






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































» Table 14-6 Macintosh SE/30 machine-specific signals on the 68030 Direct Slot

(Continued)
Signal name Description
/IRQ1-/IRQ3 General purpose interrupts that correspond to the three pseudo-

slot addresses. These signals are common across Macintosh
machines without physical NuBus.

/TMOA-/TM1A Status input signals to VIA2 that are currently not used.

/NUBUS Address decode of the memory range $6000 0000 to $FFFF FFFF.
Note that this signal is active when the CPU accesses the
on-board video display. Expansion cards must further decode
the slot address ranges to avoid conflict with the video logic.
This signal is common across Macintosh machines without
physical NuBus.

CPUCLK Provides signal timing and synchronization to ensure
compatibility with future versions of the Macintosh. On the
Macintosh SE/30 this is a 15.6672 MHz clock and may change
with each new Macintosh.

Macintosh IIfx 68030 Direct Slot machine-specific signals

Table 14-7 lists the 68030 Direct Slot signals that are specific to the Macintosh IIfx
computer. If you design your PDS expansion card so that the /SLOT.E signal is grounded
(low) when it is plugged into the slot, the card automatically looks like a NuBus card
occupying slot $E in the Macintosh IIfx address map. This is similar to the pseudo-slot
design used with Macintosh SE/30 expansion cards, except your card occupies only the
32-bit address space of a NuBus card in slot $E. The Macintosh IIfx uses only one
dedicated interrupt line, /IRQG, to support NuBus pseudo-slot $E, while the Macintosh
SE/30 uses three interrupt lines to support its NuBus pseudo-slot addresses. The
Macintosh IIfx also includes another interrupt line, /IRQ15, that you should use if your
design does not support the NuBus pseudo-slot and you are providing a stand-alone, card-
specific software driver.
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= Table 14-7 Macintosh IIfx machine-specific signals on the 68030 Direct Slot

Signal name Description

/PFW A status signal informing the expansion card that power will
be removed. See the section “/PFW Interaction With
the Power Supply” in Chapter 5 for details.

/SLOT.E When active, this signal indicates that the PDS expansion card
is replacing NuBus slot $E in the Macintosh IIfx address map.

/PDS.MASTER When this signal is active, the PDS expansion card replaces the
MC68030 in the bus arbitration scheme.

/PDS.BG Bus grant signal from PDS expansion card functioning as bus
master; it issues this signal to grant the bus to another requester.

PDS.BR Bus request signal received by PDS expansion card functioning
as bus master.

/ECS A signal from the MC68030 indicating early cycle start.

/IRQ6 A dedicated interrupt line, from the processor to the 68030
Direct Slot, that supports NuBus pseudo-slot $E. To prevent
incompatibility on the Macintosh IIfx, use /IRQ6
instead of input priority level lines /IPLO through /IPL2.

/IRQ15 An interrupt line that is used if the expansion card does not

support the NuBus pseudo-slot.
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Design considerations for Macintosh SE/30 expansion cards

The following paragraphs provide information that you should become familiar with
before starting your expansion card design. Included are a description of how an
expansion card gains access to memory and 1/O devices, information on pseudo-slot
design, a description of how the interrupt handling mechanism works, a summary of
design hints, and a discussion of a Macintosh SE/30 expansion card’s power requirements.

Memory and 1/0 access from a Macintosh SE/30 expansion card

An expansion card can occupy one of the available unused address locations in the
Macintosh SE/30 memory map. See Table 14-8 for a listing of the Macintosh SE/30
memory map’s 32-bit physical address space assignments. The Macintosh SE/30 processor
can gain access to the expansion card in the same way that it gains access to any of the
computer’s /O devices.

In comparison to accessing the expansion electronics from the Macintosh SE/30
processor, the task of accessing resources on the main logic board from an expansion card
coprocessor is a bit more complex. When an expansion coprocessor needs to access
Macintosh SE/30 resources, it requests the bus from the MC68030 using the bus request
signal (/BR). The MC68030 grants the bus (/BG) and tri-states itself off the bus at the end
of that bus cycle. The coprocessor then takes over as bus master (/BGACK). At this point,
the coprocessor has complete access to all Macintosh SE/30 electronics.

For all devices on the Macintosh SE/30 main logic board, the timing of an access is
controlled by the GLUE gate array. Once the coprocessor has been given the bus, it asserts
a valid address and address strobe to the main logic board. The gate array detects the
address and generates the necessary chip selects for the devices. The gate array also
generates the /DSACKx signals to inform the coprocessor of cycle completion.

The Macintosh SE/30 design uses the Apple Sound Chip and the SWIM floppy disk
controller instead of the discrete sound circuits and the IWM in the Macintosh SE.
Because of this, no extra cycles are required for loading the sound registers or floppy disk
speed parameters. Therefore, no special synchronization logic is required in the design of
an expansion card.

When accessing RAM and ROM resources on the Macintosh SE/30 logic board, the timing
and access requirements are the same as for I/O accesses. This differs from the
Macintosh SE because the video RAM is not shared with the system RAM but instead is a
separate device residing in a separate address space.
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= Table 14-8 Macintosh SE/30 32-bit physical address spaces

Address Description

$0000 0000-$000F FFFF RAM {minimum configuration)

$0010 0000-$00CF FFFF RAM (expansion area)

$00D0 0000-$3FFF FFFF RAM (undefined)

$4000 0000-$4007 FFFF ROM bank 0 (minimum configuration)
$4008 0000-$4FFF FFFF ROM (undefined)

$5000 0000-$5000 1FFF VIA1 (x0200)

$5000 2000-$5000 3FFF VIA2 (x0200)

$5000 4000-$5000 SFFF SCC (x0002)

$5000 6000-$5000 7FFF SCSI (handshake)

$5001 0000-$5001 1FFF
$5001 2000-$5001 3FFF
$5001 4000-$5001 SFFF
$5001 6000-$5001 7FEF
$5001 8000-$57FF FFFF
$5800 0000-$5FFF FFFF

$6000 0000-$FSFF FFFF
$F900 0000-$FBFF FFFF
$FC00 0000-$FDFF FFFF
$FE00 0000-$FE00 FFFF
$FEFF 0000-$FEFF FFFF
$FF00 0000-$FFFF FFFF

SCSI (x0010)

SCSI (pseudo-DMA)
Sound

SWIM

Undefined

08030 Direct Slot expansion (if pseudo-slot is not
used)

Expansion (undefined)

Expansion pseudo-slot space (emulate NuBus)
Expansion (undefined)

Video RAM space

Video ROM space

Expansion (undefined)

¢ Note: When the Overlay signal is true at boot time, the RAM is not accessible by the
processor and the ROM resides at address 0 and its normal location. When Overlay is
false, the mapping in Table 14-8 is valid.
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Pseudo-slot design guidelines for Macintosh SE/30 expansion cards

If you are familiar with designing devices for the MC68000 family of microprocessors, you
should find it relatively easy to use the pseudo-slot method to design an expansion card
for the Macintosh SE/30. The only added constraints are the need for a declaration ROM
and adherence to some address decoding rules.

Many of the address locations correspond to address ranges used by NuBus expansion
cards resident in Macintosh II-family products. The advantage of designing an expansion
card to occupy one of these unused addresses is that existing ROM firmware with the
ability to manage the NuBus slots is also present in your computer’s system ROM.
Therefore, if an expansion card is designed along the lines of a NuBus card (for example,
with a declaration ROM and interrupt capability), the existing Slot Manager ROM
firmware controls this card as if it were a NuBus card, but the electrical interface is via the
MC68030 bus. As a side benefit of this design, one software driver works on machines with
two different methods of expansion.

If you do not use pseudo-slot design, the area from $5800 0000 to $5FFF FFEF in the
Macintosh SE/30 is reserved as the preferred location for 68030 Direct Slot expansion. If
you use this area, your expansion card will work in future Macintosh PDS machines that do
not have NuBus. Note that to access this address space, the Macintosh must be in 32-bit
mode. It is the responsibility of the card driver to switch between the 24-bit and 32-bit
modes using the trap macros _SwapMMUMode and _GetMMUMode as defined in the
operating system utilities chapter of Inside Macintosh. You will not be able to use the Slot
Manager and must provide card-specific drivers to use this memory area for card
expansion. The conversion addresses for the 24-to-32-bit logical address translation are
listed in Table 14-9.

= Table 149 24-to-32-bit logical address translation map

24-bit address range 32-bit address range

$00 0000-$7F FFFF $0000 0000-$007F FFEF

$80 0000-$8F FFFF $4000 0000-$400F FFFF

$90 0000-$9F FFFF $F900 0000-$F90F FFEF

$A0 0000~$AF FFFF $FA00 0000-$FAOF FFFF
$B0 0000-$BF FFFF $FB00 0000-$FBOF FFFF
$C0 0000-$CF FFFF $FC00 0000-$FCOF FFFF
$D0 0000-$DF FFFF $FD00 0000-$FDOF FFFF
$EO 0000-$EF FFFF $FE00 0000-$FEQF FFFF
$F0 0000-$FF FFFF $5000 0000~$500F FFFF
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In many ways, designing an expansion card for the 68030 Direct Slot is simpler than
designing one for the NuBus. The 32-bit data bus of the Macintosh SE/30 supports
dynamic bus sizing, so I/O ports of 8, 16, or 32 bits can be designed. Proper control of the
/DSACKx signals informs the processor of the bus width, so additional memory cycles can
be executed to complete the transfer if necessary. There is no byte swapping between the
MC68030 and the expansion connector, and separate address and data buses eliminate the
need for address latches.

The Macintosh SE/30 expansion slot provides three general-purpose interrupt inputs to
the main logic. These interrupts correspond to the first three NuBus slots of a

Macintosh II. In order to have your expansion card reside in address spaces that emulate
the NuBus slots, design your card’s hardware to use only the physical 32-bit space address
ranges shown in Table 14-10 and the software to operate only in the 32-bit mode.

A Important  If you are designing a video card, remember that the ROM in the
Macintosh SE/30 includes only the 24-bit version of Color QuickDraw.
To allow your video card to operate in 32-bit mode, you must bundle
the RAM-based version of 32-bit QuickDraw with your card. A

In order to ensure compatibility with future hardware and software, you should decode all
the address bits to minimize the chance for address conflicts.

The declaration ROM must reside at the upper address limit of the 16 MB address space in
order for the Slot Manager code to recognize the card. Chapter 8, “NuBus Card Firmware,”
provides information to help you develop the necessary card firmware.

You are not required to follow the pseudo-slot method for designing an I/O expansion
card. This method is provided as a means to simplify the design task and to minimize the
need for revisions of support software.

»  Table 14-10 Pseudo-slot address ranges for Macintosh SE/30 expansion cards

Interrupt 32-bit space address

$F900 0000—$FIFF FFFF
2 $FA00 0000—$FAFF FFFF
3 $FBO0 0000—$FBFF FFFF
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Interrupt handling for the Macintosh SE/30 68030 Direct Slot

The interrupt handling mechanism for the 68030 Direct Slot on the Macintosh SE/30 is similar
to the mechanism used in the Macintosh II family. Here is how the mechanism works. First,
the three general-purpose interrupt signals on the 68030 Direct Slot and the on-board video
interrupt signal are routed through an OR gate to generate a signal called /SLOTIRQ. This
signal is connected to the CA1 input of VIA2, the second VIA chip on the logic board. This
VIA generates a level 2 interrupt to the MC68030. This VIA can also generate an interrupt in
response to SCSI requests, sound chip requests, or VIA timer requests.

All interrupts to the MC68030 are auto-vectored using addresses that contain the interrupt
vectors. When the MC68030 is executing a level x interrupt, it first sets the interrupt mask
to level x, so further interrupts at level x and below will be ignored. Once the interrupt
handler is executed and an RTE instruction is processed, the interrupt mask is restored to
the value it had before the interrupt.

The first-level interrupt dispatcher determines which hardware device—SCSI, sound chip,
real-time clock, or expansion slot—is requesting the interrupt and dispatches code to the
appropriate interrupt handler. If the interrupt generated by the VIA is a slot interrupt, the
software polls the second VIA, bits PAO through PAS3, to determine which slot generated
the interrupt. PAO is equal to IRQ1, PA1 is equal to IRQ2, and PA2 is equal to IRQ3. PA5 is
equal to the video interrupt.

Once the software determines which pseudo-slot generated the interrupt, the Slot
Manager software executes the interrupt handler for that slot device. The handler for that
device was installed at boot time when the initialization software polled the possible
slots and identified the existence of a card in the slot by its ROM signature.

Since all interrupts to the MC68030 are auto-vectored, care must be exercised in the
detection of the processor’s interrupt acknowledge. The MC68030 starts an interrupt
acknowledge cycle before it checks the level of the AVEC (auto-vector) pin. Once the
processor determines the AVEC pin is signaling an auto-vector, it aborts the bus cycle
without the assertion of /DSACK or /STERM. Hardware designers must be aware of this
abort cycle.

There is a delay between the assertion of a slot interrupt and the actual execution of the
interrupt handler. During this time, the software polls the actual slot /IRQ signal. The
recommended design practice is to latch the slot /IRQ signal so that once it is asserted,
the interrupt handler software for the card has the responsibility of clearing the interrupt.
This ensures that the slot /IRQ signal is asserted when polled and the Slot Manager is
dispatched correctly.
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Design hints for Macintosh SE/30 expansion cards

When designing a card for the Macintosh SE/30, you must generate timing to match the
requirements of the MC68030 microprocessor. For further information on the timing
requirements of the microprocessor, refer to the Motorola MC68030 Enhanced 32-Bit
Microprocessor User’s Manual.

There is an overriding watchdog timer on the Macintosh SE/30 main logic board that
generates a /BERR signal anytime the address strobe is asserted for longer than 44
microseconds. You must guarantee that your design generates a /DSACKx, /BERR, or other
termination signal within this period.

Notice that there are two clock signals present on the expansion connector. The CPUCLK
signal should be used for signal timing and synchronization to ensure compatibility with
future versions of the Macintosh that may use a faster CPU clock. The C16M signal is a
general-purpose 15.6672 MHz clock that will be present in future machines. In the
Macintosh SE/30, these two clocks have the same frequency and phase relationship, but
this may not be true for future machines.

The data strobe signal is provided for developers of expansion cards that function as
DMA-masters. The data strobe must be asserted when the DMA master is accessing
devices on the Macintosh SE/30 main logic board. The timing of the data strobe should
match the MC68030 data strobe signal.

Notice that the /NUBUS signal (Table 14-6) is an address decode of the memory range $6000
0000 to $FFFF FFFF. The /AS (address strobe) signal qualifies the assertion of the /NUBUS
signal. The /NUBUS signal is asserted a maximum of 26 nanoseconds after the /AS signal is
asserted, and is removed a maximum of 22 nanoseconds after the /AS signal is removed.

Remember that /NUBUS is valid when the processor is accessing the on-board video logic;
therefore, to avoid possible data bus conflicts, you must decode one of the pseudo-slot
address ranges when using the /NUBUS signal as a qualifier.

The pseudo-slot interrupt signals (/IRQ1 through /IRQ3) are active-low TTL-compatible
inputs to the main logic board. You do not have to use an open-collector style driver, but
if you do, you should provide a pull-up resistor on the expansion card.

If you are designing a bus master card and are accessing on-board devices such as RAM,
you must ensure that a DMA cycle is completed when the normal MC68030 processor cycle
is completed.
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Because of the dynamic bus sizing feature of the MC68030, you can convert existing
Macintosh SE expansion cards to fit the Macintosh SE/30 32-bit slot with relative ease.
The mechanical changes are probably more extensive than the electrical changes. The
Macintosh SE/30 expansion card is mounted vertically rather than horizontally. You can
design an adapter card to convert the 120-pin expansion slot to a Macintosh SE-
compatible 96-pin expansion slot. The Macintosh SE card could then be piggyback
connected to the adapter card. The logic to convert most simple Macintosh SE cards to
the 32-bit Macintosh SE/30 design is relatively straightforward and could prove a quick
and easy way to convert existing designs to Macintosh SE/30.

Power consumption guidelines for Macintosh SE/30 expansion cards

The Macintosh SE/30 uses the same power supply as the Macintosh SE. Therefore, the
same power consumption guidelines should be followed. The Macintosh SE power budget
is described in Chapter 13 in the section “Macintosh SE Power Budget.” The Macintosh
SE/30 main logic board consumes more power than the Macintosh SE main logic board,
but if you adhere to the foltowing guidelines, there is still enough power supply margin to
ensure reliability. Table 14-11 shows the allotted current for an expansion card.

& Note: For thermal considerations, the total power of the expansion card should not
exceed 7 watts,

»  Table 14-11 Power budget for a Macintosh SE/30 expansion card

Device 5V -5V +12V =12V

Expansion card 1.5 amps 0.1 amps 0.15 amps 0.1 amps

A Important  You should seriously consider whether routing power outside the case
is necessary. If power is required outside the case, all pins carrying
power must be protected by a fuse against an overcurrent load. You
should use 1-ampere fast-acting fuses to retain the product safety
compliance designed into the Macintosh SE/30. a
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Design considerations for Macintosh IIfx PDS expansion cards

This section provides technical information that you need to design a PDS expansion
card for the Macintosh IIfx computer. Topics covered include pseudo-slot design,
termination of memory cycles, interrupt handling mechanism, bus priority scheme, the
effect of clock speeds on expansion card design, the use of the cache memory, and
power consumption guidelines.

Pseudo-slot design guidelines for Macintosh IIfx PDS expansion cards

It is relatively easy to use the pseudo-slot design method to design an expansion card for
the Macintosh IIfx 68030 Direct Slot. In addition to making sure that the /SLOT.E signal is
held low (grounded), the only constraints are the need for a declaration ROM and
adherence to address decoding rules. If you design your card along the lines of a NuBus
card (for example, so that it occupies slot $E and has a declaration ROM and interrupt
capability), the existing Slot Manager firmware in the system ROM controls the card as if
it were a NuBus card, but the electrical interface is via the 68030 processor-direct slot.
This means that you do not have to develop another software driver; the driver for the
NuBus expansion interface will also work with your PDS expansion card.

If you do not use pseudo-slot design, your expansion card can occupy either the slow slot
space area (§6000 0000 to $GFFF FFFF) or the fast slot space area ($7000 0000 to

$7FFF FFFF) in the address map. However, your card cannot communicate with the Slot
Manager. You must provide a card-specific driver, and you should use /IRQ15 as your
interrupt line.

Memory cycle termination in the Macintosh IIfx

The 32-bit data bus of the Macintosh IIfx supports dynamic bus sizing, so I/O ports of 8,
16, or 32 bits can be designed. Proper control of the /DSACKx signals informs the
processor of the bus width, so additional memory cycles can be executed to complete the
transfer if necessary. There is no byte swapping between the MC68030 and the expansion
connector, and separate address and data buses eliminate the need for address latches.
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Outgoing memory cycles from the Macintosh IIfx processor support dynamic bus sizing
and are terminated by the /DSACKO, /DSACK1, and /STERM signals on the PDS connector.
The reverse, however, is not true. Cycles incoming to the Macintosh IIfx memory are
32-bit synchronous and are terminated only by /STERM. Cycles from the PDS expansion
card to I/O devices are terminated by /DSACK1 and /DSACKO, except to NuBus, where all
reads and aligned longword writes are terminated by /STERM.

An overriding timer on the main logic board generates a /BERR signal anytime the
address strobe (/AS) is asserted for longer than 16 microseconds. Your expansion card
design must include a provision for generating /DSACK, /BERR, or other terminating
signals within this period.

Interrupt handling for the Macintosh IIfx 68030 Direct Slot

The interrupt handling mechanism for the Macintosh IIfx 68030 Direct Slot differs from
previous Macintosh computers with processor-direct slots. The major difference is that
the VIA2 in the earlier machines has been eliminated from the high-end Macintosh IIfx
computer architecture. It is replaced by the Operating System Support (OSS) chip, an
Apple custom IC with a two dedicated interrupt lines, /IRQ6 and /IRQ15, to the 68030
Direct Slot. Your expansion card should no longer use interrupt priority lines /IPL2 through
/IPLO or it will be incompatible with the Macintosh Iifx firmware.

The levels of the /IRQG6 and /IRQ15 interrupt lines are fully programmable to provide
maximum design flexibility. If you used the pseudo-slot method to design your card
and it is properly configured so that it can be recognized by the Slot Manager, then
the Slot Manager fields all interrupts on the /IRQ6 line as slot $E interrupts. If you do
not use the pseudo-slot design method, all interrupts on the /IRQ15 line are fielded as
nonslot $E interrupts.

Bus master priority scheme for Macintosh IIfx

You should be aware of the fact that it is possible to have multiple bus masters on the
Macintosh IIfx processor bus. The possible bus masters and their position in the priority
scheme are shown in Table 14-12. Note that the NuBus and SCSI interfaces allow DMA
access to the 68030 Direct Slot.
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= Table 14-12 Macintosh IIfx bus master priority scheme

Priority level Bus master

First (highest) 68030 Direct Slot
Second NuBus

Third SCSI

Fourth (lowest) MCG68030 processor

Effect of Macintosh IIfx clock speeds on PDS expansion card design

The Macintosh IIfx computer consists of two subsystems, the memory (fast) subsystem
and the 1/O (slow) subsystem. These subsystems are separated by fast/slow buffers. See
the block diagram in Figure 1-4.

Timing is provided by an 80 MHz oscillator whose output is divided by 2, resulting in a 40
MHz CPU clock for the memory subsystem. The output of the 80 MHz oscillator is
divided by 4 to provide a 20 MHz clock for the I/O subsystem.

Although the 68030 Direct Slot is in the 1/O subsystem, it is still classified as a processor-
direct slot because when an expansion card addresses the memory subsystem, that
subsystem responds in the same amount of time as if the MC68030 processor had
addressed it. This same access speed is always maintained because the memory controller
speed is constant. Even though the clock supplied to the 68030 Direct Slot is only 20 MHz,
a PDS expansion card benefits from the high-speed design of the Macintosh IIfx.

The CPUCIK signal is provided to a PDS expansion card to allow the card to synchronize
to the computer. The timing interface looks exactly like the MC68030 processor running at
20 MHz. Since the processor and memory subsystem CPU clock is actually running at 40
MHz, the processor slows down and synchronizes to the 20 MHz clock provided to the
68030 Direct Slot whenever an attempt is made to gain access to the expansion card.

This speed shift is transparent to the expansion card but it can be controlled by the
address space that you choose when designing your card. The processor shifts speed

if your design uses pseudo-slot address space $Exxx xxxx or $FExx xxxx. It also shifts
speed if you do not use pseudo-slot address space but write your own driver and use

slow address space, $6xxx Xxxx.
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As an option, you may choose to write your own driver and use fast space, $7xxx xxxx. In
this case, the CPUCLK signal runs at 20 MHz, but the processor continues to run at 40 MHz
and does not slow down to synchronize with the expansion card’s 20 MHz clock. You can
gain access to the expansion card faster, but design of the card will be more difficult since
the processor runs at 40 MHz and you have only a 20 MHz clock to work with. In this
configuration the processor-direct slot is phase synchronous with frequencies of 80 MHz
and 40 MHz.

As another option, you could include an oscillator on your card that runs at the desired
speed, and then double-rank synchronize all signals running between the processor and the
68030 Direct Slot. You can implement double-rank synchronization by running
asynchronous signals through two ranks of D type flip-flops that are being clocked at the
same frequency that the incoming signals are being synchronized to. The disadvantage of
this option is the loss of time created by the double-rank synchronization process. ‘

Yet another design option you may want to consider is phase locking to the 40 MHz clock
of the memory subsystem.

Using the Macintosh IIfx cache memory

The addition of the high-speed cache memory makes possible the high performance
characteristics of the Macintosh IIfx computer. The cache is designed so that it is always
logically related to the main memory. The cache is fairly large, consisting of 32 KB in a
direct-mapped arrangement with 2000 lines of four longwords each. Writes are usually no-
wait state cycles and always update the cache at the same time main memory is being
updated. Only burst reads are cached.

The memory subsystem in the Macintosh IIfx supports the 68030 cache burst protocol.
That is, a PDS expansion card in the 68030 Direct Slot can use /CBREQ to request the
main memory to supply four longwords in succession. See the Motorola MC68030
Enhanced 32-Bit Microprocessor User’s Manual for detailed information and timing.
The cache cannot be inhibited during burst cycles because /CBREQ and /CIOUT are
mutually exclusive.

An area of possible concern in some systems is the possibility of thrashing that could
occur as the cache switches back and forth between the 68030 Direct Slot and the
processor data, but this is not a problem in the Macintosh IIfx because of the large
size of the cache.
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The greatest data transfer speeds are obtained if you write all code in aligned longwords.
The processor still supports byte, word, misaligned words, and longwords, but the
processor must execute multiple cycles to gain access to code written in this manner. Also,
it is important that, if possible, you keep back-to-back writes on the same memory page.
Since the fast-memory controller in the Macintosh IIfx has a same-page detector, it does
page mode writes if it detects back-to-back writes on the same page, resulting in faster
write operations.

Additional design hints

If you are designing a PDS card to operate as bus master and are accessing on-board
devices such as RAM, you must ensure that a DMA cycle is completed when the normal
MC68030 processor cycle is completed.

The data strobe signal is provided for expansion cards that function as DMA masters. /DS
must be asserted when the DMA master is addressing devices on the main logic board. The
timing of the data strobe should match the MC68030 data strobe signal.

Power consumption guidelines for Macintosh IIfx PDS expansion cards

The power budget for a PDS expansion card in the Macintosh IIfx is identical to the
power budget for the NuBus card that it replaces. Refer to the section “NuBus Power
Budget” in Chapter 5 for details.

316  Designing Cards and Drivers for the Macintosh Family



Chapter 15 Physical Design Guide for
Macintosh PDS Expansion Cards

This chapter contains physical design guidelines for developing
expansion cards for Macintosh computers with processor-direct slots.
Included in this category are the Macintosh SE (68000 Direct Slot), the
Macintosh Portable (68000 Direct Slot), the Macintosh SE/30 (68030
Direct Slot), and the Macintosh IIfx (68030 Direct Slot) computers.

The information includes

» mechanical drawings showing expansion card dimensions and
mounting provisions

m descriptions of the mating 96-pin and 120-pin connectors on the
expansion cards and logic boards

» mechanical drawings detailing electrical and physical requirements
for connecting expansion cards to external equipment

A Warning  The drawings in this chapter are from mechanical
design guides used within Apple Computer. They were
correct at the time of publication but are subject to
change in the future. a
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Physical guidelines for Macintosh SE expansion cards

Figures 15-1 through 15-3 show the ‘spatial relationship between an expansion card and the
Macintosh SE main logic board.

A Warning Figure 15-1 is from a design guide used within Apple Computer. This
drawing was correct at the time of publication but is subject to
change in the future. a
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= Figure 15-1 Macintosh SE expansion card design guide
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» Figure 15-2 An expansion card in the Macintosh SE assembly
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= Figure 15-3 An expansion card and the Macintosh SE main logic board

Rear

Main logic board

Front

The 68000 Direct Slot 96-pin connector for the Macintosh SE

Figure 15-4 shows a plug connector that mates with the Euro-DIN 96-pin socket connector
on the main logic board. The plug connector should have compliant pins (force fit
insertion) rather than solder-type pins for connection to the expansion card if
components are to be mounted on the top side of the card.

Figure 15-5 shows the 96-pin socket connector and mounting supports on the
Macintosh SE main logic board assembly. Figure 15-6 is a detail of the socket connector
used on the main logic board.

You can order Euro-DIN 96-pin connectors meeting Apple specifications from

AMP Incorporated
Harrisburg, PA 17105

Because of high volume production requirements, Apple purchases specially modified
versions of the Euro-DIN 96-pin connector from this vendor. However, you may purchase
a mating connector of standard configuration from this or other vendors.
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» Figure 15-4 96-pin plug connector for a Macintosh SE expansion card
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»  Figure 15-5 Macintosh SE connector and mounting supports for an expansion card
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= Figure 15-6  Detail of 96-pin socket connector used on Macintosh SE main logic

board
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Physical guidelines for Macintosh Portable expansion cards

Figure 15-7 shows the location of the 96-pin expansion connector on the Macintosh
Portable main logic board. Figure 15-8 is a design guide showing the size of the card, the
location of the 96-pin connector, and the maximum allowable component mounting
height. The Macintosh Portable uses the same Euro-DIN 96-pin expansion connector
described earlier in this chapter in the section “The 68000 Direct Slot 96-Pin Connector for
the Macintosh SE.” The connectors for the expansion card and the main logic board are
the same as those shown for the Macintosh SE in Figures 15-4 and 15-6.

¢ Note: Before designing an expansion card for the Macintosh Portable, make sure you
are aware of the limitations described in the section “The Macintosh Portable 68000
Direct Slot” in Chapter 13.
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Figure 15-7 Expansion connector location on Macintosh Portable main logic board
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» Figure 15-8 The Macintosh Portable 68000 Direct Slot expansion card
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Physical guidelines for Macintosh SE/30 expansion cards

This section provides mechanical drawings that show the spatial relationship between an
expansion card and the Macintosh SE/30 main logic board.

Figures 15-9 through 15-11 show design considerations for expansion cards that can be
used in the Macintosh SE/30 and possibly in future 68030-based machines. Notice that
you can design your card in either of two different sizes. Figure 15-9 shows the minimum
allowable card size and Figure 15-10 shows the maximum allowable card size. Figure 15-11
shows the maximum component heights allowed on the two different card sizes.

Figure 15-12 is a design guide for the Macintosh SE/30 main logic board. You should
pay particular attention to the design of the main logic board and the Macintosh SE/30
chassis to make sure that components on your expansion card do not interfere with
mounting hardware.

A Warning Figures 15-9 through 15-12 are from design guides used within Apple
Computer. These drawings were correct at the time of publication but
are subject to change in the future. a

Figure 15-13 shows how an expansion card mounts in the Macintosh SE/30 chassis. Figure
15-14 shows how the expansion card mounting clips should be oriented for two different
revision levels of the main chassis.
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m  Figure 15-9  Smallest allowable Macintosh SE/30 expansion card

155.151

153.15 ,2PL

118.00
REF
112.00
~
[}
0
ON BN NN
WFrmownoll
G GR O MfOO®
cdoobooOo
N 2222222

THRU HOLE
2 PL

NO_COMPONENTS OR TRACES,
BU;LSOLDER PAD ON BOTH SIDES.

146.85 ,2PL
lus.as:o.m/—
142.35

5.00 DiA PLATED THRU
2 PL

I~

— 142.35

\—3.50 DIA PLATED THRU HOLE
2 PL

N
SEE DETAIL E o850
/ \ / —\'———\ .
| { 2 PL
8Y .55— 1 —1 — —f ]
\ by ! / 157.59
- A
74.%0 N 4 \\ /—2 EQL SP 8 REF
2R ~l_7 > 2.54 = 5.08
COMPONENT S1DE TOL NON-ACCUM
1.12_¢ 0.08 \
DA  THRU SEE DETAIL F
120 PL
2.69 : 0.08
DiA THRU
2 PL \
=z—== E— |
0 = = — 4 - 2.54
-2.44
REF 4.98 + 0.25
le————39 EOL SP @
2.54 : 99.06
TOL NON-ACCUM R
T
: S N
T g o
S =z
PIN ONE

NO THRU HOLE COMPONENTS,
Vias.

8.00 DIA
SOLDER PAD FOR GND.

TOP | COMPONENT SIDE ).

BOTTOM.

SOLOER PAD FOR GNO. SOLDER PAD FOR GND.

oeraiL E

328

TOP ( COMPONENT SIDE 1.

BOTTOM.

Designing Cards and Drivers for the Macintosh Family

DETAIL F

NO THRU HOLE COMPONENTS,
VIAS.

B8.00 DIA
SOLDER PAD FOR GNO.



m  Figure 15-10 Largest allowable Macintosh SE/30 expansion card
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»  Figure 15-11 Maximum allowable component heights for a Macintosh SE/30
expansion card

16C.00 .
REF |~ 22.00 MAX COMPONENT HE!GHT

227 7|
.
REFERENCE LINE

12.0 MAX COMPONENT HEIGHT —/

TN

158.00

12,5 MAX COMPONENT HEIGHT —— |

6
% 25.20
REFERENCE LINE

B.5 MAX COMPONENT HEIGHT

-4.43

REF
113.57

330  Designing Cards and Drivers for the Macintosh Family



»  Figure 15-12 Expansion connector on the Macintosh SE/30 main logic board
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= Figure 15-13 An expansion card in the Macintosh SE/30 assembly

l Expansion card

| B //
z%
w O]

G807 AL, !
\ //////{,/////l{///lll;llffffiﬁfiq e |
S— — )

R

n
. — I 14
Y U U

UL

332  Designing Cards and Drivers for the Macintosh Family



» Figure 15-14 Orientation of Macintosh SE/30 mounting hardware
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The 68030 Direct Slot 120-pin connector for the Macintosh SE/30

Figure 15-15 shows the plug connector that mates with the Euro-DIN 120-pin socket
connector on the main logic board. Figure 15-12 shows the location of the 120-pin socket
connector on the main logic board assembly. Figure 15-16 gives the prominent details of
the socket connector.

= Figure 15-15 120-pin plug connector for a Macintosh SE/30 expansion card
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= Figure 15-16 Detail of 120-pin socket connector used on Macintosh SE/30 main
logic board
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Physical guidelines for Macintosh IIfx PDS expansion cards

The expansion card for the 68030 Direct Slot of a Macintosh IIfx computer is similar in
size to a NuBus card but uses a 120-pin plug connector instead of the 96-pin plug
connector used on a NuBus card. When installed in the computer, the PDS expansion card
takes the place of a NuBus card in slot $E and prevents it from using that address space.
The Macintosh IIfx can accommodate a maximum of either six NuBus cards or five NuBus
cards and one PDS card.

Foldout 6 at the back of the book shows the pertinent physical details you need to design
a PDS expansion card for the Macintosh IIfx computer. This drawing shows the overall
dimensions and the connector placement as well as providing clearance dimensions for
installing the card in the Macintosh IIfx computer.

A Warning Foldout 6 is from a design guide used within Apple Computer. This
drawing was correct at the time of publication but is subject to
future change. a

The 120-pin plug connector used on a Macintosh IIfx PDS expansion card is physically
identical to the connector shown for the Macintosh SE/30 PDS expansion card in Figure
15-15. The 120-pin socket connector used on the main logic board of the Macintosh IIfx
computer is physically identical to the connector shown for the main logic board of the
Macintosh SE/30 computer in Figure 15-16.
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External connection drawings

This section discusses both electrical and physical considerations required in making
connections to external equipment.

The Macintosh SE and Macintosh SE/30 computers have an external device access opening
through which another piece of equipment can be connected. Typically, a cable would be
routed from the expansion card upward through a cutout in the back of the chassis, and
then to a connector on a connector card you provide.

Mechanical drawings in this section show the provision Apple has made for connecting
your expansion card to devices external to the Macintosh SE or the Macintosh SE/30.

¢ Note: FCC regulations on radio-frequency emissions prohibit the installation of an
external device access opening in the Macintosh Portable computer.

Figure 15-17 shows the Macintosh SE sheet metal and the structure for mounting your
connector and connector card. With the exception of the horizontally mounted
expansion card, this figure also applies to the Macintosh SE/30. Figures 15-18 and 15-19
show the recommended internal cable routing paths for the Macintosh SE and the
Macintosh SE/30, respectively. Notice that the minimum allowable length for the internal
cable on a Macintosh SE/30 is 220 millimeters (8.6 inches).

Foldout 7 at the end of the book is a design guide for the connector card. All areas of
significant importance are noted on the drawing. If you design a connector card that
adheres to the dimensions in Foldout 7, it can be used on the Macintosh SE, the Macintosh
SE/30, and future versions of the compact Macintosh.

A Warning Foldout 7 is from a design guide used within Apple Computer. This
drawing was correct at the time of publication but is subject to
change in the future. a
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= Figure 15-17 Connector card mounting on Macintosh SE chassis
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Except for the horizontally mounted expansion connector, the drawings in Figure 15-17

also apply to the Macintosh SE/30.
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= Figure 15-18 Internal expansion cable routing for Macintosh SE
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= Figure 15-19 Internal expansion cable routing for Macintosh SE/30
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Note: The length of the ribbon cable must be 220 millimeters (8.6 inches) or longer between connectors.
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Third-party design aids

A number of products are available from third parties that will make it easier and faster for
you to design your expansion cards.

You can purchase blank Macintosh SE expansion cards for prototyping from

Diversified 1/0, Inc.
1008 Stewart Drive
Sunnyvale, CA 94086
(408) 730-2171
AppleLink: D0242

Diversified I/O also has two other products that may be helpful in your expansion card
design. One is the FreeBus Prototyping Kit, #451104, consisting of a board with a 96-pin
connector that supports the Macintosh SE expansion slot. The other is a TwoBus Extender
Kit, #450102, that extends the prototyping activities beyond the confines of the
computer case and supports both Macintosh II and Macintosh SE extension.

You can obtain blank Macintosh SE/30 expansion cards for prototyping from Creative
Solutions, Inc. Creative Solutions also provides a right angle extender that allows you to
install your expansion card horizontally (component side facing up) outside of the chassis
for debugging and testing. You can obtain more information or purchase these products
by contacting

Creative Solutions, Inc.
4701 Randolph Rd., Suite 12
Rockville, MD 20852

(301) 984-0262
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Chapter 16 Processor-Direct Slot Design Example

This chapter contains a performance-proven example of processor-direct
slot expansion card design. It describes the electrical and interface
characteristics of a simple disk controller card that allows the

Macintosh SE processor to communicate with a generic disk drive
through the 68000 Direct Slot.



Disk controller overview

The disk controller card allows for one drive to be connected to the Macintosh SE through
the cable supplied. The disk controller is inexpensive, but is capable of two software
selectable recording formats: frequency modulation (FM) or modified frequency
modulation (MFM). FM is an IBM 3740-compatible, single-density format. MFM is an IBM
System 34-compatible, double-density format.

The disk controller card plugs into the 96-pin expansion connector on the main logic
board of the Macintosh SE and connects to a floppy disk drive located outside the
Macintosh SE. The installation of this card and its associated cables is intended to be
done by dealers and not by end users. The disk controller card consists of a disk controller
IC and a disk interface IC, a DMA controller IC, some buffers, and three PALs. All
controlling firmware and sector-buffering RAM exist in the Macintosh SE.

The control registers are mapped into the address space of the Macintosh SE from
$80 0000 through $8F FFFF. No other address space is memory mapped to the controller.

System configuration

The controller package inside the Macintosh SE consists of a disk controller expansion
card, a 26-wire flat ribbon cable, and a connector card.

The disk controller card connects to the Macintosh SE processor through the 96-pin
expansion connector on the main logic board assembly. A six-inch-long ribbon cable ties
the disk controller card to the connector card.

The connector card, which mounts to the bracket behind the external device access
opening, has two connectors. One connector is a 26-pin connector, which terminates the
six-inch ribbon cable from the internal controller card. The other connector is a DB-37 into
which the external disk drive can be plugged via the cable supplied with that drive. See
Figure 15-15, Figure 15-16, and Foldout 7 for drawings depicting the configuration.
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Interface card block diagram

Figure 16-1 is a block diagram of the floppy disk controller. The controller card is made up
of the following parts:

Control PALs: These PALs provide the address decoding and timing control for the disk
controller. They memory map the various control and status registers of the disk controller
into the Macintosh SE address space $80 000 through $8F FFFF.

Data bus transceivers: These 74L5245 buffers provide multiplexing control and
sufficient current drive to and from the controller onto the data bus. During high-byte
transfers, data is placed on D8-D15, while during low-byte transfers, the data goes

on D0-D7.

Status driver: The status driver allows three signals to be read by the Macintosh SE: disk
drive selected, disk controller interrupt (INT), and disk change.

Disk controller IC: This LSI chip contains the circuitry necessary to connect to the
generic disk drive. Coupled with the companion disk interface IC chip, it handles all
operations with the drive including read and write data, formatting, seeking, sensing drive
status, and recalibrating.

Disk interface IC: This chip provides drive and timing support to the disk controller IC.
It contains write precompensation and phase-locked loop circuitry.

Disk interface driver: The disk interface driver buffers and provides current drive for
several signals coming from and going to the disk drive. It also is used as a multiplexer for
four of these signals.

16 MHz crystal clock oscillator: This oscillator provides a 16 MHz clock to the disk
interface IC for use in the drive interface.

Dual-channel DMA controller and DMA control PAL: The DMA controller handles all DMA
data transfer operations between the disk controller IC and the Macintosh SE memory.

DMA address and data multiplexing logic: The dual-channel DMA controller has a
multiplexed address and data bus. The multiplexing logic is used to demultiplex this bus.
The logic consists of two 74LS373's and two 74LS245s.
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= Figure 16-1 Floppy disk controller block diagram
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Floppy disk controller logic

The disk drive control is provided by the disk controller IC, disk interface IC, and some
74LS240 drivers. The disk controller IC is the controlling chip and communicates with the
disk interface IC. Details of this logic are not directly relevant to the 68000 Direct Slot
interface and so are not given here.

Macintosh SE interface logic

The controller communicates with the 68000 Direct Slot via several drivers and PALs. The
controller follows the timing of the MC68000 processor whether in PIO (programmed
input/output) or DMA (direct memory access) transfers. Certain key signals are described
in Table 16-1.

= Table16-1 Bus control signals

Signal name Signal description

/AS Indicates a valid address is on the address bus.

/UDS - Indicates that valid data is on the data bus D8-D15.

/LDS Indicates that valid data is on the data bus D0-D7.

R/W Defines a cycle to be a read or a write cycle.

/DTACK Signals that the data transfer cycle is completed.

/BR Signals that the controller card would like to own the
processor bus in order to perform a DMA transfer.

/BG Signals to the controller that it owns the processor bus after
completion of the current bus cycle.

FCO-FC2 These are the MC68000 processor status code and serve to signal an
interrupt acknowledge cycle when they are all asserted high.

ALE Signals that the DMA controller is gating a valid address onto the
multiplexed address/data lines AD0-AD15.

/DS Signals that data may be moved into or out of the DMA
controller on the multiplexed AD0-AD15.

/DMACS Selects the DMA controller during PIO transfers to or from it.

(Continued)
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» Table 16-1 Bus control signals (Continued)

Signal name Signal description
BREQ Indicates that the DMA controller would like to take the

processor bus.
BACK Indicates that the DMA controller has the processor bus.
/DREQ The disk interface IC makes a DMA request to the DMA controller.
/DACK The DMA controller acknowledges the disk interface IC’s DMA request.
/EOP Signals that a disk read or write command has been terminated because

the data requested has been transferred.

Programmed 1/0 (PIO) operations

All control information is passed to the disk controller and all status information is transferred
to the MC68000 using programmed 1/0 (PIO) transfers (DMA is used for data transfer). The
MC68000 host initiates the transfer by asserting /AS, R/W, /UDS, and /LDS. Data is then
transferred and /DTACK is asserted by the BBU gate array of the Macintosh SE. The PALs
decode the address from address lines A18-A23 and thus select either the disk interface IC or
the DMA controller to read or write data. Control of the R/W signal determines whether the
cycle is a read or a write cycle. See Figure 16-2 for signal timing,
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m  Figure 16-2 Controller PIO timing
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DMA operations

All data information is transferred to or from the host (MC68000 or a coprocessor) using
DMA transfers. After all control information is written to set up both the disk interface IC
and the DMA controller, the DMA operation begins.

The disk controller IC requests each DMA transfer, via the signal /DREQ, and that request
is funneled through the DMA controller and through the PAL control logic. A bus request is
then made, and after the current bus operation has been completed, the MC68000 asserts
the signal /BG (bus grant). The PAL logic recognizes /BG and waits for any current bus
operation to be completed before it signals the disk controller IC to begin a DMA.

As soon as it has taken over the bus, the DMA controller gates the target DMA address
onto the lines AD15-AD0 and the lines A23-A16. See Figure 16-1. Using the signal ALE as a
reference, the PAL interface logic latches the address from AD15-AD0 with the signal
/ADDR. Because all DMA data transfer operations must be synchronized to the signal
/PMCYC (processor memory cycle), the PALs wait for /PMCYC to go low, inserting wait
states in the transfer cycle of the DMA controller.

& Note: /PMCYC is the signal used to synchronize all processor-bus activity. The disk
controller waits for /PMCYC to go low before beginning a bus cycle. The signals /AS,
/UDS, /LDS, and R/W are not asserted until /PMCYC goes low. The memory timing of
the Macintosh SE is synchronized to /PMCYC. See Figure 13-2 in Chapter 13. The disk
controller is designed to present timing as similar to the MC68000 as possible during a
bus cycle (/PMCYC low). /PMCYC goes high during state zero (S0) of the MC68000
timing and during video memory accesses.

The PALs then assert /AS, /UDS, /LDS, and R/W after gating the address onto the address
bus. If a processor read operation (processor reading from the disk interface card) is
requested, the PALs gate the data to the correct byte of the data bus from the disk
interface IC and generate the proper disk controller read signal. If a processor write
operation (processor writing to the disk interface card) is requested, the PALs turn on the
correct transceiver to write the data and assert the proper write signal to the disk
controller IC.
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Address allocation

The disk controller card’s device select space ranges from $80 0000 through $8F FFFF and is
divided into four blocks. From $80 0000 through $83 FFFF the main status register within
the disk controller can be read. A write to this address turns on the signal RST (resets the
disk controller). From $84 0000 through $87 FFFF, control, status, and data information
may be read from or written to the disk controller data register. Writing in the area

$88 0000 through $8B FFFF turns on the drive motor; reading in this area turns both the
motor and RST off. The DMA controller is read to or written from via the addressing range
$8C 0000 through $8F FFFF. See Table 16-2.

= Table 16-2 Device select decode addresses

Decode address range Device selected and action resulting

$80 0000-$83 FFFF Read from main status register of disk controller IC. A
write to this address turns RST on (resets the disk
controller IC). Also, read additional status register. The
main status register is on the least significant byte and
the additional status register is on the most significant.

$84 0000-$87 FFFF Read or write control, status, and data information to
the data register in the disk controller IC.

$88 0000-$8B FFFF Write turns drive motor to on, read turns motor and
controller’s reset signal off. (Interrupts are enabled when
the motor is on!)

$8C 0000-$8F FFFF Read from or write to DMA controller.

Data is normally read from and written to the disk controller card with MC68000 MOVE.B
instructions. Additional status information may be obtained by reading anywhere in the
addressing range $80 0000 through $83 FFFF using MOVE.W instructions.

The status register within the disk controller IC may be read with a MOVE.B instruction in
the address range $80 0000 through $83 FFFF.

The data register within the disk controller IC may be read or written with a MOVE.B
instruction in the address range $84 0000 through $87 FFFF. It is through the data register
that commands, data, and the contents of status registers 0 through 3 are passed. Any
disk operation is initiated by passing the several commands required to the disk
controller IC via this register.
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The read track operation allowed by the disk controller IC is supported on this disk
controller. After the execute portion of any operation is completed, the disk controller IC
may give back status information in status registers 0 through 3.

Additional status information may be read with a MOVE.W instruction in the address
space $80 0000 through $83 FFFF.

The DMA controller is given commands via the chain control table that exists in
Macintosh SE RAM. The address of this table is loaded into the chain address register
before a chain load command is given to the DMA controller. The chain control table
consists of values needed by the DMA controller to transfer data.

Upon receiving a chain load command, the DMA controller loads its registers from the
chain control table. After the registers are loaded, the DMA controller is ready to transfer
data. Data transfers are then initiated, byte by byte, by the disk controller IC.
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Part Il Application-Specific
Expansion Interfaces



About Part III

Application-specific expansion interfaces are the subject of Part III of this book. These
are expansion interfaces that do not fall into the NuBus or processor-direct slot expansion
categories, but are designed with a singular, specific purpose in mind. The information in
Part III will help you design unique expansion cards that satisfy the requirements of these
application-specific interfaces.” '

Part III contains two chapters. Chapter 17 provides the electrical and mechanical
information you need to design ROM, RAM, and modem expansion cards for the
Macintosh Portable computer. Included are expansion connector pinouts and signal
descriptions, address space allocations, physical design guides, and hardware and
software design suggestions.

Chapter 18 describes the cache memory expansion capability of the Macintosh Ilci
computer. It includes a description of how the cache works, information on using the
cache and accessing memory, cache connector pinouts, signal descriptions, load/drive
capabilities, and electrical and mechanical guidelines for designing a cache memory card.
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Chapter 17 Macintosh Portable RAM, ROM,
and Modem Expansion

In addition to the processor-direct slot expansion interface described in
Chapters 13 through 15, the Macintosh Portable main logic board
includes three expansion connectors, two for add-on memory expansion
cards and one for a modem card. One memory connector is for ROM
expansion and the other is for RAM expansion. This chapter provides the
electrical and mechanical details you need to design ROM expansion,
RAM expansion, and modem cards for the Macintosh Portable.
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Macintosh Portable ROM expansion

The Macintosh Portable computer is equipped with 256 KB of permanent ROM. The
design of the machine allows you to develop an expansion card that will provide up to
4 MB of additional ROM for the system.

This section describes the ROM expansion address space, defines the design criteria, and
provides the electrical and mechanical information you need to design a ROM expansion
card. It also explains the driver software requirements and provides details for
implementing electronic disks (EDisks).

ROM expansion address space

The 256 KB of processor ROM in the Macintosh Portable is fundamentally similar to the
ROM in the Macintosh SE. This ROM is located at the low end of the 1 MB ROM space
shown in the memory map of Figure 17-1.

The 1 MB ROM space at locations $90 0000 through $9F FFFF is reserved by Apple primarily
as an upgrade path for future ROM code. The 4 MB ROM space at locations $A0 0000
through $DF FFFF is available for your ROM expansion cards.

A Important  Although you could design a ROM expansion card to override the
existing 1 MB ROM space, it is strongly recommended that you do not
because the machine using that card would be incompatible with
many software products. A
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» Figure 17-1 Macintosh Portable memory map
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Chapter 17  Macintosh Portable RAM, ROM, and Modem Expansion 357



ROM expansion cards

Your ROM expansion card connects to the Macintosh Portable through a single 50-pin
connector (slot) on the Macintosh Portable main logic board. Refer to Figure 15-7 for the
location of the connector on the main logic board. Figure 17-2 shows the pinout for the
ROM expansion connector.

» Figure 17-2 Macintosh Portable ROM expansion connector pinout
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All necessary address bus, data bus, and control signals from the Macintosh Portable are
provided to the card through this ROM expansion connector. Table 17-1 provides names
and descriptions of each signal. When the expansion card receives these signals, they are
decoded into address selects and routed to address and data buffers. Buffering is
important to reduce capacitive coupling.

When you design your ROM expansion card, you must remember to include circuitry for
decoding, control, and buffering of the signals available at the expansion connector. You
should also use CMOS devices since the maximum current allotted to the ROM expansion
connector is only 25 mA. Also, remember that the /DTACK (data transfer acknowledge)
signal generated by your card controls the number of wait states.

m Table17-1  Macintosh Portable ROM expansion connector signals

Pin number Signal name Signal description

1 +5V +5 volt power supply

2-24 A1-A23 Unbuffered 68HC000 address signals A1-A23

25-26 GND Logic ground ‘

27 /DTACK Data transfer acknowledge input to 68HC000

28 /AS 68HC000 address strobe signal

29 /ROM.CS Permanent ROM chip select signals. Select
range from $90 0000 through $9F FFFF

30 C16M 16 MHz system clock

31 /EXT.DTACK External data transfer acknowledge signal that
disables main system /DTACK signal

32 /DELAY.CS The CPU GLU chip generates this signal to put

the ROM expansion card into the idle mode by
inserting multiple wait states
33-48 D0-D15 Unbuffered 68HC000 data signals D0-D15
49-50 +5V +5-volt power supply

Figure 17-3 is a design guide providing the physical specifications you need to design a
ROM expansion card for the Macintosh Portable.

A Warning Figure 17-3 is from a design guide used within Apple Computer. This
drawing was correct at the time of publication but is subject to
change in the future. a
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» Figure 17-3 ROM expansion card design guide
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Design considerations and suggestions

In the future, Apple may upgrade the ROM in the Macintosh Portable. Apple will probably
do this by producing a ROM expansion card that can override the hard-wired ROM code.
The Apple ROM expansion card will have the following characteristics. One side will
contain four 32-pin ROM sockets that are compatible with 128K x 8 bit or 512K x 8 bit
ROMs, a DIP (dual in-line package) switch for selecting 128 KB or 512 KB addressing sizes
for the ROM sockets, and appropriate decoupling capacitors. The other side will have
Apple expansion ROMs and any additional circuitry that is necessary.

If, in the meantime, you have already designed your own expansion card with hard-wired
ROM code, it would not be compatible with the Apple upgrade and the user would have to
choose between the Apple upgrade and your expansion card.

You can avoid this problem by including standard 32-pin DIP socketed ROMs in your
expansion card design. Then if Apple produces a ROM upgrade expansion card, the user
can simply transfer the ROMs from your card to the empty sockets on the Apple ROM
expansion card. The empty ROM sockets on the Apple ROM expansion card will allow you
to use either 512 KB or 2 MB of the 4 MB ROM space that is available.

By today’s standards, the amount of address space provided for ROM in the Macintosh
Portable is large however, the amount of space and the number of ROM chips on a ROM
expansion card are limited. When designing your ROM expansion card, use only the space
you really need and, if possible, leave room (address space and empty chip sockets) to
add other ROMs. This gives your customers more flexibility by allowing them to insert
other developers’ ROMs in your expansion card rather than forgoing your card for another
design that offers them this flexibility.

Finally, you should make sure your ROM is relocatable. Just because your code is in ROM
does not mean it will always reside at a specific address. If your ROM has to be moved to
another card (an Apple upgrade or another third-party expansion card), there should be no
worry about which socket to place the ROM in or if your address range will conflict with
that of another product. Also, ROM expansion may be implemented in some future
product with expanded or different address space. Keeping your ROM relocatable could
be the difference between additional sales or having an incompatible card requiring an
expensive upgrade. :
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EDisks (electronic disks)

You may wish to design your expansion card to function as one or more EDisks
(electronic disks) that appear to the user to be very fast, silent disk drives. EDisks use
RAM or ROM as their storage media, unlike floppy or hard disk drives that record data on
rotating magnetically coated disks.

¢ Note: Third-party developers are currently limited to developing ROM EDisks only,
not RAM EDisks.

The 4 MB address space allocated for ROM expansion can support a number of ROM
EDisks. They must start on a 64 KB boundary but their size can exceed 64 KB. The ROM
EDisks behave just like an internal RAM EDisk except that they are read only and cannot
be resized.

The EDisk driver

The EDisk driver provides a system interface to EDisks similar to the Sony and SCSI disk
drivers. It supports 512-byte block I/O operations and creates a drive queue element for
each EDisk drive but does not support file system tags. It is a ROM 'DRVR' resource with
an ID of 48, a RefNum of —49, and a driver name of .EDisk. For information on the driver
calls, refer to the the Disk Driver chapter of Inside Macintosh.

The rest of this section describes some of the implementation details, data formats, and
algorithms used by the EDisk driver that may be helpful to you if you are designing a ROM
expansion card for EDisks. '
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Data checksumming

To provide better data integrity, the EDisk driver supports checksumming of each data
block. The checksum is computed during every write operation to the data block and
checked during every read operation. For example, a 32-bit checksum is computed for
each 512-byte block by adding each longword in the block to a running longword
checksum that is initially zero, but is rotated left by one bit before each longword is
added in. The following assembly code example demonstrates the algorithm.

Lea The Block,A0 ; A0 is a pointer to the block to

; checksum
Moveq.L #O,DO ; DO is the checksum, initially zero
Moveq.L #(512/4)-1,D1 ; loop counter for 1 block (4 bytes per

; iteration)

@Loop Rol.L #1,D0 ; rotate the checksum
Add.L (A0)+,D0 ; add data to the running checksum
Dbra D1, @Loop ; loop through each longword in the
; block
EDisk driver operation

When the EDisk driver is opened, it searches the address range from the base of the
system ROM to $00F0 0000 for ROM EDisks. A ROM EDisk must begin with a valid EDisk
header block. (The header block must stait on a 64 KB boundary but may be any size.) If a
valid header block is found, it is compared to all other headers that have been found, and
if it is identical to any one of them, it will be ignored, thus eliminating duplicates caused
by address wraparound. If the valid header block is unique, a drive queue entry is created
for it, and the EDisk driver will now support it. The number of ROM EDisks that can be
supported by the driver is limited only by the address space allocated for ROM.
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EDisk header format

Associated with each ROM EDisk is a 512-byte header block that describes the layout of
the EDisk and uniquely identifies it. The EDisk header marks the beginning of an EDisk.
The header should occur at the beginning of the ROM space that is used for EDisk storage
(for example, starting at the first byte of a 64 KB ROM block).

The following assembly-language code example gives the general format of the header
block. The fields used in the header block are defined following the code example.

EDiskHeader Record 0, increment ; layout of EDisk signature block

HdrScratch DS.B 128 ; scratch space for R/W testing and

; vendor info

HdrBlockSize DS.W 1 ; size of header block (512 bytes for
; version 1)
HdrVersion DS.W 1 ; header version number (this is

; version 1)

HdrSignature DS.B 12 ; 45 44 69 73 6B 20 47 61 72 79 20 44
HdrDeviceSize DS.L 1 ; size of device, in bytes
HdrFormatTime DS.L 1 ; time when last formatted (pseudo

; unique ID)

HdrFormatTicks DS.L 1 ; ticks when last formatted (pseudo

; unique ID)
HdrCheckSumOf £ DS.L 1 ; offset to CheckSum table, if present

HdrDataStartOff DS.L 1 ; offset to the first byte of data

; storage

HdrDataEndOff DS.L 1 ; offset to the last byte 1 of data

; storage

HdrMediaIconOff DS.L 1 ; offset to the media Icon and Mask, if

; present
HdrDriveIconOff DS.L 1 ; offset to the drive Icon and Mask, if

; present

HdrWhereStrOff DS.L 1 offset to the Get Info Where: string,

.

if present

~e
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HdrDriveInfo DS.L 1 ; longword for Return Drive Info Call,
; if present

DS.B 512-* ; rest of block is reserved
EDiskHeaderSize EQU * ; size of EDisk header block
ENDR

HdrScratch

This is a 128-byte field that is used for read/write testing on RAM EDisks to determine if
the memory is ROM or RAM. On ROM EDisks, the vendor should fill in a unique string to
identify the version of the ROM EDisk. For example, you might use something like
“Copyright 1988, Apple Computer, Inc. System Tools 6.0.3, 12/19/88.”

HdrBlockSize \

This 2-byte field indicates the size of the EDisk header block. The size is currently
512 bytes.

HdrVersion
This 2-byte field indicates the version of the EDisk. The version number is currently $0001.
HdrSignature

This 12-byte field indicates a valid EDisk header block. You must set the signature to
these hexadecimal numbers: 45 44 69 73 6B 20 47 61 72 79 20 44.

HdrDeviceSize

This 4-byte field indicates the size of the device in bytes, which may be greater than the
actual usable storage space. You might also think of the device size as the offset (from
the beginning of the header block) of the last byte of the storage device.

HdrFormatTime

This 4-byte field indicates the time of day when the EDisk was last formatted. The EDisk
driver updates this field for RAM-based EDisks when the Format control call is made. This
information may be useful in uniquely identifying a RAM-based EDisk.
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HdrFormatTicks

This 4-byte field indicates the value of the system global ticks when the EDisk was last
formatted. The EDisk driver updates this field for RAM-based EDisks when the Format
control call is made. This information may also be useful in uniquely identifying a RAM-
based EDisk.

HdrCheckSumOQff

This 4-byte field is the offset (from the beginning of the header block) of the checksum
table, or zero if checksumming should not be performed on the EDisk.

HdrDataStartOff

This 4-byte field is the offset (from the beginning of the header block) of the first block
of EDisk data.

HdrDataEndOff

This 4-byte field is the offset (from the beginning of the header block) of the byte after
the end of the last block of EDisk data.

HdrMedialconQff

This 4-byte field is the offset (from the beginning of the header block) of the 128-byte
icon and the 128-byte icon mask that represents the disk media. An offset of zero
indicates that the EDisk driver should use the default media icon for this EDisk.

HdrDrivelconOff

This 4-byte field is the offset (from the beginning of the header block) of the
128-byte icon and the 128-byte icon mask that represents the disk drive physical
location. An offset of zero indicates that the EDisk driver should use the default
drive icon for this EDisk.

HdrWhereStrOff

This 4-byte field is the offset (from the beginning of the header block) of the Pascal string
that describes the disk location for the Finder Get Info command. An offset of zero
indicates that the EDisk driver should use the default string for this EDisk.
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HdrDrive Info

This 4-byte field should be returned by the Drive Info control call. A value of zero
indicates that the EDisk driver should use the default drive info for this EDisk.

Macintosh Portable RAM expansion

The RAM interface in the Macintosh Portable computer is designed to support up to
5 MB of CMOS static RAM. The Macintosh Portable comes equipped with a main
memory consisting of 1 MB of permanent RAM soldered to the main logic board.
Because of the increasing size of application programs, the Macintosh Portable is
designed to accommodate an expansion card that will provide up to 4 MB of
additional RAM for the system.

This section describes the RAM expansion address space, and gives the electrical and
mechanical information you need to design a RAM expansion card.

RAM expansion address space

The 1 MB permanent RAM memory is arranged as a 512K x 16 bit array. This RAM array is
located between addresses $00 0000 and $OF FFFF in the Macintosh Portable memory map
(Figure 17-1), and is overlaid by the system ROM after a system reset and before the first
ROM access.
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The 8 MB space between addresses $10 0000 and $8F FFFF is reserved for RAM expansion.
Theoretically you could design an 8 MB RAM expansion card, but the RAM expansion
connector provides addressing for only 4 MB. You can design your expansion card for any
of a number of possible configurations of additional RAM. For example, Apple has
designed a 1 MB RAM expansion card. The 1 MB expansion card is arranged as a 512K x 16
bit array and is located between addresses $10 0000 and $1F FFFF in the memory map. You
could design a 3 MB expansion card with memory arranged as a 1.5M x 16 bit array. This
configuration would be located between addresses $10 0000 and $3F FFFF in the memory
map. The access time and cycle time for each of these configurations are 100 ns. The size
of the RAM array is determined by the type of RAM chips you use. When your card is
installed in the Macintosh Portable, the memory array is always available and, unlike
permanent main memoty, is unaffected by the state of the overlay bit.

RAM expansion cards

Your RAM expansion card connects to the Macintosh Portable through a single 50-pin
connector (slot) on the Macintosh Portable main logic board. Refer to Figure 15-7 for the
location of the connector on the main logic board. Figure 17-4 shows the pinout of the
RAM expansion connector.

All necessary address bus, data bus, and control signals from the Macintosh Portable are
provided to the expansion card through the RAM expansion connector. Table 17-2
provides the names and descriptions of each signal. Apple uses a custom IC to decode,
control, and buffer the signals going to the expansion card. You must remember to include
similar circuitry in your expansion card design. Buffering of the address bus and data bus
is important to reduce capacitive loading. You should also use CMOS devices because the
maximum current allotted to the RAM expansion connector is only 25 mA.
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» Figure 17-4 Macintosh Portable RAM expansion connector pinout
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= Table17-2  Macintosh Portable RAM expansion connector signals

Pin number Signal name Signal description

1 +5V +5 volt power supply

2-24 Al1-A23 ~ Unbuffered 68HC000 address signals A1-A23

25-26 GND Logic ground

27 /SYS.PWR Controls whether the Macintosh Portable is in
the operating state or sleep state

28 /AS 68HC000 address strobe signal

29 R/W Permanent ROM /CS signal

30 /UDS 16 MHz system clock

31 /LDS External /DTACK signal that is an input to the
CPU GLU chip

32 /DELAY.CS The CPU GLU chip generates this signal to put
the RAM array into the idle mode

33-48 D0-D15 Unbuffered 68HC000 data signals D0-D15

49-50 +5V +5 volt power supply

There is one 68HC000 processor wait state when accessing memory locations in the
expansion RAM. This access requires a bus cycle of nominally 320 ns. Like permanent RAM,
there is no device contention for bandwidth other than the 68HC000 processor, and
because the memory array is static RAM, it does not have to be refreshed, as would be the
case for dynamic RAM.

Also, like permanent RAM, the expansion RAM is backed up by the battery when the
Macintosh Portable is in the sleep state. This means that the contents of the expansion
RAM are retained when the computer is not in use, as long as the battery is charged.

Figure 17-5 is a design guide providing the physical specifications you need to design a
RAM expansion card for the Macintosh Portable.

A Warning Figure 17-5 is from a design guide used within Apple Computer. This
drawing was correct at the time of publication but is subject to
change in the future. a
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= Figure 17-5 RAM expansion card design guide
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Macintosh Portable modem card

The main logic board of the Macintosh Portable includes an 18-pin, internal modem
connector. The connector accommodates an Apple modem card or a compatible third-
party modem card.

This section provides information you need if you are developing your own modem card
and software.

Modem card hardware interface

Figure 17-6 shows the hardware interface between a card installed in the modem connector
and the Macintosh Portable. Notice that when a compatible modem card is inserted in the
modem connector, the card is automatically connected to channel A, the modem port.
Although the Macintosh Portable hardware is designed to support operation of the
internal modem through either of the two external RS-422 serial ports (printer or modem),
the firmware supports operation only through the modem port.
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» Figure 17-6 Macintosh Portable modem interface

SCC Misc. GLU
(Z85C30) gate array
Modem port
TxDA Yt TxDAo Drivers
o TxD.MODEM and
receivers
(channel
RxDAo
RxDA el A
o RxD.MODEM
CTSA Pt
o CTS MODEM
RTSA /
o /RTS.MODEM
DTRA / :
o /DTRMODEM
DCDA /:
° DCD.MODEM
N— .) Internal modem
/MODEM.PWR /MODEM.PWR
/DCD.MODEM
- /Rl /RTS.MODEM
Power -5VDC glst xggg\g
Manager :
P /MODEM.INS TxD.MODEM
circultry MODEM.SOUND
/MODEM.BUSY -5VDC
/RI
/DTRMODEM
_ MODEM.SOUND
MS.ENABLE
1 MS.ENABLE
Sound \% /MODEM.BUSY
circui
o \Z
V3

Chapter 17 Macintosh Portable RAM, ROM, and Modem Expansion



Modem connector electrical interface

The modem card connects to the Macintosh Portable through an 18-pin dual inline socket
connector (slot). The data is at CMOS levels (that is, Vi = 0 to 0.8V; Vig = 3.5 to V4,

Ior = 1.6mA; Ioy = - 251A). Refer to Figure 15-7 for the location of the connector on the
main logic board. Figure 17-7 shows the pinout of the modem connector. Table 17-3
provides the name and description of each signal available at the modem connector.

= Figure 17-7 Pinout of modem connector on Macintosh Portable
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m Table17-3 Modem connector signal descriptions

Pin  Signal Signal

number name direction  Signal description

1  /MODEM.PWR Output Active low signal from the power manager; see the section
“Modem Power-Control Interface,” later in this chapter.

2 GND — Ground.

3 /RTS Output Request to Send signal from the computer to the modem.

/DCD Input  Data Carrier Detect; the behavior of the Data Carrier Detect
signal depends on the state of the &C command.

5 RxD Input  Data Received; connected to the RxD pin on the SCC.

6 CTS Input  Clear to Send; asserted by the modem whenever it has power.

7 MODEM.SOUND Input  Analog sound; output from the modem.

8 TxD Output Transmit Data; data and commands from the TxD pin on the SCC.

9  /RLEXT Input  Ring Detect Interrupt; the signal to the computer that a ring is
present. If the computer is in the sleep state, assertion of this
signal causes the computer to return to the operating state and
power up the modem.

10 -5VvDC* — -5V power; the -5V supply is guaranteed to be present whenever
the /MODEM.PWR signal is asserted. This signal may float or go
to ground any time following the negation of /MODEM.PWR.

11 +5VDC — VCC power; whenever the host has power available, this pin
supplies +5.2 VDC % 5%.

12 /DIR Output Data Terminal Ready.

13 Vi Output Least significant volume-control bit. This signal may remain high
following the negation of /MODEM.PWR.

14 V3 Output Most significant volume-control bit. This signal may remain high
following the negation of /MODEM.PWR.

15 V2 Output  Second volume-control bit. This signal may remain high following
the negation of /MODEM.PWR.

16 /MODEM.INS Input  Modem Installed; always asserted by the modem while the
modem is installed in the computer.

17 /MODEM.BUSY Input  Modem Busy; asserted by the modem whenever the modem
is busy.

18 MS.ENABLE Input  Modem Sound Enable; asserted by the modem to enable the

computer’s speaker.

* Power on pin 10 is controlled by the Power Manager IC.
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Physical design guide for a modem card
Figure 17-8 provides the mechanical information you will need to design a modem card

for the Macintosh Portable, including the maximum dimensions and the location of the
18-pin connector.

= Figure 17-8 Modem card design guide

% /
7)) 2
T /////////////////////////// ~ 7
/ 2 This area used for grounding %
% t60 gear cover. Typical both sides, Z
ds

/ X6 pa é

/ 83.20

70.67 ? Component side of modem card 7 (3.275)
(2.782) 2
7
Ph
¢ |
v é yan Pinl P
7 18-pin l y 4
12.13 &
| et % . connector X A G01(236) (.686) '
Voo 26 5.78 ) I}
2.056) e [T
- 123.33 (4.855) —>-
Dimensions are in millimeters
with inches in parentheses.

376  Designing Cards and Drivers for the Macintosh Family



Modem power-control interface

Two signal lines, /MODEM.PWR and /MODEM.BUSY, control power to the modem
connector. A modem card can use the /MODEM.BUSY signal to indicate to the CPU that
any of the following is true:

» the modem is executing its power-up sequence
» the modem is off-hook (for any reason)
m the modem is executing a command (if Hayes compatible)

If the modem is executing any self-tests, it is considered to be executing a command and
therefore busy.

The Macintosh Portable includes a Power Manager IC that controls the /MODEM.PWR
signal. See Figures 17-9 and 17-10 for timing diagrams of the cold-start and warm-start
power sequences. If /MODEM.PWR is negated (high), the modem must immediately
initiate its power-off sequence regardless of what it is doing. The modem must enter the
sleep state within 500 ms following the negation of /MODEM.PWR; by that time the
modem must reduce its power consumption to meet the maximum power limitation for
sleep state. (For more information, see the section “Modem Card Power Requirements”
later in this chapter.) The modem can also use that 500 ms to set its outputs to a default
state and store its operating parameters and register values so that it can restore them
when operation resumes. Two of the lines to the modem, /DTR and TxD, go to ground
potential within 50 ns of the negation of /MODEM.PWR. While the computer is in the
sleep state, the volume-control bits V1, V2, and V3 are floating.

¢ Note: On the Apple, the CTS line is always asserted (high) because flow control is
not provided. The /RLEXT signal always reflects the status of the incoming ring
signal. The /RTS signal, which is meaningless in full-duplex operation, is not connected.
When /MODEM.PWR is negated and the modem card prepares itself for the sleep
state, the card forces two of its outputs high (/DCD and RxD) and one of its outputs
low (MS.ENABLE).
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Usually, the power manager does not negate /MODEM.PWR if the modem has

/MODEM BUSY asserted. However, there are times when the Power Manager IC must turn
the modem off even though it is busy; for example, when the battery reserve is too low. If
this occurs, the modem must stop its activity (for example, go on-hook) and perform the
necessary activities to prepare for switching to its sleep state. If the modem is executing
a command when /MODEM.PWR is negated, the modem can do one of two things before
switching to its sleep state: either finish executing the command, or abort execution and
restore the state prior to the command, whichever takes the least amount of time.

= Figure 17-9 Cold-start (initial power-up) timing diagram
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» Figure 17-10 Warm-start (wake-up) timing diagram
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Ring detection

The Ring Detect Interrupt signal (/RLEXT) is asserted during most of the AC cycle of a ring
and is used to signal the computer that a ring is taking place. Both ringing and pulsing can
trigger the ring detector. The microprocessor in your modem should be capable of
distinguishing between ring and pulse dialing by detecting the frequency of the incoming
signal. If the modem is turned off, the Macintosh Portable can power it up and determine
whether the /RLEXT signal corresponds to a ring or a pulse by reading the appropriate
register or looking for the appropriate result code.

Modem card power requirements

A modem card must be able to operate on +5.2 VDC +5% and 5.0 VDC =+ 5%. This voltage
is supplied through the modem connector by either the Macintosh Portable battery or a
combination of battery and charger. Maximum power consumption by the modem card
when fully operational is 750 mW, however a modem card typically consumes 525 mW of
power when in the operating state. In the sleep state, power consumption is only 3 mW.

During normal operation, both +5 VDC and -5 VDC are provided to the modem card.
During the sleep state only +5 VDC is supplied.

Telephone network interface
Your modem design may require a balanced, two-wire telephone interface meeting FCC
Part 68 and Part 15 Class B and DOC rules.

It should include one eight-wire RJ-11 type jack wired as follows:
m pin 3 for TIP signal
m pin 4 for RING signal

Pins 1, 2, 5, and 6 are not used.

Installing the RJ-11 type jack on the rear of the modem card allows a common RJ-11 plug,
used on single-line telephone equipment, to be be inserted, completing the connection of
a phone to the modem.
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Standards information for reference

The following compilations of signal characteristics are provided for reference only.

Compatibility and modulation
Standard Speed (bps) Modulation ~ Baud

CCITT V.22 bis 2400 QAM 600
CCITT v.22 1200 DPSK 600
CCITT V.21 300/110 FSK 300/110
Bell 212A 1200 DPSK 600
Bell 103 300/110 FSK 300/110

Transmit carrier frequencies

V.22 bis/V.22/2124 Transmit Carrier
Originate 1200 Hz
Answer 2400 Hz

Bell 103 Mark Space

Originate 1270 1070

Answer 2225 2025

V.21 Mark Space

Originate 980 1180

Answer 1650 1850

Guard tone frequencies and transmit levels (CCITT only)

1800 Hz + 20 Hz @ 6 £1 dB below the transmit carrier level
550 Hz + 20 Hz @ 3 +1 dB below the transmit carrier level

Answer tone frequency

V.22 bis/V.22/V.21 2100 Hz
Bell 103/212A 2225 Hz

Received signal frequency tolerance

Offset frequency + 7 Hz
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Chapter 18 Macintosh IIci Cache
Memory Expansion

This chapter provides the electrical and mechanical information
you need to design a cache memory expansion card for the
Macintosh Ilci computer.
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Overview

The Macintosh IIci is equipped with a special-purpose 120-pin Euro DIN connector
designed specifically as a processor-direct interface for a cache memory expansion card.
The connector used on the cache card and the mating connector on the main logic board
of the Macintosh Ilci are physically the same as those used for the Macintosh SE/30 and
shown in Figures 15-15 and 15-16, respectively. The pinout, however, is different. The
signals provided in the cache connector are optimized for cache design, not as a general-
purpose interface as is the case with the 68030 Direct Slot connector used on the
Macintosh SE/30 and Macintosh IIfx computers.

A Warning Cards designed for the Macintosh Ilci cache connector are not
compatible with cards designed for the 68030 Direct Slot on the
Macintosh SE/30 or the Macintosh IIfx computers. Their pinouts,
form factors, clock speeds, and power budgets are different. Any
attempts to interchange the cards may severely damage both the
computer and the card. a

If you are determined to design an expansion card other than a cache memory card, you
should be aware of the following limitations.

m The cache connector has less power allotted to it than the 68030 Direct Slot; 5 watts of
power is allocated at +5 volts, and +12 volts is not available.

m The Macintosh Ilci case does not have sufficient space for an external device access
opening. This prevents you from installing a connector and cable that would allow your
card to have access to external hardware.

m The absence of some machine-specific signals imposes severe restrictions on your design.

A Important  Apple strongly recommends that the cache connector be used only for
cache memory cards. A
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How the cache works

A memory cache is a relatively inexpensive hardware addition that improves CPU
performance. It contains a very fast memory, usually SRAM (static random access
memory), that stores data likely to be used on a regular basis. You can think of the cache
as a duplicate of a small portion of main memory in that it holds an image of what is in
main memory. When the processor searches for a piece of information in main memory,
the cache checks to see if it has the information in its data memory, and if it does,
immediately provides the information to the processor so that the processor does not
have to wait for the slower main memory to provide it.

Both the processor and the cache acquire new data when the main memory places it on
the data bus. The entire memory access cycle takes slightly longer, since there is not only
time for a regular memory access but also the time it takes the cache to determine
whether or not it has the requested data. Despite this increase in time, the cache design
results in a noticeable increase in performance because the data that the processor
frequently needs is more often than not in the cache.

Typically, the cache determines if the data it is storing is the same data that the processor
requested by comparing the physical addresses that the processor places on the address
bus with the addresses stored in the cache tag memory. (The tag memory contains the
addresses of the information stored in the cache data memory.) If there is a valid
comparison, the information in the cache data memory is sent to the processor.

Using the cache

Your cache expansion card should operate transparently to user programs. The cache is based
on physical addresses; it has no access to the logical addresses inside the MC68030 processor,
so cache coherency should not be a problem. Also, there is no reason to have to flush the cache
unless it is being enabled or if a /RESET signal is issued. The 68030 on-chip memory
management unit marks the NuBus slot space and all I/O space of the Macintosh Ilci as
noncacheable, and if the processor addresses them, data in these spaces is not cached.

Your card should not attempt to cache data from accesses made by bus masters other
than the MC68030 processor because other bus masters may not know how to retry. Apple
strongly suggests that you use synchronous logic (clocked by the CPUCLK signal) in your
cache card design.
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Gaining access to the cache card

The 16 MB address space from $5200 0000 to $52FF FFFF in the Macintosh Ilci memory
map is reserved for cache memory. Table 18-1 shows the 8 MB address spaces that are
reserved for the cache data and tag memories.

m Table 18-1 Cache memory address space

Cache memory type From To
Data $5200 0000 $527F FFFF
Tag $5280 0000 $52FF FFFF

Since no select signal is provided on the cache expansion connector, your card design
must include appropriate circuitry for decoding the address ranges. The card’s address
space is not accessible through the 24-bit memory map. Test software running in 24-bit
mode must use the SwapMMUMode trap to enter the 32-bit mode beforz it can gain
access to the cache card memory.

ROM traps control the enabling, disabling, and flushing of the cache card. These functions
are called using a selector from the HWPriv (A098) trap. See Table 18-2.

» Table18-2 Cache control trap

Function Selector
EnableExtCache 4
DisableExtCache 5
FlushExtCache 6

The organization of a particular cache card’s data and tag memory is determined by the
card. System software does not make any assumptions about the card’s organization, and
only the card’s test software should directly address cache card RAM.
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Electrical description of the cache connector

The cache connector is a unique processor-direct slot whose pinout is specifically tailored
for cache implementation. Figure 18-1 gives the pinout for the cache connector on the
Macintosh IIci main logic board, as viewed from above. In addition to the functional
signals required for operation of the cache, the connector provides some special signals
for diagnostic testing.

The diagnostic signals (/ROMOE, /DSACK0-/DSACK1, /IPLO~/IPL2, /BR, and CPUDIS) are
needed for Apple’s internal use in debugging and for emulator support. They are
documented so that third-party developers can easily make use of emulators or other
hardware debugging tools. The diagnostic signals are not required for cache memory
operations and may not be supported in future implementations of the cache connector.

Table 18-3 lists the cache connector signal names and gives a brief description of each signal.
Table 18-4 indicates whether the signals are inputs or outputs, and provides the load presented
or the drive available to each pin of a cache card inserted in the expansion connector. The
special-purpose diagnostic signals are shown in boldface type in both tables.

In the column labeled Input/output in Table 18-4, In refers to a signal from the cache card
to the processor and corresponds directly to the load presented. Out refers to a signal
from the processor to the cache card and corresponds directly to the drive available. The
last column in Table 18-4, labeled Load or drive limits, gives several specifications. An
example may be helpful in interpreting this column. The /BERR signal is shown as
presenting a load of 100 nA/8 mA, 50 pF. This is the maximum expected load that the
cache card must drive when sending a /BERR signal to the main logic board. The DC load is
given in the format signal high/signal low. This means that the cache card must drive a
load of up to 100 LA when it drives /BERR high (logic 1), and a load of up to 8 mA when it
drives /BERR low (logic 0). The AC load is given as 50 pF, the maximum capacitance to
ground presented by the main logic board to AC signals (or signal transitions) from the
cache card. The notation “1 k€2 pullup” in the table means that the signal is driven low,
and a 1 kilohm pullup resistor on the main logic board returns the line to a logic 1.

Correspondingly, /BERR presents a drive of 40 pLA/.4mA, 30 pF. This is the maximum
amount of drive from the main logic board that is available to circuits on a cache memory
expansion card. The /BERR signal can drive a cache card DC load of up to 40 pA in the high
(logic 1) state, or up to .4 mA in the low (logic 0) state. The AC drive is given as 30 pF, the
maximum capacitance to ground that a cache expansion card may present to AC signals
(or signal transitions) from the /BERR line.

Chapter 18 Macintosh IIci Cache Memory Expansion



»  Figure 18-1 Macintosh Ilci cache connector pinout
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s Table 18-3 Macintosh Ilci cache connector signal descriptions

Signal name Signal description

A0-A31 Address bus, bits 0 through 31
D0-D31 Data bus, bits 0 through 31
/RESET System reset

/BERR Bus error

/HALT Halt

FCO-FC2 Function codes, bits 0 through 2
/BR Bus request

/BG Bus grant

/BGACK Bus grant acknowledge
S1Z0-S1Z1 Transfer size, bits 0 and 1
/AS Address strobe

/DSACKO ~/DSACK1
R/W

/STERM
/CBACK
/CBREQ
/CIOUT

/DS

/RMC

/IPLO —/IPL2
CPUCLK
/ROMOE
CPUDIS
CACHE
CFLUSH
CENABLE
n.c.

+5V

GND

Data transfer and size acknowledge, bits 0 and 1
Read/write

Synchronous termination

Cache burst acknowledge

Cache burst request

Cache inhibit out

Data strobe

Read-modify-write cycle

Interrupt priority lines, bits 0 through 2

25 MHz CPU clock

ROM output enable

CPU disable

Memory controller for cache access
Cache flush

Cache enable

No connection

+5 volts

Ground
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In Table 18-4, where a signal is shown in parentheses, it is usually an output that is driven
by the MCG68030 but is tri-stated by the processor after responding to a bus request. When
tri-stated by the MC68030, this signal may be driven by the cache expansion card.

In addition to the special diagnostic signals, some of the functions shown in Table 18-4
are used only during diagnostic testing. An asterisk following an input or output
designation or a load or drive parameter indicates that particular function is active during
diagnostic operations only. For example, under the Input/output column for the /CBACK
signal, the word I is followed by an asterisk. This means that for diagnostic test purposes
only, the card can drive a load of up to 100 LA when it drives /CBACK high (logic 1), or a
load of up to 8 mA in the low (logic 0) state. Under normal cache operations, the /CBACK
input signal is inactive.

» Table 18-4 Macintosh Ilci cache connector signals, loading or driving limits

Signal name Input/output Load or drive limits

A0-A29 (In) */Out (Load: 300 pA/1 mA, 100 pF) *
Drive: 40 pA/.4 mA, 30 pF

A30-A31 (In) */Out (Load: 300 A/8 mA, 100 pF) *
Drive: 40 HA/.4 mA, 30 pF
1k€Q pullup

D0-D23 In/Out Load: 150 HA/1 mA, 100 pF
Drive: 40 LA/.4 mA, 30 pF

D24-D31 In/Out Load: 300 1A/1 mA, 100 pF
Drive: 20 A/.2 mA, 30 pF

/RESET In */Out Load: na/15 mA, 50 pF *

Drive: 20 UA/.2 mA, 15 pF
Open collector, 470  pullup

/BERR In/Out Load: 100 nA/8 mA, 50 pF
Drive: 40 nA/.4 mA, 30 pF
1kQ pullup

/HALT In/Out Load: 100 nA/8 mA, 50 pF
Drive: 40 HA/.4 mA, 30 pF
1kQ pullup

FCO-FC2 (In)*/Out (Load: 100 A/8 mA, 50 pF) *
Drive: 20 WA/.2 mA, 15 pF
1kQ pullup
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= Table 18-4 Macintosh Ilci cache connector signals, loading or driving limits

(Continued)

Signal name

Input/output

Load or drive limits

/BR

/BG

/BGACK

SIZ0-SI1Z1

/AS

/DSACK0-/DSACK1

R/W

/STERM

/CBACK

/CBREQ

/CIOUT

/DS

/RMC

In*

In */Out

Out

(In) */Out

(In) */Out

In */Out *

(In) */Out

In/Out *

In */Out

In */Out

(In)’/Out

(In) */Out

(In) */Out *

Drive: 40 A/.4 mA, 30 pF *
1k pullup *
(Load: 100 LA/8 mA, 50 pF) *
Drive: 40 nA/.4 mA, 30pF
1kQ pullup
Drive: 40 mA/.4 mA, 30 pF
(Load: 40 nA/.4 mA, 30 pF) *
Drive: 40 WA/.4 mA, 30 pF
(Load: 300 wA/8 mA, 100 pF) *
Drive: 40 LA/.4 A, 30 pF
1kQ pullup
Load: 100 HA/8 mA, 50 pF *
Drive: 40 LA/4 mA, 30 pF *
1kQ pullup *
(Load: 300 LA/8 mA, 100 pF) *
Drive: 40 LA/.4 A, 30 pF
1kQ pullup
Load: 100 LA/8 mA, 50 pF
Drive: 40 A/.4 mA, 30 pF "
1 k€ pullup
Load: 100 nA/8 mA, 50 pF *
Drive: 40 LA/.4 A, 30 pF
1kQ pullup
Load: 100 A/8 mA, 50 pF *
Drive: 40 HA/.4 mA, 30 pF
1kQ pullup
Load: (100pLA/8mA, 50 pF)’
Drive: 40 MA/.4 A, 30 pF
1 k€ pullup
(Load: 100 pA/8 mA, 50 pF) *
Drive: 40 LA/.4 mA, 30pF
1kQ pullup *
(Load: 100 pA/8 mA, 50 pF) *
Drive: 40 LA/.4 mA, 30pF
1kQ pullup *

(Continued)
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m Table 18-4 Macintosh Iici cache connector signals, loading or driving limits

(Continued)

Signal name Input/output Load or drive limits

/IPLO -IPL2 Out * Drive: 40 pLA/.4 mA, 30pF *
1kQ pullup *

CPUCLK Out Drive: 10 HA/10 pA, 15 pF

/ROMOE Out* Drive: 40 MA/.4 mA, 30pF

CPUDIS In* Load: 8 mA/1 mA, 30 pF *
1kQ pulldown *

CACHE In Drive: 8 mA/1 mA, 30 pF
1kQ pulldown

/CFLUSH Out Drive: 40 MA/.4 A, 30 pF

/CENABLE Out Drive: 40 LA/.4 A, 30 pF

* These signals are used for debugging and emulation only,

Electrical design guidelines for the cache card

Most of the cache connector signals are specified to drive two 74LS inputs. (A standard
74LS input load is 20 pA high, .2 mA low.) Some other signals such as /RESET, the high-
order data (D24-D31), and the function codes (FCO-FC2) drive only one 74LS input. The
CPUCIK signal drives only a CMOS input (a standard CMOS load is 10 nA high, 10 pA low).

CACHE and CPUDIS are the only unusual signals on the cache connector. CACHE, an
active-high signal, disables the memory controller (MDU) so that it cannot start a memory
cycle and allows the cache card to supply the data instead. The active-high transition of
the CACHE signal must occur at the same time as the active-low transition of the /AS
signal, or earlier. Asserting CACHE prevents the memory controller from beginning a RAM,
ROM, or NuBus cycle. If CACHE is asserted after the memory controller has started a
cycle, that cycle is not affected. Also, CACHE does not affect memory controller cycles
for 1/O devices.

Since CACHE must be asserted at /AS, the cache controller leaves CACHE unasserted
except when the cache is not active (that is, /CIOUT is asserted and /CENABLE is
deasserted, or an alternate bus master owns the bus as indicated by an asserted
/BGACK signal).
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The CPUDIS signal is used during diagnostic testing to disable the MC68030 on the main
logic board and tri-state its outputs. An emulator in the cache card can assert CPUDIS and,
after waiting for the end of the current bus cycle, drive all signals.

¢ Note: NuBus cards can access each other without that transaction appearing on the
CPU bus. This can lead to inconsistency between memory on the NuBus card, for
example, and the cached version of that memory. For this reason, the Macintosh
Operating System always marks the NuBus address space noncacheable, as controlled
by the MC68030 processor’s on-chip PMMU.

The /BGACK signal is not driven high quickly enough by the main logic board to satisfy
cache memory operations. Your card design should include a 2.2 kilohm resistor to pull
/BGACK up to +5 volts, and a circuit to double-rank synchronize /BGACK before using it.
You can double-rank synchronize /BGACK by putting it through two DQ flip-flops that are
clocked by the CPUCLK signal, and using the output from the second flip-flop.

A Important  Although the cache expansion connector is capable of other
functions, Apple plans to support its use for RAM cache cards only. a

Mechanical design guidelines for the cache card

Figure 18-2 shows two views of the cache card. The larger drawing is a component-side
view showing the maximum dimensions and the location of the 120-pin connector.
Note that the location of the connector is given with reference to the edge of the
connector, not to pin Al. The size limitation is required for proper cooling of the card.
If you fail to adhere to these guidelines, your design could create a potential reliability
problem for the customer.

To the right is an end view (from the front of the computer) showing the card thickness and
component placement. Notice that the maximum card thickness is 0.062 +0.0075 inches.
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m  Figure 18-2 Cache card design guide
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Here are some guidelines you should follow when designing your cache card hardware in
order to ensure proper thermal dissipation and eliminate the possibility of electrical

interference with the ROM SIMM.

m Card warpage must be controlled to within a 0.10 inch deviation from the ideal.

m You should place no components or traces in the top 0.150 inch of the card, on either
the front (component) side or the back side.

m Component height must not extend beyond the edge of the card in any direction.

= Component height cannot exceed 0.40 inches on the front side of the board (toward

the power supply).

= No component or wire lead on the back side of the card (toward the ROM SIMM) may
extend more than 0.10 inches from the surface of the card.

m You should place all active components on the front (component) side of the card;
you may place resistors and capacitors that do not exceed the height limitation on the

back side of the card.
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Power consumption guidelines

Table 18-5 gives current allocation for a cache card in the Macintosh Iici and compares it
with the current allotted to each NuBus card. Exceeding these guidelines could create a
potential reliability problem in the host system.

= Table 18-5 Power budget for a Macintosh Ilci cache card

Device +5V +12V -12V
Cache card 1.0 amps not available  not available
NuBus card 2.0 amps 0.175 amps 0.150 amps

Most of the information in Appendix A on EMI, heat dissipation, and product safety also
applies to a cache memory expansion card. One noticeable difference is that the
maximum power dissipation for a Macintosh IIci cache card is 5 watts versus the 7.5 watts
specified for an expansion card in a conventional processor-direct slot.

Chapter 18  Macintosh Ilci Cache Memory Expansion
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Appendix A EMI, Heat Dissipation, and Product
Safety Guidelines

This appendix provides general information that you should become
familiar with before you start your expansion card design. Guidelines are
given for electromagnetic interference (EMI), heat dissipation, and
product safety standards. These guidelines apply to both NuBus and
processor-direct slot expansion cards.
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EMI guidelines for expansion cards

Every Macintosh-family computer meets FCC radio and television electromagnetic
interference (EMI) requirements as a stand-alone device, or when connected to a
peripheral device such as a printer or modem. However, you should follow certain
guidelines when designing your expansion card to avoid exceeding the mandatory FCC
limits when the card is installed in the computer. This section provides EMI design
guidelines for the following configurations:

m an expansion card is mounted internally with no external I/O connections
m an expansion card is mounted internally and external I/O connections are provided

These guidelines apply equally to expansion cards designed for NuBus slots and
processor-direct slots.

Without external I/0 connections

The following guidelines should enable you to build an add-on that does not degrade the
computer to the extent that the combination product will not meet FCC regulations for
Class B equipment. However, you are responsible for the FCC authorization of the
combination product. Development testing should be undertaken as soon as you have
completed a realistic expansion card in order to alert you, the developer, to any serious
EMI problems. You can resolve these problems by rerouting signal conductors, filtering
and bypassing, and terminating buses properly to eliminate excessive transient ringing
(undershoot) on clocks and other signals. You must use appropriate emission control
techniques on the card and on wiring to any connectors for external 1/0.

m Use cards with four layers (power and ground on two of the layers), or with extremely
low impedance busing of power and ground lines, to reduce EMI pick-up and
emanations.

m Buffer high-speed signals and separate them from lower-speed circuitry.

m Buffer signals from the expansion connector as close to the connector as possible and
limit the drive to one LS load with a maximum of 18 pF capacitance.

m Make internal interconnecting cables as short as possible. Position cables such that
inductive and capacitive coupling with the computer’s subassemblies is minimized.
You should not bundle conductors carrying high-speed signals with conductors carrying
low-speed signals. In certain cases, you may have to use internal shielding or twisted
pairs within cables.

m Do not locate high-speed components such as clock oscillators and their signal lines
near the expansion port connector and shield.
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m Provide good high-frequency decoupling in addition to adequate power supply
filtering at the low-voltage power connectors of the card. These precautions
avoid degrading the low emission levels conducted from the computer’s 120 VAC
power connector.

With external I/0 connections

Macintosh computers with NuBus have external 1/O connections for each NuBus slot.
Macintosh computers that use a processor-direct slot for expansion have only one external
I/O connection called the external device access opening. In general, these guidelines apply
equally to both configurations. When there are differences they are noted.

Connecting a cable to an external I/O connector can seriously compromise the emissions
integrity of the computer. You are likely to exceed allowable limits on conducted or
radiated emissions unless you take care during construction and test the total system as it
will be operated. The total system includes

m the unmodified computer

m the expansion card and all internal cables used to modify the computer (and, for a
Macintosh SE or Macintosh SE/30, a connector card)

m the external cable and peripherals to be connected

It is very important for you to do the following:
m Follow all the guidelines given for internal expansion cards as described previously.

m Include EMI filtering in each I/O line and power line going to or beyond (outside) the
I/0 connector. This is best achieved by using deglitch packs (RC or LC networks) or
common mode chokes located directly at the connector.

m Shape the spectrum of signals, especially video, in the frequency domain so that
unrequired bandwidth and harmonics are not needlessly propagated.
(Note: Computer designers tend to prefer very fast edges so that timing errors are
never a problem, but it is these very fast edges that cause high amplitude harmonics in
the frequency domain and lead to emission problems.)

m Use a good quality connector, one that has high conductivity (electrical) plating and
accepts a shielded plug. The tin-plated steel DB series of connectors is one obvious
example. The connector on a NuBus card should be mechanically and electrically
bonded to the metal I/O fence on the rear of the expansion card. The connector on a
processor-direct slot card should be mechanically and electrically bonded to the metal
chassis behind the external device access opening at the rear of the computer. An
unsecured, unbonded connector protruding through the opening is almost sure to
cause a major EMI problem.
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m External metal conductor cables must be shielded, without exception. Solder bond the
entire circumference of the braided shield to provide a low impedance path to the
entire perimeter of the connector.

m Interconnecting cables should be as short as possible. Do not bundle conductors
carrying high-speed signals with conductors carrying low-speed signals. In certain
cases, you may have to use internal shielding or twisted pairs within cables.

Heat dissipation guidelines

Macintosh expansion cards, by their own heat dissipation, produce increased
temperatures within the computer. Because excessive heat can have a detrimental
effect on performance and reliability, Apple has developed a general set of heat
dissipation guidelines for each of the two categories of expansion cards, NuBus and
processor-direct slot.

Heat dissipation guidelines for NuBus cards

You should follow these guidelines when designing NuBus cards for the Macintosh II
family of computers:

= Dissipation by a NuBus expansion card of up to 13.3 watts of power provides a
comfortable margin for the major components. This total is arrived at as follows:

BV @ 20A = 100W
+12V @ 0175A= 21W
-12V @ 01A = 12W
Total power = 133W

Dissipation of more than 13.3 watts of power by a card may cause excessive
temperature rise on certain critical components. Apple studies indicate that at an
ambient temperature of about 24°C, 13.3 watts of dissipated power from the
expansion card will cause an acceptable rise in average component case temperature
to about 53°C. (Studies were conducted with an internal hard disk drive installed.)

= You can achieve optimum cooling for both the logic board and expansion cards by
keeping the expansion card as short as possible; the minimum possible is 7.0 inches
(see the section “Card Description,” in Chapter 6). In addition, placing larger
components near the bottom side of the expansion card is desirable.
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= Place hot components on the expansion card directly against the card; they should
have the widest possible printed wiring traces. This provides for better cooling as the
air flow from the fan moves from the rear of the computer to the front.

= Installation of an expansion card should not cause the case temperature of an internal
hard disk to rise more than 20°C over external ambient air temperature.

Heat dissipation guidelines for processor-direct slot cards

You should follow these guidelines when designing an expansion card for a Macintosh
computer with the processor-direct slot expansion interface:

m Dissipation by the expansion card of up to 7.5 watts of power provides a comfortable
margin for the major computer components. Dissipation of more than 7.5 watts of
power may cause excessive temperature rise on certain critical components. Apple
studies indicate that at an ambient temperature of about 24°C, 7.5 watts of
dissipated power from the expansion card will cause an acceptable rise in average
component case temperature to about 53°C for the main logic board components
located directly under the expansion card (studies conducted with an internal hard
disk drive installed). Note that the cache card in the Macintosh Ilci is an exception:
maximum heat dissipation for this card is only 5 watts.

m The most heat-sensitive logic board components include the microprocessor and the
DRAM SIMM modules. The maximum recommended temperature for the center of the
microprocessor case is 65°C. The maximum recommended temperature for the case of
each component on the DRAM SIMM modules is 60°C.

m You can achieve optimum cooling for both the logic board and expansion card in a
Macintosh SE by positioning the expansion card as far above the logic board as
possible (while still avoiding mechanical interference with the chassis); the suggested
distance is 16.8 mm. In addition, you will get a more uniform temperature distribution
in the Macintosh SE if you place the components on the top (away from the main logic
board) rather than the bottom side of the card.

m Put hot components toward the rear of the expansion card, away from the front bezel,
to get better cooling by the air flow from the fan.

m An expansion card should not cause the case temperature of an internal hard disk to
rise more than 15°C over external ambient air temperature.
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Product safety

Every Macintosh computer meets national and international product safety requirements.
Therefore, any additional cards and components need careful safety consideration to
maintain the same degree of electrical and mechanical safety. When you design an
expansion card to fit inside a Macintosh computer, you must consider several product
safety issues.

American (Underwriters Laboratories—UL), Canadian (Canadian Standards Association—
CSA), and European (Institute for Industrial Research and Standards—IIRS) regulatory
organizations give product safety approval to a Macintosh computer with a NuBus
interface with dummy expansion cards in each NuBus slot. The same agencies give
approval to a Macintosh computer with a processor-direct slot interface without any
expansion card (including a dummy card) installed in the slot. When you change the design
of either product by adding a functional expansion card, and resell the unit, the product
becomes delisted. Technically, you should resubmit the computer with your card (or
cards) installed and have the new (combination) product evaluated. The new product
should have a new model number and the computer essentially becomes a component of
your system.

You can maintain product safety if you follow these guidelines:

m Stay within the maximum power specification of the expansion connector.

m Use components that have been certified by the safety agencies. Components such as
lithium batteries, power relays, tape drives, disk drives, fans, wires and cables, and
other parts should have at least UL and CSA approvals.

m Properly secure (mount) the components. Avoid mountings that depend on adhesive
only or mountings that allow movement of components or cards.

m Avoid using materials that could contribute to a fire. This includes PCB material, card
guides, and other parts. In general, PCB material should be flame rated 94V-1 or better,
wire should be UL Listed/CSA Certified, flame rated VW-1, and plastic parts within the
enclosure should be flame rated 94V-2 or better.

m Place PCBs and other components so that they do not block vent openings or
fan circulation.

m Secure all wiring and provide chafing protection to prevent degradation of the
insulation on moving parts or sharp edges.

m Do not configure connectors such that a hazard is created if they are plugged in
backwards or into the wrong connector.
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m Verify that the installation or conversion kits are complete. Provide any special tools
required for installation or conversion (for example, a special nut driver). Provide any
special hardware rather than expect the installer to modify (bend or drill, for example)
existing hardware.

m Make sure installation or conversion instructions are complete. Provide a review by a
person who is unfamiliar with the product to ensure that instructions are complete and
accurate enough for that person to understand.

m Avoid splicing of wires. Your conversion kit should provide new harnesses if they
are required.

m Avoid soldering. If soldering is necessary, the connection should be made mechanically
secure before soldering (no tack soldering).

The following guidelines apply particularly to expansion cards that use high voltages.

m Do not allow maintenance work to be performed by persons not knowledgeable of the
hazards involved. If the Macintosh has a built-in CRT, repair personnel must be aware
of the dangers of shock from the primary, the charge stored on the CRT, and the
implosion potential of the CRT.

m Be careful to maintain proper through-air and over-surface spacings between the high-
voltage components (power supply, relays, a built-in CRT, and so forth) and the logic
circuitry. Remember that spacings are measured under worst-case conditions and that
if a card can be moved, spacings will be measured with the card in the worst position.
Spacing tables can be found in the following safety standards: UL478, CSA 22.2 No.
154-M1983, CSA 22.2 No. 220-M1986, IEC 380, IEC 435, and IEC 950.

m Maintain proper insulation thickness or layers between the high-voltage components
and the logic circuitry. (Proper insulation is defined in the standards listed in the
preceding item.) If a low-voltage circuit can contact a high-voltage wire, the low-
voltage wire must also be insulated for the higher voltage.

m Don't place components next to high-voltage parts.

Appendix A EMI, Heat Dissipation, and Product Safety Guidelines

403






Appendix B PAL Listing for the NuBus Test Card

This is a listing of the PAL-implemented logic equations for the NuBus
Test Card described in Chapter 10, “NuBus Design Examples.”
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.ident PAL16RS8,B SLAVE, NuBus slave controller

Version: 1.1
.names

/CLK

/START /ACK /MYSLOT /RESET /MSTDN /TM1l Al19D11 A1l8D10
Gnd /OE

Al18D10L Al19D11L TM1L MASTER /romoel /ROMOE /ACKCY SLAVE
Vcc

.equations

/SLAVE := RESET
{initialization}
+ /SLAVE * /START
+ /SLAVE * ACK
+ /SLAVE * /MYSLOT
{holding; DeMorgan of START * /ACK * MYSLOT}
+ SLAVE * ACKCY
{clearing term}

~

/MASTER 1= RESET
{initialization}
/MASTER * /SLAVE
/MASTER * /TM1L
/MASTER * /A19D11L
/MASTER * Al18D10L
{holding term; DeMorgan of:
SLAVE * TM1L * Al19D11L * /A18D1OL }
+ MASTER * MSTDN
' {clearing term, at end of MASTER cycle}

+ + + +

~

ROMOE

START * /ACK * MYSLOT * /TM1 * A19D11 * A18D10
* /RESET
{ latching term, when decoding a READ to us }
+ ROMOE * /ACKCY
* /RESET
{ holding term thru access )}

e e

romoel ROMOE

{ simply a delayed. ROMOE for cycle timing }
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ACKCY

/TM1L

/A19D11L

/A18D10L

.notes

~

START * /ACK * MYSLOT * TM1
{fast cycle for WRITES}
/ACKCY * SLAVE * /ROMOE
{slow cycle for non-ROM READS}
/ACKCY * ROMOE * romoel * /A19D11L
{slower cycle for ROM }

RESET
/TM1 * START * /ACK * MYSLOT
{setting term, during address cycle}
/TM1L * /START
/TM1L * ACK
/TM1L * /MYSLOT
{holding terms}

/A19D11 * START * /ACK * MYSLOT * /MASTER
{setting term, during SLAVE address cycle}

/A19D11L * SLAVE * /TM1L

/A19D11L * SLAVE * TM1L * /Al19D1l1L

/A19D11L * SLAVE * TM1L * Al18D10L
{holding terms for SLAVE accesses}

ROMOE * romoel
{ timing term for ROM reads }

/A19D11 * SLAVE * TM1L * A19D11L * /A18D10L
{setting term for MASTER start}

/A19D11L * MASTER
{holding term for MASTER}

/A18D10 * START * /ACK * MYSLOT
{setting term, during address cycle}

/A18D10L * SLAVE * /TM1L

/A18D10L * SLAVE * TM1L * /A19D11L

/A18D10L * SLAVE * TM1L * Al18D10L
{holding terms for SLAVE accesses}

/A18D10 * SLAVE * TM1L * Al19D11L * /A18D10L
{setting term for MASTER start}

/A18D10L * MASTER
{holding term for MASTER}

This version corresponds to the new pin-out for the "official"
It also supports the ROM, with the RCMOE signal.

test card.

.end
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.ident PAL1l6LS8,B (ARB2), Nubus Arbitration logic

Version: 1.1
.names
ncl /ARB nc3 ncd nc5 /ID3 /ID2 /ID1 /IDO
gnd
/ARBUi /ARBOo /ARB1 /ARB2 /ARB3 arbOoe arbloe arb2oe GRANT
vee
.equations

Lif[ ARB * ID3 ]
ARB3 = VCC;

I

/arb2oe /ID3 * ARB3

.
’

.i1f[ ARB * arb2ce * ID2 ]
ARB2 = VCC;

/arbloe = /ID3 * ARB3
+ /ID2 * ARB2

Jif[ ARB * arbloe * ID1 ]
ARB1 = VCC;

/arbOoe = /ID3 * ARB3
+ /ID2 * ARB2
+ /ID1 * ARB1
;

.if[ ARB * arbOoe * IDO ]

ARBOo = VCC;

/GRANT = /ID3 * ARB3
+ /ID2 * ARB2
+ /ID1 * ARB1
+ /IDO * ARBOi

~

.notes

ARB is responsible for doing the NuBus arbitration logic. Upon
detecting any higher priority ARB<3:0> value, it will defer its
generation of lower ARB<3:0> bits.

The GRANT signal must be timed externally to determine proper
NuBus constraints.

This version uses a new technique to minimize skews.

.end
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.1dent PAL16RS8,B MASTER2, NuBus master controller for test card.

Version: 1.3
.names

/CLK

MASTER GRANT /RQST /START /ACK MASTERD /RESET Al7D9
gnd /oe

Al7D9L /LOCKED /arbdn /busy /OWNER /DTACY /ADRCY /ARBCY
vee

.equations

ARBCY := MASTER * MASTERD * /OWNER * /ARBCY * /ADRCY * /DTACY *
/RQST
{wait for RQST* unsserted, while idle}
+ MASTER * ARBCY * /OWNER
* /RESET
{non-locking, hold for START*}
+ MASTER * ARBCY * LOCKED
* [/RESET
{holding for locked access}
’
ADRCY := /A17D9L * /OWNER * ARBCY * arbdn * GRANT * /busy * /START
+ /A17D9L * /OWNER * ARBCY * arbdn * GRANT * busy * ACK
{START* if not locking}
+ OWNER * LOCKED * /ADRCY * /DTACY
* MASTER * /RESET
{START* for locking case, after LOCK-ATTN}
DTACY = ADRCY
{assert after START¥*}
+  DTACY * /ACK
* MASTER * /RESET
{hold until ACK¥*}
;
OWNER := ARBCY * arbdn * GRANT * /busy * /START
+ ARBCY * arbdn * GRANT * busy * ACK
{when bus is free, we own it next}
+ OWNER * ADRCY
* MASTER * /RESET
{hold before DTACY}
+ OWNER * DTACY * /ACK
* MASTER * /RESET
{non-locking, wait until ACK*}
+ OWNER * LOCKED
* MASTER * /RESET
{for LOCKing case, hold for NULL-ATTN}

~
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busy

arbdn

LOCKED

/A17D9L

.notes

:= /busy * START * /ACK
{beginning of transaction}
+ busy * /ACK
* /RESET
{hold during cycle}
:= ARBCY */START
{when arbitrating, force delay}

;
:= Al7DI9L * ARBCY * arbdn * GRANT * /busy * /START
+ Al17D9L * ARBCY * arbdn * GRANT * busy * ACK
{set for LOCK-ATN}
+ LOCKED * /DTACY
* MASTER * /RESET
+ LOCKED * DTACY * /ACK
* MASTER * /RESET
' {clear on NULL-ATN}
;
:= /A17D9 * /MASTER
{latching term}
+ /Al17D9L * MASTER
{holding term}
+ LOCKED
‘ {clearing term, prevent another ADRCY}

~

This version is for new pin-out of the "official" test card.
MasterA handles the delayed feature of the card. Version 1.1 also
fixes the timing for arbitration.

This version is designed to work with the new ARB2 arbitration
PAL, which has a different sense for GRANT. It also fixes a minor
timing overhang on DTACY for 2-cycle transactions.

Version 1.3 fixes 2-cycle write by only allowing ADRCY for

1 clock;
glitches.

.end

we originally had overlap to try to eliminate decoding
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.ident PAL16LS8,B MISC2, local bus/transceiver controls.

Version: 1.2
.names
CLK SLAVE TM1L Al19D11L A18D10L /ARBCY /ADRCY /DTACY /ROMOE
gnd
MASTER GAB210 /GBA CAB /DOE /AOE /DCLK /ACLK GAB3
vee
.equations
GBA = SLAVE * /TM1L
{SLAVE read of card}
+ MASTER * ADRCY
{MASTER address cycle}
+ MASTER * DTACY * A19D11L{TM1}
{MASTER data cycle, when writing}
/CAB = SLAVE + /CLK
{ DeMorgan of: /SLAVE * CLK }
;
/GAB3 = SLAVE * /TM1L
{any SLAVE read}
+ MASTER * /ADRCY * /DTACY
{MASTER loading address}
+ MASTER * A19D11L{TM1}
{MASTER write}
;
/GAB210 = SLAVE * /TMlL * /ROMOE
{SLAVE, non-ROM, read}
+ MASTER * /ADRCY * /DTACY
{MASTER loading address}
+ MASTER * A;QDllL(TMl}
{MASTER write}
;
ACLK = SLAVE * CLK * TM1L * /A19D11L * /A18D1OL
* /ROMOE
{SLAVE write to address reg}
AOE = SLAVE * /TM1L * /A19D11L * /A1l8D1OL
* /ROMOE

{SLAVE read of address reg}
+ MASTER * /ADRCY * /DTACY
{MASTER address cycle}
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DCLK = SLAVE * CLK * TM1L * /Al19D11L * A18D10L
* /ROMOE
{SLAVE write to data reg}
+ MASTER * DTACY * /A19D11L{/TM1} * CLK
{MASTER read}

DOE = SLAVE * /TM1L * /A19D11L * A18D1OL
* /ROMOE
{SLAVE read of data reqg}
+ MASTER * DTACY * Al19D11L{TM1}

{MASTER write data}

~~

.notes
This version of PAL corresponds to the "official" NuBus
test card. Version 1.2 reflects non-overlap of ADRCY with

DTACY, which fixes problem with 2-cycle writes;

.end
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.ident PAL16L8,B NBDRVR2, NuBus bus driver.

Version: 1.3
.names
/ACKCY /ARBCY /ADRCY
Gnd
ncll /TMO /TM1 /tmoe
Vece
.equations
rgstoe = ARBCY
+ ARBCY

Jif[ rgstoe

I =~

RQST Vce;
.1f[ OWNER ]
START = /DTACY
;
tmoe = ACKCY
+ OWNER
;
LAf[ tmoe )
ACK = ACKCY
+ OWNER
;
Lif[ tmoe ]
TM1 = ACKCY
+ OWNER
+ OWNER
LAf[ tmoe ]
™0 = ACKCY
+ OWNER
+ OWNER

/DTACY /OWNER /LOCKED nc7 Al9D11L A18D10L

/MSTDN /rgstoe /ACK /START /RQST

* /ADRCY
{hold until START* for normal case}
* LOCKED
{hold until NULL-ATTN for locked case}

{START* for all non-DTA cycles}

{SLAVE response}
* ARBCY * /DTACY
{we own bus, while not waiting for ACK}

{SLAVE response}
* /ADRCY
{for NULL-ATTN, LOCK-ATTN}

{SLAVE response}
* ADRCY * A19D11L

{START* at address cycle}
* /ADRCY * /LOCKED

{set for NULL-ATTN}

{SLAVE response}
* ADRCY * A18D10L
{START* at address cycle}
* /ADRCY
{always set for xxxx-ATTN cycles}
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LAf[ tmoe ]
TMO = ACKCY
{SLAVE response}
+ OWNER * ADRCY * A18D10L
{START* at address cycle}
+ OWNER * /ADRCY
{always set for xxxx-ATTN cycles}

~

MSTDN = OWNER * /LOCKED * DTACY * ACK
{done at tail end of normal cycle}
+ OWNER * /LOCKED * ARBCY * /ADRCY * /DTACY
{done for locked cases}

~

.notes

.end

This version corresponds to the "offical™ test card.

NOTE: due to overlap of states, RQST* is held one state too
long at end of a LOCKED transaction. However, this causes no "real"
problem. If we are the last winner of a ROST set, then the only
result is that new RQST-ers are held off by one CLK. If there is
another RQST-er left in our set, then it will still be driving RQST.
It will properly arbitrate due to the NULL-ATTENTION and become the
next winner. Thus, in either case, nothing "bad" happens.

Version 1.3 reflects change to ADRCY which is now held low only
during the address cycle of a transaction.
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Appendix C PAL Listings for the SCSI-NuBus
Test Card

This is a listing of the PAL-implemented logic equations for the SCSI
NuBus Test Card described in Chapter 10, “Nubus Design Examples.”
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.ident PAL16R8,B stNUBUS1, control for NuBus SCSI test card.

Version: 1.1
.names
clk
/START /ACK /mySLOT /mySUPER /TM1 nc7 nc8 /RESET
gnd /oe
ncl2 ncl3 ncld /S2 /S1 /SUPER /SLOT /IOR
vee
.equations
IOR := START * /ACK * mySLOT * /TM1 * /RESET
+ START * /ACK * mySUPER * /TM1 * /RESET
{ set on READ to our SLOT }
+ IOR * /S2 * /RESET
{ hold until end of transaction }
7
SLOT := START * /ACK * mySLOT * /RESET
{ select when access to us }
+ SLOT * /S2 * J/RESET
{ hold thruout cycle }
SUPER := START * /ACK * mySUPER * J/RESET
{ select when access to us }
+ SUPER * /S2 * /RESET
{ hold thruout cycle }
S1 := SLOT * /s1 * /RESET
+ SUPER * /Sl * /RESET
+ S1 * /S2 * /RESET
S2 := S1 * /s2 : * /RESET
.notes

stNUBUS1 is the main control circuit of the NuBus SCSI card.
This version will decode both a SuperSlot and a normal Slot access.
Notice that all bus transactions take the same time to simplify
the logic.

.end
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.ident PAL16LS8,B stNUBUS2, control for NuBus SCSI test card.

Version: 1.0
.names
/CLK nc2 /SLOT /SUPER /Sl /S2 nc7 DRQ IRQ
gnd
/INTENB /NMRQ ncl3 /ackoe /TMO /TM1 /ACK DCLK ACLK
vee
.equations
/ACLK = SLOT
+ SUPER
+ /CLK
{ DeMorgan of CLK * /(SLOT + SUPER) }
;
/DCLK = /S2
{ clock in data on edge of ACK* }
;
ackoe = SLOT
+ SUPER
{ try to pull ACK* up before undriving }
;
Jif[ ackoe ]
ACK = S2
JAf[ ackoe ]
TM1 = S2
Af[ ackoe ]
TMO = S2
{ assert ACK*, TMl*, TMO* during last state of cycle }
.if[ INTENB ]
NMRQ = IRQ
+ DRQ
{ drive NMRQ if either is ready }
;
.notes

This PAL is driven by stNUBUS1 (which provides decoding and timing);
it generates the control signals used by the NuBus interface.

.end
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.ldent PAL16L8,B stMISC, control for NuBus SCSI test card.

Version: 1.0

.names
/SLOT /SUPER /S1 /sS2 Al19 Al8 A9 TMI1L nc9
gnd
/RESET /IOW ncl3 ncld4 /INTENB /RAMCS /ROMCS /DACK /SCSI
vccec
.equations
SCSI = SLOT * /Al19 * /Al8 * /A9 * /RESET
DACK = SLOT * /Al19 * /Al8 * AS * /RESET
;
ROMCS = SLOT * Al9 * AlS8 * /RESET
;
RAMCS . SUPER * /RESET
INTENB = SLOT * A19 * /Al18 * A9 * /RESET
+ INTENB * /SLOT * /RESET
+ INTENB * /Al19 * /RESET
+ INTENB * Al8 * /RESET
+ INTENB * A9 * /RESET
I0OW = SLOT * TM1L * /S2
+ SUPER * TM1L * /S2
;
.notes

This PAL actually generates the selects and R/W strobes to the
chips on the SCSI test card. stNUBUS1 does the basic slot decoding
and cycle timing. We simply drive the signals based upon its
information.

Note that we create our own latch for INTENB. S2 behaves like
the strobe signal; the addresses will stay around after S2 goes away.

.end

418  Designing Cards and Drivers for the Macintosh Family



Glossary

acknowledge cycle: Last cycle of a NuBus
transaction during which /ACK is asserted by a
slave responding to a master. Often shortened to
ack cycle.

active: See asserted.

address: A number used to identify a location in
the computer’s address space. Some locations
are allocated to memory, others to I/0 devices.

address bus: The path along which the
addresses of specific memory locations are
transmitted. The width of the path determines
how many addresses can be accessed
(addressed) directly by the computer. For an n-
bit-wide address bus, the computer can make
use of 27 locations in memory where information
can be stored. In the Macintosh II, for example,
the 32-bit address bus permits the processor to
access 232 (4.3 billion) addresses. This is more
than 250 times as many addresses as computers
with a 24-bit bus (or the Macintosh II in 24-bit
mode) can access (224 = 16 million).

address mapping: The assignment of portions -
of the address space of the computer to specific
devices.

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

aliasing: The act of gaining access to 2 memory
location from several different addresses. This
usually occurs in computing systems when an
incomplete address decoding mechanism is

_ used. For example, on the map of physical
addresses for the Macintosh II, there are 1024
(219) different addresses (aliases) that access the
same ROM location.

AMU (Address Management Unit): The Apple
custom integrated circuit in the Macintosh II
that performs 24-to-32-bit address mapping. It
can be replaced by the optional Paged Memory
Management Unit (PMMU).

arbitration contest: The mechanism used to
choose which of two or more cards requesting
control of the bus will become the next bus
master. For the Macintosh II family, the
arbitration contest requires two bus periods (at
100 ps each).

asserted: Indicates that a signal is active or true,
independent of whether that logical condition is
represented by a high or low voltage.

assertion edge: The clock edge on which
assertion of synchronous signals takes place.

attention cycle: The name given to a particular
kind of start cycle, one in which both /START
and /ACK are asserted. There are two types:
attention-resource-lock and attention-null
cycles.

attention null: An attention cycle that indicates
the new owner of the bus does not wish to
transfer data and reinstate the bus for
arbitration. It also indicates the end of a data
transfer using a locked resource.

attention-resource-lock: An attention cycle
that initiates a sequence of locked transactions
that constitute a locked tenure of the current bus
master. During this tenure, cards with lockable
multiport resources lock them against access by
local processors other than the NuBus master.

419



block transfer: A transaction that consists of a
start cycle, multiple data cycles from or to
sequential address locations, and an
acknowledge cycle. The number of data cycles is
controlled by the bus master and is
communicated during the start cycle.

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

Board sResource: A unique sResource in an
expansion card’s declaration ROM that describes
the card so that the Slot Manager can identify it.
An expansion card can have only one Board
sResource. The Board sResource entries include
the card’s identification number, vendor
information, board flags, initialization code,
and so on.

bus: A path along which information is
transmitted electronically within a computer.
Buses connect short-distance networks of
computer devices, such as processors, expansion
cards, and physical RAM; information that travels
along the bus is transmitted according to a set of
rules known as a protocol.

bus driver: The power output transistor and
circuitry used to drive the input impedance of
the bus, including the parallel loads of cards
connected to the bus.

bus interface logic: The electronics connecting
the microprocessor bus to the NuBus in the
Macintosh II family.

bus locking: A mechanism for providing
continuing tenure (bus ownership) by a single
card. The extended tenure may include multiple
transactions or attention cycles. One type of
attention cycle is called a resource lock, therefore
il blll(S lock may or may not include a resource
ock.
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bus specification: Describes the physical
characteristics of the bus and the protocol that
governs the use of the bus. For example, the
NuBus specification defines the clock rate of
the bus, the width of the bus (in bits), the
maximum rate of information transfer, and so
on. It also defines the protocol, or the set of
commands used to transfer information among
the devices using the bus.

busy: The bus is busy between start and
acknowledge cycles.

byte lane: Any of four bytes that make up the
NuBus data width. NuBus expansion cards may
use any or all of the byte lanes to communicate
with each other or with the Macintosh II-family
computer.

byte swapping: The process by which the order
of bytes in each 4-byte NuBus word is changed
to conform to the byte order of certain
processors.

card: See expansion card.

card-generic driver: A driver that is designed to
work with a variety of plug-in cards.

card-specific driver: A driver that is designed to
work with a single model of plug-in card.

color look-up table (CLUT): A device that
converts pixel data from a video frame buffer
into red, green, and blue video signals. The CLUT
in the Macintosh II Video Card supports up to
256 simultaneous colors from a possible 1£8
million colors.

configuration ROM: See declaration ROM.
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coprocessor: An auxiliary processor that is
designed to relieve the demand on the main
processor by performing a few specific tasks.

Generally, closely coupled coprocessors such as
the MC68881 in the Macintosh II or the MC68882
in the Macintosh IIx and the Macintosh Ilcx
handle tasks that could be performed by the
main processor running appropriate software,
but which would be performed much more slowly
that way. Coprocessor architectures usually favor
a certain set of operations, like floating point
calculations for graphics instruction looping, and
therefore they can optimize the speed at which
such operations are processed.

A microprocessor on an expansion card can also
function as a coprocessor to perform tasks such
as running alternative operating systems.

CPU (central processing unit): See
processof.

cycle: For a Macintosh computer with the NuBus
interface: one period of the NuBus clock,
nominally 100 ns in duration and beginning at the
rising edge. For a Macintosh computer with the
processor-direct slot interface: one period of the
processor-bus clock.

data bus: The path along which general
information 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 processor have
16-bit data buses. The Macintosh computers that
use the MC68020 and MC68030 processors have
32-bit data buses. Thus, 32 bits of information
can be transferred at a time, so that information
is transferred twice as fast as in 16-bit computers
(assuming equal system clock rates).

data caching: A feature of the MC68030
microprocessor that allows frequently used data
to be stored in a special buffer area (cache) and
accessed by logical addresses. Data caching
improves overall performance by increasing the
availability of the bus to external devices (in
systems with more than one bus master, such as a
processor and a DMA device) without degrading
the performance of the microprocessor.

data cycle: Any cycle in which data is known to
be valid and acknowledged. It includes
acknowledge cycles as well as intermediate data
cycles within a block transfer.

declaration ROM: A ROM on a NuBus expansion
card that contains information that identifies
the card and its functions, and may also contain
code or other data. Proper configuration of the
declaration ROM firmware will allow the card to
communicate with the computer through the Slot
Manager routines.

DIP switches: Multiple single or double-throw
switches in a dual in-line package.

direct device: A video card whose pixel value,
when placed in the frame buffer controller,
directly implies the color on the display screen
without indexing a color look-up table (CLUT). It
will support screen depths of 16 and 32 bits per
pixel. Compare indexed device.

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

drive: The action of a card when it causes a bus
signal line to be in a known, determinate state.

driver-supported cards: Cards that are
accessed indirectly via a software driver.

driving edge: The rising edge (low to high) of
the central system clock (/CLK).

EDisks: Electronic disks that appear to the user
to be very fast, silent disk drives but use ROM or
RAM for their storage media rather than floppy or
hard disks. The ROM expansion card in a
Macintosh Portable can function as one or more
EDisks.
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expansion card: A removable printed circuit
card that plugs into a connector (slot) in the
computer’s expansion interface and allows
access to the computer’s microprocessor bus.
For example, the NuBus expansion interface of a
Macintosh II accommodates up to six NuBus
expansion cards. The processor-direct slot
expansion interface of a Macintosh SE/30 or a
Macintosh SE accommodates only one PDS
expansion card. Expansion cards are also referred
to as slot cards or simply as cards. Compare

board.
firmware: Programs permanently stored in ROM.

format block: An element in a declaration ROM’s
firmware structure that provides a standard entry
point for other elements in the structures. The
format block allows the Slot Manager to find the
declaration ROM and validate it.

FPU: Abbreviation for floating point unit.

frame buffer: A buffer memory that stores all the
picture elements (pixels) of a frame of video
information.

Frame Buffer Controller (FBC): A register-
controlled CMOS gate array used to generate and
control video data and timing signals.

functional sResource: An sResource in an
expansion card’s declaration ROM that desribes
a specific function of the card, for example, a
video sResource.

gamma correction: A function performed by
the video driver of each display device
configured in the system that linearizes the
differences in color (or gray-scale) response. This
is required because applications cannot
recognize different display screens, and cannot
perform screen-by-screen corrections.

gamma table: A table that compensates for
nonlinearities in a monitor’s color response.
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geographical addressing: A method of
identifying the physical location of a card on the
NuBus by having four pins of each connector
electrically wired to provide a one-of-sixteen
code to each slot connector (§9 through $E for
the Macintosh II, Macintosh IIx, and Macintosh
IIfx; $9 through $B for the Macintosh Ilcx; and
$C through $E for the Macintosh Ilci). A card
inserted into a slot connector then has the code
for that slot applied to its /ID3~/IDO lines,
without any manual setting of configuration
switches as required in some bus systems.

GLU: Acronym for general logic unit, a class of
custom integrated circuits used as interfaces
between different parts of the computer.

halfword: An element of information half the
length of a 32-bit NuBus or microprocessor word,
therefore, 16 bits long. A halfword for a 16-bit
microprocessor word (from an MC68000
microprocessor, for example) is 8 bits long.

heap: The area of memory in which space is
dynamically allocated and released on demand
using the Memory Manager.

high: For an active-low signal, synonymous with
inactive, deasserted, unasserted, false, and
released.

inactive: For an active-low signal, synonymous
with high, deasserted, unasserted, false, and
released.

indexed device: A video card whose frame
buffer controller output indexes a color look-up
table (CLUT) to define a potential color.
Indexed video devices support screen depths of
1,2, 4, and 8 bits per pixel. Compare direct
device.

intelligent card: A card containing one or more
processors that can work independently from the
main processor of the computer. Intelligent
cards can serve as a medium for introducing new
processor technologies into a system, but most
personal computer bus architectures require too
much support from the main processor for this to
happen. NuBus, however, is a notable exception,
because it was designed specifically to support
multiple processors, and hence, intelligent cards.
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longword: As used in Part II of this book, a
longword consists of 32 bits (two 16-bit words).

low: For an active-low signal, synonymous with
asserted.

main logic board: The primary circuit board in a
computer that holds the CPU, RAM, ROM, and
other integrated circuits that perform the built-in
logic functions of the computer. Compare
expansion card.

master: A card that initiates the addressing of
another card or the processor on the main logic
board. The card addressed is at that time acting
as a slave.

modulo: The integer N measured modulo 4 will
be t4he remainder (0, 1, 2, or 3) from division of N
by 4.

multiplex: To encode information so that fewer
wires are needed to transmit it, and the same
cable wires and connector pins can transmit
different kinds of information. The NuBus
multiplexes information so that 32-bit address
and data communication can be performed using
a single 96-pin connector and still have adequate
pins available for other necessary functions.
Specifically, 32 pins are used to transmit a
memory address and the same 32 pins (at a
different time) to transmit data.

NuBus: A 32-bit-wide synchronous, multislot
expansion bus used for interfacing expansion
cards to the Macintosh II family of computers.
See also NuBus expansion slot and bus
interface logic.

NuBus expansion slot: A connector on the
NuBus in a Macintosh II-family computer, into
which an expansion card can be installed. The
Macintosh II, Macintosh IIx, and Macintosh IIfx
have six NuBus expansion slots; the Macintosh
Icx and the Macintosh Ilci have three.

null cycle: A type of attention cycle that
reinitiates bus arbitration.

open collector: A bus driver that drives a line
low or doesn't drive it at all.

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.

PAL: An integrated circuit implementing
programmable array logic.

parked: A NuBus master that has released /RQST
is said to be parked on the bus until another card
asserts /RQST.

PDS: See processor-direct slot.

peer cards: Cards that are designed to execute
code that is not specialized to the card; for
example, two cards that are executing
cooperating processes to solve a problem.

period: The 100 ns duration of the NuBus /CLK
signal consisting of a 75 ns high state and a 25 ns
low state.

PIO (programmed input/output): An
interfacing technique where the processor
directly accesses registers assigned to /0
devices by executing processor instructions.
Memory mapped /O port registers are
addressed as memory locations.

primary initialization: A special code in an
expansion card’s declaration ROM that when
executed performs key, one-time initialization
of the card.

processor: Same as CPU, where the term central
processing unit may not be literally applicable.
The processor contains an arithmetic and logic
unit (ALU) and system control hardware. In
Macintosh systems containing expansion cards,
there may be two or more processors (or CPUs),
with none being more central in function than the
others; these are multiprocessor systems.

processor-direct slot (PDS): The expansion
interface architecture used on compact, or small-
footprint, Macintosh computers such as the
Macintosh SE and the Macintosh SE/30. It has a
single connector that allows an expansion card
direct access to all of the microprocessor signals.
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pseudo-slot design: The recommended
method of designing a 68030 Direct Slot
expansion card to occupy an address location
that corresponds to the 32-bit physical address
ranges used by NuBus expansion cards in
Macintosh II-family computers.

QuickDraw: The part of the Macintosh Toolbox
that performs all graphic operations on the
screen.

release: To do the opposite of drive to a signal
line.

released: For an active-low signal, synonymous
with high, inactive, deasserted, unasserted, and
false.

resource locking: The action of a local
processor operating in a multiprocessor
environment to lock the bus from NuBus
intrusion while using a resource that is accessible
by both the local processor and the NuBus.

sampling edge: The falling edge (high to low) of
the central system clock.

scaled pixel clock period: A normalizing
parameter used in the description of video card
operation. One scaled pixel clock period equals
16 times the ratio of pixel clock period to the
pixel depth (in bits per pixel).

SCSI (Small Computer System Interface): An
industry standard parallel bus that provides a
consistent method of connecting computers and
peripherals.

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

68000 Direct Slot: The 96-pin expansion
interface connector used on Macintosh SE and
Macintosh Portable computers to allow an
expansion card direct access to the MC68000
microprocessor. The connectors are physically
identical but are electrically different. See also
processor-direct slot (PDS).
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68030 Direct Slot: The 120-pin expansion
interface connector used on Macintosh SE/30
and Macintosh IIfx computers to allow an
expansion card direct access to the MC68030
microprocessor. The connectors are physically
identical but electrically different. See also
processor-direct slot (PDS).

slave: A card that responds to being addressed
by another card acting as a master. The
Macintosh II-family main logic board may be
either master or slave. Some cards may be slave-
only in function because they lack the circuitry
to arbitrate in a bus ownership contest.

sleep state: A period of time during which the
Macintosh Portable is not in use and most of the
circuits are powered down, the screen is blank,
and the hard disk stops spinning. This state
extends battery life by reducing power
consumption to almost nothing.

slot: (1) A connector attached to the processor
bus or the NuBus. A card may be inserted into
any of the physical slots when more than one is
provided (the Macintosh II family provides from
three to six slots). (2) A region in address space
(Ttandard slot space) allocated to a physical
slot.

slot card: See expansion card.

slot ID: The hex number corresponding to each
card slot. For the Macintosh II family, each slot
ID is established by the main logic board of the
computer and communicated to the card
through the /IDx lines.

Slot Manager: A set of Macintosh II-family
ROM routines that communicate with an
expansion card’s declaration ROM and allow an
application to gain access to declaration ROM.

slot space: The address space assigned to
NuBus cards in Macintosh II-family computers
and to PDS expansion cards that emulate NuBus
cards in Macintosh SE/30 and Macintosh IIfx
computers. See also standard slot space, super
slot space.
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sResource: An element in the firmware structure
of an expansion card’s declaration ROM that
defines a function or capability of the card. The
small s indicates a slot resource as opposed to a
standard Macintosh resource. There is one
functional sResource for each function a card can
perform, but only one Board sResource that
identifies the card.

sResource directory: An element in a
declaration ROM’s firmware structure that lists all
the sResources and provides an offset to each
one.

sRsrcType: A required entry in every sResource,
whose fields are used by the Slot Manager to
identify the expansion card and the function it
performs. An sRsrcType entry contains four
major fields (category, type, driver hardware,
and driver software) that are structured in
hierarchical order.

stack: The area of memory in which space is
allocated and released in LIFO (last-in-first-out)
order.

standard slot space: The upper one sixteenth
of the total address space. These addresses are in
the form $Fsxx xxxx where F, s, and xare hex
digits of 4 bits each. This address space is
geographically divided among the NuBus slots
according to slot ID number. Compare super
slot space.

start cycle: The first period of a transaction
during which /START is asserted. The start cycle
is one bus clock period long; the address and
transfer type are valid during this cycle.

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
translation 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.

super slot space: The large portion of memory
in the range $9000 0000 through $EFFF FFEF.
NuBus addresses of the form $sxxx xxxx (that is,
$s000 0000 through $sFFF FFFF) address the super
slot space that belongs to the card in slot s,
where sis an ID digit in the range $9 through $E.
Compare standard slot space.

tenure: A time period of unbroken bus
ownership by a single master. A master may lock
the bus and, during one tenure, perform several
transactions.

32-bit QuickDraw: An extension of the previous
8-bit color model that supports up to 32 bits per
pixel on certain Macintosh models and allows
these models to process and display full-color
documents, images, and visual effects with
startling color clarity.

three-state: A bus driver that drives a line low or
high or doesn’t drive it at all.

timeout period: The time period that a bus
master waits for a non-responding slave to
respond before generating a bus timeout error
code.

transaction: A complete NuBus operation such
as read or write. In the Macintosh II family, a
transaction is made up of an address cycle, wait
cycles as required by the responding card, and a
data cycle. Address cycles are one clock period
long and convey address and command
information. Data cycles are also one clock
period long and convey data and
acknowledgement information.

transfer mode: One of the 16 modes or
encodings that specify which part of the
addressed 32-bit word is to be transferred.

unasserted: For an active-low signal,
synonymous with high, deasserted, false,
inactive, and released.

wired-OR: The physical connection of two or
more input signal wires to provide a logical OR
operation. If one or more of the input signals are
true, the output is true. The output is false only
when all of the input signals are false.
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word: As used in Part I of this book, a NuBus
word is 32 bits long, a NuBus halfword, 16 bits.
As used in Part I of this book, an MC68000 word
is 16 bits long, a halfword, 8 bits. An MC68030
word is 32 bits long, a halfword, 16 bits.
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Macintosh II-family computers.
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Macintosh II Video Card 229-244
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declaration ROM 239-241
external signal connector 244
firmware interfaces 241
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overview 230
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interface 232
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MCG68020 microprocessor 16
MCG8030 microprocessor 16
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Portable 355-371
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RW 269
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Portable 367-371
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card design guide 371
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/RESET 35, 42, 269, 300
Resolution 133
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/RMC 301
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Macintosh PDS
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Macintosh II family 22
ROM expansion, Macintosh
Portable 350-367
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video card 133
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software overview 217
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slot allocations, NuBus 92
slot device interrupts 161-163
slot ID
defined 39
signals 35
Slot Manager
interaction with declaration
ROM 96-99
interaction with
QuickDraw 103-104
and video drivers 164
in startup procedure 111-112
slots, NuBus
as address space 44
defined 39
/SP 35
/SPV 35 :
sResource directory 97, 115
sResources 97-103, 116-129, 155
Board sResource 98
defined 97
entries 118-125
functional sResource 93
implementation 99
use at startup 157
sRsrcBootRec 122
sRsrcCicn 124
sRsrcFlags 123
sRsrcHWDevld 123
sRsrclcl4 124
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sRsrclcon 120, 131
sRsrcLoadRec 121
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sRsrcType 99,119
equate values 102
fields 100, 102
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standard slot space, NuBus 88
as address space 44
defined 39
/START 26,35, 62
start cycle, defined 39
status routines 172-174
/STERM 300
STimeOut 128
super slot space, NuBus 88
as address space 44
defined 39
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tenure, defined 40
TestPattern field 113
third-party design aides
Macintosh PDS
computers 341
NuBus 86
32-bit QuickDraw 130
three-state, defined 40
timing
Macintosh Portable modem
card 377
Macintosh SE accesses to
RAM 271-275
Macintosh I Video
Card 236-238
NuBus arbitration 78-79
NuBus block read 54
NuBus block write 56
NuBus utility and data
transfer 77
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transaction, defined 40
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NuBus 47

true, defined 40
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/UDS 269
unasserted, defined 40
utility signals, NuBus 35, 4243
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VendorInfo 128
video card name 133

video cards. See also Macintosh II

Video Card
additional firmware
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sample code 133-151
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direct 130
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video driver routines
Close 166
control 166
Open 166
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video drivers 163-178
data structures 167
declaration ROM
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example code 178
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word, defined 40
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NOTE: UNLESS OTHERWISE SPECIFIED
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REFERENCE SECTION A-A AND DETAIL B
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Connector shield for
Macintosh II-family computer
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m Foldout 5  NuBus Test Card (NTC) schematic
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NOTE: UNLESS OTHERWISE SPECIFIED

JAN
2\

A\
VAN

INDICATED DIMENSIONS SPECIFY MAXIMUM BOARD QUTLINE. NO COMPONENTS,
INCLUDING MATING CONNECTOR FROM EXPANSION BOARD, TO PROTRUDE

BEYOND THE BOARD EDGES.

INDICATED AREA WILL CONTACT THE METAL CHASSIS WHEN BOARD IS INSTALLED.
NO TRACES OR FEEDTHROUGHS ARE PERMITTED.

INDICATED AREA IS RESERVED FOR 1/0 CONNECTORS, WHICH ARE TO BE MOUNTED
ON THE CIRCUIT SIDE AS SHOWN. NO OTHER COMPONENTS PERMITTED ON CIRCUIT SIDE.

MAXIMUM LEAD LENGTH AFTER SOLDERING TO BE 2.5 MM.

WARP AND TWIST OF FINISHED BOARD NOT OT EXCEED 0.25 MM (.010 IN.} PER
INCH WHEN MEASURED IN ACCORDANCE WITH [PC-A-600-

= Foldout 7

Connector card design guide for
Macintosh PDS computers
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Written and produced by the people at Apple Computer, Inc., this is the official guide for devel-
opers of expansion cards and peripheral devices for the open-architecture Apple® Macintosh
computers. A companion book, Guide to the Macintosh Family Hardware, second edition,
provides detailed information on the hardware design of the Macintosh family of computers.

Designing Cards and Drivers for the Macintosh Family, second edition, provides comprehensive
expansion card design and driver design guidelines for eight Macintosh models: Macintosh SE,
Macintosh SE/30, Macintosh II, Macintosh IIx, Macintosh Portable, Macintosh Ilcx, Macintosh Ilci,
and Macintosh IIfx.

The book consists of an introduction, describing Apple’s expansion strategy for current and future
Macintosh products, and three main parts.

Part I describes the implementation of the NuBus™ interface in the Macintosh II family of com-
puters. It provides hardware designers with electrical and mechanical guidelines for designing
NuBus expansion cards, and supplies programmers with information that is essential to the
design of declaration ROM and driver software.

Part IT describes the processor-direct slot (PDS) expansion interface and explains its relationship
to the microprocessor. It provides hardware designers with electrical and mechanical guidelines
for designing expansion cards for the 68000 Direct Slot and 68030 Direct Slot expansion interfaces
used in current Macintosh computers.

Part IIT discusses application-specific expansion interfaces and describes how they are imple-
mented in the Macintosh family of computers to satisty a unique purpose.

An appendix provides guidelines for reducing electromagnetic interference and for complying

with heat dissipation and product safety standards in your expansion card designs. The book also
contains a glossary of technical terms and an index.
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