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*THIS DRAWING AND SPECIFICATIONS, HEREI!,
KOT BE REPRODUCED OR COPIED OR USED
ITEMS WITHOUT WRITTEN PERMISSION. COPYRIGHT A“v

IN WHOLE OR IN PART AS TH

ARE THE PROPEPTY OF DIGITAL EQUIPMENT CORPORATION AMD S
£ BASIS FOR THE MANUFACTURE OR SALE ©

| 9774 . DIGITAL EQUIPHENT CORPORATION”

TL6Y-Y1-2901-(S2E)-91 D3a

CUSTOMER PRINT SET INDEX

SEQUENCE

THIS IS PRINT SET

PRINT 8E1 | |

PrORAWING DIRECTORY 1 B-DD-AR11-¢4 ar "r =
ANALOG REALTIME SUBSYSTEM A-PL-AR11-@-¢
ACCESSORY LIST A-AL-AR11-g-1 UNIT VARIATIONS
**WRAP AROUND MAINT. KIT wuwhu.,mom%ummbﬁ —
AR11 D-CS-M78@9-0-1 —
WRAP AROUND MODULE D-CS-G5@36-@-1 VAR TITLE -
**CABLE, BCll1lL D-UA-BCl1lL-@-g
SYS. INSTALL./ACCEPT. A-SP-AR11-g-4 AR11-§ ANALOG REALTIME SUBSYSTEM K
CIRCUIT DESCRIPTIONS A-SP-AR11-@-5
TROUBLE SHOOTING INFO. A-SP-AR11-g-6
MULTI-LAYER REWORK STD. A-SP-7665169-0-0
**INDICATES OPTION
DRN, DATE
m USED ONOPTION/MODEL | p' ™%  crappr|8/30/7h mTLE
K'D DATE
§ 9.9-74 ANALOG REALTIME
22 aca~ 9014
wl|© nvg V .. | _DATE [size|copE NUMBER REV
* J\\N 7/19/7 5 B | DD AR11-¢
M F SERV. (" DATE
= . v s
< SHEET 1 OF Q\_m”:mu\, W/ ot

DRB 106




CRnTNER ELECTRICAL PRINT SET
B o &
® g OPTION ¢ OPTION
= NO NO./FILE NO NO./ FILE
& £ m OF DATE m W f OF DATE
< $| & DRAWING NO. REV| SHT DESCRIPTION 3 ‘DRAWING NO. EV| SHT DESCRIPTION
K 1| A-PL-ARL1-9-0 - ANALOG REALTIME SUBSYSTEM _
K D-CS-M7849-g-1 AR11
K D-CS-G5@36-F-1 WRAP AROUND MODULE
A-AL-AR11-g-1 ACCESSORY LIST
A-SP-AR11-@-2 ENGINEERING SPEC.
A-SP-AR11-#-3 OPTION CHECKOUT/ACCEPT.
K A-SP-AR11-g-4 SYS. INSTALL./ACCEPT.
K A-SP-AR11-@-5 CIRCUIT DESCRIPTIONS
K A-SP-AR11-g-6 TROUBLESHOOTING INFO.
K A-SP-7665169-0-0 MULTI-LAYER REWORK STD.
D-UA-BCllL-g-@ 1 [CABLE, BC1l1L
A-PL-BG5036-@-@ WRAP AROUND MAINT. KIT
B-DD~-AR11-TA - CHECKOUT TESTER
B-DD-ARII-TB - BURNIN SYSTEM
** | INDICATES OPTION : : v —
CUSTOMER | X = PRINT OF DOCUMENT INCLUDED N PRINT SET TITLE _ SIZE|CODE NUMBER REV
PRINT SET | C = INCLUDES ALL PRINTS INDICATED ON DOCUMENT ANALOG REALTIME SUBSYSTEM AR11-g
CODES S = CONFIDENTIAL AUTHORIZED SIGNATURE REQUIRED SHEET 20F 2 | B | DD

DRB 108
DEC 16-(325)-1062-28-R972




DIGITAL EQUIPLENT COR Om>._._02 GUANTITY/VARIATION
g><zw_~o MASSACHUSE

MADE BY D.K.Crabbe CHECKED mkm (o AL_ [SECTION

DATE , 8-19-74 DATE 1

mzom%gt Do PROD \L e ISSUED SECT. ||

DAT &-2+7¢/ DATE @\\?vn\ L A

—

o' DWG NO./ PART NO. DESCRIPTION &

1 | pD-cs-M7889-g-1 AR11 1

2 1210089-4 Pins, Mating Socket 60

3 1210918-15 Housing, Mating Berg 1

4 | 1700021-0 Shield, 7 1/2 X 15 3/8 2
TITLE ASSY NO SIZE|CODE N ER ReV. [Eco nO.

Analog Real-time Subsystem WIU&...ENH“T& > U—l wwﬁ_\&cl@m
SHEET 1 OF 1 oist. | [ T T T T T T T 1

DEC FORM DEC 16—(325)-1031 Zm.\o
DRA 110




DIGITAL EQUIPMENT CORPORATION LEGEND QUANTITY/ VORIATION
MAYNARD , MASSACHUSETTS D DOCUMENT __m
DN DOCUMENT CHANGE W
ACCESSORY LIST NOTICE | J°
ey = =
MADE BY D.K.Crabbe |[CHECKEDPZ ol |[SECTION PA PAPER TAPE ASCII a3 &
DATE A, 8-19774 DATE m-mw-i 1 PB PAPER TAPE BINARY < Sf2 °
ENG Tt . PROD 22 L |[ISSUED SECT. |PM PAPER TAPE re S
DATE(/ £-24-7 DATE ~ G—=)0- 1 READ-IN-MODE - o 3
— =
(44
e’ DWG NO./ PART NO. DESCRIPTION < g =2
1 | B-DD-AR11-4 Drawing Directory 1
2]11210089-4 Pins, Mating Socket :m[o a
3]1210918-15 Housing, Mating Berg 1 I
4 | DEC-11-HARUG-A-D User's Manual 1 =
5 | MAINDEC-11-DZARA-A AR1l Diagnostic Test I (Logic) 1 =
6 | MAINDEC-11-DZARB-A AR1ll Diagnostic Test II (Analog) 1
7 | MAINDEC-11-DZARC-A AR1l1l Wraparound Diagnostic 1
8 | MAINDEC~11~DXARA~A AR11l DECX-11 Exerciser Module 1
. | AW |
i 1l
TITLE Accessory List ASSY. NO. SIZE[CODE NUMBER REV. [ECO NO
AR11 B-DD-AR11-¢ > P_- AR11-0-1
SHEET 1 OF 1 st | | I T T T T T T 17

DEC 16-(325)-1075-N172 DRA 121

o



e

gz

DIGITAL EQUIPNiZENT CORPORATION QUANTITY/VARIATION
g><zWMmM»me_soxc.Mmjm
MADE BY D.K.Crabbe CHECKED /L& (.. ZZ< [SECTION
DATE , 8-19-74 DATE  &-27-79 L N
ENG 2 PROD 707 2, do-. ISSUED SECT. ||\S
DATE() #-2¢-Wy DATE G =i -bbs 1 =
o
No.| DWG NO./ PART NO. | DESCRIPTION a
1 | D-CS-G5@¢36-g-1 Wraparound Module " 1
2 | D-UA-BCHSR-g6-g BCP8R I/O Cable 1
.Zq_ﬂm Wraparound Maintenapce Kit >mWMU_mewwE|a mMm wmn_vw wmmauzmcn,w_wnwz REV. [ECO NO.
SHEET 1 oF 1 oist. | T T T 1 [

DEC FORM DEC 16—(325)—1031—-N870
DRA 110

Luind

#



0. 92|
8 | 7 6 5 v 4 | 3 | [E17-0..5P77WEJT) 2 1
_ . K-CO-M7809-0-4 | 1
PROPLRT OF DG FITCAIONS MEREI, ARETHE NOTES: REF Ll %%Ezzm HOLE LOCATION .
PART A S TaSccd OR COPIED OF LSED Ik WHOLE OR N . REF ASSY,DRILLING HOLE LAYOUT D-AH-M7808-0-5 | z
PG ® 1505 _rumm__m_mm_“ﬂm_,ﬁ“ﬁ””ozsz,‘ REF MODULE ECO HISTORY B-WH-M7808-0-6 | 3
120 |22 1 ETCHED CIRCUIT BOARD 5010879 4
1] e CAP 470 PF 100V 5% DM 1000024 5
5| €2,03,04,C11,032 CAP 560 PF 100V 5% DM 1000025 6
2| ©5,c6 CAP 5000 PF 100V 20% DISC 1001765 7
D 1| o CAP 1500 PF 250V 10% DISC 1000054 8
” _ 2| cs,ci0 CAP 220 PF 100V 5% DM 1000021 9
= : _ 1] c9 CAP 270 PF 100V 5% DM 1000022 10
* + + + + * 3| ciz,c13,c14 CAP 39 UF 10V 10% S TANT 1000076 1
ces 14 Z 14 RI69 16 Ce0 14
; o 24 ; ! DI 16| CI5 THRU C21,C25,C34, 12
] | 1 e | [ ] G| ez | _n_ﬁ_. e | Q[ e | C40 THRU C45,C78 CAP 15 UF 20V 10% S TANT 1004812
_ _ €26 . CAP 680 PF 100V 5% DM 1000026 13
—RI70-. -D48K 14 1 c22 V 5%
ul —R95~ —~R94—
36 | C46 THRU C76,C23,C24,C26, 14
e s 75— @@@@@!S« ! €30,C35 CAP .01UF 100V DISC 1001610-01
— Tham e TR “RI0S- —Rios- VW , 2| c21,039 CAP 100 PF 100V 5% DM 1000016 15
14 + cd6 —roe- —Rir7- (@29 —['whoLes :
Es9 Ear w2 ® O @un_qwuw& TR ces 1| c2 CAP .001 UF 100V 10% PST 1008939 16
! —— RO nmwwn@ tw_m-Ne 3| 29,036,038 CAP 27 PF 100V 5% DM 1001739 17
_r 4 [ —Dio C28 —— ;@@ @ 1] c3 CAP 3300 PF 50V 8% CER 1011078 18
E58 Ed6 KIDI= c24 Z  -Da9Hd -RIO —R[13-
J e @90 @wmmmm&m@ @) @2 -mezehes- | o : 3| cs3,car,cT7 CAP 1000 PF 250V 20% DISC 1000043 19
il e Koie— @9 R0 _e®® _wu&ww_hwnmmwu 1| o20 DIODE-WCL 1301 1MA 1105610 20
8.44 FB.S ’ . =04l @7)SMDA0-F—Re .
= [[ess ] k5= @ __tou_ﬂ_mwm.m 1] D4 DIODE IN 4732 A 4.7V 1105138 21
" Thiva, @~ @) e DAk . 43| D2.THRU DIZ.Dis THRU 019 | DIODE D672 1105275 22
Yy ¥ y D21 THRU D30,D33 THR )
< — — —RI43- - i
E98 nT Es0 _ E80 E68 E56 _ E44 _ _ _ : lmwml &oﬁwu @ ch“um MM”HMN_W BA D48,D50,D51
C i _ _ i _ i . @) @ _m W Sher o= . 1] o4 DIODE_IN 756 A 8.2V 1103441 23
r P r P ° s ——Caa——  “REE WbS- 2V 1101385 24
€ e @ @ N Tame e TREE CREE ) 1] ag DIODE IN 825 6
— =d = & il ] = 1 - @ 1| D31 DIODE IN 751 A 5.1V 1110994 25
1 I ] [}
s £ _m e ud i ® o & @ @) 2| o032 DIODE IN 746 A 3.3V 1104850 2
| es ] [ ] [en | [ we ] [ | [ee ] EH@WW @3 . 1| o3 DIODE IN 754 A 6.8V 1109991 27
. _ ; _ _ _ . 1211164-4 28
2| s1,52 SW PACK
14 1 16 16 14 16 _RI73 '
: _ _ - 2 COVER (SW PK) 1211284-4 29
Cral  E95 st E77 €65 E53 E41
__— _ _m _ ! _ ! I —_ |_ tf BERG CONN. 1209941 30
_ - =R= P - - = ! 4| R136,R137,R155,R156 RES 1K %W 104 62 PR POT 1309150-3 3
ot . _ _ cd2[ €3 , , , 4
—R8— —RS5— ES
> _H_ |=_l TR e | E = N _ _f | ; | 3| Re5,Re6,RI114 v RES 2K %W 104 62 PR POT 1309150-7 2
© 16 ZRi- S & eI f I [
u e 77 7 16 6 16 16 o 5 5| R74,R83,R84,R99,R100 RES 500 %W 10% 62 PR POT 1309150-8 <l
]
&N_ e Jep [ e ] [ = ] [[= | e ] I | | e | 39| R1,R11,R14,R15,R28,R31, | RES 1.1K %W 5% 1301475 342
g L ! ! ! ! ! ! R34,R35,R38,R40 THRU
d 16 6 o i : “ | (8 , . Em.xa.z:.qwc»ﬂmm. _
: I -~ o[ @ R104,R112,R113,R115, )
¢ ess A rmam _ €74 4 £62 h £50 _ _ £38 _ €13 ‘_ 5 _ 5 _’ _ RIOL M2 RIS RIS, e &
- 'cas ' : ! 'ca3 : o '__ca 4 R142,R143 R146,R147,R 162 A
4 . 45+ e+ + — RIGS . RI6S 166 RIS RITE, B
. R176,R117, i3
3 | R12,R13,R46 RES 270 %W 5% 1301972 35 m
B D B A 3 | R2,R107,RI79 RES 100 %¥ 5% 1300229 %S
, F : . 23 RES 390 %¥ 5% 1300308 37
v A v A v A v AV A v A 4 | Ri8,R22,R23,R26 W 5% 5!
4 | Ri17,R21,R24,R25 RES 180 %¥ 5% 1301322 38
) RES 470 %W 5% 1300316 9 [En
I5.68FBS - 1] Rao RES 330 %W 5% 1300295 ]
12 | R32,R33,R120,R124,R3 RES 10K %W 5% 1300479 a0
’ THRU R10
3| R36,RIT7,RS6 RES 4.7K %M 5% 1300447 42
3| R37,R48,RIZS RES 3.3K 4H 5% 1300439 43
AR2 BA2 CAZ DAR, .R48,
mmmmnyw _ r8v 1] Ras RES 47K %W 5% 1302177 vy -
— c40 csg
. RES 82 %¥ 5% 1301781 45
A achxf |_rd.:~c 1 Wz N 2 R44 ,R45 ! o el -
T C4s cTe T 1 R47 RES 150 %W 5%
15 Olpd Wy wy
ACR ATI BLR, BTI cC2, M s t - —
- DC? ETI,FCR,FTI 1 Whk 1w qQrY REF. DESIGNATION DESCRIPTION ART NO. [
_ _ _ = . W FIRST USED ON OPTION MODEL v>mn—.m LIST
Ve w ETCH BOARD REV. | B | L T T T T T T T 171
. . DATE
Wb N <|3 Beasly |Te3 W _a___u_m tlall
DATE
A N 2l A
DATE
ﬂd w) NN ZK NN Olgs ?9\, ?@Z& TITLE
- N FEFE [ W_mm - o
. w o=l IR S BLo~- .22
F by SERELNL <5 il AR
o 2 s69% 5 Zlz T |50 2
: , . N Z15F NEXT HIGHER ASSY
=T = - o SIZE| CODE| NUMBER REV.
GND AND 5V ARE USUALLY PIN 7 AND 14 DEC NO. EIA NO. DEC NO. BANO. ' fe—ONE D|CS| M7879- @ —1 B
ED ABOVE - .
e 3 : SEMICONDUCTOR CONVERSION CHART | SHEET | oF 16 oist. [ [T ] [T ] [ ]
. IC PIN LOCATIONS . 5 ~ i
w8 / 7 \ 6 5 A 4




P

g

: 5 4 3 g T-0-6087W [5Jd] 2 1
“A3Y xwm_;r.m L . - Wm\nmq uN_m. . .
PROPERTY 0 ienn STECIICHTIONS MEREI, METHE 3| E15,E18,E92 iC DEC 7416 1909928 9 ; 3 | RI44,R164,R168 RES 47 1/4w 14 FUSIBLE 1310881-2 47
NOT BE REPRODUCED OR COPIED OR USED IN WHOLE OR IN i
wﬁmﬁ_ﬁmﬂﬂwﬂwnﬁﬁ%ﬂnaﬁswz.ma 1 E17,E73,E83,E84,E85,E95, IC DEC 8881 1908705 97 |3 R97,R98,R175 5 7.5K 1/4% 5% 1301422 48
COPIRIGNT© 197V4 DIGITAL EQUIPHENT CORPORATION" £98 12 R67.THRU R72,R80,R122, | RES 20K 1/4W 5% 1302391 49
4 | E50,E51,E52,E67 IC DEC 8641 (8838) 1911117 98 R132,R133 RI53 Ri54 ;
7| E19,E24,E38,E46,E57,E69, | IC DEC 7402 1909004 99 | 2 R73,R178 RES 100K 1/4¥% 5% 1302466
Esl 3 RT5,R171,R172 RES 1.69K 1/8W 25 PPM/°C 1308297 51
11 mmm mqucmmmmmmww.mﬂ. IC DEC 74151 1909938 100 145 R50 THRU R65 RES 1K 1/4% 1% FUSIBLE 1310851 =0 2
e 76,R10 750 1/4¥ 5% 130140 53
|| E% I DEC 74157 910655 o M ”ﬁw Ewmx X ”H N” _Ms mM: MMN_m : . M& D
,R73,R126,R66 1302388 g
9 | E23,E25,E44,E45,E58,E59, | IC DEC 7474 (ERLETY) 102 .
E60,E61,E70 1 R78 RES 910 1/4% 5% 1305374 55
1] En IC DEC 7408 1910155 103 | 1 R81 RES 1.2K 1/4¥ .5% 25 PPM/°C 1301668 36
1] 82 IC DEC 7427 1910878 104 | 1 R82 RES 1.8K 1/4W .1% 25 PPM/°C 1309295 57
1| et IC DEC 7420 1905577 105 | 8 ms.xﬁ.xm;;_és. RES 3K 1/4% 57 1300432 T 58
131,R149,Ri50 _
4| E98,E99,E100,E101 IC DEC 74190 1910095 106 S
1 R83 RES 2.2K 1/4¥ 5% 1300417 59
2 | E40,E41 IC DEC 74193 1910018 107
1 RY1 RES 560 1/4% 5% 1301890 fili
10| E1,E7,E13,E14,E39,E64, IC DEC 74175 1910651 108
E65,E75,E76,E77 2 R92,R93 RES 5.6K 1/4W 5% 1301874 LR R S
1] Es8 IC DEC 7451 1905828 09| 2 R101,R102 RES 1K 1/4W .1% 25 PPM/°C 1304865 52
1] E2 IC AM 2504 1911628 (10| 1 R106 RES 33 1/4W 5% 1300197 3
2| E21,E34 IC DEC 74123 1910436 1] 2 R109,R111 RES 382 1/4W .1% 25 PPM/°C 1309291 54
2| E16,E47 IC DEC 7405 1909930 112 | 2 R110,R119 RES 15K 1/4W 5% 1300436 85
1] ez IC DEC 7406 1910741 113 ] 1 R127 RES 68 1/4¥ 5% 1300219 56
1] E49 IC DEC 7493 1909054 4] 2 R134,R151 RES 422 1/40 1% 25 PPM/°C 1300312 87
2| 8,612 IC DG 501C (AM3705C,IM7118C ) 1911598 15| 2 R135,R152 RES 464 1/4¥ 1% 100 PPM/°C 1303047 58
3| E4,E10,E22 IC MC 1408L8 1911629 116 | 4 | RI38,R139,RI57,R158 RES 3K 1/8W .1% D5 PPM/°C 1302676 8
1] E20 IC DEC 7453 1905582 17 2 R140,R159 RES 1.992K 1/4W .1% 25 PPM/ SC 1302877 70 €
4|  E2,E8,E43,E63 IC DEC 74174 1910652 118 | 2 R141,R160 RES 1.21K 1/8W 1% 50 PPM/°C 1302741 71
2] E5,E11 DIODE PK 2501 1910010 T19] 2 R19,R27 RES 383 1/8W 1% 100 PPM/°C 1305125 72
12 EYELETS FOR HANDLE 906732 20 2 R16,R20 RES 178 1/84 1% 100 PPM/°C 1311422 73
27 SPLIT LUGS 9006735 121 2 R145,R161 RES 768 1/8W 1% 25 PPM/°C 1309292 14
| HANDLE (HEX) 1210711 122] 2 R148,R167 RES 3.987 1/8W 1% 25 PPM/5C 1302678 75
2 CRYSTAL SOCKET 1202812 123] 2 R173,R174 RES 9.09K 1/8W 1% 25 PPM/°C 1305430 3
, 1 CRYSTAL HOLDER BRKT. 5303154 124] 2 060,070 FET 2N5460 1510233 77
1 REAR SUPPORT BRKT. 5302825 125] 4| 01,02,03,051 TRANSISTOR 30098 1503100 78
2| w2,w4 INSULATED JUMPER 9009185 126] 2 05,08 TRANSISTOR D45C6 1510414 78 —
3 SCREWS FOR BRKT. (PAN HEAD) 906001-1 1271] 2 06,09 TRANSISTOR D44C3 1510171 80
X NUTS (2-56 906555 128 11 04,07,010,030,031,032, ‘TRANSISTOR 6534D 1503409 31 1
s HE (2:56) 152,054,055, 064, 085 £
AR WIRE, 30 AWG 9105740 1291 3 | 11,048,049 FET 2N5245 1509881 82
34 | Q12 THRU Q19,021,022,024 TRANSISTOR 2N4250 1500142 331 ¢
THRU Q29,Q33 THRU Q36, ; =
Q41THRU 045,056,057 ,061,062, ol
066,067,071,072,074 o
16 | 020,023,037 THRU 040,046,  TRANSISTOR SE4020 1509587 84 12
047,053,058,063,Q68, 069, @D
073,056,059 r~
3 L1,L2,L3 INDUCTOR 100 bt 1610662 B =
2 14,15 INDUCTOR .22 UH 1603377 86 m%
g
1 Y1 CRYSTAL 1 WHZ 1805501-1 87 UB
2 E86,E93 IC DEC 8837 1911116 88 1
. 2 E87,E94 IC DEC 824 1909712 89
DEC 74174 8 is 1 E74 IC DEC 8251 B 1909594 wlp
DEC 7493 10 5 1 E62 IC DEC 314 1909704 91
DEC 74123 8 16 2 E89,E91 IC DEC 384 1909486 92
AM 2504 12 24 2 E80,E90 1€ DEC 8640 (380) 1909485 93
DEC 74175 8 16 4 E28,E53,E56,E72 IC DEC 7400 1905575 94
DEC 74193 8 16 4 | E3.E9,E48,E79 IC DEC 7404 1909686 95
DEC 74190 8 16
DEC 74157 5 c qQrY REF. DESIGNATION DESCRIPTION PART NO. __wwz
FIRST USED ON OPTION MODEL -
DEC T415) 8 16 PARTS LIST
DEC 6cal (8838)| & 1 [ 1 I I O I O
. DATE
DEC 8640 (380) | | 8 <|3 SJi Q__ _ tlall
DEC 384 [ 8 oA gita A
DEC 314 | 8 o g 2 TITLE
DEC 825/8 8 i clsl3 AR11
DEC 8837 8 16 BB
ol s
IC TYPE GND | +5v m S NEXT HIGHER ASSY
GND AND 5V ARE USUALLY PIN 7 AND 14 S SIZE| CODE NUMBER REV,
RESPECTIVELY EXCEPTIONS ARE STATED ABOVE - DEC NO. EIA NO. DEC NO. EIA NO. SOALE NONE U Om 7\_ V@&@ - @\I _ mu
IC PIN LOCATIONS 5 SEMICONDUCTOR CONVERSION CHART SHEET 2 OF Ib DIST. [T 7 [T [ ] I
[ogreriag 8 5 4 3 2 1
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8 7 6 5 I} 4 3 |8 -0 878IWEJ] 2| !
“THIS DRAWING AND SPEGIFICATIONS, HEREIN, ARE THE
PROPERTY OF DIGITAL IPMENT CORPORATION AND
SHALL NOT BE REPRODUCED OR COPIED OR USED IN WHOLE
OR IN PART AS THE BASIS FOR THE MANUFACTURE OR SALE
OF ITEMS Wi ITTEN PERMISSION.
COPYRIGHT %H- DIGITAL EQUIPMENT CORPORATION"
+5V BAS ENARBLE L
qu re Lrs Wmm R W»m Wmm R0 Wm: ) 45V
OFF j _ADDRESS 10K S10K 310K S1OK SBK S1BK 10K S 19K LR BUs Moyn | EEL__ 1@ *
D BUS A11 L ELL g o e_ o J_ susan L BBl —2qaa N\, ik
a | Tee M ‘ Bz hie - ez —eJece 1400V [ sqrateNe 1 Bus ssvnv L D
i O\qol_& Bus A4 L EKL 4 2| ET2 £92 AN
BUS Afg | EPLID IR BUS AI3 L EXKZ 11 Re
8837\ 12 | l
9 4 EB6
m“ "o “Am =
ERI |15 S1-2
8Us Ao L =R1| 5o\ 14 | | - ”
9 ] e8¢ | | dmmpm i BUS Afa L ECLIT 2040\ 2 M
a3 o e 13 )] ea7 £80 -0~
BUS Ape L EN213 o3 | weR
. 5 mmoﬁ 4 | ] 2, vy N (380) S
E86 2 AS INY
4l oo l4a 1 :qu +5V pReniT Y
Bus Ap7 L ERE | 1 P Tsra T
M@rm ] | R12
€86 o
] m“ O\ "aN 1 17410 2 ¢ BASB INIT L
ur |s 91-5 €92
Bus Age L EYL 283\ 6 | | +5v
7
= .VTO\«OF s pu |0 Mﬁs
usiniT L 2H L2
EVi |1 st-¢ | 8 8cad \14 3474104
C BUS AGS Py _ | 1 | tog —3q s BRS INIT L C
74 E93 | =
7 lio
%2
Eu2 -7
Bus Age L E2LSg s o | | - BUs co1 L EF2
7 ] €93 T T 8242\ ! BAS IN L
m_ o\.O "w .w~ €94
gve | 3 $1-8
BUS AB3 L EYB L3 N L_5-8 -
74 € BUS cpp L =22
9
| 1 " AN:]
— Bus Age L EELIBare BAS AG3H = b@lmsmocq HIGH L ya—
94 EO2 2
1400\ 3 4 0
BAS Ag2W 4 o ES3 1408\ 6 2
BUS Aot L EHL 115 saaT) 14 ¢ h@lmmmog Low L
E93 , -
- BAS ng1H -
EH2 | 11 S
BUS AP L ERE 3837\ 10 1 | 7a00 g !
9 E93 ET9 w9
i o=
B = ~
=
8251 , -
ET4 ¢9 O|M 5
mu_ummwwﬂw o " . 2Q
NT C R
DECODE u|hf BAS MAINT CLK CT
f6D— BAS Y BUF L
BRS ENABLE L ->0{p3  f5p-2 BAS X BUF L B
| £4 D—2— BAS DISP STAT L
D2 ¢3p2 gAscLK BUF L
— 14|, f2 0L BAS CLK STAT L -
¢ o2 aps AD BUF L
1S bs ep-'2BAs AD sTaT L
A A
.- REVISIONS
u T T TN T BAS (BUS ADDRESS SELECT)
| TITLE SIZE[CODE] NUMBER REV.
AR ] D|CS| M78@¢9-0-1 |B
3 SCALE  NONE |SHEET 3 OF |6 ost. [ [T T T T T 11
DEC FORM NO.
CEE 7 [ 6 5 ) 4 3 _ 2 _ 1




8 7 6 5 4 3 | [E 0603z EJd] 2| I
“THIS DRAWING AND SPECIFICATIONS, HEREIN, ARE THE —
PROPERTY OF DIGITAL EQUIPMENT CORPORATION AND
COPYRIGHT @_ S T4 DIGITAL EQUIPMENT CORPORATION"
e £
BUS D 09 L r 1Kl BUs b g8 L
DM BIT ¢0 H DM BIT @8 H
BIO OUT @@ H BIO OUT @8 H
BUS D @I L BUS D 09 L
DM BI _ DM BIT 09 H
To I__ : BIO OUT @I H IT 0 BIO OUT @9 H
| | e
|
! +E2.8us D g2 L BUS D 1§ L
s
DM BIT ¢ 2 H— !
0 [ 18%E Y | BIO OUT @2 H BIO OUT 1@ H
| |
|
! —~Ll BUS D ¢3 L BUS D 11 L
|
DM - :
! BIO OUT @3 H BIO OUT Il H
| o
| |
BAS IN rl__N. 8641 ! BAS IN L
8 |
BAS ENABLE L9qE32 (883 8] | (88381
|||||||||||||||||||| - ————— e __
Sen
S —— sFN2 8Us D g4 L BUS D 12 L B
OM BIT ¢4 H OM BIT 12 €
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2.2 The AR1ll may be mounted in any hex SPC slot and will operate

within specification with no configuration restrictions whatsoever

regarding physical proximity to processor, memory, or other options.

AR1l analog performance may be further optimized beyond specifica-
tion levels by mounting in an electrically quiet environment. Con-
sequently, if a choice is available in configuring a system, the

AR11l should be mounted away from the processor and memory modules.

2.3 cCabling

The AR11l is interfaced to the outside world by means of either
a BCO8-R flat cable to an H322 distribution panel, a BCll-I, Berg-
to-open end cable, or a user-built cable. In either of the latter
two cases, in a HOW= or 5k mounting box, the next slot (on the
component side of the AR11) should not contain another hex spcC
module, in order to leave room for the AR11l cable to double back

and exit "past the top of the module.

2.4 Bus Addresses

The AR1l starting address may be set at any address between
760089 and 77776@ (in increments of 2g) by means of a jumper and
switches on the module. The preferred starting address is 77g4¢¢.
Use of any other starting address will necessitate patches to the
AR1]l diagnostics, as well as to system software (such as RT-11 lab
applications and SPARTA) which supports the AR11. The AR11 diag-

nostics (Test I - logic and Test IIT - wraparound) support multiple

VwHH.m automatically, provided that the AR1l's occupy a sequential
block of addresses 2¢ apart, and provided that the address follow-
ing the last AR11 is unused. For example, in a system with a singlsg
AR11l at 770499, the address 773429 should not be used; a system
with three AR11's should have the AR11l's at 779499%, 778442¢ and
77944¢, with the address 77¢460 unused. If, in configuring a
system, it is necessary to use the address which is 2¢ higher than
the last AR11 address, patches will ke necessary to diagnostics
Test I and Test III, and these diagnostics will then test only

one AR1l at a time, (See section 4 for patches)

2.5 Vectors

The AR11l vector space may start in increments of 2¢ up to a
maximum of 760 by means of switches on the module. The preferred
vector is 34¢. Use of any other vector will bmommmwdmﬂm patches
to the AR11 diagnostics, as well as to system software which sup-
ports the AR1l. For AR1l diagnostics Test T and Test III to work
properly with multiple >WHH@m in a system, the AR11 vectors should
be in sequential order, 2¢g apart. For example, in a system with
three AR11's at 77@4¢¢, 77¢42¢, and 779448, the vectors should be

349, 369 and 4¢¢ respectively.

3.0 AR11 INSTALLATION
3.1 Based on the above considerations, choose a hex spcC mounting

slot, starting address, and vector for the AR1l1l to be installed.

SIZE |CODE NUMBER REV SIZE {CODE NUMBER REV
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wu.m Set up the starting address in the following manner:
3.2.1 For mmmﬁmmmwm between 770@@9% and 77776:, leave W4 .
connected. For addresses between 76@@@0 and 767760, dis-
connect W4 and connect W4A.
3.2.2 get up address switches (81) per figure 1 and figure 2,

Switches are set "on" for a # and "off" for a 1.

?:m_z_z_s_sf_sm _i ,N._m;m_ : TMTE

1 1 111 1 x| x X X|X X % X X ol o g4g

ex: 7 7 g 4 g g
—— ]
K o -
jumper switch selectable

Figure 1: AR11 Address Selection

3.3.3 Example
To set up starting address 770400, leave w4 connected,

set all s1 mswwosmmm=os= except for the bit 8 switch,
Bit
Bit 4

Bit 11
/ /~  Bit 4
S L]

S1 (Address)

S2 (Vector

F _ — E D

Figure mu.m€w#os Locations

3.3 Set up the vector in the following manner:
3.3.1 sSet up vector switches (S2) per figure 2 and figure
3. Switches are set "on" for a 1 and "off" for a #. (Note

that this is opposite to the address switches.)

sl7fe|s]a]|3]2]1]g]

o« — l[ull(l\
Switch selectable 4 = A/D inkerrupt

il

71
14

Clock interrupt
Display interrupt

Figure 3: AR1l Vector Selection

3.3.2 Example
To set up a vector of 34%, the bit 7, 6, and 5 switches

are "on" and the bit 8 and 4 switches are "off",

3.4 Re-install the covers on switch-packs S1 and S2.

3.5 Install the module in the selected hex SPC slot.

3.6 If the system contains an H322 signal distribution panel,
connect the AR11 and mwmm.6< means of a BC@8-R Berg-to-Berg cable,
If the system includes a BCl1l-I, Berg-toeppen end cable, do not
install the cable at this time. TInstead, install the BC@8-R cable
which is to be used with the G5036 wraparound module for accep-
tance testing. The BCll-I, is to be installed upon completion of

acceptance testing.

3.7 1Install the 17-00021 electromagnetic shields on both sides

of the AR11,

SIZE |CODE NUMBER REV
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3.8 Conduct an acceptance test per section 4 below.

4.0 ARL1 ACCEPTANCE \
4,1 Test Flow

AR11l acceptance testing filow is shown in figure 4.

Start

¥

[Logic Test MAINDEC-11-DZARA-B Section 4.3]

able?

Preferred Path &)//\\\z

Section 4.4

Section 4,5 Analog Tests

Scope Interfaced?

Section 4.6 Scope Control Test

L.

- A
DEC/X11 MAINDEC-11-DXARA-A

Section 4,7
Verify Accessory List A-AL-AR11-g-1

\

Accept

System

Figure 4: AR11l Acceptance Flow

P G5036 Wraparound Module avail-

HSﬁmHmOﬁwos Test

TITLE

AR1]l System Installation/Acceptance Procedure

In every case, AR1l acceptance begins with a complete test
of the AR11 logic, described in section 4.3 below.

If a G5036 wraparound module is available, the preferred path
is taken for analog testing, described in section 4.4 Umwoim This
is the normal path taken for in-house acceptance, field installa-
tion acceptance, and on-going AR11 analog verification testing by
field service personnel and by users who have purchased the BG5036
maintenance kit. The msmwou,ﬁmmﬁwum path described in section 4.5
below is for on-going AR11 analog verification testing by users
who have not purchased the BG5036 maintenance kit.

The scope control test, described in section 4.6, is to be run
on those systems in which the AR1l1 is interfaced to an XYy display
scope or storage scope.

The DEC/X1l system interaction test, described in section 4.7,
is to be run on all systems with AR1l. The AR11l DEC/X11 module
tests for the presence of the wraparound module and chooses one of
two routines accordingly. If the G5036 wraparound module is avail-
able, it should be connected to the AR11 during DEC/X11l testing.
However, DEC/X1l can be run without the wraparound moduke without
sacrificing validity, by users who have not purchased the BG5036

maintenance kit.

4.2 Equipment and Diagnostics Require&d

4.2.1 PDPll system, with AR11 and console device.
SIZE |CODE NUMBER REV
A SP .l _AR11-g-4
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4.2.2 cCalibrated DC Voltage Source. EDC model MVilé or
eguivalent,

4.2.3 BG5036 maintenance kit: *
4.2.3.1 G5036 wraparound module
4.2.3.2 BCO8-R Berg-to-Berg cable

MAINDEC-11-DZARA-A AR1l Test T (logic)

MAINDEC-11-DZARB-A ARl1l Test IT (analog)
MAINDEC-11-DZARC-A AR1ll Test ITI (wraparound) *
MAINDEC-11-DXARA-A AR1l DEC/X1l1 module

*Not required for user's on-going verification testing

Logic Test

Load and run the logic test diagnostic MAINDEC~11-DZARA~A.
Under the following conditions, no patches are required: First

(or only) AR1l at address 7704¢d, vector at 34¢; additional AR11
addresses and vectors 2@ apart and sequential, e.g. 77@42¢% and 364,
779440 and 40F, etc; address 2¢ higher than last aAR11 address un-
used, e.g, 77042@ in system with one AR1l, 77d46@ in system with
thre. AR1L's. Otherwise, patch:

aj 1368/ AR1l starting QOHmmm (first AR11)
o) 1362/ AR11 vector (first AR11)

c) 1526/ 5003 inhibit testing more than one AR11,

Without patch (c), the diagnostic automatically tests all

the ARI1l's installed in the system (with sequential addresses 2§

apart) in each pass. The diagnostic must complete at least three
passes without ~»rror with iterations or ten passes without error

without iterations (Swll = 1).

4.4 Analog Tests (using G5036 wraparound module)
4.4.1 For each AR1l in the system connect the AR11l to a

G5036 wraparound module by means of a BCO8-R Berg-to-Berg cableg
For ARll's which are interfaced to H322 signal distribution panels,
the BCO8-R cable which normally connects to the H322 should be dis-
connected from the H322 and connected to the G5036. For AR11l's
without an H322, the BCO8-R cable should come out of the processor
Maximum BCO8-R cable length should be 12 feet,

box and cabinet.

*Important Note: The BCO8-R cable should be connected "gpside-

down" at the G5036 end, i.e. A to VV rather than A to A.

4.4.2 sgset the switch on the G5036 module to the "E" position,
Connect the EDC voltage source signal output to the "E" split
lug on the G5036. Connect the EDC voltage source return to
the "G" split lug on the G5036. The EDC should be floating
to aVoid ground loops. The EDC leads should be short and
shielded if possible. The EDC output is now connected to the

AR1l A/D channel ¢ input.

4.4.3 Load the analog test diagnostic MAINDEC-11~-DZARB-A,
This diagnostic only tests one AR1l at a time. For an AR1l1

at address 77¢4¢¢ and vector 34¢, no patches are needed.
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Otherwise, patch:

a) l2g4a/ wwﬂw starting address

b) 12¢6/ aAR1l vector

Start the program at location 20%, select Test C (cali-
bration test), and when requested, type 'I' for internal A/D
starts. Set SWl@ = 1 to force console printout of the con-
verted value. Select channel ¢ bipolar by leaving all other
front console switches at ¢,

Set up the EDC for the input voltage indicated in column
A and monitor the conversion result. Tt should be the value

in column B, with a +1 tolerance,

A B
-1.875 Volts @299  +1
0 1000 +1
+1.875 Volts 1609 1

4.4.4 set the switch on the G5036 module back to the "g"
position. The AR11 A/D channel ¢ input now sees a ground,
the desired input mOH wgaparound testing. The EDC may now

be disconnected,

4.4.5 Load and run the wraparound diagnostic MAINDEC-11-DZARC-
A. ©No patches are required if the following conditions are mets
First (or only) AR11l at address 779409, vector at 34¢: addi-

tional AR11 addresses and vectors 20 apart and sequential, e.g.

779420 and 368, 77¢440 and 40¢, etc.; address 2¢ higher than

ENGINEERING SPECIFICATION d)11gy 1111 CONTINUATION SHEET

TITLE  aAR11 System Installation/Acceptance Procedure

last AR1l address unused, e.g. 77042¢ in systems with one
AR11l, 77@46%F in system with three AR11's. Otherwise, patch:
a) 1334 / ARl1l starting address (first AR11)
b) 1336 / AR11l vector (first AR11)

c) 145¢ / 5¢@3  ; inhibit testing more than one ARI11.

Without patch (c¢), the diagnostic automatically tests
all the ARll's installed in the system (with sequential ad-
dresses 2@ apart) in each pass. The diagnostic must complete
at least two passes without error.

The wraparound diagnostic tests the following:

a) Scope intensify pulse, A/D external start

b) Storage scope hand-shaking logic-erase return, etc,

c) Scope control output logic high and low levels

d) Analog power supply levels

e) Functional check on all 16 channels of A/D input

f) A/D input bias current

g) Calibration of XD/A vs. A/D, ¥D/A vs. A/D

h) Linearity of XD/A vs. A/D, YD/A vs. A/D

i) Differential Linearity of A/D, XD/A, YD/A

j) A/D inter-channel settling, plus full-scale and

minus full-scale

k) Noise levels - rms and peak - A/D bipolar, A/D uni-

polar, XD/A, YD/A

SIZE |CODE NUMBER REV
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1) offset - A/D bipolar, A/D unipolar, XD/A, YD/A

Numerical results of the above tests can be printed out,
for the edification of the test operator, by setting front

console SWl1l2 = 1,

4.5 Non-wraparound Analog Tests

This section may be performed in lieu of section 4.4 for on-
going AR11l analog verification testing by users who have not pur-
chased the BG5036 maintenance kit.

4.5.1 Load the analog test diagnostic MAINDEC-11-DZARB-A.

This diagnostic tests only eme AR11l at a time. For an AR11
at address 77¢4d@ and vector 34¢, no patches are needed.
Otherwise, patch:

a) 12¢4 / AR1l starting address

b) 12¢6 / AR1l vector

4.5.2 A/D calibration and Linearity

Start the program at HoomﬁMOB 20@, select Test C (cali-
bration test), and when requested, type 'I' for internal A/D
starts. If the AR11l is interfaced to a scope, the results
will appear on the screen. If the AR1l is not interfaced to a
scope, set front consele SW1@ = 1 to force console printout

of the converted values.

Connect the EDC output to the input of the A/D channel

to be tested. Connect the EDC return to one of the A/D in-

put grounds, The EDC should be floating to avoid ground loops.

The EDC leads should be short and shielded if possible. Select

the desired A/D input channel using front console SW@3 : swgd .
Set up the EDC for each input voltage indicated in

column A and monitor the conversion result. It should be the

value in column B, with a +1 tolerance.

A B c
-2.500 Volts [nfefrfv] +1 0
-1.875 volts 7200  +1 +.625 Volts

-1.250 volts gagg +1 +1.250 Volts
-.625 Volts gdegdg +1 +1.875 Volts
0 1999 +1 +2.500 Volts
+.625 Volts 12 +1 +3.125 volts
+1.250 Volts 1499 +1 +3.750 Volts
+1.875 Volts 160d +1 +4.,375 volts

Set front console sw@5 = 1, for unipolar input range,
Set up the EDC for each input voltage indicated in column C
and monitor the conversion result.

It should be the value in

column B, with a +1 tolerancsa.

4.5.3 A/D Noise

The AR11l A/D's noise level gan be measured in one of two
manners. Each involves a burst of 512 conversions. If the
average of the 512 conversions is centered within a nominal-

width (1 LSB) state, the "tails" of the noise distribution can

be observed in the (average +1) and (average -1) states. For

SIZE [CODE NUMBER REV
A SP | AR11-g-4
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rms noise levels less than the % LSB spec, at least 490 con-

versions are in the center {average) state.

4.5.3.1 The first method of noise measurement can only
be done when the ARl1 is interfaced to an oscilloscope.
Using this method, it is easy to center the EDC voltage.
within a mwﬂ@wm state, but it is necessary to count the
bsavmwwom conversions in the Aw<mﬂmwm +1) and (average

-1) states.

Select Test C (calibration test), and when requested,

type 'I' for internal A/D starts. Select the desired A/D
input channel using front eonsole SW@3:9%. Connect the
EDC output to the input of the channel being tested as in
section 4.5.2 above. A burst of 512 conversion is dis—
played across the screen, with four +8 LSB "markers"
superimposed on the trace. Adjust the EDC voltage se that
the trace is exactly centered within a state (equal num-
ber of plus and minus "glitches"). At this wd@ﬂﬁ voltage,
set SW@6 = 1, to discontinue sampling and freeze the last
512-point burst on the screen. Count the number of con-
versions in the (average +1) and (average -1) states.
This number should be less than Nwwo~ i.e. there must be

at least 490 conversions in the center state,

4.5.3.2 The second method of noise measurement does nsnht

TITLE AR11 system Installation/Acceptance ‘Procedure

require the AR1l to be interfaced to a scope.

Select Test D (repeatability test), and when re-
quested, select the desired channel, and select a count
spread of @, to force printouts of all distributions.
Connect the EDC to the desired channel as in section
4.5,2 mUo<m.ﬂ Observe the distributions printed out,
and adjust the EDC voltage such that the distribution
is centered in the "Av" state, with equal numbers of
conversions in the "+1" and "-1" columns. The number

in the "Av" column must be 490 or greater,

4.5.4 1Inter-channel Settling

Inter-channel settling is tested by connecting two vol-
tages which are at opposite ends of the A/D input range to
two different channels. For example, connect -2.,4 Volts to
the channel @ input and +2.4 Volts to the channel 1 input and
run with bipolar input range (+2.5 Volts) by selecting chan-
nels @ and 1, or connect +.1 Volts to the channel ¢ input and
+4.9 Volts to the channel 1 input and run with unipolar input
range (0 to +5 Volts) by selecting channels 4¢ and 41. 1In
the following description, it is assumed that -2.4 Volts and
+2.4 Volts are connected to channels @ and 1.

Select Test E (recovery test), and when requested, type

"¥, 1" for the positive settling test and "1, g" for the nega-
tive settling test. A series of eight conversion values is
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then typed out. 1In each case, the first value typed out
should be within one count of the average o. the remaining
seven values. (If the remaining seven values are on the
borderline between two states, change the input voltage by

2.5 mV and repeat the test})

4.6 Scope Control Test

This test is done only if the AR11l is interfaced to an oscil-
loscope. The analog test diagnostic MAINDEC-11-DZARB-A must be
loaded (and patched for proper address and vector if necessary)
per section 4.5.1 above. Select Test B (display) .

The program will loop through the following eight "pictures":
horizontal line, vertical line, square, X, settling test square
wave, character set, channel 1 - channel 2, descending horizontal
line. Observe these pictures for linearity, dot spacing, and lack
of noise or jitter.

Set SW@8 = 1 to select a fixed "picture". Set SW@2:= 1 to
select the settling test square wave. With SW@7 = @ observe set-
tling in the horizontal direction:; with SW@7 = 1 observe settling
in the vertical direction. Maximum settling mHHOH.mUocHQ be "1
dot".

If the scope which is interfaced to the AR1l is a VR14, with
SW@8 = 1, set SW@2:00 = 6. With the VR14 switched to "both",

“Channel 1" and "Channel 2" should appear on the screen. With the

TITLE

ARll System Installation/Acceptance Procedure

SIZE | CODE NUMBER REV
A sp | AR11-g-4

VR14 switched to "channel 1", "Channel 1" should appear on the

screen; likewise for "channel 2",

4.7 DEC/X1l System Integration Test

The system exerciser is configured using the AR1l exerciser
module MAINDEC-11-DXARA-A along with modules for all other options
present. The G5036 wraparound module should be installed per
section 4.4.1 above. The ARll exerciser measures (and compares
to spec limits) rms and peak noise levels on A/D, X D/A, and Y D/A.
All A/D conversions are started on clock overflow after a random’
number has been loaded into the clock buffer register. Since the
system is being exercised in the background at the time the A/D
conversions start, the noise levels measured are true worst case
levels, under conditions of full system interaction.

For purposes of on-going verification testing by a user who
has not purchased the BG5036 maintenance kit, the DEC/X1l1l module
may be run ﬁwdsosﬁ wraparound. Under this condition, the program
senses the absence of the G5036 wraparound module and goes to a
routine which takes conversionson each of the 16 channels and dis-
plays them on the screen of the scope driven by the AR11l. Each

channel is displayed in turn for about three seconds.,

AFTER ACCEPTANCE
5.1 Remove the G5036 wraparound module. It is not shipped with

the AR11.
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5.2 If the system includes an H322 signal distribution panel,
reconnect the BCO8-R.ccable to the H322., If the system does not

include an H322, remove the BCO8-R cable. It is not shipped.

5.3 1If the system includes a onwlﬂ cable, it should be installed
at this time. If the AR1l is in a new version 10%" or 5%" mounting
box, so that the BCll-L cable cannot go straight out the back, the

BCl1l-L cable must double back and exit past the top of the module.

5.4 Verify that all items on the AR1l accessory list A-AL,-AR11-@-1

are present and properly wWQWmQ for shipment.

e

SIZE | CODE NUMBER REV
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MAYNARD, MASSACHUSETTS
— TITLE AR11 Circuit Description
ENGINEERING SPECIFICATION DATE  9/16/74 |
1.0 INTRODUCTION
TITLE . . . .
AR11l Circuit Description
4 1.1 The ARll is a one-module real-time analog subsystem that in-
REVISIONS _
REV DESCRIPTION CHG zo_ ORIG DATE | APPD BY | DATE terfaces with the PDP-11 family of computers via a hex SPC slot.
Included on the AR11 module are the following:
1.1.1 Bus Control, with switch-selectable address,
1.1.2 1Interrupt Control, with switch-selectable vector.
1.1.3 A/D Converter, with 16-channel multiplexer and
sample-and-hold.
1.1.4 Real-time Clock, with five crystal-based frequencies,
| external input, and an 8-bit counter.
1.1.5 Display Control, with two 10-bit D/A converters.
1.1.6 Analog Power Supply.
1.2 The following material should be referenced when using this
document:
1.2.1 M78¢9 (AR1ll) circuit schematics D-CS-M7809-@-1.
1.2.2 ARll User's Guide DEC-11-HARUG-A-D
1.2.3 PDPll Processor Handbook
1.2.4 Manufacturer's manual for XYy display scope or storage
scope being used with the AR11.
1.3 Reading M78@9 Prints
At the bottom right corner of each M78¢9 circuit schematic
page is the page title, e.g. BAS (BUS ADDRESS SELECT). The
symbol preceding the parentheses is the page mnemonic. Each
G COoE NUMBER SIZE [CODE NUMBER REV
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signal generated on a given page has that page's mnemonic in
front of it for page cross-reference purposes. For mxmavwm~
BAS ENABLE L originates on the BUS ADDRESS SELECT page, and is

low when ENABLE is asserted.

2.0 BUS CONTROL
The AR1l Bus Control consists of BAS (BUS ADDRESS SELECT),
BIO (BUS IN/OUT) and DM (DATA IN MULTIPLEXERS), pages3, 4 and 5 of
the M78@9 schematics., | g
2.1 Bus Address Select

The purpose of the bus address select logic is to recognize
one of the eight ARll register mmmwmmwmm on the Unibus address
lines, select the register for input or output data transfer
upon receipt of MSYN b‘mHOB the UHoomwm0H~ and to acknowledge
receipt of MSYN L by sending SSYN I back to the @HoommWOH.

Bla address lines Al7 I through A@4 I. are used to recognize
that one of eight AR11 registers is being addressed. Bus address
lines A@3 L through A@l I, are decoded to Qmﬂmwawsm which of these
eight registers is being addressed. BUS AJZ L is used to deter-
mine high or low byte within the word, in conjunction ﬁw#s BUS
CAF L, which is low for a computer output byte operation and high
for an output word operation.

BUS All L through A@4 I are compared with the state of the

address select switches using "exclusive or" circuits ES87 and E94.,

The "exclusive ow=w0¢ﬂvsmwm high when All through A@4 match the
switch address. When this occurs, and the E62-3 output is high,
the ARl has recognized its address, and BAS ENABLE I, is asserted.
The E62-3 output is high with BUS MSYN L asserted and 77XXXX (W2
connected) or 76XXXX (W2A connected) on the bus address lines,
Thus, as a function of dmm address switches, the AR11 can have

any address from 76@@@@ through 76776¢ with W2A connected and

from 77¢@@@ through 77776¢ with W2 connected.

AR11l address selection is further illustrated in figure 1:

qcsvmﬂu‘ Switch Selectable

L7 16 ]15{14 |13 |12 |11 [1d]|9[8]|7]6]5]4[3]2]1]g]
1 1 1, 1T 1T x, x x X X x_x X _
ex. 7 _ 7 _ ] 4 7 ]

Figure 1: ARll Address Selection
Location of the address switches on the module is shown in
figure 2, The switches are set "on" mow a @ and "off" for a 1,
i.e. to set up 77040%, all switches are "on" except for the

bit 8 switch.
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»ﬂ/« S1 (Address)

AN S2 (Vector)

Figure 2: Switch Location

When BAS ENABLE L is asserted, the address decoder E74 is
enabled. As a function of address lines BAS Ag3H through BAS A@1H,
E74 selects one~of the eight AR1l registers and asserts the corres-
ponding select line, per Table 1.

After a delay of mvwwowaWﬁmH< 75 nsec, determined by the
(RL + R2) Cl time constant, BAS ENABLE I causes the slave synch
line SSYN L to be asserted, informing the processor that the
gelected data " has been received or is present on the data lines.
BUS INIT L is buffered to produce BAS INIT I, BAS B INIT L,

and BAS INIT H, which clear all the registers and flags, with the

exception of the scope control ready flag. The INIT signal occurs

on start key depression, power up, or RESET instruction.

TABLE 1: REGISTER ADDRESSES
A@3 H Ag2 H Agl H Address Selected
L L L A/D Status
L L H A/D Buffer
L H L Clock status
L H H Clock Preset Buffer
H L L Display Status
H L H X Buffer
H H L Y Buffer
H H H Clock Counter

2.2 Bus In/out

The Unibus has bidirectional data paths, which are interfaced
to the AR1l1 using 8641 (8838) receiver/transmitter chips. The
outputs of the data multiplexers (DM BIT #@ H, DM BIT g1 H, etc.)
are impressed on the Unibus data lines (BUS D@Z L, BUS DP1 1., etc.)
for computer input operations. This occurs when BAS IN H and BAS
ENABLE L are asserted, signifying an input operation when the
ARll has recognized its address,

The data lines enter the AR11 from the Unibus through the

inverters, and become the BIO OUT XX H signals.

2.3 Dpata In Multiplexers

The DATA IN MULTIPLEXERS use 74151 and 74157 multiplexer
chips to sort out the data from the eight different registers.
The selected register outputs become the DM BIT XX H signals,

which are passed on to the Unibus by the BUS IN/OUT logic,
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Ag3 H, A@2 H and APl H are used as address inputs by the 74151
one-of-eight multiplexers, to select the desired register, for
bits @ through 9. Bits 1¢ through 13 are only contained in the
A/D mﬁm#sm.Wm@wmde and Display Status Register. Therefore, they
are able to use a 74157 quad one-of-two multiplexer chip. When
Ag2 H and A@l H are low, E55-15 is low, enabling the 74157. WwWhen
this occurs, either the A/D or Display mwm#Sm,Hm@wmde is being
selected. BAS AD STAT L goes to pin 1 of the 74157, to select

which of the two registers is active.

3.0 INTERRUPT CONTROL

The interrupt control handles three distinct interrupts. These
may come from the A/D (INT A H), the Realtime clock (INT B H) or the
scope control (INT C H). The A/D and QHOQW.MSﬁmHHG@ﬁm are handled
on priority level 6, with the A/D :MQUWH in priority (closer to the
processor) than the clock. The scope control MbﬁmHWc@ﬁ is on priority
level 4. The priority levels cannot be changed. Since the three wsy
terrupt circuits act in essentially the same Bm55mﬂ~ only the A/D in-
terrupt will be discussed.

Flip-flops FF1A and FF2A start out in the cleared (zero) state,
since the interrupt line ADC INT A H has been low. Therefore, E84-6
is high, so that when ADC INT A H goes high (A/D interrupt), BR6 L goes
low, requesting an interrupt on pricrity level 6. Some time later,

the interrupt Hmﬂzwmﬁ is granted, and BG6 H goes high. BG6 H is buf-

fered by E91, so that E91-3 goes high. This transition sets FF1lA, and

initiates a 100-nsec. delay through E92, 03, and E83. Before the end
of this delay, FF1A (1) H goes high, so that E83-1 holds the bus grant
output low at the end of the Qmwm< (i.e. the bus grant stops at the
interrupting device and is not passed on). If the A/D had not bken
the interrupting device, FF1A would be held at @ due to INT A H being
low, FF1A (1) H would be low, and at the end of the 100-nsec. delay,
the bus grant BG6 would be passed on (IV BG 6 PASS, to the INT B
circuitry).

When FF1A is set, since FF2A is still at @, pins 8 and 9 of ES83
are both high, causing BUS SACK L to go low. This indicates to the
processor that the bus grant has been received. The processor then
removes the bus grant so that BG6 IN H goes low. This causes a posi-
tive transition at E82-12 which sets FF2A.

With both FF1A and FF2A set, E83-13 goes low, asserting BUS BBSY
L, indicating that the interrupting device has taken control of the
bus. At the same time, E74-6 goes low, which, through E37, enables
E95 and E96. This gates the interrupt vector address onto the BUS
D@8:D@2 lines and asserts BUS INTR L.

The processor responds with BUS SSYN L when it has received the
vector. This signal goes through E89 to reset the A sz,mwwvlmwov
(IV A INT DONE L). This causes ADC INT A H to go low, so that E71-11

‘goes low, and FF1A and FF2A both are reset. Resetting FF1A and FF2A

- removes the vector from the bus, disqualifies BUS BBSY I and BUS INTR L,

and returns the circuitry to its original state,
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The starting interrupt vector may be set in increments of 2¢
up to a maximum of 76f, using S2. Vector selection is illustrated
in figure 3:

Switch Selectable

8(71(6 (5{4 (3121 ¢
N
9@ = INT A (A/D)

gl = INT B (Clock)

14 = INT C (Scope control)

|
]
|
|
ex: 3 — 4 _& _

Figure 3: ARll Vector Address Selection
Location of the vector switches on the module is shown in figure
2. The switches are set "on" for a 1 and "off" for a # (note that this
is opposite to the address switches), i.e. to set up a vector of 344,
bits 7, 6 and 5 are "on" and bits 8 and 4 are "off".

Bits 3 and 2 are gated onto the bus by E96 as a function of which

of the three interruptsis active.

4.0 REAL-TIME CLOCK

The real-time clock consists of a free-running 1 MHz crystal os-
cillator circuit, a series of four decade counter dividers to generate
additional frequencies of 100 KHz, 10 KHz, 1 KHz, and 100 Hz, a multi-
plexer to select a single frequency for input to a counter, and three

registers (clock preset buffer, clock counter, and status).

TITLE ARll Circuit Description

4.1 Crystal Oscillator

The oscillator consists of two 8640 gates, connected as in-
verters with ac-coupled inputs and resistive feedback in a cross-
coupled configuration through the 1 MHz crystal. The crystal acts
as a low impedance only:at 1 MHz and as a high-impedance at all
other frequencies. Consequently, at 1 MHz, the two gates are
set up in a cross-coupled configuration and oscillation occurs,
The output signal RTS PS CLK, available on TP C, is a clean TTL
1 MHz signal. This signal is used directly as a power supply
clock, and gated in E81 by the enable counter signal RTC ENA CNTR
(1) L before going to the dividers. When the counter is not
enabled (RTC ENA CNTR (1) L is high) the counter output can be
simulated by the maintenance signal RTC TEST COUNTER H through

E81.

4.2 Divider Chain and Multiplexer

The 1 MHz signal is used to generate 100 KHz, 10 KHz, 1 KHz
and 100 Hz signals using 74190 decade up/down counters E98 through
E10l, running in the upcount mode. Each counter increments on the
low-to-high transition of the pin 14 input. The pin 13 output
goes low when the pin 14 input is low and the counter state is 9,
providing a low pulse to the next stage.

The five crystal-based frequencies generated in this manner

go to the multiplexer E97, along with the external input and
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auxiliary clock input. One of these frequencies wwvmmwmoﬁmm
according to the rate select bits (RTC RATE &.AHV H, RATE 1 (1)

H and RATE 2 (1) H) on E97 pins 11, 10 and 9. The selected rate
appears in inverted form on the pin 6 osw@sﬁ (F) of the E97
multiplexer. Since the signals from the divider o:mws are low-
going pulses (% psec), the signal on E97-6 is a @Omwﬁw<m pulse.
Under normal conditions, E90-7 is :w@:~ so that ﬁsm.BGwameme
output goes through E90 and mv@mme Wm a Hoélmowso pulse RTC CLK
OUT L, which is the input to the clock oOﬂSWQH. If BAS Ksze

CLK CTR ﬁ is low, E90 serves to "stretch" the RTC CLK oqw L pulse,
to prevent the counter from changing m#mﬁmﬂiswwm Mﬁ,ww being read

by the processor.

4.3 Clock Counter NSQ wcmmmw,

The clock counter is an 8-bit presettable counter register
consisting of 74193 4-bit up/down counters E40 and E41, used in
the upcount mode. Count input is RTC CLK OUT L, on E40 pin 5.
Every 16th count, E40-12 @Hovmumﬁmm the signal into ﬁrm E41 pin
5 input. The counter register is cleared on HZHH\.mbm loaded
from the preset register on RTC LD CLK CNTR L, which occurs on
overflow in continuoss interval mode (mode 1) ow when w:m clock

buffer is loaded when theclock is disabled.

TITLE

AR1l Circuit Description

The clock buffer register is loaded from the BIO OUT F7:90 H
lines when its address wm mmwmowma (BAS CLK BUF L goes low). The
buffer register load pulse is gated drﬂoc@s E71 when the counter
is not enabled (RTC ENA CNTR (d) H is high), so that the clock
counter is also loaded.

In continuous interval mode, RTC CLK MODE 1 L is low (E81-5)
so that E81 acts to w5<mhd,wsm signal on E81-6. 1In single in-
terval mode, E81-5 is high so that E81-4 'is low and the clock
counter is never loaded via E57-12.

In continuous interval mode ﬁsm HOSlmoMsm overflow pulse
RTC CLK OVRFLW L appears at E81-3 and is inverted at E81-1.

This high-going pulse is ac-coupled ﬂsﬂOﬁ@s C7, so that its
trailing edge causes a low at E81-6. This causes a high pulse at
E81-4 which occurs just after the overflow pulse, and causes the
clock counter to be reloaded from the clock buffer register.

The clock overflow signal occurs whenever the counter goes
from 377 to @#. The pulse actually goes low during the 377 state,
and its trailing edge corresponds to the 377 ﬁo,& transition.
Consequently, the counter is reloaded with the preset value at

the beginning of the ¢ state.

4.4 Clock status Register
The clock status register is a read/write register whose bits

control the functions performed by the clock. The high byte of
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this register consists of ohe-half of E58 (bit 15) and E75 (bits
8, 11 and 14). The high byte is loaded on a pulse from E57-10,
the and function of BAS CLK STAT I and BAS OUT HIGH L. The low
byte of this register consists of one-half of E58 (bit 7), one
half of E7¢ (bit @), and E76 (bits 1, 2, 3 and 6). The low byte
is loaded on RTC LD CLK LOW H, E57-4, the and function of BAS CLK
STAT L and BAS OUT LOW L.

Bit 15, the external flag, is loaded from BIO OUT 15 H when
the register is loaded. Tt is set by the external signal ADC EXT
ST (1) L and reset by BAS B INIT I.. Bit 14, part of the 74175 E75,
is loaded from BIO OUT 14 H. When bit 14 = 1, E68 is enabled to
set the clock interrupt flip-flop E7¢ on the occurrence of the
external input ADC EXT ST (1) L. Bit 11, RTC TEST COUNTER H, is
used for maintenance purposes to test the clock divider chain.
Bit 8, clock mode, determines whether the clock is in continuous
interval mode (1) or single interval mode (2) .

Bits 3, 2, and 1, part of the 74175 E76, are loaded from
BIO OUT #3:01 H when the low byte of the register is loaded.
These bits determine the selected rate according to Table 2.

Bit 6, also part of E76, is used by E68 to enable the clock over-

flow to cause an interrupt.

TABLE 2 - Rate Select

Bit 3 Bit 2 Bit 1
Rate 2 Rate 1 Rate ¢ Frequency
g ] ") —
g ) 1 1 MHz
[} 1 g 197 KHz
"] 1 1 19 KHz
1 ) ) 1 KHz
1 ) 1 199 Hz
1 1 ) External
1 1 1 Aux-pin EL2

Bit 7, the clock done flag, is loaded from BIO OUT @7 H
when the low byte of the register is loaded. It is set by RTC
CLK OVFLW L and reset by BAS INIT L. Bit @, the clock enable
bit, is loaded from BIO OUT @@ H when the low byte of the regis-
ter is loaded. It is reset from E69-10, the or function of BAS

INIT H and clock overflow in single interval mode, from E69-1.

5.0 ANALOG POWER

The analog power supply is shown on page 8 of the M78¢9 stchematic,
labelled HQP (High Quality Power). The power supply is a dc-to-dec con-
verter, which Qm<mwovm.HHb< dc (nominal) from the +5V logic supply.

Instead of using a step-up transformer, the power supply uses diodes

and capacitors in an extension of the basic voltage doubler technique.

5.1 Voltage Doublers
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is a square wave running between ground and +5V. During the
time that the input is ww ground, diode D1 conducts, and Cl
charges to +4.3 volts (+5 volts minus the Dl diode drop). 1In
the next half-cycle, the input is at +5V. Since the voltage
across the capacitor Cl remains constant, Vq goes to +9.3 volts,
and D1 becomes back-biased. During this interval, D2 conducts,

and Vout charges to one diode drop less than Vi, or +8.6 volts,

+5 1 Vin

EHH c1
+m<sL¥ m w%v IH! 7 Vout ‘
Dl vi D2 _l& 2 A

1

@

Figure 4: Voltage Doubler

In the next half-cycle, we are back to the beginning, swﬁw <Hs at
ground and D1 conducting, charging Cl. At this ﬁwam\ vy is at
+4.3 volts, and D2 is UmnWIUmeer The ocﬁﬁﬁﬁ voltage remains

mw +8.6 volts, i.e. Sm sm«m ﬁHmemOHBmQ the +5V input to a +m.m
volt outpat.
effectively rodwmm,ﬁ:m input voltage. A good way of wOOstm at
the process is that the circuit Nm@ﬂﬂmmsnm a =UGQme brigade".
During one half-cycle, charge is passed to Cl ﬁswos@s,UH. Uahwsa

the next half-cycle, charge is then ﬁﬁmnwmmudm& from Cl to C2

TITLE
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Note that if we ignore the two diode drops, we sm<ms:

through D2. Obviously, if we cascade multiple sections, higher
voltages can be attained, as osmwmm.wm passed in "bucket bri-
gade" fashion from one capacitor to the next and ultimately from

the last capacitor into the load.

5.2 Square Wave Driver

The 5V square wave input voltage for the AR11 power supply
is produced by transistors Q5 and Q6. Transistor Q5 is a PNP
ﬁ:wos pulls the voltage up to +5 Volts. Transistor Q6 is an NPN
which pulls the voltage down to ground. 1In such circuits, with
both mnww<m pullup and active pulldown, it is important to guaran-
tee that the two transistors are never on at the same time, even
for an instant during switching. This is especially difficult
since in general transistors turn off more slowly than they turn
on. In the ARll, to guarantee that one turns off before the other
turns on, a full l-psec wsﬁmﬂ<mw‘wm allowed.

The signal RTC mm,0hx~ a 1 MHz (1 psec) square wave, is ap-
plied to pin 14 of E49, a 7493 divide-by-16 counter. The most
significant bit of this counter is applied through E48 to the
input of flip-flop E45, whose outputs are square waves with a 32-
usec. period. During each half-cycle of the 32-usec square wave,
the 7493 E49 counts from g to 15, remaining in each state for 1

usec. The 7420 E37 decodes the 15 state, so that'its pin 8 out-

put goes low for the last BonOmeOﬁQ of each half cycle. This

SIZE [CODE
A SP | AR11-g-5 =

NUMBER | REV |

‘SIZE |'CODE

A |sp

7 'NUMBER REV
>wHH|&|m

DEC FORM NO DEC 16—(381)—1022—N370

DRA 108

SHEET 1>  oF 43

DEC FORM NO DEC 16—(381)—1022—N370

DRA 108

QHEET 16 Ae 49




ENGINEERING SPECIFICATION

CONTINUATION SHEET

TITLE ARll Circuit Description

causes both the pin 8 and the pin 6 outputs of E56 to go high,
so that all the r27 outputs are low. When HQP A I, (B27-2) 1is
low, Q4 turns on, thereby turning off Q5. When HQP C L, (E27-8,
10, 12) is low, Q6 turns off. Thus for the last microsecond of
each half-cycle, both Q5 and Q6 are turned off, allowing the one
which had been on to turn off completely before the other turns

on. The resulting waveforms are shown in mwwswm 5. Note that
the square wave drive signal (TP PD) shows a definite inter-

mediate state at the time when both Q5 and Q6 are off.

ENGINEERING SPECIFICATION

CONTINUATION SHEET

TITLE

ARl1l Circuit Description

5.3 First Stages

The first stage omnﬁrm power supply "doubler chain" consists
of D4 through D9 and c12 through Cl4, These are driven directly
by the output of Q5 and Q6, as seen at TP PD. Since the diode-
capacitor chain functions as a "distributed transformer”, the
early low-voltage stages run at the highest current levels. con-
sequently, the TP PD voltage is not the idealized zero-to-+5Vv
signal, but actually only exhibits about a 4.5v swing. The
diodes (even though doubled up) exhibit a drop of roughly .85
volts, By the analysis of section 5.1, this results HU +7.3 volts
dc at ﬁsm.vOmwﬁw<m end of Cl3. When TP PD is low, this results
in 7.3 - .85 = 6.45 volts at the cathode of D8 and D9. When TP PD
goes high, we get 6.45 + 4,5&211 volts at the cathode of DB and D9.
wmmmnﬂwso to figure 4, TP PD is high when HQP A L is high. At
this time HQP BL is also high, so that Q7 is off, allowing Q8
to be turned on. 1In the opposite half-cycle, HQP B L is low,
turning on Q7 and thereby turning off Q8. Meanwhile ®27-6 goes

high allowing Q9 to turn on. This results in a a0 Volt square

wave at the collectors of Q8 and Q9. As in the case of TP PD,

the collectors of Q8 and Q9 exhibit the l-psec intermediate state,

when both transistors are off.

szmnvwm; .
CLK | ] ] 1 ] t ] \ ] ] 1 ' ] ] ] N e ] |} ¢ [ 4 [} i \
' ' [ ' ' ! . ' ] ] t I . ' i ) [} [ ' ' ¢ ‘ ' i 1 )
0 L0 11 12 131148 0h 1 hp bang bl b
F49 Stater 9/10,1171213/14115: 01112 {3!4 156 7! 8/9'10'11412'13' 14115 o 112
i Vo
1
1
E45-9 {
— )
E45-8 !
o
HQP AL {
— .
HQP CL .
)
|
+5Vv
TP PD !
6 on
0O - -05 on-~- - - Q ,
ﬁllllllllllUOﬁr Q's off —
Figure 5: Square Wave Timing Waveforms
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5.4 Output Stages

The 0V square wave at the collectors of Q8 and Q9 is the
input signal for the output diode-capacitor chains. By follow-
ing an analysis waHHmH to that of section 5.1, allowing roughly
.75 Volts for each diode drop, but ignoring the effect om,NmsmH
diodes D13 and D14, output voltages in the range of HHm Volts to
17 Volts are arrived at, which would be somewhat higher ﬁcms
desired. However, zener diodes D13 and D14 (whose nominal <mwzmm
add to 15V) act as a wmmgwmﬁwsw negative feedback loop. As the
minus wﬁ@ﬁw% becomes more negative than -14 Volts, the zeners be-
gin to turn on. This "steals" base drive current from Q9 when
it is on, keeping Q9 out of hard saturation and ﬁmmﬂmvw dropping
the magnitude of the Q8-Q9 output square wave. eswm‘sm@mwﬁ<m
feedback loop automatically adjusts the square €m¢m voltage so
as to maintain the negative output 5mmw.wua Volts. Since the
positive supply is also based on the same mﬂcme wave, it also
ends up near +14 Volts.

The two outputs are "smoothed” by LC filters (L2-C25, C24 on
the minus side; L1-C21, ¢23 on the plus mwamv.swﬂs a UHmmw wwml
quency of roughly 4 KHz, which tend to Hmamom the ripple and re-
move high frequency components present due to the mswﬁowwbm tran-
sients,

The M78@9's digital and analog grounds are connected in the

middle layer at a single point near the return (ground) end of

TITLE  aAR11 circuit Description
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these filter capacitors.
6.0 ANALOG BIAS CURRENT SOURCES
All analog circuitry in the AR11l is biased by means of current

sources, in order to be immune to variations wavosmw supply voltage.
The current sources are all shown on page 9 of the M78@9 schematics,
ABS (Analog Bias Sources).

The reference upon which all the current ‘sources are based is D49, a
1N825 6.2V Hmmmﬁmsom zener diode. This zener is specified to have mini-
mum thermal drift when run at m‘ocﬂﬂmbﬁ level of 7.5 mA. A simplified
version of ABS is shown in figure 6, in which Q14 through 019, 028 and
Q29 have been combined as a single transistor Qa, and Q25 through Q27

and Q74 have been combined as Ow.
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In analyzing this circuit, we start at zener diode D49, and
assume that it is ovmﬁwﬁwbm at 6.2volts, its nominal value,
Transistor Q13 has base and collector tied ﬂoomﬁrmﬂ~ so that its
base-emitter (b-e) junction acts as a diode, Since the Q13 b-e
drop matches the b-e drop of Q12, there is also 6.2 volts across
R74 and R75. WOﬁmbﬁwoBmﬁmHanm is adjusted so that I. = 6.2/
(R74 + R75) = 3.2 mAR T,. Consequently, the collector of Q12 is
a 3.2 mA current source, as shown in figure 5. This current goes
through R78 and Q21 and appears as Il at the collector of Q21.
Along the way, it sets up a 3 Volt drop across the 910-ohm R78.
Since the b-e drops of Q21 and Q20 match, we also have 3 volts
across the 2K R77. This causes the collector of Q20 to be a 1.5 ma
current source. This 1.5 mA comes down from the positive supply
d:HOﬂ@:.msm reference zener D49, Q13, and W¢m. The 1.5 mA through
the 750-ohm R76 establishes a 1.1 volt drop across R76. Since the
b-e drop of Q13 matches those of Q24 ang Dw~ we also have 1.1 volts
across the mbﬁ#mH.HmmwmﬁOHm of Q24 and ow. With an emitter re-
sistor (R88) of 1.1K, Q24 becomes a 1 mA current source. This
1 mA goes to @HUSBQ through D26 and D50, thereby setting up vol-
tagesof .7 Volts and 1.4 Volts for use on pages 11 and 12 of the
M7809 schematics. Likewise, the 1.1 volts across the emitter re-
sistor of Qp (actually RS89, R90, R91, R105) sets up current
sources I7, I8, I9, and I12, which total 5 mA. This 5 ma, the

1 mA in Q24, and the 1.5 mA in Omo. combine to make the desired

TITLE AR11l Circuit Description
7.5 mA in D49, the reference zener. Since the Q13 b-e drop
matches the b-e drop Oh Qa We have 6.2 vVolts across the emitter
resistor of D> (actually R83 + R171, R84 + R172, R85 + R173,
R86 + R174, R87, R92, R93). This sets up current sources 12, I3,
I4, 15, 16, 110 and T11l.

7.0 SCOPE CONTROL

The scope control circuitry is shown on four pages of the M78g9
schematic: p. 13 DIR (Display Registers), P. 14 DIL (Display
Logic), p. 15 DACX and p. 16 DACY. Since the X and Y D/A con-

verters are identical, only the X D/A converter will be described,

7.1 DIR (Display Registers)

The X Buffer Register consists of 74175 E7 (bits 6-9)and
74174 E8 (bits @-5). It is loaded from BIO OUT @9:9% H on DIL -
LD X BUF H, which originates on the display logic page. It is
cleared on BAS INIT L.

The Y Buffer Register consists of 74175 El1 (bits 6-9) and
74174 E2 (bits @-5). It is loaded from BIO OUT #9:99 H on DIL
LD Y BUF H, and cleared on BAS INIT L.

Since the 74174 1C has its outputs available only in (1) H#
form, 7404 hex inverters E3 and E9 are employed to provide Y5
through v@ and x5 through X¢g in (1) 1, form for use by the D/A

converters.,

Display Status Register bits 9-11 are contained in 74175 E13.

SIZE [CODE NUMBER REV
A Sp | AR11-g-5

SIZE |CODE

A |sp

NUMBER REV
Arll-g-5

DEC FORM NO DEec 16—(381)—1022—N370

DRA 108

21

SHEET oF _43

DEC FORM NO DEC 16—(381)—1022—N370

DRA 108

cuccry 22 A~ 4R




CONTINUATION SHEET

IFICATION

CONTINUATION SHEET

TITLE

AR1l Circuit Description

TITLE

They are loaded from BTO OUT 11:99 H on DIL LD DISP HIGH H, and

cleared on BAS INIT T..

/

Bits 9, 10, and 11 are CH@2 STORE, and
WRITE THRU. CH@2 H is inverted by open collector inverter E15,
pulled up to +5V by R115 and output through J1-B as CH@2 I,. STORE
(1) I is inverted by E15 and output through J1-E as NON STORE I
(note the inversion). WRITE THRU H is inverted by E15 and output
through J1-A as WRITE THRU L.

Display Status Register bits 2, 3 and 6 are contained in
74175 El14. They.awe loaded from BIO OUT ¢2, @3 and g6 H on DIL
LD DISP LOW H, and cleared on BAS INIT I.. Bits 2 and 3 are DIR
DISP MODE @ (1) H and MODE 1 (1) H, used on the display logic
page to control the intensification mode. Bit 6 is DIR DISP INT
ENA (1) H, used on the display logic page to enable an interrupt

upon completion of intensification of a point.

7.2 DIL (Dbisplay Logic)

The display logic page contains scope intensification cir-
cuitry, storage scope, erase controls, ready (done) bit, interrupt
control, and gates which generate load pulses for the various
display registers.,

On the left side of the page, the load pulses are generated
by E19 and E24, using the register select and output byte signals
from the BAS (Bus Address Select) page.

A scope intensification pulse is generated (after appropriate

delay) under the following conditions:

AR1l Circuit Description
INTENSIFICATION BIT 3 Bit 2
MODE MODE 1 (1) H MODE & (1) B CONDITION
g ) ] Set bit g
1 7] 1 Load X
2 1 a Load Y
3 1 1 Load X or Load v

TABLE 3: Intensification Modes

These conditions are decoded by 7453 E20. For example,
if we are in mode 2, MODE 1 (1) H is high, so that when we get
LD Y BUF H (load Y buffer register) pins 1 and mw of E20 are
both high, and pin 8 goes low. The low on E20-8 causes a high
on E15-2 which causes two things to happen: the signal causes a
low on E19-10, which resets E25, the ready (done) flip-flop. 1It
also fires osmlmsmﬁ E21. The resultant E21 delay is to @HOQwam
time for the D/A outputs and scope beam to settle before in-
tensifying the point on the scope. The E21 delay is nominally
20 psec, but can be set to 80 usec for slow storage scope appli-
cations by connecting W3. At the end of the E21 delay, a low-to-
high transition occurs on E21-4, which fires the other one-shot
in E21., This one-shot determines the intensification pulse dura-
tion-nominally 2 psec, but jumperable to 6 usec for slow storage
scopes by means of W6. Either the high or low output of the second
one-shot can be applied to E15-13 as a function of whether w4A or

W4 is connected, depending on whether a high or low intensification
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pulse is desired. After the E15 inversion, the pulse is applied
to the base of Q51, stos amplifies and re-inverts the pulse for
output to the scope. Q52 acts as a 20 mA current source pullup
for the output pulse. The output pulse is clamped at 3.3 volts

by zener diode D32, or at 1.4 <0me by diodes D33 and D34 if W5 is
connected. The high~going intensification pulse from E21-5 passes
through E19 and sets the ready (done) flip-flop E25 on its trail-
ing edge, .

Bit 12 of the Display Status Register is implemented by the
erase flip-flop E23. It wm loaded from BIO OUT 12 H on the DIL
LD DISP HIGH H pulse. Setting the Erase flip-flop initiates two
actions: ERASE (1) H resets the ready (done) flip-flop E25 through
E19, and the inverted (through El5) erase signal DIL ERASE L is
applied to the external storage scope through Jl-C. The storage
scope responds with a low signal ERASE RET I on J1-H. This turns
off 053, so that DIL ERASE CLR H is pulled up to +5V through R121.
ERASE CLR H goes through E24 and resets the Erase flip-flop E23
through pin 1. After the interval of time necessary to erase its
screen (typically one-half second), the storage scope brings
ERASE RET L back to a high voltage level. This turns on 053, kring~-
ing DIL ERASE CLR H low. The resulting low-to-high transition on
E19-13 sets the ready (done) flip-flop E25.

When DIR DISP INT ENA (1) H is high, the display interrupt

is enabled. 1In this case, setting the ready (done) flip-flop,
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as a result of either an intensification pulse or completion of
an erase operation, sets the display interrupt flip-flop E25.

The resulting interrupt signal DIL INT C H is processed by the IV
circuitry. Upon completion of the interrupt, IV DISP INT DONE H
resets E25 through E24. Both the erase and interrupt flip~flops

are also reset by BAS INIT H, acting through E24.

7.3 D/A Converters
The following mmmowwwﬁwos applies to both the X and Y D/A
converters, which are identical. Designations of components and
signal names apply to the X D/A, page 15 of the M78¢9 prints.
The D/A converter consists of a 10-bit converter with high
output impedance (about 8K) plus a buffer amplifier to lower the
output impedance and provide the current needed to drive the
capacitive load of the cable to the scope.
7.3.1 Converter
The converter consists of an 8-bit current-output IC
D/A (bits @#-7), two discrete component higher-order current
sources (bits 8 and 9) and an offsetting current source 14
(.625 ma), working in conjunction with precision resistors
R148, R140, R141 and R145 to give a +5 Volt output.
The IC D/A E10 is powered from DACX +5V HQ, which is the
Reference

+5 Volt power line filtered by L3 and (C34 + C35).

current for this D/A is ABS I2-3.27 mA, running into pin 13.
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Consequently, its full scale output current (all logic in-
puts-pins 5 through 12 - high) is 3.27 mA. Resistance seen
by this output current is R145 - 768 ohms. Conesequently,
bits #-7 have a total weight of (3.27 ma) 1768 ohms) = 2.5
Volts, or one-quarter of full-scale.

Now let's examine the two high-order current sources.

Assume that X9 (1) L and X8 (1) L are both high, so that

E16-2 and -12 are low, and therefore Q54 and Q55 are both
off. Voltage reference ABS VB2 is set up on the ABS page-

it is 4 Volts plus one transistor b-e drop above the -14v

HQ supply. Consequently, the emitters of Q58 and Q59 are

4 Volts above the -14 VHQ supply. It is important to note
that this voltage tracks along with the negative supply, so
that the voltage across (R136 + R139) and across (R137 + R138)
is a constant 4 vVolts, independent of ﬁmm exact level of the
negative supply voltage. The values of (R136 + R139) and
(R137 + R138) are adjusted so that 1.25 mA current flows in
the output line of each current source. Because of the high-
current-gain complementary NPN-PNP configuration, Q58 and

Q59 base currents are negligible. The 1.25 mA output cur-
rent from the bit 8 source (Q59, Q57) sees a resistance of
(R141 + R145), approximately 2K. Consequently bit 8 has a
weight of (1.25 mA) (2K) = 2.5 Volts, or one quarter of full-

scale. The 1.25 mA output current from the bit 9 source

(Q58, Q56) sees a resistance of (R140 + R141 + R145), appro-
ximately 4K, so that bit 9 has a weight of (1.25 mA) (4K) =
5V, or one-half of full-scale.

Assume an all 1's (1777) input to the D/A. DIR X9 (1) L
and X8 (1) L are now low, so that E16-2 and -12 are high,
and Q54 and Q55 are on. 1In this case, the omp and Q55 emit-
ters clamp at +.7 Volts, leawing 4.3 Volts across R130 and
R131. Q54 and Q55 become current sources, with a value
I = (4.3V/3K) = 1.43 maA.

Since this QGHHde is greater than 1.25 maA, all the cur-
rent from (R136 + R139) and (R137 + R138) is =monmb=~ Q58
and Q59 turn off, and the bit 9 and bit 8 currents are zero.
Since the input is alll's, E10-5 through -12 are all low, so
that the E10-4 output current is also zero. This leaves only
I4-.625 mA flowing. I4 goes to ground through (R148 + R140
+ R141 + R145), approximately 8K. OOSmeﬁmwdww\ the voltage
at the base of Q61 during the 1777 oosmwﬁMOBAwm (.625 mA)

(8K) = +5 Volts.

If we go to all @'s, Q54 and Q55 turn off, allowing the
1.25 mA bit 8 and bit 9 current sources to turn on. E10-5
through -12 are now all high, so that the E10-4 output cur-

rent is 3.27 mA. These sum up linearly, giving a voltage (

(as seen at the base of Q61) of +5V (due to I4) -5V (due to
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Note that the all @'s case, with -5 vVolts output, actually
represents all Uwﬁ currents on, and the all 1's case, with
+5 Volts output, actually represents all bit currents off,
with only ﬁ:m offset current I4 on. Since the circuit is
linear, any digital combination between #9dF and 1777 results
in the proper corresponding voltage between -5 Volts and +5
Volts.

The impedance seen at the base of Q61 is the sum of
R148 + R140 + R141 + R145, or 8K. If WX is shorted, this
8K is now in parallel with (R134 + R135) = 886 ohms, for
a resulting equivalent resistance of 800 ohms. Since this
is exactly one-tenth of the original 8K, shorting WX has
resulted in one-tenth the output voltage range, or +.5 Volts.
Connecting a resistor in place of WX can result in any re-
sistance desired between 8K and 800 ohms, and therefore in

any voltage range desired between 15 Volts and +.5 Volts.

7.3.2 Buffer Amplifier

The voltage seen at the base of Q61 has 8K source im-—
pedance, and is therefore unsuitable for output drive. To
provide output drive, a buffer amplifier consisting of Q61,
Q62 and Q63 is provided.

Bias current for this buffer amplifier is I10, a 1 mA

current source. If the input voltage (Q6l-base) equals the

output voltage (Q62-base), I10 splits equally and % mA shows
up in the ooHHmQWOH of both Q61 and Q62. The Q61 collector
current goes through D38 and R142 to the minus supply.

Since the D38 diode matches the Q63 b-e drop and thN)msa
R143 have equal values, the Q63 collector current equals the
Q61 collector current. For equal split of I10 between W61
and Q62, we therefore, have the current out of Q62 equal to
the current into Q63, so ﬁswﬁ there is no net current into

or out of C33. This gives us a stable output voltage, 1If
the Q6l-base <0meamvwm lower than the Q62-base voltage, more
of I10 goes through Q61 than Q62, so that the Q63 current is
higher than the Q62 current and we have a net current flow
out of C33. Consequently, the €33 voltage (which is also the
voltage on the base of Q62) drops, until the Q62-base <owmm@m
equals the Q6l-base voltage, at which point I10 again splits
equally and a stable condition is reached. 1In this manner,
the output voltage (Q62-base) follows the input voltage
(Q6l-base). oOutput impedance of this amplifier is approxi-
mately 50 ohms. The 47-ohm protection resistor R144 brings
the output impedance up to 100 ohms. The Q61 and Q62 b-e
junctions are protected for large steps by diodes D35 and D36.
The amplifier is protected from "outside-world" overvoltages

by fusible resistor R144 and diodes D37 and D39.
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8.0 A/D CONVERTER
The A/D circuitry is contained on three pages of the M78@9 schema-
tic: page 10, ADC (A/D Control), which contains all the A/D logic;
page 11, ADCS (A/D Channel Select), which contains the input protection
circuitry and analog multiplexers  and page 12, AD (A/D), which contains
the sampletand-hold circuit and the actual A/D converters
8.1 A/D Control
The A/D Status Register high byte is contained in 74174 E63.
_Hw is cleared on BAS B INIT L, and loaded from BIO OUT 13, 11:¢8 H
when the A/D Status Register and a high byte output operation are
selected. The four-bit channel address and unipolar/bipolar bit
are contained in the high byte of the status register.
The A/D Status Register low byte is contained in 74175 E77.
It is cleared on BAS B INIT L, and loaded from BIO OUT @6:84 H
when the A/D Status Register and a low byte output operation are
selected. Bit 6 is used to enable an interrupt on setting of the
A/D done flag. Bit 5 enables an A/D conversion to start an over-
flow from the real=time clock. Bit 4 enables an A/D conversion
to start on an external input.
Bit @ of the A/D Status Register is used for a program-con-
trolled A/D conversion start. The A/D Status Register low byte
load pulse goes through 7404 inverter E48 to one-shot E34. This

one shot triggers on the register load pulse if BIO OUT 9¢ H ig
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high, i.e. if a "1" is being loaded into the A/D Status Register
bit @. The one-shot time is nominally 8 psec., which is long
enough to allow for the analog multiplexer to settle to its new
value before signalling the sample-and-hold to h&é1ld the signal,
at which point the conversion begins. If it is desired to switch
between bipolar and unipolar OMWBSmHm~ a 7.5 Volt inter-channel
difference is possible instead of the normal maximum of 5 Volts,
In this case, W1 is connected, lengthening the one-shot time to
11 psec, which is sufficient for the 7.5 vVolt difference.

At the end of the E34 delay, E34-12 goes high, setting the
E44 "Hold" flip-flop, which commands the mmBUHmlmbﬂlsoHQ circuit
to hold the analog value for conversion. At the next onmcﬂmbom
of the HQP AD CLK H low-to-high transition Asswos could be any-
where from 0 to 2 psec later), the E44 "Enable A/D" flip-flop
is set, which signals the AM2504 successive mvvﬂowMBmﬁwos register
(SAR) E26 to begin the A/D conversion. The SAR wmmb sequences
through the ten A/D bits, for each bit making its logical decision
on the low-to-high transition of HQP AD CLK H, Wm a function of
ADC COMP L. The AD CLK is a 2-psec clock signal derived from the
1 MHz crystal oscillator by the E49 power supply counter. Conse-
quently, it takes two microseconds for each "bit decision". The
decision signal (COMP L) is derived from the output of the com-

parator (AD COMP H) by 7405 inverter E47. By &ssvmwwba AD COMP H

(TPl) to @HOGUQL it is possible wo bypass the analog circuitry
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and simulate that comparator output which results in a 1777 con-
version, By usavmuwsm‘mbn COMP L (TP¥) to ground, it is possible
to bypass the analog circuitry and simulate that comparator out-
put which results in a @@@FF conversion.

After the least significant bit (AD@@) has been resolved,
ADC EOCP L goes low, so that E47-2, 6 are pulled high by R35.
After one microsecond, HQP AD CLK H goes low, so that E47-2, 6
are pulled 1low by E47-2, This causes a low-to-high transition
on E48-8, which loads the A/D Buffer Register (E39 and E43) with
the converted value information contained on the SaR outputs
AD @g7@:99 H.

ADC EOCP L is inverted by E48 to create ADC EOCP H. This
is or'ed with BAS INIT H in E46 to create ADC CLR L. This signal
resets the "Hold" and "Enable A/D" flip-flops to their original
(#) states, and is input to SAR E26-14. This signal is present
for two microseconds, until the next HOSI#OIUH@r transition of
HQP AD CLK H, which then resets the SAR E26.

Bit @ of the A/D Status Register is held at "1 throughout:
the 8-usec A/D Start delay and the conversion interval by ow:amﬁm
E28, which creates ADC AD STAT @@ (1) H from HOLD (1) L and the
output of the 8-psec A/D Start delay one-shot.

ADC EOCP H also sets the "AD DONE" flip-flop E45 on its

leading edge. Its output ADC AD DONE (1) H is used as bit 7 of

the A/D Status Register, when an A/D interrupt is enabled,

ditg it CONTINUATION SHEET
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ADC AD INT ENA (1) H is high, so that setting the "AD DONE"
flip-flop causes Mmmlwﬁ to go low and E48-4 (ADC INT A H) to go
high. This causes the A/D interrupt. when the interrupt is
compléte IV A INT DONE L goes low. This causes E56-3 to go high
and E46-10 to go low, thereby resetting AD DONE. If the A/D in-
terrupt is not enabled, AD DONE is not reset until a read opera-
tion is performed on the A/D Buffer Register. When this occurs,
BAS IN L and BAS AD BUF I both go low, so that E46 goes high and
E46-10 goes low, thereby resetting the "AD DONE" flip-flop. This
flip-flop is also reset by BAS B INIT L, acting through E56 and
E46.

An A/D conversion may also be started by either an external
start signal or a clock overflow. The external start signal
(F1-U) high-to-low transition fires one-shot E34 to create a
500-nsec ADC EXT ST (1) pulse. ADC EXT ST (1) . is used as the
external input by the real-time clock counter. ADC EXT ST (1) H
is used by the real-time clock for its external interrupt and by
the A/D for external starts. TIf the A/D external start is enabled,
ADC EXT ENA (1) H is high, and ADC EXT ST (1) H on E68-3 causes
E68-6 to go low, thereby setting the "HOLD" flip-flop and initiat-
ing the conversion sequence. If the clock overflow start is ena-
bled, ADC AD CLK ENA (1) H is high, so that RTC CLK OVFLW H on
E68-4 causes E68-6 to go low, thereby setting HOLD and initiating

the conversion sequence.
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8.2 A/D Analog Block Diagram Description

The AR11l uses a unique auto-zeroing A/D configuration, in
which the same amplifier front end is shared between dsm.mmB@Hml
and-hold and A/D comparator is such a manner as to cancel out its

This configuration is shown in figure qw

own offset and drift.*

Com 7942?4
hold oﬁ 15

Tout

¢2 hbzv:

Sam Fﬂ
o&ileu ﬂ mwwwvv <W: |
. Sawmplie-
§$$..mv-mv%ﬁ1 ObH.ﬂV ﬂ\b" w “__’n QSPWYO_}
nTts/looe Now output

FIGURE 7:
*pPatent pending

A/D Analog Block Diagram

Amplifier Al is the front end which is shared between the

comparator and sample-and-hold. This mawwwmwmﬂ is an operational

transconductance amplifier, i.e. its input stage is that of an
ordinary operational amplifier, but its output is a current source

I instead of a voltage source.

out

First let's consider the tracking, or "sample" mode of opera-
tion, in which S1 is open, S2 is down, and the feedback current

source is off, i.e. T = 0,

£bD/A Under these conditions, Al out-

put current Tout is integrated and converted to a voltage by
sample-and-hold output stage A2, so that the Al-A2 combination

acts like an operationg] amplifier. The A2 output is fed back
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to find that value of n (F£ n<l

- During

to the Al input, so that the Al-A2 op amp is in a follower con-

figuration, with the A2 output voltage tracking the seélected
analog input present on the inverting Al input.

When it is time to do an A/D conversion, S2 miwﬁosmm from
the down to the up position on setting of the "HOLD" flip-flop.
This leaves integrator A2 with zero input, so that feedback
capacitor C holds the A2 output voltage constant. This will
now serve as the A/D input voltage. On setting of the "ENABLE AD"

flip~-flop zero to two microseconds later, the 16-channel analog

multiplexer is disabled, so that the selected channel switch

opens up, and Sl closes, putting a ground reference on the invert-

ing input of Al. Under these conditions, Al serves as the com-

parator input stage. Al output current Iout 1s converted to a

logic-compatible voltage level AD COMP H by ocm@cﬁ stage A3, The
successive approximation logic now looks mﬁ.wb COMP B and proceeds
#23) which results in zero input

to amplifier Al. This occurs at Tepp/a = D Ipg/1024 = v__/R;

SH

n =1024 V_ /RI . If we set the scaling such that RI =v ,
SH FS FS FS

we have n = 1024 v__ /v .
SH Fs

mm was tracking the input voltage Vin, i.e.

the desired full-scale input voltage,
"sample",

Ve = V. . Consequently, n = 1024 Vip,/V which is the desired

SH in FS’

A/D relationship. For Vpg = 5 Volts, input voltages of 0 to 5
Volts (1023/1024) result in conversions of & to 1923, i.e. we have

a unipolar input range.
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Now assume identical conditions in "sample" mode except
P

that instead of Hmvb\b\u 0 we turn on the most significant bit

(MSB) so that mwvb\w = Hmm\m. Under these conditions, <mm

the selected input voltage with an offset of mem\w = <mm\w. If

tracks

Vg = 5 Volts, V__ =V, + 2.5, so that an input range to -2.5 to

FS SH in

+2 .5 corresponds to V = 0 to +5 Volts.

SH By turning on the MSB

during "sample" we have transformed the unipolar input range into
a bipolar input range, with the MSB of the feedback D/A acting
as its own bipolar offset reference source, The unipolar/bi-

polar bit of the A/D Status Register controls the input range by

controlling the state of the MSB during "sample".

8.3 ADCS (A/D Channel Select)

Page 11 of the M7849 schematic, ADCS (A/D Channel Select)
contains the 1l6-channel analog multiplexer and switch S1 shown
in figure 7 above.

Each of the 16 analog input channels comes in through a 1K
fusible resistor, which works in conjunction with the diodes of
E5 and E1l1 to protect the AR11l analog multiplexers from input
overvoltage conditions. The 1l6-channel multiplexer consists of
two eight-channel PMOS multiplexer IC's E6 and E12. Each of these
has three address lines A@:A2 which select one of eight switches,

plus an enable line OE which enables the selected switch when

high and turns off all switches when low.
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Switch S1 of figure 7 is implemented by FET Qll. During "sample",
ADC ENA A/D (1) L is high, so that E18-12 is low and Q10 is off;
R73 pulls the gate of Qll down to -14Vv HQ and Q11 is off. When
it is time to do a conversion, ADC ENA A/D (1) L goes low, E18-12
goes high, and Q10 turns on, with an emitter current of 12 volts/
20K = .6 mA. This current comes out the Ql0 collector and turns
on D15, so that Ql0-C clamps at +.7 Volts. The gate of Q11 is
at ground because of the D45 diode drop, so that Ql1 t@rns on,
bringing ADCS MUX NODE to ground. This provides a zero reference
for Al (of figure 7) during the conversion.

ADC ENA A/D (1) L also goes to E28-10, 12, causing E28-8,
11 to go high and E18-2, 4 to go low. Thus both ADCS AD MUX a
ENA H and zdx,w ENA H are low and both multiplexers (E6 and E12)
are disabled during the conversion. This allows Q11 to QHOﬁbm
ADCS MUX NODE without having to sink any current except the bias
current of Al.

During "sample", ADC ENA A/D (1) L is high, so that E28 pins
9 and 13 are enabled. This allows address bit ADC AD MUX @3 H
to select which of the two multiplexers is enabled - E6 is enabled
on MUX @ ENA H when AD MUX @3 H is high, E12 is enabled on MUX 1
ENA H when AD MUX @3 H is low.

The three low-order address bits ADC AD MUX @#@:@2 H are in-

verted by E18 to provide the address MUX A@:A2 I to the multi-

plexer IC's E6 and El2. Since E6 and E12 are PMOS chips, their
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logic threshclds are referenced to the +14V HQ supply. esmﬂmmonm
MUX A@:A2 1., AD MUX @ ENA H, and AD MUX 1 ENA H are all 14v
logic swings, implemented by open collector inverters in E18
and 20K pullup resistors to +14V HQ.
8.4 AD (Converter and Sample-and-Hold)

Page 12 of the M78@9 mosmsmdwo (AD) contains the feedback
D/A converter and the following nwﬂoswﬁm from figure 7: opera-
tional transconductance amplifier Al, sampte-and-hold output
amplifier A2, comparator output stage A3, and switch S2.

The feedback ﬁmmwmﬁow R om.mwwﬁﬂm 7 wm‘mnﬂﬂmHHw made up of
R109 and R111. The feedback D/A converter is made up of an in-
tegrated circuit 8-bit current output D/A E22 and two higher-order
discrete component bits, which function in the same manner as des-
cribed in the D/A converter section. The two higher-order current
sources are both nominally equal to 4 Volts/1.25K = 3.2 mA. The
MSB (bit 9) current source "sees" the total resistance R109 + R111,
approximately 800 ohms, so that its value is 2.5 Volts, or one-
half of full-scale. The bit 8 current source "sees" only R111,
approximately 400 ohms, so that its value is 1.25 Volts, or one-
quarter of full-scale,

During "sample", ADC ENA AD (1) L is high, so that ADC UNI-
POLAR H on E17-9 controls the level of E17-10. mwsom the SAR

(E26) was reset at the end of EOCP on the previous conversion,

ADC AD@9 H is high, and E17-13 is high for unipolar and low for
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bipolar. When E17-13 is high, Q30 is on so that the R99, R101
current is "stolen® from Q37 and the M8B current source is off.
For bipolar range, E17-13 is low, Q30 is off, and the MSB current
source is on during "sample", providing the needed half-seaie
offset. During "sample" AD ENA AD H is low, so that El17-4 is

high, Q31 is on, and the bit 8 current source is off. During

the conversion, the bit 9 and bit 8 current sources are controlied

by ADC  AD@9 H and ADC AD @8 H from the SAR, acting through

E17. When AD @9 H and AD @8 H are high, the corresponding current
sources are on.

The reference current for E22 is ABS Il - 3.2 mA. Conse-
quently the E22-4 full-scale output current is 3.2 mA, which is
present for E22-5 through -12 all high, i.e. ADC AD@7:9¢ H from
the SAR E26 all "1".

During "sample", ADC ENA A/D (1) L is high, so that E17-1 is
at ground. This turns on 032, so that the gates of Q60 and Q70
are at +14v HQ. Therefore Q60 and Q70 are off and the E22 output

current is diverted into D48, so that the bit @-7 current is ef-

~fectively off. During the conversion ENA A/D (1) 1. is low, El17-

1l is sw@r~ Q32 is off, and Q60 and Q70 are held on by R96 between
gate and source. The E22 bit @-7 output current then goes through
Q60 and Q70, D18 and D19, and "sees" R11l1l, approximately 400 ohms,
so that its value is (3.2 mA) (400 ohms) or 1.25 Volts, which is

the desired one-quarter Om full-scale.
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Operational transconductance amplifier Al is made up of
035, Q36 and Q40, biased by current source ABS T6-2 mA. If the
base voltages of Q35 and Q36 are equal, I6 will split up with
1% mA going into Q35 and % mA going into Q36, due to the un-
balanced emitter resistors R106 and R107. The 1% mA current
from the collector of Q35 is "reflected" by Q40, because ﬁrm D27
diode drop matches the Q40 b-e drop and R112 and R113 are equal
in value, mwvom the Q36 collector is sourcing % ma, and Dbo is
sinking 1% mA, there is a net 1 mA current flowing in the direc-
tion from the Q46, Q47 mawdﬁmﬂm into the Q36, Q40 collectors.
This is balanced by the 1 mA current source ABS 18, which flows
down through Q44 and Q47 during "“sample" and through Q43, Q45 and
Q46 during "hold". The difference between this nominal 1 mA and
the actual Q36, Q40 current, due to a non-zero DWmlme base dif-
ference voltage, acts as the error current into sample-and-hold
output stage A2 (Q49, Q50, (€28) during "sample" and into compara-
tor output stage A3 (Q48) during "hold".

Switch S2 of figure 7 is actually the current switching net-
work consisting of Q41 through Q47. 1If ADC HOLD (1) . is high,
the circuit is in the sample state. 1In this condition the bases
of Q41 and Ohw are at +5 Volts. The bases of Q42 and Q44 are
at +3 Volts, set up by I12-1.5 mA and the 2K pot R114. Since
the Q44 base voltage is lower than the Q43 voltage, Q44 is on and

I8 takes the right-hand path. Since the Q42 base voltage is lower

TITLE
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than the Q41 voltage, Q42 is on and I7-.5 mA goes down into
R117 instead of R116. Therefore the base of Q47 is higher than
the base of Q46, and Q47 is on, allowing I8 to continue on into
the Al output. During "hold", HOLD (1) L is low, so that the
Q41, Q43 base voltage is +1.4 Volts. Since the 3-volt Q42, Q44
base voltage is now higher, I7 and I8 take the left-hand paths,
through Q41 and Q43 respectively. Common base stage Q45 trans-
mits the I8 current from Q43 on into Q46, which is now on instead
of Q47 because I7 is now going into R116 instead of R117.

During "hold", mwogmw D28 and D29 and transistor Q45 form
a feedback path for amplifier A3 (Q48) clamping the comparator

output AD COMP H at +2 Volts high and +.8 Volts low.

8.5 Successive Approximation wWaveforms

The AR11l A/D converter uses a successive approximation
algorithm in which, initially, all ten bit current sources are on.
The current sources are then turned off one at a time (MSB first),
and after a two-microsecond settling time, a decision is made
(on the basis of all the remaining current sources which are still
on) as to whether to leave the current source off or to turn it
back on. At the "decision time", if the approximation voltage
(TP A) is below zero, the bit current source in question is left

in the off state, and a "@g" results; if the approximation voltage

(TP A) is above zero, the bit current source in question is turned
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back on, and a "1" results. Negative voltage at TP A results

in AD COMP H at +2 Volts; positive voltage at TP A results in

AD COMP H at +.8 Volts. The mvvuoxwgmﬂwos voltage (TP A) is a

staircase with both plus and minus steps, "zeroing in" on a

threshold voltage near zero. Each of the ten steps has one-half

the magnitude of the previous step.
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1.0 SCOPE
TITLE AR1l Troubleshooting Procedure
REVISIONS This document covers troubleshooting procedures for the AR11l
REV DESCRIPTION CHG NO ORIG DATE APPD BY DATE one-module real-time analog subsystem. The AR1l consists of 16—
channel 10-bit A/D converter with sample-and-hold, scope control with
two 10-bit D/A converters and the associated logic, and programmable
TABLE OF CONTENTS PAGE real-time clock. Since the AR1l is an SPC Unibus Option, it also
1.0 SCOPE 2 . contains a Unibus interface. Since the ARl draws power only from the
2.0 RELATED DOCUMENTS 2 +5V logic power supply, it also contains a dc-to-dc converter to supply
3.0 ARl1 MAINTENANCE PHILOSOPHY 3 +14v power for the analog circuitry.
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ment:
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6.3 A/D or D/A? 12
2.5.2 ARl Test II (Analog) MAINDEC-11-DZARB-A
6.4 A/D Logic or Analog? 14
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3.0 ARll EHZW_MZEOM PHILOSOPHY .

The AR11l logic is to Um‘HmvmemQ in the normal manner. The AR11
analog circuitry is to be repaired only in the AR1l1 option area. TIf
any analog failures occur either in system integration (FA & T) or in
the field, the AR11l is to be board-swapped and returned to the option
area for repair. Likewise, no analog adjustments are to be attempted
in FA & T or in the field. All potentiometers are sealed after final
adjustment in the option area, and from then on.are considered to be
fixed resistors. All AR11l's have been Uzﬁnma in to assure the Hmwwmkub}
smommmMH< for successful implementation of this board-swap maintenance
philosophy.

It is the intent of this procedure and of the AR11l diagnostics to
provide the tools necessary to troubleshoot and repair all digital logic
problems, to verify analog performance, and, if A/D or D/A problems are
detected, to isolate the problem to either the Qw@wﬁmw or analog cir-
cuitry so that a decision can be made whether to Hm@mwﬂ the board (digi-
tal problem) or to board-swap and return to the option mwmm (analog pro-
blem) . .

Field (and FA & T) repairs may be made on the do-to-dc converter

(analog power supply).

4.0 DESCRIPTION OF DIAGNOSTICS
4.1 AR1l Test I (logic) MAINDEC-11-DZARA-A
This diagnostic does a complete checkout of all ARI1 logic -

Unibus interface, interrupts and vectors, real-time clock,

ENGINEERING SPECIFICATION
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#

A/D logic, D/A and scope control logic.

The diagnostic is set up to automatically test multiple ARll's
installed in a system provided that the following conditions are
met: first (or only) ARll address 77¢4¢@, vector 340: additional
ARll's 2¢ higher and sequential, e.g. 77¢420 and 369, 77044¢ and
40@, etc.; address which is 2¢ higher thah the last AR11 address
must be unused, e.g. 77¢42F in system with one AR1l, 770460 in
system with three ARll's. Otherwise patch location ARADD with the
address of the first AR11l and location ARVCT with the vector of
the first AR1l. If an unused address is not left after the last
ARl1l, it is necessary to inhibit testing of more than one AR11 by
patching 5@@3 into the 3$ location after location RBEG.

Refer to the diagnostic listing for detailed instructions,
switch settings, etc. If an error occurs, the printout identifies
the address of the failing register, so that the faulty AR11l in a
system with multiple AR11's can be identified. Set front console

SW@9 = 1 to loop on the error and troubleshoot using the diagnostic

listing, ARll schematiq and AR1l Circuit Descriptions.

4.2 AR11 Test IT (analog) MAINDEC-11-DZARB-A

This diagnostic has three major uses - a calibration check
(used with an EDC calibrated DC voltage source) for normal AR11
acceptance testing; on-going analog verification testing by users

who do not have the BG5036 wraparound maintenance option; and
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checkout of the scope control and scope when the AR11l is interfaced

to an oscilloscope.

§

sections 4.4, 4.5 and 4.6 of the ARI11 System Installation/Acceptance

These applications are described in detail in

Procedure.

Tais diagnostic tests only one AR1l at a time. For an AR1l1l
with address 77¢4¢@ and vector 34@, no patches are needed. Other-
wise, patch location ARADD with the address of the AR11l and loca-
tion ARVCT with the vector.

Program start location is 2¢@. Refer

to the diagnostic listing for detailed instructions.

4.3 ARll Test III (wraparound) MAINDEC-11-DZARC-A

The wraparound diagnostic enables the AR11 to test itself,
in conjunction with a G5036 wraparound module, which is connected
to the AR11l through a BCO8-R cable. The two D/A converters are
combined in various manners using resistive dividers on the G5036
module and sent back into the A/D inputs. Consequently, both X
and Y D/A's are tested by the A/D converter, and the A/D is tested
by the D/A converters. Because the D/A's are divided down before
going into the A/D, test resolution far better than 1 LSB is at-
tained. 1In addition, the analog power supply levels (+14 Volts)
are divided down and used as inputs, allowing test of the dc-to-dc
converter; the four scope control logic outputs (ERASE L, NON-STORE
L, CHF2 L, and WRITE-THRU L) are used as inputs, allowing para-

metric tests of their high and low output 1levels; the CH@2 L output

TITLE
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is fed back into the ERASE RET input, allowing test of the storage

Sscope erase return handshaking logic; and the scope INTENSIFY out-

put is fed back into the A/D external start input, allowing tests

of both functions. Since all A/D input channels are used (at dif-

ferent input voltage levels), the wraparound module also provides

a complete functional check on the A/D input multiplexer. Use of

the various A/D channels by the wraparound test is as follows:
CHZ: Switchable between "g", a hard ground used in the wrap-

around program, and "E", a split lug useful for connecting

an (EDC) calibrated DC voltage source.

CHl: Ground through 100K resistor, used for bias current test.
CH2: +5 VHQ power, divided down to +1 Volt nominal.

CH3: Positive analog mrvvww. divided down to +2.5 Volts nominal]
CH4: Negative analog supply, divided down to -2.5 Volts bogwsmw
CH5: Coarse X and fine Y, Voltage %X + 1/100Y, Code X + 1/50v.
CH6: Coarse Y and fine X, Voltage %v + 1/100X, Code Y + 1/50X.
CH7: Fine Y, Voltage 1/100Y, Code 1/50Y

CH1f: Fine X, Voltage 1/100X, Code 1/50X

CH1l: DirectX

CH12: Directy

CH13: ERASE L

CH14: WRITE-THRU L
CH15: NON-STORE L

CH16: CHANNEL @2 L
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CH17: +5 VHQ power, divided down to +4 Volts nominal.

Using the above inputs, the wraparound mwmQSOmdwm MAINDEC-11-
DZARC-A test the following:
a) Scope intensify pulse, external A/D start
b) Storage scope handshaking logic - Erase return, etc.
c) Scope control output logic high and low levels
d) Analog power supply levels
e) Functional check on all 16 channels of A/D input
£) A/D input bias current
g) Calibration of X D/A vs. A/D, Y D/A vs. A/D
h) Linearity of X D/A vs. A/D, Y D/A vs. A/D
i) Differential Linearity of A/D, X D/A, Y D/A
j) A/D inter-channel settling, plus full-scale and minus
full-scale
k) ©Noise levels - rms and peak - A/D bipolar, A/D unipolar,
X D/A, Y D/A

1) Offset - A/D bipolar, A/D unipolar, X D/A, Y D/A

In each of the above tests, the numerical results are compared

to spec limits, and if everything passes, "END PASS" is printed

out. A failure results in a corresponding error printout. Numeri-
cal results can be printed out by setting front console SW12 = 1.
The wraparound diagnostic is set up to automatically test

multiple AR11's installed in a system, provided that the following

conditions are met: first (or only) AR1l address 779499, vector

' 34¢; additional AR11l's 2¢ higher and sequential, e.g. 77@42¢ and

360, 770449 and 499, etc.; address which is 2@ higher than the
last AR11l address must be unused, e.g. 77042 in system with one
ARll, 77046¢ in system with three AR11's. .Oﬁsmhﬁwmm. patch loca-
tion ARADD with the address of the first ARLl and location ARvVCT
with the vector of the first ARl11. If an unused address is not
left after the last AR11l, inhibit testing of more than one AR11 by
patching 5@%3 into the 3¢$ location after location RBEG,

When running the wraparound program, each ARll in the system

must have a G5036 wraparound module installed. *Important Note:

The BCO8-R cable should be connected "upside-down" at the G5036 end,

i.e. A to \a% rather than A to A,

4.4 DEC/X11 Module MAINDEC-11-DXARA-A

The DEC/X11l module operates with or without the G5036 wrap-
around module installed. The program tests for the presence or
absence of the G5036 and selects the proper routine accordingly.

If the G5036 module is available, it should be installed. 1In
this case, the AR11 DEC/X1l exerciser uses wraparound techniques
to measure (and compare to spec limits) rms and peak noise levels
on A/D and both D/A's. All A/D conversions are started on clock
overflow after a random number has been loaded into the clock pre-

set register. Since the system is being exercised in the Umowmﬁocb&
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at the time of A/D conversion, true worst case noise levels are than +13 Volts, analog problems may occur. The +14 V level s should
measured, under conditions of full system interaction. If an be checked first when verifying an analog problem.
error is detected  (any of the noise levels exceeds its spec limit), . TPPD: "Power Driver"- the power square-wave drive used in the
the program measures average value and peak-to-peak spread on the dc-to-dc converter. This point is a good "quick look" first check
+5 VHQ and +14 V power supplies, and reports these along with the for any +14V power supply problem.
error message. TPP, TPl: Used for "all @'s" and "all 1's" jumpers. See section

If the exerciser senses that the mmowm module is not present, 6.4 below.

it executes a routine which takes conversions on each of the 16 TPSH: Sample-and-Hold output - tracks drm.mmHmOﬁmQ analog input
channels, and displays them on the screen of the scope driven by signal +.8 Volts (unipolar) and +3.3 Volts (bipolar) .
wrm ARll. Each channel is displayed in turn for about three mmoosgk. TPA: "A/D Approximation" - tracks the selected analog input sig-

nal during "sample", and zeroes in on ground in a series of de-

5.0 ARl1l TEST POINTS
creasing plus and minus 2-microsecond steps during "hold".

The following test points are available on the AR d f
El P °© R1l module for TPE: "Enable A/D" - useful for external scope trigger to synchro-

troubleshooting purposes: . , ) ;
nize scope presentation to A/D conversion when looking at TPA.

TPC: "Clock" - a 1 MHz TTL square wave output from the clock
OmowwwmﬁOH circuit. If this point is wrong, all bets are off, so 6.0 TROUBLESHOOTING
that this is a good "quick look" first check for any AR11l problem. 6.1 Troubleshooting Flow
TPG: "Logic Ground" - use for scope ground when checking AR11l lo- It will be useful to follow the flow of figure 1 below in
gic signals. Scope should be floating to avoid ground loops. troubleshooting an AR11. All troubleshooting om logic and dec-to-dc
TPHQ: "High Quality Ground" - use for scope ground when looking converter power supply should be done with reference to the AR11 .
at ARll analog signals. Scope should be floating to avoid ground schematics and AR11l Circuit Descriptions. Test points which are
loops. useful at the various points in the flow chart are indicated on
TP+: "+14 VHQ" - positive analog supply. the flow chart.
TP-: "-14 VHQ" - negative analog supply. If TP+ and TP- are less
SIZE |CODE NUMBER REV SIZE |CODE NUMBER REV
A | sp |lapiigoe A | sp|arii-gos
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6.2 Wraparound Problem - Logic on A/D, D/A?
Most problems uncovered by the wraparound program are in the

A/D and D/A sections. The following logic problems, which can be

fixed in FA & T or in the field, may be uncovered by the wraparound
program:

"External

6.2.1 A/D Start Failed" - The problem is with either

the external A/D start logic or the scope intensify output

pulse.
6.2.2 "VC Status Register in Error" - The problem is with

either the erase flip-flop, erase return circuitry, or the

CHANNEL @2 L output signal.
6.2.3 "VC Logic Signal High Output Too Low" and "vVC Logic
Signal Low Output Too High" - The problem is with the logic

level of one of the four scope control logic outputs.

A/D or D/A?

In most cases, it will be obvious from the error message,
error PC, and diagnostic listing comment field exactly where a
given problem is - A/D, X D/A or Y D/A. For example the error
message may identify a problem as "D/A differential linearity" or
the error message

A/D inter-channel settling". In other cases,

may not identify the culprit, e.g. "Noise level exceeded limit"
and it is necessary to refer to the comment field at the locat ion

in the error PC to identify the problem, e.g. "A/D bipolar rm:

SIZE |[CODE

A | sp

NUMBER
AR11-g-6

REV

Figure 1: ARl11l Troubleshooting Flow
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noise" or "X D/A peak noise".

The problem mﬁwmmm_ssmb a functional failure occurs in either
the A/D or one of the D/A's (as opposed to some analog characteris-
tic slightly exceeding its spec limit). 1In this case, multiple
errors are printed out and it's not obvious whether the problem
is in the A/D or one of the D/A's. The following table should aid
in determining whether the failed Qm<wom is A/D, X D/A, or Y D/A.
mmos of the wraparound tests uses some combination of A/D and D/A's.
Those devices with an "X" are used in the indicatec¢ test.

Y D/A

TEST A/D X D/A

o
FRNoOUubWNM

12
13
14
15
16
17
2¢
21
22
23
24
25
26
27
3¢
31
32
33

el I I T T I I VY,
KoK XX

P X X K MM

TITLE

'AR11 Troubleshooting Procedure

SIZE |CODE NUMBER REV
A SP |AR11-@-6

34
35
36
37
4g
41
42
43
44
45
46
47
5¢
51
52
53

XXX

K M MK M X M XX

PP DDA XK X X K M X
o]

"
e I

In those cases, where it is impossible to determine from the
above table whether it is wsw A/D or one of the D/A's which has
failed, the individual Test TII analog diagnostics should be run.

If the ARll is interfaced to a scope, Test II (B) will display
a series of "pictures" which verify X and Y D/A operation.

If the "pictures" are good, the A/D can be assumed bad by
process of elimination. This can be verified using Test IT on~
the calibration test, and observing the output on the scope screen.
If the AR1l is not interfaced to a scope, it is necessary to run
Test IT (C), the calibration test, and set front console SW1lg = 1

to force printout of the converted value.
6.4 A/D Logic or Analog?

Once it has been determined that the A/D converter is non-

functional, it is necessary to know whetle r the problem is in the
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A/D successive approximation logic (which may be repaired) or in
the A/D analog circuitry Asrwos necessitates board swapping). This
can be done with the "all @'s" and "all 1's" jumpers. Jumpering
TPJ to TPG bypasses wrm analog circuitry and simulates that out-
put from the analog owwocwﬁhw which results in a @@@dd conversion.
Jumpering TPl to TPG v%mmmmmm the mmmwom circuitry and results in
a 1777 conversion. emmmm numbers should be monitored using Test
IT (C), the calibration test. If @@@PF and 1777 conversions do not
result, the problem is in the A/D successive approximation logic.

If @PPFF and 1777 conversions do result, the problem is in the A/D

analog circuitry.

SIZE [ CODE NUMBER REV
_A sp] AR11-g-6
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REVISIONS

REV DESCRIPTION HG NO ORIG DATE APPD BY ‘| DATE

1.0 SCOPE

Th*s standard is to apply to rework of any multilayer module
manufactured or purchased by Digital Equipment Corporation which ,
18 sold or otherwise delivered to a customer. .

2.0 GENERAL

The purpose of this standird is to supplement the Module Rework
Standard (SP 7605845-0-0, Rev. A) in establishing acceptable
methods for modifications to multilayer modules, both in-house and

in the field.

Figure I shows a cross se:tion of a multilayer board. It is a
four-layer board, having c:tch lines on Side #1 and Side #2 with

a ground plane and a powe: plane between.,

HOLE hy mo..m)_,w SIDE */
A S — % L
FOWER d = ) = = SIDE *2.
FIGURE |/

In this figure, the ground plane is connected to the Hole B and

the power plane to Hole A. If you were looking at this board

you would see a clearance hole in the ground plane wuomsn Hole A
and a clearance hole around Hole B in the power plane. The drilled
holes A ar1 B wwm,vwmamnunsuc holes that make contact to the proper
planes. It is the presence of these inner planes and the connection
of plated-thru hole to inner layer that necessi*ates many of the
changes to standard reworl: practices. The plated-thru hoie can be
destroyed by excessive he:t or mechanical force. Because the inner
layer acts as a good diss:putor of heut, it is very difficult to
remove a component thet ir in a hole connected to an Inner luyer,

3.0 CUTTING LiNES

3.1 Etch lines are allowed to be cut in troubleshooting due to the inabili .y
to remove a component without destroying it. The cut shall be made as
narrow ag possible. To repair the cut etc¢h, a piece of uninsulated
#30 gauge wire 1/L to 1/2" in length is to be soldered across the cut,
with at least 1/8" of the wire soldered to the etch on each side of

the cut.

4,0 ADDING LINES

k.1 #30 gauge white Kynar insulated wire is to be used for all repairs
o which are not associated with an ECO. White wire is not to be used

for ECO's, .

4.2 Wires may be added to the #2 side (non-component side) when necessary
for repairs under the following restrictions:

4.2.1 The wires must be added after wave solder.

L.2.2 The length of the wire on Side #2 is limited to 1/2".

e

L.2,3 The*wire must lay flat against the board to reduce the
possibility of snagging during module removal or ingertion.
Cementing of the wire to the board is required.:

L.3 wWires mzy be soldered directly to leads of components in multiple pin
packages (transistors, IC's). Wire is to be wrapped one full vrap
around the leud of the component before soldering, insuring that there
is no possibility of contact to an adjacent lead or etch,

L4 Connection to component leads prior to wave solder shall be by placing
the wire in the component hole along with the component.

.5, 1t my be necessury to run wires trom side 1 to side 2, 'The wowuotumw
techniques ure to be followed:

4,5,1 The preferred method is to utilize an existing hole that has

no component, (leun the hole of solder (7.1.3) and run the
wire through, insuring that no uninsulated portion of the wire

is in the hole,

L.5.2 ‘lhe ulternute method Is to drill a hole, (See 6.2)

5.0 TACK SOLDEPING

5.1 epcx,uowamawzm to pgold fingers 1s allowed on both side 1 and side 2
under the follow!ng restrictions:

5.1.1 The wire or solder nuy not extend into the critical contact
aren (geuge F9505040-0-0),
9.1.2 A wire on side 2 shall be 48 short as possible and will not ex-
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for holes which connect to the power or ground planes. The ceed 1/2" in length. (See L.5 for routing wires from side 2 to
minimum amount of heat should be used, but do not try to pull side 1.
the lead from the hole until the solder has melted or the hole
will be removed with the lead. Do not hold the lead with the 5.2 Tack soldering to gold fingers is to be done only in the following
bliers while heating, since the pliers will act as a heat sink, manner: .
If the leads were cut too close to the board to grip with the , ) .
pliers, push the lead up from side #2 with the soldering iron A 5.2,1 The stripped length of the wire to be added is not to exceed
until enough lead exists on side #1 to grip. The leads must be " 1/8 of an inch from end of insulation to end of bare wire.
withdrawn from the #1 side, since the cut end of the lead 5.2.2 The tack soldering of the wire onto the extended and unextended
could damage the hole if it was pulled out from side #2. Clip gold finger is to be done neatly to prevent putting too much
axial leads close -$0 side #2 before removing. solder on finger or causing the solder to flow down the finger
for more than H\m of an inch, maximum, making the board
7.1.3 Cleaning of the hole mey be accomplished by use of a solder non-acceptable.
removal tool or by heasting the solder and pushing it out with °
a #70 (.032 diam.) stainless steel wire. When using the solder 6.0 DRILLING HOLLS
removal tool, solder may have to be added to the hole first. . :
Minimize heating! 6.1 Drilling of new holes in multilayer boards is to be considered g last
regort,
7.1.Lk Insert the new component, bending the leads slightly to retain . 6.2 All new holes shall be drilled with & #58 drill through a clearance
the component, hole in the layers, insuring that the hole is not drilled into the
inner layers. Should this happen, inspéct the hole for anv copper
7.1.5 Clip the leads of the camponent, insuring that they do not smears between the layers, test the boerd for power to ground. short,
extend greater than 1/16" from the surfrce of the boards. fill the hole with epoxy, then try another hole (stycast 1266 or
equivelent epoxy).
7.1.6 Solder all leads on side #2. 6.3 A #54 drill shall be used for removing internal shorts (See 8.0).
6.4 Holes drilled to remove internal shorts prior to wave solder shall be
7.1.7 Clean flux from both sides of the board with trichloroethylene, : filled with epoxy after testing the board for power to ground shorts.
freon, or equivalent, R If the hole is not epoxied, solder could fill the hole during wave
golder and regain the internal short.
7.2 If a hole is "pulled" during repairs, the following procedures apply: 6.5 Holes drilled for component addition or to provide passage for
~ : insulated wires from side to side may only be drilled through
"T7.2.1 If the hole was u fredtiaroush, wires must be soldered to the ¢ clearanze holes.
component lead urd Len soldered to the eteh lines to regain
connection, 7.0 COMPONENT REMOVAL/REPLACEMENT
7.2.2 If the hole connected to a plune, #30 gauce white wire is to wn 7.1 The following technique is to be used when removisg components:
be used to connect the uftected leud to the nearcest hole
connecting to the sume plane, 7.1.1 Clip the leads close to the connection to the component waa,
} remove the body of the component. This is necessary since
8.0  REMOVING INTFRNAL SHORTS the crimped portion of the leads will damage the hole if the
component is removed in one piece. Modified cutters (Utica
Figure 2a shows a hole with an internal short., This condition may be L6C-4 Mod) are required to perform this on multiple lead
caused by improper etching of the cleurance hole when the bourd is made. components, Care should be exercised not to damage the etch
It is possible tg salvage the board by removiyz the short and using wires during the cutting,
to{regain the necessary connccetions between canponent and cteh lines, T.1:2 Apply heat to individual leads from side #1 and remove leads
curefully from side #1 using a pulr of needle nose plicrs,
\ The vieller "hot t1p" (PT-P8) 18 the recommended soldering {ron
§iZE | CODE NUMBER REV SIZE |CODE MUMBER "~ | REV
A | sr 7665169.0-0 A | sp 7665169-0-0 .
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FIGURE II

PLATED THRU _SHORT
HOLE /@M\

qa

8.1 If there is a component lead in the hole, remove the component. (7.0)

8.2 Drill out the plated-thru hole with a #54 drill.

CLEARANCE HOLE -

., DRILLED HOLE

b

(€.2)

8.3 Inspect that the walls of the plated-thru hole have peen removed by the

drilling,

8.4 Check for removal of the short with an ohmmeter.

clean the hole with a .058 in. reamer.

8.5 If the short still exists or copper smears are visible in the hole,

SIZE |CODE NUMBER REV
A SP 7665169-0-0
w.n.m ,a%oan NO 16-1022 SHEET 5 oF 6

ENGINEERING SPECIFICATION  BSBEEE  cownmuamon sHeeT

TNLE  MULTILAYER REWORK STANDARD

8.6 Since the end of the copper trace that was causing the short is still
present at the side of the drilled hole (Figure 2b), no uninsulated
wire or component lead may be inserted in the hole.

8.7 Before inserting the new component (the old one was destroyed in
removal), cut the lead off at the seating plane that corresponds to
the drilled hole (Figure 3).

FIGURE 111

lead cut off at

(\u seating plane

8.8 Insert the new component (7.1.4).
8.9 Attach a white #30 gauge insulated wire to the cut lead (L.3).

8.1@ Tack solder the other end of the wire to the necessary etch. If on
side #2, run the wire through the drilled hole and attach (k.2).

8.11 If a short was removed in a hole that was intentionally connected to
one of the planes, the connection may be regained by tack-soldering
a white #30 gauge insulated wire to the etch and running the wire to
a hole that connects to the same plane. Solder the wire into the
hole.

*30 GA. FIGURE IV

HOLE A

ODOO0.0.0.0..0
R~ A = o~ 4

Hole A and Holc B are power plane connections. If Hole A also had a
short to the ground plane, it would be drilled out to remove the short
and a wire run from the etch to Hole B. This would regain the power
connection to IC #1.
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