




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































/o Developer tip You can perform your own updates of the sound buffer using the
vertical blanking interrupt from the VIA to synchronize your updates
to the buffer scan. For the sake of compatibility with different
models, Apple recommends that you use the routines in the Sound
Driver and the Sound Manager to generate complex sounds. 4

Circuit diagrams

Figures 13-3 and 13-4 show block diagrams for the PWM sound circuits used in the
Macintosh Plus and Macintosh SE computers. Note that the Macintosh SE has only one
sound buffer.
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n Figure 13-3 Block diagram of the PWM sound circuit in the Macintosh Plus computer
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A new word is read

Figure 13-4 Block diagram of the PWM sound circuit in the Macintosh SE computer
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ASC sound system

The Macintosh ASC sound circuit uses an Apple custom IC called the Apple Sound Chip (ASC). The
ASC is compatible with software written for Macintosh models that use the PWM sound circuit, and
also offers stereo sound and other enhancements not available in those computers. The Macintosh
models that use ASC sound are

s Macintosh SE/30
s Macintosh Portable
s Macintosh II

s Macintosh IIx

= Macintosh Ilcx

s Macintosh Ilci

s Macintosh IIfx

The hardware of the Macintosh ASC sound system consists of these hardware components:
= the digital Apple Sound Chip (ASC)

= two analog sound processing chips (the Sony sound chips)

= an internal speaker

m an external stereo mini-phonejack

The ASC has its own data buffers and implements in hardware many of the functions
carried out by ROM code in the Macintosh Plus and Macintosh SE computers.

¢ Note: Unlike the Macintosh computers that use the PWM, Macintosh computers that
use the ASC do not generate speed-control signals for single-sided floppy disk drives;
therefore, those computers do not store disk-speed control information in their
sound buffers.

ASC sound modes

The ASC contains 2 KB of RAM that can be configured as either two 1 KB sound buffers or
as four 512-byte sound buffers. The ASC can operate in any of four functional modes:

= Monaural single-voice mode. The on-board RAM is configured as two 1 KB buffers. The
output of the left-channel buffer is converted to a PWM signal and fed to both channels.
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m Stereo single-voice mode. The on-board RAM is configured as two 1 KB buffers. The
output of each buffer is converted into a PWM signal; one is sent to the left channel
and the other is sent to the right channel.

= Monaural four-voice synthesis mode. The on-board RAM is configured as four
independent 512-byte buffers. At each sample clock period, a sound value is taken
from each of the four buffers, all four values are summed, and the result is converted to
a PWM signal and output to both channels.

m Stereo four-voice synthesis mode. The on-board RAM is configured as four
independent 512-byte buffers. At each sample clock period, a sound value is taken
from each of the four buffers, the values are summed in pairs, and the result of each
summed pair is converted to a PWM signal. One of the PWM signals is output to the
right channel and the other is sent to the left channel.

Because the ASC uses its internal RAM and performs wavetable sound synthesis in
hardware, it requires very little processor time. In addition, ASC sound does not have to
be synchronized with the video blanking interval, unlike the PWM sound system used in
the classic Macintosh and Macintosh SE computers.

Under control of the Sound Manager, the ASC can sample the values in its RAM at any
increment to change the frequency of the output sound. Using every other sample (a
sampling interval of 2.0) doubles the frequency of the signal (that is, raises the pitch by
one octave). Using every sample twice (a sampling interval of 0.5) halves the frequency of
the signal (that is, lowers the pitch by one octave). Through the Sound Manager, you can
specify any fixed-point number for the sampling interval. The ASC picks the samples in the
RAM locations that fall closest to the selected sampling interval. For example, if the
interval is 1.4, the ASC picks samples in RAM locations 1, 3, 4, and 6 (rounding from 1.4,
2.8, 4.2, and 5.6). The increments used by the ASC are extremely precise, having a 24-bit
resolution.

Generating sounds

The ASC generates a pulse-width-modulated square-wave output similar to that generated
by the PWM system used in the Macintosh Plus and Macintosh SE. Every sample period,
the ASC generates a pulse for each stereo channel, the width of which depends on the
values read from the sound buffers. These trains of pulses are sent to the Sony sound
chips, which filter them to produce smoothly varying waveforms. The Sony sound chips
adjust the amplitudes of the waveforms according to a 3-bit value from the ASC and send
the signals to the internal speaker or the external sound jack.
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The useful bandwidth of the Macintosh ASC sound system is approximately 7.5 KHz. The
sample rate can be either the compact-disc standard of 44.1 KHz, or 22.255 KHz (the
sample rate used by the Macintosh PWM sound system described in the previous section).

/o Developer tip The Macintosh models that use the ASC do not provide the VIA timer
signal (T1) to the sound circuit sometimes used in the classic
Macintosh and Macintosh SE computers to generate square-wave
sound. You can use routines in the Sound Manager to achieve the same
effect, with the added advantage that these routines will work on all
Macintosh computers, both present and future. The Sound Manager
routines are described in Inside Macintosh. &

The internal 32-ohm, 2.25-inch speaker is driven by a 250 mW power amplifier in the Sony
sound chip. Sound may be played through the internal speaker, or through the external
sound jack. If a plug is inserted in the external sound jack, the internal speaker is
disconnected. Mixing the two stereo channels together for the internal speaker is handled
differently in different models.

In all ASC-equipped Macintosh models except the Macintosh SE/30, the internal speaker is
connected to the left channel only. Whenever the internal speaker is in use, a logic signal
goes to the Sound Manager causing it to send all sounds through the left channel. When a
plug is inserted into the sound jack, the Sound Manager sets the ASC to stereo mode for
the external headphones or amplifier. In the Macintosh SE/30, the two channels are added
together for the internal speaker and the Sound Manager always operates in stereo mode.

The external sound jack is at standard line level (approximately 1.5 volts peak-to-peak)
and its source impedence is approximately 47 ohms. The jack is capable of driving a
headphone load of 8 to 600 ohms, or the input to almost any audio amplifier or amplified
speakers. It will not adequately drive a directly connected external speaker. The external
sound jack is short-circuit protected.

The Control Panel offers eight choices (0 through 7) for overall volume control. When the
volume control setting is set to 0, the Sound Manager disables sound output and flashes
the menu bar instead.

The ASC can emulate the behavior of the sound hardware of the classic Macintosh and
Macintosh SE computers; however, the ASC also provides a variety of features not
available in those Macintosh computers. For example, the ASC can generate stereo sound
synthesized from two voices per channel, using on-board data buffers.
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Circuit diagrams

Figure 13-5 shows a block diagram of the ASC sound circuit used in the Macintosh
Portable, Macintosh II, Macintosh IIx, Macintosh IIcx, Macintosh Ilci, and

Macintosh IIfx computers. Notice that the internal speaker is connected to only one
channel. When an external speaker or amplifier is plugged in, a signal indicating that both
channels can be used goes to the VIA in the Macintosh Portable and to VIA2 in the
Macintosh II, Macintosh IIx, and Macintosh IIcx. A similar signal goes to the RBV in the
Macintosh IIci and to the OSS in the Macintosh IIfx.

The ASC sound circuit used in the Macintosh SE/30 is slightly different, as shown in
Figure 13-6. That machine always operates in stereo and the sound circuitry mixes the
channels together for the internal speaker.

/o Developer tip The information on the Apple Sound Chip presented in this chapter is
specific to the Macintosh models that use that chip. The ASC is not
used in all Macintosh computers, and future versions of the ASC are
not guaranteed to be functionally identical to the present model.
Furthermore, if your program addresses the ASC directly, it is likely to
interfere with the operation of other programs that are running at the
same time and that use the Sound Manager. The information in this
chapter is provided for the sake of completeness only; Apple strongly
recommends that you use the routines in the Sound Driver and Sound
Manager to control sound in your applications. The Sound Manager
and Sound Driver are described in Inside Macintosh. »
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s Figure 13-5 Block diagram of the ASC sound circuit in the Macintosh Portable,
Macintosh II, Macintosh IIx, Macintosh IIcx, Macintosh IIci, and
Macintosh IIfx computers
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» Figure 13-6 Block diagram of the ASC sound circuit in the Macintosh SE/30 computer
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Chapter 14 Expansion Interfaces

Macintosh computers use two types of hardware expansion: a single
processor-direct expansion slot (PDS), or several NuBus expansion slots:

m  processor-direct slot: Macintosh SE, Macintosh SE/30, Macintosh
Portable, and Macintosh IIfx computers

= NuBus slots: Macintosh II, Macintosh IIx, Macintosh IIcx,
Macintosh IIci, and Macintosh IIfx computers

Note that the Macintosh IIfx computer has both kinds of expansion
slots. The Macintosh Plus has no hardware expansion slot, although it
does provide for internal memory expansion, as described in Chapter 5.

The processor-direct slots provide unbuffered access to their
respective processor buses through a single expansion connector. The
68000 processor-direct slot in the Macintosh SE and Macintosh Portable
computers uses a Euro-DIN 96-pin connector; the 68030 processor-direct
slot in the Macintosh SE/30 and Macintosh IIfx computers uses a Euro-
DIN 120-pin connector.

NuBus is a 32-bit-wide, processor-independent bus using Euro-DIN
96-pin connectors. The Macintosh II, Macintosh IIx, and Macintosh IIfx
computers have six NuBus slots to support expansion cards. The
Macintosh IIcx and Macintosh Iici have three NuBus slots.

@ Note: For a description of memory expansion, including SIMMs for all
models and the optional cache card for the Macintosh Ilci, please
refer to Chapter 5.
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The 68000 processor-direct slot (PDS)

The 68000 processor-direct slot (68000 PDS) provides unbuffered access to the MC68000
processor through a single Euro-DIN 96-pin expansion connector. There are two different
versions of the 68000 PDS: one on the Macintosh SE computer and another on the
Macintosh Portable. Although the two versions are mechanically the same, they are
electrically different.

& Note: Some books, among them Apple’s earlier manuals Macintosh Family Hardware
Reference and Designing Cards and Drivers for Macintosh II and Macintosh SE, refer to
the processor-direct slot in the Macintosh SE as the Macintosh SE Bus.

The 68000 processor-direct slot provides the same address and data lines used by the
processor bus, several control lines, and power and grounding for expansion cards. A card

in the 68000 PDS can access system RAM and ROM at the same rates as does the MC68000:

RAM accesses are at an average rate of 3.22 MB per second, and ROM accesses are at
3.92 MB per second.

Each 68000 PDS has two clock signals: the CPU clock, which can be different on different
models, and a 16 MHz clock that is the same on all models. The CPU clock on the
Macintosh SE has a frequency of 8 MHz; the CPU clock on the Macintosh Portable runs at
16 MHz. The common 16 MHz clock makes it easier to design circuits that will work on
more than one model.

Refer to Motorola’s documentation for the MC68000 processor, the MC68000 16-Bit
Microprocessor User’s Manual, for more information on the MC68000 processor bus.
Detailed guidelines for designing cards to operate in the 68000 PDS can be found in
Designing Cards and Drivers for the Macintosh Family, second edition.

Examples of types of cards for the processor-direct slot include

m  COProcessors

= memory expansion and RAM disks

m local area network (LAN) interfaces

n digital sound sampling and playback systems

» video image processors, frame grabbers, and additional displays
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/> Developer tip Because the 68000 processor-direct slot is connected directly to the
processor bus, any changes to the processor or processor bus in future
Macintosh models (such as a change to a higher clock rate) could result
in an expansion card’s being incompatible with the new main logic
board. &

Figure 14-1 shows the pinouts for the Euro-DIN 96-pin expansion connector used for the
68000 PDS on the Macintosh SE and the Macintosh Portable. Because the two versions of
the 68000 PDS are electrically different, the signals are described in separate sections,
following Figure 14-1.
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Figure 141  Pinout of the Euro-DIN 96-pin connector used for the 63000 PDS
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68000 PDS on the Macintosh SE computer

Table 14-1 shows the signal assignments and Table 14-2 describes the signals on the 68000
PDS in the Macintosh SE computer. For information about the 68000 PDS in the
Macintosh Portable, please refer to the next section.

m Table14-1  Signal assignments for the 68000 PDS on the Macintosh SE computer
Pin Row A Row B Row C

1 FC2 GND /VPA

2 FC1 GND /VMA

3 FCO GND /BR

4 Al GND /BGACK
5 A2 GND /BG

6 A3 GND /DTACK
7 A4 GND R/W

8 A5 GND /LDS

9 A6 GND /UDS

10 A7 Reserved /AS

11 A8 Reserved /PMCYC
12 A9 /HALT /RESET
13 Al0 +5V +5V

14 All +5V DO

15 Al2 +5V D1

16 Al3 +5V D2

17 Al4 +5V D3

18 Al5 /TPLO D4

19 A16 /IPL1 D5

20 Al7 /TPL2 D6

21 Al8 /BERR D7

22 Al9 Spare D8

23 A20 Reserved D9

24 A21 Reserved D10

25 A22 Reserved D11

26 A23 Reserved D12
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s Table141  Signal assignments for the 68000 PDS on the Macintosh SE computer
(continued)

Fin Row A Row B Row C

27 E Reserved D13

28 C8M /EXT.DTK D14

29 C16M GND D15

30 GND +12V GND

31 +12V +12V Spare

32 +12V =5V -12v

s Table142  Signal descriptions for the 68000 PDS in the Macintosh SE computer

Signal Usual Logic board

name source destination Signal description

FC2-FC0O  MC68000 Euro-DIN 96-pin MCG68000 processor function codes.

A19-A1 MC68000 RAM, ROM, VIA, Memory and register addressing.

SCC, SWIM, SCSI

A23-20 MC68000 BBU Decoded to select RAM, ROM, VIA, SCC,
SWIM, and SCSI devices.

E MC68000 VIA 783.36 KHz clock for VIA from CPU.

C8M BBU MC68000 7.8336 MHz clock for MC68000.

Cl6M Oscillator BBU, SWIM 15.6672 MHz master clock for BBU and
SWIM.

/HALT MC68000 /RES line Halt signal; generated by CPU on double
bus fault. Tied to MC68000 /RES line.

/IPLO BBU MC68000 Asserted on VIA or SCSLIRQ interrupt;
removed on SCC (/IPL1) interrupt.

/IPL1 SCC MC68000 Interrupt from SCC.

/IPL2 NMI switch MC68000 Programmer’s interrupt switch.

/BERR BBU MC68000 In pseudo-DMA mode, indicates that the
SCSI interface failed to complete a
transaction in 265 ms.

/EXT.DTK  Euro-DIN BBU When an external device pulls this pin low,

the 96-pin BBU makes its /DTACK output
tri-state so that the external device can
drive the /DTACK line.

(continued)
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s Table14-2  Signal descriptions for the 68000 PDS in the Macintosh SE computer

(continued)

Signal Usual Logic board

name source destination Signal description

/VPA BBU MC68000 Indicates that a 6800-type device (usually
the VIA) is being addressed in the
$E00000-$FFFFFF space, an access that
needs to be synchronized with the
MC68000's E clock.

/VMA MC68000 VIA Passes a /VPA access on to a 6800-type
device, after proper synchronization to
the MC68000’s E-clock signal.

/BR Euro-DIN MC68000 Bus request: asks the MC68000 to

96-pin relinquish the bus (tri-state its lines and
relinquish the address, data, and control
buses).

/BG MC68000 Euro-DIN 96-pin Bus grant: tells the requesting device that
the MC68000 will relinquish the bus at the
end of the current bus cycle.

/BGACK  Euro-DIN MC68000 Indicates that the requesting device has

96-pin taken over the bus.

/DTACK BBU MC68000 Indicates that valid data is on the data
bus.

R/'W MC68000 BBU, VIA When high, MC68000 is reading from the

data bus; when low, MC68000 is writing to
the data bus.

/LDS MC68000 BBU Selects the lower byte (D0-D7) of the data
bus for reading or writing operations. This
is the odd-address bit: A0 =1..

/UDS MC68000 BBU ‘Selects the upper byte (D8-D15) of the
data bus for read or write operations. This
is the even-address bit: AQ = 0.

/AS MC68000 BBU Indicates that a valid address is on the
address bus. If this signal is low for more
than 265 ms, the BBU generates /BERR.

/PMCYC BBU RAM address MUXs  Goes low when the MC68000 can access
RAM; goes high when video is accessing
RAM.

(continued)
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n Table14-2  Signal descriptions for the 68000 PDS in the Macintosh SE computer

(continued)
Signal Usual Logic board
name source destination Signal description
/RESET Sony chip MC68000, VIA, SWIM  Master reset for entire board; tied to
SCC, SCSI, BBU MC68000 /HALT line, Reset switch, and
MCG68000 /RES line.
D7-D0 MC68000, SWIM, MC68000, SWIM Lower (odd) byte of data bus.
ROM, RAM RAM
D15-D8 MC68000, VIA,  MC68000, VIA, Upper (even) byte of data bus.
ROM, RAM, RAM, SCC,
SCC, SCSI SCSI

68000 PDS on the Macintosh Portable

The processor-direct slot on the Macintosh Portable is similar to that of the Macintosh SE.
The 68HC000 signals are brought out on a 96-pin Euro-DIN connector. Table 14-3 shows
the signal assignments and Table 14-4 lists the functions of the signals on the 68000 PDS
connector on the Macintosh Portable.
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s Table14-3  Signal assignments for the 68000 PDS on the Macintosh Portable computer
Pin number Row A Row B Row C

1 GND GND GND

2 +5V +5V +5V

3 +5V +5V +5V

4 +5V +5V +5V

5 /DELAY.CS SYS.PWR/ VPA/

6 /VMA /BR /BGACK
7 /BG /DTACK R/W

8 /LDS /UDS /AS

9 GND +5/0 V* Al

10 A2 A3 A4

11 A5 A6 A7

12 A8 A9 Al0

13 All Al2 Al3

14 Al4 Al5 Al6

15 Al7 A18 Reserved
16 Reserved Reserved Reserved
17 Reserved Reserved Reserved
18 Reserved Reserved Reserved
19 Reserved +12V DO

20 D1 D2 D3

21 D4 D5 D6

22 D7 D8 D9

23 D10 D11 D12

24 D13 D14 D15

25 +5/3.7V +5V GND

26 Al9 A20 A21

27 A22 A23 E

28 FC0 FC1 FC2

29 /TPLO /IPL1 /TPL2

30 /BERR /EXT.DTACK  /SYS.RST
31 GND 16M GND

32 GND GND GND

*Switched by the Power Manager IC.
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n Table144  Signal descriptions for the 68000 PDS in the Macintosh Portable computer

Signal name Signal description

GND Logic ground

D0-D15 68HC000 unbuffered data bus 0-15

A1-A23 68HC000 unbuffered address bus 1-23

16M 16 MHz clock

/EXT.DTACK  External DTACK, an input to the CPU logic glue that allows for external
generation of /DTACK

E 68HC000 E clock

/BERR 68HC000 Bus Error

IPL2-IPLO 68HC000 Interrupt Priority Level 2-0

/SYS.RST 68HCO000 Reset

/SYS.PWR Power Manager IC signal that causes associated circuits to go into idle
state; deasserted during sleep state

/AS 68HCO000 Address Strobe

/UDS 68HC000 Upper Address Strobe

/LDS 68HC000 Lower Address Strobe

R/W 68HCO000 Read/Write

/DTACK 68HC000 Data Transfer Acknowledge

/DELAY.CS Signal indicating that the system is inserting wait states; can be used to
strobe chip selects

/BG 68HC000 Bus Grant

/BGACK 68HC000 Bus Grant Acknowledge

/BR 68HCO000 Bus Request

/VMA 68HC000 Valid Memory Address

/VPA 68HC000 Valid Peripheral Address

FC2-0 68HC000 Function Code 2 through 0

+5/0V +5 volts when the system is active, 0 volts when the system is in sleep state

+5/3.7V +5 volts when the system is active, 3.7 volts when the system is in sleep state
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The 68030 processor-direct slot (PDS)

The 68030 processor-direct slot (PDS) provides unbuffered access to the MC68030
processor through a single Euro-DIN 120-pin expansion connector. The 68030 PDS is used
in the Macintosh SE/30 and Macintosh IIfx computers.

In addition to the same 32-bit address and data lines used by the processor bus, the 68030 PDS
provides DMA control signals, other CPU control signals, interrupt inputs, and status signals for
expansion cards using protocols simulating those of the NuBus. The 68030 PDS also provides
+5 volt, =5 volt, +12 volt, and —12 volt power and grounding for expansion cards.

In the Macintosh SE/30, a card in the 68030 PDS can access system RAM and ROM at the
same rate as the main processor: 15.67 MB per second. In the Macintosh IIfx, the 68030
PDS can access system RAM and ROM at a rate of 20.0 MB per second. That is slower than
the main processor’s memory access rate, which averages about 60 MB per second,
because the PDS cannot use burst-mode access to the cache.

/> Developer tip Whereas most of the signals on the 68030 processor-direct slot
connector are the same on all models that use this expansion
connector, a few signals are machine-specific. Please refer to
Table 14-7 for machine-specific signals. 4

In the Macintosh SE/30, two clock signals are available for use by cards plugged into the
68030 PDS: the CPU clock signal used by the MC68030 and a general-purpose clock signal.
In the Macintosh SE/30, these two clock signals have the same frequency (15.6672 MHz)
and phase. In the Macintosh IIfx, the general-purpose clock is divided down to a
frequency of 20 MHz from the 40 MHz clock signal used by the main processor. The CPU
clock signal is not available on the PDS.

/> Developer tip PDS expansion cards for the Macintosh SE/30 should use the general-
purpose clock for on-board devices that are speed sensitive and use
the CPU clock for synchronization with the MC68030. 4
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Refer to Motorola’s documentation for the MC68030 processor, MC68030 Enhanced
32-Bit Microprocessor User’s Manual, for more information on the MC68030 processor bus.
Detailed information about the 68030 processor-direct slot and advice for developers
designing PDS cards can be found in Designing Cards and Drivers for the Macintosh Family,
second edition.

Figure 14-2 shows the pinouts for the Euro-DIN 120-pin expansion connector used for the
68030 PDS. Table 14-5 shows the signal assignments for the 68030 PDS.

The 68030 processor-direct slot has a set of address, data, and control signals that are
common to all Macintosh computers that use the MC68030 processor—including the ones
that have NuBus expansion slots. Table 14-6 lists the signals on the 68030 processor-direct
slot that are common to all those machines.

Other signals on the 68030 processor-direct slot are not the same on different machines.
Specifically, machines that also have NuBus slots are different from machines that don't.
Table 14-7 lists the signals on the 68030 processor-direct slot that are different on
different machines.
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= Figure 142 Pinout of the Euro-DIN 120-pin connector used for the 68030 PDS
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s Table14-5  Signal assignments on the 68030 PDS

Pin Row A Row B Row C
1 Reserved or GND* Reserved or ECS* PWROFF or /PFW*
2 Reserved or /PDS.MASTER* GND orn.c.* /NUBUS or n.c.*
3 /BUSLOCK or reserved* /TM1A or /PDS.BG* /TMOA or /PDS.BR*
4 /IRQ3 or n.c.* /IRQ2 or /IRQ15* /IRQ1 or /IRQ6*
5 /TPL2 /IPL1 /TPLO
6 /CIOUT /DS /RMC
7 /STERM /CBACK /CBREQ
8 /DSACK1 /DSACKO R/W
9 SIZ1 SIZ0 /AS

10 /BGACK /BG /BR

11 FC2 FC1 FCO

12 /RESET /BERR /HALT

13 DO +5V D1

14 D2 D3 D4

15 D5 D6 D7

16 D8 GND D9

17 D10 D11 D12

18 D13 D14 D15

19 D16 +5V D17

20 D18 D19 D20

21 D21 D22 D23

22 D24 GND D25

23 D26 D27 D28

24 D29 D30 D31

25 A31 +5V A30

26 A29 A28 A27

27 A26 A25 A24

28 A23 GND A22

29 A21 A20 Al19

*Signals with two names are different on different models; signal names on the Macintosh SE/30 are given
first. Refer to Table 14-7 for details of the machine-specific signals.

(continued)
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m Table14-5  Signal assignments on the 68030 PDS (continued)

Pin Row A Row B Row C
30 Al8 Al7 Al16
31 Al5 +5V Al4
32 Al3 Al12 All
33 A10 A9 A8
34 A7 GND A6
35 A5 Ad A3
36 A2 Al A0
37 +5V +5V +5V
38 CPUCLOCK or n.c.* ECLK or n.c.* C16M or CPUCLK®
39 GND GND or /SLOT.E GND
40 -12v =5V +12V

*Signals with two names are different on different models; signal names on the Macintosh SE/30 are given
first. Refer to Table 14-7 for details of the machine-specific signals.
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s Table14-6  Signal descriptions for the 68030 PDS: common signals

Signal name Signal description

A(31-0) Address lines

FC(2-0) Function code; identifies the address space of the current bus cycle

D(31-0) Data lines

/IPL(2-1)* Interrupt priority level lines

/CIOUTt Inhibits operation of an external cache

/CBREQt Identifies a burst request for the instruction or data cache

/CBACK Indicates that the device can operate in burst mode

/STERM A bus response signal indicating that the port size is 32 bits and that data can be

/DSACK(1-0)
SIZ(1-0)
/BR

/BG

/BGACK
/RESET
/BERR
/RMC

R/W
/AS
/HALT
/DS

latched on the next falling clock edge for a read cycle

Indicates the completion of a data transfer operation

Indicates the number of bytes remaining to be transferred in the current cycle
Signal from an external device requesting to become bus master

Bus grant; indicates that an external device may become bus master following
completion of the current processor bus cycle

Indicates that an external device has become bus master
Initiates a system reset
Bus error; signals an invalid bus operation

Identifies the current bus cycle as part of an indivisible read-modify-write
operation

Defines whether a bus transfer is a read or a write
Address strobe; indicates a valid address
Directs the processor to suspend bus activity

Data strobe; during a read operation, directs a device to place data on the bus;
during a write operation, indicates that data is valid

*Do not use interrupt priority lines on the Macintosh IIfx; instead, use /IRQ6, which is part of that machine’s

interrupt scheme.

1Do not use /CIOUT in conjunction with /CBREQ; in other words, do not inhibit the cache during burst-

mode cycles.
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s Table 14-7

Signal descriptions for the 68030 PDS: machine-specific signals

Signal name on
Macintosh SE/30

Signal name on
Macintosh IIfx

Signal description

Reserved
PWROFF

/NUBUS

/BUSLOCK

n.c.

/TM1A

/TMOA

/IRQ3-/IRQ2

/IRQ1

CPUCLOCK

/ECS
/PFW

n.c.

n.c.
/PDS.MASTER

/PDS.BG

/PDS.BR

/IRQ15

/IRQ6

n.c.

Early-cycle start signal from the MC68030.

Status signal indicating that power is about to be removed
(Shut Down has been chosen from the Special menu).

In the Macintosh SE/30, indicates address in the memory
range $6000 0000 to $FFFF FFFF. This signal is active when the
CPU addresses the built-in video display. (Expansion cards
can use this signal and further decode the slot address ranges
to avoid conflict with the video logic.)

In the Macintosh SE/30, the /BUSLOCK signal is not used.

In the Macintosh IIfx, this signal indicates that the PDS card
replaces the MC68030 as the bus master; used with /PDS.BG
and /PDS.BR.

In the Macintosh SE/30, an input to VIA2; current system
software does not use it. See the section “Data Register B in
VIA2” in Chapter 4.

In the Macintosh IIfx, indicates that an external device may
become bus master following completion of the current
PDS-card bus cycle when /PDS.MASTER is asserted.

In the Macintosh SE/30, an input to VIA2; current system
software does not use it. See the section “Data Register B in
VIA2” in Chapter 4.

In the Macintosh IIfx, the signal from an external device
requesting to become bus master when /PDS.MASTER is
asserted.

In the Macintosh SE/30, the /IRQ1, /IRQ2, and /IRQ3 signals
are general-purpose interrupts that correspond to the
pseudo-slot addresses (slots $9-$B).

In the Macintosh IIfx, /IRQ15 is an additional interrupt (not
pseudo-slot) for the address range $6000 0000~$7FFF FFFF.

In the Macintosh SE/30, an interrupt line like /IRQ2 and
/IRQ3.

In the Macintosh IIfx, the interrupt line that corresponds to
the pseudo-slot address used in the Macintosh IIfx (slot $E).

Clock signal used for timing and synchronization on the
Macintosh SE/30. Its frequency is 16.67 MHz.

(continued)
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s Table 147  Signal descriptions for the 68030 PDS: machine-specific signals (continued)

Signal name on Signal name on

Macintosh SE/30 Macintosh IIfx Signal description

ECLK n.c. Clock signal for the VIA chips on the main circuit board of
the Macintosh SE/30.

C16M CPUCLK In the Macintosh SE/30, a general-purpose clock with a
frequency of 15.6672 MHz.
In the Macintosh IIfx, the clock signal for synchronizing to
the main processor, but at a frequency of 20 MHz, half that
of the processor.

GND /SLOT.E When this signal is low, the PDS replaces NuBus slot $E in the

address map.

/o Developer tip Because many signals on the Macintosh IIfx are high-speed signals,
you should have Apple’s technical support group review any card you
develop for the PDS in the Macintosh IIfx. 4

For more information about developing cards for the 68030 PDS, you should read the
companion book to this one, Designing Cards and Drivers for the Macintosh Family,
second edition.

The NuBus expansion interface

NuBus is a 32-bit-wide, processor-independent bus using Euro-DIN 96-pin connectors.
The expansion slots on the Macintosh II-family computers use Apple’s implementation of
the NuBus interface. The Macintosh II, Macintosh IIx, and Macintosh IIfx have six NuBus
slots; the Macintosh Ilcx and Macintosh IIci have three NuBus slots. Detailed information
on this implementation of NuBus can be found in Designing Cards and Drivers for the
Macintosh Family, second edition.

The Institute of Electrical and Electronics Engineers (IEEE) has established a standard for
NuBus, described in IEEE 1196, NuBus—A Simple 32-Bit Backplane Bus.
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A Important  Texas Instruments, Inc. owns patents on NuBus. If you wish to make a

device that works with NuBus, you must obtain a license from Texas
Instruments. Write to the following address:

Texas Instruments, Inc.
12501 Research Boulevard
Austin, TX 78759

Attn: NuBus Licensing
M/S 2151 A

The Macintosh II Video Card and other video cards go in a NuBus expansion slot. Other
examples of uses for NuBus cards include

Figure 14-3 shows the pinouts of the 96-pin NuBus expansion connector on the main logic board.

COPToCessors
memory expansion and RAM disks

local area network (LAN) interfaces
additional SCSI ports

digital sound sampling and playback systems

Table 14-8 lists the signal assignments for the NuBus expansion connector. Table 14-9 lists
the use of each signal. NuBus data communications are described in Designing Cards and
Drivers for the Macintosh Family, second edition.
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Figure 14-3  Pinout of the Euro-DIN 96-pin connector used for the NuBus
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a Table14-8  Signal assignments for the NuBus expansion connector

Pin Row A Row B Row C
1 -12 -12 /RESET
2 GND* GND GND*
3 /SPV GND +5

4 /SP +5 +5

5 /TM1 +5 /TM0
6 /AD1 +5 /ADO
7 /AD3 +5 /AD2
8 /AD5 t /AD4
9 /AD7 t /AD6
10 /AD9 t /AD8
11 /AD11 t /AD10
12 /AD13 GND /AD12
13 /AD15 GND /AD14
14 /AD17 GND /AD16
15 /AD19 GND /AD18
16 /AD21 GND /AD20
17 /AD23 GND /AD22
18 /AD25 GND /AD24
19 /AD27 GND /AD26
20 /AD29 GND /AD28
21 /AD31 GND /AD30
22 GND GND GND
23 GND GND /PFW
24 /ARB1 t /ARBO
25 /ARB3 t /ARB2
26 /ID1 1 /ID0
27 /ID3 t /ID2
28 /ACK +5 /START
29 +5 +5 +5

30 /RQST GND +5

31 /NMRQ GND GND
32 +12 +12 /CLK

*These pins are reserved in the IEEE NuBus specification; in the Macintosh II, they are grounded.

tThese pins are connected together, but not supplied with the -5.2 V described in the IEEE NuBus
specification. This voltage could be supplied by a card, in which case -5.2 V would be available to all cards.
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s Table 149  Signal descriptions for the NuBus expansion connector

Signal name Signal description
/SPV System Parity Valid
/SP System Parity

TM1-TMO Transfer mode lines
/AD30-/AD0  Address/data lines
/PFW Power Fail Warning
/ARB3-/ARB0 Arbitration

/ID3~/ID0 Slot identification lines

/ACK Acknowledge
/START Start

/RQST Request

/NMRQ Non-Master Request
/CLK Clock

Figure 14-4 shows a block diagram of the NuBus interface. The NuBus is a synchronous bus
running on a 10 MHz clock; the processor bus is asynchronous and uses a clock with a rate
of 15.67 MHz or higher, depending on the model. The blocks at the bottom of the figure
are finite-state machines that implement the handshaking and synchronize transfers
between the two buses. The state machines are part of the logic inside the NuBus
controller IC (NuChip, NuChip30, or BIU30).

The NuBus uses a multiplexed address/data bus, whereas the main logic board uses
separate address and data buses. The NuBus transceivers buffer, multiplex, and
demultiplex the NuBus address/data bus signals. The /AD1, /ADO, /TM1, and /TMO lines on
the NuBus side of the interface, and the SIZ1 and SIZ0 lines on the processor side of the
interface, control the size of a data transfer. Because of this dual use of the /AD1 and
/ADO lines, the encoder/decoder shown in Figure 144 translates the two low-order address
bits between the processor-bus values and the values used on NuBus.
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Figure 14-4 NuBus block diagram
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Appendix A Macintosh Family
Hardware Specifications

This appendix gives the specifications for nine Macintosh models:
Macintosh Plus

Macintosh SE

Macintosh SE/30

Macintosh Portable

Macintosh II

Macintosh IIx

Macintosh IIcx

Macintosh Ilci

Macintosh IIfx
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Macintosh Plus

Processor

Processor clock
RAM

ROM
Floppy disk drive

Hard disk drive
Video display

I/0

Sound generator

Keyboard
Mouse

Real-time clock

Power requirements

Power output

MC68000, 32-bit internal architecture, 16-bit external data bus,
24-bit external address bus

7.8336 MHz

1 MB of system RAM (expandable to 4 MB),

256 bytes of parameter RAM in RTC

128 KB ROM (expandable to 256 KB)

One internal 800 KB double-sided 3.5-inch disk drive;

one external disk-drive connector

External DB-19 connector accepts an Apple Hard Disk 20;
external SCSI connector accepts a SCSI hard disk

Built-in 9-inch (diagonal), 512-pixel by 342-pixel bit-mapped
video display screen

Synchronous serial keyboard bus;

two RS-422 serial ports;

mouse interface;

IWM port with one internal connector and

one external connector;

mono sound port for external amplifier

Four-voice mono sound with digital-to-analog conversion using
22.255 KHz sample rate

Macintosh Plus keyboard with built-in keypad
Mechanical/optical mechanism generating 90 pulses per inch on
each axis of travel

CMOS custom chip containing 256 bytes of parameter RAM;
rechargeable 4.5-volt (Eveready No. 523 or equivalent) user-
replaceable battery backup

Line voltage: 85 to 135 or 170 to 270 V (rms)

Frequency: 47 to 63 Hz

Power: 80 W maximum for peak load

46.8 W at maximum sustainable load
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s Table A-1 Size and weight of the Macintosh Plus computer

Weight Height Width Depth
Main unit 7.5kg 344 mm 246 mm 276 mm
(16 Ibs. 8 0z.) (135 in.) (9.7 in) (10.9 in.)
Keyboard 1.2 kg 65 mm 395 mm 146 mm
(2 Ibs. 10 0z.) .6in.) (15.6 in.) (5.8 in.)
Mouse 0.2kg 37 mm 60 mm 109 mm
(7 oz) (145 in.) (24 in.) (43 in.)

Environment

Operating temperature 10° C to 40° C
(50° F to 104° F)
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature ~ —40° Cto 50° C

(40° Ft0 122° F)

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40° C(104° )

Altitude 0 to 4572 m (0 to 15,000 ft.)
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Macintosh SE

Processor

Processor clock
RAM

ROM
Floppy disk drive

Hard disk drive

Video display

I/0

Expansion slot
Sound generator

Keyboards

Mouse

Real-time clock

Power requirements

Power output

MC68000, 32-bit internal architecture, 16-bit external data bus,
24-bit external address bus

7.8336 MHz

1 MB of system RAM (expandable to 4 MB);

256 bytes of parameter RAM in RTC

256 KB ROM

One internal 1440 KB Macintosh FDHD disk drive;

one optional second internal 1440 KB Macintosh FDHD drive;
one external DB-19 connector

One optional internal 20 MB SCSI hard disk;

external DB-19 connector accepts an Apple Hard Disk 20;
external SCSI connector accepts a SCSI hard disk

Built-in 9-inch (diagonal), 512-pixel by 342-pixel bit-mapped
video display screen

Apple Desktop Bus with two connectors for communication
with keyboard, mouse, and other devices over low-speed,
synchronous serial bus;

two RS-422 serial ports with synchronous modem support

on port A;

SWIM port with one internal connector and one external
connector;

SCSI port with one internal connector and one external
connector;

mono sound port for external amplifier

68000 processor-direct slot for expansion card

Four-voice mono sound with digital-to-analog conversion using
22.255 KHz sample rate

Apple Standard Keyboard or Apple Extended Keyboard (Apple
Desktop Bus)

Apple Standard Mouse (Apple Desktop Bus);
mechanical/optical mechanism generating either 100 counts or
200 counts per inch on each axis of travel

CMOS custom chip containing 256 bytes of parameter RAM,;
long-life lithium battery backup

Line voltage: 85 to 270 V (rms)
Frequency: 47 to 63 Hz
Power: 142 W maximum for peak load

76 W at maximum sustainable load
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s Table A-2 Size and weight of the Macintosh SE computer

Weight Height Width Depth
Main unit 7.7-10 kg* 344 mm 246 mm 276 mm

(17-22 1bs.®) (13.55 in.) 9.69 in.) (10.87 in.)
Apple Standard 1.0 kg 44.5 mm 418.3 mm 140.0 mm
Keyboard (2 Ibs. 4 0z.) (1.8 in.) (165 in.) (5.5 in.)
Apple Extended 1.6 kg 56.4 mm 486 mm 188 mm
Keyboard (3 Ibs. 10 0z.) (222 in) (19.15 in.) (7.4 in.)
Apple Standard ~ 0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse (6 oz.) (1.1in) (2.1in) (3.8in.)

*Weight varies depending on installation of optional hard disk drive or second 3.5-inch floppy disk drive.

Environment

Operating temperature 10° C to 40° C
(50° F to 104° F)
No component inside the machine should get hotter than
80% of the manufacturer’'s maximum when operating at the
maximum temperature.

Storage temperature ~ —40° Cto 47° C

(-40° F to 116.6° F)

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40° C(104° F)

Altitude 0 to 4572 m (0 to 15,000 ft.)
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Macintosh SE/30

Processor

Processor clock
Coprocessor
RAM

ROM
Floppy disk drive

Hard disk drive

Video display

I/0

Expansion slot
Sound generator

Keyboards

Mouse

Real-time clock

Power requirements

Power output

MC68030, 32-bit internal architecture, 32-bit external data bus,
32-bit external address bus

15.6672 MHz
MC68882 floating-point unit
1 MB of system RAM, expandable to 64 MB;

256 bytes of parameter RAM in RTC;

2 KB of sound RAM in ASC;

256 KB, expandable to 2 MB

One internal 1440 KB Macintosh FDHD disk drive;

one optional second internal 1440 KB Macintosh FDHD drive;

one external DB-19 connector

One optional internal 40 or 80 MB SCSI hard disk;

external SCSI connector accepts a SCSI hard disk

Built-in 9-inch (diagonal), 512-pixel by 342-pixel bit-mapped video
display screen; interface emulates expansion-bus architecture with
8 KB declaration ROM and 64 KB display buffer

Apple Desktop Bus with two connectors for communication with
keyboard, mouse, and other devices over low-speed, synchronous
serial bus;

two RS-422 serial ports with synchronous modem support

on port A;

SWIM port with one internal connector and one external connector;
SCSI port with one internal connector and one external connector;
stereo sound port for external amplifier

68030 processor-direct slot for expansion card

Four-voice stereo or mono sound with digital-to-analog
conversion using either 22.255 KHz or 44.1 KHz sample rate

Apple Standard Keyboard or Apple Extended Keyboard (Apple
Desktop Bus)

Apple Standard Mouse (Apple Desktop Bus);

mechanical/optical mechanism generating either 100 counts or
200 counts per inch on each axis of travel

CMOS custom chip containing 256 bytes of parameter RAM;
long-life lithium battery backup

Line voltage: 85 to 270 V (rms)

Frequency: 47 to 63 Hz

Power: 142 W maximum for peak load

76 W at maximum sustainable load
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» Table A-3 Size and weight of the Macintosh SE/30 computer

Weight Height Width Depth
Main unit 7.7-10 kg* 344 mm 246 mm 276 mm

(17-22 1bs.") (13.55 in.) (9.69 in.) (10.87 in.)
Apple Standard 1.0 kg 44.5 mm 418.3 mm 140.0 mm
Keyboard (2 Ibs. 4 0z.) (1.8 in.) (165 in.) (55 in)
Apple Extended 1.6 kg 56.4 mm 486 mm 188 mm
Keyboard (3 Ibs. 10 0z.) (2.22in) (19.15 in.) (7.4 in.)
Apple Standard ~ 0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse (6 oz) (1.1in) (2.1in) (3.8 in.)

* Weight varies depending on installation of optional hard disk drive or second FDHD drive.

Environment

Operating temperature 10° C to 40° C
(50° F to 104° F)
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature  —40° Cto 47° C

(-40° F to 116.6° P

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40° C(104° B

Altitude 0 to 4572 m (0 to 15,000 ft.)
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Macintosh Portable

Processor

Processor clock
RAM

ROM
Floppy disk drive

Hard disk drive

Flat-panel display

1I/0

Sound generator
Keyboards

Trackball
Mouse

Real-time clock

Power requirements*

Power output

MC68000, 32-bit internal architecture, 16-bit external data bus,
24-bit external address bus

15.6672 MHz

1 MB of system RAM (expandable to 4 MB);

256 bytes of parameter RAM in RTC

256 KB ROM

One internal 1440 KB Macintosh FDHD disk drive;

one optional second internal FDHD disk drive

One optional internal 40 or 80 MB SCSI hard disk

External SCSI connector accepts a SCSI hard disk

Built-in 9.8-inch diagonal, 512-pixel by 342-pixel flat-panel
display screen;

connector for external video monitor (adapter needed)

Apple Desktop Bus with one connector for communication with
low-power keyboard, mouse, and other low-power devices over
low-speed, synchronous serial bus;

two RS-422 serial ports with synchronous modem support on
one port;

connector for internal modem (uses modem serial port);

IWM port with two internal connectors and one external connector;
SCSI port with one internal connector and one external connector;
mono sound port for external amplifier

Four-voice stereo or mono sound with digital-to-analog
conversion using either 22.255 KHz or 44.1 KHz sample rate
Built-in low-power version of Apple Standard Keyboard;
accepts external low-power keyboard (Apple Desktop Bus)
Stationary pointing device

Accepts low-power version of Apple Standard Mouse (Apple
Desktop Bus)

CMOS custom chip containing 256 bytes of parameter RAM,;
long-life lithium battery backup

Line voltage: 85 to 270 V (rms)

Frequency: 48 to 62 Hz

Power: 15 W maximum for peak load

Battery power for 8 hours of normal use

76 W at maximum sustainable load

* Wall-mounted battery recharger, AC input
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m Table A4 Size and weight of the Macintosh Portable computer

Weight Height Width Depth
Main unit 6.4-7.7 kg* 51-102 mmt 386 mm 349 mm

(14-17 Ibs.® (2.0-4.0 in.h) (15.2 in.) (13.75 in.)
Apple Standard  0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse (6 oz.) (1.1in) (2.1in) (38in.)

*Weight varies depending on installation of optional hard disk drive or second FDHD drive.
tunit is wedge shaped, thicker toward the back.

Environment

Operating temperature 10° C to 40° C
(50° F to 104° F)
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature ~ —40° Cto 47° C

(-40° F to 116.6° F)

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40° C(104° P

Altitude 0 to 4572 m (0 to 15,000 ft.)
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Macintosh I

Processor

Processor clock
RAM

ROM
Coprocessor
Memory management

Floppy disk drive

Hard disk drive

Video display

1/0

Expansion slots
Sound generator

Keyboards

Mouse

MC68020, 32-bit internal architecture, 32-bit external data bus,
32-bit external address bus

15.6672 MHz

1 MB of system RAM, expandable to 128 MB,

expandable to 2 GB in NuBus cards;

256 bytes of parameter RAM in RTC;

2 KB of sound RAM in ASC;

video RAM and other special-purpose RAM in NuBus cards

256 KB, expandable to 512 KB

MC68881 floating-point unit

Apple custom Address Management Unit (AMU);

replaceable by optional MC68851 Paged Memory Management
Unit (PMMU)

One internal 800 KB double-sided 3.5-inch disk drive;

one optional second internal 800 KB double-sided

3.5-inch disk drive

One optional internal SCSI hard disk;

external SCSI connector accepts a SCSI hard disk

Separate video display monitor connected to a NuBus card.
Apple options include a 12-inch 640-by-480 pixel monochrome
monitor, 13-inch 640-by-480 pixel RGB monitor, and 15-inch
640-by-870 pixel portrait monitor.

Apple Desktop Bus with two connectors for communication with

keyboard, mouse, and other devices over low-speed, synchronous

serial bus;

two RS-422 serial ports with synchronous modem support on
one port;

IWM port with two internal connectors;

SCSI port with one internal connector and one external connector;

stereo sound port for external audio amplifier or earphones
Six internal NuBus slots for expansion cards

Four-voice stereo or mono sound with digital-to-analog
conversion using either 22.255 KHz or 44.1 KHz sample rate
Apple Standard Keyboard or Apple Extended Keyboard (Apple
Desktop Bus)

Apple Standard Mouse (Apple Desktop Bus);
mechanical/optical mechanism generating either 100 counts or
200 counts per inch on each axis of travel
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Real-time clock CMOS custom chip containing 256 bytes of parameter RAM;

long-life lithium battery backup

Power requirements  Line voltage: 90 to 140 and 170 to 270 V (rms)
Frequency: 47 to 63 Hz

Power: 230 W maximum for peak load, not including power for

monitor or other external peripheral devices
Power output 132 W at maximum sustainable load

= Table A-5 Size and weight of the Macintosh II computer

Weight Height Width Depth
Main unit 10.9to 11.8 kg* 140 mm 474 mm 365 mm

(2410 26 Ibs.) (5.51 in.) (18.66 in.) (14.37 in.)
Apple Standard 1.0 kg 44.5 mm 4183 mm 140.0 mm
Keyboard Q2 1bs. 4 0z.) (1.8in.) (16.5 in.) (5.5 in.)
Apple Extended 1.6 kg 56.4 mm 486 mm 188 mm
Keyboard (3 Ibs. 10 0z.) (2.22 in.) (19.15 in.) (7.4 in)
Apple Standard 0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse (6 oz.) (1.1in) 21in) (38in.)
Apple high- 7.7 kg 255 mm 310 mm 373 mm
resolution (17 Ibs.) (10.04 in.) (12.2 in) (14.68 in.)
monochrome
monitor
Apple high- 15.45 kg 281 mm 344 mm 402 mm
resolution (34 Ibs.) (11.06 in.) (13.54 in.) (15.83 in.)

RGB monitor

* Weight varies depending on installation of optional hard disk drive or second 3.5-inch floppy disk drive.
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Environment

Operating temperature 10° C to 35° C
(50° Fto 95° F)
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature ~ —40° Cto 47° C

(-40° F to 116.6° F)

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40°C(104° P

Altitude 0 to 3048 m (0 to 10,000 ft.)
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Macintosh IIx

Processor

Processor clock
RAM

ROM

Coprocessor
Memory management
Floppy disk drive

Hard disk drive

Video display

I/0

Expansion slots
Sound generator

Keyboards

Mouse

Real-time clock

MC68030, 32-bit internal architecture, 32-bit external data bus,
32-bit external address bus

15.6672 MHz

1 MB of system RAM, expandable to 128 MB,

expandable to 2 GB in NuBus cards;

256 bytes of parameter RAM in RTC;

2 KB of sound RAM in ASC;

video RAM and other special-purpose RAM in NuBus cards
256 KB, expandable to 8 MB

MC68882 floating-point unit

Built into MC68030 processor

One internal 1440 KB Macintosh FDHD disk drive;

one optional second internal FDHD disk drive

One optional internal 40 or 80 MB SCSI hard disk;

external SCSI connector accepts a SCSI hard disk

Separate video display monitor connected to a NuBus card.
Apple options include a 12-inch 640-by-480 pixel monochrome
monitor, 13-inch 640-by-480 pixel RGB monitor, and 15-inch
640-by-870 pixel portrait monitor.

Apple Desktop Bus with two connectors for communication with
keyboard, mouse, and other devices over low-speed, synchronous
serial bus;

two RS-422 serial ports with synchronous modem support on

one port;

SWIM port with two internal connectors;

SCSI port with one internal connector and one external connector;
stereo sound port for external audio amplifier or earphones

Six internal NuBus slots for expansion cards

Four-voice stereo or mono sound with digital-to-analog
conversion using either 22.255 KHz or 44.1 KHz sample rate
Apple Standard Keyboard or Apple Extended Keyboard (Apple
Desktop Bus)

Apple Standard Mouse (Apple Desktop Bus);
mechanical/optical mechanism generating either 100 counts or
200 counts per inch on each axis of travel

CMOS custom chip containing 256 bytes of parameter RAM,;
long-life lithium battery backup
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Power requirements  Line voltage: 90 to 140 and 170 to 270 V (rms)
Frequency: 47 to 63 Hz

Power: 230 W maximum for peak load, not including power for

monitor or other external peripheral devices
Power output 132 W at maximum sustainable load

= TableA-6 Size and weight of the Macintosh IIx computer

Weight Height Width Depth
Main unit 109 to 11.8 kg* 140 mm 474 mm 365 mm
: (24 to 26 Ibs.) (5.51 in.) (18.66 in.) (14.37 in.)
Apple Standard 1.0 kg 445 mm 418.3 mm 140.0 mm
Keyboard (2 Ibs. 4 0z.) (1.8 in.) (165 in.) (5.5 in.)
Apple Extended 1.6 kg 56.4 mm 486 mm 188 mm
Keyboard (3 Ibs. 10 0z.) (222 1in) (19.15 in.) (74 in)
Apple Standard ~ 0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse (6 oz) (1.1in) (2.1in) (38 in.)
Apple high- 77 kg 255 mm 310 mm 373 mm
resolution (17 Ibs.) (10.04 in.) (12.2 in) (14.68 in.)
monochrome
monitor
Apple high- 15.45 kg 281 mm 344 mm 402 mm
resolution (34 Ibs.) (11.06 in.) (13.54 in.) (15.83 in.)

RGB monitor
* Weight varies depending on installation of optional hard disk drive or second FDHD drive.

Environment

Operating temperature 10° C to 35° C
(50°Fto 95° B)
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature  —40° Cto 47° C

(-40° F to 116.6° F)

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40° C(104° F)

Altitude 0 to 3048 m (0 to 10,000 ft.)
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Macintosh Ilcx

Processor

Processor clock
RAM

ROM

Coprocessor
Memory management
Floppy disk drive

Hard disk drive

Video display

I/0

Expansion slots
Sound generator

Keyboards

Mouse

Real-time clock

MC68030, 32-bit internal architecture, 32-bit external data bus,
32-bit external address bus

15.6672 MHz

1 MB of system RAM, expandable to 128 MB,

expandable to 2 GB in NuBus cards;

256 bytes of parameter RAM in RTC;

2 KB of sound RAM in ASC;

video RAM and other special-purpose RAM in NuBus cards
256 KB, expandable to 8 MB

MC68882 floating-point unit

Built into MC68030 processor

One internal 1440 KB Macintosh FDHD disk drive;

one optional external FDHD disk drive

One optional internal 40 or 80 MB SCSI hard disk;
external SCSI connector accepts a SCSI hard disk

Separate video display monitor connected to a NuBus card.
Apple options include a 12-inch 640-by-480 pixel monochrome
monitor, 13-inch 640-by-480 pixel RGB monitor, and 15-inch
640-by-870 pixel portrait monitor.

Apple Desktop Bus with two connectors for communication with
keyboard, mouse, and other devices over low-speed, synchronous
serial bus;

two RS-422 serial ports with synchronous modem support on

one port;

SWIM port with one internal connector and one external
connector;

SCSI port with one internal connector and one external connector;
stereo sound port for external audio amplifier or earphones
Three internal NuBus slots for expansion cards

Four-voice stereo or mono sound with digital-to-analog
conversion using either 22.255 KHz or 44.1 KHz sample rate
Apple Standard Keyboard or Apple Extended Keyboard (Apple
Desktop Bus)

Apple Standard Mouse (Apple Desktop Bus);

mechanical/optical mechanism generating either 100 counts or
200 counts per inch on each axis of travel

CMOS custom chip containing 256 bytes of parameter RAM,;
long-life lithium battery backup
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Power requirements  Line voltage: 90 to 140 and 170 to 270 V (rms)
Frequency: 47 to 63 Hz
Power: 130 W maximum for peak load, not including power for
monitor or other external peripheral devices

Power output 90 W at maximum sustainable load

s TableA-7 Size and weight of the Macintosh Ilcx computer

Weight Height Width Depth
Main unit 6.2 kg’ 140 mm 302 mm 365 mm

(13 Ibs. 10 0z.) (5.51 in) (119 in) (144 in)
Apple Standard 1.0 kg 445 mm 418.3 mm 140.0 mm
Keyboard 2 Ibs. 4 0z.) (1.8 in.) (165 in.) (5.5 in.)
Apple Extended 1.6 kg 56.4 mm 486 mm 188 mm
Keyboard (3 Ibs. 10 0z.) (2221in) (19.15 in.) (74 in)
Apple Standard 0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse (6 oz.) (1.1 in) (2.1in) (38in)
Apple high- 7.7 kg 255 mm 310 mm 373 mm
resolution (17 Ibs) (10.04 in.) (122 in) (14.68 in.)
monochrome
monitor
Apple high- 15.45 kg 281 mm 344 mm 402 mm
resolution (34 Ibs.) (11.06 in.) (13.54 in.) (15.83 in.)

RGB monitor
* Weight varies depending on installation of optional hard disk drive.

Environment

Operating temperature 10° C to 35° C
(50° Fto 95° P
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature ~ —40° Cto 47° C

(—40° F to 116.6° F)

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40° C(104° P

Altitude 0 to 3048 m (0 to 10,000 ft.)
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Macintosh Ilci

Processor

Processor clock
RAM

ROM

Coprocessor
Memory management
Floppy disk drive

Hard disk drive

Video display

I/0

Expansion slots
Sound generator

Keyboards

Mouse

MC68030, 32-bit internal architecture, 32-bit external data bus,
32-bit external address bus

25.00 MHz

1 MB of system RAM, expandable to 128 MB,

expandable to 2 GB in NuBus cards;

slot for optional high-speed RAM cache card;

256 bytes of parameter RAM in RTC;

2 KB of sound RAM in ASC;

video RAM and other special-purpose RAM in NuBus cards
512 KB, expandable to 8 MB

MC68882 floating-point unit

Built into MC68030 processor

One internal 1440 KB Macintosh FDHD disk drive;

one optional external FDHD disk drive

One optional internal 40 or 80 MB SCSI hard disk;

external SCSI connector accepts a SCSI hard disk

Built-in video circuits for connecting a separate video display
monitor; Apple options include a 12-inch 640-by-480 pixel
monochrome monitor, 13-inch 640-by-480 pixel RGB monitor,
and 15-inch 640-by-870 pixel portrait monitor.

Can also use a video monitor connected to a NuBus card.

Apple Desktop Bus with two connectors for communication with
keyboard, mouse, and other devices over low-speed, synchronous
serial bus;

two RS-422 serial ports with synchronous modem support on

one port;

SWIM port with one internal connector and one external connector;
SCSI port with one internal connector and one external connector;
stereo sound port for external audio amplifier or earphones

Three internal NuBus slots for expansion cards

Four-voice stereo or mono sound with digital-to-analog
conversion using either 22.255 KHz or 44.1 KHz sample rate
Apple Standard Keyboard or Apple Extended Keyboard (Apple
Desktop Bus)

Apple Standard Mouse (Apple Desktop Bus);
mechanical/optical mechanism generating either 100 counts or
200 counts per inch on each axis of travel

Appendix A Macintosh Family Hardware Specifications



Real-time clock CMOS custom chip containing 256 bytes of parameter RAM;

long-life lithium battery backup

Power requirements  Line voltage: 90 to 140 and 170 to 270 V (rms)
Frequency: 47 to 63 Hz

Power: 130 W maximum for peak load, not including power for

monitor or other external peripheral devices
Power output 90 W at maximum sustainable load

s Table A-8 Size and weight of the Macintosh IIci computer

Weight Height Width Depth
Main unit 6.2kg* 140 mm 302 mm 365 mm

(13 Ibs. 10 0z.) (5.51 in.) (119 in) (144 in)
Apple Standard 1.0 kg 44.5 mm 418.3 mm 140.0 mm
Keyboard (2 Ibs. 4 0z.) (1.8 in.) (165 in.) (5.5 in.)
Apple Extended 1.6 kg 56.4 mm 486 mm 188 mm
Keyboard (3 Ibs. 10 0z.) (222 in) (19.15 in.) (7.4 in.)
Apple Standard 0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse (6 o0z.) (1.1 in.) (2.1in) (3.8 1in.)
Apple high- 7.7 kg 255 mm 310 mm 373 mm
resolution (17 1bs.) (10.04 in.) (122 in) (14.68 in.)
monochrome
monitor
Apple high- 15.45 kg 281 mm 344 mm 402 mm
resolution (34 Ibs.) (11.06 in.) (13.54 in.) (15.83 in.)

RGB monitor
*Weight varies depending on installation of optional hard disk drive.
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Environment

Operating temperature 10° C to 35° C
(50° F to 95° F)
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature  -40° Cto 47° C
(-40° F t0 116.6° F)

Relative humidity 20% to 95% (noncondensing) at 25° C (77° F) to
40° C (104° F)
Altitude 0 to 3048 m (0 to 10,000 ft.)
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Macintosh IIfx

Processor

Processor clock
RAM

ROM

Coprocessor
Memory management
Floppy disk drive

Hard disk drive

Video display

I/0

Expansion slots

Sound generator
Keyboards

Mouse

MC68030, 32-bit internal architecture, 32-bit external data bus,
32-bit external address bus

40.00 MHz

4 MB of system RAM, expandable to 128 MB,

expandable to 2 GB in NuBus cards;

32 KB of fast RAM cache;

256 bytes of parameter RAM in RTC;

2 KB of sound RAM in ASC;

video RAM and other special-purpose RAM in NuBus cards

512 KB, expandable to 8 MB

MC68882 floating-point unit, clock speed of 40.00 MHz

Built into the MC68030 processor

One internal 1440 KB Macintosh FDHD disk drive;

one optional second internal FDHD disk drive

One optional internal 80 or 160 MB SCSI hard disk;

external SCSI connector accepts a SCSI hard disk

Separate video display monitor connected to a NuBus card.
Apple options include a 12-inch 640-by-480 pixel monochrome
monitor, 13-inch 640-by-480 pixel RGB monitor, and 15-inch
040-by-870 pixel portrait monitor.

Apple Desktop Bus with two connectors for communication with
keyboard, mouse, and other devices over low-speed, synchronous
serial bus;

I/0 processor controlling two RS-422 serial ports with synchronous
modem support on one port;

1/0 processor controlling SWIM port with two internal connectors;
SCSI port with one internal connector and one external connector;
stereo sound port for external audio amplifier or earphones

Six internal NuBus slots for expansion cards;

68030 processor-direct slot for expansion card

Four-voice stereo or mono sound with digital-to-analog
conversion using either 22.255 KHz or 44.1 KHz sample rate

Apple Standard Keyboard or Apple Extended Keyboard (Apple
Desktop Bus)

Apple Standard Mouse (Apple Desktop Bus);

mechanical/optical mechanism generating either 100 counts or
200 counts per inch on each axis of travel
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Real-time clock CMOS custom chip containing 256 bytes of parameter RAM;
long-life lithium battery backup

Power requirements Line voltage: 100 to 240 V (rms)
Frequency: 48 to 62 Hz
Power: 230 W maximum for peak load, not including power for
monitor or other external peripheral devices

Power output 90 W at maximum sustainable load

= Table A-9 Size and weight of the Macintosh IIfx computer

Weight Height Width Depth
Main unit 109 to 11.8 kg* 140 mm 474 mm 365 mm

(24 to 26 Ibs.) (5.51 in.) (18.66 in.) (14.37 in.)
Apple Standard 1.0 kg 44.5 mm 418.3 mm 140.0 mm
Keyboard 2 Ibs. 4 0z.) (1.8 in.) (16.5 in.) (5.5 in.)
Apple Extended 1.6 kg 56.4 mm 486 mm 188 mm
Keyboard (3 Ibs. 10 0z.) (222 in) (19.15 in.) (7.4 in.)
Apple Standard 0.17 kg 27.9 mm 53.3 mm 96.5 mm
Mouse 6.0 oz.) (1.1 in.) (2.1in) (3.8 in.)
Apple high- 7.7 kg 255 mm 310 mm 373 mm
resolution (17 lbs.) (10.04 in.) (12.2 in.) (14.68 in.)
monochrome
monitor
Apple high- 15.45 kg 281 mm 344 mm 402 mm
resolution (34 Ibs.) (11.06 in.) (13.54 in.) (15.83 in.)

RGB monitor
*Weight varies depending on installation of optional hard disk drive or second FDHD drive.
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Environment

Operating temperature 10° C to 40° C
(50°Fto 95° F)
No component inside the machine should get hotter than
80% of the manufacturer’s maximum when operating at the
maximum temperature.

Storage temperature  -40° Cto 47° C
(-40° F to 116.6° F)

Relative humidity 5% to 95% (noncondensing) at 25° C (77° F) to
40° C (104° F)
Altitude 0 to 3048 m (0 to 10,000 ft.)

488  Guide to the Macintosh Family Hardware



Appendix B Hardware-Related Global Variables

Table B-1 lists the system global variables that relate to hardware
components. For a complete list of system global variables, see the
Inside Macintosh X-Ref. System global variables are included as equate
(EQU) statements in Macintosh Programmer’s Workshop (MPW)
Assembly Language files named HardwareEqu.a and SysEqu.a. These
files are located in a folder named Alncludes.

The MPW development system, which includes the MPW Assembler and
the Alncludes folder, is available from 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,” in the Preface.



s Table B-1 Hardware-related global variables

Name Contents

HWCfgFlags Hardware components conhected

IWM IWM base address

KbdLast ADB address of the keyboard last used (byte)
KbdType Keyboard type of the keyboard last used (byte)
MemTop Address of end of RAM

PortBUse Current availability of serial port B (byte)

RAMBase Trap dispatch table’s base address for routines in RAM
ROMBase Base address of ROM

ROM85 Version number of ROM (word)

SCCRd SCC read base address

SCCWr SCC write base address

ScrHRes Pixels per inch horizontally (word)

ScrnBase Address of main screen buffer

ScrVRes Pixels per inch vertically (word)

SdVolume Current speaker volume (byte: low-order 3 bits only)
SoundBase Pointer to free-form synthesizer buffer

SoundLevel Amplitude in 740-byte buffer (byte)

SoundPtr Pointer to four-voice sound definition table

SPPortA Modem port configuration (word)

SPPortB Printer port configuration (word)

SPVolCtl Speaker volume setting in parameter RAM (byte)
SysParam Low-memory copy of parameter RAM (20 bytes)
TimeSCCDB Number of times the SCC can be accessed per millisecond (word)
TimeSCSIDB ~ Number of times the SCSI can be accessed per millisecond (word)
VIA VIA base address
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Glossary

active: See asserted. See also active high,
active low.

active high: Said of a signal that is True when
the voltage on that line goes high. Compare
active low.

active low: Said of a signal that is True when the
voltage on that line goes low. Compare active

high.
ADB: See Apple Desktop Bus.

ADB transceiver: A 4-bit microprocessor that,
in conjunction with the main processor, controls
the ADB network. In the Macintosh Portable, the
Power Manager IC also functions as the ADB
transceiver.

address: A number that specifies the location of
a byte in memory.

address bus: The set of electrical wires along
which addresses are transmitted. The width of
the address bus (number of wires) determines
how many addresses can be addressed directly
by the main processor. For example, the
Macintosh SE computer has a 24-bit address bus
and so has a 16 MB (224) address space. The
Macintosh II has a 32-bit address bus and so has
a 16 MB (224) address space. The Macintosh II
has a 32-bit address bus and so has a 4 GB (232)
address space. Compare control lines, data
bus.

Address Management Unit (AMU): The Apple
custom integrated circuit in the Macintosh II
that performs 24-to-32 bit address mapping. Also

called Hochsprung Memory Management Unit
(HMMU). It can be replaced by the optional
Paged Memory Management Unit (PMMU), the
Motorola MC68851.

address map: The assignment of portions of the
address space of the computer to specific
devices. See also memory-mapped device
selection.

address mapping: See address translation.

address space: A range of accessible memory.
See also address map.

address translation: The conversion of one set
of addresses into another, corresponding set. For
example, software designed for the classic
Macintosh uses only 24 bits for addresses
whereas the Macintosh II has a 32-bit address
bus; therefore, the Macintosh II converts (maps)
the 24-bit addresses coming from the software
into 32-bit addresses for use by the hardware.
Same as address mapping. See also address
map, memory-mapped device selection.

AMU: See Address Management Unit.

analog board: In Macintosh models that have a
built-in video monitor, the printed circuit board
that contains the power supply and the video
circuitry. Compare logic board.

Apple Desktop Bus (ADB): A low-speed serial
bus that connects the keyboard, mouse, and
optional input devices to the Macintosh SE,
Macintosh Portable, and Macintosh II-family
computers.

491



Apple Sound Chip (ASC): The Apple custom
sound IC in all Macintosh models except the
classic Macintosh and the Macintosh SE. It
generates a stereo audio signal that, in
conjunction with other sound circuitry, drives
the internal speaker or an external sound jack.

ASC: See Apple Sound Chip.

asserted: Indicates that a signal is True,
independent of whether that logical condition is
represented by a high or low voltage. Same as
active. Opposite of deasserted.

asynchronous: Not synchronized by a mutual
timing signal or clock. Compare synchronous.

automatic vectoring: A mode of operation in
which the interrupt vector is based on the level of
the interrupt, so that the main processor
automatically jumps to an interrupt handler that
corresponds to the priority of an interrupt.

auxiliary processor: A processor that
communicates with the main processor at the
level of a device. An example is the Power
Manager IC in the Macintosh Portable. See also
COProcessor, main processor.

BBU: The Apple custom IC in the Macintosh SE
that handles RAM, video, and sound; selects
devices; and performs other control functions.
BBU stands for Bob Bailey Unit.

BIU2: The custom IC that contains the NuBus
transceivers in the Macintosh IIfx computer. See
also BIU30, NuBus controller.

BIU30: The custom IC that controls the NuBus
interface in the Macintosh IIfx computer. See
also BIU2, NuBus controller.

blanking interval: See horizontal blanking
interval, vertical blanking interval.

block: A group regarded as a unit; usually refers
to data or memory in which data is stored.
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block device: A device that reads and writes
blocks of bytes at a time. It can read or write any
accessible block on demand. A disk drive is an
example of a block device. Compare character
device.

board: A printed circuit board that is a built-in
part of the computer. Compare card.

Bob Bailey Unit: See BBU.

cache RAM: A small amount of high-speed RAM
used as a buffer to make data and instructions
available to the main processor more quickly
than they can be read from normal RAM.

cache slot: A slot in the Macintosh Ilci for
installing an optional cache card.

card: A removable printed circuit board that
plugs into a connector inside the computer.
Cards are used to expand the capabilities of the
computer, and are sometimes referred to as
expansion cards. Compare board.

character device: A device that reads or writes a
stream of characters, one at a time. It can neither
skip characters nor go back to a previous
character. A printer is an example of a character
device. Compare block device.

classic Macintosh: A term encompassing the
original Macintosh computer (128K and 512K
models), the Macintosh 512K enhanced, and the
Macintosh Plus.

clock chip: See real-time clock.

CLUT DAC: An IC in an expansion video card or
in the Macintosh IIci that converts digital video
data into analog signals for an external video
monitor. See also RBV.

control lines: Wires that carry status or control
signals.



coprocessor: A processor that communicates
directly with the main processor, sharing its data
and address buses. An example is the MC68882
floating-point unit. See also main processor,
auxiliary processor.

CPU: Central processing unit. See main
processor.

CPU GLU: An Apple custom IC in the Macintosh
Portable computer that selects devices and

performs other control functions. See also
general logic unit.

data bus: The wires along which general
information (all information except for memory
addresses and control signals) is transmitted
within the computer. The wider the data bus, the
more information can be transmitted at once.
The Macintosh computers that use the MC68000
have 16-bit data buses. The Macintosh
computers that use the MC68020 and MC68030
have 32-bit data buses. Compare address bus,
control lines.

deasserted: Indicates that a signal is False,
independent of whether that logical condition is
represented by a high or low voltage. Same as
inactive. Opposite of asserted.

debounce: To condition the signal from a
mechanical switch (such as a pushbutton) so as
to remove the multiple connections or
disconnections commonly produced by such
switches.

declaration ROM: A ROM on a NuBus expansion
card that contains information about the card
and may also contain code or other data.

delta guide: A book that describes only changes
in a hardware device or software program. A
delta guide is written to supplement a book that
completely describes an earlier version of a
product.

device: (1) A component on the Macintosh logic
board that can exchange information with the
CPU. The Serial Communications Chip is an
example of a device. (2) A peripheral device.

A printer is an example of a peripheral device.

device address space: A portion of address
space used for addressing internal devices. See
also address map, memory-mapped device

selection.
digital board: Same as logic board.

DMA: Direct memory access. A technique for
transferring data in or out of memory without
using the CPU.

DRAM: Pronounced “dee-ram.” See dynamic
random-access memory.

dynamic bus sizing: A procedure by which the
MC68020 or MC68030 processor determines the

bus size of a device and automatically performs
as many bus cycles as necessary to transfer data.
For example, to read a longword (32 bits) from

the SCSI chip—which has an 8-bit data bus—the
processor runs four successive 8-bit read cycles.

dynamic random-access memory (DRAM):
Random-access memory that must be

periodically refreshed to prevent it from losing
the information it contains. See also random-

access memory, static random-access
memory.

exception: An error or abnormal condition
detected by the processor in the course of
program execution. Exceptions include resets,
bus errors, interrupts, and traps.

exception event: See exception.

exception vector: A location in memory
containing the starting address of the routine
that takes control in the event of a particular
exception.
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expansion card: See card.
expansion slot: See slot.
5380: See SCSI chip.

finite-state machine: A block of logic,
implemented in hardware or software, that can
assume a finite number of values or states, and
that makes a transition from one state to
another in a set sequence in response to specific
inputs. For each state, a state machine generates
a specific output, or asserts or deasserts a

- specific signal.

floating-point unit (FPU): An IC that provides
high-speed support for extended-precision
arithmetic. The Motorola MC68881 is used in the
Macintosh I computer; the MC68882 is used in
the Macintosh SE/30, Macintosh IIx,

Macintosh IIcx, Macintosh Ilci, and

Macintosh IIfx.

FPU: See floating-point unit.

GB: Abbreviation for gigabyte. A gigabyte is
1,024 megabytes, or 1,073,741,824 bytes.

GCR: See group code recording.

general logic unit (GLU): A generic term for an
Apple custom IC used to perform several control
functions. See also BBU, CPU GLU, GLUE,
MDU, Miscellaneous GLU, RBY.

genlock: In a device that produces a video
display signal, the process of synchronizing its
output with a video signal produced by some
other device.

GLU: See general logic unit.

GLUE: The Apple custom IC in the

Macintosh SE/30, Macintosh II, Macintosh IIx,
and Macintosh Ilcx computers that selects
devices and performs other control functions.

See also general logic unit.
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group-code recording (GCR): A method of
formatting data in which each 3 bytes are written
as four 8-bit patterns constructed so that no
pattern contains more than two consecutive 0's.
Group-code recording is used in conjunction
with NRZI encoding to write data on Apple 3.5-
inch floppy disks and Hard Disk 20 hard disks.
Compare modified frequency modulation.

hard disk interleave: To place consecutive
sectors in noncontiguous locations on the

disk, alternating with other sectors. For
example, a 2:1 interleave might include sectors
in the sequence 1, 5, 2, 6, 3,...; whereas a 3:1
interleave might include sectors in the sequence
1,4,7,2,5,8,3,.

heap: The area of memory in which space is
dynamically allocated and released as needed by
applications and the operating system.

high address: The ending address of a block of
code or data in memory. Compare low address.

HMMU: See Address Management Unit.

Hochsprung Memory Management Unit
(HMMU): See Address Management Unit.

horizontal blanking interval: The time
between the display of the rightmost pixel on
one line and the leftmost pixel on the next line.

Same as horizontal retrace time. Compare
vertical blanking interval.

horizontal retrace time: See horizontal
blanking interval.

inactive: Same as deasserted.

initialize: To bring to some known state, usually
when a system is started up or reset.



Integrated Woz Machine (IWM): The custom
IC that controls the floppy disk drives in the
Macintosh Plus and Macintosh II computers and
in Macintosh SE computers manufactured before
September 1989.

interleave: To alternate between two or more
distinct events or entities. See also hard disk
interleave, video interleave.

interrupt: An exception that is signaled to the
processor by a device to notify the processor of
a change in condition of the device, such as the
completion of an /O request.

interrupt handler: The routine that gets control
in the event of an interrupt.

interrupt priority level: A number that
indicates the importance of an interrupt. If the
priority level of an interrupt is higher than the
current processor priority, the exception
processing sequence is started.

interrupt vector: An exception vector for an
interrupt.

IOP: See 1/0 Processor.

1/0 Processor (IOP): An Apple custom IC.
In the Macintosh IIfx, one IOP controls the
SCC and another controls the SWIM and the
ADB interface.

IWM: See Integrated Woz Machine.
KB: Abbreviation for kilobyte; 1024 bytes.
Kbit: Abbreviation for kilobit; 1024 bits.

logical address: An address used by software.
The logical address may be translated into a
physical address by the memory management
unit.

logic board: A circuit board that holds the CPU,
RAM, ROM, and other integrated circuits that
perform the built-in logic functions of the
computer. Compare analog board, card.

longword: In MC68000 terminology (including
the MC68020 and MC68030), a longword
comprises two 16-bit words.

low address: The starting address of a block of
code or data in memory. Compare high
address.

main logic board: Same as logic board.

main processor: The microprocessor that
executes program code; the central processing
unit. See MC68000, MC68HC000, MC68020,
MC68030.

main system unit: In a2 modular computer such
as the Macintosh II, the module that contains the
logic board, the expansion slots, the power
supply, and the built-in disk drives.

manager: A type of routine found in the
Macintosh Operating System or Toolbox. Some
managers—such as the SCSI Manager and the
ADB Manager—control the exchange of
information between a Macintosh and peripheral
devices.

- MB: Abbreviation for megabyte; 1,024

kilobytes, or 1,048,576 bytes.

Mbit: Abbreviation for megabit; 1,024 kilobits,
or 1,048,576 bits.

MC68000: The integrated circuit used as the
main processor in the Macintosh SE, Macintosh
Plus, and earlier Macintosh computers.

MC68000 PDS: The processor-direct slot in the
Macintosh SE and Macintosh Portable
computers. See also processor-direct slot.
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MC68HC000: The integrated circuit used as the
main processor in the Macintosh Portable
computer.

MC68020: The integrated circuit used as the
main processor in the Macintosh II computer.

MC68030: The integrated circuit used as the
main processor in the Macintosh SE/30,
Macintosh IIx, Macintosh IIcx, Macintosh Ilci,
and Macintosh IIfx computers.

MC68030 PDS: The processor-direct slot in the
- Macintosh SE/30 and the Macintosh IIfx. See
also processor-direct slot.

MC68851: The integrated circuit used as the
optional Paged Memory Management Unit
(PMMU) in the Macintosh II computer.

MC68881: The integrated circuit used as the
floating-point unit (FPU) in the Macintosh II
computer.

MC68882: The integrated circuit used as the
floating-point unit (FPU) in the Macintosh IIx,
Macintosh IIcx, Macintosh IIci, and
Macintosh IIfx computers.

MDU (Memory Decode Unit): An Apple
custom IC in the Macintosh Ilci that selects
devices and performs other control functions.
See also general logic unit.

Memory Decode Unit: See MDU.

memory management unit (MMU): A generic
term for the component that performs address
mapping in a Macintosh computer. In the
Macintosh II, it is either the Address
Management Unit (AMU) or the Paged Memory
Management Unit (PMMU). The MMU function is
built into the MC68030, the main processor in
many Macintosh models.

memory map: See address map.
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memory-mapped device selection: The
selection of devices and expansion cards by
addressing specific locations in the computer’s
address space. Portions of the computer’s
address space are assigned to RAM and ROM and
the rest of the address space is divided among
various devices such as 1/O interfaces and
expansion slots. When the CPU puts an address
on the address bus, logic circuits in the computer
decode that address to determine which device
to activate and what function that device is to
perform. The logic circuits then assert select and
control signals to that device as appropriate. See
also slot space.

MFM: See modified frequency modulation.
Michael Dhuey Unit: See MDU.

Miscellaneous GLU: An Apple custom IC in the
Macintosh Portable computer that selects
devices and performs other control functions.
See also general logic unit.

modified frequency modulation (MFM): A
method of recording data onto magnetic media
such as floppy disks. MFM encoding can be used
to write data on high-density disks. Compare
group-code recording.

motherboard: Same as logic board.

mouse scaling: An operating-system option
that increases the screen pointer movement as
the mouse is moved faster.

multiplex: To encode information so that a
single set of wires can carry different sets of
information or different kinds of information.

NCR 5380: The integrated circuit chip used to
implement the Small Computer System Interface
(SCSD) in Macintosh computers. See also Small
Computer System Interface.



NRZI encoding: A method of encoding data in
which a 1 is written as a transition and a 0 is
written as no transition. NRZI stands for

nonreturn to zero, inverted. See also group-code
recording.

NuBus: The 32-bit wide synchronous bus used
for expansion cards in the Macintosh II family of
computers. See also NuBus controller, NuBus
expansion slot.

NuBus controller: An IC that controls the
NuBus interface. See also NuChip, NuChip30,
BIU30.

NuBus expansion slot: A connector attached
to the NuBus in the Macintosh II family, into
which an expansion card can be installed.

NuChip: The custom IC that controls the NuBus
interface in the Macintosh II, Macintosh IIx, and
Macintosh Ilcx computers. See also NuBus
controller.

NuChip30: The custom IC that controls the
NuBus interface in the Macintosh Ilci computer.
See also NuBus controller.

open-collector signal: A signal driven by an
output device that can drive the line low (about
zero volts), but cannot drive the line high (about
+5 volts). When the device stops driving the line
low, the device goes into a high-impedance state
and a resistor, connected between +5 volts and
the line, pulls the line up to a high level (near

+5 volts). This arrangement allows more than one
device to drive the same signal line, because the
inactive devices are essentially disconnected
from the line.

operating system: The lowest-level software in
the Macintosh. It does basic tasks such as 1/0,
memory management, and interrupt handling.

OR operation: A logical operation in which an
output signal is asserted if one or more of the
input signals are asserted.

overlay: See ROM overlay, video overlay.

overlay bit: A bit in Data register A in the VIA
(or VIA1 in machines with two VIAs) that, when
set to 1, causes a signal that invokes the ROM
overlay.

Paged Memory Management Unit (PMMU):
The Motorola MC68851 chip, used in the
Macintosh II computer to perform logical-to-
physical address translation and paged memory
management for virtual-memory operating
systems such as A/UX. The PMMU can be installed
as an option, replacing the AMU. The PMMU can
also perform 24-to-32 bit address mapping to
emulate the AMU. See also page table, virtual
memory.

page table: A table used by the PMMU that
relates logical addresses to the actual physical
locations of blocks of data to support virtual-
memory operating systems.

PAL: An integrated circuit implementing
programmable array logic.

parameter RAM: A small random-access memory
in which certain system parameters and Control
Panel settings are stored. Parameter RAM is
powered by a battery when the system is off,
thus preserving the information.

parity: A process of error detection using an
extra bit for each byte stored in RAM (or sent
through a serial port) in such as way as to detect
whenever the value read (or received) is not the
same as the value stored (or sent).

parity bit: An extra bit appended to a byte of
memory and used for error detection. See parity.

PDS: See processor-direct slot.
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peripheral device: A piece of external
equipment that can transfer information into or
out of the computer. A disk drive is an example
of a peripheral device. Compare device.

physical address: An address represented by
bits on a physical address bus, such as the
MC68020 processor bus. The physical address
may be different from the logical address used
by software, in which case the memory
management unit translates the logical address
into a physical address.

. port: (1) A connector on the back panel of the
computer where you can plug in a cable to
connect a peripheral device, another computer,
or a network. (2) An interface through which data
enters or exits an internal device or a peripheral
device.

Power Manager: A set of routines in the ROM of
the Macintosh Portable computer that controls
the Power Manager IC and that determines when
to put the Macintosh Portable into the sleep
state.

Power Manager IC: A single-chip micro-
processor (Mitsubishi 50753) in the Macintosh
Portable computer that directs the power-
control circuits and serves as the real-time clock
(RTC) and ADB transceiver. Compare Power
Manager.

power supply: A circuit that draws electrical
power from a power outlet and converts it to the
kind of power the computer can use.

processor-direct slot: A type of expansion slot
that provides unbuffered access to the main
processor. See MC68000 PDS, MC68030 PDS.

program counter: A register in the CPU that
contains a pointer to the memory location of the
next instruction to be executed.
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programmer’s switch: An optional pair of
buttons that can be installed on a Macintosh
computer. One button asserts a nonmaskable
interrupt to the CPU and one button asserts a
Reset signal to the CPU and other chips.

pseudo-slot video: The technique used in the
Macintosh SE/30 and Macintosh Ilci to enable
software to address built-in video circuitry the
same way it addresses a video expansion card in
a slot.

pulse-width-modulated signal: A rectangular-
wave signal in which the width of each pulse is
proportional to the value of a byte of data.

PWM: See pulse-width-modulated signal.
RAM: See random-access memory.
RAM-Based Video controller: See RBV.

random-access memory (RAM): Memory
whose contents can be changed; read-write
memory. The RAM in a Macintosh computer is
used for exception vectors, buffers used by
hardware devices, the system and application
heaps, the stack, and other information used by
applications. See also dynamic random-access
memory, static random-access memory.

RBV (RAM-Based Video controller): An Apple
custom IC in the Macintosh IIci that reads and
formats video data and controls the video CLUT
DAC. See also CLUT DAC.

RC network: A resistor and a capacitor
connected so as to function as a frequency-
dependent filter.

read-only memory (ROM): Memory whose
contents are permanent. The Macintosh
computer’s ROM contains routines for the
toolbox and operating system; the ROM also
contains the various system traps.



real-time clock (RTC): A chip that keeps track
of the current time and date and that contains
parameter RAM. The real-time clock is powered
by a battery when the system is off, thus
preserving the information.

reset: In the Macintosh, a reset is the highest
level of exception. The system generates a reset
by asserting the /RESET signal to the CPU. The
/RESET signal is asserted whenever the machine
is turned on or reset by pressing the reset button
on the programmer’s switch. See also Reset
handler, Reset, vector.

Reset handler: The ROM routine executed by
the CPU after a reset. See also Reset vector.

Reset vector: An exception vector pointing to
the Reset handler.

retrace time: See horizontal blanking
interval, vertical blanking interval.

rms: Abbreviation for root mean square. The
square root of the mean of the squares of a set of
values. The rms value of a sinusoidal alternating-
current voltage equals 0.707 times the maximum
value of the voltage.

Robert Bailey Video: See RBV.
ROM: See read-only memory.

ROM overlay: Address remapping, used at
system startup, that creates an address map with
ROM at the lowest addresses in the computer’s
address space. After system startup, ROM is
remapped to addresses above those used for
RAM.

RTC: See real-time clock.
SCC: See Serial Communications Controller.

SCC port A: The modem port. See also Serial
Communications Controller.

SCC port B: The printer port. See also Serial
Communications Controller.

screen buffer: An area of memory from which
the video circuitry reads information to create a
screen display.

SCSI: Pronounced “skuzzy.” See Small
Computer System Interface.

SCSI chip: The NCR 53C80 or NCR 5380 chip
used in Macintosh computers to implement the
Small Computer System Interface (SCSD).

SCSI devices: Devices, such as hard disks and
tape backup units, that use the Small Computer
System Interface.

sector: A unit of disk space composed of 512
consecutive bytes of standard information and
12 bytes of file tags.

Serial Communications Controller (SCC):
The integrated circuit (Zilog Z8530) that handles
serial I/O through the modem and printer ports.

SIMM: See Single In-line Memory Module.

Single In-line Memory Module (SIMM): A
small printed circuit board that can be plugged
into a socket on the logic board to expand the
size of RAM or ROM. Many Macintosh models use
SIMMs for RAM expansion; the Macintosh IIx,
Macintosh IIcx, Macintosh Ilci, and

Macintosh IIfx also use SIMMs for ROM
expansion.

60.15 Hz interrupt: In the Macintosh II-family
computers, a periodic interrupt that simulates
the vertical blanking interrupt found in the
Macintosh SE and earlier models. It is used for
general-purpose timing but is not realted to the
SLOT interrupt generated in the Macintosh Ilci
or on an expansion video card.

6522: See Versatile Interface Adapter.
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sleep state: In the Macintosh Portable
computer, a non-operational state that uses
negligible power, corresponding to the power-
off state in other machines.

slot: A connector into which a card can be
installed to expand the capabilities of a
computer. See cache slot, NuBus expansion
slot, processor-direct slot.

SLOT interrupt: An interrupt generated at the
beginning of the vertical blanking interval by the
built-in video circuits in the Macintosh IIci or by
a Macintosh II Video Card. See also 60.15 Hz
‘interrupt, vertical blanking interrupt.

slot space: The address space assigned to
NuBus slots in Macintosh II-family computers
and to expansion cards that emulate NuBus cards
in the Macintosh SE/30 and Macintosh IIfx
computers. See also memory-mapped device
selection, standard slot space, super slot
space.

Small Computer System Interface (SCSI): An
industry standard high-speed parallel bus that
provides a method of connecting small
computers with intelligent peripherals such as
hard disks, printers, and optical disks. See also
NCR 5380.

Sony sound chip: The chip that drives the
internal speaker or external sound jack in
Macintosh computers. The Sony sound chip
accepts PWM and volume-control signals from
the sound circuitry in the computer and converts
them to analog sound at the specified volume.

sound buffer: An area of memory from which
the sound circuitry reads data to create a sound

signal.

SRAM: Pronounced “ess-ram.” See static
random-access memory.
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standard slot space: The address space from
$F100 0000 through $FFFF FFFF in the

Macintosh SE/30 computer and in Macintosh II-
family computers. In Macintosh II-family
computers, 16 MB of address space within this
range is assigned to each NuBus slot. In the
Macintosh SE/30 and Macintosh IIfx computers,
a PDS card that emulates a NuBus card responds
to an address in this range. See also super slot
space.

state machine: See finite-state machine.

static random-access memory (SRAM): A
type of random-access memory that retains data
as long as power is on without the necessity for
refreshing. See dynamic random-access
memory, random-access memory.

super slot space: The address space from
$6000 0000 through $EFFF FFFF in the

Macintosh SE/30 computer and in Macintosh II-
family computers. In Macintosh [I-family
computers, 256 MB of address space within this
range is assigned to each NuBus slot. In the
Macintosh SE/30 and Macintosh IIfx computers,
a PDS card that emulates a NuBus card responds
to an address in this range. See also standard
slot space.

supervisor stack pointer: A register in the CPU
that indicates the next byte on the system stack
when the processor is in supervisor mode.

Super Woz Integrated Machine (SWIM): The
custom IC that controls the FDHD drives. It can
read and write 400 KB and 800 KB GCR-format
disks and 1.4 MB MFM-format disks.

SWIM: See Super Woz Integrated Machine.
synchronous: Operations or data transmission
synchronized by a mutual timing signal or clock.
In a synchronous system, a constant time interval
exists between successive events executed by
different devices. Compare asynchronous.



synchronous modem: A modem that provides
two clocks for synchronous communication with
its host computer—one clock for sending data
from the host computer to the modem, and a
second clock for sending data from the modem
to the host computer.

system startup information: Configurable
system parameters that are stored in the first two
logical blocks of a volume and are read in at
system startup.

timing out: The condition that occurs when a
process, such asa data transfer over the SCSI
bus, takes longer than a preset limit. When a
process times out, it is normally terminated and a
bus error or other error condition may result.

trap: An exception caused by recognition of
abnormal conditions during instruction
execution (such as an attempt to execute an
unimplemented instruction) or from use of an
instruction that normally causes an exception.

trap dispatcher: The part of the Macintosh
Operating System that examines the instruction
that caused a trap in order to determine what
operation it stands for, looks up the address of
the corresponding routine in the trap dispatch
table, and jumps to that routine.

trap dispatch table: A table in RAM containing
the addresses of all Macintosh Toolbox and
Operating System routines in encoded form.

unimplemented instruction: An instruction
word that doesn’t correspond to any valid
machine-language instruction. The attempt to
execute an unimplemented instruction causes a
trap.

VBL: See vertical blanking interrupt, vertical
blanking interval.

Versatile Interface Adapter (VIA): The IC
(6522) that handles most of the Macintosh
computer’s I/O and interrupts. The

Macintosh SE/30, Macintosh II, Macintosh IIx,
and Macintosh IIcx have two VIAs. Some VIA
functions are performed by the RBV in the
Macintosh IIci and by the OSS in the
Macintosh IIfx.

vertical blanking interrupt: In the

Macintosh SE and earlier models, an interrupt
generated by the VIA at the beginning of the
vertical blanking interval. In the Macintosh II
family, the equivalent interrupt is the 60.15 Hz
interrupt generated by the VIAL. The built-in
video circuits in the Macintosh IIci and on an
expansion video operate independently of this
interrupt. See also SLOT interrupt.

vertical blanking interval: The time between

the display of the rightmost pixel on the last line
of the screen and the leftmost pixel on the first

line of the screen. Same as vertical retrace time.

See also vertical blanking interrupt. Compare
horizontal blanking interval.

vertical retrace time: See vertical blanking
interval.

VIA: See Versatile Interface Adapter.

video interleave: In Macintosh computers with
built-in video, the alternation of the CPU’s RAM
access cycles with video circuitry’s RAM access

cycles.

video overlay: The ability of a device that
produces a video display signal to accept the
video signal from some other device and
combine the signals so as to superimpose
additional images onto the display.
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video RAM (VRAM): A type of dual-ported
RAM that supports conventional reading and
writing as well as having built-in shift registers
that provide rapid bit-stream output; used in
most video expansion cards.

virtual memory: A memory management
scheme in which the full range of address space
used for memory is not necessarily implemented
in RAM. The logical address used by software is
translated by a memory management chip (such
as the PMMU) into a physical address; if the
block of data referred to by the logical address is
" not currently in RAM, the operating system reads
the block of data into RAM before accessing the
data. See also Paged Memory Management
Unit, page table.

VRAM: Pronounced “vee-ram.” See video RAM.

word: (1) For the MC68000 family of micro-
processors (including the MC68020 and
MC68030), 2 bytes (16 bits). (2) For the NuBus,
4 bytes (32 bits).

Z8530: See Serial Communications
Controller.
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/AVEC signal 98
/DSACK signal 97,131, 138
/DS signal 97
/DTACK signal 90
in the Macintosh Plus 122
in the Macintosh Portable 128
in the Macintosh SE 126
/ENBLI signal 161, 170, 337, 347
/EXT.DTACK signal 126
/IPLO interrupt 118
/IPLO, /IPL1, /IPL2 signals 91
/LDS signal 34, 90
/MODEM.BUSY signal 374
/MODEM.PWR signal 374
/PFW signal 270
/POWEROFF signal 270
/POWERON signal 270
/UDS signal 34, 90
/VPA signal 90,91
in the Macintosh Plus 122
in the Macintosh SE 126
/W/REQA signal 160, 163, 169
/W/REQB signal 160, 163, 169
1010 instructions 103
1111 instructions 97, 103
24-bit addresses 45, 64, 131, 136
24-t0-32 bit address translation 45, 46, 131, 136
controlling 175
32-bit addresses 45, 131, 136
400 KB floppy disk drive
compatibility 342
speed-control signal 342, 430, 436
50753. See Power Manager IC
5380 SCSI controller IC 377, 392
60.15 Hz interrupt 170, 174, 177, 178
to provide compatibility 172
not synchronous with screen blanking 400
6522. See VIA
68000 processor-direct slot (PDS) 445453
clock signals 445
connector 446

68000 processor-direct slot (PDS) (continued)
in the Macintosh Portable 451453
in the Macintosh SE 448451
types of cards 445
68030 processor-direct slot (PDS) 454461
clock signals 454
common signals 459
compatibility 454
connector 456
in the Macintosh SE/30 134
in the Macintosh IIfx 461
machine-specific signals 459461
signals 455-461
08851. See Paged Memory Management Unit
08881. See mathematics coprocessor
(8882. See mathematics coprocessor
800 KB drive interface 332-343
circuit diagrams 339-341
connectors 334-338
800 KB drive interface IC. See [WM
800 KB floppy disk drive 330-338
8530. See SCC

A

A0 address signal 34, 90

abbreviations xxxii

abnormal conditions of the power supply 265
absolute-position devices 277

ADB (Apple Desktop Bus) 75-77, 289-326. See also entries

that follow

communications 312-320°
shifting data through the VIA 182
state bits 169, 173

components of 289

differences on the Macintosh Portable 296-299,

303-304, 310-311
differences on the Macintosh IIfx 289
interface 291-296, 298-299
interrupts 99, 102, 169, 173
overview 289
patent license for 287



ADB.CLOCK line 177
ADB commands 313, 315-316
compatibility 316
components of 315
execution of 314
Flush command 316
Listen command 316
reserved 316
SendReset command 316
Talk command 316
ADB connector 291
pinouts 291
signals 291
ADB.DATA line 177
ADB devices 320-326
activator 325
collision detection 324-325
components of 320
device address 322, 323
Device Handler ID 323-324
changing for Option and Control 309
for mouse 302
obtaining 287
reserved 323-324
for trackball 304
unrecognized 324
device mode 323
device table 323
number of 289, 295
polling 312, 318, 325-326
power for 295
registers 312, 320, 321
signals 312
unplugging 290
ADB keyboards 300, 305-311
ADB transceiver in 307, 309
Apple Extended Keyboard 308-310
Apple Standard Keyboard 305-307
Macintosh Portable keyboard 296, 297, 310-311
ADB Manager 312, 314
ADB mouse 300-303
ADB transceiver in 303
ADB peripheral devices. See ADB devices
ADB signals 312
Attention signal 317
Global Reset signal 317
Service Request signal 318, 325
Sync signal 317
ADBS resource 323
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ADB transceiver IC 289, 292, 312, 315
in keyboards 307, 309
address line A0 34, 90
Address Management Unit (AMU) 27, 34, 105. See also
memory management unit; PMMU
address maps 3446, 120-143
in the Macintosh 512K 36, 122-125
in the Macintosh Plus 37, 122
in the Macintosh Portable 39, 128-130
in the Macintosh SE 38, 125-126
in the Macintosh SE/30 41, 130-135
in the Macintosh Il 42, 135-140
in the Macintosh Ilci 43, 141
in the Macintosh Ilcx 42, 135-140
in the Macintosh IIfx 44, 141-143
in the Macintosh [Ix 42, 135-140
NuBus cards 139
reading 35, 121
ROM overlay 120, 122, 125, 128, 131, 136
shaded areas in 121 )
simplified 36-44
address signal A0 34, 90
address translation, 24-to-32 bit 40, 4546, 64
AMU (Address Management Unit) 27, 34, 105. See also
memory management unit; PMMU
APDA xxxvi
appearance 6
of the Macintosh 128K, 512K, 512K enhanced 6-7
of the Macintosh Portable 12-13
of the Macintosh Plus 8
of the Macintosh SE 8
of the Macintesh SE/30 8
of the Macintosh I 14-15
of the Macintosh Ilci 16-17
of the Macintosh llcx 16-17
of the Macintosh IIfx 14-15
of the Macintosh IIx 14-15
Apple Desktop Bus. See entries at ADB
Apple Developer Programs xxxvii
Apple developer services xoxvii
Apple 800 KB floppy disk drive 330-338
Apple Extended Keyboard 308-310
ADB transceiver 309, 310
function keys 308
Keyboard registers 309
key code reassignments 309
Apple FDHD drive 330-331, 343-349
Apple 400 KB floppy disk drive
compatibility 342
speed-control signal 342, 430, 436



Apple Sound Chip. See ASC
Apple Standard Keyboard 305-307
ADB transceiver 307
keyboard microprocessor 305
key code reassignments 306
transition codes 306
Apple Standard Mouse 300-303
ADB transceiver in 303
AppleTalk 82
Apple user groups xxxvi
architecture of Macintosh computers 47-85
ASC (Apple Sound Chip) 72, 436
interrupts 95, 99, 102, 179
ASC sound system 72, 436441
circuit diagram’s 439
compatibility with PWM 431, 438, 439
components of 436
external sound jack 438
four-voice synthesis 437
internal speaker 438
sample rate 438
sampling interval 437
single-voice mode 437
sound buffers 436
sound modes 436, 437
stereo sound 437, 438
two stereo channels 438
unlike the PWM sound system 437
volume control 438
Attention signal 317
audio. See sound
automatic vectoring 03, 91, 98. See also interrupts
A/UX 27,45, 64, 106
Augxiliary Control register (in VIA) 179181
auxiliary processors 104-110
AMU 27, 34,105
IOPs 109-110
mathematics coprocessors 107-108
PMMU 27, 34, 105-106
Power Manager IC 108
/AVEC signal 98
AQ address signal 34, 90

B

battery, in the Macintosh Portable
charging 266, 267
monitor 267

BatteryMonitor routine 268

BBU 112-113

bits per pixel 411

block diagrams 49-60

of the Macintosh 128K, 512K, and 512K enhanced 50

of the Macintosh Plus 51
of the Macintosh Portable 54
of the Macintosh SE 52
of the Macintosh SE/30 53
of the Macintosh I 56
of the Macintosh Ilci 58
of the Macintosh Ilcx 57
of the Macintosh IIfx 59
of the Macintosh IIx 57
board, definition xxxiii
books about Macintosh computers xxxv
boot. See startup, system
buffers
data bus 60
fast/slow 61
video data bus 60
built-in video circuits

in the Macintosh Plus and Macintosh SE 401402

in the Macintosh SE/30 114, 409410

in the Macintosh Ilci 117, 410421
built-in video display 399-403, 409421

address generation 413

circuits for 401402

color look-up table (CLUT) 418

pseudo-slot addressing 409410

timing specifications 415

video signals 418

C

cache card in the Macintosh Ilci 223-228
controlling 175

cache RAM
in the Macintosh Ilci 223-228
in the Macintosh IIfx 228-231

card, definition xxxiii

CAS signal 210

central processing unit. See CPU

circuit diagrams
ADB interface 293-295, 299
800 KB drive interface 339-341
FDHD drive interface 351-355
keyboard, in the Macintosh Plus 281

modem interface, in the Macintosh Portable 372

mouse, in the Macintosh Plus 279

power circuit, in the Macintosh II family 272
SCSI port 386-391

serial 1/0 interface 365-370

sound circuits 432435, 440441
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clock signal, in the ADB 176
CLUT (color look-up table) 406, 418
collision detection, Apple Desktop Bus 324-325
color look-up table (CLUT) 406, 418
Color QuickDraw 406
color video signals 406
Column Address Strobe (CAS) signal 210
commands, Apple Desktop Bus 313, 315-316
compatibility 316
components of 315
execution of 314
Flush command 316
Listen command 316
reserved 316
SendReset command 316
Talk command 316
communications, Apple Desktop Bus 312-320
comparison of Macintosh computers 4-6
compatibility issues
ADB hardware 296
ADB reserved commands 316
ASC and PWM sound systems 431, 438, 439
400 KB drive with WM 342
400 KB drive with SWIM 356
Hard Disk 20 with IWM 342-343
Hard Disk 20 with SWIM 356
IOP and SCC 110, 364
keyboard with applications 300
mouse with applications 300, 302
68000 PDS, versions of 446
68030 PDS, versions of 454
component overviews
ADB inIOP 76
ADB in Power Manager IC 76
ADB transceiver 75

component overviews (continued)

SCSI 78-79

Sony sound IC 71, 72

summary of Macintosh features 2-3
SWIM 80-81

VIA 73-T7

video 69-71

video RAM 66

configuration ROM. See declaration ROM
connectors

Apple Desktop Bus 291, 297
on back of the Macintosh 128K, 512K,

512K enhanced 7
on back of the Macintosh Plus 8
on back of the Macintosh Portable 13
on back of the Macintosh II 15
on back of the Macintosh Ilci 17
on back of the Macintosh Ilcx 17
on back of the Macintosh IIx 15
cache card connector in the Macintosh Ilci 225-228
800 KB floppy disk drive 334-341
expansion video card 407408
external video, on the Macintosh Portable 423424
FDHD drive 345-350
keyboard 280, 291, 297
Macintosh II Video Card 407408
miniature 8-pin, for serial port 359-360
mouse (non-ADB) 278
NuBus expansion slot 463465
power 246-251
SCSI port 379-384
serial port 359-360
68000 PDS 446447
68030 PDS 455458
sound 429, 438

ASC 72

CPU 61

disk drives 81

general logic circuits 65
internal 18-33

IOP 83,109-110

IWM 80-81
mathematics coprocessor 63
MMU 64

Power Manager 64
PWM sound 71

RAM 65

real-time clock 77
ROM 68

SCC 82-83
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Control Panel 77
coprocessor (1111) instructions 97
coprocessors, mathematics 63, 107-108. See also auxiliary
processors
CPU 61-63, 89-104. See also MC68000; MC68020; MC68030;
MC68HC000
controlling the caches 177
interrupts 62
RAM access 194
traps 63
unimplemented instructions 63
CPU GLU 118



CPU.ID lines
in the Macintosh IT 163
in the Macintosh Ilci 164, 165
in the Macintosh IIx 163
CRT. See video display
current Macintosh models xxx

D

DAC 406, 418
data bus 60-61
buffers 60
dynamic bus sizing 96
data cache in the MC68030 100. See also cache RAM
controlling 176
Data register A (VIA) 359-167
Data register B (VIA) 167-173
data strobes 34
/DS signal 97
/LDS signal 34, 90
/UDS signal 34,90
Data Transfer Acknowledge. See /DTACK signal;
/EXT.DTACK signal
Data Transfer and Size Acknowledge. See /DSACK signal
DC output. See power supply
declaration ROM
on expansion video card 407
for pseudo-slot card 135
for pseudo-slot video 410
default ADB device address 322
device address, Apple Desktop Bus 322
device address space 34
Device Handler ID, ADB 323-324
changing 309
for mouse 302
obtaining 287
reserved 323-324
for trackball 304
unrecognized 324
device ID, SCSI 377
device registers, ADB 320
device selection, memory-mapped 34-46, 120-143
differential signal in RS-422 standard 82
digital-to-analog converter 406, 418
disk-drive connectors 334-338, 345-350
external 337, 348-350
internal 334, 345-348
signals on 336-338, 346-350
disk drivers, developing 329
disk drives. See floppy disk drives
disk-speed control 72-73, 430

disk state-control lines 160, 163, 170
displays. See flat-panel display; video display
DMA
blocking NuBus 175
on the Macintosh IIfx 79, 394
DRQ signal controlled by VIA2 Peripheral Control register
178-179
on the Macintosh Plus 93
on the Macintosh SE 94
on the Macintosh II 99
on MC68030 machines 102
/DS signal 97
/DSACK signal 97,131, 138
/DTACK signal 90
in the Macintosh Plus 122
in the Macintosh Portable 128
in the Macintosh SE 126
dynamic bus sizing 96

E

earlier Macintosh models xxx, 19
block diagram 50
E clock 61, 90, 128, 182
EDisks 233
EIA standard RS-232-C 82, 361
EIA standard RS-422 82, 361
800 KB drive interface 332-343
circuit diagram 339-341
connectors 334-337
signals 336-338
800 KB drive interface IC. See IWM
800 KB floppy disk drive 330-338
8530. See SCC
1111 instructions 97, 103
Enable signal (E clock) 61, 90, 128, 182
/ENBL1 signal 161, 170, 337, 347
Environs procedure 6
error conditions, Apple Desktop Bus 320
event timers, VIA 180, 181 '
exceptions 91, 191, 192. See also interrupts; resets; traps
exception vectors 191, 192
expansion interface. See processor-direct slot; NuBus
expansion video card (Macintosh Il Video Card) 404-409
components 405409
driver software 407
external connector 407408
initialization code 407
signals on connector 408
timing generation 405
video signals 406, 408
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/EXT.DTACK signal 126
Extended Keyboard. See Apple Extended Keyboard
exterior features 6
of the Macintosh 128K, 512K, 512K enhanced 7
of the Macintosh Plus 8
of the Macintosh Portable 12-13
of the Macintosh SE 8
of the Macintosh SE/30 8
of the Macintosh II 14-15
of the Macintosh Ilci 16
of the Macintosh Ilcx 16-17
of the Macintosh II family 13-17
of the Macintosh IIfx 14-15
of the Macintosh IIx 14-15
external sound jack 429, 438
warning for use of 429
external-video adapter for the Macintosh Portable 423

F

Fast Memory Controller (FMC) 120, 228
fast/slow buffers 61
FBC (Frame Buffer Controller) 405
FCO, FC1, FC2 signals 98
FDHD drive 330-331, 343-349
data rate 345
FDHD drive interface 343-356
circuit diagrams 351-355
connectors 345-350
data rate of 345
incompatibility with 400 KB drive 356
SWIM interface IC 344-345
FDHD drive interface IC. See SWIM
400 KB floppy disk drive
compatibility 342
speed-control signal 342, 430, 436
50753. See Power Manager IC
5380 SCSI controller 377, 392
flat-panel display 421-422
flicker, in video displays 402, 403, 405
floating-point coprocessor. See mathematics coprocessors
floating-point unit (FPU). See mathematics coprocessors
floppy disk drives 329-356
Apple 800 KB drive 330-338
Apple 400 KB drive 72, 342, 356
Apple FDHD drive 330-331, 343-349
compatibility 342, 356
data encoding methods 330-332
GCR formatting 331 )
how they work 330
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floppy disk drives (continued)
interface 80-81
for the 800 KB drive 332-343
for the FDHD drive 343-356
MFM encoding 331-332
NRZI encoding 331
selecting 161, 170
single-sided drive 342, 356
speed control 72
summary 80-81
types 329-332
Flush command 316
FMC 120, 228
400 KB floppy disk drive
compatibility 342
speed-control signal 342, 430, 436
FPU. See mathematics coprocessors
Frame Buffer Controller (FBC) 405
function code signals (FC2-FC1) 98, 107
function keys 308

G

GB (gigabyte) xxxii
GCR formatting 331
general logic circuits 65, 111
BBU 112-113
CPU GLU 118
FMC 120, 228
GLU 113
GLUE 113-114
interrupts 98
in the Macintosh Plus and earlier models 111
in the Macintosh Portable 117-118
in the Macintosh SE 112-113
in the Macintosh SE/30 113-114
in the Macintosh II 113-114
in the Macintosh Ilci 115-117
in the Macintosh Ilcx 111
in the Macintosh IIfx 119-120
in the Macintosh IIx 113-114
MDU 115-116
Misc. GLU 118
0SS 119, 186
PALs 111
RBV 116-117
timing circuits in 415
VIA emulation registers 116-117, 166, 173, 185, 186
video circuits in 117, 414
VDI 118
general-purpose input 82



gigabyte (GB) xxxii
Global Reset signal 317
global variables xoxxiii
HWCfgFlags 6
MemTop 197, 201, 205
ROMBase 231
VIA 158
GLU 113
GLUE 113-114
interrupts 98
GPi signal 82,162, 163, 171
graphics tablets 323

H

handshaking. See ako /DSACK signal; /DTACK signal
with general logic circuits 61
in the SCC 82
in the SCSI 79, 393
Hard Disk 20 drive 14, 80
compatibility with TWM 342-343
compatibility with SWIM 356
device driver for 343, 356
used for startup 81
HD 20. See Hard Disk 20 drive
HMMU. See AMU
horizontal blanking 168
HWCfgFlags global variable 6

I

I/0 address bus buffers 61
1/0 data-bus buffers 61
ID. See Device Handler ID, ADB; ID under SCSI
identifying models 6, 163, 164, 165
idle time in the Macintosh Portable 268
illegal instructions 103
incompatible SCC drivers 110, 364
initialization code 407
input power. See power supply
Inquiry command 282
Inside Macintosh xxxiv
installing RAM SIMMs
in the Macintosh Plus and Macintosh SE 198
in the Macintosh SE/30 211
in the Macintosh II family 211
Instant command 283
Institute of Electrical and Electronics Engineers (IEEE)
NuBus standard 461
instruction cache 96, 100
controlling 176

instructions
illegal 103
unimplemented 63, 103
Integrated Woz Machine. See IWM
interface circuits
ADB 292
800 KB drive 339-340
FDHD drive 351-355
SCSI 386-391
serial /O 366-370
video in Macintosh Ilci 412420
internal components 18-33
in the Macintosh Plus and earlier models 18-19
in the Macintosh Portable 23-26
in the Macintosh SE 20-21
in the Macintosh SE/30 22-23
in the Macintosh Il 26-28
in the Macintosh Ilci 29-31
in the Macintosh Ilcx 29-31
in the Macintosh II family 26-33
in the Macintosh IIfx 32-33
in the Macintosh IIx 26-28
Interrupt Enable register 186-187
Interrupt Flag registers 184-186
in the Macintosh Ilci 186
interrupt handler 63, 91, 98
interrupts 62
Apple Desktop Bus 99, 102, 169, 173
ASC 179
automatic vectoring of 63, 91, 98
enabling 186
in the Macintosh Plus and earlier models 92-93
in the Macintosh Portable 95-96, 118, 178
in the Macintosh SE 93-94, 449
in the Macintosh SE/30 101
in the Macintosh I 98-100
in the Macintosh IIci 101, 186
in the Macintosh Ilcx 101
in the Macintosh IIfx 101
,in the Macintosh IIx 101
with the MC68000 91-96
with the MC68020 97-100
with the MC68030 101-103
NuBus 85, 99, 102, 167, 179
one-second 145, 176, 177, 178
in the Power Manager IC 178

Index



interrupts (continued)

SCC 363
in the Macintosh Plus 93
in the Macintosh Portable 95
in the Macintosh SE 94
in the Macintosh II 100
in the MC68030 computers 103
SCSI
in the Macintosh SE 79, 94, 168-169
in the Macintosh I 79, 99, 178-179
in the MC68030 computers 79, 102, 178-179
60.15 Hz 172, 174,177, 178, 400
on the 68000 PDS 449, 453
on the 68030 PDS 167, 459, 460
vertical blanking 172,177, 178
VIA 183-187

interrupt switch 93, 94, 96, 100, 103
IOP 83, 109-110

ADB functions in 289

data transfers 109

dedicated RAM for 109
DMA transfers 110

effect on RAM rate 110
interface to 109-110

SCC incompatiblity 110, 364

/IPLO interrupt 118
/IPLO, /IPL1, /IPL2 signals 91
IRQ signal controlled by the VIA2 Peripheral Control

register 178-179
on the Macintosh Plus 93
on the Macintosh SE 94
on the Macintosh II 99
on the MC68030 computers 102

IWM 80-81, 333

J

clock signal 333

compatibility with 400 KB drive 342
compatibility with Hard Disk 20 drive 342-343
disk drivers, developing 329

signals 336-338

jack, external

K

ASC sound system 438
PWM sound system 429

KB (kilobyte) xoxxii
Kbit (kilobit) xoxxii
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keyboards. See also ADB (Apple Desktop Bus)
Apple Extended Keyboard 308-310
Apple Standard Keyboard 305-307
commands in the Macintosh Plus 283
compatibility 300
in earlier Macintosh models 280, 284-285
interface 74
in the Macintosh Plus 280-284
in the Macintosh Portable 296, 297, 310-311
microprocessor 76, 280, 296, 305
non-ADB protocol 283
transition codes 283-284
keyboard clock line 176, 282
keyboard commands in the Macintosh Plus 283
keyboard data line 176
keyboard microprocessor 280, 305
in the Macintosh Portable 296
Keyboard registers 307, 309
keypad protocol, Macintosh Plus 283
keypad, separate 284-286
communication 286
protocol 286
keyboard protocol, Macintosh Plus 283
keyswitch matrix
Apple Extended Keyboard 308
Apple Standard Keyboard 305
in the Macintosh Plus 280
in the Macintosh Portable 297
kilobit (Kbit) xxxii
kilobyte (KB) xoxxii

L

/LDS signal 34,90
Listen command 316
logic. See general logic circuits

M

M50740 Macintosh Portable keyboard processor 296

M50753. See Power Manager IC

Macintosh 512K enhanced mouse and keyboard 273

Macintosh 512K mouse and keyboard 273

Macintosh models, current xxx

Macintosh models, earlier xxx, 19

Macintosh 128K mouse and keyboard 273

Macintosh Operating System 5, 40, 45, 64, 105, 131, 136
version 7.0 27, 45, 106



Macintosh Plus
address maps 37, 122
appearance of 8
block diagram 51
800 KB disk drive 332-339, 342
general logic circuits 111
interrupts 92-93
keyboard 280-284
keyboard connector 280
keyboard transition codes 283-284
mouse 275-279
RAM 194, 198, 202
SCSI interface 386
serial 1/O interface 366
size and weight 469
sound system 71, 72-73, 429435
specifications 468-469
summary of features 19
system startup 242

Macintosh Portable
ADB interface 298
address maps 39, 128-130
appearance of 12-13
Apple Desktop Bus 296
battery 266, 267
block diagram 54
displays 421425
external video on 423425
flat-panel display 421-422
keyboard 310-311
keyboard connector 297
keyboard processor 296
low-power devices 304
modem slot 371-374
power circuit 266-269
Power Manager IC 208, 296
processor-direct slot 451453
RAM 205-208
SCSI interface 388
serial I/O interface 368
size and weight 475
sleep state 268
sound system 72, 436-440
specifications 474475
summary of features 25-26
system startup 243
trackball 297, 303

Macintosh SE

address maps 38, 125-126
appearance of 8

block diagram 52

800 KB disk drive 332-338, 340
FDHD drives 343-345, 347-348, 350-351
general logic circuits 112-113
interrupts 93-94, 449
processor-direct slot in 448451
RAM 197-201, 203-204

SCSI interface 387

serial I/O interface 367

size and weight 471

sound system 71, 429433
specifications 470471
summary of features 21

system startup 242-243

Macintosh SE/30

address maps 41, 130-135
appearance of 8

block diagram 53

FDHD drives 343-345, 347-348, 350-351
general logic circuits 113-114
interrupts 101

processor-direct slot in 454461
RAM 209-213, 216, 220

SCSI interface 390

serial I/O interface 369

size and weight 473

sound system 72, 436439, 441
specifications 472473
summary of features 22-23
system startup 243-244

Macintosh technical documentation xxxv
Macintosh 11

address maps 42, 135-140
appearance of 14-15

block diagram 56

800 KB disk drive 332-338, 341
general logic circuits 113-114
interrupts 98, 100

NuBus expansion interface 461
power circuit 269-272

RAM 209-220

SCSI interface 390

serial I/O interface 369

size and weight 477

sound system 72, 436-440

Index
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Macintosh II (continued)
specifications 476
summary of features 26-28
system startup 243-244
Macintosh II Video Card 404409
components 405409
external connector 407408
driver software 407
initialization code 407
signals on connector 408
timing generation 405
video signals 406, 408
Macintosh Ilci
address maps 43, 141
appearance of 16-17
block diagram 58
cache card connector 226
cache RAM in 68
controlling the cache card 175
FDHD drives 343-346, 348-349, 354
general logic circuits 115-117
interrupts 101, 186
NuBus expansion interface 461
RAM 209-220, 221, 222, 223-227
SCSI interface 390
serial I/O interface 369
size and weight 484
sound system 72, 436-440
specifications 483485
summary of features 29-31
system startup 243-244
Macintosh Ilcx
address maps 42, 135-140
appearance of 16-17
block diagram 57
FDHD drives 343-346, 348-349, 354
general logic circuits 111
interrupts 101
NuBus expansion interface 461
RAM 209-220
SCSI interface 390
serial I/O interface 369
size and weight 482
sound system 72, 436440
specifications 481482
summary of features 29-30
system startup 243-244
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Macintosh IIfx

address maps 44, 141-143
appearance of 14-15

block diagram 59

cache RAM 67

FDHD drives 343-346, 348, 355
general logic circuits 119-120
interrupts 101

NuBus expansion interface 461
processor-direct slot 461

RAM 222, 228-231

SCSI interface 391

serial I/O interface 370

size and weight 487

sound system 72, 436440
specifications 486488
summary of features 32-33
system startup 243-244

Macintosh IIx

address maps 42, 135-140
appearance of 14-15

block diagram 57

FDHD drives 343-346, 348, 355
general logic circuits 113-114
interrupts 101

NuBus expansion interface 461
RAM 209-220

SCSI interface 390

serial I/O interface 369

size and weight 480

sound system 72, 436440
specifications 479480
summary of features 26-28
system startup 243-244

main processor 61-63, 89-104. See also MC68000;

MCG68020; MC68030; MC68HC000
controlling the caches of 176
interrupts in 62
RAM access 194
traps 63, 103-104
unimplemented instructions 63

mathematics coprocessors 63, 107-108

clock speed 107

MB (megabyte) xxxii
Mbit (megabit) xxxii
MC68000 90-96

interrupts 91-96

MC68020 96-100

coprocessor instructions 97
interrupts 97-100



MC68030 100-103
interrupts 101-103
MCG8851. See Paged Memory Management Unit
MC68881. See mathematics coprocessors
MC68882. See mathematics coprocessors
MCG8HC000 90-96
MDU 115-116
megabit (Mbit) xxxii
megabyte (MB) xxxii
memory 189-238. See also address maps; RAM; ROM
CPU access to 194
Memory Decode Unit (MDU) 115-116
memory management unit 33, 40, 64
in the Macintosh I 27, 34, 105-106
in the MC68030 401
memory map. See address maps
memory mapped device selection 3446, 120143
memory testing
in the Macintosh 128K, 512K, and 512K enhanced 197
in the Macintosh Plus and Macintosh SE 201
in the Macintosh Portable 205
MemTop global variable 197, 201, 205
MFM encoding 331-332
microprocessor. See main processor. See also MC68000;
MC68020; MC68030; MC68HC000
Misc. GLU 118
Mitsubishi M50753. See Power Manager IC
MMU. See memory management unit
Model Number command 282
modem
in the Macintosh Portable 82, 371-374
synchronous 82, 161, 163, 170
/MODEM.BUSY signal 374
/MODEM.PWR signal 374
modem slot in the Macintosh Portable 371-374
monitor. See video monitor
monitor power receptacle in the Macintosh II family 264
mouse. See also ADB (Apple Desktop Bus)
Apple Standard (ADB), 75, 300-303
compatibility with applications 300, 302
with the Macintosh Plus 75, 275-279
with earlier models 273
motion 275-277
reading quadrature signals 168
switch, reading 168
mouse, ADB 300-303
mouse button 277
mouse mechanism
in the Apple Standard (ADB) mouse 300
in the Macintosh Plus 277

mouse motion 275-277, 300-301
direction 276, 300-301
rate 277, 303

N

NMI. See nonmaskable interrupts
nonmaskable interrupts 93, 94, 96, 100, 103
NRZI encoding 331
NuBus expansion interface 84-85, 461-466
addresses 139
block diagram 466
blocking DMA 175
connector 463
IEEE standard for 461
interrupts 85, 99, 102, 179
multiplexed address/data bus 465
patent license for 462
signals 462465
status bits 174
10 MHz clock 465
types of cards used in 462
numerics. See mathematics coprocessors

0o

Off switch 245

On switch 244. See also startup, system

1010 instructions 103

1111 instructions 97, 103

one-second interrupt 145, 176, 177, 178
BatteryMonitor routine 268

operating system. See Macintosh Operating System; A/UX

organization of the book xxx

0SS 119
VIA emulation 166, 171, 173, 185, 186

output, power supply. See power supply DC output

P

Paged Memory Management Unit (PMMU) 27, 34, 105-106
page table 106

PALs 111

parallel port. See SCSI

parameter RAM 77, 144

PDS. See processor direct slot

Peripheral Control register (VIA) 176-179
peripheral devices, ADB. See ADB devices
/PFW signal 270

phase of timing signals, checking at startup 122
pixel 399, 400, 402

pixel clock rate 400
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PMMU 27, 34, 105-106. See also memory management

unit; AMU
polling protocol, Apple Desktop Bus 325-326

portable computer. See Macintosh Portable
power circuit

in the Macintosh Portable 266-269
sleep state 268
in the Macintosh II family 269

power connectors 246-251

in the Macintosh Plus and earlier models 246
in the Macintosh Portable 249

in the Macintosh SE and SE/30 247-248

in the Macintosh II and IIx 251

in the Macintosh Ilci 250

in the Macintosh IIcx 250

in the Macintosh IIfx 251

power down 245
power fail warning 270
Power Manager IC 64, 77, 108

acknowledge signal 170
charging battery 267
data bus 162

functions 108
interrupts 178

request signal 170
startup 243

wake-up timer 269

power-switch interrupt 100
power up. See startup, system
processor. See auxiliary processors; main processor
processor-direct slot (PDS) 84
interrupts 102
processor interrupt registers (VIA) 183-187
68000 PDS 445453
68030 PDS 454461
status bits 174
programmable array logic (PAL) 111
programmer’s interrupt switch 93, 94, 96, 100, 103
protocols
Macintosh Plus keyboard 283
Macintosh Plus keypad 283
separate keypad 286
pseudo-slot video 409
declaration ROM for 410
in Macintosh SE/30 409410
in Macintosh Ilci 412
PWM sound system 71, 429-435
alternate sound buffer 430
circuit diagrams 433435
compatibility with ASC 431, 438
components 429
external sound jack 429
external sound warning 429
frequency related to scan rate 431

/POWEROFF signal 270
power-off switch 245

generating sounds 430
glitch-free 432

/POWERON signal 270 sound buffer 429-433
power-on switch 244. See also startup, system volume control 160, 431
power receptacle for monitor 264 Q

power supplies 239-272

514

abnormal conditions 265

input requirements 252-256

output specifications 257-264

specifications
in the Macintosh Plus 253, 258
in the Macintosh Portable 255, 261
in the Macintosh SE 254, 259-260
in the Macintosh SE/30 254, 259-260
in the Macintosh II 257, 263-264
in the Macintosh Ilci 256, 261-262
in the Macintosh Ilcx 256, 261-262
in the Macintosh lifx 257, 263-264
in the Macintosh IIx 257, 263-264

switching off 175

power switch

in the Macintosh IT 245
in the Macintosh II family 269
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quadrature signals 168
R

R/W signal 90, 97
RAM 65, 191-231. See also RAM SIMMs
access rates 194-196, 414
addressing 191, 193, 196, 205, 210
cache 67-68
in the Macintosh IIfx 228
cache card 223
configurations 196-220
CPU access rates 194-196, 414
data-bus buffers 60
in the earlier Macintosh computers 196-199
in the Macintosh Plus 197-202
in the Macintosh Portable 205-208
in the Macintosh SE 197-201, 203-204



RAM (continued)
in the Macintosh SE/30 209-213, 216, 220
in the Macintosh Ilci 221-222, 223-227
in the Macintosh II family 209-220
in the Macintosh IIfx 222, 228-231
parity RAM 222
reading from 66
size 166,198, 199
size setting 198, 199
system 191
video buffer 66
video RAM 221
RAM access rates 194-196
effect of video RAM on 414
RAM-Based Videg IC. See RBV
RAM expansion in the Macintosh Portable
expansion connector pinouts 207
expansion connector signal assignments 208
internal expansion 206
RAM Parity Unit (RPU) 222
RAM SIMMs 197-204, 209, 220
banks 210
configurations 202, 203-204, 220
installing 198, 211
locations 216-219
socket pinout 199
socket signal assignments 200, 201, 212, 214, 215
random access memory. See RAM
RAS signal 210
RBV (RAM-Based Video controller) 116-117
timing circuits in 415
VIA emulation registers 116-117, 166, 173, 185, 186
video circuits in 117, 414
reading RAM 66
read-only memory. See ROM
real-time clock (RTC) IC 77, 144-146
one-second interrupt 145, 176, 177, 178
signals 168, 173
references to additional reading xxxiii
Reset 63
in the Macintosh Plus and earlier models 242
in the Macintosh Portable 243, 269
in the Macintosh SE 242
in the Macintosh SE/30 and Macintosh II family 244
Reset handler in the classic Macintosh 242
Reset vector 63
in the Macintosh Plus and earlier models 242
in the Macintosh SE 242
in the Macintosh SE/30 and Macintosh II family 244
RGB video signals 406

ROM 68, 231-238. See also ROM overlay; ROM SIMMs
access rates 231
addressing 231
configurations 232
Macintosh Portable expansion ROM 234-235
ROMBase global variable 231
ROM disks 233
ROM overlay 120, 160, 163
in the classic Macintosh 242
in the Macintosh 512K 122, 242
in the Macintosh Plus 122, 242
in the Macintosh Portable 128
in the Macintosh SE 125, 242
in the Macintosh SE/30 131, 244
in the Macintosh II 136, 244
in the Macintosh Ilcx 136
in the Macintosh IIx 136
ROM SIMMs 235-238
socket pinouts 236
socket signal assignments 237
Row Address Strobe (RAS) signal 210
RPU (RAM Parity Unit) 222
RS-232 standard 82, 361
RS-422 standard 82, 361
RTC. See real-time clock (RTC) IC
RTxC signal 161, 163, 170

S

SANE 108
SCC 82-83, 359. See also for serial 1/O entries
addresses 363-365
controlled by the IOP in the Macintosh IIfx 359, 364
GPi signal 82
handshaking 82
interrupts. See interrupts, SCC
synchronous modem 161, 163, 170
Wait/Request signal 160, 163, 169
screen. See video display
screen buffer 70. See also video RAM
in the Macintosh Ilci 411, 413
selecting 160, 163
SCSI (Small Computer System Interface) 78-79, 377-396.
See also entries that follow
ANSI standard for 78
controlled by different ICs 393
data transfers 392
device ID 377
disk driver, developing 377
DMA with 79
DRQ signal 93, 94, 99, 102, 178-179
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SCSI (Small Computer System Interface) (continued)
ID 78
interrupt mask 169
interrupts
in the Macintosh SE 79, 94, 168-169
in the Macintosh II 79, 99, 178-179
in the MC68030 computers 79, 102, 178-179
IRQ signal 93, 94, 99, 102, 178-179
pseudo-DMA mode 392, 393-394
SCSI connectors
external 379-380
internal 380-384
SCSI controller IC 377, 392, 394
SCSIDMA IC 394
SCSI port
circuit diagrams  386-391
connectors 379-384
signals 379, 380
termination block 377, 378
termination resistors 377
selecting devices 3446, 120-143
SEL signal 160, 161, 163, 164, 170
SendReset command 316
Serial Communications Controller. See SCC
serial I/O ports. See also SCC
circuit diagrams 365, 370
connectors 359-360
data rate 363
drivers and receivers 361
handshaking 82
interrupt priority 361
interrupts. See interrupts, SCC
service during disk accesses 363
signals 361-362, 363
VIA emulation 166, 171, 173, 185, 186
writing driver software for 363-364
serial I/O connector
pinout 359
signals 360
serial I/O signals
differential type 362
on earlier Macintosh models 362
handshaking 361-362 )
service request, Apple Desktop Bus 326
Service Request signal 318
Shift register (VIA) 181, 182
short circuit 265
shut down 245
Shut Down menu choice 270
SIMMs. See RAM SIMMs; ROM SIMMs
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Single In-line Memory Modules. See RAM SIMMs; ROM
SIMMs
single-sided disk drive. See Apple 400 KB floppy disk drive
60.15 Hz interrupt
bit in data register B 174
for compatibility 172
controlled by Peripheral Control register 172, 177, 178
not synchronized with screen blanking 400
6522. See VIA
68000 processor-direct slot (PDS) 445453
clock signals 445
connector 446
in the Macintosh Portable 451453
in the Macintosh SE 448451
types of cards 445
68030 processor-direct slot (PDS) 454461
clock signals 454
common signals 459
compatibility 454
connector 456
machine-specific signals 459461
in the Macintosh SE/30 134
in the Macintosh IIfx 461
signals 455461
68851. See Paged Memory Management Unit
68881. See mathematics coprocessor
68882. See mathematics coprocessor
size and weight
of the Macintosh Plus 469
of the Macintosh Portable 475
of the Macintosh SE 471
of the Macintosh SE/30 473
of the Macintosh II 477
of the Macintosh Ilci 484
of the Macintosh Ilcx 482
of the Macintosh IIx 480
of the Macintosh Ilfx 487
sleep state in the Macintosh Portable 268
slot interrupt, NuBus 179
Small Computer System Interface. See SCSI
Sony sound IC 72, 430, 431, 437
in the Macintosh Plus and earlier models 242
in the Macintosh SE 242
in the Macintosh SE/30 and Macintosh II family 244
sound 71-72. See also ASC sound system; PWM sound
system
compatibility 431, 438, 439
switching on and off 168, 170
volume 160, 431, 438



sound buffer 72
selecting 160
sound jack 170, 174, 181, 429, 438
Sound Manager 72
sound modes, in the ASC 436, 437
special instructions to cause traps 103
specifications
of the Macintosh Plus 468469
of the Macintosh Portable 474475
of the Macintosh SE 470471
of the Macintosh SE/30 472-473
of the Macintosh IT 476
of the Macintosh Iici 483485
of the Macintosh Ilcx 481-482
of the Macintosh IIfx 486488
of the Macintosh IIx 479480
speed control for 400 KB disk drives 72
Standard Apple Numerics Environment (SANE) 108
standard slot space 138
startup, system 241-244
in the Macintosh Plus and earlier models 242
in the Macintosh Portable 243
in the Macintosh SE 242
in the Macintosh SE/30 244
in the Macintosh II family 244
summary of Macintosh features 2-3
SuperDrive. See FDHD drive
super slot space 138
Super Woz Integrated Machine. See SWIM
SWIM 80-81, 344-345
clock frequency 345
compatibility with Hard Disk 20 356
disk driver, developing 329
incompatibility with 400 KB drive 356
signals 347-348
switching off the computer 245
switching on the computer. See startup, system
synchronous communication 61
synchronous modem 82
Sync signal 317
SysEnvirons function 6
system software version 7.0 27, 45, 106, 131, 136
system startup. See startup, system

T

Talk command 316
temperature protection 271
1010 instructions 103
termination block, SCSI 377, 378
termination resistors, SCSI 377

Test command 283
thermal switch 271
32-bit addresses 45, 131, 136
timers, event 180-183
timing, Apple Desktop Bus 319
timing signals, checking at startup 122
Toolbox, Macintosh 63
trackball in the Macintosh Portable 303-305
connector 297
signals 298
directions 305
transactions, Apple Desktop Bus 313-314
transition codes
for the Apple Extended Keyboard 308-309
for the Apple Standard Keyboard 306
for the early Macintosh keyboards 285
for the Macintosh Plus keyboard 284
for the separate keypad 286
traps 63, 103-104
turning the computer off 245
turrning the computer on. See startup, system
24-bit addresses 45, 64, 131, 136
24-to-32 bit address translation 45, 46, 131, 136
controlling 175
types of floppy disk drives 329-332

U

/UDS signal 34, 90

unimplemented instructions 63, 103
UNIX. See A/UX

user groups XxXxvi

\

Valid Peripheral Address signal. See /VPA

variable names xxxiii

vBase constant 158

vBase2 constant 159

VBL. See 60.15 Hz interrupt; vertical blanking interrupt
VDI (Video Display Interface) IC 118

VDT. See video display

Vector Base register 97, 192

vector number 63

Versatile Interface Adapter. See VIAs

version 7.0, of system software 27, 45, 106, 131, 136
vertical blanking interrupt (VBL) 172, 177, 178, 400, 402
vertical blanking interval 400, 402, 405

Vertical Blanking signal 180

vertical scan rate 401

VIA emulation registers 116-117, 119

Index



VIA registers 158
Augiliary Control register 179
Data register A 159-167
Data register B 167-173
event timers 180-183
Interrupt Enable register 186-187
Interrupt Flag register 184-186
in the OSS 119
Peripheral Control register 176-179
processor-interrupt registers 183-187
in the RBV 116-117
Shift register 181, 182
VIAs 73-77, 149, 187. See also VIA emulation registers;

VIA registers

base address 158
communication with CPU 61, 128
communication with main processor 149
event timers. See VIA registers
functions 151-155
global variable 158
interrupts 92, 94, 95, 99, 102, 183-187
keyboard interface 74
mouse interface 75
register location offsets 159
RTC bits 144
test signal 170
VIAL 74,162-164, 167-171, 177
VIA2 74, 165, 173, 178, 186
video. See video display
video card. See expansion video card
video circuits
in the classic Macintosh and Macintosh SE 401402
in the Macintosh Ilci 117, 410420
in the Macintosh SE/30 114, 409410
video data-bus buffers 60
video display
bits per pixel 411
built-in 399, 401403, 409410
circuits 69-70, 114, 117, 401-402
display sizes 70-71
expansion video card 404409
external on Macintosh Portable 423
flat-panel display 421422
flicker in 402
flicker-free 403, 405
horizontal blanking 168
interrupts 102
in the Macintosh Portable 423
in the Macintosh SE/30 409410
in the Macintosh Ilci 410420
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video display (continued)
multiple monitors for 404
pixel 399, 400, 402
pixel clock rate 400
RAM access for 401
scan line 402
scanning 399401
screen buffer 401, 402403, 406
synchronization of 403, 405
timing generation 405
vertical blanking interval 400
vertical scan rate 401
Video Display Interface (VDI) IC 118
video display scanning 399401
video driver 407
video monitor
detecting type of 409, 411
sizes of 411
video RAM 66, 406
effect on CPU access rate 414
in the Macintosh Ilci 195
video timing generation 405
virtual memory 64, 106
/VPA signal 90, 91
in the Macintosh Plus 122
in the Macintosh SE 126

w

wait states

in the Macintosh SE/30 131, 134

in the Macintosh II 138

in the Macintosh Ilcx 138

in the Macintosh IIx 138
wake-up timer in the Macintosh Portable 269
warning, external sound jack 429
weight

of the Macintosh Plus 469

of the Macintosh Portable 475

of the Macintosh SE 471

of the Macintosh SE/30 473

of the Macintosh Il 477

of the Macintosh Ilci 484

of the Macintosh Ilcx 482

of the Macintosh IIfx 487

of the Macintosh IIx 480
/W/REQA signal 160, 163, 169
/W/REQB signal 160, 163, 169

z
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