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BY THE US. GENERAL ACCOUNTING OFFCE

Report To The Secretary Of Defense

GAO Assessment of DOD’s Very High Speed C
Integrated Circuits (VHSIC) Technology Program {

GAO reviewed DOD’s Very High Speed [ntegrated 1
Circuits (VHSIC) program--an effort to develop and ]
demonstrate advanced data and signal processing c
technology for defense systems. Although progress AD_A 1 55 1 09

has been made, the development, demonstration,
and independent verification of first generation VHSIC
technology is behind schedule. Nevertheless, DOD
believes that VHSIC technology must be used in
defense systems and in 1982 expanded the program
to promote near-term system applications.

In light of the delays and other problems, GAO is
concerned with DOD’s decision to further expand
subsidies to stimulate earlier application of VHSIC
technology. To achieve the goals of the program,
GAO believes that DOD should emphasize progress
goals for already approved contractor subsidies and
the demonstration and independent testing of first
generation VHSIC technology.

This report discusses the expansion of the program,
as well as the status of its original objectives, and

2> recommends alternative ways for DOD to encourage
Q. system developers to promptly consider using VHSIC
o technology.
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UNITED STATES GENERAL ACCOUNTING OFFICE
WASHINGTON, D.C. 20548

NATIONAL SECURITY ANOD
INTERNATIONAL AFFAIRS DIVISION Ka

B-215788

The Honorable Caspar W. Weinberger 4
The Secretary of Defense :

Dear Mr. Secretary: -

We have reviewed the Very High Speed Integrated Circuits
(VHSIC) program--a high priority Department of Defense (DOD)
effort initiated in 1981 to develop and demonstrate two genera-
tions of advanced data and signal processing (integrated circuit)
technology for defense systems. Although technical progress has
been made, the six companies under contract to DOD have found the
development and demonstration of first generation VHSIC technology
to be more difficult, expensive, and time consuming than
anticipated.

DOD decided in 1982 to expand the program beyond its original
objectives~-to develop and demonstrate new technology--by provid-
ing direct subsidies to the six VHSIC contractors, and to defense
system developers within the military departments to actively pro-
mote the use of first generation VHSIC technology in defense sys-
tems. This program expansion was undertaken to expedite the use
of VHSIC technology to insure that the nation can maintain a com-
petitive edge over our adversaries through superior electronic
equipment. DOD's decision to expand the program increased the
total estimated program costs from $339 million to $781 million.

There is evidence that DOD and the VHSIC contractors have
encountered significant delays and other problems in developing,
demonstrating, and verifying the first generation VHSIC technol-
ogy. Because of these problems, we have concerns about DOD's
emphasis on program expansion before the technology has been fully
developed and tested,

P DEVELOPMENT AND DEMONSTRATION
OF THE FIRST GENERATION VHSIC
TECHNOLOGY ARE BEHIND SCHEDULE

= In 1981, six companies received contract awards to develop

. and demonstrate first generation VHSIC technology. Those con-

‘ tracts involved the design and fabrication of several different
kinds of VHSIC chips, initial testing of the technical adequacy of
the individual chip designs, and demonstration of the chips in a
brassboard prototype (i.e., subsystem configuration).
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The contractors were expected to consistently produce techni-
cally acceptable VHSIC chips. However, as of December 1984, only
about half of the 29 proposed VHSIC chip types have been produced,
and most of those in limited quantities. 1In addition, only one S
contractor had completed the required demonstration of the brass- R
board prototype, and several contractors may not be ready to do so )
until late 1985--some 18 months behind the scheduled completion R
date of May 1984. ]
—
Plans have been made to conduct independent tests to verify -
that the VHSIC chips produced to date meet performance and other
key requirements. However, initial testing has been limited to
independent tests of VHSIC chip components (test chips) and to
observations by DOD officials of the testing done by the VHSIC
contractors,

fL 'y ‘l ‘A 'y

To reach informed decisions about the incorporation of new
technologies such as VHSIC in advanced system designs, system
developers need to know whether the technology meets or exceeds
their technical requirements, is cost-effective, and has no major
risks. Although DOD believes that most, if not all, first genera-
tion VHSIC technical objectives will be attained, that achievement
may not be demonstrated and verified for several years. We
believe that emphasis on the completion and independent testing of
first generation technology could increase the early utilization
of VHSIC technology without further program expansion.

EXPANSION OF VHSIC PROGRAM

Originally projected to cost about $339 million, the VHSIC
wvrogram 1s now expected to cost $§781 million through fiscal year
1989, and proposals under consideration could lead to program
costs in excess of $1 billion. (See app. I.) Most of the cost
increases result from DOD's decision to expand the program's scope
bevyond its original mandate--to develop and demonstrate technol-
0oqy--+o actively promote the application of VHSIC technology in
defoense systems at the earliest possible date. About 2 years
before the contractors were scheduled to complete the development
and demcns+tration of first generation VHSIC technology, DOD
starsed £o 1mplement an expanded program of subsidies that

1ncIuins

-~a $192 million yield enhancement and manufacturing technol-
a7y lnitiative to lncrease the quantity and reduce the cost
0f VHSIC chips produced by the contractors, and

--a $148 million technology insertion initiative (proposed
for expansion to $210 million) to 1lncrease the near-term
demand for VHSIC chips by system developers.

The remaining increase of $102 million relates to increased
frinding for first and second generation technology and for
computer aided design,
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Yield enhancement and manufacturing
technology initiative

In 1982, DOD became concerned that the six contractors might
be reluctant to maintain and/or improve their chip manufacturing
capabilities because the anticipated demand for VHSIC chips by
system developers could be slow to materialize. Through its yield
enhancement and manufacturing technology initiative, DOD proposed
to improve, with direct subsidies, the contractors' manufacturing
efficiency so that reasonably priced VHSIC chips would be widely
available as soon as possible,

A $102 million yield enhancement subsidy, started in fiscal
yvear 1984, is supporting the continued operation and general
enhancement of the VHSIC contractors' pilot production lines.
DOD's goals are to (1) increase the contractors' manufacturing
yield--the percent of technically acceptable chips of the total
chips produced--from initial estimates of less than 2 percent to
10 percent, and (2) decrease the unit cost of VHSIC chips from the
initial estimates of about $5,000 to about $500 by 1987.

An additional $90 million manufacturing technology subsidy,
which DOD plans to start in fiscal year 1985, will address speci-
fic equipment-related problems the six contractors are encounter-
ing in producing, assembling, and testing VHSIC chips.

Historically, price competition and commercial market forces
have been a powerful impetus for improving manufacturing effici-
ency and reducing costs in the integrated circuit industry. Cur-
rently, in an effort to stay competitive with DOD's VHSIC contrac-
tors, over a dozen other major defense contractors and integrated
circuit suppliers are making significant investments to develop
their own VHSIC-manufacturing capabilities independently from the
VHSIC program and the DOD subsidies. One of the difficulties
inherent in the use of subsidies for market intervention is the
absence of information about what the market would do without the
subsidies. For example, DOD has projected that, without subsi-
dies, VHSIC chip unit costs would be reduced from the initial
estimates of about $5,000 to about $1,500 by 1987. This reduction
is expected to occur as a normal course, as continuing contractor
work and investments improve their VHSIC chip manufacturing effi-
, ciency. DOD stated in its comments on our draft report that the
¢ additional cost reductions to $500, which it estimated would be
1 stimulated by further subsidized manufacturing improvements, would
result in significant savings to the government. However, the
assumptions about demand on which the estimates are based have not
been achieved to date, and it is uncertain whether the subsidies
will have the full cost reduction effect in light of the schedule
P and production problems which are occurring in the development and
demonstration effort.
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The yield enhancement subsidies were initiated by DOD before
the 31x contractors completed their original contractual obliga-
ticns to develop the chip manufacturing techniques necessary to
achieve consistent and cost-effective yields of VHSIC chips. 1In
cur draft report, we proposed that DOD make continued yield
enhancement subsidies contingent on each contractor's demonstra-
tien of progress toward meeting the 10 percent yield and $500 unit
co goals for VHSIC chips by 1987. DOD agreed and has estab-

.13hed yield enhancement progress goals. DOD plans to make con-
ed subsidies contingent on the -ontractors' attaining those
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DCD also will establish, where applicable, progress goals for
the $90 million manufacturing technology initiative, and plans to
make continued subsidies contingent on their attainment.

Techrnology insertion initiative

In 1982, DOD also became concerned that defense system devel-
Opers might be reluctant to promptly commit to using VHSIC tech-
nolnay because of the inherent technical and cost risks associated
with any technology emerging from development. Through the tech-
nwlog, insertion initiative, DOD wants to increase the demand for
VHSIC chips by encouraging the consideration of the technology in
defense systems through subsidized development of near-term system
applications. The subsidies are being used in most cases to off-
s2t some of the costs system developers would normally incur in
designing and building a VHSIC-based prototype for evaluation and
comparison with a prototype based on other integrated circuit
technology.

DOD has committed $148.2 million so far for 38 potential sys-
=m applications, such as missiles and communication equipment.
ee app. II.) DOD plans to provide $62.2 million more in subsi-
‘es for an as yet undetermined number of potential system appli-
ations beyond the 38 already identified.

DOD believes that an effective level of VHSIC application in
defense systems can be attained only through a subsidized technol-
oy, insertion initiative, However, no criteria have been estab-
lizhed for the number of subsidies which are necessary or the
schedile of utilization of VHSIC technology which is appropriate.
DOD 13 drafting a policy directive on when and how system devel-
ooe=r s should consider using VHSIC technology. According to VHSIC
program officials, such a directive would probably not mandate the
Jue 0f VHSIC technology, but would require that it be fully and
sericusly considered for use in defense systems.

We believe that the expedited issuance of a policy directive
w. .11 encourage system developers to promptly consider using VHSIC
teecinology without first receiving subsidies. Moreover, increased
erptoasls on efforts to fulfill the VHSIC program's original
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:'.. 4
mandate to develop, demonstrate, and verify VHSIC technology would ,HJ
minimize system developers' uncertainties about using VHSIC tech- ';ij
nology. In the absence of criteria for the appropriate number of -
subsidies or schedule of utilization, there is no evidence that an ejf%
expansion of the subsidy program beyond the 38 systems already )
identified is necessary or desirable,. J

RECOMMENDATION 1{,j
y
]

We recognize that the yield enhancement/manufacturing tech-
nology initiatives are well under way and we support DOD's recent
efforts to establish and enforce progress goals for these initia- e
tives. Given the substantial additional investment already made o
in manufacturing improvements and technology insertion initia- e
tives, and in the absence of criteria for identifying the desir-
able number of technology insertion subsidies to achieve specific
program objectives, we recommend that you not approve the addi-
tional $62.2 million planned for VHSIC technology insertion subsi-
dies. Instead, we recommend that you

—--complete the development, demonstration, and verification
of first generation VHSIC technology, and

--issue the proposed policy directive on when and how system
developers should consider the use of VHSIC technology.

AGENCY COMMENTS

DOD provided extensive comments on the findings and conclu-
sions in our draft report. The comments, for the most part, did
not dispute the facts represented in our report, but did present
an alternative interpretation of some of those facts and a more
optimistic assessment of program progress. Because of the range
of issues addressed in DOD's comments, we have expanded our report
to provide additional context for the discussion.

ARS ~ SAARAOes

DOD stated that it believes that VHSIC technology must find
its way into defense systems and, to make that happen more
expeditiously, it was necessary to expand the VHSIC program in
order to expedite the availability of VHSIC chips, to reduce their
unit cost, and to increase the near-term demand for them. To that
end, DOD disagreed with our recommendation that the addit .onal
$62.2 million in technology insertion subsidies be disapproved.
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While we concur in the desirability of the goal to expedite
the availability of VHSIC chips and to reduce their cost, we do
not agree that further expansion of technology insertion subsidies
is warranted in the absence of clear criteria for the achievement
- of program objectives. We believe that expanded use of VHSIC
technology would be facilitated by reemphasis on the original pro-
gram goals of development, demonstration, and independent verifi-
cation of first generation VHSIC technology, and by DOD guidance
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on the desirability of considering VHSIC-based alternatives for
near-term system applications.

additional details on our review are included in appendix I.
DOD's comments on the draft of this report appear in appendix III.

As you know, 31 U.S.C. 720 requires the head of a federal
agency to submit a written statement on actions taken on our
recommendations to the Senate Committee of Governmental Affairs
and the House Committee on Government Operations no later than 60
days after the date of the report. A statement is also to be sub-
mitted to the House and Senate Committees on Appropriations with
the agency's first request for appropriations made more than 60
days after the date of the report.

Copies of this report are being sent to the above Committees;
the Chairmen, Senate and House Armed Services Committees; the
Director, Office of Management and Budget; the Secretaries of the
Army, the Navy, and the Air Force; and other interested parties,

Sincerely yours,

BPM(A CLon Mar

Ftank C. Conahan
Director
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. APPENDIX I APPENDIX I

GAO ASSESSMENT OF DOD'S

‘: VERY HIGH SPEED INTEGRATED

CIRCUITS (VHSIC) TECHNOLOGY PROGRAM

i INTRODUCTION

The Very High Speed Integrated Circuits (VHSIC) program is a
high priority, Department of Defense (DOD)-wide effort managed
within the Office of the Secretary of Defense (0SD). The VHSIC

. program's primary objectives are to develop and demonstrate two

. generations of advanced data and signal processing %“echnology,

'I with strong emphasis on the specific, demanding, and often unique
needs of current and future defense systems. In the late 1970's,
DOD found that commercial manufacturers were not producing, on a
timely basis, the kinds of integrated circuit chips that would be
most useful in defense systems. Most manufacturers were concen-
trating on chips with the greatest commercial potential, such as

o microprocessor and memory chips, which were not designed to sur-

' vive the rigors of the military environment. In addition, state-
nf-the-art technology was not being used to build the militarized
chips that would provide near-real-time signal processing
capability--the key to substantially more effective defense sys-
tems., DOD believed a separate technology development and demon-

Il stration effort was necessary to stimulate VHSIC development
because individual defense system development programs did not
have the necessary resources and leverage to carry out such an
ambitious and costly venture.

iy DOD expects each subsequent generation of VHSIC technology to
E provide timely and cost-effective opportunities to significantly
improve defense system perfoarmance, reliability, and maintainabil-
ity while being less of a burden to the systems in terms of power,
weight, and space. DOD has already identified Xey areas for
potential VHSIC application, such as cruise missiles, military
satellites, fire and forget missiles, radar, command and control,
e wideband data communications, undersea searcn, electronic warfare,
' and signal intelligence.

OBJECTIVES, SCOPE AND METHODOLOGY

We evaluated the VHSIC program because of the significant
lncreases 1n programn costs and congressional concerns. In reports
on approved DOD aathorization and appropriation reguests, the Con-
qress oxpressed concerns about the program's objectives, struc-
ture, and costs, as well as about the dissemination of VHSIC tech-
nology, We held extensive discussions with VHSIC progran offi-
cials in OSD and the milivary departments, with the six partici-
pating contractors, with various other DOD officials, and with
other defense contractors. We reviewed key program documents,
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Including the development contracts and progress reports,  Our
review was made in accordance with generally accepted government
auditing standards and was conducted from May 1983 to August 1984,

DEVELOPMENT AND DEMONSTRATION
OF FIRST GENERATION VHSIC
TECHNOLOGY ARE BEHIND SCHEDULE

In 1981, six contractors received awards to develop first
generation VHSIC technology,1 to design and fabricate several
different kinds of VHSIC chips, and to demonstrate applications of
those chips in subsystem brassboard prototypes.2 All six con-
tractors encountered difficulties in the design and initial pro-
duction of their proposed VHSIC chips. As of early December 1984,
only abont half of the 29 proposed VHSIC chips types had been
successfully produced and initially tested and most of those in
relatively limited quantities. Some of the remaining VHSIC chip
types may need extensive design changes to be producible in even
limited quantities.

Although the contractors were making technical progress, it
hbecame evident to DOD early in the program that the original cost
and schedule allowances would very likely be exceeded. 1In order
not to overrun the contract prices, DOD directed the contractors
to give priority attention to those activities leading up to the
brassboard prototype demonstrations. Other tasks in the original
contracts, such as preliminary research on second generation tech-
nology, that were not deemed essential to the brassboard
demonstrations were deemphasized or removed entirely.

Nonetheless, only one VHSIC contractor was able to demonstrate its
brassboard prototype by the originally scheduled date--May 1984.
TwOo other contractors were expected to demonstrate their
prototypes in early 1985, or about 8 months behind the original
schedule. However, the remaining three contractors were not
expected to demonstrate their prototypes until late 1985--sz0me 18
months behind schedule.

Commenting on our draft, DOD reported that technical progress
has been made and stated that a conscious decision had been made
to use available VHSIC program funds to increase the near-term
demand for VHSIC technology~-the technology insertion initiative
(see p. 10)--rather than trying to recover the original develop-
ment and demonstration schedule of each participating contractor.
DOD stated that the difficulties in design and pilot production
were risks associated with every leading edge technology

.

'separate contracts were awarded by DOD in late 1984 to develop
and demonstrate second generation VHSICZ technology.

2pn operating assembly for engineering evalnation parpose s,
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Jdevelopment and that the VHSIC contractors would complete their
tasks at their own expense, albeit with a stretchout of the
schednle. However, DOD's yield enhancement initiative (see p. 7)
i3 focused directly on the major problems that have negatively
affected the contractors' schedules for developing and demon-
strating VHSIC technology--the design and initial production of
first generation VHSIC chips.

DOD has focused considerable attention on the subsystem
brassboard demonstrations in order to demonstrate that VHSIC tech-
nology is a feasible alternative for defense system applications,
vie believe that such demonstrations are important but should not
be viewed as the only indicator of viable performance in a mili-
tary environment, Additional demonstrations and verifications of
VHSIC technology, although planned and in process, are not yet
complete, For example

--Althouah work is planned at DOD laboratories, independent
organizations, and the VHSIC contractors' facilities to
2nsure that all military requirements are satisfied, DOD
has not yet independently verified that the VHSIC chips
produced to date fully meet established performance, sur-
vivability, testability, and reliability requirements.
Independent testing so far has been limited to VHSIC chin
components (test chips), and to observations by DOD offi-
cials of the testing done by the VH5IC contractors. Since
lefense systems are expected to rely heavily on the
advanced capabilities of VHSIC chips, independent verifica-
“1on that military requirements for complete VHSIC chips
lave heen met is an important program milestone,

--Proarams have been planned at various DOD laboratories to
formally certify that VHSIC chips meet stringent military
i1:al1fication standards. However, military-qualified VHSIC
chips may not be widely available for several years, and
near-term system application opportunities currently under
itscussion may have to depend on VHSIC chips that have had
11 -ited independent testing. The largest impediment 1is
“nat rYhere are not enough of each VH3IC chip type available
for the certification process. Other problems that have
tected thils process include the lack of adequate test
eopilpment and the need to modify the existing certification
process In light »f the specific characteristics and rela-
“ively hign o cost of YHSIC chips.

--% xey nrogram objecstive has been to make VHSIC technology
voradily available &0 all systoem developers as soon as
veosinle for thelr evaluation and potential use.  Although
orelirinary technical tnformation has been made available
i 3y stem annlication workshops are being held, access to
Coe careent JHSIC ohins or ot the design facilities necos-
tar g oto create now YHSTO chips is ostill relatively
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restricted.  Access 1s expectad to improve as o widitional
ltles of JHSIO chips are produc ed and as thes technical

rizy of those design facilitlies improves, The availa-

*ilif" ST VHSIC chips (even on a sample basis) and design

will nave a direct impact on the ext:nt and

of VHSIC system applications.,

DUD believes £nat substantial progress nas been nmade and that

weot, 18 onot o all, first generation VHSIC technical objectives will
peoattalnad, 7o galn svstem developer accentance of VHSIC ?ech—
ns Loy, we ‘;liovp DOD needs to emphasize the prompt falfillmen

¢ The orinar, :rowram objective-—the development, demonstrati on,
1l 1}~pa 13 t verification of VHSIC technology.

FXPANSTON OF VHSIC PROGRAM

Driginally, DOD expected the VHSIC program to cost about $339
milliown, Currently, the program is projected to cost at least

S787 million through fiscal year 1989 and possibly in excess of $1
Hlillion. {3ee table on ». 5.) About 35350 million has been obli-
tat et "hrough fiscal year 1984,

Alvnougn the cost of the overall VHSIC program has
irasatically increased, the cost increases have been related
prL"dx1lj ro additional tasks undertaken in the program.

S ~ing on our draft revort, DOD stated that those additional
“hs<s nad been considered absolutely essential to maintain
Sreerica's compatitive edge over its adversaries through superior
) ronls egulipnent,

voon o of tne additional tasks, as well as most of the increase
'norrne Lroadran's costs, can ne traced to DOD's decision in 1982 to
cxkoand v progran's scope.  DOD projects that this expansion will
mrmasely cnst o oas muach as $400 million--more than twice the cost
g Lrst oareneration VHSIC technology development and demorni-
tration nhass,  In expanding the program, DOD established new
o ==tn promote the near-term application of first genera-
i ST tecnnnloys In oa wide range of defense system acquisi-
S, and ko improve the YHSIC contractors' manifacturing
a1t lities. Tne original program mandate called {for technology
el woent il demonstration but no dlrsct DOD role in promoting
ooanoliearion of YHSTO tecnnoloay to defense systems,  Although
o porinay mansdate 1o onot over fally o acnhieved, tne program's
o T s 2aifred as DOD songht to o accelerate the process
St pdyanesd intearated circuit technology into defonse

yooranidl o as it emerged Trom indastry.

Towa s concserned shat o rpstemn developer: wnlld not o maxe A

et et et b guiag first generation VHSTO technologeye
e U any vew advanced technology s inhereat costoand techni-
Lo I addivion, oecaunse Sae demand for tirst agenerarion
Coie s ca e Slow boomatarialize, DOD owas o also concornesd rhat
3
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DOD Funding for VHSIC Technology

l.
A

DOD funding estimates
Funding categories Originald Current® Proposed®

4 )

Tirst generation technology: oo
s o

nafinition studies $ 10.5 $ 10.5 $ 10.5
NDevelopment and demon- 167.8 165.5 195.5
stration phase
Yield enhancement - 192.0 192.0
and manufacturing
technology initiative
Radiation hardening - 17.0 57.0
activities
Military qualification - 10.0 30.0
activities
Packaging activities - 1.7 11.7
Technology insertion - 148.2 210.4
initliative
Siptotal 178.3 544.9 707.1
s=25nd generation technology:
sefinition studies - 11.3 1.3
Devsalopment and demon- 83.6 73.0 150.0
stration phase
ithography development - 9.9 9.9
Subtotal 83.6 94.2 171.2
Nther:
Desian automation development - 62,2 62.2
'arious research projects 36.8 40.0 40.0
nagement and support 40.0 39.6 39.6
S .otal 76.8 141.8 141.8
Tota, $338.7 $780.9 $1,020.1
v iading profile as of May 1981,

“00D approved funding profile as of February 1984.

‘Handing regairement identified by the VHSIC director as of
“eoraars 1984,
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---Military gqualified VHSIC chivs will be widely avain sl
wlitniin the next few vears. As described above, steps towara ricli-
tary gqualification are proceeding apace so that the gqualificat ion
vrocess can oe conpleted as soon as possible.  Yield onbancemnent
w111l nelp ensure that sufficlient quantities of VHSIO chiug o
avallable for the gqualification process and the growing oo Of
srstem applications.

R S P

GAD ANALYSIS

DOD's comments were helpful in pointing ouat that soie Jctense
systein contractors are now getting access to some of the caroent
VHSIC chips and to some of the VHSIC design facilities. we have
made adjustments to reflect this information. Other than that,
DOD's comments do not dispute but instead confirm the information
oresented In our draft report. However, DOD's comments include
numerous projections of anticipated events, rather than depictions
of actual events, and go beyond the information presented in our
draft revort. 1In addition, we would note that (1) severai ot the
system applications referred to by DOD are being subsidized Ly the
VHSC program and (2) we had not previously heard of any DOD plans
to use less than perfect VHSIC chips.

o FINDING D: Program Should Focus on Demonstration of tirst
feneration VHSIC Technology. GAO found that first generation
JISTT technolngy has not yet been fully and convincingly demon-
strated.  GAO concluded that the VHSIC program shoula focus prior- -
it attention on tnis before moving on to the development and
demnnstration of second generation VHSIC technology. GAO stated
mrat DOD has the opportunity to make adjustments in the program
including delaying or reducing the planned expansion of the pro-
jram.

LOD Nonconcurs

Comment:  Full and convincing demonstration of first generation
THSIC technology, including brassboard demonstrations, has been
conpleted at IBM. TRW and Honeywell will complete brassboard
demnonstrations in 1934, The other three have fully and
vonsincingly demonstrated the 1.25 micrometer chip technology.
Siring 1385, it is reasonable to expect that all will have
saccessfally completed the original requirements of Phase 1.
Diring Phase 1 all of the contractors have demonstrated a
oatterning capability for making submicron devices at low 1ojic
complexity and are fully prepared to procecd into Phasce 2.
Several companies have already demonstrated 0.5 micron tocaaclogy
J1-h corplexities up to several thousand gates,

Althongh DOD is anguestionably focusing high priorice o en-
“ion upon providing fall and convincing demonstration b tho nse-

falneass of the first geneoration of VHASTO technology, 18 aoald be g
sritical mistake not to maintain our Fechnological aosontoau oo
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lance “Measure=s Diraction finding Location and Intercept

Yo (non=VHSIC) contractor in ocdzc to utilize theivr chips in

321 TLINT systems. The TRW brasshoard will also be demon-
in 1984. Otnher Pnhase 1 coatractours are completing their

it thelr own expense, ialbelit with a stretch-out of the

l2, A conscious dec.s3ion was nade to apply available funds

chnology insertion rather than trying to recover the

nal schedule at every contractow, The difficulties in design

11ot vroduction 13 3 risk associated with every leading-edge
rsonnology development.

---0ver 2000 VHSIC cnhips of 13 different chip tynes have been
iaced, 3everal mora chip tvpes will be fully functional within
n=2xt month or two, resulting in the majority of chip designs
, fally functional. For example, two more chip types from TRW
i nearily fally functional. They contain minor errors which are
a1l correctable and even early prototypes are useful for
swmernas applications.,  Yield enhancement has also already begun

v bear fruit.,  Early runs of some of the more complex chips have
wad encouraging vields (i.e., greater than one percent). For
»xample, IBM has completed its first yield verification runs and

mi1ficantly raised the percentage yield of its yield enhancement
-t Chip, the Signal Processing Element (SPE) chip. This chip is
1 2irnlified version of the Complex-Multiply-Accumulator (CMAC)
1l nased on early success, 1t appears likely that the VHSIC

st ives will be exceeded.

---A11l completed VHSIC chip types have been tested in con-
<-:+or facilities with DOD personnel surveillance. In-house chip
rriifloasion nrograms have been instituted at laboratories
* o . rimoat DOD. DOD is presently independently verifyving the sur-

1iity and reliability of VHSIC chips. In addition, some

cevienr testing was performed with test chips even before the

* JHSTIC ¢chips became avallable. Additional work is planned at

- .- Yahoratories, independent organizations and at the VHSIC
ro' oslants to ensure that all military requirements are

=== ol 1o conhrachors have access to some of the new
oo e s are alread, making good ase of them.,  For
, U=t en, gy on=YHS T contractor has racelved several

Coooavt s alreads esilaating their ase in an Alr Forsoe
. T raia o available rabtrix switoh chins at thelr
o1l i faed DO requesters. Honeyw2ll has
cer s T arents (P 4 x 9 Statie Random Access Memory
e oros e s f oy Navy o aoplication. More VHSIC
oo e e hwer s matte avallable as o safficient guan-

oLl Mooy ey, clesian £l sacnh s Haghes!

' st b vl laode v gl yaalitfied regquestors,
Yoot s st v 4T et e R dosian software
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found the funding regulrament Ldentif1ed by the VHSTO pirector i- R
over $1 billion. j
7

4

DOD Concurs

Comment: Although the cost of the overall YVH31C prograan has o
dramatically increased since it3 lnception, thess Cost increases, :
have orimarily been related to additional tasks undertaken by btoe
orogram,  These fasks are considered absolately necessary to
acirieve the overall goal of the V43IZ nrogram: to maintain
America's competitive edge over its adversaries through superior
electronlic equipment,

[y N

i
P ‘
[y AP RS SPIN ¢

© FINDING C: Other Problems. GAD founl problems other than cost
growth. These include GAO's findings that:

- The VHSIC brassboard prototyne demonstrations (operating

assemblies of subsystems using VHSIC chips -- for engineering
2v3laation) are from 15 to 18 months behind schedule,

- less than half »f the different kinds of VHSIC chips to be
prodaced have, so far, been produced, and these only in limited
Jquantilties,

- DOD has not yet independently verified the performance,
survivability, testability, and reliability of VHSIC chips,

- although preliminary technical information is being made
availilable, contractors other than the six VHSIC contractors do not
have dlrect access to the current VHSIC chips or to the design
facilities necessary to create new VHSIC chips,

- military qualified VHGIC chips may not be widely availan!.
for several years.

DOD Nonconcurs

Comment: All of the Phase 1 VHSIC contractors have made very
significant progress on e programs. For ooxansple: 13N dere
strated its brassboard on 1 Mz 44 a5 schedaled,  They are o
rently in jolnt negotiation wit*h a major non="/151C defoense con-
Fractor to use thelr VHSTO chips i1 the Arn, Mast-Mounted #Helioo
ter sight.  Honeywell has (ol deronsrrated togoir complete s
chip set,  They are cuarrent] @ ineoroorasing thoece chiins Into o
Army Randwidtn Reduction and Tt yoons Parget Trackee sl
prograa ©or Remotely 2ilared 7eiiicl ey iafvared (IR) oo wroeg -
lance, and are negotiating witn a4 Nnajor (4n=-YHS[) defonse 41 -
frame contractor [Hr Incorporatisn into tne LHY alroratt, NSRRI
brassboard «1ll be completed Ly the oad of this year,  TRw oo
fally demonstrated two btiirds ot their chins and @5 carrens o
asing these chiips to apgrade thae Ay Force ALD=131 (2w pod, . i
are also currently working with the Army Mintatarized Slectr ono
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brassboards were to be demonstrated in Phase 2. As stated by the
1382 Defense Science Board (DSB) report on Optimal Planning and
Zxecation of DoD Very Large Scale Integration (VLSI) Activities;
"The greatest risk in the VHSIC program, in our judgement, is not
tnat we will falil to achieve the technical objectives, but that we
will nake a sluggish or incomplete implementation of the technol-
ogy." The expanded Technology Insertion prograin was then formu-
lated and included by the Congress in the FY84 appropriation.

The DSB recommendation was made to encourage direct interfaces
D2tween the VHSIC technology developers and DoD system developers,
including funding of early development efforts by the VHSIC pro-
aram. This arrangement has already made significant progress
toward providing successful demonstrations of actual application
of the VHSIC technology, thereby attesting to its credibility.

The expansion of the VHSIC program beyond its original aims
was deemed necessary to insure that the technology which was being
developed and demonstrated in Phase 1 would be available and
reasonably priced to enhance the chances of inserting the technol-
03y into military systems in a timely manner.

DOD does not concur that utilization of this emerging tech-
nology was unexpectedly slow. If possible, system developers do
not unconditionally commit their programs to a new, emerging tech-
nology. That commitment must be coupled with a lower risk tech-
nology in order not to jeopardize program costs and schedules.
This is particularly true for systems that are already beyond the
concept development stage. In fact, the response to VHSIC tech-
nology has been extremely enthusiastic by any measure; in response
to DOD requests for candidate systems for insertion of VHSIC tech-
nology, the Services nominated more than 100 systems and Service
nrogram offices have matched DOD VHSIC funds committed to the can-
didates selected for insertion by 2:1.

DOD also does not concur that a detevmination had not been
tade that anticipated demand wnuld necessitate full production
capability by all six contractors. The preliminary outputs from
~» technology insertion program show a demand for chips from all
e JYSIC Phase 1 lines. 1If the program is as successful as
11:1al responses suggest, there will be a demand for the full
sroduction capability at the 10% yield from all pilot lines. As
0 nnted, over 100 technology insertion opportunities were
-~ ommended by the Services., There i3 a large market. Each VHSIC
contractar Chip set is being atilized in DOD systems, and it is

“weriatlve that all six contractors estahlish an efficient pilot
Cine oroduastion capability to provide technology alternatives to
“an Jdesigners and to provide competition in future systam

T aremnent,

PIWDING B:  Cost Increases. GAD found that, originally, DOD
sty thne YYMSTC progran £o cost about 5339 million, whereas it
rently bhadgated at about $781 million through Fr 1989, GAD
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GAQ DRAFT REPORT DATED OCTOBER 3, 1984
(GAO CODE No., 351788) -~ 0OsSD CAsE MNo, 6621

"IS THE EXPANSION OF DOD's VERY HIGH SPEED INTEGRATED
CIRCUTTS (VHSIC) PROGRAM MEURSSARY 2"

DRAFT DOD RESPONSE TO GAO DRANT REPORT

FINDINGS

o FINDING A: VHSIC Program Going Beyond Original Aims. The GAY
found that the Very High Speed Integrated Circults (VHSIV) progran
is a DOD wide effort to develop and demonstrat2 two ceneriations of
advanced integrated circuits (ICs}) designed for application in a
wide range of defense systems. GAO found that, mid-way througn
the program, DOD is concerned that atilization of this emerging
technology nhas been unexpectedly slonw. GAD found that, as the
program was originally structared, VHSIC funding support was
limited to the demonstration of pilot vroduction facilities. How-
ever, in order to stimulate demand, the VHSIC program is now
assuming the role of promoting first generation VHSIC technology
by: (1) spending $192 million to improve manufacturing efficiency
by supporting continued operation at all 3ix VHSIC contractors
pilot production lines while upgrading these contractors' VHSIC
manufactiuring technology; and (2) subsidizing design, engineering
and prototyping in a large number of defense systems development
orograms, at a cost of $210 million. GAD also found that a deter-
mination had not been made that anticipated demand would necessi-
tate the development of full production capability by all six con-
tractors., Although GAO has reservations about the need to expand
the program in this way, it recognizes that there is broad
interest within DOD and the Congress in getting VHSIC technology
into defense systems as soon as possible. It also recognizes that
this expansion i3 already underway and it concludes that
cancelling this expansion could significantly destabilize the
prograin,

NOD Partially Concurs

Comment: DOD concurs that the YHSIC program has gone bevond thae
sriginal aims. As the GAO found, the VHSIC program i3 a DOD wide
effort to develop and denonstrate two genoerations of advanced
integrated circuits designed for application in a wide range of
defense systems,

Recognizing that technology evolving from the VHSIC progran
mast altinatel, nake its way into fielded systems, the qqaestion
~n

arose, "How ocan rhe process be o accomplished most oxpeditioasiod
The orciainal 21510 vrosram planainag docaments and Phase 1 con-

fracts called tor brassboarl desonssrations tH prove “he apoiica-
Duliey HF UHETDT vo solye roal, mititary systen nroblems . ™o -
1 -
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THE UNDER SECRETARY OF DEFENSE

NMASHING TSN DC 20301 4

SESE AR~ aND

& (ReATy 810V 1984

Mr. Frank C. Conahan
Director, National Security and
International Affairs Division -
II U.S. General Accounting Office i
Washington, D.C. 20548

PSSPV ST I

Dear Mr. Conahan:

This is the Department of Defense (DOD) response to your
® letter of 3 Oct 1984 which transmitted your Draft Report (GAO
Code No. 951788) entitled, "Is the Expansion of DoD's Very High
Spee? Integrated Circuits Program Necessary?" (OSD Case No.
6621).

The primary objective of the Very High Speed Integrated
A Circuits (VHSIC) Program is to accelerate the process of getting
integrated circuit (IC) technology into DoD weapons systems as
rapidly as it emerges in the IC industry, regaining the ten-year
lead the U.S. formerly had over its adversaries.

n The GAO report questions the pace and progress of the
program, and in particular the need for the expansion of the
program in areas of yield enhancement, manufacturing technology,
and technology insertion. DoD should continue its aggressive
pace in this program. The technology developments of Phase 1 are
nroving beneficial in numerous system applications and the
successful fabrication of submicron circuitry provides a strong

’ foundation for proceeding with submicron technology development.
Detailed DoD comments, which address each of the findings
and recommendations contained in the draft report, are provided
1n the attachment to this letter. These comments will answer
) T4D)'s questions regarding the progress of the program and the

deci1sions of the VHSIC Program Office. The opportunity to
-smrent on this report in draft form is appreciated.

Sincerely,

Attachrent
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DEFENSE SYSTEM APPLICATION EFFORTS

SUBSIDI4ED BY THE VHSIC PROGRAM

ARMY

--Precision Locatlion weporting Systoea Joint Tactical
Information Distribi=ion Systemn - Hybhrid

--Mast Mounted Sight Yor Army Helicooter Improvement Progran

--TOW Wireless Command Llnk

--Alrborne 3ignal Processor for Lignt Fxperimental Helicopter

~-Firefinder Radar Processor

~-lellfire Fire and Forget Missile

--Coppernead Conventional MicroprocessHr Improvement

--M1 Tank Target Acylisition and Fire Control Processor

--TOW Automatic Target Tracker

--Advanced dign to Mediim Altitade Alr Defense Missile

--Short to Mediuam Range Alr Defense Missile

NAVY

--Enhanced HModular 5S1gnal Processor

- -MX 50 Torpedo

--AN/UYS=-1 3onar Sianal Conditioner

--F/A-18 Alrborne Radar Programmable Signal Processor

-~-AY¥-14 Standard Ailcborne Computer

~-Lxtremely ‘tiagh Frequency/High Frequency Communications
Terminal

~-Submarine Adwvanced Combat Systen-Rus Interface Unit

--High Speed Anti-Radiation 4Missile - Low Cost Seeker
Processor

--Link Moss (Classtified Program)

AIR FORCE

--AN/ALQ-131 =“lectronic Warfare vod

--Launcn and Leave Gulided BRomb

--Common 31gnal Processor

-Military Standard 1750A Ceneral Purpose Computer
-=Future Plghter Avionics Demonstration/Pave Sprinter
--Improved Modalar Radar Warning Recelver

~=Ajtomatic Targ-t Recognlzoer

--Advanced Onpoacd Si1gnal Procesor

-=Military Strategis, Tactical and keluy System - Moden

Proce s sor

S=S00nCh Prnros S or

-ead ranced ANlr-to=Sartace ol
~=Tafrarad Seares andg Praci Sy sten
--Uxtee el Ghogh Freagoaeens s Satellite Adantive Array 2rocess sor
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developers to utilize VHSIC technology without subsidies, we
question whetner $62.2 million more in subsidies will produce the
desirad results. Therefore, we do not believe that POD should
further expand its subsidies to additional system developers.

DOD plans to issue policy
directive on VHSIC technology

We wer2 informed by VHSIC program officials that in order to
ennance the prospects for the wider use of VHSIC technology, DOD
was drafting a policy dicrective on when and how defense system
developers should consider using VHSIC technology. According to
VHSIC progranm officials, the proposed directive would probably not
nmandate VHSIC technology use but would, after a specified date,
oblige system developers to rigorously consider using VHSIC tech-
nology as a prerequisite to DOD approval for the acquisition pro-
gran to transition to its next phase (full-scale development, pro-
duction, etc.). These officials said that system developers would
vresumably be required to provide the rationale for a decision not
to use VHSIC technology. 1In our view, expediting promulgation of
this Airactive would encourage defense system developers to
promptly and seriously consider the costs and benefits of using
VHSIC technology without first receiving subsidies.

o 17
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nominatad by the military depavtrents, an aveoerade roohnolngy

=
[
insertion subsidyv »f aboar $3.8 million will be patd by the VIS0 -

proyran. = o
.

Most system developers are .
unwilling to use VHSIC -]
technology without subsidies "]

- L

In early 1983, nNOD asked tne wmilitary departanents to aominat: {
system acquisition programs fo2r VHSIC technology insertion sobsi- R

dies, The military departments promptly responded with listina:s
of more than 100 candidate programs. The magnitude of tnis
rasponse demonstrates that system developers have a keen interes.
in VHSIC technology and that numerous system applications may
ultimately be possible. However, only a few system developers
have made a commitment to use VHSIC technologv withoat subhsidies.
In addition, in most subsidized system applications, there i3 a
commitment by the system developer only to evaluate and compare a
VHSIC-based system design to a system design based on an alt2rna-
tive integrated circuit technology. There 1s no certainty that
the developer will select the VHSIC-based systemn design. VHSIC
officials recognize that they do not have enough resources to suh-
sidize all the potential applications already nominated by the
military departments. Most, if not all, of the $148.2 million
currently budgetad for the technology insertion initiative has
been committed to the 38 gystem applications already approved.

Questionable need for additional
technology insertion funding

DOD stated that the nse of VHSIC technology would potentially
provide such substantial benefits to defense systems that
increased subsidies--the additional 362.2 million proposed for the
technology insertion initiative to allow additional defense sys-
tems the benefit of evaluating VHSIC technology--will be monev
waell spent. DOD added that the additional customer bhase provided
by the additional $62.2 million subsidy would create more competi-
tion at the system level,

We are concerned that there are no orit=aria for the opiimuan
number of technology insertion subsidies to achieve the system
annlication program gnal. Since the 38 system anplications
alr=ady subsidized shonld clearly demonstrate the applicabiliry o
YHSIC tecnnolojy to a broad ranages of daofense systems, wo do not
- see the nead for NOD to subsidize addizional systen applicat ton:y
' for the same puarpose, In addition, i% i35 anclear ton what extont
threge additional i1nsertion subsidies are oxpectad to encourage
other svstem developers to prompizly consider and ootentially oo
THE IO technolngy wizhout sabsidies--the key underlying juastifioa-
~ion for the technoloyy inser=ion inislative. 3Since the 5148,0
nillinn in technolooy insertion sihsidies alzeady comnitted o
s7zs5bom applications Yas apparently ot encoudraged otuer sy sbon
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The i manitactaradle o ar higher yield should not bhe excluded and ;;
T o Cireanst gaces ware under PDOD's control., 1
:
Lo adtd nook dispate our flading that some VHSIC chips, as
cuoooenrtl s ciesianed, may regquirz considerable effort to oroduce
o1y Yieilted vgrantities,  3ince it was our previouas understand-
LTt at DL was ot Joling to permit the contractors to make major 4
- 11 17 chana=s in their proposed VHSIC chips, we were concerned o
—hat mhe contractors alght spend consideravle time and eftfort
wHrking an hard-to-orodiace chips, without changing their designs,
wid 1o tiee on o generic VHSIC chip producibility vroblems. We ]

Lo Leve 2hat NDOD shioald encourage the contractors to promptly make o
Do iwslgn changes where necessary. .

Dur fdraft report gquestioned the use of yield enhancement
suotidies {or those product improvements necessary to meet the
Baslo VHSIC performance, reliability, and survivability require-
menns,  we helieve these conca2rns will be minimized since DOD
areed o make ylield enhancement progress payments contingent upon
e contractors' demonstration of progress toward meeting the

~thip yield and unit zost goals by 1987.

HSIC technology insertion initiative

Conceraed that system developers might be reluctant to
promotly use VHSIT technology in their systems because of the
inher=nt technical and cost risks associated with this 2merging
technology, DOD decided in 1982 to estabhlish the technology inser-
tion initiative in order to increase the near-term demand for
JHSIT technology. By subsidizing VHSIC-oriented design, engineer-
iniy, and prototyping activities in selected defense system acqui-
zition programws, DOD's gnal was to demonstrate as soon as possible
rnat VHSIC tecnhnology could be effectively used in defense systems
apohlications., DOD expected that this approach would encourage
otner systen developers to adopt VHSIC technology to their systems
without first receiving subsidies.

DOD initiilly planned to spend, through fiscal vear 1989,
aboar 3144,.2 million for the technology insertion initiative,
$30 millinon has bHrnen obligated through fiscal vear 1984, and
ir=ctor of the VHSIC prodgrann has identified a fanding
“eprireteat ior o an additional $62,.2 million for the technology
fncersion aislative,

> £

teoorost rases, the tecinology insertion subsidy 15 beilng used
% oot ser some Hf bhe costs system developers woald normally incur
vodesianin and ballding a VHSTC prototype for evalaation and
ryrtysison with a prototype that features more conventional inte-
rarel clrcait rechnology. Acquisition progran fands will finance
o trae o remainder Hf rhe cosk oagsociated with osach =tforts,  For each
2

- . af roe Y3 Hroarans select-d o date (see oanon. TT0) from thoge
b
X
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acnieiogs goals.  The yield enhancement 2ffort was not originally
~rraectared Fo ensure that the VHSIC contractors were committed to
achieviag these goals in the timeframe designated., DOD initially
itd not regquire that the contractors guarantee acnlievement of any 3
spacific level of VHSIC chip yield enhancement or cost reduction '

v make any additional corporate investments to improve their f
ciip~-manaifacturing efficiency., For exanple, some contractors were ﬁj
aving problems in the initial production of certain VHSIC chips T
cecanse of narticular features of their design and/or their rela- 1
~ively large size. These contractors ware not precluded from S
13113 the yield enhancement subsidies to continue working on such Coe
pranlems, even though the problems may be unique to those individ- o

11l chips. 1In addition, DOD believes that product improvements,
s1ch a3 those necessary to meet the basic VHSIC performance, reli-
ability, and survivability requirements, are an appropriate use of
the y1eld enhancement subsidies. To the extent that these subsi-
itee are used for purposes other than developing generic VHSIC
>aip d23ign and manufact.uring process improvements, we are
concerned that DOD may not achieve its VHSIC chip yield and unit
chs3t goals by 1987,

hssaming that DOD will continne its yvield enhancement subsi-
di1e3, we proposed in our draft that more definitive requirements
ne lavied on the VHSIC contractors to help ensure that their
~fiorts to Increase tne manufactiring yields and reduce the unit
costs of VASIC chips are successful. We proposed that continued
s1=21d 2nnancement subsidies be contingent on each contractor's
demonstration of progress toward me=2ting the 10-percent VH3IC chip
vi2ld and S530 unit cost goals by 1987. Progress can be measured
Decagse DOD has adequately provided for meriodically determining
the contractors' manufacturing vields., While this proposal would
not guarantee that tne DOD yield enhancement subsidies would be
131 exclusively for generic improvements in the manufacturing
~fficlency of VHSIC chips, it should minimize the extent to which
tue sabsidies ars spent by the contractors on problems unique to
yaidlzidaal VYMSIC chios,
DOD agreel to oar proposal and has 2s3tablished yield enhance-
AT progress goals, consistent with the ld-percent goal. Subsidy
proaress nayments are slanned to be made based apon attalning
e aoals, Tnoaddizion, the work statements for the manuafactar-
11 technolosy initiative contracts to be awarded in fiscal year
40wl contain sield objectives, where applic~able, on which
1o nasments Ny1ll be hasad, Howeo2r, DOND stated that
oo e sent s oan integrated cilrcait yields nad typically been
oo b throath changes in chip desian as wmach as throuagh
Crovenent s oan rhe chip-manafactaring orocess,  DOD also stated
et oronibiesion Of dlinprovement in speciiic chip designs would
direececsarily restoict the progress of rhe vield anhancement
st design and lavoat changes can redace the chip
rzeant e need for o even tianter o control oof the chip-manafact ir-
Ly e 5, DOT srarned that minor st rale chaages which maxe
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ctorctenr oroadaction canabilities for all six contractors, 1t P
Sul' s oprorscorion of a large fatare demand [ or VHSTO chiips o B

reeasoaable, the oix contractors might have parsded tall prodact ton
cananiliries witnout additional NDOD subsidies. The eacracncy of
1t Le2ant o3 dozoen other potentlal suppliers of VHSLO cnips who ar.
vl Lacae corporate lnvestmentzs--estimated to be S50 million o
Womillion--appears to be an additional incentive for these con-
CAactors to piarsae manutactaring improvements.  lnder these clr-
SiwsTances, DOD subsidies for improved VHSIC chio-manifactaring
~frf{lolency appear unnecessarv. 0On the oter hand, shoald the
tarare demand tor VHSIC chivs not he as large as expected--a3 50me
ST officials sugyested during our review--there iy be no need
Tor ZOD o svonsor development of full production capabhilities for
2ll six contractors.

na

Gistorically, price competition and commercial market forces
wave beaen a powerfal impetus for improving manufacturing effici-
cnccoand redacing costs in the lntegrated circuit industry., One
»iothe difriculties inherent in the use of subsidies for market )

P R S Sy PR YD G R U PRy

tatervention 13 the absence of information about what the market
<2l cio without the subsidies. For example, DOD has projected 1
“rout, withoat subsidies, VHSIC chip unit costs would be reduced Y
roponhe Initial estimates of about $5,000 to about $1,500 by 5
1357, T™nis reduction is expected to occuvr as a nnormal course, as ~
Jontlning contractor work and investments improve their VHSIC ]
1. manafacturing efficiency. DOD stated in its comments on our
~ revort that the additional cost reduction to $500 which they .
sstimate would be s-imulated by subsidized manufacturing improve- ]
nts, would result in significant savings to the government over B
-2 1ife cvcocle of VHSIC technology utilization. However, the K
oanotlons about demand on which the DOD estimates are based have ]
- heen achieved to date, and it is uncertain whether the subsi- 1
oo wilil nave the full cost reduction effect in light of the E
el and production problems which are occurring in the first ]
s1r-oanion devaelopment and demonstration effort. )
T onlans to tie vield enhancement ]
r’ Cunldlies to contractor progress
S © ward meeting yield and cost goals
.
{ six i nos bhelleve that there was a clear need for DOD
S Lroqram o to lmprove the manufactiaring efficiency of
’ - o D sonb s mor i, we recognize that there 13 a brouad
g : Cors S ant the Congress in ogetting YHSIS technology
uteen s soonoas possible and that the producibil-
s o Atil o be a primary concern In reaching that
;o oo eanancencnt effort 15 alr=ady ander way,
ool and possibly coanterprodactive 0
L L S L LT
[ ]
;o ST IS i cields v ar Ieast 10 per-
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defense systems. We believe that DOD can make great strides
toward meeting that objective by reemphasizing the completion of
the development, demonstration, and verification of first genera-
tion VHSIC technology.

VHSIC yield enhancemert and
manutacturing technology initiatives

As is common in the initial production of state-of-the-art
integrated circuits, the manufacturing yields3 of VHSIC chips are
relatively low and unit costs are guite high. DOD believes that
VHSIC chips will not be widely used in defense systems until their
availability and unit costs are significantly improved. There-
fore, DOD intends to spend about $192 million in fiscal years
1984-87 for its yield enhancement and manufacturing technology
initiative., Of this total amount, $102 million is to subsidize
the continued operation of the six VHSIC contractors' pilot
production lines and $90 million is to upgrade their manufacturing
technology. About $39 million was obligated for these purposes in
fiscal year 1984.

DOD wants to ensure that first generation VHSIC technology
will be available and reasonably priced in order to enhance the
chances of inserting the technology into defense systems in a
timely manner. Through the ongoing yield enhancement effort, DOD
has established the goal of improving, by 1987, its six con-
tractors' manufacturing yields from the initial estimates of 0.5
to 2 percent to better than 10 percent for all VHSIC chips on a
sustained basis., 1In addition, DOD has set a goal of reducing
YHSTIC chip unit costs from initial estimates of $5,000 per chip to
about $500 per chip. DOD's yield enhancement subsidies--$102
million--are being used primarily to support the continued opera-
tion of the VHSIC contractors' production lines at specific mini-
num rates for 32 months. Manufacturing efficiency is expected to
improve as the contractors accumulate production and testing
experience,

The $90 million manufacturing technology initiative, which
NN plans to start in fiscal year 1985, will consist of an exten-
sive series of projects directed primarily at improving the equip-
nent used in the production, assembly, and test of VHSIC chips.

I+ 1s desirable for DOD to encourage the VHSIC contractors to
zzranlisn efficient production capahilities. However, it is
nclear whether enough is known about the future demand for VHSIC
Tiis to have justified DOD's subsidizing the development of

JTae total number of technically acceptable chips expressed a
p=rcentage of the total number of chips manufactured,

A
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the VIISIC contractors may not aggressively maintain and/or improve
tneir manufactaring capabilities., Consequently, DOD iuwplemente:d a
two-prongaid expanded progran of subsidies that included

--a §192 nillion yield ernhancement and manufacturing technol-
ogy initiative (see p. 7) to increase the quantity and
reduce tine cost of VHSIC chips nroduced by the six
cointractors and

--3 S148 million technology insertion initiative (which may
incr=ase to $210 million--see ». 10) to Increase the demand
for VHSIC chips by system developers.

Commenting on our draft, DOD concurred that the VHSIC program
nad gone beyond its original mandate. But DOD stated that the
technology evolving from the program must ultimately make its way
into fielded defense systems and that the key question is how that
process could be accomplished most expeditiously. DOD referred to
the 1982 Defense Science Board report on VHSIC, whicn concluded
that the greatest risk to the VHSIC program was the possibility of
A sluggish or incomplete implementation of the technology rather
“han a failare to achieve its technical objectives,

The study leading to the Defense Science Board report was
conducted in late 1981, well before the schedule and other pro-
hlems in developing and demonstrating VHSIC technology became evi-
dent. In addition, the report did not discuss whether system
developers should make commitments to use VHSIC technology before
the attainment of its technical objectives has been demonstrated
and verified, The Board report did, however, express somewhat
similar concerns to ours by stating that:

"...There is a danger of early overkill. By
oushing hard for VH3IC applications before
manw chip designs are completed, hefore suc-
cessful chips have been fabricated and reli-
ability assured, and certainly long hefore the
first chips will become available, the proaram
153 accepnting a high-risk high-payoff strateqgy.
Th2 risk is that promises will be made bat not
“alfilled, that systems will be committed t
VHST1C chips that cannot be delivared on
senedale, and that the political and technio sl
commuanities will ceact adverselwv,  The oo’
is early insertion, perhaps fallys just it 1o
bt o risk because of its value, ., 0"

Dar cone-ern Lsorhnat oalthowTh 10wy e anpre oo sy DT
A e A lti=risk higti-naroflt strateg s for oy 117 Vo ‘
Neer=t e rarem guonlioattons, DOD oneeds b reten 0t gt e
morebncint, A soon ot o siole, the Lol g : g
P Intie et T insert g AR TT bechiodla s by L e b it
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veginning the development of Phase 2 submicrometer technology in

parallel with the completion of Phase 1 verification and demon- R
stration. The highly successful IC industry typically supports .-
three concurrent activities:

- maintaining production (yield ennhancement/manufacturing
technology),

- transitioning technology into products (technolegy inser-
tion), and

- development of next generation (submicron technology)
VHSIC.

In that industry, a new generation of commercial IC products -
emerges every 2 to 4 years, The VHSIC program is an effort to

match that pace in applications unique to military needs. The

successes achieved in Phase 1 have borne out the validity of the

VHSIC approach.

VHSIC is aimed at regaining the 10-year lead the U.S. for- -
merly had over our adversaries in the area of electronics. It is
now time to move forward toward providing the additional capabili-
ties achievable through the use of submicrometer dimensions in -
order to preserve our technological lead. Delaying parts of the T
program runs counter to the reasoning which led to initiation of S
the VHSIC program, and to Congressional action in 1982.

GAO ANALYSIS

In our draft report, we did not intend to suggest that the
development of second generation VHSIC technology be considered an

" expansion of the VHSIC program or that it be delayed or reduced. -
Our position is that DOD should concentrate on completing the :
t develoopment, demonstration, and verification of each successive

generation of VHSIC technoloay and no»t on subsidizing early system
apnlications of those technologies before completing tneir
development, demonstration, and verification,

a n FINDING E: DOD Should Rely on Competition Rather than Addi- i
tional Funding to Improve VHSIC Manufacturing Efficiency. GAO S

found that the original VHSIC contract called for the development

3 »f manufacturing technigues necessary to realize "cost-effective

and consistent yield", However, GAO points out it is "customary" I

| fHor unit costs to be hiah in the initial production of state-of- -

g the-art 1ICs. GAO found that, to correct this, DOD intends to 4
spend 5192 million (noted in para A above) to increase the per-
centage of tecnnically acceptable chips resulting from the manu-
facturing process (manufactiring yield), from the current range of
from 0.5 »nercent t£o 2 percent ap to 10 percent. This could

¢ decrease bthe cost per chip from as much as $5,000 to about $500.
Hoting that neither +he 10 percent yield nor the $500 per chip was
dzrived from econoric analysis, GAO questions how much yield

IR ORGP W I W WL G WO W S, G Y. WY SOy, W S CE . S
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improvement should be funded from the VHSIC program. GAO polnts
out that even without the $192 million expenditure to improve B
vields the DOD has projected that the unit cost of VHSIC chips - %
will decline to about $1,500 by 1987 through contractor invest-— T
ments for manufacturing efficiency. GAO points out that DOD has
not obtained any guarantee that the six VHSIC contractors will
make any such investments on their own. Neither, GAO asserts,
will these contractors guarantee any particular unit cost reduc-
tion. GAO points out that price competition has been a powerful
impetus for manufacturing efficiency and price reduction in the IC
industry. GAO states that over a dozen defense manufacturers have
made large corporate investments--estimated at $50 to $100 million
each--to develop their own VHSIC capabilities. GAO points out
that continued funding of DOD's six VHSIC contractors may perpetu-
ate these contractors' advantage, and could impede future
competition.

DOD Nonconcurs

Comment: The question of market forces raised by GAO was very
seriously considered during the evolution of the yield enhancement
program (and still is). It was the topic of two workshops during
1982 at which industry and government representatives discussed
the various complex technical and economic issues. The conclusion
of the Yield Enhancement/Manufacturing Technology workshops were
that with a projected aggregate market of 1250 thousand chips in
1988 the cost per chip will be $1,389 without yield enhancement/
manufacturing technology and $453 per chip with yield enhancement
and manufacturing technology. This translates into a total DOD
cost savings (with YE/MT) of $1,170M for the year 1988 alone. The
driving force, however, was the DOD need for faster availability
of VHSIC technology. Commercial pressure would not do this.
Therefore, the VHSIC Program Office requested the additional funds
for both Yield Enhancement and Technology Insertion.

Although costs of VHSIC chips will eventually decrease
because of normal market forces and experience, the advantage of
accelerated use of this technology in DOD systems will be lost.
Prior experience has convinced the Department's decision makers
that the additional funding is absolutely necessary to accelerate
the process of providing sufficient quantities of VHSIC chips at
§ an appropriate cost for planned system use and qualification
tasks. The presence of eight (six prime plus a second at TI plus
subcontractor Motorola) VHSIC pilot production lines provides a
strong competitive base within the VHSIC contractors. These con-
tractors have made investments of their own corporate funds of
approximately $450 million. 1In addition, more than a dozen manu-
facturers are working toward establishing VHSIC level capabili-
ties, largely as a result of the success of the program which
translates into a total investment of $600M by contractors not
participating directly in the VHSIC program. However, few if any

T
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of kness contcactors will oe ready to supply VHSIC chips within -J
Ehe next 2 to 3 vears, "
y

DOD points ot thak 1t was only after establishment of the
31k VHSIC Pnase 1 prograns that both VHSIC and non-VHSIC contrac- 1
rors alike baegan to make large investments of their own funds to ]
lasure that they would vreanaln competitive in the systems arena. E
3imilarly, continued VHSIC investment on the part of DOD continues ]
to foster even areater corporate ilnvestment. This leverage is a 4
2y aspect of the VHSIC program and any reduction in DON funding f
at tinis time would reduce competitive pressure, slow the pace of 9
corporate development, and delay availability of reliable VHSIC 4
chips. :
4
The VHSIC Phase O and Phase 1 procureinents were competitive, y
Fhias the entire industrv has been treated with fairness. The ]

n
total industry outlook toward VHSIC has been largely very posi-
-ive, with a constantly growing interest and activity in using
VHSIC tecnhnology. The degree of tentativeness and caution being
exercised by users in appropriate for any tecnnology which is just
emerging from an R&D vhase,

dadasnik.

> FINDING F: DOD Should Evaluate Effectiveness of Systems .
Already Funded before Subsidizing Additional Systems. GAO found
that, through FY 1989, DOD plans to spend about $148 million of
YH5IC orogram funds as subsidies to encourage the military depart-
ments £o insert VHSIC technology into 33 military programs. GAQ
“ound that the DOD Director of the VHSIC program has identified an
1lditional requirezment of $62 million to expand such iansertion

[~ besond these programs. GAO feels that the system developer's

{ responsibility for efficient management is strengthened where no

!i <gych subsidy 1s used, Furthermore, accountability, including
sisibility of progran costs to the Congress, is made more evident,

‘ Tn additinn, GAN found that the military departments had nominated
3 “ave: “han 100 candidate programs for VHSIC subsidies, and that
s sfficials recogaized that they did not have enough resources
ty subsidize all of these (at an average cost of $4.5 million
cacn).  GAD believes that the 33 systems already sponsored by the
THSTC progran could clearly demonstrate the applicability of VHSIC
tacnnology o a broad range of defense systems. GAO concludes
that 0N should evaluate the effectiveness of these VHSIC system
~onlications before subsidizing any additional system applications
af fiest ageneration technology.

.-VYT—I
-

v v

4
SOD Nonconcurs
Comment: NDetailed stuadies of the effectiveness of VHSIC in system
applicitions have bheon made since the heginning of the program,
martint witi o a cnntract stuady by The Analytical Science Corpora-
Pl “inn (TASCY.,  The DOD evaluated the effectiveness of the VHSIC
cooter anolications in Decenber 1983 and followed ap with inser-
“ioa oroarar resioes throaghoat 1984, These evalaations led to
272
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Coraalation of criif2ria for the selsstion daring Fros

tional VHSIC systemn applicitions,  Too DOD will again ceuvaias

of rhe VHSIC svstem applications in Januars 1935, Kacn prodgra s
candidate 13 thoroughly evalaated at sevoeral lesolas within s
Service before they are approved tor fanding at the VIS0 nroar g
otfice level. Evaluations thias far havze doecoastracod sabhstane
gains 1n capability, v=liability, and nalatainability.  The dop oo -
strations have been in the form of stiadies, oreliminary d-signo,
and brassboard .demonstrartlicns under the ViSTO development con-
tracts. Havdware demonstrations for actual systens application
#1ll be forthcowiny tn Decenbe:r 1984 and throagnont 1985, The
full impact and etfectivencss ot VHSTT techinology can only ho
demonstrated when comorehensive system applitation prograns ar-
comnleted and the technololy is fielded. This i3 one of the
orincipnle reasons for gpnoratinq a compreheasive, balanced orogran
~»f VHSTIC svstem annlications demonstrations thirough the cuarrent
technology insertion eFfﬁrt:.

4

A balanced approach was oHne of the goals luring the tecihinel-
o7y insertion process. One-third of rthe 3electees are early
insertion efforts., 1In nearly two-thirils oF the programs, cost
reductions will be realized based on system life-c¢ycle henef it
and on projected costs of the chips. w“ighty-five percent of the
selectees are showing performance improveaents with VHSIC technol-
ogy. System progran office coamitnent has been shown for all can-
didates selected,

Accelerated inplementation of YHSIC technology into soeclific
systems beginning in FYB5 and FY86 will requira $682.2M. The addi-
tion of this amount will constitate an effective level of VHS1T
technology insertion as suggested by the D58, and projected by the
Services anil the 0Office of the Under Secretary of Defense {or
Pesearch and FEngineering (QUSHRE). There are a namber »f Tecnnoli-
ogy Insertion efforts that exploit the reliability and maintain-
ability including bailt-in test aspoects of the VYSIC technoloaw,
The additional request ensares that the VHSIC technolojy insersion
effort strikes a balance in all phases of crstens 1ife ovele.

GAO ANALYSIS

DOD's comments have dointed oat the noed s clarify the
report concerning the need for DOD to evalay' o+ the effecr1yo0s o
of VHSIC system applications before sabeildizing any addi-1oa)
system applications of first geasrarion technolog . e drd o)
intend, as NOD suygadests, for sach an ovalaatiosn to e Tirgrod o
the 2ffaczivoncss »F individial U317 svst -n apnlication: DERE R
iizad by DOD., Inst=ad, v wore rofarring to o an oszalaarian ot
2ffactivencss of the entire toechanlogy iasersion ini-iasive in
enconraging other Systen develoners to coamit by asing it 0 ot
nology withoar Tirst receiziag sabsidies,  In oaopendix T, we G
clearly lald oab oar conceras on Fae 500 teohnolo o g o gy
initiative,
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o Redacing nit Cosra, A7 fouand that nOD ad not
preedom e 1 14 ANTANCe font Port (Flinding [) tDY ensure thar
LT3 Foras ex ol isioel o an lHUrHi%iHI vield and red.acing

S n‘xv Pdeir» trnat Contractors' Efforts be
oy
s f

v 1307 onipe, For o oexarcle, ThO foound “iat some of toae
PIATT ot raoutors owere hiaciad oroslems a3 resualt of certain
(e T h:eir 3130 o velatisely large size of their shins,
Lt w1t ans De llie Trom o asing sield ennancoment Flnda to
L leT%. Also GAD svares thatr DOD offlcials said
- : oe ased for orodact Leprovenments.,  GAO belicves
RN 1eld wmprovernent Cands for such puarposes will
i1 e ~an desived achievenent 1n imoroving availability
Cowr U R T e s AAT conct e s vhat 0D shoald nlace more
T et e iy ement s N e contractors in o order to ensure that
o RS T T rield enancemeny of tore s are as saccessfial as possible
; o man sl act o s leidr ant o redicing unit costs.,
L thonooncar s

Toentr DN Yhe s e coanc e 2arn diversion of yield improvement
Pt 1Torove spesit1e desians will o nave detrimental effect on

voartaniliny and costs. Tenically, laeprovenents in yield of inte-
Tt 1Y ouits nave bheen o acsnieved taroagh changes in circuit
s dnd Lavoar nerhodology as nach a3 throuygh lmprovement in

" o oanatacturing oroces:. Tircait design and layout changes can
calloe mhe calp s1ze and fne eed for Slgnt process parameter ¢on-
Srol. Thas Jdenerlo lmprovensnvs in design technology, verified by

s lianion £ ext1s3siny ohlps, 15 3an Inherent part of the vield

Sanceent aftfort
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(] RECOMMENDATIONS

I 5 RECOMMENDATION 1:  GAL recompends taat the Secretary of Defoense
f Gor aourove fhe 562 million fanding reqairenent identified by the
‘ ol L rsotor of Ene TS nrogran for o addisional JHSIC 1nsertion
4

-F‘ )m"ﬂ Jr
1 et Traditionally cycren developnesrs have tended to avoad
i R AR R L t”C.ﬂOlwa 11 order to «liminate risk from their pro-
. Te s iavs Traegently sed 3 to G sear old microelectronic
q oot ln de sl which o Paen ecomes 10 to 15 years old when
i : oot 1s Saelded, Tors delas ocan oomnly be reduced by pro-
- P e st teeloper o airta a0 fanded THELC pansed alternative,
’ o woles, b L exnected Fhat the gse of VHSIC technology will
‘ s bt garlal o bBene! it to DODosystems that increasaed
a0 atiow o addisional sy arens She ben20it of evaluating
q , Sl e rone s o yer cowel L spent . Varther, the added castonmer
oy deed o v beehinolaay dnsoertion fanding will cregte more
: ol gt e ke lovely thas tals represents a highly
| Crod e thmenr
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S RECCHMMENDATION 2:  GAQ reconnends tnat tne Secretary of efanao
1a%ke continuaed sield onhancenmeat funding continge=nt on each coan- .
tractor's demonstration of orogress toward aceting the 10 percent -

cioatd oand $500 anit cost goals by 1987,

DOD Concurs

oanment: The 31924 ajilocated for this effort consists of 510uM
Yor vield enhanceneat and SS90 tor manafactacing teciinology,
e the framework of the existing VASIC Phase 1 contracts,
shijective vield enhancement progres:s goall, conslstent with teoe 0
vercent goal, will be establishied by Pebruary 1985, and vrogreas
gayents will be made based upon attaining these goals., Thne
nanifacturing technology progranm contracts will be awarded in

TY85. The work statements for these contracts will contaia i1 -
ujeotives apon which progress payme=nts will be aade whoere 4
applicable, ]

o RECOMMENDATION 3: GAO recommends tnat the Secratary o Dol snoe
reqguairs that DOD yield enhancement funds he used exclusively for
[. tinprovements in the manufacturing efficiency ofF VHSIC chips 1a -4
general, and not on problems that are aniqae to individaal vesi”

-
chiips or on proaduct improvemaents, T
nDOD Nonconcurs C

Al

Comments: The yield of a product going throuah a production 1
i
i

is a function of bhoth the processes used by the line and tae

d2tailed design of the chip. The intent of the VISI[C Proaram
Dffice and the wording of the yield ennhancement contracts iz *o

LIS P SR g, |

put the major emphasis, and atteantion to, the inherant capabilis
>fF the line, As stated above (ref, Tinding 3Y, it 15 standtico
orackice within the integrated circuit iniustes to alter ociroai-
i>s31ans to be compati..le with the bdrocess and device oargnet.rs
esolving on a matariay pilot line. TImproved cirveait Adesian an
lavouat methodology are inharent parts of a yield enhancenmant
sftort. Minor design rile changes which make the oRin manaf 0 o -
able at higher yield (n that line shoild not bhe excluaded, ‘owew
These clrcunstances are ander the control of the DOD,  Pronilags g
¢ Inprovement of specific cireaits woild annaecessarily =t o
tne progress of the viold eanhancenent Hrogran,

GAO ANALYSIS

Constleriay DO S caoncarer=nce 1 reconoen

, b D, an '
v rocomition tnat ZEATE cntn design crangens Wi

11
Lobe necessary, ans

» . 1 - " . il . .

. MO0 assaning control ot saen clesian chany s, we helieve tiaage
. cheance of the VAR10 controactors' dieerting e ld o eahancenent gl
. sidies £ other Caan generie desian o and o nanafact ariag brorove o s

willl e minimized, Pieraf ore, we Bave decihed nob o o1 s
[ ] reconrmendati1on 3,
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