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PAL2OR4A PAL DESIGN SPECIFICATION 
D4-SADOD 108393-001 PAUL R. CUllEY 01/09/87 
BUI enable to add~ess conve~ter and cycle end logic 
COPYRIGHT 1986, 1987 COMPAQ COMPUTER HOUSTON, TEXAS 

CALE ALE IBE3 IBE2 IBEI IBEO lM-IO TOO T10 IlM16 11016 GND 
l\.- BHlDA ICMD IClAST IClSTD Al AO IBHE IAlST ICX16 IDCMD IRST VCC 

;The following 4 outputs a~e clocked by ALE, output only when IHlDA is true 
IAI ,- IRST* IBE3* IBE2 

+ IRST* IA1* IAO* ICX16* IClAST 
+ IRST* BE1* CLAST 

lAO := IRST* BEO* CLAST 
+ IRST* BE2* IBE1* CLAST 
+ IRST* BE2* AO* IClAST 
+ IRST* CX16* ICLAST 

SHE := IRST* IAO* ICX16* IClAST 
+ IRST* BE1* CLAST 
+ IRST* BE3 

AlST ::s IRST* ICX16 * IBE2 '* IClAST 
+ IRST* IBE2 * IBEO * CLAST 
+ IRST* IBE3 * IBEI * CLAST 
+ IRST* IBE3 * AO * ICLAST 
+ IRST* ICX16 * Al * lAO * IClAST 
+ IRST* CX16 * IBE3 * IClAST 

iCycle lAST PRESET input fo~ internal F/F (Cleared by rising edge of ALE) 
;This is pulsed only once to set F/F and generate the NAB* signal 
ClSTD = AlST* TOO ;Active during the last cycle of set 

+ lM-IO* lM16* TOO* IBE2 
+ lM-IO* lM16* TOO* Al 
+ IlM-IO* 1016* TI0* IBE2* IAlST 
+ IlM-IO* 1016* TI0* Al* I AlST 
+ RST land during RESET 

CLAST = ALST* TOO ;Active during the last cycle of set 
+ WM-IO* WM16* TOO* IBE2 
+ lM-IO* WM16* TOO* Al 
+ IlM-IO* 1016* TI0* IBE2* IAlST 
+ IlM-IO* 1016* TI0* Al* I AlST 
+ RST land during RESET 
+ CLAST* I ALE ;HOlDS ACTIVE TILL ALE 

CX16 = IRST* lM-IO* TOO* lM16 ;CPU MEM OP 
+ IRST* IlM-IO* TI0* 1016 ;CPU 1/0 OP 
+ IRST* IAlE* CX16 ;CPU HOLD 

DCMO :: CMD ; DELAYED COMMAND 

FUNCTION TABLE 

CAlE BHlDA IRST IBE3 IBE2 IBEl IBEO LM-IO ALE TOO TIO IlM16 11016 ICMO 
IDCMD ICLAST At AO IBHE I AlST IClSTD ICX16 
; l C C 
;C H M lID L A l C 
;A L R B B B B - A T T M 0 C CAB l S X 
;l D SEE EEl l 0 1 11M M S A A H S T 1 
;E A T 3 2 1 0 0 E 0 0 6 6 DDT 1 0 E T D 6 

ell H H H H H H H l H H H H l H H H H l H ,RESET 



C L L H ~ H H H L H L H H L 
C L H LL L L H L L L H H H 
C L H L L L L HH H H H H H 
C L H L L L L H H HH H H H 
C L H L L L L H H L L H H H 
L L H L L L L H L H H H H H 

.'- C L 
C L 

H H L L L H L H H H H H 
H-H L L L H H H H H H H 

C L H H L L L H H L L H H H 
L L H H L L L H L H H H H H 
C L H L L L H H L H H H H H 
C L H L L L H H H.H H H H H 
C L H L L L H H H L L H H H 
L L H L L L H H L H H H H H 
C L H H H L L H L H H H H H 
C L H H H L L H H L L H H H 
L L H H H L L H L H H H H H 
C L H H L L H H L H H H H H 
C L H H L L H H H L L H H H 
L L H H L L H H L H H H H H 
C L H L L H H H L H H H H H 
C L H L L H H H H L L H H H 
L L H L L H H H L H H H H H 
C L H H H H L H H H H H H H 
C L H H H L H H H H H H H H 
C L H H L H H H H H H H H H 
C L H L H H H H L H H H H H 
C L H L L L L H l H L L H H 
L L H L L L L H L L L L H H 
L L H L L L L H H L L L H H 
L L H L L L L H L H L L H H 
C L H L L L L H L L L L H H 
L L H L L L L H H H H L H H 
C L H H L L L L L H H H L H 
L L H H L L L L H H H H L H 
L L H H L L L L L H H H L H 
C L H H L L L L L L L H L H 
L L H H L L L L L H H H L H 
C L H L L L H L L H H L L H 
L L H L L L H L H H H L L H 
L L H L L L H L L H H L L H 
C L H L L L H L L L L L L H 
L L H L L L H L H H H L L H 
C L H H H L L H H H H L H H 
L L H H H L L H L H H L H H 
C L H H L L H H L H H L H H 
L L H H L L H H H H H L H H 
L L H H L L H H L H H L H H 
C L H H L L H H L L L L H H 
L L H H L L H H H H H L H H 
C L H L L H H H H H H L H H 
C L H H H H L H H H H L H H 
C L H H H L H H H H H L H H 
C L H H L H H H H H H L H H 
C L H L H H H L H H H L L H 
L L H L H H H L L H H L L H 

\
",,) L L H L H H H L L L L H L H 

C L H H H L L L L L H H L H 
L L H H H L L L H L H H L H 
L H H H H L L L H L L H L H .•

;C H 
L 
M L I 

;A L R B B B B - A T T Moe 

L L 
H L 
H H 
H H 
H H 
H L 
H L 
H H 
H H 
H L 
H L 
H H 
H H 
H L 
H L 
H H 
H L 
H L 
H H 
H L 
H L 
H H 
H L 
H L 
H L 
H L 
H L 
H L 
H L 
H H 
H H 
H H 
H L 
H L 
H H 
H H 
H H 
H L 
H L 
H H 
H H 
H H 
H L 
H L 
H L 
H L 
H H 
H H 
H H 
H L 
H L 
H L 
H L 
H L 
H L 
H L 
H L 
H L 
H L 
H H 

C 
D L 
C A 

H H H H 
L L L H 
L H L H 
H L L H 
H H L t 
H H L L 
L L L H 
L H L H 
H L H L 
H L H L 
L H L H 
H L LH 
H H L L 
H H L L 
L L L H 
L H L L 
L H L L 
L H L H 
H L H L 
H L H L 
H L L H 
H H L L 
H H L L 
L L H L 
L H L L 
H L H L 
H H L L 
L L L H 
L L L H 
L L L H 
L L L H 
H L L H 
H L L H 
L L L H 
L L L H 
L L L H 
H L H L 
H L H L 
L H L H 
L H L H 
L H L H 
H L L H 
H L L H 
L L L H 
L L L H 
L H L H 
L H L H 
L H L H 
H L H L 
H L H L 
H L L H 
L L H L 
L H L L 
H L H L 
H H L L 
H H L L 
H H L L 
L L L H 
L L L H 
Z Z Z Z 

A 
B L 

L H , 
H H ;32 BIT ON 8 BUS 
H H , 
H H •t 
H H 

L H , 

H H ;24 BIT ON 8 BUS 

H H 

H H 

L H 

H H ;24 BIT ON 8 BUS HIGH 

H H 

H H 

L H 

H H ; 16 LOW ON 8 BUS 

H H 

L H 

H H ;16 MED ON 8 BUS 

H H 

L H 

H H ;16 HIGH ON 8 BUS 

H H 

L H 

L H ;8 LOW ON 8 BUS 

L H ;8 HIGH ON 8 BUS 

L H ;8 LOW ON 8 BUS HIGH WORD 

L H ;8 HIGH ON 8 BUS HIGH WORD 

H L ;32 BIT ON 16 BUS 

H L · 
t §
H H 
H L 
H L ·•L L ·•H L ;24 BIT ON 16 BUS 
H L ·, H L 
H L 
L L 
H L ;24 BIT ON 16 BUS HIGH 
H L 
H L 
H L 
L L 
L L ; 16 LOW ON 16 BUS 
L L ; 
H L ; 16 MED ON 16 BUS 
H L 
H L 
H L 
L L 
L L ;16 HIGH ON 16 BUS 
L L ;8 LOW ON 16 BUS 
L L ;8 HIGH ON 16 BUS 
L L ;8 LOW ON 16 BUS HIGH WORD 
L L ;8 HIGH ON 16 BUS HIGH WORD 
L L ; 
H L ; 
L L ;16 LOW ON 16 BUS 
L L 
H H 
C 
L C 
S X 



;L OS E E EEl L 0 I I I" "S A A H S T 1 
IE A T 3 2 10 0 E 0 0 6 6 0 0 T 1 0 E T 0 6 

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 CXI6* equation to go away on ALE. The input 
TOI is changed to TIO and "-10 is changed to LM-IO as part of an overall 
change to delay the sampling of 1016* by one clock. Rev A can be used in any 
D4-PROCESSOR from rev X5 up. 
Rev 0 is for the D4-Processor Enhanced (397 version) 



PAL20R8A . PAL DESIGN SPECIFICATION 

D4-STATB 109219~00l PAUL R. CULLEY. 07/17186 

Bus controller state machine logic 
Copyright COMPAQ COMPUTER Houston. Texas 

.r 	 CLK16 IMYCYC ICLAST ICXl6 LMIO ILNOWS IBWAIT IM16 TOO TOl T10 GND 
IOE T31 IBRDY ITSO ICMD IWDEN IT40 IT~l. CKS IALE IRST VCC 

;The following functions are clocked by 	 CLK16* 

T50 := 
IR5T* ICLAST* T41* IBWAIT ;START NEXT CYCLE WHEN DONE WITH 

+ IRST* ICLAST* leKS* LNOWS* CMD ; PREV CYCLE AND MORE IN GROUP 
+ IRST* 	 CLAST* T41* IBWAIT* MYCYC ;START NEXT CYCLE WHEN DONE WITH 
+ 	 IRST* CLAST* ICK8* LNOWS* CMD* MYCYC ; PREV CYCLE AND NEW CPU REQUEST 

; IS PENDING 

CMD := 
IRST* CMD* ILNOWS* IT41 ;HOLDS UNTIL ENDED BY END OF 

+ IRST* 	 CMD* ILNOWS* BWAIT ; WAIT 
+ IRST* 	 CMD* CK8 ; OR NOWS AND CKe LOW 
+ IRST* ICMD* ALE* M16* LMIO 	 ;STARTS AFTER ALE UNLESS 
+ IRST* ICMD* TOO 	 ; CMDLY ~THEN AFTER TOO) 

WDEN := 
IRST* TSO ;STARTS WHEN ALE DOES AFTER TSO 

+ IRST* ITSO* IALE* ICMD* ITOO* MYCYC ;OR WHEN CPU SENDS NEW START REQUEST 
+ IRST* 	 ALE ;CONTINUES THROUGH TOO 
+ IRST* 	 TOO ;AND TOl 
+ IRST* CMD ;UNTIL AFTER CMD GOES AWAY 

T41 .-.
IRST* T40 	 ;STARTS WHEN T40 ENDS 

+ IRST* 	 T10* CX16 * ILNOWS* CMD ;OR WHEN T10 ENDS ON 1/0 CYCLE 
+ IRST* 	 T41* BWAIT ;AND HOLDS TILL WAIT IS GONE 

T40 := 
T01* CX16* ILNOWS* IRST ;STARTS AFTER TOl IF 16 BIT 

+ T31* ILNOWS* IRST 	 lOR AFTER T31 OTHERWISE 

ICKS := 
IRST* TSO 	 ;SET TO LOW DURING ALE AFTER TSO. 

+ IRST* ITSO* IALE* ICMD* ITOO* MYCYC ;WHEN CPU SENDS NEW START REQUEST 
+ CKe 	 ; OTHERWISE, DIVIDE BY TWO 

BRDY := 
IRST* CLAST* T41* IBWAIT ;START NEXT CYCLE WHEN DONE 

+ IRST* 	 CLAST* ICKS* LNOWS* CMD ; WITH PREV CYCLE AND NO MORE IN GROUP 

ALE := 
IRST* TSO ;ALE FOLLOWS TSO FOR INTERNAL LISE 

+ IRST* ITSO* IALE* ICMD* ITOO* MYCYC ; WHEN CPU SENDS NEW START REQUEST 

FUNCTION 	 TABLE 

CLK16 10E IRST IM16 LMIO ILNOWS IBWAIT ICLAST ICX16 IMYCYC TSO ALE TOO 
TOl TI0 T31 T40 T41 IBRDY ICMD IWDEN CK8 

; I I I I 
;C L B C I M I I 
;L I I L N W L C Y B I WC 
;K R MM0 A A X C TAT T T T T T R C D.L 
.1M 1 r LI r S 1 Y S L 0 0 1 344 D M E K 



--------------------------------------------------------------------------

LHH x H X. X X X 
eLL x H X H L X 
CLH X H X H L X 
CLHXHHHLX 
CLH L H H H L L 
CLHLHHHHL 
CLH H H H H H L 
CLH H H H H H L 
CLH H H H H H L 
CLH H H H H H L 
CLH L L H H H L 
CLH L L H H L L 
CLH L H H H L L 
CLH L H H L L L 
CLH L H H L L L 
CLH L H H L L L 
CLH L H H H L L 
CLH L H H H L L 
CLH L H H H L L 
CLH L H L H H L 
CLH L L L H H L 
CLH L L H H H L 
CLH L H H H H L 
CLH L H L H L L 
CLH X H L H L L 
CLH L H H H L H 
CLH H H H H L H 
CLH H H H H L H 
CLH L H H H L H 
CLH L H L H H H 
CLH L H L H H H 
CLH L H H H H H 
CLH H H H H H H 
CLH H H H H H H 
CLH L H H H L H 
CLH L H H H L H 
CLH L H L H L H 
CLH L H H H L H 
CLH H H H H L H 
CLH H H H H L H 
CLH L H H H L H 
CLH L H H H L H 
CLH L H H H L H 
CLH L H H H L H 
CLH L H H H L H 
CLH L H H H L H 
CLH L H H H L H 
CLH L H H H L H 
CLH X H H H L H 
CLH L H H H L H 
CLH L H H H H H 
CLH L H H H H H 
CLH L H H H H L 
CLH H H H H H L 

; I I I 
;C L B C I 
;L I I L N W L C 
;K R M M 0 A A X 
;lOS 1 I W I S 1 
;bET 60S T T 6 

;REQ RECEIVED 
*;ALE 

CTOO, e BIT NO WAIT CYCLE 
;TOl, CMD 

.;TOl, CMD 
;T11 
;CMD END, TSO NEXT CYCLE 

+;ALE 
;TOO, a BIT NO WAIT CYCLE 

,o6ET 60S T T 6 C 0 E 0 1 0 1 0 1 V D N8 
---------------------------------------------------~----------------------x z z x x x x z Z 

H L,L L L L L L L 
H L L L L L L L L 
L L H L L L LL L 
L L L L L L L L L 
L L L H L L L L L 
L L L L H L L H L 
L L L L L L L L H 
L H L L L L L L L 
L L H L L L L L L 
L L L L L L L L L 
L L L H L L L L L 
H L L L H L L H L 
L L L L L L L L H 
L L L L L L L L H 
L L L L L L L L H 
L H L L L L L L L 
L L H L L L L L L 
L L L L L L L L L 
L L L H L L L L L 
L H L L H L L L L 
L L H L L L L L L 
H L L L L L L L L 
L L L H L L L L L 
L H L L H L L L L 
L L H L L L L L L 
L L L L L L L L L 
L L L H L L L L L 
L L L L H L L L L 
L L L L L L L L L 
L H L L L H L L L 
L L H L L L L L L 
L L L L L L L L L 
L L L H L L L L L 
H L L L H L L L L 
H L L L L H L L L 
L H L L L L L L L 
L L H L L L L L L 
L L L L L L L L L 
L L l H L L L L L 
L L L L H L L L L 
H L L L L H L L L 
H L L L L L L L L 
H L L L L L L L L 
H L L L L L H H L 
H L L L L L L L H 
H L L L L L L L L 
H L L L L L L L L 
L L H L L L L L L 
L L L L L L L L L 
L L L H L L L L L 
L L L L H L L L L 
L L L L L H L L H 
L H L L L L L L L 
I 
M 
Y 
C TAT T T T T T 
V S L 0 0 1 344 
C 0 E 0 1 0 1 0 1 

z z z Z 
H H-H X 
H H H X 
H H L L 
H L L H 
H L L L 
H L L H 
H L L L 
H H L H 
H H L L 
H H L H 
H L L L 
H L L H 
H L L L 
H L L H 
H L L L 
L H L H 
H H L L 
H L L H 
H L L L 
H H L H 
H H L L 
H L L H 
H L L L 
L H L H 
H H L L 
H H L H 
H L L L 
H L L H 
H L L L 
H H L H 
H H L L 
H H L H 
H L L L 
H L L H 
H L L L 
L H L H 
H H L L 
H H L H 
H L L L 
H L L H 
H L L L 
H L L H 
H L L L 
H L L H 
H L L L 
L H L H 
H H H L 
H H L L 
H L L H 
H L L L 
H L L H 
H L L L 
H H L H 

I I 
B I W C 
R C D L 
o M E K 
V D N e 

;OE TEST 
; RESET 
,CLEAR RESET 

*;ALE 
;CMD, TOO, 
;TOI 
;T40, NOT 
;T41 
,CMD END, 

+;ALE 
;TOO, 
;TOl, 
;T40, 
;T41, 
;T41, 
;T41, 

CMDLV, 16 BIT CYCLE 
CMD 
LAST CYCLE 
ADD 

ADD 

ADD 


;TSO NEXT 
*;ALE 

;CMD, TOO, 
;TOl 
;CMD END, 

+;ALE 
,CMD, TOO, 
;TOI 

16 BIT NORMAL CYCLE 

LAST CYCLE 

TSO NEXT CYCLE 

A WAIT STATE 
A WAIT STATE 
A WAIT STATE 
CYCLE 

16 BIT NO WAIT STATE 

TSO NEXT CYCLE 

16 BIT NO WAIT STATE 

;TOI 
; TlO, CMD 
;T1l 
;REQ RECEIVED 

*;ALE 
,CMD, TOO, a BIT NORMAL 
;TOl 
;T10 
; Tll 
;T20,T21,T30 
;T3l 
;T40 
;T41 
;CMD END 
; IDLE 

*;ALE 
;CMD, TOO, 16 BIT NORMAL 
;TOI 
;T10 
;T41 
;CMD END, TSO NEXT CYCLE 

CYCLE 

CYCLE 



DESCRIPTION 

This PAL implements some of the bus controller state machine logic. 
REV B adjusts the sampling time of the 1016* line by adding state Tl0 to the 
startup of T41. If the CXI6* (1016) 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. 



PAL16l8B PAL DESIGN SPECIFICATION 
D4-SADI 10:5645-001 PAUL R. CUllEY 02/13/86 
Address to byte enable conversion and read latch enable logic 
Cc,pyright 1986 COMPAQ COMPUTER Houston, Texas 

At AO IBHE ICXle- NC2 
TST IBEO IBEl IBE2 IBE3'-
IF (HlDA) SEO = IAl * lAO 

IF (HLDA) BEl = IAI * BHE 

IF (HLDA) BE2 = Al * lAO 

IF (HLDA) BE3 =Al .. BHE 

IF (ITST) IBOCK =ICMD 
+ LW-R 
+ AO 
+ Al 

IF (/TST) IBlCK = ICMD 
+ IBHE 
+ ICXl6 .. lAO 
+ LW-R 
+ At 

IF UTST> IB2CK = ICMD 
+ IAl 
+ LW-R 
+ AO 

IF UTST> IB3CK = leMD 
+ IBHE 
+ IAl 
+ ICX16 .. lAO 
+ LW-R 

FUNCTION TABLE 

TST HLDA Al AO IBHE 
IBE3 IBE2 IBEi IBEO B3CK 

; H C L B B B B 
;T L B X C W B B B B 3 2 1 0 
;5 D A A H 1 M - E E E E C C C C 
;T A 1- 0 E 6 D R 3 2 1 0 KKK K 

L H L L L H L L H H L L L L L H 
L H L L H H L L H H H L L L L H 
L H L H L H L L H H L H L L H L 
LHHLLHLL L L H H L H L L 
L H H L H H L L H L H H L H L L 
L H H H L H L L L H H H H L L L 
L L L L L L L L Z Z Z Z L L H H 
L L L L H L L L Z Z Z Z L L L H 
L L L H L L L L Z Z Z Z L L H L 
L L H L L L L L Z Z Z Z H H L L 
L L H L H L L L Z Z Z Z L H L L 
L L H H L L L L Z Z Z Z H L L L 
l L l l l L H L Z Z Z Z l L l L 

ICMD lW-R HLDA NCl GND 

BOCK BlCK B2CK B3CK vce 


ICX16 ICMD lW-R 

B2CK BlCK BOCK 




l l H l l l H l z Z ZZ L L L L 

l l L l L L L H Z 1 Z 1 L L L L 

l L H L L l L H Z 1 Z 1 L L L L 

H l H L L L L H ZtlZlZZZ 


DESCRIPTION 

This PAL contains the 10gic to back drive the 386 byte enables dUl"'ing the non 
CPU operations. It decodes the addl"'ess inputs and dl"'ives the appropl"'iate BEx 
lines whenever the 386 is in a HLDA state. 

This PAL also contains the decoding logic to dr'ive the read latches clock lines 
(74ALS573 fall through latch). These clock lines have positive tl"'ue outputs 
and are enabled when the CPU executes a MRDC. IORC, o~ INTA command. 
The basic equation is: B>~CK = BSOx * CMD * ILW-R 



PAL16L8B PAL DESIGN SPECIFICATION 
D4~SCMDD 108394-001 PAUL R. CULLEY 01/09/87 
Co••and encode and decode logic 
Copyright 1986, 1987 COMPAQ COMPUTER Houston, Texas 

ICMD IDCMD LM-IO LW-R LD-C IRFSH IBHLDA NCII NCI2 GND 
10E IIOWC IMRDC IMWTC IIORC MHLDA 1'1-10 D-C W-R VCC 

IF (/BHLDA* OE) MRDC ~ 


~D * LM-IO * ILW-R ; PROCESSOR MEMORY READ 

+ DCMD * MRDC 	 I SHORT READ HOLD 

IF (/BHLDA* QE) MWTC = 

CMD * LM-IO * LW-R * LD-C PROCESSOR MEMORY WRITE 


IF (/BHLDA* OE) IORC = 

~D * ILM-IO * ILW-R * LD-C PROCESSOR 1/0 READ 


+ DCMD * 10RC 	 SHORT READ HOLD 

IF (/BHLDA* OE) 10WC = 
CMD * ILM-IO * LW-R * LD-C PROCESSOR 1/0 WRITE 


IF (BHLDA* OE) 11'1-10 = MWTC + MRDC NON CPU MEMORV OPERATION 


IF (BHLDA* OE) ID-C =RFSH NON CPU REFRESH OPERATION 


IF (BHLDA* OE) IW-R = MWTC ; NON CPU WRITE OPERATION 


IMHLDA :; 

IBHLDA SAME A BHLDA EXCEPT 


+ ~MHLDA * 11'1-10 	 WHEN GOING HOLD, WAIT FOR 1'1-10 TO GO HIGH 

FUNCTION TABLE 

. 	10E IDCMD ICMD LM-IO LD-C LW-R IRFSH IBHLDA 
IMRDC IMWTC IIORC IIOWC MHLDA M-IO D-C W-R 

,I 
I L I B I I I I t1 
DIM L L R H t1 M I I H t1 
., C C - D W F L R WOO L - D W 


;0 M t1 I - - S D D TRW D 1-
;E D DOC R H A C C C C A OCR 


LHLLLLLH H H H H L Z Z Z INTA 

L H L L L H L H H H H H L Z Z Z 

L H L L H L L H H H L H L Z Z Z 10RC 

L L L L H L L H H H L H L Z Z Z 10RC 

L L H L H L L H H H L H L Z Z Z ; 10RC 

L H L L H H L H H H H L L Z Z Z lOWe 

L H L H L L L H L H H H L Z Z Z CODE MRDC 

L H L H L H L H H H H H L Z Z Z 

L H L H H L L H L H H H L Z Z Z • MROC DATA 

L L L H H L L H L H H H L Z Z Z MRDC DATA 

L L H H H L L H L H H H L Z Z Z MRDC DATA 

L H L H H H L H H L H H L Z Z Z ; MWTC 

L H H H H H L H H H H H L Z Z Z 

H H H H H H L H Z Z Z Z X Z Z Z 

H H H H H H L L Z Z Z Z X Z Z Z 

L H H H H H L L H H Z Z H H L H RFSH 

L H H H H H L L L H Z Z H L L H RFSH MRDC 

LHHHHHHL L H Z Z H L H H MRDC 

L H H H H H H L H L Z Z H L H L MWTC 




HHL-"HLHH Z Z Z Z L L H H , 

HHLHHLHL Z Z Z Z L L H H 

H H H H H H H L Z Z Z Z H H H H 


/ 
/ L I B I I / I M 
DIM L L R H M M I I H 11 
C_C - D W F L R WOO L - D W ·•

;0 M M I - - S D D TRW D I 
;E D DOC R H A C C C C A 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 their. to 
the cpu status bus during HOLDA. 

Rev A of the PAL adds the input DCMD* arid OE*. DCMD* is. used to provide a 
short data hold time for read operations by extending MRDC and lORe 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 DP3E D4-processor 
board (with 387). 

HLDA M-IO D-C W-R 
L L L L CPU INTERRUPT ACK 
L L L H CPU NEVER PRODUCES THIS CODE 
L L H L CPU I/O READ 

·, L L H H CPU I/O 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 NON CPU REFRESH WRITE (SHOULD NOT HAPPEN) 
H L L H NON CPU REFRESH READ 
H L H L NON CPU MEMORY WRITE 
H L H H NON CPU MEMORY READ 
H H L X NON CPU REFRESH CYCLE (BEFORE OR AFTER) 
H H H X NON CPU NO CYCLE PRESENT 

'-' 
\ 



PAL16L8A. PAL DESIGN SPECIFICATION 
D4-SCPYD ~0839~-OOI PAUL R. CULLEY 12/17/86 
Copy buffer corltr~(/l logic and DMA low address logic 
Copyright 1986 COMPAQ COMPUTER Houston, Texas 

IM16 11016 IMWTC IMRDC IIOWX IIORC IDAENI AEN2 BALE OND 
IHLDA IDAEN2 ICOPYEN ICOPYHL IDAEN IBHE XAO ILMl6 NCOl vce 

COPYEN = /DAEN* SHE * XAO * ILM16* MWTC ;CPU write MEM 
+ IDAEN* BHE * XAO * 11016* IOWX ;CPU write I/O 
+ IDAEN* SHE * XAO * ILM16* MRDC ;CPU read MEM 
+ IDAEN* SHE * XAO * IIOI6* IORC ;CPU read I/O 
+ DAEN1 * COPYHL * XAO * LM16 * MRDC ;DMA byte mem read high of 16 
+ DAENI * XAO * LM16 * IORC ;DMA byh mem write high of 16 

COPYHL = /DAEN * BHE * XAO * ILMl6 * MWTC ;mem wr-ite 
+ IDAEN * BHE * XAO * 11016 * IOWX ; 110 wri te 
+ DAENI * XAO * LM16 * MRDe ;DMA byte mem read high of 16 
+ COPYHL * C(lPYEN ; Short holdover for write 

DAEN = DAENl * HLDA 
+ AEN2 * HLDA 

;If word type of DMA, enable out 
IF (AEN2 * HLDA) IXAO = AEN2 ; (Pin is low for word DMA) 

;If DMA, enable output 

IF (DAEN) SHE = XAO * DAENl ; If byte type, is inver·ted XAO 


+ AEN2 ;If word type, is active 

LMl6 = M16 * BALE ;Enable M16 input 
+ LM16 * IBALE ;Latch ter'm 
+ LM16 * M16 ;Degiitch ter-/TI 

DAEN2 = AEN2 * HLDA ;TIGHTEN UP ON HLDA 

FUNCTION TABLE 

IM16 11016 IMRDC IMWTC IIORC /IOWX IDAENI IAEN2 BALE IHLDA 
IBHE XAO /COPYEN ICOPYHL IDAEN ILM16 IDAEN2 

C C 
D 1 o 0 D 

I MM I I A ASH P P D L A 
;M 0 R WOO E E A L B X Y YAM E 
;1 1 D TRW N N L D H A E H E 1 N 
;6 6 C C C X 1 2 E A EON L N 6 2 

H H H H H H H H L H H L H H H X H ; INACTIVE 
L H H H L H H H H H L H L H H L H i IORC 
L H L H H H L H L L L H L L L L H ;MRDC 
L H H H L H L H L L L H L L L L H ; IORC 
L H H H H H L H L L H L H H L L H ;DAEN INACTIVE 
H H H H H H H L L L L L H H L L L ;DAEN2 
L L L L L L H H H H L H H H H L H 
H"H H H H H H H H H L H H H H H H ; INACTIVE 
H H L H H H H H H H L H L H H H H ;MRDC PROC 
H H H L H H H H L H L H L L H H H ;MWTC PROC 
H H H H H H H H L H H H H H H H H ; 
H H H H H L H H L H L H L L H H H ; lOWe PROC 
L H H H H H L L H H Z Z H H H L H 
L H H H H H L L L H Z Z H H H L H 
H H H H H H L L L H Z Z H H H L H 



c C 
; D I o 0 D 

I M M I I A A B H P P D L A 
;M 0 R WOO E E A L B X Y YAM E 
;1 1 D TRW N N L D H A E H-E 1 N 
;6 6 C C C X 1 2 E A EON L N 6 2 

DESCRIPTION 

This PAL impl~me-r.ts the logic to enable the copy buffer (high to low halv~s 
of the 16 bit bus). It also drives the AD and BHE lin~s as appropriate- during 
DMA. 
R~v A chang~s the COPYHL enable- during byte- DMA op~rations to the high half of 
the blJs. The timing is made ear-l i~r by changing to IORC from MWTC. 
Rev D changes the polarity of the AEN2 signal for logic reduction on the D3PE 
D4-PROCESSOR board (with 80387'. 

http:impl~me-r.ts


PAl16L8A PAL DESIGN SPECIFICATION 
D4-SDEND 109390-001 PAUL R. CULLEY 12/09/80 
DataBuffe~ enable logic 
Copyr-ight COMPAR COMPUTER HO'Jston, Texas 1ge~, 

AO IBHE ICMD 11'132 IWOEN LW-R LD-C LM-IO ONO 
IBtlIRRD IBl)EN IB1EN IB2EN IINTA IMWTC IMRDC IB3EN VCC 

IF (fTST) BDIRRO = IMRDC* IWDEN ;OTHER WRITE TO LOCAL MEM 

IF (/TST) BOEN = IAl* IAO* MWTC* IWDEN ;OTHER WRITE TO LOCAL MEM 
+ IAt* IAO* MRDC* IWDEN* 1'132 ;OTHER READ FROM LOCAL MEM 
+ IAl* IAO* LD-C* LW-R* WDEN ;CPU WRITE TO BUS 

IF (/TST) BlEN = IAt* BHE* MWTC* IWDEN ;OTHER WRITE TO LOCAL MEM 
+ IA1* BHE* MRDC* IWDEN* 1'132 ;OTHER READ FROM LOCAL MEM 
+ IAl* BHE* LO-C* LW-R* WOEN ;CPU WRITE TO BUS 

IF (lTST) B2EN = AI* IAO* MWTC* IWrtEN ; OTHER WRITE TO LOCAL MEM 
+ Al* IAO* MRDC* IWOEN* 1'132 ;OTHER READ FROM LOCAL MEM 
+ AI* IAO* LO-C* LW-R* WDEN ;CPU WRITE TO BU::' 

IF (/TST) B3EN = AI* BHE* MWTC* tWDEN ;OTHER WRITE TO LOCAL MEM 
+ AI* BHE* MRDC* IWDEN* 1'132 ;OTHER READ FROM LOCAL MEM 
+ A1* BHE* LD-C* LW-R* WOEN ;CPU WRITE TO BUS 

IF (/TST) INTA = CMD* ILM-IO* ILW-R* ILO-C ; CPU INTERRUF'T ACK 

FUNCTION TABLE 

TST Al AO IBHE IWDEN LM-IO LW-R LD-C ICMD 1M32 IMWTC IMRDC 
IBDIRRD IB3EN IB2EN IBlEN IBOEN IINTA 

B 
o ., W L L L M M ! B B B B I 

;T B D M W D C M W R R:;:210N 
;S A A H E I - - M 3 T D R E E E E T 
;T 1 0 E NOR C02 C C D N N N N A 

L L L L H H H H H L L H L H H L L H 

L H L L H H H H H L L H L L L H H H 

L L L L H L H L L L H L H H H L L H 

L H L L H H L L L L H L H L L H H H 

L L L L H L L H L H H H L H H H H H 

L L L L L L L L L H H H H H H H H L 

L L L L L L L L H H H H H H H H H H 

L L L L L H H H H H H H H H H L L H 

L H L L L H H H H H H H H L L H H H 

H H L L L H H H H H H H Z Z ? Z Z Z 


DE:3CR IPT ION 

!~ii PA~ dev~10~s t~e c0ntrol sig~al~ to .nabl~ the data buffers on the system 

Re~ A ~nsures turno~ of the buffe~ en.bl~s for mem write after the direction 
is a~tive by le&Vln9 the b~ffer turned around during the entire write cycle. 
~~V L is for use with D3PE D4-processor board (with 387). 



--------------------

PAL16R4 PAL DESIGN SPECIFICATION 
D4-SKEY 108360-001 JOHN THAYER 9/18/86 
8042 A20 LINE FIX PAL 
COPYRIGHT COMPA!) eOMF'UTER HOUSTON, TEXAS 198':, 

ell /R:3T A'::. Ie: [lL: _D6 [/7 [I~, [:::: D2 Gr,l) 

loe [;1 [10 100 lel A20 IWC:;:042 IrF_OF~_Dl IWC vee 


I}(I := IRST *' ~c * e~: iOO FOLLOWS we, CLEARED ON RESET 

01 .- ; SET IF IN STATE 00 OR 10 AND D1 COMMAND TO PORT 64H 
IRST * 100 * es * we * A2 * D7*D4_D6*/D5*/[/3*/D2*/D1*DO 
; f(EEF' SET IF STATE 11 


to+ IRST * 00 * 01 

; IF STATE 10, KEEP SET TILL es * we: 


+ IRST * 100 * Ql * ICS 
+ IRST * 100 * 01 • !we 

IA:O := ; INVERSE OF A20 FUNCTION 

CLEAR IF STATE 10 AND 6(1 WRITE AND [11 IS LOW 

!PST * 0: * IGO * IA2 ~ cs * we * ID1 

OTHERWISE FEED BAC~ 


+ IRST * 00 * IA20 
• IRST * 121 * !A20 
+ IRST * leB * IAZO 
+ IR:::T * IWC * IA20 
+ IRST * A2 * IAZO 

FF_OF:_D1 = [17*[14_[16* 05* D:;:* 02* [11 *D:) 
+ [17*[14._[16* ID5* 1[/:3* /D:2* 1[11*00 

WC8042 := ; NO D1 WRITE YET: DON'T FILTER IF WRITE IS TO 60H 
:ss~ * IQS * /Ql * CS * we * IA2 

; [:y~ 1 =!:... TER IF WF:ITE IS TO (:.4H AN:::) NOT ::[11> OF; (FF) 
+ /F·<:T * /0(; * C':: * we * AZ .1< IFF_OR_D1 

FUNCTION TAKE 

loe eLK RST (::::: we: A2 D4_D6 D7 I)~, [13 D2 D1 DO 

GIl 00 FF_OR_Dl A20 WC8042 


F W 
D F C 
4 (I !:! 

c F: R A (I* r· ("'. ,.....n, - l .:. '_. W " D II D D [, D D r;: I) n 2 4 
.- . 

; r· f::: T ::; C .t, 1:.. ::' .-. 
~ i- (, . 

.;. (1 ~ 
,'.
'. ~~, - _u .. _ 

, - ....- - _. -.~- -.--
f~lL X j. X X '!. r ~ j~ H H X X H X X ; TE::;T FF _OR _[11 

v i..J ., v LJ v, 
i... X X Y. ;\ . , L H )' .~ X"". - t'" 

, ., , vy x .-, .. , , . .. '- rl X '- t Y~ - " 

v v v v '- I 
.~..... r. H X ;:.. t r· r X 'f. X L.. '- X H ; F:E::ET\....) 

,. - 'f .... 
~ '•. L ,: ~: ft ); f, f, " f. L '- X H ; 10 WRITE, NO CS 

I .. '." ~ 

, 
l I-: X .'" X ). X "'. x X I 

'- i... X H l 
I r v v v... '_. l - L X X " t, ); A ~. X '- .... ",'. H 

, 
' 

,... , , ,I ,•. L L H ; {~,'"t N'-''''' OR FF )L.. i•• H H r l ,- L .. H 1""; WFnTE ._t i ([11L.. L. 

I-. 
'- , , , 

' I' 

H f-- ,. •. -- ~. , .. .- .. L H L H ' 



L C L H H H L L L L L 1 L 

L ~ L H L X X X X X X X X 
.•
L C L H l X X X X X X Y X 

L C L H H H H ~ H H H H H 


H L }! x ) x x 

l C L H L X X X X X X X X 
L C L H H l H H H H H H H 
l C L H H L H H H H H H H 
L C L H H L H H H H H H H 
L C L H L X X X X X X X X 

L 	 C L H L X X X X X X X X 
!i_ e , 

L H H H H I-i L i... HI.... 

p .J ; IH 	 H L~H -
: 	 .-

,- )-; ',; -, y .~ v 
.~." 

'y 
/, X-	 '

, ,. v v... I - H >: }'- '-	 , , ,
!--	 L H H L L '- ~ 1- 1- L-
.~I 
'-

, 
H H l l L L. L •l 

, 
L- .-. - :!., ,. y v v v -	 '-' L H ~ t. I. X X i ..·. ,. 

~ C L H L X X X X X X X X 
L C L H H L H H H H H H H 
L C L H H L H H H H H H H 
L C L H H L H H H H H H H 
L C L H L X X X X X X X X 

L C L H L X X X X X X X X 
L C L H H H H H L L L L H 
L C L H H H H H L L L L H 
L C L H L X X X X X X X X 

L 	eLL H L X X X X X X X 

L C L H L X X X X X X X X 
L C L H H H H H L L L L H 
L C L H H H H H L L LL H 
L C L H L X X X X X X X X 

L C L H L X X X X X X X X 
L C L H H L L L L L L H L 
L C L H H L L L L L L H L 
L C L H L X X X X X X X X 

L C L H L X X X X X X X X 
L C L H H H H H L L L L H 
L C L H H H H H L L L L H 
L C L H L X X X X X X X X 

L C L H L X X X X X X X X 
L C L H H H H H H H H H H 
L C L H H H H H H H H H H 
L C L H L X X X X X X X X 

l C L H L X X X X X X X X 
L C L H H H H H L L L L H 
L C L H H H H H L L L L H 
L C L H L X X X X X X X X 

; 
L C L H L X X X X X X X X 

L H L H L 
l L X H l 

L 	 L X H 
H H H l ; (;,4 WRITE FF-

J~ 

L. 
'J 
~ f--' L-

L 	 _ '{ H ._ 

L H H H H ;60 WRITE 
L H H H L 
l >-! H H l 
L '- X H L 

L 	 I X I-i"
H H H H L ; CLEAR A20 
L~ ~ } ~ ;64 t~F:ITE 

I- 'I 1-' L 

" X ~ I L 
L H L L L, ;60 WRITE 
L H L L L ; LATCH 
L L X L L 

L L X L L 
L H H L H ;60 WRITE TO TEST 
L H H L L 
L H H L L 
L L X L L 

L L X L L 
H H H L L ;SET A20 
H H H L L ,64 WF: ITE 
H L X L L 

H L X L L 

H L X L L 
H H H L L ; WRITE 01 
H H H L L 
H L X L L 

H L X L L 
L H L H L ; 60 WR ITE 
L H L H L ; LATCH 
L L X H L 

L L X H L 
H H H H L ;01 THEN FF, MASK 
H H H H L ;64 WRITE 
H L X H L 

H L X H L 
L H H H L ; 64 WRITE 
L H H H L 
L L X H L 

L L X H L 
H H H H L ;01 THEN 64 WRITE, 
H H H H L ;64 WRITE 
H L X H L 

H L X H L 

D1 

TO CLEAR 

TERMS 

01 

AGAIN 

TO SET 

BOTH 
D1 

FF 

MASK ONLY 01 
D1 



LCLHHHHHHHHHL 
L C L H H H H H H_H H-HL 
L C L H H H H H H H H H L 
L C LH L X X X X X X X X 

L C L H L X X X X X X X X 
L C L H H H H H L L L L H 
L C L H L X X X X X X X X 
L C L H H L L L L L L L L 
L C L H L X X X X X X X X 
L C L H L X X X X X X X X 
L C L H H H H H L L L L H 
L C L H H L H H L L L L H 

D 
4 

; C R * 
;0 L S C WAD D D D D D D 
;C K T S C 2 6 7 5 3 2 1 0 

DESCRIPTION 
This PAL is used to speed up 
It works by intercepting the 
their! itself. 

L H L H H 
L H L H L 
L H L H L 
L L X H L 

L L X H L 
H H H H L 
H L X H L 
L H L L L 
L L X L L 
L L X L L 
H H H L L 
H H H L L 

F W 
F C 
o 8 
R A 0 

Q Q D 2 4 
10102 

the 8042/s 

;64 WRITE DO 

;CLEAR A20 
;64 WRITE Dl 

;60 WRITE TO CLEAR 
; LATCH 

;TEST TERM /RST*QO*/A20 
;(THIS IS NOT A LEGAL INPUT 

DURING NORMAL OPERATION) 

response to changes in the LOWA20 line. 
specific write commands to the 8042 and executing 



PAL16R4C PAL DESIGN SPECIFICATION 
D4-SMSCD 108397-001 PAUL R. CULLEY 01/12/87 
Miscellaneous garbage logic 
Copyright 1986, 1987 COMPAQ COMPUTER Hous~on. Texas 

CLK IM32 IBRDY BALE W-R D-C M-IO IBEO PA31 GND 
10E ILNCP ICLSTD IMYCYC ILOE INAB ISHTD 3871 lADS VCC 

LOE := 
MYCYC * BALE * IW-R * ILNCP GOES ACTIVE AT ALE 

+ LOE * leRDY , HOLD THROUGH TILL BRDY ACTIVE 

SHTD := 
MYCYC* BALE* M-IO* ID-C* W-R* BEO DECODED SHUTDOWN OPCODE 

MYCYC := 
ICLSTD * ADS * IM-IO * 13871 WHEN NO 387 AND 1/0 

+ ICLSTD * ADS * IM-IO * IPA31 OR NOT NCP 1/0 CYCLE 
+ ICLSTD * ADS * M-IO * IM32 OR NOT 32 BIT MEMORY CYCLE 
+ ICLSTD * ADS * M-IO * ID-C * W-R OR HALT/SHUTDOWN CYCLE 
+ ICLSTD * MYCYC HOLD TI LL NAB 

NAB := CLSTD NEXT ADDRESS BUS 

LNCP :: 
MYCYC* BALE* PA31* IM-IO NUMERIC COPROCESSOR OP 

+ LNCP* IBALE HOLD TILL NEXT ALE OR HOLD 
+ MYCYC* PA31* IM-IO* LNCP DEGLITCH 

FUNCTION TABLE 

CLK 10E IM32 IBRDY BALE M-IO D-C W-R IBEO PA31 
lADS ICLSTD 3871 ILNCP IMYCYC ILOE INAB ISHTD 

C M ., B B M P L 3 L Y S 
;C I M R A - D W B A A S 8 N C L N H 
;L 0 3 D L I - - E 3 D T 7 C Y 0 A T 
;K E 2 YEO C R 0 1 S D I P C E B D 

C L H L H H H H H L L H H H X H H H RESET MTCYC BY IM32 

C L H L H H H H H L L H H H L H H H RESET MTCYC BY IM32 

C L H L H H H H H L H H H H L H H H HOLD MYCYC 

C L H L H H H H H L H L H H H H L H 

C L L L H H L H H L L L H H H H L H 

C L L L H H L H L L L H H H L H H H MYCYC BY HALT 

C L L L H H L H L L L L H H H H L L 

C L L L H L L L H L L H H H L H H H MYCYC BY 1/0 

C L L L H L L L H L L L H H H L L H 

C L L L H L L L H H L H L L L H H H MYCYC BY 387 NOT INSTALLED 

L L L L L L L L H H L H L L L H H H 

C L L H L L L L H H L L L L H H L H 

C L L H L L L L H H L L L L H H L H 


DESCRIPTION 


Rev D of this PAL is for the upg~aded 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 processo~ access stabJs). and 




LOE (latch output .nabh). It 1.150 is th. F/F tor th. NAB signa'. 



------------------------------------------------------------------------

PAL 16L8A PAL DESIGN SPECIFICATION 
D4-SNCP 105657-001 PAUL R. CULLEy 05/07/86 
Numeric Coproccessor error and busy logic 
Copyright 1986 Compaq Computer Houston. Texas 

ITIMeS IXIOWC XAO IERROR IBUSYIN TIMO INCPIN INCPCS IRESET GND 
XA::: RES287 ITIM2C!:; ITIM1CS ONESHT IRQ13 NC02 EN_ERR IBUSYOUT vce 

;Th~ following equation is the positive true output of the equation: 
;RES287 = RESET + XIOWC * NCPCS * IXA3 * XAO ;1/0 write to Flh 

IF (VCC) IRES287 = 
IRESET * IXIOWC ;NOT I/O WRITE 

+ IRESET * INCPCS ; NOT port FX 
+ IRESET * XA3 ; NOT address XXIXXXb 
+ IRESET * IXAO ; NOT addr-ess XXXXXOb 

IF (VCC) BUSYOUT = 

IRE::;ET* NCPIN* BUSYIN ;coprocessor busy 


+ IRESET* NCPIN* ERROR * EN_ERR* ITIMO jen-or befor-€' int ad 
+ IRESET* INCPIN* NCPCS * XA3 * XIOWC ;When not installed and NCP accessed 
+ IRESET* INCPIN* ONESHT* ITIMO ;When not installed till timeout 

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

; IR013 = ERROR* IBUSYIN* EN_ERR* NCPIN ; Int wherl er-r'.:,r' and enabled 


IF (Vee> /IRQ1:;: = 

IERROR ;No int if no error 


+ BUSYIN ; or' busy 
+ lEN_ERR ; or not enabled for err 
+ INCPIN ;No int if not installed 

IF (Vee) lEN_ERR = 

IRESET* NCPIN* lEN_ERR * ERROR ;Hold disabled till ERROR goes away 


+ IRESET* NCPIN* lEN_ERR * BUSYIN ;Hold disabled till BUSY goes away 
+ XIDWC *' NCPC:: * I XA:;: * IXAO ;Disable on write to port OFOh 

IF (VCe) IONESHT = 

NCPIN * IIRG!13 ;One shot output when IRQ (installed) 


+ INCPIN * IONESHT * IXIOWC ;Goes high on NCP access when not 
+ INCPIN ... IONESHT ... IXA':;': installed 
+ INCPIN * IONESHT * INCPCS 
+ INCPIN * TIMO and stays high till timeout 
+ RESET ;Low at reset time 

IF (VCC) TIM1CS = TIMCS * IXA3 ;Tim~r 1 at address 040h-047h,050h-057h 

IF (VCC) TIM2CS = TIMCS * XA3 ;Timer 2 at address 048h-04Fh.058h-05Fh 

FUNCTION TABLE 

INCPIN IXIOWC TIMO ITIMC:; INCPCS XA:;: XAO IRE::;ET IERF::DR IBUSYIN 

F:ES2::::7 IBUSYOUT IRQ13 I)NESHT lEN_ERR ITIM1CS ITIM2CS 


I I ! I I 

,• I . I / I I B R B Ct E T T 

;N I T N R E U E U I N N I I 

;C I T I C E R S S S R E M M
- .-,; F' I) I M P X X c R Y 2 Y (I S E 1 ,;;.'" 
; I W M C C A A E 0 I 8 0 1 H R C C 


c 
 .....;N C 0 S ..;. 0 T R N 7 U 3 T R S S-' 

L H L H H H H L H H H H L L L H H jRESET 

L H L H H H H H H H L H L L L H H ;NO RESET 




L L L H L L H H H H 
L l L H L H H H H L 
L L -L H H L H H L H 
L L H H H L H H L H 
L L H H H L H L L L 
L H H H L L H H H H 
L L H H L L L H H H 
~ L H H L L L H H L 
L L H H H L L H H L 
L L H H H L L H L L 
L L H H H L L H L H 
L H H L H L H H H H 
L H H L H H H H H H 
H L L H L H L H H H 
H H L H H H H H L H 
H H H H H H H H H L 
H H L H L H H H H L 
H H L H H L H H H L 
H L L H H H H H H L 
H H L H H L H H H L 
H L L H L L H H H L 

T B 
;N I T N R E U 
;C I M 1 C E R S 
;P 0 0 M P X X S R Y 
;1 W U C C A A E 0 I 
;N C T S S 3 0 T R N 

DESCR IPT ION 

H H L L L H H 

L L L L L H H 

L L H H L H H 

L H H H L H H 

H- H L L L H H 

L H L L L H H 

L H L L H H H 

L L L L H H H 

L L L L H H H 

L L L L H H H 

L H L L H H H 

L H L L L L H 

L H L L L H L 

L L L H L H H 

L L L H L H H 

L H L L L H H 

L H L L L H H 

L H L L L H H 

L H L L L H H 

L H L L L H H 

H H L L L H H 


R B (I E T T 
EUINNII 
S S REM M-
2 Y Q S E 1 2 
801 H R C C 
71J3TRSS 

,RES287 
;BUSYOUT,NORES287 BY XA3,NOINT BY ERROR 
;IRQ13,BUSYOUT,NORES287 BY NCPCS 
;BUSYOUT,NORES287 BY NCPCS 
;NO INT BY BUSYIN 
;NO RES287 BY lowe 
;LOCKERR,NO RES287 BY XAO 
;LOCKERR,NO RES287 BY XAO 
;LOCKERR,NO RES287 BY XAO 
;HOLD LOCKERR,NO INT BY EN_ERR 
;HOLD LOCKERR,NO INT BY EN_ERR 
; TIM1CS 
; TIM2CS 
;NOT INSTALLED AND SELECTED 
;NOT INSTALLED ERROR 
;NOT INSTALLED BUSY 

This PAL is used in the M~gnum processor board to handle the error logic for 
the numb.ric coprocessor. It allows a greater measure of compatibility with 
the previous products. It sets up the system to generate an interrupt when 
the error signal is recieved. It holds the interrupt until the service 
routine does a write to port FOh. It also holds busy out active until the 
interrupt occurs or till the CPU times out from no activity. This is to 
prevent any other numeric processor instructions from being executed until 
the error has been recognized. If the no activity timeout occurs, that means 
the CPU hung up on the 287 interface due to different design of the 386. In 
this case, the interrupt will have been recieved by the 386. 

In addition, the timer chip selects are broken out to the seperate selects by 
the PAL 1('9ic. 



--------------------------------------------------------------------------

PAL16L8A PAL DESIGN SPECIFICATION 
D4-$PPI 105659-001 PAUL R. CULLEY 12/10/85 
Pe~iphe~al interface decode logic 
CoPyri9htCompaq Computer Ho~ston, Texas 

XA4 IPPICS IXIORC XA3 XA9 XAO XA8 IXIOWC IINTA OND 

RESCMOS ICMOSWR INMICLK IPBWR ICMOSRD IKEYCS ICIORD IPBRD CMOSAWR vce 


NMICLK 	 =PPICS * XA4 * IXA3 * IXAO * XIOWC ;NMI register write (70h) 

CI'IOSRD 	 = PPICS * XA4 * /XA3 * XAO * XIORC ;CMOS data ~eQd (7th) 

CMOSWR 	 = PPICS * XA4 * IXA3 * XAO * XIOWC ;CMOS data w~ite (7th) 

KEYCS 	 = PPICS * IXA4 * IXA3 * IXAO ;8042 (60h, 64h) 

PBWR 	 = PPICS; * IXM * IXA3 * XAO * XIOWC ;POl't B wr-ite (6.1td 

PBRD 	 = PPICS * IXA4 * IXA3 * XAO * XIORC ; Por·t B read (61h) 

CIORD 	 = IXA9 * IXA8 * XIORC ;O-FFH 
-+ INTA ; (I r If/ten-/Jpt ad 

ICMOSAWR 	 = INMICLK * IRESCMO:::; : I nv€r-ted NMICU:: 
-+ IX lOWC * IRESCMOS ;CMOS address write (70h) 

FUNCTION 	 TABLE 

IXIORC IXIOWC IINTA XA9 XA8 XA4 XA3 XAO IPPICS RESCMOS 
INMICU: 	 CMOSAWR ICMOSWR ICMOSRD IKEYCS IPBWR IPBRD ICIORD 

; 	 R N C C C 
;X X 	 P E M M M M K C 
:~ IPS I 0 0 I) E P P I 
;0 0 N X X X X X I C C S S S Y B B 0 
;R W T A A A A A C M LAW R C W R R 
;C C A 9 8 4 3 0 S 0 K W R D S R D D 

H H H H H H L H H H H H H H H H H H 
H H H L L L L L L L H L H H L H H H ;8042 SELECT 
H H L H H H L H H L H L H H H H H L .;BUFFER ENABLE ON INTA 
H L H L L H L L L L L H H H H H H H ;CMOS ADDRESS WRITE 
H H H L L H L L L L H L H H H H H H ;CMOS ADDRESS WRITE 
H L H L L H L H L L H L L H H H H H ;CMOS WRITE 
L H H L L H L H L L H L H L H H H L ;CMOS READ 
L H H L L L L H L L H L H H H H L L ;PORT BREAD 
L H H L L L L H H L H L H H H H H L ;BUFFER ENABLE 
L H H H L L L H H L H L H H H H H H ; BUFFER DI::;ABLE 
L H H L H L L H H L H L H H H H H H ;BUFFER DISABLE 
H L H L L L L H L L H L H H H L H H ;PORT B WRITE (NO BUF ENABLE) 
H L H L L L H H L L H L H H H H H H 
H L H L L H H H L L H L H H H H H H 

R C C C 
;X X P E M M M K C 
; I IPS o 0 0 E P P I 
;0 0 N X X X X X I C S S S Y B B 0 
;R W T A A A A A C M A W R C W R R 
;C C A 9 e 4 3 0 S 0 W R D S R D D 



DESCRIPTION 

This PAL is us~d in the D4 (386) p~ocesso~ board to decode add~esses within the 
~ange bOh to 7Fh fo~ 1/0. It also gen~~ates the signal that cont~ols the 
direction of the 1/0 data buffer XD(7 •• 0). 



PAL16L8A. PAL DESIGN SPECIFICATION 
D4-SROMA 108135-001 PAUL R. CULLEY 06/26/86 
System ROM decode logic 
Copyright 1986 Compaq Computer Houston t Texas 

BALE LA23 LA22 LA21 LA20 LA19 LA18 LA17 SA16 GND 
IMRDC IROMIOE IRFSH IM32 IM16E IROM IROMEN ILOWEN IROM20E vee 

M16E = ILA23*/LA22*/LA21*/LA20* LA19* LA18* LA17 	 ;OOEOOOOh-OOFFFFFh 
+ LA23* LA22* LA21* LA20* LA19* LA18* LA17 JOFEOOOOh-OFFFFFFh 
+ M32 

ROM = ILA23*/LA22*/LA21*/LA20* LA19* LA18* LA17* BALE 	 ;OOEOOOOh-OOFFFFFh 
+ LA23* LA22* LA21* LA20* LA19* LA18* LA17* BALE ;OFEOOOOh-OFFFFFFh 
+ ILA23*/LA22*/LA21*/LA20* LA19* LA18* LA17* ROM ;DEGLITCH 
+ LA23* LA22* LA21* LA20* LA19* LA18* LA17* ROM ;DEGLITCH 
+ IBALE* ROM 	 ;LATCH TERM 

ROMIOE = ROM * SAlt. * MRDC 	 ;OOFOOOOh-OOFFFFFh 
;OFFOOOOh-OFFFFFFh 

ROM20E = ROM * ISA16 * MRDC 	 ;OOEOOOOh-OOEFFFFh 
;OFEOOOOh-OFEFFFFh 

ROMEN ::: ROM * MRDC 	 ;BUFFER ENABLE 

LOWEN = ILA23* ILA22* ILA21* ILA20* BALE BOTTOM ONE MEGABYTE AND BALE 
+ ILA23* ILA22* ILA21* ILA20* LOWEN DEGLITCH TERM 
+ IBALE* LOWEN 	 LATCH TERM 
+ RFSH 	 AND REFRESH 

FUNCTION TABLE 

BALE LA2~: LA22 LA21 LA20 LA 19 LA 1B LA 17 SA 16 IMRDC I RFSH IM32 
IROM IROMIOE IROM20E IROMEN IMl6E ILOWEN 

., 
;B L L L L L L L S M R 
;A A A A A A A A A R F M 
;L 2 2 2 2 1 1 1 1 D S 3 
;E 3 2 1 0 9 8 7 6 C H 2 

H L L L L L L L L H H L 
L L L L L L L L L H H H 
L L L L L H H H L H H H 
H L L L L H H H L H H H 
L L L L L L L L L L H H 
H L L L L L L L L H H H 
L ~ ~ ~ L L L L L H H H 
L H h h H H H H H H H H 
H H H H H H H H H H H H 
L H H H H L L L H L H H 
H L L L L L L L H H H H 
H H L L L H H H H H H H 
H L H L L H H H H H H H 
H L L H L H H H H H H H 
H L L L H H H H H H H H 
H L L L L L H H H H H H 
H L L L L H L H H H H H 
H L L L L H H L H H H H 
H L H H H H H H H H H H 

R R 
o 0 R L 
M MOM 0 

R 12M 1 W 
000 E 6 E 
M E ENE N 

H H H H L L ; INACTIVE 
H H H H H L ; INACTIVE 
H H H H L L ;ROM2 ADDRESS, NO READ. NO ALE 
L H H H L L ;ROM2 ADDRESS, NO READ, ALE 
L H L L H L ;ROM2 READ, HOLD ADDRESS ON ROM 
H H H H H L ; INACTIVE 
H H H H H L ; INACTI'JE 
H H H H L L ; ROMl ADDRE::;S, NO READ, NO ALE 
L H H H L H ;ROMI ADDRESS, NO READ, ALE 
L L H L H H ; ROM 1 READ, HOLD A[lDRE:::S ON ROM 
H H H H H L ; INACTIVE 
H H H H H H ; INACTIVE 
H H H H H H ; INACTIVE 
H H H H H H ; INACiIVE 
H H H H H H ; INACTIVE 
H H H H H L ; INACTIVE 
H H H H H L ; INACTIVE 
H H H H H L ; INACTIVE 
H H H H H H : INACTIVE 



H H L H H H H H H H H H H H H H H H , INACTIVE 
H H H L H H H-H ~ H H H H H H H H H ; INACTIVE 
H H H H L H H H HH H H 
H HH H H L H H H H H H 

H H H H H H 
H H H H H H 

; INACTIVE 
J INACTIVE 

H H H H H H L H H H L H H H H H H L ; INACTIVE 
H H H H H H H L H H H H H H H H H H ; INACTIVE 

DESCRIPTION 


This PAL is used in the D4 (386) processor board to decode ROM addresses 

within the two ranges OFEOOOOh-OFFFFFFh and OOEOOOOh-OOFFFFFh. It also 

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 10111 one 

megabyte of the system is being accessed. 




PAL 16R8B PAL DESIGN SPECIFICATION 
D4~RCTLA 108352-001 PAUL R. CULLEY 09/13/86 

- 04 PAGE RAM BOARD Cont~ol logic 
Copy~ight Co_paq Co~puter Houston, Texas 1986 

CLK IADSM IDMIO D-C W-R IM32 HLDA ICLK16 IHIT GND 
~ IOE IMRAS ISWM INAM IMCAS IMRDY IMWE IMRD IYY VCC 

SWM := 
IHLDA* CLKI6* ADSM* IMRDY* IW-R* M32 ;CPU IDLE TO MEMORY 

+ IHLDA* CLK16* ADSM* IMRDY* D-C* M32 ;CPU IDLE TO MEMORY 
+ IHLDA* CLKI6* yv* IMRAS* ISWM ;AFTER A MISS 
+ ICLKI6* SWM* IMRAS ;CLK16 SYNC 
+ HLDA* IADSM* D-C* IMRAS ;DMA 
+ HLDA* IADSM* ID-C* MRAS* YY ;REFRESH START 
+ HLDA* IADSM* ID-C* SWM* DMIO ;REFRESH HOLD 
+ HLOA* IAOSM* DMIO* SWM* IMRAS ;REFRESH END 

YY := 
IHLDA* CLK16* ADSM* MRDY* IW-R* M32* IHIT ;CPU PIPE TO MEMORY MISS 

+ IHLDA* CLKI6* ADSM* MRDY* D-C* M32* IHIT ,CPU PIPE TO MEMORY MISS 
+ IHLOA* NAM* MRAS ;OR WHEN LATCH NEEDS CLOSED 
+ IHLDA* ICLK16* YY ;CLK16 SYNC 
+ HLDA* D-C* MCAS* DMIO* IADSM ;DMA 
+ HLDA* YY* DMIO* IADSM ;DMA,REFRESH HOLD TO END 
+ HLDA* ID-C* MRAS* DMIO* IADSM* ISWM* CLK16 ; REFRESH 

NAM := 
IHLDA* CLKI6* ADSM* MRDY* IW-R* M32* HIT ;CPU PIPE TO MEMORY HIT 

+ IHLDA* CLKI6* ADSM* MRDY* D-C* M32* HIT ,CPU PIPE TO MEMORY HIT 
+ IHLDA* CLKI6* SWM* IADSM* IHAM ;AFTER AN IDLE OR MISS 
+ ICLK16* NAM ;CLKI6 SYNC 
+ HLDA* IADSM ;DURING REFRESH AND DMA 

MRDY := 
IHLDA* CLK16* NAM* MRAS ;AFTER NA WILL BE READY 

+ IHLDA* ICLK16* MRDY ;CLK16 SYNC 

MRAS := 
IHLDA* SWM* IADSM* INAM ;OUT OF A MISS OR IDLE OPERATION 

+ IHLDA* MRAS* IMRDY ; TILL MRDY 
+ IHLDA* MRAS* ICLK16 ; AND TILL CLK16 UNLESS 
+ IHLDA* MRAS* ADSM* IW-R* M32* HIT ;CPU PIPE HIT 
+ IHLDA* MRAS* ADSM* D-C* M32* HIT ; c.PU PIPE HIT 
+ HLDA* DMIO* IADSM* ID-C* ISWM* CLK16 ; REFRESH 
+ HLDA* DMIO* IADSM* ID-C* ISWM* HAAS ;REFRESH HOLD 
+ HLDA* DMIO* IADSM* D-C* M32* IYY ;DM 

I'ICAS : = 
IHLDA* CLK16* NAM* MRD* MRAS ;AFTER NA WILL BE CAS FOR READ 

+ IHLDA* ICLK16* MCAS ;CLK16 SYNC 
+ IHLDA* ICLK16* MRDY* MWE ;AFTER START OF MRDY IS WRITE CAS 
+ HLDA* IADSM* D-C* DMIO* MRAS* ISWM ;DMA START 
+ HLDA* IADSM* D-C* DMIO* MCAS* MRD ;DMA READ HOLD TILL END 

MWE :=,-,-•. IHLDA* ICLK16* NAM* D-C* W-R* M32* MRAS ;CPU WRITE TO MEMORY 
+ IHLDA* ICLK16* MWE ;CLK16 SYNC 
+ IHLDA* CLK16* MWE* NAM 
+ HLDA* IW-R* DMIO* IADSM* M32* IYY ;DMA WRITE 
+ HLDA* MWE* DMIO* IADSM ; DMA WR ITE HOLD 

MRn := 



IHLDA* ICLK16* HAM* IW-R* ~2* ~ ,CPU READ FROM t£t1ORY 
+ IHLDA* ICLK16* ~D ,cue16 SYNC 
+ 1lLDA* CLK16* I1RD* NAM 
+ HLDA* W-R* DMIO* D-C* IADS"* "32* MRAS ;DMA READ (NOT REFRESH) 
+ HLDA* MRD* DMIO* lADS" ;DMA READ HOLD 

FUNCTION TABLE 

CLK ICLK16 10E IADSt1 IDMIO D-C W-R IM32 HLDA IHIT 
'"RAS ISW" IMCAS INAM IMRDY '"WE '"RD IVV 
; I 
;C C I I I I I 
;L LAD I H I " I " I " I I 
;K KID" D W " L H R S C N R " " I 
;3 lOS I - - 3 D I A W A A D W R V 
;2 6 E " 0 C R 2 A T S " S " Y E D Y 

C L L L H H H H H H H H H H H H H H RESET 
C H L L H L L L L L H H H H H H H H 
C L L L H L L L L L H L H H H H H H "E" READ INITIAL 
C H L H H L L L L L L L H H H H H H 
C L L H H L L L L L L H H L H H H H 
C H L H H L L L L L L H H L H H L L 
C L L H H L L L L H L H L H L H L L 
C H L L H L L L L L L H L H L H L L 
C L L L H L L L L L L H H L H H H H READ HIT STARTS 
C H L H H L L L L L L H H L H H L L 
C L L H H L L L L L L H L H L H L L 
C H L L H L L L L H L H L H L H L l 
C L L L H L L L L H H H H H H H H L READ "ISS STARTS 
C H L H H L L L L H H H H H H H H L 
C L L H H L L L L H H L H H H H H H 
C H L H H L L L L H L L H H H H H H 
C L L H H L L L L L L H H L H H H H 
C H L H H L L L L L L H H L H H L L 
C L L H H L L L L H L H L H L H L L 
C H L l H H H L L L L H L H L H L L 
C L L L H H H L L L L H H L H H H H WRITE HIT STARTS 
C H L H H H H L L L L H H L H L H L 
C L L H H H H L L L L H H H L L H L 
C H L L H H H L L H L H L H L L H L 
C L L L H H H L L H H H H H H H H L WRITE "ISS STARTS 
C H L H H H H L L H H H H H H H H L 
C L L H H H H L L H H L H H H H H H 
C H L H H H H L L H L L H H H H H H 
C L L H H H H L L L L H H L H H H H 
C H L H H H H L L L L H H L H L H L 
C L L H H H H L L H L H H H L L H l 
C H L H H H H L L L L H L H L L H L 
C L L H H H H L L L H H H H H H H H IDLE CVCLE 
C H L L H H H L L L H H H H H H H H 
eLL L H H H L L L H L H H H H H H WRITE INITIAL OUT OF A LONGGG PIPE 
C H L L H H H L L L H L H H H H H H 
C L L L H H H L L L H L H H H H H H 
C H L H H H H L L L L L H H H H H H 
C l L H H H H L L L L H H L H H H H 
C H L H H H H L L L L H H L H L H L 
C L L H H H H L L H L H H H L L H L 
C H L H H H H L L L L H L H L L H L 
C L L H H H H L L L H H H H H H H H IDLE CYCLE 
C H L H H H H L H L H L H L H H H H 



--------------------------------------------------------------------------

CLlHHLHLHL 
-CHlHHLHLHL 
CLlHLLHHHH 
C H L H L L H H H H 
C L L H L L H H H H 
C H L H L L H H H H 
eLL H L L H H H H 
CHLHLLHHHH 
eLL H H L H H H H 
CHLHHHLHHH 
C L L H L H H H H H 
C H L H L H H L H H 
eLL H L H H L H H 
C H L H L H H L H H 
eLL H L H H L H H 
C H L H L H L L H H 
C L L H L H L L H H 
C H L H H H L L H H 

,• I 
;C C I I 
;L LAD I H I 
;K K / D M D W M L H 
;3 lOS I - - 3 D I 
;2 6 E Moe R 2 A T 
eLL H H H L H H H 
C H L H L H L H H H 
C L L H L H L L H H 
C H L H L H L L H H 
eLL H L H L L H H 
C H L H L H L L H H 
eLL H L H L L H H 
C H L H L H H L H H 
C L L H L H H L H H 
C H L H H H H L H H 
eLL H H H L L H H 
C H L H H H L L L H 
C L L H H H L L L H 

I:IHHLHHHH 
HHHLHHHH 
LHHLHH-HH 
L H H L H H H H 
L H H L H H H L 
L L H L H H H L 
H_L H L H H H L 
HLHLHHHL 
H H H L H H H H 
H L H L H H H H 
H L H L H H H H 
L L H L H H H H 
L H H L H H L H 
L H L L H H L H 
L H L L H H L L 
H H L L H H L L 
H L L L H H L L 
H L H L H H H H 

I I I 
M I M / M I I 
R S C N R M M I 
A W A A D WRY 
S M S M Y E D Y 
H L H L H H H H 
H L H L H H H H 
L L H L H L H H 
L H H L H L H H 
L H L L H L H H 
L H L L H L H L 
H H L L H L H L 
H L H L H L H L 
H L H L H L H L 
H L H L H H H H 
H L H L H H H H 
H L H L H H H H 
H H H H H H H H 

REFRESH 


DMA READ ELSEWHERE 
DMA READ 

DMA WRITE ELSEWHERE 
DMA WRITE 

DESCRIPTION 

This PAL is used in the D4 (386) memory board to control the DRAM subsystem. 

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

READY signals are provided. 

Rev A of this PAL changes the DMA state machine to prevent spurious RAM cycles 

after refresh or DMA cycles. 




PALl6L88 PAL DESIGN SPECIFICATION 
D4-RM32 t080S3-001 PAUL R. CULLEY 04/02/86 
D4 PAGE RAM BOARD r132 decod-e logic 
Copyright Compaq Computer Houston, Texas 1986 

A31 A23 A22 A21 A20 A19 Ale A17 FA20 GND 

-~ 12M IM32A IM329 IROM 1512K 1640K 11M leM IM32C VCC 


IF (/A22 * IA21) M32A = 
IA31*/A23*/A22*/A21*/A20*/A19*/A18 ,OOOOOO-03FFFF 256K 

+ IA31*/A23*/A22*/A21* IA19*/A18* IFA20 ,OOOOOO-o3FFFF 256K 
+ IA31*/A23*/A22*/A21*/A20*/A19* A18* 512K ;040000-07FFFF 256K 
+ 1A31*/A23*/A22*/A21*/A20* A19*/A18*/A17* 640K ;080000-09FFFF 128K 
+ IA31*/A23*/A22*/A21*/A20* A19* A18* Al'* ROM ;OEOOOO-OFFFFF 128K 
+ IA31*/A23*/A22*/A21* A20* 1M ,100000-1FFFFF 1M 
+ 1A31* A23*/A22*/A21* 8M ;800000-9FFFFF 2M 

IF (A22 * IA21) M32B = 
IA31*/A23* A22*/A21* 8M ;400000-5FFFFF 2M 

+ A31* A23* A22*/A21*/A20*/A19*/AI8*/AI7 ;DIAG 8000000h 128K 

IF (A21) M32C = 
IA31* A23* A22* A21* A20*/A19l1- A18* 1512K ;F40000-F7FFFF 256K 

+ IA31* A23* A22* A21* A20* A19*/A18*/A17*/640K ;F80000-F9FFFF 128K 
+ IA31* A23* A22* A21* A20* A19*/A18* Al7 ;FAOOOO-F9FFFF 128K 
+ IA31* A23* A22* A21* A20* A19* Ale ;FCOOOO-FFFFFF 256K 
+ IA31*/A23* A22* A21* 8M ;600000-7FFFFF 2M 
+ IA31*/A23*/A22* A21* 2M ;200000-3FFFFF 2M 

FUNCTION TABLE 

A31 A23 A22 A21 A20 A19 Ale A17 FA20 IS12K 1640K 11M 12M IBM IROM 
IM32A IM329 IM32C .• 

I I I 
; F M M H 

;A A A A A A A A A 5 6 R 333 

;3 2 2 2 2 1 1 1 2 1 4 128 0 222 

;1 3 2 1 098 7 0 .2 0 M M M M A 9 C 


H H H L L L L L L L L L L L L Z L Z DIAG 

H L H L H L L L L L L L L L L Z H Z OFF 

H L H H L L L L H H L L L L L Z Z H OFF 

H L L L L L L L H L L L L L L H Z Z OFF 

L L L L L L L L H L L L L L L L Z Z 256K 

L L L L H L L L L L L L L L L L Z Z 256K 

L L L L L L H L L L L L L L L L Z Z S12K 

L L L L L H L L L L L L L L L L Z Z 640K 

L L L L L H H H L L L L L L L L Z Z 128K AT OEOOOOh 

L H H H H L H L L H L L L L L Z Z L 256K AT F40000h 

L H H H H H L L L H H L L L L Z Z L 128K AT F80000h 

L H H H H H L H L L L L L L L Z Z L 128K AT FAOOOOh 

L H H H H H H L L L L L L L L Z Z L 256K AT FCOOOOh 

L L L L H H H H H L L L L L L L Z Z 1M AT 100000h 

L L L H L L L L L L L L L L L Z Z L 2M AT 200000h
'-') L L H L L L L L L L L L L L L Z L Z 2M AT 400000h 
L L H H L L L L L L L L L L L Z Z L 2M AT 600000h 
L H L L L L L L L L L L L L L L Z Z 2M AT 800000h 
L H L L L L L L L L L L L H L H Z Z 2M AT 800000h OFF 
L L L H L L L L L L L L H L L Z Z H 2M AT 200000h OFF 
L L L L H L L L H L L H L L L H Z Z 1M AT 100000h OFF 
IIIII~~I-Il IlllLH HZZ 128K AT OEOOOOh OFF 



DESCRI PTION 

This PAL is used in the D4 (386) memor'Y board to decode addl'esses within the 
memol'Y space and assel't the 1'132* signal. It does all the decoding fol' all th~ 

expected options accol'ding to the following jumpel' setti~gs. 

512K 640K 1M 
H H 25bK 00OOOO-03FFFFh H NO EXTENDED MEMORY 
L H 5121< 00OOOO-07FFFFh L 1024K 100000-1FFFFFh 
L L b40K 000000-9FFFFFh 
H L **** ILLEGAL 

8M 2M 
H H OK 
H L 2049K 200000-3FFFFFh 
L H 6144K 400000-9FFFFFh (NOTE: The 8 Meg boaI'd asse~ts both 8M and 2M 
L L 8192K 200000-9FFFFFh str'obes) 

When FA20 is low, the addr-ess line A20 should be considel'ed to be low. 

When FA20 is high, A20 is decoded as usual. 

The above set of m32 outputs a~e wil'e ORed to form the signal M32*. The 

actual equation for 1'132 is shown below. 


M32 = 
IA31*/A23*/A22*/A21*/A20*/A19*/A18 ;OOOOOO-03FFFF 256K 

+ IA31*/A23*/A22*/A21* IA19*/A18* IFA20 ;OOOOOO-03FFFF 256K 
+ IA31*/A23*/A22*/A21*/A20*/A19* A18* 512K ;040000-07FFFF 256K 
+ IA31*/A23*/A22*/A21*/A20* A19*/A18*/A17* 640K ;080000-09FFFF 128K 
+ IA31*/A23*/A22*/A21*/A20* A19* A18* A17* ROM ;OEOOOO-OFFFFF 128K 
+ IA31* A23* A22* A21* A20*/A19* A18* 1512K ;F40000-F7FFFF 256K 
+ IA31* A23* A22* A21* A20* A19*/A18*/A17*/640K ;F800OC-F9FFFF 128K 
+ IA31* A23* A22* A21* A20* Al9*/A18* Al7 ;FAOOOO-FBFFFF 128K 
+ IA31* A23* A22* A21* A20* A19* A18 ;FCOOOO-FFFFFF 256K 
+ IA31*/A23*/A22*/A21* A20* 1M ;lOOOOO-lFFFFF 1M 
+ IA31*/A23*/A22* A2l* 2M ;200000-3FFFFF 2M 
+ IA31*/A23* A22*/A21* 8M ;400000-SFFFFF 2M 
+ IA31*/A23* A22* A21* 8M ;600000-7FFFFF 2M 
+ IA31* A23*/A22*/A21* 8M ;800000-9FFFFF 2M 
+ A31* A23* A22*/A21*/A20*/A19*/A18*/A17 ;DIAG 80COOOOh 128K 



PALl6L88 PAL ~SIGN SPECIFICATION 
D4-RRAS 108054-001 PAUl R. CULLEY 05/20/86 
D4 PAGE RAM BOARD RAS d.cod. logic 
Copyright Compaq Computer Houston, .Texas 1986 

A31 A23 A22 A21 A20 A19 Ala Al7 FA20 GNO 
-/RFSH IRSO IMWE IMRD IWEO IPARRO IPARWR IROM IRSI vec 

RSO ;: 

IA31* IA23* IA22* IA21* IA20* IAl9 ,OOOOOOOOH 512K 


+ 1A31* IA23* IA22* IA21* IFA20* IA19 ;00100000H 512K 
+ IA31* IA23* IA22* IA21* IA20* A19* IA18* IA17 ;00080000H 128K 
+ IA31* IA23* IA22* IA21* IA20* A19* A18* A17 ;OOOEOOOOH 128K 
+ IA31* A23* A22* A21* A20 ,OOFOOOOOH 1024K 
+ RFSH ; REFRESH 

RSI = 

IA31* IA23* IA22* IA21* A20* FA20 ;OOIOOOOOH 10241< 


+ RFSH ; REFRESH 

PARWR = 

MWE* A31* A23* A22* IA21* IA20* IA19* IA18* IA17 ; 80COOOOOH 128.< 


PARRD = 

MRD* A31* A23* A22* IA21* IA20* IA19* IAIS* IA17 ;80COOOOOH 128K 


WEO = 
MWE*/A31* IA23* IA22* IA21* IA19 ;OOOOOOOOH 512K 


+MWE*/A31* IA23* IA22* IA21* IA20* A19* IAI8* IA17 ; 00080000H . 128K 

+MWE*/A31* IA23* IA22* IA21* IA20* A19* A18* A17* IROM ;OOOEOOOOH 128K 

+MWE*/A31* A23* A22* A21* A20* IA19* A18 ;OOF40000H 256K 

+MWE*/A31* A23* A22* A21* A20* Al9* IAl8 ;OOF80000H 256K 

+MWE*/A31* A23* A22* A21* A20* A19* Al8* IA17 ;OOFCOOOOH 1281< 

+MWE*/A31* A23* A22* A21* A20* A19* A18* Al7* IROM ;OOFEOOOOH 128K 


FUNCTION TABLE 

A31 A23 A22 A21 A20 A19 Al8 A17 FA20 IROM IMWE IMRD IRFSH 

IRSO IRS1 IPARWR IPARRD lWEO 


I P P 
; F I 1 I R I I A A I 
;A A A A A A A A ARM M F R R R R W 
;3 2 2 2 2 1 1 1 2 0 W R S SSW R E 
;1 3 2 I 0 9 8 7 0 M E D H o 1 R D 0 

L L L L L L L L H L L H H L H H H L OOOOOOH 512K 
L L L L H L L L L L L H H L H H H L l00000H 512K 
L L L L L H L L H L L H H L H H H L 080000H 128K 
L L L L L H H H H L L H H L H H H H OEOOOOH 128K 
L L L L L H H H H H L H H L H H H L OEOOOOH 128K 
L H H H H L H L H L L H H L H H H L F40000H 256K 
L H H H H H L L H L L H H L H H H L F80000H 256K 
L H H H H H H L H L L H H L H H H L FCOOOOH 128K 
L H H H H H H H H L L H H L H H H H FEOOOOH 128K 
L H H H H H H H H H L H H L H H H L FEOOOOH 128K 
L L L L H L L L H L H H H H L H H H 100000H 1024K 
H H H L L L L L H L L H H H H L H H 80COOOOOH 128K 
H H H L L L L L H L H L H H H H L H 80COOOOOH 128K 
H H H H H H H H H L H H L L L H H H REFRESH 

DESCRIPTION 




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

~J 




Title: SCHEMATIC-DP3E DEC 16, 1996 
Drawing: 000559-000 REV: X 

+12V 7B8, 1288, 13Cl 
+F2 6Cl 
+KB 6EH 
-12V 1289,1301 
-5V 1288,13Cl 
-KB 681 
3871 4A8, 6C1,1188 
ADS* 281, 4A8,1188,13A8 
AEN2 488, 5A1 
ALE 3C8, 981 
BALE 4A8, 4B8, 9Bl,10A8,12C8 •
BCK<3:0> 3B1, 408 

BCLK SAE:, 9Al,12B8 

BEO* 2B1, 3A8, 4A8,13A8 

BE1* 2Bl, 3A8,13B8 

BE2* 2B1, 3A8, 13B:3 

BE3* 2B1, 3A8,13B8 

BEN*<3:0> 3Bl, 4C8 

BHE* 3Al, 4Bl,12A::: 

BHLOA 3C1, 5B8, 8B8 

BHLDA* 3B 1, 4B8, 9C::::: 

BRDY* 288, 4A8, 9B1 

BUSRDY 8ce, 9C8,12B8 

BUSY* 2A1, 701 

BUSY7* 7DE:, 1101 

CCLK32 2A1,1188 

CIORD* 4D1, 7B1 

CKM 6Dl,11D8 


CLAST* 3A1, 9B8 
CLK16 2A1,l1A8 
CLK16* 2A1, 988,13A8,13D8 
CLK32 2A1,13A8 
CLSTD* 3A1, 4A8 
CHD* 3B8, 4AS, 9Bl,11AS 
CRDY* 288,l1D1 
CX16* 3A1, 988 
D-C 2B1, 308, 4A8,13A8 
DAEN* 4B1, 588, 80S 
DAEN1* 488, 581 
DAEN2* 481, 5A8 
DAK*<7:(I) 5Dl, 12A8, 12C8 
OCLK 50a, 60a, aC8, 901 
DCLK* 88S, 9D1,10A8 
OCMO* 3A1, 488 
OIRRD* 381, 4CS 
OMA 4Dl, 581,1288 
DMA* 581, 708 
DMAS1* 5Ca, 781 
DMAS2* 5AS, 7Al 
DMROC* 5ee, 808 
ORDY 5D8, SDl 
OREQ 5A8, SC8 
DRQO 5C8,12AS 
ORQ1 5CS,12C8 
DRQ2 588,12C8 
DRQ3 58a,12C8 
DRQ5 5A8,12A8 
DRQ6 5Aa, 12A8 



EH ITUI 
EIOCHK 
ERR386* 
ERROR* 
GRAB* 
HAKOMA 
HIlll'I 
HITIM* 
HLOA 
HOLO 
HRQCP 
INT 
INTtS* 
INT2S* 
INTA* 
1016* 
IOCHK* 
I00<7tO) 
IOERR 
IORC* 
IOWC* 
IOWCX* 
IRQ10 
IRQll 
IRQ12 
IRQ13 
IRQ14 
IRQ15 
IRQ3 
IRQ4 
IRQ5 
IRGb 
IRQ7 
IRQ8 
IRQ9 
KA20* 
KEYCS* 
KEYWR* 
KRS 
LA<23: 17) 
LO-C 
LM-IO 
L1'I16* 
LNCP* 
LOWA20 
LOWEN* 
LW-R 
1'1-10 
1'116* 
M32* 
MHLDA 
I'IROC* 
MROY* 
MWTC* 
MYCYC* 
NI0 
N9 
NA* 
NAB* 
NAM* 
NC 
NCPIN* 

6Al, 708 

6Al, 7C8 

2Al,llA1 

708,1101 

5B8, 50S,12A8 

5AS, 8Bl 

6Al, 7Cl 

601, 708 

2Al, 3C8, S88 

2Al, 3C8 

2B8, aCl 

2A8, 601 

6C8, 7B1 

6B8, 7Al 

3Bl, 6DS, 7B8 

3A8, 4B8,12A8 

7C8,12B8 

401, SOl, 6C8, 7A8, 7C8,10Bl 

6Al, 7Cl 

4Al, 801,12B8 

4Al, 801, 9A8,10Al,1288 

4B8, 9Al 

6B8,12A9 

6BS.12A8 

688,12A8 

6B8. 701 

6B8, 12A9 

bca,12A8 

608,12CS 

608, 12C8 

6D8,12C8 

60e,12C8 

6D8,12CS 

6B8, 7Al 

688,12CS 


10A1 
6C8, 7Cl.10AS 
6C8,10Al 
6Bl 
2Cl, 3Cl, 5Bl,10A8,1288 
301, 3C8, 4B8 
3Dl, 3C8, 4B8, 9B8 
3A8, 4B1 
4Al.11C8 
2Cl, 6Cl,10Al,13A8 
488,1088 
301, 3C8, 488 
281. 308, 4A8,11B8,13A8 

4B8, 9A8,10A8,12A8 

3B8, 4A8,10A8,13A8 

4Al,13A8 

3C8, 4Al, SAl, 8Dl,10A8,12A8 

288, 13A8 

3ce, 4Al, 8Dl,12A8 

4Al, 9B8 

6Bl 

6Bl 

2Al 

2C8, 4Al 


-2C8,13A8 
6Cl, 7Cl, 7Dl, 7Dl, 7B8, 8Bl, 9Al,10Al,10Al,10Al,12Cl,12Cl 
6Dl, 7D8 



NOWS* 
OSC 
OSC32* 
PA31 
PA(23:2) 
PAGES* 
PARIT* 
PBRO* 
PBWR* 
PCL.K* 
PO(31:0) 
PEREQ 
PWGOOO 
ROETEC 
REAOY* 
REFCK 
REFEN* 
REFRS 
REFRS* 
RES287 
RESCP 
RESCP* 
RESCPIJ* 
RESDRV 
RRO 
RST* 
RSTAR* 
SA(19:0) 
S[1(15:0) 
SHTO* 
SLOWH* 
SMRDC* 
SMWTC* 
T-C 
TOO 
T10 
TIMlS* 
TIM2S* 
TIMCLK 
TMLD 
T:3T1 
TST3 
W-R 
WOEN* 
XA(S:O) 
XlORC* 
XI owe* 
XMWTC* 
2C32 
ZCK16* 
ZO:::::32 I 

9C8~12B8 
7Al, 12BS 
7AS 
201, 308, 4AS,11BS,13AS 
2Bl, 30S,11BS, 13CS 
5DS, 7Bl 
7Da.1-3AS 
bAS, 7Bl 
bAS, 7B1 
bCS, 7Al 
20S, 40S, llCS, 13C9 
208,1101 
7A8,1301 
6Al, SAl 
2Al. 70S, 1188 
bAl. 78S, SBS 
8Al. 9C8 
6[18, SAl 
4B8, 50S, SA 1 , 1 OAS, 12C8 
7(11,11C8 
288, 788. SCI 
8Cl 
2Al,1198 
5D8, 12C8, 1301 
SA8 
3A8, bA~:. 7C8, SC8. 9B8.10A8, l1A8, 1301. 13A8 
6Cl. 8CS 
3Cl, 5Bl, 7D8, 9Cl. 100S. 120S 
4Cl.10Cl, 12AS. 120S ~1 

4Al. 8C8 
601. aC8 
4B1,12B8 
4B1,1288 
5[11, 12C8 
3A8, 9A1 
3A8, 9Al 
6ea, 701 
6D8, 7[11 
6[1::: , 7Al 
7A1 
3A:3, 4A8 
4A~: 

2B1, 308, 4A8,llB8,l3A8 
388, 981 
4Bl, 5Cl, bC8, 70S.10A8,l1C8 
5CS, bCS, 7B8, 8DS.11C8 
5CS, 6CS, 7B8, 808.11CS 
SCS, S08 
2A8 
2Al, 4A8 
7A8 



10 

20 

30 

40 

50 

Titl.: SCHEMATIC-DP3E DEC 16, 1986 
Oralllin~C OOO~59-000 REVJ X 

C 1 13C3 
C 2 13C4

'-" C 3 13C4 
C 4 13C3 
C 5 13C5 
C 6 13C4 
C 7 13C5 
C 8 13C5 
C 9 788 
C 1408 
C 11 14D8 
C 12 14D7 
C 13 1407 
C 14 1406 
C 15 14D6 
C 16 1405 
C 17 14[15 
C 18 1404 
C 19 1404 
C 12C2 
C 21 1403 
C 22 786 
C 2-":! 14D2.... 
C 24 14Dl 
C 25 1408 ~ 
C 26 1408 
C 27 1407 
C 28 14D7 
C 29 1406 
C 1406 
C 31 1405 
C 32 1405 
C 33 1404 
C 34 1404 
C 35 1403 
C 36 1403 
C 37 1402 
C 38 1402 
C 39 1401 
C 14CS 
C 41 14C8 
C 42 14C7 
C 43 14C7 
C 44 14C6 
C 4~ 14C6 
C 46 14C5 
C 47 14C5 
C 48 14C4 
C 49 14C4 
C 14C3 
C 51 14C3 
C 52 14C2 
C 53 14C2 
C 54 14Cl 
C 55 1488 
C 56 1488 
C 57 1487 
C 58 1487 
I:" tr:::c. t IIDL 



C 60 9A2 
C 61 1485 
C 62 1485 
C 63 1484 
C 64 1484 
C 65 1493''- C 66 14B3 
C 67 1482 
C 68 14B2 
C 69 1491 
C 70 1488 
C 71 1498 
C 72 14B7 
C 73 1487 
C 74 1486 
C 7S 14B6 
C 76 1485 
C 77 14B5 
C 78 1484 
C 79 14B4 
C 80 1483 
C 81 149::: 
C 82 1482 
C 83 7Ac. 
C 84 1481 
C 85 14A::! 
C 86 14A8 
C 87( 14A7 

~ 
,~C 88 14A7 


C 89 14Ac. 

C 90 14A6 

C 91 14A5 

C 92 14AS 

C 9':' 14A4
~. 

C 94 14A4 

C 9'" 14A:::
•.~f 

C 96 14A3 

C 97 2A7 

C 98 14A2 

C 99 14Al 

C 100 7AS 

C 101 7A4 

C 102 14A8 

,... .... 103 14AS 

C 104 14A7 

c: 105 14A7 

C 106 14A6 

C 107 14A6 

C 108 14A5 

C 10'~1 14(;~: 


j'
-' 11 :) : .{~ ~~4 


C 111 14PA 

C 11 " 14A3
.~ 

C 1n 1.'H';::::: 

C 114 682 


. I C 115 c.Bl'-'f r 116 .'::.A4 

C 117 "lA7 


C 118 14A2 

C 119 14A2 

CR 1 796 

CR 2 7B6 

,-'0 .j 707 



CR 4 13A2 
ER 1 wee 

~,ER "- 10B8 
ER1-1 lODe 
ERl-2 lOe::: 
ER1-::: !i)C8 
ER2-1 10C:: 
ER2-2 lOGS 
ER2-:::: 10B::: 
F 1 13B3 
F 2 e.Gl 
.J 101 1:?-D6 
,.I 10'';:' 1207 
.J 103 1206 
,J 104 1:205 
.J 105 12[15 
..1 1(;(:. 1?D4 
•.1 107 1,:::D4 
J 10::: 1;"D'~: 

•.1 1()9 i :'::85 
•...1 1ll) 1'-'" c;;.~-.H.~I 

.J 11 1 : :~:?4 
1•.1 12 1,~·;{.'4J 

.J i ~ ':: . -A2-
1,..\ ! 15 I~.I':~: 

.J 111;. ('.81 
•.1 117 1:::S2 
•..1 1 18 7B5 

:t;•..1 119 t;.Cl ;. 

•.1 1:21 1:3A5 
•...1 12.~: 12B6 
.J 124 1:2B5 
..1 12~, 1:;'E!/C. 

1 .-', ,.J ~:: () 1 :?84 
1~.~•.J 12B4'" ' 

L ·~.'B:;; 

l e.f; ; 
l :3 ~81 

L 4 6[,1 
L c: bet'-' 

' r. ~.PCB '" '"'"' ~ 
P 787 
R 757 

~. 

it;~R 7B7 
R .:. 7Fk: 
R 4 7A2 
R c: 121<:'-' 
R b 1:?B2 
R 7 1:-::A:~: 

-~ - "7 ;2j4 

,.. 

' "h ....) :·[18 
R 1 :::~:::: 

~, . :~',6 . -.F: ~ ..:, -~ t - -', 

R ll<. .:;') 

R 15 1 . :: ':~ ,,.:: 
R 1':- -:' ::7 
R :7 7:-~.-: 

R : :3 ~"A7 
\ .: 

R ',7:0 :A6 
R 7A..'l 



R 
R 
R 
R 
F: 
F-; 

F: 
R 
R 
R 
R 
R 
R 
R 
R 
R 

f' 

RP 
RP 

RF' 


u 
u 

u 
U 
1I 
U 
U 
11
'-> 

!.' 

U 
U 
u 
u 

22 
2-:,

'.' 

24 

-. " .. ' ...... ,.. ,-, 

.34 

5 
6 
7 

1 

-..: 

7 

9 
10 
11 
1'71 

1 

604 
1(J~! 

t:·B3 

~lf'<:' 

C. c,::: 
2Ct 
SA4 
:[ .'. 
~'::';4 

1 .-.~.:; 

':::[18, 500, 
l::c -:
H', 682, 
HI2 
/" ~ ": 
. -7 

aD7 

682, 6C2. 6D2, 6D3, 6D3 

·.7:....: 

[:7 
8A3 

",'::4 
c.: :; 

1(;;;f. I 10A5 
~ :!C:3 
1(':':,10D5 

"A2 
/, ,-.... . 

" L ..' 

.,
'.. ..:. 

:1 1 



U 82 396 
U ;;::3 ~:C 7 

:.' :::4 )'::4 
J :~;') 

j! ·~h , ", D3 
U :7 902 
J ';::3 "-,6 
U :.•:'~' 
u ~O 

IJ it 1 :~;L 

U 42 :: (5 
U 4·' 1 : '-" , 11 07 
U ':;4 "D5 
U 4"' ~<t., 

IJ 4~·, '::,'P3 

1I 4/ 4,:,,' , 482. SA2. 806 
!! :.8 ':B5, 5C2, 5A5,lOAS 

t.. 
, : 

C', 

504, 504, 9A7 
4 ~J4, 585, 506, 507 

[." 5AS, 505, 6C2, 7A4, 8A3 
~IA4 

I.: <=" 

7(':. 7C6 
" ·'C5. S83 
t 7::,', 904 

"'32 
I.' ;..: ~" -,) BD3, 88:;., 8CS 

3C5, 7A1, SA3, SOS 
9C4 

. ..., 
'~ / 

2A5 
~ ,) !~:2. 7C3 

., " 

f ::;!' bD4., 982., 9B2 
':'".-.. , ... <:2, SC4 

I. 7 802, 883, SAb 
-' 74 ~'BS, 985, 988,1302 

2A7, 2A7, 2A7 
203 

'8:3, 683 
::':::. 8e7 

;;4 
:3A6 

;:. 9A2 
c' .; 1AS 

'::-:7,11A6 

7~ . 7A7, 7A8, 788,1303,13D4 
J 87 10A2 
U .:,f_'.. _ 6(:4, SC2, S02, SA8 

89 SA4, SA5, SA7, SA7 
90 SB6, SB7 

oj 91 682, 6C2, 7C7, SA2.1082,1082 
U 92 286, 585, 9A7 
U 93 6A4 
" "'''0 



PA(3112) 2Bl, 3C8 
PARCK 2Bl. 3Al 
PARIT* 2Al. 4Al 
PARRD* 3Al. 4A8 
PARWR*.,- RASOA* 
RASOB* 
RAS1A* 
RAS1B* 
RFSH* 
ROM* 
RSO* 
RS1* 
RST* 
SWM* 
TST 
TSTO 
TST1* 
TST2* 
W-R 
WEO* 
WPRT* 

208, . 3Al, 4B8 
4Cl, 5C8, 6C8 
4Cl, 7C8, 8ca 
4Cl, 588, 688 
4Cl, 7B8. 8Ba 
2Al, 3A8, 998 
398, 4Al 
3Al. 4C8 
3Bl. 4C8 
2Al, 4B8 
3A8, 401 
408 
4Al. 908 
2D8, 381, 4Dl 
308, 4D1 
2Al, 4D8 
3Al, 508 
3Al, 4Al 

\..,.-' 
\ 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Title. D4 PAGE DRAI'1 BOARD AUG 06, 1980 
Or-.wing: 000414-000 REVc A 

C 1 100S 
C 2 1007 
C 3 1007 
C 4 1007 
C 10D6 
C 6 1006 
C 7 1005 
C 8 1005 
C 9 1004 
C 1004 
C 11 10AS 
C 12 1003 
C 13 10A7 
C 14 1002 
C 10D2 
C 16 1002 
C 17 10A7 
C 18 1001 
C 19 10Ab 
C 1008 
C 21 10Ab 
C 22 1007 
C 23 1007 
C 24 1007 
C 10Db t~ 

C 26 1006 
C 27 1005 
C 28 1005 
C 29 10D4 
C 1004 
C 31 10D3 
C 3-'.!. 10D3 
C 33 10D2 
C 34 10D2 
C 1002 
C 36 1001 
C 37 10Ce 
C 38 10C7 
C 39 10C7 
C lOC7 
C 41 10Cb 
C 42 10Cb 
C 43 10C5 
C 44 10CS 
C 10C4 
C 46 10C4 
C 47 10C3 
C 48 10C3 
C 49 10C2 
C IOC2 
C 51 IOC2 
C 52 lOCI 
C 53 10CS 
C 54 10C7 
C 10C7 
C 56 10C7 
C 57 10Cb 
C 5a 10C6 
.... "",., o4IIAI"cr 



C 60 10C!5 
C 61 10C4 
C 62 10C4 
C 63 10C3 
C 64 10C3 
C 65 10C2 
C 66 10C2 
C 67 10C2 
C 68 10Cl 
C 69 10ce 
C 70 10C7 
C 71 10C7 
C 72 10C7 
C 73 10Cb 
C 74 10C6 
C 75 10C5 
C 71:.. 10C5 
C 77 10C4 
C 78 10C4 
C 79 10C3 
C 80 10C3 
C 81 10C2 
C 82 10C2 
C 83 10C2 
C 84 lOCI 
C 85 10B8 
C 86 10B7 
C 87 10B7 
C 88 10B7 11 

C 89 10B6 
C 90 10B6 
C 91 10B5 
C 92 lOBS 
C 93 10B4 
C 94 10B4 
C 95 10A5 
C 96 10A5 
C 97 10A4 
C 98 10A4 
C 99 10A3 
C 100 10A3 
C 101 10A2 
E 1 JA8 
E 2 3A7 
E 3 3A7 
E 123 3A7 
J 30t 9A7 
J 302 9A5 
p 101 208 
P 121 9C4 
PCB • tA2 
R 1 4C7 
R 2 4C7 
RP 1 507 
RP 2 5B7, 507 
RP 3 5B7 
RP 4 4B2, 4B2, 4B2, 4B2, 4C2, 4C2, 4C2, 4C2 
RP 5 4Ab 
RP 6 2C3, 2C4, 2Cb, 2C7, 403, 403, 408, 9A8, 9A8 
RP 7 4A2 
RP 8 4A3 
RP 9 4A5 
U 4A5_ 903 

,-I 



Title: 04 PAGE DRAM BOARO AUG 06, 19S6 

Drawing: 000414-000 REV: A 


IM* 3AS, 4AS 
2M* 3BS, 4A8, 9Ba 
512K* :3BS, 4A8 
640K* 3B8, 4AS 
8M* 3AS, 9B8 
AOS* 2Al 
AOSM* 2Bl, 4CS 
BA<31:1D :301, 99a 
BE*<3:0) 2Al, :3A:3 
CASO* 4B1, 5BS, 5e8 
CAS1* 4Bl, 69S, 6CS 
CAS2* 4Bl, 79S, 7Ca 
CAS3* 4Bt, SBa, SCS 
CLAT 3A8, 40t 
CLK16* 2Al. 408 
CLK32 2Al, 4C8 
CS* 3Al, 4CS, 99S 
o-c 2At, 408 
OMIO 2Bl, 40S 
EQ1* 301, 408 
EQ2* 3el, 408 
ER*<3:0> 2.:1, 4A8 
F20 2Bl, :3C8 
HLOA 2Al, 4D8 
LOWA20 2Al 
M-IO 2Al f~ 
MO 501, 601, 60S, 701. 708, 80t, soa 
Mt 501~ 601. 60S. 701, 70S, SOl, soa 
M2 SOt, 601, 60S, 701, 708, SOl, 808 
M3 SOl, 601, 60S, 701, 70S, SOl, S08 
M32* 2Al, 391, 4DS 
M4 SOl, 601, 60S, 701, 70S, 801. SOS 
M5 501. 6Dl, 608, 701, 70S, 801. 80S 
M6 501, 601. 60:3, 701, 70S, 801. 808 
M7 SOl, 60t, 608, 701, 708, SOl, 80S 
MS 501, 6Dt, 608, 7Dl, 70S, 801, 808 
MA(9:0) 301, 5BS, 50S, 9CS 
MCAS* 401, 998 
MO(31:0) 20t, 4Al, 5AB, 5CS, 6AS, 6C8. 7AS, 7CS, BAS, 8C8, 908 
MRAS* 3C8. 401, 98S 
MRO* 20S, 3AS, 401 
MROY* 2Al, 401 
MW SOl, 601, 60S, 701, 70S, SOt, 80S 
MWE* 3Aa, 401, 5BS, 9BS 
NO 5Bl, 6Bl, 6BS, 7Bl. 7Ba, SB1, SBa 
Nl 5Bl, 6Bl, 6BS, 7Bl, 7BS, SBt, aBS 
N2 5Bl, 6Bl, 6BS, 7Bl, 7Ba, SB1, SBa 
N3 5Bl, 6Bl, 68S, 7Bl, 7BS, SB1, SBS 
N4 5Bl, 6Bl, 6BS, 7Bl, 788, SB1, SBS 
NS 581, 6Bl, 6B8, 7Bl, 7Ba, 8Bl, 8BS 
N6 5Bl, 6Bl, 6B8, 7Bl, 7BS, SB1, SBS 
N7 5Cl, 6Cl, 6CS, 7Cl, 7CS, 8Cl, sce 

\ 	 N8 5Cl, 6Cl, 6C8, 7Cl, 7CS, aCl, acs
'-" 	 NAM* 2Al, 401 

NW 5Bl, 6Bl, 6BS, 7Bl, 7BS, SB1, SBe 
PO SAl, SCI 
P1 bAt; 6Cl 
P2 7At, 7el 
P3 SAt, ect 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

U 2 2A5, 2M 
U 3 2A2, 2B2, 3A2, 407 
U 4 4C6 
U 307 
U 6 305 
U 7 3A7 
U 8 4B5, 4135 
U 9 2A3. 293. 402, 402, 406, 407 
U 3A4, 3A4, 3A4, 3A4 
U 11 3A5 
U 12 395 
U 13 3C7 
U 14 3C5 
U 302 
U 16 3C2 
U 17 392 
U 18 3A2 
U 19 4B~:, 483, 4B~:, 4B3 
U 282, 4A7 
U 21 2B2, 2B4, 2B5, 2B6 
U 22 507 
U 23 5B7 
U 24 4C3, 4C:::, 4C~:, 4C3 
U 2C3, 2C4, 2C6, 2C7 
U 26 2C7 
U 27 4A7 
U 28 2C2 
U 29 2C4 
U 2C5 
U 31 5C6 
U 32 5C5 
U 33 5C5 
U 34 5C4 
U 5C4 
U 36 5C3 
U 37 5C2 
U 38 5C2 
U 39 5Ct 
U 6C6 
U 41 6C5 
U 42 6C5 
U 43 6C4 
U 44 6C4 
U 6C3 
U 46 6C2 
U 47 6C2 
U 48 6Cl 
U 49 7C6 
U 7C5 
U 51 7C5 
U 52 7(:4 
U 53 7C4 
U 54 7C3 
U 7C2 
LI 56 7C2 

,--) U 57 7C1 
U 58 8C6 
U 59 8C5 
U 8C5 
U 61 8C4 
U 62 8C4 
U 63 8C3 
II 

I " "'........ 




U 65 8C2 
U 66 8Cl 
U 67 SA6 
U 68 SAS 
U 69 SAS 
U 70 SA4 

, '-
U 71 SA4 
U 72 5A3 
U 73 SA2 
U 74 5A2 
U 75 SAl 
U 76 bAb 
U 77 bAS 
U 78 bAS 
U 79 bA4 
U 80 bA4 
U 81 bA3 
U 82 bA2 
U S3 bA2 
LI 84 bAl 
U 85 7Ab 
U 8e. 7A5 
U 87 7A5 
LI 88 7A4 
U 89 7A4 
U 90 7A3 
U 91 7A2 
U 92 7A2 
U 93 7Al I: 
U 94 SAb 
U 95 SAS 
U 96 SA5 
U 97 SA4 
U 98 SA4 
U 99 SA3 
U 100 SA2 
U 101 SA2 
U 102 SAl 



.......".. 
'" 


----~------------------------------------------------------~---------------
LIST OF MATERIALS REPORT DATE I 12-22-1986 PAOE: 1 

04 ~THER BOARD SCHEMATIC D~awing No: 000559-000 Rev: X 


It •• Qty Pa~t Numbe~ Desc~iption Ref Des 

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

42 1 100144-002 IC, PRGML INTRPT CONTR •• 8259-2 U 1 

42 1 100144-002 IC. PRaML INTRPT CONTR •• 8259-2 U 2 

100 1 100129-001 IC, OCT BUS XCVR ••••••• 74LS245 U 3 

99 1 100091-001 IC, OCT BFR/L DRVR ••••• 74LS244 U 4 

101 1 101653-001 IC. CNTR ••••••••••••••• 74LS590 U 5 

34 1 100195-005 XTAL, OSCR.14.31818mHZ U 6 

51 1 101637-001 IC, DL D-TYPE F/F •.•••• 74ALS74 U 7 

100 1 100129-001 IC, OCT BUS XCVR ••••••• 74LS245 U 8 

54 1 101633-001 IC, OCT D-TVPE LCH •••• 74ALS573 1I 9 

100 1 100129-001 IC, OCT BUS XCVR ••••••• 74LS245 U 10 

54 1 101633-001 IC. OCT D-TYPE LCH •••• 74ALS573 U 11 

105 1 100079-008 SCKT, IC,LO PF,28P,.600 U 12 

105 1 100079-008 SCKT, IC,LO PF,28P •• 600 U 13 S 

t.l 1 108328-001 At;SY, EPROM, MEM #2 [EVEN] U 13 

105 1 100019-00:=: SCKT, le.LO PF,28P,.600 U 14 

105 1 100079-008 SCKT, IC,LO PF,28P •• 600 U 15 

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

52 1 102t·05-001 IC, 4-BIT BIN CNTR •••• 74ALS163 U 16 

100 1 100129-001 IC. OCT BUS XCVR ••••••• 74LS245 U 17 

100 1 100129-001 IC. OCT BUS XCVR ••••••• 74LS245 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 101633-001 IC. OCT D-TYPE LCH •••• 74ALS573 U 21
,'  40 1 100147-001 IC. DMA CONTR •••.••.•••••• 8237 U 22 

40 1 100147-001 IC. DMA CONTR ............. 8237 U 23 

54 1 101633-001 IC. OCT D-TYPE LCH •••• 74ALS573 U 24 

54 1 101633-001 IC. OCT D-TYPE LCH •••• 74ALS573 U 25 

9'~J 1 100091-001 IC. OCT BFR/L DRVR ••... 74LS244 U 26 

100 1 10012',,-001 IC, OCT BUS XCVR •••••.. 74LS245 Ij 27 

9E: 1 105672-0(11 IC. QD BUS XCVR •.•..••. 74LS243 U 28 

72 1 108135-001 ASSY, IC,PAL.D4-SROMA •••• 16LSA U 29 

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

65 1 108394-001 ASSY, IC.PAL,D4-SCMDD •••• 16LSB U 31 

67 1 108396-001 ASSY. IC.PAL.D4-SDEND .••• 16L8A U 

100 1 100129-001 IC. OCT BUS XCVR ••••••• 74LS245 U 33 

54 1 101633-001 Ie. OCT D-TYPE LCH •.•• 74ALS573 U 

54 1 101633-001 IC. OCT D-TYPE LCH •••• 74ALS573 U 35 

36 1 10806/;.-001 XTAL. OSCR,24.000mHz,CMOS U 36 

99 1 100091-001 IC. OCT BFR/L DRVR ••••• 74LS244 U 37 AB 

68 1 105645-001 ASSY. IC.PAL.D4-SADI ••••• 16LSB U 38 

54 1 101633-001 IC, OCT D-TYPE LCH •••• 74ALS573 U 39 

99 1 100091-001 Ie:, OCT BFR/L DRVR ••••• 74LS244 U 40 


1O(lO'~: 1-00 1 IC. OCT BFR/L DRVR •..•• 74LS244 u 41 

106 1 100079-(109 SCKT. IC.LO PF.40P,.600 u 42 

90 1 108223-001 IC, DL .J(K) F/F•••••••• 74HC109 u 43 AS 

41 1 101592-001 IC, PRGML INTVL TIMER ••••• 8254 U 44 

41 1 1015'n-Cl01 It, PRGML INTVL TIMER •.••• 8254 U 45

e./;. 1 1 083'?5-00 1 ASSY, IC.PAL.D4-SCPYD •••. 16L8A U 46 

95 1 100131-001 IC. Q[t GATED BFR ••••••• 74LSI25 U 47 ABeD 


1 1001:31-001 IC, Q[t GATED BFR •.••••• 74LSI25 U 48 ABeD 

96 1 100135-001 IC, 3-8 L DCDR/DMUXR ••• 74LS138 U 49 

97 1 100151-001 IC, OD D-TYPE F/F •••••• 74LS175 U 50 

99 1 100091-001 IC. OCT BFR/L DRVR ••••• 74LS244 U 51 

70 1 1 05e.57-00 1 ASSY. IC, PAL, D4-SNCP ••••• 16LE:A U 52 




LIST OF MATERIALS REPORT DATE: 12-22-1986 PAGE: 2 

D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X 

Item Qty Part Number Description Ref Des 

50 1 10H:.28-001 IC. QD 2-INF' AND GATE •• 74ALSOS u 53 ABCD 
47 1 101632-(101 IC. GlD 2-INF' NAND GATE.74ALSOO u 54 ABCD 
49 1 101636-001 IC. HEX INV •••••••••••• 74ALS04 u 55 ABCDEF 
73 1 108219-001 ASSV. IC,PAL.D4-STATB•••• 20R8A u 56 
53 1 108221-001 IC. OCT D-TVPE F/F •••• 74ALS273 u 57 
64 1 108393-001 ASSV. IC.PAL.D4-SADOD •••• 20R4A u 
82 1 101639-001 IC, GD 2-1 D SEL/MUXR ••• 74F257 U 59 
108 1 108398-001 SO~T, IC.68 PIN PGA 1I 60 
51 1 1016::::7-001 IC. DL D-TVPE F/F •.•••• 74ALS74 U 61 AB 
94 1001 :32--001 IC, AND-OR-INVERT GATE .. 74LS51 U 1:...2 AB 
c -
....'J 1()1 f:..~;7-0C '- Ie, DL D-TVPE F/F .....• 74ALS74 U 63 AS 
71 1 1O~·659- 00 1 ASSY, IC.PAL.D4-SPPI .•..• 16L8A U 
.:' ~'..... 10~ l~,b--O:): IC, QO D-TVPE F/F ..•..•. 74F175 U ABCD 
47 101.:.::::2-001 Ie. QD 2-INP NAND OATE. 74ALSOO U ABCD 

101 (:.::;:7- OC'; IC, DL D-TVPE F/~ ...... 74ALS7~ U 67 AB 
ASSY, IC,PAL.D4-SMSCD .... 16R4C u 

100:,27 -00 1 IC, DL D-TVPE F/F ..•..... 74F74 u /:..9 AB 
~H 1016:;:7-0(; 1 IC, DL D-TvPE F!F ...... 74ALS74 u 70 AB 
77 IC, QD NAND GATE ...•..... 74FOO u 71 ABCD 
51 1 1016::';:7-001 IC. DL D-TYPE F/F •.•••. 74ALS74 u 72 AB 
78 1 101158-001 IC. GD 2-INP AND GATE. ••• 74F08 u 73 ABCD 
81 1 101156-001 Ie, GD D-TVPE F/F ••••••• 74F175 u 74 ABCD 
91 1 108222-001 IC, QD GATED BFR ••••••• 74HCI25 u 75 ABCD 
109 1 10~.148-001 SCJ(T. IC, 132 PIN. PGA u 76 S 
44 1 105674-002 Ie. 32-BIT MICROPRCSR.80386-16 u 76 
4':. 1 1I) 1 (:.4(:,-00 1 IC, REAL TIME CLK •.••• MCI46818 u 77 
107 1 100079-012 SCKT, Ie,LO PF,40P •• 600W,CLR u 78 S 
toO 1 102720-004 ASSV. IC.KVBD INTFC-M u 78 
80 1 (Y)527-(lOI IC, DL D-TVPE F/F ••.•••.. 74F74 u 79 AB 
74 1 SPAF:E Ie LOCATION 14 PIN u 80 
51 1 101f...37-001 Ie. DL D-TVPE F/F •••••• 74ALS74 u 81 AB 
80 1 100527-001 IC. DL D-TVF'E F/F••••••.• 74F74 u 82 AB 
80 100527-001 18. DL D-TVPE F/F•••••••• 74F74 u 83 AB 
80 1 100527-001 IC. DL D-TVPE F/F •••••••• 74F74 u 84 AB 
37 1 100195-013 XTAL, OSCR,32mHz u 85 
39 1 101647-001 IC. HEX INV ••••••••••••••• 4069 u 86 ABCDEF 
68 1 108360-001 ASSV. IC.PAL.D4-SKEV ••••• 16R4A u 87 
48 1 101~.56-001 IC. GD 2-INP NOR GATE •• 74ALS02 u 88 ABCD 
81 1 101156-001 IC, GD D-TVPE F/F••••••• 74F175 u 89 ABCD 
51 1 101637-001 IC. DL D-TVPE F/F•••••• 74ALS74 u 90 AB 
55 1 108361-001 IC, HEX BFR,OPEN COL.74ALSI035 u 91 ABCDEF 
79 1 1016:31-001 Ie. TPL 3-INP AND GATE ••• 74F11 u 92 ABC 
4:3 100181-001 Ie, DL PRPHL NAND DRVR ... 75477 U 93 
7 1i)n'::'7::.-1)':; 1 ::;\,j, REC RKR DIP. :::POS ::;:W 1 
~::: 1 100200-002 RNET, 8.2K OHM.6PIN SIP.5RES RP 1 
3::: 1 100200-010 RNET. 300 OHM.6 PIN SIP.5RES RP 2 

100201-001 RNET, 8.2K OHM, 10 PIN SIP,9RES RP 3 
:;::;: 1 100201-001 RNET. 8.21< OHM. 10 PIN SIP.9RES RP 4 
33 1 100201-(101 RNET. 8.2K OHM. 10 PIN SIP,9RES RP 5 

100201-001 RNET. 8.2k OHM, 10 PIN SIP.9RES RP I;. FG 
100201-(lI)'? RNET, 20K OHM, 10 PIN SIP.9RES RP 7 

7 1 1000::::3-0::::0 RES, 8.21< OHM,l/4W,5i..CF RP 8 ABCDEFG 
30 
31 

1 
1 

10019:::-02:3 
100198-002 

RES, 
RES, 

2.S7K OHM. 1/4W. li.,MF 
3.48K OHM, 1/4W. 1i.,MF 

R 
R

1 
2 

24 1 100083-034 RES. 2700HM,1/4W.5i.,CF R 3 



------~-----------------------------------------------------------------------
LIST OF MATERIALS REPORT DATE: 12-22-1986 PAGE: 3 
04 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X 

It~m Qty Part Numb~r Description Ref Des 

15 1 100083-019 RES, 30-0HM,1I4W,Si.,CF R 4 

1 100083-02e. RES, 1K OHM,1/4W,5i.,CF R 5 


6 1 100083-032 RES, 4.7K OHM,1/4W,5i.,CF R 6 

25 1 100083-044 RES, 3600HM.1/4W,Si.,CF R 7 

15 1 100083-019 RES, 300HM,1/4W,5i.,CF R 8 

21 1 100083-012 RES, 1000HM,1/4W,5i.,CF R 9 

22 1 1000:::3-056 RES, 1:::0 OHM, 114W, 5i., CF R 10 

22 1 100083-056 RES, 1800HM,1I4W,Si.,CF R 11 

5 1 1000:::3-026 RES, lK OHM,1/4W,5i..CF R 12 

22 1 100083-05e. RE::;, 180 OHM, 1I 4W, 5i., CF R 13 


1 1000E:3-009 RES, 20K OHM, 1/4W, 5'/., CF R 14 

7 1 100083-030 RES, 8.2K OHM,1/4W,5i..CF R 15 


1 1000E:;:::-02e. RES, lK OHM, 1/4W, 51., CF R 16 

14 1 100083-085 RES, 22MEG OHM.1/4W,5i..CF R 17 

26 1 100083-051 RES, 470K OHM,1/4W,Si.,CF R 18 

7 1 100083-030 RES, 8.2K OHM,1/4W,5%,CF R IS' 

5 1 100083-026 RES, lK OHM,1/4W,5i.,CF R 20 

5 1 100083-026 RES, lK OHM,1/4W,Si.,CF R 21 

7 1 100083-030 RES, 8.2K OHM.1/4W.5%,CF R 22 

12 1 100083-009 RES, 20K OHM,1/4W,Si.,CF R 23 

S 1 100083-026 RES, lK OHM,1/4W,5i.,CF R 24 

15 1 100083-019 RES, 300HM,1/4W.Si..CF R 25 

15 1 100083-019 RES, 30 OHM.1/4W.~I.,CF R 26 

6 1 100083-032 RES. 4.7K OHM,1/4W,5i..CF R 27 

6 1 100083-032 RES, 4.7K OHM,1/4W,57..CF R 28 

22 1 100083-056 RES, 1800HM,1/4W,5i.,CF R 29 

22 1 100083-056 RES, 1800HM,1/4W,5i..CF R 30 

19 1 100083-003 RES, 680HM,1/4W,5i..CF R 31 

2:;: 1 100083-059 RES, 2000HM,1/4W,Si.,CF R 

19 1 100083-003 RES, 680HM,1/4W,5%,CF R 33 

13 1 100083-001 RES, 220HM,1/4W,5i.,CF R 34 

13 1 100083-001 RES, 220HM,1/4W,Si.,CF R 35 

19 1 100083-003 RES, 68 OHM,1/4W,Si.,CF R 36 

18 1 100083-020 RES, 51 OHM,1/4W.S7.,CF R 37 

19 1 100083-003 RES, 68 OHM,1/4W,Si.,CF R ·38 

8 1 100083-008 RES. 10K OHM.1/4W.S%.CF R 39 

8 1 100083-008 RES. 10K OHM,1/4W.Si.,CF R 40 

12 1 100083-009 RES. 20K OHM,1/4W,Si.,CF R 41 

22 1 100083-056 RES. 1800HM,1/4W.5i.,CF R 42 

3 1 100111-001 RES, 0 OHM R 43 

20 1 100199-004 RES, 680HM,1/2W,5i..CC R 44 

110 1 100234-001 IC, REG.SH.2i..50PPM/C•••••• 431 Q 1 

45 1 00056(1-001 PCB, DP3E. 80386 SYSTEM BOARD PCB. 

27 101374-001 FERRITE BEAD, W/LEAD L 1 

:::3 1 101374-(101 FERRITE BEAD. W/LEAD L 2 

83 1 101374-001 FERRITE BEAD, W/LEAD L 3 

83 1 101374-(101 FERRITE BEAD, W/LEAD L 4 

83 1 101374-001 FERRITE BEAD, W/LEAD L 5 


1 100224-003 CONN, PCB STD EDGE.40/80 J 101 

58 1 100224-0(11 CONN, PCB STD EDGE.31/62 J 102 


1 100224-001 CONN, PCB STD EDeiE, 31/62 ...1 10:=: 

58 1 100224-001 CONN, PCB STD EDGE,31/62 J 104 

58 1 100224-001 CONN, PCB STD EDOE,31/62 J 105 

58 1 100224-001 CONN, PCB STD EDGE,31/62 J 106 


1 100224-001 CONN, PCB STD EDI3E.31162 J 107 


http:REG.SH.2i
http:OHM.1/4W.S%.CF
http:300HM,1/4W.Si


LIST OF MATERIALS REPORT DATE: 12-22-1986 PAGEl 4 
04 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X 

Item Qty Part Number De s tr' i Pt ion Ref Des 

58 1 100224-001 CONN, PCB STD EDOE,31/62 J 108 
103 1 100218-001 H[lR, PCB,lROW,5POS,STR POST J 109 
103 1 100218-001 HDR, PCB,lROW,5POS,STR POST J 110 
103 1 100218-001 HDR, PCB,lROW,5POS,STR POST J 111 
103 1 100218-001 HDR, PCB,lROW,5POS,STR POST J 112 
87 1 105609-004 HDR, lROW,5POS,KEY 4POS,STR J 113 
85 1 105609-002 HDR, lROW,4POS,KEY 2POS,STR J 115 
88 1 105609-006 HDR, lROW,7POS,KEY 5POS,STR J 116 
104 1 101329-001 HDR, 20POS,.156CTR,.045SQ POST J 117 
81:. 1 105607-001 HtlR, 1ROW, KEY 2POS, STR .J 118 
84 1 1001:36-006 HDR, PCB,lROW,2POS,STR POST J 11';' 

5t. 1 lOE:122-001 CONN, PCB ::;TD EDGE, 3/6 J 121 
57 1 100224-002 CONN, PCB STD EDGE, 18/36 J 123 
57 1 100224-002 CONN, PCB STD EDCiE, 18/36 J 124 
57 0 100224-002 CONN, PCB STD EDGE, 18/36 J 125 
57 1 100224-0C2 CONN, PCB STD EDCiE,18!36 J 12c. 
57 1 100224-002 CONN, PCB STD EDGE, 18/36 •...1 127 
76 1 101270-004 FU~:;E, SUB MI NTR, 5. OA, 125V F 1 
7f:.. 1 1I) 1270-(lI)4 FUSE, SUB MINTR,5.0A,125V F 2 
92 0 1000::::1-001 JMF'R, PCB, 2 F'O~:; ER 1_".:· 

~. 

92 0 100081-001 JMPR, PCB,2 POS ER 1-2 
92 0 100081-001 JMF'R, PCB, 2 PO~; ER 1-1 
89 0 1001:36-010 HDR, PCB,lROW,9POS,STR POST ER 1 
92 0 100081-001 JMPR, PCB,2 POS ER 2-3 
92 0 100081-001 JMPR, PCB,2 pas ER 2-2 
92 0 100081-001 .JMF'R, PCB, 2 POS ER 2-1 
89 0 100186-010 HDR, PCB,lROW.9POS,STR POST ER 2 
2-::1 1 100192-001 DIODE, GENL PRP ••••••••• IN914B CR 1 
2;' 1 100192-001 DIODE, GENL PRP •.••••••. IN914B CR 2 

100192-1)01 DIODE, GENL PRP ••••••.•• 1N914B CR 3 
93 1 100254-001 DIODE, LED,RED DIFFUSED CR 4 
10 1 1000E:2-005 CAP, 10MFD,16V,20'l.,TANTALUM C 1 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 2 
10 1 1000E:2-005 CAP, 10MFD,16V,20'l.,TANTALUM C 3 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 4 
10 1 100082-005 CAP, 10MFD,16V,20'l.,TANTALUM C 5 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 6 
10 1 100082-005 CAP, 10MFD,16V,20'l.,TANTALUM C 7 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C a 
10 1 100082-005 CAP, 10MFD,lbV,20l,TANTALUM C 9 
2 1 100085-009 CAP, .047MFD,5OV,-20/+80'l.,Z5U C 10 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 11 
10 1 100082-005 CAP, 10MFD,16V,20'l.,TANTALUM C 12 

1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 13 
2 1 100085-009 CAP, .047MFD,50V,-201+80'l.,Z5U c: 14 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 15 
2 
:::: 

1 
1 

100085-009 
100085-009 

CAP, 
CAP, 

.047MFD,50V,-20/+80'l.,Z5U 
.047MFD,50V.-20/+E:O'l.,Z5U 

C 
C 

16 
17 

2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 18 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 19 
1 1 100085-007 CAP, .001MFD,50V,20'l.,X7R C 20 
10 1 100082-005 CAP, 10MFD,16V,20'l.,TANTALUM C 21 
10 1 100082-005 CAP, 10MFD,16V,20'l.,TANTALUM C 22 
2 1 100085-009 CAP, .047MFD.50V,-20/+80'l.,Z5U C 23 
2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 24 



LIST OF MATERIALS REPORT 	 DATE I 12-22-1986 PAOE: 5 

04 ~THER BOARD SCHEMATrc D~awing No: 000559-000 Rev: X 


Desc~iption 	 Ret Des 

CAP, .047MFD,50V,-20/+807.,Z5U C 25 

CAP, .047MFD,50V,-20/+807.,Z5U C 26 

CAP, .047MFD,50V,-20/+S07.,Z5U C 27 

CAP, .047MFD,50V,-20/+807.,Z5U C 28 

CAP, .047MFD,50V,-20/+807.,Z5U C 29 

CAP, .047MFD,50V,-20/+807.,Z5U C 30 

CAP, .047MFD,50V,-20/+807.,Z5U C 31 

CAP, .047MFD,50V,-20/+807.,Z5U C 32 

CAP, .047MFD,50V,-20/+807.,Z5U C 33 

CAP, .047MFD,50V,-20/+807.,Z5U C 34 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 35 

CAP, .047MFD,50V,-20/+807.,Z5U C 36 

CAP, •047MFD, 50V, -20/+E:0'l., Z5U C 37 

CAP, .047MFD,50V,-20/+80X,Z5U C 33 

CAP, .047MFD,50V,-20/+807.,Z5L1 C 39 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 40 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 41 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 42 

CAP, 10MFD,16V,20X,TANTALUM C 43 

CAP, .047MFD,50V,-20/+60'l.,Z5U c 44 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 45 

CAP, .047MFD,50V,-20/+607.,Z5U C 46 

CAP, .047MFD,50V,-20/+807.,Z5U C 47 

CAP •• 047MFD.50V, -20/+807.,.Z5U C 48 

CAP •• 047MFD,50V,-20/+807.,Z5L1 C 49 

CAP, .001MFD,50V,20'Y.,X7R C 50 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 51 

CAP, .047MFD.50V,-20/+80'l.,Z5U C 52 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 53 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 54 

CAP, .047MFD,50V.-20/+80'l.,Z5U C 55 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 56 

CAP, 10MFD,16V,20'l.,TANTALUM C 57 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 58 

CAP•• 047MFD,50V,-20/+807.,Z5U C 59 

CAP, 47PF,50V,107.,COG C 60 

CAP, .047MFD,50V,-20/+807..Z5U C 61 

CAP, 10MFD,16V,207.,TANTALUM C 62 

CAP, .047MFD,50V,-20/+807.,Z5U C 63 

CAP, .047MFD,50V,-20/+807.,Z5U C 64 

CAP, .047MFD,50V,-20/+807.,Z5U C 65 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 66 

CAP, .047MFD,50V,-20/+80X,Z5U C 1:..7 

CAP, .047MFD,50V,-20/+80X,Z5U C 6::: 

CAP, 10MFD.16V,20'l.,TANTALUM C /.:.'7 

CAP, .047MFD,50V,-20/+80X,Z5U C 70 

CAP, .047MFD.50V,-20/+80'l.,Z5U C 71 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 72 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 1"3 

CAP, .047MFD,50V,-20/+BO'l.,Z5U C 74 

CAP, lOMFD,16V,20'l.,TANTALUM C 75 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 76 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 77 

CAP, .047MFD,50V,-20/+80'l.,Z5U C 78 

CAP, .OOlMFD,50V,20'l.,X7R C 7'7 


It •• Qty 

2 	 1 

2 1 

2 1 

2 1 

2 	 1 

2 1 

2 1 

2 1 


1 

2 	 1 


1 

.-,
.:.. 1 

2 1 

2 1 

2 1 


1 

2 1 

2 1 

10 1 

2 1 

2 1 

2 1 

2 1 

2 1 

2 1 

1 1 

2 1 

-,.. 1 

:: 1 

2 1 

.-,
.:. 1 


1 

10 1 


1 

2 1 

17 1 

2 1 

10 1 

2 1 

2 1 

2 1 


1 

2 


• 1 


2 	 1 


1 

•~ 
1 


.I.'.) 	 1 

1 

1 


-,
.:; 	 1 


1 


Pa~t Numbe~ 

100085-009 

100085-009 

100085-009 

100085-009 

100085-009 

100085-009 

100085-009 

100085-009 

100065-009 

100085-009 

100085-009 

100085-009 

100085-009 

100085-009 

100085-009 

1OCI08~:'-·OO'''' 


1 0008:.-00';) 

100085-009 

100082-005 

100085-009 

100085-009 

100085-009 

100085-009 

100(>85-009 

100085-009 

100085-007 

1 000:::5-009 

1 00085-0cr? 

1000::::.-009 

ll)()O::::~-()(Yi 

1000:::::·-009 

100085-009 

100082-005 

100085-009 

100085-00';1 

100085-024 

100085-009 

100082-005 

100085-009 

100085-009 

100085-009 

100085-009 

1000:::5-(H)9 


~OOO:'::2-00~, 

1000:35-009 

1000:::5-009 

1OOO:::5-00'~1 


1000:::5-009 

100085-009 

100082-005 

1000:::5-009 

100085-009 

10(1085-009 

100085-007 
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D4 MOTHER BOARD SCHEMATIC Drawing No: 000559-000 Rev: X 


Item Qty Part Numbe~ Dt-scription 

2 1 100085-009 CAP, .047MFD,50V,-20/+801.,Z5U C 80 

2 1 100085-009 CAP, .047MFD,50V,-20/+801.,Z5U C 81 

2 1 100085-009 CAP, • 047MFD.50V,-20/+801.,Z5U C 82 

2 1 100085-009 CAP. .047MFD.50V,-20/+801.,Z5U C 83 

2 1 100085-009 CAP, .047MFD,50V.-20/+801..Z5U C 84 

2 1 100085-009 CAP, .047MFD.50V,-20/+801.,Z5U C 85 
, 10 1 100082-005 CAP, 10MFD,16V,201.,TANTALUM C 86 

2 1 100085-009 CAP, .047MFD,50V.-20/+801.,Z5U C 87 

2 1 10008~-009 CAP, .047MFD,50V,-20/+eOi..Z5U C 88 


2 1 100085-009 CAP, .047MFD,50V,-20/+80i.,Z5U C 89 

2 1 100085-009 CAP, .047MFD,50V,-20/+80i.,Z5U C 90 

2 1 100085-009 CAP, .047MFO,50V,-20/+80'l.,Z5U C 91 

2 1 100085-009 CAP, .047MFD,50V,-20/+80i.,Z5U C 92 

2 1 100085-009 CAP, .047MFD,50V,-20/+80i.,Z5U C 93 

1 1 100085-007 CAP, .001MFD,50V,20'l.,X7R C 94 

2 1 1000<=::5-009 CAP, .047MFD.50V,-20/+80'l.,Z5U C 95 

1 1 100085-007 CAP, .001MFD,50V,20'l.,X7R C 'if;., 


1 1 100085-007 CAP, .001MFD,50V,20'l.,X7R C 97 

2 1000:35-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C '18 

2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 9S"1 

9 1 100085-013 CAP, 10PF.50V.l0i..COG C 100 

2 1 10008~-009 CAP, .047MFD.50V,-20/+S0'l.,Z5U C 101 

2 1 100085-009 CAP •• 047MFD.50V,-20/+80'l.,Z5U C 102 

2 1 100085-009 CAP, .047MFD,50V.-20/+80i..Z~U C 103 

2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 104 

2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U C 105 

2 1 100085-009 CAP, .047MFD,50V,-20/+80i.,Z5U C lOb 

2 1 100085-009 CAP, .047MFD,50V,-20/+80'l.,Z5U c 107 


1 100(l:3S-0()7 CAP, .001MFD,50V,20i.,X7R c 108 

2 1 1000:::5-00';:1 CAP, .047MFD,50V,-20/+80i.,Z5U c In-:, 
, 2 1 100085-009 CAP, .047MFD,50V,-20/+80i.,Z5U c 110 

1 1 100085-007 CAP, .OOlMFD,50V,20'l.,X7R c: 111 

2 1 100085-00'1 CAP, .047MFD,50V,-20/+80i.,Z51J c 112 

10 1 100082-005 CAP, 10MFD,16V,20i.,TANTALUM c 11 ::: 

17 1 100085-024 CAP, 47PF,50V,10i.,COG C 114 

17 1 100085-024 CAP, 47PF,50V,10'l.,COG C 115 

28 1 100085-006 CAP •• 01MFD,50V,20'l.,Z51J c I1b 

11 1 1000:::5-014 CAP, 18PF,50V.10i.,COG C 117 

4 1 108242-001 CAP, .05MFD,DECOIJPLING,PGA/LCC C 118 

4 1 108242-001 CAP, .05MFD,OECOIJPLING,PGA/LCC C 119 


Total part~ = 306 Total holes = 3317 



--~----------------------------------------------------------------------------
LIST OF MATERIALS REPORT DATE: 12-22-1986 PAGE: 1 
D4 MOTHER BOARD SCHEMATIC Dra~ing No: 000559-000 Rev: X 

Item Qty Part Number Description Ref Des 

1 8 100085-007 CAP, .001MFD,50V,201.,X7R C20,SO,79,94,96,97, 
lOS, 111 

2 88 100085-009 CAP, .047MFD,50V,-20/+80i.,Z5U C2,4,6,S.10,11,13
19,23-42,44-49,51
56.59,59,61,63-69. 
70-74,76-78,90-S5, 
97-93,95,9S,99,101
107,109,110,112 

3 1 100111-001 RES, 0 OHM R43 
4 2 108242-001 CAP, .05MFD,DECOUPLING,PGA/LCC C118,119 
:; 6 100083-026 RES, lK OHM,1/4W,5i.,CF R5,12,16,20,21,24 
6 3 100083-032 RES, 4.7K OHM,1/4W,5i.,CF R6,27,28 
7 4 100083-030 RES, 8.2K OHM,1/4W,5i.,CF R15,19,22,8 
B 2 100083-008 RES, 10K OHM,1/4W,51.,CF R39,40 
9 1 100085-013 CAP, 10PF,50V,10'7.,COG CIOO 
10 1~, 100082-005 CAP, 10MFD, lc,V, 20'7., TANTALUM Cl,3,5,7,9,12,21, 

22,43,57,62,69,75, 
8.t:.,113 

11 1 100085-014 CAP, 18PF,50V,10'7.,COG ell7 
12 3 100083-009 RES, 20K OHM,1/4W,SI.,CF R14,23,41 
13 2 100083-001 RES, 220HM,1/4W,S%,CF R34,35 
14 1 100083-085 RES, 22MEG OHM,1/4W,51.,CF R17 
15 4 100083-019 RES, 300HM.1/4W.51.,CF R4.8.25,2b 
16 1 101262-001 XTAL, MINTR,32.76SKHz Y2 
17 3 100085-024 CAP, 47PF,50V,10l.,COG C60,114,115 
18 1 100083-020 RES, 51 OHM,1/4W,5i.,CF R37 
19 4 100083-003 RES, 680HM,1/4W,5i.,CF R31,33,36.38 
20 1 100199-004 RES, 680HM,1/2W,5i..CC R44 
21 1 100083-012 RES, 1000HM,1I4W,5Y.,CF R9 
22 6 100(l::!3-0St, RES, 180 OHM, 1I4W, 51., CF RIO,11,13,29,30,42 
23 1 100083-059 RES, 2000HM,1/4W,5'7.,CF R32 
24 1 100083-034 RES, 2700HM,1/4W,51.,CF R3 
25 1 100083-044 RES, 3600HM,1/4W,51.,CF R7 
26 1 1 ()0083-051 RES, 470K OHM,1/4W,5i.,CF R18 
27 1 101374-001 FERRITE BEAD, W/LEAD L1 
28 1 100085-006 CAP, .01MFD,50V,20i.,Z5U C116 
29 3 100192-001 DIODE, GENL PRP ••••••••• IN914B CRI-3 
30 1 100198-023 RES, 2.87K OHM,1/4W,li.,MF Rl 
31 1 100198-002 RES, 3.48K OHM,1/4W,li.,MF R2 
32 1 100200-002 RNET, S.2K OHM,6PIN SIP.5RES RPI 
33 4 100201-001 RNET, S.2K OHM, 10 PIN SIP,9RES RP3-6 
34 1 100195-005 XTAL, OSCR,14.31818mHZ U6 

1 100201-00'? RNET, 20K OHM, 10 PIN SIP,9RES RP7 
3(:, 1 1O:~:Ot,6-0(i ~ XTAL, OSCR,24.000mHz,CMOS 
:37 1 1001';15-013 XTAL, OSCR, 32nlHz 
38 1 100200-010 RNET, 300 OHM,6 PIN SIP,5RES RF'2 
3'? 1 101647-001 IC, HEX INV •...••••••••••• 4069 U:36 
4() 2 100147-001 IC, DMA CONTR .•.••.••.••.• 8237 U22.,2:3 
41 2 101S'n-001 IC, PRGML INTVL TIMER ..••. 8254 U44,45 
42 2 100144-002 IC, PRGML INTRPT CONTR.. 82S9-2 Ul,2 

1 100181-001 IC, DL PRF'HL NAND DRVR ••• 7S477 U93 
44 1 105674-002 IC, 32-BIT MICROPRCSR.80386-16 U76 



-----------------------------------------------------------------------------~-~ 
LIST OF KATERJALS REPORT DATEr 12-22-1986 PAGE: 2 
D4 ~THER-BOARD SCHEMATIC Drawing No: 000559-000 Rev: X 

Item Qty Part Number Descr-ipt ion 	 Ref Des 

"
45 1 000560-001 PCB. DP3E. a0386 SYSTEM BOARD PCB. 
4e. 1 101646-001 IC, REAL TIME CLK ••••• MC146818 U77 
47 2 101632-001 IC, QD 2-INP NAND GATE.74ALSOO U54, 66 
48 1 101656-001 IC. QD 2-INP NOR GATE •• 74ALS02 usa 
49 1 101636-001 IC. HEX INV •••••••••••• 74ALS04 U55 
50 1 101628-001 IC, em 2-INF' AND GATE •• 74ALsoe U53 
51 e 101637-001 IC. DL D-TYPE F/F •••••• 74ALS74 U7,61.63.67,70,72, 

al,90 
52 1 102605-001 IC. 4-BIT BIN CNTR •••• 74ALS163 Ulb 
c-~,
,_I.,;. 1 108221-001 IC, OCT D-TYPE F/F •.•• 74ALS273 U57 

,":,4 9 1I) 16::;::::;-001 Ie, OCT [I-TYPE LCH .•.. 74ALS573 U9,11,19,21,24,25, 


C'C',_,,_1 1 ... 108361-001 IC, HEX BFR.OPEN COL.74ALSI035 U91 
5(:, 
.,..., 
,_, i 

1 
4 

108122-001 
100224-002 

CONN, 
CONN, 

PCB 
PCB 

STD 
STD 

EDGE,3/6 
EDGE, 18/36 

,-'121 
JI23,124,(J125), 
126,127 

58 7 100224-001 CONN, PCB STD EDGE,31/62 JI02-108 
59 1 100224-003 CONN, PCB STD EDGE,40/80 .jlOl 
bO 102720-(H)4 AS::::Y, IC,KYBD INTFC-M U78 
61 1 10832:::-001 ASSY, EPROM, MEM #2 [EVEN) Ul3 
I-:-~'-'''';'' 1 108:;:27-001 ASSY, EPROM.MEM #1 [ODD) Ul5 
6::;: 1 105645-001 ASSY, IC.PAL.D4-SADI ••.•• 16L8B U38 
64 1 108393-001 ASSY, IC.PAL,D4-SADOD ••.• 20R4A U58 

'-" 
65 
66 

1 
1 

108394-001 
108:;:';>5-001 

ASSY, 
ASSY, 

IC,PAL,D4-SCMDD •••• 16L8B 
IC,PAL,D4-SCPYD ••.. 16L8A 

U31 
U46 

b7 10::::;:96-001 ASSY, IC,PAL,D4-SDEND •.•. 16L8A U32 
t.::: 1 10:::3'::,0-001 AS8Y, IC,PAL,D4-SKEY ..... 16R4A US7 
69 10:::::;:-:n-001 A:::::::Y, IC,PAL,D4-SMSCD .... 16R4C U68 
""Y:) A:=:'::Y, IC,PAL,D4-SNCP ..... 16L8A U52 

"'.. , ,-." fH·:,,:' T , IC,PAL,D4-Sp PI ••••• 16L8A U64 
"""?"'":' A:::SY, IC,PAL,04-SROMA .... 16L8A tl2'," 
7:;. 
74 

1 
1 

10:::219-001 A::;;:;W, 
:;PARE 

IC,PAL,D4-STATB .••. 20R8A 
Ie LOCATION 14 PIN 

U56 
USO 

75 1 1')027:::-00 j SW, REC RKR DIP,8POS SWI 
76 2 101270-004 FUSE, SUB MINTR,5.0A,125V Fl,2 
77 1 101170-001 IC, QD NAND GATE •••••••.. 74FOO U71 
7°'-' 1 10115:::-001 Ie, QD 2-INP AND GATE. •.. 74Foa U73 
79 1 1(l16:3~-OCll IC, TPL 3-INP AND GATE ••. 74F!! U92 
80 5 100527-001 IC, DL D-TYPE F/F .••.•••. 74F74 U69.79,82-84 
81 :;: 10115t,-OOl IC, QD D-TYPE F/F•••.••. 74F175 U65,74,89 
::;2 1016:39-(1) 1 IC, QD 2-1D SEL/MUXR •.• 74F257 U59 
f=":'-"-' 4 101 :374-0C:: FERRITE BEAD, W/LEAD L2-5 

H~~, PCE,1R8W.~POS,STR POST .J:.19 

I" ". -.:. 	 H~:~.... 1F. ~,~~, ~,.t:\. ~~~'U':" :;.7F.: "-I J. .. ij. 

.-..-.. 105609--:::04 HDP, lROW,5POS,KEY 4POS,STR .-'113 
HDI=;, 1RI:~, 7F'O::., f:::E v 5f='CI:::, ':::Tr.; 

, : C-	 H~~. 2CB,:RO~,9?OS,STR POST (EF:: ) , (ER2) 
.: -i'.- 1 IC, DL J(K) F/F .•...... 74HCI09 U43 

1 IC, 0D GPTE~ BFR ....... 74HC125 U7':, 
~, :) .);-.;?r:~} F:~:B J:2 PO':; 	 (ER1-l), (ERI-2), 

(ER1-;3), (ER2-1), 
(ER2-2), (ER2-3) 



--------------------------------------------------------------------------------
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D4 MOTHER BOARD SCHEMATIC Dr-awing No: 000559-000 Rev:-X 

It~m Qty Part Numb~r Description Ref Des 

0-',.;; 1- 100254-001 DIODE, lED,RED DIFFUSED CR4 

$'4 1 1001:;:2-001 Ie, AND-OR-INVERT GATE. .74LS51 U62 


...,0'" QD BFR ••••••• 74lS125 U47,48.« ...." ..... 100131-001 IC, GATED 

96 1 100135-001 IC, ~:-e L DCDR/DMUXR ••• 74lS138 U49 

....... 

:;' I 1 100151-001 IC, em (I-TYPE F/F•••••. 74LS175 uso 

t:,*,:-. 1 105672-001 IC, OD BUS XCVR •••••••• 74LS243 U28.* '-' 
99 6 1000';> 1-001 IC, OCT BFR/L DRVR .•••• 74LS244 U4,26,37,40,41,SI 
100 E: 100129-001 IC, OCT BUS XCVR ••••••. 74LS24S U3,8.10,17.18,20, 

27,33 
101 1 lOlt.52-001 IC, CNTR.~ ••..••••••••• 74lS590 US 

1It)2 ... 1l) 16':: ','-00 1 IC, MEM MAPPER ••.••••.• 74lS612 U30 

:0:3 4 100:218-001 HDR, PCB,lROW,5POS,STR POST J109-112 

104 : (} 1 '::~~9-()f) 1 HDR, 20POS,.156CTR,.045SQ POST ,..1117 

10~1 4 100079-008 SCKT, IC.lO PF.28P •• 6(JO U12-15 

1o!~· 100079-(10';1 ~;CKT , IC,lO PF,40P,.600 U42 

1 (!7 10007';1-012 seKT, IC,lO PF,40P,.600W,ClR U78 

! ("S 1 10::;:39:::-00 1 ~:;Cf::T , 1(:.68 PIN PGA U~.O 


109 1Ot-.148-00 1 SCKT, IC,132 PIN,PGA U76 

11:) .1 !OC2:34-(lOI F:- , REG.SH.2X.50PPM/C ••.•.• 431 G!l 


Total parts = 306 Total holes = 3317 



LIST OF MATERIALS REPORT DATE: 01-06-1987 PAGE: 1 
D4-PAGE DRAM BOARD SCHEMATIC Drawing No: 000414-000 Rev: A 

Item Qty Pa.rt Number- Description Ref Des 

1 89 101240-001 CAP, .lMFD,50V.20X.AXIAL.CER M 	 CI-10,12,14-16,18. 
20,22-94•

2 12 100082-005 CAP, 10MFD,16V,20X,TANTALUM 	 Cl1,13.17,19.21,95
101 


3 1 100083-022 RES, 1500HM.1/4W,5i.,CF R1 

4 1 100083-034 RES, 2700HM,1/4W,5i.,CF R2 

5 4 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP5,7-9 

6 1 100201-001 RNET, 8.2K OHM,10 PIN SIP,9RES RP6 

7 4 100203-001 RNET, 33 OHH,16PIN DIP,8RES RPl-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, 04 PAGE DRAM BOARD PCB. 

11 1 101628-001 IC, QD 2-INP AND GATE•• 74ALS08 UI0 

12 2 101637-001 IC, DL D-TVPE F/F•••••• 74ALS74 Ul,8 

13 2 101633-001 IC, OCT D-TVPE LCH •••• 74ALSS73 U6,14 

14 1 108352-001 ASSV, IC.PAL,D4-RCTLA •••• 16R8C U4 

15 1 108053-001 ASSV, IC.PAL,D4-RM32••••• 16L8C U7 

16 1 108054-001 ASSV, IC,PAL.D4-RRAS••••• 16L8B U18 

17 1 101170-001 IC, QD NAND GATE ••••••••• 74FOO U25 

1:3 1 101214-001 IC. HEX INV•••.•••••••••• 74F04 U9 

19 3 101157-001 IC. QD 2-INP OR GATE ••••• 74F32 U3,1 9 ,24 

20 1 100527-001 Ie, DL D-TVPE F/F••••••.• 74F74 U2 

21 3 101640-001 IC, aD 2-1 0 SEL/MUXR••• 74F1S8 U15-17 

22 1 101156-001 IC, QD D-TVPE F/F••••••• 74F17S U21 

23 2 108024-001 IC, OCTAL EQUAL CMP ••••• 74F521 U5,13 

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

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

26 1 100186-010 HDR, PCB,IROW,9POS,STR POST E123 

27 2 108010-001 HDR, PCB.2ROW,40POS,STR,BKAWV J301,302 

28 3 100081-001 ..JMPR, PCB, 2 POS EI-3 

29 1 101187-001 IC, 4-INP NAND GATE ••••• 74LS20 1J20 

30 1 100091-001 IC, OCT BFR/L DRVR ••.•• 74LS244 U27 

31 1 PCB GOLD FINGERS PI01 

32 36 100079-003 SCKT, IC,LO PF,16P,.300 1J67-102 


Total parts = 222 Total holes = 2109 



------------------------------------------------------------------------------
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LIST OF t1ATERIALS REPORT DATE I 01-06-1987 PAGEl 1 

D4 PAGE DRAI'I BOARD SCHEMATIC Dra~ing Noz 000414-000 R~vl A 


It~. Qty Part Number Description 	 Ref Des 

12 1 101637-001 IC, DL D-TVPE F/F•••••• 74ALS74 U 1 AB 

20 1 100527-001 IC, DL D-TVPE F/F •••••••• 74F74 U 2 AS 

19 1 101157-001 IC, QD 2-INP OR GATE••••• 74F32 U 3 ABCD 

14 1 108352-001 ASSV, IC,PAL,D4-RCTLA•••• 16R8C U 4 

23 1 108024-001 IC, OCTAL EQUAL CMP ••••• 74F521 U 5 

13 1 101633-001 IC, OCT D-TVPE LCH •••• 74ALS573 U 6 

15 1 108053-001 ASSV, IC.PAL.D4-RM32 ••••• 16L8C U 7 

12 1 101637-001 IC, DL D-TYPE F/F•••••• 74ALS74 U 8 AS 

18 1 101214-001 IC. HEX INV•••••••••••••• 74F04 U 9 ABCDEF 

11 1 101628-001 IC. GD 2-INP AND CnTE •• 74ALS08 U 10 ABCD 

24 1 108023-001 IC, OCTAL LATCH ••••••••• 74F573 U 11 

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

23 1 108024-001 IC, OCTAL EQUAL CMP ••••• 74F521 1I 13 

13 1 101633-001 IC. OCT D-TVPE LCH •••• 74ALS573 U 14 

21 1 101640-001 IC. GD 2-1 0 SEL/MUXR ••• 74FI58 U 15 

21 •.. 101640-001 IC. GD 2-1 D SEL/MLlXR ••• 74F158 U 16 

21 1 101640-001 IC. GO 2-1 0 SEL/MLlXR ••• 74FI58 U 17 

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

19 1 101157-001 IC, GO 2-INP OR GATE ••••• 74F32 LI 19 ABCD 

29 1 101187-001 IC, 4-INP NAND GATE ••••• 74LS20 U 20 AB 

22 1 101156-001 IC, GD D-TVPE F/F••••••• 74F175 U 21 ABCD 

9 1 108022-001 IC, 10 BIT BUFFER•••••••• 29827 LI 22 if 

9 1 108022-001 IC, 10 BIT BUFFER •••••••• 29827 U 23 

19 1 101157-001 IC, GO 2-INP OR GATE••••• 74F32 U 24 ABCD 

17 1 101170-001 IC, GO NAND GATE ••••••••• 74FOO U 25 ABCD 

25 1 108015-001 IC, OCTAL PARITV XCVR ••• 74F657 U 26 

30 1 100091-001 IC, OCT BFR/L DRVR ••••• 74LS244 U 27 

25 1 108015-001 IC, OCTAL PARITV XCVR ••• 74F657 LI 28 

25 1 108015-001 IC. OCTAL PARITY XCVR ••• 74F657 U 29 

25 1 108015-001 IC, OCTAL PARITY XCVR ••• 74F657 U 30 

8 1 108021-001 IC, O-RAM,256K,100nS,FAST PAGE U 31 

8 1 108021-001 IC, D-RAM,256K,100ns,FAsT PAGE U 32 

8 1 108021-001 IC, D-RAM,256K,100ns,FAST PAGE U 33 

8 1 108021-001 IC, D-RAM,256K,100ns,FAsT PAGE U 34 

8 1 108021-001 IC, D-RAM.256K.I00nS.FAsT PAGE U 35 

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 36 

8 1 108021-001 IC, D-RAM,256K,100nS,FAsT PAGE U 37 

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

8 1 108021-001 IC. D-RAM.256K,100nS,FAST PAGE U 39 

8 1 108021-001 IC, D-RAI'I,256K,100ns,FAsT PAGE U 40 

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 41 

8 1 108021-001 IC, D-RAM,256K,100ns,FAST PAGE U 42 

8 1 108021-001 IC, D-RAM,25bK,100ns,FAST PAGE U 43 

S 1 108021-001 IC. O-RAM.256K,100nS,FAST PAGE LI 44 

8 1 108021-001 Ie. D-RAM,256K,100oS,FAST PAGE U 45 

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 46 

8 1 108021-001 IC, D-RAM.256K,100ns,FAST PAGE LI 47 

8 1 108021-001 IC, D-RAM, 256K. lOOnS, FAST PAGE U 48 


\ 8 1 108021-001 IC, D-RAM.256K.I00nS,FAsT PAGE U 49

V 	 8 1 108021-001 IC. D-RAM, 256K, lOOnS. FAST PAGE U 50 


8 1 108021-001 IC. D-RAM, 256K, 100rls.FAST PAGE U 51 

8 1 108021-001 IC. D-RAM, 256K. lOOnS. FAST PAGE U 52 

8 1 108021-001 IC. D-RAM, 256K. lOOnS, FAST PAGE U 53 

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

8 1 108021-001 IC, D-RAM,25bK.I00nS,FAST PAGE U 55 
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~---------------------------------------------------------. ----------------LIST OF-I1ATERIALS REPORT DATEI 01-06-1987 PAGEl 2 

D4 PAGE DRAM BOARD SCHEMATIC Drawing Not 000414-000 Revi A 


It•• Qty Part Number Description Ref Des 

' 
8 1 108021-001 IC, D-RAM, 256K, lOOnS, FAST PAGE U ~6 


8 1 108021-001 IC, D-RAM,256K, lOOnS, FAST PAGE U 57 

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 58 

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 59 

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 60 

8 1 108021-001 IC, D-RAM,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 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 65 

8 1 108021-001 IC, D-RAM,256K,100nS,FAST PAGE U 66 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 67 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 68 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 69 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 70 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 71 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 72 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 73 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 74 

32 1 -100079-003 SCKT, IC,lO PF,16P,.300 U 75 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 76 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 77 lU 

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,lO 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 84 

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,16P,.300 U 87 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 88 

32 1 100079-003 SCKT, IC,lO PF,16P,<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,lOPF,16P,.300 U 92 

32 1 100079-003 SCKT, IC,lO PF,16P,.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,lO PF,16P,.300 U 96 

32 1 100079-003 SCKT. IC,lO PF,16P,.300 U 97 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 98 

.-:'--:. 
~'''- 1 100079-00~: SCKT, IC,lO PF,16P,.300 U 99 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 100 

32 1 100079-003 SCKT, IC,lO PF,16P,.300 U 101 

32 1 100079-003 SCKT, IC,LO PF,16P,.300 U 102 

7 1 . 100203-001 RNET, 33 OHM.16PIN DIP,SRES RP 1 

7 1 100203-001 RNET, 33 OHM, 16PIN DIP,8RES RP 2 AB 

7 1 100203-001 RNET, 33 OHM, 16PIN DIP,8RES RP 3 

7 1 100203-001 RNET, 33 OHM, 16PIN DIP,8RES RP 4 ABCDEFGH 

5 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 5 

6 1 100201-001 RNET, 8.2K OHM, 10 PIN SIP.9RES RP 6 ABCDEFGHI 

5 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 7 

5 1 100201-005 RNET, 4.7K 10 PIN SIP 9RES RP 8 
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--------------------~---------------------------------------------------------
Ite. Qty Part Number Description Ref Des 

S 1 100201-005 RHET, 4.7K 10 PIN SIP 9RES RP 9 

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

4 1 100083-034 RES, 270 OHM,l/4W,5X,CF R 2 

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

31 1 PCB GOLD FINGERS P 101 

27 1 108010-001 HDR, PCB,2ROW,40POS,STR,BKAWV J 301 

27 1 108010-001 HDR, PCB,2ROW,40POS,STR,BKAWV J 302 

28 1 100081-001 Jt1PR, PCB,2 POS E 1 

28 1 100081-001 JMPR, PCB.2 POS E 2 

28 1 100081-001 JMPR, PCB,2 P~S E 3 

26 1 100186-010 HDR, PCB,1ROW,9POS,STR POST E 123 

1 1 101240-001 CAP, .IMFD,50V.207..AXIAL.CER M C 1 

1 1 101240-001 CAP, .IMFD,50V,20Y.,AXIAL,CER M C 2 

1 1 101240-001 CAP, .IMFD,50V,207.,AXIAL,CER M C 3 

1 1 101240-001 CAP, .IMFD,50V,20Y.,AXIAL,CER M C 4 

1 1 101240-001 CAP, .lMFD,50V,2C7.,AXIAL,CER M C 5 

1 1 101240-001 CAP, .IMFD,50V,207.,AXIAL,CER M C 6 

1 1 101240-001 CAP, • IMFD,50V,207.,AXIAL,CER M C 7 

1 1 101240-001 CAP, .IMFD,50V,207.,AXIAL,CER M C 8 

1 •£ 101240-001 CAP, .IMFD,50V,207.,AXIAL,CER M C 9 

1 1 101240-001 CAP, • IMFD,50V,20Y.,AXIAL, CER M C 10 

2 1 100082-005 CAP, 10MFD, 16V, 20X. TANTALUM C 11 ~ 

1 1 101240-001 CAP, .IMFD,50V,20Y.,AXIAL,CER M C 12 

2 1 100082-005 CAP, IOMFD, 16V, 2OX, TANTALUM C 13 

1 1 101240-001 CAP, • IMFD,50V.20X,AXIAL, CER M C 14 

1 1 101240-001 CAP, .IMFD,50V,207.,AXIAL.CER M C 15 

1 1 101240-001 CAP, • IMFD,50V,207., AXIAL,CER M C 16 

2 1 100082-005 CAP, 10MFD,16V,207.,TANTALUM C 17 

1 1 101240-001 CAP, .IMFD,50V,20i.,AXIAL,CER M C 18 

2 1 100082-005 CAP, 10MFD,16V,207.,TANTALUM C 19 

1 1 101240-001 CAP, .IMFD,50V,20i.,AXIAL,CER M C 20 

2 1 100082-005 CAP, 10MFD, 16V,20X, TANTALUM C 21 

1 1 101240-001 CAP, • IMFD,50V,20i.,AXIAL,CER M C 22 

1 1 101240-001 CAP, • IMFD,50V,2OY.,AX IAL,CER M C 23 

1 1 101240-001 CAP, .IMFD,50V,20l,AXIAL,CER M C 24 

1 1 101240-001 CAP, • 1MFD,50V,207., AXIAL,CER M C 25 

1 1 101240-001 CAP, • 1MFD,50V,207.,AXIAL,CER M C 26 

1 1 101240-001 CAP, .IMFD,50V,20X,AXIAL,CER M C 27 

1 1 101240-001 CAP, • IHFD,50V.20X,AXIAL,CER M C 28 

1 1 101240-001 CAP, .1MFD,50V,20X,AXIAL,CER M C 29 

1 1 101240-001 CAP, • 1HFD,50V,20X,AXIAL,CER M C 30 

1 1 101240-001 CAP, .1MFD,50V,20l,AXIAL,CER M C 31 

1 1 101240-001 CAP, .IMFD,50V,207.,AXIAL,CER M C 32 

1 1 101240-(101 CAP, • 1MFD,SOV,207., AXIAL,CER M C 33 

1 1 101240-001 CAP, .IMFD,50V,207.,AXIAL,CER M C 34 

1 1 101240-001 CAP, .1MFD,50V,207.,AXIAL,CER M C 35 

1 1 101240-001 CAP, • IMFD,SOV,207.,AXIAL,CER M C 36 

1 1 101240-001 CAP, • IMFD,50V,207.,AXIAL,CER M C 37 

1 1 101240-001 CAP, • IMFD,SOV,207., AXIAL,CER M C 38 


~ 1 1 101240-001 CAP, .lMFD,50V,207.,AXIAL,CER M C 39 

1 1 101240-001 CAP, .IMFD,SOV,207.,AXIAL,CER M C 40 

1 1 101240-001 CAP, • IMFD,SOV,207.,AXIAL,CER M C 41 

1 1 101240-001 CAP, • IMFD,50V,207.,AXIAL,CER M C 42 

1 1 101240-001 CAP, • IMFD,50V,207., AXIAL,CER M C 43 

1 1 101240-001 CAP, .IMFD,SOV,207.,AXIAL.CER M C 44 


http:OHM,1/4W,5%.CF


-----------------------------------------------------------------------------
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1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1.. 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
1 1 101240-001 
2 1 100082-005 
2 1 100082-005 
2 1 100082-005 
2 1 100082-005 
2 1 100082-005 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 

CAP. 

CAP. 

CAP, 

CAP, 

CAP, 

CAP, 

CAP, 


.IMFD,50V,20X,AXIAL,CER M 

.IMFD,50V,20%,AXIAL,CER M 
• IMFD,50V,207., AXIAL, CER M 
• IMFD,50V,20X,AXIAL,CER M 
• IMFD,50V,207., AXIAL,CER M 
.IMFD,SOV,20%,AXIAL,CER M 
• IMFD,50V,207., AXIAL, CER M 
• IMFD,50V,207., AXIAL.CER M 
.IMFD,50V,207..AXIAL,CER M 
.IMFD,SOV,207.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.lMFD,50V,20i.,AXIAL,CER M 
.lMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
• IMFD,SOV,207., AXIAL, CER M 
.IMFD,50V,20i.,AXIAL,CER M 
• IMFD,50V,207., AXIAL, CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,201.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50~,207.,AXIAL,CER M 
.IMFD,50V,201.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
• IMFD,50V,207.,AXIAL,CER M 
.lMFD,50V,207.,AXIAL,CER M 
• IMFD,50V,207.,AXIAL, CER M 
• IMFD,SOV,207., AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
.IMFD,50V,207.,AXIAL,CER M 
• IMFD,50V,207., AXIAL, CER M 
.IMFD,50V,207.,AXIAL,CER M 
• IMFD,50V,207.,AXIAL,CER M 
.lMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
.IMFD.50V.207.,AXIAL,CER M 
.IMFD,50V,20i.,AXIAL,CER M 
10MFD,16V.20i.,TANTALUM 
10MFD.16V,20i.,TANTALlIM 
10MFD.16V,20i.,TANTALUM 
10MFD,16V,20i.,TANTALUM 
10MFD, 16V,207.,TANTALUM 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

4S 
46 
47 
48 
49 
~O 
51 
52 
S3 
S4 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 iW 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
eo 
81 
82 
S3 
84 
85 
86 
87 
8:::: 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
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2 1 100082-005 CAP, 10MFD,16V.20X.TANTALUM C 100 
2 1 100082-005 CAP, 10MFD.16V,20Y..TANTALUM C 101 

Total parts. 222 Total holes c 2109 
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D3PE-PROCESSOR OESCRIPTIONS . ~a~uary 05, 1987 
.. Copyright COMPAQ Computer Corperatfon 1986, 1987.pege 1 

D3PE (80386) PROCESSOR .BOARD CIRCUIT DESCRIPTIONS 

DIFFERENCES FROM ORIGINAL 04 PROCESSOR: 

••• addltfon of an 80387 coprocessor socket 

••• addftfon of a 80287/80387 selectfon swftch 

••• addftfon of a keyboard processor enhancement PAL 

••• bus tfmfng changes to fmprove compatfbllfty 

••• DESIGN ASSUMPTIONS: 

••• 80386, 80387 or 80287 processor comblnatfon • 

••• 16mHz 80386 processor clock • 

••• 16mHz 80387 numerfc coprocessor clock • 

••• 4mHz (compatfble) or 8mHz 80287 coprocessor clock • 

••• 8mHz 286 compatfble expansfon bus • 

••• 4.00 mhz DMA subsystem clock • 

••• Standard RAM accesses are 32 bft when CPU requests • 

••• Seven bus slots have a compatfble edge connector whfch can be 
used by standard IBM-PC perfpherals. 

••• Four bus slots have a second connector which wfll allow 
specfally desfgned peripherals to access additIonal address lines and 
the rest of the 16 bft data bus. In addftlon several more Interrupt 
and DHA request lInes wIll be avaflable. This connector fs Deskpro 
286 compatIble. 

••• 15 Interrupt request lInes • 

••• Total of 7 DHA request lInes (3 word channels and 4 byte 
channels). 

••• System bus runs a refresh cycle 256 tfmes In 4 mflliseconds • 

••• Special cards with a second bus connector wfll be able to do 
16 bft memory or I/O operatfons by assertfng a specffic lIne and 
working with the eight additional data signals • 

••• All software addresses are to be compatfble wfth IBM PC-AT • .... 
 Variable system speed control via software. 
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HARDWARE DIFFERENCES FROM IBM PCAT (Includes MEMORY Board) 

*** All RAM Is located on an expansIon board. This uses one slot 
that Is not used In the PCAT. ParIty checking on the memory Is done 
as though It was a standard expansIon board memory~ a parIty error 
shows up as an I/O check (parity check 2) wIth a testable bIt on port 
6lh bIt 6 to IndIcate the error. Port 61h bIt 7 Is used Tor an 
addItional timer fnterrupt Input. Port 6th bft 2 output (used to 
control the parIty check on the PCAT) Is used to enable the addItional 
timer to the NMI processor Input. 

*** 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 
conFlguarable Jumper. 

*.* 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 one ROM. and 
odd addressed bytes In the other. The standard ROMs (tn 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 • 

• ** The keyboard processor (8042) Input clock Is connected to a ~. 
7.1591 Mhz reFerence source. The clock reTerence Tor the 8042 on the 
PCAT Is connected to a 6MHz reFerence. The keyboard processor has 
been enhanced by the addition of a PAL which Intercepts and Interprets 
the A20 control sequence much more rapidly than the 8042 could. 

*** Processor clock speed wIll be Full time very Fast (16mHz). 
The execution speed is greater than that of the 286 products. 
Programs requiring a speciFic speed may not work. 

*.* 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-synchronlzed 
with the CPU For each bus cycle to simulate the timing of a 286 
product. 

••• The NMI mask register For Parity Check 1 fs changed to 
allow/disallow Interrupts From a specIal additIonal tImer to be used 
For watchdog purposes . 

• *. There Is an additfonal timer to be used For watchdog purposes 
in soFtware. The address For this timer Is located in one of the 
"PHANTOM" spaces For the origInal system timer. 
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The system refresh counter has been extended to 10 bIts. Also the 
bottom two bIts are copIed from address lInes 0 and 1 to 8 and 9. 
ThIs sImplIfIes the Interface of megabIt DRAMs and the 32 bIt memory 
board. 

t 
••• References to the 32 bIt memory board do not appear on the 
compatIble expansIon bus. ThIs wIll prevent the operatIon of hardware 
debugging aIds developed for the 80286 products. 

••• 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 revlsfons wIll work 
properly. Any other "strange" hardware devIces that connect to thet 80287 socket may not work. 

*** The 80387 coprocessor Is slightly different than the 80287. 
r Also the software reset control of the 80387 fs not connected. 

HARDWARE INCOMPATIBILITIES WITH DESKPRO 286 

*** Most of the above I ncompatfbf1 Itfes apply to comparisons with 
the DESKPRO 286 . 

•• * Speed switchfng by jumper or software is supported 
differently. The 8042 speed control bits are connected dffferently 
and are used only to disable the speed circuit entirely. • 
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The maJority of-this document assumes a working knowledge of 
standard digital logic techniques and parts, and an understanding of 
the 80386 processor IC in particular. The following documents contain 
information necessary to understand this design in detail: 

INTEL 80386 hardware reference manual 

INTEL 8237 data sheet 

INTEL 8254 data sheet 

INTEL 8259 data sheet 

Motorola MC146818 CMOS Clock data sheet 


SYSTEM CLOCK CIRCUITS 

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

32mHz 80386/80387 CLOCK 

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

For test purposes, the 32mHz crystal oscillator can be stopped 
clnd replaced by an external source by put 1 ing 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 adjusting that leads to the "approximate" part of the 
divide by two function. The average frequency will be somewhat less 
than SmHz. 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*) wtll therefore have a frequency of one half that of 
BeLK. 
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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 numerfc 
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 SmHz. The choice of frequencies Is provided by 
switch SWl-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 'n the system are generated 
by a crystal oscillator at a frequency of 14.31818 MHz which generates 
the signal OSC. 

The only way of disablIng the esc clock for testing is to 
overdrive It's output. 

The esc signal Is provided to the system bus for compatibility 
with past products. The CSC signal Is also divided by two by the PCLK 
flip-flop to provide a stable and unchanging frequency source (7.1591 
MHz) to the keyboard processor (8042). The PCLK signal Is In turn 
divided by six to provide a timing reference for the system timer 
(TIMCLK). This frequency 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 1 through 6 and back again. The counter 
Is not specifically reset on powerup but will always cycle Into the 
legal count sequence within seven clocks. 
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SYSTEM (EXPANSION) BUS 

CPU ADDRESS HANDLING 

The ~ollowfng fn~ormatfon fs applIcable to nearly all the 
cycle types~ When the CPU begins a bus cycle, It begIns by placfng an 
address and status on It's bus. ThIs address wIll usually come out 
even whIle the prevIous cycle fs stIll tn progress. SInce most 
devIces expect to see a valid address ~or the duratIon of a bus cycle, 
ft Is necessary to latch the address seen by the system bus~ System 
bus lines that contain the latched address are SA<19:0>. Since some 
devIces (notably high speed memory) are already short on time to do 
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 lfnes fs 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 lfnes and 
provide LA<23:17> as an output. 

To provide the latched addresses, the board contains latch les 
whIch are connected to the CPU's PA<19:2> and provide SA<19:2> as an 
output. These latches are of the fal lthrough type so that when the 
address latch enable sfgnal (ALE) goes active the address appears at 
the output. When ALE goes InactIve, the addresses wfll stay on the ~ 
outputs untfl the next bus cycle begIns. 

The address lines SAO and SAl are handled a dffferently. The 
CPU indfcates 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 machfne takes these status lines and 
the current bus state and sequences to the appropriate bus state. The 
output of this state machine are the address lines SAO, SAl and BHE-. 

The signal BHE· is used on the system bus to indicate that the 
hIgh half or the 16 bit data bus contains valid data. 

These Signals (SAO, SAl and BHE-) are changed at the rfsing 
edge of ALE so that thefr tfmlng fs very sfmllar to the other SA<19:2> 
address lInes. 

All of the address outputs lfsted above are disabled when the 
CPU responds to a hold request (BHLDA) so that another devfce can 
control the address bus. When this occurs, the address lines are red 
back to the CPU bus (PA<23:2> and BE(3:0» so that the 32 bit memory 
board can recfeve the address data from that other device. The reed 
back operation occurs from the SA<16:0> and the LA<23:17> lfnes 
through buffers and a PAL (D4-SADI) for SAO, SAl and BHE·. 

CPU address line PA20 is handled a little differently. 
Because of software compatibl ity 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 in 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 
74F257 fs used to directly drive the LA20 lfne instead of being 
buffered again by a 74LS245. 
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CPU DATA HANDLING 

The CPU data bus Is bUTTered Trom the rest OT the system by 
Tour bIdIrectIonal bUTTer ICs and Tour latches. On the CPU sIde OT 
the bus, the 80386 and 80287 are connected together to PO<15aO). The 
Tour Its bUTTer the separate bytes OT the data bus PD<31:0> to 
SO<15:0>. The latches are used to hold read data Tor the CPU durIng 
seperate 'read cycles on the system bus when the CPU attempts to read a 
bfgger chunk than the system bus allows. 

The data path also contaIns a bIdIrectIonal bUTTer between the 
hIgh and low halT OT the bus to enable routIng OT the data Trom hIgh 
halT to low durIng hIgh wrItes and routIng OT the data Trom low to 
hIgh halT during hIgh reads OT the eIght bIt bus. ThIs Tunctlon Is 
controlled by the CPYEN* and CPYHL* lInes. CPYEN* enables the bUTTer, 
CPYHL* controlls the dIrectIon accordIng to the type OT cycle (actIve 
Tor CPU wrItes or OMA reads). 

The last Item In the data path Is a bUTTer Tor the processor 
board I/O devices. ThIs bUTTer Is normally active In the "TO" 
dIrectIon to the I/O devices and swItches to the "FROM" directIon when 
an I/O read occurs to these devices (controlled by CIORD*). ThIs 
bUTTer Is disabled when OMA operatIons occur to allow the bus to be 
used by the OMA controllers Tor address latchIng. 

The Tolowing table shows the bus conversIon Trom the CPUs 
BE<3:0> lInes to the address lInes and the data bUTTers that are 
enabled Tor each conversion. 

Note that In the Tollowlng table the "X8" term means that the 
system bus has Indicated the cycle should be 8 bits. The "BEx*" lfnes 
are negatIve true bus enables Trom the CPU. The SAl and SAO lines are 
positIve true and BHE* Is negatIve true. The BENx* lines enable the 
data bUTTers to the bus and the latchtng Tunctfon Trom the bus, they 
are negative true. The CPYEN* line enables the copy bUTTer Trom the 
50<7:0> to 50<15:8>, the CPYHL* line Is also enabled when reading 
(high to low copy). The LA5T CYCLE term Is used to Indicate the last 
cycle In a group OT cycles Trom one CPU status, It tells the state 
machine to send the CPU the READY· sIgnal. 

,--) 
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+-------------------------------------------------------+ 
1 

1 
 BEx· SA LAST BENx· 

:X8 3210 10 BHE CYCLE 3210 CPYEN· 

+-------------------------------------------------------+ 

I 

X 1110 00 1 1 1110 1 LOW BYTE ON 8 OR 16 BUS: 

1 ltOI 01 0 1 1101 0 HIGH BYTE ON 8 BUS 

I0 1101 01 0 1 1101 1 HIGH BYTE ON 16 BUS I 
I 
1 

X 1011 10 1 1 1011 1 LOW BYTE ON 8 OR 16 BUS: 

1 0111 1 1 0 0111 0 HIGH BYTE ON 8 BUS 

0 0111 11 0 0111 HIGH BYTE ON 16 BUS 

0 1100 00 0 1100 1 WORD ON 16 BUS 
WORD ON 8 BUS: 

1 1100 00 0 0 1100 1 LOW BYTE 
1 1100 01 0 1 1101 0 HIGH BYTE 

I2 SPLIT BYTES ON 16 BUS: I 

0 1001 01 0 0 1101 LOW WORD HIGH BYTE -I 
I 

0 1001 10 1 1 101 1 HIGH WORD LOW BYTE 
2 SPLIT BYTES ON 8 BUS: 

1001 01 0 0 1101 0 LOW WORD HIGH BYTE 
1001 10 1 1 1011 1 HIGH WORD LOW BYTE 

0 0011 10 0 1 0011 WORD ON 16 BUS 
'- WORD ON 8 BUS: 

0011 10 0 0 0011 1 LOW BYTE 
001 1 1 1 0 1 0111 0 HIGH BYTE 

3 BYTE ON 16 BUS: 
0 1000 00 0 0 1100 LOW WORD 
0 1000 10 1 1 101 1 HIGH WORD LOW BYTE 

3 BYTE ON 8 BUS: 
1 1000 00 0 0 1100 1 LOW WORD LOW BYTE 
1 1000 01 0 0 1101 0 LOW WORD HIGH BYTE 
1 1000 10 1 1 1011 1 HIGH WORD LOW BYTE 

3 BYTE ON 16 BUS: 
0 0001 01 0 0 1101 LOW WORD HIGH BYTE 
0 0001 10 0 1 0011 HIGH WORD 

3 BYTE ON 8 BUS: 
1 0001 01 0 0 1101 0 LOW WORD HIGH BYTE 
1 0001 10 0 0 0011 1 HIGH WORD LOW BYTE 
1 0001 11 0 1 0111 0 HIGH WORD HIGH BYTE 

4 BYTE ON 16 BUS: 
0 0000 00 0 0 1100 LOW WORD 
0 0000 10 0 1 001 1 HIGH WORD 

4 BYTE ON 8 BUS: 
1 0000 00 0 0 1100 1 LOW WORD LOW BYTE 
1 0000 01 0 0 1101 0 LOW WORD HIGH BYTE 
1 0000 10 0 0 0011 1 HIGH WORD LOW BYTE 
1 0000 1 1 0 1 0111 0 HIGH WORD HIGH BYTE1 I,-' 

I I 

+-----~------~------------------------------------------+ 
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PROCESSOR BOARD CPU COMMAND/CYCLE TYPES 

The command cycles generated by the bus control logIc are 
lIsted below. The number of 62.5nsec clocks Is lIsted for a no-waft 
state cycle, normal cycle, and 1 walt state cycle for each of the 
command types. Both the total cycle tlme.and the command active (on) 
time are given. For cycles with more than one bus waft state, each 
walt state adds two addftlonal 62.5nsec clock cycles. The 32 bit 
memory board Is documented seperately. 
+-------------------------------------------------------+ 

No-wa I t Norma 1 l-wa I t 
cycle:on cycle:on cyclelon 

CPU HEM READ 16 BUS 4:2 6:4 8:6 
CPU MEM READ 8 BUS 6:3 12:9 14:11 
CPU MEM WRITE 16 BUS 4:2 6:4 8:6 
CPU MEM WRITE 8 BUS 6:3 12:9 14:11 
CPU I/O READ 16 BUS 6:3 6:3 8:5 
CPU I/O READ 8 BUS 6:3 12:9 14:11 
CPU I/O WRITE 16 BUS 6:3 6:3 8:5 
CPU I/O WRITE 8 BUS 6:3 12:9 14:11 
CPU INTA READ n/a 12:9 n/a 
CPU HALT n/a 6:4 n/a 
CPU SHUTDOWN n/a 6:4 n/a:

+-------------------------------------------------------+
If the CPU status IndIcates more than one bus cycle will be 

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

CPU ACCESS TO SYSTEM (8/16) BUS 

For the followIng dIscussion, it should be noted that the CPU 
is normally held in the NOT READY state, READY* only goes active (low) 
when a cycle Is guaranteed to be finIshed. Also, the CPU next address 
(NA*) line Is normally InactIve, requlrefng 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 lfnes from the processor and the H32* line to 
produce the sIgnal MYCYC*. This signal Is produced whenever the 
decoded cycle Indicates that the system board ~hould handle It. The 
signal Is NOT active when accesses to 32 bit memory or the 80387 
coprocessor are taking place. The signal Is active when 16 or 8 bit 
memory, I/O. Halt, Shutdown, Interrupt acknowledges. or 80287 accesses 
are taking place. 
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HYCYC- is then sampled by the 04-STAT PAL on the rising edge 
of CLKI6- (the bus clock). Until Further notice all clocks reFerred 
to are CLKI6· clocks. When the PAL clocks in HYCYC* it generates the 
signa) ALE*. The PAL code Is set up to allow ALE* to be active only 
For a sfngle cycle. What Follows next fs the propagation of the ALE
pulse through a series of Flip~Flopsarranged fn a conFfgurable shift 
register. The general method is to bypass parts of the shift register 
to shorten the total bus cycle time dependfng 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, SAO, BHE· generation. The sIgnal BCLK 
will be forced to a low durfng ALE by the 04-STAT PAL to fnsure the 
compatibIlity with prevfous products~ 

The next stage Is TOO. It is always generated. If the 
command being generated fs a 16 bft memory command, as signified by 
LM-IO and MI6*, then the signal CMO* will also be set active at this 
time. CMO· fs combined with the decoded status to generate the signal 
MROC* or MWTC*. IF thfs is the last cycle In a set, (either 
guaranteed by the state or because the bus size fs known by M16* and a 
memory cycle) then the 04-SADO PAL wfll set the signal CLSTO* active 
at this time. CLSTO* will be discussed later. 

The next stage is T01. It is always generated. If the 
command being generated is not a 16 bit memory command, as signified 
by LM-IO and MI6*, then the signal CMO* will also be set active at 
thfs tfme. CMO* 15 combined with the decoded status to generate the 
signal 10RC*, 10WC*, or INTA*. If this is the last cycle in a set, ~ 
(because the bus size is known by 1016* and an I/O cycle) then the 
04-SAOO PAL will set the signal CLSTO* active at this time. If this 
is a 16 bft memory cycle, and the NOWS* signal was received during TOO 
(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 TIO. 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 TID and TIl states wil I be ignored for 
the remainder of the 16 bit memory cycle. 

The next stage is Til. It will always be generated. If the 
cycle is a 16 bit I/O cycle, then T41 will also occur at the same time 
as Til. If this is an 8 bit cycle, and the NOWS* signal was received 
earlier (LNOWS* active), then the signal BROY* will be generated next 
to terminate the cycle and no other stages will be activated. 
Otherwise, stages T20, T21, T30 and T31 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 eight bit cycle, or T01 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* 1 ine fs found active. 

The next stage Is T41. This is entered only from T4D (the 
r)()rrnClI case) or TID (if a 16 bit I/O cycle is in progress). if the 
::.ignal WAIT* is active at the end aT T4i, then T4i wi 11 be re:::.tcHted. 
holding the bus in a wait state. Since the WAIT* signal is developed 
by sampling the 8USROY* going high only every 8CLK rising edge, wait 
states wil I come in increments of two clock cycles. When WAIT* goes 
inactive, the signal 8ROY* will be generated to terminate the cycle. 
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At the same tfme as the cycle Is being termfnated {BROY* Is 

set active) then s~veral things can happen. If this Is not the last 

cycle in the set (CLAST* inactive), then TSO· is set active by the 


_ 04-STAT PAL to start another cycle. If this is the last cycle in the 
set (CLAST* active) and another cycle Is pending (HYCYC* is active), 
then TSO* Is ~et active by the 04-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. 

TSO* Is used to provide an adequate address setup between 
cycles In a group or between groups when the CPU pipel ines the next 
cycle. After TSO* the ALE state will be entered for the next cycle. 

The signal CMO* (which is used to enable one of MRDC*, MWTC*, 

IORC*, IOWC* t or I NTA *) is stat-ted at the beg i nn i ng at TOO or TO 1 as 

discussed above. It will end at the end of the basic bus cycle (when 

BROY* or TSO goes active). 


The signal WOEN* 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 CMO* goes Inactive. In the case of 
back to back cycles, WOEN* will therefor remain active until after the 
last CMO*. 

The signal BROY* from the 04-STAT PAL signals the end of a set 
of bus cycles to the CPU. 

The signal CLSTD* (which goes active for one CLKI6* cycle to 
Indicate that the last cycle of a set Is In progress) also generates '.~ 
the CLAST* signal Internal to the 04-SAOO PAL. CLAST* Is used by the ro 
D4-SADO PAL to do the conversion from BE<3:0> to SAl, SAD, and BHE*. 
CLAST* Is also used to tell the state machine that no more cycle are 
In the set. At the rising edge of ALE, CLAST* Is set to the Inactive 
state In preparation for the next CPU access. 

The signal CLSTO* Is 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 fs synchronized to the 

rIsing edge of CLK32 at the risIng edge of CLK16* by the 04-SMSCD PAL. 

This assures a setup tIme to the CPU for NA-. 


The signal CXI6* is used to sfgnal the presence of a 16 bit 
memory or I/O cycle. It fs set actIve during TOO for memory cycles If 
M16- is active. It Is also set active during TID for I/O cycles if 
1016* 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 CLKI6* edge 
following ALE in the D4-SMSCD PAL and is set inactive on the CLKI6* 
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 totaJ 
delay to disable the latches is calculated below. 



D3PE-PROCESSOR DESCRIPTIONS January OS, 1987 

Copyright COMPAQ Computer Corperatlon-!986, 1987 page 12 


Data Latches oFF the CPU data bus 
CLK32 
ZPC32 
CLK32 
ZCKI6

cycle time 
to PCLK32 delay 
to ZCK16* 
to LOE

LOE* to disable 
MARGIN 

The Following are some 
the CPU. 

NA* setup during bus cycles 

in F74 
fn PAL 

in ALSs73 
************ 

31.2 
2.0 

- 7.B 
-10.0 
-13.0 
+ 2.4 

timing checks of the critical setup times to 

CLK32 
ZPC32 
CLK32 
ZCKI6* 

cycle tfme 
to PCLK32 delay 
to ZCKPI6* in F74 
to NAB* fn PAL 

NAB* to NA* In FOB 
386 NA* setup time 
MARGIN ************ 

READY· setup during bus cycles 
CLKI6* cycle time 
ZPC32 to PCLK32 delay 
CLK32 to CLK16* in F74 
CLKI6* to BRDY* in PAL 

··BRDY* to READY* in FOa 
386 READY* setup time 
MARGIN ************ 

31.2 
2.0 

- 7.8 
-10.0 
- 6.6 
-10.0 
- 1.2 

62.5 
2.0 

- 9.5 
-15.0 
- 5.6 
-20.0 
+14.4 
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STATE SEQUENCES FOR TYPICAL CYCLES. 

The "cmd" 'S the tfme that the command (MROC. 10WC. etc) Is 
val'd. The "NA" Is the time when CLASTO· Is set active. The "done"'S when BRDY· fs set actlve. TSx Is eIther the next TSO state (If 
another cycle Is pendlng. or an Idle cycle (as f~r as the bus state 
machfne fs concerned). Each state lasts 62.5 nsec. 
+---------------------------------------------------------------+ 
t NO WAIT STATE 16 BIT MEMORY 

TSO ALE 	 TOO Tal TSx 

cmd cmd 

NA done 


NORMAL WAIT 	 STATE 16 BIT MEMORY 
TSO ALE 	 TOO TOI T40 T41 TSx 


cmd cmd cmd cmd 

NA done 


NORMAL WAIT 	 STATE 16 BIT 1/0 or NO WAIT STATE t6 BIT I/O 
TSO ALE TOO 	 TOI T40 T41 TSx 


cmd cmd cmd 

NA done 


EXTRA WAIT STATE 16 BIT MEMORY 
TSO ALE-TOO TOI T40 T41 T41 T41 TSx 


cmd cmd cmd cmd cmd cmd 

NA done 


EXTRA WAIT STATE 16 BIT I/O
TSO ALE TOO 	 Tal T40 T41 T41 T41 TSx 


cmd cmd cmd cmd cmd 

NA done 


NO WAIT 	 STATE 8 BIT MEMORY or I/O 
TSO ALE TOO 	 TOt T40 T41 TSx 


cmd cmd cmd 

NA done 


NORMAL WAIT 	 STATE 8 BIT MEMORY or I/O
TSO ALE TOO 	 TOI TIO Til T20 T21 T30 T31 T40 T41 TSx 


cmd cmd cmd cmd cmd cmd cmd cmd cmd 

NA done 


EXTRA WAIT STATE 8 BIT MEMORY or I/O
TSO ALE TOO 	 TOI TIO Til T20 T21 T30 T31 T40 T41 T41 T41 TSx 


cmd cmd cmd cmd cmd cmd cmd cmd cmd cmd coo 

NA done 


+---------------------------------------------------------------+ 
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BUSROY, NOWS·, M16* and 1016* requIrements. 

(BUSRDY) This signal Is used to add addItIonal walt states to 
a bus cycle. -Ir a 16 bIt devIce wants to add an addItional walt 
state, then It must pull the BUSROY low (Inactive) by the end or the 
third CLKI6 cycle arter the rallfng edge or ALE. To add only one walt 
state, BUSROY must return to the high state durIng the rourth CLK16 
cycle arter the raIling edge or ALE. Ir an 8 bit device wants to add 
an addftlonal waft state, then It must pull the BUSRDY low (fnactlve) 
by the end or the ninth CLK16 cycle arter the ralllng edge or ALE. To 
add only one· waft state. BUSROY must return to the high state during 
the tenth CLKI6 cycle arter the ralling edge or ALE. The decode logIc 
to drive BUSRoy should use the device address and MRDC·, MWTC·, 10RC· 
or 10WC* as Inputs. Synchronous perIpherals usually use the ralllng 
edge or BCLK as the time to change the state or BUSROY. 

(NOWS·) ThIs signal Is used to shorten the standard bus 
cycles. Ir a 16 bit memory devIce wants to prevent the standard waft 
state then ft must pull the NOWS· line low (active) wlthfn one CLK16 
tIme rrom the rallfng edge or ALE. (Note that thfs Is not possIble on 
16 bIt I/O cycles because ft Is not known that an I/O cycle exists 
until the required tIme). Ir an 8 bIt device wants to prevent the 
standard wait states then It must pull the NOWS· line low (actIve) 
withIn two CLKI6 times rrom the ralling edge or the command. The 
decode logic to drive NOWS· should use the devIce address and MRDC·, 
MWTC·, 10RC· or 10WC· as Inputs. Ir less than the rour standard walt 
states normally used on 8 bit bus cycles Is desired, then the NOWS· 
line can be used to provIde I, 2, or 3 walt states by delayIng the 
actIvatIon or NOWS·. The NOWS· lIne Is sampled at approxImately the 
ralling edge or BCLK. 

(MI6*) ThIs signal is used to Indicate that the current 
address on the LA<Z3:17> lfnes Is covered by a 16 bIt memory 
peripheral. The system board will only use thfs signal ir the current 
cycle isa 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 fnvalld. The MI6* line must be correct 
berore BALE goes inactive to insure that It is latched by the system 
board latch. PullIng thIs lIne low prevents the 16 bIt to 8 bit bus 
conversion logic rrom being actIvated. 

(1016*) ThIs signal Is used to IndIcate that the current 
address on the SA<9:0> lines Is covered by a 16 bIt I/O peripheral. 
The system board will only use thIs signal Ir the current cycle Is an 
I/O cycle. The addressed peripheral on the bus must pull the 1016· 
lfne low as soon as the address Is decoded and hold It low untIl the 
address becomes Invalid. The 1016· line must be correct by the second 
CLKI6 cycle arter ALE goes away to Insure that It fs latched by the 
system board latch. Pulling thfs lfne low prevents the 16 bit to 8 
btt bus conversIon logIc from being acttvated. 
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COMPATIBLE BUS MEMORY COMMANDS 

The sIgnals SHRDC· and SHWTC· are used by the eIght bIt bus 
only_ These memory sIgnals are only enabled when the lower one 
megabyte o¥ memory Is addressed. They are developed ¥rom the regular
MROC·, and MWTC· sIgnals by enablIng a set o¥ trl-state bu¥¥ers wIth 
the sIgnal LOWEN·. ThIs sIgnal Is developed by the D4-SROH PAL ¥rom 
the address In¥ormatlon on the system bus. The PAL also Includes the 
latchIng ¥unctlon requIred to hold the address through the entire 
cycle and the re¥resh ¥unctlon ¥or any dynamic memory on the original 
eight bit bus. 
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NON PROCESSOR SUBSYSTEMS 

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

PROCESSOR BOARD DMA CYCLE TYPES 

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

SYSTEM BUS MASTER CYCLE TYPES 

BUS MASTER MEM READ BYTE 16 RAM LOW BYTE 
BUS MASTER MEM READ BYTE 16 RAM HIGH BYTE 
BUS MASTER MEM READ BYTE 8 BUS LOW BYTE 
BUS MASTER HEM 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 HEM WRITE BYTE 8 BUS HIGH BYTE 
BUS MASTER MEM READ WORD 16 RAM 
BUS MASTER MEM WRITE WORD 16 RAM 
BUS MASTER I/O READ BYTE 16 BUS LOW BYTE 
BUS MASTER I/O READ BYTE 16 BUS HIGH BYTE 
BUS MASTER I/O READ BYTE 8 BUS lOW BYTE 
BUS MASTER I/O READ BYTE 8 BUS HIGH BYTE 
BUS MASTER I/O WRITE BYTE 16 BUS LOW BYTE 
BUS MASTER I/O WRITE BYTE 16 BUS HIGH BYTE 
BUS MASTER I/O WRITE BYTE 8 BUS LOW BYTE 
BUS MASTER I/O WRITE BYTE 8 BUS HIGH BYTE 
BUS MASTER I/O READ WORD 16 BUS 
BUS MASTER I/O WRITE WORD 16 BUS 

,-1 
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HOLD REQUESTARBITRATJON 

The RFK (rerresh request) signal Is synchronized to oCLK* by 
-the RFQ rllp-rlop. Another rllp-rlop synchronIzes the oREQ (oMA 

request) sIgnal rrom the oHA subsystem to the oCLK clock. This 
Insures that the two requests cannot arrIve sImultaneously. Both 
requests are next clocked by a pair or rllp-rlops (oMARQ. REFRQ) that 
have their Q* outputs cross connected to the other's clear Inputs. 
This guarantees that only one or the two signals (oMARQ. REFRQ) can be 
actIve at a time. 

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

This output (HRQ) is fed to an F14 rlip-rlop to which acts as 
another arbftratfon cfrcuft. This circuit prevents the initiation or 
processor reset rrom occurring durIng HRQ or HRQ from occurring durfng 
processor reset. This prevents the CPU rrom aborting a hold request 
and subsequent garbaged hold cycles. 

Arter the reset arbitration, the output (GHRQ*) is gated wIth 
the signal RESCP. This prevents a hold rrom being started during the 
duratton or the reset sIgnal to the CPU. 

The output sIgnal rrom the reset lockout circuit (HRQCP) fs ~ 
synchronized to the CPU clock by a 74Fl7S (HOLD) to assure a proper 
setup tIme to the CPU. 

CPU HOLD REQUEST SETUP TIME 

CLK16* cycle time 62.5 

CLK32 to CLKl6* in F14 - 9.5 

CLK16* to HOLD in F115 - 9.5 

386 HOLD setup time -25.0 

MARGIN ************ +18.5 


When the HLDA signal Is received rrom the CPU Indicating that 

the bus Is available. then the signal REFRS* (gated rrom REFRQ) or HAK 

(gated rrom oMARQ) Is set actfve. enabling the appropriate subsystem. 

Ir the speed control circuit is the source Or the request. then 

neither or the above Is set active. . 


It should be noted that Ir a cycle Is In progress rrom one 

requestor, and the other requestor makes a request, then on the rfrst 

rising edge or BCLK arter the rlrst xxxREQ signal goes away, the 

second requestor will be acknowledged. This will occur without giving 

the bus back to the CPU. I.e. a oMA hold and a rerresh hold wIll be 

run back to back. Ir the speed control circuit is holding the bus 

then holds rrom DMA or rerresh will be immediately acknowledged. 
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CPU OFF THE BUS 

When the HLOA 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- (04-SADO) is also tri-stated. 
The CPU bus command generator PAL (04-SCHO) command output signals are 
also tri-stated. The command signals are held inactive by pullup 
resIstors until the DMA controller. reFresh controller. 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(16:2). Another PAL (04-SAOl) converts SAl, SAO, and 6HE* to the 
6E<3:0> lInes from the CPU and the D4-SCMO PAL converts the MROC*, 
MWTC*, and REFRS· lines to an encoded status on the M-IO. 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 (PO(31:0» and system bus 
(50(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 OMA controllers In the system operate as a separate 
subsystem from the main bus controller. They handle requests from the 
OMA 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 OMA address (74L5612). and various 
latches and logic for address routing and control. 

There are two types of OMA on this design. byte and word DMA. 
One of the controllers 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 OMA request line (ORQ4) 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 DHA byte cycle begins when a peripheral sets a DRQO-DRQ3 
line active. The 8237 then arbitrates among any other pending 
requests and sets the hold request output actIve. This line (ORQ4) 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 OREQ with a HAK., one OCLK 
later the HAKOMA will be generated. This provides for setup time to 
the 8237 from the last CPU access. When HAKOMA goes active., the word 
8237 will respond with a OAK4 w~fch acts as a hold acknowledge to the 
byte controller. The byte controller wil,., after synchronizing the 
acknowledge., assert DAEN1* (through a gate) and place an address on 
the XA<O:7> lines. It will place the high byte of the address on the 
100(0:7> lines and assert the address strote signal to latch the 
address Into the associated latch. The OAENl* Signal also enables the 
output of the latch to the SA<8:1S> lines. 

The 04-SCPV PAL drfves the SBHE* line In the opposite sense 
of SAO In order to satisfy 16 bit devices on the bus. 

The OAEN1* signal Is ORed with the OAEN2* signal Inside the 
D4-SCPV PAL to produce DAEN* which changes the dIrection of the 
bidirectional buffers between the XA<O:8> and the SA<O:8> busses so 
that the DMA address will be on the system bus. 

The SA16 line has an addItional trl-state buffer between the 
LS612 output and SA16. ThIs buffer Is enabled for byte type OMA (as 
discussed here) and disabled for word type DMA (because the word 8237 
drives SAi6 in word OMA). 

The lines LA<23;17> are driven by the 74LS612 page register 
when the CPU sets HLOA active (through the DMA* line). The selection 
of which internal register to enable to the bus is done by three gates 
whf~h encode the OAKx 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* 1 'ne. W 

In the above fashion. all of the address lines on the bus are 
driven wfth appropriate address. When this Is complete. the 8237 
drives the lines XIORC*. XIOWC*. XMWTC*. and OMROC* according to the 
type of cycle being run. The first three of these lines are buffered 
back to the IORC*. IOWC·, MWTC* lines by a bidirectional buffer 
controlled by OAEN*~ The DMROC* line is handled differently. It is 
delayed by one OCLK cycle before being gated onto the XMRDC* I ine and 
then to the MRDC* line. When DMRDC* goes inactive. XMRDC* goes 
inactive without the DCLK delay. This action provides a greater 
memory address setup on read commands for block transfer modes of the 
E:237. 

A single DCLK length wait state is added to all DMA cycles. 
To do this, the OR of DMRDC* and XIORC* clocks the DWQ flip-flop to 
inactive, setting DRDY inactive. On the next rising edge of DCLK the 
DXQ flip-flop is clocked active which in turn sets the DWQ flip-flop 
active again. On the next DCLK, DXQ will go inactive, allowing DRDY 
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 DWQ output to a low and prevent DXQ from going inactive. The wait 
circuit is prevented from being affected by BUSRDY except during DMA 
cycles by a gate which holds the DWQ flip-flop set active. 

The D4-SCPY PAL enables the COPYEN* line if SAO is high and 
the addressed memory is 16 bit in order to route the data between the 
low half and high half of the data bus. The COPYHL line moves the 
data from high to low on memory reads, and from low to high on memory 
wr·ites. 
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WORD DMA OPERATIONS 

Word DMA op~rations ar~ only possible betw~en word m~mory (16 
'- or' 32 bit) and word p~r'ipheral s. Al so, th~ DMA cannot do arlything to 

an odd address boundary, on either memory or 1/0. 
The DMA word cycle begins when a peripheral sets a DRQ5-DRQ7 

line active. The 8237 then arbitrates among any other pending 
requests and sets the hold request output active. The hold request 
line <OREQ) is then synchronized and arbitrated by the Hold 
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 AEN2 and DAEN2* 
(through a gat~ and D4-SCPY PAL) and plac~ an address on the XA<S=I> 
lines. It will place the high byte of the address on the 100<7:0> 
lin~s and assert th~ address strob~ signal to latch th~ address into 
the associated latch. The DAEN2* signal also enables the output of 
the latch to the SA<16:9> lines. 

The 04-SCPY PAL drives the SAO and SBHE* line to a low in 
ord~r to satisfy 16 bit devices on the bus. 

The remainder of the word DMA operation is the same as the 
byte operation except for th~ handling of the COPYEN* and COPYHL* 
signals. These signals are not enabled at all for word based DMA. 

DYNAMIC RAM REFRESH AND HOLD ARBITRATION 

The dynamic RAM refresh subsystem is designed to do a memory 
read cycle on each of 256 addresses in the memory space as addressed 
by SA7 to SAO. Address lines SAB is made equal to SAO and SA9 is made 
equal to SAl in order to simplify 32 bit memory board design. To 
allow for future DRAMs requireing additional refresh addresses, SAIO 
and SAil have two additional counter bits present for a total of 1024 
possible refresh addresses. The other address lines are in an 
undefined state during the RAM refresh time. The system is also 
capable of b~ing driven by an external source if another bus maste~ 
has control. The system consists of a timer (part of the 8254) which 
generates the. refresh requests every 15.924usec, arbitration logic 
which arbitrates whether the refresh controller or the DMA subsystem 
gets hold of the bus, a timing generator, and a refresh address 
counter. The refresh request rate of 62.799 kHz provides 128 refresh 
cycles in 2.038 millisec or 256 cycles in 4.0765 milliseconds etc. 

The refresh cycle starts when the REFCK 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 request arbitration circuit discussed above. 
Nothing else will happen until the arbitration circuit responds with 
the acknowledge signal REFRS*. (Note: to allow bus masters control of 
refresh, the REFRS* driver is an open co~lector gate with a pullup 
r-esist.:.r·). 
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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* signal is in turn 
clocked into REFRO* flip-flop by the next rising edge of BCLK, 
enabling the MRDC* command onto the bus. The REFRD* signal is gated 
with BUSRDV and clocked into the next flip-flop (REFEND) by BCLK. 
This allows a slow memory board to insert wait states into r~fresh 
cycles. The output of this flip-flop (REFEND) is gated with the 
REFRS* signal mentioned at the beginning of this paragraph to end the 
refresh cycle on the next BCLK. At the same time that the REFENO 
signal is clocked through, the REFCL* flip-flop is clocked to a·low, 
clearing the RFK and RFQ 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 losing the dynamic 
memory. The external bus master can do this by developing it~s own 
refresh request timer and internal arbitration. When it is not 
other-wise dr·iving the bus, blJt still has bus contre.1, it can do a 
refresh cycle by pulling the REFRS* line low with an open collector 
gate. When the MRDC* line goes inactive from the refresh cycle, the 
REFRS* line should be rele~sed. The external bus master can then take 
f u 1 1 co nt r' .:.1 • 

OTHER BUS MASTER OPERATIONS 

This system allows other bus masters to take over the system 
busses and use the I/O peripherals and memory. This is accomplished • 
by the bus master software programming an unused DMA channel for 
cascade operation. When this is complete, the bus master can request 
the bus by setting the appropriate DRQ line active and waiting for a 
response. When the system responds with OAK, the bus master can pull 
the GRAB* line active (low) disabling the address, data, and control 
lines. The bus master should then wait one BCLK period before 
enabling it/s own buffers with valid address information and wait one 
rr,,:.r·e BCLK per'icllj befc.r·e dr'ivirlg the corltr'col 1 ines. When the blJS 
master is finished, it should release the GRAB* and DRQ lines to allow 
the CPU to continue operations. If the bus master keeps hold of the 
bus for more than 15 usec, then it should contain it's own refresh 
timing and request logic to prevent loss of dynamic memory. 
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SPEED CONTROL 

the 
This system is iffiplemented 

system speeds in the case that 
to give t
software 

he user some control 
is speed dependent. 

of 
The 

system consists of • one channel of the second 9254 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 9042 keyboard controller SLOWD* line is active (LOW) then the 
timer output will extend the CPU hold time for refresh by the 
programmed value of the one-shot. During this hold time, the CPU 
cannot use the bus for execution, but the DMA subsystem can continue 
to work. The timer is clocked by DCLK giving a 250nsec increment in 
bus hold time. To disable the circuit, the 8042 SLOWD* output can be 
set inactive (HIGH) or the 8254 timer can be stopped by programming 
the channel but not giving it a count value (out 4Bh. 92h). To enable 
the one-shot. program for MODE 1 (out 4Bh, 92h) and give a count value 
between 01h and 38h (out 4Ah. xxh). 
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PROCESSOR SHUTDOWN AND RESET 

The CPU reset and shutdown circuits are designed to properly 
reset the processor during: powerup. temporary power loss. CPU 
shutdown. and und~r program control for mode switching. 

Since the CPU requires a reset pulse width minimum of 15 CLK32 
times (469nsec) to respond properly. the circuit described next pulses 
the CPU reset line for 4 SCLK cycles (500ns~c) for the cases of 
shutdown and program reset. 

The shutdown reset function is used to get the processor out 
of the situation where a processor exception occurs while doing a 
processor exception. In this case, the CPU goes into shutdown mode as 
signaled by the status M-IO * ID-C * W-R * SEO * ALE (signal SHTO*). 
The shutdown flip-flop (SHQ) is clocked active by SHTO*. 

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

The SHQ* signal (out of the reset arbitration) is clocked into 
another flip-flop by the RCLK signal (which has a rising edge every 4 
BCLK times) producing RESCP*. This is in turn synchronized to CLK16 
by another F74 to form the RESCPU signal which resets the CPU. RESCP* 
clears the SHQ flip-flop and ends the reset pulse. Making RESCPU 
synchronous with CLK16 insures that CLK16 is in turn synchronous with 
the internal 80386 CLK Signal. 

Restarting the processor under program control is done by 
pulsing a bit in the 9042 keyboard processor (RSTAR*). This line sets 
the SHQ flip-flop active and starts the reset sequence in the same 
manner as described for shutdown. 

The last two functions, powerup reset and power loss reset, 
are provided by the PWGOOD signal from the power supply. This signal 
is clocked by CLK16* to form the signals RST* and RESDRV. RST* is 
used by most circuits on the system board for powerup setup, RESDRV is 
sent to the system bus for resetting most other circuits in the 
system. The CPU gets reset through the shutdown circuit. When RST* 
is active, the RESCP* flip-flop is set active which in turn resets the 
CPU through the F74 and RESCPU. 

The signal RESCP (inverse of RESCP*) is used to hold the 
signal CMSAWR in the high state during the rising edge of CMSCE* 
(which goes high with PWGOOO) in order to properly set up the CMOS 
clock IC. 

I 
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I/O SUBSYSTEMS 

The 1/0 subsystems consist of the 8259A interrupt controllers, 
the 8254 timer/counters and their associated circuits. the CMOS 
clock/RAM IC (MC146818), the 8042 keyboard interface, and lhe 
peripheral interface circuits. Also located within the I/O space on 
the processor board, are the DMA controllers and the DMA Page 
registers which are used to determine the top eight address bits 
during DMA operations. 

The address decoding is done with three ICs, a 74LS138 which 
decodes the bits SA<9:5>, CD4-SNCP) PAL which breaks out the two 
timers, and a CD4-SPPI) PAL which decodes other addresses. Below are 
the PAL equations for the decode PALs: 

NMICS = PPICS* SA4* /SA3* /SAO* XIOWC ;NMI enable latch write (70h) 

CMSAWR = CMSAWR* XIOWC ;CMOS address write (70h) 
+ RESCMS ;or during powerup 

CMSRD = PPICS* SA4* /SA3* SAO* XIORC ;CMOS data read (7th) 

CMSWR = PPICS* SA4* /SA3* SAO* XIOWC ;CMOS data write (71h) 

KEYCS = PPICS* /SA4* /SA3* /SAO ;8042 (60h, 64h) 

PBWR = PPICS* /SA4* /SA3* SAO* XIOWC ;Port B write (61h) 

PBRD = PPICS* ISA4* ISA3* SAO* XIORC ;Port B read (6th) 

CIORD = /SA9* ISAS* XIORC ;O-FFH except 80287 
+ INTA lor Interrupt ack 

T!M1CS - TIMCS* /SA? ;Standard timer 

TIM2CS = TIMCS* SA3 ;Special 386 timer 
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Following is an address and bit map of the devices in the 1/0 
subsystem. 

ADDRESS AD(IRESS BITS DEVICE 
HEX 9 8 7 6 5 4 3 2 1 0 

OOh-OFh 0 0 0 0 0 x Y Y Y Y 8237A-5 byte DMA cor,tr-c.ller· 
20h-21h 0 o 0 0 1 x x x x Y 8259A I nt err-upt 2 controller
40h 0 0 0 1 0 x 0 x 0 0 8254-1 System clock Timer- 0 
41h 0 o 0 1 0 x 0 ~< 0 1 8254-1 Refr'esh reqlJest Timer· 1 
42h 0 0 0 1 0 x 0 x 1 0 8254-1 Speaker Timer 2 
43h 0 0 0 1 0 x 0 x 1 1 8254-1 Command Mode register
48h 0 0 0 1 0 x 1 x 0 0 8254-2 Failsafe clock Timer 0 
49h 0 0 0 1 0 x 1 x 0 1 8254-2 Extra Timer 1 
4Ah 0 (> 0 1 0 )< 1 :~< 1 0 8254-2 Speed contrell TilT,er' 2 
4Bh 0 0 0 1 0 >:: 1 >:: 1 1 8254-2 Command Mode register' 
bOh 0 0 0 1 1 0 0 0 x 0 8042 data 1/0 register' 
/.:.1 h 0 (> 0 1 1 0 0 >:: x 1 Port BIC In/O'Jtp'Jts 
64h 0 0 0 1 1 0 0 1 x 0 8042 status/command register 
70h 0 0 0 1 1 1 0 x )( 0 CMOS address r-egister' 
70h 0 0 0 1 1 1 0 x x 0 NMI enable reg i ster' (bit 8 low) 
71h 0 0 0 1 1 1 0 x x 1 CMOS data 1/0 r-egister 
80h 0 0 I 0 0 x 0 0 0 0 DMA Page register SPARE 
8Ih 0 0 1 0 0 x 0 0 0 I DMA Page register' CH 2 page ....82h 0 0 I 0 0 x 0 0 1 0 DMA Page r'egister CH ,:.. page 
83h 0 0 1 o 0 x 0 0 1 1 DMA Page register CH 1 page 
84h 0 0 1 0 0 x 0 1 0 0 DMA Page register SPARE "I" 

~l",I 

85h 0 0 1 0 0 x 0 1 0 1 OMA Page reg i ster- SPARE 
86h 0 0 I 0 0 x 0 I I 0 OMA Page register SPARE 
87h 0 0 I 0 0 x 0 I t 1 OMA Page register CH 0 page 
88h 0 0 1 0 0 x I 0 0 0 OMA Page register- SPARE 
89h 0 0 1 0 0 x I 0 0 1 DMA Page r'eg i ster CH 1:.. page 
8Ah 0 0 1 0 0 x 1 0 I 0 DMA Page register CH 7 page 
8Bh 0 0 1 0 0 x 1 0 1 1 OMA Page r-egister' CH .". page'-' 
8Ch 0 0 1 0 0 x 1 1 0 0 DMA Page r'e g i ster' ::::PARE 
SOh 0 0 1 0 0 )( 1 I 0 1 DMA Page r'egister' SPARE 
SEh 0 0 1 0 0 x 1 1 1 0 OMA Page register SPARE 
8Fh 0 0 1 0 0 x 1 I I I OMA Page register REFRESH page 
AOh-Alh 0 0 1 0 1 x x x x Y 8259a Interrupt 2 controller 
COh-CFh o 0 I 1 0 Y Y Y Y x 8237a-5 word OMA controller 
FOh 0 0 I I 1 x 0 x x 0 Clear numer' i c processor busy 
FIt. 0 0 I 1 1 x 0 x x 1 Reset numeric processor 
F8h-FFh 0 0 1 1 1 1 I Y Y x 80287 command ports 
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I/O subsystem Bit usage: 

ADDR 61h Port B «READ/WRITE» 
o r-/w + Timer 2 Gate speaker 

1 r/w + Speaker data 

2 r/w + Disable/Clear failsafe timer 

3 rlw + Disable/Clear 1/0 channel error 

4 ro + refresh detect 

5 1'0 + Timer channel 2 output 

6 ro + I/O channel error 

7 ro + Fail safe timer interrupt 


ADDR 70h CMOS clock address/NMI Mask register 

0-5 CMOS address bits 

7 -NMI enable 


INTERRUPT CONTROLLER 

The 8259A 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 IRQ2 of controller 1. Controller 1 is a MASTER 
controller, controller 2 is a SLAVE as indicated by the SP/EN input to 
the devices. The arbitration between controllers is communicated over 
the CASx lines during the time between the interrupt acknowledge , 
cycles. The interrupt levels for each line are shown below in 
prior-ity or'der-: 

SW int Inter-r-upt 
INT 8 IRQO-1 SYSTEM TIMER (8253 TIMER 0) 
INT 9 IRQ1-1 KEYBOARD CHAR AVAILABLE 
r,a IRC!2-1 Inter-rupt fr·(.m CTLR2 
INT 71) IR08-2 CMO=;:; c lo:.c k inter-r-IJI=,t 
INT 71 IRQ~/-2 BUS PIN B04 ( softwar'e r-edir-ected tel INT A) 
INT 72 IRQ10-2 BUS PIN D03 
INT 73 IRQl1-2 BUS PIN D04 
INT 74 IRQ12-2 BUS PIN D05 
INT 75 IRQ13-2 Numeric Copr'ocessor (Software redirected to INT 2) 
INT 76 IRQ14-2 BUS PIN 007 
INT 77 IRQ15-2 BliS PIN 006 
INT B IRQ3-1 BUS PIN B25 
INT C IRQ4-1 BUS PIN B24 
INT D IRQ5-1 BUS PIN B23 
INT E IRQ6-1 BUS PIN B22 
INT F IRQ7-1 BliS PIN B21 

The interrupt controllers are located on the lID data bus 
IOD<7:0) in order to provide adequate buffering from the system bus. 
Because of this, the interrupt acknowledge cycle requires the D4-SPPI 
PAL to decode the CIORD* signal active. 
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NON MASKABLE INTERRUPT CIRCUITS 

The NMI (Non Maskable Inter~upt) input to the p~ocesso~ is 
activated from the expansion bus I/OCHK ci~cuit 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 registe~ must be set to a O. Note that this address is shared by 
the CMOS clock address register 50 that it is necessary to reprogram 
the address register before each access to the CMOS clock. 

EXPANSION BUS INTERRUPT line (Al) 

The expansion bus IOCHK* circuit contains an error latch and 
an enable latch (po~t 6th bit 3). The error latch state can be read 
on port 6th bit 6 where a 1 indicates the error. This latch can be 
clea~ed by setting the 1/0 CHECK disable latch 
prevent any 1/0 CHECK errors from generating an 
CHECK enable latch to a t to disable the error 

to a 1 momentarily. 
interrupt, set the 

circuit. 

To 
1/0 

FAILSAFE TIMER INTERRUPT 

The failsafe timer NMI circuit contains an interrupt latch and 
an enable latch (port 61h bit 2). The interrupt latch state can be 
read on po~t 61h bit 7 where a t indicates the interrupt. This latch 
can be cleared by setting th~ 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 SW1-1 OFF. 

SPEED CONTROL TIMER 

The speed control time~ is used to slow down the cpu execution 
rate as described in the NON PROCESSOR ope~ations section. To enable 
the speed ~eduction, the 8042 keyboard processor port 2 bit 3 is 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 lock up). 
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NUMERIC COPROCESSOR INTERRUPT AND BUSY 

The Numeric CoprOcessor interrupt and busy subsystem is 
designed to make the 80287/60387 error handling system as much like 
previous products as possible. In normal operation. the 80287/80387 
will execute it's instructions and set the BUSY7* line active until 
the instruction is complete. The D4-SNCP PAL will enable the BUSY* 
line in response to prevent the CPU from sending any more 60287/80387 
instructions to the numeric coprocessor. 

If an error occurs during the execution of the instruction, 
the ERROR* line will go active and the BUSY7* line will go inactive. 
In this case the PAL will cause an interrupt (IRQ13) when ERROR* goes 
active. To prevent another 80287/80387 instruction from being 
executed 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 should 
do an output 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 continue. The enable 
error latch (which is cleared by the port FO write) will remain 
disabled until software clears the error condition and the ERROR* line 
goes inactive, enabling the latch and further interrupts. 

Due to the design of the 80386, there exists a possibility 
that the CPU may lock up during some coprocessor instructions which 
cause an error. The system also contains a timeout circuit which will 
break the lock up if necessary. If the IRQ13 line is active for more 
than 15usec and the CPU completes no bus cycles in that time, the 
BUSY* line is set inactive to break the lock. In this case, the 
interrupt routine will then be entered before the next instruction. 

If a coprocessor is not installed (as indicated by the switch 
SWl-2 setting off), then the D4-SNCP PAL will simUlate it's presence 
by setting the BUSY* line active for 15usec after each write to the 
80287/80387 address space. This prevents the 80386 from locking up 
while waiting for a response from the 80287/80387. 

The 80287 can be reset (hardware reset) seperately from the 
80386 by writing to 110 port OFlh. The data written is not important. 
The 80387 cannot be reset by the above method, it is reset only at 
powerup. The only method of initializing the 80387 is the FINIT 
instruction. 
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The system board includes a switch (SWl-7) which is used to 
se 1ect between the 80387 and the 80287. Th i s swi t c h MUST be i rl the 
correct position for proper operation. If this switch is set to the 
60387 position, and the 80387 is not installed, the system will crash. 
The proper settings are shown below. 

SWl-2 SW1-7 80287 80387 
On On In Out normal operation of 80287 
On Off Out In normal operation of 80387 
Off On Out Out Normal operation wi t hout coprocessor 
Off On Out In Normal operation without coprocessor-
On On In In Not recommended (but 287 works) 
On Off In In Not recommended (Improper operatiorl) 
Off On In In Not r-ec .::oml1'lended ( er-ror- message) 
Off (Iff I rl In Not recommended (error message) 

';t")'')On On Out Installation er'r'or' message 
Off Or. In OIJt Installaticln er'r'I::or' IT.essage 
Off Off Out In Installation err-or- message 
On Off ??? Out Systel1'l 11::0 c k1JP on >,87 instr'uct i.:on 
Off Off ~t.-;:"? Out Systel1'l I c.c kup on >~87 i rlst !'"'uct i ,.n 

KEYBOARD INTERFACE 

The keyboard interface system consists of a Universal 
Peripheral Interface IC (8042 or 8742), 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 keyboard and 
does several other system functions. Included in these functions are 
the reporting of the switch settings from the input port (on command), 
and controlling the CPU reset line and slowdown lockout line. The UPI 
is also programmed to control the LOWA20 line (for limiting the CPU 
address to 1 Mbyte) but this function is taken over by the D4-SKEY 
PAL. 

The D4-SKEY PAL watches the commands to the UPI 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 UPI 
software. 

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



D3PE-PROCESSOR DESCRIPTIONS~anuary O~, 1987 
Copyright COMPAQ Computer Corperation 1986, 1987 page 30 

8049 INPUT PORT 
o Not defined 
1 Not defined 
2 80287 installed switch 
3 80297 speed switch 
4 Switch 4 
5 Switch 5 
6 Switch 6 
7 Keyboard inhibit switch 

8049 OUTPUT PORT 
o Reset 80286 CPU when low 
1 Force address wrap past FFFFFh to 00000 when low. 
2 Not Used 
3 Enable slowdown when low 
4 Keyboard Output buffer full (interrupt to 8259) 
5 Keyboard Input buffer full (not used) 
6 Keyboard clock line (output) 
7 Keyboard data line (output) 

8049 TEST PORT 
o Keyboard clock line 
1 Keyboard data line 

SPEAKER INTERFACE 

The speaker interface allows the speaker to be driven from two 
sources, th~ 8253 timer 2, or the processor through port 61h bit 1. 
In addition, the timer can be enabled and disabled from port 61h bit 
O. In order to use the timer to generate a tone, it is necessary to 
program it to the desired frequency (the input clock rate is 1.193 
mhz). and set port 61h bits 0 and 1 to a 1. If the speaker is to be 
toggled directly by the CPU. port 61h bit 0 should be set to a zero 
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 (.002/128>*1193182 = 18.64 
actual refresh rate for 18 is 18*128/1193182 = 1.931 msec 
actual refresh rate for 19 is 19*128/1193182 = 2.038 msec 

A divider value of 18 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 syst~m tim~r 0 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 19.20678 Hz. 

CMOS CLOCK CIRCUITS 

The System CMOS clock circuits are used for two purposes. One 
is to provide an accurate time of day clock. the other is to provide a 
small amount of permanent memory which is not lost during power off 
times. The main IC which provides these functions is the MC146818 
real time clock chip from Motorola. There is also a CMOS inverter 
package which is used for an oscillator and to provide a quality chip 
select to prevent spurious writes during power cycling. The inverter 
(4069) is used in a series type Pierce oscillator with a 32768 Hz 
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 probe any of 
the nodes connected to the crystal. 

The power provided to the CMOS circuits is designed to be 
maintained during power off periods by a battery. To do thiS. a diode 
switching circuit is used to switch from the output of a special ~. 
regulator to the battery source. A diode is used to reduce the ~ 

battery voltage from the battery connecter to between 4.5v and 5.5v at 
the clock Ies. The regulator is a shunt type from the +12v supply and 
provides 6.2v before the diode. With the power on, the voltage at the 
clock ICs should be about S.5v. The choice of voltages should prevent 
the battery from providing the power to the clock circuits when the 
unit is on. This is necessary because the current drain from the 
clock is several orders of magnitude higher during system operation 
than during shutdown. 

One additional diode is used to guarantee that the clock res 
don 0 t It 1ate h up" d IJ r i n gpowe r c y c 1 i rl g wit h nobat t e r' y ( w h i c h c 0 u 1 d 
destroy the ICs). This diode guarantees that the Vcc to the clock is 
never more that O.7v less than the voltage on the inputs thus 
preventing the turn on of the spurious SCRs in the CMOS circuits. 

The battery voltage range at the battery connector is shown 

below: 


absolute 

minimum maximum maximum 


1) ~.Ov 6.0v 6.2v 

2) Normally Keyed 

3) 

4) (l.Ov O.Ov O.Ov Gr,)urld 


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

The current drain on the battery varies with voltage and clock 

operating mode, but is usually about 50-90 ua after runnin; the 

diagnostic setup. The maximum current should be unde~ 150 ua. 
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SWITCH SETTINGS 

The processor board has one DIP 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 80287 is installed and 
OFF when the 80287 is not installed. 

3) 	4mHz 80287 operation (when ON). 
If an 80287 dash 1,2,8,10 is used then the switch should 
be OFF. If dash 3 or 6 is used then the switch must be ON. 

4) Switch 4 (see software spec for usage) 

5) Switch 5 (see software spec for usage) 

6) Switch 6 (see software spec for usage) 


PROCESSOR POWER REQUIREMENTS 

The processor board uses 5v. and 12v power. It distribut~s 
power for other components of the system from the -5v, -12v and aux 
12v provided by the power supply. With no other components (except 
the speaker) connected to it. the processor uses 22 milliamp at 12v, 
and 2.4 amps at 5v. 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 ROM memo~y system on the memory boa~d consists of four 
sockets for_28 pin ROMs or EPROMs and decoding logic to enable them. 
The ROMs can be either 8K, 16K, or 32K x 8 bits in size depending on 
the a~rangement 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 
lowe~ address than SYSTEM ROMs 1). There is also a jumper·. for each 
bank to select between static and dynamic ROMs. The jumper setting 
for each type of device is shown below. 

8k ROM PROGRAMMABLE active HI CS ON 26,27 

16k ROM PROGRAMMABLE active HI CS ON 27 

32k ROM 

8K EPROM INTEL 2764 TYPE 

16K EPROM INTEL 27128 TYPE 

32K EPROM INTEL 27256 TYPE 


Standar-d configfJr-at i':HI 
ROMS;1 (system ROMs): use j IJmp block ER1 : 1 2=3 4=5 (:. 7=8 9 
ROMS2 (optic.n ROMs): IJse j IJlflp ble.ck ER2: 1 --.....' 4 5=6 7 8=S'J?-""=' 

8k Device 1=2 3 4=5 6 
16k Device 1 2=3 4=5 6 
32k Device 1 2=3 4 5=6 
Static device 7=8 9 
Dynamic device 7 8=9 

The add~esses of the ROMs for the three ROM size configurations a~e 
shown below. 

addr-ess 8k devices 16k devices :32k devices 

OEOOOOH SY:::;TEM ROMs 2 SY:3TEM ROMs 2 SYSTEM ROMs -..::. 

OE2000H SYSTEM ROMs 2 SYSTEM RCIMs 2 SYSTEM ROMs 2 
OE4000H SYSTEM ROMs 2a SYSTEM ROMs 2 SYSTEM ROMs 2 
OE6000H SYSTEM ROMs 2a SYSTEM ROMs 2 SYSTEM ROMs 2 

-.OE8000H SYSTEM ROMs 2b SYSTEM ROMs 2a SYSTEM ROMs .::. 

OEAOOOH SYSTEM ROMs 2b SYSTEM ROMs 2a SYSTEM ROMs 2 

OECOOOH SYSTEM ROMs 2c SYSTEM ROMs 2a SYSTEM ROMs 2 

OEEOOOH SYSTEM ROMs 2c SYSTEM ROMs 2a SYSTEM ROMs 2 

OFOOOOH 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 

OF6000H SYSTEM ROMs 1a SYSTEM ROMs 1 SYSTEM ROMs 1 

OF8000H SYSTEM ROMs 1b SYSTEM ROMs 1a SYSTEM RC)Ms 1 

OFEOOOH :::;Y::::TEM ROMs It· SYSTEM ROMs 1a SYSTEI"1 ROMs 1 

OFCOOOH SYSTEM ROMs 1c SYSTEM ROMs. 1a SYSTEM ROMs 1 

OFEOOOH SYSTEM ROMs 1c SYSTEM ROMs 1a SYSTEM ROMs 1 


The designat 1.:,n ulalt, III b II l' "lc" etc. means that the contents of the 
ROM can be f':,IJnd dlJ~ol icated at this addr-ess. 
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ROM/EPROM speed requirement 

The ~equired speed fo~ the ROM or EPROM is given below: 

Address access time for ROM/EPROM 
5 x CLK16 cycle 312 
ALE delay in PAL - 15 
ALE delay in FOO 7 
address latch delay als573 - 20 
buffer prop delay 15244 - 20 
DATA latch setup time - 10 
Latch enable delay in PAL + 5 
CMD* delay from CLK16 in PAL + 5 
ACCESS TIME ******** 250 

OE access time for ROM/EPROM 
OE/CS access time fo~ ROM/EPROM <jumpered dynamic) 
4 :": CLI<16 cye 1 e 250 
CMD* from CLK16* in PAL - 15 
MRDC* f~om CMD* in PAL - 25

-.1:;"OE* from MRDC* in PAL -- ",-,_, 

buffer prop delay 15244 - 20 
DATA latch setup time - 10 
Latch enable delay in PAL + 5 
CMD* delay from CLK16 in PAL + 5 
ACCESS TIME ******** 165 

CS access time for ROM/EPROM (jumpered static) 
5 x CLK16 cycle 312 
ALE delay in PAL - 15 
BALE delay f~om ALE in FOO - 10 
ROM* from BALE in PAL - 25 
buffer prop delay 1s244 - 20 
DATA latch setup time - 10 
Latch enable delay in PAL + 5 
CMD* delay from CLK16 in PAL + 5 
ACCESS TIME ******** 242 

'-') 
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D4 OPTION BOARD SLOT SPECIFICATIONS. (no memo,..y on mothe,..boa,..d) 

Slot 
1 	 234 5/.:.7 e 
x 	 • • • • • • • 32 bit. 
• 	 • x x • x x • 16/8 bit. 
• 	 x •• x •• x e bit only • 
x 	 • • • x x )( X d ...op down to gold finge,.. edge. 

d,..op down to motherboar-d su,..face. 
• 	 x x x • • • • no d,..op down available • 
x 	 x x x x x x • full size 

• 	 x shor-t slot (6 inch) 

1 • • Used for standard memory board 

2 • Available 


3 • Available 

4 	 . Available 

5 	 • VDU 

/.:. Hard Disk 


7 	 . Floppy/Serial/Printer 
Available 


L8;R78 
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EXPANSION BUS DEFINITION 

BUS Signal 

Pin Name Description 


AOl IOCHK* This input signal is used to signal the CPU 
about parity or other serious errOrS on adapter cards plugged into the 
expansion bus. This signal should be driven low by an open collector 
type output capable of sinking 20 mA when an uncorrectable system 
error occurs. 

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

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

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

A12-A31 SA19-SAO These bidirectional signals address 
memory or 1/0 devices within the system. They form the low order 20 
bits of the 24 bit address bits that the system offers. These lines 
are enabled onto the bus while BALE is high and are latched when BALE 
goes from a high to a low state. These may be driven by an expansion 
bus adapter acting as a bus maste~. 
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802 RESORV This output signal is used to reset 
the hardware during powerup or power failure. It is active high. 

B04 IRQ9 
B21 IRQ7 
B22 IRQ6 
B23 IRQS 
B24 IRQ4 
825 IRQ3 
003 IRQ10 
D04 IRQ11 
DOS IRQ12 
D06 IRQ15 
D07 IRQ14 These input lines are used to 

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

006 DRQ2 
B16 DRQ3 
B18 D~l 

D09 ORQO 
011 DRQ5 
013 DRQ6 
015 DRQ7 These input lines are used to request 

a DMA service from the OMA subsystem or to gain control of the system 
bus from the main CPU (Dma ReQuest). The request is made when the 
line goes from a low to a high and must remain there until t~e 

appropriate DAKx (Dma AcKnowedge) line goes active. 

B08 NOWS* This input line (No Wait State) is 
used to inform the system that standard wait states can be deleted for 

r 	 cycles when this line is made active. The line must be pulled low 
before the falling edge of BCLK in order to be recognized. This line 
should be driven by an open collector device capable of sinking 20 mAo

I Bl1 SMWTC* This output line (standard memory 
write) is active (low) only when an address from OOOOOOh to OFFFFFh is 
decoded. This line is derived from MWTC*. 

B12 SMRDC* This output line (standard memory 
read) is active (low) only when an address from OOOOOOh to OFFFFFh is 
decoded. This line is derived from MRDC*. 

B13 IOWC* This output line (1/0 write) indicates 
(when low> when an 110 device is to accept the data from the data bus. 
It may be driven by an expansion bus adapter acting as a bus master. 

B14 IORe* This output line (1/0 read) indicates 
(when low) when an 110 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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B15 DAK3* 
B17 DAK1* 
B26 DAK2* 
De DAKO* 
DI0 DAK3* 
D12 DAK6* 
D14 OAK7* These output lines (Oma AcKnowedge) 

indicate that a request for a OMA service from the DMA subsystem has 
been recognized. The acknowledge is indicated by a LOW on this line. 
This line should be used to decode the DMA device with the IORC* or 
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. 

B19 REFRESH* This output signal is used to indicat@ 
(when low) a refresh cycle in progress. It should b@ used to enable 
the SAO-SA7 address lines to the row address inputs of all banks of 
dynamic memory so that when the MRDC* goes active, the entire system 
memory is refreshed at one time. It may be driven by an expansion bus 
adapter acting as a bus master. 

B20 BCLK This output signal is provided to 

allow synchronization to the main processor clock. Its frequency will 

be approximately 8MHz with a duty cycle of SOX. 


B27 TIC This output signal (when high) 

indicates that the terminal count of a OMA operation has been reached. 

It should be decoded with the appropriate DACKx line for proper 

operation. 


B28 BALE This output signal (when high) 
indicates that a valid address is present on the LAxx address lines. 
The LAx x address lines or any decodes developed from them should be 
latched at the falling edge of BALE. This line is always high when a 
DMA or bus master operation is occurring. 

B30 OSC This output signal is a clock for use 

in timing applications. It's frequency is 14.31818 MHz and duty cycle 

is appoximately 50X. 


Cl SBHE* This output signal (System Bus High 

Enable> indicates (when low) that the high half of the SDx 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. 


C2-C8 LA23-LA17 These output signals (Latchable 

Address> are used to decode memory which must respond with zero or one 

wait state. They are only guaranteed to be valid when BALE is high. 

These may b@ driven by an expansion bus adapter acting as a bus 

master. 


I 
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C9 MRDC* This output line (memo~y ~ead) 
indicates (when low) when a memo~y device is to send data to the data 
bus. This signal is active over the enti~e address space of the 
system. It may be driven by an expansion bus adapter acting as a bus 
maste~. 

CI0 MWTC* This output line (memo~y w~ite) 
indicates (when low) when a memo~y device is to accept the data f~om 
the data bus. This signal is active ove~ the enti~e add~ess space of 
the system. It may be driven by an expansion bus adapter acting as a 
bus maste~. 

CII-CIS SDOS-SD15 These bidi~ectiona' signals a~e the 
high 8 bits of the system data bus. Sixteen bit devices should use 
these lines to transfer the high half of a data word when the line 
SBHE* is low. These may be driven by an expansion bus adapter acting 
a s a tolJ s ma s t e r' • 

D1 M16* This input line (Memory is 16 bits) 

signals the syatem that the addressed memory is capable of 

transferring 16 bits of data at once. When this line is made active, 

during a memory read or write, the standard one wait state memory 

cycle will be run. This line should be derived from the LAxx address 

lines. This line should be driven low by an open collector device 

capable of sinking 20 mAo 


D2 1016* This input line (110 is 16 bits) 

signals the system that the add~essed 110 device is capable of 

transfe~ring 16 bits of data at once. When this line is made active, 

during an 1/0 read or write, the standard one wait state 1/0 cycle 

will be run. This line should be driven low by an open collector 

device capable of sinking 20 mAo 


D17 GRAB* This input signal is used 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 cont~ol lines will be floated. allowing the adapte~ to begin 
controlling them one full BCLK period afte~ GRAB is made active. At 
least one mo~e full BCLK period should be allowed afte~ putting a 
valid add~ess on the bus before activating any of the cont~ol lines. 
This line should be driven by an open collecto~ device capable of 
sinking 20 mAo 

B01,BI0.B31,DIS GND These lines a~e connected to the 

system AC and DC ground. The maximum current allowed on any single 

contact is 1.5 amps. 


B03.B29,D16 +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 on any single 

contact is 1.5 amps. 
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B5 -5 Vdc This line is connected to the system 
power supply for minus 5 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 low 
current usage only. 

B9 +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. 

BUS -TIMING INFORMATION 

This information assumes that the system clocks are at a constant 
8mHz. Since in some cases this is not true, some cycles may have more 
time available than indicated. 

CPU 8 bit command active time (standard wait state) 
9 x CLK16 cycle 567 

CPU 8 bit command active time (NO standard wait state) 
3 x CLK16 cycle 187 

CPU 16 bit memory command active time (standard wait state) 
4 x CLK16 cycle 250 

CPU 16 bit 1/0 command active time (standard wait st~te) 
3 x CLK16 cycle 187 

CPU 16 bit memory command active time (NO wait state) 
2 x CLK16 cycle 125 

CPU extra wait state size 
2 x CLK16 cycle 125 

Address 	access time from SAx address lines. 16 bit bus read cycle. 
5 x CLK16 cycle 312 
ALE* active delay in PAL - 15 
ALE* TO ALE in FOO 6 
address latch delay a1s573 - 20 
Latch setup time a1s573 10 
CMD from CLKI6* in PAL + 6 
BCKx from CMD in PAL + 8 
ACCESS TIME ******** 275 
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Address 	access tim. from SAI9-SAO addr.ss lines, e bit bus read cyc1 •• 
11 x CLK16 cycle 687 
ALE* active delay in PAL - 15 
ALE* TO ALE in-FOO 6 
address latch delay a1s573 20 
Copy buffer delay ls24~ - 15 
Latch s.tup tim. a1s573 - 10 
CMD from CLK16* in PAL + 6 
BCKx from CMD in PAL + 8 
ACCESS TIME ******** 635 

Access tim. from BALE activ., 16 bit bus r.ad cycle. 
5 x CLK16 cycle 312 
ALE* active delay in PAL - 15 
BALE from ALE in FOC 9 
Latch setup time als573 - 10 
CMD from CLKI6* in PAL + 6 
BCKx from CMD in PAL + 8 
ACCESS TIME ******** 292 

MRDC* Access time. 16 bit bus read cycle. 
4 x CLK16 cycle 250 
MRDC* from CMD in PAL - 15 
Latch setup time als573 - 10 
BCKx from CMD in PAL + e 
ACCESS TIME ******** 233 

IORC* acc.ss tim., 16 bit bus r.ad cycle. 

3 x CLK16 cycl. 187 

IORC* from CMD in PAL - 15 

Latch setup time als573 - 10 

BCKx from eMD in PAL + 8 

ACCESS TIME ******** 170 


IORC*. acc.ss time, 8 bit bus read cycle. 

9 x CLK16 cycle 562 

MRDC* from CMD in PAL - 15 

Copy buff.r d.lay 15245 - 18 

Latch s.tup time a15573 - 10 

BCKx from CMD in PAL + 8 

ACCESS TIME ******** 527 


SMRDC* acc.ss tim., 8 bit bus r.ad cyc1 •• 
9 x CLK16 cycl. 562 
MRDC* from CMD in PAL - 15 
SMRDC* from MRDC* in LS125 - 18 
Copy buffer delay 15245 - 18 
Latch setup time a1s573 - 10 
BCKx from CMD in PAL + 8 
ACCESS TIME ******** ~9 
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Data hold time from MRDC*, IORC*. 9 and 16 bit cycles 
data hold from BCKx ALS573 7 

BCKx delay from CMD in PAL max 15 

DCMO from CMO in PAL min e 

command from CMD in PAL min 8 

Required data hold ********** 6 


LAx address valid to 16 bit memo~y command setup 
3 * CLK16 197 
CPU address out from CLK16 max 40 
Address buffer delay ALS245 max - 17 
CMD from CLK16* in PAL + 6 
command from CMD in PAL + 5 
SETUP ********* 141 

LAx address valid to M16* active requirement 
3 * CLK16 187 
CPU address out from CLK16 max 4() 
Address buffer delay ALS245 max - 17 
M16* setup required to ALE in PAL - 25 
SETUP ********* 105 

BALE valid to 16 bit memory command setup 
1 * CLK16 62 
ALE* active delay in PAL - 15 

i~~BALE from ALE* in FOO ''iJ 

CMD from CLK16* in PAL + 6 

command from CMD in PAL + 5 

SETUP ********* 49 


BALE valid to required M16* 
1 * CLKH-, 62 
ALE* active delay in PAL - 15 
BALE from ALE* in FOO ~I 

M16* setup in PAL 25 
SETUP ********* 13 

address valid to 16 bit memory command setup 

1 * CLK16 62 

ALE* active delay in PAL - 15 

BALE from ALE* in FOO 9 

CMD from CLK16* in PAL + 6 

command from CMD in PAL + 5 

address latch delay ALS573 20 

SETUP ********* 29 

SAx address valid to I/O, 8 bit command setup 
1 ::::::~ 

ALE* active delay in PAL - 15 
BALE from ALE* in FOO 9 
CMD from CLKI6* in PAL + 6 

command from CMD in PAL 
 + 
address latch delay ALS573 - 20 

SETUP ********* 
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SA<19-0> address hold from command 
1 * CLK16 62 
CMD fr'c,m CLK16* in PAL 15 
command from CMD in PAL - 15 
ALE* active delay in PAL min + S 
ALE* TO ALE i r, FOO + 2 
address latch delay als573 min + 7 
HOLD ********* 46 

CPU write data setup to MWTC* active. 16 bit bus memory cycle. 
CLK16 time 62 
MWTC* in PAL delay min 5 
BENx delay in PAL max - 25 
data buffer delay LS245 40 
SETUP ********* 2 

CPU write data setup to lowe* active 
2 * CU(16 125 

C"MWTC* in PAL delay min ...) 


BENx delay in PAL max - 25 

data buffer delay LS245 - 40 

SETUP ********* 65 


CPU write data setup to MWTC*, IOWC* active, 8 bit bus 
MWTC* to CPYEN* in PAL delay - 25 
data buffer delay LS245 40 

. SETUP 65********* 

CPU write data setup to MWTC*, IOWC*, inactive, 16 bit bus memory 
cycle. 

5 * CLK16 time max 312 
BENx* delay in PAL max - 25 
data buffe~ delay LS245 - 40 
MWTC* in PAL delay min 

?C"-._ .....l"'-.SETUP 	 ********* 

CPU write data set'Jp to MWTC*, IOWC*, inactive, 8 bit bus memory cycle 
LOW BYTE. 

9 * CLK16 time ma.x 562 
BENx* delay ir, PAL max 25 
data buffer de1a.y LS245 - 40 
MWTC* in PAL delay min 5 
SETUP 502********* 

CPU write data setup to MWTC*, IOWC*, inactive, 8 bit bus memory cycle 
HIGH BYTE. 

9 * CLK16 time max 562 
COPYEN* d~lay in PAL max 
data buffer dela.y LS245 - 40 
SETUP ********* 497 

Ref~esh 	MRDC* active time 
DC:LK cye 1e time 25t) 

Refresh 	add~ess setup to MRDC* active 
2 * CLK16 
1s590 delay max - 45 
LS244 DELAY (SA8,SA'?) 18 
ls125 delay min + 7 
SETUP (SA::::, SA9 ) ********* e.9 
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Refresh address hold from MROC* inactive 
ls590 delay min + 5 
15125 delay ITla)( - 20 
SETUP ********** - 15 

Refresh 	wait state BUSRDY low delay from MROC* active 
2 * CLK16 125 
f175 delay max 10 
15125 delay max 20 
f125 setup max 3 
Max allowed delay ********** 92 

Refresh 	wait state BUSRDY high setup to BCLK rising 
f 125 !ii. e t u p ma>~ 

F08 delay 6.6 
SETUP 	 ********** 10 

CPU memory or 110 command wait state 
BUSRDY high setup to BCLK riSing 

F74 set up ma>:; 3 
SETUP ********** 

CPU 16 bit memory command wait state 
BUSRDY low delay from command active 

3 * CLK16 187 
CMD from CLK16* in PAL - 15 
command from CMD in PAL 15 
F74 preset delay - 11 
F175 setup max 3 
Max allowed delay ********** 143 

CPU 16 bit 110 command wait state 
BUSRDY low delay from command active 

2 * CLK16 
CMD from CLK16* in PAL - 15 
command from CMD in PAL - 15 
F74 preset delay - 11 
F175 setup max 3 
Max allowed delay ********** 81 

CPU e bit command wait state 
BUSRDY low delay from command active 

8 * CLK16 500 
CMD from CLK16* in PAL 15 
command from CMD in PAL 15 
F74 delay max 11 
F175 setup max 
Max allowed delay ********** 456 

CPU minimum command active from BUBRDY high after added wait state. 
2 * CLK16 125 
CMD from CLK16* in PAL + /:.. 
command from CMD in PAL + 8 
F74 setup min + (I 

Command active ********** 139 
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CPU maximum command active from BUSRDV high after added wait state. 
4 * CLK16 250 
CMD from CLK16* in PAL + 15 
command from CMD in PAL + 15 
F74 setup max + :3 
Command active ********** 283 

NOWS* delay from MRDC* or MWTC* 16 bit memory cycles 
1 * CLK16 62 
CMD from CLK16* irl PAL - 15 
command from CMD in PAL 15 
F74 setup min :3 
Max allowed delay ********** 29 

DMA memQry read. I/O write command additional wait state 
BUSRDY low delay from memory read command active 

4 * CU(1(:. 250 
f74 delay ma:.>:: 11 
1 s 125 de 1 ay ma>:: 20 
LS243 de 1ay ma>~ 

f74 delay BUSRDY to DRD 1 ma::-:: - 11 
f175 setup 
Max allowed delay ********** 

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

8 * CLK16 500 
I/O write delay from DCLK max -190 
1s243 delay max - 15 
f74 delay BUSRDV to DRD1 max - 11 
f175 setlJP 3 
Max allowed delay ********** 281 

DMA MRDC* active time ... 
..::. >:: DCLK cycle 500 

DMA IORC* active time 
:3 x DCLK cycle 750 

DMA MWTC*. IOWC* active time 
2 x DCLK cycle 500 
8237 Write command shrinkage 100 
Active cycle time ********** 400 

System memory read access time from MRDC* (Non CPU cycles) 
M-IO from MRDC* in PAL 15 
4 x CLK32 (DMIO to MCAS*> 125 
MCAS* to CASx* in F32 delay ma 15 
CAS access time in RAM max 25 
Data buffer delay F657 (mem card) 10 
Data buffer delay LS245 15 
Data buffer delay ALS245 (copy buf) 15 
Access time ********** 220 
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Data setup to MWTC* for system RAM (Non CPU cycles) 
M-I0 from MWTC* in PAL - 10 
4 x CLK32 (OMI0 to MCAS*) -125 
MCAS* to CASx* in F32 del~y max - 10 
Data buffer delay F657 (mem ~ard) 10 
Data buffer delay LS245 15 
Data buffer delay ALS245 (copy but) 15 
Data setup before MWTC* ********** -100 

Required I/O data access time from 10RC* for OMA write to RAM 
4 * CLK16 cycle time (IORC* to MWTC*) 250 
System RAM data setup before MWTC* 100 
DMA 1/0 read access time ********* 350 

DATA valid after IOWC* low during DMA read from RAM 
DMRQ* from DCLK in F74 delay 11 
XMRDC* from DMRQ* in 15125 delay 18 
MRDC* from XMRDC* in ls243 15 
System memory access time trom MRDC* 220 
XIOWC* from DCLK in 8237 min? - 70 
IOWC* from XIOWC* in LS243 - 15 
DMA data valid from IOWC* low ******** 179 

DATA setup to IOWC* high during DMA read from RAM 
2 x DCLK cycle time 500 
OMA controller Write low shrinkage - 100 
DMA data. valid from 10WC* low 179 
Oata setup to 10WC* hig~ ******** 221 
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32 BIT EXPANSION BUS DEFINITION 

BUS 
Pin 

Signal 
Na11'lf: De s c r' i p t i lHI 

This in
signal 

E38 
put si
has a 

gnal is 
20kohm 

PARIT* 
used to signal the 

pullup resistor and 
CPU 
may 

abo
be 

ut parity 
driven low 

erro
by 

rs. T
either 

his 
.n 

open collector type output or a normal output capable of sinking 4.0 
mA and sourcing 1.0 mA when an uncorrectable system error occurs. 

E2-FS PDO-PD7 
These bidirectional signals are the 8 bits of the processor data bus 
selected at an address that ends in 00 (binary). They should be used 
for the transfer of memory data when the 32 bit bus is selected. 
These lines should be driven during 32 bus memory read cycles when 
qualified by the BEO* Signal going active. At other times this bus 
should not be driven. During a write cycle the data on these lines is 
valid only when BEO* is active. The bus should have a maximum of 
1.0mA load in the low state and 0.4mA load in the high state when 
d~iven by the motherboard and a maximum capacitive loading of 40pF. 
The 32 bit board must be able to drive 120pF and sink 4.0mA and source 
1.0mA when driving these lines. 

E6-F9 PDS-PDIS 
These bidirectional sig~als are the 8 bits of the processor data bus 
selected at an address that ends in 01 (binary). These lines are 
qualified by BE1* similar to PDO-PD7 and BEO* described above. The 
electical parameters are the same as PDO-PD7 described above. 

EIO-Fl::=: PD 1C:.-PD2::=: 
These bidirectional signals are the 8 bits of the processor data bus 
selected at an address that ends in 10 (binar~). These lines are 
qualified by BE2* similar to PDO-PD7 and BEO* described above. The 
electical parameters are the same as PDO-PD7 described above. 

E14-F17 PD24-PD31 
These bidirectional signals are the 8 bits of the processor data bus 
selected at an address that ends in 11 (binary). These lines are 
qualified by BE3* similar to PDO-PD7 and BEO* described above. The 
electical parameters are the same as PDO-PD7 described above. 

E18-F29 PA2-PA23 
These output signals (in addition to PA31) address memory devices and 
special control registers on the 32 bit memory bus. They form the 
high order 22 bits of the 24 bit standard address that the system 
offers. The bus should have a maximum of 1.OmA load in the low state 
~lld O.4mA load in the high state and a maximum capacitive loading of 
40pF. 
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E36 PA31 
This output signal (in addition to PA2-PA23) addresses special control 
registers or system memory on the 32 bit memory bus. The line should 
have a maximum of 1.OmA load in the low state and O.4mA load in the 
high state and a maximum capacitive loading of 40pF. 

E3S LOWA20 
This output signal (~hen lo~) indicates when the address line PA20 
should be ignored and the address decoded as if the PA20 line was low. 
When high, the PA20 line is decoded as normal. This is used to 
provide software compatibility for those programs that expect only a I 
megabyte address space. 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. 

F30 BEO* 
This output signal (when low) indicates when the 32 bit memory board 
should operate on the POO-P07 data lines. The line should have a 
maximum of 1.OmA load in the low state and 0.4mA load in the high 
state and a maximum capacitive loading of 40pF. 

E30 BEI* 
This output signal (when low) indicates when the 32 bit memory board 
should operate on the POe-POlS data lines. The line should have a 
maximum of I.OmA load in the low state and 0.4mA load in the high 
state and a maximum capacitive loading of 40pF. 

F29 BE2* 

This output signal (when low) indicates when the 32 bit memory board 

should operate on the PDI6-P023 data lines. The line should have a 

maximum of 1.0mA load in the low state and O.4mA load in the high 

state and a maximum capacitive loading of 40pF. 


E29 

This output signal (when low) indicates when the 32 bit memory board 

should operate on the P024-P031 data lines. The line should have a 

maximum of I.OmA load in the low state and 0.4mA load in the high 

state and a maximum capacitive loading of 40pF. 


B02 RST* 

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

power failure. This signal is not synchronous with the CLK32 or 

CLKI6* lines. It is active low. 


E33 CLK32 
This output signal is the main processor clock. Its frequency will be 
32mHz with a duty cycle of about 50X. This line should be used as the 
tiruing ~eference for all processor memory cycles. The line should 
have a maximum of 1.OmA load in the low state and O.4mA load in the 
high state and a maximum capacitive loading of 40pF. 
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This 
F33 

output signal 
CLK16* 

provides a reference for the internal processor 
clock phase. Its frequency will be 16mHz with a duty cycle of about 
50%. This line wlll be high during CPU phase one and low during phase 
two. The line should have a maximum of l.OmA load in the low state 
and O.4mA load in the high state and ~ 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 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 50pF load. 

F36 BHLDA 
This output signal when inactive (low) indicates that the CPU 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.OmA load in the low state and 0.4mA load in the high state and a 
maximum capacitive loading of 40pF. 

E31 AOS* 
This output signal (when rising) indicates that valid status and 
address has been put on the bus by the CPU and the 32 bit memory board 
should begin (or complete) it's cycle if it is selected (M32* set 
low). This line is always high when a DMA or bus master operation is 
occurring. The signal should have a maximum of 1.OmA load in the low 
state and O.4mA load in the high state and a maximum capacitive 
loading of 40pF. 

F31 M-IO 
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 
I.OmA load in the low state and O.4mA load in the high state and a 
maximum capacitive loading of 40pF. 

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

E34 MRDV* 
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 
~esistor to hold it inactive when a 32 bit board is not installed and 
should be driven by an output capable of sinking 4.0 rnA and sourcing 
1.0 mA with a ~OpF load. 

F3::: NAM* 
This input signal is used to signal the CPU when the 32 bit board is 
finished with the address and status information and the CPU may put 
out it's next address. 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 wi~n 
a 50pF 1 clad. 

READY* 
.-..-, 
~,,,;;;,,This output signal indicates the end of a CPU cycle by either +ne 

bit memory board or the system board. The 5i9na1 should have ~ 
maximum of 1.0mA load in the low state and O.4mA !oad in the high 
state and a maximum capacitive loading of 40pF. 

E37 
This output signal indicates when the cystem board or the memory board 
is done with the address and ~tatus information and the CPU may put 
out it's next address. Th. signal should have a maximum of 1.0mA load 
in the l,)w state and O./',nA loa.::! in the high state and a ma::-::irrPJITI 
capacitive loading of 1'0pF. 

Fl,F39,F40 GND 
These lines are _onnected to the system AC and DC ground. 
curr~nt allowed on any single contact is 1.5 amps. 

El.E39.E40 +5 Vdc 
Th~6e lines are connected to the system power supply for 5 vo 1t s. In 
adjition to the maximum power available from the supply. the maxilflulfl 
cu~rent allowed on any single contact is 1.5 amps. 
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Cycle types as indicated by status: 

BHI :JA M-IO o-c W-R 

L L L L CPU Interr-upt Acknc.wledge
'- L L L H Code never produced 
L L H L CPU 1/0 read 
L L H H CPU I/O 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 r-efresh read 
H L H L NCln CPU ITleme,r-y wr- i te 
H L H H Non CPU memor-y read (note 1) 

H H L L Code never- pr-oduced 
H H L H Non CPU r-efresh cycle (Bef eIre or- after- ) 
H H H L Nc.rl CPU nClt pr-oduced (note 1) 

H H H H Nor. CPU No cycle i r. pr-ogr-ess 

Note 1: possible occurante on transition to/from memory write. 
Note 2: other status lines are nQt guaranteed to be high until after 

the transition of BHLDA from low to high 

BUS TIMING INFORMATION 

Status inactive setup to BHLDA high 
D4-SMSC turnon pal min 4 
SETUP ********* 4 

Status inactive hold to BHLDA low 
CLKI6* cycle time 62 
386 HOLDA delay min + 4 
D4-SMSC delay max - 15 
HOLD 51********* 

Refresh 	cycle time (M-IO low time) 
2 * BCLK cycle 250 
ls125 delay delta +/- 10 
D4-SCMD pal min +/- 5 
CYCLE time max ********* 235 
CYCLE time min ********* 265 

Refresh 	address setup to M-IO low 
BCLK cycle 125 
ls590 delay max - 25 
1 s244 de 1 ay ma::{ - 18 
1 ~245 de 1ay rTla:< - n-: 
1 s 125 del a y ITt i r. + 7 
D4-SCMD pal min + 5 
SETUP ********* 76 
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Refresh 	address hold from 1'1-10 high 
15590 delay min + 5 

C"ls245 delay mi rl + .... 
ls125 delay ma>~ - 20 
D4-SCMD pal max 15 
HOLD ********** - 25 

Data setup before 1'1-10 low during BHLDA high write cycle 
MWTC* to 1'1-10 in D4-SCMD pal delay min + 5 
296 product data setup to MWTC* 48 
data delay in ls245 - 18 
SETUP ********** - 61 

Required data access time from 1'1-10 during BHLDA high read cycles 
286 product access time from MRDC* 200 
D4-SCMD pal max - 15 
data delay in 15245 max - 18 
REQUIRED ACCESS TIME ********** 167 

Minimum 	 cycle time (1'1-10 low) during BHLDA high 
286 product MRDC* low 250 

Minimum 	 total cycle time (M-IO low to M-IO low) during BHLDA high 
286 pr-oduct MRDC* low :375 

Maximum 	 cycle time (1'1-10 low) during BHLDA high 
286 product MRDC* low 10000 

Required MRDY* setup to CLK32 during CPU cycle 
386 setup time min 20 
FOB delay max 7 
SETUP ********** 27 

Required MRDY* hold from CLK32 during CPU cycle 
386 h6ld time min .-

.:::'
. 

F08 delay min 2 
HOLD 	 ********** 1 

Required NAM* setup to CLK32 during CPU cycle 
386 setup time min 10 
FOe delay max 7 
SETUP ********** 17 

Required NAM* hold from CLK32 during CPU cycle 
386 hold time min 20 
F 08 del a y mi rl - 2 

1,=,HOLD 	 ********** '-' 

Other setup, hold, and delay times from the CPU should 

be taken directly from the INTEL 80386 specifications. 
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The 32 bit bus is intended for use by a memory board which is able to 
respond to CPU requests for data up to 32 bits at a time. This board 
is also expected to operate at very high cycle rates. Since the 
master CPU operates at 16mHz 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 memory cycle'. This is 
accomplished by the M32* line. The system board combines this line 
with the status from the CPU and determines if a legal 32 bit memory 
cycle is being started. If it is, the system board will do nothing 
with the CPU, leaving all control to the memory board. If the status 
indicates some cycle other than memory (even if M32* is active' or if 
t132* is inactive, the system boar'd logic will rl..!rt the c:::.mplete cycle 
to the CPU including the driving of the NA* and READY* signals. 

The system board uses the CPU pipelining ability to get a start on 
operations. Since the system board cannot know if the next cycle is 
for the 32 bit memory or system board, it always starts the CPU 
pipelining with the NAB* signal. Therefore it is required that the • 
memory board understand this and not finish a pipelined memory cycle 
before the system board is done with a system cycle. 

The expected way that the memory board determines that it can run a 
cycle is to wait for the rising edge of ADS*. This will ensure the 
completion of any system board cycle and prevent collision of the 
control logic on the two systems. Memory operations not requireing 
the driving of MRDY* or the presence of valid write data, can be done 
before the rising edge of ADS*. Since NAM* will have no direct effect 
o nthe CPU until aft e r' apr· e v i 0 usc y c 1e i s comp 1e t e , i t ma y bed r i ve n 

whenever necessary. Note that since M32* is to be a direct decode 

from address, it must be driven regardless of ADS*. 


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

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

During non processor cycles (BHLDA is high) the memory board must run 
the memory cycles at least as fast as the original 286 memory boards 
because there is no way to add wait states to external bus masters 
from the 32 bit board. 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-IO 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 
line. may not be valid. Therefor it will be necessary to provide some 
.ort of glitch protection during this transition. Also be aware that 
the data is not guaranteed to be valid until some time after the M-IO 
line (memory strobe) appears. This is probably not a problem for 
dynamic memor'y~ because the RAS to CAS delay wi 11 exceed the data 
setup time, but may be a problem for- other memory desigrls. 
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PAGE MODE 04 DYNAMIC RAM SOARD 

The dynamic memory subsyst~m for D4 is designed to get the most out of 
the 80386 processor and still use relatively inexpensive dynamiC 
memories. To do this, the memory subsystem provides the following 
features: 

32 bit wide memory data path. 

One megabyte of standard memory using 256k 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 
memory using 256k x 1 DRAM ICs. 

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

16 mHz operation of the processorlmemory interface. 

Two wait states on the first CPU memory cycle following a hold 

or idle state. (INITIAL CYCLE). 


Zero wait states when sequential memory cycles fall within the 
same 2048 byte address page. (PAGE HIT CYCLE). • 

Two wait states when sequential memory cycles do NOT fall 

within the same 2048 byte address page. (PAGE MISS CYCLE). 


Seperate Parity checking on each byte of the 32 bit double 

Diagnbstic port allows the determination of the speclTlc bytes 

within the double word on which a parity error occurred. 


ROM "r"eplacement" abi 1 ity; 128k bytes of the RAM may be used 
to replace the system ROMs to increase the speed of the ROMs 
to RAM speed. 

The ROM "replacement" RAM area can be protected from being 

written by errant software. 
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This "Page Mode" usage of the dynamic RAM generally averages to about 
one wait state with typical software or an average cycle time of 187 
nsec. Note that "sequential" memory cycles means that the CPU begins 
requesting a new memory cycle before the current cycle is complete. 
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 II • 

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

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

1) Initial read cycle from Idle or bus Hold. 
2) Initial read cycle from system board cycle. 
3) Initial write cycle from Idle or bus Hold. 
4) Initial write cycle from system board cycle. 
5) Read Page Hit cycle. 
6) Write Page Hit cycle. 
7) Read Page Miss cycle. 
8) Write Page Miss cycle. 
9) Refresh cycle. 
10) DMA read cycle. 
11) DMA write cycle. 

The logic for the state to state transitions and the generation of the 
master memory strobes is contained entirely within one PAL (Programmed 
Array Logic) device (D4-RCTL). The logic for determining the hit/miss 
status of a cycle consists of two latches to remember the previous 
page address and two identity comparitors to check that the current 
addr-ess matches. Since the CPU is operated in the "pipel ined addr-ess" 
mode~ the address changes before the memory cycle is finished. The 
column (address within the page) address and byte enables are 
therefore latched by two more latches. Address multiplexing is 
accomplished by three multiplexor ICs. and the multiplexed address is 
buffered by additional buffers (one for each bank of 36 DRAMs). IWO 

additional PAL devices are used to decode the system address. one 
provides the signal (M32*) which tells everybody that the memory board 
will control the bus, and the other decodes the address for the two 
banks of memory on the main memory board. 

Data buffering and parity checking is done by four parity trancievers. 
These devices seperate the memory data bus from the cpu data bus and 
generate the parity for the DRAMs during write cycles and check the 
parity during read cycles. The logic that controls the buffers alway 
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 0 always. 
040000-07FFFF 256K 0 when the 512k jumper is active (2-3) • 
OSOOOO-09FFFF 12SK 0 when the 640k jumper is active (~-6) • 
OEOOOO-OFFFFF 12SK 0 when ROM r-eplacement active (Note 3) • 
100000-13FFFF 256K 0 (Note 1). 
100000-13FFFF 256K 1 (Note 2) • 
140000-1FFFFF 76Sk 1 when the 1M jumper- is active (9-9) • 
200000-2FFFFF 1024k 2 bank 2 (In 2M clpticln boar-d when pr-esent. 
300000-3FFFFF 1024k 3 bank 3 on 2M option board when present. 
200000-5FFFFF 40';>6k 2 bar.k 2 cln 8M opt i c.r. b.:.ard wher. pr-esent. 

-j600000-9FFFFF 409c.k 3 bank '=' .:.n :3M c.ption bc·ar-.j when pr-esent. 

F40000-F7FFFF 256k 0 wher. the 512k jumper- is inactive ( 1-2) • 

F80000-F9FFFF 128k 0 when the cAOk jumper- is inactive (4-5) . 

FAOOOO-FDFFFF 256k 0 always. 

FEOOQO-FFFFFF 128k 0 always (Note :3 ) • 


80(:00000 1 byte diagncIst ic byte (r-ead) addr-ess. 

eOCOOOOO 1 byte cor.trol byte (write) addr-ess. 


Note 1) Actually addresses 000000-03FFFF when LOWA20 is inactive. 

Note 2) This is not addressed when LOWA20 is inactive. 

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

can be dis"1.bled. 


The diagnostic byte (at 80COOOOOh re"1.d only) has several functions. 

When reading the byte, the value returned is as follows: 


bit 0 par- i ty status elf byte 0 (0 is e r-r- I) r- ) 

bit 1 parity status of byte 1 (0 is er-r-or) 

bit 2 parity status of byte -. (0 is
.::. err-or- ) 
bit 3 parity status of byte :3 (0 is error) 
bit 4 512k jumper st at us (0 is active> 
bit 5 640k jumper status (0 is active) 
bit 6 1M j um\='er status (0 is active) 
bit 7 2 or e Mbyte option board (0 is installed) 
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The control byte (at eOCOOOOOh write only) is shown below. 

bit 0 ROM r·ep 1acelflent (0 replaces) 
bit 1 ROM space write protect (0 pr·otects) 
bit 2 reserved (write a 1) 

bit 3 reserved (write a 1) 

bit 4 reserved (write a 1> 
bit 5 reserved (write a 1 ) 
bit 6 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 wi 11 be r·eset to c,nes. 

The 128 kbytes from OFEOOOOh to OFFFFFFh is used to simulate a system 
ROM. In the original 286 products, this space was occupied (double 
mapped) by the system ROMs. For the D4 machines, this space is 
occupied by RAM on this board. To provide compatibility with previous 
products, the system ROM should be copied to this space. To allow 
faster execution of ROM resident software, this board provides the ROM 
"replacement" function. When replacement is enabled, the RAM board 
decodes address range OOEOOOOh to OOFFFFFh and puts the 128k of RAM 
here, replacing the system ROM. After POWERUP, the ROM replacement 
function is disabled. 

Because normal system ROMs could not be written, a write protect 
function is being included in the RAM board for the two address spaces 
mentioned above. When replacement is not enabled, only OFEOOOOh to 
OFFFFFFh is protected (the normal rom space still contains the 
unwritable ROM). When replacement is active, both spaces can be 
protected. After POWERUP, the write protect funtion is disabled. 

The diagnostic byte parity status should only be read with the system 
board IOCHK disabled because reading the port may cause a parity 
error. 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 
memory test, the control byte should be written to clear the parity 
status, and after reading the diagnostic byte, the status should be 
cleared again. 

In normal operation, if a parity error 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 av.:cilable I.Jrttil th~ diagnostic byte is r·ea.j, ~.t) the byte (arid 
board if it is the memory board) in error can be determined. 
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~UMPER SETTINGS 

E123 jumper-s'- 1=2 3 4=5 6 7=8 9 2Sc.K base- 0OOOOO-03FFFFh 
OK extended 

1 2=3 4=5 6 7=8 9 512K base 0OOOOO-07FFFFh 
OK extended 

1 2=3 4 5=6 7-8 9 640K base 0OOOOO-9FFFFFh 
OK extended 

1=2 3 4=5 6 7 8=9 2560K base 0OOOOO-03FFFFh 
1024K extended lOOOOO-1FFFFFh 

1 2=3 4=5 6 7 8=9 512K base 0OOOOO-07FFFFh 
1024K extended 100000-1FFFFFh 

1 2=3 4 5=6. 7 8=9 640K base- 0OOOOO-9FFFFFh 
1024K extended 100000-lFFFFFh 

The f c., 1 ow i n 9 jumper' settings ar-e t .:. be av.:. i ded at all cost; 

1 2 3=4 5 6 7 e 9 destroy power- supply 
1 ....-. 3 4 5 1::.=7 8 9 dest r'('Y pc.wer· supply 

OPTION BOARD PRESENT BITS 

8M 2M 
H H OK 
H L 2048K 200000-3FFFFFh 
L H b144K 400000-9FFFFFh (NOTE: The 8 Meg boar-d asser-ts 
L L 8192K 200000-9FFFFFh both 8M and 2M strobes> 
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DETAIL CYCLE DESCRIPTION 

INITIAL READ CYCLES FROM IDLE. All CPU memo~y cycles sta~t with 
the proces~o~ p~esenting an addre5s~ status, and add~ess st~obe 
(ADS*). The memory system decides whether to respond to these in the 
D4-RM32 PAL. This device decodes the address and jumpers and asse~ts 
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 sta~t a cycle. 

In the initial cycl~ case, the control state machine begins by 
switching the DRAM add~ess multipexor to the ROW address via the 
signal SWMUX*. One CLK32 cycle late~, the Master Row Address Strobe 
(MRAS*) is asserted. MRAS* is combined with a decoded bank select 
signal (R:;:;:x:*) to:. for-m the c'Jmplete RAS>~* st~obe for- the rrremor-ies. 

The bank select signal is decoded in a PAL (D4-RRAS) from a set of 
latched ~ow add~esses. The ~ow add~ess latches a~e of the "fall 
th~I::OlJgh" type, they ar-e c.pen tel addr-ess changes when MRAS* is inactive 
(high). The main purpose of the latches is to p~ovide a memo~y of the 
last ~ow add~ess fo~ development of the hit/miss signal but they also 
buffe~ the p~ocessor add~ess fo~ the bank decode PALs to p~event 
ove~loading of the CPU. 

Once RASx* is active, the SWMUX* signal changes back to the column 
add~ess (one CLK32 cycle late~ to satisfy row address hold times). At 
the salTae time, the NAM* signal (next address) is set active tel tell 
the CPU that it may put the next address onto the bus (two CLK32 
cy.cles late~). lf~ 

Afte~ one CLK32 cycle, the column address latch is closed to 
prevent the column address from changing during the CAS* cycle. Also 
the MRD* signal is set active to enable the data buffer to the CPU. 
After an additional clock cycle, the master Column Address Strobe 
(MCAS*> is set active, enabling DRAM output buffers. At the same 
time, the pr-ocessl,r' r-eady signal is set active (MRDY*> (and the NAM* 
is set inactive) signalling the p~esence of data and the end of the 
cycle to the CPU. Also at the same time, the processor begins to put 
the next address and status on the bus Cif it is ready to). 

Two clock cycles later, the memory cycle ends by bringing the 
MCAS*, MRD*, and MRDY* inactive. and CLAT signal active. During the 
two cycles, the data from the DRAMS propagates through the data 
buffers and parity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD*. 

The total time from CPU address strobe to the end of MRDY* is 
eight CLK32 cycles, or four processor states. Since the CPU can 
execute a memory access in two states. we have inserted two wait 
states. 
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INITIAL READ FROM SYSTEM BOARD. The only difference from the 
initial read from idle is that the memory cycle must wait to begin 
until the system board is finished with it's cycle. This is 
determined by ADS* going high. The cycle starts as before with SWM* 
going active, but MRAS* does not go active until ADS* is sensed 
inactive. Since the system board can respond to wait states on the 
system bus, this period of time could be rather long. Once MRAS* goes 
active, the cycle completes as before. 

READ HIT CYCLE. The hit cycles begin during the previous memory 
cycle (of any CPU type). The M32* signal is active as before and the 
new row address must be the same as the last row address held in the 
row latches. The equality is determined by the signal HIT* being 
active. The ADS*. M32*. status, and HIT* are sampled at the same edge 
of CLK32 that terminates the previous 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. All that is necessary is to wait till 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 pipe1ined state, the NAM* signal is 
set active again at the beginning of the READ HIT cycle. 

The column latch is closed again (CLAT goes inactive) one CLK32 
cycle after the beginning of the cycle to prevent the column address 
from changing during the CAS* cycle. Also the MRD* signal is set 
active to enable the data buffer to the CPU. After an additional 
clock cycle, the master Column Address Strobe <MCAS* > is 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. Also at the 
same time, the processor begins to put the next address and status on 
the bus (if it is ready to). 

Two clock cycles later, the memory cycle ends by bringing the 
MCAS*, MRD*. and MRDY* inactive, and CLAT signal active. During the 
two cycles, the data from the DRAMS propagates through the data 
buffers and parity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD*. 

The total time from the end of the previous CPU memory cycle to 
the end of MRDY* is four CLK32 cycles, or two processor states. Since 
the CPU 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 d~t~rmined by the signal HIT* 
being inactive. The ADS*, M32*, status, and HIT* are sampled at the 
samit 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 CLK32 cycle later to satisfy row address hold times). At 
the same time, the NAM* signal (rlext address) is set active b:. tell 
the CPU that it may put the next address onto the bus (two CLK32 
cycles later-). 

After one CLK32 cycle. the column address latch is closed to 
prevent the column address from changing during the CAS* cycle. Also 
the MRD* signal is set active to enable the data buffer to the CPU. 
After an additional clock cycle, the master Column Address Strobe 
(MCAS*> is set active, enabling DRAM output buffers. At the same 
time, the pl"ocessor- ready signal is set active (MRDY*> (and the NAM* 
is set inactive) signalling the pl"esence of data and the end of the 
cycle to the CPU. Also at the same time, the processor begins to put 
the next address and status on the bus (if it is ready to). 

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 pal"ity logic and is set up to the CPU. The parity status 
is checked at the end of this period by the rising edge of MRD*. 

The total time fl"om the end of the previous CPU memory cycle to 
the end of MRDY* is eight CLK32 cycles, 01" four processor states. 
Since the CPU can execute a memory access in two states, w~ have 
inserted two wait states. 

WRITE CYCLES. The four types of write cycles are very similar to 
the read cycles discussed above. The difference is in two places. 
Instead of MRD* being set active, the MWE* signal is set. The MCAS* 
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 t"'~ee types of non CPU cycles a~e 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 memory boa~d 
ope~ates diffe~ently. 

The status line which controls the actual memo~y cycle is (M-IO). 
Since this line is completely asynchronous to the CLK32 clock. 
synchronization is necessary to prevent metastable states and glitches 
which would destroy the contents of the DRAM. The M-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 
~ow address, the column add~ess lines are fed to the DRAM. The reason 
for this is that the column lines are the low order address lines from 
the system board, and they contain the ~efresh ~ow add~ess. 

One CLK32 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) signals are being used only as state lines to count time in 
the state machine. 

One CLK32 cycle later the CLAT signal is set inactive and one more 
clock later the SWM* is set inactive. After one more clock, the MRAS* 
signal is set inactive giving a total time of four clocks fo~ MRAS* 
active. The CLAT signal remains low until DMIO is inactive to prevent 
the MRAS* cycle from restarting. 

DMA READ CYCLE. The DMA read cycle begins when HLDA goes active 
and D-C remains high. The SWM* is set active to get the row address 
to the DRAM and the state machine then waits for the DMIO, M32*. and 
W-R lines to go active signaling a DMA cycle. When this 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 begins to come out of 
the DRAM. 

On the next clock, the CLAT signal goes inactive and on the next 
clock MRAS* goes inactive. This leaves MRAS* active for· four CLK32 
cycles. The CLAT signal will remain inactive (low) and the MCAS* will 
remain active until DMIO goes inactive. Holding MRD* and MCAS* active 
insures that the data will remain until the DMA device needs it. 



· ' ~-

D3PE-PROCESSOR DESCRIPTIONS ~anuary O~, 1987 
Copyright COMPAQ Computer Corperation 1986, 1987 page 64 

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. M32*. and 
W-R lines to go active Signaling a DMA cxcle. 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 DRAMe 

On the next clock, the CLAT signal goes inactive and on the next 
clock MRAS* goes inactive. This leaves MRAS* active for four CLK32 
cycles. 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 DMA cycles, SWM* will go 
active whenever the HOLDA and D-C lines are high. To prevent 
interference with the CPU cycles at the end of the hold state, the 
NAM* line is used as a state memory of the hold state. NAM* goes 
active one clock cycle after SWM* goes active (during HOLDA) and 
remains active until HOLDA goes inactive. The CPU portion of the 
state machine will do nothing unusual until both NAM* and SWM* go 
i nact i ve. 

TIMING ANALYSIS FOR PAGE DRAM BOARD 

M32* setup to CLK32 for cycle start. 

2 x CLK32 62.5 

CPU address delay 40.0 

D4-RM32 PAL delay - 12.0 

D4-RCTL PAL setup - 10.0 

MARGIN ********** + 0.5 


HIT* setup to CLK32 for cycle start. 
2 ;-:: CLK32 /:.·2.5 
CPU address delay - 40.0 

F521 delay 11.0 

F32 delay 6.6 

D4-RCTL PAL setup 10.0 

MARGIN ********** 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 ********** 4.6 
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Read data access from RAS* 
5~x CLK32 156.2 
MRAS* delay D4-RCTL - 10.0

\...... F32 + 33 res -deJ a.y (200pF load) - 12.0 
DRAM delay from RAS -100.0 
data delay t hrough F~.57 8.0 
data setup to 386 10.0 
MARGIN ********** + 16.2 

Read data. access from CAS* 
2 x CLK32 62.5 
MCAS* dela.y D4-RCTL - 10.0 
F32 + 33 res delay (200pF load) - 12.0 
DRAM delay from CAS - 25.0 
data dela.y thr-ough Fe-57 8.0 
data. set IJj:' to 386 - 10.0 
MARGIN ********** 2.5 

Read data access from Column address 
4 >~ CLK32 125.0 
CLAT delay D4-RCTL - 10.0 
F573 delay' - 13.0 
F158 delay 7.0 
aUF + 33 res delay (300pF load) - 25.0 
DRAM delay from col add - 45.0 
data. dela.y through F657 8.0 
data setup to 386 - 10.0 
MARGIN ********** + 7.0 

Parity check access from CAS* 
2 >( CL.(32 62.5 
F32 + 33 res delay (200pF load) - 12.0 
DRAM delay from CAS 25.0 

-.,-, c:'err delay through FbS7  ~'::" •.J 

FOO delay 1;;.. 1:.
F175 setup 3.0 
F32 dela.y MIN + 3.0 
MARGIN ********** 3.6 

Row a.ddress setup to RAS* 
1 x CLK32 31.2 
F158 dela.y 9.5 
aUF + 33 res delay (300pF loa.d) - 25.0 
F32 + 33 res de1a.y (200pF load) + 5.0 
MARGIN ********** 1.7 

Column address setup to CAS* 
2 ::< CU:::~:2 (:.2.5 
F573 delay - 13.0 
F158 delay 7.0 
BUF + 33 res delay (300pF load) - 25.0 
F32 + 33 res delay (200pF load) + 5.0 
MARGIN ********** 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 load) + 5.0 
CPU date. delay SO.O 
parity delay in F6~7 - 16.0 
MARGIN ********** 36.7 

DMA Read data delay (external bus master). 
286 product access from MRDC* 200 
MRDC* to M-IO delay - 15 
data delay in ls24~ max - IS 
4 x CLK32 -125 
MCAS* delay D4-RCTL - 10.0 
F32 + 33 res delay (200pF load) - 12.0 
DRAM delay from CAS - 25.0 
data delay through Fb57 8.0 
MARGIN ********** - 13.0 

DMA write data setup to CAS* 
4 x CLK:32 
parity delay in F6~7 1c.. 0 
System board data setup - 61.0 
MARGIN ********** 48.0 


