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ABSTRACT

This volume contains the circuit diagrams for the

vertical boards used in the macromodule electronic

subassemblies.
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A GUIDE TO DRAWING CONVEA_IONS

I In the process of designing a circuit board, the logic drawing has
I,t

i been our principal piece of documentation up until the time that the

production documents are generated. The drawings thus contain circuit

diagrams, parts lists, component counts, and certain information that is

useful at specific stages of the design process. About half of the drawings

in this volume are original logic drawings. The other drawings are revisions

that no longer contain obsolete information or information to be found

elsewhere. The revisions also have an improved notational form. In the

text that follows, we first treat the conventions common to all of the

drawings in this volume_ and then treat the conventions peculiar to specific

subsets of the drawings.

1. LOGIC FUNCTION SYMBOLOGY

The logic function symbology conforms in general to MIL-STD-806B. The

principal exceptions are as follow:

A) Function Identification Only two tagging lines are used. The

top line locates the function on the circuit board and the bottom line

identifies the hardware. Most logic hardware used in the modules is

Motorola's MECL II series. This logic hardware is identified by an M

followed by two digits. The M is an abbreviation for MC12 so that a tag

such as M47 identifies the element as an MC1247. When there is also a

letter suffix_ e.g. M47B, the suffix indicates that the hardware is

tested to standards other than those specified by Motorola. For more

information on that, see the section on IC Testing. When hardware is

not MECL II series, the bottom tag line contains the manufacturer's

own designation number.



B) Interconnected Outputs The outputs of MECL II circuits can be

tied together to implement the AND and OR functions, a feature which

has been used extensively in the design of the modules. When outputs

are tied together, the intercounection point is high if one or more

of the outputs are high (the OR function) and is low if all outputs

are low (the AND function). In the circuit diagrams, the interconnection

point is generally not enveloped by a logic symbol. The symbols have

been omitted in order to reduce the overall density of logic symbols

and thereby make the drawings easier to read.

2. OTHER CONVENTIONS --- ALL DRAWINGS

A) The symbolsused for components such as resistors, capacitors,

diodes_ etc., are industry standards. Each of these items is identified

by a single tag line. In most cases, one must refer to the parts list

for the circuit board in order to get any information about these

components. This is only partly true for resistors, however. Resistors

are tagged by an R followed by three digits. If the digit immediately

following the R is listed in the table below, then the value of the

resistor can be found from the table. If the digit is not in the table,

then one must refer to the parts list.

Digit Resistor Value In Ohms

0 zero (a jumper)

i 1500

2 750

3 121

4 15K

5 57.6

6 130

2



B) Connector terminals for signals entering and leaving the circuit

board are represented by ovals. Tags internal to the ovals identify

14 the terminals.

I C) A small triangle with no internal tag represents a connection to

-5.2 volts. This voltage is VEE for MECL II circuits.

D) When MECL II logic functions are shown with inputs tied to -5.2 volts,

the device behaves as if those inputs were tied to a logic low.

E) On some circuit boards_ a few of the integrated circuits have unused

logic elements. These elements are shown on the diagrams in a group

unto themselves.

3- DRAWINGS 200.9D3 THROUGH 210.2D3

These are revisions of the original logic drawiugs. Obsolete information

and information now found elsewhere has been eliminated. The circuit diagrams

have been revised in an attempt to make them easier to understand and follow.

They have the following features:

A) The elements of the diagram are arranged so as to minimize the

number of long lines, miuimize the number of interconnecting lines_

and accentuate functional groupings. In a few instances, tie-points are

used to eliminate long lines that could not be comfortably eliminated by

other means. See 3D for an explanation of tie-point notation.

B) Certain functional groupings are enclosed in boxes and labeled to

iudicate the functions performed by the groupings.

C) Signals entering and leaving the circuit board are identified by

two tag lines. One tag gives the name of the signal while the other tag,

always in parentheses_ indicates the significance of a logic high or low.

(See 3E for a special case.) The polarity-indicating tag is subject to

the following rules:



1. If the signal is a data bit, the polarity representing

the data value i is indicated. The possible tags are

, (l-L) and

2. If the signal is a condition_ the polarity representing

assertion of the condition is indicated. The possible tags are

(A-L) and (A-H).

3. If the signal is a transition signal_ the preset polarity

of the signal is indicated. The possible tags are

(P-L)and

D) Two forms of tie-point notation have been used. The more commonly

occurring form employs a triangle (flag) containing a letter tag. The

rule is that all identically flagged points on a diagram are inter-

connected. The other form of tie-point notation occurs only on drawing

203.2D3. A tie-point source is identified by a small arrow which is
i

usually perpendicular to a line and pointing away from it. The number

of destinations is indicated by a digit near the arrow. If the liue to

which the arrow is affixed is not already named_ a name is given at the

head of the arrow. A tie-point destination is identified by a logic

function input connected to a tag. This tag is either the signal name

of the tie-point source or the complement (NOT) of it. The assertion

polarity (or value i polarity) for this tag agrees with the assertion

polarity of the input to which it is connected.

E) On drawings 205.2D3 and 210.2D3 there is a pair of inputs whose

second tagging line is "(A-NC)." The possible states for these inputs

are NC (no connection) and ground (zero volts).



4. DRAWINGS 211.3D3 THROUGH 218.4D 3

A) A small circle on a line (with a tag beginning with an H or a 1_)

t

specifies a plated-through-hole into which a component is not inserted.

The function of this hole is to take the signal from one surface of the

circuit board to the other surface. This type of information has been

deleted on the revised drawings discussed in section 3.

B) The numbers 1 and 2 that occur at the ends of resistors, capacitors,

and diodes are engineering aids that were useful at a specific phase of

the circuit board design process. These numbers should be ignored.

C) The character string that identifies a signal entering (or leaving)

a circuit board can be considered a single tag. Somewhere within this

tag there is either an isolated L or H, or there is a -L or a -H. These

are the polarity indicators. The significance of the indicator depends

on the nature of the signal s i.e., depends on whether the signal is a
i

data bit_ a condition, or a transition signal. For modules other than

the Multiply and Znterlock modules, an asterisk identifies the signal

as a transition signal and the polarity indicator thus indicates the

preset polarity for the signal. Except for this_ the nature of the signal

is not indicated in the tag.
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T3 FB T2 FB T1 _ ToFB COMPUTn SYSTEMSLABOIATOIY

MACROMODULAR PROJECT

..... REGISTER MODULE

DATA BOARD

....... I"_JS1205._D3



i, ,r

DEL. RET. TF DEL. RET. CONFIG. TRANS. RET. TB INH TB RFB TB

(P-L) (P-H) (P-H) (P-L) (A-P (A-h)

; R537 R324 R323 '.
RI25 INH TA RI22' RPB IA

R347 r R320

R

RO08 I10

R326: i

is [
1

(A-L) (A-L)
RFB FB

R330

1113204i__i_ 3 : R302

RI32 R CR INH

II

(A-L) (P-L) (P-L) (P-L) (P-H)
OEL. BNO. FA F DEL. RET, FA F DEL. RET. FB P DEL. FF

(P-L)

IS IS R DEL, RET. FA (P-L) {A-L)

M D042

TRANS. ANCHOR FB j

%'_' I °............
3

.^S.l_To. U_lVE.Sl..

9 I I s_ LO.LS..,_.,

GNDS: T29,T36,T59,T66,TgI_T94_ MACROMODULAR PROJECT

L h L 18, FI, FI8, B29, B36, .....
BSg, B63,B87, B9 I, Bg4. R'EGISTER MODULE

(P-H) (P-H) (A-H) (P-L) (P-H) (P-L) (P-H) 0 3 CONTROL BOARD NO.I
DEL. B DEL.C AND A PRESET LC DEL.RET. FF RC OEL. RET. FF VEE: Bg2_Bg3. j..,,.

., , ":%" I'%1JSj2052D2i r_gi

f'":/7,1_:'3-es
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s s s s
, B2OUT

(t-H)

COl

IS IS IS

--, -- BpOUT
O-H) =

GNDS; T53,T62,TSg,T75,Tg4,

LI,LIS, FI,FIB, B53,

I S I S I S 862, B73, B83, B9!, B9.4.

VEE: B92, B93

BoOdT

-H)

T3TB T2TB TITB [oTB

(I-H) (I-H) (I-H) (I-H)

R304 R305 R310 R3II

R 3 FA R I TA j RoTA R24 R208 R209
II-H) (l-H) (I-H)

R314 R317 R332 RBLS R3[_ R333

, M_.O_ > RII2 RII3 RI34

II 6 5 8 9 ;3

'13 (I-H) (f H) (I-H) (I-H)
T3 FA T2 FA TI FA ToFA

(I-H) (I-L) (I-H) (I-H) (f-L) (I-H) (I-H) (I-L) (I-H) (I-H) 0-L) (I-H) j

R3FB S3FF R2FB S2FF Rp FB S_FF RoFB SoFF I
I

COMPUTERSYSTEMSLAIORATORY

M&CROMODULAR PRO J_C'_

DECODE MODULE

DATA BOARD

41_-, 13'158.6,q

.J



C3TF C2TF CiTF CoTF DEL. RET. TF

(P-L (P-H) (P-L) (P-H) (P-L) (P-H) (P-L) (P-H) S (P-L) (P-H)

RSS8 ' RSS7 R560" R559 R544 R545 R547 R546 '
R255: R2S6 R253: R254 R240 R241

_ R243 cj R242 R561 R562

13 II

A06 vi06 I
I , ,

R33: R336,

Rs .26 2

6 ! I 64 R_1300__R004 (P-L)s (P-H)

6 9 ' I_ DEL. F'P
6 ) lC

05 M7 4 MI 05 MI4 (A-L)(2 5 12 2 PRESET

C06 __ C07 T C08__ C09__

DELAY B OUT R307 I R311 R310 R309 J_)m)L3 [

CO R229 9 8 - - -

C05 IU2,13 I0 5 6 9 B3, B72_B83, BgI,B94.

RFB TA INH TA F3TA F2TA FITA FoTA
(A-H) (A-H) (I-H) (I-H) (t-H} '(I-H)

I (I-H) R349 R351 R323 RD22 R319 ,R318

%/

M D 1t,12,1'3 8 13 I s_ LOUlS.M,_R,

MACROMODULAR PROJECT

_) ...... DECODE MODULE

(A-H) (A-H) (t-H) (I-H) (I-H) (I-H) LOCAL CONTROL BOARD /

(P-L) (P-H) (P-L) (P-L) RFB FB INH FB F3FB F2FB F I FB FoPB ...... ' 0._.1.. L 206.2D3[
IN, FF DO OUT DO IN ' ·....... I I'"_lJ5 .......

/
I I I'_;/;' I°i"-5-70/
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I I

RESULT RDY. RESULT RDY. TL C 1 TF C 2 TF B DEL. TF D DEL. RET. TF

(P-L) (P-L) (P-L) (P-H) (P-L) (P-h) (P-L) (P-H) (P-L} (P-h)

R529 ' R532: R531
R303 R30S R522 RS21 R524 RS23 R530 R233 R228 '

R202 R226 R225 '

I0 5 6

06 O6

II

R313 13
R

(A_L)
- - PRESET

MiiIi31ZM/_ 6 5 . II 6 _3

6 6 5 _10
MI II1 MIl

RCB _ : _2 >
(AH) OOTL __ . --

[ M D DEL.FF DEL.RET.FF

3RI0 0_1

ROI4
ROt7 ROlO

( P-L ) R340 R34 I 2 I

DO :RI42 ;RI43

z - 8 9 !

5F_4_ I R039 ..............

CUR0 gl4__ COMPUT"SVS'_SL--O"*_O"Y
(A-L) I0 _ _ - **S.,_GTO_UN,V[._,IV

MACROMODULAR PROJECT

(P-L) (P-H) (P-L) (P-H) C01 GNDS: T27, T32, T70, T75, TTg, TgO, ' .... LOAD MODULE

(I-L) IN 1 FF IN 2 FF Tg4,LI,L(8, FI, FtS, B83_ LOCAL CONTROL e, OARD
FO Bg I, 894,

= VEE:Bg2,Bg,. .. , "=" ' ....''°'"'""J_'""'"2¢.2D:
Z[" '_':27-7c



T3TB T2TB T1TB ' ToTB R3TA R2TA R1TA RoTA
(I-H) (I-H) (I-H) (I-H) (f-H) (I-H) (i-H) (I-H)

; R 301 R3O2 R?_3 R304 ' R3,2 R 311 R3 I0 R 3O9

IS IS IS IS HI_v_ RI06 RIOS

,IM4_7213 6 S6 430

M47

II IIII _. _
(I-H) (I-H) (r-H) 0-H)

3_ R3F8 R2 FB R1 FB RoFB
(I-Fi) (I-H) (I-H) (A-H)

T3FA T2 FA OUTPUTDATA

II § 6_6

' ¢02R313 I 5,6.0,9,10

B3TF B2TF B1TF BoTF
'I-L;0-H) 0-L) fl-H) 3*L) 0-H) (I-L)II-H)

CLR D

R529 I_530 R523 R524 RS25 R526 R517 R516 GNDS: T53 .T62. T_9 ,T75,T79. TO4, L1 .L18.

R227 R228 R221 R222 R215 R216 F1, FI_. B53 ,B02 ,B 73, B83,801, B94

VEE: B92,BO3

R332 R333 R331Ri34

:&% .,_> .,__> .,_
I0 Z II

,,, 2 12 'COMPUTIII SYSTEMSLAISOIIATOIIy

(I-L) (I-H), (I-L) fl-H) (I-L) (I-H) (I-L) (F-H) MACROMODULAR PROJECT

D3FF D2FF D 1FF DoFF '"_' LOAD MODULE
DATA BOARD

.,'"="....I°'_:,l':_JSIi_'o_;;Dm
I"_-_=1"_:2-7o



Y1 TF N 1 TF Y2 TF N2 TF Y3 TF N3TF

(P-L) (P-H) (P-L) (P-H) (P-L fP-H) (P-L) (P-H) (P-L (P-H) (P-L (P-H)

R543 R544 RG4 I R54Z Rs3g, ,R540 R535 R536 R537 R536 R534 R533

R229 R230 R222 R221 ' RZZT' :R228 ' R227 f_ ·R_ 232_

9 8 5 6 9

"'-A> il> '-N> )"-q::>

M M

-
_ .-RII6R3_S R312 iR309 R307 R311 ,Ri _R303

I3 R314 CS CS CS

,¢,.q4,5,G, 9,10 ) 3 I G a i;3

) t_ 0 M 3 MO M

2 IO _ IO ; I I

PRESET

II8 R317 . ·

F tP-H) (P-L} (P-L)

X1 X 2 X3

R348 R347

--RI4G F6i_

3 _ %';"' ° .............

/q_ COl lO (f c........................
q GNDS: Tg4, LI, LIB, FI, ElS, s_ _ou,s..isS_.l

BB5, B70, B91, B94. · MACROMODULAR PROJECT

VEE: 892,Bg3. 3 ..... CALL MODULE
RENDEZVOUS BOARD

(P-L) (P-H) (P-L) (P-H)

Y FF N FF ,, , '","_"", ....Ii"_vl_J_......

. [:_':C L 208-ID31"_45 I g'-"25-7C



L.

LX1 RX1
(P-H) (P-H)

GND5: T94, LI,LIS, FI,FIB,

B34, B46,Bgl, B94,
LX LX , R30S RX 2 RX 3(P-L) (P-L) :RI06

_ _4_ (P-L) (P-L) VEL: B92, B93,

R303 R304
_R_02 R316 R31S

RII4
RI_ LDO TF RDO TF -'

R5 3 I R532

R222
5 6

DELAY I DELAY DELAY DELAY DELAY DELAY

M M M
M

PRESET
(A-L)

:,A. ,,
(P-L) (P-N) (P-L) (P-H) (P-L) (P-H) (P-L) (R-H) (P-L) (P-H) (P-L) {P-H)

LIN 3 FF LIN 2 FF LfN 1 FF (A-H) RIN 1 FF RIN 2 FF RIN 3 FF
PRESET FC _".';" _..............

¢OMffUTIR SYSTEMSLABORATORY

MACROMODULAR PROJECT
NOTE .....

PREFIX R: RIGHT CALL UNIT. CALL MODULE
PREFIX L: LEFT CALL UNIT, MERGE BOARD



C4 TF C3 TF _ C2 TF C1 TP PRESETOUT

(E-L) (P-H) (P-L) (P'H) (P-L) (P-H) (P-L) (P'H) (A-H)

SI4 R513 RSt2 _S_I RSIO R304

SWITCHSUPPLYTF RIOB

(A-H) [ll_0

II )l

- - - _ RO03 _ROO2

IS IS

2 2
MI

PRESET _N

RO01

R M M i

ii_ , FOFF 6 8 B

MI M; II

4_jzj,

J GNDS: T94, LI, LIS, FI, FI8,

B32, B35, B91, B94.

VEE: B92, B93.

R321 R320 _318 R319
RIO6 RIO7 _108 RIO9

? _ ,w-b, -,,w'-D

COMPUTERSYSTiMS LABORATORY

(P-L) (P'H) (P-L (P-H) (P-L) (P'H) (P'L (P-H) st LOU,S.,_.,

IN 4 PF IN 3 FF IN 2 FF IN IFF MACROMODULAR PRO JEt'?

'i_ERGE- RENDEZVOUS MODULE
CONTROL BOARD

., , "%'" , .... 1'~&4OS120'9]D3

· "I__'L %15-68

,/



RC3 TF LC3 TF RC2 TF LC2 TF RCITF , LC_TF RC0 TF LC0 TF

(I-L) (I-H) (I-L) (I-H) (I-L) (I-H) (I-L) (l'H) (I-L) (I-H) (I-L) (I-H) (I-L) (I-H) (I-L) (I-H)

?_:?"_,_o,__'_ ?_'_'_,_t.__, _!,:_i__-_-:_-__ 7_,_,_,_,,:_7_?'_,%8,9D' s.6,8.9[:> .9,.o[> 68,_D,

R3 TA R 2 TA R1 TA R0 TA
(I-H) {I-H) (I-H) (I-H)

R 307 _30 3 R302 _30[

R312 R311

COl

FI 8, BI4,B23_ B9), B94.
12

VE_: BO2, B93.

(I-L) (I-H) (I-L) (I-H) (I-t (I-H) (I-L) (I-H)

D3 FF D2 FF O7 FF DOFF

¢OM_UT!U SYSflMS tASGRATORY-

MACROMODULAR PROJtCT

..... DATA BRANCH MODULE

DATA BOARD

., , '='", .... I:'_Js J_;_;}D3
· ;CE_L_::g-S8If/'_'-'



RSO? R506 0

RLO5 RI04

[2 ,3

_LSO011_ COl

g I0 4 GNDS:T29,TBG,T59, T66,T94,LI,LI8,

FI. Fl8, B4, Bg, B91, B94.
MI

LC DEL, TF VEE: Bg2, Bg3.RC DEL. TF

(P'L) (P-H) (P-L) (P-H)

R519 20 21

r{i7

1
IS IS / fS

(P'L) MOl

gli_ B .5,G,9,10

R311

RIIO

OI 2

R_ R403 R402 -

(A-L) F3__0023

4

8

DEL. BND. FA
{A-NC) (A-NC)
LC DEL. BND, FF RC DEL. BND. FF

8

H4 DDEL.FF

COMPUTERSYSTEMSLABORATORY

( P-L ) w^S.,.cto. U_,V_S,_v

R (DEL. RET. FA s_ uou,s_,_.m

MACROMODULAR PROJECT

(P-L) (DH) (P-L) (P-H} ..... DATA BRANCH MODULE

LC DEL, RET FF RC DEL, REt FF CONTROL BOARD I
., "%"" ,.,. I"F,4JSI.......

I..¢_r' L i210'2 D3

· I%_ 17:m9_BI



CI CI9

I-3

VDC

4

L2

+ 14.5 VDC

R4

pOWER

REQ.

RE$1$TCRREI_UIRE_NI'S OlODEREQUIREMENTS

L5 RI= 6.eROHIIS Or,02O3a40g,Dt0· I_meb MRSI0
RZ,R]:16OHm 05,01,et3,D[4= MO_OI_$RI_ZA
R4= Z40OHm C_,SI=Ilotmla MBO_0O
RS,R15:10KOHW Or! · 1N5222R

R1= 2.4RRR_ D15=tNgSTe
RS_ 1KOHm 017=tNSI_
R9· _ KOHIG Ole: le_
RI0: 806OalG
m! = 2_ OH_ T_N_IS?O_REQU_RE_NTS
R]Z,RI9=1.5KOHMS
R13=1070OHm Q1,Q2,I,sti _ t;14-14_

r3 R.=33OOHm Q_,_6,Q7·_"_RX6=LgG0OHMS Q4= ZN5OIS
RJTi_JJ=5mO,M_ 95= 2ll3904
R20:z.7KOHMS QS· ZN3905
RZ[= 330OHV_S Q9· Mo_olaMJ_7_

I ? _ =t$,Z00OHm QI0· 2NUgl
Rt3: 22_QOHMS

CAPACITORREQUIREMENTS
lC!= Natl_l LMT05

C1=ZS_ld,
C2,C,1,CII,C10,Cll =4.7_M. INDUCTORREQUIR_ENT$
C4,C5:in .fEL.
C6,C7=,47_fd, LI,LZ=MP_-LI

· C13,C15=1_ f_. TRANSFORIIZRREQUIREMENTS
C14· q7,Ill.
C16=1oo,M. T_: aaA-TI
CtLCIS· ,z_M. TI: was-'rz_

CONNECTORREI)UIREMENT_

,oc.eo^_a _rvo,z_.l FEM_LEAMP_ODU55REQUIRER

R3

COMPUTIB SYSTEMS LAI_OIATOIY

:I_ STACK MACROMODULAR PROJECT
TEMP. ....

i SENSE MEMORY MODULE

:1" POWER SUPPLY BOARD

,'C_)-' i ""_o ,,1._o_
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B2_
R924 DI2 R922 i lO R914 R918 D6

INH+ INH+ 2' iNH+7__ _ iNH+_.._2.£
INH- I R_36 INH- _ 934 iNH (gj 926 INH I_ R930

Q.II ROXX =ZERO OHMS 23 REO'D.
R3XX= 121 OHMS 12 REO.'O.

R913 THRU RgR4=22.2 0HMS_
3 WATT, NON-INDUCTIVE

R925 THRU RgJS = I00 OHMS,

WATT, SaTeCARBON

R919 07 R913 _OI R920 :! 208 R916 2D4 2N3648 24 REQ'O.
· INH * _ INH + OI ODESINH +

(2) R931 R_S /NH- (S) 932 INH- II
/NH- INH- 8 iNH I_ 928 MMD-694 12 REO.'D.

INH I-L

INH 7-L I 2 _2 I 2 Q8 Cl, C2, CS.C6=.Olmf [_25VDC

Q I Q ? CONNECTORS

AMP MODU FEMALE 92 REQ.'D.

_' INH+: CONNECTS TO WHITE
LEAD OF /NH LINE
ON STACK.

INH -: CONNECTS TO GRAY
LEAD OF INH LINE

, R923 Oil RglS : _D3 R921 : 9 R917; 5

R 2 _ : _c&oA_fi pr_olo?-_

/NH * 935 /NH + -- 927 /NH · _ INN+
INH- /NH- /NH- _ INH-

INH 2'L I I . IN 6-L 3 Q6 /NH B-L · 3 4 QIO

Q22 · Q5 (29

R$1ti _2 R*09

T_ S® [

RO....... 2',.':L'_:vL':,t......-- -- INHIBIT DRIVERS FOR CORE STACK

b£_L .,.
I I ,yCL O-4-r
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2 CI3 DI`2 7 i 5: IH D O IHO7 DIO_ DIS1 ( INO 080 I DI I Did _ ( IHO78 , ) IH O 13 Z

T, _:::L _03 _--_ -/'T--- _: :-_, -- rD9 r---_ - - --mi _ _l,, _ ! ! , ',_ t r i I_ oil, i [
T /_ ? R_'I i / I r i i L / ! `2?Tl l .... TIT / -I ,7 !

ti ', ' _ '1 f r _l ' " -'1 1
/ '-'1 --2---'___i___ _ __ ___1 L_I_____ ___ ___ i_ __._ J /

+5VDC

-.2 ,2 ,2 ROGI 2 ,2 .

SN
7440 7440 _40 440 7440 7440 440

_'- PARTS LIST INCLUDED IN L/STING
ON DWG. NO. ,211.6D5

i1,2 I 15[_,2 READ TIMING AND CONTROL

CL R ADD - L RDSELSW-L

TO Y CURRENT RD57TO /Pi DWG NO. _ILGD'4 CIRCUITRY REE

15 DWG. NO.,211.6D4

. *_ t9 ,

LO ADD-LL_RR!_4 __

TO 4P3 DWG '_' R330

NO._,,._o._ R,.,, _ ) _ RDS_..... _':C............FROM READ COMPUTn SYSTEMSLAIIORATOIIy
1,2 II SO I_M.LL CLR ADD-L S2 T.M._L SI _M/-L CONTROL CIRCUITRY WRSK-L

a TO IHO5$ _-- 1_68'- S(_-S.,2V MACROMODULAR PROJECTDWG NO ,2116D4 .....

T_'_ X CURRENT DRIVERS

LD ADD-L ., , ":_"' , .,. I_L-A_I.......
,2_l,GO3



o4!_ o _: _,Ho o_ ,NO,....._ o7_ os_......o....o....

I. i., I ' I__o i.. I ' m

I I I / T I....TIi m /m,
,RO._,_c.... It,I..J .... L, ', _FW........_ I ' _ _F'_s~.s....Yrs~7s,_4_ I _K- _K- _ SN_J_4A_K' I 2o I IS

_ ._. __,,____ 7 ,
i L ' ,

+ 5 VDC

Ct IPI8

W
_ 2: t706;' 2 2

'ilRgOi RgOZ R'_O _")o6 ROD..,i ,( :

RO54 C

SN SN SN SN SN

74 7440 :440 7440 7440 _140 .440 FARTS LIST INCLUDED IN LISTING

CLR AOO-L 2 .
CONTROL)

FROM DEG. NO. 211. GD$ lO ' IS
ROSELSW-L

FROM DWG. NO. 211.605

/ I 4 0 FROM IHO6B

FROM LDADO*L _ IH056 DWG NO 211.6DS

S6 T.M/-L S8 LM.I-L S7 T.M/-L WRSK-L

COMPUTER SYSTEMS LABOIATORY

MACROMODULAR PROJICT

Y CURRENT DRIVERS

·, , ''_'em.,E _L-,_ORI.....



0 .2_ .4 .55 L0 PARTSLISTFORDRAWINGS2UJO3.ZZiJD4.HL6D5
INTEGRATEDCIRCUITIDENTIFICATION

RDSELSW
· _ TO 16P/8 · l, _N7440 10.$N/440 lg. _7_24A

YRDSK _ r i_ / _) IZ, kLll 21.SN753Z4A
/ / 4. SN7440 u, kO! ZL SNTffiZ_

5. SN7440 14.Sm_.124A Z3.limb

XRDSK _ r _ 6. $N7#0 15.$NTLI24A Z4.M357. SN7140 16.$N753Z4A Z5.M3S
STROBE L 8. M_ 17.SN75324A 26.

la. Lin 27.Mole

SNT#O SEA.
1, _15324A 8 CA.

2 12 RESISTORREI_UIREMENT$

taxx = 15ooOHMS7 CA.

II 3 '_ RZXX= 750OHMS7 EA,R3XX= _zl OHMS7 EA,

5_35 _ taXX = 130OHMS3 CA.

12 VB8 8 mol U.. Rg26= 470OHt6

9PR6 ( mx1, mil = a.2 OHk_3wm_. m,m.R950· 450O,m
· R'._ = ;gOOI'Z

RCJ47.z.m OHm
· 2,gCQOHMTRLk'POT

H I'_ = 30 _ 2 OlOOERIEI_UIREMENTS

8 2 CI5 .= _3 END R_D-L _

i_ BI un DiS· L,ND.._(CSt.DIODE)

ROOK -L R222 ! R221

R343 _ MOOUFEMALEHo._a63.-4 _ EA.

,q 3 41 f PRINTEDCIRCUITBOARD

M35 _ _3S RId 2 p_mO_.4lO '9

_l_

=24 ns ._1 C 16 CAPACITORREQUIREMENTSRDSELSW-L Ct dvuC4,C29= ,0Ield 1SV 5 EA.
TO 14PI8 (D z _ ? C5thruClZ = .el i_ ZSV

) 13 _ I R235 R34." RI44 9P£6 C17(OMIT)Ct4'C[S'4'5-5027pfd VARIABLE
Ct.L CL2 NB.Z2STRANDEDWIRE2 LN.LONG

TEFLONINSULATED

R93G I0 II I _ 3

_, /3 VB_ BELAYLINE9PI I OU = PE-/IIE

4 _48

COMPUTERSYSTEMSLAOOIIATORY

INI READ_L _

MACROMODULAR PROJECT

READ TIMING AND CONTROL



-f'14. S VDC GND XL2 XLI XL4 XL3 XL6 XLS XL8 XL7

t

-_Cc;,c_ r ,6p3

'__6 m . _ IP, I

0 RglD RglS

-- 8,

DWG NO ,11.7l)3

14:

' l
LToDADD-L. R3'9 14_ ¢

DWG ND. RIJD

II S 3 CM!-L CLR ADD*L Ss [M/-L 5,9 T'M.I'L CONTROL CIRCUITRY RDSK-L COMPUTERSYSTEMSLABOIATOIY

IH06.I ( L_R319 ) s_ L_,S M_SSOU,,

FROM IR06, MACROMODULAR PROJECT

3 __LD ADO-L DWO.ND.,,L;_4 .....(-5.,_V) X RETURN LINE' DRIVERS

- '_" .. J;,'_L-_RJ



V!LZ ?LI FL4 7!L3 7L6 ?LS VLa _L;'

D DS: D$ _; O D 0 D 91

i ; iii= I I I
·., to I I I

S ! ,,,, ,,
I , I ·

' '1 I ' __I ' :

_- 5 VDC IH055

· RgOe = I ReOl ReO m:*O6 mZ_O iRS04 i :Pgoa i Rgoz

t4 14 I 17 * 15 15 18
SN SN SN SN SN $N SN I

17__ 40 PARTS L/ST INCLUDED IN LISTING

F4 ?440 440 7'4_40 7440 _ 4 0 <140 I
I ON DWG, NO. 211,7D5 I

, (WRITE TIMING AND CONTROL)
CLR ADD-L

FROM DWG. NO. -P//.?OS IS IHO58 J:

H057

IR059 IH06O I
LO ADD-L 0 0 PROM IOPI3 _l

PROM DWG, NO. ,21LZD3 DWG, NO. ,_11,703
(WRSELSW-L)

59 i:M.I_L Si I ;:M.t_l.. Si 0 I;Mt_L RDSK-L

8PI6 '

IH_ COMFUTERSYSTEMSLAIIORATOIIy

16PI3 I_(_ -S. 2V

MACROMODULAR PROJECT

I TO IHOG3 .....DWG, NO._//.;_D$ Y RETURN LINE DRIVERS

"*_.'L 21 I. 7D4



PARTSLISTFORDRAWINGS
211303,2117D4,Z11.705

IHOS3 t IHO Cf L $kTS3Z4A 10.$N75324A19,SN7440

ENA INH-_-I TO ap2t · 1, s_7Uz4A Il, $N7_]241 _1.M_4, SN75321A 11._ ZZ,S1_144_
5. MIQ Il, SHIM0 23 m/g0

IHOS4 6 mi 15,ShTq*4o 24 MI01.14019 16,MS* Z5 M31
s. MIl 17,$h7440 _. M35

IHO62 9. SNI5324A I& SN7446

R 13,1' IH063 .iNTEGRATEDCIRCUITREQUIREMENTS

_"B]B I E*.
TO 8PI6 MI0 2 EA.

MIL t EA,
MS1 ;_EA.
11.15 I EA,
U3g _ EA.
SNTU0 BEA
S_TS_24A 8 EA,

ENO WRITE'L _

R320 ? Ol _ DIG= 14MD4_4tCSLOLOOE)16EA.

RI21 WRSK-L R335 R136
--_ 2 CAPACLTORREQUSREMENTS

_L 2 R338 2 c] mmcl = ._luf_Zsv

C91_ C16= ,01_ 15V
ClI = 4; IJf4£LECTROI.YTIC

_l WRSECSW-L R3ZF c*& = zoop_

2 rO If Pr3 CONNECTffiREQUIREMENTS
R319

Z_ 6L__K7 AWMODUFEMACEkOrA,S._-q 15EA.

/_,_,
I1_11 8 M35 R939 RLXX= 15mOR_ EEA

R943 P-ZXX= 75_OHm ZEA.

RI40 RSXX= 130OHm z EA.

R644 mil mis = 2_ZOHMS
R_ZS,1t_3= a3OOHm '
Rg3S= Nee onto

-- R94Z= l_ OH_
R_45= 300OOH_

I I 40 80 I,_0 160 200 -..340 280 320 360 400 I_ Rg*_ CUF,RENTLOOP
: _ CLt = NO.Z2 STRANDEDlIRE Z INLONGI TEFLONINSULATED

(DS _USF) [6 OLI : R6_6 DELAY LiNE
.-L

_ OLI_ PETtl8

PRi_TEOCffiCUIT_OARO

PI'VOl05--3

0 .22 .4 .55 hO

_S2t li_;_llM35 R94_ WRSELSWwRsK J 7

PS . COMPUTIll SYSTEMSLABOI&TORY

MACROMODULAR PROJECT

. I _ WRITE T/MING AND CONTROL

......_;_L*_OR
T

_' '"'"_'_ ....... 211.705



_F II R347 D IN/ WRIT£'/- 1_ OA D/R + E_VA iNTEGR.kTEOCIRCU_T_D£NTIF_CATI0,

_N/RC_O-LR3_9 _ M__ euss< C~AeUSS.L ]. m_ U.mo 2_m_;R30S _ z,mo lz.mo :..
3. _ 13.m7 _,

END WRITE-L w 4. _ i4. mo
5. 1435 [5. UlO _t Mt0
6. MO] 16.mt _5,mo

(END _SY]_ ?. U30 iT. U16 _. il0
$. M4l [I. i4[G NJ0
t M10 tg. i07 28 M302_ M.IO
t0.MI0 30:Mu

iNTEGRATEDCIRCUITREQUIKMENTS

_._1 2REQUIRED ] REQUIREDLREQUIRED _1_ 2 REQUIREO

(OAD_R-_} (5ET_ Mil) SREQUIREOIt47mS2REQUIREOm2 [ REQUfREO Z f_EQUtREO
DA*¢i UlS 2REQUIRED 1448! REQULREO

FROM 2R3_ _9 I REQUIREO

_ESL_TOF_KEQU_RE_EN*rs
ROXX=ZEROOKra2 REQUIREO
R1XX=i,SQOOHMS34 REQUIREO

8_O_ RZXX:7500Hi $ REOUIREO

roll = t210XMS /BREQUIRED
Rill *15,_ ONK I KEQ[/IRE0

: R363 L O ADD-L CAPACITORLDENTLFICATION
· cel .mBF. 15WVDC

END Nt-L C16 0ETERMINEORI TWEOFTEST
C18 47 pr.

zl d,
tHO09 /HOIO C31' 10pr

._MF 15NVOC.OlMF t5 WVDC
'C3 ISDETERMINEDBY THEVALUEREQULREO
TOI#_UREAra[NllUUOFts NSBETIIEE#INPUT
RT B1-6TOOUTPUTAT T29

CONNECTORREQUIREMENTS
= AMPIgOU FEMALE ?i REQUIRED

CIRCUITBOARDFrvo_4_

REWRITE-, .

CLR ....... DD-L l [ ,BP-H [*FRO..... _ -'-

8P-H Si _ T,I-H $13T,I-L Si4 TB'L SisTB -L Si6T"'L S T" 'L

/ _ ,I c&,sico,_ ¥3,0 _ _- 'R35_ R$58 R356 R360
' 2 _ 2 /RO0$( '

5 · , , 'L
9P.I

DESE'LECT'H'_o 0 a
FROM ?R3._4 i



T

2_J_zzu_
_da.o

P_
T

TT)_
--

T

_
)
_

P_



*R DDR _ _R--DDR TR-H _ A._ DDR_ A.L DDR TR-H _ Pa=_sci*_ _or _wings 71_.3P3 a_d 21_._D_

L H L H z.._s 1_. _? 23. rgs_20

2 ;_ 2 _: r95_o _6. rgs_ _gs_o

. r95_zo 17. rgss_ 7e. r9_1o

COMP'L 13 AR DDTL-L _ ALDD TL-L _ _: ?_ *z. _5 32. moi1. _35 *_, ro582 31, H10

13 i1___ - _nteK_ed C_cu_t _equJ_ementl

':R33g VBB R'341 5 [[9 R340' /,_._,,c_ea¢_'_¢_

}'9S._0 12 eeeh

RII6

' e RII5 2 requl_ed

CIO IH AL_D R

'L _ ARDDR FL H _ I

2 I

DDCB_ L H ODCB
C_ound

R505 R! 07 iR508 ' _

1412 I

M 35 Mr__

RI22 I RI24 LMB-H

_OOF3_L_ L H
L H L H AFC* H AFC° H AFC°-H '-H

R342 R343 R344 R345

uu-m _1' II I

<.:;o. o............

COMIIUTERIYITIMI LABOIATOIIy

ii ) PI4) PiS) ' _ MACROMODUI. AR PROJECT

P/O GENERAL MEMORY Q_NTROLL_R



C2_-H CI_-H C ...3-kCl_-k C2_-H C1_-" C2_'2-LCl_-k C2_-H Cl_-H C2_'L Cl_'k C2_)'m Cl_)-H C20-C El_)-k

UB31-H UB 21-H UB11-H UBo I-H

IHO,_ I.013 R011

014 0IH01_

BDFP_-L
BDFP_-L ROD5 R329

DFIC 2 I-h DFIC11-H DFICo I-H

mA - L r,u., zc,,-" ZE,_, ,'-,
R135

UBCLK-H
R344

r202

R201

;R324

=
BUFCLK-L

CBLCLK-L
c._;., ............ o.

COMPUTIB SYSTEMSLABOIATOBY

I C INSLOE ' H DA D tR -H DT f B21 -H OTF B 1 I-H E L_IS, _'_1

I ' . MACROMODULAR PROJICT* SPECIAL PACKAGE
H GMC: DATA MULTIPLEXER

(FROM 3P13} M28AM1OA

PARTS LIST INCLUDED IN - D.*__. c 3

LISTING ON DWG. NO. 212.4D4 c_D



p,_tJ _l,t _o_ u_,,i.i, 212.1D1 - 212.4D_

Inteir,t,4 Circuit Identlilcltion

z. NIe m? zl. KlaA
_. m6 14. Mis zs, me

s. ,06 lc. M2a 27. Mi0

7. M16 la. _10 19. _m40
.. MlOX 19. mo ao. M_i,
9. N10A z0. Mll I1. ND2B

10. #20 Zl. #21 12. _01B
11. H2O 2Z. N47 11. N01B

Inte_r*t,d Cts,,it ,equtr*len:*

· a. HZO _ °*.

A,C_LAT_. ATL_. AICI-LAT<-. ATLi-R AIC_LATG-. ATL3-R A,G-L̂T.5" ATL_-R A,C;-L ATq-. A.CBLAT_-R .?. : ... !

NIOA * N47 S ea.

H

CIO lipid) _*,ls_o, R,quir,n,t,

R I 3 4 ROIX - _,ro oh., _ r_qut_d

R_xx - ?so o_=, 4 rlquir.a

ADLOC - H O_od. _e_u_reae_ts

3 15 4

5 mM a S'2 M28 s' 5 . M28 i 11OO 01 10 11IL ii 10 11 12

_'_ 1._._ 1511 13 IL._ -- -- AFC_-L erlnt,d Ctrcu_t Board elVOl6Z- _

r_13_ r_3( R 0 _:3._4 - [_33 2 ' _ B52' B3O, BZS, BI2, liFP]3,

iRI26 2<::_,7 _ 7125 _'<_'_ AFR_ ' r ....... A_._® _ ·Po_er: B91. _92. B93. Tgi. T92. T_$

AFC_-H M

M20 M :0 13 --

2 1 __ 12 R AFC-H

R402 R40I R403_7 a(_ '(_ R404 R40B
LOGIC FOUND ON 4 BIT DATA

L H ' L H L H L H BOARD _PTVOi62-O)

t H LAF.P; AFP_ ADP; AFFAFP_ AFPi°

COMPUTll SYSTEMS LAIOIATOIY

Ill / _ s_ L_,s. Mrs.,

C I 0 I ;-J"' UNUSED PACKAGES MACROMODULAR PROJECT
....' GMC

ADDRESS MULTIPLEXER

,, .=.. ....I::_?I;';_.:o,...... _L7 -7_



.__ ] ? _ _ .c,2.c,..c,.c .c .c .c .c .c .c.... _......................FA-H BFA-H DDTA-L R146 Cllo DDRFA L _ IC2'L '_ H H 6 HIO Hll H17 H15 13 9 8 CP~L _; _; 2z. _3z _s. Mo_ _, _z- ...... H -w -H

--BDELBFA- 3. HzO " _. _o_ 36. Hlo

2 2 _ , (m loP32 _. _) ' . a 2 26, 37.- H0a _12 71. 38, =7

20. 3_; _2e ,_o

5 I 7 ii g 9 c R_4 8 ROO9 ROlO 11...........30 27, _}_ 33.32'_lo)ll° _3' 838

7 8 _ 11 2 _ 1H lO

R3xx; 121 ohm, :_qu_d_qXX _S0D0oh_ 6 requ_d

_[xx 13o oh_m _equtp,d

I T_'- i .... _--_1.. _ :1o1.E _ RiO3 - J. * ,31,2' 51 J ,Il" * .................

T [iC c_e_=_ _d

1, lo 12 OC-L) _o_._ DZOD_R_QUI_X_NTS

_- CmmrcroR _£quI_mu?

RETTALVL-L LD oil--F_ p '

FA N OPLT -H 1_ _ _ _ _ EV02$9-X

r-L{r,o, ¢_21 OWG.HO._)

([NIIC-L) 4,5,6 2

' '31 rl__H) 6 .........................

(_52V) 11 _ PO_R: T_i, T*2, 193, B_i, 1t92, [t93

2 6

r_ R_22

'_ R337 R1215 [
D201 2_ I R337 ./ .... _ ___ C105 (CLRCOND-H t N ITBLVL-H _ _H023 1

-- SCD-L . I K::,N_DC-H_ ...................

WGCDLT-L C_OI 202 C203 3 _ MACROMODULAR PROJECT

T£_ G M C:CONTROL BOARD NO. 2

.,, I'"AORI;';;7SB3'

_w_c-_ %_,
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AFC-L T(_::_ ROI9

LOGIC FOUND ON CONTROL 80AI:_D*2 (PTVOISg-O)

LIST INCLUDED IN LISTING ON I:Y',VG(4212.SD3

)CoTL'-L.

O0-L _[5-L ) C2TL'- L

RI34

FBU-H EXC+I_C+RM' L

i RI33

ZE_O+I ZERI-H

)
--1

DDR-L
(TO _PLZ

DWG e212.5D3)

T_LL

-L iRm
) - .......

HI (TO 1_:'31) ) COMPUTERSYSTEMI LABORATORY

_ _ . DECODER PlO GM<:



INli.O_ INIDD C AFC? FC_:L_DC YAFC YCFC YAFC YCFC NAFC NCFC NAFC NCFCL · WIC-H IC2-L CLDRLVL-L RETTALVL-L PFF_L PFFLL fNILTL-H INIFR-H L FC Hie L_ H_ -L -L_ -L_ -He -He -L_ -Lin -Mm -H_
z,t,ir,ted circuit iae.tlficltto.

,..3,, ,..o3 .20 5_..o_B
N16 14. Nola 2L Nle 36. 1410
_411 15, 1404 26, N3_! 37. _4011_

R325__ 5: NID 16. Iii0 27. M10 58. NOt
Nl0 17, )404 Z$, H16 39. ND!

a 19. Mo7 so Msz, 41, ._o
9. M_S 20. MIZ _1. N04 4Z. SlS

[oC.lo z_..oo _. _n ,3..2os3za zz. No? 33. Mlo

I_tegr,ted Cl_l_ R_quirem,_t,

(fao. ,.si

DALOC-L Resistor Requl r,ments

"C 209 ROX1 zero ohms 2_ requiredRlXX t,SO0 oh_s 4yrequlred
RZXX 750 ohms _1 required

: _3lx tzL _b_ 4_ _equ_rea
-- _4XX IS,a00 oh_s 3 required

CAp_tT_ _UI_E_TS

DDTALVL-H

o. e_tor ·. _o,..:,

LMBTR AFR

DEL1NI -L _6_ _?_ _ _VOISS-4
_r_o_ _m,_. _) BUSY-L iNIFR-L

RO21 RO25

_-H RMB-H I I

SHIELD- _]_* P- L

c_oc_

MACROMODULAR PROJECT

)NOP FB-L I_
or CLOC_I '"_" _M C

; OA_* L*_ _T FS.L _ CONTROL BOARD NO. 1
........... RO07 ,. i '%_.'" ,,,, ]'"ADR[ .......

= '"I_'LL[ _'_._
........ :l;i" ]_'i'-1-72



XYi-L XYi-H XNi-L XNi-H XY2-L XY2-H XNp-L XN2iH ( )(TF) (T_) (I'F) (Tf!') (TF) (T_) (l-F) (TF) CODE DRIVER-H TF IUTEGRATEDCIRCUITIDEiITIFICATZO;_

2 2 2 2 2 2 2 2 2, H20
3. HO6

c. HO5
32 31 28 27 4 23 21 20

RESISTOK IEEHTIFICATION

R233 ? > R230 I> '> R225 > '_ R222 > > I ' _
2 2 2 mM31 I E!XX = !505 ohms F_ pequlped

19 2 F.%':X= 222 ohns 6 'e,:uil',_d
2 8 10 _i:*[':]'[= Ir000 ohms 5 requiz'¢d

CAPACITCE IDE:YfIF fCATlO;:

2 4 12 4 pREIL CO1 = .0l pfd Cet'dmic DiSC

RII3 2 RII_ 2 _' RIO6 F'_r:'7: _ Clr?CU_TS0,'.._U?

, RE.,-H(TC)

7RIO5

(FF) COMPUTER CHECKED 2-28-73 _f/_

Yi-L Yi-H NFL Ni-H Y-L Y2-H N2-L N2-H

(FF) (FF) (FF) (FF) _FF) (FF) (FF) (FF)
i
I

21 I c.^._£ D,*£ D£scm.no_

_7 ---r COMPUTER SYSTEMS LABORATORYWASHINGTONUNIVERSITY
ST LOUIS, MISSOURi

MACROMODULAR PROJECT

NOTE: FN_XFN_ AND CODE DRIVER INTERLOCK RETURN BOARD
HAVE NO FUNCTION IN THE

PRESENT INTERLOCK MACRO- · ....... _,.,-, " ........
MODULE. o, .Q..... _"°,v,,_r

'"'_"k a,S.3D3
:.[¢K£D 0^_

,/7_X ;/9 I-II-73



DOI- L DOI-H DO2-L DO3'L C03"H DO4'L DO4-H Z_I'_G.._TEDCZ_CUZTZ_E.TZrZCA?ZON

(TF") CTF") CTF") ( TF ) CTF) (TF") (TF") [. ,3s _leA [*. ,O5
,3S

3. ,3S a..3O iS. ,32S

· : RSJS _ .PRE-L . 2 z ii _:: ii..............._a_ i?..osR._3
LTRt*R2 / RS.3t RG30 M_S i7.Mos ie. M2a

i_r_IIAI£D CIRCUZI_zQui_r_=_rs

.01, 1 .._ MleA '2 e.ch

.Ko_ ! each H30 2 each
"0, * Elch ,a2B 7 *.ch

PRESET-H

(FROM PWR CHAN ) RESlST0_REQUI_E_r_.T$

RlXX ' lS00 *_ 19 _*q._d

_tt4 _SXXt 5_.6 o_.. _qui_ad I

co._cto_ _ouza_l_?s

(f_l) REL 3 -H REL4 -H

(F"Ri) (_

COMPUTER CHECKED _-78-?'$ Ylt'.(_

· R322 ?J2

COMFUTEI SYSTEMSLAIOIIATOIY
WASHINGTONUNIVERSITY

MACROMODULAR PROJECT

INT£[_LOCK CONTROL BOAI?D

_[-_ _"" _'L _'" _'_ _-" _-L _-. .,, ",'".'° , .... I'_R '_is._

CFr) CFr) CFr) CF"F") CFr) CF"F.) CF"F.) OF.F) _?O'~I_'_C''_J5-73
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DB D B D B INTEG_TEDCIRCUITIDENTIFICATION
L GO 11._ ZL M]O 3L MIO
Z..0,8 IZ. U31 Z2.le]. _. I10

BITll-H BITIO-H' BIT9-h BITS*H BIT7-H BIT6-H BITS-H BIT4-H BIT3-_ BIT2-H bIT1-H BITO-H 3..10 13.m0 23._! 33.._
_ _. It! i4. _1 24.mO 34. IXOMC11 5. _B ]5. _ _. mi _. m7

(TL)-L R350 R334 _. _ 15._B _. _B 3_.7. mi 17._0 ZT.mO 37. ilo
I. I11 il. I_ _. U20 31. ¥I0

Rll g. _]B 19. I_, _. UlO 39.MIO
(TA)-H lO.mi ZO.MiO 3O.ItO 40. m16

INt£GRAT[DCIRCUITREOUIR[MEN_
¥m iR[QUtR£O Ul6 IREQUIR[D
_tB 3REQUIRED _0 IR£QU_REO

B +REQUlR[D _0 5REQUIREDIREQUIRED V31 4REQUIRED
UlO _ m7 I REQUIRED14R£UIRED
Vtt 3R_[O _4 1 REO.

RE$1$TO_iDENTIFICATION

_X .ZEROOH_ 40REQUIRED
RIXX· 1,_ 0_S 38 RE_IR[P

R9 R6 R2 P,ZXX=7SOOH_ 6 REQUlREO
(TA)-_ R3XX· 1210_ _ REQUIRED

R4XX=15,_ 0._ 7REQUIRED
nSXX· 57.60K_ 4REQUIRED

LHP13-H LH P12-_ CO_[CTORR£QUm£KNT$

¥1.¥1S,ZI,ZIS,Ba,S33,B48_LB_,_. B77.
SgO,8_ ·

POIER:T91.T_. Tg),Bg],B_Z,B_

UOAD UR -L 'R019 CAPACITOR _DENTPFICATION

8j,_ _c8 c...................Pc BOARD PTVO14e-3

R7(FB)-H R6(FB)-H _5(FB)-H R4(fB)-h R2(fb)-H RI(FB)-H rO(fB)-H

'_)-L C (TF)-H C2(Tf}-L C (Tf)-H I INH
(TRB)-L (TL)-L

( .... ±of£iI· ........2 2 2 2 SUa _ MCH '[ c, cio 'R5O_ 1............. 'T _T:t='%T_'°_'T ..........................
CARRY {TL)-L

5 6 R204 R2 9 8 R202 INOP' INOP CS_2-L
05 (CB)-L (TL)-L 6 5

R360 R359 RD03 RD02

11 2R312 -- MPO(TL)-L 4

R13 Rv_ 7 CSXI2-L

(Da) C12 N' -H MC11

d 13 L (DB) _' . _

6 2 2 8 c_

:R327 _7N-L

(DB) 12 3 6 _L_

RFB RFB
(CB)-H (DB)-L

R407 5 i2(FF).L 12( FF)_H _ 1 .....
1HO01

FNO(TL)-L FN LECT- L RFB

]NLL1A_iii_ _ )_ l__ 197_03El1_1(!_ (TNB, DB) I q_H R2_186_ (TA)-H9

R309 R3O2 -,, _,o L,,,o )NH 2OPERATION 2 118 (FB)-H R038
COMPLETE-L R 34

(TNB) 11 6 8 3 9 ] RFB R326 _27 COMPUTERSYSTIMS LABORATORY(CB)*L W^S"'NG_ONUNIVE,SI_V

13 5 10 I lO 11,12,13 __ s_ Louis.MI_RI
FN1(FF)-L 10.11.12 = 8 MACROMODULAR PeOJECT

I RD10 _w RMS-H 8 0 .....

R404_ _5 I FACEPLATE- _ I{_o i 5 o _ MULT/PLY MODULE: MODE CONTROL BD.

(TN) -L .... 216.4D3

FNO(FF)*L FNO"_TA)-H _ NMB _ LinD2 "*'_L'L _723-72 /

(FF)-H (TR)-L RFB (FB)-H ¢......



- ' ' '_ TRAN5 RET (TA)-L INTEGRATEDCIRCUITIDENTIFICATI01_

O02 C1 ClO4 mP Fg-L MP -H 2-a10 11_04e Z_-M04B

_ R34B _M47 ]_-a_ Z._-N]O
' R516 R517 12 G-MI1 1_a/1 24-4U6

TRANS'-B_D D'_E' B_ TRANSFER TRANS OPER I-MO7 11-_31 26-M10COMP COMP BUS D_SABLE !_llO Il-I]o

(TD)-H (TB)-H V(FF)-H (TB)-L (TR)-L (M)-L (D)-L tNT(GRATEDCIRCUITREQUIREMENTS

u]0 7ROD3 R322 MPDD_FF_'L MP DO_F)-H Mil 1/41
R121 ms I

· 11 9 T 12 (FA)-H CAPACITORIDENTIFICATION
ctxx · lc,cboe43 REQ.
_xx t_ d IRE,

H (DB} R_SlSTOR_DENTIFICATIO#

ROXX= ZEROOHI_ 17 RE_
_ RIXX = 1.500OHI_ z2REQ.
X,'

3 6 llXl · 121OHm 26 REQ.

RSXX· 5%6OHMS

COMNECTORREQUIREMENTS
PRESET- H PRESET -L

(FROM PWR CHAN) (C,M) R237 AMPMODU'FEWkLERO,_gG-48ZREQ.

ROSE R354 III[I, YI. y18,Zl, ZII, B4,$17,B4I, 8", BgO,894

13 9 2 TRANSFER (FA)-L TRANS BOUND (FA)-L

POWER:T_I,'P_,T93,Bgl,8_lZ,Bg],Z1 1

R034 LHPT3-H
(MB) PRINTED CIRCUIT BOARD

PTV01S1-3
CHANGE INIT-H (MB}

(Cb)
R310

INI TRANS

(LMB-H)

R328 R350 1
R126

10 LFB-H

R 12 (TA)-H R360

RIGHT READY _5 (FF}-H CABLE DDR fN DEL RET
(FF)-L (TB) - L

2 11 (STATIC) (C)

(FL)-L / R12 (F_-H ? _ _

FN DEL R302

R125 FN3(TA)-H FN2(TA)*H FNI(TA)-H (TA)-L 9 3 DDR(TB)-L DD{TA)-L · O DAT BOARDS 2 AND 3

R36B R165R369 R370

121 R14_ 1 10 45 COMFU/!I SYSTEMSLABORATORY

_1_ m3( DDR
FN DEL RET L aB .

10,11,1211 (FA)-L ,H 3] 1 R_ MACROMODULAR PROJECT

)BOOB TRANSFER CONTROL BOARD

' ....... "_AW '" ......RMB-H RIGHT READY f
(M} (FR)-L

FN3 (FB_'H FN2 (FB)-H FN1 (FB)-H FN DEL {FB)-L DEL BOUND{FA)*L (FB)-I



(TF)'L ffr)'H INTEGP_TEOCIRCUFrIDENTIFICATIQH

BUS DISABLE 1419 14-_16 2G-II G

_,oT_,_Tc,o_T_,o_T ....,...........

1,11_ _11 is-mo 2t...Ml!

5-_lG 17-UlO I_MII

_-MI0 Zl-gdll 334110

_10,1 8 J' [ II-MI_ ll411S {5.-Mt{{

or h (TRB) *e* 12-#lg 14_l10 573_M_

4_ 4i_ _i. ...............IlliA,[''[.tl, 'lISMlll119Q.......IOE4E',EA'EA*7 FN EEL _0 1 _,' - M10 11El,

RESISTORIOEHTIFICATION

_xx _ ZEROOHIG 5 EA.
LEF'T RHP o RIXX=I,5_$OHMS I_EA,· _xx. 7_ 0HUS _EA,

(TR)-L _ LNP O R4xxR3XX· lZlOHMS=15,_ OHIG Z_iA.4EA.
( DB o r CD ) -L _sxx _ 5/.6o_ mEA.

Rgxx = _8o_ 4 EA.

R342 CAPACITORiDENTIFICATION

clx .10,ooop, EEA.

LOAD UR CONN6CTORREOUtREIfiENTS(c B)_H
_aPUOUUFEMALENO._{-4 15E_.

PRINTEDCIRCUITSOARi)NO, PTV0150.3

GROUNd:_, _, W6, T_7,T_
T5! T4Z,I_, TI. WI,wis,
ZI, Zll, 81, et_ Bi1,B[_,
B_),BI/, B_, B_,Y1,Y18

POWER: T_, T_, Till, E_r3,B_2,B_I

N (MB)-L

_.o_

[DS) (DBOR_B)

LOWER
LhP I1

(CB) -L

LOAD LR
(CB) .H

LHP

RHP ! LHP 4-L _ iR054 r

INIT (TRB)-L CDao_ CB) R306 (ua o_ ca) iR375

COMPUTERSYSTEMSLABOBATORY

_PO
(FF)-H

RZlE8 MACROMODULAR PROJECT

MULTIPLY MODULE: DATA BOARD
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54.6
GNDS: T IjT2, T37j T38, T$9, T40, T69, T70, T89, T90,,T94,,

BI., B2_BI9, B_O, B69.,B70, B81., B85., FBI,, FBIS,

L TI_ L T9_ L T 14j L TI8:,LBI, L BI8_ B94.
C8 R3

OV_ -5.2VDC : B82,, B83_ B84_ T91,_ T92.. T93.

LI

UL.k.,'u

!

4 e
4

5

6:

DI L3

CI C4

T2
i

CZ: C3

D3

c..._E O^TE _£scN,pT,o.

.o.

'Se COMPUTER SYSTEMS LABORATORY
D5 _ WASHINGTONUNIVERSITY

ST LOUIS,MISSOURI
MACROMODULAR PROJECT

R2 _',_LEPOWER SUPPLY SCHEMATIC

_L_ T3 MULTIPLY AND GMC MODULES'_' ^,,.ovEo £.G. _.^w..a.o.
D4 o........ TJ C

....... 216.1ZD3
PLL

¢.tc_Eo _^T£

· ?-_, e-/,-74
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IL j

J

-k55V r-----1
I LI I

I QI

,_ *' ,I 06 L2 +t, C2 C C4 C5

IT,I _lI os -s.zvOV g .... j I
)
I

)
f

D3 m

' i
. i ' 7_ -+. 20VI I :.'°i

R_ o,V,o7 _ -2ov'
mm L...... J T2-'78-6-9-3l ?_ :1:20 V RETURN

C8

) c,TRANSFORMERIDENTIFICATIONTA:MPS-T1 II
T2=MPS-T2-7B-6-9-31

INDUCTORIDENTIFICATION /
LI=MPS-L3
L2=MPS-L2

TRANSISTORREQUIREMENTS
QI,02=RCA 40374

DIODEREQUIREMENTS
DI,O2,D3,D4,O7,OB,Dg,D10=MOTOROLAMR8]0
DS,D6=MOTOROLASRJ922A

CAPACI_rORREQUIREMENTS c.^._c o*,_ ' _E_c.......
C1=25_f 60V "O

C2,C3,C4,C5=4,7_t S0V ¢OMPUTtR SYSTEMS I-ALqORATOEYC5,C8,C9= ,47'-fI?V
WASHINGTON UNIVERSITY

RESISTORREQUIREMENTS sr. Louis' MISSOURI
RZ=z3,oooORMS_w.
RZ,R$=75OHMS_ W. MACROMODULAR PROJECT

CONNECTORREQWREMENTS ..... 15 WATT DC DC 5 VOLT,
19FEMALE +-.2DY CONVERTEA, SCHEMATIC
PRINTEDC)RCUITBOARD PART NO 2 17. I
FTV0ZlT-I .... ov£. ..o _,._.,._.o

"_ I .... FUR 2 1'7. ID3........... PLL



RESISTORIDENTIFICATION

R4,RS=6.8KOHMS
RI, R6=RANGESSELECTE0FROM1(_0OHMSTO2000OHMS
R2,R7_20KOHMS;22.1KOHMSOR23.7KOHMS
R3=3.OOHMS
R8=8.ZOHMS/

3.0.FL _'.W 'L I

. ,[ ,o_. ' t .,tv C0,LSREQU,HEO

67<_-----_ 03

+ 20 V I+ I /,_._,,_ Q R3 L1,L2=MPS-L2

4.7'_-- _ _ 2N4400_ . SERIESREGULATORict=MCN69R

MC 14 6 9R C3,._-. (2.001 ,ur lC2=MCN63R

ICI _ +
5 0 C I I0 ,u f TRANSLSTORREQUIRED

R / -* c- ' - Qt=2N440_

i_ · 70 CAPACITORREQUIREMENTS2 1+ C2&C8 lu.f 35V
R4 > 6.8K-n- CAS C2 I_f C3& C6.001t f

C4& C7 L7pt 50V

RETURN CONNECTORREQUIREMENTS

I C8 I{lf 16FEMALEI

CASE
CIRCUITBOARD

I o R 6 PTVO118-I

C5 : IO _f

04 9 0 -

MC I463R

IC2

C7 7 i_

4,7_f ' C6

Io.oo,-rT
87_-_ RSCZ v -

-20V 8.2Zl" I W

COMPUTER SYSTEMSLABORATORY
WASHINGTON UNIVERSITY

ST. LOUIS, MISSOURI

PART NO. 21Z2

^p..o_o D.^,m.o No

.... I'" t .... _*_'uR, >..... _ 21F. 2D3
PLL

:.EC_ED O^TE

_%/_ 1-22-FI
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NOT DEL BD
B TB HIGH LEVEL H

. _ J ...........................
B 9 I t""Jg 15 9 13 L 1130

· MMB
}. MI*
& sro

F~ 0..... . =, 1

me 1
2R447 ' RIJ7R324 R32Z RI39

· RESISTORREQUIREI(ENTS
ROXX=ZEROOHmZ REI_UIRED

II B 6 ' 34 _ R3XX*1210HI4511REQYlRED

6 RtXX=l$,m OHMSSREQUIREDUNB IN R746 ? R245 R5XX.ST·$OHt_ZREQUIREO
Mi 0 4 I I 3 ROS t R'_lX, ilo OHMSZREQUIRED

UNB IN L.''_ ._.-.O--Og _ BPRESET H RMO=Earl

FN DEL R934 cOKNECTORREQUIRI[ENT_
$?FEMALE

t- TA NOT DE(. OD NOTE:PIN1OFpACKAGE! TIED_TO__SV
FA 1435PACKAGESELECTE

4 R940J COl DDI SYMETRICAL[lfiTCHINQ.RJ??

ADS3 ,o , -_ _,.,, .;,,. _ m....
9 t_ M39 ..L _ I '

FN DEL DO JjFB _ _ _ =a _,'_ r/,_
L FS_

RETTRANSTA* ......... NOT /NH NOT TRAF.... .............. N5 H

XRi? H TA_ $(,"_'T_FLAGFLAGL ? ? 2

?< _t_ R J?8 R333 RJ$I R$16 R318 R317 . 6 8 ' R307 R304

R_ 9 g e 2 12

25 /_fO4 L _ 643 M3 i- _ tc._ OJo_ _'M

COMPUTEBSYSTEMSLAIOIATOI¥

MACKOMOOULAg. PRO JIECY

.D ?® 4® s® (r) 0 "3 .....' B/A.O0_LE
Ri? FB TRANSFER TRANSFER NOT TR NOT /NH NOTRFB L FB Ti_ .I FA FNO H FB FNI H FB FN? H FB FN3 FB CONTROL BUS BOARD I

RE__ FB* ,. FA* eD,,NOH FA L F_ , ':? .,, '-URF_,..--"'"IJ I ,.Jo$
I I I?_'_ It-It-rtl
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__ 4 5 R302 '

.... 6 $ - -
SDio- L BO9 -- L SD 8 -- L SD · -- L SO6 --L SDs -- L S0 4 -- £ SO 3 --L SOD -- L SDI --L SOO --L

DE -L 0 -L CONNECTORREQUIREMENT$I. M31 4. 142_7. HZI 10. K35 13,1/30

D i , - L Dio-L O9 -L D8 -L C]I_i_UT-¥ARD
IXTEGRATEDCIRCUITREQUIREMENTS

HOOt { 9 _on, ROXX=ZEROOHm _ REQUIRED

CD/T R534 lO I 2 R3XX=IDO_ ICREQmREO
RIXX· 15,0_e0_ 1 REQUIRED

lB CVo-L R5XX= 57.60HI_ 6 REQUIRED

= S FD'---L--_-L Rt3t

4(_-_- - L_ ROE/

j _ s _Oo-L S ............
-N_l(_ -3 .vvv_ t I0 8 R543 TLQ

INtO 0

INLD 0 -L_ e COZ__ e D/A MODULE; SHIFT BOARD

I _ I ' _ "I *_"] ...."_" .......
I I I '_-_"_ I/-/_-z/
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UlTEGP.ATEOCnICUITiDENTIFIC_TlOll
I.-lU_

)' -H e Y/-.L* y _Hi)...,L*e V3.HI yj_Le ,_,moY4-H'_ Y4'L'lr' y _Hm¥$.Le )'6 -H m S.-m2B

_ '-_'
R$31 RSJO R53J R$J2 RSJ( : _RSj7

RSjS*_ INTEMATEOCIRCUITRIEQUfflEI_EN'rs

,;_ ...o R54, _.,9 ==115 9 tS 7 I

6 14, l;slO I'; MGj_zlO _, M_,_BeS6 Z* ...............
RZXX· 75Q0lOG t REQ.

1_7 _xx · tzt o1_ 7 REQ.
R4XX· l_.mOH_ 1REQ.
psxx· sT.so_uls ti REQ.

..'3QQ00HISI n 9.Q.10QQ01WS
CApAcrrolnEQUl_EV_lrll
COl:,ol uf
cln, .oluf

CO4:V_IABL[J01(AKS_Sa34t _Q.

Mt tdG'UQOUFENAI.ENO.

PllldrTtl(:lXCUITBQAqD1_114

Py-L (TI)
o

_s t -t. Gsa-t. a._-L t;s_l. GSs_ a._-C
CFI) (F' I) (FI) (F' I ) (FI) (_Z)

UNUSED

(CODE DRIVER)

I

MACROMODULAR PROJECT

F'UNCTION CALLER

(F'_) (F'B) (F'_) (F'F') (F'F') COMPLETIONBOARD

I t L?r_ "_'°'



GSf-L GS_-L OS1 -L GS 4 -L ( GS6-L DO.L _ DO-R *:(r, (rc/,c_) (r, ,iTt INTEGRATEDCIRCUITIDENTIFICATION

';IJ_ ]-mO 1--M]O l]_d3Ze

2 Z_04 I-mO lq-mo
)-be2s S-Idle Z_-M04

R312 R331 r,At_ T_-U$2_* t_-mu
RIO7 5-M3ZS ZI-M_4 17-M20G--M04 t2-_OIe tR-M_

INTEGRATED CIRCUIT REQUIREMENTS

VQtSMo._ g_
MIO ] M]ZO4

REPSTORIOENTIFICATIOM

ROXX= ZEROOHMS I REQ*
. RIXX: 15ooOHMS 24R_Q

, 6 i R230 RIXX· 75OO_ _ REO.R3XX: ]Zl OHMS Z4R_Q.
R4XX,15,_ OHMS Z REQ
RSXX,5_.6OH_ 2 REQ,

S I-L S,_.-L 83-1_ SA-L ACT INACT
(TM I, M.2) ( TM I, M _ ) ( TM I. M,2) ( TM I, M,_) CAPACITORIOEMTIFICATION

CIXX=01 uf
C2XX=J31uf
cJxx,.o 1u f ,

DC - R CO_ECTORREQUIREMENTS
AMPMOOUFEMALENO851163_73REQ.

PRINTEOCIRCUITBOAROpTV0135-1 i

Py_tl -H

R346 ,qJB6: R3BA

II

PRESET -H
(FROM PER CHAN)

R43X Py-Lj PN-L

(PC; ) (,_Ca )
\

ii_Le fi_W_ i__Lit 1,2_ii _ I$_L t i3_H _ iA.L_ £4.R* TB-C VJ_ eMI-II Z6 TR-L.
(TB) (FF) (F'F') (FA) (FA)

6 _ COMPUTll SYSTEMSLAIORATOIY

- CE C,_ C$ cUNCTION CALLER /NIT/ATE BOARD

PART NO. _IB...t

(_P) ",.;;;__ ,_:e-r,?
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