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1.0 INTRODUCTION

Hybrid microelectronic circuits continue to fu l fill a growing need in

military avionics systems where physical size (volume and weight) and per-

formance requirements cannot be met by the more conventional packaging

techniques such as discrete components on printed wiring boards , and where

cost and schedules preclude the use of more advanced methods . The military

market is generall y characteri zed as fast turnaround , high reliability, and

low to medium volume for any one cir cuit type . A system is usually composed

of a large number of diverse circuit types with usage of only 100 to 2000

circuits per year. These moderate quantities, coupled with l ower nonrecur-

ring design cost and shorter development times, often makr~ hybrids ~n

econom ic choice over custom LSI/VLSI . The hybrid market is dynamic and

growing making it difficult to arriv e at an 3nnual sales fi gure ; further

most major aerospace companies have captive hybri d microcircuit facilities

serving their system needs . However , estimates of the tota l military

hybrid market for FY 1973 , based on data received from the questionnaire ,

is $250 to $300 million , assuming an average price range of $250 to S300
per circu it.
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2.0 OBJECTIVE OF THE PROGRAM

Though the benefi ts of using hybrid microcircuits in military avionics

systems are wel l established , hi gh cost and occasional reliability diffi-
culties have been major concerns. The cost of the most complex military

hybrid microcircuits has been reported to be as hi gh as $3,000, though a

representati ve pri ce is between $200 and $300. More so than cost , rel ia-
bility is of concern because of the complexity and wide variety of materials

and processes that can be used and are being used . Opportunities therefore

exist to:

a. reduce the cost of hybrids

b. improve reliability

c. provide guidelines and specifications for the qualification and

contro l of m a t e r i a l s  and processes

d. provide a measure of standardization of end i tem use

The objectives of this program were f irs t to defi ne the major cost
drivers and sources of reliability problems , and second to defi ne programs

that wil l be in the interest of NAVA IR to reduce costs , an d assess an d
improve reliability .

— 2—
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3.0 APPROA CH

In forma ti on on cos t fac tors , rel i ability , unique problems associated
with hybrid microcircuits , and technical areas requiring further research

and development were retrieved from two main sources . These were :

(1) The open lite rature including conference proceedings ; and (2) contacts
via a written questionnaire ; telecons wi th selected individuals in industry ,
government and universities; and finally on-site visits . A chart of these

sources of information showing the general sequence of steps that were
followed is given in Figure 1. Based on an assessment of these data and
a knowledge of hybrid technology programs already performed or in progress,
program recommendations in vario us technology areas were made and priorities
assigned.

—3—
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4.0 LITERATURE SEARCH AND ANALYSIS

The object ive of this portion of the study was to conduct both a
computer- controlled and manual literature search of all publicati ons and
conference presentations on the subjects of hybrid microelec tronics ,
hybrid microcircuits , thick film circuits , and thin film circuits for the
past three years — 1975 , 1976 , 1977 — to collate the data in specific

subtopics and to draw conclusions on trends in research and devel opment of
hybrid microcircuits , cos t factors , and re lia bi l it y problems .

4.1 Computer Search

The computer search was performed usi~ g the INSPEC , Science Abstract
Index for the Electrical Category B. It should be noted that a computer
search of other categories (e.g., Physics or Computer) or of other indices

undoubtedly would have resulted in many more articles but the present search

was considered representative . Of the 388 articles that resulted from the
search , fi ve were either str ict ly device oriented or were not appl icable to

hybrids and were excluded leaving a total of 383 abstracts. These were then

col lated into ten genera l subjects wi th  the number of papers treat ing each
subject recorded (see Table 1). If an article covered more than one subject ,

it was counted severa l times . Hence , the total number of subject ar t ic les
expanded to 465. The ten genera l topics were then further subdivided into
more specific topics. The number of articles for each subtopic is g iven ~n
Tables 2 through 11 . Abstracts of the references used from the computer
search are provided separately in Volume Il.

4.1.1 Results and Interpretati on of Results from Comouter Search

The conc lu s i ons d rawn from an ana l ysis of papers and publications may

be biased by a few pro lific wri ters on a particular subject which may or

may not be critical to hybrid cost or reliabilit y . Conversely, s~b~ects

of iita l interest are not necessari li reported in the open literature .

Therefore , a large number of articles in one subject matter does not
necessari l y indicate the need for funding by the government. In fact , it

-5-
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may indicate considerable inte rest and activity on the part of industry

and tha t industry will continue to sponsor those programs . It is therefore
important that the results of the literature search be considered together
with the questionnaire and survey results. However , assuming that the
quantity of technical articles is related to activity and concern in the
hybrid microcircuit industry , the following may be stated.

(1) The number of articles in thick film circuits (153) was about
equal to the n umber in thin films (156) indicating about equal
activity in both areas , and each constituting about 33% of the
total articles.

(2) The numbe r of foreign articles was 55% of the total . Th is

probably does not indicate disproporti onate off-shore activity
in hybrid m icrocircuits because most of the artic les were o~ a
review , general , or tutorial nature .

(3) A prep onderance of thin film articles was concerned with soecif ic

circuit applications rather than technology . This was less true
of thick ~ilms and is not surprising considering the maturity of
the thin film process relative to that of thick films .

(4) For thin films , besides circ u it applications which comprised the

largest number of papers , there was considerable emcnasis on
resistors , dep osition methods, and production methods.

(5) The next bi ggest category after thick and thin film s was that of
interconnec tions (7~.) followed by design , failure modes and
mechani sms and testin g. eac h of which was also about 7~ .

(6) In the art icles on testing, there were as many test methods as there
were articl es. There was no oa rti cu lar emphasis or extensive work on

any one test method. This could be an indic 3tor of confusi on in test-

ing anc may suggest a need ‘or guidelines or standardization.

-6-
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(7) In thick fi l ms , besides articles on circuit applications and genera l

review art ic les , the  nex t  two biggest categories dealt with resis-

tors and conductors .

(8) The articles on interconnections were fairly evenly spread over

a numbe r of subtopics but the two areas receiving the most
attention were A l wire bonding and solder attachment.

(9) Other categories conta ining six or more papers included computer-

aided desi gn , moisture and moisture effects , wire bonds , conta rni—

nation , epoxy attachment , and alumina substrates.

1 
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TABLE 1 . MAIN TOPICS AND NUMBERS OF ARTICLES FOR EACH TOPIC

Thick Films 153
Thin Films 156
Interconnections 33
Attachment 9
Design 28
Failure Modes/Mec hanisms 24
Encapsulants/Coating s 10
Package Sealing 7
Substrates 22
Testing 24

Total 465

TABLE 2. THI CK F ILM SUBTOPI CS

Conductors 24
Resistors 27
Capacitors 5
Multilayering 7
Equipment (10 articles are concerned
with screens) 16

Circuit Applications 48
Review/ Genera~ Articles 25
Microstructural Stud ies 

______

Total 153

-8-
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TABLE 3. THIN FILM SUBTOPICS

Conductors 9

( Resistors 24
Capacitors 5
Deposition Methods 12
Circuit Applicati ons 77
Rev i ew/General Articles 8
Production Experience 12
Photoetching 3
Analysis
Other (Structure and Properties) 2

Total 156

TABLE .1. INTERCONNECTIO NS

Automated Bonding 2
Ribbon Wire 3
Al Wire Bonding 7
Au Wire Bonding 3
Beam Lea ds 4
Crossover Systems 4
Solder Attachme nt 7
Lea d Frame A ttac hmen t
Berg Connectors
Wire Bond Strengths 1

To ta l 33

-9-
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TABLE 5. ATTACHMENT (DEVICES/SUBSTRATES)

Epoxy Attachment 7
Al l oy/Eutectic Attachment 2

Total 9

TABLE 6. DESIGN

Computer Aided Design 13
Standardizatio n 3
High Density Circuits 5
Specificatio ns and Guidelines 3
Thermal Dissipatio n 4

Total 28

TABLE 7 . FAILURE ~O D ES /N ~EC HA NI S~S

~oisture and Moisture Effects 4
Electromig ratiOn 3
Adhesion 3
Contaminat ion/Corrosion 6
W i re Bonds 7
Beam Leads 1

Tqtal 24

-10—
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TABLE 8. ENCAPSULANTS/COAT INGS

Glassivation 4
Plas tic Encapsulation 4
Organic Coatings 2

Total 10

TABLE 9. PACKAGE SEALING

Low Temperature Seam Sealing
Solder Sealing
Projection Resistance Welding I
Epoxy Sealing 1
Packages for Thick Film Circuits 2
Encapsulation 1

Total 7

TABLE 10. SUBSTRATES

Printed Circuit Epoxy
Polyimide 3
Micaply 1
La rge A rea Su bs t ra tes 2
Substrates With Vias £
Fused Silica
Alumina 9

- Physical Defects in
- Laser Cutting
- Bowing After Multilayering
- Surface Characteristics
- With Cr 2O 3 and MgO Addit ives

Total 22

— 11 —
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TABLE 1 1. TESTING (ELECTR:CAL AND SCREEN TESTS)

HerTneticity 1
Adhesion of Thin and Thick Films 3
Qualification (of Thick Film Pastes) 2
Wire Bond Tests
Photoresist
Acc elerated Life Tests
P I N D  1
Electrical 2
Solderabi l i ty 1
Visual
IR Scanning ~i icroscopeHalography 1
Fault Diagnosis (Computer Aided)
Backscatter Spectrosco py 1
Auger Spectroscopy
Therma l (by IR Radiation)
Temperature Distribution (Comput.~r Aided)X—ray Di f f ract ion Stress Ana lys is
Ion Microprobe Analysis of Contaminants
Stress Wave Em ission Analysis for Microcracks 1

Total 24



4.2 Manual Search

In audition to the computer search , a manual search and review was made
of articles presented in 1977 at ISHM , Reliabilit y Physics Symposium , COM PCON ,
IEEE Electrical Insulation Conference m d  American Vacuum Society/ISHM;
and in 1976 at the A rmy Hybrid Microcircuit Symposium . in  t h i s  search , 100
art ic les we re assessed and c lass i f i ed  into 11 genera l categorie s. Ar ti cles
tha t covered more than ore subject were included in several categories.

4.2.1 Results of Manual Search

Twenty-four percent (the largest ‘~) of the articles was in the area of
thick film circuits. Thin f i l m articles , however , were sparse (onl y 7 out
of 102). After thick films , the nex t largest category dealt with inter-
connections and bonding (20%), followed ~y failure ara ysis (12%),
tests and quality control (9%), and design (9~). A list of the categories
and number of papers per category is given in Table 12. It is interesting
t h a t , as wi th  the computer search , the second biggest category was again
interconnection/bonding and the Onird , fourth , and fifth categories were
failure analysis tests, screen tests and desi gn factors . A bibliography o~
references used in the manual search is given in Appendix A.

-13—
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TABLE 12. TOPICS OF CONFERENCE PAPERS AS INDICATORS OF
INDUSTR Y EMPHASIS IN H Y B R I D  MICROELECTRONICS

Thick Films (24)

Conductor Characteri zation (1)
Con duc tor A dh es ion (2)
Qual i f icat ion (2)
Resisto r Trirwning (3)
Resistor Characterization and Reliability (5)
Large Area Substrates (3)
Mu ltila yer Thick Films (3)
Thick Films on BeO Substrates (2)
Pol ymer Thick Films (1)
Fine Line Printing (1)
Applications (1)

Thin Films (2)

Photores ist Testing (1)
Conductor Spray Coat ing (1)

Interconnections (20)

Tape Carriers (8)
Automated ~ire Bonding (1)
Beam Lead Bonding (2)
Bump Bonding (3)
Chi p Carriers (2)
Wire Bonds (3)
Spider Bonding (1)

Failure Analysis (12)

Moisture Problems (9)
Electrical Shorts (1)
Beam Lead Fatigue (1)
Genera l Failure Modes (1)

-14-
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TABLE 12 (cont)

Tests/Quality Control (9)

Hermetic ity (1)
Qual ification and Quality Control (3)
Wire Bonds (2)
Photoresist (1)
PIND ( 2 )

Design (9)

Package Desi gn (2)
High Density Packaging (1)
Large Scale Hybrids (1)
CAD ( 1 )
Optical Coupling (1)
Powe r Hybrids (2)
High Temperature (300°C) (1)

At tachment Ma teria l s and Processes (5)

Epo xies (5)

Subst rates (5)

Insulated Metal (1)
BeO ( 2)
Pyrolytic Boron Nitri de (for M Cs) (1)
Ceramic -Impregnated Te ’lon (~or ~~Cs) (1)

Coatings and Encaosulants (4)

General Encapsu lant s (3)
Particle Im rn obi li zinQ Coati nas (1)

Microwav e Circuits (9)

Substrates f~r (3)Design (
~

)
Pro cesses (2)

Other Categories (fl

Cleaning (1)
Standa rd Electron ic Modul es (SEM) (2)
Packaging and Seal i ng (5)
Yield Impr ovements (1)

— 15 —
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TABLE 12 (coot)

Design (10)

Pac kage Des i gn (1)
Hi gh Density Packaging (1)
Large Scale Hybrids (3)
CAD ( 1 )
Optical Coupling (1)
Power Hybrids (2)
Hi gh Temperature (3OO~C) (1)

A t t a c h m e n t  Materials and Processes (6)

Epoxies (4)
Solder (1)
Impurities in Au/Sn Preforms (1)

Substrates (5)

Alum ina (2)
Insulated Metal (1)
BeO (2 )

Coatings and Encapsulants (4)

General Encapsu lants (3)
Particle rmob ilizing Coatings (1)

Microwave Ci rcu i ts  (9)

Substrates for (3)
D e s i g n  (5)
Filters (1)

Other Categories (7)

Cleaning (1)
Standardization (SEM) ( I )
Packaging and Sealing (1)
Yield Improvements (1)

-16-
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5.0 SURVEY

A survey of hybrid microcircuit cost and reliability factors and
state-of-the-art technology was performed by both a questionnaire and
selected on—site visits.

A “Hybri d Microcircuits Cost and Rel iab i l i ty  Survey ” questionnaire was
prepa red and sent to 38 firms . The firms represented a broad cross-section
of those involved in hybrid microcircuits and included manufacturers , users ,
governmen t agenc ies , and unive rsities. A list of the firms and their addresses
is given in Table 13. Completed questionnaires were received from 30 of the
38 fi rms. On—site visits were made to the 10 firm s listed below :

Company Address

McDonnell Doug las St. Charles , MO
Ele ctronic Cormiiunications, Inc. St. Petersburg , FL
Honeywell St. Petersburg , FL

Norden Norwalk , CT

Micropac Garland , TX
Sandia Laboratories Albuquerque , NM

Hughes Fullerton , CA

Hughes Newport Beach , CA
General Dynamics Pomona , CA
Beckman Instruments Fullerton , CA

5.1 Duesti nnaire

The questionna i re was structured into eleven sections. The first three

sections contained general questions directed pr~mar ily to the manager t~
the Hybrid Microelectr onics Department or one of his staff eng ineers who

has cognizance over all facets of the hybrid activity . The remaining sections

dealt with speci’ic technical areas and were di~-ec tec to experts in these

areas (a copy of the questionna i re is given in ~pp endix B).

For purposes of the questionnaire , a hybrid mic rocircuit was defined

as a film circuit to which discrete active and or passive components k ave
been added. These J iscrete componen ts can be single res isto rs. capacitors.

transistors , diodes, i nductors , and silicon or saophi re integrated circuits

— l 7. 
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TABLE 13. FIRMS THAT RECE:VED QUEST :JNNA:RE

Firm Address

Kaiser Electronics 1681 Page Mill Rd.
Palo Alto , CA 94306

John Hopkins Univ. 8621 Georgia Ave.
Applied Physics Lab. Silver Springs , MD 20910

Westinghouse P .O. Box 746
System Development Div. Baltimore , MD 21203

Tektronix , In c. P.O. Box 500
Beaver ton , OR 97 077

Sperry P.O. Box 21111
Fl ight Systems Phoenix , AZ 85036

Sandia Laboratories P.O. Box 5800
Kirtland AFB , NM 87115

Rockwell Interna t ’l . 12214 Lakewood ~lvd .
Space Div is ion Downey , CA 90201

Rockwell Internat i . P.O. Box 10062
Elec tronic Devices Div . a ll a s. TX 7 520 7

Rockwell Internat ’l. P.O. Box 0192
Electronic Devices Div. Anaheim , CA 92803

Raytheon Corporation Hartwell Rd.
Missile Systems Div. Bedford , MA 01780

McDonnell-Douglas P.O. Box 426
Elect ronics Co. St. Charles , MO 63301

Hughes Aircraft Co. P.O. Box 3310
Ground Systems Div . Fullerton , CA 926.34

Hughes A i rcraf t  Co. 500 Superior Ave .
Microelectronics Div. Newport Beach , CA 2663

Honeywell Avionics Div .  13350 U.S. H i c n w a i 1?
St . Petersbur : , L 33733

Bendix Co rporation P.O. Box 1159
Kansas City. MO 64141

Un ited Technologies , Helen St.
Norden Divi sion Norwalk , CT 06856

-18-
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TABLE 13 (cont)

Firm Address

*Beckman Instruments , Inc . 2500 Harbor Blvd.
Hel ipot Division Fullerton , CA 92634

Hewlett Packard Co. 815 Fourteenth St.
Loveland Div is ion Loveland , CO 80537

*Litton Data Systems Div . 8000 Woodley Ave .
Van Nuys , CA 91409

General Dynamics , P.O. Box 2507
Pomona D i v i s i on Pomona , CA 9 1766

Applied Technology , 525 Aln ianor Ave .
Division of I TEK Sunnyvale , CA 94086

Army /MIR.ADCOM Redstone Arsenal
Huntsville, AL 35809

M a gnav ox 2329 Maricopa
Torrance , CA 90503

GTE , Sylvania P.O . Box 188
Electronic Systems 3r’ouo Mountain View , CA 94042

Micro pac 905 E . Walnut St.
Garland , TX 75O~O

Univers ity of So. Florida Tampa , FL 33620

Interniedics, Inc. P .O. Box 617
Freeport , TX 77541

N ASA , Johnson Space Houston, TX 77058
Flight Center

NASA , Marshall Space Marshall Space Fl i ght enter
Flight Center AL 35812
Astrionics Division

.Army/ECOM Ft. Monmouth , NJ 07703
Electronics Technology &
Devices Lab.

*RADC Gri fiss Air Force Base
NY 13441
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TABLE 13 (cont

F i rm Address

*Aerospace Corporation P.O. Box 92957
Los Angeles , CA 90009

TRW Systems Group One Space Park
Redondo Beach , CA 90278

*Texas Instruments Dallas , TX

*NorthrOp Electronics 2301 WE. st 120th St.
Hawthorne , CA 90250

*Hewlett Packard Co . 1 900 Garden of the Gods Road
Colorado Springs , CO 80907

*Hewlett Packard Co. 1 400 Fountain Grove Pky.
Santa Rosa , CA 35421

E d ,  Division of E-Systems P.O. Box 1 2248
St.  ~etersburg , FL 33733

*Indicates questio nnaires not returned.
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or any combination of these Jev ces. The circuits may be packaged or unpack -
aged but we re assumed to be packaged unless otherwis e indicated. The mai i
interest was in circuits fabricated on cerami c substrates.

5.2 Results of i?ues tionnaire

The responses to selected questions from the questionnair e that were
considered most important were collated and are presented in Tables 14
through 36. Brief summaries are given for eacn tabl e. These ~esult s
orovide insight into the major cost and reliab i lity factors as ident 4fied
by industrial firms and gover nm ent agen cies and should be use ful in de~~ninc
and ~1annin g future programs that will result in substantial cost reductions
and reliability improvements of hybrid micro circuits. Since , in some cases ,
sensitive info rmation is g iven , the various companies are not identified
but are listed by a Code Numbe r (1 through 30). T~-ese numoers JO not
correspond to the listing of the companies in Table 13.

5.2 .1 Hi gh and Low Cost Contributors in the ~a n u f a c t u re o f Hybr id Mi crocircuits

Questionnaire recioient s were asked to rank cost contribu tors and indi-
cate the approximate percentage contribution of each to total tybrid cost.
Ei ght categories (Questionnaire , Section II , Ouestion 1) were recommended
for ranking. Further , the recioier ,ts were also asked to identif y and rank
toe major cost eleme nts for each of the three categories tney had ranked as
the top cost contributors . The co ll ated answers for toese quest~ cns are given
in Tables 10 throu gn 13 . ~n summ ary , the three highest cost contributors
(Table 14) were reported to be As se~bl y and Packa ging Processes (7Th o

i rms reported) , Fabrica t ion ‘1 a ter ia js and Devices (6Th), and E l ectr i cal

Testing (0Th). The categor ies ranked as l owest cost contr ibutors Nere
Screen esting. Substr ate Thbric at ion Processes , Documentation and Custome r
:nterface , and Rework ~ abl e 15).

Key cost fa :to~s ~or the Fabr ication Mater ~ als and Devices category
were Act ive Devices (including ICs . ~CS/LSI , and transistor s ) and Packages
(Table 16). Other hi gh cost elements for thi s categor y ~ere custom cacaci-
tors and resistors , noble ~et al s, and substrates. :n toe Ass emb ly and Pack-
acing Processes category , the ~ev cost factors recortec .~ere 4ire Eondi ng .
Device and Substrate Attachment, 3nd Sealing (t able 17) . Otner high cost

-21—
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elements included In—L ine Inspection and Cleaning and Handling. For the

third high cost category (Electrical Testing) the two main cost factors

were reported to be high-low temperature testing and hi gh-low -nom inal vo l tage

testing (Table 18). A summ ary of all key cost factors is given in Figure 2.

5.2.2 Cost of Military Hybrids Compa red to Commercial Hybrids

The responses to the question of what factors make hybrids of comparable

comp lex ity mo re expensive when they are produced for mil i tary appl icat ions
than for commercial appl icat ions are s ummarized in Table 19. The majority

of the fi rms reported that Screen Tests and Test Requirements , an d Docu-
mentation and Record Keeping were the key cost actcrs . Other major reasons
identified for the higher cost of military hybrids as compared to commercial
hybrids included inspection , material limitations , and requirements for
specification grade components. Among the CC aterial limitations mentioned
were the requirements for the use of hermeti c packages (gold-plated meta l
packages) and for the use of eutectic alloy in attaching die and subs trates.

It is interesting to note tha t screen testing was ranked by a majority

of firm s as among the l ower cost contributors to the total cost of hybrids

(Table 15), but ranked as one of the top two ~actors that contributed most
to the additional cost of military hybrids. The interpretation of this

apparent inconsistency may be that when answering the general question con-
cerning major cost contribut ors , both milita ry and commercial hybrids were

considered and the performance of screen tests was not generall y cons idered
to be a costly i tem . Howeve r , when comparing one cost of military to

commercial hybrids , the additional screen testing and resultant yie ld loss
become s a major cost element.

5.2.3 Reliability of Hybr id ~1icroci rcuits

Several questions concerning the reliabi 1 ity of hybrid microcirc u its
were asked. These included the following:

(a) What do you consider to be the key factors affecting the
reliabilit y of hybrid m icrocircuit s ?

(b) That do you consider to be the too pers isten t ai lure modes

in hybrid microcircu it s?

-26-

_ _ _  ~~~- -~~~~~ -~~~~ --~~~~



--C--- - - CC--- -- - .  - .

C)

3 C-

C cc
5—
C

— cc. ) - 1

cc-

C

CC
.t) C).

3-

-C)
—S_ S

5- 0 - ’ - ’
- cc

5-

U,
—

C c c :~~~~~Z
I— ~~-:~~ -:
C-) C C -  C- - ‘ C-

“C. . ) !  
—Li.. - - -C

0.-, — — —
5—

C-
C cc — -~ 

—

5-
1~/~ 5_  -
C-i C - - ) ,, .3
5—

C C C I
1’.)

C-)

- C-_ 
CC

C-) 3 ”  —

C-) 0
C— CC— .‘ 0 cc

C-)
cc

C

— C’’ 0 C:C ,.cC CC
C — — -

C- -C  C- C- C - C -  C-

-C- ) c — — — — —

C C C C C <~~~~~~~~ X C C C C C C C C  C C C

~ z z ~~ Z — Z z Z CC

— cc ‘C ~~ .rc . 3 c c  CC •~ — cc ‘C ~~ C) cc .3 — cc cc ~~ _-, .3 - C  -
0 0  cc cc cc cc cc cc N. cc N. N. ‘C

‘-E C-N

-27-

- -- C ~~~~~~ .---. . -~~~~~~~~~~~~~~~
- - .  --



‘C-—C -C- C. -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ — --C- ‘- ‘ C - - -

- Active Devices , ICs , NIOS/LSI ,
transistors .

Fabrication Materials & Devices - Packages

- Custom Resistors , Capac itors ,
Noble Metals , Substrates

- W ire Bonding

- Device and Substrate Attachment

Assembly & Packaging Processes - Sealing

— In-l i ne Ins pec ti on

- Cl eaning/Handling

- Hi-Low Temperature Testing

Electrical Testing - Hi-Low-Nomina l Vol tage Testing

— Fault Isolation

Fi gure 2. Summary of Cost Orivers for
Hybri d Microcircuits
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(c) Should the government sponsor !ore ba sic failure mechanism studies ;
and if so , in what specific areas?

The responses to these questi ons are given in Tables 20 , 21 and 22 ,
respectively.

The maj or factors affect ing nybrid re l iabi l i ty  (Th ble 20) we re
ident ified as active device chips (15 of 30 compani es); wire bonds (11 corn-
o an i e s ) ;  contro l of mater ia ls ,  components and proce sses (10 companies);
poor desi gn oractices (9 companies); moisture and other contaminants (8 com-
panies; and seal integri ty (6 companies).

Two oredom inan t categories we re i dent i f ied  as top pe r s i s t en t  f a i l u r e
modes. wenty-~~ve of the 30 companies (530.) reported wi re bonds , and 2 4
of the 30 companies (30~-) reported be~ect ive semicond uctor dev ices. Other
major catenori es were c~nta~ ina t io n (13 of the 33 companies) , and moisture related

(7 of the 30 companies). :f contamination is grouped together wi th moisture ,
because  most cont am ination—r ’ela ted failures requ ire the oresence of moisture ,

then this category becomes the thi rd most imp ortant (20 Out of 30 companies).

Other significant failure modes reported in cluded leak y packa ces , defective

caoacitors , and film m eta ll ization problems . ~Thble 21.)

4s shown in Table 22, 25 of t~e 30 companies (33~) ‘elt that the govern-

ment sr ouli sponsor mo re basic failure mechanism studies and reconr~ rded 23

study areas. trees recommended most frequentl y were Sources ‘-1o~sture /

~1cis ture E”ects 1 ’Moisture Control (8 :onoanies), p art i c l e Con tami~ art Effects

and Conta mination Sources (7 compan ies) , ‘4ire Bond Fa ilure Studies (7 com—

oanies) , and ~at eria l s Compatibility Study (7 companies).

5 .2.0 Tape Automated Bonding

Then quer ied as to whether or not they elt tnat the tape corn er

aporoach to automated bonding will substant iall y benefit t~e assembl y of

mi litary h yb rids , the rn ai ori ty o~ the com pani es answered t hat they did

(17 yes , 10 no , see Table 23). However , those that ar .swe—ec ~es ~er e ral l y

.Ouali ~~ed the ir answe r that tape car-~ er is best suited to h u h  coi~ me and

to less com olex circ u its. The ain advantaqes cited were oretest~na and

burn — in ca p abilities with resulting higher r eliab i lity . Several of the

respondees expressed serious :crcern ~b cut tne availabil ity ~f a .-~id e range

of devices in tape carri er form an~ believe that the m ili tary hybr id  ir .cust’-y

wi ll have the same orcbiem s as they bad wi th team -leaded dev ices ,
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5.2.5 Studies To ~o1h ich Companies .~re Comm ittin g Discretionary Fun ds

The hybrid technology areas to which the various companies are presently

commi t t ing  or are planning to commi t their discretionary funds (burden , :R&D,
etc.) are listed in Table 24. As shown in this Table , 21 companies are

conducting or are planning to conduct studies in 32 different areas. Five

companies are conducting studies of Tape Carrier Assembly while three each

are conducting studies related to Large Area Multilayer Hybri ds , Low Cost
Hybrid Designs and CAD , Base Metal Thick Fi l m Conductors , Bonding and Attach-
men t, Automatic Wire Bonding, and High Density Multil ayer Thick Films .

Undoubtedly, there is conside rable overlap in the studies being conducted

by the various companies but this cannot be determi ned from the information

reported. However, as indicated , there is considerable activity in the

hybri d area and companies are committing their discretionary funds to the

solut~on of the related problems .

5.2.6 Hybrid Microcircuit Studies Recommended by the Var ious  Compan i es

The companies were solicited to recommend studies rang ing from basic
research to manufacturing technology that should 5e perfo rmed
to reduce the cost or improve the reliability of nybrids. Requests ~or st’~dy

recommendations were made both in the general section of the questionnaire

that was directed to manage ment , and in the sections of the questionnaire

dealing wi th specific technology areas that were directed to the exoerts

in these areas. The responses were separatel y collated and are presented

in Table 25 and Tables 27 through 36. The programs recommended in response

to the request in the general section of the questionnaire are listed in

Table 25. Stuoies recommended in each of the specific areas (Computer Aided

Design , Hybrid Design , Ma ter ia ls / Dev ices , Thin Films , Thick Film s . Component ,”

Substrate Attachment and Interconnect Bonding, Package Sealing, Electrical

Testing, qua lit y Control/Quality A ssura nce, and Rework ) are listed ir Tables

27 through 36. As would be expected there is an overlap between the orograms
or studies recommended in Table 25 and those recommended in Tables 2 throu~ n

36.

As seen in Table 25. the thirty companies recommended 36 separate i tems

that they feel require government finding 3or continued advance ment in the

—35- 
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hybrid microcircuit state-of-the—art . Leading the list , with 16 fi rms making

the same recommendation , was a study to Develop Low Co5t, High Reliability

~y,~rid Packaging and Sealing Methods. The second major recommendation (10
fi rms) was to Develop Low Cost Automated Assembl y Processes for 3oth Device

Attachment and ‘~ire Bonding . When the projects were grouped in general

categories (Table 26), the top three subject areas were Interconnections ,
Testing, and Packag ing /Seali ng . A brief summa ry of the studies recomended

in each of the specific a reas (Tables 2; through 36) follows :

(a) Computer Aided Desi gn (Table 27) - When asked if further advances

in computer -aided design were necessary to reduce hybrid costs ,

15 companies answered yes , five answered no, and 10 did not give

an opinion. The two primary areas in which further effort was

recommended were Automatic Placeme n t/Layout (Artwork Generation )

(11 fi rms) and Automated Documentation (5 fi rms).

(b) ~y_brid Design (Table 28) - Sixteen of the 30 companies felt that
the government should sponsor programs to standardize on design

guidelines for industry while 13 felt it should not. Therma l
Design and ~ yQut Practices (Design Aids ) received the most mention
followed by Package Standardization , Size Standardization , and Large
Area Hybrid Design. Other recommended studies included R e l iability /
Cost Versus Technology/Applications Tradeoffs , Cost Versus Dens.j~ L
Size Tradeoffs and Next Level Packanin ,g. The latter study would be
a necessary requisite for the Package Standardization study .

Cc) Materi a~s/Devices (Table 29) - The responses to the quest~on on
recommended pronrams for hybrid materials and devices was quite

varied . Many companies erroneousl y recommended programs in device
testing, assembly, and processes unde r this category . Twenty-four
companies recommended 24 study programs . Nine of the studies dealt

with substrate m ateri al s, seven were device related , three package

related , and five were in miscellaneous categories . The studies

most frequently recommended were Development of Low Cost Thick Film
Metal ]i:ation W i th ~mcrcved Bond Reliability ~5 companies); Develop-
ment jf Finer Gra i ned, nco;”c’-. ~~‘~mi na Subs trates  ~~~ companies);

and Deve~ocrrent of Improved Adhesives (3 companies). interest was
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also shown in the development of multilayer substrate ma terials
(polyiniide , cofi red , thin film ). In the device area , the prima ry

emphasis was placed on developing the capability for testing and

burn — in of devices at the chip level . In the packaging area ,

improved design and producibility , plating improvements and non—
nerinetic packaging were recommended for study . Moisture monitoring
devices and contaminant protection coatings also were recommended
for study by two firms each.

(d) Thin Films (Table 30) - A wide variety of studies were recommended

(17 companies recommended 20 different studies) with generally no

more than one company recommending a particular proaram. Most of

the studies proposed were vague and appeared to be specific problems

that a particular company was having rather than one that most com-

panie s were encountering. As examples , Automated Dynamic Resistor
Trimming (a study recommended by 2 companies) is already being done

by many firms and Improved Fixturinq and Handling (recommended by
one company ) is generall y not a problem . Three programs were excep-

t ions , these were Development of a High Density Th in Film Multflayer

Process (T companies), Development of Processes to Batch Fabricate

Wide Range Sheet Resistivity Materials on the Same Substrate (4 corn-

pan ies), and Development of High Stability Resistors and Resistor

Passivation Coat ing s (4 companies ). Other programs each recommended

by at least two firms included evaluation of dry processing methods
to replace wet chemica l methods presently used , development of pro-
cesses for conductors and resistors with finer lines and spacings
(0.5 to 1 .5 m ils) in high yield , investi gation of non-precious metal

sputtered films as alternates to gold , and development of methods
for sawing , separating, and inspecting ceramic substrates.

(e) Thick Films (Table 
~]J - A tota l of 24 studies were recommended by

17 companies . The following three studies were recommended most

often (by 5 different companies): Evaluation of Non-Noble Metal

Conductors , Development of mproved Resistor Inks , and Improvement

of Conductor Auhesi on and ~Jire Bondab ilit i .
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(f) Component /Substrate Attachment and Interconnec t Bonding (Table 32) —

Chip and substrate attachment and device interconnections were

reported among the top major contributors to high cost and poor

reliability . rn response to the question What programs or studies

in the areas of component attachment , substrate attachment, or inter-

connect bonding would you recommend? , 21 companies suggested 26

different studies . The study recommended most often (7 out of 21

companies) was Development of Tape Carriers With Alternate Device/

Tape Bumping Methods. Other studies most frequentl y recommended were
Development and Eval uation of Improved Adhesives , Development of

Automated Wire Bonding, and Development of Improved Bond Characteri-

zation Techniques.

(g) Package Sealing (Table 33) - Seventeen of the 30 compani es indicated
that they do not have package sealing problems . The remaining 13
companies suggested 16 diffe rent studies. Five of the studies dealt
with sealing methods and equipment , four each were concerned with
sealing materials and analytical methods , two were concerned with
package materials , and one with specifications and contr ols .

(h) Electrica l Testin,,g~ (Table 34) - The majority o’~ the companies (20
out of 30) had no recommendations in thi s area . Howeve r , the 10
responding companies recommended seven programs . and 0ive of the 10
companies recommended that work should be oer~o rmed to Develop
Automatic Fault Isolation Procedures.

(i) Quality Control/ Duality Assur 3nce (Table 35) - A ccording to the
responses of 24 firms , quality control/quality assurance activities
account for an average of 20 percent of toe total cost of a hybrid
with a range of from 5 to 40 percent. ~~C the 30 firms nueried ,

18 rcsponded that no study programs should be oerforrned in the area
of quality control/quali ty assurance while 11 firms suggested 12
programs . Development of Automatic Visual Inspection Techniques
was the program most frequently recommended , followed by Develop—
ment of in-Process Dleanl ines s and ‘-~oisture 

Monitors and l OO°~ Pull
Testing for Wire Bonds.

-38-
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(j) Rework (Table 36) - In response to toe o uest io ns as to whether
they fel t rework is essential in meeting cost and schedule require —

ments and whether they felt there is a need for standard rework
procedures or guidelines , 27 of the 30 companies felt rework was
essential and 19 felt that there is a need for rework procedures
or guidel i nes. Howeve r , in spite of the fact that 90% of the com-
panies felt that rework was essential , 50% (15 companies) felt that
no additional studies were required in the area of rework . However ,
the other 15 companies recomended eight study areas. Of these ,

seven recommended a study to Establish Methods of L i d  Removal/

Rep lacement , five recommended studies to Evaluate the Effect of
Rework on Long Term Reliability and to Determine Rework Limitation s

and Establish Rationale , and four recommended a study to Establish

Methods of Component and Removal and Replacement.
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TABLE 26. HYBRID MICROCI RCUI T PROGRAM SUBJE CT S
RECOMMENDED FOR GOVERNMENT ~JPDORT ,
BY MAJOR CATE GOR~ES

No, of Fir~ns MakingGeneral Cateyory Recommendations

Interconnections 24

Testing 22

Packaging/Sealing 22

Standardization 16

Thick Films

Thin Films 3

Other 13
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APPENDIX A

REFERE NCES FROM MANUAL SEARCH OF CONFERENCE PROCEEDrNGS

The following are references from proceedings of f ive technical confer-
ences held in 1*76,1977 . The technical articles referenced are keyed to the
proceedings references as foll~~s:

(ref. 1) 1977 Internationa l Microelectronics jmposium , Oct. 24-26 , 1977 ,
Baltimore , ‘A C

(re c, 2) 13th Electrical/Electronics Insulation Confe rence , Sept, 25-29 ,
1977 , Chicago , ft .

(ref. 3) U.S. Army ‘lectronics Comand Hybrid Microc i rcuits Symposium ,
Ft. Monmouth , NJ , June 9-9, 1976.

(ref. 4) 14th IEEE Computer Society International Confe rence ,
Feb. 28, 1977 , San Francisco , CA.

(ref. 5) 1977 NASA/ SHM Microe lectronics Conference , Sept. 20—21 , 1977 ,
Marshall Space FU ght Center , AL.

(ref. 6) 15th Annual Re lia b fli t~, Physics Sympos ium , Aori l 12-1.1, 1977 ,
Las Vegas , NV ,

(ref. 7) American Vacuum Society/ ISHM , Thick and Th in Films Applications
Conference , May 31-Ju ne 1 , 1977 , Los A nceles, CA.
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THICK FILMS

1. The Effec t o~ Mul tiole Refi’ ring on the Adhesion of Thick Film
Cond uc to rs , D. R. Johnson and F . U ribe (~ e 00 . 1),

2. Some Asoects of the Meas urement of the Adhesion of Thi ck Film Conductor
C Inks to Alum ina Substrates , 1. L. Crande ll ond J. E.  Sergent ( ref .  1 ) .

3. Qualifi cation Requir ements cr Thick ~i lm Network s - In—Pr ocess Controls
and Inspections , S. S. Leven (ref. 3).

~~~, Thick Film Conducto r M at er ial s - P r o d uct i o n  ~ua1i~~ cation 7eq ui re~ er-ts
and Test Procedures, J . F. Graves (ref. 1)

5. The Effects of C i~imming on the Curren t 2
~oise o~

’ Tb~ck Film Resi stors ,
C. Chen , J. G. Rhee , B. A , Shoja~ (re f . ‘ ( .

6. Abrasive Triming - The ~oportant Forgotten Tool , H . ~~~. Weig~tT’an
(ref. 1).

7. Facto rs Affectin g Laser—Trim Stabi l iti o~ Tbic ~ Film Resistors ,
R. E. Cote and R , C. Headley (ref. 5).

8. The Characterization -of Thick Film R -~sistu rs Term inated “i th ~d,-A ~Conductors of CjariOus Compositions , H, ~~~. N aguib (ref. 1)

9, The Effect of Par ticl e—Size Dis t r i b ut ion  on one E l e c t r i c a l  ~rooerties

~f Ru0 2 Thick Fi lm Resistors , C , A ,  Scha f f le n  and J, E. Ser oe nt (re f . 1 ).

10. Th icH Film Resistor Charac ter~
’ stics Under Severe Voltage StC’ess,

C. Huang , ~~
, S. Gelb , and S. Stein (re . 1) .

11 , Ex oer im ent al Characterization of Thick - Film Resistor Stab ili t , and

~erformance. K. L. Haynes, CJ Ru~ e ( r e f  1).

12. Cne Percent “h i ck Ffl .n Resi stors Are ‘A aj e  Not So n , J. H
’

, mood
( r e f . I).

13. Speci al Problems ~ith L~r~e Hybri d Sub ct i’~tes. 
‘

. D. E llis (nf . 1 ) .

10 , Cer~m~c E’ialua tion ~nd Screeninc ‘or ‘ H _ Pel “‘ck Fi lm , Lar9e trea
‘Cv b r id  A cp li :~ t ion  ‘Using a St n i nc en t  ,‘e ~CC~Cet r~ flt “1e ”od , L. ~~it:
.C C

. 1).

15. ‘1ew °-~c k,3cin ~ Tech nolo gy Cor Hone yw ell La~ ’-n Sca 1 e Coro u t
’~r SysteCC ,

C. ~~~. Jmbau ’c r’ (ref. ~~~
(‘ ,
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TH i CK FILMS (cont)

16. A Hign Perfo r7nance Gal d/Diel ectric,-’Res istor “lul til a - icr System ,
J. F. Sproul l , D. J. Gerry , and R. J. Bacher (re ’. C )

17. Laser Dri l ling -of ‘h as In Dielectric for ‘Hi:~ Densi t - i Muloi layer
LSHI Thick Film Circuits , T. Cocca and S . Dakes ian (ref . 5).

18. Fabr ication Technology fo r Large Scale ~ybr ii Mi crocircuits .
R. F. Redernske (ref. .1 ) .

19. Metal liz ation of Beryl lia Ceramics for “1icroelectronic s Use,
J. Devore (ref. 2),

20. Characte ristics of Thick Film Conductors and Resistors on Be rv il ia
Substrates, S. P. Hi mmel (ref. 1).

21 . Pol yme r Th ick Film Circuits on °rinted Cir cuit Boards . F. 4ayne Martin
(ref . 2).

22. A Method of “hick-Film Printing of Conductor Fine Lines and Spacings,
D. M . Gibson (“ef. 1).

23. Hvorid Thic-c ~ilm Technology as Aopli ed to Mi l it a r y  Rad ios, C. Chen

r 
He . 3).

24. Characterization ~ Reaction 3onded Au and A g Thic k Film M e t a il iz a tion ,
Ram h,ossowsky and James ‘A it cnel l (ref. 5~ .

THIN FILMS

1 , Functional Testing of Pos iti - i e Photoresist Used ‘or Manufacturin g o
Film Integrated Circuits , H. N. Keller (ref. 1).

2. Production of Electronic Coatings by T Herma l So ray ing, F . U , i t tr i cb ,
R. 1. Smyth and J, C. .~eir (ref. 1).

3. Stabilization and Hi gh Temperature St o ra ge Cha rac te r i s t i c s  of
NiC r Films , ‘I. Kale (ref. 7).

4, Nickel -Ch romium Thin Film Resistors,  ‘4. A. Bailey and J. E. Varga ( ref . 7 ) .

5. Tantal um Ni” r~de Chip Resistors for Hic h Se l i a b i l i t i  J y b r ~~ 2
~
k icro_

c ircuits , T. Yasar and N. P u n  (ref. ‘7).

6. Vacuum tnn eal in g Thnta l um Nitride to tchieve l o l l 

~‘CR Resisto rs,
U . A , Svach ~nd ?.  V . P1 jnkett (ref. ‘7~

7. Thin Film Res istor Networ ks :n ‘
~yb r id Circuits, L. Gro tn (ref . = ) ,
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INTERCONNECTIONS

1 . A pplication of Tape Chip Carrier Technology to Hybrid M icroci rcuits ,
R. G. Oswald and W. S. Rodri gues de Miranda (ref. 3).

2. A Un iversal Tape Chip Carrier for Military Hybrid Packaging, J. W .
Kanz and H. F. Jones (ref. 3),

3. Advances in TAB fo r Hybrids - TC Outer Lead Bonding, 4 5. Rod rigues
de Mi randa and R, 0. Oswald (ref. 1) .

4. Wafe r Bump ing for Tape-Automa ted Bonding, J. NI . Montante , ‘
# .  P.

Rodri gues de Mi randa and S. 0, Oswald (ref. 1).

5. Beam Fati gue as a Failure Mechanism -of Gold Beam Lead and TAB Encapsu-
lated Devices , J. L. Dais and F . U. Howland (ref . 1).

6. The Dielectric Film Interconnect , F. H. Gardner and J . M , Shaheen
(ref. 1).

7, Methods for Measuring Plating Thicknesses on TAB Lead Frames,
M , p, Hagen (ref. 5).

8. Comparison of DoD Tape Automated Bonding Programs . S. F . U’nge r (ref. 5).

9. Technical and Economic Considerations in Selecting tut om at ic “~ire Bonding
Systems for a Custom Hybrid House , S. F. Redemske (ref. 1).

10. Corouter Aided Manufacturing in Beam Lead Device Bonding, H. H. Hickman ,
A .  S. <alke , and ‘4. Lach (ref. 3).

11. Beam Lead evic e Processing Imo ro vement s , ‘.4 . H , Ar mbrus te r , D. C.
Buhana n , and J. ‘,4. Scannell (‘re’. 3),

12. Aspects of Gol d-Tin Burn-Lead Interconnection Metall ~ rgy. T. S. Li~(ref. 1).

13. Solder Burnt-ed Semiconductors - tutornatic H a n dl inc for -H ybrid ‘4icro-
circuits , B. Rasmariis (ref. 3).

14. Therma l A g ing Characterist ics of In-Pb Solder Bonds to Gold ,
R. B. Niaciolek , E. D. Pisacich , and C. 3. Speerschneider (re , I).

15. Chio Carr iers as a ‘Aea ns for High Densitj D ackag ing, 3. S. ~~~~~~~~~~

0. 4. W i l l i ams (ref. 1).

16. Des i gn and Cos~ cnsider ation s ‘or Ceramic Chip Carrier ~acka g in g -jF
Act iv e  Devices , S. <hadp e (ref . 1).

17. Corrosion Character ist ics of 7 ,ass i- ,a ted and Unpass iva ted  -‘1 to 0tA a
‘4i~ e Bon ds !Jnder A cce lerated Tertenatures - ~um i-i~ ty Cond iti ons ,
S. Khad pe (ref. 2),



C —.-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

INTE RCoNNE CTIONS (cont)

18. Integral Spiders , D. R. Robillard (ref. 3).

19. Marginal Wire Bonds and the Effectiveness of “IIL-STD-883 Screens ,
S. D. Robertson , 3. 3. Licari , R. L. Buckelew (ref . 1 ) ,

20. Strength Tests of 1-m u Diameter Aluminum W ire Exposed to Hi gh Tempera-
tures for Various Time Periods , S. C. Picco li (ref. 1).
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FAILURE MODES /MECHANISMS

The Role of Hyb rid Construction Techniques On Sealed Moisture Levels,
D. T. Somerville (ref. 5),

2. Performance Characteristics of 41 203 Moisture Sensor Inside Sealed

Hybrid Packages, M , G . Ko vac (ref. 1).

3. Moisture Related Problems :~ Hybr ids, C. S. Murphy (ref. 1) .

4. An Improved Mater ials System for Maintaining High Resistivity of
Electr ical Insulation In Humid Environments , C, Harper (ref. 2).

5. A New Mo isture Sensor For In Situ ” Moni toring -of Sealed Packages ,
M . 0. Kovac, D. Chleck -and P. Goodman (ref. 2).

6. Hum idity Threshold Variations For Der,dr~ te Grow th on Hybrid Substrates ,
A. DerMarderosian and C . Murphy (ref . 2).

7. On one Penetration of Gases and Water Vapor Into Packages With Cavities
and on Maxi mum Allowable Leak Rates , D. Stroeh le (ref. 2).

~~~, The Role of Hybrid Constructio n Techniques on 5ea~ed Moisture Levels ,
0. T, Some rville (ref. 2),

9. Mili tary Requirements for Microelectronics , L. 8. Residor i (ref. 5),

10. La tent Shorts In Hybrids, 0. 2. Mc4teer (ref . 1 ),

1 1 . Beam Faticue as a Failure Mechanism of Go ld Beam Lead and TAB Encapsu-
lated Devices, J. L. Dais a nd F. L. Howiand (ref . 1).

12. Hybri d “1~croci rc u it Fai lur e Mo des , R, P . Himmel and , H , n ra tt (re ’. 3).
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TESTS /Q UALITY CONTROL

1. Radioisotope Hermetic Test Precision , S. Ruthb ero and 0. Ne~~ :ref . 1).

2. Hyb rid Circuit Qualif i cation at Reduced Cost , T. 3. Mi l es, 0. 0.
Langla is and R. P. Daniel (ref. 1).

3. The ~ybrid Microelectronic Process and Quality Contro l Gu ide,
4 . 5. Rodrigues de Miranda (ref. 3).

4. Military Quality Control Documents ~or Hybr id Micr o c i r c u i t s , I. H, Pr att
(re f. 3).

5 . Marginal Wire Bonds and the Effectiveness of MIL-STD-883 Sc ’eens ,
S. 0, Robertson , -2 . 3 . Licari and R. U. Buckelew (re , 1 ) ,

6. Strength Tests ~~c 1 -M il Diameter Aluminum Wire Ex~ose d to H i gh
Temoera ture for Various Time Periods, S. C. Piccol i

’ (ref . 1).

7. Fu nctional Testin g of Positive Photoresist Used ~or Man ufact uring of
Film Integ rated Circuits , H. N. Keller (ref. 1).

8. Effect ive Use of Loose Particle Detectors , 0, H . BUd ,

9. Sens itivities of Particle Impact Noise e tec t i o n , F. 3. Keister and
S. V. Caruso (ref. 5).
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DES ION

1 . Total Integration of Microelectronics and Electronic Packaging Design ,
S.  Sandeau (ref. 1) .

2. Hybr id and MIC Packag ing Des i gn ‘or SHF Satellite Communica tions
Terminals, S. Big ler and F. rarmar (ref. 3).

3. A Novel Hybrid Pdckag ing Scheme for Hi gh Component Density Circuits,
1. R. Naras imhan (ref. 1).

4. Engineer ing Considerations in Large Scale Hybrids , - h. 4. Ruwe ,
3. Herron , -P. E. Sulouff , and S. S. Hartin (ref. 1).

5. Computer Aided Desion of Hybrid M icroc i rcuits: Four Year’s of Operating
Experience , R. E. Martin , R. R. Shah and M~ T. Smi th (ref . 1).

6. Hybr id Implementation of Optical Coupling, ‘4. .4. Olschewski ( r e f . 1).

7. Ruggedizing a Temperature Stable Hybr id -Oscillator , 4. 0. Benjam in
and K. 3. Pilczak (ref . 1).

8. Special Problems .4ith Power Hybrids, 4. U. “~orr~s (ref . 1).

3. Hybrid ~
!icrO ci rcu it ry for 300°C Operation , 0. 4, Palme r (Sandia

Labora tories).

Afl~A~ H’MENT MATE RIALS AND METHODS

1. :nfl uence of Tbe~ ’nal A g ing on the Electrical and Mec~an ical °rooer :ies
of Conductive Adhesives , J. 3. Sv itak and A . F , 4ill ia ms (re ’. 1).

2. Mass Changes of A dhesives During Curing, Extosrjre to 4ater ‘haoor ,
Evacuation and Dut gassing, A. 4. Czarder a , P. ~aso fsky and K . K.
Czandera (ref. I).

3. Mate rial Requirements and Process Controls ‘o r Epox y 0ohe sii es U sed
In Hybrid M icroci rc-u its, J. U . Licar i , B. L. ‘4eicand , and K. U. Pe rkins
(ref. 3).

° . Electrically Insulat ive Adhesives for H ybrid Microelectronic :abri _
cation , G . 4 . Brassel (ref. 2) .

5. Electr i cal Properties of Epoxies Used in Hybrid Microelectronics at
Low Microwave Frequencies , 3. F. Ma ra and J. E. Seroe rt (re f. 1).
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SUBSTRATE S

1. Insulated Metal Subst rates for Power Hybrid ICs, N. M iura , “ . Fuura ,
A. Kazami , and Ni . Yamagishi (ref. 1).

2. Metalliza tion of Beryl lia Ceramics ‘or Microelectronics Use ,
3. Bevo re (ref. 2).

3. Character istics of Thick Film Conductors and Resistors on Beryllia
Substrates, 5. P. Himmel (ref. 1).

4. Pyrolyt ic Boron Nitride As -a M icrostrip Substrate Material , C. M .
Krowne and T. E. Washburn (ref . 2).

5. Microwave Desi gn Utiliz a tion W i t h  a New Noncera mi c Hi gh Dielectric
Substrate , 4. D. Hutchins (ref. 1).

COATINGS AND ENCAPSULANTS

1 . Reliability Assessment of Hi br id Encaps ul an ts : Fl uorinat ed Network
Polymeric Materials and Si licones , A. hri st c- u (ref . 2).

2. Assessment of Silicone Enc ap u u la o ion ~oteri ais : Sc’-eening Techniques ,
A. Chri stou and . 4.  ,.~. W il k ins , “e ”. 2).

3. Bubbl es... .Tiny Bubbles or Pressure anc Vac uum E” ects on Hybrid
Overcoating System , S. -‘\ . Bonis (re f . 1 ).

4. Inte rnal Con orma l Coatings f n r  “~icr oc ir cuit s, 0. 7’. M a il oy, A . P.
Mastro and 3. K. Wh ittin gt on (ref . 2). 
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MICROWAVE C IRCU ITS

1 . Low Dielectric Substrates for M ICs at Millimeter 4ave Frequencies ,
3. Reinde l (ref. 2).

2. Microwave Des i gn Ut ilization ‘W ith a New Nonceramic High Dielectric
Subst rate , 4. D. Hutch ins (ref . 1).

3. Pyrolyt ic Boron Nitride as a Microstrip Substrate Material , C. M .
Krowne an d T. E. Washburn (ref. 2).

4. Productizin g a Garnet Phase Shifter and Driver , S. Gag lione ,
0. Hanley and 3. Hecker (ref. 2).

5. Produc ible Design of MIC °base Shifters For Phase d Array Ap pl ications ,
NI. E. Davis (ref. 2).

6. A Micros tri p Slotted Line for Microwave Two- °ort Device Characteri-
zation , J. P . Quire , 3. G. McM ullen and ii . T. Lavoo (ref. 2).

7. - Microwave Integrated Circuit Techniques For ~‘1u lt i -K ilo wa tt Amplifiers ,
K. 3. Lee , 4. 3. Parris , 4. R. Hosto (ref. 1).

8. Millimeter Ferri te Phase Shifters Using Arc Plasma Spray Fabrication
Techniques , S. Babbitt , 5. 4. Stern (ref . 2).

9. Microwave Filters Using Microelectronic Conductor Deposition Technology ,
4. 1. Caton , 3. E. Sergen t and 3. L. Allen (ref . 1).
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OTHER CATEGORIES

1 . A New Cleaning Method for Ceramic Microelectronic Substr ates ,
P. 0. Creten and 0. E. Peters (ref. 1).

2. SENI Modules , 3. Fishel (ref. 3).

4. Ruoged ized Hybrid Microcircuits , 0. P. Lay den and F. J. Murdock
ref . 3).

5. Microelectronic/Electronic Packaging Potential, R . F. Sanaeau
(ref. 5).

6. rnves tiga ti on of Package Sealing Using Or~an ic Aoh esives , K. U. Perkins
and 3. 3. Licari (re f . 5).

7. Cluster Sealing, Raytheon (re . 5).

8. A Hermetic Seal ing Process for Large Irregularly Sha ped Hybri d
Microci -c u it Enclosure s, NI. S. Stanler (ref. 5).

9. Techniques for Yield Improvement in Comp lex Multi -c hip Hyb rils,
S. Polednak and A. Wallace (ref. 1).
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HYBRID MICROC IRCUITS COST AND RELIAB ILITY SURVEY

SECTION I - GENERA L

1 . Please estimate the number of hybri d microc ircu its (hybrids) of each type
produced/purchased per month by your firm and indicate their cost range.

Number Number
Produced Cost Range Purchased Pri ce Range

Thin Film 
________ _________ _________ ___________

Thick Film 
________ __________ _________ ____________

Co—Fi red 
_________ ___________ __________ _____________

2. Of the hybrids producec/ourchased per month by your fi rm , please incic ate
the number and cost range fcr each of the fo l lowing circuit types .

Number Number
Produced Cost Range Purchased Pri ce Range

~J i gi tal 
_________ __________ _________ ____________

Ar~alcg 
_________ __________ _________ ____________

Microwave 
- ________ __________ _________ ____________

3. Of the hybrids produced/purchased per mon th by your fi~~ , DI cas e indicat e the
number and cast range for those intended far -ccmmercial use and for tnose
intended for m ilitary use.

Number Number
Produced Cost Range Purchased Price Rance

Co~~erc 1al ‘Use -________ ___________ __________ ____________

Military Use 
_________ ___________ __________ __________

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SECTION I - GENERA L (cant)

4. Please indicate the controlling MIL-STJ and estimate the number and cost
range of the hybri ds produced/purchased per month by your f i rm for mi litary
use .

Number Number
Produced Cost Rance Purchased P—i ce Range

MIL-STD-883 , Class ,A 
________ __________ _________ ____________

MIL-STD—883 , Class B 
________ __________ _________ __________—

Other (specify)

5. To what exten t are MI L—ST D ’ s foll owed in the fabr icat ion ~f hybrids
produced/purchased by your firm for commercia l use?

5. Of the hybri d microc i rcui ts produced/purchased , please give a range of
carnolexi ty.

Produced ?urcnased

H igh: .~4O comoonents 
________ _________

Medium: ~‘lO , < ‘IC components 
_________ __________

Low: <10 comoonents 
________ _________

-2—
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SECTION 1 - GENERA L (cant)

7. In your opinion , Nnat factors make hybrids of comparable complexity more
expensive when the, ~re intended for military use than when tney are
intended f~r commerci al use? Please list factors in order ~f cost contribut ion.

8. To what areas of hybri d technology is your fi rm currently cc~~ i t t i n g  discre-
tionary funds (:,R&O, burden , etc.) or planning to cormi t discret ionary funds
in the i mmediate future?

9. W hat so ec i~~ic studie s (ranging from bas~’: researc n to ~ar,uf- ic:ur~nc tecn-
nology ) do you ~eei tne government should ce fundi ng to recuce the cost or
improve the reliability of hybri ds?

— 3—
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HYBRID MIC RCC IRCU:TS COST AND REL: .Aa :LIT” SURVEY

SECTION II - COST FACTORS

1. Please rank crc high cost contributors (1 , 2, 3, etc.) and prom your experience
indicat e the ir aoproximat e oe :centage contribution to :c:ai lyori d cost.

Cost Contrib. Percent
Ranki ng Contribu tio n

Fabri cation Materi als (incl uding packages)
and De vi ces 

_____________ _____________

Substrate Fabrication Processes 
_____________ ______________

Assemb l y and Packaging Processes 
____________ _____________

Electrical Testing 
____________ _____________

Qual i ty Control/Quality Assurance 
___________ ____________

Screen Testing 
_____________

Rework 
_____________ ______________

Documentation and Customer Interface 
_____________ ______________

Other (indicate) 
______________________ ____________ ______________

2. If fabrication materials/devices w e re  selected among crc high cost contribution ,
list the hi ghest cost ma ten ia is /~evi ces and indicate tre~ r percenta ge
contribution to this category .

Percent
Coritri bu ti -~n

2

3. ___________________________ _______________

3. If substrate fabri :ation orocesses (thin ~ilm , thick f i lm , etc . )  were se lected
am ong the hig n cast :cntribuzor~ , list the sçecifi : :rocesses that are ~he
highest -cost contributors and indicate the i— per:entace ccntr 4 butio n to :~is
catego ry.

Perce nt
Contri buti or

2

3. _________________________ _______________

-4- 
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SECT ION Ii — C O ST  F A C~~RS (co nt )

4. If assembly o~ccesses (device a:tacrrert , inte~ :cnr,ec: b onding, pac !age
sealing , e tc . )  ~ere selected amcng the ni ;n cos t  :ontr~:uto rs , list the
specific processes that are the ~“ ;r,est ccncr ’outors arc indicate their
percentage contr ibu t i on to this cat eg ory .

~ Contr ibut ion

2. __________________________ 
________________

3. ___________________________

5. If electrical test ing was selected amo nq the high cost contribut ion , l ist
the specific tests or relate ’t ~a c tc rs :nat are tre hi gnest cost con tnio uto rs
and indicate their ~ cont rib u t ion to tnis category .

~ Contribution

2

3. ___________________________ 
_________________

5. If ouali :y con:ral/~ uaii :y assurance was selectec amcng crc bi- ;n coat
contributors , list the specific ~Ci~ A activities that are tre ni ghest ccst
contr ibutors and indicate their oerce ntag e cont r ibut ion to th is cate ’  cry .

~ Contrib ution

1. 
______________________________ 

__________________

2. ___________________________ ______________—

3. ___________________________ 
________________

7. If screen testing was selected among the nig h cost contnibutor~ , list the
main screen tests contri buti ng to the cost and indicat e tre~r cercentagecontribution to this category .

~ Contr4but i:n

2. __________________________ _________________

3. __________________________ __________________

—



r 

_ _ _ _
S ECT ON 1 1 - COST ACTCRS (cant ~

3. If rework/reoair was selectea among the hi ch -cost contr’:utors , list the
element s of rework ~nich contr ibute most to the cost  and indicate the i r
percentage contribut ion to this category .

~ Cont riou: icn

2 ______________________

3. 
______________________ 

________________

9. 1 documentat ion and custOme r irte r~ace -was conside red a high cost contr~bu:2r
ir dicat e the key areas and their OercCnt ,:or.tfltutiofl to th~ s cateocry .

~ Contri out i cr

2. 
____________________ 

______________

3, _____________________ ______________

10. If an item ot cer  than crose l is t e d  is :cnsi ce—ad a ~i gn cost on :r,b~tcr
list the ‘<ey f~c:~rs of cni s i tem w r . i c h  :ontribu:e to c o s t  and : ei~
percent :ontr~ -bu tion to this category .

~~ Cont r’but 4 cn

2. ______________________ ________________

3. 
______________________ 

________________

F 
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HYBRID ~1ICROCI SCUITS COST AND RE_ :.~E:L:TY SUR’IE”

SECTION III - RELIA BILI TY

1 . What do you consider the key factors a~~ecting the reliability o~ .nybrid
microc i rc’ji ts?

2.

3.

2. Do you feel ~e~ iaa i l it y predic tio n according to MI L-H SK 217
is usefu l  o r  ny:r~ d m~cr~ci r cu it~?

Yes ( ) ‘io(

Comments ’

3. l~hat do you consider tie top cersist en t fa ilu r e n~des in hybri d micn:c~—cu i:s?

2.

3.

—7—



SECTION III - REL:ABILm (can t )

4. Should the government sponsor more bas ic  fa i lure mech anism studi es ?

Yes( ) No ( )

If yes , list several areas for study .

5. Are your aware of any hybri d proble ms that are un ique to Navy av i o ni cs
equiament requirements?

Yes( ) No( )

If yes , please e lab o ra te .

- a-
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HYBRID MICROCIRC’JiTS COST AND RELIA8:L:~~( SU RVEY

SECT ION IV — HYBRID DESIGN

1. If you have multiple design/pr oduction capabil ity , now is type (thick film ,
thin film , or co— fi red) selected for a spec i~ ic application?

Customer directed 
_______

Managemen t directed 
________

Applications Eng ineer directed 
_______

Layout Designer directed 
_______

Determined by anal ysis 
_______

Determined by established guide lin es 
_______

2. Rank the design elements according cc their m acct on hybrid cost.

Power Dissipati on

Di agnostic Testabi l i ty
Substrate Size
Partitioning

( ) Resistor Requirements
Chip Comoonent :ensity (per substrate area~
Total Component Density (component~/subs trate area)
Next Level Packaging Requ~remen:s

( ) Number -~f Conductor Layers
Redesi -on f-o r Production
Other ______________________________________

3. Are fur her advances in cumouter-aided desi gn necessary to reduce
hybri d costs?

What soecific advances? ____________________________

Es timate -tf cost reduction? 
—

-9— 
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SECT ION Il - HYBRI D ESIGN (cont)

4 . What is the maxi mum number ~f conductor l ayers -used in jour hybri d des ig r - s?

Co—f i red 
__________________

Thin Film 
________________

Thick Film 
________________

Is th ere , or will there be , a need for more co nd uctor layers ’

Yes( ) No( ) How many?_

5. ~hat minim um line widths and spacings do you use in jour desi gn s?
Lire ~idth Lin e Soacinc

Thin Film 
__________ _____________

Thick Film -

Co-fired 
__________ _____________

What minimum line w idths and spac ing s do you feel trere is ,
or will be a need for?

6. Do you feel the government shou ld sponsor orograrns to stancardi ze on design
guide lines for industry ?
Yes( ) No( )

7. What studies , if any , do you feel the government should fund in the area
of hybrid desi gn?

-10-
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HY DRID M!CROC I~C UITS COST ~~D RELIABILITY SURVEY

sEc T:-D N 1 — ~AT ERI.A LS/D E~J C E S

1. What devices cons is tent ly  present prool ems and renuire rework?

2. W hat mater ia l s  cons is tent l y present o ro ble ms ?
Please rank in order ~f frequency.

Substrates 
_____________

Thick Fi lm Pastes 
______

Thin Film ‘~e tc l l iz a t ion  
________

Packages 
_____________

Seal i nQ ?reforms 
_______

Epoxy Adhesi ies 
_____________

Solder 
____________

Wire 
_____________

Other (indicate) ______________ ____________

— 1 1 —
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SECTION V - ~ATE~ IA L S / DEVT CES

3. Please suggest any programs in the hybri d material s or devices area that
you feel should be perfo r~ned and indicate ~rether they w ould s i gn i f ican t l y
improve re l iab i l i t y , reduc e cost , or are needed to meet future system
requi rements .

Imp rove Reduce ~eet FutureRecorinended Programs Reliability Cost System Re~mts .

3. 
________ _______ ___________

4. Do you feel It wou ld be des i rab l e  to -nave a set  -o standaro s:ecifi-:ations
and tests for receiving ins pect i cn ~f al l  nybrid mater ia ls  era . c e v : c e s  to cc
used throughout industry ?

Comments?

— 1 2- 
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HYBRID MICROC RCUITS COST AND R EL IA B I L IT ”  SU R V E”

SECT ON V t  - SUBST RATE FABRICA TI ON PROCESSES

A. Th IN FIL~4S

1. Are the state—o f-the—art substrate materials c-deoua:e in meeting your
design requirements?

If not , what is needed?

2. Are the s ta te—of- the-ar t  thi-’ f i lm conductor Teta l l~~zati ons adecu ate in
meetinq your desi~ n requirements?

If not , what is needed?

3. Do the current tn in film resistors meet al l your desi gn requirements?

if not , what is required?

4. Do you fee l that pass i ia t i on of tnin film resistors is oerefi-c~al to
enhancing staoilit y ?

Ar~ new or imp roved pa s s i - i a t i o n  mate r ia ls  or ~rccesses needed?

S. Do you feel the government shou ld ~und programs to develop tn in film
multl layer processes?

5. Is there a need for standa—o or imaraved test methods or thin film
resistor •character~ cation?

— 1 3 —  
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SEC T IO N ;: — SUBSTRATE FASR ::AT :-C N OROCESSES (cant)

A. T h I N  F ILM S (conc)

7. Please rank the foTlowi ng thin film process steps ii tre ~o i l o w i n g  tr ee
categories.

Throughput ~erLabor Hour Y ie l d  1utoma t~ n c

a. Substrate inspection 
_______________ ______ ___________

b. Substrate clean ing 
______________ ______ __________

c. Deposition 
______________ ______ __________

d. Plating 
____________ _____

e. Delineation 
______________ ______

f. Annealing 
______________ ______

g. Temp. Stab ilization 
______________ ______ __________

h. Resistor trimm ing 
_______________ _______ ___________

i. In—process testing 
______________ _______ __________

j. Visual inspection 
________________ ________ ___________

k. Other(s):__________ ____________ _______ _________

8. What orcgrams/studies (in thin films ) wou ld you - ‘ecommend?

Indicate: R fcr Fundamental Research
D for Development

MT for Manufactur ing Technology

IL - - - ~~~~~~~~~~~~~~~~~~~~~~~ ~~ . .~~~~~~~~~



SECTION VI - SUBSTRA E FA SR ::A T IO N DRCCESSES (cont)

B. Thick Films

1. Are the state—of-the—art substrate materials adequate in meetin g your
design requirements?

If not , what is needed?

2. Are the s ta te—o f- the —a rt  thick fi lm -conductor neta l l i za t i o ns  adequate in
meeting your desi gn requirements?

If not , ‘what is needed?

3. Do tre currer .t thick film resistors mect all your desi gn reqLirerents ?

If not , what is required?

3.  Do you feel trat passi’~ation of th ick f’lm resistors is oeref~c iol to
enharcing s ta~ il icy?

Ar e new or ~mo rcved passi~aticn mater~als -or orocesses re~dec?

5. Do the cur—ent thick film dielectr ics meet ~i l your design equinem ents ?

~f not, ‘~hat is required?

—15—
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SECTION VI - SUBSTRATE FABRICATION PROCESSES (cont)

3. T h i c k  F i l m  (cant)

6. Is there a need for standard or improved test methods for t.~ick film
resistor characterization?

7. Please rank the following thick film process steps in the f a l l -owing
three categories .

Throughput Per Worth
Labor Hour Yield Automating

a. Substrate inspection 
_______________ ______ ____________

c. Substrate cleaning 
______________ ______ ____________

c. Screen , dry , fire conductors ______________ ______ ____________

d. Screen , dry, fi re resistors ______________ ______ ____________

e. Screen , dry , fi re dielectrics — ______ ____________

f. Resisto r Trimming 
_______________ _____ _____________

-;. In—process test ing 
______________ ______ ____________

h. Visual ins pect ion 
________________ ______ _____________

i. Other(s) 
_______________ ______________ ______ ____________

3. What programs/studies in thick fi lms would you rec:~~ero?

Indicate : R for Fundamental ~ese arc h
O for Development

MT for Manufacturing Technology

-16— 
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HYBRID MICROC RCU ITS COST AND RELIABILITY SURVEY

SECTION ‘/11 - ASSEMBLY PROCE SSES

A. COMPONE NT/SL3S~~ATE A~flACH~ENT AND INTE RCONNECT 3CN O ING

1. If you use ~iloy attachment , what problems have you encountere c (5ri ~~~~~y )?

2. If you use epoxy attachment , what problems have you encountered (briefl y)?

3. If epoxies are used , how are they applied? Please rank in order of usage.

By hand using a probe

By syring , hand actuated

By syring, mechanical ly actuated

By stamai ng ( )

By screening

Other 
_______ _____________________

4 . if epoxies are used , how do you posi t ion components ?

Vacuum orabe/ t~eezers and hand al ignment

ie collet and mechanical po sitioner (

Split image and mirro r system (

To tal ly mechan ical (

Other 
_____________________ (

S. Is there a neec f~~r further invest ig ation or ce’iel:omenc :cmc etel y
automated epoxy dis oensi ng and comoc nert cositi on in g metnods ? 

- - . . -- —  —-.-~~~~ --- ~~~~~~—-~~~~---
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SECTION VII - •AS SE?~BLY PSCCESSES (cont)

4. Com ponen t/Substrate Attach ment ~ In terconnect Scrdin g (-con:)

6. Which interconnection technology do you consider the most cost ef~ec t ive
in each of the l is ted appl ica t ions?

Mil i tary ~i;h
Rel iabi l i ty Con~nerc iei

Chip and Wire 
_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

Fl  i o- c ni p  
_____________  _______________

Beam Lea d ______________ ________________

Tape Carrier _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _

Leadless Inverted Device 
_____________  _______________

Other 
—

7. Please ra nK the w ire and /or  ribbon :ondir.a o roc es s es - use d by , - ou r —
~

in order of usage and indicate o resent and future Status -Y automat io n .

Use Automat ion
Ranking Present Future
_________ 

Yes No ‘es N o

— 
Ultrasonic ( ) ( ) ( ) ( )

Thernrocomoression ( ) ( ) C ) C ) (

Thermosonic ( ) ( ) C ) ( ) ( )

Other
______________ C ) ( ) C ) ( ) (

3 . Do you feel t rat  tre :ao e ca r— ic r  approac r to automated :cnding w i ll suost an-
ti~ l T y benef it tre assembly of m i l i t a ~~’ hybri ce l
Plea se indicate ‘-ea sc ns, oro or con.

-la-
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SECTION VII — ASSEMBL’~ PROCESSES (cant)

- 
A. Ccmponen t,’Suastrate Attachment and Interconnect 8ondj~~ (cant)

~~ . Is there a need fcr improved or new interconnect technologies?

- 10. What programs/or studies in the areas or component attachment , substrate

- 

- 

attachr ient or interconnect bonding would you recommend?

Indicate : R for Fundamental Research
0 for Development
MT for Manufacturing Technology

- 19- .
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SECTION V II - AS SEMBLY PROCESSES (cant)

B. PACKAGING

1. Please check the package sealing methods used by your fi rm and approximate
yiel d at fi rst seal .

Used Approx. Yield

Welding (specify type)_________ ( 
__________

Resi stance Seam ( ) 
___________

Continuous Belt Furnace ___________

GTI—Type (Dlx) ( ) ___________

Heated Stage

Manual Solderi ng ( ___________

Epoxy C ____________

Other (Specify) 
____________ C ) ___________

2. Please rank the types of packages , lids and materials used by your fi rm in
order of usage.
Packages:

Uniwa ll ( )
Modular Sidewall
Dual— In— line C
Vertical Sidewall C
Butterfly
Dihedral (

~Tug— in (Platform) ( )
Other (specify)______ C

Lids: Flat (
Step ( )
Domed (

Materials: Gold Plated Kovar C
Gold Plated Allo y 4—2 C
Other (specify)_________ (
50 Microinch ~u Plating (
100 “ Au Plating ( )
150 “ Au Plating (
Other 

_________________ 
(

-20-
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SECTION VII - ASSEMBLY PROCESSES (cant)

B. Packaging (cant)

3. Please Indicate the bake—out schedule (time/temperature/ vacuum) which you
use for hybri d mi crocircuits?

4. Please rank the methods you use for leak testing according to usage:

Gross: .MIL-STD-883A, Method C1 ( )
Method C2
Method D ( )
Method E (

Other (specify) 
___________

Fi ne: MIL-STD—883A, Method A 1
Method A2
Method A3 ( )
Method S C

5. Indicate leak rate cri terion used for acceptance of sealed packages . State
whether helium or air equivalent? atm. cc/sec
Packages - volume ~O.l cc __________

Packages — volume >0.1 cc <10 cc 
___________

5. From your experience In sealing hybri d packages , what materials procedure
and cri teria would you reconinend as a standard?

Package Type (case, lid and material) 
__________

Sealing Method 
___________

Presealing Procedure (e.g., abra~lori of seal area)__________

Bake—out Parameters 
____________

Gross Leak Test(s) 
____________

Fine Leak Test(s) 
____________

Fine Leak Acceptance Cri terion (Indicate 
____________

whether helium or air equivalent) 
___________

—21—
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SECTION VII — ASSEMBLY PROCESSES (cant)

B. Packaging (cont)

7. What specific areas of package sealing have given you problems and what
studies do you feel should be undertaken?

C. General

Please rank the following assembly process steps in the following three
categories:

Throughput per Worth
j~ bor Hour Yield Automatin g

Substrate attachment 
_______________ _____ ___________

Die/component attachment 
______________ _____ __________

Interconnect Bonding 
______________ _____ __________

Total cl eaning processes 
______________ _____ _________

In—Process Testing 
______________ _____ __________

Inspection 
_______________ ______ ___________

Marking/Serial ization 
______________ _____ __________

Sealing 
____________ _____ _________

Hermetic Testing 
______________ _____ __________

Other_________________ ______________ _____ __________

-22- 



HYBRID MICROC IRC IJ ITS COST AND RELIABILITY SURVEY

SECTION V III - ELECTRICAL TESTING

1. Do you purchase semi conductor chips:

Tested by manufacturer C
Tested in-house prior to hybrid assembly

Tested by a third party - (

2. Do you have the semiconducto r chips :

a. Tested to the manufacturer ’s d.c. probe test only

b. Tested to a.c. parameters

c. Lot sample tested

d. Tested at high temperature ( ) (

a. Tested at low temperature ( ) ( )°C
f. Tested to special parameter requirements

Which of the above do you consider best from a cost/
reliability tradeoff standpoint?

3. Do you have passive components (resistors
and capaci tors):

a. Tested to manufacturer’s speci fications only

b. Lot sample tested

c. Tested at temperature extremes (

d. Tested to special requirements ( )

Which of the above do you consider best from a cost!
rel iability trade—off standpoint?

-23— 
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SECTION V I I I  - ELECT RI CAL TESTI NG (con t)

4. Do you subject the substrates to:

a. Resistor test and trim only C
b. 100 percent conductor continuity (
c. Conductor isolation C
Whi ch of the above do you consider best from a cost!
reliability trade-off standpoint?

5. Indicate points In the process at which you perfo rm electri cal testing
and give approximate yields .

Tes t Yield
a. Prior to substrate Installation in package 

______ ______

b. Preseal 
______ _______

c. Post-seal 
_____ ______

d. After each environmental screen ; i.e., 
_____ _____temperature cycling, constant acceleration ,

mechanical shock , etc.

e. Pre—burn- in 
_____

f. Post burn-In 
_____ ______

g. Final acceptance 
_____ ______

Which of the above do you consider most effective from a cost/reliability
standpoint?

6. Approximately what percentage of the hybri ds that you manufacture are subjected
to delta parameter testing for the burn -in screen test?

Convnents?

L - . - .



SECTION ‘1111 - ELECTRICAL TESTING (cont)

7. ApproxImately what percentage of the hybri ds that you manufacture mustmeet a percent defective allowable (PDA ) requirement?

8. Do you utili ze automatic test for

Analog circuits C )

Digital circuits

9. Do you have fault diagnostic capability or do you simply throw away circuitsthat do not pass?

10. If you have automatic fault diagnostic capability , what Is your estimate
of the percent effectiveness of that capability ?

11. If you use manual fault dlagnosl~ , what is your estimate of the percent
effectiveness of that capab i l ity?

12. What government— funded progran~ would you recon~nend in the area of
electrical testing to reduce costs or improve rel i ability?

-25—
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SECTION IX - QUALITY CONTROL /QUALITY ASSURANCE

1 . Approximately what percentage of the total cost of a hybrid is due to
quality control/quality assurance activities? 

________

Rank Quality Assurance/Quality Control functions in order of cost and
effectiveness Cl highest cost/most effective).

Cost Effecti veness
Ran~~~ Ranking

Adherence to MIL-M—385 10 
_______ ___________

Equi pment calibration 
_______ ___________

Equipment certi fication 
_______ ___________

Operator training and certifi cat ion 
_______ ___________

Materials review 
_______ ___________

Incoming Inspection 
_______ ___________

Product inspection/acceptance 
_______ ___________

Process verification 
_______ ___________

Qualification testing 
_______ ___________

In— process monitori ng 
_______ ___________

Specifications and operator instructions 
_______ ___________

and procedures
Customer interfacing 

_______ ___________

Other 
____________________________________ ________ _____________

2. Wha t reco~inendations would you propose to streaml i ne or reduce the overall
cost of Quality Control/Quality Assurance activities?

3. In those cases when MIL-M—38510 is a controlling document , what deviations
( i f any ) are usual ly taken?

4. Are there any specific study programs that should be performed in the aea of
quality control/quality assurance?

— 26—



SECTION X - SCREEN TESTING

1. Do you perform screen testing on devices prior to assembly in a hybrid?

Yes No

IC’s ( ) (

Transistors C ) C

Capacitors ( ) C )

Resistors C ) C )

What type of screens?

Visual 
___________

Electrical________

Burn—In 
__________

2. Please indi cate which of the MIL-STD—882 screens you perform and rank them
according to your opinion of their effectiveness on long—term reliability .

Perform Rank

Visual Method 2010 
_______ _____

Visua l Method 2017 
_______ _____

Stabilization Bake Method 1008 
_______ ______

Thermal Shock Method 101 1 
_______

Temperature Cycling Method 1010 
______ _____

Mechanical Shock Method 2002 
_______ ______

Constant Accel eration Method 2001 
_______ ______

Seal Method 1014 
_______ ______

Fine 
________ _______

Gross 
_______ ______

Burn—In Method 101 5 (240 hrs at 1 25CC) 
_______ ______

Burn— in Method 101 5 (160 hrs a t l25~C _______ ______

Reverse Bias Method 1015 (72 hrs at 1 50°C) 
_______ ______

Radiographic Method 2012 
_______ ______

External Visua l Method 2009 
_______ ______

PINO test Method 2020 
_______ ______

Mo 1stur~ Method 5008 _______ ______
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SECTION X — SCREEN TESTING (cont)

3. What percent of hybri ds fail the imposed screens?

Analog 
_______

Dig ital 
_______

Comb ined 
______ -

4. Do you consider the environmental screens of MIL-STD—883 and the required
test conditions for Cl ass A or B to be

Class A Class B

Loose C ) C
Moderate ( )
Harsh C ) C

5. Do you consider Method 5008 of MIL-STD-883A for moisture limi tation
real istic and/or cost effective? Yes ( ) No C
Coments: 

_______________

6. Do you believe DoD is obtaining a proper return for its screening dollar when
considering cost of ownership of equipment containing hybri d microcirc uits ?

Good Re turn 
________ 

Poor Re turn —

Corrinents :

7. Would you recommend the addition of any n~~ screen tests or the elimination
of any existing screen tests?
Coments?

-28—



SECTION XI - REWORK

1 . Indicate whether you al low rework for the following and rank according to
frequency of rework (highest rework frequency 1).

Military High Rel . Commercial
Yes Frequency Yes Frequenç~

a. Passive substrate 
_________ _________

b. Active device replacement 
— _________ _________

c. Passive device replacement 
— _________ — _________

d. Beam lead replacement _________ —

e. Wire bond to device 
__________ _____

f. Pa ckage an d l i d 
— __________ _________

g. Package seal ___________ — __________

h . After seal 
__________ _________

I. Other 
____________________ _________ ____

2. Which of the above are being performed in accordance with specifications?
What specifications?

Are the specifications adequate?

3. Is the amount or number of reworks limited by specification? Yes( ) No(
What speci fi cations?
Is there suffi ci ent engineering on experimental data to justify the
number of reworks allowed? Yes C ) No

4. What is the rationale behind the rework limi tation?

Process limi tation 
___________

Device limi tation 
___________

Process compatibility 
___________

Process sequence 
____________

Customer specifications 
___________

Economic 
___________

Other 
___________

-29—
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SECTION XI - REWORK (cont)

5. Do you feel rework is essential in meeting cost and schedule requirements?

6. Do rework processes di ffer from orig inal or fi rst through process?

7. Is the amount of rework mon ito red for process con tro l correc tive ac ti on?

8. Is there a relationship between aflowed rework and circuit density?

9. Is a throw—away concept feasible with hybri ds?

If so , what is the cr i ter ia ?

~O. Is there a need for standard rework procedures or guidelines that can be
used throughout industry ?

11 . What government sponsored programs, if any, would you recor~vnend ii the
area of rework?

In di ca te: R for Researc h
D for Development
MT for Manufacturing Technology
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