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PAL20R4A ' o PAL DESIGN SPECIFICATION
D4-SADOD 103393-001 " PAUL R. CULLEY - 01/09/87
Bus enable to address converter and cycle end logic

COPYRIGHT 1986, 1987 COMPAQR COMPUTER HOUSTON, TEXAS

CALE ALE /BE3  /BE2 /BE1 /BEO LM-I0O TOO Ti10 /LM1&6 /1016 GND
BHLDA /CMD /CLAST /CLSTD A1l A0 /BHE /ALST /CX16 /DCMD /RST  VCC

sThe following 4 outputs are clocked by ALE, output only when /HLDA is true
/A1 1= /RST# /BE3#% /BE2
+ /RST#* /Al% /AO% /CX16% /CLAST

+ /RST# BE1#® CLAST

/A0 = /RST* BEO#* CLAST
+ /RST# BE2% /BE1® CLAST
+ /RST* BE2% AO* /CLAST
+ /RST* CX16#» /CLAST

BHE := /RST# /AO* /CX16% /CLAST
+ /RST# BE1#* CLAST
+ /RST# BE3

ALST := /RST# /CX146 * /BE2  # /CLAST
+ /RST# /BE2 # /BEO #* CLAST
+ /RST# /BE3 % /BE1l * CLAST
+ /RST#* /BE3 * A0 * /CLAST
+ /RST# /CX16 * Al * /A0 * /CLAST
+ /RST# CX146 = /BE3  * /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 = ALST* TOO sActive during the last cycle of set

+ LM-I0® LM16# TOO# /BE2
+ LM-I0® LM16* TOO® Al
+ /LM-I0* 1016% T10* /BE2% /ALST
+ /LM-10% I016% T10% Al® /ALST
+ RST sand during RESET
CLAST = ALST# T00 sActive during the last cycle of set
+ LM-IO# LM16* TOO* /BE2
+ LM-IO® LM16* TOO* Al
+ /LM-10% 1016* T10* /BE2* /ALST
+ /LM-10% I016% T10% Al* /ALST
+ RST sand during RESET
+ CLAST# /ALE sHOLDS ACTIVE TILL ALE
CX16 = /RST#* LM-IO* TOO* LM16 ;CPU MEM OP
+ /RST* /LM-10% T10% 1016 sCPU 170 OP
+ /RST# /ALE* CX16 s CPU HOLD
DCMD = CMD v : DELAYED COMMAND

FUNCTION TABLE

CALE BHLDA /RST /BE3 /BE2 /BE! /BEO LM-I0 ALE TOO T10 /LM1é6 /1016 /CMD
/DCMD /CLAST A1 A0 /BHE /ALST /CLSTD /CX16

3 L Cc c

:C H M LI DL A LC

tsAL RBBBB-ATTMOC CA BL SX

+L D SEEEEILO111M MS AAHS T1

sEA T32100E0066D DT 1 0OET DO

cL LHHHHHHHLHHH HL HHHH L H :RESET
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LHHHHHLHLAH

32 BIT ON 8 BUS

CL HHLLLHLHHHHH HL LLLH HH 324 BIT ON 8 BUS

LL HLLLLHLHHHHH HL HHLL LH

‘@

CL HHLLLHHHHHHH HH LHLH HH

CL HHLLLHHLLHHH HH HLHL HH

H
H ;24 BIT ON 8 BUS HIGH

HLHL L
LHLH H

cCL HLLLHHHHHHHH HH HLLH HH

-

fin e

xrx
X
I
X
X
-
o niin o
-4
4 J
4
u o |
T

J |
-0

CL HLLLHHHLLHHH HH HHLL HH

CL HHHLLHLHHHHH HL LLLH HH ;16 LOW ON 8 BUS

LL HLLLHHLHHHHH HL HHLL LH
CL HHHLLHHLLHHH HH LHLL HH

LL HHHLLHLHHHHH HL LHLL LH

CL HHLLHHLHHHHH HL LHLH HH 316 MED ON 8 BUS

CL HHLLHHHLLHHH HH HLHL HH
LL HHLLHHLHHHHH HL HLHL LH

CL HLLHHHLHHHHH HL HLLH HH3316 HIGH ON 8 BUS

CL HLLHHHHLLHHH HH HHLL HH

LL HLLHHHLHHHHH HL HHLL LH

CL HHHHLHHHHHHH HL LLHL LH;8LOWONSBUS
CL HHHLHHHHHHHH HL LHLL LH ;8 HIGH ON 8 BUS

CL HHLHHHHHHHHH HL HLHL LH ;8 LOW ON 8 BUS HIGH WORD
CL HLHHHHLHHHHH HL HHLL L H ;8 HIGH ON 8 BUS HIGH WORD

$+32 BIT ON 16 BUS

CL HLLLLHUHLLHH HL LLLH HL

LL HLLLLHLLLLHH KL LLG
LL HLLLLHHLLLHH HH LLL

LL HLLLLHLHLLHH HH LLLH HL
CL HLLLLHLLLLHH HH HLLH HL

o R gn S~ an an

-
-4

LL HLLLLHHHHLHH HL HLLR

;24 BIT ON 16 BUS

?
»
?
.
?

L HHLLLLLHHHLH HL LLLH HL
HHLLLLHHHHLH HH LLLH HL

C
LL

LL HHLLLLLHHHLH HH LLLH HL

CL HHLLLLLLLHLH HH HLHL HL
LL HHLLLLLHHHLH HL HLHL LL

CL HLLLHLLHHLLH HL LHLH HL ;24 BIT ON 16 BUS HIGH

LL HLLLHLHHHLLH HH LHLH HL:

LL HLLLHLLHHLLH HH LHLH HL ;

CL HLLLHLLLLLLH HH HLLH HL

LL HLLLHLHHHLLH HL HLLH LL

CL HHHLLHHHHLHH HL LLLH LL 316 L0OW ON 146 BUS

LL HHHLLHLHHLHH HL LLLH LL;
CL HHLLHHLHHLHH HL LHLH HL ;16 MED ON 16 BUS

LL HHLLHHHHHLHH HH LHLH HL;
LL HHLLHHLHHLHH HH LHLH HL

CL HHLLHHLLLLHH HH HLHL HL
LL HHLLHHHHHLHH HL HLHL LL

CL HLLHHHHHHLHH HL HLLH LL ;16 HIGH ON 16 BUS
CL HHHHLHHHHLHH HL LLHL LL ;8 LOWON 16 BUS
CL HHHLHHHHHLHH HL LHLL LL ;8HIGH ON 14 BUS

CL HHLHHHHHHLHH HL HLHL LL ;8L0OW ON 16 BUS HIGH WORD
CL HLHHHLHHHLLH HL HHLL LL ;8HIGH ON 16 BUS HIGH WORD

LL HLHHHLLHHLLH HL HHL

L LL;
L HL ;

LL HLHHHLLLLHLH HL HHL

CL HHHLLLLLHHLH HL LLLH LL ;16 L0OWON 16 BUS

LL HHHLLLHLHHLH HL LLLH LL

LH HHHLLLHLLHLH HH Z2Z7Z HH:
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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 CX146%* equation to go away on ALE. The input
TO1 is changed to T10 and M-I0 is changed to LM-I0 as part of an overall
change to delay the sampling of IO0146* by one clock. Rev A can be used in any
D4-PROCESSOR from rev X5 up.

Rev D is for the D4-Processor Enhanced (387 version)




PAL20RBA o : - PAL DESIGN 3PE

_ : : CIFICA
D4-STATB 103219-001 FAUL R. CULLE$_ 07/1;532
Bus controller state machine logic .

Copyright COMPAQ COMPUTER  Houston, Texas

CLK1& /MYCYC /CLAST /CX16  LMIO /LNOWS /EBWAIT /M1&6  TOO TO1 T10  GND
/0E T3t _/BRDY /T30 /CMD  /WDEN /740 /T41 CK8 /ALE  /RST VCC

;The following functions are clocked by CLK14#

g0 :=

/RST# /CLAST* T41% /BWAIT s START NEXT CYCLE WHEN DONE WITH
+ /RST#* /CLAST#* /CKS%* LNGWS# CMD ; PREV CYCLE AND MORE IN GROUP
+ /RST# CLAST+ T41# /BWAIT# MYCYC ;START NEXT CYCLE WHEN DONE WITH

+ /RET#  CLAST* /CKS#* LNOWS# CMD* MYCYC ; PREV CYCLE AND NEW CPU REBUEST
s IS PENDING

MO t=
/RET#  CMD® /LNOWS# /T41 sHOLDS UNTIL ENDED BY END OF
+ /RST# ©CMD% /LNOWS* EWAIT C: WAIT
+ /RST* CMD® CKE ; OR NOWS AND CK& LOW
+ /RST# /CMD# ALE¥* M14% LMIO :STARTS AFTER ALE UNLESS
+ /RST# /CMD* TOO ; CMOLY ({THEN AFTER TOO)
WDEN :=
/RET*  TSO +STARTS WHEN ALE DOES AFTER TS0
+ /RST# /TSO% /ALE* /CMD* /T0OO% MYCYC sOR WHEN CPU SENDS NEW START REGUEST
+ /RST#* ALE s CONTINUES THROUGH T0O
+ /RST# TOO {AND TO1
+ /RST* CMD :UNTIL AFTER CMD GOES AWAY
T41 =
/RST#  T40 :STARTS WHEN T40 ENDS
+ /RST# T10% CX1& # /LNOWS* CMD :OR WHEN T10 ENDS ON I/0 CYLCLE
+ /RST# T4l® BWAIT +AND HOLDS TILL WAIT IS GONE
T40 :=
TO1% CX16% /LNOWS# /RST .STARTS AFTER TO1 IF 1& BIT
+ T31% JLNOWS* /RST sOR AFTER T31 OTHERWISE
/CK8 =
JRST* TS0 :SET TO LOW DURING ALE AFTER TSO,
+ /RST# /TSO%* /ALE* /CMD* /TOO* MYCYC :WHEN CPU SENDS NEW START REQUEST
+ CKE . OTHERWISE, DIVIDE BY TWO
BRDY :=
/RST# CLAST# T4l® /BWAIT sSTART 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

+ /R5T* /7SO /ALE#* /CMD# /TOO% MYCYC s WHEN CPU SENDS NEW START REQUEST
FUNCTION TABLE

CLK1é /0E  /RST /M1& LMIO /LNOWS /BWAIT /CLAST /CX1& /MYCYC TSO ALE TOO
TO1 T10 T31 T40 T41 /BRDY /CMD /WDEN CK3

: AV

s C LBC /7 M / /
sL /7 / LNWLC Y B/ WC

s KRMMOAAX CTATTTTTT RCDL
dAc L T LT Q% VSLOO0O1344 DMEK




TATE

o
=4

16 BIT NORMAL CYCLE
16 BIT CYCLE
16 BIT NO WAIT STATE

16 BIT NORMAL CYLCLE

16 BIT NO WAIT
T30 NEXT CYCLE

CHMD
T0O0,

T00,
;CMD, TOO, & BIT NORMAL CYCLE

:TO1
;T10

3 T11

3 TOO, 8 BIT NO WAIT CYCLE

:TO1, CMD

3TO1, CMD
;T00, 8 BIT NO WAIT CYCLE

: TO1
:T10,

3 T11

;CMD END, TSO NEXT CYCLE

+3ALE
:CMD END, TSO NEXT CYCLE

+:ALE
;CMD END, TSO NEXT CYCLE

3 T40, NOT LAST CYCLE
+;ALE

s T41
+T41, ADD A WAIT STATE

:T41, ADD A WAIT STATE
;T41, ADD A WAIT STATE

;s T40, LAST CYCLE
: TSO NEXT CYCLE
#s ALE

+REQ@ RECEIVED

;REQ RECEIVED
#s ALE

; TOO, CMDLY,
*;ALE

sTO1, CMD
720,721,730

s CLEAR RESET
: T31
1 T40
1 T41

#3 ALE
s CMD END,

sRESET
s CMD,
s 701
;CMD, TOO,
;TO1
sCMD, TOO,
: TO1
s CMD END
: IDLE
#*; ALE
s CMD,
:TO1
;T10
: T41

s T11

WOE TEST

Y DN S8
H X

LL

L H
HLL
HLH

L
L
HLLoLL HLLUL

CLHLHHHLH LLLLHLLLL HLLH

L
L
LHLLLLLL HHLL
CLHHHHHLH LLLLLLLLL HHLH
!

M

L LLHLL LLL H
L LLLLL LLL H

/
LBC/

H H
H H
CCHLLHHLL LLLHLLLLL HLLL

HHH
LLH

HXHXH
HXHHH
HLHHH
CLHHHHHHL LHLLLLLLL HHLH

CLHLHHHHL LLLHLLLLL HLLL
CLHHHHHHL LLLLHLLHL HLLH
CLHLHHHLL HLLLHLLHL HLLH
CLHLHHLLL LLLLLLLLH HLLL
CLHLHHLLL LLLLLLLLH HLLH
CLHLHHLLL LLLLLLLLH HLLL
CLHLHHHLL LHLLLLLLL LHLH
CLHLHHHLL LLHLLLLLL HHLL
CCLHLHHHLL LLLLLLLLL HLLH
CCHLHLHHL LLLHLLLLL HLLL
CLHLLLHHL LHLLHLLLL HHLH
CLHLLHHHL LLHLLLLLL HHLL
CCHLHHHHL HLLLLLLLL HLLH
CTLHLHLHLL LLLHLLLLL HLLL
CLHXHLHLL LHLLHLLLL LHLH
CCLHHHHHLH LLLHLLLLL HLLL
CLHLHHHLH LLLLHLLLL HLLH
CCHLHLHHH LLLLLLLLL HLLL
CLHLHLHHH LHLLLHLLL HHLH
CLHLHHHHH LLHLLLLLL HHLL
CLHHHHHHH LLLLLLLLL HHLH
CLHHHHHHH LLLHLLLLL HLLL
CLHLHHHLH HLLLHLLLL HLLH
CCHLHHHLH HLLLLHLLL HLLL
CCHLHLHLH LHLLLLLLL LHLH
CCHLHHHLH LLHLLLLLL HHLL
CLHHHHHLH LLLLLLLLL HHLH
CLHHHHHLH LL

CCHLHHHLH HLLLLHLLL HLLL
CLHLHHHLH HLLLLLLLL HLLH
CCHLHHHLH HLLLLLLLL HLLL
CLCLHLHHHLH HLLLLLHHL HLLH
CCLHLHHHLH HLLLLLLLH HLLL
CCHLHHHLH HLLLLLLLL LHLH
CLHLHHHLH HLLLLLLLL HHHL
CLHXHHHLH LLHLLLLLL HHLL
CCHLHHHLH LLLLLLLLL HLLH
CCHLHHHHH LLLHLLLLL HLLL
CLHLHHHHHKH LLLLHLLLL HLLH
CCHLHHHHL LLLLLHLLH HLLL

16ET 6 0STT& COEO101 01

CLHLHHHLH

cL
cL
cL
CLH
CLH
i

O
I Jw
N~ W

s K RMMOAAX CTATTTTTT

sL//LNWLC Y

YDNES

YSLOO1344 DMEK

;¢ET 6 0 S TT6& COEO10101

11051 I WIS



DESCRIPTION

This PAL implements some of the bus controller state machine logic. :
REV B adjusts the sampling time of the IO14# line by adding state T10 to the
startup of T41., If the CX16#% (I01&) 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. State TSO is still used between transactions.




PAL16LER PAL DESIGN SPECIFICATION

D4-SADI  105445-001 _ _ PAUL R. CULLEY 02/13/86
Address to byte enable conversion and read latch enable Yogic
Copyright 1934 COMPAR COMPUTER Houston, Texas
Al AO /BHE /CX1&  NC2 /CMD LW-R HLDA NC1 GND
T3T /BEO /BE1 /BE2Z.  /BES3 BOCK B1CK B2CK E3CK vce
IF (HLDA) BEQ = /A1l * /AO
IF (HLDA) BE! = /Al # BHE
IF (HLDA) EE2Z = A1l # /A0
IF (HLDA) BE3 = Al # BHE
IF (/TST) /BOCK = /CMD
+ LW-R
+ A0
+ Al
IF (/TST) /BICK = /CMD
+ /BHE
+ /CX14 % /AO
+ LW-R
+ Al
IF (/TST) /B2CK = /CMD
+ /A1
+ LW-R
+ A0
IF (/T3T) /B3CK = /CMD
+ /BHE
+ /AL
+ /CX1&6 # /A0
+ LW-R
FUNCTION TABLE
TET HLDA Al AO /BHE /CX16  /CMD LW-R
/BE3 /BEZ /BE1 /BEO B3CK B2CK B1CK BOCK
; H cC L BBBB
s T L BXCW BBBB3210O0
iSDAAHI M- EEEECCCC
:TALTOESLDR 3210KKKK
LHLLLHLL HHLLLLLH
LHLLHHBLL HHHLLLLH
LHLHLHLL HHLHLLHL
LHHLLHLL LLHHLHLL
LHHLHHLL HLHHLHLL
LHHHLHLL LHHHHLLL
LLLLLtbLtibLetL Z77Z7ZLLHH
LLLLHLLL Z7Z2ZZLLLH
LLLHLLLL Z 77 ZLLHL
LLHLLLLL L ZZZIHHLL
LLHLHLLL Z7ZZLHLL
LLHHLLLL ZZZZHLLL
v 10 L HL ZZZZLLLL



DESCRIPTION

This PAL contains the legic to back drive the 386 byte enables during the non
CPU operations. It decodes the address inputs and drives the appropriate BEx
lines whenever the 384 is in a HLDA state.

This PAL also contains the decoding logic to drive the read latches clock lines
(78ALS573 fall through latch). These clock lines have positive true outputs
and are enabled when the CPU executes a MRDC, IORC, or INTA command.

The basic equation 1is: BxCK = BSOx # CMD # /LW-R



R

PAL14L8B

D4-SCMDD  108294-001

Command encode and decode logic
Copyright 1986, 1987 COMPAQ COMPUTER

/CMD /DCMD LM-I0 LW-R LD-C
/0E /1I0WC /MRDC /MWTC /I0RC

IF (/BHLDA%# OE) MRDC =
CMD * LM-I0O % /LW-R
+ DCMD * MRDC

IF (/BHLDA®* OE) MWTC =
CMD * LM-I0 * LW-R % LD-C

IF (/BHLDA# OE) IORC =
CMD # /LM-1Q # /LW-R # LD-C
+ DCMD # IORC

IF (/BHLDA* OE) IQWC =
CMD # /LM-10 # LW-R # LD-C

IF (BHLDA%# OE) /M-I10 = MWTC + MRDC

IF (BHLDA®* OE) /D-C = RFSH
IF (BHLDA* DE) /W-R = MWTC
/MHLDA =
/BHLDA :
+ /MHLDA # /M-10 :
FUNCTION TABLE
. /OE /DCMD  /CMD LM-I0 LD-C

/MRDC /MWTC /10RC /10WC MHLDA

3/ L / B / /7 /7 /M

sy D/MLLRH MMIIH M

i CC-DWFL RWOOL -DWN
;CMMI--SD DTRWD I - -
;s EDDOCRHA CCCCA OCR
LHLLLLLH HHHHL Z2Z1Z
LHLLLHLH HHHHL Z2Z1Z
LHLLHLLH HHLHL Z2Z1Z
LLLLHLLH HHLHL Z 17712
LLHLHLLH HHLHL ZZ1Z
LHLLHHLH HHHLL Z2Z12
LHLHLLLH LHHHL Z2Z1Z
LHLHLHLH HHHHL Z271Z
LHLHHLLH LHHHL 21712
LLLHHLLH LHHHL Z 2712
LLHHHLLH LHHHL Z 1712
LHLHHHLH HLHHL 7217712
LHHHHHLH HHHHL Z1271Z
HHHHHHLH 17117171X 111
HHHHHHLL L 711X 111
LHHHHHKHLL HHZZH HLH
LHHHHHLL LHZZH LLH
LHHHHHHL LHZZH LHH
LHHHHHHL HLZZH LHL

va we s we

“s we ws wE e we

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

Houston, Texas

/RFSH

MHLDA

/BHLDA
M-10

NCIi
D-C

PROCESSOR MEMORY READ
SHORT READ HOLD

s PROCESSOR MEMORY WRITE

; PROCESSOR 1/0 READ
s SHORT READ HOLD

-e

FROCESSOR 1/0 WRITE

; NON CPU MEMORY OPERATION

; NON CPU REFRESH OPERATION

; NON CPU WRITE OPERATION

LW-R
M-10

RFSH
RFSH
MRDC
MWTC

MRDC
DATA

DATA
DATA

MRDC

SAME A BHLDA EXCEPT
WHEN GOING HOLD, WAIT FOR M-I0 TO GO HIGH

/RFSH
D-C

/BHLDA
W-R




p——

HHLHHLHH Z22ZIL LHH ;
HHLHHLHL 1111 LHH
HHHHHHHL . 21 IH HHH
3 /

s /L /B /M

s D/MLLRH MMIIH M

; CC-DWFL RWOOL -DW

s OMMI--SD DTRWD I - -

s 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 decodes the non processor operations and feeds them to
the cpu status bus during HOLDA.

Rev A of the PAL adds the input DCMD# and OE#. 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 D of the PAL removes INTA and adds MHLDA for use in the DF3E DA4-processor
board (with 387).

; HLDA M-10 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

ve M® us ve

-e

rrxxxxrrrrrr
rrrrrrxTTXxTTXrICCOC-
rrxrrrTxTrOrxXxXTr -
< T TrrrTxTrrxrrxTxTrxnr




R R S ===~

PAL16LBA

- D4-SCPYD 108395-001
Copy buffer control logic and DMA low address logic

PAL DESIGN SPECIFICATION
PAUL R. CULLEY 12717786

Copyright 1984 COMPAG COMPUTER Houston, Texas

/M1é /1014 /MWTC /MRDLC / 10WX /10RC /DAEN1T AENZ BALE GND
/HLDA /DAENZ  /COPYEN /COFYHL /DAEN /BHE XA0 /LM1& NCO1 VCEC
COFPYEN = /DAEN#* BHE * XAO % /LMl&®* MWTC ;CPU write MEM

+ /DAEN* BHE * XAO #* /I1016% I0WX sCPU write 1/0

+ /DAEN%* BHE * XAO * /LM16# MROC sCPU read MEM

+ /DAEN* BHE # XAQ # /I014% ICRC sCPU read 1/0

+ DAENI #* LCOFYHL # XAO % LM1ié& # MROC ;DMA byte mem read high of 1&

+ DAEN1 #* XAO # LM14 # ICORC ;DMA byte mem write high of 16
COFYHL = /DAEN # BHE # XAQ # /LM1é& # MWTC smem write

+ /DAEN % BHE # XAO # /1014 # I0WX s I/0 write

+ DAENL * XAD # LM1é % MRDC ;OMA byte mem read high of 14

+ CIOFYHL # COFYEN s Short holdaover for write
DAEN = DAEN! #* HLDA

+ AENZ % HLDA

IF (AENZ % HLDA) /XAL = AENZ

IF (DAEN) BHE = XA0 #* DAENI!

+ AEN2
LM16 M16 # BALE
LM1é4& # /BALE
LMIE * Mib

+ +

DAENZ = AENZ * HLDA

FIINCTION TABLE

3 If word type of OMA, enable out
;5 (Pin is low for word DM&)

;1f DMA, enatle output
;s If byte type, is inverted XAQ
s If word type, is active

sEnable M14 input
sLatch term

;legiitch term

s TIGHTEN UF ON HLDA

/M1& /1014 /MRDC /MWTC /IORC /IOWX /DAEN1 /AENZ BALE /HLDA
/BHE XAO /COPYEN /COFYHL /LAEN /LM14 /DAEN2

s D /
;: IMMIIAABH
t:MORWOODEEAL BX
s1 1 DTRWNNLD HA
16 6CCCX12ZEA EO
HHHHHHHHLH HL
LHHHLHHHHH LH
LHLHHHLHLL LH
LHHHLHLHLL LH
LHHHHHLHLL HL
HHHHHHHLLL LL
LLLLLLHHHH LH
HHHHHHHHHH LH
HHLHHHHHHH LH
HHHLHHHHLH LH
HHHHHHHHLH HH
HHHHHLHHLH LH
LHHHHHLLHH 22
LHHHHHLLLH Z2Z
HHHHHHLLLH 22

c C

00 D

FFLOLA

YYAME

EHE 11N

NLNG?2

HHHXH :s INACTIVE
LHHLH ;s IORC
LLLLH :MRDC
LLLLH : IORC
HHLLH + DAEN INACTIVE
HHLLL : DAENZ
HHHLH

HHHHH s INRCTIVE
LHHHH sMRDC PROC
LLHHH sMWTC FPROC
HHHHH :
LLHHH s IOWC PROC
HHHLH s
HHHLH s
HHHLH :




: ccC

: D / ‘00 D

s IMMIITAABH PPDLA -
tMORWODEEAL BX YYAME

1 1DTRWNNLD HA EHEI1N

36 6 CCCXT1T2EA EO NLNAZ

DESCRIPTION

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

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

Rev A changes the COPYHL enable 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 palarity of the AENZ signal for logic reduction on the DIFE
D4-PROCESSOR board (with B80387).



PAL16LSA

D4-SLEND 103296-001

Data Buffer enable logic

Copyright COMPAQ COMPUTER  Houston, Texas 1984

PAL DESIGN SPECIFICATION
PAUL R. CULLEY 12/09/8%

At A /EBHE /CMD /M32 /WDEN  LW-R LD-C LM-1I0  GND
TST /BOIRRD /BOEN ~ /BIEN  /BZEN  /INTA  /MWTC  /MROC  /BZEN  VCC
IF (/T5T) BOIRRD = /MRDC* /WDEN ' ;OTHER WRITE T0O LOCAL MEM
IF (/TST) BOEN = /Al# /AO* MWTC* /WDEN s OTHER WRITE TO LOCAL MEM
+ /Al% /AO% MRDC* /WDEN# M32 ; OTHER READ FROM LOCAL MEM
+ /A1% /AO% LD-C* LW-R* WDEN :CPU WRITE TO BUS
IF (/TST) BIEN = /Al¥ BHE* MWTC* /WDEN s OTHER WRITE TO LOCAL MEM
+ /Al% BHE* MRDC* /WDEN* M32 : OTHER READ FROM LOCAL MEM
+ /Al% BHE# LD-C# LW-R¥ WDEN s CPLL WRITE TO EUS
IF {/TST) BZEN = Al /A0% MWTC# /WOEN s OTHER WRITE TO LOCAL MEM
+ Al¥® /AD% MROC* /WDEN% MZZ s OTHER READ FROM LOCAL MEM
+ Al% /A0% LO-C* LW-R* WOEN {CFU WRITE TO BUS
IF (/T5T) EZEN = Al* BHE# MWTCs /WDEN +OTHER WRITE T LOCAL MEM
+ Al*  EHE® MROC# /WDEN® M22 s OTHER READ FROM LOCAL MEM
+ Al¥ EBHE® LDO-C# LW-R* WDEN s TR WRITE TO BUS
IF (/TST) INTA = CMD# /LM-10% /LW-R# /LD-C . CFU INTERRUFT ACK

FUNCTION TABLE

TST A1l A0 /BHE /WDEN LM-I0 LW-R LD-C /CMD /M3Z /MWTC /MRIOC
/BOIRRD /BZEN /BZEN /B1EN /BOEN /INTA

; B ’

* [l

: WLLL MM I BBREI

<7 BODMWIOHCOCMWR R=Z21O0N

s AAHET --MZTD REEEET

s T1OENORCD Z20CC DNNNNA

LLLLHHHHHKLLUH LHHLLH

LHLLHHHHHLLH LLLHHH

LLLLHLHLLLHL HHHLLH

LHLLHHLLLLHL HLLHHH

LLLLHLLHLHHH LHHHHH

L LLbbbLLLLHHH HHHHHL

LLLLLLLLHHHH HHHHHH

LLLLLHHHHHHH HHHLLH

LHLLLHHHHHHH HLLKEHEH

HHLLLHHHEHHHREH 1717111

LESCRIPTION
Thiz FPAL deweleps the cantra]l signals to enable the data buffers on the system
Rev & ensures turnon of the buffer enables for mem write atter the direction
ie active by leaving the buffer turned around during the entire write cycle.
Rev L ie far use with DIFE D4-processor board (with 327).



PAL14R4

D4-SKEY 10834£0-001 JOHN THAYER  9/16/86
8042 A20 LINE FIX PAL : '

COFYRIGHT COMPAC COMFUTER HOUZTON, TEXAS 17

D
(L]
o~

CLK /RET AZ /03 D&_DA D7 DS [ D2 GND
/02 0L DO /G /21 AZO /WIZ04% /FF_OR_DL /WC VIC

HO t= /RET # WL * L&

l'ﬁ

$00 FOLLOWS WC

@1 == ; SET IF IN STATE 00 OR 10 AND D1 COMMAND TGO PQRT &44H
JRET % /00 % C5 % WO # AZ % D7%D4_Déx/DS%/03%/D2%/D1*DO
: KEEF SET IF STATE 11
+ /RET # DO * 1
. IF STATE 10, KEEP SET TILL £ % WC
+ /RST % /00 % Q1 » /LS
+ /RET 2 /0 % 113 JWC-

20 FLINCTION
E 10 AND 40 WRITE AMD DI IS LOW
N JOC ¥ SR % 0oy WDz /00
. OTHERWISE FEED BATE
JRIT » 0 % JADG
JRET » /1 % /ALG
JRIT # /05 & JAZO
/RET # /WD % JRZO
/RET # AZ ¥ /AZQ

A
CLERR IF STAT

-
SEET %

/RZC t= § INVERZE OF
TA

+ + 4+ + 4+

FF_OR_D1 = DO7#D4_DiAx DS D2 DIx D1#DO
+ 07 *Uw Dt/ ‘TSx/0=#,/0o#/01#D0O

WoE0AZ i= o ND D1 WRITE YETS DOWN’T FILTER IF WRITE IS 70 4OH
) Doy ¥ oo WDox /AT

ROIF WRITE IS TO A4H AND NOT DM DR CFF>

Co% AZ ¥ JFF_NOR_D1

FLNCTION TABLE
/e CLE RST €5 WC AZ D4_D4 D7 DS D 02 D1 DO
01 20 FF_OR_D1 AZO WCE04Z

: F U

: C F e

; a oo

s R & RAO
OLSCWADDDDDDD €©82DZ2A4

sCwmTELD LD AT TELOLQ 10 LT

D S-S G T SR SR S SN O o X X H X X ;TEST Fr_OR_DG

LY XY oL X ¥ oM oo B Y X M XX

= ioxoT - o - H O S 4

; Nl

Lo H X X R Y 2y XY LY H L JRESE

; - - - - -
I T SN AR S S T D S Lo ¥ L s ID WRITE, KNO Cx
O SR N D SO S S S S S § L X HL

U N T TR SN SN S S D SN S R S & B

5

LoD HH - L LoL L L Lodowod F 48 WRITE NIT (D1 OR FF)

I - O - T T T T

PAL DESIGN SPECIFICATION

Z, CLEARED ON RESET
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K. ONLY D1

=
=

164 WRITE Dt

HHHHL ;D1 THEN A4 WRITE, MA:

LLXHL
HHHHL
HL X HL
HL XHL

LCLHLXX XXX XXX
LCLHHHHHLLLLH
LCLHHHHHLLLLH
LCLHLXXXXXXXX
LCLHLXXXXXXXX



LCLHHHHHHHHHL LHLHH +464 WRITE DO
LCLHHHHHHHHHL LHLHL

LECLHHHHHHHHHL LHLHL

LCLHLXXXXXXXX LLXHL

LCLHLXXXXXXXX LLXHL ;CLEAR A20
LELHHHHHLLLLH HHHHL ;64 WRITE Di
LCLHLXXXXXXXX HL X HL

LCLHHLLLLLLLL LHLLL ;60 WRITE TO CLEAR
LCLHLXXXXXXXX LLXLL sLATCH
LCLHLXXX XX XXX LLXULL ;TEST TERM /RST*Q0%#/A20
LCLHHHHHLLLLH HHHLL 3(THIS IS NOT A LEGAL INPUT
LCLHHLHHLLLLH HHHLL ; DURING NORMAL OPERATION)
s F W

: D F C

: 4 o e

: CFR #* RAD

;0 LECWADDDDDDD @@D24

CKTESEC26753210 10102

DESCRIPTION

This PAL 1s used to speed up the Z20427c respoense to changes 1n the LOWAZO line.
It works by intercepting the specific write commands to the S04Z and executing
them 1tself.
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PAL16RAC PAL DESIGN SPECIFICATION

D4-SMSCD  108397-001 PAUL R. C
. - L] ULLEY
Miscellaneous garbage logic . ° ol/12/87
Copyright 1986, 1987 COMPAQ COMPUTER Houston, Texas
CLK  /M32 /BRDY BALE W-R D-C M-I0 /BEO PA31 GND
/0E /LNCF  /CLSTD /MYCYC /LOE /NAB /SHTD 3871 /ADS vce
LOE :=
MYCYC # BALE # /W-R % /LNCP s GOES 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 ; WHEN NO 387 AND 1/0
+ /CLSTD * ADS * /M-10 # /FA31 ; OR NOT NCP 1/0 CYCLE
+ /CLSTD #* ADS % M-I0 % /M32 s OR NOT 32 BIT MEMORY CYCLE
+ /CLSTD # ADS # M-I0 # /D-C * W-R ; OR HALT/SHUTDOWN CYCLE
+ /CLSTD % MYCYC 3 HOLDY TILL NAB

NAE := CLSTD ; NEXT ADDRESS BUS

LNCP =

MYCYC* BALE# PA31% /M-10 s NUMERIC COFROCESSOR OF
+ LNCP#* /BALE ;3 HOLD TILL NEXT ALE OR HOLD
+ MYCYC* PA31# /M-I0# LNCP 3 DEGLITCH

FUNCTION TABLE

CLK /OE /M32 /BRDY BALE M-10 D-C W-R /BEO PA31
/ADS /CLSTD 3871 /LNCP /MYCYC /LOE /NAB /SHTD

-

. c M

. E B M P L3 L Y s
.C/ MRA-DWBA ASS8 N CLNH

L0 3DLI--E3 DT7 C YOAT
.KE 2YEOCRO1! SDI P CEBD

CL HLHHHHHL LHH H X HHH RESET MTCYC BY /M32
CL HLHHHHHL LHH H LHHH RESET MTCYC BY /M32
CL HLHHHHHL HHH H LHHH 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

CL LLHLLLHL LLH H HLLH

CL LLHLLLHH LHL L LHHH MYCYC BY 337 NOT INSTALLED
LL LLLLLLHH LHL L LHHH

CL LHLLLLHH LLL L HHLH

CL LHLLLLHH LLL L HHLH
DESCRIPTION

Rev I 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),
SHTD (decoded shutdown status), LNCP (numeric processor access status), and




LOE (latch output enable). It also is the F/F for the NAB signal.
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PAL16L8A PAL DESIGN SPECIFICATION

D4-SNFP 105457-001 PAUL R. CULLEY 05/07/86
Numeric Coproccessor error and busy logic g
Copyright 1986 Compaq Computer Houston, Texas
/TIMCS /XTOWC  XAD /ERROR  /BLSYIN TIMO /NCPIN /NCFCS /RESET GND
XAZ  RESZE7 /TIMZCZ /TIMICS ONESHT IRQ12 NCOZ  EN_ERR /BUSYQUT VCC
sThe following eguation is the positive true output of the equaticon:
s RES287 = RESET + XIOWC # NCPCS # /XA3 #* XAO :1/0 write to F1h
IF (VCC) /RES287 =

/RESET # /XIOWC sNOT I/0 WRITE
+ /RESET # /NCPCS :+NOT port FX
+ /RESET # XAZ ;NOT address XX1XXXb
+ /REZET # /XAOQ +NOT address XXXXXOb
IF (VCC) BIEYOUT =

/REZET*  NCFIN#% BUSYIN jcoprocessor busy
+ /REZET%# NCFIN% ERROR ¥ EN_ERR¥ /TIMD serror before int ack
+ /RESET#* /NCFIN%* NCFCES ¥ XAZ2 * XIOWC sWhen not 1nstalled and NCF accessed
+ /RESET%* /NCPIN# DNEZHT* /TIMO sWhen not installed till timeont
;The following equation is the positive true cutput of the equation:
; IR@1E = ERROR* /BUSYIN# EN_ERR# NCPIN ;Int when error and enabled
IF (VZC) /IRGLZ =

/ERROR sNo int if no error
+ BUSYIN s or busy
+ /EN_ERR ; or not enabled for err
+ /NCPIN sNo int if not installed
IF (VvCI) /EN_ERR =

/RESET# NCFINs# /EN_ERR % ERRIOR :Hold disabled til] ERROR gues away
+ /RESET# NCFIN# /EN_ERR # BLZYIN :Huld disabled till BU3Y goes away
+  XIOWC % NCFCS ¥ /XAZ * /XAD sDicable on write te port OFOQh
TF (VCD) /ONESHT =

NCFIN * /IRQ1Z sCne shot output when IRE (installed)
+ /NCFIN # /ONESHT #* /XIOWC :Goes high on NCP access when not
+ /NCFIN % /ONESHT # /XAG s installed
+ /NCPIN # /ONESHT % /NCPCS 3 '
+ /NCFIN % TIMO s and stays high till timeout
+ RESET sLow at reset time
IF (VCC) TIMICS = TIMCS # /XASZ ;1 Timer 1 at address 040h-047h,050h-057h
IF (VCC) TIM2CS = TIMCS # XAZ ;Timer 2 at address 048h-04Fh,0S8h-03Fh

FILINCTION TABLE

JNCFIN /XIOWD TIMG /TIMIS /NCFCS XAS XAO /RESET /ERRUR /BUSYIN
RESZE7 /BUSYOUT IRGI2  ONESHT /EN_ERR /TIMISS /TIM2CS
; / / /!

/ / / /B RE QETT

sN /TN REU EUINNTII

i CITIC ERS S5RE_MM
SFOIMPXXSRY 2YQSET!LZ

I WMCCAAEDI S8G1HRCEC
s(NCOSS2O0OTRN 7U33TRSS
LHLHHHHLHH HHLLLHH ;RESET
LHLHHHHHRHH LHLLLHH ;NI RESET
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H ;RES287

LLLHLLHHHH HHLLLH

LLLHLHHHHL LLLLLHH ;BUSYOUT,NORES287 BY XA3,NOINT BY ERROR
LLLHHLHHLH LLHHLHH ;IRQ13,BUSYOUT,NORES2S7. BY NCPCS
LLHHHLHHLH LHHHLHH ;BUSYOUT,NOGRES287 BY NCPCS
LLHHHLHLLL HHLLLHBH ;NO INT BY BUSYIN
LHHHLLHHHH LHLLLHH ;NGO RES2E7 BY IOWC
LLHHLLLHHH LHLLHBHH _;LOCKERR,NJ RES2E7 BY XAO
LLHHLLLHHL LLLLHBHKBH ;LOCKERR,NO RES287 BY XAO
LLHHHLLHHL LLLLHHH ;LOCKERR,NO RES287 BY XAO
LLHHHLLHLL LLLLHHH ;HOLD LOCKERR,NO INT BY EN_ERR
LLHHHLLHLH LHLLHHH ;HOLD LOCKERR,NO INT BY EN_ERR
LHHLHLMHHHH LHLLLLH ;TIMICS

LHHLHHHHHH LHLLLHL ;TIM2CS

HLLHLHLHHH LLLHLHH ;NOT INSTALLED AND SELECTED
HHLHHHHHLH LLLHLHBH ;NOT INSTALLED ERROR
HHHHHHHHHL LHLLLHH ;NOT INSTALLED BUSY
HHLHLHHHHL LHLLLHH ;

HHLHHLHHHL LHLLLHH ;

HLLHHHHHHL LHLLLHH ;

HHLHHLHHHL LHLLLHH ;

HLLHLLHHHL HHLLLHH ;

e T B RE QETT

NI TN RELU EUINNTII

I MIC ERS SSRE_MM

FOOMPXXSRY ZYQ@ESEL2

s IMUCCAAEDI &01HRCC

NCTSS30TRN 7U3TRS3S

DESCRIFTION

This PAL is used in the Magnum processor board tc¢ handle the error logic far
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 signal is recileved. It holds the interrupt until the service
rovtine does a write to port FOh., It also holds busy out active wntil the
interrupt occurs or till the CFU times wut from no activity. This 1s to
prevent any other numeric processor instructions from being executed until
the error has been recoanized. 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 3854,

In addition, the timer chip selects are broken out to the seperate selects by
the PAL logic,



PAL16L8A

D4-SPPI 105659-001 _
Peripheral interface decode logic i
Copyright -Compaq Computer Houston, Texas

XA4 /FRICS  /XIORC  XAZ2 XA XAO
RESCMOS /CMOSWR /NMICLK /PBWR /CMOSRD /KEYCS

NMICLK = PPICS # XA4 * /XA3 % /XAO % XIOWC
CMOSRD = PPICS # XA4 * /XA3 * XAO #* XIORC

CMOSWR = PPICS # XA4 # /XA3 * XAO # XIOWC

KEYCS = PPICS # /XA4 # /XA3 #* /XAO
FERWR = PRICS % /XA4 # /XAZ # XAOD # XIOWC
FERD = PPICS # /XA4 # /XAZ #* XAD ®* XIORC
CIORD = /XA® % /XAZ % XIDRLC

+ INTA

/CMOSAWR = /NMICLE # /RESCMOS
+ /XIOWC * /RESCMOS

FUNCTION TABLE

PAL DESIGN SPECIFICATION

FAUL R. CULLEY 12/10/85

XAS

/XIOWZ  /INTA GND

/CIORD /FPBRD CMOSAWR VCC

s NMI

register write (70h)

;CMOS data read (71h)

;CMOS data write (71h)

18042 (40h, &4h)

sFPort B write (4&1h)

sFort B read (61h)

c 0

2

; O-FFH

Interrupt ack

sInverted NMICLE

;CMOS address write (70h)

/XIORC /XIOWC /INTA XA? XA3 XA4 XA3Z XAO /FPICS RESCMOS
/NMICLE CMOSAWR /CMOSWR /CMOSRD /KEYCS /FBWR /PBRDN /CIDRD

18042 SELECT

_sBUFFER ENABLE ON INTA
:CMOS ADDRESS WRITE
;CMOS ADDRESS WRITE
;CMOS WRITE

:CMOS READ

:PORT B READ

s BUFFER ENABLE

s BUFFER DISAEBLE

: BUFFER DISABLE

sPORT B WRITE (NI BUF ENAELE)

3 R NCCZC
P XX FE MMMME C
;1 I 1 F < I 0D EFFI
(JODNX XX XX IO CS5323YBEBCO
i(RWTAAAAACM LAWRCWRR
«:CCAPE84323050 KWRDSRDD
HHHHHHLHHH HHHHHHHH
HHHLLLLLLL HLHHLHHH
HHLHHHLHHL HLHHHHHL
HLHLLHLLLL LHHHHHHH
HHHLLHLLLL HLHHHHHH
HLHLLHLHLL HLLHHHHH
LHHLLHLHLL HLHLHHHL
LHHLLLLHLL HLHHHHLL
LHHLLLLHHL HLHHHHHL
LHHHLLLHHL HLHHHKEHHH
LHHLHLLHHL HLHHHHHH
HLHLLLLHLL HLHHHLHH
HLHLLLHHLL HLHHHHHH :
HLHLLHHHLL HLHHHHHH 3
: R CcCC¢C
s X X FE MMMEK c
;I I 1 FS OO0OEPFI
s OONXXXXXIEC S3SYBBO
s RWTAAAAACM AWRCWRE
s CCAP2342080 WRIDODSRDEL



DESCRIPTION

This PAL is used in the D4 (386) processor board to decode addresses within the
range A0h to 7Fh for 1/0. It alsc generates the signal that controls the
direction of the I/0 data buffer XD<7..02.



PAL16LBA . . PAL DESIGN SPECIFICATION
D4-SROMA 108135-001 . PAUL R. CULLEY .046/26/86
System ROM decode logic ' :

Copyright 1986 Compagq Computer Houston, Texas

BALE LAZ3 LA22 LAZ2!1 LA20 LA19 LALB LAL17 SA1&  GND
/MROC /ROMIOE /RFSH /M32 /M14E /ROM /ROMEN /LOWEN /ROMZOE VCC

MI6E = /LA23%/LA22%/LA21#/LA20% LA19% LA18* LA17 : 00OEO00Oh-O0FFFFFh
+ LA23% LA22* LA21% LA20% LA19% LA1S* LA17 s OFEOOOOh-OFFFFEFh
+ M32 -
ROM = /LA23#/LA22%/LA21%/LA20%* LA19* LA18* LA17% BALE ;00E0000h—-OOFEFFFh
+ LA23% LA22# LA21% LA20# LA19% LA1S* LA17% BALE ;OFEO00Oh—-OFFFFFFh
+ /LA22#/LA22#/LA21%/LA20% LA19* LA18* LA17#% ROM ;DEGLITCH
+ LA23% LA22# LA21% LA20% LA19% LA18% LA17% ROM ;DEGLITCH
+ /BALE%* ROM :LATCH TERM
ROMIOE = ROM % SA1& # MROC s OOF QO0Oh=-OOFFFFF
: OFFO000h-OFFFFFF
ROM2IE = ROM # /SA14 ¥ MROC : DOEOOQOH—-OOEFFFFh
: OFEOO0OK-OFEFFFF
ROMEN = ROM # MRDQ s BUFFER ENABLE
LOWEN = /LAZ3% /LAZZ*% /LAZ1% /LAZ0% BALE ; BOTTOM UNE MEGABYTE AND BALE

+ /LA23% /LAZ2Z# /1AZ21% /LAZO* LOWEN
+ /BALE* LOWEN
+ RFSH

; DEGLITCH TERM
s LATCH TERM
s AND REFRESH

FUNCTION TABLE

BALE LA23 LAZZ LAZ1 LAZO LA1Y LALS LA17 SAl4L /MROC /RFSH /MSZ
/ROM /ROMICE /ROMZOE /ROMEN /M14E /LOWEN

. R R

; 0OOR L

DBELLLLLLLSMER MMOMO

sAAAAAAAAARFM RI1ZMI1W

;L 22221111083 0O00EGSE

tE32109876CH2 MEENEN
HLLLLLLLLHHL HHHHLL  ;INACTIVE
LLLLLLLLLHHH HHHHHL  3INACTIVE
LLLLLHHHLHHH HHHHLL  ;ROM2 ADDRESS, NO READ, NO ALE
HLLLLHHHLHHH LHHHLL  ;ROM2 ADDRESS, NO READ, ALE
LLLLLLLLLLHH LHLLHL  ;ROM2 READ, HOLD ADDRESS ON ROM
HLULLLLLLLHHH HHHHHL  ;INACTIVE
LiculbiiiiHHEHE HHHHMEHL  INATIVE
LHEHKHHHHKHHH HHHHLL  ;ROML ADDRESS, NO READ, NI ALE
HHHHHHHHHHHH LHHHLH  ;ROMI ADORESS, ND READ, ALE
LHHHHLLLHLHH LLHLHH  ;ROMI READ, HOLD ADDRESS ON ROM
HLLLLLLLHHHH HHHHHL  ;INACTIVE
HHLLLHHHHHHH HHHHHH  ;INACTIVE
HLHLLHHHHHHH HHHHHH  ;INACTIVE
HLLHLHHHHHHH HHHHHH  ;INACTIVE
HLLLHHHHHHHH HHHHHH  ;INACTIVE
HLLLLLHHHHHH HHHHHL  3INACTIVE
HLLLLHLHHHHH HHHHHL  ;INACTIVE
HLLLLHHULHHHH HHHHHL  sINACTIVE
| T T T T HOMH H H H W S INACTIUD



HHLHHHHHHHHH HHHHHH 1 INACTIVE
HHHLHHHHHHHH HHHHHH s INACTIVE
HHHHLHHH HHHH HHHHHH ;s INACTIVE
HHHHHLHHHHHH HHHHHH s INACTIVE
HHHHHHLHHHLH HHHHHL s INACTIVE
HHHHHHHLHKHHH HHHHHH s INRCTIVE

DESCRIPTION

This PAL is used in the D4 (384) processor board to decode ROM addresses
within the two ranges OFEOOOOh-OFFFFFFh and OOEOOOCh-OOFFFFFh. It alsu

generates the signal that controls the ROM data buffer RD<15..0> and the
signal M16 (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.



PAL16RSB o - PAL DESIGN SPECIFICATION

D4-RCTLA 108352-001 . ~ PAUL R. CULLEY 0%/13/86
D4 PAGE RAM BOARD Control legic , ’

Copyright Compagq Computer Houston, Texas 1986

CLK /ADSM /DMIO D-C W-R /M32 HLDA /CLK1& /HIT GND
/0E /MRAS /SWM /NAM /MCAS /MRDY /MWE /MRD /YY VCC

SWM =
/HLDA®* CLK16* ADSM* /MRDY#* /W-R* M32 ;CPU IDLE TO MEMORY
+ /HLDA* CLK16*% ADSM# /MRDY®* D-C# M32 ;CPU IDLE TO MEMORY
+ /HLDA®* CLK16# YY#* /MRAS#* /SWM sAFTER A MISS
+ /CLK16% SWM* /MRAS ;CLK16 SYNC
+ HLDA*®* /ADSM#* D-C* /MRAS s DMA
+ HLDA* /ADSM* /D-C*  MRAS® YY ;REFRESH START
+ HLDA* /ADSM# /D-C*  SWM#  DMIO s REFRESH HOLD
+ HLDA# /ADSM* DMIO* SWM% /MRAS ; REFRESH END
YY =

/HLDA®* CLK1&% ADSM*  MRDY# /W-R# M32% /HIT ;:CFU PIPE TO MEMORY MISS

+ /HLDA® CLK16% ADSM# MRDY# D-Cx# M32% /HIT sCPU PIPE TO MEMORY MISS
+ /HLDA* NAM3# MRAZ s0OR WHEN LATCH NEEDS CLOSED
+ /HLDA* /CLK16% YY s CLK16 SYNC
+ HLDA® D-C# MCAS* DMIOx /ADZM s DMA
+ HLDA* YY#  DMIO# /ADSM + DMA, REFRESH HOLD TO END
+ HLDA® /D-C* MRAS* DMIO# /ADSM#* /SWM# CLK16 :REFRESH
NAM =

/HLDA®* CLK16% ADSM* MRDY#* /W-R# M32% HIT sCPU PIPE TO MEMORY HIT
+ /HLDA® CLK1é* ADSM* MRDY# D-C* M32% HIT :CPU PIPE TO MEMORY HIT
+ /HLDA® CLK1é6# SWM* /ADSM# /NAM sAFTER AN IDLE OR MISS
+ /CLK163% NAM +CLK16 SYNC
+ HLDA%* /ADSM :DURING REFRESH AND DMA
MRDY :=

/HLDA* CLK1&%# NAM# MRAS sAFTER NA WILL BE READY
+ /HLDA# /CLK1A% MRDY sCLK1& SYNC
MRAS :=

/JHLDA* SWM# /ADSM* /NAM sOUT OF A MISS OR IDLE OPERATION
+ /HLDA%* MRAS* /MRDY s TILL MRDY
+ /HLDA* MRAS* /CLK1é6 s AND TILL CLK1é6 UNLESS
+ /HLDA#* MRAS* ADSM#* /W-R# M32# HIT ' ;CPU PIPE HIT
+ /HLDA* MRAS* ADSM#* D-Cx# M32#% HIT :CPU PIPE HIT
+ HLDA#* DMIO#* /ADSM# /D-C# /SWM# CLK16 ; REFRESH
+ HLDA* DMIO* /ADSM#* /D-C# /SWM# MRAS sREFRESH HOLD
+ HLDA%* DMIO#* /ADSM* D-Cx* M32% /YY s DMA
MCAS :=

/HLDA%  CLE1&6%* NAMx MRD* MRAS sAFTER NA WILL BE CAS FOR READ
+ /HLDA* /CLK1&3% MCAS s CLK16 ZYNC
+ /HLDA* /CLK1é&3+ MRDY#* MWE ’ ;AFTER START OF MRDY IS WRITE CAS
+ HLDA* /ADSM* D-C* DMIO* MRAS* /SWM $DMA START
+ HLDA* /ADSM# [-C# DMIO* MCAS*¥ MRD ;DMA READ HOLD TILL END

MWE :=
/HLDA* /CLK1é&3 NAM#* D-C# W-R# M32#% MRAS sCFU WRITE TO MEMORY
+ /HLDA* /CLK16% MWE ; ; CLK16 SYNC
+ /HLDA# CLK16% MWE* NAM
+ HLDA# /W-R®* DMIO® /ADSM3#* M32% /YY sDMA WRITE
+ HLDA* MWE* DMIO* /ADSM sDMA WRITE HOLD

[Ty R,



1DMA READ (NOT REFRESH)

1CPU READ FROM MEMORY
;DMA READ HOLD

;CLK16 SYNC

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

/HLDA®* /CLK16#% NAM» /W-R* M32% MRAS

+ /HLDA® /CLK1é6% MRD

CLK /CLK16 /OE /ADSM /DMIO D-C W-R /M32 HLDA /HIT
/MRAS /SWM /MCAS /NAM /MRDY /MWE /MRD /YY

+ /HLDA® CLK146% MRD* NAM
FUNCTION TABLE
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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.

CLLHLHHLHH HLHLHLHL
CHLHHHHLHH HLHLHHHH
CLLHHHLLHH HLHLHHHH
CHLHHHLLLH HLHLHHHH
CLLHHHLLLH HHHHHHHH

DESCRIPTION



PAL14LEB I , PAL DESIGN SPECIFICATION
D4-RM32 108053-001 - ] PAUL R. CULLEY  04/02/86
D4 PAGE RAM BOARD M32 decode logic

Copyright Compaq Computer Houston, Texas 1986

A31 A23 22 A2l A20 Al9 A18 A17 FA20 GND
/2M /M32A /M32B /ROM /S12K /640K /1M /8M /M32C VCC

IF (/R22 * /A21) M32A =

/A3B1#/A23%#/A22#/A21%/A20%/A19%/A18 1 000000-03FFFF 256K
+ /A31#/A23%/A22%/A21* /AL19%/A18% /FA20 $000000-03FFFF 256K
+ /A31#/A23%/A22%/A21%#/A20%/A19% A18* 512K ; 040000-07FFFF 256K
+ /A31%#/A23%/A22%/A21#/A20% A19#/A18%/AL7* 640K ; 080000-09FFFF 128K
+ /A31%/A23%/A22#/A21%/A20% A19* A18* A17% ROM ; OEOOOO-OFFFFF 128K
+ /A31#/A23#/A22%/A21% A20% 1M s 100000-1FFFFF 1M
+ /A31% A23#/A22#/A21% 8M s 800000-9FFFFF 2M

IF (A22 # /A21) M32B =

/A31%/A23% A22#/A21% 8M ; 400000-5FFFFF 2M
+  A31% A23% AR2%/A21%/A20%/A19%/A12%/A17 s DIAG 8000000h 128K
IF (A21) MI2C =

/AS1% AZ3% AZZ%x AZI¥* AZO#/AL19% A1SH /512K sF40000-F7FFFF 2S5&K
+ /A31# AZ3% AZ2% AZ1® AZOX* AL19#/A13%/A17%/640K s F30000-FYFFFF 128K
+ /A31% AZ3% A22#% A21% A20% A19%/A1E% AL17 ; FAOOOO-FBFFFF 128K
+ /A31% A23% AZZ% A21% AZO* AL9% ALSB ;FCOO00-FFFFFF 254K
+ /A31%/A23% AZ2% A21% 8M ; 600000-7FFFFF 2M
+ /A31*/A23%/A22% R21% 2M 1 200000-3FFFFF 2M

FUNCTION TABLE

A21 A23 A22 A21 A20 A19 A18 Al17 FA20 /512K /640K /iM /2M /8M /ROM
/M32A /M32B /M32C

- W D
w
NN D
- N D
ON D
O ~ D
® - D
N - D
-n
ON D
NwU’!
[ N e ]
X re
e SN
XN
e G
= G
X032
DN W
N W
ON W

BIAG

OFF

OFF

OFF

256K

256K

512K

640K

128K AT OEOOQOh
256K AT F40000hL
128K AT F80000Hh
128K AT FAOOOOh
256K AT FCOO0OOH
iM AT 100000h

2M AT 200000h

2M AT 400000h

2M AT 600000h

2M AT 800000h

2M AT 800000h OFF
2M AT 200000h OFF
1M AT 100000h OFF

AL AT ACAANNAAL Srer

TrrrcCr--CrCCcrC-KCCCKFCTXITX
*rTrrxrxrr-r-rxxxx>xr-CcCOChCCOCbCx
"rrrrrXxrrrxxzx-CrrCrHrCrrxTIxzx
‘rfrrrrIxrI-IxxxIxCCCCCCCITICOC
"rIrr~rrrrrxrrxrzxr-rCx>x>-CCCx>r-
rrrrrCrxrrxx>r-rxxrUcCCCrC
crrrrrrrxrXrXC XTI
I rrrrrCrrHCxrxxC-xXCCrCrCbCr
- XrrrrrrrCcCxrrrcrCCrCCxXxTTXTITICC
-rmrrrCcrHrrrCCFxXTxxCCCCCCCCTCC
"rrrCCCCCCCCICCCCCCCCCrC
- TrTrrrrr0ccrerrrCrrrrCrCCCCbCCCCm e
T e ol | aull il el ol el ol k! il k| ol il i K
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DESCRIPTION

This PAL is used in the D4 (386) memory board to decode addresses within the
memory space and assert the M32% signal.

expected options according to the following jumper settings.

512K 640K

H H 256K
L H 512K
L L 640K
H L %xaex
8M 2M

H H OK

H L 2048K
L H &144K
L L 81792K

000000-03FFFFh
000000-07FFFFh
000000-9FFFFFh
ILLEGAL

200000~3FFFFFh
400000-9FFFFFh
200000-9FFFFFh

M
H
L

1024K

NO EXTENDED MEMORY
100000~ 1FFFFFh

It does all the decoding for all the

(NOTE: The 8 Meg board asserts both 8M and 2ZM
strobes)

When FA20 is low, the address line AZO 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 MIZx.
actual equation for M32 is shown below.

Mz

+
+
+
<+
+
+
+
+
+
+
+
+
+
+

2 =

/A3B1#/A23%/A22% /A21%/A20%/A19%/A18

/A31%/A23%/A22%/A21+

/A19%/A18%

/AS1#/A23%/A22% /A21#/A20%/A19% A18+*
/RA31#/A23#/A22%/A21 #/A20% A19%*/A18%/A17% 640K
/A31#/A23%/A22%/A21 %#/A20% A19*% A18% A17% ROM
A213% A20%/A19% A18*
A2l A20% AL9*/A1B*/A17#/640K
A21% A20% A19#/A18% Al7

/A31% A23% A22%
/A31% A23% A22%
/A31% A23% A22%
/AZ1% A23% A22%

A21% A20% A19% ALS

JAZL#/A23%#/A22%/A21% A20+

/AS1%/AZSH/A22%

A21*

/A31%/A23% ARZ%/AZ1%

/A31%#/A23% A22%

A21#

/A31% A23%/A22%/A21%
AS1* A2Z3% A22%/A21%/A20%/A19%/A18%/A17

/FA20
512K

/512K

1M
2M
8M
8M
8M

; 000000~03FFFF
s 000000-03FFFF
: 040000-07FFFF
; 080000-09FFFF
; OE0000-OFFFFF
s FA40000~F 7FFFF
s FB0000~F9FFFF
; FAOOOO~-FBFFFF
s FCO0O00—~FFFFFF
s 100000~1FFFFF
s 200000-2FFFFF
: 400000-SFFFFF
; 600000-7FFFFF
s 800000-9FFFFF
s DIAG 80C0000h

256K
256K
256K
128K
128K
256K
128K
128K
256K
1M
2M
2M
2M
2M
128K

The

O
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PAL16L8B
D4-RRAS 108054-001

D4 PAGE RAM BOARD RAS decode logic
Copyright Compaq Computer Houston, Texas 1986

A31 A23 A22 A21

RSO =

A20 A19

Al

/A31% /A23% /A22% /A21% /A20% /A19
+ /A31% /A23% /A22% /A21% /FA20% /A19

+ /A31x /A23% /A22% /A21% /A20%
+ /A31# /A23% /A22% /A21% /A20%
+ /A31% A23% A22% A21%

+ RFSH

RE1 =

/A31¥ JAZ3% JAZ22% /AZ1*

+ RFSH

FARWR =

A20

AZO%* FA20

3

PAL DESIGN SPECIFICATION
PAUL R. CULLEY - 05/20/86

A17 ~ FA20 GND
_/RFSH /RSO /MWE /MRD /WEO /PARRD /PARWR /ROM /RS1 VCC

A19% /A18% /A17
AL19%

Al18+ A17

MWE# AZ1% AZ2*% AZZ¥ /A21% /A20% /A19% /A18% /A17

PARRD =

MRD# AS1# A23% A22% /A21% /A20% /A19% /A18% /A17

WEO =

MWE*/A31% /A23% /A22% /A21%
+MWE#/A31% /A23% /A22#%

+MWE#/A31% /A23% /A22%

+MWE*/A31% A23% A22%

+MWE*/A31%# A23+% A22%

+MWE*/A31%  A23% A22+#

+MWE#/A31% AZ3% A22%

FUNCTION TABLE

/A21%
/A21%
A21%
A21%
A1+
AZ1x

/

A20%

/A20%

A20%
A20%
A20%#
A20%

/A19

A19% /A18%
A19% A18+
/A19% AI18
A19% /A18
Ai9% AL1B*
A19% ALt

/A17
A17% /ROM

/A17
Al7x% /ROM

s 00000000H 512K
$00100000H 512K
00080000H 128K
s 000EOOOOH 128K
s O0FO0000H 1024K
s REFRESH

30C100000H 1024k
; REFRESH

3 GOCO0000H 1Z3F

1 80CONQ00H 128K

3 00000000H S12K
3 00080000H . 128K
s OOOEOOOOH 128K
s OOF40000H 256K
; OOF80000H 25¢K
; OOFCOO00H 123K
s OOFEOOOOH 128K

AZ1 A23 AZZ A21 A20 A1Y A18 A17 FA20 /ROM /MWE /MRD /RFSH
/RSO /RS1 /PARWR /PARRD /WEO
. / PP
; F/ / /R //7AA/
sAAAAAAAAAR MMF RRRRW
3222211120 WRS SSWRE
3132109870M EDH O1RDO
LLLLLLLLHL LHH LHHHL O00000H 512K
LLLLHLLLLL LHH LHHHL 100000H 512K
LLLLLHLLHL LHH LHHHL OS0000H 128K
LLLLLHHHHL LHH LHHHHOEOOOOH 123K
LLLLLHHHHH LHH LHHHL OEOOCOH 128
LHHHHLHLHL LHH LHHHL F40000H 256K
LHHHHHLLHL LHH LHHHL F80000H 25K
LHHHHHHLHL LHH LHHHL FCOO00H 128K
LHHHHHHHHL LHH LHHHHFEOOOOH 128K
LHHHHHHHHH LHH LHHHL FEOOOOH 128K
LLLLHLLLHL HHH HLHHH 100000H 1024K
HHHLLLLLHL LHH HHLHH 80CO0000H 128K
HHHLLLLLHL HLH HHHL H BOCOO000H 128K
HHHHHHHHHL HHL LLHHH

TMFSrRIPTINN

REFRESH




This PAL is used in the D4 (386) memory board to decode the RAS signals and>
the parity read and write logic. ’



Title:  SCHEMATIC-DP3E

= DEC 164, 19864
Drawing: 00055%-000 REV: - X ;

+12V 7BE&,12BS, 13C1
+FZ 4C1
+KRB 6Bl
—-12v 12B8&, 1301
-5V 12B&, 13C1
-KB 6B1
3871 4AE, 6C1,11B2
ADS 3¢ 2B1, 4A83,11B2,13AL
ARENZ 4Bz, DSAl
ALE 3C3, 9Bl
RALE 4A, 4BE, 9B1,10A8,12C8
BCK<L3: 0> 3B1, 4Dg
RCLKE 2AE, 9A1,12ES
BEO# ZB1, 3A3, 4AS, 13AZ
BE1* 2B1, 2AS, 1ZERS
BEZ3# ZR1, 3A3,13R:3
BEZ* 2R1, GZAS, 1ZRa
BEN#<3: 0> ZER1, 403
BHE#* ZA1, 4B1,12A=
EHL.DA 2121, SB2, SRa
BHLIOA#* ZR1, 4B&, 202
BRIY# ZB3, 4A3, Bl
RUSRDY g2, 9C8, 12BS
BIISY# ZA1, 7D1
BLISY 7% 70,1101
CICLK32 ZA1,11B%
CIORD# 4011, 7E1
kM 60,1103

CLAST 3A1, 9B&

CLK1A 2A1,11A8

CLK1&3 2A1, 9BE,13A8, 1308

CLK3Z2 2A1,13A8

CLETD* 3A1, 4AZ

CMD# 3B3, 4A3, 9B1,11A3

CRDY#* 2Re, 1101

CX14% 3A1, 9B8

D-C 2B1, 3Dz, 4AE,13A%

DAEN# 4B1, 5SE3, 80

DAEN1 4R2, SBi

DAEN2# 4B1, SA8

DAK#<{7:0> SD1,12A8,12C8

DCLK SD38, D38, 8C8, 9D1

DCLK# 8R8, 9D1, 10A8

DCMD# 3A1, 4B8

DIRRD# 3B1, 4C8

DMA 4D1, 5SB1,12B8

DMA# SR1, 7D8

DMAS1 # 5C8, 7B1

DMASZ* SA8, 7A1

DMRDC# SC3, 308

DRDY SD&, 8Di

DRER 5A3, 8Cs

DRRO SCg, 12A8

DR1 5C8,12C8

DRQ2 SBE, 12C8

DRQR3 SBS, 12C8

DR@S 5A2, 12A8

DRR& S5A8, 12A8



EHITIM  4A1, 7D8

EIOCHK 4A1, 7C8

ERR386*  2A1,11A1

ERROR#* 7D8, 11D1

GRAB* SBS, S5DS, 12A8

HAKDMA 5A2, 8B1

HITIM 6A1, 7C1

HITIM#* 6D1, 708

HLDA 2A1, 3C8, 8BS

HOLD 2A1, 3C8

HRQCP 2B8, 8Ct

INT 2A8, 6D1

INT1S* 6C8, 7B1

INT2S* 6B8, 7A1

INTA# 3B1, 6D8, 7B8S

1016% 3A8, 4B8, 12A8

10CHK* 7C8, 1288

1I0D<7:0>  4D1, 5D1, 6C8, 7A8, 7C8, 10B1
I0ERR 6A1, 7C1

I0RC# 4A1, 8D1,12B8

10WC* 4A1, 8D1, 9A3,10A1,12B8
TOWCX* 4B8, 9A1

IR®10 B8, 12A8

IRQ11 6BS, 12A8

IRG12 6BS, 12A8

IRQ13 6BS, 7D1

IRQ14 6B8, 12A8

IRQ1S 6C8, 12A8

IRQ3 6D8,12C8

IRQ4 6D8, 12C8

IRGS 6D8, 12C8

TRG& 602, 12C8

IRQ7 6D8,12C8

IR@8 6B8, 7A1

IRQY 6B8, 128

KAZ0# 10A1

KEYCS#* 6C8, 7C1,10A8

KEYWR* 6C8, 10A1

KRS 6B1

LAC23:17> 2C1, 3C1, SB1,10A8,12B8
LD-C 3D1, 3C8, 4BS

LM-10 3D1, 3C8, 4BS, 9BS
LM16* 3A8, 4B1

LNCP3 4a1,11C8

LOWA20 2C1, &C1,10A1,13A8
LOWEN®* 4BS, 10B8

LW-R 3D1, 3C8, 4BS

M-10 2B1, 3D8, 4AS,11B8,13A8
M16* 4BS, 9AS,10A8,12A8
M32% 3BS, 4A8,10A8, 13A8
MHLDA 4A1,13A3

MRDC# 3C8, 4A1, BA1, 8DI,10A8,12A8
MRDY* 2B8, 13A8

MWTC# 3C2, 4A1, 8D1,12A8
MYCYC# 4A1, 9B3

N10 6B1

N9 6B1

NA* 2A1

NAB#* 208, 4A1

NAMs* -2C8, 13A8

NC 6C1, 7C1, 7D1, 7D1, 7B8, 8B1, 9A1,10A1,10A1,10A1,12C1,12C1

NCPIN#* 6D1, 7D8



NOWS* 9C8, 1288

osc 7A1, 12B8

0SC32# 7A3

PA31 2D1, 3D2, 4AS,11B8, 13A8
PA<23:2>  2B1, 3D8,11B8,13C8
PAGES* 508, 7B1

PARIT* 708, 13A8

PBRD#* ¢AS, 7B1

PBWR# 6A3, 7B1

PCLK# 6Ce, 7A1

PDC31:0>  2D8, 4D8,11C8,13C8
PEREG! 2D&, 11D1

PWGOOD 7A3, 13D1

RDETEC 6A1, 8A1

READY# 2A1, 70,1188

REFCK 6A1, 7B3, 8BS

REFEN3 BA1, 908

REFRS 6012, 8A1

REFKRS# 4BS, SDS, SA1,10AS,12C8
RESZE7 701, 1106

RESCF 2B3, 7B3, 8C1

RESLCF a1

RESCPU%  2A1,11B8

RESDRV ShE, 1205, 1301

RRL 8AZ

RST# 3AS, GAS, 7C2, 8C8, 9BE, 10AE, 11A8,13D1,13A3
RSTAR¥ bC1, 308

SAC15:0>  3C1, SBL, 7D8, $Ci,10D8, 1208
SOK15:0>  4C1,10C1, 12A8, 12D8

SHTD# 4A1, BC2

SLOWH# 4D1, 8C8

SMRIIC * 4R1, 12B2

SMWTC#* 4B1,12BS

T-C 501, 1208

700 3A3, A1

T10 202, 9A1

TIM15% sCR, 701

TIMZS# 60, 704

TIMCLK bDE, 7A1

TMLD 781

T5T1 2R3, 4A3

TETE 4AE:

W-R 2BY, 305, 4AS,11B8,13A8
WDEN# 3B3, 9B1

XA<8: O 4B1, SC1, 4C8, 7DS, 10A8,11C8
X TORC# SC8, 4C8, 7BS, 8DS,11C8
X IOWC:# 5Ce, 4C8, 7BS, 8DS,11C8
XMWTC* SCS, 8D8

1032 2A8

10K 16% 201, 4A8

705221 7AS
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PAC31:2>  2B1, 3C8

PARCK 2B1, 3A1
PARIT# 2A1, 4A1
PARRD#* 3A1, 4A8
PARWR* 2D3, 3A1, 4B8
RASOA# 4C1, 5C8, 4C8
RASOB#* 4C1, 7C8, 8C8
RAS1A* 4C1, SBS, &BS
RAS1B#* 4C1, 7B3, ©BS
RFSH#* 2A1, 3A8, 9BS
ROM#* 3B8, 4A1

RSO# 3A1, 4C8

RS1% 3B1, 4C8

RST* 2A1, 4B8

SWM* 3A8, 4D1

TST 4p8

T3TO 4a1, 908
TST1% 2D8, 3B1, 4D1
TST2# 3D3, 4D1

W-R 2A1, 4D2

WEO* 3A1, SD8

WPRT# 3A1, 4A1
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Item Gty Part Number Description Ref Des
A e e 5 e e e e S e 0 e e S T i e
16 1 101262-001 XTAL, MINTR, 32.768KHz Y 2
42 1 100144-002 IC, PRGML INTRPT CONTR,.8259-2 U 1
42 1 100144-002 IC, PRGML INTRPT CONTR..8259-2 U 2
100 1 100129-001 IC, OCT BUS XCVR.......74LS245 U 3
99 1 100091-001 1C, OCT BFR/L DRVR..... 7415244 U 4
101 1 1014653-001 IC, CNTR.vesenesasseas <+ 74LS590 U S
34 1 100195-005 XTAL, OSCR, 14.31818mHZ u &
51 1 1014637-001 IC, DL D-TYPE F/F......74ALS74 U 7 AB
100 1 100129-001 IC, OCT BUS XCVRueeunsn 74L.S245 U 3
54 1 101433-001 IC, OCT D-TYPE LCH....74ALSS72 u 2
100 1 100129-001 IC, OCT BUS XCVR...w... 74L5245 U 10
5 1 1014633-001 IC, OCT D-TYPE LCH....74ALZ3573 u 11
105 1 100079-002 SCKT, IC,LO FPF,28P,.4&00 u 12
105 1 100079-003 SCKT, IC,L0D PF,23F,.4600 U 13 S
£1 1 102322-001 ASSY, EFROM, MEM #2 [EVEN] u 13
105 1 100079-00% SCET, I€,L0 PF,28F, .4600 U 14
105 1 100079-003 SCKT, IC,L0 FF,2E8P,.4&00 u 15 S
62 1 108227-001 ASSY, EFROM,MEM #1 [ODD] U 15
52 1 102605-001 IC, 4-BIT BIN CNTR....74ALS143 U 16
100 1 100129-001 IC, OCT BUS XCVR.......74L35243 U 17
100 1 100129-001 IC, OCT BUS XCVR.. ... 74L.5245 U 18
54 1 101633-001 IC, OCT D-TYPE LCH....74ALS573 U 19
100 1 100129-001 IC, OCT BUS XCVR.......74LS245 U 20
~ 54 1 1014633-001 IC, OCT D-TYPE LCH....74ALS573 ] 21
40 1 100147-001 IC, DMA CONTR...eecvunnens 8237 U 22
40 1 100147-001 IC, DMA CONTR...uvesssaesa8237 U 23
54 1 101632-001 IC, OCT D-TYPE LCH....74ALS373 U 24
54 1 1014633-001 IC, OCT D-TYPE LCH....74AL3573 \J 2
A 100091-001 IC, OCT BFR/L DRVR.....74L5Z44 (i 26
100 1 100129-001 IC, OCT BUS XCVR....... 7415245 i 27
9z 1 1054672-001 I, R0 BUS XCVR...owuwes 74L.5242 il 25
2z 1 103135-001 A3SY, IC,FAL,D4-SROMA....156L8A u 29
102 1 101&47-001 IC, MEM MAPPER......... 74L5612 u z0
501 103394-001 ASSY, IC,PAL,D4-SCMDD....16LS3R u 31
&7 1 1082946-001 ASSY, 1C,PAL,D4-SDEND....16L8A u 32
100 1 100122-001 IC, OCT BUS XCVR....... 7415245 U 33
54 1 101633-001 IC, OCT D-TYPE LCH....74ALS372 u 4
54 1 1014633-001 IC, OCT D-TYPE LCH....78ALS572 U 39
36 1 103044-001 XTAL, QSCR,24.000mHz,CMOS U 26
9¢ 1 100021-001 IC, OCT BFR/L DRVR..... 7415244 1J 37 AB
[ SCHED 1054645-001 Assy, Ic,PAL,D4-SADI.....16LEB U 38
4 1 101632-001 IC, QCT D-TYPE LCH....74ALS573 U 39
@7 1 100091-001 IC, DOCT BFR/L DRVR..... 7415244 U 40
3 B 100071-001 10, OCT BFR/L DRVR.....74LE244 U 41
106 1 100077-00% SCKT, IC,LO FF,4GF, . 400 u 47
Q0 1 108222-001 IC, DL J(K) F/Fauunanns e s 74HC107 U 43 AB
41 1 1015%2-001 IC, FRGML INTVL TIMER.....8234 U 44
41 1 101592-001 IC, PRGML INTVL TIMER..... 3254 U 45
- 102275-001 AScsY, IC,PAL,D4-SCPYD. ... 16LEA U 44
25 1 100131-001 IC, 20 GATED BFR....... 7412125 U 47 ARBCD
T | 1001%1-001 IC, QD GATED BFR....... 74LE125 U 42 ABRCD
=7 | 100135-001 Iz, 3-2 L DCDR/DMUXR...74LS133 U 49
97 1 100151-001 I1¢, o0 D-TYPE F/F...... 74LS17S u S0
g9 1 100091-001 Iz, 0OCT BFR/L DRVR.....74LS244 U 51
70 1 105657-001 ASSY, IC,PAL,D4-SNCFP.....16LEA U 52
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101425-001
101422-001
10146246-001
108219-001
105221-001
10£83593-001
1014329-001
108298-001
1014Z7-001
100YE2-001

e

1005
1014627-001
101 L7000,
101427-001
101152-001
101154-001
102222-001
106145-001
10SA74-002
101ALL-001
100077-012
102720-004

=001

100527-001

101427-001
100527-001
100527-001
106527-001
100195-013
101647-001
108340-001
1014654-001
101156-001
101457-001
102361-001
1014£21-001
100123-001

-

s
10QZ00-002
100200-010
100DZ01-001
100201-001
100Z01-001
100OZ01-00%
10002 2-020
100192-023
100192-002

DATE: 12-22-1984 PAGE: 2
Description Ref Des
IC, @D 2-INF AND GATE..74ALS08 U 3 ABCD
1T, @D 2-INF NAND GATE.74ALS00 U 54 ABCD .
IC, HEX INV.....2vo.e..74ALS04 U 5SS ABCDEF
A33Y, IC,PAL,D4-STATB....20RBA U Sé
1C, OCT D-TYPE F/F....74ALS273 u s7
ASSY, 1C,FAL,D4-SADOD..,.20R4A u sz
1C, 6D 2-1 D SEL/MUXR...74F237 u 359
SCET, 1C,42 FPIN FPGA A0
IC, DL D-TYFE F/F......78AL574 u 61 AB
TS, AND-OR-INVERT GATE..74L=%1 I L2 AR
IC, oL D-TYFE F/F...... T4ALET 4 b6z AR
ASEY, IC,FAL,DM-ZRFI. ... 16LCA u &4
10, OO D-TYFE F/F.......78F175 voes ABCD
1C, @D Z-INF NAND GATE. 74ALZ00 U ks ARCD
10, DL D-TYPE F/F..... L TAALET A L &7 AR
anzy, 1G,FAL, D4-SMILOL .., 1&RED sz
IC, DL D=-TYPE F/Fo..enons TAF7 4 1 X AR
I, DL D-TYFE F/F...... 74AL=74 1 70 AB
IC, @00 NAND GATE. . .oaww .. 74F 00 I 7 ABCD
IC, DL O-TYFE F/F.....s 74ALE74 7z AR
IC, QD Z-INF AND GATE....74F0% u 73 ABCD
1C, QD D-TYFE F/F.......74F175 u 74 ABCD
IC, QD GATED BFR.......74HC1Z3 U 75 ABCD
SCKT, IC,132 PIN,PGA U 74 S
IC, 22-BIT MICROPRCSR.S80386-16 u 7
1C, REAL TIME CLK..... MC144818 u 77
SCET, 1G,L0 PF,40P, . 600U, CLR il 78 S
ASSY, IC,KYBDN INTFC-M U 7s
1C, DL D-TYPE F/F........74F74 7% AB
ZPARE IC LOCATION 14 FIN u 80
IC, DL D-TYPE F/F......74ALS74 u 81 AB
IC, DL D-TYFE F/F........74F74 u 2 AB
IC, DL D-TYPE F/F........74F74 U 83 AB
1C, DL D-TYFE F/F........74F74 U ¢4 AR
XTAL, O35CR,32mHz U 85
IC, HEX INVi.eeunnoonnse.. 8069 u 86 ABCDEF
ASSY, 1C,PAL,D4-SKEY.....16R4A U 87
IC, @D 2-INP NOR GATE..74ALS02 U g8 ABCD
IC, @D D-TYPE F/F.......74F175 u 89 ABCD
IC, DL D-TYPE F/F......74ALS74 u 90 AB
IC, HEX BFR,OPEN COL.74ALS1035 u 9 ABCDEF
IC, TPL S~INP AND GATE...74F1l U 2 ABC
1, DL PRFHL NAND DRVR...75477 ] 3
W, REC RER DIF,=FOS g 1
RNET, 3.2K OHM,6FIN SIF,3RES RF 1
RNET, 300 OHM,& PIN SIP,SRES RP Z
RNET, &.2K 0OHM,10 PIN 5IF,YRES RF 3
RNET, &.2K OHM,10 PIN SIF,9RES RP 4
RNET, 3.2K CHM,10 PIN SIF,9RES RF 3
RNET, &.2t 0OHM,10 PIN SIF,%RES RF & FG
RNET, ZOK OHM, 10 PIN SIF,7RES RFP 7
RES, 2.2K OHM,1/4W,5%,CF RP & ARCDEFG
RES, Z.37K OHM,1/4W, 1% ,MF R 1
RES, 2.48K OHM, 1/4W, 1%, MF R 2
RES, 270 0HM,1/4W,5%,CF R 3

100023-034
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Item Oty Part Number Description Ref Des
= 1 100083-019 RES, 30 (HM,1/4W,S%,CF R 4
L | 100033-024 RES, 1K OHM,1/4W, 5%, CF R S
& 1 100083-022 RES, 4.7K OHM, 1/4W, 5%, CF R 6
25 1 1000:33-044 RES, 340 OHM,1/4W,5%,CF R 7
S 1 100022-019 RES, 30 OHM, 1/4W,5%,CF R 8
21 1 100033-012 RES, 100 OHM,1/4W, S%,CF R 9
2z 1 100083-056 RES, 160 OHM,1/4W,5%,CF R 10
22 1 100033-054 RES, 130 OHM,1/4W,5%,CF R 11
S 1 100023-02¢ RES, 1K OHM,1/4W,5%,CF R 12
22 1 1000233-054 REZ, 120 0OHM,1/4W,Z%,CF R 13
1201 1000830079 RES, ZOK OHM,1/4W,S%,CF R 14
7 1 100033-0Z0 RES, 8.2K OHM,1/4W,S%,CF R 15
5 1 100082024 RES, 1K 0OHM,1/4W,5%,CF R 1¢&
14 1 100053-055 RES, 22MEG OHM,1/4W,5%,CF R 17
261 100052-031 RES, 470K OHM,1/4W,5%,CF R 1@
7 1 100053-020 RES, 8.2K OHM,1/4W,5%,CF R 15
S 1 100083-02¢ RES, 1K OHM,1/4W,S%,CF R 20
5 1 100083-026 RES, 1K OHM,1/4W,5%,CF R 21
7 1 100082-030 RES, 8.2K OHM,1/4W,S%,CF R 2z
12 1 100083-007 RES, 20K OHM,1/4W,5%,CF R 23
S 1 100083-026 RES, 1K OHM,1/4W,5%,CF R 24
15 1 100083-019 RES, 30 OHM,1/4W,5%,CF R 25
15 1 100083-019 RES, 30 OHM,1/4W,5%,CF R 26
6 1 10C083-032 RES, 4.7K OHM,1/4W,5%,CF R 27
& 1 100083-032 RES, 4.7K OHM,1/4W,65%,CF R 28
22 1 10C033-056 RES, 180 OHM,1/4W,S%,CF R 29
2z 1 100083-056 RES, 160 OHM,1/4W,5%,CF R 30
19 1 100033-0032 RES, 68 OHM,1/4W,5%,CF R 31
22 1 100083-059 RES, 200 OHM,1/4W,5%,CF R 32
19 1 1000E3-003 RES, &% OHM,1/4W,S%,CF R 33
12 1 100023-001 RES, 22 OHM,1/4W,5%,CF R 24
13 1 100083-001 RES, 22 OHM,1/4W,5%,CF R S
19 1 100083-003 RES, 68 OHM,1/4W, 5%,CF R 3¢
18 1 100033-020 RES, 51 OHM,1/4W,5%,CF R 37
19 1 100082-003 RES, 68 OHM,1/4W,5%,CF R -3¢
8 1 100083-008 RES, 10K OHM,1/4W,5%,CF R 39
g 1 100082-008 RES, 10K OHM,1/4W,5%,CF R 40
12 1 100033-00% RES, 20K 0OHM,1/4W,5%,CF R 41
2 1 100083-056 RES, 180 OHM,1/4W,5%,CF R 4z
3 1 100111-001 RES, O OHM R 43
20 1 100199-004 RES, 68 OHM,1/2W,5%,CC R 44
110 1 100224-001 IC, REG,SH,2%,50PPM/C......431 @ 1
45 1 000560-001 PCB, DP3E, 80238¢ SYSTEM BOARD FLB.
271 101374-001 FERRITE BEALD, W/LEAD L 1
ICH 101274-001 FERRITE BEAD, W/LEAD L 2
23 1 101374-001 FERRITE BEAD, W/LEAD L 3
gz 1 101274-001 FERRITE BEAD, W/LEAD L 4
833 1 101374-001 FERRITE EBEAD, W/LEAD L S
So 1 100224-00%3 CONN, FCB STD EDGE,40/80 o 101
g 1 100224-001 CONN, PCE STD EDGE,31/62 J 102
SIS 100224-001 CONN, PCB STD EDGE,21/62 N 103
52 1 100224-001 CONN, PCB STD EDGE,31/62 J 104
Se 1 100224-001 CONN, PCB STD EDGE,21/62 J 105
58 1 100224-001 CONN, PCB STD EDGE,31/62 J 106
a2 1

100224-001 CONN, PCE STD EDGE,31/62 J 107
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100224-001

58 1
103 1 100212-001
103 1 100218-001
103 1 100218-001
103 1 100218-001
87 1 105609-004
S 1 1054£09-002
8& 1 105409-006
104 1 10132%-001
g~ 1 105407-001
o 1 100154-004
S 1 102122-001
bl 1 100Z254-002
S 1 100224-002
57 0 100224-002
57 1 100Z224-0CT
S 1 100226-00Z2
74 1 101270-G04
76 1 101270-00G4
92 0 1000E1-001
72 0 100081-001
gz 0 100051-001
89 0 100134-010
92 0 1000321-001
9z O 1000321-001%
9z 0 100021-001
2% 0 1001246-010
29 1 100122-001
¥ 1 100192-001
2701 10012 I-001
2301 100254-001
10 1 100082-005
2 -1 100035-00%
10 1 10600&2-005
z 1 100085-009
10 1 100082-005
2 1 100085-009
10 1 100082-005
2 1 100085-009
10 1 100082-005
2 1 100085-009%
2 1 100085-009
1o 1 100022-005
z 1 100025-00%
2 1 100035-00%
z 1 100085-009
2 1 10003%5-00%
z 1 100085-00%
2 1 100025-009
2 1 100085-00%
1 1 1000385-007
10 1 100082-005
10 1 100082-005
2 1 100085-009
2 1 100085-009

CONN,

HDR,
HDR,
HDR,
HDR,
HDR,
HDK,
HDR,
HDR,
HDR,
HDR,
CONN,
CIINN,
CONN,
CIONN,
CONN,
CIONN,
FUZE,
FUZE,
JMFR,
JMFR,
JMFR,
HOR,
JMFR,
JMPR,
JMFR,
HDR,

PCB STD EDGE,31/62
PCB, 1ROW, 5POS, STR POST
PCB, 1ROW, SPOS, STR POST
PCB, 1ROW, SP0S, STR POST
PCB, 1ROW, SPOS, STR POST
{ROW, SPOS, KEY 4FP0S,STR
1ROW, 4P03,KEY 2PUS,STR
1ROW, 7POS, KEY SPOS,STR
20P0S, . 156CTR, . 0455Q POST
1ROW, KEY 2PDS, STR

PCE, 1ROW, P05, STR POST
FCE STOD EDGE, /&

FCE STD EDGE, 12/36

PCE STOD EDGE, 18/36

PCR STD EDGE, 15/34

FCB
FCE

STD EDGE, 18/ 36
57D EDGE, 15/34
SUE MINTR,S.0A, 125V
SUE MINTR,S.0A, 125V
FLR,2 FOS

PLE,Z FOS

PCE, 2 FO2

FCE, 1ROW, 9P3, TR POST
PCE,2 FOS

PCB,2 POS

PCB,2 POS

PCB, 1ROW, YF05,STR POST

DICDE, GENL PRF.........1N914B

DIODE,
DIODE,

GENL FRF...... ... 1N?14E
GENL PRF.........1NY14E

DIODE, LED,RED DIFFUSED

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

10MFD, 16V, 20%, TANTALUM
.047MFD, SOV, =20/+20%, Z5U
10MFD, 14V, 20%, TANTALUM
.047MFD, S0V, -20/+80%, Z5U
10MFD, 16V, 20%, TANTALUM
.047MFD, S0V, =20/ +807%, Z5U
10MFD, 16V, 20%, TANTALUM
.047MFD, 50V, -20/+80%, ZSU
10MFD, 16V, 20%, TANTALUM

. 047MFD, SOV, =20/+80%, Z5U
. 047MFD, SOV, -20/+£0%, Z5U
10MFD, 146V, 20%, TANTALLM
LO47MFD, S0V, —20/+50%, 250
.047MFD, SOV, —20/+80%, 25\
.047MFD, SOV, -20/+80%, Z5U
.047MFD, 50V, —20/+807%, Z5U
. 047MFD, SOV, ~20/+&07%, 25U
.047MFD, SOV, —20/+80%, Z5U
.047MFD, SOV, ~20/+80%, Z5U
.001MFD, SOV, 20%, X7R
10MFD, 14V, 20%, TANTALUM
10MFD, 16V, 20%, TANTALUM
.047MFD, S0V, -20/+80%, Z5U
.047MFD, S0V, —20/+&0%, Z5U

12-22-1986
Ref Des

J 108
J 109
J 110
J 111
J 112
J 113
J 115
J 116
J 117
J 112
n 11%
J 121
J 123
J 124
J 25
J 12¢&
N 127
F 1
F 2
ER 1-2
ER 1-2
ER 1-1
ER 1
ER 2-3
ER 2-2
ER 2-1
ER 2
CR 1
CR 2
CR 3
CR 4
C 1
-C 2
C 3
C 4
C S
C 6
C 7
C 8
C 2
C 10
C 11
I 12
C 12
C 14
C 15
C 16
C 17
C 12
C 19
C 20
C 21
c 22
C 22
C 24
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100085-009
100085-009
100085-009
100085-009
100085-009
100085-009
100085-00%
100085-009
100085-00%
100085-009
100025-002
100035-00%
100025-00%
100085-00%
100085-00%
100025--002
100085-007
100035-00%
10008Z2-005
100035-00%
100085-002
100035-009
1000E5-009
100035-009
1000&5-00%
100025-007
100025~-00%
100025-007

100025-00%
1000&2-005
1000285-00%
100085-00%
100035-024
100025-009
100032-005
100085-00%
100085-00%
100085-00%
10008%-00%

o

~

<
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Cop

100035-00%
10005 =007

100085-00
100035-00%
100025-007

el SR S SN SR SR S U B
e e S L T S

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

.047MFD, 50V, -20/+807%, Z5U
. 047MFD, 50V, -20/+80%, 25U
.047MFD, SOV, ~20/+80%, 25U
.047MFD, S0V, -20/+80%, 25U
.047MFD, S0V, —~20/+80%, Z5U
.087MFD, SOV, -20/+80%, Z5U
.047MFD, SOV, ~20/+80%, 25U
.047MFD, S0V, -20/+80%, 25U
.047MFD, 50V, ~20/+80%, 25U
.087MFD, SOV, ~20/+50%, ZSU
.047MFD, SOV, -20/+80%, Z5U
.047MFD, SOV, —~20/+30%, 75U
LOA7MFD, SOV, -20/+20%, Z5U
.047MFD, 50V, -20/+20%, Z5U
.D87MFD, SOV, -~20/+80%, ZS5U
. OA7MFD, SOV, -20/+30%, 251
L O47MFI, SOV, —20/+807%, I5U
L O47MFD, SOV, -20/+30%, 25U
10MFD, 146V, 20%, TANTALUM
.047MFD, S0V, -20/+30%, Z51
L047MFD, S0V, -20/+807%, ZSU
.047MFD, SOV, =20/+30%, Z5U
.047MFD, S0V, =20/ +80%, 75U
.047MFI, SOV, -20/+807%, Z5U
.047MFD, SOV, -20/+80%, 25U
.001MFD, 50V, 20%, X7R
.GA7MFD, SOV, —20/+80%, 75U
.087MFD, SOV, =20/ +80%, ISU
LOBTMFD, SOV, ~20/+80%, ISU
LO47MED, S0V, —20/+30%, 75U
LOB7MFD, SOV, —20/+30%, 751
L087MFDI, SOV, =20/ +30%, Z5U
10MFD, 16V, Z0%, TANTALUM
CAP, .047MFD,S0V,-20/+30%, 25U
CAP, .047MFD,S0V,~20/+80%, I5U
CAP, 47FF,50V,10%,COG

CAP, .047MFD,SO0V,~-20/+80%, 25U
CAP, 10MFD, 16V,20%, TANTALUM
CAP, .047MFD,S0V,-20/+80%, Z5U
CAP, .047MFD,50V,-20/+80%, 25U
CAFP, .047MFD, S0V, -20/+80%, 25U
CAP, .047MFD,S0V,~20/+30%, Z5U
CAF, L047MFD, SOV, —20/+80%, 25U
CAF, LO47MFD, SOV, -20/+20%, 750
CAR, 1OMFD, 14V, 20%, TANTALLM
CAP, .047MFD, S0V, -20/+230%, Z5U
CAF, .O047MFD, S0V, ~20/+£0%, 25U
CAF, .047MFD, S0V, -20/+307%, 75U
CAF, .047MFD, S0V, -20/+80%, 25U
CAF, L047MFD, S0V, —-20/+307%, Z5U
CAF, 10MFD, 14V, 20%, TANTALUM
CAF, .087MFD, S0V, -20/+30%, 75U
CAF, .087MFD,S0V,-20/+80%, 25U
CAF, .047MFD, S0V, -20/+80%, Z5U
CAF, .00IMFD, S0V, 20%, X7R
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D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X s *
Item Qty Part Number Description Ref Des
e T T
2 1 100085-009 CAP, .047MFD,S0V,-20/+80%,15U C 80
2 1 100085-002 CAP, .047MFD,SOV,-20/+80%, 15U c 8t
2 1 100085-009 CAF, .047MFD,S0V,-20/+480%,25U cC 82
2 1 100085-009 CAP, .047MFD,S0V,-20/+80%, 25U c 83
) 2 1 100085-009 CAP, .047MFD,S0V,-20/+30%,2Z35U cC 84
2 1 100085-009 CAP, .047MFD,S50V,-20/+80%,Z5U c 85
] 10 1 100032-005 CAP, 10MFD,16V,20%, TANTALUM cC 86
) 2 1 100085-009 CAP, .047MFD,SO0V,-20/+80%, 25U c 87
2 1 100085-009 CAP, .047MFD,SO0V,-20/+80%,Z3U cC 88
2 1 100025-009 CAP, .047MFD,50V,-20/+80%, 25U Cc g9
( 2 1 100035-00% CAP, .0DA47MFD,50V,-20/+80%,25U c 920
2 1 100085-009 CAP, .047MFD,50V,-20/+80%, 25U c 91
b p 1 100035-00% CAF, .047MFL,S0V,-20/+30%,25U c 92
2 1 1000&5-009 CAP, .047MFD,S0OV,-20/+80%,Z5U c 93
1 1 100085-007 CAP, .OOIMFD, SOV, 20%, X7R C 94
z 1 1000285-00% CAF, JO47MFD,S0V,-Z0/+807%, Z3U co 95
1 1 100035-007 CAF, .OO01MFD, S50V, 20%, X7R C Es
1 1 100025-007 CAF, .001MFD,50V,20%, X7R L 27
2 1 1000325-007 CAF, .O047MFD,SOV,-Z0/+30%, Z3U B 72
2 1 100085-00% CAF, .047MFD,S0V,-20/+80%, 75U c 99
9 1 1000385-013 CAP, 10PF,S0V,10%,C00 C 100
2 1 100025-009 CAF, .047MFD,S0V,-20/+207%, 75U C 101
2 1 100035-009 CAP, .047MFD,S0V,-20/+80%, 25U c 102
2 1 100085-009 CAP, .047MFD,S5S0V,-20/+80%, 725U C 102
2 1 100035-009 CAP, ,047MFD,50V,-20/+80%, Z5U C 104
2 1 100085-007 CAF, .O047MFD, S0V, ~20/+20%, ISU C 105
Z 1 100085-009 CAP, .O47MFD,SO0V,-20/+80%, Z5U Coo106
2 1 100085-009 CAF, .OA7MFD,SO0V,-20/+50%, 75U o107
1 1 150035-007 CAF, LOOLMFD, S0V, 20%, X7R [ PRSICS
Z 1 100025-007 CAF, LO47MFD, SOV, 20/ +20%, Z3L L 16%
2 1 150025-00% CAF, LO47MFD, S0V, -20/+30%, 235U [ 110
1 1 1000&5-007 CAF, .O0O0LMFD,S0V,20%,X7R C 111
2 1 10002%-00% CAP, . 047MFD, 50V, -20/+307%, 235U C 112
10 1 100022-00% CAF, 10MFD, 16V, 20%, TANTALLM Coo113
17 1 100025-024 CAF, 47PF,50V,10%,C00 C 114
17 1 100025-024 CAP, 47FF,S0V,10%,C06 c 115
Z 1 100025-00& CAP, .OIMFD,S0V,20%, 735U C 116
11 1 100025~-014 CAF, 18PF,S0V,10%, 000 [ 117
4 1 10:3242-001 CAFP, . OSMFL, DECOUPLING, FISA/LCC c 118
4 1 102242-001 CAF, . OSMFII, DECOUPLING, PGA/LCC C 119
Tatal parte = 204  Total holes = 2317
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Item Qty Part Number Description
o Hen Sy fuk ke Heserd e L RefDes
1 8 100085-007 CAP, .001MFD,S0V,20%, X7R £20,50,79,94,96,97,
108,111 ,
2 88 100085-009 CAP, .O47MFD,5S0V, -20/+80%, 25U €2,4,6,8,10,11,13-
19,23-42,44-49 51—
9 S&,58,59,61,63-68,
70-74,76-78,80-85,
) 87-93,95,98,99,101-
107,109,110,112
3 1 100111-001 RES, O OHM R43
) 4 2  108242-001 CAP, .O0SMFD,DECOLIPLING,FPGA/LCE C112, 119
5 4 100083-026 RES, 1K OHM,1/4W,S%,CF RS, 12,16,20,21,24
& 3 100083-03Z RES, 4.7K OHM,1/4W,S%,CF Ré&, 27,28
\ 7 4 100053-030 RES, £.2K OHM,1/4W, 5%, CF R1S,17,2%,%
i g 2 100082-008 RES, 10K OHM,1/4W,5%,CF R39, 40
g 2 1 100085-013 CAF, 10PF,S0V, 10%, 006 £100
10 15 100622-005 CAP, 10MFL, 16V, 20%, TANTALLM €1,2,5,7,9,12, 21,
ﬂ 22, 83,57, L2, 67,75,
p 86,113
r 11 1 100035-014 CAF, 1ZPF,S50V, 10%,C00 C117
1 12 2 100083-009 RES, 20K OHM,1/4W,S%,CF R14,23, 41
E 13 2 100033-001 RES, 22 OHM,1/4W,5%,CF R34,35
| 14 1 100083-0€5 RES, 22MEG OHM,1/4W,S%,CF R17
¢ 15 4  100083-019 RES, 30 OHM,1/4W,5%,CF R4,8,25,26
L M 16 1 101262-001 XTAL, MINTR,32.768KHz Y2
' 17 3 100085-024 CAP, 47PF,S0V,10%,C0G C60,114,115
! 12 1 100083-020 RES, S1 OHM,1/4W,5%,CF R37
i 19 4  100023-003 RES, 65 OHM,1/4W,5%,CF R21,33, 36, 38
@ 20 1 100199-004 RES, 62 OHM,1/2W,5%,CC R44
) 21 1 100023-012 REZ, 100 OHM,1/4W,S%,CF R
! 72 & 100023-05& REZ, 160 OHM,1/4W,S%,CF R10,11,13,2%, 30,42
i 23 1 100033-05% RES, 200 OHM,1/4W,5%,CF R32
‘ 24 1 100023-034 RES, 270 OHM,1/4W,5%,CF R3
? 25 1 100083-044 RES, 340 OHM,1/4W,5%,CF  R7
| 26 1 100083-051 RES, 470K OHM,1/4W,5%,CF K18
! 27 1 101374-001 FERRITE BEAD, W/LEAD L1
| 22 1 100085-00& CAP, .O1MFD,SO0V,20%,ZSU C11&
29 3 100192-001 DIODE, GENL PRP.........1N914B CR1-3
20 1 100198-023 RES, 2.87K OHM, 1/4W,1%,MF R1
31 1 100198-002 RES, 3.45K OHM,1/4W,1%,MF RZ
32 1 100200-002 RNET, 8.2K OHM,&4PIN SIP,SRES RP1
3 4 100201-001 RNET, 8.2K OHM,10 PIN SIP,9RES RP3—6
24 1 100195-005 XTAL, OSCR,14.31€18mHZ Ué
IS 01 100201-00% RNET, ZOK OHM,10 FIN SIF,9RES RF'7
IETN | 10SGAA-OG] YTAL, DZCR, 24, 000mHz, MO T
27 1 100195-013 XTAL, DSCR,3ZmHz uss
z2 1 100200-010 RNET, 300 OHM,& FIN SIP,SRES RFZ
3% 1 101447-001 IC, HEX INViueuwenonnss ... 8069 36
40 2 100147-001 10, DMA CONTR. eeeeennnnnne £25 U2z, 23
M 41 Z  101592-001 IC, PRGML INTVL TIMER..... 5254 U44, 45
| 42 T 100144-002 IC, PRGML INTRFT CONTR..S§259-2 Ui, 2
[ 4% 1 100181-001 IC, DL PRFHL NAND DRVR...75477 U»3
| 43 1 105674-002 1C, 22-BIT MICROPRCSR.20384-16 U74



LIST OF MATERIALS REPORT
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. D4 MOTHER -BOARD SCHEMATIC Drawing No: 000559-000 Rev: X '
Item Qty Part Number Description Ref Des
45 1 000560-001 PCB, DP3E, 80336 SYSTEM BOARD PCB.
44 1 101444-001 IC, REAL TIME CLK.....MCl144818 u77
47 2 101632-001 IC, @D 2-INP NAND GATE.74ALS00 US4, 66
48 1 101456-001 IC, @D 2-INP NOR GATE..74ALS02 use
49 1 101434-001 IC, HEX INV...seeseae.-74ALS04 uss
S0 1 101626-001 IC, Q0D 2-INFP AND GATE..74ALS0S us3
S e 101637-001 IC, DL D-TYPE F/F......74ALS74 U7,61,683,67,70,72,
81,90
52 1 10260g 001 IC, 4-BIT BIN CNTR....784ALS5163 U16
Sz 01 ¢ 1%, 0cT D-TYFE F/F....74ALZZ72 157
= o 1, OCT D-TYPE LCH....74ALS373 U ,11,19,21,24 25,
34,:=,°°
TS I, HEX EFR,OFENM COL.74ALZ1035 U1
T CONN, FCER STD EDGE,3/6 JIZI
=7 & CONN, FPOE STOD EDGE, 12/35 125,124, (J129),
)/ 1"7
s 7 NN, FOE STD EDGE, 31742 JlD;—iue
7 1 CONN, PCE STDOEDGE, 40/20 J101
LD ASEY, 10, KYBD INTFC-M U7z
1L AZSY, EFROM, MEM #2 [EVENI U1s
&1 A53Y, EFRCM,MEM #1 [0ODD] U1s
& 1 10“#49-)n1 3] 1C,PAL,D4-SADI. . ... 146LEB uaa
4 1 102393-001 ASZY, IC,PAL,D4-SADOD....Z20R4A usa
&5 1 10233294-001 ASSY, IC,PAL,D4-SCMDD....16LSB 21
Y g AScyY, 10,PAL,DA-SCPYD....14L5A 1144
7 1 Assy, 1C,PAL,D4-ZDEND....146LEA uaz
VA= I, PAL,D4-5KEY. . ... 14R4A us7
a7 10, FAL, D4-2M3CD. . . . 14RAC es
T ‘t,FhL DA-—-ZNCF. ... LALEA sz
2 i IL,rHL,[»—r~rI ..... 16L2A Litg
—x o PAL, DA-SROMA. ... LELEA e
75001 SE IF JPAL, D3-STATE. ... < ZOREA use
74 1 «FARE IC LUEA ION 14 FIN 1120
75 1 100275-001 SW, REC RER DIF,SFOS SWl
7 2 101270-004 FUSE, SiiB MINTR,S.0A, 125 F1,2
77 1 101170-001 IC, OD NAND GATE.........74F00 u71
201 101152-001 IC, @0 2-INF AND GATE....74F08 u7z3a
731 101AZ2-001 1Z, TPL S-INF AND uATE. L74F 11 oz
200 5 100527-001 IC, DL D-TYPE F/F........74F74 U6%9,79,82-34
21 @ 1011 = Onl 1C, QO D-TYFE F/F....... 74F17% Uuss, 74,87
sz : IC, G0 2-1 D SEL/MUXR...74F257 us?
e 4 FERRITE BEARD, W/LEAD L2-5
i RO, PEE,lﬁju,:PDF STR RS 4119
2 Hof, RO, EY L Uil
T HER, 1RDW, EFu_,iE‘ TR 113
N HOR, Lie, TROS KEY SRS STH Jith
EE & HDE O FLE, DR 0%, ETR BOET (ERLY, (ERZ)
Tl | 0, DL KD F/Faeeeean. 74HC109 U4z
Y1k T, @l GATED BRFR. ... TAHLIZE 175
P R, FLE,E POE (ER1-1), (ER1-2),

(ER1-2), (ERZ-1)
(ER2-2), (ER2-3)
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Item Gty Part Number Description Ref Des
22 1 100254-001 DIODE, LED,RED DIFFUZED CR4
74 1 100122-001 IC, AND-OR-INVERT GATE..74L%S us2
S 2 100131-001 I, @0 GATED BFR.......74LS125 U47,48
o6 1 100135-001 IC, -2 L DCDR/DMUXR...74L%138 u49
27 1 100151-001 IC, QD O-TYPE F/F......74LS17S us
A= 105672-001 1€, @D BUS XCVR........74LS2423 u28
99 & 100071-001 IZ, OCT BFR/L DRVR.....74LS244 U4,24,37,40,41,51
100 & 100129-001 10, OCT BUS XCVR.......78LS243 U3,8,10,17,18, 20,
27,33
1 IC, CNTR....eues anmws e I3LSS520 us
1 IC, MEM MAFFER......... 7418412 uzo
4 HOR, FCE,1ROW,SPQ3S,5TR POST J107-112
! HOR, 20F0S, . 1S6CTR, 0455 FOST J117
4 SCET, IC,L0 PF,2EF, . 600 U1z-1%
1 10G0079-00 SCET, 1C,L0 FF,40F, . 600 uaz
O 100079-01% SCET, 1C,L0 FF, 40P, .600W, CLR u7a
1 102 IPE-001 SCKT, IC,468 FIN FGA Uéo
{ 1046143-001 SCKT, IC,132 PIN,PGA u76
1121 10C226-001 10, REG,SH, 2%, SOFFM/Ca.. .. 431 (51

Tatal parts = 306 Total holes = 3317
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Ref Des
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1 89 101240-001 CAP, .1MFD,SOV,20%,AXIAL,CER M C1-10,12,14-16,18,

20,22-94

2 12 100032-005 CAP, 10MFD, 16V, 20%, TANTALUM C11,13,17,19,21,95-
101

3 1 100033-022 RE3, 150 DHM,1/4W,5%,CF R1

4 1 100033-034 RES, 270 DHM,1/4W,S5%,CF R2

S 4 100201-005 RNET, 4.7K 10 PIN SIP 9RES RPS, 7-9
6 1 100201-001 RNET, 8.2K OHM,10 PIN SIP,9RES RP&

7 4 100203-001 RNET, 33 OHM, 16PIN DIP,8RES 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, QD 2-INP AND GATE..74ALS08 u1o

12 2 101637-001 IC, DL D-TYPE F/F......74ALS74 ui,s

13 2 101633-001 IC, OCT D-TYPE LCH....74ALSS573 U6, 14

14 1 108352-001 ASSY, IC,PAL,D4-RCTLA....16R8C us

15 1 102053-001 AsSY, IC,PAL,D4A-RM32..... 16L8C u7

16 1 103054-001 AS5Y, IC,PAL,D4-RRAS..... 16L8B 1J18

17 1 101170-001 IC, 2D NAND GATE........ . 74F00 u2s

13 1 101214-001 IC, HEX INV...... TELIaT . 74F04 19

19 3 101157-001 1C, @D 2-INP DR GATE..... 74F32 us, 19,24
20 1 100527-001 IC, DL D-TYPE F/F........74F74 Uz

21 3 101640-001 IC, QD 2-1 D SEL/MUXR...74F138 uU15-17
22 1 101156-001 IC, QD D-TYPE F/F.......74F173 U21

23 2 108024-001 IC, OCTAL EQUAL CMP.....74F521 us, 13
24 2 108023-001 1C, OCTAL LATCH.........74F573 Ui1,12
25 4 108015-001 1C, OCTAL PARITY XCVR...78F637 U264, 28-30
26 1 1001846-010 HDR, PCB, 1ROW,9P0S,STR POST E123

27 2 108010-001 HDR, PCB,2ROW,40P0S,STR, BKAWY J301,302
28 3 100021-001 JMPR, PCB,2 POS E1-3

29 1 101137-001 IC, 4-INP NAND GATE.....74L520 yz0

30 1 100091-001 IC, OCT BFR/L DRVR..... 74L5244 u27

31 1 PCB GOLD FINGERS P10l

32 3 100079-003 SCKT, IC,LO PF,16P,.300 1J67-102
Total parts = 222 Total holes = 2109



LIST OF MATERIALS REFORT

DATE: 01-06-1987
D4 PAGE DRAM BOARD SCHEMATIC Drawing Not 000414-000 Rev: A

Item Qty Part Number

Desc

ription

PAGE: 1

Ref Des

)

DODOOODMO™MEC MMM ®OoewDew®dmooom

e et P s A s P e b el A s b ph b et et ek B s b e A s e e A el A s e e R e b et A s A b A s A e A el e et R e S el S e e

101637-001
100527-001
101157-001
108352-001
108024-001
101633-001
108053-001
101637-001
101214-001
101628-001
108023-001
108023-001
108024-001
101633-001
101640-001
1014640-001
101640-001
108054-001
101157-001
101187-001
101156-001
108022-001
108022-001
101157-001
101170-001
108015-001
100091-001
108015-001
10£015-001
108015-001
1058021-0C1
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
102021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001
108021-001

IC,
IC,
IC,

ASSY,

IC,
IC,

DL D-TYPE F/F......74ALS74
DL D-TYPE F/F........74F74
QD 2-INP OR GATE.....74F32
IC,PAL,D4-RCTLA....14R8C
OCTAL EQUAL CMP.....74FS21
OCT D-TYPE LCH....74ALS573

ASSY, IC,PAL,D4-RM32.....16L8C

IC,
IC,
IC,
IC,
IC,
I,
IC,
Ic,
IC,
IC,
ASSY
Ic,
IC,
T,
IC,
IC,

DL D-TYPE F/F......74ALS74
HEX INV...cavenennaaa 74F04
GD 2-INP AND GATE..74AL50%2

OCTAL LATCH..... «e0. 74F573
OCTAL LATCH.vevuvene 74FS73
OCTAL EQUAL CMP..... 74F521

OCT D-TYPE LCH....74ALS573
@D 2-1 D SEL/MUXR...74F158
@D 2-1 D SEL/MUXR...74F15%
O z-1 [ SEL/MUXR...74F158
, IC,PAL,D4-RRAS..... 16L8B
@D 2~INF OR GATE..... 74F32
4-INP NAND GATE.....74LS20
@D D-TYPE F/F.......74F175
10 BIT BUFFER........29827
10 BIT BUFFER........29827
@D 2-INP OR GATE.....74F32
@D NAND GATE.........74F00
OCTAL PARITY XCVR...74Fb657
OCT BFR/L DRVR.....74L5244
OCTAL PARITY XCVR...74F657
OCTAL PARITY XCVR...74F&S

OCTAL PARITY XCVR...74F657
D-RAM, 25K, 100nS, FAST PAGE
D-RAM, 256K, 100nS,FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS,FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS,FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 25¢K, 100nS, FAST PAGE
D-RAM, 256k, 10005, FAST FAGE
D-RAM, 256K, 10003, FAST FAGE
D-RAM, 256K, 100nS,FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST FAGE
D-RAM, 256K, 100nS, FAST PAGE
D-RAM, 256K, 100nS, FAST PAGE

cCcccccoccCccococCccccocccccocccccocCccCccCccCccCcCcocccccccoocCcocCccoccocccccacccc

AB
AB
ABCD

AB
ABCDEF
ABCD

ABCD
AB
ABCD

ABCD
ABCD
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8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 36
8 1 108021-001 IC, D-RAM,236K,100nS,FAST PAGE U S7
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 98
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 39
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 460
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 61
8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 62
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U 63
8 1 108021-001 IC, D-RAM, 256K, 100nS,FAST PAGE u 64
e 1 102021-001 IC, D-RAM, 25¢K,100nS,FAST PAGE U 65
8 1 102021-001 IC, D-RAM, 256K, 100nS,FAST PAGE U b4
2z 1 100079-0032 SCKT, IC,LO PF,16F,.300 U &7
32 1 100079-003 SCKT, IC,LO PF,14P,.300 U 68
32 1 100079-003 SCKT, IC,LO PF,16F,.300 U 69
32 1 100079-003 SCKT, IC,LQ PF,16P,.300 U 70
32 1 100079-002 SCKT, IC,LO PF,16F,.300 U 1
32 1 10007>-003 SCKT, IC,L0 PF,16P,.300 U 72
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 73
32 1 10007%-003 SCKT, IC,L0O PF,16P,.300 ] 74
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 73
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 76
32 1 100079-003 SCKT, IC,LO PF,16P,.300 u 77
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 78
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 79
32 1 100079-003 SCKT, IC,LO PF,16P,.300 u 80
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 81
32 1 100079-003 SCKT, IC,LO0 PF,16P,.300 U 82
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 83
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 34
32 1 100079-003 SCKT, IC,LO PF,16P,.300 u 85
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 86
32 1 100079-003 SCKT, IC,LO PF,14P,.300 U 87
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 88
32 1 100079-003 SCKT, IC,LO PF,14P,.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 91
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 92
32 1 100079-003 SCKT, IC,LO PF,164P,.300 U 93
32 1 100079-003 SCKT, IC,LO PF,16P,.300 u 94
32 1 100079-003 SCKT, IC,LO PF,16P,.300 u 95
32 1 100079-003 SCKT, IC,L0 PF,16P,.300 U 96
32 1 100079-003 SCKT, IC,LO PF,14P,.300 u 97
32 1 100079-002 SCKT, IC,LC FF, 14P,.300 U 98
2201 100079-00z SCKT, IC,LO PF,14F,.200 I 2
32 1 100079-0032 SCKT, IC,LO PF,16P,.300 U 100
32 1 100079-0032 SCKT, IC,LO PF,16F,.300 U 101
32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 102
7 1 . 100203-001 RNET, 33 OHM, 14PIN DIF,8RES RFF 1
7 1 100203-001 RNET, 33 OHM, 16PIN DIP,8RES RP 2 AB
7 1 100203-001 RNET, 33 OHM,16FIN DIP,8RES RF 3
7 1 100203-001 RNET, 33 OHM, 16PIN DIP,8RES RF 4 ABCDEFGH
S 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RF S
6 1 100201-001 RNET, 8.2K OHM,10 PIN SIP,9RES RP & ABCDEFGHI
S i 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 7
S 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 8
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100201-005
100083-022
100083~034

000415-001 .

108010-001
108010-001
100081-001
100081-001
100081-001
100186-010
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
100082-005
101240-001
100082-005
101240-001
101240-001
101240-001
1000382-005
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
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001
101240-001

RNET, 4.7K 10 PIN SIP SRES
RES, 150 OHM,1/4W,5%,CF

RES, 270 OHM,1/4W,S%,CF

PCB, D4 PAGE DRAM BOARD

PCB GOLD FINGERS

HDR, PCB,2ROW,40P0S, STR, BKAWY
HDR, PCB, 2ROW,40P0S, STR, BKAWY
JMPR, PCB,2 POS

JMPR, PCB,2 POS

JMPR, PCB,2 POS

HDR, PCE,1ROW,9P0S,STR POST

CAP, .1MFD,5S0V,20%,AXIAL,CER
CAP, .1MFD,S0V,20%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,S0V,20%, AXIAL,CER
CAP, .1MFD,S0V,20%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,SO0V,Z0%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, 10MFD, 14V, 20%, TANTALUM

CAP, .1MFD,50V,20%,AXIAL,CER
CAP, 10MFD, 16V, 20%, TANTALUM

CAP, .1MFD,SO0V,20%,AXIAL,CER
CAP, .1MFD,S0V,20%,AXIAL,CER
CAP, .1MFD,S0V,20%,AXIAL,CER
CAP, 10MFD, 14V, 20%, TANTALUM

CAF, .1MFD,S0V,20%, AXIAL, CER
CAP, 10MFD,16V,20%, TANTALUM

CAF, .1MFD,50V,20%,AXIAL,CER
CAP, 10MFD, 16V,20%, TANTALUM

CAP, .1MFD,SOV,20%, AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,50V,20%, AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,S0V,20%, AXIAL,CER
CAP, .1MFD,50V, 20%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,50V,20%, AXIAL,CER
CAP, .1MFD,SOV,20%,AXIAL,CER
CAP, .1MFD,S0V,20%,AXIAL,CER
CAP, . IMFD, SOV, 20%, AXIAL , CER
CAF, .1MFL,SOV,20%, AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAF, .1MFD,50V,20%, AXIAL,CER
CAP, .1MFD,S0V,20%,AXIAL,CER

CAP, .1MFD,5S0V,20%, AXIAL,CER
CAF, .1MFD,SOV,20%,AXIAL,CER
CAP, .1MFD,S0V,20%, AXIAL,CER
CAP, .1MFD,S0V,20%,AXIAL,CER

CAP, .1MFD,50V,20%,AXIAL,CER
CAP, .1MFD,50V,20%,AXIAL,CER
CAF, .1MFD,S0V,20%, AXIAL,CER
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1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C 45
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC 46
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 47
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C 48
1 1 101240-001 CAP, .1MFD,5S0V,20%,AXIAL,CER M c 49
1 1 101240-001 CAP, .1MFD,30V,20%,AXIAL,CER M c So
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 51
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 52
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 53
1 1 101240-001 CAP, .1MFD,50V, 20%,AXIAL,CER M C 54
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M C S5
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC S
1 1 101240-001 CAF, .1MFD,S0V,20%,AXIAL,CER M c 57
1 1 101240~001 CAP, .1MFD,50V,20%,AXIAL,CER M o 8
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 359
1 1 101240-001 CAF, .IMFD,S50V,20%,AXIAL,CER M C &0
1 1 101240-001 CAF, .1MFD,50V,20%,AXIAL,CER M c 61
1 1 101240-001 CAP, .1MFD,S0V,20%, AXIAL,CER M C &2
1 1 101240-001 CAFP, .1MFD,S0V,20%,AXIAL,CER M C &3
! 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C 64
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M C &5
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C 66
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC &7
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC 68
1 1 101240-0C1 CAP, .1MFD,S0V,20%,AXIAL,CER M C &9
1 1 101240-001 CAP, .1MFD,650V,20%,AXIAL,CER M c 70
1 1 101240-001 CAF, .1MFD,50V,20%,AXIAL,CER M c 7
1 1 101240-001 CAFP, .1MFD,S0V,20%,AXIAL,CER M c 72
1 1 101240-001 CAF, .1MFD,S0V,20%,AXIAL,CER M B 3
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M C 74
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 5
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 76
1 1 101240-001 CAP, .1MFD,S0V,20%, AXIAL,CER M c 77
1 1 101240-001 CAP, .1MFD,S0V,207%,AXIAL,CER M c 78
1 1 101240-001 CAP, .1MFD,6S0V,20%, AXIAL,CER M c 79
1 1 101240-001 CAP, .1MFD,SO0V,20%,AXIAL,CER M cC 80
1 1 101240-001 CAP, .1MFD,630V,20%,AXIAL,CER M cC 81
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 82
1 1 101240-001 CAP, .1MFD,S0V,20%,AXIAL,CER M c 83
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL ,CER M cC 84
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M C 85
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M c 8¢
1 1 101240-001 CAF, .1MFD,50V,20%,AXIAL,CER M c 57
1 1 101240-001 CAF, .1MFLD, S0V, Z0%, AXIAL,CER M C o oes
1 1 101240-001 CAF, .1MFD,50V,20%,AXIAL,CER M c 89
1 1 101240-001 CAP, .1MFD,SO0V,20%,AXIAL,CER M c 90
1 1 101240-001 CAF, .1MFD,S50V,20%,AXIAL,CER M c 21
1 1 101240-001 CAF, .1MFD,S0V,20%,AXIAL,CER M c 9z
1 1 101240-001 CAP, .1MFD,50V,20%,AXIAL,CER M cC 93
1 1 101240-001 CAF, .1MFD, S0V, 20%, AXIAL,CER M C 94
2 1 100032-005 CAP, 10MFD, 16V,20%, TANTALUM € 95
Z 1 100082-005 CAP, 10MFD, 16V, 20%, TANTALUM cC 96
2 1 100032-005 CAP, 10MFD, 16V,20%, TANTALUM c 97
2 1 100082-005 CAP, 10MFD, 16V,20%, TANTALUM cC 98
2 1 C

100082-005 CAP, 10MFD, 16V,20%, TANTALUM
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2 1 100082-005 CAP, 1OMFD,16V,20%, TANTALUM € 100
2 1 100082-005 CAP, 10MFD, 16V, 207%, TANTALUM € 101

Total parts = 222 Total holes = 2109
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D3PE (80386) PROCESSOR BOARD CIRCUIT DESCRIPTIONS
DIFFERENCES FROM ORIGINAL D4 PROCESSOR:

e addition of an 80387 coprocessor socket

. addition of a 80287/80387 selection switch

nnn addition of a keyboard processor enhancement PAL

e L bus timing changes to improve compatibility

el DESIGN ASSUMPTIONS:

it 80386, 80387 or 80287 processor combination.

e 1émHz 80386 processor clock.

iafall 1émHz 80387 numeric coprocessor clock.

ol 4mHz (compatible) or 8mHz 80287 coprocessor clock.

i 8mHz 286 compatible expansion bus.

e 4.00 mhz DMA subsystem clock.

L s Standard RAM accesses are 32 bit when CPU requests.

il Seven bus slots have a compatible edge connector which can be

used by standard IBM-PC peripherals.

i Four bus slots have a second connector which will allow
specfally designed peripherals to access additional address 1ines and
the rest of the 16 bit date bus. In addition several more interrupt
and DMA request lines will be available. This connector is Deskpro
286 compatible.

Ry 15 Interrupt request lines.

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

ool System bus runs a refresh cycle 256 times in 4 milliseconds.
bl Specfial cards with a second bus connector will be able to do

16 bit memory or [1/0 operations by asserting a specific l1ine and
working with the eight additional data signals.

Lt All software addresses are to be compatible with 1BM PC-AT.

falialel Variable system speed control via software.
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HARDWARE DIFFERENCES FROM IBM PCAT (Includes MEMORY Board)

» o All RAM is located on an expansion board. This uses one slot
that fis not used in the PCAT. Parity checking on the memory is done
as though it was a standard expansfion board memory, a parity error
shows up as an 1/0 check (parity check 2) with a testable bit on port
61h bit 6 to indicate the error. Port 6lh bit 7 is used for an
additfonal timer interrupt fnput. Port 6lh bit 2 output (used to
control the parity check on the PCAT) {s used to enable the additional
timer to the NMI processor input.

»un 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 Jumper.

LA A 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 pair 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.

balhaiiad 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 a 6MHz reference. The keyboard processor has
been enhanced by the addition of a8 PAL which intercepts and interprets
the AZ20 control sequence much more rapidly than the 8042 could.

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

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

"% 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.

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

»uw 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.



TR SRR W ammm—

P—

D3PE-PROCESSOR DESCRIPTIONS ’ January 05, 1987
Copyrlght COMPAQ Computer Corperation 1986, 1987 page 3

The system refresh counter has been extended to 10 bits. Also the
bottom two bits are copied from address lines 0 and | to 8 and 9.
This simplifies the interface of megabit DRAMs and the 32 bit memory -
board. B
falialhel References to the 32 bit memory board do not appear on the
compatible expansion bus. This will prevent the operation of hardware
debugging alids developed for the 80286 products.

i The 80287 coprocessor interface to the main 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.

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

HARDWARE INCOMPATIBILITIES WITH DESKPRO 286

R Most of the above incompatibilities apply to comparisons with
the DESKPRO 286.

ol 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 entirely.
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‘The maJority of this document assumes a8 workin
g knowledge of
standard digftal logic techniques and parts, and an understandfﬁg of
Fhe 8038§ 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 circuits, a 32mHz processor clock, a 16mHz reference clock
(CLK16, CLK16*) (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 properiy 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
CLK16*. This division take piace 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 adJjusting 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 CLK16*.

The clock for the DMA subsystem is generated from the rising
edge of the BCLK clock by toggling a 74LS74 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 4mHz operating frequency. The 8mHz has the
required 33% duty cycle for direct use by an 80287-8 giving an
operating frequency of 8mHz. The choice of frequencies is provided by
switch SWI-3. Switch OFF selects 8mHz (80287-8), switch ON selects
4mHz (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 O0OSC. _

The only way of disabling the 0SC clock for testing is to
overdrive {t’s output.

The 0SC signal 1s provided to the system bus for compatibility
with past products. The 0OSC signal is also divided by two by the PCLK
flip-flop to provide a stabie 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 is 1.19318 MHz and is compatible with the
previous products for timing and speaker purposes.

The divide by six is done with a synchronous counter which
cycles through the counts of | through 6 and back again. The ccunter
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.Followfng information is 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,
ft is necessary to latch the address seen by the system bus. System
bus lines that contaln the latched address are SA<19:0>. Since some
devices (notably high speed memory) are already short on time to do
their thing, they would 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 outputs.

To provide the unlatched addresses, the board contains buffer
ICs which are connected to the CPU’s PA<23:17> address lines and
provide LA<K23:17> as an output.

To provide the latched addresses, the board contains latch ICs
which are connected to the CPU’s 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 inactive, the addresses will stay on the
outputs until the next bus cycle begins.

The address lines SA0 and SAl are handled a differently. The
CPU fndicates which bytes are to be accessed out of the 32 bit dword
by the status lines 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 1lines 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, SAl 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 lines are fed
back to the CPU bus (PA<23:2> and BE<3:0>) so that the 32 bit memory
board can recieve the address data from that other device. The feed
back operation occurs from the SA<16:0> and the LA<23:17> lines
through buffers and a PAL (DB4-SADI) for SAQ0, SAl and BHE™*.

CPU address line PA20 is handled a little differently.

Because of software compatiblity considerations (with 8088 products)
it is 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 Iin it’s place (by means of a 74F257). This
is controlled by the line LOWA20 from the keyboard controller system.
To equalize the delay with the other address lines, the output of the
74F 257 is 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 ICs and four latches. On the CPU side of
the bus, the 80386 and 80287 are connected together to PD<15:0>. The
four [ICs buffer the separate bytes of the data bus PD<31:0> to
SDC15:0>. The latches are used to hold read data for the CPU during
seperate read cycles on the system bus when the CPU attempts to read a
bigger chunk than the system bus allows.

The data path also contains a bidirectional buffer between the
high and low 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 last 1tem in the data path is a buffer for the processor
board 1/0 devices. This buffer is normally active in the "TO"
direction to the 1/0 devices and switches to the "FROM" direction when
an 1/0 read occurs to these devices (controlled by CIORD*). This
buffer is disabled when DMA operations occur to allow 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*" lines
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* line enables the copy buffer from the
SD¢7:0> to SD<15:8>, the CPYHL* line is also enabled when reading
(high to low copy). The LAST CYCLE term is 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.
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3 BYTE ON 16 BUS:
LOW WORD HIGH BYTE
0011 1  HIGH WORD
3 BYTE ON 8 BUS:

0 0001 Ol O
0 0001 10 0O

- O
o

1 0001 O1 O 0 1101 O LOW WORD HIGH BYTE
0001 10 O 0] 0011 1 HIGH WORD LOW BYTE
1

0001 11 0 o1l 0o HIGH WORD HIGH BYTE
4 BYTE ON 16 BUS:
0 0000 00 © 0 1100 1 LOW WORD
0 0000 10 O 1 o011 1 HIGH WORD

4 BYTE ON 8 BUS:

page 8
e e e e 5
! BEx* SA LAST BENx* '
IX8 3210 10 BHE CYCLE 3210 CPYEN® |
+ —————————————————————————————————————
———— +
| X 1110 00 1 1 1110 1  LOW BYTE ON 8 OR 16 BUS!
] - ]
} 11101 010 | 1101 0 HIGH BYTE ON 8 BUS E
(] [ ]
1 0 1101 01 0 | 1101 1  HIGH BYTE ON 16 BUS |
: '
!X 1011 10 1 ! 1011 1 LOW BYTE ON 8 OR 16 BUS!
: .
} 10111 110 1  0lll O HIGH BYTE ON 8 BUS E
! 1
! 00111 110 1  OII1 1 HIGH BYTE ON 16 BUS !
: 1
' 0 1100 00 0 1 1100 1 WORD ON 16 BUS E
: WORD ON 8 BUS: :
' 11100 000 0 1100 1 LOW BYTE :
' 11106 01 0 1 1101 0 HIGH BYTE :
: 2 SPLIT BYTES ON 16 BUS: !
' 01001 01 0 O 1101 1 LOW WORD HIGH BYTE ;
{ 0 1001 10 1 ! 1011 1 HIGH WORD LOW BYTE :
: 2 SPLIT BYTES ON 8 BUS: |
' 11001 0I 0O O 1101 O LOW WORD HIGH BYTE :
' 1 1001 10 1 1 10i1 1 HIGH WORD LOW BYTE :
] 1
) t
{ 00011 100 1  00l1 1 WORD ON 16 BUS :
: WORD ON 8 BUS: :
1 10011 100 O 00l1 1 LOW BYTE :
' 10011 110 1 0111 0 HIGH BYTE :
! 3 BYTE ON 16 BUS: ;
' 01000 000 O 1100 1| LOW WORD :
! 0 1000 10 1 ! 1011 1 HIGH WORD LOW BYTE !
: 3 BYTE ON 8 BUS: :
! 11000 060 © 1100 1 LOW WORD LOW BYTE :
! 11000 01 0 O 1101 O LOW WORD HIGH BYTE :
' 1 1000 10 1 1 1011 1 HIGH WORD LOW BYTE :
1]
: |
] (]
] ]
) ]
] ]
1 1
[} 1
1 ] ]
1 ]
] (]
] )
1] ]
H d
: !
: :
' 10000 000 O 1100 1 LOW WORD LOW BYTE :

1 10000 01 0 O 1101 O LOW WORD HIGH BYTE :

! 10000 100 0 0011 1 HIGH WORD LOW BYTE !

{ 10000 110 1 0111 O HIGH WORD HIGH BYTE !
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PROCESSOR BOARD CPU COMMAND/CYCLE TYPES

The command cycles generated by the bus contr
listed below. The number of 62.5nsec clocks is Ilsteglféggécn2253it
state cycle, normal cycle, and | wait 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
wait state adds two additional 62.5nsec clock cycles. The 32 bit
memory board is documented seperately.

o e e e +
! No-wait Normal l-wait !
! cycle:on cycle:on cycleton !
i CPU MEM READ 16 BUS 4:2 6:4 8:6 !
v CPU MEM READ. 8 BUS 6:3 12:9 14:11 !
i CPU MEM WRITE 16 BUS 4:2 6:4 8:6 ]
i CPU MEM WRITE 8 BUS 6:3 12:9 14:11 :
i CPU 1/0 READ 16 BUS 6:3 6:3 8:5 !
i CPU 1/0 READ 8 BUS 6:3 12:9 14:11 |}
i CPU I/0 WRITE 16 BUS 6:3 6:3 8:5 !
! CPU 1/0 WRITE 8 BUS 6:3 12:9 14:11 |
1 CPU INTA READ n/a 12:9 n/a H
y CPU HALT n/a 6:4 n/a !
i CPU SHUTDOWN n/a 6:4 n/a }
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 shouid 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 s normally inactive, requireing the logic to specifically
tell the CPU when it is 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 board
(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 it. The
sfgnal is NOT active when accesses to 32 bit memory or the 80387
coprocessor are taking place. The signal is active when 16 or 8 bit
memory, [1/0, Halt, Shutdown, Interrupt acknowledges, or 80287 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). Untfl further notice all clocks referred -
to are CLKI16" clocks. When the PAL clocks in MYCYC* it generates the
signal ALE". The PAL code is set up to allow ALE* to be active only
for a single cycle. What follows next iIs the propagation of the ALE*
pulse through a series 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, SAO0, BHE* generatfon. 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 is TO0O0. It 1s always generated. I1f the
command being generated is a 16 blt memory command, as signified by
LM-IO 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 Iin a set, (either
guaranteed by the state or because the bus size is known by Ml6* and a
memory cycle) then the D4-SADO PAL will set the signal CLSTD* active
at this time. CLSTD" will be discussed later.

The next stage is TOl. It is always generated. 1f the
command being generated is not a 16 bit memory command, as signified
by LM-10 and Ml16*, 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 [I016* and an 1/0 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 TO0O
(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 T10. 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 Tl10 and Tll states will be ignored for
the remainder of the 16 bit memory cycle.

The next stage is Tl1. It will always be generated. If the

cycle is a 16 bit 1/0 cycle, then T4]1 will also occur at the same time
as T11. If 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 T3l 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 T31
during an efght 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* 1line is found active.

The next stage is T41. This is entered only from T40 (the
normal case) or TI10 (if a 16 bit [/0 cycle is in progress). i the
signal WAIT* is active at the end of T4i, then T4l will be rvestarted,

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 s 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* is 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 waiting 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*,
IORC*, IOWC*, or INTA*) is started at the beginning of T00 or TO0! as
discussed above. [t will end at the end of the basic bus cycle (when
BRDY* or TS0 goes active).

The signal WDEN* is used for enableing the various data

buffers during write cycles. It goes active at the same time as ALE
and goes Inactive one cycle after CMD* goes inactive. In the case of
back to back cycles, WDEN® will therefor remaln 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 gces active for one CLK16* cycle to
indicate that the last cycle of a set {s in progress) also generates
the CLAST* signal internal to the D4-SADO PAL. CLAST* {s used by the
D4-SADO 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* {s set to the finactive
state In preparation for the next CPU access.

The signal CLSTD* {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 CLKI16* 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 TOO for memory cycles if
Ml16®* is active. it is also set active during TI0 for 1/0 cycles if
[016* {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 CLK!16* edge
following ALE in the D4-SMSCD PAL and is set inactive on the CLK16*
edge following the signal BRDY* active. When LOE* goes inactive, it
has 31.25nsec from the edge of CLK32 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
ZPC32 to PCLK32 delay
CLK32 to ZCKl16* in F74
ZCK16* to LOE*® in PAL
LOE* to disable in ALS573
MARGXN I E R E RN EE R R & X X J

The following are some timing checks
the CPU.

NA* setup during bus cycles
CLK32 cycle time
ZPC32 to PCLK32 delay
CLK32 to ZCKP16* in F74
ZCK16* to NAB" in PAL
NAB* to NA* in FO8
386 NA* setup time
MARGIN I EERE R R RRREZX:XE]

READY* setup during bus cycles
CLK16* cycle time
ZPC32 to PCLK3Z delay
CLK32 to CLK16* in F74
CLK16* to BRDY* in PAL

--BRDY* to READY* in FO08

386 READY* setup time
MARGIN IEEEERE R R R R X J
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STATE SEQUENCES FOR TYPICAL CYCLES.

The "cmd" is the time that the command (MRDC, IOWC, etc) is
valid. The "NA" is the time when CLASTD* {s set active. The "done"
is when BRDY" is set active. TSx is elther the next TSO state (if
“another cycle is pending, or an idle cycle (as far as the bus state
machine i{s concerned). Each state lasts 62.5 nsec.

NO WAIT STATE 16 BIT MEMORY
TSO ALE TO0O TO! TSx
cmd cmd
NA done
NORMAL WAIT STATE 16 BIT MEMORY
TSO ALE TOO TOl T40 T41 TSx
cmd cmd cmd cmd
NA done
NORMAL WAIT STATE 16 BIT 1/0 or NO WAIT STATE 16 BIT [/0
TS0 ALE TOO TOl1 T40 T41 TSx :
cmd cmd cmd
NA done
EXTRA WAIT STATE 16 BIT MEMORY
TSO ALE TOO TOl T40 T41 T41 T41 TSx
cmd emd ecmd cmd cmd cmd
NA done
EXTRA WAIT STATE 16 BIT 1/0
TSO ALE TOO TO! T40 T41 T41 T41 TSx
cmd cmd cmd cmd cmd
NA done
NO WAIT STATE 8 BIT MEMORY or 1/0
TSO ALE TOO TOl T40 T41 TSx
cmd cmd cmd
NA done
NORMAL WAIT STATE 8 BIT MEMORY or [/0
TSO ALE TOO TO1 T10 TI11 T20 T21 T30 T31 T40 T41 TSx
cmd cmd cmd cmd c¢cmd cmd cmd cmd cmd
NA done
EXTRA WAIT STATE 8 BIT MEMORY or 1/0
TSO ALE TOO TO1 TI10 T11 T20 T21 T30 T31 T40 T41 T4]1 T41 TSx
cmd cmd cmd ¢cmd cmd cmd cmd ecmd cmd cmd cmda
NA done

e e R
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BUSRDY. NOWS*, M16* and 1016* requirements.

(BUSRDY) This signal is used to add additional wait states to
a bus cycle. -If a 16 bit device wants to add an additional wait
state, then it must pull the BUSRDY low (inactive) by the end of the
third CLK16 cycle after the falling edge of ALE. To add only one wafit
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 it 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*, IORC*
or JOWC* 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 CLKIE
time from the falling edge of ALE. (Note that this is not possible on
16 bit 1/0 cycles because it is not known that an [/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* 1ine 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*®*, ICRC”®” or IOWC*" as 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 wait states by delaying the
activation of NOWS®*. The NOWS* 1ine is sampled at approximately the
falling edge of BCLK.

(M16*) This signal is used to indicate that the current
address on the LA<23:17> 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 M16* line low as soon as the address is decoded and hold it
low until the address becomes invalid. The Ml&6* l1ine 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.

(1I016*®*) This signal is used to indicate that the current
address on the SA<9:0> lines {is 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
CLK16 cycle after ALE goes away to insure that it is latched by the
system board latch. Pulling this line low prevents the 16 bit to 8
bit bus conversion logfic from being activated.
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COHPATIBLE BUS MEMORY COMMANDS

The signals SMRDC®* and SMWTC®" are used by the eight bit bus
only. These memory signals are only enabled when the lower one
megabyte of memory is addressed. They are developed from the regular
MRDC*®*, and MWTC* signals by enabling a set of tri-state buffers with
the signal LOWEN®*. This signal {s 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
efght 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 I/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 1/0 WRITE BYTE 16 BUS HIGH BYTE
BUS MASTER 1/0 WRITE BYTE 8 BUS LOW BYTE
BUS MASTER 1/0 WRITE BYTE 8 BUS HIGH BYTE
BUS MASTER 1/0 READ WORD 16 BUS

BUS MASTER 1/0 WRITE WORD 16 BUS



B

D3PE~PROCESSOR DESCRIPTIONS January 05, 1987
Copyright FOMPAQ Cqmputer Corperation 1986, 1987 . page 17

HOLD REQUEST- ARBITRATION

The RFK (refresh request) signal is synchronized to DCLK* by
the RFQ flip~-flop. Another flip-flop synchronizes the DREQ (DMA
request) signal from the DMA subsystem to the DCLK clock. This
fnsures that the two requests cannot arrive simultaneously. 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 fnputs.
This guarantees that only one of the two signals (DMARQ, REFRQ) can be
active at a time.

The two request signals are also ORed together and run through
8 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 reqgquest from befng initiated before the last one
fs completed. The output of the speed control circuit is also ORed
in 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 a 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

CLK16* cycle time 62.5
CLK32 to CLK16&6* in F74 - 9.5
CLK16* to HOLD in F175 - 8.5
386 HOLD setup time -25.0
MARGIN LR X X X B X X R N K 3 +18.5

When the HLDA signal is recefived from the CPU indicating that
the bus is available, then the signal REFRS* (gated from REFRQ) or HAK
(gated from DMARQ) is set active, enabling the appropriate subsystem.
I1f 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 occur without giving
the bus back to the CPU, i.e. 8 DMA hold and a refresh hold will be
run back to back. If the speed control circuit is holding the bus

then holds 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 SA<19:2> are tri-stated. The PAL which
converts BE<3:0> to SAl, SAO, and BHE® (D4-SADO) s also tri-stated.
The CPU bus command generator PAL (D4-SCMD) command output signals are
also tri-stated. The command signals are held inactive by puliup
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 a bus cycle.

To allow the 32 bit memory board to receive 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<C16:2>. Another PAL (D4-SADI) converts SAl, SAO0, and BHE* to the
BE<3:0> l1ines 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>) &nd 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 in 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 (74LS612), 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 controllers request.

BYTE DMA OPERATIONS

The DMA byte cycle begins when a peripheral sets a DRQO-DRQ3
l1ine active. The 8237 then arbitrates among any other pending
requests and sets the hold request output active. This line (DRQ4) is
connected to the word controller as discussed above which does it’s
arbitration. The word controller 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 a HAK .
later the HAKDMA will be generated. This provides for ;egag 2?52 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 DAENI* (through a gate) and place an address on
the XA<C0:7> lines. It will place the high byte of the address on the
I10D<0:7> lines and assert the address strote sfgnal to latch the
address into the associated latch. The DAENI* signal also enables the
output of the latch to the SA<8:15)» lines.

The D4-SCPY PAL drives the SBHE®* line in the opposite sense
of SA0 in order to satisfy 16 bit devices on the bus.

The DAEN!* signal is ORed with the DAEN2* signal inside the
D4-SCPY PAL to produce DAEN* which changes the direction of the
bidirectional buffers between the XA<0:8> and the SA<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<K23:17> are driven by the 74LS612 page register
when the CPU sets HLDA active (through the DMA* 1ine). 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 LS612.
The lines A<19:17> are also copied to SA<19:17> by a buffer enabled by
the DMA* line.

In the above fashion, all of the address lines on the bus are
driven with appropriate address. When this is complete, the 8237
drives the 1ines XIORC*, XIOWC*, XMWTC*, and DMRDC*" according to the
type of cycle being run. The first three of these lines are buffered
back to the I0RC*, 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* 1ine. When DMRDC* goes inactive, XMRDC* goes
inactive without the DCLE delzy. Thic action provides a greater
memory address setup on read commands for block transfer modes of the
2237,

A single DCLE lerngth wait state is added to all DMA cycles.
To do this, the DR of DMRDC#* and XIORC#% clocks the DWGR 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 DW&Q flip—-filop
active again. On the next DCLEK, DX& will go inactive, allowing DROY
to go active and signal ready to the 8237. 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
circuit is prevented from being affected by BUTSRIY except during DMA
cycles by a gate which holds the DWE flip—-flop set active.

The D4-ZCFY FAL enables the COFYENS line 1t SAC 1s hiah and
the addressed memory 1s 14 bit in order to route the data between the
1ow 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 memory
writes.
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-WORD DMA OPERATIONS

Word DMA operations are only pussible between word memary (16
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 DRQS-DRG7
line active. The 8237 then arbitrates among any other pending
requests and sets the hold request output active. The hold request
line (DREQ) is then synchronized and arbitrated by the Held
arbitration logic discussed above.

When the system responds to the DREQ 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 DAENZ#
(throuagh a gate and D4-5SCPY PAL) and place an address on the XACS: 1>
Vines. It will place the high byte of the address on the IULDL7:0>
lines and assert the address strobe sianal to latch the address into
the associated latch. The DAEN2# signal also enables the output of
the latch to the SA<14:92> lines.

The D4-SCFY PAL drives the SA0 and SEHE# line to a low in
order to satisfy 14 bit devices on the bus.

The remainder of the word OMA 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 memary
read cycle on each of 256 addresses in the memory space as addressed
by SA7 to SAO. Address lines SAS is made equal to SAO and SA® is made
equal to SAl1 in order to simplify 32 bit memocry board design. To
allow for future DRAMs requireing additional refresh addresses, =SA10
and SAl11 have two additional counter bits present for a total of 1024
poassibie refresh addresses. The other address lines are in an
undefined state during the RAM refresh time. The system is alsa
capable of being driven by an external source 1f another bus master
has control. The system consists of a timer (part of the 8254) which
generates the. refresh regquests 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 62.7?2% kHz provides 128 refresh
cycles in 2.028 millisec or 25& cycles in 4.0745 milliseconds etc.

The refresh cycle starts when the REFZK out of the 8254 goes
to a high. The clocks the RFK flip—-flop to a high. The RFK flip—flop
will remain high until the refresh request has been satisfied. This
line goes to the hold regquest arbitration circuit discussed above.
Nothing €lse will happen until the arbitration circuit responds with
the acknowledne signal REFREH®. (Note: to allow bus masters control of
refrezh, the REFREZ¥ driver is an open collector gate with a pullup
resistor).
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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# signé] is in turn
clocked into REFRD¥* flip-flop by the next rising edge of BCLK
enabling the MRDC* command onto the bus.- The REFRD# signal i; gated
with BUSRDY and clocked into the next flip—flop (REFEND) by BCLEK.
This allows a slow memory board to insert wait states into refresh
cycles. The output of this flip-flop (REFEND) is gated with the
REFRSE* 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 long
periods of time, it must perform refresh or risk lTosing the dynamic
memary. The external bus master can do this by developing it s own
refresh reguest timer and internal arbitration. When it is not
ntherwise driving the bus, but still has bus contraol, it can do a
refresh cycle by pulling the REFRZ%* line low with an open collector
qate. When the MRDC* line goes inactive from the refresh cycle, the
REFRS# line should be released. The external bus master can then take
full contraol.,

OTHER BUEZ MASTER QOFERATIONE

This system allows other bus masters to take over the system
busses and use the I1/0 peripherals and memory. This is accomplished
by the bus master scoftware programming an unused DMA channel for
cascade operation. When this is complete, the bus master can request
the bus by setting the appropriate DRR2 line active and waiting for a
response. When the system responds with DAK, the bue master can pull
the GRAB#* line active (low) disabling the address, data, and control
lines. The bus master should then wait one BCLE period before
enabling it“"s wown buffers with valid address information and wait one
more BCZLE period before driving the control lines. When the bus
master is finished, it shouid release the GRAB* and DR lines to allow
the CPU to continue coperations. 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 loess of dynamic memory.
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SPEED CONTROL

This system is implemented to give the user some control of
the system speeds in the case that software is speed dependent. The
system consists of a one channel of the second 8254 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 controller SLOWD# line is active (LOW) then the
timer output will extend the CFU hold time for refresh by the
programmed value of the one—-snot. During this hold time, the CFU
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 held time. To disable the circuit, the 2042 SLOWD# ocutput can be
set inactive (HIGH) or the 8254 timer can be stopped by proaramming
the channel but net giving it a count value (out 4Bh, %2h). To enable
the one—shot, program for MODE 1 (out 4Bh, 22Zh) and give a count value
between Olh and 22h (out 4Ah, =xh).
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PROCESSOR SHUTDOWN AND RESET

The CPU reset and shutdown circuits are designed to praperly
reset the processor during: powerup, temporary power loss, CFU
shutdown, and under program control for mode switching.

Since the CPU requires a reset pulse width minimum of 15 CLKE2
times (4469nsec) to respond properly, the circuit described next pulses
the CPU reset line for 4 BCLK cycles (5S00nsec) 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 cccurs 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—flop (SHR) is clocked active by SHTD#,

This output (SHR2) is fed to an F74 flip—flop to which acts as
another artitration circuit. This circuit prevents processor reset
from occurring during hold cycles or hold from occurring during
proacessor reset. This prevents the CFU from aborting a hold reguest
and subsequent garbaged hold cycles.

The ZHO# signal (out of the reset arbitration) is clacked intno
another flip—flop by the RCLE sigmal (which has a rising edage every 4
BCLE times) producing RESCF®#, This is in turn synchronized to CLE14
by ancther F74 to form the RESCZFU sigrn2l which resets the CPU., RESCF#
clears the SHGE flip—-flop and ends the reset pulse. Making REZCFU
synchronous with CLK14 insures that CLK14 is in turn synchronous with
the internal 8032284 CLK signal.

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

The last twe functions, powerup reset and power loss reset,
are provided by the FWGOOD signal from the power supply. This signal
is clocked by CLEL14A% to form the signals RE2T# and RESDRV. REZT® is

used by most circuits on the system board for powerup setwup, REZDRV is
sent to the system bus for resetting maost 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 RESCF#) is used to hold the
signal CMSAWR in the high state during the rising edge of CMSCE#*
(which goes high with PWGOOD) in order to properly set up the CMOES
clock IC.

P
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ol 4w
< DYA

interrupt controllers,
the CMOS

and the

I1/0 space

on

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

decodes the bits SACPISE2,
and a (D4-SFFI) PAL which decodes
the PAL equations for the

timers,

NMICSE

CMZAWR

ZM=ZRD

CMEWR

FEYCS

FEWR

PBRD

CICORD

TIMICE

TIMZIZE

The address decoding is done with three ICs,
(D4-SNCP) PAL which

decode PALs:
FPRPICS® SA4x /SAZ# /SAO0E XIQWE

CMIAWR® X IOWC

RESCM=

FPRICS® SA42% /SAZ% ZA0x XIODORC
FRICS®* ZA4% /SAZ SAOR XIOWC
FFIZZ®% /SA4% /SARI /2RO
FRICS® /SA4% /SAZ% SAOx XIOWC
FPRICS® /ZSA4% /SAZ* SAOx XIORC
/EAYR /SASR XIORC

INTA

TIMIS=: /2AZ

TIMIS® SAZ

a 74LS1Z2& which
breaks out the two
other addresses. Below are

sNMI enable latch write (70h)
s CMIZZ address write (70h)

sor during powerup

s CMOZ data read (71h)

s CMOE data write (71h)

33042 (60N, &4h)

sFort B write (&1h)

:Fort B read (&1h0)

;s O-FFH except 20227

sor Interrupt ack
s=tandard timer
sSpecial 234 timer
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Following is an address and bit map of the devices in the I/0

" subsystem.

ADDRESS -ADDRESS BITS DEVICE

HEX 9876543210
OOh=0OFh O O 0 O 0O x Y Y Y Y 8237A-5 byte DMA controller
20h=21h 0 0 0 0O 1 % x x ®x Y 8239A Interrupt 2 contraoller
40h 0001 0x0xO00 8254-1 System clock Timer O
41h O 0010320301 83254~1 Refresh request Timer 1
42h OO0 010 x0=x10 8254-1 Speaker Timer 2
43h 00 010x0 x11 8234-1 Command Mode register
42h 0001 0x123x00 8254-2 Failsafe clock Timer O
49h 0001 0x1 201 2254-2 Extra Timer 1
4Ah 0010 =110 2254-2 Speed control Timer Z
4Bh 00010 x1 =11 83254-2 Command Mode register
A0h OO0 011 000:=0 2042 data I/0 register
~1h OO0 01100 x 2 1 Part B/C In/Outputs
&4h 00011001 x 0 8042 status/command register
70h 0001110 =20 CMQS address register
70h 0001110 xx0 NMI enable register (bit & low)
71h OO0 01110 »xx1 CMOZ data I/0 register
80h 001 00x0O0O0O0 DMA Page register ZPARE
Slh 00 100x0001 DMA Fage register CH 2 pange
&2h 001 00x0010 DMA Page register CH & page
83h O0100x0O011 DMA Fage register CH 1 page
84h 001 00x0100 DMA Page register SFARE
85Sh 001 00x0101 DMA Page register SPARE
8&h 001 00x0110 DMA Page register SPARE
87h 001 00x0111 DMA Page register CH O page
&&h O01 00x10O0O0 DMA Page register ZPARE
S%h 001 00x10O01 DMA Page register CH 4 page
ZAh OO0 100bx 1010 DMA Page register CH 7 page
SBh 00100 =1 011 DMA Fage register CH S page
ZTh 01 00x1100 DMA Fage register ZFARE
20h OO0 100x1101 [IMA Fage register 3SFARE
2Eh 001 00x1110 DMA Page register SFARE
8Fh 001 00x1111 DMA Page register REFREZH page
ADh—Alh 0 0 1 0 1 x x x x Y 825%a Interrupt 2 controller
COh—CFh 0 0O 1 1 OY VY VY Y x 8237a~-5 word DMA controller
FOh 00111 x0xx2O0 Clear numeric processor busy
Fih 00111 x0xx1 Reset numeric processor
Feéh—-FFh O O 1 1 1 1 1 VY Y x 80287 command ports
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I/0 subsystem Bit usage:

ADDR &1h  Fort B <<READ/WRITESZ

O r/w + Timer 2 Gate speaker

1 r/w + Speaker data

2 r/w + Disable/Clear failsafe timer

2 r/w + Disable/Clear 1/0 channel error
4 ro + refresh detect

S ro + Timer channel 2 output

é& ro + I1/0 channel error

7 ro + Fail safe timer interrupt

ADDR 70h CMDS clock address/NMI Mask register
0-5 CMOZ address bits
7 -NMI enable

INTERRUFT 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 controller 2 are
cascaded into IRSZ of controller 1. Contreller 1 is a MASTER
controller, controller 2 is a SLAVE as indicated by the SF/EN input to
the devices. The arbitration between controllers is communicated aver
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 2 IRRO0—-1 SYSTEM TIMER (2252 TIMER Q)
INT @ IRX1—-1 KEYBOARD CHAR AVAILABLE
na IRRZ-1 Interrupt from CTLRZ
INT 70 2 CMOZ clock interrupt
INT 71 IRZ¥-Z BUS PIN BO4 (software redirected to INT A)
INT 72 IRR10-2 BUS FIN DOZ=
INT 73 1IRQ11-2 BUS FIN DO4
INT 74 IRR12-2 B3 PIN DOS
INT 75 IR&132-2 Numeric Coprocessor (Software redirected to INT 2)
INT 74 1IRR14-2 BUS PIN DO7
INT 77 IRQ1S-2 BUS PIN DOé&
INT B IRR3-1 BUS PIN B25
INT C IRQ4-1 BUS PIN B24
INT D IRA@S5-1 BUS PIN B23
E
F

INT IRG4-1 BUS PIN B22
INT IR27-1 BUS FIN B21

The interrupt controllers are located on the I/70 data bus
I0D<7:0% in worder to provide adequate butffering from the system bus.
Because of this, the interrupt acknowledge cycle requires the D4-SPFI
FAL to decode the CIORD®* 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/OCHK 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. In 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 CM3S clock.

EXPANSION BUS INTERRUPT line (A1)

The expansion bus IOCHK# circuit contains an error latch and
an enable latch (port 4&1h bit 2). The error latch state can be read
on port Aih bit & where a 1 indicates the error. This latch can be
cleared by setting the I/0 CHECK disable latch to 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 circuit.

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 poart &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
turning SWi-1 OFF.

SFEED 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 &804Z keyhboard processor port 2 bit 2 1s set
to a 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 into 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 leck up).
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NUMERIC COPROCESSOR INTERRUPT AND BUSY

The Numeric coprocessor interrupt and busy subsystem is
designed tov make the E80287/80387 error handling system as much like
previous products as possible. In normal operation, the 80287/850337
will execute it“s instructicens and set the BLSY7% line active until
the instruction is complete. The D4-SNCF PAL will enable the BUSY*
line in response to prevent the CPU from sending any more S50287/80337
instructions to the numeric coprocessor.

If an error occurs during the execution of the instructian,
the ERROR#%# line will go active and the BUSY7# line will go inactive.
In this case the PAL will cause an interrupt (IRRQ13) when ERROR# goes
active. To prevent another 80287/80387 instruction from being
exwecuted before the error 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 shaould
do an cutput instruction to port FOh to reset the error enable latch
(the data written is not important). This in turn clears the
interrupt and resets BUSY so processing can cantinue. The enatble
error latch (which is cleared hy the port FO write) will remain
disabled until scoftware clears the error condition and the ERROR% line
goes inactive, enabling the latch amnd further interrupts.

Due to the desiagn of the 20324, there exists a possibility
that the CFU may lock up during some copracesscor instructions which
cause an error., The system also contains a timecut circuit which will
break the lock up if necessary. If the IRQ1Z line is active for more
than 15Susec and the CPU completes no bus cycles in that time, the
BlZY# line is set inactive to break the lock. In this case, the
interrupt routine will then be entered before the next instruction.

IfT a coprocessor is not installed (as indicated by the switch
SW1-2 setting off), then the D4-5SNZF PAL will simulate it“s presence
by setting the BUSY# line active for 13usec after each write to the
20227 /203227 address space. This prevents the 202584 from locking up
while waiting for a response from the 202E7/803227.

The 20227 can be reset (hardware reset) seperately from the
80386 by writing toe I/0 port OF1h. The data written is not important.
The 80287 cannot be reset by the above method, it is reset only at
powerup. The only method of initializing the 20387 is the FINIT
instruction.
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The system board includes a switch (SWi-7) which is used to
select between the 80387 and the 80227. This switch MUST be in the
correct position for proper operation. IT this switch is set tao the
80387 position, and the 0387 is not installed, the system will crash.
The proper settings are shown below. - o

SW1-2 SW1-7 80287 80337

On On In Out normal operation of 80287

On off Out In normal coperation of 80337

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

Oon Off In In Not recommended (Improper operation)
nff on In In Not recommended (error message)

off aff In In Nnt recommended (error messange)

o o Clut T Installation error message

off on In Ot Installation error message

Qfrf Qff Out In Installation error message

On Off FArrs Tt System loackup on %27 instruction

Qff off T Cut System lockup on €7 instruction

FEYBOARD INTERFACE

The keybuward interface system consists of a Universal
Feripheral Interface IC (2042 or 274Z), a D4-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 cother system functions. Included in these functions are
the reporting of the switch settings fraom the input port (on command),
and controlling the CPU reset line and slowdown lockout line. The LFI
is also programmed to control the LOWAZO line (for limiting the CRU
address to 1 Mbyte) but this function is taken over by the D4-3SKEY
FAL.

The D4-ZFEY FAL watches the commands to the WRFI and intercepts
those having to do with the LOWA20 line. It then drives that line and
prevents the UPI from getting the commands by disabling the keyboard
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 (KAZ20%) 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 mot driven by the FAL,
the UFPI resumes driving the LOWAZ20 line and a resistor between ICOWCH#
and KEYWR# provides the write sigrnal to the URPI to allow normal
function of the UFI on the LOWAZO commands.
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8049 INPUT PORT

Not defined

Not defined

0237 installed switch
80287 speed switch
Switch 4

Switch 5

Switch 6 .
Keyboard inhibit switch

NoAR_BDP - O

804% OUTPUT PORT

Reset 802846 CFPU when low

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

Enable slowdown when 1ow

Feyboard Qutput buffer full (interrupt to S25%2)
Keyboard Input buftfer full (not used)

Keyboard clock line (output)

Keyboard data line (output)

Noe it i ke O

204% TEST FORT
0 Keyboard cloeck line
1 Keyboard data line

SFPEAKER INTERFALE

Fhe speaker interface allows the speaker to be driven from tuwo

sources, the £253 timer 2, or the processor through port 4&1h bit 1.

In addition, the timer can be enabled and disabled from port &1h bit
0. In order to use the timer to generate a tone, it is necessary to
program it to the desired fregquency (the input clock rate is 1.1%3
mhz), and cet port &1h bits O and 1 to a 1. It the speaker is to be
toggled directly by the CFU, port &1h bit O should be set to a zerw
and bit 1 should be toggled.

REFRESH TIMER

The system refresh is obtained by doing 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 = 18.44
actual refresh rate for 18 is 18#122/1122122 = 1.921 msec
actual refresh rate tTaor 1% is 19#125/11921582 = 2,032 msec

A divider value of 12 results in a refresh rate slightly
higher than necessary but this is better than breaking the specified
refresh time as a divider value of 19 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 18,204678 Hz.

CMOS CLOCK CIRCUITS

The System CMOS clock circuits are used for two purposes. UOne
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 MC1446213
real time clock chip from Motorola. There is also a CMOZ inverter
package which is used for an wscillator and to provide a quality chip
select to prevent spurious writes during power cycling. The inverter
(404L7) 1is wused inm a series type Pilerce oscillator with a 22765 H:z
crystal. This circuit is very sensitive due to the extremely small
currents used to maintain oscillation and will not work properly if
the printed circuit board is dirty or if test instruments probke any of
the nodes connected to the crystal.

The power provided to the CMOE circuits 1s designed to be
maintained during power off periocds by a batterv. To do this, a diode
switching circuit is wused to switch from the output of a special
regulator te 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 regulator is a shunt type from the +12v supply and
provides é.2v before the diocde. With the power on, the voltage at the
clock ICs should be about 5.5v. The choice of voltages should prevent
the battery from providing the power to the clock circuits when the
unit is on. This is necessary because the current drain from the
clock is several orders of magnitude higher during system operation
tharn during shutdown.

One additional diode is wsed 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 Vcec to the clock 1is
never more that 0.7v less than the voltage on the inputs thus
preventing the turn on of the spurious SCRs in the CMGE circuits.

The battery voltage range at the battery connector is shown
below:?

absolute
minimum maximum maximum

1) S.0v &.0v &.2v

2) Normally Keyed
2)

4) 0.0v 0. 0v 0.0V Ground

The absolute max spec is for a battery that is new, and should not be
maintained for more thanm 24 hours at 100 ua. After this time, the
normal min/mas= voltage spec applies.

The current drain on the battery varies with valtage and clock
operating mode, but is usually about SO0-70 ua after running the
diagnostic setup. The maximum current showuld be under 150 va.
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SWITCH SETTINGS

The processor board has one DIF switch with six individual
switches. The function of the switches is as follows; .

1) Failsafe timer enable (when ON).
This switch is normally on.
2) 80287 coprocessor installed (when ON).
This switch must be ON when the 80237 is installed and
OFF when the 80287 is not installed.
3) 4mHz 80237 operation (when ON).
If an 80287 dash 1,2,8,10 is used then the switch should
be OFF. 1If dash 3 or & is used then the switch must be 0ON.
4) Switch 4 (see software spec for usage)
2) Switch 5 (see saoftware spec for usage)
4) Switch A& (see software spec for usaage)

FROCESSOR POWER RERUJIREMENTE

The processor board uses Sv, and 1Zv power. It distributes
power for other components of the system from the -5Sv, -12v and aux
12v provided by the power supply. With no other components (except
the speaker) connected to 1it, the processor uses 22 milliamp at 1Zv,
and 2.4 amps at Sv. The maximum expected power requirement should be
24 ma at 12v, and 3.0 amps at 5.0v.
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ROM MEMORY SYSTEM

The RCOM memory system on the memory board consists of four
sockets for 23 pin ROMs or EFROMs and decoding logic to enable them.
The ROMs can be either 8K, 16K, or 32K x 8 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. far each
bank to select between static and dynamic ROMs. The jumper setting
for each type of device is shown below.

8k ROM FROGRAMMABLE active HI CS ON 26,27
14k ROM FROGRAMMAELE active HI CS ON 27
32k ROM
Sk EFROM INTEL 2764 TYFE
14K EFROM INTEL 27122 TYFE
2K EFROM INTEL 2725¢ TYFE
Standard cantfiguration
ROM=1 (system RIOMs): use jump block ER1: 1 2=3 4=5 4 =g ¥
ROMZZ (option ROMs): wuse jump block ERZ: 1 2=2 4 5=+ 7 =9
3k Device 1=2 3 4=5 4
14k Device 1 2=3 4=5 &
32k Device 1 2=3 4 S5=64
Static device 7= 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
OEOOOOH SYZSTEM ROMs T SYSTEM ROMs 2 SYSTEM ROMs =2
OEZ000H SYSTEM ROMs 2 SYSTEM ROMs 2 SYSTEM ROMs 2
OE4000H SYSTEM RIMMs 2a SYSTEM ROMs 2 SYSTEM RDMs 2
OE&OOOH SYSTEM ROMs 2a SYSTEM ROMs 2 SYSTEM ROMs 2
OEZ000H SYSTEM ROMs 2b SYSTEM ROMs Za SYSTEM ROM=s 2
OEAQOOH SYSTEM ROMs 2b SYSTEM ROMs 2a SYSTEM ROMs 2
OECOOOH SYSTEM ROMs Zc SYSTEM ROMs 2a SYSTEM ROMs 2
QEEOOQOH SYSTEM ROMs Zc SYSTEM ROMs Za SYSTEM RGMs 2
OFO0QOOH SYSTEM ROMs 1 SYSTEM ROMs 1 SYSTEM ROMs 1
OF2000H SYSTEM ROMs 1 SYSTEM ROMs 1 SYSTEM ROMs 1
OF4000H SYSTEM ROMs 1a SYSTEM ROMs 1 SYSTEM ROMs 1
OF&O00OH SYSTEM ROMs 1a SYSTEM RCOMs 1 SYSTEM ROMs 1
OFZ20O00H SYSTEM ROMs 1b SYSTEM ROMs 1a SYSTEM ROMs 1
OFEQDOH SYIZTEM ROMs 1b 2YSTEM ROMs 1a SYSTEM ROMs 1
OFCOOOH SYSTEM ROMs 1c ZYSTEM ROMs la SYSTEM ROMs 1
OFEQQOH SYSTEM ROMs 1c SYSTEM ROMs 1a SYSTEM ROMs 1
The designation "1a", "1b", "1c" 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

S x CLK14& cycle 12
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 CLK14 in PAL + S
ACCESS TIME i HFHFR 250

DE access time fTor ROM/EFRIOM
HDE/ZZ access time for ROM/EFROM (jumpered dynamic)

4 = CLE1& cycle 2350
CMD¥ from CLEL1A% in FAL - 1%
MRDZ¥# from CMO¥ in FAL - 23
CE# from MRDC¥ in FAL - 25
butffer prop delay 1sZ44 - 20
DATA latch setup time - 10
Latch enable delay in FAL + 5
CMO% delay from CLK1é& in PAL + 5
ACCESS TIME R #HN® 16T

CS access time for ROM/EPROM (jumpered static)

S » CLK14 cycle 312
ALE delay in FAL - 15
BALE delay from ALE in FOO - 10
ROM¥* from BALE in FPAL - 25
buffer prop delay 1s244 - 20
DATA latch setup time - 10
Latch enable delay in FAL + o
CMD3# delay from CLK1& in PAL + 5
ACCESZ TIME HEFHAHHE 242
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D4 OFTION BOARD SLOT SPECIFICATIONS. (no memory on motherboard)
Slot
1 234567 ¢ B
X n & @ & @ & @ 32 bit.
e s X X . X X ., 16/8 bit.
e X 2 e X a e X 8 bit only.
X o & o X X X X drop down to gold finger edge.
c = & s s = = . drop down to motherboard surface.
. ¥ HEHR e ow om w no drop down available.
X X X X X X X . full size
s @ s &8 @ e X short slot (& inch)
1 . . - s Used for standard memory board
2 . . o o Available
g . - Available
4 . . . Available
5 « & s viou
. Hard Disk
7 . Floppy/Serial/Frinter

Available
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EXPANSION BUS DEFINITION

BUS Signal
Fin Name Description
AO1 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 QCCcuUurs.

A02-A09 SD7-SDO These bidirectional signals are the
low 8 bits of the system data bus. They should be used exclusively by
all einght bit devices to transfer data. Sixteen bit devices should
use these lines to transfer only the low half af a data word when the
address line AO is low. These may be driven by an expansion bus
adapter acting as a bus master.

A10 BLIERDY This input signal is used to lengthen a bus
cycle from it“s standard time 1if a bus adapter cannot respond quickly
enough. It should be pulled Tow by an open collector type device as
soon as a slow addressed device is selected and held 1ow until the
device has responded. Bus cycles are lengthened by anm integral number
of (BCLEK) cycles. This 1ine 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 CPU or other adapter mounted bus master has contra)
of the bus. When active, the DMA contraller has control of the bus.
It is woften wused to disable devices which must not respond during a
IMA cycle.

AlZ-AZ1 ZA19-ZA0 These bidirectional signals address
memory or I/0 devices within the system. They form the low order ZO
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
qomes 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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BO2 RESDRV This output signal is used to reset
the hardware during powerup or power failure. It is active high.

BO4 IRGY

B21 IRQ7

B22 IRR&

B23 IRQS

B24 IRQ4

B2S IRG3

DO3 IRQ10

Do4 IRG11

DosS IRQ12

Do6 IR@1S

Doz IRD14 These input lines are used to

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

RO& DRGZ
Bl4 RIS
El12 DR
pDo? OR20O
D11 DREZS
013 DRRA
01s DRa7 These input lines are used to request

a DMA service from the DMA subsystem or to gain control of the system
bus from the main CPU (Dma ReGuest)., 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.

ROZ NOWS# This input Tine (No Wait State) is
nsed to inform the system that standard wait states can be deleted for
cycles when this line is made active. The line must be pulled Tow
before the falling edge of BCLE in order to be recognized. This Tine
should be driven by an open collector device capable of sinking ZO mA.

B11 SMWTCH# This output line (standard memory
write) is active (low) only when an address from 0OO000OOh to OFFFFFh 1is
decoded. This Tine is derived from MWTC*.

R1Z SMRDC# This output line (standard memory
read) is active (low) only when an address from O0OOOOh to OFFFFFh is
decoded. This line is derived from MRDC#.

B12 IOWC* This output line (I/0 write) indicates
(when low) when an 1/0 device is to accept the data from the data hus.
It may be driven by an expansion bus adapter acting as a bus master.

E14 IORIZ# This output 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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B1S DAK3#*

B17 DAK 1%

BZ4 DAk 24

DS DAKO# =

D10 DAKS#*

D12 DAKA#

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 LOMA device with the IORC* or
IOWC# line to indicate selection. If used to signal acceptance of a
bus master request, this signal indicates when it is legal to pull
GRAB# low.

E19 REFRESH* This output signal is used to indicate
(when low) a refresh cycle in progress. It should be used to enable
the ZA0O-ZA7 address lines to the row address inputs of all banks of
dynamic memwory so that when the MRDOC# goes active, the entire system
memary is refreshed at one time. It may be driven by an expansicn bus
adapter acting as a bus master.

BZ0 BCLE This coutput signal is provided to
allow synchronization to the main processor clock. Its frequency will
be approximately &MHz with a duty cycle of SO0%.

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

B-E EALE This output signal (when high)
indicates that a valid address is present on the LA address lines.
The LAx: address lines ar any decodes developed from them should be

latched at the falling edge of BALE. This line 1s always hiagh when a
DMA or bus master operation 1s occurring.

B3Z0 0sC This output signal is a clock for use
in timing applicativns. It"s frequency is 14.31218 MHz and duty cycle
is appoximately S0%.

C1 SBHE # This output sigmal (System Bus High
Ernable) indicates (when low) that the high half of the 35Dx 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.

Ce-CE LAZ=-LA17 These output signals (Latchable
Address) are wuwsed to decode memory which must respond with zero or one
wailt 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.



D3PE-?ROCESSOR DESCRIPTIONS : January 03, 1987
»Copyr;ght COMPAQ Computer Corperation 1984, 1987 page 39

o 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.

Ci0 MWTC#* This output line (memory write)
indicates (when low) 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-SD1S These bidirectional signals are the
high 2 bits of the system data tus. Sixteen bit devices should use
these lines to tranmsfer the high half of a data word when the lirne
SBHE* is low. These may be driven by an expansion bus adapter acting
as a bus master.

D1 M1&% 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 1s made active,
during a memory read or write, the standard one wait state memuory
cycle will be run. This line should be derived from the LAwx address
lines. This line should be driven low by an open collector device
capable of sinking 20 mA.

D2 IO1&3 This input line (I/0 is 16 bits)
signals the system that the addressed I/0 device is capable of
transferring 1& bits of data at once. When this line is made active,
during an I/0 read or write, the standard one wait state I/0 cycle
will be run. This line should be driven low by an open collector
device capable of sinking 20 mA.

ni7z SRAE* This input sigrnal 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 contrel lines will be floated, allowing the adapter to begin
controlling them one full BCLK periocd 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 collectoer device capable of
sinking 20 mA.

BO1,B10,R31,D12 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, B2, 014 +5 Vdc These lines are connected to the
system power supply for 5 volts. In addition to the maximum power
available from the supply, the maximum current allowed own any single
contact i1is 1.5 amps.
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BS =5 Vdc This line is connected to the system
power supply for minus S volts. This supply is intended for low
current usage only.

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

B® +12 Vdc This line is connected to the system
power supply for 12 volts. In addition to the maximum power available

from the supply, the maximum current allowed on this contact is 1.5
amps.

BlIZ TIMING INFORMATION
This information assumes that the system clocks are at a constant

SmHz. Since in some cases this is not true, some cycles may have more
time available than indicated.

CP 2 bit command active time (standard wait state)
¥ w CLE16 cycle &7
CFJY 2 bit command active time (NDO standard wait state)
2 x CLK1é cycle 187
CPU 1¢& bit memory command active time (standard wait state)
4 » CLK1é cycle 250
CPU 14 bit I/0 command active time (standard wait state)
2 x CLK16 cycle 187
CF 14 bit memory command active time (NO wait state)
2 = CLE1A cycle 125
CFU extra wait state size
2 x CLK1é cycle 125
Addrecs access time from SAx address lines, 146 bit bus read cycle.
S x CLK1é4 cycle 312
ALE* active delay in PAL - 15
ALE#* TO ALE in FOO = &
address latch delay als573 - 20
Latch setup time als5732 - 10
CMD from CLK1é6%* in PAL + &
BCK» from CMD in PAL + &
ACCESS TIME #3333 R 275
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Address access time from SA19-SA0 address lines, 8 bit bus read cycie.
11 x CLK16 cycle 687 '
ALE#* active delay in PAL - 1S
ALE* TO ALE in-FOO - 6
address latch delay alsS573 - 20
Copy buffer delay 152493 - 15"
Latch setup time als573 - 10
CMD from CLK1é&# in PAL + 6
BCKx from CMD in PAL + 8
ACCESS TIME 3336 3 3 3 36 3 635
Access time from BALE active, 16 bit bus read cycle.
S x CLK16 cycle 312
ALE#* active delay in FAL - 15
BALE from ALE in FOO - 2
Latch setup time alsS7: - 10
CMD from CLEL&% in PAL + 5
BCKx from CMD in PAL + &
AZCESS TIME 3436 3 3 3 33 272

MROC#* Access time, 1& bit bus read cycle.

4 » CLE1& cycle 250
MRIDMC#* from CMD in FAL = 15
Latch setup time alsS73 - 10
BCKx from CMD in PAL + &
ACCESS TIME 333t 343 36 34 3¢ 233

IORC# access time, 1& bit bus read cycle.
3 x CLK16 cycle 187
IDRCH#* from CMD in PAL - 15
Latch setup time als5S72 -1
BCE:x from CMD in PAL +
ACCESS TIME 33333 3 170

MROC#, IORC*, access time, & bit bus read cycle.

92 x CLK16 cycle 562
MRDC# from CMD in PAL - 15
Copy buffer delay 15245 - 18
Latch setup time ai1sS73 - 10
BCKx from CMD in PAL + 8
ACCESS TIME 3303 3 33 3 3t 527
SMRDC# access time, 8 bit bus read cycle.
9 x CLK16 cycle 562
MRDC#* from CMD in PAL - 15
SMRDC# from MRDC3# in LS12S - 1€
Copy buffer delay 18245 - 1=
Latch setup time alsa7z - 10
BCE:= from CMDO in FAL + &

ACCEZS TIME 333 3 3 3 3 ¥ 509
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Data hold time from MRDC#, IORC#, 8 and 14 bit cycles

data hold from BCKx ALSS73 7
BCK: delay from CMD in PAL max 15
DCMD from CMD in PAL min - g
command from CMD in PAL min - 8
Required data hold 33 363 5 3 236 96 3¢ &
LAx address valid to 16 bit memory command setup
3 # CLK1¢ 187
CPU address out from CLK1& max - 40
Address buffer delay ALS245 max - 17
CMD from CLK16* in PAL + b
command from CMD in FAL + S
SETUP 33 36 34 3 36 3 3 3¢ ’ 141
LAx address valid to M1é&# active regquirement
Zo% CLK1A 1=7
CPU address out from CLK1& max - 40
Address buffer delay ALSZ4S max - 17
Milé® setup reguired to ALE in FAL - =5
SETUR 3+ 3034 34 3 36 3 3 3 105
BALE valid to 14 bit memory command setup
1 # CLK1& &2
ALE#* active delay in PAL - 15
BALE from ALE# in FOO - %
CMD from CLK1é# in PAL + b
command from CMD in PAL + 5
SETUP B 3F 39 3 3 3 3 49
BALE valid to required M1lés
1 # CLE1L1A . L2
ALE# active delay in FAL - 15
BALE froem ALE® 1in FOO - 9
Miix setup 1n FAL - 25
SETUR 363t 36 3 3 3 33t 3 i3

ZAx address valid to 14 bit memory command setup
1 »® CLK1& &2

ALE* active delay in PAL - 135
BALE from ALE®* in FOO - 9
CMD from CLK1&6%* in PAL + 6
command from CMD in FAL + 5
address latch delay ALSS73 - 20
SETUP ’ 34 3 3 96 34 34 3 3 3 29
A address valid to I/, = bit command setup
PO 2 125

|
[

hd O 1o~ g non

ALE#* active delay in FAL

BALE from ALEX# in FOO

CMO from CLE1A% in PAL

command from CMD in FAL

address latch delay ALSD7Z

SETUF 336343333 33

I+ + 1

0 kg
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SAL19-0> address hold from command
1 # CLK16 62
CMD from CLK14% in FAL - 15
command from CMDO in FAL - 1S
ALE+# active delay in PAL min + S
ALE®# TO ALE in FOO + 2
address latch delay alsS73 min + 7
HOLD 3636 3434 34 3 34 3¢ 3¢ 44
CPU write data setup to MWTC# active, 16 bit
CLK1&6 time 62
MWTC#* in PAL delay min 2
BENx delay in PAL max - 25
data buffer delay LS245 - 40
SETUF 363t 4 3 33 3% =
CFU write data setup to IOWCH active
2 % CLK1& 125
MWTC®* in PAL delay min S
BEN:: delay in FAL ma=x -~ 25
~ data buffer delay LE245 - 40
SETUF 3¢ 33 3 3 3 3 3t &5

CFU write data setup to MWTCH,

IOWCH# active,

€ bit bus

MWTC* to CPYEN# in FALL delay - 25
data buffer delay L3245 - 40
SETUP 33433 3333 - 65
CPlJ write data setup to MWTCH#, IOWC#, inactive, 16 bit
cycle.
S # CLK14 time max 312
BENx¥ delay in PAL ma: — 2
data butffer delay LSZ4%5 - 40
MWTC# in FAL delay min sl
SETUFR AR 25z
CFPIJ write data setup to MWTC#, IOWC*, inactive, 8 bit
LOW BYTE.
9 % CLK1& time max 5S¢z
BENx# delay in PAL max - 25
data buffer delay LS245 - 40
MWTC#* in PAL delay min S
SETUR 334 334 3¢ 3 3¢ 34 3 502
CPU write data setup to MWTC*, IOWC#, inactive, 8 bit
HIGH BYTE.
2 % CLELAS time max SEZ
CIOFYENMN® delay 1n FAL mas - =5
data buffer delay LEZ4% - 40
SETUPR 3343 3 3 3 33 427
Refresh MRDC# active time
DILKE cycle time 250
Refresh address setup to MRDOCH# active
2 # CLE1L1G 125
1s5%0 delay max - 45
LE244 DELAY (SAZ,SA?) - 1z
18125 delay min + 7
SETHIE (SAZ . Z4%) 333N ~

January 0S5,

1987
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bus memory cycle.

bus memory

bus memory cycle

bus memory cycle
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Refresh address hold from MRDC#* inactive _ :
18590 delay min + 5
18125 delay max ) - 20
- SETUF 3353 3 3 3 3 33 3 - 15

Refresh wait state BUSRDY low delay from MRDC#* active

2 # CLK1&6 125
f17S5S delay max - 10
15125 delay max -~ 20
f125 setup max - 3
Max allowed delay 3363 3 3 5 634 3 97

Refresh wait state BUSRDY high setup to BCLK rising

125 csetup max =
FO2 delay 6.6
SETUF 33633 3 HH 3 # 10

CFU memory or I/0 command wait state
BUZRDY high setup to BCLKE ricing

F74 setup masx 3
SETUF 363536 3 33 3 3 3 5
CFU 14 bit memory command wait state
BUZRDY Tow delay from command active
3 # CLK1é& 187
CMD from CLK1é# in PAL - 15
command from CMD in PAL - 15
F74 preset delay - 11
F175 setup max - 3
Max allowed delay 336363 3 33333 1432
CFU 16 bit I/0 command wait state
BUZROY low delay from command active
2 # CLE1A 125
CMD from CLK14&3% 1in FAL - 15
command from CMD in PAL - 138
F74 preset delay - 11
F175 setup max - 3
Max allowed delay 3336 3 F 33 81
CPU & bit command wait state
BUSRDY l1ow delay from command active
8 # CLK1¢ 500
CMD from CLK16#% in PAL - 15
command from CMD in PAL - 15
F74 delay max - 11
F175 setup ma=x - =
Max allowed delay U E PR Sk

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

2 # CLK14 125
CMDO from CLEK1&6% 1n FAL + &
command from CMD in FAL + =
F74 setup min + 0

Command active F3t 333 =
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CPU maximum command active from BUSRDY high after added wait state.
4 % CLK16 250
CMD from CLK1&# in PAL + 1%
command from CMDO in FAL + 15
F74 setup max + 3
Command active 3 3 3 3 3¢ 3 3 3 3¢ 3¢ 283

NOWS# delay from MRDC%# or MWTC#* 146 bit memory cycles

1 # CLK16 62
CMD from CLK1é%# in FAL - 1S
command from CMD in PAL - 15
F74 setup min - 3
Max allowed delay 334336 36 36 3 3 3 3 29

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

4 % CLKL1A 250
74 delay max - 11
15125 delay max - Z0
LE2432 delay max - 1=
74 delay BLERDY to DRDO1 ma:mx - 11
175 setup - 3
Ma: allowed delay M FFHRF R 127

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

8 # CLK16 ; 500
I/70 write delay from DCLK max -190
15243 delay max - 15
74 delay BUSRDY to DRD1 max - 11
fl175 setup - 3
Max allowed delay 335 34 3¢ 3 3 36 3 3¢ =21

OMA MROCH active time
2 = DCLE cycle S00

DMA INRC# active time

3 = DCLK cycle 750
DMA MWTC#, IDWCH* active time

2 x DCLK cycle S00

2227 Write command shrinkage 100

Active cycle time 336 336 3 334 3 3 F 400

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

M-I0. from MRDC# in FAL 15
4 o CLEZZ (DMIO to MIZASH) 125
MIAZ= to CAS=¥ in F2E delay mawx =
CAS access time 1n RAM max =5
Data buffer delay F&57 (mem card) 10
Data buffer delay LZTZ45 15
Data buffer delay ALSZ4S (copy buf) 15

Access time 3 36 3¢ 3 334 34 36 3 3¢ 220
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Data setup to MWTC* for system RAM (Non CPU cycles)

M-I0O from MWTC* in PAL - 10

4 x CLKZ22 (DMIQ to MCASH) -125

MCAZ# to CASx#* in F32 delay max - 10

Data buffer delay Fé57 (mem card) 10

Data buffer delay LS245 15

Data buffer delay ALS24S (copy buf) 15

Data setup before MWTCH #3343t %%% -100

Required I/0 data access time from IORC% for DMA write to RAM

4 # CLK1&6 cycle time (IORC# to MWTCH#) 250
System RAM data setup before MWTCH 100
DMA I/0 read access time ittt 350

DATA valid atter IOWC# low during DMA read from RAM

DMRR3# from DCLK in F74 delay 11
XMROZ#  from DMRGE® in 1s125 delay iz
MRDC* from XMROC#* in 152453 15
System memory access time from MRDC* 220
XIOWZ# from DCLE in 8227 min? - 70
IOWC* from XIOWC® in LS242 - 15
DMA data valid from IOWC* 1ow FHERFRE® 1TV

DATA setup to I0OWC¥ high during DMA read from RAM

2 % DCOLK cycle time 500
OMA controller Write low shrinkage - 100
DMA data valid from IOWC¥*¥ 1low - 179

Data setup to IOWC#* high RN 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 ctollector 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
celected 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 22 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 1is
valid only when BEO® is active. The bus should have a maximum of
1.0mA 1oad in the low state and 0.4mA load in the high state when
driven by the motherboard and a maximum capacitive lcoading of 40pF.
The 22 bit board must be able to drive 120pF and sink 4.0mA and source
1.0mA when driving these lines.

E4-F? PD3-PD15S
These hidirectional signals are the € bits of the processor data bus
selected at an address that ends in O1 (binary). These lines are
qualified by BE1# similar to PDO-PD7 and BEO# described akove. The
electical parameters are the same as PLO-FPD7 described abave.

E10-F1Z2 FO1&—FD2Z
These bidirectional signals are the Z bits of the processor data bus
czlected at an address that ends in 10 (bimary). These lines are
qualified by BEZ# similar to FDO-FD7 and BEO%® described above. The
electical parameters are the same as FOO-FD7 described abave.

E14-F17 PD24-FD31 :
These bidirectional signals are the @ bits of the processor data bus
selected at an address that ends in 11 (binary). These lines are
gqualified by BEZ* similar to PDO-PD7 and BEO# described above. The
electical parameters are the same as FDO-PD7 described above.

E18-F28 PA2-FA23
These output signals (in additionm 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
offers. The bus should have a ma=imum of 1.0mA load in the low state

ated Zod4mA load in the hiagh state and a masimum capacitive loading of
4CpF.
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E2¢& PA31
This output signal (in addition to PA2-PA22) 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 0.4mA load in the
high state and a maximum capacitive loading of 40pF.

E3S LOWAZ20
This output signal (when low) indicates when the address line PA20
should be igrnored and the address decoded as if the PAZ20 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 1ow state and 0.4mA l1oad in the high state and a maximum
capacitive loading of 40pF.

Fz0 BEO#
This output signal (when low) indicates when the 22 bit memory board
should operate on the FDO-FD7 data lines. The line should have a
mazximum of 1.0mA lwad in the low state and 0.4mA Tcad in the high
state and a mawimum capacitive loading of 40pF.

EZ=O BE1#
This output signal (when Teow) indicates when the 32 bit memory board
should operate on the FDE2-PD1S data lines. The line should have a
masximum of 1.0mA lcad in the low state and 0.4mA lcad in the high
state and a maximum capacitive loading of 40pF.

F29 BE23#
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 ITvad in the low state and 0.4mA load in the hiagh
state and a maximum capacitive lwvading of 40pF.

Exw BE
This woutput signal (when low) indicates when the 32 bit memory board
should operate on the FPD24-PD31 data lines. The line 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.

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

power failure. This signal is not synchronous with the CLK32 or
CLK1é6# lines. It is active low.

E3Z2 CLK32
This cutput signal is the main processor clock. Its frequency will be
FEmHz with a duty cycle of about S0%. This line should be used as the
timing reference for all pracessor memoary cycles. The Tine cshould
have a maximum of 1.0mA lTwad in the low state and ©.4mA lcad in the
high state and a mawximum capacitive loading of 40pF.
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F33 CLK1b%# ] -
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 CFU phase one and low during phase
two. The line 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. )

F34 M32#
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 lines as it will be used
during both CPU cycles and other bus master cycles. This signal has
a 20kohbm 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 sowurcing 1.0 mA with a SOpF load.

F=A BHLDA
This wowutput 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 used by
the memory board for a memory cycle. The signal should have a maximum
of 1.0mA 1oad in the low state and 0.4mA 1ocad in the high state and a
maximum capacitive 1wading of 40pF.

EZ1 ADSH*
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
Tow). This line is always high when a DMA or bus master cperation is
occurring. The signal should have a maximum of 1.0mA 1oad in the low
state and 0.4mA 1wzad in the high state and a ma=imum capacitive
Toading of 40pF.

FZ21 M-I
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 l1ocad in the lTow state and 0.4mA l1oad in the high state and a
maximum capacitive loading of 40pF.

E32 nO-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 1oad in the low state and 0.4mA 1oad in the high state and a
ma=imum 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 load in the low state and 0.4mA 1oad in the high state and a
maximum capacitive loading of 40pF.

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 20kohm 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 load.

F3z NAM3#
This input signal is wsed to signal the CFU when the 3% bit board is
finished with the address and status information and the CPU may put
out it“s next address. This signal has a ZOkohm pullup resistor teo
hald it inactive when a 22 bit board is not installed and should be
driven by an output capable of sinking 4.0 mA and sowrcing 1.0 mA with
a SOpF 1oad.

Fz7 READY 3
This output signal indicates the end of a CFU cycle by either tne
bit memory board or the system bozard. The sigral should have 4
maximum of 1.0mA leoad in the lcw state and 0.4mA 'cad in the high
state and a maximum capacitive loading of 40pF.

(1))
b

EZ27 NAs3t
This wutput signal indicates when the cystem board or the memory board
is done with the address and status information and the CPU may put
out it7s next address. The signal should have a ma=<imum of 1.0mA load
in the low state anmd O.7mA Toad in the high state and a ma=imum
capacitive loading of Z0pF.

F1,F3%,F40 GND

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

E1,E3?,E40C +3 Vdc
These lines are connected to the system power supply for S volts. In

aduition to the maximum power available from the supply, the maximum
cu-rent allowed on any single contact is 1.5 amps.
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Cycle types as indicated by status:
EHI DA M-I0 D-C W-R

L L L L CFU Interrupt Acknowledge

L L L H - Code never produced

L L H L CPU I1/0 read

L L H H CPU I/0 write

L H L L CPU Memory code read

L H L H CPU halt or shutdown

L H H L CPU Memory data read

L H H H CPU Memory data write

H L L L Code never produced

H L L H Non CPU refresh read

H L H L Non CPU memory write

H L H H Non CPRJ memory read (note 1)

H H L L Code never produced

H H L H Non CRU refresh cycle (Before or after)

H H H L Nan CFU not produced (note 1)

H H H H Nom CPI} No cycle in progress
Note 183 poassible occurance on transition to/from memory write.
Note Z: other status lines are not guaranteed to be high until after

the transition of BHLDA from low to high
BUS TIMING INFORMATION
Status inactive setup to BHLDA high
D4-5SMS5C turnon pal min 4
SETUFR 3363 3 3 3¢ B 4
Status inactive hold to BHLDA Tow
CLE1é&# cycle time [
ZE4 HOLDA delay min + 4
D4-SM=ZC delay ma - 15
HOLD FHE RS =51
Refresh cycle time (M—=I0 low time)
2 # BCLK cycle 250
15125 delay delta +/—- 10
D4-SCMD pal min +/- 5
CYCLE time max 3696 3 36 3 3 3 3 3 235
CYCLE time min HHFHFRFHE 265
Refresh address setup to M-I0 low
BCLK cycle 125
15590 delay max - 25
18244 delay max - 1=
12245 delay ma: -1z
18125 delay min + 7
D4-SCMD pal min + 5
SETUP B33 3 HHH 5

N
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Refresh address hold from M-I0 high

15590 delay min + S
15245 delay min ' + 5
15125 delay mamx - 20
D4-SCMD pal max - 15
HOLD 3 3% 3 35 36 3 3 3 3 3 - 25

page S2

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

MWTC# to M-IO in D4-3CMD pal delay min + 5

286 product data setup to MWTCH - 45
data delay in 15245 - 18
SETUP 36 36 36 3 5 3 3 3 4 - &1

Required data access time from M-IC during BHLDA high

224 product access time from MRDOCH 200
D4-SCMD pal max - 15

data delay in 15245 max - 1=
REGJIRED ACIZES= TIME 33636 3 3 3 363 3 3 147

Minimum cycle time (M-I0 low) during BHLDA high
2324 peoduct MRIOCH Tow =250

read cycles

Minimum total cycle time (M-I low to M-I0O Tow) during BHLDA hiagh

2584 product MRDC* 1ow 375

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

2386 product MRDC* low 10000
Required MRDY# setup to CLK32 during CPU cycle

3846 setup time min 20

FO2 delay max 7

SETUF 336 3 3 3 3 3 3 3 3¢ 4

Required MRDY# hold from CLEZZ during CFU cycle
226 hold time min

FO8 delay min - 2

HOLD 3 3+ 3 3 36 36 36 3 3 3¢ i
Required NAM#* setup to CLK32 during CPU cycle

3846 setup time min 10

FOE8 delay max 7

SETUR 333336 36 38 3 3 3¢ 17
Required NAM* hold from CLK32 during CFU cycle

33846 hold time min 20

FOS -:lelay min - 2

HOoLD 333 3 363 3 3 3 15

Other setup, hold, and delay times from the CFL shaould
be taken directly from the INTEL 203236 specifications.
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The 32 bit bus is intended for use by a memory bcard 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 cycle rates. Since the
master CFU operates at 1émHz clock rate, and uses two clock 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 cycle 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 memary cycle). This is
accomplished by the M3Z# line. The system board combines this line
with the status from the CFL and determines if a legal 32 bit memory
cycle is beirng 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 thanm memory (even if M3IZ# is active) or if
Maz% is inactive, the system bocard Togic will run the complete cycle
to the CFU including the driving of the NA® and READY# signals.

The system board wnses the CFU pipelining ability to get a start on
operaticons. %Since the system board cannot know if the next cycle is
for the 22 bit memory or system bcard, it always starts the CFU
pipelining with the NAB* signal. Therefore it is regquired 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
control logic on the two systems. Memory operations not requireing
the driving of MRDY#® or the presence of valid write data, cam be done
before the rising edae of ADSH, 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 decade
from address, it must be driven regardless of ADS#*,

If the 32 bit memory board is to operate with ne 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 shonld be gated onte 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 criginal 284 memory boards
because there is no way to add wait states to external hus masters
from the 22 bit beoard. The required access time and cycle time are
listed in the timing tables.
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When BHLDA is high, the protocal for accessing the memory changes.

The M-I0 line becomes a memory strobe, and the D-C and W-R lines
become equivalent to a refresh control 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-IO0
line (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 BOARD

The dynamic memory subsystem for D4 is designed to get the most ocut of
the 80286 processor and still use relatively inexpensive dynamic
memories. To do this, the memory subsystem provides the following
features:

32 bit wide memory data path.

Orne megabyte of standard memory using 25ék x 1 DRAM ICs and
One megabyte of upgrade memory and one of two option boards.

Option RAM board design allows two megabytes of additional
memaory using 254k x 1 DRAM ICs.

2nd Option RAM board design allows eight megabytes of
additional memory wsing 1024k » 1 DRAM ICs or 2546k = 4 DRAM
ICs. '

14 mHz woperation of the processor/memory intertface.

Twoe wait states on the first CPU memory cycle following a hold
or- 1dle state. (INITIAL CYCLE).

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

Two wait states when sequential memory cycles do NOT fall
within the same 2042 byte address page. (PAGE MISS CYCLE).

Seperate Farity checking on each byte of the 32 bit double
word.

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

ROM "replacement” ability; 128k bytes of the RAM may be used
~to replace the system ROMs to increase the speed of the RUOMs
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
neec. Note that "sequential" memory cycles means that the CFU begins
requesting a new memory cycle before the current cycle is complete.

If 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 CFU and DMA. A listing of cycles
follows;

1) Initial read cycle from Idle or bus Hold.
2) Imitial read cycle from system board cycle.
Z2) Initial write cycle from Idle or bus Hold.
4) Initial write cycle from system board cycle.
) Read Fage Hit cycle.

&) Write Page Hit cycle.

7) Read Fage Miss cycle.

€) Write Page Miss cycle.

¢) Refresh cycle.

10) DMA read cycle.

11) DMA write cycle.

The logic for the state to state transitions and the generation of the
master memoary strobes is contained entirely within one PAL (Frogrammed
Array Logic) device (D4-RCTL). The logic for determining the hit/miss
status of a cycle consists of two latches to remember the previous
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
bufrfered by additiosmal buffers (one for each bank of 346 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
qenerate the parity for the DRAMs during write cycles and check the
parity during read cycles. The Twaic that coentrols the buffers aluways
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 also 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 decoded;

000000~-03FFFF 256K always.

040000-07FFFF 256K when the S12k jumper is active (2-3).
080000-09FFFF 128K when the &40k jumper is active (S-6).
OEOOQOOO-OFFFFF 128K when ROM replacement active (Note 3).
100000-13FFFF 254K (Note 1). :
100000—-13FFFF 256K (Note 2.

140000—-1FFFFF 768k when the 1M jumper is active (8-9).

200000-2FFFFF 1024k bank 2 on 2M coption board when present.
300000-3FFFFF 1024k bank = on 2M option board when present.
Z00000-SFFFFF 40%&k barnk 2 on M wption board when present.
LOOOO0O—-2FFFFF 4094k bank 2 won 2M ception board when present.

F40000-F7FFFF 25¢k
F20000-F?FFFF 125k
FAOOOO-FDFFFF  25¢k

when the 512k jumper is inmnactive (1-2).
when the &40k jumper is inactive (4-35).
always.

OO0 WNDKNE=OO0OO00O0

FEQOOO-FFFFFF 123k O always (Note =).
ZOC00000 1 byte diaagnostic byte (read) address.
S0C00000 1 byte control byte (write) address.

Note 1) Actually addresses OOOQQO0O-O3ZFFFF when LOWAZ0 is inactive.
Note 2) This is not addressed when LOWAZ0 is inactive.

Note 3) When ROM replacement is active, writing to this address range

can be disabled.

The diagnostic byte (at 80OCQ000Q0h read only) has several functions.
When reading the byte, the value returned is as follows:

Bit O parity status of byte O (O is erruor)

bit 1 parity status of byte 1 (0O is error)

bit 2 parity status of byte Z (0 is error)

bit 3 parity status of byte T (0O is error)

bit 4 5i2k jumper status (O 1s active)

bit S &40k jumper status (0O is active)

bit & 1M jumper status (0O is active)

bit 7 2 or 8 Mbyte option board (O is installed)
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The control byte (at B80COOOOOh write only) is shown below.

bit 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 S5 reserved (write a 1)

bit & 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
bits will be reset to ones.

The 122 kbytes from OFEQOOOh tw OFFFFFFh is used to simulate a system
RIOM. In the original 286 products, this space was c¢ccupied (double
mapped) by the system ROMs. For the D4 machines, this space is
cccupied by RAM on this board. To provide compatibility with previocus
products, the system ROM should be copied to this space. To allow
faster execution of ROM resident software, this board provides the ROM
"replacement"” function. When replacement is enabled, the RAM board
decndes address range OOEOODOOh to OOFFFFFh and puts the 128k of RAM
here, replacing the system ROM. After FOWERUF, 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, ornly OFEOOOOh to
OFFFFFFh is protected (the normal rom space still centains the
unwritable ROM). When replacement is active, both spaces can be
protected. After FOWERUF, the write protect funtion is disabled.

The diangnostic byte parity status should only be read with the system
board IOCHK disabled because reading the port may cause a parity
errorr.  As a result of this, the status will only be accurate the
first time it is read after a parity clear operation. Before doing a
memery test, the contrcl byte should be written to clear the parity

status, and after reading the diagnostic byte, the status should be
cleared again.

In nermal operation, if a parity error occurs, 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
automatically 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, =zo the byte (and
board 1f it 1s the memary board) in error can be determined.
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JUMPER SETTINGS

E123 jumpers
1=2 2 4=5 6 7=8 9 254K base 000000~-0ZFFFFh -
OK extended
1 2=3 4=5 & 7=8 9 512K base 000000-07FFFFh
OK extended
1 2=3 4 5=¢6 7=8 9 640K base Q00000-9FFFFFh
OK extended
1=2 3 4=5 6 7 8=9 256K base 000000-03FFFFh
1024K extended 100000—-1FFFFFHh
1 2=3 4=5 & 7 8=9 S12K base 000000—-07FFFFh
1024K extended 100000-1FFFFFh
1 2=2 4 S5=¢ 7 &=9 &40K base Q00Q00O-2FFFFFh

1024k extended 100000-1FFFFFh

The following jumper settings are to be avoided at all cost:

1 2 3=4 5 67 28 9 destroy power supply
1 2245 =7 8 % destroy power supply

OPTION BODARD FRESENT BITS

M 2M

H H OK

H L 2048K 200000-3FFFFFh

L. H 6144K 400000-9FFFFFh (NOTE: The 8 Meg board asserts
L L 8192K 200000~9FFFFFh both 8M and 2M strobes)
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DETAIL CYCLE DESCRIPTION

INITIAL READ CYCLES FROM IDLE. Al1 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 later, the Master Row Address Strobe
(MRAS*) ic asserted. MRAS#* is combined with a decoded bank select
signal (RZx#) to form the complete RAS:u# strobe for the memories.

The bank select signal is decoded in a FAL (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 MRASH is imactive

(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 processer address for the bank decode PALs to prevent
overloading of the CFLL

Once RASx* is active, the SWMLIX# signal changes back to the column
address (one CTLKZEZZ cycle later to satisfy row address hold times). At
the same time, the NAM# signal (next address) is set active to tell
the CPYU that it may put the next address onto the bus (twe CLK3Z
cycles later).

After one CLKR22 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 cutput buffers. At the same
time, the processor ready signal i1s set active (MRDY#) (and the NAM#
is set inactive) siagnalling the presence of data and the end of the
cycle to the CFUJ. Also at the same time, the processor begins to put
the nex=t 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 MRDs:.

The total time from CPU address strobe to the end of MRDY#* is
eight CLK32 cycles, or four processor states. 3Since 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 beard is finished with it“s cycle. This 1is
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 ADS®, M22%, status, and HIT# are sampled at the same edge
of CLER2 that terminates the previnus cycle. If all is well (READ
HIT), the MRAS# signal will continue active. Since the MRAS* signal
and the particular RASx#* signal is still active, the DRAM has already
decoded the row address and internally fetched it to the column
selector. A1l that is necessary is to wait til11l the column address
has changed and settled and the CAS# precharge time has elapsed before
another read can occur.

Since the CPU must remain in pipelined state, the NAM* signal is
set active again at the beaginning of the READ HIT cycle.

The column latch is closed again (CLAT gqoes inactive) one CLEZZ
cycle after the beainning 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 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 NAM#* is set inactive) signalling
the presence of data and the end of the cycle to the CPRU. Also at the
same time, the processor begins to put the next address and status on
the bue (if it i1s ready to).

Twa clock cycles later, the memory cycle ends by bringing the
MZAZx, MRD®*, and MRDOY# 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 CFU. 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 previous CPU memory cycle to
the end of MRDY# is four CLK32 cycles, or two processor states. Since
the CPL can execute a memory access in two states, we have inserted
zero wait states. -
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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 SWMUX# signal changes back to the column
address (one CLEZ22 cycle later to satisfy row address hold times). At
the same time, the NAM#* signal (next address) is set active two tell
the CPRU that it may put the next address onto the bus (two CLE3Z
cycles later).

After one CLK3Z cycle, the column address latch is closed tuo
prevent the column address from changing during the CAS* cycle. Alsao
the MRIDHt signal is set active to enable the data buffer to the CPU,
After an additional clock cycle, the master Column Address Strobe
(MCAS#) 1s set active, enabling DRAM output 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. Alsc at the same time, the processor begins to put
the next address and status on the bus (if it is ready to).

Twe clock cycles later, the memory cycle ends by brimnging the
MCAS*, MRD#*, and MRDY# inactive, and CLAT signal active. During the
twe cycles, the data from the DRAMS propagates through the data
buffers and parity logic and is set up to the CFU. The parity status
is checked at the end of this perinod by the rising edge of MRD:*.

The total time from the end of the previous CFU memory cycle to
the end of MRDY® is eight CLK2Z cycles, or four procecssor states.
Zince the CFU can execute a memory access in two states, we have
inserted two wait states.

WRITE CYCLEZ. The four types of write cycles are very similar to
the read cycles discussed abave. The difference is in two places.
Instead of MRD¥* being set active, the MWE#* signal is set. The MCAS#H
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 board is changed. As a result, the memcory board
operates difrerently.

The status line which controls the actual memory cycle is (M-I0).
Since this line is completely asynchronous to the CLK32 clack,
synchronization is necessary to prevent metastable states and glitches
which would destroy the contents of the DRAM. The M-IO 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 reasnon
for this is that the column lines are the low order address lines from
the system borard, 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 SWM*
(and CLAT) sigrals are being used only as state lines to count time in
the state machine.

COne CLEZZ cycle later the CLAT signal i1is set inactive and one more
clock later the SWM#* is set inactive. After one more clock, the MRASH
singnal 1s set 1imactive giving a total time of four clocks for MRASHE
active. The CLAT signal remains low until DMID is inactive to prevent
the MRAS* cycle from restarting.

DMA READ CYCLE. The DMA read cycle begins when HLDA gues 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 c¢ycle. When this vccurs, the
MRAZ# goes active to strobe in the row addresses. UOpe clock later,
SWM* goes inactive to set up the column addresses to the DRAM. Atter
one more clock, MIAZ# goes active amd the data begins to come out of
the DRAM.

On the next clack, the CLAT signal goes inactive and on the next
clock MRAS#* gues inactive. This leaves MRAS# active for four CLKIZ
cycles. The CLAT signal will remain inactive (low) and the MCAS# will
remain active until DMIO guoes 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 DMIO, 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 CLK3Z
cycles. On the following clock, the MCAS* signal goes inactive to
terminate the write cycle. The CLAT signal will remain inactive (low)
until after DMIO goes inactive to prevent the cycle from repeating.

ALL DMA CYCLES. ©On all of the above IIMA cycles, SWMH* will go
active whenever the HOLDA and D-C linmes are high. To prevent
interference with the CFU cycles at the end aof the hold state, the
NAM# line is used as a state memory of the hxld state. NAM* aquoes
active one clock cycle atter SWM* goes active (during HILOA) and
remains active until HOLDA goes inactive. The CZFU portion of the
state machine will do nothing unusual until poth NAM* and SWM* go
inactive.

TIMING ANALYZIZ FOR FAGE DRAM BOARD

M3Z# setup to CLK32 for cycle start.

2 » CLK3Z2 62.5
CFU address delay ~ 40.0
D4-RM22 PAL delay - 12.0
O4-RCTL PAL setup - 10.0
MARGIN 3636363636 3 3 36 3¢ 3¢ + 0.5

HIT# setup to CLE3IZ for cycle start.

2 o CLEZZ L2 S
CFU address delay - 40.0
F521 delay - 11.0
F32 delay , - 6.5
D4-RCTL FAL setup - 10.0
MARGIN #3333 3363 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 3t 4.4
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Read data access from RAS#H
5 x CLK32

MRAS#* delay D4-RCTL
F32 + 33 res -delay

DRAM delay from RAS

(ZOOpF

data delay through F&57
data setup to 3864

MARGIN

3636 3¢ 36 36 3 3t 3¢ 3¢ 3¢

Read data access from CAS#H
2 x CLK32

Read data access from Column

Parity check

MCAS# delay D4-RCTL

F32 + 32 res delay

DRAM delay from CAS

data delay through
data setup to 3224

MARGIN

3t 3 3 3 36 3 33

4 = CLEZE

CLAT delay D4-RICTL
FS72 delay

F152 delay

RLIF + 33 res delay
DRAM delay from col
data delay through F&S7
data setup to 386

MARGIN

3634 3% 3634 3¢ 3t 3 38 3

2 = CLESZ

Fzz +

—
20

res delay

ODRAM dalay from CAS
err delay through F&AS7
FOO delay
F175 setup
F22 delay MIN

MARGIN

33 330 3 I H

Row address setup to RASH
1 x CLK3Z2

F158 delay

BUF + 33 res delay
F32 + 33 res delay (200pF

Column

MARGIN

4 3¢ 3 3 3 3 3¢ 3 3¢

(200pF

F&S7

(300pF
add

access from CASH

addre

load)

l1oad)

ss

l1oad)

(ZO0pF 1oad)

(300pF

address setup to CASH
& m CLEZE

=
/D

delay

Fi5g delay

BLIF +

Fa32 + S5

MARISZIN

Bial
)

2

res delay
res delay
33 3 3 3 HHHH

(Z00pF
(ZOQpF

load)
Toad)

12ad)
1cad)

January 0S5, 1987

154.2
- 10.0
- 12.0
=100.0
- £.0
- 10.0
+ 16.2

62.5
- 10.0
- 12.0
- 25.0
- 8.0
- 10.0

y =

P

125.0
- 10.0
- 1Z.0
- 7.0
- 25.0
- 45.0
- 8.0
- 10.0
+ 7.0

- 1Z.0

25.0
+ S.0

22.5
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Write data setup to CAS*

3 x CLK32 93.7
MCAS#* delay D4-RCTL + 4.0
F32 + 33 res delay (200pF locad) + 5.0
CPU data delay ‘ - 50.0
parity delay in Fé&57 - 16.0
MARGIN #3333 % 3 % % 36.7

DMA Read data delay (external bus master).

286 product access from MRDC#H 200
MRDC# to M-IO delay - 15
data delay in 15245 max - 18
4 x CLK32 -125
MZAS# delay D4-RCTL - 10.0
F32 + 32 res delay (200pF lcad) - 12.0
DRAM delay from CAS - 25.0
data delay through F&57 - 2.0
MARGIN 33363363t 30 36 3¢ - 1z.0

IMA write data setup to CASH

4 w CLE3Z 125
parity delay in Fé&57 - 1&£.0
System board data setup - £1.0

MARGIN 333 % H 5% 43.0




