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13 DECEMBER 1974 PAGE 0001

CPBOOTCREV D), AIDS2, MHJ=REG@MHS=MLGe 13 DECEMBER 1974
CONTROL PANEL BOOT PROGRAM
PRIME COMPUTER- INC.+ SRCO781.003
COPYRIGHT 1974, PRIME COMPUTER, INCer PRAMINGHAM, MASS,

CONTROL PANEL BOOT SENSE SWITCH SETTINGS (X =
CEXCEPT FOR THE START BOOT, SS14 = $816 = 0,
1 = 10 ARE DEFINED BY THE SECOND LEVEL 800TS)

DON'T CARE)
SENSE SWITCHES

S$S=11 12 13 14 i5 16 =! MEANING

x Xx x 0 0 0 =0 START AT ADDRESS IN S81 ©— 8581:
X XK xX 0 0 i =1 ASR PAPER TAPE
X xX Xx 0 i 0 =2 HIGH SPEED PAPER TAPE

0 | 1 =3 FHD (SEE BELOW FOR SSi1t = $81
i 0 0 =4 MHD (SEE BELOW FOR SS11 = $81

x X i 0 i 25 MAG TAPE (SSi2: 029 TRK, 157
x X X 1 i 0 =6 FLOPPY DISK (DISKETTE)
Xx xX x { i 1 27. SPARE

SENSE SWITCHES 11 = 13 FOR DISKS (FHD/MHD, SS14 = 8816 = 3/4)

UNLIKE SENSE SWITCHES 14 = 16 WHICH ARE TREATED AS A THREE DIGIT
BINARY NUMBER (0 = 7)- SENSE SWITCHES 11 = 13 FOR DISKS ARE TREATED
AS INDEPENDENT FLAGS. THEIR MEANINGS ARE AS FOLLOWS:

8513 = 0: OPTION B
1s: OPTION B'/C

SS1e = 0: OPTION B'/C DEVICE ADDRESS ‘21
is OPTION A'/C DEVICE ADDRESS '23

SSi1 = 0: BOOT FROM UPPER SURFACE
1: BOOT FROM LOWER SURFACE

MHJ“REG=MHS=MLG, 13 OECEMBER 1974 PAGE 0002

+
4

4
6

4+
H
e
H
H
H
H

HH
H
Y
H
O
O
O
O
O

NOT ALL COMBINATIONS OF THESE SENSE SWITCHES ARE MEANINGFUL. FOR F
(SS14 = §S16 = 3), SS11 IS NOT LOOKED AT. FOR MHD (OPTION B), SS12
IS NOT LOOKED AT. SPECIFIC COMBINATIONS ARE DEFINED AS FOLLOWS:

FOR |FHD (ssa = $3516 = 3) (xX = DON'T CARE)

SS= 11 12 13 MEANING

x x 0 OPTION B
X 0 1 OPTION B'/C (¢€'21)

xX i 1 OPTION B!/t ('23}

FOR MHD (SS14 = $516 = 4) (xX = DON'T CARE)

S8= 11 12 13 MEANING

0 x 0 OPTION B CUPPER)

1 x 0 OPTION B (LOWER)
0 0 1 OPTION B'/C ('21) (UPPER)
1 0 1 OPTION B'/C ('21) (LOWERSHEAD 2 FOR 20 SUR)
0 i 1 OPTION Btse ('23) CUPPER)

1 1 1 OPTION B'/C ('23) (LOWERSHEAD 2 FOR 20 SUR)

INITIALIZE LOAD SECTOR TO O'S

D165
ABS
ORG "1000
BSZ Sie CLEAR SECTOR '1000
ORG "1000 BEGIN BOOT AT '1000
EJCT

CPBOOTCREV 0);

O& 001000:
o7 0010013

720010023
7¢ 0010038
7% 0010043
7% 0010053

1+? 0010063
7s 00120078
7& 0010103
77 0010118

25 001012:
/ 0010133

zz 001014:
001015:

Ty 0010163
os 001017:
~ 0010203
oy 001021:
Jo 001022!

CPBOOTCREV D), ALDS2, MHJ=@=REG=MHS=@MLG, 13 DECEMBER 1974

Zr 001023:
zz 001024:

az 001025:

By 001026:
237001027:
Be 001030:

3? 0010315
~f~ ONYHZds
eu vvivasie

77 001033:
af2 9010343
4/% 901035:
«fy 001036:
ofS9010375
“fe 0010408
7 001041:

SO 0010428
>/ 0010433

22 0010443
S73 001045:
x 001046:
Ss 001047:
S@ 001050:

001000
177006
000007
000022

000051
000057
000057
000103

121771
021754
021754
121524

004040
000200

04.000057A
140010
131620

03,000006A
100275

02.0000564
35.000001A

22.000010A
04.000003A
22.000014A

041272
040572

35.000001A

02.000003A
4791 79H
ararev

12.000003A
131420

44,000002A
12.000002A

140114
01.000037A

131620

02.000025A
101257

07.0000S56A
04.000002A
04.00002S5A
O1.000020A

* 000003

AIDS2- MHJ°REG=MHS=MLG,

(0071)
(0072)
(0073)
(0074)
(0075)
(0076)
(0077)
(0078)
(0079)
(0080)
(0081)
(0082)
(0083)
(0084)
(0085)
(0086)
(0087)
(0088)
(0089)
(0090)
(0091)
(0092)
(0093)
(0094)
(0095)
(0096)
(0097)
(0098)
(0099)
(0100)
(0101)
(0102)
(0103)
(0104)
(0105)
(0106)
(0107)
(0108)

(0109)
(0110)
CO111)
(0112)
(0113)
(0114)
(0115)
(0116)
(0117)
(0118)
Atta
Vvaivd

(0120)
(0121)
(0122)
(0123)
(0124)
(0125)
(0126)
(0127)
(0128)
(0129)
(0130)
(0131)
(013e)
(0133)
(0134)
(0135).
(0136)
(0137)
(0138)

2
B
H

x

PB5
PBOD
PB2

®

*

*

PTLOAD

U
t

+
+

F

x

x
*
MTRNGE
MTSTRT
#
x
x
PB4
KMTPON

PBS

OVER

PB6

13 DECEMBER 1974 PAGE 0003

PRE=“BOOTSTRAP = LOADS BOOTSTRAP PROGRAM FROM CONTROL PANEL

EQU x
EQU 6e%
DATA 7
DATA PB4+PBD

MASK BITS
PRE*800T STARTING LOCATION

TABLE OF INDIVIDUAL BOOT CONTROL PANEL LOCATIONS

PRam AddReESSDATA  START=PBS START AT SENSE SWITCH
DATA  PTAS=PB5 COMBINED PTR/ASR BOOT IN ConT ras CPRANELK
DATA PTAS=PR5 COMBINED PTR/ASR BOOT
DATA ELSES=PBS DISK» MT, FLOPPY. AND USER B00TS

PB1 IS A TABLE WITH ONE WORD FOR EACH DEVICE BOOT.
LEFT BYTE IS HSM START FOR BOOT. RIGHT IS =NUMBER OF LOCATIONS.

so, 7 HSS)VFD 6 rOVER+PBD, 10,/START#=STE START AT. SENSE SwiTcHes (Lo ?
VFD 6+PTLOAD+PBD»10,PTAS@PTASE  PTR/ASR Zoe /O, 27 wes)
VFD 6+PTLOAD+PBDr10,PTAS=PTASE  PTR/ASRZES (0724 WAS yg wdds .
VFO 6, OVER+PBD, 10,ELSES*ELSEE DISK/MT/FLOPPY/USER Loc $°, 2354

MT DMA CHANNEL IN '20 AND '21

DATA =(4096='200"2).LS.4
DATA '200

INITIAL BOOT ROUTINE

STA '57
CRL
INA "1620
ANA PR2+PBD
SAR 14
LOA PB6+PHD
LOX i

LDA PTLUAD+PBD,1_
STA 3
LDA PB1+PAD,1
LLR 6
ARS 6
LOX 1

PRE~BOOT/BOOT LOADER

LOA 3
OTA
IRS 3
INA!
STAR 2
IRS 2
IRX

JMP
INA

PU3+PBD
"120

PRE@B800T ENTRY
INITIALIZE

SKIP IF < 3
SET = 3

PAGE 0004

INPUT SS'S FOR START AND ELSE BOOTS (NOP FOR P

START OF PAPER TAPE BO00TS

LDA OCP4+PTASO
SNS 16
SUS PB6+P8D
STA 2
STA OCP4+PTASD
JMP PASTRT+PTASO
oct 3
FIN
EJCT

GET OCP INSTRUCTION
SKIP TF ASR
=3, CHANGE TO PTR
SAVE IN B=REG

REPLACE INSTRUCTION
CONTINUE BOOT
=3 (MUST BE AT LOCATION
SHOULD BE NO LITTERALS

'S6)  



Ge

CPBOOT(REV D), AIOS2, MHJ@REG=MHS=MLG, 13 DECEMBER 1974

So 001051:
Sz 001052:
2 001053:
$2 001054:
cy 001055:
es 0010563

176777
03.000055a

101040
41.0000564

001011
4i.000001A

177700

001060

(0139) «*
(0140) »*
(0141) STD
(0142) START
(0143)
(0144)
(0145)
(0146)
(0147) $1
(0148)
(0149) STE
(0150)

START AT SENSE SWITCH SETTING BOOT

EQuU
ANA

SNZ
JMP x
Four
IMPs
DATA
FIN
EQU
EJCT

QVER+PBD=%

$i+STO

STE+STD=1

i
1177700

aed

START AT

INCLUDE

*1000

SHOULD BE NO LITTERALS
"1000 FROM PTR/ASR BOOT

CPBOOTCREV D)» AIDS2, MHJ"REG@MHS=MLG, 13 DECEMBER 1974

7O 0010573
7f 001060:
fa 001061:
273 001062:
ry 001063:
7s 0010643
7@ 9010653
/7 001066:

Zo 001067:
2z/ 0010703
=z 0010718

2s 001072:

zy 0010733
2s” 0010743

ze, 001075:

27 0010763

zo 001077:

2, 0011003

22 0011018

32 0011023

176731
001057
001000

01.0000104
141240
130004

01.000013A
24,000000A

140114
100040

140500
O04, 0000134
05.000010A
O4.000005A
C4.000010A

030004
04.000026A
Q01.000026A

101040
01.000026A
04.000000A
01.0090010A

001103

(0151) *
(0152) *
(0153) «*
(0154)
(0155)
(0156)

(0157)
(0158)
(0159)
(0160)

(0161)

(0162)
(0163)
(0164) »
(0165) *

(0166) *
(0167)
(0168)
(0169)
(0170)

(0171)

(0172)

(0173)

(0174)
(0175)
(0176)

(0177)

(0178)
(0179)
(0180)

(0181)

PTAS

INAG

OocP4

PTASD

INA10

PASTRT

PTASE

COMBINED PTR/ASR PAPER TAPE BOOT

EQU
EQu
ocT
JMP
ICR
INA
JMP
STA
IRX
SZE

CONTINUATION POINT OF

SSM
STA
ERA
STA
STA
oce
STA
JMP
SNZ
Jue
STA
ume
FIN
FQU
EJCT

PTLOAD+PBD=x
®

1000
w= 14PTASD

4

*=L4+PTASD

0,1

INAY+PTASD
INA1O+PTASDO
3
INALO+PTASD
4

x+PTASD
*=14PTASO

x= 34PTASD
0
INALOSPTASO

*

(MUST LOAD AT LOCATION '10)

USED AS MASK TO CONVERT INA 4

PAPER TAPE BOOTS

CONVERT TO INA
PUT INTO BOOT
FORM INA '400X INSTRUCTION
PUT INA '100X INTO SeREG
PUT INTO BOOT
INITIALIZE
PUT INA '100XK HERE

GO TO ROOT
SHOULD HE NO LITTERALS

PAGE 0005

PAGE 0006

$e 0011033
"Sy, 0011048
Sz 0011058

s*z 0011068
sy 0011078
gs 0011108
s@ OOLL118

O011123
001113:

6&/ 001114:
62 0011155
o> 001116:
éY 0011178
os 0011203

6G 0011213
G7 01122:
7° 0011233:

TO I NA "100477 0011243
Fz. 0011252
272 001126:
7y¥ 0011273
s~ 0011303
Fe 0011313

001132:
oo 001133:
pos 001134:
£ow 001135:
2% 001136:
eo 0011378
eS 001140:
7o6 001141:
£o7 0011423
,oO01143s

7 ef 001144:
72 ezO0i1ass
4220011462

47% 0011473
7/7850011503
276 0011512
477 OG11522
fzo 90011533
72/7 0011543
4220011553
#23 0011568
Z2Y 0011573
fas 00116028

726 OOLL6L:

176745
03,009006A
35,000001A
21.000050A
C1.00G143A
01.000143A
01.000066A
01.000257A

000000
35.000320A

15.000020A
O2.000321A
04,000021A
02.000245A
41.000057A

031714
02.000023A

170314
01.000070A
02.000137A

170114
01,000073A

040200
12,000254A
01.000075A
031714

02.000245A
171414

01.000102A
02.000141A

170114
01.000105A
02.0001424

101253
02.000140A

170114
01.000112A

070114
01,000114A

101253
10,000777A
35.000136A
42.000135A

140114
041572

45.000135A
140114
041574

7&7 0011622 45,000135A
,Zo 0011633 44,0003178
/2/ OOLLO4E 12,000317A

L-G

(0162) *
(0183) *
(0184) ELSE
(0185) ELSES
(0186)
(0187)
(0188)
(0189)
(0190)
(0191)
(0192) *
(0193) *
(0194) *
(0195) SETUP
(0196)
(0197) *
(0198) *
(0199) *
(0200) ALTRNG
(0201)
(0202)
(0203)
(0204)
(0205) *
(0206)
(0207)

(0208) x
(0203) *
(0210) MGT10
(0211)
(0212)
(0213)
(0214)
(0215)
(0216)
(0217)
(0218)
(0219)
(0220)
(0221)
(0222)
(0223)
(0224)
(0225)
(0226)
(0227)
(0228)
(0229)
(0230)
(0231)
(0232)
(0233)
(0234)
(0235)
(0236)
(0237)
(0238)
(0239)
(0240)
(0241)
(0242)
(0243)
(0244)
(0245)

MGT6

CPBOOTCREV D)> AIDS2@s MHJ@REG=@MHS@MLG, 13 DECEMBER 1974 PAGE 0007

SELECT PROPER BOOT (DISKy MT, FLOPPY, USER)

EQu
ANA
LOX
JMP
JMP
JMP
JMP
JMP

HALT FOR ILLEGAL BOOT

HLT
LDx

OVER+PBDexr
PB2+PBD
j .

ELSES+ELSE.
DISK+ELSE
DISK+ELSE
MGTLOFELSE
FO+ELSE

C2+ELSE

27
USE AS INDEX
JUMP INTO JUMP TABLE
DISK (FHD)
DISK (MHD)
MT
FLOPPY

AND SUBROUTINE FOR OMA SETUP

HALT FOR ILLEGALBOOT
DMA RANGE ='162000

ENTRY FOR FLOPPY ALTERNATE RANGE

STX
LDA
STA
LDA
JMP*

FIN
EJCT

120
C4+ELSE
121
K20+ELSE
SETUP+ELSE

CPBOOTCREV D), AIDS2, MHJ=REGeMHS=MLG, 13 DECEMBER 1974

MAG TAPE BOOTSTRAP

ocPp
LOA
‘OTA
JMP
LDA
OTA
JMP
LRR
IRS
JMP
ocp
LDA
OTA
JMP

LOA
OTA
JMP
LDA
SNS

LDA

OTA
JMP

SKS
JMP

SNS

JST

LOX

LDA

IRX

ALS

ERA*®

IRX

ALS
ERA®
STA*

IRS

"4714

KMTPON+PBD

"314

wrL+ELSE
MGT7+ELSE

"114

ROL+ELSE
0

KO+ELSE

Rm2tELSE
"4714

KeQ+ELSE
"1414
Rem 1L+ELSE
MGT73+ELSE
"114

“RE 14ELSE
MGT74+ELSE

12
MGT71I+4ELSE
"414
x= L+ELSE

"114
RO LOELSE
12
‘777
MGT4I+ELSE
MGT4+ELSE

6
MGT4+ELSE

4

MGT4+ELSE

C1i+ELSE
CI+ELSE

DMA START = '770

DMA CHANNEL ADDRESS
RETURN. ,

SHOULD BE NO LITTERALS

PAGE 0008

INITIALIZE
='10 (LEFT BYTE IGNORED)
POWER ON

SPACE FORWARD BETWEEN 3.5 AND 10 INCHES.

DELAY ABOUT 3.5 SEC

ABORT TRANSFER IF NOT ALREAOY STOPPED
DMA CHANNEL ADDRESS
CHANNEL

REWIND FO LOAD POINT

READ A RECORD

COUNT



CPBOOT(REV 0D)» AIDS2+ MHJ=REG@MHS="LG, 13 DECEMBER 1974 PAGE 0009 CPBOUTCREV D)» AIDS2, MHJ*REG@MHS@MLG, 13 DECEMBER 1, % PAGE 0011

732 01165: 140114 (0246) IRX /7e 0012233 170325 (0295) OTA "325 READ RCD ZERO
7325S 001166: 01.0001214 (0247) JMP MGTO+ELSE 277 0012241 O1,000170A (0296) . SMP #o1+ELSE
734A  ooLie7: 10.000777A (0248) JST "777 (0297) * }
“RS 0011708 047776 (0249) MGT4 DATA (4096=2).0R.'40000 272 001225: 070125 (0298) SKS "125 WAIT FOR TRNANSFER TO COMPLETE
TSG OOL11712 170202 (0250) MGT41 DATA =(4096-'200"2) 772 001226: 01.000172A4 (0299): JMP *e1+ELSE
(377 001172: 020210 (0251) MGT7 DATA $2088 (0300) *
YO 001173: 042610 (0252) MGT71 DATA $4586 47% 0012273: 130725 (0501) INA '725 INPUT STATUS WORD
7¢f/ 001174: 000050 (0253) MGT73 DATA $28 77S 001230: 01,000174A (0302) JMP #e1+ELSE
7¥@ OOLLTS$ 040210 (0254) MGT74 DATA $4088 77 0012312 03.000204A (0303) ANA BMASK+ELSE ISOLATE ERROR STATUS ='143740

(0255) FIN SHOULD BE NO LITTERALS 477 9012328 140024 (0304) CHS
(0256) EJCT Joo 001233: 100040 (0305) ERRCHK SZE IS STATUS OK?

f 001234: 01.000047A (0306) JMP ELSES“1+ELSE NO = RETRY
2s (0307) *
ZO2 001235: 10.000777A (0308) JST '777 YES = START ***BOOT PROGRAM ax

(0509) * .
Zo 001236: 000004 (0310) K4 oct 4 =4
2OY 0012371 143740 (0311) BMASK OCT 143740 STATUS ERROR MASK

(0512) *
(0313) FIN SHOULD BE NO LITTERALS
(0314) EJCT

CPBOOT(REV 0D), AIDS2, MHJ“REG<MHS=MLG- 13 DECEMBER 1974 PAGE 0010 CPBOOT(REV D)+ AIOS2, MHJ=“REG@MHS=MLG, 13.DECEMBER 1974 PAGE 0012

(0257) » DISK BOOTSTRAPS (OPTION B/8'/C MHD/FHD) (0315) » OPTION 8'/C BOOT
(0258) * (0316) «
(0259) « Zo 0012403 101255 (0317) BPRIME SNS 14 SKIP FOR MHO
(0260). » SELECT OPTION B VS. OPTION B'/C ote «9012412 01.000217A (0318) JMP OP23+ELSE FHD ALL SET UP
(0261) » - 327 001242: 02,000203A (0319) _ LDA K4+ELSE

ff “OO11762 100254 (0262) DISK SNR 13 SKIP FOR OPTION 8 zio 001245: 05.000250A (0320) ERA READ+ELSE RESET 7 SECTORS TO 3 SECTORS74% 0011772 01,0002058 (0263) JMP BPRIME+ELSE = if 901244: 04,000250A (0321) STA READ+ELSE REPLACE
(0264) * yz. 901245: 140417) (0322) LT SELECT MHD (21)
(0265) » STATUS BITS CHECKED: SizF 001246: 04,000241A (0323) STA SCODE+ELSE PUT INTO CHANNEL PROGRAM
(0266) * BITO1L...END OF CHAIN wif 9012472 141206 (0524) ALA LOWER HEAD OFFSET (22)
(0267) » ‘0260.END OF MEDIUM 37,5 901250: 100252 0325) SNR 11 SKIP FOR UPPER
(0268) * O6ee.WRITE PROTECT VIOLATION tw 9012518 04,000251A (0526) STA DADOR+ELSE PUT INTO CHANNEL PROGRAM
(0269) * 07...DEVICE NOT READY 2.177 901252: 02,000256A (0327) OP23 LDA OTA21+ELSE OTA START CHANNEL PROGRAM PROTOTYPE
(0270) « 08...COMMAND ERROR >zq 001253: 100253 (0328) SNR 12 SKIP FOR DEVICE ADDRESS ‘21
(0271) * 09...DATA ERROR zz 001254: 140304 (0329) A2A MODIFY FOR ADDRESS '23
(0272) x 10...DATA RATE ERROR 22 001255: 04,000250A (0530) STA OTALT+ELSE PuT IN LINE
(evap * 11..eSTATUS STACK OVERFLOW (0331) 2

ye 4) x Zee 001256: 031721 (0332) OcP "1721 INITIALIZE OPTION B!
74HS 0012002 031725 (0275) STRT. OCP "1725 INITIALIZE a2 001257: 031723 (0333) oce "1723 INITIALIZE OPTION C£4/G 001201: 140040 (0276) CRA MHD UPPER SURFACE SETUP WORD >2S 001260: 10.000057A (0334) Jst SETUP+ELSE SETUP DMA CHANNELS
477 001202: 100252 (0277) SNR 11 SKIP FOR UPPER SURFACE 2G 001261! 04.000040A (0335) STA ‘a0 CLEAR STATUS7 = 001203: 02.000253a (0278) LDA KGO+ELSE HEAD OFFSET = ‘40 327 001262: 02.000237A (0336) LDA PSEL+ELSE
,of 001204: 101255 (0279) SNS 14 SKIP FOR MHD co 901263: 170000 (0337) OTAIT OTA et START CHANNEL PROGRAM .
ZS% 001205: 02.000247A (0280) LDA K100K+ELSE ='100000, SELECT FHO pes 001264: 01,000230A (0338) JMP ee 1tELSE2S3 001206:° 170025 (0281) OTA "25 SLOW SPEED SEEK TO ZERO Zz 001265: 02.000040A (0339) LDA "40 GET STATUS-
£5 Y 001207: 01,000153A (0282) JMP ae 1+ELSE > Zz 001266: 101400 (0340) SMI SKIP IF DONE

. (0283) * ZEY 901267: 01.000232A (0541) JMP #=24ELSE KEEP TRYING
ASS 001210: 140104 (0284) XCA SAVE SETUP WORD 22° 001270: 03.000255A (0342) ANA BPMASK+ELSE ISOLATE ERRORS
/S6& O012112 040640 (0285) DELAY ARR 32 DELAY AS LONG AS NEEDED FOR SEEK COMPLETE 2 ag 001271: 01.,000200A (0543) JMP ERRCHK+ELSE CHECK STATUS
7s7 001212: 141206 (0286) ALA (0344) ®
7@o 001215: 101040 (0287) SNZ (0345) » CHANNEL PROGRAM
76@¢ 0012143 01,000145A (0288) JMP STRT+ELSE DISK CYCLING UP (0346) *2@e 001215: 071025 (0289) SKS 11025 IS SEEK COMPLETE Z37 001272: 00.000240A (0347) PSEL DAC SELECT+ELSE POINT TO CHANNEL PROGRAM¢@B 001216: 01.000156a (0290) Jmp DELAY+ELSE (0348) «
6 ef 001217: 10.000057A (0291) Jst SETUP+ELSE SETUP DMA- CHANNELS 2yYo 001273: 040000 (0349) SELECT VFO Gee lr 004e0-740 SELECT: UNCONDITIONAL
{@s 001220: 171425 (0292) OTA '14e5 DMA CHANNEL ADORESS 2Y/ Q0L2743 000400 (0350) SCODE oct 400 FHD SELECT
/ CO 001221: 01.0001654 (0293) JMP em L+EL SE RESTART 242 001275: 174600 (0351) VFO 4e1Se10124,367,0 TRANSFER: JF = SEEKING, ERROR/@7 1222: 140204 (0294) XCB RETREIVE SETUP WORD 2YZ 001276: 0O.000252a (0352) Dac INSTAT+ELSE TRANSFER ADDRESS

I-7  



z44¥.

Z>e

27
2 &oO
Zl

2G?!

2.63

a
265

2.66
2.677

270
27/

272
273

279
27.5
276
277

2

Zoe

Zos

Zo%
%4Cc>

30h

207
27a
af

a

“CPHOOTCREV D), AIDS2, MHJ@REG@MHS@MLG,13 DECEMBER 1974

0012778
0013003:

001301:
001302:
001303:
001304:
0013053

0013068

001307:

0013108

001311:

CPBOOT(REV 0), AIOS2s MHJ=REG=MHS@MLG, 13 DECEMBER 1974

001312:
001313:
0013514:
0013153

0013163
0013173
0013203
001321:
001322:
0013233
001324:

0013255
001326:

001327:
001330:
0013313
001332:
001333:
0013343
001335:
001336:

001337:
001340:

0013413

0015423
0013433
001344:

001345:

150600
000020
030600
100000
050207
000000
110000

00.,.000040A
000000
057777

171721

031712
O2.000317A

170212
OL1.000261A

0790112
01.000263A

170012
01.000265A

140110
100040

01.000263A

170112
01.000272A

12.000255A
02.000255A
35.0003224

100277
01.0000614
19.0000S57A

171412
01.000302a

62.000323A
170312

01.00030S5A

040474
170612

01.,000310A
130012

(0353)
(0354)
(0355)
(04356)
(0357)
(0358)
(0459)
(0360)
(0361)
(0562)
(0363)
(0364)
(0365)
(0366)
(0367)

(0368) x
(0369)
(0370)
(0371)
(0372)
(0373)
(0374).
(0375)
(0376)
(0377)
(0378)
(0379)
(0380)
(0381)
(0382)

(0383)
(0364)
(0385)
(0 386)
(0387)
(0388)
(0349)
(03990)

(0391)
(0392)

(0393)
(0394)

(0395)
(0396)
(0397)
(0398)
(0399)
(0400)

(0401)

(0402)
(0403)
(0404)

(0405)

*

VFO
ocT
VFD
ocT
VFO
oct
VFO
DAC
VFD
oct

OTA

FIN
EJCT

DISKETTE BOOT

ocP
LOA
OTA
JMP

SKS
JMP

OTA
JMP

S14
SZE
JMP

TRACK

OTA
JMP

IRS
LDA
LDX
SAR

JMP

JST
OTA
JMP

LDA
OTA
JMP

LGR
OTA
JMP
INA

Ge 13017064637 3505400

Ye 3ele0e4e 5070

BeSeSele 3eOrde7?

BoF9e1e Qe Se 00700

4e0e10e004570-7,9

BPMASK+ELSE
BPMASK+tELSE

ALTRNG+ELSE

PAGE 0013

DMA NOT IF = SEEKING, ERROR.
USE CHANNEL ‘*20
SEEK (0): NOT IF = SEEKING, ERROR
SLOW SEEK TO ZERO
READ: NOT IF @ ERROR
DISK ADDRESS
STATUS: UNCONDITIONAL
STATUS WORD LOCATION
HALT: UNCONDITIONAL

OTA START CHANNEL PROGRAM PROTOTYPE

SHOULD BE NO LITTERALS

PAGE 0014

INITIALIZE

SELECT UNIT #1

STEP NEGATIVE TO TK ZERO

REPEAT 128 TIMES

STEP POSITIVE TO TK ONE

PULSE RANDOM FLAG (MUST START ODD)
GET RANDOM FLAG
ALTERNATE RANGE CI8M COMPATIBLE FORMAT)
SKIP ON FLAG EVEN (PRIME FORMAT)
SETUP DMA WITH ALTERNATE (IBM) R ANGE
SETUP DMA (PRIME) RANGE
OMA CHANNEL

TKe1, RCS
READ ONE RECORO

REG FILE 2 = STATUS ('401 => 2)
SETUP FOR INA

INPUT STATUS WORD

CPBOOTCREV D5)» AIDS2+ MHJ@REG=MHS=MLGs 13 DECEMBER 1974

3/3 0013463
14 001347:

21F 0013503
2G OOLSSLE

(7 001352:
317 001353:
pj 001354:
Zz 001355:

STATUS ERROR MASK (NOT USED BY HALT) 353 001350:

CPBOOTCREV 0),

ALTRNG
BMASK
BPMASK
BPRIME
C1
Ce
c4
cs
Cé
DADOR
DELAY
DISK
ELSE

ELSEE
ELSES
ERRCHK
FO
INA10
INAG

INSTAT

K100K
K2e0
K4
K4Q
KMTPON
LOOP
MGT10
MGT4

MGT4{i

OOLL1GA
001237A
001310A
001240A
0013524
OO01353A
001354A
0013554
0013564
0013044
OO1211A
OO1176A
176745A

OO1S57A
OOL103A
001233A
O01312A
OO105S7A
0010624
9013054
QOL307A
001302A
N013500A
001236A
001306aA
0010154
001316A
OO1L21A
QOLI7O0A
QOLL71iA

r-@

0200
0303
0342
0263
0244
0196
0201
0391.
0398
0326
0285
0188
0184

0204
0226
0244
0291
0320
0541
0382
0400
0093
00a5
0305
0191
0156
0159
0352
0218
0280
0203
0310
0278
0103
0376
0190
0237
0236

0393
0311
0362
0317
0245
0412
0413
0414
0415
0358
0290
0189
0187
0213
0227
0245
0293
0321
0342
0387
0404
0417
0093

0343
0371
0169
0168
0359
0361
0356
0221
0319
0369
0211
0382
0210
0240
0250

0389

0372

6262
0188
0214.
0229
0247
0296
0323
0343
0389
0406

9185
0409

0171

0354

0243

01.000312A (0406) JMP
05.000317A (0407) ERA

141050 (0408) CAL
01.000200A (0409) JMP

CO410) *
900200 C0411) Ci DATA
162060 (0412) C2 DATA
000770 (0413) C4 DATA
176000 (0414) C5 DATA
000401 (0415) C6 DATA

(0416) FIN
001357 (0417) ELSEE Eau
001357 (0418) END

° 0390

0407

0189
0216
0231
0263
0299
0326
0347
0390
0407

0187

0178

0249

"200
744s
'770
"64
"Got

0411

0190
0218
0233
0278
0302
0327
0352
0391
0409

0306

ReL+ELSE

Ci*ELSE

ERRCHK+ELSE

aLS.4

eLS.4

AIDS2, MHJ=REG=MHS=MLG, 13 DECEMBER 1974

0191
0219
0236
0280
0303
0330
0372
0393

PAGE 0015

REMOVE NORMAL COMPLETE BIT
CLEAR EXTRANEOUS STUFF
STATUS CHECK

FLOPPY DISK ADORESS (TK=21, RCD21)
SHOULD BE NO LITTERALS

PAGE 0016

0196 O201 0203
0221 0223 0224
0237 0240 0243
0282 0288 0290
0306 0318 0319
0334 0336 0338
0374 0377 0379
0394 0396 0398



CPBOOTCREV 0),

MGT6
MGT7
MGT71
MGT73
MGT74
MTRNGE
MTSTRT
OcP4
OP23
OTA17
OTAe1
OVER
PASTRI
PB1
PB2
PBS
PB4
PBS
PB6
PBD

PSEL
PTAS
PTASD

PTASE
PTLOAD
READ
$1
SCODE
SELECT
SE TuP
START
STO
STE
STRT

CPBOOT(REV D)» AIOS2, MHJ=REG=MHS=MLG, 13 DECEMBER 1974

0000 ERRORS (PMA-1080.015)

O01154A
OO1172A
OO1173A
OO1174A
OOLI7SA
001012A
OOL013A
O01074A
001252A
001263A
OO1311A
001042A
O01067A
001006A
001000A
OO01031A
QOLO14A
OO01000A
OOL105S0A
1770064

O01272A
0010574
1767314

OO1103A
O01002A
0013034
O0L056A
001274a
OO1273A
0011124
QOLOSIA
1767774
O0L060A
001200A

ATOS2,

0237
0214
0229
0224
0227
0097
0098
0130
0318
0330
0327
0090
0135
0090
0077
0118
0078
0075
0107
0076
Olli
0336
0083
0130.
0173
0091
0062
0320
0142
0323
0347
0195
0082
0141
0090
0275

MHJ“REG@MHS=MLG,

0247
0251
0252
0253
0254

0134
0327
0337
0364
009%
0167
O111
0105
0125
0102
0082
0132
007A
0125
0347
0084
0134
0174
0092
0091
0321
0147
0350
0349
0204
0090
0142
0144
0288

0172

0130

0185

0083
0136
0090
0132

0091
0135
0176
0180.
0092
0357

0291
0142
0144
0149

O14.

0084

0091
0141

0092
0154
0178

0109

0334

13 DECEMBER 1974

0164 -

“0085

0092
0154

0155
0157

0154.

0394

0093
0184

0160

0105
0185

0168

0107
0211

0169

0109.

0171

PAGE 0017

PAGE 0018

I -4  



CPBCOTCREV H)s AIDS2s KHI-REG-“MHS-JRW-MLG, 7 SEPTEMBER 1976

0061)
(0002)
(6603)
(9004)
(ocos5)
(0006)
(cc07)
(OCO8)
(0009)
(OCG)
cOC1t)
oc12)
(0073)
(0014)
(0015)
(OC16)
(0017)
G78)
(15)
(a020)
(0021)
(0622)
(0023)
(0024)
0025)
(0626)
(0027)
(oc28)
(C029)
(0636)
(0031)
(8C32)
{CC33)
(0034)
(0035)
(0036)
(0637)
(0038)

IWev

$$=10 41

M
M

e
v
e
e
e
e

e
©
e
e
P
e
e
e
e
H
e
e
e
e
e
H
e

e
h

h
h
h
U
U

Uhm
l
u
l
u

hl
hl

U
h
u
U
l

CPBGOTCREV HH)» ATDS2s PHI-REG-MHS~JRW-MLG>

12

K
x
x

P
d

‘S813

$$12

ss11

SS$10

Y SEPTEMBER 1976

fl

a
m

O
n
O
2
2

I

13

x
xX

x

b
9

CPBOOTCREV Hs AIDS2@s MHI-REG-MHS-JRW-MLGe

CONTROL PANEL BOOT PROGRAM .
PRIME COMPUTERs

COPYRIGHT 1974+ PRIME COMPUTERs INC.o FRAMINGHAMs FASS.
NC wo

CONTROL PANEL BOOT SENSE SWITCH SETTINGS (x
(EXCEPT FOR THE START BOOT, SS14 - S516
7 - 10 ARE DEFINED BY THE SECOND LEVEL BOOTS)

14

w
w
e
O
O
D

OPTIO

OPTIO

oPTIoO
OPTIO
BOOT
BOOT

OPTFIO
STORA

PAGE 0001

7 SEPTEMBER 1976

SRCO784.005

DON’T CARE)
Oe SENSE SWITCHES

15 16 =e MEANING

0 0 =0 START AT ADDRESS IN SS1 - S
0 1 =7 ASR PAPER TAPE

1 0 =2 HIGH SPEED PAPER TAPE
1 1 =3 FHD (SEE BELOW FOR SST1 - S
0 0 ah MHD (SEE BELOW FOR S$S171 - S

0 1 =5 MAG TAPE (SS122 G=9 TRK» 1=
1 0 =6 FLOPPY DISK (DISKETTE)
1 + =7 SPARE

SENSE SWITCHES 11 ~ 13 FCR DISKS (FHD/MHDs SS94 - $$16 = 3/4)

UNLIKE SENSE SWITCHES 14 - 16 WHICH ARE TREATED AS A THREE DIGIT
BINARY NUMBER (0 ~ 7)4 SENSE SWITCHES 17

AS INDEPENDENT FLAGS.
~ 13 FOR DISKS ARE TREATED

THEIR MEANINGS ARE AS FOLLOWS:

NB.

N B°
N 6°

N B*

OR STORAGE MODULE
DA= *21+ STORAGE MODULE DA=
DA= °23+ STORAGE MODULE DA=

FROM UPPER SURFACE
FROM LOWER SURFACE
N BOOR B°
GE MODULE

*26
*27

PAGE 0002

NOT ALL COMBINATIONS OF THESE SENSE SWITCHES ARE MEANINGFUL. FOR FH

vf :

CPBOOTCREV His AIDS2- FHJ-REG*MHS-JRW-MLG, 7 SEPTEMBER 1976

(0064)
(0065)
(CC66)
(0667)
(0068)
(GC69)
(nc70)
(0071)
(0072)
(0073)
(NC74)
(0C75)
(0076)
(0077)
«Oe728)
(Oc79)
(0080)
(0081)
(0082)
(0083)
(0084)

CPBOOTCREV His AIDS2, PHJ-REG=MHS-JRW-MLES 7 SEPTEMBER 1976

rons) * (OCBS) «
(CC4C) * (S814 - $516 3), SS11 IS NOT LOOKED AT. FOR MHD COPTION 8)- $S12 (CC8E)
(C41) * IS NOT LOOKED AT. SPECIFIC COMBINATIONS ARE DEFINED AS FOLLOWS: (0087) *

(0G42) * ‘

(0043) «* FOR FRHD (S814 - S§16 = 3) (X = DON®T CARE) (ote,

(C044) *
(CC45) * Ss= 11 12 13 MEANING 001000: ono0gg (aoot3
(OC46) * wT sewers 001777: ~ 001000 (0092)
(0047) « x x 0 OPTION 8 (0093)
(0646) « x 0 4 OPTION B® (21)
(CC49) ® x 1 1 OPTION B* (€*23) .

(o0g50) # . <
(0051) «* FOR MHD (SS74 ~ SS16 = 4) (KX = DON®T CARE)
(0C52) *

(GC53) * SS= 10 V1 12 13 MEANING
(0054) # -- ~~ -- =~ ween

(0055) # x 0 Xx 0 OPTION B CUPPER)
(aC56) * x 1 x 0 OPTION B CLOWER)
cOcs7) «* 0 0 0 1 OPTION B® (*°21) CUPPER)
(OC58) * 0 1 0 1 OPTION B® (*°21) CLOWER=HEAD 2 FOR 20 SUR)
(0059) # a. 0 1 1 OPTION B° (€*°23) CUPPER)

(O06Cc) * 0 1 1 1 OPTION B* C€°23) CLOWER=HEAD < FOR 20 SUR)
(0C61) * 1 x 0 1 STORAGE MODULE (€°26)
(0062) * 1 x 1 1 STORAGE MODULE (°27)
(0063) EJCT

L-/0

s
o

TONT
TSI

o
e

»
%

PAGE 0003

IONT MACROS FOR PROM GENERATION PROGRAM

MAC
XSET #
(CorG) *7000
NUSM
(DATA) *34003
(DATA) 5170C% *)
(ORG) *7001
BCI] *<1> <2> <3> <4> <5> <6> <7> <8B>°*

LSMD
(ORG) TSI
ENDM

TONT FOR THIS REVISION OF THE MICRO-CODE

Iont
EJCT

(PROM SET BA CONTROL PAWEL) OCREV 4 09-07-76)

PAGE 0004

INITIALIZE LOAD SECTOR To O'S

D16S

ABS
ORG °41000
BSZ 512 CLEAR SECTOR °1000
ere *1000 BEGIN BOOT AT *°1000



~ 907000:

CPBOOTCREV H)- ALDS2> MHJ-REG-MHS-JRW-MLG, 7 SEPTEMBER 1976

o6

001001: o7

001C02: /o
001003: 77
007004: 72%
001005: 7/3

001006: /4
o01cg7:/s5
GG1C10: 46
001011: 77

001012: 2
001013: 2

001014: 22
001015: 23
061616: 24
001017: 7
001020:
001021: 27
601022: 30

CPBOOTCREV H),

001023: 3/
001024: 32
001025: 32
001026: 34
001027: 3F
001030: %

061031:
001032:
001033:
0071034:

601035:
001636: 4¥
001037: ¥
O01C4G: Ye
g01041: 49

39
sJo

i
$2
43

001042:
G01043: <9
601044: $2
GO01045: $3
‘601046: s4
001047: o£
001050: 5@

$d

oG1acc
177000

~0000G7
GO0022

060051
00005?
000057
000103

121771
024754
021754

121502

Hu4ag4ac

OBd2C

04.00G057A
14001
431626

C3 .u00CCEA
100275

02.Q000056A
35.000CQ1A

22.000C10A
04 .0000C3A
22.-0GOG74A
041272
040572

35 .UQ00C1A

O2-00CCL3A
171720

12.000G03A
131420

44.000UC2A
12.000CG2A

140114
C1T.Q0CG37A

731620

C2.COCEZ5A
101257

O07.000056A
C4.G00002A
04.000025A
01.000020A

6000G3

(0094)
(ac95)
(0096)
(6097)
(oC98)
(0099)
(0100)
(c101)
(0102)
(0103)
(0104)
(C105)
(0166)
(0107)
(01038)
(0109)
(0710)
(C1141)
(9112)
(0113)
(6114)
(6115)
(0116)
(0117)
(6718)
(C119)
(0126)
(9121)
(0122)
(0123)
(0124)
(0125)
(0126)
(0127)
(0122)
(9129)
(9139)
(0131)

AIDS2, MHI-REG-MHS-JRW-MLE,

(0132)
(9133)
(0134)
(0135)
(0136)
(C137)
(0138)
(0139)
(0740)
(0141)
(0142)
(0143)
(0144)
(0145)
(0146)
(0147)
(0148)
(0145)
(0150)
(0151)
(0152)
(C153)
(0154)
(01553
(0156)
(C157)
(0158)
(0159)
(3169)
(0161)

* PRE-BOOTSTRAP - LOADS BOOTSTRAP PROGRAM FROM CONTROL PANEL
* ~

*k

i

PBS EQU *
PBD EQU 6-+
P52 DATA 7 MASK BITS

DATA PB4+PBD PRE-BOOT STARTING LOCATION
*

* TABLE OF INDIVIDUAL BOOT CONTROL PANEL LOCATIONS
*

PTLOAD DATA  START-PBS START AT SENSE SwITcH % START Lowotyon
DATA PTAS-PBS COMBINED PTR/ASR BOOT IA) Prom Address
DATA PTAS-PB5 COMBINED PTR/ASR BOOT 7O TREAD INT mEnory
DATA ELSES~PBS, DISK, MT, FLOPPY» AND USER BOOTS

*

* PE1 1S A TABLE WITH ONE WORD FOR EACH DEVICE BOOT.
* LEFT BYTE IS HSM START FOR BOOT. RIGHT IS -NUMBER OF LOCATIONS.
*

PH1 VED 6, OVER+PBD-10/START-STE START AT SENSE switcnes (Loe so)
VED 6-PTLOAD+PBD,10-PTAS-PTASE  PTR/ASR (Loc /O)
VED 6-PTLOAD+PBD +10 /PTAS-PTASE  PTR/ASR (hoc /0)
VED 6,0VER+PBD,/10/ELSES-ELSEE DISK/MT/ FLOPPY /USER (Loc $0)

*

* MT DMA CHANNEL IN "20 AND °21
*

MTRNGE DATA
MTSTRT DATA 260
*

* INITIAL BOGT ROUTINE
*

PB4 STA "57

KMTPON CRL

INA "1620
ANA P82+PBD
SAR 14

LDA PH6+PBD
LDX 1

LOA PTLOAD+PBD,1

STA 3
LDA PB1+PB0-1

LLR 6

ARS 6

LDX 1

*
* PRE-BOOT/BGOT LOADER
*

PES LBA 3
OTA "1720
Irs 3
INA "1420
STA* 2
IRS 2

IRX

JMP PB34+PBD

INA *1620 INPUT SS*S FOR START AND ELSE SOOTS (NOP FOR P
*

* START OF PAPER TAPE BOOTS
*

OVER LDA OCP4+4PTASD GET OCP INSTRUCTION

SNS 16 SKIF IF ASR
sus PB6tPBD =3, CHANGE TO PTR

STA’ 2 SAVE IN B-REG
STA OCP4+PTASD REPLACE INSTRUCTION

JMP PASTRT+PTASD CONTINUE BOOT
PR6 act 3 =3 (MUST BE AT LOCATION °56)

FIN SHOULD GE NO LITTERALS

EJCT .

@ SEPTEMBER 1976

PAGE 0005

~€4096-"200-2).15 24

PRE-BOOT ENTRY

INITIALIZE

SKIF IF < 3

SET = 3

PAGE OCG6

CPBOOTECREV Hd, AIDS2> MHI-REG“MHS-JRW-MLG,» 7 SEPTEMBER 1976

0014051:
00105e:
007653:
001054:
001055:
001056:

so
sl
$2
Sz
s¥
ss

CPECOTCREV H)s AIDS2, MHJREG*MHS-JRW-=MLGs 7 SEPTEMBER 1976

176777
03.000055A

10104u
41.000056A

0614011
41.J00G01A

17770C

0071062

176731
001057

001657:64)0 oc10C0
001660: 7
GO161= 72
001062: 73
c01063: 0Y
001664: 74S
001065: %@
001666217

001067: Zo
oO107G: 2/
001071: 22
001072: 23
001073: 24
061074:25°

GO1C75: 2
001676:27
001077: 30
001100: 2)
001101: 32
001102: 23

07.000C10A
14724C
130004

071.000C13A
24.900C00A

140114
10004°

1405GC
04.0GQ0013A
C5.000C10A
04.000GC3A
04.G00C10A

O300C4
C4.000C26A
G1 .000C26A

101049
01-000026A
C4.00C0COA
C1.0G0C01CA

001103

(0162)
(0163)
(C7164)
(9165)
(0164)
(C167)
(1168)
(0169)
(0170)
(O171>
(3172)
(0173)

(0174)
(0175)
(6176)
(6177)
(G178)
(0179)
(0180)
(0181)
(C182)
(0183)
(0184)
(0185)
(0186)
(0187)
Corea)
(0789)
(C199)
(0191)
(0192)
(0193)
(0194)
(n195)
(07196)
(0197)
(C198)
(0199)
(0200)
(0201)
(0202)
(G203)
cd204)

*

*

STD

START

STE

*
*
*

PTASD

PTAS

INA1G

INAS

th
op

x

PASTRT

OCP4

PTASE

PAGE OCO7

START AT SENSE SWITCH SETTING BOOT

EQu

AWA
SNZ
JMP*
EG4R

JMP*®

DATA
FIN

EQU

EJCT

OVER+PBD-*

S1+STD

STE+STDO—-1

1
*177700

a+T

START AT °1000

SHCULD BE NO LITTERALS

INCLUDE "1000 FROM PTR/ASR BOOT

COMBINED PTR/ASR FAPER TAPE BOOT

EQu
EQu
ocT
JMP
ICR
INA
JMP

PTLOAD+PBD—-*
*

1600
*e-1+PT ASD

4
*x=TEPTASD

0,1

INA4S+PTASD

INATO+PTASD

3
INATO4PTASD
4

*&+PTASD
*-T+PTASD

e=-3+PTASD
0

INATQ+4+PTASD

PAGE 0008

(MUST LOAD AT LOCATION '10)

USED AS MASK TO CONVERT INA 4 TO INA °1004

MNanrn
TArcR

CONVERT TO INA
PUT INTO BOOT

FORM INA *100X INSTRUCTION

PUT INA *100X INTO S-REG
PUT INTO BOOT
INITIALIZE
PUT INA °100X HERE

GO TO BOOT
SHOULD BE NO LITTERALS

Frest INFormoetion ON Pager taee must be

"20

I-il

7
oo¢y

/
O/0  



--CPBOOTCREV H), AIDS2, MHJ-REG-MHS-JRW-MLGs 7 SEPTEMBER 1976

001103: £6
001104: <t
001105: sz
001106: SB
001107: s¥
001110: 5S
001111: 56

001112: $7
001113: 60
001114: 6/
001415262
001116: 6%
001117: oy
001120: 6s

CPBOUTCREV HH)» AIDS2, MHJ-REG-MHS<-JRW-MLGs 7 SEPTEMBER 1976

001121: 36
GO1122: «47
001123: 70
001124: 7/
001125: 7u
001126: 72
001127: py
601130: 7
001131: 76
001132: 77
061133:/9°
001134: /o/
001135: /02
001136: 03
001137: s0¥
001140: 79S
001141: /e6
001742: 707
001143:7/0
001144270
0011653742
0011466: 773
001147: 77¢

0671150: 4/5
G01154: 1/6
OG1152: 7/7
001153:/20
001154: /2/
001155: ¢zz
061156: 7/22
001157: /2¥
001160: /2s7
601161:/26
0011622427
001163:/30
001164:/3/

176745
C3.0000C6aA
35.000CGC1A
21.000050A
G1.000144A
01.000744A
01.00O00€6A
01.0003G7A

ooo0gec
35 .GO07342A
15.000020A
02.000343A
04.000G21A
02.000247A
41.00GC57A

O317174
G2.G00023A

170314
01.G00070A
02.9000137A

170114
C1.GGOC73A
04026c

12.0009260A
O1.GGO0?75A

031714
02.000247A
171414

C1.0001G2A
G2.GO0141A

170114
01.000105A
C2.000142A

401252
02.000140A

170114
G1.G00112A

070114
C1.900114A

101253
TC .OGC777A
55.C9C136A
4¢.U00135A

1401174
041572

45.000135A
140114
041574"

45 .000135A
44.000143A

- 12.000143A

(0205) *
(0206) *
(0207) ELSE
(0208) ELSES
(0209)
(0270)
(0211)
(0212)
(0213)
(0214)
(O215) *
(216) *
(0217) «
(0218) SETUP
(219)
(0229)
(0221)
(0222)
(6223)
(0224)
(0225) «
(0226)
(C227)

(6228) »*
(9225) *

(6230) meric
(0231)
(0232)
(6233)
(0234)
(0235)
(9236)
(7237)
(0238)
(G239)
(0240)
(9241)
(0242)
(6243)
(0244)
(9245)
(0246)
(0247)
(C248)
(0249)
(925)
(0251)
(0252)
(0253)
(0254)
(6255)
(0256)
(0257)
(0258)
(0259)
(0260)
(0261)
£0262)
(0263)
(0264)
(0265)

MGT6

PAGE 0009

SELECT PROPER BOOT (DISKs MTs FLOPPY+ USER)

Eau

ANA

LEX
JMP
JMP

SMP
JMP

JMP

HALT FOR ILLEGAL BOOT

HLT
LDX
STX

LDA
STA
LDA

JMPx

FIN

“ESCT

MAG TAPE BOOTSTRAP

ocp

LDA

OTA

JMP
“EDA
OTA

aMep
LRR

IRS
JMP
OCP
LDA
OTA

JMP

LDA
OTA
JMP

LDA
SNS

LDA

OTA

JMP
SKS

JMP

SNS
JST
LOX

LDA*
IRX
ALS

ERA®

IRX

ALS
ERA

STA*

IRS.

OVER+PRD-*
PB2+PBD
1

ELSES+ELSE~-1
DISK+ELSE
DISK+ELSE
MGTIO+ELSE

FO+ELSE

C2+ELSE
*20

C4+ELSE
"21
K2O+ELSE

SETUP4+ELSE

"T7714

KMTPCN+PBD

"314

#-T+ELSE
MGT/?+ELSE
*414

*-T+ELSE
9
KO+ELSE
R-2tELSE
"17174

K2C+ELSE
*1414

e~T+ELSE

MGT73+4ELSE
"714

R~-T+ELSE

MGT/4+ELSE
12

MST71+ELSE
"114

e-T+ELSE
"414
*-1+ELSE

12
"777

_ MGT4T+ELSE

MGT4+ELSE

6

MGT44ELSE

4
MGOT4+ELSE
CT+ELSE

CI+ELSE

=7
USE AS INDEX

JUMP INTO JUMP TABLE
DISK CFHD)
DISK CMHD)
MT
FLOPPY

AND SUBRGUTINE FOR DMA SETUP

HALT FOR ILLEGAL BOOT

DMA RANGE =*162000

DMA START = '770

DMA CHANNEL ADDRESS
RETURN

SHOLLD BE NO LITTERALS

PAGE 0019

INITIALIZE

="16. CLEFT SYTE IGNORED)
POWER ON ‘

SPACE FORWARD BETWEEN 3.5 AND 10 INCHES

DELAY ABOUT 3.5 SEC

ABORT TRANSFER IF NOT ALREADY STCPPED
DMA CHANNEL ADDRESS
CHANNEL

REWIND TO LOAD POINT

READ A RECORD

COUNT

CPHROQOTCREV H)-

001165: 732
O01166: ,22

CONM67: 13¥
001170: 723s
G0117127%6
0G1172: 787
001173:49
00117424047
001175:/¥42
001176 :/42

CPBCOTCREV Hs AIDS2, PHJ-REG-MHS-JRW-MLG- ? SEPTEMBER 1976

GO1177: lay

1407114
01.000721A
1C .G00777A

047776
170202
020210
042610
090056
040210
o00ec0

100254
CG1200: 745 C1.600205A

a01201: 146
001202: 747
GO1203: 1990
007204:79S/
001205: /s2
001206: 7s
001207: s¥
001210:7s55

001211:/5¢
001212: /$7
001213: /60
001214: /6/
001215: /@2
001216: /63
001217: 764
GOI220: 765
001221: /66
001222; /67
001223: /90

I-l2

031725
140040
190252

C2.000257A
yut2e55

02.000251A
470025

O1.GOQ0154A

140104
040646
141206
101040

C1.000146A
971025

07.900157A
1C.UG0QC57A

177425
01.000166A

140204

(0266)
(0267)
(9268)
(6269)
(02760)
(0271)
(C272)
(9273)
(0274)
(0275)
(0276)
(0277)

(G278)
(0279)
(0280)
(91261)
(9282)
(6253)
(0284)
(0285)
(0286) -
(C287)
(G282)
(C289)
(0290)
(0291)
(0292)
(C293)
(9294)
(0295)
(C296)
(G29%)
(0298)
(6299)
«N300)
(2307)
(0302)
(0303)
(0354)
(6305)
(0306)
(0307)
(0308)
(0309)
(0310)
(0311)
(0372)
(0313)
(0314)
(0315)

MGT4

MGT41
MGT?

MGT71
MGT?3

MGT74

C7

o
+

*
e
e

He

ISk

A
t
e

ee
e
e
e
H
H
H

Oe
OH

TRT

DELAY

AIDS2, FMHJ-REG-MHS-JRW-MLGs 7 SEPTEMBER 1976

IRX

JMP
JST

DATA

DATA
DATA

DATA

DATA

DATA

DATA
FIN

EJCT

PAGE 0C11

MGTG6+ELSE
"7?7

(4096-2) .0R. "40000
~(4096-*200~2)
$2088

$4588

$28

$4028

*200

SHOULD BE NO LITTERALS

FAGE 0612

DISK BOOTSTRAPS (OPTION B8/B*/C MHO/FHD)

SELECT OPTION 8 VS. OPTION B°/C

SNR 13 SKIP FOR OPTION. B
JMP BPRIME+ELSE

STATUS BITS CHECKED:
BITO1...END OF CHAIN

O2...END OF MEDIUP.

O6..0WRITE PROTECT VIOLATION
O7...DEVICE NOT READY
O88. COMMAND ERROR
Q9...DATA ERROR
19...DATA RATE ERROR

17...STATUS STACK OVERFLOW

OCP 1725 INITIALIZE
CRA MHD UPPER SURFACE SETUP WORD
SNR 11 SKIP FOR UPPER SURFACE
LDA K4CQ+ELSE HEAD OFFSET = *40
SNS 14 SKIP FOR MHD
LDA KTGOK+ELSE ="10000G., SELECT FD
OTA "25 SLOW SPEED SEEK TO ZERO
JMP #-T+ELSE

XCA SAVE SETUP WORD
ARR 32 DELAY AS LONG AS NEEDED FOR SEEK COMPLETE
ATA . ‘
SNZ

IMP STRT+ELSE DISK CYCLING UP
SKS "1025 IS SEEK COMPLETE
JMP DELAY+ELSE
JST SETUP+ELSE SETUP OMA CHANNELS
OTA *1425 DMA CHANNEL ADDRESS
JMP Rm T+ELSE RESTART
XCB RETREIVE SETUP WORD



CPBOOTCREV H)-+ AIDS2+ FHI-REG~MHS~JRW-MLGs 7 SEPTEMBER 1976

001224: /7/
001225: /72

GO12262/77%
001227 :/7¥

001230: /75°
001231: 776
007232: 7/77
001233: 205
001234: zo/
001235: 202

001236: 202

001237: 204

CPBOOTCREV H)s AIDS2s+ MHJ-REG-MHS-JRW-MLG, ¢ SEPTEMBER 1976

001240: 20f

001241: 206

001242: 207

001243: 2/0
001244: ay
001245: 202

007246: 273
GO%12467: 2
G01250: 2/s

001251: Ze

001252: 2/7

001253: 220
001254: 22/

001255: 222
061256: 223

CO1W257: ez

007260: 22°
0O12éE1: 22

001262: 227

001263: 730
"001264: 23/
012652232

001266: 233
001267: 234

001270: 235°

001271: 236

001272: 237
061273: ze

001224:24/
001275: 2v2

001276: 243

170325
01.000771A

070725
01.COQ173A

430725
071.GQ0175A
03.0G0204A

140024
100040

C1.000047A

1C.000777A

43740

101255

C1.COO2Z17A

140461

03.900254A
04.000254A

140417

04.900245A
141206
100252

04.000255A
O2.000271A

100251
01.0900274A

161253

14031C
O04.000234A

16.GQ00S5S7A
04.000040A

031721
031723
0317726 |
631727

02.G00243A
170000

C1.G00234A
02.000040A

101400
01.000236A
C3.0002ETA
O1.0002CIA

00.000244A

(0316)
(0317)
(0318) *
(0319)
(G320)
(0321) *
(0322)
(0323)
(0224)
(0325)
(0326) ERRCHK

(0327)
(G328) *
(0329)
(Q330) »#
(0331) BFASK

(0332) *
(0333)
(0334)

(0335) *
(03360) *
(0337)
(0338)
(0339)
(0340)
(0341)
(0342)
(0343)
(9344)
(9345)
(0346)
(0347)
(C348)
(9349)
(0350)
(0351)
(C352)
(0353) *
(0354)
(0355)
(0356)
(0357)
(0354)
(C355)
(0360)
(0361)
(0362)
(0363)
(0364)
(0365)
(0366)
(G367)
(0368) *
(O369) «*
(0370) *
(0371) PSEL
(O372) *

oP23

BPRIME

EPCON

OTAT7

OTA

JMP

SKS

JMP

INA

JMP

ANA
CHS

SZE

JMP

JST

ocT

FIN
ElCcT

OPTION

SNS

JMP
CMA

ANA
STA
LT
STA
AA
SNR

STA
LDA

SNR
JMP

SNS

S2A
STA

JST

STA
oce

ocp
oce
OCP

LDA
OTA

JMP
LDA

SMI

JMP

ANA
JmP

*325

*-T+ELSE

*125

ee THELSE

*725

R-T+ELSE
BMASK+ELSE

ELSES-1+ELSE

"777

443740

B*/C BOOT

14

OP23+ELSE

READ+ELSE
READ+ELSE

SCODE+ELSE

11
DADDRtELSE

OTA23+ELSE
10
SMODtELSE
12

OTAT7+ELSE

SETUP+ELSE

"40

"1721
"1723
"1726
"1727

PSEL+ELSE
ak

er T+FELSE

.*40

w-2+ELSE

BPMASK+ELSE
ERRCHK+ELSE

CHANNEL PROGRAM

DAC SELECT+ELSE

PAGE 0013

READ RECORD ZERO 061277: 744

001300: 245
001301: aug

GO1302: ey9

601303: esd

001304:797
007305: 292

001306: 293
001307: 2s¢
001310: 28¢

001311: 2S6

001312: 2s7
001313: 2060
007314: 26/
001315: 262

001316: 263
001317: 264%
001320: 26>
061221: 266
001322: 267
001323:270

WAIT FOR TRANSFER TO COMPLETE

INPUT STATUS WORD

ISOLATE ERROR STATUS =*143740

IS STATUS QK?

NO - RETRY

YES ~ START ***BOOT PROGRAM xx

STATUS ERROR MASK

SHOULD BE NO LITTERALS

UG1324:27/
001325: 272

001326: 7272

001327: 27¢¥
001330: 279
001331: 2746
001332: 297
G61333+: z00
091334: Zor
001335: 20%
001336; 302
GO1337: BY
CO1340: 30S

PAGE 0074

CPBQOTCREV H)s AIDS2e

o4000gc (0373)
060400 (0374)

47500CC (0375)

000020 (9376)

030CG0C (0377)

7000CCc (0378)
07400C (G379)

OC .000262A (02380)

050207 (0381)

000000 (0382)
V100CC (0363)

OC.000040A (0384)
ooo000c0 (0385)

057777 (0386)
1500€C (0387)

gucoed (0388)

050209 (0238S)
Oo00L0 (0390)
OGOOCC (0391)
470GuUG6 (0392)

0G.000256A (0393)
(0394)

171722 (C295)
137400 (0396)

000766 (0397)
(6398)
(0399)
(0409)

C6.C0N000A (0401)
101253 (0402)
1401710 (0403)

04.000234A (0404)
02.000267A (0405)

94.0C0252A (0404)
02.000272A (0407)

04.000020A (6408)
G2.00G273a (0409)

(0410)04.000027A

001341: BAH 01.000226A (0411)

SKIP FOR MHD

FHD ALL SET UP

A-REG = 4 FOR MHD ENTRY

RESET 7 SECTORS TO 3 SECTORS
REPLACE
SELECT MHD (=1)
PUT INTO CHANNEL PROGRAM
LOWER HEAD OFFSET (=2)
SKIP FOR UPPER

PUT INTO CHANNEL PROGRAM
OTA START CHANNEL PROGRAM PROTOTYPE

SKIP FOR OPTION B®
STORAGE MODULE
SKIP FOR DEVICE ADDRESS

MODIFY FOR ADDRESS *21

PUT IN LINE

*23

SETUP DMA CHANNELS

CLEAR STATUS
INITIALIZE OPTION B®

INITIALIZE STORAGE MODULE

START CHANNEL PROGRAM

GET STATUS

SKIP IF DONE

KEEP TRYING

ISGLATE ERRORS
CHECK STATUS

POINT TO CHANNEL PROGRAK

L-13

IMP
(0472) *
(0413) FIN

(64144) EJCT

MHJ-REGCMHS-JRW-MLGs 7 SEPTEMBER 1976 PAGE OC1S

SELECT VFD 4rholsr Or hs Or770 SELECT: UNCONDITIONAL

SCODE OCT 406 FHD SELECT
VFD 461377207420737074-0 DMA: UNCONDITIONAL

K20 OCT °20 USE CHANNEL '20

VFO br 3bet re Or 4e0e7 0: SEEK (0): NOT IF ~ UNCONDITIONAL

K100K ocT 190000 SLOW SEEK TO ZERO
STALL VFO 407% 0101746202770 STALL: IF - (NEVER STALLS)

DAC SMODCP4ELSE TRANSFER ADDRESS (SM READ ORDER)

READ VFD 4S Sr te 3 Grebe? READ: NOT IF — ERROR
DADDR OCT 0 DISK ADDRESS

INSTAT VED 429 71-074-0-7,0 STATUS: UNCONDITIONAL
K40 DAC "40 STATUS WORD LOCATION
KO VFD 470-1-074-0,-720 HALT: UNCONDITIONAL ~ my

BPMASK OCT 57777 STATUS ERROR MASK CNOT USED BY HALT)

SMODCP VFO 47137170 04e003-0 7400 DMAS UNCONDITIONAL CDESTROYED BY TRANSF

oct *20 USE CHANNEL *20

VFD 47575212770 READ: NOT IF ~ ERROR

OcT 0 OFFSET=TRACK=0
OCT G DISK ADDRESS = 0 -

TRANS VFD 461541207420-7-0 TRANSFER: UNCONDITIONAL
DAC INSTAT+ELSE TRANSFER ADORESS

x

OTA23 OTA "4723 OTA START CHANNEL PROGRAM PROTOTYPE
SMRNG OCT 137400 =(-10460.LS.4)

SMST OCcT 760
*

* STORAGE MODULE
*

SmMOD ADD 0 X“REG=4 FOR MHD ENTRY (€°23 -> *27)
SNS 12 SKIP FOR *27
STA MODIFY FOR "26

STA OTAT7+ELSE STORE IN-LINE
LDA TRANS+ELSE TRANSFER INSTRUCTION

STA STALL TELSE USE STORAGE MODULE READ ORDER
LDA SMRNGt+ELSE STQRAGE MODULE RANGE (1040)
STA *20 SET UP DMA CHANNEL

LDA . SMST+ELSE LARGE RECORD START (°760)
STA "21 ‘

PAGE 0016CPBOCTCREV H)- AIDS2 BMHJ-REG-MHS-JRW-MLGs 7 SEPTEMBER 1976

BPCON+ELSE CONTINUE

SHOULD BE NO LITTERALS

 



CPBGOTCREV H)s+ AIDS2, PHJ-REG-MHS~JRW-MLG- ¢ SEPTEMBER 1976

001342: 307
C01343: 270
001344: 377

001345:2/2

001346: 372
GO1347: a¢
001356:378
001351: 3/6
001352:3/7
001353: 320
601354: 32

001355: 322
001356:323

001357: 224
001360:3237
001361 :226

001362:327
001363 :220
061364:23/

001365:332
001366:238
001367:324
001370:335
001371: 336
001372:337
001373:t49
C01374:24/

CPBOCOTCREV H)+s AIDS2, MHJ-REG“MHS-JRW-MLG, 7 SEPTEMBER 1976

(0415)
(0416)
(0417)

031712 (C478)
02.000143a (0419)

170272 (0420)
C1.000311A (0421)

(6422)
070172 (0423)

C1.00G313A (09424)
170012 (C425)

01.000315A (0426)
140110 (0427)
100CG4C (0428)

07.000313A (0429)
(0439)
(0431)
(0432)

170412 (C433)
01.000322A (0434)

(0435)
1C.COQCS7A (6434)

171412 (0437)
07.000325A (0438)

(0439)
O2.000344A (0440)

170312 (0441)
07.000330A (0442)

(0443)
040471 (C0444)
1?0612 (C445)

C1.000333A (0446)
130012 (0447)

O1.00G345A (8448)

O5.-GOGT43A (0449)
141050 (0450)

(€1.900201A (0451)
(C452)

001375: 842 1620CC (C453)
001376: 343 000776 (6454)
001377: 244 000401 (1455)

(6456)
CO1400 (0457)

oC1400 (0458)

*

*

*

FD

LOOP

*

Ce
C4
C6

ELSEE

DISKETTE BOOT

ocP
LDA
OTA
SMP

SKS

JMP

OTA
JMP
STA

SZE
JMP

TRACK

OTA

JMP

JST
OTA
JMP

LDA
OTA
JP

LGR

OTA
JP
INA
imp

ERA
CAL
JMP

DATA
DATA
DATA
FIN
EQU

END

"1? 12

C1+ELSE
*212

*~T+ELSE

"112
eo THELSE
“te
*-T+ELSE

LOOP+ELSE

= ZERO

"412

wR T+ELSE

SETUP+ELSE
*14172
ReTFELSE

CGt+ELSE

"312

e-T+ELSE

7
*ét2
ReT+ELSE
"12
*~T+ELSE
CI+ELSE

ERRCHK+ELSE

“448 15.4
"776
401

*

PAGE G017

INITIALIZE

SELECT UNIT #1

STEP NEGATIVE TO TK ZERO

REPEAT 128 TIMES

STEP POSITIVE TO TK ONE

SETUP DMA (PRIME) RANGE
DMA CHANNEL

TK=1, RCD=1

READ ONE RECORD

REG FILE 2 = STATUS ("401 => 2)
SETUP FOR INA

INPUT STATUS WORD

REMOVE NORMAL COMPLETE BIT
CLEAR EXTRANEOUS STUFF
STATUS CHECK

PAGE CO1&

FLOPPY DISK ADDRESS (TK=1, RCD=1)

SHOULD EE NO LITTERALS

CPBOOTEREV H)-

BMASK GC1237A

BP CEN OC1TZ61A

BPMASK OCT314A

BPRIME UC1240A

C1 0017764
C2 GU1T375A

C4 OCT376A

C6 QOV377A

DADDR OC1310A

DELAY Go1212A
DISK JCVV77A

ELSE T7O745SA

ELSEE OCT400A
ELSES GCTTUSA

ERRCHK OC1234A
FD OC1342A

INATG OCICS7A
INA4 OCTC62A
INSTAT uUcT3TIA

Ko OGT313A

K1TGGK OCT3Z04A
K2G GC1302A
K40 OC1312A

KMTPON GC1TGISA
LOOP GOT346A
MGT10 GCITT1A

MGT4 9011708
MGT41 JOTTFIA

MGT6 OCTISSA

MGT? GO1172A

CPEOQOTCREV HH),

MGT71 OG1173—
MGT73 901174A
MGT 74 GOV175A
MTRNGE OCICAZA
MTSTRT GOICIBA
OcP4 GLIC7T4A
OP 23 N01252A
OTA17 O01267A
OTA23 OCTI24A
GVER JOV42A

PASTRT GCITC67A

PBI CCICCOA
PB2 SC1COGA
PB3 ICIC34A
PBS OU1014A
Pb5 OCTCOGA
PB6 CCICSOA
PBD 177GC6A

PSEL GC1276A
PTAS HGICS7A
PTASD V76731A

PTASE OC11O3A
PTLCAD oC1CO2A

READ ICTSO7A

$1 GO1056A
SCODE uGT30GA
SELECT OG1277A
SETUP OCT142A
SMOD GO1327A
SMODCP OC1315A
SMRNG CO1325A
SMST CO1326A
STALL OG13G5A
START GCICS1A
STD 176777A
STE OO1C60A

I-14
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G324
C355
0366
0284
0264
0219
G221
0440
0346
0306
0211
0207
C224:
C246
N264
U312

C341
0365
5407
C436
0116
3168

u326
0214

0179

0782
C383
0238

63204
v223
C299

C126

C423
c273
U257
9256,

0257
0234

0331
C411
0386
6337
C265
0453
0454
0455
0382
0211
Qet2
0210
0233
0247
0265
0314
0343
0366
0409
C438
O45¢
C116
C267
04178
0192
C1914
0393
6385
C378
0241
0384
0231
G429
C23C
0260
0276
G2o?
Ce74

C275

0283
0211
0234
v249
0267.
0317

0346
0367
D411
0440

C208
G451

0194

0376

0263

0419

O212
0236
0251
0284
0320
O347
0371
0419
0442

0270

0201

0269

0449

0273
0238
0253
0299
0323
0349
0380
C421
0446

0227

0214
0239
0256
0361
0324
0352
0393
0424
0448

0219
0241
0257
9303
0327
5354
0404
0426
0449

0221
0243
0260
0309
0338
0360
0405
0429
0451

ALDS2,- KHJ-REG-MHS-JRW-MLGs 7 SEPTEMBER 1976

O249
0244
G247

C120

C121

0153
0338
0352
G347
C113
G158
C113
C100

U4
0101
Gcy¥s&

G13C
Ga99
0134

0360
0106

153
0196

G114
6105

0340
6165

0343

0371
G28

0349

0380
02396

0397
6379

ag105
0164

0113

c272
0273
0274

C157
0347
0361
C395 °
0116
0190
G134
6128
C146
O7¢5
8105
C155
91014
G148
0371
G107
0157
0197
0115
0114
0341
0770
D374
C273
0224
0401
“0387
G40?
)409
0406
O13
0165
0167

0195

0406

317153

6208

G106
5459
0113
0155

C114
6158
G199

0203
O115

0381

U312

0165
0167
C172

0764

G354

a207

9108

0115
0177

0478
6180

S177

0436

C223
0244
6263
0311
0340
0362
0406
0434

0116 G128 9130 6132
0207

0183

0208

0191

0231

0192 0194

PAGE 0019
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:2 PLCS |
C Pelias| BomPER ECR1212 4.8o : —— DB[Pfalslaom PER ECR 144 4i Pin# Signal Pind Signal Pint Signal pat eCur ETCH | | E |njfso/Q di FRom 931% Fe uiyy eeu s2ar|f twit ey1 HPUREL- 23 PS6OCY+ as SPARE
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2PLes

" F \i2hs/73 BOP PER@ Etw 1293 ae 2,
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3 3 :
JRFL+ . | PARE G [*/u/73| PER ECR 1334, 1338, 1362 WR pry

3 3 :
4 HPWREL 25 SPARE 147 SPAR { 2 —

Cut ETCH ee :
4 BMAIS - 26 BMAQ6- |] 48 -12y FH [%err3[ PERECR1446, 1465 + Itt

2 PLCS
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4
BRAC 29 BPA12+ 51 BPDOEtoy:

8 BMA12- 30 BMAGA- 52 BPDOGt Kileldn

|

Potatiry pererenFeom c.f Cg Lok ee.
cov fe]

9 BPAD2+ 3] BPAIS+ 53 BPDI1+ K3 [io 127e| DELETE ITEM) SO PERECR \@7Z, [LAK IPE,a 10 BMAL4- 32 BMAQ1- 54 BPDOT+
CUT ETCH All 3 + 55 PDI B+
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|

>
47 46y: 15 BPATG+ 37 VCC] 55 BPD14+

16 BMAN9. 38 VCCI 60 BPDO2+
1? BPAag+ : 39 BPEPIO+ 61 BPOI3+
18 BMAIO- 40 voce 2 BPDO3+
19 HSYSCLR- a1 SPARE 63 BPD16+
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SEE MOTE3
oO - @ BMA 42 BPCSTRB BPOp1
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. JUMPER LISTSIO® Sil © Si2 M519 Si4 © Sid 8 SiG
FROM

|

TO AWG.
CN-3 [#20-]

|

¥ 30
220-1 [220-2
Z20-3 |z4-5

/

24-6421 -6 a 4| 53) Fics section A-A 24-4 [z/8-9 +-
ZI-2 |z4-8 fot ee |

a (41) 3 Pecs THIS DIP SITE 1S
218-7 |z20-5.

as:
DESIGNATED SP

Zio-9 [z20-¢
a ;an

220-6 [232-6cg Z/O-N {210-13
Z18-3 [2lo-NR70 Zso-12 [#18-N
SP-1 |SP-2CuT ETCH
SP-& Zlo-15[PLACE
SP-1 [20-14 [¥ 3G

NOTES:

(25) 4 POSITION ITER2 AS SHOWN
(34) OESRLOER 70 PROS.
33) 2. COPPER SHIELD W /7ERM 8(FLEX CABLE)a /S 70 BE Tiweros BoTTOn OF ITER.eo) 3. AMOUNT Lim LIT SO TYBT BOT feRTHMObE)SEE MOFK f (S TiteAD 70° SH Geee 6S SAGs,

BeTT MONICA TES CERRALIO DISC TMEREITOR,

a $F, ENE TvsAFER (tes “49> ReEQuikeD,
GQ. . TEMS Sa, fag WIUEYT BE ASSEMBLED ros(TENT BEFORE INSTALLATION SFE ITEM 8 To ITEM>.

1[pn ene
DYGoagypsfeaf73) PRIME COMPUTER INC. |OLBe i NATICK, MASS. . |

ve 14 omBelson sits BOARD SUB-ASSY
Hs:feoly CONTROL PANEL

~2e22 |NeC PROM .- BELpAHap, BLoo AS Stow i vad on” Tooree SIZE Kk,~XXX DESCRIPTION NexT assy | 1OC.1 Kix                      

 BIO METUSE ae TAS | as

 

  8)see NOTES 2¢6  



w

 

 NOTES‘

2.

3.
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DATE: September 7, 1973

TO: List

FROM: J. E. Sheahan

. SUBJECT: MEMORY INTERFACE DESCRIPTION

In all PRIME models, the CPU contains the hardware for memory cycle
timing and data refresh operations. The memory modules merely respond
to CPU stimulus. Two hardware registers, independent of the register
file, support memory operations. The M register handles read and write
data, the Y register handles memory address. Figure 1 is a primitive
block diagram of the interface, buses, and memory modules.
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x Register

The Y register (Fig. 2A) receives data from the D bus of the pprocessor
. and is clocked by TRYL. The content of this register is gated onto the
memory address bus, BMA, for normal merory references. There are two.
‘exceptions to the above. First, for refresh operations BMA (11-16) are
not gated from RY but from refresh timing hardware designated FC (11-16).
Also, BMA (8-10) are simply gated as high levels and the remaining BMA bits
hold the previous states of RY since they are "don't care" conditions for
refresh. If a system is in the "data save" mode, BMA always receives
FC (11-16) since only refresh operations are taking place. The second
‘exception is for Paging mode. Here the high order bits BMA 99, 00 (1-7)
are gated from a register file containing a portion of the memory page
map. tLow order bits are not affected by Paging since the map references
are made on a sector basis.

M Register

Figure 2B shows the M resister, its data sources and destinations. The
memory data bus, BMD, is an eighteen wire bilateral bus which transmits

write data to memory and transmits read data to RM.

The M register has two data sources, the D bus of the [processor and BMD.
Its destinations are the B bus of the [l-processor for read data and BMD
for data to be written into memory. MRDY is conditioned by the p-code, and
gates BLD to the RM data inputs. The data is then clocked by TRML. For
memory write cycles, Register A is transferred to the D Bus and clocked
into RM. The data in RM is gated to BMD by ERMEMD (basically a decoded

write command).

Interface Logic

The memory interface logic contains two digital timers and four major

control flip flops.

Timer 1 of Figure 3 generates a ref.esh request every 32 p-second. It also

divides the request by 32 and thereby generates 32 address stetes (FC 12-16)

which are used as refresh addresses to the MOS memory devices. This results

in a repetition of refresh address every one millisecond (32 pesecond x 32

states) satisfying the device specificacion.

Timer 2 is a 12 bit shift register gated on by requests for a memory cycl

A logic ONE is shifted for nine clocks, then a ZERO is started down the

register. Memory clocks and interface time outs ave generated by gating

combinations of register bit outputs and polarities.

FMCPRQ

This control flop is used to store memory cycle requests from the CP. It is

set as a result of RCC bits 25 and 26 indicating a request, and timed by

TRCMT to form MSTCPRQ. The flop is set at TRCML time (new p-cycle) thereby

initiating Timer 2. The timer is coded to reset FMCPRQ after 600 ns into a

read cycle and 720 ns into a write cycle.  
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The request flop cannot be reset if a refresh cycle is in progress. There-
fore, if a CP request is made while a refresh cycle is active, the request
will be stored but not cleared when refresh expires, The stored request
will be honored as soon as refresh is complete.

MBSY

 

This control flop is also set by MSTCPRQ. When set, it indicates that the .

memory is busy processing a CP request and also prevents a refresh request
from being honored. MBSY is gated with a write condition to form ERMBMD
enabling RMonto BMD. It is reset at 760 ns if another CP request is not
present. If requests come repeatedly at 760 ns, it is clear that refresh
would be locked out and memory would crash. Therefore, u-processor timing
is structured to avoid this potential problem.

MDATAV-

‘This third control flop is also set by MSTCPRQ and is reset at 520 ns if a
refresh cycle is not being processed. When reset, it releases TPCL and
permits read data to be clocked into RM at 600 ns by TRML.

FMRERQ

| This flop stores the Timer 1 request for a refresh cycle and initiates
Timer 2. It cannot be set if MBSY is active, so an auxiliary flop is used
to store the request until memory goes not busy. At this time, FMRFRQ is
set, the auxiliary is cleared, and Timer 2 is started. FMRFRQ is reset by
the timer at 840 ns and the memory is then available to the CP.

Memory Clocks

There are three clocks sent to memory for various functions. These are:

1. EXCPRCH - Precharges all nodes in the MOS memory devices in
preparation for an active cycle. Starts at 40 ns after Tir-+ 2
has been gated on and lasts for 360 ns. ”

2. EMCCNBL - This clock activates the selected memory devices and
permits data to be read or written. It starts at 240 ns after
Timer 2 has been activated and lasts until 600 ns for Read and
Refresh cycles and until 720 ns for write cycles.

' 3. j§EMCWSTB - This clock causes data to be written into the MOS devices.
It starts 520 ns after Timer 2 is initialized and lasts until 720 ns.

Aborted Cycles |

There are two trap conditions which cause FMCPRQ to be cleared and Timer 2
to be reset. These are register file references and page traps. In each
case, the memory has been started before a change in plan becomes apparent.
The abort signal becomes active 120 ns after FMCPRQ and although BMCPRCH
has gone to memory, no data has been altered,

= b>
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Memory Reference Timing

Figure 4 shows the CP timing for two memory cycles and the associated
eprocessor cycles. The first cycle is a fetch and decode of a store register
A instruction; the second is the execution of the STA. The first p-program
step in the fetch is the transfer of the program counter to the Y (address)
register. The second is a memory read; the third is the decode of the instruc-
tion and formation of address for the instruction execution. Toexecute the
STA, register A is first transferred to RM, then the last t-program step
forces a memory write cycle.

The following is a definition of the timing clocks shown.

TPCL - Timing Pulse Clear ~- Resets p-processortimer
. TROMT - Trigger RCM control memory, trailing edge
TRCML - Trigger ROM control memory, leading edge
TRY - Trigger register Y leading edge
TRML - Trigger register M leading edge

The end of each [l-processor cycle is characterized by TPCL making a high to
iow transition followed by TRCMT and TRCML pulses. TRCML clocks new ROM
data (RCC) into the ROM Data Register and the [-cycle begins to execute. In
the case of memory reference cycles, TPCL is held high waiting for MDATAV
during read cycles and the reset of FMCPRQ during write cycles.

Fetch

CLY 200

During this step, Register P is transferred to Register Y and clocked
by TRYL at TRCML time. This action causes BMA to change after some
delay. During TRCMT the data for the next ROM step has settled at the
ROM outputs but is not clocked into the ROM registeruntil TRCML. Bits
25 and 26 are gated with TRCMI and MSTCPRQ becomes true on the input to
three of the control flops, FMCPRQ, MBSY, and MDATAV. At TRCML time,
all three flops set and Timer 2 is enabled.

The data on BMD will change just after BMA has switched if the new memory
address references a different module than was previously addressed.
This is because each module has its own output data latch gated by module

address. Therefore, BMD will reflect the data latch contents of the newly
addressed module,

HSM Read

At 200 ns into the cycle TPCL will set and cause a write clock to go to
‘the register file. P+ 1 will be written into the file in preparation
for the next fetch. However, TPCL cannot reset because it is gated by

MDATAV which is in turn waiting for the memory timer. Therefore, no more

_ peprocessor action will take place. BMD will go to all ONE's shortly
after the CENABLE clock is sent to memory because of a memory chip
peculiarity. However, the correct memory read data will typically appear
about 500 ns inte the cycle. MDATAV will time out at 520 ns permitting
TPCL to reset at 560 and allowing TRCML and TRML to occur at 600 ns.



STA
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The data read from memory is now in RM, memory clocks have terminated
and the next w-processor step is clocked into RC.

Decode and Bid. Address
 

During this step the instruction is decoded and a new address formed

as a result of the data in RM. During this cycle, MBSY resets 800 ns
from the time it was set and TRYL occurs at 280 ns. A new address is
placed on BMA, and EMD may change 2s described previously. The next

pestep begins at TRCML-280 ns.

RA

 

Register A is transferred to Register M. Register M is «locked by
TRML at 200 ns.

HSM Write

During TRCM? a memory reference is detected and MSTCPRQ becomes active.

At 200 ns the three control flops will be set and the memory timer
activated. Shortly after MBSY is set, ERMBD will enable tri-state
drivers and place RM on the BMD. The memory modules will have their
output data latches disabled by the Byte Enable signals leaving the
bus to RM. Some bus instability can be observed at this time. At 200
ns into the cycle, TPCL will set and permit TRCMT and TRCML to be
generated. Since the HSM Write p-code has a jam F condition the
Ueprocessor goes to the first step of the fetch cycle, namely CLY 200
ag previously shown. The CLY is conditioned by YBSY so TPCL will again
set at 200 ns but will be prevented from resetting by FMCPRQ.

MDATAV times out at 520 ns but causes no action. At 720 ns, FMCPRQ is
reset by the timer and TPCL resets at 760 ns. TRCML completes the CLY
at 800 ns and begins the HSM Read step of the fetch cycle. Although
FMCPRQ will accept a request at this time, the memory timer will not
restart until 8:0 ns. This delay is required due to duty cycle require-
‘ments in the memory and memory and p-code relationship.

Paging

PRIME has published a brochure describing the functional aspects of
virtual memory and PRIME's paging system. This reading is considered
@ prerequisite to the following hardware description.

A functional diagram of the hardware associated with paging is shown in
Figure 5. The execution of the instruction EPMJ will set FPAM and allow
Fl to indicate MPAGREF. When set, this signal delays memory requests
(MSTCPRQ) by 80 ns while the mapped address RPF is being obtained from

_ the RAM, . -

The basic function of the hardware is to map a memory reference of a
given virtual sector to a physical sector. For example, sector 7 may

A
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be mapped to sector 2) s0 that a virtual reference to 7 will actually
become a reference to physical memory 24. The RAM contains the sector
being mapped to; the CAM contains the sector being mapped from.

If a reference is made to sector 7, RY presents a 7 to the CAM data
inputs. Assuming the CAM contains a 7, one of the four match outputs
will become true. This output addresses the RAM word containing a 24.
RPF then becomes a 24 and is gated via the RY mitiplexer onto BMA.

If none of the four CAM words contained a 7 the no match condition would
set GPGTR @ page trap. This trap signifies that the required portion
of the memory map is not in RAM. The p-code will jump to a special
routine to fetch the desired map portion from main memory. A forced
memory read is initiated by an independent action code IACFRD and F3
becomes set. If the trapped memory reference had been a HSM Write the
byte enables EMCWLB and RMCWRB would have been active. FIAFMRD will
disable these signals during the forced read. In addition, IACFRD-
will prevent Fl and F2 from being changed.

The information from the memory map is written into the RAM and the
associated address is loaded into the CAM. The CAM address to be used
is determined by a priority network, the algorithm being that the least
most recently accessed location will be the one chosen for new information.
A HSM resume is issued from p-code permitting the paged HSM Write to be
executed. IACRHSM- again prevents Fl and F2 from being altered until the
instruction has been completed. .

James E. Sheahan
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DATE: July 25, 1973

TO: List ” |

FROM: J. E. Sheahan

SUBJECT: MEMORY MODULE DESCRIPTION

Each memory module contains module selection logic, data bus interface,
MOS storage devices, MOS driver circuits and sense amps. Parity checkers
for address and write data are also included. The module presents a
completely TTL interface to the memory bus and receives all its timing
end control for the CPU via this bus. The module is designed to operate

with up to seven other similar modules sharing a common bus (backplane).
The following configurations are available:

Model No.

8192 words x 18 bits 271
8162 words x 16 bits 171
L096 words x 18 bits 270
4096 words x 16 bits 170

Figure 1 is a block diagram of an &K memory module. The storage matrix
is made up of 1103 memory devices which are organized as 1024 words by

one bit. A tot.1 of 144 1103's gives a capacity of 8K words by 18 bits.

Data Bus (Positive True, ONE = +5 V)

The eighteen bit data word is comprised of two eight bit bytes with a
poerity bit for each byte. The 18 read-data lines (memory output) and the
18 write-data lines (memory input) are duplexed onto one 18 wire bus desig-
nated BMD. Tri-state drivers are used exclusively for this function. Data
is stored and retrieved without polarity inversion.

The parity checker associated with the data bus is always active and

indicates the state of bus parity during vead or write cycles; however,
it is only tested by the CP during write cycles.

Address Bus (Negative True, ONE = 0 volts)

The three high order bits of memory address are used to determine which
module is to be selected. The selected module generates a select back

signal that is tested by the CP. The absence of this signal results in a

missing module trap. The select line on the active memory module enables
clock drivers, address drivers, and enables the modules tri-state drivers
on the data bus. |

2 2- July 25, 1973

Address bits BMA(Ol-06) select a 1K block of the 8K storage matrix and
steer clocks to this one row of 1103 devices. Therefore during normal

read write cycles only 18 1103's in the entire memory are active; all
others are in a lowpower state. |

The least significant ten address bits BMA(07-16) directly address the
1103 and are decoded within the devices. Therefore, these addresses
uniquely determine the word address within a 1K block.

. Address parity is checked by byte (nine bits) and errors are indicated as
to left or right byte. Again an error will cause a logic low (0 volts)
on the error lines.

Figure 2 shows the fields and connector pins for the address and data
fields.

Refresh

The 1103 storage device stores data on parasitic junction capacitors.
Since these gradually lose charge through junction leakage it is necessary

to rewrite or refresh the data periodically. The refresh operation is
eccomplished by processing a read cycle on each of the 102k bits and must

be repeated each millisecond.

The 1103 is organized as 32 rows and 32 columns. Refreshing a single row
will automatically refresh all 32 columns associated with that row. There-

fore on an individual 1103 device the 32 rows can be sequentially refreshed

one cycle each 32 p-sec compieting the entireprocess in one ms.

During refresh operations the module select logic and the chip row select
logic are overridden and every 1103 device in the system is selected.
Therefore, Row N(1-32) of all 1103 devices sees a refresh cycle simultanecusly.
The entire memory system is thus + ‘reshed with the value of N incrementing

each 32 psec.

Detailed Discussion

Figures 3 and are mo: detailed diagrams of the blocks presented in

figure 1. All signals are treated as positive true for ease of discussion

but the reader should be aware that all 1103 clocks are active low. Address

and data latches are present on the module but the latch clocks are grounded
for the PRIME 100 and 200 causing the latch to act as a simple inverter.

Res Figure 3 - Each module slot in a PRIME backplane has five lines

- gtatically coded as gnd or +5 volts. The uppermost slot is coded ali ZEROS
(+5V-negative true). This slot represents the least significant module
address, namely the first 8K of memory. The variable addresses (BMA) are
compared against the fixed slot code to determine if the CP is attempting

to select a specific module. As stated previously a select signal is returned

to the CP and also gates signals called X,Y enable. These in turn permit’

the chip address drivers to leave their normal low power state (+16 volts)  
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and present BMAO7-16 to the 1103 device. The X enable function is an OR
of select and the refresh command. This permits the X addresses to be
active during refresh independent of the state of module select. Therefore,
every module in the system is effectively active during refresh. System
Clear holds the five Y address drivers in the low power state during battery
back-up operations. a ,

Device Clocks

Prech, Cenable, and Write are clocks which control operations within the
1193. Prech is a conditioning signal used to reset internal mode voltages
prior to an active cycle. Cenable activates a chip cycle, connects the
data in and data out lines and selects a specific internal cell (1of 1024).
If a Write pulse is present, data is written into the selectedcell; in the
absence of Write, the cell contents will be displayed on the data out line.

Prech and Cenable are gated with X-enable so that only a selected module
will have active clocks. Write is gated with Select, Cenable, and the
absence of refresh.

Re: Figure 4 - Figure 4 shows a further breakdown of clock decoding and
address drivers. The right byte for an GK module is shown; the left byte
is identical and independent except for the common row decoder. This 1 of
8 decoder determines which of the 1K blocks is to be selected and therefore
to be activated by the clocks. There are separate drivers for each 1K
block and each byte; therefore a single driver circuit (4 per DIP) services
nine 1103 devices. Write drivers are additionally gated by the Byte enable
controls, Address drivers for BMA 7-16 are broken down by byte and 4K blocks.
Therefore each driver services 4 x 9 or 36 devices. |

The output of the 1103 is an open drain (like open collector gates) which
sources 8CO ya for a ONE and appears open for a ZERO. All 1103 outputs for
@ given bit are wire ORed and terminated to ground through 200-2's at the
sense amplifier input. The sense amp is a three-stage device containing a
linear amlificr, gated latch and tri-state buffer. The output cf the sense
emp is staticized in the latch by the trailing edge of CENBL during normal
read ond write cycles. The contents are not modified during deselect or
refresh cycles. The tri-state drivers are active on the data bus whenever
the module is selected except during Byte Enable (write cycle) periods.

During a write cycle, Byte Cenables become active, the tri-state drivers of
the sense amps disconnect, and the bus information is gated through the
Write Data Latch to the data drivers. There is one data driver per bit
meaning each circuit services eight 1103 devices.

System Timing

All memory system timing is generated by the CP interface logic and sent
to all memories via the backplane bus. Figure 5 shows the major signals on.
the backplane and internal to the memory module. A write cycle followed by

-~he _ July 25, 1973

@ read cycle is depicted. All times are typical. The scale of the drawing
does not allow accurate interpretation of internal signals but is sufficient
for determination of normal operation.

The arrows between various signals indicate that one signal is gated by the
other, the tail of the arrow is the gator, the head is the gatee.

 

Unique Characteristics

| Fuses

Each module has a fuse in series with the Vz, (16.2v) and the Vpp (19.7v)
lines, Sensing circuitry will cause the Vgg fuse to blow if Vsg is
shorted or otherwise becomes negative relative to Vppe Without these
fuses such a short could destroy the 1103 devices. Removal or insertion
of a module when power is on will usually cause a fuse to open.

During the PRECH active period the selected 1103 devices may draw in
excess of 50 ma each or (50 x 18) 900 ma per board. During Refresh
this could become (50 x 18 x 8) 7.2 amps per & board. In normal
operation, duty cycle and bypass capacitors will prevent a fuse from
blowing. However, if PRECH or Refresh become stuck active (low) due
to a fault, the fuse may open. ©

When &@Veg fuse opens it may be possible that one or two bits will
still appear to operate properly. This is a normal state since there
is some Vg, current available through Vpp to Vgg paths in the 16 volt
drivers. |

Signal Levels

All signals to the 1103 devices are 0 to +16v3 data out is about 200 mv.
All other signals on the module and at the interface are TTL,

Bus Latches

There are latches on the module for Address and Write Data. For the
PRIME 200 the clock lines are grounded on the CP board making the
latch look like a simple logic inverter.

Refresh

A refresh cycle will cause a memory busy every 32 p-sec for the length
of & normal write cycle. The address during refresh cycles will repeat
every 32 refresh cycles. Missing refresh cycles may cause the memory
to drop ONE's, but will not cause ONE's to be picked.

Byte Enables

Byte Enable must be active to process a write cycle. One byte may be ©
written while the other is read by proper manipulation of Byte Enables.
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Data Inhibit

An active data inhibit will force all signals from memory to a

tri-state disconnect. |

J. E. Sheahan
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SCHOTTKY BIPOLAR 3208A, 3408A et

*

The Intel 3208A is a high speed hex sense amplifier designed to sense the output signals of the 1103 memory. The device features
two separate enable inputs each controlling the output state of three sense <-.5lifiers, and a common voltage reference input.
OR-tie capability is available with the 3203A open collector TTL compatible output.

Tho 3408A is a hex sense amplifier with a latch circuit connected to each amplifier. The sensed data may be stored in the latches

through explication of a write pulse. The 2468A has three-state TTL outputs, hence in the non-enabled state the outputs float

silowing wiire-OR memory expansion. The latches may be bypassed by grounding the write input pin. Under this condition, the

3403A functions as a hex sense amplifier.

The 3208A and 34C8A operate from a single +5 volt power supply. Device performanceis specified over the complete ambient

temperature range of O°C to 70°C and over a Vog supply voltage range of 5 volts 5%. The 3208A and 3408Aare packagedin

an 18 pin plastic dual in-line package.

 

  

      
 

 

 

PIN CORFIGURATIONS
3208A 2403A 3203A
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PIN NAMES
$1. S2. $3, $4, 55. 56 SENSE AMP INPUTS

Ey, E2 ENABLE INPUTS
REF REFERENCE INPUT
07,07, 03, 04.05, Og OUTPUTS (Non-inverting)
w : WRITE INPUT (3408A only)     

 

 

BLOCK DIAGRAMS
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ScHoTTkKy BrpoLar 3205, 3404
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3205 . . .

The 3205 decoder can be used for expansion of systems which utilize memory components with active low

chip select input. When the 3205 is enabled, oneofits eight outputs goes “low”, thus a single row of a memory

system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory

systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo-

ry expansions.

The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are

designed for use as memory data registers, address registers, or other storage elements. The latches act as high

spced inverters when the “Write” input is “low”. ;

The intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the

temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain

fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process.

 

 
PIN CONFIGURATION
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MOS 1103 (RAMs)

The Inte! 1103 is designed primarily for main memory applications where high performance,
low cost, and large bit storage are important design objectives.

It is a 1024 word by 1 bit random access memory element using normally off P-channel.
MOS devices integrated on a monolithic array. It is fully decoded, permitting the use of an
18 pin dual in-line package. It uses dynamic circuitry and primarily dissipates power only
during precharge.

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is —
accomplished in 32 read cycles and is required every two milliseconds.
A separate cenable (chip enable) lead allows easy selection of an individual package when
outputs are OR-tied. |
The Intel 1103 is fabricated with silicon gate technology. This low threshold technologyal-
lows thedesign and production of higher performance MOScircuits and provides a higher
functional density on a monolithic chip than conventional MOStechnologies.
intel’s silicon gate technology also provides excellent protection against contamination.
This permits the use of low cost plastic packaging.
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CPU

BMC PRCH-

BMCCENBL~

BMCWSTRB-

BMCWLB- —

BMCWRE-

BMCDINH— |

BMA 99-

BMA 00-

BMA 01-

BMA 02-

BMA 03-

BMA O4-

BMA 05-

BMA 06-

BMA 07-

BMA 08-

BMA 09-

BMA 10-

BMA 11-

“BMA 12-

BMA 13-

. BMA 14-

“BMA 15-

BMA 16-

, BHCRFSH-

BMCSELV-

BHALF=-

BHAPEL?

PRECH-

CENBL~

WRITE~

LEFT BY EN-

RIGHT BY EN-

DATA INHIBIT-

MAD 99- _

MAD 00-

MAD 01-

MAD 02-

MAD 03-

MAD 04-

MAD 05-

MAD 06-

MAD 07-

MAD 08-

MAD 09-

MAD 10- .

MAD 11-

MAD 12-

MAD 13-

MAD 14-

MAD 15-

MAD 16-

EYSH-

| SELB~

HADLP-

ERLAP-

MEMORY

MEMORY SIGNAL NAME CROSS REFERENCE LIST

DESCRIPTION

Pre-charge

ChipEnable

Write Strobe

Write Left Byte

Write Right Byte

Data Inhibit

"y" Enable

"yy" Enable

"ty" Fnable

ty" Enable

ty" Enable

"x" Enable

wx" Enable

ty" Enable

"xy" Enable

"x" Enable

Missing Memory Module Trap

CPU

BMAPER?

| BMDLP+

BMDO1+

BMDO2+

BMDO3+

BMDO4+

BMDO5+

BMDOG+

BMDO7+

BMDO8+

BHDPEL-

BMDPER-

BMDO9+

BMD1O+

BMD11+
BMD12+

BMD13+

BMD14+

BMD15+

BMD16+

BMDRP+

MEMORY

ERRAP-

MDATLP-

MDATO1=-

MDATO2—-

MDATO3~-

MDATO4—

MDATO5—

MDATO6—-

MDATO7-

MDATO8—__

ERROR DATA LEFT-

ERROR DATA RIGHT-

MDATO9-

MDAT10-—

MDAT1I1-

MDAT12—-

MDAT13- |

MDAT14—-

MDAT15-

MDAT16-

MDAT17~-

DESCRIPTION

Parity Error. Left Byte

Parity Error Right Byte
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PE-T-216

DATE: September 19, 1975

TO: Engineering & Programming Staff

FROM: Ross E. Roberts

SUBJECT: 32K Memory Module Description

Each memory module contains module selection logic, data bus

interface, MOS storage devices, MOS driver circuits and sense
amps. Parity checkers for address and write data are also in-
cluded. The module presents a completely TTL interface to the
memory bus and receives all its timing and control for the CPU
via this bus. The module is designed to operate with up to
seven other similar modules sharing a common bus (backplane).

The following configurations are available:

Model No.
8,192 words x 18 bits 1208-B85

8,192 words x 16 bits 1208-B65

16,384 words x 18 bits 1216-B85
16,384 words x 16 bits 1216~-B65
32,768 words x 18 bits 1232-B85
32,768 words x 16 bits 1232-B65

Figure 1 is a block diagram of a 32K memory module. The storage
matrix is made up of solid state memory devices each of which
are organized as 4096 words by one bit. A total of 144 devices
yields a capacity of 32K words by 18 bits. The additional con-
figurations tabulated above are achieved by depopulating the
module.

Data Bus (Positive True, ONE = +5 V)

The eighteen bit data word is comprised of two eight bit bytes
with a parity bit for each byte. The 18 read-data lines
(memory output), and the 18 write-data lines (memory input)
are Gduplexed onto one 18 wire bus designated BMD. Tri-
state drivers are used exclusively for this function. Data is
stored and retrieved without polarity inversion.

yw

The parity checker associated with the data bus is always active
and indicates the state of bus parity during read or write
cycles; however, it is only tested by the CP during write cycles.

Address Bus (Negative True, ONE = 0 V)

The three high order bits of memory address are used to deter-
mine which module is to be selected. The selected module

iit-4
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generates a select back signal that is tested by the CP. The
absence of this signal results in a missing module trap. The
select line on the active memory module enables clock drivers,
address drivers, and enables the modules tri-state drivers on
the data bus.

Address bits BMAO2, 03 and 04 select a 4K block of the 32K
storage matrix and direct the appropriate clocks to this row of
devices. Consequently, during normal read and write cycles,
only 18 devices out of 144 are active; the remainder are in a

low power state.

The 12 least significant addresses (BMA0Q5 through BMA16) directly
address the storage elements and are internally decoded. These
addresses, then, uniquely determine the word address within a
4K block. |

Address parity is checked by byte (nine bits) and errors are
indicated as to left or right byte. An error will cause a
logic low (0 volts) on the error lines.

Figure 2 shows the fields and connector pins for the address

and data fields.

Refresh

The storage device stores data on parasitic junction capacitors.

Since these gradually lose charge through junction leakage, it

is necessary to rewrite or refresh the data periodically. The
refresh operation is accomplished by processing a read cycle on

each of the 4096 bits and must be repeated every two milliseconds.

The storage device is organized as 64 rows and 64 columns. Re-~

freshing a single row will automatically refresh all 64 columns

associated with that row. Therefore, on an individual device the

64 rows can be sequentially refreshed one cycle each 32 u-sec

completing the entire process in two milliseconds.

During refresh operations the module select logic and the row

select logic are overridden and every storage device in the

system is selected. Therefore, RowN(1-64) of all devices sees

a refresh cycle simultaneously. The entire memory system is

thus refreshed with the value of N incrementing each 32 u-sec.

Detailed Discussion

Figures 3 and 4 are more detailed diagrams of the blocks presented

in Figure 1. All signals are treated as positive true for ease

of discussion. Note here that in, actual practice the opposite  
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may be true. The actual implementation of these blocks may be
found on the LBD noted in the figures. Address and data latches
are provided on the module. Their use, however, is optional by
virtue of a jumper which, when installed, causes the latch to
behave as a simple inverter. (The jumper is present for use in
the PRIME 100, 200 and 300.)

Re: Figure 3 -- Each module slot in a PRIME backplane has five
lines statically coded as gnd or +5 volts. (Ref: PE-T-169, 1/8/75,
J. Sheahan, System Configurations with 32K Memory Boards.) ‘The
uppermost slot is coded all ZEROS (+5V negative true). This slot
represents the least significant module address, namely the first
32K of memory. The variable addresses (BMA) are compared against
the fixed slot code to determine if the CP is attempting to select
a specific module. As stated previously, a select Signal is re-
turned to the CP and also gates signals called X and Y enable.
These in turn permit the chip address drivers to present the ad-
dresses existing at the module inputs to the storage devices.
The function denoted X enable is an "OR" of select and refresh
in order to allow the necessary refresh addresses to be available
to the storage devices. It can be seen then that all modules in
the system are active during the execution of a "REFRESH" command.

Device Clocks
 

Each 4096xl storage device requires the following signals to cause
it to function as a memory. Chip Enable (CENBL), Read/Write (WRITE),
Chip Select (CS), Addresses (MADOO-MAD11), and Data In (WDATXX).
The proper application of these Signals results in the storage
and/or retrieval of information via the Data Out pin (SDATXX).

The Storage devices require that CENBL be a positive true Signal
with an amplitude of 12 volts. (Note that this is the only sig-
nal with an amplitude which is dramatically different from the
TTL levels normally encountered in digital systems.) CENBL
begins a chip cycle and executes. the necessary preconditioning
of internal busses characteristic of dynamic RAMS. CENBL, in
the devices being discussed, performs the function of PRECH as
well as those performed by CENBL in the 1103. (Ref: Memory Module
Description, J. E. Sheahan, July 25, 1973, p.3.) The WRITE
Signal, when active, causes the data presented as WDAT to be
stored in a unique location defined by MADOO-MAD11. The absence
of WRITE causes the data previously stored or the data existing
in the unique location defined by MADOO-MAD11 to be presented atthe data output pin as SDATXX. (More detailed information on theOperation of these devices may be obtained from the TI Semicon-
ductor Memory Data Book or from the Intel Application Note AP-10"Memory System Design with the Intel 2107B 4K RAM".)

Each module is sent a signal (BMCPRCH-) which starts a cycle.The memory module determines from the addresses presented on the

RER : | PE-T-216
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bus whether or not it is the selected module. This results in
the gating of CENBL and WRITE and Addresses and data to the chips
for the selected module, depending on the type (i.e., READ or
WRITE) of cycle to be executed. The CENBL and WRITE signals are
generated by a delay line timing chain which is triggered into
activity by the receipt of BMCPRCH-. CENBL is then steered by
virtue of the row decode to one row of storage elements. The
WRITE signal is gated by the CENBL signal and the absence of
REFRESH.

There exists one active CENBL driver for each row of 18 storage
devices and one WRITE driver for each two columns of 16 storage
devices. The WRITE drivers are gated by, in addition to CENBL,
a byte enable signal which permits the storage of nine bits in
a word. Note that both bytes will receive a CENBL but only one
byte will receive the necessary WRITE command.

Data Output from the devices is a TTL level with a tertiary
State (i.e., tri-state output). This output is applied te a
latch where it is retained until the next READ cycle on that
module. The latch outputs are isolated by a non-inverting tri-
State buffer from the backplane bus. These tri-state buffers
are maintained in a high impedance state during both WRITE cycles
and REFRESH cycles.

System Timing
 

All memory module timing is controlled on the module by the pre-
viously mentioned delay line except of course those input signals
at the interface. The diagram of Figure 5 is illustrative of a
typical READ cycle followed by a WRITE cycle.

UNIQUE CHARACTERISTICS

Power

The storage devices and their attendant drivers require voltage
levels not normally associated with the system power. The
requirement for the storage devices is as follows. VSS (gna),
VDD (+12V), and VBB (-5V). Gnd is, of course, no problem. +12V,
however, is not available in sufficient wattage to power all the
‘storage. There is a 16 volt supply which was used for the 8K
modules. (Ref: LDS 1624 "P100/200/300 Control Panel, Memories
and Power Supplies Logic Diagrams.") This is taken onto the 32K
module and regulated to +12V on the module by two series pass
type voltage regulators. A simple regulator of similar type
provides a clamping voltage of +13V for the CENBL drivers. The
CENBL drivers also utilize +16V from the system for a pull-up
voltage. The address drivers use the system +5V for a clamp
‘voltage and the locally supplied +12V for a pull-up voltage.

e
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The negative potential required by VBB is also generated on the

board by a voltage inverter circuit whose output is zener regu-

lated to the required level. The 16 volt bus is protected by a

fuse in order to prevent the destruction of the drivers in the

event that +5V is not present to the drivers. The condition

where the high voltage is present and the +5V is not, is a de-

structive condition for the drivers.

Signal Levels
 

All signals to the storage devices are 0 to +5V with the one

exception of CENBL as previously discussed. All outputs and

inputs to the module are TTL compatible.

Bus Latches

There are latches on the module for Address and Write Data. For

the PRIME 200 the clock lines are grounded on the CP board making

the latch look like a simple logic inverter.

Refresh

A refresh cycle will cause a memory busy every 32 u-sec for the

length of a normal write cycle. The address during refresh cycles

will repeat every 64 refresh cycles. Missing refresh cycles may

cause the memory to drop ONE's, but will not cause ONE's to be

picked.

Byte Enables

Byte Enable must be active to process a write cycle. One byte may

be written while the other is read by proper manipulation of Byte

Enables.

Data Inhibit

An. active data inhthitwill forceatl signals frommemorytoa

tri-state disconnect...

 

Attachments: Figure 1,2,3,4&5
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4 UNMARKED OISCRETE COMPONENTS { C&& ARE ITEM 1/6
(CAP, TANT /0af, 20V. 80 REQ'D)

2 APPLY /7EM 9 (THERMAL COMPOUND) BETWEEN
(TEM 8&8 AND 45. .
tLMdPER ROUTES SHOWN ARE FOR OWG CLARITY ONEY.

SHORTEST ROUTES BETWEEN POINTS Wilh BE DETER MINED 43\44)(a1)
BY MANLIFACTURING.

ALL JUMPERS ARE TO BE YELLOW.
2/07 8-4 MAY BE USED AS ALTERNATE OD/P,
FOR ETCH CUTS SEE ECR 22TR-OC4
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TEST PGINT LOCATION

SEE DETAL A ——~
al CH

. + PRIME COMPUTER ART 1616-003 MEMORY BD. SERIAL NO. ; .j ‘manana ~ a —.. eeeee cee nee eectnee geeaa ene nmewe ceceseen oe aetna a een
NOTES: _. . SEE NOTE +

A
J. UNMARKED O'SCRETE COMPONENTS § C&& ARE {TEM 16 NS

12 ERIAL DWN
. (CAP, TANT 120 ee fy Z20Y¥ AS REG'D)

> MAT Vad, Ws, 7 PRIME COMPUTER, INC.2. APPLY ITEM 3 (THERMAL COMPOUND) BETWEEN @
we to thie FRAMINGHAM, MAGS.ITEM & AND 35°

:
4 a (4 Barf 2,3B WUMPER ROUTES SHOWN ARE FOR OWG CLARITY ONLY, VARIATION CHART Che Pan MLMORY BCARL ASSYSHORTEST ROUTES BETWEEN POINTS WILL BE DETERMINED

: =XXX PEECRIP TION VARIATION REMOVEALLBURRSAND ENG erce & K w/ PARITY 3aV

BY MANLUFACTHRING.
43 44 @?)

-AGS4L. B8Kx/6@ /45 OMIT DIPS *NOICATEO WITH ASTER/IK

| —s|.

SiarEpcES: BBR- —_ qAt
~ BeS4L 84x18 © 750 NS} AS SHOWN —DIMENSIONS ARE IN INCHES “4d

5. ALL JUMPERS ARE To SE YELLOW
- = ~TOLERANCES Size TOW. NO

6 2107@-4 MAY BE USED AS ALTERNATE OIPR
I-38 2x, 2K ANGLES. [USEDON sce if) | D| fi B-XKY |

7. FOR ETCH COTS SEE ECm ¢2evs-cod
+ 02 > .005 + NEXT ASSY SHEET } OF } | ie q .    

8 7 6 5 > 4 3 2 ot 1



 

 

 

 
 

 

 

  

 

 

 

 

 

 

 

 

    

 
 

         

 

     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
                              

OWN. 4.2/7 TITLE: BOM /Z2 32 -XXx ve OWNifn. /2/20| TITLE: BOM /Z232 =-xxxiFEY

PRIME COMPUTER INC, |o*: MEMORY BD ASSY HUN ecn-ToRTREV]EON 10K PRIME COMPUTER INC. |°°* MEMORY OO 2SSY TaRCN[OKTREWFCN =
FRAMINGHAM, MASS. LENG.AUK W/eobr 32K —SV G (ere [etl wf 1/9 (En FRAMINGHAM, MASS. [ENG. — 82K -SV

APPRD. ~ACS =382KK/6E@ jus (GT ICES hl Ts Upon ete _

|

APPRD. ~AES: B2KK/E @ fas

STANDARD COST...—sdDATE -BES=32Kx*/8@750Nns 7 aI nce STANDARD COST.__HEseeFsCATE BGS=32K18 @ TSOus

item (SIZE |PART NUMBER[PUT DESCRIPTION STANDARD ITER [SIZE [PART NUMBER bmn PREITY DESCRIPTION STANDARD

/ D |PCB/EI7-003

4

/

|

7 F.C, BOARD #2 MEM Led 23 ICD 0029 313 74HOB

2 C {MECC 087 1 |/ STIFFENER ASSY, PC, BE 24 ICD 0059 Z2/2 8094

3 MEC0303-5, £1 5 SCREW, 8D, HO. *4-BOx He L6. ha 2s TED OO7Ad Zé 74.564.

4 MEC 0356 S|S WASHER , FIBER. *4. 26 ICD 0072 | FASE

5 IMEC 0353 212 WASHER, FLAT METAL *4 27 Tepo0ssg 646 74500

6 MEC 0383-002) 7

|

7 NUT, SELF LOCKING *4-40 28 FCepo0ge 4313 7AS04

7 WIKR/365- 004 |A/p |A/e WIRE, S0AWG (YEL) 29 ZICDO689 ay 74807

8 MEC 1836-001) 242 HEATSINK 30 LCD 009§ a FAS/38E

9g MEC 8068 -00/|Ve |Vez THERMAL UOINT COMPOLND 3/ ICLOs!2 4ai4 BOIS

/0 FHUSOZSA-CAZ) |S FUSE, SUB-MINIATURE /.5A (F?) 32 ZICD0/83Z {313 828 4/

/} CON 1093-001

|

2

|

2 CONNECTOR JACK RC.BOARD ON 33 ICD2306  4/28|/44 4060 (21078 ~-4

/2

|

A |MEC 0292 ys LABEL, SERIAL € MoDdEeEL NO, 34. ICOIS33 8148 TSSBES

43 CAPO139 - 407 |/0 }/0 CAP, TANT Z0¥, B2a4f Y10% (Ci-C#) 3S LCD #547 Z2 42 PBIZ LC OR, LAABGOTWAZ

/4 CAPOISO -420 13 JZ CAB, TANT 20V, (OQmf t 10% (EN- C/3) 3é Teoo90007 1242 7ASO3

1 CAPOSAE-OOL 174474 CAP, GLASS SOV+80 -20 % Ole (0/4 -C87) 37 Ieo goo017 'roitvsa . 3404

/@ CAPOSS2Z- 529 \/ea\/4s CAP, TANT 35V 1.04f 20% CNLBBN} Av\& 28 Ico90030 |\AIA 74180

7 WIR 0676-129 Vr \|Ve WIRE, * 30 AWG TWISTED FAIR 39 TCD /8IZE Aig LMa39

/8 OL0/544-00!| 4 44 DIODE, 4,0, RECT IN400/ (CRI -CRA) 40 MEC/S46-00) 242 DELAY 4/NE, 200 - ZOONS

49 DIOM7FS9-2ti fs Ge DIODE, ZENER PS% (NSERIB (CRS} 4/ ;

20 DLO 1753-209) 4 4b? DIODE , ZENER DS% INSZZ9B(CRE) 42

é/ ME 0303-d06| = |Z SCREW, 8D, Ho. *H-40-Fy 4G | 43 MEC6260-003| #

|

/ TRANSISTOR. MOUNTING PAD 70/8 |IN
22 CON0650 -C03

|

/44h /44 SOCKET, DIP ~22 PINS 44 FIN/(B3S~AOE/

|

is TRANSISTOR, NPN HLS, 2NZ222A(Q)) A\

Per-cosa
Par-ese

OWN. 9“2/5 |TITLE:

ME COMPUTERINC.|CHK. MEMORY BD ASSY

FRAMINGHAM, MASS. (ENG. B2Z2K -SV

APPRD. A6S = 32K */E@ lus

COST... DATE BES= 326% /8@ 750s

NUMBER DESCRIPTION

1582-390 ., CARBON

fa

WLS% 39 /-/C8)

S82, ~102 CARBON fg WISH /K

(2.9,THRU R14, RE)

CARBON Jawtsy 15o- (R/7)

$., CARBON VaW TS5% 1$00-(R/O

ES, CARBON WZWES% F0KB-

BOM /232 XX .

S$ 1$82,-150

4862-157

ES /S$82.-303

RES., CARBON 44W2ES% 390A4R2z4,

RES., CARBON Yaw 25% 470-0(Rt,

RES., CARBON44W25% 68-~- (R28)

1$82,~39)

(582-47)

S/S$82 —680

/

/

S

1§32-33/ |? RES, CARBON WaWIS% 330+ (R23

2

2

/

 28D /902 40G/1C BLECK DIAGRAM, 32K M

oe ” ~ 0-39

 

 



 

 

 

    

 

 

 

 

 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                

OWN.4. /2/-| TITLE: BOM /2/6 -XXXxihr
PRIME COMPUTERINC. (CHK: MEMORY BD ASSY RE FGN-TER STEOF aK

FRAMINGHAM, MASS.|ENG. &@x 1 /efr] 16K -3V PO [ert PekT Fyp05 got
APPRD. AES =/EK*/6E fus Ds Jods an

STANDARD COST. DATE “BES5=/EKx /8@ 750ne CF rede ie
7ITEM |SIZE [PART NUMBER fomenymrmeymme UANTITY DESCRIPTION STANDARD

/ D |PCBié/7-003 + / FiC. BOARD F2K MEN LA

2 C |MECOS87 Aq? STIFFENER ASSY, 7S, BO
3 MECO303-008| £1 5 SCREW, 80, H0,#4-40xX Gg LG, UE
4. MEC 0956 51S WASHER, FIBER *4
s MEC 0253 2/2 WASHER, FLAT METAL *4

é MEC 0388-00217 17 NUT, SELF LOCKING *4-40
7 WIR1365-004 (Ag tAfe WIRE , 30AWG CYEL)
3 MEC /836 -00/| 24 2 HEATSINK

9 MEC 8068 -001(VR Ve THERMAL 10/NT COMPOLIND
/O FLIS 0254-002) 1 47 FUSE, SUB-MINIATURE 1.8 A CFI)
4/ CON 1693-O01 2 12 CONNECTOR JACK PC. BCARD fy
1/2) A |Méc 0292 Aid LABEL, SERIAL £ MODEL No.
/3 CAPOI3B0-407 P F CAF, TANS 20K Bim YF 10% fer-Ca)
if CAP0139-42013 43 CAP, TANT 20Y. (0026 210% (CH - C43)
VS CAP OS86-00\ 17/

1

7/ CAR, GLASS SOV+8O-2B lel (c14 -C7S=C82)
6 CAP O&$2~§23|90| 80 CAR TANT 35% L0aF20% (“ESR"FPbr
7 WIR 0676 ~/29 |e |Afz. WIRE, * 30 AWS TWISTED PAIR
78 OTO/FHAF-O011 ALA DIODE , 2.0, RECT INAOO/ (CRI- CRA)

i9 EZONFS3-217 Ft yy GIODE, ZENER 2 S% (NS23/8 (CRS)
20 QLOIWS9-209|) 1 is DIODE, ZENER. tS% (NS52298 (CRE)
2/ MIEC 0303-006, 21 2 SCREW, B82, HO “9-40 %ia lakh
22 CON 06 $0-003 \72Z 72 SOCKET, DIP ~22 PINS

Par - 380k

 

 

 

    

 

 

 

 

 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   
              

OWN.24,.'/*/re| TITLE: BOM /2/4 -XXX _
: OF 2PRIME COMPUTER INC.[2% MOM288aeoto

FRAMINGHAM, MASS. [ENG. 46 ~SV
APPRD. “AES=/6EAX/6 @ fas

STANDARD COST DATE -BES=/EAX/S@ 7S0vs

ITEM [SIZE [PART NUMBER berrara- Fea DESCRIPTION STANDARD
4s” RES IS82-390| 2} 4 RES., CARBON fg W E5% 39%(Ri -RA4)
Ad RES 1682-102 E46 KES, CARGON, fa WlS% 1K

a7 (RI, RH THRU (2/4, R/6)

48 RES 182-180 4s 7 RES, CARBON Lg4WwtSE% 169 (R17)
VE RES /§82-(57 Vs dy RES, CARBON JaW 25% ($0 (RIO
50 RES/$82.-303 5 5 RES., CARBON Haw SY, 30K(R/I8-R22)
S) RES IS@Z-331 47 4 RES., CARGIN fYaWts% 330-~ (23)

32 RES/$82-39/ 212 RES,, CARBON FawOSU 390 (R24,25)

43 RES/§82-47/ 2 2 RES., CARBON JaWtLS% 470-0- (e26,R27)

54 Res /$82- 680} 1 7 RES, CARBON VaWtS% 68-~- (2.28)

© £¢82223-coyleer [Rev AiG, BOARD 16K MEM Weren cuTs|&

B 12482323 |rer ler 40610 BLOCK DIAGRAM, lek MEM
PeFr-00sA

 

 

 

    

 

 

 

 

 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

OWN..4.4..2/,-| TITLE: BOM /2/6 —XKX X]REY.
PRIME COMPUTER INC. CHK. MEMORY BD ASSY TRAE SHT.2OF2] Fe

FRAMINGHAM, MASS. [ENG. (6K -SV REV] ECN TK TREV.[ ECN {CK
APPRD. “AGS=/6HK/G@® lus

STANDARD COST DATE EES= 16KX 182 750ns

ITEM |SIZE [PART NUMBER perpen UANTITY DESCRIPTION STANDARD
23 LCD O0293 3 3 74/4OB

24. LOD OOSG 2 2 &O 94

25 Ico 0070 74a 74.S64
2S £CQO 0072 / / FESIE

27 ICO COBS 4

|

4 TASAO
2a ICDCOBE 343 74.504
29 ICD 0089 Aaa 7491
39 LCoaaas 4 qs FAS! IG
3/ ICD OM? 414 S095

3 ICL00/83 Z13 B28 4/
33 ZCOZ3296 64172 4060 [2407G-~4
a4 ICD /F3RB 43 4/3 7SBES
3s Zep saz Z42 78/2OR LNMB407 -—12
34 Iengcoe7 |2ile2 F#SOZ
? ZOD GOLF 40% /0 3404

32 Ilo 90030 |a

i

4 74/80
39 ICO 1/835 Aid LM 339
$0 MEC/S46-0011 242 DELAY LINE, 200 ©8- - 200 NS
A}
42
43 MECEZ60-003} ¢

|

s TRANSISTOR MOUNTING FAD TOIE

|

A
44 TREN /@353-O10

|

A ds TRANSISTOR, NPN HS, 2NZ2224N/A
rar -eaeA

             

H-40



 

 
 

 

   

 

 

 

 

 
 
 

 
 

    
 

     
 

          

  

 
 

  

  

  

  

  

  

  

  

  

  

  

  

 
 

 
 

  

 
 

 
 

 
 

  

 
 

 
 

  

                           
  

 

DWN.-(.£. Mryr.| TITLE: BOM /208 -XkxxFe OWN.7.4,. Vi2ne| TITLE BOM /2483 -XXxirY

PRIME COMPUTER INC. CHK. MEMORY BD ASSY(RRA. - (SHT. 2 OF 2. r PRIME COMPUTER INC. CHK. MEMORY BD. ASSY NAR — Jet2OF f

ERAMINGHAM, MASS. [ENG 7% wear BK -~5V REV. EN Se eos ee FRAMINGHAM, Mass. |ENS. BK - SV

APPRD. -ALZ-8KX/ES lus C4637 1639 1h F 173°

|

fer APPRD. ~-A6S= EKXNE @ Jas

STANDARD COST DATE -~BES= BKK/E @ T4045 = Hee ie STANDARD COST DATE -83S=8K *IE @® ISO WS

ITEM (SIZE |PART NUMBER Poy QUANTITY ——y- DESCRIPTION STANDARD ITEM |SIZE PART NUMBER pemmrmemey- QUANTITY any DESCRIPTION STANDARD

/ D |PcB/6/7-O6N) 1 |? PC. BOARD 32K MEM 23 LCD G029 343 74408

2

|

¢ |mMEecose7 mae STIFFENER. ASSY¥, 7 C. BD 24- ZLCBOOS9 242 B094

3 MECO303-005| 5

|

5 SCREW, 8D, HD, * 4-40 %%e LG. 25 ICO0070 Af 7FASC4E

4 MEC 03 $6 SLES WASHER , FIBER. * 4 26 IED 0072 mu FASE

s MEC 0353 2|2 WASHER, FLAT METAL * 4 27 FCDO08S {3

|

3 74500

é MEC03 88-002} 7 \7 NUT, SELF LOCKING * 4-40 28 Leo COG 6 313 74S04.

7 W/IR1Z65°-004 (Vp lA/e WIRE, 30 AWG (YEL) 23 repooss /4/é FASS

8 MEC /836-00/

|

2

|

2 HEATSINK
3° Tepoogs |e 745 138

3 MEC 8068-00!) Ye Ale THERMAL LOINT COMPOLIND 3/ LOCO! 4A14 BOOS

/0 FUS O254-002) /

|

¢ FUSE, S78- MINIATURE IEA (FI) 32 LCDOIS3 2413 82ZS54/

fl CON 1693-001}, 2

|

2 CONNECTOR JACK P.C. BOARD 33 Teo Z2306 32|36 4060 (2/078- F

i

|

A |MEC 0292 i |? LABEL , SERIAL £ MODEL NO. 34 FCO 1533 [BIG 7SBOS

/3 CAP0/30-407) 8 18 CAP TANT 20V, G.2-4f 210% (E/~ C8) 3s" LOL NSAT 242 FAIZ LC OR LM3407 -/2

/4 CAP 0130-420

4

3

|}

3 CAP TANT Poy, (00AF 210% Cou-CR) 3G Tel FOOCF 242 74aS03

1s CAP OS4HE-COV\VE? 462 CAPLLASS SV +80-20% Olu (C/4- C73) Ucar) 37 Teo 30017 jlo ive 3404

46 CAPOSEZL-5 Z9 44S [AT CAP, TANT 35V. j.0.ut t 204("eign) 3a Ted 900370 14 {4 FA/BO

17 WIR 06/6 -129 Ve Ve WIRE, *30AWG TWISTED PAIR 3? ZC9 7835 jf |? LM339

48 DBYO (544-0011 4 44 DIODE, 4,0, RECT IN 4001 (CRI ~ CHA) 40 MECIS46-CO!| 242 DELAY LINE, 200-~- -— 200wWs

19 BIO V7S9-2N

4

ft { DIODE, ZENER £ 5% (NF291B (CRS) af

20 bro 1789-209

|

/ 4d DIODE, ZENER t 5% /NS§2298 (CRG #2

ai MECO303-006¢| 242 SCREW, 8D. AD. %g-46 xe 4G 43 MEC &Z60-003) 4 Ff TRANEYSTOR MOUNTING PAD FOP

22 CONOESO-003 136 3G SOCKET, DIP-22 PINS 44 TRAN IAS-CIC f/f f/f TRANSISTOR.) NPN HS. 2NZ222AQ

Por -eosA

Par-eeoa

ME COMPUTER INC.
FRAMINGHAM, MASS.

 

COST

NUMBER

"ES 1582-370

482-102

S /$82-/50

S 4582-157

4382-302

5 /SB2Z— 33;

$ 1882-391

/§82-471

£8 /582 -68O

D |ECR2223-002

8 |480 2324

Per-e02A

TITLE: BOM /20°2
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DATE? January 21, 1977 . PE~T=-303

TO: Programming and Engineering

FROM: Ross £. Roberts

SUPYECT: 32K Interleavable Memory Module

INTROAUCTION:

The intent of this document is to describe the 32k memory module

intended to operate tn canjunction with the existing PRIME processors

and with the P4056 in interleaved mode. <A general discussion will
inckude the modules!’ functions, capacity, variations ana intertace. An

in-depth discussion will include detailed descriptions of the major

functional b5tocks of the module and the operations they execute within

the context ot the modutes’ function.

GENERAL DESCRIPTION

FUNCTION/ CAPACITY:

Fach module contains module selection togic, self contained clock
generation ‘logic, address interface, MOS driver circuits, ang the 0S
storage elements. The interface is TTL caompatiole and operates oan 4a

common bus Cbackolane) from which ts received the address, data anda
control signals required for operation. Each module 183 capable of

functioning with up to 15 additional modules. Storage capacity of a
Single fully populated module is 32KxX1&. The storage array is
comprised of 144 4KX1 N-channel MOS dynamic RAMS arranged in eight
rows, 18 wide. Additional capacities are obtained by depopulating the

module.

DEVICES:.

Each storage device requires twelve address inputs, a high level (12¥)
CENSL clock, a chip select, read/write control data in and data out.
The twelve addresses are divided equally tnto column address Chigh
order adresses) and row address (low order address) resulting in a

chip organiZationof 64 rows x 64 columns.

Dynamic RAM'S store data as a charge or no charge condition on
parasitic junction capacitors and, as in any capacitor, charge is Lost
through teakage and it is necessary to restore or refresh that charge
oerjiodically. These devices are constructed such that refreshing a
single row will refresh atl columns intersecting that row. Thus, if a
refresh cycle is executed every 32 microseconds and the refresn address

counter is sequentially advanceaq threugh the 6&4, states the entire

device will ce refreshed within the required 2 fs. A&A refresh cycle at
the chip is essentially a reau cycle. The device requires that a CENBL
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be aoclied for all operations. The condition of the read/write Line

defines the type oat cycle and chip select enables the data output

buffer. ALL signals to the device excepting. CENSL, are TTL compatible.
Further details may be obtained by referencing the Texas Instrument

Memory Data cook or the Intel Application note AD-1C, "Memory System

Desian with the Intel 21675 4K RAM.

VARIATIONS:

The module is capable of being provided in several variations. ‘The

basic module is compatible with its predecessors in that it can be
operated in the F200 and P300 as well as in the P4000 in either a 32kKXxX16
capacity or 16KX18 capacity. In addition to this compatible operation,

the module can be modified such that it's performance can take
advantage cof some of the P400's unique characteristics. The
modification renders the board incompatible with ©2900 and 300 machines
(net permanently). The module ts also provided with logic which, in

the P400 only, allows it to interleave with a second module. This
feature permits the storing and retrieval of two data words in Less
than two normal Cnonwminterleaved) memory cycles. The interleave

feature 7s activatead oy PIP switches on the board. Interleave must

always entail a pair or pairs of modules (i.e. a single module cannot

interleave with itself} and the modules must be 32K capacity.

The following table indicates the models available:

Capacity ModelNos Usage

16,384 ¥ 18 | 1216-B85Y P200,309,400 (Compatible Timing)

16,384-X 16 1216—AG5Y PICO.

32,708 X 16 _ 12B2-ABSY P1090

32,768 X 18 1232-R85Y P200,300,400 (Compatible Timing)

32,768 xX 18 2132-085 P&G Conty)

INTERFACE: :

The module interface is entirely TTL compatible. The interface

consists of three general functions.

The data is 16 data bits and two parity bits wide and is c¢arriedad ona

hidirectional tri-state bus. The address bus carries 22 addresses and
three address parity bits. The balance of the interface 3s comprised

of control signals to and from the processor.

DATA?

Data is transmitted to or from the memory as a positive true (1=+5V).
There are two 2 pit bytes with an odd parity bit associated with each
byte. The memory read-data Lines, and the memory write data Lines are

duptexed onto the bus using tri-state drivers exclusively. The memory

WV-0]  



data bus is designated “8MD". Data is stored and retrieved with no
polarity inversion. The module parity checkers associated with the
data bus are always active and indicate the state of bus parity during
Doth read and write cycles. These outputs are, however, only examined
by the processor during write cycles.

ADDRESS:

The address bus 7S negative true (1=0V). There are 22 addresses which
are designated "FMA". Address bits &MA16 through 8MA3X which are the
refresh addresses.

Addresses BMAQ4, 03 and 02 are used to Select one of the eight rows of
devices to receive chip enable. ALL other rows remain inactive.BMAD1, O00, 99 and 98 select one module from the possiple 16. Theremaining addresses, 8MA 97, 96 and 95 will cause an unconditional
deselect of modules in the backplane. Three parity bits are odd parity
on their respective fields (see Fig. 2).

CONTROL:

Input: | There are nine control functions usea by the module. ALlL
memory control Lines are designated “8mc". The following tabulation
indicates the signal and its function.

BMCPRCH = Initiates the timing generator on each module and is required
for all cycles including refresh.

SMCWRE = Indicates to the memory the type of cycle to be executed (read
or write). |

PMCADL+ =~ Latches address into alt mocules (P400 only).

amcwDL+ - Latches write data into att modules (P400 only).

BMCRFSH - Signals all modules that the next cycle will be a refreshcycle. . |

EMCDINH = Disables all modules.

BMCI - It is transmitted tf an interleave cycle is to be executed.

BMCEBL - Selects which board of an interleaved pair wilk receive or
transmit data.

HSYSCLR - System clear forces certain addresses to a low power state
curing back-up operation.

Cutput: The module issues control and status signals to the processoras outlined below.

BMCSELV - Is issued from the selected module indicating to the
precessor that memory is present. —

-”
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SMCSELS - In the P400 only signals to the processor that 4CO timing is
available from the module.

BMCSELC = Not active.

EMCSELD - Not active.

RMCINLV - Indicates to the processor that the modules can interleave.

RMCPEL = Indicates awrite data parity error on the Left byte (See Fig. |
eC).

EMCPER - Indicates a write data parity error on the right ‘byte (See
Fig. 2).

PMAPER+ = Indicates an address parity error on the tow order address
bits (See Fig. 2).

EMAPEL+ - Indicates an address parity error tin the high order address
bits (See Figure 2).

DETAILED DESCRIPTION:

Address, Normal . _

The 22 bit address field is transmitted to the modules at the beginning
of each cycle. All addresses are received by individual modules via
Latches as gre the pertinent parity bits. The latches are used as
buffers in P2U0 & 41300 and no tatching occurs at the modutes. The P400
does transmit PMCADL and Latches the addresses into each module for the
duration of the cycle. The 7 high order addresses perform a module
select function. Addresses BMA97, BMA96 and BMA9S are OR'D and cause
SEL= to be unconditionally invalid. 8MA0O1 through 8MA98 are compared’
to the fixed slot select field CEMCSSO03, BMCSSO2-, EMCSSO1- and
BMCEXS2-} by means of exclusive OR's. If the variable address matches
the fixed slot selects the board is selected and BMCSELV- is issued to
the processor. At this time, the additional information concerning
timing and interleave capability are also transmitted to the processor.
The select candition on a module also generates XENBL ang YENSL on the
module. These signals, when valid, permit address and timing clocks to
reach the storage devices.

The next three addresses (8MA04, EMAQ3 and BMAO2) are supplied to a 1
of 8 decoder. The resulting output enables CENRL, CSEL, and R/W to be
supplied to one of the eight rows of storage devices. co,

The remaining addresses are supplied to all of the storage elements anc
serve to select one location in a 4k block. This single tocation is
then written into or read from the selected row.

Interleave:

102
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Interleave ooeration requires some relatively minor modifications to
the addressing scheme. Since, when interleaving, it is necessary to

have two modules simultaneously selected the low order slot select must
be disabled. This comparison of EMAU1+ and 8MCSSO3=- is the term which
‘distinguishes between two adjcent boards. The result of this compare
is disconnected via a DIP switch from the AND function which generates
SEL~. The input to AND is pulled high thereby causing SEL- to. be
independent ofthe state of. SMACI-.

BMAS1 ais swapped with BMA16 upon entering the module (This condition is

restored to normal during refresh). The effect at the chip of swapping
these addresses is to hold the Least sianificant bit in one state until

FMAGCT goes active which selects the second 32k. Referring to Figure 4,

it can be seen that every other physical location on each module will

be accessed untit the second 32k is requested. This condition will

cause the location not accessible in the previous condition to be used.
The distinction between module 1 and module 2 is determined by BMCEEL.
The operation of PMCEBL will be explored in ~=*more detail when

interleaved operation is explained. (Additional information on

interleaved addressing may be obtained from ‘Addressing Interleaved
Memories', Ken Boy, PE-T-273.)

Timing Generation:

All clocks and timing signals for operating the storage devices are
generated on the module. The timing generator is started by the

eccurrence of PBMCPRCH=- at the interface. Fia. S$ iliustrates the Logic
employed. PRECH sets the fiop which propagates a positive transition
down the delay Lines. Fach delay Line has a totai delay of 200NS anc
is tapped at 40NS increments. A flop reset pulse is generated and is
used to generate the second half of the cycle by causing a negative
edge to be propagated. Combinational Logic is used in conjunction with
the delays available to generate the CENHL clock, strobe R/w and Latch
read data. The storage devices require that CENBL be a positive true
signal with an amplitude of 12v. This level is achieved using an
appropriate MOS driver. CENBL begins a chip cycle and executes the
necessary preconditioning of the internat busses characteristic of
dynamic RAM’s. CENBL, in the 4K device, performs the function of PRECH
as well as those performed by CENSL in the 1103 £(Ref: Memory Module

Sheahan, July 25, 1973 p.3.). The wRITE signal,
when active, causes the data presented as WDAT to be’ stored in a unique
Location defined by the chip addresses. The absence of WRITE causes
the data previously stored or the data existing in the addressed
location to be presented at the output pin as "SDAT". The data thus
read from memory is applied to a Latch where the data is retained until
the next non~ refresh cycle. ’

Necrrantian ‘ C
LT Ne a to OF Beye FATS p wi @ Xo

‘
There are certain parameters unique ta the F400 intertace whith permit
performance enhancements on the memary module. These enhancements
require that the timing on the module be altered slightly. This
alteration may be accomplished in the field by chanaing a pair of
header DIPS at locations and Location Nos. 448 and 468 on the module.
Changing to P4CO timing is mandatory if interleaved operation is
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desired. Note that the P5390 model timing will operate in the P4000 but

will not permit interleaving nor take full advantage of the processor
timina characteristics.

The ©4090 memory interface is capable of tailoring, within Limits, the

buss and cantrol timing depending on the 'BMCSEL® signals receiVed from
the memory. Compatible mode timing (i.e. all 32k modets) is the
default conditon. The P&C0 timing headers cuase SMCSELB- to go active,
thereoy aftecting the change in interface timing from the processor.
ALL refresh cycles are executed with compaitble mode timing.

OPERATIONS:

Write:

The mocule is written into when BMCWRB is Low. This signal enables the

write culse from the timing qenerator and the write data driver to the

array. EMCWRE atso causes the read data tri-state buffers to enter the.
high impedance state in preparation for the write data. The data is
buffered on to allt modules via Latches. The tLatches are kept open
continuously on the P20C0, 30G and are closed after write data is stable
on the P40G. Data is presented at the storage device inputs through
MOS drivers. | }

PRECH has been issued starting the timing generator which sends CENBL

te the selected row of devices in preparation for the write. The

timing for CENSL duration is tlenger for write cycles than for read

cycles... in order to allow sufficient time for the data to become stable
at the chips. when data is stable, the write putse is issued, thus
storing the data at the location defined py SMA16-BMAGS. The sequence
of events is essentially the same for the P2000, 300 as for the P4000 but

with some timing differences as can be seen from the diagram in Fiqure
6.

Read:

“A read from memory 7s executed when SMCWRB is not active. XMCPRCH goes

active generating CENSBL at the selected row of devices thus starting
the chip access. The data appears at the device outputs and is
buffered to the tri-state bus drivers through Latches. Since when

CENBL terminates, the storage device outputs go tao a hiah impedance
condition, the data is captured in the latches where it remains until
the next none-refresh cycle on that moduie.

Interleaved Write:

Interteaved operation is achieved in the P4000 processor only oby
providing the module with the appropriate timina neaders as previously
mentioned and by setting the DIP switches at module Switch Location 28C

as indicated in Table 7. Interleave operation utilizes special tlogic
for address and aata controi. Address has been discussed previously
and will not be reiterated here. The data manipulation logic is

illustrated itn Figure ?.

TWA2  
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Data is directed to or from individual units of an interleaved pair by_ means of 3MCEAL-. Operation is most clearly illustrated by a step bystep cescription of the cycle. Reference to the L@5's is helpful butnot mandatory. ,

The write cycle will be treated first. An interleaved write is to beperformed on a pair of modules located in the low order slots (stot #16and #17). The module in #17 will be referred to as module 7 and theunit in #16 as Medule 2. &MCEBL- is Initially a high and is XOR'd withSMCSSO3-. SMCSSO3=— will be high for module 1 and Law for module 2,thus INLVSSEL+ on module 1 will be low and high on module. 2. When thedata for module 1 is stable, BMCWDL+ will become high and, sinceDLCHNBL+ is high, DLTCH+ will become high. The signal, DLCHFB=-, servesto tatch this condition on module 1. Since DLCHNBL+ is Low on module2” NO Change in DLTCH+# has occurred. At this time, the data on the busiS permitted to become valid for module 2, After data stability isGuaranteed, SOMCEBL= changes state thus allowing DLTCH+ on module 2 tobecome active. At this time, each module has its respective datalatched and the write cycle is executed in a normal ménner. It shouldbe noted that PMCI+ is high insuring that the write pulse will occur onboth modules regardless of the state of BMCEBL~. When

=

the cycle iscomplete, the transition: of BMCWOL+ to a Low causes the data latchcircuitry to reset on both modules.

Interleaved Read:

Since both modules of an interleaved pair are selected when a read isrequested, a normat read cycle as previously discussed 1S executed onboth modutes. As in the interleaved write cycle, ®8MCEBL- determineswhich board is active. Assume 3MCEBL= is high

=

and module 1 hasBMCSSO3—--high and low on module 2. INLVBSEL+ will be Low on module 7thus causing .RDE- to be Low permitting module 1's data ta be on thebus. When data available occurs for the first word SMCEBL- changesState. causing RDE- to go high on module 1 and Low on moGcule 2 allowingthe data already accessed on board 2 to be transmitted to theprocessor.
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DATE: November 19, 1976

TO: List

FROM: R. E. Roberts

SUBJECT: 128KECC Memory Presentation

I. 16KRAM

The 128K memory is implemented with 16KX1l N-channel MOS dynamic

RAM's. These devices are a significant departure from the 4KX1

RAM's used in existing products. The 16K RAM packs four times

the storage capacity into a 16 pin DIP as opposed to the 22 pin

DIP. The most significant departure from the present device is

the use of multiplexed address pins. In order to address 16K

locations, 14 addresses are required which in non-multiplexed

schemes would demand 14 pins. The 16KX1 uses only seven pins

for address input. The initial phase of the chip cycle is raw

address strobe (RAS) which latches the seven least significant

addresses (these are also the refresh address inputs) into the

chip. The second phase of operation occurs with the advent of

column address strobe (CAS). This occurs after the addresses

have switched to supply the seven most significant addresses to

the device. The execution of a write or read in the chip. begins

only after the occurrence of CAS. Refresh of this device is

performed in much the same manner as in existing dynamic RAM's

put with two significant differences. Due to the greater capacity,

an additional refresh address must be supplied and the rate of

refresh must double, that is, the 32us refresh period decreases

to léus for the 128K board in order to refresh all 16K locations

within 2Ms.

Further details of operation may be obtained from device specifications

available from MOSTEK, Intel, and T.1.

VEO!

II. ECCL Operation Cont'd

In order to utilize any ECC scheme, it is necessary to provide

additional storage to accomodate the information used to execute

checking and correction. The minimum additional storage required

is 5 bits of information necessary to describe, at a minimum, a

no error condition and the 16 data bits or 17 unique conditions.

Since the 5 bits can describe 32 unique states, a code of this

size can be used to designate failing check bits as well. In

order to detect all double bit errors, yet another bit is required.

This sixth bit of the code is an overall parity bit generated

from all of the data bits and the attandant check bits. The

additional storage is therefore 6 bits for a total array width

of 22 bits (16 date, 5 check, 1 overall parity).

In general, the data to be stored is presented to the memory and

to the ECCL inputs where a series of interconnected parity trees

generate the appropriate check bits. The check bits are stored

with the data word and the overall parity bit. When the word is

read from memory, it and its check bits are presented again to

the ECCL where another (or the same, when multiplexed) set of

interconnected parity trees generate the syndrome bits. The syndrome

bits are then decoded to indicate either the bit in error or a no

error condition. In the event of an error, the active line from

the decoder is XOR'd with the corresponding data line resulting

in the correction of the offending bit.

The overall parity bit has also been read from memory and while the

syndrome generation and decode is occurring, this bit is being

checked. If a no error condition has been indicated, then overall

parity should also be correct; it it is not, then the overall parity

bit read from storage is, itself, incorrect. A single bit error

will result in incorrect overall parity and non-zero (error) syndromes.

This condition indicates a correctable error. If twoerrors have

occurred, then overall parity will be correct and non-zero syndromes

will exist indicating a non-recoverable error condition.

The execution of a write to memory is initiated when write data

appears at the data latch and puffer (1)*. The data is then applied

to the check bit generator (2) and to the data storage (4) 5 data

lines are routed to data storage via the data interchange logic (3).

The check bit generator yields the resulting check bits and routes

them to check bit storage (5) also via the data interchange logic.

All 22 bits are then stored in memory.

*Refer to attached block diagram  



Il. ECCL Operation Cont'd

When a read cycle is requested, the data and its attendant check

bits are read from memory. The data is bussed to the syndrome
generator (7) and to the corrector (10). Note that the same
five data bits are routed to their destinations via the data
interchange logic (6). The check bits are applied to data inter-
change (6) then to the syndrome generator. The resultant syndrome
bits are applied to the bit in error decode (8). The outputs
of the bit in error decoder will indicate a no-error condition or,
in the event of a single bit error, cause one of the correction
lines to change state. The bit in error outputs are XOR'd at the
corrector (10) with the data in order to correct the offending
bit.

   

RER:

Ross E. Roberts

There are four diagnostic/maintenance features incorporated in the
design. These functions are activated by the memory mode line in
conjunction with the mode register (9). Details of these functions
are covered in the attached memo "Maintenance and Diagnostic
Features for Memory with ECCL". |

  !

 

jap

oe



 

 

 

 

 
 

 

  
 

  
    

 

 

     
  

 

     
     

 

  
    

 

  
     

    
 

  
 

  
 

  
  

               
 

 

      
 
  
 

 

 
  
 

  
 
 

 

STORAGE

LITE DaTA (18) (72)
. DATA

DATA : ‘\ STORACE
LATCH

F Cs) WRT DATA/ CONS C&) »
DATA 0,8) BUFFER DATA | @)

Jd CHECK a CHANCE @)
pa

WRITE ATA (18) BIT CBITS C$) WRT CBITS/ DATA C5)
creregven - Vv

Rb DATA (2) ® CHECK
(18) . .

i : | [BATA INTCHE B/T

— ! 1) REGISTER! rT ” =
yoPk . ot (9) p— ECCDISAQLE a

{
Bir ~| , |

COMAECTDA po |
LINES RoR SYNDROME BITS hDCBITS(5) RO CBITS/DATA CS)
C32) | ER . 74 DATA

0| DEC syuRone | INTER
| | . CHANCE

GENERATOR epsara (5) K rp DATA /CaITS(S)

@ Rene3) CORRECTOR,
Q t

R @
° Ro pata (13)
»

x
g

|

READ ————> (earls) /)
eons) | pp para (18) Rb oar (13)swore \,

MULTIPLEX ;

aYWDROHE BITS (5)

ae

CORRECTABLE mguw——4 ERROR

STATUS
r BLOCK DIAGRA/S?Z ECC DATA PATH

UNCORRECTABLE @ |   
W-O3 KER 2/2/76

CC
W
o
o
l
s
’

 



RER: 03:76 | oS

DATE:

 

February 18, 1976

TO: List

FROM: Ross E. Roberts

aah
SUBJECT: Maintenance ef Diagnostic Features for Memory

with ECCL

INTRODUCTION:

Historically, memory errors have been relatively easy to detect.
A known set of data was supplied to the memory and the data was
retrieved to be compared with what was initially written. In
this manner an error, or indeed errors, could be detected and
an operator notified, thereby initiating corrective action.
When error check and correction logic (ECCL) is provided, a por-
tion of this corrective action is assumed by the memory itsel€£.
The net effect of the presence of ECCL is two-fold. Certain errors
are automatically corrected, thus becoming transparent to system
and operator. The source of these errors may also be recorded
by the system, thereby providing a record of corrected errors
which is invaluable to the field engineer in ascertaining which
modules are in need of attention before they degrade system
operation.

ECC is implemented by a logic structure so arranged that it pro-
vides the memory with the abilities to detect and correct single
bit errors and to notify the processor in the event of certain
uncorrectable errors. Further discussion concerning ECCL may
be found in PE-T-163, "Error Correcting Codes", J.W. Poduska,
dated December 11, 1974.

The preceding has perhaps reiterated the advantages of ECCL and
as with most advantages, there are disadvantages. In the case of
ECCL, the disadvantages lie in the areas of initial debug of the
entire unit and later in determining the origin of a malfunction
other than a storage element. It is readily evident that abnor-
mal behavior of one or more sections of the system could lead to
test results which may be confusing, misleading and potentially
inconsistent. These problems may be aggravated further by the
somewhat unique aspects of interleaving. |

In order to minimize these anomalous interactions, three special
modes of operation have been devised. These are "ECC DISABLE",
"DATA INTERCHANGE", and "LOCK CHECK BITS". A fourth function,
SYNDROME INTERROGATE", is also included which provides the re-

quired data for error recording. . ECC disable deactivates the
ECCL and allows the memory to perform as if ECCL were not pres-
ent. Data Interchange swaps check bit storage with data storage
and Lock Check Bits provides a means to prevent modification
to the stored check bits when new data is written.

W-O4
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ECC DISABLE:

The function of ECC Disable is to allow the memory to operate
without intervention of the ECCL, thereby preventing the occur-
rence of apparent errors resulting from a malfunctioning ECCL.

Activating this feature allows the data storage and its atten-
dant support circuits to be tested and exercised in the same

manner as it is presently being done. |

DATA INTERCHANGE:

Data Interchange is normally used in conjunction with ECC Disable
in order that the check bit storage, which is not normally acces-
Sibie, may be tested in the same manner as data storage. A set

of 2-1 multiplexers allows the five check bits to be stored where
data bits 1-5 normally reside and the data bits 1-5 to be stored
where the check bits are normally stored. The multiplexers add
14ns to read and write data paths.

The preceding two functions provide the ability to test,
independent of ECCL, the entire storage array and its
peripheral circuits.

LOCK CHECK BITS:

the means through which the ECCL may be
Lock Check Bits permits a predetermined set of check

bits and data bits to be linked such that where both are read
from memory they will yield a known syndrome and data pattern
either of which may be examined by the processor for correctness.

The sequence of operation is illustrated by the following example. |

Lock Check Bits provides

A word containing all zeroes is stored in the memory with its
resultant check bits. Lock Check Bits is activated and a word
containing a single one is written. The content of memory is
now a data word having a single one and -check bits describing
an all zeroes word. When these are read from memory, the ECCL
should take the necessary actions to correct the “error” and
present an all zeroes word to the processor.

Applying in this manner a sufficient number of patterns will
force single bit corrections, non-corrections, and uncorrectable

errors as well as exercising each path through the check bit

generators, the syndrome generators, and the bit in error de-
coders.
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SYNDROME INTERROGATE:

The syndrome bits must be examined by the processor for diagnostic

and/or recording purposes. The means of performing this action

is provided by "Syndrome Interrogate". The five syndrome bits are

multiplexed onto five data lines (tentatively bits 9-13). This

feature must be capable of operating during diagnostic execution

as well as during normal machine operation.

There are two constraints on this operation and are as follows.

The execution of a syndrome interrogation must occur on the next

subsequent cycle (excepting refresh cycles) after the cycle in

which the error was detected. The operation must also be carried

out at the same address as where the error was detected.

CONTROL:

The mechanism by which these functions are activated is comprised

of a single control line designated "memory mode line” (MML) and

a mode register on each memory board. The control line will be

provided by BMCCNBL which is used only on tne Intel 8K memory.

The register will receive from data bits 1-6 a mode code which

defines which function or functions are to be activated.

Loading the register is accomplished by commanding the memory to

execute a write cycle with the mode line active. Ail subsequent

cycles will be executed in a normal manner (mode line not active)

and the memory will respond as dictated by the mode code. Normal

operation may be restored by either repeating the register load

with the appropriate code or by activating master clear. A

‘tabular description is presented on Attachment If.

Executing a read cycle with the mode line active will cause the

syndromes to be presented on the data lines. A block diagram is

shown on Attachment IV which illustrates the preceding functions

and their positions in the data path.

INTERLEAVING:

Interleaving the memories presents a unique problem in determining
which of the accessed memory cards was in error if an error should
‘occur. This determination may be made by the error status signals
which are presented to the processor two gate delays after data.
These can be used to determine which block of data was in error

and therefore which board was in error. Further, an instruction

will be created which will cause the memory interface control to
treat the memories as if they were not interleaved. They will,
however, not behave exactly as if they were not interleaved. One

V-O
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board will continue to retain

The significant difference is
from each board in succession

enables the system to examine

even locations and the other odd.
that one cycle will retrieve data
rather than simultaneously. This
each board uniquely for abnormal

operation.

SUMMARY :

Several features (ECC DISABLE, DATA INTERCHANGE, LOCK CHECK BITS

and SYNDROME INTERROGATE) have been devised which will facilitate |

test and maintenance of a memory board with ECCL. In addition,

a means of activating them under dynamic control has been provided

utilizing minimum logic. The unique requirements of interleaved

operation have been presented and dealt with.

ooo,
SE, a /SSE ~

Ross E. Roberts
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Attachment I

MODE LINE/MEMORY COMMAND TABLE

 

 

Memory
Case Command Mode Line Action

A Read Not Active Execute a normal Read Cycle

B Write Not Active Execute a normal Write Cycle

Ce Read Active Interrogate syndrome bits and present
to data bus

D Write Active Enter Memory Mode Code into Memory
Mode Register   
  

Subordinateactions:
 

Case-

A. 1. Perform read cycle at chips
2. Perform ECC
3. Present data and error status to C.P.

B. 1. Accept data from C.P.
2. Generate check bits
3. Perform write cycle at chips

C. 1. Permit read cycle at chips -
2. Prevent entry of new data into read data latches
3. Multiplex 5 syndromes onto 5 data lines

(tentatively bits 9-13)

D. 1. Force read cycle at chips (prevent write pulse)
2. Prevent entry of new data into read data latches
3. Clock memory mode register at write pulse start time

from data bits 1-6

* The interrogate syndrome function must be executed on the
first cycle following the detection of a correctable error
at the same address where the error was detected.

Y-O6

Bit

Attachment II

MODE CODES

 

 

 

1 2 3 4 5 6 Function

0 0 0 0 0 0 Normal Operation

1 0 0 0 0 0 Interchange Data

0 1 0 0 G 0 Disable ECC

0 0 1 0 0 0. Lock Check Bits   
The remaining codes are undefined and will cause
no modification of memory operation.



Check bits:

Syndrome bits:

Attachment IIT

GLOSSARY

Those bits generated by a specifically

interconnected set of parity trees which

are stored in conjunction with the word

from which they were generated.

Those bits resulting from the application

of the stored data and its attendant check

bits to a specifically “interconnected set

of parity trees. These bits contain en-

coded information which when applied to

the bit in error decoder indicates the

error condition of the word.
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The Memory “xtender 1S 2 means of expanding the P40 Memory Bus.

Ta: Procram@ring and Engineering Statf
The bus is mot changed physically, but the Memory Extender Soards

that plug into it previde a greater capacity. The Memory

FROM: Jon Sjostedt
“yxtender Cosras can be thought of as either a 256K memory board

fchysically reoresenting up to &~47k memory boards) or a 1024K

SHSJECTI MEMORY EXTENDER SPECIFICATIGN (SPC e219) rerory foardc (physically representing up to &-128K memory

hoards).

The patth. main memory addressing capability is 2**22 ofr

4,194,704 words! The maximum main memory in a system using only
ft

Z"~ memory boards is with 10 Memory extenders, each representing

The S“emory ‘xtender Specificetion is now available from rafting under 256, for = system total of 2,621,440 words. The maximum P490

SEG Ente.
addressing capebility can only be met using 123K memory boards.

s total of 47-7128% memory boards are needed. Four Memory

“ytenders cach with & memory boards or % Memory Extenders and 8

semory posrds am the Main Sackplane will accommodate this

contiguration.

combining Zo and 126K memory boards in one system is described

jin section > of this specification.

carory eddress parity anc memory data parity are checked twice

Conly ateress parity on & read cycle); once in the main

sacknlane, just as any other memory board does, and once as the

sddress and date cet to the real memory boards. This second

check ais “one in the extended backplane and any errors detected

fatidress and/or data on write, address on read) are sent to the

clplu. and there causes a memory _acdress carity_error trap.

lI. HARDWAKS RESUIREMENTS

The Memory ‘xtender is supported only by the P40 C.P.U.

The Wexory xtender consists of 4 19 slot chassis, a power

N;
supply, © vemory Extender Boards, and a Memory Extender Cable Set

(18 feet Long). There sre approximately 66 signals involved in

eassing the Memory ~us to af Fxtended Backplane.

asic contiguration is: one Memory Fxtender board plugs into

the “ain “tackolane Yemory Hus and is connected by 3 cables to

another Merory Extender board plugges into the 1& slot chassis

which canteing the extendea MEMOrTES.

The extended “ackplane requires one modification, one jumper

wire. (Sler & Cee4é5 to Slot 1 C9764.) This jumper wire sends to

the packplaune 3 system clear signal (HSYSCLK+), generated in the

rower Supply that 75 etchea exclusively to a control panel

ronnector on the &xtended Backplane. The Memory Fxtender board

rlusaes into this Extended Gackplane has logic on it (normally.

t4gouncd an 8 control ganel) that generates 4 valid (debounced)

system clear signal CHSYSCLR-).

VI-O/  
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CEM CSELV3) signifies to the

is directed to a valid memory
generated by the

to the

signal
access

this stanal is
over the cables,

select valid
the memory

extended ‘cycles,

boards and transferrea,

The memory
CFU, thet
location. ¢n

extendec memory

C.P.uU. olf pewer were to te oft in the extencecd backplane, any

access to this backgltane will not senerate EMCSELV- and thus

would cause moduletra

which

lLoeding
The Memory

rowers the extended 10 slot
reyguirement of & amps. for all
rxtencer board in the extended

backelane has loading resistors on it which will sufficiently

loa2 the vowsr suprly to handle a minimum conficuration of 1
wemory ouara arg 7 Memery Fxtenaer board.

The 44 somo. nower supoly
chassis has 4 M™iInimum

voltages tu stacilize.

FIRMWARS RE WUTDREMENTS

Matin “ackplane activates a
of the Femory Adaress Sus

C.F.U. memory interface

boereé im the
upon proper decoding

Sitnal indicates tu the

The Memory <ixtencer

Siqnal (CELLO)
(RHA S). TRS

  
that an extencen cycle is to take place. Kead cycle timing to

extendges memory boards 15 approximately cae lLonaer. write cycle

timing is apoereximately 174. Read and Write cycle timing to
non-extendec memory boards 18 not aftecteu.

There 13 the ortion (by means of 4 Switch) of activating a
for 32k

represents

node ea

timing
se itch

like

thet will indicate

boards (€12352-b25). This

all of which must be of a

signal (Co ¥ Site)
interleavabte seémory

up Co © menorvy Goarcs,

There is the option (by means of switch) of activating a
Siagmal (8 CSELD-) thet will aindicete timing for 1c&k memory

hoards (12125-54). This switch represents up to & memory boards,
alt of which must be cof a like mode.

a
u

activating
be done if all

Extender board

There 38 also the option (by means oft a switch) of

the anterleave signal CSMCIANLV7). This can only

of the memory Geards represented by this Memory

can interleave and are patred us. Extended, interleave, read
eccess time for £ words is 4% Longer than ron-extended,

dnterleave, read access. Fxtended interleave, write cycles are

29% Longer than non-extended interleave, write cycles.

the C.P.U. micro-code is

address and data are

the C.F.U. can then

If these micro-code

the C.P.U. is not

cycles of any type,
the write cycle. Once the

and the cycle 75 started,

micra-cede instructions.

not call for @ memory cycle,

Cn #Xtended write

overlapeed with

on the “enery bus
execute further

instructions cdo

aftected ‘by these extended write times. If a GMX cycle is in
crrogress, the transfer time 718 wvuependent on the memory cycle
time. The  tncrease In DMX <anput cycle time is 15%
C(non-interleavec, memory write). The aincrease in DMX
cycle time is 2¢% Cnonc-interleaved, memory read).

output

Coy

IV.

W-02

v

placement af 4
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P40 PROM set ML rev & or later is required to support a Memory

“xtencer. KEV. *s supports extended, compatable memory cycles.
In edition, Fev. C supports extended, Sek interleaved,
non-interleaved e¢eycles. In addition, Rev. CO supports extended

“ce&k Interleaved, non-interleaved cycles.

SOFTWARE KXEFSUTREMENTS

Fs = product, the Memory Extender requires no

lt, hewever, @ system configuration has more
memory, the operating system must be capable of

extra memory.

special soaftware.
than 256K of main
utilizing this

CONFIGUSATIONS

“hen using 4
“ackplane must

EROUnT of

there 1s 4

TMaress

in the

rultiontl=

Memory Extenuer, the memory boards in the Main
decode an address spece at least as large as the

memory im the entire system. That is to say, if
Memory Extender set to respond to the second 256K

oleck CHRMAGS=-active), then the incividual memory boards
“sin “ackplane must shut off on =MA9S going active. If

“Menory Extenders are in use, then the individual memory
hearts im the “sin fackplane must not respond to addresses other

than their own, Loew order, address space. This is true only of

the memory toarcs tn the Main “ackplane. The Memory Extender

will ceactivete high order address bits so that the extended
memory soards wilk see an aduress on the Extended Kackplane of a

low orger (9-254 usine 32 memory toards or O-10c4K using 128K

memory soards). This allows ©4600, 3¢K memory boards (model
jé@Serbe ox) (This memory board is’ the standard 32 board (1232-885)
with ECG 1757) te work in a system with more than 256K of
memory. These boards are put into an extended chassis.

the Main Eackplane is

1s done either against hard

extender. in

address decode

Memory

the

The placement of 24

hicehly flexible.
wired slot cocing on the Main sackplane or, selectively, against

= Switen settina.

Tf address cecocing is done against the hard wired code, then
Extender follows similar constraints as

the difference being the size. of
A Memory Extender is either a 256K

Memory

tlacement of 2 memory board;

the ressoneing address space.

or 2 7° 74% memery boara.

then the

responding
setting,

independent of the

Tf satdress

Vemory

edadress

secoding is done against a switch

*xtender placement is

Space.
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DIP SWITCH: LOCATION O6R CMAIN ROARD)

SawITCH_? | FUNCTION

fr Stot code in inverted binary (same as hardwired

4 backplane code) with SwW3 as the least significant

é bit, SW7 is most significant bit Off=1 On=0

S Example: OFF,OFF,OFF,GN=SLot 1

4, Select switch to choose above code (=OFF)
or hardwired backplane code (=6N)

y PMCINL¥+ select - OFF=Interleave Enable,

UN=Interleave bisatle

a PE CSELS+ select - OFF=BMCSELS Enable,

GN=SMCSELS Disable

“FECSELB+ Select - Sff=5MCSELG Enable
ON=PMCSELO Disable

Memory ooards in the cxtended fackplane can be mixed (fi.e., 32K
ana 4¢é. memory boards). If the total memory in an Extended
Packplane is Less than or equal te 256K (i.e., &=-32K memory
hoards or ¢é-128K memory boards or 1-128kK and 4-32K, ete.) then
the Memcry "xtender board in the Main backplane wilt be set up to
response to a (56 block. If the memory in the Extended Backplane
38 Greater than 256K, then the Memory Extender board in the Main
Mackolane will be set up te respond to a 1724K block. Placement
rules 70 an @xtendec Lackolane tor a mixture of memory boards are
the same as present memory .contiguration rules,

CONFIGURATION DIP: LGCATION C6éC
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1 Vee
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CAINS 2 1A iY 4 Sor é
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=£2 PRIME COMPUTER, INC.
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MAIN BIARD WW
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|

5 SCREW,PANHD “4-40xX% Ye 4G & Z240- \ . 74SS\
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|

é RESISTOR lePiINn 2% |\K
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13 Irepoogss 2 74 S00
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3 MEL OZBSlo 1D WASHER, FLAT TIRER “4 A\ £5 e2e-s SWITCH , 4 FoLES io P UIP

4 A |MEC o412 4 STANDOFF, PIN FIELU GUARD - ABEL,MODZL ~ SERIAL NO.

5 C IMEC C270 PIN FIELD GUARD 370-00) ABEL ,ECN LOS
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ITEM [SIZE |PART NUMBER 501 DESCRIPTION

DO 2082-90/ 1 PC, BOARD (Ww.w.) MAIN BOARD ce LN
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CQ (C82 2642-901 | CABLE SET /AAEMORY EXTENDER

D 702 8- 3993 / CHASSIS ASSY, NEC FY¥ao

D 1044-A-o01 / POWER SHFPLY, ADA, Z230VAC

90!

2082-90) PC. BOARD CV.W.) MAIN BOARD

2083-90) / 20, BOARD (WW. JEXTENDER BOARD ONCE
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OFL|
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|

CK] REV| ECN

|

CK
FRAMINGHAM, MASS. [ENG.TS. 25776) UeMaRy EYTENDER 2 ts, ' S. Me™ BS A TREL |: = 10990 1sappRDTTT

APPRD.6/36" 24 MEMORY EX TENDERD SE M902 [as

|
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5 A_{MEc 0412 2 STANDOFF, P's FIELD GHARD
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|
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|
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A |och2633

|

REF GROUND CLIP _!ST ASL
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JB:08:76
October 27,

DATE: October 27, 1976

TO: Field Engineering

FROM: John Bowne

SUBJECT: MEMORY PARITY

To answer some of the questions on the memory parity scanners
for all the different revisions of software, the following charts and
comments should help you find most of the parity problems:

First, a chart of all the common hafts in the operating

 

 

 

 

 

  

system. This chart contains the actual location of the halt instruction.

REV. 6 7 8.15 9.15 10.15 1.15 10 il

CPU P-300]} P-400] P-“00

POWER
FAILURE 14321 L434 15072 15226 15241 15635 31561 32451

MEMORY
PARITY 14324 14350 15075 15231 L5244 15640 31564 32462

MACHINE
CHECK 14326 14352 15077 15233 15246 15642 31566 32464

MISSING
MEMEORY .

MODULE 14331 14355 15102 15236 15251 15645 31571 32467

INIT
PARITY | : 17105 65104 64040 63643 7347 54100. 56115          
 

In the process of bringing up DOSVM or PRIMOS memory parity
is sometimes discovered by the routine INITO. The central processor will

ee etobe om Wate ak +h 7 -Chen Maict at tTHne location specified ian the char

of software. At this time two (2) different appr

above accomad tO rayeccoraing to Prev 1

ches can be taken.

1) Regardless of software revision or type of C.P. (300 or
400), by depressing the START SWITCH the BAD PAGE will be
locked out by INITO and the operating system will continue
to come up. If there is more than one (1) BAD PAGE, they
will also be locked out.

Wo!Ccontinued)

1976

2)

2a)
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Page 2

P-300 ONLY....

After the C.P. halts, fetch locations 0, 1, and 2

from the register file and record. DO NOT MASTER

CLEAR.

REG 0 VIRTUAL ADDRESS
REG 1 BAD BITS
REG 2 PAGE NUMBER

i) BITS REG O
YYYYYY,

temeerpecd

REG 2 -
XXXXXX,<—— 16 BITS
 

  

9 BITS 2 See WY —~-18 BIT REAL ADDRESS

REAL ADDRESS can be formulated as shown above. Then,

REG 1 should identify the BAD BIT.

P-400 ONLY ....

After the C.P. halts, fetch location 0 and 3; but,

make sure that all SSW are down so that you are in

300 mode.

REG 0 VIRTUAL ADDRESS
REG 3 PAGE NUMBER

REG 3 REG 0

MXXXXXwe1G BITSmaYTVIYelo Coma

12 BITS”+ 4"“io BITS
MRXX YVYY 22 BITS REAL ADDRESS

 

   
 

(continued)  
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Unfortunately the P-400 INITO routine does not isolate
it down to a BAD BIT, so, at this point, the memory diagnostic
could be run or the page should be locked out.

MEMORY SCANNER
 

While running DOSVM or PRIMOS and a memory parity error
is detected by the operating system, the C.P. will halt at the location
specified by the chart. To try and find the offending location, run
the memory scanner as follows:

Revision 7, 8, and 9 (P-300) and 10,11 (P-400).

MASTER CLEAR
Put 777 in the P counter, (location 7).
All SSW down.
.Rotary: switch to RUN, hit start.
Address DATA switch to DATA.o

n
&
w
a
e

At this pointthe scanner is cycling through memory looking
for the location that is bad. Wait a few minutes for the scanner to
either find a bad location and cycle on it or not fine any locations
and halt.

P-300 HALT P-400 HALT
Rev. 7 16100 Rev. 10 33044
Rev. 8 16655 Rev. ll 34057
Rev. 9 17054

If the C.P. doesn't stop it means that the scanner has
detected a parity error and the address and data can now be recorded
by manipulating the SSW and recording the contents of three (3)
registers: QO, 2, and 4.

Revision 7, 8, and 9
P-300 “SSW UP CONTENTS

REG. 0 NONE Displacement
REG. 2 15 . Page Number
REG. 4 14 DATA

‘Revision 7, 8, and 9 (P-300)

REG 2 REG 0
XXXXXX, €——— 16 BITS———>_ vryyyy,

9 BITSS.   

XXX YYY €———18 BIT REAL ADDRESS

(continued)
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Revision 10 and 11 - P-400 (4-row PROM only)

 

REG 2 REG 0
XXXXXX, €———— 16 BITS ——> _YYYYWY,

  | ~__io arts
XXXXVYYY €=22 BIT REAL ADDRESS

12 BITS~

Once the address has been formulated, the scanner can now
be instructed to go ahead and continue to scan higher memory and try
to detect'more possible parity errors or halt.

Revision 7 is instructed to continue the scan by raising
and lowering SSW 1. Revision 8 and 9 (P-300) and Revision 10 and
11 (P-400) can be instructed to continue by depressing a Key on the
system terminal.

ke
Revision 10 and 11 - P-300

This scanner is is slightly different from the other
revisions. :

1. MASTER CLEAR
2. Rotary Switch to Run, Hit Start.

At this point the scanner is running and will print out
the bad pages in octal on the system terminal.

Also, printed on the system terminal is the message
"STOP" FIXMMAP and PAGMAPS, WARM START".

Example of how to lock out a memory page.

Lets assume while running Revision 10.15 software, a
parity error is detected and the C.P. halts at 15245 (halt instruction +1).
Rotary switch to stop step, master clear, rotary switch to RUN, hit
start switch twice. The system terminal prints out:

147
PARITY ERROR AT ABOVE PAGES
STOP, FIX MMAP AND PAGMPAS, WARM START

1. At this point stop the machine and fetch MMAP location:

12000 + BAD PAGE 12000 + 147 = 12147

*See attached sheet for patch to Rev. 10 to allow scanner to work.

( continued)
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Lets say location 12147 (MMAP) contains 6076.

Modify 12147 to 177777 (page unavailable).

Fetch 6076 (it should contain 10x147).

Modify 6076 to O (page not in memory ).

Warm start (stop step, master clear, run, hit start

Switch twice).
o
n
F
w
h

The system is now operating minus the pages(s) that

were locked out.

If you have any question on the scanners or memory parity,

please call. Comments are also welcome.
®

John Bowne
Technical Support

JB/ak
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MEMORY PARITY FINDER REVISION 18

SYymeTOm: THE MEMORY PARITY FINDER INDICATES MORE BAD MEMORY

THAN IS ACTUALLY BAD. ot

PATCH: Oe

MEMORY IMAGE (PRIMOS 3 31 USER VERSION)

LOC CONTENTS INST

36115 2765 JMP 765
765 104771 LDA* 771
766 281 IAB
767 1862778 JHP* 770
770 39122 DAC MEM45 . .

°9771 «#430153 DAC BADPAG

#tk*2NOTE: THE ABOVE PATCH IS NOT FOR SMLC 31 USER VEKSION*****

MEMORY IMAGE (PRIMOS 3 15 USER VERSION)
Loc CONTENTS INST

17055 2765 JHP 765
765 104771 LDA* 771
766 261 - IAS
767 102776 JMP* 776
776 18762 DAC MEM45
771 #17113 DAC BADPAG

SOURCE PATCH:

AT MEN4-2 (RMC)

INSERT AFTER RHC
LDA BADPAG
TAB

wr-03  
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MEMORY UPDATES AND SPARES
 

Updating memories for P400 updates and/or interchanging memories
for spares has become a lot more confusing than most people realize.
Though still relatively simple, there are some restrictions that,
although documented, are not very well known. This memo is to try
to explain these restrictions.

1. P400 Updates

To update a system to a P400 and use the existing memories,
the memories must be model numbers 1232-B85 (old 32K boards),
1232-B85X (old 32K boards previously modified for P400), (and/or
1232-BS85Y, new 32K boards).

1232-B85 - These memories must have ECO #1757 (attached) installed.
This ECO is shipped with all P400 shipments. The-purpose of
the ECO is to remove the grounds from the address and data
latch strobes and allow the P400 to do the strobing. Once the
ECO (1757} is installed,
appended to it. These memortes will not size correctly in the
main backplane (no upper addresses, i.e. BMA 95-98). If used
in main backplane, software having size routines must be preset
to only size to 256K of memory (such as PRIMOS). These memories
may be used in memory extenders with no sizing problems, if the
extender is configured as 256K Block. 1232-B85X memories cannot
run interleaved nor do they take advantage of the P400 faster
timing features.

1232-B85X - These memories are modified 1232-B85 memories and the
same restrictions apply as indicated above~-

1232-B85Y - These memories will run with a P400 in main memory
or in extenders with no sizing restrictions. However, these
memories cannot run interleaved nor do they take advantage
of the P400 faster timing features. These memories may be
converted to 1232-D85 (P400 memories) by changing two timing
dips and setting the configuration switches per
Table 1.

Location Remove Install

B44 MEC1720-171 MEC1720-174
B46 MEC1720-172 MEC1726-173

Table 2 shows the jumper dip wiring to rewire the dips if new
dips are not available. Model numbers should be changed to
1232-D85on thesé memories.

W-OF

P400 Additional Memory
 

the model number should have an ''Xx" 3.

To add memory to a P400, either 1232-D85 or 12128-E4 memories
should be used. Memories modified per Section I may also
be used with the restrictions as specified in Section I.
When mixing 32K and 128K memories in the same system (only
possible in main backplane), extreme cere must be taken as
to where memory boards are plugged in (i.e. from an address-
ing standpoint, 128K boards assume all boards are 128K and
32K boards assume all boards are 32K). (See Table 6 for
Configurations).

1232-D85 - These memories run with all P400's, with no
restrictions, and can be interleaved or non-interleaved.

12128-E4 - These memories are 128K with error correcting
code. They will run in P400's that have Rev. D (or later)
memory timing Prom (Prom Set ML) and ECO 2094 (changes
refresh rate for 16K chips). These memories will run in
either main memory, or extenders with no sizing restrictions
(See Memory Extender for Configuration).

Enterleaved Rules (1232-D85 and 12128-E4 only)
 

P400 systems may run with a mix of interleaved and non-
interleaved memories in the system (see memory extenders
for special rules). However, the number of memories switch-
configured for interleave in a system must be even and run
in odd even contiguous pairs (i.e. slots 17 and 16 - but
not 16 and 15). (See Table 1 for interleaved switch configuration).

Memory Extenders
 

Memory extenders may use 1232-B85X and/or 1232-B85Y memories,
1232-D85 memories with interleaving on, 1232-D85 memories
with interleaving off, 12128-E4 memories with interleaving on,
or 12128-E4 memories with interleaving off. However, the
five types (1232-B85X and 1232-B85Y being considered one type)
may not be mixed within a memory extender. When using memory
extenders, 1232-B85X% memories must not be used in the main
backplane.



The memory extenders may be jumper-dip configured to respond
to either a 256K Block, or a 1024K Block of addresses (see
Table 5 for dips and jumper list). Extenders configured
for 256K may use one or two 128K memories, but they must be
in the top two slots of the extender. Extenders configured
for 1024K Blocks may not use 1232-B85X memories.

The memory extender switches must be set to define the starting
256K/1024K Block address of the extender and the type of memory
in the extender (see Table 3 and 4). Switch #4 of the
extender switches disables the address select switches and
uses the backplane decoding. If using the backplane decoding,
the extender decodes the slot select lines as if all memories
and extenders in the main backplane are the same block size
as it is (i.e. an extender configured as 1024K in the third
Slot will decode as the third 1024K, but an extender configured
as 256K in the third siot will decode as the third 256K).

P100,P200 and P300 Memories
 

When installing memory boards in P100, P200 and P300 systems,
the following rules must be remembered:

-4-

TABLE 2

Pin Connection for Timing Dips

MEC 1720- 171
1232- B85Y
Dip Loc. B44

Jumpers 1-15
A-12
2-13
6-14
7-11
8-6

14-16

172 173
B85Y D85
B46 B46

2-10 2-10
3-11 15-16

TABLE 3

174
D85
B44

1-15
3-15
4-10
2-12
6-11
7-9
8-11

14-16

Memory Extender Address Switches
(On board in main backplane)

 

  

Address
 

A, 1232-D85 memories will not run. The timing jumper dips Memory Block SW3 SW2 SW1 SW7 Starting |must be changed and the switches must be reset (see Table 1). 1024Kk (256K 1024K 250K
B. 1232-B85Y memories will not run unless ECO #1756 is installed . | ' : '

in the CPU. This ECO grounds the memory address and data , ; pie ote ort OEE ‘o4a00ubLD oopouDlatch signals at the CPU. This ECO should be installed 3 3 Ort . ' ' 00000in all CPU's NEEDED OR NOT! On Off Off. , 10000000 _ 2000000
4 4. On On Off Off 14000000 3000000C. 1232-B85 memories have no special restrictions. 5 Off Off On Off 4000000; Loo. 4 6 On Off On Off 5000000D. 1232-B85X has same restrictions as 1232-B85Y above. 7 Off On On OFE 6000000

E. 1232-B85Y memories do not support battery backup. 8 On On On Off "7000000
F. 12128-E4 memories will not run.

Table 1 TABLE 4

Memory Switch Positions
: Memory Extender Timing SwitchesInterleaved Interleaved (On board in main backplane)

B8&5Y D85 D85 E4 E4
a

SW5 SW6 SwsSW 1 Off On OnSW 2 OFF On On 1232-B85X/B85Y On On On
SW 3 On On 1232-D85 Interleaved Off Off OnSW 4

.SW 5 On On Off On Off 1232-D85 Non-Interleaved On Off On
SW 6 On On Off On On 12128-E4 Interleaved Off On OffSW 7 Off Of Off On Off 04 -SW 8 OFF On On On On 12128-E4 Non-Interleaved On On Off

*Switches not indicated are Don't €are.

VWI-OS  



Slot
 

17

— 15

~ 44

12

11

10

SA.
EA.

SA
EA.

SA
EBA

SA
EA

SA

SA
EA

SA

EA
SA
EA

256K

2-13
3-16
4-15
5-14
8-9
9-10

MEC 1720-175

-5-

TABLE 5

TABLE 6A

Pin Connections for Extender Block Configuration

JDA 2769-912

1024K

1-16
2-15
3-14
4-10
5-9
8-13

Main Backplane Memory Configuration

8K

'000000
'017777

1020000
1037777

1940000
1057777

‘060000
‘077777

100000
117777

120000
137777

'140000
157777.

160900
177777

 

* ALL ADDRESS REPEAT, EXCEPT 8K. —

Memory Starting/Ending Addresses

16K 32K 64K 128K

‘000000 ‘000000 ‘0000000 ‘0000000
'O37777 ‘O77777 0177777 0377777

840000 "100000 (0200000 0400000
'077777— ‘177777 0377777 O777777

'100000 '200000 10400000 1000000
"137777 '277777 0577777 1377777

140000 '500000 ‘0600000 1400000
"177777 'S77777 ‘0777777 1777777

'200000 — 400000 ‘1000000 2000000
"237777 "477777 "1177777 2377777

'240000 '500000 '1200000 2400000
'277777. = "577777 1377777 2777777

‘300000 ‘600000 1400000 3000000
-'337777 677777 1577777 3377777

~'346000 "700000 1600000 3400000
‘377777 "777777 1777777 3777777

Slot Number

VIFO06

17
16
15

13
12
11

F
N
W

P
w
o

O
H
~
I

* 128K Memory board will only operate on 400 and 500 CPU.

TABLE 6B

17 Slot

Slot Address

Bits
 

l1llil
11110
11101
11100
11011
11010
11001
11000
LOL11
10110
10101
10100
10011
10010
10001
£0000
O11I1

Memory Increment

8K Bd
 

16K

16
32
48
64
80
96

112
128
16
32

32K

32
64
96

128
150
192
224
256
32
64
96

-128
160
192 |
224
256
32

128K

128
256
384
512
640
768
896

1,024
128
256
384.
512
640
768
896

1,024
128



~

MEMORY MODEL NUMBERS

 

Model Description Comments

170 | 4K, 1US, no parity Obsolete
171 8K, 1US, no parity Obsolete
271 8K, 750NS, parity Obsolete
371 8K, 650NS, parity . Obsolete
1027-001 32K, 750NS, parity Obsolete
1027-006 8k, IUS, no parity Obsolete
1208-A65 8K, IUS, no parity
1208-A654L 8k, IUS, no parity Different artwork
1208-B85 8K, 750NS, parity
1208-B854L 8k, 750NS, parity Different artwork
1216-A65 16K, IUS, no parity
1216-B85 16K, 750NS, parity
1232-A65 32K, IUS, no parity
1232-B85 32K, 750NS, parity
1232-B85X 32K, 750NS, parity Usable on P400*
1232-B85Y 32K, 750NS, parity Usable on P400*
1232-D85 32K, P400
12128-E4 128K, P400/P500

*See Paragraph 1 and 2 for description.

WO?  



DATE: January 8, [975

TO: Engineering & Programming Staff

FROM: J. E. Sheahan

SUBJECT: SYSTEM CONFIGURATIONS WITH 32K MEMORY BOARDS

This memo discusses the system characteristics of the 32K board
to power, physical slot location, and mixing with 8K boards.

Characteristics:

|. The 32K board has approximately the same power requirements
8K board.

2. The PRIME power supplies wil | support eight boards maximum.
fore, no combination of the two board types may exceed this

3. The present 32K board operates at 750 ns read cycle and 600
It is therefore compatible with the P100, P300 and the P300

PE-T-169

relative

as the

There=

maximum.

ns access.

with P200
memory interface timing. ECO #1511, 1512 must be installed in a CPU
to make it compatible with this memory.

4. It is anticipated that a faster version of this board will be available
in 2Q75 and will operate at the standard P300 speeds of 600 ns cycle and
440 ns access.

5. Timing adjustments are made on the board with the cycle being initiated
by PRECH. No adjustments are necessary or permitted.

6. The attached charts (A and B) show the response ofthe 8K and 32K
modules to address stimulus for the various physical slots. Referring
to these charts, one can see that multiple configurations are permitted.

For a 10slot backplane:
ee

|. 8K modulés are addressed sequentially from slot 10 to slot | per=-
mitting addressing up to 80K. The 32K modules are addressed
sequentially from slot 10 through slot 3‘permitting addressing
up to 256K. Slots 2 and | repeat the selection of up to 32K and
up to 64K. Therefore, for a machine having 128K, it is possible
to configure four 32K boards in the following ways:

l. 10, 9, 8, 7

2. 2, 9, 8, 7

3. 10, |, 8, 7

-~2- . PE-T=169

For a 17 slot backplane:

[. 8K modules are addressed sequentially from slot 17 through slot |
permitting addressing up to 136K. The 32K modules are addressed
sequentially from slot 17 to slot 10 permitting up to 256K,
Slots 9 to 2 repeat the sequence of up to 256K and slot | becomes
the third slot addressing the first 32K of memory. Again for a
[28K system there are numerous combinations of slot assignments:

|. 17, 16, 15, 14

2. 9, 8, 7, 6

3. 17, 16, 7, 6

4. 9, 8, 15, 14

5. etc., etc.

Mixing Modules:

The 8K and 32K boards may be mixed in a system provided that there is no
overlap in address space per charts A and B. I¢ contiguous memory address-
ing is required, it is generally easier to use the 32K boards in the lower
addressing space.

Example | - Upgrade 32K of 8K modules (4) to 96K.

Solution | = 1. 32K board slot |7
2. 32K.board slot 16
3. 8K board slot 9

8K board slot 8
8K board slot 7

8K board slot 6

solution Il - |. 8K board slot [7
8K board slot [6

8K board slot 1|5_
8K board sfot [4

2. 43K board slot 8
3. 32K board slot 7
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ChartA

Example 2 - Upgrade 48K of 8K modules (6) by adding two 32K modules and

obtaining 112K. a
10 Slot

i - |. board slot {7

solution | 2. 30K board slot 16 , Shot Number Slot Address Memory Increment

3. 8K board slot 9
. .

4. 8K board slot 8 Bits 8K Bd 32K Bd

5. 8K board slot 7 10

6. 8K board slot 6
hit — 8 32

7. 8K board slot 5 9

8. 8K board slot 4 «ETT . 16 64

Solution 1] - 1. 8K board stot 17 8 II 101 24 96

2. 8K board slot 16 . 5

3. 8K board slot 15 | HT10 32 128

4. 8K board slot {4 . 6

5. 32K board slot 8
Pon 40 160

6. 32K board slot 7
5 |

7. 8K board slot 5
H1010 48 192

8. 8K board stot 4 4 1001 56 304

DOS/VM: | 3 000 5 356

The above examples ftllustrated means of obtaining contiguous memory with 7

mixed boards. DOS/VM requires that the first 32K be contiguous, but the Hoult 72 32

remaining memory may have "holes'* in the addressing scheme. Therefore, folio . 30 6A

+here is some added flexibility in configuring this type of system.

/fS
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a
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Chart B

 

17 Slot

Slot Number Slot Address Memory Increment

Bits Bd Bd
17 ne 8 32

16 : 11110 16 64

15 11101 24 96

14 11100 32 [28

[3 HON , 40 150

12 11010 48 192

[1 11001 : 56 224

lO | 1000 64 256

9 Ont 72 32

8 LO110 80 64

7 1010! | 88 96

6 10100 96 128

5 10011 104 160

40 10010 112 192

3 1000! 120 224

2 10000 128 256

| O1lT 136 32

W/0
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coge)
(N02)

cHa03)
COO04)

(060653

(0006)
(3097)
coooR)
(6099)
(06810)
coord

(u12)
C6013)
(C014)

CNN45)
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(0017)

(0018)
Ca019)

quo2ny)
(GG21)
(nO2?)
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q)t27)
C002 F)
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COO37)
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TEST HIGH SPEED MOS MEMORY

PRIME COMPUTER INC. ¢SRCO723.010 (85)

COPYRIGHT 1974-PRIME COMPUTER INC.sFRAMINGHAM MASS.

PURPOSES

TEST HIGH SPEED MOS MEMORY UP TO 256K. CHECK FOR

MISSING MEMORY AND MEMORIES ANSWERING TO THE

WRONG ADDRESS.

USE:
LOAD TEST PROGRAM

MASTER CLEAR

THE PROGRAM AUTOMATICLY SIZES MEMORY. TO BYPASS

AUTO SIZINGs ENTER THE HIGHEST SECTOR ADDRESS DESIRED

IN BITS 8-16 OF THE A REGISTER.

SET SENSE SWITCHES AS DESIRED

START PROGRAM

PROGRAM TYPES END OF PASS AFTER EACH PASS OF PROGRAM

RAEKARREARABAANO TERR RAE AAOHARARE REN

DO NOT HALT PROGRAM AFTER STARTING

IF SYSTEM IS RUNNING IN FAGING.

REVERSE PAGE MAP MAY CAUSE A MISSING

MEMORY VECTOR IN THE CONTROL PANEL

ROUTINE.

MARRAREE RARE AAEEAREREAREAHAEAR
E

SENSE SWITCH:
7 HALT AT END OF PASS

2 BYPASS RELOCATION (MUST BE SET AT START OF PROGRAM )

3 NO ASR-HALT ON ERRORS
4- BYPASS MACHINE CHECK MODE

PAGE 0903

SIZE BUFFER CSIZE). THE SIZE ROUTINE CHECKS UP 10

THE HIGHEST POSSIBLE ADDRESS (64K NO PAGING & 256K PAGING)

FOR MEMORY AVALLABILITY SO THE MEMORY MAY BE CONFIGURED

WITH MISSING MEMORY BOARDS CHOLES) AND THE SIZE
ROUTINE WILL CONFIGURE AND TYPE THE SIZE MAP. THE PAP

SHOWS THE SIZE OF BASE MEMORY (STARTING AT SECTOR O)e THE

SIZE OF THE MEMORY HOLE CONLY IF MEMORY EXISTS
AFTER THE HOLE)>+ THE SIZE OF THE NEXT MEMORY BLOCK

ETCecETC.CALWAYS ENDING WITH THE LAST MEMORY BLOCK).

LF THE SIZE STATUS WAS NON ZERO THEN 17 1S BUMPED ONCE

AND SAVE AS THE MEMORY SIZE (THIS MUST BE CONTINYUIOUS

MEMORYs NO HOLES).

THE PROGRAM EXCANGES THE BASE SECTOR WITH SECTOR TWO

THEN TESTS THE BASE SECTOR. MACHINE CHECK MODE
TS TURNED OFF DURING BASE SECTOR TEST BECAUSE THE
VECTOR LOCATIONS ARE TESTED, HOWEVER THE MACHINE

CHECK FLOP IS TESTED. THE BASE SECTOR IS
RESTORED AFTER 17 IS TESTED.

THE PROGRAM NOW TESTS EACH BLOCK OF MEMORY ONE

PLOCK AT A TIME (THE FIRST BLOCK STARTS AT SECTOR ONE» NOT ZERO).

THE PROGRAM TESTS FROM THE FIRST SECTOR ABOVE THE PROGRAM

TO THE LAST SECTOR IN THE BLOCK (OR THE TOP OF SECTOR ‘777

WHICHEVER IS THE LOWEST). THE PROGRAM IS THEN RELOCATED TO

THE NEXT SECTOR UP AND TESTING IS AGAIN STARTED FROM THE

FIRST SECTOR ABOVE THE PROGRAM.THE PROGRAM KEEPS RELOCATING

AFTER EACH PASS OF THE TESTS UNTIL IT RESIDES IN THE TOP

SECTOR OF THE BLOCK (OR SECTOR *177 ). THE TEST IS NOW RUN

FROM THE FIRST SECTOR OF THE BLOCK TO THE SECTOR BELOW THE

PROGRAM. THE PROGRAM IS THEN RELOCATED TO THE NEXT SECTOR

DOWN AND TESTING IS AGAIN STARTED ENDING AT THE SECTOR BELOW

THE PROGRAM. THE PROGRAM KEEPS RELOCATING DOWN UNTIL IT 15 RACK

IN THE FIRST SECTOR OF THE RLOCK.

Wirt /

(Or 39)
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BYPASS PAGE TEST (MUST BE SET AT START OF PROGRAM)
TEST IN PAGING ONLY C€MUST BE SET AT START OF PROGRAM)

BYPASS ZEROS & ONES TEST
BYPASS RANDOM ADDRESS TEST

70 BYPASS RANDOM DATA TEST
71 BYPASS WORST CASE ADDRESS TEST
te BYPASS WORST CASE PARITY TEST

13 BYPASS ADDRESS CROSSOVER TEST

14-16 NOT USED

O
M
O

u
n

ERRORS:
DATA ERRORS PRINT: ISe¢SO-FAILING ADDRESS-SECTOR MAP IF
PAGEDsADDRESS ERROR ROUTINE ENTERED FROM-/AND TEST NUMBER.

PARITY ERRORS PRINT: FAILING ADDRESSsSECTOR WAP IF
FAGEDsADORESS ERROR ROUTINE ENTERED FROMsAND TEST NUMBER.

ALL PARITY ERRORS CAUSED BY THE RUNNING OF THE PROGRAM

AND NOT THE TESTING OF THE MEMORY BLOCK CAUSE VECTOR

HALTS IF IN MACHENE CHECK MODE
ALL OTHER ERRORS HALT“~SEE LISTING FOR REASON

TEST NUMBERS

T1 ZEROS & ONES TEST
T2 RANDOM ADDRESS TEST

T3 RANDOM DATA TEST
T4 WORST CASE ADORESS TEST
T5 WORST CASE PARITY TEST
T6 ADDRESS CROSSOVER TEST

METHOD:
ON ENTRY THE PROGRAM SAVES THE A REG. FOR MEMORY AUTO

SIZE STATUS. NEXTs PAGING IS TESTED FOR
AVAILABILITY AND THE PAGE FLAG (PFLG) IS SET TO NON
ZERO LF PAGING IS AVAILABLE. IF THE SIZE STATUS IS ZERO

THE MEMORY IS SIZED AND THE SIZE MAP STORED IN. THE

HSMT2,. SAMPLE ERROR PRINTOUT

Parity Errors

XXXXKX XXXXXX tx

Failing Error Test#
address routine

address

XXXIXXX XX MIX XX XXXXXX tx

Failing Page
address map

virtual NR [Pisrtacemend

XXXXXX XXXXXX XXXXXK XKXXXX tx

Is Should Failing Error
be address routine Test#

‘| | real

XXXXMX XXRKKX XX MX KK XX MK XX XXXKKK tx

Failing Page
address map

virtual

GS  
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HSMT3, TEMSRC, GFDes

«n00t)
«Ged?

(oco3)
(9)G4)

(0005)

(C06)

00?)
coca&)

(9009)

(OC10)
(0011)

(9012)

(OUT3)
(OC14)

coc15)
(1016)

(OU17)
(GC1e8)
(a019)
(0920)
(0021)
(9022)
(GC2%)
(OC24)

(0025)
(aC26)

(0027)
COd2E)
(0029)

(0C3G)
(OC31)
(du32)

(0033)
(0C34)
(0035)
(0036)

(0037)
(9038),

G2-04-77

(OOF?)
(0078)
(0079)

(008uU)
(0081)

CON %? }

(108%)
COUKS4)
coC85)

(OC86)
(008? )

(QG88)
(0C&9)
(0090)

(0091)
(0092)
(0093)

(0694)

(aC95)
(0096)

(0097)
(OC9e)
(1099)

(J193)
(0101)
(0102)

(010%)
(0104)
(0165)
(0106)
(070?)
(9108)

(0109)
(01140)

(0141)

(0112)
(0113)

(0114)
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HSMI3- TEMSRCe GFDe 92-%4-77
HIGH SPEEO MEMORY TEST 3
‘PRIME COMPUTER INC.» S$RON791.000
COPYRIGHT 1977, PRIME COMPUTER COMPANY INC.

PURPOSE:
TO TEST ALL MEMORY CONFIGURATIONS FOR ALL
PRIME CPU'S,

USE:

1) LOAD TEST PROGRAM

2) MASTER CLEAR

3) FNTER SIZE IN OCTAL K (32K = 4N) IN A REGISTER JF
SIZE ROUTINE IS NOT WANTED

4) SET DESIRED SENSE SWITCHES

5) PRESS START

6) THE PROGRAM HEADING, CPU TYPFs AND MEMORY
MAP WILL BF TYPED (MAP SHOWS PHYSICAL MEMORY
PLOCKS AND MISSING MEMORY RLOCKS-ONLY MEMORY
BLOCK If NO HOLES IN MFMORY ADDRESSING).

7) THE PROGRAM WILL TYPE END-OF-PASS AFTER
EACH COMPLETE PASS OF THE TEST.

SENSE SWITCHES:

1 -TERMINET CONSOLE (300 BAUD)

PAGE NCO%

BELOW THE PROGPAM STARTING ADCRESS (MAP STARTS AT *409)
WHILE THE PROGRAM IS MOVING UP AND AT "7400 OF THE 4
THAT THE PROGRAM IS IN WHILE MOVING POWN. THE PROGRAM
ALWAYS TS VIRTUAL FIRST 4K OF MEMORY AND THE AREA
OF MEMORY AEING TESTED IS ALWAYS THE SECOND VIRTUAL
16K €'40000).

P3U0 RUNS IN PAGING MCDE.LTHE map TS ALWAYS AT PHYSICAL
ADPRESSS "400 WHILE THE PROGRAM TS MOVING UP AND UNTILTHE PROGRAM IS WITHIN THE FIRST 64K MOVING DOWN. ONCETHE PROGRAM IS WITHIN THE FIRST 64K, THE MAP -IS MOVED
TO THE LAST °4N0 LOCATIONS IN THE FIRST 64k (PAGE MAP
ON A P3000 MUST BE IN FIRST 64K). AS WITH THE
P400- THE PROGRAM IS ALWAYS VIRTUAL FIRST 4K AND THE ARE
OF MEMORY GEING TESTED IS ALWAYS VIRTUAL SECOND 16K (?4N1

PROGRAM LOCATION PMAP WILL ALWAYS POINT TO VIRTUAL LOCAT:
OF THE PAGE MAP,

THE PINO/200 WILL ALWAYS BE PHYSICAL MEMORY WITH THE
PROGRAM MOVING AND TEST AREA MOVING.

TESTS:

1 ADDRESS UNEQUFNESS TEST FOR DATA

TESTS THE ADDRESS UNIQUENESS OF MEMORY ADORESS*S BY
WRITING COMPLEMENTING PATTERNS IN INCREASING BLOCKS
UNTIL HALF THE MEMORY IS ONE PATTERN AND THE OTHER
HALF IS THE COMPLEMENT.

2 AODPRESS UNIQUENESS TEST FOR PARITY

SAMF AS TEST 71 AUT SHIFTS THE DATA PATTERN RATHER
THAN COMPLEMENTING TO CHECK PARITY BITS.

+
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e
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e
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a MFMORY HIT TEST

HSMT3- TEMSRC.

HSMT3- TRMSRC-

VI-/2

CFDs

GFDs

02-04-77

(0039)
COCA?)
(9041)
(0042)
(0043)
(0044)
(0045)
(0046)
(9047)
(0042)
(0049)
(9050)
cocs4)
(0052)
(0053)
(0054)
(9055)
(0U5e)
(0957)
(0058)
(0C59)
(0C6o)
(9061)
(0662)
(0063)
(1064)
(0065)
(0066)
(0067)
(0068)
(0069)
coc70)
(0071)
(OC72)
(0673)
(OU74)
(9075)
(0076)

02-04~ 77

(0715)
(0116)

(0117)
(0118)
(0119)

(9120)

(0721)
(0122)
(9123)
(0124)
(0125)
«0126)

(0127)
(0128)
(G125)
(0730)
(0131)

(0132)
(0733)
(0134)
(0135)

(0136)
(0137)
(0738)

(N739)
(0740)

(0144)
(0142)

(0143)
(0144)

(0145)
(0146)
(9147)

(0148)
(0149)
(0159)
(0151)
(152)

*

*

*

*

*

*

*

*

*

*

¥

*

*

ba

*

*

*

x

*

a

*

r

a

*

*

®

*

*

*

*

*

*

*

*

cI

*

*

*

PAGE NON

2 -NO PAGING CRUN AS PZ00)
NOTE: THIS WILL ENABLE CACHE ON P4/5CO

3 - NO PARITY (NOT IN MACHINE CHECK MODE)
4 -~ENTER DERUG MODE AT END OF PRESENT TEST

OR ERROR TYPEOUT, RESET AFTER DERUG REQUEST
SEE DEBUG MCDE

5 “HALT ON ERROR

6 - DISPLAY ERROR COUNT ON ERROR
7 -FXECUTE FROM CACHE (P4/500 ONLY)
8 -CONFIGURE CHIP TESTS FOR 16k CHIP

METHOD:

THF PROGRAM DETERMINES AND TYPES THE CPU TYPE.
MEMORY IS SIZED AND PARITY FIXED THROUGHOUT WEMORY.,
THE MEMORY SIZE MAP IS THEN PRINTED.

THE PROGRAM THEN EXECUTES THE SIX (6) MEPORY
TESTS STARTING WITH THE FIRST ADDRESS ABOVE THE
PROGRAM AND ENDING AT THE HIGHEST ADDRESS IN
MEMORY. THE PROGRAM IS THEN MOVED UP "10000 LOCATIONS
AND TEST 3 IS RUN. THIS IS REPEATED UNTIL THE
PROGRAM RESIDES IN THE LAST 4K OF MEMORY,

THE PROGRAM THEN CXECUTES THE SIX (6) MEMORY TESTS
STARTING WITH THE FIRST ADDRESS BELOW THE
PROGRAM AND FNDING AT ADDRESS *100 (ON P3NUS WITH
MORE THAN G4K THE BOTTOM ADDRESS AT THIS POINT IS
°"49N). THE PROGRAM ITS THEN RELOCATFD DOWN AND TEST 3
IS AGAIN RUN. THIS 1S REPEATED UNTIL THE PROGRAM Is
AGAIN LOCATED IN THE FIRST 4K OF MEMORY (FOR P300'S,
ONCE THE PROGRAM IS WITHIN THE FIRST 64K THE BOTTOM
ADDRESS IS CHANGED To *109).

P4090 & P5NN ARE RUN IN SEGMENTATION MODE WITH CACHE
TURNED OFF. THE SDW & MAP ARE IN THE "400 LOCATIONS

PAGE 00C4

TESTS EACH MEMORY LOCATION RY PFRFORMING 512 HIGH
HIT RATE READ/WRITE OPERATIONS. THE FIRST 128 WITS
ARE PERFORMED WITH ONE DATA PATTERN, THE SECOND
128 WITH THE COMPLEMENT, AND THE LAST 2564
ALTERNATING BETWEEN BOTH PATTERNS,

4 SENSE AMP TEST

TESTS WITHIN A CHIP FOR NOISE ACROSS THE SENSE
AMPLIFIER. PERFURMS HIGH HIT RATE WRITES/READS
ALTERNATING BACK AND FORTH ACROSS THE SENSE AMPLIFIER.
ALL BITS WITHIN A ROW IN THE ROW/COLUMN STRUCTURE ARE
TESTED AND THEN ALL LOCATIONS ARE CHECK FOR CHANGES
IN DATA WRITTEN. THES IS REPEATED FOR ALL COLUMNS,

5 SENSE AMP COMPLEMENT TEST

SAME AS 4 BUT WITH COMPLEMENTIG DATA WHEN PERFORMING ttHIGH HIT RATE READ/WRITE ACROSS SENSE AMP,

6 CHIP HIT TEST

TESTS FOR NOISE WITHIN A CHIP. PERFORMS A HIGH HIT RATE
READ/AWRITE ON ALL ROW LOCATIONS AND CHECKS FOR NOISE
IN ALL BITS IN THE CHIP. THIS 15 REPEATED FOR ALL
COLUMNS,

DEBUG FODE

SENSE SWITCH 4 REQUESTS DERUG MODE. DEPUG MODE MAY BE 2VEQUES:
THE START OF THE PROGRAMs DURING A TEST, OR DURING AN ERROR
If DERUG ITS REQUESTED AT THE START OF THE PROGRAM, DEBUG 15
ENTERED AFTER THE MEMORY IS SIZED. IF REQUEST DURING TEST OR
ERROR PRINTOUT, DEBUG IS ENTERED AT COMPLFTION OF EITHER
PRESENT TFST OR PRINTOUT. WHEN DERUG I§ ENTERED, THE PROGRA

s
e

em
w
e
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PAGE 0005 HSMT3, TRMSRCs GFDe 02-04-77

PAGE N006

RC XXXXXX RUN THE STRING ENTERED THIS NUMBER

(0153) * WILL REQUEST A DEPUG ENTRY, SFNSE SWITCH 4 MUST RE RESET AT (O197) *

(9154) * THIS TIME. ONF LINE OF COMMANDS MAY BE ENTFRED,
‘ (07192) * OF TIMES BEFORE GOING ON TO NEXT COMMAND.

(0155) * EXECUTION STARTS WITH C/R. LEADING ZERO*®S NEED NOT RE
(0193) « If THIS COMMAND IS NOT USED IT IS ASSUMED TO BE

(0756) * ENTERED UNLESS NUMBER ENTERED IS TO RE ZERO. DEBUG MAY BE (0194) * ONE. THIS COMMAND MAY BE USER TWICE PFR LINE AUT or

(0157) * RE~ENTERED AT THE END OF ANY COMMAND. THE COMMANDS
(0195) # WILL NEVER EXIT THE SECOND USE. THIS .

(0153) * ARE AS FULLOWS WITH M°S REPRESENTING THE OCTAL NUMHER
(0196) # COMMAND DOES NOT HAVE TO RE THE LAST COMMAND

(0159) « ASSOCIATED WITH THF COMMAND:
(0197) «#

7

(0160) *
C0198) #

(1161) # .
(W197) «* NOTE: 1£f FIRST ADDRESS IS LOWER THAN LAST ADDRESS+ THE

(0162) *# NOTE: 10 RETURN TO THE STANDARD TEST AFTER DERUGS
(0200) * TEST 1S PERFORMED WITH INCREMENTING ADDRESS. IF LAST IS

(0163) a THE PROGRAM SHOULD RE RELOADED.
(0201) # LOWER THEN FIRST ADDRESS» THE TEST IS PERFORMED WITH

(0164) *
(d2e0e2) * DECREMENTIG ADDRESS. CARE SHOUL BE TAKEN NOT

(9165) # COMMAND
(9203) * TO TEST OVER PAGE MAP.

(0166) *

(9204) *

(0167) # SD XXXUXX CHANGE THE STANDARD DATA PATTERNS TO THE INPUT
(0205) *

(0168) * PATTERN (STANDARD = O FOR 1/3-6/777 FOR 2)
(0206) * DERUG EXAMPLE:

(9169) #

CN207) # DEBUG ENTRY

(0170) * SL XXXEXKNN SET LAST TEST ADDRESS TO ADDRESS ENTERED
(0208) * mp 70°00 SE 67777 SL. 1000 RT 3 6 MPO SF 19N0N SL 77777 RT 3 RE 5 Csr

col?) * #eSFE NOTE
(0209) *

.

(0172) *

(M210) 4
:

(0173) * SF XXXKNMXXX SET FIRST TEST ADDRESS TO ADDRESS ENTERED
(M211) # FRRORS:

(0174) * aeSEE NOTE
(212) *

(17s) *
(0213) # AN ERROR MESSAGE HEADING WILL BE TYPED ON THE FIRST

(O176) * AM N/A PROVE THE PAGE MAP. THE MAP 1S MOVED FROF
(0274) * FRROR PRINTOUT ONLY. THE ERROR MESSAGE WILL PRINT

(0177) * PRESENT LOCATION TO OTHER POSSIALE LOCATION.
(0215) # THE TEST NUMBER, AN ASTERISK IF A PARITY ERROR WAS

(0178) *# EXAMPLE: MAP ¥S AT VERTUAL "493, MOVE TO VERTUAL
q)216) * DETECTED,» THE SHOULD RE DATA If KNOWN (NOT KNOWN

(0179) * "7400 OR VISE VERSER (SEE METHOD FOR (dei?) + IF MEMORY PARITY VECTOR FROM IMA ROUTINE)» THE IS

CQTEC) * PHYSICAL LOCATIONS)
CO27A) « DATA, AND THE ADDRESS THE ERROR OCCURFD AT C FOR

wisi) +
(0215) * INTEPLEAVED MEMORIES CARE MUST BE TAKEN !EEEtEtt

(0182) * MP XXXXNXNX MOVE PROGRAM TO ADDRESS SPECIFIED (PROGRAM
(1220) «

(0183) * MUST BE ON 4K ROUNDRY SO RIGHT 4 NUBBERS ARE
(O221) * PARITY ERRORS WITHIN THE PROGRAM OR FATAL ERRORS

(OT85) *

(0223) *

(0186) * RT X X ETC. RUN THE SPECIFIED TEST IN
(0224) *

(O187) # SEQUENCE. THF TESTS MUST RE SFPERATED BY EITHER
(0225) #

2

CN18H} * A SPACE OF COMMA AND ARE TERMINATED BY ETHER
(0226) *

\

COTBI} * THE NEXT COMMAND OR C/R.
OO044C (0227) Spws EQU. "646

a

(0790). * -
onuu23 (0228) DTARG EGU "23 ,

oo
’

UIE-13  




	Title Page
	
	Table of Contents
	
	Section I - Control Panel
	LBD 0620
	I-1
	I-2
	I-3
	I-4
	APL Control Panel Boot (D)
	I-5
	I-6
	I-7
	I-8
	I-9
	APL Control Panel Boot (H)
	I-10
	I-11
	I-12
	I-13
	I-14
	PC Card Layout [0620 Old]
	I-15
	I-16
	LBD 2582
	I-17
	I-18
	I-19
	I-20
	PC Card Layout [2582 New]
	I-21
	I-22
	I-23
	BOM's 0630-7520
	I-24
	I-25
	I-26
	Section II - 8K Memories (Intel)
	Memory Interface Description
	II-1
	II-2
	II-3
	II-4
	II-5
	II-6
	Memory Module Description
	II-7
	II-8
	II-9
	II-10
	II-11
	II-12
	Intel Integrated Circuit Description
	II-13
	II-14
	Memory Signal Name
	II-15
	Intel (Mem.) LBD
	II-16
	II-17
	II-18
	II-19
	II-20
	II-21
	II-22
	Memory (MOS) BOM
	II-23
	II-24
	Section III 0 8K, 16K, 32K Memories (PRIME)
	Memory Module Description PE-T-216
	III-1
	III-2
	III-3
	Block Diagrams 32Kx18 MOS Memory
	III-4
	III-5
	III-6
	Timing Diagram
	III-7
	III-7A
	32Kx18 MOS Memory LBD 1902
	III-8
	III-9
	III-9A
	III-10
	III-11
	III-12
	III-13
	III-14
	III-15
	III-16
	16Kx18 MOS Memory LBD 2323
	III-17
	III-18
	III-19
	8Kx 18 MOS Memory LBD 2324
	III-20
	III-21
	III-22
	III-23
	III-24
	III-25
	III-26
	III-27
	III-28
	III-29
	III-30
	III-31
	III-32
	III-33
	23K Memory Board Assy. 1232
	III-34
	32K Memory with 400 MOD
	III-35
	16K Memory Board Assembly
	III-36
	8K Memory Board (2 Layer)
	III-37
	8K Memory Board (4 Layer)
	III-38
	BOM's
	III-39
	III-40
	III-41
	III-42
	Section IV - Interleave Memory Boards
	Interleave Memory Product Spec. (PET-303)
	IV-1
	IV-2
	IV-3
	IV-4
	Interleave Block Diagram
	IV-5
	Interleave Memory Diagrams
	IV-6
	IV-7
	IV-8
	IV-8A
	IV-9
	IV-10
	IV-11
	IV-12
	IV-13
	IV-14
	IV-15
	IV-16
	IV-17
	IV-18
	32K Interleave Memory Board
	IV-19
	16K Interleave Memory Board
	IV-20
	BOM's Interleave Memory
	IV-21
	IV-22
	IV-23
	Section V - 128K Memory (256KB)
	128-ECCL Operation
	V-1
	V-2
	128-ECCL Block Diagram
	V-3
	128K Diagnostic Features
	V-4
	V-5
	V-6
	128K Error Location Table
	V-7
	128K LBD 2893 Rev B
	V-8
	V-9
	V-10
	V-11
	V-12
	V-13
	V-14
	V-15
	V-16
	V-17
	V-18
	V-19
	128 W/ECC P300X & 400
	V-20
	128K BOM's
	V-21
	V-22
	Section VI - Memory Extender
	Memory Extender Product Spec
	VI-1
	VI-2
	VI-3
	Main Board LBD 2619
	VI-4
	VI-5
	VI-6
	VI-7
	VI-8
	VI-9
	VI-10
	Main Board Dip Allocation
	VI-11
	VI-12
	VI-13
	VI-14
	VI-15
	VI-16
	VI-17
	VI-18
	VI-19
	VI-20
	VI-21
	Main Board Assembly
	VI-22
	Extended Board Assembly
	VI-23
	Cable Set Memory Extender
	VI-24
	BOM's
	VI-25
	VI-26
	Section VII - Diagnostic Aids
	Primos System Halts
	VII-1
	VII-2
	VII-3
	Memory Inchangeability
	VII-4
	VII-5
	Memory Backplane Configuration
	VII-6
	Memory Model Numbers
	VII-7
	Explanation of Memory Configuration
	VII-8
	VII-9
	VII-10
	HSMT2 Memory Explanation
	VII-11
	HSMT3 Memory Test
	VII-12
	VII-13
	VII-14

