aterials and Devic

evices

o

5

"NMAB290

JWLY 1972




5 Unclassified
Y Securnty Classification
DOCUMENT CONTROL DATA-R&D
¥ {Security clea-ificetion of 1itie. body of ebsireci and indeeing anr oiation musi Le wnter-1 when the overall repert -~ classilied;
1 ORIGINATING ACTIVITY (Corpovete author) 8. REFORT SECUN:TY CLASSIFICATION
q ] . : o L ifi
- National Materials Advisory Board ad hoc Panel on Yield tnclassified
: 3 . zb. >
3 of Electronic Materials and Devices e
3 3 REPORT TITLE
YIELD OF ELECTRONIC MATERIALS AND DEVICES
E.
: 4 g.tscmprlvt NOTES [ Type of report and Inclueive dates)
Final Report
S LUTHOR(S) (Firet name, middle iInirisl, lael neme)
N)MAB ad hoc Panel on Yield of Electronic Materials and Devices
: 8. REPORY DATE 7. TOTAL NO OF PAGES 7b. NO. OF REFS
3 July 1972 94 32
E,‘ 88. CONTRACT OR GRANT NO 8. ORIGINAYOR'S REPOR T mUMBER(S)
: DA-19-053-0SA-3131
5. PROJECT NO NMAB-290
c. 90. OTHER REPORY NOI(S} (Aay other numbers th-! mey be seelgned
this report)
d.
10. O BUT TAT . i o Lifi : h
MK
E
11. SUPPLEMENTARY NOTES "'SPONSORING TARY ACTIVITY
None Department of Defense

3. ABSTYRACTY

A study has been m-de of problems associated with production yield of electronic
materials and associated devices. The fraction of starting materizl resulting in useful
end-items is considered as the effective vield from the government's point of view.
Reliability considerations are of necessity given important weight in the deliberations of
the Committee. The report discusses practical problems of fabrication process and
techniques, problem avising from current practice in specifications and standards, and
problems arising from system applications and use. An unusual real-life case history
of a major reliability studv closes the report.

DD .F:o.:ul473 “(k Uncleassified

Security Classification




YIELD OF ELECTRONIC MATERIALS AND DEVICES

PREPARED BY THE AD HOC
PANEL ON YIELD OF ELECTRONIC MATERIALS AND DEVICES
OF THE
AD HOC COMMITTEE ON MATERIALS AND PROCESSES FOR ELECTRON DEVICES

NATIONAL MATERIALS ADVISORY BOARD
DIVISION OF ENGINEERING - NATIONAL RESEARCH COUNCIL

Approved for Putlic Release; Distribution Unlimited.

Publication NMAB 290 .
National Academy of Sciences - National Academy of Engineering
2101 Constituticn Avenue, N. W,
Washington, D. C., 20418
July, 1972

It




NOTICE

The study reported herein was undertaken under the aegis of the National Research
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scholarly competence and judgment wit~ due consideration for ihe
balance and breadth of disciplines. Responsibility for all aspects of

this report rests with the study committee, to whom cincere appreciation
is expressed.
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according to procedures established and monitored by the Academy's
Report Review Committee, Such reviews are intc.aded to determine,
inter alia, whether the major questions and relevant points of view
have been addressed and whether the reported findings, conclusions,
and recommendations arose from the available data and information.
Distribution of the report is approved by the President only after
satisfactory completion of this review process.
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Members of the Netional Materials Advisory Board study groups serve as indivi-
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The quantitative data published in this report are intended only to illustrate the
scope and substance or information considered in the study, and show.ld not be used
for any other purpose, such as in specifications or in design, unless so stated.
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ABSTRACT

A study has been made of problems associated with production yield of
electronic materials and associated devices, The fraction of starting material
resulting in useiul end-items is considered as the effective yield from the govern-
ment's point of view, Reliability considerations are of necessity given importani
weight in the delibcrations of the Committee, The report discusses practical prob-
lems of fabrication process anc. technigues, problems arising from current practice
in specifications and standards, and problemns arising from system applications
and use, An unusual real-life case history of a major reliability study closss the

report,
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PREFACE

The Natior~1 Materials Advisory Board of the Division of Engineering,
National Pesearch Council, Nationa! Academy of Scieace/National Academy of

Engineering, was ashked by tlie Department of Defense, Office of the Director,

S Py R SR YA ﬁf»,v*méwﬁ«é\ﬁutw‘%

Research and Engineering, ic initiate a specific sub-phase in the then-current
study of the ad Loc Committee on Materials and Processes fo. Electron Devices.

The sub-phase was to:

1. Identify the factors influencing production yield of electronic

B

materials and related devices from the point of view of:

ko PR

a, Processing

b. Fabrication

c. Reliability and reproducibility
d. Understanding of underlying phenomena

\

e. Use

2. Consider alternative courses for solving the problems which

e i e P R GRS M

were uncovered.,

3. Recommend programs for which Government support would

be etfective.
4, Make such other recommendations as would be of benefit

tc the Government relating to production yield of elecironio

LR materials and related devices.

In November, 1970, the NMAB/NRC/NAS/NAE assembled an ad hoc
Panei under the chairmanship of Mr. William C, Hittinger. He participated

ex officio in the meetings and work of the parent NMAB ad hoc Committee on
Materials and Processes for Electron Devices (Dr. Jack A, Morton, Chairman).

The other Panel members did not attend the meetings of the Committee cn Materials

and Processes for Electron Devices nor did the Committee members attend the
4 meetings of the Panel. However, the proceedings of each endeavor were freely

B available to the members of tie cther. No problem of communication existed.

iIx




The study was generally organized by first reviewing oral reports by the
-’. liaison representatives who presented the needs of the Services, their view of in-
dustrial problems, their current activities, their future plans, and relevant resource
material. Thereafter, task forces were organized to develop specific studies and

recommendations,

Three task forces were organized among the Panel members and liaison
representatives, No distinctions were made during the wocking period, The
Panel members, however, accept soie responsibility for the conclusions and recom-
mendations of the study. The task forces and members were:

Task ] - Fabrication

I. Arnold Lesk, Reporter

Martin M. Atalla

Morris Chang
Maurice Chernofi
4 Sohrab K. Ghandhi
g Paul N, Russell

Tasgk II - Specifications and Standards

Israel Katz, Reporter
Bernard Reich

Jerome J. Suran

Task Il - System Application and Use

Max T. Weiss, Reporter
Maurice Chernoff
Charles Godwir
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The orgarization of this Report is as follows:
Prefatory Material
Chapter 1 Introduction, Scope, Methodology
Chapter 2 Conclusions and Recommendatiop=
Chapter 3 Fabrication Processes and Techniques
Chapter 4 Specifications and Standards
Chapter 5 System Application and Use

After the prefatery material, Chapter 1 covers introduction, soope,
methodology, exclusions, criteria, and viewpoints. For the benefit of decision-
makers and resource allocators, all the major conclusions and recommendations
with an estimate of anticipated benefits are brought together in Chapter 2, The
three task group presentations which give the background, discussion and greater
detail for the conclusions and recommendations may be found in Chapters 3, 4,
and 5. This report is closed by an unusual appendix which is a real life report of

a major reliability study furnished through the courtesy of the General Electric
Company.

xi
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1.0 INTRODUCTICN

1.0.1 General Experience and Background

The U. S. semiconductor industry has grown to an annual level in ©x-
cess of 31 billion for domestic and export sales during the approximately 2{ veais
of its existence. This brief period has been paced by major advances in :ie abiii’:
te: perform complex electronic functions at an ever-decreasing cost per functiaa,

In large measure the iundamental understanding of silicon and germanium mate«ia!
and device physics has reached a very high level of sophistication,which i acacnate
to support continued future growth in application to advanced producte in aii seg-

mnents of the electronics industry.

Much remains to he done to improve overall cost effect:veness in ap-
plying these products to electronic systems. Both the component manufactur-es aail
user have much to learn in deaiing with the uniformity and reliahility, siacificusion,
selection and application of the more than three billion urits per year wh:ch are teiag

produced at this time,

Many U. S. Government agencies feel that they are paying too much
for their syctems, or that the reliability of the system:s they get is not sdeguate
(See 1.0.2). In some cases, even after expenditures much larger thas origin:liy
budgeted, an acceptable system was still not produced. There are exam:zies of
"trial-and-error' systems that eventually performed satisfactocily, but only
as the result of expensive rework following unsuccessful first attemnts. Although
undoubtedly many factors contribute to such cases cf budgetary and/or
performance failure, the semiconductor component parts appear to L:ear sor2 re-
sponsibility., On the other hand, there are examples of successtully develona:!
systems. Some of these (Apollo, Minuteman II3) are large "reliable componant”
systems, of such a nature that the consequences of a failure are enormaus. Hence
considerable sums of money were invested in programs to achieve sources of re-

liable zomponents by which system: with predictable high reliability coul: he



designec and built. It may be argued that tne cost ver lighly reliable system is
iarge and, 2s a result, there is room to question whether or not reliability could
have beea obtained more economically by the "tcial-and-error' technique. It is
genera:ly ancepted that the "reliable corrporent approach is the only way that
reliable systems c¢an be built; there is much ‘¢ recommend it for systems of all
sizeg. This is not to say thai success is guaranteed by such ar approach; some
iarge systems that attemnted a "reliable component" approach still got into
diff:.:;ities because of problems with semicoadnctor components. In terms of our
svera:”  2rience, ¢ken, the guestion addressed by this study may be restated as
"Eow 02y 2 hedt cepitaiize on our collcctive knowledge to promote the design and

it ciicn of gerniconductor components for reliable, e conomical zystems 7

;-
5
']

Dspartreent of Defense Inputs

a4

..-1v in the deliberations of the Panel it became apparent that the
licisorn represcu-atives shared a colnwon view relating to the use of semicrnductor
devices \n siectronic squipment; namely, that the DoD Services are spending too
yencih mowsy i the valae of their electranic equipment, They exemylified the
situation in many ways:

e field maintenance of solid state electronic equipment

is toc expeasive and difficult,

. reliability of colid-state electronic equipment is
disappointing,
. seraiconductor devices, integratea circuits in particular,

are procured for use ir military equipment in a wide
variety of ways, often with little ~egard co end usea.

c sewmiconductor devices, supplied for military end--use,
often have latent manufacturing defects,

c there is litile ikmowledge of differences in cost

effectiveness between use of mititary standard and

non-military standard parts,

......
e 2
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The Panel concluded that there is a general problem in this field worthy
of study, but no quantitative assessraent of the problem was made. The members
also concluded that they would have to carefully define and channel their activities
since the questions raised by the liaison representatives had implications well beyond

the purview and time available to the group.

The Charge to the Panel was to focus on "the yield of electronic ma-

terials and devices.' The Panel chose to define yield very broadly as the ratio of

usable silicon-based devices in a military system to the input of silicon at the front
end of the manufacturing process. Silicon-based technology was focused on in depth
as being generically applicable to electronic materials and devices. This approach

was deemed most responsive to the interest of the sponsor.

It became readily apparent that the main liaison representative con-
cerns were with matters usually considered as reliability-related: namely, the
selection, specification and manner of use of a device for high system reliability,
rather than the aspects of material, process, and structure associated with manu-
facturing yield, per se. The liaison representatives were concerned with device
failure-related phenomena, but they viewed these matters as being the primary
responsibility of the vendor. The Department of Defense has been a continuing
anc important sponsor of research and development of manufacturing methods in

the solid state electronics field. Therefore, the Panel decided to examine in a

SR

balanced way all aspects of yield, defined above, relevant to present conceruns

about the expense of solid-state electronic systems.

1.1 SCOPE*

There are many electronic materials, processes, and devices of in-
terzsi to DoD, but the problem stated by the liaison representatives: '"DoD
pays too much for what it gets, " had such an immediate ring to it that the Panel

decided to limit its considerations to silicon semiconductor dzvice technology,

*cf. 1.3 infra.
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fabrication, test, specification, and use. The Panel aiso recognized that many yield-
related considerations of other electronic materials were involved in the concurrent
study* by the ad hoc Committee on Materials and Processes for Electron Devices,

so that the focus on silicon devices was considered to be in order. This was partic-
ularly so since it was agreed tha the generic nature of the silicon-based study would

be capable of broad extropolation and application.

In sum, the objectives of this study are to identify those problem areas
from raw silicon to device use in military systems that adversely affect yield and

to submit implementable recommendations for yield improvement,

1.2 METHODOLOGY

The Panel used a case-study approach. Real situations were described
and investigated in both government and industry sectors. A number of Task Force
members made visits to military contractors for direct observation and interview,
Some, but not all, of the case studies are ideniified in this report. All were dis-

cussed by the Panel in the course of its deliberations,

1.3 OTHER CONSIDERATIONS AND EXCLUSIONS

In the course of the study, the Panel discussed certain management and
policy questions but considered them inappropriate for implementation in specific
recommendations. Worthy of mention in the context of the relationship between yield

and reliability are the following:

Concern was expressed about the skill level required of military pro-
curement personnel. A suggestion was made to classify the appraisal of the reliability
aspect of procurement of devices as an R & D activity, thereby providing a means of

upgrading this function,

The manufactrie of semiconductor devices in offshore locations** was
discussed extensively. liaison representatives expressed concern about the use of
such products in militory equipment. Questions were raised about the ability to
control integrity of manufacture in an offshore plant, the erosion of domestic manu-

facturing capability and related logistics problems in the event of war, and the

* Materials and Processes for Electron Devices. NMAB-289
** Offshore is used here to mean location in a foreign country,
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possibility of sabotage in cffshcre factories. During the discussion the following
points were made:
There is a continuing world-wide trend toward

AT R e R

assembly of semiconductor devices, particularly

integrated circuits,in offshore plaius. This is

n

W

happening as a consequence of intense price com-

petition in the industry.

c Reliability of semiconductor devices is unrelated

to geographic location of manufacture. There are

many examples of the ability to produce reliable
products in well disciplined cdshore plants. The
determining criterior is the management ability

i to run a skilled factory; this ability is not necessarily

geography-related.

c There are emerging trends in semiconductor

fabrication toward design that can be assembled

sy

with minimum operator effort; e.g., beam }ead and
"bump' connections. Success in these areas

. could minimize ‘he need for offshore assembly in

the future.

The government must recognize the need to pay
appropriately for domestically manufactured products
where it is deemed essential to procure such

devices. There must not be an exclusive insistence

on lowest first price in such procurements; hut,

rather,a balanced view of all elements of system cost

should prevail.
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A question was raised about the need or desirability of the government
undertaking its own manufacture of semiconductor devices in an arseral complex
as a means of retaining domestic source of supply and obtaining required high rc-
liability levels. The Panel felt that taking advantage of the large volume
manufacture of U, S. industry is the best means for low device cost and high re~
liability, and that what is required is to learn best how to control such manufacture

and specify and procure for military requirerments.

No attempt has been made to identify deficient coatractors or agencies
ir this report, although a high level of frank interchange occurred in deliberations.

Rather, effort was made to identify generic problems and solutions with appropriate
recommendations.

Conclusions and Recommendations arc summarized in Chapter 2;

they are contained in greater detail in Chapters 3 through 5.




CHAPTER 2

2.0 SUMMARY OF CONCLUSIONS AND RECOMM ENDATIONS

Since we are dealing with a mature technology, the reader will under-

stand tnat it is necessary to make many specific recommendations as well as a few

YN R, AT BRI IR SRR R

broadly based recommendations for m2jor change. The Parel's main conclusions,

it

& recommendations and anticipated benefits are summu:rized in this Chapter. First

i)
et

they are grouped into three categories of task force studies:

N i
T

rabrication Processes and Techniques
i . Specifications and Standards
' System Application and Use

Following this they are ordered by priority, thereby signifying the best judgment of

R AT

the Panel as to relative impsrtance. The reader is referred to the appropriate

chapter for more detailed discussion of each point.

2.1 FABRICATION PROCESSES AND TECHNIQUES

2.1.1 Crystat Defects

o ” T
TR I o <
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[ I—

2.1,1.1 Conclusi:i

g - Crystal lattice defects can result in vield losses in such large area
devices as power transistors (low and high frequency), thyristors, and complex
1 integrated circuits. The role of defects in reducing yield and the means by which
T

they may be introduced during crystal growth and in the manufacturing prccess are

not well understood,

v . 2.1.1.2 Recommendation

A program should be cupported {0 elucidate the fundamental processes
¢ | by which crystal defects are initiated, and by which they move and multiply in a
| silicor wafer during processing. This program should aim at determinring the
mechanisms by which these defects are created during processing, and should aid

in the formulation of low defect processing procedures.

PR}




TP e T

ey TR W

LT s

Wh e

2.1.1.3 Anticipated Benefits

Higher device yields with possibly greater device uniformity, leading
to more tightly controlled device parameters, may be expected. This in turn, should
directly improve the margin of tolerance which can be allowed in circuit desigus,

and lead to the design of more reliable circuits.

2.1.2 Metallization
2.1.2.1 Cenclusion

The L-oblem of metallization of conductor paths in integrated circuits
is a major contributor 1> decreased yield and poor reliability. This is especially
true when the conductors are subject to thermal cycling, high peak current puises,
or to low level corrosion. This problem is greatly exacerbated when conductors are
deposited over large steps on the oxide surface and when they contact very shallow
p-n junctions. In particular, the problem of metallization has slowed progress in

complex large scale integration, where two or more metallization lavers are de-

sirable.

2,1,2.2 Recoinmendations

A program should be instituted which:

5 Aims at discovery of the fundamental failure modes
that are presented in various metal systems, under a
variety of stressful conditions, e.g., high current
density, large steps in the oxide, temperature-power-

current cy~'ing, etc.

5 Aims at development of quantitatively con:.roliable
procedures by which the risk level in these failure

modes can be minimized.

. Undertakes to transfer the se procedures to actual
manufacturing practices with the assurance that

benefits of this work will be ongoing.

BT Bt £ e D7 W L el
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2,1.2.3 Anticipated Benefits

This program should lead to enhanced reliability and more effective

veliability assurance, thereby giving higher yieids of large-scale integrated circuits.

2.1.3 Bonding
2.1.3.1 Conclusion

Both die and wire bonds are primary areas for failure of semicon-
ductor devices and integrated circuits. It is expected that the chip size as
well as the number of terminal pads will increase in the future, due to the need for
increasingly complex large-scale integrated circuits. Hence these problem areas

can be expected to become more serious in the future,

2.1,3.2 Recommendations

A program should be developed to:
. Achieve quantitative basic understanding of what

occurs when die and wire bonding are performed.

Explore new rietallurgical systems for these
functions,

. Explore new bonding systems that will increase
process control now seemingly inherently deficient

in bonding processes,
Develop methods for evaluating the quality of

bonds, preferably in a non-destructive manuner.

2.1,.3.3 Anticipated Benefits

Enhanced reliability and more effective reliability assurance may be

anticipated with beneficial impact on cost-effectiveness.

2.1.4 Plastic Encapsulation

2.1.4.1 Conclusion
Economic pressures are leading to a growing use of plastic encapsu-
lated semiconductor components, in particulayr, integrated circuits. These devices

are providing adequate service in a variety of nonmilitary products. They have been

RS
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excluded from most military systems because of concern for their ability tc meet
stringent environmental conditions. There is a considerable variability in the be-
havior of these devices under high stress; this is a reflection of the poor understanding

of polymeric materials and their processing for this application.

2.1,4.2 Recommendations

A program should be established to:
Study the various classes of macromolecular
encapsulants,
Study the basic mechanisms by which these are
polymerized during encapsulation.
Study their basic properties which relate to
reliable microcircuit encapsulation. This
part of the program should be directed at develop-
ment of means for precisely specifying the formulations
for these encapsulants so they may be well con-
trolled and their proper use in the molding

operation strictly delineated.

In addition, the study should focus attention on
inspection scree~s for plastic encapsulated
semiconductor components, since these are not
now fully effective in establishing quality

assurance.

2.1.4,3 Anticipated Benefits

Plastic packaging is an important approach for reducing costs

of components. This cost saving could be applied to appropriate government syctems

vrovided adequate reliability and quality assurance are demonstrated.
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2.1.5 Hermetic Packaging
2.1.5.1 Conclusion

] At the present time hermetic encapsuiaticn is used for most military
transistors and microcircuits, The reliability of this form of packaging is affected
by many factors: contamination that is present within the package before lidding,
sealing contariination, and subsequent contamination due to voids in improperly

. formed seals. All of these forms of coatamination can result in long-term failure,

2.1.5.2 Recommendation

A program should be instituted to characterize the detailed nature of
the seal on hermetic packages, to evolve better hermeticity tests, and to develop
techniques by which large-area seals can be formed with assurance of integrity.
Better techniques for detectirg and eliminating contaminants that get sealed within
the package should be part of ttus program. In addition, new ways of sealing the
microcircuit at the chip level should be investigate *. with a view toward reducing

the effects of contamination and 1.»nroper hermetic encapsulation.

2.1,5.3 Anticipated Benefits

Enhanced reliability and more effective reliability assurance may

be expected,
2.1.6 Reliability Assurance
2.1.6.1 Conclusion

The effectiveness of reliability assurance procedures is limited by
the degree of our understanding of failure mechanisms., Relatively little research
and development effort directly applied to Physics of Failure has bi.en sponsored
(although the fine work of the Air Force's Rome Air Development Center, among

others, is recognized).
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2.1.6.2 Recommendations

Sponsor programs to:
. Establish more meaningful and economical s~reens
that are materials/process oriented rather than

component oriented.

Evolve pertinent high-stress (destructive} tests for

faster and more accurate reliability prediction.

Perform research and development in physics of

failure relating to the dominant failure modes.

Study new techniques for more effective production

control of materials and processes.

Evolve effective techniques for the economical re-

liability assurance of low-volume parts,

2.1,6.3 Anticipated Benefits

A more quantitative understanding of failure mechanisms pertinent
to semiconductor components, leading to better screens and more meaningful
interpretation of destructive tests would be achieved. Effective screens for low-

volume parts would be developed.

2.1.7 Procurement
2.1.7.1 Conclusion

Procurement practices contribute ir a major way to the problems en-

countered by tke government in obtaining high-yield, reliable, economical systems.

Modernization of procurement procedures should be done periodically. Althongh
effective procurement procedures have been established by the military agencies
and NASA, there is a need for consolidation and integration. In many cases

established procurement procedures are not practiced.

M
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2.1.7.2 Recommendations

Sponsor a program to compile a listing of the various
agencies, documents, procedures,and reports relating
to the procurement of high-reliability semiconductor

components.

Study the economics of high-reliability ('"hi-rel'")
component procurement as they relate tc system
cost and performance to ascertain what first cost

for components wou'd make economic sense.

Report on the practices of competitive bidding as
they affect the ability of the system manufacturer to

us2 the best techniques for '"hi-rel' assurance.

Stuay the economic problems of line certification as

they relate to velume of production.

5 Recommend ways in whick production control may

be more effectively implemented and documented.

. Perform and publish failure analysis related to
specific production processes for use in follow-on

procurement.

2.1,7.3 Anticipated Benefits

This Panel anticipates that a better understanding of the semiconducto.:
device procurement system and how it works, will be achieved, '-ading to an ip.-

proved, integrated procurement system for all government agencies with benefits

of economiy, reliability, and scheduling.
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2.1.8 Government Agency-Indust-y Commi-cee
2.1.8.1 Conclusion

Various governm-uat agencies, professional societies and semicon-
ducter-comporent suppliers are working together to establish high-reliability (hi-
rel) procedures for semiconductor components. However, there is a lack of co-

ordination, duplication of eifort, and seif-centeraed motivation.

2.1.8.2 Recommendation

A governmert-industry committee should be constituted to implemes:.
mobilization of the hi-rel practices used today, extract meaningful data from past
and present hi-rel prcgrams, assist in standardization of documents, and promote

the exchange and dissemination of pertinent information.

2.1.8.3 Anticipated Benefits

Establishment of a single government-industry committee to coordinate
semiconductor component hi-rel activities should lead to improved economy and

effectiveness of hi-rel procedures.

2.2 SPECIFICATIONS AND STANDARDS
2.2.1 Specification Rigidity
2.2.1.1 Conclusion

Military (MIL) specifications are too rigid, Furthermore, they do
rot keep up with the state of the art, In particular, they currently are not suf-
ficiently specific to end-applications. One useful approach might be to modify them

for classes of service.

2.2,1.2 Fecommendations

. The scope of specifications should be limited by

class of service,

An effort should be made to supply specification formats

that would help the specification writer. These formats

should be living documents subject to planned periodic
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2
E change by a group of competeat individuals with
; adequate device experience and laboratory backup,

assigned to specification research and development.

i . The flexibility of military specifications should be in-

TRGRTY

creased by limiting their use in logistic documentation
and by preparing and using them nrimarily for new

equipment applications.

RN ATy AT

: . For those components fabricated by high-volume
production, there should be government leadership

. in the area of device specification because no single
industrial contractor is in a position to exert the broad

leadership required.

2.2.1.3 Anticipatec¢ Bepzfits

Use benefits should more closely match dollars spent for procure-

1 ment,

: 2.2,2 Application and Use

3 2.2.2.1 Conclusion

There are many factors influencing device reliability (and, hence,
apparent yield) which are related not only to fabrication but also to subsequent in-

tegration and use in subsystems and systems operating in a field environment.

2,2,2.2 Recommendations

Competent support under one organization must be supplied
to assure that no interface problems arise concerning
the application of devices to circuits and from circuits

A to higher levels of integration. Standard procedures must

be developed to guarantee the smooth integration of

these parts.
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A practical system mus: be developed whkereby

feedback , ebtained from the cquipment develepers

and users,is madc availabic vo the device designer so ihat
deficiencies iz da*ice design and fabrication can b2 identified

and corrected,

2.2.2.3 Arnticipated Benefits

Redesign as 2 result of field 1ailure siperience will be minimized.
Design improvement as a result of experience will be accelerated. In our concept

of yield a marked improvement may be expected.

2.2.3 Commercial Practices

2.2.3.1 Conclusion

Experience has shown that well-manzaged use of high-volume-produced,
commercially available semiconductor devices in military equipment can provide
performance and reliability equal to that of counterpart military standard devices.
Moreover, data accumulated on system reliability show that not only does the pro-
duction of complex electronic equipments pass through a shakedown phase before
desired reliability is achieved, but also that non-military standard devices have
performance and reliability characteristics after production shakedown that qualify

them for applications in military equipments.

Although the use of non-military standard devices in the production
and maintenance of military equipment is not without risk, significant ccst reduc-

tion and system reliability improvements may be attainable,

2.2.3.2 Recommendation

The government should undertake a program to determine whether
high-volume-produced, non-military standard, commercially available devices,
particularly large-scale integrated circuits could be utilized in different generic

2lasses of equirment, in a truly cost-effective manner, where cost-effectiveness

is measured over the life cycle of the equipment.
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2.2.3.3 Anticipated Beuefits

Large cost savings may Le realized if acceptable 2ommercial practices
as well as nor-military staadard, ccmmercially available devices were user in the

production of large-quantity militarv equipment,

2,2.4 Equipmwent-Reliabiiity Enbancement

Eo ot Conclusion

Reliahility eshancement, device or equipment standardization, and
systems failure analyses, as currently practiced are often assigned to the manu-
facturing phase of the equipment-procurement process. Consequently, they may
not receive adequate attention from persons with sppropriate levels of technical
competence, Moreover, sufficient design effort to improve levels of device,
equipment ard system performance or to reduce equipment downtime, therehy
greatly extending system operating life between overhauis, is seldom part of a
procurement contract. Yet, a significant increase in the field life of equipment

between overhauls should be an attainable goal.

Equipment~procurement costs are easily identifiable and in most in-
stances readily determinable. Reliability assessment is more difficult to perform.
Fund allocations for reliability enhancement ofcen are not given appropriate con-

sideration and priority,

2.2.4.2 Recommendation

The history of the reliability and the actual life of existing equipmaent
skould be a decisive factor, in combination with original price, for sel:ction and
procurement of subsequent devices and equipment. To obtain such dzta i order to
appiy experience to the design and production of new equiprient will require speciiic

funding for reliability improvement in procurement contracts. Therefore, reliability

enhancement should hecome a procurement requiremernt,
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2.2,4.3 Anricipated Benefits

A useful criterion for bid evaluation will be achieved. An incentive
for orgoing product improvement will be incorporated in the systems. Net mission

cost should be reduced.

2.2.5 Screening and Burn-In

2.2.5.1 Conclusion

Screening and burn~in at both the device and subsystem levels have
been useful in detecting nonconformance and early failure, The DoD position
relative to general application of screening and burn~in is not clear. If the tch-
niques are effective in lessening early failures, then they should be made manda-

tory for all components and subsystems procured by DoD.

At present, the sequence of screening and burn-in is a fixed pattern
of tests for all detail specifications based on test methods in MIL~-STD~750 and

MIL-~STD-883.

2.2,5.2 Recommendations

Device and subsystem screening and burn-in should be studied as
techniques for enhancing system reliability and cost effectiveness. Recognition
should be given to the need for greater flexibility in applying the preconditioning

and burn-in sequence according to class of service.

2.2.5.3 Anticipated Benefits

Higher yield through greater reliability of screened components

should be attained.

2.3 SYSTEM APPLICATION AND USE

2.3.1 Conclusion

Development and procurement procedures for highly sophisticated
and critical DoD weapons systems often result in less than satisfactory field
performance because of high component-failure rates, particularly in integrated
circuits. Though the initial cost of the integrated circuits may seem tn be

reasonable, the impact on cost, schedule znd operational resdiness cf failures

(e st

e e
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at higher levels of assembly, or of field failures, leads to the conclusion that im-
proved techniques must be devised to ensure dependable high reliability at the com-~-
ponent level. This is particularly true for mission critical aircraft and space and

missile gystems.

Although the previous recommendations would clearly improve this
situation, the Panel recognizes that some major critical national programs have
developed effective techniques for the utilization f electronic components that en-
sure a very high level of dependability and reliability, These techniques involve
focusing management, engineering, and fiscal atiention on reliability as a main
goal, a condition that has been difficult to apply to the broad spectrum of military

systems.

It is clear that not all programs can e elevated in importance to
command the funding and sustained effort in the component-acquisition program
that is put into the few exceptional programs; the following question still arises:
"Can DoD as a whole use its immense resources and purchasing power to achieve
a very high level of reliability (and thereby, improve yield) for all it8 mission
critical aircraft and space and missile programs? Can it do this by cost-sharing

among programs without burdening each individual program with excessive costs ?"

This concept of total component management is viewed as the overall
means by which various of the preceding procurement recommendations, recognition
of classes of service (2.2.1) and use of certain commercial practices (2.2, 3), in
particular, can est he judged in total perspective. The Panel believes that a
study in greater depth than was possible in this effort should be undertaken to
evaluate the long-range implications of the total management concept. A suggested

course of action based on the considerations of Chapter 5 (q.v) are set forth below.

2.3.2 Recommendations

c Establish a committee of highly qualified and experienced

individuals both in and out of government. These indivi-

duals should have backgrounds 1n both the technical and
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management areas of DoD systems in order to study

tue advisability and practicality of establishing a

single DoD agency with responsibility and authority

for consolidating the management, procurement,

and technical surveillance of high-reliability components
for military applications, This agency should con-
cern itself with ali devices, whether procured by

the government or by its contractor for high- re-

liability military systems.

This committee should also address itself to the
problems of developing programs and techniques
for ensuring a contiruing advancement in reliable
comp~nent technology, with emphasis on integrated
circuits, This advancement might otherwise be
stifled by the constraints to use specific approved
types such as those that a single-ag :ncy p.ocure-

ment system migat impose.

2.3.3 Anticipated Benefits

The vast purchasing power of DoD could be used to improve com-
ponert yield, reliability, and, thereby, overall system cost. Further, the con-
siderable benefits potentially available from current experience in methods de-
veloped in obtaining high reliability ir mission-critical programs su. .. as Apollo

and some missile and space programs could be exploited in many DoD programs.

2.4 PRIORITY ORDERING OF RECOMMENDATIONS

The recommendations made in the preceding paragraphs are ordered
in priority in the follovsing table according to criteria related to the broad question

of electronic equipment cost effectiveness. The Panel regrouped its recommenda~

tions, listed previously by Task Force cutegory into categories of Fabrication. Reliability.

and Reliabiiity Assura.ace, and Specifications and Procurement. In so doing it was

e
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decided that each category has approximately equal importance in relation to yield
as defined for this study. The priorities assigned in the following table, therefore,

v LA SR s

apply only within the category. No attempt was made to weight the ratings from

. category to category. Priorities are assigned from A through D in descending
n order of importance tc DoD.

! Table - Priority Ordering of Recommendations

E" : Recommendation
: Number (s) Priority
rQ .'-. Fabrication
L Crystal Defects 2.1.1 C
: Metallization 2.1.2 A
Bonding 2,1.3 A
Flastic Encapsulation 2.1.4 A
& Hermetic Packaging 2.1.5 A
g; Production Control 2.1-2.5 A
¢ Inclusive
¢ 2.1.6 (. - #4)
| Reliability and Reliability Assurance
Nondestructive Testing 2.1.6 (. - #1) A
High-Stress Destructive Testing 2.1.6 (. -#2) B
Physics of Failure 2.1.6 (. - #3) B
Screening and Burn-in 2.1.6.(. - #5), B
2.2.5
Specifications and Procurement
Military Specifications 2.2.1 B
Application and Feedback 2.2.2 A
High-Volume, Non-Standard 2.2.3 D
Reliability Enhancement 2.2.4 B
Component Procurement and 2,1.7, 2.1.8, A
Control (at individual and 2.3 (. -#1 & #2)

system level)
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CHAPTER 3
3.0 FABRICATION PROCESSES AND TECHNIQUES
3.1 OBJECTIVES

The specific objectives of this Chapter on Fabrication Processes and
Techniques are to identify those aspects of semiconductor component manufacture
that constitute problem areas incorporated in the statement of overall Panel ob-

jectives and to relate its findings to those of the other Chapters of this Report.

3.7 MANUFACTURING CONSIDERATIONS

3.2.1 Device Fabrication

The dramatic decrease in cost per function of semiconductor devices
over the years has been paced by the cost reduction impact of fundamental under-
standing of materials, processes, structures and production techniques, Future
emphasis will shift away from basic materials and structures to manufacturing

cortrol, testing, and quality and reliability assurance.

Some important material-structure challenges worthy of fundanmental
investigation remain, particularly as they relate to more complex devices with
advanced performance which are being developed. Recommendations are made
in Section 3.3. 1 for the following categories:

c crystal defects.

metallization
bonding.
plastic encapsulation.

c hermetic packaging.

3.2.2. Cost

The selling price of semiconductor components for consumer/in-
dustrial appliciiion has continuously dropped during the Jast fifteen years to the
point where prices are so low that several major companies have gone out of the

semiconductor business for lack of profit. Most devices and integrated circuits

ot
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sell for less than a dollar, many for a few cents. Hence, it cannot be argued that
semiconductor components are too expensive. In addition, general reliabi.ity has
proven to be very high based on experience data over a period of many years.

Quality problems have generally been worked out between supplier and user,
frequently resulting in improved components and end products. FEeplacement of
semiconductor devices in consumer/industrial products is relatively easy. How-
ever, for high reliability (hi-rel) application, there is the added requirement of proof
of reliability before use. This is where the additional (and appreciable) cost of hi-

rel components originates.

The large price differential between consumer/industrial and hi-rel
parts provides a temptation for equipment manufacturers to use the cheaper units,
A more difficult problem is the construction of equipment that does not perform
reliably even though hi-rel parts are used; i other words, some hi-rel components
are not sufficiently reliable, or failures have occurred because of poor application,
Both reliability procedures and procurement procedures contribute to the problem.
These are discu:sed in the following sections; conclusions are based on information

obtained from the bibliography (3.4) and from the experience available to the Panel,

3.2.3 Reliability Procedures

Various procedures have evolved with the objectives of: (2) determining
the reliability of a particular semiconductor comporent, (b) removing the least re-
liable units from a production distribution, and (c) maintaining production of a given
device at a consistent level of reliability. How well these procedures work, and
which are the most useful, are subjects of considerable debate. However, the
procedures are essential to the procurement of hi-rel components and, through the

application of advancements in reliability physics, they are continually improving.

3.2.3.1 Screening

Screening (100% nondestructive testing) is the process of subjecting
all units of a given production type to a prescribed series of tests, the objective
of which is to weed out the components that are malfunctioning or have a high prob-

ability of exhibiting unacceptably low reliability. It is the most commonly used
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technique for reliability enhancement. Screening is periormed by the manufacturer,
by the user, or both. When performed by the user, screening serves as an incoming
inspection to help reduce the impact of a manufacturer's mistakes or to econcmize
on that part of a manufacturer's testing costs if he is relieved of screening responsi-
hility.

The following observations can be made based <n experience with

3 screening of semiconductcr components.

1. System reliability is higher using screened rather
than non-screened parts (i.e., hi~rel parts are more

reliable than commercial/industrial components).

2, In general it is cheaper to emproy initial screens

rather than utilize non-screened components and
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