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• • ABSTRACT

- - A manufacturing methods project has been initiated to esta blish a pilot

production line for metal-nitride-oxide semiconductor (MN OS) block-oriented

ra ndom-access memory (BORAM) multichip hybrid circuits. During the past

- reporting period the project has focused on definition of tests, development

- 

of test equipment and preparation of test programs.
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The purpose of manufacturing methods and techno logy (MM&T) project

number 2769758 is to establish a production capability for metal-nitride-

oxide semiconductor (MNOS) integrated circuits for block-oriented ra ndom-

access memory (BORAM) .

Military organizations are faced with a diffi cult hardware problem in the

use of modern day computers. A sui table militarized secondary storage

technology simply does not exist. Dr ums and discs canno t stand up under

the stress of the ground mobile environment. Military real time programs 
1

are for ced to be r esident in main memory because electromecha nical

storage access delays canno t be tolerated.

MNOS BORAM holds considerable promise of meeting the military’s

seconda ry storag e needs. An advanced development Army/Navy MNOS j
BORAM module has proven that significant volume, weight, power and use

flexibility advantages can be achieved . When compared to fixed-head

electromechanical storage MNOS BORAM offers MTBF’ s 10 times longer ,

and access times above 500 times faster. 
- I

This MM&T project will establish for the government a source of supply

for MNOS BORAM secondary storage. A pilot production line with a

demonstrated capaci ty of 1, 875 hybrid circui t per month will be established.

Each hybrid circuit will contain 16 MNOS BORAM integrated circuits. This

production rate will provide sufficient hybrid circuits to allow fabrication of

three 16.8 megabit BORAM modules per month. The hybrid circuits will

confo rm to Electronics Command Technical R equirement SCS5O3 I and the

MM&T project will be conducted in accord with Electronics Comma nd ‘I
Industrial Preparedness Procurement R equirement Number 15. 
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1. NARRATIV E AND DATA

Electrical testing and test development has been the area of focused

activity during the reporting period. This report describes some of the test

capability which has been established to support BORAM hybr id cir cui t pro-

duction.

• 1.1 HYBRID CIRCUIT FUNCTIONAL TEST

A functional test station has been established to process the BORAM

memory microcircuit. This test system provides both manufacturing and

engineerin g oriented reports, and is capable of volume throughput in excess

of the MM&T production rate requirement.

Thi s r eport explains the requirements and objectives of the test station

development effort , describes the hardware and softwar e which has been

developed, gives the func tional test specification , and presents data to show

that development objectives were achieved .
1. 1. 1 Statement of the Development Problem

The functional tes t sta tion must provide specific data in a timely manner

in a convenient format. It must with a high confidence level isolate defec tive

chips. In addition , it must comply with the MM&T contract throughput re-
quirement . Thi s discussion will present those detailed requi r ements .

1. 1. 1. 1 Functio nal Test Sta tion Purpose

As shown in figur e 1-1 , the BORAM Memory Microcircuit contains 16
MNOS chips. Figur e 1-2 shows the production processing sequence for
hybrid circuit assembly and test. The first  electrical test after assembly
occurs at operation 10, work station AlO.  Station A l O  is the “Hybrid Cir-
cuit Fun ctional Test Station” . It is located in the MNOS Test Laboratory
at the Westinghouse Advanced Technology Labora tories facility.

1—1
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At station AlO the hybr id circuit s are unlidded , and chip replacement or

wire bond replacement actions are feasible. Thi s test sta tion must handle

the highest volume of hybrids for any given production quantity becaus e all

r ework units return to this point.

The purpose of the functional test station is to certif y tha t a g iven hybrid

circui t is fully operational and is suitable for further processing , or in the

event of a detected failure the purpose of the test station is to provide in-

for mation to guide r ework decisions.

1.1.1.2 Test Requirement

The functional test is a test on unfinished product performed for

manufacturing decision making purposes. The test criteria are thus a

function of the manufacturer ’s j udgement as to how to de ter mine that the

product is func tioning properl y wi th a minimum expenditure of test

time.

1.1.1.3 Report Requirements

The nature of the manufacturing decisions at station AlO dictates the

report r equirements. The needs of the technician who must perform a re-

work action must be met. The needs of an engineer or technician who must

diagnose the probable cause of a detected failure must be met.

The rework action is best served by a simple hard copy report which

clearly identi fies the chip or chips which must be visually examined and

possibly replaced. Preferrably , thi s do cument should be small enough to

travel wi th the normal hybrid circuit routing ticket documentation package. -

It would be helpful if the chips wer e identifi ed in a manner consistent with

th e actua l physical locations of the die on the ceramic substrate. This

feature would tend r educe human error s in device location.

Before a g iven hybrid is routed for rework action the test technician

must define the nature of the problem involved. To support this effort a

second more detailed test report is required. This document should show

which tests passed or failed for each chip in the hybrid. The data summary

should allow identification of the most probabl e cause of a failure. J
1-4
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1.1.1. 4 Throughput R equirement

The throughput r equirement for station AlO is derived from the MM&T

~ 
j contract requirement for pilot line capacity. If the line is operated 5 days

a week on a one shif t basis, the total volume capacity is r equired to be at

least 1875 hybrids per month.

To examine individual station throughput requi r ements, it is convenient

to express the rate specification in hybrids per hour . A nominal month by
* - 

the above operating criteria contains 160 hours. Therefore, the line r ate

requirement is 11.7 hybrids per hour .

Per the production flow diagram, the functional test station must process

every hybrid circuit at least one time. Although it is not shown on the flow

diagram, the functiona l test will be repeated again after operation 11. De-

vices which pass thi s test will move to the more time consuming test which

is operation 12 at station A l2.  In addition to these two tests per hybrid, any

rework action implies two additional tests per hybrid.

An exact computation of the volume which must move through station AlO

depends on the amount of r ework, and is a complex calculation. A simplified

worst case calculation can be made to set upper bounds on the necessary

capacity. Arbitrarily assume a very poor rework experience. Say that

every hybrid must be reworked 1 time, that 40 percent must be reworked

twice, that 20 percent must be reworked three times, and that 5 percent

must be reworked four times. The implied number of functional tests per

delivered finished hybr id are:

2 tests (1 initial + 1 rework + 0.4 r ework +0 .2 rework + 0. 05 rework)

2 tests (2.65)

5. 30 tests

Si nce the r equired rate of finished hybrids is 11.7 per hour, the upper

bound capacity of station AlO to meet contract requirements is:

5.30 x 11.7 hybrids/ hour

62 hybrids/hour

1-5
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1. 1. 1.5 Additional Obj ectives

This report is primarily concerned with the rapid screeni ng of the BORAM

hybrid a t operation 10 in the hybrid assembly and test flow. There are,

however , test considerations of importance to BOR AM production which are

beyond the scope of operatio n 10; and yet should influence the design of the 
- ]

tes t system. —

The production of BORAM systems involves memory testing at four levels

of product complexity:

a . Memory Chips

b. Multichip Hybrids —

c. Memory Cards or Modules

d. Memory Syst ems

These tests are very similar. It would be a major advantage if the test

system desig ned for hybr id tes t could also conveniently perform the other

three level s of test.

Finally the tes t system design must consider the practical aspects corn -

mon to all equipment developments. Hardware cost and reliability must be

reasonable . Software development and documentation must be easily accom-

plished without major labor expenditures .

1. 1. 2 Functiona l Test Station Description

The BORAM Functional Test Station is based on an architectural concept

which contributes grea tly to economy and ease of use. The system is suit-

able for application to all four l evels of BORAM testing . Thi s discussion

explains the desig n concept, describes the ha rdware , r eviews the hardwa re

operation, examines the software functions, and briefly describes the micro-

code assembler used to support software development.

1. 1.2. 1 Macrol evel and Microlevel Partitioning

The fundamental ar chitectural con cept on which the design of the Func-

tiona l Test Station is based is to partitio n the test problem into two parts: -

•

a “macrolevel” and a “mi crolevel” . Figur e 1-3 illustrates the points of

concern for each level. 

~~ - l
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The macrolev el is concerned with overall test objectives and the human

oriented requirements. Macrolevel software acts as the executive controller
for the test. Macrolevel hardware interacts directly with the us er. -

The microlevel is concerned with the execution of the d etailed control C

sequences for accomplishing device operation. Microlevel software re- - 
-

sponds to macrolevel command s to accomplish a required function. Given
the command “WRITE” , the microcode might proceed to w rit e a complex

data pattern into an assembly of memory chips. Microlevel hardware inter - -

faces to the macrolevel hardware and to the device under test. The micro- -

level hardware mus t provide the proper voltag e levels, wave shapes and

timing . - 

ITh e advantage of this partitioning is that each set of problems becomes

easier to treat. The flexibility of both the hardware and the software is

greatly inc reased.

1.1.2.2 Elements of the Test Station - 11

Figure 1-4 shows the hardware elements us ed to implement the functional

test station. The primary macrolevel component is an HP9825A calculator.

Thi s device is an inexp ensive, yet -very powerful general purpose computer. -

HP9825A programs are written in a high level language with ma ny of the Ifeatures of BASIC. The calculator mainframe incorporates an alphanumer ic

keyboard, a magnetic tape cassette drive , a 32 -character LED display, and a 
- tpaper tape printer. Extensive program editing and debugging features are

built into the unit. The particular HP9825A used in the Functional Test

Station is equipped with 23 , 228 bytes of main memory.

The I/O capability of the calculator is furth er supp lemented by an HP9866B,

Therma l Line Printer. Thi s unit is used to prepare the test r eports.

Program and data storage are accomplished using the tape cartridge

fea ture of the F1P9825A mainframe. The tape capacity is more than ad equate

to store both macrolevel and microlevel pr ograms as well as many utility I
routines.

* U

--I
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The microlevel component in the system is the BORAM Function Test Unit

shown in the foreground of figure 1-4. This devic e communicates with the

HP9825A via a 16-bit channel. This is the cable at the left side of the unit.

Two channels are provided to communicate with d evices under test. In

fi gui’e 1-4 , th e two cables at the right of the unit are shown connected to

PC boards which can accommodate 30 integrated circuits for test. Figur e

1-5 shows the BORAM hybrid ci rcuit test fixtures. The availability of two

channels allow s the operator to be loading and processing the paper work

for one group of eight hybrids while the other group is being tested. Thi s

provision eliminates time losses due to handli ng .

1.1.2.3 Hardware Operation

To conduct a test the operator inserts a tape cartridg e containing the test

program into the HP9825A. He loads the program into main memory and

presses the RUN butto n on the keyboard. The LED display informs the

operator as to what processes are taking p lace , and gives prompts when

operato r action is required.

The operator is asked to enter such data as date of test, which test channel

is to be used, the number of hybrids to be tested , and the serial numbers of

each hybrid. The test program pr epares the Function Test Unit to conduct

the microfunc tions by communicating over the 16-bit channel.

The block diagram shown in figure 1-6 describes the internal structure

of the BORAM Functional Test Unit. A microcontroller based on the

Am29l 1 microsequencer chip forms the heart of the test unit. 

~1Dur ing the ini tiali zation phase of the tes t, the HP9825A reads the micro-

code program from the tape cartrid ge and sends it via the 16-bit bus to the

Functional Test Unit. The microcode is stored in a RAM. This feature

makes the uni t particularly easy to use and to reconfigure. The option of 
- I

microcode storage in ROM ’s or PROM ’ s was also allowed for in the hard-

ware design 

1~
l0

~ 
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Figur e 1-6. BORAM Functional Test Unit

The interface to the device under test necessarily involves specific wave- 
-

shapes and voltage levels . The output circuits on the driver cards , the

add ress card and the data pattern card accomplish this function. 
-

Pulse timing and duration are set by the microcode routines or by corn- 
-

mand from the HP9825A. For example, the erase and write times for 
- C

BOR AM chips are set by calculator software. 
-

Data patterns and data checking are selected by HP9825A software. The

data pattern generator card in the Functional Test Unit provides the selected

patterns . -

One fea tur e of some importa nc e is not shown clearly in figure 1-6. The 
-

buffered data coming from the device under test is actually routed back to the -

data pattern generator card. On that card the 16 signals can be exclusive

ORed with the source data pattern. Thu s, the HP9825A can command tha t

the Functiona l Test Unit re turn either the data p at tern  read from the device 
C

under test , or the error pattern resulting f rom the exclusive OR operation. 
-

1-12
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After initialization is complete the HP9825A LED display will indicate

“READY FOR TEST”. When the operator pushes the “CONTINUE” butto n,

the test sequence for up to eight hybrid circuits will be automatically con-

ducted. At the conclusion of the test , production oriented reports will be

printed for each hybrid circuit. Then an engineering oriented report will

be printed for all of the hybrids under test.

1.1.2.4 Software Considera tions

For operation the Functional Test Station r equires two sets of software

programs. Figure 1-7 gives an overview of the programming task. The

macrolevel program runs on the HP9825A. The microlevel program runs on

the microcontroller in the Functional Test Unit.

The software development begins with a clear statement of test objectives.

What is it tha t must be achieved ? The macro planning activity extend s these

r equirements into specifi c definitions of the test sequence and output reports.

Then the desired tests are detailed in terms of tape file storage, main memo ry

va riable assignments, and operator interaction req uir ements. Finally the

actual coding can be performed.

Figure 1-8 is a sample of the HP9825A coding used in the BORAM Hybrid

Test Program. The HP9825A has a wide rang e of instruction types . For

example, it provides string operations , matrix operations , bina ry opera-

tions, and all the usua l features of BASIC . In addition, it offers a rich

assortn,ent of instructions to control and to interact with I/O devices.

The microcode development task begins with a careful definition of the

interface to the device under test. Wha t are the required signal s, and how

I 
do they relate in time sequence to accomplish specific functions. What are

h 
the functions that the macrocode will request? How should the addressing

sequence be arranged?

The microcoding task canno t really be separated from hardware design.

The criteria for proper program operation is the actua l observation of the

waveforms at the terminals of the device under test.

1-13 
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Figure 1-7. Software Development Considerations 
*

Microcode development depends heavily on the use of the HP9825A. An

assembler and various utility routine s allow the engineer to interactively

obse rve the effects at the device under test and modif y thi s program until

the desi red results are achieved.

1.1.2.5 Microcode Assembler

The primary tool used for microcode development is an assembly progra m.

The assembly language instruction set is presented in table 1-1. The

mnemonics we re established by Adva nced M icro Devices , Inc which manu-

facturer s the Am29 1l mic ro sequencer chip.

The assembler allows the engineer to key in lines of code at the HP9825A

keyboa rd. The cod e and any arg uements are examined for consistency with

validated symbols and inst ruction formats .  If an error is detected , the

assembler asks for re -en t ry  of the line. When the code is accepted as valid

it is writ ten into a m ic rocode memory map file on th e tape ca r tr idge.
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BESI AVAILABLE COPY
E ORAr ’l H YB R I D TEST FROGRAM. . . ‘ ers io r ~ 2 10 F4~ 79 ~~~~

-
~~€ S

201: “TEST SUE:ROIJTINES :
2u2: “$P” :eir 8,162 tjtb 8’2l r~ t
203: “TS1” :?ir 8’162;’.dtb s,21;ret -

204: “T52” :utb S,C UO1t. 1 - . - - ,.. - -

20~: if rds(3)nod2=0 j,qp 0
206: “T54”:w tb 8’C—a;eir 8,130 -

20?: for 1 0  to ?;—l~ Y;tfr 8~ ”XX”~ 2042
208: it’ rds(’~XX )=—Uj~tp 0209: for J=1 to 2048 banrJ (rdbYX’I~”),’-,’)4Y rIext -J
21’?: bar, Y~~(W ~ I],XC7,1] ‘,I] n~ •-~ I
211: ~‘r~ l6.7~ ”TEST “ , W r ~ t
�12: “T$3” :fo r 1=8 to 7;Ur~ ~~~~ 1+L,~ E W ,  I ]~r€ ; :~ ~~~~~~~~-. : r~~~21:3 : ‘* ##****# ****##***“ :

• 214: ~rt “BURAM H?BRID” ,”TE:3T PR0GRAM ’
~ i~it 9,’PAIR “ , i l . 3. :’ !f.3 .I3

215: “ D l ” :€ nt “T€~t Channel A cr  E~”~ F~2l~~: if r~o~ ( AS , ” “ ) 1 A $ ( 2 ] ~A $ i ~ip 0
217: 0+C if “A ” =A$t 1, 1j ; l9—c
218: if “B” RSEI ,l] ; 16+c
219: if C=0;prt ‘INYRLID iNPUT” -~to “Dl”
220: i, rd~(9) 299t h p  “TIJRH OH TEST S STE M’ ; -.1-,r
~2~~: ‘ do j t  1 O d ~M “ NOW LO A DING MI CR O C OD E ” wt c
222: fo r  1=0 to 255;nu,q(C$C i~~i~ i~ i ])—48+K; i~223: ~;tc 8,l wtb 8~ 16I+K;o~L224: f o r  J=2 t~~ 5;n’~~(CEl+1~~J ,j L — 4 S~ K; jf  K> :5 ;~ :— ~ —f .:
225: j 6L+K~ L r,e:<t J if L. :32?~ 7 ; L—6 ~ S~~~~L226: w t c  8~-3;~~tb 8,L ncxt I
~2T : ds~ “LctADIN G DATA RAM” ;buf “:

~~~~
“

228: for J~ 1 to 4 -for 1 1  to l2S wtb ‘~~ “ , I ; t - ,~ 1. ~~ri~ .- :~ -J~~~.h “ ‘EP”
229: ‘~tb 8, 1o24;’~tb 8,4;tcr .“M;- ” ,3;wiiit 1
2:3u: if r~ “ X > ” ) =—l;i1~

p o 
-_ :i ~ .0 , , ,a i t  10,eir ~‘l’-~~’ f i s t  S s 2  I’ ,f r  11, 4 —

TJ2 :  “CLEAR TIME ” : 180 ,fl’~tb 6” o;~~t L~ ~ ir~t ~~T- 3- 2Y
2~ 3: “WRITE TINE” : 2004u;wt Li 2~ 1:3~~ tb :3, m t  ( (IJ-- 13)
~~4: “TES T” : ~r t. ‘HOW MA NY P1ICF:OC IRCIJ IT~~~’ ‘3
23 5 : ~~c ;~~r~ “ENTER HY BRID” prt “S ERIAL HUMEERS”~~ p-: ~~~~2:36: f- or 1 1  to ‘D ent 8(1 ];r,€~<t- I
2-37: ds~ “ READY FO R TEST”~~ t~ -

238: ~~~~~~~ 1=1 to ?;fo r J=o t~~ 7 ;— l+ :~:t r ,n ;n e x’- J ;r ~~~ t I
2-39 : f~~t 8 ,f2 .0,x ,f6 .0 ,x ,f6 .~~~fnt 9. ”PAIR “ ,fl.0, ” ” ,~~~.0240: r,,~t 7~ c5~ f 1 .@ f:~d 0
24 1: “%l’ :~~~p “PERFORMI NG TEST # 1”;buf “~ :-~“ ; 1- : l ;~~~b “TSl”
24 2: I-J ?. b 8~ 30? 2~~sb “TS 2 ”- - - 

- •

243: Prt “COUNTER ”~~ sb “183” •. 
-

:44: “*2” :~ sp “PE RFORMING TEST *2” 24W buf ‘
~~~ “~~~ b “SF ’

245: Utb 8~ 392
24~~: fo r  1 1  to  10;wtb 8,c ;’~a i ’  I -

2t 7 :  if rds(8~~ o d 2 = 0J ’ p  0 C

-
243: next I;-~~b “T S1”
249: wt b  ~‘.2696;~~ b “ T- 82 ”
253: ~ rt “ERAS E PECO’/ ERY” ;prt “CIiECI<EP BD” -~sL “TS:3 ”
‘10809 -

Figure 1-8. Sample of Macrocode for the Hybrid Test Program
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TABLE 1-1

MICROCODE ASSEMBLY LANGUAGE INSTRUCTIO N SET
Mnemonic 13 ~2 11 10 InstructIon

JZ L L L 1. Jump to Address Zero
CJS L L L H Conditional Jump -to -Subroutine with Jump Address in

Pipeline Register
JMAP L L H L Jump to Address at Mapping PROM Output
CJP L L H H Conditional Jump to Address in Pipeli ne Register
PUSH L H L L Push Stack and Conditionally Load Counter
JSRP I. H L H Jump -to-Subroutine with Sta rting Address

Conditionally Selected from Am29’t l R-Register or
Pipeline Register

CJV L H H L Conditional Jump to Vector Address
JRP L H H H Jump to Address Conditionally Selected from Am2911

R’Register or Pipeline Register
RFCT H L L L Repeat Loop if Counter is not Equal to Zero
RPCT H L ~ H Repeat Pipeline Address if Counter is not Equal to

Zero
CR114 H L H L Conditional Return -f rorn -Subrout ine
CJPP H L H H Condition al Jump to Pipeline Address and Pop Stack
LDCT H H L L Load Counter and Continue
LOOP H H L H Test End of Loop
CONT H H H L Continu e to Next Address
JP H H H H Jump to Pipeline Register Address

78-0220-VG-3

At anytime the engineer may examine lines of code on the LED display or

he may request a hard copy memory map listing. Figure 1-9 is an example

of such a listing. The address space ranges from 000 to 255. The map

shows the assembly language instruction and arguments, and then gives the

equivalent data as it will appear in the LED display (machine state display

per figure 1-6) incorporated in the Functiona l Test Unit. These seven

hexadecimal characters are convenient for confirming that the hardware has

actua lly received the desired code.

1. 1. 3 Functional Test Station Performance

The BORAM Functional Teat Station is fully operational, and has been

used to test groups of hybrid circuits. Thi s discussion reviews the observed
characteristics of the test station in such a manner tha t judgements can be

made as to whether development objectives have been achieved.
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~~T~ V~~B11COP?

MI ‘ ,.F:-T CiJ D~ ~l~’S2P1 E L i 1;LIA::E’ -; E - 1-

INST FIEL fi ~ IE~~~ I’~L ’  LE L [  Ff1 L L: .~AB DRE-3 5 CODE ONE FI’~U ~HF~~~ F )iiI~: N

12~: LDCT 4 1365 :30 C c iFEl -

12’s CONT — P39 — T M !  — F’12 PHi 81 E £13141
1 :30 CONT — P39 — f t ’ l I —P 1 PH2 22 E 03~ 2
131 CONT — P39 —flu — + 12 P04 3~: ~

132 CJS 252 — N D  04
1-3 3 CJS 24~’ --GND :35 F 111
1-3 4 PF’CT 12~ C:TP 3’ 9 E 1 i ~~

• 1:3 5 CRT N — G ND A ~
‘ 1~~1

1.3~ ,::ONT —P3 9 A~’W — F ’1 .~ P04 :3 F
CONT —P .3 ? —AM P — ‘~ i2  P04 ~ 9 E L~~~.iU

1 :3~: C PT N — G I l D  8A ~
1-3 ’? CUNT —E ’ 3 ’:~ —11 11 — - 1 2  F~i4 ,

~E: E C’~~-~~

IT: IJNT —F ’ .3:~ — T M ~, F 1 2  ~CF’ ;:. £ ~~~~~~~

141 CF’T N — G f t ’  -
~

142 LDCT 4~i95 ~F F
143 ~PC.T 1-4 3 C-TF: ~ ~F1F

14-4 C.PTt -l —~~UL :~ A ~i’c~~-:’
145 -J ~~~~ 

1’

I 4€~ IN f Iii —
~~ F r j  1t’ ~ L

147 ‘_;C ’N I -- P.3’? -Iii! _~~ F~34 ~~
-:. E £T : :T.~

148 CON T -—P- :: 5 —T ’I L - ‘:.si; F 3 ~
14~ CCN T — FL’ — T 4 1 i  — C T - i  Fcj4 -

~~~~ £~
15,~i C.RTF- l — G~~T; ‘F ‘
15t -

~~
- 

~~ 3

C INT -
~~~~~~~

-
~~ 

-
~~~~~~~~

‘ - -
~~ F’ -~~ 

-s.:: F
15 flj~ ” —P~ L — 1— 4 -‘ E ~~~~M

1 S4 I LINT —F — T N i F ‘-i i ~ 
1 r1 L t~

155 CONT — P39 —E: C:E --- F ’~ F 0-4 ‘:IE :

15~ CONT - F’39 ~~ F- - F ’12 F04 ‘L: E ~~~~157 C F-’T’- l —GNL I ?Li H ~ ‘ Ct0
158 -J ~

~

78-0332 VA4

Figure 1-9. Sample Microcode Listing
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1. 1. 3. 1 Test Sequence -

The hybrid circuit under consideration contains 16 of the BORAM 6002

chips . Figure 1-10 shows the functional organization of the 6002 chip. -

Figures 1-11 and 1-12 provide the circuit diagram of the multi-chip hybrid, a

The microcircuit has two data inputs (DWA and DWB) and two data outputs -

(DRA and DRB). The “A” data lines are associated with t e  eight odd num-

bered chips. The “B” data lines are associated with the eight even numbered

chip~. Each chip select line controls one odd and one even numbered device. . 
-

Data outputs are tristate. A desel ected chip is powered down , and its DR

output line is in a high impedance state. In the hybrid circuit only one odd

and one even chip may be selected at any given time. The selected chip

controls the output bus, and has both active source and sink capability.

Table 1-2 summarizes the six tests performed at the Functional Test -

Station. The referenced figures and tables document the details of each

test  (f igures 1-13, 1-14 and tables 1-3 , 1-4). The counte r pattern test -

A0 WORD VCC

ADDRESS I • 
MEMORY ARRAY

Al  — CIRCUITRY I • 64 WORD X 32 BIT
A2/5 I • VGG

A3/4 — -

H 
_ _ _ _ _ _ _ _ _ _  

i i . . . . . .  • • • •32f

— I W O R D D E T E C T O R & L A T C H
— CONTROL ___________________________

CIRCUITRY ii • . . • . • . • S •32~CL —
— •1

T R A N S F E R G A T E & 
— 0 2

TA _______________________ 32-BIT SHIFT REGISTER

DW DR

76-0766-VA-5-l 
- 

1

Figure 1-10. BORAM 6002 Functiona l Block Diagram -

S
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4€ 43 4 - ‘¼,,,_) P,~ 

. ICC

— — — — ‘.C. —
— — — 

~~ 2 
— —

— ~, — — —
• 42 5 — —

4 3 4  . 

____________________ 
_~ .1

- - TO 6~~’~-’ IS ,T 3m - -
,
~ 6

‘60766 5- 2 2

Figure 1-11 . Bussed Connections in BORAM Memory Microcircuit

_ 
—

o

Figure 1-12. BORAM Memory Microcircuit Data I/O and
Chip Select Connec tions
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TABLE 1-2

SUMMARY AND DESCRIPTION OF TESTS~ 
- -

32 B” S6 $, Aeg ’~ er R.f .rerrcer - -
N4mbe r Generii D..cr’pl~on Data P~,,.rn F.gu~i. T.bI,

1 COUNTER PATTERN ~or ro~ ‘IOrOS~ 4

addre66ng ver~f’cat,on MS 16 b,lt - 2. ‘ 2 n b~nar~ 1-13 1 3
LS 16 bi t  - 2a’ 1 fl b,r,a y 1- 14

2 ERASE RECOVERY -CH K BD CHECKER BOARD
Wnt. CHKBD BAR 10 umes a esen 1010 —10 10 1- 13 1-4 -

W ’,te CHKBD 1 I’m. & read a odd 0101 — 010 1 114 —

3 ERASE RECOVERY CHECKERBOARDBAR
CHKBD BAR

Wr re CHKBD 9 ,,mes a esen 0101 — 010 1 1 - 13 1 4 -

Wr ,te CHKBD BAR 1 tIme a odd 1010 — 10 10 1 14
& read

4 ZERO 0000 — 0000 1-13 1-3

— 
Wr ie ZER O I time & read 1 14 -

5 ONE 1111 — 1111 1-13 1-3
Wr ,t. ONE l i m e  & read 1 14 S 

-

6 READ DISTURB ONE liii 1111 113 15
Read desce 9 trees 1-1 4 -

‘NomInal s~ppI y cond , or,s ICC all lests are V CC -iSV ann VG G -- ISV.

7B 02191A 3 1 -

places unique data in every addressable row of the memory chips. This

test verif ies  proper  operation of the on-chi p addressing circuitry.  The

series of erase-recovery tests eliminate parts wi th marginal pulse response

at the MNOS transis tor  cell. The zero pat tern  and one pattern tests are in-

cluded for complet eness to insure agains t  marginal escapes from the f i r s t

three tests. The philosophy is that only a comprehensive test sequence can

be trusted to certify that a part is suitable for use.

A final test called “read disturb” was includ ed fo r exper imental purposes,

and to conform to a minimum read requirement of 10 cycles stated in the

ECOM device specification SCS5O3 (table 1-5). It happens that the BORAM

6002 circuit was designed to enhance stored data every time the part is read.

Thus reading should actually increase the data retention time. The read

disturb test is expected to verify this characteristic.

- I
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I 4~~_ ,1~~~~0~~~~_~~
__ —

Porti on of
1-me P,,od ~ - -

Phase On. ~~

Phase Two 02 [_,•j
Wr ite  Data DW 

] 
-

Read Date DR I I Dit, 
—I I 44101

N lies
I A - ,  arid F a - l e e s  10. to 90’ i~~ 50 ‘sec

0.’ ma-, chanqe at -ne t  other iSa m oon 44Cm’ pn ov - l e l  - I  1 , 0 1 - i  1 flT —

7 80219014 6 —

Figur e 1-14. Detailed Timing for Clocks and Data

1.1.3.2 Production Report

A sample copy of the production oriented test report for two hybrid cir- 
- -

cuits is shown in figur e 1-15. The reports indicate the pass or fail status of

each of the 16 chips in the hybrid.

This is an action document. It is intended tha t the r eports for each

hybrid will be cut apart , and will travel with the normal routing ticket

documentation. The technician in charge of rework will lo cate a chip to be

repaired using this report. -
Test results are printed on the report in a manner which matches the

physica l location of the die on the hybrid substrate. This similarity in

orientation was established to reduce the possibilities for human erro r in 
-

locating a specific die. 
-

* .1
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TABLE 1-3

• ‘ MEMORY TESTS LOGICAL FLOW SEQUENCE

Step Logical Operation

- 1 Setup CL per fig. 1-13a — —2 Initialize chip select counter ( i 0  and CSi CSO)
3 Setup CS1 per fig. 1-13b

- 4 Erase selected chips per fig. 1-13c
a 5 Initialize address Counter (address 0)

( - - 6 Setup address lines per fig. 1•13d
( 7 Set data pattern per table 1-2

- - 8 Load DWA and DWB shift registers per fig. 1-13e
9 Write data per fig. l-13f

10 Increment address counter (address = address + 1)
11 lf (address <64) then 6
12 Reset CSi per fig. l.13g
13 Increment chip select counter (i=i +1 and CSi CSi+1)
14 If (i <8) then 3

- 
15 Initialize chip select counter Ii = 0 and CSI = CSO)
16 Setup CSI per fig. 1-13b
17 Initialize address counter (address — 0)

- 18 Setup address lines per fig. 1-13d
- - 19 Read data to latch per fi g. 1- 13h

20 Empty DRA and DRB shift registers per fig. t.13i
21 Il (data * (per table 1.2),) then record FAIL

- 
22 Increment address counter (address — address + 1)
23 If (address <64 ) then 18
24 Reset CSi per fig. 1-13g
25 Increment chip select counter 0 = i+f and ~~

- 26 If (i <8) then l6
27 Reset CL per fig. 1.13j
28 End Routine

- 78 0332-TA-6
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TABLE 1-4

ERASE RECOVERY TESTS LOGICAL FLOW SEQUENCE

Step Logical Operation

1 Setup CL per fig. 1-13a
2 Initialize write counter (j =0) 

— —

3 Initialize chip select counter (i=0 and CSi = CSO) - -

4 Select CSi per fig. 1-13b
5 Erase selected chips per fig. 1-13c -. -

6 Initialize address counter (address = 0)
7 Setup address lines per fig. 1-13d
8 Set data pattern per table 1.2
9 Load DWA and DWB shift registers per fig. 1-13e

10 Write data per fig. 1-13f
11 Increment address counter (Address = Address + 1)
12 If -( address <64 ) then 7
13 Reset CSi per fig. 1’13g 

—
14 Increment chip select counter (i = +1 and cSi = CSi+1)
15 If f i <8) then 4
16 Increment write cou nte r (j  = j+ 1)
17 l f ( j  <11) then 3
18 Initialize chip select counter (i = 0 and ~~ = CSO)
19 Select CSi per fig. 1’13b
20 Erase selected chips per fig. 1-13c
21 Initialize address counter (address = 0)
22 Setup address lines per fig. t-13d
23 Setup data pattern (complement of step 8 data)
24 Load DWA and DWB shift registers per f ig. 1-13e
25 Write data per fi g. 1-13f ‘ -

26 Increment address counter (address = address +1)
27 If (address <64 ) the n 22
28 Reset CSi per fig. 1-13g —

29 Increment chip select counter (i=i+1 and CSi = CSi+1)
30 If (i <8) then 19 - -

31 Initialize chip select counter (I = 0 and CSi = CSO)
32 Select CSi per fig. 1-13b
33 Initialize address counter (address = 0)
34 Setup address lines per fig. 1.13d
35 Read data to latch per fig. 1-13h
36 Empty DRA and DA B shift registers per fig. 1-13i
37 If (data ~ per table 1-2) then record FAIL
38 Increment address counte r (address = address +1)
39 If (address <64 ) then 34
40 Reset CSi per fig. 1-13g 

—

41 Increment chip select counter ( i = i+land ~~1 = CSi+1)
42 If (i <8) then 32
43 Reset CL per f i g. 1.131
44 End Routine

78-0332-TA-7
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TABLE 1-5

REA D DISTURB TEST LOGICAL FLOW SEQUENCE

Step Logical Operation
-
~ 1 Setup CL per fig 1.13a

2 Initialize read ioop counter (J—0 ) — —3 InitialIz, chip select counter ( i 0  and CSi — CSO )
L. - 4 Sstup~~~per fig. 1-13b

5 Initia lize address counter (addres s — 0-)
6 Setup address lines per fig. 1-13d
7 Read dat a to latch per fig. 1-13h

- - 8 Empty DRA and ORB shift registers p r  fig. 1-13i
9 If (data ~ one) then record FAIL

10 Increment address counter (address — address +1)
11
12 Reset CSi per fig. 1-13g — —13 Increment chip select counter (i—i+1 and CSi — CSi+1)
14 lf (i <8) then 4
15 Increment read loop counter (J J+1)
16 ~f ( J <9) then 3
17 Reset CL per fig. 1-13j
18 End Routine

78-0332•TA-8 

8~~r~ A~~B~E C O P N
EC PS~-I l-4~~~~~~iJ MICPs)CIPCIJIT FuI4crl’: ’~AL 1E5
I E P I A L  5m3.2i214 t~ .-AFI

P~ CS CHIP PRSS
PASS CHIP 4 PASS

cHIP r ~~~PAS S CHIP 1

~ :r -? CIlIA i~cHri . u PASS CHIP 12 PASS
e~:~ ~: °A-S S CHIt 14 5555,
:S~ip  ~~ ss-; c -H I P  i-: P R S

S -F-Ar 1. PP12 Mll:p- :icIp: .11 FIJIICIIiThAL TE 5,
SEF :SL C.i,iC5~ 5 - 10 JAIl 75

CHIP 2 PA SS
- A lP  :- F,sSs C l-U P 4 PA$-;
1 H 1 P  PASS Cl-rIP ~C H I P  FFtSS CHIP S
c~ tp -

~ PASS CHI P 1~C-l IP t~ PASS i_HI F ~2
CHIP 1~ PASS CHIP 14 PASS
CHIP :~ PASS CHIP 1~ PASS

~1IN~M

Li Figur e 1-15. Sample Produc tion Oriented Test R eport
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1.1.3.3 Engineering Report

A sample engineering oriented test report for two hybrid circuits appears

in figur e 1-16 . Thi s r eport presents the test results for each of 6 tests per-

formed on each chip.

The engineering r eport is intend ed to allow a diagnosis of possible circuit

problems to guid e r ework action. To use thi s tool the engineer or technician - -

must be familiar with the nature of the individual tests.

As an example consider the results for chip 06 in hybrid 00015. Thi s

chip passed the counter pattern, erase recovery-checkerboard bar, zero

pattern, one pattern, and read disturb tests . This implies that the chip

functions properly. All wires must be in place, and all on chip circuitry

must operate. The chip failed the erase recovery-checkerboard test.

This implies that some memory transistor(s) are slow in recovery from

multiple clearing . Thus in this case the r ework action requi r ed is to replace

the chip.

In other cases the combination of test results may indicate a wire bond

probl em, and detail ed visual inspection would be called for.

1.1.3.4 Through Put Observations

The throughput capa city o f the BORAM func tional test station has been

examined by formulating the sequence of actions an operato r must perform,

and by timing each individual action.

In this experiment, the actions were performed by engineers who had no

significant previous experience with the detailed motions involved. Because

the engineers lack the dexterity which would be aqui r ed by a test operator ,

the observed times are believed to be pessimistic.

The scenario for a test operato r involves two phases . A “ start-up acti vity”

sequence prepares the test system and the first  group of eight hybrids for

te st. An “operating activity” ma intai n~s a continuous flow of hybrids through

the test system by rep eating a sequence of operations. It is assumed tha t -

the operator is continuously being given a supply of hybrids to be tested,

i..26
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Figure 1-16 . Sample E ngineering Oriented Test Report
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and that hybrids which have been tested are removed together with the test

reports by other personnel. . -
A working assumption is that hy brids are  br ought to the test station in a

container in groups of eig ht. The container also accommodates the routing

ticket and other traveling manufacturing docum en tation . Each hybrid is

labeled by a cont rol number or serial number easily seen by the operator.

The operator ’ s responsibility is to see that each hybrid is tested , and

i-hat the hybrids are retur ned to the proper container with the test reports .

The serial numbers on the reports uniquely relate the data to the part.

To main tain a steady flow of pr oduct the operator must use both test

channels. While channel A is engaged in testi ng eight hybrids , the operator

must unload and reload channel B. Figure 1-17 shows this operating sequence

and gives the times ob served for each element. An operator should be able

to cycle eight p... - every seven minutes .

Ent,r Serial Numbers

4j~~~O.7rn.n

1! JL
I I Unload E,gh~~~~ s 

7.Om,n _ -,
~J7 ~~~ 

o.s m.n

Test Ei ght Paris Store Parts & Reports —

5.8mr r ,,_
~,J7 1 Om.n

Load EIght Paris
3.sm.n

-

Remo ve Test Reports

4J 05 m m

8 Hybrmdt - 68.6 Hybr,ds Hour
7 M,rsjtes

78-0332-VA-Il

Figur e 1-17. Sequence of Operations for the BORAM Functional Test
S *
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For the set of assumptions given this should be a comfortable working
- rate. In terms of hybrids per hour it amounts to 68. 6. In paragraph

1. 1.1. 4, it was shown tha t an upper bound on the through put requirement

was 62 hybrids per hour.

I 

The setup activity was also examined. To prepare the test system about
- - 0. 5 minutes are required to insert the tape cartridge and load the test pro-

gram. To run the initialization portion of the program takes 0.6 minutes.
- - The initial loading of eight hybrids into test sockets takes about 3. 5 minutes.

The sum of these times is 4.6 minutes.

II
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2 . CONCLUSIONS

The development of the BORAM Function Test Station has solved the

major electrical test “bottleneck” problem for the Manufacturing Methods

Project. The co ncept of tes ting many hybrids simultaneou sly, and of oscil-

lati ng between two test channels to hide the socket loading time, has allowed

achievement of the necessary throug hput capacity .

The magnitud e of this achievement becomes more apparent when the

capability of conventional automatic chip test system s is examined . A com-

plete functional test of a BORAM die on a high sp eed test system normally

takes more than one minute. If 128 chips were t est ed (and loadi ng and un-

loading of the parts could be accomplished in zero time) approximately two

hours of test time woul d be req uired. In other words, the BOR A M Functional

Test Station can process in seven minutes more circuits than a conventio nal

automatic test system can do in two hours.
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• 3. PR OGRAM FOR NEXT INTERVAL

1 .

The primary task during the next period is the assembly of the confirma-

tory sample hybrids.

I I

a

ii
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4. PUBLICATIONS AND REPORTS

- - 

During the reporting period there were no publications derived directly

from this contract effort.

1
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• ‘ 5. IDENTIFICATION OF TECHNICIANS

I i
The followi ng key engineers and management personnel were employed on

the BORAM manufacturing methods proj ect from July to December of 1977.

Technician Manhours

- J. Brewer 413

R. Popp 300

C. Walvogel 176

- 
M. McKinno n 61

~

t

-

.“
~ t’ [ 

-

I
I

- 

5-1/5-2

H 

---- -— -—- --- -—-—--- ----- -- _- --- ~~~~ ---- ---- ---- - —.-- - ------ -



6. DISTRIBUTIO N LIST

Addr essee Qfl~ Addressee
‘ Defense Documenta tion Center 12 Chief , Intell MatI Dcv Office
- - 

ATTN: DDC-TCA Electronic Warfare Lab.
Camero n Station (Bld g 5) USAECOM
Alexand ria , VA 22314 Fort Holabird , MD 21219

Directo r 1 Air Force Avionics Lab- - National Security Ag ency ATTN : AFAL/DOT, STIN FO
ATTN: TDL Wrig ht-Patterson AFB, OH
Fort Georg e C. Meade , MD 45433
20755

Office of Naval R esear ch
Ofc , Asst Sec of the Army (R&D) 1 Code 427
ATTN: Asst for Research Arlington, VA 22217
Room 3E379, The Pentagon
Washington , DC 203 10 Commanding General

US Army Material Command
Commanding General 1 ATTN : DRCMA-EE
US Army Material Command 5001 Eisenhower Blvd
ATTN: DRCMT Alexa ndria , VA 22304
5001 Eisenhower Blvd .
Alexand ria , VA 22304 CC, US Army Missile Command

Redstone Scientific Info Ctr
Mr. William Reller 1 ATTN : Chi ef , Document Sectio n
AMES Bldg , Room 516 Redstone Arsena l, AL 35809
Wa shing ton , DC 20505

CO, USA Foreign Science Div
Commanding Officer 1 ATTN: AMXS T CE Di vision
USA Satellite Comm Agency 220 Seventh St. , NE
ATTN : AMCPM-SC-3 Charlottesville, VA 22901

H Fort Monmouth, NJ 07703
US Army Liaison Office

US Army Research Office - 1 MIT - Lincoln Lab, Room A-2 l0
Durham P.O. Box 73
ATTN: CRDARD-IP Lexington, MA 02173
Box CM, Duke Station
Durham, NC 27706

6- 1 



Addr essee Qfl~ Addressee

US Army Research Ofc - Durham 1 International Business Machine
ATTN : Dr. Robert J. Lontz Corp
Box CM, Duke Station Research Division
Durham, NC 27706 ATTN: Dr. F. Bill

P.O. Box 218
USA Security Agency 1 Yorktown Heights , NY 10598
ATTN: lARD
Arlingto n Hall Station Dr. Gordon E. Moore
Bldg 420 Intel Corporation
Arlington, VA 22212 306 5 Bowers Road

Santa Clara , CA 95951
Commander 3
US Army Electronics Command Director
ATTN : DRSEL-PP-I-PI- 1 US Army Adv Mati Concepts Agcy
(Mr. D. Biser) ATTN: AMXAM
Fort Monmouth, NJ 07703 Washington, DC 20315

- - Commanding General 1 Commanding General
US A rmy Materiel Command US Army Missile Command
ATTN : AMCRD-R ATTN: AMSMI-RFG (Mr . N. Bell)
5001 Eisenhower Blvd Redstone Arsena l, AL 35809
Alexandria , VA 22304

Advisory Gp on Electr on Devices
Commanding Officer 1 201 Varick Street, 9th Floor
Harry Diamond Labora tories New York , NY 10014
ATTN: AMXDO-RCB
(Mr. Nemarich) Sperry Rand Research Center

— Washing ton , DC 20438 ATTN: Dr. H. Van Dc Vaart
100 North Road

H Autonetics 1 Sudbury, MA 01776
Division of North American

-H Rockwell Mr. R. Weglein
ATTN : Dr. G.R.  Pulliam Hug hes Research Laboratories
P.O. Box 4173 3011 Malibu Canyon Road
3370 Miraloma Avenue Malibu, CA 09265
Anaheim, CA 92803

Stanford Research Institute 1 - -

Westinghouse Electric Corp 1 ATTN : Dr. A. Bahr
Research and Development Center Menlo Park, CA 94025 - -

ATTN: Dr. J. DeKierk
B eulah Road
Pittsbur gh, PA 15235

S i

6-2 

I



--~ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Addressee Q~ 
Addressee

Directo r 1 Mr. James Doyle
Defense Communications Agency General Electric Defense
Technical Library Center Electronics Division
Code 205 (P.A. Tolovi ) Utica , NY 13503
Washing ton, DC 20305

Dr. And r ew Tickl
Mr. Jack Kilby 1 Nitron Corporation
5924 Royal Lane 1042 0 Bubb Road
Suite 150 Cuperti no, CA 95014
Dallas, TX 75230

Dr. Patrick J. Vail
Institute Defense Analysis 1 RADC/ETSD , Stop 30
Arlington, VA 22209 Hansom AFB, MA 01731

Commander 1 Nava l Electronic Laboratory Ctr
Harry Diamond Laboratories ATTN: Mr. C. E. Holland, Jr.
ATTN: Mr. A.J.  Baba Code 4300
2800 Powder Mill Rd. San Diego, CA 92152
Adeiphi , MD 20783

Comma nder
Dr. Gerald B. Herzog 1 RADC
Solid State Technology Center ATTN : RBRM/Mr. J. Brauer
RCA David Sarnoff Research Ctr Griffiss AFB , NY 13441
Princeton, NJ 08540

Dr. George E. Smith
Mr. Harold D. Toombs 1 Bell Telephone Laboratories, Inc
Texa s Instrum ents , Inc . Room 2A323
P. O. Box 5012 Murray Hill , NJ 07974
Dalla s, TX 75222

Commander 2
AFAL/ T EA 1 US Army Electronics Command
ATTN : Fritz Schuermeyer ATTN : DRSEL-TL-ID (H. Mette)
Wright- Patterson AFB , OH Fort Monmouth, NJ 07703
45433

Naval Air Development Center
Naval Orda nce Lab 1 ATTN : Roma n Fedorak Code 2071
ATTN : Mr. Frederick E. Warnock Warxninster , PA 19067
White Oak, MD 20910

COMM/ADP Lab, ECOM
COMM/ADP Lab , ECOM 1 ATTN: DRSEL-NL-BP-l
ATTN: DRSEL-NL-BP Mr. David R. Hadden, Jr.
Mr. David Haratz Fort Monmouth, NJ 07703
Fort Monmouth, NJ 07’703

6-3 

--— -—-— -—~~~~ -- - - -



~~~~~ — --- - --~~ ~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _  
_________

:i

Addressee ,Q~~ Addressee ,Q~x.
HoneyweU Avionics Division 1 Director Night Vision Lab 1
ATTN: Richard L. Wike r USAECOM
13350 US Highway 19 ATTN • DRSEL-NV-II -St. Petersbu rg, FA 33733

Mr. Joseph Martzno 
-Mr. F. B. Micheletti 1 Fort Belvoir , VA 2206 0

Electronics Research Division -

Rockwell Interna tional Nava l Research Laboratory 1
3370 Miraloma Avenue ATTN : Dr. David F. Barbe
Anaheim, CA 92803 Code 5260 -

4555 Overlook Ave. , SW
Mr. W.H . Dodson 1 Washing ton, DC 20375
Sandia Laboratories -

Div 2116 Mr. Merto n Hom e MS UIXZ6 1
Albuquerque, NM 87115 Sperry Univac Defense Systems

Division
Carmine J. Salvo 1 p. o. Box 3525
Rome Air Development Center St. Paul , MN 55165
Griffiss AFB, NY 13441

Fairchild Semiconductor Research 1
Dr. Barry Dunbridge 1 & Development Laboratory
TWR Systems Group ATTN : Dr. James M. Early -

One Space Park 4001 Miranda Ave . -

R edo ndo Beach, CA 90278 Palo Alto , CA 10504

Nava l Research Laboratories 1 Commander 1 -

ATTN : L. Palkuti , Code 5216 Air Force Avionics Lab AVTM
Wa shing ton, DC 20375 ATTN: Dr. Ronald Belt -

Wright-Patterson AFB, OH 45433 -

General Electric Co. 1
R esea rch & Development Cen ter Naval Air Test Center 1
ATTN: Dr. J.J. Tiernann ATTN: SY-43/SETD
Schenec tady, NY 12305 Mr. James McIntyr e

Patuxent R iver , MD 20670 1 ;

Marketing Department 1 -
Bell-Nor thern Research Ltd. Dr. Yukon Hsia 1
P.O. Box 3511, Station C Actron --
Ottawa, Canada KIY 4H7 700 Royal Oaks Drive -

Monrovia , CA 91016
Reliability Analysis Center 1
RADC (RBRAC) John Reekstin , Mail Stop HA-3l
ATTN: I. L. Krulac Rockwell Interna tional
Gr iffiss AFB , NY 13441 P.O. Box 3105

Ana heim, CA 92803
j

L ~



- ______________________________

P
I 

- Addressee 
~~
y Addressee

Young D. Kim Dr. Wendell Spenc e
NWSC Code 3073 Nitron
Crane, Indiania 47522 10420 Bubb Road

Cuperti no, CA 95014

~

- 

~~

---

~

I ‘

- 
- 

1 
6-5/6-6


