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rli;- H.EWLETT 
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PAL22V10 
PART NUMBER: 1820-4388 Rev A 
BUS STATE MACHINE PAL 1 
HEWLETT PACKARD FORT COLLINS COLORADO 

PAL DESIGN SPEC 
JON RUBINSTEIN 10/10/84 

CLK jPURST SDTACK SBERR LPAO BYTESIZE WR68 jBMINE /PRCY /CACY /MMUWR GND 
/MMUCY LIDEN jPWR/UDS jST3 jLDS jST5 /ST2 jST1 /sT4 HIDEN VCC 

.R = PURST Asynch reset 

ST1:=BMINE*CACY*WR68*/ST1*/ST2*jST3*jST4*/ST5 
+BMINE*PRCY*WR68*/ST1*jST2*/ST3*jST4*/ST5 
+BMINE*CACY*MMUWR*jST1*/ST2*/ST3*/ST4*jST5 
+BMINE*MMUCY*MMUWR*/ST1*jST2*/ST3*/ST4*jST5 
+jBMINE*ST1*jST2*/ST3*/ST4*/ST5 
+BMINE*MMUWR*PRCY*jST1*/ST2*/ST3*jST4*jST5 
+CACY*jSBERR*SDTACK*/ST1*/ST2*jST3*jST4*ST5 

ST2:=CACY*jST1*ST2*jST3*ST5 
+PRCY*jST1*ST2*jST3*ST5 
+BMINE*CACY*jMMUWR*/WR68*/ST2*jST3*jST4*/ST5 
+BMINE*/MMUWR*PRCY*/WR68*/ST2*jST3*jST4*jST5 
+jSBERR*/ST1*ST2*ST3*ST4 
+ jSBERR*SDTACK*jST1*ST3*ST4 
+jCACY*jSBERR*SDTACK*jST1*/ST2*ST5 
+ jSBERR*SDTACK*jST1*/ST2*ST3*ST5 
+jST1*ST4*ST5 
+BMINE*ST1*/ST2*/ST3*jST4*/ST5 
+jBMINE*/ST1*ST2*ST3*jST4*/ST5 
+MMUCY*/ST1*ST2*/ST3*ST5 
+BMINE*jCACY*MMUCY*/MMUWR*/PRCY*jST2*/ST3*jST4*jST5 

ST3:=jST1*ST2*ST3*ST5 
+jST1*ST3*ST4*ST5 
+CACY*jST1*/ST2*ST3*/ST5 
+MMUCY*jST1*jST2*ST3*jST5 
+BMINE*CACY*jMMUWR*/WR68*/ST1*jST3*jST4*/ST5 
+BMINE*/MMUWR*PRCY*/WR68*/ST1*jST3*jST4*/ST5 
+ jSDTACK*jST1*ST3*ST4 
+SBERR*jST1*ST3*ST4 
+jST1*ST2*jST3*jST5 
+jBMINE*/ST1*ST2*/ST4*/ST5 
+jSDTACK*jST1*ST3*ST5 
+SBERR*jST1*jST2*/ST4*ST5 
+BMINE*jCACY*MMUCY*/MMUWR*/PRCY*/ST1*/ST3*jST4*jST5 
+PRCY*jST1*/ST2*ST3*/ST4*/ST5 

ST4:=jST1*ST2*jST3*jST4*/ST5 
+BMINE*jST1*ST2*jST4*jST5 
+ST1*/ST2*jST3*jST4*ST5 
+jST1*ST4*ST5 
+jSBERR*/SDTACK*jST1*ST3*ST4 
+jST1*ST2*ST3*ST5 

ST5:=CACY*jST1*ST2*jST3*/ST4 

DESCRIPTION I Dwg No. A-1820-4388-1 IPAGE 2 of 7 
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+MMUCY*/ST1*ST2*/ST3*/ST4 
+BMlNE*CACY*/ST1*/ST3*/ST5 
+BMlNE*PRCY*/ST1*/ST3*/ST5 
+/SBERR*/ST1*/ST2*ST3*ST5 
+/CACY*/SBERR*/ST1*/ST2*ST5 
+/ST1*ST2*/ST3*/ST5 
+/ST1*/ST2*ST4*ST5 
+BMlNE*/ST1*ST2*/ST4*/ST5 
+/SBERR*SDTACK*/ST1*ST2*ST4*/ST5 
+/SBERR*/SDTACK*/ST1*/ST2*ST5 
+/CACY*/MMUCY*/SBERR*SDTACK*/ST1*ST4*/ST5 
+BMlNE*MMUCY*/ST1*/ST3*/ST5 
+PRCY*/ST1*ST2*/ST3*/ST4 
+/ST1*/ST3*ST4*/ST5 

HIDEN:=/SBERR*/SDTACK*UDS*/ST1*/ST2*/ST3*/ST4*ST5 
+/MMUWR*/SBERR*/SDTACK*/ST2*/ST3*/ST4*ST5 
+BMlNE*CACY*/MMUWR*WR68*/ST1*/ST2*/ST3*/ST5 
+BMINE*/MMUWR*PRCY*WR68*/ST1*/ST2*/ST3*/ST5 
+/MMUWR*/ST1*/ST2*/ST3*ST4*/ST5 
+/MMUWR*ST1*/ST2*/ST3*/ST4*ST5 

LDS:=BMlNE*/BYTESlZE*/MMUWR*PRCY*/WR68*/ST1*/ST2*/ST3*/ST5 
+BMlNE*LPAO*/MMUWR*PRCY*/WR68*/ST1*/ST2*/ST3*/ST5 
+/BYTESlZE*/ST1*/ST3*ST4*/ST5 
+LPAO*/ST1*/ST3*ST4*/ST5 
+/UDS*/ST1*ST2*ST3*/ST4*ST5 
+LDS*/ST1*ST2*ST3*/ST4*ST5 
+/SBERR*/SDTACK*/ST1*ST2*ST4*/ST5 
+/SBERR*/SDTACK*/UDS*/ST1*ST3*ST4*/ST5 
+/SBERR*/SDTACK*/ST1*/ST2*ST3*/ST4*ST5 
+/SBERR*/SDTACK*/UDS*/ST1*/ST2*/ST4*ST5 
+/ST1*ST2*/ST3*ST4 
+BMINE*/CACY*MMUCY*/MMUWR*/PRCY*/ST1*/ST2*/ST3*/ST4*/ST5 
+BMINE*CACY*/MMUWR*/PRCY*/WR68*/ST1*/ST2*/ST3*/ST4*/ST5 
+MMUWR*/ST1*/ST3*ST4*/ST5 
+LDS*/SBERR*/SDTACK*/ST1*/ST2*/ST4*ST5 
+LDS*/SBERR*/SDTACK*/ST1*ST3*ST4*/ST5 

LIDEN:=/ST1*ST3*ST4*ST5 
+/ST1*ST2*ST3*ST4 

PWR:=BMlNE*PRCY*WR68*/ST1*/ST2*/ST3*/ST5 
+BMlNE*CACY*WR68*/ST1*/ST2*/ST3*/ST5 
+/ST1*ST2*ST3*ST4 
+/ST1*ST3*ST4*ST5 
+BMlNE*MMUWR*PRCY*/ST1*/ST2*/ST3*/ST5 
+BMlNE*MMUCY*MMUWR*/ST1*/ST2*/ST3*/ST5 
+/ST2*/ST3*/ST4*ST5 
+BMlNE*CACY*MMUWR*/ST1*/ST2*/ST3*/ST5 
+/ST1*/ST2*/ST3*ST4*/ST5 

UDS:=/SBERR*/SDTACK*/ST1*ST2*ST4*/ST5 
+/SBERR*/SDTACK*UDS*/ST1*ST3*ST4*/ST5 

DESCRIPTION I Dwg N°A-182Q-43 8 8-1 I PAGE 3 of 7 
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+/SBERR*/SDTACK*/ST1*/ST2*ST3*/ST4*ST5 
+/SBERR*/SDTACK*UDS*/ST1*/ST2*/ST4*ST5 
+UDS*/ST1*ST2*ST3*/ST4*ST5 
+/ST1*ST2*/ST3*ST4 
+BMlNE*CACY*/MMUWR*/PRCY*/WR68*/ST1*/ST2*/ST3*/ST4*/ST5 
+BMlNE*/LPAO*/MMUWR*PRCY*/WR68*/ST1*/ST2*/ST3*/ST5 
+/LPAO*/MMUWR*/ST1*/ST3*ST4*/ST5 
+BMlNE*/CACY*MMUCY*/MMUWR*/PRCY*/ST1*/ST2*/ST3*/ST4*/ST5 

I Dwg No. A-1820-4388-1I pAGE 4 of 7 
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CLLLLLLHHHHHLHHHHHHHHL 
CHLLLLLHHLHHLHHHHHHHHL 
CHLLLLLHHHHLLHHHHHHHHL 
CHLLLLLHLHHHLHHHHHHHHL 
CHLLLLLHHHHHLHHHHHHHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLLLLHLHHLHLLLLLHHL 
CHLLLLLLHLHHLHLLLHHHLL 
CHLLLLLLHLHHLHLLLHHHLL; 
CHHLLLLLHLHHLHHLHHLHHL 
CHHLLLLLHLHHLHHHHLHHLL 
CHLLLLLLHLHHLHHHHLLHLL 
CHLLLLLLHLHHLHLHLHLHLL 
CHLLLLLLHLHHLHLLLLHHHL 
CHLLLLLLHLHHLHLLLLHHHL; 
CHHLLLLLHLHHLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLLHLHLHHLLHHHLHLHH 
CHLLLLHLHLHHLLHHHHHHLH 
CHLLLLHLHLHHLLLHLLHHHH 
CHLLLLHLHLHHLLLHLLHHHH; 
CHHLLLHLHLHHLLHHHHHLHL 
CHHLLLHLHLHHLHHHHHLHHL 
CHLLLLHLHLHHLHHLHLHHLL 
CHLLLLHLHLHHHLHLHLLHLL 
CHLLLLHLHLHHHLHLHHLHLL 
CHLLLLHLHLHHHLLLLHLHLL 
CHLLLLHLHLHHHLLLLHLHLL; 
CHHLLLHLHLHHHLHHHLLHHL 
CHHLLLHLHLHHLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLLLLLHHHLHLLLLLHHL 
CHLLLLLLLHHHLHLLLHHHLL 
CHHLLLLLLHHHLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLLHLLHHHLLHHHLHLHH 
CHLLLLHLLHHHLLHHHHHHLH 
CHLLLLHLLHHHLLLHLLHHHH 
CHHLLLHLLHHHLLHHHLLHHL 
CHHLLLHLLHHHLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
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iL. $ 

FA-=- HEWLETT 
':~PACKARD 

,. 
CHLLLLLLHHHLLHLLLLLHHL 
CHLLLLLLHHHLLHLLLHHHLL 
CHHLLLLLHHHLLHHLHHLHHL 
CHLLLLLLHHHLLHHHHLHHLL 
CHLLLLLLHHHLLHHHHLLHLL 
CHLLLLLLHHHLLHLHLHLHLL 
CHLLLLLLHHHLLHLLLLHHHL 
CHHLLLLLHHHLLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLLLLHHLLLLHHHLHLHL 
CHLLLLLLHHLLLLHHHHHHLL 
CHLLLLLLHHLLLLHHLLHHHL 
CHHLLLLLHHLLLLHHHLLHHL 
CHHLLLLLHHLLLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLLHLHLHHLLHHHLHLHH 
CHLLLLHLHLHHLLHHHHHHLH 
CHLLLLHLHLHHLLLHLLHHHH 

. CHHLLLHHHLHHLLHHHHHLHL 
CHHLLLHHHLHHLHHHHHHLHL 
CHHLLLHHHLHHLHHHHHHLHL 
CHLLLLHLHLHHLHHHHHLHHL 
CHLLLLHLHLHHLHHLHLHHLL 
CHLLLLHLHLHHHLHLHLLHLL 
CHLLLLHLHLHHHLHLHHLHLL 
CHLLLLHLHLHHHLLLLHLHLL 
CHLHLLHLHLHHHLHLHHHHHL 
CHLHLLHLHLHHLHHLHHHHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLHLLLHHHLHLLHLLHHL 
CHLLLHLLLHHHLHLLHHHHLL 
CHLHLHLLLHHHLHHLHHHHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLHLLLLHHHLHHLLLLHHL 
CHLLHLLLLHHHLHHLLHHHLL 
CHHLHLLLLHHHLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLHHLLHHHLLHHHLHLHH 
CHLLLHHLLHHHLLHHHHHHLH 
CHLLLHHLLHHHLLLHHLHHHH 
CHLHLHHLLHHHLLHLHHHHHL 
CHLHLHHLLHHHLHHLHHHHHL 
CHLLLLHLHHHHLHHHHHHHHL 
CHLLHLHLLHHHLLHHHLHLHH 
CHLLHLHLLHHHLLHHHHHHLH 
CHLLHLHLLHHHLLHHLLHHHH 
CHHLHLHLLHHHLLHHHLLHHL 
CHHLHLHLLHHHLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 
CHLLLLLLHLHHLHLLLLLHHL 
CHLLLLLLHLHHLHLLLHHHLL 
CHHLLLLHHLHHLHHLHHLHHL 
CHHLLLLHHLHHLHHLHHLHHL 
CHLLLLLLHLHHLHHHHLHHLL 

DESCRIPTION 
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CHLLLLLLHLHHLHHHHLLHLL 
CHLLLLLLHLHHLHLHLHLHLL 
CHLLLLLLHLHHLHLLLLHHHL 
CHHLLLLLHLHHLHHHHLLHHL 
CHLLLLLLHHHHLHHHHHHHHL 

. DESCRIPTION 
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rlill HEWLETT a:1!.W PACKARD 

PAL22V10 PAL DESIGN SPEC 
PART NUMBER: 1820-4389 Rev A JON RUBINSTEIN 5/10/85 
BUS STATE MACHINE PAL 2 
HEWLETT PACKARD FORT COLLINS COLORADO 
CLK SBERR SDTACK LPAl /MMUCY /CACY /BMINE /sT4 /ST1 /ST2 /ST5 GND 
JOE /ST3 /PAlINV /DERR /DRDY /BREQ /PAS CYCLE HIDLE LIDLE /PRCY VCC 

IF (OE) BREQ:=/ST2*/ST3*/ST4*ST5 
+ST1*/ST2*/ST3*/ST4 
+/ST1*/ST3*ST4 
+/ST1*/ST2*ST4 
+CACY*/ST2*/ST3*/ST4 
+PRCY*/ST2*/ST3*/ST4 
+/ST1*ST2*ST3*ST5 
+/ST1*ST2*/ST4*/ST5 
+MMUCY*/ST2*/ST3*/ST4 

IF (OE) CYCLE:=/SBERR*/SDTACK*/ST1*/ST2*/ST4*ST5 
+/SBERR*/SDTACK*/ST1*ST3*ST4*/ST5 
+/ST1*/ST2*/ST3*ST4*/ST5 

IF (OE) DERR:=MMUCY*/ST1*/ST2*ST3*/ST4*/ST5 
+CACY*/ST1*/ST2*ST3*/ST4*/ST5 
+SBERR*/ST1*/ST2*/ST4*ST5 
+SBERR*/ST1*ST3*ST4*/ST5 
+PRCY*/ST1*/ST2*ST3*/ST4*/ST5 

IF (OE) DRDY:=/SBERR*SDTACK*/ST1*/ST2*ST3*/ST4*ST5 
+/CACY*/SBERR*SDTACK*/ST1*/ST2*/ST4*ST5 
+MMUCY*/ST1*ST2*/ST3*/ST4*ST5 
+CACY*/ST1*ST2*/ST3*/ST4*ST5 
+/SBERR*SDTACK*/ST1*ST2*ST3*ST4*/ST5 
+/CACY*/MMUCY*/SBERR*SDTACK*/ST1*ST3*ST4*/ST5 
+PRCY*/ST1*ST2*/ST3*/ST4*ST5 

IF (OE) HIDLE:=/LPA1*/SBERR*SDTACK*/ST1*/ST2*ST3*ST4*/ST5 
+LPA1*/SBERR*SDTACK*/ST1*/ST2*ST3*/ST4*ST5 
+/CACY*/MMUCY*/SBERR*SDTACK*/ST1*/ST2*ST3*ST4*/ST5 

IF (OE) LIDLE:=CACY*LPAl*/SBERR*SDTACK*/ST1*/ST2*ST3*ST4*/ST5 
+LPA1*MMUCY*/SBERR*SDTACK*/ST1*/ST2*ST3*ST4*/ST5 
+/LPAl*/SBERR*SDTACK*/ST1*/ST2*ST3*/ST4*ST5 

IF (OE) PA1INV:=/ST1*ST4*ST5 
+/ST1*ST2*/ST5 
+ST1*/ST2*/ST3*/ST4*/ST5 
+/ST1*/ST2*ST3*ST5 

IF (OE) PAS:=/ST1*ST2*/ST3*ST4 
+/ST1*ST3*ST4*ST5 
+BMINE*CACY*/ST1*/ST2*/ST3*/ST5 
+BMINE*PRCY*/ST1*/ST2*/ST3*/ST5 
+/ST1*ST2*ST3*ST5 
+/ST1*/ST3*ST4*/ST5 

DESCRIPTION 

{4HT/MJM"',I,At"J;',,i'. 1$ 4;; ,grwut&itmQi;;==. 
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+ST1*/ST2*/ST3*/ST4*ST5 
+/SBERR*/SDTACK*/ST1*ST4*/ST5 
+/SBERR*/SDTACK*/ST1*/ST2*/ST4*ST5 
+BMlNE*MMUCY*/ST1*/ST2*/ST3*/ST5 

IF ( GND) THEN ST3 = ST3 ; DUMMY TERM TO CREATE INPUT 

IF ( GND) THEN PRCY = PRCY ; DUMMY TERM TO CREATE INPUT 

DESCRIPTION I Dwg No.A' 'J.~:LlU-4jti~-J. IPAGE j ob 
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FUNCTION TABLE 
CLK IOE SBERR SDTACK LPAl IMMUCY ICACY IBMINE IST4 ISTl IST2 IST5 IST3 IPAlINV 
IDERR /DRDY /BREQ IPAS CYCLE HIDLE LIDLE /PRCY 

I 
S I / P 

S D M I B A / I I C H L I 
, 
;C 
;L 
;K . 

BTL M C M I I / I I 1 D D B I Y I I P 
/ E A P U A ISS S S S I ERR P C D D R 
o RCA C C N T T T T T N R D E ALL L C 
E R K 1 Y Y E 412 5 3 V R Y Q SEE E Y 

C H L L L H H H H H H H H Z Z Z Z Z Z Z Z H 
C L L L L H H H H H H H H H H H H H L L L H 
C L L L L H L H H H H H H H H H L H L L L H 
C L L L L H H H H H H H H H H H H H L L L H 
C L L L L H L L H H H H H H H H L L L L L H 
C L L L L H L L H H L L L H H H L L L L L H 
C L L L L H L L L H H H L H H H L L H L L H 
C L L H L H L L L H H H L H H H L H L H L H 
C L L H L H L L H H L H L L H H L H L L L H 
C L L L L H L L L H L L H L H H L L L L L H 
C L L L L H L L H H H L L L H H H L H L L H 
C L L H L H L L H H H L L L H L H H L L H H 
C L L H L H L L H H L L H H H L H H L L L H 
C L L L L H H L H H L L H H H H H H L L L H 
C L L L L H L L H H H H H H H H L L L L L H 
eLL L L H L L H L H L H H H H L L L L L H 
C L L L L H L L L H H H H H H H L L H L L H 
C L L H L H L L H H H L H H H H L H L L L H 
C L L H L H L L H L H H H L H H L H L L L H 
C L L L L H L L L H H L L L H H L L L L L H 
C L L L L H L L L H L H L L H H H L H L L H 
C L L H L H L L L H L H L L H L H H L L L H 
C L L H L H L L H H L L H H H L H H L L L H 
C L L L L H H L H H L L H H H H H H L L L H 
eLL L L H H L H H H H H H H H L L L L L L 
C L L L L H H L L H H H L H H H L L H L L L 
C L L H L H H L L H H H L H H L L H L H L L 
C L L H L H H L H H L L H H H L H H L L L L 
C L L L L H H L H H L L H H H H H H L L L H 
C L L L L H H L H H H H H H H H L L L L L L 
C L L L L H H L L H H H H H H H L L H L L L 
C L L H L H H L H H H L H H H L L H L L L L 
C L L H L H H L H H L L H H H L H H L L L L 
C L L L L H H L H H L L H H H H H H L L L H 
C L L L L L H L H H H H H H H H L L L L L H 
C L L L L L H L L H H H L H H H L L H L L H 
C L L H L L H L L H H H L H H H L H L H L H 
C L L L L L H L H H L H L L H H L H L L L H 
C L L L L L H L L H L L H L H H L L L L L H 
eLL L L L H L H H H L L L H H H L H L L H 
eLL H L L H L H H H L L L H L H H L L H H 
eLL H L L H L H H L L H H H L H H L L L H 

DESCRIPTION I Dwg No. A-1820-4389-1 IPAGE 4 of 5 



: rA~ HEWLETT 
. ~ ~~. PACKARD 

" 

. f , 

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 

1 c 
1 C I c 
I. c 
~ 

I 

c 
c 
C 

A 

C 

i 
c 
c 
c 
c 
c 

I 
c 
c 

DESCRIPTION 
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L L L L H H L H H L L H H H H H H L L L H 
L L L L L H L H H H H H H H H L L L L L H 
L L L L L H L L H H H H H H H L L H L L H 
L L H L L H L H H H L H H H L L H L L L H 
L L H L L H L H H L L H H H L H H L L L H 
L L L L H H L H H L L H H H H H H L L L H 
LLLHHLLHHHHHHHHLLLLLH 
L L L H H L L L H H H H H H H L L H L L H 
L L H H H L H H H H L H H H H L H L L L H 
L L H H H L H H L H H H L H H L H L L L H 
L L L H H L L L H H L L L H H L L L L L H 
L L L H H L L L H L H L L H H H L H L L H 
L H L H H L L L H L H L L L H H H L L L H 
L H L H H L L H H H H L H L H H H L L L H 
L L L H H H L H H H H L H H H H H L L L H 
L L L H H H L H H H H H H H H L L L L L L 
L L L H H H L L H H H L H H H L L H L L L 
L H L H H H L L H H H L H L H L H L L L L 
L H L H H H L H H H H L H L H H H L L L L 
L L L H H H L H H H H L H H H H H L L L H 
L L L H H H L H H H H H H H H L L L L L L 
L L L H H H L L H H H L H H H L L H L L L 
L L H H H H L L H H H L H H L L H L H L L 
L L H H H H L H H L L H H H L H H L L L L 
L L L H H H L H H L L H H H H H H L L L H 
L L L H H H L H H H H H H H H L L L L L L 
L L L H H H L L H H H H H H H L L H L L L 
L H L H H H L H H H L H H L H L H L L L L 
L H L H H H L H H H H L H L H H H L L L L 
L L L H H H L H H H H L H H H H H L L L H 
L L L H H H L H H H H H H H H L L L L L L 
L L L H H H L L H H H H H H H L L H L L L 
L L H H H H L H H H L H H H L L H L L L L 
L L H H H H L H H L L H H H L H H L L L L 
L L L H H H L H H L L H H H H H H L L L H 
L L L H H L L H H H H H H H H L L L L L H 
L L L H H L L L H H H L H H H L L H L L H 
L L H H H L H L H H H L H H H L H L L H H 
L L H H H L H H H L H L L H H L H L L L H 
L L L H H L L L H L L H L H H L L L L L H 
L L L H H L L H H H L L L H H H L H L L H 
L L H H H L L H H H L L L H L H H L H L H 
L L H H H L L H H L L H H H L H H L L L H 
L L L H H H L H H L L H H H H H H L L L H 
L L L H L H L H H H H L H L H H H L L L H 
L H H H L H L L H H H L H L H L H L L L H 

gqiA iHi ,,,1(4,;: :W::=idM 
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REASON FOR C"HAI~GE: I *CHECK APPROPRIATE BOXES AND STATE IN REMARKS WHY ACTION TO BE TAKEN IS NECESSARY I 

o DELETE MFR. 0 ADD MFR. 0 NEW MFI. 0 NEW OIIMSED O NO OWG. CHANGE 
IEQUIlED 

• NEW 01 REVISED Sl'EC. DWG. . PAfT NO. KAIOEX 0ESCItI'Tl0N 
It ATTACHED MAIIC·UP DOTHER: ________________________________________ 

I 

REMARKS:- add; ng documentat; on 
Indicate Kardex master changes below: Show information to be DELETED on the left side and information to be ADDED on the right side. 
For complete revision, check "~Ieft side and enter new information on the right. 

I DelETE I TITLE IADDI nnE A-1820-4385-1 Rev A 
AU 8-5959-4365-1 

DESCRIPTION DESCRIPTION 

Axxg A-59S9-4365-1 

A"V ~ 

.;\ ~ \ v k~V 
()~y P'V 

yo 

,~ 

91~F~1 

DIVISIONAL ACTION REQUIRED WHEN APPLICABLE 
AFFECTS Of'EN '.O:S, II AfFECTS STOCK ON HAN!> II,·C.O.I£QUIIED YES 0 ACTION API'IOVED REJECTED' IY DATE 

YEsD NO~ YEsD NO[] li NO PROD. ENGR. I 
I 0:'1. QA 

-SPECIAL 
R&D --'~ I INSTRUCTIONS: 

(DIVISIONAL) PURCHASING V ~-tJ/ 7/?q~ 
MTL ENGR. I~ ~~ - v '7 / '2~-
PIODUCT SAFETY r. f ,- I 
MFG. SPECS V sa hlJZJJ!£( '6"/ J 
- NOTE: SEE SPECIAL DIVISIONAL INSTRUCTIONS I 

I JIb I DISPOSITION I FAIl. ASSY. I ClASS: 

E.-DlV. PAir, ACTION COMPlETE c\"r"~~f -;i:) D~' 2. 

FINAL ~ -SPECIAL 
FORMAT TiTlE INSTRUCTIONS: 

.-:;;;;CORPORATE MATERIALS SPECIFICATIONS ACTION ONlY~ 

(CORPORA TEl 
DESCRIPTION 

DIVISIONS CONTACTED IY CMS (LOG ACTIONI 

I I I I I I I I I I I I I 
DIVISIONS REQUIRING DOCUMENTATION 

I 
PART rn 

STATUS CODE: 
STANDARD I 

NOTE CODE:. I I I I I I I I I I I I I I I I I I 
ACTION IY 

I-M:::A:;:.N;.::U.:..:.FA;.::CTU~RE::.::.R __________________ ..:.;.M;;.,;FR;:... P;...A;;;.;RT~N.;..;;O~. APPROVED 0 MTl ENGR. 
REJECTED- t ~~~~ 0 ~ ___ '--_____ --L. __ --'-__ ---! 

CANCELLED- f INSTRUCTIONS 0 MOB ENTRY YES D NO D 
CORP. SPECS COM'LETE 

DIV./CORP. ACTION COpy 
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"HEWLETT-PACKARD CO. 1I 
NOTE: This page provides a running history of changes for a mUlti-page 

drawing which cannot conveniently be re-issued completely after 
each change. When making a change, list for each page all before-
and-after numbers (within reason; use judgement, and use 
"extensive" revision note if loss of past history is tolerable, or 
retype complete page) and associate with each a symbol made up of 
the change letter and a serial subscript to appear here and on the 
page involved (there enclosed in a circle, triangle, or other 
attention-getting outline). 

Ltr REVISIONS DATE INITIALS 

A as issued 1-Iz,f5 ~ G-.t-t 
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Fli;' HEWLETT 
':1!iI~ PACKARD 

PAL20R8 PAL DESIGN SPEC 
PART NUMBER: 1820-4385 Rev A JON RUBINSTEIN 5/29/84 
VALID BIT MUX PAL 
HEWLETT PACKARD FORT COLLINS COLORADO 
CLK INO IN1 IN2 IN3 UVB SVB IN4 IN5 IN6 IN1 GND 
/ENA3 /V7 /v6 /V5 /v4 /V3 /V2 /Vl /VO A2 VCC 

VO :=/A3*/A2*/lNB 
+/A3* A2*/INO 
+ A3*/A2*/INO 
+ A3* A2*/INO 

V1 :=/A3*/A2*/IN1 
+/A3* A2*/UVB 
+ A3*/A2*/IN1 
+ A3* A2*/IN1 

V2 :=/A3*/A2*/IN2 
+/A3* A2*/IN2 
+ A3*/A2*/llVB 
+ A3* A2*/IN2 

V3 :=/A3*/A2*/IN3 
+/A3* A2*/IN3 
+ A3*/A2*/IN3 
+ A3* A2*/TNB 

v4 :=/A3*/A2*/SVB 
+/A3* A2*/IN4 
+ A3*/A2*/IN4 
+ A3* A2*/IN4 

V5 :=/A3*/A2*/IN5 
+/A3* A2*/SVB 
+ A3*/A2*/IN5 
+ A3* A2*/IN5 

v6 :=/A3*/A2*/IN6 
+/A3* A2*/IN6 
+ A3*/A2*/SVB 
+ A3* A2*/IN6 

V1 :=/A3*/A2*/IN1 
+/A3* A2*/IN7 
+ A3*/A2*/IN7 
+ A3* A2*/SVB 

DESCRIPTION 

~$i#M(iiIii."L",,,,.a:;; W.N. 44444* 4 .hOld; 4M¥ ¢ . 44 W,. Ub,·lUCI.4'MMlG 

I Dwg No. A-1820-4385-1I pAGE 2 of 3 



. , 

I 

I 
w 

MH" tHttI&iH±bWttHf*= rq 

FUNCTION TABLE 
CLK lEN SVB UVB IN7 IN6 IN5 IN4 IN3 IN2 INl INO A3 A2 
IV7 Iv6 /V5 Iv4 IV3 /V2 IVl Ivo 

;C I SUI I I I I I I I I I I I I I I I 
;L E V V N N N N N N N N A A V V V V V V V V 
;K N B B 7 6 5 4 3 2 1 0 3 2 7 6 5 4 3 2 1 0 

X H X X X X X X X X X X X X Z Z Z Z Z Z Z Z 
C H H H H H H H H H H H H H Z Z Z Z Z Z Z Z 
C LHHHHHHHHHHHH HHHHHHHH 
C LHHHHHHHHHLHH HHHHHHHL 
C LHHHHHHHHHLHL HHHHHHHL 
C L H H H H H H H H H L L H H H H H H H H L 
C LHHHHHHHHHLLL HHHHHHHH 
C L H L H H H H H H H L L L H H H H H H H L 
C LHHHHHHHHLHHH HHHHHHLH 
C LHHHHHHHHLHHL HHHHHHLH 
C LHHHHHHHHLHLH HHHHHHHH 
C L H L H H H H H H L H L H H H H H H H L H 
C LHHHHHHHHLHLL HHHHHHLH 
C LHHHHHHHLHHHH HHHHHLHH 
C LHHHHHHHLHHHL HHHHHHHH 
C L H L H H H H H L H H H L H H H H H L H H 
C LHHHHHHHLHHLH HHHHHLHH 
C L H H H H H H H L H H L L H H H H H L H H 
C LHHHHHHLHHHHH HHHHHHHH 
C L H L H H H H L H H H H H H H H H L H H H 
C L H H H H H H L H H H H L H H H H L H H H 
C LHHHHHHLHHHLH HHHHLHHH 
C LHHHHHHLHHHLL HHHHLHHH 
C LHHHHHLHHHHHH HHHLHHHH 
C LHHHHHLHHHHHL HHHLHHHH 
C LHHHHHLHHHHLH HHHLHHHH 
C LHHHHHLHHHHLL HHHHHHHH 
eLL H H H H L H H H H L L H H H L H H H H 
C LHHHHLHHHHHHH HHLHHHHH 
C LHHHHLHHHHHHL HHLHHHHH 
C LHHHHLHHHHHLH HHHHHHHH 
C LLHHHLHHHHHLH HHLHHHHH 
C LHHHHLHHHHHLL HHLHHHHH 
C LHHHLHHHHHHHH HLHHHHHH 
C LHHHLHHHHHHHL HHHHHHHH 
C LLHHLHHHHHHHL HLHHHHHH 
C LHHHLHHHHHHLH HLHHHHHH 
C LHHHLHHHHHHLL HLHHHHHH 
C LHHLHHHHHHHHH HHHHHHHH 
C LLHLHHHHHHHHH LHHHHHHH 
C LHHLHHHHHHHHL LHHHHHHH 
C LH H L H.H H H H H H L H L H H H H H H H 
C LHHLHHHHHHHLL LHHHHHHH 

COMMENTS 

f DESCRIPTION Dwg No. A-1820-4385-1 PAGE 3 of 3 
t ____________________________________________________________________ ~ ________ __ 
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I!i 
- -- ----Jon Rubinstein (CK) 

.' "'1"' .... ,."' .......... I I"\''\.' ,.,"',"'''' ... .,. ,,, ... "''''' ....... , 
ORIGINATOR PROJECT 

LEADER 

DATE 7'0;2;0(.85 DIV.~EXT. ~~~ 
B 
Y 

FOR V ISotO~S (KARl ' 0 

/ A 
T 
E 

SP ECI AL INSTRU CTION S 0 R REMARKS 

OOcumenfciiflon"""'wiIT 'follow" 
(~Ohl-h549 TJ43) 

ITEM: .... "«' - ' •• " Y'~-""-'" " ........ " • '"... .. ••.••• ___ .•. _ •.•••. ~ ... _. __ .•••• • ... ~ ............ _ ••• _ ••• _. __ ._ 

Programed 22V10A PAL 
DESCRIP. CD .......... -........... _-

__ .. _" ... __ .... ___ ..... _ .. _. ___ j!l= ... _/£~(l= ... _~dc!~_ .. :L_ .... ___ ... __ ........... __ .... __ _ 
...... __ ~.;~ .. --.. -... --......... I2--: .......... ~ .. 't...~~(l.: ...... -s!~~ .. ~.~L ..... _ ... ___ . __ ... _._. 
~l;~ s- 59.5-F- 1'~"S-/ 

~~~~~:==-:=~==:=:===:-=:=-=-=====-===::-~== 
... z .. ~·:~.y. . ..................................... _ .............. _ .......... _ ....................... _ ............ --_ ...... __ ...... _ .................................. _ ................. _______ _ 

-~-;-S-------- ---------------------------------------------------
t5~~··ffi--------·· ...... ------ .. ---... ---.... -------... --.. --.. ----.. -.. ----------... ------.. --------------.. ---... ----

.. ·~-l~·~·6 ............ --.... · ..... · .. -.. --... -.. -... -...... · ... ------------...... --..... -.. ------------... ---------.. -.. -----------.. ------
-.--.-~~ .. -----.---.--.. --.-.•. --.-.•. -... -.-.--.•. -.-._-_ ..... __ ._---_. __ . __ ._-----------_. __ ._----_. __ ._--_.-------.-----.--.-----.---

MANUFACTURER {DO NOT 1..1$T D'STA'8UTOftS) MFR. PART NO. 

DIV, MAT~~VkNG, CORP, 
MFG,SPEC, SPECS. 

J (f l'"-' ,\+-,-,- ", Fl~ 
r:.~c D (e1 /'2-l 

ITEM: ..... _ 

DESCRIP . 

i./i 

.\--. 

rinJ..J 
""'/1) \ / 

MANUFACTURER 

CORP. 
IJioUlT'L ENG H P PART NUMBER 

.\ .i-. 

iVf17 
7;&? 1820 

CAt 025 

MFR. PART NO. 

,\?VER-ALL TOTAL OF 

_1 iU

'''- ""T"-

QTY. ON ORDER P.O. NUMBER/PRICE 

1'PROTOTYPE IPILOT RUN 

Al.l.OCATION 
rRooUOT'o, 

19 IF OTHER THAN 10%: 
,I )REPLACEMENT_SPECIFY 

'I -_% 
'0) REPl ACES PART NO. ON 

O THIS 
IN ST. 
ONL'Y 

ON 

O ALL 
INST. 

, .. ' 

ICHANGE NO. IEFFECTIVE ON RUN NO. USE UP STOCK ON HAND 

DYES ONO 
(CONTACT BUYER) 

...... 

'I I) ESTIMATE MONTHLY USAGE H 1 I F NOT SH 0 WN IN 

'I SECTIONS 3-7 --------
!
)'NCOMING INSPECT~~. I IF YES SUBMIT !1 a)TOOLING CHARGE? I 12 YES 0 NO' : INSTRUCTIONS TO 13. 0 0 I IF YES. COMPLETE 

I INCOMING INSPECTION YES NO: SECTION 14 

\ VENDOR 'AMOUNT' DIV. APPROVAL I ACCT. NO. LOC. CODE PAID FOR ON P.O., PROPERTY OF 
l~~--~~--~I--~~I~~~l----~----~----~I-HPO--VE-NoO-RD~11 

O PRICE CARD 
ATTACHED 

MFG, TIME 
ARO (WKS.) 

RFQ 
DATE 

'. 
..... MAT.'ERIALSENGINEERING TO COMPL£TE .' 

QUOTE REQUESTED CORPORATE AGREEMENT 

VENDOR 

01 [] IOTHER 
MIN. SHIPMEN T RU L ES 

UNIT OF MEASURE DEPARTMENT 

SHIPPING TIME------~W~K7S-.------L---~~--~S~r.~,M-.~Q~TY~.--------------~~-L------L-------~I 

/UNIT PRICE 

BY 

E. R. 
(OIV, NO.) 

DATE 

P.O. PROC. TIME----~W~K~S~.-------,--------~-----------------------rA-C-C.T~.~N~O~.~~~------;r-----------------------+~--~------~~~~~~ 

13JC") 
TOTAL LEAD TlME _____ _ SAFETY FACTOR _______ __ 

WKS. WKS. 

EXOTIC 0 (METALS) 

9320-0428 (10-73) CORP. SPECS. ACnON COpy 

14M;; 1 i.nid_US;; #44 M ; 4P44A ¥ t\; F.FiMh; I matMGlilM1G iIMWMiIiI# 



~~ PAc-KARD PURCHASED PART CHANGE REOO~~Ttt ~ ::t ~t!~t!I . \t!l.l.!~IP:':' i"M I -I: r' JIrt.Y' II IIUIWdt:lr i,,! I I 

(OR FAMilY DWG. NO.) 

ORIGINATQR Jon Rubinstein (CK) EXT. 2678 DIVISION NO. 40 DATE 7 L 23L 85 1820 -4386 
REASON FOR CHANGE: f *CHECK APPROPRIA Tf BOXES AND STA TE IN REMARKS WHY ACTION TO BE TAKEN IS NECESSARY) 

O~LETE MFR. o ADD MFR. o NEW MR. o NEW OIlEVlSED o NO DWG. CHANGE 

XJ NEW 01 REVISED SPEC. DWG. 
PAIT NO. KAIDO DESCIII'TlON IEQUIIED 

PEl ATTACHED MAIIC·UP o OTHER: 

REMARKS:- Aaaiag ggsQm€!u~:t;a:t;:i:ea 

Indicate Kardex master changes below: Show information to be DelETED on the left side and information to be ADDED on the right side. 
For complete revision, check "ALL" on left side and enter new information on the right. 

I DELETE I TITLE IADDI nnE A-1820-4386-1 Rev A 
ALL 8-5958-4365-1 DESCRIPTION DESCRIPTION 

A-595Q-4365-1 

.,.<V ~ 

,..\ ~ \ v L<'lV 
\~)·~v F 

"r' 

,Ir 

DIVISIONAL ACTION REQUIRED WHEN APPLICABLE II :COKQU~D AFFECTS OPEN P.O:~ II AFF£CTS sroa ON HAN!> YES 0 ACTION AP'PIOVED REJECTED' IY DATE 

YES 0 NO [lg YES 0 NO lli1 NO~ PROD. ENGR. I 
I DIV. QA 

• SPECIAL 
R&D U2. I INSTRUCTIONS: /) 

(DIVISIONAL) PURCHASING ,/ l1 -<i/ 7 1?9/~" 
MTL ENGR. .? .~ c.,..z~. - 7 / 2~~-, 
PRODUCT SAFETY 

t'i /, / 
MFG. SPECS ~ ,k[p h:QV~v~ ~ I I 
- NOTE: SEE SPECIAL DIVISIONAl INSTRUCTIONS I I t/o I ~SPOsmON I FAI. ASSY. I ClASS: 

ER-DIV. PArT, ACTION COMPLETE ~Y~ 2 DjTJz... 

~~=~======~CORPORATE MATERIALS SPECIFICATIONS ACTION ONlY~===========. 
FINAL 1 -SPECIAL 
FORMAT I TITLE _____________________ --1 INSTRUCTIONS: _____________________ -l 

DESCRIPTION, _____________________ -I 

PART OJ 
STATUS CODE: 

STANDARD I I I I I 
NOTE CODE: 

(CORPORATE) 

DIVISIONS CONTACTED IY eMS (lOG ACTION) 

I I I I I I I I I I I I I I 

I I I I I ~~TftQrNGr·'T'ON I I I I I 
ACTION IY 

I-M::.::A..:;.N.:..=U.:..:.FA.:..=CTU~RE:.:.:R __________________ ..:.:.M;;..:FR.;.... ;.;,.PA;;,;.;rT;.;,.N..;.;;O~. APPROVED 0 MTL ENGR. 

REJECTED- t ~~~~~ Ol-----.L--------L----I.------l 
CANCELLED· ~ INSTRUCTIONS 0 MOB ENTRY YES 0 NO D 

COIf'. SPECS. COMPLETE 

8320-0428 1I7e 

DIV./CORP. ACTION COpy 

ii; i.", "eAi4liliLJW£::uuu..w-
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li HEWLETT-PACKARD CO. 

NOTE: This page provides a running history of changes for a mUlti-page 
drawing which cannot conveniently be re-issued completely after 
each change. When making a change, list for each page all before-
and-after numbers (within reason; use judgement, and use 
"extensive" revision note if loss of past history is tolerable, or 
retype complete page) and associate with each a symbol made up of 
the change letter and a serial subscript to appear here and on the 
page involved (there enclosed in a circle, triangle, or other 
attention-getting outline). 

Ltr REVISIONS DATE INITIALS 

A as issued ?-/Z-~ J" , (,~.l f't'-
\ 

Model No. 98561B I Stock No. 

Title Design Specification 

Description Date 7-23-85 

By Jon Rubinstein Sheet No. 
1 

of 
L 

Supersedes Drawing No. A-182n-_~~8n-l 
9320-3246 (6/75) 
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Flii' HEWLETT 
a:~ PACKARD 

,","W 't . hl"\ H.!t'fl!WM++tJ!t*w+ btM * rid', .. ,.!. t 

PAL22V10 PAL DESIGN SPEC 
PART NUMBER: 1820-4386 REV A JON RUBINSTEIN 10/11/84 
MMU STATE MACHINE PAL 1 
HEWLETT PACKARD FORT COLLINS COLORADO 
CLK /PURST /DRDY /DERR /LOOKUP /OE WR68 BPDO BPDl BPD2 BPD3 GND 
BPD4 /MERR /RCLR /PTF /TERR /sT4 /ST1 /ST2 /ST3 JPF /WPF vec 

IF (OE) ST1:=ST1*ST2*/ST4*/PURST 
+LOOKUP*ST1*/ST4*/PURST 
+ST1*/ST2*ST4*/PURST 
+DERR*/ST2*ST3*ST4*jPURST 
+/BPD1*/ST2*/ST3*ST4*/PURST 
+BPDO*/ST2*/ST3*ST4*/PURST 
+ST1*/ST3*/PURST 
+/ST1*ST2*ST3*ST4*/PURST 
+BPD2*WR68*/ST2*/ST3*ST4*/PURST 

IF (OE) ST2:=/ST1*ST2*ST4*/PURST 
+ST2*/ST3*ST4*/PURST 
+LOOKUP*/ST1*/ST3*/ST4*/PURST 
+/ST1*ST2*/ST3*/PURST 
+/BPDO*BPD1*/WR68*/ST1*/ST3*ST4*/PURST 
+/BPDO*BPD1*/BPD2*/ST1*/ST3*ST4*/PURST 
+/DERR*ST1*ST2*ST3*/ST4*/PURST 

; ADDED PURST TO ALL STATE INFO 

IF (OE) ST3:=BPDO*/BPD1*jWR68*ST2*/ST3*/ST4*/PURST 
+BPDO*/BPD1*/BPD2*ST2*/ST3*/ST4*/PURST 
+/ST1*ST2*/ST4*/PURST 
+/ST1*ST2*ST3*/PURST 
+/DERR*/DRDY*/ST2*ST3*ST4*/PURST 
+/DERR*/ST1*ST3*ST4*/PURST 
+/BPDO*BPD1*/WR68*/ST2*/ST3*ST4*/PURST 
+/BPDO*BPD1*/BPD2*/ST2*/ST3*ST4*/PURST 
+/DERR*/DRDY*ST2*ST3*/ST4*/PURST 
+ST1*/ST2*/ST3*/PURST 
+LOOKUP*ST1*/ST2*/ST4*/PURST 

IF (OE) ST4:=DERR*/ST2*ST3*ST4*/PURST 
+/DRDY*/ST2*ST3*ST4*/PURST 
+/ST1*/ST2*/ST3*ST4*/PURST 
+LOOKUP*/ST1*/ST2*/ST3*/PURST 
+DERR*ST2*ST3*/ST4*/PURST 
+DRDY*ST2*ST3*/ST4*/PURST 
+BPD1*ST1*ST2*/ST3*/ST4*/PURST 
+/BPDO*ST1*ST2*/ST3*/ST4*/PURST 
+BPD2*WR68*ST1*ST2*/ST3*/ST4*/PURST 
+/BPD4*WR68*ST1*ST2*/ST3*/ST4*/PURST 
+/ST1*ST3*/ST4*/PURST 
+/BPD3*ST1*ST2*/ST3*/ST4*/PURST 

IF (OE) MERR:=LOOKUP*ST1*/ST2*ST3*/ST4 

IF (OE) PF:=BPD1*ST1*ST2*/ST3*/ST4 
+/BPDO*ST1*ST2*/ST3*/ST4 

DESCRIPTION 

;4$ US A * ¢ .; ¥ M¥ T4T! % R\l¥¥1\ !l'ffE,1I'Iftij,K MUM&;:W,',,"&2 

1 Dwg No. A-1820-43Ah-l IPAGE ? of 7 



r,:. HEWLETT a.T .... PACKARD 

+DERR*ST1*ST2*ST3*/ST4 
+BPD2*WR68*ST1*ST2*/ST3*/ST4 
+DERR*ST1*/ST2*ST3*ST4 
+/PTF*ST1*jST2*/ST3*ST4 

IF (OE) PTF:=/BPD1*/ST1*/ST2*/ST3*ST4 
+BPDO*/ST1*/ST2*/ST3*ST4 
+PTF*ST1*/ST2*/ST3*ST4 
+DERR*/ST1*/ST2*ST3*ST4 
+BPD2*WR68*/ST1*jST2*/ST3*ST4 

IF (OE) RCLR:=BPD1*ST1*ST2*/ST3*ST4 
+/BPDO*ST1*ST2*/ST3*ST4 
+/BPD1*/ST1*/ST2*ST3*/ST4 
+BPDO*/ST1*/ST2*ST3*/ST4 
+DERR*/ST2*ST3*ST4 
+DERR*ST1*ST2*ST3*/ST4 
+BPD2*WR68*STl*ST2*/ST3*ST4 
+BPD2*WR68*/ST1*jST2*ST3*/ST4 
+PURST 

IF (OE) TERR:=BPD1*ST1*ST2*/ST3*jST4 
+/BPDO*ST1*ST2*/ST3*/ST4 
+/BPD1*jSTl*/ST2*/ST3*ST4 
+BPDO*/ST1*/ST2*jST3*ST4 
+BPD2*WR68*ST1*ST2*/ST3*/ST4 
+BPD2*WR68*jST1*/ST2*/ST3*ST4 

IF (OE) WPF:=BPD2*WR68*ST1*ST2*/ST3*/ST4 
+BPD2*WR68*/ST1*/ST2*/ST3*ST4 

litilU" ft'K±+HtUMnbtelt'±'fflHi'iwthtHth #' M'tH! hi (t ht 

; ADDED PURST 

!DESCRIPTION I Dwg N0'A-1820-4386-1 lpAGE 3 of 7 
),--------------------------------------------~~--~~~~~~~~----~--------
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FA:' HEWLETT 
a:~, PACKARD 

FUNCTION TABLE 
CLK IOE IpURST /DRDY /DERR /LOOKUP WR68 BPDO BPDl BPD2 BPD3 BPD4 /MERR /RCLR 
/PTF lTERR IST4 ISTl /ST2 IST3 IPF IWPF 

/ 
I L 
P I / 0 / / / 

, 
;C 
;L 
;K 

U D DOW B B B B B M R / T / / / / / 
/ R R E K R P P P P P E C PES S S S / W 
OSDRU6DDDDDRLTRTTTTPP 
E T Y R P 8 0 1 2 3 4 R R F R 4 1 2 3 F F 

CHLHHHLLLLLLZZZZZZZZZZ 
CLLHHHLLLLLLHLHHHHHHHH 
CLLHHHLLLLLLHLHHHHHHHH 
CLHHHHLLLLLLHHHHHHHHHH 
CLHHHHLLLLLLHHHHHHHHHH 
CLHHHLLLLLLLHHHHLHLHHH 
CLHHHLLLLLLLHHHHHHLHHH 
CLHHHLLLLLLLHHHHHHLLHH 
CLHHHHLLLLLLHHHHLHHLHH 
CLHHHHLLHLLLHHHHLHHLHH 
CLHLHHLLHLLLHHHHHHHLHH 
CLHLHHLLHLLLHHHHLHHHHH 
CLHHHHLLHLLLHHHHLHLLHH 
CLHHHHLHLLLLHHHHHLLLHH 
CLHHHHLHLLLLHHHHHLLLHH 
CLHLHHLHLLLLHHHHLLLHHH 
CLHLHHLHLLLLHHHHHLLHHH 
CLHHHHLHLLLLHHHHLLHLHH 
CLHHHHLHLLLLHHHHLLHLHH 
CLHLHHLLLLLLHHHHHLHHHH 
CLHLHHLLLLLLHHHHHLHLHH 
CLHHHHLLLLLLHHHHHHHHHH 
CLHHHLHLLLHLHHHHLHLHHH 
CLHHHLHLLLHLHHHHHHLHHH 
CLHHHLHLLLHLHHHHHHLLHH 
CLHHHLHLLLHLHHHHLHHLHH 
CLHLHLHLHLHLHHHHHHHLHH 
CLHLHLHLHLHLHHHHLHHHHH 
CLHHHLHLHLHLHHHHLHLLHH 
CLHHHLHLHLHLHHHHHLLLHH 
CLHLHLHHLLHLHHHHLLLHHH 
CLHLHLHHLLHLHHHHHLLHHH 
CLHHHLHHLLHLHHHHLLHLHH 
CLHLHLHLLLHLHHHHHLHHHH 
CLHLHLHLLLHLHHHHHLHLHH 
CLHHHLHLLLHLLHHHHLHLHH 
CLHHHHHLLLLLHHHHHHHHHH 
CLHHHLHLLLLLHHHHLHLHHH 
CLHHHLHLLLLLHHHHHHLHHH 
CLHHHLHLLLLLHHHHHHLLHH 
CLHHHLHLLLLLHHHHLHHLHH 
CLHHLLHLLLLLHLLHLLHHHH 
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CLHHHLLLLLLLHHHHLHLHHH 
CLHHHLLLLLLLHHHHHHLHHH 
CLHHHLLLLLLLHHHHHHLLHH 
CLHHHLLLLLLLHHHHLHHLHH 
CLHLHLLLLLLLHHHHHHHLHH 
CLHLHLLLLLLLHLHHLHHHHH 
CLHHHLLLLLLLHHLLLLHHHH 
CLHHHLLLLLLLHHLHHLHLHH 
CLHHHLLLLLLLLHHHHLHLHH 
CLHHHHLLLLLLHHHHHHHHHH 
CLHHHLLHLLLLHHHHLHLHHH 
CLHHHLLHLLLLHHHHHHLHHH 
CLHHHLLHLLLLHHHHHHLLHH 
CLHHHLLHLLLLHHHHLHHLHH 
CLHLHLLHLLLLHHHHHHHLHH 
CLHLHLLHLLLLHLHHLHHHHH 
CLHHHLLHLLLLHHLLLLHHHH 
CLHHHLLHLLLLHHLHHLHLHH 
CLHHHLLHLLLLLHHHHLHLHH 
CLHHHHLLLLLLHHHHHHHHHH 
CLHHHLHLHHLLHHHHLHLHHH 
CLHHHLHLHHLLHHHHHHLHHH 
CLHHHLHLHHLLHHHHHHLLHH 
CLHHHLHLHHLLHHHHLHHLHH 
CLHLHLHLHHLLHHHHHHHLHH 
CLHLHLHLHHLLHLHHLHHHHH 
CLHHHLHLHHLLHHLLLLHHHL 
CLHHHLHLHHLLHHLHHLHLHH 
CLHHHLHLHHLLLHHHHLHLHH 
CLHHHHLLHLLLHHHHHHHHHH 
CLHHHLLLHLLLHHHHLHLHHH 
CLHHHLLLHLLLHHHHHHLHHH 
CLHHHLLLHLLLHHHHHHLLHH 
CLHHHLLLHLLLHHHHLHHLHH 
CLHLHLLLHLLLHHHHHHHLHH 
CLHLHLLLHLLLHHHHLHHHHH 
CLHHHLLLHLLLHHHHLHLLHH 
CLHHHLLLLLLLHHHHHLLLHH 
CLHHLLLLLLLLHLHHLLHHLH 
CLHHLLLLLLLLHHHHHLHLLH 
CLHHHLLLLLLLLHHHHLHLHH 
CLHHHHLLLLLLHHHHHHHHHH 
CLHHHLLLHLLLHHHHLHLHHH 
CLHHHLLLHLLLHHHHHHLHHH 
CLHHHLLLHLLLHHHHHHLLHH 
CLHHHLLLHLLLHHHHLHHLHH 
CLHLHLLLHLLLHHHHHHHLHH 
CLHLHLLLHLLLHHHHLHHHHH 
CLHHHLLLHLLLHHHHLHLLHH 
CLHHHLLLHLLLHHHHHLLLHH 
CLHLHLLLLLLLHHHHLLLHHH 
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CLHHHLLLHLLLHHHHHHLLHH 
CLHHHLLLHLLLHHHHLHHLHH 
CLHLHLLLHLLLHHHHHHHLHH 
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CLHHHLLHLLHLHHHHHLHLHH 
CLHHHLLHLLHLLHHHHLHLHH 
CLHHHHLLLLLLHHHHHHHHHH 
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CLHHHLHLHLLLHHHHHHLHHH 
CLHHHLHLHLLLHHHHHHLLHH 
CLHHHLHLHLLLHHHHLHHLHH 
CLHLHLHLHLLLHHHHHHHLHH 
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$ MP,;;;;PW441P!fi4¥4M4!Wj4&&fM,;; ,«44.44 t,; J4tM4%41tMi"iL= .$ 4 

1 Dwg N0'A-1820-4386-1 IPAGE 6 of 7 

L¢ 4_. 4QUA;; .# sw A ,¥'PEfAr;;;;y;;",·,f4F¥%I$\ I e,,, 



CLHLHLHHLLLLHHHHLLLHHH 
CLHLHLHHLLLLHHHHHLLHHH 
CLHHHLHHLLLLHHHHLLHLHH 
CLHHLLHLLLLLHLHHLLHHLH 
CLHHLLHLLLLLHHHHHLHLLH 
CLHHHLHLLLLLLHHHHLHLHH 
CLHHHHLLLLLLHHHHHHHHHH 

[ DESCRIPTION I Dwg No. A-1820-4386-1 IpAGE 7 of 7 



IORIGINATOR Jon Rubinstein (CK) 
PURCHASED PART NUMBER REQUEST .83150 

iDIV.~EX.T. 26~§ 
IFO~ ,DIVISI0"40

KARIJS-)<" 
DATE 

SPECIAL INSTRUCTIONS OR REMARKS 

! ! i 2;0 ,. 

I T EM:·~---,,-P·rog ramed ··16R8A··PAL··---.. · ... ······· .-.-.~-- ... --.. --.-. 

DESCRIP·CD~_·_ .... ___ ········ .. ·· .. · -- ... -.---... - .. - .. -.---- ...... --.--.-... -.---.-.. ~ .. ---.-__ . __ ... ___ . ___ .. _ .. _ .. ___ . ___ ~I 

r-.-'
LU 

_______ . ___ d:L)!..2.CJ..~~.e~-:L _______________ . __ 

r--fu<f--------~-:.--S2:s:...=-~~~L.-.---.---.----.--.------.- --. 
>- I .. _ ~ z:l 

_~~~-------~-~-.-~Z'-~J:.::---~6-5~-L-----.-------------
!~l-----------------------·-------------·-----------·---
c "-0 <r: ..... --.--.---.--.-.-... ----.--.-.---------------.---... -------------. ---
U'S <~ !--

HP PART NUMBER 

1820 

(50 Kl-JiIi4R 11122) cat O?t:) 

I T EM: ._ ... _ ... _.~_. __ . __ . __ ." __ ' __ '" __ ._. __ ...... _ ...... _ ... _......... . ... _ ...... __ ...... _._ ... _ ........... _._ ... _ ... _" ....... . 

DES C RIP. ___ ._ .. _ ....... _._ ....... _ ....... __ ._ ..... __ ._ ... _. 

----_._--_.--_._._ .. _--._._-_._._._-._ ... _ ...... __ .-_.-........ -. __ ._ ... _. __ . __ ._ ... -... _.-..... _.-.. -. __ .-... - .... -... _ .. -. __ .-...... 

-" 
ttl 

-5~·-:2~1-----·-------------·-------·-----------------------------
-0< ~ 

. ... " 

~~_-._'. 1:.._--_:: r-v __________ ..... ____ _ _____ .. ______ . __ ... ____ .-_-______ ~. 
'(yo ~fi. w' -.- - -.- - ; ... -:2:.----------.----.---------.-------.--...... -.--.-------.-----.------.. -.--.--.---.----.- .... --.-".--.-.-... -.-

.. 2~----------_---------------------------------------- .D..' 

wO 8 
·--C.----·--·----------------------·-------·---·-------II f--.~-----.-------.------------.-.--.-----.------.--.--.---.,,-.----.. -.--.--.. ----.--.--.--.-.-.-.-/ 

._--_. __ ._-_._--------------_._------_._------_._-------_._-------_._-_._-

MANUFACTURER (00 HOTI.IST OISTftIBUTORS) MFR. PART NO. .MANUFACTURE;P. .. : MFR. PART NO. 

h __ ~AlvOi.1~ .. ~ (~~~_. ___ ~_Lte.r. __ ~.~P.A.lt~~ A _____ . _________________ . ___ c.. ____ . _____ . _____ . ________ _________ . _________ . _____ .. ___ . ____ .. _________ _ 

-~ -.--... _. ----.. -.-... -... ---.--.--.--.. --.. -.-----.. -... ----~-!-~-~.-~-!.---.---- ... -.. ----.--.-... -... --.. _-_ ...... _ .. __ ._-_ .. . J;t_._. __ ... _ ...... _ ..... _._ ..... _ ... _ ... _ ........ _. __ ._ ...... __ ._ ........ _._ ..... _._ ... _,, __ ...... _ ....... _._ ...... ___ ... _ ... _. __ . __ ._ ...... _ ... _ ... _. __ ...... ___ .... _ ...... _ ......... _._._ ... _._ .... . 

PART \QTY. /FAB. 

5/ 1 
QTY. ON ORDER P.O. NUMBER/PRICE 

7 
}

VER-AL.L. TOTAL. OF 

.' .•.... PURCH. PART/IN ST. 

.. 1 

•

)'PROTOTYPE IPILOT RUN 

ALLOCATION ;" ....... ;. 

)

REPL. ACEM EN T- SPEC I FY 
9 I F 0 TH E R TH AN 1 0.,.: 

-_% 
10) REPLACES PART NO. ON 

O THIS 
IN ST. 
ONL.Y 

ON 

O AL.L. 
INST. 

USE UP STOCK ON HAND 

DYES ONO 
(CONTACT BUYER) 

IEFFECTIVE ON RUN NO. 

,
)ESTIMATEMONTHLY USAGE 

11 ~~~~16~~~~~ IN ---------- !}NCOMINGINSPECT.~? I IF YES SUBMIT r I)TOOLING CHARGE? I 12 YES 0 NO : INSTRUCTIONS TO .3 .0 0 I IF YES. COMPLETE 
I INCOMING INSPECTION YES NO: SECTION 14 

\~ __________ V_E~N~D~O_R~ __________ +-I __ ~A~M~O~U_N~T _____ ~ID~I~V~. __ A_P_P_R_O~V_A_L~I ____ A~C_C_T_.~N~O~. __ -+ ____ L_O_C~.~C_O~D~E __ -+P_A __ ID __ F_O __ R_O~N __ P_._O_.I~_P_R_O_P __ E_R_T __ Y_O __ F~I 

;J4} I 1 I I HP 0 VENDORD 

'. 

O PRICE CARD 
ATTACHED 

MFG. TIME 
,ARO (WKS.) 

. '" 

RFQ 
DATE 

.' ...... MATERIALSENGtNEE.RtNGTQ .COMPLETE . " '. 

QUOTE REQUESTED CORPORATE AGREEMENT 

VENDOR 

DIDIOTHER 
MIN. SHIPMENT RULES 

UNIT OF MEASURE DEPARTMEN T 

SHIPPING TIME------~W~K~S-.------L---~~---+S~n~.M--.~Q~T-Y-.--------------~--~----~--------~I ACCOUNTING 

PU RCH ASIN G 

IUNIT PRICE 

E. R. 
iDIV, NO.) 

P.O. PROC. TIME----~W~K~S~.-------,-----~-----------------~A-C-C~T~.)N~O~.~~~d-____ ~~--------------------+~~~~~-~~~~L:~ 

TOTAL L.EAO TIME _____ _ 

WKS. 

EXOTIC D (METALS) 

9320-0428 110-73) 

.. rJIIAhJilq#$ ;.; ¢, 4. 4 #M ¢ UZ « $ WM 

SAFETY FACTOR _________ _ 
WKS. 

h.A 

MATERIALS 
CONTROL 

CORP. SPECS. ACTION COPY 



21432{ PARI flUMBER ~~ HEWLETT 
PACKARD PURCHASED PART CHANGE REOUEST -np-

(OR FAMilY DWG. NO.) 

ORIGIN~TO~'IIon Bubjnstejn CCK) EXT. 262 a DIVISION NO.--40- DATE ':J. L 2JL ss ' 0 ')n 
- A ~ O~ 

IEAS~ FOR CHANGE:!. CHECK APPROPRIATE BOXES AND STATE IN REMARKS WHY ACTION TO BE TAKEN IS NECESSARY) 

o DElETE MFR. o ADD MFR. o NEW MR. 
'All' NO. 

o NEW 01 REVISED 
ICAJDEX DESCllmoN 

D NO DWG. CHANGE 
REQUIRED 

~ NEW OR REVISED SPEC. DWG. 
flEa ATTACHED MAlIC-UP DOTHER: 

REMARKS:· adding docurnentatiQD 
Indicate Kardex master changes below: Show information to be DelETED on the left side and information to be ADDED on the right side. 
For complete revision, check "ALL" on left side and enter new information on the right. 

IDELETEI TITLE IADDI TinE J}.-'R?n-.1~R~-' 'DQ'U n 
All 

DESCRIPTION DESCRIPTION ~-c:;q ~-.1 ~~c;-, 

A-S9S8-436S-1 

.<V ....,..... 
,.\ ~ .... \ V ~(lV 

()~V \"V 
~!'" 

r 

DIVISIONAL ACTION REQUIRED WHEN APPLICABLE 
AFFECTS OPEN P.O:S: I I AffECTS STOCK ON HAN[} II P.C.O. REQUiRfO YES 0 ACTION AI'I'IOVED REJECTED' BY DATE 

YEsD Not] YEsD NO~ # NO~ PROD. ENGR. I 
DIV. QA I 

• SPECIAL 1&0 -J/Z: I INSTRUCTIONS: 
(DIVISIONAL) PURCHASING V l£<u '7/ L1/8!. 

MTL ENGl t/ ~>..A. .,,~ 7/2b 
PRODUCT SAFETY I 
MFG. SPECS ~ l:f'Q ~J1u ~ / ! 
• NOTE: SEE SPECIAL DIVISIONAl. INSTRUCTIONS 1 I Lk I ~SPOSITION I FAI. ASSY. I CLASS: 

EI-DIV. PART, ACTION COMPlETE Qr:5' B DiTE/2 
=========~~CORPORATE MATERIALS SPECIFICATIONS ACTION ONlY~==========, 
FINAL 1 -SPECIAL 
FORMAT I TlTlE _____________________ --1 INSTRUCTIONS: _____________________ -f 

DESCRIPTlON, _____________________ --t 

PART CD 
STATUS CODE: 

STANDARD I I I I I 
NOTE CODE: 

(CORPORATE) 

OIVISIONS CONTACTED IY CMS (LOG ACTION) 

I I I I I I I I I I I I I 
ACTION IY 

~MA:..::.N.:.:U~FA.:.:C:..:..:TU:.::R::..:;ER~-----------------..;.;M.;....FR.;.... . ..;.;PA...;.;.RT;...N.....;O~. APPROVED D MTl ENGR. 
REJECTED· t ~~~~~ D I-___ .L-_____ ~ __ __L=~~ 

CANCELLED· i INSTRUCTIONS 0 MOB ENTRY YES D NO 0 
COR!'. SPECS COMPLETE 

8320-0428 1178 

DIV./CORP. ACTION COpy 
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iI HEWLETT-PACKARD CO. 

NOTE: This page provides a running history of changes for a mUlti-page 
drawing which cannot conveniently be re-issued completely after 
each change. When making a change, list for each page all before-
and-after numbers (within reason; use judgement, and use 
"extensive" revision note if loss of past history is tolerable, or 
retype complete page) and associate with each a symbol made up of 
the change letter and a serial subscript to appear here and on the 
page involved (there enclosed in a circle, triangle, or other 
attention-getting outline). 
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rA~ HEWLETT · ~a:~ PACKARD 

PAL16R8 PAL DESIGN SPEC 
PART NUMBER: 1820-4383 Rev A JON RUBINSTEIN 8/22/84 
BUS ARBITRATION 
HEWLETT PACKARD FORT COLLINS COLORADO 
CLK /PURST NC1 /SBR /SBGACK /SHLT /BREQ /RMC /PAS GND 
fOE /EBM /BG /STl /ST2 /ST3 /sT4 /BMINE NC3 VCC 

ST1:=SBGACK*SBR*ST1*/ST2*ST3*/ST4*/PURST 
+/SBGACK*/SBR*/ST1*/ST2*ST3*jST4*/PURST 
+/ST1*/ST2*/ST3*ST4*/PURST 
+/BREQ*/ST1*ST2*ST3*ST4 *jPURST 

ST2:=/ST1*/ST2*ST3*ST4*/PURST 
+jsTl*ST2*ST3*jST4*jPURST 
+ST1*/ST2*/ST3*ST4*jPURST 
+jsBGACK*SBR*ST1*/ST2*ST3*/ST4*jPURST 
+/SBGACK*SBR*jST1*ST2*jST4*/PURST 
+/BREQ*/RMC*SBR*jST1*/ST2*jST3*/ST4*jPURST 

ST3:=/ST1*/ST3*ST4*/PURST 
+SBGACK*jST1*ST2*/ST3*/PURST 
+SBGACK*ST1*/ST2*ST3*/ST4*jPURST 
+SBGACK*/SBR*jST2*ST3*jST4*/PURST 
+/SBR*ST1*/ST2*ST3*/ST4*/PURST 
+/ST1*/ST2*ST4*/PURST 
+/SBR*/ST1*ST2*jST3*jPURsT 
+/BREQ*jRMC*SBR*jST1*/ST2*jST3*jPURST 

ST4:=SBGACK*jST1*ST2*jST4*/PURST 
+SBR*/ST1*ST3*jST4*jPURST 
+/SBR*/ST1*ST2*/ST4*jPURST 
+jSBR*ST1*/ST2*ST3*jST4*/PURST 
+jBREQ*/ST1*ST2*ST3*/PURST 
+/BREQ*jRMC*SBR*jST1*/ST2*jST4*/PURST 

BG:=/ST2*/ST3*ST4 
+/ST1*ST2*/ST3*/ST4 
+ST1*/ST2*ST3*/ST4 

BMINE:=/SBR*jST1*jST2*/ST3*/ST4*/SHLT 
+BREQ*/ST1*/ST2*/ST3*jST4*/SHLT 
+BREQ*/ST1*ST2*ST3*ST4*/SHLT 
+RMC*/ST1*/ST2*/ST3*jsT4*jsHLT 

EBM:=/ST2*jST3*ST4*/PAS 
+/ST1*/ST2*ST4*/PAS 
+/ST1*ST3*/ST4*/PAS 
+/ST1*ST2*/ST3*/PAS 
+/ST2*ST3*/ST4*/PAS 

DESCRIPTION 

elM;: 4 ¥ * \ . ,I ¢¥#. 4" . I .. .$,!M 44M ¢ ;. ,",AlUM_Wac 
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F411 HEWLETT 
~~PACKARD 

:. ~ 

FUNCTION TABLE 
CLK IOE IPURST IPAS ISHLT ISBR ISBGACK IBREQ IRMC IBG IBMINE IEBM ISTl IST2 IST3 IST4 

t 
~. 

I 
I S I 
P I BIB 

, u I S 1GB I M I I I I I 
;C I R PHS A R R I I E S S S S 
;L 0 SAL B C E M B N B T T T T 
;K E T S T R K Q C GEM 1 2 3 4 

X H L L L XXX X Z Z Z Z Z zz 
C L L L L H H H H X X X H H H H 
C L L L L H H H H H H H H H H H 
C L H H L H H H H H H H H H H H 
C L H H L H H H L H H H H H H H 
C L H H L H H L L H H H H H H H 
C L H H L L H L L H H H H H H H 
C L H H H H H H H H L H H H H H 
C L H H H H H H L H L H H H H H 
C L H H H H H L L H L H H H H H 
C L H H H L H L L H L H H H H H 
C L H H H L H L H H L H H H H H 
C L H H H L H H H H H H H L L L 
C L H H H L H H H H H H L H H L 
C L H L H L H H H L H H H L H H 
C L H L H L L H H L H H H H L L 
C L H L H L L H H H H H H L L H 
C L H H H L L H H H H L H L H L 
C L H L H L L H H H H H H H L H 
C L H L H L L H H H H H H H H L 
C L H H H L L H H L H L L H L H 
C L H H H H L H H L H L H H L L 
C L H H H H L H H H H L H L L H 
C L H H H H L H H H H L H L H L 
C L H H H L L H H H H L H H L H 
C L H H H L L H H H H L H H H L 
C L H H H L L H H L H L L H L H 
C L H H H L H H H L H L H L H H 
C L H H H H L H H L H L H H L L 
C L H H H H L H H H H L H L L H 
C L H H H H L H H H H L H L H L 
C L H H H H L H H H H L H H L H 
C L H H H H H H H H H L L H H H 
C LHHHHHHHHHHHHHH 
C LHHHHHHHHLHHHHH 
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83152 PURCHASED PART NUMBER REQUEST 

II ORIGIN AT,,?R Jon Rubinstein (CK) PROJtCT DIV. DIV. CORP. CORP. 
~LEADER MFG.SPEC. MAT'L tNG. SPECS. MAT'L ENG HP PART NUMBER 

1820 

SP ECI AL INSTRU CTIONS 0 R REMARKS 

- ''''''j~MiHMxijnlxMM wI1r"be""-'''subinIEEe'cf cif'''''a-''-Ia:ter''date 
f)nf"" .L~+-;r"\n Ir=n~' rr-Ar .~, ........ cat 025 

ITEM: ............. P .. rog ramed .. 20R6A .. PAL ............... _ ............... _ .... _ ...... __ 

DESCRIP. 

1--._ ............. _ ...... __ ... _ .............. _ ........ _ ................... .. 

... __ .)""" ..... _ .. __ . __ .......... _ ........ __ .. _ ........ _ ........ _ .... _-.-..... _ .... _ ............... -............................... _ ........... _........... .. ............................... _ ............................ _ ................. . 

-i 

---vT·------·-----·--·-·--·--·--·-·--·-·---·--·~··--·- .... ----.-.--... ~.~.- ... -.--... -.--...... -.--.-- .... _. __ .-... _-_._-_. __ ........... _. __ ... _ ...... -......... _._ ... __ .-. __ . __ .-

\--

.•..• - ..................... _ ..... __ .. __ ..... --..... - .... ---.. _-_ .. _-----------_ .. _---_ ..... --_ .. _----------------

MANUF ACTURER (00 NOT LIST DISTRUJUTORSJ MFR. PART NO. MANUFACTURER MFR. PART NO. 

.A.. ~._ .. M_11ll.._(m3._1:J_~_L2 .. _ .. J:8~_ .. -:<.Q~ .. ~ .. ~~ .. c; .. ~i A .. _ ... _ .. ____ .. _ .. _._ ....... __ .. ____ ... _ ... ~_ ... _. ____ .. _ .... _ ..... _._ ..... ___ ...... _ .. __ ........... _._ ....... _. __ ._._ ...... _ .... _ ..... _. _ ........ _ ......... __ ...... ______ ..... _ .. 

B ...... __ ................ __ ... _._ .... _ ............. ___ ..... __ . _____ ... ____ .......... ___ ..... _ ... _ ........ ____ .. _ .. _ ..... _ ... _ ..... _ ... _ .......... __ ._._ ........ _ ........ _ .......... _ ............ .. . E3 ........ _ .................. _ ................. _ ................... _ ...... _ ... _ ............. _ .. 

QTY./MATERIAL LI ST 

/

VER_ALL TOTAL OF 
PURCH. PART /INST. 

" 1 

QTY. ON ORDER P.O. NUMBER/PRICE 

7-

.\PROTOTYPE IPILOT RUN 

ALLOCATION/ 

1 

I )
REPLACEMENT-SPECIF'Y 

19 IF' OTHER THAN 10%: 
REPl ACES PART NO. ON 

O TH.IS 
IN ST. 
ONLY 

ON USE UP STOCK ON HAND ICHANGE NO. IEFFECT'VE ON RUN NO. 

I -_% 10 O ALL 
INST. DYES DNO 

(CONTACT BUYER) 

I I) ESTIMATE MONTHLY USAGE 
11 I F NOT SH 0 WN IN I SECTIONS 3-7 -------
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rAga HEWLETT 
p EUI PACKARD 

PAL20R6A PAL DESIGN SPEC 
PART NUMBER: 1820-4384 Rev A JON RUBINSTEIN 5/29/84 
CACHE CONTROL PAL 
HEWLETT PACKARD FORT COLLINS COLORADO 
CLK SIZO SIZl /CACY /PRCY /DRDY WR68 PAO PAl 10 /MAPON GND 
/EN /CAOK /CACHE /PULSE /CB3WR /CB2WR /CB1WR /CBOWR /CKWR CI /CHIT VCC 

IF ( VCC) CACHE =/WR68*CAOK* MAPON 
+/WR68*CAOK*/MAPON*/IO 
+ WR68*CAOK* MAPON*/SIZO*/SIZ1*/PAQ*/PAl 
+ WR68*CAOK*/MAPON*/SIZO*/SIZ1*/PAQ*/PAl*/IO 

CB3WR:=CACY*DRDY*/PULSE 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI* SIZ1*PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI*/SIZ1*/SIZQ*PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI*/SIZ1* SIZQ*PAl*PAO 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO* SIZ1*PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO*/SIZ1*/SIZO*PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO*/SIZ1* SIZO*PAl*PAO 

CB2WR:=CACY*DRDY*/PULSE 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI*PA1*/PAO 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO*PA1*/PAO 

CB1WR:=CACY*DRDY*/PULSE 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI* SIZ1*/PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI*/SIZ1*/SIZO*/PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI*/SIZ1* SIZO*/PA1*PAO 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO* SIZ1*/PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO*/SIZ1*/SIZQ*/PAl 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO*/SIZ1* SIZQ*/PAl*PAO 

CBOWR:=CACY*DRDY*/PULSE 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI*/PAl*/PAQ 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO*/PAl*/PAQ 

CKWR :=CACY*DRDY*/PULSE 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT* MAPON*/CI 
+PRCY*WR68*DRDY*/PULSE*CAOK*CHIT*/MAPON*/IO 

PULSE:=CACY*DRDY 
+PRCY*DRDY 

~D_E_S_CR_IP_T_IO_N ___________________ ..,jIL....Dw_g_N...;~;.;;.-_l;;..8,;.2;;.,0.;.....,.-~} 84-1 I PAGE 2 of 5 
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FUNCTION TABLE 
CLK lEN ICACY IPRCY WR68 /DRDY /CAOK /CHIT /MAPON CI IO SIZ1 SIZO PAl PAO 
/PULSE /CB3WR /CB2WR /CB1WR /CBOWR /CKWR /CACHE 

I 
I / / / / M 

, C P W D C CAS S 
;C / A R R R A H P I I P P 
;L E C C 6 D 0 I 0 C I Z Z A A 
;K N Y Y 8 Y K T N I 0 1 0 1 0 

1// / I / 
P C C C C / C 
UBBBBCA 
L 3 2 10K C 
SWWWWWH 
ERRRRRE COMMENTS 

X H X X X X X X X X X X X X X Z Z Z Z Z Z X ; OUTPUT DISABLE 
;CACY*DRDY*/PULSE (FIRST TERM OF EACH REGISTERED OUTPUT) 
;AND CACHE TERMS 1 & 2 (/CACHE NOT REGISTERED) 
C L L H L H L X L X X L L L L H X X X X XL; CACHE CYCLE DATA NOT READY 
C L L H L H L X H X L L L L L H H H H H H L ; DATA NOT READY 
C L L H L L L X H X H L L L L L L L L L L H ; DATA READY 
C L H H L L H X L X X L L L L H H H H H H H ; NOT CACHE CYCLE DATA READY 
C L H H L L H X H X X L L L L H H H H H H H ; NOT CACHE CYCLE 
C L L H H L L X L X H L L L L L L L L L L L ; CACHE CYCLE 
C L L H H L L X L X L L L L L L H H H H H L ; PULSE INHIBITS ALL OUTS 
; OTHER TERMS OF REGISTERED OUTPUTS AND ICACHE TERMS 3 & 4 
, /MAPON*/IO 
C L H L H H L L H L L L L L L H H H H H H L PROC CYCLE DATA NOT READY 
C L H L H L L L H L L L L L L L H H L L L L DATA READY 
C L H L H H L L H L L L L L H H H H H H H H 
C L H L H L L L H L L L L L H L H H L H L H DRDY 
C L H L H H L L H L L L L H L H H H H H H H 
C L H L H L L L H L L L L H L L L L H H L H DRDY TOGGLES 
C L H L H H L L H L L L L H H H H H H H H H 
C L H L H L L L H L L L L H H L L H H H L H 
C L H L H H L L H L L L H L L H H H H H H H 
C L H L H L L L H L L L H L L L H H H L L H 
C L H L H H L L H L L L H L H H H H H H H H 
C L H L H L L L H L L L H L H L H H L H L H 
C L H L H H L L H L L L H H L H H H H H H H 
C L H L H L L L H L L L H H L L H L H H L H 
C L H L H H L L H L L L H H H H H H H H H H 
C L H L H L L L H L L L H H H L L H H H L H 
C L H L H H L L H H L H L L L H H H H H H H 
C L H L H L L L H H L H L L L L H H L L L H 
C L H L H H L L H H L H L L H H H H H H H H 
C L H L H L L L H H L H L L H L H H L H L H 
C LHLHHLLHHLHLHL HHHHHHH 
C L H L H L L L H H L H L H L L L L H H L H 
C LHLHHLLHHLHLHH HHHHHHH 
C L H L H L L L H H L H L H H L L H H H L H 
C L H L H H L L H H L H H L L H H H H H H H 
C L H L H L L L H H L H H L L L H H L L L H 
C LHLHHLLHHLHHLH HHHHHHH 
C L H L H L L L H H L H H L H L H H L H L H 
C LHLHHLLHHLHHHL HHHHHHH 
C L H L H L L L H H L H H H L L L L H H L H 
C LHLHHLLHHLHHHH HHHHHHH 

t DESCRIPTION I Dwg No. A-1820-4384-1JPAGE 3 of 5 
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C L H L H L L L H H L H H H H L L H H H L H 
; MAPON*/CI 
C L H L H H L L L L L L L L L H H H H H H L 
C L H L H L L L L L L L L L L L H H L L L L 
C L H L H H L L L L L L L L H H H H H H H H 
C L H L H L L L L L L L L L H L H H L H L H 
C L H L H H L L L L L L L H L H H H H H H H 
C L H L H L L L L L L L L H L L L L H H L H 
C L H L H H L L L L L L L H H H H H H H H H 
C L H L H L L L L L L L L H H L L H H H L H 
C L H L H H L L L L L L H L L H H H H H H H 
C L H L H L L L L L L L H L L L H H H L L H 
C L H L H H L L L L L L H L H H H H H H H H 
C L H L H L L L L L L L H L H L H H L H L H 
C L H L H H L L L L L L H H L H H H H H H H 
C L H L H L L L L L L L H H L L H L H H L H 
C L H L H H L L L L L L H H H H H H H H H H 
C L H L H L L L L L L L H H H L L H H H L H 
C L H L H H L L L L H H L L L H H H H H H H 
C L H L H L L L L L H H L L L L H H L L L H 
C L H L H H L L L L H H L L H H H H H H H H 
C L H L H L L L L L H H L L H L H H L H L H 
C L H L H H L L L L H H L H L H H H H H H H 
C L H L H LL L L L H H L H L L L L H H L H 
C L H L H H L L L L H H L H H H H H H H H H 
C L H L H L L L L L H H L H H L L H H H L H 
C L H L H H L L L L H H H L L H H H H H H H 
C L H L H L L L L L H H H L L L H H L L L H 
C L H L H H L L L L H H H L H H H H H H H H 
C L H L H L L L L L H H H L H L H H L H L H 
C L H L H H L L L L H H H H L H H H H H H H 
C L H L H L L L L L H H H H L L L L H H L H 
C L H L H H L L L L H H H H H H H H H H H H 
C L H L H L L L L L H H H H H L L H H H L H 
C L H L L H L L H L LL H L H H H H H H H L 
C L H L L L L L H L L L H L H L H H H H H L 
C L H L L H L H H L L L H L H H H H H H H L 
C L H L L L L H H L L L H L H L H H H H H L 
C L H L L H H L H L L L H L H H H H H H H H 
C L H L L L H L H L L L H L H L H H H H H H 
C L H L L H H H H L L L H L H H H H H H H H 
C L H L L L H H H L L L H L H L H H H H H H 
C L H L H H L L H L L L H L H H H H H H H H 
C L H L H L L L H L L L H L H L H H L H L H 
C L H L H H L H H L L L H L H H H H H H H H 
C L H L H L L H H L L L H L H L H H H H H H 
C L H L H H H L H L L L H L H H H H H H H H 
C L H L H L H L H L L L H L H L H H H H H H 
C L H L H H H H H L L L H L H H H H H H H H 
C L H L H L H H H L L L H L H L H H H H H H 
C L H H L H L L H L L L H L H H H H H H H L 
C L H H L L L L H L L L H L H H H H H H H L 
C L H H L H L H H L L L H L H H H H H H H L 
C L H H L L L H H L L L H L H H H H H H H L 

DESCRIPTION 
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C L H H L H H L H L L L H L H H H H H H H H 
C L H H L L H L H L L L H L H H H H H H H H 
C L H H L H H H H L L L H L H H H H H H H H 
C L H H L L H H H L L L H L H H H H H H H H 
C L H H H H L L H L L L H L H H H H H H H H 
C L H H H L L L H L L L H L H H H H H H H H 
C L H HH H L H H L L L H L H H H H H H H H 
C L H L H H L H H L L L H L H H H H H H H H 
C L H H H H H L H L L L H L H H H H H H H H 
C L H H H L H L H L L L H L H H H H H H H H 
C L H H H H H H H L L L H L H H H H H H H H 
C L H H H L H H H L L L H L H H H H H H H H 

! DESCRIPTION 
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ASSEMBLY AND TEST FLOW CHART 

09826-66562, FLOPPY CONTROL BOARD 

Auto Insert Parts 
according to auto 
insert's sequence 

1 i st 

., 
Hand Load Parts 
as described in 

H.P. Drawing 
A-09826-66562-2 

Wave Solder 

Test .. Accordi ng To 
H.P. Drawing 

ET 13323 

Completed 
Assembly 

1--+--~-t------t--------fMOOEl 9836A STK NO 

ASSEMBLY AND TEST FLOW CHART 
~ Jon Rubinstein DATE October 2 ~ 1981 

SHEET rro 1 Of "1' 

REVISIONS SUPERSEDES OWG NO A-09826-66562-1 
_ 7830-006-l 

.. : .. ' I' 



HEWLETT - PACKARD CO. ~l 

TEST PROCEDURE 

09826-66562, FLOPPY CONTROL BOARD 

I. PURPOSE: 

This document establishes the method to be followed for 
verifying proper operation of the 09826-66562 Floppy Control 
Board. 

II. TESTING REQUIRED: 

All assemblies are to be tested in accordance with HP Drawing 
ET 13323. 

~+---~~--------~--------~M_O~_l __ 9_8_3_6A _________ ~I:ST~K=NO ________ ----____ --______ ~ 
TEST PROCEDURE 

October 2, 1981 DATE 

~t~":.,:.:~.· fL!As PC!:su~ ~. ~ fL 

BY Jon Rubi~tein 
10~20-81 APPO~-' 1 OF 1 SHEET NO DATE 

j. 

A-09826-66562-3 REVtSIONS SUPERSEDES DWG NO 
7830-006-L 
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'.'. HEWLETT - PACKARD CO. ~I.! 

I. PURPOSE: 

ASSEMBLY PROCEDURE 

09826-66562, "FLOPPY CONTROL BOARD 

This document establishes a standard procedure for assembling 
the 09826-66562 P.C. assemblies. 

II. AUTO INSERTION: 

Auto-insert in accordance with auto-insert list. 

III. HAND INSERTION: 

Insert parts according to the following chart: 

Part # 

0140-0198 
0160-2204 
1853-0036 
1854-0215 
1855-0082 
1990-0654 
2100-3351 
1251-4510 
1251-5615 
09826-61661 

NOTES: 

Quantity 

4 
1 
8 
6 
1 
1 
2 
1 
1 
1 

Description 

200pf Capacitor 
100pf Capacitor 
2N3906 Transistor 
2N3904 Transistor 
JFET 
LED 
Variable Resistor 
6 Pin Conn 
34 Pin Conn 
Floppy Ribbon 

Cable 

Location 

C15-C18 
C7 
Q8-Q15 
Ql-Q6 

"Q7" 
LEDl 
VR1, VR2 
J3 
J4 

J2 

1. Install LEDl with polarity markers toward the bottom of the board. 
2. Install J3 with the connector pins toward the top of the board. 

IV. FINAL ASSEMBLY: 

After wave sol dering, clean up the board and inspect for sol der shorts, 
broken or improperly soldered components, or any other defects. Make 
any necessary repairS. Install blue PC board extractor (4040-0754) 
in the top left corner and red PC board extractor (4040-0750) in the 
top ri ght corner. 

..... +-----t-----+-----I,.OO£l 9836A1STK NO 

ASSEMBLY PROCEDURE 
Irt Jon Rubinstein ~n October 2~ 1981 

SHEET NO 1 Of 1 
REVISIONS SUPERSEDES DWG NO A-09826-66562-2 

7830-006-l 
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HEWLETT - PACKARD CO. ~l 

BUS CHARACTERISTICS 

09826-66562-8, FLOPPY CONTROL BOARD 

I. DC LOADING SPECS. 

Pin Name Parts Ioh 101 - -
2 1 0 ~1Hz 74LS04 20 0.4 

12 CSFLOP' 74LS04, 74LS27, 74LS138 60 1 .2 
39 RESET' 74LS174 20 0.4 
41 lOW' 74LS08, 74LS32, 74LS244 (2) 80 1.2 
42 lOR' 74LS08, 74LS244 40 0.6 
45 BR/W' 74LS04, 74LS133 20 0.8 
46 BAS' 74LS04, 74LS32 40 0.8 
50 BA1 74LS74, 74LS193 40 0.8 
51 BA2 74LS74, 74LS193 40 0.8 
52 BA3 74LS193 20 0.4 
53 BA4 74LS193 20 0.4 
54 BA5 74LS193 20 0.4 
55 BA6 74LS193 20 0.4 
56 BA7 74LS193 20 0.4 
57 BA8 74LS193 20 0.4 
59 BA10 74LS138 20 0.4 
60 BAll 74LS138 20 0.4 
63 BA12 74LS27, 74LS138 40 0.8 
64 BA13 74LS27, 74LS10, 74LS138 60 1 .2 
87 B08 74LS640, 74LS273 40 0.6 
88 B09 74LS640, 74LS273 40 0.6 
89 BOlO 74LS640, 74LS273 40 0.6 
90 BOll 74LS640, 74LS273 40 0.6 
91 B012 74LS640, 74LS273 40 0.6 
92 BD13 74LS640, 74LS273 40 0.6 
93 BD14 74LS640, 74LS273 40 0.6 
94 B015 74LS640, 74LS273 40 0.6 
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II. BUS ORIVING SPECS. 

Pin Name Parts Ioh 101 - -
11 INT21 74LS04 400 8.0 
87 B08 74LS640 3000 24.0 

74LS244 3000 24.0 
88 B09 74LS640 3000 24.0 

74LS244 3000 24.0 
89 BOlO 74LS640 3000 24.0 

74LS244 3000 24.0 
90 BOll 74LS640 3000 24.0 

74LS244 3000 24.0 
91 B012 74LS640 3000 24.0 
92 B013 74LS640 3000 24.0 
93 B014 74LS640 3000 24.0 
94 B015 74LS640 3000 24.0 

uA rnA 
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III. SIGNALS NOT IN USE 

Pin 

5 
6 
7 
8 

15 
16 
17 
18 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
32 
38 
43 
44 
49 
58 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
77 
78 
79 
80 
81 
32 
83 
84 

Name 

DNARO' 
or,1AR1' 
DNACKO' 
DNACK1' 
DMARDY' 
INT3' 
INT6' 
INT5' 
BG1 
BG2 
BG2 
BR' 
DONE' 
BGACK' 
SPAREl 
SPARE2 
SPARE3 
ENDT' 
FCO 
FCl 
FC2 
DTACK' 
BERR' 
BLDS' 
BUDS' 
HALT' 
BA9 
BA14 
BA15 
BA16 
BA17 
BA18 
BA19 
BA20 
BA21 
BA22 
BA23 
BDO 
BDl 
BD2 
BD3 
BD4 
BD5 
BD6 
BD7 

Comments 

Provision for future use of DMA 
/I 

II 

It 

/I 

Provision for multi-drive controller 
1/ 

/I 

Provision for a bus controller 
/I 

II 

II 

/I 

II 

System spares 
II 

II 

Enable data transfer acknowledge 
Provision for auto-vector 

II 

1/ 

Data transfer acknowledge 
Bus error 
Buffered lower data strobe 
Buffered upper data strobe 

Buffered address #9 

Buffered data #0 
#1 
#2 
#3 
#4 
#5 
#6 
#7 

#14 
#15 
#16 
#17 
#18 
#19 
#20 
#21 
#22 
#23 
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IV. CAPACITIVE LOADING 

Pin Name Parts CaEacitance 

2 10MHZ 74LS04 12.2 
5 Dft1ARO' 2.7 
6 DMAR1' 2.3 • 
7 DMACKO' 2.7 
a DMACK1 ' 2.3 

11 INT2' 74LS04* 30.0 
12 CSFLOP ' 74LS04, 74LS27, 74LS138 19.9 
15 or.1ARDY I 2.6 
16 INT3' 2.7 
17 INT6 1 2.5 
18 INT5 1 2.7 
21 BG1 2.4 
22 BG3 2.7 
23 BG2 2.3 
24 BR' 2.7 
25 DONE' 2.6 
26 BGACK ' 2.7 
27 SPARE1 2.5 
28 SPARE2 2.7 
29 SPARE3 2.7 
30 ENDT' 2.7 
31 FCO 2.6 
32 FC1 2.7 
33 FC2 2.6 
34 DTACK' 2.7 
37 RESET ' 74LS04· 26.0 
38 BERR' 2.6 
41 IOW ' 40.3 
42 IOR I 74LS244, 74LS08 32.5 
43 BLDS' 2.3 
44 BUDS' 2.3 
45 BR/W I 74LS04, 74LS138 28.0 
46 BAS 74LS32, 74LS04 29. 1 
49 HALT' 2.5 
50 BAl 74LS193, 74LS74 36.3 
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Pin Name Parts Capacitance --
51 BA2 74LS193, 74LS74 35.7 
52 BA3 74LS193 24.2 
53 BA4 74LS193 19. 1 
54 BAS 74LS193 28.4 
55 BA6 74LS193 23.8 
56 BA7 74LS193 28.0 
57 BA8 74LS193 21.4 
58 BA9 2.3 
59 BAlD 74LS133 26.3 
60 BAll 74LS138 23.9 
63 BA12 74LS27, 74LS138 33.7 
64 BA13 74LS27, 74LS138, 74LS10 79.7 
65 BA14 2.4 
66 BA15 2.4 
67 BA16 2.4 
68 BA17 2.4 
69 BA18 2.4 
70 BA19 2.4 
71 BA20 2.4 
72 BA21 2.4 
73 BA22 2.4 
74 BA23 2.4 
77 BOO 2.4 
73 B01 2.4 
79 B02 2.4 
30 B03 2.4 
31 B04 2.4 
32 B05 2.4 
83 B06 2.4 
84 B07 2.4 
37 B08 74LS640, 74LS273, 74LS244* 56.4 
83 B09 74LS640, 74LS273, 74LS244* 46.1 
89 BOlO" .; .. " 74LS640, 74LS273, 74LS244* 58.4 
90 BOll 74LS640, 74LS273, 74LS244* 59.7 
91 B012 74LS640, 74LS273 46.8 
92 B013 74LS640, 74LS273 44.8 
93 B014 74LS640, 74LS273 44.8 
94 B015 74LS640, 74LS273 42.3 

*Output connected tobus~ 
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THEORY OF OPERATION 

09826-66562-9 Floppy Control Board 

I. INTRODUCTION 

The floppy control board is designed to interface with 
up to two 5 1/4" double density dual sided drives to the 
9826/36 bus. The drive has a 270K byte formatted capacity. 
The actual transfer rate is 16K bytes/sec with the default 
interleave and track to track stagger. 

The standard diskette is formatted with 16 sectors per 
side, two physical sides per track, and thirty five tracks 
total. Each physical side of a track is called a 
track-side. There are therefo~e 70 physical track-sides. 

Of the 70 track-sides actually available, 66 are used. 
The other four are spares, decided on at initialization. The 
total number of track-sides available to the user is constant 
at 66, and that information is recorded in the directory. In 
fact, up to four additional tracks will be formatted to aid 
in the seeking of the user available tracks. The last track 
formatted is always physical track 34. The nurnoering of 
logical records is cylinder mode addressing, proceding from 
side 0 to side 1 and then to the next track. 

The board provides for all low level encoding and 
decoding activity to be done on the board. The seek and 
initialize operations require the use of the host processor's 
time. The board does have a single sector buffer allowing 
the mass"'storage operations to be interrupted by I/O activity 
or live keyboard. 

II. SYSTEM BUS INTERFACE 

ADDRESSING 

The address space of the internal mini-floppy is defined 
as $440000 to $44FFFF. This space is decoded off the board 
to a single line select called chip select floppy (CSF'). 
The addresses of most of the locations on the board are 
multi-mapped. Only the address lines required are decoded. 
TWo of the undecoded address lines (A14,A15) are used to 
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determine bus cycle length. Those bits are critical in the 
address, as shorter than the required cycles will cause 
errors because of improper timing. 

The chip select is further subdivided on the board to 
address registers, on-board RAM, and the LSI Floppy Disc 
Controller (FOe). This job is done by decoder U42, gate U4, 
and gate U29. In addition gates 023 and U30 provide proper 
timing relationships by qualifying raw chip selects with 
other control signals. 

U29 decodes the accesses to the FOC. This address space 
is further divided by address lines BAI and BA2 to access 
each register. The internal registers are the command 
register (00), the track register (01), the sector register 
(10), and the data register(ll). 

U4 decodes the primary address of the on-board RAM. 
That address is further divided by address lines SAl-BAS to 
address each of the 256 bytes in the RAM. U42 both decodes 
and divides the register selects to access the extended 
command registers (XCMD), the extended status register 
(XSTAT), and the special function clear extended status 
(CLRXSTAT) • 

It is important to remember that this board has its own 
internal bus. This bus transfers data to and from the floppy 
disc controller and the on board RAM. The bus usually is 
tied to the system bus by U31, a bidirectional buffer. At 
some times during command execution the internal bus is 
"broken off" of tne system bus and carries transfers only 
between the FOC and the on- board R~~. These transfers are 
controlled by the state machine. 

A summary of the valid addresses to the board follows: 
I 

$445000 XCMD write 625ns 
$445000 XSTS read 625ns I 

$445400 CLRX write 625ns 
$44EOOO- on board read-write Ius 
$44EIFF ram 
$44COOO command reg /wri te Ius (in FOe) 
$44C002 track reg read-wri te Ius .... 
$44C004 sector reg read-wei te Ius II " 

$44C 006 data reg read-wri te Ius "" 
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EXTENDED COMM&~D 

The extended command register (U25) is an a bit register 
which controls board function. The bit assignments are: 

1) Drive active 
1) pre-comp high 
2) Bead1 
3) Reset Foe' 
4) Read/wri te' 
5) Local 
6) Address 0 (AO) 
7) Address I (AI) 

At power up the extended command register (XCMD) is 
cleared. This in turn will reset the FDC. The register is 
write only, and therefore a copy of the register contents 
must be maintained in system RAM in order to set and clear 
individual bits. A short description of each bit's function 
follows. 

The drive active bit will enable the floppy drive selected by 
bits 6&7. In single drive applications, that will always be 
drive O. The i~~ediate consequence is that the drive active 
LED will light on the front panel of the selected drive. The 
drive active bit is also an input to the motor-on circuit, 
and it will always start and hold the motor on. 

The pre-com? high bit specifies that the higher level of 
pre-compensation will be used by any writes to the diskette. 
The bit is set for inner tracKS where more pre-comp is 
required and it is cleared for outer tracks where little or 
no pre-comp is needed. The subject of wr i te precompensation 
will be enlarged on later in section v. 

"The side select bit goes directly to the dr ive interface 
cable. It is used to specify the physical head to read and 
write on the selected drive. The selection is not latched by 
the drive. 

Reset FOC' serves two purposes. First, it stretches the 
reset pulse at power UP. The bit is cleared by system reset, 
and of course remains low until re-written by software. 
Secondly, it allows the resetting of the FOC chip independent 
of the other peripherals. This ability allows for the 
recovery from certain error conditions as part of re-try 
algor i thms. 
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The READ/WRITE' bit is used to configure the on-board 
state machine for transfers on the internal bus. If set, the 
state machine will transfer data from the FOe to the on-board 
RAM. If cleared, the transfers will be from the RAM to the FDC. 
In other words, the state of the READ/WRITE' bit must agree with 
the type of operation occurring to the diskette. 

LOCAL is perhaps the most important XCMO bit. When true 
the internal bus is under local control. Accessing the RAM 
or Foe from the system bus is not allowed. The bus buffer is 
also prevented from taking data from, or placing data on the 
system bus. 

since the length of transfers is controlled by circuitry 
on the proccessor board (sync mode), any attempt to access 
these locations will appear to be successful. That is, no 
bus error will result. When the local bus is separated, 
during read or write operations to the FDe or R~~, read data 
will not be valid and the transfer of write datai will not 
occur. 

Local also passes the FOC and RAM signals to state 
machine control. WE' and RE' for the FOC, as well as WE' and 
CE' for the RA..~ are on a tr i-state bus. If LOCAL is set tne 
state machine drives those signals with US. If LOCAL is not 
set the signals are driven from system control lines by half 
of U43. Local also selects the FOC continuously. Local mode 
does not disable the reading of XSTAT or the writing of XCMD. 

The address 0 and address 1 lines are used for drive 
select. Since this board only controls up to two drives, 
address 1 line is not used. The address 0 line chooses drive 
o when it is cleared: and drive one when it is set. 

EXTENDED STATUS REGISTER 

The extended status register (1/2 U43) is a read only 
register which provides additional information about the 
condition of the FDe and drive not contained in the Foe 
status register. The bit assignments are as follows: 

1) Data request 
2) Media change 
3) Margin error 
4) Inte rrupt 
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The data request bit is a copy of the data request 
output of the FDC. It is used during initialize operations. 
Together with interrupt it controls the flow of data into tne 
FOC from the system bus during the time-critical initialize 
operation. 

The media change is set each time the write protect 
switch goes from false to true. That will happen whenever 
the disc is fully removed from the drive. U21 and U27 
monitor the write protect lines from the two drives. The bit 
is cleared by the CLRXST~T special function address. 

The margin error bit is set by a read data transition 
too close to a read clock edge. It is used while 
initializing the diskette to evaluate the media quality. The 
theory of that reduced margin check is described in section 
V. The bit is cleared by the CLRXSTAT special address. 

The interrupt bit is a direct copy of the interrupt 
output to the bus from the FDe. During initialize operations 
the interrupts of the entire system are masked. The fast 
handshake mode of data transfer is used and this copy of the 
interrupt bit is used to signal command completion. 

ON-BOARD RAM 

The local RAM has a 256 byte structure. The board has 
provisions for the use of 2112 (256X8) or 2114 (lKX8) RAMs. 
This is allowed by two sets of pads in the same board area. 
If the 2114 RAM is used, only 1/4 of the part is addressable. 

When the internal bus is in the remote mode, the state 
of each lower address line is loaded into U19 & U24 at the 
beginning of each RAM cycle. This is done through gate U30 
which removes the load signal when address strobe goes high. 
The address is latched-until it is changed by the next access 
to the local RAM. 

When the bus is in the local mode, the state machine 
will increment the address of ~~ after each transfer of data 
to the FOe. The starting address used in that process is the 
last address read to the outside bus. It is important to 
read the first address of the local R~~ each time before 
passing control to the state machine. 

The state machine is a shift register and a data 
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selector. Each time a data request is issued by the FOe a 
positive-going edge shifts through the shift register. When 
that edge reaches the last stage the output of U41 removes 
the high input to the shift register,since pins I and 2 are 
logically anded. A zero then shifts through, causing two 
strobes to be created. Both strobes go low at the same 
time. The output at 023 is low for 500ns. The output at U23 
is low for Ius. Those two strobes are used to generate all 
control signals. They are connected into the respective 
signals through selector U8. One half of the inputs of U15 
are the write operation controls, and the other half control 
the read operations. The select input of U8 is the 
READ/WRITE' signal previously descr i bed. 'rhe last thing that 
the state machine does is to increment the address counters 
(U19&U24) through U41. 
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FLOPPY DISC CONTROLLER 

Accesses to the floppy disc controller registers involve 
several parts. The timing relationships of the FOC are quite 
different than the usual 68000 cycle. 

U14 consists of two latches for the register select 
inputs of the FDC. They latch data on a rising clock from 
U22. That occurs on the falling edge of buffered address 
strobe'. The latches are required to meet hold time 
specifications at the end of the cycle. Another joe done oy 
014 is the selection of the data register for all local 
transfers. The set inputs bring the outputs to a 1-1 state 
whenever LOCAL is true. 

Gate U29 decodes the FOC chip select. Those two parts serve to 
hold FOC chip select on whenever LOCAL is true, and to stretch the 
select during reads. In a read U29 sees both CSFDC and REFDC low 
and holds CSFDC low througn U29 until REFDC is removed. 

A sum~ary of the FOC commands available follows~ 

OH Restore (h=O head load, h=l nead unload) 
lH Seek 
2H step (same direction last stepped) 
3H step and update 
4H step in 
SH step in and update 
6H Step out 
7H step out and update 
82 Read single sector, logical side 0 
8A Read single sector, logical side 1 
A2 write single sector, logical side 0 
AA write single sector, logical' side 1 
CO Read address 
EO Read track 
FX Force interupt (X=Interupt mask) 
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The FDC status word returned is a function of tne last 
command issued to the controller. A summary of status words 
follows: 

Bit All 'rype 1 Read Read 
Commands Address Sector 

57 Not Ready Not Ready Not Ready 
56 write Protect 0 0 
55 Head loaded 0 Record Type 
34 Seek Error RNF RNF 
33 eRe Error eRe Er ror eRe Error 
S2 Track 0 Lost Data Lost Data 
51 Index DRO DRO 
SO Busy Busy Busy 

Bit Read write write 
Track Sector Sector 

i 

57 Not Ready Not Ready Not Ready 
S6 0 0 Write protect 
S5 0 write Fault write Fault 
S4 0 RNF 0 
S3 0 eRe Er ror 0 
S2 Lost Data Lost Data Lost Data 
31 DRO ORQ DRO 
SO Busy Busy Busy 

MISCELLANEOUS 

Gate U23 and U30 generate BUSEN. BUSEN turns on the bus 
. buffer whenever the local RAM or the FDC are addressed. The 
exception is when LOCAL is high, in which case the access is 
disallowed. The direction control is taken from ~/w' through 
U41. 

Whenever control is passed from the external control 
lines to the state machine, the signals involved are 
momentarily not driven by either. In order to assure that no 
glitches occur the lines REFDC, WEFDC, RERAM, and CERAM all 
have resistor pull-ups. 

A 10 MHz clock is provided to the board from the mother 
board. The clock is buffered by U41 immediately, to cut down 
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capacitance and also to improve EMI. The clOCK is used in 
the write pre-compensation of data directly. Toe clock is 
divided to 2 MHz by U26 for use in the state machine. It is 
also divided to 1 MHz for the FDC clock. 

III. FLOPPY DISC INTERFACE 

GENERAL 

The connection between this board and the mini-floppy 
drives it controls is through a 34 conductor ribbon cable. 
The description of the signal levels is available in the ANSI 
standard ,X3T9/846, "AMERICAN NATIONAL S'rANDARD FOR 'rHE 
INTERFACE BETWEEN FLEXIBLE DISC CARTRIDGE DRIVES AND THEIR 
HOST CONTROLLERS". 

There are several special circuits on the drive 
interface side of the FDC. They manage motor control, wait 
for the drive to reach operating speed, and buffer signals to 
and from the drive. The highly specialized read and write 
circuits are described in sections V and VI. 

READY 

The ready circuitry detects index pulses from the drive 
selected. The pulses are inputs to a one shot with a time 
constant of 250ms. The input pulses are 200ms apart whenever 
the motor is at proper speed. The leading edge of the index 
pulse is used as the one shot trigger. As long as the motor 
is on, and a diskette is inserted, ready should be constant 
true. That is because the one shot timing period is longer 
than the pulse spacing. Each drive interface has its own 
ready circuit. This prevents a wait period after drive 
select is changed. 

UP-TO-SPEED 

An extension to the ready function is the up-to-speed 
output from shift register Ul. After the motor is on, each 
index pulse clOCKS the shift register. The input is tied 
high, and after 3 clocks a "I" appears at the output. That 
signal is applied to head load timing (HL'r) of the floppy 
disc controller. The result is that whenever a high level 
command, such as read sector or write sector is executed, the 

-operation can not begin until three index pulses after motor 
on. The shift register is cleared whenever the motor is off. 
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MOTOR-ON 

~otor-on control is provided by U45 and U17. The 
function of the gates is to hold the motor on after a command 
for three seconds. Gate U45 ands the signals head load (HLD) 
from the FOe and ready. The output of gate U45 is HOLD, a 
signal that holds the motor on. 

HLD is a signal intended to be used in drives with a 
head load SOlenoid. It is asserted by any high level command 
and remains on until 15 index pulses after command 
completion. If the diskette is removed from the drive., or 
the door is opened, ready will disappear and hold will change 
to false. If this gate was not there the motor would stay on 
forever, since HLD will remain for 15 index pulses, and no 
index pulses occur with no disc. 

Gate U17 allows either the XCMD bit or the HOLD signal 
to keep the motor on. Normally the XCMD select bit is high 
during all low level software driver activity. The function 
of hold is to allow for control to pass back to high level 
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software and return to the driver without incurring the 600ms 
wait to come to speed. 

DRIVE SELECT 

Address 0 comes from the XCMD register, U34 inverts the 
signal AO generating AO'. These signals control all of the 
multiplexers and demultiplexers. U32 generates SELO and SELl 
control signals for the drives. U44 and U47 are the 
multiplexers for all the signals coming from the drives. 
This also includes the ready signal and the media change bit 
which are generated on the controller. The signals output to 
the drive ~ and STP are g.ated by U49 and qualified by AO 
and AO'. The other output sIgnals do not require gating. 

MISCELLANEOUS 

The only other interface logic not in the serial data 
streams is the write gate protection. Gate U45 ands the 
write gate signal from the FDC with reset so that write gate 
is never asserted at power on. 

The remaining packages in the interface area are buffers 
and receivers. U~ buffers the outputs of the FDC so that 
they are not required to drive the standard TTL bus drivers 
(U33, U39 & U40). The floppy bus drivers are open collector 
gates that are terminated by 150 ohm pull-ups on the floppy 
drive electronics board. U35 and U38 are Schmitt trigger 
packages which receive the drive signals. 
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IV. PHYSICAL FORMAT 

MODIFIED FREQUENCY MODULATION ENCODING 

The best place to start a description of MFM is with 
frequency modulation (FM) encoding. As the name implies the 
data is distinguished to be a one or zero by the frequency of 
the data pulses. The system starts with a clvck signal of 
125 KHz. Each 8 uS a pulse occurs that defines the cell 
boundaries. If the data is all zeroes that is all there is. 

Whenever a one occurs in the bit pattern an extra pulse 
is added to the "data" cell, half way between the clocks. 
That pulse doubles the frequency. The decoding of FM data is 
easy since a simple one-shot circuit can see the extra pulse 
as a one. 

In review FM has clocK cells and data cells each 4us 
long. Every clock cell has a transition in it. Any bit that 
is a one will have a transition in the data cell. 

0 C J / 0 
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MFM data is based on a series of clock pulses 4 us 
apart. If there are no ones, that is all there is. If a one 
occurs, things are a little more complex. Not only is a 
pulse written between the two clocks, but the clock pulse for 
the bit is not written. In addition the clock cell for the 
following bit must be empty. That will naturaly occur if the 
next bit is a one, but if the next bit is a zero, nothing is 
written in either cell. 

That helps keep the transition density low, but the data 
is now phase modulated instead of frequency modulated. There 
are now identical bit streams possible with two entirely 
different interpretations depending on the phase tney start 
in in. Almost any practical method of decoding MFM data is 
going to involve the use of a phase lock loop. 
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CORPORATION STANDARD PHYSICAL FORMAT 

Most of the divisions using ~ini-floppys have all agreed 
to a single pnysical format. The purpose of the standard is 
to guarantee that there are no impediments to the interchange 
of data built into the media initialization. 

The format of the disc is 33 logical cylinders (0-32), 
each naving two sides (0-1), and each side having 16 sectors 
(0-15). The corporate standard defines exactly what bytes are 
written on each track. 

Number of bytes Hex Value Description 

85 4E post Index Gap 

r
16 4E Sector 
12 00 Sync Field 

3 Al (note 1) 
I FE 10 Address MarK 
1 XX Cyl inder Number 

)( 1 XX Side 
'-l) 1 xx Sec tor Numbe r 
- 1 01 Block Length 

~ 
2 XX CRe 

22 4E ID Gap 
lJ.l 12 00 Sync Field 
~ 

lsi 
Al (note 1) 
FB Data Address Mark 
XX Data 
XX CRe 

28 4E Sector postamble 
155 (note 2) 48 Pre-index Gap 

notes: 1 The Al pattern in this field is missing a clock 
transition between bits 4 and 5. 

2 Minimum pre-index gap based on 3.6% motor speed 
variation, write 4E until index pulse. 

The CRe mentioned above is a 16 bit cyclic redundency 
check. The polynomial is G(X) = X~16+XA12+XA5+1. The 
register is initialized to ones and includes all information 
starting with the address mark and up to the CRe bytes. 
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v. WRITE PRECOMPENSATION NETWORK 

The ~urpose of write precompensation is to change the 
outgoing bit data stream in such a way as to improve the 
integrity of the signal that returns during reads. The 
reason that this is possible has to do with the way in which 
the transitions interact on the media. Each pulse that the 
FOe sends to the drive causes a flux reversal on the media. 
By looking at the resulting ~agnetization pattern of two 
adjacent transitions, it is obvious that they interact. In 
many cases the interaction of several flux reversals has no 
net effect. In other cases, a pattern of reversals will 
always shift tne pulse a predictable direction. 

The magnitude of this shift is a product of many 
variables. The biggest variable is the pnysical spacing 
between the pulses on the media. Tne closer together the 
pulses, the more interaction. This means that transitions on 
the outer tracks are not effected as much as those on the 
inner track, since the bit densities are higher on the inner 
tr acks. 

The circuit on this board is capable of multi-level 
pre-comp. It uses a 10MHz clock to shift the bit stream, and 
can therefore make lOOns changes in the bit positions. The 
decision about whether to shift early or late comes from an 
algorithm inside the FOC. 

As each pulse comes out write data (pin 31 of the FOC), 
the information of early and late is latched by U36. package 
U46 synchronizes the data with clock edges and creates a 
pulse of Ius duration. The pulse shifts through shift 
register USO. The output tap of the shift register used is 
selected by U47, under control of the early and late signals 
and also the pre-comp level select. 

3uppose pre-camp level select is high, then for normal 
(neither early nor late) bits the middle tap is selected. 
All such normal bits are delayed 200ns (referenced to output 
II). If early is true, the no-delay output is selected, and 
if late is true 400ns delay is selected. If the pre-comp 
level select is low, the data is always taken from the lOOns 
delay tap and there is no pre-camp. 

The purpose of two pre-compensation levels is to 
maximize the margin with wich the data is written. Levels 
are not specified in the corporate standard. Each division 
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has determined the amount and selectability of pre-camp. It 
should not cause interchange problems, since any pre-camp on 
the inner tracks should be better then none. The reading 
drive has no way to distinguish the amount of pre-comp used. 

v. READ RECOVERY 

Read recovery is the biggest challenge of any magnetic 
storage device. The read recovery circuit can be divided into 
two major bloCKS. The most important part is the phase lOCK 
loop. It is responsible for generating the read clock signal 
(RCLK) that the Foe uses to recognize cell boundaries. The 
second part is the loop management circuit, responsible for 
controlling the locking and unlocking of the phase lock loop. 

PHASE LOCK LOOP 

1) Block diagram 

The bloCK diagram of the phase lock loop is snown below. 
The voltage controlled oscillator (VCO) is U12, Ql-4, Q8, Q9, 
CR2, CR3, and a few resistors. The sampling section is Q5, 
Q6, Q10-l4, and CR5. The filter is C6, C7, and R22. The 
frequency clamper is Q7, Q15, and CRI. The phase clamp is 
R42 and Ul3. 
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2) Voltage controlled oscillator 

The vco is a triangle wave generator normally at 500 
KHz. The voltage on the base of Q3 is converted to a current 
by darlington Q3-Q4 and resistors R23 and VR2. The voltage 
across R23 and VR2 is two base emitter drops lower than the 
input voltage. The current through the resistors is directly 
proportional to the control voltage. That current also flows 
through the collector of the darlington. It is the control 
current supplying a current mirror made up of 01, 02, Qa, 09, 
and resistors R43 and R44. 

The comparator 012 can be in one of two states. The 
differential outputs can have pin 9 high and pin 11 low or 
vice-versa. The outputs are buffered by open collector 
inverters in 013. The two outputs connected to transistors 
are limited by the resistor bias networks (R18-21) to 1.1 
volt excursions. The output of a13f is used to generate a 
square wave at the positive input of the comparator. The 
high level voltage of the square wave occurs when U13f's 
output is high and the voltage rises to CR3's zener voltage. 
When the,output of U13f is low the square wave is at the low 
voltage of CR2's zener plus about .2 volts. In both cases the 
zeners are biased by R38. 

If the triangle voltage is increasing, the voltage on 
the base of 02 is higher then the voltage on the base of Ql. 
That will result in 02 being on and 01 being cut-off. All of 
the control current flows through Q9 and 02 causing a voltage 
drop across R43 equal to the product of the control current 
and the resistance. The voltage on the base of Q9 is just 
one diode drop lower then the voltage across R43. That same 
voltage is on the base of 08. The emitter of 08 matches the 
voltage on the emitter of Q9, and therefore R44 has the same 
voltage across it as R43. Since R43 and R44 are the same 
value and share the same voltage, the control current is 
mirrored in 08. with 01 cut-off all of the current in 08 
flows into C21. That constant current causes a linear 
ramping of C2l's voltage. 

The voltage on C2l will continue until the comparator 
sees that it has reached the upper limit. That limit is set 
by the voltage of zener CR3. When the comparator changes 
states the base of 01 is above the voltage on the base of 
02. In that mode 01 is on and 02 is cut-off. with 02 
cut-off no current flows through 09, R43, R44 or 08. The 
full control current flows through 01. This time it is 
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supplied by C21, and the voltage there is a linearly 
decreasing ramp. 

Once again the comparator is responsible for sensing the 
limit. with the comparator in this state pin 9 is high and 
the output of open collector U13f is low. The voltage on the 
com?arator input is now set by zener CR2 whose voltage is 
lower then CR3. When the voltage reaches this lower limit the 
whole process begins again. 

Each time the comparator changes the triangle from 
increasing to decreasing slope U2b is clocked. Its output is 
read clock (RCLK). RCLK cnanges states at each triangle 
peak. The frequency of RCLK is one half of the VCO frequency 
or nominally 250KHz. 

If the voltage is increased on the base of Q3 the 
currents are higher, and the slope of the voltage on C21 is 
steeper. An increase in voltage at Q3's base leads to an 
increase in frequency. A decrease in voltage will cause a 
corresponding decrease in frequency. 

3) Sampling section 

The second part of the PLL is the sampling section. The 
triangle is buffered by darlington QIO and Qll so that the 
sampling activity will not disturb the VCO. CRS and 014 
convert the triangle wave to a triangle current available at 
the the collector of Q14. This begins with the voltage on 
CR5. It is biased by R48. The voltage on the emitter of Q14 
is .7 volts above that voltage. The upper end of R47 is the 
triangle voltage and the lower end is fixed at about three 
volts. A triangle wave current results. 

Most of the time that current flows to ground through 
sampling gate al3c. Whenever sample goes high, the current 
flows into a second current mirror. CR4 is a biasing diode 
that assists in the turn off of the current at the end of the 
sample inter val. 

The current mirror made up of Q12, Q13, Q5, and Q6 uses 
the sampling current to either pump up or pump down the 
filter voltage to track the data. 

If sample occurs while the triangle is ramping down the 
pulse is early. The frequency should be increased, so the 
filter voltage is increased by directing the sampling current 
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into the filter through 012. The other three transistors in 
the mirror are cut-off. 

If the pulse is late, the frequency of the VCO is high. 
The filter voltage is decreased by mirroring the sampling 
current out of the filter. The mirror has Q13, Q5, and Q6 
on. R28 and R29 reflect equal current as in the other 
mirror. This decreases the filter voltage, and in turn the 
VCO frequency. 

The further from the triangle trough the pulse occurs, 
the higher the sampled triangle current, and the more 
correction. The result is that the sampling pulses cause the 
'leo to change frequency in such a way as to center the 
triangle troughs on the sampling pulses. Once they are 
centered, small changes in the data stream frequency are 
tr acked. 
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4) Filter 

The filter is made up of C6, C7, and R22. The purpose 
of the filter is to slowly ajust the veo control input in 
response to sampling pulses. The filter is required to 
average out bit shift variations and to mask some of the 
noise impulses. The measure of the quality of the filter is 
in the trade off between acquisition range and margin. 

Acquisition range for the present filter design is 
nearly plus or minus 20% of the nominal data stream 
frequency. The margin performance of the PLL has been traded 
off slightly in favor of lock range, but it still compares 
favorably with all other designs tested. 

5) Frequency clamp 

Whenever the phase lock loop is not tracking data, it 
returns to a free run state. The job of bringing the 
frequency to the free run value is done by the frequency 
clam~. The circuit involvesiCRI, Q7, Q15, R49, R26, and R27. 

On a high level output from U13a, Q15 is cutoff. Tnis 
means that no current flows through R26. The voltages of the 
gate and source of FET 07 are equal. In that mode, the 
depletion mode FET connects the filter (C6) to the zener 
voltage on CRI. The voltage on CRI is 5.6 volts above -12. 
That voltage appears across the filter, and in turn is the 
control voltage of the veo. 

If the output of Ul3a is low, R49 has slighty more then 
4 volts across it. The emitter current in Q15 is about 4ma. 
The collector voltage at Q15 will be near ground with only 
2rna through R26. This means Q15 is saturated. The gate to 
source voltage of 07 is then greater than 6 volts, and pinch 
off occurs. 

The resistance of VR2 is adjusted with the circuit in 
the free run mode to yeild a veo output frequency of 500 KHz. 
Then when the phase lock loop is ready to acquire lock, it 
always starts from that free run frequency. 

6) Phase Clamp 

Another feature of this phase lock loop is the phase 
clamp ability. Phase clamping is used to put the veo output 
at a given point in its cycle. In this design, the triangle 

MOOEl 9836A I STK NO 

THEORY OF OPERATION 

!See Pg.l for Revisio 
i-

l
-rR+-.-. pc-,.(}..;;o..-+-~-APPftO--VE-D --t---OA-TE--~ APP() 9h !L 

BY Ron Rogers/JR DATE October 13, 1981 

SHEET NO 21 .. OF 33 
REVISIONS SUPERSEDES ~GNO A-09326-66562-9 

7830-006-L 



_______ """"""" __ -_' ......... 1 '.-H ... b .-""'" _'bWb ...... ' .......... ""_! .... h!I!"""""!\!"I..wc""'OUlil..!~"JI.!I.1iuILnII 1!!JiIlIWI!Llltl',,"",,"':""''' ~''''''k~_'_' ~~!V'JJ.i..\I~./..ILJl..lW>.lu.!I..:~ 

'1'1 

(HEWLETT - PACKARD CO. 

:~ 

~15-

5A~PLER 

Veo 

c.. Q.i 

C.l 

-12 

SAI.4.PlE u ~ U U U 
fCLA/,'fP 

bV 

V~sQ7 ov 

~ ~ ~ 
~I 

'9;';VtPLE II ~ CU'(lQV,rr -.I 

Vp 
m, , ... ~/clOMp 

L ~ v .. J 

FILTER- ANI:) f(L6<Q.. CC~f"1f 

~P-----~--------~------~~M~OD~El ___ 9_3_3_6_A ______ ~S~TK~NO~ ______________________ ~ 

THEORY OF OPERATION 

APPROVED 

Ron Rogers/ JR DATE October 13, 1931 BY 
.1 for Revisio 

SHEET NO 24 OF 33 APPO OATE 

REVISIONS SUPERSEDES DWG NO A-09826-66562-9 
7830-006-l 



HEWLETT - PACKARD CO. 

wave is held at its minimum voltage until released. As 
discussed before that point in the cycle is where the read 
data 9ulses are to be locked to. By releasing on the first 
read data pulse from phase clamp, the phase lock loop has the 
advantage of only having to correct for frequency 
differences. 

The benefit of phase clamp is that the probabili ty of 
acquiring lock is improved. The speed at which the lockup 
occurs is also improved. This is because without phase clamp 
both phase and frequency must be brought in lock. That is 
diffucult enough to do that in the extreme case locking to 
harmonics of the actual data stream is possible. 

Tne circuit element used to phase clamp is R42. When 
the output of Ul3b goes low, current flows out of the filter 
and into R42. No matter what state the comparator was in, 
eventually the voltage on C2l will go slightly below the 
lower trip point. At that time the comparator will always be 
mirroring current into C2l. That current will flow through 
R42 seting up the clamp voltage. That is an equilibrium 
condition that will exist until phase clamp is released. 
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7) Margin output 

Another section of hardware in the analog section 
creates the signal margin. The purpose of margin is to 
jefine an area of the read clock signals within which no 
transitions should fall. This signal is in no way related to 
the actual reading of the data stream by the FOC. Instead 
the signal is used by the host processor during initialize 
operations to check media quality. 

The elements involved are val, R16, R17, and U7. The 
triangle wave from the VCO is fed into the positive input of 
U7 A voltage is set u~ on the negative input by adjusting 
VR2. The voltage is adjusted slightly below the triangle 
wave peak. For a small time before and after the peak, 
marg in is tr ue. 

The margin output is anded with the -locked" signal by gate 
U45c. The margin pulses are then applied to the combination of 
Ul7b and U21a. Each time a read data pulse occurs af ter "locked" 
is true the margin line is sampled. If the edge of read data 
falls in the range too close to a RCLK edge a2la will clock high 
and Ul7b will latch it. The circuit is only cleared by RG going 
low at the end of the header or sector. 

If the output of a21a is high during a sector that we are 
actually reading, then tne next DRO output of the FDC will clock 
margin errror latch U27b to true. The output of margin error 
is available through the extended command register. It can only 
cleared by the reading of the CLRXTS special address. 
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LOOP MANAGEMENT 

Now that the functions of the analog section have been 
described it should be obvious that some of the control 
signals needed to lock and unlock are going to be complex. 
The loop management section provides all of these siganls, 
and also creates the read data sent to the FOC. The sections 
involved are the delay line, the (sync field) discriminator, 
the lockup controller, and the phase clamper. 

1) Delay line 

The delay line is made up of LI-4, Cl-4, 010, U4a, U6d, 
and UlBa. The read data pulses are applied to Ul8a directly 
from the drive interface. HLT is anded with the pulses so 
that only valid read data is fed to the delay line. The Ius 
wide pulses go through the three sections of the delay line. 

The first section of the delay line is a delay of 80ns. 
The output of the first section (UIO) is the start signal for 
processed read data. The second section is another 80ns delay. 
The output of the second section (UIO) is used to end sample. 
The final section delays another 160ns. The final output (UIO) 
stops processed read data. 

Gate U4a creates the sample signal. Sample is a 160n5 
wide pulse starting with the raw read data edge propagates to 
UlSa and ends when the edge appears at UIO. The sample 
pulses are also gated with "track". 

Gate U6d creates the 240ns read data pulses sent to the 
FOC. They are started with the output of UIO, and are 
centered in the sampling pulses just described. When the raw 
data edge reaches the processed read data pulse is 
terminated. 

Some other signals are taken from the delay line to be 
used by other sections of the circuit. The line leaving UIOa 
is a bit clock for the discriminator. A tap at UIOb is 
delayed read data for the margin error detector. Here the 
delay is to make up for comparator (U7) response time. 

T Clf> T 
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2) Discriminator 

The discriminator has the task of finding sync fields 
for the pnase lock loo~ to lock to. Every section of read 
data that can be independently read is preceded by a sync 
field. It is the part of the data stream that is intended 
for lock up. The discriminator is half of U5, U18h, and 
U18d. It will pulse when not in a sync field, and stop 
pulsing in a sync feild. 

us pin I is connected to a 2 MHz clock. The clear for 
USa (pin 2) is connected to ~rocessed read data inverted by 
U3Sf. In between read data pulses the counter will count 
uP. If tne counter reaches a count of ten, a pulse will 
appear at Ulad's output with clock high. The clock qualifier 
is required since the counters are ripple counters and false 
outputs would occur otherwise. 

If the read pulses are more than Sus apart, an output 
pulse! is possible. Since the clock is asynchronous with 
respect to read data there is variability in the operation 
depending on the phase relationship of the signals. If the 
pulses are S.5us apart an output pulse is guaranteed. Tnis 
means that in areas with only 4us spaced pulses the counter 
is always cleared before a count of 10 is reached. The 
output of the discriminator is used to clear out the lock up 
controller whenever a non sync-field spacing occurs in the 
data stream. 

The shift register U28 delays the discriminator output 
for four read data transitions before it is applied to the 
counters in the loop manager. This is done because the RG 
(read gate) output of the FDe can be delayed l6uS after the 
Foe finds the last byte of zeros. without this register 
delay, there- is a possibili ty of improper opera tion if a read 
address command is given to close to the end of a sync field. 

DUT 
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3) Lock up controller 

The lock up controller is responsible for the generation 
of the track and locked signals. It responds to the inputs 
from the data stream, the discriminator and the read gate 
(RG) from the FDC. The track signal switches the analog 
section between its free run and tracking mode. The locked 
signal informs the margin error circuit of when the phase 
lock loop is locked to the data stream. 

Tne components in the circuit are USb, U6a-b, UIOf, and 
U11. RG from the FOC informs the circuit that the read data 
stream has been recognized by the FDe to be a sync field, and 
that the controller is now looking at the read data. RG is 
inverted by UGa and gated in UGb with the discriminator 
pulses so that whenever RG is asserted the discriminator is 
ignored. 

The output pulses from U6b thus qualified are used to 
clear out the lock up controller. The first part of the 
controller is USb. It counts read data transitions and its 
output clocks Ull once each two bytes. A count of 16 
transitions will always translate to two bytes in a sync 
field since there is exactly one transititon per bit. 

U1l is a shift register with the inputs tied high. For 
each two bytes of a sync field, the register shifts one 
position. when four bytes of sync have been counted pin 4 
(output 2) goes high. This is the signal "track", telling 
the phase lock loop to start tracking data. Lock is also 
used to gate the sample pulses through gate U4a, so its 
appearance also starts sampling activity. If the operation of 
lockup is completed and RG is asserted, pin 13 (output 8) 
will signal "locked" to the margin error circuit. 
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4) Phase clamp 

The process of phase clamp was described in the analog 
section. 'rhe VCO is stopped and held until the next da ta 
transition in order to start the PLL in phase with the data. 
a2a and U18c are the parts involved in that activity. a2a is 
cleared whenever not locked. When the signal track comes 
true it appears on the input of U2a and at gate (JIBe. The 
output of gate alae goes low and phase clamps the triangle 
wave. The next transition clocks a2a removing the Q' output 
from Ulac. This releases the triangle wave and the phase lock 
loop is free to track the data. 

5) Miscellaneous 

There are a few parts in this area of tne schematic not 
yet described. They are related to read recovery and yet are 
not strongly related to any of the above sections. 

U35c and U17c provide for the use of the VFOe' output of 
the FDC. That out~ut is provided for use with certain phase 
lock loops. It allows for trackin~ of data through gaps 
which is useful in executing read track commands. Because of 
the high gain bandwidth of the pnase lock loop on this board, 
its exclusive use was ruled out. If VFOE is required for 
some service operation, the VFOE' test point can be jumpered 
to the LOCK test pin. 
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'rEST POINT SUMMARY 

'rhe test points provided on tnis board are to assist in the 
checking of the operation of both the floppy control board and the 
drive. with the exception of LOCK, all test points are outputs. 
The drive capacity of all test points is one low power schottky 
load, do not exceed that without careful consideration. 

LOCK 

The LOCK test point is an input to the pnase lock loop lock 
up controller. dhen low, it forces lock up (or prevents unlock) 
of the phase lock loop. It is used in conjunction with the VFOE 
test point to allow full track read operations. In that case, a 
jumper between the two test points enables enables this feature. 
with the jumper installed, normal board operation will continue. 
Some degradation in long term transfer rate will occur due to 
harmonic locking. 

VFaE 

The VFOE test point is an unbuffered connection to the VFOE' 
output of the FDCchip. This pin should be used witn extreme 
caution since a direct connection to the chip makes it susceptible 
to static discharge. The output may be useful in determining if 
the FDe is deriving data from the read data stream. In general, 
the RG pin on the FOC is more useful. 

TRIGGER 

This pin is for use in signature analysis. Addressed at 
$445800 this pin can be used for start/stop. 

ORO 

The data request test point is a buffered output of the Foe 
signal. If data requests are issued, data is being transferred on 
the internal bus. This means that the Foe is finding valid record 
headers for the sector it is attempting to read. Transfer of the 
data on the internal bus will occur even if a eRe error is found, 
since the error will not be realized until the end of the sector. 
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IP 

The index pulse test point is useful in checking for index 
pulses from the drive. If the mater is on, media is installed, 
and the door is closed, index pulses should occur every 200 msecs. 
The index pulse rate can be used to check motor speed. Tnat is an 
adjustment on the drive servo board. 

RDY 

Ready is the output of the ready one-shot. It indicates that 
the motor is on and index pulses are coming from the drive. It 
should be either high or low, never pulsing. If pulsing, a 
problem occurs with the one-shot or the motor speed is grossly out 
of adjustment. 

WG 

This test point is a buffered copy of the write gate signal 
from the FDe. This signal should be high when a write occurs to 
the dr ive. 

RDATA 

Read data is a complex signal that can check some of tne 
drive function. If observed on a Ius per div scale, it should 
have pulses spaced at 4, 6, and 8 us. Tne pulses will have a lot 
of jitter, this is normal. This test point is useful for higher 
level testing of the floppy controller board, and therefore is 
available at the test connector J3. 

2r.!HZ 

This test point is the 2 Mhz clock which drives the board. 
It is divided down from the IOMhz input from the system. This 
test point is primarily to check if the clock exists on toe board 
and as a clock for signature analysis. 

TRIANGLE 

Triangle is an intermediate signal in the generation of the 
read clock. It should be a triangle wave with two equal sloped 
portions. If unequal or curved and distorted sections are seen, 
there is trouble in the voltage controlled oscillator. 
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FILTER 

Filter is the input to the VCO. 'rhe filter voltage is 
actually between -12 and the filter test point. So if measured to 
ground, you should remember the more negative the voltage the 
lower the VCO frequency. The voltage should be roughly -6.4 volts 
when the phase lock loop is tracking data and nearly that at all 
other times. 

MARGIN 

MARGIN is the output of the margin generating circuit. It 
should be adjusted to 200 nsecs when the phase lock loop is in the 
free run mode. It is also available at the test connector J3. 

RCLK 

Read clock is the output of the VCO section. It should be 
adjusted to 250Khz when the phase lock loop is in the free run 
mode. It is also available at the test connector J3. 

WDATA 

WDATA is the write data signal to the drive after pre-camp. 
It will show the proper operation of the pre-comp circuitry. Tois 
should be observed on the Ius per div sweep. Tne pulses will be 
spaced at precise 4, 6, and Sus intervals with subgroups of pulses 
at the pre-comp level around the large groups. 

STEP 

This testpoint is a buffered duplicate of the control signal 
STEP. When the drive is told to restore, seek, or any other 
command that requires the head to move in or out, pulses will be 
seen at this point. They should be 6 msecs apart for all 
operations but restore where they will be 20 msecs apart. 
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