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Preface About This Book

Welcome to the Apple® Guide to the Macintosh Family Hardware,
second edition. This book provides overviews of the architectures of
Macintosh® computers and descriptions of the hardware components
that make up those computers.

This book provides background and reference information for
developers: hardware engineers designing peripheral devices for
Macintosh computers and system programmers who need an
understanding of the hardware in order to optimize their code. See the
sections “Additional Reading” and “About the Macintosh Technical
Documentation,” later in this preface, for other books you may need.

This book is not intended to be an introduction to the basic concepts of
computer hardware—you should be familiar with the terminology used in
the electronics industry and with the general principles of microcomputer
design and operation. Working knowledge of the Macintosh system will
also be helpful.

A Warning  This book is not intended to provide information or
instructions for repairing or servicing your Macintosh
computer. Attempting to service or repair the
computer yourself could damage the computer and will
invalidate the warranty. a

This preface describes the contents of this manual and the -conventions
used throughout the book. It also lists some other books that you might
find useful, and tells you where to write or call for more information
about Apple products.
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What this book contains

The following is a brief outline of the contents of this manual. See the table of contents
for a complete list of the subjects covered in each chapter; see the index to find a
specific topic discussed in this book.

Organization

Guide to the Macintosh Family Hardware describes the nine Macintosh models available at
the time the book was published. It also contains information about earlier Macintosh
models: the Macintosh 128K, the Macintosh 512K, and the Macintosh 512K enhanced.
The nine current Macintosh models are

Macintosh Plus

Macintosh SE

Macintosh SE/30

Macintosh Portable

Macintosh II

Macintosh IIx

Macintosh IIcx

Macintosh Ilci
Macintosh IIfx

Instead of describing each model separately, this book describes each major feature for
all models that have the feature. This approach has two benefits: first, it avoids
unnecessary repetition of descriptions of features that are the same on different models;
and second, it clarifies the differences between different models.

Each major feature in the Macintosh family is the subject of its own chapter. The major
features are as follows:

s processors and control logic

Versatile Interface Adapters (VIAs: interface ICs)

memory organization and expansion
power supplies and control
keyboard and mouse on the Macintosh Plus and earlier models

Apple Desktop Bus™ (on all models since the Macintosh Plus)
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m floppy disk interfaces, two types: Apple 800 KB drive and Macintosh FDHD™
(SuperDrive™)

serial 1/O ports: similar on all models

SCSI ports: similar on all models

displays, three types: built-in video, expansion card video, and flat panel
sound: two types of hardware for generating sampled sound

expansion interfaces, two types: NuBus™ and processor direct

This book has two appendixes; Appendix A lists the specifications for each model and so
serves as a quick reference for readers looking for information about a particular model.
Appendix B lists hardware-related global variables.

This book also contains a glossary of technical terms used in the book and an index.

Approach

This book contains information of several different kinds, including
m specifications of internal hardware features

= explanations of important subsystems, such as the different expansion interfaces, the
Apple Desktop Bus, and the different types of displays

m detailed information needed by third-party hardware developers
m guidelines for hardware and software developers

This book provides in-depth information for certain features that are not documented
elsewhere. For example, the chapter about the Apple Desktop Bus (ADB) includes
more detail and more guidelines than the other chapters because this material is not
available elsewhere.

Some features are not fully described in this book. Of those features, some are described
in detail in other books: for example, the NuBus expansion bus is more fully described in
Designing Cards and Drivers for the Macintosh Family, second edition. Other features are
not described in detail because developers never need to deal with them: for example, the
Apple custom ICs used for controlling the disk I/O port.
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Visual cues and conventions

The following visual cues are used throughout the manual to identify different types
of information:

& Note: Notes like this contain interesting sidelights.

A Important  Text set off like this contains important information that you should
read before proceeding. a

/& Developer tip Boxes like this contain hints and recommendations about the best
way to use the hardware. 4

A Warning Warnings like this direct your attention to something that could cause
injury to the user, damage either software or hardware, or result in loss
of data. a

When new terms are defined, they appear in boldface. Those terms are also defined
in the glossary.

Hexadecimal numbers are preceded by a dollar sign ($). For example, the hexadecimal
equivalent of decimal number 16 is written as $10.

Address ranges are given as lower address through higher address or lower address-higher
address; in either form the range is inclusive of the given endpoints. Names of signals on a
bus, on the other hand, are given as highest-numbered signal-lowest-numbered signal.

A preceding slash (/) is used to indicate an active-low signal; for example, /ACK.

The following abbreviations are used:

Kbit kilobit: 1,024 bits

KB kilobyte: 1,024 bytes

Mbit  megabit: 1,024 kilobits, or 1,048,576 bits

MB megabyte: 1,024 kilobytes, or 1,048,576 bytes
GB gigabyte: 1024 megabytes, or 1,073,741,824 bytes
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This book distinguishes between boards and cards as follows: a board is a permanent part
of the computer (for example, the main logic board), whereas a card can be added or
exchanged by the user to expand or reconfigure the system.

Assembly-language variable names

The addresses of various hardware components are listed in this book as assembly-
language variable names. These names—and system global variables—are included as
equate (EQU) statements in the Macintosh Programmer’s Workshop (MPW™) Assembly
Language files named HardwareEqu.a and SysEqu.a. Those files are located in a folder
named Alncludes.

The MPW development system, which includes the MPW Assembler and the Alncludes
folder, is available from the Apple Programmers and Developers Association (APDA™).
The Alncludes folder is also available as a separate product from APDA. The address of
APDA is given in the section “How to Get More Information,” later in this preface.

Additional reading

For an introduction to the hardware and system software of the Macintosh family of
computers, see the Technical Introduction to the Macintosh Family.

If you are interested in developing a card or a driver for any members of the Macintosh
family of computers, refer to Designing Cards and Drivers for the Macintosh Family,
second edition.

For a reference for the Macintosh System and Toolbox plus a discussion of user. interface
guidelines and some basic hardware information, see Inside Macintosh.
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This book does not contain complete specifications for hardware components built by
other manufacturers. You may need some or all of the manufacturers’ technical
specifications for the following integrated circuits:

6522 and 65C23 Versatile Interface Adapters; Rockwell or VTI
MC68000, MC68020, and MC68030 microprocessors; Motorola
MC68851 Memory Management Unit; Motorola

MC68881 and MC68882 Floating-Point Coprocessors; Motorola
5380 SCSI Controller; NCR

28530 Serial Communications Controller; Zilog

Sony sound chip; Sony

About the Macintosh technical documentation

Apple Computer, Inc., provides a suite of technical books that explain the hardware and
software of the Macintosh family of computers.

The original Macintosh documentation consisted of the first three volumes of Inside
Macintosh. Shortly after the introduction of the Macintosh Plus (with the 128 KB ROM),
Volume IV of Inside Macintosh was released as a delta guide. That is, Volume IV covered
only those aspects of the Macintosh Plus that were different from earlier Macintosh
computers. Later, a fifth volume was added, called Inside Macintosh, Volume V. It is also a
delta guide, covering the new and different features of the Macintosh SE and the
Macintosh II computers.

As the variety and the sophistication of Macintosh computers evolve, so does the
documentation. In order to provide information that is comprehensive—and that
provides answers to specific questions—Apple is now providing a whole family of books.
Each of these books gives complete information about a single subject, and may include
some information that also appears in Inside Macintosh. This book and Designing Cards
and Drivers for the Macintosh Family, second edition, are two of the books in this suite.

For programmers and engineers who are new to the Macintosh world, Apple has created
two introductory books: Technical Introduction to the Macintosh Family and
Programmer’s Introduction to the Macintosh Family.

In addition to the books about the Macintosh itself, there are books on related subjects.
Examples are books about the user interface and Apple’s floating-point numerics, and the
reference books for the Macintosh Programmer’s Workshop.
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Table P-1 gives a brief description of each of the books in the Macintosh technical documentation.

= Table P-1 Macintosh technical documentation

Book

Description

Introductory books

Technical Introduction to the
Macintosh Family

Programmer’s Introduction to
the Macintosh Family

Inside Macintosh
Inside Macintosh, Volumes I-V

Single-subject books

Guide to the Macintosh Family
Hardware, second edition

Designing Cards and Drivers for
the Macintosh Family,
second edition

Related books

Human Interface Guidelines:
The Apple Desktop Interface

Apple Numerics Manual,
second edition

Macintosh Programmer’s
Workshop 3.0 Reference

Introduction to the Macintosh software and hardware for the
classic Macintosh, Macintosh SE, and Macintosh II

Introduction to programming the Macintosh computers

Reference for the Macintosh System and Toolbox for the
original Macintosh, Macintosh Plus, Macintosh SE, and
Macintosh II

This book: reference and developer’s guide for the Macintosh Plus,
Macintosh SE and SE/30; Macintosh II, IIx, IIcx, Ilci, and IIfx;
and Macintosh Portable

Hardware and device-driver reference to the expansion
capabilities of the Macintosh II family, Macintosh SE and
SE/30, and Macintosh Portable

Detailed guidelines for developers implementing the Macintosh
user interface

Description of the Standard Apple Numerics Environment
(SANE®), including SANE software for the MC68881 floating-
point coprocessor

Description of the Macintosh Programmer’s Workshop (MPW),
Apple’s software development environment for all Macintosh
computers

You may also find useful information in the following earlier books, now superseded:

Designing Cards and Drivers for
Macintosh Il and Macintosh SE

Macintosh Family Hardware
Reference

Earlier hardware and device-driver reference to the expansion
capabilities of the Macintosh II and Macintosh SE

Earlier reference to the Macintosh hardware for the classic
Macintosh, Macintosh SE, and Macintosh II computers
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How to get more information

There are several sources of technical support for Macintosh programmers and users. This
section tells you how to contact APDA, Apple user groups, and Apple Developer Services.

APDA

APDA provides a wide range of technical products and documentation, from Apple and
other suppliers, for programmers and developers who work on Apple equipment. For
information about APDA, contact

APDA

Apple Computer, Inc.

20525 Mariani Avenue, Mailstop 49-A
Cupertino, CA 95014-6299

800-282-APDA (800-282-2732)
Fax: 408-562-3971

Telex: 171-576

AppleLink®: APDA

User groups

Apple user groups are associations of individuals who share information about Apple
computers and related products. For information about Apple user groups in your area,
call this toll-free number:

800-538-9696

Ask for extension 500.
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Apple Developer Services

Apple’s goal is to provide developers with the resources they need to create new Apple-
compatible products. Apple offers two programs: the Partners Program, for developers
who intend to resell Apple-compatible products, and the Associates Program, for
developers who don't intend to resell products and for other people involved in the
development of Apple-compatible products.

As an Apple Partner or Associate, you will receive monthly mailings including a newsletter,
Apple II and Macintosh Technical Notes, pertinent Developer Program information, and
all the latest news relating to Apple products. You will also receive Apple’s Technical Guide
Book and automatic membership in APDA. You'll have access to developer AppleLink and
to Apple’s Developer Hotline for general developer information.

As an Apple Partner, you'll be eligible for discounts on equipment and you'll receive
technical assistance from the staff of Apple’s Developer Technical Support department.

For more information about Apple’s developer support programs, contact Apple
Developer Programs at the following address.

Apple Developer Programs

Apple Computer, Inc.

20525 Mariani Avenue, Mailstop 51-W
Cupertino, CA 95014
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Chapter 1 Introduction to the
Macintosh Hardware

This chapter provides an introduction to the computers that make up
the Apple® Macintosh® family. The chapter lists the features of each
computer and briefly describes the sinilarities and differences among
the computers. Chapter 2 introduces the individual hardware
components of the Macintosh computers; the remaining chapters
describe those components and other hardware features in detail.

Table 1-1 on the next two pages is a matrix showing the current
Macintosh models and their main features. It summarizes the

information presented in this chapter. Portions of the matrix also appear
in later chapters, where individual features are described more fully.



m Table1-1 Summary of features of the Macintosh computers

Other Memory General Control ICs  Memory
Configuration  CPU Processors mgt. IC's Logic ICs expansion
Compact MCG8000 (none) PALs PALs 1VIA RAM SIMM
Compact MC68000 (none) BBU BBU 1VIA RAM SIMM
Compact MC68030 MC68882 Part of GLUE 1 VIAs RAMM SIMM,
MC68030 ROM SIMM
Portable MCG68000 Power Mgr. PALs VDI, 1VIA RAM exp. slot,
CPU GLU ROM exp. slot
& Misc. GLU
Open (6 slots) MC68020 MC(8881 AMU or GLUE 2 VIAs RAM SIMM
PMMU
Open (6 slots) MC68030 MC68882 Part of GLUE 1 VIAs RAM SIMM,
MC68030 ROM SIMM
Open (3 slots) MC(8882 MC68882 Part of GLUE 2 VIAs RAM SIMM,
MC68030 ROM SIMM
Open (3 slots) MC68030 MC68882 Part of MDU 2 VIAs RAM SIMM,
MC68030 & RBV ROM SIMM
Macintosh Ilci
< Open (6 slots) MC68030 MC68882 Part of 0SS & FMC 1VIA RAM SIMM,
& 2 IOPs MC68030 & OSS ROM SIMM
Macintosh IIfx
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Mouse &  Floppy  Serial SCSI Expansion

Power keyboard  drive ports ports Display Sound method
Hdw. on/off Macintosh 800 KB SCC SCSI Built-in PWM {none)
switch B&W video
Hdw. on/off ADB FDHD SCC SCSI Built-in B&W| | PWM 68000 PDS
switch or exp. card
Hdw. on/off ADB FDHD SCC SCSI Built-in B&W | | ASC 68030 PDS
switch or exp. card
No on/off Special ADB,| | FDHD SCC SCSI Flat panel ASC 68000 PDS
sw. (sleep) trackball or ext. video
Kbd. on, ADB 800 KB SCC SCSI B&W or color| | ASC NuBus
softw. off on exp. card (6 slots)
Kbd. on, ADB FDHD SCC SCSI B&W or color| | ASC NuBus
softw. off on exp. card (6 slots)
Kbd. on, ADB FDHD SCC SCSI B&W or color| | ASC NuBus
softw. off on exp. card (3 slots)
Kbd. on, ADB FDHD scc Scst Built-in B&W | | ASC NuBus
softw. off or color, (3 slots)

or exp. card
Kbd. on, ADB FDHD || scc SCSIDMA| | B&W or color| | ASC NuBus (6 slots
softw. off on exp. card & 68030 PDS
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A Important  Memory sizes, addresses, and other data are specific to each

type of Macintosh computer and are provided only for
informational purposes. To maintain software compatibility
across the Macintosh line, and to allow for future changes to the
hardware, you are strongly advised to use the Macintosh Toolbox
and Operating System routines wherever provided. In particular,
never use absolute addresses to access hardware, because those
addresses are different on different models. &

The following Macintosh computers are described in this book:

The Macintosh 128K computer, with an MC68000 microprocessor running at 8 MHz,
128 KB of RAM, 64 KB of ROM, and a 400 KB internal disk drive.

The Macintosh 512K computer, with an MC68000 microprocessor, 512 KB of RAM,
04 KB of ROM, and a 400 KB internal disk drive. Except for the additional memory, the
Macintosh 512K is identical to the Macintosh 128K.

The Macintosh 512K enhanced computer, with an MC68000 microprocessor, 512 KB of
RAM, 128 KB of ROM, and an 800 KB internal disk drive. The ROM and disk drive in the
Macintosh 512K enhanced computer are the same as those used in the Macintosh Plus.
In all other respects, the Macintosh 512K enhanced is identical to the Macintosh 512K.

The Macintosh Plus computer, with an MC68000 microprocessor running at 8 MHz,

1 MB of RAM (minimum), 128 KB of ROM, and an 800 KB internal disk drive. The RAM
in the Macintosh Plus can be expanded to 4 MB. Other enhancements in the

Macintosh Plus include a Small Computer System Interface (SCSI) port for high-speed
communications with disk drives and other peripheral devices, new connectors for the
serial ports, and a keyboard with built-in cursor keys and numeric keypad. The
Macintosh Plus, Macintosh 512K enhanced, Macintosh 512K, and Macintosh 128K are
sometimes referred to collectively as the classic Macintosh computers.

The Macintosh SE computer, which is similar to the Macintosh Plus except that the
Macintosh SE provides for an expansion card and has the new, higher-capacity floppy
disk drives (called FHDH™, for floppy disk, high density). The expansion connector
provides direct access to the processor bus including all the MC68000 address, data,
and control lines on the logic board. Other features introduced in the Macintosh SE
include provision for a second internal floppy disk drive or an internal hard disk drive,
faster access to RAM and to a SCSI hard disk, and the Apple Desktop Bus™ (ADB)
interface for communicating with input devices.

¢ Note: Macintosh SE computers manufactured prior to 1989 have the same 800 KB

4

floppy disk drive used in the Macintosh Plus.
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m The Macintosh SE/30 computer, which combines the compact size and internal video
display of the Macintosh SE with the greater speed and improved sound of the
Macintosh II-family computers. Like the Macintosh IIx, the Macintosh SE/30 has an
MC68030 microprocessor running at 16 MHz and an MC68882 mathematics
coprocessor. The Macintosh SE/30 has the same Apple sound IC as the Macintosh IIx.
Like the Macintosh SE, the Macintosh SE/30 has the new high-capacity floppy disk
drive (FDHD) and an expansion connector that provides direct access to the
processor bus. The video circuits in the Macintosh SE/30 emulate a NuBus™ video
card, so that the same ROM and operating system can be used in the Macintosh SE/30
as in Macintosh Il-family computers.

m The Macintosh Portable computer is based on the Macintosh SE. It differs from the
Macintosh SE in that it uses special low-power-consumption components throughout,
including an MC68HCO000 microprocessor. The processor in the Macintosh Portable
runs at 16 MHz, twice the speed of the processor in the Macintosh SE. The Macintosh
Portable also has a built-in flat-panel display, a built-in trackball, a rechargeable
battery, and special power-control circuitry to conserve power and retain the contents
of RAM when the machine is not in use. The Macintosh Portable uses the high-capacity
FDHD floppy disk drive and the custom sound IC used in the Macintosh SE/30.

= The Macintosh I computer, which differs from all earlier Macintosh computers in that
it has a separate video monitor and allows users to insert and remove expansion cards.
The expansion bus (called NuBus) provides access to the processor bus and all the
devices on the logic board for up to six expansion cards. Other features of the
Macintosh II include an MC68020 microprocessor running at 16 MHz, an MC(68881
mathematics coprocessor (also called the floating-point unit, or FPU), memory
expandable to 8 MB, provision for both a second 800 KB internal floppy disk drive and
an internal hard disk drive, faster access to RAM and to a SCSI hard disk, and an Apple
custom sound IC. Like the Macintosh SE, the Macintosh II uses the ADB interface for
communicating with input devices. The Macintosh II has no external connector for
floppy disk drives.

m The Macintosh IIx computer, which is similar to the Macintosh II except that it has a
more advanced microprocessor (the MC68030, running at 16 MHz), the MC68882
mathematics coprocessor, a new floppy disk interface, and FDHD drives.

® The Macintosh IIcx computer, which is similar to the Macintosh IIx except that it
provides three NuBus slots rather than six, has a smaller footprint, accommodates only
one internal FDHD drive, and provides a connector for an external floppy disk drive.

m The Macintosh IIci computer, which is similar to the Macintosh Ilcx except that it has
built-in video circuits and a faster processor clock (25 MHz). The Macintosh Ilci has
an interal connector for an optional RAM cache card that provides even faster
processing. A special-order model of the Macintosh Ilci comes equipped with a
custom parity IC and 9-bit RAM SIMMs that provide parity generation and detection.
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® The Macintosh IIfx computer, which is similar to the Macintosh IIx except that it has a
faster processor clock (40 MHz), built-in RAM cache, and intelligent I/O processors
(IOPs) for improved performance. The IOPs relieve the main processor of routine
tasks on the ports for the floppy-disk, ADB, and serial I/O. Similarly, the SCSI channel
has true hardware DMA (direct-memory access) that provides faster data transfers and
frees the main processor for other tasks.

/> Developer tip To learn how your program can determine on which Macintosh
computer it is running, use the Environs procedure and the SysEnvirons
function described in Inside Macintosh. Some additional information
about which hardware components are connected is available in the
global variable HWCfgFlags. The meanings of the bits stored in this
variable are listed in the Macintosh Programmer’s Workshop file
HardwareEqu.a, which is in an MPW™ folder named Alncludes. 4

Exterior features of the Macintosh computers

This section describes and illustrates the external appearance of the members of the
Macintosh family.

Macintosh 128K, 512K, and 512K enhanced computers

The Macintosh 128K, 512K, and 512K enhanced computers are identical in appearance,
with built-in video and sound, a separate keyboard, and a mouse. They include an internal
floppy disk drive and external connectors for peripheral devices such as disk drives,
digitizing pads, modems, and printers.

Figure 1-1 shows a front view of the Macintosh 128K, 512K, and 512K enhanced computers.
Notice the video screen, disk drive access opening, keyboard, keyboard connector,
and mouse.
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= Figure 1-1 Front view of the Macintosh 128K, 512K, and 512K enhanced computers

Figure 1-2 shows a back view of the Macintosh 128K, Macintosh 512K, and Macintosh 512K
enhanced computers. Notice the connectors for the two serial ports, the floppy disk drive
port, the connector for the mouse, and the sound jack.

= Figure 1-2 Back view of the Macintosh 128K, 512K, and 512K enhanced computers
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Macintosh Plus computer

The Macintosh Plus computer has the same exterior appearance as the earlier Macintosh
computers, but has different external connectors. The front view of the Macintosh Plus is
identical to that of the Macintosh computers that preceded it. Figure 1-3 shows a back
view of the Macintosh Plus. Notice that a connector for the SCSI (parallel) port has been
added and that the connectors for the two serial ports have been changed from DB-9
connectors to mini 8-pin connectors.

= Figure 1-3 Back view of the Macintosh Plus computer

Macintosh SE and Macintosh SE/30 computers

The Macintosh SE and Macintosh SE/30 computers are compact machines, with built-in
video and sound, a separate keyboard, and a mouse. Each includes an internal floppy disk
drive (FDHD). The Macintosh SE can have either a second internal floppy disk drive or an
internal hard disk drive. The Macintosh SE/30 has an internal hard disk drive; a second
internal floppy disk drive is not available as an option in the Macintosh SE/30. External
connectors are provided for peripheral devices such as disk drives, graphics tablets,
modems, and printers. The Macintosh SE and Macintosh SE/30 have a similar case and
have the same external connectors.
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@ Note: The original Macintosh SE used the same 800 KB floppy disk drive as the
Macintosh Plus. The current Macintosh SE, manufactured September 1989 and later,
uses the FDHD drive; it is identified by the letters FDHD on the front.

Figure 1-4 shows a front view of the Macintosh SE computer. Notice the video screen,
disk drive access openings, keyboard, and mouse.

= Figure 1-4 Front view of the Macintosh SE computer
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Figure 1-5 shows a front view of the Macintosh SE/30 computer. Notice the video screen,
disk drive access opening, keyboard, and mouse.

» Figure 1-5 Front view of the Macintosh SE/30 computer
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Figure 1-6 shows a back view of the Macintosh SE computer. Except for the label, the
back of the Macintosh SE/30 is identical to that of the Macintosh SE. The connectors are
identical to those used by the Macintosh Plus, except that the mouse connector has been
replaced by two connectors for the Apple Desktop Bus and the sound jack has been
moved. Notice also the location of the punch-out panel for a connector to an optional
expansion card.

= Figure 1-6 Back view of the Macintosh SE computer; the Macintosh SE/30 looks
the same
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Macintosh Portable computer

The Macintosh Portable computer is similar to the Macintosh SE. The Macintosh Portable
has several built-in features that enhance its portability: battery power, flat-panel display,
built-in keyboard, and trackball pointing device. Each Macintosh Portable includes an
internal FDHD drive and either a second internal floppy disk drive or an internal hard disk
drive. The Macintosh Portable has the same set of external connectors as the

Macintosh SE with two exceptions: it has only one external ADB connector, and a
telephone jack has been added for use with an internal modem.

A Warning The Macintosh Portable computer cannot provide the power required
by most ADB devices; only low-power-consumption devices should be
connected to the ADB connector on the Macintosh Portable.
Connecting any other ADB device to the ADB connector can result in
improper operation of the Macintosh Portable computer. a

Figure 1-7 shows a front view of the Macintosh Portable computer. Notice the flat-panel
display, the keyboard, and the trackball. The access openings for the floppy disk drives
are on the right side of the unit.

= Figure 1-7 Front view of the Macintosh Portable computer
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Figure 1-8 shows a back view of the Macintosh Portable computer. Notice the telephone
jack for use with an internal modem, the video connector for an external monitor, and the
power input connector for DC power from an external battery charger.

= Figure 1-8 Back view of the Macintosh Portable computer

Macintosh II-family computers

The design of the Macintosh II-family computers is modular: each Macintosh II-family
computer is made up of several units, including

®  main system unit containing the main logic board, the power supply, and the
expansion slots

external video monitor

video display adapter card, installed in one of the expansion slots
Apple Standard Keyboard or Apple Extended Keyboard

Apple Standard Mouse

The main system unit of the Macintosh II, Macintosh IIx, and Macintosh IIfx computers
can contain either one or two internal floppy disk drives and can contain a 5.25-inch or
3.5-inch hard disk drive. The main system unit of the Macintosh Ilcx and Macintosh Ilci
has one floppy disk drive and can contain a 3.5-inch hard disk drive. External connectors
are provided for peripheral devices such as hard disk drives, digitizing pads, modems,
and printers. The Macintosh IIcx and Macintosh Ilci computers have an external
connector for a floppy disk drive.
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¢ Note: The Macintosh II, Macintosh IIx, and Macintosh IIfx computers do not have
external connectors for floppy disk drives. Although you can connect a Hard Disk 20
to the external floppy disk drive of the Macintosh Ilcx and Macintosh Ilci, the
Macintosh Ilcx does not have a driver for the Hard Disk 20 in ROM.

Figure 1-9 shows a front view of the Macintosh II, Macintosh IIx, and Macintosh IIfx
computers. Notice the video display monitor, disk drive access openings, keyboard,
and mouse.

s Figure 1-9 Front view of the Macintosh II, Macintosh IIx, and
Macintosh IIfx computers
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Figure 1-10 shows a back view of the Macintosh II, Macintosh IIx, and Macintosh IIfx
computers. Notice the connectors for the two serial ports, the SCSI port, the external
sound jack, and the two connectors for the Apple Desktop Bus. Notice also the locations
of the punch-out panels for connectors to optional expansion cards.

» Figure 1-10 Back view of the Macintosh II, Macintosh IIx, and
Macintosh IIfx computers
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Figure 1-11 shows a front view of the Macintosh Ilcx and Macintosh Ilci computers.
Notice the reduced size compared to the Macintosh II and Macintosh IIx.

= Figure 1-11 Front view of the Macintosh Ilcx and Macintosh Ilci computers
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Figure 1-12 shows a back view of the Macintosh Ilcx computer. Notice the addition of a
connector for an external floppy disk drive and the new power switch.

= Figure 1-12 Back view of the Macintosh Ilcx computer

Figure 1-13 shows a back view of the Macintosh IIci computer. Notice the addition of a
connector for a video monitor.

» Figure 1-13 Back view of the Macintosh Ilci computer
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Inside the Macintosh computers

This section lists and briefly describes the internal components of each member of the
Macintosh family. These components are described in more detail in the following chapters.

Classic Macintosh computers

Figure 1-14 shows the interior of the Macintosh Plus computer. The microprocessor, RAM,
ROM, and the various input/output ICs are located on the main logic board (also called
the digital board). The vertical analog board contains the power supply and video
circuitry for the built-in monitor. The interiors of other classic Macintosh computers are
similar in appearance to the interior of the Macintosh Plus.

s Figure 1-14 Interior view of the Macintosh Plus computer
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Each of the Macintosh 128K, 512K, and 512K enhanced computers contains the
following components:

m A Motorola MC68000 microprocessor, running at a system clock frequency of
7.8336 megahertz.

m Several programmable logic arrays, referred to as PALs, that provide address decoding
and control signals.

m Random-access memory (RAM), permanently soldered onto the main logic board. The
Macintosh 128K has 128 KB of RAM, and the 512K and 512K enhanced Macintosh
computers each have 512 KB of RAM.

® Read-only memory (ROM). The ROM contains Macintosh Toolbox and Operating
System routines.
m The video monitor.

m A sound system consisting of a Sony analog sound IC, built-in speaker, and external
sound port.

m A 6522 Versatile Interface Adapter (VIA) IC, used to communicate with the keyboard,
the mouse, and the real-time clock (RTC).

®  An 8530 Serial Communications Controller (SCC) IC, providing two independent ports
for serial communication.

m  The IWM (Integrated Woz Machine), an Apple custom IC used to control the floppy
disk interface.

m A floppy disk drive. The Macintosh 128K and 512K computers each have a single-sided
400 KB disk drive; the Macintosh 512K enhanced and Macintosh Plus computers each
have a double-sided 800 KB disk drive.

In addition to the components of the Macintosh 128K, 512K, and 512K enhanced
computers, the Macintosh Plus computer contains the following:

® A 5380 Small Computer System Interface (SCSI) IC, for high-speed parallel
communication with devices such as hard disks.

m Connectors for RAM expansion on the main logic board.

m Up to 4 MB of random-access memory (RAM), provided on two or four small, plug-in
printed circuit cards called SIMMs (Single In-line Memory Modules).
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Macintosh SE and Macintosh SE/30 computers

The Macintosh SE and Macintosh SE/30 computers are compact models with advanced
features, notably a single internal expansion slot, the FDHD drive (also called the
SuperDrive), and provision for a built-in hard disk.

Macintosh SE computer

Figure 1-15 shows the interior of the Macintosh SE computer. The microprocessor, RAM,
ROM, and the various input/output ICs are located on the main logic board. The vertical
analog board contains video circuitry for the built-in monitor and a cooling fan. The
power supply is enclosed in a metal box and mounted on the analog board; a cable from
the power supply plugs into the analog board. An optional expansion card attaches to a
connector on the main logic board.

= Figure 1-15 Interior view of the Macintosh SE computer
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Each Macintosh SE computer contains the following components:

m A Motorola MC68000 microprocessor, running at a system clock frequency of
7.8336 megahertz.

m An Apple custom integrated circuit, the BBU (Bob Bailey Unit), which provides
address decoding and control signals.

m A programmable logic array, the GLU (General Logic Unit), which supplements the BBU
with some additional control logic.

m Up to 4 MB of random-access memory (RAM), provided on two or four SIMMs.

m Read-only memory (ROM). The ROM contains Macintosh Toolbox and Operating
System routines.

m The Apple Desktop Bus (ADB) used to communicate with the keyboard, the mouse,
and other input devices.

m A 96-pin expansion connector, providing internal expansion capability plus access to
the MC68000 bus. In this book, this connector is referred to as the Macintosh SE
68000 processor-direct slot (PDS); in earlier books, this connector was referred to as
the SE Bus connector.

m The video monitor.

m A sound system consisting of a Sony analog sound IC, built-in speaker, and external
sound port.

m An Apple custom version of the Versatile Interface Adapter (VIA) IC, to support the
ADB and the real-time clock (RTC).

m An 8530 Serial Communications Controller (SCC) IC, providing two independent ports
for serial communication.

m The SWIM (Super Woz Integrated Machine), an Apple custom IC used to control the
interface to the FDHD drive. The SWIM is an enhanced version of the IWM.

m One FDHD drive (double-sided 1.4 MB floppy disk drive) and provision for a hard
disk. The FDHD drive can read, write, and format single-sided 400 KB disks, double-
sided 800 KB disks, and high-density 1.4 MB disks.

m A 5380 Small Computer System Interface (SCSI) IC, for high-speed parallel
communication with devices such as hard disks.

¢ Note: Macintosh SE computers manufactured before September 1989 used the IWM
custom IC to control the floppy disk interface. Those machines came with one
double-sided 800 KB floppy disk drive and provision for either a second 800 KB
floppy disk drive or a hard disk.
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Macintosh SE/30 computer

The interior of the Macintosh SE/30 computer is similar in appearance to that of the
Macintosh SE, although the components on the logic board in the Macintosh SE/30 are
more closely related to those in a Macintosh IIx. Figure 1-16 shows the interior of the
Macintosh SE/30.

= Figure 1-16 Interior view of the Macintosh SE/30 computer
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Each Macintosh SE/30 computer contains the following components:

m A Motorola MC68030 microprocessor, running at a system clock frequency of 15.6672
megahertz. In addition to a higher clock rate than the MC68000, the MC68030 provides
32-bit data and address buses, data and instruction caches, a built-in memory
management unit, and other enhancements. |

= A Motorola MC68882 mathematics coprocessor (also called the floating-point unit,
or FPU).

m An Apple custom integrated circuit, the GLUE, that provides address decoding and
control signals. (The name GLUE is a play on words, based on the acronym GLU for
general logic unit and the fact that the GLUE IC “glues together” the other ICs by
providing handshaking between the I/O devices and the processor.)
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= Up to 128 MB of random-access memory (RAM), provided in four or eight SIMMs.

m Read-only memory (ROM), provided in one SIMM. The ROM contains Macintosh
Toolbox and Operating System routines.

= Video RAM, provided in two 256 Kbit RAM ICs, for a total of 64 KB of RAM.

m Video logic, implemented by several PALs. The Macintosh SE/30 video logic emulates a
NuBus video card installed in NuBus slot $E.

= Video ROM, provided in one 8 KB ROM IC.

m The Apple Desktop Bus (ADB), used to communicate with the keyboard, the mouse,
and other input devices.

m A 120-pin expansion connector called the Macintosh SE/30 68030 processor-direct slot (PDS).
m A sound system consisting of an Apple custom digital sound-synthesizer IC, the Apple
Sound Chip (ASC); two Sony analog sound IC; a built-in speaker; and an external stereo
sound jack.

m Two Apple custom Versatile Interface Adapter (VIA) ICs, to support the ADB and
other I/O devices.

® An 8530 Serial Communications Controller (SCC) IC, providing two independent ports
for serial communication.

m The SWIM (Super Woz Integrated Machine), an Apple custom IC used to control the
interface to the FDHD drive. The SWIM is an enhanced version of the [IWM.

s One FDHD drive (double-sided 1.4 MB floppy disk drive), and provision for a hard
disk. The FDHD drive can read, write, and format single-sided 400 KB disks, double-
sided 800 KB disks, and high-density 1.4 MB disks.

m A 5380 Small Computer System Interface (SCSD) IC, for high-speed parallel
communication with devices such as hard disks.

Macintosh Portable computer

Figure 1-17 shows the interior of the Macintosh Portable computer. The Macintosh
Portable is unique in the Macintosh family in that it contains a battery large enough to
power the entire unit. The interior space is divided among the battery, the power supply,
and the main logic board. In addition to the RAM, ROM, microprocessor, and 1/O ICs, the
main logic board includes circuitry and logic to conserve power and monitor the battery,
plus control circuits for the flat-panel video display.
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Interior view of the Macintosh Portable computer

= Figure 1-17
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Each Macintosh Portable computer contains the following components:

m A Motorola MC68HC000 microprocessor, running at a system clock frequency of
15.6672 megahertz.

m Two Apple custom integrated circuits that provide control signals and
address decoding.

m An Apple custom integrated circuit that provides data and control signals for the
flat-panel display.

m Random-access memory (RAM), permanently soldered on the main logic board. The
Macintosh Portable has 1 MB of permanent RAM.

= A 50-pin internal RAM expansion connector.

m Read-only memory (ROM), permanently soldered on the main logic board. The
Macintosh Portable has 256 KB of permanent ROM, containing Macintosh Toolbox
and Operating System routines.

= A 50-pin internal ROM expansion connector.
m A 32KB video RAM.
m An active-matrix flat-panel display.

m A keyboard microprocessor that interprets keyswitch transitions and functions as the
ADB transceiver for the keyboard.

s Two identical 34-pin connectors, on either side of the machine, that can be used for
the keyboard, trackball, or optional numeric keypad.

m A sound system consisting of an Apple Sound Chip (ASC), two Sony analog sound ICs, a
built-in speaker, and an external stereo sound jack.

m The Power Manager IC, a Mitsubishi 50753 single-chip microprocessor. The Power
Manager IC directs the power control circuits and serves as the real-time clock (RTC)
and ADB transceiver in the Macintosh Portable.

m An Apple custom Versatile Interface Adapter (VIA) IC, to support the
Power Manager IC.

m A CMOS version of the 8530 Serial Communications Controller (SCC) IC, providing two
independent ports for serial communication.

m An 18-pin internal connector for an optional modem card that can communicate with
the processor through one of the SCC IC's serial ports.

m The SWIM (Super Woz Integrated Machine), an Apple custom IC used to control the
interface to the FDHD drive. The SWIM is an enhanced version of the IWM.

m One FDHD drive (double-sided, 1.4 MB floppy disk drive), and provision for either a
second floppy disk drive or a hard disk. The FDHD drive can read, write, and format
single-sided 400 KB disks, double-sided 800 KB disks, and high-density 1.4 MB disks.
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= A 53C80 Small Computer System Interface (SCSD) IC, for high-speed parallel
communication with devices such as hard disks.

m A sealed lead-acid battery. The battery can be recharged with the separate battery
charger provided with the computer.

m A 96-pin expansion connector. In this book, that connector is referred to as the
Macintosh Portable 68000 processor-direct slot (PDS).

Macintosh II-family computers

All the computers in the Macintosh II family share the same modular design with multiple
expansion slots and external video monitors. The Macintosh II, Macintosh IIx, and
Macintosh IIfx computers have six expansion slots and are similar in appearance, with
main units 18.66 inches wide. The Macintosh Ilcx and Macintosh IIci computers have
three expansion slots and main units that are 11.9 inches wide.

Macintosh I and Macintosh IIx computers

Figure 1-18 shows the interior of the main system unit in the Macintosh II computer. The
interior of the Macintosh IIx computer is nearly identical in appearance to that of the
Macintosh II. The microprocessor, RAM, ROM, and the various input/output ICs are
located on the computer’s main logic board (also called the motherboard). The main
system unit also contains the power supply and a cooling fan. You can install optional
expansion cards by plugging them into NuBus expansion slots; note the presence of a
video expansion card for the external video monitor.

The Macintosh II computer contains the following components:

= A Motorola MC68020 microprocessor, running at a system clock frequency of
15.6672 megahertz.

= A Motorola MC68881 mathematics coprocessor (also called the floating-point
unit, or FPU).

» An Apple custom integrated circuit, the GLUE, that provides address decoding and
control signals.
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= Figure 1-18 Interior view of the Macintosh II computer
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m A memory management unit (MMU) IC, which translates between the logical addresses
used by software and the physical addresses of the hardware devices on the
Macintosh II main logic board. The standard configuration for the Macintosh IT uses
the Apple proprietary Address Management Unit (AMU, also known as the Hochsprung
Memory Management Unit, or HMMU). If you want to run a virtual memory operating
system such as A/UX® (Apple’s implementation of the AT&T UNIX® operating
system), or use virtual memory with system software version 7.0, you must replace the
AMU with a Motorola MC68851 Paged Memory Management Unit (PMMU). (You can
also continue to run earlier versions of the Macintosh Operating System after the
PMMU is installed.)

m Up to 128 MB of random-access memory (RAM), provided in four or eight SIMMs.
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Read-only memory (ROM), provided in four 512 Kbit ROM ICs. The ROM contains
Macintosh Toolbox and Operating System routines.

The Apple Desktop Bus (ADB), used to communicate with the keyboard, the mouse,
and other input devices.

Apple’s implementation of the NuBus, providing six internal expansion slots. An Apple
custom IC, the NuChip, controls the bus interface.

A sound system consisting of an Apple custom digital-sound synthesizer IC, the Apple
Sound Chip (ASC); two Sony analog sound ICs; a built-in speaker; and an external
stereo sound jack.

Two Apple custom Versatile Interface Adapter (VIA) ICs, to support the ADB and
other I/O devices.

An 8530 Serial Communications Controller (SCC) IC, providing two independent ports
for serial communication.

The IWM (Integrated Woz Machine), an Apple custom IC used to control the floppy
disk interface.

A double-sided 800 KB floppy disk drive, and provision for both a second 800 KB
floppy disk drive and a hard disk.

A 5380 Small Computer System Interface (SCSI) IC, for high-speed parallel
communication with devices such as hard disks.

The Macintosh IIx computer contains components identical to those in the Macintosh II
except for the following differences:

28

The Macintosh IIx computer contains a Motorola MC68030 microprocessor, rather
than the MC68020 used in the Macintosh II. The MC68030 offers a data cache in
addition to the instruction cache present in the MC68020, and provides a built-in
memory management unit. Because the MC68030 has its own memory management
capability, the Macintosh IIx does not have the separate MMU IC present in the

Macintosh II.
The Macintosh IIx has the SWIM (Super Woz Integrated Machine), an Apple custom IC

used to control the interface to the FDHD drive. The SWIM is an enhanced version of
the IWM.

The Macintosh IIx has one FDHD drive, and provision for both an internal hard disk
and either a second FDHD drive or an 800 KB floppy disk drive. The FDHD drive can
read, write, and format single-sided 400 KB disks, double-sided 800 KB disks, and
high-density 1.4 MB disks.

The Macintosh IIx has an MC68882 FPU rather than the MC68881 used in the
Macintosh II.

All ROM in the Macintosh IIx computer is provided on a ROM SIMM.
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Macintosh Ilcx and Macintosh Ilci computers

The Macintosh Ilcx and Macintosh Ilci computers are smaller versions of the modular
design of the Macintosh II family. Both machines have only three NuBus slots and room for
a single internal floppy disk drive. Figure 1-19 shows the interior of the Macintosh IIcx
computer; note the presence of an expansion video card for the video monitor. Figure 1-20
shows the interior of the Macintosh Ilci computer; it can drive a video monitor without an
expansion card.

The Macintosh Ilcx computer contains many of the same components as the

Macintosh IIx, as shown in the following list.

m A Motorola MC68030 microprocessor, with data and instruction caches and a built-in
memory management unit. Because the MC68030 has its own memory management
capability, the Macintosh Ilcx does not have the separate MMU IC present in the
Macintosh II.

m A Motorola MC68882 mathematics coprocessor (also called the floating-point unit,
or FPU).

m An Apple custom integrated circuit, the GLUE, that provides address decoding and
control signals.

m Up to 128 MB of random-access memory (RAM), provided in four or eight SIMMs.

m The ROM is provided in four 512 Kbit ROM ICs. The ROM contains Macintosh Toolbox
and Operating System routines. A connector for a ROM SIMM is also provided.

m The Apple Desktop Bus (ADB), used to communicate with the keyboard, the mouse,
and other input devices.

= Three internal expansion slots using Apple’s implementation of the NuBus. An Apple
custom IC, the NuChip30, controls the bus interface.

= A sound system consisting of an Apple custom digital-sound synthesizer IC, the Apple
Sound Chip (ASC); two Sony analog sound ICs; a built-in speaker; and an external
stereo sound jack.

m Two Apple custom Versatile Interface Adapter (VIA) ICs, to support the ADB and
other I/O devices.

m An 8530 Serial Communications Controller (SCC) IC, providing two independent ports
for serial communication.

s The SWIM (Super Woz Integrated Machine), an Apple custom IC used to control the
interface to the FDHD drive. The SWIM is an enhanced version of the IWM.
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s Figure 1-19 Interior view of the Macintosh Ilcx computer

m The Macintosh Ilcx has one internal FDHD drive and provision for a built-in hard disk.
The Macintosh IIcx also has a connector for attaching an extemal floppy-disk drive.
The FDHD drive can read, write, and format single-sided 400 KB disks, double-sided
800 KB disks, and high-density 1.4 MB disks.

m A 5380 Small Computer System Interface (SCSI) IC, for high-speed parallel
communication with devices such as hard disks.
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» Figure 1-20 Interior view of the Macintosh IIci computer

The Macintosh IIci computer contains components identical to those in the
Macintosh Ilcx except for the following differences:

m The Macintosh Ilci computer has built-in video circuitry and an external connector for
a video monitor. (You can also use a video card in a NuBus slot, as on other
Macintosh II models.)

m The Macintosh Ilci has two Apple custom integrated circuits, the MDU (Memory
Decode Unit) and RBV (RAM-Based Video controller), that control memory addressing
and provide the special memory features for the built-in video circuits.

m The Macintosh Ilci has an additional connector on the main logic board for a fast RAM
cache card.

m A special-order model of the Macintosh IIci comes equipped with a custom parity IC
and 9-bit RAM SIMMs that provide parity generation and detection.

Chapter 1 Introduction to the Macintosh Hardware
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The Macintosh IIfx computer

Figure 1-21 shows the interior of the main system unit in the Macintosh IIfx computer. The
interior of the Macintosh IIfx is similar in appearance to that of the Macintosh II.

» Figure 1-21 Interior view of the Macintosh IIfx computer

The Macintosh IIfx computer combines many of the features of the Macintosh IIx with
advanced features of its own, as shown in the following list.

= A Motorola MC68030 microprocessor, running at a system clock frequency of
40 megahertz. The MC68030 has data and instruction caches and provides a built-in
memory management unit.
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A Motorola MC68882 mathematics coprocessor (also called the floating-point unit,
or FPD).

An Apple custom integrated circuit, the Fast Memory Controller (FMC), that controls
main RAM as well as 32 KB of high-speed cache RAM on the main logic board.

A special-order model of the Macintosh IIfx comes equipped with a custom PLD
(programmable logic device) IC and 9-bit RAM SIMMs that provide parity generation
and detection.

Up to 128 MB of random-access memory (RAM), provided in four or eight SIMMs.

Read-only memory (ROM), provided on a ROM SIMM. The ROM contains Macintosh
Toolbox and Operating System routines.

An Apple custom integrated circuit, the Operating System Support (OSS) IC, that
provides address decoding and control signals.

Six internal expansion slots using Apple’s implementation of the NuBus. Three new
Apple custom integrated circuits, the BIU30, BIUZ, and CGTO, provide the interface
between the NuBus and the main processor bus.

A 120-pin expansion connector called the Macintosh Iifx 68030 processor-direct

slot (PDS).

A sound system consisting of an Apple custom digital-sound synthesizer IC, the Apple
Sound Chip (ASC); two Sony analog sound ICs; a built-in speaker; and an external
stereo sound jack.

One Apple custom Versatile Interface Adapter (VIA) IC to support I/O devices.

Two Apple custom integrated circuits with built-in processors, the I/O Processors
(IOPs). One IOP controls serial 1/O and AppleTalk® I/O through the 8530 SCC. The
other IOP controls the SWIM and contains the ADB interface that communicates with
the keyboard, the mouse, and other input devices.

An 8530 Serial Communications Controller (SCC) IC, providing two independent ports
for serial communication.

The SWIM (Super Woz Integrated Machine), an Apple custom IC used to control the
interface to the FDHD drive. The SWIM is an enhanced version of the IWM.

One internal FDHD drive, and provision for both an internal hard disk and either a
second FDHD drive or an 800 KB floppy disk drive. The FDHD drive can read, write,
and format single-sided 400 KB disks, double-sided 800 KB disks, and high-density
1.4 MB disks.

An Apple custom integrated circuit, the SCSI DMA, that provides true direct-memory
access capability for high-speed parallel devices such as hard disks.

Chapter 1 Introduction to the Macintosh Hardware
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Memory-mapped device selection

The MC68000 processor’s 24-bit address bus provides 224 (16,777,216) unique addresses.
If all of these addresses were dedicated to memory, the processor could address 16 MB of
RAM and ROM. Similarly, the MC68020 and MC68030 processors’ 32-bit address buses can
each address 4 GB of memory. However, all Macintosh computers use certain address
ranges to select devices in addition to memory. Besides the address ranges used for RAM
and ROM, other address ranges are used for the VIAs, the SCSI IC, the IWM or SWIM, the
SCC, expansion cards, and so forth. Because this device-selection scheme uses the
memory-address lines, it is referred to as memory-mapped device selection.

Each time the processor reads or writes to a device, it places an address on the address
bus and asserts the address strobe. In the Macintosh computers with MC68020 or MC68030
processors, a2 memory management unit (MMU) translates the logical address from the
processor into a physical address to be used on the main logic board. The MC68030
processor—which is used in the Macintosh SE/30, Macintosh IIx, Macintosh Ilcx,
Macintosh Ilci, and Macintosh IIfx computers—has a built-in MMU. In the Macintosh II,
which uses the MC68020, the MMU is a separate IC (the AMU or the PMMU). A special-
purpose logic circuit in the computer (such as a PAL, the BBU, or the GLUE) decodes the
address to determine which device is being selected, and asserts the device-select signal.
The area of address space used for selecting devices is called device address space.

Within the address range of a given device, different addresses may have different
effects. In the Macintosh SE, for example, $58 0000 selects a SCSI read, whereas $58 0001
selects a SCSI write. If the BBU receives an address in the range $40 0000 through $4F FFFF,
it selects the ROM; address bits 1 through 17 select specific locations in the ROM. If it
receives an address in the range $00 0000 through $3F FFFF, the BBU selects the RAM, and
the RAM multiplexers (MUXs) present the address to the RAM ICs to select specific
locations in memory.

The MC68000 does not actually have an external address line A0; instead, it uses two data
strobes to provide the low address bit. When data strobe /LDS (Lower Data Strobe) is
asserted, A is considered to be true (1), indicating that data lines D7 through D0 have
valid data; and when data strobe /UDS (Upper Data Strobe) is asserted, A0 is considered
to be false (0), indicating that data lines D15 through D8 have valid data. When both /LDS
and /UDS are asserted, the operation is word-wide and data lines D15 through DO all have
valid data.
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Address maps for 24-bit addresses

Figure 1-22 shows in a general way how the address space is allocated in the Macintosh
128K, 512K, and 512K enhanced computers. Figure 1-23 shows how the address space is
allocated in the Macintosh Plus. A more detailed address map is given in the section
“Address Map for the Classic Macintosh Computers” in Chapter 3.

Figure 1-24 shows how the address space is allocated in the Macintosh SE computer. A
more detailed address map is given in the section “Address Map for the Macintosh SE
Computer” in Chapter 3.

Figure 1-25 shows how the address space is allocated in the Macintosh Portable computer.
A more detailed address map is given in the section “Address Map for the Macintosh
Portable Computer” in Chapter 3.

& Address maps: The address maps in this chapter include dark shading, light shading,
and unshaded areas. Dark-shaded areas indicate addresses that are assigned to
devices in the basic configuration of that computer. Light-shaded areas indicate
addresses that are decoded but might not be used, such as expansion RAM space;
some of those areas (as noted) are reserved for use by Apple Computer, Inc. Unshaded
areas are not decoded.

Note that the address maps are not to scale; you must look at the actual addresses to
determine the relative sizes of address ranges in the address maps.

Chapter 1 Introduction to the Macintosh Hardware
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= Figure 1-22  Simplified address map for the Macintosh 128K, 512K, and 512K
enhanced computers
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= Figure 1-23  Simplified address map for the Macintosh Plus computer

-- $00 0000

Chapter 1 Introduction to the Macintosh Hardware
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= Figure 1-24 Simplified address map for the Macintosh SE computer

—

- $44 0000
$40 0000

-- $00 0000

38 Guide to the Macintosh Family Hardware



= Figure 1-25 Simplified address map for the Macintosh Portable computer

$100 0000

$100 0000 .

$F0 0000 -

$E0 0000 .
$D0 0000 ..
$C0 0000 -
$B0 0000
$A0 0000 .
$90 0000
$80 0000
$70 0000 .
$60 0000

$50 0000 .
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Using 32-bit addresses

Because the classic Macintosh, Macintosh SE, and Macintosh Portable computers use an
MC68000 processor, which has a 24-bit address bus, versions of the Macintosh Operating
System prior to system software version 7.0 normally use only bits 23 through 0 for
addresses. The AMU (or PMMU) IC in the Macintosh II and the built-in MMU in the
MC68030 microprocessor make it possible for these versions of the Macintosh Operating
System to work with the 32-bit Macintosh computers. To allow the operating system to
operate in 24-bit mode on a 32-bit computer, these MMUs take the lower 24 bits of the
address coming from the processor and translate them into a 32-bit address.

When the Macintosh IT computer is operating in 24-bit mode and the processor addresses
memory or another device on the main processor bus, the MMU translates bits LA23
through LA20 from the MC68020 into bits A31 through A20. These signal lines are shown in
the block diagram of the Macintosh II in Chapter 2 (Figure 2-6). The MMU ignores the top
8 bits (LA31 through 24) in performing the translation. In the Macintosh models that have
an MC68030, this address translation is performed within the MC68030. Address
translation is described in more detail in the section “Address Maps,” in Chapter 3.

Address maps for 32-bit addresses

The next four pages show memory address maps for the Macintosh models that have
32-bit addressing. More detailed versions of the address maps are shown in Chapter 3.

Figure 1-26 shows how address space is allocated in the Macintosh SE/30 computer. Figure
1-27 shows how address space is allocated in the Macintosh II, Macintosh IIx, and
Macintosh Ilcx computers.

Figure 1-28 shows how the 32-bit address space is allocated in the Macintosh Ilci computer.
Figure 1-29 shows how the 32-bit address space is allocated in the Macintosh IIfx computer.
More detailed address maps are given in the section “Address Maps” in Chapter 3.
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= Figure 1-26  Simplified address map for the Macintosh SE/30 computer

Psuedo-slot space

... SFF00 0000

SFE00 0000

SFC00 0000

- SF900 0000
$F100 0000

SSFFF FFFF

-
1. $5001 0000

$5000 8000

$0000 0000

Introduction to the Macintosh

Chapter 1

- $5000 6000

$5000 4000

$5000 2000

$5000 0000

Hardware



= Figure 1-27 Simplified address map for the Macintosh II, Macintosh IIx, and
Macintosh IIlcx computers

/0 space

$FFFF FFFF = : $5SFFF FFFF
$F100 0000

$F000 0000 - $5100 0000

- $5001 8000

$6000 0000  $5001 6000

$5000 0000 ~- $5001 4000
$4000 0000

. $5001 0000

- $5000 8000

- $5000 6000

- $5000 4000

- $5000 2000

$0000 0000 - $5000 0000
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s Figure 1-28 Simplified address map for the Macintosh Ilci computer

SFFFF FFFF ™
$F100 0000 ...
$F000 0000 __
/O space
SSFFF FFFF
$5300 0000
$5200 0000
$5002 8000
$5002 6000
$6000 0000 ... / $5002 4000
$5001 8000
$5000 0000 ... i $5001 6000
$5001 4000
$4000 0000 __
. $5001 0000
) $5000 8000
$5000 6000
$5000 4000
$5000 2000
$5000 0000
$0000 0000 ..

Chapter 1 Introduction to the Macintosh Hardware 43



» Figure 1-29 Simplified address map for the Macintosh IIfx computer

SFFFF FFFF ~ 1/0 space

$5FFF FFFF
SF100 0000 .

SF000 0000 ___ $5400 0000
$5004 0000
$5002 8000
$5002 6000
$5002 4000
$5002 2000
_- $5002 0000
_. $5001 E000
. - - - $5001 C000
56000 0000 . - $5001 A000

$5001 8000
$5001 6000
$5001 4000
$5001 2000
$5001 0000
$5000 E000
$5000 C000
$5000 A00O
$§5000 8000
$5000 6000

$5000 0000 _

$4000 0000 _

$0000 0000 .
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Translating 24-bit addresses to 32-bit addresses

Figure 1-30 illustrates the 24-to-32 bit address translation used by the Macintosh SE/30
computer and by the Macintosh II-family computers. Notice that, whereas there are only
8 MB of address space available for RAM in the 24-bit address map, that is only a small
portion of the 1 GB of address space available for RAM in the 32-bit address map. The
ROM, I/O devices, and NuBus slots also have proportionately more address space
assigned to them in the 32-bit address map. A more detailed address-translation map is
given in the section “Address Map for the Macintosh SE Computer” in Chapter 3.

When your application is running the Macintosh Operating System in 24-bit mode, it can
use a special system call to switch the MMU to 32-bit mode. When your application is
running under an earlier version of the Macintosh Operating System than version 7.0, the
only reason to switch to 32-bit mode would be to address a NuBus card that needs more
than 1 MB of address space. Some operating systems, such as A/UX, operate in 32-bit
mode at all times. See the chapter on the operating system utilities in Inside Macintosh for
information about switching between 24-bit and 32-bit modes.

Chapter 1 Introduction to the Macintosh Hardware
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= Figure 1-30  24-bit to 32-bit address translation

32-bit address map

24-bit address map
$FF FFFF ~

$F0 0000

$90 0000 _

$80 0000 ..

$00 0000 ..

$0000 0000
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Chapter 2 Architecture of the
Macintosh Computers

This chapter provides an overview of the architecture of the
Macintosh computers and gives brief descriptions of the hardware
components of each computer. These components are described
in greater detail in later chapters.
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Other Memory General Control ICs

Configuration CPU essors mgt.ICs  Logic ICs

Compact MCG68000 (none) PALs PALs 1VIA

Compact MC68000 (none) BBU BBU 1VIA

Compact MC68030 MC68882 Part of GLUE 1 VIAs
MC68030

Portable MC68000 Power Mgr. PALs VD], 1VIA

CPU GLU
& Misc. GLU

Open (6 slots) MC68020 MC68881 AMU or GLUE 2 VIAs
PMMU

Open (6 slots) MC68030 MC68882 Part of GLUE 1 VIAs
MC68030

Open (3 slots) MC68882 MC68882 Part of GLUE 2 VIAs
MC68030

Open (3 slots) MC68030 MC68882 Part of MDU 2 VIAs
MC68030 & RBV

Macintosh Ilci
Open (6 slots) MC68030 MC68882 Part of 0SS & FMC 1VIA
& 2 I0Ps MC68030 & OSS
Macintosh IIfx
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Block diagrams

This section contains block diagrams for all the Macintosh computers. The functions of
the parts shown in the diagrams are described in the remaining sections of the chapter.

Compact and portable Macintosh models

The next five pages show block diagrams of the compact Macintosh models and of the
Macintosh Portable computer.

The Macintosh 128K, 512K, and 512K enhanced computers are designed around a Motorola
MC68000 processor, which has internal 32-bit data and address registers, an external 24-bit
address bus, and an external 16-bit data bus. The major components plus the data and
address buses of these computers are shown in Figure 2-1.

The Macintosh Plus and Macintosh SE computers also use an MC68000 processor. The
major components plus the data and address buses of the Macintosh Plus computer are
shown in Figure 2-2. Notice the addition of the SCSI controller and the SCSI connector to
the components of the earlier Macintosh computers.

The major components of the Macintosh SE computer plus the data and address buses are
shown in Figure 2-3. Notice the addition of the Apple Desktop Bus (ADB), the expansion
connector, and an interrupt-request line for the SCSI controller. Notice also that the BBU

handles many functions—such as direct memory access for video and sound—handled by
discrete logic components in earlier Macintosh computers.

The Macintosh SE/30, like the Macintosh II-family computers, uses a Motorola MC68030
processor. The MC68030, like the MC68020, has 32-bit registers and buses. Because the
68030 has a built-in memory management unit, the Macintosh computers that use that
processor do not have a separate AMU/PMMU device.

The Macintosh SE/30 computer combines many of the features of the Macintosh [I-family
computers with the compact size and processor-direct expansion slot of the Macintosh SE.
The major components plus the data and address buses of the Macintosh SE/30 are shown
in Figure 2-4.

The Macintosh Portable computer uses the MC68HC000, a low-power-consumption,
high-speed version of the MC68000 processor used in the Macintosh SE. The architecture
of the Macintosh Portable is similar to that of the Macintosh SE, with the addition of an
Apple Sound Chip plus circuitry to support the flat-panel display and the battery. The
major components plus the data and address buses of the Macintosh Portable are shown
in Figure 2-5.

Chapter 2 Architecture of the Macintosh Computers
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Figure 2-1 Block diagram of the Macintosh 128K, 512K, and 512K
enhanced computers
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Figure 2-2  Block diagram of the Macintosh Plus computer
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= Figure 2-3
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= Figure 24

Block diagram of the Macintosh SE/30 computer
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= Figure 2-5  Block diagram of the Macintosh Portable computer
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Macintosh IT family

The next four pages show block diagrams of modular machines in the Macintosh II family:
the Macintosh II, Macintosh IIx, Macintosh IIcx, Macintosh Ilci, and Macintosh IIfx.

The Macintosh II computer is designed around a Motorola MC68020 processor, which has
internal 32-bit data and address registers, an external 32-bit address bus, and an external
32-bit data bus. The major components of the computer plus the data and address buses
are shown in Figure 2-6. Notice the addition of the NuBus interface, the MC68881
mathematics coprocessor (the floating-point unit, or FPU), the memory management unit
(the AMU or PMMU), a second VIA, and the Apple Sound Chip. Notice also that all
interrupt requests go to the GLUE IC; only the GLUE IC can assert the interrupt signals to
the MC68020.

The Macintosh IIx computer is very similar in design to the Macintosh II, with the major
exception that the Macintosh IIx has an MC68030 processor, and therefore does not have
a separate AMU/PMMU device.

The architecture of the Macintosh IIcx is identical to that of the Macintosh IIx, with the
exception that the Macintosh IIcx has only three NuBus expansion slots, has only one
internal floppy disk connector, and has an external floppy disk connector. The major
components plus the data and address buses of the Macintosh IIx and Macintosh Ilcx
computers are shown in Figure 2-7.

The Macintosh Ilci computer, while it has many of the same features as the

Macintosh Ilcx, has a different internal design. In the Macintosh Ilci, a pair of Apple
custom integrated circuits, the MDU (Memory Decode Unit) and RBV (RAM-Based Video
controller), provide memory addressing along with special memory features needed for
the built-in video circuits. The Macintosh IIci also has a connector for an optional RAM
cache card for improved performance. The PGC (Parity Generator and Checker) is an
optional custom IC that works with 9-bit RAM SIMMs to provide parity generation and
detection. The major components plus the data and address buses of the Macintosh Ilci
computer are shown in Figure 2-8.

The Macintosh IIfx computer, which resembles the Macintosh II and Macintosh IIx in
appearance, has its own complement of Apple custom integrated circuits, including two
custom IOPs (I/O processors), FMC (Fast Memory Controller), and SCSI DMA, a custom
SCSI controller with direct-memory-access capability. The Macintosh IIfx also has 32 KB
of high-speed cache RAM on the main logic board. The major components plus the data
and address buses of the Macintosh IIfx are shown in Figure 2-9.
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m Figure 2-6  Block diagram of the Macintosh II computer
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» Figure 2-7  Block diagram of the Macintosh IIx and Macintosh Ilcx computers
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s Figure2-8 Block diagram of the Macintosh Ilci computer
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= Figure 29  Block diagram of the Macintosh IIfx computer
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Data buses

As you can see from the block diagrams of the classic Macintosh computers (Figure 2-1
and Figure 2-2), all 16 data lines are connected to the main processor, the ROM, and the
RAM data-bus buffers. In the Macintosh SE (Figure 2-3), all 16 data lines are connected to
the processor-direct slot as well.

In the Macintosh Portable (Figure 2-5), all 16 data lines are connected to the RAM, the ROM,
the VDI (Video Display Interface) IC, the processor-direct slot, and the RAM and ROM
expansion connectors. The other devices in these computers are connected to either the
high-order byte of the data bus (D15 through D8), or the low-order byte (D7 through DO).

In the Macintosh SE/30 (Figure 2-4) and Macintosh II-family computers (Figures 2-6, 2-7,
2-8, and 2-9), all 32 data lines are connected to the CPU, FPU, ROM, and RAM. In the
Macintosh SE/30, all 32 data lines are also connected to the processor-direct slot. In the
Macintosh II-family computers, the data lines are all connected to the NuBus interface. In

the Macintosh II only, the AMU/PMMU is also connected to all 32 data lines.

The other devices in the Macintosh SE/30 and Macintosh II-family computers, including
all I/O devices plus the video RAM and video ROM, are connected to the high-order byte
of the data bus (D31 through D24). These devices can transmit or receive only 8 bits in
parallel at one time.

RAM data-bus buffers

The classic Macintosh computers and the Macintosh SE use part of the main memory for
the video display and for pulse-width-modulated (PWM) sound samples. RAM data-bus
buffers can either connect the main data bus to the RAM data bus, or isolate the two
buses and give the video and sound circuits direct access to RAM.

The Macintosh Ilci has a similar arrangement for bank A of main RAM. Bank A is directly
connected to the video controller (RBV) and is also connected to the main processor’s
data bus by way of a bus buffer. When the RBV is reading video data, the bus buffer
disconnects bank A from the main processor’s data bus. The MDU can generate two sets
of RAM addresses and control signals at the same time: one set for a main-processor
access to bank B and another for an RBV read from bank A. This independent address
generation enables the main processor to read and write to RAM in bank B with no waiting
or interruptions.
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& Note: The sharing of bank A between the main processor and the video circuits affects
the performance of the Macintosh Ilci. How much the performance is affected
depends on the kind and size of video monitor used. For details, please refer to the
section “Video Circuits in the Macintosh IIci” in Chapter 12.

In the Macintosh IIfx, the clock for the main processor is much faster than in other
Macintosh models. To enable the relatively slow I/O devices to operate effectively, the
data and address buses to the I/O interfaces are buffered by fast/slow buffers controlled
by a PAL. Most of the devices on the slow side of the bus operate at a clock speed half
that of the main processor. The speed-shift PAL provides for two exceptions: it switches
to the fast speed for PDS accesses in the address range $6000 0000~$6FFF FFFF and for
accesses to the MC68882 FPU.

The Macintosh Portable, Macintosh SE/30, and Macintosh II-family computers have
separate video RAM and use the RAM in the ASC for sound, so that it is not necessary for
those computers to isolate the RAM from the main data bus.

Central processing units (CPUs)

The CPU executes programs stored in RAM and ROM, performing calculations, accessing
hardware devices, and transferring data to and from memory and 1/O devices. Device
selection, RAM control, and some other functions—such as control of the video and
sound circuits in the Macintosh SE—are handled by general logic circuits. (The PALs, BBU,
and GLUE ICs are examples of general logic circuits.) The VIAs, SCSI, IWM, SWIM, ASC,
and SCC ICs provide interfaces with I/O devices.

The CPU communicates asynchronously with all devices except the VIAs. Communications
with the VIAs in the classic Macintosh and Macintosh SE computers are synchronized by a
special signal generated by the MC68000 called the Enable signal or the E clock. In the
Macintosh Portable, Macintosh SE/30, and Macintosh II-family computers,
communications with the VIA are synchronized by a combination of a VIA clock signal
and the VIA enable signal, both of which are generated by the general logic circuits.

The differences between asynchronous and synchronous (that is, MC6800-compatible)
device accesses are detailed in the documentation for the Motorola MC68000-family
microprocessors. The general logic circuits provide all device-select signals for internal
devices and generate handshaking signals to the CPU for both synchronous and
asynchronous devices.
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The MC68000, MC68HC000, MC68020, and MC68030 microprocessors are described in
more detail in Chapter 3.

& Note: Outside this book, the term CPU is sometimes used when referring to the main
system unit of a computer; here the term is a synonym for main processor.

Interrupts

It is occasionally necessary for a device to interrupt the normal processing of the program
being executed. For example, when a serial port receives some information, it interrupts
the CPU, which can stop normal processing long enough to read the data in the SCC's
receive buffer. The CPU can then return to the program it was executing while the SCC
receives more data over the serial port.

The MC68000-family processors have three interrupt lines plus a Reset line. When a signal is
received over one or more interrupt lines, the CPU determines the priority of the interrupt
(determined by which interrupt lines are asserted). If the interrupt priority is higher than
the current processor priority (set by the software), the CPU suspends execution of the
currently running program.

In the Macintosh Portable, Macintosh SE, and classic Macintosh computers, each
interrupt request line from an I/O device is connected directly or indirectly to one of the
three processor interrupt lines.

The CPU in the Macintosh Portable receives its interrupt control (IPL) inputs from the
custom GLU ICs: two from the CPU GLU IC and the third—and highest priority—from the
Miscellaneous GLU IC.

In the Macintosh SE/30 and Macintosh II-family computers, the general logic circuits
receive interrupt requests from the various devices, assign a priority to each, and assert
one or more interrupt lines to the CPU.

In the Macintosh Ilci, interrupt requests are handled by the RBV, which assigns a priority
to each and asserts one or more interrupt lines to the CPU. The Macintosh Iici also has

an additional interrupt: the built-in video generates an interrupt that is handled like a
NuBus interrupt.

In the Macintosh IIfx, interrupts are processed by the OSS custom IC, which determines
the priorities of interrupts under software control. The OSS allows different operating
systems to use different interrupt priorities.
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The CPU acknowledges the interrupt and, in response to a signal from the general logic
circuits, reads an interrupt vector from a memory location determined by the level of the
interrupt. The CPU then executes the code pointed to by that vector. This process is
known as automatic vectoring. The code jumped to by the CPU in response to an
interrupt is referred to as an interrupt handler.

When the Reset line is asserted, the CPU stops whatever it’s doing and executes the code
pointed to by the Reset vector. The Reset vector is always found at the first location in
memory (address $00 0000 for the 24-bit processors and $0000 0000 for the 32-bit processors).

Interrupts are described in more detail in Chapter 3.

Unimplemented instructions

Interrupts are hardware signals, as opposed to traps, which are interruptions in the
operation of the CPU generated by execution of instructions. A trap can be caused by a
special instruction, the purpose of which is to cause a trap, or by an attempt to execute
an unrecognized instruction. When a trap occurs, the CPU executes code pointed to by an
exception vector.

Certain instructions unrecognized by the MC68000-family microprocessors are known as
unimplemented instructions and cause a special type of trap known as an unimplemented
instruction exception. Unimplemented instructions are used in Macintosh computers to cause
the CPU to jump to Macintosh Toolbox and Operating System routines.

Mathematics coprocessors (FPUs)

The MC68881 and MC68882 mathematics coprocessors (also called floating-point units, or
FPUs) perform fast and highly accurate floating-point arithmetic in parallel with the CPU.
After the general control logic decodes the address and asserts the device select to the
FPU, the FPU communicates directly with the CPU without further intervention of the
memory management unit or logic circuits. To a programmer, the FPU appears to extend
the capabilities of the CPU, adding several instructions, data types, and registers to the
features of the MC68020 or MC68030. The FPU is described in more detail in Chapter 3.
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Macintosh II memory management unit

Between the CPU and the GLUE IC in the Macintosh IT computer is a memory management
unit (MMU) IC. This IC can be the Apple proprietary Address Management Unit (AMU), or a
Motorola MC68851 Paged Memory Management Unit (PMMU).

When you are running the Macintosh operating system in ?4-bit mode, the memory
management unit (either the AMU or the PMMU) translates the 24-bit address used by the
operating system into the 32-bit equivalent that the GLUE IC decodes. When you are using
a virtual-memory operating system, such as system software version 7.0 or A/UX, the
memory management unit (in this case it must be the PMMU) translates between the
32-bit logical address used by software and the 32-bit physical address used by the

GLUE IC.

& Note: In the Macintosh models that use the MC68030 microprocessor, the memory
management function is built into the microprocessor. Those machines support
operating systems with either 24-bit or 32-bit addresses, as described for the
Macintosh II in the previous paragraph.

Power Manager microprocessor

The Power Manager IC in the Macintosh Portable computer is a Mitsubishi M50753
microprocessor, which contains its own RAM and ROM. The microcode in the Power
Manager IC’s ROM enables the Power Manager IC to control the power circuits in the
Macintosh Portable, and to act as the real-time clock and as the ADB transceiver. The
RAM in the Power Manager IC serves as the parameter RAM for the Macintosh Portable.
The VIA provides the interface between the Power Manager IC and the CPU.
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General logic circuits

A variety of ICs perform general logic functions in Macintosh computers. The

Macintosh Plus and earlier Macintosh computers use PALs, which are programmable logic
array devices. The other Macintosh computers have Apple custom ICs: the BBU in the
Macintosh SE; the GLUE in the Macintosh SE/30, Macintosh II, and Macintosh IIx; the
RBV and MDU in the Macintosh IIci; the CPU GLU, Miscellaneous GLU, and VDI in the
Macintosh Portable; and the FMC, OSS, and PALs in the Macintosh IIfx.

The general logic circuits decode addresses, assert device-select signals to the internal
devices being addressed, and assert signals to the CPU to acknowledge the receipt of
data by the addressed device. Other functions performed by general logic circuits include
refreshing RAM, controlling RAM addressing, and performing direct memory access for
video and sound circuits in some of the Macintosh computers. They also generate clock
signals and other control signals. In the Macintosh SE/30 and Macintosh II family, the
general logic circuits monitor interrupt requests from internal devices, determine the
priority of each, and assert the interrupt lines to the CPU.

The general logic circuits generate the control and handshaking signals that coordinate the
various components in the computer. The general logic circuits are discussed in more
detail in Chapter 3.

RAM

The RAM ICs in the Macintosh Portable and in the Macintosh 128K, 512K, and 512K
enhanced computers are mounted on the main logic board of the computer. The RAM ICs
in all other Macintosh computers (the Macintosh Plus, Macintosh SE, Macintosh SE/30,
and Macintosh II-family computers) are mounted on SIMMs (Single In-line Memory
Modules) that plug into connectors on the main logic board. The Macintosh Portable also
has a connector for a RAM expansion card.

In the Macintosh SE and classic Macintosh computers, the video circuitry, the sound
circuitry, the floppy disk motor-speed control circuitry, and the CPU can all read data
from RAM, but only the CPU writes to RAM. The Macintosh Ilci also has video circuitry
that reads from RAM (bank A only). The other Macintosh II-family computers, along with
the Macintosh Portable and the Macintosh SE/30, have separate RAM for the video and
sound circuits; in those computers, only the CPU reads from and writes to system RAM. In
addition, in the Macintosh SE, Macintosh SE/30, and Macintosh II-family computers, a
card plugged into an expansion slot can both read from and write to RAM.

Macintosh RAM is described in more detail in Chapter 5.
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Reading data from RAM

When the CPU reads data from RAM in the Macintosh SE, Macintosh Plus, and
earlier Macintosh computers, the CPU sends an address to the RAM through the
RAM address MUXs, and the RAM places the data on the RAM data lines. The RAM
data-bus buffers transmit the data to the CPU data bus, where the CPU reads it.
The CPU can read data from RAM at any time except when data is being read for
video, sound, or disk-speed control.

When the CPU reads data from RAM in the Macintosh Portable computer, the CPU sends
an address directly to the static RAM. The RAM places the data on the data bus, where the
CPU reads it. The CPU in the Macintosh Portable can read data from RAM at any time
(except when an expansion card has control of the bus).

In the Macintosh SE/30 and Macintosh II-family computers, when the CPU reads data
from RAM, the CPU sends an address to the RAM through the RAM address MUXs, the RAM
places the data on the system data bus, and the CPU reads it. The CPU can read data from
RAM at any time (except when an expansion card has control of the bus).

In the Macintosh Ilci computer, the MDU provides separate addresses for the processor
and for the video circuitry. RAM is divided into two banks, A and B, with separate
address and data buses. The screen buffer for the built-in video occupies a portion of
memory bank A. When the CPU addresses bank A, an ongoing RAM access by the video
circuits can cause the CPU to wait. However, the CPU can read or write to bank B at any
time, even when the video circuits are fetching data from bank A. To minimize the effect
of competition for bank A on performance, the Macintosh Ilci computer normally has
additional RAM over the 1 MB minimum installed in bank B. For more information about
RAM operation, please refer to Chapter 5.

Video RAM

The video logic in the classic Macintosh, Macintosh SE, and Macintosh IIci computers
reads data from a video screen buffer in system RAM and sends the data to the screen.
When video data is being read, the RAM data-bus buffers isolate the RAM data bus from
the CPU data bus.

The Macintosh SE and classic Macintosh computers have their video screen buffers in
main memory. The logic circuits fetch the video data in bursts, two words at a time, so as
to minimize the amount of RAM access time denied to the CPU.
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The built-in video circuits in the Macintosh Ilci computer use a screen buffer stored in

bank A of main memory. The MDU (Memory Decode Unit) generates video addresses
under the control of the RBV (RAM-Based Video controller). The RBV fetches video data

in bursts, eight longwords at a time, so as to minimize the amount of bank-A access time
denied to the CPU.

The video circuits in the Macintosh Portable and Macintosh SE/30 computers have their
own RAM. Similarly, Macintosh II video cards installed in NuBus slots have their own RAM.
In addition, the ASC has its own sound buffer. Therefore, in the Macintosh Portable,
Macintosh SE/30, and Macintosh II family, the only time the CPU has to share RAM access
time with any other device is when an expansion card has control of the bus or, in the
Macintosh IIfx, when a DMA device is making DMA accesses.

There is more information about video circuits later in this chapter, in the section “Built-
in Video,” and in Chapter 12. For more information about DMA accesses, please refer to
the sections “IOPs in the Macintosh IIfx Computer” in Chapter 3 and “SCSI DMA in the

Macintosh IIfx Computer” in Chapter 11.

Cache RAM

The Macintosh IIfx computer has 32 KB of high-speed cache RAM on its main logic board.
The Macintosh Ilci computer has a connector for an optional RAM cache card. In both
machines, the operation of the cache is similar: it provides faster access when the main
processor is reading instructions or data.

Cache RAM in the Macintosh IIfx computer

In the Macintosh IIfx computer, the main processor can read a longword from the
cache RAM in just two clock cycles, provided the required data is in the cache. If it
is not, the processor requires an additional four clock cycles to read the data from
main memory. While the processor reads data from main RAM, the FMC loads the new

data into the cache.

Chapter 5 contains more information about cache RAM in the Macintosh IIfx.
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Cache RAM in the Macintosh Ilci computer

In the Macintosh Ilci computer, the optional cache card provides a similar decrease in the
time required for the processor to read from RAM.

With the optional cache card installed, the processor in the Macintosh Ilci can read any
longword in just two clock cycles, provided the data is in the cache. If it is not, the
processor requires an additional seven clock cycles to retry the read operation. During the
retry, while the processor is reading data from main RAM, the cache card also reads the
data and updates the cache.

Chapter 5 contains more information about cache RAM in the Macintosh Ilci.

ROM

The ROM ICs in the Macintosh Plus, Macintosh SE, Macintosh Portable, Macintosh II,
Macintosh IIcx, and Macintosh Ilci computers are mounted on the main logic board of
the computer. The ROM ICs in the Macintosh SE/30, Macintosh IIx, and Macintosh IIfx
computers are mounted on SIMMs that plug into connectors on the main logic board. The
Macintosh Ilcx and Macintosh Ilci also have a connector for an optional SIMM, and the
Macintosh Portable has an internal connector that can be used for additional ROM.

The ROM contains system routines, including most of the code for the Macintosh
Toolbox, and the Reset handler that is executed each time the computer is started up or
reset. The Macintosh SE/30, Macintosh IIcx, and Macintosh IIx computers all have
identical code in system ROM. Each of the other Macintosh computers has ROM code
unique to that computer.

The CPU can always access ROM without sharing access time with any other circuits.

In the Macintosh Portable, Macintosh SE, Macintosh Plus, and earlier Macintosh
computers, the CPU always reads one word of data at a time from ROM; the low byte of
each word is read from one ROM IC and the high byte is read from the other. In the
Macintosh SE/30 and Macintosh II-family computers, each read operation makes a
longword of data available from ROM, reading all four ROM ICs simultaneously; one byte
of the longword is read from each ROM IC.

There is more information about the Macintosh ROM in Chapter 5.
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Built-in video

The classic Macintosh, Macintosh SE, Macintosh SE/30, and Macintosh Portable
computers have built-in video generation circuits and display screens. The Macintosh Ilci
computer does not have a built-in display, but it does have built-in video generation
circuits for use with an external monitor.

@ Note: The Macintosh II-family computers have no built-in displays. Instead, the user
can select any available video card designed for their computer, and install it in a
NuBus slot. The video card contains RAM for the screen buffer plus all of the logic
circuitry needed to send horizontal and vertical blanking signals and video data to the
monitor. The video card has its own connector for an external video monitor.

The Macintosh IIci computer has the equivalent of a built-in video card that generates a
display on an external monitor. Like other members of the Macintosh II family, the
Macintosh Ilci can accept a video card in any of its NuBus slots. The video card can
operate either instead of or along with the built-in video.

Video circuits

The video circuitry for the built-in monitor in the Macintosh SE and classic Macintosh
computers is located on the analog board. This circuitry controls the horizontal and
vertical motions of the electron beam that generates the picture on the screen, and turns
the beam on and off according to the stream of data fed to it by the general logic circuits.
A 0 is displayed as a white pixel and a 1 is displayed as black. The video circuitry on the
analog board is coordinated by vertical and horizontal timing signals that are generated
by the logic circuits on the main logic board.

In the Macintosh SE/30 computer, the vertical and horizontal synchronization signals are
provided by special video circuits on the main logic board, rather than by the general logic
circuits. The video circuits on the main logic board also contain their own RAM and ROM
to provide video logic and data. The signals generated by the video logic circuits in the
Macintosh SE/30 are identical to the video signals generated by the general logic circuits
in the Macintosh SE. The operating system, however, addresses the video circuits on the
Macintosh SE/30 main logic board in the same manner that it would address a NuBus
video card in a Macintosh II-family computer.
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The Macintosh Portable computer has separate RAM for its video screen buffer and a
custom IC, the VDI, that provides data and control signals. The VDI provides the vertical
and horizontal synchronization signals and video data to the flat-panel display and to the
external video port.

In the Macintosh IIci computer, the vertical and horizontal synchronization signals are
provided by the RBV custom IC on the main circuit board. The video buffer is in bank A
of main memory; video addresses are generated in the MDU custom IC at the request of
the RBV. The RBV fetches video data 8 longwords at a time and uses FIFO storage and
shift registers to send pixel-sized chunks of video data on to the CLUT DAC IC, which
generates the RGB video signals.

Screen-buffer sizes

A full-screen display for a built-in Macintosh CRT monitor—such as the one in the
Macintosh SE or Macintosh Plus computers—consists of 342 horizontal scan lines and a
vertical blanking interval. Each scan line consists of 512 pixels, each pixel corresponding
to 1 bit of data. Thus, a full screen display requires 21,888 bytes of data. The screen image
is refreshed approximately 60 times per second.

In the Macintosh Portable computer, a full screen on the built-in flat-panel display consists
of 400 horizontal lines and a display synchronization signal. Each line consists of 640
pixels and each pixel corresponds to 1 bit of data. Thus, a full screen display requires
32,000 bytes of data. The screen image is updated approximately 60 times per second.

The Macintosh IIci computer has built-in video circuitry but uses an external video
monitor. The size of the screen buffer depends on the number of bits per pixel and on the
size of the monitor; pins in the monitor cable enable the computer to determine what
kind of monitor is attached. On the standard-size Apple High-Resolution Monochrome
Monitor or the AppleColor™ High-Resolution RGB Monitor, the video circuits in the
Macintosh IIci can provide up to 8 bits per pixel for 256 colors or shades of gray. The
display is made up of 480 lines of 640 pixels each. For a black-and-white display (1 bit per
pixel), the screen buffer occupies 38,400 bytes. For 8 bits per pixel, the screen buffer
occupies 307,200 bytes. The image is refreshed approximately 67 times a second.

¢ Note: The MMU in the Macintosh Ilci allocates memory for the screen buffer in
increments of 32 KB, so it takes 64 KB for 1 bit per pixel on a monochrome monitor,
320 KB for a color monitor with 8 bits per pixel.
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On the Macintosh Portrait Display (with 870 lines of 480 pixels), the Macintosh Ilci can
provide up to 4 bits per pixel for 16 shades of gray. For a black-and-white display (1 bit
per pixel) on the Portrait Display, the screen buffer occupies 69,600 bytes. For 4 bits per
pixel, the screen buffer occupies 278,400 bytes. The image is refreshed approximately 75
times a second.

Sound circuits

Two different types of sound circuits have been used in Macintosh computers. The
Macintosh SE and classic Macintosh computers use their general logic circuits plus a
Sony sound IC to generate output for the internal speaker or external sound jack. The
Macintosh SE/30, Macintosh Portable, and Macintosh Il-family computers use the
Apple Sound Chip (ASC) plus two Sony sound ICs to generate the sound signals.

Macintosh SE and classic Macintosh sound circuits

In the Macintosh SE and classic Macintosh computers, the general logic circuits read a
word of data for the sound and disk-speed control just before each horizontal video line
begins. The high-order byte of this word is used for sound and the low-order byte for disk-
speed control. Every 44.93 us, the pulse-width modulator (PWM) PAL in the Macintosh
Plus, or the BBU in the Macintosh SE, generates a pulse, the width of which depends on
the sound value read from RAM. This train of pulses is sent to the Sony sound IC, which
integrates it into a smoothly varying waveform. The amplitude of the waveform is
adjusted in the Sony sound IC according to a 3-bit value from the VIA, and the signal is
sent by the sound IC to the internal speaker or external sound jack.
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Apple Sound Chip

The Macintosh Portable, Macintosh SE/30, and Macintosh II-family computers have an
Apple custom IC, the Apple Sound Chip (ASC), plus two Sony sound ICs. The ASC has four
512-byte buffers of its own, so computers that use it do not use system RAM for storing
sound values. Although the data bus to the ASC is only 8 bits wide, the dynamic bus sizing
feature of the MC68020 and MC68030 processors allows the sound driver to send longword
(32-bit) data to the buffers. The CPU automatically performs four 1-byte accesses to the
buffer and increments the addresses appropriately to accomplish the longword transfer.

The ASC can generate monophonic sound practically indistinguishable from that
produced by the sound hardware in the Macintosh SE and classic Macintosh computers.
However, the ASC also provides a variety of features not available in Macintosh
computers that lack this IC. For example, the ASC has four independent channels that it
can synthesize into monophonic or stereophonic sound. The features of the ASC are all
available through the Macintosh Sound Manager.

In the Macintosh Portable and Macintosh II-family computers, the Sound Manager can
read a bit in a VIA to determine whether the monophonic internal speaker or the
stereophonic external sound jack is being used. In the Macintosh SE/30, the sound circuit
includes a mixer to convert stereophonic to monophonic for the internal speaker; the
Sound Manager always operates in stereophonic mode in the Macintosh SE/30.

The sound circuits are discussed in Chapter 13.

Disk-speed control

The logic circuits in the original Macintosh SE and in the classic Macintosh computers take
the low-order byte of the word of data from the first sound buffer and generate a train of
pulses with it just as the sound PWM does for sound. This train of pulses is fed directly to
the motor of any single-sided (400 KB) floppy disk drive connected to the IWM port. The
power to the motor is turned on and off by these pulses, so that the inertia of the motor
itself integrates the pulses, controlling the motor speed. This signal is used to vary the disk
speed of disks in 400 KB drives. Disk speed is varied by the disk controller to compensate
for the fact that, at a given rotational speed, sectors near the disk’s outer edge travel
under the disk-drive head faster than sectors closer to the center of the disk.
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& Note: Macintosh SE computers manufactured after August 1989 use the SWIM
controller and support the FDHD drive. Those machines are identified by the
letters FDHD on the front.

The Macintosh 512K enhanced and all later Macintosh computers are capable of driving
double-sided disk drives. The double-sided disk drives have internal speed control
circuitry and do not use the disk-speed control signal.

The disk-speed PWM signal is not provided by the Macintosh Portable, Macintosh SE FDHD,
Macintosh SE/30, or Macintosh II-family computers, which do not use the 400 KB floppy
disk drive.

VIAs

The Macintosh Plus and earlier Macintosh computers use a standard Rockwell or VI 6522
Versatile Interface Adapter (VIA) IC. The Macintosh SE, Macintosh II, and all later
Macintosh computers use an Apple custom version of this IC that is functionally identical
to the Rockwell and VTI VIAs. The VIA contains internal control registers and data
registers. System software can write to the registers to set the state of the VIA and to set
bits that control outputs. System software can also read the registers to determine the
state of the VIA and of signals that the VIA monitors. The VIA contains two timers. The
operating system or a program loads an initial value into one of the timers and starts the
timer; once started, the timer count is decremented once every 1.2766 ps. When the timer
counts down to 0, the VIA generates an interrupt.

The VIA in the Macintosh Plus and earlier Macintosh computers is used primarily as the
interface between the main logic board and the keyboard, mouse, and real-time clock.
It also provides control lines for the floppy disk drives, video interface, sound circuitry,
and serial interface.

The VIA in the Macintosh SE computers is used primarily as the interface between the
main logic board and the Apple Desktop Bus and the real-time clock. It also provides
control signals for the floppy disk drives, video interface, sound circuitry, serial interface,
and SCSI interrupts.

The VIA in the Macintosh Portable computer is used primarily as the interface between the
MC68HC000 CPU and the Power Manager IC. It also provides control signals for the floppy
disk drives, sound circuitry, serial interface, and SCSI interrupts.
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The Macintosh SE/30 and some members of the Macintosh II-family computers have two
VIAs, known as VIA1 and VIA2. In the Macintosh IIci and Macintosh IIfx, the functions of
VIA2 are incorporated into an Apple custom integrated circuit (RBV in the Macintosh IIci,
0SS in the Macintosh IIfx). VIA1 maintains compatibility with existing Macintosh
software by supplying most of the signals used by Macintosh computers that have only
one VIA. It provides control signals for the floppy disk drives, serial interface, and other
I/0 devices. VIA2 (or the corresponding custom IC) supports features not present in one-
VIA Macintosh computers, such as interrupts from expansion cards, interrupts from the
Apple Sound Chip, and other features.

The VIAs are described in detail in Chapter 4.

Non-ADB keyboard interface

In the Macintosh Plus and earlier Macintosh computers, the keyboard and mouse are

connected directly to the VIA; this is in contrast to the later Macintosh computers, in
which the keyboard and mouse are connected to the VIA through the Apple Desktop
Bus (ADB).

The classic Macintosh keyboard contains a microprocessor that communicates with the
VIA through a bidirectional serial data line. All data transfers are synchronized by the
keyboard clock, which is generated by the keyboard processor. Each transmission
consists of 8 bits. Each byte of data input to the computer is stored in a register in the
VIA from which it is read over the parallel CPU data bus by the CPU.

Only the computer can initiate communication over the keyboard lines. The Keyboard
Driver sends an inquiry command to the keyboard; the keyboard sends back either a key
transition response if a key has been pressed or released, or a null response if nothing has
happened since the last inquiry. The Keyboard Driver can then read the key transition
code from the register in the VIA.

The classic Macintosh keyboards and keyboard interface are described in detail in Chapter 7.
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Non-ADB mouse interface

The classic Macintosh mouse generates four square-wave signals that together indicate the
magnitude and direction of mouse motion. Two of these signals go to the Serial
Communications Controller (SCC), which interrupts the CPU and records the levels of the
signals (high or low) as bits in a register; and two of the signals go to the VIA, which

records the levels of the signals as bits in another register. Interrupt-driven routines in the
classic Macintosh ROM convert this information into the corresponding motion of the

pointer on the screen. The Macintosh mouse is a relative-motion device—that is, it
doesn't report where it is, only how far and in which direction it's moving.

‘The mouse button is a switch that, when pressed, grounds a pin on the mouse connector.
The state of the button is recorded as a bit in the VIA and is checked by software during
each vertical blanking interrupt.

The classic Macintosh mouse and mouse interface are described in detail in Chapter 7.

Apple Desktop Bus

The Apple Desktop Bus (ADB) is an asynchronous serial communication bus used to
connect keyboards, mouse devices, graphics tablets, and other input devices to
Macintosh computers starting with the Macintosh SE and Macintosh II. It is a single-
master, multislave bus; in other words, two or more input devices can be connected to the
same ADB, but the computer controls the bus at all times. The devices can be connected
in parallel or daisy-chained. The two ADB ports on the back of the Macintosh are
connected in parallel to the same ADB.

The ADB is driven either by an ADB transceiver or a custom IC (see the note later in this
section). The ADB transceiver is a microprocessor that communicates with the CPU
through a VIA (VIA1 in the Macintosh SE/30 and Macintosh II-family computers; the
single VIA in the Macintosh SE and Macintosh Portable computers). The ADB transceiver
directly controls transactions with ADB input devices. The ADB Manager or device driver
sends commands for an ADB device to the VIA 1 byte at a time. The VIA holds the byte in
an internal register and shifts it out 1 bit at a time to the ADB transceiver, which sends it
over the ADB to the appropriate device.
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In the other direction, an ADB device that has information to send to the ADB Manager
or device driver sends a service request when polled by the ADB transceiver in the
computer. In response to the service request, the ADB transceiver sends an interrupt
request to the VIA, which interrupts the CPU. The ADB Manager then polls the various
ADB devices to determine the source of the service request and commands the device
to send its data to the computer. Each byte of data from the device is shifted 1 bit at a
time to the VIA over the ADB bus. The byte is held in a register in the VIA until it is read
over data lines by the CPU. The ADB device drivers store all ADB data (such as key
transitions and mouse motion information) in RAM on the main logic board, where it
can be accessed by software.

In addition to the data line, there are several control lines between the VIA and the ADB
transceiver. These lines are used to time and sequence transactions between the VIA and
the ADB transceiver.

¢ Note: In the Macintosh Portable computer, the Power Manager IC provides the
functions of the ADB transceiver. The Power Manager IC is connected to the VIA in
the Macintosh Portable by an 8-bit parallel data bus. In the Macintosh IIfx computer,
the ADB interface is part of one of the custom IOPs. The system software that
controls the ADB is different for the two machines, but the operation of the ADB is
the same as it is in machines with a separate ADB transceiver IC.

In the Macintosh Portable computer, the keyboard microprocessor is located on the main
logic board, rather than in the keyboard as with other ADB keyboards. The keyboard
microprocessor interprets the keyswitch transitions and supplies the serially encoded
signal over a serial data line to the Power Manager IC. In the Macintosh Portable, the entire
ADB interface, including the ADB transceivers for both the computer and the keyboard, is
located on the main logic board.

A Warning The Macintosh Portable computer cannot provide the power required
by many ADB devices; only low-power-consumption devices should
be connected to the ADB connector on the Macintosh Portable.
Connecting any other ADB device to the ADB connector can result in
improper operation of the Macintosh Portable computer. a

The Apple 1IGs® computer also uses the Apple Desktop Bus. Any ADB device that works
on one of the ADB-equipped computers works on the others (with the exception stated
in the preceding warning), provided that there is a device driver for that device in the

computer’s system. The Apple Desktop Bus, Apple Standard Mouse, and ADB-compatible
keyboards are described in detail in Chapter 8.
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The Macintosh II-family computers include a Power On signal that comes into the
computer through the ADB connector, but that goes directly to the power control circuits
without going through the ADB transceiver. Power control is discussed in Chapter 6.

Real-time clock

In all Macintosh computers except the Macintosh Portable, the Macintosh real-time clock
(RTC) is a custom integrated circuit controlled through a VIA. The VIA communicates with
the CPU over eight parallel data lines and with the RTC over a single serial data line. In the
Macintosh Portable, the Power Manager IC performs the functions of the RTC.

The RTC contains a 4-byte counter that is incremented once each second. The RTC sends
an interrupt request to the VIA once each second and, if the interrupt is enabled in the
VIA, the VIA interrupts the CPU.

The RTC in the Macintosh 128K and 512K computers also contains 20 bytes of RAM, called
parameter RAM. The RTC in the 512K enhanced and later Macintosh computers contains
256 bytes of parameter RAM (except for the Macintosh Portable, which has 128 bytes of
parameter RAM in the Power Manager IC). Parameter RAM contains important data—such
as the sound volume setting—that must be preserved even when the computer is off or
unplugged. To keep the clock running and preserve the data in the parameter RAM, the
RTC is powered by a battery when the computer is off.

The user can change most of the values in parameter RAM by using the Control Panel desk
accessory. While the computer is on, the operating system maintains a copy of parameter
RAM plus the date and time in system RAM. Once each second, the operating system
updates the time stored in RAM. This setting is stored as the number of seconds since
midnight, January 1, 1904.

In the Macintosh Portable computer, the functions of the RTC and parameter RAM are
provided by the Power Manager IC. The interface to the Power Manager IC therefore
serves as the interface to the real-time clock as well. The Power Manager IC recognizes two
real-time clock commands, one to set and one to read the clock.

Parameter RAM in the Macintosh Portable computer consists of a group of storage
locations in the Power Manager IC. The Macintosh Portable has no power on/off switch,
so the parameter RAM is supplied continuously with power by the built-in battery. The
Macintosh Portable also has a 9-volt backup battery to preserve parameter RAM in case
the main battery becomes discharged or is disconnected. The Power Manager IC has only
128 bytes of parameter RAM.

The Macintosh real-time clock is described in more detail in Chapter 3.
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SCSI

The Macintosh Plus and later Macintosh computers include a 5380 or 53C80 Small Computer
System Interface (SCSI) controller, which controls a high-speed parallel interface with hard disk
drives and other peripheral devices. The Macintosh Plus has one external SCSI connector; the
Macintosh SE, Macintosh SE/30, Macintosh Portable, and Macintosh II-family computers have
one external and one internal SCSI connector. A total of seven SCSI devices in addition to the
computer itself can be daisy-chained to the SCSI bus.

& Note: The Macintosh IIfx computer uses an Apple custom IC, the SCSI DMA, that
supports direct-memory-access transfers to and from SCSI devices. Please refer to
Chapter 11 for information about the SCSI DMA IC.

The Macintosh SCSI hardware and communication protocol conform to the standard
proposed by the American National Standards Institute (ANSI) for SCSI devices. The
Macintosh implementation differs from the standard in that only the internal connector is
the type specified by ANSI. The external DB-25 connector carries all of the signals
specified by ANSI, but is smaller and easier to connect and disconnect than the standard
50-pin flat-ribbon connector. In addition, the SCSI connector on the Macintosh Plus does
not provide power for the terminator resistors.

The SCSI interface includes eight data lines, one parity line, and nine control lines. The
computer is normally the initiator in any communication with a peripheral device,
although in principle an intelligent peripheral device could take control of the bus and
initiate communication. Each device on the bus has a permanent, unique ID from 0 to 7.
The main logic board has ID number 7, giving it the highest priority in case of contention
for the bus with another initiator. You assign an ID to any peripheral device (using
switches or jumpers) before attaching it to the bus.

At startup time, the computer checks the SCSI bus for peripheral devices, starting with ID 6
or with the device the user specified in the Control Panel. Each time it finds a device, the
system finds the device driver (which is stored on the device) and loads it into memory.

SCSI data transfers are controlled by the CPU and performed by the 5380 SCSI controller.
In a typical SCSI data transfer, the CPU first sends commands to set up a transfer of
information and then lets the SCSI controller use its built-in internal logic to carry out the
actual transfer of a byte of data. The CPU then reads that byte of data from the SCSI
controller and sets up the transfer of the next byte.
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All Macintosh SCSI interfaces except for the one in the Macintosh Plus include hardware
handshaking to prevent the CPU from reading invalid data or writing data faster than the
peripheral device can accept it. The handshaking is handled by the general logic circuits,
which do not acknowledge a successful transfer to the CPU until the SCSI controller
indicates that it has finished transferring the byte of data to or from the peripheral
device. The CPU does not initiate the next transfer until it has received this
acknowledgment. This handshaking makes SCSI transfers very safe, even when done at
maximum speed.

In the Macintosh SE, the SCSI controller can generate a hardware interrupt to the CPU (by
way of the BBU). In the Macintosh Portable, Macintosh SE/30, and Macintosh II-family
computers, the SCSI controller can generate a hardware interrupt request to a VIA. If the
interrupt is enabled, the VIA passes it on to the CPU by way of the general logic circuits.
This interrupt can be used for bus disconnect and reconnect operations. The VIA normally
disables this interrupt. The SCSI controller in the Macintosh SE/30 and Macintosh II-
family computers can also assert a DMA Request signal to VIA2, which in turn can interrupt
the CPU. This signal can be used to initiate SCSI transfers in interrupt-driven operating
systems, such as A/UX.

In the Macintosh IIfx, an Apple custom integrated circuit, the SCSI DMA, provides the
functions of the SCSI controller. In addition to providing all the features and functions of
the 53C80 IC, the SCSI DMA IC can handle data transfers to and from the main memory by
direct-memory access (DMA). To initiate a DMA transfer, the SCSI driver writes control
information to the DMA Address counter and DMA Byte Count register on the SCSI DMA
IC and then writes to one of the IC’s start registers.

Using the SCSI DMA, data transfers are handled by the DMA channel. In addition, the SCSI
DMA automatically arbitrates for the SCSI bus. Other elements of SCSI bus protocol are
under the control of software running on the main processor, just as on other Macintosh
models. The SCSI DMA on the Macintosh IIfx can function as a conventional SCSI
interface and transfer data under the control of the main processor.

The Macintosh SCSI interface, including SCSI DMA, is described in more detail in
Chapter 11.

A Warning Developers are advised not to try to use the SCSI DMA feature
by direct access to the IC. Future versions of the SCSI Manager
will enable your applications to take advantage of this feature of
the hardware. a
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IWM and SWIM

Communication with floppy disk drives is handled by the Apple custom IWM (Integrated
Woz Machine) integrated circuit in the Macintosh II, the original Macintosh SE, and all
earlier Macintosh computers. The same function is handled by another Apple custom IC,
the SWIM (Super Woz Integrated Machine), in all later Macintosh computers and in the
Macintosh SE FDHD.

The IWM, which is also used in Apple II computers, converts between the serial group-
code recording (GCR) encoded data used by Apple disk drives and the parallel data bus
used by the CPU. The IWM provides all control signals used to communicate with disk
drives except for the register-select signal SEL, and, in the original Macintosh SE, the
drive-select signal needed to select between the upper and lower internal floppy disk
drives. These last two signals are provided by the VIA. In addition, the logic circuits in the
original Macintosh SE, Macintosh Plus, and earlier Macintosh computers provide speed
control for 400 KB (single-sided) disk drives.

The SWIM provides all of the signals and functions provided by the IWM. In addition, the
SWIM can sustain a data-transmission rate twice that of the IWM’s fastest rate, and
supports disk drives that use the modified frequency modulation (MFM) method of
encoding data as well as those that use the GCR method. The high data transmission rate
and MFM compatibility allow Macintosh computers that have the SWIM IC to use 1.4 MB
FDHD drives as well as the older 800 KB disk drives.

The classic Macintosh computers, Macintosh SE, Macintosh SE/30, Macintosh IIcx, and
Macintosh IIci provide one internal connector and one external connector for floppy disk
drives. You can connect a single-sided (400 KB) or double-sided (800 KB) floppy disk
drive or a Hard Disk 20 to the external IWM connector of the classic Macintosh computers
and the original Macintosh SE. You can connect an 800 KB floppy disk drive, an FDHD
floppy disk drive, or a Hard Disk 20 to the external SWIM connector of the Macintosh SE
FDHD, Macintosh SE/30, Macintosh IIcx, and Macintosh IIci; those computers do not
support 400 KB disk drives.

¢ Note: The Apple Hard Disk 20 is an earlier, non-SCSI drive designed for use on classic
Macintosh models that have no SCSI port. Although you can connect a Hard Disk 20 to
the external SWIM connector of the Macintosh SE/30 and Macintosh Ilcx computers,
those computers do not have drivers for the Hard Disk 20 in ROM. Neither the
Macintosh SE/30 nor the Macintosh Ilcx can be started up from a Hard Disk 20. (The
Macintosh IIci does have the requisite driver and can start up from a Hard Disk 20.)
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The original Macintosh SE and the Macintosh Portable each provide two internal
connectors and one external connector for floppy disk drives. There is room in the case
for either a second floppy disk drive or an internal SCSI hard disk, not for both. You can
connect a single-sided (400 KB) or double-sided (800 KB) floppy disk drive or a Hard
Disk 20 to the external IWM connector of the Macintosh SE. You can connect an 800 KB
floppy disk drive, a 1.4 MB floppy disk drive, or a Hard Disk 20 to the external SWIM
connector of the Macintosh Portable and the Macintosh SE FDHD.

The Macintosh II and Macintosh IIx computers have two internal connectors for floppy
disk drives. There is room in the case for both a second internal floppy disk drive and a SCSI
hard disk. The Macintosh II and Macintosh IIx have no external floppy disk connectors.

The non-SCSI disk drives and disk drive interfaces used by the various Macintosh

computers are summarized in Table 2-1. The Macintosh floppy disk interface is described

in detail in Chapter 9.

m Table2-1 Non-SCSI disk drives used by Macintosh computers

Start up
Computer Interface Internal disk drives External disk drives from HD20?
Macintosh 128K, IWM One 400 KB 400 KB
Macintosh 512K
Macintosh 512K enhanced, IWM One 800 KB 400 KB, 800 KB, or HD 20  Yes
Macintosh Plus
Macintosh SE IWM One or two 800 KB 400 KB, 800 KB, or HD 20  Yes
Macintosh SE FDHD SWIM  Oneortwo FDHD  800KB, FDHD,or HD 20  Yes
Macintosh SE/30 SWIM  One FDHD 800 KB, FDHD,or HD 20 No
Macintosh Portable SWIM  Oneortwo FDHD  800KB, FDHD, or HD 20  Yes
Macintosh II IWM One ortwo 800KB  None
Macintosh IIx SWIM  Oneortwo FDHD  None
Macintosh Ilcx SWIM  One FDHD 800 KB, FDHD, orHD 20  No
Macintosh IIci SWIM  One FDHD 800 KB, FDHD, or HD 20  Yes
Macintosh IIfx SWIM  Oneortwo FDHD  None No
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SCC

The Macintosh has two independent serial ports controlled by a Zilog Z8530 Serial
Communications Controller (SCC) IC. The SCC is a programmable, dual-channel,
multiprotocol data communications controller as well as a parallel-to-serial and serial-to-
parallel converter.

The two serial ports are independent and identical except that port A of the
Macintosh SE, Macintosh II, and later Macintosh computers includes support for
synchronous modems. For most purposes, the AppleTalk Manager uses only port B, but
the hardware of either port can support the AppleTalk Personal Network.

The serial interface is supported by differential line-driver and receiver ICs. The serial 1/0
signals conform to the Electronic Industries Association (EIA) standard RS-422. The
RS-422 standard differs from the commonly used RS-232 standard in that the value (high or
low) of RS-422 signals is determined by comparing the voltage levels on two lines (referred
to as a differential signal) rather than comparing the voltage level of a single line with
ground, as done by the RS-232 standard. A differential signal is more immune to noise and
degrades less with distance than a nondifferential signal.

The SCC generates the handshaking signals required for the serial interface and converts
between the serial data stream and the 8-bit parallel data read and written by the CPU.
The drivers and receivers convert between the RS-422 differential signals and standard
logic-board voltage levels.

The SCC connectors on the Macintosh 128K, 512K, and 512K enhanced Macintosh
computers include +5-volt and +12-volt power not available on the serial connectors on
later Macintosh computers.

The SCC connectors on the Macintosh Plus and all later Macintosh computers provide an
output handshake signal; starting with the Macintosh SE and Macintosh II, the SCC
connectors provide a general-purpose input (GPi) signal as well. When enabled by the VIA,
the GPi signal of port A is fed into the receive clock input of the SCC. This allows the
external device to provide its own clock to the SCC, which makes synchronous

communication possible. The GPi input can also be used for handshaking.

In the Macintosh Portable computer, the user can choose to connect serial channel A to
the internal modem connector. (The choice is made in the Control Panel desk accessory.)
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When the user exercises this option, the Macintosh Portable disables the serial port
connector for serial channel A, connects the modem card (if one has been installed) to the
channel, and makes the telephone connector at the rear of the Macintosh Portable (or
other connector provided by the modem card) the serial communications port. If the user
does not enable the modem slot, power is not supplied to it.

The Macintosh serial ports are described in detail in Chapter 10.

1I/0 Processors

The Macintosh IIfx computer has two Apple custom integrated circuits, the I/O
Processors (IOPs), that control the SCC and SWIM ICs and the ADB. The IOPs relieve the
main processor of routine tasks on the ports for the floppy disk, the ADB, serial I/O, and
AppleTalk. Each IOP has its own built-in microprocessor and its own dedicated RAM,
which it can use for DMA data transfers to and from the I/O interface it controls.

One IOP controls the 5830 SCC that is the interface to the serial I/O ports. For
information about the IOP for the SCC, please refer to Chapter 10.

Another IOP controls the SWIM custom IC and contains the interface for the ADB. For
information about the ADB, please refer to Chapter 8; for information about the SWIM
and the floppy disk interface, please refer to Chapter 9.

Macintosh expansion interfaces

There are two kinds of multi-purpose expansion interfaces used in Macintosh computers:
the processor-direct slot (PDS) connectors used in the Macintosh SE, Macintosh SE/30,
Macintosh Portable, and Macintosh IIfx; and the NuBus interface used in the Macintosh II,
Macintosh IIx, Macintosh IIcx, Macintosh Ilci, and Macintosh IIfx.

There is more information on the NuBus and PDS expansion interfaces in Chapter 14.
Guidelines for designers of NuBus and PDS expansion cards are given in the book
Designing Cards and Drivers for the Macintosh Family, second edition.
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Processor-direct expansion interfaces

The processor-direct slots in the Macintosh SE and Macintosh Portable computers are
Euro-DIN 96-pin connectors providing unbuffered access to all the MC68000 signals. The
processor-direct slots in the Macintosh SE/30 and the Macintosh IIfx are Euro-DIN
120-pin connectors providing unbuffered access to most of the MC68030 signals. In
addition, the processor-direct slots in the Macintosh SE, Macintosh SE/30, and
Macintosh IIfx provide extensive power and grounding, as well as critical timing and
control signals from the general logic circuits.

The processor-direct slots support high-speed direct access to the Macintosh RAM, allow
coprocessors to share the Macintosh address and data bus, and allocate generous portions
of the address space to new peripherals.

/o Developer tip In addition to the processor-direct slot, the Macintosh Portable
computer has expansion connectors for RAM cards and ROM cards
that can be used for electronic disks. Although +5-volt and ground
connections are available at the processor-direct slot in the Macintosh
Portable, no power has been allotted in the Macintosh Portable power
budget for a PDS expansion card. Furthermore, in order to comply
with FCC regulations on radio-frequency emissions, no connector or
cable attached to an expansion card can penetrate the case of the
Macintosh Portable. The RAM and ROM expansion connectors in the
Macintosh Portable are described in Chapter 5. For more information
on PDS expansion cards for the Macintosh Portable, contact Apple
Developer Programs as described in the Preface. 4

NuBus expansion interfaces
The NuBus interface is used in all Macintosh II-family computers. The NuBus provides an

expansion method compatible across many different models, as contrasted with PDS
expansion cards, which are different on different models.
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The NuBus interface provides access to all the main logic board’s resources, including
RAM, ROM, and 1/O devices. In addition, NuBus provides extensive power and
grounding. The NuBus supports direct access to the Macintosh RAM, allows coprocessors
access to the main logic board, and allocates 2.5 GB of the processor’s 4 GB address
space for new peripheral devices. The Macintosh II, Macintosh IIx, and Macintosh IIfx
each have six NuBus slots for expansion cards; the Macintosh Ilcx and Macintosh IIci
have three NuBus slots.

The NuBus has a 32-bit-wide multiplexed address and data bus, and operates
synchronously on a 10 MHz clock. The bus interface comprises transceivers and control
logic that multiplex and demultiplex the address and data lines and that interface the
NuBus signals with the asynchronous processor bus.

Each NuBus slot has an interrupt line. Except in the Macintosh Ilci and the Macintosh IIfx,
all the slot interrupt lines go to the VIA2 and to the GLUE IC. The GLUE IC performs an OR
operation on the slot interrupt lines and sends the result (called SLOTS) to VIA2. When one
or more cards in NuBus slots require the attention of the CPU, each asserts its interrupt
line. VIA2 receives the SLOTS interrupt signal and asserts an interrupt to the CPU. VIA2
also records in an internal register the states of the six individual slot interrupt lines. When
the CPU receives the interrupt, it checks the register in VIA2 to find out which cards are
requesting attention.

In the Macintosh IIci, individual interrupt lines go to the RBV custom IC. The RBV
performs the OR operation and stores the generic slot interrupt along with the states of
the individual interrupt lines in its VIA2-emulation registers.

In the Macintosh IIfx, individual interrupt lines go to the OSS custom IC. The OSS
performs the OR operation and stores the resulting generic slot interrupt along with the
states of the individual interrupt lines.

For specifications of the NuBus interface, please refer to the section “The NuBus
Expansion Interface” in Chapter 14. If you intend to develop a card for the NuBus,
you will find much useful information in the book Designing Cards and Drivers for the
Macintosh Family, second edition.

Using third-party products that adhere to recommended expansion guidelines and do
not require physical alteration of the expandable Macintosh computer will not void the
Apple Limited Warranty.
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Chapter 3 Processors and General Logic

Processing and general logic functions in Macintosh computers are
handled by the main processor, by auxiliary processors, and by general
logic circuits. This chapter describes the functions of the main and
auxiliary processors and the general logic circuits in each of the
Macintosh computers; it also describes the real-time clock (RTC).
Because the address map for each Macintosh computer is created by the
general logic circuits—which decode signals on the address bus to select
internal devices—the address maps are also described in this chapter.

& Note: Many control functions are handled by the VIA ICs; they are
described in Chapter 4.
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MC68000 (none) PALs PALs
MC68000 (none) BBU BBU
MC68030 MC68882 Part of GLUE
MC68030
MC68000 Power Mgr. PALs VDI,
CPU GLU
& Misc. GLU
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MC68030
MC68882 MC68882 Part of GLUE
MC68030
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MC68030 MC68882 Part of 0SS & FMC
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Some ausxiliary processors, such as the MC68882 floating-point unit (FPU), are true
coprocessors that communicate directly with the main processor and use the processor’s
data and address buses. Other auxiliary processors, such as the Power Manager
microprocessor in the Macintosh Portable computer, communicate with the main
processor in other ways.

The general logic circuits may be implemented as programmable array logic chips (PALs),
Apple custom integrated circuits, or a combination of the two. Additional control signals
are generated by the Versatile Interface Adapter (VIA) and real-time clock (RTC) ICs. The
VIAs are described in Chapter 4.

Main processor

The main processor, often called the central processing unit or CPU, executes programs
stored in RAM and ROM, performing calculations, controlling hardware devices, and
transferring data to and from memory and I/O devices. The main processor in the
Macintosh SE, Macintosh Plus, and earlier Macintosh computers is a Motorola MC68000
microprocessor. The main processor in the Macintosh Portable is a high-speed, low-
power-consumption version of the MC68000, the MC68HC000. The main processor in the
Macintosh II is a Motorola MC68020; the main processor in all the other members of the
Macintosh II family and in the Macintosh SE/30 is a Motorola MC68030.

¢ Note: Outside this book, the abbreviation CPU is sometimes used when referring to a
computer’s main system unit; here the term is a synonym for main processor.

This section lists some of the features of the microprocessors used in Macintosh
computers and describes the use of interrupts and traps in Macintosh computers. The
processors discussed in this section are described in detail in Motorola’s documentation
for those devices.
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MC68000 and MC68HC000 microprocessors

This section provides a summary of the features of the MC68000 microprocessor, which is
used in the Macintosh SE, Macintosh Plus, and earlier Macintosh computers, and of the
MCG68HC000, which is used in the Macintosh Portable. Except where otherwise noted, the
MC68HCO000 is identical in architecture and function to the MC68000. This section also
describes the use of interrupts in the classic Macintosh, Macintosh SE, and Macintosh
Portable computers.

Features of the MC68000

The MC68000 processor has seventeen 32-bit internal registers, a 32-bit program counter,
and a 16-bit status register. Instructions can use data up to 32 bits long. The external data
bus is 16 bits wide, so for every 32-bit longword read or written, the MC68000 must
perform two data transfers.

The MC68000 provides 56 different instruction types with 14 addressing modes. Each of
these instructions is fairly simple, causing a transfer of data from the data bus into a register,
for example, or adding the data in two registers. Each valid combination of instruction type
and addressing mode is represented in machine language by a binary number.

The MC68000 can handle both asynchronous and synchronous data transfers. Synchronous
data transfers are required for devices designed to work with the MC6800, the predecessor
of the MC68000 microprocessor.

Asynchronous data transfers are controlled by several signals, including a Data Transfer
Acknowledge signal (/DTACK), which indicates that a data transfer is complete. The
processor also can assert a Read/Write signal (R/W) and upper and lower data strobes (/UDS
and /LDS). In the MC68000, the /UDS and /LDS signals together serve as the external A0
address signal: when /UDS is asserted, A0 is considered to be 0, and when /LDS is asserted,
A0 is considered to be 1. Therefore, even-addressed byte-wide reads and writes use the
upper byte of the data bus and odd-addressed accesses use the lower byte of the data bus.

Synchronous data transfers are controlled by a set of three signals: the Enable (E) signal,
also called the E clock, which times the data transfer; the Valid Peripheral Address (/VPA)
signal, which indicates that the device addressed requires synchronous communication;
and the Valid Memory Address (/VMA) signal, which indicates that there is a valid address
on the address bus.

The /DTACK and /VPA signals are generated by the general logic circuits, which handle all
handshaking between the main processor and internal devices.
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The MC68000 microprocessor provides bus arbitration signals that enable it to share its
external address and data buses with other microprocessors. Although no coprocessors
share the processor buses in the Macintosh Portable, Macintosh SE, or classic Macintosh
computers, developers have taken advantage of the bus arbitration capability to design
accelerator cards for these computers.

At any given time, the MC68000 operates in one of two states: the user state or the
supervisor state. Certain instructions, such as the Reset instruction, cannot be executed in
the user state. The purpose of this design is to prevent application programs from
accessing information or executing instructions that affect the operating system or other
programs that might be running at the same time. Not all operating systems take
advantage of this feature.

Normal sequential processing of instructions can be interrupted through the exception
mechanism. Exceptions include resets and interrupts, which are hardware signals, and
traps, which result from the execution of instructions. When the MC68000 detects an
exception, it jumps to code pointed to by an exception vector. The lower 1 KB of
address space of the MC68000 is reserved for up to 255 exception vectors. The use of
MC68000 interrupts in Macintosh computers is described in the following section. For a
general discussion of MC68000 exceptions, see the MC68000 16-Bit Microprocessor User’s
Manual from Motorola.

MC68000 interrupts

The MC68000 has three interrupt lines—/IPL0, /IPL1, and /IPL2—providing seven levels of
interrupt priority. The status register in the MC68000 has a 3-bit field that indicates the
current processor priority level; interrupts with a priority level equal to or lower than the
current processor priority level are ignored.

When a signal is received over one or more interrupt lines, the main processor determines
the priority of the interrupt and, if the interrupt priority is higher than the current
processor priority (set by the software), the processor suspends execution of the
currently running program.

The Macintosh computers use automatic vectoring for interrupts. The MC68000
acknowledges an interrupt by putting an address in the range $FF FFF0 through $FF FFFF on
the address bus. The general logic circuits respond by asserting the Valid Peripheral
Address (/VPA) signal, which causes the main processor to generate a vector number
based on the level of the interrupt. The processor then jumps to the interrupt handler at

the address calculated by multiplying the vector number by 4.

Chapter 3 Processors and General Logic

91



There are three interrupt sources in the Macintosh Plus and earlier Macintosh computers:
the VIA, the SCC, and the programmer’s interrupt switch. In the Macintosh SE, the SCSI
controller can also generate an interrupt. The SCC interrupt and the programmer’s interrupt
switch are connected to their own separate MC68000 interrupt lines, and the VIA and SCSI
both can cause an interrupt on the third processor interrupt line. In the Macintosh
Portable computer, the SCSI IRQ line goes to the VIA; the ASC is connected to an
MC68HC000 interrupt line. The programmer’s interrupt switch in the Macintosh Portable is
connected to the Miscellaneous GLU custom IC, which is connected to an MC68HC000
interrupt line. All these interrupts are discussed in more detail in the following sections.

Interrupts on classic Macintosh computers

Table 3-1 shows the interrupt levels associated with various interrupting sources and
combinations of sources for the Macintosh Plus and earlier Macintosh computers.

» Table 3-1 Interrupt levels in the classic Macintosh computers

Interrupt ~ MC68000 interrupt lines Automatic vector
level /IPL2 /IPL1  /IPLO Interrupting source number

0 1 1 1 None None

1 1 1 0 VIA $19

2 1 0 1 SCC $1A

3 1 0 0 SCC + VIA* $1B

4 0 1 1 Interrupt switch $1C

5 0 1 0 Interrupt switch + VIA $1D

6 0 0 1 Interrupt switch + SCC $1E

7 0 0 0 Interrupt switch + SCC + VIA® $1F

*Because /IPLO is disconnected from the VIA interrupt line when the SCC interrupts on /IPL1, interrupt
level 3 or 7 can appear only very briefly before reverting to level 2 or 6.

The lowest level interrupts in the classic Macintosh computers are generated by the VIA.
The interrupt request line from the VIA goes to the PALs, which can assert an interrupt to
the processor on line /IPLO. The PALs also monitor interrupt line /IPL1, and deassert /IPLO
whenever /IPL1 is asserted.

Several different events can cause the VIA to generate an interrupt request, including
timeouts by the VIA timers, keyboard transactions, the start of the video display’s
vertical blanking interval, and the one-second tick from the real-time clock. To determine
which device caused a VIA interrupt, the processor must read the VIA's Interrupt Flag
register at vBase+vIFR. For details about the Interrupt Flag register and about enabling or
disabling any of the VIA interrupt sources, see the section “Processor-Interrupt Registers”
in Chapter 4.
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Intermediate-level interrupts are generated by the SCC. The SCC interrupt output is
connected directly to the MC68000’s /IPL1 line. Sending or receiving serial port data,
various handshaking events, and mouse motion events can cause the SCC to generate an
/IPL1 interrupt. See the documentation for the Zilog Z8530 IC for details about the
sources of interrupts and the software controls over those interrupts.

The highest-level interrupts in the classic Macintosh computers are generated by the
programmer’s interrupt switch (which the user can install, together with the Reset switch,
at the left side of the Macintosh). This switch is connected directly to the MC68000’s
/IPL2 line. The programmer’s switch is used as an aid to debugging programs; it allows a
programmer to interrupt an executing program without resetting the computer. The
programmer’s switch generates level-4 interrupts, which can be inhibited by the MC68000s
interrupt priority mask; you cannot generate nonmaskable (level-7) interrupts on the
classic Macintosh computers.

# Note: Although the Macintosh Plus contains an NCR 5380 SCSI controller IC, the IRQ
and DRQ interrupt signals provided by that IC do not generate MC68000 interrupts in
the Macintosh Plus. Software must poll the SCSI controller’s Bus and Status register to
determine whether a SCSI interrupt is pending.

Interrupts on the Macintosh SE computer

Table 3-2 shows the interrupt levels associated with various interrupting sources and
combinations of sources for the Macintosh SE computer.

= Table3-2 Interrupt levels in the Macintosh SE computer

Interrupt  MC68000 interrupt lines Automatic vector
level /IPL2 /IPL1 /IPLO Interrupting source number

0 1 1 1 None None

1 1 1 0 VIA or SCSI $19

2 1 0 1 SCC $1A

3 1 0 0 SCC + VIA or SCSI* $1B

4 0 1 1 Interrupt switch $1C

5 0 1 0 Interrupt switch + VIA or SCSI $1D

6 0 0 1 Interrupt switch + SCC $1E

7 0 0 0 Interrupt switch + SCC + VIA or SCSI*  $1F

Note: All three interrupt lines are available at the processor-direct expansion connector.

*Because /IPLO is disconnected from the VIA and SCSI interrupt lines when the SCC interrupts on /IPL1,
interrupt level 3 or 7 can appear only very briefly before reverting to level 2 or 6.
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The lowest level interrupts in the Macintosh SE can be generated by either the VIA or the
SCSI IRQ line or both; these interrupt requests are connected to the BBU, which can assert
an interrupt to the processor on line /IPLO. To determine which source has generated the
/IPLO interrupt, the software must poll both sources. However, software can set a bit in
the VIA that causes the SCSI interrupt to be masked, that is, that prevents the SCSI
interrupt from being passed on to the MC68000. When this mask bit is set to 1, only the
VIA can originate an /IPL0 interrupt. For more information on the SCSI interrupt mask, see
the section “Data Register B” in Chapter 4. The BBU also monitors interrupt line /IPL1 and
deasserts /IPLO whenever /IPL1 is asserted.

& Note: The SCSI controller can generate two types of interrupt requests: IRQ
interrupts—which can be used to indicate error conditions on the SCSI bus—and
DRQ interrupts, which the SCSI can assert when the first byte of a block of data is
ready to be transferred. The DRQ interrupt signal provided by the SCSI controller does
not generate an MC68000 interrupt in the Macintosh SE. Software in the Macintosh SE
must poll the SCSI controller’s Bus and Status register to determine whether a SCSI
DRQ interrupt is pending. For more information about the various NCR 5380 interrupt
conditions and about software control over these interrupts, see the NCR 5380 manual.

Several different events can cause the VIA to generate an interrupt request, including
timeouts on the VIA timers, transactions on the Apple Desktop Bus, the video display’s
vertical blanking, and the one-second tick from the real-time clock. Software can enable
or disable any of these interrupts by setting bits in the VIA’s Interrupt Enable register. To
determine which device caused a VIA interrupt, the processor must read the VIA's
Interrupt Flag register. For details about the Interrupt Enable register and the Interrupt
Flag register, see the section “Processor-Interrupt Registers” in Chapter 4.

Intermediate-level interrupts are generated by the SCC. The SCC interrupt output is
connected directly to the MC68000’s /IPL1 line. Sending or receiving serial port data and
various handshaking events can cause the SCC to generate an /IPL1 interrupt. See the Zilog
8530 manual for details about the sources of interrupts and the software controls over
those interrupts.

The highest-level interrupt in the Macintosh SE is generated by the programmer’s interrupt
switch, which is connected directly to the MC68000’s /IPL2 line. The programmer’s switch
generates a level-4 interrupt, which can be inhibited by the MC68000's interrupt priority
mask. You cannot generate nonmaskable (level-7) interrupts on the Macintosh SE computer.
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Interrupts on the Macintosh Portable computer

Table 3-3 shows the interrupt levels associated with various interrupting sources and
combinations of sources for the Macintosh Portable.

s Table 3-3 Interrupt levels in the Macintosh Portable computer

Interrupt  MC68000 interrupt lines Automatic vector
level /IPL2 /IPL1 /IPLO Interrupting source number

0 1 1 1 None None

1 1 1 0 VIA $19

2 1 0 1 SCC or ASC $1A

3 1 0 0 None $1B

4 0 1 1 Misc. GLU $1C

5 0 1 0 Misc. GLU + VIA $1D

6 0 0 1 Misc. GLU + SCC $1E

7 0 0 0 None $1F

Note: All three interrupt lines are available at the processor-direct expansion connector.

The lowest level interrupts in the Macintosh Portable are generated by the VIA. The
interrupt request line from the VIA goes to the CPU GLU custom IC, which can assert an
interrupt to the processor on line /IPL0. The CPU GLU also monitors interrupt line /IPL1,
and deasserts /IPLO whenever /IPL1 is asserted. Notice that, whereas in the Macintosh SE,
the SCSI IRQ line is connected to the general logic circuits, in the Macintosh Portable,
that line is connected to the VIA.

Several different devices can cause the VIA in the Macintosh Portable to generate an /IPL0
interrupt, including the SCSI controller (through its IRQ line), the Power Manager IC, the
VIA timers, Apple Desktop Bus, the video display circuitry (vertical blanking signal), and
the real-time clock. Software can enable or disable any of these interrupts by setting bits
in the VIA’s Interrupt Enable register. To determine which device caused a VIA interrupt,
the processor must read the VIA’s Interrupt Flag register. For details about the Interrupt
Enable register and the Interrupt Flag register, see the section “Processor-Interrupt
Registers” in Chapter 4.

Intermediate-level interrupts are generated by either the SCC or the ASC, both of which
are connected directly to the MC68HC000’s /IPL1 line. Sending or receiving serial port
data and various handshaking events can cause the SCC to generate an /IPL1 interrupt.
See the Zilog 8530 manual for details about the sources of SCC interrupts and the software
controls over those interrupts. The ASC generates an interrupt when the sound buffers

are half empty and when they are completely empty. ASC interrupts are handled by the
Sound Manager.
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The highest-level interrupts are generated by the Miscellaneous GLU IC in response to an
interrupt request from the programmer’s interrupt switch (which the user can install,
together with the Reset switch, at the left side of the computer). The programmer’s switch
(through the Misc. GLU) generates level-4 interrupts; you cannot generate nonmaskable
(level-7) interrupts on the Macintosh Portable computer.

MC68020 microprocessor

The main processor in the Macintosh I computer is a Motorola MC68020 microprocessor.
This section provides an overview of the architecture of this microprocessor and a
summary of its features. The MC68020 is described in detail in the MC68020 32-Bit
Microprocessor User’s Manual from Motorola.

Features of the MC68020

The MC68020 processor has sixteen 32-bit data and address registers, five special-purpose
control registers, a 32-bit program counter, and a 16-bit status register. Instructions can
use data up to 32 bits long. The MC68020 has an on-board instruction cache that can hold
64 longwords of instruction data. Whenever the processor fetches an instruction, it first
checks the cache to determine if the word required is in the cache. When the information
is found in the cache, the operation is much faster than it is when the fetch has to be made
from external memory.

The MC68020 microprocessor has a 32-bit data bus, but has support for devices that use
smaller data buses in the form of a feature called dynamic bus sizing. This feature allows
a device to inform the main processor of its data bus size when the processor transfers
data. The processor transfers the data in as many pieces as necessary to accommodate
the device’s data bus. For example, a 32-bit longword transfer to or from the SCSI
controller is done in four cycles, transferring 8 bits each time.

The MC68020 provides over 60 different instruction types with 18 addressing modes. Each
of these instructions is fairly simple, causing a transfer of data from the data bus into a
register, for example, or adding the data in two registers.

The MC68020 can handle both asynchronous and synchronous data transfers. Synchronous
data transfers are required for devices designed to work with the MC6800, an 8-bit
predecessor of the MC68020 microprocessor.
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Asynchronous data transfers are controlled by several signals, including two Data Transfer
and Size Acknowledge signals (/DSACKO and /DSACK1), which signal that a data transfer is
complete and indicate the size of the data bus of the addressed device. The processor
also can assert a Read/Write signal (R/W) and a Data Strobe (/DS). In the MC68020, the
number of bytes put on the data bus for each transfer cycle depends on both the amount
of data to be transferred and the size of the data bus of the addressed device. In the case
of a device that has an 8-bit data bus, such as the I/O devices in the Macintosh II
computer, the MC68020 always uses bits D31 through D24 for the data.

Synchronous data transfers can be timed by the system clock and use the same /DSACKO
and /DSACK1 signals used by asynchronous transfers.

In the Macintosh II, the /DSACKO and /DSACK1 signals are generated by the GLUE IC,
which handles all handshaking between the main processor and internal devices.

The MC68020 microprocessor provides bus arbitration signals that enable it to share its
external address and data buses with other microprocessors. A NuBus card can take
advantage of this capability to add an alternate processor to the system.

Like the MC68000, the MC68020 can operate in either the user state or the supervisor
state. In contrast to the MC68000, however, a program running on the MC68020 cannot
determine which state the processor is in. This feature helps protect the supervisor
resources from access by user programs, so that an application program cannot interfere
with the operating system or with other programs running simultaneously. Not all
operating systems take advantage of this feature.

Instructions that begin with 1111 (binary) are interpreted as coprocessor instructions and
include information that specifies which coprocessor is to be addressed. The FPU
operates as a coprocessor in the Macintosh II-family computers.

Exception processing by the MC68020 is similar to that of the MC68000. The exception
vectors for the MC68020 are stored in 1 KB of address space pointed to by the Vector
Base register. Up to 256 exception vectors can be stored in this address space.

MC68020 interrupts

Like the MC68000, the MC68020 has three interrupt lines providing seven levels of interrupt
priority, and the status register has a 3-bit field that indicates the current processor
priority level. In the Macintosh II, unlike the Macintosh SE or classic Macintosh
computers, the interrupt signals from the various devices are not connected directly to
the main processor. '
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The GLUE IC in the Macintosh II receives interrupt requests from the various devices,
assigns a priority to each, and asserts one or more interrupt lines to the main processor.
When the main processor receives a signal over one or more interrupt lines, it determines
the priority of the interrupt (determined by which interrupt lines are asserted) and, if the
interrupt priority is higher than the current processor priority (set by the software), the
main processor suspends execution of the currently running program.

Like other Macintosh computers, the Macintosh II uses automatic vectoring for
interrupts. The automatic-vectoring sequence is as follows:

1. The main processor acknowledges the interrupt by asserting all three function-code
signals (FC2 through FC0) to indicate the main processor address space, and by putting
an address in the range $FFFF FFFQ through $FFFF FFFF on the address bus.

2. The main processor checks the /AVEC signal, which is permanently asserted (tied low)
in the Macintosh II.

3. The main processor generates a vector number based on the level of the interrupt and
jumps to the interrupt handler pointed to by that vector. The address of the interrupt
handler is calculated by multiplying the vector number by 4 and adding the result to the
value in the Vector Base register.

There are several possible originators of interrupts in the Macintosh II, including both
VIAs, the SCSI controller, the SCC, the ASC, the programmer’s interrupt switch, and each
NuBus slot. The SCSI, ASC, and NuBus interrupt lines are all connected to the VIAs,
whereas the VIA1, VIA2, SCC, power switch, and interrupt switch interrupts all go to the
GLUE IC. The GLUE IC assigns a priority to the interrupt and asserts the interrupt lines to
the MC68020.

Table 3-4 shows the interrupt levels associated with various Macintosh II interrupting sources.
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= Table3-4 Interrupt levels in the Macintosh II computer

Interrupt  MC68020 interrupt lines Automatic
level /IPL2  /IPL1  /IPLO Interrupting source vector number
0 1 1 1 None None

1 1 1 0 VIAl $19

2 1 0 1 VIA2 $1A

3 1 0 0 None $1B

4 0 1 1 SCC $1C

5 0 1 0 None $1D

6 0 0 1 Power switch* $1E

7 0 0 0 Interrupt switch $1F

*Only on early production machines. On the current Macintosh II, there is no power-off interrupt; the
power-off switch is connected directly to the hardware.

In addition to the interrupt requests from the SCSI controller, ASC, and NuBus, there are
several other possible sources of VIA interrupts, including the VIA timers, Apple Desktop
Bus transactions, the 60 Hz clock, and the one-second tick from the real-time clock. To
determine which device caused a VIA interrupt, the processor must read the VIA's
Interrupt Flag register. For details about the Interrupt Flag register and about enabling or
disabling any of the VIA interrupt sources, see the section “Processor-Interrupt Registers”
in Chapter 4.

The SCSI controller can generate two types of interrupt requests to VIA2: IRQ interrupts—
which can be used to indicate error conditions on the SCSI bus—and DRQ interrupts,
which the SCSI controller can use to interrupt the processor when the first byte of a block
of data is ready to be transferred. Both of these interrupts can be enabled or disabled by
setting bits in the VIA2 Interrupt Enable register. For more information about the various
interrupt conditions in the NCR 5380 SCSI controller and about software control over
those interrupts, see the manual for the NCR 5380.

The ASC can also generate an interrupt request to VIA2. Like the SCSI interrupt requests, this
interrupt can be enabled or disabled by setting a bit in the VIA2 Interrupt Enable register.

Each NuBus slot can generate an interrupt request. The GLUE IC performs an OR operation
on the six NuBus interrupt lines and sends the result to a VIA2 interrupt request line. Each
of the NuBus slot interrupt lines is also connected to a VIA2 data input. When the main
processor receives a VIA2 interrupt, it polls the VIA2 Interrupt Flag register to determine
the source and, if the interrupt was caused by a NuBus slot, the processor then polls VIA2
Data register A to determine which slot was the source.
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The SCC interrupt output is connected directly to the GLUE IC. Sending or receiving serial

port data and various handshaking events can cause the SCC to generate an interrupt. See

the Zilog 8530 manual for details about the sources of interrupts and the software controls
over those interrupts.

In early models of the Macintosh II, the power-switch interrupt is connected to the

GLUE IC. That interrupt is a level-6 interrupt and can be inhibited by the MC68020’s
interrupt priority mask. The power-off interrupt starts the process by which the firmware
disconnects power from the Macintosh II. In the current Macintosh II, the power-off
switch is connected directly to the power-off hardware and does not generate an interrupt.

The highest-level interrupt is generated by the programmer’s interrupt switch (which the
user can install, together with the Reset switch, at the rear right side of the Macintosh II
main system unit). This switch is connected directly to the GLUE IC. The signal from the
programmer’s switch generates a level-7 interrupt, which cannot be inhibited by the
MC68020’s interrupt priority mask.

MC68030 microprocessor

The main processor in the Macintosh SE/30, Macintosh IIx, Macintosh IIcx,

Macintosh Ilci, and Macintosh IIfx computers is the Motorola MC68030 microprocessor.
This section discusses the differences between the MC68030 and the MC68020, which was
described in the preceding sections. The MC68030 is described in detail in the MC68030
Enhanced 32-Bit Microprocessor User's Manual from Motorola.

MC68030 enhancements

To an application program running in the user state, the MC68030 appears identical to an
MC68020: it has sixteen 32-bit data and address registers, five special-purpose control
registers, a 32-bit program counter, and a 16-bit status register. Instructions can use data
up to 32 bits long. To a system program running in the supervisor state, on the other hand,
the MC68030 offers several enhancements, including five additional special-purpose
control registers and an additional status register.

The MC68030 has a data cache in addition to the instruction cache found in the MC68020. The
MC68030 checks the data cache to determine if the operand required for an instruction is in
the cache before performing a read. When the operand is found in the cache, the operation is
much faster than it is when the fetch has to be made from external memory.
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The MC68030 has an on-chip memory management unit (MMU), which replaces the Address
Management Unit (AMU) or the MC68851 Paged Memory Management Unit (PMMU) used
with the MC68020 in the Macintosh II. Having the MMU built into the main processor
saves one wait state over the use of an external MMU such as that in the Macintosh II. To
control the internal MMU, the MC68030 has four instruction types not supported by the
MC68020; these instructions are a subset of the instruction set provided by the MC68851
MMU. The MC68030’s MMU can be programmed to perform an address translation—such
as the 24-bit to 32-bit address translation required by the Macintosh operating system—
or to act as a paged memory management unit to support virtual memory.

MC68030 interrupts

The MC68030-based Macintosh computers—Macintosh SE/30, Macintosh IIx,
Macintosh Ilcx, Macintosh Ilci, and Macintosh IIfk—handle interrupts in much the same
way as they are handled by the Macintosh II; the sources and levels of interrupts in the
MC68030-based computers are similar to those in the Macintosh II computer. As in the
current Macintosh II, the power-off switch in an MC68030-based computer is connected
directly to hardware and does not generate an interrupt.

Table 3-5 shows the interrupt levels associated with various interrupt sources on the
MC68030-based computers.

= Table 3-5 Interrupt levels in Macintosh models with the MC68030 microprocessor

Interrupt  MC68030 interrupt lines Automatic
level /IPL2 /IPL1 /IPLO Interrupting source vector number
0 1 1 1 None None

1 1 1 0 VIAl $19

2 1 0 1 VIA2, RBV*, or OSSt $1A

3 1 0 0 None $1B

4 0 1 1 SCC $1C

5 0 1 0 None $1D

6 0 0 1 None $1E

7 0 0 0 Interrupt switch $1F

*In the Macintosh Ilci, the interrupt functions are handled by the RBV custom IC.
tIn the Macintosh IIfx, the interrupt functions are handled by the 0SS custom IC.

#n the Macintosh Ilci and Macintosh IIfx, the parity checking circuits can also initiate a level-7 interrupt.
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In addition to the interrupt requests from the SCSI, ASC, and NuBus, there are several
other possible sources of VIA interrupts, including the VIA timers, Apple Desktop Bus
transactions, the Vertical Blanking signal (VBL), and the one-second tick from the real-
time clock. To determine which device caused a VIA interrupt, the processor must read
the VIA’s Interrupt Flag register. For details about the Interrupt Flag register and about
enabling or disabling any of the VIA interrupt sources, see the section “Processor-Interrupt
Registers,” in Chapter 4.

The SCSI can generate two types of interrupt requests: IRQ interrupts—which can be used
to indicate error conditions on the SCSI bus—and DRQ interrupts, which the SCSI can use
to interrupt the processor when the first byte of a block of data is ready to be transferred.
Both of these interrupts can be enabled or disabled by setting bits in the Interrupt Enable
register inside VIA2 (RBV in the Macintosh IIci, OSS in the Macintosh IIfx). For more
information about the SCSI controller’s various interrupt conditions and about software
control over those interrupts, see the reference manual for the NCR 5380.

The ASC can also generate an interrupt request. As for the SCSI interrupt requests, this
interrupt can be enabled or disabled by setting a bit in the Interrupt Enable register.

Each NuBus slot can generate an interrupt request. In the Macintosh IIx and

Macintosh Ilcx computers, the GLUE IC performs an OR operation on all the NuBus
interrupt lines and sends the result to an interrupt request line on VIA2. Each of the NuBus
slot interrupt lines is also connected to a data input of VIA2. When the main processor
receives an interrupt, it polls the Interrupt Flag register in VIA2 to determine the source
and, if the interrupt was caused by a NuBus slot, the main processor then polls VIA2 Data
register A to determine which slot was the source.

The NuBus slots in the Macintosh IIci and the Macintosh IIfx generate interrupt requests
in the same way as the slots on the Macintosh IIx but the hardware that handles them is
different. In the Macintosh Ilci, the functions of the GLUE are incorporated into the RBV
along with VIA2-emulation registers including the Interrupt Flag register. Similarly, in the
Macintosh IIfx, the OSS performs both the recording of the interrupts from the individual
slots and the OR operation that produces the slot IRQ. When the main processor in one of
these machines receives an interrupt, it polls the Interrupt Flag registers in the RBV or the
OSS to determine the source.

In the Macintosh SE/30 computer, the processor-direct slot (PDS) connector provides
lines for the first three interrupt-request lines to the GLUE IC, so an expansion card can
emulate a NuBus card in any of the first three NuBus slots (slots $9, $A, or $B). The video
circuitry, which emulates a NuBus card in slot $E, generates an interrupt request to the
GLUE IC on the last interrupt-request line (lines 4 and 5 are not used). In addition, the
expansion connector is connected directly to the three MC68030 interrupt lines, for use by
expansion cards that do not emulate NuBus cards.
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The SCC's interrupt output is connected directly to the general-logic IC—the GLUE in the
Macintosh IIx and Macintosh IIcx, RBV in the Macintosh Ilci, or OSS in the

Macintosh IIfx. Sending or receiving serial port data and various handshaking events can
cause the SCC to generate an interrupt. See the Zilog 8530 manual for details about the
sources of SCC interrupts and the software controls over those interrupts.

The highest-level interrupts are generated by the programmer’s interrupt switch. This
switch is connected directly to the general-logic IC—the GLUE in the Macintosh IIx and
Macintosh Ilcx, RBV in the Macintosh IIci, or OSS in the Macintosh IIfx. The
programmer’s switch generates level-7 interrupts, which cannot be inhibited by the
MC68030's interrupt priority mask.

Traps

Traps can be caused by special instructions (the purpose of which is to cause traps), by
illegal instructions, and by unimplemented instructions. An illegal instruction is one for
which the first word of its bit pattern does not correspond to the bit pattern of any
recognized instruction. For example, any instruction beginning with $4AFA is considered
an illegal instruction. Unimplemented instructions are any instructions beginning with $A
(1010 binary). For the MC68000, unimplemented instructions may also begin with $F
(1111). For the MC68020 and MC68030, instructions beginning with $F normally address a
coprocessor, but if the coprocessor addressed is not found, the instruction is treated as
an unimplemented instruction.

The difference between instructions designated as illegal instructions and those
designated as unimplemented instructions is that, whereas Motorola has reserved the right
to define new instructions with opcodes that had been previously considered illegal, the
unimplemented instructions are reserved for use by programmers as a mechanism for
generating exceptions. When an MC68000-family processor reads an unimplemented
instruction, it executes the code pointed to by the exception vector that corresponds to
that instruction number.

Traps caused by unimplemented instructions are used to extend the number and power of
instructions that can be executed by a machine-language program in an MC68000-family-
based system. That is, these traps look like machine-language instructions, but actually
cause the execution of software routines. Such traps are extremely important in Macintosh
programming: all Macintosh Toolbox routines are implemented as 1010 instructions.
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Exceptions and exception processing are described in detail in Motorola’s MC68020
32-Bit Microprocessor User's Manual and MC68030 Enhanced 32-Bit Microprocessor User’s
Manual. The trap mechanism used by Macintosh computers is discussed in Chapter 2 of
the Technical Introduction to the Macintosh Family.

Auxiliary processors

The Macintosh Portable, Macintosh SE/30, and Macintosh II-family computers have
auxiliary processors that perform specialized processing functions that supplement the
functions of the main processor. The auxiliary processors used in Macintosh computers
include the Power Manager IC in the Macintosh Portable, the memory management unit
(AMU or PMMU) in the Macintosh II, and the floating point unit (FPU) in the Macintosh II
family and in the Macintosh SE/30. This section describes all these auxiliary processors.
Table 3-6 summarizes the components discussed in this section.

= Table 3-6 Auxiliary processors used in Macintosh computers

Computer Auxiliary processors

Classic Macintosh None

Macintosh SE None

Macintosh SE/30 MC68882*

Macintosh Portable Power Manager IC

Macintosh II MC68881* and AMU or PMMU
Macintosh IIx MC68882*

Macintosh IIcx MCG68882*

Macintosh IIci MC68882*

Macintosh IIfx MC68882*, I0Ps, and SCSI DMA

*The MC68881 and MCG8882 are coprocessors.
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Memory management units in the Macintosh I computer

The Macintosh II computer is designed to run both the Macintosh Operating System and
the A/UX operating system. Because the Macintosh Operating System uses 24-bit
addresses, the 24-bit addresses used by the software must be translated into the 32-bit
addresses decoded by the GLUE IC. The standard memory management IC provided with
the Macintosh II, the AMU, performs this function. Because system software version 7.0
and the A/UX operating system support virtual memory, the logical addresses used by
these operating systems must be translated into physical addresses for the GLUE IC. The
optional memory management IC, the PMMU, provides this capability.

# Note: In the Macintosh models that have an MC68030 processor, address translation
and other memory management functions of the AMU and PMMU are handled by the
processor’s on-chip memory management unit.

Address Management Unit (AMU)

The Address Management Unit (AMU) is an Apple custom IC that takes the 24-bit
addresses used by the Macintosh Operating System (in 24-bit mode) and translates them
into 32-bit addresses for use by the GLUE IC. In order to do this, the AMU ignores the top
8 bits of the address from the main processor and translates bits LA24 through LA20 into
bits A31 through A20. This address translation is discussed in detail in the section “Address
Map for the Macintosh SE/30 Computer,” later in this chapter.

Software uses a special operating-system call to switch the AMU to 32-bit mode. In 32-bit
mode, the AMU performs no address translation; the full 32-bit address from the main
processor is sent to the GLUE IC. When running under versions of the Macintosh Operating
System prior to version 7.0, the only reason to switch to 32-bit mode would be to address
a NuBus card that needs more than 1 MB of address space. See the chapter on the
operating system utilities in Inside Macintosh for information about switching between
24-bit and 32-bit modes.

Paged Memory Management Unit (PMMU)
The AMU can be replaced by the optional Paged Memory Management Unit (PMMU),

which is a Motorola MC68851 IC. The MC68851 plugs directly into the same socket used by
the AMU on the main logic board.
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The PMMU performs address translation, either from 24-bit to 32-bit addresses (as done
by the AMU) or from logical to physical addresses, as required by the A/UX operating
system and other virtual memory operating systems. System software version 7.0 can
operate in 32-bit mode on the Macintosh II with either the AMU or the PMMU, but requires
the PMMU in order to provide virtual memory.

In virtual memory operations, the PMMU checks each logical memory address it receives
from the main processor (which can be any address in the 4 GB address space of the
MC68020) to see if the data corresponding to that location is currently stored in physical
memory. If it is, the PMMU translates the logical address into the physical address of that
data and passes the address on to the GLUE IC for decoding. If the data is not in physical
memory, the PMMU suspends the operation of the main processor and checks the page
table to locate the data that corresponds to that address—the data might be on a hard
disk, for example. The main processor then loads the necessary data into physical memory
and processing continues. To the software, it appears that the data was addressed
directly; the software never knows that the data was read from disk.

The MC68851 PMMU can act as a coprocessor to the MC68020. As a coprocessor, the
PMMU appears to extend the capabilities of the main processor: it adds several
instructions and a variety of control, status, and address-pointer registers to the features
of the MC68020. The operating system programs and controls the PMMU through the
MC68851 instruction set. In addition to its function as an address translator and paged
memory controller, the PMMU provides provisions for protecting the memory space of
one application from other applications.

When the MC68020 executes an MC68851 instruction, it uses the function code signals and
address bits A19 through A13 to indicate that the PMMU is being addressed. The GLUE
decodes the address and asserts the device select to the PMMU, after which the PMMU
communicates directly with the main processor. In the Macintosh II, the PMMU operates
on the same 15.6672 MHz clock as the main processor.

All control of the PMMU is handled by the operating system; unless you are writing an
operating system, you should have no need to address the PMMU directly. The MC68851
is described in detail in the MC68851 Paged Memory Management Unit User's Manual
from Motorola.
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MC68881 and MC68882 mathematics COProcessors

The MC68881 and MC68882 mathematics coprocessors implement in hardware the
Institute of Electrical and Electronics Engineers Standard 754: IEEE Standard for Binary
Floating-Point Arithmetic. These ICs also support several functions not included in the
IEEE standard, including trigonometric and transcendental functions. The MC68881 is
used in the Macintosh II; the MC68882 is used in the other Macintosh II models and in the
Macintosh SE/30. The MC68882 is a more efficient version of the MC68881; the MC68882
can run any program written to use the MC68881. In this book, the term floating-point unit
(or FPU) is used to refer to either of these ICs.

When the main processor executes a coprocessor instruction (an instruction that begins
with $F), it uses address bits A19 through A16 plus some control lines (called the function
code signals) to indicate that a coprocessor is being addressed, and puts a coprocessor
identification number on address bits A15 through A13. The GLUE decodes the address and
asserts the device select to the FPU, after which the FPU communicates directly with the
main processor without further intervention of the memory management unit or GLUE IC.

To a programmer, the FPU appears to extend the capabilities of the main processor: it
adds several instructions and data types, eight 96-bit floating-point data registers, a
32-bit control register, a 32-bit status register, and a 32-bit instruction address register to
the features of the main processor.

In the Macintosh SE/30, Macintosh II, Macintosh IIx, and Macintosh IIcx, the FPU
operates on the same 16 MHz clock as does the main processor. Similarly, in the
Macintosh Ilci, the FPU uses the main processor’s 25 MHz clock.

In the Macintosh IIfx, the FPU also runs at the full clock speed, 40 MHz, even though it is
on the slow side of the bus buffers; the speed-change PAL detects accesses to the FPU and
switches the slow-side clock as needed. Because the FPU clock is not synchronized to the
main processor’s clock, instructions and data sometimes take one extra clock cycle to
reach the FPU.

All FPU data transfers are performed by the main processor at the request of the FPU.
Therefore, memory management, bus arbitration, and error handling behave as if the FPU
instructions were executed by the main processor. Similarly, traps are handled by the main
processor at the request of the FPU.
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Because the Standard Apple Numerics Environment (SANE®) package takes advantage of
the FPU when it is available, the FPU automatically speeds up processing by 5 to 50 times
for any program that uses the SANE routines. If you access the FPU directly by using
MC(68881/MC68882 instructions in your assembly-language programs or by using an
MC(68881/MC68882 compiler option, you can achieve a speed gain of from 40 to 700
times. However, a program written to use the FPU directly will not run on Macintosh
models that don’t have an FPU (classic Macintosh and Macintosh SE).

The FPU is described in detail in the MC68881/MC68882 Floating-Point Coprocessor User’s
Manual from Motorola. Information about the use of the FPU in applications is found in
the Apple Numerics Manual, second edition.

Power Manager IC in the Macintosh Portable computer

The power management circuitry in the Macintosh Portable computer includes a
Mitsubishi M50753 microprocessor. The M50753 is an 8-bit microprocessor that contains
6 KB of ROM, 192 bytes of RAM, three timers, and an 8-bit analog-to-digital converter.
The ROM contains microcode, written by Apple Computer, Inc., that allows the M50753
to implement the following functions through its 36 general-purpose 1/O lines:

» It puts the Macintosh Portable into sleep state when it receives the Sleep command
from the Power Manager firmware.

» It returns the Macintosh Portable to the operating state when it detects a keystroke,
when the wake-up timer matches the real-time clock, or when it receives a Ring Detect
signal from an internal modem.

= It acts as the real-time clock for the Macintosh Portable, keeping track of the date
and time, and saving system-setup parameters in its on-chip RAM.

= It acts as an Apple Desktop Bus (ADB) transceiver.
= It generates a signal that controls the contrast of the flat-panel display.

= It monitors the temperature inside the case and asserts a signal warning of high
temperatures when necessary.

= It monitors the voltage level of the battery and asserts a signal warning of low voltage
when necessary.

The Power Manager IC communicates with the main processor through the VIA over an
8-bit parallel data bus. The Macintosh Portable VIA is described in Chapter 4.

Although the M50753 is a microprocessor, it does not function as a true coprocessor in
that it does not extend the instruction set of the MC68HC000. Instead, instructions are
sent as data from the main processor to the VIA, and from the VIA to the M50753 over the
VIA’s programmable output lines.
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IOPs in the Macintosh IIfx computer

The I/0 Processor (IOP) integrated circuits are Apple custom ICs designed to provide
processing support for I/O controllers. There are two IOPs in the Macintosh IIfx
computer: one for the SWIM and ADB and one for the SCC. The IOPs sit between the main

processor and the 1/O controllers.

The features of the IOP include

= a built-in microprocessor

= a 16-bit timer

= two DMA controllers, one for each floppy disk channel or serial I/O channel

» address and data buses for RAM shared by the IOP and the host processor

» two I/O ports for controlling the ADB

This section describes the operation of the IOPs themselves. For information about the
I/0 interfaces controlled by the IOPs, please refer to the appropriate chapters: Chapter 8

for the ADB; Chapter 9, the section “FDHD Drive Interface,” for the SWIM; and
Chapter 10 for the SCC.

IOP interface

The main processor communicates with the IOPs through a set of control registers in each
IOP that are mapped into the main processor’s I/O address space. The main processor
can interrupt an IOP using a bit in one of the control registers; an IOP can interrupt the
main processor using an interrupt line.

Data transfers between each IOP and the main processor use an external static RAM that is
time-shared between the two processors. Each IOP contains a 16-bit auto-incrementing
address register and an 8-bit data port that the host processor uses for access to the RAM
that is shared with that IOP. Each IOP’s shared RAM can be up to 60 KB in size.

¢ Note: The RAM used with each IOP is not part of main memory and does not reside in
the processor’s address space. It is dedicated to the IOP and addressed by means of
registers in the IOP.
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In normal operation, the two DMA channels of each IOP handle data transfers between the
I/0 device and the IOP’s RAM, thus reducing the work load on the IOP’s processor. Each
IOP DMA channel has its own Transfer Count register, RAM Address pointer, and I/O
Address pointer.

The DMA cycles used by the IOPS are taken from the main processor’s portion of the
IOP’s RAM cycle, thereby reducing the transfer rate between the main processor and the
shared RAM. For example, when the SCC is receiving AppleTalk data at 230.4 KHz, the SCC
IOP’s DMA activity reduces the host transfer rate—that is, the transfer rate for data
between the IOP’s RAM and the main processor—from 2 MB/second to 1.97 MB/second.
The worst-case host RAM transfer rate, assuming the maximum number of IOP DMA
requests, is 1 MB/second.

IOP for the SCC

In the Macintosh IIfx, an IOP controls the SCC and handles all communication between
the SCC and the main processor. An SCC driver written for a non-IOP system controls the
SCC directly. In the Macintosh IIfx, an access by the MC68030 directly to the SCC register
space causes a bus error.

/o Developer tip If you have problems making your SCC driver software work with the
SCC IOP, contact Apple’s Developer Technical Support department at
the address given in the Preface. 4

IOP for the SWIM and ADB

The IOP that controls the SWIM also controls the Apple Desktop Bus. This arrangement
eliminates the need for the separate ADB transceiver used in earlier Macintosh models.
The IOP also improves the machine’s performance by handling the ADB operations,
relieving the main processor of those tasks. For information about the operation of the
ADB, please refer to Chapter 8.
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General logic circuits

General logic functions in the Macintosh computers are handled by one or more ICs in each
computer. These ICs are either programmable logic array chips (PALs), custom ICs, or a
combination of both. This section describes the general logic circuits used in each
Macintosh family member. Table 3-7 summarizes the components discussed in this section.

» Table3-7 General logic circuits used in Macintosh computers

Computer General logic circuits

Classic Macintosh PALs

Macintosh SE BBU and GLU

Macintosh SE/30 GLUE and video PALs
Macintosh Portable CPU GLU, Misc. GLU, and VDI
Macintosh II GLUE

Macintosh IIx GLUE

Macintosh IIcx GLUE

Macintosh IIci MDU and RBV

Macintosh IIfx PALs, FMC, and OSS

PALs in the classic Macintosh computers

PALs are programmable logic array chips used to implement a variety of decoders and
finite-state machines. Most of the PALs used in the earlier Macintosh computers are
replaced in the Macintosh SE and Macintosh II computers by custom integrated circuit
chips. In the earlier Macintosh computers, PALs perform the following functions:

» They decode addresses to determine which device is being requested by the
main processor.

m They assert the device-select signal to the appropriate device.

n They generate the RAM address strobes (/RAS and /CAS) and control the multiplexers
(MUXs) that feed addresses to RAM.

m They control the timing and sequence of video functions, read data directly from
RAM, and direct the Video Shift register to send the data as a bit stream to the
video board.
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They generate the vertical and horizontal blanking interrupt signals used to coordinate
the video circuitry.

They control the timing and sequence of sound generation, including reading data
from RAM, converting it to a PWM signal, and sending it to the sound IC.

They read disk-speed control data from RAM for 400 KB floppy disk drives, convert it
to a PWM signal, and send it to the disk drives.

They generate the 7.8336 MHz clock used by the main processor.
They generate the 3.672 MHz clock used by the SCC to control communication rates.

General logic circuits in the Macintosh SE computer

There are two general logic ICs in the Macintosh SE: the BBU and the GLU.

BBU custom IC

The BBU is an Apple custom integrated circuit that performs a variety of logic functions
in the Macintosh SE computer, as follows:

It decodes addresses to determine which device is being requested by the
main processor.

It asserts the device-select signal to the appropriate device.

It generates the RAM address strobes (/RAS and /CAS) and controls the multiplexers
(MUXs) that feed addresses to RAM.

It controls all video functions, including reading data directly from RAM and shifting it
out as a bit stream to the video board.

It generates the vertical and horizontal blanking interrupt signals used to coordinate
the video circuitry.

It controls all sound functions, including reading data from RAM and sending it to the
sound IC.

It provides a speed-control signal for single-sided floppy disk drives.
It generates the 7.8336 MHz clock used by the main processor.

It generates the 3.672 MHz clock used by the SCC to control communication rates and
by the microprocessor in the ADB transceiver.

It monitors data transfers and generates the Bus Error signal to halt the main processor
if a transfer fails to complete successfully.

It handles hardware handshaking with the SCSI controller, making SCSI transfers faster
and more secure than in the Macintosh Plus computer.
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m It asserts the /IPLO interrupt to the main processor when it receives an interrupt
request from the VIA or SCSI.

m [t deasserts the /IPLO interrupt to the main processor when the /IPL1 interrupt is
asserted by the SCC.

GLU custom IC

The GLU is a programmable logic array IC in the Macintosh SE used to perform some logic
functions not included in the BBU. The GLU performs the following tasks:

m [t generates disk drive enable signals that choose between the upper and lower internal
floppy disk drives.

m It controls whether interrupt requests from the SCSI are passed on to the BBU.
m It inverts the write data (WR) signal to the floppy disk drives.

m It buffers the 15.6672 MHz master clock used by the BBU and the IWM and provided
to the processor-direct slot.

¢ Note: Do not confuse the GLU IC in the Macintosh SE with the GLUE IC in the
Macintosh SE/30 and Macintosh II-family computers. The GLUE IC is described
in the following section.

GLUE in the Macintosh SE/30, Macintosh II, and Macintosh IIx computers

The GLUE is an Apple custom integrated circuit that performs a variety of logic functions
in the Macintosh SE/30, Macintosh II, and Macintosh IIx computers, as follows:

m It decodes addresses to determine which device or auxiliary processor is being
requested by the main processor.

m It asserts the device-select signal to the appropriate device.

m It sends acknowledge signals to the main processor that indicate that a device is
present and that specify the width of that device’s data bus.

m [t generates the RAM address strobes (/RAS and /CAS) and controls the multiplexers
(MUXs) that feed addresses to RAM.

m It generates the signals that refresh dynamic RAM.
m It generates the 15.6672 MHz clock used by the main processor.

m It generates the 3.672 MHz clock used by the SCC to control communication rates and
by the microprocessor in the ADB transceiver.
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m It generates the 783.36 kHz clock (the E clock) used to synchronize communications
between the VIAs and the main processor.

m [t monitors data transfers and generates the Bus Error signal to halt the main processor
if a transfer fails to complete successfully.

m It handles hardware handshaking with the SCSI controller, making SCSI transfers faster
and more secure than in the Macintosh Plus.

m It performs an OR operation on the six slot interrupt signals and sends the result to
VIA2, which generates the processor interrupt.

m It monitors the interrupt lines from the VIAs, the SCC, the power switch (early
Macintosh II only), and the nonmaskable interrupt switch, assigns a priority to each
interrupt, and asserts the appropriate interrupt lines to the main processor. If the
GLUE IC receives more than one interrupt at the same time, it passes only the highest
priority interrupt on to the main processor.

¢ Note: The name GLUE is a play on words, based on the acronym GLUfor general logic
unit and the fact that the GLUE IC “glues together” the other chips by providing
handshaking between the 1/0 devices and the main processor. Do not confuse the
GLUE IC with the GLU IC in the Macintosh SE, described in the preceding section.

Video PALs in the Macintosh SE/30 computer

The video PALs in the Macintosh SE/30 perform the video functions handled by the BBU
in the Macintosh SE, plus the video functions performed by a NuBus video card in a
Macintosh II-family computer. The Macintosh SE/30 video logic circuits perform the
following functions:

m They generate the vertical and horizontal blanking interrupt signals used to coordinate
the video circuitry.

m They implement the frame buffer controller (FBC) functions of a NuBus video card.
m They implement the declaration ROM functions of a NuBus video card.

Unlike the video circuits on a NuBus video card, the Macintosh SE/30 video circuits do
not implement a color look-up table (CLUT).

For information about the operation of the video circuits in the Macintosh SE/30,
please refer to the section “Video Display in the Macintosh SE/30 Computer” in
Chapter 12. For information about NuBus video cards, see the section “Expansion
Card Video” in Chapter 12.
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General logic circuits in the Macintosh IIci computer

The Macintosh Ilci computer has two custom ICs containing general logic circuits: the
Memory Decode Unit (MDU) and the RAM-Based Video controller (RBV).

Memory Decode Unit (MDU)

The MDU is an Apple custom IC that performs many of the same functions as the GLUE in
the Macintosh II, along with several other functions that are specific to the
Macintosh Ilci.

MDU functions specific to the Macintosh llci

m The MDU provides separate memory addresses and strobes for the two banks of RAM
(bank A and bank B), making it possible for the main processor and the video circuits
to use RAM at the same time.

m It provides address decoding and device-select signals for new devices: the RBV, the
video CLUT DAC, and the NuChip30 (NuBus controller).

The MDU provides the addressing for the video buffer, located in bank A, but it has
nothing further to do with the generation of the video signals. For more information
about video generation, refer to the sections “RAM-Based Video Controller (RBV),” later
in this chapter, and “Features of the Built-in Video Circuits,” in Chapter 12.

MDU functions similar to the GLUE

In addition to the functions listed above, the MDU also performs many of the same
functions as the GLUE in the Macintosh II; those functions are listed here.

m It decodes addresses to determine which device or auxiliary processor is being
requested by the main processor.

m It asserts the device-select signal to the requested device.

m It sends acknowledge signals to the main processor that indicate that a device is
present and that specify the width of that device’s data bus.

m It generates the signals that refresh dynamic RAM.
m It generates the 25 MHz clock used by the main processor.
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m It generates the 783.36 kHz clock (the E clock) used to synchronize communications
between the VIAs and the main processor.

m It monitors data transfers and generates the Bus Error signal to halt the main processor
if a transfer fails to complete successfully.

m [t handles hardware handshaking with the SCSI controller, making SCSI transfers faster
and more secure than in the Macintosh Plus.

RAM-Based Video controller (RBV)

The RBV is an Apple custom integrated circuit that performs three different sets of
functions in the Macintosh Ilci: it performs some functions of the GLUE in the

Macintosh II and Macintosh IIx, it contains the registers and other circuitry implemented
in the second VIA in other models in the Macintosh II family, and it controls the built-in
video circuitry.

RBV functions similar to the GLUE

The RBV performs some of the functions of the GLUE in the Macintosh II.
m It generates the 15.6672 MHz clock used by bus-error and RAM-refresh circuitry.

m It generates the 3.672 MHz clock used by the microprocessor in the ADB transceiver
and used by the SCC to set communication rates.

m It performs an OR operation on the three slot interrupt signals and sends the result to a
register in the VIA portion of the RBV.

m It monitors interrupt signals in its internal registers as well as interrupts from the VIA1,
the SCC, and the nonmaskable interrupt switch; assigns a priority to each interrupt;
and asserts the appropriate interrupt lines to the main processor. If the RBV IC
receives more than one interrupt at the same time, it passes only the highest priority
interrupt on to the main processor.

VIA registers in the RBV

The VIA portion of the RBV contains eight 8-bit registers that are used for several inputs
and outputs in addition to video control signals and interrupts. The main processor
communicates with these registers over an 8-bit bidirectional data bus that is separate
from the 32-bit RAM data bus used by the video portion. Having separate data buses for
the two parts of the RBV makes it possible for the main processor to read and write to the
VIA registers while video activity is taking place on the other data bus.
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The VIA registers in the RBV control the following functions:

The RBV decodes the interrupts from the NuBus slots.

It decodes NuBus errors and enables or disables NuBus access to main RAM.

It provides two SCSI interrupts and the interrupt from the ASC (Apple Sound Chip).
It detects the signal indicating that an external speaker or amplifier is plugged in.
It controls the interrupt from the parity circuit.

It controls flushing and disabling of the optional cache RAM card.

It contains a signal used to turn off the computer.

For more information about the functions of the VIA registers in the RBV, please refer to
the section “VIA2 Functions in the Macintosh Ilci Computer” in Chapter 4.

Video functions of the RBV

For the built-in video circuits, the RBV performs the following functions:
m The RBV reads the ID lines from the video monitor to determine the type of monitor.

m It provides horizontal and vertical synchronizing signals with the appropriate timing
for the video monitor.

s [t requests video data by sending appropriate signals to the MDU, which generates the
addresses for the screen buffer.

m [t reads video data from the screen buffer in bursts of 8 longwords at a time and stores
it in an internal FIFO buffer.

m It contains a bit-order arranger and shift register that take data from the FIFO buffer

and arrange it into single pixels of 1, 2, 4, or 8 bits each, which it transmits to the CLUT
DAC for conversion into video signals.

The RBV does not control the addressing of the video buffer; that function belongs to the
MDU, which is described in the section “Memory Decode Unit (MDU),” earlier in this chapter.

For detailed information about the video signals and the operation of the CLUT DAC,
please refer to Chapter 12. '

General logic circuits in the Macintosh Portable computer
The general logic circuits in the Macintosh Portable are implemented as three Apple

custom integrated circuits: the CPU GLU (CPU General Logic Unit), the Miscellaneous GLU,
and the VDI (Video Display Interface).
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CPU GLU custom IC

The CPU GLU integrated circuit performs the following functions:

m It decodes addresses to determine which device is being requested by the main
processor and asserts the device-select signal to the appropriate device.

m It generates the 15.6672 MHz clock used by the main processor and generates clock
signals for the SWIM, ASC, and VIA chips.

m It monitors data transfers and generates the Bus Error signal to halt the main processor
if a transfer fails to complete successfully.

m [t handles hardware handshaking with the SCSI controller.

m It asserts the /IPLO interrupt to the main processor when it receives an interrupt
request from the VIA.

m It deasserts the /IPLO interrupt to the main processor when the /IPL1 interrupt is
asserted by the ASC or SCC chips.

Miscellaneous GLU custom IC

The Miscellaneous GLU integrated circuit performs the following functions:
m It decodes addresses to determine which specific system RAM IC is being addressed.

m It generates disk-drive enable signals that choose between the upper and lower internal
floppy disk drives.

m It provides an interface between channel A of the SCC and the internal modem connector.
m It generates the 60 Hz clock signal for the Power Manager IC.
m It generates clock and control signals to the keyboard processor.

VDI custom IC

The video logic circuits in the Macintosh Portable computer include an Apple custom
integrated circuit, the VDI (Video Display Interface). The VDI IC controls all video
functions, including reading data directly from system RAM and placing it in video RAM.
It also generates the video data signals that are sent to the built-in flat-panel display and
that are provided on the external video connector.

For more information about Macintosh Portable video circuits, see the section “Displays
on the Macintosh Portable” in Chapter 12.
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General logic circuits in the Macintosh IIfx computer

The general logic circuits used in the Macintosh IIfx computer are the OSS (Operating
System Support) IC and FMC (Fast Memory Controller) IC.

Operating System Support (0SS)

The OSS IC is an Apple custom integrated circuit that provides operating-system services;
hence the name. It performs many of the functions of the second VIA and the GLUE IC in
the standard Macintosh II.

The features of the OSS include

» software-programmable interrupt priority levels

» address decoding for all I/O devices

m generating acknowledge signals (DSACKx) for appropriate address spaces

» bus time-out logic

The OSS provides an interface to the 65C22 VIA for compatibility with earlier Macintosh
models.

The OSS controls all interrupts and provides a means for assigning interrupt priorities. The
system’s Start Manager sets up the interrupt priority levels by writing to control registers in
the OSS and initializing the interrupt vectors to match the priorities.

The Shutdown Manager uses a control register in the OSS to turn off the machine.

The OSS performs the address decoding that maps the 1/O devices into the main
processor’s address space. Figure 3-9, in the section “Address Map for the Macintosh IIfx
Computer,” later in this chapter, shows the address map for the Macintosh IIfx and
identifies the address spaces allocated to the various I/O devices. The OSS generates
acknowledge signals (DSACKO, DSACK1) for the I/O spaces shown shaded.
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Fast Memory Controller (FMC)

The Fast Memory Controller (FMC) is an Apple custom integrated circuit designed to
operate with the MC68030 and support cache RAM, main RAM, and ROM.

The features of the FMC include

= support for RAM cache using high-speed static RAM
m burst access to both RAM and ROM

multiplexed address for dynamic RAM

programmable RAM and ROM access times

fast page mode and buffered write operations

The FMC supports fast cache memory in conjunction with separate static RAM for tags
and for data. The cache memory stores both instructions and data.

For a description of how the RAM operates in the Macintosh IIfx, please refer to Chapter 5.

Address maps

All addressing, whether of memory, internal devices, interfaces to external devices, or
expansion cards, is performed in Macintosh computers using the system address bus.
Therefore, the address space available to the main processor—often referred to as the
memory space—must be divided between memory and other devices. This section
describes the way in which address space is assigned to different devices in each
Macintosh family member.

Each Macintosh computer uses two address maps: the ROM overlay address map and the
normal address map. The ROM overlay address map, used when the machine is turned on
or reset, maps addresses in the lowest address space to locations in ROM rather than to
RAM. This address map is used because, whenever an MC68000-family microprocessor is
reset, it looks at the first location in memory (address $0) for a pointer to the Reset
handler, and the normal contents of RAM might not be available during startup or reset.
The normal address map is used during all normal processing.
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Within the address space for a particular device, addresses are further decoded to
access specific hardware within that device or to control specific features of that
device. For example, the SCSI controller in the Macintosh Plus contains eight registers
that can be selected by signals on address lines A6 through A4. Notice, however, that
the address space allocated to each device is considerably larger than the minimum
needed to access all of the features of the device. For example, signals on address
lines A18 through A10, A8, A7, and A3 through A1 have no significance for the SCSI in
the Macintosh Plus computer, so there are thousands of possible addresses that will
access the same register in the SCSI controller.

Similarly, the contents of RAM and ROM are repeated throughout unused address space
assigned to memory. For example, the address space from $00 0000 through $3F FFFF in
the Macintosh Plus is allocated to RAM in the normal address map, providing enough
addresses for 4 MB of RAM. If there is only 1 MB of RAM installed in the system, it appears
to software as if there are four identical RAM “images” in memory; that is, the same data is
fetched by a read to any of the addresses $00 1000, $10 1000, $20 1000, or $30 1000.

& Address maps: The address maps in this chapter include dark shading, light shading,
and unshaded areas. Dark-shaded areas indicate addresses that are assigned to
devices in the basic configuration of that computer. Light-shaded areas indicate
addresses that are decoded but might not be used; some of these areas (as noted) are
reserved for use by Apple Computer, Inc. Unshaded areas are not decoded.

Note that the address maps are not to scale; you must look at the actual addresses to
determine the relative sizes of address ranges in the address maps.

/o Developer tip The addresses used for device selects differ from one member of the
Macintosh family to another, and sometimes between different
versions of the same machine. Therefore, a program that addresses
Macintosh hardware directly will not be compatible with all current
members of the Macintosh family, and probably won't run on new
versions of the Macintosh. To avoid compatibility problems, always
use the Macintosh Toolbox calls, system traps, and global variables
listed and described in Inside Macintosh to communicate with
hardware in Macintosh computers. 4
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Address map for the classic Macintosh computers

The MC68000 processor can directly access 16 MB of address space, which is divided into
several blocks allocated to RAM, ROM, and the various I/O devices.

A Important  The addresses shown in this section for device selects apply only to
the Macintosh Plus and earlier Macintosh computers. Most of these
addresses are different for other Macintosh computers. &

The ROM overlay address map, used when the machine is turned on or reset, maps
addresses from $00 0000 to $01 FFFF to locations in ROM rather than to RAM. The startup
or Reset handler software switches from the ROM overlay address map to the normal
address map by setting low the Overlay signal from the VIA.

Figure 3-1 shows the Macintosh 512K computer address maps. Figure 3-2 shows the
Macintosh Plus computer address maps.

The PALs respond to any address in the range $00 0000 through $DF FFFF with a /DTACK
signal and to any address in the range $E0 0000 through $FF FFFF with a /VPA signal. The
/DTACK signal is used to acknowledge a transaction with a device that uses asynchronous
communication, and the /VPA signal is used to acknowledge a transaction with a device
that requires synchronous communication with the main processor.

At system startup, the operating system reads an address in the range $F0 0000 through
$F7 FFFF (labeled Phase read in Figures 3-1 and 3-2) to determine whether the computer’s
high-frequency timing signals are correctly in phase. When the timing signals are not in
phase, RAM accesses are not timed correctly, causing an unstable video display, RAM
errors, and VIA errors. A word-wide access to any SCC address causes a phase shift in the
processor clock, and is used by the operating system to correct the phase when necessary.
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s Figure 3-1 Address map for the Macintosh 512K computer

Map on power-up Normal map

(OVERIAY =1) (OVERLAY =0)

No device assigned \/
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= Figure 3-2 Address map for the Macintosh Plus computer

Map on power-up Normal map
(OVERLAY = 1) 30100 0000 (OVERLAY = O)

SFFFFF0  _.f.. veclo
$FA 0000 No device assigned

$F8 0000 .
$F0 0000  --

.- $580006 .
$520000 ..
$500000 .

$440000  _.
§420000 ..
$400000 ..

$280000 ..
$20 0000
$100000  __
$080000  __}
$04 0000

$02 0000

.- $000000 _.

No device assigned

Note: 128 KB ROMs are disabled (no device assigned) everywhere A17=1.
Note: All unused RAM space is occupied by repeated RAM images.
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When the main processor receives an interrupt, it performs a read operation with all
address lines set to 1 except A3 through Al; lines A3 through A1 reflect the level of the
interrupt. When the PALs receive an address in the range $FF FFF0 to $FF FFFF, they assert
/VPA, which causes the main processor to jump to the location in memory containing the
appropriate interrupt handler. When an address in this range is read, no device is activated
and any data read from the data bus is ignored. Interrupts are discussed in the section -
“MC68000 Interrupts,” earlier in this chapter.

& Note: The PALs always generate either /DTACK or /VPA in response to a memory
access, even to an address space with no device. Of course, writing to an
unoccupied address doesn’t change anything, and reading fetches meaningless
data from an undriven bus. Because every access is guaranteed by the design of
the hardware to be successfully completed, the bus error signal (/BERR) is not
used in the classic Macintosh.

Address map for the Macintosh SE computer

The MC68000 processor used by the Macintosh SE can directly access 16 MB of address
space, which is divided into several blocks allocated to RAM, ROM, and the various
I/O devices.

A Important  The addresses shown in this section for Macintosh SE device selects
apply only to the Macintosh SE, and only for the version of ROM
current at the time of publication of this book. Most of these
addresses are different for other Macintosh computers. Therefore, it
is highly recommended that you use the Macintosh Toolbox calls,
system traps, and global variables described and listed in Inside
Macintosh to access all hardware in the Macintosh SE. a

Figure 3-3 shows the address map for the Macintosh SE computer.

The ROM overlay address map, used when the machine is turned on or reset, maps
addresses from $00 0000 to $03 FFFF to locations in ROM rather than to RAM. The BBU
switches from the ROM overlay address map to the normal address map the first time an
access is made in the range $40 0000 through $5F FFFF.
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The BBU responds to any address in the range $00 0000 through $DF FFFF with a /DTACK
signal and to any address in the range $E0 0000 through $FF FFFF with a /VPA signal. The
/DTACK signal is used to acknowledge a transaction with a device that uses asynchronous
communication, and the /VPA signal is used to acknowledge a transaction with a device
that requires synchronous communication with the main processor.

When the main processor receives an interrupt, it performs a read operation with all
address lines set to 1 except A3 through Al; lines A3 through A1 reflect the level of the
interrupt. When the BBU receives an address in the range $FF FFFQ to $FF FFFF, it asserts
/VPA, which causes the main processor to transfer program control to the location in
memory containing the appropriate interrupt handler. When an address in this range is
read, no device is activated and any data read from the data bus is ignored. Interrupts are
discussed in the section “MC68000 Interrupts,” earlier in this chapter.

With two exceptions—noted in the next paragraph—the BBU always generates either
/DTACK or /VPA in response to a memory access, even to an address space with no

device. Of course, writing to an unoccupied address doesn’t change anything, and reading
fetches meaningless data from an undriven bus.

There are two cases in which the BBU does not issue a /DTACK signal promptly in response
to an address in the range $00 0000 through $DF FFFF:

s During a SCSI access in pseudo-DMA mode, the BBU does not assert /DTACK until it
receives a SCSI DRQ interrupt, indicating that the SCSI transaction is complete.

m During an access to the PDS, the BBU tri-states its /DTACK output if the /EXT.DTACK
pin on the PDS is pulled low. This procedure allows expansion cards to delay the BBU'’s
/DTACK or to generate their own.

If any access has not terminated within 265 ms, the BBU asserts the bus error signal /BERR.

126 Guide to the Macintosh Family Hardware



= Figure 3-3 Address map for the Macintosh SE computer

Map on power-up Normal map
(before first access (after first access

No device assigned

No device assigned

No device assigned

Note: All unused RAM space is occupied by repeated RAM images.
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Address map for the Macintosh Portable computer

The MC68HC000 processor used by the Macintosh Portable computer can directly access
16 MB of address space, which is divided into several blocks allocated to RAM, ROM, and
the various 1/0O devices.

A Important  The addresses of device selects shown in this section apply only to the
Macintosh Portable, and only for the version of ROM current at the
time of publication of this book. Most of these addresses are
different for other Macintosh computers. Therefore, it is highly
recommended that you use the Macintosh Toolbox calls, system traps,
and global variables described and listed in Inside Macintosh to access
all hardware in the Macintosh Portable computer. o

The ROM overlay address map, used when the Macintosh Portable is turned on or reset,
maps addresses from $00 0000 to $0F 0000 to locations in ROM rather than to RAM. The
CPU GLU switches from the ROM overlay address map to the normal address map the first
time an access is made in the range $90 0000 through $9F FFFF.

Figure 3-4 shows the address map for the Macintosh Portable computer.

The address space from $E0 0000 through $EF FFFF is not decoded by the general logic
circuits in the Macintosh Portable. This address space is reserved for internal use by
processor-direct slot expansion cards.

The CPU GLU IC responds to any address in the range $FF 0000 through $FF FFFF with a
/VPA signal and to any other address with a /DTACK signal. The /DTACK signal is used to
acknowledge a transaction with a device that uses asynchronous communication, and the
/VPA signal is used to acknowledge a transaction with a device that requires synchronous
communication with the main processor.

Notice that, unlike the classic Macintosh and Macintosh SE, the Macintosh Portable
computer uses the /DTACK signal for communication with the VIA. Although the VIA is a
synchronous device, the main processor in the Macintosh Portable can communicate
asynchronously with the VIA. The CPU GLU IC makes this possible by providing a VIA
clock signal in place of the E clock generated by the main processor, and by synchronizing
the VIA clock with the VIA device-select signal, which is also generated by the CPU GLU.
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» Figure 3-4 Address map for the Macintosh Portable computer

$0100 0000 _.

SF0 0000 _..

---- SE0 0000 .
A

SFE 0000
SFD 0000
SFC 0000
L. SFB 0000

1. SFA 0000
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When the main processor receives an interrupt, it performs a read operation with all
address lines set to 1 except A3 through Al; lines A3 through A1 reflect the level of the
interrupt. When the CPU GLU receives an address in the range $FF 0000 to $FF FFFF, it
asserts /VPA, which causes the main processor to jump to the location in memory
containing the appropriate interrupt handler. Interrupts are discussed in the section
“MC68000 Interrupts,” earlier in this chapter.

With three exceptions—noted in the next paragraph—the CPU GLU always generates the
/DTACK signal in response to a memory access, even a memory access to an address space
with no device. Of course, writing to an unoccupied address doesn’t change anything, and
reading fetches meaningless data from an undriven bus.

There are three cases in which the CPU GLU does not immediately issue a /DTACK signal in
response to an address:

m If the address is in the range $FF 0000 through $FF FFFF, the CPU GLU asserts the /VPA
signal rather than the /DTACK signal.

m During a pseudo-DMA-mode SCSI access, the CPU GLU does not assert /DTACK until it
receives a SCSI DRQ signal, indicating that the SCSI transaction is complete.

m The CPU GLU tri-states its /DTACK output if the /EXT.DTACK pin on the processor-
direct slot is pulled low. This procedure allows expansion cards to delay the CAD GLU's
/DTACK or to generate their own.

Address map for the Macintosh SE/30 computer

The MC68030 processor used by the Macintosh SE/30 can directly access 4 GB of address
space, which is divided into several blocks allocated to RAM, ROM, expansion cards, and
the various I/0O devices.

A Important  The addresses shown in this section for device selects apply only to
the Macintosh SE/30, and only for the version of ROM current at the
time of publication of this book. Most of these addresses are
different for other Macintosh computers, and addresses will almost
certainly change for future versions of the Macintosh SE/30.
Therefore, it is highly recommended that you use the Macintosh
Toolbox calls, system traps, and global variables described and listed
in Inside Macintosh to access all hardware in the Macintosh SE/30. a
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All addresses on the main logic board of the Macintosh SE/30 are 32 bits long. When
operating in 24-bit mode, the Macintosh Operating System uses only the lower 24 bits of
each address. In this case, the memory management unit in the MC68030 is programmed
to ignore the high-order 8 bits from each address coming from the main processor and to
translate the resulting 24-bit address into a 32-bit address for decoding by the GLUE. The
firmware can switch the MMU to 32-bit mode, in which the full 32-bit address from the
main processor is passed on to the GLUE. The 32-bit mode is used under versions of the
Macintosh Operating System prior to version 7.0 only when necessary to access more than
a megabyte of address space on an expansion card.

Other operating systems, such as system software version 7.0 and A/UX, can use disks and
other storage devices as virtual memory. These operating systems program the MMU to
translate between logical and physical addresses to support virtual memory.

The ROM overlay address map, used when the Macintosh SE/30 is turned on or reset, maps
addresses from $0000 0000 to $3FFF FFFF to locations in ROM rather than to RAM. The
RAM cannot be addressed at all when the ROM overlay address map is being used. The
startup or Reset handler software switches from the ROM overlay address map to the
normal address map by setting low the Overlay signal from VIAL.

Figure 3-5 shows the translation from the 24-bit address map to the normal 32-bit address
map. Figure 3-6 shows the Macintosh SE/30 32-bit address map. Notice that the 24-bit
address spaces map into a small portion of the 32-bit address space.

For your convenience, the 24-to-32-bit address translation is also shown in Table 3-8.

s Table 3-8 Macintosh 24-bit to 32-bit address translation

24-bit address range 32-bit address range

$00 0000  $7F FFFF $0000 0000  $007F FFFF
$80 0000  $8F FFFF $4000 0000  $400F FFFF
$90 0000  $9F FFFF $F900 0000  $F9OF FFFF
$A0 0000  $AF FFFF $FA00 0000  $FAOF FFFF
$B0 0000  $BF FFFF $FB00 0000  $FBOF FFFF
$C0 0000  $CF FFFF $FC00 0000  $FCOF FFFF
$D0 0000  $DF FFFF $FD00 0000  $FDOF FFFF
$E0 0000  $EF FFFF $FE00 0000  $FEOF FFFF
$F0 0000  $FF FFFF $5000 0000  $500F FFFF
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s Figure 3-5 Translation from 24-bit address map to 32-bit address map

32-bit physical
address space
™ SFFFF FFFF )
Expansion card
— regular slot space
16 MB/slot
24-bit logical
address space
$FF FFFF ™
$F0 0000 ..
$90 0000 _.
$80 0000 ..
— ROM
$00 0000 --
— RAM
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a Figure 3-6 Address map for the Macintosh SE/30 computer

Standard slot space

$FFFF FFFF ~
$F100 0000 .
$F000 0000 -
1/O space
$5FFF FFFF
Undecoded address space
(No DSACKx)
.- $5100 0000
.. $50020000........
One wait state
$6000 0000 __ - $5001 8000 /DSACKO
- $5001 6000 ...
$5000 0000 .. Two wait state
5001 4000_____Y /DSACKO
[}
$4000 0000 ...
- $5001 2000 )
One wait state
/DSACKO
- $5001 0000
. v
- $5000 8000 ...
A
Special
/DSACKO
$0000 0000
L sso000000....Y
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The GLUE responds to any I/O device address with a /DSACKO signal. The /DSACKO and
/DSACK1 signals are used to acknowledge a transaction with a device and to indicate to
the MC68030 the size of a device’s data bus. As shown in Figure 3-6, the GLUE inserts one
wait state for SWIM accesses and for SCSI accesses that do not involve hardware
handshaking. The GLUE inserts two wait states for reads from the ASC and one for writes
to the ASC. Accesses to the SCC and VIAs, and SCSI accesses that involve handshaking,
require special control of the /DSACKO signal, as follows:

» The SCC requires 2.2 ps between accesses for its internal lines to stabilize; in the case
of back-to-back accesses to the SCC, the GLUE holds off the second access for that
amount of time.

s The VIAs are MC6800-compatible peripheral devices that require synchronous
communication with the MC68030.

m SCSI handshaking requires that the /DSACKO signal be held off until a transaction
is complete.

Hardware handshaking for SCSI transactions is described in the section “SCSI Data
Transfers” in Chapter 11. For more information on the requirements of the SCC and VIA,
see the manufacturers’ specifications for those chips. For more information on the
/DSACKX signals, see Motorola’s documentation for the MC68030.

& Note: In the Macintosh SE/30, each access of RAM or ROM involves one wait state.
This is in contrast to the Macintosh II, in which there are two wait states: one imposed
by the AMU or the PMMU memory address translation, and the other imposed by the
RAM or ROM access.

In the Macintosh SE/30, accesses to 32-bit addresses in the range $6000 0000 through
$FFFF FFFF (except for $FOxx xxxx) can be used to communicate with an expansion card.
The processor-direct slot provides three interrupt-request lines that go to VIA2 and are
interpreted by the firmware as coming from the first three NuBus slots. In order for an
expansion card to appear to the firmware as if it occupied one of these NuBus slots, it
must respond to one of the address ranges shown in Table 3-9.

= Table3-9 Macintosh SE/30 expansion card address ranges

24-bit address 32-bit address Equivalent NuBus slot
$90 0000-$9F FFFF $F900 0000-$FIFF FFFF $9
$A0 0000-$AF FFFF $FA00 0000-$FAFF FFFF $A
$B0 0000-$BF FFFF $FB00 0000-$FBFF FFFF $B
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The translation from 24-bit addresses used by early versions of the Macintosh operating
system to the 32-bit addresses shown in Table 3-9 is shown in Table 3-8. Notice that only
the first 1 MB of each address range is available when the operating system is in 24-bit
mode; you must switch to 32-bit mode to access the full 16 MB range of addresses
reserved for each pseudo-slot.

A Warning An access to any address range to which no device is assigned results in
abuserror. a

The declaration ROM for a pseudo-slot expansion card must be located at the
upper address limit of the 1 MB 24-bit address space in order for the Slot Manager
firmware to recognize the card as a NuBus card. For more information about
designing pseudo-slot expansion cards, see Designing Cards and Drivers for the
Macintosh Family, second edition.

/> Developer tip There is no requirement that an expansion card in the Macintosh SE/30
computer emulate a NuBus card. All the control, address, and data
lines necessary for a card to perform direct memory addressing or to
act as a coprocessor to the MC68030 are available at the processor-
direct slot. 4

Address map for the Macintosh II, Macintosh IIx, and Macintosh Ilcx computers

The MC68020 and MC68030 processors used by Macintosh II-family computers can
directly access 4 GB of address space, which is divided into several blocks allocated to
RAM, ROM, NuBus slots, and the various I/O devices.

The Macintosh II, Macintosh IIx, and Macintosh Ilcx have the same address map, which is
descibed in this section. Later sections describe the address maps for the Macintosh Ilci
and the Macintosh IIfx, which are different.
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A Important  The addresses shown in this section for device selects apply only to
the Macintosh II, Macintosh IIx, and Macintosh IIcx computers,
and only for the version of ROM current at the time of publication
of this book. Most of these addresses are different for other
Macintosh computers, including other members of the Macintosh II
family. Therefore, it is highly recommended that you use the
Macintosh Toolbox calls, system traps, and global variables described
and listed in Inside Macintosh to access all hardware in Macintosh II-
family computers. a

All addresses on the main logic board of Macintosh II-family computers are 32 bits long.
When operating in 24-bit mode, the Macintosh Operating System uses only the lower 24
bits of each address. In this case, the MMU ignores the high-order 8 bits from each address
coming from the main processor and translates the resulting 24-bit address into a 32-bit
address for decoding by the GLUE. The firmware can switch the MMU to 32-bit mode, in
which the full 32-bit address from the main processor is passed on to the GLUE. The 32-bit
mode is used under versions of the Macintosh Operating System prior to system software
version 7.0 only when necessary to access more than a megabyte of address space on a
NuBus card.

Other operating systems, such as system software version 7.0 and A/UX, can use disks and
other storage devices as virtual memory. System software version 7.0 and the A/UX
operating system use the PMMU in the Macintosh II or the MC68030’s on-chip MMU to
translate between logical and physical addresses to support virtual memory. The PMMU
and on-chip MMU can also be programmed to perform the same 24-to-32 bit address
translation as done by the AMU in the Macintosh II.

The ROM overlay address map, used when the machine is turned on or reset, maps
addresses from $0000 0000 to $3FFF FFFF to locations in ROM rather than to RAM. RAM
cannot be addressed at all when the ROM overlay address map is being used. The startup
or Reset handler software switches from the ROM overlay address map to the normal
address map by setting low the Overlay signal from VIA1.

Figure 3-5 and Table 3-8 show the translation from the 24-bit address map to the normal
32-bit address map. Figure 3-7 shows the 32-bit address map for the Macintosh II,
Macintosh IIx, and Macintosh IIcx. Notice that the 24-bit address spaces map into a small
portion of the 32-bit address space. Notice, too, that whereas the 24-bit address map
provides only 1 MB of address space for each NuBus slot, the 32-bit address map provides
a 16 MB address space plus a 256 MB address space for each slot.
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Figure 3-7 Address map for the Macintosh II, Macintosh IIx, and
Macintosh Ilcx computers

1/0 space
$FFFF FFFF ™ $SFFF FFFF
Undecoded address space
$F100 0000 . (No DSACKx)
$F000 0000 - $5100 0000
§5002 0000 .......
$5001 8000
$5001 6000 ...~
$6000 0000 --
$§5001 4000 .........
$5000 0000 . $5001 2000
$40000000 __ b $5001 0000 ..
- $5000 8000.........
A
- $5000 6000
- $5000 4000
- $5000 2000
$0000 0000 . . $50000000...__..Y

One wait state
/DSACKO

Two wait state
/DSACKO

One wait state
/DSACKO

Special
/DSACKO
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The GLUE responds to any I/O device address with a /DSACKO signal. The /DSACKO and
/DSACK1 signals are used to acknowledge a transaction with a device and to indicate to
the MC68020 or MC68030 the size of a device’s data bus. As shown in Figure 3-7, the GLUE
inserts one wait state for IWM accesses and for SCSI accesses that do not involve
hardware handshaking. The GLUE inserts two wait states for reads from the ASC and one
for writes to the ASC. Accesses to the SCC and VIAs, and SCSI accesses that involve
handshaking, require special control of the /DSACKO signal, as follows:

» The SCC requires 2.2 is between accesses for its internal lines to stabilize; in the case
of back-to-back accesses to the SCC, the GLUE holds off the second access for that
amount of time.

» The VIAs are MC6800-compatible peripheral devices that require synchronous
communication with the MC68020 or MC68030.

» SCSI handshaking requires that the /DSACKO signal be held off until a transaction
is complete.

Hardware handshaking for SCSI transactions is described in the section “SCSI Data
Transfers” in Chapter 11. For more information on the requirements of the SCC and VIA,
see the manufacturers’ specifications for those chips. For more information on the
/DSACKx signals, see Motorola’s documentation for the MC68020 and MC68030.

& Note: Each access of RAM or ROM in the Macintosh II involves two wait states. One
wait state is imposed by the AMU or the PMMU memory address translation, and the
other is imposed by the RAM or ROM access. Because the MMU in the MC68030
requires no wait states, only one wait state is required for each ROM or RAM access in
the Macintosh IIx and Macintosh IIcx.

Accesses to 32-bit addresses in the range $6000 0000 through $FFFF FFFF (except for
$FOxx xxxx) initiate a NuBus transaction. Each NuBus slot is allocated two slot spaces:

16 MB within the range $F100 0000 through $FFFF FFFF (called the standard slot space),
and 256 MB within the range $6000 0000 through $EFFF FFFF (called the super slot space).

A 32-bit address of the form $Fsxx xxxx accesses the standard slot space for NuBus slot s.
A 32-bit address of the form $sxxx xxxx accesses the super slot space for NuBus slot s.
Notice that the Macintosh II and Macintosh IIx have connectors for slots $9 through $E
only, and the Macintosh Ilcx has connectors for slots $9 through $B only.
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A Warning An attempt to read or write to an address in the range $F000 0000
through $FOFF FFFF from the main processor results in a bus error; this
address range is used by NuBus cards to address the I/O devices and
ROM on the main logic board. a

A 24-bit address of the form $sx xox0cx, where s is a number in the range $9 through $E, is
translated to a 32-bit address of the form $Fs0x xxxx and accesses the card in the slot s.
Notice that only the lower 1 MB of each card’s standard slot space can be addressed in
24-bit mode.

A card in a NuBus slot can address any other NuBus card, or it can address the main logic
board. If an address from $F000 0000 to $FO7F FFFF is placed on NuBus by a NuBus card,
the NuBus controller (NuChip, NuChip30, or BIU30) translates it to an address in the range
$5000 0000 to $507F FFFF and makes an access to one of the main logic board 1/0
devices. An address from $F080 0000 through $FOFF FFFF on NuBus causes the NuBus
controller to access ROM in the range $4080 0000 to $40FF FFFF. An address from $0000
0000 to $3FFF FFFF on NuBus results in a main logic board RAM access to the same
address. These translations from NuBus addresses to main logic board addresses are
summarized in Table 3-10.
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m Table3-10  Translations from NuBus addresses to main logic board addresses
NuBus address Logic board address Used to access

$0000 0000 to $0000 0000 to RAM

$3FFF FFFF $3FFF FFFF

$6000 0000 to $6000 0000 to Presently unused super slot space
$8FFF FFFF $8FFF FFFF

$9000 0000 to $9000 0000 to Super slot space, slots $9 to $E
$EFFF FFFF $EFFF FFFF

$F000 0000 to $5000 0000 to Main logic board I/O devices

$F070 FFFF* $507F FFFF

$F080 0000 to $4080 0000 to ROM

$FOFF FFFF* $40FF FFFF

$F100 0000 to $F100 0000 to Presently unused standard slot space
$F8FF FFFF $F8FF FFFF

$F900 0000 to $Fs00 0000 to Standard slot space, slots $9 to $E
$FEFF FFFF $FsFF FFFF

$FF00 0000 to $FF00 0000 to Presently unused standard slot space
$FFFF FFFF $FFFF FFFF

Note: s is a number in the range $9-$E.

*A NuBus card can use an address in this range to access the main logic board. If the main processor

attempts to access addresses in this range, it inmediately generates a bus error (/BERR) exception and no

NuBus transaction takes place.

See Designing Cards and Drivers for the Macintosh Family, second edition, for more
information about NuBus cards and the use of NuBus address space.
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Address map for the Macintosh Ilci computer

The MC68030 processor used by the Macintosh Iici computer can directly access 4 GB of
address space, which is divided into several blocks allocated to RAM, ROM, NuBus slots,
and the various I/O devices.

In most respects, the address map for the Macintosh Iici, shown in Figure 3-8, is identical
to that for the Macintosh II, as described in the previous section.

A Important  The addresses shown in this section apply only to the Macintosh Ilci
computer, and only for the version of ROM current at the time of
publication of this book. It is highly recommended that you use the
Macintosh Toolbox calls, system traps, and global variables listed in Inside
Macintosh to access all hardware in Macintosh II-family computers. a

Address map for the Macintosh IIfx computer

The MC68030 processor used by the Macintosh IIfx computer can directly access 4 GB of
address space, which is divided into several blocks allocated to RAM, ROM, NuBus slots,
and the various I/O devices.

In most respects, the address map for the Macintosh IIfx computer, shown in Figure 3-9, is
identical to that for the Macintosh II, as decribed in the earlier section “Address Map for
the Macintosh II, Macintosh IIx, and Macintosh IIlcx Computers.”

A Important  The addresses shown in this section for device-select signals apply
only to the Macintosh IIfx computer, and only for the version of ROM
current at the time of publication of this book. Most of these
addresses are different for other Macintosh computers, including
other members of the Macintosh II family. Therefore, it is highly
recommended that you use the Macintosh Toolbox calls, system traps,
and global variables listed in Inside Macintosh to access all hardware in
Macintosh II-family computers. a
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» Figure 3-8 Address map for the Macintosh IIci computer

$FFFF FFFF
~ $5FFF FFFF
$F100 0000 .
- $5300 0000
- - $5280 0000
- $5200 0000 -.....
MDU provides
- $5100 0000 ____Y chip select only
$5004 0000
$5002 8000 ____.
$5002 6000 MDU provides
/DSACKO
$5002 4000 ____"
$6000 0000 ___
$5000 0000 ___.
$5001 8000 ______
$5001 6000
$4000 0000 _ -
$5001 4000 provides
$5001 2000 /DSACKO
$5001 0000 ____Y
$5000 8000 ___._.
$5000 6000
MDU
$5000 4000 provides
$5000 2000 /DSACK0
- $5000 0000 ____Y
$0000 0000
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= Figure 3-9 Address map for the Macintosh IIfx computer

$SFFF FFFF

Expansion space

$5001 E000 DSACK

- $50018000 ......_.
f-- $50016000 DSACK
- $5001 4000 _.....Y

- $5000 E000 DSACK

- $5000A000 ______Y
- $50008000 ...
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Real-time clock (RTC)

The Macintosh real-time clock (RTC) is a custom IC that is interfaced to the main logic
board by a VIA. The real-time clock used in the Macintosh SE, Macintosh SE/30, and
Macintosh II-family computers is an upgraded version of the custom IC used in the
Macintosh Plus and earlier Macintosh computers. In the Macintosh Portable computer, the
Power Manager IC performs the functions of the real-time clock.

The RTC contains a 4-byte counter incremented once each second. Each time the counter
is incremented, the RTC sends an interrupt request signal to the VIA and (if this interrupt is
enabled), the VIA sends an interrupt to the main processor. The RTC also contains

256 bytes of RAM (20 bytes in the Macintosh 512K and Macintosh 128K, 128 bytes in the
Macintosh Portable), called parameter RAM, that is powered by a battery when the
Macintosh is turned off (because system RAM in the Macintosh Portable is never switched
off, a separate battery is not needed for the RTC in the Macintosh Portable). Parameter
RAM contains important data that needs to be preserved even when the system power is
not available. The Macintosh Operating System maintains in low memory a copy of
parameter RAM that you can access.

/o Developer tip Although you can read from and write to the RTC as described in this
section, it is much easier to use the copy of parameter RAM and the
date and time kept in memory by the Macintosh Operating System.
See the Operating System Utilities chapter in Inside Macintosh for
information on these memory locations. In addition, note that the
user can set or read the date, time, and most of the parameters in
parameter RAM by using the Control Panel desk accessory. 4

The RTC in all Macintosh computers except the Macintosh Portable is accessed by using
bits 0 through 2 of Data register B of VIA1 (the only VIA in the Macintosh SE and classic
Macintosh computers), as shown in Table 3-11.

s Table 3-11 RTC bits in Macintosh VIA1 Data register B

Bit Direction Software name Description

2 Output rtcEnb 0 = RTC is enabled

1 Output rtcClk RTC's data-clock line
0 In or out rtcData RTC's serial data line
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These 3 bits constitute a simple serial interface. The rtcData bit is used as a bidirectional
serial data line to send command and data bytes back and forth. The rtcClk bit is a data-
clock line, driven by the processor, that regulates the transmission of the data and
command bits. Software sets the rtcClk bit high or low by writing to register B of the VIA.
The rtcEnb bit is the serial enable line, which signals the RTC that the processor is about to
send it serial commands and data.

In the Macintosh Portable, the Power Manager IC performs the functions of the RTC.
Communication with the Power Manager IC in the Macintosh Portable is through Data
register A of the VIA; all 8 bits are used as a parallel data bus to the Power Manager IC.

Sending commands to the RTC

Programs can read or change the information in parameter RAM and read or set the date
and time. See the Operating System Utilities chapter in Inside Macintosh for information
about these functions.

The one-second interrupt

The RTC generates a VIA interrupt once each second (if this interrupt is enabled). This
interrupt can be enabled or disabled by writing to bit 0 of the VIA’s Interrupt Enable
register (vBase+vIER). When you're reading the Interrupt Enable register, a 1 bit indicates
that the interrupt is enabled, and a 0 means it's disabled. Writing $01 to the Interrupt
Enable register disables the RTC'’s one-second interrupt (without affecting any other
interrupts), whereas writing $81 enables it.

See the section “Processor-Interrupt Registers,” in Chapter 4, for more information about
enabling and disabling VIA interrupts.
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/o Developer tip The one-second interrupt is used by the Macintosh operating system

A Warning

to update the date and time and to blink the Apple icon on the menu
bar when the alarm of the Alarm Clock desk accessory goes off.
Because the timing of this interrupt is constant and does not depend
on the type of processor or system clock speed, your program can use
it to time any event that should be independent of the type of
Macintosh on which your program is running. See Inside Macintosh for
more information about writing your own interrupt handlers.

An even better way for applications to be independent of the
different Macintosh models is to use the Time Manager in the system
software. See the chapter on the Time Manager in Inside Macintosh. 4

When you write to bit 0 of the VIA’s Interrupt Enable register, be sure
that you don't change any of the-other bits. a
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Chapter 4 Versatile Interface Adapter (VIA) ICs

Macintosh computers use Versatile Interface Adapter (VIA) integrated
circuits to provide a variety of control and interface functions. The
Macintosh Plus, Macintosh SE, Macintosh Portable, and earlier Macintosh
computers each have one VIA; the Macintosh SE/30, Macintosh II,
Macintosh IIx, and Macintosh IIcx each have two.

In the Macintosh Ilci and the Macintosh IIfx, each of which has one VIA,
many functions handled by the VIAs in other models are incorporated
into custom ICs: the RBV in the Macintosh IIci and the OSS, BIU30, and
IOPs in the Macintosh IIfx. The custom ICs include registers that emulate
the operation of the data and control registers of a VIA. The custom ICs
are described in Chapter 3, but their VIA-emulation registers are
described in this chapter.
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1VIA
Macintosh Plus

1VIA
Macintosh SE
A@ 2VIAs
Macintosh SE/30

Macintosh IIfx
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The classic Macintosh computers use a Rockwell or VTI 6522 Versatile Interface Adapter
integrated circuit. Other Macintosh computers use an Apple custom version of that IC.
The Apple custom VIA is fully software compatible with the standard Rockwell or VTI
6522 VIA. The Macintosh SE/30 and Macintosh II family use two Apple custom VIAs called
VIAI and VIA2. VIAL performs functions similar to those handled by the VIA in the
Macintosh SE or classic Macintosh. VIA2 handles the functions that are new in the
Macintosh SE/30 or Macintosh II-family computers.

In the Macintosh Ilci, an Apple custom IC, the RBV, includes registers that emulate the
registers in the second VIA on other members of the Macintosh II family. This chapter
describes the VIA-emulation registers of the RBV along with the functions of VIA2; for
information about the other functions of the RBV, please refer to the sections “RAM-
Based Video Controller (RBV)” in Chapter 3 and “Features of the Built-in Video Circuits”
in Chapter 12.

In the Macintosh IIfx, Apple custom ICs—the OSS, the BIU30, and the IOPs—perform
many functions that are performed by the VIAs on other members of the Macintosh II
family. This chapter describes those functions along with the functions of the
corresponding VIAs; for information about the other functions of the custom ICs, please
refer to the sections “Operating System Support (OSS)” and “IOPs in the Macintosh IIfx
Computer” in Chapter 3.

The VIA integrated circuit is designed to communicate synchronously with the main
processor. In the Macintosh SE and classic Macintosh computers, communications
between the main processor and the VIAs are timed by the E clock, a 783.36 kHz
clock generated by the main processor. In the Macintosh SE/30, Macintosh Portable,
and Macintosh II-family computers, communications with the VIAs are synchronized
by the general logic circuits, which generate both the clock signal to the VIAs and the
VIA device-enable signals.

In the classic Macintosh and Macintosh SE computers, the MC68000 has to wait for the
phase of the relatively slow E clock signal to coincide with a normal processor-access
cycle before it can access the VIA. In the Macintosh SE/30, Macintosh Portable, and
Macintosh II-family computers, on the other hand, the general logic circuits synchronize
the VIA clock signal with the accesses of the main processor so that the main processor
can make VIA accesses without any delay. As a result, a VIA access for these computers
takes an average of 0.5 Ws as compared to 1.0 ps for the Macintosh SE and classic
Macintosh. The general logic circuits maintain an average frequency for the E clock of
783.36 kHz, which is the same frequency as that used in the classic Macintosh and
Macintosh SE computers.
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/> Developer tip This chapter describes all the functions of each VIA used in a Macintosh
computer. Many of these functions are of interest to programmers; for
example, the VIAs can be used to enable or disable certain interrupts.

The information in this chapter will help you understand how the
Macintosh Toolbox calls work, why some features are not available on
every member of the Macintosh family, and why some functions differ
between Macintosh family members.

Sometimes a function controlled by a VIA in one Macintosh computer is
controlled by a different IC in other Macintosh family members; for
example, sound volume is controlled by the VIA in the Macintosh Plus,
but by the ASC in the Macintosh II. For this reason, it is never advisable
to address the VIA directly; rather, you should use the Macintosh
Toolbox calls described in Inside Macintosh whenever you want to
control hardware. In any case, never use absolute addresses in your
code; use instead the global variables and offsets provided here. 4

Functions performed by the VIAs

As implied by its name, the VIA is a versatile IC, capable of performing a variety of
functions. Some of the functions performed by the VIAs are consistent for the entire
Macintosh family; other functions differ from computer to computer. This section
summarizes the functions performed by the VIAs (or by VIA emulation in custom ICs)
in each Macintosh computer. The sections that follow describe those functions in
more detail.
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VIA functions in the classic Macintosh computers

The VIA in a classic Macintosh computer performs the following functions:

It provides the interface between the keyboard and the main logic board.
It provides part of the interface between the mouse and the main logic board.

It provides the interface between the RTC (real-time clock) IC and the main
logic board.

It monitors the vertical blanking interrupt request (/VSYNC) from the general logic
circuits, and interrupts the main processor as appropriate. This signal provides a
60.15 Hz interrupt, used by a variety of firmware and software.

It monitors the one-second interrupt request from the RTC, and interrupts the main
processor as appropriate.

It controls sound volume.

It toggles sound on and off.

It selects which of the two sound/disk-speed buffers is used.
It selects which of the two screen buffers is used.

It monitors the screen’s horizontal retrace signal (H4).

It controls whether the PALs decode addresses according to the ROM overlay address
map or the normal address map. (ROM overlay is described in the section “Power Up,
System Startup, and Power Down,” in Chapter 6.)

It enables software to monitor the SCC IC's Wait/Request output (/W/REQ) so that
the software can detect activity on the serial port when interrupts are disabled.

It provides the state-control line SEL to the floppy disk drives. Among other
functions, in the Macintosh Plus this line selects which of the two heads is to be used in
a double-sided floppy disk drive.

VIA functions in the Macintosh SE computer

The VIA in the Macintosh SE computer performs the following functions:

It provides the interface between the Apple Desktop Bus transceiver and the main
logic board.

It provides the interface between the RTC (real-time clock) IC and the main
logic board.

It monitors the vertical blanking interrupt request (/VSYNC) from the general logic
circuits, and interrupts the main processor as appropriate. This signal provides a
60.15 Hz interrupt, used by a variety of firmware and software.
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It monitors the one-second interrupt request from the RTC, and interrupts the main
processor as appropriate.

It controls sound volume.

It toggles sound on and off.

It controls whether SCC port A is used for synchronous or asynchronous I/0.
It selects which of the two internal floppy disk drives is used.

It provides the state-control line SEL to the floppy disk drives. Among other
functions, this line selects which of the two heads is to be used in a double-sided
floppy disk drive.

It selects which of the two screen buffers is used.

It enables software to monitor the SCC's Wait/Request output (/W/REQ) so that the
software can detect activity on the serial port when interrupts are disabled.

It controls whether the interrupt signal from the SCSI controller (SCSI.IRQ) is masked
or is passed on to the main processor.

VIA functions in the Macintosh Portable computer

The VIA in the Macintosh Portable computer performs the following functions:

It provides the interface between the Power Manager IC and the rest of the system.
Among other things, the Power Manager IC performs the functions of the Apple
Desktop Bus transceiver and the real-time clock in the Macintosh Portable.

It monitors the 60.15 Hz interrupt request from the Power Manager IC (C.60HZ), and
interrupts the main processor as appropriate.

It monitors the one-second interrupt request from the Power Manager IC, and
interrupts the main processor as appropriate.

It controls whether SCC port A is used for synchronous or asynchronous I/0.

It selects which of the two internal floppy disk drives is used.

It monitors whether the external sound jack has a plug inserted in it. The Sound
Manager can read a bit in the VIA to determine whether the mono internal speaker or
the stereo external sound jack is being used.

It provides the state-control line SEL to the floppy disk drives. Among other
functions, this line selects which of the two heads is to be used in a double-sided
floppy disk drive.

It provides a test signal (VIA.TEST) that forces the Power Manager IC to turn on all
power supplies.
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m It enables software to monitor the SCC's Wait/Request output (/W/REQ) so that the
software can detect activity on the serial port when interrupts are disabled.

m It monitors interrupt requests from the Power Manager IC (/PMINT) and the SCSI
controller (SCSLIRQ) and interrupts the main processor as appropriate.

VIA functions in the Macintosh SE/30 and Macintosh II-family computers

In Macintosh models that have two VIAs, VIA1 performs many of the functions of
the VIA in one-VIA machines, while VIA2 performs functions that are not found on
one-VIA machines.

¢ Note: In the Macintosh IIci and the Macintosh IIfx, custom ICs contain registers that
emulate VIA registers. The functions of the VIA-emulation registers are listed below,
by model.

Functions of VIA1

Many of the functions of VIA1 are the same for different Macintosh models. The following
sections start by listing the VIA1 functions in the Macintosh II, Macintosh IIx, and
Macintosh Ilcx computers because those functions are shared by all the models in the
group. Subsequent sections list additional functions found on individual machines.

Functions of VIA1 in the Macintosh II, Macintosh Ilx, and Macintosh llcx computers

In the Macintosh II, Macintosh IIx, and Macintosh Ilcx computers, VIA1 performs the

following functions:

m It controls whether the GLUE decodes addresses according to the ROM overlay
address map or the normal address map. (In the Macintosh Iici, the MDU performs
ROM overlay automatically. ROM overlay is described in the section “Power Up,
System Startup, and Power Down,” in Chapter 6.)

m It provides the interface between the Apple Desktop Bus transceiver and the rest of
the system.

m It provides the interface between the RTC (real-time clock) IC and the rest of
the system.

m It monitors the 60.15 Hz interrupt request (/VBLK) from VIA2 and interrupts the
main processor as appropriate. This 60.15 Hz interrupt is used by a variety of

firmware and software.
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m It monitors the one-second interrupt request from the RTC (RTC.1HZ) and interrupts
the main processor as appropriate.

m It controls whether SCC port A is used for synchronous or asynchronous 1/0.

m It provides the state-control line SEL to the floppy disk drives. Among other
functions, this line selects which of the two heads is to be used in a double-sided
floppy disk drive.

m It enables software to monitor the SCC's Wait/Request output (/W/REQ) so that the
software can detect activity on the serial port when interrupts are disabled.

Functions of VIA1 in the Macintosh SE/30 computer

In the Macintosh SE/30, VIA1 performs all the functions listed above; in addition, VIA1
also performs the following functions:

m It enables or disables an interrupt request from the video logic circuits to VIA2.
= It selects which of the two screen buffers is used.

Functions of VIAI in the Macintosh Ilci computer

In the Macintosh Ilci, VIA1 performs all the functions listed above for the
Macintosh II, Macintosh IIx, and Macintosh IIcx; in addition, VIA1 also
performs the following functions:

m It controls the parity-enable signal and monitors the parity-error interrupt.

m Four of the inputs to VIA1 are permanently wired high or low to define a value,
CPU.ID, that the ROM reads to determine which model Macintosh computer
the system is running on.

Functions of VIA1 in the Macintosh Ilfx computer

In the Macintosh IIfx, most of the functions listed above are performed by other ICs. The
only functions still performed by VIA1 are these:

s It provides the interface between the RTC (real-time clock) IC and the rest of
the system. .

m It monitors the one-second interrupt request from the RTC (RTC.1HZ) and interrupts
the main processor as appropriate.

m Four of the VIA1 inputs are permanently wired high or low to define a value,
CPU.ID, that the ROM reads to determine which model Macintosh computer
the system is running on.
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VIA1 functions handled by IOPs in the Macintosh Ilfx computer

In the Macintosh IIfx, the following functions of VIA1 on other models are performed by

one of the IOPs.

= An IOP provides the interface between the Apple Desktop Bus transceiver and the rest
of the system.

= An IOP provides the state-control line SEL to the floppy disk drives. Among other
functions, this line selects which of the two heads is to be used in a double-sided
floppy disk drive.

= An IOP controls whether SCC port A is used for synchronous or asynchronous 1/0.

= An IOP enables software to monitor the SCC’'s Wait/Request output (/W/REQ) so that
the software can detect activity on the serial port when interrupts are disabled.

VIA1 functions handled by the OSS in the Macintosh Ilfx

In the Macintosh IIfx, one of the functions of VIA1 on other models is performed by
the OSS.

m The OSS monitors the 60.15 Hz interrupt request (/VBLK) and interrupts the main
processor as appropriate. This 60.15 Hz interrupt is used by a variety of firmware
and software.

Functions of VIA2

Many of the functions of VIA2 are the same for different Macintosh models. The
following sections start by listing the VIA2 functions in the Macintosh SE/30,
Macintosh II, Macintosh IIx, and Macintosh Ilcx computers because those functions
are shared by all the models in the group. Subsequent sections list additional functions
found on individual machines.

In the Macintosh II only, VIA2 provides a signal (FC3) that can be used to switch the AMU
to 32-bit mode so that the entire 32-bit longword address from the main processor is
passed on to the GLUE IC for decoding. This signal is not needed in Macintosh computers
that have the MC68030 processor.
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Functions of VIA2 in the Macintosh SE/30, Macintosh II, Macintosh Ilx, and
Macintosh Ilcx computers

The functions of VIA2 that are common to the Macintosh SE/30, Macintosh II,
Macintosh IIx, and Macintosh Ilcx computers are as follows:

It monitors the slot interrupt signal from the GLUE IC (/SLOTIRQ). The GLUE IC
performs an OR operation on the three or six interrupt lines from the expansion
slots to generate this signal. When VIA2 receives this signal, it asserts the interrupt
line to the processor.

It monitors the interrupt lines from the expansion slots (/IRQ1 through /IRQ6) in a
register where software can read the state of the interrupt lines. When the main
processor receives a /SLOTIRQ interrupt from VIA2, software reads this register to
find out which slot is generating the interrupt.

It monitors interrupt lines from the ASC (/SNDINT) and the SCSI controller (SCSIIRQ),
and interrupts the processor as appropriate.

It monitors the Data Request line from the SCSI controller (SCSIDRQ) and can
interrupt the main processor when the SCSI has received or sent a byte of data.

It provides a signal (/BUSLOCK) that blocks NuBus cards from directly accessing the
main logic board. This signal is used to protect time-critical operations from
interruption by NuBus transactions. This signal is also available at the processor-direct
slot in the Macintosh SE/30.

It provides a signal (/POWEROFF) that shuts off the power supply. (In the
Macintosh SE/30, this signal goes to the processor-direct slot only. An expansion card
can use this signal to determine that it is about to lose power.)

It records two status lines from the NuBus (/TMOA and /TM1A). If an error occurs
during a NuBus access, a Bus Error signal is sent to the main processor by the NuBus
controller (NuChip, NuChip30, or BIU30) and the error type is sent to VIA2 over these
two lines. The main processor can read a register in VIA2 to find out the values of these
two signals. These signals are available in the Macintosh SE/30 for use by an expansion
card in the processor-direct slot.

It monitors a signal (/SNDEXT) that indicates whether the external sound jack has a
plug inserted in it. The Sound Manager can read a bit in VIA2 to determine whether the
mono internal speaker or the stereo external sound jack is being used. This line is not
available in the Macintosh SE/30 because the Macintosh SE/30 sound circuit includes a
mixer to convert stereo to mono for the internal speaker; thus in the Macintosh SE/30,
the Sound Manager always operates in stereo mode.
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It stores a value corresponding to the size of the RAM ICs installed in the SIMMs on the
main logic board. That value drives two lines to the GLUE that determine how the
GLUE addresses RAM.

It provides a signal (/CDIS) that can be used to disable the data and instruction caches
of the main processor. This feature is useful when debugging programs.

VIA2 functions in the Macintosh Ilci computer

In the Macintosh IIci, there is no VIA2; the VIA2-emulation portion of the RBV performs
all the functions listed above for the VIA2 in other machines; in addition, VIA2 emulation
in the RBV also performs the following functions:

It provides two signals used to enable and to flush the optional RAM cache.
It provides a signal used for testing the parity circuits.

VIA2 functions in the Macintosh Ilfx computer

In the Macintosh IIfx, there is no VIA2; its functions are handled by the OSS and
BIU30 custom ICs. The OSS performs the following functions performed by VIA2
in other machines:

It performs an OR operation on the six interrupt lines from the expansion slots to
generate the /SLOTIRQ signal. When the OSS receives one of the slot interrupts, it
asserts the interrupt line to the processor.

It monitors the interrupt lines from the expansion slots (/IRQ1 through /IRQ6) and
stores in a register the number of the slot generating the interrupt. When the main
processor receives a /SLOTIRQ interrupt from the OSS, it reads this register to find
out where the interrupt originated.

It monitors interrupt lines from the ASC (/SNDINT) and the SCSI controller (SCSIIRQ),
and interrupts the processor as appropriate.

It monitors the Data Request line from the SCSI DMA (SCSIDRQ) and can interrupt the
main processor when the SCSI DMA is ready to transfer data.

It provides a signal (/POWEROFF) that shuts off the power supply.

It monitors a signal (/SNDEXT) that indicates whether the external sound jack has a
plug inserted in it. The Sound Manager can read a bit in the OSS to determine whether
the mono internal speaker or the stereo external sound jack is being used.

In machines fitted with the optional parity feature, the OSS controls the parity-enable
signal and the parity-error interrupt.
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The BIU30 in the Macintosh IIfx performs the following functions of the VIA2 on
other machines:

m It provides a signal (/BUSLOCK) that blocks NuBus cards from directly accessing the
main logic board. This signal is used to protect time-critical operations from
interruption by NuBus transactions.

m It records status signals from the NuBus (/TMOA and /TM1A). If an error occurs during a
NuBus access, the error type is sent to the BIU30 over these two lines and the BIU30
sends a Bus Error signal to the main processor. The main processor can read a register in
the BIU30 to find out the values of those two signals.

Each VIA or custom IC carries out the functions listed in this section by way of several internal
control and data registers. Those registers are described in the sections that follow.

VIA registers

There are two data registers in each VIA, called Data register A and Data register B, each
with its own data direction register. A bit set as 1 in a data direction register causes the
corresponding bit of the data register to be used for output, whereas a 0 causes it to be
used for input. The Macintosh Operating System sets up the data direction registers at
system startup or reset.

Other VIA registers include the Shift register, which holds keyboard data; two registers for
control of VIA functions (called the Auxiliary Control register and the Peripheral Control
register); a register that shows the source of an interrupt, called the Interrupt Flag register;
and a register that enables or disables interrupts, called the Interrupt Enable register. Each
VIA also has two event timers that are used by the operating system.

¢ Note: Applications should not write directly to the VIA timers but should use the
Time Manager.

The base address of the VIA in the classic Macintosh computers, Macintosh SE, and
Macintosh Portable, and of the VIA1 in other Macintosh computers, is available to
assembly-language programs as the constant vBase and is also stored in the global
variable VIA.

In the MC68000-based Macintosh computers, the VIA is on the upper byte of the
16-bit-wide data bus. In those computers, therefore, you must use even-addressed
byte accesses only.
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In those Macintosh computers that have two VIAs, the base address for the VIA2 registers
is available as the constant vBase2.

From assembly language, low-level software can access the VIA registers by expressing
addresses as offsets from the base address. A summary of these offsets is provided in
Table 4-1. Each VIA register listed in this table is described in this chapter.

If you need more information about VIA registers and control structure, consult the
technical specifications for the 6522 Versatile Interface Adapter, available from
Rockwell or VTI.

s Table4-1 Offsets of the VIA register locations

Offset from base address VIA register

vBufA Data register A

vBufB Data register B

vDirA Data Direction register A
vDirB Data Direction register B
vPCR Peripheral Control register
VvACR Auxiliary Control register
vIxx* Event timers

vIFR Interrupt Flag register
vIER Interrupt Enable register
vSR Shift register

*See Table 4-23 for a summary of the VIA event-timer offsets.

Data register A

VIA Data register A in Macintosh computers that have only one VIA, and VIA1 Data
register A in Macintosh computers with two VIAs, have similar functions. In two-VIA
Macintosh computers, VIA2 is used to implement features not present in the one-VIA
computers. This section first describes the uses of the bits in VIA Data register A in
one-VIA Macintosh computers, then the uses of the bits in VIA1 Data register A, and
finally the bits in VIA2 Data register A.

¢ Note: Because the hardware and ROM of the Macintosh Portable computer are unique
among Macintosh computers, the uses of the bits in the Macintosh Portable VIA are
somewhat different from those of the Macintosh SE or any other Macintosh model.
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Data register A in machines with only one VIA

The address of VIA Data register A is vBase+vBufA. The address of the corresponding
Data Direction register A is vBase+vDirA.

VIA Data register A in the classic Macintosh computers

Table 4-2 shows the function of each bit in Data register A and the associated
assembly-language name for controlling that bit in the Macintosh Plus and other
classic Macintosh computers.

= Table4-2 Bits in VIA Data register A in the classic Macintosh computers

Bit Direction  Bit name Description

7  Input vSCCWrReq 0 = SCC Wait/Request, channel A or B

6  Output vPage2 0 = alternate screen buffer, 1 = main screen buffer
5 Output vHeadSel Floppy disk state-control line SEL

4  Output vOverlay 1 = ROM overlay address map is used

3 Output vSndPg2 0 = alternate sound buffer, 1 = main sound buffer
2 Output  vSound(2) {Sound volume

1 Output vSound(1) (111 = maximum, 000 = minimum;

0  Output vSound(0) bit 2 = most significant bit )

The vSCCWrReq bit monitors the /W/REQA and /W/REQB lines from the SCC, which are
wired together on the main logic board. (Wiring together the two lines effectively
performs an OR operation on the signals; that is, if either signal is asserted, the combined
signal is asserted. Two lines connected in this way are said to be “wire ORed.”) The
Macintosh Operating System uses the vSCCWrReq bit to determine when the SCC has
received a character (byte), thus enabling the operating system to maintain serial
communications during floppy disk accesses, when the CPU’s interrupts from the SCC are
disabled. Serial communications is discussed in Chapter 10.

The vPage2 bit determines which of the two screen buffers is read by the video circuitry.

The vHeadSel bit is used to control the SEL line. This is one of the four disk state-control
lines used by the disk interface. Among other things, this line is used to enable the upper
or lower read/write head on a double-sided floppy disk drive.

The vOverlay bit (used only during system startup or reset) is used to switch the PALs to
the ROM overlay address map.

The vSndPg2 bit determines which of the two sound buffers is read by the sound circuitry.

The vSound bits control the sound volume.
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VIA Data register A in the Macintosh SE computer

Table 4-3 shows the function of each bit in Data register A and the associated assembly-
language name for controlling that bit in the Macintosh SE.

» Table4-3 Bits in VIA Data register A in the Macintosh SE computer

Bit Direction  Bit name Description

7  Input vSCCWrReq 0 = SCC Wait/Request, channel A or B

6  Output vPage2 0 = alternate screen buffer, 1 = main screen buffer
5 Output vHeadSel Floppy disk state-control line SEL

4 Output vDriveSel 0 = upper internal floppy disk drive, 1 = lower

3  Output vSync 1 = synchronous modem support, channel A

2 Output vSound(2) {Sound volume

1 Output vSound(1) (111 = maximum, 000 = minimum;

0  Output vSound(0) bit 2 = most significant bit )

The vDriveSel bit determines which of the two internal floppy disk drives will be used for
the next floppy disk access. This signal goes to the BBU, which generates drive enable
signals for the two internal floppy disk drives. When vDriveSel is set high, the /ENBL1 line
of the IWM selects the lower internal floppy disk drive. When vDriveSel is set low, the
/ENBLI line selects the (optional) upper internal floppy disk drive.

The vSync bit supports a synchronous modem on channel A of the SCC. When vSync is set
low, the SCC emulates the classic Macintosh configuration: the Receive Clock (RTxC)
signal frequency for both channels is 3.672 MHz. When vSync is set high, the RTxC signal
for SCC channel A is provided by the GPi pin from the modem serial port connector. The
RTxC signal frequency for SCC channel B is always 3.672 MHz.

All the other bits in the Macintosh SE VIA Data register A have the same functions as the
corresponding bits in the classic Macintosh computers.

VIA Data register A in the Macintosh Portable computer

Table 4-4 shows the function of each bit in Data register A and the associated assembly-
language name for controlling that bit in the Macintosh Portable.
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= Table4-4 Bits in VIA Data register A in the Macintosh Portable

Bit  Direction Bit name Description

7 Inorout PMD7 Power Manager data
6 Inorout PMDG6 Power Manager data
5 Inorout PMD5 Power Manager data
4 Inorout PMD4 Power Manager data
3 Inorout PMD3 Power Manager data
2 Inorout PMD2 Power Manager data
1 Inorout PMD1 Power Manager data
0 Inorout PMDO Power Manager data

In the Macintosh Portable, all the bits in Data register A of the VIA are used as an 8-bit
bidirectional data bus used for communcation between the main processor and the Power
Manager microprocessor.

Data register A in VIA1

VIA1 in two-VIA Macintosh computers performs most of the same functions as the VIA in
the classic Macintosh computers and the Macintosh SE. The address of VIA1 Data register
A is vBase+vBufA. The address of the corresponding Data Direction register A is
vBase+vDirA.

VIA1 Data register A in the Macintosh SE/30, Macintosh II, Macintosh Ix, and
Macintosh Ilcx computers

Table 4-5 shows the function of each bit in VIA1 Data register A and the associated
assembly-language name for controlling that bit in the Macintosh SE/30, Macintosh II,
Macintosh IIx, and Macintosh Ilcx computers.
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= Table4-5 Bits in VIA1 Data register A in the Macintosh SE/30, Macintosh II,
Macintosh IIx, and Macintosh Ilcx computers

Bit Direction  Bit name Description

7  Input vSCCWrReq 0 = SCC Wait/Request, channel A or B

6  Output vPage2 0 = alternate screen buffer, 1 = main screen buffer (on
Macintosh SE/30)

Input CPU.ID1 Identifies different models (except on

Macintosh SE/30)

5 Output vHeadSel Floppy disk state-control line SEL

4  Output vOverlay 1 = ROM overlay address map is used

3 Output vSync 1 = synchronous modem support on SCC channel A

2 Reserved

1 Reserved

0 Reserved

The vSCCWrReq bit monitors the /W/REQA and /W/REQB lines from the SCC, which
are wired together on the main logic board (“wire ORed”). The Macintosh Operating
System uses the vSCCWrReq bit to determine when the SCC has received a character
(byte), thus enabling the operating system to maintain serial communications during
floppy disk accesses, when the CPU’s interrupts from the SCC are disabled. The SCC is
discussed in Chapter 10.

In the Macintosh SE/30, bit 6 is named vPage2 and determines which of the two screen
buffers is read by the video circuitry.

The CPU.ID1 line is used by the ROM code to identify which model it is running on. That
line is tied low in the Macintosh II and Macintosh IIx computers.

The vHeadSel bit is used to set the level of the SEL line. This is one of the four disk state-
control lines used by the disk interface. Among other things, this line is used to enable the
upper or lower read/write head on a double-sided floppy disk drive.

The vOverlay bit (used only during system startup or reset) is used to switch the GLUE
to the ROM overlay address map. Note that RAM is inaccessible until the Overlay signal
is deasserted.

The vSync bit supports a synchronous modem on channel A of the SCC. When vSync is set
low, the SCC emulates the classic Macintosh configuration: the Receive Clock (RTxC)
signal frequency for both channels is 3.672 MHz. When vSync is set high, the RTxC signal
for SCC channel A is provided by the GPi pin from the modem serial port connector. The
RTxC signal frequency for SCC channel B is always 3.672 MHz.
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On the classic Macintosh and Macintosh SE computers, bits 0, 1, and 2 are used to
set the volume of the sound output. To maintain software compatibility on the
two-VIA machines, those bits are either unused or are used only as machine-ID signals.

VIA1 Data register A in the Macintosh Ilci computer

In the Macintosh Ilci, many of the functions that are controlled by VIA registers in other
models are controlled by registers in the RBV. Collectively, those registers are named the
VIA emulation registers; individually, they are named for the equivalent registers in an
actual VIA.

Table 4-6 shows the functions of VIA1 Data register A in the Macintosh Ilci computer.

'w Table4-6 Bits in VIA1 Data register A in the Macintosh Ilci computer

Bit Direction  Bit name Description

7  Input vSCCWrReq 0 = SCC Wait/Request, channel A or B

6 Input  CPU.ID3 Bit 3 of 4-bit model-identity code

5 Output vHeadSel Floppy disk state-control line SEL

4 Input  CPU.ID2 Bit 2 of 4-bit model-identity code

3  Output vSync 1 = synchronous modem support, channel A
2 Input CPU.ID1 Bit 1 of 4-bit model-identity code

1  Input CPU.IDO Bit 0 of 4-bit model-identity code

0 Reserved

The vSCCWrReg, vHeadSel, and vSync bits in the Macintosh Ici are as described for the
Macintosh SE/30 and earlier Macintosh computers. The ROM code uses bits CPU.IDO-
CPU.ID3 to identify which model it is running on. The identity code values for the
Macintosh Ilci are shown in Table 4-8.

VIA1 Data register A in the Macintosh Lfx computer

In the Macintosh IIfx, many of the functions that are controlled by VIA registers in other
models are controlled by registers in the OSS, IOP, and BIU30. Collectively, those registers
are named the VIA emulation registers; individually, they are named for the equivalent
registers in an actual VIA. Table 4-7 shows the functions of VIA1 Data register A in the
Macintosh IIfx computer.
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m Table 4-7 Bits in VIAI Data register A in the Macintosh IIfx computer

Bit Direction  Bit name Description
7 Reserved
6 Input CPU.ID3 Bit 3 of 4-bit model-identity code
5 Reserved
4  Input CPU.ID2 Bit 2 of 4-bit model-identity code
3 Reserved
2 Input CPU.ID1 Bit 1 of 4-bit model-identity code
1 Input CPU.IDO Bit 0 of 4-bit model-identity code
0 Reserved

The only bits used in VIA1 Data register A in the Macintosh IIfx are the model-identity bits
CPU.IDO-CPU.ID3. The ROM code uses those bits to identify which model it is running
on. The identity code values for the Macintosh IIfx are shown in Table 4-8.

m Table 4-8 Identity codes in the Macintosh Ilci and Macintosh IIfx

Bit  Bit name Value in Macintosh Ilci  Value in Macintosh IIfx
6 CPU.ID3 1 1
4 CPU.ID2 0* 1
2 CPUID1 1 0
1 CPU.IDO 1 1

*This value is a 1 in a Macintosh Iici with the optional parity feature installed.

Data register A in VIA2

In Macintosh computers with two VIAs, VIA2 is used to implement features not present in
the Macintosh SE and classic Macintosh computers. The address of VIA2 Data register A is
vBase2+vBufA. The address of Data Direction register A is vBase2+vDirA. Table 4-9 shows
the function of each bit in VIA2 Data register A and the associated assembly-language
name for controlling that bit in the Macintosh SE/30 and Macintosh Il-family computers.
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The Macintosh IIci and Macintosh IIfx have no VIA2; for the functions of VIA2, those
machines use registers in their custom ICs (RBV in the Macintosh IIci; OSS, IOPs, and
BIU30 in the Macintosh IIfx). Collectively, those registers are named the VIA emulation
registers; individually, they are named for the equivalent registers in an actual VIA. Some
bits in the emulation registers are different from those in VIA2; the differences are
indicated in the tables.

= Table 49 Bits in VIA2 Data register A

Bit Direction Bit name Description

7 Output v2RAMI* RAM-size bit 1 (except in the Macintosh Ilci)
6 Output v2RAMO* RAM-size bit 0 (except in the Macintosh Ilci)
5 Input  v2IRQ6 Interrupt request from expansion slot $E

4 Input v2IRQ5 Interrupt request from expansion slot $D

3 Input v2IRQ4 Interrupt request from expansion slot $C

2 Input v2IRQ3 Interrupt request from expansion slot $B

1  Input v2IRQ2 Interrupt request from expansion slot $A

0 Input v2IRQ1 Interrupt request from expansion slot $9

*In the Macintosh Ilci, memory mapping is taken care of by the MC68030, so RAM-size bits are not needed;
instead, bit 6 is named v2IRQ0 and is used for the interrupt from the internal video circuits; bit 7 is reserved.

The two RAM-size bits are set at system startup by the firmware to indicate the size of the
RAM ICs being used in the RAM SIMMs in bank A. Table 4-10 shows how the bits reflect the
size of the bank-A RAM ICs. The RAM-size bits determine the physical address at which
the GLUE IC stops selecting bank A and starts selecting bank B.

In the Macintosh IIci, RAM bank B always starts at physical address $0400 0000, so the
RAM-size bits are not needed. Instead, the startup firmware in the Macintosh Ilci
determines the amount of RAM in bank A by writing and reading, then sets up the MMU in
the MC68030 to map bank B into the logical address space immediately after the last
logical address in bank A.
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m Table4-10  VIA2 RAM size bits

Bit Bit Size of RAM ICs
V2RAM1 V2RAMO inbank A

0 0 256 Kbit

0 1 1 Mbit

1 0 4 Mbit

1 1 16 Mbit

Interrupt lines from the expansion slots appear as bits 0 through 5 in VIA2 Data register A.
In addition, the GLUE IC performs an OR operation on the six interrupt requests, and the
result is received as an interrupt request by VIA2. If this interrupt is enabled, VIA2 sends an
interrupt to the main processor. The main processor polls the VIA2 Interrupt Flag register
to determine the source of the interrupt and, upon determining that it is a NuBus
interrupt, the main processor polls VIA2 Data register A to determine which slot or slots
initiated the interrupt.

The Macintosh II and Macintosh IIx computers each have six NuBus slots, numbered $9,
$A, $B, $C, $D, and $E. The Macintosh Ilcx and Macintosh IIci have three NuBus slots: in
the Macintosh IIcx, the slots are numbered $9, $A, and $B; in the Macintosh IIci, the slots
are $C, $D, and $E. In the Macintosh SE/30 computer, an expansion card in the processor-
direct slot can be addressed like a NuBus card in slot $9, $A, or $B, and can generate the
corresponding interrupt. Also in the Macintosh SE/30, the interrupt for slot $E can be
generated by the video logic circuits on the logic board.

Data register B

VIA Data register B in Macintosh computers that have only one VIA and VIA1 Data
register B in Macintosh computers with two VIAs have similar functions. In two-VIA
Macintosh computers, VIA2 is used to implement features not present in the one-VIA
computers. This section first describes the uses of the bits in VIA Data register B in one-
VIA Macintosh computers, then the uses of the bits in VIA1 Data register B, and finally the
bits in VIA2 Data register B.

Data register B in machines with only one VIA

VIA Data register B is at vBase+vBufB. Data Direction register B is at vBase+vDirB.
Table 4-11 shows the function of each bit in Data register B and the associated
assembly-language name for controlling that bit for the Macintosh Plus and other
classic Macintosh computers.
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s Table4-11  Bits in VIA Data register B in the classic Macintosh computers

Bit Direction  Bit name Description

7  Output  vSndEnb 0 = sound enabled

6 Input vH4 0 = video beam in display portion of line
5 Input vY2 Mouse Y2

4  Input vX2 Mouse X2

3  Input vSW 0 = mouse switch down

2 Output rTCEnb 0 = real-time clock enabled

1 Output rTCCLK Real-time clock’s data-clock line

0 InorOut rTCData Real-time clock’s serial data line

The vSndEnb bit turns the sound generator on or off. This bit can be toggled between
0 and 1 by VIA timer T1, as discussed in the section “Auxiliary Control Register,” later in
this chapter.

The vH4 bit is set to a value of 1 when the video beam is in its horizontal blanking period.
This bit can be used by software to count horizontal lines to keep track of the video
beam’s horizontal position on the screen.

The vY2 and vX2 bits read the mouse Y (vertical) and X (horizontal) quadrature signals.
The vSW bit reads the state of the mouse switch.
The TCEnb, rTCCIk, and rTCData bits are used for communication with the real-time clock.

Table 4-12 shows the function of each bit in Data register B and the associated assembly-
language name for controlling that bit in the Macintosh SE.

= Table4-12  Bits in VIA Data register B in the Macintosh SE computer

Bit Direction Bit name Description

7 Output  vSndEnb 0 = sound enabled

6  Output vH4 0 = SCSI IRQ interrupt enabled
5 Output vFDesk2 ADB state input 1 (ST1)

4  Output  vFDeskl ADB state input 0 (ST0)

3 Input vFDBInt 0 = ADB interrupt

2 Output TCEnb 0 = real-time clock enabled

1 Output rtcCLK Real-time clock’s data-clock line
0 InorOut rtcData Real-time clock’s serial data line
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The vH4 bit implements an interrupt mask for the SCSI interrupt line from the NCR 5380.
When this bit is set high, interrupts on the SCSI controller’s IRQ line are disabled. When bit
vH4 is set low, a SCSI IRQ line generates a level-1 interrupt, which has the same priority as
a VIA-generated interrupt. Interrupt-handling software then polls the VIA and SCSI to
determine which device is generating the interrupt.

The vFDesk2 bit is ADB state input 1 (ST1), one of two state bits used to control a
transfer between the ADB transceiver and the VIA.

The vFDesk1 bit is ADB state input 0 (ST0), one of two state bits used to control a
transfer between the ADB transceiver and the VIA.

The vFDBInt bit is the ADB interrupt, which indicates that an ADB transaction is pending.

Bits 7 and 0 through 2 in VIA Data register B of the Macintosh SE have the same functions
as the corresponding bits in the classic Macintosh.

Table 4-13 shows the function of each bit in Data register B and the associated assembly-
language name for controlling that bit in the Macintosh Portable.

» Table 4-13 Bits in VIA Data register B in the Macintosh Portable computer

Bit Direction  Bit name Description

7  Input vSCCWrReq 0 = SCC Wait/Request, channel A or B
Output  vSndEnb 0 = sound enabled

6 Input vSndExt 0 = plug is inserted in external sound jack

5  Output vHeadSel Floppy disk state-control line SEL

4  Output  vDriveSel 0 = upper internal floppy disk drive, 1 = lower

3 Output vSync 1 = synchronous modem support, channel A

2 Output vTest Test signal

1 Input vPMAck Handshake signal for Power Manager IC

0  Output vPMReq Handshake signal for Power Manager IC

Bit 7 of Data register B in the Macintosh Portable serves two functions. When the CPU’s
interrupts from the SCC are disabled, this bit monitors the /W/REQA and /W/REQB lines
from the SCC, which are wired together on the main logic board (“wire ORed”). The
Macintosh Operating System uses the vSCCWrReq bit to determine when the SCC has
received a character (byte), thus enabling the operating system to maintain serial
communications during floppy disk accesses, when SCC interrupts are disabled. The SCC
is discussed in Chapter 10.
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When SCC interrupts are not disabled, bit 7 can be monitored by software as an aid in
controlling the sound circuit. Once every 60th of a second (VBL interval), the operating
system checks to see if this bit has been cleared. If it has, the Sound Manager sets up the
ASC and sends a pulse to click the speaker. When used in this fashion, bit 7 emulates the
function of the same bit in the VIA of the Macintosh SE and classic Macintosh computers
and thereby helps to maintain compatibility with software written for those machines.

& Note: When writing new sound applications, you can ensure compatibility with the
different models in the Macintosh family by using the Sound Manager.

The vSndExt bit indicates whether a plug has been inserted in the external sound jack. The
internal speaker provides only monaural sound, so stereo output is possible only when the
sound jack is being used.

The vHeadSel bit is used to control the SEL line, one of the four disk state-control lines
used by the disk interface. Among other things, that line is used to enable the upper or
lower read/write head on a double-sided floppy disk drive.

The vDriveSel bit determines which of the two internal floppy disk drives will be used for
the next floppy disk access. This signal goes to the Miscellaneous GLU custom IC, which
generates drive enable signals for the two internal floppy disk drives. When vDriveSel is set
high, the /ENBL1 line of the SWIM selects the lower internal floppy disk drive. When
vDriveSel is set low, the /ENBLI line selects the (optional) upper internal floppy disk drive.

The vSync bit supports a synchronous modem on channel A of the SCC. When vSync is set
low, the SCC emulates the classic Macintosh configuration: the Receive Clock (RTxC)
signal frequency for both channels is 3.672 MHz. When vSync is set high, the RTxC signal
for SCC channel A is provided by the GPi pin from the modem serial port connector. The
RTxC signal frequency for SCC channel B is always 3.672 MHz.

The VTest bit sends a test signal to the Power Manager IC that forces it to turn on all
power supplies; this signal is used only for testing by Apple service personnel.

The PMAck bit indicates the level of the acknowledge signal from the Power Manager IC.
This signal is sent by the Power Manager IC to the main processor to acknowledge the
receipt of a command or data.

The PMReq bit is used to set the level of the Power Manager IC request signal to the Power
Manager IC. This signal is sent by the main processor to the Power Manager IC to indicate
that there is valid data on the Power Manager IC data bus.
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Data register B in VIA1

Table 4-14 shows the function of each bit in Data register B and the associated assembly-
language name for controlling that bit in the Macintosh SE/30 and Macintosh II-family
computers. Not all the bits in Data register B are used in all the models; differences are
noted in the description column of the table.

In the Macintosh IIci, many of the functions that are controlled by VIA registers in other
models are controlled by registers in the RBV. Similarly, the Macintosh IIfx uses registers in
the OSS, IOP, and BIU30 for some of those functions. Collectively, those registers are
named the VIA emulation registers; individually, they are named for the equivalent registers
in an actual VIA. Some bits in the emulation registers are different from those in VIA1; the
differences are indicated in the tables.

» Table 4-14 Bits in VIA1 Data register B in the Macintosh SE/30 and the
Macintosh II family

Bit Direction  Bit name Description
7  Input /Par.Err 0 = parity error (Macintosh IIci only)
Output  vSndEnb 0 = sound enable (for software compatibility)
6  Output /Par.En 0 = parity-checking enabled (Macintosh Ilci only)
vSyncEnA 0 = vertical synchronization interrupt enabled
(Macintosh SE/30 only) (unused in other models)
5 Output vFDesk2 ADB state input 1 (ADB.ST1)
(Unused in Macintosh IIfx)
4  Output vFDeskl ADB state input 0 (ADB.ST0)
(Unused in Macintosh IIfx)
3 Input vFDBInt 0 = ADB interrupt (/ADB.INT)
(Unused in Macintosh IIfx)
2 Output TCEnb 0 = real-time clock enabled
1 Output rtcCLK Real-time clock’s data-clock line
0 InorOut rtcData Real-time clock’s serial data line

On the Macintosh Ilci, bit 7 is an input signal from the Parity Generator and Checker
(PGC). When a nonmaskable interrupt (NMI) occurs, the interrupt service routine
can read this bit to determine whether the cause of the interrupt was detection of

a parity error.
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¢ Note: In the Macintosh II family, bit 7 is used as an output only to maintain
compatibility with the classic Macintosh and Macintosh SE computers, in which that
bit is used as an output to enable or disable sound output.

In the Macintosh SE/30, bit 6 (vSyncEnA) enables or disables a slot $E interrupt request
from the video logic circuits to VIA2. When enabled, this interrupt request is asserted
each time the vertical blanking signal is asserted by the video logic circuits. If expansion
slot interrupts are enabled, VIA2 then asserts an interrupt request to the GLUE, which
interrupts the main processor. The vertical synchronization interrupt generated in this
fashion is distinct from the 60.15 Hz interrupt (VBL) request, which is sent by VIA2 to
VIAL The 60.15 Hz interrupt in the Macintosh SE/30 and in the Macintosh II family
emulates the VBL interrupt generated by the video circuits in the Macintosh SE and
classic Macintosh computers.

/o Developer tip The 60.15 Hz interrupt is provided in the Macintosh SE/30 and
Macintosh II-family computers to maintain compatibility with
software that depends on this signal to time events. If you want your
software to be synchronized with the actual vertical blanking of the
screen, you must use the slot interrupt generated by a NuBus video
card in the Macintosh II-family computers or by the video logic
circuits in the Macintosh SE/30 and the Macintosh Ilci. To learn more
about using slot interrupts, read the chapter on the Deferred Task
Manager in Inside Macintosh. 4

In the parity-equipped version of the Macintosh Ilci, bit 6 enables or disables parity
generation and checking by the PGC. Each time a byte of RAM is written, the PGC
generates a parity bit and stores it in the ninth bit of the parity RAM SIMM for that byte.
Each time a byte of RAM is read, the PGC generates an internal parity bit and compares it
with the bit read from the RAM’s parity bit for the byte. If the two parity bits are not the
same and parity checking is enabled (bit 6 is 0), the PGC asserts two outputs: /NMI, which
interrupts the main processor, and /PAR.ERR, which indicates a parity error. The interrupt
service routine can turn off the /PAR.ERR and /NMI signals by setting the /Par.En bit to 1.

@ Note: The parity feature is available in the Macintosh Ilci only by special order; it is
not available as as upgrade.
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Bit 6 is not used in the other Macintosh II-family computers.

The vFDesk2 bit is ADB State input 1 (ST1), one of two state bits used to control a
transfer between the ADB transceiver and VIAL.

The vFDesk1 bit is ADB State input 0 (ST0), one of two state bits used to control a
transfer between the ADB transceiver and VIAL.

The vFDBInt bit is the ADB interrupt, which indicates that an ADB transaction is pending.

The rTCEnb, rTCCIk, and rTCData bits are used for communication with the real-time clock.

Data register B in VIA2

VIA2 Data register B is at vBase2+vBufB. Data Direction register B is at address
vBase2+vDirB. Table 4-15 shows the function of each bit in Data register B and the
associated assembly-language name for controlling that bit in the Macintosh SE/30 and
Macintosh II-family computers.

In the Macintosh Ilci, many of the functions that are controlled by VIA registers in other
models are controlled by registers in the RBV. Similarly, the Macintosh IIfx uses registers in
the OSS, IOP, and BIU30 for some of those functions. Collectively, those registers are
named the VIA emulation registers; individually, they are named for the equivalent registers
in an actual VIA. Some bits in the emulation registers are different from those in VIA2; the
differences are indicated in the tables.
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» Table 4-15 Bits in VIA2 Data register B

Bit Direction  Bit name Description
7  Output v2VBL 60.15 Hz interrupt request to VIA1
/Par.Test 0 = parity test mode (Macintosh IIci only)

6 Input v2SNDEXT 0 = plug is inserted in external sound jack (Macintosh II
family)
Tied low (Macintosh SE/30)

5 Input  v2TMOA Transfer mode bit 0 acknowledge from NuBus

4 Input v2TM1A Transfer mode bit 1 acknowledge from NuBus

3 Inorout VvFC3 AMU/PMMU control (Macintosh II)

Tied low (Macintosh SE/30)
0 = flush the cache card (Macintosh Ilci)
Not used (Macintosh IIx, Macintosh IIcx, Macintosh IIfx)

2 Output v2PowerOff 0 = shut off power

1  Output v2BusLk 0 = NuBus transactions are locked out
0  Output /CEnable 1 = disable cache card (Macintosh Ilci)
v2CDis 0 = disable main processor’s instruction and data caches

(Macintosh SE/30 and Macintosh II-family machines)

The v2VBL bit is driven by timer T1 to send the 60.15 Hz interrupt request to VIA1 once
every 16.63 ms. If enabled by the appropriate bit in the VIA1 Interrupt Enable register,
this signal can be used by VIA1 to generate an interrupt to the main processor.

The v2SNDEXT bit indicates whether a plug has been inserted in the external sound jack.
The internal speaker provides only monaural sound, so stereo output is possible only when
the sound jack is being used. This bit is tied low in the Macintosh SE/30 so that the Sound
Manager always operates in stereo mode in the Macintosh SE/30; the Macintosh SE/30
sound circuit includes a mixer to convert the stereo signal to mono for the internal speaker.

v2TM1A and v2TMOA are status bits returned from a NuBus access. If an error occurs during
a NuBus access, a bus error is sent to the main processor and these bits are set to indicate
what the error was, as shown in Table 4-16. The signals that control these bits are available
to an expansion card in the processor-direct slot in the Macintosh SE/30 computer.
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= Table4-16  NuBus transfer acknowledge bits in VIA2 Data register B

Bits
v2IM1A v2IMOA Meaning

0 0 No error

0 1 Read or write error, handled by bus master
1 0 Bus timeout

1 1 Try again later

The /TMO and /TM1 signals controlled by these bits are also used, along with other signals,
to indicate the transaction type and size during the NuBus start cycle. For more
information on the /TM0 and /TM1 signals, see Chapter 3, “NuBus Data Transfer,” of
Designing Cards and Drivers for the Macintosh Family, second edition.

When the Macintosh II has the AMU installed, the vFC3 bit is used for output and controls
whether 24-bit mode or 32-bit mode is used. When vFC3 is set to 0, the AMU performs a
24-bit to 32-bit address translation. When the PMMU is installed, this bit is used for input.
When the PMMU is accessing the page table, it sets this bit to 1. This bit'is tied low in the
Macintosh SE/30 and is not used in the Macintosh IIx and Macintosh IIcx. In the
Macintosh IIci, the vFC3 bit is an output that controls the /CFLUSH signal to the optional
cache card.

When the v2PowerOff bit is set to 0, the power supply is shut off in the Macintosh II-
family computers. The signal controlled by this bit is available at the processor-direct slot
in the Macintosh SE/30 so that an expansion card can use it to shut down operations
before losing power from the computer.

When the v2BusLk bit is set to 0 in a Macintosh II-family computer, NuBus transactions
from a slot to the main logic board are blocked and a try-again-later response is sent to
the NuBus controller (NuChip, NuChip30, or BIU30). That bit can be used to protect time-
critical processor activity from NuBus direct-memory access transactions. This signal is
available at the processor-direct slot in the Macintosh SE/30 for use by expansion cards
that emulate NuBus cards.

In the Macintosh Ilci, when the /CEnable bit is set to 0, the RBV asserts a signal that
enables the optional cache card. When that bit is set to 1, the RBV disables the cache
card. Applications should not set that bit directly, but should use the appropriate ROM
traps to enable, disable, and flush the cache card. The traps, named EnableExtCache,
DisableExtCache, and FlushExtCache, are available using selectors 4, 5, and 6 through the
hardware priviledge trap HWPriv (A098).
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On other Macintosh II-family machines and on the Macintosh SE/30, setting the v2VDis
bit to 0 causes the VIA2 to assert a signal that disables the instruction and data caches in
the main processor.

Peripheral Control register

The VIA Peripheral Control register allows software to set some very low-level
parameters—such as positive-edge or negative-edge triggering—for certain VIA signals.
The function of each of the bits in the Peripheral Control register is described fully in the
manufacturers’ documentation for the 6522 VIAIC.

A Warning Do not change any of the bits in the Peripheral Control register.
Changing these bits will interfere with the operation of the keyboard
or with other computer functions. a

Peripheral Control register in VIA1 or VIA

The functions of the bits in the VIA Peripheral Control register in the classic Macintosh, at
address vBase+cPCR, are shown in Table 4-17.

s Table4-17  Signals controlled by the VIA Peripheral Control register in the classic
Macintosh computers

Bit Signal controlled

7-5 Keyboard data

4 Keyboard clock

3-1 One-second interrupt

0 Vertical blanking interrupt

The keyboard data line is a bidirectional serial data line used to transfer data between the
VIA Shift register and the keyboard.

The keyboard clock signal is the signal used to time communications over the keyboard
data line. The keyboard clock signal is driven by the keyboard.

The one-second interrupt is a signal generated once every second by the RTC. If enabled
by the appropriate bit in the VIA Interrupt Enable register, this signal can be used by the
VIA to generate an interrupt to the main processor.
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The 60.15 Hz interrupt (VBL) is a signal generated by a PAL once every 16.63 ms, at the
start of the vertical blanking interval for the built-in video monitor. If enabled by the
appropriate bit in the VIA Interrupt Enable register, this signal can be used by the VIA to
generate an interrupt to the main processor.

The functions of the bits in the VIA Peripheral Control register in the VIA in the
Macintosh SE and in VIA1 in the Macintosh SE/30 and Macintosh II family, at address
vBase+cPCR, are shown in Table 4-18.

= Table4-18  Signals controlled by the Peripheral Control register in VIA in the
Macintosh SE/30 and in VIA1 in the Macintosh II-family computers

Bit Signal controlled

7-5 Apple Desktop Bus data
4 Apple Desktop Bus clock
3-1 One-second interrupt

0 Vertical blanking interrupt

The ADB data line is a bidirectional serial data line used to transfer data between the VIA
Shift register and the ADB transceiver.

The ADB clock signal is the signal used to time communications over the ADB data line.
The ADB clock line is driven by the ADB transceiver.

As in the classic Macintosh, the one-second interrupt is a signal generated once every
second by the RTC that can be used to generate an interrupt to the main processor.

The 60.15 Hz interrupt (VBL) is a signal generated by the BBU in the Macintosh SE and by
VIA2 in the Macintosh SE/30 and Macintosh II family once every 16.63 ms. It serves many
of the same software functions as the VBL interrupt in the classic Macintosh computers,
although it is not sychronized to actual video signals generated on a video card in an
expansion slot.

The functions of the bits in the VIA Peripheral Control register in the Macintosh Portable,
at vBase+cPCR, are shown in Table 4-19.
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s Table4-19  Signals controlled by the VIA Peripheral Control register in the
Macintosh Portable computer

Bit Signal controlled

7-5 SCSI IRQ interrupt

4 Power Manager interrupt
3-1 One-second interrupt

0 60.15 Hz interrupt

The SCSI IRQ interrupt is generated by the SCSI controller to indicate an error condition.

The Power Manager interrupt is requested by the Power Manager IC microprocessor when
it needs to communicate with the main processor.

The one-second interrupt is a signal generated once every second by the Power Manager IC
that can be used to generate an interrupt to the main processor. It serves the same
function as the one-second interrupt generated by the RTC in other Macintosh computers.

The 60.15 Hz interrupt is a signal generated by the Power Manager IC once every 16.63 ms
that can be used to generate an interrupt to the main processor. It serves the same
function as the 60.15 Hz interrupt in the Macintosh SE/30 and Macintosh II-family
computers and the VBL interrupt in the classic Macintosh computers.

Peripheral Control register in VIA2

The VIA2 Peripheral Control register in the Macintosh SE/30 and Macintosh II family, at
address vBase2+vPCR, controls parameters for SCSI, ASC, and slot interrupts. Table 4-20
shows the signals controlled by the VIA2 Peripheral Control register.

A Warning Do not change any of the bits in the VIA2 Peripheral Control register.
Changing these bits will interfere with the operation of the SCSI
controller, sound IC, or NuBus. a

m Table4-20  Signals controlled by the VIA2 Peripheral Control register

Bit Signal controlled
7-5 SCSI IRQ interrupt
4 ASC interrupt
3-1 SCSI DRQ interrupt
0 Slot interrupt
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All four of the signals controlled by the VIA2 Peripheral Control register are inputs to VIA2.
If enabled by the appropriate bit in the VIA2 Interrupt Enable register, any of these signals
can be used by VIA2 to generate an interrupt to the main processor.

The SCSI IRQ interrupt is generated by the SCSI controller to indicate an error condition.

The ASC interrupt can be used to control an interrupt-driven sound driver. It indicates
when the buffer in the ASC is ready to be reloaded.

The SCSI DRQ interrupt indicates that the SCSI controller is ready to transfer data. This
signal can be used to initiate a SCSI transaction for interrupt-driven SCSI
communications.

The slot interrupt is the result of performing an OR operation on the interrupt outputs of
all the NuBus slots. If the main processor receives this interrupt, it reads VIA2 Data
register A to determine which slot initiated the interrupt request. The Macintosh Ilcx
and Macintosh Ilci have only the first three NuBus slots; the Macintosh Ilci can also
generate a slot interrupt ($0) for its built-in video circuits. An expansion card in the
processor-direct slot in the Macintosh SE/30 can generate any of the first three slot
interrupts, and the video circuits on the logic board in the Macintosh SE/30 can generate
an interrupt for slot $E.

Auxiliary Control register

The Auxiliary Control register controls various parameters pertaining to the VIA timers and
the VIA Shift register. The VIA Auxiliary Control register in the classic Macintosh and
Macintosh SE computers is at address vBase+vACR; the VIA1 Auxiliary Control register in
the Macintosh SE/30 and Macintosh II family is also at address vBase+vACR. The VIA2
Auxiliary Control register in the Macintosh SE/30 and Macintosh II family is at address
vBase2+vACR.

In the Macintosh Ilci, parameters for the VIA2 portion of the RBV are fixed by the
hardware so there is no Auxiliary Control register for VIA2 in that machine.
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Table 4-21 shows the function of each bit in the Auxiliary Control register.

= Table4-21  Bits in the Auxiliary Control register

Bit Function controlled

7,6 Timer T1 interrupts
5 Timer T2 interrupts
4-2  Keyboard data bit-shift operation (classic Macintosh)
ADB data bit-shift operation (Macintosh SE, Macintosh SE/30 VIA1, and
Macintosh II-family VIA1)
Not used (Macintosh Portable, Macintosh SE/30 VIA2, and
Macintosh II-family VIA2)

1 Enable/disable for input data latch for Data register B signal lines
(1 = enable, 0 = disable)
0 Enable/disable for input data latch for Data register A signal lines

(1 = enable, 0 = disable)

Timer T1 can operate either as a one-shot interval timer or as an automatically repeating
pulse generator. In one-shot mode, timer T1 decrements one count every 1.2766 ps,
generating an interrupt on the VIA interrupt line (if that interrupt is enabled by the
appropriate bit in the Interrupt Enable register) when the count reaches 0. In automatic
repeat (or free-running) mode, software can load the timer T1 latches with a value that T1
will reload automatically each time it counts down to 0. This mode can generate an
interrupt each time the count reaches 0 and can also invert bit 7 in VIA Data register B
each time. In the Macintosh II VIA2, this bit controls the 60.15 Hz interrupt, which is used
as an interrupt-request input to VIAL.

/> Developer tip In the past, some programmers working on the classic Macintosh
computers have used timer T1 to toggle sound on and off, generating
a square-wave sound signal. This technique does not work with recent
Macintosh computers, however, because the sound enable/disable
signal provided by the classic Macintosh and Macintosh SE computers
is not available in Macintosh computers that have the Apple Sound
Chip. Instead, you should use the Sound Manager routines described in
Inside Macintosh to control sound output. 4
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Bits 6 and 7 in the Auxiliary Control register control the mode of operation of timer T1, as
shown in Table 4-22.

m Table4-22  Bits 6 and 7 in the VIA Auxiliary Control register

Bit Bit Effect on

7 6 Operation sound control

0 0 Timed interrupt each time T1 is loaded No effect

0 1 Automatic loading of T1 from latches No effect

1 0 Timed interrupt each time T1 is loaded Negative pulse

1 1 Automatic loading of T1 from latches Toggles on or off

Timer T2 can operate either as an interval timer (in the same fashion as the one-shot mode
of timer T1) or can count negative pulses on VIA pin PB6. Because VIA1 pin PBG is not
used in the Macintosh II, Macintosh IIx, and Macintosh Ilcx, this second function of VIA1l
timer T2 is not available in those members of the Macintosh II family. In the

Macintosh SE/30, VIA1 pin PBG6 is used an an output, so the counting function of timer T2
is unavailable on that machine as well. VIA2 pin PB6 in the Macintosh [I-family computers
is used to detect when a plug is inserted in the external sound jack.

Bits 2, 3, and 4 of the Auxiliary Control register control the way the ADB data bits (or the
keyboard data bits in the classic Macintosh) are shifted in and out of the VIA Shift
register. The Macintosh Portable Shift register and the VIA2 Shift register are not used.
The Macintosh Portable transfers ADB data over the Power Manager IC data lines to the
VIA.

Bits 0 and 1 control whether bits in Data registers A and B that are used for input are
latched or always reflect the voltage levels on the input pins.

A Warning Do not change bits 0 through 5 in the Auxiliary Control register.
Changing these bits will interfere with the operation of the keyboard,
the ADB, or with other computer functions. a
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Shift register

The Shift register, at vBase+vSR, contains the 8 bits of data that have been shifted in or
that will be shifted out over the keyboard data line in the classic Macintosh computers, or
over the ADB data line in the Macintosh SE, Macintosh SE/30, and Macintosh II family.
The VIA Shift register is not used in the Macintosh Portable. In machines that have two
VIAs, the VIA2 Shift register is not used.

Event timers

As discussed in the section “Auxiliary Control Register,” earlier in this chapter, either VIA
timer can be used to time a single event. In addition, software can cause timer T1 to
repeat continuously by loading a value into the timer T1 latches and setting bits 6 and 7 of
the Auxiliary Control register as shown in Table 4-22.

The VIA event timers use the Enable signal (E clock) as a reference; therefore, the timer
counter is decremented once every 1.2766 ps. Timer T2 can be programmed to count
down once each time the VIA receives an input for bit 6 of Data register B.

If the proper interrupt-enable bit has been set, an interrupt is generated when a VIA timer
counts down to 0.

To start one of the timers, store the appropriate values in the high-order and low-order
bytes of the timer counter (or, for a periodic interrupt, the timer T1 latches). Because the
high-order and low-order bytes of a counter do not have adjacent addresses, software
must explicitly do two stores, first for the low-order byte and then for the high-order byte.
A program cannot simply store a full word to the high-order address to set a timer; it must
write to the high-order byte last, because writing to the high-order byte starts the timer.

Table 4-23 shows the offsets from the VIA base value (vBase or vBase2) of the counters
and latches used to start the timers.

s Table4-23  Offsets of Macintosh VIA timer latches

Offset Contents

vT1C Timer T1 counter (low-order byte)
vT1CH Timer T1 counter (high-order byte)
vT1L Timer T1 latch (low-order byte)
vT1LH Timer T1 latch (high-order byte)
vT2C Timer T2 counter (low-order byte)
vT2CH Timer T2 counter (high-order byte)
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Timer T1 of the classic Macintosh, Macintosh SE, and Macintosh Portable VIA, and

of the Macintosh SE/30 and Macintosh II-family VIA1, is used by the Sound Driver and
Sound Manager. Timer T2 is used by the Disk Driver to time disk I/O events. Timer T1
of the Macintosh SE/30 and Macintosh II-family VIA2 is used to generate the Vertical
Blanking signal that goes to VIA1. VIA2 timer T2 is not currently used by the Macintosh
Operating System.

/o Developer tip To avoid interfering with critical operating system routines, it is
strongly recommended that you do not write to the VIA timers
directly. Instead, use the Sound Driver and Sound Managet routines to
control sound output, and use the routines provided by the Time
Manager to time events. The Sound Driver, Sound Manager, and Time
Manager are described in Inside Macintosh. 4

Processor-interrupt registers

Low-level software can enable or disable each of the sources of VIA interrupts by setting
or clearing a bit in the Interrupt Enable register. The main processor can then read the
contents of the Interrupt Flag register to learn the cause of the interrupt.

The VIA in the classic Macintosh and Macintosh SE computers, or VIA1 in the
Macintosh SE/30 and Macintosh II-family computers, can cause a level-1 processor
interrupt whenever one of the following events occurs:

m Timer T1 or timer T2 counts down to 0.

m The keyboard clock signal is received (classic Macintosh); or the ADB clock signal is
received (Macintosh SE or Macintosh II family).

m A bit is transferred over the keyboard data line (classic Macintosh) or over the ADB
data line (Macintosh SE or Macintosh II family).

m The shift register for the keyboard serial interface (classic Macintosh) or for the ADB
serial interface (Macintosh SE or Macintosh II family) finishes shifting 8 bits in or out.

m The vertical blanking interval is beginning (classic Macintosh, Macintosh SE) or the
60.15 Hz interrupt occurs (Macintosh II family).

m The one-second interrupt request is received.
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The VIA in the Macintosh Portable can cause a level-1 processor interrupt whenever one of
the following events occurs:

m Timer T1 or timer T2 counts down to 0.

m A SCSI IRQ interrupt request is received.

m A Power Manager IC interrupt request is received.

m The one-second interrupt request is received.

m The 60.15 Hz interrupt request is received.

VIA2 in the Macintosh II-family machines can cause a level-2 processor interrupt whenever
one of the following events occurs:

m Timer T1 or timer T2 counts down to 0.

m A slot interrupt request is received.

= An ASC interrupt request is received.

m A SCSI IRQ interrupt request is received.

m A SCSI DRQ interrupt request is received.

See the sections “MC68000 Interrupts,” “MC68020 Interrupts,” and “MC68030 Interrupts”

in Chapter 3 for more information on how Macintosh computers handle interrupts. For
more information on how to use interrupts in your programs, see Inside Macintosh.

Interrupt Flag register

Each bit in the Interrupt Flag registers (at addresses vBase+vIFR and vBase2+VIFR) is set
high whenever a specific interrupt has occurred, as shown in Tables 4-24 through 4-27. The
Macintosh Operating System uses these flags to determine the cause of the interrupt.

Bit 7 of the Interrupt Flag register remains set high (and the /IRQ line to the general logic
circuits is held low) as long as any VIA interrupt flag is set.
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s Table 4-24

Bits in the Interrupt Flag register in the VIA in the classic
Macintosh computers

=
-
-

Cause of interrupt

O = WAV ON Y

= Table 4-25

IRQ (any enabled VIA interrupts)
Timer T1

Timer T2

Keyboard clock

Keyboard data

Keyboard data ready

Vertical blanking interrupt
One-second interrupt

Bits in the Interrupt Flag register in the VIA in Macintosh SE and in VIA1
in the Macintosh SE/30 and Macintosh II-family computers

=
-
-

Cause of interrupt

O = DWW RN OGN

IRQ (any enabled VIA interrupts)
Timer T1

Timer T2

ADB clock

ADB data

ADB data ready

Vertical blanking interrupt
One-second interrupt

Note: The Macintosh Ilci uses registers in the RBV to control the interrupt functions. The Macintosh IIfx uses
registers in the OSS to control the interrupt functions.
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= Table4-26  Bits in the Interrupt Flag register in the VIA in the
Macintosh Portable computer

)
—.
-

Cause of interrupt

IRQ (any enabled VIA interrupts)
Timer T1

Timer T2

Power manager interrupt

SCSI IRQ interrupt

Not used

60.15 Hz interrupt

One-second interrupt

O P NW SN

» Table4-27 Bits in the VIA2 Interrupt Flag register in the Macintosh SE/30 and
Macintosh II-family computers

-]
-
-

Cause of interrupt

IRQ (all enabled VIA interrupts)

Timer T1 (not used on the Macintosh IIci)
Timer T2 (not used on the Macintosh IIci)
ASC interrupt

SCSI IRQ

/EXP.IRQ (Macintosh Ilci only)

Slot interrupt

SCSI DRQ

O R DWW ARV

Note: The Macintosh Ilci uses registers in the RBV to control the interrupt functions. The Macintosh IIfx uses
registers in the OSS to control the interrupt functions.

Interrupt Enable register

The Interrupt Enable register lets software enable or disable the interrupts shown in

Table 4-24 through Table 4-27. If an interrupt is disabled, its corresponding bit in the
Interrupt Flag register continues to be set whenever the cause for that interrupt occurs,
but the IRQ flag (bit 7 in the Interrupt Flag register) is not affected and the VIA does not
assert the /IRQ line to the general logic circuits. Software can address the Interrupt Enable
register at address vBase+vIER for VIA1 or vBase2+VIER for the VIA2.
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The lower 7 bits in the Interrupt Enable register are arranged in the same sequence as the
bits in the Interrupt Flag register (Table 4-24 through Table 4-27). For example, bit 6 in the
Interrupt Enable register enables or disables interrupts caused by timer T1.

When a program writes an 8-bit value to the Interrupt Enable register, if bit 7 is a 1, each 1
in bits 0 through 6 enables the corresponding interrupt; if bit 7 is a 0, each 1 in bits 0
through 6 disables the corresponding interrupt. In either case, 0's in bits 0 through 6 of the
Interrupt Enable register have no effect on the status of the interrupts. For example, to
enable interrupts caused by the classic Macintosh keyboard clock without affecting any
other interrupt, software would write 1's to bits 7 and 4 of the Interrupt Enable register.
To disable interrupts caused by the keyboard clock signal, it would write a 0 to bit 7 and a
1 to bit 4.

When software reads the Interrupt Enable register, bit 7 is always read as a 1.
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Chapter 5 Memory

Macintosh computers contain both random-access memory (RAM) and
read-only memory (ROM). This chapter describes the RAM and ROM
hardware and connectors used in Macintosh computers. The way in which
the address space is assigned to various devices in the different
Macintosh family members is described in Chapter 3.
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Memory
expansion

RAM SIMM

RAM SIMM

RAMM SIMM,
ROM SIMM

RAM exp. slot,
ROM exp. slot

RAM SIMM

RAM SIMM,
ROM SIMM

RAM SIMM,
ROM SIMM

RAM SIMM,
ROM SIMM

RAM SIMM,
ROM SIMM

Macintosh IIfx
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RAM

System RAM is the working memory of the system. The amount of RAM available and the
memory addresses it occupies are different on the different models in the Macintosh
family. The main reason for the differences is the use of different microprocessors and
their different-sized address buses: the MC68000, with 24-bit addresses, and the MC68020
and MC68030, with 32-bit addresses.

RAM addresses in MC68000-based models

In the Macintosh computers that use the MC68000 processor, the address space from
address $00 0000 through $3F FFFF ($00 0000 through $8F FFFF in the Macintosh Portable)
is reserved for RAM, although the amount of that space actually used depends on the RAM
available in the system, as shown in Table 5-1. The first 1024 bytes of RAM ($00 0000
through $00 03FF) are used by the MC68000 to store exception vectors. Of these
locations, the first 256 bytes are reserved for use by the operating system and the
remainder are available for use by applications. The first 256 bytes contain trap vectors,
interrupt vectors for the I/O devices, and the Reset vector.

s Table5-1 RAM addresses in Macintosh computers with an MC68000 processor

Computer Amount of RAM Highest RAM address
Macintosh 128K 128 KB $01 FFFF
Macintosh 512K 512 KB $07 FFFF
Macintosh 512K enhanced 512 KB $07 FFFF
Macintosh Plus 1MB $0F FFFF
2 MB $1F FFFF
25 MB $27 FFFF
4 MB $3F FFFF
Macintosh SE 1 MB $OF FFFF
2MB $1F FFFF
2.5MB $27 FFFF
4MB $3F FFFF
Macintosh Portable 1MB $OF FFFF
2MB $1F FFFF
5 MB $4F FFFF
9MB $8F FFFF
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System RAM contains the system heap, a copy of parameter RAM, various global variables,
application heaps, the stack, and other information used by applications. In addition, in
- the Macintosh SE and classic Macintosh computers, the following hardware devices share
the use of system RAM with the MC68000:

m the video display, which reads the information for the display from one of two screen
buffers in RAM

m the sound generator, which reads its information from one of two sound buffers in the
classic Macintosh computers, or from one sound buffer in the Macintosh SE

m the disk-speed controller, which shares its data space with the sound buffers
The Macintosh Portable has RAM buffers for sound and video that are separate from

system RAM, and does not provide a disk-speed signal. Therefore, the MC68HC000 in the
Macintosh Portable does not share the use of system RAM with any other device.

RAM addresses in MC68020-based and MC68030-based models

In the Macintosh SE/30 and Macintosh II family, the 32-bit address space from address
$0000 0000 through $3FFF FFFF is reserved for RAM. As in the MC68000-based Macintosh
computers, the amount of address space actually used for memory depends on the RAM
available in the system, as shown in Table 5-2. You must use a 32-bit operating system to
make use of system memory beyond 8 MB.

Exception vectors are stored by the MC68020 and MC68030 in a 1024-byte-long table
starting at the address in the Vector Base register. The Vector Base register is initialized
to $0000 0000 when the system is started up or reset. The first 256 bytes of the exception
vector table are reserved for use by the operating system; the remainder are available for
use by applications. The first 256 bytes contain trap vectors, interrupt vectors for the I/O
devices, and the Reset vector.
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m Table5-2 RAM addresses in the Macintosh SE/30 and Macintosh II-family computers

Amount of RAM Highest RAM address
1MB $000F FFFF
2MB $001F FFFF
4 MB $003F FFFF
5 MB $004F FFFF
8 MB $007F FFFF
16 MB $00FF FFFF
32 MB $01FF FFFF
64 MB $03FF FFFF
128 MB $07FF FFFF

System RAM in the Macintosh SE/30 and Macintosh II-family computers contains the
system heap, a copy of parameter RAM, various global variables and trap handlers,
application heaps, the stack, and other information used by applications. The video
display and sound generator in the Macintosh SE/30 and Macintosh II family have their
own dedicated memory buffers and do not use system RAM. In the Macintosh IIci, the
built-in video generator uses system RAM for its screen buffer.

& Note: The second screen buffer and second sound buffer are not available in all
versions of the Macintosh.

/& Developer tip To ensure that your software will run on all Macintosh computers—
those with different memory configurations, as well as future
models—use the addresses stored in the global variables listed in
Inside Macintosh. &

The contents of RAM and ROM are repeated throughout unused address space assigned to
memory, as described in the section “Address Maps” in Chapter 3.
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RAM access cycles

In the Macintosh SE and classic Macintosh computers, the main processor’s RAM-access
cycles are interleaved with the video display’s access cycles. The video display access
cycles occur only during the active portion of a screen scan line. The video logic scans the
video screen buffer in RAM 60 times each second and sends the data to the screen. This
process both refreshes the dynamic RAM and refreshes the image on the video screen.

In the Macintosh Portable, Macintosh SE/30, and Macintosh II family, the main
processor's RAM access cycles are not interleaved with the video display’s access cycles.
The video circuitry has separate memory that is used exclusively by the video display.

Memory dedicated to sound generation in the Macintosh Portable, Macintosh SE/30, and
Macintosh II family is located on the Apple Sound Chip in the form of FIFO
(first-in-first-out) memories.

s Table5-3 RAM access rates in the Macintosh family computers

Macintosh model CPU clock frequency  Average RAM access rate
Macintosh Plus 7.83 MHz 2.56 MB/sec.

Macintosh SE 7.83 MHz 3.22 MB/sec.

Macintosh SE/30 15.67 MHz 15.67 MB/sec.

Macintosh Portable 15.67 MHz 6.27 MB/sec

Macintosh II 15.67 MHz 12.53 MB/sec.

Macintosh IIx 15.67 MHz 15.67 MB/sec.

Macintosh Ilcx 15.67 MHz 15.67 MB/sec.

Macintosh Ilci 25 MHz 36.36 MB/sec. maximum*
Macintosh IIfx 40 MHz 60.69 MB/sec.

*Maximum rate on a Macintosh Iici with no cache card, using a NuBus video card. For details, see the
section “RAM Access Rate in the Macintosh IIci Computer.”

RAM access rate in the Macintosh Plus computer

In the Macintosh Plus and other classic Macintosh computers, one out of every two RAM
access cycles is devoted to video data during a scan line. The last RAM access before the
beginning of a scan line is used for sound and disk-speed control data. The Macintosh Plus
has an average RAM access rate for the main processor of about 2.56 MB per second.
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RAM access rate in the Macintosh SE computer

In the Macintosh SE, one longword video access is made for each four RAM access cycles
during a scan line. The last RAM access before the beginning of a scan line is used for sound
and disk-speed control data. The Macintosh SE has an average RAM access rate for the
main processor of about 3.22 MB per second.

RAM access rate in the Macintosh Portable computer

Because the Macintosh Portable uses a faster system clock than the Macintosh SE, does
not have to share processor RAM access cycles with video or sound circuitry, and does not
have to refresh memory, it has a faster RAM access rate than the Macintosh SE. The
Macintosh Portable has an average RAM access rate of 6.27 MB per second.

RAM access rate in the Macintosh SE/30, Macintosh II, Macintosh IIx, and
Macintosh Ilcx computers

As in the Macintosh Portable, the main processor in the Macintosh SE/30, Macintosh II,
Macintosh IIx, and Macintosh IIcx computers does not share RAM accesses with video or
sound circuitry. Except for memory refresh, which takes one access cycle every 15.6 s,
the main processors in those computers have uninterrupted access to RAM. The
Macintosh II has an average RAM access rate of 12.53 MB per second; the

Macintosh SE/30, Macintosh IIx, and Macintosh IIcx have an average RAM access rate of
15.67 MB per second.

RAM access rate in the Macintosh Iici computer

In the Macintosh Ilci, the use of burst mode and fast page mode gives the processor a
maximum RAM access rate of 36.36 MB per second. That access rate is always true for
bank B; for bank A, it is achieved only when using a NuBus video card and not using the
built-in video circuits.

The built-in video circuits use a screen buffer in RAM bank A. The effect of the video RAM
cycles can decrease the processor’s access to bank A by as little as 6% or as much as 65%,
depending on the type of video display in use: larger displays and display modes with
more bits per pixel have a greater effect. Please refer to the section “Built-in Video
Display” in Chapter 12 for information about the effect of different display types and
monitor sizes on CPU access to bank A.

Chapter 5 Memory

19



The average RAM access rate actually achieved depends not only on the type of display in
use but also on the amount of RAM in bank B. Remember that the processor always has
immediate access to bank B, which is unaffected by the built-in video circuits. If most of
the system’s RAM is installed in bank B, then the majority of CPU accesses are in that bank
and at the maximum rate, 36.36 MB per second. That is the reason for installing the larger
RAM devices in bank B.

¢ Note: In a Macintosh IIci with a cache card installed, the maximum RAM access rate is
50 MB per second and is largely unaffected by the built-in video circuits.

RAM access rate in the Macintosh IIfx computer

In the Macintosh IIfx, the high-speed cache RAM gives the processor a maximum RAM
access rate of 64.00 MB per second. Any time there is a cache hit—which occurs for over
90% of processor read operations—the effective rate is equal to the maximum rate. The
additional time required for handling the occasional cache miss brings the overall average
rate down to 60.95 MB per second. For more information about the operation of RAM in
the Macintosh IIfx, please refer to the section “RAM Cache in the Macintosh IIfx
Computer,” later in this chapter.

RAM configuration in the Macintosh 128K, 512K, and 512K enhanced computers

RAM in the early Macintosh computers is provided in dynamic RAM (DRAM) ICs, which are
arranged in two rows of 8 in the Macintosh 128K computer, Macintosh 512K computer,
and Macintosh 512K enhanced computer. The Macintosh 128K RAM consists of 16
individual 64 Kbit DRAMs, and the Macintosh 512K and 512K enhanced use 16 individual
256 Kbit DRAMs. The DRAM ICs are mounted on the main logic board of the computer.

When the MC68000 writes data to RAM, it puts an address in the range $00 0000 to

$07 FFFF on the address bus. The PALs in the Macintosh 128K, 512K, and 512K enhanced
computers decode an address in this range as a request to address RAM and enable the
data-bus buffers. The main processor places the data on the data bus. The address is
further decoded by the RAM address MUXs, which divide the address into two 9-bit parts:
the row address and the column address. First the row address is fed into the RAMs by the
Row Address Strobe signal (RAS) generated by the PALs. Then the column address is fed
into the appropriate RAM by a column address strobe signal generated by a PAL. There are
two column address strobes: CAS1 and CAS2—one for each row of eight RAM ICs. In this
way, up to 512 KB of RAM can be addressed through the nine RAM address lines.
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Each time you turn on the Macintosh 128K, 512K, or 512K enhanced, system software does
a memory test, then determines how much RAM is installed in the machine. Software
stores this information in the global variable MemTop, which contains the address (plus 1)
of the last byte in RAM.

RAM configuration in the Macintosh Plus and Macintosh SE computers

The RAM in the Macintosh Plus and Macintosh SE is provided in either two or four
packages known as Single In-line Memory Modules (SIMMs). A SIMM consists of a
small printed circuit board that contains several surface-mounted DRAM ICs. Along one
edge of the SIMM are ¢lectrical finger contacts, which plug into the SIMM sockets that are
mounted on the main logic board.

A Warning Because the video monitor is built in, there are dangerous voltages
inside the cases of the Macintosh Plus and Macintosh SE computers.
The video tube and video circuitry may hold dangerous charges long
after the computer’s power is turned off. Opening the case of the
Macintosh Plus and Macintosh SE computers requires special tools and
may invalidate your warranty. Installation of RAM SIMMs in these
computers should be done by qualified service personnel only. a

Each SIMM in the Macintosh Plus or Macintosh SE contains eight DRAM ICs. Each SIMM
has ten address pins and eight data pins, and each data pin is connected to one of the
eight DRAMs. The SIMMs are arranged in pairs; each pair is referred to as a row. Two
SIMMs combined in a row provide a 16-bit-wide parallel data bus that is used by the
MC68000. Row 1 comprises SIMM 1 and SIMM 2, whereas row 2 comprises SIMMs 3 and 4.

# Note: Other configurations of SIMMs can be used, such as two DRAM ICs with four
data pins each. Nine-bit SIMMs can also be used in these machines; the ninth bit is
simply ignored.
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When the MC68000 writes data to RAM, it puts an address in the range $00 0000 to

$3F FFFF on the address bus. The general logic circuits in the Macintosh Plus and
Macintosh SE decode this address as a request to address RAM and enable the data-bus
buffers. The main processor places the data on the data bus. The address is further
decoded by the RAM address MUXs, which divide the address into two 10-bit parts: the
row address and the column address. First the row address is fed into the RAMs by the Row
Address Strobe signal (RAS) generated by the general logic circuits. Then the column
address is fed into the appropriate RAM by a column address strobe signal generated by
the logic circuits. There are four column address strobes: CAS1, CAS2, CAS3, and CAS4—
one for each SIMM. In this way, 4 MB of RAM can be addressed through the ten RAM
address lines.

Several RAM configurations are possible, depending on whether two or four SIMMs are
used, and on the size of the RAM ICs mounted on the SIMMs. The size of a DRAM IC is
sometimes referred to as its density.

In the Macintosh Plus and earlier Macintosh SE computers, there are two resistors on the
main logic board (in the area labeled RAM SIZE) that tell the general logic circuits the
number of SIMMs and size of the RAM ICs installed. In later Macintosh SE computers,
there is a jumper on the main logic board that can be installed in either of two positions
(labeled 2/4M and 1M) that provide this information to the general logic circuits.

You must follow these guidelines when installing RAM SIMMs in the Macintosh Plus and
Macintosh SE:

The RAM ICs in each SIMM must have 150 ns RAS access time or faster.
All the RAM ICs in a row must have the same access time.

Each SIMM must be filled with eight RAM ICs. (A nine-RAM SIMM will work in the
Macintosh Plus or Macintosh SE, but the ninth RAM IC is not connected electrically to
the main logic board.) ‘

All the RAM ICs in a row must be the same size.
A row cannot contain only one SIMM. A row must either be empty or contain two SIMMs.

In the Macintosh Plus and any Macintosh SE that has RAM size resistors, if the SIMMs in
one row contain larger RAM ICs than the SIMMs in the other row, then the SIMMs with
the larger RAM ICs must be installed in row 1. In the Macintosh SE that has a RAM size
jumper, the SIMMs with larger RAM ICs must be installed in row 2.
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The resistors in Macintosh Plus and earlier Macintosh SE computers must be arranged in
the following manner:

m If only two SIMMs are installed, the resistor labeled ONE ROW (resistor R in the
Macintosh Plus or R36 in the Macintosh SE) must be installed.

m If four SIMMs are installed, the resistor labeled ONE ROW must be removed.

m If all of the SIMMs contain 256 Kbit DRAMs, the resistor labeled 256K BIT (resistor R8
in the Macintosh Plus or R35 in the Macintosh SE) must be installed.

m If either two or four of the SIMMs contain 1 Mbit DRAMs, the resistor labeled 256K BIT
must be removed.

The jumper in later Macintosh SE computers must be installed in the following manner:

= If only two SIMMs are installed, the jumper must be installed on the position labeled 2/4M.

= If four SIMMs containing 256 Kbit DRAMs are installed, the jumper must be installed on
the position labeled 1M.

m If four SIMMs are installed and either two or four of them contain 1 Mbit DRAMs, the
jumper must be left off.

The RAM SIMM socket pinout is shown in Figure 5-1. The RAM SIMM socket signal
assignments for the Macintosh Plus and Macintosh SE are shown in Table 5-4.

= Figure 5-1 Pinout of the RAM SIMM socket in the Macintosh Plus and
Macintosh SE computers
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= Table54 Signal assignments for the RAM SIMM socket in the Macintosh Plus and

Macintosh SE computers

Pin number Signal name Signal description
1 +5V +5 volts
2 /C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>