



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ne Se Ne Ne Ne Se Ne e Se e e Ne e e S

spID of the video sResource in VendorUse2. This is an important part of

the implementation of video mode families. Later, in PrimaryInit, this mode
is tested for compatibility with the current display, and, if it is, it is
made the enabled mode.

Since we can always have a 24-bit addressed (8-bit QD) wvideo sRsrc, we simply match
the monitor type if 32-bit QuickDraw isn't around. If this frame buffer can only
work in 32-bit addressing, then we return a magic value ($8001) in seResult, which
disables this card until SecondaryInit if the new Slot Manager is loaded as a
system patch.

The boot screen (the one the happy Mac is on) is set to the depth in VendorUsel
before the System file is open. The other screens are set up per the 'scrn'
resource by the system.

SUBA #SizesPRAMRec, SP ; block for PRAM record
MOVE.L SP, spResult (A0) ; point to it
_SReadPRAMRec ; read it
MOVE.B VendorUse?2 (SP) ,D4 ; get default spID
BTST #3,D4 ; was this a big screen?
BNE.S @isBig ; yes
CMP.B #$80,D1 ; compare to actual display
BEQ.S SetUp ; monitor hasn't changed
BRA.S Changed H

@isBig
CMP.B #$88,D1 ; compare to actual display
BEQ.S SetUp ; monitor hasn't changed

Ne Ne Se ~e

If we got here, then the monitor isn't the same type that we had last time.
We need to resetup PRAM and perform other invalidations.

Changed

MOVE.B D1,D4 ; copy the default to D4

MOVE.B D1, VendorUse2 (SP) ; make it the default

MOVE.B #FirstvidMode, VendorUsel (SP) ; select default depth

MOVE.L spResult (AQ), spsPointer (A0) ; set up parameter
block

_SPutPRAMRec ; write the new record out

ADDA #SizesPRAMRec, SP ; eliminate PRAM block

Ne Se Se Se SeoSe Se Se S

Let's go for it. We've invalidated as necessary. The 24-bit spID for the
desired configuration is in D4. We will test for the presence of 32-bit
QuickDraw and the new Slot Manager. If 32-bit QD is not in ROM (remember,
the System file is not yet open), then we will convert to using the 24-bit
addressed spID and fix it in SecondaryInit. If the new Slot Manager is
present in ROM, then we will also add the 1-bit only sRsrc as an alternate,
disabled mode.
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SetUp

; Here is the 32-bit QuickDraw ID sequence

MOVE.L #SA89F, DO
_GetTrapAddress ,NewTool
MOVE.L A0,D1
MOVE.L #SAB03, D0
_GetTrapAddress ,NewTool
CMPA.L D1,A0
BNE.S Make32

BCLR #0,D4

BRA.S SlotTst

; If the 32-bit stuff is present,

Make32
CMP.B #sRsrc_VidS32F, D4
BEQ.S @l
MOVE.B #sRsrc_Vids32,D4
MOVE.B #sRsrc_VidS32F, D7
BRA.S SlotTst

@l
MOVE.B #sRsrc_vids32,D7

; Here is the Slot Manager version ID.
; then this routine returns an error code in DO.
7

Manager, then set D7 back to S$FF,
SlotTst
_SVersion
BEQ.S Prune
MOVE. B #SFF, D7

Time to massage the sRsrc directory.
a long word of possible modes.
mode, its sRsrc is deleted. In addition,
should be disabled.

The spIDs

Ne Ne Se Ne Se o se

Prune
MOVE.L #5$808188C1,D6
MOVEQ #3,D1
Qo0 MOVE.B D6,D0
LSR.L #8,D6
CMP.B D7,D0
BNE.S 2
MOVE.B DO, spID(A0)
MOVE.L #1, spParambData (A0)
_SetsRsrcState
CLR.L spParamData (A0Q)
BRA.S Q10
@2 CMP.B D4,D0
BEQ.S @10
MOVE.B DO, spID(AQ)
@5 _sDeleteSRTRec
@10 DBRA D1,@0

; clean up spBlock on stack

1

Appendix B

Each byte is compared to D4,
each nybble is tested to see if it

_Unimplemented trap

save result

now test for new QD

get it too

are they the same?

if #, then QD32

if no QD32, then clear bit

Ne Se o Se Se Se o Se se Se N

then pick the enhanced mode

is it the special mode?
ves

set 32-bit mode as active
make one-bit the alternate

Ne Ne Se Se s

; set full mode the alternate

If the original Slot Manager is present,
If we don't have the new Slot
since we can't disable.

; what Slot Manager do we have?
; new, so continue

; make disable invalid

for all modes are concatenated into
and if not the valid

the mode list (four modes)
counter in D1 (zero based)
get lowest byte

rotate list

should this mode be disabled?
if not, then continue

mark this ID for disabling
set to one to disable
disable it

no longer needed

and continue

is this the valid mode?
yup, so skip deletion

set the mode

remove the invalid entry

Ne Ne Ne o Ne o Ne o Na o Se o Se o Se S S S Se o Se s
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CleanUp

ADDA #spBlockSize, SP ; flush the block
; return to your regularly scheduled start code

RTS

ENDWITH
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(c)

Apple Computer, Inc. 1986-1991

All rights reserved.

File : SampleSecondaryInit.a

This is the secondary initialization code for the Sample Video Card

source.

SecondaryInits are one-time initialization code that run
immediately after the system patches have been loaded.

Video cards

may want to perform certain reconfigurations now that the new
Slot Manager and 32-bit QuickDraw have had an opportunity to load.

At this point in the boot process,

the boot screen has been opened

and has a gDevice, but the other displays have only had PrimaryInit.
For many cards, this code only performs housekeeping tasks with

declaration structures.
PrimaryInit.

Hardware setup is generally complete at

Video mode families depend upon inactivated video sResource lists

to be present.
older machines will depend
at SecondaryInit after the

Since this is a new Slot Manager feature,

upon the addition of inactive modes
Slot Manager patch is loaded.

Remember that interrupts are enabled for the boot device, but not
for other devices that have not yet been opened.

; Header
DC.B sExec_2
DC.B sCPU_68020
DC.W 0
DC.L Begin2ndInit-*
WITH seBlock, spBlock

Begin2ndInit

’
’

’

’
’
’
.
’

'

I

Always a successful return

MOVE.W

#seSuccess, seStatus (A0)

code revision

CPU type is 68020

reserved

offset to Secondary Init code

; VendorStatus <- 1

Calculate the 32-bit base address now while we have the slot number.

(Make sure to swap into 32-bit addressing mode before using this address.)

MOVE.L #$F0000000,D1
MOVE.B seSlot (AO),DO
BFINS DO,D1{4:4}

MOVE.L D1,Al

Set up a slot parameter block

SUBA #spBlockSize, SP
MOVE.L SP,AQ

MOVE.B DO, spSlot (A0)
CLR.B spExtDev (AQ)

Appendix B

D1 <- F0000000
get slot number
D1 <- Fs000000
copy to address reg

make a slot parameter block
get pointer to parm block now
put slot in pBlock

no external devices
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If the new Slot Manager
already been performed.

Ne Se ose e

was present in ROM,

then activations and deactivation have

We also reverify that 32-bit QuickDraw is around.

_sVersion ; find the Slot Manager version
CMP.L #2, spResult (AQ) ; get the result (1=RAM, 2=ROM)
BEQ.S SecInitDone ; if in ROM, done

MOVE.L #SA89F, DO ; the unimplemented trap
_GetTrapAddress ,NewTool ; get its address

MOVE.L A0,D1 ; save it

MOVE.L #S$SAB03, DO ; the 32-bit QD trap
_GetTrapAddress ,NewTool ; get it address

CMPA.L D1,A0 ; if not implemented

BEQ.S SecInitDone ; then no QD32

Find the currently active video sResource. This is the one that was active upon

32-bit addresked.

completion of PrimaryInit.

It may be either 24- or

Ne Ne e o~

MOVE.L SP,AQ ; point at spBlock again

CLR.B pID(A0) ; start search at id=0

CLR.B spTBMask (A0) ; we're going for an exact match
MOVE.W #catDisplay, spCategory (A0) ; look for: Display,

MOVE.W #typVideo, spCType (A0) ; Video,

MOVE.W #drSwApple, spDrvrSW(AQ) ; Apple,

MOVE .W #drHwSample, spDrvrHW (A0) ; Sample.

_sNextTypesRsrc ; get the spsPointer

BNE. S SecInitDone ; (If failed, we’'re in trouble.)
MOVE.W spRefNum (A0) ,D5 ; save driver refNum for later

If the big screen sResource is installed, then we are done since it doesn't have
a 32-bit addressed counterpart.

Se Ne Ne e

CMP.B
BEQ.S

#sRsrc_VidB8, spID(A0) ;
SecInitDone ;

is it the big screen?
yes, so done

Read the slot pRAM rec to find out the current desired mode. The VendorUse2 byte of
slot PRAM contains the spID of the target video sRsrc list, which will be either
the full-function sResource or the 1-bit only one. We will delete the 24-bit

sRsrc¢ list and add the other lists, enabled or disabled appropriately. We know

that it will not already be set to a 32-bit sRsrc since we would have done that in
PrimaryInit if the new Slot Manager were present.

SUBA #SizesPRAMRec, SP ; allocate block for PRAM record
MOVE.L SP, spResult (A0) ; point to it
_sReadPRAMRec ; read it
MOVE.B VendorUse2 (SP) ,D4 ; get the current spID
ADDA.W #SizesPRAMRec, SP ; free PRAM record buffer
; Delete the 24-bit version (its spID is still in the spBlock)
_sDheleteSRTRec
; Insert the desired mode (its spID is in D4) as an active sResource

560
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Se Ne Se o~

i
;
;
S

ecInitDone

MOVE.B D4, spID(AQ)
CLR.L spParamData (A0)
CLR.L spsPointer (A0)
_sInsertSRTRec

BCHG #6,D4

MOVE.L #1, spParamData (AQ)
MOVE.B D4,spID(AQ)
_sInsertSRTRec

SUBQ #4,SP

_GetDeviceList

MOVE.L (SP)+,A0

MOVE.L (AO),A0

CMP.W gdRefNum(AQ) , D5

BNE. S SecInitDone

MOVE.L gdPMap (A0) ,AD
MOVE.L (AO) ,A0

MOVE.L Al,pmBaseAddr (A0Q)

Return to your regularly scheduled start code

ADDA #spBlockSize, SP
RTS
ENDWITH

Se Ne Ne S

Ne Ne ~e N

SeoNe Se N S S

add this sRsrc in

clear to enable activation

add back an sRsrc in directory
add it back in

We can determine the spID of the alternate mode by flipping bit 6. We know we need
to add this mode in deactivated.

get the alternate mode
set up to disable it
put in block

insert and disable

Test if we are the boot screen. If we are, we need to update the gDevice. The
dCtlDevBase is fixed by the Slot Manager.

make room for function return
get the boot gDevice

get the gdHandle

get pointer to gDevice

was this the boot device

no, so quit

get pixMap handle

get pixMap ptr
save new base address

flush the block
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Appendix C Video Card Driver Example

This appendix provides an example of a possible video card driver,
written in Macintosh Programmer’s Workshop assembly language.
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¢ e ——

All rights reserved.

1
; (c) Apple Computer, Inc. 1986-1991

| QS

File : SampleDrvr.a

This file contains a sample video driver for use by the Macintosh

0S in MPW 3.x format. It is structured as a normal slot device driver.
It is included as part of the declaration ROM image, so this file does
not have its own INCLUDE statements.

Hardware-specific sections of the driver are not included here; their place
in code is marked with the tag <DEVICE-SPECIFIC>.

This fictitious video card supports 1-, 2-, 4-, 8-, 16-, and 32-bit/pixel on
640x480 and 1-, 2-, 4-, and 8-bpp on 640x870 displays. Also, in systems that

have the new version of the Slot Manager and 32-bit QuickDraw, there is a 1l-bit
only sRsrc for the 640x480 display, implemented as a video mode family. The system
configuration and capabilities were determined at PrimaryInit and SecondaryInit,
so the driver performs only minimal identification.

BLANKS ON
STRING ASIS
MACHINE MC68020

; This is device storage that is stored in the dCtlStorage field of the DCE
VidLocals RECORD 0

saveMode DS.W 1 ; the current mode setting
savePage DS.W 1 ; the current video page setting
saveBaseAddr DS.L 1 ; the current screen base
address

saveSQElPtr DS.L 1 ; ptr to slot interrupt queue
elem

saveGammaPtr DS.L 1 ; pointer to the current gamma
table

saveVidParms DS.L 1 ; pointer to video config data
GFlags DS.W 1 ; flags word

VidLocalSize EQU *-vidLocals ; size of this record structure

ENDR

; Flags within GFlags word

GrayFlag EQU 15 ; luminance mapped if set
IntDisFlag EQU 14 ; interrupts disabled if set
DirectFlag EQU 13 ; direct type pixel mode if set

¢ ————

VidDrvr DC.W $4C00 ; ctl, status, needsLock

DC.W 0,0,0 ; not an ornament _

; Entry point offset table

564
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DC.W VidDrvr-vidDrvr no prime

DC.W VideoCtl-vVidDrvr ; control
DC.W VideoStatus-vidDrvr ; status
DC.W VideoClose-VidDrvr ; close

It is important to include the driver version number here. The card driver is
opened using the VideoName string in the declaration ROM structures. The _Open
call looks in the current resource chain, and if it finds an appropriately named
driver (resource type 'DRVR', resID does not matter) with a higher version number,
then it substitutes that driver's code for the driver included in the video ROM.
Third-party developers cannot generally utilize this mechanism for overrides,
since their driver would have to be in the System file, but should support this
driver version number mechanism in their own system extensions. Note also that
the driver's name is a Pascal string in the driver, but is a C string with the
leading period omitted in the configuration data.

D T T S S

STRING Pascal

VideoTitle DC.B ' .Display_Video_Apple_Samp ; video driver name
STRING ASIS
ALIGN 2 ; make sure word aligned
DC.W DrvrROMVersion ; driver version number

§
;
; VideoOpen allocates and initializes private storage for the device. It identifies
the ; configuration set up at Primary/SecondaryInit. It installs the default gamma
table. ; Finally, it installs the interrupt handler and enables the interrupts.

Entry: A0
Al

csParam block pointer
DCE pointer

~e ~e e o~

WITH VidLocals, SlotIntQElement, spBlock
VideoOpen

Allocate private storage (since block is CLEAR, GFlags are zeroed) and get a
pointer to it in A3

Ne Se o ~e ~e

MOVEQ #VidLocalSize, DO ; get size of parameters
_ResrvMem , SYS ; make room as low as possible
MOVEQ #vidLocalSize, DO ; get size of parameters
_NewHandle ,SYS, CLEAR ; get some memory for VidLocals
BNE OpError ; => return an error in open
MOVE.L AQ,dCtlStorage(Al) ; save returned handle in DCE
_HLock ; and lock it down

MOVE.L (A0),A3 ; get a pointer to it

Appendix C  Video Card Driver Example 565



Se Se Se Se S~

Find the current video spID by using the Slot Manager to search for this device,
which was set up at boot by PrimaryInit. This will identify the exact hardware and
software configuration that we are running with at this time.

SUBA #spBlockSize, SP ; get a slot parameter. block
; pointer
MOVE.L SP, A0 ; get pointer to block in A0
MOVE.B dCtlslot (Al),spSlot (AQ) ; copy the slot number
from the
; DCE
CLR.B spID(AQ) ; start looking at spID=0
CLR.B spExtDev (AQ) ; no external devices
CLR.B spHWDev (AQ) ; only one hardware device here
CLR.B spTBMask (A0Q) ; we're going for an exact
match ]
MOVE .W #catDisplay, spCategory (AO) ; look for:Display,
MOVE.W #typvideo, spCType (A0) ; Video,
MOVE.W #drSwApple, spDrvrSW(AOQ) ; Apple,
MOVE.W #drHwSample, spDrvrHW (A0) ; Sample.
_sNextTypesRsrc ; get the spsPointer
BNE OpErrorl ; i1f #, then there has been a

Se So Se Se we Se

serious error

Point to the appropriate set of video parameters for this mode. We contrived the
spIDs so that if 32-bit QD is available bit 0 is set, if the 640x870 display is
connected then bit 3 is set, and if we are in the special one-bit only 640x480
mode, then bit 6 is set.

MOVE.B spID(A0),DO ; get the spID
BTST #6,D0 ; test the special bit
BNE. S @RealSmall ; 1f set, then special mode
BTST #3,D0 ; test the big screen bit
BNE.S @ThinkBig ; if #, then we have a big
screen
BTST #0,D0 ; 1s it the 32-bit or 24-bit
; flavor?
BNE.S @Medium ;
LEA Small24Parms, A2 ; general parameters for 640x480
; displays
BRA.S @contl ;
@RealSmall )
LEA OneParms, A2 ; general parameters for 1l-bit
; only mode
BRA.S @contl H
@Medium
LEA Small32Parms, A2 ; general parameters for direct
;°  mode display
BRA.S @contl H
@ThinkBig LEA BigParms, A2 ; general parameters for 640x870
: displays
@contl
MOVE.L A2,saveVidParms (A3 ; save these in private storage

Ne e Se Se Ne wo N

Load the default gamma table from the slot resource list. Each video sRsrc list
includes a directory of gamma tables that are appropriate for this mode., We will
set the default gamma table from this directory, which always has an spID of 128.
A0 still contains the current video sResource information. If no gamma directory
is present, the software should just make an uncorrected, linear gamma table.
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MOVE.B
_sFindStruct

MOVE.B
_sGetBlock

#sGammaDir, spID(AQ) ;

#128,spID(A0)

Se Se ~e e

; skip over gamma table header

MOVE.L
ADDA
TST.B
BNE.S
ADDA
MOVE.L
AND.L
MOVE.L
ADDA

@Name

;
; this.
; condition,
MOVEQ
_NewPtr
cleared
BNE.S
MOVE.L
BSR
BNE. S
; All done!
MOVEQ
EndOpen RTS
OpError2 MOVE.L
_DisposPtr
OpErrorl MOVE.L
_DisposHandle
OpError MOVE.L
BRA.S
ENDWITH

Get and install the interrupt handler.
This utility also starts the interrupts going.
EnableVGuts returns with Z-bit set.

spResult (AO0) ,A0
#2,A0
(AQ) +
@Name
#1,A0

A0, DO
#$FFFFFFFE, DO

D0, saveGammaPtr (A3
#spBlockSize, SP

Se Ne Ne Se Se Ne we we e

#sgHDSize, DO ;
,SYS,CLEAR ;

OpErrorl ;
A0, saveSQElPtr (A3) ;

EnableVGuts ;
OpError?2 ;

#noErr, DO ;

saveSQE1Ptr (A3) ,A0

dCtlStorage(Al) , A0

#OpenErr, DO
EndOpen

Appendix C  Video Card Driver Example

look for the gamma directory

get gamma directory's
spsPointer

get default gamma table
we want a ptr in sysheap

point to head of the block
skip resID
skip over gamma name

word align pointer

get in d-reg

round it

put it in private storage
release the Slot Manager block

Call the SetInterrupt utility code to do

If there is an error

allocate a slot queue element
get it from system heap

save the queue element

do it

no error
return

get slot interrupt dqueue
element

release it

dispose the private storage
release it

say can't open driver
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Video Driver Control Call Handler

(0) Reset

(1) KillIo

(2) SetMode
(3) SetEntries
(4) SetGamma
(5) GrayPage
(6) SetGray

) SetInterrupt
(8) DirectSetEntries
(9) SetDefaultMode
Entry: A0 = I0 parameter block pointer
Al = DCE pointer
Uses: A2 = cs parameters (ie. A2 <- csParam(A0))
A3 = pointer to private storage
Ad = scratch (must be preserved)
D0-D3 = scratch (don't need to be preserved)
Exit: DO = error code
VideoCtl MOVE.L AQ,-(SP) ; save work registers
; (A0 is saved
; because it is used by
; ExitDrvr)
MOVE.W csCode (A0) , DO ; get the opCode
MOVE.L csParam (AQ0) ,A2 ; A2 <- ptr to control
parameters
MOVE.L dCtlsStorage(Al) ,A3 ; get pointer to private storage
MOVE.L (A3) ,A3
CMP.W #9,D0 ; IF csCode NOT IN [0..9] THEN
BHI.S CtlBad ; error, csCode out of bounds
MOVE.W CtlJumpTbl (PC,D0.W*2),D0 ; get the routine’'s
relative
; offset
JMP Ct1lJumpTbl (PC, DO .W) ; Jjump to it
CtlJumpTbl DC.W VidReset-Ct1lJumpTbl ; $00 => VidReset
DC.W VidKillIO-Ct1lJumpTbl ; $01 => VidkillIo
DC.W SetVidMode-Ct1lJumpTbl ; $02 => SetVidMode
DC.W SetEntries-CtlJumpTbl ; $03 => SetEntries
DC.W SetGamma-Ct1JumpTbl ; $04 => SetGamma
DC.W GrayPage-Ct1lJumpTbl ; $05 => GrayPage
DC.W SetGray-Ct1lJumpTbl ; $06 => SetGray
DC.W SetInterrupt-CtlJumpTbl ; $07 => SetInterrupt
DC.W CtlBad-CtlJumpTbl ; $08 => DirectSetEntries
DC.W SetDefaultMode-Ct1lJumpTbl ; $09 => SetDefault mode
CtlBad MOVEQ #controlErr, DO ; else say we don't do this one
BRA.S CtlDone ; and return
CtlGood MOVEQ #noErr, DO ; return no error
CtlDone MOVE.L (SP)+,A0 ; restore registers
BRA ExitDrvr
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VidReset

; Reset the card to its default. For the sample card, reset video to the
; default depth, page zero, and gray the screen.

WITH VidLocals, VDPageInfo
MOVE.W #FirstvidMode, D1 ; get the default mode
identifier
MOVE.W D1, csMode (A2) ; return default mode
MOVE.W D1, saveMode (A3) ; remember it
MOVEQ #0,DO0 ; get the default page value
MOVE.W DO, savePage (A3) ; save page zero as current page
MOVE.W DO, csPage (A2) ; return the page
BSR HWSetDepth ; set the depth from D1
BSR HWSetPage ; set the page from DO
MOVE.L DO, saveBaseAddr (A3); save the new base address
MOVE.L D0, csBaseAddr (A2) ; return the base address
MOVE.W csPage (A2),D0 ; setup DO for GrayScreen
BSR GrayScreen ; paint the screen gray
BRA.S CtlGood ; => no error
ENDWITH
VidKillIO

!
; This routine is not normally required by video cards, but if you support

; "asynchronous" writes to the CLUT gs part of your slot interrupt handler, then
; this call should be implemented to immediately flush the pending changes to the
; CLUT hardware and clear any state flags.

o

Set the card to the specified mode and page.
If either is invalid, returns badMode error.

If the card is already set to the specified mode, then do nothing.

WITH VidLocals, VDPageInfo

MOVE.W csMode (A2) ,D1 ; D1 = mode

BSR ChkMode ; check mode

BNE. S CtlBad ; => not a valid mode
MOVE.W csPage (A2),D0 ;i DO = page

BSR ChkPage ; check page

BNE. S CtlBad ; => not a valid page

; Only set the mode if it has changed
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SetDepth

MOVE.W csMode (A2) ,D2 i D2 = mode
CMP saveMode (A3) ,D2 ; has the mode changed?
BEQ.S ModeOK1 ; => no, check the page

; Remember the newly requested mode

MOVE .W csMode (A2) , saveMode (A3) ; remember requested mode
CMP.W #FifthvidMode, csMode (A2) ; is this 16/32bpp mode?
BGE.S @direct ; 1f not, then indexed mode
BCLR #DirectFlag,GFlags (A3) ; clear the flag bit
BRA.S GoOn
@direct
BSET #DirectFlag,GFlags (A3) ; set the flag bit
GoOn
; In most cards, the actual CLUT position occupied by black and white changes with
; depth changes. This causes a number of unpleasant screen anomalies (pixels appear
; magnified when going to lower pixel depths, or colors appear when going into higher
; depths). To solve this problem, the entire CLUT is set to 50% gray while the mode
is

; changed, which masks these problems. The SetMode call is followed by calls that
; £ill the frame buffer with a 50% dithered gray pattern, then set valid CLUT
contents.

’

BSR GrayCLUT ; set the entire CLUT to 50%
gray

BSR HWSetDepth ; set the depth (modeID in D1)
ModeOK1 MOVE.W D0, savePage (A3) ; save the new page number

BSR HWSet Page ; set the video page

; (pageID in DO)

MOVE.L D0, saveBaseAddr (A3) ; save the new base address
NoChange MOVE.L saveBaseAddr (A3) ,csBaseAddr (A2) ; return the base address

BRA CtlGood H

ENDWITH
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SetEntries

’

LT, ;
LUT at

csTable -> table of colorSpecs (NOT colortable!)
csStart -> where to start setting, or -1
csCount -> # of entries to change

In SEQUENCE mode,
In INDEX mode,

csCount entries are changed in the
csCount entries are installed into the

This call has two modes.
starting at csStart.
the positions specified by their value fields. This mode is selected by passing
csStart = -1.

If the current screen depth is a direct pixel mode (16/32 bpp), then this routine

returns an error.

This code is shared with DirectSetEntries, below. Since luminance mapping should not
occur in direct modes, the code that sets the hardware should honor the setting of
this flag in the device-specific code.

If gamma correction is implemented by table look-up, then SetEntries will pick up
the respective red, green, and blue values, and, using the GDataWidth field from
the gamma table, perform a look-up on each of these channel values in the gamma
table data.

This routine can optionally be implemented to execute asynchronously by posting the
CLUT change request in a table that is loaded as part of the slot interrupt handler.
The Macintosh will NOT call this control call with the async variant of the trap;

rather,

hardware activity until VBL.

In doing this,

the SetEntries call executes as a normal control call and delays its
a few extra rules must be followed:

1) The driver should implement KillIO (see above).
2) If SetEntries is entered while the interrupt level is

nonzero, it should write immediately to the CLUT hardware.
WITH VidLocals
MOVE. csTable(A2),DO0 ; check for a nil pointer
BEQ CtlBad
BTST #DirectFlag, GFlags (A3) ; 1s this a direct video mode?
BNE CtlBad ; if so, then exit with error

Get the gamma correction tables in registers

SECore

MOVEM. L A4-A6/D4-D7,- (SP) ; save registers for gamma

MOVE.W GFlags (A3),D5 ; get GFlags word in D5

MOVE.L saveGammaPtr (A3),A0 ; get pointer to gamma data
; structure

MOVE.W GFormulaSize (A0),D0 ; get the size of formula data

LEA GFormulaData (AQ) ,Ad ; point to formula data

ADD DO, A4 ; red correction table starts
; here

MOVE.L A4, A5 ; get default pointer to green
; data

MOVE.L A4, A6 ; get default pointer to blue
; data

MOVE GDhataWidth(A0) ,D7 ; get width of each entry in

bits

CMP #1,GChanCnt (AQ) ; if only one table, we're set

BEQ.S WriteCLUT ; only one table, so continue

MOVE GDhataCnt (A0),DO ; get # entries in table

MOVE D7,D1 ; copy it to calculate offsets

ADD #7,D1 ; round to nearest byte
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LSR #3,D1 ; get bytes per entry

MULU D1,DO ; get size of table in bytes
ADDA DO, A5 ; calc base of green

ADDA DO, A6 ; calc base of blue

ADDA DO, A6 ; calc base of blue

WriteCLUT

Se Se Ne Ne Se we ~e

Ne Se Ne Se Se Se ~e o~

<DEVICE-SPECIFIC>

Hardware implementations vary greatly here. Usually, based on the csStart parameter,
the code will separately implement sequential and indexed CLUT writes. If these
routines use substantial stack space, they should be careful to check that this
amount of space is available.

Bsr HWWriteCLUT ; left as an exercise for the
; reader

When the driver has been set to luminance map (convert from color to gray-scale
equivalents), it should calculate the values based on a .30R/.59G/.11B ratio. If all
output channels are being set, the gamma correction factors should still be applied.

If you share this code with DirectSetEntries, then this section of code should NOT
apply luminance mapping if DirectFlag is set.

MOVEM.L (SP)+,A4-A6/D4-D7 ; restore saved registers
BRA.S CtlGood ; exit with a good result
ENDWITH
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Set the gamma table. This call copies the supplied gTable so the
caller does not have to put the source on the system heap.

GType in the incoming table should match the unique drHwId for this
card to guarantee that the table is actually intended for this device.

Optionally,

standard format is supported on this device.

If the gamma table ptr is NIL,

a card may accept gamma tables with a GType of 0,

if the

then set the gamma table to be a linear ramp.

This allows the full dynamic range of the CLUT to be used.

Al = ptr to DCE
A2 = ptr to cs parameter record
A3 = ptr to private storage

table

.
’

WITH

VidLocals

MOVE.L csGTable (A2),DO0
BEQ LinearTab

MOVE.L DO, A2

TST.W GVersion (A2)

BNE CtlBad

TST.W GType (A2)

BEQ.S ChangeTable

CMP.W #drHwSample, GType (A2)
BNE CtlBad

If new table is different size,

reallocate memory

saveGammaPtr (A3), A0
GFormulaSize (A2),DO0
GFormulaSize (A0),DO

GFormulaSize(A2),D0

saveGammaPtr (A3),D0
AQ, saveGammaPtr (A3)

ChangeTable MOVE.L
MOVE
CMP
BNE.S @GetNew
MOVE GChanCnt (A2),D0
CMP GChanCnt (A0) , DO
BEQ.S @SizeOK
BGT.S @GetNew
@NewSize _DisposPtr
old
CLR.L saveGammaPtr (A3)
@GetNew MOVE GDhataCnt (A2),DO0
MULU GChanCnt (A2) ,DO0
ADD
ADD #GFormulaData, D0
_NewPtr , Sys
BNE CtlBad
MOVE.L
MOVE.L
TST.L DO
BEQ.S @SizeOK
MOVE.L DO, A0
_DisposPtr
MOVE.L

.
’

Copy the gamma table header

saveGammaPtr (A3) ,A0
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Get new gamma table and check that we know how to handle it

test for a NIL pointer

if so, then set this table
linear

get pointer to new gamma table
version = 07?

=> no, return error

test the hardware ID

if 0, we accept any gamma
type = sample card?
=> no, return error

get current gamma in A0
get size of formula in new
same as current gamma table
=>no, resize pointer
get number of tables in new
same as current gamma table?
=> yes, data size ok
=> new one is bigger,

save old one

if new one smaller, dispose

flag it's been disposed

get number of entries
multiply by number of tables
add size of formula data

add gamma table header size
and allocate a new pointer

=> unable to allocate storage
get old gamma table

save new gamma table

was there an old one?

=> no, already disposed

else get old table

and dispose of old gamma table
get new gamma table back

573



@SizeOK MOVE GChanCnt (A2) ,D0 ; get number of tables
MOVE GFormulaSize (A2),D1 ; get size of formula data
MOVE gbhataCnt (A2),D2 ; get number of entries
MOVE.L (A2)+, (AO0) + ; copy gamma header
MOVE.L (A2)+, (AOD) + ; which is
MOVE.L (A2)+, (AO) + ; 12 bytes long

; Copy the data

MULU DO, D2 ; multiply by number of tables
ADD D1,D2 ; add in size of formula data
SUBQ #1,D2 ; get count - 1
@NxtByte MOVE.B (A2)+,DO0 ; get a byte
MOVE.B DO, (AOQ) + ; move a byte
DBRA D2, @NxtByte ; => repeat for all bytes
SGExit
BTST #DirectFlag,GFlags (A3) ; 1s it in direct pixel mode?
BEQ.S OutOHere ;
BSR DirectCLUTRamps ; put RGB channels up in
; direct mode
OutOHere
BRA Ct1lGood ; => return no error

; Set up a linear gamma table. To prevent memory thrash, build this new one the same
size as ; the existing one (one or three channel)

7

LinearTab

MOVE.L saveGammaPtr (A3),A0 ; get current gamma in A0

MOVE.W GFormulaSize (A0),DO ; get size of formula in new

MOVE.W GChanCnt (AQ) ,D2 ; get the number of tables

SUBQ #1,D2 ; zero based, of course

ADDA #GFormulaData, AQ ; point to tables

ADDA DO, A0 ; skip over formula data
@ChanLoop MOVE.W #255,D0 ; loop count within each channel
@entryLoop NOT.B (A0) + ; invert it to make table

; ramp properly

DBRA D0, @entryLoop ; for each entry in channel

DBRA D2, @ChanLoop ; and each channel

BRA SGExit

ENDWITH
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GrayPage

Fill the specified page in the current mode to 50% dithered gray

= ptr to DCE
A2 = ptr to cs parameter record

A3 ptr to private storage
ey
WITH VidLocals,VDPageInfo
MOVE saveMode (A3) ,D1 ; D1 = mode
MOVE D1, csMode (A2) ; force current mode for ChkPage
BSR ChkMode ; convert mode to depth in D1
BNE CtlBad ; => not a valid depth
MOVE csPage(A2),D0 ; DO = page
BSR ChkPage ; check page
BNE CtlBad ; => not a valid page
BSR GrayScreen ; paint the screen gray
BTST #DirectFlag, GFlags (A3) ; is it in direct pixel mode?
BEQ.S Leave H
BSR DirectCLUTRamps ; put RGB channels in direct
mode
Leave
BRA CtlGood ; => return no error
ENDWITH
SetGray

Set luminance mapping on (csMode = 1) or off (csMode = 0)

’
; When luminance mapping is on, RGB values passed to setEntries are mapped to
; gray-scale equivalents before they are written to the CLUT.

ptr to DCE
ptr to cs parameter record

>
[\S]
nn

WITH VidLocals

MOVE.B csMode (A2) ,DO0 ; get flag value
BFINS DO,GFlags(A3) {0:1} ; set flag bit
BRA CtlGood ; all done
ENDWITH
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SetInterrupt

@ e o e A e e e e e T o T = = = = = > = ——_—— = = —— =" = —— = " ——————_————

Enable (csMode = 0) or disable (csMode = 1) VBL interrupts.

’

: This routine enables and disables the interrupt source on the card, and
: installs or removes the slot queue interrupt element. It doesn't

; allocate or dispose memory.
’

Al = ptr to DCE
A2 = ptr to cs parameter record
A3 = ptr to private storage

B e e e e e e e e T o =t = = = = o T = . —_— — ———

WITH VidLocals, VDPageInfo, SlotIntQElement

MOVE. csMode (A2) , DO ; get flag value

BFINS DO,GFlags(A3){1:1} ; set flag bit

BNE.S DisableThem ; if zero, then enable

; This code enables interrupts and installs the interrupt handler

BSR.S EnableVGuts ; call common code
BNE CtlBad ; error, flag problem
BRA CtlGood ; and go home

; This code disables VBL interrupts, then removes the interrupt handler

DisableThem BSR.S DisableVGuts ; jump to the disabling utility
BRA CtlGood ; all done

The following two routines are common code shared between the Open call and the
SetInterrupt control call

Se Se Ne S

DisableVGuts
CLR DO ; clear DO.W
MOVE.B dctlSlot (Al),DO ; set up slot # for _SIntRemove

; <DEVICE-SPECIFIC> disable the NMRQ interrupt source here

MOVE.L saveSQE1Ptr (A3),A0 ; get the SQ element pointer
_SIntRemove ; remove the interrupt handler
RTS
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EnableVGuts

MOVE.L
MOVE.W
LEA

MOVE.L

MOVE.L

MOVE.B
_SIntInstall
BNE. S

saveSQELlPtr (A3),A0
#SIQType, SQType (A0)
BeginIH, A2

A2, SQAAdr (A0)

Al, SQParm(AQ)

dctlSlot (Al),DO

IntBad

Ne Ne Se we ~e

~e Ne ~e e

get the queue element pointer
set up queue ID

get pointer to interrupt
handler

set up int routine address

this field is passed to the
handler, and can be any
convenient value

(here, the DCTlHandle)

and do install

; <DEVICE-SPECIFIC> enable the NMRQ interrupt source here

’

; in the event there is a problem,

’

IntBad

RTS

MOVEQ
RTS

ENDWITH

#1,D0

return Z-flag off

’

’

return home

clear Z bit
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DirectSetEntries

This card allows specialized applications to change the color table hardware
(if present) while in direct pixel modes. It has exactly the same

interface as SetEntries, but does not return an error when called in

direct mode. If the current mode is an indexed mode, then this routine
returns CtlBad.

Al = ptr to DCE
A2 = ptr to cs parameter record
A3 = ptr to private storage
§ e e e e
WITH VidLocals
BTST #DirectFlag,GFlags (A3) ; test if the mode is a
; direct one
BEQ.S CtlBad ; i1f not, then return an error
BRA SECore ; call the SetEntries routine
ENDWITH
SetDefaultMode

~e ~e ~e

Se Se o Se Se we we o

578

Write the spID of the card's new default mode into slot PRAM. This routine
is used to support video mode families. Via its monitor type sensing
capabilities, PrimaryInit can decide which of the video sResource lists
should be selected at startup. When the new Slot Manager is present, it is
possible to designate inactive alternate video sRsrc lists as well as the
primary list. These alternate sRsrcs appear in the Options dialog box of the
Monitors cdev, and allow the alternate mode to be selected as the primary
display mode upon reboot. The selection of the default sRsrc list is set in
slot PRAM by a call to this routine. Note that alternate sRsrcs should
always generate video timing that is compatible with the connected monitor.
Noncompatible timings should only be selected via monitor sense-line
detection.

Al = ptr to DCE
A2 = ptr to cs parameter record
A3 = ptr to private storage

WITH VidLocals, spBlock,VDFlagInfo

Set up a slot parameter block on the stack

SUBA #spBlockSize, SP ; make an spBlock on the stack
MOVE.L SP, A0 ; get pointer to parm block now
MOVE.B dCctlsSlot (Al),spSlot (A0) ; put slot in pBlock
CLR.B spExtDev (AQ) ; external device = 0

Read the slot PRAM to determine what the currently saved mode is. The first byte is
the board ID, followed by the default screen depth. This sample keeps the default
spID in VendorUse2. Remember that, for video cards only, VendorUsel is reserved for
the system to identify the spID of the structure that contains the current screen
depth.
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It is very

Ne Ne Ne o Se Ne Ne oNe oS s

resource if this call is exercised.

Manager routines.
screen depth in PRAM.

SUBA #SizesPRAMRec, SP
MOVE.L SP, spResult (AQ)
_sReadPRAMRec

important that Monitors (or someone)

MOVE.B csMode (A2) ,3 (SP) ;
MOVE.L SP, spsPointer (A0) ;
_SPutPRAMRecC H
ADDA #SizesPRAMRec+spBlockSize, SP
BRA CtlGood

ENDWITH

’
’

’

The parameter list ID (identifying the screen depth)

allocate block for PRAM record
point to it
read it

in 2(SP) is still wvalid.

invalidate and set up the screen
The information on how to set up the 'scrn'
resource for the next boot is all available with judicious use of the new Slot
Monitors is also responsible for setting up the new default

write the mode into PRAM
buffer

set up parameter block
write the new record out
; deallocate buffer

VideoClose

Entry:

releases the device's private storage and removes the interrupt handler.

I’
VideoClose

A0 = param block pointer

Al = DCE pointer

WITH VidLocals

MOVE A3, -(SP)

MOVE.L dCtlStorage (Al),A3
MOVE.L (A3),A3

BSR DisableVGuts
MOVE.L saveSQE1Ptr (A3),A0
_DisposPtr

MOVE.L saveGammaPtr (A3) ,A0
_DisposPtr

MOVE.L dCtlStorage(Al), A0
_DisposHandle

MOVEQ #0,D0

MOVE.L (SP)+,A3

RTS

ENDWITH

save A3
get pointer to private storage
deactivate interrupts

get interrupt handler queue
elem

dispose it

get pointer to gamma table
dispose it

dispose of the private storage

no error
restore A3
and return
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VideoStatus

parameters

relative

StatJumpTbl

StatBad

StatGood
StatDone

Error
Error
GetMode
GetEntries
GetPage
GetPageBase
GetGray
GetInterrupt
GetGamma
GetDefaultMode
A0 = param block
Al = DCE pointer
DO = error code
MOVEM.L A0/D1/D2, - (SP) ; save some registers
MOVE.W csCode (A0),DO ; get the selector
MOVE.L csParam(AQ) ,A2 ; A2 <- ptr to control
MOVE.L dCtlStorage(Al),bA3
MOVE.L (A3),A3 ; get pointer to private storage
CMP.W #9,DO0 ; 1f csCode not in [0..9] then
BHI.S StatBad ; error, csCode out of bounds
MOVE.W StatJumpTbl (PC,D0.W*2) ,D0 ; get the routine’s
; offset
JMP StatJumpTbl (PC,D0.W) ; jump to it
DC.W StatBad-StatJumpTbl ;$00 => Error
DC.W StatBad-StatJumpTbl ;$01 => Error
DC.W GetMode-StatJumpTbl ;$02 => GetMode
DC.W GetEntries-StatJumpTbl ;$03 => GetEntries
DC.W GetPage-StatJumpTbl ;$04 => GetPage
DC.W GetPageBase-StatJumpTbl ;$05 => GetPageBase
DC.W GetGray-StatJumpTbl ;$06 => GetGray
DC.W GetInterrupt-StatJumpTbl ;$07 => GetInterrupt
DC.W GetGamma-StatJumpTbl ;508 => GetGamma
DC.W GetDefaultMode-StatJumpTbl;$09 => GetDefaultMode
MOVEQ #statusErr, DO ; else say we don't do this one
BRA.S StatDone ; and return
MOVEQ #noErr, DO ; return no error
MOVEM.L (SP)+,A0/D1/D2 ; restore registers
BRA ExitDrvr
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GetMode

H
7
; Return the current mode.
H
’
’
’

Inputs : A2 = pointer to csParams
A3 = pointer to private storage

gy g

WITH VidLocals,VDPageInfo

MOVE.W saveMode (A3) ,csMode (A2) ; return the mode

MOVE.W savePage (A3),csPage(A2) ; return the page number

MOVE.L saveBaseAddr (A3),csBaseAddr (A2) ; and the base address

BRA.S StatGood ;

ENDWITH
GetEntries

h
; Read the current contents of the CLUT. This routine, unlike SetEntries,
: doesn't return an error if the device is in direct mode. No attempt

H is made to reverse the effects of gamma table adjustment.

; Inputs : A2 = pointer to csParams

WITH VidLocals
MOVE. csTable (A2),D0 ; check for a nil pointer
BEQ.S StatBad

<DEVICE-SPECIFIC>

Hardware implementations vary greatly here. Usually, based on the csStart
arameter,

the code should support both sequential and indexed CLUT writes. If these routines
use substantial stack space, they should be careful to check that this amount of
space is available.

RO TR TR T ¢ JRCHR T PR

BSR HWGetCLUT ; left as an exercise for
; the reader

BRA StatGood ; => return no error

ENDWITH
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Return the number of pages in the specified screen depth. The number of

pages 1is always a counting number,

not zero-based. Page counts are

only visible for the various depths in this video sResource.

WITH

MOVE
MOVE
BSR
BGT
SUB
MOVE.L
MOVE.W
MOVE.W

ADD.W
BRA

ENDWITH

GetPageBase

ID

@2

582

WITH

MOVE
MOVE

BSR
MOVE.W
BSR
BNE
MOVE

SUB
MOVE.L
MULU
MULU
ADD.L

ADD.L
MOVE.L
BRA

ENDWITH
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VidLocals,VDPageInfo

csMode (A2) ,D1

D1,D2

ChkMode

StatBad
#FirstvidMode, D2
saveVidParms (A3) , A0
D_Pages (A0,D2*4) ,D1
D1, csPage (A2)

#1, csPage (A2)
StatGood

VidLocals, VDPageInfo

saveMode (A3) ,D1
D1, csMode (A2)

ChkMode

csPage (A2),D0
ChkPage

StatBad
saveMode (A3),D1

#0OneBitMode, D1
saveVidParms (A3) , A0

(D_RowBytes,A0,D1*2),DO0

D_Height (A0),DO
#defmBaseOffset, DO

dCt1lDevBase (Al), DO
DO, csBaseAddr (A2)
StatGood

Ne Ne o Ne Ne o Se o Ne o Ne o Ne Se oNe S

Ne Ne Se o Se Ne me o Se me e

get the mode

keep a copy

is this mode OK?

=> not a valid mode

mode, zero-based

get pointer to vid parameters

get the number of video pages

return page count (high byte
0 from ChkMode)

turn into a counting number

=> return no error

get the current mode

force current mode, just in
case for ChkPage

convert to depth in D1

get the reguested page

is the page valid?

=> no, just return

get the current screen depth

make it zero based

point to data table

calc page * rowBytes

calc page * rowBytes * height

here's the QuickDraw offset
value to be added

add base address for card

return the base address

=> return no error



’

;

; Return a Boolean, set true if luminance mapping is on.
H

WITH VidLocals,VDFlagInfo

BFEXTU GFlags(A3){0:1},D0 ; get the state of flag

MOVE.B DO, csMode (A2) ; return value

BRA StatGood ; => and return

ENDWITH
GetInterrupt
et
; Return a Boolean in csMode, set true if VBL interrupts are disabled.
H
e

WITH VidLocals, VDFlagInfo

BFEXTU GFlags(A3){1:1},D0 ; get the state of flag

MOVE.B DO, csMode (A2) ; return value

BRA StatGood ; => and return

ENDWITH
GetGamma

WITH VidLocals

MOVE.L saveGammaPtr (A3) ,csGTable (A2) ; return the pointer

BRA StatGood ; and return a good result
ENDWITH
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GetDefaultMode

Read the card default mode from slot PRAM.
= ptr to DCE
A2 = ptr to cs parameter record

= ptr to private storage

WITH spBlock,VDFlagInfo

Set up a slot parameter block on the stack

~

SUBA #spBlockSize, SP ; make an spBlock on stack
MOVE.L SP, A0 ; get pointer to parm block now
MOVE.B dctlslot (Al),spSlot (A0) ; put slot in pBlock

CLR.B spExtDev (A0) ; external device = 0

Read the slot PRAM to determine what the currently saved mode is. The first byte is
the board ID, followed by the default mode. This sample keeps the new default video
mode in VendorUse2, which is what is returned as the result of this routine.

Se Se Se Se s

SUBA #SizesPRAMRec, SP ; allocate block for PRAM
; record

MOVE.L SP, spResult (A0) ; point to it

_sReadPRAMRec ; read it

MOVE.B 3(SP),csMode (A2) ; return the result

ADDA #SizesPRAMRec+spBlockSize, SP ; release buffer

BRA StatGood

ENDWITH

ExitDrvr BTST #NoQueueBit, ioTrap (A0) ; no queue bit set?
BEQ.S GoIODone ; => no, not immediate
RTS ; otherwise, it was an immediate
H call
GoIODone MOVE.L JIODone, A0 ; get the IODone address
JMP (A0) ; invoke it
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Verifies that the screen depth is available in this video sResource.

-> A3: pointer to driver privates.

!
H -> D1: mode
H Returns EQ if mode is valid. All registers preserved

WITH VidLocals
MOVE.L AQ,-(SP) ; save a register
CMP.W #FirstvidMode, D1 ; compare to lowest mode ($80)
BMI.S ModeBad ; exit with bad mode
MOVE.L saveVidParms (A3) ,A0 ; point to parameters for this mode
CMP.W D_MaxDepthID(A3),D1 ; compare to depth range for this
; config
BGT.S ModeBad ; exit 1f out of range
ModeOK CMP.W D1,D1l ; get EQ
ModeBad MOVE.L (SP)+,A0 ; restore saved register (doesn't
: affect flags)
RTS ; EQ if valid depth
ENDWITH

’

; Checks to see if the page number in DO is valid for the depth in D1.
H -> DO: page

; -> D1l: depth

; -> A3: pointer to driver privates

Returns EQ if page is valid. All registers preserved.

WITH VidLocals

MOVEM.L D2/Al, - (SP) ; save work registers

MOVE.W saveMode (A3) ,D2 ; get offset to page data
SUB.W #OneBitMode, D2 ; zero-based offset in D2
MOVE. saveVidParms (A3) ,Al ; get pointer to data tables
CMP.W D_Pages (Al1,D2*4),D0 ; compare to zero-based page count
SGT D2 ; set flag if too big

TST.B D2 ; and test condition

MOVEM.L (SP)+,D2/A1 ; restore work registers

RTS

ENDWITH
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HWSetDepth

@ e e e e = e e e s = o = - = = —_—— — —— = ——— —-—

This utility sets the screen depth hardware.

-> Dl: new screen depth ID (already verified)
Al: DCE pointer

-> A2: parameter block pointer

-> A3: private storage pointer

Preserves all registers.

i
i

7

i

’

; ->
’

1

7

'

i

& e e e e, e, e — e ——— . ————

<DEVICE-SPECIFIC>

screen depth change here.

Se No Se we Ne e

RTS
HWSetPage

The base of a page is at dCtlDevBase + defmBaseOffset +

’

: -> DO0: new page number (already verified)

; -> Dl: new screen depth ID (already verified)

: -> Al: DCE pointer

; -> A2: parameter block pointer

; -> A3: private storage pointer

; <- DO: return the base address

3 o
WITH VidLocals
MOVEM.L AQ/D1,-(SP) ;
MOVE saveMode (A3),D1 ;
SUB #OneBitMode, D1 ;
MOVE.L saveVidParms (A3) ,A0 ;
MULU D_RowBytes (A0,D1*4),D0 ;
MULU D_Height (A0), DO ;
ADD.L #defmBaseOffset, DO ;

<DEVICE-SPECIFIC>

Se Se Se Se s

ADD.L dCtlDevBase(Al), DO ;
MOVEM.L (sp)+,A0/D1 ;
RTS ;
ENDWITH
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Set the screen page based on this offset information here

Simply convert the screen depth ID to information appropriate to performing a

(page * RowBytes * height).

save some registers

get the current

make it zero based

point to data table

calc page * rowBytes

calc page * rowBytes * height
add QD offset

add the card base address

restore all registers
and return



GrayScreen

7
; -> D0: page to gray
H -> A3: private storage pointer

All registers are preserved.

WITH VidLocals
MOVEM. L DO-D7/A0-Al, - (SP) ; save all registers
MOVE saveMode (A3) ,D1 ; get the mode
SUB #FirstvVidMode, D1 ; make it zero based
LEA Pats,Al ; get a pointer to the pattern
; table
MOVE.L (Al,D1*4),D5 ; D5 = the proper pattern
MOVE.L D5, D6 ; copy it
NOT.L D6 ; and invert for 32bpp
MOVE.L saveVidParms (A3),Al ; point to data table
MOVE.W D_RowBytes (Al,D1*4),D4 ; D4 = rowbytes for the screen
MOVE.W D_Height (Al),D3 ; D3 = screen height
MULU D4, D0 ; rowbytes*page
MULU D3, D0 ; rowbytes*page*height
MOVE.L DO, Al ; get base address in A-reg
ADDA #defmBaseOffset, Al ; add offset
SUBQ #1,D3 ; make height zero based
MOVE.L Al,A0 ; point to the start
LSR #2,D4 ; get longs per row
SUBQ #1,D4 ; make count zero based
LEA @Continue32, A0 ; make the PC 32-bit clean
MOVE.L A0,DO ; get in DO
_StripAddress B
JMP (AO,DQO) ; OK with the 68020
@Continue32
MOVEQ #true32b, DO ; switch to 32-bit addressing
; mode
_SwapMMUMode ; flip to 32
@NxtRow MOVE.L D4,D2 ; reload rowcount each time
@NxtLong MOVE.L D5, (A0) + ; write longword pattern to
; screen
CMP.W #SixthvidMode-FirstvVidMode,D1 ; if we don’t have 32bp
BNE.S @QLittlePix ; go on
MOVE.L D6, (AQ) + ; write longword pattern to
; screen
QLittlePix DBF D2, @NxtLong ; for the entire line
NOT.L D5 ; invert pattern
NOT.L D6 ; for 32bpp, too
DBF D3, @NxtRow ; do it for all screen lines
_SwapMMUMode ; flip back to previous
; addressing
MOVEM. L (SP)+,D0-D7/A0-A1 ; restore all registers
RTS ; and return
Pats DC.L OneBitGray, TwoBitGray, FourBitGray, EightBitGray
DC.L SixteenBitGray, ThirtyTwoBitGray
ENDWITH
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GrayCLUT

’
; This utility fills the entire CLUT with 50% gamma-corrected gray in support of
; video mode changes.

All registers are preserved.

<DEVICE-SPECIFIC>
Find the appropriate 50% gray level and load the CLUT such that all pixel values
produce this color on the screen.

RTS
DirectCLUTRamps

!
’
; This utility is called in direct pixel modes to fill the CLUT hardware with linear
; ramps in the R, G, and B channels. Note that these ramps run from 0 to all ones

; ASCENDING rather than descending as is normal in indexed modes (black = {0,0,0}

; in direct modes).

; All registers are preserved.

<DEVICE-SPECIFIC>

Generate a linear ramp from 0 to all ones and set this ramp in each channel of the

RTS
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; On entry, Al contains the SQParm value passed to _sIntInstall above
; (in this case the DCE handle)

BeginIH MOVE.L (Al),A0 ; deref the handle

<DEVICE-SPECIFIC>

Clear the NMRQ interrupt here

Se Se Se Se e

MOVEQ #0,D0 ; clear DO

MOVE.B dctlsSlot (A0),DO ; setup the slot number

MOVE.L JVBLTask, A0 ; call the VBL task manager
JSR (A0) ; with slot # in DO

MOVEQ #1,D0 ; signal that int was serviced
RTS ; and return to caller
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Data tables

These tables contain information for the driver about available modes and screen
size information.

MaxDepthID = spID of maximum screen depth supported where:

1-bit = $80 FirstVidMode

it = $81 SecondVidMode
4-bit = $82 ThirdvidMode

8-bit = $83 FourthvVidMode
16-bit = $84 FifthvidMode
32-bit = $85 SixthvidMode

Note: If your tables are very large, then you should consider making an

sResource directory for them. This way you won’t be filling up the system
heap unnecessarily. The spID for your directory should be in the nonreserved
range of your functional sRsrcs.

Small24Parms
MaxDepth DC.W $83 ; maximum screen depth ID
Height DC.W  defmBounds_Bs ; screen height
Pages DC.W Pagesls ; number of screen pages
RowBites DC.W RBls ; rowbytes for this mode
DC.W Pages2s,RB2s ; pages, rowbytes
DC.W Pagesds,RB4ds ; pages, rowbytes
DC.W Pages8s,RB8s ; pages, rowbytes
Small32Parms
DC.W $85 ; maximum screen depth ID
DC.W defmBounds_Bs ; screen height
DC.W Pagesls,RBls ; pages, rowbytes
DC.W Pages2s,RB2s ; pages, rowbytes
DC.W Pages4s,RB4ds ; pages, rowbytes
DC.W Pages8s, RB8s ; pages, rowbytes
DC.W Pagesl6s,RBl6s ; pages, rowbytes
DC.W Pages32s,RB32s ; pages, rowbytes
BigParms
DC.W $83 ; maximum screen depth ID
DC.W defmBounds_Bb ; screen height
DC.W Pageslb,RB1lb ; pages, rowbytes
DC.W Pages2b, RB2b ; pages, rowbytes
DC.W Pages4b, RB4Db ; pages, rowbytes
DC.W Pages8b, RB8b ; pages, rowbytes
OneParms
DC.W $80 ; maximum screen depth ID
DC.W defmBounds_Bs ; screen height
DC.W Pagesls,RBls ; pages, rowbytes
D_MaxDepthID EQU MaxDepth-Small24Parms
D_Height EQU Height-Small24Parms
D_Pages EQU Pages-Small24Parms
D_RowBytes EQU RowBites-Small24Parms
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Appendix D 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 PAL16R8,B SLAVE, NuBus slave controller

Version: 1.1

names

/CLK

/ACK /MYSLOT
Gnd /OE
A19D11L TMI1L
Vce

/START /RESET

A18D10L MASTER

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

/MASTER := RESET
{initialization}
/MASTER * /SLAVE
/MASTER * /TMI1L
/MASTER * /A19D11L
/MASTER * A18D10L

{holding term;

+ o+ o+ +

/MSTDN /TM1 Al9D11 A18D10

/romoel /ROMOE /ACKCY SLAVE

DeMorgan of START * /ACK * MYSLOT}

DeMorgan of:

SLAVE * TM1L * Al8D11L * /A18D10OL }

+ MASTER * MSTDN
{clearing term,

ROMOE .=
* /RESET
{ latching term,
+ ROMOE * /ACKCY
* /RESET

at end of MASTER cycle}

START * /ACK * MYSLOT * /TM1 * Al19D11 * Al8D10

when decoding a READ to us }

{ holding term thru access }

romoel := ROMOE

{ simply a delayed ROMOE for cycle timing }
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ACKCY := START * /ACK * MYSLOT * TM1
{fast cycle for WRITES}
+ /ACKCY * SLAVE * /ROMOE
{slow cycle for non-ROM READS}
+ /ACKCY * ROMOE * romoel * /Al19D11L
{slower cycle for ROM }

/TM1L := RESET
+ /TM1 * START * /ACK * MYSLOT
{setting term, during address cycle}
+ /TM1L * /START

+ /TMI1L * ACK
+ /TMI1L * /MYSLOT
/A19D11L := /Al19D11 * START * /ACK * MYSLOT * /MASTER

{setting term, during SLAVE address cycle}
+ /A19D11lL * SLAVE * /TM1L
+ /A19D11L * SLAVE * TMI1L * /A19D11L
+ /A19D11lL * SLAVE * TM1L * A18D10L
{holding terms for SLAVE accesses}
+ ROMOE * romoel
{ timing term for ROM reads }
+ /A19D11 * SLAVE * TMI1L * Al9D11L * /A18D10L
{setting term for MASTER start}
+ /A19D11L * MASTER
{holding term for MASTER}

/A18D10L := /A18D10 * START * /ACK * MYSLOT

{setting term, during address cycle}

+ /A18D10L * SLAVE * /TMI1L

+ /A18D10L * SLAVE * TMI1L * /A19D11L

+ /A18D10L * SLAVE * TMI1L * A18D10L
{holding terms for SLAVE accesses}

+ /A18D10 * SLAVE * TMI1L * Al19D11L * /A18D10L
{setting term for MASTER start}

+ /A18D10L * MASTER
{holding term for MASTER}

.notes

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

.end
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.ident PAL16L8,B (ARB2), Nubus Arbitration logic

Version: 1.1
.names
ncl /ARB nc3 ncé ncb /ID3 /ID2 /ID1 /IDO
gnd
/ARBOi /ARBOo /ARB1 /ARB2 /ARB3 arbloe arbloe arb2oce GRANT
vee
.equations

.if[ ARB * ID3 ]
ARB3 = VCC;

/arb2oe = /ID3 * ARB3

.if[ ARB * arb2oe * ID2 ]
ARB2 VCC;

H

/ID3 * ARB3
+ /ID2 * ARB2

/arbloe

.1f[ ARB * arbloe * ID1 ]
ARB1 VCC;

i}

H

/ID3 * ARB3
+ /ID2 * ARB2
+ /ID1 * ARB1

/arbloe

.1f[ ARB * arblOoe * IDO ]

ARBOo = VCC;

/GRANT = /ID3 * ARB3
+ /ID2 * ARB2
+ /ID1 * ARB1
+ /ID0 * ARBOi

.notes

ARB is resporisible 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 technigque to minimize skews.

.end
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.ident PAL16R8,B MASTER2, NuBus master controller for test card.

.equations

ARBCY

ADRCY

DTACY

OWNER

Version: 1.3
.names
/CLK
MASTER GRANT /RQST /START /ACK MASTERD /RESET A17D9
gnd /oe
A17D9L /LOCKED /arbdn /busy /OWNER /DTACY /ADRCY /ARBCY

fcc

:= MASTER * MASTERD * /OWNER * /ARCBY * /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}

:= /A17D9L * /OWNER * ARBCY * arbdn * GRANT * /busy * /START
+ /A17D9L * /OWNER * ARBCY * arbdn * GRANT * Dbusy * ACK
{START* if not locking}
+ OWNER * LOCKED * /ADRCY * /DTACY
* MASTER * /RESET
{START* for locking case, after LOCK-ATTN}

:= ADRCY
{assert after START*}
+ DTACY * /ACK
* MASTER * /RESET
{hold until ACK*}

:= 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 fur NULL-ATTN}
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busy := /busy * START * /ACK
{beginning of transaction}
+ busy * /ACK
* /RESET
{hold during cycle}

arbdn := ARBCY */START
{when arbitrating, force delay}

LOCKED := Al7D9L * ARBCY * arbdn * GRANT * /busy * /START

+ A17D9L * ARBCY * arbdn * GRANT * Dbusy * ACK
{set for LOCK-ATN}

+ LOCKED * /DTACY

* MASTER * /RESET

+ LOCKED * DTACY * /ACK

* MASTER * /RESET
{clear on NULL-ATN}

.
’

/A17D9L ;= /A1l7D9 * /MASTER
{latching term}
+ /A1l7D9L * MASTER
{holding term}
+ LOCKED
{clearing term, prevent another ADRCY}

.notes

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 ADRCLY for 1 clock; we
originally had overlap to try to eliminate decoding glitches.

.end
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.ident PAL16L8,B MISC2, local bus/transceiver controls.

Version:
.names

CLK

MASTER

.equations

GBA

/CAB

/GAB3

/GAB210

ACLK

ACE

1.2
SLAVE TM1L A19D11L A18D10L /ARBCY ADRCY DTACY
gnd
GAB210 /GBA CAB /DOE /AQE /DCLK /ACLK
vee

SLAVE * /TM1L
{SLAVE read of card}
MASTER * ADRCY
{MASTER address cycle}
MASTER * DTACY * A19D11L{TM1}
{MASTER data cycle, when writing}

SLAVE + /CLK
{ DeMorgan of: /SLAVE * CLK }

SLAVE * /TM1L
{any SLAVE read}

MASTER * /ADRCY * /DTACY
{MASTER loading address}

MASTER * A19D11L{TM1}
{MASTER write}

SLAVE * /TM1L * /ROMOE
{SLAVE, non-ROM, read}

MASTER * /ADRCY * /DTACY
{MASTER loading address}

MASTER * A19D11L{TM1}
{MASTER write}

SLAVE * CLK * TM1L * /A19D11L * /Al18D10L
* /ROMOE
{SLAVE write to address reg}

SLAVE * /TM1L * /A19D11L * /A18D10L
* /ROMOE
{SLAVE read of address reg}
MASTER * /ADRCY * /DTACY
{MASTER address cycle}
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DCLK = SLAVE * CLK * TM1L * /A19D11L * Al18D10L

* /ROMOE
{SLAVE write to data reg}
+ MASTER * DTACY * /JA19D11L{/TM1} * CLK

{MASTER read}

DOE = SLAVE * /TM1L * /A19D11L * A18D10L
* /ROMOE
{SLAVE read of data reg}
+ MASTER * DTACY * Al9D11L{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 PAL16LS8,B NBDRVR2, NuBus bus driver.
Version: 1.3
.names

/ACKCY /ARBCY /ADRCY /DTACY /OWNER /LOCKED nc7 Al19D11L A18D10L

Gnd
ncll /TMO /TM1 /tmoe /MSTDN /rgstoe /ACK /START /RQST
Vee
.equations
rgstoe = ARBCY * /ADRCY

{hold until START* for normal case}
+ ARBCY * LOCKED
{hold until NULL-ATTN for locked case}

.1f[ rgstoe ]

RQST = Vcc;
.if[ OWNER ]
START = /DTACY
{START* for all non-DTA cycles}
tmoe = ACKCY

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

- ’

.1f[ tmoe ]
ACK = ACKCY
{SLAVE response}
+ OWNER * /ADRCY
{for NULL-ATTN, LOCK-ATTN}
.1if[ tmoe ]
T™1 = ACKCY

{SLAVE response}
+ OWNER * ADRCY * Al9D11L

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

{set for NULL-ATTN}
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L1f[ tmoe ]
TMO = ACKCY
{SLAVE response}
+ OWNER * ADRCY * Al18D10L
{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

This version corresponds to the "official" 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 RQST 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-ATTN 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.

.end

600  Designing Cards and Drivers for the Macintosh Family



Appendix E PAL Listing 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 PAL16RS8,B stNUBUS1l, control for NuBus SCSI test card.

Version: 1.1
.names
clk
/START  /ACK /mySLOT /mySUPER /TM1 ne7 ncs8 /RESERT
gnd /oe
ncl2 ncl3 nclé /82 /S1 /SUPER /SLOT /IOR
vce
.equations
IOR := START * /ACK * mySLOT * /TM1 * /RESET
+ START * /ACK * mySUPER * /TM1 * /RESET
{ set on READ to our SLOT }
+ IOR * /82 * /RESET
{ hold until end of transaction }
SLOT := START * /ACK * mySLOT * /RESET
{ select when access to us }
+ SLOT * /S2 * /RESET
{ hold thruout cycle }
SUPER := START * /ACK * mySUPER * /RESET
{ select when access to us }
+ SUPER * /S2 * /RESET
{ hold thruout cycle }
S1 := SLOT * /S1 * /RESET
+ SUPER * /S1 * /RESET
+ S1 * /82 * /RESET
S2 := 81 * /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 PAL16L8,B stNUBUS2, control for NuBus SCSI test card.

Version: 1.0
.names
/CLK nc2 /SLOT /SUPER /S1 /S2 nc’7 DRQ IRQ
gnd
/INTENB /NMRQ ncl3 /ackoe /TMO /TM1 /ACK DCLK ACLK
vce
.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 }

.if[ ackoe ]
ACK = 82

.if[ ackoe ]
™1 = 82

.if[ ackoe ]
T™O0 = 82
{ assert ACK*, TM1*, 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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.ident PAL16L8,B stMISC, control for NuBus SCSI test card.

Version: 1.0
.names
/SLOT /SUPER /S1 /82 Al9 Al8 A9 TM1L nc9
gnd /oe
/RESET /IOW ncl3 ncl4 /INTENB /RAMCS /ROMCS /DACK /SCSI
Vcc
.equations
SCSI = SLOT * /Al9 * /Al8 * /A9 * /RESET
DACK = SLOT * /Al9 * /A18 * A9 * /RESET
ROMCS = SLOT * Al9 * AlS8 * /RESET
RAMCS = SUPER * /RESET
INTENB = SLOT * Al9 * /Al8 * A9 * /RESET
+ INTENB * /SLOT * /RESET
+ INTENB * /Al9 * /RESET
+ INTENB * AlS8 * /RESET
+ INTENB * A9 * /RESET
IOW = SLOT * TMIL * /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
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Glossary

ack cycle: See acknowledge cycle.

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/O 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 2" 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 a 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 Macintosh computers with NuBus,
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 cycle: 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.



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. See also
1X block transfer, 2X block transfer.

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.

boot: Another way to say start up. A computer
boots by loading a program into memory from an
external storage medium such as a disk. Starting
up is often accomplished by first loading a small
program, which then reads a larger program into
memory. The program is said to “pull itself up by
its own bootstraps"—hence the term
bootstrapping ot booting.

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 computers.

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

a bus lock may or may not include a resource
lock.
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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 state of the bus between start and
acknowledge cycles.

byte lane: Any of 4 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 computer.

byte smearing: A feature of MC68020 and
MC68030 processors that causes the data for
byte and word transfers to be replicated, or
smeared, across all 32 data lines.

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.

cache coherence: A property of a NuBus
module to maintain a cache in which data and
tags reside. These data and tags are used to
determine the ownership of data between
multiple processors and to maintain coherence,
or agreement, between data shared by the
processors and memory.

cache line: Blocks of data transferred by cache
memories.

cache memory: A feature that allows frequently
used data to be stored in a special buffer area
(cache) and accessed by logical addresses. Cache
memory improves overall performance by
increasing the availability of the bus to external
devices without degrading the performance of
the microprocessor.

cache snooping: See snooping.
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.
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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 16.8
million colors.

Color 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. See also 32-bit
QuickDraw.

configuration ROM: See declaration ROM.

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 that 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.

copyback: A NuBus transaction performed by a
master to write modified cache lines to memory.
It is typically used to free up cache lines to
service a read or write miss or flush data into an
I/O buffer. The copyback function can also be
used during context switching.

copyback cache: A cache that does not
propagate all write cycles to memory, but holds
the data in the cache until the cache line holding
the data must be reused.

CPU (central processing unit): See
processor.

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 identifying the
card and its functions, and that 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 video 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 video device.
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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): Electronic disks
that appear to the user to be very fast, silent disk
drives but that 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.

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.

fixed video device: A video device that has a
color look-up table (CLUT) that cannot be
modified. Compare indexed video device.

format block: An element in a declaration ROM’s
firmware structure that provides a standard entry
point for other elements in the structure. 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.
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frequency modulation (FM): An IBM 3740-
compatible, single-density, disk-recording
format. Compare modified frequency
modulation (MFM).

functional sResource: An sResource in an
expansion card’s declaration ROM that describes
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.

amma table: A table that compensates for
nonlinearities in a monitor’s color response.

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; $A through $E for the Macintosh Quadra
900; $9 through $B for the Macintosh Ilcx; $C
through $E for the Macintosh Ilci; $D through $E
for the Macintosh Quadra 700; and $9 for the
Macintosh IIsi). 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.
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inactive: For an active-low signal; synonymous
with high, deasserted, unasserted, false, and
released.

indexed video 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
video 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.

longword: As used in Part II of this book, an
element of information consisting 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.

minor slot space: An Apple-specific term that
describes the first megabye of the 16 MB
standard slot space.

modified frequency modulation (MFM): An
IBM System 34-compatible, double-density,
disk recording format. Compare frequency
modulation (FM).

modulo: The integer N measured modulo 4 will
be the 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 some Macintosh computers. See also
bus interface logic, NuBus expansion slot.

NuBus expansion slot: A connector on the
NuBus in a Macintosh computer into which an
expansion card can be installed. The Macintosh
II, Macintosh IIx, and Macintosh IIfx have six
NuBus expansion slots; the Macintosh Quadra
900 has five; the Macintosh Ilcx and the
Macintosh Ilci have three; the Macintosh Quadra
700 has two; and the Macintosh IIsi has one.

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

1X block transfer: A block transfer in which
NuBus words are transferred at 2 10 MHz rate.

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 (PDS).
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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 1/O
devices by executing processor instructions.
Memory-mapped I/O port registers are
addressed as memory locations.

primary initialization code: 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.

pseudoslot 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 computers.

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

read hit: An operation in which a processor
successfully performs an initial read of data in
the cache. A read hit occurs when the requested
location within the memory cache is valid.
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read miss: An operation in which a processor
fails to perform an initial read of data in the
cache. A read miss occurs when the requested
location within the memory cache is invalid.

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
System 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 electrically different. See also
processor-direct slot (PDS).

68020 Direct Slot: The 96-pin expansion
interface connector used on Macintosh LC
computers to allow an expansion card direct
access to the MC68020 microprocessor. 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).

68040 Direct Slot: The 140-pin expansion
interface connector used on the Macintosh
Quadra 700 and Macintosh Quadra 900
computers to allow an expansion card direct
access to the MC68040 microprocessor. The
connectors are physically and electrically
identical. See also processor-direct slot (PDS).

slave: A NuBus card that responds to being
addressed by another card acting as a master.
The Macintosh 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: The time when 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 (a Macintosh computer with NuBus
provides from one to six slots). (2) A region in
address space (standard slot space) allocated
to a physical slot.

slot card: See expansion card.

slot ID: The hexadecimal number corresponding
to each card slot. For the Macintosh computers
with NuBus, 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 computer
ROM routines that communicate with an
expansion card’s declaration ROM and allow an
application to gain access to declaration ROM.

slot resource: See sResource (slot resource).

slot space: The address space assigned to
NuBus expansion cards and PDS expansion cards
that emulate NuBus cards in Macintosh
computers. See also standard slot space, super
slot space.

snarf: An action taken by a cache-coherent
master when it eavesdrops on a write-back
transaction and absorbs the data.

snooping: A hardware function that allows the
cache to monitor bus activity by alternate bus
masters.

snooping module: A module that snoops a
cache-coherent transaction between a NuBus
master and slave. See also snooping.

sResource (slot resource): 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), which 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 x are 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.
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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 FFFF.
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 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: A system extension to handle
direct color, as opposed to indexed color. In
System 7, the features of 32-bit QuickDraw are
included in Color QuickDraw. See also Color
QuickDraw.

time-out period: The time period that a bus
master waits for a nonresponding slave to
respond before generating a bus time-out error
code.

transaction: A complete NuBus operation such
as a read or write. In the Macintosh computers
with NuBus, 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
acknowledgment information.

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

tristate: A bus driver that drives a line low or high
or that doesn’t drive it at all.
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2X block transfer: A block transfer in which
NuBus words are transferred at a 20 MHz rate.

unasserted: For an active-low signal,
synonymous with &igh, 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.

word: An element of information. As used in Part
I of this book, a NuBus word is 32 bits long, a
NuBus halfword, 16 bits. As used in Part II of this
book, an MC68000, MC68020, MC68030, and
MC68040 word is 16 bits long; a longword, 32 bits
long.

write-back: An action taken by a NuBus
snooping module when it returns, or writes back,
its modified data to shared memory.

write-back cache: A cache that does not
propagate all write cycles to memory, but holds
the data in the cache until the cache line holding
the data must be reused. A write-back cache, or
copyback cache, is used in the NuBus cache-
coherency protocol.

write hit: An operation in which a processor
successfully performs an initial write of data to
the cache. A write hit occurs when the requested
location within the memory cache is invalid.

write miss: An operation in which a processor
fails to perform an initial write of data to the
cache. A write miss occurs when the requested
location within the memory cache is invalid or
when the data is shared.
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1X block read, NuBus
timing 67-68
1X block transfer errors, NuBus
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1X block write, NuBus 68-70
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68040 processor 379
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accessing 1/0 devices from an
expansion card 276, 290,
312, 340, 343, 352, 374

accessing RAM from an
expansion card 275, 291,
312, 340, 344-348, 358, 374

acknowledge cycles 32, 63
bus time-out 63
bus transfer complete 63
defined 45
error 63
/ACK signal 42-43
active-low signal 44
adapter card, Macintosh IIsi 31
adapter kit, Macintosh IIsi 128,
360
address allocations 134
addressing design philosophy,
NuBus 11
address space
Macintosh LC 270, 311
Macintosh Portable 270
Macintosh SE 270, 296-297
Macintosh SE/30 270, 341
Macintosh IIsi 343-351
NuBus 132-134
NuBus expansion 29, 34, 231
address translations, 24-to-32-bit
134
aliasing 34
Apple-defined sResource entries
163-164
video sResources 185
application-specific expansion
strategy 7
arbitration, NuBus 92, 97-105
contests 45, 101
logic mechanism 99
overview 98
signals 98
timing 101, 102
/ARBx signals 4243, 98
A/ROSE operating system 186
asserted, defined 44
/AS signal 288, 336

attention cycles
attention cache 64
attention null 64
attention-resource-lock 64,
104
coding 63
defined 44, 63
implementation rules 64
autosizing 71

B

/BERR signal 32, 288, 336
/BGACK signal 336
/BG signal 336
block data transfers, NuBus 3, 45,
66-80
block read, NuBus 67
timing 73
block write, NuBus 68
timing 76, 79
BoardIdentry 174
board sResource 144, 174
ID numbers 174
/BR signal 336
bus arbitration timing, NuBus
117-118
bus error signal (/BERR) 32, 288,
336
bus locking 45, 103
/BUSLOCK signal 339
bus master priority, Macintosh
Quadra—family computers
374
bus parking, NuBus 105
bus request signal (/RQST) 98
byte lanes, NuBus 137-138, 158
byte swapping, NuBus 137
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cache card, Macintosh Ilci
electrical design guidelines
527-528
mechanical design guidelines
528-529
power budget 530
cache coherency, NuBus 58,
81-92
defined 46
cache connectors, Macintosh Ilci
electrical description 524
pinout 522
signal descriptions 523
signal loading and driving
525-527
cache lines 82
cache memory, defined 81
cache memory expansion,
Macintosh Ilci 517-528
address space 520
cache connector 521
control trap 520
how cache works 519
overview 518
CACHE signal 361,527
timing 527
cards, NuBus
component placement 121
defined 46
description 121
spacing 121
thickness 121
card selection logic, Macintosh LC
312
card-specific drivers, NuBus 190
/CBACK signal 336
/CBREQ signal 336
C8M signal 288
/CIOUT signal 336
/CLK signal 42-43
/CLK2XEN signal 52
/CLK2X signal 43, 52,71
Close routine 203
CLUT devices 183
cold-start, modem 499, 511
color look-up table (CLUT) 183,
252

Color QuickDraw 182, 183, 201,
213
communication standards,
modem expansion
interface 514
compliance categories, NuBus 94
driver-supported cards 95
peer cards 95
connector pin assignments
Macintosh LC 68020 Direct Slot
305
Macintosh Portable 68000
Direct Slot 300
Macintosh SE 68000 Direct Slot
284
Macintosh SE/30 68030 Direct
Slot 318
Macintosh IIfx 329
Macintosh IIfx 68030 Direct
Slot 329
Macintosh IIsi 68030 Direct
Slot 318
NuBus 111
PowerBook 100 RAM
expansion 469
PowerBook 140 RAM
expansion 460
PowerBook 170 RAM
expansion 460
connectors
Macintosh LC 68020 Direct Slot
304
Macintosh Portable 68000
Direct Slot 299
Macintosh SE 68000 Direct Slot
282, 284, 386
Macintosh SE/30 68030 Direct
Slot 405
NuBus 122
68000 Direct Slot 96-pin
386-389
68030 Direct Slot 316, 408-409
68040 Direct Slot 364-372, 417
control routines 205-210
control signals, NuBus 56
conversion addresses, 24-to-32-
bit logical address
translation 349
copyback, defined 46
CPUCLK signal 339
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data cycle, defined 46
data transfer, NuBus 56-95
specifications 58
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149, 153, 192, 255, 256, 376
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453
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479
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cards 354
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cards 352
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cards 281-302
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cards 303-313
68030 Direct Slot expansion
cards 315-359
68040 Direct Slot expansion
cards 363-381
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Macintosh PDS expansion
cards 383
Macintosh Portable modem
card 498
Macintosh Portable RAM card
450



design guides, physical
(continued)
Macintosh Portable ROM card
478,479
NuBus cards 119, 125-127
PowerBook 100 modem card
507
PowerBook 140 modem card
507
PowerBook 170 modem card
507
device I/O
Macintosh computers 29
Macintosh computers with
application-specific
expansion interfaces
441
Macintosh PDS computers
276
direct mode 183
DirectoryOf fset value 160
direct pixel mode 205
direct video devices 183, 205
disk controller, Macintosh SE
block diagram 421
controller logic 423
interface logic 423
overview 420
system configuration 420
disk controller, NuBus
block diagram 237
interface logic 239
memory map and
declaration ROM 242
on-card DMA operations 241
programmed 1/O operations
240
RAM access signals 240
system configuration 236
double-rate block transfers 70-80
defined 46
doublet, defined 46
drive, defined 46
drivers, NuBus card
calling 195-197
installing at startup 195
sample 561
specific 190

driving edge, defined 46
/DSACKx signal 336
/DS signal 336
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/ECIK signal 336
/ECS signal 340
EDisk driver 481
checksumming 481, 482
header format 482
EDisks (electronic disks) 480-484
electrical design guides
NuBus cards 107-118
68000 Direct Slot expansion
cards 281-302
08020 Direct Slot expansion
cards 303-313
68030 Direct Slot expansion
cards 315-359
68040 Direct Slot expansion
cards 363-381
electrical specifications
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304, 310
Macintosh Portable 68000
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Macintosh SE 68000 Direct Slot
282-287, 288
Macintosh SE/30 68030 Direct
Slot 317
Macintosh IIsi 68030 Direct
Slot 317
NuBus signals 108
EMI guidelines 532-534
enable clock signal 289
expansion connectors. See
connectors
expansion strategy 1-7
application-specific 7
NuBus 3
processor-direct slot 3
/EXT.DTK signal 289
external connections, Macintosh
PDS computers 389, 410,
414, 420

F

false, defined 46
FCO-FC2 signals 289, 337
feature summary
Macintosh computers with
application-specific
expansion interfaces
432-433
Macintosh NuBus computers
14-17
Macintosh PDS computers
266-267, 280
firmware structure 153-155
Macintosh EtherTalk Interface
Card 155
Macintosh II Video Card 153-
154
fixed video devices 205
format block 143, 156
format block examples 158
Format field 159
FPU/ROM expansion, Macintosh
Classic II
connector pinout 487
expansion card 485
functional signal description
MC68000 signals 288
MC68020 signals 306
MC68030 signals 335
MC68HCO000 signals 301

G

gamma correction 213-216
gamma table 207, 215
data structure 215
global cache coherency, defined
47

H

halfword
defined xxxiii
NuBus 95
/HALT signal 289, 337
hardware architecture
Macintosh computers with
application-specific
expansion interfaces
434441
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hardware architecture
(continued)
Macintosh NuBus computers
13-35
Macintosh PDS computers
266-274
hardware overview
Macintosh computers with
application-specific
expansion interfaces
431441
Macintosh NuBus computers
13-30
Macintosh PDS computers
265-280
heat dissipation guidelines 127,
534-536
NuBus cards 127, 534
processor-direct slot cards
535
high, defined 47

I

icons 184
black and white 184
color 185
identifying direct devices 183
identifying 32-bit addressable
configurations 183
/IDx signals 4243
inactive, defined 47
indexed pixel mode 205
indexed video devices 183, 205
interrupt handling
Macintosh Quadra 700 377
Macintosh Quadra 900 377
Macintosh SE 68000 Direct Slot
296
Macintosh SE/30 68030 Direct
Slot 352
Macintosh IIfx 68030 Direct
Slot 356
Macintosh Ilsi 68030 Direct
Slot 352
interrupt operations, NuBus 65
interrupt queue routines
SIntInstall 198
SIntRemove 199

/IPLO~/IPL2 signals 289, 337
/IRQ1~/IRQ3 signals 339
/IRQG signal 340

/IRQ15 signal 340

L

/LDS signal 289
Length field 160
locking, NuBus 102
longword, definéd xxxiii
low, defined 47

M

Macintosh Classic
major features 432-433, 437
RAM expansion 453
RAM expansion card design
guide 458
Macintosh Classic II
address space 489-490
FPU/ROM expansion 484, 486
design guide 491
power budget 492
major features 432-433
power budget 486
Macintosh computers
address/data bus architecture
30
Macintosh Coprocessor Platform
173,188
Macintosh LC
card selection logic 312
major features 266-267, 274
memory map 310
pseudoslot design 311
Macintosh LC 68020 Direct Slot
277
connector pinout 305
signals, loading or driving
capability 308
power budget 313
Macintosh Portable
backlit version 444, 449, 450,
452,453
major features 266-267
modem slot 499
power control 498-499
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Macintosh Portable (continued)
RAM expansion 444450

wait states 449, 451, 453
ROM expansion 476
timing, RAM expansion slot
452
Macintosh Portable 68000 Direct
Slot 277, 299302
Macintosh Quadra 700
bus master priority 374
RAM 28
ROM 29
68040 Direct Slot 279, 363-381
32-bit physical address spaces
375
Macintosh Quadra 900
bus master ptiority 374
ROM 29
68040 Direct Slot 279, 363-381
32-bit physical address spaces
375
Macintosh SE
address space 296, 297
disk controller design
example 419-428
major features 266-267
Macintosh SE 68000 Direct Slot
277
connector pinout 284
power budget 298
signals, loading or driver
capability 285
Macintosh SE/30
major features 266-267
PDS expansion card design
hints 352
pseudoslot expansion card
design guidelines 349,
351
32-bit physical address spaces
342
Macintosh SE/30 68030 Direct Slot
278
connector pinout 318
connector signals 319-322
electrical description 317
interrupt handling 351
machine-specific signals 338



Macintosh SE/30 68030 Direct Slot

(continued)
power consumption
guidelines 353
Macintosh Ilci
cache memory expansion
517-530
RAM 28
Macintosh IIfx 68030 Direct Slot
278
bus master priority scheme
356
cache memory use 358
card design hints 354
connector pinout 329
connector signals 330
effect of clock speeds 357
electrical description 327
interrupt handling 356
memory cycle termination
355
power consumption
guidelines 359
pseudoslot design guidelines
355
signals, loading and driving
capability 333
Macintosh Ilsi
adapter card, power budget
362
NuBus adapter kit 128-129
PDS adapter card 316, 317,
413,414, 415
PDS expansion card design
hints 352
pseudoslot expansion card
design guidelines 349,
351
RAM 28
32-bit physical address spaces
344
timing, RAM burst read 347
timing, RAM burst write 345
timing; RAM random read
348
timing, RAM random write
346

Macintosh IIsi 68030 Direct Slot
278
adapter 360, 361
connector pinout 318
connector signals 319
electrical description 317
interrupt handling 351
machine-specific signals 338
power consumption
guidelines 353
Macintosh II Video Card 245-260
access to video RAM space
251
color look-up table (CLUT)
252
declaration ROM 255-257
external signal connector 260
firmware interfaces 257
Frame Buffer Controller 248
functional operation 247
horizontal and vertical scan
timing 252
overview 246
processor-to-video card
interface 248
timing generation 248
video connector 259
video RAM 249
MajorBaseOS entry 170
MajorDeviceAddr entry 171
major features
Macintosh computers with
PDS 266-267
Macintosh NuBus computers
14
MajorLength entry 170
MajorRAMAdJdr entry 171
MajorROMAdJdr entry 171
master, defined 47
master, NuBus expansion card
171
master flow control, defined 47
MC68000 signals, functional
description 288
MC68020 microprocessor 18
MC68020 signals, functional
description 306
MC68030 microprocessor 18
MC68030 signals, functional
description 335

MC68040 microprocessor 18
MCG68HCO0 signals, functional
description 301
memory expansion, Macintosh
Portable 450
MES,] 82
defined 81
MinorBaseOS entry 170
MinorDeviceAddr entty 171
MinorLength entry 170
MinorRAMAdJAr entty 171
MinorROMAddr entry 171
modem
cold-start 499, 511
power-control interface 499,
509
power-up/power-dowri 499,
511
warm-start 499, 511
/MODEM.BUSY signal 509-510
modem card
Macintosh Portable 494-501
PowerBook 100 502-513
PowerBook 140 502-513
PowerBook 170 502-513
standards information 514
MODEM.PWR signal 499, 509~
510
multitasking 188

N

/NMRQ signal 4243, 53, 65
nonaligned NuBus reads and
writes 93
NuBus
adapter kit, Macintosh IIsi
128, 129
address/data signals 57
address space 132
address translations, 24-to-32-
bit 134
advantages and disadvantages
3
arbitration 97-105
bit and byte structure 136-
137,138
block data transfer 45, 80
bus parity signals 58
byte lanes 137, 158

Index
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NuBus (continued)

byte swapping 137

cache coherency 58, 64, 81,
113

cache-coherency states 88

cache line, defined 81

compliance categories 94

connector 122

connector pin assignment
111

control signals 56

copyback cache 81, 87

copyback transaction 85, 86

data block transfers 180, 181

data-transfer signals 56

data-transfer specifications 58

definitions 44-50

NuBus (continued)

utility signals 52-53
write miss 86
write transactions timing 61

NuBus cards

component placement 121

driver design 189

electrical design guide 108-
118

firmware 141

heat dissipation guidelines
127

memory access 131-138

no-component area 126

physical design guide 119, 125

spacing 121

thickness 121

0

1X block read, NuBus
timing 67-68
1X block transfer errors, NuBus
70
1X block write, NuBus 68-70
open collector, defined 47
Open routine 203
overview
Macintosh computers with
application-specific
expansion interfaces
431441
Macintosh NuBus computers
13-30
Macintosh PDS computers
265-280

design examples 221-243 NuBus halfword 59, 95

design objectives 38 /NUBUS signal 339 P

electrical requirements 108 NuBus signals

elements 39 JACK 4243 parity signals, NuBus 58
expansion strategy 3 /ARBx 42-43 parked, defined 47

features 38 /CLK 42-43 PDS

interface architecture 31 /CLK2X 43 advantages and disadvantages
interface logic 129 /CLK2XEN 43 34

internal connectors 125 /IDx 4243 expansion strategy 3-4
licensing 12 /NMRQ 4243 interface 262-263, 276-280
line drive requirements and /PFW  42-43 /PDS.BG signal 340

load allowances 109

1990 specification 38, 41, 52,
81, 108, 112, 113, 180,
181

1X block data transfer 67

power budget 114

power supply specifications
113

read miss 86

read transactions timing 60

signal line dependency 55

signals 41, 108

single data cycle transactions
59

slot allocations 136

snooping 85, 86, 90

/RESET 42-43
/RQST 42-43, 98
/SP 42-43

/SPV 4243
/STDBYPWR 43
/TMx 4243

NuBus Test Card (NTC)

byte swapping 223
hardware organization 226
master operation 230
overview of operation 222
programming 225
programming model 222
slave operation 230

NuBus-to—-processor bus state

machine 34

/PDS.BR signal 340
/PDS.MASTER signal 340
PDS signals

Macintosh LC 68020 Direct Slot

306
Macintosh Portable 68000
Direct Slot 301
Macintosh Quadra 700 364
Macintosh Quadra 900 364

Macintosh SE 68000 Direct Slot

288
Macintosh IIfx machine-
specific 339, 340
68030 Direct Slot common
336
period, defined 47
/PFW signal 42-43, 53, 337

timing 44, 116-118 NuBus word 59
transfer mode encoding 56, interaction with power supply
57,71, 83, 113 110
transfer status coding 63 physical design guide, Macintosh
PDS expansion cards 383
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physical guidelines
Macintosh LC expansion cards
395
Macintosh Portable expansion
cards 392
Macintosh SE expansion cards
384-386
Macintosh SE/30 expansion
cards 401-407
Macintosh IIfx expansion
cards 412
Macintosh IIsi expansion
cards 413
NuBus cards 119, 125
/PMCYC signal 289
PollRoutine routine 199
PowerBook 100
major features 432-433, 439
memory map 467
modem expansion card 502-
513
RAM expansion 467
design guide 474
wait states 474
PowerBook 140
major features 432-433
modem expansion card 502-
513
RAM expansion 459
wait states 465
PowerBook 170
major features 432433, 440
modem expansion card 502-
513
RAM expansion 459
wait states 465
power budget
Macintosh Classic II
FPU/ROM expansion
4806, 492
Macintosh LC 68020 Direct Slot
313
Macintosh NuBus cards 114
Macintosh Portable 68000
Direct Slot 302
Macintosh SE 68000 Direct Slot
298
Macintosh SE/30 68030 Direct
Slot 353

power budget (continued)
Macintosh IIfx 68030 Direct
Slot 359
Macintosh IIsi adapter card
362
Macintosh IIsi 68030 Direct
Slot 353
Power Manager 509-510
power supply specifications,
NuBus 113
power-up/power-down, modem
499,512
PRAMInitData entry 176
PrimaryInit 176-178
processor bus—to-NuBus state
machine 32
processor-direct slot. See PDS
processor-direct slot interface
276-278, 279, 280
product safety 536-538
pseudoslot design 6, 142, 311,
338, 349-350, 351, 354,
374-377

Q

QuickDraw 147, 200
Color 147
interaction with the
declaration ROM 149
interaction with the Slot
Manager 149
32-bit 147,183

R

RAM
Macintosh computers 28
Macintosh computers with
application-specific
expansion interfaces
441
Macintosh PDS computers
275
RAM expansion, Macintosh
Classic 453459
address space 453-454
electrical description 454457
physical design guide 457

RAM expansion, Macintosh
Portable 444-450
address space 444
card design guide 450
connector pinout 446, 448
connector signals 449
expansion card 447
RAM expansion, PowerBook 100
address space 467
expansion card design guide
474
expansion connector signals
469
RAM expansion, PowerBook 140
and PowerBook 170
connector pin assignments
460
expansion card design guide
465
read miss 82, 84
read transactions, NuBus 60
released, defined 48
Reserved field 159
/RESET signal 42-43, 52, 289, 337
resolution field 187
resource locking, NuBus 102, 104
RevisionLevel field 159
/RMC signal 337
ROM
Macintosh computers 28
Macintosh computers with
application-specific
expansion interfaces
441
Macintosh PDS computers
276
ROM expansion, Macintosh
Classic II
address space 489
connector pinout 487
physical design guidelines 491
power budget 492
ROM expansion, Macintosh
Portable 476
card design guide 478
connector pinout 477
connector signals 478
design considerations 479
expansion card 476

Index 619



/RQST signal 4243
R/W signal 289, 337

S

sampling edge, defined 48
/SB0 signal 54
/SB1 signal 54
SCSI-NuBus Test Card 231-236
hardware overview 231
PAL descriptions 236
software overview 231
sDriver record 193
SecondaryInit 179-180
sGammaDir entry 185
simple disk controller, NuBus
236-243
SIntInstall function 198
SIntRemote function 199
68000 Direct Slot 4, 277, 281-302
96-pin connector 386
68020 Direct Slot 4, 303-313
68030 Direct Slot 5, 278, 315-362
electrical description for
Macintosh SE/30 317
electrical description for
Macintosh IIfx 327
electrical description for
Macintosh IIsi 317
electrical design guide 315-
359
120-pin connector 408
68040 Direct Slot 5, 279, 363381
connector signals 365, 366-
370
electrical design guide 363~
381
interrupt handling 377
interrupt mapping 378
memory mapping 374
snooping 381
virtual memory 381
68040 processor 379
data cache 379
SIZ0-SIZ1 signals 337
slave, defined 48
slot, NuBus
as address space 54
defined 48
slot allocations, NuBus 136

slot device interrupts 197-199
/SLOT.E signal 340
slot ID, defined 49
Slot Manager 144, 149, 171
interaction with declaration
ROM 142-145
interaction with QuickDraw
150
in startup procedure 157
and video drivers 200
sMemory resource 171-172
snooping 83, 381
/SP signal 4243
/SPV signal 4243
sResource directory 161
sResources 143, 151, 162-185, 191
board 144
defined 143
entries 163-185
functional 144
implementation 145
use at startup 201
sRsrcBootRec entry 168-169
sRsrcCicnentry 170
sRsrcDrvrDir entry 166
sRsrcFlags entry 169
sRsrcHWDevId entry 169
sRsrcIcl4 entry 171
SsRsrcIcl8entry 170
sRsrcIcon entry 166, 184
sRsrcLoadRec entry 167-168
sRsrcName entry 166, 171
SRsrcType entry 145, 165, 166,
171
fields 146, 148
format 145
sRsrcVidNames entry 185
standard slot space, NuBus 132
as address space 54
defined 49
start cycle, defined 49
/START signal 32,98
status routines 211-212
/STDBYPWR signal 43
STERM signal 337
sTimeOut entry 176
super slot space, NuBus 133
as address space 55
defined 49
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T

tenure, defined 49
TestPattern field 159
timing
Macintosh IIsi RAM random
write 346
Macintosh LC accesses to 1/0
devices 313
Macintosh Portable
modem 500
Macintosh Portable modem
card 499
Macintosh SE accesses to RAM
291-295
Macintosh IIsi RAM burst read
347
Macintosh IIsi RAM burst write
345
Macintosh IIsi RAM random
read 348
Macintosh II Video Card 252-
254
modem cold-start 511
modem power-up/power-
down 512
modem warm-start 511
NuBus arbitration 117-118
NuBus 1X block read 66
NuBus 1X block write 69
NuBus utility and data transfer
116
/TMx signals 4243, 71
transaction, defined 49
transfer mode encoding, NuBus
56,57, 113
tristate, defined 50
true, defined 49

U

/UDS signal 289
unasserted, defined 50
utility signals, NuBus 52-53



\/

VendorInfo entry 178
video cards. See also Macintosh II
Video Card
additional firmware
requirements 182-185
name 187
video devices
direct 183, 205
fixed 183, 205
indexed 183, 205
video driver routines
Close 203
control 203
Open 203
status 203
video drivers 200
data structures 204
declaration ROM information
201
device record 201
parameter IDs 201
routines 202-212
video mode name directory 186
video sResource 200
video sResource ID numbers 185
/VMA signal 289
/VPA signal 289

W

warm-start, modem 499
word, defined xxxiii, 50
write-back, defined 50
write miss 82, 84

defined 50
write-through cache, defined 50
write transactions, NuBus 61

Index
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NOTE: UNLESS OTHERWISE SPECIFIED

YN

@9&

UBUS BOARDS WHICH CONFORM TO THE ANSI/IEEE STD 1196 SPECIFICATION. (AS
FOR "MAXIMUM CONNECTOR CUTOUT™ WILL PROPERLY FIT

REAR V1 W)
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REFERENCE SECT]ON -A AND DETAIL B.
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THESE SHOULD BE U
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THESE SHOULD BE USED
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ONS
AS DESIGN LIMITS FOR APPLE SPECIFICATION 062-048Y4.

SHOWN IN THE PARTIAL
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NUBUS

O
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NOTE: UNLESS OTHERWISE SPECIFIED

A\

NUBUS BOARDS WHICH CONFORM TO THE ANSI/IEEE STD 1196 SPECIFICATION
(AS SHOWN IN THE PARTIAL REAR), FOR "MAXIMUM CONNECTOR

CUTOUT™ WILL FIT PROPERLY AS LONG AS THE
DESIGN ALSO ALLOWS CLEARANCE FOR SURROUNDING PLASTIC.
REFERENCE SECTION A-A AND DETAIL B.

AN

PLASTIC HOUSING CLEARANCE DIMENSIONS FOR THE MAC ]lcx.

THESE SHOULD BE USED AS DESIGN LIMITS FOR BOARD MOUNTED
CONNECTORS OR COMPONENTS AND MATING CABLES.

A\

APPLE COMPUTER NUBUS BOARD CONNECTOR CLEARANCE DIMENSIONS
THESE SHOULD BE USED AS DESIGN LIMITS FOR

APPLE SPECIFICATION 062-0484. NUBUS BOARDS WITH NOTCHES,
REFERENCE DETAIL B.
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m Foldout 4 NuBus card clearance requirements for
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NOTE: UNLESS OTHERWISE SPECIFIED

o B P

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 1S RESERVED FOR [/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 IPC-A-600.

m Foldout 8 Connector card design guide for
Macintosh PDS computers
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NOTE: UNLESS OTRERWISE SPECIFIED

A THE LONG VERSION DIMENSION (322.30 (12.689)) 1S THE APPLE
;m'm;%wxw BOARD LENGTH THAT MATCHES THE ST.

A THIS DIMENSION MAXIMUM LENGTH PERMISSIBLE FOR NON INTERFERENCE
. 1ZE NON

o s Foldout 9 Design guide for Macintosh IIfx PDS
expansion card
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In continuing Apple’s tradition of providing new product information, Designing
Cards and Drivers for the Macintosh Family, third edition, gives you up-to-date
expansion guidelines for all expandable Macintosh models, including the six new
models introduced in late 1991. A companion book, Guide to the Macintosh Family
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family of computers.

The third edition includes comprehensive guidelines for designing expansion cards
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Part I describes the implementation of the NuBus™ interface, provides electrical and
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information that is essential to the design of declaration ROM and driver software.
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