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PAL20R4A
D4-SADOD 103393-001

Bus enable to address converter and cycle end logic

PAL DESIGN SPECIFICATION
PAUL R. CULLEY 01/09/87

COPYRIGHT 1986, 1987 COMPAG COMPUTER HOUSTON, TEXAS

CALE ALE

BHL.DA /CMD /

/BE3  /BE2Z  /BEL

CLAST /CLSTD A1

/BEO LM-I0 TOO T10 /LM1& /1016 OGND
A0 /BHE /ALST /CX16 /DCMD /RST  VCC

1 The following 4 cutputs are clocked by ALE, output only when /HLDA is true

/Al 1=
+

+

/80

+ ¥+ + 0

BHE

+ 4+ 1

ALST

+ + 4+ + il

/RST*
/RST#
/RST+

/RET»
/RSTH*
/RST+
/RST*

/RST*
/RST#H
/RST*

/RET*
/RST#
/RST+
/RSTH
/RST*
/RSTH

/BE3% /BE2

/Al%  /A0%  /CX1b6%
BE1» CLAST
BEO# CLAST

BE2® /BE1® CLAST
BE2% AO% /CLAST

CX16% /CLAST
/A0% /CX146% /CLAST
BE1# CLAST
BE3

/CX16 # /BE2 #
/BE2 # /BEO *
/BE3 % /BE1 *
/BE3 * A0 *
/CX16 * Al *
CX16 * /BE3 =

/CLAST

/CLAST
CLAST
CLAST
/CLAST
/A0 * /CLAST
/CLAST

:Cycle LAST PRESET input for internal F/F (Cleared by rising edge of ALE)
sThis is pulsed only once to set F/F and generate the NAB* signal

CLSTD =

++ 4+ ++

CLAST

+ 4+ e +N

CX16

+ + U

DCMD

FUNCTIO

ALST*

T00

LM=ID% {M16% TOO# /BEZ2

LM-1I0

* LM14% TOO*x Al

/LM-10% 1016% T10* /BEZ#

/AM-10
RST

ALST*

*+ JO16% T10% Al

ToO

LM-10% LM1é6% TOO* /BE2
LM-I0% LM16% TOO* Al
/LM-10% 1016% T1i0% /BE2%

/AM-10
RST
CLAST*

/RST*

% I016% TiO® Al

/ALE

LM-I0* TOO* LM16

/RST#+ /IM-10% T10% 1014

/RST#

CMD

N TABLE

/ALE® CX16

tActive during the last cycle of set

/ALST
/ALST
sand during RESET

sActive during the last cycle of set

/ALST

/ALST
sand during RESET
sHOLDS ACTIVE TILL ALE

:CPU MEM OP
sCPU 1/0 OP
:CPU HOLD

; DELAYED COMMAND

CALE BHLDA /RST /BE3 /BE2 /BE1 /BEO LM-10 ALE TOO T10 /LM1é /10146 /CMD
/DCMD /CLAST Al A0 /BHE /ALST

/CLSTD /7CX16

s L C c

sC H M L1 DL A LC

sAL RBBBB~-~-ATTMOC CA BL SX

sLD SEEEEILOLI1IIM MS AAHS T1

tEA T32100E0066D DT 10ET D6

cCL LHHHHHHHLHHH HL HHHH L H sRESET



32 BIT ON 8 BUS
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X d
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-Tx
rIrrxx
rrrxrxx
AdAd XX
T AXxT
T i o= o
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T ad g
T ad
Lok wd o od
Lol wd I
~TxXTxT

Irx

-t wd D
LOOLLO

:24 BIT ON 8 BUS

L HLLLLHLHHHHH HL HHLL LH

P |

HHLLLHHLLHHH HH HLHL

-l

24 BIT ON 8 BUS HIGH

16 LOW ON 8 BUS

rrrrxrxrx
4XXTIXTJXT XA

L3

AT T A dX i d
Tod A od d d
4T arT 4T X
TJdTITIT 4 .d-

Add T X ol A

ETXIXTITXTIXTIXIT

ITIIIIII
IXTTITIIXIX
IXITIIIIII
ITXITJIT X
ITTJITX T
ddTXT T agdT
ITXIIXIITI
R 3 3 5. U U
ddgdadad
ddddaT X
XTJdd4JdUIITX
e 3 - b - - o -

d d A d d 3l

SdOOL J00LO0 0L Jd

)

o
o 2
= [+2]
44

w0
o

z
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o

X
[ O
w =
x s
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i vl
Irxrxrxrx
ITOITX.J
T JdIaX a4
- T X
rd.JJxTXx
L4 XITITITX
- Lok X
ITxrxTx
T IXTIxIXxIX
Xrxrxx
ITIXrxrxx
T.JXTIT J4X
IrdJdxrTraux
- T agdxTd
ITIXTII X
Irxxrxx
P R N = s e o
-l d ok
TIX Jdaadd

ITITXIxrxIrTrx

Sddadad
OO JOO

LOW ON 8 BUS HIGH WORD

HIGH ON 8 BUS

~ X
X x

H
L
LHHHHLHHHHH HL HHLL L H ;8 HIGH ON 8 BUS HIGH WORD

L LHLL LH;
L HLHL LH;

H
H

H
H

HHHHHH
HHHHHH
LLHLUHLLHH HL LLLH HL 332 BIT ON 16 BUS

LLHLLLLHH HL LLLKH

L H
HH

L
L
L HLLLULHHLLLHH HH LLLH

t HHHHLHHHHHHH HL LLHL LH ;8 LOWONS BUS
L HL
L HL

c
c
c
c
c
L
L

o®

a

0

-

8

[

-

m

o

" o e en o’ﬂ LTS

P [N RS U R P N R |
IXTJIXITIXIIX.J
IXTXTITIX I
- d d DI X
- d )
T JJ I3 X
IradJrTxx.l
ITxTxrXrxxrxxrxx
IXTIIXIITXTITXX
IXTT Jdddd
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wd d TXTITIXT.LX
I XTI Jx
wd L T d
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PR RN QRS (U e S S |
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-t d e o d o -

wd T XTI X
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-t d ) d D
dOdOda0 0

24 BIT ON 16 BUS HIGH

LA I g
-tk
IXTITxT . .l

X
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x

- dJdTE

|
X

CL HLULHLLHHLLH

I
wd wad
Ix

Irx
pe afis o

X
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I x
rx
X
d wd
rx
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rx
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P R
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rxTXx
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PO e |
P R s o
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HHLLHLHHLHH HL LLLH LL
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LOW ON 16 BUS
HIGH ON 14 BUS

16 MED ON

LL ;1
LL ;8
L L ;8

X Jdd
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LD SEEEEILO111M MS AAHS T1
EA T32100E0066D DT LOET D&

e W

E 1
2 0

DESCRIPTION

This PAL converts the CPUs bus enable lines to address lines and cycles from
one to the next when multiple cycles are required., It also determines when
the last cycle is in progress to develop the Cycle LAST signal,

Rev A of this device changes the CX14% equation to go away on ALE. The input
TO1 is changed to T10 and M-10 is changed to LM-I0 as part of an overall
change to delay the sampling of I016* by one clock. Rev A can be used in any
D4-PROCESSOR from rev X5 up.

Rev D is for the DA-Processor Enhanced (387 version)




PAL20R8A : . . - PAL DESIGN SPECIFICATION
Da-STATB 108219-001 » FAUL R. CULLEY = 07/17/86

Bus contreller state machine logic
Copyright COMPAR COMFUTER Houston, Texas

CLK1& /MYCYC /CLAST /CX16  LMIO /LNOWE /BWAIT /M1&6  TOO TO1 Ti0 GND
/0E T31 _/BRDY /T30 /CMD /WDEN /T40 /T41  CK8  /ALE /RST VCC

:The following functions are clocked by CLK1é#

TS0 &=
/RST# /CLAST* T4l /BWAIT +START NEXT CYCLE WHEN DONE WITH
+ /RST# /CLAST# /CKS%* LNGWS#* CMD s+ PREV CYCLE AND MORE IN GROUF
+ /RST* CLAST# T4l® /BWAIT# MYCYC ;START NEXT CYCLE WHEN DONE WITH
+ /RST* CLAST# /CKS8% LNOWS# CMD® MYCYC ; PREV CYCLE AND NEW CPI) REGUEST
s+ IS PENDING
oy L
/RET# CMD® /LNQWS® /T41 «HOLDS UNTIL ENDED BY END OF
+ /RET# CMD# /LNOWS* ERWAIT _ 3 WAIT
+ /JRST®# CMD# CKR + OR NOWS AND CK& LOW
+ /RET# /CMD# ALE®* M14% LMIO :+STARTS AFTER ALE UNLESS
+ /RET# /CMD» T0O s CMDLY {THEN AFTER TO0O}
WDEN 3=
/RST# TS0 s STARTS WHEN ALE DOES AFTER TSO
+ /RST#* /T30# /ALE# /CMD® /TOO®# MYCYC s+ OR WHEN CPU SENDS NEW START REGUEST
+ /RST# ALE s CONTINUES THROUGH T0O
+ /RST# TOO sAND TO1
+ /RST# CMD sUNTIL AFTER CMD GOES AWAY
T41 =
/RET* TA40 s STARTS WHEN T40 ENDS
+ /RST# T10# CX16 # /LNOWS* CMD sOR WHEN T10 ENDS ON 1/0 CYCLE
+ /RST* T41s BWAIT sAND HOLDS TILL WAIT IS GONE
T40 :=
TO1® CX1&6&% /LNOWS* /RST + STARTS AFTER 101 IF 14 BIT
+ T31# /LNOWS#* /RST sOR AFTER T31 OTHERWISE
/CK8 =
/RST* TS0 sSET TO LOW DURING ALE AFTER TSO,
+ /RST#* /7TSO%* /ALE* /CMD#* /TOO0# MYCYC sWHEN CPU SENDS NEW START REQUEST
+ Ck8 s OTHERWISE, DIVIDE BY TWO
BRDY :=
/R8T CLAST® T41# /BWAIT +START NEXT CYCLE WHEN DONE
+ /RST* CLAST# /CK3% LNOWS* CMD : WITH PREV CYCLE AND NO MORE IN GROUP
ALE :=
/RST* TS0 ALE FOLLOWS TSO FOR INTERNAL USE

+ /RST* /TSO* /ALE®* /CMD* /TOO® MYCYC 3 WHEN CPU SENDS NEW START REQUEST
FUNCTION TABLE

CLK1& /O0E /RST /M14 LMIO /LNOWS /BWAIT /CLAST /CX146 /7MYCYLD TSO ALE TOO
TO1 T10 T31 T40 T41 /BRDY /CMD /WDEN CK3

s /7 7/ /

1C LBC/ M / /
sL/7 /7 LNUWLC VY B/WC
s(KRMMOAAX CTATTTTTT RCD.L
102 1 TW TSt YSLOO1344 DMEK
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DESCRIPTION

This PAL implements some of the bus controller state machine logic, ‘
REV B adjusts the sampling time of the 1016#% Yine by adding state T10 to the
startup of T41i. 1If the CX1&6% (1014) line comes in after TOO, then we shift
to T41 instead of T40. REV B also tightens up the response from ADS* to ALE
by one clock by shifting directly to ALE from MYCYC during the initial bus
transaction. 3State TS0 is still used between transactions.



PAL16LBB
D4-SADI

Al

T5T

IF
IF
IF
IF

IF

IF

IF

IF

(HLDA)
(HLDA)
(HLDA)
(HLDR)

(/7TeT)

(/TST)

(/TST)

(/73T)

105645-001 . _
Address to byte enable conversion and read latch enable logic
Copyright 198& COMPAQ COMPUTER

A0
/BEOC

BEO =

BE1 =

BEZ =

BE3 =

/BOCK

/BI1CK

/B2CK

/B3CK

FUNCTION TABLE

TST

/BE3

wE U yp NME s we

S0

PO X
- D
oD
mIXuwm

HL.DA

/BEZ

o o O
oOX0O

/BHE

ol er

/BE1 /BEZ.
/a1 ® /A0

/Al * BHE

al # /A0

Al % BHE
/eMp

LW-R

AD
Al

+ v 4+ H

/CMD
/BHE

LW~-R
Al

+ 4+ + + |

/CMD

/A1
LW-R
AC

+ 4+ 4+

/CMD
/BHE
/A1

++ + 40

LW-R

Al AC
/BE1 /BEO

W Mm
N Mo
- M o
oMo
XOww

/CX1¢&

/CX146 % /RO

/CX16 * /A0

xONW
oS A ¢ )

Houston, Texas

NC2

/BE3

/BHE
B3CK

xOow

/CMD
BOCK

/CX1é
BZLK

LW-R
B1CK

/CMD
BiCK

PAL DESIGN SPECIFICATION
PAUL R. CULLEY

02/13/86

HLDA NC1 GND
B2CK B3CK vee

LW-R
BOCK

i el el el el ol ol ol o

FCFFFFFIIIIXET

rIrTIrrrITTICCe

rIrrICrrI-CCxTCC

rrxrrr-rxxCxrrrrxor
rrfrrrrffrrPITIIIITXT
rxrrererrCrrrrrCrrrr
Ul el I el S A

NMNMNNMNNTTPTTIIT
NNNNNNPq IO IT
NMNNNPMNNTITIICXI
NMNMNNMNNNI TP
rrrrrrrrrxxr-rrrrrr

rrcrTrrrrrcxrrrr

rrrrxrrxTxTrr-roxrCor

rrrrrcxIIxrrrreIT



LLHLLLHL ZZZZLLLL
LLLLLLLH ZZZZirlLtidLl
LLHLLLLH Z2ZZZLLLL
HEHLLLLH 2221221211712
DESCRIPTION

This PAL contains the logic to back drive the 3846 byte enables during the non
CPU operations, It decodes the address inputs and drives the appropriate BEx
lines whenever the 364 is in a HLDA state.

This PAL also contains the decoding logic to drive the read latches clock ltines
(74ALSS573 fall through latch). These cleck lines have positive true ocutputs
and are enabled when the CPU executes a MRDC, IORC, or INTA command.

The basic equation is: BxCK = B80Ox # CMD # /LW-R



PAL16LSB

D4-SCMDD  108394-001

Command encode and decode logic -
Copyright 1984, 1987 COMPAQ COMPUTER

/CMD /DCMD  LM-I0 LW-R LD-C
/0E /IOWC /MRDC  /MWTC  /IORC

IF (/BHLDA»* QE) MRDC =
CMD # LM-I0 * /LW-R
+ DCMD = MRDC

IF (/BHLDA®* OE) MMTC =
CMD = LM-I0O % LW-R # LD-C

IF (/BHLDA® OE) IORC =
CMD % /LM-I0 # /LW-R % LD~C
+ DCMD * IORC

IF (/BHLDA# OE) IOWC =
tMD &% /LM-10 # LW-R # LD-C

IF (BHLDA* DE) /M-IO0

MWTC + MRDC

IF (BHLDA# OE) /D-C = RFSH

IF (BHLDA® OE) /W-R = MWTC

PAL DESIGN SPECIFICATION
01/09/87

PAUL R. CULLEY
Houston, Texas

JRFSH /BHLDA NCI1  NCI2  GND
MHLDA M-10  D-C  W-R Ve

-e

PROCESSOR MEMORY READ
3 SHORT READ HOLD

PROCESSOR MEMORY WRITE

“e

PROCESSOR 1/0 READ
SHORT READ HOLD

T

PROCESSOR 1/0 WRITE

-

NON CPU MEMORY OPERATION

e

NON CPU REFRESH OPERATION

-u

NON CPU WRITE OPERATION

-

/MHLDA =
/BHLDA : SAME A BHLDA EXCEPT
+ /MHLDA * /M-10 : WHEN GOING HOLD, WAIT FOR M-10 TO GO HIGH

FUNCTION TABLE

. /0E /DCMD /CMD LM-I0 LD-C LW-R /RFSH /BHLDA
/MRDC /MWTC /10RC /10WC MHLDA M-I0 D-C W-R
3 /

s /L /B 7/ 1 /M

s D/MLLRH MMIIH M

i CC-DWFL RWOOL -DW
sOMMI--5SD DTRWD I - -
+tsEDDOCRHA ccccaAaA OCR
LHLLLLLH HHHHL Z11 11 : INTA
LHLLLHLH HHHHL Z 2171 ;
LHLLHLLH HHLHL 2212 4 IORC
LLLLHLLH HHULHL 222 ; IORC
LLHLHLLH HHLHL Z217 3 IORC
LHLULHHLH HHHLL 222 ; IOWC
LHLHLLLH LHHHL ZZI I ; CODE MRDC
LHLHLHLH HHHHL 2211 ;
LHLHHLLH LHHHL 22 7 3 MRDC DATA
LLLHHLLH LHHHL Z 1 Z : MRDC DATA
LLHHHLLH LHHHL ZZ2Z ; MRDC DATA
LHLHHHLH HLHHL 222 3 MWIC
LHHHHHLH HHHHL 222 ;
HHHHHHLMH 27211 X 212711
HHHHHHLL Z2211X 111 ;
LHHHHHLL HHZZH HLH ; RFSH
LHHHHHLL LHZIZH LLH ;3 RFSH MRDC
LHHHHHHL LHZZH LHH 3 MRDC
LHHHHHHL HLZIZH LHL 3 MWTC

S



“E un WS ws WP uw

HHLHHLHH ZZZZIL LHH 4
HHLUHHLHL ZZZZIL LHH ,
HHHHHHHL . 222ZH HHH 3
f -
/ L / B fF /7 /M
D/7MLLRH MMIIH M
CC-DWFL RWOOL -DW
OMMI -~-8D DTRWD I - -
EDDOCRHA CCCCA OCR
DESCRIPTION

This PAL decodes the processor status lines and generates the normal command
output signals. These signals are floated during non processor commands.

In addition, the PAL detodes the non processor operations and feeds them to
the cpu status bus during HOLDA.

Rev A of the PAL adds the input DCMD# and QE#. DCMD#* is used to provide a
short data hold time for read operations by extending MRDC and IORC by one
PAL delay (10 ns), OE#* is added to disable all outputs for testing.

Rev O of the PAL removes INTA and adds MHLDA for use in the DF3E DA-processor
board (with 387},

HLDA M-I0 D-C W-R

CPU INTERRUPT ACK

CPU NEVER PRODUCES THIS CODE

CPU 1/0 READ

CPU 1/0 WRITE

CPU MEMORY CODE READ

CPU HALT OR SHUTDOWN

CPU MEMORY DATA READ

CPU MEMORY DATA WRITE

NON CPU REFRESH WRITE (SHOULD NOT HAPFEN)
NON CPU REFRESH READ

NON CPU MEMORY WRITE

NON CPU MEMORY READ

NON CPU REFRESH CYCLE (BEFORE OR AFTER)
NON CPU NO CYCLE PRESENT

Ge WE e GE uE WS ua YE er ¥S gk R ws M ue
IxrXrrxxxrrrecrrrr
xXxrrrrrrxxxxIrCrrece
TXrrITIrr X rrxTxer
> T xrCITITrrxxrrxxcxr



PAL16LBA

. D4-SCPYD 108395-001

Copy buffer control logic and DMA low address logic
Copyright 19846 COMFAR COMPUTER

/M1é
/HLDA

/101&
/DAENZ

COFYEN
/DAEN*

/DAEN®

4+ 4+ 40

COPYHL

+ + 4+

COFYHL

DAEN
+ AENZ #

/MWTC
/COPYEN /COFYHL /DAEN

/MRDC /I0WX  /IORC

/BHE

/DAEN® BHE # XAG # /LM1&# MWTC

BHE # XA0 % /1016% I0WX

/DAEN#® BHE # XAO # /LM1&6# MRODC

BHE # XA0 # /ID14&% IORC

DAEN1 # COPYHL # XAO # LM14& # MRIC
DAENL # XAO # LM1s * ICRC

/DAEN # BHE # XAO # /LM1é& # MWTC
/OAEN # BHE # XAO # /1014 » I0WX
DAENL % XAD % LMi& % MRIC

# COFYEN

DAENT # HLDA

HLDA

IF (AENZ % HLDA) /X80 = AENZ
IF (DAEN) BHE = XA0 # DAENI1
+ AENZ
LM1& = Mis # BALE
+ LM1& # /BALE
+ LM1s # Mis

DARENZ = AENZ * HLDA

FUNCTION TAEBLE

Houston, Texas

-w

PAL DESIGN SPECIFICATION

PAUL R. CULLEY 12/17/86
/DAEN1 AENZ BALE GND
XAO /LMl

NCO1 '

+CPU write MEM

sCPU write 1/0

sCPU read MEM

s+ CPU read 1/0

;DMA byte mem read high of 1¢&
1DMA byte mem write high of 14

smem write

1170 write

;DMA byte mem read high of 14
s Short holdover for write

1 If word type of OMA, enable out
: (Pin is Tow for word OMA)

sIf DMA, enable output
+If byte type, is inverted XAQ
sIf word type, is active

sEnable Mié input
sLatch term
sDegiitch term

TIGHTEN UFP ON HLDA

/M1& /71016 /MRDC /MWTC /IORC /IOWX /DAEN1 /AEN2 EALE /HLDA
/BHE XAO /COPYEN /COFYHL /DAEN /LM16 /DAEN2

: cc

: D / ) D

: IMMIIAABH PPDLA
sMORWODEEAL BX YYAME

;1 1 DTRWNNLD HA EHE 1N

6 6CCCX12EA EO NLN&2Z
HHHHHHHHLH HL HHHXH  ;INACTIVE
LHHHLHHHHH LH LHHLH  IORC
LHLHHHLHLL LH LLLLH  3MRDC
LHHHLHLHLL LH LLLLH ;IORC
LHHHHHLHLL HL HHLLH  ;DAEN INACTIVE
HHHHHHHLLL LL HHLLL  ;DAEN2
LLLLLLHHHH LH HHHLH
HHHHHHHHHH LH HHHHH  ;INACTIVE
HHLHHHHHHH LH LHHHH  ;MRDC PROC
HHHLHHHHLH LH LLHHH  MWTC PROC
HHHHHHHHLH HH HHHHH
HHHHHLHHLH LH LLHHH  ;I0WC PROC
LHHHHHLLHH Z2Z HHHLH
LHHHHHLLLH 2Z HHHLH
HHHHHHLLLH ZZ HHHLH



o~ =X

- - -~ - oo — o _— > " YD oy i o Y o e S S o o S W . e . P b ep s e S . S D e T T O S S ] o, i 17 - s S o 1 St o 0 O, o . e PR S P

DESCRIPTION

This PAL implements the logic to enable the copy buffer (high to low halves

of the 1& bit bus). It also drives the A0 and BHE lines as appropriate during
DMA.

Rev A changes the COPYHL ernable during byte DMA operations to the high half of
the bus., The timing is made earlier by changing to IORC from MWTC.

Rev D changes the polarity of the AEN2Z signal for logic reduction on the D3FE
D4-FROCESZ0R board (with B0387). :
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PAL16LSA - o PAL DESIGN SPECIFICATION
D4-SDEND 103396~001 - PAUL R. CULLEY 12/09/86
Data Buffer enable logic o

Copyright COMFAQ COMPUTER  Houston, Texas 198¢

Al A /BHE /CMD /M32 /WDEN  LW-R Lb-C LM-IC  GND
TST /BOIRRD /BOEN /BIEN  /BZEN /INTA /MWTC /MRDC /BIEN veC
IF (/T3T) BDIRRD = /MRDC# /WDEN :+OTHER WRITE TO LOCAL MEM
IF (/TST) BOEN = /Al* /A0% MWTC* /WDEN sOTHER WRITE TO LOCAL MEM
+ /Al%® /AD# MRDC# /WDEN$ M32 s OTHER READ FROM LOCAL MEM
+ /Al%# /AO% LD-C* LW-R# WDEN ;CPU WRITE TO BUS
IF (/T37) BI1EN = /Al® BHE#* MWTC® /WDEN sOTHER WRITE TO LOCAL MEM
+ /Als BHE® MRDC* /WDEN* M32 ;: OTHER READ FROM LOCAL MEM
+ /Alx  BHE® LD-Cx LW-R# WDEN sCFUY WRITE TO BUS
IF {/TST) BZEN = Al# /AO% MWTC# /WDEN sOTHER WRITE TO LOCAL MEM
+ Alx JAO® MROCH /WDEN® MZZ s OTHER READ FROM LOCAL MEM
+ Al# /AO# LD-C# LW-R#* WDEN sCFU WRITE TO BUS
IF {(/T2T) B3IEN = Alx BHE® MWTCx /WDEN s OTHER WRITE TO LOCAL MEM
+ Al#  BHos MRDC# /WDEN# M2 s OTHER READ FROM LOCAL MEM
+ A1¥  RBHE® LD-C# LW-R# WDEN ;ZFD WRITE TO BUS
IF (/TST) INTA = CMD# /LM-I0% /LW-R# /LD-C s CPU INTERRUFT ACK

FUNCTION TABLE

TST A1 A0 /BHE /WDEN LM-IC LW-R LD~-C /CMD /M32 /MWTC /MRDC
/BDIRRD /BZEN /BZEN  /BIEN  /BOEN /INTA

3 B .
s ¢
H WLLUL MM I BEEBREI
3 T BDMWDOMUWR R321ON
35 A AH 1 --M3 70D REEEET
s T 1OENOGRCD ZCC DN NNNA
LLLLHHHHHLLH LHHLLH
LHLLHHHHHLLH L LLHHH
LLLLHLHLLLHL HHHLLH
LHLLHHLLLLHL HLLHHH
tLL LHLLULHLHHH LHHHHH
L LLLLLLLULUHHH HHHHHL
tiLtLLLLLLHHHH HHHHHH
LLLLLHHHHHHH HHHLLH
CHLLLHHHHHHH HLULHKHHH
FHLULLHHHHHHKR 72271112
DESCRIPTION
Thiz FAL develaopz the coantral sigrals to enable the data buffers on the system
Laara,
Fev A ensures turnoen of the buffer enables for mem write after the direction

i attive by leaving the buffer turned arcund during the entire write cycle.

r

Rev T is for use with DIPE Di-processnr board (with 2877,
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PAL16R4 PAL DESIGN SPECIFICATION
9/18/86

D4-SKEY 108340-001 JOHN THAYER
2042 A20 LINE FIX PAL ’
COFYRIGHT COMPAGL COMPUTER HOUSTON, TEXAS 1724

CLY JRET ARZ /0% D&_D& D7 DS LZ D2 GRD
/00 D1 DO /B0 /31 AZO /WCS04Z /FF_OR_DT /WO VOO

GO t= /RET # WO # £

(X |

SET IF IN STATE 00 GR 10 AND DI COMMAND TO PORT &4
RST % /00 % CS # WO ¥ AZ # D7+D4_Déx/DS%/03%#/D2#/D1
KEEF SET IF STATE 11

RET # Q0 % (4

IF STATE 10, KEEP SET TILL CE # WC
RST % /00 % 61 # /CS
RET # /00 = 11 % /WC -

+
\-.“\U‘ \"l \dt

JAZC == 5 INVERSE OF AZO FUNCTION
s CLEAR IF STATE 10 AND 40 WRITE AND D1 IS LOW
SEET o o3 JUn o® JAT % CE o WO /D

¢ OTHERWISE FEED BRCE

+ /RIT ¥ 00 % JAIO
+  /RET % /01 % ZAZ0
+ /RET # /05 # /JAZD
+  /RET 7 WL % /AZD
+ /RET # AZ % /AZ0

FF_OR_DL = D7%D4_DAsx DS# D0 D2e D1eDO
+ D704 _Dew/DSx /028 /D /01 D0

WoE08T t= o NO D1 WRITE YET: DON‘T FILTER IF WRITE I8 70 £

JEIT 3 ST o /0
FILTER IF WRITE IS TO 44H AND NOT
Eo# WODo# AT » JFF_OR_D1

FLURCTION TARLE
/00 CLE RET ©2 WC AR D4_I D7 DE D2 DD DM DO
21 RO FF_OR_D AZO WCE0O4Z

H
*00

OH

<D OR

H F W
H b F C
3 4 0 =
: OFR # RAD
s LS o wADDRDDD DD Eonh 24
s W T S0 D AT ST DL FEE S I S

LX ¥ XxrodinmerHd X XHXX;TEST FF_OR_DI
LY Y XY Yo el L LK ¥y XX

R S S N AR U P S A
H

L H XX Ay Y Y oE oY Lo« ¥ M L 3REZET
H

CSL L LYY A x ok X XY L o¥HL IO WRITE, RO COX
Lo LR XXX RX R XX L X HL

Co L L L % X % X x X K ¥ [ &
3

Lo L HHS L L LL L. LMoL R &4 WRITE NIT (D1 OR FF)
DL H Lo S LHLHKHL

3 s D0 FOLLOWS WC, CLEARED ON RESET

SFF
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I

>
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>
1 >
R
o =
>
ho i 8
be g |
I I
e
(RN

h

P

HHHH ;60 WRITE

LL X HL
. HHHL ;44 WRITE FF
LHHHL
LHHHL

e

HHLHHHRBRHHH
LHHLHHHHHHAH
LHHLHHHHHHH

LHHHEEREHHNHY
1™

LHLX XXX XX YX

I
N

{

L
L
L
L
L

-

H

-

XX X

LHL XX XX

1.

0

s44 WRITE D1

CLEAR AZ

»
¥

YoM L

[,

i

HHHHL
[ A

L

i

HHHHRKLLLOCLH
MO : ;

L.

LCLHL XXX XXX XX

L

v
N

>l

#*/AZ0

; TST TERM /RET#/C

K ONLY D1

>4

A

B

1

-

I TE TO CLEAR

60 WRI
64 WRITE D

s LATCH
;60 WRITE 7O SET

sWRITE D1 AGAIN
s LATCH

164 WRITE D1

: 54 WRITE FF
;64 WRITE D1

-
*
T

D1 THEN 44 WRITE, MA

L
L

X LL
H
H

LLL
H
H

1

H
HHLL

LLXLL
H
H

|
LHHLH 60 WRITE TGO TEST TERMS

LHHLL

HHHHL ;D1 THEN FF, MASK BOTH

LHLLL,
LLXLL
HHHLL ;SET A20
HHHLL
HL XLL
HL XL L
HL XLL
HHHLL
HHHLL
HL XLL
HLXLL
LHLHL
LHLHL
LLXHL
LLXHL
HHHHL
HL XHL
HLXHL
LHHHL
LHHHL
LLXHL
LLXHL
HL XHL
HL XHL

L
H
H

L L

HL XX XXX XXX
HHHHHHEH
HHLHHHHHHH
LHHLHHHHHHKH
LHLXX XX XX XX
LHLXXXX X XXX
LHHHHHLLLLH
LHHHHHLLLLH
LCLHLX XX XX XXX
LHHHHHHHHHH

1

- e

[
o
c

1

LCLHLXX XXX XXX
LCLHHHHHLLLLH
LCLHHHHHULULLLH
LCLHLXX XXX XXX
LCLLHLXXXX XXX
LCLHLXXX XX XXX
LCLHHHHHLLLLH
LCLHHHHHLLLLH
LCLHLXX XXX XXX
LCLHLXXXXXXXX
LCLHHLLLLLLHL
LCLHHLLLULLLHL
LCLHLXXXXXXXX
LCLHL XX XX XX XX
LCLHHHHHHHHHH
L

LCLHL XXX XXX XX
LOCLHLXX XXX XXX
LCLHLXXXX X XXX
LCLHLX XX XXX XX

L C
L C
L C

L
L
L

.



(

LCLHHHHHHHHHL LHLHH 1464 WRITE DO
LCLHHHHHHHHHL LHLHL ‘
LCLHHHHHHHHHL LHLHL

LCLHLXXXXXXXX LLXHL

LCLHLXXXXX XXX LLXHL ;CLEAR A20
LCLHHHHHLLLLH HHHHL 164 WRITE D1
LCLHLXXXXXXXX HLXHL

LCLHHLLLLLLLL LHLLL 160 WRITE TO CLEAR
LCLHLX XX XXX XX LLXxLL sLATCH

LCLHL XXX XXX XX LLXULL ¢TEST TERM /RST#Q0%/A20
LCLHHHHHLLLLH HHHLL +(THIS IS NOT A LEGAL INPUT
LCLHHLHHULLLLH HHHLL ; DURING NORMAL OPERATION)
: F W

s D F C

: ‘ 4 o g

s+ LR ¥ RAD

+1QOLSCWADDDDDDD Q2@D 24

L ETEL 26753210 10102

DESCRIPTION

This FAL is used to speed up the 304Z7s response to changes in the LOWAZO line.
It works by intercepting the specific write commands to the S042 and ewecuting
them itself.



PAL16RAC ~ PAL DESIGN SPECIFICATION
D4~-SMSCD  108397-001 - PAUL R, CULLEY 01/12/87
Miscellaneous garbage logic - '

Copyright 1985, 1987 COMPAQ COMPUTER Houston, Texas .

CLK /M32 /BRDY BALE W-R D-C M-I0 /BEO PA31 GND
/OE  /JLNCP /CLSTD /MYCYC /LOE /NAB /SHTD 3871 /ADS  VCC

LOE :=
MYCYC » BALE * /W-R * /LNCP ;s GDES ACTIVE AT ALE
+ LOE » /BRDY s+ HOLD THROUGH TILL BRDY ACTIVE
SHTD :=
MYCYC* BALE® M-I0* /D-C# W-R#* BEO + DECODED SHUTDOWN OPCODE
MYCYC :=
/CLSTD # ADS * /M-10 »# /3871 s+ WHEN NO 387 AND 1/0
+ JCLSTD # ADS #* /M-10 # /PA3L 3 OR NOT NCP 1/0 CYCLE
+ /CLSTD # ADS # M-I0 % /M32 3 OR NOT 32 BIT MEMORY CYCLE
+ /CLSTD # ADS # M-1I0 * /D-C * W-R : OR HALT/SHUTDOWN CYCLE
+ /CLSTD #+ MYCYC : HOLD TILL NAB
NAR := CLSTD s+ NEXT ADDRESS BUS
LNCP =

MYCYCs BALE* PA31® /M~-I0
+ LNCP# /BALE
+ MYCYC# PA31# /M-10% LNCP

NUMERIC COFROCESSOR OF
HOLD TILL NEXT ALE OR HOLD
DEGLITCH

-

e we

FUNCTION TABLE

CLK /0E /M32 /BRDY BALE M-I0 D-C W-R /BEQ PA31
/ADS  /CLSTD 3871 /LNCF /MYCYC /LOE /NAB /SHTD

3 C M

3 BEBEM P L3 L Y S

12 C/ MRA-DWBA ASS8 N CLNH

3L O 3DLI--E3 DT7 C YOAT

s K E 2YEOCRO1!t SDI P CEBD

€L HLHHHHHL LHH H X HHH RESET MTCYC BY /M32
CL HLHHHHHL LHH H L HHH RESET MTCYC BY /M32
CL HLHHHHHL HHH H L HHH HOLD MYCYC

CL HLHHHHHL HLH H HHLH

CL LLHHLHHL LLH H HHLH

CL LLHHLHLL LHH H LHHH MYCYC BY HALT

CL LLHHLHLL LLH H HHLL

CL LLHLLLHL LHH H LHHH MYCYC BY I/0

Ct LLHLLLHL LLH H HLLH

CL LLHLULULHH LHL L L HHH MYCYC BY 337 NOT INSTALLED
LL LLLLLLEHH LHL L LHHH

CL LHLLLLHH LLL L HHLH

CL LHLLULLHH LLL L HHLH
DESCRIFTION

Rev D of this PAL is for the upgraded D3PE D4-processor board (with 387) and

is a new design,

This PAL contains the equations for the signal MYCYC (BUS state machine cycle),
3HTD (decoded shutdown status), LNCP (numeric processor access status), and



LOE (latch output enable). It also is the F/F for the NAB signal.



PAL16L8A PAL DESIGN SPECIFICATION

D4-SNCP 105657-001 PAUL R. CULLEY 05/07/86
Numeric Coproccessor error and busy logic : -
Copyright 1986 Compaq Computer Houston, Texas

/TIMCS /7XI0DWHC  XAD /ERROR  /BUSYIN TIMO /NCPIN /NCPCS /RESET  GND
XAT  RESZE7 /TIM2CS /TIMICS ONESHT IRG1Z NCOZ  EN_ERR /BUSYQUT VCC

:The following equation is the positive true output of the equation:

s RES287 = RESET + XIOMWC # NCPCS # /XA3 # XA0 :I1/0 write to Flh
IF (VCC) /RES287 =
/RESET # /XIOWC sNOQT 170 WRITE
+ /RESET # /NCPCS sNOT port FX
+ /RESET # XA2 ;NOT address XX1XXXb
+ /RESET # /XAOQ sNOT address XXXXXOb
IF (VCC) BUSYQWT =
/RESET# NCFIN# BUSYIN scoproacessor busy
+ /REZET# NCPIN# ERROR # EN_ERR® /TIMO serror before int ack
+ /RESET# /NCPIN# NCFCT ¥ XAD # XIOWC sWhen not installed and NCP accessed
+ /RESET# /NCPIN# ONESHT# /TIMO :When not installed till timeout
1The following equation is the positive true output of the equationd
s IRGILZ = ERROR® /JBUSYIN® EN_ERR# NCPIN ;Int when error and enabled

IF (VCQ) /IRGLZ =

/ERROR sNo int if no error
+ BUSYIN ;s or busy
+ /EN_ERR ;3 or not enabled for err
+ /NCFIN sNo int if not installed

IF (VCD) /EN_ERR =

/RESET# NCFIN#* /EN_ERR # ERROR sHold disabled ti11 ERROR goes away
+ /RESET# NCPIN# /EN_ERR # BUSYIN sHold disabled till BUSY goes away
+  XIOWD % NCRCE # /XAZ ® /XA shizable on write to port OFOQOK
IF (VCT) /ONESHTY =

NCFIN # /IRRLS sOne shoat output when IRE (installed)
+ /NCFIN /ONESHT # /XI0OWC sGoes high on NCP access when not

JONESHT # /XAZ

#
+ /NCFIN # s installed

+ /NCPIN # JONESHT # /NCPCS 3 '

+ /NCFIN # TIMG s and stays high till timeout

+ REZET sLow at reset time

IF (VCC)» TIMICS = TIMCS % /XA3 sTimer 1 at address 040h~047h,050h-057h
IF (VCC)Y TIM2CS = TIMCS % XA3 sTimer 2 at address 048h—-04Fh, 0S8h-0SFh

FUNCTION TABLE

/NCFIN /XI0WS TIMG /TIMCS /NCFCS XAZ XAO /RESET /ERROR /BUSYIN
RESZE7 /BUSYOUT IRGI2 ONESHT /EN_ERR /TIMICS /TIM2CS
. / / I

;7 /7 / /B RE OETT

N/ OOTN REU EUINNTITI

sCITIC ERS SSRE_MM

s FOIMPXXSRY 2YQREETLZ

s IMMCCAAEDI SO1HRCEC
INCOSS20TRN 7U2TRSS
LHLHHHHLHH HHLLLHH ;RESET
LHLHHHHHHH LHULLLHBH ;NI RESET



-

i

s RES287

. BUSYOUT,NORES287 BY XA3,NOINT BY ERROR
: IRQ13, BUSYOUT ,NORES287 BY NCPCS
+ BUSYOUT ,NORES287 BY NCPCS

+NO INT BY BUSYIN

+NO RES287 BY IOWC

_LOCKERR,ND RE3267 BY XA0

+ LOCKERR,NO RES287 BY XAO

;: LOCKERR,NO RES287 BY XA0

HOLD LOCKERR,NO INT BY EN_ERR
sHOLD LOCKERR,NO INT BY EN_ERR

s TIMICS

s TIM2CS

s NOT INSTALLED AND SELECTED

:NOT INSTALLED ERROR

NOT INSTALLED BUSY

»
r

rrrxxrxxrxxxrrCrrrecfereCere
rrrIrxYx»x~>xxr-rcrccxccrrrrr
FrrCrrrr XTI ITIITITIIITICCOT
T IITITITIFFTITITITITITITEY
rFrIyIrTgzgr>>>xxcr-r-rcrCor>xx>eCOr
rrrxrr-rrxxrxrrrrerrrrcCcrerfereI>ere
TrTrrXIrxrxrxrxfF xXrrrrrTo>xTxxcx
I ITIITIITIXTITIIIIXTITXITIICC LTI
I I T ITITYXYrIIrxxXxrrTIIrIrrIx
~-r-rerfoIIagxrxxax>oeCxxxrxXxx>CxT
r rr-rrrerfecCceerfeerCCxxrCererx
IXrrXrIr-r-rxIxr-rrxxXx>ICCx
ol S el S el Sl ol S ol ol A S S Sl S0 3 R
rrrer~-rrrxxr-rr-rerrrCeerfrrrxxxCC
~rrrrreerfreer-rr-rC>XTx>x>xIx>xCrreerr
I IXTIxITIIMFTIIIITIITCIITXIITII
IFIIIXIrXrIrxrIrIrrIrIIrxrIxrxIIx

o n NE ew um

3 T 2 RB CETT
+ N ITN REWIL EUINNTII
s IMIC ERE ST SESRE_MM
SFOOMPXXSRY ZY@eset?2
s I WUCCAAE DI SO01HRCC
sINCTSS30TRN 7U3TRSS
DESCRIFTION

This PAL is used in the Magnum processor board tc handle the error logic for
the numberic coprocessor, It allows a greater measure of compatibility with
the previcus products. It sets up the system to generate an interrupt when
the error sigrnal is recieved., It holds the interrupt until the service
rouytine does a write to pert FOh, It also holds busy ocut active until the
interrupt coccurs or till the CFU times out from no activity. This 1s to
prevent any other numeric processor instructions from being executed until
the error has been recognized. If the no activity timeout occurs, that means
the CPU hung up on the 287 interface due to different design of the 384, In
this case, the interrupt will have been recieved by the 386.

In addition, the timer chip selects are broken out to the seperate selects by
the PAL lo¢gic,

TN
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PAL1&L8BA o PAL DESIGN SPECIFICATION
D4-SPPI 105659-001 . PAUL R. CULLEY 12/10/85
" Peripheral interface decode logic .

Copyright -Compag Computer Houston, Texas

XA4 /PPICE  /XIDRC  XA2 XAY XAO XAS /XIOWC  /INTA  GND
RESCMOS /CMOSWR  /NMICLK /PBWR /CMOSRD /KEYCS /CIORD  /PBRD  CMOSAWR VCC

NMICLK = PPICS # XA4 * /XAZ » /XA0 * XIOWC s+NMI register write (70h)
CMOSRD = PPICS # XA4 * /XA3 * XAO % XIORC ;1CMOS data read (71h)
CMOSWR = PPICS # XA4 # /XA3 * XA0 *» XIOWC 1CMOS data write (71h)
KEYCS = PPICS # /XA4 # /XA3 * /XAO 18042 (40h, 44h)
PEWR = PPICE # /XA4 = /XAZ # XAD % XIOWC sPort B write (&41h)
FBRD = PPICS # /XA4 % /XAZ ¥ XAO # XIORC sFPort B read (61h)
CIORD = /XA® # /XAS # XIORC 3 O-FFH

+ INTA sor Interrupt ack

JCMOSAWR = /NMICLE % /RESCMOS Inverted NMICLE
+ /XIOWC % /RESCMOS :CMOS address write (7Ch)

-n

FUNCTION TABLE

/XIORC /XIOWC /INTA XA? XAB XA4 XAZ XAO /PPICS RESCMOS
/NMICLE CMOSAWR /CMOZWR /CMOSRD /KEYCES /FPBWR /PBRD /CIORD

: R NCCC

XX FE MMMME c

3111 FZ 1000DEFFPFI

D ONXXXXXIEC CSSS5YBEGO

i(RWTAAAAACM LAWRCHWRER

sCCA9B843050 KWRDSRDD

HHHHHHLHHH HHHHHHHH

HHHLLLLLLL HLHHLHHH ;8042 SELECT
HHLHHHLHHL HLHHHHHL .3 BUFFER ENABLE ON INTA
HLHLLHLLLL LHHHHHHH :CMOS ADDRESS WRITE
HHHLLHLLLL HLHHHHHH sCMOS ADDRESS WRITE
HLHLLHLHLL HLLHHHHH s CMOS WRITE
LHHLLHLHLL HLHLHHHL ;: CMOS READ
LHHLLLLHLL HLHHHHLL s PORT B READ
LHHLLLLHHL HLHHHHHL ; BUFFER ENABLE
LHHHLLLHHL HLHHHHHH ; BUFFER DIZABLE
LHHLHLLHHL HLHHHHHH : BUFFER DISABLE
HLHLLLLHLL HLHHHLHH :PORT B WRITE (NO BUF ENAELE)
HLHLLLHHLL HLHHHHHH :
HLHLLHHHLL HLHHHHHH :

; R CcCcC

$X X PE MMMEK c

s 11 PS OO0DEPFI

tOONXXXXXIEC S$35SYBBO

t(RWTAAAAACM AWRCMWRR

iCCAP98430S0 WRDS5RDD

——— st by Y

A W e sl Wl e e A A S S o W Mo S S O o B A D, i 1 S g i e S . 2 . o >



DESCRIPTION

This PAL is used in the D4 (386) processor board to decode addresses within the
range 40h to 7Fh for 1/0. It alsc generates the signal-that controls the
direction of the 1/0 data buffer XD<7..02.



PAL1&LBA . PAL DESIGN SPECIFICATION
D4~-SROMA 108135-001 . PAUL R. CULLEY Qb/26/86
System ROM decode logic : )
Copyright 1986 Compaq Computer Houston, Texas

BALE  LAZ3 LA22 LA21 LA20 LA19 LA18 LA17 SA14  GND
/MRDC /ROMICOE /RFSH /M32 /M14E /ROM /ROMEN /LOWEN /ROMZOE VCC

MI6E = /LAZ3#/LAZ22%/LAZ1#/LA20% LA19+ LA18* LAL7 s OOEOOOOh~0OFFFFFh
+ LA23% LA22% LA21% LA20% LA19* LA18+ LAL7 j OFEOOOOK-OFFFFFFh
+ M32

ROM JULAZ3#/LAZ2% /LAZ1I #/LA20% LA19* LA18* LA17+« BALE 3;00EQOCQh-OOFFFFFh

+ LA23% LAZ22% LAZ21* LA20* LAL19* LAIS* LAL7® BALE ;OFEQOOOh-OFFFFFFh
+ /LA23#/LA22#/L A21%/LA20*% LAL9* LALIB* LA17% ROM sDEGLITCH
+ LA23% LA22+% LA21% LA20% LAL19* LALIS* LAL7% ROM ;DEGLITCH

+ /BALE®* ROM s LATCH TERM
ROMIDE = ROM #  SAtL * MRDC s OOFO000H—-OOFFFFFHh
s OFFQQOQK-OFFFFFFh
ROM20E = ROM # /SA14 % MRDC s O0EOOOOH-OOEFFFFH
; OFEOOOOh-OFEFFFFh
ROMEN = ROM % MRDC s BUFFER ENABLE

BOTTOM ONE MEGABYTE AND BALE
DEGLITCH TERM

LATCH TERM #
AND REFRESH

LOWEN = /LAZ3% /LAZZ® /LAZ1# /LAZO® BALE
+ /LA23% /LAZZ* /LAZ1% /LAZO* LOWEN
+ /BALE® LOWEN
+ RFSH

e VB gy W

FUNCTION TABLE

BALE LAZT LAZZ LAZ1 LAZ0 LA1Y LALS LALT7 SA1é /MRDC /RFSH /M32
/ROM /ROMICE /ROMZOE /ROMEN /M1AE /LOWEN

. R R
. 0OR L

sBELLLLLLLSMER MMOMO

sAAAAAAAAARFM R12M1H
sL22221111DS3 O0O00DEGE

tE321098746CH2 MEENEN

HLLLLLLLLHHL HHHHLL  sINACTIVE
LLLLLLLLLHHH HHHHHL  INACTIVE
LLLLLHHHLHHH HHHHLL  ;ROM2 ADDRESS, NO READ, NO ALE
HLLLLHHHLHHH LHHHLL  ;ROM2 ADDRESS, NO READ, ALE
LLLLLLLLLLHH LHLLHL  ;ROM2 READ, HOLD ADDRESS ON ROM
HLbLbLLULLLULUHHH HHHHHL s INARCTIVE

oL bLLLLLULHHH HHHHHL S INRITIVE
LHEHHHHHHHHH HHHHLL  ;ROMI ADDRESS, NG READ, NO ALE
HHHHHHHHHHHH LHHHLH  ;ROMI ADDRESS, NO READ, ALE
LHHHHULLLHLHH LLHLHH  ;ROM READ, HOLD ADDRESS ON RUM
HLLLLLLLHHHH HHHHHL s INACTIVE
HHLLLHHHHHHH HHHHHH  ;INACTIVE
HLHLLHHHHHHH HHHHHH  ;INACTIVE
HLULHLHHHHHHH HHHHHMH s INACTIVE
HLLLHHHHHHHH HHHHHH  ;INACTIVE
HLLLLLHHHHHH HHHHHL  ;INACTIVE
HLLLLHLHHHHH HHHHHL  ;INACTIVE
HLLLLHHLHHHH HHHHHL  ;INACTIVE
HLUHHHHHHHHHH HHHHHH s INACTIVE



HHLHHHHHHHHH HHHHHH 1 INARCTIVE
HHHLHHHHHHHH HHHHHH : INACTIVE
HHHHLHHHHHHH HHHHHH s INRCTIVE
HHHHHLHHHHHH HHHHHH 1 INACTIVE
HHHHHHLHHHLH HKHHHHL s INACTIVE
HHHHHHHLHHHH HHHHHH s INACTIVE
DESCRIPTION

e - 1 - —" -

This PAL is used in the D4 (384) processor board to decode ROM addresses

within the two ranges OFEQOOOh-OFFFFFFh and OOEOOOOh-OOFFFFFh.

It alsc

generates the signal that controls the ROM data buffer RD<C15..0> and the
signal M14 (memory is 16 bits) during ROM accesses.
The signal LOWEN# is generated by this PAL to indicate when the low one

megabyte of the system is being accessed.



PAL 1 6REB
D4-RCTLA

108352-001

" D4 PAGE RAM BOARD Control logic
Copyright Compaq Computer Houston, Texas 1986

CLK /ADSM /DMIO D-C W-R /M32
/QE /MRAS /SWM

ShiM =

/HLDA#*
/HLDA*
/HLDA*

HiL_DA*
HLDA#*
HLDA*
HLDA®

=
/HLDA
+ /HLDA®
+ /HLDA®
+ /HLDA#
+ HLDA®
+ HLDA*
+ HLDA*

NAM :=
/HLDA*
+ /HLDA*
+ /HLDA#*
+
+

HLDA*
MRDY

/HLDA*
+ /HLDA#®

.
-1

MRAS
/HLDA*
/HLDA*
JHLDA*
JHLDA*
/HLDA*
HLDA*®
HLDA*
HLUDA#*

+ et

MCAS
/HLDA*
/HLDA*
/HLDA*
HLDA*
HL.DA#

+ + o+

MWE :=

/HLDA*
/HLDA*
/HLDA#*
HLDA
HLDA*

++ + 4

o
-4

MR

PAL DESIGN SPECIFICATION
"PAUL R. CULLEY 0%/13/86

HLDA /CLK14 /HIT GND

/NAM /MCAS /MRDY /MWE /MRD /YY  VCC
CLK16* ADSM* /MRDY* /W-R* M32 :CPU IDLE TO MEMORY
CLK16% ADSM* /MRDY# D-C# M32 ;CPU IDLE TO MEMORY
CLK16* YY®#  /MRAS#* /SWM sAFTER A MISS
JCLK16% SWM®  /MRAS s CLK16 SYNC
/ADSM*  D-C* /MRAS ; DMA
/ADSM* /D-C*  MRAS* YY sREFRESH START
/ADSM* /D-Cx  SWM*  DMIO s REFRESH HOLD
/ADSMx  DMIOx  SWM®  /MRAS ; REFRESH END
CLK1&% ADSM# MRDY# /W~-R# M32% /HIT ;CPU PIPE TO MEMORY MISS
CLK16% ADSM* MRDY* D-C#* M32% /HIT ;CPU PIPE TO MEMORY MISS
NAM®  MRAS yOR WHEN LATCH NEEDS CLOSED
/CLK16% YY ;CLK146 SYNC

D-C# MCAS* DMIOx /ADSM
YY#  DMIO® /ADSM

/D~C#  MRASH* DMIO#* /ADSM# /SWM#

CLK16% ADSM* MRDY#* /W-R% M32#
D-C* M32»

CLK1é6% ADSM#* MRDY#*
CLK16% SWM»
7CLK16% NAM

/ADSM* /NAM

/ADSM

CLK16# NAM*
/CLK16% MRDY

MRAL

SWM*  /ADSM#
MRAS* /MRDY
MRAS* /CLK16
MRAS* ADSM*
MRAS* ADSM#*
DMIO* /ADSM»
DMIO* /ADSM*
DMIO#* /ADSM*

/NAM

/W-R*
D-Cx
/D=C#
/D-C#
D-C»

M32% HIT
M32% HIT
/SWM* CLK16
/SWM* MRAS
M32% /YY

CLE1&%* NAM# MRD#
FCLK16% MCAS
/CLK14% MRDY# MWE
7ADSM® D-C* DMIO#*
/ADSM:  D-Cx DMIO®

MRAS

MRASH* /SWM
MCAS# MRD

/CLK16% NAM» D-C# W-R# M32# MRAS

/CLK16# MWE :
CLK16% MWE® NAM

/W-R¥ DMIO* /ADSM* M32% /YY
MWE# DMIO* /ADSM

s DMA
sDMA, REFRESH HOLD TO END
CLK1& ;REFRESH
HIT  ;CPU PIPE TO MEMORY HIT
HIT  3;CPU PIPE TO MEMORY HIT

sAFTER AN IDLE OR MISS
;CLK146 SYNC
s DURING REFRESH AND DMA

sAFTER NA WILL BE READY
sCLK16 SYNC

sOUT OF A MISS OR IDLE OPERATION
s TILL MRDY

3y AND TILL CLK1&6 UNLESS

s CPU PIPE HIT

sCPU PIPE HIT

s REFRESH

s REFRESH HOLD

s DMA

s AFTER
sCLK16 SYNC

sAFTER START OF MRDY IS WRITE CAS
sDMA START

+DMA READ HOLD TILL END

NA WILL BE CAS FOR READ

;CPU WRITE TO MEMORY
sCLK16 SYNC

:DMA WRITE
;DMA WRITE HOLD



sDMA READ (NOT REFRESH)

s DMA READ HOLD

1CPU READ FROM MEMORY

1CLK16 SYNC

/AaDSM

HLDA® W-R# DMIO# D-C» /ADSM* M32* MRAS

/HLDA® /CLK16% NAM® /W-R® M32% MRAS
HLDA* MRD* DMIO*

+ /HLDA® /CLK1é&# MRD

+ /HLDA® CLK146% MRD* NAM

FUNCTION TABLE

CLK /CLK14 /O0E /ADSM /DMIO D-C W-R /M32 HLDA /HIT
/MRAS /SHM /MCAS /NAM /MRDY /MWE /MRD /YY

+
+

WRITE INITIAL OUT OF A LONGGG PIPE
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Rev A of this PAL changes the DMA state machine to prevent spurious RAM cycles

This PAL is used in the D4 (386) memory board to control the DRAM subsystem.
after refresh or DMA cycles.

The RAS and CAS master strobes are generated, and the CPU next address and

READY signals are provided,

DESCRIPTION



PAL16LBB - ) PAL DESIGN SPECIFICATION
D4-RM32 108053-00% o PAL. R. CULLEY 04/02/86
D4 PAGE RAM BOARD M32 decode logic

Copyright Compaq Computer Houston, Texas 1986

A31 A23 A22 A21 A20 A1Y  A18 Al17 FA20 OGND
/2M /M32A /M32B /ROM /512K /640K /1M /8M /M32C VCC

IF (/A22 * /A21) M32A =

/A31%/AR23%/A22%/A21%/A20#/A19%/A18 3 000000-03FFFF 256K
+ /AS1I%/AZ3%/A22%/A21% /A19%/A18%  /FA20 $ 000000~-03FFFF 256K
+ /AB1%/A23%/A22%/A21%#/A20%/A19% A1B% S12K 3 040000-07FFFF 256K
+ /A31%/A23%/A22%/A21%/A20% AL9%/A18%/ALT7% 640K s 080000-09FFFF 128K
+ /A31%/A23%/A22%/A21%/A20% A19* AL8* A17* ROM s OEQOQO-OFFFFF 128K
+ /A31%/A23%/A22%/A21% A20% imM s 100000-1FFFFF 1M
+ /A31% A23%/A22%/A21% 8M 1 800000-9FFFFF 2M

IF (A22 * /A21) M32B =

/A31%/A23% A22%/A21% aM s 400000-5FFFFF 2M
+  A31x A23# AR2#/A21%/A20%/A19%/A18%/A17 sDIAG 8000000h 128K
IF (A21) M32C =

/A31% AZ3% AZ2% A1 A20%/A19% AL1SH /512K :F40000-F7FFFF 254K
+ JA31% A23% A22% AZIX AZ20% ALF#/A1B%/A1T7#/640K s FBOOOO~FOFFFF 128K
+ /A31x A23# A22% A21% A20% A19%/A18% AL7 s FAOOOO-FBFFFF 128K
+ /A31% AZ3% A22% AZ21% AZO® A19* ALS s FCOOOO-FFFFFF 256K
+ /AB1#/AZ3+ A22% A21% 8M 3 600000~-7FFFFF 2M
+ /A31%/A23%/A22% A21 2M s 200000-3FFFFF 2M

FUNCTION TABLE

A31 A23 A22 A21 A20 Al19 A18 AL17 FA20 /512K /640K /iM /2M /8M /ROM
/M32a4 /M32B /M32C
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DESCRIPTION i

This PAL is used in the D4 (386) memory board to decode addresses within the
memory space and assert the M32» signal., It does all the decoding for all the
expected options according to the following jumper settings.

S12K 640K iM

H H 256K 000000~-03FFFFh H NO EXTENDED MEMORY

L H 512K 000000-07FFFFh L 1028K  100000-1FFFFFh
L L &40K 000000-9FFFFFh

H L ##xx  ILLEGAL

8M 2M

H H OK

H t  2088K  200000-3FFFFFh

L H 4144K  A400000-PFFFFFh (NOTE: The 8 Meq beard asserts both 8M and 2ZM
L L 81%2K 200000-9FFFFFh strobes)

When FA20 is low, the address line A20 should be considered to be low.
When FA20 is high, A20 is decoded as usual.

The above set of m32 outputs are wire ORed to form the signal M3Z2%, The
actual equation for M32 is shown below.

M32 =

/ABIX/AZ3X/AZ2%/A21%/A20%/A19%/A18 3 000000~03FFFF 256K
+ JA31IX/A23R/A22%/A21% /A19%/A18%  /FA20 s 000000~-03FFFF 256K
+ JABIR/A23%/A22%/A21%/A20%/A19% A18% 512K 3 040000~07FFFF 256K
+ /AB1#/A23%/A22%/A21%/A20% A19%/A18%/A17% 640K 3 080000-09FFFF 128K
+ /A31%#/A23%/A22%/A21%/A20% A19%* AL18* A17% ROM 3 OEQOQO~OFFFFF 128K
+ /A31% A23% A22% A21% A20%/A19% ALISH /512K s FA0000-F7FFFF 256K
+ /A31x A23% A22% A21% A20% A19%/R18%/A17%/640K +F8000C-F9FFFF 128K
+ /A31x A23% A22% A21% A20% AL9#/A18% AL7 s FAOOOO-FBFFFF 128K
+ /A31% AZ3% A22% AZ1% A20% A19* ALS ;s FCOOQO-FFFFFF 256K
+ /A3IR/AZ3IR/ARZH/AZLE A20% 1M s 100000-1FFFFF 1M
+ /AZIR/A23%/A22% AZ1% 2M 3 200000-3FFFFF 2M
+ /A31%/023% A22%/A21% 8M s 400000-SFFFFF 2M
+ /A31%/A23% A22% A21% 8M s 600000~-7FFFFF 2M
+ /A31% A23%/A22#/A21+# - 8M s BOOOOO-9FFFFF 2M
+  A31x AZ3% A22%/A21%/R20%/A19%#/A18%/A17 s DIAG 80CO000h 128K



PAL14L8B

D4-RRAS 108054-001

D4 PAGE RAM BOARD RAS decode logic

Copyright Compaq Computer Houston, Texas 1986

A31 A23 A22 A21 A20
-/RFSH /RSO /MWE /MRD /WEO

A1Y Al3

RSO = ,

/A31% /A23% /A22% /A21%
JA31% /A23% /A22% /A21%
/A31% /A23% /A22% /A21%
/A31% /A23% /A22% /A21%
/A31% A23% A22% A21%
RFSH

/A20% /A19
/FR20% /A19

/A20% A19% A1+
A20

+ + 4+ +

Rel =

/A31% JAZ3% /AZ2% /A21%  AZO* FAZ0

PAL DESIGN SPECIFICATION

PAUL R. CULLEY

A17  FA20 GND
/PARRD /PARWR /ROM /RS1

vee

/A20% A19% /A18% /A17
A1?7

05/20/86

+ 00000000H 512K
$00100000H 512K
+ 00080000H 128K
s O00EOOOOH 128K
s OOF00000H 1024K
:+ REFRESH

s 00100000H 1024K

+ RFSH s REFRESH
FARWR =

MWE* A31# A23x A2Z# /A21% /A20% /A19% /A18% /ALT7 1 BOCO000O0H 128K
PARRD =

MRD#* A31®  A23%  A22% /A21% /A20% /A19% /A1 /A17 s 80CO0000H 128K
WEQ =

MWE®/AS1% /A23% /A22% /AZ1x /A1% 3 00000000H 512K
+MUWE*/A31% /A23% /A22% /A21% /A20% A19% /A18% /A17 3 00080000H . 128K
+MWE®/A21% /A23% /A22% /A21% /A20% A19% A18* A17% /JROM :000EQQ0QOH 128K
+MUE®/A31% A23% A22% A21® A20% /ALP* ALS8 s OOF30000H 256K
+MUE#/A31%  A23% A22% A21% A20% A19% /A18 s O0F80000H 234K
+MUWE#/A31%#  A23% A22% A21x A20% AL9% A18» /A17 1 OOFCOO00H 123K
+MWER/A31% A23% A22% AZ1x A20% A19* Al8* A17% /ROM ;OOFEOOQOOH 128K
FUNCTION TABLE

31 AZ3 AZZ A21 AZO AL7 A18 A17 FA20 /ROM /MUWE /MRD /RFSH
/RSO /RS1 /PARWR /PARRD /WEO
: / PP
3 F/ / /R /7 /7RA/
s(RAAAAARAAAAR MMF RRRRW
33222211120 WRS SSHKWRE
:1132109870M EDH O1RDO

LLLLLLLLHL LHH L HHHL 000000H 512K

LLLLHLLLLL LHH LHHHL 100000H 512K

LLLLLHLLHL LHH LHHHL 080000H 128K

LLLLLHHHHL LHH LHHHHOEQOOOH 128K

LLLLLHHHHH LHH L HHHL CEOOOOH 128k

LHHHHLHLHL LHH LHHHL FA0000H 258K

LHHHHHLLHL LHH LHHHL FB80000H 256K

LHHHHHHLHL LHH LHHHL FCOOOOH 128K

LHHHHHHHHL LHH LHHHH FEOOOOH 128K

LHHHHHHHHH LHH LHHHL FEOOOOH 128K

LLLLHLLLHL HHH HLHHH 100000H 1024K

HHHLLLLLHKHL LHH HHLHH B0CO0000H 123K

HHHLLLLLHL HLH HHHL H S0CO0000H 128K

HHHHHHHHHL HHL L LHHH REFRESH

DESCRIPTION



| -

This PAL is used in the D4 (385) mnory board to decode the RAS signals andv
the parity read and write logic. '



Title:
Drawing?

SCHEMAT IC-DP3E DEC 16, 1986
000559-000 REV: - X )

+12V 7B&, 12BS, 13C1
+F2 6C1
+KB 6B1
-12V 12B8, 13D1
-SV 12B€, 13C1
-KB 6B1
3671 4AE, 6C1,11B8
ADS* 2B1, 4A3,11B8,13AB
AEN2 4BS, SA1
ALE 3C8, 9B1
BALE 4AE, 4BS, 9$B1,10AS, 12C8
BCK<3:0>  3B1, 4DS
ECLE 2A%, 9A1,12ES
BEO* 2B1, 3AS, 4AS, 13A8
BE1# 2B1, 2AS,13B%
BEZ# ZE1, 3A3,13B3
BE3# 2E1, 3AE,13B5
BEN#<3:0> 3E1, 4C3
BHE* 261, A4B1,i2AS
EHLDA 3C1, SES, SBS
BHLDA* 3B1, 4RS, PO
ERDY# 2B3, 4A3, 9B1
BLUSRDY gC2, 9CS, 12BS
BLISY # ZA1, 7D1
BLISY7 % 7D&, 11D1
CCLK32 2A1,11BR
C10ORD* ap1, 7B1
KM 6D1,11D3

CLAST# 301, 9BS

CLK14 2a1,11A8

CLK1&# 2A1, 9BE,13A8,13D3

CLK32 2A1, 13A8

CLETD 3A1, 4A=

CMD* 3B8, 4A3, $B1,11A3

CRDY# 288, 1101

CX16% 3a1, 98BS

D-C 2B1, 3D2, 4A%, 1342

DAEN* 4B1, SES, 8D&

DAEN1* 4E3, SR1

DAENZ# 4B1, SA8

DAK*<7:0> SD1,12A8,12C8

DCLK 5D8, &DS, 8C8, 9D1

DCLK* 8BS, 9D1,10A8

DCMD* 3A1, 4B8

DIRRD#* 3B1, 4C8

DMA 4D1, 5B1,1288

DMA* SB1, 7DR

DMAS1# scs, 781

DMAS2* SA8, 7A1

DMRDC#* scs, 808

DROY spe, 8b1

DREQ SA3, 8C8

DRGO 5C8, 12A8

DRQ1 5C8, 12C8

DRQ2 SBE, 1208

DRQ3 5B8, 12C8

DRGS SAS, 12A8

DRQ 5A3, 12A8

bat="0 0 )

BAG AT3A0



EHITINM
EIOCHK
ERR386#%
ERROR*
GRAB#*
HAKDMA
HITIM
HITIM»
HL.DA
HOLD
HRGCP
INT
INTISH*
INT2SH
INTA*
1016
10CHK*
10DK7: 00
I0ERR
IORC*
10WC*
IOMCX»
IRQ10
IRG11
IRQ12
IRG1Z
IRQ14
IRGLS
IRQ3
IRQ4
IRQS
IRG&
IRG?7
IRG8
IRQY
KA20#%
KEYCS#
KEYWNR#
KRS
LAL23117>
L.D-C
LM-10
LMi6*
LNCP#
LOWA20
LOWEN*
LW-R
M—-10
Mio=
M32x%
MHLDA
MRDC#*
MRDY#»
MWTC#
MYCYC*
NiO

N9
NA*
NAB#*
NAM*
NC
NCPIN#®

At T

- &A1, 7D8

4A1, 7C8
2A1,11A1
7D8,11D1

588, SDS,12A8

5A8, 8B1
bA1, 7C1
&D1, 7D8

2A1, 3C8, 8BS

2A1, 3C8
288, 8C1
2A8, D1
6C8, 7B1
6B8, 7A1

3B1, 6D8, 7B8
3A8, 4BS, 12A8

7C8, 1288

4D1, SD1, &C8, 7A8, 7C8,10B1

6A1, 7C1

aa1, 8D1,12B8
aA1, 8D1, 9A3,10A1,12B8

aps, 9A1
6B8,12A8
6BS, 12A8
6B8, 12A8
6R8, 7D1
B8, 12A8
6C8, 1208
6D8, 1208
6D8,12C8
608, 12C8
&DS, 12C8
D8, 12C8
6B8, 7A1
6B8, 128

10A1
4C8, 7C1,10A8

6C8, 10A1
6B1

2C1, 3C1, SB1,10AS, 12B8
3D1, 3C8, 4BS
3D1, 3C8, 4BS, 9B8

3A8, 4Bl
4n1,11C8

2C1, 6C1,10A1,13A8

4B8, 10B8

3D1, 3C8, 4BS

2B1, 3D8, 4AS,11B8S,13A8
488, 9A8, 10A8,12A8

3B8, 4AS, 10A8, 13A8

4A1,13A8

3C8, 4A1, 8A1, 8D1,10A8,12A8

2B8, 13A8

3C3, 4Al, 8D1,12A8

4p1, 9B3
6B1
6B1
2A1
2C8, 4A1

-2C8, 13A8
6C1, 7C1, 7D1, 7D1, 7BS, SB1,

6D1, 7D8

DA e (k|

9A1,10A1,10A1,10A1,12C1,12C1



NOWS#*
0sc
0SC32#
PA31
PAC23: 20
PAGESH
PARIT*
PBRD»
PBUWR*
PCLK»
PD<31:02>
PERER
PWGOOD
RDETEC
READY#
REFCK
REFEN®
REFRS
REFRS+#
REZZz&7
RESCP
RESCF#
RESCPUs
RESDRY
RRD
RETH
RZTAR*
SATIZ:I00
Sm15:0>
SHTD*
SLOWH#*
SMRDC#
SMUTCH
T-C

T0O

Ti0
TIM1S*
TIM2S*»
TIMCLK
T™LD
TaT1
TZT3
W-R
WDEN#
XALB: O
XIORC#*
XIOWC#
XMWTCx
ic3z
oK 14%

szl

9C8,12B8

7A1,12B8

7A8 )

2D1, 3D8, 4A8,11B8,13A8

2B1, 3D8,11B8,13C8

spg, 7B1

708, 1:3A8

6AB, 7B1

6A3, 7B1

6C8, 7A1

2D8, ADS8,11C8,13CS

20&, 11Dt

7A3, 1301

4A1, 8A1

2A1, 7D3,11B8

4A1, 7B8, BBS8

8A1, 7C8

&0, 2A1

48B3, SDB, 8A1,10A8,12C8
701,11C8

2B3, 7B3, 8Ci

2Ct

2A1,11B8

sS0E, 1208, 1301

gA5

IA8, 6AE, 7C2, 8CS8, 9BE,10AS, 11A8,13D1, 13A8
621, 8C8

3C1, SB1, 7D8, %Ci,10D8,12D8
4101,10C1, 12A8, 12D8

4A1, BC8

6D1, 8C8

4R1,12E8

4B1,12B8

501,128

3A8, 7A1

A, 9AL

&2, 7D1

&0, 701

sliz, 7A1

781

3A3, 4A3

408

281, 308, AAB,11BS,13A8
3B8, 9B1

4B1, SC1, 6C8, 708, 10A8,11C8
5C8, 4C8, 7B8, 8D8,11C8
5Cg, 4C8, 7B8, 8D8,11C8
5C8, 8D8

2A8

2A1, 4A8

7h8
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PAC31: 2>
PARCK
PARIT#
PARRD#»
PARWR*
RASOA#®
RASOB#*
RAS1A*
RAS1B»
RFSH»
ROM»
RSO»
RS1»
RST»
ShiM»
TST
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TSTi®
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WPRT #
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Titlet D4 PAGE DRAM BOARD AUG 04, 1984

Drawing: 000414-000 REV: A
C 1 1008
c 2 10D7
c 3 10D7
cC 4 10D7
c S 10D6
c 6 10Ds
c 7 10D5
c &g 10D5
c 9 10D4
c 10 10D4
c 11 10A8
c 12 1003
c 13 10A7
C 14 10D2
c 15 10D2
C 1& 10D2
c 17 10A7
c 12 10D1
C 19 10A%
c 20 10Dg
c 2 10R4
c 22 10D7
c 28 10D7
C 24 10D7
C 25 10Dé
C 26 10D6
c 27 1005
c 28 10D5
c 29 10D4
c 30 10D4
c 3 10D3
c 3z 1op2
c 33 ion2
cC 34 10D2
c 35 10D2
C 36 1001
c 37 10C8
c 38 10C7
c 39 10C7
C 40 10C7
c 4 10C6
c 42 10C4
C 43 10CS
C 44 10CS
C 45 10C4
c 44 10C4
C 47 10C3
C 48 10C3
C 49 10C2
c 50 10C2
c 51 10C2
c 52 10C1
€ 53 1008
c 54 10C7
c 55 10C7
c Sé6 10C7
c 57 10C6
cC 58 1006
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D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X
Item Qty Part Number Description Ref Des

16 1 101262-001 XTAL, MINTR,32.768KHz Y 2

42 1 100144-002 1C, PRGML INTRPT CONTR..8259-2 u 1

42 1 100144-002 1€, PRGML INTRPT CONTR..8259-2 u 2

100 1 100129-001 IC, OCT BUS XCVR.......74LS245 u 3

99 1 100091-001 1€, OCT BFR/L DRVR.....74L8244 u 4

101 1 101653-001 IC, CNTR..cecrsressssss74L8590 u s

34 1 100195-00S XTAL, OSCR,14.31818mHZ U ¢

51 1 1014637-001 1C, DL D-TYPE F/F......74ALS74 u 7 AB

160 1 100129-001 IC, OCT BUS XCVR.......74L8245 u 8

54 1 101433-001 IC, OCT D-TYPE LCH....74ALSS72 u o9

100 1 10012%-001 IC, OCT BUS XCVR.......74L5245 u 10

54 1 101633-001 IC, 0OCT D-TYPE LCH....74ALS573 U o1

105 1 100079-00% SCKT, IC,LO PF,28P,.400 U 12

105 1 100079-008 SCKT, IC,LD PF,28F,.5400 Uu 13 s

&1 1 108228001 AZSY, EFROM, MEM #2 [EVEN] U 13

105 1 100079-00% SCET, IC,L0 PF,28P,.5600 U 14

105 1 100079-003 SCKT, 1C,L0 FF,28P,.600 u 15 S

62 1 108327-001 ASSY, EPROM,MEM #1! [0ODD] U 15

Sz 1 102¢05-001 IC, 4-BIT BIN CNTR....74ALS143 u 16

100 1 160129-001 IC, OCT BUS XCVR.......74L5245 u 17

100 1 100129-001 IC, OCT BUS XCVR.......74L5245 U 1s

54 1 101633-001 IC, OCT D-TYPE LCH....74ALS573 u 17

100 1 100129-001 IC, OCT BUS XCVR.......74LS245 U 20

54 1 1014633-001 IC, OCT D-TYPE LCH....74ALSS73 u 21

40 1 100147-001 IC, DMA CONTR. ..o vuvesoea 8237 u 22

40 1 100147-001 IC, DMA CONTR...evevesoa. 8237 u 2z

54 1 101633-001 IC, OCT D-TYPE LCH....784ALSS73 u 24

54 1 101633-001 IC, OCT D-TYPE LCH....74ALS573 u 25

97 1 100091-001 IC, OCT BFR/L DRVR..... 7415244 t 26

100 1 10012%-001 IC, OCT BUS XCVR...ueww 74L 5245 J 27

g 1 105672-001 IC, D BUS XCVR........74L58242 L 28

72 1 103135-001 A3SY, IC,PAL,DA-SROMA....16L8A U oo29

102 1 101649-001 IC, MEM MAPPER.........74LS612 u 30

65 1 103374-001 ASSY, IC,PAL,D4-SCMDD....16L8E U3

&7 1 1083%6~001 ASSY, IC,PAL,D4-SDEND....14L8A U 22

100 1 100129-001 IC, OCT BUS XCVR.......74L5245 U 33

54 1 101433001 IC, OCT D-TYPE LCH....74ALSS72 U Z4

54 1 101633-001 IC, OCT D-TYPE LCH....74RALSS73 U 35

3 1 108044-001 XTAL, OSCR,24.000mHz,CMOS U 326

99 1 100071-001 IC, OCT BFR/L DRVR.....74LS244 u 37 AB

63 1 105645-001 ASSY, IC,PAL,DA-SADI.....16L8B U 38

4 1 1014633-001 IC, OCT D-TYPE LCH....74ALSS73 u 39

oz 1 100091-001 1€, OCT BFR/L DRVR..... 7415244 U 40

E I 1000%1-001 IC, OCT BFR/L DRVR.....74L5244 } 41

106 1 100079-009 SCKT, IC,L0 PF,4GF,.4600 L 42

90 1 108223-001 IC, DL MK} F/Fu.vu.ee.74HC10% U 43 AB

41 1 1015%2-001 IC, PRGML INTVL TIMER.....82%54 u 44

41 1 101592-001 IC, PRGML INTVL TIMER.....3254 U 45

7 | 108395001 ASZY, IC,PAL,D4-5CPYD....16LEA U 44

?E 1 100131-001 IC, A0 GATED BFR.......74L3125 u 47 ABCD

95 1 100131-001 IC, @D GATED BFR.......74LS125 U 4z ABCD

96 1 100135-001 IC, 3-8 L DCDR/DMUXR...74L5133 u 49

97 1 100151-001 IC, &0 D-TYPE F/F......74L8175 U So

92 1 100091-001 IC, OCT BFR/L DRVR.....74L8244 u 51

70 1 105¢57-001 ASSY, IC,PAL,D4-SNCP.....16LEA u Ss2



DATE: 12-22-1986

LIST OF MATERIALS REFORT . PAGE: 2
D4 MOTHER BOARD SCHEMATIC Drawing Not: 000559-000 Rev: X
Item 2ty Part Number Description Ref Des
50 1 101428001 IC, OO 2-INF AND GATE..74ALS08 U 53 ABCD
47 1 101432-001 1C, @D 2-INF NAND GATE.74ALS00 v 54 ABCD
49 1 10146246-001 IC, HEX INV....vesess..74AL804 U S5 ABCDEF
73 1 108219-001 ASSY, 1C,PAL,D4-STATB....20RGA U 56
52 1 108221-001 IC, OCT D-TYPE F/F....74AL5273 U 97
&4 1 108393-001 AZZY, IC,FAL,D4-SADOD....20R4A U sz
gz 1 1014629-001 IC, 6D 2-1 D SEL/MUXR...74F257 u s¢
108 1 105293-001 SCKT, IC,48 FPIN FGA U &0
51 1 101637-001 1C, DL D-TYPE F/F......74AL574 u 61 AB
4 1 100132001 12, AND-DR-INVERT GATE.,74L5T1 L AR
£ 10167001 1C, DL D-TYPE F/Feuuvns T4/LE74 U 63 AR
71 i 105659~ 001 ATZY, IC,FAL,D4-ZFPT,.... 16LEA U &s
20001 103 156000 o, ol D-TYFE F/Fuwens., 784F 175 u &5 ARCD
47 1 IC, @0 Z2-INP NAND GATE. 74ALS00 U &é ABCD
S0 I, DL D-TYFE F/F.. ..., T4ELETS i &7 AR
&% 1 Azay, IC,PAL, D&-ZMICD, .., 1&RED ez
Y IC, DL DO-TYFE F/F.uu..... TAF 74 R AB
311 1014327001 IC, DL D-TYFE F/F......74ALE74 W70 AB
77 10117000 10, 0 NAND GATE. . vovvnns TA4FOG i} 71 AECD
St 101427-001 IC, DL D-TYPE F/F......74ALE74 u 7z AR
7¢ 1 101152~-001 iz, @D 2~INF AND GATE....74F03 u 72 ABCD
21 1 101156001 IC, QD D-TYFE F/F.euv.+.78F17S U 74 ABCD
21 1 102222-001 IC, 90 GATED BFR.......74HCI125 u 75 ABCD
109 1 104148-001 SCKT, IC,132 PIN,PGA U 746 s
44 1 1054674002 I, 32-BIT MICROPRCSR. 80326-16 U 7s
44 1 10146446001 IC, REAL TIME CLK,....MC14ég18 u 77
107 1 1006077-012 ECET, IC,L0 PFLA0P, (400W,CLR u78 b=}
L0 102720-004 ASSY, IC,KYBD INTFC-M U 7e
an 100527001 IC, DL D-TYPE F/F........74F74 72 AB
74 1 SFARE IC LOCATION 14 PIN U &0
5101 1014627~001 1C, DL D-TYPE F/F......74ALS574 U 81 AB
BO 1 100527-001 IC, DL D-TYFE F/Fuevaes . 74F74 U 82 AB
20 1 100527-001 Ic, DL D-TYPE F/F........74F74 u 83 AB
80 1 106327-001 IC, DL D~TYPE F/Fuivnesea74F74 U 84 AR
37 1 100195-013 XTAL, 0SCR,32ZmHz U 85
3¢ 1 101647-001 IC, HEX INViuueaansonesnss8069 U g6 ABCDEF
68 1 1083460~001 ASSY, IC,PAL,D4-SKEY.....16R4A U 87
42 1 1014654-001 IC, @D 2-INP NOR GATE..74ALS0Z U g8 ABCD
g1 1 101156~001 IC, @D D-TYPE F/F.......74F1735 u 89 ABCD
5101 101637001 IC, DL D-TYPE F/F......74ALS74 U 920 AB
501 108361-001 IC, HEX BFR,OPEN COL.74ALS1035 u 91 ABCDEF
7% 1 101421001 IC, TPL 3-INF AND GATE...74F11 8 2 ABC
4% 1 100131-001 IT, DL PRFHL NAND DRVR...75477 u 2
71 10078001 W, REC RER DIF,ZFOS W1
CI 100200002 RNET, 38.ZK OHM,&PIN SIF,S5RES RFP 1
22 1 100200-010 RNET, 300 OHM,é& PIN SIP,SRES RP 2
IOl 100201001 RNET, 8.2K 0OHM,10 FIN SIP,?9RES RF 3
IR 100201001 RNET, &.2E OHM,10 PIN SIF,9RES RP 4
2301 100201-001 RNET, 3.2K 0OHM,10 PIN SIP,%RES RF S
I 100201-001 RNET, 8.2K OHM, 10 PIN SIF,9RES RF & FG
351 100201 -007% RNET, 20K 0OHM,10 PIN SIF,?RES RP 7
7 1 100022-020 REZ, 2.2K 0OHM, 1/748W,5%, CF RP & ARCDEFG
3001 100196-023 RES, 2.87K OHM,1/48W, 1%, MF R 1
211 100193-002 RES, 2.48K OHM,1/4W 1%, MF R 2
24 1 100083-034 RES, 270 OHM,1/4W,5% CF R 3
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100083-019
100033~024
100083-032
100032-044
100022-019
100032~-012
1000832~-05¢
100033-054
100083026
100033054
1C0O08Z~007
100033-030
100082~-024
100033~085
100022-051

100083-020
100032-02¢
100083-0246
100082-030
100083-00%
100083-026
100083~-019
100083~019
100083-032
100083-032
100033-054
100083-054
100083-003
100083059
100033-003
100083-001

100083-001
100083-003
100083-020
100083-003
100083-008
100083~-008
1000383-009
100083-056
100111-001
100199-004
100224-001
GOOS60-001

1013274001

101374001

101374-001
101374-001

101374-001

100224-003
100224-001

100224-001

100224-001

100224-001

100224001

100224~001

Descr

RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
REZ,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES3,
RES,
RES,
RES,
RES,
RES,
RES,
RES;,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,
RES,

IC, REG,SH,2%,50PPM/C....

PCB,

FERRI
FERRI
FERRI
FERRI
FERRI
CONN,
CONN,
CONN,
CONN,
CONN,
CONN,
CONN,

iption

30 OHM, 1/4W, 5%, CF
1K OHM, 1/4W,5%,CF
4.7K OHM, 1/4W,5%,CF
360 OHM,1/4W,S%,CF
30 OHM, 1/4W,S%,CF
100 OHM, 1/4W,S%,CF
{80 OHM, 1/4W,5%,CF
130 OHM, 1/4W,S%,CF
1K OHM, 1/4W,5%,CF
180 OHM, 1/4W,S%,CF
20K OHM, 1/4W,S%,CF
.2K DHM, 1/4W, 5%, CF
1K OHM, 1/4W,5%, CF

22MEG OHM, 1/4W,5%,CF

470K OHM, 1/4W,5%, CF
8.2K OHM,1/4W,5%,CF
1K 0OHM, 1/4W, 5%, CF
1K OHM, 1/4W,5%,CF
8.2K OHM, 1/4W,S%,CF
20K OHM, 1/4W,5%,CF
1K OHM,1/4W,S%,CF
30 OHM, 1/4W,5%,CF
30 OHM, 1/4W,5%,CF
4.7K OHM,1/4W,5%,CF
4.7K OHM, 1/4W,S%,CF
180 OHM,1/4W,5%,CF
180 OHM, 1/4W,5%,CF
68 OHM, 1/4W,5%,CF
200 OHM, 1/4W,S%,CF
68 OHM, 174W,5%, CF
22 OHM, 1/4W,5%,CF
22 OHM, 1/4W,5%, CF
&8 OHM, 1/4W,S%,CF
S1 OHM,1/4W,S5%,CF
68 OHM,1/4W,5%,CF
10K OHM, 1/4W,5%,CF
10K OHM, 1/8W, 5%, CF
20K OHM, 1/4W,5%,CF
180 OHM, 1/4W, 5%, CF
0 OHM

68 OHM, 1/2W,5%,CC

» .431

DP3E, 80384 SYSTEM BOARD

TE BEAD, W/LEAD
TE BEAL, W/LEAD
TE BEAD, W/LEAD
TE BEAD, W/LEAD
TE BEAD, W/LEAD
PCE STD EDGE, 40/80
PCE 5TD EDGE, 31/62
PCB STD EDGE, 21/62
PCB STD EDGE,31/42
PCB STD EDGE,31/62
PCE STD EDGE,31/62
PCE STD EDGE,31/62
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100224-001
100218-001
100218-001
100218-001
100218-001
105609-004
105409-002
105609-006
101329-001
105£07-001
100184004
108122-001
100224-002
100224-002
100224-002
100224-0G2
1002264-002
101270-004
161270-004
100081001
100051-001
100081-001
100154-010
1000£81-001
100081-001
1000£1-001
100184-010
1001%2-001

PR ARE B S E AN

100192-001
100Z254-001
100082-005
100085-00%
100082-005
100085009
100082-005
100085-009
100082-005
100085-009
100082~-005
100085-009
100085-00%
100022-005
100085-00%
100085-00%
100085009
100085-00%
100085~00%
100085-009
100085~00%
100085-007
100082~005
100082-005
100085-009
100085-009

—

CONN,
HDR,
HDR,
HDR,
HDR,
HOR,
HDR,
HDR,
HIR,
HIR,
HDR,
CONN,
NN,
CONN,
CONN,
CONN,
COINN,
FUZE,
FUzE,
JMFR,
JMFR,
JMFR,
HIR,
JMFR,
JMPR,
JMFR,
HOR,

CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAF,
CAP,
CAF
CAF,
CAP,
CAP,
CAP,
CAP,
CAF,
CAF,
CAP,
CAP,
CAP,

DATE: 12-22-1986 PAGE: &
Ref Des
PCB STD EDGE,31/62 J 108
PCB, 1ROW, SPDS, STR POST J o109
PCB, 1ROW, SPOS,STR POST J 110
PCB, 1ROW, SPOS, STR POST J i1
PCB, 1ROW, 5P0S,STR POST J o112
1ROW, SFOS,KEY 4PQS,STR J 113
1ROW, 4F03,KEY 2P0S,STR J 115
1ROW, 7PQS,KEY 5P0S,STR J o116
20FP03, . 156CTR, . 0455Q POST J o117
1ROW,KEY 2P0OZ, STR Joo118
PCER, 1ROW, 2P0US, STR POST J o117
FCE STD EDGE, 3/6 J 121
FCB STD EDGE, 18/3%4 J 123
PCB STD EDGE, 18/36 J 124
FCB STD EDGE, 18/34 J 25
FCB ETD EDGE, 13/34 Jooo1ze
FLE STD EDGE, 18/34 N 127
SUBR MINTR,S,0A, 125V F 1
SR MINTR, S, 0A, 125V F 2
FLB,2 FOZ ER 1-3
PCER,2 POS ER 1-2
PCB,2 POZ ER 11
FCR, 1ROW, 9PO3,8TR POST ER 1
FPCE,2 FOS ER 2-3
PCB,2 POS ER 2-2
PCB,2 POS ER 2-1
PCE, 1ROW, P05, STR POST ER 2
DIODE, GENL PRFP.........1N914B CR 1
DIODE, GENL PRF......... IN?14E CR 2
DIODE, GENL PRP.........1N914R CR =
DIoDE, LED,RED DIFFUSED CR 4
10MFD, 16V, 20%, TANTALUM c 1
. 047MFD, S0V, ~20/+80%, ZSU 2
10MFD, 16V, 207, TANTALUM c 3
. 047MFD, S0V, ~20/+80%, 25U c 4
10MFD, 146V, 20%, TANTALUM c S
. 047MFD, S0V, -20/+80%, Z5U cC &6
10MFD, 16V, 20%, TANTALUM c 7
. O47MFD, 50V, -20/+80%, 75U cC 8
10MFD, 16V,20%, TANTALUM c 9
« 047MFD, S0V, -20/+80%, 25U c 10
« O47MFD, S0V, -20/+80%, 75U c 11
10MFD, 16V, 20%, TANTALUM C 12
. Q47MFD, B0V, ~20/+80%, 151 C 1z
. 047MFD, 50V, -20/+30%, 25U 14
. 047MFD, 50V, -20/+80%, Z5U c 15
. 047MFD, S0V, ~20/+30%, Z5U C 16
« C47MFD, S0V, ~20/+80%, 25U C 17
. 047MFD, S0V, -20/+80%, 25U c 18
. 047MFD, S0V, —20/+80%, I5U c 1%
-001MFD, S0V, 20%, X7R 20
10MFD, 16V, 20%, TANTALUM c 21
10MFD, 16V, 20%, TANTALUM c 22
. 047MFD, 50V, -20/+80%, I5U c 22
«047MFD, 50V, =20/ +380%, 25U C 24

CAP,



LIST OF MATERIALS REPORT

DATE: 12-22-19864 PAGE: S
‘D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X
Item Oty Part Number Description Ref Des
2 1 100085-009 CAP, ,047MFD,50V,-20/+80%,25U C 25
2 1 100085-009 CAP, ,047MFD,S0V, -20/+80%, 15U Cc 26
2 1 100085-009 CAP, .047MFD,50V,~20/+80%, 25U c 27
2 1 100085~-009 CAF, .047MFD,SOV,-20/+80%, 15U Cc 28
2 1 100085~009 CAP, .047MFD,50V,-20/+80%, I5U c 29
2 1 100085~009 CAP, .047MFD,S50V,-20/+80%, 15U c 30
2 1 100085~-009 CAP, .047MFD,S5S0V,-20/+80%, 25U C 31
2 1 100085-00% CAP, .047MFD,S0V,-20/+80%, 15U C 32
2 1 100085-009 CAP, .047MFD,S0V,-20/+80%, 25U C 33
2 1 100085~-009 CAF, .047MFL, S0V, ~20/480%, 75U c 34
2 1 100085~009 CAF, .047MFD,S0V,-20/+80%,Z5U C 35
2 1 1000385-00% CAF, .047MFD,50V,-20/+30%,25U c 36
z 1 100035-00% CAF, .047MFD, S0V, -20/+20%, 25U C 27
< 1 100085007 CAF, .Q47MFD, 50V, -20/+80%, 15U c 38
i 1 100085-00% CAF, .047MFD,50V,-20/+80%, 25U C 29
21 100085007 CAF, 047MFD SOV, -20/+30%, Z5U c 40
< 1 100085007 AR, JO47MFD, SOV, -20/+80%, 25U C 41
2 1 100025009 CAF, .047MFD,S0V,~-20/+30%, 1511 C 42
101 100087005 CAF, 10MFL, 16V, 20%, TANTALUM C 432
2 1 100035-00% CAF, .047MFD,S0V,-20/+80%,135U o 44
2 1 100085009 CAP, .047MFD,50V,~20/+80%, 25U C 45
2 1 100085-00% CAFP, .047MFD,50V,-20/+380%,23U C 45
2 1 100025~009 CAP, .047MFD,50V,-20/+80%, Z5U C 47
2 1 100085-009 CAP, .047MFD,50V,-20/+80%, 25U C 48 .
2 1 100085-00% CAF, .047MFD,50V,~20/+480%, 25U C 49
i 1 100025007 CAF, ,001MFD,30V,20%4,X7R C 50
2 i 100085-00% CAF, .C47MFD,50V,-20/+30%, Z5U c 51
2 1 100085-00% CAF, .047MFD,SOV, -20/+80%, Z5U cC 52
z i CAF, LO47MFD, S0V, ~20/+80%, I5U > RIC
o CAF, LO4TMFD, S0V, -20/+30%, ISU C 54
= 1 SE—~00F CAF, G&A7MFO, 50V, -20/+80%, Z51 [ 53
2 1 100035-00% CAF, .O047MFD,50V,-20/+30%, 25U c 56
10 1 100062-005 CAF, 10MFD, 16V, 20%, TANTALUM c 57
Z 1 100085~00% CAF, .CA7MFD,50V,-20/+80%, 25U C S8
Z 1 100085-00% CAP, ,047MFD,50V,-20/+80%,25U C 59
17 1 100035~024 CAF, 47PF,50V,10%,C0G C 60
2 1 100025~00% CAP, .047MFD,S0V,-20/+80%, Z5U c &1
10 1 100032-00% CAR, 1OMFD, 16V, 20%, TANTALUM C 62
2 1 100085~007 CAP, .047MFD,50V,-20/+80%, 25U c 63
z 1 100085-009 CAP, .047MFD,50V,~-20/480%, 15V C 64
2 1 100085-007 CAP, .047MFD,S0V,-20/+80%, 25U C 65
2 1 100025~-007 CAP, .047MFD,50V,-20/+80%, 15U C &6
o i 1000R5~00% CAF, J047MFD, S0V, -20/+80%, Z5U c &7
" 5 PR G CAF, L Q4T7MFD, S0V, -20/+307, 15U o 2
T By TaTe e CAF, 10MFD, 16V, 20%, TANTALUM C &%
P 1 100035 -00% ZAP, .(047MFO, 30V, -20/+30%, 25U C 70
z 1 100025-007 CAFP, . 047MFD, SOV, ~20/+50%, Z5U C 71
1 100085-00% CAF, .047MFD, S0V, -20/+30%, 15U c 72
2 H 1000285-007% CAF, .047MFD, S0V, -20/+480%, 50 C 7z
< 1 10005 -00% CAF, 047MFD, S0V, -20/+20%, I5U C 74
w1 100082005 CAF, 10MFD, 16V, 20%, TANTALUM C S
by 1 1000E5~007 CAF, .047MFD,S0V,~-20/+30%, 15U c 7&
< 1 100085-00% CAF, J047MFD, 20V, -20/+80%, 25U C 77
b 1 100025-00% CAF, .047MFD, S50V, -20/430%, I5U C 78
11 100085-007 CAF, .O001MFD,50V,20%, X7R c 79



LIST OF MATERIALS REPORT DATE: 12-22-1986 PAGE: &
D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X -
Item Qty Part Number Description Ref Des
2 1 100085-00%9 CAP, .047MFD,350V,-20/+80%,15U C 80
2 1 1000835~-00% CAP, .047MFD,50V,~-20/+80%,15U c 81
2 1 100085-009 CAP, .047MFD,S0V,~-20/+80%,15U c 82
2 1 100085-009 CAP, .047MFD,50V,-20/+80%, 25U cC 83
2 1 100085-00% CAP, .047MFD, S0V, -20/+80%, 15U cC s4
2 1 100085-009 CAP, .047MFD,S50V,-20/+80%,7ISU c 85
10 1 100082-005 CAP, 10MFD, 16V, 20%, TANTALUM cC 8
2 1 100085009 CAP, .047MFD,S0V,-20/+80%,2I5U c 87
2 1 100085-009 CAF, .047MFD,SOV,-20/+80%, 15U cC 88
2 1 1000285007 CAP, .047MFD, S0V, -20/+80%, 25U C 89
2 1 100035-00% CAP, .047MFD,S50V,-20/+80%,1%U C 20
2 1 100085-009 CAF, .047MFD,S0V,-20/+80%,I5U C 21
P 1 100035-009 CAP, .O047MFD,S0V,-20/+30%,15U C 92
2 1 100085-009 CAP, .047MFD,S0V,-20/+80%,I5U c 23
1 1 100085007 CAF, .OCIMFD, SOV, 6 20%,X7R Cc 24
s 1 100QE5-00v CAP, O47MFD, S0V, -Z0/+50%, 25U [ K4S
1 1 100085-007 CAP, .OO1MFD,SOV,Z0%, X7R C 9%
1 1 100085-007 CAF, .00IMFD,S0V,20%, X7R co 97
Z 1 100035-00% CAF, .O047MFDN, SOV, -20/+80%, Z5U Co 98
2 1 100085~-009 CAF, .047MFD,S0V,-20/+807%, 15U () 9%
2 i 100083-013 cAP, 10OPF,S50V,10%,C0OG C 160
2 1 1000283-009 CAFP, .047MFD,S0V,-20/+80%,I5U C 101
2 1 100085-009 CAF, .O047MFD,S0V,-20/+480%,I5U Cc 102
2 1 100085-009 CAP, .047MFD,S0V,-20/+80%,75U C 103
2 1 100085-009 CAP, ,0Q047MFD,50V,-20/+80%, I5U c 104
2 1 100025~-00% CAF, .047MFD, 50V, -20/420%, 25U C 103
Z 1 100085-00% CAF, .047MFD, SOV, -20/+80%, 75U Co106
2 1 1000&85-00% CAF, .047MFL, S0V, -20/+80%, 75U o107
1 1 150025-007 CARP, JOOIMFD, S0V, 20%, X7TR C 102
2 1 10002500 CAF, .Q47MFD, S0V, -20/+20%, 25U C 10%
2 1 100035-007 CAF, O47MFD, S0V, -20/+30%, 751 (M 110
11 100085-007 CAF, .O001MFD, S0V, 20%, X7R co111
2 1 100025-007 CAP, .047MFD,S0V,-20/480%, 15U C 112
10 1 100022-005 CAF, 10MFD, 18V, 204, TANTALUM C 113
17 1 100085-024 CAP, 47PF,S0V, 10%,C06 C 114
17 1 100085-024 CAP, 47FF,S0V,10%,C06 C 115
23 1 100085-004& CAP, ,O1IMFD, S0V, 20%, 251 C 116
11 1 1000235014 CAF, 18PF,SOV,10%, 06 c 117
4 1 102242-001 CAP, .OSMFD, DECOUPLING,PBA/LCC c 118
4 1 108242001 CAF, C 119

Total parts = 304

» OSMFD, DECOUPLING, PGA/LCC

Total hales = 2317
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100085-007

100085~009

100111-001
108242-001
100082~026
100083-032
100053-030
100082-003
100085-013
100GEZ-005

100035-014
100083009
100033-001
100083-0€5
100083~019
101262001

100035-024
100083-020
100023-003
100199-004
100083-012
100023-054
100033-05%
100083~-034
100033~-044
100033091

101374~001
100085-006
100192-001
100198-023
100198-002
100200-002
100201-001
100195-0035
100201-00%
10OS0GLL-QCT

100195-013
100200~010
1014647-001
1G0147-001

101572-001

100144002
100181~-001

1054674002

Description

- - - -

CAP, .OO1IMFD, S0V, 20%, X7R

CAP, .047MFD,50V,-20/+80%, 25U

RES, O OHM

CAP, .0SMFD,DECOUPLING,PGA/LCC

RES, 1K OHM, 1/4W,S%,CF
RES, 4.7K DHM,1/4W,S%,CF
RES, £.2K OHM, 1/4W,5%,CF
RES, 10K OHM,1/4W,S%,CF
CAF, 10PF, S0V, 10%,C0G

CAP, 10MFDH, 16V, 20%, TANTALLIM

CAP, 13PF,S0V,10%,C005
RES, 20K OHM,1/4W,S%,CF
RES, 22 OHM,1/4W,S%,CF
RES, 22MEG OHM, 1/4W,5%,CF
RES, 30 OHM,1/4W,S5%,CF
XTAL, MINTR,32.768KHz
CAP, 47PF,SOV,10%,C0G
RES, 51 OHM,1/4W,5%,CF
RES, 68 OHM,1/4W,5%,CF
RES, &2 OHM,1/2W,5%,CC
RES, 100 OHM,1/4W,57%,CF
RES, 160 OHM,1/4W,S%,CF
RES, 200 OHM,1/4W,5%,CF
RES, 270 OHM,1/4W,5%,CF
RES, 360 OHM,1/4W,5%,CF
RES, 470K OHM,1/4W, 5%, CF
FERRITE BEAD, W/LEAD
CAP, .O1MFD, SO0V, 20%,Z5U

DICDE, GENL PRP.........1N%14B

RES, 2.87K OHM, 1/4W,1%,MF
RES, 3.48K OHM, 1/4W, 1% MF

RNET, 8.2K OHM,&PIN SIP,SRES
RNET, 8.2K OHM,10 PIN 3IP,9RES

XTAL, O0SCR,14.31818mHZ

RNET, 20K OHM, 10 FIN SIF,9RES

XTAL, DECR, 24. 000mHz , CMOS
XTAL, OSCR,3ZmHz

€20,50,79,94,96,97,
108,111 .
€2,4,6,8,10,11,13-
19,23-42,44-49 51~
56,58,59,61,63-68,
70-74,76-78,80-85,
87-93,95,98,97,101-
107,109,110,112
R43

€112,119

RS, 12, 16,20,21,24
Ré&, 27,28
R1S,19,22,2

R39, 40

£100
€1,3,5,7,9,12,21,
22 843,57 42,47, 75,
84,113

€117

R14,23,41

R34,35

R17

R4,8, 25,26

Y2

C60,114,115

R37

R31,33,36, 38

R44

R
R10,11,13,29,30,42
R32

R3

R7

R1S

L1

C116

CR1-3

R1

R2

RP1

RP3-6

U

RE7

LS

R

RNET, 300 OHM,& PIN SIP,SRES

1,
1,
ic,
1c,
Ic,
1C,

HEX INV, . iuicennevenss 40679
IMA CONTR. e nneresnaseaBITT7
PRGML INTVL TIMER.....3254
FRGML INTRFT CONTR,.82859-2
DL FRFHL NAND DRVR...75477
22-BIT MICROPRCER.B0324~16

RFZ
1124
U2z,23
U44, 45
ui1,2
Uss
U7&
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LIST OF MATERIALS REPORT DATE: 12-22-1986
_ D4 MOTHER -BOARD SCHEMATIC Drawing No: 000559-000 Rev: X
Item Qty Part Number Description Ref Des

45 1 000560-001 PCB, DP3E, 803846 SYSTEM BOARD PCB.

44 1 101444001 IC, REAL TIME CLK.....MCl44818 u77

47 2 101632-001 IC, @D 2-INP NAND GATE.74ALS00 Us4, 66

a8 1 10165¢~001 IC, @D 2-INP NOR GATE..74ALS02 uss

49 1 101434-001 IC, HEX INV.......c....74AL504 uss

S0 1 101428-001 1C, QI 2-INF AND GATE..74ALS0S us3

51 8 101637-001 IC, DL D-TYPE F/F......74ALS74 U7,61,63,67,70,72,
81,90

5z 1024605-001 IC, 4-BIT BIN CNTR....74AL3163 uts

5201 108221 -001 1, OCT D-TYPE F/F....74ALEE273 Uus7

4 9 101633-001 IC, OCT D-TYPE LCH....74ALSS73 Us,11,19,21,24,25,
E4,:E,3°

551 1083241-001 1T, HEX BFR,OFEN COL,74ALS1035 U2l

S 1 108122001 CONN, PCEB STD EDGE, 3/6 dlZI

574 104ZI24-002 CONN, PCOE STD EDGE, 132/34 J123,124, (J125)
1&u, 127

52 7 106G224-001 C&NN, FCE STD EDGE, 31742 J102-108

Y01 100224-00% PCE STD EDGE, 40/50 J141

I 102720004 I, KYBD INTFC-M u7z

& H 1083228-001 , EFROM, MEM #2 [EVEN] - U3

&2 1 1083227-001 , EFROM,MEM #1 [0ODD] uis

&% 1 105445~001 1C,PAL,D4-SADI..... LLLER uzg L

£4 1 108393-001 IC,PAL,D4-SADOD. .. . 20R4A uss

51 108394001 1C,PAL,DA-SCMOD. ... 146LEB U31

b4 1 108295-001 IC,PAL, B4-5CPYD. ... 16LSA 1144

£7 1 : IC,FPAL, D4-SDEND. . .. 14LEA usz

gz 1 IC,PAL,D4-SKEY. .. .. 14R4A Ua7

a2 1 10, PAL, DI4-SMECD. . . . 1ARAC U&=

AT 10, PAL, D4-5NCF, ... . 1ALEA 52

T 10, PaL, BS=5FF 1, ..., 1ALSA Lisg

T 10, PRL, D4-SROMA. ... 146L2A Uy

7001 zy, IC,PAL,D4-STATE. ... Z0REA use

74 1 wFARE IC LOCATION 14 PIN 1120

75 1 10O0E75-001 SW, REC RER LIF,8F0Z W1

76z 101270-004 FUSE, SiB MINTR,S.0A, 125V F1,2

77 1 101170001 IC, @D NAND GATE.........74F00 u71

21 101158-001 IC, Qb 2-INF AND GATE....74F08 u73

7v 01 1014321001 IC, TPL 3-INF AND GATE...74F11 ez

20 5 1008527-001 IC, DL D~TYPE F/F.uu.....74F74 Us9,79,82-34

g1 = 101156-001 IC, Q0v D-TYPE F/F.......74F175% Uss, 74,89

=201 1014£392-001 IC, 80 2-1 D SEL/MUXR...74F25 us?

gEx 4 FERRITE BREAD, W/LEAD L2-5

SR HOF, FOE, LRI, DR 2TR PORT J119

S ML -"i’ Wi Lk

5T HEF J113

I HIE JIib

R HD?, {EFRZ), (ERZ)

RO I, DL HED F/F 74HE10? U4z

"1 I, @D GeTED E,E.......?4Hﬁ125 L7s

ED JMPRLOBCR,E POE

(ER1-1), (ER1-2),
(ER1-2), (ER2-1),
(ER2-2), (ER2-3)
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D4 MOTHER BOARD 3CHEMATIC Drawing Neoi 0003559-000 Rev- X
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Item Gty Part Number Description Ref Des

23 1 100254-001 DIODE, LED,RED DIFFUSED CR4

w4 1 100137-001 1C, AND-CR-INVERT GATE..74L%551 ué2

25 2 100131-001 IC, QU GATED BFR.......74L8125 U47,48

o6 1 100135-001 1€, %-2 L DCDR/DMUXR...74LS138 uae

EF! 100151-001 1C, QD D-TYPE F/F......74LS175 uso

@ 1 105672-001 I1C, OD BUS XCVR........74L8243 uzs

99 & 100021-001 1T, OCT BFR/L DRVR.....740L5244 Usg 26,37,40,41,51
100 ¢ 100129-001 IC, OCT BUS XCVR.......74L5245 u3,8,10,17,18, 20,

27,33

101 1 IC, CNTR. cevrevsvnssee. 74LE570 us

102 1 IC, MEM MAFFER.. v sse..s 74L5612 uso

10T 4 HOR, PR, IRDH SP0OS,8TR POST J109-112

1G4 8 HOR, QOFDZ, SHCTR, . 04550 POST J117

102 4 10GG79-008 SCHT, 1IC, L0 PF ﬁHF,.AOO Uiz-1%5

10401 1O00792-00% SCET, IC,LO PF,4OP,.6OO uaz

1027 1 100079-012 SCET, I1C,L0 PF,40F, .600W,CLR u7za

NI 102298-001 SURT, 1C,468 FIN FGA &0

1o7 104143-001 SCKT, IC,132 PIN,PGA u7s

11201 TGCIRE~001 1z, REG,SH,Q’,QUFFM/C ...... 431 &1

Total parts = 304 Total holes = 3317
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LIST OF MATERIALS REPORT DATE: 01-06-1987
D4- PAGE DRAM BOARD SCHEMATIC Drawing No: 000414-000 Rev: A

PAGE: 1

Item Qty Part Number- Description Ref Des

1 89 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M C1-10,12,14-16, 18,
] 20,22~94

2 12 100082-005 CAP, 10MFD,14V,20%, TANTALUM C11,13,17,19,21,95-

101

3 1 100083-022 RES, 150 OHM,1/4W,5%,CF R1

4 1 100053-034 RES, 270 DHM, 1/4W,5%,CF R2

S 4 100201-005 RNET, 4.7K 10 PIN SIP 9RES RPS, 7-9

& 1 100201-001 RNET, 8.2K OHM,10 PIN SIP,9RES RP&

7 4 100203-001 RNET, 33 OHM, 16PIN DIP,SRES RP1-4

8 36 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U31-66

9 2  108022-001 IC, 10 BIT BUFFER........29827 u22; 23

10 1 000415-001 PCB, D4 PAGE DRAM BOARD PCB.

11 1 101628-001 IC, @D 2-INP AND GATE..74ALS08 u10

12 2 101637-001 IC, DL D~TYPE F/F......74ALS74 u1,8

13 2 101633-001 IC, OCT D~TYPE LCH....74ALSS73 Us, 14

14 1 108352-001 ASSY, IC,PAL,D4~RCTLA....14R8C U4

15 1 108053-001 ASSY, IC,PAL,D4-RM32.....16L8C u7

16 1 108054-001 ASSY, IC,PAL,D4-RRAS.....14L8B U1s

17 1 101170-001 IC, QD NAND GATE.........74F00 u2s

12 1 101214-001 IC, HEX INVeuuevanense...74F04 U9

19 3 101157-001 IC, QD 2-INP OR GATE.....74F32 us, 19,24

20 1 100527-001 IC, DL D-TYPE F/Fuven....74F74 U2

21 3  101640-001 IC, QD 2-1 D SEL/MUXR...74F158 U1s-17

22 1 101156-001 IC, QD D-TYPE F/F.......74F175 u21

23 2 108024-001 IC, OCTAL EQUAL CMP.....74F521 Us, 13

24 2 108023-001 IC, OCTAL LATCH.........74F573 U11,12

25 4  108015-001 IC, OCTAL PARITY XCVR...74F657 U26,28-30

26 1 100186-010 HDR, PCB, 1ROW,9P0S,STR POST €123

27 2 108010-001 HDR, PCB,2ROW,40P0S,STR, BKAWY J301, 302

28 3 100081~001 JMPR, PCB,2 POS E1-3

29 1 101187-001 IC, 4-INP NAND GATE.....74LS20 uzo

30 1 100091-001 IC, OCT BFR/L DRVR.....74LS244 u27

31 1 PCB GOLD FINGERS P101

32 36 100079-003 SCKT, IC,LO PF,16P,.300 U67-102

Tota) parts = 222

Total holes =

2109



LIST OF MATERIALS REPORT DATE: 01-046-1987 PAGE: 1
D4 PAGE DRAM BOARD SCHEMATIC Drawing Not 000414-000 Rev?: A
Item Qty Part Number Description Ref Des

12 1 1014637-001 1C, DL D-TYPE F/F......74AL574 u 1 AB
20 1 100527-001 IC, DL D-TYPE F/Fusauoss.74F74 u 2 AR
19 1 101157-001 1C, QD 2-INP OR GATE.....74F32 Uu 3 ABCD
14 1 108352-001 ASSY, 1C,PAL,D4-RCTLA,....146R8C U 4

23 1 108024-001 1C, OCTAL EQUAL CMP.....74F521 Uu §

13 1 1014633-001 IC, OCT D-TYPE LCH,...74ALS573 u &

15 1 108053-001 ASSY, IC,PAL,D4-RM32.....16L8C u 7

12 1 101637-001 1C, DL D-TYPE F/F......74ALS74 U g AB
18 1 101214-001 IC, HEX INVicevsnsonnanss 78F04 U 9 ABCDEF
11 1 101628-001 1C, GD 2-INP AND SATE..74ALS0O8 U 10 ABCD
24 1 108023-001 IC, OCTAL LATCH. v anwes . 74FS73 U 11

24 1 108023-001 IC, OCTAL LATCH.........74F573 U 12

23 1 108024-001 I1C, OCTAL EQUAL CMP.....74F521 u 13

13 1 101633-001 IC, OCT D-TYPE LCH....74ALS573 U 14

21 1 1014640-001 1€, 6D 2-1 D SEL/MUXR...74F158 U 15

21 ¢ 101440-001 IC, 80 2-1 D SEL/MUXR...74F15¢ u 16

21 1 101640-001 1C, @D 2-1 D SEL/MUXR...74F158 U 17

16 1 108054-001 ASSY, IC,PAL,D4-RRAS.....16L8B U 18

12 1 1011357-001 IC, @D 2~INF OR GATE.....74F32 U 19 ABCD
29 1 101187-001 IC, 4-INP NAND GATE.....74LS20 U 20 AB
22 1 101156-001 iC, GD D-TYPE F/F.......74F175 u 21 ABCD
¢ 1 108022-001 IC, 10 BIT BUFFER. .. .4 «..29827 u 22

g 1 108022-001 IC, 10 BIT BUFFER. v css4 229827 U 23

19 1 101157-001 IC, QD 2-INP OR GATE.....74F32 U 24 ABCD
17 1 101170-001 IC, GD NAND GATE..eess.2a 74F00 U 25 ABCD
25 1 108015-001 I1C, OCTAL PARITY XCVR...74F657 u 26

30 1 100091-001 IC, OCT BFR/L DRVR.....74L8244 u 27

25 1 108015-001 IC, OCTAL PARITY XCVR...74F657 U 28

25 1 108015-001 IC, OCTAL PARITY XCVR...74F&57 u 29

25 1 108015~001 IC, OCTAL PARITY XCVR...74Fb57 U =0

g 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE u 31

8 1 108021001 IC, D-RAM, 256K, 100nS,FAST PAGE U 32

8 1 108021-001 1€, D-RAM,256K, 100nS,FAST PAGE u 33

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE u 34

8 1 108021-001 IC, D-RAM,256K, 100nS FAST PAGE u 35

8 1 108021-001 I1C, D-RAM, 256K, 100nS, FAST PAGE U 3

8 1 108021-001 1C, D-RAM, 256K, 100nS,FAST PAGE U 37

8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 38

g 1 108021-001 1€, D-RAM, 256K, 100nS,FAST PAGE u 39

8 1 108021~001 IC, D-RAM, 256K, 100nS,FAST PAGE U 40

8 1 108021-001 IC, D-RAM, 254K, 100nS,FAST PAGE u 4

8 1 108021-001 1C, D-RAM, 256K, 100nS,FAST PAGE U 42

g 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 43

& 1 102021-001 1C, D-RAM, 256K, 1000S,FAST PAGE U 44

=] 1 108021-001 IC, D-RAM, 256K, 100nS, FAST PAGE u 45

8 1 108021-001 I1C, D-RAM, 256K, 100nS,FAST PAGE U 44

e 1 108021-001 1C, D-RAM,256K, 100nS,FAST PAGE U 47

g 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE u 48

g 1 108021~001 I1C, D-RAM, 256K, 100nS,FAST PAGE U 49

g 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE u 50

8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U S1

8 1 108021-001 1C, D-RAM, 256K, 100nS,FAST PAGE U 52

B 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 53

8 1 108021-001 1C, D-RAM, 256K, 100nS, FAST PAGE U 54

g 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE u 55
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8 1 108021-001 I1C, D-RAM, 256K, 100nS,FAST PAGE u 56
8 1 108021~-001 IC, D-RAM, 254K, 100nS,FAST PAGE u 57
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 98
8 b 108021-001 I1C, D~RAM, 236K, 100nS,FAST PAGE U 59
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 60
8 1 108021-001 IC, D-RAM,K 256K, 100nS,FAST PAGE U 61
8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 62
] i 108021~001 IC, D-RAM, 234K, 100nS8,FAST PAGE U 63
8 1 108021001 1C, D-RAM, 254K, 100nS,FAST PAGE U &4
8 i 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U &5
8 1 108021001 1C, D-RAM, 256K, 100nS,FAST PAGE ) &6
32 1 100079~003 SCKT, IC,LO PF,16P,.300 U &7
21 100079-003 SCKT, IC,L0 PF,16P,.300 U 68
32 1 100079-003 SCKT, IC,LO PF,14P,.300 U 69
32 1 100079-003 SCKT, 1C,LO PF,16P,.300 u 70
32 1 100079002 SCKT, IC,LO FF,1&F,.300 u 71
32 1 100079-003 SCKT, IC,LD PF,16P,.300 U 72
32 1 100079003 SCKT, IC,LO PF,16P,,300 U 73
32 1 100079003 SCKT, IC,LO PF,14P,.300 U 74
32 1 100079-003 SCKT, IC,LO PF,16P,.300 u 75
32 1 100079-003 SCKT, 1C,LO PF,14P,.300 u 76
32 1 100079-003 SCKT, IC,L0 PF,16P,.300 U 77
32 1 100079-003 SCKT, IC,LO PF,14P,.300 U 78
32 1 100079003 SCKT, IC,L0 PF,16P,.300 U 79
32 1 100079-003 SCKT, IC,L0 PF,16P,.300 U 80
32 1 100079-003 SCKT, IC,LO PF,16P,.300 ) 81
32 1 100079003 SCKT, 1C,L0 PF,16P,.300 U 82
32 1 100079-003 SCKT, IC,L0 PF,16P,.300 ) 23
32 1 100079-003 SCKT, IC,LO PF,16F,.300 U 34
32 1 100079~003 SCKT, 1C,LO PF,14P,.300 u 85
32 1 100079-003 SCKT, IC,LO PF,16P,.300 ] 86
32 1 100079=003 SCKT, IC,LO PF,16P,.300 U 87
32 1 100079-003 SCKT, IC,LQO PF,16P,.300 U 88
32 1 100079-003 SCKT, IC,LO PF,1&P,.300 U 89
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 90
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 21
32 1 100079-003 SCKT, IC,L0 PF,16P,.300 U 92
32 1 100079003 SCKT, IC,LO0 PF,16P,.300 U 93
32 1 100079003 SCKT, 1C,LO PF,16P,.300 u 94
32 1 100079-003 SCKT, IC,LO PF,14P,.300 U 95
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 96
32 1 100079003 SCKT, 1C,LO0 PF,16P,.300 u 97
32 1 100079-002 SCKT, IC,LO PF,16P,.300 ] o8
21 100079-00% SCKT, IC,LO PF14F, . 3200 U A
32 1 1000790032 SCKT, IC,LO0 PF,14P,.300 U 100
32 1 100079-0032 SCKT, IC,LO0 PF,16F,.300 U 101

2 1 100079-003 SCKT, IC,LU PF,16P,.300 U 102
7 1 . 100203-001 RNET, 33 OHM, 14PIN DIFP,8RES RF 1
7 1 100203001 RNET, 33 OHM, 14FPIN DIP,8RES RP 2 AB
7 1 100203-001 RNET, 33 OHM, 14PIN DIP,8RES RF 3
7 1 100203-001 RNET, 33 OHM, 14PIN DIP,8RES RP & ABCDEFGH
S 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 5
[ 1 100201-001 RNET, 8.2K OHM, 10 PIN SIP,9RES RP & ABCDEFGHI
5 1 100201-00% RNET, 4.7K 10 PIN SIP 9RES RP 7
S i 100201-00S5 RNET, 4.7K 10 PIN SIP 9RES RP B
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100201-005
100083-022
100083-034

000413-001 .

108010-001
108010~001
100081-001
100081-001
100081~001
100186~010
101240-001
101240-001
101240~001
101240-001
101240-0G01
101240-001
101240~-001
101240-001
101240-001
101240-001
100082-005
101240~001
100082-005
101240-001
101240-001
101240-001
100082~005
101240~001
100032-005
101240~001
100082-005
101240-001
101240-001
101240~001
101240-001
101240-001
101240~-001
101240-001
101240-001
101240-001
101240~001
101240-001
101240-001
101240-001
101240-001
101240001
101240-001
101240-001
101240-001
101240-001
101240-001
101240~001
101240-001
101240-001

RES,
RES,
PCB,

HDR,
HDR,

HDR,
CAP,
CAP,
CAF,
CAP,
CAP,
CAP,
CAP,
cAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAF,
CAP,
cAP,
CAP,
CAP,
CAP,
CAP,
CAP,
cAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
AR,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
CAP,
cAP,
CAP,

Revt A
Ref Des
RNET, 4.7K 10 PIN SIP 9RES RP 9
150 OHM, 1/4W, 5L, CF R 1
270 OHM,1/484,5%,CF R 2
D4 PAGE DRAM BOARD PCB.
PCB GOLD FINGERS P 101
PCB, 2ROW, 40P0S, STR, BKAWY J 301
PCB, 2R0OW, 80P0S, STR, BKAWY J 302
JMPR, PCB,2 POS E 1
JMPR, PCB,2 POS E 2
JMPR, PCB,2 POS E 3
PCB, 1ROM, 9P0S, STR POST E 123
« IMFD,50V,20%,AXIAL,CER M c 1
. 1MFD, 50V, 20%,AXIAL,CER M C 4
. 1IMFD, 50V, 20% , AXIAL,CER M C 3
. I1MFD, S0V, 20%,AXIAL ,CER M c 4
. IMFD, 50V, 207 ,AXIAL,CER M C 3
. 1MFD, S0V, 20%,AXIAL,CER M C 6
. IMFD, 50V, 20%Z, AXIAL,CER M c 7
. 1MFD, S0V, 20%,AXIAL ,CER M c 4]
«1MFD, 50V, 20%, AXIAL,CER M c 9
« 1MFD, 50V, 20%, AXIAL,CER M c 10
10MFD, 16V, 20%, TANTALUM C 11
. 1MFD, 50V, 207%, AXIAL,CER M c 12
10MFD, 16V, 20%, TANTALUM C 13
. IMFD, 50V _20%,AXIAL,CER M c 14
. 1MFD, 50V, 20%,AXIAL,CER M c 15
» 1IMFD, 50V, 20%, AX1AL,CER M C 16
10MFD, 16V,20%, TANTALUM C 17
. IMFD, S0V, 20%, AXIAL,CER M C 1
10MFD, 16V, 20%, TANTALUM c 1%
«1MFD, S0V, 20%,AXIAL,CER M C 20
10MFD, 16V, 20%, TANTALUM c 21
. 1MFD,50V,20%,AXIAL,CER M C 22
. IMFD, 50V, 20%,AXIAL,CER M c 23
. 1MFD, 50V, 20%,AXIAL,CER M C 24
. 1MFD, 50V, 20%,AXIAL ,CER M [ 25
. 1MFD, 50V, 20% ,AXIAL ,CER M c 26
. 1MFD, 30V, 20%, AXIAL,CER M C 27
. 1MFD, 50V, 20%,AXIAL,CER M C 28
. 1MFD, 50V, 20%,AXIAL,CER M c 29
« 1MFD, 50V, 204, AXIAL,CER M C 30
«1MFD, S50V, 20% ,AXIAL,CER M C 31
. 1MFD, S0V, 20%,AXIAL,CER M C a2
« IMFD, 50V, 20% AXIAL ,CER M C 33
. 1IMFD, S0V, 20%, AXIAL ,CER M C 24
. 1MFD, 50V, 20%,AXIAL,CER M C 35
. IMFD, S0V, 20%,AXIAL ,CER M C 3¢&
. 1MFD, 50V, 20%, AXIAL,CER M c 37
. 1MFD, 50V, 20%, AXIAL,CER M C 38
. 1MFD, 50V, 20%,AXIAL,CER M C 39
. IMFD, 50V, 20%,AXIAL,CER M C 40
« 1MFD, 50V, 20%,AXIAL,CER M c 41
. 1MFD, S0V, 20%,AXIAL,CER M c 42
. 1MFD, 50V, 20%,AXIAL,CER M C 43
. 1MFD, 30V, 20%,AXIAL,CER M C 43
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1 1 101240-001 CAP, . 1MFD,S0V,20%,AXIAL,CER M c 45
1 1 101240-001 CAP, .1IMFD, 50V,20% AXIAL,CER M C 46
1 1 101240-001 CAF, . IMFD,K50V,20%,AXIAL,CER M c 47
1 1 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M cC 48
1 1 101240~001 CAP, .1IMFD,50V,20%,AXIAL,CER M c 49
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL, CER M c So
1 1 101240~-001 CAP, .IMFD,50V,20%,AXIAL,CER M c St
1 1 101240-001 CAP, .IMFD,50V,20%,AXIAL,CER M c 32
1 1 101240-001 CAP, .1MFD, 50V, 20%, AXIAL,CER M c 53
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC 5S4
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M C 55
1 1 101240-001 CAP, .1MFD,S50V,20%,AXIAL,CER M C 56
1 1 101240-001 CAF, .IMFD,50V,20%,AXIAL,CER M C 57
1 1 101240-001 CAP, .1MFD,K50V,20%Z,AXIAL,CER M cC S8
1 1 101240-001 CAP, .1MFD,S0V,20% AXIAL,CER M c 59
1 1 101240~-001 CAF, . IMFD,S0V,20%, AXIAL,CER M c &0
1 1 101240-001 CAFP, .1MFD,S0V,20%,AXIAL,CER M c 61
1 1 101240-001 CAP, .IMFD,50V,20%,AXIAL,CER M cC &2
1 1 101240-001 CAP, .1MFD,S0V,204,AXIAL,CER M c 63
i 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M C &4
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M C 45
1 1 101240-001 CAP, .1IMFD,50V,20%,AXIAL,CER M c &6
1 1 101240-001 CAP, .IMFD,S0V,20%,AXIAL,CER M c &7
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC &8
I | 101240-001 CAP, .IMFD, S0V, 20%,AXIAL,CER M C &9
1 1 101240-001 CAP, .1MFD,50V,20%,AX1AL,CER M c 70
1 1 101240-001 CAF, .1MFD,S50V,20%,AXIAL,CER M c 71
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M c 72
1 1 101240-001 CAF, .1MFD,SOV,20%,AXIAL,CER M c 73
1 1 101240-001 CAF, .1MFD,S0V,20%,AXIAL,CER M c 74
1 1 101240-001 CAP, .1MFD,SOV,20%,AX1AL,CER M c 5
1 1 101240-001 CAP, .1MFD,50V,20%Z,AXIAL,CER M c 76
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M c 77
1 1 101240-001 CAP, .1MFD,SOV,20%, AXIAL,CER M c 78
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M c 79
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC 80
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 81
1 1 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M c 82
1 1 101240-001 CAP, . 1MFD,50V,20%, AXIAL,CER M c 83
1 1 101240-001 CAP, .1iMFD,50V,20%,AXIAL,CER M C 84
1 1 101240-001 CAP, .1MFD,K50V,20%Z AXIAL,CER M c 85
1 1 101240-001% CAP, .1MFD,S5S0V,20%,AXIAL,CER M c 8
1 1 101240-001 CAF, .1MFD,50V,20% AXIAL,CER M c 87
1t 1 101240-001 CAF, .1MFD, S0V, 20%,AX1AL,CER M =
1 1 101240-001 CAF, .1MFD,l50V,20%4,AXIAL,CER M C 39
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 90
1 1 101240-001 CAFP, .1MFD,S0V,20%,AXIAL,CER M C 21
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 92
1 1 101240-001 CAP, .IMFD,50V,20%,AXIAL,CER M c 93
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 94
2 1 100032-005 CAP, 10MFD, 16V,20%, TANTALUM Cc 28
2 1 100082-005 CAP, 10MFD, 16V, 20%, TANTALUM c ?6
2 1 100082-00S CAP, 10MFD, 16V,20%, TANTALUM c 97
2 1 100082-005 CAP, 10MFD, 16V, 20%, TANTALUM c 98
2 1 100082-005 CAP, 10MFD, 16V,20%, TANTALUM c 99
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2 1 100082-005 CAP, 10MFD, 16V, 20%, TANTALUM c 100
2 1 100082-00% CAP, 10MFD, 16V,20%, TANTALUM c 101

Total parts = 222 Total holes = 2109
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_ D3PE-PROCESSOR DESCRIPTIONS _January 05, 1987
Copyright COMPAQ Computer Corperation 1986, 1987 - -page 1

D3PE (80386) PROCESSOR BOARD CIRCUIT DESCRIPTIONS
DIFFERENCES FROM ORIGINAL D4 PROCESSOR:

wee addition of an 80387 coprocessor socket

laliadd addition of a 80287/80387 selection switch

bl addition of a keyboard processor enhancement PAL
nen bus timing changes to improve compatibility

e DESIGN ASSUMPTIONS:

"o 80386, 80387 or 80287 processor combination.

hudhadhd 16mHz 80386 processor clock.

ol 16mHz 80387 numeric coprocessor clock.

ol 4amHz (compatible) or 8mHz 80287 coprocessor clock.
bafialel 8mHz 286 compatible expansion bus.

e 4,00 mhz DMA subsystem clock.

adaid Standard RAM accesses are 32 bit when CPU requests.
il Seven bus slots have a compatible edge connector which can be

used by standard I1BM-PC peripherals.

nun Four bus slots have a second connector which will allow
specially designed peripherals to access additional address lines and
the rest of the 16 bit data bus. In addition several more interrupt
and DMA request i1ines will be available. This connector {s Deskpro
286 compatible.

bun 15 Interrupt request 1ines.

balaled Total of 7 DMA request lines (3 word channels and 4 byte
channels).

el System bus runs a refresh cycle 256 times in 4 milliseconds.
wun Special cards with a second bus connector will be able to do

16 bit memory or /0 operations by asserting a specific line and
working with the eight additional data signals.

el All software addresses are to be compatible with IBM PC-AT.

»ew Variable system speed control via software.
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HARDWARE DIFFERENCES FROM 1BM PCAT (Includes MEMORY Board)

hadhal All RAM is located on an expansion board. This uses one slot
that s not used In the PCAT. Parity checking on the memory is done
as though it was & standard expansion board memory, a parity error
shows up as an [/0 check (parity check 2) with a testable bit on port
61h bit 6 to indicate the error. Port é6lh bit 7 is used for an
additional timer interrupt input. Port 6ilh bit 2 output (used to
control the parity check on the PCAT) is used to enable the additional
timer to the NMI processor input.

bl The memory size of the main system is not testable by the
software. On the IBM PCAT, the 8042 pin 31 was connected to the
motherboard 256/512k byte Jumper to allow testing the memory
configuration. On the D4-Motherboard, this bit is connected to a
configuarable Jjumper.

il The ROM configuration allows for four ROMs. Standard decoding
sets these up as two banks of 32k words (16 bits), or 64k bytes, with
each palr of ROMs split into evenly addressed bytes in cne ROM, and
odd addressed bytes in the other. The standard ROMs (in the high
bank) will be 2 x 16k bytes, however, decoded such that they will
appear twice in the 64kbyte space. The PCAT uses two 32k ROMs to
completely fill the 64k space.

nnn The keyboard processor (8042) input clock is connected to a
7.1591 Mhz reference source. The clock reference for the 8042 on the
PCAT is connected to a8 6MHz reference. The keyboard processor has
been enhanced by the addition of a PAL which intercepts and {nterprets
the A20 control sequence much more rapidly than the 8042 could.

lalalef Processor clock speed will be full time very fast (leHz).
The execution speed is greater than that of the 286 products.
Programs requiring a specific speed may not work.

ladd The 80386 CPU does not respond to certain opcodes in the same
way that the 80286 does. Programs using these opcodes may not work.

" un The bus clock is not always at 8mHz. It is re-synchronized
with the CPU for each bus cycle to simulate the timing of a 286
product.

bl The NMI mask register for Parity Check 1 is changed to
allow/disallow interrupts from a special additional timer to be used
for watchdog purposes.

el There is an additional timer to be used for watchdog purposes
in software. The address for this timer is located in one of the
"PHANTOM" spaces for the original system timer.
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The system refresh counter has been extended to 10 bits. Also the
bottom two bits are copled from address lines 0 and | to 8 and 9.
This simplifies the interface of megabit DRAMs and the 32 bit memory
board. -
hafialhd References to the 32 bit memory board do not appear on the
compatible expansion bus. This will prevent the operation of hardware
debugging alds developed for the 80286 products.

new The 80287 coprocessor Interface to the maln processor is
different. Some of the pins defined In the INTEL 80287 specification
are not connected as specified. Only recent 80287 revisions will work
properly. Any other "strange” hardware devices that connect to the
80287 socket may not work.

alald The B0387 coprocessor is slightly different than the 80287.
Also the software reset control of the 80387 is not connected.

HARDWARE INCOMPATIBILITIES WITH DESKPRO 286

rnw Most of the above iIncompatibilities apply to comparisons with
the DESKPRO 286.

il Speed switching by jumper or software is supported
differently. The 8042 speed control bits are connected differently
and are used only to disable the speed circuit entiretly.

-2
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“The majority of this document assumes a8 working knowledge of
standard digital logic techniques and parts, and an understanding of
the 80386 processor IC in particular. The following documents contain
information necessary to understand this design in detail:

INTEL 80386 hardware reference manual
INTEL 8237 data sheet

INTEL 8254 data sheet

INTEL 8259 data sheet

Motorola MC146818 CMOS Clock data sheet

SYSTEM CLOCK CIRCUITS

The system clocks are seperated into three sections. One is
the CPU clock (32mHz) for the 80386 and it’s associated circuits.
Another is the 24mHz clock which is used for the numeric coprocessor.
The third is the 14.31818mHz clock which provides software compatible
system timing functions, a fixed frequency signal on the expansion
bus, and the 8042 keyboard processor clock reference.

32mHz 80386/80387 CLOCK

The CPU clock is provided by a crystal oscillator, CMOS buffer
IC {74HC125), and an F74 flip~flop. There are three outputs from
these circults, a 32mHz processor clock, a 16mHz reference clock
(CLK16, CLKI6*) (which has the same phase as the internal CPU clock),
and reset signals which meets the setup and hold time requirements for
the 80386 and 80387. The 80386 and 80387 reset signals are always
adjusted to the 16mHz clock so that the phase is properly matched to
the internal CPU clock.

For test purposes, the 32mHz crystal oscillator can be stopped
and replaced by an external source by pulling the signal TST32 high
{there is a 180 ohm pulldown keeping it low) and driving the processor
clocks directly with an external frequency source.

The 32mHz clock and the CLK16* signal are provided to the 32
bit memory board for use in state machines synchronized to the CPU.

The signal BCLK is an (approximately) divide by two from
CLKl6*. This division take pliace in the bus state machine PAL D4~-STAT
where the clock is also re-synchronized to the CPU on each bus cycle.
It is this adjusting that leads to the "approximate” part of the
divide by two function. The average frequency will be somewhat less
than 8mHz. Transitions of BCLK occur on rising edges of CLKI6*.

The clock for the DMA subsystem is generated from the rising
edge of the BCLK clock by toggling a 741574 flip~flop. The outputs
{DCLK, DCLK*) will therefore have a frequency of one half that of
BCLK.
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24mHz 80287 CLOCK

The clock source for the 80287 is developed from a 24mHz
crystal oscillator. The 24mHz frequency (CLK24) is divided down in a
single 74HC109 to provide either 12mHz or 8mHz for use by the numeric
coprocessor (80287). The 12mHz frequency is divided again Inside an
80287~-3 to provide a dmHz operating frequency. The 8mHz has the
required 33% duty cycle for direct use by an 80287-8 giving an
operating frequency of BmHz. The choice of frequencies {s provided by
switch SW1~-3. Switch OFF selects 8mHz (80287-8), switch ON selects
4amHz (80287-3).

The only way of disabling the 24mHz clock for testing is to
overdrive it‘s output.

14.31818mHz CLOCK

The specific time dependent clocks In the system are generated
by a crystal oscillator at a frequency of 14.31818 MHz which generates
the signal 0OSC.

The only way of disabling the 0SC clock for testing is to
overdrive it’s output.

The OSC signal is provided to the system bus for compatibility
with past products. The 0SC signal is also divided by two by the PCLK
flip~flop to provide a stable and unchanging frequency source (7.1591
MHZ) to the keyboard processor {(8042). The PCLK signal is in turn
divided by six to provide a timing reference for the system timer
(TIMCLK). This frequency s 1.19318 MHz and is compatible with the
previous products for timing and speaker purposes.

The divide by six 1s done with a synchronous counter which
cycles through the counts of 1 through 6 and back again. The counter
is not specifically reset on powerup but will always cycle Into the
legal count sequence within seven clocks.
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SYSTEM (EXPANSION) BUS
CPU ADDRESS HANDL ING

The following information s applicable to nearly all the .
cycle types. When the CPU begins a bus cycle, it begins by placing an
address and status on it’s bus. This address will usually come out
even while the previous cycle is still in progress. Since most
devices expect to see a valid address for the duration of a bus cycle,
it is necessary to latch the address seen by the system bus. System
bus lines that contain the latched address are SA<19:0>. Since some
devices (notably high speed memory) are already short on time to do
thelr thing, they wouild like to overlap some of their operations (like
address decode) with others. To allow this, the system bus also
provides a set of address lines LA<23:17> which are not latched but
which can provide a greater setup time to do decoding. The typical
usage of these lines is to do the address decoding whenever the
address changes, and then latch the decoded ocutputs.

To provide the unlatched addresses, the board contains buffer
ICs which are connected to the CPU’s PA<K23:17> address )lines and
provide LAL23:17> as an output.

To provide the latched addresses, the board contains latch ICs
which are connected to the CPUs PA<{19:2> and provide SA<19:2> as an
output. These latches are of the fallthrough type so that when the
address latch enable signal (ALE) goes active the address appears at
the output. When ALE goes fnactive, the addresses will stay on the
outputs until the next bus cycle beglins.

The address lines SA0 and SA!l are handled a differently. The
CPU indicates which bytes are to be accessed out of the 32 bit dword
by the status linmnes BE3*" to BEO* or Bus Enable three through zero.

The system bus conversion state machine takes these status lines and
the current bus state and sequences to the appropriate bus state. The
output of this state machine are the address lines SA0, SAl and BHE".

The signal BHE*®" is used on the system bus to indicate that the
high half of the 16 bit data bus contains valid data.

These signals (SA0, SA1 and BHE*) are changed at the rising
edge of ALE so that their timing is very similar to the other SA<19:2)
address lines.

All of the address outputs listed above are disabled when the
CPU responds to a hold request (BHLDA) so that another device can
control the address bus. When this occurs, the address l1ines are fed
back to the CPU bus (PA<23:2> and BE<K3:0>) so that the 32 bit memory
board can recieve the address data from that other device. The feed
back operation occurs from the SA<K16:0> and the LA<23:17> lines
through buffers and a PAL (D4-SADI) for SA0, SAl and BHE*.

CPU address line PA20 is handled a little differently.

Because of software compatiblity considerations (with 8088 products)
it 1s sometimes necessary to restrict program access to the bottom
megabyte of memory. This is done by disconnecting the PA20 line from
the bus and forceing a low in it‘s place (by means of a 74F257). This
is controlled by the line LOWA20 from the keyboard controllier system.
To equalize the delay with the other address lines, the output of the
T4F 257 1s used to directly drive the LA20 line instead of being
buffered again by a 74L5245.
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CPU DATA HANDL ING

The CPU data bus is buffered from the rest of the system by
four bidirectional buffer [Cs and four latches. On the CPU side of
the bus, the 80386 and 80287 are connected together to PD«<15:0>. The
four I1Cs buffer the separate bytes of the data bus PD<(31:0> to
SDK15:0>. The latches are used to hold read data for the CPU during
seperate read cycles on the system bus when the CPU asttempts to read a
bigger chunk than the system bus allows.

The data path also contains a bidirectional buffer between the
high and tow half of the bus to enable routing of the data from high
half to low during high writes and routing of the data from low to
high half during high reads of the eight bit bus. This function is
controlled by the CPYEN* and CPYHL* lines. CPYEN" enables the buffer,
CPYHL* controlls the direction according to the type of cycle (active
for CPU writes or DMA reads).

The 1ast item {in the data path is a buffer for the processor
board 1/0 devices. This buffer is normally active {n the "TO"
direction to the 1/0 devices and switches to the "FROMY direction when
an 1/0 read occurs to these devices (controlled by CIORD*). This
buffer is disabled when DMA operations occur to aliow the bus to be
used by the DMA controllers for address latching.

The folowing table shows the bus conversion from the CPUs
BE<3:0> lines to the address lines and the data buffers that are
enabled for each conversion.

Note that in the following table the "X8" term means that the
system bus has Indicated the cycle should be 8 bits. The "BEx*" 1ines
are negative true bus enables from the CPU. The SAl and SAO0 lines are
positive true and BHE* is negative true. The BENx* lines enable the
data buffers to the bus and the latching function from the bus, they
are negative true. The CPYEN* l1ine enables the copy buffer from the
SD<7:0> to SDK15:8>, the CPYHL* line is also enabled when reading
{(high to low copy). The LAST CYCLE term iIs used to indicate the last
cycle in a group of cycles from one CPU status, it tells the state
machine to send the CPU the READY" signal.

fvie s
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!  BEx" SA LAST BENx" : '
!X8 3210 10 BHE CYCLE 3210 CPYEN® !
e -—- e +
! X 1110 00 1 1 110 1 LOW BYTE ON 8 OR 16 BUS!
] 3
] L]
} 1 1101 01 0 1 1101 0 HIGH BYTE ON 8 BUS :
] ]
] +
1 01101 01 O 1 1101 1  HIGH BYTE ON 16 BUS !
] )
[} ]
1 X 1011 10 1 1 1011 1 LOW BYTE ON 8 OR 16 BUS!
i )
' ]
} 1 0111 110 1 o111 0O HIGH BYTE ON 8 BUS H
1 ]
(] J
! 0 0111 110 1 0111 1  HIGH BYTE ON 16 BUS !
] i
] +
1 01100 00 O 1 1100 1 WORD ON 16 BUS H
H WORD ON 8 BUS: !
! 1 1100 00 O 0 1100 1 LOW BYTE :
{1 1160 01 ¢© 1 1101 O HIGH BYTE H
H 2 SPLIT BYTES ON 16 BUS: |
! 0 1001 01 O 0 1101 1 LOW WORD HIGH BYTE i
i 0 1001 10 1 1 1011 1 HIGH WORD LOW BYTE H
H 2 SPLIT BYTES ON 8 BUS: |
! 11001 O1 0O 0 1101 0 LOW WORD HIGH BYTE !
! 11001 10 1 1 1011 1  HIGH WORD LOW BYTE :
[ ] ]
] ]
! 0 0011 100 | o011 1 WORD ON 16 BUS H
' WORD ON 8 BUS: '
1 10011 100 0 0011 1 LOW BYTE !
} 1 0011 110 1 o111 0 HIGH BYTE H
' 3 BYTE ON 16 BUS: !
! 0 1000 00 O 0 1100 1 LOW WORD '
i 0 1000 10 1 1 1011 1 HIGH WORD LOW BYTE :
H 3 BYTE ON 8 BUS: !
! 11000 00 O 0 1100 | LOW WORD LOW BYTE }
} 1 1000 01 0O 0 1101 0O LOW WORD HIGH BYTE :
i 1 1000 10 1 1 1011 1 HIGH WORD LOW BYTE :
H 3 BYTE ON 16 BUS: !
'} 0 0001 01 0O 0 itor 1 LOW WORD HIGH BYTE 1
1 0 0001 10O 1 oot 1 HIGH WORD H
H 3 BYTE ON 8 BUS: ;
y 1 0001 O1 0 0 1101 O LOW WORD HIGH BYTE H
! 1 0001 10 O 0 0011 1 HIGH WORD LOW BYTE !
{ 1 0001 110 1 o111 o© HIGH WORD HIGH BYTE H
' 4 BYTE ON 16 BUS: !
! 0 0000 00 O o 1100 1 LOW WORD :
1 0 0000 10 O I oot 1 HIGH WORD H
! 4 BYTE ON 8 BUS: ;
i1 0000 00 0 0 1100 1 LOW WORD LOW BYTE !
! 10000 010 0 1101 ©O LOW WORD HIGH BYTE H
! 1 0000 10 O 0 0011 1 HIGH WORD LOW BYTE H
! 1 0000 110 1 o111 © HIGH WORD HIGH BYTE :
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PROCESSOR BOARD CPU COMMAND/CYCLE TYPES

The command cycles generated by the bus control logic are
dlisted below. The number of 62.5nsec clocks Is listed for 8 no—-wait
state cycle, normal cycle, and | walt state cycle for each of the
command types. Both the total cycle time and the command active (on)
time are given. For cycles with more than one bus wait state, each
walt state adds two additional 62.5nsec clock cycles. The 32 bit
memory board {s documented seperately.

b o e e i e e e e e - - - e e e e e e e +
! No-wait Normal l-wait |
H cycle:on cycle:on cycle:on !
i CPU MEM READ 16 BUS 4:2 6:4 8:6 !
y CPU MEM READ 8 BUS 6:3 12:9 14:11 !
i CPU MEM WRITE 16 BUS 4:2 6:4 8:6 !
1 CPU MEM WRITE 8 BUS 6:3 12:9 14311 !
i CPU I1/0 READ 16 BUS 6:3 6:3 8:5 !
i CPU 1/0 READ 8 BUS 6:3 12:9 14211 |}
! CPU 1/0 WRITE 16 BUS 6:3 6:3 8:5 }
! CPU 1/0 WRITE 8 BUS 6:3 12:9 14:11 |}
! CPU INTA READ n/a 12:9 n/a H
1 CPU HALT n/a 6:4 n/a !
! CPU SHUTDOWN n/a 6:4 n/a }
e e e e e o e e o e e e e e e e e e e e e +

If the CPU status Indicates more than one bus cycle will be
required for a single CPU access, then the bus state machine will run
the necessary number of bus cycles (duration indicated above) to
complete the CPU access. For example, if the CPU status Indicates a
double-word memory read from the 8 bit bus, then the total cycles for
the access would be 4*12=48, 62.5 nsec cycles (assuming normal
cycles).

CPU ACCESS TO SYSTEM (8/16) BUS

For the following discussion, it should be noted that the CPU
is normally held in the NOT READY state, READY* only goes active (low)
when a cycle is guaranteed to be finished. Also, the CPU next address
(NA*) line is normally inactive, requireing the logic to specifically
tell the CPU when it s ok to send the next address.

The cycle begins when the 80386 activates ADS* and presents
the status lines. The address is decoded by the 32 bit memory bocard
(if present) and the signal M32* is produced. The system board
decodes the status lines from the processor and the M32* line to
produce the signal MYCYC*., This signal is produced whenever the
decoded cycle indicates that the system board should handle ft. The
signal is NOT active when accesses to 32 bit memory or the 80387
coprocessor are taking place. The signal is active when 16 or B bit
memory, /0, Halt, Shutdown, Interrupt acknowledges, or B0287 accesses
are taking place.
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MYCYC* §is then sampled by the D4-STAT PAL on the rising edge
of CLK16* (the bus clock). Until further notice all clocks referred -
to are CLK16" clocks. When the PAL clocks in MYCYC*® it generates the
signal ALE®. The PAL code {s set up to allow ALE* to be active only
for a single cycle. What follows next is the propagation of the ALE*
pulse through a serifes of flip—flops arranged in a configurable shift
register. The general method is to bypass parts of the shift register
to shorten the total bus cycle time depending on the type of bus cycle
to be executed.

The rising edge of ALE latches the address and status for
later use and does the SAl, SAQ0, BHE" generation. The signal BCLK
will be forced to a low during ALE by the D4-STAT PAL to insure the
compatibility with previous products.

The next stage §s T00. 1[It is always generated. If the
command being generated Is a8 16 bit memory command, as signified by
LM~-10 and M16*, then the signal CMD*" will also be set active at this
time. CMD* is combined with the decoded status to generate the signal
MRDC* or MWTC®*. If this is the last cycle in a set, (either
guaranteed by the state or because the bus size s known by MI6* and a
memory cycle) then the D4-SADO PAL will set the signa! CLSTD* active
at this time. CLSTD* will be discussed later.

The next stage is T01l. It is always generated. I[f the
command beling generated is not a 16 bit memory command, as signified
by L.M-10 and M16*, then the signal CMD* will also be set active at
this time. CMD*" is combined with the decoded status to generate the
signal I0ORC*, IOWC*, or INTA*®., If this is the last cycle in a set,
(because the bus size is known by 1016"* and an /0 cycle) then the
D4-SADO PAL will set the signal CLSTD* active at this time. If this
fs a 16 bit memory cycle, and the NOWS* signal was received during T00
(LNOWS* active), then the signal BRDY" will be generated next to
terminate the cycle and no other stages will be activated.

The next stage is TI0. It is always generated. If the cycle
is a 16 bit memory cycle, then the T40 stage will also be activated at
this time. In this case, the Ti0 and Tl! states will be ignored for
the remainder of the 16 bit memory cycle.

The next stage is Tll1. It will always be generated. I1f the
cycle is @ 16 bit 1/0 cycle, then T4l will also occur at the same time
as Tll. 1If this is an 8 bit cycle, and the NOWS* signal was received
earlier (LNOWS" active), then the signal BRDY* will be generated next
to terminate the cycle and no other stages will be activated.
Otherwise, stages T20, T21, T30 and T33! will follow if the cycle is an
eight bit bus cycle as signalled by CX16* inactive.

The next stage is T40. This stage is entered either from T3l
during an eight bit cycle, or TOl if a 16 bit memory cycle or a cycle
that does not depend on the CX16* status occurs. This stage is
skipped if the LNOWS* line is found active.

The next stage is T41. This is entered only from T40 (the
normal case) or TI0 (if g 16 bit /0 cycle is in progress). If the
wigrnal WAIT* is active at the end of T4i, then T4i will be restarted,

holding the bus in a wait state. Since the WAIT* signal is developed
by sampling the BUSRDY* going high only every BCLK rising edge, wait
states will come in increments of two clock cycles. When WAIT* goes
inactive, the signal BRDY"* will be generated to terminate the cycle
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At the same time as the cycle is being terminated {(BRDY* is
set active) then several things can happen. If this is not the last
cycle in the set (CLAST* inactive), then TS0* is set active by the
D4~-STAT PAL to start another eycle. If this is the last cycle in the
set (CLAST® active) and another cycle is pending (MYCYC* {s active),
then TS0* is set active by the D4-STAT PAL to start another cycle. |If
no more cycles are to be run for the moment, then the bus state
machine will remain idle walting for another cycle.

TS0* is used to provide an adequate address setup between
cycles in a group or between groups when the CPU pipelines the next
cycle. After TS0" the ALE state will be entered for the next cycle.

The signal CMD®* (which is used to enable one of MRDC*, MWTC*,
[ORC*, IOWC*, or INTA*) is started at the beginning of T00 or T0l as
discussed above. It will end at the end of the basic bus cycle (when
BRDY* or TS50 goes active).

The signal WDEN* is used for enableing the various data
buffers during write cycles. [t goes active at the same time as ALE
and goes inactive one cycle after CMD* goes {nactive. In the case of
back to back cycles, WDEN®* will therefor remain active until after the
last CMD¥*.

The signal BRDY* from the D4~STAT PAL signals the end of a set
of bus cycles to the CPU.

The signal CLSTD* (which goes active for one CLKIé6" cycle to
indicate that the last cycle of a set is in progress) also generates
the CLAST* signal internal to the D4-SADO PAL. CLAST* is used by the
D4-SAD0O PAL to do the conversion from BE<3:0> to SAl, SA0, and BHE™*,
CLAST* is also used to tell the state machine that no more cycle are
in the set. At the rising edge of ALE, CLAST®* is set to the inactive
state in preparation for the next CPU access.

The signal CLSTD* i{s also used to generate NAB* (next address
from bus) which signals the CPU that it is all right to put a new
address and status onto the CPU bus. Since NAB* is sampled at the
beginning of phase 2 of a CPU clock cycle, it is synchronized to the
rising edge of CLK32 at the rising edge of CLKI&* by the D4-SMSCD PAL.
This assures a setup time to the CPU for NA*. ‘

The signal CX16* is used to signal the presence of a 16 bit
memory or 1/0 cycle. It is set active during TOO0 for memory cycles if
Mié* is active. It is also set active during Ti10 for 1/0 cycles if
I016* is active. It is set inactive at ALE in preperation for the
next cycle. This signal is used to control the bus address conversion
for the 8 or 16 bit bus and to adjust the timing of the expansion bus
for 16 bit operations.

The signal LOE* (Latch Output Enable) is generated during read
cycles from the 8/16 bus to enable the data stored in the data latches
to the CPU data bus. LOE® is first set active on the CLK16* edge
following ALE in the D4-SMSCD PAL and is set inactive on the CLK16*
edge following the signal BROY* active. When LOE®* goes inactive, it
has 31.25nsec from the edge of CLK3Z2 to disable the latch output
buffers before the CPU may begin driving the bus again. The total
delay to disable the latches is calculated below.
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Data Latches off the CPU data bus
CLK32 cycle time 3
ZPC32 to PCLK32 delay
CLK32 to ZCK16* in F74 -
ZCK16* to LOE* in PAL -1
LOE* to disable in ALS573 -1
HARG!N ARNAERABBERNERN +

The following are some timing checks of the critical setup times to
the CPU.

NA* setup during bus cycles
CLK32 cycle time 31
ZPC32 to PCLK3Z delay 2
CLK32 to ZCKP16* in F74 - 7
ZCK16* to NAB* in PAL -10.
NAB* to NA* fn FO08 - 6
386 NA® setup time -10
MAF":GIN [ E X E R XN N X X B X} — l

READY* setup during bus cycles
CLK16* cycle time 62
ZPC32 to PCLK3Z deiay 2
CLK32 to CLK16* in F74 -9
CLK16* to BRDY* in PAL -15
-~BRDY* to READY* in F08 - 5
386 READY* setup time -20
HARGIN LA E X RERER S X XX ] +14
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STATE SEQUENCES FOR TYPICAL CYCLES.
The "cmd"” {is the time that the command (MRDC, [0OWC

valid.

The "NA" is the time
{s when BRDY" {s set active.
"another cycle is pending, or

machine {s concerned). Each

when

CLASTD" is set active.

987
13

» etc) is
The "done"

TSx is either the next TS0 state (Iif
an idie cycle (as far as the bus state
state lasts 62.5 nsec.

i NO WAIT STATE 16 BIT MEMORY !
! TS0 ALE T00 TO1 TSx !
! cmd cmd :
! NA done i
! NORMAL WAIT STATE 16 BIT MEMORY !
i TS0 ALE TOO TOl1 T40 T4l TSx !
H cemd emd cmd cemd !
; NA done !
} NORMAL WAIT STATE 16 BIT 1/0 or NO WAIT STATE 16 BIT 1/0 )
i TSO ALE TO0O0 TO1 T40 T41 TSx : !
H cmd cmd omd H
) NA done !
! EXTRA WAIT STATE 16 BIT MEMORY }
! TSO ALE 700 TO1 T40 T41 T41 T41 Tox !
H cmd cmd emd cmd cmd cmd !
' NA done !
! EXTRA WAIT STATE 16 BIT 1/0 H
! TSO ALE TOO0 TOl1l T40 T4l T41 T41 TSx !
! cmd cmd cmd cmd comd }
H NA done H
i NO WAIT STATE 8 BIT MEMORY or 1/0 !
1 TSO ALE TO00 701 T40 T41 TSx !
H cmd cmd comd H
! NA done ]
! NORMAL WAIT STATE 8 BIT MEMORY or 1/0 H
! TSO ALE 700 TO1 T10 T11 T20 T21 T30 T31 T40 T41 TSx ;
H cmd emd cmd cmd cmd cmd ocmd omd cmd !
) NA done i
! EXTRA WAIT STATE 8 BIT MEMORY or 1/0 !
it TSO ALE 700 701 T10 TIi! T20 T21 T30 T31 T40 T41 T41 T4l TSx !
H cmd emd cmd emd emd cmd emd emd ecmd omd omd !
: NA done |
A e e e e e e e e - e e o e e e e e e e +
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BUSRDY, NOWS*, M16* and 1016* requirements.

(BUSRDY) This signal Is used to add additional wait states to
& bus cycle. -1f a 16 bit device wants to add an additional walit
state, then it must pull the BUSRDY low (inactive) by the end of the
third CLKI6 cycle after the falling edge of ALE. To add only one walt
state, BUSRDY must return to the high state during the fourth CLK16
cycle after the falling edge of ALE. If an 8 bit device wants to add
an additional wait state, then 1t must pull the BUSRDY low (inactive)
by the end of the ninth CLK16 cycle after the falling edge of ALE. To
add only one wait state, BUSRDY must return to the high state during
the tenth CLK16 cycle after the falling edge of ALE. The decode logic
to drive BUSRDY should use the device address and MRDC*, MWTC*, 10ORC*
or IOWC® as inputs. Synchronous peripherals usually use the falling
edge of BCLK as the time to change the state of BUSRDY.

(NOWS*) This signal is used to shorten the standard bus
cycles. If a 16 bit memory device wants to prevent the standard wait
state then it must pull the NOWS* line low (active) within one CLKI16
time from the falling edge of ALE. (Note that this {s not possible on
16 bit 1/0 cycles because it Is not known that an 1/0 cycle exists
until the required time). If an 8 bit device wants to prevent the
standard wait states then It must pull the NOWS* line low (active)
within two CLK16 times from the falling edge of the command. The
decode logic to drive NOWS* should use the device address and MRDC*,
MWTC*, IORC*” or IOWC*®" a2s inputs. If less than the four standard wait
states normally used on 8 bit bus cycles is desired, then the NOWS*
line can be used to provide 1, 2, or 3 walt states by delaying the
activation of NOWS*. The NOWS" l1ine 1s sampled at approximately the
falling edge of BCLK.

(MI16*) This signal is used to indicate that the current
address on the LA<K23:17> lines is covered by a 16 bit memory
peripheral. The system board will only use this signal if the current
cycle is a memory cycle. The addressed peripheral on the bus must
pull the MI6" line low as soon as the address is decoded and hold it
low until the address becomes invalid. The M16* 1ine must be correct
before BALE goes inactive to insure that it is latched by the system
board latch. Pulling this 1ine low prevents the 16 bit to 8 bit bus
conversion logic from being activated.

(1016*) This signal is used to indicate that the current
address on the SA<K9:0> lines 1s covered by a 16 bit 1/0 peripheral.
The system board will only use this signal if the current cycle is an
1/0 cycle. The addressed peripheral on the bus must pull the [1016*
line low as soon as the address is decoded and hold it low until the
address becomes invalid. The 1016* 1ine must be correct by the second
CLK16é cycle after ALE goes away to insure that it {s latched by the
system board latch. Pulliing this 1tne low prevents the 16 bit to 8
bit bus conversion logic from being activated.
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COMPATIBLE BUS MEMORY COMMANDS

The signals SMRDC* and SMWTC*® are used by the elght bit bus
only. These memory signals are only enabled when the lower one
megabyte of memory {s addressed. They are developed from the regulasr
MRDC*, and MWTC* signals by enabling a set of tri-state buffers with
the signal LOWEN®. This signal is developed by the D4-SROM PAL from
the address information on the system bus. The PAL also includes the
latching function required to hold the address through the entire
cycle and the refresh function for any dynamic memory on the original
eight bit bus.
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NON PROCESSOR SUBSYSTEMS

The processor board also contains logic to generate or handle
other types of bus cycles. Following is a-list of those cycles.

PROCESSOR BOARD DMA CYCLE TYPES

DMA MEM READ BYTE 16 RAM LOW BYTE
DMA MEM READ BYTE 16 RAM HIGH BYTE
DMA MEM READ BYTE 8 BUS LOW BYTE
DMA MEM READ BYTE 8 BUS 'HIGH BYTE
DMA MEM WRITE BYTE 16 RAM LOW BYTE
DMA MEM WRITE BYTE 16 RAM HIGH BYTE
DMA MEM WRITE BYTE 8 BUS LOW BYTE
DMA MEM WRITE BYTE 8 BUS HIGH BYTE
DMA MEM READ WORD 16 RAM

DMA MEM WRITE WORD 16 RAM

REFRESH READ
SYSTEM BUS MASTER CYCLE TYPES

BUS MASTER MEM READ BYTE 16 RAM LOW BYTE
BUS MASTER MEM READ BYTE 16 RAM HIGH BYTE
BUS MASTER MEM READ BYTE 8 BUS LOW BYTE
BUS MASTER MEM READ BYTE 8 BUS HIGH BYTE
BUS MASTER MEM WRITE BYTE 16 RAM LOW BYTE
BUS MASTER MEM WRITE BYTE 16 RAM HIGH BYTE
BUS MASTER MEM WRITE BYTE 8 BUS LOW BYTE
BUS MASTER MEM WRITE BYTE 8 BUS HIGH BYTE
BUS MASTER MEM READ WORD 16 RAM

BUS MASTER MEM WRITE WORD - 16 RAM

BUS MASTER 1/0 READ BYTE 16 BUS LOW BYTE
BUS MASTER 1/0 READ BYTE 16 BUS HIGH BYTE
BUS MASTER 1/0 READ BYTE 8 BUS LOW BYTE
BUS MASTER 1/0 READ BYTE 8 BUS HIGH BYTE
BUS MASTER 1/0 WRITE BYTE 16 BUS LOW BYTE
BUS MASTER [/0 WRITE BYTE 16 BUS HIGH BYTE
BUS MASTER [/0 WRITE BYTE 8 BUS LOW BYTE
BUS MASTER [/0 WRITE BYTE 8 BUS HIGH BYTE
BUS MASTER 1/0 READ WORD 16 BUS

BUS MASTER 1/0 WRITE WORD 16 BUS
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HOLD REQUEST ARBITRATION

The RFK {(refresh request) signal is synchronized to DCLK" by
the RFQ flip-flop. Another flip-fiop synchronizes the DREQ (DMA
request) signal from the DMA subsystem to the DCLK clock. This
fnsures that the two requests casnnot arrive simultaneocusly. Both
requests are next clocked by a pair of flip~-flops (DMARQ, REFRQ) that
have their Q" outputs cross connected to the other’s clear f{nputs.
This guarantees that only one of the two signals (DMARQ, REFRQ) can be
active at & time.

The two request signals are aliso ORed together and run through
a circuft which locks out the combined request when a hold acknowledge
cycle Is in progress but the original request has gone away. This
prevents a new hold request from being Initiated before the last one
is completed. The output of the speed control circuit is also ORed
Iin with the other requests in order to use up cpu bus bandwidth as a
means of slowing the system down.

This output (HRQ) is fed to an F74 flip-flop to which acts as
another arbitration circuit. This circuit prevents the initiation of
processor reset from occurring during HRQ or HRG from occurring during
processor reset. This prevents the CPU from aborting a hold request
and subsequent garbaged hold cycles.

After the reset arbitration, the output (GHRQ®*) is gated with
the signal RESCP. This prevents @ hold from being started during the
duration of the reset signal to the CPU.

The output signal from the reset lockout circuit (HRQCP) is
synchronized to the CPU clock by a 74F175 (HOLD) to assure a proper
setup time to the CPU.

CPU HOLD REQUEST SETUP TIME

CLKi6* cycle time 62.5
CLK32 to CLK!&* in F74 - 9.5
CLK16* to HOLD in F175 - 9.5
386 HOLD setup time -25.0
MARGIN [ EEEXE B E X RERERZES ] +18.5

When the HLDA signal is recefved from the CPU indicating that
the bus is avallable, then the signal REFRS® (gated from REFRQ) or HAK
{gated from DMARQ) is set active, enabling the appropriate subsystem.
If the speed control circuft is the source of the request, then
neither of the above is set active. .

It should be noted that if a cycle is in progress from one
requestor, and the other requestor makes a request, then on the first
rising edge of BCLK after the first xxxREQ signal goes away, the
second requestor will be acknowledged. This will occcur without giving
the bus back to the CPU, f.e. a8 DMA hold and a refresh hold will be
run back to back. I1f the speed control circuit is holding the bus
then hoids from DMA or refresh will be immediately acknowledged.
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CPU OFF THE BUS

when the HLDA signal is received from the CPU, the address
latches between PA<19:2> and S5AC19:2> are tri-stated. The PAL which
converts BE<3:0> to SAl, SA0, and BHE* (D4-S5SAD0O) is also tri-stated.
The CPU bus command generator PAL (D4-5SCMD) command output signals are
also tri-stated. The command signals are held fnactive by pullup
resistors until the DMA controller, refresh controlier, or other bus
master can take over the bus. The bus address latch enable signal
(BALE) is forced to the active state requiring that any other bus
master must hold an address stable for the duration of @ bus cycle.

To allow the 32 bit memory board to recelve addresses
generated by the other subsystems, a series of buffers back feeds the
CPU address bus (PA<23:2>) from the system busses (LA<23:17> and
SA<16:2>. Another PAL (D4-SADI) converts SAl, SAD, and BHE* toc the
BE<3:0> linmnes from the CPU and the D4-SCMD PAL converts the MRDC*,
MWTC*, and REFRS* lines to an encoded status on the M-10, D-C, and W-R
lines for use by the memory board. The encoding is described in
detail in the 32 bit bus descriptions.

The data buffers between the CPU (PD<31:0>) end system bus
{SD<15:0>) are turned around to work in the opposite direction from
normal so that the other bus master can access the 32 bit memory as if
it was regular 16 bit memory.

DMA OPERATIONS

The DMA controllers Iin the system operate as a separate
subsystem from the main bus controller. They handle requests from the
DMA peripherals, arbitrate between them, and then request access to
the system address and command busses from the CPU by asserting DREQ.
The system consists of two controller ICs (8237A-5), a page register
for handling the high order bits of DMA address (74L5612), and various
latches and logic for address routing and control.

There are two types of DMA on this design, byte and word DMA.
One of the controliers is connected to handle byte operations, the
other, word operations. In order to simplify the arbitration between
sources, the hold request line from the byte controller is connected
to a DMA request line (DRQ4) on the word controller. The word
controller is programmed for cascade mode on channel 0 {(to which is
connected DRQ4) so that it will not actually place an address on the
bus when It acknowledges the byte controlliers request.

BYTE DMA OPERATIONS

The DMA byte cycle begins when a peripheral sets a DRQO-DRQ3
line active. The 8237 then arbitrates among any other pending
requests and sets the hold request output active. This line (DRGQ4) is
connected to the word controller as discussed above which does it’s
arbitration. The word controliler then sets it’s hold request line
active (DREQ) which is then synchronized and arbitrated by the Hold
arbitration logic discussed above.
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When the system responds to the DREQ with & HAK, one DCLK
later the HAKDMA will be generated. This provides for setup time to
the 8237 from the last CPU access. When HAKDMA goes active, the word
8237 will respond with a DAK4 which acts as a hold acknowledge to the
byte controller. The byte controller will, after synchronizing the
acknowledge, assert DAENI1* (through a gate) and place an address on
the XA<0:7> lines. It will place the high byte of the address on the
I10D<0:7> lines and assert the address strobe signal to latch the
address into the assocliated latch. The DAEN1* signal also enables the
output of the latch to the SA<B8:15> lines.

The D4-SCPY PAL drives the SBHE® line in the opposite sense
of SAO0 in order to satisfy 16 bit devices on the bus.

The DAENI* signal is ORed with the DAENZ* signal inside the
D4-SCPY PAL to produce DAEN®* which changes the direction of the
bidirectional buffers between the XA<U0:8> and the S5A<0:8> busses so
that the DMA address will be on the system bus.

The SA16 line has an additional tri-state buffer between the
LS612 output and SAl6. This buffer is enabled for byte type DMA (as
discussed here) and disabled for word type DMA (because the word 8237
drives SAi6 in word DMA).

The lines LA<23:17> are driven by the 7415612 page register
when the CPU sets HLDA active (through the DMA*™ line). The selection
of which internal register to enable to the bus is done by three gates
which encode the DAKx signals into a register address for the L5612.
The lines A<19:17> are also copied to SA<C19:17> by a buffer enabled by
the DMA*™ line. i

In the above fashion, all of the address 1ines on the bus are
driven with appropriate address. When this is complete, the 8237
drives the lines XIORC*", XIOWC*®", XMWTC*, and DMRDC* according to the
type of cycle being run. The first three of these lines are buffered
back to the IORC*®, IOWC*, MWTC™ lines by a bidirectional buffer
controlled by DAEN®. The DMRDC* line is handled differently. It is
delayed by one DCLK cycle before being gated onto the XMRDC* line and
then to the MRDC* line. When DMRDC* goes inactive, XMRDC* goes
inactive without the DCLE delay. This action provides a greater
memary address setup on read commands for block transfer modes of the
8237,

A single DCLKE Terngth wait state is added to all DMA cycles.

Te do this, the OR of DMRDC#* and XIORC#* clocks the DWG flip-flop to
inactive, setting DRDY inactive. On the next rising edge of DCLK the
DXG flip—flop is clocked active which in turn sets the DWQ flip—flap
active again. On the next DCLK, DX will go inactive, allowing DRDY
te go active and signal ready to the 3237. If a peripheral wants
additional wait states, it can pull the BUSRDY line low which will set
the DWG output to a low and prevent DXQ from going inactive. The wait
ctircuit is prevented from being affected by BUSRIDY except during IMA
cycles by a gate which haolds the DWE flip—flop set active.

The D4-ZCFY FAL enables the COPYENS® line if SAC is high and
the addressed memory is 16 bit in order to route the data between the
low half and high half of the data bus. The COFYHL line moves the

data from high to¢ low on memory reads, and from low to high on memary
writes,
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-WORD DMA OPERATIONS

Word DMA operations are only possible between word memory (1é&
or 32 bit) and word peripherals. Also, the DMA cannot do anything to
an odd address boundary, on either memory or 1/0.

The DMA word cycle begins when a peripheral sets a DRAS-DRRE7
line active. The 8237 then arbitrates among any other pending
requests and sets the hold request output active. The hold request
l1ine (DRE®) is then synchronized and arbitrated by the Hold
arbitration logic discussed above.

When the system responds to the DRER® with a HAKDMA, the word
8237 will, after synchronizing the acknowledge, respond with a DAKx
acknowledge to the peripheral. It will also assert AENZ and DAEN2x*
(through a gate and D4-SCPY PAL) and place an address on the XALZ:11>
lines. It will place the high byte of the address on the IUOLKI7202:
1Tines and assert the address strobe sigrnal to latch the address inta
the asscciated latch. The DAENZ#* signal also enables the output of
the lateh to the SAC16:3%2 lines,

The D4-SCPY PAL drives the SAO0 and SBHE®* line to a low in
arder to satisfy 14 bit devices on the bus.

The remainder of the word DMA operation is the same as the
byte operation except for the handling of the COFYEN# and COPYHL#
signals., These signals are not enabled at all for word based DMA,

DYNAMIC RAM REFRESH AND HOLD ARBITRATION

The dynamic RAM refresh subsystem is designed to do a memory
read cycle on each of 2546 addresses in the memory space as addressed
by 8A7 to SA0. Address lines SAB is made equal to SA0 and SAY is made
equal to 8A1 in order to simplify 32 bit memory board design. To
allow for future DRAMs requireing additional refresh addresses, SA10
and SA11 have twe additicnal counter bits present for a total of 1024
possible refresh addresses. The other address lines are in an
undefined state during the RAM refresh time. The system is also
capable of being driven by an external source if another bus master
has control. The system consists of a timer (part of the 8254) which
generates the. refresh requests every 15.%924usec, arbitration logic
which arbitrates whether the refresh controller or the DMA subsystem
gets hold of the bus, a timing generator, and a refresh address
counter. The refresh request rate of 462.79% kHz provides 128 refresh
cycles in 2.038 millisec or 254 cycles in 4.0745 milliseconds etc.

The refresh cycle starts when the REFCK out of the 8254 goes
te a high. The clocks the RFK flip-fleop to a high. The RFK flip-~fluap
will remain high until the refresh request has been satisfied. This
line goes to the hold regquest arbitration circuit discussed above.
Nothing else will happen until the arbitration circuit responds with
the acknowledge sigrnal REFRIH*, (Note: to allow bus masters control of
refresh, the REFREZ# driver is an apen collectar gate with a pulilup
resistor).



D3PE-PROCESSOR DESCRIPTIONS ' January 05, 1987
Copyright COMPAR@ Computer Corperation 1986, 1987 page 21

When REFRS# goes active, it will be clocked into (through a
gate), the REFEN#* flip—flop by the BCLK signal, enabling the refresh
address from the counter onto the bus. The REFEN®# signal is in turn
clocked into REFRO¥®* flip—-flop by the next rising edge of BCLK,
enabling the MRDC® command onto the bus. - The REFRD#* signal is gated
with BUSRDY and clocked into the next flip—flop (REFEND) by BCLK.
This allows a slow memory board to insert wait states into refresh
cycles. The output of this flip-flop (REFEND) is gated with the
REFRS# signal mentioned at the beginning of this paragraph to end the
refresh cycle on the next BCLK. At the same time that the REFEND
signal is clocked through, the REFCL# flip~flop is clocked to a low,
clearing the RFK and RF& flip—flops and ending the refresh cycle.

If an external bus master wishes to take the bus for leng
perinds of time, it must perform refresh or risk losing the dynamic
memory. The external bus master can do this by developing it s own
refresh reguest timer and internal arbitration. When it is not
otherwise driving the bus, but still has bus control, it can do a
refresh cycle by pulling the REFRS# line low with an open collector
gate. When the MROC# line goes inactive from the refresh cycle, the
REFR3# line should be released. The external bus master can then take
full control.,

OTHER BUS MASTER OFPERATIONS

This system allows other bus masters to take over the system
busses and use the 1/0 peripherals and memory. This is accomplished
by the bus master software programming an unused DMA channel for
cascade operation. When this is complete, the bus master can request
the bus by setting the appropriate DR line active and waiting for a
response, When the system responds with DAK, the bus master can pull
the GRAEB#* line active (low) disabling the address, data, and control
lines., The bus master should then wait one BCLK pericd before
enabling it“s own buffers with valid address information and wait ane
more BCLE pericd before driving the cantroel lines. When the bus
master is finished, it shouid release the GRAB# and DRE lines to allow
the CFU to continue operations. If the bus master keeps hold of the
bus for more than 15 usec, then it should contain it“s cwn refresh
timing and request logic to prevent laoss of dynamic memory.

BT
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SPEED CONTROL

This system is implemented to give the user some controel of
the system speeds in the case that software is speed dependent. The
system consists of a one channel of the second B2354 timer counter and
an interconnect the the hold request circuit. The timer channel is
programmed as a one-shot which is triggered by refresh requests. If
the 8042 keyboard controllier SLOWD# l1ine is active (LOW) then the
timer output will extend the CFPU held time for refresh by the
programmed value of the one-shot. During this hold time, the CFRU
cannot use the bus for execution, but the DMA subsystem can continue
to work. The timer is clocked by DCLK giving a 250nsec increment in
bus hold time. To disable the circuit, the 8042 SLOWD# output can be
set inactive (HIGH) or the 8254 timer can be stopped by programming
the channel but not giving it a count value (out 4Bh, %2h). To enable
the one—shot, program for MODE 1 (out 4Bh, %2h) and give a count value
between OLih and 28k (out 4Ah, =xh).
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PROCESSOR SHUTDOWN AND RESET

The CFPU reset and shutdown circuits are designed to properly
reset the processor during! powerup, temporary power loss, CFPU
shutdown, and under program control for mode switching.

Since the CPU requires a reset pulse width minimum of 15 CLKE2
times (446%9nsec) to respond properly, the circuit described next pulses
the CPU reset line for 4 BCLK cycles (500nsec) for the cases of
shutdown and program reset.

The shutdown reset function is used to get the processor out
of the situation where a processor exception occurs while doing a
processor exception. In this case, the CPU goes into shutdown mode as
signaled by the status M-I0 # /D-C % W-R # BEO # ALE (signal SHTD#).
The shutdown flip—=flap (SHE) is clecked active by SHTD#®.

This output (SHE) is fed to an F74 flip—flop to which acts as
another arbitration circuit. This circuit prevents processor reset
from occurring during hold cycles or hold from occurring during
processor reset. This prevents the CPU from aborting a hold reguest
and subsegquent garbaged hold cycles.

The SHO#* signal (out of the reset arbitration) is clocked into
anocther flip-flop by the RCOLE signal (which has a rising edge every 4
BCLK times) producing RESCP#, This is inm turn synchronized to CLE1&
by another F74 to form the RESCPU signal which resets the CPU. RESCF#
clears the SHE flip—-flop and ends the reset pulse. Making RESCFU
synchronous with CLKI46 insures that CLK1A is in turn synchronous with
the internal 80284 CLK signal. #

Restarting the processor under program control is done by
pulsing a bit in the 8042 keyboard processor (RSTAR#)., This line sets
the SHR flip-flop active and starts the reset sequence in the same
manner as described for shutdown.

The last twoe functions, powerup reset and power loss reset,
are provided by the PWGOOD signal from the power supply. This sianal
is clocked by CLK1&® to form the signals RETH# and RESDRV. RET# is
used by most circuits en the system board for powerup setup, RESDRV is
sent to the system bus for resetting most other circuits in the
system. The CPU gets reset through the shutdown circuit. When RST#
is active, the RESCP® flip~flop is set active which in turn resets the
CPU through the F74 and RESCFU.

The signal RESCP (inverse of RESCP#®) is used to hold the
signal CMSAWR in the high state during the rising edge of CMSCE%x
(which goes high with PWGOGD) in order to properly set up the CMOS
clock IC.
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of the 825%A interrupt controllers,

the CMOS
and the

Alsc located within the I/0 space on
are the DMA controllers and the DMA Page

registers which are used to determine the top eight address bits
during DMA operations.

decodes the bits SACPISS,
timers,

The address decading is done with three ICs,
{D4-SNCP) PAL which
and a (D4-SPFI) PAL which decodes other addresses.

the PAL equations for the decode PALs:

NMICE

ZMZAWR

CMERD

CMZWR

KEYCE

FBWR

PBRD

CIORD

TIMIOE

TIMZCE

it

it

it
"

FPRICSH SAd# /SAZH /SA0R XIOWC

CHMZAWR® XIOWC
RESCHMES

PFRICS® SA4% /TAZH ZA0x XIORDC

FPICS® SA4x /SAZH SAOR XIOWE

FRICE® /SA4% /AR /SAO

PPICE# /SA4# /SA3% SACH XIO0WCD

PPRICSH /SA4%# /SA3¥ SAOx XIORC

/SAY% /SASE XIORC

INTA
TIMIZe /A
TIMIS® =ZA2

a 74L.513&8 which
breaks cut the two
Below are

+:NMI enable latch write (7Ch)}

s CMOE address write (70h)
sor during powerup

s MO data read (71ih)

s CMIE data write (7Z1h)

s 8042 (HOh, A4h)

sFort B write (&1h)

sPart B read (61h)

s O-FFH ewxcept 20227
sor Interrupt ack
sSZtandard timer

sSpecial 3E& timer
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Following is an address and bit map of the devices in the 1/0
" subsystem.
ADDRESS -ALDRESS BITS DEVICE

HEX 9876543210
00h~-OFh O O O 0 0 x Y VY Y Y £237A-5 byte DMA controller
20h=21h 0 0 0 0 1 % x x x Y 82594 Interrupt 2 controller
40h 0001 0 x0x00O0 82541 System clock Timer O
41h 00010 x0x01 83254-1 Refresh request Timer 1
42h 00010 x0x1020 B254~1 Speaker Timer 2
43h 00010 x03x11 8254-1 Command Mode register
4¢&h 0001 0x1x00 8254-2 Failsafe clock Timer O
49h 00010 x1x01 8254-2 Extra Timer 1
4Ah 00010 x 1«10 2254-2 Speed control Timer =
4Bh O 001 0 x1 x11 3254-2 Command Mode reagister
AOh 00011000 xO0 8042 data I/0 register
A1h 0001100« =1 Port B/C In/Outputs
&4h 00011001 x O 8042 status/command register
70h OO0 01110 =0 CMDZ address register
70h 001110 xx 0 NMI enable register (bit 2 low)
71h 0001110 xwxw1 CMOS data I/0 reqister
&0h 001 00x000O00 DMA Page register SPARE
81h Q01 00x0O0O01 DMA Paqe register CH 2 page
€2h 001 00x0010 DMA Page register CH & page
83h 001 00x0011 DMA Fage register CH 1 page v
84h 00100x0100 DMA Page register SPARE %
85h 00 100x0101 DMA Page register SPARE
86h 001 00x0110 DMA Page register SPARE
87h 00100x0111 DMA Paqge register CH O page
gsh 001 00x1000 DMA Page register SPARE
8%h 001 00x1001 DMA Page register CH & page
&Ah 001 00=x1010 DMA Page register CH 7 page
SBh 00100 =x1 011 DMA Fage reagister CH 5 paage
ZCh 001 00x1100 DMA Fage reaister SFARE
Sk 00100 x1101 [MA Faage register SFARE
BEh 001 00x1110 DMA Page register SFARE
8Fh 00100x1111 DMA Page register REFRESH page
AOh—~Alh 0 O 1 0 1 x x x x Y 825%a Interrupt 2 contreller
COR—CFh O 01 1 OY VY YY x 8237a-5 word DMA controller
FOh 00111 x0xxO0 Clear numeric processor busy
Filh 00111 x0xx1 Reset numeric processor
F@h—FFh O 0 1 1 1 1 1YY x 80287 command ports
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I1/0 subsystem Bit usage:

ADDR 61k Fort B <{{READ/WRITE:>

Q r/w + Timer 2 Gate speaker
i1 r/w <+ Speaker data
2 r/w + Disable/Clear failsafe timer
3 r/w + Disable/Clear 1/0 channel error
4 ro + refresh detect
5 ro + Timer channel 2 output
& ro + I1/0 channel error
7 ro + Fail safe timer interrupt
ADDR 70k CMOS clock address/NMI Mask register
o-5 CMDZ address bits
7 ~NMI enable

INTERRLIFT CONTROLLER

The 225%A interrupt controllers subsystem handles interrupt
requests from the system bus, the system timer, the keyboard, and the
numeric coprocessor. Interrupt requests from controeller 2 are
cascaded into IRGZ of controller 1. Controller 1 is a MASTER
controller, controller 2 is a SLAVE as indicated by the SF/EN input to
the devices., The arbitration between controellers is communicated over
the CASx lines during the time between the interrupt acknowledge
cycles, The interrupt levels for each line are shown below in
priority order:

SW int Interrupt

INT = IRRO—~1  SYSTEM TIMER (253 TIMER O)

INT @ IRR1-1 KEYBDARD CHAR AVAILABLE

na IRZZ~1  Interrupt fram CTLRZ

INT 70  IRRE-Z CMOZ c¢lock interrupt

INT 71 IRQ¥-Z BUS FIN BC4 (software redirected to INT A)
INT 72 IR210-2 BUS FIN DO3

INT 73 1IRQ11-2 BUS FIN DO4

INT 74 IRQ12-2 BUS PIN DOS

INT 75 IR&13-2 Numeric Coprocessor (Software redirected to INT 2
INT 76 IRQ14-2 BUS PIN DO7

INT 77 IRQ15-2 BUS FPIN DO&

INT B IRQ3-1 BUS PIN B25

INT C IRG4-1 BUS PIN B24

INT D IR@5-1 BUS PIN B23

INT E IRG&-1 BUS PIN B2z

INT F IR@7—-1 BUS PIN B21

The interrupt controllers are located on the I/70 data bus
IODL7:0% in order to provide adequate buffering from the system bus,
Because of this, the interrupt acknowledage cycle requires the D4-SPFI
PAL to decode the CICRD#* signal active.
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NON MASKABLE INTERRUPT CIRCUITS

The NMI {(Non Maskable Interrupt) input to the processor is
activated from the expansion bus I/0CHK circuit described below. The
NMI input can be masked off by the hardware by setting the NMI Mask
register {(Add 70h bit 7) to a 1. 1In order to receive an interrupt the
mask register must be set to a 0. Note that this address is shared by
the CMOS clock address register so that it is necessary to reprogram
the address register before each access to the CMDS clock.

EXPANSION BUS INTERRUPT line (A1)

The expansion bus IOCHK# circuit contains an error latch and
an enable latch {(port &th bit 2). The error latch state can be read
on port é&1h bit & where a 1 indicates the error. This latch can be
cleared by setting the I1/0 CHECK disable latch teo a 1 momentarily. To
prevent any I/0 CHECK errors from generating an interrupt, set the I/0
CHECK enable latch to a 1 to disable the error circult.,

FAILSAFE TIMER INTERRUFT

The failsafe timer NMI circuit contains an interrupt latch and
an enable latch (port &1h bit 2). The interrupt latch state can be
read on port &1h bit 7 where a 1 indicates the interrupt. This latch
can be cleared by setting the failsafe timer enable latch to a 1
momentarily. To prevent any failsafe timer interrupts from generating
an interrupt, set the failsafe timer enable latch to a 1 to disable

the interrupt circuit. This circuit can be permanently disabled by
furning SWi-1 OFF.

SPEED CONTROL TIMER .

The speed control timer is wused to slow down the cpu execution
rate as described in the NON PROCESSOR operations section. To enable
the speed reduction, the 8042 keyboard processor port 2 bit 2 is set
to & low state and the timer is programmed for MODE 1 with a count
between 2 and 38h. The larger the count, the slower the system will
be. If a count greater than 38h is entered, then the system may lock
up (speed goes to zero). This speed control also depends on the
refresh rate as programmed inte the refresh timer. If the refresh
timer is programmed faster than. it“s normal value (19 decimal) then
the maximum speed count will be less (or the system will lock up).
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NUMERIC COFROCESSOR INTERRUPT AND BUSY

The Numeric coprocessor interrupt and busy subsystem is
designed to make the B80287/80387 error handling system as much like
previous products as possible., In normal operation, the B0287/80337
will execute it”s instructions and set the BUSY7# line active until
the instruction is complete. The D4-SNCP PAL will enable the BUSY#
line in response to prevent the CFPU from sending any more 60287/80387
instructions to the numeric copracessor.

If an error occurs during the execution of the instructien,
the ERROR#* line will go active and the BUSY7# line wil) go inactive.
In this case the PAL wil) cause an interrupt (IRQ13) when ERROR* goes
active. To prevent another 80287/80387 instruction from being
execuyted before the errar interrupt subroutine is entered, the BUSY#
line is then set (even though the BUSY7#* input goes inactive).

When the interrupt subroutine is entered, the software should
do an output instruction to port FOh to reset the error enabile latch
(the data writtern is not important). This in turn clears the
interrupt and resets BUSY so processing can coentinue. The enable
error tatch (which is cleared by the port FO write) will remain
disabled until scftware clears the error condition and the ERRIR#* line
goes inactive, enabling the latch and further interrupts.

Due to the design of the 28033846, there egmists a possibility
that the CFU may lock up during some coprocessor instructions which
cause an error. The system also contains a timeout circuit which will
break the lock up if necessary. If the IRG13 line is active for more
than 1Susec and the CFU completes no bus cycles in that time, the
BUSY# line is set inactive to break the lock. In this case, the
interrupt routine will then be entered before the next instruction.

If a coprocessor is not installed (as indicated by the switch
SW1-2 setting off), then the D4-SNCF PAL will simulate 1t s presence
by setting the BUSY# line active for 1Susec after each write to the
20227 /20227 address space. This prevents the 2OI8L from locking up
while waiting for a response from the 20ZE7/803227.

The 80227 can be reset (hardware reset) seperately from the
2038& by writing to I/0 port OFih. The data written is not important.
The 80387 cannot be reset by the above methnd, it is reset only at
powerup. The anly method of initializing the SOS287 is the FINIT
instruction.
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The system board includes a switch (SWi1-7) which is used to
select between the 80387 and the 80287. This switch MUST be in the
correct position for proper operation. If this switch is set to the
80387 position, and the 80387 is not installed, the system will crash.
The proper settings are shown below. -

SW1-2 SW1-7 80287 80337

On On In Qut normal operation of 80287

On Off Qut In normal operation of 80387

Off On Qut Out Normal operation without coprocessor
Off On Out In Normal operation without coprocessor
on On In In Not recommended (but 287 works)

On Off In In Not recommended {(Improper operation)
Off Qn In In Not recommended (error message)

Off off In In Not recommended {(error message)

On Cn ot Y Installation error message

Off O In Chgt Installation error message

off ars Qut In Instaliation error message

On Off Farars Dt System lockup on =87 instruction

Off orf YT Dut System lTockup on 87 instruction

EEYRBOARD INTERFACE

The keyboard interface system consists of a Universal
Peripheral Interface IC (8042 or £742), a D4A-SKEY PAL, and several
small components to make connection to the keyboard. The primary
device is the UPI, which is a self contained processor. This device
serializes and deserializes the codes to and from the keybocard and
does several other system functions, Included in these functions are
the reporting of the switch settings from the input port (on command),
and controlling the CPU reset line and slowdown Yockout line., The URI
is also programmed to control the LOWAZO line (for limiting the CFU
address to 1t Mbyte) but this function is taken over by the D4-SKEY
FAL.

The D4-ZKEY FAL watches the commands to the WFI and intercepts
those having to do with the LOWAZ0 lTine. It then drives that line and
prevents the UPI from getting the commands by disabling the keybeoard
write line (KEYWR#). This response is done within a few DCLK cycles
instead of the several hundred UPI clock cycles required by the UFI
software.

The PAL circuit is designed to be disabled (in case of )
compatibility problems) by the removal of a single zero ohm resistor
connecting the KA20% line to ground. This line (KA20#) is the enable
signal to the [D4-SKEY PAL. When this line goes high (by removing the
resistor) the LOWA20 and the KEYWR#* lines are not driven by the FAL,
the UPI resumes driving the LOWA20 line and a resistor between INWIs
and KEYWR#* provides the write signal to the UFI to allow normal
function of the UFI on the LOWAZO commands.

i
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8049 INPUT PORT

Not defined

Not detfined

80287 installed switch
80287 speed switch
Switch 4

Switch S

Switeh 6

Keyboard inhibit switch

NOCADBWM-O

804% OUTPUT PORT

Reset 80284 CPU when low

Force address wrap past FFFFFh to 00000 when low.
Not Used

Enable slowdown when low

Keyboard Output buffer full (interrupt to 825%)
Keyboard Input buffer full (not used)

Keyboard clock line (output)

Keyboard data line (output)

Nl Wk O

204% TEST PORT
Keyboard cloack line
Keyboard data line

(e

SPEAKER INTERFACE

Fhe speaker interface allows the speaker to be driven from tuwo

sources, the 5253 timer 2, or the processor through port &1h bit 1.
in addition, the timer can be enabled and disabled from port &1h bit
O. In order to use the timer to generate a tone, it is necessary to
program it to the desired frequency (the input clock rate is 1.1%93
mhz), and set port &1h bits O and 1 to a 1. If the speaker is to be
toguled directly by the CFU, port &1h bit O should be set to a zera
and bit 1 should be tuggled.

REFRESH TIMER

The system refresh is obtained by deing a DMA request from
memory about every 15 usec. The timing is derived from the system
clock and the refresh timer 1. In order to achieve the required
refresh rate for dynamic memories (128 cycles in 2 milliseconds) the
timer must be programmed to 18 or 19.

desired divider value is (.002/7128)#1193182
actual refresh rate for 18 is 18%122/1193182
actual refresh rate for 19 is 19#12Z25/1192152

18. 64
1.9221 msec
2. 038 msec

no#

i

A divider value of 12 results in a refresh rate slightily
higher than necessary but this is better than breaking the specified
refresh time as a divider value of 1% does.
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SYSTEM TIMER

The system timer O is connected directly to the interrupt
controller so that system timing functions (time of day, Floppy motor
timeout etc.) can be done. It is normally programmed by software to a
frequency of 18,2046738 Hz.

CMOS CLOCK CIRCUITS

The System CMOS clock circuits are used for two purposes., One
is to provide an accurate time of day clock, the other is to provide a
small amount of permanent memory which is not lost during power off
times. The main IC which provides these functions is the MC146818
real time clock chip from Motorola. There is also a CMOZ inverter
package which is wused for an oscillator and to provide a gqualtity chip
select to prevent spurious writes during power cycling. The inverter
(40+%) is used in a series type Pierce oscillater with a 22743 Mz
crystal. This circuit is very sensitive due to the extremely small
currents used to maintain oscillation and will net work properly if
the printed circuit board is dirty or if test instruments probe any of
the nodes connected to the crystal.

The power provided to the CMOS circuits is designed to be
maintained during power off periods by & battery., To do this, a diocde
switching circuit is used to switch from the output of a special
regulatoer to the battery source. A diode is used to reduce the
battery voltage from the battery connecter to between 4.5v and 5.5v at
the clock ICs. The regulatoer is a shunt type from the +12v supply and
provides 46.2v before the diode. With the power on, the voltage at the
clock ICs should be about S.5v. The choice of voltages should prevent
the battery from providing the power to the clock circuits when the
urnit is on. This is necessary because the current drain from the
tloeck is several orders of magnitude higher during system woperation
than during shutdown.

Dne additional diode is used to guarantee that the clock ICs
do not "latch up" during power cycling with no battery (which could
destroy the ICs). This diode guarantees that the Vecc to the clock is
never more that 0.7v less than the voltage on the inputs thus
preventing the turn on of the spurious SCRs in the CMOS circuits.

The battery voltage range at the battery connector is shown

below:
absolute
minimum maximum maximum
1) S.0v &.0v 6.2v
2} Normally Keyed
2)
4y  O.0v G.0v Q. 0v Ground

The absoclute max spec is for a battery that is mew, and should not be
maintained for more than 24 hours at 100 uva. After this time, the
normal min/mas« voltage spec applies.

The current drain on the battery varies with valtage and clack
operating mode, but is usually about S0-20 ua after running the
diagnostic setup. The maximum current should be under 150 ya,



.

D3PE~PROCESSOR DESCRIFPTIONS A - January 05, 1987
Copyright COMPAQ Computer Corperation 1984, 1987 page 32

SWITCH SETTINGS

The processor board has one DIF switch with six individoal
switches. The functionrof the switches is as followss

1) Failsafe timer enable (when 0ON),.
This switch is normally on.
2) 80287 coprocessor installed (when ON),
This switch must be ON when the 302387 is installed and
OFF when the BO287 is not installed.
3) 4mHz 80287 operation (when ON),
If an 80227 dash 1,2,8,10 is used then the switch should
be OFF. If dash 3 or & is used then the switch must be ON.
4) Zwitch 4 (se¢e software spec for usage)
) Switch 5 (see software spec for usage)
&) Switch & {(see software spec for usage)

FROCESS0OR POWER REQUIREMENTS

The processor board uses Sv, and 12v power. It distributes
poewer for other components of the system from the —3v, —-12v and aux
12v provided by the power supply. With ne other components (except
the speaker) connected to it, the processor uses 22 milliamp at 12v,
and 2.4 amps at Sv. The maximum expected power requirement should be

24 ma at 12v, and 3.0 amps at 5.0v. )
i
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ROM MEMORY SYSTEM

The ROM memory system on the memory board consists of four
sockets for 28 pin ROMs or EFROMs and decoding logic to enable them.
The ROMs can be either BK, 16K, or 32K x B bits in size depending on
the arrangement of jumpers xx to xx. The ROM sockets are arranged in
two sets of ROMs (16 bits wide) designated SYSTEM ROMs 1 (always
present and including address (OFFFFOh) and system ROMs 2 (located at
lower address than SYSTEM ROMs 1). There is also a jumper. for each
bank to select between static and dynamic ROMs. The jumper setting
for each type of device is shown below.

8k ROM PROGRAMMABLE active HI CS ON 26,27
14k ROM FROGRAMMARLE active HI CS ON 27
32k ROM
Kk EPROM INTEL 2744 TYFE
14 EFROM INTEL 27122 TYPE
32K EFROM INTEL 272546 TYFE
Standard configuration
ROMEZ1 (system ROMs): use jump block ERI1: 1 2= A4=5 & =g ¥
ROMSZ (option ROMs): wuse jump block ERZ: 1 2= 4 S=4& 7 8=%
Sk Device 1=2 3 4=3 &
14k Device 1 2=3 4=5 &
32k Device 1 2=3 4 S=4
Static device 7=8 9
Dynamic device 7 8=%

The addresses of the ROMs for the three ROM size configurations are

shown below.
address 2k devices 14k devices 22k devices
OEOOQOOH SYSTEM ROMs 2 3SYSTEM ROMs 2 SYSTEM ROMs 2
OEZ20O00H SYSTEM ROMs 2 SYSTEM ROMs 2 SYSTEM ROMs 2
OE4000H SYSTEM ROMs 2Za SYSTEM ROMs 2 SYSTEM ROMs 2
OE&QOOOH SYSTEM ROMs 2a SYSTEM ROMs 2 SYSTEM ROMs Z
OE8OOOH SYSTEM ROMs 2b SYSTEM ROMs 2a SYSTEM ROMs 2
OEAOOOH SYSTEM ROMs 2b SYSTEM ROMs 2a SYSTEM ROMs 2
OECOOOH SYSTEM ROMs 2c SYSTEM ROMs 2a SYSTEM ROMs 2
OEEOOOH SYSTEM ROMs 2c SYSTEM ROMs 2a SYSTEM ROMs 2
OF OOO0OH SYSTEM ROMs 1 SYSTEM ROMs 1 SYSTEM ROMs 1
OF2000H SYSTEM ROMs 1  SYSTEM ROMs 1 SYSTEM ROMs 1
OF 4000H SYSTEM ROMs 1a SYSTEM ROMs 1 SYSTEM ROMs 1
OF &0O00H SYSTEM ROMs 1a SYSTEM ROMs 1 SYSTEM ROMs 1
OF 2000H SYSTEM ROMs 1b SYSTEM ROMs la SYSTEM ROMs 1
OFECGOOH SYZTEM ROMs 1b ZYSTEM ROMs 1a SYSTEM ROMs 1
QFCOO0H SYSTEM ROMs 1c SYSTEM RUOMs 1a SYSTEM ROMs 1
OFEOOOH SYSTEM ROMs 1c¢ SYSTEM ROMs la SYSTEM ROMs 1

The designation “1la®*, "1ib", "1lc" etc. means that the contents of the

ROM can be found duplicated at this address.
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ROM/EPROM speed requirement
The required speed for the ROM or EFROM is given below:

Address access time for ROM/EPROM

5 x CLK1é& cycle 212
ALE delay in PAL - 15
ALE delay in FOO - 7
address latch delay alsS73 - 20
buffer prop delay 15244 - 20
DATA latch setup time - 10
Latch enable delay in PAL + 5
CMD# delay from CLK1A in PAL + 5
ADCESS TIME #pRHERER 250

OE access time fTor ROM/EPROM
OE/CZ access time for ROM/EPROM (jumpered dynamic)

4 = CLKE1&6 cycle 250
CMDs from CLE1&G% in FPAL - 15
MRDC¥* fram CMO¥ in FPAL - 25
OEX from MROC® in FAL - 25
buffer prop Jdelay 1s244 - 20
DATA Yatch setup time - 10
Latch enable delay in FAL + 5
CMO+ delay from CLK1& in PAL + O
ACCESS TIME #3#FHIRF 1465

C5 access time for ROM/EPROM (jumpered static)

5 = CLK14 cycle 312
ALE delay in PAL - 135
BALE delay from ALE in FOO - 10
ROM# from BALE in PAL - 25
tuffer prop delay 15244 - Z2Q
DATA latch setup time - 10
Latch enable delay in FAL + O
CMO delay from CLK1é in PAL + 5

ACCESS TIME HHJFERFHE 247



D3PE~-PROCESSOR DESCRIPTIONS " January 0S5, 1987
Copyright COMFAQ Computer Corperation 1986, 1987 page 35

D4 OPTION BOARD SLOT SPECIFICATIONS. (no memory on motherboard)

Slot
1 234354678 ,
K » L] » A. L] - L] 32 b’itl
e 2 X X o X X 16/8 bit.
e X o 2 X o & X B8 bit only.
X o & & X X XN X drop down to gold finger edge.
s v % e w s » . drop down to motherboard surface.
a X XK K e s e om no drop down available.
X X X X X X X . full size
B 3 short slot (&6 inch}
1 . . « « &« & lised for standard memory board
2 4 v e e e om Available
1 S Available
4 . . . . Available
5 4 4 Vo
L. . Hard Disk
7 . Floppy/Serial/Printer

Available
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EXPANSION BUS DEFINITION

BUZ Signal
Fin Name Description
AOL IOCHK# This input signal is used to signal the CPU

about parity or other serious errors on adapter cards plugged into the
expansion bus. This signal should be driven low by an open collector
type output capable of sinking 20 mA when an uncorrectable system
error ocCCcurs.

AOZ-A09 SD7-SDO These bidirectional signals are the
low 8 bits of the system data bus. They should be used exclusively by
all eight bit devices to transfer data. Sixteen bit devices should
use these limes to transfer only the low half of a data word when the
address line AD is low., These may be driven by an expansion bus
adapter acting as a bus master.

AL10 BLIZRDY This input signal is used to lengthen a bus
cycle from it s standard time if a bus adapter cannot respond quickly
encugh. It should be pulled low by an open collector type device as
soon as a slow addressed device is selected and held low until the
device has responded. Bus cycles are lengthened by an integral number
of (BCLE) cycles. This line should not be held low for more than 2.5
microseconds. This line should be driven by an open collector device
capable of sinking 20 mA.

All AEN This output signal when inactive (low)
indicates that the CPL or other adapter mounted bus master has control
of the bus. When active, the IMA controller has control of the bus.
It is often wused to disable devices which must not respond during a
MA cycle.

AlZ-AZ1 ZAIY-ZA0 These bidirecticonal signals address
memory or 1/0 devices within the system. They form the low order 20
bits of the 24 bit address bits that the system offers. These lines
are enabled onto the bus while BALE is high and are latched when BALE
goes from a high to a low state. These may be driven by an expansion
bus adapter acting as a bus master.
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BOZ2 RESDRV This output signal is used to reset
the hardware during powerup or power failure. It is active high.

BO4 IRGY

B21 IRQ?7

B22 IRQS

B23 IRGS

B24 IRQ4

B2S IRQ3

Do3 IRR10

Do4 IRR11

DOS IRQ12

DOS& IRQ1S

no7 IRR14 These input lines are used to

interrupt the CFU to request some service. The interrupt is
recognized when the line guves from a low to a high and remains there
until the appropriate interrupt service routine is executed.

BO& DrRGa2
Bl4 [IR3
BiZ DR
Do% DRGO
ni DROS
Dis DROG
nis DRGY7 These input lines are used to request

a DMA service from the UMA subsystem or to gain controcl of the system
bus from the main CFU (Dma ReCQuest)., The request is made when the
line goes from a low to a high and must remain there until the
appropriate DAKx (Dma AcKnowedge) line goes active.

BOZ NOWS This input line (No Wait State) is
used to inform the system that standard wait states can be deleted Tor
cycles when this line is made active. The line must be pulled low
before the falling edge of BCOLK in order to be recognized. This Tine
should be driven by an open collector device capable of sinking 20 mA.

Bil SMWTC# This output line (standard memary
write) is active (low) only when an address fram O00000Q0h to OFFFFFh is
decoded. This line is derived from MWTCH,

RiZ SMROC# This output line (standard memory
read) is active (low) only when an address from 000000h to OFFFFFh is
decoded. This line is derived from MRDC,

BiZ IOWCH This output line (I/0 write) indicates
{when low) when an I/0 device is to accept the data from the data bus.
It may be driven by an expansion bus adapter acting as a bus master.

E14 TORC* This ocutput line (I/0 read) indicates
(when low) when an I/0 device is to send data to the data bus. It may
be driven by an expansion bus adapter acting as a bus master.
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BiS DAK3*
B17 DAK1*
B2¢& DAKZ*
D& DAKO# -
Dio DAKS#*
D12 DAKS3# :
D14 DAK7* These output lines (Dma AcKnowedge)

indicate that a request for a DMA service from the DMA subsystem has
been recognized. The acknowledge is indicated by a LOW on this line.
This line should be used to decode the DMA device with the IORC® or
IOWCH# 1ine to indicate selection. If used to signal acceptance of a
bus master request, this signal indicates when it is legal to pull
GRAB# 1ouw.

R19 REFRESH* This output signal is used to indicate
(when low) a refresh cycle in progress, It should be used to enable
the SAO-ZA7 address lines to the row address inputs of all banks of
dynamic memory s$o that when the MRDC% goes active, the entire system
memary is refreshed at one time. It may be driven by an expansion bus
adapter acting as a bus master.

B20 BCLE This coutput signal is provided to
allow synchronization to the main processor clock. Its frequency will
be approximately 8MHz with a duty cycle of S04,

BZ7 T/C This output signal {(when high)
indicates that the terminal count of a DMA operation has been reached.
It shouid be decoded with the appropriate DACKx line for proper
cperation.

B2E BALE This output signal (whern high)
indicates that a valid address is present on the LA address lines.
The LAx= address lines or any decodes developed from them should he
latched at the falling edge of BALE. This line is always high when a
DMA or bus master operation is woccurring.

B20 oS This output signal is a clock for use
in timing applicatiens. It“ s frequency is 14.31218 MHz and duty cycle
is appoximately SOWL.

C1 SBHE # This output signal (System Bus High
Enable) indicates (when low) that the high half of the 5Dx data bus
should transfer the data on adapters which support the full 16 bit

data bus. It may be driven by an expansion bus adapter acting as a
bus master.

oz C? LAZZ-LA17 These cutput siagnrals (Latchable
Address) are used to Jecode memory which must respond with zero or one
wait state. They are only guaranteed to be valid when BALE is high.
These may be driven by an expansion bus adapter acting as a bus
master.

-
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co - MRDC# ~ This output line (memory read)
indicates (when low) when a memory device is to send data toc the data
bus. This signal is active over the entire address space of the
system. It may be driven by an expansion bus adapter acting as a bus
master.

10 MWTC# This output line (memory write)
indicates (when lTow) when a memory device is to accept the data from
the data bus. This signal is active over the entire address space of
the system. It may be driven by an expansion bus adapter acting as a
bus master.

C11-C18& SDO8-S8D1S These bidirectional signals are the
high 2 bits of the system data bus. Sixteen bit devices should use
these lines to transfer the hiagh half of a data word when the line
SEHE#* is low. These may be driven by an expansion bus adapter acting
as a bus master.

D1 Mlé&* This input line (Memory is 14 bits)
signals the system that the addressed memory is capable of
transferring 14 bits of data at once. When this line is made active,
during a memory read or write, the standard one wailt state memory
cycle will be run, This line should be derived from the LAxx address
lines. This line should be driven low by an open collector device
capable of sinking 20 mA.

nz I016% This input line (I/0 is 146 bits)
signals the system that the addressed I1/0 device is capable of
transferring 146 bits of data at once. When this line is made active,
during an 170 read or write, the standard one wait state 1/0 cycle
will be run. This line should be driven low by an open collectar
device capable of sinking 20 mA.

D17 GRABR# This input siognal is wsed to indicate
that an adapter mounted bus master is controlling the bus. An adapter
may pull this line low when the appropriate DAKx line is made active,
signalling that a master request is granted. The system address, data
and control lines will be flcoated, allowing the adapter to begin
controlling them one full BOLK period after GRAR is made active. At
least one more full BCLK period should be allowed after putting a
valid address on the bus before activating any of the control lines.
This line should be driven by an open collector device capable of
sinking 20 mA.

BO1 ,B10,B31 D18 GND These lines are connected to the
system AC and DC ground. The maximum current allowed on any single
contact is 1.5 amps.

BOZ, B2Y D14 +5 Vdc  These lines are connected to the
system power supply for S volts. In addition to the maximum power
available from the supply, the masimum current allowed on any single
contact is 1.5 amps.
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BS -3 Vdc This line is connected to the system
power supply for minus S volts., This supply is intended for low
current usage cnly.

B7 -12 Vdc This line is connected to the system
power supply for minus 12 volts. This supply is intended for low
current usage only.

BY +12 Vdc This line is connected to the system
power supply for 12 wvolts. In addition to the maximum power available
from the supply, the maximum current allowed on this contact is 1.5
amps.

BUS TIMING INFORMATION
This information assumes that the system clocks are at a constant
BmHz. Since in some cases this is not true, some cycles may have more

time available than indicated.

CPU 2 bit command active time (standard wait state)

¥ = CLE1& cycle SL7
CRU 2 bit command active time (ND standard wait state)
3 = CLK1é cycle 187
CPL 1& bit memory command active time (standard wait state)
4 x CLK16 cycle 250
CPU 14 bit 1/0 command active time (standard wait state)
2 x CLK16 cycle 187
CRUY 14 bit memory command active time (NO wait state)
2 = CLELL cycle 125
CPI extra wait state size
2 x CLK1é cycle 125
Address access time from SAx address lines, 14 bit bus read cycle.
S x CLK1é cycle 212
ALE# active delay in PAL - 15
ALE# TO ALE in FOO - 4
address latch delay als573 - 20
Latch setup time alsS73 - 10
CMD from CLK1é+%# in PAL + b

BCKx from CHMD in PAL + 8
ACCESS TIME 334336034 275
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Address access time from SA19-SA0 address lines, 8 bit bus read cycle.
11 » CLK16 cycle 687
ALE#® active delay in PAL - 15
ALE#* TO ALE in. FOO - b
address latch delay als573 - 20
Copy buffer delay 15245 - 15"
Latch setup time alsS73 - 10
CMD from CLK1é6#* in PAL + &
BCKx from CMD in PAL + €
ACCESS TIME 396363 46 98 3 435
Access time from BALE active, 16 bit bus read cycle.
5 x CLK16 cycle 312
ALE* active delay in PAL - 15
BALE from ALE in FOO - 7
Latch setup time alsS73 - 10
CMD from CLE14% in PAL + b
BCKx from CMD in PAL + g
ACCESS TIME A H R HERR 292

MRDOC* Access time, 1& bit bus read cycle.

4 » CLK1&6 cycle 250
MRDC® from CMD in FAL - 15
Latch setup time als373 - 10
BCKx from CMD in PAL + ©
ACCESS TIME FHEFHEHS 233
IDRC# access time, 1& bit bus read cycle.
. 3 % CLK16 cycle 187
IORCH* from CMD in PAL - 15
Latch setup time alsS73 - 10
BCKx from CMD in PAL + 5
ACCESS TIME HEG IR 170

MRIOC#, IORC#, access time, & bit bus read cycle.

9 x CLK16 cycle Séz
MRDC# from CMD in PAL - 15
Copy buffer delay 15245 - 18
t.ateh setup time alisS73 - 10
BCKx from CMD in PAL + 8
ACCESS TIME 3363694 3 3 2 3 527
SMRDC# access time, B bit bus read cycle.
9 % CLK16 cycle S562
MRDC# from CMD in PAL - 15
SMRDC# from MRDC* in LS125 - 1€
LCopy buffer delay 15245 - 1
Latch setup time alsS73 - 10
BCEx from CMD in FAL + =

ACCETZS TIME 2T ) 50%
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Data hold time from MRDC#, IORC#, 8 and 16 bit cycles

data hold from BCKx ALSS73 7
BCKx delay from CMD in PAL max 15
DCMD from CMD in FAL min - B8
command from CMD in PAL min - 8
Required data hold LA L 2 A2 S L 2 2 &

LAx address valid to 16 bit memory command setup

3 # CLK1S 187
CPU address out from CLK146 max - /0
Address buffer delay ALS245 max - 17
CMD from CLK146# in PAL + &
command from CMD in FAL + 5
SETUP I BHE 141

LAx address valid to Mlé&# active requirement

Z o# CLELA 137
CPU address ocut from CLK1& max - 40
Address buffer delay ALSZ4S max - 17
Mié# setup required to ALE in PAL - =5
ZETLUF 3 105

BALE valid to 14 bit memory command setup

1 # CLKi1é 62
ALE#* active delay in PAL - 15
BALE from ALE#* in FOO -
CMD from CLK1é&# in PAL + &
command from CMD in PAL + 5
SETUP Y R T ap
BALE valid to required Mlés
1 # CLE14 . &2
ALE# active delay in PAL - 15
BALE from ALE® in FOO - %
Mléee setup in FPAL - 25
SETUP 363096 303 4 36 3 35 13

SA» address valid to 14 bit memory command setup
1 # CLK1& &2

ALE#* active delay in PAL - 15
BALE from ALE#* in FOO -9
CMD from CLK16# in PAL + &
command from CMD in PAL + 5
address latch delay ALSS73 - 20
SETUP : E2 T 23S 2N ]
ZAx address valid to I/0, % bit command setup

o ILvls S
ALE#* active delay in FAL - 15
BALE from ALE#* in FOO - %
CMD from CLE1&#* in PAL + A
command from CMD in PAL +

address latch delay ALSS73
ZETUF 363t 3R B
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SA<19-0> address hold from command

1 # CLK16 &2

CMD from CLK14%# in FAL - 15

command from CMD in PFPAL - 15

ALE# active delay in PAL min + 5

ALE#* TO ALE in FOO + 2

address latch delay als573 min + 7

HOLD 6344633 M3 3 44
CPU write data setup to MWTC# active, 146 bit bus memory cycle.

CLK1é time 62

MWTCH# in PAL delay min 5

BENx delay in PAL max - 25

data buffer delay LS245 - 40

SETUF 48 3 36 3 36 3 3¢ 3 z
CPU write data setup to IOWC® active

2 # CLK1& 125

MWTCH#* in PAL delay min S

BEN:: delay in FAL max - 2%

~ Jdata buffer delay LE245 - 40
SETUFR 9435 3 35 36 3 6 3 3 &S

CFU write data setup to MWTC#, IO0OWC# active,
MWTC# to CPYEN® in PAL delay

data buffer delay LS245
SETUP BP0 396 3 3 5
CPU write data setup to MWTC®, IOWC#, inactive,

cycle.
2o CLK1& time max
BEN:3# delay in PAL max
data buffer delay LS245

MWTC® in PAL delay min
SETUR 33346 B
CPU write data setup to MWTCH#, IOWCH#, inactive,

LOW BYTE.
9 # CLK1é6 time max
BENx# delay in PAL max
data buffer delay LS24%5
MWTCH# in PAL delay min
SETUP S
CPU write data setup to MWTCH,
HIGH BYTE.
¥ o® CLE14 time max
CORPYENS delay in PAL max
data buffer delay LEZ245
SETLIP 33633 3

IOWCH*,

Refresh MRIOCH* active time

DCLE cycle time
Refresh address setup to MRIC® active
2 # CLK1&
18570 delay max
LS244 DELAY (SAZ,SA%)
1812% delay min

SETUF (A%, SAY) 333430 33 3

inactive,

& bit bus

- 25
- 40
- 65

16 bit bus memory

J

312
- 25

- 40

on
QORI

25
8 bit bus memory cycle

S&2
- 25
- 40

S

S02

g bit bus memory cycle

E/_

RN Lo P

— Rach
Pl

- 40
427

250

1‘.'-.‘

- 35

&
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Refresh address hold from MRDC#® inactive V :
18590 delay min + 5
15125 delay max - 20
. BETUP 33456 3 3 3 H - 15

Refresh wait state BUSRDY low delay from MRDC* active

2 » CLK16 125
175 delay max - 10
158125 delay max - 20
f125 setup max -3
Max allowed delay 33636 56 36 96 9 9 % 3% 9z

Refresh wait state BUSRDY high setup to BCLK rising

125 setup max 2
FO2 delay b.b
SETLIF 336 36 34 336 3 35 34 3¢ 10
CPU memory or I/0 command wait state
BUSRDY high setup to BCLE rising
F74 setup max 3
ZETUF 356 S =
CFU 1& bit memory command wait state
BUSRDY low delay from command active
3 # CLK1é 1&7
CMD from CLK1é6# in PAL - 15
command from CMD in PAL - 15
F74 preset delay - 11
F175 setup max - 3
Max» allowed delay 3633436 3 3630 34 143
CRL 1& bit I/0 command wait state
BUZRDY Tow delay from command active
2 # CLK1é4 25
CMD from CLK1é3% in PAL - 15
command from CMD in PAL - 18
F74 preset delay - 11
F175 setup max - 3
Max allowed delay 43 T 96 36 3 3 36 3¢ 81
CPU & bit command wait state
BUSRDY low delay from command active
8 » CLKi1é 500
CMD from CLK146% in PAL - 15
command from CMD in PAL - 138
F74 delay max - 11
F17% setup max - 3
Max allowed delay 5 455

CFU minimum command active from BUSRDY high after added wait state.

2 ¥ CLK14& 128
CMO from CLK1&# in PAL + &
coemmand from CMD in PAL + 2
F784 setup min + O
Command active 3636 3 36 4 3E 3 3 S 3 1=%
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CPU maximum command active from BUSRDY high after added wait state.
4 » CLK16 250
CMDY from CLK1&3%# in PAL + 15
command from CMD in PAL + 15
F74 setup max + 3
Command active ¥ 36 33 283

NOWS* delay from MRDC* or MWTCH#* 16 bit memory cycles

1 # CLKié6 &2
CMD from CLK16% in PAL - 15
command from CMD in PAL - 15
F74 setup min - 3

Max allowed delay B934 3 38 3 334 2%

DMA memory read, 1/0 write command additional wait state
BUSRDY low delay from memory read command active

4 # K14 250
74 delay mas - 11
18125 delay ma:: - 20
L3242 delay max - 15
f74 delay BUSRDY to DRD1 max - 11
f175 setup -z
Max allowed delay 35369 3F 336 3 36 3¢ 127

DMA 1I/0 read, memory write command additional wait state
BUSRDY low delay from 1/0 read command active

8 # CLK1é : 500
I1/0 write delay from DCLK max -190
15243 delay max - 135
f74 delay BUSRDY to DRD1 max - 11
f175 setup - 3
Max allowed delay 33 36 3 3 4 3 3638 3¢ 281

DMA MRDC* active time

2 om DCLE cycle 500
DMA IORCH* active time ,

3 x DCLK cycle 750
DMA MWTCH#, IO0OWCH# active time

2 x DCLK cycle 500

8237 Write command shrinkage 100

Active cycle time T 22 RS TR 2 400

System memory read access time from MRDC# (Non CPU cycles)

M-I0 from MRDC#* in PAL 15
4 = CLKZ3Z (DMIQ to MCASH) 125
MOAZ= to CASmy in FIZ delay max 15
CAZ access time in RAM manx 25
Data buffer delay F&S7 (mem card) 10
Data buffer delay LZSZ4% 15
Data buffer delay ALZZ4S (copy buf) 15

Access time 3E36 3 9 3 3 3 H 2720
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Data setup to MWTCH* for system RAM (Non CPU cycles)

M-I0 from MWTC+ in PAL - 10

4 x CLK22 (DMIC to MCASs) ~-12%5

MCAZ# to CASwxH in F32 delay max - 10

Data buffer delay F&657 (mem card) 10

Data buffer delay LS245 1S

Data buffer delay ALE24%5 (copy buf) 1S

Data setup before MWTCH #33ttataiitn -100

Required I/0 data access time from IORCH* for DMA write to RAM

4 # CLK14 cycle time (IORCH# to MWTC#®) 250
System RAM data setup before MWTC# 100
DMA 1/0 read access time #&d#éxsun 350

DATA valid after IOWC* low during DMA read from RAM

DMRRQ# Ffrom DCLK in F74 delay 11
XMRDC#  from DMRGE# in 15125 delay 18
MRDC® from XMRDC®* in 1s243 15
System memory access time from MRDCO# 220
XIOWS# from DCLK in 8237 min? - 70
IOWC® from XIOWC® in LSZ43 - 15

DMA data valid from IOWCH Jow HWHPHFRE 1TV

DATA setup to I0WCH# high during DMA read from RAM

2 » DOLK cycle time 500
DMA controller Write low shrinkage - 100
DMA data valid from I0WCH* low - 179

Data setup to IOWCH# high e 221
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32 BIT EXPANSION BUS DEFINITION

BLIS Signal
Fin Name Description
E38 PARIT*

This input signal is used to signal the CPU about parity errors. This
signal has a 20kohm pullup resistor and may be driven low by either an
open collector type output or a normal output capable of sinking 4.0
mA and sourcing 1.0 mA when an uncorrectable system error occurs.

E2-FS PDO-PD7
These bidirectional signals are the 8 bits of the processor data bus
selected at an address that ends in 00 (binary). They should be used
for the transfer of memory data when the 22 bit bus is selected.
These lines should be driven during 32 bus memory read cycles when
qualified by the BEO® signal going active. At other times this bus
should not be driven., During a write cycle the data on these lines is
valid only when BEO# is active. The bus should have a maximum of
1.0mA 1oad in the lTow state and O.4mA Toad in the high state when
driven by the motherboard and a maximum capacitive lovading of 40pF.
The 32 bit board must be able to drive 1Z20pF and sink 4.0mA and source
1.0mA when driving these lines.

EA&-F% PD2-PD1S
These bidirecticnal signals are the & bits of the processor data bus
selected at an address that ends in 01 (binary). These lines are
qualified by BEi%* similar to PDO-PD7 and BEO# described above. The
electical parameters are the same as FDO-PD7 described abave.

E10-F13Z FR1&6~-FD2Z
These bidirectional signals are the 2 bits of the processcr data bus
selected at an address that ends in 10 (bimary). These lines are
qualified by BEZ# similar to FOO-FD7 and BEO# described above. The
electical parameters are the same as PDO-FD7 described above.

E14-F17 FD24~FD31
These bidirectional signals are the & Lbits of the processor data bus
selected at an address that ends in 11 (binary). These lines are

qualified by BE3%* similar to PDO-PD7 and BEO# described above. The
electical parameters are the same as PDO~PD7 described above.

E18-F28 PAZ~-FAZ3
These output signals (in addition to PA31) address memory devices and
special control registers on the 32 bit memory bus. They form the
high order 22 bits of the 24 bit standard address that the system
affers. The bus should have a max=imum of 1.0mA load in the low state
=nd S.4mbS load in the high state and a maximum capacitive loading of
4GpF.
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ER& PA31 ‘
This output signal (in addition to PA2-PA23) addresses special control
registers or system memory on the 32 bit memory bus. The line should
have a maximum of 1.0mA load in the low state and O.4mA load in the
high state and a maximum capacitive loading of 40pF.

E3S LOWA2Z0
This output signal (when low) indicates when the address line FA20
should be igrored and the address decocded as if the PA20 line was low.
When high, the PA20 line is decoded as normal. This is used to
provide software compatibility for those programs that expect only a 1
megabyte address space. The line should have a maximum of 1.0mA load
in the low state and 0.4mA lvad in the high state and a maximum
capacitive loading of 40pF.

F20 BEO3*
This output signal (when low) indicates when the 32 bit memory board
should operate on the FPDO-FD7 data lines. The line should have a
maximum of 1.0mA load in the low state and 0.4mA lTcad in the high
state and a mawimum capacitive loading of 40pF.

E20 BE1®
This woutput signal (when low) indicates when the 32 bit memory board
should operate on the FDE-PDIS data lines. The line should have a
maximum of 1.0mA lcad in the low state and 0.4mA locad in the high
state and a maximum capacitive loading of 40pF.

F2e BEZ2#®
This output signal (when low) indicates when the 32 bit memory board
should operate on the FD14-PD22 data lines. The line should have a
maximum of 1.0mA load in the low state and 0.4mA load in the hiagh
state and a4 mavimum capacitive loading of 40pF.

EZw BEZ®
This wutput siagnal (when Jow) indicates when the 32 bit memory board
should operate on the PD24-PD31 data lines. The line should have a
maximum of 1.0mA load in the low state and 0.4mA JToad in the high
state and a maximum capacitive loading of 40pF,.

BO2 RST*
This output signal is used to reset the hardware during powerup or

power failure. This signal is not synchronous with the CLK3Z or
CLK1&% lines, It is active low.

E22 CLK32
This output signal is the main processor clock. Its frequency will be
Z2mHz with a duty cycle of about S0%. This line should be used as the
timing reference Tor all processor memory cycles. The line should
have a maximum of 1.0mA load in the lTow state and C.4mA lToad in the
high state and a mawximum capacitive loading of 40pF.
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F33 CLK14% ] -
This output signal provides a reference for the internal processor
clock phase. Its frequency will be 1émHz with a duty cycle of about
S0%. This line will be high during CFLU phase one and low during phase
two. The line should have a maximum of 1.0mA load in the low state

and O0.4mA lcad in the high state and a maximum capacitive loading of
40pF. ’

F324 MZ2#
This input signal (when low) indicates that the 32 bit memory board
has decoded an address which it will handle. This line should be
decoded ONLY off the address and LOWA20 lTines as it will be wused
during both CPU cyclies and other bus master cycles. This signal has
a 20kohm pullup resistor to hold it inactive when a 32 bit board is
noet installed and should be driven by an output capable of sinking 4.0
mA and sourcing 1.0 mA with a S0pF lovad.

F2& BHLDA
This output signal when inactive (low) indicates that the CFU has
control of the bus. When active, some other bus master has control of
the bus. This line should be used to determine the protocal wsed by
the memory board for a memory cycle. The signal should have a maximum
aof 1.0mA load in the low state and O0.4mA load in the high state and a
maximum capacitive Ivading of 40pF.

E31 ADS#
This output signal (when rising) indicates that valid status and
address has been put on the bus by the CPU and the 32 bit memory board
should begin {(or complete) it s cycle if it is selected (M32% set
low)., This line is always high when a IMA or bus master operation is
sccurring. The signal should have a2 maximum of 1.0mA load in the low
state and O.4mA Toad in the high state and & ma=ximum capacitive
Yowading of 40pF.

Fzi M-10
This output signal is one of the status lines which indicate the type
of cycle that is in progress. Refer to the status cycle type table
for the type of cycle indicated. The signal should have a maximum of
1.0mA Tcad in the low state and 0.4mA load in the high state and a
maximum capacitive lcading of 40pF.

E32 n-C
This output signal is one of the status lines which indicate the type
of cycle that is in progress. Refer to the status cycle type table
for the type of cycle indicated. The signal should have a maximum of
1.0mA load in the low state and 0.4mA load in the high state and a
maximum capacitive loading of 40pF.
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F32 W-R
This output signal is one of the status lines which indicate the type
of cycle that is in progress. Refer to the status cycle type table
for the type of cycle indicated. The signal should have a maximum of
1.0mA 1oad in the low state and O.4mA load in the high state and a
maximum capacitive loading of 4OpF,

E34 MRDY#
This input signal is used to signal the end of a memory cycle when the
32 bit board is accessed by the CPU. This signal has a 20kobhm pullup
resistor to hold it inactive when a 32 bit board is not installed and
should be driven by an output capable of sinking 4.0 mA and sourcing
1.0 mA with a SOpF 1load.

Faz NAMs#
This input signal is used to signal the CFU when the IZ bit board is
finished with the address and status information and the CPUY may put
cut it“s next address. This signal has a Z20kohm pullup resistor to
haold it inmactive when a 32 bit board is not installed and should be
driven by an cutput capable of sinking 4.0 mA and sourcing 1.0 mA witn
a S0pF load.

Fz7 READY#
This ocutput signal indicates the end of a CPU cycle by ¢ither tne I2
bit memory board or the system board. The sigral should have 4
maximum of 1.0mA load in the low state and 0.4mA oad in the high
state and a maximum capacitive loading of 40pF.

EZ7 NA+#
This output sigral indicates when the cystem board or the memory board
is done with the address and Ltatus information and the CPU may put
aut it”s next address. The signal should have a maximum of 1.0mA 1oad
in the Tow state and O.70A Tocad in the high state and a maximum
capacitive loading of Zupk.

F1,F39,F40 GND

These lines are _onnected to the system AC and DC groeund. The maximum
current allowed on any single contact is 1.5 amps.

El1,E3?,E40 +5 Vdc
These lines are connected to the system power supply for S volts. In
adiition to the maximum power available from the supply, the maximum
current allowed on any single contact is 1.5 amps.
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Cycle types as indicated by status:?

BM

48 M-I0 D-C  W-R

- Code never produced
CPU 1/0 read
CFU I/0 write
CPU Memory code read
CPU Memory data read
Code never produced

Non CPU memory write

Code never produced

ITIrrrxrrxxIrrr&rrer
TrIITrIrr-rrrxxIIrrrr
ITrrrrIrFIIrCrrIIre
rrrxr-rxrrxxoxrIOxr

CPU halt or shutdown
CPU Memory data write

Non CPU refresh read

Norn CPUY refresh cycle
Non CFU not produced (note 1)
Non CPIJ No cycle in progress

January 05, 1987
1987 page 51

CFU Interrupt Acknowledge

Non CPUJ memoery read (note 1)

(Before or after)

Note 1: possible occurance on transition to/from memory write.
Note 2: other status lines are net guaranteed to be high until after
the transition of BHLDA from low to high

BUS TIMING INFORMATION

Status inactive setup to BHLDA high
D4-3M3C turnon pal min
SETUR 363634 343 % 3

Status imactive hold to BHLDA low
CLK1&#* cycle time
ZEsA HOLDA delay min
D4-5SMEC delay max
HoLD 3R

Refresh cycle time (M-I0 low time)
2 % BCLK cycle
15125 delay delta
D4-SCMD pal min
CYCLE time max
CYCLE time min

3634 36 3 3 3E 3¢ 36 ¢
3t Ft 3% 3¢ 3¢ 3 3¢ 3¢ H

Refresh address setup to M-I0 low
BCLK cycle
18320 delay max
15244 delay masx
1224% delay ma
15125 delay min
D4-SCMD pal min

SETLF 333 B33 3

&

51

250
+/—- 10
+/- S5

235

265

125
- 25

- 15

|
|

+
~J

76
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Refresh address hold from M-I0 high

18590 delay min + 5
1245 delay min : + 5
- 15125 delay max - 20
D4-SCMD pal max - iS5
HOL.D I YT TS 2 - 2%

page 52

Data setup before M-I0 low during BHLDA high write cycle

MWTC# to M-10 in D4-3CMD pal delay min + S

284 product data setup to MWTCH - A%
data delay in 15245 - 12
SETUP 343 3 96 34 3 34 3 3¢ - &1

Required data access time from M-IC during BHLDA high

224 product access time from MRDO* 200
D4—-ZCMD pal max - 15
data delay in 1s24% max - 18
REGUIRED ACCESS TIME B4 33 3 S 147

Minimum cycle time (M~-IC lTow) during BHLDA high
2246 product MRDOCH 1ow 250

read cycles

Minimum total cycle time (M=ID low to M-IG Tow) during BHLDA high

2846 product MRDO# 1ow 375

Maximum cycle time (M-I0O low) during BHLDA high

284 product MRDC* low 10000
Required MRDY®# setup te CLK32 during CPU cycle

386 setup time min 20

FO8 delay max 7

SETUF 3 36 36 3 36 36 3694 3 % 27

Required MROY® hold from CLEZES dUring CFL cycle
224 hold time min

FO2 delay min - 2

HOLD L2222 2T 2N 1
Required NAM#* setup to CLK32 during CPU cycle

386 setup time min 10

FO8 delay max , 7

SETUP 343836 3¢ 3636 3 34 34 3¢ 17
Required NAM# hold from CLK32Z during CPU cycle

3846 hold time min 20

FOZ delay min - 2

HOLL 363634 36 56 3 3 3 3 15

Other setup, hold, and delay times from the CFU should
be taken directly from the INTEL 80334 specifications.
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The 32 bit bus is intended for use by a memory board which is able to
respond to CPU requests for data up to 32 bits at a time. This board
is also expected to operate at very hiah cyclie rates. Since the
master CPU operates at 1émHz clock rate, and uses two clouck cycles for
a fastest possible memory cycle, the memory board would have to do
full speed memory cycles in 125 nsec. Since the CPU allows pipelining
of the address and status for the next cyecle during the current cycle,
the memory board should take advantage of this to gain an effective
clock cycle to do address decoding etc. The remainder of this
discussion assumes the use of CPU pipelining.

The 32 bit memory board is required to indicate to the system board
when an address from the 32 bit bus will be handled by the memory
board (assumeing that the cycle type is a memory cycle). This is
accomplished by the M3IZ2# line., The system board combines this line
with the status from the CFPU and determines if a legal 32 bit memory
cycle is being started. If it is, the system board will do nothing
with the CFU, leaving all control to the memory board. If the status
indicates some cycle other tharn memory {(even if M3I2% is active) or if
M22% is inactive, the system board Togic will run the complete cycle
to the CFL including the driving of the NA* and READY# signals.

The system board uses the CFU pipelining ability to get a start on
operations. Since the system board cannot know 1if the next cycle is
for the 22 bit memory or system beard, it always starts the CPU
pipelining with the NAB* signal. Therefore it is required that the
memory board understand this and not finish a pipelined memory cycle
before the system board is done with a system cycle.

The expected way that the memory board determines that it can run a
cycle is to wait for the rising edge of ADS®*. This will ensure the
completion of any system board cycle and prevent collision of the
contral Yogic on the two systems. Memory operations not requireing
the driving of MROY® or the presence of valid write data, can be done
before the rising edge of ADT#. Since NAM® will have no direct effect
on the CPU until after a previous cycle is complete, it may be driven
whenever necessary. Note that since M32% is to be a direct decode
from address, it must be driven regardless of ADGH,

If the 32 bit memory board is to operate with no wait states, it will
be necessary to drive NAM# as soon as a valid memory cycle is detected
(NAM* must be synchronized with the CPU clock), If wait states are
inserted then NAM* can be driven later in the memory cycle.

When the 32 bit memory board is finished with a cycle, it must assert
MRDY# to tell the CPU that it is complete. During a read cycle, the
data should be gated onto the bus during this time.

During non processor cycles (BHLDA is high) the memory board must run
the memory cycles at least as fast as the original 284 memory boards
because there is no way to add wait states to external bus masters
from the 22 bit board. The required access time and cycle time are
listed in the timing tables.
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Whenrn BHLDA is high, the protocal for accessing the memory changes.

The M—10 line becomes a memory strobe, and the D-C and W-R lines
become equivalent to a refresh contrel signal and a write enable
signal. Note that on the leading edge of BHLDA, that the other status
l1ines may not be valid. Therefor it will be necessary to provide some
sort of glitch protection during this transition. Also be aware that
the data is not guaranteed to be valid until some time after the M-I0
1ine (memory strobe) appears. This is probably not a problem for
dynamic memory, because the RAS to CAS delay will exceed the data
setup time, but may be a problem for other memory designs.
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PAGE MODE D4 DYNAMIC RAM EOARD
The dynamic memory subsystem for D4 is designed to get the most out of
the 8038¢& processor and still use relatively inexpensive dynamic
memories. To do this, the memory subsystem provides the following
features:

32 bit wide memory data path.

One megabyte of standard memory using 285&k x 1 DRAM ICs and
One megabyte of upgrade memory and cne of two option boards.

Option RAM board design allows two megabytes of additional
memory using 256k x 1 DRAM ICs.

2nd Option RAM board design allows eight megabytes of
additional memory using 1024k »x 1 DRAM ICs or 256k = 4 DRAM
ICs. ‘

14 mHz operation of the processor/memory interface.

Twe wait states on the first CPU memory cycle following a hold
ar 1idle state. (INITIAL CYCLED.

Zers wait states when sequential memory cycles fall within the
same 2042 byte address page. (PAGE HIT CYCLE).

prod3

Two wait states when sequential memory cycles do NOT fall
within the same 2048 byte address page. (PAGE MISES CYCLE).

Seperate Parity checking on each byte of the 232 bit double
word.

Diagnostic port allows the determination of the specific bytes
within the double word on which a parity error occurred.

ROM "replacement'" abilitys 128k bytes of the RAM may be used
to replace the system ROMs to increase the speed of the ROMs
to RAM speed.

The ROM "replacement™ RAM area can be protected from being
written by errant software.
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This "Page Mode" usage of the dynamic RAM generally averages to about
one wait state with typical software or an average cycle time of 187
nsec. Note that "sequential”™ memory cycles means that the CPU begins
requesting a new memory cycle before the current cycle is complete.

It the CPU inserts an idle state between cycles because it is busy,
the memory system will terminate the "PAGE HIT CYCLE" and revert to an
“INITIAL CYCLE",

The system responds to the system DMA and refresh as expected, but
since these are much slower than CPU cycles the memory subsystem runs
standard multiplexed RAM cycles with no wait states on refresh or DMA.

The memory system can execute 11 different types of memory cycles
depending on the conditions of the CPU and DMA. A listing of cycles
followss

1) Initial read cycle fram 1dle or bus Hold.
2) Initial read cycle from system board cycle.
2) Initial write cycle from Ildle or bus Hold.
4) Initial write cyclie from system board cycle.
%) Read Fage Hit cycle.

4) Write Page Hit cycle.

7) Read Page Miss cycle.

&) UWrite Page Miss cycle.

9) Refresh cycle.

10) DMA read cycle.

11) DMA write cycle.

The logic for the state to state transitions and the gerneration of the
master memory strobes is contained entirely within one PAL (Programmed
Array Logic) device (D4-RCTL). The logic for determining the hit/miss
status of a cycle consists of twoe latches to remember the previaous
page address and two identity comparitors to check that the current
address matches. Since the CPU is operated in the "pipelined address”
mode, the address changes before the memory cycle is finished. The
column (address within the page) address and byte enables are
therefore latched by two more latches. Address multiplexing is
accomplished by three multiplexor ICs, and the multiplexed address is
buffered by additicnal buffers (one for each bank of 3246 DRAMs). Two
additional PAL devices are used to decode the system address, one
provides the signal (M32#) which tells everybody that the memory board
will control the bus, and the other decodes the address for the two
banks of memory on the main memory board.

Data buffering and parity checking is done by four parity trancievers.
These devices seperate the memory data bus from the cpu data bus and
generate the parity for the DRAMs during write cycles and check the
parity during read cycles. The logic that controls the buffers always
generates or checks all four bytes even when only a single byte in
memory is being accessed. For write operations, the resulting data is
ignored by the DRAMs which are not selected. For read operations, a
set of pullup resistors on the data bits assures a legal (EVEN) parity
check. This alsa implies that an incomplete bank of DRAM which was
enabled, would not cause parity errors during software tests.
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ADDRESS DECODING

The memory subsystem responds to the following addresses (address
range given in hexadecimal):

ADRESS RANGE size BANK address decodeds

000000-03FFFF 256K always.

040000-07FFFF 256K when the 512k jumper is active (2-3).
080000-09FFFF 128K when the &40k jumper is active (5-6).
OEO000~-OFFFFF 128K when ROM replacement active (Note 3).
100000~13FFFF 256K {Note 1). ‘
100000-13FFFF 256K (Note 22).

140000-1FFFFF 768k when the IM jumper is active (8-9).

200000-2FFFFF 1024k bank 2 on 2M cpticn board when present.
300000-3FFFFF 1024k bank 2 on 2M option board when present.
Z200000~SFFFFF 4024k bank Z on &M option board when present.
LHOQ000-9FFFFF 4074k bank 2 on SM optien board when present.

F40000~-F7FFFF 25¢&k
F80000~-F?FFFF 128k
FROOOO-FDFFFF 25&k
FEOOOO-FFFFFF 123k

when the 512k jumper is inactive (1-23).
whenrn the 440k jumper ig inactive (4-35).
always.

always (Note 3).

OSOODWMNONM~ 0000

ZOCO0000 1 byte diagnostic byte (read) address.
B0C0O0000 1 byte control byte (write) address.

Note 1) Actually addresses O00000-O3FFFF when LOWA20 is inactive.
Note 2) This is not addressed when LOWAZO is inactive.

Note 323 When ROM replacement is active, writing to this address range
can be disabled.

The diagnoestic byte (at 80CO0000h read only) has several functions,
When reading the byte, the value returned is as followe:

bit O parity status of byte O (0O is error)

bit 1 parity status of byte 1 (O is error)

bit 2 parity status of byte 2 (0 is error)

bit 3 parity status of byte 3 (0O is error)

bit 4 512k jumper status (0 is active)

bit S 640k jumper status (0 is active)

bit & IM jumper status (0 is active) :

bit 7 2 or 8 Mbyte option board (O is installed)
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The control byte (at B8OCO0000h write only) is shown below.

kit O ROM replacement (O replaces)

bit 1 ROM space write protect (O protects)
bit 2 reserved {(write a 1)

bit 3 reserved (write a 1)

bit 4 reserved {(write a 1)

bit S reserved (write a 1)

bit 4 reserved (write a 1)

bit 7 reserved (write a 1)

The control byte is also used to clear the diagnostic byte parity
status. When writing this byte (with any value) the parity status
bitse will be reset to ones.

The 122 kbytes from OFEQCOOCH to OFFFFFFh is wused to simulate a system
ROM. In the original 28& products, this space was occupied (double
mapped) by the system ROMs. For the D4 machines, this space is
occupied by RAM an this bwoard. To provide compatibility with previous
products, the system ROM should be copied to this space. To allow
faster execution of ROM resident software, this board provides the RIM
"replacement” function. When replacement is enabkled, the RAM board
decndes address range OOEODOOh to OOFFFFFh and puts the 128k of RAM
here, replacing the system ROM. After POWERUF, the ROM replacement
function is disabled.

Because normal system ROMs could not be written, a write protect
function is being included in the RAM board for the two address spaces
mentioned above. When replacement is not enabled, only OFEOQOOOh to
OFFFFFFh is protected (the noermal rom space still contains the
unwritable ROM), When replacement is active, both spaces can be
protected. After FOWERUFP, the write praotect funtion is disabled.

The diagnostic byte parity status should only be read with the system
board IOCHK disabled because reading the port may cause a parity
error. Az a result of this, the status will only be accurate the
first time it is read after a parity clear voperation. Before doing a
memory test, the control byte should be written to clear the parity
status, and after reading the diagnostic byte, the status should be
cleared again.

In normal operation, if a parity error occcurs, the PARIT®* line from
the memory card is set active which in turn sets the IOCHK#®# line to
the system active. The IOCHK®* line (error) from the memory card is
auvtomatically cleared by the first write to memory covered by the
board (normally the stack push from the NMI). The parity status is
still available until the diagnostic byte is read, =0 the byte (and
board if it is the memory board) in error can be determined.
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JUMPER SETTINGS

E123 jumpers
1=2 3 4=5 & 7=8 9

1 2=3 4=5 6 7=8 9
1 2=3 4 35=6 7=8 9
1=2 3 4=5 & 7 8=9
1 2=3 4=5 &6 7 8=9

1 2=2 4 S=46 7 &8=9

The following jumper

1
1

[

3=4
2 4

-t

o

& 7 8
&=7 8

D0

236K
oK
S12K
OK
&40K
OK
256K
1024K
S12K
1024K
&A0K
1024K

base 000000~03FFFFh -
extended

base 000000~07FFFFh
extended

base 000000~9FFFFFh
extended

base 000000~03FFFFh
extended 100000-1FFFFFh
base 000000-07FFFFh
extended 100000-1FFFFFh
base Q0Q000-2FFFFFh
extended 100000-1FFFFFh

settings are to be avoided at 217 cost;

destroy power supply
destroy power supply

OFPTION BUARD FPRESENT BITS

OK

rrIIQ@
rTrInN

204K 200000~-3FFFFFh
6144K 400000-9FFFFFh (NOTE: The 8 Meg board asserts
2192K 200000~9FFFFFh both 8M and 2M strobes)
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DETAIL CYCLE DESCRIPTION

INITIAL READ CYCLES FROM IDLE., A1l CPU memory cycles start with
the processor presenting an address, status, and address strobe
(ADS#). The memory system decides whether to respond to these in the
D4-RM32 PAL. This device decodes the address and jumpers and asserts
the M32% line active. The system board uses this line to disable
itself and the memory board control PAL (D4-RCTL) uses the line (in
combination with the status and ADS#) to start a cycle.

In the initial cycle case, the control state machine begins by
switching the DRAM address multipexor to the ROW address via the
signal SWMUX#. One CLK32 cycle Tater, the Master Row Address Strobe
(MRAS%*) is asserted. MRAS# is combined with a decoded bank select
signal (REx#) to form the complete RASx# strobe for the memories.

The bank select signal is decoded in a PAL (D4-RRAS)} from a set of
latched row addresses. The row address latches are of the "fall
through” type, they are open to address changes when MRAS# is inactive

(high). The main purpose of the latches is to provide a memory of the

last row address for development of the hit/miss signal but they alsc
buffer the processor address for the bank decode PALs to prevent
overloading of the CFU,

Once RASx* is active, the SWMIX#¥ signal changes back to the column
address (one CLKZZ cycle later to satisfy row address hold times). At
the same time, the NAM# signal (next address) is set active to tell
the CPU that it may put the next address onto the bus (tweo CLK3Z2
tycles later).

After one CLK32 cycle, the column address latch is closed to
prevent the column address from changing during the CAS%# cycle. Also
the MRD# signal is set active to enable the data buffer to the CFU.
After an additional clock cycle, the master Column Address Strobe
(MCAS®) is set active, enabling DRAM ocutput buffers. At the same
time, the processor ready signal is set active (MRDY#) (and the NAMa:
is set imnactive) signalling the presence of data and the end of the
cycle tao the CPU. Alsa at the same time, the processor bengins to put
the next address and status on the bus (if it is ready to).

Two clock cycles later, the memory cycle ends by bringing the
MCAS*, MRD#, and MRDY# inactive, and CLAT signal active. During the
two cycles, the data from the DRAMS propagates through the data
buffers and parity logic and is set up to the CPU. The parity status
is checked at the end of this period by the rising edge of MRD#*.

The total time from CPL address strobe to the end of MRDY®* is
eight CLK32 cycles, or four processor states. Since the CPU can

execute a memory access in two states, we have inserted two wait
states.
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" INITIAL READ FROM SYSTEM BOARD. The only difference from the
initial read from idle is that the memory cycle must wait to begin
until the system board is finished with it”’s c¢cycle. This is
determined by ADS®* going high. The cycle starts as before with SWM*
going active, but MRAS# does not go active until ADS# is sensed
inactive. Since the system board can respond to wait states on the
system bus, this period of time could be rather long. Once MRAS# goes
active, the cycle completes as before.

READ HIT CYCLE. The hit cycles begin during the previous memory
cycle (of any CPU type). The M32% signal is active as before and the
new row address must be the same as the last row address held in the
row latches. The equality is determined by the signal HIT# being
active. The ALSH, M2I2#, status, and HIT# are sampled at the same edge
of CLK32 that terminates the previous cycle. I¥ all is well (READ
HIT), the MRAS# signal will continue active. Since the MRASH* signal
and the particular RASx# signal is still active, the IRAM has already
decoded the row address and internally fetched it to the column
selector. A1l that is necessary is to wait till the column address
has changed and settled and the TAS# precharge time has elapsed before
arnother read can occur.

Since the CPU must remain in pipelined state, the NAM# signal is
se¢t active again at the beginning of the READ HIT cycle.

The column latch is closed again (CLAT goes inactive) one CLEZZ
cycle after the beginning of the cycle to prevent the column address
from changing during the CAS* cycle. Also the MRD#* signal is set
active to enable the data buffer to the CPU. After an additicnal
clock cycle, the master Column Address Strobe (MCAS#) is set active,
enabling DRAM ocutput buffers. At the same time, the processor ready
signal is set active (MRDY¥®) (and the NAM#* is set inactive) signalling
the presence of data and the end of the cycle to the CPU. Alss at the
same time, the processor begins to put the next address and status on
the bus (1f it is ready ta).

Twa clock cycles later, the memory cycle ends by bringing the
MCAS#, MRD#, and MRDOY# inactive, and CLAT signal active. [uring the
two cycles, the data from the DRAMS propagates through the data
burffers and parity logic and is set up to the CPU. The parity status
is checked at the end of this period by the rising edge of MRD=*,

The total time from the end of the previcous CPU memory cycle to
the end of MRDY#® is four CLK32 cycles, or two processor states. Since
the CPUJ can execute a3 memory access in two states, we have inserted
zero wait states. -

N
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READ MISS CYCLES. The miss cycles begin during the previous
memory cycle (of any CPU type). The M32% signal is active as before
and the new row address are different than the last row address held
in the row latches. The inequality is determined by the signal HIT#
being inactive. The ADS*, M32%#, status, and HIT%* are sampled at the
same edge of CLK32 that terminates the previous cycle. If all is not
well (READ MISS), the MRAS#* signal will be set inactive.

Once MRAS* is set inactive, the RAS* precharge time must be met.
To do this, the control state machine waits two CLK32 cycles and then
begins by switching the DRAM address multipexor to the ROW address via
the signal SWMUX#%#. One CLK32 cycle later, the Master Row Address
Strobe (MRAS#*#) is asserted.

Once MRAS®* is active, the SHWMUX# signal changes back to the column
address {(one CLEZ2 cycle later to satisfy row address hold times). At
the same time, the NAM®# signal (next address) is set active to tell
the CPLI that it may put the next address onto the bus {(two CLK32
cycles later).

After one CLK32 cycle, the column address latch is closed tuo
prevent the column address from changing during the CAS# cycle. Alszsa
the MRIM* signal is set active to enable the data buffer to the CPU,
After an additional clock cycle, the master Column Address Strobe
{(MCAS4#) is set active, enabling DRAM osutput buffers., At the same
time, the processor ready signal is set active (MRDY#) (and the NAM®
is set inactive) signalling the presence of data and the end of the
cycle to the CPU. Also at the same time, the processor begins to put
the next address and status on the bus (if it is ready to).

Twoe clock cycles later, the memory cycle ends by bringing the
MCAS#, MRD#, and MRDY# inactive, and CLAT signal active. During the
two cycles, the data from the DRAMS propagates through the data
buffers and parity logic and is set up to the CPU. The parity status
is checked at the end of this perind by the rising edge of MRD3*,

The total time from the end of the previous CFU memory cycle to
the end of MRDY#®* is eight CLERZ cycles, or four processor states.,
Zince the CFU can execute a memory access in tws states, we have
inserted two wait states.

WRITE CYCLES. The four types of write cycles are very similar to
the read cycles discussed above. The difference is in two places.
Instead of MRD®* being set active, the MWE® signal is set. The MCASH
is enabled one clock cycle later to allow an adequate data setup time
to the DRAM ICs and only lasts for one CLK32 cycle.
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REFRESH. The three types of non CPU cycles are signaled by the
MHLDA signal. When this signal goes active, the meaning of the status
lines from the system beoard is changed. As a result, the memory board
operates differently.

The status line which controls the actual memory cycle is (M-I0).
Since this line is completely asynchronous to the CLK32 clock,
synchronization is necessary to prevent metastable states and glitches
which would destroy the contents of the DRAM. The M-I0 line is fed
through a 74F74 flip flop which is clocked by CLK32 before being sent
to the D4~-RCTL PAL state machine as the signal DMIO.

Refresh is determined by the state of the D-C line {(refresh when
low). When the state machine senses D-C low and DMIO active, MRAS# is
set active. Because the address multiplexor was not switched to the
row address, the column address lines are fed to the DRAM. The reason
for this is that the column lines are the low order address lines from
the system board, and they contain the refresh row address.

Dne CLEZZ cycle later the SWM# signal is set active. This changes
the DRAM address, but has no effect on the refresh cycle. The SHM#
(and CLAT) signals are being used only as state lines to count time in
the state machine.

One CLEZZ cycle later the CLAT signal is set inactive and one more
clock later the SWM# is set inactive. After one more clock, the MRAS®
signal is set inactive giving a total time of four clocks for MRASH
active. The CLAT signal remains low until DMID is inactive to prevent
the MRAZ®* cycle from restarting.

DMA READ CYCLE. The DMA read cycle begins when HLDA goes active
and D-C remains high. The SWM® is set active to get the row address
to the DRAM and the state machine then waits for the DMIO, M32%, and
W-R lines to go active signaling a DMA cycle. When this ceczurs, the
MRAS#* goes active to strobe in the row addresses. DOne clock later,
SWM# goes inactive to set up the column addresses to the DRAM. Arfter
one more clock, MIASH goes active and the data beagins to come out of
the DRAM.

On the next c¢lock, the CLAT signal goes inactive and on the next
clock MRASH# goes inactive. This leaves MRAS# active for four CLK3Z
tycles., The CLAT signal will remain inactive (low) and the MCASH will
remain active until DMIO goes inactive. Holding MRD¥* and MCAS# active
insures that the data will remain until the DMA device needs it.
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DMA WRITE CYCLE. The DMA write cycle begins when HLDA goes active
and D-C remains high. The SWM# is set active to get the row address
to the DRAM -and the state machine then waits for the DMICQ, MI2#, and
W-R lines to go active signaling a DMA cycle. When this occurs, the
MRAS* goes active to strobe in the row addresses. One clock later,
SWM# goes inactive to set up the column addresses to the DRAM. After
one more clock, MCAS# goes active and the data is written to the DRAM.

On the next clock, the CLAT signal goes inactive and on the next
clock MRAS# goes inactive. This leaves MRAS# active for four CLK32
cycles. UOn the following clock, the MCAS* signal goes inactive to
terminate the write cycle. The CLAT signal will remain inactive (low)
until after DMIOQO goes inactive to prevent the cycle from repeating.

ALL DMA CYCLES. On all of the above DMA cycles, SWM* will go
active whenever the HOLDA and D-C lines are high. To prevent
interference with the CPU cycles at the end of the hold state, the
NAM# line is uwsed as a state memory of the hold state. NAM#* goes
active one clock cycle aftter SUWM#* goes active (during HOILDA) and
remains active wuntil HOLDA goes inactive. The LCPU portion of the
state machine will do nothing unusual until both NAM® and SWMe quo
inactive.

TIMING ANALYSIS FOR PAGE DRAM ROARD

M3Z# setup to CLK32 for cycle start.

2 » CLK3Z2 &£2.5
CPU address delay - 40,0
D4-~-RM22 PAL delay - 12.0
0D4-RCTL PAL setup - 10,0
MARGIN  stxsaxssies + 0.5

HIT# setup to CLES3Z for cycle start.

2 = CLE3Z 25
CPU address delay - 40,0
F321 delay - 11.0
F32 delay . - b.b
D4-RCTL FAL setup - 10.0
MARGIN %33t 336343 3% 3% % - 5.1

NAM#®* output setup to CLK32 on system board.

CLK32 31.2
D4~-RCTL. PAL delay - 10.0
F32 delay (sys board) - 6.6
CPU setup (sys board) - 10.0

MARGIN 3 3 36 36 3 96 38 30 38 3¢ 4.6
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Read data access from RAS#
S x CLK32
MRAS# delay D4-RCTL
F32 + 33 res -delay (200pF
DRAM delay from RAS
data delay through F&57
data setup to 386
MARGIN 905653638 % 3 9% 36 %

Read data access from CASH
2 x CLK32
MCAS* delay D4-RCTL
F32 + 33 res delay (200pF
DRAM delay from CAS
data delay through F&57
data setup to 384
MARGTIN #3333 343343

Toad)

Toad)

Read data access from Column address

4 = CLEZE

CLAT delay D4-RCTL

F&72 delay

F152 delay

BUF + 33 res delay (Z3Q0pF
DRAM delay from col add
data delay through F&T7
data setup to 3864

MARGIN 33333343t 304t

Parity check access from CASH
2 = CLE3Z
32 4+ 32 res delay (200pF
ORAM delay from ZAZ
err delay through FAGS7
FOO delay
F175 setup
F32 delay MIN
MARGIN  ##Rtsndiss

Row address setup to RASH
1 x CLK32
F158 delay
BUF + 33 res delay (300pF
F32 + 33 res delay (200pF
MARGIN 3336336 9363 3¢

Column address setup to CASH
o CLEEZ
FS7Z2 delay
F15& delay
BUF + 33 res delay (3Z00pF
FZZ + 32 res delay (200pF
MARGIN  staede 3830 33t 36 43¢

Taad)

Toad)

1oad)
Toad)

1aad)
Toad)

January 035, 1987

1546.2
- 10.0
- 12.0
-100.0
- 8.0
- 10.0
+ 16.2

62.5
- 10.0
- 12.0
- 25.0
- 8.0
-1

RO
o

125.0
- 10.0
- 13.0
- 7.0
- 25.0
- 435.0
- 8.0
- 10.0

7.0

£2.5
- 12.0
29,0

WWHo~k
OO ™

|
N
= U0 e
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Write data setup to CAS»

3 x CLK32 93.7
MCAS#* delay D4-RCTL + 4.0
F32 + 33 res delay (2Z00pF iocad) + 5.0
CPU data delay - 50.0
parity delay in Fé57 - 16.0
MARGIN 3% 363 %% 3 3% % 36.7
DMA Read data delay (external bus master).
286 product access from MRDC# 200
MRDC# to M-10 delay - 15
data delay in 18245 max - 18
4 x CLK32 -125
MCAZ# delay D4-RCTL - 10.0
F32 + 32 res delay (200pF load) — 12,0
DRAM delay from CAS - 25.0
data delay through F&T7 - 8.0
MARGIN  ##3#stsnns - 12,0
IMA write data setup to CASH
4 = CLEKE2Z 125
parity delay in F&57 - 14.0
System board data setup - 61.0

MARGIN  ##d3tdt st 45.0



