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About this manual

As part of the Apple T1Gs technical suite of manuals, the Apple IiGs Hardware Reference
covers the design and function of the Apple [Gs hardware. It provides hardware design
and interface information and is intended for people wheo have an understanding of
digital microprocessor electronics and who are interested in interfacing the Apple 1G5 (o
the outside world. Programmers who are using the sound and graphics capabilities of the
Apple 1165 should also refer o this minual so that they can have a good understanding of
how software affects the hardware,

The Apple Hos is, above all, an Apple 1L This manwal introduces the computer’s features
and also describes how the Apple 1168 maintains comparibility with previous Apple 11
madels.
Specifically, this manual

introduces the features of the Apple IGs hardware

describes the Apple Tl-compatible functions
m provides addresses where necessary for manipulating the hiardware
w provides input/output (1'0) information for interfacing signals to the outside world
Unlike previcus Anple technical reference manuals, this one does not document firmware
features; they are covered in detail in the Apple G Firmware Reference. The Apple TGS
uses a set of low-level wal utiliies 1o perform certain functions, Programmers are
expected o use these wols 1o perform sound and graphics operations whenever
avaiilable, Read the Apple ffos Toothox Reference for more information

What this manual contains

Each chapter in this manual describes 2 different aspect of the computer. Each chapter is
modular in scope, describing the particular aspect of the Apple 1165 and making
references to other chapters and manuals whene necessary.

Chapter 1 introduces the features of the Apple [1Gs.

Chapter 2, “The Core of the Apple TTis,” describes the heart the Apple [lGs, the Mega 11,
and the Fast Processor Interfice (FPD custom integrated circuits

xx  Apple 165 Hardware Reference

Chapter 3, “Memory,” describes the organization of the built-in memory a5 well as the
memory expansion slor, and tells how o design and access o memony expansion card for
this special slol.

Chapter 4, “The Video Displays.” goes in depth imo how the standard Apple 11 graphics
modes work, and how to make the Super Hi-Res graphics work for you

Chaprer 3, “Apple 1Gs Sound,” shows you how to use the 32 digital oscillaors 1o generate
soundl,

Chapter 6, “The Apple Deskiop Bus,” provides details of the hardware and protocol
required 1o design and conneat an input device (keyboard, mouse, graphics tablet, and so
on) to this input bus.

Chapter 7, “Built-in 1/0 Ports and Clock,” describes the disk port, the serial ports, the
game port, and the real-time clock,

Chapter 8, “1/0 Expansion Slats,” lists the 10 signals available at the expansion slots, and
gives loading precautions and programming suggestions for the slot cards, DMA and
interrupts are described here also

Chapter 9 briefly describes the Apple liGs power supply and lists its specifications.
Chapter 10 covers the 530816 microprocessor,

Appendix A contains a roadmap to the Apple 11Gs technical suite of manuals. Read this
appendix to determine which books will help you to learm more about 2 programming
language, the Apple 11Gs firmware, or other aspect of the computer

Appendix B has eight international keyboard layouts

Appendix C shows you the contents of the character generator—all the characters the
Apple 1G5 can display.

Appendix I has tables that show what @ bit and a byte can represent. Conversion tables
between hexadecimal, decimal, and negative decimal, as well as 7-hit ASCIL, are provided,

Appendix E contains some of the most frequently used tables taken from throughout the
manul.

A glossary follows the appendises.

An addendum, after the index, containg schemitic diagrams showing all of the electrical
components of the main circuit board.
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Conventions and usage in this manual

The Apple T and Apple [1 Blus are standard Apple 1 computers, In this manual, reference
is made 1o the compatibility of the Apple 11Gs with standard Apple 1T compurters, This
means that the Apple TGS will run software written for an Apple I or Apple 11 Plus
computer, A particular function that the Apple 1165 has in commen with the Apple e or
Apple e, for instance, will be mentioned specifically as such.

A revised Apple [lGs, the 1 MB Apple s, was introduced into the Apple 11 Family in mid-

1989, This new main fogic board differs from the original main logic board in several wavs,

but primarily in the amount of RAM supplied on the main logic board. The erginal Apple
1165 contains 256K of RAM, and the 7 MB Apple [1Gs contains | megabyte of RAM. Other
differences between the computers are detailed in the pertinent sections of easch chapier
Information throughout this manual pertains to both versions of the main logic boied
unless otherwise indicated.

Memory sizes

Throughout this manual, memaory is given in kilobytes, abbreviated by the leter K o in
megabytes, abbreviated by the letters MB. A kilobyte equals 1024 (290 bytes, and 3
megabyte equals 1024K, or 1024 x 1024 bytes. Therefore, memaory sizes in kilobytes and
megabytes are not in even thousands and millions. For example, 3 MB35

1024 x 1024 x 5 = 5,242.880 bytes, not 5,000,000 byies,

Special messages

Some text in this manual is set off from the rest in special ways:

* Note: A note usually contiins information that is interesting but not necessary for an
understanding of the main text,

Important  Text set off like this presents especially important information

& Warning The warning message contains information thar, if ignored, could
result in loss of data, damage to equipment, or possibly bodily
njury. a

Nurmbers preceded by a dollar sign are hexadecimal rather than decimal representations
of values, This convention is used threughour this manual

Words that appear in boldface in the text are defined in the glossary located at the back
of this manual

xxii  Apple I Hirdwane Reference

Altering register contents

When programming the Apple DGs, you will need 1o manipulite cerain bits within
registers and soft switch Iocations in order to achieve @ particular result. Some bits in
these registers or soft switches must be left alone, or the system could crash. These hits
are labeled Reseree: do nod modify.

A Warning In order 1o manipulate the desired bits in these reglsters and leave
those reserved ones untouched, you must use a read-modify-wiite
technique. Fither of twio assembly-language commands can be used to
accomplish this: the west-and-set-bit (TSB) command or the test-and-
resel-bit CTRBY commund. Both of these commands allow you w
modify any one hit and leave the othess untouched, &

To read about using the TSB and TRY instructions, refer to 6381605802 Assenthl)
Language Programuring by Michael Fischer, published by Osharne McGraw-Hill,
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Figure 1-1 shows the ‘L[l‘l‘.h' IHiis,

Chﬂp[‘if 1 Introduction to the Ap]}le IIGS = Figure 1-1 The Apple Tos

The Apple 1165% is 4 new computer in the Apple® 11 family, While
meaintaining its roots in the Apple He and Apple lic, this computer also
provides new features that make it the most powerful Apple I yet. This
first chapter describes generally how the Apple 1Gs fits into the Apple 11
Fimnily and tells what sets it apart from previous Apple 11 computers,

Apple I1 compatibility

The Apple l1Gs is compatible with the Apple 11 Family of computers. Some of the fealures
the Apple 168 shares with the Apple e and TTe ane

s 6302 processor compatibilin which 15 maintained |'|:. the 65C816 MICTOPrOCEsSor
used by the Apple s

m  stndard Apple [ graphics. which include Lo-Res mode. Hi-Res mode, and Double
Hi-Res |

m 128K of main RAM

W

e color video graphics

®  huilt-in Applesaft BASIC

m 1w buili-in serial ports
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seven peripheral expansion slots, compatible with the Apple le

a built-in disk interface port like the Apple e thar will accept either 5.25-inch or 3.5-
inch disk drives

butlt-in Apple 11 Monitor program
Al-column and B-column text display capahility
a game /O pont for joysticks and hand controls like the Apple He and Tle

Apple 1IGS features

Although the Apple IGs has many features in commen with previous Apple [T products, it
has several new features that enhance its performance. Here ire a few examples:

The 16-bit CMOS 63CR16 HICTOPrOCESSOT, W hich uses a superset af the 6302
instruction set, includes 11 new address modes and 36 new instructions, and is

compatible with 6302 code. To learn more about the 6302 and the 65C02

microprocessors, refer to the Apple fe Technical Reference and the Apple le Technical
Reference, respectively

High processing speed, which is selectable between 1.024 MHz or 28 MHz

Super Hi-Hes video graphics modes, which offer either 320- or 640-pixel horizontal
resolution, displaying 16 colors per line; these colors may be chosen from 2 possible 4096,

Analog RGB color video outputs

236K of RAM built onto the main logic board. You can increase this RAM to over 4 MB
by wsing an optional expansion card in the memory expansion slot; 896K of ROM also

can be added by using a memony expansion carnd,

A Control Panel screen, which provides users with means for seiting system parameters.
Built-in AppleTalk™ network firmware.
Built-in real-time clock (RTC) with a backup battery, which is accessible through the

Contral Panel,

Selectable display border, text, and background colors,

A sound synthesizer integrated circuit (IC) with 32 independent oscillators and G4k
of dedicated RAM.

A detachable, imernational keyboard with keypad.

Apple Diskiop Bus™, whose protocol provides for inpur devices such as graphics
pads, mouse devices, and keyhoards,

Enhanced Monitor firmware, which supports the 65C816 microprocessor

Chaprer 1 Introduction o the Apple 116s

1 MB Apple IIGS additional features

In mid-1989, Apple introduced the 1 MB main logic board for the Apple T16s. This logic
board incorporates several features not found on the original logic board, These new
functions of the 1 MB Apple 168 computer are as follows:

s The muin logic board RAM has been expanded 1o 1 MB. A memory expansion card
containing up to 4 MB may be added 10 expand usable memory

m The man logic board ROM has been expanded 1o 236K, The ROM now includes all of
the toolbox wtilities, previously resident on disk. (Refer to the Apple las Toofbax
Reference for information on the Apple 1165 Toolbox utilities.) With & ROM expansion
card, an additional 768K of ROM can be addressed,

& A new version of the Apple Desktop Bus (ADB) micracontroller 10 provides twa
new features:

Sticky keys

Keyvhoard mouse
Alsa, the new hoard revision no longer supports the buili-in (Apple e keyboard; anly
the ADB kevboards are supported by the | MB Apple Tcs. The Apple Deskiop Bus is
covered in Chapter 6.

a Shadowing of text Page 2 memory s available for the 1 MB Apple 1iGs. A bitin the
Shadow register ($C033) controls whether or not this address space in banks $00 and
SO0 i shadowed into banks $E0 and SE1, Chapter 3 deseribes memory shadowing in
the Apple TlGs,

m  The new Apple 1165 logic hoard provides a reliable mens for programs to determine
under what circumstances a cold hoot sequence was initiated:  bit in the Speed
register is set when the power switch is wmed on. The Speed register i< covered in
Chapter 2.

= Figure 1-2 Reteasing the snap locks to remowve the cover
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Removing the cover

The Apple TGS has a molded two-piece case. The cover is hinged at the front and {s
secured at the rear where the upper and lower halves meet. A snap lock is locaed at each
side of the rear panel, as shown in Figure 1-2, To remove the cover, press in on each snap
lack while lifting up at the rear of the cover, Pivot the cover at the front and remove it
completely. The main logic board is now exposed for access to the expansion slots,
Figure 1-3 shows the major components of the Apple [1cs.

= Figure 1-3  The Apple ITGs with the cover removed. The 250K machine is shown at
top and the 1 MB machine at bottom,
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Peripheral expansion slots

The Apple 1165, like the Apple Ie, has seven expansion slots at the rear of the main logic
board. These slots will accept most Apple Il-compatible peripheral cards designed for
any of the Apple [1 computers, Note that the Apple 1165 does not have an auxiliary slot
a5 is found in the Apple le. For more information on the peripheral expansion slots, see

Chapter & “1/0 Expansion Slots.”

Connectors
At the rear of the computer are severil connectors. These connectors allow the computer
10 be connected to an input device such as a keyboard or 2 mouse, or a peripheral

device such as a disk drive, a printer, 1 modem, i network, or the like, Figure 1-4 shows
the conneclors,

= Figure 1-4 Apple 1G5 connectors
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Serial ports

The two R8-232-C and RS-422 compatible serial ports use mini-DIN (Deutsche Industrie
Normal ) B-pin connecters. To transmit and receive data (o and from a device connected
104 seral por, use the firmware calls in e sysiem read-only memory (ROM). The serial
ports are described in Chapter 7, *Buili-in /O Ports and Clock.” (To read about how to
use the firmweare in the Apple 10GS ROM, refer to the Apple 1G5 Firnweare Reference.)

Disk drive port

This connector will accept either 5.25-inch or 3.5-inch Apple disk drives made for the
Apple 11, This 19-pin connector is similar in function o the one on the Apple le. For more
infrmation on the disk drive pon, see Chapter 7, “Built-in 10 Ports and Clock.”

RGB video connector

This connector provides anilog red, green, and blue (RGB) video sigrils for an analog-
input RGH video monitor, Use only an analog-input RGH monitor with this
15-pin connector, See Chapter 4, “The Video Displays,” for more informaticn,

Compaosite video connector

Composite video is available at this connector, A standard Apple composite color
monitor can be used 1o display video. A television may be used 1o display 40-column 1ext
or graphics: This reguires a video modulator 1o connect the Apple 1Gs 10 a television. See
Chapter 4, “The Video Displays,” for & description of composite video,

Apple Desktop Bus

Connect Apple Desktop Bus (ADB) devices (o this connector, These devices may be
ADB keyboards, ADB mouse devices, ADB graphics tablets, or any other input device
disigned o the ADB specification. 10 net attempt o adapt input devices not designed
for ADB to this connecior. See Chapler 6. “The Apple Deskiop Bus,” for more information
on Lsing this conpector.

Game connector

Connect a standard Apple I hand control or jovstick to this connector. Do not adapt an
ADB device to this connector. ADB devices are completely different, and should nos be
used. See Chapter 7, “Built-in 10O Ports and Clock,” for more informetion on gime
connectors and signals,

Chapter 1 Introduction o the Apple TGS
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A closer look

You can think of the Apple LGS system as containing two separate and unique
subsystems. These subsystems are not mutually exclusive; on the contrary, the
subsystems share several components without which they could not function. In
particular, both share the microprocessor, input/output (1/0), memory, video,
and expansion suppon ciroutry.

The Mega Il subsystem

Thee first subsystem, referred (0 as the Mega 1T portion of the system because of the
controlling device, consists of the pans of the compater that make the Apple s
compatible with other Apple Il products. These are

m  the 65CH16 microprocessor

w the Mega 11 custom integrated circuit (1C)

= 128K of standard Apple Il memory

n  he Video Graphics Controller (VGC) end video generation circuitry

m Dil-in devices and external 10 slots

Although the Digital Oscillator Chip (DOC) sound synthesizer and supporn circuitry are

new to the Apple 11 family of computers, they also fill under control of the Mega 11 side of
the computer.

The Fast Processor Interface (FPI) subsystem

The second subsystem, referred to as the FPL portion of the system because of the
controlling deviee, consists of components of the computer that are unique to the
Apple NG, These are
w the 63CH1G microprocessor
m ihe Fast Processor Interface (FPL custom 1C
m 128K of dynamic random-access memory (RAM); the 1 MB Apple 1165 has

1 MB of RAM
128K of read-only memaory (ROM); the 1 MB Apple 1168 has 230K of ROM
Note that the 63C816 microprovessor is listed as a component of both subsysiems. Being
a new microprocessor, it has many new instructions that provide this computer with new
capabilities. Also, the 65C810 emulates the 6502 microprocessor and will recognize the
6502 instruction ser, which means it will run most existing Apple [ software

8 Apple 1165 Hardware Reference




Figure 1-3 shows the Apple [16s computer in block form. Nete the dashed line separating
the two subsystems. Although this is a logical division, it is not absolute: The FPI portion
s acoess to the expansion slots, the Video Graphics Controller, and other components

on the Mega 11 side,

= Figure 1-5  Block diagram of the Apple llGs
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Chapter 2 The Core of the Apple IIGS

The design of the Apple 1165 s radically different from that of the
stanclard Apple 11 The difference anses primarily from three major
componenls:

m  the G3CH16 microprocessor
w  the Mega [l custom LC
m  the FPI (Fast Processor Interface) custom 1C

The most obvious of these is the 65C816 microprocessor, which is more
powerful than the 6502 used in the standard Apple 11, yet maintains the
ability to execule programs written for the 6502, The 65C816 micro-
processor is impomant enough 1o have an entire chapter, Chapter 14,
devoted 1o it

The 63CR10 has a larger address space, bigger registers, and the ability to
run faster than the standard 1.024-MHz speed of an Apple 11 How can
the Apple G ke advantage of all these capabilities and still be able
1o run programs written for a standard Apple 117 The answer 1o that
question is two custom integrated circuits: the Mega [ and the FPL This
chapter describes the way those two 1Cs work wgether in the

Apple Tics.

1

Figure 2-1 is a simplified block diagram of the Apple 1G5, showing all its major
components. The Mega 11 and the FPI are shaded gray. The dashed line separates the part
of the Apple 11Gs contralled primarily by the Mega [ from the part controlled primarly by

the FPL

= Figure 2-1 Mega Il and FPI subsystems in the Apple liGs
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The Mega II custom IC

The Mega [T custom IC combines the functions of several circuits found in the Apple lle,
Those circuits are

m  the MMU (Memory Management Unit) custom [C
the 10U {input/output unit) custom 1C

the character generator ROMs

the video display circuitry

Except for central processor und memory, the Mega 1 incorporates the logic cireuitry for
all the major functions of an Apple Ile on a single chip. It works with the 'O expansion
slots and the [/0 ports built into the Apple [16s and supports the part of memory that
contains the video display buffers. The Mega 1l side of the machine consists of

w the Mega ll

a 128K of memory

a  the /O expansion slots

m the buill-in 1O pors

m the video display circuitry

The Mega [l contains the circuitry that generates video display signals from the data in the
display buffers, along with the soft switches that select the different display modes.

All /0 in the Apple 11GS is memory mapped. The Mega 11 provides the address decoding
and the soft switches that control the 1/0 slots and the built-in pons. The Mega 11 also
provides the refresh cycles for the 128K of dynamic RAM under its control,

Hecause the memory controlled by the Mega 11 contains the display buffers, it abways runs
at the 1.024-MHz speed. It is sometimes referred w as Apple If standard memory, 10
distinguish it from the rest of the memory in the Apple [1Gs, which normally nuns ar

28 MHz and hence is called fasi memory.

Chaprer 2 The Core of the Apple 1Gs
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The FPI custom IC

The FPI (Fast Processor Inferface) custom 1C supports the 630816 microprocessor and its
large, fast memory, Tis name is doubly descriptive: The FP controls the fast memory
itself, and also medises its interaction with the Mega [l side of the machine
Independent contral of the two sides enables the Apple TGS 1o run programs at 2.8 MHz
while maintaining the 1.024-MHz operation required for compatibility with the standard
viden and /O circuitry

For the 63C816 and its [ast memory, the FPI provides address multiplexing and control
signals. Memory under the control of the FP] includes 128K of buili-in RAM (1 MB on the |
MB Apple 11Gs logic hoard), 128K of buili-in ROM (256K on the 1 MB Apple HGs logic
baard), up 1o 4 MB of expansion RAM, and up to 1 MB of expansion ROM. The FPLalso
generates the refresh cvcles needed by the fast dynamic RAM devices. The fime requined
for the refresh cycles reduces the effective processor speed for programs in RAM by ahout
& percent. Programs in ROM run at the full 28-MHz speed,

The additional 128K of ROM storage on the 1 MB Apple TIGs lagic board is used for
storing toolbox wiilities as well as enhancements o the system firmware. For complete
information on the Apple 165 firmware, refer o the Apple Hos Firmuare Reference. For
information on the toolbox utilities, see the Apple ifos Tonlbor Reference.

Synchronization

Whenever data have to be transferred between the FPI side and the Mega 11 side, the FPQ
IC must first synchronize tsell with the 1.024-MHz Mega I1 Synchronization may consist
of a single Mega 11 cycle, as when o single 1/0 location in the Mega 11 must be accessed, or
consecutive Mega 11 cveles, as when Apple I software must be run at 1,024 MHz for
compatibility. For a single Mega 11 cycle. there is a delay of up to | microsecond (average
0.5 microsecond ) while waiting for the beginning of the next cycle. For consccutive

Mega IT cycles, the FP1 generates ane processor Cyele for each Mega 1l cycle, thus nunning
the processor at 1,024 MHz

r all Apple 1 computers, every (5th processor cycle is elonganed, or stretched, by 140
nanoseconds, This practice is required for cormeat colors in the NTSC (National Television
Standards Committee video display. Figure 2-2 shows how every 65th cock cycle in all
Apple 1T computers is stretched,

14 Apple 1165 Hardware Reference
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= Figure 2-2 Stretched of clock cycle
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The Mega I1 cycle

A Mega |l oycle is needed for any central processor or direct memory access (DMA)

operation that requires access to the 1.024-MHz side of the system, (Refer to Chapter 8,

/0 Expansion Slots,” for more information about direct memory access, | These

operations are

n all external and most internal 10 operations

» shadowed video-write operations (described in “Memory Shadowing,” Later in this
chapter)

m inhibited memory accesses

n  Mega [l memory accesses io banks SED and SEI

A Mega I1 cycle consists of these steps:

L. A Mega Il cycle begins when the FPI recognizes an address that requires access 1o the
1.024-MHz side of the system—one of the operations just listed.

2. Approximately Y0 nanoseconds after the processor 02 clock signal goes low, the
location address and hank address from the processor become valid. The FPI decodes

these addresses and determines the type of cycle to be executed before the o2 clock
rises,

ke

If the cycle is a Mega 1 cycle, the FPI holds the o2 clock high until it synchronizes
itself with the Mega 1L

4. Memory or /'O access begins.

Chapter 2 The Core of the Apple TlGs

Mega I auxiliary memory bank access

To allow direct access to the Mega 11 awsiliary memory bank, the FPT passes the least
significant hit (Ish} of the bhank address 1 the Mega 11 during each Mega I cycle. If
shadowing is enabled (as described in “Memory Shadowing.” later in this chapter) or the
software is addressing bank SEO or SE1, an odd-numbered hank address will access the
Mega I auxiliary memory automatically, without using the soft switches. (For information
on the soft switches, see the discussions on main and ausiliary memory in Chapter 33, For
this setup to work, the programmer must fiest ser bit 0 in the New-Video register ai 3CO20
to 1, (See Chapter 4 for information about the New-Video regisier.) Otherwise, the

Mega 11 ignores the bank bit, and the soft switches must then be used w access the
auxiliary 64K through an even-numbered, shadowed bank.

Memory allocation

The FPI controfler can access a minimum of 128K of RAM (1 MB on the 1 MB Apple 1165
logic board), which is expandable to 4.3 ME, and e 5 MB on the T MB Apple Has logic
board. This RAM is separate from the 128K of RAM supported by the Mega I1. The FPLilso
has access 1o 128K of ROM (256K on the | MB Apple 1165 Jogic board), expandable to 1
MB. Figure 2-3 shows a simplificd system memory nup.

For a full description of memory in the Apple 168, refer 1o Chapter 3.

=
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= Figure 2-3  Apple 1165 memory map
Bank SFF i
Hank SFE
Bank $FD
Runk SFC
L Hink SFB |
Fast hOM — |
{Conteofled by FRD

Bank $E1 1 /{

Slow HAM —

| Hank §10

< (Congrolied by Mega 1)

Fast RAM

Hank $0F

(Controlbed by FPD

Hank S0F

Hank 01

Bank $0D

1 Ml Apple 1165

.

Hank $FF
HBank 5FE

Hank SFD 1
———

| AT e LA LIEETE —
oo Bank$TE |
| Hksm |

1 Rank 81

Rank S0

256K Apple 1GS

Chapter 2 The Core of the Apple HGs

Memory shadowing

Memory shadowing is the process of reading or writing at one memory location in two
different banks. Enabling shadowing duplicates the 10 locations and portions of the
video buffers you select (via the Shadow register) in the shadow-enabled RAM banks,
Writing into those locations in banks for which shadowing has been enabled results in
duplicare writes 1o those locations in banks $E0 or S8E1. Direct access to /0 and the
video buffers is not inhibited and may still be obtained through banks SED and $EL (See
1O Space Addresses” Titer in this chapter, for more information on 1'0 addresses, b
Figure 2-4 shows banks $E0 and SEL

= Figure 2-4 Shadewed areas of memory
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The purpose of shadowing is 1o provide optimum system speed. By shadowing the 1/0
and video buffer locations in the high-speed FPI address space, onby write instruclions (o
the videa locations require the system (o operate at 1024 MHz, A write instruction
actually writes to an address in both banks, the Mega 11 bank, $E0 or SE1, und the shadow-
enabled hank, $00 or 801 Read instructions access the high-speed shadowed bink, $00 or
s01. Shadowing, therefore, helps minimize the impact of video display updaes on the
overall system speed. (See /0 Space Addresses,” later in this chapier, for more
information on the impact of 1O read operations and wnte operations on system
speed. )

The shadowing options are
w  Enable shadowing in banks $00 and $01 only.
»  Enable shadowing in all RAM banks (not recommended)

# Note: Although shadowing is possible in other banks, shadowing in banks other than
500 and 501 should not be anempred under nomal operting circumstances; firmware
operating in other hanks will be corupted if shadowing is enabled in those banks,
resulting in @ system crash.

Note that slowing of the system for each wrile operation is very brief and won't affect
progeam execution speed significantly. Only continuous write accesses would actually be
noticeable.

= Figure 2.5 Shadow register at 3C035
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Inhibit 10 and language-cand operation
Inhihit shagkomang, text Fage 2
[ruhibic shadowange, auxilery bank He-Res graphics pages
Inhahit shadowing, Super Hi-Res graphics buffer

[nhihit shadowing. Hi-Res graphics Page 2 —

Inhibit shadowing, Hi-Res graphics Page 1 —

[nhihit shadowing, fext Page 1 —

s Table 2-1 Bits in the Shadow register

Bit Value Description
7 - Reserved: do not modify
i 0 The 1/0 and language-card (IOLC) inhibit bit: This bit

contrids whether the 4K range from SCO00 1o SCFFF in

The Shadow register

The Shadow register, located at €033, determines which address ranges of each
shadowed 1.024-MHz RAM bank are duplicated in the FPL RAM display areas. The Shadow
register also determines whether or not the 10 space and language-cird (I0LC) areas for
each bank are activated. Figure 2-3 shows the format of the Shadow register. Table 2-1 s a
list of the bits and their functions.

A Warning Be careful when changing bits within this register. Use anly a read-
maxlify-write instruction sequence when manipulating bits, See the
warning in the prefice. a

Chapter 2 The Core of the Apple llGs

banks 300 and 501 acts as RAM or as 1/O. When this bit
is 0, /0 is enabled in the $Cxoxx space and the RAM that
wonld normally aceupy this spice becomes a second
SOy RAM space in banks $00 and $01, forming a
language card. Note that the /0 space and language
card in banks SE0 and $E1 are not affected by this bit;
this space is always enabled.

1 When this bit s 1, the 1/0 space and lanpguage card are
inhibited, and contiguous RAM is available from S0000
through $FFFF. (For more information on 10 and
language-card memary spaces, see
Chapter 3, “Memory.")

5 1 Text Page 2 inhibit (available only on the 1 MB Ingic
board i When this bit is 1, shadowing is disabled for
text Page 2 and auxiliary text Fage 2.

19 20 Apple [1G8 Hardware Reference




s Table 2-1

Bits in the Shadow register (Continued)

Value Description

[

il When this hit is 0, shadowing is enabled for text Page 2
and auxiliary text Page 2.

1 Inhibit shadowing for auxiliary Hi-Res graphics pages:
When this bit is 1, shadowing is disabled for Hi-Res
graphics pages | and 2 (as determined by bits 0 through
3 in this register) in all auxiliary (odd) banks,
Shadowing of Hi-Res graphics pages in the main bank
remiing unaffected.

0 When this bit 15 0, shadewing is enabled for Hi-Res
graphics pages (as determined by bit 1)

1 Super Hi-Res graphics buffer inhibit: When this bit is
1, shadowing is disabled for the entire 32K video
bhuffer,

i When this bit is 0, shadowing is enabled for the Super
Hi-Res graphics buffer

1 Hi-Res graphics Page 2 inhibit: When this bit is 1,
shadowing is disabled for Hi-Res graphics Page 2 and
auxiliary Hi-Res graphics fage 2.

0 When this bit is 0, shadowing is enabled for Hi-Res
video Page 2 and suxiliary Hi-Res video Page 2, unless
auxiliary Hi-Res graphics Page 2 shadowing is
prohibited by bit 4 of this register.

1 Hi-Res graphics Page 1 inhibit: When this bit is 1,
shadowing is disabled for Hi-Res graphics Page 1 and
auxiliary Hi-Res graphics Page 1.

] When this bit is 0, shadowing is enabled for Hi-Res
graphics Page 1 and auxiliary Hi-Res graphics Page 1,
unless auxiliary Hi-Res graphics Page 1 shadowing is
prohibited by bit 4 of this register,

1 Text Page 1 inhibit: When this bit is |, shadowing is
disabled for text Page 1 and auxiliary text Page 1.

0 When this bit is 0, shadowing is enabled for text Page |
and auxiliary text Page 1.

Chapter 2 The Core of the Apple 1165

il

You can turn shadowing on and off for areas within each shadow-enabled 64K bank by
setting the corresponding bit or bits in the Shadow register, You can tum off shudnwing
(no banks shadowed) by setting all bits in the Shadow register. When the Shadow register
is cleared on reset, it defauls to shadowing all video areas.

Each bit in the Shadow register is active high, which means that the shadowing of the
selected areq is inhibited if the corresponding bit is set. Programs that use the Shadow
register can turn off shadowing in unused video areas by setting the appropriate bits, thus
reclaiming the memory space in the unused video buffers in Mega [1 banks $00 and S0,

The Speed register

The Speed register, located ar $C036, contains bits that control the speed of operation
ind that determine whether 4 specific area within a bank is shadowed. The Speed register
is cleared on reset or power up, except for bit 6, which on power up is set. Figure 26 shows
the format of the Speed register. Table 2-2 contains a description of the hits,

A Warning Be careful when changing bits within this register. Use only a read-
modify-write instruction sequence when manipulating bits. See the
warning in the prefice.

= Figure 26 Speed register at SC030
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= Table 2-2 Bits in the Speed register

Bit

Ve Description

i

1 System operating speed. When this bit is 1, the system
operates at 2.8 MHz

0 When this bt is 0, the system operates of 1.024 MHz2 (as
in other Apple [1 computers),

1 Power-on status (available only on the 1 MB logic
board): This bit is set 1o 1 when the system is twrned on
using the power switch, A boot initiated by any key
combination will not alter this bit. This & 2 read-write
bit.

] na

- Reserved: do not madify.

1 Hank shadowing hit: This bit determines memory
shadowing in the RAM hanks. Shadow register bits 0
through 4 will determine which portion, if any, of the
hanks will be shadowed. To enable shadowing in all
RAM hanks, 300 through $7F, set this bit 1o 1,

0 T enable shadowing in banks $00 and 301 only, clear
this hit. For proper operation of the Apple 1Gs
operating system, this bit must always be set 100,

0-31 1 Disk 11 motor-on address detectors: To retain Apple 1

pes

peripheral compatibility, the metor-on detectors
change the system speed to 1.024 MHz whenever a

Disk I motor-on address is detected & When the disk
motor-off address is accessed, the system speed
increases 10 28 MHz again. For example, when bit 1is
I, the FPI switches 10 1.024 MHz when address 3C0D8 15
accessed, and returns o 2.8 MHz following a SCODS
access. (See list of addresses below.)

Drives designed for the Apple 1168 sysem should wse the speed ba (Speed register bit 7) o change the
processar speed when socessing disks, mther than the disk moror-on detecios (Speed register s
through 3). By using bt 7, vou secess deives in shots other than shors 4 through 7 by changing the system
specd manually. Be awire that central processor speed changes for drive compatibiliey may affect
application program timing; avoid using the motor addresses unless they are used in a fshion
consistent with the drive's central peocessor speed regquinmenis

For compatibility with future Apple prochucts, use firmswine calls only 1o manipulste bits 0w 3 of the
Specid register

Dirives designed for previous Apple 1 compaters will function as Apple 116 peripherals only if the
system speed i changed o 1,024 MHz before disk aocess is antempled.

i Continued)

Chapier 2 The Core of the Apple llGs

s Table 2-2 Bits in the Speed register (Continued)

Bt Value Deseription
0 Whien this bit is 0, the Disk Il motor detectors are
tumed off.

Hits 0 through 3 detect the following addresses:

it Sloi Maolir on Motor off
] 4 SCOCY SCOCH
1 5 SCOD9 SCODSE
2 i SCOED SCOER
3 7 SCOF9 SCOFR

RAM control

The FPLalone controls the high-speed RAM. This high-speed memory consists of a
minimum of F28K of RAM (1 MB in the 1 MB Apple [IGs) on the main logic board and
additional expansion RAM on the extended memory card, for a tonl of 4.3 MU in the 256K
logic board, and 5 MH in the | MB version of the board,

The FPI provides memory refresh for the high-speed RAM, which incorporates internal
refresh-address counters. This refresh scheme frees the address bus so that the FPI can
execute ROM cycles while RAM refresh cyeles ane occurring, thus allowing full-speed
aperation in the ROM. These cycles occur approximately every 3.5 microseconds and
reduce the 2.8-MHz processing speed by approximately 8 percent for programs that run in
RAM. When running at 1,024 MHz, refresh eycles are executed during an unused portion of
the processor cvele and do not affect the processor speed.

I/O space addresses

The 10 space in the Apple 116s consists of all the addresses from SC000 through SCFEF.
All internal device addresses, register addresses, soft swirch addresses, and slot addresses
fall within this 4K address range. Any of these addresses can e accessed through hanks
SEO, SEL, 800, and 501, Access from hanks $E0 and $E1 is always enabled; access from
baniks $00 and S01 is controlled by bit 6 of the Shadow register, and must always be
enabled for correct system operation,
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When estimating the performance of tming-critical cade, you must consider the impac
processor speed changes have on execution speed. The Apple 1165 can operate at 28
MHz, but must stow down to 1024 MHz when accessing certain [0 addresses. These 1/0
addresses include 170 reads and writes, and instruction reads of firmware at slot addresses
of $C100 through $CFFF,  Additionally, all reads and writes to soft switches and slot 'O
devices at addresses $C0%0 through SCOFF also occur at 1024 MHz.

& Note: In order to guarantee that your cocle will remain compatible with fuwre Apple 11
computers, do not develop timing-ertical code thar will not function at system
speeds greater than 2.8 MHz,

A microprocessor instruction consists of between two and nine individual cycles, For
instructions executed from fast RAM or ROM, only the specific instruction cycles that
read from or write 1o 1/0 addresses will slow the system 1o 1024 MHz. All other cycles of
such an instruction will execute as fast cycles. The result is that the magerity of instruction
cycles ocour at high speed. The few that occur at low speed are of variable length. This
length can, however, be estimated. The following rules provide a simple method of
calculating the minimum and maximum time that an entire instruction will require to
execute:

1. 1f a single (8-bit) slow 1O read or write ¢ycle is perfectly synchronized, it takes nearly
three fast cycles o complete. A double (16-hit) slow 10 read or write cycle takes
nearly 6 fast cycles to complete. Thus, an 8-bit read or write fnstruction that would
normally take four fast cycles will take ar least six fast cycles, an increase of two
cvcles. A 16-hit read or write instruction that would normally take five fast cycles will
take at least nine fast cycles, an increase of four cycles.

2. IF either u single or double slow cycle is not synchronizced, the maximum delay for
synchronization is one extra slow cycle. adding the equivalent of three fast cycles to
the count, Thus, the worst-case S-bit access becomes 2 + 3 or 5 extra fast cyeles, and
the 16-bit worst case becomes 4 + 3 or 7 extra fast cyeles,

These rules can be applied to the cycle tmes for any insiruction executing in fast RAM or
ROM to approximate the minimum and maximum times for instructions that reference
1/0 addresses. Remember to allow an additional 10% in total cycle time 1 account for
RAM refresh delays.

Certain registers internal to the FP1 (the DMA reguster, the Speed register, and the Shadow
regisier) are read and written at high speed. Similarly, reading the interupt ROM
addresses (SC071 through SCOTF) does nat slow the system. In addition, two registers
(the State register and the Slot ROM Select register) that exist in both the FPT and the
Mega 111Cs wre written at 1.024 MHz and read at 28 MHz in the FPI address space.
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Chapter 3 Memory

This chapter describes the intemal memory of the Apple TiGs, and shows
the RAM and ROM memorny lavout and how the memory is controlled
There is 4 memory map for the entire system, and there are individual
maps for special features like standard Apple 11 compatibility and
memary shadowing.

The memory in the Apple Hos is divided inte several portions. Figure 3-1
is 1 block diagram showing the different pats of memory in relation to
the rest of the hardware; Figure 3-2 is 2 memory map showing the
addresses of the different pans of memory. As described in Chapter 2,
the greater part of the memory is controlled by the FPL while twe 64K
hanks (SE0 and SE1) are controlled by the Mega 11 so that the Apple s
may function like a standard Apple 11,

= Figure 31 Memory in the Apple [1Gs
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Built-in memory

The original Apple 168 comes with 236K of main memory mounted on the circuit board,
and the 1 MB Apple llGs has 1 MB. Additional memary can be added by means of an
optional memaory expansion card you can plug into the memory expansion shot, which is
described in the latter part of this chapter.

As you can see by looking at the block diggram in Figure 31, memory in the Apple [1Gs is
divided inte several ponions. The original Apple 1165 uses ten bak=by=i-hit RAM [Cs on
the main logic board. Four RAM 1Cs make up the 128K controlled by the Mega 1, and four
more are the 128K of fast system memory controlled by the FPL The 1 MB Apple 116
varies from this configuration slightly, using eight 1-megabit RAM 1Cs for fast system
memory. Besides the main memory. there are also two RAM ICs for the 64K of RAM
dedicated 10 sound generation. The sound RAM is not direaily addressable by application
programs; for more information about the sound memory, refer to Chapter 5.

Memory map

The 63C816 microprocessor is capable of addressing up o 16 MB of memory, but only
portions of this memory space are utilized in the Apple 1165, Figure 3-2 shows how that
memory space is allocated in the Apple 11Gs. A portion of the lower memory space—a
maximumn of 5 MB—is available for fast RAM under the control of the FPE The first 128K is
built into the original Apple 1G5, 1 MB in the 1 MB Apple 1lcs; the rest can be added by
mearns of 2 memory expansion card.

The 128K of RAM controlled by the Mega Il occupies banks SE0 and SEL No further
expansion of this part of memory is possible.

The highest 16 banks are allocated to ROM under the control of the FPL The op 128K of
ROM is built into the orginal Apple T1Gs; the uppermost 256K of ROM is built into the 1
MB Apple llGs. Additional ROM can be added by means of a memory expansion card.

Chapter 3 Memaory
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= Figure 3-2 Memory map of the Apple 11GS (Solid lines indicate built-in memory;
dashed nes indicate expansion memony )
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Memory bank allocation

The memory in the Apple 1165 is addressed as 64K hanks, as shown in Figure -2 Hank
numbers are in hexadecimal. The buili-in memory hanks are shown with solid outlines:
banks $00 and 801, SEO and SE1, and SFE and SFF in the 236K Apple HGs, The parts of the
memory space from bank $02 to bank S7F and from bank S0 10 bank SFD are allocased
for memory expansion; banks SFR through SFF are reserved for current system and future
expansion of system firmware. Memory spaces from S80 through SEF are not available in
the Apple [1Gs.

The memory bank distribution in the 1 MB Apple 1Gs is similir to tha of the 256K
system, with a few variations, The buili-in banks are banks $00 through SOF, SE0 and SEL
and $FC through SFF. Banks S10 through 87F, and $FO through SFB in the 1 MB system are
available for memory expansion.

Address wrapping

In general, the H3C816 microprocessor used in the Apple 1168 addresses memory #s
continuous acroess bank boundanes, but there are exceptions, One kind of exception
involves the 63C810's instructions themselves. For data at the highest address ina bank.,
the next byte is the lowest one in the next bank, bot instructions themselves wrap around
on bank boundaries, rather than advancing 1o the next bank, Thar means that the
maximum size of a progrm segment s normally limited 1o 4K, For more information
about the 65CH16, refer to Chapter 10,

Another exception to the continuity of memarny arises from the way certain banks are
used for spectal purposes. For example, parts of banks SEO and SET are set aside as video
display buffers and are not normally wsed for program code, although the hardware doesn't
prevent such use. The Memory Manager, which is pait of the Apple 1165 Toolbox, Likes
such restrictions into account, For information about the Memory Manager, refer 1o the
Apple fles Toolheee Reforence

ROM memory

The twer highest banks in the 256K system, and the four highest banks in the 1 MB system,
ane used for buili-in ROM that contiains system programs and part of the Apple 1G5
Toolhox, Additional memory in banks $FU 1o $FD (SFB in the 1 MB system) is available
for ROM on a memory expansion card, OF that memory, pan is available for application
programs siored as a ROM disk, and part is reserved for future expansion of svstem
programs. For mformation about ROM disks, refer 10 the Apple ffus ProDOS 16 Reference

Chapter 3 Memory
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Bank $00 memory allocation

Memory bank $00 preserves many features found in the 648 of main memory in the
Apple lle ar the Apple Tc that make it possible 1o ren programs orginally writien for
those machines or for the Apple I Plus

Reserved memory pages

Must of bank $(0 is available for storing programs and data. However, # few pages of
bunk $00 are reserved for the use of the Monitor firmware and the BASIC interpreter. The
reserved pages dare described in the following sections.

Important  The system does not prevent your using these pages, but if you do use
them, you must be careful not o disturh the svstem dit they
contain, or you will cause the system to malfunction. =

& Anple I mote: Some of the reserved areas described in the sections that follow are used
only by programs written for models of the Apple 11 that preceded the Apple lis.
Programs written specifically for the Apple TlGs normally do not deal with hardware
features directly, but rely on routines in the wealbox, as described in the Apple flos
Toofhay Referenice. Some reserved areas are used by the huili-in firmware: Refer 1o the

Apple s Firmeare Keference,

Direct page: Several of the H3CRL0 microprovessor's addressing modes require the use of
addresses in a specified page of bank S00 called the direct page. Like (he zero page in a
6302 microprocessor, the dircet page is vsed for indireat addressing,

The direct page works differently in the two microprocessor modes, When the 65C816 is
in emulation mode, the direct page is located ar adedress 30000 in bank 500, like the zero
page in a 6502 microprocessor’s (4K address space. When the 65C816 s in native mode,
the direct page can be located anywhere in bank 500, muking it possible for different
programs 1o have different direct page locations. (For more information about emulation
maxde and natve mode, see Chapter 10,)

To use indirect addressing in your assembly-language programs, you must store base
addresses in g direct page. At the same time, you must avoid interfering with direct-page
memory used by other programs such as the Monitor program, the BASIC interpreter, and
the disk operating systems. The bust way to avoid conflicts is to request vour own
direct-page space from the Memory Manager: Refer 1 the Apple Hos Toolbar Reference
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The 65C816 stack: The 630814 MICTOPITICESSOE USEs i stack to store subrouting retum
addresses in last-in, fisst-out sequence. Many programs also wse the stack for temporary
storage of the registers and for passing parameters o subrottines.

The 63CH16 uses the stack two ways—in emulation mode and native mode. In emulation
mode, the stack pointer is 8 bits long, and the stack is locaned in page 1 (ocations S100
through $1FF, hexadecimali and can hold 256 byies of information. When you store the
257th byte in the stack. the stack pointer repeats ftself, or wraps around, so that the new
hyte replaces the first bvie stored, which is then lost. This writing over old data is called
stach overflowe. The program continues (0 run normally until the lost information is needed,
whereupon the program may behave unpredictably, or, possibly, terminite
catastrophically,

A Warning The wrapping around of the stack pointer does pot ocour
consistently; in some addressing modes the stack will continue to
page 2. In vither case, & system crash is imminent. &

In native mode, the stack pointer is 16 bits long, and the stack can hold up 1o 6K of
information at a time. To read more about using the 65C816 stack, see Chapter 10.

The input buffer: The GETLN input routine, which is used by the buili-in Monitor
program and Applesoft BASIC interpreter, uses page 2 of bunk $00 as its keyhoard-input
buffer. The size of this buffer sets the maximum size of input strings. (Note that BASIC
uses only the fiest 237 bytes, although it permits you o type in 230 characters.) If you
know that you won't be typing any long input strings, you can store temporary data at the
upper end of page 2.

& Nore Routines that use the input buffer run in emulion mode; progrims running in
native mode must first switch o emuolation mode o call such routines, Reler 1o the
Apple Has Firmware Reference for more information.

Link-address storage: The Monitor program, ProDOS®, and DOS 3.3 all use the upper
part of page 3 for link addresses or vectors, BASIC programs sometimes need short
assembly-language routines, These routines are usually stored in the lower part of page 3.

Shadowed display spaces: The display buffers in the Apple 1165 are aciually located in
banks $E0 and SE1, bur programs writien for the Apple [ Flus, the Apple e, and the
Apple lic put display information into the corresponding locations in bank $00 and
require display shadowing to be on. Figure 3-3 shows the shadowed displiy spaces, For
more information about shadowing, refer to Clapter 2,

Chaprer 3 Memory

# Mot Display buffers in hank 800 are normally used only by programs written for earlier
mirlels of the Apple 11, except for text Page 1. which is also used by the Control Panel

desk accessory, Shadowing of the display buffers is enabled by a switch in the Shadow

register, described in Chapier 2

= Figore 33 Shadowed display spaces in hanks 300 and 801 (Shading indicates
shadowed memory locations. )
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Hi-Res graphics Page 2
KK
— Hi-Hes graphics Page 1
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SO — TexiPugis 1
SN0

The prinury text und Lo-Res graphics disploy buffer uses memory locations S0400 through
SUTEF. This 1024-byte arex is called wext Page 1, and it s not usable for program and data
storage when shadowing is on. There are (4 locations in this area that are not displayed on
the screen: these locations, called screen holes, are reserved for use by the peripheral
cards and the built-in ports, See the section “Peripheral-Card RAM Space,” in Chapter 8,
for the locations of the screen holes
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*  Text Page 2 The original Apple 11Gs doesn't shadow text Page 2, To make it possible
1o run Apple T programs that use text Page 2 for their displays, the firmware includes 4
desk accessory, Alternate Display Mode, that autematically transfers data from rex)
Page 2 of bank $00 into text Page 2 of hank $EO, where it can he displayed. Refer w
the Apple llas Firmuware Reference for more information. Note that the 1 MB Apple
1165 has available 2 Shadow register bit that allows you 10 shadow Text Page 2,

When the primary Hi-Res graphics display buffer, Hi-Res graphics Page 1, is shadowed, it
uses memory locations $2000 through $3FFF, If your program doesn't use Hi-Res graphics,
this area is usable for programs or data

Hi-Res graphics Page 2 uses memory locations 34000 through $3FFF. Most programs do
not use Hi-Res graphics Page 2, so they can use this arca for program or data storage,

The primary Double Hi-Res graphics display buffer. called Double Hi-Res graphics Page 1,
uses memory locations 20040 theough 33FFF in both main and auxiliary memory (hanks $00
and SOL). If your program doesn't use Hi-Res or Double Hi-Res graphics, this area of
memory is usable for programs or data.

Language-card memory space

+ Apple If note: The language-card space is @ carryover from earlier models of the Apple 1T
and is normally used only by programs written for those machines and running in
emulation maode. Like the bank $00 shadowing of the display butters, the peculiar
features of the language-card space are enabled by 3 switch in the Shadow register,
which is described in Chapter 2

*  Memory hanks: The language-card space is a feature both of bank 300 and of hank
301, Refer o the section “Bank $01 (Auxiliary Memory),” later in this chapler, ferr more
information.

When the language-card feature is enabled, the memory address space from SDU0O through
SFFFF is doubly allocated: It is wsed for both ROM and RAM. The 12K of ROM in this
address space contains the Monitor program and the Applesoft BASIC imterpreter.
Alternatively, there are 16K of RAM in this space. The RAM is nomually used by the disk
operating system.

You may be wondering why this pant of memory has such a split personality. Some of the
reasons are historical: The Apple 165 & able tw run software written for a standand

Apple 11 becavse it uses this part of memaory in the same way a standard Apple 1T does. It's
convenient to have the Applesoft BASIC interpreter in ROM, but the Apple HGs is also
able 1o use that address space for other things when Applesoft is not needed.

You may also be wondering how 16K of RAM are mapped into only 12K of address space.

The uswal answer is that it's done with mirrors, and that isn't 2 bad analogy: The 4K address
space from SDO00 through SDFFE is used mwice,

Chapter 3 Memory

»

Switching different blocks of memory into the same address space is called bank
siitching There are actually rwo examples of bank switching going on here: First, the
entire address space from SDO00 through SFFFF is switched between ROM and RAM, and
second, the address space from $DO0D to SDFFF is switched between two different
blocks of RAM. If the language card is not enabled, the first of these blocks of RAM,
block 1, oceupies address space from SC000 to SCFFF, as shown in Figure 3-4. (Note that
the banks involved here are not the same as the (4K memory banks.)

» Figure 34  Language-card memory map
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Setting language-card bank switches: You switch banks in the language-card space in
the same way you switch other functions in a standard Apple I1: by using soft switches.
Read operations 1o the soft-switch locitions do three things: selea either RAM or ROM in
this memory space, enable or inhibit writing to the RAM, and select the first or second 48
bank of RAM in the address space SDOO0 10 SDFFF.

A Warning Do not use these switches without careful planning, Careless switching
hetween RAM and ROM is almast certain 1o have catastrophic effects
0n Your pmgmm. &

Table 3-1 shows the addresses of the soft switches for enabling all combinations of
reading and writing in this memony space. All the hexadecimal values of the addresses are
of the form SCO8x. Notice that several addresses perform the same function: This 15
because the functions are activated by single address bits. For example, any address of
the form $C08x% with a 1 in the low-order bit enables the RAM for writing, Similardy, bit 3
of the address selects which 4K block of RAM 1o use for the addnéss spiace SD00D 1o
SDFFF; if bit 3 s 0, the first bank of RAM is used, and if bit 3 is 1, the second bank is used
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When RAM is not enabled for reading, the ROM in this address space 1s enabled. Even
when RAM is not enabled for reading, it can still be written to if it is write-enabled.

= Table 31 Language-card bank-select switches

Name Action Location Function

R SCO80 Read this location to resd RAM, write-
protect RAM. and use $D000 bank 2.
ROMIN RE SCOR1 Read this location twice to read ROM,
write-enable RAM, and use SDOO
bank 2
R SCOR2Z Read this location to read ROM, write-
protect RAM, and use $SDO0O bank 2,
LCBANK2 KR SCORA Read this location twice o read RAM,
write-enable RAM. and use §D000
hank 2
R SCIRH Head this location to read RAM, write-
protect RAM, and use $DO0O bank 1.
RR SCORY Read this location twice 1o read ROM,
write-enable RAM. and use SD0X
bank 1
R SCORA Read this location to read ROM, write-
predect RAM, and use SDO0 bank 1,
RR SCO8K Read this switch twice 10 read RAM,
write-cnable RAM, and use SDOG0
hank 1.
RDLCBNK2 R7 sC011 Read this location and test bit 7 for
swilch status: SEH00 bank 2(1) or
hank 1 (0}
RDLCRAM R7 SC012 Read this location and rest bit 7 for
swilch status: RAM (1) or ROM ()
SETSTDZP w SC008 Write this location to use main bank,
page 0 and page 1,
SETALTZP W SCO0A Write this location 1o use duxiliary
bank, page 0 and page 1.
RDALTZP R7 SCO16 Read this location and test bit 7 for
switch status: auxiliary (1) or main (0
bank

Chapiter 3 Memory ¥

When vou wm power on or reset the Apple 1165, the bank switches are initialized for
reading from the ROM and writing 1o the RAM, using the second hank of RAM. Note that
this is different from the reset on the Apple 1l Plus, which doesn't atfect the bank-
switched memory (the language card). On the Apple 1165, you can't use the reset key
sequence to return control 1o @ program in bank-switched memory, as you can on the
Apple [T Plus,

& Reading and writing o RAM banks: You can't read one RAM bank and wrte to the
other; if you select either RAM bank for reading, vou get that one for writing as well,

#®  Reading RAM and ROM: You can't read from ROM in pant of the bank-switched
memory and read from RAM in the rest. Specifically. you can't read the Monitor
program in ROM while reading bank-switched RAM. If you want to use the Monitor
fimware with a program in bank-switched RAM, copy the Monitor program from ROM
tlocations $FBO0 through SFFFF) into bank-switched RAM. You can't do this from
Pascal or PralOs.

To see how to use these switches, look at the following section of an assembly-linguage
progeam:

Lba $C083 *SELECT ZND 4K BAMK & READ/WRITE
LDA 5COB3 *EY THWO COMSECUTIVE READS

LDA #5D0 *SET UP...

5TA BEGIN oo NEW. ..

LDA #5FF * L JMATH-MEMODRY . . .
STA END v, ..POINTERS...

JSR YOURPRG *...FCR 12X BANK

LOA SC0ER *SELECT 15T 4X BANE

JSR YOURPRG *USE ABOVE POINTERS

Lbh SC0EB “SELECT 15T BANK & WRITE PROTECT

LDA #4580

ING SUM

JSR YOURSUB

LDA SCO80 *SELECT 2ND BANK & WRITE PROTECT

INC SOM

LDA #PATI1ZK

JER YOURSUB

LDA SCOBB  *SELECT 1ST BANK & READ/WRITE

LDa sCoAE “BY TWO CONSECUTIVE READS

INC NUM *FLAC RAM IN READ/WRITE

INC SUM

The LDA instruction, which performs a read operation 1o the specified memory location,
is used for setting the soft switches. The unusual sequence of wo consecutive LDA
instructions performs the two consecutive reads that write-cnable this area of RAM: in this
cise, the data that are read ane not used
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Reading bank switches: You can find out which language-card bank is currently
switched in by reading the soft switch ar $C011. You can find our whether the language
card or ROM is switched in by reading $C012, The only way that you can find out whether
or not the language-card RAM is write-enabled is by trying to write some data to the card's
RAM space,

The State register

The State register is a read/write register containing eight commaonly used standard
Apple [ soft switches. Compared to the use of separate soft switches, the single-hyte
format of the State register simplifies the process of interrupt handling. Reading and
storing this byte before executing interrupt routines allows you to restore the system soft
switches to the previous state in minimum time after retuming from the Interrupt routine
Write operations to the State register will slow the system momentarily. (See Figure 3-5
and Table 3-2.)

A Warning Be careful when changing bits within this register. Use only 2 read-
modify-write instruction sequence when manipulating bits. See the
warning i the preface, &

» Figure 3-5  State register ar S0008
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= Table 3-2 Bits in the State register
Bit Value Description
7 1 ALTZP: If this bit is 1, then hank-switched
memory, stack, and direct page are in main
memaory
1] If this hit is 0, then bank-switched memory,
stack, and direct page are in auxilizrny memory
i 1 PAGEZ: If this bit is 1, text Mage 2 is selected.
1 If this hit is (1, text Page 1 is selected
3 1 RAMRDX: If this bat is 1, auxilary RAM hank |s
read-enabled.
] IF this bit is 0, main RAM bank is read-enabled.
4 1 RAMWRT: If this bit is 1, auxiliary RAM hank is
write-enahled
0 If this bit is 0, main RAM bank is write-enabled,
3 1 ROROM: I this bt s 1, the selected binguage-
card ROM is read-enabled,
0 If this bit is 0, the selected language-card RAM
bank is read-enabled.
2 1 LCBNKZ: If this bt is 1, language-card RAM bank
| is selected
[} If thes bit is 0, language-card RAM bank 2 is
selected
I - ROMBANK: The ROM bank select switch must
always be (. To maintain system integrity, do
not modify this bit,
] 1 INTCXROM: If this bit is 1, the internal ROM at
SCxO0 is selected.
i If this hit is {0, the perpheral-card ROM at Cx00 is

selected
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Bank $01 (auxiliary memory)

* Apple I mote: The following sections describe the operation of the auxiliary memory
(hank $01) as it applies to programs originally written for the Apple le or for 128K
versions of the Apple [le. Programs written specifically for the Apple 1165 don't
normally use bank $01 in this fashion, but use the Memon Manager (o obtain whatever
memory space they need, withour specifying whether it is in bank $00. bank 801, or
expansion memory in higher Banks,

When display shadowing is on, some of the display modes use memory in auxiliary
memory (bank SO1. Specifically, half of the B-column ext display page is there, along
with half of each of the Double Hi-Res graphics display pages and all of the Super Hi-Res
display buffer, if those displays are shadowed, For descriptions and memon maps of
those display pages, refer 1o Chapter 4. Apple 1l programs that use ane of those display
moxdes cannot use the coresponding pages of hank $01 for program and data storage.

A Warning Diex not attempd 1o switch in the ausiliany memory from a BASIC
program. The BASIC interpreter uses several areas in main RAM,
including the stack and the direct page. F vou switch 1o alernate
memaory in these areas, the BASIC interpreter fuils and you must reset
the system and start over. &

As you can see by studying the memory map in Figure 3-6, the auxiliary memory is divided
intor two large sections and one small one. The kirgest section is switched into the memaony
address space from 512 ta 49151 (50200 through SBFFF), This space includes the display
buffer pages: Space in suxiliary memory is used for one-half of the 8-column text display
and the Double Hi-Res graphics display. You can switch to the auxiliary memary for this
entire memory space, or you can switch just the display pages: See the section “Bank
Switching for Auxiliary Memaory,” later in this chuprer

Important A program that uses auxiliary memony only for the B0-column display
can write into the display page in auxiliary memory by using the
SETRDCOL and TXTPAGE2 soft switches described in the section
“Display Mode Switching” in Chaper 4.
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The other large section of auxiliary memory is the Tanguage-card space, which is switched
inter the memory address space from 52K to 64K (D000 through SEFEF). This memory
space and the switches that control it are described earlier in this chapter in the section
“Language-Card Memory Space.” The language-card soft switches have the same effect on
the ausiliary RAM that they do on the main RAM: The languape-card bank switching is
independent of the awsliary RAM switching,

= Figure 3-0 Memory map of main and auxiliary memory

Main (4K Aunxillary 64K

{Bank 500} (Bank $01)
SFFFF SFITF

Language-card space

S0 LIECL]
D00 [0 spuice
SC000 SCIHN
S0000 —— Stuck and direct page ———— SO
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# Note The soft switches for the language-card memory, described in the previous
section, do not change when vou switch o auxiliary RAM. In particulir, if ROM is
enabled in the linguage-card space before you switch to auxiliary memory. the ROM
will still be enabled after you switch. Any time you switch the language-cird section of
auxiliary memory in and out, you must also make sure that the bank switches are set
properly

When you switch in the auxiliary RAM in the language-card space, you also switch in the
first two pages, from O to 311 (80000 through SOIFF). This part of memory contains the
direct page and the 65C816 stack when running in 6502 emulation mode, The stack and
direct page are switched this way so that standard Apple 11 system software running in
the Finguage-cand space can maintain its own stack and direct page while it manipulates
the 48K address space (from S0200 to SBFFF) in either main memory or ausiliary memory,

Bank switching for auxiliary memory

Switching the 48K section of memory is performed by two soft switches: The switches
mimed ROMAINRAM and RDCARDRAM select main or auxiliary memary for reading, and
the switches named WRMAINRAM and WRCARDRAM select main or auxiliary memory for
writing. As shown in Table 3-3, there are two switches for each function: one to select main
memory, and the other tw select auxiliary memory. Enabling the read and write functions
independently makes it possible for a program whose instructions are being fetched Trom
one memory space 1o store data into the other memory space.

A Warning Do not use these switches without careful planning, Careless switching
between main and auxiliary memories is almost cenain to have
catastraphic effects on the operation of your progrim. a

Writing 1o the soft switch a1 location $COD3 s RDCARDRAM on and enables auxiliary
memoary for reading; writing 10 location SC002 wms RDMAINRAM on and enables main
memaory for reading, Writing to the soft switch at location SC005 turns WRCARDRAM on
and enables the awsliary memory for writing; writing o location SCOM4 wrms
WRMAINKAM on and enables main memory for writing. By seiting these switches
independently, you can use any of the four combinations of reading and writing in main or
auxiliary memory.

You can use auxiliary memory correspording to text Page 1 and Hi-Res graphics Page 1 as
part of the address space from S0200 to SBFFF by using RAM read and RAM write soft
switches as descnbed above, You can also control these areas in auxiliary RAM separately
by using the switches named SETROCOL, TXTPAGEZ, and HIRES.
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s Table 3-3 Auxiliary-memory select switches

Location
Name Fumction Hex Dec Notes
RDCARDRAM  Read auxiliary memory SCO03 49155 Write
ROMAINRAM  Read main memory SCO02 49154 Write
RORAMRD Read switch starus SCOIZ 49171 Read and test bic 7
(1=auxiliary, O=main)
WRCARDRAM  Write auxiliary memory SCOD5 49157 Write
WREMAINRAM  Write main memory SCO04 49150 Write
RDRAMWRT  Read switch status $C014 49172 Read and test bit 7
(I=auxiliary, O=main}
SETRICOL Access display page SCO01 49153 Write
CLRBOCOL Use RAM switches (3C002-5,13,14)  5C000 49152 Write
RDBGCOL Read switch status SCOTIR 49176 Read and test bit 7

(1=80-column access on,
O=Al-column access off)

TXTPAGE2 Text Page 2 on (auxiliary memory €055 49237 Read or write

TXTPAGEL Text Page | on (main memony)* SCO54 49230 Read or write

RDPAGE2 Read switch starus SCOIC 49180 Head and tesi bit 7
{1=Page 2, 0=Page 1)

HIRES Acvess Hi-Res pagest SCO57 49239 Read or write
LORES Use RAM switches (SCO02-5,13,14¥  SCO56 49238 Read or write
RDHIRES Read switch status SCOID 49181 Read and test bit 7

(1=HIRES on, O=off)

SETALTZP Auxiliary stack and direct page SCO09 49161 Write

SETSTDZP Main stack and direct page SCO08 49160 Write

RDALTZP Read switch status SCOLG 49174 Read and test hit 7
(I=guxiliary, O=main)

* When SETRICOL is enabled, TXTPAGE2 and TXTPAGE] sebect main or ausilary display aemorny

+ When SETROCOL is enabled, HIBES and LORES enable you 1o use TXTPAGE2 and TXTPAGEL 1o switch
hetween e Hi-Bes Page 1 anea in main memory or ausiliary memory.

As shown in Table 3-3, the SETRICOL switch functions as an enabling switch: With it on,
you cin select main memory or auxiliary memory by writing Lo either TSTPAGEL or
TXTPAGEZ. With the HIRES switch off. the memory space switched by TXTPAGED is text
Page 1 (30400 10 $0TFF); with MIRES on, TXTPAGE2 switches both text Page 1 and Hi-Res
graphics Page 1 (32000 1o $3FFF).
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If you are using bath the auxiliary RAM contro] switches (SETSICOL. CLREAICOL,
TXTPAGEL, TXTPAGEZ, and HIRES) and the auxiliary display page contral switches
(ROMAINRAM, RDCARDRAM, WRMAINRAM, and WRCARDRAM), the display page
control switches take pricrity. That is, if CLRRICOL is on, the RAM read and write
switches toggle the entire auxiliary and main memory space from $0200 1o SBFFF

If SETBOCOL is on, the RAM switches have no effect on the display page; if SETROCOL is
on and LORES is on, the TXTPAGE] and TXTPAGE2 switches control text Page 1,
regardless of the settings of the RAM read and write switches, Likewise, if SETR0COL and
HIRES are both on, TXTPAGE! and TXTPAGEZ contral bath rext Page 1 and Hi-Res
graphics Page 1, again regardless of the RAM read and RAM write switches.

A single soft switch named ALTZP (for aliernate zem page) switches the bank-switched
memory and the associated stack and direct-page area between main and auxiliary
memory. As shawn in Table 3-3, writing to location SCO09 turns ALTZP on and selects
auxiliary memory stack and direct page; writing to the soft switch a1 location $C008 turns
ALTZP off and selects main memory stack and direct page for hath reading and writing,

There is a third soft switch (RDRAMRD and RDRAMWRT) associated with each pair of
auxiliary memory switches listed above. The high-order bits of the byte vou read at this
location tell you the setting of the associated soft switches, For example.'l.hc byte you
read at location $C013 has its high bit set 1o 1 if the auxiliary memory is md-m;h]ffd. or
to 0 if the 48K block of main memory is read-enabled,

* Sharing memory: In order to have enough memory locations for all the soft switches
and to remain compatible with the Apple 11 and Apple 11 Plus, the soft switches listed
in Table 3-3 share their memory locations with the keyboard functions listed in
Table 6-2. The read or other operations shown in Table 3-3 for controlling the auxiliary
mt'mhzf)' are fust the anes that ane not used for reading the keyboard and clearing the
strone,

Banks SE0 and $E1

Banks $E0 and SE1 are the memory banks controlled by the Mega 1. These banks have
special characteristics that make it appeopriate m use them in special ways. First, they
contain the display buffers, so they have 1w run at the standard 1,024-MHz speed, Second,
because these banks are broken up by the special allocations shown in Figure 3-7. they are
the logical place for working storage used by the toolbex and other firmware pmgr.l.rl.lﬁ.
Using banks SE0 and $E1 for such pumposes leaves all the higher-speed memory in the low-
numbered banks for application programs and daa, -
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® Mot In banks SEO and SE1, lunguage-card mapping, 'O space, and display buffers
are always active,

s Figure 37 Memory map of hanks SE0 ind SE1

Bank $E0 Bank $E1
SFFFE
Lmgige-cand spice
SN
170 space
ST
Applicaiions,
T calls e the
SALH Memerny Mirniger B
Super Hi-Res
S6000 " vitdeo buffer
Hi-Rie Page 2
—— (Dbl Hi-Res graphics Page 2) —
SA40HN
Hi-Res Page |
—— (Dbl Hi-Res grphics Page 1) ——
52000 e ]
Tew Fages [ &2
SO Bescrresd
The display buffers

The display buffers are permanently assigned to locations in hanks SE0 and $E1 because
they are tied directly to the hardware—the Mega [ [C—that reads the data stored there
and generites the display signals, Display-memory shadowing makes it possible w run ald-
style Apple 11 programs that store display dar in banks $00 and S01, a5 described carier
in this chapter in the section “Shadowed Display Spaces,” and in Chapter 2,

The primary text and Lo-Res graphics display buffers occupy memaory locations 040
through SOTFF in hanks $E0 and $E1 The 1024-byte area in bank $EO is text Page 1. the
display buffer for 40-column text mode. The B0-column text display uses w1 Page
lescations in both bank SEO and bank SE1, The Control Panel and other fimmsare progrms
use these display buffers, so applications must not use them for program or dat storage.
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Text Page 2, the aliernate text and Lo-Res graphics display buffer, occupies memory
locations $0800 through SOBFF. Most programs do not use text Page 2 for displays, and
the original Apple 1Gs doesn’t shadow it The 1 MB Apple [Gs has a bit in the Shadow
register that allows you o enable shadowing of text Page 2.

There are two Hi-Res graphics buflers, each of which requires 8192 bytes (8K) of memory.
Hi-Res graphics Page 1 occupies memory locations $2000 theough $3FFF in bank 3E0. Hi-
Res graphics Page 2 occupies memory locations $4000 through $5FFF in bank SED0.

The Double Hi-Res graphics buffers require a wtal of 16384 bytes each, 8192 in each bank.
Double Hi-Res graphics Page 1 occupies memaory locations $2000 through $3FFF in banks
$E0 and SE1. Double Hi-Res graphics Page 2 occupies memary locations $4000 through
$3FFF in bunks SEO and SE1.

The Super Hi-Res graphics display buffer, with its associated palette and scan-line control
data storage, occupies 32K of memory at locations $2000 through S9FFF in bank SEL.
Noe that, unlike the other Hi-Res graphics displays, it doesn't use any space in bank SE0,
In principle, programs that don't use specific displays Gin use the comesponding display
buffers for data storage, In practice, programs call on the Memory Manager 1o allocate
space for data storage, and the Memory Manager keeps track of which display spaces are
available, If you try 10 load your programs and data directly into display memory in banks
SED and SE1. you nisk interference from desk accessories or other programs that may be
resident in memory afong with your programs,

Firmware workspace

As described in the previous section, bunks $E0 and SE1 are always broken up by display
buffers, so they are the logical place for working storage used by the toolbox and other
system programs. Figure 3-7 shows the memory areas reserved for those programs.
Several different system programs use RAM space in banks $E0 and SE1, including

u the Monitor program

w desk accessories

the Memory Manager

the Tool Locator

the Apple Deskiop Bus tool set

the AppleTalk driver

In addition, partions of banks SE0 and $E1 are reserved for future use. For specific uses
of these programs and utilities, refer to the Afyple llGs Firmuware Reference,
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A Warning Several of the buili-in programs use RAM areas in banks $E0 and $EL
Te avoid conflicts with those programs, applications must nol use
these areas; instead, applications should request memory from the
Memory Manager. Refer 1o the Apple s Toolbox Reference for
information abaout the Memory Manager, &

Apple I program memory use

Farlier models of the Apple I use a microprocessor, the 6502, that can address only 63336
bytes (64K of memory. The Apple Tle and the Apple lc double this, wo 128K, by
switching 1o an auxiliary 64K bank. In order for programs written for these machines (o run
on an Apple 1165, all of the Apple I features must be present in the part of memory that
corresponds o main and auxiliiry memory—hanks 00 and 301, This section describes
those features,

Banks 500 and $01

For standard Apple 11 programs, banks $00 and $01 ke on the feaures of the main and
auiliary banks, With the 63C816 microprocessor running in emulation mode and
shadowing set appropriately, all of the standard features are present. including

w  direct (zero) page, from $0000 to SOOFF of bank SO0

stack. from $0100 o SO1FF of bank 300

fext Page 1, from 30400 10 SOTFF of both hanks

text Page 2, from SOR0 to SOBFF of both barks Gavailable in the 1 MB Apple llos
only)

Hi-Res graphics Fage 1, from $2000 10 S3FFF of bank SO0

Hi-Res graphics Page 2, from $4000 o S3FFF of hank SO0

Double Hi-Res graphics Page 1, from 32000 10 83FFF of both banks
Double Hi-Res graphics Page 2, from $4000 10 $5FFF of both banks
1/C space, from SCO00 to SCFFF of either hank

language-card space, from SDOO0 1o $FFFF of both banks

Figure 3-3 is a memory map of banks $00 and $01 showing these features.
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Shadowing

The display buffees in the Apple 1165 are locted in banks $E0 and SE1, as described earlier
in this chapter. For compatibility with stancard Apple 11 programs, shadowing must be
switched on for the display buffers needed by those programs, For more information
about shadowing, reler to Chapter 2 and to the section “Shadowed Display Spaces” earier
in this chapter.

Screen holes
When shadowing is on for text Page 1, programs and peripheral cards that use the text

Page 1 locations known as the sereen foles an nomaally, For more information about the
sereen holes, efer to the section “Peripheril-Card RAM Space” in Chapter 8.

Memory expansion

The original Apple 1las kas 256K of RAM and 128K of ROM built in, and the | MB Apple

1G5 has | MB RAM and 230K of ROM. This memory can be expanded 1o a wial of § MB of

RAM (4 ME RAM o a memory expansion card), and 1 MB oal ROM (708K ROM on a
memory expansion card), Memory expansion up 10 8 MB of BAM is possible by using the
memory expansion slot, but complications requiring memory support logic keep this
expansion from being practical. The hardware and firmware in the Apple [Gs are designed
to support only & 5 MB maximum memory space. Addresses above 8 MB are not available
o applications programs.

The memory expansion slot

The extended memory-cand slot enables you o expand the memory of vour Apple LGs by
adding 1 memory card holding up to 4 MB of RAM and 786K of ROM memory. The slot
supports additional memory only and is net to be used for any ether purpose, RAM cards
of 1 MB or 4 MB can be constructed by using 250K rows or 1 MB mows of RAM 1Cs
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Memory expansion signals

The memaory expansion slot provides a group of signals 1o suppor dynamic RAM and
additional general purpose signals to support ROM decoding and selection,

Figure 3-8 shows these signals available at the pins of the memory expansion slot. Table 3-4
describes each of the signals.

= Figure 3-8  Memory expansion sk
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= Table 34 Memory-card interface signals

Fin Sigmal Description
FRAD-S 10 hits of multiplexed RAM address for RAM cycles—
the 10 least significant hits of the ROM address
12 FR/W Write enable to RAMs; R'W from microprocessor or
DMA
17 JECAS RAM column address strobe
18-10 CROW0-1 2 hits select one of four RAM rows
20 CROMSEL Card ROM select; low for accesses 1o banks SEO-SFD
26 JCSEL Card data butfer direetion control; signal goes high
when reading card data
27 MSIZE Output from card; indicates RAM row size
Do-D7 § hits of hidirectional data—microprocessor dat bus
31 a2CLK Microprocessor clock; rising edge indicates valid bunk
address on D07
AlD-15 The 6 high-order address bits; used 10 decode ROM
address
32 ABORT Connects to 63C816 ABORT pin
35 CRAS RAM row address strobe
3V +5volts £ 5 percent; 600 mA maximum

Extended RAM

Using dynamic RAM ICs available when the Apple [1Gs was introduced, up o 4 MB of RAM
can be installed in the extended memory card. That much memory coresponds to 64
banks of G4K each. The memory on the cand is organized s 4 rows of 8 ICs each. With 256-
kilohit-by-1-bit RAMs, each row would hold 258K for o total of 1 MB; with 1 megabit by 1
hit RAMs, each row would hold 1 MB for a wotal of 4 MB.

While the memory expansion shot has sufficient address lines available 1o decode
addresses up (0 & MB, memory expansion cards of greater than 4 MB are not
recommended. This is hbecause memory expansion locations bevond 4 MB cannot be
aceessed via direct memory access (DMAL and also must provide on-board memary
refresh support circuitry for the additonal memory chips.

T control and select individual rows of RAM, the FPL provides /CRAS (card row address
strobed, /(CCAS (eard column address strabe), CROWO {eard row select 0, and CROW]
(card row select 1) signals. Signals /CRAS and /CCAS are the basic memary timing signals
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common to most dynamic RAMs. Signals CROW0 and CROW1 are row selects that, when
taken as o pair, indicate the row number to be accessed. Typically, CROWD and CROW1
are used as the select signals for 1 dual 1-of-4 decoder (74F139 or equivalent) that

demultiplexes /CRAS and /CCAS into a separate /RAS and /CAS for cach 8-chip segment.

Extended RAM mapping

Figure 39 depicts & 1 MB extended RAM card using four rows of 256K per row, totaling 1
MB. The RAM hanks above bank $11 are ghosts (repeated images) of the RAM in banks §2
through $11. A partially popukated card causes holes in the memory map unless there is an
option on the card to alier the address decoding, Therefore, contiguous memory for
banks $2 through $11 is available only for 256K, 512K, and I MB expansion cirds used with
the 256K Apple oS, Memory expansion cards using 256K, 512K, 768K, and 1024K may be
used with the 1 MB system.

The MSIZE signal: A signal on the memory expansion slot, MSIZE, flags the type of
memory chips being used on the memory expansion card. IF the MSIZE pin is not
connected (when using 230-kilobit RAMs), the FPL muliiplexes 18 address bits onto RAQ
through RAB and generates the CROWO through CROW row selects for rows of 236K If the
MSLZE pin is tied to ground (for 1-megabit RAMs), the FPI multiplexes 20 address bits
onto RAD through RAY and generates the CROWD and CROW1 row selects for rows of 1 MB,

Ghost addresses: A 1 MB expansion card is enabled for acoesses in banks $2 through $80
in the 236K system, and banks $10 through $80 in the 1 MB system. The card provides only
1 MB of actual RAM (banks $2 through $11 in the 256K system, and banks $10 through $19
in the 1 MB system). CROW 0 and CROW] individually select four rows of RAMs on the
card Fora 1 MH card with 236K rows (MSIZE =1), the selected RAM row number is given
by the bank number modulo 4. For banks $00 and 301 thanks $00 through SOF in the 1 MB
Apple TGS system). the extended memory card i not accessed. This method of cird and
row selection causes multiple images or ghosts of the RAM areas on the card; whenever
accessing addresses beyond the RAM expansion-card limit (hexadecimal address SFFFFF
with a1 MB card, and S3FFFFF with & 4 MB card), locations in a corresponding low bank
are acoessed,

Extended ROM

Additional ROM space (up 1o 896K in the 256K Apple 11Gs, and up 10 780K in the 1MB
Apple [16s) is available in banks SFD through SFD (3FD through $FB on the IMB logic
hoard). To obtain this additional space, an additional bank-address latch-decoder is
required on the memory card. The FPI provides a signal (CROMSELY that selects one bank;
however, the card must provide the additional decoding o select individual ROMs within
the selected hank:
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= Figure 3-9  Extended RAM mapping
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Address multiplexing

The FPI multiplexes the RAM addresses onto either eight. nine, or ten RAM address lines to
provide support for RAM with 6a-kilabir, 236-kilobit, or 1-megabit RAM ICs. On the 236K
Apple 1G5, the main logic board RAMs (hanks $00 and $01) are 64-kilabit chips, requiring
cight address lines. On the 1 MB Apple 1165, the main logic board RAMs (hanks 500
through SOF) are 1-megabit chips requiring ren address lines. The RAM expansion slot can
suppert cards using 256-kilobit-by=1-bit, 256-kilobit-by—s-hit, 1-megabii-by-1-bit, or
1-megabit-by—i-bit RAMs. The expansion-cird manufacturer indicates word size of the
RAMs on the memory card by the MSIZE signal from the card. (See “The MSIZE Signal,”
carlier in this chapter. )
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Chapter 4 The Video Displays

The Apple 11Gs can display several viden modes, These include displiy
modes that are compatible with the rest of the Apple [T family (but with
some enhancements (o these existing modes) and some completely new
display modes. These new video modes provide higher resolution,
greater color flexibility, and greater programming ease than was
previously available in the Apple I product line. This chapter describes
» enhancements to the standard Apple 1 video modes

»  new video features including the new video display modes

Apple TGS display features

The Apple 1iGs brings new features to the existing Apple 11 video modes, These include
m  selectable screen border color

s selectable background color

m selectable text color

m selecable color or black-and-white compusite viden

These enhancements are described in this chapter. The new graphics modes—Super
Hi-Res graphics and Color Fill mode—are also described in this chapter,

Video from the Mega 11 IC

The Mega 11 generates all video information in standard Apple 11 video modes. The Mega
[ outputs o 4-bit linear-weighted binary code. which represents one of the 16 possible
standard Apple 11 colors. This digital value is input into the Video Graphics Contraller
IVGC) and is used 98 a look-up address for an equivalent 125 resolution RGB color
outpui value,

A digital-to-analog convener changes the 12-bit color code into three analog RGB video
signals. The RGE output signals drive the video amplifiers and the NTSC video generator
chip. The output of the video amplifier boosts the the RGB signals, while the NTSG chip
mixes the RGH and sync signals, resulting in o composite video signal

The Video Graphics Controller

The Video Graphics Controller (VGC) custom IC is responsible for generating all video

ouput. The VGO provides these functions:

m  takes siandard Apple 1 video information from the Mega 11 and generates the viden
output

m adids enhancements to existing Apple 11 video modes
= supports the new video modes

= provides interrupt handling for two intermupt sources
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The VG generates all video output in all video modes, whereas the Mega 11is responsible
for maintaining the video RAM. All write operations (o the video display buffers in bank
SE0 and bank SEL dre done via the Mega [1, Figure 4-1 shows the relationships of the VGC,
Mega 11, main RAM, and auxiliary RAM.

s Figure 4-1  Video components in the Apple 11Gs
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VGC interrupts

Video display in the Apple 168 s enbanced by VGC-generated interrupis. The VGC
generates two internal interrupts: the one-second interrupt and the scan-line interrupt.

A 1-Hz inpur signal from the real-time clock (RTCH chip sets the one-second interrupt
status bit. The scan-line interrupt occurs ar the beginning of 1 video display scan line that
has the generate-interrupt bit set in the cormesponding scan-line control byte, Scan-line
interrupts are generued when the computer is operating in the Super Hi-Res video
graphics modes only, and are not available in other video maodes,

Figure 4-2 depicts the video screen, consisting of the text display arca and the display
horder, The scan-line interrupt occurs at the beginning of the scan line, which is defined as

the beginning of the right-hand horder area,

= Figure 4-2  Scan-line interrupt
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The VGC Interrupt register

The VGO Interrupt register (SC023) contains 4 status bit and an enable bit for each of the
two interrupts. When an interrupt occurs, the interrupt status bit for that interrapt is set.
The VGC interrupt bit thit 71 is set and the intermupt request (IRQ) line is asserted if the
interrupt status bit @ interupt enable bitare set for one or more inermpts,

You enable an interrupt by writing to the appropriate positions in the VGO Interrupt
register; the interrupt source hardware sets the status bits, Software can directly
manipulate only the enable bits in the VG Interrupt register; writing to the other bit
positions bas no effect. Figure 4-3 shows the formar of the VGO Interrupt register,
Tuble 4-1 gives 4 description of each register bir.

A Warning He careful when changing hits within this register. Use only a read-
micify-write instruction sequence when manipulating bits, See the
warning in the preface. a

= Figure 43 VGO Interrupt register at $C023

KOE 1] o]

VGC Intermupt sates

NRE

[-second Interrupt searus
Scancline [miemmup status
Reserverl, do nut modify

Reserved; do not modify

I-second Intermipt enahle —

Scan-ling [ntermt enable —
Reserved; do not modify —
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= Table 4-1

Bits in the VGO Interrupt register

it Value Description
7 1 VGE interrupt status: This bit s set when the interrapt
bt and the status bit are set for one or more of the
nterupes.
1] This bit is (v when all interrupts have been cleared.
i 1 One-second interrupt status: 1= interrupt has occurred,
a (= interrupt is cleared.
5 1 A scan-ling interrupt status: 1 = interrupt has occurred,
0l ) = interrupt s cleared
3 - Reserved: do not modify.
2 1 One-second interrupt is enabled.
0 Interrupt is disabled.
1 1 Sean-line interrupt is enabled.
{ Interrupt is disabled.
0 - Reserved: do not medify.
The VGC Interrupt-Clear register

Once an interrupt has occurred, the interrupt routing must proceed 10 clear the interrapt
and take some predetermined interrupt-handling action. To clear the scan-line and one-
second status bits, write & 0 into the corresponding bit position in the VGO Interrupt-
Clear register at $C032, Bit 3 clears the scan-line internupt, and bit 6 clears the one-second
interrupt in the VGO Interrupt-Clear register. Writing 2 | into these positions or writing
inte the other bit positions has no effect. Figure 44 shows the format of the VGC
Inermupt-Clear register, Table 4-2 gives o description of each bic.

, A Warning

59 | 60

Be careful when changing bits within this register. Use anly a read-
medify-write instruction sequence when manipulating bits. See the
warning in the preface. &
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s Figure 4-4 VG Interrupt-Clear register af $C032 Enhancements to the existing Apple 11 video modes include the following:

s The ability 10 select unique text and background colors from the list in Table 4-3,

iify i ; :
Reserveds do ot mpshly s The ability 10 select the border color for the perimeter of the video image on an RGE

| " | z | 1 | | monitor; you can choose this color from the list in Table 4-3
e i

EHE

Teserved; do not modify

»  The ahility to display grav-scale video: vou can display color video output on
monoechrome monitors in shades of gray rather than in dot panerns that represent
color, which imcreases contrast between graphics colors on a monochrome monitor,

(dear bit for 1-second infermzpt
Clear ba for sean-line intermupt

= Table 43 Text and background colors

Color Color
vl Calor value Calor

= Table 4-2 Bits in the VGC Internapt-Clear register &0 Bluck i Hrown
5 o e

Rit Value Description : .l Deep red 39 Oranpe

2 Dark blue 84 Light gray
7 = Reserved; do not modify, 3 Purple 5B Pink
[ 1 Undefined result. ‘ 84 Dark green 8C Green
il Write a 0 here o clear the one-second internipt. 55 Darke gray D Yellow
5 | Undefined result. 6 Medium blue  SE Aquinmiring
il Write a 0 here 1o clear the scan-line interrupt. 57 Light blue iF White

40 - Reserved: do not modify,
Removing color from the composite video signal in 40-column and 8-column text modes
makes text more readable. Color is not removed when the computer is running in mixed
text/ graphics modes, and the four lines of text at the hottom of the display will exhibit
color fringing on composite color monitors,

Video outputs

The Apple 1168 shares several display modes with previous Apple 1T computers. The Apple I video

Apple 1168 supports and enhances these existing Apple 1 video mades:

a dl-column and S0-column text modes All Apple 1T computers can display video in several different ways, displaving text as well

as color graphics. The standard Apple 11 text and graphics modes are discussed here, while

= mixed text/graphics mode the new Super Hi-Res graphics modes are discussed laer in this chaprer,

s Lo-Res graphics mode
w  Hi-Res graphics mode
»  Double Hi-Res graphics mode
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The primary output device is the video display. You can use any ordinary vickso monitor, = Table 4-4 Standard Apple I video display specifications
either color or black-and-white, to display video information from the

Apple 1165, An ordinary monitor is one that sccepts composite video compatible with the

standard set by the National Television Standards Committee (NTSC) 1T you use standand Display modes Alcolumn text map: Figure 45,
Apple 11 color graphics with a monochrome (single-color) monitor, the display will appear All-column text; mup: Figur: o-0,
as that color (hlack, for example) and varous patterns made up of shades of that color Lo-Res color ;amph_n-s; miap: Figure 47,
Hi-Res color graphics: map: Figure 4-8
If you are using only 40-column text and Lo-Res graphics modes, you can use a television Double Hi-Res color graphics; map: Figure 4-9,
m?:j for your video d.ispt:;_!-_d;.f 1J'u]_' television set has Jn-rh-mé” connecior f:lar L-nnlipn.ci!lt' | Text capacity 24 lines by 80 columas (character positions)
viden, vou can connect it directly to your computer; if it does not, you'll need 1o atach a L = SR Tt
rndh-f}l‘mtm]' (RF) video modulator between the Apple 1165 and the television set Character set :lipli‘icflh::lr:.t::\ (5ee Appendix C for 2 list of
Display formats Normal, inverse, flashing, MouseText (Table 4-100.
# Nate: The Apple 1168 can produce an B0-column text display. However, if you use an Li-Res calor graphics 16 colors (Table 4141 40 horzontal by 48 verical;
ordinary color or black-and-white television set, Bl-column text will he ton blurry 1o map: Figure -7,
read. For a clear Bi-column display, you must use a high-resalution video monitor with Hi-Res color graphics & colors CTable 4-15: 140 tigrizontal by 162 vettical

a bandwidth of 7 MHz or greater, Crestricted . Black-and-white: 280 horfzontal by

192 vertical: map: Figure 4-8.
The specifications for the video display are summarized in Table 4. Douhle Hi-Res color graphics I colors CTable 4-160 140 horfzontal by 192 verical (no
restrictions). Black-and-white: 560 horizontal by

The video signal produced by the Apple 1168 is NTSC-compatible composite color video, 192 vertical: map: Figure 49,

It is available at two places: at the RCA-type phono juck and a1 the RGB video connector,
both on the hack of the computer, Use the RCA-type phono jack 1o connect o composite
video monitor or an external video modulator, use the RGE video connector o connect The 40-column and 80-column text modes can display all 128 ASCH ( Amencan Standard

an analog-input RGB monitor. Code for Information Imerchange) characters: uppercase and lowercase leners, numbers,
and symbols, (See the display maps in Figures 45 and 4-6.) The Apple 1168 can also display

The Apple [1Gs can also display Super Hi-Res graphics, although it is not a standand ST Chotiiteis

Apple 11 video display mode. Super Hi-Res graphics are discussed more fully laer in this
chaprer. Any of the graphics displavs can have four lines of text at the bottom of the screen. The
text may be either 40-column ar 80-column, except that Double Hi-Res graphics may have
only #0-column text ai the boom of the screen, Graphics displays with text ar the
hattom are called mitved-mode displars.

The Lo-Res graphics display s an army of colored blocks, 40 wide by 48 high, in any of 16
codoes. (See the map in Figure 7.0 In mised mode, 4 lines of text replace the botom 8
rows of Blocks, leaving 40 rows of 40 blocks each.

The Hi-Res graphics display s an armay of pixels, 280 wide by 192 high. (See the map in
Figure 4-8,} There are six colors available in Hi-Res displays, but & given pisel can use only
four of the six colors. I color is wsed, the display is 140 pixels wide by 192 bigh. 1f
monochrome video §s desired, the display is 280 pixels wide by 192 high. In mixed mode,
the four lines of text replace the bottom 32 rows of pixels, leaving 100 rows of 140 (or 280)
pixels each.
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The Doubli Hi-Res graphics display uses main and auxiliary memory o display an amay of
pixels, 360 wide by 192 high. (See the map in Figure 49,5 All the pisels are visible in black
and white. If color is used, the display is 140 pixels wide by 192 high with 16 colors w Figure 46 Map of H0-column text display
available. IF monochrome video is desired. the display is 560 pixels wide by 192 high. In
mixed mode, the four lines of text replace the botiom 32 rows of pixels, leaving 160 mows
of 140 (or 560) pixels cach. In mixed mode, the text lines can be 80 columns wide only, WFL"D:M;'IT T \ 0 21§22 573 S K &% 53-J
i |0 113 456 T
= Figure 45  Map of 40-column test Page 1 display (Add 1024 [$900] 1o get Page 2 .]. :::: :I:: / /
addresses.) X '
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= Figure -8  Map of Hi-Res graphics Page 1 display (Add 8192 [52000] 1o get
Page 2 addresses.)

= Figure 4-7 Map of Lo-Res graphics Page | display (Add 1024 [5400] 10 ger
Page 2 ackdresses. )
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2

NTSC versus RGB video

: R !
* Figure49  Map of Double Hi-Res graphics displiy i The composite video signal, available at the composite video conneclor at the
T rear of the Apple 1G5 case, will drive a standard NTSC composite color video
Main Memuory menitor

S0 SH s s Sk 85 86 N % SIS 52 S} Sm 5B SN 8 g
R [ e i RN . 2N M % W _F ¥ N I The RGH video s_iﬁnuls are three separate color signals, which individually
{1 52000 §192 / I ! control the theee colors (red, green, and blue) within an RGB color video
1 52080 8320 ] monitor, The RGB video connector is located at the rear of the computer.
2 52000 448 | ) Connect only an RGB video monitor with analog inputs 1o this connectar,
3 §2180 £5T6 \ Figure 4-10 shows the pin diagram of this connector, and Table 4-5 lists the signal
4§20 B4 | | associated with each pin.
5 S20m) 42 / /
6 52K F6 & o connec
! = Figure 410  RGE video connector
T S235) 9038 i
B S8 8232 i
o | Olololol01016]0)
1 52128 H488 -~
11 521 8316 =L i \@@@@@@@
12 §2228 #7344 E HEEEEEEE I
13 §2248 8872 11 |
14 82328 900 ]. I I | ] | | | I +1024 450400 | |
s B = Tabled5  RGB video signals
hons \ LT e | el
7 i ornl Il | ] i Signal Description
: si:ﬁ :;i [TTTT T T | wweesom ] !
;g s:m B i{‘ I | | | | | l | 4006 +81000 T 1 GND Ground reference and supply
T | : T 2 RED Red analog video signal
21 $2200 8912 Y I | | | | | 1 I HH M = 3 coMmp Composite sync signil
2 §2350 9040 J AN L L L L ] e ssomm T i N.C. Nov connection
A0 08 / | | | | | | | | 5 GREEN Green analog video signal
e e — TIEE #4100 T -
S %1 S02 SR M 0% s06 807 o f GNID Ground reference and supply
0 1 2 3 4 5 6 7 _____._"_‘_\ f d -5V ~5.volt supply
Auniliary Memory |
! 8 +12¥ +12-volt supply
I 9 BLUE Blue analog video signal
! ] N.C. No connection
11 SOUND Analog sound output
) 12 NTSC/PAL Composite video oulput
1 13 GND Ground reference and supply
14 N.C Nooconnection
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Video display pages

The Apple 1168 generates its video displays by using data stored in specific areas in
memory. These areas, called display pages, serve as buffers where your programs can put
data to be displayed. Each byte in a display buffer controls an object at a ceain location
on the display. In text mode, the object is a single character; in Lo-Hes graphics mode, the
object s two stacked colored blocks: and in Hi-Res and Double Hi-Res mades, it is a line
of seven adjcent pixels.

The 4i-column text and Lo-Res graphics modes use two display pages of 1024 byes each.
These are called text Page 1 and text Page 2, and they are located at 1024 through 2047
(80400 through SOTFF) and 2048 through 3071 (80800 through SOBFF) in main memory,
Normually, only text Page 1 is used, but you can put text or graphics data into text Page 2
and switch displays instantly. Either page can be displaved as 40-column text, Lo-Res
graphics, or mixed mode (four rows of text at the bottom of a graphics display),

The B0-column text mode displays twice as much data as the 40-column mode—1920
bytes—hut it cannot switch pages. The S-column text display uses & combination page
made up of text Page 1 in main memory plus anather page in auxiliary memory, This
additional memory is not the same as text Page 2—in fact, it occopies the same address
space as text Page 1, and there is a special soft switch that enables you o store datt into
it. (See the next section, *Display Mode Switching.”) The built-in firmware [/O routines,
described in the Apple fas Fiemare Reference, ke care of this extra addressing
automatically: that is one reason o use these routines for all your normal test output.

The Hi-Res graphics mode also has two display pages, but each page is 8192 bytes long, In
the 40-column text and Lo-Hes graphics modes, cach byte controls o display area 7 pixels
wide by 8 pixels high. In Hi-Res graphics mode each byte controls an area 7 pixels wide by
1 pixel high. Thus, a Hi-Res display requires § times as much data storage, as shown in
Table 4-6.

The Double He-Res graphics mode uses Hi-Res graphics Page 1 in both main and auxiliary
memory. Fach byte in those pages of memory controls a display area 7 pixels wide by 1
pixel high, This gives you 560 pixels per line in black and whire, and 140 pixels per line in
color. A Double Hi-Res display requires twice the total memory of Hi-Res graphics, and 16
times as much as a Lo-Res display

Chapter 4 The Video Displays T

= Table 4-6 Video display locations

Lowesi address tighest address
Display i o ——

Display nusde page Hex e Hex Dec
Al-column test, L S0400 1024 SOTFF 2047
Li-Res graphics z SOROG 2k SOBFF 3071
Hi-column 1exi 1 50400 1024 SOTFF 247
F SORO0 2048 SOBFF 3071
Hi-Res graphics 1 2000 8192 SIFEF 16383
2 S4000° 16384 $5FFF 24575
Double High-Res It S2000 R192 S3FFF 16583
graphics 1 L4000 16384 $5FFF 24575

Lo-Res griphics on Page 2 is nor suppoed by frmware; for instructions on how o swiech
pegges, el o the next section, “Pisplay Mode Switching

¢ See the seciben “Double Hi-Res Graphics™ liter i this chapter.

Display mode switching

You select the display mode that is appropriate for your application by reading or writing
to a reserved memory location called a soft switch. In the Apple TGS, most soft switches
have three memory locations reserved for them: one for uming the switch on, ane for
wiming it off, and one for reading the current state of the switch.

Table 47 shows the reserved locations for the soft switches that control the display
mexdes. For example, to switch from mixed mode to full-screen graphics in an assembly-
language program, you could use the instruction

ST scos2

To do this in a BASIC program, you could use the instruction

POKE 49234,0

Some of the soft switches in Table 4-7 must be read. some must be written o, and for
some you can use either action, When writing 10 a soft switch, it doesn't matter what
value vou write: the action occurs when vou address the locition, and the value is ignored.

2 Apple 68 Hardware Reference




» Table 47 Display soft switches s Table 47 Display soft switches (Continuecd )
Name Action® Location Funetion Nt Action® Location Function
CLRROCOL W SCO00 (49152 Disable 80-column store. TXTCLR RW SCO0 (49232) Select standard Apple 1
SETBOCOL W SCO0T (491530 Enabile 8-column store graphics mode, or, if MIXSET
CLRBOVID w SCONC (49164} Disable §0-column hardwane on, mixed mode
SETROVID w SCOND  (49163) Enable 80-column hardware. TXTSET RW SCO51  (49233) Select text mode only,
CLRALTCHAR W SCOOE  14910660) Normal lowercase chamcer MIXCLR RIW 5C052 (49234) Clear mixed mode

set; flashing uppercase MIXSET R/W SCO53 (49235 Select mived mode.

character set. TRTPAGE] R/W SC054  (49230) Select text Page 1.
SETALTCHAR W SCOOF {(491067) Normal, inverse character set; TXTRAGE2 W SCORS  14923T) Select text Page 2, or, if

noi flashing. SETBOCOL on, text Page 1in
RDSOCOL R7 SCOI8 (49176) Read CLR/SETROCOL switch: auxiliary memory,

| = Hikcolumn store enabled, LORES RW 0036 (49238) Select Lo-Res graphics mode.
ROVBL BAR ~ RT SCO19  (4917T) Read vertical blanking HIRES R/W SCO57  (40239) Select Hi-Res graphics mode,

(VBL): 1 = nat VBL. or, i SETAN3 is on, select
ROTEXT R7 SCOTA (49178) Read TXTCLR/TXTSET Double Hi-Res graphics

switch: 1= text mode mode.

emithled. CLRAN3 RW SCOSE  (49240) Spe Table 48
RDOMIX R7 SCOIH (49179) Resad MIXCLR/MINSET SETAN3 W SCORE 1402470 See Table 4-8.

switeh: 1 = mixed mode

enibled, * W metns write anything w0 the locution, § means read the loction, B mesns read o wrile, £7 means
RDPAGEZ K7 SCOIC 1ab18m) Read TXTPAGEL TXTPAGE2 sead the bocation and then check bit 7, and #5 means read the Incation and then chick hit 3

switch: 1= rext Page 2

2 i : X 3eleclell i | & Note: You may not need w deal with these functions by reading anel writing directly to
RDHIRES R7 SCOID (49181 ?Eﬂl{i!iF[I{TiE::T][&']:]:‘M i the memory locations in Table 47, Many of the funciions shown here are selected
= rl-Res W enanle

ALTCHARSET &7 S CioED B ?::m:];:;aill;:f your use the display routines in the various high-level languages on

CLEALTCHAR/ SETALTCHAR

swirch: 1= alternate (

churaeter set in use. f Any time you read o soft switeh, you get o byte of dar. However, the only information
ROHOVID R7 SCOIF (491831 Tead CLEROVIDYSETSOVID | the byte contains is the stre of the switch, and this necupies only one bil—bit 7. the

switch: 1= #0-column I high-order bit. The other bits in the byte are always 0.

hardware in use, 1 vou read a soft switch from a BASIC program, you get 2 vilue between 0 and 255, Bit 7
RDDHIRES RS SCO46 (49222 Read SETANZ/CLRANS has a value of 128, so if the switch is on, the value will be equal to o greater than 128 if the

switch: 0 = Double Hi-Res
graphics mode selected,

switch is off, the value will be: less than 128,

(Continued)
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Mixing address modes

It is possible to display combinations of mades on the video display. The combination
can be any mode of graphics combined with either 40-column or 8kcolumn text, graphics
nn!}'. or text-only modes. Table 48 lists the possible combinations, and the state of the
soft switches to achieve the display modes.

= Table 48 Video display mode combinations

New-Video reg. ANS TEXT HIRES HOCOL
(3C029) bit 5 (50046} (5C01C) (8C01D) (SO0I8) Viden mode

- 1 . {1 Alcolumn text

- 1 - 1 Bil-column text

I 1] 1l ] Lo-Res graphics and #-column text
- 1 i 0 1 Lo-Res graphics and 80-column text
- 0 0 0 1 Medium-Res (8icolumn ) graphics
£ ! 0 I 0 Hi-Res graphics and 40-column text
- 1 ] L 1 Hi-Res graphics and S0-column text
0 1 [i] | 1 Douhle-Hi-Res, la-color
| l ] I I Double-Hi-Res, black-and-white

Addressing display pages directly

Before you decide 1o use the display pages directly, consider the alternatives, Most high-

level languages enable you o write statements that control the text and graphies displays.

Similurly, if you are progeamming in assembly kinguage, vou may be able 1o use the display

teatures of the buili-in 10 finware. You should store directly into displiy memory :ml].-'.il'
the existing Programs can't meet your requirements,

The displiy memory maps are shown in Figures 4-3, 4-5, 47, 48, and 4-9. All the different
display mocles use the same hasic addressing scheme: Characters or graphics bvtes are
stored as rows of 40 cantiguous byles, but the rows themselves are not stored at locations
comespanding to their locations on the display. Instead, the display address is
transformed so thir three rows that are eight mws apart on the display are grouped
together and stored in the first 120 locations of each hlock of 128 bytes (580
hexadecimall. By folding the display data into memaory this way, the Apple 165 steres all
961 characters of displaved text within 1K of memory,
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The Hi-Res graphics display is stored in much the same way as text, but there are eight
times as many bytes o store, because eight rows of pixels occupy the same space on the
display as one row of characters, The subset consisting of all the first rows from the groups
of eight is stored In the first 1024 bytes of the Hi-Res display page. The subsel consisting
of il the second rows from the groups of eight is stored in the second 1024 bytes, and so
an for o total of eight times 1024, or 8192 bytes, In other words, each 1024 bytes of Hi-
Res viden memory contains one row of pixels from every group of cight rows, The
individual rows are stored in sets of three 40-byte rows, the same as the et display.

All of the display modes except 80-column text mode and Double Hi-Res and Super Hi-Res
graphics mocdes can use either of two display pages. The display maps show addresses for
each moxde's Page 1 only, To obtain addresses for text or Lo-Res graphics Page 2, add 1024
(84000 to the Page 1 addresses; o obtain addresses for Hi-Res graphics Page 2, add 8192

(820007 to the Page 1 addresses.

The Bi-column text display and Double Hi-Res graphics modes work a litle differently,
Half of the data are stored in the nommal text Page | main memory, and the other half are
stored in auxiliary memony using the same addresses as for text Page 1. The display
circuitry fetches bytes from these two memory areas simultancously and displays them
sequentially: first the byte from the auxiliary memory. then the byte from the main
memary. The main memory stores the characters in the odd columns of the display, and
the auxiliary memaory stores the characters in the even columns,

To store display data in the Bi-column text display, first um on the SETBICOL soft switch
by writing 10 location SC01. With SETROCOL on, the page-select switch, TXTPAGEZ, selects
between the portion of the St-column display memory in Page 1ol main memory and the
portion stored in the 80-column text display memory. To enahle the B-column text display,
turn the TXTPAGE2 soft switch on by reading or writing at location SC055

The text window

Afier you have started up the computer o after o reset, the liemware uses the entire video
display. However, you can restrict viden activity e any rectangular portion of the display
you wish. The active portion of the display 15 called the text window, You can set the
top, bottom, keft side, and width of the text window hy storing the approprise values
into four locations in memory, Using these memony locations allows you to control the
placement of 1ext in the display and 1o protect other portions of the screen from being
Wten over by new et

Memory location $20 contains the number of the lefimost column in the text window, This
number is normally 0, the number of the lefimost column in the display. In a 40-column
display. the maximum value for this number i 827, in an 80<column display, the maximum
v is §4F.
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Memory location $21 holds the width of the rext window. For a 40-column display, it i
normally $28; for an B0-column display, it is normally $30.

A Warning Be careful not to let the sum of the window width and the leftmost
position in the window exceed the width of the displiy you are using
(40 or 80, TF this happens, it is possible 1o put characters into
memaory locations cutside the display page, which might destroy
programs or data, &

Memory lecation $22 contains the number of the top line of the text window. This is
nammally 0, the topmost line in the display, Its maximum value is $17,

Memory location $23 contains the number of the bowom line of the screen, plus 1. 11 is
normally $18 for the bottom line of the display, Iis minimum value is $01,

After you have changed the text window boundaries, nothing is affected until you send a
character 1o the screen.

A Warning Any time you change the boundiries of the text window, you should
make sure that the current cursor horizontal position (CH, stored at
§24) and cursor vertical position (CV, stored at §25) are within the new
window values. If they are outside, it is possible 1o put charicters into
memory locations outside the display page, which might destroy
programs or dati. &

Table 4-9 summarizes the memory locations and the possible values for the window
parameters.

= Table 49 Text window memory locations

Text displays

The Apple 1168, like all standard Apple 1 computers, can display fext in two ways: 40
columns wide by 24 rows, or 80 columns wide by 24 rows, Many character sets are
availuble, including standard afphanumeric characters, special characters, and MouseText
characters.

Text on the Apple s can also be displayed in color: The text, background. and border
each can be a different color. The following sections give details about the texe displays.

Mormal vahies Maximusm vidues
Mminmim
Location value A0cohimn B-cobuman dcolumns Bcolama
Windew
parameier Dec  Hex Dec  Hex Dee Hex  Dec Hex  Dec Hexw  Dec Hex

Left edge 32 20 00 500 00 S000 00 500 39 827 T S4F
Width 33 0§21 00 SO0 40 S2H RO 850 40 828 B0 550
Top edge 34 822 00 SO0 00 SO0 00 SO0 23 S17T 23 817
Hottom edge 35 823 01 801 24 $18 24 818 24 SIE 24 Si8
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Text modes

The text characters displayed include the uppercase and lowercase letiers, the ten
numerical diglts, punctuation marks, and special characters, Each character is displayed in
an area of the screen that is seven pixels wide by eight pixels high. The characters ane
formed by 4 pixel matrix five pixels wide, leaving two blank columns of pixels between
characters in o row, except for MouseText characters, some of which are seven pixels
wide, Except for lowercase leniers with descenders and some MouseText charactess, the
characters are only seven pixels high, leaving one blank line of pixels hetween ows of
characters.

The normal display has white pixels on a medium blue background. (Other color text on

other color backgrounds is also possible, as descnibed Laer in this chaprer.) Characters
can also be displived in inverse formar with blue pisels on 2 white hackground.

Text character sets

The Apple 1165 can display either of two selected text charicter sets: the primary set of an
alternate set. The forms of the characters in the two sets are actually the same, but the
available display formats are different. The displiy formats are

= niornal

s inverse

n  flashing. alternating berween nomal and inverse

With the primary character set. the Apple 1168 can display uppercase and special
characters in all three formats: normal, inverse, and flashing, Lowercase letters can be
displayed in normal format only. The primary chamcter set s compatible with most
software written for other Apple Il models, which can display text in flashing format but
which don't have lowercase charcters
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The alternate character set displays characters in either normal or inverse format, In nomal al-column versus 80-column text: The Apple 1165 has rwo modes of text display:
formar, you can get 40-column and 80-column, The number of pixels in each character does not change, but the
charseters in 8l-column mode are only half as wide as the charcers in 4i-column mode.
Compare Figures 411 and 4-12. On an ordinary color or black-and-white television set, the
narrow characters in the S0-column display blur together; you must use the 40-column

= numbers muode 1o display text on a television set.

= uppercase leters
s lowercase letters

n special characters
In inverse format, you can get s Figure 4-11  40-column text display
o MouseText characiers |

AUTILITIES
®  uppercase letters

o Ioisrcis i ; FEME TYFE BLOCKS MODIFIED
s numbers | sSTARTUP BAS a3 31-JUL-85
: | 000 <HO DATE?> ioo0%
» special chamacters =51 BasS 2 I =JUL-aS
0:00 <MD DATES> toos
) e ssUzC BAS 38 31-JUL-8S
You select the character seis by means of the aliemate-text soft switch, SETALTCHAR, D:00 <MD DATES 18885
dhescr;']hed ear!;e}i"]in Ihishchap[:r in the section “Display Mode Switching,” Tahle 4-10 shows "Gi80 <MD DaTER Cemeny oo
; ot s T #5U1 .08 BIN 31 31-JUL-8S
the character codes in hexadecimal for the primary and altemate character sets in nomul, o A O BT oy e
inverse, and flashing formats. »SU2.08J 2I1r *  @1-JuL-85
SILI;DOB:TNEI DAaTE » . BEPE A=E2000
4 i - - EBIrd &2 F1-JuUuL—-835
Each character on the screen is stored as one byte of display daa. The low-order six bits 0100 <MD DATE> . 31182 a=®0E00
: e A . i 2 =
make up the ASCH code of the character heing displayed. The remaining two (high-order) G106 tHO DaTES ‘esas’ TU-TES
bits select inverse or flashing format and uppercase or lowercase characters. In the primary i e i Y oegloWULmHs
B i ¥ S F b ; e ' wSilda . OBJ AR 15 F1 =JUL -85
character set, bit 7 selecis |]‘I'u"t‘l?t or nommal format and bit 6 controls chanicter ﬂ.l.\thng. BB G ATy A
In the alternate character set, bit 6 selects between uppercase and lowercase, according *PRODOS sTS 30 18-SEF-84
; ; - D:00 <HO DAaTE?» 1agas
10 the ASCI character codes, and Rashing format is net available. "BASIC.SYSTEM srs 21 18-JurM-849
O:D0 <MD DATE> 1oza0
ELOCKS FREE: 1328 BLOCKS usSED: =272

TOTmlL BLOCKS: 1&00

= Table 410  Display character sets }

i Primary character seq Aliermate character set ‘ = Figure 4-12  Sicolumn text display
values Characier fype Format Character type Format ‘ SUTILITIES

o TYPE BLOCHS MODIFIED CHEATED NOFILE SUBTYPE
$00-$1F Uppercase letters Inverse Uppercase letters  Inverse a5TARTUP Bas 3 3-JUL-B D100 (NO GATER 1005
$20-33F Special characters Inverse Special characters  Inverse 4 P oo Lyt i e ki
$40-85F Uppercase letters Flashing MouseText Inverse oy i AR Tl p e e it
S60-57F Special characters Flashing Lowercase letters  Inverse bt e B 65 31MC_E Diek b oATEs 21152 Ams0En
$80-S9F Uppercase leters — Normal Uppercase letters  Normal g ol 6 i B LB o i T iiadc
SAQ-SBF Special characters  Normal Special characters  Normal | ity Wi 0 GAEEEd Daon g oATD 14048
SC&SDF 'L,'pper{‘a_se |e[|e|-s ,'ﬁ'{_;[mg] [_'ppe:\w_se ieg[erg NG]'I":]I *BAS]C.5YSTEH s 2t tE-JUN-B4 0:00 <HD DATEX LoZ24n
SEO_sFF Luw{!rL:ls_l [E[[e” Norma] Lﬁwlﬂ'\aw |£|t“_lr-\. Nm‘l‘nul BLDCKS FREE: 1328 BLOCKS USED: 272 TOTAL BLOCKS: t&00
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Color text

New to the Apple [Gs is the ability to display the text, background, and border in color.
These codors may be set manually through the Conteol Panel, or under program control, via
control registers.

Text and background color

The Apple Gs provides the capability of colored text on a coloned hackground on an
RGB monitor, To select colors for text and hackground, write the appropriate color
values to the Screen Color register located ar SC022.

The Screen Color register is an B-hit dual-function register. First, the most significant 4 bits
determine the text color. Second, the least significant 4 bits determine the hackground
color. You cin chioose these colors from the 16 available Apple 1T colors given in Table 4-3.
The user can also select these colors from the Contral Panel. Figure 4-13 shows the fonm
of the Sereen Color register. Table 4-11 gives o description of each bit i the register.

s Figure 413 Sceeen Color register at 50022

Tt color H.-h.'tgmllml cnlur
1

Rl \
Ulﬁl-l|ﬁLJ]]|ul

I

s Table4-11  Bits in the Screen Color register

it Vahse Description
T=4 - Text cofor
kol = Buckground color

Border color

The colored border area surounds the video display text area, You mav select a color for
the border by writing the appropriate color value 1 the Border Color register lncated at
$C034. You can choose this color from the 16 Apple 1T colors listed in Table 4-3.
Alternately, the user can select the border color from the Control Panel,
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The Border Color register is an 8-hit read/write register serving two functions. First, the
least significant 4 bits determine the border color. Second, the most significant 4 bits are
the control bits for the realtime clock chip interface logic. See the section on the real-
time clock interface in Chapter 7, *Built-in 'O Pors and Clock,” lor more information on
the RTC. Figure 4-14 shows the Border Color register format. Table 4-12 gives a description
of each bit.

A Warning Be careful when changing bits within this register. Use only a read-
modify-write instruction sequence when manipulating bits, See the
waming in the preface. a

s Figure 4-14  Border Color register at SCO34

Rcﬂl-ilrrlle clowk Bmtelr color

G

= Table 412 Bits in the Border Color register

Bit Value Description

T-4 - Real-time clock control bits;
do not modify bits 7-4
when changing bits 3-0

30 - Border color

Monochrome/Color register

The Apple 11Gs video is displaved in either color or black-and-white. Located at SCO21,
the Monochrome/Color register controls whether the composite video signal consists of
color or gradations of gray. If bit 7 is a 1, video displays in black-und-whie; if itisa 0,
video displays in color.
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1f you are using a monochrome monitor, set bit 7 o L Displaying text in black-and-white
results in a better-looking, more readable display, In text mode, all color information is
semoved from the composite video signal. resulting in a monochrome text display, The
exception to this s the mixed text and graphics mode, which results in color text and
color fringing.

The remaining bits in the Monochrome Color register are reserved; do not modify them
when writing 0 this location. You can also select color or monochrome video from the
Control Panel, Figure 4-15 shows the format of the Monochmome/Color register. Table 4-13
gives a description of each bit in the register

A Warning Be careful when changing bit 7 in this register, Use only a read-modify-
wrile instruction sequence when manipulating bit 7. See the warning in
the preface. a

= Figure 415  Monochrome, Color regisier at $CO21

Fesemod: do o mosdily
i 1 ]

[TeTsT+Ta[2]1]0]

Cioloor o monochmome video selea

= Table4-13  Bits in the Monochrome: Color register

it Value Description

s 1 Composite gray-scale video output
0 Composite color video output

-0 = Reserved; do not medify

Changing bit 7 does not affect the RGE ourputs

# Nose: Reading the Monochrome: Color register returns a meaningless value, Bit 7,
therefore, can be referred 1o as write-only.
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Graphics displays

The Apple 1G5 can produce standard Apple 1 video graphics in three different modes, as
well as two new graphics resolutions. Al the graphics modes treat the screen as a
rectangular armay of spots, Normally, vour programs will use the features of some high-level
language 10 draw graphics dots, lines, and shapes in these arrays; this section describes the
way the resulting graphics data are stored in memory.

Standard Apple I graphics modes

Apple NGs graphics can be displayed in several different resolutions, All standard Apple 11
graphics maodes ane supported:

w  Lo-Res graphics mode

w  Hi-Ris graphics mexde

s Double Hi-Res graphics mode

Each of these graphics modes is described in the following sections.

Lo-Res graphics

In the Lo-Res graphics mode, the Apple 116s displivs an amay of 48 rows by 40 columns of
colored hlocks. Each block can be any of 16 colors, including black-and-white, On a
black-and-white monitor or television set, these colors appear as black, white, and three
shades of gray. There are no blank pixels between blocks: adjacent blocks of the same
color merge to make a larger shape.,

Thata for the Lo-Res graphics display are stored in the sume part of memory as the data for
the Al-column text display. Each byte contains data for two Lo-Res graphics blocks. The
twor blocks are displayed one atop the other in a display space the same size as a 40-
column text character, 7 pixels wide by 8 pixels high

Half a byte—4 bits, or 1 nibble—is assigned 1o each graphics block. Each nibble can have
a value from 0 1o 15, and this value determines which one of 16 colors appears on the
screen. The colors and their comesponding nibble values are shown in Table 4-14, Tn each
byte, the low-order nibble sets the color for the top block of the pair, and the high-order
nibble sets the color for the bottom block. Thus, a byte containing the hexadecimal value
$D4 produces a brown block atop a yellow bleck on the sereen.
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= Table 4-14 Lo-Res graphics colors

Nibible value Nibible value

Dec Hex Calor Dec Hex Color

0 $00 Black 8§ 508 Brown

I 801  Deepred 9§09 Omnge

2 02 Drark hlue 10 s0A Light gray
3 §03 Purple 11 s0B Pink

i S04  Darkgeen 12 S0C  Light green
5 S5 Dark gray 13 50D Yellow

i S06 Medium blue 14 S0E Aquamarning
7 s07 Light blue 15 §0F White

Nate: Colers may vary, depending on the controls on the monitor o elevision set

As explained earlier in this chapter in the section “Video Display Pages,” the text displiy
and the Lo-Res graphics display use the same area in memory, Most programs that
generate text and graphics clear this pant of memory when they change display modes, bat
it is possible to store data as wext and display them as graphics, or vice versa, All you have
to do is change the mode switch, described earlier in this chapter in the section “Display
Mude Switching,” without changing the display data. This usually produces meaningless
jumiles on the display, but some programs have used this technique 10 good advaniage
for producing complex Lo-Res graphics displays quickly.

Hi-Res graphics

In the Hi-Res graphics mode, the Apple 11Gs displays an array of 192 rows of 280
monochrome pixels, or 140 colored pixels. The smaller number of pixels in color is due 10
the fact that it takes two bits in display memory o make one color pixel on the screen; in
monachrome, one bit makes one pixel. The colors available are black, white, purple,
green, orange, and blue.

Data for the Hi-Res graphics displays are stored in either of two 8192-byte areas in
memary. These areas are called Hi-Res graphics Page | and Page 2. T0is in these buffer
areas that your high-level language program creates and manipulates the bit images that
will appear on the screen. This section describes the way the graphics dati bits ire
converted to pixels on the screen.
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The Hi-Res graphics display is hit-mapped: Each pixel on the sereen comesponds 1o a bit
{or, in color, 2 bits) in memory, The 7 low-order bits of each display memory Bvte contral
arow of 7 adjacent pixels on the screen, and 40 adjacent bytes in memory control a row of
280 (7 times A0} pixels. The least significant bit of cach byte is displayed as the lefimaost
pixel in a row of 7, followed by the second least significant bit, and so on, as shown in
Figure 4-16. The eighth bit (the most significant) of each byt is not displayed; it selects
one of two color sets, as described Jaer in this chaper.

= Figure 4-16  Hi-Res graphics display bits

Bits in caen bt

[ CLEELEOD

T

IJ|l :1|-||§|£|

Dots on graphics screen

On 4 black-and-white monitor, there is 2 simple correspondence between bits in memory
and pixels on the screen, A pixed s white if the bit contralling it 45 on (1), and the pixel is
Black if the bit is off (). On a hlack-and-white television set, pairs of pisels blur
together: alternating black-and-white pixels merge w a continuous gray,

On an NTSC color monitor or a color television ser, a pixel whose controlling bit is off (0)
is black. If the bit is on, the pixel will be white or 4 color, depending on its position, the
pixels on either side, and the setting of the high-order hit of the hyie,

Call the leftmost column of pixels column 0 and assume (for the moment) that the high-
arder bits of all the data bytes are off (01, 1f the bits that control pixels in even-numbered
cofumng (0, 2, 4, and so forth) are on, the pixels are purple; if the bits that control odd-
numbered columns are on, the pixels are green—but only if the pixels on both sides of 4
given pixel are black, 1f pwo adjscent pixels are hoth on, they are both whie

You can select the other two colors, blue and orange, by wrning the high-order bit (hit 7
of 4 data byte on (1), The colored pixels contralled by a hvte with the high-order bit on
are ither blue or orange: The pivels in even-numbered columns are blue, and the pixels in
odd-numbered columns are orange—again, only if the pixels on both sides are black,

80 Apple 1168 Hardware Reference




Within each horizontal line of seven pixels controlled by a single bye, vou can have black,

white, and one pair of colors. To change the color of any pixel w one of the other pair of

colors, vou must change the high-order bit of its byte, which affects the colors of all seven

pixels controlled by the byte,

In other words, Hi-Res graphics displayed on a color monitor or television set are made up

of colored pixels, according to the following nules:

w  Pixels in even columns can be black. purple, or blue,

w  Pixels in ndd columns can be Black, green, or orange.

s IF adjacent pixels in @ row are hoth on, they are buth white,

a  The colors in each row of seven pixels contolled by a single byte are either purple and
green, of blug and orange, depending on whether the high-order bit is off (0) or on (1),

These rules are summarized in Table 4-15. The hlacks and whites are numbered to remind
vou that the high-order bit is different,

= Table 4-15 Hi-Res graphics colors

Bits (b Bit 7 off Bit T on
Adgacent columns off Black 1 Black 2
Even columns on Purple Blue
Ol columns on Green Orange

Adiacent columns on Whie 1 White 2

Noe: Colors may vary, depending on the coatrols on the montor or televisaon s

The peculiar behavior of the Hi-Res colors reflects the way NTSC color television works,
The pixels that make up the Apple 1G5 video signal are spaced to coincide with the
frequency of the color subcarrier used in the NTSC system, Ahemnating black-and-white
pixels at this spacing causes a color monitor o TV set 1o produce color, but 2 or more
white pixels iogether do not Effective horfzontal resolution with color is 140 pixels per
line (280 divided by 2),

Double Hi-Res graphics
In the Double Hi-Res graphics mode, the Apple s displays an array of 140 colored pisels

or 560 monochrome pixels wide and 192 rows deep. There are 16 colors available for use
with Double Hi-Res graphics. (See Table 4-16.)
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w Table4-16  Double Hi-Res graphics colors

Repeated

calor

patiern ahil mihl ahi2 bl Bit
Hlack 800 SO0 SO0 500 (000
Deep red si8 811 §22 S44 (iK1
Brown 344 08 S11 §22 0010
Orange 840 419 833 shh o011
Dark green §22 a4 S08 51l 0100
Dark gray $24 §55 $2A 533 011
Green S0 $4C $19 £33 L]
Yellow SHE 35D $31 s 1180
Dark hlue 511 §22 $44 S04 1004
Purple: §19 333 $hi $4C 1001
Light gray 855 $24 $55 §2A 1010
Pink §50 $3B §77 SOF 1011
Medium blue %33 56 540 519 1100
Light blue $38 577 SHE 55D 1101
Aguamarine §77 S6F 53D 538 1110
White $7F §7F §7F STF 1111

Double Hi-Res graphics is a bit-mapping of the low-order 7 bits of the bytes in the main-
memory and auxilizry-memory pages at $2000 through $3FFF. The byies in the main-
memany and auxiliary-memory pages are interleaved in exactly the same manner as the
characters in 80-column text: OF cach pair of identical addresses, the ausiliary-memory
byte is displaved first, and the main-memory byte is displiyed second. Horizontal
resolution is 560 pixels when displayed on @ menochrome monitor.

Unlike Hi-Res color, Double Hi-Res color has no restrictions on which colors can be
adjacent. Color i determined by any + adjicent pixels along a line. Think of 2 4-pixel-wide
window moving acrass the screen: AL any given time, the color displayed will comespond
to the 4-hit value from Table 4-16 that corresponds to the window's position (Figure 4-9),
Effective horizontal nesolution with color is 140 (560 divided by 41 pixels per line,

To use Table 4-16, divide the display column number by 4, and use the remainder 10 find
the correct column in the table: ab is a byte residing in auxtliary memery, comesponding
to 2 rermainder of zer (byte 0, 4, 8, and so onlk; mbl is a byte residing in main memory,
carresponding to a remainder of one (hyte 1, 3,9 and so on), and similarly for ab3

and mh4.
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Super Hi-Res graphics

The Apple 1105 has two graphics modes that are new to the Apple I family. These are the
320-pixel and G40-pixel Super Hi-Res graphics modes, which increase horizontal resolution
to either 320 or 640 pixels and increase vertical resolution to 200 lines. The VGC is primarily
responsible for implementing the Super Hi-Res video graphics, which provide these
capabilities:

w320 or Gilkpiel horizontal resolution

w  200Hine vertical resolution

s 12-hit color reselution that allows choices from 4096 available colors

w16 colors for each of the 200 lines—up 10 256 colors per frame

w  Color Fill mode

= scan-line intermupts

w all new video mode features, programmable for cach scan line

w  linear display buffer

s pixels contained within byte houndarnies

The New-Video register

When a standard Apple [l video mode (Lo-Res, Hi-Res, or Double Hi-Res graphics) is
enabled, the Mega 11 accesses the video memory huffers and generates video, When Super
Hi-Res graphics is enabled, the Video Graphics Controller Tas sole access 1o the video
huffers. The bit to enable this access, along with the memory map configuration switch, is
i the New-Video register located at $C029. The bit descriptions for this register are
shown in Figure 4-17. Table 4-17 gives a description of exch bir,

A Warning Be careful when changing bits within this register. Use only a read-
muodify-write instruction sequence when manipulating bits, See the
warning in the preface. &
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= Table 417 Bits in the New-Video register

Description

Bit Value
7 I
1
6 i
I
5 0
1
i1 -
0 i

Selects Apple 11 video mode. If this bit is 0, all existing
Apple M-compatible video modes are enabled. The
Mega 11 alone reads the video memory during the video
cycles and generates the video,
Selects Super Hi-Res graphics video modes. IF this bit is
1, all saandard Apple 1T video modes are disabled, either
320-pinel resolution Gand Color Fill mode) or 640-pixel
resolulion graphics are enabled. (The selection of 320 or
0400 is made in the scan-line control byte for ¢ach line.)
Also, when this bit is 1, bit 6 is overridden, and the
memory map is chinged to support the Super Hi-Res
graphics videe buffer, as described below, (See the
description of bit 6,)
1f this bit is (1, the 128K memory map is the same as the
Apple [le,
If this hit s 1, the memory map is reconfigured for use
with Super Hi-Res graphics video mode: The video
buffer becomes one contiguous, linear address space
frcam $2000 thresugh SO000. {Figure 4-18 shows the Super
Hi-Res graphics buffer.)
1F this bit is 0, Double Hi-Res graphics is displayed in
color (140 by 192, 16 colars).
If this hit is 1, Double Hi-Res gaphics is displayed in
black-and-white 1560 by 192),
Reserved; do not modify,
Enable hank latch, IF this bit is 1, the 17th address bit is
used 1o select either the main or auxilisry memory bank,
If the address bit is 1, then the suxiliary bank is
enabled. (Actually data bit 0 s used as the 17th address
bitd, 1f the address bit s 0, the state of the memony
configuration soft switches determines which memory
bank is enabled. See Chapter 3 for descriptions of the
memory configuration soft switches, Table 4-18 shows
how 1o use this hit 1o select & memory bank.
The 17th address bit is ignored.

* Set hit 6 10 0 whenever using Double Hi-Res graphics mode, This (s ngcesarny 1o ensune that the video

display will function properly.

20 Apple llGs Hardware Reference




w Figure 417 New-Video register
Reserved; dio not maodidy
|71 els]«ls[a]eln]

Enable Super Hi-Res graphics mo MJL-J

Linearize Super Hi-Bes graphics video memory
Color or black-and-white Double Hi-Res graphics

Fnable bank Laicly

= Table 4-18 Memory bank selection using b0 of the New-Video register

New-Video register
it Data bit 0 Memory bank enabled
0 1 Auxiliary
] Determined by state of memory configuration soft
switches
1 Ignored -
The Super Hi-Res graphics buffer

The Super Hi-Res graphics display butfer contains three tvpes of data: scan-line control
bytes, color palettes, and pixel data. Figure 4-14 shows a memory map of the display
huffer. This buffer resides in contiguous bytes of the ausiliary (4K hank of the slow RAM
(SE1) from $2000 through $9FFF, Note thart this display bulfer uses memory space used for
thee Apple 11 Double Hi-Res graphics buffers, but leaves the other graphics and text display
huffers untouched.

The next three sections describe the scan-line control bytes, color palettes, and pixel data
bytes used in Super Hi-Res graphics mode,
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» Figure 4-18  Super Hi-Res graphics display buffer

Memory bank $E1
I |
| |
| 1
| I
SOFFF
Color
pileties
SOFN0
Scan-line
conttrol bytes
SO0
Pisel
e
S20H1
I |
| |
| |
| |
] |
Scan-line control bytes (59D00-$9DCT)

An added advantige of the new Apple 116 video graphics is the ability 1o select the Super
Hi-Res graphics horizontal resolution for each video scan line. The 200 scan-line control
bytes {located from $9D00 through $9DCT as shown in Figure 4-18) control the features for
each scan line. There is one 8-bit control byte for each of the 200 scan lines. For each line,
you can select

»  the palette (16 colors) 1o be used on the scan line

= Color Fill mode on the scan line

» an interrupt to he generated on the scin line

w cither 320-pixel or 640-pixel resolution for the scan line
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The scan-line control byte bits and their functions are listed in Figure 4-19, Table 4-19 gives
a description of each bit

A Warning Be careful when changing bits within this byte. Use only a read-
madify-write instruction sequence when manipulating bits, See the
warning in the preface. a

» Figure 419 Scan-line control byte forma

Clels4]s]z]t]o]
:‘El‘:k(ﬁﬂﬂﬂd’cJJ

Generate interrupt

Color Fill muode:
Reserved; do pot modify

w» Table 419  Bis in a scan-line contral byie

Bt Valwe Description
7 1 Horizontal resolution = 640 pixels,
1] Horizontal resolution = 320 pixels.
i 1 Interrupt enabled for this scan line. (When this bitis a 1,

the scan-line interrupt status bit is set at the beginning
of the scan line.)
] Scan-line interrupts disabled for this scan line.
5 1 Color Fill mode enabled. (This mode is available in Super
Hi-Res graphics 320-pixel resolution mode only; in G4l
pixel mode, Color Fill mode is disabled.)

] Color Fill mode disabled.
4 - Reserved; write 0.
0-3 - Palene chasen for this scan line.
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The location of the scan-line contral byte for each scan line is 390xx, where 1x is the
hexadecimal value of the line. For example, the control byte for the first scan line (line 00 is
located in memory location 39040; the control byte for the second scan line (line 13 s in
location $9Di1, and so forth.

#  Note: The first 200 bytes of the 2506 bytes in the memory page heginning at $9100 are
scan-line control bytes, and the remaining 56 bytes are reserved for futune expansion
For compatibility with future Apple products, do not modify these 56 bytes,

Color paleties ($9E00-$9FFF)

A color palette is 4 graup of 16 colors 1o be displayed on the scan line, Each scan line can
have one of 16 color paleties assigned 1o (L You can choose the 16 colors in each palene
from any of the 4096 possible colors. You can draw each pixel on the scan line in any of
these 16 colars.

These colors are determined by a 12-bit value made up of three separate 4-bit values. 112
hits allows 2% or 4086 pessible combinations for each palente color,) Each 4-bit quantity
represents the intensity of each red, green, and blue. The combination of the magnitudes
of each of the three primary colors determines the resulting color. Figure 4-20 shows the
format of each of these 4-bit values that make up a palette color.

w Figure 420  Color palette format

Gl\;.‘l.‘ﬂ Hiue
1

[ i N
e [TTe ST 3211 ]7]

Reserved; do net modify Hed
L

r Rl : )
|-I'5|I|:1|2|1|1:|

oddbye | 7
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The color palettes are located in video huffer locations S9E00 through SUFFF in bank SE0 = Figure 421  Pixel data by format
There are 16 color palettes in this space, with 32 bytes per palene. Each color palene
represents 16 colors, with 2 hytes per color. The palete indicated in the sean-line control ST o ' <l | = ERW | 5 J
byte is used 1o display the pixels in color en the scan line. The stanting address for each of DR it WA WEl Sicf S il Ml Il Rl
the color paleties and the colors within them: are listed in Table 4-20, The 16 colors within a S I T T A O SO
pitlette have numbers $0 through §F. Note that each color begins on an even address, 0 mode J Fixel 1 |I Pixel 2 | Pixel 3 | Pixel 4 ]
Once you have filled the palettes with the colors to be used and selected the display H | | | H
mexdes within each of the scan-line control hytes, you must choose which of the 16 colors 120 mnde [ Pixel | | Plxel 2 I
you are going o display for each pixel
w Table4-20  Palee and color starting addresses In 320-pixel mode, four bits determine each pixel color, and daa are stored two pixels 1o
| a byte of the display buffer. Since four bits determine the pixel color, in 320 made each
Palene =
maber Colorso Color §1 p Color SE Color SF pixel cin be any of the 16 colors from that palene,
< In 640-pixel mode, color selection is more complicated. The 640 pixels in each horizontal
50 S9E00-01 SDEN2-03 SPEIC-1D SYE1E-1F line accupy 160 adjacent hytes of memory, each byvie representing 4 pixels that appear
1 S9E20-21 $0E22-23 i S9E3C-3D SOE3E-3F side-by-sicle on the sereen, The 16 colors in the palette are divided into four groups of 4
52 $9E40-41 $9E42-43 S9ESC-5D $9ESE-5F colors each, The first pixel in each honizontal line can select ane of 4 colors from the third
group of 4 in the paletie. The second pixel selects from the fourth group of 4 colors in the
palette. The third pixel selects from the first group of 4 colors, and the founh pivel selects
from the second group, as shown in Table 4-21, The process repeats for cach successive
. ] ' o R group of 4 pixels in @ horizonal line, Thus, even though a given pixel can be one of 4
3F eElE] WOFEL-ED HIERETD SHEEFE cok:gr diﬁfmm pixels in a line can take on any of thi Il‘-g{‘nnlwspin 4 palene
Pixels = Table421  Color selection in Galh mode
The Super Hi-Res graphics color information for each pixed is different for each of the mwo plxel Value :‘,"::" Piel Value :",'::"
resolution modes: 4 bits represent cach pixel color in 320-pixe] mode; 2 hits represent the
pixel color in 640-pixel mode. Higher resolution comes with 2 slight penalty, however: 3 0 50 | 0 8
Although in 320 mode a pixel may be any of 16 colors chosen from the palette, o pixel may | 51 1 £
be ane of only 4 colors in 440 mode.
2 §2 2 SA
The pixel data are located in the display bulfer in o linear and contiguous manner; $2000 ) 53 3 in
carresponds (o the upper-left comer of the display, and $9CFF comesponds 1o the lower- 4 0 54 3 0 i
right corner. Each scan line uses 160 (SAL) bytes. Figure 4-21 shows the format in which the 55 1 D
pixel color data are stored in both the 320-pixel and G4i-pixel modes. 56 H -
3 87 3 3F
Chapter 4 The Video Displays 95 % Apple llos Hardware Reference




Figure 4-22 shows the display screen andl the pixels that make up each scan line. Also shown
are the pixel dat bytes for both 640- and 320-pixel Super Hi-Res graphics mode. The scan-
line control bytes, one for each scan line, are shown at the nght.

» Figure 422 Drawing pisels on the screen
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Dithering

In Super Hi-Res graphics mode wsing (4-pixel resolution, colors other than the available 4
palette colors may be displaved by o means called dithering. By choosing 2 adjacent
pixel colors thar mix w obtin 4 third desired color, you can increase the number of hues
available. For example, in Figure 4-23, when red is selected from the available colors, the
scan line appears as red. Alternating red and yellow results in oringe, and so on. Through
the use of dithering. as many as 16 colors can be generated.

Color Fill mode

Another feature of Apple 1G5 video graphics is Color Fill, an option thar simplifies the
Lask of painting continuous color an any one line. Color Fill, which is available in 320-pixel
maxle only. is used w fill rpidly @ lage area of the video display with a single color. In this
mode, color 80 in the palette takes on a unigue definition. Any pixel data byte containing
the color value $( causes that pixel to take on the color of the previous pixel instead of
displaying a palette color. This means thit only 15 unique palette colors (81 through SF)
are available for each scan line. rather than 16 colors. For example, assume that A, B, and C
represent 3 different palette colors, 4 bits per pixel. These colors do not include color S0,
The desired color pattern for a series of pixels on a line might be as follows without Color
Fill mode:

AARAARAPAARRBBEBEBBEBRBBCCCCOCOCCOCT

The same color parrern would be created by using Color Fill mede as follows:
A00000000000800000000000C00000000000

Method 2 would save time: The program only needs to fill the pixel ared of the scan line
once with (. and then 1o wnite a color value into those locations where a color should begin
or change. In the example just given, only one byte needs o be writien 1o implement each
new color on the sean line using the Color Fill method, as opposed 1o six bytes per color
without Color Fill.

The only restriction of the Color Fill mode is that the first pixel value on a scan line must
not be 0 f the first pixel vitlue is 0, then an undetermined color results,
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= Figure 4-23  Examples of dithering
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= Figure 5-1 Sound components in the Apple [16s
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One of the Apple llas computer's outstanding features is its sound Shotmaker
capability. By programming the Apple 1168, you can utilize this powerful ; L'[“gl ok
sound-synthesizing ability; vour ablity 10 generate sounds is limited ‘ ] I o
only by vour imagination. This chapter covers the Digital Oscllator Chip ey Aralog HGH
(DOC), the individual oseillators, and the many registers associated with B | — viden e
these oseillators. Also covered is the Sound General Logic Unit (GLU) and - M 1 ETE Graphics amplifiers | =222 =mn
its associuted registers. Figure 5-1 shows the relationship of the sound I Coatreljer
components 1o the rest of the computer, I NTSC
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The built-in speaker

The built-in speaker is located on the lefi side of the haseplate directly below the keyvboarnd.
This sound cutput device is used as the primary device for standard Apple [ sound outpur,
and also for the output of the Digital Oscillator Chip.
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One-bit sound

Quite complex sounds can be created simply by taggling a bit whese output is connected to
the speaker. This bit can be set and cleared by accessing (either reading or writing ta)
location $C030, The faster you access this location, the faster the sound bit toggles and the
higher the pitch of the sound. Using timing loops in the application program will allow you to
toggle the speaker at any frequency starting at about 400 cvcles per second. Below this
frequency, the speaker clicks on every other access 1o $CO30,

If you switch the speaker once, it emits a click: w make longer sounds, you access the
speaker repeatedly.

#  Note If vou access this soft switch by using an assembly-language indexed-mode
command, it switches twice in rapid succession. The resulting pulse is so shon that the
speaker doesn't have time to respond: it doesn't make o sound.

With the inclusion of the DOC into the Apple TGS, sound generation becomes much more
sophisticated. The following sections describe the DOC and this computer's powerful
sound-making ability,

The Sound GLU

T program the DOC or build a wavetable in the Sound RAM, vou must write command and
data byies 1o registers within the chip. This process is facilitated by the GLU. which serves as
an interface between the microprocessor, the DOC, and the dedicated 64K-ty—8-hit
dynamic RAM. This interface allows the DOC chip 1o run independently of the rest of the
system.

The Sound GLU contains

s 2 Sound Control register

n a duta register

w o pair of Address Fointer (high and low adidress) registers

These registers and their addresses are listed in Table 5-1 and described in detail in the
sections that follow,

= Table 5-1 GLU regsters

Sound synthesis

Sound is synthesized by programming digital oscillators o produce waveforms that simulate
ordinary sounds {musical, human, or other} or generate unique ones. These waveforms can be
programmed manually (values placed in memory individually or through digitization of an
external analog-input signal. As stated earlier, the Apple 1Gs uses 4 wolbox of vilities
perfonm many different functions: graphics, disk access, and sound. The following
description of the DOC is meant to familiarize you with the general principles of Apple TiGs
sound generation. When you program this computer for sound, using the wolbox utilities will
result in the proper use of the DOC and ensure software compatibility with future Apple 11
products, (To find out how (o use the sound wols, refer to the Apple Hos Toolbor Reference.)
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GLU registers Address Type
Sound Control register SCIAC ROw
Data register SC30 Rw
Address Pointer register, low byte SCO3F Rw
Address Pointer register, high bvie SCO3F R/W

The Sound Control register

The Sound Control register controls whether the microprocessor accesses the DOC internal
registers or the Sound RAM, This register also conirols whether or not the Address Pomter
registers auta-increment, that is, increment automatically alter every RAM read or write,
thereby avoiding the necessity of reloading the pointers with addresses after each access
Figure 5-2 shows the format of the Sound Control register. Table 3-2 gives o description of
each bit.

A Warning Do net use a read-modify-write command when altering bits in this
FEQISIEr. &
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= Figure 52 Sound Control register at 3C03C

Lrls]s[4]sT2] o]
| —

DOKC sy flag
DOC or RAM access
Address pointer suto-increment enable

Reserved; do ot modify

= Table 5-2 Hits in the Sound Control register

Bit Value Description
7 1 When this read-only bit is 1, the DOC is busy. Loop on this
bit unnil it & clear,
U When this bit is 0, the DOC is free. The DOC will respond
to register reads and writes,
] 1 All accesses are to the dedicared 64K RAM.
0 All accesses are 10 the DOC,
5 1 Address auto-incrementing is enabled,
0 Address auto-incrementing is disabled; Address Pointer

registers hold the last value.

4 - Reserved; do not madify,
30 - Volume control: 30 is low volume, SF is high volume.
Data register

To load values into the DOC registers, write w the data register at SC03D. You also write (o
this register when you want 1o plice values in Sound RAM. ¥ the Sound Control register is set
to access the DOC, writes o the dats register will result in data bytes' being loaded into the
DOC register indicated by the Address Pomter registers. If the Sound Control register is set
io access the Sound RAM, writes to the data register will result in data bytes' being loaded
intor the Sound RAM address indicated by the Address Painter registers.
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Address Pointer registers

When accessing the Sound RAM (hit ¢ set w1 in the Sound Conrol register), the Address
Pointer registers point (o the address of the next byte in Sound RAM. The high-byte Address
Pointer register contains the high 8 bits of the 16-bit address. and the low-byte register
contains the low 8§ bits.

When accessing the Sound DOC (hit b set o 0 in the Sound Comrad register ), the high-byie
Address Pointer regtster is ignored by the DOC, and the low-byle Address Pointer register
points to the DOC register w be written or read from. Figure 5-3 shows the format of the
Address Painter registers,

= Figure 5-3  Address Pointer registers
Loaw byt a1 SCOAE
[7l6]sfs[s]¢
High byie at SCIHF

[]i|l4|]3 lEI]l|1D['}|HI

I|||'|

Write operation

To write 1o the DOC or Sound RAM:
1. Set the Sound Conrl register
7 1o point to either the RAM or the DOC
I to enable or disable aulo-incrementing in the Address Pointer registers

2. Then load the Address Ponter register with the beginning location into which data are to
be writter. Do this by writing the high byte of the address o the high-byte Address
Pointer register at SCO3F, and the low byie of the address 1o the low-byte Address
Pointer register at $CO3E.

Dhata powy sritten 1o the data register will be transferred by the Sound GLU into the
corresponding memory GF you are accessing RAM) or DOC register (if vou are accessing the
DOC).

If the auto-inerement feature is enabled, the Address Pointer register s automatically
incremented to the next higher location or the register with the next higher address sfter each
write 1o the data register.
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+ Note: Do not use indexed addressing mode when reading data from or writing data to the
dlatat register. Indexed addressing mode generates a false read, which will cause the sound
GLU 1o lose synchronization

Read operation

The Sound RAM read operation is the same as the write operation with one exception:
Reading from the data register lags by one read cyele. For example, if you want to read 10
bytes from the Sound RAM, select the RAM by setiing the Sound Control register bit and
enabling auto-incrementing. Then set the Address Pointer register 1o the starting address and
read the data register 11 times, discarding the first byte read,

The Ensoniq DOC

The Apple 11Gs uses the Ensoniq 5303 Digital Oscillator Chip, 2 progrimmable sound
synthesizer chip with 32 independent oscillators, volume control, and digitizing capability,
The synthesizer uses 64K of RAM dedicated o sound waveform storage, and interfaces with
the 65C816 microprocessor via the Sound GLU. Commands and data are transferred 10 the
DOC via the GLU, and sound is output via the built-in speaker, extemal speaker jack, or
melex connector on the main logic board.

The DOC contains three registers common to all oscillators, These are

s the Oscillator Interrupt register (SE0)

w  the Oscillator Enable register (SE1)

n  the Analog-to-Digital (A/D) Converter register (SE2)

Also, each oscillator has one of each of the following registers dedicated 1o it
» an Oscillastor Control register

= an Oseillator Data register

» 1 Volume register

» i Frequency Low register

= 1 Frequency High register

w o Wavetahle Size register

& a Wavetble Pointer register
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DOC registers common to all oscillators

The Oscillator Interrupt register (SE0)

This register contains the status of the DOC interrupt request (IRQ) pin and the number of
the escillator that generated the intereupt, if any. When an oscillator reaches the end of a
wavetahle and the enable interrupt (ED bit for that oscillator has previously been set, the
IRQ line and hit 7 of the Oscillawr [nterrupt register are then set, and the register number is
entered in bits 1 through 5 of the Oscillator Interrupt register. Figure 5-4 shows the format of
the Oscillator Interrupt register, Table 5-3 gives a description of each of the bits.

= Figure 5.4 Oscillator Interrupt register at $E0

Orscillator numbser

INOBnn

L]

Intermupt cooumed

Beservid; do ot modify

Reserved: do not mudih'—J

The Oscillator Enable register (SE1)

The Oscillator Enable register controls the aumber of oscillators that are operating a1 a
particular time. To enable 1 or more oscillawors, multiply the desired quantity of oscillators
{up 0 32) by 2 and enter the number in this register at $E1. You may enter any number from 2
to 64, which will enable the comesponding oscillators in sequential order. (Low-numbered
oscillators cannot be skipped in order to enable a higher-numbered one.) A minimuam of 1
oscillator is always enabled, which is also the reser default
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= Table 53 Bits in the Oscillator Interrupt register

Bit Value Description
7 L No oscillator has generated an interrupt.
i One of the 32 DOC oscillavars has generated an intereupt:
this bit reflects the status of the IRQ line.
(i - Reserved; do not modify.,
5-1 - Interrupting oscillator number; when one of the 32 DOC

cscillators generates an interrupt, the number of the
ascillator is contained here,

0 - Reserved; do not modify

The A/D Converter register (SE2)

The A/T Converter register contains the output value of the successive-approximation
analog-to-digital converter. An analog-input signal can be sampled at pin 1 of the T-pin molex
connector (]23). The result of the conversion resides in the A/D Converter register at the
completion of the conversion. Reading this register at SE2 initiates the 31-microsecond
conversion process, IF this register is read before the end of the conversion process, the
value will be lost and a new conversion will begin.

DOC registers for individual oscillators
Table 5-4 contains the addresses for the registers dedicated 1o the individual oscillators,

The Oscillator Control registers (SA0-$BF)

Each Oscillator Control register controls all functions of each oscillaor, including
u  which of eight optional external enalog multiplexer channels an oscillagor will use
s whether or not an escillator may generate an interrupt

s the osdllator's mede of operation
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= Tahle 5-4 DO register addresses

Frequency Frequency Wavetable Wavetahbe

Oscillator  Low High Yolume Datn Pointer Control i
b register register register register register register regisier
$00 s00 520 5400 S S80 $AD 3C0
$01 s01 521 841 561 581 $Al SC1
§02 502 5§12 542 361 582 §A2 3C2
§03 §03 §23 §43 503 583 SAS $C3
§04 S04 524 sS4 S04 S84 SA4 $C4
$05 505 825 543 505 585 §A45 305
§006 806 §20 i S S5O SAh 306
§07 S07 §27 847 567 587 SAT 7
$08 08 $28 S48 §08 88 SAR S8
$09 509 §29 8§40 09 389 SAD SCY
$0A $0A 520 Sah $6A S84 SAA SCA
501 S0B $28 54H S0H b ] SAB SCH
$0C $0C §2C 540 §OC SHC SAC 3CC
D S0C $2D 54D s6D s4D SAD D
SOE SOE $2E S4E $HE SRE SAE SCE
S0F 0F 32F 34F SOF SHF SAF $CF
$10 810 330 850 870 590 SHO SO0
§11 811 531 551 371 591 $B1 3D1
§12 $12 $32 §32 §72 92 SB2 ib2
§13 513 33 353 573 593 SBH3 03
$14 $14 $34 554 874 S04 §B4 sD4
$15 815 835 §55 573 805 SH3 305
§16 £16 $36 356 576 S50 SBiy 506
817 £17 §37 357 577 897 SHY 307
$18 £18 438 §58 $78 S08 SBY 3DH
19 519 £39 354 874 500 SBY 304
§1A S1A §3A $5a §7A S8 SBA E1REY
s18 518 $3B 58 7B S9H ShB DB
s1C §1C 830 $5C §7C $0C SBC sNC
S1D $1D 83D 35D Ly} s00 SBD 3nn
S1E* S1E $3E $3E SE SOF SBE SDE
SIF S1F $3F $5F STF SOF SBF SDF

* These oscillators are reserved for system use. Use of these oscillaors by the wser may result m o system
crash

The oscillator may function in one of several modes:

m  Free Run mode: The oscillator begins at the beginning of the waverdhle and repeats the
siume wavetable. The oscillator will halt when the hale it is set or when a ) is encountered
in the table data.
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= One Shot mode: The oscillator begins at the beginning of the wavetable, stepping
through it only once, and stopping at the end of the hle.

m Sync mode: You enable Syne mode by selecting even/odd pairs of oscillators (a lower
even-nuimbered oscillator paired with an adicent higher-numbered oscillator), When the
even-numbered oscillator beging its wavetable, the odd-mate oscillator will synchronize
and begin its wavetable simultaneously.,

»  Swap mode: Uses even/odd pairs of oscillators (2 lower even-numbered oscillator paired
with an adfacent higher odd-numbered oscillator). The enabled osciltator pair runs in One
Shot mode. When it reaches the end of its wavetable, it resets its accumulator 1o 0, sets
its balt bit, and clears the halt bit of its mate.

Figure 5-5 shows the format of this register. Table 55 gives a description of each bit.

= Figure 5-5  Oscillator Control register
Channel address

|7

6fs[s]sf2f1]0]
L —

Oscilligor mterrupt enable

Oscilkator imiode —

Habted) oscillator —

The Oscillator Data registers ($60-$7F)

The Oscillator Dita registers are read-only registers and contain the last byte read by an
oscillator from the wavetahle,

The Volume registers ($40-55F)

The Volume registers contain an oscillstor's volume value. The current wavetable data byte is
multiplied by the 8-bit volume value 1o obtain the oscillator final outpu level,
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= Table 5-5

Bits in the Oscillator Control register

Value

Diescription

7-4

2-1

Channel address birs: Only the low three bits are supponed
by the hardware. Bits 7—+ determine to which
demultiplexer output channel (provided by optional
external demultiplexer hardware this oscillator will be
directed, Connecting a demultipleser o the 7-pin molex
connector will allow you 1o use up to eight separte sound
channels. Figure 5-10 shows an example of how the external
demultiplexer circuitry may be implemented,

Interrupts enabled: An interrupt lag will be set in the
DOC's Oscillator Intemupt register and the DOC will assert
the TR signal when an escillator generates an interrupt.
Intermupts disabled: The interrupt flag will not be set in the
Oscillator Interrupt register when an oscillator generates an
intermpt,

Ostillater mode: Select the mode desired by setting these
two bits us follows:

Bit 2 Bit 1 Mode

0 0 Free Run

0 1 One Shot

1 il Sync

1 1 Swap

Halted oscillator: This is a read/write bit. To halt the
oscillator, set this bit. Cenain modes (Syne, Swap) will halt
the oscillator and set this bit autematically after
completion,

Running oscillator; This bit is cleared if the comesponding
oscillator is currently enabled.
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The Frequency High and Frequency Low registers ($00-53F)

The Frequency High registers and Frequency Low registers are concatenated to create 2 16-
bit value for each oscillator. This frequency value determines the speed at which the
wavelable is read from memory. This speed indirectly determines the frequency of the
output signal at the speaker. The relationship between output signal frequency, waverable
scan rate, and the Frequency High and Frequency Low register values is

Output frequency = Py

SR,

TIRES)
H04.880KH;

where the scan rate SR -—'—9045(: T3 Z and where RES is the resolution value in the Wavetable

register, Fyy s the 16-hit frequency value concatenated from the Frequency High and
Frequency Low registers, and OSC is the number of enabled osallators,

The Wavetable Size registers (SC0-5DF)
The Wavetable Size registers control the size of the individual wavetable each oscillator will
access. Figure 546 shows the format of the Wavetable Size register, Table 5-6 gives a

description of each bit, The size of the wavetable for each oscillator can vary from 236 bytes
10 32K in eight discrete steps, as shown in Table 5-7.

» Figure 5-6  Wavetable Size register

Arkdress bus
Tablg size resulution

ENDNDBnn

Beserved; da ot maodify

Reservied; must be
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Table 5-6 Bits in the Wavetable Size register

Bit

Value Description

- Reserved: do not modify.

0 Extended addressing: The Apple 1168 uses only 64K for the
Sound RAM and has ne high memaory bank available,
Therefore, this bit must always be set 10 0.

- Table size: The wavetables may extend up to 32K in size,
but in discrete steps only, Wavetables must begin on a
page boundary ($0C0H0, $0D00, and so forth). Table 5-7
shows the possible sizes of wavetables. Unused locations
within a wavetable should begin with a mimimum of eight
zeros. Otherwise, the ascillator will not halt when it
encounters these bytes and will interpret them as data,

- Address bus resolution: The wavetable is played back by
using every byte as data, or only intermittent bytes, as
desired. Thee address resolution bits determine whether or
nol every byte is used during playhack. Figure 5-7 shows
hiwe these bits effect wavetable scanning.

= Table 5-7 Wavetahle size determination
LT

5 4 i Table size

0 0 1] 2560

0 0 1 512

01 1] 1024

01 1 2048

1 0 0 A0tG

1 0 1 #2192

1 1 (¥ 16384

11 1 32768
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The Wavetable Pointer registers ($80-59F)

This set of registers contains the beginning page number of the oscillators wavetable. All
wavetables must begin on a page boundary (that is, the first byie of the page) and cannot
wrap around 1o low memory addresses, The value in this register is used in the final address
caleulation,

Figure 5-7 shows how the final address that 15 used 1o obtain the next wavetable data byte is
calculated. The bits from the accumulator and the Wavetable Polnter register are
concatenated in a varving ratio depending an the ble size and address bus resolution
parameters in the Wavetable Size register. The final address is used by the DOC 1o fetch the
next wavetahle data byte for conversion o an analog value by the digital-o-analog
converier.

Making sound with the DOC

The oscillators in the DOC are ned oscillators in the traditional sense; they do not generate 2
sigmal or tone, Instead, each oscillaor uets as an address generator, pointing 1o 2 dats byte
in Sound RAM that, together with others, represents a signal that is 1o be generated. The data
bvte is then converted to an analog voltage by the digital-to-analog converter, These
sequential series of voltages make up the output signal, which is then filtered and amplified
and used 1o drive a speaker,

The data residing in the Sound RAM can be placed there either byte by byte, by manually
huilding the wavetable (rigland-ermor method works best here; try 2 sound, and modify it as
you prefer), or by filling memory with o digitized input signal.

The waveshape of the signal is determined by the actual values of the data bytes that make
up the wavetable. The pitch of the signal is determined by the speed with which the
wavetable is scanned by the DOC, This scan rate 18 the value contined in the Wavetable Size
register of each oscillator, and is arrived at by using several factors, Figure 5-8 shows the
process used to calculate the scan rate. As shown in Figure 5-7 and Figure 5-8, each address's
cilculation is determined by the Frequency High and Frequency Low registers and the
Wavetable Size register (made up of table size and address bus resolution data) associated
with each oscillator
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= Figure 5-7 Final address calculation in the Wavetable Size register
Final address
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s Figure 58  Generating the sound addresses
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anitpul luffer

The address calculation is perdformed like this: Each time an oscillator is updated with @ new
address, the 16-bit value from the Frequency High and Frequency Low registers is added to
the 24-bit accumulator by the adder. The 24-bit result is also passed 1o the address bit
multiplexer and is used w form the final 16-bit Sound RAM address, The resolution value in
the Wavetable Size register determines which of the 16 bits within the accumulator is used in
the address caleulation. The table-size value in the Wavetable Size register also determines
how many accumulator bits will be used o caleulae the final address.

The 32 oscillators are time-domain muliiplexed, that s, the DOC services each oscillator in
its turn. With all oscillaters enabled, the DOC akes approximately 38 microseconds o
service all 32. Figure 5.9 shows an example of a signal resulting from the combined output of 4
ascillators. This signal is then filiered, or smoothed, 10 remove the high-frequency
components, leaving only waveforms in the audio-frequency range.

Chapter 5 Apple TGS Sound

1n7

Digitized soundwaves are built by using consecutive data bytes (known collectively as a
wavetable) in dedicated Sound RAM. Fach of the 32 oscillators reads these bytes in
sequential order at a speed that is programmable. This speed determines the frequency at
which the waveform is reproduced, while the actual data in RAM determine the shape of the
output waveform. The volume for each oscillator is also pregrammable.

s Figure 59 Combined output of time-domain multiplexed oscillators

Oeaillater Oscillator — Oscillsor Oselllator
A H c [H]

| l
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Sound input and output specifications

The 7-pin molex connectar is used for sound inpur and output 10 and from the Apple lGs.
The electrical specifications for these inputs and outputs are listed in Table 3-8,

= Table 5-8 Sound input and output electrical specifications for connector J-25

Siggrial Fin Maimmum Units

A/D convener input 1 25 Volts peak-1o-peak, full-
scile conversion

Input impedance 1 3,000 ohms

Analog GND 2 = -

Analog output 3 =510 43 Volts peak-to-peak

Ourput toad 3 10,000 ohms, minimum

Channel address 0 + 1 L5 TTL load

Channel address | 5 1 L5 TTL load

Channel strobe® (¢ 1 LS TTL load

Channel address 2 7 1 LS TTL load

* Channel strobe goes fow when the channe! address is valid

Figure 3-10 shows an example of @ demultiplexer circuit that can be designed 10 produce
steren (two-channel ) sound, using the analog output from the DOC. The sound output at pin
3 will be demuliplesed according to addresses supplied by pins 4, 5, and 7. These addresses
are those specified by each Oscillator Control register, A more complex circuit could handle
as many as eight unique sound channels, For comect seund-channel demultiplexing, be sure 10
set the channel bits in each Oscillator Control register 10 the appropriate value,
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= Figure 5-10 A two-channe] demultipleser circuit
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Further reading
To learn mare about synthesized music and sound, vou may want to read this hoak:

Chamhberlin, Hal. Musical Applications of Microprocessars. Hashrouck Heaghts, NI, Berkeley,
CA: Hayden Books, 1985,
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= Figure 6-1 ADE components in the Apple 1lcs
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The ADB microcontroller contrals devices on the bus by receiving commands from the
65CRLG microprocessor, and then sending appropriate ADI communds w0 and receiving data
from the input devices on the bus, Microcontroller commands (those received from the
65816} are Jocated in ROM. Figure 6-2 shows the relationship of ADB components in the
host computer to the bus devices {kevboards, mouse devices, and so on).
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For the remainder of this chapter, the computer will be referred 10 as the host, and the input
devices (for example, a kevboard or a mouse) connected tor the bus as devices,

= Figure 62  ADH components

devices

& Note To keep compatibility with future Apple I products using the ADB, use the Apple
Desktop Bus Tool Set in ROM. Directly accessing some of the ADB registers may cause
the system 1o crash. (For more information on the ADB Tood Set, refer to the Apple lias
Toolbox Reference.)

The input bus

All input devices share the input bus with the host. This bus consists of 4 4-wine cable and
uses 4-pin mini-DIN jacks at the host and at exch device, Figure 6-3 shows the pin
configuration of the ADB connectors and Table 6-1 lists the description of cach pin. ADB
devices may use the +5-volt power supplied by the bus, but must not draw more than 500 mA
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todal for all devices. All devices are connected in parallel, using the signal, power, and ground
wires, Cables should be no longer than 5 meters, and wtal cable capacitance should not
exceed 100 picoFarads per meter.
= Figure (-3 Mini-DIN connector pin configuration used in the ADB

Host connecinr

L] [
@ m

= Table 6-1 Pin assignments of the ADE connectors

Fin Dheseription

1 [ita

2 Reserved

3 +3volt power supply at 300 mA for all devices
4 Ground

The keyboard

The keyhoard uses the Apple Desktop Bus 1o communicate with the processor. All inpu
devices are connected 1o the ADB and are controlled by the keyboard microcontroller. This
controller supporis reading of the keybaard by stndard Apple 11 application programs,

The Apple 1165 keyhoard has automatic repeat, which means that if vou press any key longer
than you would during nomul typing, the chamcter code for thar key will be sent
continuously until you release the key. The speed at which the key repeats, and the delay
hefore it repeats, may be set from the Control Panel. (See the section “Modifier Key
Register,” Later in this chapter, for more information. )
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Any number of modifier keys may be held down and an additional key pressed will be
recognized. This is called n-key rflover, The alphanumeric keys do not have this ability. Any
two alphanumeric keys pressed simultaneously will be recognized, A third key pressed will
not be recognized. This is called 2-key Jockond.

Apple 1168 computers manufactured for sale outside the United States have slightly different
standard keyboard arrangements. The different keyhoards are shown in Appendix B.

ADB and the upgraded Apple e

The Apple TGS can be used with a standard Apple lle keyboard when an Apple Te is
upgraded with an Apple 1165 logic board, The Apple Tle keyboard is then used as the primary
input device, rather than the ADB kevboard. The Apple lle kevboard is read just like the
standard kevboard in an Apple e, and is not subject to the Apple Desktop Bus prowcols,

Reading the keyboard

The ADB microcontroller generates all 128 ASCI codes, so all the special character codes in
the ASCIT character set are available. Application programs obtain character codes from the
keyboard by reading a byie from the keyboard data location shown in Table 6-2 (the
Keyhoard Data register).

= Table 6-2 Kevhoard Data locations

Locatim
Hox  Dee Description
SCO00 49152 Keyhoard Data register and strobe
SCO10 - 49168 Any-key-down [lag and clear-strobe switch

Your programs can get the code for the kst key pressed by reading the Kevhoard Dt
register locited a1t SCOO0. Table 6-2 gives this location in two different forms: The
hexadecimal value, indicated by a preceding dollar sign (8), is used in assembly language; the
decimal value is used in Applesoft BASIC,

The low-order seven bits of the byte at the kevboard data location contain the character
code; the high-order bit of this byte is the strobe bit, described below,
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Your program can find out whether any key is down, except the Reset, Control, Shift, Caps
Lock, Command, and Option keys, by reading from lecation 49152 (8C000), The high-order
bit (bit 73 of the byvie vou read at this location is called any-key-domwn; itis 1o key is down
and 0 if no key is down. The value of this bit is 125; if 4 BASIC program gets this information
with a PEEK, the value ts 128 or greater if any key is down, and less than 128 if no key is
down.

The strobe hit is the high-order bit of the Keyboard Data register. After any key has been
pressed, the strobe bit is high. It remains high until you reset it by reading or writing at
location $CO10. This location is 4 combination lag and soft switch; the lag tells whether any
key is down, and the switch clears the stobe bit, Tn this case, it doesn’t matter whether the
program reads or writes, and it doesn’t matter what data the program writes: The only action
that occurs is the resenting of the kevboard strobe. (See the Apple s Firmmare Reference
for information on firmware for reading the kevhoard.)

*  Mote: Any time vou read the any-key-down flag, vou also clear the keyboard strobe, If
your program needs 1o read both the lag and the swobe, it must read the strobe bit first.

After the keyboard sirobe has been cleared, it remains low until another key is pressed. Even
alter you have cleared the strobe, you can still read the character code ar the keyhoard
location. The data byte has a different value, because the high-order bit is no longer seq, but
the ASCI code in the seven low-order bits s the same until anather key is pressed. Appendix
[} contains the ASCIL codes for the keys on the kevboard.

There are several special function keys that do not generate ASCI codes. For example,
pressing the Control, Shift. or Caps Lock key directly alters the character codes pro<duced by
the other keys. In the Apple [1Gs, you can determine the state of these modifier keys by
reading the modifier key register within the ADB microcontroller, described later in this
chapter.

The Control-Command-Reset key combination is different from all other key combinations
on the ADB keyboard in that it generates 2 special key code. When the ADB microcontroller
detects the reset key combination, the program currently running in memory is halted and the
system asserts the RESET line and restans the computer. This restarting process is called the
resef ronttne, (To read about the reset routine, see the Apple HGs Fimuare Reference)
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The ADB microcontroller

The ADB microcontroller is an intelligent controller IC that oversees the Apple Deskiop Bus,
The M50740 microcontroller uses a superset of the 6302 instruction set, and contains 96 hytes
of RAM and 3K of ROM. The ADB mictocontraller operates asynchronously, transmitting
commands and data to and receiving data from the bus devices, To ensure comparibility
with furure versions of ADB, use the ADB commands in the ROM toolbox o communicate
with the ADE. To find out how 10 use the wolbox in the system ROM, see the Apple los
Toolbooe Reference,

The ADB GLU

The ADE General Logic Unit (GLUT works together with the ADB microcontroller o fom an
intelligent input-device interface, The ADB GLU, located on the main logic bourd, uses two
independent data buses that serve as 2 communications interfuce between the ADB
microcontroller and the system bus. This interface is accomplished by using multiple internl
read/wrile registers to store keyboard dara, key modifiers, mouse X and ¥ coordinates,
command data, and status information

The ADB GLU registers

The ADB GLU contains five data and control registers, These registers are used for storing
keyhoard data and commands, key modifiers, meuse X and Y coordinates, and status
information, The registers are

s ADEB Command/Data register {50026

w  Reyhoard Dara register (SCOO0

s Modifier Key register (SC025)

»  Mouse Data register (5C024)

= ADB Status register (3C027)

All registers except the status registers have o statas flag that s set to 1 when the register is
wrillen 10, and cleared to 0 when the register is read. Each of the daia registers also has an
mnterrupt flag that generates system imerrapts, if interrupts are enabled, These status and
interrupt flags are located in the status register. These regisiers are described in the following
sections
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ADB Command,/Data register

The ADB Command. Data register is a dual-function register used o communicate with ADB
devices. To send 4 command 10 a device on the bus, write the command byte 1o this register
ar address $C026. To check the staws of an ADB device, read this register at the same
address. Figure 6=+ shows the format of the ADB Command ' Data register when it is read.
Table 6-3 gives a description of cach hit,

s Figure 6-4  ADD Commind/Daui register ar $C026

Lrls]s

1{af2]efo]
L

Hesponse status

Abort/ CTRLETH flush —

Reset key sexuenoe

Ruffer Mush key sequence —

Senvice reguest vilid —

Number of data bytes reumist —

Keyboard Data register

The Keyboard Data register contains the ASCIT vilue of the last key pressed on the
keyboard. The high bit is set when a new key has been pressed. Figure 6-5 shows the format
of this register. Table 04 gives a description of each bit.

= Figure 6-5  Keyboard Duta register at SCO00
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= Table 6-3

Bits in the ADB Command/Data register

Value

Description

—d

2-0

When this hit is 1. the ADB microcontroller has received a
response from an ADB device previously addressed.
Nov response,
When this bit is 1, and only this bit in the register is 1, the
ADB microcontroller has encountered an error and his
reset itsell. When this bit is T and bit 4 is also 1. the ADB
microcontroller should clear the key strobe (hit 7 in the
Kevhoard [ata register ar SCO00),
When this bit is 1, the Control, Command, and Reser keys
have been pressed simultaneously. This condition is usually
used 10 initizte a cold start up.
Reset key sequence has not been pressed.
When this bit is 1, the Control, Command, and Delete
keys luve been pressed simultaneously. This condition
will result in the ADB microcontrofler's llushing all inernally
buffered commands
Buffer fush key sequence has not been pressed.
When this it i5 1, 2 valid service request is pending, The
ADE microcontrofler will then poll the ADB devices and
determine which has initiated the request,
Nov service request pending,
The number of data bytes to be returned from the device
is listed here.

Bits in the Keyboard Data register

Modifier Key register

The Modifier Key register contains hits that refleat the status of the modifier keys. These
keys include the sandard Shift, Control, Command, and Caps Lock keys, as well as keys on
the numeric keypad. Figure 6-6 shows the format of this register. Table 63 gives a
description of each bit.

= Table -5 Rits in the Modifier Key register

Bit Value Description

Value

Description

This bit is 1 when a key has been pressed, and indicates
that the ASCII value in bits 6 through 0 are valid. This bit
must be cleared after reading the data by reading or
writing to any address from $CO10 through $CO1F.

ASCI data from the keyhoard.
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k/ 1

When this bit is 1, the Command key has been pressed,

0 When this bit s 11, the Command key has not been pressed.
i 1 When this bit is 1, the Option key has been pressed.
i} When this bit s 0, the Option key has not been pressed.
3 1 When this bit is 1, the modifier key latch has been
updated, but no key has been pressed.
(K] =
4 1 When this bit is 1, @ numeric keypad key has been pressed,
i When this bit s 0, a numenc keypad key has not been
pressed.
3 1 When this hit is 1, a key is being held down.
1] When this bit s (, no key is being held down,
2 1 When this it is 1, the Caps Lock key has been pressed.
0 When this bit is 0, the Caps Lock key has not been pressed.
1 1 When this bit is 1, the Control key has been pressed.
1] When this bitis 0, the Control key has not been pressed,
1 1 When this bit is 1. the Shift key has been pressed,
il When this bit is 1), the Shift key has not been pressed.

Mouse Duta register

The ADB mouse, when moved, generates movement data that are transmitted 1o the host,
These data, along with the mouse button status, are available in the Mouse Data register.
Figure 6-7 shows the formut of this register. Table 6-6 gives a description of each bir.

*  Nofe Read this register only twice in succession. The first read refumns
Y-voordinate data, and the second read retums X-coordinate data, Reading this register
an o number of tmes will result in o rndom movement of the cursor.
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» Figure 6-6  Modifier Key register a1 $C023
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= Figure 67  Mouse Dat register at 5C024
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= Table 6-6 Bits in the Mouse Dt register

it Withse Descriprion
7 1 Current mouse status: When thes bit s 1, the mouse button
is up.
] When this bit is 0, the mouse button 1s down.
s 1 Dl sign bit: if this bit is 1, the delta value is negative,
il If this bit 15 41, the delia value is positive.
=0 - The relative mouse movement data are relurned here.
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ADB Stams register

The ADB Status register, located at SC027, contains fags that relate 1o mouse and keybaoard
data and status, Figure 6-8 shows the format of the ADB Status register, Table 6-7 gives a

description of each bit.

s Figure 6-8  ADH Status register at 50027
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= Table 6-7 Bits in the ADH Satus register

Description

Bit Value
7 1
0
0 1
1
3 1
1]
i 1

When this bit is 1, the Mouwse Data register ar $C024 is full
tread-only bity

When this bit is 0, the Mouse Data register is empty.

When this hit is 1, the mouse intermapt is enabled

(read ‘write bit), and an interrupt is generuted when the
Mouse Data register contains valid data,

When this bit is 0. the mouse interrupt is disabled.

When this bit is 1, the Command./Data register contains
valid data (read-only bit

When this bit is 0, the Command/Data register contains no
valid data,

When this bit is 1, the Command/ Tt interrupt is enabled
(read/write bit), and an intermupt is generated when the
Command/ Thata register containg valid data.
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= Table 6-7 Bits in the ADB Status register (Continued )

Bit Value Description
0 When this bit is 0. the data interrapt is disabled,
3 1 When this bit is 1, the Keyboard Dara register is full (read-

only bit), This bit is set when the Kevboard Dt register is
wrilten (o,

0 When this bit is (1, the Keyboard Data register is empty.
This hit is cleared when the Keyboard Dara register is read
or the ADB Status register 15 read,

2 1 When this bit is 1, the kevboard data interrupt is enabled

{read write hit), and an interrupt is generated when the
Keyhoard Data register contains valid data

1 When this bit 15 4, the kevboard data interrupt is disabled.
1 1 When this bit is a 1, mouse X-coordinate data is available
in the Mouse Dara register (read-only bity
0 When this bit is a 0, mouse Y-coordinate data is available
in the Mouse Data register,
0 1 Command register full (read-only bit). This bit is set when
the Command /Data register s written 1o,
0 Commuand register empty. This bit is cleared when the

Command, Trata regisier is read

= Figure 6-9  Hit representation via duty-cvele modulation
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Bus communication

The host communicates with the devices on the bus by sending commands and/or datg o a
device, A device may respond 1o commands by sending data back to the host. This form of
communication uses strings of bits, each making up a packer. A data transfer or transaction
consists of 4 complete communication between the host and 2 deviee; for example, it may
be o commund packet sent by the host to request dati from a deviee, followed by a data
packet sent from the device to the host, Depending upon the tvpe of command sent by the
host, the device will send twio o eight data bvtes back.

Figure 68 shows how duty-cycle modulation represents hits on the bus. A low period of less
than 33 percent of the bitcell time is interpreted as a 1 A low period of greater than 63
percent of the bit-cell ume is interpreted as a 1.
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Commands and global signals

Communications on the bus ans of two types: Commands that are sent by the host 1o a
specific device, and global signals that instruct all devices w perform a predefined function,
The four commands in the commaned set ane

m  Lisien

w Tulk

= Device Resel

w  Flush

Certan signals, however, are neither commands nor data transactions, These ane special
signals that the host or a device uses 10 broadeast status globally o all deviees on the bus,
There are four signals in the global signal group:

u  Altention

= Syme

s Global Reset

s Service Request

The: following paragraphs describe each of these device commands and global signals

Transactions

A transaction is a hus communication between the host and a device, or vice versa, A
command {(Listen, Talk, Device Reset. Flush) initiates 2 transaction. A trnsaction consists
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of & command packer sent by the host followed by a data packet of several bytes by either
the host or a device. A command packet consists of

w dn attention/sync signal

s one command byte

s one stop bit

A data packet consists of

m a start hit

w two to gight (8-bit) data bytes
= one stop bit

Figure 6-10 shows a typical transaction on the Apple Deskiop Bus, consisting of a command
packer followed by a data packer.

= Figure 6-10 A typical transaction
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To indicate the end of the command packet, the command ends with a stop bit after the
last commund bit-cell. Then the transaction is complete and the host reeases its conrol of
the bus. (The bus is alwavs Aoating in 4 high state until 2 device or the host initiates a
transaction.) The identical scheme is used for the data packet.

Newe that the stop-bit-to-stan-hit time is critical; the host requires this minimum
twrnaround delay o allow for internal overbead, Table 6-8 lists the timing maximum and
minimum parameters for ADB signals,
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s Table 6-8 ADH timing specifications

Paramter Miminwmm Maxinmny Unit

Bit-cell time To L40 microseconds

0 low time (] 7 percent of hit-cell time
17 low time 0 40 percent of bit-cell ime
Antention Sl 1040 microseconds

Global Reset 28 5.2 milliscconds

Syne i) 70 percent of hit-cell fime
Service request 141} 200 microseconds

Stop bit to swart bit time 140 260 microseconds
Commands

A command is sent by the host 1o one specific device address, Only the host can send
comminds, There are four commands: The Talk command is used to acquire data from a
device; the Listen command is used o plice data in a device register or o get 2 device o
perform some new function; the Device Reset command refnitializes the device; and the
Flush commund is device specific

A commund is an 8-bit word thart has o specific syntax Gas shown in Table 0-90;

m A d-hit field that specifies the address of the desired device, (The addresses range from O
through 15 laddress hits 3 through 0]

n A bt command and register address code,

*  Nofe: To allow for future expansion of the command structure, Apple Computer, Inc. has
reserved a group of instructions that are currently treated as no-ops (no operation
performed), Use of commands not listed will result in possible incompatibility with
future Apple products.

Talk

The Talk command is a request of the device 1 mansmit the contenis of one of the device's
registers (0 through 31 When the host addresses a device 1o Talk, the device must respond
with dlata before the host times out (does not receive data within the specitied time). The
selected device performs its data transaction and releases the bus,
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s Table 6.9 Command byie syntax

Command  Heglster
Device address ool cosle

Bit 7 6 5 4 3 2 1 0  Command

X x x x 0 0 v 0 Send Heser
Ay Ap Ap A O 0 01 Tlush
X x x x 00 1 0 Reserved
x X % x 00 1 1 Peserved
X % % x 0 1 x x  Reserved
Ay Ay A Ay 1 O o Listen
A4 A A 11 o Talk

M = fymomed; r= register pumber; A3 through A0 = hits 11 throogh 8 of regisces 3

Listen

The Listen command is a request of the device o store the data being transmitted in one of
the internal registers (0 though 31 When the host addresses o device 1o Listen, the device
receives the next data packet from the host and places it in the appropriate register. After
the stop bit following the data is received, the transaction s complete and the host neleises
the bus. If the addressed device detects another command on the bus befure it recefves any
data, the original transaction is immediately considered complete,

Send Reset
When a device receives a Send Reser command, it will clear all pending operations and data,

and will initialize to the power-on state. The Send Reset is not device specific; it is sent 10
all devices om the bus simulancously.

Flush

This is a device-specific comman thar will clear all pending commands from the device,

Broadcast signals
Broadcast signals are transmitted on the bus but do not address any specific device. This

way, all devices receive the signals and respond simultaneously. There are four hroadeast
signals: Ariention, Syne, Global Reser, and Service Request,
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Attention and Sync

The stan of every command is indicated by a long low Atention signal that the host sends on
the bus. This signal is followed by a short high Sync pulse thar signals the beginning of the
initial bus timing. The falling edge of the sync pulse is used as a iming reference, afier which
the first command hit follows. Figure 6-11 shows the format of the Attention and Syne
signals.

= Figure 611  Attention and Syne signals
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Global Reset

When the bus is held low for a minimum of 2.8 milliseconds. a Global Reset is initiated, Only
the host may issue this signal, which forces all bus devices 10 reser. Note that the Global
Reset signal differs from the Device Reset command: The Device Reset command addresses
one specific device, and resets that device, The Global Reset signal is received by all devices
and forces all devices to reset.

Service Request

A Service Request signal is used 1o inform the host that 1 device requires service, as, for
example, when there are data 1o send w the host. Only a device can issue a Service Request.
Following any command packet, a requesting device can signal 3 Service Request by holding
the bus low during the low portion of the stop bit of the last command transaction. Holding
the bus low in this manner lengthens the stop by a minimum of 140 microseconds beyond its
normal hit-cell boundary, Figure 6-12 shows the formut of the Service Request signal,
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= Figure 612 Service Request
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A device will signal a Service Request repeatedly until it is served. When a device has
requesied service (an which point the host does not know which device sent the request,
thie host will poll ecach of the devices by sending 2 Talk regisier 0 command (discussed later in
this chapter, beginning with the last aetive device, Only the device that has data 1o send
(the device that sent the Serviee Request) will respond e the Talk command,

When the hast commands the requesting device (o Talk, the device is considered served and
does not send @ Service Regquest signal again until it needs 1o be served again, The host can
enable and disable the ability of a device w send 2 Service Reguest at any time. ADB mouse
devices are prohibited by the Apple 1165 from issuing Service Requests. All other ADB
devices may wssue Service Requests, as long as the device has not been prohibited from
sending a Service Request. (See description of register 3, fater in this chapter.)

Apple Desktop Bus peripheral devices

All devices on the Apple Deskiop Bus are slaves; only the host (the computer) may send
commands. Devices transmit on the bus only after they have been requested by the host

A device that receives a Talk command (and has data 1o send) sends the data and then
redeases control of the bus, 1f a device has been addressed but has no data o send, it does
not respond and allows the host to time out (waiting for dats, none amives). The host may
also send a Listen command 1o the addressed device followed by dat in a separate packet.

Error conditions
11 the bus level remains Tow for o significant tme penod, all devices reset themselves and

output a 1 IF & command transaction is incomplete by staving high bevond the maximum
hit-cell time, all devices ignore the command and wait for an Attention sigal.

Chapier 6 The Apple Deskiop Bus

Device registers
All devices have four locations to recerve data, These are
u  Register 0
Talk: Drata register, device specific
Listen: Drata register, device specific
= Register 1
Talk: Data register, device specific
Listen: Duata register, device specific
= Register 2
Talk: Data register, device specific
Listen: Status or data, device specific
= Register 3
Talk: Status information, including the device address handler
Listen: Status information, including the device address handler

Register 0

Register 0 is a data register and contains data that will be sent 10 the host in response 1o a
Talk register O command, Figures 6-13 and &-14 show the format of register 0 as used in a
keyboard and 2 mouse device, and Tables 6-10 and 6-11 deseribe each bit in these registers.
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= Figure 6-13  Keyboard register (1
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= Table6-10  Rits in kevhoard regisier 0
Bii Value Description
15 1 Key released indicator: When this bit is 1, the key
represented by keyeode 2 is up,
L When this bit is 0, the key represented by keveode 2 is
down.
14-§ - Reyeode 2: The 7-bit ASCIT value of the last key pressed.
7 1 Key released indicator; When this bit is 1, the key
represented by keyeode 1is up.
0 When this bit is 0, the key represented by keveode 1 is
down.
(=0 - Keyeode 1: The T-bit ASCI value of the last key pressed,

Chapter 6 The Apple Desktop Bus
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= Figure 6-14  Mouse regisier [}
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= Table 6-11 Bits in mouse register 0
Bit Value Description
15 1 Button pressed indicator: When this bit s 1, the mouse
hurton is up.
] When this bitis 4, the mouse button s down,
14 1 Movement indicator: When this bit is 1, the mowse has
moved up along the ¥ axis.
i When this bit is (1, the mouse has moved down along the Y
axis.
13-8 - Y movement value: This field contains the value of the
refative mouse movement along the Y (vertical) axis.
7 - Alweaysa .
o 1 Movement mdicator: When this bit is 1, the mouse has
moved left along the X axis,
[ When this bit is 0, the mouse has moved right along the X
axis.
5= - X mowement value: This field contains the value of the
relative mouse movement along the X {horzontal b axis.
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Register 1

Register 1, like register 0, is a data register, but it fs device specilic. The function of this
register is not defined for use by the ADB protocal, but it may be used by the application
program for any data function.

Register 2

This register is a data register and is device specific. In response 10 the Talk register 2
command, the device will send the contents of this register onto the bus. In response to the
Listen regisier 2 command, the device will store the data sent to the device, as defined by
the device's specification.

Register 3

This register is a status and commane register that contains i handler code and the device
address. The host may change the contents of this register with a Listen register 3 comman,
Figure 6-15 shows the format of register 3, and a description of each bit follows in Talle 6-12

s Figure 6-15  Device register §
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= Table 6-12 Bits in device register 3

Bit Value Description

15 -
14 1

Reserved: must be 0,
Exceptional event, device specific. In the ADB kevhaard,
this bit indicaines that the Reset key has been pressed.
0 Noexceptional event has oocurred,
13 1 Service Request enable: When this bicis 1, the device may
IRinsmit & Service Request. See the section “Service
Request Enable/Disable,” later in this chapter, for more
detiils on this function.
1] When this bt is 0, the device may not (ensmit 2 Service
Request.
Reserved; must be 0
Device address: This field contains the device's unigque hus
adddress, The possible addresses are listed in Table 6-14.
Device handler: This field contains the special handler
code that defines the function of the device. See the next
section, “Device Handlers,” for a list of unique handlers.

12 =
T8 -

Device handlers

Device handlers provide a means for a device 1o function in more than one manner. By
sending a new handler 1D, the device can be instructed 1o peform a new function,

There are two kinds of handlers: reserved, and all others. There are four reserved device
handlers, listed in Table 6-13. Other handlers may be used for specal device functions, but
new device handlers defined by third-pany developers must first be registered with Apple
Computer, Inc

Upon recedving o reserved device handler, the device will immediately perform the new
function. The device will not store the reserved handler in register 3 only device-defined
handler codes are stored. Al unrecognized handlers ane ignoned.

Device addresses
Each peripheral deviee is preassigned a 4-bit command address, which wenufies its device

type. For example, all relative devices, such as a mouse, power up al address 4. Most devices
have movable addresses. That is, the host can assign a new address o the device. The host
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= Table 6-13 Reserved device handlers

Handler Diefinitien

SFF Initiates a self-test in the device.

AFE As Listen register 3 dana, instruces the deviee to change the address field o
the new address sent by the host if no collision has been detected.

SFD As Listen register 3 data, instructs the device to change the address held 1o
the new address sent by the host if the activator is pressed.

S04 As Listen register 3 dat, instructs the device to change the address and
enable fields 1o the new values sent by the host

S0 As data sent in response to 2 Talk register 3 commuand, indicates that the

device failed a seli-lest

must assign a new address when two devices have the same default address (such as two
mewise devicesk, one must be moved to 1 new address. A device will always default to its
assigned address upon power-on or after it detects an ADB reser. Curently, eight addresses
are predefined or reservied. The other eight addresses are available for movable devices. This
mesns thit ADB can support up 1o nine mouse devices, kevhoards, or graphics blets a the
same time, each one with 2 unique address, Tahle 6-14 lists all the possible device addresses.

= Table 6-14 Device addresses

Device Device
Address class pe Example
S0 Reserved - -
§iil Reserved - -
s02 Encoded devices  Movahle Reyhouard
§013 Relative devices Movihle Mouse
§il4 Absolute deviees  Movahle Graphics tahler
§05 Reserved - =
SHify Reserved - -
s07 Reserved - -
SiIR Soft address Movable Any
SO0 Soft address Movable Any
SOA Soft address Muowable Any
SOB Soft address Movable Any
A0C Soft address Movable Any
SD Soft address Movable Any
SOE Soft address Movable Any
L0F Soft address Mavahle Any

Chapter 6 The Apple Deskiop Bus
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Collision detection

All devices must be able 1o detect collisions, If a device is attempting to output a bit and
the data line is forced low by another deviee, it has lost a bit in collision with the other
device. IF another device sends data before the device s able 1o assen its start bit, it has

dlara that were being sent. A device sets an internal g if it loses a collision,

*  Mole: Devices using internal clocks that operate within 21 percent should attempt 1o
assert their start bit ar @ random vime within the limits of the bus wenaroond time.

Toaid in collision detection, the address ield of egister 3 is replaced with a random number
in response o a Talk register 3 command, A device will change its device address 1o this new
address as long as it has not detected a collision. A device that has detected a collision will
not change its address during the nest Listen negister 3 command,

At the systems level, a host can change the addresses of normal devices by using this
technique, By issuing o Tulk register 3 command and following it with a Listen B3 command
with a new address in bits 8 to 11 of the data packet, the host moves all devices that did not
detect a collision 1o the new address. Typically, only one device will not detect 3 collision.
This technigue can be repeated at new addresses unnil the response to the Talk register 3
command is a time-out (no response), This process can be used 1o identify and relocare
multiple devices of the same type afier system initialization,

A normal device may have an optional activator on it The activator can be a special key on a
kevhaard or i mouse bunton, Al the application level, addresses can be changed by the
host's displiying a message requesting a user o use the activator (hold down 1 key). By using
the Listen register 3 command, the host can move the device with the activator pressed 10 a
new address. This method can be used by an application program 1o identify and locate
individual devices in multi-user applications. Also, cenain reserved handlers are used to
facilitare both address-changing methods.

Service Request enable/disable

It is possible to control the ability of a device 1w ransmit a Service Request, To disable a
device's ahility to send a Service Request, set bit 12 in register 3 10 0. 10 enable i1, set this bit
to 1. This feature is useful in an application where the Service Request response time in a
polled system is longer than desired. When only specific devices are required for an
application, the others can e disabled,
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1 MB Apple IIGS

The 1 MB Apple 1168 main logic board includes o redesigned ADB microcontroller, This 1€
has RAM expanded to 96 bytes, and ROM expanded o 4K The new ROM code suppons
sticky keys and the ADB mouse functions. This information is provided here for developers
wha may have need 1o provide these functions in a third-party ADB device, For complete
instructions on using sticky keys and ADB mouse, see the Apple las Owner's Guide.

sticky keys

The new ADB microcontroller provides 4 new feature useful to anyone who is limited 1o
pressing only one key at a time. By enabling sticky keys, anv combination of modifier keys
(Shift, Command, Option, Control) can be achieved by pressing the kevs sequentially rather
than simultaneously, Table 6-13 lists these functions and the action required 1o implement
each,

= Table@15  Sticky kevs functions

Funetion Action

Enable sticky keys Press Shift key five times

Enuble o modifier key Press the modifier key once

Lock down modifier key Press the modifier key mwice

Disable a modifier key Press the modifier key a total of three times
Disable sticky keys Press Shift key five times

ADE mouse

The ADB microcontroller provided with the | MB Apple 1168 includes the ADB mouse
feature, This feature allows users 1o use the numenc kevpad on the ADB kevhoard to contral
mouse functions. Figure 6-16 shows the key functions, and Table 0-16 lisss the mouse
functions and the keys that implement these functions,
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= Figure 6-16
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= Table 6-16  ADB mouse functions
Funciion Action

Enable ADE mouse.
Click mouse button,

Lock down mouse button.

Release mouse hamon,
Click second mouse button.
Lok down second button,
Release second button,
Set cursor increment,

Set cursor default

Disable ADB mouse.

Press Shift-Command-Clear key sequence.
Press keypad 5.

Press keypad 0.

Press keypad decimal.

Press keypad “=",

Press keypad =",

Press keypad /"

Press keypad =+ followed by (-9,

Press keypad " mwice

Press the Clear key.
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= Figure 7-1 VO components of the Apple 11Gs described in this chapter
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The disk port

The Apple 1165 uses o disk-port connector, locited on the back of the computer, which is
compatible with all 35-inch Apple 1 disk drives and most 5.25-inch Apple 11 disk drives. The
firmwire routines within the ROM make communicating with the disk drives reliable and
consistent.
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A Warning \'sing means other than documented eniry points and Apple las ROM
firmware mutines to communicate with the disk drives is extremely
dangerous, Not enly do vou run the risk of crashing the operating system,
but the potential for damaging data on your system disk is high. It is
recommended that you use firmware calls when accessing all disk devices
connected to vour Apple [IGs, a

Apple 11 compatibility

The Apple 165 uses the same disk drive interface as the Apple e and e, Programs wrillen
for hoth of these earlier computers will run on the Apple 1165, The fimmware recognizes
FroD0S block device calls and SmartPort interface calls 1o both the Apple UniDisk™ 3.5-
inch and Apple DucDisk® 5.25-inch disk drives,

T fined out how 10 use the ProDOS block device calls, see the ProDOS 8 Technical Reference
Manual. To find out how o use the SmarPort interface calls, see the Apple ligs Firmware

Reference.

The disk-port connector

The disk-port connector s located at the rear of the Apple 1168 case. Tt is o 1%-pin
connector. Figure 7-2 shows the connector. Tahle 7-1 gives a description of each pin.

s Figure -2 Disk-porl connector
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»  Table 7-1 Pins on the disk-port connecior

Fin Signal Description

1,23 GND Ground reference and supply
4 3 5DISK 3.5- or 5.25-inch drive select
5 -1V =12-volt supply

6 +5V +5-vall supply

7.8 +12V #12-volt supply

9 DR2 Drive 2 seleat

10 WRPROTECT  Write-protect input

11 Phase () Motor phise (F output

12 Phise 1 Mator phase 1 output

13 Phase 2 Motor phase 2 outpur

14 Phase 3 Motor phase 3 output

15 WREQ Wnle request

16 HDSEL Head select

17 DRI Drive 1 select

14 RDDATA Read data input

19 WDATA Wreite dara cutpu

A Warning The power connections on this disk port are for use by the disk drive
only. Bo not use them for any other purpose. Any other use of these
connections may damage the computer's voltage regulator, &

The Disk Interface register

The Disk Interfuce register (SCO31) serves as a control register for the disk drive, By writing
tor this register, you select the pe of disk drive being used and the side of the disk o be
accessed,

This register uses only two bits, which are hoth cleared on reset, When the Disk Interface
register is read, s are returned in the unused positions {bits 5 through 0). Figure 7-3 shows
the format for this register. Descriptions of each bit are listed in Table 7-2

A Warning He careful when changing hits within this register. Use only 2 read-
midify-write instruction sequence when manipulating bits. See the
waming in the preface. a
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= Figure 7-3 Disk Interface register at SCO31
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# Table 7-2 Bits in the Disk Interface register

The TWM contains several registers that allow you o control disk access:

n  the Mode register

» (he Stats register

& the Handshake register

w the Data register

The PWM is mapped s an internal device with soft switches at addresses SCOED through

$COEF, These are the same addresses as in the Apple lc. Table 7-3 shows these locations and
their functions,

= Table 7-3 Disk-pon soft switches

Bit Value Description
7 1 Read ‘write head select hit A 1 in this position selects
head 1.
0l A selects head (1
fi 1 Disk drive select bit: A 1 in this position selects 3.5-inch
disks.
I A 0 selects 3. 25-inch disks
50 - Reserved: do not modify,
The TWM

The disk-port interface is enhanced by the Integnited Woz Machine (TWM), which simplifies
the microprocessor's task of reading and writing serial group-code recording (GCR) encoded
data to and from the disk drives, To perform disk operations, the microprocessor simply
reads or writes control and data bytes 1o or from the TWM

A Warning Writing directly to the TWA is extremely dangerous. Not only do you run
the risk of crashing the operating system, but the potential for damaging
duta on your system disk is high. 1t s recommended that you use
firmware calls when accessing all disk devices connected to your
Apple 1G5, &

The WM contains several typical disk support circuits, which make writing data to the disk
possible. These are the discriminator, the phase-locked loop, the data separator, and the
write current circuilry.
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Address Description

SCOED Stepper motor phase O low
SCOEL Stepper motor phase O high
SCOE2 Stepper motor phise 1 low
SCOE3 Stepper motor phase 1 high
SCOE4 Stepper motor phase 2 low
SCOES Seepper motor phase 2 high
SCOER Stepper motor phase 3 low
SCOE? Stepper motor phase 3 high
SCOES Drrive disabled

SCOE9 Drive enabled

SCOEA Drive 0 select

SCOER Drive 1 select

SCOEC 36 select bit low

SCDED Q6 select bit high

SCOEE 7 select bit low

$CDEF Q7 select bit high

Soft switches Q6 and Q7 are select bits for accessing registers within the IWM. By setting or
clearing the Q6, 7, and spindle motor switches, you may read or write to one of the internal
WM registers, as listed in Table 7-4.
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= Table 7-4 WM stites

Spindle
o7 471} motar Ohperation
0 0 1 Resad Dxata register
i] 1 X Read Status register
1 i % Read Handshake register
1 1 0 Write Mode register
1 | | Write Data register

The drive-enahle soft switches and the drive-seleat switches control the stare of the disk-
select signuls DRI and DR2 locaed at the disk-port connector. Table 7-5 shaws how these
soft switches determine the state of the disk-selea signals

= Table 7-5 Controlling the disk select signals

soft swiches sk port signals
SCOER  SCOEY  SCOEA  SCOER DRI DR2
1 - - - 0 1]
= 1 1 - 1 0
& 1 - I 1] 1
The Mode register

The Mode register 15 a write-only register and contains bits that contol the state of the WAL
These bits arc shown in Figure 7-4. Table 7-6 gives a description of these bits. To write 1o the
Moxle register, set the appropriate soft switches required to access the Mode register. (Sew

Table T-+.1 Writing 10 any odd WM address (SCOED through SCOEF) will wriie (o this register.

®  MNofe: Witing o the Mode register will succeed only after the one-second timer has
timed out.
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»  Table 7-6 Bits in the Made register

Bit Value Description
7 - Reserved; do not modify.
63 - Reserved; always write 0,
4 1 B-MHz read-clock speed selected,
L T-MHz read-clock speed selecled. Set this bit 10 0 for all
Apple 1165 disk accesses,
b 1 Bit-cells are 2 microseconds; used in accesses to Apple
3.5-nch drives,
il Bit-cells are 4 microseconds; used in accesses to SmanPort
devices and all Apple 3.25-inch disk drves,
2 1 One-second timer is disabled.
0 One-second timer is enabled. When the current disk drive

is deselected, the drive will remain enabled for 1 second if
this hit is set.

1 1 Asynchronous handshake protocol selected: for all except
Apple 3.25-nch Apple disk drives.
] Synchronous handshake protocol selected; for Apple
5.25-inch disk drives.
i 1 Latch mode is enabled; read-data byte remains valid for

full byte time 116 microseconds if wsing 2-microsecond
bit-cells; 32 microseconds if using $-microsecond
bit-cells).

il Lutch mode is disabled: read-data byte remains valid for
approximately 7 microseconds

= Figure 7-4 Mode register
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The Status register

The Status register is a read-only register and contains bits that refleet the current state of
the disk interface. These bits are shown in Figure 7-3. Table 7-7 gives a desenption of each
hit. To read from the Status register, set the appropriate soft switches required 1o access the
Stamus register. (See Table 7-4), Reading from any even WM address (3COED through $COEF)
will read from this register.

= Figure 7-5  Stats register
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= Table 7-7 Bits in the Status register

Bit Value Deseription

7 - Sense input line from disk device. Multifunction input; use
derermined by disk device. (Used as a write-protect sense
in some Apple disk drives.)

- Reserved, do not modify.
5 1 Fither drive 1 or drive 2 is selected and the drive motor is on.
0 Nov drive is currently selected.
4-0 1 Same a5 Mode register bits 40, (See Figure 7-4 and
Table 7-61.
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The Handshake register

The Handshake register is 2 read-only register that contains the status of the TWM when
writing out the data to the disk drive. The format of this register is shown in Figure 7-6.
Table 7-8 gives a description of the bits. To read from the Handshake register, ser the

appropriate soft switches required 1o access the Handshake register, (See Table 7-4.)
Reading from any even IWM address (SCOED through SCOEF) will read from this register.

= Figure 76 Handshake register
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= Table 7-8 Bits in the Handshake register

Bit Value Description
T ! Resd/wrrite data register 15 ready for data
0 Read write data register is full.
fy 1 N write underrun has occurred; the last write 1o the disk
drive was successful.
1] A write underrun has occurred; a recent data byte was
missed and not written 1o the disk.
50 1 Reserved: do not maodify.
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The data register

The Data register is a dual-function register. Depending on the state of soft switches Q6 and
Q7 (Table 7-3), this register functions as a Read-Data register and & Write-Data register. See
Table 7-4 for the state of these bits when reading from and writing to this register. To read
from the Dat register, set the appropriate soft switches required 1 read the Dat register,
(See Table 7-4.) Reading from any even [WM address (SCOED through SCOEE) will read from
this register. To write to the Data register, set the appropriate soft switches required 1o
write to the Data register. (See Table 7-+) Writing 1o any odd WM address (SCOE0 through
SCOEF) will write 1o this register

s Table 7-9 Pins on a serial-port connectar

The serial ports

The Apple 1Gs has two RB8-232-C serial ports located ai the back of the computer, which
provide synchronous and asynchronous serial communications, Eich of these pons may be
used to drive a modem, printer, plotier, or other serial device, or as an AppleTalk local area

network port. These serial ports are called channel A and channel B, and are virtually identical

except for the different addresses assigned 10 each. Only the firmware differs in the way the
routines utilize the hardware to provide R5-232 or AppleTalk protocol, Figure 7-7 shows the
pin organization of the serial-port connectors. Table 7-9 gives a description of the signals.

* Nofe: Remember that firmware for serial ports A and B is lecated in the ROM space for
slots 1 and 2. Because the AppleTalk firmware operates through cither port & or pon 1,
one of the slots (1 or 2) must be available 1o the AppleTalk firmwire. See the Apple Ny
Owner's Guide for details on choosing serial-pon functions from the Control Panel,

= Figure 7-7 Pin configuration of 4 serial-port connector
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Fin Signal Deseription

1 DTR Diata terminal ready

2 HSKI Handshake in

3 TX Data = Transmit data -

4 GND Ground reference and supply
5 RX Data - Receive dat -

6 TX Data + Transmil data +

7 GPl General purpose input

8 RX Data + Receive data +

Noncompatibility with ACIA

Previous Apple T computers use an asynchronous communications interface adapier (ACIA)
chip, either built imo the computer (as in the Apple He), or on @ peripheral cird (as used in
the Apple Ue), to control the serial ponts in the computer, Due to the great difference in
internal architecture of the ACIA and the Serial Communications Controller (SCC) chip,
previous Apple 11 programs that do not use the serial-port firmware calls but rather
communicate directly 1o the ACIA will be incompatible with the Apple 11Gs serial ports.
Existing Apple 1l programs not using the serial-pont rmware calls must be rewritten, using
firmware routines or SCC commands,

The Serial Communications Controller

The Apple 11Gs uses a Zilog #3530 Serial Communications Controller (SCC) chip 1o control the
two serial ports. The SCC is a programmable, dual-channel, multiprotoeol data
communications chip as well as a parallel-to-serial/serial-to-panallel converter and controfler.
The SCC has on-chip baud-rate generators and phase-locked leops, which reduce the need for
additional support circuitry. Figure 7-8 is a block diagram showing magor functional
segments of the Zilog SCC.
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s Figure 78  Zilog Serial Communications Controller chip (Reproduced by permission.
© 1986 Zilog, Inc. This material may not be reproduced without the
consent of Zilog, Inc, )

B

Trmariadl TS
I s

X LT L L
'"' L

H}‘_" ek
T

st

To communicate with the SCC, vou must address one SCC Command register and one SCC
Data register for each of the tvo serial ports. These register addresses are listed in
Tahle 7-10,

s Table 7.10 SCC Command and SCC Data register addresses

Hegister Channe] A Channel B
SCC Command SCO3Y SCO38
SCC data SCOAR SCO3A
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Through these two registers, you can access the 9 SCC read registers and the 15 SCC write
registers for cach channel, These registers and their functions are listed in Table 7-11 and
Table 7-12. Figure 79 is o diagram showing the major data paths within the Zilog $CC,

» Table 7-11  5CC read register functions

Head register  Functions

a Transmit/receive buffer stitus
External status
1 Receve stiius

Residue codes
Error conditions

2 Interrupt vectirs

3 Interrupt pending bits (channel A)

8 Receive huffer

U] Transmit and receive status

12 Hauc-rate generator time conswant, low byte
13 Baud-rate generttor time constant, high byte
15 External status

Interrupt control

* e I vou wish o use the SCC without uiilizing the firmwane routines, you must
initialize and communicate with the SCC in proper sequence. Details of how to program
the SCC may be found in the Z8530 5CC Serial Communications Controller Technical
Maneal (Seprember, 1986), from Zilog Corporation,
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s Table7-12  SCC write register functions [ = Figure 7-9  Data paths in the Zilog SCC (Reproduced by permission, © 1986 Zilog.
Inc. This material may not be reproduced without the consent of

Wrile register  Functions Zilog, Inc.)
0 Register pointers
CRC initialization | Tl Rate
Mode resets Generilor F’I'_
A
1 Interrupt conditions " | serial Dt
Wit/ DMA request control | :> Chanoel 4[5} Channel Clocks
2 Interrupt vector Intemal Chanel & e ‘"’n —
¢ E— -
3 Receive hyte format ‘b"m"k"‘ Regiders
Receive CRC enable Discreie [+
4 Transmit/receive clock rate, syne byte format ‘ = TT’ TT :> '-'rU'""“-f Status | mnm“
y
3 Transmit byte format | R CPL
= [t s L0 Ireernal His
Transmit CRC enable H
" e ; | Cortral Desreie [
6 Sync/SOLC byte format :> Cornrol & S [ |- Socem, DMA, o
8 Transmit buffer ] |—a- ) ofher Commiy
) . Inteenipt Ttz (hannel B
9 Master interrupt bits Comml o] Caneml Resgislers
Reser bits Lines  —m  Ligic e |FSerial Data
N ¢ —! " . o - ”
Imerrupt daisy chain ] ChannelB PP L Channe Glocks
10 Transmit/receive control P
3 . | +5'V GND POILK = Wil Regques
Data encoding format } 0 P <(__
11 Receve and transmit clock control i
12 Baud-rate generator time constant, low byte
13 Baud-rate generator time constant. high byte
14 Baud-rate generator control
Phase-locked loop control
Echo and loopback | The game [/O port
15 External interrupt contrel status

All Apple I computers have a game 1/0 pont to which joysticks or hand-controls can
connect. These contrals allow users to provide mechanical mput to a game program, which
analyzes these inputs and responds accordingly,

Four digital switch mnputs (SW0 through SW3) are provided, as well as four analog hand
control inputs (FDLD through PDL31 and four digital annunciator outputs (AND through AN3),
The following sections describe these inputs and outputs in detal,
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Game /O

The Mega Il supports hand-control inputs PDLY through PDL3 and switch inputs SWD through
§W3. These inputs are available through the 16-pin DIP game connector (211 located below
slot 4, and through the 9-pin connector (J9) that is lacated at the rear panel. Annunciator
outputs ANO through AN are provided by the Slotmaker IC und ane available only through
the 16-pin DIP connector, Unlike previous Apple 11 computers, the STROBE output is not
available on the game /O port, Figure 7-10 shows the two Apple [16s game connectors.
Table 7-13 lists the locations of the game 1°0 signals,

= Figure 7-10  Game 1'0 connectors

OO
OO

= Table 7-13 Game 10 signals

Fin nuiher

B
=

Signal Deseription

+3V +5 volts

SWio Switch input 0
Wl Switch input 1
W2 Switch input 2
5V +5-valt pullup

W e b e
e

0 5 PDLO Analog input 0
7 4 FDL2 Amalog input 2
b 3 GND Power and signal ground

9 - W3 Switch input 3

10 b PDLI Analog inpur 1

n 9 PDL3  Analog input 4

12 - AN3 Digital outpur 3
13 - ANZ Digital output 2
14 - AN Digital autpur |
5 - AN Digital output
1o - N.C. No connection
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The hand-control signals

Several inputs and outputs are available at the 16-pin IC connector on the main logic hoard:
four 1-bit inputs, or switches (SW0 through SW3): four analog inputs (PDLD through PDLA)
and four 1-bit ouputs (ANO through AN3), You can access all these inpurs and outputs from
your application program. Note that the SW3 input is new to the Apple llos.

Ordinarily, you connect a pair of hand controls to the 16-pin connector, The rotary controls
use two analog inputs, and the push buttons use two 1-bit inputs, But vou can also use these
inputs and outputs for many other jobs. For example, two analog inputs can be used with a
twe-axls joystick. Figure 7-10 shows the connector pin numbers,

The Apple Desktop Bus will accept ADB hand conteols, joysticks, and graphics tblets 15 well
as those keybourds and mouse devices specifically designed for the ADB. The ADB
microcontroller handles mouse and keyboard inpur devices wansparently; that is, simply
reading the standard locations will return the current values of these devices. See Chapter 6
for more information.

Annunciator outputs: The four 1-hit outputs (AND through AN3) are called anmunciaions,
Each annunciator can be wsed 1o wen a lamp. a nelay, or some similar electronic device on and
aff.

A Warning When dnving a device with the annunciator cutpus, be sure not to load
any one output with more than one standard TTL load. &

Each annunciator is controlled by & soft switch, and each switch uses 1 pair of memory
lecations, These memory locations are shown in Table 7-14. Any relerence to the lower
address of an address pair turns the coresponding annunciator off; 2 reference 1o the higher
address wens the annuncistor on. You can determine the state of only one annunciator, AN3,
To do this, read the RDDHIRES switch at location SC064 and test bir 5. 1 this bit is 2 0, then
AN is cleared, 1F this bitis a 1, then AN3 is s,

Annunciator 3 serves a dual purpose in the Apple 1168: It also serves as a switch, allowing you
1o toggle between two display modes. Refer to Chapier 4 for more information about the
role of annunciator 3 in video. Table 7-14 shows the annunciator memory locations.

Switch inputs: The four 1-bit inputs (SW0 through SW3) can be connected 1o the output of
anather electronic device or 1o a push button. When you read 1 byte from one of these
Incations, only the high-order bit—bit 7—is valid information: the rest of the byie is
undefined. The soft switch locations that reflect the stite of these switch inputs are 49249
through 49231 15C060 through SCO63), as shown in Table 7-15
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s Table7-14  Annunciator memory locations Summary of secondary I/0 locations

Annunciator Address
Table 7-15 shows the memory locations for all of the built-in 1/0 devices except the
Number  Pin"  State Hex Dee keyboard and the video display and other primary 10 locations, As explained earier, some
soft switches should be accessed only by means of read operations; those switches are
i 15 of SCIRE 4240 | mirked.
On SCIrse W4l
1 14 ofF SCISA 49242
on SCI5H L) = Table7-15  Sccondary V'O memory locations
1 14 Off SCISC 424
on SCSD 95 A
3 12 of SCOSE 9246 Soft_switch Hex Dec Definition
On SCOSF T
* Pin numbers given are for the W-pin IC conmector on the eircuil board, SPKR SCO30 49200 Toggle speaker tread only).
CLRAND SCO58 49240 Clear annunciator 0,
Analog inputs: The four analog inputs (FDLY through PDL3) are designed for use with SETAND SCO59 49241 Set annunciator 0,
150,000-ohm variable resistors or potentiometers, The variable resistince s connected CLRAN] SCOSA 49242 Clear annunciiior 1.
between the +3-volt supply and each input, so that it makes up part of a timing circuit. The SETANI SCOSB 49243 ot i Rt

clrcuit chianges stite when its time constant has elapsed, and the time constant vanies as the

- - A0 ~ s
reststance varies, Your program can measure this time by counting in 2 loop until the dreuit Cang SCG?L i lexr anmunclar 3,
changes state. or times out, SETANZ SCIBD 49245 Set annunciator 2.
) . . S ) CLRAN3 SCOSE 49246 Clear annunciator 3.
Before & program can read the analog inputs, it must first resel the liming circuits, Accessing SETANA SCISF 9247 Set annurielor 3

memory location 49264 (SCOT0Y does reset these circuits. As soon as you reset the timing

circuits, the high bits of the bytes at Iocations 49252 through 49255 (3C064 through $C06T) HUT}:? s'c‘mu ’,‘Jhﬁ Read 5“'1.“1’ 3 {read anly),
are set to 1. Within about 3 milliseconds, these bits will change back 1o 0 and remain there BUTNO 061 49249 Read switch 0 {read only).
until you reset the timing circuits again. The exact time each of the four bits remains high is BUTNI $COR2 49250 Read switch | (read only).
directly proportional 1o the resistance connected 1o the corresponding inpur IF these inputs BUTNZ SC003 49251 Read switch 2 (read only).
dre open—no resistances are connected—the cormesponding bits may remain high PADDL 5CO64 40252 Read analog-input 0,
indefinitely, PADDLI SCORS 49253 Read analog-input 1

To read the anulog inputs, use a program loop that resets the timers and then increments a PADDL2 SCOOG 49254 Read analog-input 2.
counter until the bit at the appropriate memory location changes 10 0. High-level linguages, PADDL3 SCO6aT 49255 Read analog-input 3.

such as BASIC, also include convement means of resding the analog inputs: Refer 1o vour PIRIG SC070 49204 Analog-input reset.

language manuals
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Built-in real-time clock

The real-time clock (RTC) chip provides the system with calendar and clock information as
well as parameter RAM preserved by battery power. These functions are performed through
two read/wrile registers: the control and data registers.

#  Note: The parameter RAM in the RTC is used for system purameters, and is not available
1o, nor should it be used by, programs other than the system,

The control register (located at SCO34), shown in Figure 7-11, serves o dual funetion: as the
conirol register for the RTC and as the Border Color register. Refer o “Border Color™ in
Chapter 4 for more information on controlling the color of the display horder,

Serial data communication to and from the RTC is carnied oat one byte at o ime. (The werms
regtd and orite are used in perspective of the system: A read transfers data from the clock
chip, while a write transfers data to the clock chip.) To write 10 the clock chip, the program
must lirst write the data into the Data register (SC033), then set the appropriate bits in the
control register (SCO3), To read from the clock chip, set the appropriate control registes
bits, and then read the data from the Data reglster.

& Mite: To remain compatible with future Apple 1T products, use the fimware calls 1o nad
and write data to the RTC. See the Apple flas Firmware Reference for how o use the
firmware,

A Warning e careful when changing bits within this register. Use only a read-
modify-write instruction sequence when manipulaing bits. See the
waming in the preface. a
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» Figure 7-11  Comirol register ar SC034

Boder cobor

Lzls[s[s[s]2]t]o]
Stan finished
Read write
Last by
Reserved; do not modify

= Table 7-16 Bits in the control register

Bit Value Description
7 1 A read or write 1o the the clock chip begins by setting this
hit o 1.
0 This bit is set 10 0 auomarically by the RTC when the data

exchange is complete. The program can detect that the
exchange has been completed by polling bit 7 for 4 0,

f 1 The read 'write bit: et this it to 1 prior to a read from the
RTC.
0 Set this bit t O prior to a write to the RTC
5 1 The last-byte control bit: After the last byte has been read

or written, this it must be set to 1, This lust step is
necessary 1o aveid corrupting the data in the clack chip
after the transactions are completed,

0 A data ansfer typically involves an exchange of two or
three bytes. Set this bit 1o 0 before transferring any bytes
1o or from the RTC,
4 - Reserved: do not modify,
0 - Border Color register: Sev “Border Color” in Chapter 4 for

details on selecting the video display border color.
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Chapter 8 1/0 Expansion Slots

The main logic board of the Apple TlGs has seven empty peripheral-card
connectors of slots on it These slots make it possible to add feares by
plugging in peripheral cards with additional hardware. This chapter
describes the hardware that supports these slots, including the signals
availuble ut the expansion slois. Figure 8-1 is a block diagram of the
Apple 1G5 that shows the relationship of the slors in the computer.

171

= Figure 8-1 Expansion slots and other components in the Apple s
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*  Note: The Apple G5 has seven expansion slots plus a memary expansion slot. This
memory expansion slot is not the same a5 the seven expansion slots. nor should it be used
as such. Also, the memory expansion slot is not the same as the auxiliary slot in the
Apple Tle, nor should it be used as such. The memory expansion slod is 1o be used for
memory expansion cards designed specifically for this slot. See “Memory Expansion.” in
Chapter 3, for a description of this shot.
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s Table 8-1 Expansion slot signals

The el'pﬂII.SiOﬂ slots Pin Signal Description
The seven connectors lined up across the back part of the Apple [Gs main circuit card are 1 (IOSEL Normally high; goes low during o0 when the 63C810 addresses
the expansion slots (also called peripheral slots or simply stots), numbered from 1w 7, They location $Cnxx, where n is the connector number, This line can
are 50-pin card-edge connectors with pins o 0.10-inch centers, A circuit card plugged into drive 10 LS TTL loads.*
one of these connectors has access 1o all the signals necessary to perform input and output -17 Al-ATS Three-state address bus: The address becomes valid during o)
and o execute progeams in RAM or ROM on the card. These signals are described in Table 8-1 and remains valid during of). Each address line can drive
and are shown in Figure 8-2. 2LSTTL louds.*

18 AR Three-state read/write line: Valid at the sume time as the

address bus; high during a read cvele, low during a write cvele,

» Figure B-2  Peripheral-expansion slot pins It can drive 218 TTL loads.*

19 /YNC Composite homzontal and vertical sync, on expansion slor 7

only. (This pin has no connection on the other 6 slots.) This

(N.C oot 1) DMT:: OE g ;:.HJLTW C. onslot 7) line can dnive 2 LS TTL loads.*
N o ol 1HINT I ®__‘ka 1-,.,,;,,—_. Ll /10STRB Nomully high; goes low during ol when the 650810 addresses a
o |2 B location between SC300 and SCFFF. This line can drive
my @ Ilrﬁ-\' 4 18 TTL loads.
mn & @ VT | RDY Inprun 1x the H3CELO: Pulling this line low during ol hals the
i @ @ “.'I e HICELH with the address bus holding the address of the
e —{) @__-uu—\: location currenly being fetched. This ling has a 4700-ohm
P j@% % -m pullup resistor o +5 volis,
- oy H Uz - 2 MA [nput 1o the address bus buffers: Pulling this line low during ol
ot Ih_E @ @ S di.smnmut.-& the 63C8 16 from the address bus. This line h:.lf-.;
o —@ (15} A F300-ohm pullup resistor to 45 volts,
“ & ()— At 23 INT OUT Interrupt pricnty daisv-chain auput: Usually connected 1o
L ® O pin 28 (INT IN). On slot 7 only, this pin has no connection
et —#) (12 L 2 DMA OUT DMA priority daisy-chain eupur: Usually connected 1o pin 27
.1.'“ OND 3 (DMA IND, On slot 7 only, this pin has no connection.
et -@ 10, A’f 25 +V +5-volt power supply: A total of 500 mA is availabde for all
- & @— peripheral cards,
: ® @ :f 20 GND Svstem common ground.
o —®) (3'_““— 27 DMA IN DMA priority daisy-chiain input: Uswally connecled to pin 24
o 0 @ = (DMA OUTY. On slot 1 only, this pin has no connection,
u; @ @ " 28 INT IN Interrupt prioity daisy-chain input: Usually connected to pin
n; _® G)_T 23 (INT OUT). On shot 1 only, this pin hes no connection.
e () (3 = 24 /NMI Nemmuaskable interrupt o 65C816: Pulling this line low starts
: @—'“‘— an interrupt cycle with the interrupt-handling routine at
L6 O location SO3FB, This line has a 3300-ohm pullup resistar to
+5 volts.
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= Table 8-1 Expansion slot signals (Continued}

Fin Signal Description

0 ARG Interrupt request 1o 63CRI0: Pulling this fine low starts an
interrupt cycle only if the interrupt-disable (1) flag in the
OFCB16 is not ser. Uses the interrupt-handling routine at
location $03FE. This line has a 3300-chm pullup resistor to
+5 valts,

3 JRST Pulling this line low mitiates a reset routine,

il JINH Pulling this line low during o1 inhilits { disubles) the memory
on the main circuit board, This line has 4 3300-0hm pullup
resistor 10 +3 valts,

33 -1V ~12-volt power supply: A total of 200 mA is available for all
penipheral cards,

» =5V =5-valt power supply: A total of 200 mA is available for all
peripheral cards.

35 CREF 3.58-MHz color-reference signal.: st 7 only, This line can
drive 2 LS TTL loads.*

3 M2Bi Mega I1 bank 0 signal, 256K Apple 1iGs: slot 3 only; | MB Apple
11Gs: slots 1—46. This signal is the bank address hit and is valid
only during Mega 1l accesses.

36 ™ System 7-MHz clock: This line can drive 2 LS TTL loads *

7 Q3 System 2-MHz asymmetrical clock: This line can drive 2 LS TTL
loads *

38 wl ol clock: This line can drive 2 15 TTL loads.*

k2 /M2SEL The Mega Il select signal: This signal goes low whenever the
Mega [1 is addressing a location within the 128K of Mega 11
RAM,

4l ol ol clock: This line can drive 2 LS TTL loads.*

4l /DEVSEL Normally high; goes low during o when the 65C816 addresses
location $COnx, where mis the connector number plus 8 This
line can drive 10 LS TTL loads.*

42-49 D7-Do Three-state buffered bidirectional data bus: Data become
valid duning o0 high and remain valid until o0 goes low.

Each data line can drive 1 18 TTL load *
50 +12V +12-volt power supply: A total of 250 mA is available for all

*  Loackng limits are for each card,

peripheral cards,
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Apple IT compatibility

The seven 170 slets in the Apple 1G5 are almost identical 1o the slots in the Apple He, the
only exceptions being signals /M2SEL and M2B0, /M2SEL replaces pPSYNC on pin 39, and
M2B0 is available at pin 35, only at slot 3; CREF is still available at pin 35, at slot 7.

The slots behave like their counterparts in the Apple Il with only a few differences, the most
impanant bemng the behavior of the address bus. Since the Apple 1168 computer can operate
at 28 MHz and has a 24-hit address, the address bus to the slots is not always valid as it was
in the Apple 11. The signal / M2SEL indicates when a valid address for hanks 224 or 225 (8ED or
SEI) is present on the address bus and so should be used 1o qualify any address decoding
that does not use /TOSEL Since these memory spaces contain video buffers and 10
dddresses, penpheral video cards can make extensive use of these meo signals,

Direct memory access

Direct memory access (DMA ) suppons the address rnge $00 through $4F. This means that
any peripheral card using DMA may have direct address control of all memory (main and
expansion memary ), Be sure to load the DMA bank register, located at address SCO37, with
the 8 most-significant bits of the address before performing DMA.

During DMA cycles {memory access eycles that are controlled by a DMA peripheral card), the
address bus is uened off until the bank address has been latched. When that happens, the
address bus is enabled, pointing “in” toward the FPL and 630816, The FBI decodes the
address and stored DMA bank address o determine whether the cycle is o RAM, ROM, or
Mega 11 1 the cycle is a DMA 1o the Mega 1 (or slots), the Mega 11 seledt line is asserted by
the FPL and the FPL data buffers are turned off if thee B'W line is high, If the access is 1 the
high-speed RAM, the data buffers are enubled while o0 is high.

*  Nose: To inerease read/write data timing margins o the high-speed RAMs, the FPI
genenites an early CAS (card address steobe) signal for read cveles and a late CAS signal
for write cycles. This makes read data available carlier and requires less write data setup
Hime,
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I/0 in the Apple IIGS

The input and oulput functions are made possible by buili-in 10 devices and the use of
peripheral-slot 1'0 and DMA cards, The following sections describe these carnds.

Slot 1/O cards

Most 1/ cards used in the Apple I also work in the Apple TGS, Cards that use the /I0SEL
and /DEVSEL bus signals will work especially well, because they di not have 1o deal with the
larger address rnge of the Apple [1Gs,

The 630816 processor operates with a 24-hit address; however, the 1/0 slats receive only a
1o-bit address, Therefore, cards that use the 16-bit address decode select method rather
than the /DEYSEL and /I0SEL signals will not work propery. These cards include the
muliifunction 10 cards thar emulate multiple 1O cards and most add-on RAM cards. In
generl, these types of curds will not be needed because of the extensive built-in 170 and
high-speed RAM expansion already provided,

Cards that use /INH will work properly if

w  the system is running at 1.024 MHz

w they assert JINH within 200 nanoseconds of the o falling edge

However, compitibility with this type of card must be determined on an individual basis,
berause many Monitor fimmware calls execute code in bank SFF. and many cards are not
designed 1o decode bank information.

The FPI will ignose any occurrence of /INH when the svstem ts running fast (2.8 MHz), or
when it is not in a bank where 1/0 and language-card operation are enabled. By ignoring
/INH, compatibility with existing cards is improved.

DMA cards

Miny DMA cards thar work successfully in previous Apple I models will work in the

Apple as, hut may require changes in their firmware or associated software 1o function
properly with the DMA bank register. In general, DMA cards that assert and remove the /DMA
signal within the first 120 nanoseconds of the o rising edge will probably work properly: this
allows sufficient time for /MZSEL 10 be activated by the FPL when video and 1O accesses
are reguired.

Chapter 8 10 Expansion Slots

*  Nole: Normally the system should be running at 1,024 MHz when performing DMA;
otherwise, DMA 1o 10 or Mega 11 video areas will not work properly. However, DMA can
be performed while the system is running Fast as long as the following wamings are
heeded:

= Only high-speed RAM or ROM can be accessed (access 10 170, video, or the Mega 11
banks does not work properly),

s Fast DMA may cause a repeated cycle 1o occur to the location currently being
accessed by the processor. This repetition could cause a malfunction if the processor
is accessing [0 when the DMA oceurs; however, a repeated access 1o o RAM or ROM
location will have no effect. The 63CR16 can be stopped indefinitely for DMA and
does not requine any processor refresh cveles from 4 DMA card.

Expansion-slot signals

Many of the expansion-slot signals can be grouped into three general categories:
» those that constitute and support the address bus

w those that constitute and suppont the data bus

a  those that suppor the functions of DMA and interrupts

These signals are described in the following paragrephs. For additional information, refer 1o
the schematic diagrams in the addendum at the hack of the book,

The buffered address bus

The microprocessor's address bus is buffered by two TAHCT245 ool three-state
hidirectional buffers. The 65C816 R line is also buffered, The FPI disables these buffers
when requested by any peripheral card so that peripheral DMA circuitry can contral the
address bus, The DMA address and AZRW signals supplied by a penpheral card must be
stable all during @0 of the instruction cvcle, (Refer 1o the timing diagram in Figune 8-11 shown
later in this chapter.)

Another signal that can be used 1o disable nomal operation of the Apple [16s is /INH. Pulling
/INH low disables all the memory in the Apple 1165 except the pant in the /0 space from
SCO00 1o SCFFF. A peripheral card that uses either /INH or /DMA must observe proper timing;
in order 10 disable RAM and ROM properly, the disabling signal must be stable all during o0 of
the instruction cycle. {Refer to the timing diagram in Figure 8-10 shown later in this chapter).

The peripheral devices should use /10SEL and /DEVSEL as enables, Most peripheral-card 1Cs
require their enable signals 1o be present for a certain length of time before data are strobed
intor or out of the device. Remember that /IOSEL and /DEVSEL are asserted only during o high.
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The slot data bus

The Apple 1165 has three versions of the microprocessor data bus (shown in Figure 8-3): |
= the internal data bus, DBUS, connected directly to the microprocessor and the FPL chip ‘
and all main RAM .
w  the Mega [1 data bus, MDBUS, connecting the Mega 11 VGC, Serial Communications ‘
Comtroller (SCC). Tntegrated Weoz Maching (I%M), ADB and Sound General Logic Units
(GLUs), and the Mega 1T RAM main hank

w  the slot data bus, SDBUS, common to all expansion slots

= Figure B-3  [aw buses within the Apple llcs
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The H3CR16 i fabricated with MOS (Metal Oxide Semiconductor) circuitry, so it can drive
capacitive loads of up w about 130 picoFarads. If peripheral cands are installed inall seven
stots, the loading on the data bus can be s high as 300 pF, so the T4HCT243 bulfer is used o
drive the data bus peripherabcand loads, The same situation ocowrs if vou use MOS devices
on peripheral cards: They can't provide enough drive current for the Rully loaded bus, so yvou
should ade buffers. A peripheral card must have the capacity 1o drive two 1S TTL loads per
slot pin, plus additional capacitance for the Apple 11Gs data bus.

Interrupt and DMA daisy chains

The interrupt requests (IR and /NMD and the direct memory access (CDMAD signal are
available at all seven expansion slots. A peripheral card requests an interrupt or 2 DMA
transfer by pulling the appropriate output line (pin 24 low. I two peripheral cards request an
interrupt or a DMA transfer at the same time, they will contend for the dat and address
buses. To prevent this contention, two pairs of pins on each connector are wired as a priority
daisy chain. The daisy-chain pins for imerrupts are INT IN (pin 28) and INT OUT tpin 23),
and thee pins for DMA are DMA IN (pin 27) and DMA OUT (pin 24), as shown in Figure 8-2,

Each daisy chain works like this: The output from each connector goes to the input of the next
higher numbered one, For these signals 1w be usetul for cards in lower numbered connectors, all
the higher numbered connectors must have cards in them, and all those cards must connect
DMA IN 100 DMA OUT and INT IN to INT OUT. Whenever a peripheral card uses pin /DMA. it
must do so only if its DMA IN line is active, and it must disshle its DMA OUT line while it is
using /DMA, The INT IN and INT OUT lines must b used the same way: Enable the card's
interrupt circuits with INT IN, and dissble INT OUT whenever /IRQ or /NMI is being used.

Loading and driving rules

Do not overload any pin on the expansion skots; the driving capability of each pin is listed
under each signal description in Table 81, The address bus, the data bus, and the AZRW line
should be driven by three-state buffers; remember that there is considerable distnibuted
capacitance on these buses and that you should plan on tolerating the added load of up o
st additional peripheral cards. MOS devices such as PIAs (peripheral interface adapters) and
ACLAs (asynchronous communications interface adapters) cannot switch such heavy
capacitive loads; connedting such devices directly 1o the bus will lead to possible timing and
level ermors. Buffer all MOS output signats.
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The total power-supply current available for all seven expansion slots is
w500 mA ar +3 volts

s 250 mA ar +12 volis

w200 mA at =5 vols

s 200 mA at-12 volts

The suppon circuitry for the slots is designed to handle a DC Joad of two LS TIL loads per
slot pin and an AC lead of no more than 15 pF per sot pin.

Peripheral programming

The seven expansion slots on the main logic board are used for installing circuit cards
containing the hardware and fimware needed o inerface peripheral devices to the

Apple 1Gs. These slots are not simple 10 ports; peripheril cards can access the computer’s
acldress and control lines via these slots. The expansion slots are numbered from 1o 7, and
certain signals, described below, are used 1o select 2 specific slot

Selecting a device

The Apple 1G5 supponts several built-in devices and traditional slot devices, with each
device taking up one logical stot. Each buili-in device s assigned o a slot, and peripheral
cards are plugged into any of the seven peripheral slors. However, only one device (either the
built-in device or the peripheral device) can be selected at a time for cach slot, For example,
you can choose either the peripheral device in slot 2 or the intemal device that s associated
with slot 2 but built into the main logic beard, the seral pont,

The Slot register

The Slot register, located at $C02, is used 1o select which device is enabled for each of the
seven slots, That device can be either the internal or a peripheral-cand device. I the enable
hit for 4 slot is 1, accesses for that slot's ROM space (3Cnxx) are directed to the ROM on the
peripheral card. If the enable bit is cleared, the built-in 1/0 device is selected, and the
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system ROM code associated with the slot is executed. The user can select the appropriate
slot device through the Contral Panel. The user can 4ccess the Control Panel by pressing the
Command-Contral-Esc keys simultaneously. The Slot register formar is given in Figure 84,
Table 8-2 gives a description of each bit,

*  Note: Shot 3 device hardware addresses are always wvailable. However, the slot 3 ROM
space is contralled by the SETSLOTCIROM and SETINTCIROM soft switches 1o
mutintain compatibility with existing Apple Il products.

& Warning You are encouraged not to manipulate the Slot regisier bits under
software control; you run & great risk of crashing the operating system. a
A Warning Be careful when changing bits within this regisier. Use only 4 read-

modify-write instruction sequence when manipulating bits, See the
warning in the preface. a

= Figure 84 Slot register w $C02D

[rlelsl«]af2T1To]

Slot 7 devioe sehect
Shot 6 device sefect
S 5 device seleal
Slex 4 device select
Heserved, do not modsfy
Slot 3 devive M:k'nJ

Shat 1 device seled —~

Reserved: do not modify —
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= Table 8.2 Bits in the Slot register

Hit value Deseription
7 0 Selects the intermal-device (AppleTalk) ROM code for
slot 7.
1 Enables both the slot-card ROM space (location $C700 (o
SC7FF) and 1'0 space $COFO w SCOFF.
il 0 Selects the internal-device (5.25-inch disk drive) ROM
code for slot 6,
1 Enahles hoth the slot-card ROM space (location $C600 to

SCAFF) and 1/0 space $COED to $SCOEF,

3 i Selects the internal-device (3.3-inch disk drive) ROM code
for shot 5,
1 Enables bath the slot-card ROM space (location $C500 0
SCSFF) and 170 space SCODN 10 SCODE.
i 0 Sefects the internal-device (mouse) ROM code for slot 4,
1 Enables the sloi-card ROM space (location SC400 0
SC4FF),
3 B Reserved; do not modify,
1 Selects the internal-device (serial port B, the modem pon)
ROM code for slot 2.
1 Enables both the slot-card ROM space (location $C200 to
SC2FF) and 1/0 space $COAD 1o SCOAF.
1 0 selects the internal-device (serial pont A, the printer port)
ROM cade for slor 1.
1 Enables both the slot-card ROM space Hocation $C100 1
SCIFF) and 1/0 space $CO90 to SCOYF,
0 - Reserved; do not modify.

Nt /0 space for shots 3 (SC0B0 ro SCORF1 and 4 (30000 to SCOCF) 15 always enahled

Peripheral-card memory spaces

Because the Apple 11Gs microprocessor does all its 1/0 through memory locations, portions
of the memory space have been allocated for the exclusive use of the cands in the expansion
slots, In addition 1o the memory locations used for actual 10, there are memeory spaces
aviilable for programmable memory (RAMI in the main memory and for read-only memory
(ROM or PROM ) on the peripheral cards themselves.
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The memory spaces allocated for the peripheral cards are deseribed below, These memory
spaces are used for small dedicated programs such as 1O drivers, Peripheral cards that
contiin their own driver routines in firmware are called fnfelligent peripherals, They make it
possible for you to add peripheral hardweare 1o your Apple lls without having 1o change

your programs, provided that your programs follow normal practice for data input and
outpul.

Peripheral-card /0 space

Each expansion slot has the exclusive use of 16 memory locations for dara input and output
in the memory spice beginning at location SCO90. Slot 1 wses Jocations SC0%0 through SCIOF,

;I-:; i.'! L:;ﬁ locations $COAD through SCOAF, and so on through location SCOFF, as shown in
able 8-3,

These memory locations are used for different 10 funcions, depending on the design of
each peripheral cird. Whenever the Apple lles addresses one of the 16,1/ locations
allocated 1o & particular slot, the signal on pin 41 of that slot, called /DEVSEL, switches to
the active (low) state, This signal can be wsed to enable Ingic on the peripheral card that uses

me_ four low-order address lines (A0 through A3) to determine which of its 16 140 locations is
being accessed,

= Table 83 Peripheral-card 1O memory locations enabled by /DEVSEL

Slat Locations Slot Locations

1 SC0R0-SCO9F 3 SCODO-SCODF
2 SCOA-SCOAF 6 SCOEO-SCOEF
3 SCOBO-SCORF 7 SCOFO=SCOFF

4 SCOCN-SCOCF

Peripheral-card ROM space

One 236-byte page of memory space is allocated to each secessory card, This space is
normally usexd for read-only memory (ROM or PROM) on the card, and contains driver
programs that control the operation of the peripheral device connected to the card,
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The page of memory allocated 1o each expansion slot begins at location $Cn00, where 1 is
the slot number. as shown in Tuble 8-3 and Table 8-, Whenever the Apple 1Gs addresses one
of the 230 ROM memery locations allocated to 2 particular shot, the signal on pin 1 of that
shot, called JIOSEL, switches to the active (low) state, This signal enables the ROM or PROM
devices on the card, and the eight low-order address lines determine which of the 256
memory focations is being accessed.

= Table 8-4 Peripheral-cird 1/0 memory locations enabled by /IOSEL

Slat Locations Slot Locitions

1 SCI100-8C1FF b SC300-5C3FF
2 SC200-5C2FF 6 SCOHO0-SCOFF
3 SCI0D0-SCIFF 7 SCTON-SCTFF
4 SCAD0-SCAFF

Expansion ROM space

In addition 1o the small areas of ROM memory allocared 10 each expansion slot, peripheral
cards can vse the 2K memory space from $C800 10 SCEFE for larger programs in ROM or
PROM. This memory space is called expansion ROM space. (See the memaory map in Figure 8-
7, shown later in this chapter,) Besicles being larger, the expansion ROM memory space is
always at the same locations, regardless of which slet s eccupied by the cand, making
programs that occupy this memory space easier 1 write,

This memary space is available 10 any peripheral card that needs it More than one peripheral
card can use the expansion ROM spuce, but only one of them can be active b a time,

Each peripheral card that uses expansion ROM must have @ circuit on it 1o enable the ROM.
The circult does this by o two-stage process: First, it sets d flip-lop when the /IOSEL signal,
pin 1 on the slot, hecomes active {ow), the 10OSEL signal on a panicular slot becomes active
whenever the Apple 116 microprocessor addresses a location in the 256-byte ROM address
space allocated 1o that slot. Second, the circuit enables the expansion ROM devices when
the /JIOSTRB signal, pin 20 on the slot. becomes active (low); the /TOSTRR signal on all the
expansion slots becomes active (low) when the microprocessor addresses 3 location in the
expansion ROM memory space, 3C800 to SCFFE. The /IOSTRE signal is then used to enable
the expansion ROM devices on a peripheral cand. Figure 85 shows a typical ROM enable
cireuit,
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= Figure 8-5 Expansion ROM enable circuit

1103 SELECT § riable
G

L'l .
(vosmone ) Enable 21 26 KOy
(e }—022

A program on a peripheral cird can get exclusive use of the expansion ROM memory space by
referring to location 3CFFF in its inftilzaton phase. This lociion is speciul: All peripheral
cardls that use expansion ROM must recognize a reference 1o 3CFFF as a signal 1o disable their
expinsion ROMs. OF course, doing so also disables the expansion ROM on the card that is
about to use it, but the next instruction in the initlization code sets the expansion ROM
enable circuit on the card.

A card that needs 10 use the expansion ROM space must first insent its slot address (8Cn} in
location SOTFS (known as MSLOT) before it refers w SCFFF. This allows interrupting devices
to re-enable the card's expansion ROM afier interrupt handling is finished. Once its shot
address has been written in MSLOT. the penpheral card has exclusive use of the expansion
MEmary space and its program can jump directly into the expansion ROM.

As deseribed carlier, the expansion ROM disable circuit resets the enable lip-flop whenever
the microprocessor addresses location SCFFF. To do this, the peripheral card must detect
the presence of SCFFF on the address bus, You can use the JJOSTRE signal for part of the
address decoding, since it is active for addresses from SC800 through SCFEF. IF you can
afford to sacrifice some ROM space. you can simplify the address decoding even further and
save circuitry on the cand, For example, if vou give up the st 256 bytes of expansion ROM
space, your disable circuit needs o detect only addresses of the form $CFxx, and you can
use the minimal disable decoding circuitry shown in Figure 846,

= Figure 86 ROM disable address decoding

Tex reset, ROM enable
Flip-flop
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Peripheral-card RAM space

There are 56 bytes of muin memory allocated 1o the peripheral cards, 8 bytes per card, as
shown in Table 8-5. These 36 locations are actually in the RAM memory space reserved for the
text and Lo-Res graphics displays. but these particular locations (called screen foles) are not
displayed on the screen and their contents are not changed by the built-in output routinge
COUTL. Programs in ROM on periphesil cands use these locations for temporary dat
storige.

= Table 85 Peripheral-card RAM memory locations

Slot number

Rase

address 1 F] 3 4 3 [ 5
S047H SO479  SD4TA S04TE SO04TC SMTD SIMTE  SO47F
SO4FH SO4FG  SMFA  SHFD SO4FC SIMFD SIMFE SO4FF
L0578 SOS79  SDSTA S05TE SOSTC S03TD S0STE SOSTF
SO5FH SOSF9  SDAFA. S05FE  SOSFC SUSFD S0SFE  SOSFF
SOLTH S06TO  SDATA SOATR SOMTC SOGTD SOGTE  SOGTF
SDOFR SO6FY  SDOFA SOGFB SOOFC  S06FDY  SOGFE  SOGFF
§0778 $0779  SO7TA 07TB S077C S07TD SOTTE SOTTF
SOTFR SOTFY  SOTFA S07FB SOTFC  SOTFD SOTFE  SOTFF

A program on a peripheral card can use the cight base addrnesses shown in the table 1o access
the eight RAM locations allocated for its use, as shown in the next section, “1/0 Progrimming
Suggestions.”

Important  To funciion properly no matter which slot  peripheral cird is installed in,
the progeum in the card's 236-byte memory space must not make any
ahsolute references 1o itsell. Instead of using jump instructions, you
should force conditions on branch insteuctions, which use relative
addressing.

The first thing a peripheral card used as an 1O device must do when called is w save the
contents of the micraprocessor's registers, (Peripheral cards not being used as 10 devices
do not need 1o save the registers.) The device should save the registers” contents on the
stack, and restore them just before retuming control to the calling program, If there is RAM
on the peripheral card, the information may be stored there

I/0 programming suggestions

A program in ROM on a peripheral card should work no maner which stot the card oceupies,
excepting any hardware restrictions (such as a signal not available at some slots). If the
program includes a jump 1o an absolute location in one of the 256-byte memory spaces, then
the card will work only when it is plugged into the slot that uses that memory space, If you
are writing the program for a peripheral card that will e used by many people, you shoukd
avoid placing such a restriction on the use of the card,
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Finding the slot number with ROM switched in

The memory adidresses used by o program on a peripherl cird differ depending on which
expansion slot the cand s installed in. Before it can refer to any of those addresses, the
program must somehow determine the correat slot number. One way to do this is 1o execute
a J5H Gump to subroutine! w a location with an KTS (retum from subroutine) instruction in
it, wnd then derive the slot number from the retum address saved on the stack. as shown in
the following example.

Important  Make sure the return address is located in Apple s RAM, not the
memony on the periphertl card,

PHP
S5EI
JER KNOWNRTS

i =dve status

¢ inhibit interrupts

¢ -»a known RTS instructicn...
f.+s.that you set up
:

:

F

:

TEX get high byte of the...

LDA 50100, - -.veruen address from stack
AND #50F low-order digit is slot nao.
PLP restore status

The slot number can now be used in addressing the memory allocated 1o the peripheral cand,
as shown in the next secion.
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/0 addressing

Once your peripheral-card program has the stot number, the card can use the number o
address the /0 locations allocated 1o the slor. Table 85 shows how these locations are
related w0 16 base addresses stanting with $CO8D. Notice that the difference between the
base address and the desired 'O location has the form 3n0, where # is the slot number,
Starting with the stot number in the sccumulator, the following example compures this
difference by four left shifts, then loads it into an index register and uses the base address
1o specify one of 16 /0 locations,

ASL
ASL
ASL
ASL
Tax

B

LOA SCO80,X

get n into...

+«high-order nibble. ..

...«o0f index reglster,
load from first 1/0 location

= Table 8-6 Peripheral-card 1'0 base addresses

Shot number
Base
wldress 1 1 E] 4 5 3 7
SCO80 SCOKI0 SCOAG  SCOBD  SCOCO  $CODO SCOED SCOF)
SCORT SCH1 SCOAl  sCOB1  SCOC1 SCOD1 SCOFL SCOF1
SCOR2 SC002 SCOA2  SCOR2 SCOC2  $SCOD2 SCOE2 SCOF2
SCO83 SCM3 SCOA3  SCOB3 SCOC3  SCOD3  SCOE3 SCOF3
SCOR4 SCO04 SCOA4  SCOB4  $COCa SCOD4  SCOE4 SCOF4
SCO85 SCI95 SCOAS  SCOBS  SCOCH SCODS  SCOES SCOFS
SCOB6G SCO¥IG SCOAG  SCOBO  $COCH  $CODO  SCOED SCOFG
SCORT SCoRT SCOAT  SCOB7 SCOCT  SCOD7  3COE7 SCOFT
SCO88 SCO08 SCOAB  SCOBR  SCOCKE  SCODR  SCOES SCOFS
SCOH9 SCO99 SCOAD  SCOB9  SCOCO  SCODO  SCOER SCOF9
SCO8A SCO9A SCOAA  SCOBA  SCOCA  SCODA  SCOEA SCOFA
SCOSH SCO9E  SCOAB  SCOBB SCOCH  3CODB - SCOER SCOFD
SCO8C SCO9C SCOAC  SCOBC  $COCC  SCODC  SCDEC SCOFC
SCO&D SCO9D  5C0AD  SCOBD SCOCD  SCODD  SCOED SCOFD
SCOSE SCO9E SCOAE  SCOBE SCOCE  SCODE  $COEE SCOFE
SCIRF SCO9F SCOAF  SCOBF  $COCF  SCODF  SCOEF SCIOFF
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& Selecting your target: You must make sure that you get an approprate value into the
index register when you address 10 locations this way. For example, starting with 1 in
the accumulator, the instructions in the above example perform an LDA from location
$0090, the first 1/0 location allocated to slot 11 the value in the accumulaer
(discussed in detail in Chapter 10 had been O, the LDA would have accessed location
SCOR0, thereby setting the soft switch that selects the second bank of RAM at location
SDOO0 and enables it for reading.

TAY

LOA  50478,Y
STA  5S04F8,Y
LDA  50578,Y
STA  $05FA,Y
LDA  50678,%
STA  306F8,Y
Lo 50778, ¥
S5TA 5Q07F8, ¥
A Warning
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RAM addressing

A program on a peripheral card can use the eight base addresses shown in Table 85 1o access
the eight RAM locations allocated for its use. The program does this by putting its slot
number into the Y Index register (discussed in detail in Chapter 103 and using indexed
addressing mode with the base addresses, The base addresses can be defined as constants
because they are the same no matter which slot the peripheral card occupies,

IF you start with the correct slot number in the accumulator (by using the example shown
earlier in this chapter, in the section “Finding the Slot Number With ROM Switched In"), then
the following example uses all eight RAM locuions allocated 1o the shot:

You must e very careful when you have your penpheral-card program
store datt at the hase-address locations themselves because they are
temporary storage locations; the RAM ar those locations is used by the
disk operating system. Always store the first byte of the ROM locarion
of the expansion stot that is currently active (8Cn) in locarion SUTFS
(MSLOT), and the first byte of the ROM location of the slot holding the
controller card for the startup disk drive in location 30578, a
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Other uses of 1/0 memory space

The portion of memory space from location SCO00 through SCFFF is nomually allocaed 1o
10 and program memory on the peripheral cards, but this computer has built-in functions
that also use this memory space. Figure 87 shows the division of the address spaces assigned
to the built-in and peripheral devices. The soft switches that contral the allocation of this
memory space are described i the next section.

= Figure 8-7 /O memory map

SCFFF
Peripheral - Intermal ROM Intiermal HOM
enpanson ROM and periphera] -
expanson ROM
i Shot 7 RO Ik
Skt 7 RO AppleTalk ROM
SCT0 i
Slee 6 ROM 5, 25-Inch disk ROM
SO
Slot 5 ROM 3 5inch disk ROM
S50
Shed 4 ROM Mot RO
SCHN
Slot. 3 ROM aAl-colummn BOM
A0
Sle 2 ROM Serilport HEM
SC200
Shei 1 ROM seerial-pot HOM
SC10
Iniermal soft switchis and peripheral 10
SCIH0 periph
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Switching I/0 memory

The buili-in firmware uses two sets of soft switches 1o control the allocation of the 1O
memory sprace from SCO00 10 3CFFF. The locations of these soft switches are given in
Tuble 8-7.

*  Note: Like the display switches described earlier in this chaper, these solt switches share
their locations with the keybourd data and strobe functions. The switches are activated
only by writing, and the states can be determined only by reading, as indeated in
Table 87,

= Tahle 8-7 10 memory switches

Locatien

Name Funciion Hex: Dee Noles

SETSLOTCIROM Enable slot ROM at 5C300  SCOOB 49163 Write
SETINTCIROM  Enable internal ROM at SC300 SCO0A 49162 Write

ROCAROM Read SLOTCIROM switch SCO1T 49175 Read (1 = slot 3 ROM enabled,
{1 = intemal ROM enabled)

SETSLOTCXROM Enable slor ROM ar SCxin SCIG 49159 Write
SETINTCXROM  Enable intemal ROM at SCx00 SCOOT - 49158 Write

RODCXROM Read SLOTCXROM switch SCOI5 49173 Read (1 = slor ROM enabled,
{1 = intermal ROM enabled)

When SETSLOTCIROM s on, the 250-byte ROM area at SC300 is available 1o a penpheral
card in slat 3, which is the slot normally used for a werminal interface. Tuming SETINTCIROM
on disables penpheral-card ROM in slot 3 and enables the built-in 80-column frmware, The
Bikcolumn fimmware is assigned o the slot 3 sddress space becose slot 3 is nomally used
with a terminal interface, so the firmware built into the Apple N6 will work with programs
that use slot 3 this way.

The bus and 103 signals are abways available to & peripheral card in slot 3, even when the 80-
column hardware and firmware are operating. Thus it is always possible 1o use this slot for any
'O peripheral that does not have built-in firmware.
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When SETSLOTCXROM is on, the 'O memory space from SC100 10 SCTFF is allocited to the
expansion slois, as described earlivr in this chapter, in the section “Peripheral-Card ROM
Space.” Seming SETINTCXROM disables the peripheral-card ROM and selects built-in ROM in
all of the 1/0 memory space except the space from $C000 1o SCOFF (used for soft switches
and data 1O,

*  Nofe: Setting SETINTCXROM enables built-in ROM in all of the 1'0 memory space
texcept the soft-switch area), including the $C300 space, which containg the
Hl-column firmwire.

Developing cards for slot 3

In the original Apple lle firmware, the internal slot 3 firmware was always switched on if there
wits an 80-column text card (either 1K or 51K) i the ausiliary slot. This means that
peripheral cards with their own ROM were effectively switched out of skt 3 when the system
was tuened on,

In the Apple 1G5, only the Control Panel may determine whether or not the peripheral card in

shot 3 ds seleaed.

When programming for cands in shot 3:

= You must support the AUXMOVE and XFER fimmware routines. See the Apple fiGs
Fiemuware Reference for information on these routines.

s Don't wse unpublished entry points into the internal $Cn00 fimware, heciuse they may
chunge in future Apple [ firmware versions,

n I your peripheral card is o character YO device, you must follow the Pascal 1.1
firmwaire protocal. See the Apple Gs Firmeare Reference for more information.

Interrupts

The criginal Apple Tle offered linle firmware support for intermupts. The Apple s firmware
provides improved interrupt suppot. Interrupts are cisiest to use with Prol0S and

Pascal 1.2 beeavse they have interrupt support built in. DOS 3.3 has no built-in interrupt
support.
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The main purpose of the interrupt handler is 10 support intermipts in any memory
comfiguration. Yoo can hest handle interrupts by saving the machine’s state at the time of the
interrupe, placing the Apple TIGs in a standard memory configuration before calling your
progrum’s intermapt handler, then restorng the original state when your program's internupt
handler is finished.

What is an interrupt?

Aninternupt is a hardware signal that tells the computer to stop what it is currently doing and
devare its attention to 2 mere imponant task, Print specling and mouse handling are
examples of mterrupt use: things that don't ke up all the ume available 1 the system, burt
that should be taken care of promptly to be most useful.

For example, the Apple llGs mouse can send an interrupt o the computer every time it
mewes. If you handle that interrupt promptly, the mouse pointer's movement on the screen
will e smooth instead of jerky and uneven,

Interrupt priorty is handled by a daisy-chain arrangement using two pins, INT IN and INT
OUT, on each peripheral-card slot. Fach peripheral card breaks the chain when it makes an
intermupt request, On peripheral cirds that don't use interrupts, these pins should be
connected together.

The daisy chiin gives priority 1o the perpheral card in slot7: 1f this card opens the
connection between INT IN and INT OUT, or if there is no card in this slot, interrupt requests
feom cards in sbots 1 theough 6 can't get through. Similarly, slot 6 controls interrupt requests
IR from skots 1 through 5, and so on down the line

When the /RO line on the Apple [1GS microprocessor is activated (pulled low), the
microprocessor ransfers control through the vector in locations $FFFE 1o $FFFF. This vector
is the address of the Monitor firmware’s interrupt handler, which determines whether the
request is due 1o an external [RQ or a BRK instruction and transfers control 1o the
appropriate routine via the vectors stored in memory Page 3. (For further details on handling
imernapas in the Apple NGs, see the Apple NGs Fimnare Reference.)

The interrupt ROM code is available when shadowing is enabled and the inhibit 1/0 and
language-card operation (IOLC) bit in the Shadow register is set. The SETINTCXROM and
SETSLOTCXROM soft switches do not affect interrupt ROM accesses.

Timing diagrams

The following pages contain timing dizgrams for the slor signals required 1o handle DMA and
general shot 10,
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= Figure 88 /O clock and control timing
(5K
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= Table 88 10 clock and control tming paramelers
Number Description Miniemeny® Marinmm*
1 ol low time 480
2 ol high time 480
3 @l high time 480
4 ol low time 480
3 M low time il
0 Fall time, all clocks U 1o
7 Rise e, all elocks ] 10
5 ™ high time 1
g 3 high time 0
10 03 low time 20K
11 Skew, ol to other clock signals 10 10
12 Control sigral setup time 14

Time 1 nanoseconds
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#  Nole: All clock signals present on the 1/0 slots are buffered by the Slotmaker custom [C.
These clock signals are delayed somewhat from the corresponding signals on the main
logic board because of this buffering. All timing parimeters in the timing disgrams in this

chapter have been adjusted to account for this delay.

The standlard Apple G slot 1O timing is shown in Figure 8-9, The liming parameters are
given in Table 8-9. When the computer is running in high-speed mode (2.8 MHz). the address
bus to the 10 slots is not valid during the entire of cycle, and therefore cannot be used to
perform unqualified address decoding, The /M2SEL signal (which replaces the uSYNC signal
found at pin 3% in previous Apple 1T models), indicates when 2 1.024-MHz, synchronized
memaory cycle s taking place and, therefore, when the value on the address bus will remain
valid during the current ol cycle. This means thar cards that use the Apple 1l technique of
“phantom slotting” to put multiple 1/0 devices on one card must use /M2SEL to qualify their

address decoding,

= Figure 89 1/0 read and write timing
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= Table 8.9 10 read and write timing parameters Cards that use the /INH signal will function propery only if the computer is running at 1.024
MHz. If the computer is running at high speed, the addresses that are seen by cards in the 1'0

Huber Description Minimunt Maxiuitun® slots are not guaramieed 10 be valid during an entire o0 eycle. Also. since the upper § bits of
P ) | the memory address are not available o cards tonly 16 address lines are available at the
/M2SEL low from of low 0 160 slots), the potential of /INH is greatly reduced in this machine,
2 /M2SEL hold time -10
1/0 enable low from al high i 15
(DEVn, /IOSELn, /IOSTRE) » Figure 810  1'0 read and write timing with /INH active
4 1/0 enahle high from ef low 10
(DEVn, /IOSELn, /IOSTRB)
5 Address and AZRW valid from ol low 1] 100 u N y N
] Address and AZRW hold time 15
7 Write data valid delay 0 30 —
8 Write data hold time 30 i A A
9 Read data sewp tme 1o ol 140 e | — — — 1
10 Read data hold rime 10 M2SEL \l_
* T i fnoseconds, — 3 Tt
Alsan, =
Read and write cycles that are directed to the 1/O slots by [INH have the same timing aRw — —
parameters as nomal 1/0 read and write cycles, as shown in Figure 8-10 and Table 8-10. When -— 5= —H 4
'INH is asserted, the computer responds as if a Mega 11 memory cycle were being performed.
3 D710 werie g b /,? {//
A — |=— 05
® Table810 1/ read and write timi rameters with /INH active
bl (370004 renid it / 4//4 -r/ / /
Nismber Description Minimmmny Maximum® — ) | |— |}
1 /INH valid after o0 low 0 175
2 /TNH hold o 3
3 AN o IT:?.'EEI. T ]; i DMA devices will work in the Apple Ilos computer only in 1.024-MHz mode, If the computer
! et e ml'.v oy Y is running at high speed (2.8 MHz), only DMA tecesses 1o he high-speed memory banks 0
4 /INH high to /M2SEL high delay 0 &l through 127 will work, Accesses 1o all 1O and video memory must be done at 1024 MHz. To
5 Address and AZRW valid from al} low 0 100 slow the svstem, set the pocessor speed hit in the Speed register at location SCO30 before
&y Address and AZRW hold time 15 requesting DMA.
’ Write data valid delay 30 DMA cun be performed 1o or from any part of the Apple TGS memory map, provided that the
L Write data hold time l DMA bunk register is first set 1o the appropriate bank. DMA read and write timing is shown in
9 Read data setup time 1o of E1l] Figure 8-11 and Tuble 8-11.
10 Read data hold nme 10

Time in nanoseconds,
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= Figure 8-11  /DMA read and write timing
o T i N
VAT p A
-— ] —= flem =
A 15-a0, F E
AW = o
5 Fa— | — § = ‘._':' =
M2SEL \l
e - -—p5
DMA (write data) P, -
P— —= —| —1
DMA (read | N X
—1l—=| |=—1z
o Table811  /DMA read and write timing parameters
Mumber Description Manizmum® Maximum®
1 JDMA Low from ofl low 120
2 /DMA high from ol low 120
3 Al5-Al and RW floar from /TIMA 30
i DMA address and AZR'W valid hefore
ol) goes high 300
3 DMA address and AZRW hold time 10
6 /DMA high 1o A15-A0 and AZR/W active 30
7 DMA address valid to /M2SEL low A0
B DMA address float to /MISEL high 30
9 ol high 1o write dara valid 100
10 DMA write data hold time 10
11 DMA read data setup time 125
12 DMA read data hold nme ]
® Teme in nanoseconds,
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Chapter 9 Power Supply

The Apple 11Gs power supply Ias the same four-supply, switching, load-

sensing design as the Apple 1L 11 Plus, and Tle models. The following
sections describe the design of this unit.

Description

The power supply changes high-voltage allernating current (AC) into low-volage direct
current (DC). The Apple Nas does this by using a switching-type power supply that allows
simple, maintenance-free operation.

A Warning The power supply contains dangerously high voltages, and should be
opened by an authorized Apple service technician only. &

The power supply also contains special load-sensing circuitry: whenever this circuitry
detects a shont or o no-load condition, the power supply will no lenger provide voliages 1w
the computer, This condition is easily recognized: The supply will emit two audible chirps
per second. This condition will persist until you correct the situation or turn the power
supply off.

Specifications

The Apple 11Gs power supply operates on regubir household 120-valt alternating current.
The power supply provides +12 volts, =12 volis. +5 volts, =5 volis. and 1wo ground-return
lines.

The power input requirements are 107- to 132-volt alernating current. The power output
specifications are as follows;

s +12volisai 1 A

s —12volsar0.25 A

w +5voltsat4 A

s Svolisar (.25 A
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Power connector

The power connector is a G-pin, molex-type, keved in-line socket, Figure 9-1 shows the pin
configuration of the power connector, Table 9-1 gives a description of each pin.

= Figure 9-1 Power-supply connector

[«] [=] e [2] Bl [¢] [2]

= Table 9-1 Pins on the power-supply connector

Pn signal Description

1 GND Ground

2 GND Ground

3 N.C No connection
iq +3V =Sevall supply
3 +Hav #12-valt supply
o -12v =12-volr supply
7 =5V =S-volt supply
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Chapter 10 The 65C816 Microprocessor

The microprocessor &5 the intelligence of the computer system. It is this
device that recognizes the instructions encoded by the programmer and
manipulates the other devices in the system (VGC, the Mega [, the
DOCH that result in output such s video and sound. Figure 10-1 shows
the Apple [6s block diagram and the relationship of the microprocessor
to the rest of the computer,

s Figure 10-1  65CH16 10 the Apple [1Gs system
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The Apple 1165 uses the 16-bit 65C816 microprocessor, 1 CMOS design based on the 6302
chip. The microprocessor provides this compuier with greater computing power in these
wWays:

s i can operate as a 16-hit 630816 or an 8-hir 6302,

»  The 4 MB address range increases the potential program and data size,

a The 16-bit internal data registers increase the computer's data-handling capability.

»  The 28-MHz processor speeds computitions,
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This chapter describes the new features of this microprocessor and its capahility o
emulate the 6502. Also, each of the 63C816 internal registers is described briefly,

= Table 10-1  Some 6500 family ties

The features of the 65C816

The 63C816 microprocessor shares many charadteristics with the 6502 and 65002 used in
other Apple I-amily computers, It also introduces new features not found in ather
Apple Il computers. These are

s the 16-bit accumulator

w  the 16-bit X and ¥ Index registers

s the relocatable direct page

n the relocatable stack

s the 24-hit internal address bus

w the B-bit data address bank register

= the 8bit program address bank register

= 1] new addressing modes

= 3o new instructions, for a total of 91 (all 234 operation codes)
s fast block-move instructions

= the ability w emulate the 5302 8-bit microprocessor

For detailed descriptions of these features, refer 1o the manufacturers' data sheets

at the end of this chapter. To learn how (o implement these features, refer to the
Apple llas Warkshop Assembler Reference.

The 65C816 micraprocessor shares some features with the 6302 and 65002 micro-
processors used in previous Apple Il models. Table 10-1 lists some of these features,

The 65CH16 Is sofiware compatible with the 6502 family of microprocessors. Actually, the
65C816 has an emulation mode, in which it becomes an 8-bit 6502, By emulating the 6302,
the 65CB16 can exveute most programs written for Apple 1T computers.

G502 65002 BSCHIG
Characteristic 1975 1983 1945+
Construction NMOS CMOS CMOS
ALL hits A b 16
Address bus bits 16 16 24
Data bus bits 8 8 B
Maximum memory Gik ik 10M
Largest stack 256 256 K
Defined opcodes 151 178 256
Addressing modes 13 15 24
Relocatable direct (zero) page? No No Yes
6302 software compatible? Yes Yes Yes
Fast block-move instructions? No No Yes

* Yeur availahle,
1 High B biis mubiplexed onmo daia boes

The 16-bit 65C816

In the Apple 1iGs, the 65CK16 normally operates in either of two mades: 6302 emulation
mode or 650816 native mode. Figure 10-2 shows the sizes of the 65CR16's internal registers
in emulation mode and in native mode. In emulation made, the accumulator and Index
registers are B bits wide, and existing Apple 1T programs run the same as they o on any
ather Apple I model. In native mode, the accumulator and Index registers are 16 bis
wiie, The 65CH16 also has several new and more powerful addressing modes that take
advantage of its 24-bit acldressing, The new addressing modes operate in either native
mode or emulation mode, although the shorter registers in emulation mode make some of
the new addressing modes ineffective,

* Note: Native mode can also work with 8-bit data registers with an additional
accumulator, the B register. Apple docs not recommend B-bit native mode, but some
internal routines use it and developers are free 1o use it if they choose.
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= Figure 10-2 630816 registers
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Microprocessor differences

The 65C816 microprocessor differs from the 6502 in several ways. This section describes
spme of those differences and their impact on program execution.

Chapter 10 The 63C816 Microprocessor

The registers

The 65C816 contains all the registers found in the 6302, In addition, the new
microprocessor has three additional registers that make it 3 mone powerful chip. These
new registers provide additional addressing capability and greater data-handling
capability. The nine registers within the 65C816 are described below. (Ta learn how to use
the registers in the 65CA16, see the Appie e Programmer’s Workshop Assembler
Reference, )

The accumulator

The accumulator (also kaown as the Arithmetic Logic Unit—ALUJ is a 16-hit register that
holds all values while anithmetic and logical calculations are performed. The entire 16 bits
of the accumulator in the 65C816 is available in both emulation mode as well as native
mode. The low half of the accumulator is called the A register, while the upper half is
referred o as the B register, Some documentation on the 650816 refers to the entine 16-
it register as the € register, but within this manual, we will refer to the register as the
accumulator (all 16 bitsh, or the A or B register (8-hit values within the accumulator),

The results of calculations within this register affect the status bits in the Progeam Status
register.

X Index register

The X Index register is 4 16-hit register that is used as an address offset value when
calculating an effective address. When the Program Status register x bit is set, the upper §
bits of the X Index register are filled with 0's that cannot be altered,

Y Index register

The ¥ Index register is a 16-bit register that is used a5 an address offset value when
calculating in effective address. When the Program Status register x bit is ser, the upper 8
bits are filled with (s that cannat be altered.

Data bank register

In rattive mode, the data bank register is an 8-hit register that contains the most
slgnificant byte of the effective 24-bit address specified in the X or ¥ Index registers
when only 16 bits of the address are provided. In emulation mode. it contains 0's that
cannot be alered.
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Stack pointer

In the earlier Apple I computers, the stack was located at $100 through S1FF in memory.
Tn the 63CA16, the stack can be locuted anywhere in bank $00, but may not exceed 64K,
The stack pointer contains the address of the next available stack location. The stack
“grows” in a downward direction (toward lower addresses just as with a 6502 siack);
PUSH and PULL instructions plice and remove bytes from the “top” of the stack
Gactually the lowest address).

Program Status register

The Program Status cegister is an 8-bit register that contains status hits that are set or
cleared as a result of the condition of the accumulator afrer each operation within the
accumulator. Also, this register contains the e, m, and % bits that control the emulation
e and register size. This register remains 8 bits in size in both native and emulation
mexles. Figure 10-3 shows the forniat of the Program Status register. Table 10-2 deseribes
these hits,

= Figure 10-3  Program Status register
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.

s Table 10-2

Bits in the Program: Status register

Hit

Value

Description

212

]

n {negative result): This bit reflects the high bit of the
accumulator (bit 7 or bit 15, depending upon the state of
the m bit), When it is 0, the value in the register is a signed
positive value.

This bit will be set 1o 1if the last eperation in the
accumnulator resulted in a negative value, which will set the
accumulator high hir,

v taccumulator overflow): This bit indicates whether or
not an overflow condition has occurred. An overflow is
when an arithmetic result is greater than can be
represented by the register (either 8 or 16 hits, depending
upon the state of the m bit), The overflow bit is set when
the carry out of the most significant hit is different from
the carry out of the next most significant bit. The value of
the overflow bit may also be described as the exclusive-
OR of the carry info and oul of the most significant bit,
When this bit is 0, no overflow has occurred.

This bit will be set 1o 1 if the last operation in the
accumulator resulied in an overflow,

m (memory and accumulator size): Setting this bit to 0 will
set the accumulalor size 1o 16 hits,

Seetting this bit 10 1 will set the accumulator size to 8 bits.
In emulation mode, this bit is permanently set 1o 1,

% (Index register sizek: Setting this bit to 0 will set the X
and Y Inclex repister sizes (o 16 hits, The Index register
size cannot be determined by reading this bit, (See “hresk
flag," helow).

Setting this bit to 1 will set the X and Y Index register
sizes 10 8 bits, In emulation mode this bit is permanently
sl to 1

b {break flagh: Reading bit 4 will reflect the state of an
interrupt, If 2 0 is read in this bit position, the current
interrupt was caused by software. 1F a 1 is read in this bit
position, the current interrupt was caused by hardware.
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= Table 10-2

Bits in the Program Status register (Continued)

Valae

Description

3

0

d (decimal mode): Seting this bit to 0 instructs the
microprocessor o cary oul mathematical caleulations in
hexadecimal, representing values in hex values between S0
and SF.

Setting this bit to 1 instructs the microprocessor 1o treat
all mathematical computations as binary-coded decimal,
limiting the represented values io numbers between 0

and 9.

i linterrupts disabled): Seting this bit to 0 allows interrupt
requests to be serviced.

Seqting this bit to 1 disables all interrupt requests that are
made.

z (zero result): This bit will be 0 if the last operation
resulted in a nonzero value. This fag is not limited 1o use
with arithmetic caleulations.

This bit will be 1 if the last operation resulted in & value

of [

¢ (carry generated): This bit will be 0 if the last arithmetic

calculation did not result in a carry.

“This bit will be 1 if the last arithmetic calculation
generated a carry,

e lemulation modedr: This bit sits “behind” the carry bit
and is exchanged with the carry bit. Setting this bit to 1
places the microprocessor in 6502 emulation mode, In
this made, the Index registers (X and ¥) become 8 bits.
Stack commands and arithmetic calculations are 8-bit
operations, All others remain 16-bit operations.

Setting this bit to 1 places the microprocessor in native,
16-hit mode, All operations in this mode are 16-bit
aperations,
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Program counter

The program counter is a 16-hit register that is concatenated with the program bank
regisier 1o obtuin the resulting 24-hit address of the next instruction o be fetched for
execution, Note that the upper 8 hits of the program counter will not increment across
page boundaries, Tn emulation mode, this register retains its 24-bit size. (See the next
section, “Program Bank Register.”)

Program bank register

The progeam bank register is an 8-bit register that contains the most significant byte of
the 24-hit program counter address, In emulation mode this register is available, although
limited in its use.

Direct register

In the previous Apple computers, the zem page (cilled the dinea page in the 63C816) was
lexcated in the Jow $100 bytes of memory, and could not be moved. In the 65C810, the
direct page cin be located anywhere in hank $00. The starting (ow-byte) address of the
direct page is determined by the Direct register. This address can be any vilue from S0000
through SFFO0. Although the direct page can begin anywhere in bank $00, there is a one-
cycle penalty when it does not begin on a page boundary (when the low byie of the Direct
register is not 3000 Tn emulation mode (¢ bit = 1), the high 8 bits of this register are set to
01, and all stack references are limited o page 1.

Emulating the 6502

As mentioned earlier, the 63C816 is capable of emulating a4 6302 microprocessor. In
emulation mode, the 65CR16 will execute the complete 63C816 instruction set (which
includes all 6502 instructinns), but many of these instructions will be of limited use
because of the reduced width of the registers. For instance, the X Index and Y Index
registers are 16 bits wide in native mode and are reduced 1o 8 bits in emulation mode.
Note in Figure 10-2 that certain bits in some of the registers are filled with specific values
that cannot be altered when the m bit is set.

Tor emulate the 6302 microprocessor, set the e bit to 1. You may then run programs that
were written for the 6302
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W65C816

Operating speed

The Apple TGS can run the 63C816 processor a1 one of two speeds: 1.024 MHz and
2.8 MHz. The FPI controls the dock input signal to the microprocessor and selects the
appropriate speed as indicated by the clock speed bit in the Speed register

CMOS W65C816 and WE5C802

Further reading

Tor learn more about programming the 63C810 microprocessor, read the following books:

Fischer, Michael, 6581665802 Assembly langnage Programming. Berkeley, CA:
Oshorne/MeGraw-Hill, 1985,

Eyes, David, and Ron Lichty. Programaning the 63816, New York: Brady/Prentice-Hall,

16-Bit Microprocessor Family
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Appendix A Roadmap to the Apple IIGS
Technical Manuals

The Apple lGs personal computer has many advanced fearures, making
it more complex than earlier models of the Apple 1L To describe it fully,
Apple has produced a sulte of 1echnical manuals. Depending on the way
vou intend 1o use the Apple 11GS, you may need w refer to a select few of
the manuals, or you may need to refer to most of them,

The technical manuals are listed in Table A-1. Figure A-1 is a diagram showing the

relationships among the different manuals.

= Table A-1 Apple TGS technicil manuals

Title

subect

Technical Introduction to the Apple IT6s
Apple 1168 Hardware Reference

Apple llos Firmuware Reference
Programmer’s Introduction

T the Apple TGS

Apple Has Toolbox Reference,

Volume 1

Apple ifGs Toolbox Reference,

Volume 2

Apple ltas Programmer’s Workshop
Reference

Apple s Programmer’s Workshiop
Assembler Reference

Apple G Programmier’s Workshap

C Reference

ProDOS 8 Technical Reference Manual
GEUN Reference

Human Interface Guidelines:
The Aple Deskiop fnterface
Apple Nuemerics Manual

240 Apple [los Hardware Reference

What the Apple TiGs s

Machine internals—hardware
Machine intermals—firmware
Concepts and a sample program

How the tools work, and some toolhox
specifications

More toolbox specifications

The development environment

Using the APW Assembler

Using C on the Apple les

Standard Apple IT operating system
Apple [1Gs operating system and
Svstem Loader

Guidelines for the deskiop interface

Numerics for all Apple compuiers



= Figure A-1

Rexsclmap 1o the wechnical manuals
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The introductory manuals

These hooks are intreductory manuals for developers, computer enthusiasts, and other
Apple 1G5 owners who need technical information. As introductory manuals, their
purpose is 1o help the technical reader understand the features of the Apple s,
particularly the features that are different from those of other Apple computers, Having
read the introductory manuals, you can refer to specific reference manuals for details
about a particular aspect of the Apple 1iGs.
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The technical introduction

The Technical Intraduction to the Apple IfGs is the first book in the suite of technical
manuals about the Apple 1G5, It describes all aspects of the Apple 1165, including its
features and general design, the program environments, the toolbox, and the development
ENVIFORMEnI,

Where the Apple Ilos Owner's Guide is an introduction from the point of view of the user,
the technical intmduction manual describes the Apple 116 from the point of view of the
program. In other words, it describes the things the programmer has to consider while
designing a program, such as the operating featunes the program uses and the environment
in which the program runs.
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The programmer's introduction

When you stant writing Apple 1165 programs, the Progranmmer’s hitroduction to the
Apple llas provides the concepts and guidelines vou need. It is not a complete course in
programming, only 4 starting point for programmers writing applications that use the
Apple desktop interface (with windows, menus, and the mouse). It inroduces the
routines in the Apple 11Gs Toolbox and the program environment they run under. It
includes i sumple event-driven program that demonstrates how o program uses the
toolbox and the operating system, (An event-driven program waits in a loop until it
detects an event such as a click of the mouse button.)
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The machine reference manuals

There are two reference manuals for the muchine itself: the Apple 165 Hardware Reference
(this book) and the Anple fes Firmare Keference. These books contain detailed
specifications for people who want to know exactly what's inside the machine,

The hardware reference manual

The Apple llas Hardware Reference is required reading for hardware developers, and it will
also be of interest 1o anyone else who wants o know how the machine works.
Information for developers includes the mechanicil and electrical specifications of all
conneciors, both internal and external, Information of general interest includes
descriptions of the internal hardware, which provide 2 better understanding of the
machine’s features.

Of course, you don't have to use the toalbox at all. IF you only want o write simple
programs that don't use the mouse, or windows. or menus, or other pans of the desktop
user interface, then vou can get along without the walbox. However, if you are
developing an application that wses the deskiop interface, or if you want 1o use the Super
Hi-Res graphics display, you'll find the toolbox 1o be indispensable.

In applications that use the deskiop user interface, commands appear as options in pull-
down menus, and material being worked on appears in rectangular areas of the screen
cilled windoes. The user selects commands or ather material by using the mouse to move
# pointer around on the screen.

The firmware reference manual

The Apple IiGs Firmware Reference describes the programs and subroutines that are stored
in the machine’s read-only memory (ROM), with two significant exceptions: Applesofi
BASIC and the wolbox, which have their own manuals. The firmware reference manual
includes information about interrupt routines and low-level 1'O subroutines for the serial
ports, the disk port, and the Apple Deskiop Bus interface. which controls the keyboard
and the mouse, The manual also describes the Monitor, a low-level programming and
debugging aid for assembly-linguage programs.

The toolbox reference manuals

Like the Macintosh® computer, the Apple 116s has 2 buill-in wolbox, The Apple s
Toolbox Heference, Volume: 1. introduces concepts and terminology and tells how o use
some of the tols, The Appie los Toolhey Reference, Volume 2, contains information about
the rest of the tools and also tells how o write and install your own wal set

Appendix A Roadmup to the Apple 116 Technical Manuals

The programmer’s workshop reference manual

The Apple Hos Programmer’s Workshop (APW) is the development environment for
the Apple 1G5 computer. APW is a set of programs that enables developers to create and
debug application programs on the Apple las. The Apple flas Programmer’s Workshop
Reference includes information about the APW Shell, Editor, Linker, Debugger, and utility
programs; these are the parts of the workshop that all developers need. regardless of
which programming language they use.

The APW reference manual describes the wiy you use the workshop 1o create an
application, and includes examples and illustrations to show how this is done. In addition,
this manual documents the APW Shell 1o provide the information necessary 1o write an
APW utility or a language compiler for the workshop.

Included in the APW reference manual are complete descriptions of two standard

Apple 1Gs file formats: the text file format and the object module format. The text file
farmat is wsed for all files written or read as “standard ASCI files” by Apple 1168 programs
running uner FroDOS 16, The object module format is used for the output of all APW
compilers and for all files loadable by the Apple TIGs Svstem Loader.
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The programming-language reference manuals

Apple currently provides 1 65C816 assembler and a C compiler. Other compilers can be
used with the workshop, provided that they follow the standards defined in the Apple flas
Programmer's Workshop Reference,

There is 4 separate reterence manual for each programming linguage on the Apple 1lGs.
Each manual includes the specifications of the kanguage and of the Apple 1cs libraries for
the language, and describes how to use the assembler or compiler for that language, The
manuals for the linguages Apple provides are the Apple llgs Programmer’s Workshop
Assembler Reference and the Apple s Programmer’s Worlshop € Reference.

The Apple lias Programmer’s Workshop Reference and the two programming-language
minuils are available through the Apple Programmer's and Developer's Association
(APDA™),

The operating-system reference manuals

There are three operating systems that run on the Apple 11Gs: GS/08™, ProDOS® 16, and
ProDOS 8, Each operating svstem is described in its own manual: the GSOS Reference
Apple Has ProDXOS 16 Reference, or the ProD0S & Techwical Reference Manual GS/08 uses
the full power of the Apple 1165 and is not compatible with carier models of the Apple 11
The G808 Reference describes the features of GS/08 and also includes information
aghout the System Loader, which works closely with G508 0 load programs into
mermery. If you are writing a program that does any file manipulation or that writes 10 or
reads from a disk, you must have the GS/0S Reference. I is a rare applications programmer
who will not need this book at some time; for system programmers, it is essential,

G3/05 maintains 2 complete set of ProDOS 10 culls and implements them just as ProDOS
16 does. Therefore, it is unlikely thar vou will need to refer 1o the Apple Ios ProDOS 16
Reference,

ProDOS 8, previously called ProBOS, is the standard operating sysiem for most Apple 11
computers with 8-bit CPUs. ProlOS also runs on the Apple (165, but it cannot access
certain advanced Apple 1165 features, You need the ProfX08 8 Technical Reference Manual
only if you are writing programs that can run on 8-hit Apple [ compuiers,
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APW and MPW manuals

Apple provides two development environments for writing Apple 11Gs programs. See

Figure A-1,

s The Apple IG5 Programmer's Workshop (APW): APW is o native development
system—it runs on the Apple 1165 and procuces Apple 116s code. 1t is described in the
Apple HGs Programmer's Workshop Reference and related language hooks.

s The Apple lGs Macintosh Frogrammer's Workshop (MPW): MPW is 4 cross-
development system—it runs on the Macintosh, but produces Apple 1168 code. Much
of MPW 11G5 is described in separate MPW 1Gs language reference manuals, but the
parts needed for cross-development—the editor and the build tools—are described in
the Macintosh Programmer’s Workshop Reference. That book is the only Macintosh
manual you need when using MPW TlGs,

The all-Apple manuals

In addition to the Apple 1GS manuals mentioned above, there are two manuals thar apply
1o all Apple computers: Human Interface Guidelines: The Apple Deskiop Interface and Apple
Numerics Mannal. 1f you develop programs for any Apple computer, you should know
about those manuals,

The Human Interface Guidelines manual describes Apple's standards for the desktop
interface of any program that runs on an Apple computer. If you are writing a commercial
application for the Apple TGS, you should be fully familiar with the contents of this
mantl

The Apple Numerics Manual is the reference for the Standard Apple Numeric Environment
(SANE®), a full implementation of the [EEE Standard for Binary Floating-Point Arithmotic
(IEEE Std 754-1985). The functions of the Apple 1165 SANE 100l sel match those of the
Macintosh SANE package and of the 6302 assembly-language SANE software, [F your
application requires accurate or robust arithmetic, youll probably want 1o use the SANE
routines in the Apple 1165, The Apple oy Toofbax Reference tells how 1o use the SANE
routines in vour programs. The Apple Numwerics Mansed is the comprehensive reference for
the SANE numerics routines.
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Appendix B International Keyboards

Apple makes different versions of the Apple 11GS for different countries.
The different versions have different keyboards and display characters
thait reflect the different typing conventions of the different countries.
The ADB keyboard on the Apple 1165 is available in the following
versions:

» U5 English

LK. English

Canadian

French

German

Ttalian

Spanish

Swedlish

The kevbeards on the localized versions of the Apple 1165 are all
mechanically the same; that is, the shapes and armngement of the keys
are the same—only the legends are different. The character decodings
for the different versions are all stored i the keyboard decoder ROM. In
addition 1o the intermational character sets listed above, the keyboard
decoder ROM contains characters for Danish and the Dvorak keyboard
layouts, Figures B-1 through B8 show the legends on the differem
kevhoprds,

= Figure B-1 175 English keyboard

EEE,

T |y lu |t Jo p&
s Lo ] fo {o Ir fe Je [ ]° oo

lz Lx e Jv s Is Ju {5 |2
=[] !

I.-?’ |ﬂ‘ﬂT

I.

= Figure B2 UK English keyhoard
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=l 01 =

= Figure B-3  Canadian kevhoard
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s Figure B-4  French kevboard

B5c m = s 1"
— la |z |& |5 |7 5 s 7 ls Jo I+
wlolslaila]uhlxl:]ul%‘lv s |
o Jeledefv]alo [20: 04 ]2 |o
o ] ]2 | ELLLLE] L ~
= Figure B5  German kevhoard
= |/ -
7 18 3 +
4 |5 |s
i 1 |z |s
ﬁlw-l x]«l ] I I.I. 1 ~
s Figure B-6  Talian kevboard
m = | ]"
L L i i S A L L - 2 3 7 la j3 |+
J 4 s s |-
o | Pl P P P P S L [o 1 e )s
o bl 2f2 | s 1.1 0 i

Appendix B Iniernational Keyboards

Fr Y SRR S

249

¢

= Figure B-7

Spanish kevboard

esc 5 - = = |/
o ! 7 la ls
I Is ID I lﬂ | I-‘ IFr li IN I I 4 |5 |s

e [Jl' Ic I'-"I Mli ' ql-:- 1 l2 |3

% x|z ELILLE] L

» Figure B8 Swudish keyhoard
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The character generator ROM

; The ROM contains the dot patterns making up the characters in the 40-column ind
Appendix C  The Character Generator 8i-column displays.

This appendix describes the hardware charscter generator for the U.S. characters
4-column and H-column text displays. For information about text
fonts in Super Hi-Res graphics displays, refer 1o the QuickDaw™ 11 Figure C-1 shows the characters for the 18, versions of the computer

ioel set in Apple flGs Toolbox Reference, volume 1,
= Figure C-1 LS. characters

Uppeicase charociens
EABCDEFGHIJKLMNOPQRSTUVWXYZ[\]

Lowancasa charachars
‘_abcdefghijklmncpqrstuvwxyzlI}

Special charactens
L"ES8E () =+, - . /0123456789 : ;<>

International characters

For other countries, localized versions of the Apple [1Gs substitute appropriate characiers
for some of the special characters used in the test displays, Table C-1 shows those
characters,
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= Table C-1 International charicters

n

1 "

L5 English # 8 [ N ] A T T
UK English £ & [ \ | I
French E & " ¢ % & 0 &

[anish ¢ B E 2 A & o a -~
Spanish £ § 3 B g Bmog =
Italian £ & " ¢ & 0 & & & 1
Germn # 5 A 0O U a & o B
swedish # @ A O A & & a -

MouseText characters

The character ROM includes several graphic characters used in displaying the deskiop user
intertace in text mode, Figure C-2 shows those characters,

= Figure G2 MouseTest characters

15/ 800 193,501 154802 196,403 196,804 1977 /5C5 198/ 5CH 199/8CT

THTTE
T
i

LI HiECR AW /80C 26,400
I i)
il il
204410 207502 LR 1] 212414 21805 214/808 215/807
L i i i
F b
J=: H sy i i i 7

..... T HH

216,508 207 /816 BI8/30A 19808 a3 221,400 E22/8DE 2E/5DF

T — i m|
-t
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Appendix D Conversion Tables

This appendix briefly discusses bits and bytes and what they can
represent, and peripheral identification numbers, It also contains
conversion tahles for hexadecimal to decimal and negative decimal,
and a number of 8-hit codes,

These tables ane intended for convenient reference. This appendix is
not intended as a utorial for the materials discussed. The brief section
introductions are for orentation only.

Bits and bytes

This section discusses the relationships between bit values and their position within a
byte, Here are some rules of thumb regarding the 65C816:

m A it is a binary digit; it can be either a0 ora 1.

® A bit can be used to represent any two-way choice. Some choices that a bit can
represent in the Apple [1Gs are listed in Table D-1.

®  Bits can also be combined in groups of any size to represent numbers. Most of the
commonly used sizes are multiples of four bis.
Four bits constitute a nibble (sometimes spelled nybble),

One nibhle cun represent any of 16 values, Each of these values is assigned a number
from O through % or a lewer from A through F.

m  Fight bits (two nibbles) make a hyte.

»  One byte can represent any of 16 imes 16 or 256 values, The value can be specilied by
exactly two hexadecimal digits.
Bits within a byte are numbered from bit 0 on the right 1o bit 7 on the left,
The hit number is the same as the power of 2 that it represents, in & manner completely
analogous 1o the digits in a decimal number,
Each memory lkecation in the Apple HGs contains one 8-bit byte of data.

How byte values are imerpreted depends on whether the byte is an instruction in 3
language, part or all of an address, an ASCIL code, or some other form of data.
Tables D6 through D9 list some of the ways bytes are commonly interpreted.

w  Two bytes make 2 word, The 16 bits of a word can represent any one of 256 times 250
or 63,550 different values.

m Three bytes make an address, The 24 bits of an address can represent any one of
256 times 63,336 0r 16,777,216 different values.

m The 65CH10 uses a 24-hit address 1o ideniify a memory location. 1t can therefore
distinguish among 16,777,216 (16 MB) locations at any given time.

» A memory location is 1 byte of a 256-byte page. The low-order byte of an address
specifies the location in the page. The middle byte specifies the memory page in a
(63336-byie (64K) memaory hank. The high-order byvie specifies which 64K memory
bank the byte s in.
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= Table D-1 What a bit can represent Use Table D-3 1o determine the decimal weight of 4 hexadecimal digit in each of four

places,
Context Representing o= 1=
Binary number Place value i 1 x place power = Table D-3 Hexadecimal and decimal powers
Logic Condition False True Digit pereey e Toio rr
Any switch Position Off On
Any switch Position Clear* Set F {41,440 3840 240 15
Sertdl trinsfer Beginning Start Carrier only E 57,344 3,584 224 14
Serial transfer Data i value 1 value D 53248 3328 208 13
Serial transfer Parity SPACE MARK C 49,152 3,072 192 12
Serial transfer Enel Stop bitts B 45,056 2816 17 11
Serial transfer Communication state BREAK Carmier A 400,560 2,560 1 10
Program Status register bit N Neg, resul? No Yes 9 36,864 2,304 l44 9
Program Status register hit v Overflow? No Yes 8 32,768 2,048 128 8
Program Status register bit B BRE command? Nis Yes 7 28,672 1,792 112 F
Program Status register bit d Decimal mode? No Yis & 24,576 1536 % (]
Progeam Status register bit [ IRQ) interrupts Enahled [Msabled ] 20,480 1,280 80 3
Program Status register bit 2 Zemo resule? No Yes 1 16,384 1,024 iS] 4
Program Status register bit ¢ Carry required? No Yes 3 12,288 68 A 3

2 8,192 512 32 2
* Sometimes ambiguously ermed el 1 4,096 256 16 1

To convert 1 hexadecimal number to 4 decimal number, find the decimal numbers
corresponding to the positions of each hexadecimal digit, Write them down and add

Hexadecimal and decimal numbers them up. For example:
Uset Table 0-2 to find the binary equivalent of & known hexadecimal or decimal number. v i
' 530 = 48 $FO00 = 61440

50C = % 000 = 3328
= Table D-2 Binary, hexadecimal, and decimal equivalents — 7 4= &4

$3C = &0 8 1= 7
Binary Hex Dec Binary Hex Dec

SFD4T = £4839

() 11 0 1006 S8 H To convent a decimal number o hexadecimal, subtract from the decimal number the
(0601 §1 I 1001 §9 Y largest decimal entry in the table that s less than it. Write down the hexadecimal digit
0010 §2 2 1010 A 1 (nating its place value) also. Now subtract the largest decimal number in the table that is
1 85 3 1011 SH 11 less than the decimal remainder, and write down the next hexadecimal digit. Continue
(11 4 4 1100 SC 12 until you have 0 left, Add up the hexadecimal numbers. For example:
o 35 5 11 sD 13
nrlo 50 6 1110 SE 14
0111 §7 7 1111 SF 15
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16215 = § ?
16215 - 12288 = 3927 12288 = 57000
3927 - 3840 = B 3840 = 5 FOO
BT — 80 = T B0 = &8 50
7 7 =3 7

Hexadecimal and negative-decimal numbers

If 2 number is karger than decimal 32,767, Applesoft BASIC allows you 1o use the negative-
decimal equivalent of the number, Table D-4 is set up o make it easy for you Lo convert a
hexadecimal number directly 1o a negative-decimal nunmber.

= Table D-4 Hexadecimal to negative-decimal conversion

Digit Sxnod S50x00 S400x10 45000
i} il 0 -1
E 4,090 =250 -16 -2
] -H,152 -512 =32 =3
| o -12,288 =ThR —4H -4
B -16,384 -1.024 b4 -3
A =20, 480 -1,280 -80 ]
9 -24,3TH -1,530 ] =7
8 -28.6072 -1,782 -112 8
7 =248 -1 -4
f -2.304 =144 =10
1 ~2560 =160 ~11
4 -2,816 =170 -12
3 3072 -192 -13
2 -3328 -208 -14
1 -3,584 =224 =15
il -3.540 =140 -16

Tor perform this conversion, write down the four decimal numbers coresponding to the
four hexadecimal digits (Vs included). Then add their values (ignoring their signs for a

moment). The resulting number, with a minus sign in front of it s the desingd negative-
decimal number. For example:

§CO10 = - 7
§CO00: -12288 5 000: - 340§ 10: - 2245 03 = 18
SCOLO  -16368

To convert @ negarive-decimal number directly to 2 positive-decimal number, add it
165,530, (This addition ends up looking like subtraction.) For example

-151 = + ¢

65536 + (-151) = &5536 - 151 = B5385

To convert 2 negative-decimal number o 2 hexadecimal number, first convert it to a
positive-decimal number. then use Table D-3
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Peripheral identification numbers

Many Apple products now wse peripheral identification numbers (called PIN numbsers) as
shomthand 1o designate serial device characeristics, The Apple 11 series Universal Ltilities
disk presents & menu from which o select the characteristics of, say, a printer or modem.
From the selections made, it generates a PIN for the user, Other products have a ready-
made PIN that the user can simply tvpe in.

Figure D-1 shows the format of o PIN number. Table D=5 is & definttion of the PIN number
digits. When communication mode is selected. the seventh digit is ignored.

= Figure D-1 Format of PIN numbers

Modg =——X K X [ X ¥ X X

Prat hits :ilu|;5hll:.J

Bits per second

Fariy

Tt N cchen

Linwfeed S nofeed =

Carminge returns —
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= Table D-5 Codes for PIN numbers
FIN FIN
mimher e
digit Codes digit Codes
Maode 1 = Printer mode Parity 1= No parity
2 = Communication mode® 2= Even purity (total on = even)
3= Oudd parity (total on = odd)
Data bits 4= MARK parity {parity bit = 1)
Stop bits 1 =0 data bits. 1 stop bit 5 = SPACE parity (parity bit = 0)
2 = o data bits, 2 stop bit
3= 7 data bits, 1 stop bit Echo
4 = 7 data bits, 2 stop bits No echo 1 = Do not echo output on screen
5 =8 data hits, 1 stop bit 2 = Echo output on screen
=8 data hits, 2 stop bits
Line feed
Bits per Noline feed | = Do not generate LF after CR
second I = 1110 bits per second 2 = Generate LF after CR

2= 300 bits per second
3= 1200 bits per second
4= 2400 bits per second
3 = 4800 hits per second
0 = 9600 bits per second
7 = 19200 bits per second

Carriage

retums 1 = Do not generate CR*
2 = Generate CR after 40 characters
3 = Generate CH after 72 characters
4 = Generate CR afier 80 characters
5 = Generate CR after 132 charadiers

* 0P o select communicafion mode, then the seventh digit must be |

For example, 252/1111 means:

2 = Communicition mode
5 =8 data bits, 1 stop bit
2 = 300 baud (hits per second)

1 = No parity

1 = Do not echo output to display
1 = No line feed after carriage retum
1= Bl niot generate carmiage returns
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ASCII code conversion

Tables D=6 through 129 show the first 128 ASCIT characters (50 through §7F). Note that
only the low 7 bits of each character value are shown. The next 128 ASCI characters (380
through $FF), not shown here, are identical w the one listed here, enly with the high bit

SEL

Unless otherwise noted, every ASCH characier value above $7F (127 decimal)

generates the same character as that value with the high bit off. Here is how 1o interpret
these tables:

2

The “Binary” column has the 7-hit code for each ASCIH characier.

The “ASCI characrer” column gives the ASCH character name,

The “Interpretation” column spells our the meaning of special symbols and
abbreviations, where necessary,

The "What o type” column indicates what keysirokes generate the ASCH character
{where it is not ohvious),

The columns marked “Primary” and “Alternate” indicate what displaved character
results from each code when using the primary or alternate display character set,
respectively. Boldface s used for inverse characters: italic is used for Nashing
characters.

Note that the values $40 through $5F (and $C0 through SDF) in the alternate character
set are displayed as MouseText chamcters (Figure C-2) if the firmware is set to do so,
ar if the firmware is bypassed |

Note: The primary and alternate displayed characier sets in Tables D-6 through D-9 are
the result of firmware mapping. See “Text Displays,” in Chapter 4, for more details on
character sets.
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= Table D-6 Control characters, high bit off = Table D-7 Special characters, high bit off

ASCII
Binary Dec Hex characier Iterpretation What 1o type Primary  Aliernate Binary Dec  Hex ::f.crﬂm Isterpretation What i ype Primary  Alicrnate
OO0 0 SO0 NUL Blank trulli Control-& & @ 5 - e i
0000001 1 S01  SOH  Str of Header  Conrol-A A A o g; :2‘1’ -!‘F' Space Space har .
000001 2 §02 STX Start of Text Control-B B B 0100010 34 §22 s " #
0000011 3 503 ETX End of Text Control-C A 010011 35§23 = P
DOKNO0 4 S04 FOT End of Transm. Control-D D D 00100 36§24 § §
000 5 5 ENQ Enquiry Control-E E E 0100101 :3:, §25 % P
Moo o 6 ACK Acknowledge Control-F FF 00110 38§26 & £ &
oogory 7 07 BEL Bedl Control-G G G 0100111 49 §27 | Apostrophe f i
0001000 & SOR BS Backspace Control-H or Left-Arow-H  H H DIOIO0D 40 28 ( ' «
[LEARTIIEY SO0 HT Horzontal Tah Contral-1 or Tab [ 1 DI0I00L 41 29 ) ) )
010 10 S0A LF Line Feed CDI’I[M]-_I or Down-Arrow-] ] J plol010 42 32 0 w 0
o010t B1 sOB NT Vertical Tab Cumroli-_}i or Up-Amow K K 0101011 43 SIB  + ¥ ou
oo 12 sO0C FF Forim Feed Control-L L L iy
0001101 13 S0D - CR Carriage Retumn Control-M or Return MM gigi :g‘: :: :i?: : E;':}TI: Fo
M1 14 S0E S0 Shift Gt Control-N N N 0101110 46 S2E Period ) )
BOOILIL 15 SOF sl Shift In Contral-0 (8] 0 0101111 47 2F / / /
o0oen 16 810 DLE Data Link Escape  Control-P i Q000 48 $30 0 00
oooon 17 511 DCI Device Contral 1 Contral- Q Q 0001 49 G311 1 1
0010010 18 12 DC2 Device Control 2 Control-R R R o0 50 $32 3 7 3
om0t 19§13 DC3 Device Contral 3 Comtrol-5 £ S OOl 51§33 3 3 3
aoloon 20 sla Ded Device Comtral 4 Control-T T 0L0100 52§34 4 £ i
0010101 21 515 NAK Neg Acknowledge  Control-U er Riglht-Arrow u u 01001 53 S35 S 5 5
0010110 22§16 SYN Synchronization  Contral-V v oy OUMI0 54§36 6 6 6
0010111 23 $17  ETB  Endof TestBlk  ControlW woOw i % te 5 s 5
Ool10M 24 818 CAN Cancel Control-X X X QU000 56  $38 8 8 8
0011001 25 819 EM End of Medium  Control-Y Yoy QoL 57 $1 9 9 9
o 26 S1A SUB substitute Control-2 Z 2 OLLI010 58 S3A ; 4
0011100 28 SIC F8 File Separtar Cantrol-\ Voo D00 60 SIC < i
fottiolr 29 I GS Growp Separator Control-| | | BEiLil 6l “n = o -
0011110 30 3I1E Rl.‘: Rlu'mﬁ Separator  Conlrol-# AA Bl10 62 SIE > L
potie 3 $IF 1S Lnit Sepantor Comrol_ _ _ Ol 63 SIF 2 3
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s Table D-8

Uppercase characters, high bit off

ASCIHI

= Table D9

Lowercase characters, high bit off

Binary Dec  Hex  character  Interpretation What 1w rype Primary  Aliernate
00000 64 S @ @ [ ]
000001 65 541 A A [}
00010 66§42 B B -
ool 67 843 © 4 =
100100 68§44 D n v
oot 6% 845 E E ]
WO 70 346 F F =
woo 71 847 G G =
1001000 72 %48 H H “«
0001 73§49 1 i i
1001010 74 844 ) I J
1001011 75 S4B K .3 +
001100 76 S4C L i =
001101 77 8D M M P
WO 78 S4E N N [ ]
ol 7™ sF 0 (o] *
1010000 &0 &S50 P i ¥
0L 81 1 Q o] +
100 82§52 R I *
JINTTT) N G § -
010000 84§54 T T L
10100101 85§55 U o >
1010110 86 856 W v &
1010111 87 857 W W B
01000 88 858 X X cC
01001 89§39y ¥ a
W0 90 854 2 Z |
Wi 91§58 | Opening bracket ! *
LoD 92 8¢ 4 Hack slash \ =
[ 93 &0 | Closing bracket ! 3
1011110 94 S5 A Caret A 0|
1011111 95 $5F Underline |

N 18 b high b s ses, the MouseText cimoter s replaced wih the equivabent from the primary chasaeter se,
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Binary

Dec

Hex:

AsCIL
characier  Interpretation What 1o type

Alternate

1100000
LKA
1100010
1100011
1100100
1100101
1100110
o011
1101000
1101001
1101010
ot
110
1101101
1
1101111
1110000
1110001
1110010
110011
1110100
1110101
11101160
1110111
111100
1111001
1111010
1111011
1111100
1
1o
1
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9%
97
98

100
101
102
103
104
105
116
7
108

1
11
112
13
114
115
116
1y
118
119
120
121
122
123
124
125
126
127

Sl

870
§71
&7
573
74
§75
§76
§77
574
579
§7A
7B
§7C

STE
§TF

Grave accent

Opening brice
Vertical line
Closing brace
Overding {tilde)
DEL Delete/ rubout

———mNwmHMHg<g-~®Agmoog T oM maAnou
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Appendix E  Frequently Used Tables

This appendix contains frequently used tables from throughout the
menual, The criginal table number is given in 2 footnote to the table,

s Table E-1*  Lamguage-card bank select switches
Mame Action Locatlon Funsiion
R SCO80 Read this location 1o read RAM. write-protect
RAM, and use $D000 hank 2.
ROMIN RR SCORL Read this location twice 1o read ROM, write-
enahle RAM. and use SD00O bank 2.
I SCOR2 Read this location to read ROM, write-protect
BAM, and use SDO00 bank 2.
LCBANK2 RR SCORA Read this location twice to read RAM, write-
enabhle RAM, and use D000 bank 2.
R $COs8 Read this location 1o read RAM, write-protect
RAM, and use SDO0O bank 1.
il $C089 Read this location twice 1o read ROM, write-
cruble RAM, and use SDO bank 1.
R SCOHA Read this location to read ROM, write-protect
RAM. and use SDO0D bank 1,
RR SCORE Read this switch twice o read RAM, write-cnable
RAM. and use $D000 bank 1.
ROLCHNK2 7 sCol Read this location and test bit 7 for switch status:
SDO00 bank 2 (14 or hank 1 (0
ROLCRAM R7 sC012 Read this [ocation and test bit 7 for switch status:
RAM (13 or ROM (0],
SETSTIEP w SCO08 Write this location to use main bank, page (1 and
page 1.
SETALTZP W SE009 Write this location 1o use auxiliary bank, page 0
and page 1.
RDALTZP R7 SC016 Tead this location and test bit 7 tor switch status:
ausiliary (11 or main (0 bank.
* Tahle 31
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= Table E-3*  Swandard Apple 11 video display specifications

u Table E-2*  Auxiliarv-memory select switches
Location

Name Functhon Hex et Noles

RDCARDRAM  Read auxiliary memory SCO03 49155 Write

ROMAINRAM  Read main memaory §C002 49154 Wrile

RORAMRD Read switch status $C013 471 Read and rest hit 7
(1=auxiliary, D=main}

WRCARDRAM  Wrire avxiliary memory 0005 49157 Write

WERMAINRAM  Write main memory SCO 49156 Write

RDRAMWRT  Read switch status $C014 49172 Tead and test bit 7
(T=auxiliary, O=main}

SETEOCOL Access display page SCOM 49153 Write

CLR8OCOL Use RAM switches (5C002-3,13,14)  3C000 49152 Write

RDEOCOL Read switch status SCOI8 49176 Read and test hit 7
(1=80-column access on,
(=8l-column access off)

TXTPAGE2 Text Page 2 on (auxiliary memory)  3C055 49257 Read or write

TXTPAGEL Text Page 1 on {main memory} SO0 49236 Read or write

ROPAGEZ Read switch staus $COIC 49180 Read and rest bie 7
(1=Page I, O=Page 11

HIRES Access Hi-Res pages SC057T 49239 Read or write

LORES Use RAM switches (SC002-3,13,14)  3C0O50 49238 Read or write

RODHIRES Read switch status SCOID 49181 Read and rest bir 7
(1=HIRES on, U=off}

SETALTZP Auxiliary stack and direct page 0009 49101 Write

SETSTDZP Maun stack and direct page SCO08 49160 Write

RDALTZP Reacl switch status SC016 49174 Read dnd test bit 7
(T=auxiliary, (=main}

* Tuhle 3-3
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Display modes

Text capacity
Character set

Display formats
Lo-Res color graphics

Hi-Res color graphics

Double Hi-Res color graphics

* Table 44

40-column rext: map: Figure 4-5,

80-column text; map: Figure 4-6,

Lo-Res color graphics; map: Figure 4-7.

Hi-Res color graphics; map; Figure 4-8.

Double Hi-Res color graphics: map: Figure 49,

24 lines by 80 columns (charicier positions),

128 ASCIL characters. (5ee Appendix C for a list of display
characters. )

Normal, inverse, flashing, MouseText (Table 4-10),

1 colors (Table 4-15): 40 horizontal by 48 vertical;

map: Figure 4-7,

G colors (Table 4143 140 horizontal by 192 vertical
{restricted ). Black-and-White: 280 honzontal by

192 vertical: map: Figure 4-8,

16 colors (Table 4-16): 140 horizontal by 192 vertical (no
restrictions). Black-and-White: 360 horizontal by

192 vertical: map: Figure 4-9.

w Table E-4*  Video display locations

Display

Lowesi address  Highest address

Hex Dec Hex Dec

Display mode page
Al-column text, 1
Lo-Res graphics 21
80-column text 1

2t
Hi-Res graphics 1

p)
Double High-Res 14
graphics FLs

* Tahle 46

S0400 1024 SOTFF 2047
SO800 2048 SOBFF - 3071
$400 1024 SOTFF 2047
$DAD0 2048 SOBFF 3071
S04 8192 SIFFF 16383
S4000 16384 SSFFF 24575
$2000 8192 $3FFF 16383
$4000 16384 SSFFF 24575

T Lo-Res graphics on Page 2 is not supported by fismware; foe instractions an how o switch pages,
refer (o the section “Display Mode Swviching” m Chapeer 4,
£ See the secton “Double Hi-Res Graphics™ in Chapter 4
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= Table E-6*  Text window memory locations

= Table E5°  Display soft switches Normal values Muloro vidues
M
Name Actiont  Location FPusstion Location vitlue 40-oolumn Bikcolumn dcolumn  Bd-column
Window H Dec Hex
CLRBOCOL W SCO00  (49152)  Disable 80-column store. parameter Dec  Hex  Dec  Hex  Dec  Hex  Dec  Hex  Dec  Hex
SETROCOL w SC001 (49153)  Enable B0-column store, ;
d 3 §27 T &4F
CLRSOVID W SCOOC (49164} Disable 80-column hardware Left edge 32 820 00 SO0 00 5_‘:“ LY 5?'; :’l s
SETSOVID W SCOOD  (49165)  Enable 80-column hardware, Width 33t 0b s00 40 328 B0 SS( : 5;7 33§17
CLRALTCHAR W SCIOE  (49166)  Normal lowercase character set; flashing uppercase Topedge 34 322 00 S00 00 500 M SO0 2 = ;13
character set, Botom edge 35§23 01 S0l 24 SI8 24 SIE 24 518 4
SETALTCHAR W SCOOF  (49167)  Nomml, inverse character set: no flashing. .
RDSOCOL  R7  SCOIS  (49176) Read CLR/SETBICOL switch. b
1= Bi-column store enabled.
RDVBL BAR  R7 SCO9 - [49177) Read vertical blanking(VBL): « Table ET* Disphy character sets
1 = not VBL, Primuary characier 361 Alternate characier st
RDTEXT R7 SCOIA  (49178)  Read TXTCLR/TXTSET switch: I = 1ext mode Hex "
enabled, values Characler tyge I st
IMIX R7 SC0 {49179) sivel MIXCLR/MIXSET switch: 1= mixe ] , ) : ;
KD COLB (491 f;jﬂkffl“m IINSET switch: 1 = mixed mode Sibip Upipercase dtess Invese Uppercase letiers  Inverse
: 5 A e A il ¢ S |nverse
RDPAGEL  R7  SCOIC (49180) Read TXTPAGEI/TXTPAGE2 switch: | = text Page 2 Sinr temlowmte eee  Seoslthaoes e
alarad. S40-55F Uppercase letiers  Flashing MouseText Inverse
ROHIKES K7 SCOID (49181} Read HIRES switch: 1 = Hi-Res mode enabled. S60-87F  Specidl characters  Flashing  Lowercase letiers  Inverse
ALTCHARSET R7 SCOIE  (49182)  Read CLRALTCHAR/SETALTCHAR switch: SS0-S9F  Uppercase letiers  Normal  Uppercase letters  Normal
1 = alternate character set in use SAD-SBF Special characters  Normal Special characters  Normal
RDEOVID R7 SCOIF (49183)  Read CLRSOVID/SETROVID switch: SCO-8DF Uppercase letters  Normal Uppercase letters Normal
1 = §-column hardware in use, SEO_SFF [ieicase [ettees Nanmal Lowercase lemers  Normal
RODHIRES R7 SCOTF  (49279)  Read SETAN3/CLRANA switch: )
1 = Double Hi-Res graphics mode selected ' Tabie 410
TXTCLR W SCO50 (49232)  Select standard Apple 11 graphics mode or, if
MIXSET on, mixed mode
TXTSET Rew SCO51  (49233)  Select text mode only.
MIXCLR RW $C052 (49234)  Clear mixed mode,
MIXSET R'W SCOS3  (49235)  Select mixed mode.

TXTPAGE1L Rw SCO54  149236)  Salect tex Page 1,
TXTPAGE2 RwW $COS5 (492370 Select text Page 2, or, if SETROCOL on, 1ext Page 1
in auxiliary memory.

LORES Rw $CO56. (49238)  Select Lo-Res graphics mode.

HIRES R/'W SCOST (492300 Select Hi-Res graphics mode, or, if SETAN3 is on,
select Double Hi-Res graphics mode,

SETAN3 RW SCOSE  (49246)  Enable Double Hi-Res graphics maoce,

CLRAN3 Rw SCOSF  (49247)  Disable Double Hi-Res graphics made,

Y Tuble 4T W means write anything 1o the koeation, B means sl the locition. RW means read or wrile, and

BT means read the Jocation and then check bit 7,
I Apple NIGS Hardware Reference
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= Table E-8*  Lo-Res graphics colors »  Table E-10°  Double Hi-Res graphics colors
Nibble vahse Nibble value
; Bepeaied color paitern  abll whl ah2 b Hit
Dec Hex Color Dec Hex Color
Rlack S00) 500 s00 S04 (00
0 §00 Black 8 $08  Brown Deep red SO8 511 §22 $44 (01
1 401 Deep ned El 509  Orange Brown S44 08 51 $22 oo
2 802 Darkblue 10 S0A  Light gray Orange §4C :W 533 $66 0011
1rk 77 N
v T S S S TR
‘ : : rh grayv s 2
£ % Nkpes 2 NG Lihigee Green 566 $4C 519 §33 0110
5 805 Darkgray 13 50D Yellow Yellow $HE $50 $31 §77 0111
b 306 Medium blue 14 SOE Aquamarine Dark blue 511 §22 $44 S8 1000
7 §07 Light blue 15 SOF Whate Purple 519 £33 $bo S 10411
Light gray 355 §24 55 S2A 1010
l\tl.l':JHl;ulS:mﬂ\' wary. depending on the controls on the monitor or television set Jllii:-]k By S $38 77 P e
Medium blue 533 S0 $4C S19 1100
Light Blue bRl 577 $OE 530 11
= Table EB9"  Hi-Res graphics colors Aquamaring 577 SOE 550 5B 1110
White §7F S7F STF STF 1111
Bits 06 Bit 7 off Bid 7 on « Table 416
Adjacent columns off Black 1 Black 2 w Table E-11°  Palene and color stanting addresses
Even columns on Furple Blue
Odd columns on Green Oringe Palettenumber  Calor $0 Color $1 Codor SE Color §F
Adjacent columns on White 1 White 2
8 SUE -1 SUE(2 OE1C- & -
Mafer Colors may vary, depending on thee controls on the monitor or television set * s JFE‘ 001 LM:_“ B FEIC-1D OE1E-1F
* Tahle 415 sl SUE20-21 S0E22-23 . SOEAC-3D SOE3F-3F
52 SUE4=1 SUE42=—i3 = SUESCSD SOESE-5F
SF SOFE(-EL SOFE2-E3 SOFFC-FD SUFFE-FF
* Tuble 420

= Table E-12*  GLU registers

GLU registers Address Tvpe
Sarund Control register SCOAC R/W
Data register SC030 R
Address Pointer register, low byte SCOIE R/W
Address Pointer negister, high byte SCO3F R/W
* Tahle 51
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= Table E-13*  DOC register addresses s Table E-13*  DOC register addresses (Continued)

Frequency  Froquency Waveiahle Wavelahle Frequency  Frequency Wavelahle Wavetahle
Oscillator Low High Vihume Trana Poimter Contral Size Oscillator Low High Yolume Diata Pointer Contral Siee
mumber regisier register regisier regisier regisier regisier register mumber reglster register PERISIER register Fegister register regisier
SO0 500 S20 540 81 S8 SAD SC0 S1A S1A §3A §54 5TA §9A SBA SDA
501 $01 §21 541 01 581 541 SC1 S1B S1B $3B $38 $7B SUB SBB SDRB
$02 §02 §22 542 362 $82 5A2 SC2 $1C S1C $3iC $5C §7C soC 3BC sDC
S03 503 523 543 503 583 A3 SC3 $1D 51D 33D 5D T 9D B0 DD
L §04 §24 S §0u S84 SA4 SC4 S1Ef SIE $3E $5E §TE SOE $BE SDE
505 505 825 843 505 L83 5A3 SC5 S1Ff SIF §3F $5F §7F SOF SBF SDF
5§06 306 $26 84l Shiy 58O SAL LCh * ‘rabile 54
807 507 27 47 567 S87 SAT SC7 } T These oseillators are reserved for-system use, Use of these oscillitors by the wser may result in a system crash.
S04 S8 528 544 bl SHY SAR SCR
304 509 $29 sS40 09 SH9 SAD 09 i
S S04 324 S44 A . . $CA i ;
$OB $0B e SiB th;. zi]; s:‘: SCR » Table E-14*  Disk-port soft switches
SUC S0C $2C $4C SiC SHC $AC $CC ) YT Deseription
SO0 SOC 3D §40 SGID S8D SAD SCD
SOE SOE $2E S4E SOE S8E SAE SCE I: SCOED Stepper motor phase (1 low
S:HF o s_‘” i‘_’F S6r SBF SAF :il.;}' ' SCOET Stepper matar phase 0 high
s10 sl 830 550 $70 590 $H0 s10 J s B exmotod {omee Loy
511 811 531 851 §71 391 SH1 D1 = ;
$12 12 s32 $52 72 $92 $B2 $D2 o Stepper motor phase 1 bigh
513 813 433 §53% 573 593 $R3 S04 | SCOE4 Stepper motor phase 2 low
SOB SR S2H S4B SO SHB SAR SCH | SCOES Stepper motar phase 2 high
S0C $0C $2C $4C SiC SHC $AC SCC SCUED Stepper motor phase 3 low
SO0 $IC 5D $4D S60y 3a0 SAD D SCOET Stepper mator phase 3 high
SOE SOE S2E S4E SGE SKE SAE SCE SCOER ﬁpindle motor enabled
. S Rl ot i il s peh SCOEY Spindle motor disabled
s 510 330 530 870 40 10 Do = i )
§11 i1 §3] $51 $71 591 Bl 01 $COEA Drive 0 select
s12 §12 542 §52 §72 592 sB2 sD2 SCOER Drive 1 select
§13 $13 535 533 §73 893 583 D3 SCOEC Q6 select bit low
§14 §14 §34 534 §74 94 SH4 S SCOED Q6 select hit high
§15 315 535 §55 75 95 §15 05 SCOEE Q7 select bit low
§10 816 830 536 376 90 Sho iDh SCOEF Q7 select bit high
817 317 537 857 577 £07 BT D7
$18 318 s38 $58 $78 $08 $B8 $D8 " Thle 73
£19 319 539 550 §79 560 SHY s

(Continued)
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= Table 15 The WM stares = Table E-18"  Secondary 1O memony keations
Q7 [ Spindle mior Operation Adddress
0 i 1 Read Data register Soft switch Dec Hex Diefinition
v ! 3 Reacl Status register SPKR 49200 SCO30 Toggle speaker tread only),
1 0 tY Read Handshake register CLRANG 49240 SCOs8 Clear annunciator O,
1 L 0 Wnte Mode register SETANO 49241 SC059 Set annunciator (0,
1 1 I Write Dara register CLRANI 49242 SCIHRA Clear annunetator 1,
e SETANI 49243 SCOSB Set annunciator 1,
Fable 2 CLRAN2 19244 SCO3C Clear annunciator 2.
SETAN2 49245 SCOSD Set annunciator 2,
S ) ) CLRANA 49240 SCOSE Clear annunciator 3,
s Table E-16*  5CC Command and SCC data register addresses SETANA 9247 SCOSF Sét ancuinclatar 3
Hegister Py e BUTN3 49248 SC06D Read switch 3 tread only).
BUTND 49244 SC061 Read switch {0 (read onlbv).
SCC Commuand S{t]_’l‘) SC038 BUTN] 459250 5(.”{1_’ RL‘:]Q: switch 1 il'l:‘:i:]l ﬂn::ﬂ
i . BUTKI 49231 SCU63 Read switch 2 (read only)
SCC data SCOAB CO3A : -
: L FADDLO SC004 49252 Read analog-input .
* Tahle 7-18 PADDLL SC063 19253 Read analog-input 1.
PADDL2 SCOGO 49254 Read analog-input 2.
FADIDLE SC067 49255 Reead analog-input 3.
= Table E-17"  Annunciator memory locations PTRIG 49264 $CO70 Analog-input resel
Annuncistor Address * Tahle 7-15
ANumber Pinf State Hex Dec
0 i3 Off $C054 9240 = Table E-19"  Perpheral-card BAM memory locations
On §C059 49241 Py
1 14 Off 5C05A 49242 Base
On SCO3H 49243 | ) 5 § -
2 13 Off SCOSC 49244 s ! :
O SCO5D 245 : ;
3 12 O?f :E:J;]l: -tgz-:‘: §0478 S047H S4TA S047H SO47C 047D S047E §047F
On $COSF 40247 S04FH SO4FY S04FA 5fljFH S[?I-IFF_. ilI-_iF]] S04FE SO4FF
§0578 §0579 SO5TA $057B S057C $057D SO5TE S05TF
* Table 7-14 S05F8 S05F0 S05FA S05FB SOSFC 305FD SOSFE S05FF
T Pin numbers given are for tse 16-pan IC connector on the cirewit board. SOG7R L0670 SORTA L067R SOGTC 30670 SOGTE SUGTF
SUGEE SOOFY SOOFA S06FH SOOFC SO0FD SOOFE SOGFF
SOTTR 0779 S0TTA S07TR SOTTC 50D SOTTE SO7TTF
S07F8 SOTF9 SOTFA SOTFB SOTFC S0TFD SOTFE SOTFF
* Tahle 8-3
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= Table E-20°

Peripheral-card 1/0 base addresses

Hase alon mumber

sldress 1 2 3 4 5 [ 7
3CO80 SCO00 FCOAD SCOBO SCOCH SCODO SCOED SCOFD
SCO81 SC091 SCOAL SCOB1 SC0CT SCID1 SCOEL SCOF1
SCOR2 SCO02 SCOAZ SCOB2 sCoc2 sCon2 SCOEZ SCOF2
§C083 SCO93 SCOAS SCOB3 SCACH SCOD3 SCOE3 SCOF3
SCO84 SCO04 SCOA4 SCOB4 SCACH SCOD4 SCOE4 SCOF4
SCOBS SCI05 SCOAS SCOBS SCOCH SCODS SCOES SCOFS
SCO86 SCO96 SCOAG $COB6 SCOCH SCODG SCOES SCOFG
SCOAT SCRT SCOAT SCOB7 SCOCT o7 SCOET SCOFT
SCO8S SCME SCOAB SCOBS SCOCK SCOD8 SCOES FCOF8
SCO8Y SCOO9 SCOAD SCOBY SCOC9 SCODS SCOEY SCOF9
SCORA SCO0A SCOAA SCOBA SCOCA SCODA SCOEA SCOFA
SCUBB SCOOH SCOAH SCOBH SCOCH SCODH SCOER SCOFE
SCORC SCO9C SCOAC SCOBC SCOCC SCODC SCOEC SCOFC
SCIRD $CO9D SCOAD SCOBD SCOCD SCODRD SCOED SCOFD
SCOBE SCO9E SCOAE SCOBE SCOCE SCODE SCOEE SCOFE
SCOBF SCO9F SCOAF SCOBF SCOCF SCODF SCOEF SCUFF
* Table 86
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Glossary

accumulator: The register in @ computer's
central processor or microprocessor where most
computations are performed.

ACIA: Acronym for Agyrchronons
Communications Interface Adapier, a type of
communications 1C used in some Apple
computers, Converts data from parallel 1o serial
form and vice versi. An ACIA hundles serial
trimsmission and reception and R8-232-C signals
under the control of its internal registers, which
can be set and changed by fimware or software,
Compare Serfal Communications Controller.

ADB: See Apple Desktop Bus.

address: A number that specifies the location of
a single byie of memory, Addresses can be given
a5 decimal or hexadecimal integers, The

Apple 1G5 has addresses ranging from 0 1o
16,777,215 (in decimal) or from 3000000 to
SFFFFFF (in hexadecimal )l A complete address
comsists of 4 4-bit bank number (300 10 §FF)
followed by a 10-hit address within that hank
(30000 1o SFFFF),

analog RGB: A type of color video monitor that
accepts separate analog signals for red, green,
anel blue. The magnitude of each signal can vary
continuously, making possible many shades and
tints of color,

Apple Desktop Bus (ADB): An input bus and
pretocol for connecting keyboards, mouse
devices, and graphics tablets to the Apple Nos.
Chapter 6 provides details of the ADB,

AppleTalk connector: A piece of equipment—
consisting of 2 connection box, a short cable,
and an 8-pin miniwre DIN connector—that
enables an Apple 1Gs to be pant of an AppleTalk
network.

AppleTalk local area network: Apple's local
area network for Apple 1T and Macintosh
personal computers and the LaserWriter® and
TnageWriter® 1l printers. Like the Macintosh,
the Apple 1165 has the AppleTalk interface built
in

Apple Iz A family of computers, including the
original Apple I1, the Apple [T Plus, the Apple e,
the Apple 1le, and the Apple llos, Compare
standard Apple 11,

Apple Lics Programmer’s Workshop (APW):
The development environment for the Apple [lGs
computer, It consists of 4 set of programs that
facilitne the writing, compiling, and debugging
of Apple lles application programs

Apple 116 toolbox: A collection of buili-in
routines on the Apple TGS that programs can call
to petform many commonly needed functions,
Fundticens within the toelhox are growped into
tol sets

application program or application: (1) A
program that performs a specific task useful 1o
the computer user, such as word processing,
database management, or graphics. Compare
controlling program, software, system
software,

application program or application: (1) On
the Apple 168, a program (such as the APW Shell)
that accesses ProDOS 16 and the toolbox
directly and that can be called or exited via the
Quit cill, ProDOS 16 applications are Ale type
SBi.

APW: Sce Apple 1165 Programmer's
Workshop.

ASCIL: Acronym for Americen Standard Code for
Information fterchange. (2) The standard
alphabetic, numeric, control, and special
characters represented by hexadecimal vilues S0
thraugh $FF. ASCH data refers to these universal
256 codes.

aspect ratio: The rauo of an image's width 1o its
height; for example, a standard video display has
an aspect rtio of 4:3,

assembler: A program that produces object files
(programs that contain machine-linguage codel
from source files written in assembly language
The oppasite of disassentbler,

auxiliary slot: The speciil expansion slot within
the: Apple e used for the Apple e S0-Column
Text Card or Extended 80-Column Text Card, and
also for the RGB monitor card. The slot is labeled
AUX CONNECTOR on the circuit board.

bank: A 04K (69.530-byie) portion of the

Apple 116s internal memory. An indivicual bank is
specified by the value of one of the 65CH16
microprocessor's bank registers.

bank-switched memory: Un Apple 11
compuiters, that part of the linguage-card
memory in which two 4K portions of memory
share the same addness rnge (SDOM-SDIFFY

binary: & method of numeric representation
using a hase-2 system. Valid digits are 0 and 1,

Compare hexadecimal, decimal,
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bit: Shan for inary digit. In the binary system,
the smallest unit of information, consisting of
or L.

bit map: A set of bits that represents the
positions and states of a corresponding sex of
items, In graphics, video pixels are represented
by @ it or bits in video display memory. See also
graphics.

block: (1) A unit of data stosige or transfer,
typically 312 bytes. (21 A contiguous, page-
aligned region of computer memaory of arbatrary
size, allocated by the Memory Manager. Also
called a mentory block

hlock device or block 1/0 device: A device
that transters data to or from a computer in
multiples of one block (312 bytes) of characters
at a time. Disk drives ané block devices.

boot: Ancther way to 1y start up. A compuler
Toxsts by locling & program into memory from an
external storage medium such as g disk. Boar is
short for bootstrap load - Starting up is ofien
accomplished by first loading a small progean,
which then reads a larger program into memory.
The progran is suid to “pull itsell up by its own
hootstrips.”

buffer: A holding arca m the computer’s memaory
where information can be stored by one program
or device and then read at a different rate ]T)'
another; for example, 4 print buffer or a ProDOS
it 170 buffer,

byte: A unit of nformation consisting of a
seqjuence of B bits. A byte can take any value
Derween O nd 255 (30 and SFF hexadedmal),
The value can represent an instruction, number,
churacter, or logical state.

carriage return (\rk A control code (ASCIL 15
genenited by the Retum key; in APW C, equal o
newling (\n).




carry flag: A statws bit in the microprocessor,
used as an additional high-order bit with the
accumulator bits in addition, subtraction,
rotation, and shift aperations.

cathode-ray tube: A display device, such as a
television picture tube, that produces images on
a phosphor-coated screen.

central processing unit (CPU): The part of the
computer that performs the actual computations

in machine language. See also microprocessor,

character: Any symbol that has a widely
understood meaning and thus can convey
information, Some characters—such as letters,
numbers, and punctuation—can be displayed on
the monitor screen and printed on a printer. Most
characters are represented in the computer as 1-
byte values,

character device or character /O device: A
device that transfers datw 1o or from a computer
as a stream of individual characters, Keyboards
and printers are charcter devices.

character generator: The IC responsible for
providing all text and special characters 10 the
computer that may be displayed on the video
monitor,

CMOS: Acronym for complementary metal vxide
semiconeuctor, one of several methods of
making integrated circuits out of silicon, CMOS
devices are characterized by their low power
consumption. CMOS fechnigues are derived
from MOS rechnigues,

color fringing: The rainbow-like effect tha
appears around text characters when they are
displaved in color on most color video monitors.
This fringing is unavoidable because the color-
detection circuitry of mast composite video
color monitors cannot respond fast enough to

the changing of the color information during the
text portion of the display. Displaying text in
memnachrome makes it more readable,

command: (1) In the Standard C Library, i
parameter that tells a function which of several
actions to perform, (21 In the APW Shell, a word
that tells APW which utility 1o execute.

Command key: A modifier key on the

Apple 168 kevboard, marked with hoth an Apple
icon and a propeller. the icon used on the
equivalent key on some Macintosh kevboards. Tt
performs the same functions as the Open Apple
key on standard Apple 11 machines,

composite video: A standard video signal that
includes all color and timing information that is
needed by a composite video monitor. Severnil
video standards are in use around the world:
NTSC video is used in northern America and
Japan; PAL video is used in much of Europe;
SECAM is used in the USSR and many other
countries. The Apple 1168 is capable of
generating both NTSC and PAL video, Compare
RGH.

controlling program: A program that loads and
runs other programs, withoul itself relinguishing
control. & controlling program is responsible for
shutting down {ts subprograms and freeing their
memory space when they are Ginished. A shell, for
example, is 4 commlling program.

Control Panel: A desk accessory that lets you
change certain system parameters, such as
speaker volume, display colors, amd
configuration of slots and ports,
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control registers: Special registers thar
programs cin read and write, similar 10 sofi
switches, The control registers are specific
locations in the 1/0 space (SCxxx) in bank SEO;
they are accessible from bank 00 if /O
shadowing s on.

Control-Reset: A combination keysiroke on
Apple Il computers that usually causes an
Applesoft HASIC program or command to stop
immediately

CPU: See central processing unit and
MICTOPrOCEssor,

cursor: A graphic icon displayed by the
operniting system or application program that
indicates where the next input from the user is
expected, Different styles of cursors are used
with the Apple 116G an arrow, an underhar, a
vertical bar, and an inverse video block

data: Information transferred to or from or
stored in a computer o other mechanical
communiciations or storage device,

data block: A 512-byte portion of & ProDOS 16
standard file that consists of whatever kind of
information the file may contain,

decimal: A method of numeric representation
using i base-10 system. Valid digits are {1 through
9. Compure hexadecimal, binary.

delete key: A key on the upper-right comer of
the Apple le, Apple lle, and Apple TGS
keyhoards that erases the character immediately
preceding (o the left of) the cursor. Similar 1o
the Macintosh Backspace key

desk accessories: Small, special-purpose
pragrams that are available w the user regardless
of which application is running, The Control
Panel is an example of a desk accessory,
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desktop user interface: The visual appearance
of & program and the way in which it intercts
with the user. In applications that use the
deskiop user interface, commands appear as
options in pull-down menus, and material being
waorked on appears in rectangular areas of the
sereen called windows. The user selects
commands or other material by using the mouse
1o move 4 pointer around on the screen

device: A piece of eyuipment (hardware) used in
conjunction with i computer and under the
computer's control, Also called a peripheral
device becanse such equipment is often
physically separate from, but atached to, the
COmpULET.

device driver: A program that manages the
transfer of information between the computer
and a peripheral device.

digital: Descriptive of that which uses signals
representing characters or numbers, signals bring
of discrete rather than continuously variahle
vitlues, or those produced by pulses of one
current or voltage value.

Digital Oscillator Chip (DOC): An integrated
circwit in the Apple TG that contains 32 digital
oscillators, each of which can generate a sound
from stored digital waveform data in a
wavetable,

DIN: Acronym for Deutsche Indistrie Nomal, a
European standards organization,

DIN connector: A type of connector with
multiple pins inside a round outer shield,

direct memory access (DMA): A means of fast
data transfer into or out of computer memory 1o
or from a computer peripheral. A peripheral
device, uswally @ card in a peripheral 110
expansion slot, puts the 65CH1G microprocessor
im an idle state, and takes control of the




computer for a shon period of time. Data in
memary may be directly accessed withour the
time-consuming wsual handshaking and
protocol.

directory: A file that contains a fist of the names
and locations of other files stored on a disk.
Directonies are either volume directones or
subdirectories. A directory is sometimes called a
caralng,

directory file: A directory. One of the tvo
principal categories of ProDOS 16 files,
Directory files contain specially formatted
entries that give the names and disk locations of
ather files.

direct page; A page (2506 bvies) of hank 300 of
Apple 11GS memory, any part of which can be
addressed with a short (1-byte) addness because
its high-address byte is always 500 and its
middle-adidress byte is the value of the 63810
direct register. Coresident programs or routines
can have their own direct pages ar different
locations. The direct page corresponds 1o the
6502 processor's zem page. The term direct page
is often used informally to refer w any part of
the lower pontion of the direct-pagestack
space

direct-page/stack space: A portion of bank S00
of Apple 1168 memory reserved for a program’s
direct page and stack. Initially, the 650816
processor's direct register contains the base
adldress of the space, and ns stack register
contains the highest address, In use, the stack
grows downward from the top of the direct-
page/stack space. and the lower part of the
space contains direct-page dana,

direct reglster: A hardware register in the

H3CA16 processor that specifies the start of the
direct page.

disk drive: A computer peripheral device that
stoes digital dara on a revolving magnetic
surfuce, Disk drives may be floppy disk drives
fwhich use a removable, lexible mylar disk as the
medium) or hard disk drives (which use a fixed
aluminum platter as the mediumb, Disk drives
retain the information after the computer is
turned off. but are capable of altering the data as
requested by the computer program.

disk operating system: An operating svsiem
whose principal function 1s to manage files and
communication with one or more disk drives,
D08 and ProDOS are two families of Apple [1
disk vperating systems

Disk I drive: A type of disk drive made and
sold by Apple Computer, Inc. for use with the
Apple 11, Apple 11 Plus, and Apple e, It uses
5.25-inch disks,

dithering: A technigue for altermating the values
of adjacent pixels 1o create the éffect of
intermediate values, Dithening can give the
effect of shades of gray on  black-and-white
display, ar more colors on a color display.

DMA: see direct memory access.

DOC: see Digital Oscillator Chip.

DOS: Acronvm for disk aperatng systese. An
Apple T8 disk operating system,

Double Hi-Res: A high-resolution graphics
display mode on Apple 1T compuiers with i Jeast
128K of RAM, consisting of an army of points 560
widhe by 192 high with 16 colors,

dynamic ROM: A form of read-only memory
CROMY in which data is retained in memaony while
the computer power is off, but is 1ost as soon as
the system is wmed on
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e flag: One of three flag bits in the 63C816
pracessor that programs use (o control the
processor’s operating modes. The setting of the
e flag determines whether the processor is in
native mode or emulation mode, See also m flag,
x flag.

8-bit Apple IL: Another way of saying standard
Apple 11, that is, any Apple Il with an 8-bit
microprocessor (6502 or 63C02).

80-column text card: A penipheral card that
allows the Apple 11, Apple 1T Plus, and Apple He
to display text in 80 columns (in addition o the
standard 40 columns).

emulate: To operate in 4 way identical 1o a
different system. For example, the 65C816
microprocessor in the Apple 11Gs can carry out all
the instructions in a program originally writen
for an Apple 11 that uses a 6502 microprocessor,
thus emulating the 6302,

emulation mode: The 8-bit configuration of the
O3CR10 processor in which it functions like 2
6302 processor in all respects except clock
speed.

event-driven program: A program that wails in
a loop until it detects in event such as a click of
the mouse button. The occurrence of the event
causes the program o ke # spectic action
hased on the event.

external device: See device.

external reference: A reference 1o a symbol that
is defined in another segment. External
references must be to global symbals.

fatal error: An error serious enough that the
computer must halt execution.
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firmware: Programs stored permanently in read-
only memory (ROM); most provide an interface
1w system hardware, Such programs (for example,
the Control Panel and the Monitor program) are
built into the computer at the factory. They can
be executed a1 any time but cannot be modified
or erased from main memory. Compare
hardware, software.

FPL: Abbreviation for Fast Processor [nferface. A
custom integrited crewir that incorporates most
of the memory orgimization and address-
decoding functions of the Apple [1Gs. One of
this IC's functions is to slow the system clock to
1.024 MHz whenever access to banks SE0 and E1
is detected.

frequency: The rte at which i repetitive event
recurs. In alternating current (ACH signals, the
number of cvcles per second. Frequency is usually
expressed in hertz (cycles per second), kilohertz,
or megaherz.

fringing: Also known as color fringong. The
undesirable effect of minhow-like colors
ohscuring text on the video monitor. Occurs
when Ai-column text is displayed in color

General Logic Unit: A class of custom
integrited circuits used as imerfaces between
differen parts of the computer.

GLU: Se¢ General Logic Unit.

graphics: The display by a computer on & video
monitor of dita in memory, to visually represent
figures, charts, graphs, or icons, In the

Apple llGs, each pixel on the monitor screen is
directly controllable by bits in the screen. See
also bit map.




hand control: A hand-held deviee with a knob
and pushbutton that provides the user with a
means for inputting stimuli 1o the computer for
the purpase of comtrolling the application
progrim. Usually used in conjunction with game
software. Compare joystick.

handshaking: The exchange of status
information. between a DCE (Data
Communications Equipment) and a DTE (Data
Terminal Equipment), usually a computer and a
peripheral device, used to control the transfer of
data herween them. The status information can
be the state of a signal connecting the DCE and
the DTE, or it can be m the form of a character
transmitted with the rest of the data. See also
XOFF, XON.

hardware: Collectively, electronic crcuit
components and associated fitings and
artchments. In computers, the computer itsclf
(the processor), disk drives, and other peripheral
equipment. The saying goes, “If vou can touch i,
it's hardware, If you can't, it’s sofiware.”
Compure software.

hertz (Hz): The unit of frequency of vibration
or oscillation, defined as the number of cyeles per
seconel. Named for the physicist Heinrich Hertz,
See also kilohertz, megahertz.

hexadecimal: The hase-10 system of numbers,
using, the ten digits ) through % and the six leers
A through F. Hexadecimal numbers can be
converted easily and directly to binary form,
because each hexadecimal digit comresponds 1o a
sequence of four hits. In Apple manuals,
hexadecimal numbers are usually preceded by a
dollar sign (85,

high-level Language: A programming Linguage
that is relatively easy for people to understand. A
single stement in a high-level language ypically
corresponds to several instructions of machine
language, Compare low-level language.

high-order: Referring to the most significant
part of a numerical quantity, In norml
representation, the high-order b of @ binary
villue is in the lefimost position; likewise, the
Tigh-owder byte of 4 binary word or long word
congists of the lefimost 8 bits,

Hi-Res: A high-resolution graphics display mode
on the Apple 1T family of computers, consisting
of an amay of pixels 1490 wide by 192 high in six
colors or 280 wide by 192 high in monochrome.

1C: see integrated circuit.

image: A representation of the contents of
memory. A code image consists of machine-
language instructions or data that may be loaded
unchanged o memory

index register: A register in a computer
processor that holds an index for use in indexed
acldressing. The 6302 and 650816
microprocessors used in the Apple 11 family of
compuiers have wo index registers, called the X
frddex register and the Y index negister.

input device: The keybourd s the main input
device for the Apple lgs. Other possible input
devices are the mouse and the graphics ablet.
AMmost any device nuay be used as an ADB input
device, as long as it conformis 1o the Apple
Deskiop Bus protocol. Chapler 6 provides
details on the ADB.

input/output (L/O): The transmitting and
receiving of data to and from peripheral or built-
in devices.
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integrated circuit (IC): A miniuture clectronic
circuit consisting of many thousands of
transistors and other electronic components by
processing 4 chip of semiconductor materal.
This chip is then cast in a plastic or ceramic
package with metal leads or “legs” used 1o
cannect it to a creuit board, Categories of 10s
are laheled due to their construction process:
manolothic, fybrid, and diin-film are some,
Almost any electronic ciroult may be
miniturized and made into an integrited
circuit,

interrupt: A request made of the microprocessor
by a device, either built-in or external, to receive
urgent dati or respond o 1 recent event, Disk
drives make interrapt requests of the
microprocessor, as do the real-time clock and
the mouse firmware in the Apple 1165

interrupt handler: A progrim, associated with a
particular external device, that exeqnes
swhenever that device sends an interrupt signal (o
the computer. The interrupt handler performs its
tasks during the interrupt, then reums control o
the computer s it MELY resunse program
execution

interrupt vector table: A tble maintained in
memory by ProDOS 16 that contains the
addresses of all currently active (allocaed)
interrupt handlers.

1/0: See input/output.

1/0 expansion slots: The seven recangular
connectors located on Apple 116S main logic
beard, These slots will accept siandard Apple 11
peripheral cards and allow the computer to
communicite with peripherals such as printers
and disk drives. Sec also peripheral card.
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TWM: Abbreviation for Tiveprated Woz Machine,
the custom chip used in buili-in disk ports on
Apple computers,

joystick: A type of hand conerol that has a
mewahle stick o provide x-axis and y-axis inputs
tor the I.'l]ﬂ1|'1|.l[t.‘|'.

jump table: A wble constructed momemory by
the Svstem Loader from all jump-table segments
encountered during a load. The jump table
contains all references to dynamic segments that
muty be called during execution of the program.

Kz Abbreviation for the prefix kifo-, meaning
1024, A kilobyte texpressed 1K) of memaory is
1024 memory locations,

kilobit: 1024 hits, commonly used in specifying
the capacity of memory [Cs. Not to be confused
with krlabie.

kilobyte: 1024 bytes, usually used 1o describe a
mnge or size of memory. Compare kilobit,

kilohertz (KHz): A unit of measurement of
frequency, equal w1000 hertz, See also

megahertz.

langnage card: Memony with addresses between
S anc SFFFF on any Apple H-family
computer. 1t includes two RAM banks in the
SDncex space, called bartle-swftched memory. The
language card was ariginally 1 peripheral card for
the 48K Apple 1T or Apple 1 Plus that expanded
its memory capacity o 64K and provided space
for an additional dialect of BASIC.

local area network: A high-speed das
communication channel that provides
connections between computers, disk drves,
printers, and other peripherals in a limited
geographic arca, such as within i single building
O GTpUuS




long word: A double-length word. For the
Apple 1105, a long word is 32 hits (4 bytes) long,

loop: A section of a program that is excecuted
repeatedly uniil a limit or condition is met, such
as an index varable's reaching a specified ending
value.

Lo-Res: The lowest-resolution graphics display
maode on the Apple 1 family of computers,
consisting of an amray of blocks 48 rows high by
40 columns wide, with 16 available colors.

low-level language: A programming language
thar is relatively close 1o the form the computer's
processor can execute directly, One statement in
a low-level language comesponds o i single
machine-language instruction. Compare high-
level language.

low-order: Referring (o the least significant part
of & numerical quantity. In normal
representation, the low-order bit of a binary
number is in the nghtmost position; likewise, the
low-order byte of a binary word or long word
consisis of the nghtmost 8 hits.

main logic board: The main circuit hoard in the
computer, which holds the major electronic
CDmp[]m‘.‘J'l.L‘i and connectons,

megabit: A unit of measurement, | 048,570 bits
or 1024 kilobits, commonly used in specifying
the capacity of memory 1Cs, Not to be confused
with mregatiive.

megabyte: 148,570 bytes or 1024 kilobyies,
ustally used w describe 4 rnge or size of
memory. Compare megabit,

megahertz (MHz): A unit of measurement of

frequency, equal to 1,000,000 hertz. See also
kilohertz

Mega II: A custom, large-scale integrated circuit
that incorporates most of the timing and control
circults of the standard Apple I1; an Apple 1L on a
chip. [t addnesses 128K of RAM organized as 04K
main and auxiliary banks and provides the
standard Apple 1T video display modes; both
text Ca-column and 80-column} and graphics
{Lo-Res. Hi-Res, and Double Hi-Res),

memory: Locations within a computer or other
electronic device that retain or “remember” data
as needed by the microprocessor. Two types of
memory are utilized in the Apple [ computers:
random-aceess (or read/write) memory (RAM1,
and redd-only memory (ROM)

memory expansion card: A slor card that
contains additional RAM and ROM memory. In
the Apple NG, this optional expansion card is 1o
b used only in the memany expansion slot.
Memory expansion cards for use in the Apple [le
are not 10 be used in this computer

memory expansion slot: The single slot
located on the Apple 11Gs main logic board that
accepts an Apple os memory expansion card
Memory expansion cards designed for other
Apple 11 computers will not work in this slot.

Memory Manager: A program in the Apple [1Gs
Toolbox that manages memory use. The Memory
Manager keeps track of how much memory is
available, and allocates memory blocks 1w held
program segrments or datd,

memory-mapped L'0: The method used for
1/ operations in Apple 11 computers, where
certtin memory locations are attached 1o 1/0
devices, and [0 operations are st memory
load and store instructions,
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m flag: One of three flag bits in the 650816
processor that programs use to control the
processor's operating modes. Tn mative mode,
the seting of the m flag determines whether the
dccumulator is 8 bits wide or 16 bits wide, See

also e flag, x flag.

microcomputer: Any small computer wheose
central processing element is contained on a
single small circuit board or within a single
integrated circuir,

microprocessor: The heart of o micrieomputer.
Usually, a single-chip computer element that
contains the control unit, central processing
circuitry, and arithmetic and logic functions and
is suitahle for use s the central processing unit
of a microcompuler or 4 dedicated automatic
control system. In the Apple 1IGs computer, the
microprocessor is the 65CA10. Previous Apple 1
computers utilize the 6302 and 63002
microprocessors. Some microprooessors used in

ather computers are the GHOO0, the SO0, the 280,

and the 8086,

modem: Acronym for modulator-demodulator.
A computer peripheral device that allows
compauters 1 transfer digital information over
conventional telephone lines. Modems usually
conned to the computer's serial port, but may
instead plug into 1 peripheral expansion slot.

monitor: se¢ video monitor,

Monitor program: A program huilt ino the
firmware of Apple I computers, used for directly
inspecting or changing the contents of main
memory and for operiting the computer at the
machine-tinguage level.
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monochrome: Displaying video in one color and
the: background in another, frequently black and
white, but not necessarily. The Apple lics
monochrome defaul is white charecters on a
medium blue background.

MOS: Acronym for metal axide semiconductor, a
method of semiconductor integrated-circuit
fabrication on silicon using lavers of silicon
dioxide in the make-up of the devices. Compare
CMOS.

mouse: A small device you move around on a flar
strface next to your computer, The mouse
controls 4 pointer on the screen whose
movements correspond to those of the mouse,
You use the pointer to select operations, o
move data, and 1o draw within graphics
programs,

move: To change the location of a group of data
bwiess in memory, The Memory Manager may
move blocks to consolidate memory space.

native mode: The 16-bit operating
configuration of the 65016 processor.

NMOS: One of several methods of making
integrated circuits out of silicon; a metal-oxide
semiconductor device made on a p-type
substrate using n-type source and drain contacts,

NTSC: (1} Abbreviation for Natfomal Television
Standards Commitiee. The commitiee that
defined the standard Formar vsed for
transmitting broadcast video signals in the
United States, (2) The standird video format
defined by the NTSC, also called compasite viden
because it combines all the video information,
including color, into a single signal.

null: ero,




128K Apple I: Any standard Apple 1T with both
main and auxiliary 64K bunks of RAM. That
includes all models of the Apple e and some
models of the Apple Te. including those with the
Extended 80-Column Text Card installed, The
Apple 165 s not a 128K Apple 1 in the strict
sense, even though it includes hoth 64k hanks of
RaM and s capahle of ninning programs
designed for a 128K Apple 11,

opecode: See operation code.

Open Apple: A modifier key on some Apple 11
kevbourds. On the Apple [cs keyhoard, the
equivalent key is called the Commend bev it is
marked with both an Apple icon and @ propeller,
the icon used on some Macintosh kevhoards.

operand: (1) In assembly language, the pan of an
instruction that follows the operation code. The
operand s used as a value or an address. or 1o
caleulate a value or an address, (2) [0 object
motule format, an operation code that is
followed by 2 single value that constitutes pan
of an expression, The value following the
operand opoede is acted on by an operaor.

operating system: A general-purpose program
that organizes the actions of the various parts of
the computer and its peripheral devices, See also
disk operating system.

operation code: The part of a machine-language
instruction that specifies the operation 10 be
peformed. Often called opeode.

operator: In object module formar, an
operation code that speafies an arithmetic or
logical aperation in an expression to he
performed on one or fwo varsibles that preceds
i1, The variables acted on by an operator are
identified by operand opcodes that precede
them.

oscillator; Traditonally, an electronic cireuit
that generates a constant or varable frequency
signal. As used in the Digital Oscillator Chip in
the Apple 1G5, the oscillators are actually
address generators, pointing 10 data bytes in
NUIJI'HJ memaory.

page: (11 A portion of memory 256 vtes long
anel beginning at an addeess that i an even
multiple of 256, Memory hlocks whose starting
acldresses are un even multiple of 236 are said 1o
he page-aligned (21 (U0sually capitalized.) An
ans of main memory containing test or graphics
information being displayed on the screen.

PAL: Acranym for phase alternating lines. A video
standard originated in England and used in other
Europein countries.

parallel: (1) The simulaneous occurrence of
more thin ene phenomenon. (2) The connection
of a group of wires for the purpose of
concucting bits of data simultineously, rather
than one it 2 time (vi 2 serial connection).

peripheral card: A removable printed-circuit
hoard that plugs into one of the seven [0
expansion slots, allowing the computer o use a
peripheral device or to perform some subsidizry
or peripheral function, These cards may be self-
contained (such as a clock card) or an interface
card (such as a disk interface card) with a cable
connecting the card and the peripheral.

peripheral device: An input or output (or
input output) device, usually external to the
computer (hut which may reside on a card ina
peripheral-expansion slot), that performs some
secondary function for the computer. Printers,
disk drives, modems, and video monitors are
examples of peripheral devices.
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peripheral expansion slot: The seven slots at
the rear of the main logic board that will accept
maost Apple 11 peripheral expansion cards. Each
slet has 50 pins, which carry required power and
signals to and from the peripheral cards.

phase: (1) A stage in a periodic process, A point
in a cycle. For example, the h3CR16
microprocessor wses @ clock cvele consisting of
two phases called ol and el. (2) The relationship
between two periodic signals or processes,

pixel: Shon for picture element. The smallest dot
vou can draw on the screen. Also, a location in
video memory that corresponds 1o a point on
the graphics screen when the viewing window
includes that locaton, In the Macintosh display,
each pixel can be either black or white, so it can
he represented by a bit; thus, the display is said
to be a bit map. In the Super Hi-Res graphics
display on the Apple 1G5, each pixel is
represented by either two or four bits; the
display is not 4 bit map, but rither  pixel map.

pixel map: A ser of vilues that represents the
positions and states of the set of pixels making

up an image. Compare bit map.

pointer: An item of information consisting of
the memary address of some other item, For
example, the 65CA16 stack register contains a
pointer (o the top of the stick.

pop: e pull.

power supply: The large metal box inside the
Apple 11Gs that divides and conditions the
household current, supplying the voltages
required by the main logic board and some
peripheral devices.
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ProDOS: A family of disk operating systems
developed for the Apple 11 family of computers.
ProfS stands for Professional Disk Operating
System, and includes both ProDOS 8 and ProDOS
16.

ProDOS 8: A disk operaung system developed
for standard Apple [l computers. It runs on 6302-
series microprocessors. It also runs on the

Apple 1IGs when the 63CR16 processor is in 6502
emulation mode

ProDOS 16: A disk operating system developed
for 63CA16 native mode operation on the

Apple 1G5, [ is functionally similar o ProDOS 8
but more powerful.

programmable read-only memory: A type of
ROM device that is programmed after

fahrication, unlike ordinary ROM devices. which
are programmed during fabrication,

PROM: See programmable read-only

memory.

protocok: An agreed-upon formal hardware o
software handshaking between two electronic
devices (usually 2 computer and a peripheral 'O
device).

Pull: To remove the top entry from a stack, this
instruction moves the stack pointer 1o the entry
helow it Synenymous with pop, Compare push,

Push: To place 2 new entry at the top of the
stack, this instruction moves the stack pointer
10 the entry above it Compare pull.

radio frequency (RF): Broadeast frequency
over which radio and television operate.
Generally defined as the radio spectrum between
3 MHz and 3000 MHz.




radio-frequency modulator: A device used 1o
raise video signals to a frequency that may be
received and displayved by a television, as a
substinute for a standard video monitor when
one is nat available,

RAM: Sce random-access memory.

RAM disk: A portion of memory (RAM) that
appuars to the operating system to be i disk
volume, Files in 2 RAM disk can be accessed
much faster than the same files on a foppy disk
or hard disk.

random-access device: See block device.
random-access memory (RAM): Volatile

memory within a computer or other electronic
device. Data are retained as long as power is
supplied to the memory chip. Once the power is
disconnected, the data are lost. Compare read-
only memory.,

read-only memory (ROM): Nonvolatle,
permanent memory. ROM ICs may be written
once, usually in the development of the
computer. Data are retained in the memaory even
after power is disconnected. Special ROM ICs
allow you to change the data in them under
,-.-pu-i[ilq_- conditions such as ultraviolet light
{EPROMSs |erasable programmable read-only
memaoryl), or high voltages (EEPROMs
[electrically erasable programmable read-only
memory]). Normally, however, ROM 1Cs are
written once.

read/wrile memory: See random-access
memory.

real-time clock (RTC): A custom [C that, onee
set, retains the current time of day, day, month,
and year. Chapter 7 provides details of the RTC
and other built-in VO devices,

RF: See radio frequency.

RF modulator: See radio-frequency
modulator,

RGE: Abbreviation for red, green, and biue. A
method of displaying color video by
transmitting these three colors as three separate
signals, There are two ways of using RGH with
computers: TTL RGB, which allows the color
signals 1o Lake on only @ few discrete values; and
analog RGH, which allows the color signals to
take on any values between their upper and lower
limits, for a wide range of colors. The Apple Tigs
uses analog RGB: connect only RGB monitors
using analog RGB 1o the RGB video connector at
the rear of the computer. Compare composite
video,

ROM: Ser read-only memory,

ROM disk; A feature of some operating systems
mking it possible 1o use read-only memory
(ROM) as a disk volume, Often used for making
applications permanenily resident. See also RAM
disk.

R5-232-C: A commn standdard for senial data-
communication interfaces,

RS-422: A standard for seral dats-
communication interfaces, different from the
15-232 standard i its electrical characteristics
and in its use of differential paies for data
signals. The serial ports on the Apple 1165 use RS-
122 devices modified so as to be compatible
with RS-232-C devices,

RTC: See read-only memory.
SCC: See Serial Communications Controller,

schematic diagram: A diagram using special
figures (o represent 1Cs, logic functions, and
interconnecting wires, to deseribe a cirouit
Sthematic diagrams for the Apple TGS main logic
bard are located in the Addendum
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screen holes: Locations in the text display
buffer (text Page 1) used for temporary stomge
either by 10 moutines running in peripheral-cand
ROM or by firmware routines addressed as if they
were in card ROM. Text Page 1 occupies memory
from S0400 to SOTFF; the screen holes are
locations in that area that are neither displayved
nor modified by the display Brmwire.

SECAM: A French acronym meaning “sequentiul
color with memory.” A video standard
originating mn France and used in the USSR and
other countries.

sector: A division of a track on a disk. When a
disk is formatied, its surface is divided into
tracks and sectors.

semiconductor: A cliss of malerials whose
reststivity lies between that of conductors and
insulators, for example, germanium and silicon
Solid-state elecronics is based on the use of
semicanductors.

seriak: A single-wire connection for the purpose
of rransferring bits of dat one at a time, wsually
between a computer and a peripheral device.

Compare parallel.

Serial Communications Controller (SCC): A
type of communications IC used in the

Apple [1G5. The SCC can run synchronous data
transmission protoce] and thus transmit data at
faster rates than the ACIA. Compare ACIA,

serial port: The two connectors located a1 the
hack of the Apple 11Gs main logic board that
provide a means for communicating with
peripheras (such as printers and local area
networks) using 1 serial interface.
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shadowing: The process whereby any chinges
made 10 one part of the Apple [lGs memory are
automatically and simultaneously copied into
another part, When shadowing is on. information
writien 1o bank 300 or $01 is automatically
copied ino equivalent locations in bank $E0 or
SEL. Likewise, any changes to nk SFO o $E1
are immedeately reflected in bank $00 or $01,

silicon: The semiconducior used in o majonity of
solid-state electronic components and
integrated circuits.

G8000: The mictoprocessor used in the
Macintosh and Macintosh Flus. The 68000 has 32-
bit datay and address registers.

65C816: The microprocessor used in the
Apple 11Gs, The 63C816 is 4 CMOS device with
16-bit data registers and 24-hit address registers,

65C02; A CMOS version of the 6302; the
microprocessor used in the Apple e and in the
enhanced Apple He.

6502: The microprocessor used in the Apple 11, in
the Apple [ Plus, and in early models of the
Apple le. The 6302 is a MOS device with 8-bit
data registers and 16-bit address registers,

64K Apple 1: Any standard Apple 11 that has at
st 04K of RAM. That includes the Apple Ilc,
the Apple le, and an Apple 10 or Apple 11 Plus
with 48K of RAM and the language card installed.

SmartPort: A set of firmware routines
supporing multiple block devices connecied 1o
the Apple TG disk port.

soft switch: A locution in memory that
produces some speafic effed whenever its
contents are read or written,




software: A group of instructions to the
microprocessor, instructing it (o perform certain
functions, such as performing computations,
displaying data on a monitor, reading data from
and writing data to a disk. The group of
instructions is known collectively as a program.
Compare application program.

special memory: On an Apple 10G3, all of hanks
S0 and $01, and all dhisplay memory in banks SE0
and $EL. S0 called because it is the memory
directly accessed by standard Apple [ programs
running on the Apple 1165,

stack: A list in which entries are added (pushed)
and removed (pullid) ar one end only (the top of
the stack), cuusing them o be removed in last-
in, first-out (LIFO) order. The term the stack
usinilly refers 1o the particular stack pointed w
Iy the 63CB16's stack register.

stack register: A hardware register in the 65CR16
processor that contains the address of the wp of
the processor's stack.

standard Apple 1I: Any computer in the Apple 11
family except the Apple HGs. That includes the
Apple 11, the Apple 11 Plus, the Apple le, and the
Apple Tle.

start up: To get the system nunning, Staring up
involves Inading system software from disk, and
then loading and running an application. Also
called boot.

Super Hi-Res: A high-resolution graphics displiy
mode on the Apple 11Gs, consisting of an armay of
points 320 wide by 200 high with 16 colors or G40
wide by 200 high with 16 colors (with
restrictions ).

sync signal: A signal that exists for the purpnse
of synchronizing two devices, Frequently
generated by a video generator and used by a
videa monitor o synchronize the video display
to the separate video information. In the
Apple las, the syne signal is mixed with the
video information resulting in the composite
viden signal,

synthesizer: A hardware device capuble of
producing sound by creating it digitally, and then
converting i into an analog waveform that you
can hear

system disk: A disk thar conains the operating
system and ather system soltware needed (o run
applications.

system software: The components of 1
computer system that suppart application
programs by managing svstem resources such as
memaory and 1O devices,

text window: Thar portion of the screen that is
reserved for text. After stanting the computer,
the fimmware uses the entire display for text,
However, if vou wish, you can restrict the text
vidlen autivity o any rectangular portion of the
display,

tool: Sev ool ser.
toolbox: See ~Apple oy Toolbax”

twol set: A group of related routines (uswally in
firmware), available 10 applications and system
software, that perform necessary functions or
provide programming convenience. The Memory
Manager, the Svstem Loader, and QuickDraw 11
are faol sels,

track: One of a seres of concentric circles ona
disk. When a disk is formarted, its surface
divided into tracks and secioes.
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TTL RGB: A 1ype of video monitor that can
aceept only 2 limited number of digital values
and display only a corespondingly limited
number of colors. Stnds for transistor-transistor
logic, ved, preen, biue. Compare analog RGE.

unbuffered: A style of input and output tha
does nat use a buffer for 1O, reading and writing
i done one character at g time.

VBL: short for vertical Wanking, an intermupt
signal generated by the video timing cirouit each
time it finishes @ vertical scan, 60 times a second.

VGUC: See Video Graphics Controller.

video: An electrical signal containing
infermation that may be obtained visually when
displaved on a video monitor, Information
organized or transmined in video fomm. See also
NTSC, PAL, SECAM.

Video Graphics Controller (VGC): The custom
1€ on the Apple T165 main logic board
responsible for gencrating all video used in the
Apple Tas,

video monitor: A display device that receives
video signals by direct connection only,
wavetable: A group of data bytes in memory
used as data by the DOC 1o genenite sound. The
wavetable is built by using the DOC o digitize
an analog-input signal and placing the resulting
dara byes in sound RAM memory,
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word: A proup of bits that s treated as a unit.
For the Apple 1165, a word is 16 bits (2 byres)
long,

write-only memory: A form of computer
memory inio which information can be stored
huit never, ever einieved.

X flag: One of three flag bits in the 630816
processor thit programs use to control the
processor's operating modes. In native mode,
the serting of the x flag determines whether the
index registers are 8 hits wide or 16 hits wide,

See e flag, m flag.

XOFF: A special character (ASCI value S11) used
for controlling the transfer of data between o
microcomputer and 4 serial peripheral device.
When one piece of equipment receives an XOFF
character from the other, it stops transmitting
characters untl it receives an XON, See
handshaking, XON.

XON: A special character (ASCT value §13) used
for controlling the transfer of data between a
microcomputer and a serial perpheral device.
See handshaking, XOFE.

zero page: The first page (230 bytes) of memory
in a standard Apple Il computer (or in the

Apple 1Gs computer when running o standand
Apple 11 program). Because the high-order byte
of any address i this part of memory is zer,
only a single byte is needed to specify a zero-
page address, Compare direct page.
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sccumultor 210

ACIA, See asynchronous
communications nterface
adapter

activator 146

ADB mouse 147-148

AT Converter register 104

addressing modes 208

Address Poimter registers 104, 105,

106, 107
address wrapping 31
analog inputs (PDLO throogh
DL 167
annunciator memorny locations
67
annunciator outputs CANG
throigh ANIY 1
Apphe Deskiop Bus 4,7, 47,
121123, 166, 247
addresses 1350, 147, 144-145
bradcast signils 137130
codlision detection 146
Command / Thata register 118,
12
comnunds 144140
device handlers 144-145
device registers T40-144
ermor comditions 139
General Logic Unit (GLLTD
127-133
Revboard Data register 126,
]
microcontmoller 127
Modifier Key register 130
Mouse Dat regester 130, 131
meving dcdresses L4145
perphen devices 140-148
service request 146
Stafus register 132-133

applesoft BASIC 2
AppleTalk 47, 158, 153
Apple llc 1-3
Apple lle 1-3,125
ASCI 64, 79, 12K, 129, 263-267
asvnchronous communicitions
interface adapter (ACIA)
IR
Attenition/Sync signal {ADBY 130
ausiliary memory 41=4h, 65
bank 15
select switches 44

background colors 62, Bl

bk S0 30, 31, 3235, 41, 42 4b, 48

bank SUT 30, 31, 34 35,41, 42 40, 48

bank SEO 30, 31,458

Fank SE1 300, 31, 458

bank switching 30, 38

auxiliary memory 43

bt cedl (ADEB) 133-134

hits 256257

Border Color register R1-HZ, 166,
1

Tonder codors (2, B1-82

hrondcast signals (ADR) 137-139

P, Ao Apple Desktop Hus

Iwytes 257

C
character genertor 251-253
character sets TH-HI
ASCIL 64, 79
displiy 79
clocks 3, 146
resal-time 3. 58, 82, 168-170
signals 194-199
collision detection (ADE) 140

color fringing £12
Command Dot register 128, 120
compatibility 2-3, 151, 176
composite video connector 7
connectors 67

Apple Desktop Bos 3,7

commposite video 7, 71

disk drive 7

disk-poa 150-152

game 7, 14165

power 203

RGH video 7

serial port 7
Control Panel 3
control regaster 169

1]
dara bank register 210
decimal numbers 238200
demultiplexer 119-120
desk accessones 47
deskiop user interfce. 244
device wddresses (ADB) 144-145
dirvice handlers (ADE) 14145
device regmaers 140-144
Diigital Csciltaror Chip (DOC) 8,
1118
AT Comverter register 109
Frequency High and Frequency
Low registers 113
Oscillator Control registers
m, 12
Oscillator Data registers 111
Oscillaror Enahle register 108
Oscillator Internupt negister
18-108
register addresses 110
Vilume registers 111

Digital Oscillator Chip feontimmued)
Wavetihle Pointer registers
14}
Wavetable Size registers 114,
Lo
digital-to-anabog convener 115
diirect memory access 15, 176,
158199
canls 177-178
daisy chain 180, 194
darect page 32,42, 48
Dhrect register 214
disk 150-159
disk-pont connector 151-152
Disk Il 23-24
Handshake regisier 158
Intedace register 152-153
Made reqster 155156
pon 7, 140, 150-159
readl wrile Thata register
156-159
Status register 157
display buffers. 18-19, 20-22 4647
Diowhle Hi-Res graphics 90-91
Saper Hi-Res graphics 9091
display mode switching 72-74
display puges 71-77
Hi-Res 76
Text 48
dithering 5, %
DOC, See Digital Oscillator Chip
Drucslisk 151
duty-cycle modulation (ADB)
153134

A0-column text display 41, 63, 64,
06, 71, Th, -0

emulation mode 32, 307, 208, 209,
200211

Fast Processor Interface (FP1) B
1L 14170

firmwire 47, 243

Flush command 134, 130, 157

A0-column text display 61, 63, 64,
5, 71, T2, 73, Th-T7, 78, 80

Frequency High and Freguency
Low registers (IOC) 113

G

e L0 165108
post, 165
phaost addresses 52
Glokal Reser commeand 138
griphics H4-1K
Color-Fill 59,92
Dol Hi-Res 33,41, 47, 48 68,
8. 71, 76, 47, 88
Hi-Res -2, 35,47, 48, 64, 08,
71,7875, 84, 8547
Lorfes 3, 61,64, 67, 71,72, 75,
T, B
monochrmme #4535
monochrome color register
HI-H3
Super Hi-Res 20-21, 41,47, 63,
Th, B3, 9

hand controls 7, 164, 166-167
Handlshake register 158
hexadecimal numbers 258-260

npur buffer 33
instructions, assembly Linguage
an
Integrated Wor Machine (FWM)
15415
stales 155
miermupts 38-61, 127, 1931494
daisy chains 174, 194
cscillaor 109, 112
scan-ine 58,89, 92-4
IO 8 19, 14-25, 177-181
memory locations 168
170 expansion slots 171199
cards for sl 3 193
direct memorny access | DMA)
Im=1%
expanson ROM space 185186
expansion shot signals 174175
10 cards 177
IO memony space 191-19%
lewding 180-181
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peripherdl-card 10 space: 184
petipheral-card RAM space
157

peripheral-card ROM space
T-185
HAM 190
slot number 158
WM. See Integrated Woz
Machine

J
poystick 3,67, 164

K

kevboard 3, 125126, 247-250
Kevhoard Drta register 128, 129
kevhaard strobe 125-136

L

Eanguage cand 19, 20, 3539, 4243,
410
hank select switches 4639
Listen command (ADEY 137, 140

M
matin Joggic hoard 3
main memory 63
Mega 11 H, 11,1213, 14, 15, 16, 5b,
17
memaory B, 13
allocuaion 16,17
auiliary 414565
auxiliary hanks 48
banks 29-31
bank switching 3
built-in 2949
exparsion ROM space 31,
185180

IO memony space 191-193

language curd 42

mam 45

mmutin bunk 48

mup X3

Memory Manager 31, 47

penphenilcand 163187

periphersl-card ROM space
TH-155

RAM 23,89, 12,13,14, 24. 38,
2,3, 353038127




refresh 24

reserved pages 32-35

ROM 3891215 47783,

127,191, 192-19%

shadowing 13, 18-24, 49
Memoey expansion 4954

and 29,31

expansion signals 50, 51

expansion slor 29, 49, 3051,

173175

extended HAM 51-52

extended RAM mapping 52-54

extended ROM 52
Memory Manager 31,47
microcontroller 121, 122, 126-127
microprocessar 2,3, 5, B 183, 188
midem 159, 183
Mode register 153156
Modifier Key register 130
mosdifier keys 126
Moaditor firmware 3, 32, 47, 194
Monuchrome Color register 82-83
monochrome monitors 62
Monsse Diuta register 130, 131, 132
MouseTest b4, 78, 253
multiplexer 109

N

mative meode 32, 3068 209, 210, 211
negative-derimal numbers

Nm‘-‘u':ldeo register 16, ¥5-01
tekey rolkwer 125
WTSC viden 14, 63, 70 86, 87

0

IMB Apple 11GS, additional
features. 4
keytwanl 147
power-on status 22, 13
RAM 24, 29-31, 49,53, 54
ROM 30-52, 49,52
toohox 4
opoodes 206, 228, 2355
openiting speed 213
operating systems. 245

cacillator 115, 117-118
Control registers 111, 112
Data registers 111
Enale register 108
Interrups register 107, 108100
interrupes 111, 112

PO
packet 133
palette 92, %4-07, 98, 99
petipheral cands 6, 167-188
addressing 188159
1/0 hase addresses 189-190
RAM memory locations 187
peripheril expansion slots b
perphenl identificiton numbers
20]-262
nphenl interface adapers
(PlAsh 180
pixels 8580, 95-97, 98
power connecior 203
printer 159, 183
ProDOs 151, 245
program bank regiser X6, 214
program coumter 214
Program Slatus register 211-213

R
radio-frequency video modubator

RAM mesmory. See memory
read write Duta repister 1568-150
real-time clock 3, 58, 82, 169-170
reserved pages 32-35
Rueset signal 138
RGB monilor (2, &3
RGB viden 9,70

connector 7, 63, T
ROM memory, See memony

5

scan line 58, 92-93
controd bytes 92, 94
screen Color register 81
screen holes 3, 49, 187
Send Reset command 137

Serial Communications Controller
{8CC) chip 160-16v
Command register 161-103
dina repster 161-163
serial port 7,9, 150-164, 183
service request (ADE) 146
Service Request signal 138-139
shudowing 15, 18-24, 49
shaclowy register 19-22
A2 2,3, 207206, 20, 210
BRCATO 2,38, 1112176, 178,
AR-I3
emubation mode 207208,
210-213, 14215
utive mode 208204, 210-211
65002 A7-208
Slot register 181-183
slots 5-0, 171-199
memory expansion 29, 49, 51
SmartPor 151
soft switches 13, 38 43, 45, 7274,
15155, 168, 191-193
auxiliary-memony 43, 45
display 72-74
sound 101-102, 115, 117-120
aldress caleulation 117
data regisier 105, 106, 107
steren 118-120
Sound Control register 1M-105,
106, 107
Sound GLU 104-107
registers 104
sound synihesizer 8
spetker 103, 107
spoed register 12-24
stk 33, 48, 211
overflow 33
stack page 43
stack pointer 211
start bit 133
state regisier 3940
Status register 132-133, 157
stereo sound 119-120
sticky keys 4, 147
stop bit 133
switch inputs (SW1 through SW3)
106, 168
system software 43
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T

Talk command (ADD) 134, 136,
137, L4ty
text colors 62, Bl
text displays 7863
color text 81-53
Ricodumn 41, 61, (3464, 65, 6,
L7475, 76,77, 78,80
Hcvbumn 61, 634, 65, 71,72,
T3, To-TT, TRl
fext Page 1 71
fext Page 2 71
text window T6-T7
memory locations 77
wnlbox 244
Iransactions 133, 134-135
They lockour 125

u
Unilsk 151

v

videny T, 56
Apple 11 624
background colors 62, #1
horder colors /2, B1-82
connector 70

display 63
display modes 61
display pages 71-77
Double Hi-Res 64
Hi-Res 64
Low-Hes 04
monochmame 63, 65
NTSC 70
RAM 37
RGE 7
text colors 62, 81
video buffer 95, 176
video buffers 102, 176
video displays 61-62
Apple I specifications 64
locations 72
mixed-mode 4
Video Gruphics Conroller & 56401,
LY
interrupts 58-61
Interrupt-Clear register 6061
[nterrupt register

300 Apple llos Hardware Reference

vidleo monitar 7
composite 63
ROGHE 62,63

voltage 202

Volume registers 111

w

wavetable 10k, 168, 113, 114, 115

Wavetable Poanter registers 115,
1th

Wat-eultnze Siie registers 113,114,
1

X
X Index register 210, 211-212, 214

Y
¥ Indlex register 210, 211-212, 214

aem page 32,48



Addendum Schematic Diagrams

This Addendum contains schematic diagrams for the main circuit board
of the original Apple 1165 and the 1 MB Apple 1Gs
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