiLL T1 Low-Order Latches -
~FE 7 7 0 1 1 1 | TILH T1 High-Order Latches
~FES 8 1 0 0 0 |T2CL T2 Low-Order Latches | T2 Low-Order Counter
FFET 9 1 0 0 1 | T2cH T2 High-Order Counter
~FEA 10 1 0 1 0 |SR Shift Register
FFER 1 t | o 1 1 |Acr Auxiliary Controf Register
FFEC 12 1 1 0 0 PCR Peripheral Control Register
FFE,D 13 1 1 0 1 IFR Interrupt Flag Register —_
/:FEE 14 1 1 1 0 IER Interrupt Enable Register |
FFEF 15 1 1 1 1 ORA/IRA | Sameas Re_g_! Except No “Handthake" —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 Page” -of the memory. The Apple
/// 18 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:
0 Bank Switching
o 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 I/0s,
o the port control lines, and
o the CS2 line.

FFEX

This signal 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 inputse 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 systeme 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 TRQ* signal is wrapped around to the PA7 line for special diagnostic pur-
poses.

CLK IRQ*

The Real Time Clock”s interrupt is connected to the CAl line, which is
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 is conditioned
for non-latching, however, resulting in a basically independent interrupt for
the clocke.

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 can, 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.

0 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
flage.

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 configure 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 gecond), 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.

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

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

L 3.16 -
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PB6 is connected to the 1/0 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 occurred. Either way, the VIA will generate an
IRQ and set the appropriate bit flag.

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

3.17
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YIA APPENDICES
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3.18

Apple Computer Inc - 1982 Page 0070 of 0730 |
\,

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor


http://www.cvisiontech.com

Apple /// Computer Information + Apple /// Level 2 Service Reference Manual

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/EREG 4 -~ TIMSR 1 LOW-OROER COUNTER
lnononnng
T—)'*
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s §
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+ e G
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LATCHES, LATCH CONTENTS ARE
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T1 INTERRUPT FLAG IS RESET (BIT 6
IN INTERRUPT FLAG REGISTER).
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Figure 15. T1 Counter Registers
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Figure 16. T1 Latch Registers
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Note: The processor does not write directly into the low order counter {T1C-L). instead, this half of the counter is toaded 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 to the low order counter in some applications since the timing opsration is triggered by writing to the high order counter.
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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 COFO
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 connector 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/O
mode. Once initialized it will be set to transmit and/or receive data within
the parameters set in the control bytes.

The Apple /// I/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. Rm=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 D
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TRANSMIT DATA REGISTER (TxD)

To load a byte to be transmitted out the serial EIA port, I/0 location
COFO (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.

COFl (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).

DSBR--—Bit 6 indicated the status of the DSR line from the interface.
O0=DSR 1is 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. O=DCD is low and the carrier is detected. l=
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.

RDRFl-Bit 3 indicates that the Receilved 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 RDRFl 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 incuwing 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,lsparity error detected.

PROGRAMMED RESET
By accessing COF1 (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.

COF1 (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 current command structure) a COF2 (R)
will cause the 6551 to place the contents of the Command Register on the
data bus. The meaning of each bit 1s 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 (tramsmit 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
gstate 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). O=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
(DTR 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 configuration 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: O0,1=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 i3 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.

Lk, 4.5 D
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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 second
Joystick. For most applications, one joystick is more than enough since the
A /// 1s not really intended for a "games" player. The joystick would be uged
more for applications like cursor control.

The serial port is actually derived from a feature of the VIA. Two of the
port control 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 (1f and only 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.

g 4.6 J
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PINOUT OF THE RS-232~C SERIAL INTERFACE (PORT ©)

s

PIN NAME DESCRIPTION
1 SGND Shield GrouND.

2 XD Transmitted Data; serfal data output
. from the Apple.

3 RCD ReCieved Data; serial input to the
Apple.

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

active whenever the Serial Card
emulation {s used.

5 CTs Clear To Send input; this
acknowledges that the Apple may
begin transmission. This line {s
ignored by the Serial Card emulation.

6 DSR 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 fnactive. This can be used to
prevent the Apple from overflowing a
printer input buffer. .

7 GND Signal GrouND.

8 DCD Data Carrier Detect; this
acknowledges that the remote device
is ready to transmit data. The
‘Serial Card emulation checks this
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 input
buffer.

9-19 . No connect.

20 DIR Data Terminal Ready output; this
indicates that the Apple is on and
operational. This line will be
active anytime the Serial Card

emulation is used.
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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 ($COFO) 1is used to send data out the Apple
/// to an external device, such as a modem or a printer. A byte is
transmitted by setting the control and command registers
appropriately and then 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 {s 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 ($COF0) 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, overrun 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 l

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

\—

w
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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

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 oha 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 !+ “t3ISTER
The Control - ,ister is use to silect the desired mods
for the SY63L. Tha word length, number of stop bits,
and clock controls are all determined by the Control
Register, which is depicted in Figure 6. Ve %:3
CONTROL REGISTER
[2]e]sfalafz[1]0]
|IRINA BAUD RATE
STOP MITS -t GENERATOR
0= 1 Siop Bit 0] 0] 0] 0] 16« EXTERNAL CLOCK
1=2 S10p B 0ojoo] S0 BAUD
1 Stop Bt it Word Langeh 0j0(|1]0 ™
Lol 3 N W N T
= § Bits and Ne Puaricy. ol1/0]o 13458
0f1]/0]1 180
FoT ToaTa wors N N KN 00
' LENGTH 0f1]1 [0 00
oTo . 1{o0fo0]o 1200
A 5 1fo]ol 1900
TTo 3 1[o0]1]0 2400
K s 1 ] 1 1 3800
11100 4300
RECEIVER CLOCK SOURCE 1[1]0]1 7.100
0 = Extarnal Asceiver Clock 11| 1]0 9600
1 = Boud Reee Generstor 1 1 1 1 19,200
*This allows for $-bit tranemission |8 dets bits phus parity).
? & 5 4 3 2 1 0
HAROWARERESET [oJoJoJoJoJoJo]o
PROGRAM RESET - -
Figure 6. Control Register Format
COMMAND REGISTER
The Command Register is used to control Specific Trans-
mit/Receive functions and is shown in Figure 7. C’ﬂ/‘-z
COMMAND REGISTER
L2lefsfefaf2]1]0}
(LI
PARITY CHECK CONTROLS DATA TERMINAL READY
BT OPERATION 0 = Dissble Receiver/Trammitter
2[s]s ) (DTR high}
- = - n =-E Receiver/Ti i
0} Purity Dﬂ:: '::::nwnlh . 1 h DMT.:.M) ranumitee
0| 0 | 1| OddParity Receiver and Transmitter
0 11 3 | Even Parity Raceas ond RECEIVER INTERRUPT ENABLE
Trassmitter 0= IRQ Interrupt Enabled from Bit 0
1§ 0] 1 | Mark Parity Bit Tranemitied, of Surtus Registar
Purity Chack Dissbied 1 = {RQ Interrupt Disabled
11111 Sm Parity an Transmitted,
Purity Check Dissbied TRANSMITTER CONTROLS
8IT TRANSMIT ATS OTHER
3] 2 | INTERRUPT | LEVEL
olo Dissbled High -
NORMAL/ECHO MODE 3K Enasbled Low -
FOR RECEIVER 1] 0 Disabled Low -
0= Normal 1011 Oinsbied Low Transmit BRK
1= Echo
? 8 5§ 4 3 2 1 0
HARDWARE RESET [ 0 ojoJoJo ]
PROGRAMRESET [ _| -|-|0]|o0jo 1] 0
Figure 7. Command Register Format
4.11
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STATUS REGISTER  (Z/~/

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

STATUS REGISTER

viefsfef3TaTi 0]

Pority Ervor®

0 = No Parity Error
1 = Parity Error Detected

Framing Erroe®

0 = No Framing Error
1 = Framing Error Detected

Overrun®

0 * No Overrun
1 = Overrun Has Occurred

Recwiver Dats Register Full

0 = Not Fuil |
1= Full |
Tr i Data Register Empty
0 = Not Empty
1= Empry
Osta Carrier Detect (DCD)

0= DCD low (Detect)
1= DCDO high {Not Detacted)

Deta Set Resdy (OSA)

0= @ low {Ready)
1= DSR high {Not Ready}

Interrupt (IRQ)

0 = No Interrupt
*No interrupt occurs for thess diti 1 = Interrupt Has Occurred

HARDWARE RESET ol o
PROGRAMRESET [ - | ~]1-1-1-10

(-]
(-]

-] -1

||

Figure 8. Status Register Format

PIN CONFIGURATION

et ~ nhew

S: 2772

S s 26[])iRa

RES[]4 = [108,

mc Qs 24 11 05y PIN NO. 1
XTAL1[J 6 237 peg IDENT. —
xtaL2 7 6551 22[108,

A 21[] o8,

s s 20[]08,

™o 10 18 [ 08,

oTR Q1 18 [ 08y

RxD ] 12 17 {1 6SR

RSy (]13 16 [] 5CO

RS s 15 [J Vee
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SYSTEM CLOCKS & TIMING

“ra TR

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 MAz is compensated for in other logice Device Bl3 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 Bl2 and B13. 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 latchs 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=0Or function of C7’M and C3.5M at Bl3. This accomplishes
two functions:

o it divides the Cl4M clock by &, 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 Bl2 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.

! |
I '

ceq 11T LU UL

C3.5M

'
|
|

e e e iy | - ——

L L 1|
0 O e O

2 ¥ A
v § o5 avz%

!

- . - ——

"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
\_ _J
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for processor and RAM address timing.

-

The Q clocks are initialized with each Load Parallel;io 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 QO 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

18 discussed below.

Looking at the gate array of C9 and Bll we see that since HPE* is normally high,
the output of C9 18 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 Cl4M going low, the And gate shared with Q0 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 Q0 and that will not be able to "disrupt”™ the clocks until the next
HPE pulse.

AX, PREIM, & CIM

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

PRELIM can toggle at each positive edge of AX, if the data input to the latch is
at the opposite state. Looking at D11 (CIM*) 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. Dll 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 _J
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The RAS =ignal 7 )0 delayed by one clock and inverted. 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 18 used in the RAM ad-ress logic to
develop the "row select” signals for the RAMs.

VIDEO HORIZONTAL & VERTICAL STATE COUNTERS

This eircuit is made up of four 4~bit binary counters, (F10, F11, Gl1, G12),

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). 1In the Apple /// modes
there are 560 dots in the horizontal line, however, there are still only 192
horizontal 1lines (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
efither 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
rates In the 80 character modes it loads at a 2 MHz rate and shifts at a 14 Mhz
rate. It is 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 18 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* gtarts high and when the counter increments HPE* low after
64 counts it is then reset to state 64 after the next clock input, this ylelds

\»ﬁ 5.7 Y
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65 states all together.

Looking at Fll we see that the HPE* output 1is connected 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 Fl1l
are tied low (disregard the input to pin 6 of Fll at this time)s 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 syatem

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 H5*) or (H4 and H3%*)

This logical function is done within the ¢9 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 1n 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 1is 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 is 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 is

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_k 5.10 . -
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This signal is developed at F8 pin 6 and is used in the system to indicate that

a complete scan of the current 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.

§.11
J

N

Page 0097 of 0730 |

| Apple Computer Inc - 1982
PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor



http://www.cvisiontech.com

S A & » € 4

J

Page 0098 of 0730

= VIS HSINGG | ASSY 1XaN INIMVEA TIVIS 10N 0Q R J
w :mzm— Bkl NOILI3IONA TIONV QNIHL S ok e w0 e @
c da TIVIYILYA Qs sl Ot MO wins s8d rasvee ©
© SWNN ONIMYHA 3718 perrT——— R PAT - BIDIZQL I WV Mt ©
M 31va A8 0ISVINIY SISTHININYA NI SNOISNINK] NUPNAR  OMs AP OIFIVIVNY B4y \8)
¥ SNOILOVHS TN IV FNL RIITIN G
% —= Ix'XX  SITONV <
n_nU /4 N\ = 7 NQ\QJ\.M\\: 31va A8 03A0UddY ” wa
3
—_ IX SIYNID3Ia
f.ﬂl.v lva AS OINIIND SIHONE NI UV 0
5| ndwoo piddo e meracond
o f | sva A8 NmvEQ SIONVNITOL )
o v
(&)
S ONINIL W3LSAS /77 TWddv _
p -
(O}
(0p)]
m . |
o
n_V.v R @ /6 Fir
m llllllllll m"m (Y \1‘ - - === = Jf \\‘ L 22
o o/ \©’ wTSYR
a 7 \ Vs \ w9
< TN T T T\ LN\ T AT NS LN T e
. _ / \ / \ v
m / \ YARNYE
...M S / 4
m [ | \ / \ xy
L ' \ / \ /~ e
C
. —_ . / AN / )
= / \ v \ ® N
> /|| N
Q \ / \ / © o
£ |\|||||||/||||||\|||||.|./|||||\I||.|I/I||||.\l.|||l/ll LAT .
@]
S e U e S e S e N e D s N S W S VRO ;
e -—
oy Q3141334S ISIMYTHLO SSTINN T L ON 3
A NOISIAIY # 003 | INOZ] A3V k m
S
€ _ v
t _ ¢ 4 )
o
o
<
\ J

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor


http://www.cvisiontech.com

Apple /// Computer Information + Apple /// Level 2 Service Reference Manual

g

Apple /// Computer Information

Apple ///
Service Reference Manual

Section | of Il « Theory of Operation

Chapter 6 « Video Display Logic

Written by Apple Computer « 1982

| Apple Computer Inc - 1982 Page 0099 of 0730 |

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor


http://www.cvisiontech.com

Apple /// Computer Information + Apple /// Level 2 Service Reference Manual

— . )

DISPLAY MODES

o

40 CHARACTER APPLE II : 40x24 B/W
TEXT (2K BYTES ﬁAN% X£7 CHARACTER

0 40 CHARACTER APPLE ///: 40x24 cHARACTER CoLOR
TEXT - 16 BackGrounD, 16 TexT CoLoORS

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

o BLACK & WHITE HIRES: 280x192 B/W Hires (8K RAM)

o HEDIUM RESOLUTION 16 COLOR GRAPHICS APPLE ///:
E80x192 16 Coror Hires wiTH 40x192 BackGROunD/
OR:ZGROUND RESTLUTION

o SUPER HIRES APPLE /7/: 560x192 B/W Hires
o - APPLE /// HIRES: 140x192 16-CoLor HIRES

o RAM CHARACTER GENERATOR {128 CHARACTER)

k 6.1 p
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APPLE /// VIDEO

INTRODUCTION

The Apple /// has 11 defined video modes of operation. Thersz 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

0 New color text mode

o Super high resolution black and white graphics

o 2 new color hires modes
AND

0 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 1is 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.

© 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.

0 This mode has no color.

L | 6.2 )
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o This mcde has tws screen pages mapped into memory:
- Page 1 is located at 0400-07FF
- Page 2 is located at 0800-0OBFF.
40 Character Apple ///
This second 40 character text mode is the most interesting and, in a way, the
most powerful. This 1s 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 1s 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 different 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 l:l. That is, a
character located in 0409, for example, has its foreground color determined by
the byte in location 0809.
In the page 1 wode 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 i3 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 .
\ ,
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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 containas 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 is from 0800-0BFF 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 1s a new graphics mode that has a 280 by 192 resolution in Black and
White only.

It has two distinct pages:
Page 1 18 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 1s divided into & 40 wide by 192 high matrix. That is, the color
selection for foreground and 16 background can change for each 7 dot [ooo0000]
pixel segment. You can think of each segment as a one-bit-high glice across a
character space, as fllustrated below.

40
| /’/ o \\
=S = = 7 T
; L L
= B
Agi ii, o= b;%4 &7
- ' 6.4 )
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The memory mapping is as follows:
Page 1l: 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) 1is 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 1is
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 reaolution, 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 screenm 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
display area.

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

L;, 6.5 )
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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 wmode
18 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. ’

2000 X2001

2000- 3FFF [ ]
- —
2000 <4001 .
4000-5FFF ['(44&1__' )] 1V o
7 \ 4 BYTES / \ —
2000 4000 2001 4001
ulllll;lrlvlll[:llrﬁ HEREE
o1 1 w2 ) ps | pa | es | e | 7

L_, 6.6
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4000~5FFF each byte represents 7 pixels.

Super Hires Apple ///

This 1s 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 1is 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-SFFF. In Page 2 the primary is at 6000-7FFF,
and the secondary is 8900~9FFF.

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 is, 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

is shown below.

L_; 6.7 y
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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
repeats.

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 contains the fourth bit of the second pixel, the third
pixel, and the first two bits of the fourth pixel.

0 The third byte contains the last two bits of the fourth pixel, the
fifth 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 in 6000-7FFF, and the
secondary 1is in 8000-7FFF.

L 6.8 )
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APPENDIX (VIDEO)

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

1l 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

Se 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

u 6.9
7
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VIDEO OUTPUTS

o NTSC COLOR COMPOSITE VIDEO

o NTSC B/W COMPOSITE VIDEO

o SYNC

o FOUR PRIMARY INDEPENDENT VIDEO LINES

o MIX TO FORM RGB APPLE COLORS
THREE LINES CAN DRIVE TTL RBB MONITOR
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'l"l"l’.ﬂlCI:I‘\"(JIII"Iﬂ‘L
Pin Naze Description
1 SG Shield Ground. . ':”"ﬂr,..
2 XRGB4 One of four GRB outputs. This (and piﬁs s, 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.

S XRGB1 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 ko
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

couposite 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 NTISC. 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 +S 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

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
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 €000 to
CFFF. The 1/0 space i3 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 I/0 expansion

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

1/0 ADDRESS SPACE

_ _ ©Cooo_ __
1/0
. Space
C4FF _ _
RAM
c800 _ _
1/0
Expansion
Space
_ _ CFFF_ _
Normal 1/0 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 1/0 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 1/0 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/0 Select* signal, and each signal is active when a
specific page of memory is addressed. .

The 1/0 Strobe is common to all I/0 slots. This signal will be low (true)
when an address location within the range of C800 to CFFF (2K of memory).

7.1
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INTERRUPTS

Interface cards that are capable of generating interrupts MUST latch the
interrupt output until it is reset by the software. In addition, they MUST
include the ability to mask and unmask their interrupt through scoftware, and
MUST default to the masked state when the system is reset.

C09X Slot 1 Device Select
ClXX Slot 1 I/0 Select
COAX Slot 2 Device Select
C2XX Slot 2 I/0 Select
COBX Slot 3 Device Select
C3xXX Slot 3 I/0 Select
cocx Slot 4 Device Select
C4XX Slot 4 I1/0 Select

The method of accomplishing this transmission between the interface and the
computer is called handshaking. In the Apple ///, the handshaking is normally
accomplished through the exchange of Device Select*, I/0 Select*, IRQ*, and
R/W*, The R/W* control signal is used to synchronize the flow of data to and
from I/0 devices. When the Read/Write* signal is 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 is
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 is 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 COAO 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 D
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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 + nO corresponds 1in 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 I/0
Select line is low; that is when the address on the address lines 1s between
Cn00 and CnFF). Recall that "n" is the slot number.

Device Select

Address Bus

TYPICAL INTERFACE
Data Bus h

THE OUTPUT OPERATION

In the output operation,
IF the address Co81 + nO 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 + n0O 1is presented.

Device Select

Address Bus

Data Bus‘_l

TYPICAL INTERFACE

SYSTEM TIMING

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.

\ 7.3 y
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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 1/0 address for the setting and clearing of the A/D addresses and the ramp
start is as shown in the following table:

1/0 Address A/D Signal Name
Function

Ccos58 AD Clear PDLO

€059 AD Set

CO5A A2 Clear PDL2

CO5B A2 Set

Co5C Ramp Start Clear PDLEN

CO5D " " Set

CO5E Al Clear AXCO

CO5F Al Set

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

1/0 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 0 through A/D 2.

L 7.5 ' y
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2) start the A/D by cycling the PDLEN signal low for 40 micro seconds then
back high

3) set up one of the timers to count.
4) test for ramp stop
5) read the counter

6) compute the value of the channel input.

\_ 7.8 »

| Apple Computer Inc - 1982 Page 0137 of 0730 |
PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor



http://www.cvisiontech.com

4 R . N
Apple /// Computer Information + Apple /// Level 2 Service Reference Manual
( ' )
@icepia compuiar s
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 I/0 STROBE
INH 32 19 PHO
-12V 33 18 R/W A/// Peripheral Connector Slot
-5V 34 17 AlS TOP VIEW
SACK OF AC. BTARD
SYNC 3s 16 Al4
c7M 36 15 AL3 O
Q3 37 18 Al2 ovaor 7 | S |5 woruses
“’T‘ﬁ n 3 rg:busf.n
Cin 38 13 All ;—aé 2 § B oasy
IOCLR 39 12 AlQ ":‘?l’, § g 3; "’ﬁ
CIM 40 11 A9 "i’? § g’g 3 ::é
14 AV
o3 3 [S|2]E i
DEV SEL 4 10 . wersrsly 2 (S5% 4
D7 42 9 A7 :.:s a g ; E
44
H L
D6 43 8 AS gj a ; a
DS ' . 48 7 AS 0‘2 ;: 1 TOSE.ESY
D4 4S 6 A O
D3 46 S A3 FAONT OF PC. 8CARD
D2 47 4 A2
Dl 48 3 Al
DO 49 2 AD
+12V 50 1 I/0 SELECT
L : 7.7 :
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Table 33: Peripheral Connector Signal Description

Pin: Name: X /o Description:
1 I/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 I, 0 The buffered address bus. The address on these lines
becomes valid withia 300ns after the beginning of

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

18 R/W T,©0 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 O A 1 MHz signal which is identical to CIM. This
line will drive S5 LSTTL inputs.

20 T/0 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 z 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 I 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.

23 M4 Not used in an Apple /// (N0 DAIGSY EHAIMNG OF PELIPHERMS!
24 A Not used in an Apple ///.
25 +5V 0 Positive 5-volt supply, 2.0 amps total for all

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

26 GND MA System circuit ground. O volt line from power
supply. Do not use for shield ground.
27 DMAOK 4 Acknowledge signal to the peripheral following
. 7.8
\_ v,
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its request for the special Direct Memory Access

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

28 DMAT Z  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.

29 TONMT z Input/Output Non-Maskable Interrupt. This is THE NnI 023
equivalent to the IORES (pin 31) line as it will AT GodillTlyY 7
execute the same code in the Autostart ROM., This TAFMlacéssal So

line should be driven by an open collector ou:pu:.'sgc%ggfm
RE

30 IRQ I This line is ignored in Apple ][ emulation mode.
It should be driven by & TTL output.

31 IORES (4 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.

32 INH z 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. '

33 -12vV o Negative 12 volt supply, 200mA total for all peripheral
: boards together.

34 -5V o Negative 5 volt supply, 200mA total for all periperal
boards together. .

35 SYNC 0 The 6502 opcode synchronization signal. Can be
used for external bus control signals. will

drive 10 LSTTL loads.

36 C7M 4 Seven MHz high frequency clock. Will drive 10
LSTTL loads.
37 Q3 0 A 2MHz (nonsymetrical) general purpose timing signal.

Will drive 10 LSTTL inputs.

-38 CI¥ o Complement of CIM clock. This will drive 12 LSTTL
loads.

39 10CLR o 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.

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

41 DEVICE SELECT This line becomes acive (low) on each peripheral

7.9
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connector when the address bus i{s holding address
between $C0n0 and $COnF where n is the slot number
. plus $8. This line will drive 12 LSTTL loads.

42-49 D7-DO Z,0 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 ClM. These lines will drive 8
LSTTL inputs.

. X '
S0 +12v o Positive 12 volt supply, 300mA total for all peripheral
boards together. :

. NOTE:  TorAL FOwen Drauw BY v OUE FELL AT lirmr2l (§_MoT TP
Ekeced LS /TS
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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 second. 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 connector 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. One 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 is 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 1s best to describe
the entire function as a clock, not a chronograph.

g 7.12
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THE KEYBOARD

The Apple /// has a built-in 74 key typeuriter-like keyboard which tincludes
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 drawing on the previous page shows the standard keyboard legend and
details the keystation number. Note that in addition to the 74 keys there is
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 con-
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 rates A high speed (30 CPS) repeat functfon 1is 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 1is depressed after another key, the high speed repeat 1s
activated.

The four cursor control keys (63, 70, 71, 72) are two-contact keys. This
means that as the key 1is partially depressed, it makes its first contact
generating a signal code. When it is 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 CO00; 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 1is addressed by
Memory Address C008; we call this the KB port. The KB port looks at the
"direct connect” keys and at the eighth bit of the key code. A suumary of the
bit meanings for these two types of data is shown in the table at the top of
the following page.

L 8.1 D
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KEYBOARD ENCODER MATRIX

KEYBOARD  VERTICAL Y KEY PAD
YO A z ESC TAB NONE
Y1 1 Q s X 9 6 3
Y2 2 w D c . ENTER
Y3 3 E F v SPACE 8 5 2
Y4 4 R H B A
Y5 5 T e N 741-
6 6 Y < J M RETURN NONE
Y7 7 - u (R K S, ot NONE
18 8 & 1 P ;3 -— > . NONE
Y9 9 §( 0 "' L ?/ 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 O NONE
X2 A S D F G H J K L T 3 NONE
X3 Z X ¢ v B N M <, >« 1/ NONE
X4 g = + = 1 7 8 9

£t 1} o
X6 " ' RETURN ¢ 12 3 . 4
X7 SPACE <+ — |} - ENTER

.4
. s D
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MEMORY ADDRESS REFERENCE

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

KA PORT (CO00) KA PORT (C008)
Bit 0 ASCII Bit O * Bit O "l"="any key down"
Bit 1 ASCII Bit 1 * Bit 1 "0"="ghift depressed”
Bit 2 ASCII Bit 2 * Bit 2 =~ "0"s="control depressed”
Bit 3 ASCII Bit 3 * Bit 3 "O0"="alpha lock set”
Bit 4 ASCII Bit 4 * Bit 4 "0"="Apple 1 switch depressed”
Bit S ASCII Bit 5 * Bit 5 “0"="Apple 2 switch depressed”
Bit 6 ASCII Bit 6 * Bit 6 "1"="gtart up uncommitted mnde”
Bit 7 "1"="data ready flag" * Bit 7 ASCII Bit 7

****t*t**************t*************tt**************t*************************

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 encoder
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 (Noa=~
Maskable Interrupt). This provides Apple /// with two levels of “"reset.”

L 8.5 y
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KEYBOARD CODES
A complete 1list of the codes generated by the encoder circuitry is 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 98 9B 9B 9B 39 F 46 46 04 04
2 1 31 21 31 3 40 ¢ 47 47 07 07
3 2 32 40 32 00 41 H 48 48 08 08
4 3 33 23 33 23 42 J 40 4A 0A OA
5 4 36 24 3% 24 43 K 48 4B OB OB
6 5 35 25 35 25 44 L 4 4C 0OC OC
7 6 36 SE 36 53 45 H 3B 3A 3B 3
8 7 37 26 37 26 46 < 27 22 271 22
9 8 38 2A 38 2a 47 RET URN 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 SF 2D IF 50% 3 B3 B3 B3 B3
13 - 3D 2B 3D 2B 51 SHIFT = ==-=== KB~l~~=~===~
14 BACKLASH S5C 7C TF 1C 52 A SA 5A 1A 1A
15% 7 B7 B7 B7 B7 53 X 58 58 18 18
16* 8 B8 B8 B8 B8 54 o 43 43 03 03
17% 9 B9 B9 B9 B9 55 \ 56 56 16 16
18% TAB 89 89 89 89 56 B 42 42 02 02
19 Q 50 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 OS5 59 , 2 3¢ 2¢ 3¢
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=l~=~====
25 U 55 55 15 15 63* WP-CURSOR 8B 8B 8B 8B
26 1 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 ALPHA-LK  ===== KB=3=a~a=s
29 RT~BRACK 58 7B 1B 1B 67 APPLE 1 ====~ KB=4=~~~==~
30 LT-BRACK SD 7D 1D 1D 68 APPLE 2 ~==eakB=5=a=e=~
31 LT-BRACK 60 7E 60 7E 69% SPACE A0 A0 AO A0
32* 4 B4 B4 B4 B4 70% LT-CURSOR 8B 8B 8B 8B
33% 5 BS B5 B5 BS 71* 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 ] 53 53 13 13
38 D 46 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
-/
| Apple Computer Inc - 1982 Page 0150 of 0730 |

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor


http://www.cvisiontech.com

Apple /// Computer Information + Apple /// Level 2 Service Reference Manual

@icopia computar W

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 ]J[. 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" is a control-@ (Control-Shift=2). With the Apple ][, the
"NUL” i{s a Control-Shift=p.

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

3. The Shift-m, for a left square bracket in the japple ][, 1s 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
][ 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 confusion for those Apple ][ programs that use those
codes (...now he tells me!).

6. The autorepeat and high speed repeat functions will work for the
Apple ][ just like 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 H14] 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 1line on
KB"SQ

8.7
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On the main board the encoder scans the keyboard matrix and provides the
correct code outputs plus a strobe and an "any key dowa" signal. A diagram
for the key matrix 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 CO0B, 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 is held down 1s the result of clocking and resetting the flip-flop Hl1l
(feeding into H12). This is accomplished by the AK (any key) and DTRDY (data
ready) setting, Hll then having CLRSTB (clear strobe) rezsetting 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 (Hll), 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). If 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 it!)

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

_ 5 . /
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PIN SIENVAL ASS/ENAMEAS T
Pin # “"escription
1 Yo
2 vl
3 Power Light
4 Y2
5 Apnle 2 (high speed repeat)
k V3
7 Apple 1
n vy
b] Alpha Lock (alternate action)
1 \5
11 Control
12 'S
13 Sisnal Ground
14 0
15 Peset
1A hod
17 X7
o w2
19 X5
20 X3 Y b 13
21 % )
22 1 o [ >
23 Y6 (% &4
24 Shift (both keys) 17. L 0
25 Y7
26 XA 18+ 9
141 T s
20,
7 7
21 - b ¢
224 - &
234 3 ’
J/- 3
254 L 2
2L !!rl
Je
T
8.9
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Table 2: Keys and their Assoclated ASCII Codes (Bit 7 always set)
Key Alone CONTROL SHIFT Both
<{space> $AQ $AO $AD $AD
ESCAPE $9B $9B $9B $9B
1! $Bl1 $Bl $Al AL
2@ $B2 $B2 $CO- $80-
3¢ $B3 $B3 $A3 $A3
48 $B4 $B4 $AS $AS4
LY 4 $BS $BS $AS $AS
6 $B6 $B6 $DE- $9E
7& $B7 $B7 $Ab $A6
8* $B8 $B8 $AA $AA
9( $B9 $B9 $A8 $A8
0) $BO $B0 $A9 $A9
- $AD $AD $DF $9F
=+ $BD $BD $AB $AB
\ $DC $9C $FC $FF
TAB $89 $89 $89 $89
({ $DB $9B $FB $9B
1} $DD $9D $FD $9D
RETURN $8D $8D $8D $8D
»< $AC $AC $BC $BC
o> $AE $AE $BE $BE
/? $AP $AF $BF $BF
{left arrow) $88 $88 $88 $88
{right arrow> $95 $95 $95 $95
{up arrow> $8B $8B $8B $8B
<down arrow) $8A $8A $8A $8A
. $AE $AE $AE $AE
- $AD $AD $AD $AD
ENTER $8D $8D $8D $8D
A $Cl1 $81 $Cl $81
B $C2 $82 $C2 $82
c $C3 $83 $C3 $83
D $C4 $84 $C4 $84
E $CS $8S $CS $8S
F $C6 $86 $C6 $86
G $c7 $87 $C7 $87
: { $C8 $88 $C8 $88
I $C9 $89 $C9 $89
J $CA $8A $CA $8A
K $CB $8B $CB $8B
L $cc $8C $cc $8C
M $CD $8D $CD $8D
N $CE $8E $CE $8E
) $CF $8F $CF $8F
P $DO $90 $DO $90
Q $D1 $91 $D1 $91
R $D2 $92 $D2 $92
S $D3 $93 $D3 $93
T $D4 $94 $D4 $94
8.10
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i $DS $95 $DS $95
v $D6 $96 $D6 $96
w $D7 $97 $D7 $97
X $D8 $98 $D8 $98
Y $D9 $99 $D9 $99
Z SDA $9A S$DA $9A
8.11
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THE APPLE /// POWER SUPPLY

The Apple /// power supply converts power from the AC line to DC. This 1s
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.

- 1t supplies +5, -5, +11.8, and -12VDC.
= It {8 called a flyback type power supply because energy is trans-
ferred from the primary of the transformer to the secondary when
the switching traunsistor 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 1is 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 control circuits that vary the on-off periods (duty
cycles) of the switching components.

Advantages
l. 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
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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 WORKSI!

Regulation 1s accomplished by a switching tramsistor 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:

0 The AC is passed through an EMI filter and then rectified to provide
approximately 300 VDC across the capacitive input filters (C6, 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 transister 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.

o The +5 volt output of the final rectifier network is compared to
a reference voltage, and the error i1s 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-

.3
. ° J/
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plished.

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, 18 used to limit AC input surge current 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
spikes 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 Ti, L1, L2, and Ci, 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 gufficient 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.

ICl helps accomplish regulationm by combaring the output voltage against
its own internal reference aand delivering a voltage level to the base
of Q3c

The emitter of Q3 is driven by a positive going ramp created by the inductive
resistance associated with Rl4 while Q2 18 on. When this voltage is sufficient
to forward bias the emitter-base junction of Q3, conduction of Q2 18 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 SCR1. SCRl then clamps the +12V to ground, causing the power supply

to fold back.

9.7
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REF

APPLE III POWER SUPPLY

DESCRIPTION

BR1
Col
Cc0o2
co3
C04
C05
C06
Co7
co8
co9
Cl0
Cll
Cl2
Cl13
Cls
Cl15
Clé
Ci7
Cl8
Cl19
Cc20
c21
C22
C23
C24
C25
C26
DOl
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 UL1O15
PVC Coating CU Wire 80OMM UL1O15

PVC Coating CU Wire 95MM ULLOL5
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 0O.luf, 250VAC, Metallized Paper
Cap, 4700pf, 400 VAC, Ceramic
Cap, 4700pf, 400 VAC, Ceramic
Cap, O.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, 22o0uf, 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, RGPLOA

Diode, Rectifier, RGPIOM

Diode, Recitifier, RGP1OM

9.10

Q0 = O =N PN W b = = W = = N b e = N
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NN = W =W

PART NUMBER
149-00200020
138-00000170
403-02200510
027-0140001"
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
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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

[ Apple /// Computer Information + Apple /// Level 2 Service Reference Manual
APPLE III POWER SUPPLY
REF DESCRIPTION
D04 Diode, Rectifier, IN4OOIGP
D05 Diode, Silicon, 1N5282
D06 Diode, Silicon, 1N5282
Do7 Diode, Rectifier/Scr Assembly
D08 Diode, Rectifier assembly
D09 Diode, Rectifier Assembly
D10 Rectifier Assembly
D1l Schottky Diode S3SC3M
D12 Rectifier RG3B
D13 Diode, Silicon, 1N5282
Fl Fuse 2.75A 125V
ICl Integrated Circuit, Regulator, TL431CP
J1 Jumper Wire
J2 Jumper Wire
J3 Jumper Wire
Jé Jumper Wire
L1 Choke
L2 Choke
L3 Base Choke
L4 Choke 1.5mH
LS5 Choke Coil Assembly
L6 Choke Coil
L7 Choke Coil
L8 Choke Coil
Q1 Transistor SD467
Q2 Transistor 2SC1358
Q3 Transistor SB561
Q4 Transistor SB561
RO1 Thermistor, 4R @25 C +-10% 6R @ 25 C +=20%
RO2 Resistor, 150K +=5% 1/2w
RO3 Resistor, 150K +=5% 1/2wW
RO4 Resistor, +=5% 47R 2W, Metal Oxide
ROS Resistor, +=5% 1/4W 1.2K
RO6 Resistor, 5.6R +-5% 1/4W
RO7 Resistor, +=5% 56R 1/4W, Carbon film
RO8 Resistor, +5Z 120R 2w
RO9 Resistor, +-5% 1/4W 15R
R10 Resistor, +=52 1/4W 10R, Carbon Film
R12 Resistor, 0.47R, Metal Film
R13 Resistor, =5 1/4W 39R, Carbon Film
Rl4 Resistor, +=5% 270R 1/4W
R15 Resistor, +=5Z 270R 1/4W, Carbon Film
R16 Resistor, 8.2 +=5X% 1/4W, Carbon Film
R17 Resistor, +=5Z 680R 1/4W
R18 Resistor, +=5Z 1.8K, Carbon Film
Resistor, +=5% 2.2K, Carbon Film
Resistor, +=5% 2.7K 1/4W, Carbon Film
R19 Registor, +-5% 560R 1/4W, Carbon Film
R20 Resistor, 22R 1/4W 4+=5Z, Carbon film
R21 Resistor, 100R +-5% 1/4W, Carbon Film
R22 Resistor, 56R +-5Z 1/4W, Carbon Film
R23 Resistor, 56R +=5% 1/4W, Carbon film
R243 Resistor, 12K +=5Z 1/4W, Carbon Film
R25 Resistor, +=5Z 1/4W 470R, Carbon Film
9.11
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APPLE III POWER SUPPLY
REF DESCRIPTION QTY PART NUMBER
R26 Resistor, +-2% 2.7K l/4W, Metal Film 2 247-2701502
R27 Resistor, +-2% 2.7K 1/4W, Metal Film 247-27015022
R28 Resistor, 100K +-5% 1/4W, Carbon Film 2 240-10406022
R29 Resistor, 100K +-2% 1/4W, Carbon Film 240-10406022
R30 Resistor, -5% 56R 1W, Matal Oxide Filmm 1 248-56006052
R3l Resistor, +~5% 220R IW, Metal Oxide Film 1 248-22106052
R32 Resistor, IR !w, Metal film 1 247-10086054
Tl Common Mode Choke Assembly 1 852-20200010
T2 Power Transformer assembly 1 852-10200760
T3 Control Transformer Assembly 1 852-10200680
VDRL Varistor 260VAC 1 256-26100014
zl Zener Diode 9.6 to 10.V @ lmA 1 222-98085002
9.12
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APPLE II EMULATION RESTRICTIONS
0 NO LANGUAGE CARD
0 NO ROM CARD
0 PADDLES ARE DIFFERENT
0 ENTER WITH SOFTWARE BUT ONLY
RESET WILL EXIT
L 10.1 »
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THE COLOR VIDEO CONNECTOR

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 XRGB1 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 NISC-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 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
to account for the current drawn by those cards.

10.2
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THE HIGH-RESOLUTION GRAPHICS (HI-RES) MODE

The Apple ][ emulation mode high resolution graphics are
identical to the Apple ][ except some combinations of colors on the
right edge of the screen will cause the left edge pixels to blink.
This 1s normal though distracting.

THE SPEAKER

The speaker function i3 identical to the Apple ][ with the
following additional features.

A reference to location 49216 (or the equivalent addresses
-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
1s 0.1 seconds of cpu time is returned to the user since only 1
microsecond i1s 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
plug into this jack, the Apple’s internal speaker 1s silenced; if
there 1s an amplifier or other device properly connected to the
plug, then that device will receive all audio signals generated by

the Apple. The signal is a 0.5 volt peak-to-peak audio signal on its
tip and signal ground on its ring. : .

THE CASSETTE INTERFACE

The cassette interface is completely eliminated on the Apple
/#!. References to the cassette output port at 49184 (or the
equivalent -16352 of hexadecimal $C020) will cause pin 39 of the 1/0
slots to go low for a mfcrosecond. This is for use by Apple ///
native mode peripherals to deselect to $C800 ROM address space.

Reading the cassette input port at 49248 or the equivalents
~16288 or hexadecimal $C060 will read joystick switch O into bit 7.

\_ 10.3 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 $C800
for Apple ///
periperals
(pin 39 1in slots) 49184 -16352 §$C020 R/W
Joystick switch O 49248 -16288 $C060 R(bit 7)
Joystick switch 1 49249 -16287 §$coé6l R(bit 7)
Joystick switch 2 49250 -16286 $C062 ‘ R(bit 7)
Joystick switch 3 49251 -16285 ¢$C063 R(bic 7)
A/D Select 0 49240 -16296 $C0S8 R/W
A/D select O 49241 -16295 $C059 R/W
A/D Select | 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 $CO070 ) R(bits 7-4)
Table 9: A/D Selection
A/D2 A/D1 A/DO Input
0 0 0 Ground
0 0 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
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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 timeocut
goes low. The discharge time is proportional to the input voltage.

STROBE QUTPUT

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 1s loaded when
the Apple ]{ emulation disk is booted.

10.5
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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 instructfon followed by NOP instructions,
followed by BRK instructions. This fills the space occupied by the WRITE
subroutine (locations $FECD-$FEF4). .

READING A RANGE FROM TAPE

Again, since there is no cassette port the R (READ) command has
no effecte The READ subroutine contains an RTS followed by NOP
instructions, followed by BRK instructions (locations $FEFD-$FF2C).

SOME USEFUL MONITOR SUBROUTINES

SFBLE 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

axis is read. PREAD returns a number from $00 to $FF in the Y
tegister. The accumulator i{s scraabled.

Joystick Reference #

Port A, X axis 0
Port B, X axis 1
Port A, Y axis 2
Port B, Y axis 3

\¥7 10.6 »
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Page Three Monitor Locations

Address: Use:
Decimal HRex
1008 $3F0 Holds the address of the subroutine which handles
1009 $3F1 machine language "BRK" requests (normally $FAS59).
1016 $3F2 Soft Entry Vectore. These two locations contain the
1011 $3F3 address of the reentry point for whatever language

18 in use. Normally contains $E003.
1012 $3P4 Power-up byte. Normally contains §45.
1013 $3F5 Holds a "JuMP" instruction to the subroutine which
1014 $3F6 handles Applesoft J{ "&" commands. Normally $4C $58
1015 $3F7 SFF.
1016 $3F8 Holds a "JuMP" instruction to the subroutine which
1017 $3F9 handles "USER' (CONTROL Y) commands.
1018 $3FA

L . 10.7 p
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Built-In 1I/0 Locatons

$0 $l $2 $3 $4 $5 $6 §7

$CO00 Keyboard Port A Input

$C008 Keyboard Port B Input

$CO010 Clear Keyboard Strobe

§C020 Deselect all expansion I/0 space (pin 39) for Apple /// cards
$C030  Speaker Toggle (lus) pulse

$C040 Speaker Beep (1 XHz for 0.l second)

$C0S0 | gr ] tx | nomix | mix | pri | sec | lores | hires |

$cos8 A/DO | A/DO | A/D 2 | A/D 2 | A/D CHG] A/D ST] A/D 1 | A/D 1 |

l | | | | | | [ l
$CO60 | SWO | SW1 | SW2 | SW3 | IRQ2 | IRQ L | A/D TM|] MUX1 |

$C070  Clock millisecond output ($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
$C0BO-$COBF Slot 3 Device Select (pin 41) goes low during CIM
$C0CO-$COCF Slot 4 Device Select (pin 41) goes low during CIM

$COEO Disk Stepper Motor Phase A

$COEl Disk Stepper Motor Phase A

$COE2 Disk Stepper Motor Phase B

$COE3 Disk Stepper Motor Phase B

SCOE4 Disk Stepper Motor Phase C

$COE5 Disk Stepper Motor Phase C

$COE6 Disk Stepper Motor Phase D

$COE7  Disk Stepper Motor Phase D
- 10.8 J
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$COE8 Disk motor off

SCOE9 Disk motor on
$COEA Select Drive 1 (Built-in)

SCOEB Select Drive 2 (First external)

$COEC Q6L
$COED  Q6H
$COEE Q7L
$COEF Q7R

$COF0  ACIA Receive/Transmit Data register

§COF1 ACIA Status register

$COF2  ACIA Command register

$COF3  ACIA Control register .
$Cl00-$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

$C4L00-$CL4FF Slot 4 I/0 Select (Pin 1) goes low during C1M low

\¥, 10.9 )
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PERTPHERAL BOARD I/0
The Apple /// implements only slots 1 through 4. Slot 6 is
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
systeme Thus the RAM 1s limited to 48K with a 12K ROM chosen at Boot
time.
PERIPHERAL CARD I/O SPACE
Slot 6 device I/0 space $COEO-$COEF contains the hardware for
the disk interface. Slot 7 device 1/0 space $COFO-$COF3 contains the
addresses for the onboard ACIA.
PERIPHERAL CARD ROM SPACE
Slot 5 and slot 7 contain code which is functionally equivalent
to the COMMUNICATIONS or SERIAL card for the Apple ]J[. 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 i{s booted it loads RAM memory with an image of each set of
ROMs. Whichever language is selected when the Apple ][ disk is
booted is loaded into the address space ($DO00O-$FFFF) and write
protected.

RAM MEMORY

In Eoulation mode there is always 48K of RAM.
$0000 to $BFFF.
Firmware card.

It is addressed
There 1is no provisfon for a slot 0 Language or

"USER 1" JUMPER

There 1s no "User 1" jumper in the Apple ///.

THE GAME I/0 CONNECTOR

There 1s no 16 pin Game 1/0 connector im the Apple ///.
there are two 9 pian "D" - joystick connectors.

However

THE JOYSTICK PORTS

The Apple /// has to joystick ports (A and B).

pilnout is:

10.11

NOT operate a silentype printer in Emulation mode. The physical

The A port will

}

J
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PORT A PINOUT

Pin Nane Description

1 SGND Shield ground.

2 +5V +5 volt power supply.

3 GND. Power and Signal Ground.

4 X0 Horizontal analog input, PDL (0) in BASIC.

5 SwWl Joystick switch 1, orange 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 Sw2 Joystick switch 2, orange button.

6 +12V +12 volt power supplye.

7 GND Power and signal ground.

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

9 SWO Joystick switch zero.
\_ 10.12 )
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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 is 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) is an output to the card and goes low when the

"RESET key is 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 26 25 +5V
DMAOK 27 24 NOT USED
DMAL 28 23 NOT USED
TONMI 29 22 TSADE (Open collector)
IRQ 30 21 RDY (Open collector) -
I1O0RES 31 20 1/0 STROBE
TNE 32 19 PHO
-12v 33 18 R/W
-5V 34 17 AlS
SYNC 35 16 Al4
c7M 36 15 Al3
Q3 37 14 Al2
TN . 38 13 - All
TOCLR _ 39 12 Al0
CIM 40 11 A9
DEV SEL 41 10 A8
D7 42 9 A7
D6 43 8 A6
DS 44 7 AS
D& 45 6 A4
D3 46 5 A3
D2 47 4 A2
D1 48 3 Al
DO 49 2 AD
+127 50 1 1/0 SELECT
10.14
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Peripheral Connector Signal Description

Pin:e 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 " Al MHz signal which is identical to ClH. 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) applications. 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 5-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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its request for the special Direct Memory Access

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

28 DMAI 7 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.

29 IONMI Input/Output Non-Maskable Interrupt. This is

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.

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

31 IORES 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.

32 INH 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. '

33 ~-12v Negative 12 volt supply, 200mA total for all peripheral
' boards together.

34 -5V Negative 5 volt supply, 200mA total for all periperal
boards together.

35 SYNC The 6502 opcode synchronization signal. Can be
used for external bus control signals. Will
drive 10 LSTTL loads.

36 C7M Seven MHz high frequency clock. Will drive 10
LSTTL loads. v

37 Q3 A 2MHz (nonsymetrical) general purpose timing signal.
Will drive 10 LSTTL inputs.

- 38 CIM Complement of CIM clocke This will drive 12 LSTTL
loads.

39 I0CLR Provides the $C800 space disable function directly

without address decoding ($CFFF 1is used for Apple ]{
peripherals. It is addressed from $C02x. This line
will drive 12 LSTTL loads.

|

40 CIM Phase CIM clock. This is the same as the
microprocessor’s | MHz clock. This will drive 12
LSTTL loads.
41 DEVICE SELECT This line becomes acive (low) on each peripheral
10.16
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connector when the address bus is holding address
between $COn0 and $COnF where n i{s 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 a11 peripheral
boards together,

10.17
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APPLE ][ EMULATION MODE AUTOSTART ROM LISTING

The following is a 1listing of addresses which changed content 1in
the Autostart ROM to eliminate cassette I/0, read joysticks, and redirect
the NMI vector to the RESET code.

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

FA49: 4C 10 FF JMP IHBIRQS ;}JMP TO CODE TO INHIBIT INTERRUPTS
FF10: 68 PLA ;GET PROCESSOR STATUS BYTE

FFll: 09 04 ORA #3504 ;SET INTERRUPT INHIBIT BIT

FF13: 48 PHA s PUT STATUS BYTE BACK ON STACK
FFl4: A5 45 LDA $45 ;RESTORE ACCUMULATOR

FFl16: 40 . RTI- sRETURN WITH INTERRUPTS INHIBITTED

THE RESET KEY IN EMULATION MODE GENERATES AN NMI (NONMASKABLE

INTERRUPT). THEREFORE THE NMI VECTOR IS SET TO POINT AT THE
RESET CODE WHICH ALSO MAKES SURE THE DISK MOTOR STOPS

FFFA: 62 FA ~ DFB RESET  ;POINT NMI VECTOR TO RESET CODE
FA62: D8 RESET 'CLD ;BINARY ARITHMATIC PLEASE
FA63: AD EE O LDA $COEE  ;SET DISK READ
FA66: AD EC O LDA $COEC
FA69: AD E8 CO LDA $COE8  ;TURN OFF DISK
FA6C: 20 84 FE JSR SETNORM
FA6F: 20 2F FB JSR INIT
FA72: 20 93 FE JSR SETVID
FA75: 20 89 FE JSR SETKBD
FA78: EA NOP
FA79: EA NOP
FATA EA NOP
: THE CASSETTE READ ROUTINE SIMPLY RETURNS TO USER CALLS
]
L 10.18 AJ
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FEFD: 60 READ RTS ;NO CASSETTE PORT - RETURN TO USER
FEFE-FFOA: EA NOP sFILL 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 sNO CASSETTE PORT - RETURN TO USER
FECE-FEF2: EA NOP ;FILL CODE WITH NOPS
FEF3-FEF5: 00 BRK 3 STOP USER JUMPING INTO CODE

READ JOYSTICK AXIS. 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

X REGISTER JOYSTICK AXIS

0 PORT A, X AXIS
1 PORT B, X AXIS
2 PORT A, Y AXIS
3 PORT B, Y AXIS

FBLE: BA PREAD TXA ;SAVE X REGISTER

FBIF: 48 - PHA .

FB20: 49 01 EOR #501 ;REMAP JOYSTICK ADDRESS

FB22: AA TAX

FB23: AD 59 CO LDA $C059 ;SET ANALOG MUX TO PORT B, X AXIS

FB26: AD SE OO LDA $COSE

FB29: AD S5A 0 LDA $COSA

FB2C: 4C C9 FC JMP JOY2

FCC9: E8 Joy2 INX

FCCA: CA DEX ;SET FLAGS

FCCB: FO 12 . BEQ JOY3 ;PORT B, X AXIS?

FCCD: AD SF C0 LDA $COSF ;NO

FCDO: CA DEX

FCDl: FO OC BEQ JOY3 ;PORT A, X AXIS?

FCD3: AD 58 CO LDA $C058 ;NO

FCD6: CA DEX

FCD7: PO 06 BEQ JOY3 ;PORT B, Y AXIS?

FCD9: AD SE C0 LDA $COSE ;NO .

¢ 10.19 )
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FCDC: AD SB OO LDA $COSB ;MUST BE PORT A, Y AXIS
FCDF: AD 5C CO JoY3 LDA $COS5C ;CHARGE CAPACITOR
FCE2: A9 OF LDA #$0F ;WALIT B0OUS

__FCE4: 20 AB FC JSR WAIT
FCE7: AD 80 LDY #5$80
FCE9: AD 5D €O LDA $COS5D ; START TIMEOUT
FCEC: A2 48 LDX #$48 ;WAIT 370US
FCEE: CA JoY4 DEX
FCEF: 10 FD BPL JOY4
FCF1: E8 JOYS INX
FCF2: B9 E6 BF LDA $BFE6,Y ; FALSE READ
FCF5: 2A ROL
FCF6: AD 66 CO LDA $C066 ;BIT 7 IS VOLTAGE CROSSOVER
FCF9: 30 F6 BMI JOYS ;HAS ' VOLTAGE CROSSED OVER?
FCFB: 8A TXA ; YES
FCFC: 10 04 BPL JOY6 ;WAS COUNT POSITIVE?
FCFE: A9 FF LDA #$FF s NO
FDOO: DO Ol BNE JoOY7 ;USE $FF
FDO2: 2A Joyé ROL ; DOUBLE COUNT .
FDO3: A8 TAY ;RETURN COUNT IN Y
FDO4: 68 PLA ;RESTORE X
FDOS: AA TAX
FDO6: 60 RTS
FDO7-FDOB: 00 BRK ;FILL SPACE

L 10.20
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THE DISK /// SUBSYSTEM

I THEORY OF OPERATION

The Disk /// subsystem, is a self contained Apple /// peripheral which allows
user programs and data to be stored and retrieved on 5 1/4" floppy diskettes.
The Apple /// supplies DC power, control signals, and a parallel data path to
the Disk /// via the A///s wain logic board Disk Conditioner (Controller)
Circuit. The Disk Conditioner sends DC power, control signals, and serial
data to the Analog Card via a 26-conductor ribbon cable.

The Analog Card contains disk read-write electronics, drivers for positioning
Stepper Motor, and a transistor power switch. Analog Card also contains
circuitry which causes its ocutput signals to the disk conditionmer circuit to
be active only when the card is enabled. This allows up to 4 Analog Cards

to share the same data path for a 4 drive system (one internal, three external
drives).

Within the drive itself, movement of Stepper Motor rotates Actuator Cam. Head
and Carriage Assembly's Cam Follower, rides in Actuator Cam's spiral groove.
Two Guide Rods allow motion of Head and Carriage Assembly either towards, or
away from Drive Door. This positions Read/Write Head to appropriate track, so
that serial data may then be transferred to and from disk using high-level
commands.

A = DISK CONDITIONER CIRCUIT

There are seven sections in the Disk Conditionmer circuit:
(Refer to Schematic of Disk Conditioner Logic)

1. Power-On Reset

This circuit consists of one half of 556 Timer and one open-collector
inverter. When power is applied, the outputs of the 9334/LS259 Address
Latch (DPhO-3) are brought low which places the Disk Conditioning logic
in the read mode, the Q output of the 556 timer (pin 5) goes high for
about 65 ms, bringing inverter's output to ground. This resets the
State Machine (Prom P6A), and the Drive Enable Multiplexers. The drive
enable multiplexer's Z output is prevented from enabling the internal
and external drives.

2. The BOOT ROM

The Boot ROM, though not a part of the disk conditioning circuit,
contains the routine which down loads the operating system (SOS)

from disk and then jumps into it. The LS323, an 8 Bit Parallel/Serial
Register, is enabled (DEVSEL6#*) whenever the address COExxn is presented.
the data, from the boot rom, is converted to serial at the output of

pin 1 in the 74LS323 in a write operation.

3. Addressable Latch (9334 or 74LS259).

\ 12.1 )
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This chip provides an eight software-controlled output. When DEVSEL6*
(pin 9 of LS138 I/0 Addresas Decoder) signal goes low (one of 16 addresses
starting at [COExxnt, value of Address Line AO becomes the new value of

D output pointed to by Address Lines Al-A3. Latch output D6 and D7 set
operating mode of controller (read, write, etc). Q5 selects the internal
drive. D& controls MOTOR ON signal and DO to D3, set position of the
Stepper Motor. Drive enable signals ENBL1I and ENBL1E are true vhen
MOTOR ON signal is true and appropriate drive is selected.

4. State Machine (PROM P6A and 74LS174)

These two parts contain nucleus of Disk Conditioning Logic. A State
Machine is a device capable of storing a value in a register. That
value, in conjunction with external input, determines what the next
register value should be and what output should be generated. Value
in register is, machines's Current State and next value is machine's
Next State. State machine updates at each clocking, going from state
to state and producing output base on state its in and value of its
input just before clocking.

Current State, is value at Q2, Q5, Ql, and Q0 from 74LS174. Next state
is value of D4-D7 from P6A PROM. Input to State Machine includes Dé
and D7 from 9334, QA* output from 74LS174 Shift Register and A2-1ll.
Qutput from State Machine is PROM signals DO-D3, which effect Shift
Register. QO from 74LS174, which is high-order bit of Current State,
forms WR DATA output. Since State Machine is clocked by two Megahertz
Q3* signal, the state lasts for 500 ns.

Flux transitions on diskette are detected by Analog Card and are sent

to Disk Conditioning Circuitry as RD DATA. These one microsecond
positive going pulses appear at D4 input to 74LS174. NAND Gate and
Inverter, which connect to 74LS174's Q3 and Q4 output, cause A4 input to
P6A PROM to go low for one state following the falling edge of RD DATA.
This information is ignored when writing out to disk. When reading

from disk, however, this input forms the basis for determining whether

a logic one or zero has been read. A logic one is indicated by a four
microsecond period. A logic zero, by an eight microsecond period between
flux transitions.

5. Shift Register

74LS323 Universal 8 Bit Parallel/Serial Shift Register, transfers data
to and from the Apple ///. When writing to disk, Shift Register under
control of State Machine, parallel loads a data byte from the A/// and
shifts it left. This causes QA* output to effect State Machine's Al
input. State Machine goes through a different state sequence for a
logic one and a logic zero, which causes WR DATA to change value every
four and eight microseconds, respectively.

When reading from disk, State Machine shifts appropriate logic levels
into Shift Register's SL input. Resulting byte can be read by the A///.

Status of Write Protect switch in Disk Drive, comes into SR input of

12.3
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Shift Register from Analog Card. Under control of State Machine,
Shift Register is placed into a shift right mode, allowing status of
switch to be read by software.

6. MOTOR ON Circuit.

Q output from one half of 556 timer, forms MOTOR ON signal. MOTOR ON
becomes true when B2-6 is brought to ground under software control. An
enable is sent to one of the drives, and Drive Motor in selectad drive
turns on. When software causes B2-6 to become high-impedance in order

to turn off drive, C7 and R31 give drive a 2/3 second grace period before
MOTOR ON times out. This prevents drive from being turned on and off
when repeated accesses are made.

7. AII EMULATION MODE
With the AIISW* true and DEVSEL5* (addressed by CODxxn) selected, the

internal and external drives are fooled into operating as an Apple II
Disk Drive.

B - ANALOG CARD (Refer to Analog Card Schematic Diagram)

1. Enable Circuit

A Disk Drive connected to the Apple /// is always in one of three
operating modes:

a = Read Mode

Flux transitions on diskette are detected by MC3470P Floppy Disk
Read Amplifier on Analog Card and are sent to the Disk Conditioner
as one microsecond positive~going pulses across RD DATA* line.

b. Write Mode

Here WR DATA input to Analog Card determines polarity of write
current passing through head.

c. Deselected Mode

In this state, drive 1is not currently performing any data transfers
with the Apple ///.

A drived becomes enabled, when ENBL1I input to the Analog Card on
the selected drive goes low. This causes Ql to turn on because
current flows through R3 into pin 16 of ULN2003's Darlington
output. +12 volts is then supplied to Stepper Motor. Ql also
provides a power source for Write and Erase Current circuits. In
addition, ENBL1I signal also enable RD DATA* and W PROT tristate
buffers and supplies a MIR ON control signal to Motor Control
Board through resistor R9.

12.4
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d. Read Electronics

MC3470P Floppy Disk Read Amplifier and associated discrete components,
provide a one-chip interface between magnetic head of Disk Drive
and RD DATA* input to Disk Conditioning circuit of the main logic
board. MC3470P contains both analog and digital circuits which
cause a TTL compatible pulse to be generated for each positive and
negative peak of input signal.

Input voltage from head appears across pins 1 and 2 of MC3470P.
This signal passes through an amplifier and is differentially
applied to a noise filter made up of R21 and R22, C10 and Cll and
L3 and L4. Filter's output feeds back into MC3470P, where a
differentiator circuit provides an output proportional to rate of
change, with time, of input signal. In addition, a 90 degree phase
lead is introduced which causes a zero crossing at differentiator's
output to correspond with a peak at its inmput. LS5, C13 and R23
determine characteristics of differentiator. R27 allows for
correction of current imbalances within differentiator so that a
sinusoidal input waveform produces evenly spaced RD DATA* pulses.

Zero crossings at output of differentiator cause output of a
comparator within MC3470P, in conjunction with digital circuits,
create a Time Domain Filter which checks against false zero
crossing readings due to distored input waveforms or noise. When
a zero crossing is detected, mono #1, formed by R20, R32, and C7,
is triggered. At end of its two microsecond period, output of
comparitor is again checked. If it has not changed (valid zero -
crossing), mono #2 gets a trigger pulse that uses R19 and C8 to
generate one microsecond RD DATA* pulse at pin 10 of MC34709P.

3. Write Electronics

During Read Mode (WR REQ* high), ULN2003 Darlingtom output at C4-10,
is close to ground potential. This prevents erase current switch
Q2 from turning on and disables write current return path. During
Write Mode, the anode of CR3 is pulled up to +5.7 V. Q2 receives
base current through A3-8, and provides current to erase coil of
head. Rll serves as return for erase current, which 1is roughly

44 milliamps. Erase coil in head straddles both sides of read-
write head, preventing write current from spreading into adjacent
tracks on diskette.

When writing out to diskette, flux transistions are placed on surface
of diskette by changing polarity of current flow in head's read-
write coil. Write current enters read-write coil through its center
tap, which is connected to return side of erase coil. Two of
CA3146's transistors connected to R29 and R30 form a current mirror
which drives pin three of CA3146.

This establishes write current return path. When writing out to
disk, WR DATA causes a differential voltage to be applied to pins

2 and 4 of CA3146, which causes a differential current flow in
write coil. Each polarity reversal places a flux reversal on

L 12.6 D
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diskette. (Current in R/W coil ~=6.8 ma P-P)

4. Write Protect Circuit

Ananlog Card only allows erase and write current to be generated
vhen diskette has its write protect notch uncovered. If notch is
absent (write protected), the Write Protech switch is held open
even though diskette is fully inserted into drive. This causes
pullup resistor R12 to disable G1~-8, which causes WR REQ* signal
to be pulled up to a false level by R15. This prevents write
current mirror from supplying write current to head. Write Protect
status is ent to Disk Conditioning circuitry on Main Logic board
as W PROT.

If Write Protect notch has been uncovered, it cause Write Protect
switch within drive to close. Phase 1 signal from the Disk Condi-
tioning circuitry provides return path for current passing through
switch. If Phase 1 signal 1s high, it indicates that Stepper Motor
is in one of its two transient states between tracks. Write Protect
circuits behave as they do when the diskette is write protected.
This provides partial coverage against writing when Stepper Motor
is off track.

5. Stepper Motor Drivers

A ULN2003 Darlington Buffer-Inverter, provides a current return
path for each of four Steper Motor windings, Phase A through
Phase D. Ql provides windings with source current when dirve is
enabled. Since input to each ULN2003 stage is provided by the
Disk Conditioning circuit's 9334 Addressalbe Latch output, Stepper
Motor is then under software control.

Stepping in from Track O towards Track 34 (towards hub), requires
Stepper Windings to be energized in Phase A, B, C, D order. Each
phase rotates Cam Follower enough to provide one~half track movement
of Head and Carriage assembly. Phase Ad and C are energized when
head is on track, and Phase B and D are between track positions.
Once head is positioned to desired track, power is removed from
Stepper Motor to reduce power consumption.

Stepping out requires Stepper Motor windings to be enegized in
Phase D, C, B, A order. When booting, windings are pulsed enough
times to guarantee that head is positioned over Track O.

12.7
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Title: Apple /// Final Test

Purpose: This test is for the assembled Apple /// and for testing Apple
/// modules.

A. Equipment:

1. B/W Monitor with cable

2. Color Monitor, Sup’r’mod II, and adaptor (make your own adaptor)
3. (3 cables) External Disk. Paddle Port, External Speaker Cables
4, External Speaker Test Box

5. RS-232 Test Adaptor

6. Printer test card

7. (4 each) Interrupt test cards

8. Apple /// Test Diskette (889-0009 rev R)

B. Equipment Setup for Part 1 of test: (the: Unless noted otherwise,
ALWAYS make sure that the power is OFF, before connecting or
disconnecting ANYTHING from the Apple ///.)

1. Connect all of the power cords to a suitable AC outlet.
Note: Make sure that all power switches are in the OFF
position before plugging in any equipment.

2. Connect the B/W monitor cable to the RCA video output jack.
3. Connect the Color Monitor/Sup’r‘mod II to the DB-15 jack.

4. Connect the joystick as follows:
a. Connect the paddle port cable connector to the external disk
drive socket.
b. Connect the 2 DB-9 plug to the 2 DB-9 sockets. (The one
with the shortest cable connects to the socket nearest
the external drive connector, Port A. The other connects
to Port B.

5. Plug one Interrupt test card into each of the four slots on
the Apple /// logic board.

6. Plug the RS=232 Test Adaptor into the DB-25 connector on the
logic board. (P/N 890-0130)

7. Insert the Apple /// Test Diskette into the drive and close the
drive door.

c. Test Procedure: (for part 1 of the test.)
Follow the test procedure described in this section. The test should
run as described. If there is a failure, some of the tests will
automatically proceed to the next test, while others will require
the operator to press certain keys, to tell the system what has failed.
Proceed through all of the tests. If the system will not proceed
through all of the tests, indicate on the RRT which test failed.

Reject and repair any unit which does not perform as described in this
procedure.

L¥ 13.1 )
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*TEST DISKETTES HAVE BEEN KNOWN TO CRASH -~ KEEP AN EXTRA COPY ON HAND

l. Power On. Turn the power supply switch on. The unit will perform
a self test first. If the self test passes, the disk will boot. If
there 1s a failure in the self test, or the disk drive does not
boot, record the failure on the RRT and send the logic board
for rework. (ALWAYS TURN THE POWER OFF BEFORE DISCONNECTING
ANYTHING FROM THE LOGIC BOARD.) When the disk drive boots, you
will hear an audio signal of three beeps, followed by two beeps.

You will then see a menu. Press the 1 key on the keyboard to run
Automatic Test 1.

2. Interrupt test. The interrupt test will run automatically.
If you see any of the following error messages, attempt to
repair the A3 system and re-run the test.. Write the failure
down on the RRT.

ERROR MESSAGE: ¢« ¢ ¢ ¢ ¢ o &
unable to set or clear D.xxx
unable to set or clear E.xxx
(anything) from SLOT X . . .

e « « SUGGESTED ACTION TO TAKE
* e o 6522 at H-IO (U 73) *

. e o 6522 at G-lO (U 97) *

« ocheck slot for bad connector

* locations will be as follows for the "NEW" logic board:

Doxxx ¢ & ¢ ¢ & ¢ o o ¢ & o & o o & o o ¢ o o 06522 at 8-6
onxx.ooooooooooooooooo.o065223tn-‘.

3. Video Test. The video tests will be loaded and run next. At
the beginning of each test the screen will briefly display the
name of the test being performed next and which keys to press,
depending on the results. For reference, the following table
l1sts the keys used for all of the video tests:

Space bar . .« . .
Return key . « .
Escape key . .
Left arrow key

« « Test passes
e o Test fails

« o Abort video test (QUIT)
» » Retry the test

L] L] L] *
¢ o o e
e o o o
e o o o
e o o o
e o o o

Except for the text mode test, each of the tests will display
the same pattern. A picture of Winston Churchill will appear

in the upper right corner. The lower half of the screen will
display the following message:

If you can read this, and
the test patterns above
are clear, press space bar.
Otherwise, press return.

a. HIRES MODE PAGE 1 - B & W pattern
b. HIRES MODE PAGE 2 - B & W pattern (same as above)

c. 280 x 192 COLOR HIRES MODE PAGE 1 - Will appear as a
negative image. The color monitor will show red and black.

13.2
L y
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280 x 192 COLOR HIRES MODE PAGE 2 -~ Will appear as a green
and white (or possibly green and yellow) pattern.

e. SUPER HIRES MODE PAGE 1 - B & W pattern (same as above)

f. SUPER HIRES MODE PAGE 2 - B & W pattern (same as above)

g. AHIRES TEST PAGE 1 - On this and the following test the
screen will be divided into 4 horizontal sections, each one
being a different color. The top half of Winston Churchill
and the diagonal pattern should be VIOLET. The bottom half
of Winston Churchill and the diagonal pattern should be
BLUE. The first two lines of the message should be GREEN,
and the last two lines of the message should be GOLD or
ORANGE.

h. AHIRES TEST PAGE 2 - This test should display the same four
color bars as the above test. ]

i. COLOR BAR 7 GRAY SCALE TEST - will show vertical bars of
different colors on the color monitor and bars of varying
brightness on the B & W Monitor. The border is blue and the
colors are : (from left to right) white, aqua, yellow, green,
pink, grey, orange, brown, light blue, medium blue, grey,
dark green, light purple, dark blue, magenta, and black.
These colors correspond to white darkening to black on the
Black & White monitor. (IMPORTANT. Make sure that there
are sixteen (16) different shades on the Black & White
monitor.)

3. Apple II TEXT MODE PAGE 1 - The screen will display the
following:

THE QUICK BROWN Fdx JUMPS OVER LAZY DOGS

abcdefghi jklmnopqurstuvwxyz 0123456789
(inverse)

L] . L]

(flashing)

k. APPLE II TEXT MODE PAGE 2 - The screen will show the
following:

22222222222222222222
22222222222222222222
22222222222222222222
222
222
222
22222222222222222222
22222222222222222222
22222222222222222222
222
222
222
22222222222222222222

L 13.3 y
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1., APPLE /// 40 COLUMN TEXT MODE TEST - The screen will be filled
with blocks of colors with the name of each color in each
block.

m. APPLE /// 80 COLUMN TEXT MODE TEST ~ The screen will contain
characters that are smaller than before. There will be 80
characters to a line. The characters may not appear clear
on the color monitor, and this is OK. It is mainly
important that they are clear on the B & W monitor. The first
line of the display should read:

THIS LINE OF TEXT IS EXACTLY 80 CHARACTERS
LONG AND USES THE ENTIRE SCREEN WIDTH

4. Keyboard Test. This test will load and display a pattern
on the screen.

a. Main Keyboard. Press the Left shift key and while
holding it down press the 2 key. Press the Right shift key
and while holding it down press the = key.

Press the ctrl key and while holding it down press the A key.
Press all of the remaining keys on the MAIN key board.

Each time a key is pressed its character should disappear
from the screen. Press the space bar last.

b. Numeric Keypad. A new pattern should appear on the screen
which corresponds to the numeric keypad. This test should
perform the same as the main keyboard test.

c. Special Function Keys.

1. Press the Alpha-Lock key ONCE. It should lock into
its new position.

2. Press the space bar and hold it down.

3. While still holding the space bar, press and
hold both apple keys at the same time.

4. Release all of the keys at the same time.

5. Press the solid apple key and hold it down.

6. While still holding down the solid apple key,
press the space bar and hold it down.

7. Release all of the keys at the same time.

d. Keyboard Interrupt test. Press any key on the keyboard
except the alpha~lock, shift, control, or either of the
apple keys to perform this test.

S. Clock/Calendar Test: This test is available for testing the
clock/calendar when it becomes incorporated into the system.

6. Serial Port Test: This test will also load and run automatically.
If ic fails, replace the ACIA chip (6551) and run the test again.
If it still fails, write ACIA on the RRT and repair the main

13.4
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logic board.

7. Joystick Port test: This test will run automatically. 1If any
failures should occur, write the failure message on the RRT.,

8. Test Results: The screen should show the following results:

TEST RESULTS

A. INTERRUPT (PASSED)
B. VIDEO (PASSED)
C. KEYBOARD (PASSED)
D. CALENDAR/CLOCK (NOT TESTED)
E. ACIA PORT (PASSED)
F. PADDLE PORTS (PASSED)
G. RAM ) (NOT TESTED)
H. PRINTER PORT (NOT TESTED)
I. DISK (NOT TESTED)
J. SOUND (NOT TESTED)
K. ROM (NOT TESTED)

1. AUTOMATIC TEST 1
2. AUTOMATIC TEST 2
ESC ABORT TESTING

Tests A through F should always show passed, (except for test D)
and tests G through K and test D should always show not tested.

I1f any of tests A through F show failed, mark the RRT with the

test that failed. If all of tests A through F show passed, proceed
with part 2 of the Final test.

D. Equipment Setup for part 2 of test:

1. TURN THE POWER OFF!

2. Remove the following items from the logic board:
a. The joystick cables
b. The four interrupt test cards.
c. The RS-232 test adaptor.
d. The DB-15 video connector

3. Plug the Printer Test Card into slot 1, and connect the printer
cable to the DB-9 connector nearest the disk drive sockets
and the other cable to the external disk drive socket.
Connect the external speaker plug to the 2-pin connector on
printer test card.

E. Test Procedure: (for part 2 of the test.)

Please follow the test procedure described in this section. The
test should run as described. Reject any assembly or unit which
does not perform as described in this procedure. Complete all of
the tests if possible. If the system will not perform any test,
indicate on the RRT which test failed and diagnose, repair, and
retest.

l. POWER ON. Turn the power on and the unit should perform

13.5
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a self-test and boot just as it did earlier. 1If there

is a failure in the self-test or the drive does not boot,
record the failure on the RRT and repair. ALWAYS TURN THE
POWER OFF BEFORE DISCONNECTING ANYTHING FROM THE LOGIC
BOARD. After the disk boots, a menu will appear on the
screen. Press the 2 key to run automatic test 2.

2. Ram Address Test. This test will load and run automatically.
The test results will depend on the amount of ram in the
memory board. If the memory board is a 256K board the
results should say "RAM MAP GOOD FOR A 256K SYSTEM".

If the correct message appears, press the space bar,
otherwise press the return key. Faulty RAM chips are
reported in a message that identifies the board location
of the chip 1in error.

Note: If a fault is discovered while testing the

RAM on the 12 volt board, disregard the chip referred
to in the error message and run the Final Test Revision
l4. Revision 14 will correctly identify the chip in
error. Revision R reports bad chip locations as defined
on the 5 volt board and these messages are innaccurate
for the older board.

If the space bar is pressed the system will perform a test
on all of the ram in the system and report any failures.
For this reason it is very important for you to have made
the correct decision for the ram map address test above.
If the system 1s a 256K system and the ram map says good
for a 128K system and you press the space bar, only half
of the ram will be tested and you may incorrectly PASS

a system which FAILED.

3. Printer Port Test. This test will run automatically.
4. Disk Controller Test. This test will run automatically.
5. Sound Test.

a. CO030 SOUND TEST - The speaker will beep on and off.

b. CO40 SOUND TEST - The speaker will beep on and off
as before but at a different pitch. Press the
space bar if you hear the sound, and return 1if
you do not.

c. Connect the external speaker cable from the printer
port test card to the external speaker jack on
the back of the Apple /// and press the return key.

d. FFEO SOUND TEST - The sound from the speaker
should start quietly and grow gradually louder.

It should then repeat. Press the space bar 1if it
performs as described here, and press the return
key if it does anything else. The sound should
be coming from the EXTERNAL speaker.

e. Disconnect the external speaker cable from the
logic board and press return. (NOTE: These are
the ONLY times that you can connect or disconnect
anything from the Apple /// with the power still
on, and the ONLY thing that can be connected or

13.6
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disconnected is the external speaker cable.)
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