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A high speed Sci'niconductor f'/iemorv designed to increuse the apparent or effective speed of Core Memorv. 

,, ' 
3 

- ~-· -~· ..... 1 ,.__. ··-- -______ j 

For the 

DIGITAL EQUIPfv'iENT CORPORATIOi\l PDP 11/45 COMPUTER 

r·-,,_-.,-- -~ -- ·-·----· --- --- --1 
•L:: i ; 

' j 
L~ '"--..:--""'>· -·- ..... - ._ _ ___,_ ____ ._ ..... ! 

c ACHIEVE T\.'!l CE Tll E co r~1PlHER PEn FO RMJ\.NCE: 

nv OPEn/'.\ll!~G l}lt: FWDEL /}~ill HiGH srr:rn 
f'/i EM 0 n 'l 13 LI F :: E :~ : r j c ~rn .!U i .i c T ! 0 ~J rn TH TH E 

COfViPUTEr: ccr~E t'.iH:'iOHY, Youn EFFECTIVE 

PROCES~iii!G ~;~;::~n Cf-\!~ eE 1;~cm:1\SEO UP TO 

TVJI CE YOU~ !'2 ESl:.:f ff R.£\TE. TH/\ T COP!iPiU1ES 

H\i SPEEiJ TO T::E D.E.C. l\iiOS f\IEMORY. 

r.~ {\LL -t.-urmrns r·J/:r.'iO RY/\[) 0:1 ESS LO C,l\Tl om; 

AR E BU i: f ~RE J : t V:: H'f f:i. VP.! LJ\ G LE C 0 i1 E 

Marn !W j\!J e ~: :_:;~s !. 0 C/HltH'J D M THE 

*UPJ!BUS IS u;:c:.:;~ C!JFF:.:n COfJTI10L \'!HICM 

f.\CCOMPL!SH r::; u (~::;~er: LLED r: ER FO Hf'Ji,D.P~ c E 

TtrnouG::otri" Tl~E Er1TlRE 0-1Lfi!{ f.;DDRESS 

FIELD Gr: ·alt: fl~jf> 11/(5. T!i!S L:Lil·ft!l\Ji\TES 

THE l\JEED FOR l·liGt: PHiC!:iJ r.rns fi.%f1iORY 

WITH Llf\~lTE!J {32!C m2:c) f;DIJ~ESS STOR/-\GE. 

fJ oruon: urn~ snrrc:1: {\ S".':JITC!l lS PllOVIDEO 

WiTl·lll'.J THE L1E·.HJl1Y BUFFER TO ld_LOFJ FOB 

Ef\SE 0 F or\~-U:·J E OR 0 Ft-=-Ll ~~E OPEHATI 0 rt 

The F/\BRl-TEI< Model 4511 Memory Buffer System 

has been dcsi,111ed to pt ovide Dir1it~1I Equipment Cor

porution PDi") 11/li5 users the oµrJortunity of achievina 

twice their present cornputcr rcrf onnJnce for u frc:ction 

of the 01 iginJl m·,;rvll system price. 

[] PE!li-OfHVlf\r.JCE VERSUS PRICE: THERE IS r~o 

0-1-..::R PRODUCT l\VAILABLE Of~ THE MAR· 

KET WHICH Cfl.M YIELD THIS lf'.~P!lOVED PER

FO RM A l•J CE FO R SU Gil I\ S i'M\l. L PERCENT J\ G E 

OF YOUR OVERf\LL SYSTEM PBIGE. 

0 PLUG-iN COMPATlnlUTY: THE E!'IJTIRE MEMOFW 

BUFFER IS CQf'.fff\lr\lED or~ THREE PRlfHED 

CIRCUIT f~SSEMCLIES WHICH Cf\IJ BE H1JST;'i.LLED 

lrJ f\ M.L\ TTER 0 F r~mrnTES tr'HO HIE PO p 11/t15 

FAST BUS. t\ +5.0VDC POWE fl SUPPLY iS /\LSO 

PROVIDED TO OPl:HATE THE f3Ui-:r~ER. 

~ ~JON-VOLATILITY: IN COfHRJ-'\STTO SEMl-CDr1~

DUCTOB MEMORY THE MODEL 45'i1 MEMORY 

BUH ER GUAR/~fffEES PROTECTIOfu OF DATA 

AG/J.1f1JST ur~E;~PECTED .l\C POWEB FPdLUHE 

/-\f~D PO\FJEH TU Bi~ Oi~/OFF. 

0 DELIVERY: "OFF-THE-SHELF". 

FAB RI-TE I( can also supply the fastest Add-On Core 

Memory System for the PDP 11 Series Computer, so r.o 

matter \'/hat memory performance you desire, why not 

check with "The Leader in Memory Technology". 

• urvfljUS is ;i tr;id,~mark of Digital Equipment Cur~»,.«tion. 
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PRINCIPLES OF OPERATiON 

The Buffe:r Svstcm utilizes a write through nlgorithrn. On all 

CPU DAT! Operations (Read from j,ficrnory) the address and 

its corresponding data is mJ;Jpr~d into the Buffer from the 

Unibus. On nll successivr; CPU Fetches (Reads) to this address 

the dnta will be in the Buffer and availnblc to the Fastbus of 

the; PDP 11 /45. All CPU DATO operations (Write into fv'1cm

ory) tcke place on the Unibus for any address selected in Core 

M:::mory and the Buffer will upd.:·tc itself simultaneously \Nith 

Core if the selected 0ddress i:. 1n the Buffer. In this \N2.Y the 

Data in the Buffer 1s 1de:ntical to that of Core <it the snmc 

address at nll times. 

l3UFr-En ELECTRICAL CH/\liACTERISTICS 

Storage Media 

Semiconductor - Oipolar 

Word Ca:xicity 

512Words 

VJord Length 

16Bits 

f _' : • ·~r '~- ., "' '~ - •• , , r 

- 'II < If - ~ 'y \ ' - t 1( 

INTEf1 FACE (Plug Cornpntib!c) 

The Buffer, wllich consists of three (3) P.C. Assemblies, is 

designed to plug directly into the Fastbus (Semiconductor 

Memory Areci) of the PDP 11/<15 Computer. Installing the 

r,fodel 4511 Buffer into this Surniconductor Memory Arca 

restricts the maximum allowable Bipolar or MOS Memory 

to either 41( or 1GK words respectively. Installing the 

Buffer also requires that Unibus A & B arc tied together. 

POWER REQUIREMENTS 

DC - +5.0VDC Power Supply is provided with the Model 

4511 Buffer and installs in loc.:;ticn K of the lower H742 

Power Supply. This supply is designed to operate from 

25VAC±.5VAC Gl 3.0A and measures 2.75" X 5.25" x 8.40". 

BUFFER MECH/~NICAL CONr-IGURATION 

The Buffer is contained on three {3} Printed Circuit 1'.~semblics 

designed to plug directly into PDP 11 /45 slot locntions No. 21 

designated M8110-MEM, No. 22 designated MOS/BIP and No. 

24 designated MOS/B IP. 

Buffer - l\1atrix Controller No. 21 15.70" x 8.40" x 0.50" 

Cycle Time 
Buffer - Memory Matrix No. 22 15.70" x 8.40" x 0.50" 

: j Compatible with the 300 NS CPU Cycle Time Buffer - Aux. Mat. Controller No. 24 5.20" x 8.40" x 0.50" 
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~t·~~~~>~, 
r~~~~;~ed 'co~;e~itive analysis of ;:,~th the Fabritek ~~d Cambdd~e '~,~z .. i?r~ducie.il 
~1.~.?'totJ :) • . . . : ·... . . '.:.; ... : ~,:. ~-.... ~ .. ,:_.\·:- .. · _. : . -·: I 

~r~; J~i ~!~11!0:~1~~ i~: add-in cache Provides 11/ 45 perform~nc~ "~a~:: i;;·'~h-roxi~:~j 
(:·:~qi tl to .. .a MOS 11/45. When used without memort management it generally.,prov~tJ.~-:~ 
1rfo~ :'lance that lies between MOS and Bipolar. When used wi tb. memory managett.ent ~::' ·. 
V'.:prc rides: 'performance that. is about equal to non-memory-managed MOS' and is .. i-o;~:. t 

f~-.:s·,_ )Wer _than the B~polar 11/45. In cert~in progra~s (see l~FT 45 Benchmarl(:P~~o: 
tam ·r.·~sults) it provides performance that is only slightly better ·tha~ COP~, .• i:.-n~ 
(stet~ s with a lot of UNIBUS I/O activity, wither MOS or Bipolar will. out-perfor.:ir_· 
rn'. .... :•c~h~, -b~cause the CPU will not have to wait for UNIBUS availability· as .. it,jllU~ 
~~never- there is a cache "miss." . , .. :- · . · .. <· · . .. ~i:.<::. :.> ,.;'°. ·;.!V.·h:·:J·;J~ 
l~'-~abrite~'cache is a ":ery simple 512 wo7d direc~ mapping cache th~~'.·f~t~:i;f~V~i 
lchirn~ that was not designed for a cache in the first place. The 11/70 cache ·wit; 
ls.· 32-bit memory and dual 512 word mapping scheme was carefully optimis·ed to giv:~· 
bdmum processor performance. If a customer feels a ·cache would help 'him, he· .. ·~s: 
\ obvious 11/70 candidate. · .. ·, .. . . · .': ;";.;:-),: 

~ritek cache Pricing: · ·· • ·.::rN 
lll,80'.l when bundled with BK of Fabritek core. It is believed they will sell' the 

\~-~e U11.-bundled, but no prices are known. . .· -_ ~ .. · .\:· ::·;;-)--~<'! 

~nchmarks have been run on an 11/45 with the Fabretek cache. The re~iults .. a{·S.t:;m.e 
'.:·them are: . . . ~ ;· __ 
r .-- . .· -. -~ . - . . . . -. _. ·.· :;- . 

I
::~_::· · Execution Time in Seconds: . , :: . 
: : ;·· CPU Memory Type: . · .::_ .. ·' 
< .. Program Name Bipolar Fabritek MOS~ CORE* ·. ·. · 
::.~.~~ . .-"- · Cache · · - · .. : ·: · 

• • • ' .. < : •I r •, .. ~ ~;~~ 

(_~/ >:- ~iiis~ 5 U ~ : ~a t~ U • · .. · ~2;:;:~·S1 

..... · SINGLE 3. 5 <O 3. 7 4. 0 . -4. 9 - . ·. :· ;., ... 
!;:, :· . HANO I 2 2 • 0 2 8 _- 0 2 41. 0 71 . 0 .. '. :.:~{ -~> 

1te. that ii:l FFT 45, the cache is hardly bef t~';?~~[ ~ore 45, whil~ BiJ?Olar f{~' ii 
1::;;ge Memories FasBU~ llR Anal;(Sis: --.··::: .. ·. < .,'. . .- <"\·;i~'.i:it? 
!sBUs 11 R MOS from Cambridge Memories is a product that is very si·~~~~~ ·~~ ;~~<~~: 
:11-BT MOS. It is slightly faster because it uses newer technology chips. It 
,nsists of a control carq. similar to our own MSll-BC and up to four matrix boards 

1th 4K of pa~ity memory per board (like our MSll-BT), that plug into the solid- .. s~ 
,mory slots in the 11/45 backplane. They also provide a 5~ 11 rack mounted· ~:::>owe.r._ ="I 
pply-that_will po~er up to 32K of their memory in an 11/45.· · - .: · ··;:_.·:.~ .. :~; .. ·'.·11 

!rformance-wise ·the FasBUS 11 R M~mory is 10% fast~r ilia~ our MOS ·a~d. 45n~1~~.~Q:J"-:'., 
,~~ ~u~ bipolar. A. ~omparison table of memory speeds ~-s· ~i ven ~eiow :- . "/ ~~.<<<~r.-? [ 
L>:... ·, :. -. .,__-.. . - -... ~. '. -_: .:.-. : ... ::. ))~;::-:..·: 
f ·' ) ... :· • .. Memory·_ System Speeds: (without Memory Manaqement) ...... ,. .· _.,:~ .. · 

1 

~<< ... ·· . ·. · .· FASTBUS Cycle Times: . FASTBUS Acco;iss 'l:i~.,s,~:.,~:;.;; 
i:':··oEc MSll-BT ·Mos· · 510 nsec (rnax.) · · · ... · .· :_.-,\,-. .·:,~··;··-~;~ .. 

~> CMI FasBUS 11R MOS · 450 nsec * .. :~i~ ~==~ .* . ·,<''. 
··~· DEC MSll-AP Bipolar 330 nsec (max.) 190 nse·= ·· .-:··.:\.:' :. 
I
._... ·, .... 

. . .. ., ~·1. 
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SECTION I 
GENERAL INFORMATION AND SPECIFICATIONS 

SCOPE 

This manual applies to the FABRl-TEK Model 4511 Cache Memory Buffer. 

I GENERAL INFORMATION AND SPECIFICATIONS 
II INSTALLATION AND TEST ADJUSTMENTS 

Ill PRINCIPLES OF OPERATION 

GENERAL SYSTEM DESCRIPTION 

The Model 4511 is a high speed, 512 x 16 l\lemory Buffer which installs in the PDP 11/45 computer 
system. Figure 1-1 illustrates the 4511 system. The purpose of the FTI Memory Buffer is to ·com
bine the best advantages of core and semi-conductor memories: 

o Non-volitility of core memory. 
o Low cost of core memory. 
o High speed of MOS memory throughout the entire address range of 0-124K as opposed 

to the 32K maximum address block of MOS memory. 

\ 
The FTI Memory Buffer combines these advantages by utilizing the two-bus structure of the DEC 
PDP 11 /45 processor in an optimum way to reduce CPU processing time. When desired, up to 16 k 
of MOS or 4 k of bipolar memory can be installed concurrently with the Buffer on the Fastbus*. 
In this case the Model 4511 still buffers only the core memory and has no effect on the semicon
ductor memory. 

PHYSICAL DESCRIPTION 

The 4511 Memory Buffer consists of the following major assemblies: 

-Buffer Matrix Controller module (BMC). 
-Auxiliary Buffer Matrix Controller module (ABMC). 
-Buffer Memory Matrix module (BMiM). 
-FTI Model 1744 +5-V d-c Power Regulator module." 

The printed circuit modules plug into the semiconductor memory and Unibus A and B slots in the 
PDP 11 /45 chassis. Normally, only minor changes are necessary to the computer. The +5-V d-c 
•Registered Trademark of Digital Eq~ipment Corporation. 
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Power Regulator module installs in location K of the lower "H742" Power Supply. Refer to Sec- · 

tion 11 for physical locations and installation instructions. 

Figures 1-2 through 1-5 are photographs of the printed circuit modules and the Power Regulator 

module. These photographs illustrate significant assembly features. 

SPECIFICATIONS AND INTERFACE SCHEMATIC 

Table 1-1 summarizes the general 4511 Memory Buffer specifications. Figure 1-6 illustrates the 

CPU-to-Memory Buffer interface characteristics. 

DATA CAPACITY 

Address 
Word Length 

Table 1-1.-SPECIFICATIONS 

PRINTED CIRCUIT DIMENSIONS (inches) H x D 

Buffer Matrix Controller 

Buffer Memory Matrix 

Auxiliary Buffer Matrix Controller 

Power Regulator 

COOLING 
ENVIRONMENT PARAMETERS 

Operating 
Non-Operating 

Humidity (No Condensation) 

INTERFACE LOGIC VOLTAGES 

Logic One In 

Logic One Out 

Logic Zero In 

Logic Zero Out 

DC POWER REQUIREMENTS 

+b V de at 10 Amps Maximum 

512 Addresses 
16 Bits 

15.70 x 8.40 

15.70 x 8.40 

5.20 x 8.40 
5.10 x 6.50 
Forced Air 

o0 c to +10°c 
-55°c to + 1 oo0 c 

95% 

+2.4V to +5.5V 

+2.4V to +5.5V 
-o.sv to +0.8V 

-o.sv to +a.av 

1-3 







Figure 1-4 

AUXILIARY BUFFER MATRIX CONTROLLER MODULE 
. 1-6 



Figure 1-6 

MODEL 1744 POWER REGULATOR MODULE 
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PDP 11 /45 PROCESSOR 

UNIBUS CONTROL, 
ADDRESS, AND 
DATA LINES 

8881 

+5 Volts 

+5 Volts 

FTI 4511 MEMORY BUFFER 

BUFFER MATRIX CONTROLLER AND 
AUXILIARY BUFFER MATRIX 
CONTROLLER 

8836 

FASTBUS DATA LINE, BMC MEMORY 
LINE, BMC MEM SYNC (8) LINE 

Open Collector 

-----·-- -<-----< .... <--{74503 
-(522) 

MULTIPLEXER 

FASTBUS ADDRESS 

745157 

~ FASTBUS CONTROL SIGNALS 

) ~~ 74S4a)---) )>-----~) )>-----0 

C3404 
LATCH 

Figure 1-6 

CONTROL, ADDRESS, AND DATA INTERFACE SCHEMATIC 

( 
) 

' } 
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INTRODUCTION 

SECTION II 

INSTALLATION AND TEST ADJUSTMENTS 

The DEC PDP 11 /45 and the FTI Model 4511 Memory Buffer are integrated by installing the FTI 

Power Regulator and Memory Buffer modules into the DEC computer. This section contains the 

installation procedures and test adjustments necessary to install the Memory Buffer into any PDP 

11/45. It is important to read and understand the information in this section prior to installation 

because the memory configuration and power regulator complement at each computer site can 

vary with customer needs. If there is any doubt about the original status of the PDP 11 /45, contact 

DEC Field Service personnel prior to installing the Memory Buffer. The illustrations and instruc

tions in this section provide information for all installation steps which include: 

o Initial Inspection 

o Preparation for Installation 

o Power Regulator Installation 

o Memory Buffer Module Installation 

o Final Adjustment and Test Procedures 

INITIAL INSPECTION 

Initial inspection includes unpacking, inventory, and inspection of all essential assemblies of the 

Memory Buffer. After removing the packing material, inventory all items with the list below. In

spect for shipping damage. Report all discrepancies to the Computer Systems Division of FABR I-TE K 

I NCO RPO RATED. Before preparing for the installation of the Memory Buffer, verify that all of 

the following items are available: 

1. Buffer Matrix Controller (BMC) module - FTI Part No. 190-1665-00. 

2. Buffer Memory Matrix (BMM) module - FTI Part No. 190-1666-00. 

3. Auxiliary Buffer Matrix Controller (ABMC) module - FTI Part No. 190-1767-00. 

4. Buffer Cable Assembly - FTI Part No. 262-0317-00. 

5. FTI Model 1744 Power Regulator - FTI Part No. 261-0124-00. 

PREPARATION FOR INSTALLATION 

Preparation for installation consists of identifying the existing DEC semiconductor memory configu

ration, selecting the correct FTI Memory Buffer configuration, and preparing the CPU with the aid 

of a preparation flowchart. Computer preparation is necessary before the actual installation of the 

Model 4511 Memory Buffer because: 

2-1 



-each PDP 11/45 computer contains one of several semiconductor memory configurations and 

accompanying power regulator arrangements. 

-the Memory Buffer requires the use of CPU slots 21 through 27 (slots 23 through 25 are left empty). 

- The +5-volt power sources for CPU slots 21 through 25 must be installed properly. 

The extent of CPU preparation depends on the type of installation and can include memory module 

reconfiguration, power cabling modification, and power regulator installation; in some installations 

only one of these preparation steps is necessary. 

I WARNING I 
' f,P ~ ·4J ¥¥WP? 

To prevent accidental shocks, power down the 
Model 11/45, de-energize any external d-c vol
tage inputs to the Model 11/45, and disconnect 
the main power cable from the line source BEFORE 
performing the following modification and in
stallation procedures. 

EXISTING DEC SEMICONDUCTOR MEMORY CONFIGURATIONS 

All PDP 11 /45 computers have Fastbus slots 16 through 25 populated in one of the configurations 

listed in Table 2-1. Verify the DEC memory configuration before selecting the Memory Buffer 

configuration. 

Table 2-1.-POSSIBLE PDP 11/45 SEMICONDUCTOR MEMORY CONFIGURATIONS 

CONFIG. NO. MEMORY TYPE SLOTS 16-20 SLOTS 21-25 TOTAL 

None Empty Empty -----

2 MOS 4 k-16 k 4k-16k 32 k Max. 

{MOS 4 k-16 k 
{ 2~ k Max. 3 

BIP 1 k-4 k 

4 BIP 1 k-4 k 1 k-4 k 8 k Max. 

FTI MEMORY BUFFER CONFIGURATIONS 

Installation of the FTI 4511 Memory Buffer results in the combination of DEC semiconductor 

memory and the Memory Buffer into one of the configurations listed in Table 2-2. 
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Table 2-2.-POSSIBLE DEC SEMICONDUCTOR MEMORY AND 

FTI MEMORY BUFFER CONFIGURATIONS 

CONFIG. NO. MEMORY TYPE SLOTS 16-20 SLOTS 21-27 TOTAL 

1 None Empty BUFFER -----

2 MOS 4 k-16 k BUFFER 16 k Max. 

3 BIP 1 k-4 k BUFFER 4 k Max. 

CPU PREPARATION FLOWCHART 

The CPU ·preparation procedure is illustrated by the CPU Preparation Flowchart, Figure 2-1. Use 

the flowchart by referencing the following explanation of the flowchart procedure steps to prepare 

the CPU for installation of the Memory Buffer. 

Step No. 1 - Is any Fastbus semiconductor memory present (in CPU slots 16 through 25)? 

NO - Branch to lCJ . 
YES - Proceed to ~tep No. 2. 

Step No. 2 - Are CPU slots 21 through 25 empty? 

NO- Remove the modules from these slots and reconfigure MOS dr BIP memory 

int.o slots 16 through 20 per Table 2-2. Reference the DEC PDP 11/45 Main

tenance Manual for detailed MOS and BIP reconfiguration instructions. 

YES - Proceed to Step No. 3. 

Step No. 3 - Is +5 volts present at CPU slots 21 through 23? 

NO - This implies that either the jumper between J5 pins 3 and 4 is disconnected, 

or that a fault exists at the power source. Proceed to Step No. 4. 

YES - Branch to {eJ . 

Step No. 4 - Is the jumper between J5 pins 3 and 4 disconnected? 

NO - Consult DEC Field Service. 

YES - Proceed to Step No. 5. 

Step No. 5 - Is a DEC H744 +5-V Regulator installed in slot K of the lower H742 Power Supply? 

NO - Branch to lg . 
YES - Consult DEC Field Service. 

POWER REGULATOR INSTALLATION 

Installation of the FTI Model 1744 Power Regulator includes mounting the power regulator in the 

DEC H742 Power Supply chassis, CPU backplane power modification, and an initial power regulator 

adjustment check. Figure 2-2 illustrates the location of the 1744 Power Regulator when it is installed. 
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YES 

NO 

NO 

NO 

YES 

NO 

YES 

RECONFIGURE 
MOS OR B.IP INTO 

CPU SLOTS 16 THAU 
20. REF. TABLE 2-2. 

CONSULT 
DEC 

FIELD SERVICE 

Figure 2-1 
CPU PREPARATION FLOWCHART 

IF JUMPER BETWEEN 
J5 PINS 3 AND 4 

IS IN, DISCONNECT IT. 

INSTALL FTI 1744 
POWER REGULATOR 

PREP. COMPLETE 

YES 

2-4 
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+15V CPU 

· 1 5V TO 1, 2, 1 5 

INTERNAL 
OPTIONS 

·15V TO 
SLOTS 26, 27, 28 

CONSOLE 

SYSTEM UNITS 

-15V TO 
SYSTEM UNITS 

NOS. 1, 2 

L 

+5V 
BIPOLAR 
MEMORY 

+5V TO SLOTS 
24, 25 

H744 

P29 

J29 

UPPER H742 POWER SUPPLY (SWITCHED) 

D c B A BULK SUPPLY A 
REGULATORS 

+5V 
A,B,C,D,E 

' SWITCHED 
INTERNAL 
OPTIONS 

+15V TO REGS E,F 

+15V TO SLOT 

+5V TO 13 CONSOLE 

SLOTS 26, 27, 28 
+5V 

+5V CPU +5V CPU FLOATING 
POINT +BV TO SLOT 

SYSTEM UNITS 1 FOR MAINT 
MODULES 

50/60 Hz SIG 

+5V TO OTO +6V 
SYSTEM UNITS +5V TO SLOTS +5V TO SLOTS +5V TO SLOTS TO SLOT 1 FOR 

NOS. 1, 2, 3 10 THAU 15 1,6,7,8,9 2, 3,4, 5 CLOCK MODULE 

LOWER H742 POWER SUPPLY (NOT SWITCHED) 

K J H* F 

+5V IF +5V IF -15V 
BIPOLAR MEMORY BIPOLAR MEMORY 

+5V IS INSTALLED IS INSTALLED 
SYSTEM UNITS 

BIPOLAR 
MEMORY +5V TO SLOTS +5V TO SLOTS 

19, 20 16, 17. 18 

BULK SUPPLY B 
H744 H744 REGULATORS 

+5V TO SLOTS P27 P31 -15V TO F, H,J, K, L 

21, 22, 23 SYSTEM UNIT NOT SWITCHED 

+5V IF +19V. +23V, -5V NO. 3 
MOS MEMORY IF MOS MEMORY 
IS INSTALLED IS INSTALLED 

+5V TO SLOTS 

FTI MODEL 
16 THAU 25 

1744 POWER 
REGULATOR H744 H746 H745 

P28 P27 P26 P25 

J28 J27 J26/J31 J25 

•Regulator in location H will be either a 
+5V or MOS Voltage Regulator. 

Figure 2-2 

FTI MODEL 1744 POWER REGULATOR LOCATION 
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POWER REGULATOR INSTALLATION PROCEDURE 

Use the following installation procedure to mount the 1744 Power Regulator in the D~C H742 

Power Supply chassis: 

1. Remove the screw which mounts the P28 connector to the H742 Power Supply chassis. 

2. Slide the FTI Model 1744 Power Regulator into slot K of the lower H742 Power Supply chassis. 

In this slot, the female connector on the 1744 Power Regulator is identified as J28. 

3. Install the two screws which fasten the 1744 Power Regulator to the H742 Power Supply. 

4. Connect P28 to J28 at the 1744 Power Regulator. 

CPU BACKPLANE POWER MODIFICATION 

Installation of a power regulator in the lower H742 Power Supply makes it necessary to modify 

the CPU backplane power cabling as follows: reference Figure 2-3 and locate the jumper wire be

tween J5 pins 3 and 4, remove one end of the jumper wire, wrap the disconnected end with insulat

ing tape, as as an alternate approach either cut the jumper wire or remove it entirely. 

INITIAL POWER REGULATOR ADJUSTMENT CHECK 

The Initial Power Regulator Adjustment Check is necessary only when an FTI or DEC Power Regu

lator is connected at slot K of the lower H742 Power Supply. Prior to installing the Memory Buffer 

modules, perform the procedure below to adjust the Power Regulator output voltage. Each regulator 

in the lower H742 Power Supply has a voltage adjustment potentiometer on the front of the Power 

Regulator case. Final voltage adjustments will be made with all the Memory Buffer modules inserted 

during the final adjustment and test procedures in this section. 

1. If the jumper wire between J5 pins 3 and 4 is installed, remove all printed circuit modules from 

CPU slots 16 through 25. If the jumper wire is disconnected, remove all printed circuit modules 

from CPU slots 21 through 25. 

2. Connect a VOM between CPU location A21A2 and A21C2 (ground). Figure 2-3 illustrates. 

the location of these test points. 
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3. Toggle the Power Supply circuit breakers to ON. 

4. Check for a voltage reading of +5.2 V de. Rotating the voltage adjustment potentiometer in 

a clockwise direction at the appropriate power regulator increases the output voltage. 

5. Toggle the Power Supply circuit breakers to OFF. 

6. Re-install the printed circuit modules into their correct CPU slots. 

EXISTING MEMORY VERIFICATION TEST 

Perform the DEC 0-124 k Memory Exerciser Diagnostic Test prior to installing the Memory Buffer 

modules. This test will verify the operation of the existing MOS, bipolar, and core memory. If a 

fault occurs, locate and correct any malfunctions until memory operation is error-free. 

MEMORY BUFFER MODULE INSTALLATION 

Figures 2-4 and 2-5 illustrate the location of the Memory Buffer modules in the CPU. Slide each 

module into its correct location and lock the module into the back panel connectors by pressing 

the locking levers at the edge of each module. Install the modules as follows: 

-- Slide the Buffer Matrix Controller module into CPU slot 21. 

NOTE 

The Buffer Matrix Controller module is jum
per-programmed at the factory to buffer a 
0-124 k address range. It is not necessary to 
alter this setting. Option: if desired, the 
maximum address range may be changed at 
this time by referencing Table 2-3, Figure 
2-6, and the final adjustment and test pro
cedures in this section. Do not set the jum
pers to include the 1/0 address space ( 125 k -
128 k). 

- Slide the Buffer Memory Matrix module into CPU slot 22. 

- Slide the Auxiliary Buffer Matrix Controller module into CPU slots 26 and 27. This module re

places the DEC M9200 module. 

- Connect the Buffer Cable Assembly, FTI Part No. 262-0317-00, between the Auxiliary Buffer 

Matrix Controller module and the female connector J1 at the Buffer Matrix Controller module. 

This completes the installation of the Memory Buffer modules. 
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Figure 2-4 
MEMORY BUFFER MODULE INSTALLATION (SIDE VIEW) 
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MODULE 

MEMORY BUFFER MODULE INSTALLATION (MUL STRIP TOP VIEW) 
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1/0 ADORE 
SPACE 
NOTE 3 

~ --

Table 2-3.-MAXIMUM ADDRESS JUMPER CONFIGURATIONS 

DECIMAL OCTAL JUMPER POSITIOH DECIMAL 

ADDRESS ADDRESS ADDRESS 

WORDS BYTES WORDS 

NOTE 1 HOTE 2 17 16 15 14 13 12 11 HOTE 1 

r 774K - - - - - - - 95K 
SS 26K 770K - - - - - - J 94K 

25K 764K - - - - - J - 93K 

124K 760K - - - - - J J 92K 

123K 7S4K - - - - J - - 91K 

122K 7SOK - - - - J - J 90K 

121K 744K - - - - J J - 89K 

120K 740K - - - - J J J 88K 

119K 734K - - - J - - - 87K 

118K 730K - - - J - - J 86K 

117K 724K - - - J - J - 8SK 

116K 720K - - - J - J J 84K 

115K 714K - - - J J - - 83K 

114K 710K - - - J J - J 82K 

113K 704K - - - J J J - 81K 

112K 700K - - - J J J J SOK 

11 lK 674K - - J - - - - 79K 

110K 670K - - J - - - J 78K 

109K 664K - - J - - J - 77K 

108K 660K - - J - - J J 76K 

107K 65"K - - J - J - - 75K 

106K 650K - - J - J - J 74K 

105K 644K - - J - J J - 73K 

104K 640K - - J - J J J 72K 

103K 634K - - J J - - - 71K 

102K 630K - - J J - - J 70K 

101K 624K - - J J - J - 69K 

lOOK 620K - - J J - J J 68K 

99K 614K - - J J J - - 67K 

98K 610K - - J J J - J 66K 

97K 604K - - J ·J J J - 65K 

96K 600K - - J J J J J 64K 

Note 1: In Decimal Word Address, K = 102410 

Note 2: In Octal Byte Address, K = 1 OOOa 

Note 3: Do not set jumpers to include 1/0 Address space. 

l 

OCTAL JUMPER POSITION 
ADDRESS 

BYTES 

HOTE 2 17 16 15 u 13 12 

574K - J - - - -
570K - J - - - -
564K - J - - - J 

S60K - J - - - J 

SS4K - J - - J -
SSOK - J - - J -
S44K - J - - J J 

S40K - J - - J J 

S34K - J - J - -
530K - J - J - -
S24K - J - J - J 

S20K - J - J - J 
514K - J - J J -
SlOK - J - J J -
504K - - J - J J J 
5001( - J - J J J 

474K - J J - - -
470K - J J - - -
464K - J J - - J 

460K - J J - - J 

454K - J J - J -
4SOK - J J - J -
444K - J J - J J 
440K - J J - J J 

434K - J J J - -
430K - J J J - -
424K - J J J - J 
420K - J J J - J 
414K - J J J J -
410K - J J J J -
404K - J J J J J 
400K - J J J J J 

11 

-
J 

-
J 

-
J 

-
J 

-
J 

-
J 
-
J 
-
J 

-
J 
-
J 

-
J 

-
J 

-
J 

-
J 

-
J 

-
J 

DECIMAL 

ADDRESS 

WORDS 

NOTE 1 

63K 
62K 

61K 

60K 

59K 

SBK 
57K 

56K 

55K 

54K 

53K 

52K 
SlK 

SOK 
49K 

48K 

47K 

46K 
45K 

44K 

43K 

42K 
41K 
40K 

39K 

38K 
37K 

36K 

35K 
34K 

33K 
32K 

OCTAL 

ADDRESS 

BYTES 

NOTE 2 

3741'.. 

370K 

364K 

360K 

354K 

3SOK 
3441'\ 
240K 

334K 

330K 
324K 

320K 
314K 
310K 

304K 

300K 

274K 

270K 
264'< 

260K 
2S4K 

2SOK 
244K 
240K 

234K 
230K 
224K 

220K 

214K 

210K 

204K 
200K 

JUMPER POSITION 

11 16 15 uin 12 11 

.J - - -~- - -

J - - -1- - J 

J - - -1- J -

J - - -,- J J 

J - - -!. - -

J -,-.-!.J - J 
J - -:-'- J -

J - -1-?- J J 
! I 

J - - -

J - - J 

J - - J 

J - - J 

J - - ..! 

J - - -· 
J - - J 

I 
- I J J -

I 

- - J 

- J -

- J J 

J - -

J - J 

.J J -
J J J 

~ =1~1= = = ~ 
~ = 1~ i = ~ ~ ~ 
J - Jj- J J -

J-J-JJJ 

- - J 

- J 

J - J 

J - J 

J - J 

J - J 

J - J 

J - J 

J - J 

J - J 

J - J J 

J J - -

J J - J 
J J J -
J J J J 

DECIMAL 

ADDRESS 

WORDS 

NOTE 1 

31K 

30K 

29K 

2BK 
2iK 

26K 

25K 
24K 

23K 

22K 
21K 

20K 

19K 
18K 
17K 

16K 

15K 

14K 
13K 

12K 
11K 

10K 

9K 
SK 

7K 

GK 
SK 

4K 

3K 

2K 
1K 

OK 

OCTAL 

ADDRBS 

BYTES 

NOTE 2 

174K 
170K 

164K 

160K 

154K 

lSOK 
144K 
140K 

134K 

130K 
124K 

120K 
114K 
110K 
104K 

100K 

74K 

70K 
64K 

60K 

54K 
SOK 
44K 

40K 

34K 

30K 
24K 

20K 
14K 

10K 

4K 

OK 

JUMPER POSITION 

17 16 15 14 13 12 11 

JJ----

JJ----.: 

JJ---J

JJ---JJ 

JJ--J-

JJ--J-J 

JJ--JJ-

JJ--JJ.; 

J J - J 

J J - J 

J J - J 

J J - J 

- - J 

- J -

- -' J 

JJ-JJ-

JJ-JJ-J 

JJ-JJJ

JJ-JJJJ 

J J J 

J J J 
.I J .1 

J J J 

J J J 

J J J 
J J J 
J J J 

J J J 

J J J 

J J J 

J J J 

J J J 

J J J 

J J J 
J J J 

- - - J 

- - J 

- - 'J 

- J - -

- J - J 

- J J -
- J J J 

J - - -

J - - J 

J - J -

J - J J 

J J - -

J J - J 
J J J -
J J J J 

A "J" in the Jumper Position column indicates the presence of a jumper, which is 

equiwlent to a logic Zero. Any jumper configuration defines the first oodress to be 

excluded from the Buffer. For example: to set in a maximum address of 124 K10 

install jumpers in the slots for bits 11 and 12 only. 



FINAL ADJUSTMENT AND TEST PROCEDURES 

Final adjustment includes defining the maximum address capability of the Buffer, measuring the 

Power Regulator output voltages with the Memory Buffer installed, and setting the Buffer card 

edge switches to the correct position. A Manual Operation Test and diagnostic testing confirm 

error-free operation. 

MAXIMUM ADDRESS JUMPER SELECTION 

The configuration of the jumpers on the Buffer Matrix Controller module determines the maximum 

address space that the Buffer will map into itself. Reference Table 2-3 to determine the proper 

jumper configuration for the desired address space. Figure 2-6 illustrates the physical, location of 

the Maximum Address Jumpers. 

The factory setting defines the maximum address space that the Buffer will buffer to be 0-124 k 

words, which will allow proper operation with any PDP 11/45 memory. Note that this means that 

the 1/0 address space 125 k-128 k words is not buffered. These jumpers shou Id not be set higher 

than 124 k, but could for some special reason, be set to a lower address space. The address space 

always starts at 0, with the portion being occupied by DEC semiconductor memory automatically 

excluded from buffering. 

MAXIMUM ADDRESS COMPARATOR BITS 

Ci> 7 Q6 Q5 Q4 Q3 2 

I I I I I 
r, r, r1 ri r., 
I I I I I I I I I I 

I I I I I I I I I I 

I I I I I I I I I I 
LJ LJ LJ L.J L _J 

I I I I I 
<!> 8 <!) 9 (!) 10 <!) 11 (!) 12 13 

LOCATION T5 OF BUFFER MATRIX CONTROLLER MODULE 

NOTE: The location of the shaded jumpers illustrnted above, 

for bits 11 and 12, is the factory setting for 0· 124 k. 

This setting is suitable for any size main memory up 

to 124 k, and normally will not need changing. 

Figure 2-6 
MAXIMUM ADDRESS JUMPERS 
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FINAL POWER SUPPLY OUTPUT ADJUSTMENT 

With all Memory Buffer modules installed in their correct locations, adjust the output voltage of 

the +5-V d-c Power Regulator in slot K of the lower H742 Power Supply to +5.0 ± 0.1 volts while 

measuring at the backpanel. Because of the memory reconfiguration, checking the output voltage 

of the +5-V regulators for CPU slots 16 through 20 is recommended. Readjust, if necessary, to 

+5.0 ± 0.1 volt. 

CARD EDGE SWITCH SETTINGS 

The Buffer Matrix Controller Module contains three card-edge test switches. Figure 2-7 illustrates 

the position of the switches and describes their functions. In normal operation, all switch handles 

must be in the UP position. 

Initialization switch H 1 S1 is a momentary contact 

switch used only for troubleshooting. Toggling 

the switch to the IN IT position initializes the Mem

ory Buffer. 

Line switch J 1S1 is a two-position toggle switch. 

Toggling the switch to the ON position places the 

Memory Buffer in the On-Line condition and dis

ables the Copy switch 1<1S1. Toggling the switch 

to the 0 FF position places the Memory Buffer 

in the Off-Line condition, prevents the Memory 

Buffer from responding on the Fastbus, and en

ables the Copy switch K 1S1. 

Copy switch K 1 S1 is a two-position toggle switch 

used only for troubleshooting. This switch is en

abled only when the Line switch J1S1 is in the 

0 FF position. Toggling the Copy switch to the 

ON position allows the Memory Buffer to update 

itself. Toggling the Copy switch to the OFF posi

tion prevents updating of the Memory Buffer. 

Figure 2-7 
CARD-EDGE SWITCHES 

0 

H1S1 

QINIT 

0 ON 

J1S1 

QOFF 

K1S1 

QOFF 
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MANUAL OPERATION TEST 

The Manual Operation Test verifies the operation of the Memory Buffer, without the use of a scope 

or program, prior to diagnostic testing. When the Memory Buffer is completely installed in the 

PDP 11/45, perform the Manual Operat~on Test by using the Buffer Matrix Controller card-edge 

switches illustrated in Figure 2- 7 and the CPU front panel switches and indicators as follows: 

1. Halt the CPU. 

2. Toggle H1S1 to INIT. 

3. Toggle J1S1 to ON. 

4. Toggle K1S1 to OFF. 

5. Select an address. 

6. Load all zeros into the selected address. 

7. Examine the contents of the selected address. The contents should be all zeros. The Memory 

Buffer now contains the same address and data. The CPU front panel is displaying the data 

from the Unibus (core memory). 

8. Press the Examine switch again. The contents of the selected address should be all zeros again. 

The CPU front panel is displaying the data from the Fastbus (Memory Buffer). 

9. Toggle J1S1 and K1S1 to OFF. 

10. Load all ones into the same selected address. 

11. Examine the contents of the selected address. The CPU front panel should display all ones. 

12. ToggleJ1S1 to ON. 

13. Press the Examine switch again. The CPU front panel should display all zeros to indicate cor

rect Memory Buffer operation. 

NOTE 

Whenever the data in the Memory Buffer 
differs from the data in the same address in 
core memory, it is necessary to Initialize the 

·Memory Buffer before restarting the CPU 
with the Memory Buffer On-line. This opera
tion prevents the use of invalid data. 
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DIAGNOSTIC TESTS 

The diagnostic tests are the final steps necessary to verify correct operation of the Memory Buffer 

in the PDP 11 /45. Perform the DEC 0· 124 k Memory Exerciser Diagnostic. In case of a fault, recheck 

the installation instructions in this section. 

2-15 



INTRODUCTION 

SECTION Ill 
PRINCIPLES OF OPERATION 

This section describes the operating theory and basic functions of the FTI Model 4511 Memory 

Buffer. The text describes the integration of the Memory Buffer into the PDP 11/45, Memory Buf

fer functions, principles and types of Buffer operation, and interface signal requirements. A system 

block diagram illustrates the integration of the 4511 Memory Buffer with the Fastbus/Unibus struc

ture of the PDP 11 /45. A Memory Buffer block diagram illustrates the interrelationship of each 

of the major sections of the Memory Buffer. Additional tables and illustrations support the des

cription of Buffer operations and the discussion of Interface, Internal and Control circuits. 

INTEGRATION OF THE MEMORY BUFFER INTO THE PDP 11/45 

Installation of the Memory Buffer modules unites the FTI 4511 with the Fastbus/Unibus structure 

of the PDP 11 /45. The Memory Buffer is a two-port device consisting of a Fastbus port and a Uni

bus port. Figure 3-1 illustrates the integration of the FTI 4511 with the PDP 11/45. Note by the 

direction of the arrows that the Memory Buffer Unibus port is unidirectional since it is capable 

of only receiving the Unibus address, data, and control signals. The Memory Buffer Fastbus port 

only receives the address signals from the Memory Management Unit, only transmits the data sig

nals to the semiconductor memory and CPU, but transmits and receives the control signals between 

the semiconductor memory and CPU. 

MEMORY BUFFER FUNCTIONS 

Figure 3-2 illustrates the signal flow and organization of the Model 4511 Memory Buffer. It con

sists of the following major sections: 

o Control Logic 

o Valid Bit Register 

o Directory (Register) 

o Buffer Memory Matrix (Register) 

o Match Circuit 

o Initialization Circuit 

CONTROL LOGIC 

The Control Logic section provides interfacing for: 

- Receiving and transmitting Unibus and Fastbus Control signals. 

- Generating Internal Timing signals. 
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- Generating External Control signals. 

- Write Control. 
- Maximum Address. 
- OMA Cycles. 

VALID BIT REGISTER 

The Valid Bit Register is a 512 x 1 register containing a flag bit for each address in the Directory. 

The purpose of this register is for initialization; so that on start-up, e.g., when power is first applied 

and the contents of the Directory are random values, a coincidental address match will not cause 

a Buffer response to a CPU request. On start-up, the Initialization circuitry causes all the addresses 

in the Directory to be flagged as Invalid. When a word is loaded into the Buffer Memory Matrix, 

and the upper half (address bits <17:10>) of the address is loaded into the Directory, the corres

ponding one-bit word in the Valid Bit Register is set high (Valid). Bus address bits 1 through 9 are 

decoded to specify one of 512 locations in ~his register. 

DIRECTORY 

The Directory is a 512 x 8 matrix of Bipolar Random Access Memories (RAMs) organized as a 

Content Address Memory (CAM). The Directory is decoded by address bits 1 through 9. The num

ber of bits per Directory word (eight) plus the number of bits required to address any w~rd in the 

Directory (nine) equals the number of bits required (17) to address any of the 131,072 (128 k) 

words in the PDP 11/45 address space. The eighteenth bit, 2°, is used for byte control. This ad

dressing format allows the Memory Buffer to use a Direct Mapping Scheme to buffer any address 

within the 128 k word address space of the PDP 11/45. The address space of the PDP 11/45 may 

be less than 128 k if the setting of the maximum address jumpers defines a lower address range 

for the maximum address comparator in the Control Logic section. Refer to Table 2-3 and Figure 

2-6. 

BUFFER MEMORY MATRIX 

The Buffer Memory Matrix is a 512 x 16 matrix of high-speed bipolar RAMs which store a word 

of data. These data, by using a Write-Through Algorithm, are always a current copy of the data 

stored in the corresponding addresses in core memory. 

MATCH CIRCUIT 

The Match circuit uses eight exclusive/NOR gates to compare the contents of the Directory with 

the corresponding incoming address bits <17: 10). This process is conditioned by the correspond

ing Valid Bit Register flag to determine if valid data for the specified address are in the Buffer Mem

ory Matrix. 
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INITIALIZATION Cl RCUIT 

The Initialization Circuit consists of four one-shot generators connected together as an oscillator 

and three counters connected together as a 9-bit address generator. The oscillator circuit generates 

a pulse train which cycles through all 512 addresses in the Valid Bit Register to write a zero into 

each address. Writing zeros into each address of the Valid Bit Register invalidates the contents of 

the entire Buffer Memory Matrix and Directory. This process occurs upon the removal (switching 

to a high logic level) of either the BUSA I NIT L signal or the PWRS MEM DC L signal. 

PRINCIPLES OF BUFFER OPERATION 

The 4511 Memory Buffer is a communication link between the CPU and memory. The Memory 

Buffer increases the effective speed of the PDP 11 /45 core memory by using a Direct Mapping 

Scheme during Read operations and a Write-Through Algorithm during Write operations. 

DIRECT MAPPING SCHEME 

The Direct Mapping Scheme is explained with the aid of Figure 3-3. In this figure the term "address 

space" is defined as the set of all word addresses that can be specified by a given number of address 

bits. For example, the set of all word addresses in the PDP 11 /45 is 131,072, is referred to as the 

address space of the PDP 11 /45, and is represented by the sectioned column at the left in Figure 

3-3. Any address in this set can be specified by address bits <17:01 >. Similarly, the Buffer ad

dress space shown at the right side of Figure 3-3, designed with an address space of 512, is speci-

fied by address bits< 09:01>. 

It is useful to mentally subdivide the PDP 11 /45 address space into 256 blocks of memory called 

Block Numbers. Each of the 256 Block Numbers corresponds to a subset of 512 Block Addresses. 

The Block Numbers are addressed by address bits <17:10). The contents of each Block Address 

are specified by address bits <09:01 >. 

The Direct Mapping Scheme basically involves a many-to-one correspondence concept. This means 

that words with the same Block Address but with different Block Numbers will diractly map from 

the PDP 11 /45 address space into the corresponding address in the Buffer address space. In other 

words, old addresses and corresponding data with a given Block Address are simply replaced by a 

new address and corresponding data having the same Block Address. 

WRITE-THROUGH ALGORITHM 

The Write-Through Algorithm is implemented by performing all Write operations immediately in 

core memory and, if the address is in the Buffer, simultaneously updating the corresponding data 

in the Buffer. Use of the Write-Through Algorithm provides a definite advantage since data are 

always safe in non-volatile core memory if a-c line power fails. 
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TYPES OF OPERATION 

The Memory Buffer has two basic types of operation: DAT I-Read, and DATO-Write. Control inter

face signals on the Fastbus and Unibus determine the selection of the type of operation. Refer to 

Figures 3-4 and 3-5 in the following discussions. 

DATI OPERATION 

The Buffer uses the Direct Mapping Algorithm illustrated in Figure 3-4 during DATI operations. 

During each DATI operation, the CPU logic determines if the specific address on th~ Fastbus ad

dress lines is in the Buffer and waits for approximately 150 nanoseconds before responding with 

the next instruction. This response indicates whether the desired data are in or out of the Buffer. 

The probability that an address being fetched wil I be in the Buffer is called the Hit Ratio. 

The Memory Buffer Direct Mapping Algorithm illustrated in Figure 3-4 causes the following sequence 

of logical events to occur when the desired data are in the Buffer. 

- The Buffer searches the Directory for the specific address. 

- The Buffer determines that the data at the specific address are in the Buffer and are valid. 

-The Buffer responds to the CPU before 150 nanoseconds with a BMC MEM L signal on the Fast

bus to inhibit the CPU from performing the DATI cycle on the Unibus. 

- The CPU responds with a UBCA CONTROL OK H signal, confirming that the UBCC MEM BUS 

CO Land UBCC MEM BUS C1 L control signals are valid. The CPU is now ready to receive the 

data from the Buffer. 

- The Buffer sends the CPU ABMC MEM SYNC (B) L signal, indicating that the data from the 

Buffer are ready. This signal is the Fastbus version of BUSA SSYNC1 L. 

- The CPU drops the UBCA CONTROL OK H signal, indicating that the CPU has the data and has 

finished its cycle. 

- The Buffer drops the BMC MEM SYNC (B) L signal and terminates the Fastbus cycle. 

The following sequence of logical events occurs when the desired data are out of the Buffer. 

- The Buffer searches the Directory for the specific address. 

- The Buffer determines that the data at the specific address are not in the Buffer or are not valid. 

- The CPU decides after 150 nanoseconds that it must fetch the desired data from core memory on 

the Unibus. · 
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- The core memory receives a BUSA MSYNC L signal. 

- The core memory reads back the desired data and transmits a BUSA SSYNC L signal to indicate 

that the signals on the data lines are steady. 

- The CPU and the Buffer receive the data. 

- The CPU drops the BUSA MSYNC L signal. 

- The core memory drops its BUSA SSYNC L signal, terminating the cycle. 

When the CPU receives the data, the Buffer senses the negative-going edge of the BUSA SSYNC L 

signal and writes the Unibus data into the Buffer Memory Matrix. When the Buffer senses the posi

tive-going edge of the BUSA MSYNC L signal, it terminates the Write Command signal to the Buffer 

Memory Matrix. Note that on the first time through a new program loop, the CPU encounters the 

Out of Buffer condition at each successive address and is forced to go out to the Unibus for each 

word of the loop. Repeating this loop a number of times allows the CPU to receive its data much 

faster than the first time, resulting in a significant performance improvement. 

DATO OPERATION 

The Buffer uses the Write-Through Algorithm illustrated in Figure 3-5 during DATO operations. 

During each DATO or DATOB operation, the Buffer does not respond with a BMC MEM L signal, 

thus forcing the CPU to "write-through" the Buffer by going out to core memory on the Unibus. 

This happens regardless of whether or not the specific address is in the Buffer. When the memory 

address is contained in the Buffer, the Buffer copies the data from the Unibus when it is written 

into core memory. 

INTERFACE SIGNALS AND REQUIREMENTS 

The Memory Buffer System interfaces externally with the Fastbus and Unibus and internally between 

Buffer modules. The interface lines transfer address, data, and control signals between the CPU and 

the Memory Buffer. 

UNIBUS INTERFACE SIGNALS 

All Unibus interface lines are unidirectional from the Unibus to the Buffer only. The Buffer receives 

Unibus address, data, and control signals. 

BUSB A <17:00> L. The logic levels of the BUSB Address AOO through A 17 L signals represent 

the Unibus address information. These signals enter the Buffer Matrix Controller on 18 interface 

lines. 
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BUSB MSYNC L. A low level Bus Master SYNChronization L signal initiates a Unibus data transfer 

by the selected slave device. This signal enters the Buffer Matrix Controller on a single interface 

line. 

BUSB CO Land BUSB C1 L. The BUSB Control Zero Land BUSB Control One L signals determine 

the type of Unibus memory operation. These signals enter the Buffer Matrix Controller on two 

interface lines. Table 3-1 illustrates the four logic level combinations which select one of four Uni

bus memory operations. 

Table 3-1.-UNIBUS MEMORY OPERATION SELECT 

co 

HIGH 
LOW 
HIGH 
LOW 

C1 

HIGH 
HIGH 
LOW 
LOW 

MEMORY OPERATION 

DATI 
DATIP 
DATO 
DATOB 

BUSB SSVNC L. A low level BUSB Slave SYNChronization L signal from the Unibus slave device 

either indicates that valid data are available during a DATI operation or acknowledges acceptance 

of Unibus data for a DATO operation. This signal enters the Buffer Matrix Controller on a single 

interface line. 

BUSB D <15:00> L. The logic levels of the BUSB Data 000 through D 15 signals represent the 

Unibus data information. These signals enter the Buffer Matrix Controller on 16 interface lines.' 

BUSB INIT L. A low level BUSB INITialize L signal initializes the Buffer while under program 

control, during a power down condition, or when the CPU Start switch is pressed. This signal enters 

the Buffer Matrix Controller on a single interface line. 

BUSB DCLO L. A low level BUSB DCLOw L signal protects data in memory when the d-c voltages 

drop below nominal values. This signal enters the Buffer Matrix Controller on a single interface 

line. 

BUSA SACK L. A low level BUSA Selection AC Knowledge L signal from an interrupting device 

indicates that the device has received either a Bus Grant or Non-Processor Grant signal. The next 

Unibus cycle will be an Interrupt cycle. The BUSA SACK L signal enters the Auxiliary Buffer Matrix 

Controller on a single interface line. 

BUSA BBSY L. A low level BUSA Bus BuSY L signal from the Bus Master device prevents other 

devices from gaining access to the Unibus by indicating that the Unibus is busy. This signal enters 

the Auxiliary Buffer Matrix Controller on a single interface line. 
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FASTBUS INTERFACE SIGNALS 

The Fastbus Interface lines are unidirectional; the Buffer receives all Fastbus address signals, trans

mits Fastbus data out signals, but transmits and receives Fastbus control signals. All Fastbus inter

face signals enter or leave the Buffer at the Buffer Matrix Controller. 

BMC MEM D <15:00> H. The logic levels of the BMC MEMory Data 000 through 015 signals 

represent the Fastbus Data Out information. These signals transfer from the Buffer to the Fastbus 

on 16 interface lines. 

SAPJ PA <17:06) Hand DAPB BAMX<05:00) H. The logic levels of the SAPJ PA 06 through 17 

and DAPB BAMX 00 through 05 signals represent the Fastbus address information. The Buffer 

receives these signals from the Fastbus on 18 interface lines. 

BMC MEM SYNC (B) L. A low level BMC MEMory SYNChronization signal indicates that the data 

in the Buffer are ready for transfer. This signal transfers from the Buffer to the CPU on a sin.gle 

interface line. -

BMC MEM L. A low level BMC MEMory L signal indicates that the Buffer has searched the Directory, 

has determined that the Directory contains the specific address, and has determined that the data for 

the specific address are valid. This signal inhibits the CPU from performing a Unibus DATI cycle 

and transfers from the Buffer to the CPU on a single interface line. 

UBCA CONTROL OK H. A high level UBCA CONTROL OK H signal indicates that the Memory 

bus control lines are valid and that the CPU is ready to receive the data from the Fastbus. This sig

nal transfers from the CPU to the Buffer on a single interface I ine. 

UBCC MEM BUS COL and UBCC MEM BUS C1 L. The UBCC MEMory BUS Control Zero Land 

UBCC M EMory BUS Control One L signals determine the type of Fastbus memory operation. These 

signals transfer from the Fastbus to the Buffer on two interface lines. Table 3-2 illustrates the four 

logic level combinations which select one of four Fastbus memory operations. 

Table 3-2.-FASTBUS MEMORY OPERATION SELECT 

co 

HIGH 
LOW-

HIGH 
LOW 

C1 

HIGH 
HIGH 

LOW 
LOW 

MEMORY OPERATION 

DATI 
DATIP 
DATO 

DATOB 

TMCE BUS OUT L. A low level TMCE BUS OUT L signal from the CPU determines if any Fastbus 

memory device has the address specified on the Fastbus address lines. This signal transfers from 

the CPU to the Buffer on a single interface line. · 
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TMCE BEND CLR L. A low level TMCE BEND CLeaR L signal cancels the current Fastbus cycle. 

This signal transfers from the CPU to the Buffer on a single interface line. 

PWRS MEM DC LO L. A low level PWRS MEMory DC LOw L signal is sent by the PDP 11/45 

power supply when the DC power to the Fastbus drops below nominal value. This signal transfers 

from the power supply to the Buffer on a single interface line. 

INTERNAL SIGNALS 

The Buffer internal interface lines transfer address, data, and control signals between the Buffer 

Memory Matrix, Buffer Matrix Controller, and Auxiliary Buffer Matrix Controller modules of the 

Buffer. 

MBB MEM SA<17:00> H. The Buffer Memory Matrix module transmits the SACO through SA 17 

data signals to the Buffer Matrix Controller module for transfer to the Fastbus. 

BMC MAD<OB:01> Hand BMC QTR K SEL H. The Buffer Matrix Controller module transmits 

the MAD01 through MA DOB and BMC QTR K SE L signals to the Buffer Memory Matrix module 

to select any one of 512 words. 

BMC MTRX 2 SELL and BMC MTRX 0 SELL. These signals are permanently grounded to enable 

the Buffer Memory Matrix module. 

BMC WRITE PULSE HIGH L. The Buffer Matrix Controller module transmits a low level BMC 

Write Pulse High L signal to the Buffer Memory Matrix module to enable Write operations in the 

upper byte. 

BMC WRITE PULSE LOW L. The Buffer Matrix Controller module transmits a low level BMC Write 

Pulse Low L signal to the Buffer M~mory Matrix module to enable Write operations in the lower 

byte. 

BMC MEM DATA<17:00> H. The BMC MEMory DATA 00 through 17 signals are the 18 bits of 

data to be written from the Buffer Matrix Controller module into the Buffer Memory Matrix module. 

ABMC DMABREQ H. The Auxiliary Buf~er Matrix Controller module transmits a high level ABMC 

DMABREQ H signal to the Buffer Matrix Controller module to indicate that the next Unibus cycle 

will be an interrupt cycle. 

ABMC OMA IN PROC L. The Auxiliary Buffer Matrix Controller module transmits a low level 

ABMC DMA IN PROCess L signal to the Buffer Matrix Controller module to indicate that the cur

rent Unibus cycle is an interrupt cycle. 

BMC PWR CLR L. The Buffer Matrix Controller module transmits a low level BMC PoWeR Clear 

L signal to initialize the circuitry in the Auxiliary Buffer Matrix Controller module. 
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INTRODUCTION 

SECTION IV 
MAINTENANCE 

Most Memory Buffer malfunctions develop characteristic symptoms. This section presents detailed 

maintenance information and recommendations in the form of tables and illustrations. The main

tenance illustrations include an Error Classification Guide which directs the technician to the source 

of the malfunction in a logical manner. This section isolates FTI malfunctions to a modular level. 

Troubleshoot malfunctions in DEC equipment with appropriate DEC publications. 

TEST EQUIPMENT RECOMMENDATIONS 

EQUIPMENT 

Oscilloscope 
Voltage Probe 
Digital Multimeter 
VOM 

PREVENTIVE MAINTENANCE 

MANUFACTURER 

Tektronix 
Tektronix 
Fairchild 
Triplett 

TYPE 

454A Series or equivalent 
10: 1 Attn. or equivalent 
Model 7050 or equivalent 
630-NA or equivalent 

The Model 4511 Memory Buffer system has no scheduled preventive maintenance requirements. 

The CPU environment may determine a need for additional maintenance. 

CORRECTIVE MAINTENANCE 

Corrective maintenance identifies the malfunctioning equipment and returns the system to error

free operation by means of the following four-step process: 

1. Malfunction Analysis - Examining the error, its elements, and its relationship to the overall 

system operation. Is the error in the CPU, Interface lines, or Memory Buffer? 

2. Error Classification - Isolating the source of the error to either DEC or FTI equipment by 

using the Error Classification Guide. 

3. Maintenance Procedures - Attempting the fastest remedy to correct the error. Next, if nec

essary, systematic tracing of the error in a logical order to locate the source of the error. 

4. Repair - Correcting the cause of the error and returning to normal operation. 
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MALFUNCTION ANALYSIS 

The probability of circuit failure in the more complex CPU equipment is greater than in the Memory 
Buffer System. However, a failure in the Memory Buffer modules must be an initial consideration. 
Begin the Malfunction Analysis of the complete system installation by performing the DEC 0-124 K 
Memory Exerciser Diagnostic. Record the address location of any errors. Many apparent system 
errors are actually the result of faulty interface signals, program, or timing errors. Another frequent 

cause of system malfunctions is the power source. 

Check the interface logic voltages and d-c power at the Memory Buffer inputs. The voltages must 
meet the requirements of Table 1-1 during dynamic and steady-state operation. Refer to the Power 
Supply Adjustment Procedure in Section 11. If these preliminary checks indicate that the source 
of the malfunction may be in the Memory Buffer, proceed to Error Classification. 

ERROR CLASSIFICATION 

Memory Buffer errors have two major classifications: errors occurring after initial set up, and errors 
occurring after a period of error-free operation. The source of the error can be either in the CPU 
or in the Memory Buffer. Use the Error Classification Guide, Figure 4-1, to isolate the source of 
the error to either DEC or FTI equipment. The Error Classification Guide also contains diagnostic 
tests and maintenance procedures which locate the source of the error and expedite the return of the 
system to error-free operation. 
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INTRODUCTION 

SECTION V 
REPLACEMENT PARTS LIST 

This section contains the Replacement Parts Lists for each assembly of this product. Each parts 
list is identified by the assembly title and parts list number. Each component is identified by the 
FAB RI-TE K part number, part description, and reference designation. The reference designation 
corresponds to the schematic component designation. 

ORDERING PARTS FROM FABRl-TEK 

When ordering from the replacement parts list; specify the model number, the assembly part num
ber, the FAB RI-TE K component part number, and the reference designation. Order parts from: 

FABRl-TEK INCORPORATED 
5901 South County Road 18 
Minneapolis, Minnesota 55436 
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03 P5Ul :R5Ll !ssu1 i 
.:21 L 3 u l IM l u 1 l ti' 2 u l l M 4 u 1 
J2 N'fUl jP4Lil iR'tUl :S4Ul 

Ql C..2_Ul. lV..:iu.l JV_;jll lZ4_hl 
o 2 Z 'U l I : I 

I I I 

) l V 3Ul lW 3l.Jl l l 
Jl L4Ul lW'iUl !w5ul lY4L;l 
G 2 Y 5U l l l l 
Jl BlCl jC3Cl iC5Cl IF2Cl 
22. K 3-C.l lK .:,_C_l JN 5_C,j lP 1 Cl 
·) 3 s 2 c i Tw 3 c i ! xi c i ! x 4 c i 
0 4 z 5C l l I l 
Jl AlCl :A.2Cl lA3Cl :A4Cl 
.Q.-2. g l_C, 2 lo 2_c.1 JB 3C 1 134 C l 
0 3 C 1 C l ic 2 Cl !C 3C 2 [C., C l 
;:; 4 D lC l .lD 2C 1 jiJ 3C l jJ4 C 1 

·..J5 =1c1 lE2Cl jE3Cl :E4C2 
~ F l C Z JF 2 C Z JF 3 C l JF ~ C l 

F999 

:::o q c; 



----' . 
lsHEET l ~ 9 I 3S;_ I ]_ 't 

• ,..aTS L..- • 

rn=B 
TITL.E n SIZE CODE LTR. STAT. 

IF~lmrn?ll -ir~II< INCORPORATED• . 80 ASS Y BUFFER MATRIX c TRL1 . , C' 19C-ltc5-0C co D F 

FINO OWG PART REV. QUANTITY REFERENCE DESIGNJ\TION 

CODE PER ASSY. 
U/M PART DESCRIPTION 

I T I 
P.C. REL.. 

NO. SIZE NUMBER L.INE A 0 c 0 

07 H iC 3 TH 2 cl :H 3C l -:H~ cl 
_J_8_ _J 1C2 l_J__2__C_l : J _3_C_ l l_J_ 4 il 
09 K lC l TK2Cl TK3C2 !K4CZ 
_LC_ _Ll_C_l lL ~.Cl_ ll. 4_C_l lfl 1 C_l_ 
l l M 2C l 1M 3 Cl Ti'-hC l !N l C l 

" 12. N 2£1 1N_3_Cl lN-1C 1 _lP .J.. CZ 
13 p 2C l :p 3 cl !P 'tC l TR l c l 
l~ R.ZC.l. JR 3-U lR±t.c. 1 lSl Cl 
15 s zc 2 ls 3C l is 4C l Tr l c l 
lb T 2_e_ l _tr 3 cl 1 r 4 c l 1u 1 c l 
17 u 2c l Tu 3 cl Tu 4C l Tv l c l 
18 V2Cl lV~Cl lV4Cl l_HlCl 
19 w2c l :w3C2 lw4C l !x1c2 
l..Q_ X_2_Cl lX 3C l lX4C 2 _lYl C 1 
21 Y 2 c l TY 3 c l Tv 4 c l T z l c l 
l2 Z 2C 1 1Z ~ C l lZ 4C l lJl C l 

J29 A 134-0174-00 ~o 4.0 C: IC GATE d- BIT PArU TY GEN/CHK 0 l A 'tu l TA 5 u l Tx 4U l Jx 5 u l FC l G 
~30 A l 34-0177-0 l 00 _l_. 0 E IC GATt: OU AO 2-1 NP UT NOR .Q_J.. 04Ul_:_ l I FJ l G 
c 31 A 13't-u218-JO po 3.0 E IC GATE . QUAD 2-10.PPG'.) .~A~ L) =· l 31Ul PlLl Ti~iu:; F: 1 C 
Jl-12 A _13-!t_-fil 5 0 - __Q_Q_ kJQ zfto E IC, . .LTL L1UA..L D-I.Y£..E EF _Ql E ~u1 E_~_tl l l _EJ_l_c_ 
033 A l34-020b-OO po l.O E IC GATE OUAL-'t-INPUT NANO 01 H 5U 1 1 1 1 FC 1 C I I 

~ A ~-~-_Q_Q_ bJ1 _l_._Q_ _E_ RE.S EIXEO ~_a .3.K 5_1.'. 1 l~JtrC _QJ UR3- -~ I l F~ 
03~ A l08-0 lGZ-00 ~o 11.0 E RES FIXED lK 5Z l/ 'tWCC 01 BlRl 1D1Rl 1:1Rl fr'tt<l F~ 99 

_.J_2 liR2 ~ ~ lI_iRj_ 
·J 3 T 4 R 6 !r 4 R 7 !E 4 R l ! 

·J]_o A lii_ b - _Q_ 5 1..2. - _Q_Q_ Q_Q_ 2-.Jl _E_ RilLilOR -2_._lK l/'tJi 21. _J_l £1Rl. lElR2 lHlRl H R2 F=1 _<i_9_ 

02 A 3R4 l : I 
I I I 

037 A 108-0471-0_Q_ Q__Q_ 2& _E_ RESl_S_TOR !tl{L _QH M_S_ _i 4 _l_ I 't _1L il _Q_l K _2_({ l lO _2-R_l_ l I F999 .l 

J38 A l"d-0331-00 ~u 9.u E: RES FI XE U 330 OHMS 5 1. l/4W cc Jl C2Rl ~2R2 !E'tR2 ~2Rl F99 9 
•J 2_ U 5 R l lw 3 R_l lE 3 R l lB 2 R l . 03 A 3R 3 T T I 

I I 

039 A 1C8-0l51-JO ~o l. 0 E RES c 150 CHM _l_/-tW 51; Jl 0 5R 2 l_ l l F·J l C 
J40 c 025-0201-00 po 2.0 E SWITCH T GL · PC MTG 2 POS ON - ON Jl J lS l JK l S l i ! FJ l ~ 
J 't l c 025-0201-0 l Q_o l.O E SWITCH TGL PC MTG 2POS ON - MOM 01 H 15 l l I .l_ F9 9 '1 
042 c 049-0091-00 µo 1.0 E tJECTOR CAR C LEFT SIDE T T : FO l C I I 
,)43 c 049-0091-Gl blJ 1.0 E E:JC:CTOR CARD RIGrlT SIDE l l F.J l C 
0 't4 c Oll-2194-00 pJ l.J E BRACKET t:J ECTOR MTG L SI D t: : : FJ l C 

I I 
J "i 5 c Oll-2l9't-Ol ~-0 l.O E BRACKET EJ t:CTOR f"'T G R SI 0 E: l l .l_ FJ l C 
() 4b JC7-038't-00 µu 't.O E SC RE w "t4vX3/ lb FH SST I I 

! F999 
I I 

..J 47 G u'"'o-C03b-u0 ~J 4.J c wASHt:R ., FLAT SST _r-{_ l : 1 FJ 1 C I CHECKED rTE ~VE~ \'C-• J't(;E· l -74: DETACHED PARTS LIST ' \ 

-~ _'\: ~--1., 3--"--~ '~ \,j__~ 



_, 
lsHEET 0 't l C9/30/74 SIZI::; ..• tTS-L cuu.i: L..1H. s'"' · 

. 

~ 
TITL.E 

Fr IA [gJ, iRt II = lr ~I~ INCORPORATED 1 • BD ASSY BUFFER MATRIX C TRL' . {)I l90-lt>65-0C C0 D F 

FIND OWG PART RCV. QUANTITY 
REFERENCE DESIGNATION 

' COOi! 
U/M PART DESCRIPTION 

l I I 
P.C. REL. 

'I 
NO. SIZE NUMBER PER ASS'V. LINE A D c D 

u 40 r 010-0057-JO 00 't. 0 E LOCK-NUT #4-"10 T I T FO l C .., I I I I 

J 't9 015-0132-00 00 2.0 E PIN l/dX3/8 SST l l. l FJ l G 
051..i c 138-0019-02 00 1.0 E SCHEf1ATIC BUFF ER MATRIX CTRL r : I FO l C I I I 

051 A 024-1677-00 00 2.0 E COt\NECTOR 20 PUS. RT. ANjL E MT 0 l E 1 ll l I I F9 9 g _L 

0;2 A 077-0016-0~ CIO 4.0 E JUMP WIRE 22 GA SOLID COPPER 01 T 5 J l 1 T 5 J 2 : G 2 J l TF 4 Jl F999 
J53 c OZ't-1459-u l 00 l. 0 E SOCKET IC l't DUAL IN LI NE J l TS l l J. F·J l C 
.; 5 't c 015-0259-ul 00 2 4. 0 E PIN CONN .025 SC Jl 8 2 T P l! C 1 T P ~ C 't T P ~ D 2 T P 1 F~ 9 c; 

02 D 3T P 110 3 TP ~ E lT P JlE 4 T P 1 
J3 F 3 T P tT F 't T P iT F 5 T P tT H5 T P l 

I I I 

04 J 3 T P ll J 3 T P lt K 5 T P JLI< 5 T P 2 
05 L .:. T P lT L ~ T P 2j L 4 T P ::IP l T P l 
Jb T 4 T P tJv l T P ll Z 4 T P ll C 2 T P 1 

v55 G 023-0179-00 2.0 E CAP FIXED 22 OPF 10 ~ 2COV C ER 0 l C lC 2 ~H lC 2 l l *O 1 C 
I I I 

J5c G 023-0181-00 00 2.0 E CAPACITOR CERAMIC,lOOPF~zoov 0 l FlCllA3C3 l I F9 99 .i 

0 :;7 023-020C>-00 (j J 3.0 E CAP CER 33PZOOV iot 01 HlC't !HlCl iE5C l: F9 99 
.,j 5 t:) lCd-OOCu-99 00 3. ·J E RES FIXED 11 't w SELECTED \IALUE Jl E~R4 1D4tRl JA3R5 l FG 9 <; 

-.; 59 c l lo-06 7o-OO 00 l.O E SUPPORT BAR 
T T T F9 '.19 I 
I I I 

uoG G 009-1395-00 OJ 1.0 E SPACER RND .,- "0 l/'t·:;DX375LG NYL l l I Fq q c; 
_1_ 

uol A 062-2990-uu 00 REFEkENCE t: CHART ·CUi-..N BGFFt:K CUNT I : : -- ,.... ...... r.., '! ._, 
I I I 

0o2 G 007-1352-00 00 l. 0 E SC REW FH NYLON, 't- 'tO XC. 500, I l l F999 
..L 

I : I 
I I I 

l I I 
_1_ 

T T 1 
I I I 
I l I 

T T T 
I I I 

l l l 
T -r T 
I I I 

l l I 
_J_ 

T 1 T 
I I I 

l l l 
T 1 I 
I I I 

l l _1 
T 1 T 
I I I I 

l I 
l .i 
I : I 
I I I 

l l I 
_L 

: l : 
I I I 

l l l 
: I I 
I I I 

d l l l 
DETACHED PARTS LIST 

I CHECKED rTE Ev"0. \'· ,l~ 110:.1-74 ~'~\~~'': \l 



.. ··-
lsHEET v~ l J31~'1il't ::.1..c.i:: 

--. RTS-l 
'-v""E 

~ 
TITL.E 

.._rw. !!.""· 

Fr~~~n =1r~'~ INCORPORATE:;) . Bu A:, SY oUFFC:R Mc: MORY MAT R 1X Q 190-'looo-OG 00 CB F 

FINO OWG PART RE:V. QUANTITY 
REFERENCE DESIGNATION 

CODE: 
U/M PART OESCRIPTION P.C. REL.. 

NO. SIZE NUMBER PER ASSV. L.INE A B c 0 

.J J .i. u 13~-lool-J..1 ~J l • .J t: PC 3JA~J 3UFFC:~ McMORY MA TR l X : I T F: 0 5 I l't ~::,2 A l3't-u322-CG µ.) 3o.J - INT. ~KT. 2.:; 0 BIT 61 PGLAK RAM 01 El tz l3 FJO l i:: 

JZ c5 ft> c1 }B 
03 t:9 £1 f:2 £3 
04 F't -rs po p7 
..)5 Fd f: 9 1Gl bz 
Jb G3 G't p~ p:> 
J7 C7 GB ~9 Hl 
oa HZ ~3 M" H5 
09 HQ H1 Ho Ii~ 

0..;3 I\ l 3't-02 .. r1-J~ PJ b • .) i: IC HEX INV:rHERS Jl C3 ~5 ~o r7 F:t 99 r 
J2 Cd Q9 l I 

..; -..) ., A i J"t-02..,;-j - u~· ~J 12.J c: IC JU/'\L.-'t I NP P0.5-NANU BFR/JVR Jl Cl ·~2 ·~·'t ~9 FJ 02 
JZ Dl QZ b_3 ~-t 
J3 0:5 bo p7 pd 

J J;) ;.. 023-0117 -Ju Q_J 9.j c: CAP TA~T o.d MFJ 33V 1 or. J l c.,.c l l1c1 t_9C l 1~c1 F=199 
,J 2 E7C l 'E 9Cl p-rc i p7c1 

I 
J3 G9C 1 l l I 

.L 

..;I.JO A v 2. ~ - """t 'J,; - 0 I.I ~ .J :;) 't. "" Crd FiX::J .:,.~iuF 2~~ 5vV .; 1 c i: i ~ .... "', ~ 3C l r- 't ,.. .., F~ 0 2 c. ~I..~ ~ "'"' 
.J2 C5C 1 ~uCl C7C 2 cs cl 
J3 C9C l PlCl P2C 1 P3 cl 
J4 0"fC 2 bl:5Cl Q_bC 1 Q.7 c 2 
J5 oac i 09Cl ~ lC l ~2 cl 
Jb E 3C l 

L 
~5C 1 ~b cl t;_"tC2 

J7 c 7C 2 ~BC l ~9C 1 ~l c i 
I 

oJ a F 2C l F= 3C l I=~: 2 F5 Ci 
J9 FbC l ~7C2 ~8C 1 ~g cl 

' lC G lC l b2c1 ~3C l ~4C 2 
11 G5C l ~oc l ~7C 2 ~8 cl 

_bz: l 
I 

12 G'1C l H lC 1 1!3 cl 
13 H-.C 2 HS Cl Hoc 1 f"17C2 

I I 
l"t H6C l H9Cl l l 

:; J 7 A 106-0331-0(. p~ 2.J E "C: s FI Xe J 33J lJHMS 5 r. l / 't~ cc Jl 05R 1 P7Rl : : FJ 0 2 
JJo ivd-vlv2-0~ PJ . 2.. J E RC: S Fl XE D lK 5% i/"twCC 01 JlRl ~9Rl 

I I 
t=J 0 2 A I I 

.1 

:iJ9 A J77-0Jb-vv p1.1 l.J c: JLJ MP w Ir< c 22GA S uL IO C CP PER .) l F4Jl I l I F-19 9 
I I I 

J l \J A .;.;;)2-...,i.23-J'f ~J l.J c: lNDICATJR LtD PC3 tDGt VIC: w l l l FJ C 2 

,J l J. I., ~ '19-J..j '1i. -0(, i:iJ l • .J c: EJECT JK Ctd-<D LcFT S l DE: T T T FJ J 8 i 
I I I 

,)12 
.. v .,9-vJ '11-1.1 i PJ 1 • .j E EJECTGK CAKU i<I~HT S IOC: I l l F) 0 ~ ; 

I.. .l 

v .1.3 c ~11-2.d-t-J(; ~J l.J c t3RACKt:T C:JC:CTLlK MTS L SI DC: : I T FjQ 6 I 
I I I 

i=J06j "' l '1 c J: ... -21'1-t-0.A. ~.,; .i. • ..J ::: OKA.CK.:T t. J;: CT J~ MT :; R SIDE I l I ,..... .l l. 

MICROFILM to lCHECKEO J°ATE ~VE~ .. ~ lOATE I 

DETACHED PARTS LIST ~ .'--'-~~ \ \ e;;-_4_-~- ! 
' 



l SHEET l 
. - I " 03 CS/29/74 SIZE PAt?TS L.1::. f COOE L.TR. STAT. 

rnn 
TITL.E 

Fr/A~~ll =if~I~ I r 3J A55 Y 8UFFcR Mf:MORY M A'T ¢. IX . . u 19u-l:J66-0G c Cl F INCORPORATED JO 

FINO OWG PART REV. QU~NTITY REFERENCE DESIGNATION 

CODE U/M PART DESCRIPTION 

l J l 
P.C. REL.. 

NO. SIZE NUMBER PER ASSY. L.INE A B c 0 

.. dJ A ~07-.i.io=J-vu ~J ~.J c: :>CREw f1..H 't-'TOX7/lo 82 CS<. SST : I ! F=19 g I 

IJ 10 ..... 
~~o-0J3:>-.Jv J .) "t.J wASHC:r\ FLAT SST 

I I 
J c: 't l I 

l FJ 0 5 
.. ;l 7 G o lv-0J57-c\,,· . - 4.J t.JCK-NUT #"t-'T'J I : ! F)J 5 ...;..; c: 

.. I I 
J:5-0'-32-Gu ~J 2.J t PIN l/6X3/o SST I I FJO 3 ..J J..O .l .l. 

.J l:; c l.i.o-Ool":J-0..., ;jj l.J c: ~UPPJRT aAK : T ! 
F~9 9 

I I 

.J2~ 
(' 

~G9-l39;)-:v JJ 1. J c: SPACc'< ~~D 't--+v 11-tODX3 7 5 LG NYL I l F:'./9 9 u 

.J2J. :; :;1:;1-13.;z-~., 
- . l.J ~Cr<.c:W FH NYLON,~-~CX0.5JQ, : T ! F9 99 ...JI.! c 

I I 

"'22 A Joe:.-;;.9.:,7-Jj :; .J Kc F C: i\cNi: E c: C rl ART C ul~N BUFFER Mt MO RY I l l. F~ 9 9 
10., \,, l30-J1.1d-03 .J J ~EF.:: rr...::N;; c .. SC rl:: 11 AT I C 3UFF:K MEMORY .'1ATrUX T T FJ C 2 

I I 

l I 
.l. : l I 

I I 

l l .i. 
I ! ! 
I 

l j_ _i 
! ! T 

.l. _i 
T T 1 

i 

..L .i. .i. I 

! : ! 
I 

I 

..L l l 
: I 
I I 
I I 

_L .l. 
! T 1 

i I I 
I l l 

T 1 
I I 

_i l l . T ·T I 
I I I 

l l I 
.l 

1 1 : 
I I I 

l I I 
.l. _l_ 

I T T 
I I I 
I _1 l _I 

I 1 T 
I I I 

l l l 
I : T 
I I I 
I l I 

.1 : : 1 
I I I 

J l l : T i 
I I I 

J l l 
' 
.. 

MICROnLMED 
lCHECKED lDATE ~ED~ ~~ l;;T:4~4-DETACHED PARTS LIST ·~..,; ~ ....... .,,~_\. '\: ~ 

. -
-



FIND DWG 

NO. SIZE 

00 l D 
002 A 
003 G 
004 G 
005 A 
OOo A 
007 A 
008 A 
009 A 
OlO 
0 ll A 
012 G 
013 A 
014 A 
015 A 
016 ·A 
017 
018 
0 19 
021 
022 
023 
024 
025 
026 
0 27 
028 
029 
030 
031 
032 
033 
034 
035 
03t:> 
037 
0 38 
039 
040 
0 41 

G 

c 
G 
G 
A 
c 
A 

A 
A 
A 
G 
A 
A 
A 
A 

A 

A 

PART 

NUMDER 
REV. 
CODE 

130-197tt-OO po 
022-0299-00 Q_O 
022-0334-00 po 
022-0258-00 Q_O 
02z-Olt>3-oo po 
021-0213-00 po 
021-0250-00 po 
021-0131-00 po 
021-02;1-oo po 
134-0305-oo Q_o 
023-0105-oo po 
023-0202-00 po 
023-0461-00 po 
0 2 3- 0 5 4 q - 0 0 p_ 0 
023-05-,1-00 po 
C23-0087-00 po 
023-0014-00 po 
Od:>- 0034-00 po 
019-0200-00 po 
010-0150-00 po 
010-0040-00 po 
011-0016-00 po 
0, 2- 0128-00 p 0 
ozo-0136-02 po 
103-0392-00 po 
103-0821-00 ~o 
103-otoo-oo po 
toa-0100-00 Q_o 
ioa-0210-00 po 
ioa-0101-00 po 
loa-01;1-00 po 
ios-0102-00 po 
loe-0152-00 po 
loa-0152-00 po 
ioa-0103-oo po 
loa-0123-00 po 
ica-0183-oo po 
108-0474-oo po 
202-5110-00 0 
l06-048t>-OO po 

INCORPORATEO 

QUAN:rlTY 
PER ASSY. 

1.0 
4~0 
1. 0 
1.0 
1. 0 
2.0 
l.O 
1.0 
1. 0 
1.0 
l. 0 
3.0 
2.0 
l. 0 
2.0 
2.0 
l. 0 
2.0 
z.o 
2.0 
1. 0 
2.0 
1.0 
1. 0 
1.0 
1. 0 
1.0 
1. 0 
4.0 
2. 0 
2.0 
2.0 
l.O 
l. 0 
l. 0 
l. 0 
z.o 
1. 0 
2.0 
2.0 

U/M 

E 
_E_ 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
t 

E 
E 
c: 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
t; 

E 
E 
E 

TITLE l SHEET l 01/21/75 
r-nriTS L·-, 

02 SIZE CODE 

I BOARD ASSY POWER SUPPLY r ' D , 1SO-l7'17-CC co -B i: 

RE: FERENCE DESIGNATION 
P.C. 

PART DESCRIPTION 
A B T c l f?EL. ~ 

LINE 0 

POWER SUt>PLY 
R_E_UJ_ F l_E R 3 _._Q_A 

l I I FOO l 
I I I 

_Q_l _c_ R 1 LR.2. le_ R3 tB~ 012. ~ _Q. C l P.C. BOARD 
_O_I C D_E_ 
DIODE ZENER'15V, 1\-JATT ~1 CR9 I T T 010 FOCl 

DIODE 01 CK3 l l J 011 ::001 

DICOE SI SWITCHING LOGIC 01 CRo l 1 T 010 FOOl 
I I I 

TR.~NSISTOR Pf\tP lOCV 40CMA 01 Ql !04 l I FOOl 

TRA.NSISTuR PNP1SILICON P\r.i~ 01 03 T 1 T FOOl 
I I I 

TRANSISTOR SIMILAR TO 2t'-.J725 01 05 1 J l ~001 

TR.\NSISTGR lJNI JUNCTION,PRJG. 01 Qt l 1 1 F.')Ql 
I I I 

IC REG. PRcCISIO'! \JOLT. REG. Ol Ul l 1 l FOOl 

CAP FIXED 15UF lC". ZOV 01 ce : i T 07b FOOl 
:...5 l--g 

C A P C EK 0 • 0 l U F +- 2 0 "." 2 C 0 V 0 l C 4 l:!.. k .i. 0 4 ~ F 0 C l 

CAP DISC 1500 PF 20~ ~00 VDC 01 C3 ~12 j ! 044 FOOl 

CAPACITOR COr-1PUT.GJE. 2500C1UF 01 Cl l _l -'- FOCl 

CAPACITOR COMP GDt 50COUF, lOV 01 Cc t7 -; T FOOl 
I I 

CAP 33 PF 01 C 10 111 l _i_ 044 ~001 

c A p c ER 0 • l u F + l 0 0 % - 2 0 1o 3 G v 0 l c 2 ; -i I F 0 0 l 
I I 

CA3LE TIE NYLuN NATURAL l5IN l l_ l _!_ r:o99 

c H J K C: l ~ ~ u H l 2 A ·:) 1 L l i... 2 i I c 0 c l 
FUSEHOLDER PHCSPHCR BRC~ZE CLIP 01 USE ~ITH El -'- FOOl 

FUSE 15A 250V CERAMIC 01 Fl T T : FOGl 
I I 

JUMP WIRE 22GA SCLIO COPPER 01 Rl4 _8_15 I j_ F999 

INDICATOR AMBER CAP 5V 20M.A 01 DSl T T -r Fqqq 
I I 

POT 200 QHM PC BO MTG 01 R27 1 l j_ FOOl 

RES FIXED 3.g K 5"° lWCC 01 R2 T 1 -Y 012 FOOl 
I I 

RES C 82C JH~ lW 54 01 R3 l l i 012 FOCl 

RES C l C 0 H M l W 5 % 0 l R 11 l l ·: 0 l 0 F 0 C 1 
I I I 

RES c lC OHt' l/'tW 5'-'. Ol RlO I l l 010 Fgq9 

RES C 27 OHM l/~W 51o 01 RS ~7 ~13 ~23 010 FOOl 

~ES FIXED 100 OHMS 5~ l/4W CC 01 R 12 R25 l l 010 FOOl 

RES C 150 OH~ l/O:,W 51: 01 RB ~9 ! I 010 FOOl 

~ES FIXED lK 5t l/4WCC 01 R6 _R21 l l 010 FOOl 

R E s c l • ; K l I "t w 5 % 0 l R l 8 I -f i 0 l 0 ~ 0 0 l 
I I I 

RESISTOR 7.5K l/4W 5' 01 R20 l 1 l 010 FOOl 

RESISTOR lOK OHMS 5Yr l/<tWCC 01 Rl9 ··~ 1 i 010 FOOl 
I I I 

RES c 12 K 1/-tW 51r 01 Rl6 t I I 010 FQQl 

RE:S C 15 K 1/-tW 51.: 01 Rl7 ~22 i 1 010 FQQl 

RESISTOR .47 MEG "l/'1\.1 5~ 01 R24 1 l 1 010 FOOl 

Rt:SISTOR b6'9 l/'tW ii 01 R2b RZ8 I 1 010 FOOl 

RES wW P'WR .05 l)HA1 1'.: 5 \~HT 01 Rl R4 l l FOOl 

I CHECKED 'DATE 1APPROVEO lDATE 
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. - - -· : -- l SHEET . 101121175 
.-----.<( 

03 SIZE 
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~ 
TITLE 
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I 

'BOARD AS SY POWER SUPPLY I I 0 I 190-1 747-00 00 -B F 

FINO OWG PART REV. QUANT~TY 
T?EF'~RENCE DESIGNATION 

I 

U/M PART DESCRIPTION P.C. REL. 

NO. SIZE NUMDER CODE PER ASSY. LINE A I B l c l 0 

)42 c 024-lbob-OO po 1. 0 E CONNECTOR 8 P OS SOCKET HSG : I I FOOl 
I 

I I 
I 

)_i3 A QU-_O..Q.31- O o b_Q_ h0 _E_ _C_Q_ N_Ll_C_ T R_E_C_£PI-L..l.P~Jll.i062 _fil1 l I l F _O_O_l 

)44 G 0 14- 0 0 ~ 7- 0 0 po 4.0 E RIVET 3/32Xl/4 av HD AL I : T 

FOOl 
I I 

)45 Olb-0521-00 lo i5 F WlRE l4AWG WHITE 
I l FOOl l. _f 

)46 G 007-0 164-00 po l. 0 E SCREW 4-4CX5/lb : I ! FOOl 
I I 

J47 G 010-0017-00 JO 1.0 E NUT HEX 440 NC2-3 SST I l FOOl 

)48 G 0 61- OO't5-00 po 2.0 E H: RM-CR I MP ON SP R SPA DE INS #10 1 1 -r 
FOOl 

I I 

J49 c 138-0020-5b ~o REFERENCE E SCHEMATIC PO wER SUPPLY I I FOOl l. l 

:) 50 A 108-0391-00 po l. 0 E RES FIXED 390 Oh·"1S 5i l/4WCC 01 CR5 : T . ~ Fgqg 
I I 

l I j_ 

: I ! 
I I 

l l j_ 

I 
! ! 

I 

l _l ..1 
T -r !' 

...L j_ ...L 
I ! ! 

i _f J_ 
-~ f 

I 

...L l l 
r I 
I I 

.J.. ! J 
I : : 
I I I 
I J I 

: : T 
I I I 

l l l 
T T T 
I I I 

l l I 
..1 

I T r 
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I I I 
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' 
CODE PER ASSY. 
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P.C. REL. , 

NO. SIZE NUMBER LINE A B c 0 

.J J 1 I) .1.. 3"'- i-i-i't-Ou rv J 1 • .) c: p. c. BJA Ki) AUX auFFC:R MATRIX : I ! FJ 12 
I 

JJ2 J 13.;-19-1,-.:,:: pj 1 • .j P.C. ciJA KO AUX3FR MATRIX JU MP ER 
I I FJ 12 c: 
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" t 
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I 
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TITLE 
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U/M PART DESCRIPTION 

l l 1 
P.C. REL. 

"I 

NO. NUMBER PER ASSY. L.INE A B c 0 

001 D T%-T7-t7-UU U0 l. 0 c: t. UAr(L A':J SY Pli"'cK SUPPLY : I ! r-UOC) 
I 

002 D 0~8-0 0 30-00 00 l.O i:: hc:ATSINK Puwc:i< SUPPLY 
I I FOOo l L l 
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1 thru 3 

1 thru 3 
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1 thru 9 
1 thru 3 
1 thru 3 
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DESCRIPTION SYM 
ODA 

·~~~~~~-+~~~~"'c--fr---t-~---'l~c--1 

EC 20/a29 RE.L MANDATORY 

I 
I 
! 

I 
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REVISIONT 1 i i ; ! 1 l 1 -+--rr1 

SHEET 55 56 57 58 59 60 61 62 163 64165,66 67 68 69i?Ol71 72173 74!75 76j77 78 7918of~ 
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REV Is I ON i . l ; : ; i l ; : j_ I I 

i TI T TT. I. T 
SHEE·T :28 29 30 31 32 33 34 35 36 37 38!39j4o 41 42·43:44i45'.46l47j48 49!50!51 52j53 54 
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50 
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SHEET · 1 T 2 3 4 516 7 8 9 10 22.L1_2!13;14 15
1
16

1

·17j18l19;20!21122f23}24 25~26j27 
A A J\ A A I IA I : ' '1 I I 1, I, ,· I ., I 

REV Is I ON. ,, _l i A I ~ I i I i l I I ; l i I .l i 

TITLE 

BUFFER MATRIX l CONTROL CONNECTOR CHART PART NUMBER 

082-2996-00 
-------·- ·--

DA TE ....-

:26 ~ 71-
77 ]USED ON 

SHEET 1 OF 7 PDP 11/45 
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0 ,... 
,.:. 
,... 
0 
IO 

E 
0 
LL 

PIN I/O FROM TO SIGNAL TITLE H/L p IN I SIGNAL TITLE 

Al 0 BMC BMM BMC HEM DATA 06 H 
- ----- ·-t---· 

-~ _.I E .. S _B:Mr. tSJL. I 

_Bl. T_Q .BMC. BM.i."1 .fil1G_ MEM DATA 08 H 

B2. -f---- ------
_ ci _____ Q_ _llliC. BMM. lll1G__MEM DATA 11 H 

_ci_ I~S.. J3MC. GN_12 

_lLl 0 +_.BMC. BMM BMC MEM DATA 07 H 

r--.D2 0 ' BM_C_ JillM. J1MC MEM DATA 02 H 

1--Et 0 BMC ]it_ru_ JiMC MEM DATA 17 H 

E2 0 BMC BHM BMC MEM DATA 03 H 

Fl 0 BMC BHM BMC l1EM DATA 13 H 

..E2 0 BMC .B11M. Ji~ 11E.M_ DATA 01 _H_ 

Hl l 
H2 0 T BMC B~1M B~C MEM DATA 15 H 

Jl 0 1 BMC I B~fM l B~1C MEM DATA 04 H 

J2 0 J BMC l .B.MM i B~!C MEM DATA 14 H 

Kl 0 : BMC I BMM i B~IC MEM DATA 12 H 

K2 0 ~ BMC; BMM t BMC MEM DATA 00 H 

Ll 0 : BMC BMM l BMC MEM DATA 16 H 

L2 ! ! 

Ml 0 BMC i BMM l BMC MEM DATA 10 H 

M2 l 
i 

.Nl_ I Q · BNC : BMH i BMC MEM DATA 09 H 

N2 : .1 = 
. • T 

GND P .t..S BMC : 
_I>_l_ 0 _BMC_ RMM._: RMC. 11EM_ DATA J15 H 

n ! ~ 

.Rl i T 
~ 

_R2_ : 1 

..SJ 0 B.\iC. BMM , BMC WRITE _i:>ULSE HO-I l 

.S2 l 0 : RMC:_ RMM: RMC _WR T TF. PITLS.F. Tfr.J T 

. .Tl .. _+.. I-~ P.S BMC'. GND ·-1 

_T2 ---
_UL-~ _Q_ ~ _ RMr. R~~ BMQ___CENABLE L 

U2 · i 
r 

~-- I 

_fil1C_ [ r-YJ~ __ I ~._s_ +SV --
~_j _ _J_ ·-

! I I ! ---
l i 

+-
: 

: J ., 
I 

i £ 

! t------+-- l 
l 
i J 

l T 
t-· 

j_ 

f------~ 
T 

··-
__ ..__ . - - ·---1--_j ___ 

t 

---- _l 
. T 

--1 

MATES WITH 

CONN~C TOR i SHEET 2 OF 7 
1MOOEL NUMBER 

i 
T 

ffiJj jDRAWN I fr W C3 c=1 []~Li~ [:t 
I 

I CHECKED !TITLE PART NUMBER 
l BUFFER MATRIX CONTROL 
jAPPROVED i 082-2996-00 
i J CONNECTOR CHART 

PRODUCT 1 DATE ! 
i 

·-

__ ___, 

·---1 

--1 

IREV. 

IA 
_i 

r 



PIN I/O FROM TO SIGNAL TITLE H/L P 1 N SIGNAL TITLE 

__ ,A.l. ·-t- -- ---------------

_AZ I P_. S1._BMC +SV 

~B~l~=-r--t----t---t------------~--+---------~-----~----" 
__ B2 
Cl 
C2 I P.S.BMC GND 

J)2 
.Rl 0 I BMC ..BMM BMf! MA n 02 
R? 0 BMC _BMM _BMC MAD 01 

Fl 1 
H 

Hl t-U_.._i--~--+--~-------------1t---+----------------~ 

112 
.11 

J.2 1 
Ml T i Rllq__B _&Me JllJ~R nOli._ .1.. 

M2 0 BMC CPUd BMC MEM SYNC _{_B_l L 
~N~l---t-~I~i~B=US~~-t-=B~M~C~l~B~U=S-B---!:D~0~7~~~~~~L-+---+------------~--~ 

-=-N~2-J~r=-;l~P~.s~.~~~M~C=-t-==~--"G~N~D-----~t--.l.----------------~ 

P 1 r : BU.s.B JiHC ' BUSR no 3 L 

R2 I ! RUS_B! llli_C _B_US_B_ Dl 2 _L_ 

.Sl I _BU.£] ..BMC. BUSR DlO _L_ 

-82 I RTT_S] _RMC RITSB Dl ') L 
1--Tl I _p ._s fRMC GND ______ ----1 

1'2 I I RTT__SB _Rl:-1G _BTTS B D09 L 
_uL+.l ~_BHc_ BIISB __ nQ>.,L..8 _____ 14, -I 

1--112 +--.I CE11C R MC -BiRS MEM nr· I .a I. -1 

. l7 l .i I , _ _p_.£.l3MC--i------±Sll---- ______ _ 

_ :~~-i---+=- = =~+-------·--=-=~----- ~--
- --- -· - ! 

I 

l-------+-~--+---+-------------1 

f---- ---+-----+--+·---t-------------
1 

1--· + 
~ --=i-_--t---+-----4--

·-------------' 

r -- - ----~----1----1----l------------1 

-1-----t---f----- - ----- ---------

-- --~--!----·;----+----------------

.___ ... ~-t---·t--+-------------
i 

MATES WITH 

"'-----1-------<1 ~--q' 

• DRAWN 1 LillJ u;wrJJwt~~u~ct 
~--~-tC~H~E~C~K~E~0--+1~--~---~~---------~------~----

,.._ IT I TLE PART NUMBER I RE v. 

OF 7 l MODEL NUMBER 

~ t----+-,-AP,,,.....,P=--"'R,,_.n-v-=-E-o--;
1 

BUFFER MATRIX CONTROL 
082

_
2996

_
00 

A 
o .-------+-----J C 0 N N E C T 0 R C H A R T 
~ PRODUCT . DATE I 



,... 
0 
IO 

E 
0 
LL 

PIN I/O FROM TO SIGNAL TITLE H/L p IN SIGNAL TITLE 

L 

_ _AJ~ _i P~ B~~-----+~5~V _______ ~4'--_lf-. -·------~--------------1 
__ J_\l_f _ ~ BUSB J?_l:!f _ _, BUSB SSYNC 

.._JU . 1 BUSB B11C_jj3USB __ .__,,D"-""l-=-3 ____ --.:L=-+------+-1-----------------t 
. Ji~- _.l._ _G_P.fil_ Jlli.G_ Ul3CA __ C=O=-=N:.:...:T==-=-R=-=0-=L_O=-=K._,, ___ H~ _ __,._1 ------------------1 

__ Ql._ I BUSB BMC BUSB D01 L' 

C2 I P1 S..t. m,·..::..:1C"--+-----=B::..::..N.:..::D:,.__ _____ ~--4---------------------t 

r-- Dl 0 BMC BMM BMC MAD05 
~ D~ I BUSB BMC BUSB DOO 

H 
L 

r 81-+---+---+---jf-------------+---+---·~---------------
E2 I BUSB BMC BUSB INlT L 

Fl 
F2 I BUSB BMC BUSB DOS L 

Hl I 
H2 I BUSB BMC BUSB D06 L 

Jl I BUSB BMC BUSB 014 L 

J2 I BUSB BMC BUSE AOl L 

.Kl 0 RMr. RMM RMr. MAD06. H 

K2 _!_ FBUS BMC TMCE RUST OUT 
Ll 

r--12 I BUSB BMC BUSB Cl L 

Ml 0 BMC BMM BMC MAD08 H 

M2 I BUSB BMC BUSB A08 L 
~--+--=-t--=..;~'-t-=~-t-"~-=---=--'-------=-t--

--+--------------~·---·----i 

N 1 0 BMC BMM BMC 11A_DO 3 ' _H_ 
t-=~~-~-==-=-=--r=~-r=-=~~'-=-'~~---~t---.....__------

------------~·-1 

N2 ' I PLSL BMC GND 

p 1 0 .BM.C. BJ1l1 .BMC MA no 7 H 

'f2_ -1. CPUC ~LC__ .llBCB P.ERE._ -......:AC~KN.:..u._ __ L ~ 
_R l 0 _BMC. BMM BMC MA DOD_ H 

R2 I BUS B BMC BU.SB AOO L 
Sl 1 

.S.2 .1 _l BUS..B. BMC ! BUSR CO T 

_T_l III ~s.. BMC : 
~'l2J_ l 

GND 

l_JLL1 1 

U2~--
__ \U ~-It P.S. RM~ ! 

Jl.2.1 I l 
..-..._._~---+-----+------+-----------~ 

I : l 
~-1-T i 

f--·---+--~-----------------11 I • I 

. ----· -+--'i-----4-----· _________ ___. 

--1 

l 
T i 

t--- --+-------i-~---lf-------------

1 
T 

~-----'"-1--,---+---+-----------4 

·---+----1---4----1----------··-' 

--··. -~ . -+--·--r-+--
r----~-------<f-----1---------~.-1 

MATES WITH 

J r-------+--;,--+------------+----------------------
1---;-----J+---+----------~ 

CONNECTOR ;MODEL NUMBER 
C SHEET 4 OF 7 l 

DRAWN 

t------+-C-H-E-CK_E_D--+-----------------
----...---------~---

l TI TlE PART NUMBER REV. 
t-----~A-P~P_R_O_V~ED---41 BUFFER MATRIX CONTROL A 

' 082-2996-00 

DA TE-j c 0 N N E c T 0 R c HA RT 
.l 

PRODUCT 



0 ,... 
r!. 
,.... 
0 
ID 

E 
0 
u. 

PIN I/O FROM TO SIGNAL TITLE H/L PIN SIGNAL TITLE 

Al I CPUC BMC TMCE BEND CLR L 
-----i t----- ----t-----t-----

__A2 _I_ J.>-"-S. _ .BMC +-5.Y 
t-_Bl 

__ B._2_ _1 EBUS. _BMC_ SAEL PAl-1 Ji 
t-_c_l_ I FI3US J3J-1C _SAPJ_ PA14 _H 

C2 l_ ~ _B_MC_ _GN_l2 

111 _L _E_BUS BMC J)AP.R BAMX0_3_ _H 
D2 I FBUS BMC DAPD BAMX02 H 
_ E_l I CPUC JiHC _ Jl.BC.C MEM 11u__s_ _G_ 0 L 
E2 I CPUC BMC 1 UB_C_C MEM BUS _c_l L 
Fl 0 BMC CPUC BMC MEM L 
F2 l BUS_B_ _BMQ BUS.Ji A02 L_ 

Hl f 

H2 I BUSB'BMC . BUSB Al3 L 
Jl I BUSB BMC ! BUSB A03 L 
J2 I BUSB BMC r BUSB A14 L 

Kl I BUSBl BMC ! BUSB Al7 L 
K2 IJ BUSB BMC lBUSB MSYNC L 

Ll I! BUSE.BMC lBUSB AlS L 
L2 I I BUSB BMC BUSE Al6 _L_ 
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PIN SIGNAL TITLE P1NJ SIGNAL TITLE 

_Al _____ BUS_A ________ INlJ.' ______ __!~---------- ________ -· _____ _j ________ ------------·-------
.A~-- ____ _ro~R__(-t?.YL ___________________ ~---!---------------------

___ _Bl __ +---- _ _.BUSA ____ _INTR__ ____ ~ ._. l 
_ B2 ____ GROUND _ ------'---+l---------------------1 

r--GLt __ _BUSA___D.QO _L T 
l-G2- GROJlND_ ________________ ~--+-~ ----------------t 
~1 I BUSA D02 L -------+---+-'----------~----~---1 
1)_2 i BUSA no 1 _L_ 

~1 I BUSA --~D~0~4 ____ ~L _______ +---+-----------------i 
E2 BUSA Jl0-1 L 
.El BUSA _D_0-6_ L_ 

_E2_ BUSA D05 L 

_Hl RUSA D08 L 
_H_2 BUSA 110_2 _L 

Jl BliS_A_ __ ~Dl~.Oo___~L..__ ____ -4--+-------~~----------1 
r_n. EURA n0-9_ L 

~l RUSA Dl2 L 

1--K2~- BUSA D 11 L 
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Pl I GROUND 
P2 : BUSA BBSY L 

~----==~---=------~ 

Rl GROUND 
R2 BUSA SACK L 
Sl GROUND 
S-2 BUSA NPR L 

1-'fJ_+- _GROUND _________ _,. 

~.T2-.~- BUSA BR7 L -----------~ 
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_F 1 BUSA - ACI.O L_ 

.E2 BUS A D_CLO_ L 

Bl BllSA __MlL __ __._L ______ -+--+---~---~------~-~ 
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I l 2 l i3 l 4 l ~ 

l.C. 16 QA EC 20818 
HIST. J 

BUFFER MATRIX BUFFER MEMORY 

BMC MEM D 15 H 
CONTROLLER MATRIX 

-- - BMM MEU SA 17 H - ,.....-FFI FFI BMC MEM 0 14 H FPI DMU MEM SA 16 H ,,. -- - A -- r---FJ2 FJ2 BMC MEM 0 13 H FRI emA MEM SA 1!5 H 
~ 

...._ 
BMC MEM D 12 H FU2 .... FEI 

BMM MEM SA I~ H FEI 
...... ..... - -FAI FAI BMCMEMDll H FT2 BMM MEM SA 13 H -- --- FUI r-EUI EUI 
....._ BMC MEM D IOH ..... BMM MEt.1 SA 12 H _, - FSI r-FJI FJI - nr.1c MEM 0 09 H 

fd-FK2 
BUM M~M SA II H -- EH2 FK2 -- BMC t.fEM D 08 H -- BMM MEM SA 10 H - EFI -FLI FLI 

c&:2 
DMC ~.{EfA 0 07 H -- BMU UEM SA 09 H 

BMC MEM D 06 H 
FF2 ._FM2 

BMM MEM SA OB H 
FM2 -- --- ED2 -FNI FNI -- BMC MEM 005 H ....._ er .. u.t tAEM SA 07 H 

D - EJI -FKI FKI B -- BMC MEM D 04 H -- Bf;1U MEM SA 06 H - EKI --FL2 FL2 ~ 

.... BMC J.IE M D 03 H BMM MEM SA 05 H 
- - EJ2 f<l-FtAI FMI 

....._ BMC MEM D 02 H 1..1.. BMM fJEU SA 04 H - FS2 -FOi FOi 
... .-.. BMC UEf..4 D 01 .H -- BtJfA MEJA SA 03 H - EP2 i--FB2 F82 

1-1 - -.. BMC MEM 0 00 H - OUrJ l~EM SA 02 H ..... 
FR2 ,.....-FBI FBI 

SAPJ PA 17 H _,.,. -- BMM MEM SA 01 H 

SAPJ PA 16 H 
FP2- --FF2 BMM MEM SA OOH FF2 -

SAPJ PA 15 H 
FEI- ,__FH2 FH2 

J>. 

SAPJ PA 14 H • 
DP2 ...... 

_ .... 
c DCI-..- c 

SAPJ PA 13 H _,,.,,, 

SAPJ PA 12 H 
002-

FASTITJ 
.. 

SAPJ PA II H FNI BMC MTRX 2 SELL DUS -- BMC ... BMM 
SIGNALS SAPJ PA 10 H 

EMI- CEI 
BMC fJTRX I SELL 

CEI~ 

-- _ ... 
SAPJ PA 09 H 

EM2- CSI 
BMC QTR K SEL H 

cs1· 

~ 
__.., _.... 

ELI- CLI CLI__.. ~ 
SAPJ PA 08 H - BMC MAD 08 H .... 
SAPJ PA 07 H 

ET2--.-

""' 
CMI 

BMC MAD 07 H 
CMI-.. 

SAPJ PA 06 H 
ESI-- CPI BMC MAD 06 H 

CPI-.. 
DAPB BAMX 05 H 

ERi__. CRI 
BMC MAD 05 H 

CRI-
_.,_ -""' 

D 
DAPB BAMX 04 H 

ES2"" COi 
BMC MAD 04 H 

co1- 0 --
DAPB BAMX 03 H EPI CKI 

BMC MAD 03 H 
CKI-_,... --

DAPB DAMX 02 H 
DOI CNI BMC MAO 02 H 

CNI. -
DAPB BAMX 01 H 

002 ..... BEi 
BMC MAD 01 H 

BEi 
- _,.,, --

DAPB DAMX 00 H 
EE2 ... BE2 BE2----I-

BMC MEM SYNC (B) L 
EL2. ---- BM2 ......_ BMC MEM L - DFI --- OPI --- ORI 

--- BMC WRITE PULSE HIGH L 
! 

UBCA CONTROL OK H 
CP2--..- ASI BMC WRITE PULSE LO\Y L ASI E -- -

UBCC MEM BUS CO L 
cs2- AS2 

DMC CENABLE L 
AS2 -- .. 

UBCC •. ~EM BUS CI L 
DEi .... AUi AU( 

J-... 

TMCE BUST OUT L 
DE2---

TMCE BEND CLR L 
CK2-

:-1 ,.,., 
PVJRS t.iEM DC LO L 

DAI-

eu2-
v--- ~ 

~ 

NOTES: 

m REGISTERED TRADEMARKS OF DIGITAL EQUIPMENT CORP. 
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I l 2 l f 3 l 4 l 5 

E.C. l 
Hist f 

A A 
,__--...... 

BMC BMM 

;' BUS B DIS L BtAC MEtA DATA 17 H ,,,, 
BUS B D14 L BS2 ..... .. AEI 

BMC MEM DATA 16 H 
AEI 

BUS B Dl3 L CJI ... ALI BMC MEM DATA 15 H 
ALI -- -- .. 

BUS B Dl2 L 
CBI-... AH2 BMC ti.EM DATA 14 H AH2 -- ... 

BUS B Dll L 
BR2 -.,_ AJ2 BMC MEM DATA 13 H AJ2 -

_,..,.,. --
BUS B 010 L BRI ,__ AFI BMC MEM DATA 12 H 

AFI-_ .. ... 

OJ BUS D D09 L 
BSI ,.... AKI BMC MEM DATA 11 H AKI --- _.,.,, 

B UNIBUS BUS 8 008 L 
BT2 .... ACI B!..•C MEM DATA 10 H ACI D _,.,, _.,, 

pATA BUS B 007 L 
BUI .... AMI BMC MEM DATA 09 H 

AMI-...-.. ... 
~ BUS B DOG L BNI - ANI BMC MEM DATA 08 H ANI 

__...,, ... 
BUS B 005 L 

CH2 .... ABI BMC MEM DATA 07 H 
ABI-.-... . 

BUS B D04 L 
CF2 ... ADI ADI -

BMC MEM DATA 06 H 
_z.., ... 

1- - BMI - AAI AAI ... 
BUS B D03 L BMC Mm DATA 05 H ........ 

BUS 8 002 L BPI - API BMC MEM DATA 04 H API -
_... .. 

BUS B DOI L BP2 -- AJI BMC MEM DATA 03 H AJI -

BUS B 000 L 
CCI - AE2 BMC MEM DATA 02 H 

AE2 .... 
" --

c ' BUS B INIT L 
CD2 ~ AD2 BMC UEM DATA 01 H 

AD2 .... c 
~ 

_,..,, 

BUS B MSYNC L CE2 AF2 BMC MEM DATA 00 H AF2 ---
BUS B DCLO L 

DK2-_.. AK2 AK2 .... 
_ .. 

BUS B SSYUC L FHI -... 
BUS B CO L CAI -.. 

11>1 BUS B Cl L CS2 r<t-
BUS B Al7 L CL2 

BUS B AIG L 
OKI -

--
BUS B Al5 L DL2 -----

D BUS B Al4 L DU - D 

OJ BUS B Al3 L OJ2 ---
UNIBUS BUS B Al2 L DH2 -_,.,,, 

SIGNALS BUS B All L DUI ---- OSI -BUS B AIO L .. 
1- BUS B A09 L EAi --_.,, 

~ BUS B AOS L 
EBI-.... Pl-16 - 1-.. 

BUS B A07 L CM2 - ._ Pl-20 

--
BUS B A06 L ECI --.. --
BUS B A05 L 

D>.42 - -..- Pl-18 

-
[ BUS B A04 L EDI E .. 

BUS B A03 L 
EEi ... 

- .. 
BUS B A02 L 

OJI -
-~ 

BUS B AOIL DF2 --
BUS B AOO L CJ2 --:-- CR2 -

AUXILIARY 
BMC 

BUS A SACK L ABMC ABMC DMAB REQ H 
....... 

BUS A BBSY L 
AR2 .... 

ABMC OMA IN PROC L _,,. 

' AP2 - .-_ BMC PWR CLR L NOTES: 
F [!] REGISTERED TRADEMARKS OF -- F 

DIGITAL EQUIPMENT CORP. 
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c 

0 

E 

I 2 J ~ 3 J 4 I 
EC pqA ~~0818 __________________________ _ 

- . - --- ----------------------------
HIST 

t---- . . . -· ------------------- ---------- ---- -------

NOTES- APPLICABLE THROUGHOUT THIS SCHEMATIC. 

I UNLESS OTHERWISE STATED. 

A RESISTANCE VALUES ARE IN OHMS RESISTORS ARE 5% 

TOLERANCE, l/4 WATT. 

B. CAPACITANCE VALUES ARE IN MICROFARADS 

2 JEOEC OR MANUFACTURER'S PART NUMBERS ARE FOR REFERENCE 

ONLY FOR EXPLICIT DESCRIPTION OF THE DEVICE CHARACTERISTICS, 

REFER TO THE FABRI -TEK SPECIFICATION FOR THE FABRI- TEK 

PART NUMBER. 
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DATE 
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TITLE 

lr::r'.l IF Arn (AZ a.!. u G r.:t 1 Ne. 

L.alJ MEMORY PRODUCTS DIVISION 

SCHEMATIC, BUFFER MATRIX CONTROLLER 
r-o=c~N~0---,-3-8----0-0-19---6·-2-~1-TY_P_E ______ __,1-~~-~---16_6_5 ___ o_o~l-PA-GE---,-OF ·,5 



I J 2 1 i J l 4 I 5 

EC 1 - ------- -·---- --------- -------· -
_Hl~_r_ ---------- ----- --------------- - - --------·-- -- --

MODULE CODE TABLE 

A CODE VENDOR VENDORS PIN DESCRIPTION 
TOTAL NO A 

+5V GND OF PINS 

HOO T SN74HOO QUAD 2-IN POS NANO 14 7 14 

soo T SN74SOO QUAD 2-IH NANO 14 1 14 

02 T Stl7402 QUAD 2 -IN NOR 14 7 14 

$03 T SH74S03 QU.\D 2-lll JU.ND OC 14 7 14 

04 T SN7404 HEX ltNERTER 14 1 14 

S04 T SN74S04 HEX INVERTER 14 7 14 

SIO T St£74SIO TRIPLE 3-IN NA~ ... 10 14 7 14 

Sii T SH74Sll TRIPLE 3-IN POS-Mill 14 1 14 

520 T StH4S20 DUAL 4 - IN NANO 14 1 14 

522 T SN74S22 DUAL 4 -IN NANO OC 14 1 14 

B S37 T SN74S37 QUAD 2 -IN HMm BFR 14 1 14 B 

- S40 T SN74S40 DUAL 4-IN NAHD BFR 14 1 14 
- S74 T SN74S74 DUAL D -TYPE FLIP FLOP 14 7 14 

85 Tl SN7485 4-BIT MAGNITUDE 00!.P 16 8 16 
- 123 Tl 5H74123 DUAL h~~m MY Y'JCLEAR 16 8 16 

- 5133 Tl SN74Sl33 13-IH HNlD GATE 16 9 16 
-

5157 Tl SH74Sl57 QUAD 2-1 LI~ SEL 16 8 16 

5158 Tl SN74Sl38 QUAD 2-1 L~~ SEL 16 8 16 

161 Tl SN74161 SYNCH 4-BIT COlkHER 16 8 16 

180 Tl SN74180 O/E PARITY G£NERAT005 14 1 14 

3404 INTEL C3404 6-BIT LATCH 16 8 16 

c 3106A C3106A 256-BIT BIP RAM 16 8 16 c 
8836 o:.rno30 QUAD 2-IN NOR RCVR 8 I 14 

542 N82S42 QUAD 2-IN XNOR GATE 14 1 14 

. 
--1 

s-1 f4-

7 6 5 4 3 2 I 87654321 4 3 2 I 

D i:::::] i::::::] D 0 

8 91011121314 9 10 II 12 13 14 15 16 5 6 7 8 

-

CODE REF DESIG OUTPUT TERMINAL NO 

- UNUSED MODULE ELEMENTS 

POWER 
+5 +5 

( 

f~NF 1[1] 
r:i> .. 

- [ DJ 
I_ E 

r " Pl- I, 3, 5, 7, 9, 111 
GND 

13, 15, 17, 19 

( 

[fil 
. G 

NOTES• 
G 

l--- OJ TYPICAL OF PIN AVI, BVI ,CVI ,DVI ,EVl,FVI, AA2,BA2,CA2,DA2,EA2 ,FA2. -
~TYPICAL OF PIN AC2,BC2, CC2 ,OC2,EC2, FC2, AHi ,BHl,CHI, OHi, EHl,FHI, 

AN2,BN2,CN2,DN2,EN2,FN2, ATI ,BTI ,CTI, DTI, ETl,FTI. 

@) TYPICAL OF CAP~..CITOR AICl,A2Cl,A3Cl,Ma.BIC2,02Cl,83Cl,84Cl,CICl,C2Cl,C3C2,C4CI, 
DICl,D2Cl,03CU)4CI, EICl,E2CI E3CI E4C2,FIC2,F2C2,F3Cl,F4Cl,HIC3,H2CI, H3Cl,H4CI, 
JIC2,J2Cl,J3Cl,J4Cl,l<ICl,t<2Cl,K3C2,K4C?,L2C~L3Cl,L4Cl,f.HO,~f2Cl,U3Cl,fJ4a,N1c1, 
N2Cl,~l3Cl,t'4Cl,PIC2,P2Cl,P3Cl,P4Cl,RICl,R2Cl,R3Cl,R4Cl,SICl,S2C2,S3Cl,S4Cl,TICI, 

T2Cl,T3CI, T4Cl,UICl,U2Cl,U3C1,U4CI, VICI, V2CI, V3Cl,V4CI, \'/ICl,\'J2Cl,W3C2, W4Cl,XIC2, 

F X2CI, X3Cl,X4C2,YICl,Y2CI, Y3CI, Y4Cl,ZICI, Z2CI, Z3Cl,Z4CI. 
[1J TYPICAL OF CAPACITOR BlCl,PICI ,XICl,F2Cl,S2Cl,C3Cl,IGCl,\'/3Cl,K4a,x4Cl,DoCl,N5Cl,Z5CI. 
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58 

4C 

BMC PWR 
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2 3 

HISI 
INITIALIZE 

+5 

J ICI SWITCH 
IONF 
H----~ (MOM) 

.& SW3 

G 

5 IDIUI 
~B-~_4C __ B_F_R __ BS_Y __ L ___________ --1JHOO 

G 

~K2RI 
(> 470 

+ 5 

4 

IN!l,.L 50 
9F 
120 

+5 +s +s +5 

HICI $FIR2 FICI ~FIRI 
220PF ? S.IK IOOPF (> 5.IK 

HIC4 ~ HIR2 HICI SHIRi 
33PF? 5 .IK 33PF ~ 5 .IK 

_litH15 E_H1 

aL Jor1 
~H,5 E_H1 

-r---\ ~0-r---\ 
FIUt, 13~ 

oITT a o 
FIUI .._ ___ IL1 HIUI 9 HI U I 

123- 123 0 ~ 123 ai---
123 0 t-
cLR 4 

f 3 -
-""" 

_6_1 

2 
~ 

~ KIUI 
~ 5 161 

~ 

i[ f 9 

1_1 

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

~ 
~ JIUI 

~ 161 
6 

~ c: ys 

11 

~ 
~ J2UI 

~ 161 

~ 6 

lf _j_s 

~ 
~ 
~ 
12 
t-il 
1---i 

10 

'15 
14 
13 

cLR 0 12 CLR 4 G CLR 12 

Y11 y3 J11 --
BMC WRITE VALID INIT L..-

6 -
r------r--------1 

...--+------5-i K 2U I 
..--t-----4--t s 133 9 
____ 3__.r---

1 
7 

12 
r-rr 

-

12 
---t--T-'t---t--t-T--t--0 jiO 

l_ II 
~ 

BMC IAOS H...--..-
BMC IA07 H_... -
BMC IAOG ·~ --
BMC IA05 

H __ 

-
BMC IA09 H--. -

~ BMC IAOI H_,_ 

14 
13 

... 
BMC IA02 H~ 

~ 

~ 
BMC IA03 H_,._ -
BMC IA04 H.., ---

12E 

90 

90 

9C 

9C 

9E 

9A 

9A 

9B 

98 

MATRIX CONTROLLER TITLE 

~ r?:r.~O[ZH~1TGL'~ INC. SCHEMATIC, BUFFER 

liLD MEPAORV PRODUCTS DIVISION OCN0.138 - 0019-62 'TYPE VERS. PAGE 

3 

A 

B 

c 

D 

E 

l 
I 

F 



A 

B 

c 

0 

E 

F 

2 3 4 

ti5TPI B2TPI ~ 

T
e .e, 

2 H5UI >-----"B.;.;...MC...;;......;;B..;.U..;:..ST,;__.:OU:;..:;_;,T~H~) 

~. TMCE BUST OUT L 4 520 6 P2-19 
~("-:C~K~2::---------o------.....~--+------------~ ~ 

L ABMC OMA IN PROC l 
' Pl-20 E4R2 

~z~ 
610 .-----4'>-- + 5 

~E4R3 ~E4R4 
.> 4.3K ;> F. S. 

12 B2UI 
SOO 11 

13 

BMC ADRS MUX SEL H --t- 7 F 

SF 
+5 'Vvv 12 D S Qt--g

E3UI o-rr T 574 _._.E5CI ~ 
o----~~ 15 141'33PF 

_r E2UI >----BM_C_S_A_L_A_T_C;;..;.H..;.H.;.;...l'illoo-
E4UI Q t-1 __ 3_E_4_T_P_I --~-3..,.oJ S04/4 -.. 

G 
123 v 

s 
2D Q~ I 

~F5UI >--4 522 '---TF4UI 
3 574 

[ 6 

5 

c Q~ 

... ---+--------+------C-ul 0-~5 6 BMC CONTROL OK H 
50 i:->------q--+---~--+------~-4------l----J-b.~ 

BMC MEM 
SYNC (B) L " 

BM2' 

BMC GATE 
DATA L ... --

13E 
14E 

13A 
14A 

Lit ~4CI ]O 

9JD4UI 
-----J02 10 

BMC 
BFRBSY L--;;: 38 

e 

-t 5 I K v , h ~ D s Q t----+---f----. 

10 7 _j6 F4JI 12 9 

Q~T II T~~~I 
E4UI (fO 
123 - F3JI~ C Qi-8-+--4-~-.:.::12:...i F3Ulfr 

c Q 12 
1
9
3 

540 8 ~ 013 
II F4TPI 10 

5E 
BMC EOC CLR L E5UI l~ 50 

~'E.'AC DISABLE L 10~511 8 ill E5UI . 
F3TPI 9 4 Sii 6 

ABMC i 1 3 
~DMABREQ H 
Pl-16 

,.. 
+5 +5 

~C2RI $C2R2 

128 1
., BMC IN H 

> 330 > 330 

5 BMC 

..---J. 
F3UI 

[6 
RESPONSE L " 

2 
540 P2-15 

I 4 
F5TPI 

--10 1 BMC MEM l -" 9 F5UI 
[ 8 522 DFI' 

13 
12 12 

1®2 C2UI __ _....j 

2 C2UI L>---~-1 503 II dE5UI 
503 f'-'3 13 511 

I 2~ L4TP2 
SB I::- BMC RUN H 

UBCC MEM 
( BUS Cl L 1 

OE2 L4TP3 111-------0-1-------------~B~M~C~M~E~M~BU~S~C~O~L:......:i, 
uscc MEM ~ .--- ,---- r Ir-- ,.---- P2-3' 

( BUS CO L _! D PP::-9 l-J D p~ BMC MEM BUS Cl L " DEi 14 13 3 4 12 11 5 r-6-o------------__;;::.:.:.:.::....:.:.::=.::.:..-=.=.=-.=P~2~-=--247 

L4UI 
3404 

7 --

r21, · r;:,~rar,iu~irc:c-r 1Nc. 
liLD MEMORY PRODUCTS DIVISION 

L4UI 
3404 

lL 

TITLE 

D#G NO. 

c 

Z4TPI T4TPI L4TPI C4TPI VITPI PITPI EITPI 

l 1 1 1 l l j 
L4UI L4UI 
3404 3404 

~ ~ 

1 
G G 

SCHEMATIC, BUFFER tli1ATRIX CONTROLLER 

138-0019-62 
VERS. PAGE 

4 , 

A 

B 

c 

0 

E 

F 



A 

B 

c 

E 

F 

EC. 

HIST. 

3B 

PWRS MEM DC LO L 

BU2 

BUSB INIT L 

CE2 

BMC SELECT INIT L 

UBCA CONTROL OK H 
CB2 

TMCE BEND CLR L 

DAI 

2. 

03TPI 
0 

02Jt 

r 
G 

+5 

3 

D5R2 
150 

D5RI 
470 

G 

D2TPI 

2 

4 

CITPI 

BMC PWR CLR L 
Pl-18 

BMC PWR CLR L 

13 

BMC RUN H 

BMC WRITE ENABLE H 
6 

BMC DISABLE L 

6 

BMC CONTROL OK H 

10 

BMC CONTROL OK L 

P2-7 

12 

BMC BEND CLR H 

2 D3TP2 P2-ll 

BMC EOC CLR L 

12 II 

BMC SELECT EVEN 

BMC SELECT ODD H 

4 

r?l rr~GQa~uGIA INC. 
TITLE 

SCHEMATIC, BUFFER MATRIX CONTROLLER 
Lili] MEMORY PRODUCTS DIVISION OWG NO. 

c 
VERS. PAGE 

138-0019- 62 

38 

4E 

6C 

40 

4C 

40 
12F 

13F 
14F 
15F 

13F 
14F 
15F 

5 

A 

_1 

8 

c 

0 

E 

F 



D 

E 

F 

BE 1: BMC BAl7 H 
"" BMC BAIG H 

BE~ 

BO t 
BMC BAl5 H 

... BMC BAl4 H ao i 
BC I: 

ac r 
8B t 

BMC BAl3 H 
,,.BMC BAl2 H 

BMC BAii H 

r------, 
MAXl7L 

T5J !--0~ 7 '7" 
MAXl6L 

T5J r-c~ 6 c ~ 
I 

I MAX15L I 

T5J I --5 c ~ 6 

MAXl4L 

T5J ~~ 4 c ~ 
MAXl3L: 

8 

9 

10 

II 

3 ~ f-<>~ ~ ,12 
: MAXl2L I 

T5J 

2· ~ --~" 13 T5J 

MAXllL 

I ~ 1-o~ >t 
T5UI 

14 TSJ 
7 ....._ _____ 

G 

~ [f=£~0l\.ln~1f'GC{ INC. 

lil.1J MEMORY PRODUCTS DIVISION 

DATO LO HI 

DAT OB LO LO 

0 

6A 

A>B t--
I 5 BMC ADRS OK H _ 

15 A<B 7 --
14 

A=B ~ 
~ 

II 

12 U4UI 
9 85 

-, 
10 

I 
A>B 5 4 A>B 

~ A< B 7 2 
A<B 

15 

14 A=B G 3 A=B 

13 
E 

II 

~I~--=i 
12 U5UI 

7 Vilt 8 
T4R7 ro-g 85 

6 
·.jl.jy. :9 T4R6 ~ ~ 

IK ~ A> 8 

5 
-vy.., 

10 
T4R5 0----1 

A<B IK 

4 
Wv 

II 
T4R4¢~ A=B 

IK G 3 

31 
•../\Ar 

•12 
T4A3 ~ 

A. IK I ~U5AI 

2 
~ 

13 
T4R2 ?330 

IK 

I 
Wv-

14 T4AI 
+5 

~~y~ F 

TITLE 
SCHEMATIC , BUFFER MATRIX CONTROLLER 

6 'TYPE OWG NO. 

c 
VERS. PAGE 

138-0019-62 

r· 



A 

D 

c 

D 

•• E 

F 

EC. 

HIST. 

2 

DAPB BAMX 00 H 
EL2 

BUSB AOO L 
CR2 

G 
DAPB BAMX 01 H 
EE2 

BUSB AOI L 
CJ2 

DAPB BAMX 02 H 
002 

BUSB A02 L 
DF2 

DAPB BAMX 03 H 
DOI 

BUSB A03 L 
OJI 

DAPB BAMX 04 H 
EPI 

BUSB"A04 L 
EEi 

DAPB BAMX 05 H 
ES2. 

BUSB A05 L 
EDI 

SAPJ PAOG H 
ERi 

BUSB AOG L 
DM2 

SAPJ PA07 H 
ESI 

BUSS A07 L 
ECI 

SAPJ PAOS H 
ET2 

BUSB .AOB L 
CM2 

10 

4A 
BMC ADRS MUX SEL H 

NOTE: PIN 15 {STROBE INPUT) TO EACH 

TITLE 

rt;.&~BG.1a:..uT:c:r 1Nc. 

2 4 4 
M4UI 
5258 

3 
IB s tl2RI 

330 

2A 2Y 
5 7 2 

M4UI 
S258 

6 20 s 5 

5 
2A 2Y 6 

N4UI 
$258 

2 

6 28 s 

2 
IA IY 

4 13 12 

N4UI 
5258 

s 

5 
2A 2Y 2 
P4UI 
S258 12. 

2 6 
28 s 13 

2. IA IY 
4 4 

P4UI 
S258 

10 

3 3 18 s 9 

14 
4A 4Y 

12 6 
N4UI 
S258 10 

13 13 48 S I 9 

8 

12 

14 10 
38 S I 13 

II 3A 3Y 
9 10 

M4UI 
S258 

4 

14 10 
38 s 

5 

S258 15 GROUNDED. 

SCHEMATIC, BUFFER MATRIX C1] MEMORY PRODUCTS DIVISION 0c"0
· 138 -0019-62 ITYPE 

A 

BMC BAOO H 
GC 

BMC BAOO L GB 

+5 
BMC MAD 01 H 

BE2 

BMC DAD 01 H IOA 
6 llA B 

BMC BAOI L 
9A 

BMC MAD 02 H 
BEi 

BMC DAD 02 H 
IOA 

3 llA 

BMC BA02 L 98 
BMC MAD 03 H 

CNI 

BMC DAD 03 H 
c 

IOA 
3 If A 

BMC BA03 L 
9B 

BMC MAD 04 H 
CKI 

BMC DAD 04 H 
IOA 

II llA 

BMC BA04 L 9C 
BMC MAD 05 H ~ 

CDI D 

BMC DAD 05 H 
IOB 

8 118 

BMC BA05 L 
9C 

BMC MAD 06 H 
CRI 

BMC DAD 06 H 
108 

8 118 

BMC BA06 L 
9D 

BMC MAD 07 H 
CPI E 

BMC DAD 07 H 
IOB 

II II B 

BMC BA07 L 
9D 

BMC MAD 08 H 
CMI 

SMC DAD OB H 
108 

6 118 

BMC BAOB L 
9E 

F 

CONTROLLER 
VERS. PAGE ·7 



A 

B 

c 

D 

E 

F 

EC 
HIST 

4A 

2 

SAPJ PA09 H 

ELI 

BUSB A09 L 
EBI 

SAPJ PAIO HG 
EM2 

BUSB AIO L 
EAi 

SAPJ PAii H 
Er.ti 

BUSS All L . 
OSI 

SAPJ PAl2 H 
ENI 

BUSS A12 L 
DUI 

SAPJ PAl3 H 
082 

BUSB Al3 L 
DH2 

SAPJ PAl4 H 

DCI 

BUSB Al4 L 
DJ2 

SAPJ PAl5 H 
DP2 

BUSS Al5 L 
DLI 

SAPJ PAIG H 
FD2 

BUSB AIG L 
DL2 

SAPJ PAl7 H 
FP2 

BUSB Al7 L 
OKI 

10 
BMC AORS MUX SEL H 

14 

13 

2 

2 

13 

14 

14 

3 

9 
P4UI 
52~6 

10 
38 s 

14 
4A 4Y 

12 II 
S4UI 
5258 

13 
48 s 

5 
2A 2Y 

7 3 
S4UI 
S258 

2 
IA IY 4 

S4UI 
5258 

s 

2 
IA IY 

4 
R4UI 
S258 

3 18 s 

2A 2Y 
5 7 

R4UI 
S258 

28 s 
6 

14 
4A 4Y 

R4UI 
S258 

13 
48 s 

II 3A 3Y 9 
R4UI 
5258 

10 38 SI 

NOTE: PIN 15 (STROBE INPUT) TO EACH 5258 IS GROUNDED. 

TITLI!'. SCHEMATIC, BUFFER ~ o=.llo~n~uG!A 1Nc. 
MEMORY PRODUCTS DIVISION crwcoo. 138 - 0019 - 62 TYPE 

4 

BMC BA09 H 

6 
12C A 

BMC BA09 L 9E 
12C 

BMC BAIO H 
12A 

10 

BMC BAIO L 
II E 

BMC BAii H 
60 

B 

4 12A 

BMC DAii L 
110 

BMC BAl2 H 
2 

60 
12A 

i 
BMC BAl2 L I 

llC I 
!C 

BMC BAl3 H 
I 

8 
60 I 
128 

l BMC BAl3 L 
118 

BMC BAl4 H 
60 

12 128 

BMC BAl4 L 
IOE 0 

BMC BAl5 H 60 
10 128 

BMC BAl5 L 100 

BMC BAIG H 
8 

6C 
128 

BMC BAIG L IOC E 

BMC BAl7 H 
6 

6C 
128 

BMC BAl7 L 
108 

F 

MATRIX CONTROLLER 
VERI. PAGE 

8 



A 

B 

c 

0 

E 

F 

E.C. 

HIST. 

3F 

78 

3F 

7C 

3F 

7C 

3F 

70 

3E 

70 

3E 

7E 

3E 

7E 

3E 

7F. 

3F 

BA 

38 

2 

- BMC IA 01 H -
.,,. BMC BA 01 L -
- BMC IA 02 H -

- BMC BA 02 L -
_ BMC IA 03 H -
.... BMC BA 03 L -
"9 BMC IA 04 H 

51
2A 2Y h. 

~1 

M2UI J S258 

6 28 s ~ 

2 
IA IY~ 

M2UI 
$258 

3 
IB s~ 

21IA IY~ 

tAIUI 
S258 

3 IB s~ 

1414A 4Yll2 
M2UI 
S250 

BMC BA 04 L 
P'"'-~~~~~~~~~~~~~~~-13

~4B S I 

BMC IA 05 H 
II 3A 3Y 

9 
M2UI 
$258 

BMC BA 05 L 
10 38 s 

BMC IA 06 H 
II 3A 3Y 

9 

MIUI 
$258 

BMC BA 06 L 

- BMC IA 07 H 
14 4A 4Y h. - r-'12 

MIUI 
5258 

- BMC BA 07 L 
s~ - 13 

48 

.. BMC IA 08 H 
5 

2A 2Y h. - ~7 

MIUI 
$258 

_ BMC BA 08 L 
6 28 s~ -

...., BMC IA 09 H 
2 

IA IYP4 .. 
L3UI 
$258 

- BMC BA 09 L 
318 s~ -

~ 2A 2Y h. 
~7 

L3UI 
5258 

6 28 s~ 

!:"'- BMC SELECT INIT L 

NOTE • PIN 15 (STROBE INPUT) TO EACH 5256 IS GROUt4DEO. 

4 !5 

BMC VA 01 H _.... 
·~ 120 

BMC VA 02 H _,.,... - 120 

BMC VA 03 H ..,.,, -- 120 

BMC VA 04 H lJ:I- 12 C 

BMC VA 05 H 
12E 

BJ.AC VA 06 H 
12E 

BMC VA 07 H --- 12E 

BMC VA 08 H ., -- 12E 

BMC VCS A L -It> 
120 

BMC VCS BL~ -- 120 

~ rr.~Drla:...v~ot rnc. 
Li1IJ MEMORY PRODUCTS DIVISION 

TITLE 

SCHEMATIC , BUFFER W'tATRIX CONTROLLER 
PAGE OWG NO. 

c 'TYPE 138-0019-62 VERS. 
9 

A 

B 

c 

0 

E 

F 



EC 
HIST 

A 

D 

c 

0 

.E 

F 

70 ~ 
BMC DAD 04 H 

7C [!! 
BMC DAD 03 H 

78 l:'l 
BMC DAD 02 H 

78 i.-, 
BMC DAD 0 I H 

12C r-::- BMC DCS B L 

12C - BMC DCS A L -
OF ~ BMC BAl7 L 

60 
r: BMC OWE L 

.. 70 r;: BMC DAD 05 H 

TE t:-- BMC DAD 06 H 

7E tJO. BMC DAD 07 H 

• TF t BMC' DAD 08 H 

OE l:- BMC BAl6 L 

80 1 
... BMC BAl5 L 

80 
I:' BMC BA 14 L 

2 

~4~3 2 I 15 14 ~"Q3 2 I 15 14 

G ~~Ci)AOAIA2A3 ~·~Ci)AOAIA2A3 

D1u u u x1u1 DOM l-D1u u u ~r~JADo~ 
13 WE A~~05l~A7 G 13 WE A4A5A6A7 G 

\( 12 7 9 lil10 I I '--+----y+-12--+-7-+-9-+-IO-+-I l--~-B-~_~C_D_A_l_7_H_---;r..i. l j ::. 128 
..... 

l 

~413 2 I 15 14 fW4o3 2 I 15 14 

G ~~Ci)AOAIA2A3 -;h~ Ci)AOAIA2A3 

L.-Dlu u u WIUI DO L-1Dlu u u W2UI DOB 
3106A 3106A 

13 WE A4A5A6A7 G 
13 WE A4A5A6A7 

6 

"9"12 7 9 10 II Y12 7 9 10 II BMC DA 15 H 
_l '--l-----J+---+--+--+--+----0------------~~~ 120 

~-l-f.--+---+-4--------v,._-+-l---+-4-----+------_J 

~463 2 I 1514 ~ 2 I 15 14 

~ 
'° N -AOAIA2A3 ~ ~ c;;AOAIA2A3 

DI~~~ UIUI DO u U2UI B 
3106A ~DI u u 3106A DO 

WE A4A5A6A7 
6 13 

WE A4A5A6A7 6 

V12 7 9 10 11 f12 7 9 10 11 BMC DA 14 H 

'----------------<l~-+--+--+-+---"=--=--=--=--=--=--=--=-~J+--4-+--+-4-~-&----_:,__;__:,__:__:_:_ __ ~~~120 

TITLE SCHE'd'ATIC· BUFFER MA 
{;:£.~d.B~H.!..LT~E{ INC. IYI , ~RIX CONTROLLER 

MEMORY PRODUCTS DIVISION owC Ho.138 _QQ 19 _ 62 
VERS PAGE 

10 

A 

B 

c 

0 

E 

F 



A 

B 

c 

0 

E 

F 

EC. 

HIST. 

70 l- BMC DAD 04 H 

7
C 1.. BMC DAD 03 H 

78 
I:"" BMC DAD 02 H 

1 B l~ BMC DAD 0 I H 

IZC t::: BMC DCS B L 

12C r::: BMC DCS A L 

ec I!= BMC BA 13 L 

2 3 4 

~403 2 I 1514 ~3 2 I 1514 

G ~~(i;AOAIA2A3 ~~ii)AOAIA2A3 

13 WE A~h~~iA7 G 13 WE A4A5A6A7 G 
Dlu u u TIUI DOM ~Dlu u u ~T~~ADOP-1 

I l2 7 9 10 11 ~----1_...._12--+_7_..9-+-IO-+-l-I -o--B_M_C_D_A_l_3_H_-1t.> 
BMC OWE L j ~ l2B 

6B l~-------------------0-t-t--t--+--+------e>----+-t--+--+----t--------' 

70 I:.. BMC DAD 05 H 

• 7E Jr:. BMC DAD 06 H 

• 7E ?!:' BMC DAD 07 H 

7F I:::- BMC DAD 08 H 

ec I::. BMC BAl2 L 

BB t:=. BMC BA I I L 

BB ~ BMC BAIO L 

.~ 2 I 15 14 m4 )3 2 I 15 14 

G ~ N (ii AOAIA2A3 ~ ~ti) AOAIA2A3 
•-mt u ~ u RIUI 00M ..._ Dlu u u R2u1 DOR:-1 
13 WE A~~05~~A7 G 13 WE A~~~~~A7 G 

112 7 9 10 11 --------U+-12--1_7+9-+-IO-+-ll---B-M_C_D_A_l_2_H_---1~ t -1=> 12A 

1~3 2 I 15 14 rn"o_3 2 I 15 14 

G ~~(ii AOAIA2A3 ~ ~ (/)AOAIA2A3 

L-Dlu u (.) ~11g~A DO~ ·--mlu u u ~r~~ADO ~ 
13 WE A4A5A6A7 G 13 WE A4A5AGA7 G 

112 7 9 10 11 '--+----1_...._12--+_7_..9-+-IO-+-ll-e>--B-M_C_D_A_l_l _H_--i~ 
0-1-+-+--+------c---+-+--+------+-----'j - ~ 12A 

""" 

l~"o_3 2 I 15 14 rn.413 2 I 15 14 

G ~ ~ c;;AOAIA2A3 ~ ~ c;;AOAIA2A3 
.__ 01u u u P1u1 00M .._ 01 u u u P2u1 ooP:-
13 WE A~~05~~A7 6 13 WE A~Ts6tsA7 6 

'(12 7 9 10 II .__ ____ y-i-12--i_7_..9-+-IO-+-I _1 --o--B_M_C_D_A_l_O_H_---;c-
l_ - J ~ 12A 

f2l IFl~l:3£M00:.1fGC( INC. TITLE SCHEMATIC, BUFFER MATRIX CONTROLLER 
L..dlJ MEMORY PRODUCTS DIVISION OCN0.138- 0019- 62 ITYPE VERS. PAGE 

11 

A 

B 

c 

0 

E 

F 



A 

D 

c 

D 

E 

E.C. 

HIST. 

llF 

ea 
llD 

ec 
llC 

GC 

119 

BD 

IOF 

OD 

100 

OE 

IOC 

OE 

IOB 

12E 

SA 

BMC BAIO H 

BMC DAIO H 

BMC BAI I H 

BMC DAI I H 

BMCBA12H 

BMC DAl2 H 

BMC BAl3 H 

EMC DAl3 H 

SMC 8Al4 H 

BMC DAl4 H 

BMC BAl5 H 

BMC DAI 5 H 

BMC BAl6 H 

BMC DAl6 H 

BMC BAI 7 H 

BMC OAl7 H 

BMC VALID H 

BMC BA09 L 

BA I> BMC BA09 H 

98 

98 

9A 

9A 

9F 

9E 

38 

30 

GB 

9C 

9C 

90 

90 

~E 

68 

BMC VA04 H 

BMC VA03 H 

BMC VA02 H 

BMC VAOI H 

BMC VCS B L 

BMC VCS A L 

BMC SELECT 
INIT L 

9 

BMC WRITE 
VALID INIT L 

BMC OWE L 

BMC VA05 H 

BMC VA06 H 

BMC VA07 H 

BMC VAOB H 

BMC EOC CLR L 

BMC Cl H 

z 

r-!£' Dr-:'\ n o "17 r- rt" 
t.:a ·,~ · L.·~ ui= LJ 1:..:~ l•~ INC. 
MEMORY PRODUCTS DIVISION 

6 

TITLE 

0-«3. HO. 

c 

4 

W3RI 

8 
330 

10 
9 

2 
3 

13 
II 

12 

6 
4 

5 

13 
11 

12 
12 

3 
2 

8 

9 
10 

6 

5 

3 

II 
12 

~ 537 8 
9 

5 4 3 2 I 15 14 

U> Cl) (;; AO A I A2A3 
Vu u L2UI 

13 DI 3106A DO 6 
WE A4 A5Ai3A7 

12 7 9 10 II 

E3RI 

4 330 .------
0 s Qi--~~--...._~ 

2 E3UI 
5 

"').8----3-1 T 574 

BMC IN H 

BMC IN L 

BMC OTR K SEL 

CLI 

BMC DCS A L 

4E 
GB 

GA 

IOA 
llA 

BMC DCS B LI> IOA 

llA 

BMC VALID H 
12C 

A3R5 

SCHEMATlC , BUFFER MATRIX CONTROLLER 

138-0019-62 TYPE VERI. 12 

A 

B 

c 

D 

-, 
I 

E 

-I 



A 

B 

c 

0 

E 

EC 

HIST 

2 

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

4
C BMC GATE DATA L ·-..... 

48 

5F 
~F 

L Bt.1M MEM SA 00 H 
~ FH2 

L BUM ME>.! SA 01 H 
" FF2 

L BMM t-...AEM SA 02 H 
' FBI 

,, BMM MEM SA 03 H ... 
FB2 

. 
L BMM MEM SA o~ H 

FOi 

,, BMM MEM SA 05 H 
FMI 

,, BMM MEM SA 06 H 
FL2 

,,_ BMM MEM SA 07 H 
FKI 

,, BMM MEM SA 16 
FJ2 

_ BMC SA LATCH H -
,.._ BMC SELECT EVEN H 
-. BMC SELECT ODD H 

~ ii! £j. rfil [Jl B:. U3 G Ct I NC. 
Li1.1J MEMORY PRODUCTS DIVISION 

....---- ~ BMC MEM 000 H ~ 

14 D 
h. FR2 ' 

Pt-'j3 
$03 3 

2. 
W5UI 
3404 

L· 
15 

...--- ~ BMC MEU DOI H 
~ 

12 D 
h S03 8 EP2 
P~I 9 

W5UI 
3404 

L 
~ 
.----. ~ St.AC MEM 002 H ~ 

h S03 8 FS2 
, 

5 D P'S 9 
W5UI 
3404 

~ 
..---- bfV BMC MEM 003 H '\. 

ID PP2 
EJ2 

, 
S03 3 

2 
W5UI 
3404 

+ 
...--- ~ BMC MEM D04 H -"' 

10 D Pb; EKI 
7 

II 
9 12 

W5UI 
3404 

Tr 
.--- -~ BMC MEM 005 H 

-1 

14 D P~\; S03 3 EJI 
2 

Y5UI 
3404 

L 

~ 
,....--. ~~ BMC MEM 006 H __.:. 

ID 
h S03 6 ED2 

.r 

p~2 5 
Y5UI 
3404 

~ 
,.------, 12 V4UI BMC MEM 007 H '\. 

5 D PPG 
S03 II FE2 

, 
13 

Y5UI 
3404 

~ 
,.------, 

50 
h. BMC DATA OUT 16 L ~ 

P'S 
Y4UI BMC LOW 

3404 BYTE PARITY L __ 
12 5 

... 

* 
10 
9 
I X5UI 

2 180 

II 
13 
8 

J3 j4 

TITLE 
SCHEMATIC , BUFFER MATRIX CONTROLLER 

VERS PAGE O~G NO 

c 138- 0019-62 

A 

B 

I 

l 
c 

l.. 
D 

} 

NOT USED ON E 
NON-PARITY 
VERSION 

F 

13 



A 

B 

c 

0 

F 

E.C. 

HIST. 

4C 

4B 

5F 
5F 

2 

..... BMC GATE DATA L 
~ 

J BMM MEM SA 08 H 
"' FNI 

L BMM MEM SA 09 H 
"" FM2 

J BMM MEM SA 10 H 
"' FLI 

f BMM MEM SA 11 H 
"' FK2 

L BMM M'EM SA 12 H 
.. FJI 

L BMM MEM SA 13 H 
' EUI 

L BMM MEM SA 14 H 
"' FAI 

J_ BMM MEM SA 15 H 
"' FEI 

L BMM MEM SA 17 H 
" FFI 

- BMC SA LATCH H -

- BMC SELECT EVEN H 
;;:. BMC SELECT ODD H 

re /:\ r:'") ~ a ~ r::7' ~ r.' 
a.r1.:..;.u..;;n;~ -. U t..::: .~ INC. 
MEfAORY PRODUCTS DIVISION 

..-

12° PPi1 
Y4UI 
3404 

L 
I~ 

.-----, 

14 D PPj3 
Y4UI 
3404 

L 

~ 
.----

3 D PP 4 
Y5UI 
3404 

L 

~ 
..--

ID PP2 
Y4UI 
3404 

:]7 
,....--

3 D PP4 
Y3UI 
3404 

Ti 
,..-

5 D PPG 
W4UI 
3404 

~ 
r------1 

30 p~ 
W5UI 
3404 

L 

~ 
r------1 

14 D PPj3 
W4UI 
3404 

L 

~ 
.----

10 D PP9 
W4UI 
3404 

~ 

4 

~ S03 8 
9 

~~ 
S03 6 

4 

~ 503 11 
12 

~ 503 II 
12 

~ S03 6 
5 

~ 503 8 
9 

~ S03 6 
5 

I Z4UI 
S03 3 

2 

9 5 
II 
I 

13 X4UI 

10 
180 

8 
2 
12 

p 
J4 

BMC MEM 008 H _, 
EFI ' 

A 

BMC MEM 009 H , 
EH2 

7 

BMC MEM 010 H _, 
B 

F51 
7 

BMC MEM 011 H ... 
FUI 

7 

BMC MEM 012 H , 
FT2 

7 

BMC MEM 013 H __.. 
FU2 7 

BMC MEM 014 H 
" FRI 

7 

BMC MEM 015 H 
' 

FPI 
7 

BMC DATA OUT 17 L --.. 

BMC HIGH 
BYTE PARITY L __ 

~ 

c 

D 

} 

E 
NOT USED ON 
NON-PARITY 
VERSION 

F 

TITLE 
SCHEMATIC , BUFFER MATRIX CONTROLLER 

D\'IG NO. 

c 
PAGE VERS. 138- 0019-62 14 



A 

B 

c 

0 

F 

E.C. 

HIST. 

• 

5F 
5F 

2 

L BUSB D 15 L 
' BS2 

L BUSB D 14 L 
' CJI 

L BUSB D 13 L 
' CBI 

L BUSS D 12 L 
" BR2. 

E BUSB D II L 
BRI 

L BUSB D 10 L 
' BSI 

~ BUSS D 09 L 
' 8T2. 

L BUSS D 08 L 
'BUI 

L BUSB D 07 L 
'BNI 

L BUSB D 06 L 
' CH2. 

L BUSB D 05 L 
' CF? 

L BUSB D 04 L 
"'BMI 

L BUSS D 03 L 
' BPI 

L BUSB D 02 L 
' BP2 

~ BUSB D 01 L 
...- CCI 

L BUSS D 00 L 
' CD2 

- BMC SELECT EVEN H 
;_BMC SELECT ODO H ... 

9 B4UI 
8836 14 

10 

~ 13 
II 

~ 14 
10 

~ < 5 3 

~ 4 6 2 

~ 3 
5 

~ ~ 13 
II 

~ 6 
6 

~ 4 6 2 

~ 13 
II 

~ • 14 
10 

~ • 5 3 

~ ~ 13 
II 

~ • 14 
10 

~ 2 
6 

~ • 5 3 

~ 
G 

4 

BMC t!.EM OAT A 15 H _..,.. 
AH2' 

BMC MEM DATA 14 H ~ 
AJ2' 

BMC t1£M DATA 13 H , 
AFI 

7 

BMC Ma.4 DATA 12. H , 
AKI 

7 

BMC t/EM DATA II H .... 
ACI 

7 

BMC MEM DATA 10 H ~ 
AMI 

7 

BMC MEM DATA 09 H , 
ANI 

7 

BMC MEM DATA 08 H ~ 

[ ASI 
7 

BMC MEM DATA 17 H , 

~ 5 AEI 
7 

12 
10 
I MUI 

II 180 

9 
8 
13 

3 _[4 BMC MEM DATA 07 H , 

1 ADI 
7 

BMC MEM DATA 06 H 
~ 

AAI 

BMC MEM DATA 05 H , 
API 

7 

BMC MEM DATA 04 H , 
AJI 

7 

BMC MEM DATA 03 H ~ 
AE2 

7 

BMC MEM DATA 02 H , 
AD2' 

BMC MEM DATA 01 H ·' 
AF2 

7 

- BMC MEM ClATA 00 H ... 

L AK2 
7 

BMC tlEM DA TA 16 H , 
.__!Q 5 ALI 

7 

13 
I 
II A5UI 
12 180 
9 
8 
2 

T3 14 
J 

~ r,:,_~D~D~1TGCT: INC. 

LiL1J MEMORY PRODUCTS DIVISIOH 

TITLE 
SCHEMATIC, BUFFER MATRIX CONTROLLER 

138-0019-62 'TYPE 
O\YG NO. 

c 
VERS. PAGE 

A 

B 

c 

D 

E 

F 

15 



' I l 2 l v J l 4 l 5 

[ c ToA He zo103J -------
HIST 

l------- - - -- • -

A NOTES: APPLICABLE THROUGHOUT THIS SCHEMATIC. A 

I UNLESS OTHERWISE STATED: 

A. RESISTANCE VALUES ARE IN OHMS RESISTORS ARE 5% 

TOLERANCE, 1/4 WATT. 
B. CAPACITANCE VALUES ARE IN MICROFARADS. 

~ 

2. JEDEC OR MANUFACTURER'S PART NUMBERS ARE FOR REFERENCE 

ONLY. FOR EXPLICIT DESCRIPTION OF THE DEVICE CHARACTERISTICS, 

REFER TO THE FABRl-TEK SPECIFICATION FOR THE FABRl-TEK 
PART NUMBER. 

B B 

.. 
~ 

-
. 

. 
c c 

... let-,. 

D D 

. 
I 

. 

en 
I-- w E 
w 

~ :r: 
en 
u.. 
0 
en 
:::> 
I-

~ 
~ en 

z 
0 
en OOA /-:-1 7 OOA 71 / /7 7J 7 > w I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 a: 

DATE 

DRAWN ANDY HO 5-1-74 
' CHECKED F 

APPROVED .ijr. 1•-c__ II JtJtl 74 
TITLE 

SCHEMATIC, BUFFER MEMORY MATRIX ~ rr17lrBrrtrn..:.vG1?t 1Nc. 
MEMORY PRODUCTS DIVISION OWG NO 

138-0019-63 I TYPEISO-tSSG-00 1VERS ·1PAGE 

c I OF 9 
1i 



I l 2 l _t 3 l 4 J 5 

~ -
MODULE CODE TABLE 

A CODE VENDOR VENDORS PIN DESCRIPTION 
TOTAL NO A 

+5V GND OF PINS 

504 T. I. SN74S04 HEX INVERTER 14 7 14 

S40 T. I. SN74S40 pJAL 4-r.~? POS-NAMJ BUFFERS 14 7 14 

3106A INTEL C~IOOA 25G DIT BIPOLAR llAU IG 0 16 

B 
B 

. 

. 

-
-

r 

c c 

1~ ~ 

7 6 5 4 3 2 I 87654321 4 3 2 I 

D c::::] i::::::] D 0 

8 9 10 II 12 13 14 9 10 11 12 13 14 15 16 5 6 7 8 

. CODE REF DESIG OUTPUT TERMINAL NO 

-·· UNUSED MODULE ELEMENTS 

I 
. 

POWER 

( 
+5 +5~ 

ITl ~r 6.BUF @Jl 10NF 
E 

E 

( 
GND 

+I ~5°t r% 50V 

[fil 
G 

NOTES: 

:- ITl TYPICAL OF PIN A/\2, AVI, BA2, BVI, CA2, CVI, DA2, DVI, EA2, EVI, FA2, FV2. 

[]] TYPICAL OF PIH AC2, AN2, ATI, BC2, BN2, BTI, CC2, CN2, CTI, DC2, DN2, 

DTI, EC2, EN2, ETt, FC2, FtJ2, FTI. 

[fil TYPICAL OF CAPACITOR CICI, C2CI, C3CI, C4C2, C5CI, C6CI, C7C2, CBCI, C9CI, 

DICI, 02CI, 03CI, D4C2, 05CI, DGCI, 07C2, OGCI, 09CI, EICI, E2CI, E3CI, E4C2, 

E!5CI, E6CI, E7C2, EOCI, E9CI, FICI, F2CI, F3CI, F4C2, F5CI, FGCI, F7C2, F8CI, 

F9CI, GICI, G2CI, G'3CI, G4C2, G5CI, G6CI, G7C2, G8CI, G9CI, HICI, H2CI, H3CI, 

tMC2, H5CI, H6CI, H7C2, HOCI, H9CI. 

F' BJ TYPICAL OF CAPACITOR C4CI, C7CI, C9CI, F4CI, E7CI, E9CI, G4CI, G7CI, G9CI. F 

TITLE 
SCHEMATIC, BUFFER MEMORY MATRIX 

~ n:,~G~a~tTrEct 1Nc. 
O\'rG NO ITYPE VERS IPAGE 

-
MEMORY PRODUCTS DIVISION c 138-0019- 63 2 

l 



2 4 

EC. 

HIST 

+5 +5 

A D5RI D7RI A 
330 330 

10 BMM ADRS SEL 01 LO H 
12 5A 

B 
BMC MAD 01 H 13 

GA 
98 

BE2 6 9 

BWM ADRS SEL 01 HI H 7A 
6 BA 

90 

D B 

BMM ADRS SEL 02 LO H 5A 
B 

B~'C MAD 02 H 
GA 
98 

BEi 6 

BMM ADRS SEL 02 HI H 
7A 

6 BA 
9D 

c BMM ADRS SEL 03 LO H c 
5A 

B 
BMC MAD 03 H 13 GA 

98 
CNI 4 9 

BMM ADRS SEL 03 HI H 
7A 

6 BA 
90 

BMM ADRS SEL 04 LO H 
5A 

8 
D BMC MAD 04 H 6A 0 

9B 
CKI 6 

BMM ADRS SEL 04 HI H 7A 
6 SA 

90 

BMM ADRS SEL 05 LO H 
5B 

8 
BMC MAD 05 H 9 68 

COi 2 13 
9C 

E E 

8MM ADRS SEL 05 HI H 78 
6 88 

9E 
PULL lP I 

4A 

BMM ADRS SEL 06 LOH 5B 
8 

BMC MAD 06 H 68 

CRI 12 
9C 

D5UI BWM ADRS SEL 06 HI H 
540 6 

78 
BB 

F 9E 
PULL UP 2 F 

• 48 

TITLE 
SCHEMATIC, BUFFER ~ G=llDQD~LiEEC-t INC. MEMORY MATRIX 

PAEfAORY PRODUCTS DIVISION ONG.NO. 
138-0019-63 TYPE VERS. PAGE 

c 3 

rl 



, 

2 4 

A 

3E 
PULL UP I 

BMM ADRS SEL 07 LO H 
5B I 68 

8 
BMC MAD 07 H 

9C 

CPI 2 

BMM ADRS SEL 07 Hf H 
79, SB 

6 
PULL UP 2 

9E 

3F 

B BMM ADRS SEL 08 LO H B 
58 t 68 

8 
BMC MAD OB H 90 

CMI II 10 

8~.4 ADRS SEL 08 HI H 
78 I 88 _I 

BMC QTR K SEL 
6 9E 

CLI 5 
C9UI BMM CSI B L 

4 S40 6 
5A, GA 

2 7A, SA 

I 9 BMM CSI A L 9B 
10 C9UI 5A I GA 

S40 8 
12 7A, BA 

c 13 98 c 
+5 

F9RI 10 BMM CS2 A L 
12 D8UI 5A, GA 

IK 540 8 
F9JI 13 7A I SA 

BMC MTRX I SEL - 9 9B 
0 

CSI OJ E9JI 
BMC MTRX 2 SEL --( 0 
CEI 2 5 BMM CS2 B L 

4 DSUI 5A, GA 
$40 6 

2 7A, BA 

+5 
98 

D DIRI D 

IK 

13 BMM WR EN LO L 
12 D2UI 58 I 68 

S40 8 
BMC WRITE PULSE LO L 10 9C 

AS2 13 12 9 

D2UI BMM WR EN HI L 
I> 78 I BB 2 S40 6 

BMC WRITE PULSE HI L 4 9E 

ASI 2 5 

13 BMM CS3 LO L 
E 12 C2UI 5A, GA E 

S40 8 
BMC CENABLE L 10 9C 

AUi 3 4 9 

_I 5 BMM CS3 HI L 
4 C2UI 7A; SA 

S40 6 
2 90 

I 

NOTE• 

OJ JUMPER F9JI IS PUT IN FOR NORMAL INSTALLATION OF BMJ.t IN SLOT ADJACENT TO BMC. 

IF BMM IS INSTALLED TWO SLOTS AWAY FROM BMC, USE JUMPER E9JI INSTEAD. 

F F 

TITLE SCHEMATIC, BUFFER MEMORY MATRIX 
~ rr:L-~Gwa~uGc-t 1Nc. 

ur=DUH1V PJ'.lnnllC'TS OIVISION I OV/G.HO. l':lO_f"lf"llO_ C.7.. !TYPE VERS. PAGE A 



EC 

HIST. 

B~1M ADRS SEL 04 LO H 

2 4 

B 40 i~~ :~J AORS S.f:.o~[~0,,,_5 -T(Q'"'=-~H----o--+-+-+-+-+-..-+-+----""'--o--+--+--+---+-+-----.-J 
~~ n>-f: 1A A0Ji~~J:::=-~~S~1~0~H-'----(l......+-+-+-+-+-+-+-+-+-------<>-+--+--+-+-------' 

8, .'rAC.-iS 5::L 07 IQ H 
4A ;.:-_Ekli AORS fil 08 LO H 

c 

D 

48 ~:-

B4TP2 

BMC MEM Ie ~ o-+----. 
L ___ oA_~_A~o~2~H------o~lc5u"'-.~x-=>-+-+~44-1-~-1-1-+-H1J>---l1-+-1--+--+--+-~--4-+--- J3rp1 
,- AD2 ~ 91504...,/'"'8 V B504 03 2 1 15 14 JfJ.& 2 , 15 14 .e-

~- ~ en AO Al /J2 A3 ~ ~ en AO Al A2 A3 
uuu E3UI h uuu F3UI ~ 

1"30I 3106A DO~ 131ol 3106A DO~ 
WE A4 A5 A6 A7 WE A4 A5 A6 A7 

12 7 9 10 II 12 7 9 10 II 

B7TP2 

BMC MEM Io f'.-.... 
L.__o_A_r_A_o_3_H_-o ___ lcsu~~~'.')--+-+~44------c1t----il-+-+--+--+--+-~----
" AE 2 ~13v04 ~12 .,. 

J4TPI 
5..f. M 2 I 15 14 ,e. 

-~ ~ (ii AO Al A2 A3 

TITLE 

rr:=9 Irt:i CTH:~B~1TGCt INC. 
LiJJJ MEMORY PRODUCTS DIVISION OWG NO. 

c 

5(4c',;.J 2 I 15 14 

r<> ~ - AO Al /J2 A3 
~ u ~ E4UI 

13'DI 3106A DO~ 
WE A4A5 A6A7 

12 7 9 10 II 

u u u F4UI 
13'DI 3106A DO~ 

Y/E A4A5 A6A7 

_1!2 7 9 10 II 

SCHEMATIC, BUFFER MEMORY MATRlX 

138- 0019 - 63 
TYPE VERS. PAGE 

WORDS 

~ 
BMM MEM 
SA 00 H -'-' 

FH2 
7 

BMM ~.EM 
SA 01 H ~ 

FF2 
7 

BMM MEM 
SA 02 H -'I. 

FBI -, 

BMM MEM 
SA03 H ~ 

FB2 

5 

A 

B 

c 

0 

E 

F 

. I 



EC 

HIST 

BMM ADRS SEL 04 i.:.O H 

2 4 

3 D ~ E'.'.'zL_g__.'lU.l:L 03 ]) Ji A ~~ ~}-',l ~r~S sc~f=--;O:-r-2~.~0Ji+!--~~~~~~~~<H--~~~~-~+-~-----~---... 

3A l'> m.'~ 11p11s SEL 0 I .Q. ]:[ 

c 

0 

E 

F 

4 C t> ~::-:--1 C~_I B L 
4D [~ e .. _; ..c.~1.i.: i... 

:g ~~~~ g~~~~~_,_..,·~~---------o-+--+--+-+------
4E !> bt •. ,,1 cs 3 L<Y 1 i 

1 

BSiTP I .---~+-5-1);-4-+ c')3--+2--+-I -+-15-+-14---+-+-. 5 _tf_d 2 I 15 14 J 
5~p I 

BMC MEM ~ ~ ~ (i) AO Al /J2. A3 -Zf ~ en AO Al A2 A3 
L DATA 04 H I C5U "'--~X':)-------1--+-+-++-+-+-<>--l (.) (.) (.) E5U I h.._ 0 (.) (.) F5 u I h__,J 
' AJ I -13 I so4/"' 12 13 DI 3I06A DO~ 13 DI 3106A [)()"if"'! 

~ ~ M~~~ M AA~~~ 

12 7 9 10 II 12 7 9 10 II 

B7TPI 

BMC MEM Io ~ _,._ 
L DATA 05 H lcsu~ 1 
._,A-P-1~---o--1~1vo4 ~;{.,.J1-o+-i-+-~H-+-i-+-~H-~-i:--+-4-~~-+--+--+--+----J~ 

B64(f 2 I 15 14 

~~ en AOAI A2.A3 

J6TPI 
5-6.~t_ 2 I 15 14 o_, 
~ ~ (ii AO A I A2 A3 

u u u E6UI h 
ftDI 3106A DO~ 

u u u F6UI 
13D1 3106A DOPs-1 

WE A4 A5 A6 A7 WE A4 A5 A6A7 
12 7 9 10 II ~2 7 9 10 II 

BSTPI 

BMC MEM lo ~ -------. 
L ___ DA_~_A_o~s~H ___ --llc1u~~x-e>-~H--+-1-1--+-~-+-~-+--+-4-+-+-+-+-4---'-+-. J7TPI 

PM 2 I 15 14 .,, 

~- Vl en AO Al A2 A3 

'AAI 13v~l2 

B8TP3 

c?o46:3 2 1 15 14 

lf ~ en AO Al A2. A3 
u u u E7UI h... 

13'DI 3106A 00 tJG 
VIE M A5A6 A7 

12 7 9 10 II 

o o u F7UI 
1"3DI 3106A DOPs-1 

WE A4 A5 AS A7 

y12 7 9 10 II 

BMC MEM To ~ ~ 
L ___ DA_~_A_0~7;.....;...H_-G-___.lcau~ Y 
'ADI ~.13~04 "X>~l2~!-+4-l-------o---+-+-~,--+--+--+--+-----. 

5c)4c'.:i 2 I 15 14 

ri 1f en AO Al A2. A3 
"-I () u u EBUI 

J8TP2 
5.J.)4-d 2 I 15 14 .e

~-~en AO Al A2 A3 

13 DI 3106A DO Psi u u u FSUI 
""gDI 3106A DOPs' 

WE A4 A'5 A6 A7 WE A4A5 A6A7 
12 7 9 10 II _L12 7 9 10 II 

I 

TITLE 
SCHEMATIC, BUFFER MEf\/.ORY MATRIX u= L'.1 o G~ a..:. "'u c: r~t , Ne. 

TYPE PAGE MEMORY PRODUCTS DIVISION 138 - 0019 - 63 
VERS. OWG NO 

c 

r A 

BMM MEM 
SA 04 H ... 

FD·. 
7 

B 

c 
BMM MEM 
SA 05 H:-1 

FMI 

D 

BMM MEM 
SA 06 H , 

FL2' 

E 

BMM MEM 
SA 07 H " 

FK I 
7 

F 

6 



2 3 

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

nqM J\DRS s~L 04 1:11 H 
3o :.r.~~:µ_Cd1.~~~L9).: RI R 

A 3C r.-!!...-~JJl1llicI -0;:::2+-:Ji-r:IT'-JI~---------0-+--------o-__._------------. 
3c =- r~~~Dris si:~~._0~1-Ji!+u!-Ji~--------('>--+--J------~+-+------------. 

c 

0 

F 

38 ~~,:-.< cs.~-P L 

44co ~~~ cs""'~'"":a,~::::::::::::::::::::::::~=:'.=_:~::::::::::::::-.::-.:::::::::::::::
&.-.:- '.~ CSl A :g :i: ''j__(;_~._,/\_,_,,._-,------------0-+-+-+-+-+--~ 

4E t:' ~·,,,.1 C]) _tl I J... ""( 

B:3JTPI r----+-5~.0f-4-+c'}--+)2--+-I -+-15-+-14--+--+-. 1_&d 2 I 15 14 J l;P
2 

BMC MEM ~ ~ ~ en AO Al A2 A3 ~ ~ en AO Al A2 A3 

L.__DA_TA_O_B__.H-'----0-41 C3 u ~X"'"'')------+-1-+--+-11-+--+-<::--4 (.) (.) u GI u I ~ u u (.) HI u I I"---..) 

' AB I .., 91S04./8 13 DI 3106A DOf-16 13 DI 3106A oot'-'6-~ 
~ ~ MM~~ ~ MMM~ 

12 7 9 10 II _1!2 7 9 10 11 

..,,, BM\4 WR EN HI L 

82TPI 

BMC MEM 1 i'--... o-t-----. 

L~_DA_T_A_0~9-'-'H ___ -4lc3u~~""'-r-+-+-+--+-+-+--+-+-1--+-+-1--o----+T-+--+--+--+--+--+----ii--+--. 1 J 2rp2 
'ANI --,,vo4 ~10 T. '2. 

Rri4ri3 2 I 15 14 5t&r_ 2 I 15 14 -e-
111"~ c;; AOAI A2A3 ~ ~ (fj AO Al A2A3 
u u u G2UI h u u u H2UI ~ 

~DI 3106A DO~ 131ol 3106A DO~ 
WE A4 A5 A5 A7 WE A4 A5 AG A 7 

12 7 9 10 II _:t2 7 9 10 II 

J 

86TPI 

BMC MEM le ~ 
f--A-~A-~_A_IO_H_-o-_5~lvcc~5u~"'-.1 ~,.:C0-6-+-r-+--+-r-+--+-+-+-+-+-+-o---+--+-+-+-+-+-+---+-+., 

c~.J'.403 2 I 15 14 

1;f ~ c;; AO Al A2 A3 

I J3TP2 

jpd_d 2 I 15 14 .e
~~en AOAI A2A3 

u u u G3UI h 
13'DI 3106/\ DO~ 

u u u H3U I h.. _. 
13 DI 3106A DO~ 

WE A4 A5A6 A7 WE A4 A5 AG A7 

12 7 9 10 II r2 7 9 10 II 

B5TP2 

BMC MEM lo ~ _ 
L_.._0A_~_A~1_1 _H~__.--4lcsu~~-x--:r--t-i1-++-if--~~~~-o---4y-+--+-+--+--+--+-~-----. 
'Act 3vo4 "'4 -r: 1 J4TP2 

51~ 2 I 15 14 ~ ()50 403 2 I 15 14 

r<> ]f (i) AO Al A2 t\3 
~ <.> u G4UI h_ 

i31DI 3106A DO~ 

~ Ll cn AO Al A2A3 
u u u H4UI 

131°1 3106A DO~ 
WE A4A5A6A7 WE A4A5 A6A7 

12 7 9 10 II y12 7 9 10 II 

TITLE SCHEMATIC, BUFFER MEtv10RY MATRIX rr=x=1 __ · fj=.C~0~1a~urEct 1Nc. 

ULD MEMORY PRODUCTS DIVISION TYPE VERS PAGE OWG NO 

c 138 - 0019 - 63 

WORDS 

~ 
f\ 

BMM MEM 
SA 08 H _.,. 

FN I 
B 

BMM MEM 
SA 09 H " 

FM2 7 

0 

BMM MEM 
SA 10 H -" 

FLI' 

E 

BMM MEM 
SA 11 H _-,. 

FK2 

F 



EC 

HIST 

.. BMM ADRS SEL 04 Jil H 

2 4 

30 ~~.L8f£;iLl{:C o~ 1IT H A 3c ~ e ' , t·Oli<i $r~T.._Q~f2"?t--'.JT~T~H~--------o-t--------&--+------------. 
~~ ~'!"' AD~s s_ao1 HI H 
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