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

4

Apple /// Computer Information

~ Apple///
Service Reference Manual

Theory of Operation e Servicing Information

Written by Apple Computer ¢ 1982

| Apple Computer Inc « 1982 Page 0001 of 0730 |




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

J -
‘qpple sarvica

APPLE I
SERVICE REFERENCE
MANUAL

| Apple Computer Inc « 1982 Page 0002 of 0730 |




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

~ A

@oopia computar nc.

To the Reader,

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

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

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

In Appreciation:

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

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

Thanks!

%6 '

Bob Cummings

\ ,
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INTRODUCTION

GENERAL DESCRIPTION

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

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

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

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

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

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

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

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

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

SIMPLIFIED FUNCTIONAL DESCRIPTION

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

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

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

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

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

everything else working.

THE MAIN LOGIC BOARD

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

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

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

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

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

THE MEMORY BOARD

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

THE 12 VOLT MEMORY BOARD (128K CONFIGURATION)

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

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

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

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

THE DISK DRIVE

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

THE APPLE /// POWER SUPPLY

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

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

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

\__ W,
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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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THE APPLE /// MAIN LOGIC BOARD (MODULE)
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INTRODUCTION TO THE APPLE /// MEMORY

MEMORY & MEMORY ADDRESSING

do Jjust that, and,

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

This "magic™ is accomplished by Bank Switching technology.

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

At any one time,
With the addition of the

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

The first 8K of memory,

FFFF is also switchable.
containing the startup program.

the processor can directly address 65K locations.

1/0 locations can be replaced with RAM.

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

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

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

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

The 32K
The

are fixed.

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

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

loads SOS in from the internmal drive.

SO0S then switches this area back to

RAM.

into bank N while addresses

Alternate Stack 1locations.
flexibility.

SIMPLIFIED MEMORY LOGIC

\—

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

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

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

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

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

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

All these features give the Apple /// great

J
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39000 p— ———— — . Memory Map

$100¢ RAM @K 128K

1FFF

$290¢ BANK BANK 1 BANK 2

$3002
$400¢

$5000

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

Bank @ Bank 1 Bank 2
$790¢

$800¢

$9902

9FFF

$A220

$8200

Cdgg

$Co02

[ 70 (4K)

CFFF

$0904 RAM (24K

$E999
Foog
ROM (4K) FFFF

$F99

FFFF

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

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

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

MEMORY ADDRESSING: BLOCK FLOW

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

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

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

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

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

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

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

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

MEMORY ADDRESS MULTIPLEXER

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

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

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

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

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

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

RAS/CAS DECODE

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

o the Address Bus

o the Bank Switches

o the Zero Page Select

./
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INDIRECT ADDRESSING

LDA (Z PAGE), Y YREG=0

2000 Bl LDA (Z PAGE), Y OP CODE

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

Coom NEXT OP CODE

FIG 25

L 2.8
-

| Apple Computer Inc « 1982 Page 0028 of 0730 |




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

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

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

@mz) NEXT 0P CODE  B-NORAL INDIRECT

ABK2
:ngBKL EXTENDED ATDRESS
AR

2.9
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{Refer to Figure 2.4]

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

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

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

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

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

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

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

ALTERNATE STACK

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

OTHER BANK SWITCHING

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

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

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

C056 Clear HIRES Mode

C0s7 Set HIRES Mode

€058 Clear EMSOT PDLO

C059 SET ENSOT PDLO

C05A Clear PDL2 (A/D Addr 2)

C05B Set PDL2

c0scC Clear PDLEN (A/D Ramp Start)

COSD Set PDLEN

COSE Clear AXCO (A/D Addr 1)

COSF Set AXCO

€060,C068 Read SWO

C061,C069 Read SW1/MGNSW

C062,C06A Read SW2

C063,C06B Read SW3/SCO

C064,C06C Read IRQ3

C065,C06D Read IRQ4

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

C070 Access Real Time Clock

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

COS8F

C09X NDevice Select 1

c0AX NDevice Select 2

COBX NDevice Select 3

cocx NDevice Select &

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

COD5 Set Enable 1 Int

COD6 Clear Side 2

coD? Set Side 2

CcoD8 Clear SCR

COD9 Set SCR

CcOoDA Clear ENCWRT
- CODB Set ENCWRT

coDncC Clear ENSEL

CODD Set ENSEL

CODE Clear ENSIC

CODF Set ENSIO

COEOD Clear DPHO (also VAL)

COE1 Set DPHO

COE2 Clear DPH1l (also VBI)

COE3 Set DPH1

COE4 Clear DPH2 (also VCI)

COES Set DPH2

COE®6 Clear DPH3

COE7 Set DPH3

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

COEB Enable Int

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

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

0200

0400

0600

1000

1800

1FFF

2000

9FFF

A000

C000

€500
€800
0000

FO00

FFFF

—
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MEMORY MAP SPACE ALLOCATIONS

PRIMARY ZP.

PRIMARY STACK

TEXT
DISPLAY

IMAGE PAGES

SPECIAL ZERO
PAGES

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

*%* FFCX, FFDX, FFEX ARE ENVIRONMENT ADDRESSES

2.17
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HOW TO READ PROM (ROM) LOGIC EXPRESSIONS

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

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

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

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

RULES FOR INTERPRETATION

1.

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

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

LOGIC REPRESENTATION:

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

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

VBL

)

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

B=All

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

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

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

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

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

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

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

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

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

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

8 @

[

(R R

0

2.25
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RAS.2.TEXT

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

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

*AY

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

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

(ABK4* (ZPAGE*PA8’) ‘*PAl5)’)

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

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

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

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

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

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

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

ENHREG'=DHIRES’ *WE2114’

Bu1-ppss

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

GENERAL

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

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

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

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

VIA [6522] PIN DESCRIPTIONS

RES* (Reset) (34)

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

02 (Input Clock) (25)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

IRQ (Interrupt Request) (21)

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

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

other equivalent signals in the system.

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

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

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

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

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

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

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

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

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

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

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

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

L 3.4 D
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VIA FUNCTIONAL DESCRIPTION

Port A and Port B Operation

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

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

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

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

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

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

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

Timer Operation

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

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

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

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

Timer 1 One-~Shot Mode

The interval timer one-shot mode allows generation of a single interrupt for
each timer load operation. As with any interval timer, the delay between the
write T1C~H (FFD5, FFE5) operation and generation of the processor interrupt
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is a &1, ... Tuaction of the data loaded into the timer.

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

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

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

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

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

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

Timer 1 Free-Run Mode

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

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

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

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

Timer 2 Operation

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

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

Timer 2 One Shot-Mode

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

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

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

Timer 2 Pulse Counting Mode

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

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

Shift Register Operation

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

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

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

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

Interrupt Operation

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

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

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

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

Procedure:

1. Read the flag register into the accumulator.

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

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

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

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

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

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

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

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

3.9
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6522 VIA Z.viroude.: and Control

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

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

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

Reset

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

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

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

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

PRE1M

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

Cs6522

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

AO0-A3

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

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

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

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

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

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

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

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

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

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

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

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

o Express the AO-A7 bits in Hex

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

applied to the CS2 input.

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

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

VIA (FFDX)
This VIA has the following responsibilities:

o Environmental Register

o Zero Page Register

o Global Interrupt Request

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

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

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

L 3.12 )
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qut A Description

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

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

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

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

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

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

Global IRQ

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

Swl/Mgnsw

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

SCO/SER

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

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

SCO/SER are connected to CBl and CB2 respectively.

Z0-Z7 (Zero Page Register)

\_ 3.13 D

| Apple Computer Inc « 1982 Page 0065 of 0730 |




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

V.~ S
—— IR Q
CIXTRa
bg - L] L —— .t T BANK & C
Tor ‘;." > Bemawa } & N \.)L\) ‘T HlNG
302 mid___\ 8cHsw3
ro3 miS_ e '
108 mslZ_____. TRG3
107 S T
Ao a4
Mt “eer Lt
Lot P 3 rep it
A3 25 re3f1s
Ins red|t? SOUA/D
I ree e KEGISTER
ceeszz Pecit
FFEX — T s 1L
3
)
o VBL VERTICAL BLANK/N S
RESET -
- Register RS Coding Register Description
ADDRE 35S I Number | RS3 [RS2 [ RS1 | RSO | Desig. Write Read
FFE% o 0 0 0 0 ORB/IRB Cutput Register “B* Input Register "B’
L / 1 0 (0} 4] 1 ORA/IRA Output Register “A** Input Register “A**
FFRE?2 2 0 f o 1 ¢ |ODCRs Data Direction Register "B
FFES3 3 0 0 1 1 |oDRA Data Direction Register “A*
FFE4 4 o | 1 0 0_|TicL T1 Low-Order Latches | T1 Low-Order Counter
FFES 5 0 1 0 1 |TICH T1 High-Order Counter
~FEG 6 0 1 1 0 |TiL-L T1 Low-Order Latches -
~FE 7 ? ] 1 1 1 | TILH T1 High-Order Latches
~FES 8 1 0 ] o |T2cL T2 Low-Order Latches | T2 Low-Order Counter
FFET 9 1 [ ) 1 |T2CcH T2 High-Order Counter
~FLFEA 10 1 0 1 0 |SR Shift Register
FFRER 11 1 | o 1 1 |ACR Auxiliary Controf Register
S~FEC 12 1 1 0 0 PCR Peripheral Control Register
~F~ED 13 1 1 0 1 IFR Interrupt Flag Register
/’FEE 14 1 1 1 0 IER Interrupt Enable Register
FFEF 15 1 1 8 1 ORA/IRA | Same as Reg 1 Except No “Handshake* -J
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The PB port is referred to as the Zero Page Register. In other words, its
primary function is to store the current "Zero Paze” -of the memory. The Apple
/// is capable of moving the Zero Page, a feature which greatly enhances the
flexibility of the system.

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

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

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

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

o the A and B port 1/0s,

o the port control lines, and

o the CS2 line.

FFEX

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

Port A Description

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

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

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

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

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

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

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

CLK IRQ*

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

Keyboard Interrupt

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

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

VBL (Vertical Blanking)

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

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

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

PB Port Description

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

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

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

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

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

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

3.17
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