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PREFACE

The use of large scale integrated (LSI) circuits, and especially
custom LSI, in military equipment is currently lagging commercial appli-
cations by a wide margin. Levels of integration, i.e., the number of
gates per chip, being used in commercial applications may exceed military
applications by as much as two orders of magnitude. It has been esti-
mated that even moderate increases (a factor of 10) in the average gate
per chip density will result in significant cost savings over the life
cycle of military electronics hardware.

A survey of industry has been conducted by the Naval Avionics
Center in order to obtain information that will be useful in assisting
Naval Air Systems Command management in an orderly introduction and
utilization of advanced electronic technologies in Fleet hardware.
Nineteen companies (two divisions of one company gave separate responses)
provided comments in response to this survey. This technical report
documents the survey results.
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ABSTRACT

This report presents the results of an industry survey coordinated
by the Naval Avionics Center to obtain information on issues involved in
managing the timely introduction and utilization of large scale integrated
(LSI) circuits in military avionics equipment. Responses were received
from individuals in many companies representing semiconductor manufac-
turers, avionics equipment suppliers, and airframe contractors. The
responses covered a wide range of issues involving LSI usage in military
avionics, including LSI device introduction; device obsolescence; LSI
specifications; testing and qualification; technologies needing Naval Air
Systems Command development support; needed changes in MIL-specifications,
standards, etc.; procurement practices; and standardization. Comments
and suggestions receiving varying degrees of concurrence among the
respondents are identified and discussed. Detailed answers of the
respondents to the survey questions are also included.
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1. INTRODUCTION

This survey has been conducted to gather comments and suggestions
from industry on a wide range of issues involved in the introduction and
management of large scale integrated (LSI) circuits in military equipment.
Letters containing a questionnaire were sent to over 100 companies com-
prised of semiconductor manufacturers, avionics equipment suppliers, and
airframe contractors. The questionnaire, presented in Appendix A, con-
sisted of questions designed to bring out discussions on the full range
of issues considered important by the respondents. Companies providing
responses to the survey are listed in Table 1 for reference.

The purpose of this report is to summarize the results of the
survey, including detailed answers of the companies responding to the
questionnaire. The comments and suggestions resulting from this survey
are being considered in the formulation of a Naval Air Systems Command
(NAVAIR) plan for utilization and management of advanced technologies;
however, such a plan is not detailed in this report.

The replies were analyzed in order to identify common topics and
suggestions being put forth by a number of respondents. While it is not
necessarily true that these common suggestions are the best solutions,
it is instructive to observe the issues on which various degrees of
consensus are found. Section Il presents comments and suggestions having
the strongest concurrence among the respondents, and includes represen-
tative excerpts from their comments which discuss the issue in detail.
Also included in the findings are comments and recommendations drawing
common support from some of the respondents. Comments of a general
nature are included in Section III. The detailed discussions of each
survey question by each answerer are presented in Section IV,

A table of acronyms is provided in Appendix B.
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TABLE 1. COMPANIES PROVIDING A RESPONSE TO THE SURVEY

Bendix, Communications Division
Delco Electronics Division, General Motors Corporation
General Electric Company, Aircraft Equipment Division
Harris Semiconductor, Programs Division
Honeywell, Inc.
Hughes Aircraft Company
IBM, Owego
Lear Siegler, Inc., Instrument Division
Litton, Data Systems
McDonnel1-Dougias Corporation
Motorola, Inc., Semiconductor Group
Raytheon Company, Missile Systems Division
RCA, Government Systems Division
Rockwell International, Collins Division
Sperry Gyroscope
Sylvania, Electronic Components Group
Texas Instruments, Equipment Group
Vought Corporation
Westinghouse Electric Corporation, Advanced Technology Laboratories




NAC TR-2221

IT.  SUMMARY OF FINDINGS

The answers to the survey were analyzed and a tabulation of recur-
ring themes common to the various respondees was made to determine the
degree of consensus among the companies. There were nine items for which
there was a reasonably strong consensus, i.e., mention by six or more
respondents. These nine items are given in Table 2 along with a matrix
of the number of respondents adhering to each viewpoint. It should be
noted that even though there was a consensus on these items, there was
also a significant diversity of opinion on many issues, as can be seen
in Section IV.

Although the companies responding to this survey are listed in
Table 1 for reference, throughout the remainder of this report a reason-
able attempt has been made to render their comments anonymous by removing
company names and so forth. In some cases, responding individuals gave
their personal views in answer to the questions, which were not neces-
sarily the policies of their respective companies.

While the questions were designed to obtain the greatest amount
of information on the various topics, the items discussed by the re-
spondents are bounded by the set of questions used. The individuals
answering the survey expressed similar ideas in different ways;
therefore, the writer of this report has taken reasonable liberties
in assessing the concurrence of their views.

-
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A. Predominant Comments and Suggestions

The comments and suggestions with the greatest concurrence among
the respondents, as shown by Table 2, are as follows:

« A library of standard cells or building blocks and
computer-aided design techniques should be utilized
to design military custom LSI.

+ A means for second/multiple sourcing should be provided.

- Integrated circuit technologies used in defense equip-
ments should be restricted to those in the mainstream.

* Radiation hardening technology develgopments should be
funded by NAVAIR.

* The assembly/module interface level should be functionally
specified.

* Long-term wafer storage for future logistics needs is
probably technically feasible but may not be practical.

+ Circuit/device requirements should be introduced as
functional specifications.

« Maximum use should be made of universal gate arrays,
programmable logic arrays, read-only memories, and
programmable function electronics in general.

* MIL-M-38510 and MIL-STD-883 should be revised in light
of LSI, especially in visual criteria.
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These are discussed in some detail by collecting excerpts from the survey
answers, which follow later in this section. In general, the excerpts are
as originally written. In a very few cases minor modifications have been
made for continuity and readability. Material taken from the curvey respon-
ses will be shown in script type for easy identification. Discussions

taken from different respondents will be separated by asterisks (* * *).

1. A library of standard cells or building blocks and computer-
aided design techniques should be utilized to design military custom LSI.

* % %

Standard cell approaches and design automation techniques
are the best ways of attacking the development and tuwnaround time problLems.
DoD and NAVAIR might wish to consider further devefopment programs in this
area 50 as to Lessen cost and development times .

¥ * %

CAD techniques should be used with emphasis on a Standarnd
Cell approach. Automated LST design systems have been develLoped by both
NSA and NASA, and are in the publLic domain. Use of these systems greatly
reduces turnaround time, cost, and nisks because of the Large amount of
automated erron checking. Standard cells have been carefully characterized
50 that their perfonmance can be predicted accurately; therefore, automated
Layout using these cells has a high probability of success.

Every effort should be made to avoid the multiple try,
minimum area procedures which are common in the commercial semiconducton
industry. While this technique is sensiblLe where an LSI chip will be
manufactured in Large quantities (hand caleulatons, for examife), it does
not make sense for a few thousand parts total.

Use of the Standard Cell family approach, while not minimiz-
ing the number of devices, would allow for a great degree of standardization

m TR WW_—#
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and encourage the use of new LSI. Basically, this gets back to the idea
04 owning both the designs and the process specifications, on placing them
in the public domain.

* % %

Another way to reduce LST qualigication cost s to base LSI
designs on the use of standarnd cells orn universal avrays that have been
qualified on previous programs. Changes in the interconnections 0§ such
approved cells are the only change made in revising the function being
performed. This approach will neduce the cost of qualification of custom
LST families. Since a majorn portion 0§ qual«fication cost is associated
with the cost of the devices used <in testing, the elimination on neduction
in qualigication testing on the basis of simlarity within the family of
devices generated from a standard cell Library would nesult in substantial
time and cost savings.

* ® %

Computen placement and wirning of macro cells is an approach
offerned by a few vendons which provides moderate development cost and quick
tumaround. NAVAIR should capitalize on the similarnity of these LSI
approaches by funding the development of common macho functions and the
enhancement of the computer placement and wiring programs. These programs
should be enhanced to permit input/output pin assignment as a design input.
These deveLopments should nesult in accepiable alternate sources.

Recwwning costs of computer placed and wired macro cells are,

04 cournse, volume-dependent. Those functions that never achieve high volume
would nemain unchanged during theirn production Life. However, those that :
achieve high volume should be redesigned using conventional hand placement é
and wiring to achieve minimum 5ilicon die area and thus minimize cost. |
The initial computer placed-and-wired macho cell approach phase gor known :
high volume functions offens quick deveLopment time at moderate cost, and | 1
hardware with which to test the designs in a system before committing to :
the Leng, costly hand Layout of the desined LSI functions.

LI I
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2. A means for second/multiple sourcing should be provided.

* % %

For custom LSI circwitry, Limited avenues exist for insuring
Long ternm availability of parts. Initially, development of multiple sounces
capable of satisfying the device function should be established. Nonmally
this will nequire some assurance on the manugfacturer's behald that these
gunctions may ultimately be effective in the commencial market. A special
protection could also incfude design disclosure documentation of suffucient
detail to {nsure that any neputable company could produce the device even
agten the orniginal company has Lost interest due to economic considerations.

* ® %

To protect against suppliern catastrophe, multisourncing 4is
the best alternative. However, NAVAIR must recognize that all sources
must have sufficient annual business in onder to remain an effective source.

* % %

To protect against vendor catastrophe, use off-the-shelf
components with other sources. When a custom IC 48 developed, establish
multiple sources.

* % %

The best protection against device obsolescence 44 to imple-

ment cwurent standard multi-souwrced devices to the maximum extent possible.
L I

We have a strong internal standardization program which
i requines multiple souncing, thereby increasing the probability that we
| have selected a technology which will have maximum Life cycle.

* % %

When a CAD approach is used (forn example, standard cells or
universal arrays), the documentation (including Line qualification devices)
can be distributed to multiple vendons and requalification can easily be
obtained at minimum cost.

L
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3. Integrated circuit technologies used in defense equipments
should be restricted to those in the mainstream.

L B

Restrnict the use of IC technologies to those which are in the
technological mainstheam, and for which some process commonality between
supplions exists.

A tentative List would be: ECL, S-TTL, CMOS, and CM0S/SOS.
Such technokogies as CCD, 12L, DMOS, UMOS, D-VMOS, etc.,
while technically attractive in cetain applications, have too many process
and Layout variations grom company to company to Lend themselves to stan-
dardization at this time. As technologies develop, the preferred List can
be upgraded.

* * %

The nisk probLem could best be solved by working with proven
technologies manugactured by proven suppliens who are committed to supply-
ing custom circuits, and in particubar custom circudits for the Dol market. ’
This also attacks the problem of maintaining reasonable business Levels |
with suppliens.

L

Use a technology which s Less Likely to become obsolete.
One example 48 CMOS/S0S, which <8 not presently used to any great extent
commencially, but is supported by a great many system houses forn internal
wse. While SOS chips are very expensive, by commercial standards, they are
not an {mportant part of the cost of the systems in which they are used.
The exdistence of a relatively Large number of finms which have committed
this technology to mikitary and commencial aystems that can be expected
to have Long Life spans practically assurnes that the technology will be
available forn a neasonable Length of time.

LR B
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The progit is not in the chips, but in the systems which use
them. Therefone, there is much Less incentive to abandon the technolLogy
gon another which would nequine a very expensive system redesign.

* * ¥

Forwanrd-Looking technology selection should be encowraged.
Government agencies can supply a strong influence and sense of direction
to these effonts.

* % %

LST technologies which are used should be proven processes
i that are neproducible §rom morne than one semiconducton supplier.

* % %

E For optimum quality and reliability perfomnmance, make tech-
nology selections where quality and reliability are built into the product
utilizing processes that have been orn will have been in use for one to
two yearns, and where Lin-process contrhols can be utilized to monitorn the
operation.
* * %

NAVAIR can protect itself from the ever-increasing problems
04 devices/technologies that become obsolete during the operating Life of
avionics equipment by selecting technologies that are mainstream technolo-
gies and are supponted by major semiconductor supplierns committed to exploi-
tation of these technologies in the industrial and commercial marketplace.
The success of a semiconductor supplier in building a Large commercial
catalog of parts and in stimulating a host of second source supplierns will
assure Longevity. 1In a successful technology, evolutionary thansitions
occur which Lengthen the Life of the technology. An example of evolution-
arny thansitions 4s the shift in CMOS technology grom Metal Gate to Silicon
Gate to sapphine substrates. This evolutionary proghession should be
welcomed since it will extend the use of the basic Logic technology for
five to ten years on Longer, and will not impact equipment designs as
severnely as might a more basic technological shift.

10
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Avionics equipment designs should be implemented in broad-
based technologies at the beginning of their production cycle in the semi-
conductorn industrny. Examples of technology to be considered for cwurent
applications are bulk CMOS silicon gate, CM0S/SOS, IZL, and CCD; as opposed
to consdiderning RTL, DTL, TZL, and othen increasingly-obsolete technologies
which may st be in production at some vendons, and which are used
extensively in operational military systems designed a decade ago.

* % %

A genenal comment concerns the commonality of LSI processing
oven cerntain classes of devices. The technologies may be separated into
bipolar, complementarny bipolar, MOS (N or P channet), MNOS, CCD, etc.
Within the bipolarn, variations such as ECL, TZL, and IZL are made. How-
even, within a given process family the effect of scale (s4ize, number of
active devices) has a Less than direct effect on neliability. (0§ cowrse,
scale has a very profound effect on the yield.) Processing commonality
thus makes Lt possible to more quickly Lintroduce Larger scale integration
into equipment.

4, Radiation hardening technology developments should be funded
by NAVAIR.

LR B

Radiation-hard bipolar and MOS technologies needed gor some
futune avionics systems will not Likely evolve as spinofgs from nonmilitary
products. Technologies such as CMOS and 121 have the potential forn high
Levels of integration because of Low power consumptions. NAVAIR should, as
a minimum, fund the develLopment 0§ radiation-hard IzL because of <ts poten-
tial fon extremely high integration Levels and high radiation hardness
Levels. Funding the hardening of the CMOS technofogies used in existing
computern placed-and-wired macro cell approaches to LST should also be
considered.

1
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One Zechnology that will be required in future avionics
systems and that will not be available in a timely manner as a spinoff
grrom non-military products in Radiation Hardened Technofogy. CMOS/S0S
s a technology that has inherent radiation hardness qualities. Howeven,
militarny funding {8 required to develop design aids such as standard
cells and universal arrays that will enhance the inherent hardness and
will be useful to meet custom LST nequirements for hardened avionics
equipment.

NAVAIR should fund the development of this technology and
the enhancement of <its hardness capabilities as well as standard cefl
gamilies and gate universal arrays. Technology choice 44 an even-
changing panorama.

* % %

The Leading future commercial LSI and VLSI technology 4is
NMOS. Ungortunately, NMOS <8 the Least desinable of the future LST semi-
conductorn technologies when considering nuclear radiation hardening
nequinements. CM0S/S0S, IZL, and T2L offern {ncreased capabilities in
this area but they will not approach NMOS in commercial use. With the
exception of IZL, commencial use of LST bipolar technologies will be
inhibited by Langen area pen gate and power dissipation nequirements.
Future funding may be required to assure that essential CMOS/S0S and
121 Ls1 products will be developed and refined to meet future military
system nequinrements.

* % ¥

5. The assembly/module interface level should be functionally
specified.

LI I

The technology can be managed at the shop neplaceable assembly
(SRA) Level. The impLementation of a standard modular approach such as that
being developed in the Modular Avionic Packaging (MAP) Program will greatly
facilitate the management of LST in the future. This approach allows glexi-
bility in achieving technological transparency through the use of form,

12
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§it, and function specd fications tailored to allow alternative approaches
to the implementation of a given function. 1t will allow a modular gunc-
tion such as a minicomputern to be implemented with alternate LSI chip
designs (e.g., Intel 8080A vs. AMD 9080A), yet permit the module Level
function to be completely transparent and amenablfe to advancing technofogy.
Maximizing modularnity of equipment design provides that necessary techno-
Logy upgrading can be nestricted to the afflicted subsystems and, therefonre,
does not nequine a complete system nedesign. 1% allows the fLexibility o
intrwduce and sustain competition throughout equipment production proghrams.
1t also provides an environment compatible with the development of multiple
sounces.

6. Lona-term wafer storage for future logistics needs is
probably technically feasible but may not be practical.

* % %

In principle, wafen storage 44 feasible. In practice, how-
even, 4t could be dangerous since semiconductor manugacturerns might succumb
to the temptation of shipping inferion products into storage. 1 believe
that it is feasible to maintain a Limited supply of semiprocessed wafers
to achieve a fast tww-around for Logic arvays, progrhammable Logic units,
ete. But products forn spares or Latern production should be inventorized
fully packaged and tested.

* % %

The aging characteristics of semiconductor devices in wager
form (i§ placed in the propern environment) can probably be neglected.
However, we do not have Long-tenm data in this area. 1 geel that the major
problem involved in trying to do what they want would be in trying to keep
all the peripheral areas intact and in good shape for a Long period of time.
Tooling would get Lost and testing programs would not be kept up-to-date.

13
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These kinds of things would be difficult to maintain in a high state 04
neadiness with a high degree of confidence.
* ¥ %
Devices should be stoned preferably in the packaged state;
however, i§ storage in the wafer state is necessany, a dry nitrogen atmos-
phere is necommended along with reinspection prion to use.

* % %

Technically, there is no majorn probLem storing bipolar tech-
nologies, and we do not anticipate any major probLem with surface nelated ]
devices. The neal problems are associated with planning and maintaining
the nesources required to provide the testing and packaging of the devices
over an extended period of time. J

* % @

This concept 44 feasible. However, we necommend, on techni-
cal grounds, against wafer storage due to possible handling damage. Dice
storage would be more advisable. Storage would have to be in a dry, dust *
free, inert environment. Aging should not be a problem.

LR

From an economic sense, NAVAIR would have to purchase the
Anventory and provide forn the carrying cost of that inventony. NAVAIR
would also have the problLem of procuring the packaging and testing opera-
tion when the dice had to be packaged. 1In addition, NAVAIR would have to
warranty that the dice were good beyond one yean, since that is the
semiconducton industry warranty period.

LR B

Semiconductor wafers could be stored in dry nitrogen with
Little on no apparent aging. 1 have a "gut feel" that due to the rate
0§ change of the technology, they would probably not get used anyay .

LR B

We believe that parts should be stored in assembled, tested
form nathen than as wafers. Fon LST parts, the cost o4 the package is

14
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Less than the cost of a good chip, s0 that potential cost advantages of
stonage in wagern form are offset by the nisks of storning unprobed chips
on unprotected wafers in unclean environments. 1§ it 4s desined to store
parts in wafen gonm, then wagers should be fully tested and inked, and
complete test data stoned for each good chip along with identification

0f the chip 4in the wafer matrnix. ALL waferns should be stoned in a flowing
dwy nitrogen ambient in a dust free cabinet. Preferably, a passivation
technique should be used. Aluminum metallization cannot be exposed
because it can corrode. We have expernienced excessive Leakage and Lack

0f metal continuity 4in improperly stored CMOS wafers after several yeans.

* % %

7. Circuit/device requirements should be introduced as
functional specifications.

* % %

Militarny equipment and device manufacturerns have historically
desined to "personalize" thein product in theirn shop: that 4s, progham a
microprocesson, Lay out the architecture of an FPLA, etec. There 48 a para-
dox here that must be considered. Device manufacturers want the greedom
and §lexibility to modify thein products as they see the needs of the
manketplace. Top-down technology direction from the Depaitment of Defense
{DoD), even though well-intentioned, could Lead the IC industry 4into an
area on product group which wltimately could turn out to be wrong. The
present structune of the LST/IC marketplace consists of multiple and dis-
tributed technologies, processes, and expertise, competing freely. While
this structure s far from perfect, 4t may be preferable to a Federally-
controlled device/technology progham. A compromise sofution may be gor
the militany to identify <its LST needs from a functional rather than a
device perspective. 1In this way the LSI manugacturers could competitively
create what they feel are the best technologies, architecturnes, and
processes to perform the nequired function.

* % %
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LST specd fications should neflect terminal performance

requinements, not intennal architectural nequinements. Knowledge of the
internal workings of an LST such as that necessary to do single gate fault
testing may become Less important as test philosophies gon LS evolve.
It is afready prohibitively coatly in some cases to test an LS1 exhaust-
ively. As devices increase {n complexity to VLSI, terminal pergormance
teating/specifications |that is, testing for the function requined Lin a
specific application) may be the only practical test method.

* * ¥

Specify custom LST pants neplacement on the basis of gunc-
tional equivalence as the best protection against the possibility of future
pants unavailability and technology obsolescence. Functional equivalence
{3 defined as a nepfacement part having identical electrical and Logic
characternistics to the oniginal part, and having the same extennal pack-
aging congiguration (e.g., 24-pin DIP) with {dentical pin assignments.

The acceptance of functionally equivalent pants will obviate the need to
document the process by which the oniginal parts were made and to ne-
establish an identical Line agten a Lapsed time of perhaps ten years,
during which process materials (nesists, sofvents, etc.] and equipment
(furnaces, etchens, testens) may all have changed.

* % %

Complex custom LST devices should be specified as a system
with all necessary functional nequirements included. Any attempt to
specify detailed impLementation (i.e., technofogy, topofoyy, ete.) will
unnecessarily restrict potential sounrces.

* % %

Function standardization 48 a possible solution. For example,
standardize a bus interface function, but do not specify the techmology in
which <t must be i{mpLemented.
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8. Maximum use should be made of universal gate arrays,
programmable logic arrays, read-only memories, and programmable function

electronics in general.

* x %

Maximize the use of gate arnays (bipolar) and cedl Libraries
(MOS). Make the use of an existing up-to-date CAD aystem a precondition
gor development contract awanrds.

* % ¥

The masten chip and PLA concepts should be encouraged. A
clearning house fon available master chip designs and a catalog of equiva-
Lent MST functions that can be implemented §rom these designs would

encourage usage.
* ¥ ¥

Experndience indicates that LST functions should be impLemented
with a technology which supports at Least 1000 gates per 20,000 square mils
0§ chip area, Lincluding intenconnect. 121 satisfies this nequirement well.

* % %

To minimize design cost and cycle time, applications requir-
ing fewer than 1000 gates of complexity (64 §&ip-4Lops, 500 gates, and 1/0
buffers) should employ a gate armay technique. Cycle time to recedving
functional pants with this approach &4 eight to ten weeks.

* % %

9. MIL-M-38510 and MIL-STD-883 should be revised in 1ight of
LSI, especially in visual criteria.

* % %
Pre-cap inspection of LST and VLSI devices has become imprac-

tical due to the multiple Levels of the device fabrication process and the
exthaondinanily geometric detail of the devices.
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Pre-cap inspection crniteria should be neduced to focus on
Ainspection of the device packaging and bonding quality. Verigication of
functional attributes should be accomplished by functional testing at
extended temperatures over a presciibed number of temperature cycles.

* % %

Chip testing was being considered by RADC/USAF as a tradeoff
fon the pre-cap visual inspection required by MIL-STD-883, Method 5004, due
to the complexity of the device. RADC/USAF should be queried to determine
what conclusions were neached in theirn 1975-1977 studies regarding tests/
cost thadeofds.

* % %

Develop a means of strnessing the device electrically to
augment the use of a pre-encapsulated visual inspection. A gross visual
inspection, while being adequate fon gross problems such as bond integhity
and contamination, cannot reveal subtle defects that an electrical siness i
would Lidentify.

* % %

ALso, as device complexity increases, some form of electrical
testing must also be used to neplace at Least some of the visual inspections.

* % %

For standand LST circuits, such as memory and michoprocessors,
present MIL-M-38510 on equivalent specifications are more than adequate.
In fact, some rethinking of MIL-STD-883 and MIL-M-38510 in Light of the LSI
needs might be in onden. This 48 especially thue in the area of visual
criterda.

L I

A8 microcircult complexity increases, it becomes more difgi-
cult to perform cost effective quality and reliability tests (e.g., visual
inspection, complete 100% electrical, ete.) New quality and reliability
tests should be investigated and implemented into the military specd fication

e A e e
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system, MIL-M-38510/MIL-STD-883 (e.g., as High Temperature Acceleration
Test, Guard Band Testing at above nated voltages). A study is needed on
the effectiveness of static burn-in vs. dynamic burn-in §on LSI devices.

L B

The Joint Electron Device Engineering Councilf JC13.2
Committee on Government Liaison for Microelectronic Devices has necently

developed a matrix of cost-effective suggestions nelated not only to LSI
but to alf JAN 1Cs.'

1A copy of the JC13.2 Committee proposal, along with a marked-up copy

of MIL-M-38510 reflecting the ideas and their implementation paragraphs,
was forwarded to NAC with this respondent's reply to the survey. The
address of the JEDEC Solid State Products Council is 2001 Eye Street NW,
Washington, D. C. 20006; telephone (202) 457-4971.

19
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B. Comments and Suggestions Finding Some Concurrence Among
Respondents

The following list is composed of those items finding at least
some concurrence among the survey respondents:

* Wafers and/or tested dice should be stored for
future logistic needs.

* The Navy should establish a semiconductor
technology data base, including a "clearing house"
function for LSI requirements and developments.

- The Navy should have a repository of graphic
tapes for re-creation of mask sets, process
specifications, test tapes, etc. for military
custom LSI.

« A11 custom LSI circuits for Navy applications
should be fully documented and owned by the Navy.

+ Microcircuit technology upgrades should be
planned prior to production start-up and should
be provided for during the procurement cycle.

* Vertically integrated DoD contractors are the
best source of custom LSI for military custom

LSl,

* DoD should fund CAD/standard cell development
and documentation.

20
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The Navy should commit to an LSI supplier
early enough in the procurement cycle for
the project contract production run.

GaAs high speed logic development should be
funded by NAVAIR.

+ Additional data and further discussion is

needed to truly identify problems and viable
solutions.

Test patterns should be used for device
requalification.

+ The existing MIL-M-38510 standardization

system (DESC) should be utilized for LSI
standardization.

A family of military LSI devices should be
identified and fabricated.

+ A life cycle cost analysis should be performed

to determine the impact of LSI on systems.

Detailed discussions of each of these items are found through-
out Section IV.
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ITT. GENERAL COMMENTS

Before proceeding to the detailed answers produced by the survey,
some pertinent general comments from the respondents are presented.
Throughout this Section, and also in Section IV, each respondent's
comments are presented in a consistent format, i.e., comments from
respondent 1 are always given first, followed in numerical sequence
by respondents 2, 3, and so forth. If no answer was provided by a
specific respondent, then a "no comment" will follow that number.

* % %

1. VYour questions are very thought-provoking, and you will
probably neceive as many different answerns to your questionnaire as
people who answen it. The answers to many of the questions are opinions
and are not based upon data or hard facts simply because there are none.
1 believe, therefore, that to a Lange degree the final direction upon
which you decide to steern your supplierns will also be based upon your
opinion and management decision, which are not based upon facts for the
same reason. Your enclosure (2), Respondent Information, probably holds
the key to your final decision. Let me at this Time invite you orn mem-
bers of your staff to visit at your convenience. 1 believe a much more
thonough understanding of both the question and the answer or position
we might take could be gained by both parties if we met face to gace
and openly discussed each item.

* % %

2. As a general comment, 1 would Like to add my feeling that
it will be impossible to nesolve beforehand on paper all potential prob-
Lems connected with the use of LSI. Naturally, a maximunm of planning
should be done. But in the §inal analysis it seems better to Learn by
doing (with some trials and errons) than to nisk the obsolescence of
our military electronic capabilities.

* % %
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3. No comment.
* % %
4. No comment.
* % X%

5. Existing Government standardization effornts by DESC and
RADC are encouraging, and expansion/participation by other Government
agencies should be considered. Standardization efforts could then be
Linked with cost benegit analyses to determine which components need
neliability upghrading.

* % %
6. No comment.

* % %
7. No comment.

* % %
§. No comment.

* % %

9. The management of LSI introduction into military equipment
8 multifaceted due to the nature of the various technology approaches,
the application requirnements, and the industrial manufacturing base.
There are three types of LST to be managed:

a. Standard commencial LST being offered to commercial
oniginal equipment manufacturens (0EMs) by major semiconductor manugac-
turens .

b. Quasi-standard LST devices that may be modified to meet
unique functional nequirements (e.g., PLAs) and manufactured by either
major semiconducton houses on aerospace system and subsystem manufacturens.

c. Custom LSI designed to meet unique functional pergorm-
ance nequirements, usually designed and produced by aerospace system and
subsystem equipment manufactuwrerns.
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The United States industrial capacity for LSI manufacturing
consists of two distinet nesources: (1) majorn commenrcial semiconducton
manufacturers, and (2) equipment manufacturens vertically integhrated to
produce custom LSI. This Latter nesource 48 cwurently developing rapidly
as a nesult of an inability of aerospace equipment manufacturens to econ-
omically motivate the semiconductor houses to provide Low volume "special
functions" in technologies compatible with the military environment.
Majorn semiconductor houses are generally not willing to commit Limited
3 technical nesournces to developing custom circuits with a nelatively
; Limited marnket potential.

The industrial capacity resident <in aerospace equipment
manufactuning §iums 4s essential to meeting future military electronics
rnequinements. This capability will allow the military to meet increased
pergormance capabilities, reduce equipment size and weight, and the full
spectrum o4 anticipated environmental requirements without dependency on
commercial manugacturens, whose major focus s on the high volume OEM
market. The management of the introduction of LST into military equip-
ment 44 very similar to that of hybrid device management. Hybrid devices
Ain the mid- and Late 1960's offered comparable pergormance advantages
with the same management probLems as are being addressed in this survey.
The same aforementioned aerospace complex has, over the Last 15 years,
developed and impLemented the widely varying hybrid technologies in mili-
tany electronics, supported virntually all types of Logistic support
concepts, and demonstrated high rneliability 4in a cost-effective mannenr.
The Lessons Learned grom hybrid impLementation might well provide a i
guide fon the problems addressed in this survey.

Requirning the demonstration of second sowrcing capability
48 an additional management constraint that obviates much of DoD's concern
over product Longevity and supportability.
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We geel the key to the problem of introducing LSI into mili-
Lany electronics equipment will be through a concept called "technological
transparency." This concept nequires specification of an Avionics architec-
tural element s0 that the functional interfaces and performance nequirements
are completely defined and modubarly impLemented without Eimiting the method
orn technology nequired to impLement the function. These modular elements
can then be replaced with equivalent elements inconponating advanced tech-
nology without impacting system design installation on software.

The constraining of any hardware Level of complexity to be
technologically thansparent, theugh necessary, will nesult in some penalty
An packaging efficiency (<.e., weight and volume). Equipment weight will
continue to sLowly decrease as numerous SSI and MSI devices are neplaced
by a single complex LST device, although minimum weight will not be achieved
because of architectural constraints.

The semiconducton industry pays Little attention to the mili-
tarny Andustry fon various neasons (Low quantity, specdfication prolifera-
tion, specification interpretation, ete.) Semiconductor manugacturens have
difficulty in predicting what the military "demand" will be. This is
because of the diverse and widespread project-oriented method of the mili-
tarny complex. 1In the commercial wonld, semiconductor manufacturerns can
deal at industry conponate Levels; and therefore, get a good feel forn market
demand. Such is not the case with the military complex. An example, many
device suppliens indicate there is Little demand existing fon MIL-M-38510
qualified parts Rist devices for which they have qualified. Suppliers go
through the effont of qualifying but then §ind Little demand for these
devices. A "Military Marketing Onganization" (forecasters for future
military needs) would help to alleviate this problem. Volume purchase
agreements, similarn to those used in the commercial market, could be
Anstituted. The semiconductor industry would then pay more attention to
the needs of the military.
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10. The questions posed in the Survey on Managing the Timely
Inthoduction of Large Scale Integrated Cincudits into Military Avionics
covern a broad spectrum. 1t 48 difficult, if not impossible, to provide
answers that are satisfactorny to all parties concerned. These questions
on similan questions have been asked and debated for some time. The
Institute gon Defense Analyses (IDA) held a three-day meeting in August
(9th, 10th, and 11th) to discuss the Utilization of LSICs in MLitary
Systems. At that time, quite similar questions and proposed solutions
were discussed at Length in both fonmal presentations and in small in-
gormal groups. We participated in the IDA meeting and came away from
the meeting with two distinct feelings. Finst of all, those attending
the meeting wene sernious in thein attempts to propose satisfactory
answerns to the complex questions, and secondly, there appeared to be no
answers satisfactorny to all concerned. These feelings Lead us to believe
that perhaps the questions are foo broad and attempt to cover too many
divense situations. Perhaps 4if the questions could be partitioned prop-
enly, the best answern forn particular elements could be devised s0 that
the overall problems could be adequately nresolved.

The survey questions hint at two basic approaches, neither
0§ which appears to be best for all situations. The one approach attempts
to assurne adequate parts are available to the Navy duning the Life of the
equipment. The other approach attempts to assure adequate equipments are
available with the parts availability remaining the nesponsibility of the
equipment supplien.

In the situations where Lifetime warnanties are used, oppor-
Lunities forn upgrading and using newer technologies can be worked out s0
that obsolescence of technologies becomes Less of a probLem. In situations
where the maintenance 45 best performed by the Navy, spares requirements
forn the Life of the equipment orn availability guarantees may have to be
part of the initial equipment procurement to assure adequate parts.
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An approach discussed at the IDA meeting suggested that the
customen define the architecture such that there would be sufficient gfree-
dom to design modules and to update the modules without disrupting the
system (on box) performance. 1t was believed that this approach could
capitalize on the advantages of new technologies and also neduce the impact
grom the discontinuance of an older technology. The 1553 bus specification
was cited as an example 04 a start in this direction. Again, this approach
might be best for some situations but not for all.

* % %

11. We believe that LST offens advantages of cost, reliability,
s4ze, weight, and performance. Mlitarny equipment procurement needs Zo
insist on the use of LST to achieve these advantages. The present emphasis
on acquisition cost penalizes the use of LST. Life cycle costing shows
significant advantages from using LS1. ALL equipment production proghams
need to provide time and funding for the convernsion of initial breadboards
to LSI fomnmat before production startup.

LST technologies are high performance technofogies. CMOS
and CM0S/S0S offer advantages of Low power dissipation, high speed, and
ease of circult design which the Government should use.

1t 48 necessary that the nesources of the semiconductor
producers and those of Government system contrhactors be used to provide
Government agencies with the most cost-effective approach to designing and
manufacturing equipments using LST devices. We believe that Government
agencies and contractons should work together under a framework of respon-
s4bilities similarn to those outlined below:

NAVATR
1. System performance requirements
2. System physical requirements
3. Classdigication Level
4. OQuality Level
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INDUSTRY
1. Subsystem partitioning and specigication
2. Hardware congiguration
3. Selection of technology and vendons
4. Design implLementation
5. Production

Although we believe that the technology selection should be
done by the nesponsible contracton, NAVAIR approves the technology choice
through its selection o4 the successful bidder for a new program. The
prime nesponsibility for a successful product meeting NAVAIR's requirements
must remain with the chosen contractor.

* % %
12. No comment.
% %X %
13. No comment.
* % %
14. No comment.
* % %
15. No comment. 1
* % % A
16. No comment.
* % %
] 17. No comment.
; LRI

i 18. Increasing concern 44 being evidenced by both DoD and mili-
! _ tany equipment suppliens over the tardy entry of advanced Large scale inte-
; gration into military systems. A necent Arthur D. Little study, §or example, 'f
i presented at the 1DA Sympoisum on "Futurne Applications of LSICs in Militari
Systems" (9-11 August 1977) pointed out that in military systems the average
gate complexity pen integrated circult has glattened out over the Last few
yeans at about 30 gates per part. In commercial electronics (especially
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consumen electrhonics), however, the average gate count per IC 4is escalating
rapidly into the hundreds of gates per chip.

The continuing use of the basic vendon SSI/MSI standard
gunctions s allowing military equipment to cwwviently have Low-nisk devel-
opment. However, future support problems could be projected due to the
concern over Long-team availability of even these parts, as well as the
Limited neliability, maintainability, and availability of weapons systems
<mplemented with such Large quantities of integrated circuits. The nisk
that has been assoclated with LST chip development for military systems
has been of enough concern to majorn programs to warrant their chodice of
the standard SST/MST functions. The development o4 LSI chips forn military
requinements ha. been graught with unpredictable schedules, relatively high
non-recwving costs, and Limited sources of procurement. To Look at alter-
nate solutions to our present dilemma of Limited LSI usage, we must Look
at a much wider scope than fust that of the cost trade-off between LSI
and thein SST/MST equivalents.

The present DoD procurement system, device qualification,
documentation, and Long-term Logistics and support of electronic systems
must necessarnily be considered. 1¢ is not adequate to have a better system
(procurement, support, orn documentation) but which &8 overlaid on top of
the existing systems. We must be able to displace something that we are
already doing 4in order to have a cost savings. However, there are very
gew of us in industry or DoD who have a sufficient breadth and detailed
gnasp of the very Large trade-ofgs <involved which cross the gamut grom the
design and procuwrement of devices through the qualification, support, and
Logistics of those devices in complex systems. This point makes answer-
Ang of the very impontant NAC questions in a complete and significant
gashion very difgicult.

A strong suggestion could be made to gather data 40 that
we could thwuly identify where tasks are being eliminated through the wse
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0§ LSI and where support, maintenance, and availability of electronic sys-
tems are improved. This in itself would help us identify how to use LSI %o
provide more easily maintainable systems and systems which provide greaten
availability of the complete aircraft, ship, and ground-based systems.

1 don't think we really know what the probLem is. The
probLem seems to be that we would £ike to use LST to save costs and {mprove
neliability of mlitany systems, but we don't know what the costs are since
they entail much more than just the development costs and even the procure-
ment costs, but they also go into a myrniad of Long-ternm suppornt and Logis-
tics costs with associated documentation and qualification costs. Tt i4 j-
therefone harnd to perceive where the Leading factorns are for potentiol
reduction. 1 think a study and definition by DoD of these factorns and
sensitivity analysis of how. within the cwwient (on alterable) §ramewonrk
0§ Logistics and support, these costs can be reduced, would be of extreme
benegit in Learning how to best apply ISI. For example, we must kRnow
whether to apply LST to basically imitate the SSI1/MSI functions in a moxre
cost-effective, smallern volume fashion, or whether we should also thy to
enhance the system with reliability, maintainability, built-in test, and/
on self-healing features which could not have been justified using dis-
cnete components.

* % %
19. No comment.

* % %
20. No comment.

* % %
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IV.  ANSWERS TO SURVEY QUESTIONS

This section contains the detailed answers provided by the respon-
dents to each survey question. An overview statement highlighting the
comments for which a degree of consensus is evident and which lists other
points made by the respondents is provided for each question by the editor,
and precedes the detailed responses.

A. Question #1: How should the Maval Air Systems Command (NAVAIR)
facilitate the use of advanced technology microcircuits, while insuring
adequate support of logistics and potential mobilization needs, and pro-
tecting itself against supplier catastrophe?

Highlights:

There was a good measure of diversity in the answers provided
to this question. This was expected because of the complexity of the prob-
Tem. A list of the items receiving the most attention by the respondents
is as follows:

+ The Government should consider a repository
of graphic tapes and so forth for re-creation
of mask sets for custom LSI.

« Some form of second sourcing for LSI
devices should be established.

+ The utilization of IC technologies should
be 1imited to those in the mainstream of
technology usage, and where some process
commonality exists between suppliers.
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Question #1: How should the Naval Air Systems
Command (NAVAIR) faci)itate the use of advanced
technology microcircuits, while insuring
adequate support of logistics and potential
mobilization needs, and protecting {tself
against supplier catastrophe?

- Computer-aided design techniques using
standard cells should be perfected and
used to design military custom Ifs.

« The military should make "l1ife of type"
buys of IC device wafers and store for
future logistic use and for protection
against device obsolescence.

* LSI devices and modules of assembly
level electronics should be defined
and specified functionally. Permit
the supplier to detail mechanization
to meet functional requirements.

« Allow sufficient time and funding for

development and procurement of custom
LSI devices.

« A Tife cycle cost analysis should be
done to determine the impact of LSI
on electronics equipment. Project
funding should be based on the total
life cycle of the equipment, not on
the minimum development costs only.

+ Consider establishment of a Government-
_ maintained semiconductor technology
{ data base.
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Question #1: How should the Naval Afr Systems
Command (NAVAIR) facilitate the use of advanced
technology microcircuits, while insuring
adequate support of logistics and potential
mobilization needs, and protecting {tself
against supplier catastrophe?

Industry Replies:

1. Youn §inst question has two parts. The §inst concerns Logis-
tics support and mobilization needs. Logistics, 1 assume, {8 the problem
0§ providing the Fleet with adequate spare components to allow repair of
the equipment while at sea or othen installations. 1 would think a monre
aggnessive use of LST would, as a matter of fact, simplify the probLem of
nepain at sea. 1t seems neasonable that if one LST circuit provided the
electronic complexity of one hundred simple small scale functions (even
though the small scale functions may be used repeatedly throughout the
system), the number of different components used has to be more gavorable
(fewen) with an increasing usage of the more complex functions. The
answen, 1 feel, somewhat nelates to the neason the Navy years ago decided
to influence your suppliens to use the Navy Standard Hardware on NAC
Modufes. Even though this approach did present some probLems, I {magine
they were far mone manageable than the alternate of not using NAC Modules.

Mobifization needs can easily be met by U.S. makers of LSIT
as Long as the technology 48 stilL being produced. A repository of graphic
tapes forn ne-creation of mask sets would be wonth considering. The onky
way the Navy can protect itself against supplicrn catastrophe 48 to insist
that each component have a demonstrated multiple source. On custom devices
where no second sounce exists, the Navy should insist that as a part of
the oniginal design contract requirement that the manufacturer adequately
document the process and provide not only this document but also sets of
neproducible masks to the Navy, with cerntain proprietary nights that only
Ain the case 0§ a supplien catastrophe could the Navy provide this document
to an alternate source.
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Question #1: How should the Naval Air Systems
Command (NAVAIR) facilitate the use of advanced
technology microcircuits, while fnsuring
adequate support of logistics and potential
mobii11zation needs, and protecting ftself
against supplier catastrophe?

2. Restrict the use of IC technologies to those which are in
the technological mainstream, and for which some process commonality exists
between suppliens.

A tentative List would be: ECL, S-TTL, CMOS, and CMOS/SOS.

Such technologies as CCD, 1%L, DMOS, UMOS, D-UMOS, ete.;
while technically attractive in certain applications, have oo many process
and Layout variations from company to company to Lend themselves to stan-
dardization at this time. As technologies develop, the preferred List can
be upgraded.

Make sure that all cirncuit designs for military applications
are §ully documented and that ownership belongs to the Navy. Documentation
should include circuit diagrams, truth table on thansfer function, dynamic
and static cirneult specifications, mask Layout on magnetic tape, and test
progham, also on tape. This assures second-sourcing at reasonable cost,

A§ requined.

* % %

3. Protect against vendor catastrophe by:
a. Using off-the-shelf components with other sources.

b. Establishing multiple sources when a custom 1C 48
developed.

c. Formulating a "brute force” contingency plan to ensuwre
mobilization capability; this might be a Government stockpile or inventory
of parts. Could such a stockpile be used as a "damper" forn the ups and
downs in the semiconductor world that plague capitalization plans?
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Question #1: How should the Naval Air Systems
Command (NAVAIR) facilitate the use of advanced
technology microcircuits, while insuring
adequate support of logistics and potential
mob{l1zation needs, and protecting {tself
against supplier catastrophe?

NAVATIR should set up thein own processing gacility to fabri-
cate the LS1 cincuits. They should also wonk with a second vendor to have
a dual source capability. 1t would probably not be necessary to design
LST cincuwits themselves. This part of the wonk could be contracted out o
] an 4independent design group. Once the circuit has been designed, fabrica-
ted, and shown to be satisfactory, then the Naval Avionics Centern should
take charge of all tooling and coordinate the production 0f cineuits and
systems., The small volume production runs would not be very attractive to
most of the Larger semiconducton houses. This would be a major reason §on
setting up NAVATIR'S own processing capability. However, if the process
L8 similan to that of anothern vendon, then they could probably get parts
processed grom theirn own tooling at reasonable cost.

* % %

4. Concerning the finst two questions, an in-house custom
device facility nesponsive to system needs s the method we utilize to
accommodate the timely introduction of technology with protection against
Loss of supply. Thus, the best way for NAVAIR to facilitate the use of
LST with appropriate safeguards is to procure to systems and/orn Line
neplaceable units (LRUS) specigications appropriate to require the intho-
duction of this technology, and depend on the manufacturern of the Largen
equipment to handle Logistics, mobilization, and multiple sourcing where
necessany. Anothen vehicle fon facilitating the introduction of microcin-
cudts 48 to dinect thein use in the wornk statement and to allow sufficient
time for thein introduction. Many procurements have time phasing that
makes it very difficult to wuse anything but cwwently existing components.

LI

5. NAVAIR should nun a survey to see what other Government
agencies and industry are standardizing on, and attempt to standardize on
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the same devices. This will help to assure the use of a Leading edge
technology which is multi-sourced, on capable 04 being multi-sourced.

* % %

6. Introduce the circult nequirements as functional requinre-
ments which are delibenrately specified as broadly as possible while still
enabling the cirncult to pernform its duty. This will provide the §Lexi-
bility of performing the function with multiple technology and provide
gorn multiple sourcing.

* % ¥

7. NAVAIR showld direct its effonts toward using devices that
are standardized, where the "standard" trade-off includes: function,
military second-sounce capability, mature and stable processes, and ade-
quacy of documentation. The vendons should be capable of supplying the
LST devices §rom production £ines Located in geographically diverse areas,
to preclude the possibility of natural orn Local (internal vendor) disastenrs.

¥ % %

8. Probably the most significant factorn Limiting the use 0§
advanced technology microcireuits in military systems is the very Long
procurement time. By the time an avionics system has gone through all
0§ the various development phases and is entering full scale production,
three to give years have gone by and the microcireuit technology is at
Least "three to five year old vintage." To effect this situation,
Sevenal possibilities present themselves:

L s rgl

a. Shonter development and procurement times.

b. Planned-for microcincuit technology upgrades prion to
production starnt-up.
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c. Several planned-for technology upgrades durning the couwrse
04 system procurement in the case 0§ Long-term procurements would be advis-
able. Natuwwally, these planned-forn technology upgrades would be impLemented
only Lif the then cuwwrent state-of-the-arnt technology offered significant
Amprovements forn the system under consideration. 0f course, this approach
would necessitate consideration of the overall economics of the procure-
ment not only from the Dol point of view, but grom the system and micro-
creudt supplien perspective as well.

In onden to Ansure support of Logistic and mobilization needs,
NAVAIR must considern eithen "Life 0§ type procurement" on else be prepared
to make the business seem attractive to the microcircult supplien. To
protect against suppliern catastrophe, multisourcing 45 the best alternative.
However, NAVAIR must necognize that all sources must have sufficient annual
business in ondern to remain an effective sounrce.

* % ¥

9. The answer to this question 48 found in selecting the optimum
Level of handware complexity to be technologically transparent. CLearly,
the device Level poses the most difficulty in assurning technological trans-
parency for the nange of future semiconductor technologies.

1t is necommended that the technology be managed at the sub-
assembly (SRA) Level. The implementation of a standard modular approach
such as that being developed in the Modular Avionic Packaging (MAP) Progham
will greatly facilitate the management of LS in the future. This approach
allows fLexibility in achieving a technological trhansparency through the
use of goum, f4it, and function specifications tailored to allow alternative
approaches to the implementation of a given function. 1t will allow a
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modular function such as a minicomputer to be implemented with alternate
LST chip designs (e.g., Tntel §080A vs. AMD 9080A), yet permit the module
Level function to be completely transparent and amenable to advancing
technology. 1t allows the glexibility to introduce and sustain competi-
tion throughout equipment production programs. 1t also provides an
environment compatible with the development of multiple sounrces.

Rigorous adherence to meeting design-to-cost goals, com-
patible with Integrated Logistics Support (ILS) throw-away costs, will
minimize and potentially eliminate the need to consider the problLems
associated with Navy procurement and sparing of LSI devices.

The above approach affords the most promise as a general
management philosophy for the introduction and continued availability of
Logistics support spares. 1In the Limited situations where a SAM (Standard
Avionic Module) standardization progham cannot be implemented, the LSI
management problem <5 made more complex. In cases where these advanced
technology microcinewits must be managed at the device Level, NAVAIR
should (1) make use of form, §4it, and function specifications--specify
the need, not the solution; and (2) allow some schedule §Lexibility, that
48, trade off schedule forn performance--advanced technology solutions to
a problem are narely the quickest solution.

Suppont/protection requirements can be met by (1) the form,
§4t, and function philosophy in which an exact copy £s not demanded; and
(2) establishing a technology data base which is available to contractors
such as the cell Library and automated design s0f§tware system that NSA is
establishing forn selected LST technologies.
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Additionally, component standardization activities should
be strengthened in this area. A central Naval activity (e.g., NSWC on NAC)
should be chartered %o:

a. Oversee and fund mask interchange programs.
b. Limit the proliferation of devices.

c. Be a focal point for program offices considering LSI
custom usage.

d. Devekop a Rist of requined custom LST devices for the
Navy that the commercial semiconductorn industry will not produce due zo
Low volume needs.

With the semiconductor industry shifting more and more of
thein assembly facilities off-shore due to the Low Labor cost, the Govern-
ment should be concerned with this development since it could adversely
affect any mobilization nequirements. Japanese imponts (especially memonry
devices) will also neduce the number of "on-shonre" facilities. The aero-
space equipment and system houses that are instituting theirn own semicon-
ducton facilities are helping to Lessen this concern. This industrial
capacity, in view of the semiconductor technology requinements, will be
an essential element in any future mobilization plan, and should be
considered and suppornted as such.

LR B

10. A simplistic nesponse would be to say that NAVAIR should
procure enough spares at the early stages of the program to cover the

41

o L T e R




NAC TR-2221

Question #1: How should the Naval Afr Systems
Command (NAVAIR) facilitate the use of advanced
technology microcircuits, while insuring
adequate support of logistics and potential
mobilization needs, and protecting {tself
against supplier catastrophe?

Logistic and mobilization needs throughout the Life of the system. AL-
though this may be the only feasible approach in certain very Low volume
high performance or highly secret applications hrequining advanced techno-
Logy microcirneudts, £t doesn't appear fo be the best approach in other
situations where the use of advanced technofogy microcirncuits 4is proposed.
Other approaches such as Long-term warvwanties and repain contracts or
sparing at a highen Level (assembly, etc.) should be considered. 1§
supported at the gunctional module Level, newer technofogies could be
used when the oniginal 4is obsoleted (unprocunabfe). The problem should
be addressed at the beginning of a program. The nisks {nvofved in using
advanced technofogy michocirneuits should be evaluated in hespect to the
advantages. Guidelines should be established by NAVAIR and applied to
all contracts to assure that the nisks are minimized and are outwedighed
by the advantages. A knowledgeable Government body would be used 2o
evaluate and assign nisk factorns forn advanced technologies. In high nisk
technologies, this body could be used to pass fudgement on the advisabi-
Lity and need gor specific proposed applications.

* % %

11. NAVAIR can facilitate the use of advanaed technology micro-
circuits (Lange scale integration (LSI) and very Large scale integhation
(VLST)) by supporting the development of design tools that will be cost
effective and that can be used with congidence by NAVAIR contractors. The
design tools should be applicable to technologies that are indusiry sian-
dands today and to future evolving technologies. These design tools will
enable NAVAIR to assure adequate support of Logistics and mobilization
needs by making the design tools available to system and subsystem contrac-
tons and by having the devices supplied by multiple semiconductor indusitry
sources. The specific design tools supportive of NAVAIR requirements are:
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» Standard cells for Computern-Aided Design
* Universal Avrays

These tools should be developed for the following technologies:

+ PMOS

Bulk CMOS Metal Gate

Bulk CMOS Silicon Gate

CM0OS/S0S Silicon Gate

I

+ Radiation Hardened CMOS/S0S Silicon Gate

.

.

NAVAIR should take the foLlowing actions to insure adequate
support of Logistics, mobilization needs, and protection against supplier :
catasthophe: ]

a. Encounage the design of custom LSI to implement gunc-
tionally partitioned circuitry utilizing existing CAD tools such as those i
Listed above.

b. Stockpile LST arrays in adequate quantity to meet one
to two yean use requinements and Long-term spare requirements for Logistic
Aupponrt.

c. Stockpile mask sets and test program tapes so0 multiple
vendor sourcing can be exercised with quick turnaround.

d. Select industry standard processes cwuently in widespread
use. (Example: CMOS Bufk currently, and CMOS/SOS for future requirements. )

LR B
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12. Maximum system advantage and minimal Logistics problems
can be assured by maximizing the use of advanced technology microcircuits
which are members of families of compatible commercial components. The
emengence of single-chip michoprocessons and microcomputer product fami-
Lies 48 the manufacturen's answer to minimizing the proliferation of
diggerent LST components and hence the product development cost. Similarly,
this tends to maximize the vofume of Like products and thereby neduce user
cost of these devices. The pervasive use of these devices obLigates the
manugacturer to maintain Long-term production commitments both to commen-
cial and military usens. As technology improves, more advanced membenrs
0f the gamily are developed. However, in order to maintain family com-
patibility, new membens must maintain form, §it, and function (4.e.,
s0ftwarne) compatibility with prion generation devices.

NAVAIR should encourage the qualification of selected fami-
Lies of commencial LST and VLST products for use in its applications.
Qualigication should be based on:

a. Existing and planned family functions which have general
applicability.

b. Manufacturer capability to produce functions in a cir-
cuit technology which is applicable to LST and VLST circuits, and which
meets militarny environmental requirements.

c. Strong Linkage to a commercial product and computer
gamily to provide comprehensive system and 50gtware development tools.

Qualification should not be restricted to one family.
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NAVAIR and industry would then have a gramework whereby
the number of devices to be developed and supported could be restricted.
This will also encourage the development of multiple sources.

* % ¥

13. a. Mandate that all bidderns for system-develLopment proghrams
pergorm Life cycle cost vs. nisk studies in thein proposals, based on the
expected deployment and spare quantities over the expected Life of the
system. Considern LSI, hybrid, and printed circuit MST impLementations.

b. Procure all devices expected to be requined with one
onder. Storne unused wafers at various Locations to avoid the hequirement
for a second sounce.

¢. Have military production capability in selected (indus-
thy standand) technologies. Insist that contractorns' design development
mask tapes be compatible with MIL-process. Deliver chips GFE.

d. Consider semi-custom approaches before all custom:
(1) Gate arays/masten slice

(2) Proghammable functions (microprocessons,
PLAs, PROMs, etc.)
L I I
14. 1In answering the question asked, several assumptions have
been made which are based on prion conversations with NAVAIR and other
Government agency personnel, and a knowledge of their procurement cycles.
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a. The basic problem 44 the Low volume of parts required,
nanging from a few hundreds to a few tens of thousands. This problem is
compounded by the nelatively Long perdiod o4 time during which the parts
must be available. 1§ millions of parts were required, there would be no
probLem in obtaining the devices needed.

b. The environmental requirements which the parts must
meet are severe and the neliability unden these adverse conditions musit
be very high. Therefore, the cost of quality control and festing 43 a
substantial part of the device cost.

¢. In many cases the LSI is part of a complex equipment.
As a nesult, the cost of the LSI chip 45 not a significant part of the
total equipment cost, 50 the price of the chip 44 a minorn consideration.
This 48 the opposite of many commercial situations.

The best answer to the question seems to be the use of
designs owned by NAVAIR, including design rules, mask tooling, and process
details. This approach may be accomplished readily by using the Standard
Cell approach developed by NSA and NASA, which tends to make the manu-
facturing process independent o4 the supplier. The automated design
procedunes inherent in the approach facilitate the use of advanced tech-
nology and circudlt techniques.

* % %

15. For multiple reasons, a custom LST cireult embodying a
Limited technology should be allowed only when either technical or econ-
omic reasons fustify <ts use. The technical constraints would include
size, weight, power, etc. Where the above considerations are not fjustif4-
able, the use of standard widely accepted LST and MST devices should be

used.
46
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For applications requining the use of custom LST devices,
general guddelines fon use should include projected usage, multiple
sounces, total quantity buys, and A0 fonth.

An important consideration is Zhe present and phrofected

commencial application of the item, since this arena constitutes the most

sdgnigicant factorn 4in the Life of electronic parts.
* % %
16. NAVAIR should specify complex Lintegrated circults at the
gunctional Level and should standardize form, §it, and function here. A

neplacement part can then be introduced that obsoletes the old part with-
out impacting the using equipment.

NAVATR showld consider the possible use of commercial-type
LST and ways to utilize it within the milifary environment. The design

0§ circudtry in using equipments that accepts the constraints of commercial

LST would, over the fong haul, pay high dividends.
* * %

17. NAVAIR should encourage equipment manufacturerns to use QPL
and commercial parts where possible. An up-to-date preferred parts List
othern than QPL Listings should be made available to OEMs during the design
phase. NAVAIR might consider developing alternate sources for LSI pro-
ducts which are not otherwise available grom more than one sowrce.

LST technologies which are used should be proven processes

that are reproducible grom more than one semiconductor supplier.

LI I
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18. a. Specify custom LSI pants neplacement on the basis of
i functional equivalence as the best protection against the possibility of
‘ guture parts unavailability and technology obsolescence. Functional
equivalence {s defined as a replacement part having identical elLectrical
and Logic characteristics as the oniginal part, and having the same
external packaging configuration (e.g., 24-pin DIP) and Adentical pin
assignments. The acceptance of functionally equivalent parts will ob-
viate the need to document the process by which the oniginal parts were
made and to ne-establish an identical Line after a Lapsed time of perhaps
ten yeans, during which process materials (resists, solvents, etc.) and
equipment (furnaces, etcherns, testerns) may all have changed.

b. Change procurement policies forn nreplacement parts of
custom LST from yearly purchases to multi-year on Rifetime procurement.
In the case of custom LSI, annual nreplacement needs may be on the order
04 50 to 100 units which may nepresent a few wafens for the year. To
ne-establish a Line each year to produce these few wafers s not cost
edfective.

However, a study may be necessary to deternmine the
efgect of shelf Life on microelectronic cireuits. Little Long-teum
({.e., 10 year) aging data are available to support the premise that
Lifetime procurement of neplacement parts is feasible. !

:

ded periods of time, it may be advisable to stone the LST chips in wafer

gorm prion to dicing and packaging. However, storage of chips on tape

chip cavierns offerns some distinet advantages over wafer form storage. : |
Firnst, each chip can be extensively tested and only the good units |

To minimize the cost of inventorying parts over exten- j
E
:
1

48




NAC TR-2221

Question #1: How should the Naval Air Systems
Command (NAVAIR) facilitate the use of advanced
technology microcircuits, while insuring
adequate support of logistics and potential
mobilization needs, and protecting ftself 3
against supplier catastrophe? ]

netained. Second, the {individual chips can be stressed (i.e., temperature
cycled) and concwrrently tested to detect weaknesses. Thind, the tape
chip cariens can mone easily be shelf tested periodically. Fourth, the
tape chip carrnien storage saves the cost of packages and packaging while
retaining the advantage o4 automated bonding.

c. Since custom LST 48 a non-standard part, it is generally
rnequired to undergo qualification testing. Rather than qualify each LSIT
part, it may be feasible to qualify a fabrication process and an associated
set of design nules such that any custom LST using this process and adher-
ing to these design nules would become qualified. This concept could be
extended to {include "standard cell Libraries" whose use would not nequire
nequakligication. |

d. Make provisions in developmental contracts to provide
special incentives forn the use of custom LST where the advantages of doing
50 will clearly benefit the system in Lterms of performance, cost, size, or
neliability even Lif the benefits would not be received until subsequent
phases of the program (L.e., production or deployment).

At present, there does exist an added cost and nisk 4in
the use 0§ custom LST parnts during early phases of system develLopment where
the system requinements may not be §ium and/or the LST design may not be
verified. Under these circumstances, custom LST will not be used if there
48 a chodice 4in {mplementation. The {ncentive to use LSI in the system to
capture {ts benefits might be in the form of additional reimbursement fon
non-recuring cost and additional time in the development schedule.

49
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e. Considern obtaining agreement among the major military
suppliens of custom LST parts to the fonm and substance 0§ a data base
for fabrication and testing of the parnts such that procwred custom LSI
parts can be trhansportable without the cost and delay of having to retool
the masks on newnite testing proghrams.

In many cases the LSI technology 48 verwatile and allows
us to provide extremely dense functions at Low cost and small s4ize.
Thereforne, we can use the increased functional content of the chips to
perform built-in test, nedundant sparing of functions, or other features
which enhance system effectiveness and availability.

Recent profections at several conferences show a 30:1
increase in the total number of 1C functions produced per yearn by the
semiconductor {ndustry between now and 1985 (from 3 x 10'? to 10’4).

This dramatic increase will be the nesult of many new product applica-

tions using highly complex LST chips such as automobife and home elec-
tronics which will be supplied in quantities so Large that they will

dwarf the previous high quantities supplied to applications such as the
maingrame computer companies. It &s important forn us to ghow with this
technology 4in our ability to use {ts rapidly increasing gunctional content
and napidly decreasing cost per function. The projected benefit of this
technology over the period to 1985 will be a 5:1 cost per function decrease,
ot Least a 10:1 increase in function per chip, and resulting benefits of
neduced volume, increased rneliability, and reduced power.

Forn the military to keep pace with this rapid evolution
and to gain the benegits of this LSI technology, we must (1) reduce the
nisk of LST commitment to majorn programs, and (2) neduce the cost and
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schedule of the LST chip development. With regard to the nisk, we need
Lo sustain credible sounces in business. At present, there are companies
clearly intenested in military LST business, but these are Largely captive
1C divisions of mafor DoD systems manufacturers. They are therefore in
the business to sustain the product developments necessary for their sys-
tems activities. This 48 important and does provide a credible source,
but Leads to the basic proprietary naturne of the technologies that these
houses provide. There would have to be a progitable business potential
with much Largen usage of military LST to promote internest outside of
these captive suppliens.

Going back to the projection of a 30:1 increase in the
total annual production of IC functions per year by 1985, Lt is important
1o nealize as well that on single chips, device complexities of oven
100,000 thansistons will be produced at that time. However, the recent
glattening of IC complexity as measuwred in gates pen chip {in military
systems 48 an indication that we are not keeping pace with that dramatic
growth potential. Coupling that with the realization that there is no new
standard Logic family of LST complexity devices foreseen in the future, it
48 then of concenn whether there will be a Long-term device technology on
which DoD systems can count. We have 4in the past nelied heavily on the
standand SST/MST families of TTL, STTL, ECL, and CMOS, but can no Longer
profect any morne than a slow evolution of new functions being added to
those families. Othern than the basic microprocessons, thein support cir-
cuits, and semiconductor memonies, there is not evolving a complete family
0§ LST complexity devices that thuly service the needs of high performance
senson processing military equipment.
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With negarnd to the microprocessons as a solution 2o this
need fon custom militarny circuits, one must nealize that although the
microprocessons provide Low-cost standand functions, they nrequire custom
programming which s generally as costly as the custom LSI chip develop-
ment, and thein perfornmance in the end is generally an ordern of magnitude
below that of custom functions realized out of the same circuit techno-
Logy. Funthenmore, the basic microprocessorn chip families in high-speed
computens comprise generally only 15% to 20% of the total 1C count in the
computer. Forn example, a 1553 senial data bus internface will, in general,
nequine mone integrated circuit chips than an entirne microcomputer built
with high technology LSI devices. Therefore, the microprocessons will
find many applications in militarny systems, but will also be restricted
grom many of the high data nate nequirements, and even where they are
effectively used, will comprise only a small parnt of the total IC parts
count needed to make a complete system. Therefore, it has generally been
accepted that some means of custom LST will be very impontant to also
reducing the parnts count and power of the other support circudits that are
unique to the systems and are necessary awund the microprocessors where
they ane used.

We must attack the probLem of the inherent nisks imposed
upon proghams in LS chip develLopment through the unpredictable schedule
and cost of the design and fabrication of finst devices. There have been
many contracts in the areas of LST technology, but few have gone the §ull
distance of building sufficient devices to characterize thein neliability
and to Learn more about the efficient design o4 subsequent functions in
that technology. Too often we have stopped with a single demonstration
vehicle 0§ a particular high-technology approach. 1 would be more imponr-
tant to have characterized a thousand devices with neliability history
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and with Low ervwn nates than to have squeezed out one more nanosecond
performance. Much of this may hinge on new utilization of computer-aided
design approaches and the development of such approaches as cell Libraries
and configurable gate arrays. 1In these cases, only the ultra-high per-
formance on special devices are developed with full hand-cragted design
engineening, and the nemaining functions employ Largely a computer-aided
design approach based upon already known circuiltry.

The basic procurement of militarny systems 48 8L such
that the nisk of LST utilization 48 ampligied due to the extreme attention
during the deveLopment cycle of cost-competitive procurement, gollowed by
a napid schedule-sensitive transition to production. Therefore, during
the competitive develLopment period, a contractor {8 iLL-advised to invest
his own money, not yet knowing who will be the successful production
sounce, in a technology which yet provides added nisk to even being able
to demonstrate the system concepts that he {8 proposing. This {8 followed
then by the napid thansition to production, wherein a contractorn is not
highty motivated to go back and make changes to the system which will only
furthen delay its entry into production. Profit incentives here to utd-
Lize technologies such as LST to neduce production costs orn to improve
neliability agter a contractorn 45 selected for production would be one
alternative; there are probably othens.

The basic market for military LST needs a shot in the aum.
14 it were viewed as a progitable business outside of the basic systems
conthactons, then there would be custom LST capabilities developed and
second souwrces in the industry. Since it may hequine too Large of a step
function increase in the total LST business Level in military systems Lo
neach that as a goal, we may instead at §inst consider means of better
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using the 1C fabrication capabilities in most of the majorn system contrac-
torns. 1In these cases, DoD funding to sponsor common CAD design approaches
Anvolving cell Libraries and gate arrays, etc., would enhance the sourcing
04§ key LST devices in future systems and nelieve our major dependence on
Low Level SSI/MST 1Cs. Parallel programs to gfabricate neasonable quanti-
ties of devices having major DoD internest would be a cornrect step 4in the
night direction. Fon example, contracts to fabricate specigic very high
performance signal processing components or special militory intergace
cinewits would nesult in key technologies in the systems contractons becom-
ing better known to program managers through extensive device reliability
testing. Specifically, it could be recommended that million doflar-plus
conthacts be Let to prove the device neliability 0§ technologies at as
many as a halg-dozen systems contractons, with some requirement then that
makes these device technologies avaifable for outside sale. The avail-
ability of these technologies for outside sale will, in certain cases,

be 0§ concern because of the competitive nature between the companies.
However, in many cases, including our own, there have been sales already
dirnectly to othern systems contractorns Lnvolving our most advanced LST
gorms .

Finally, with negard to the specific questions 4in the NAC
Letten, there 48 a certain suggestion that LSI implies an increased expo-
sune to suppliern catastrophe orn device technologies becoming obsolete
durning the operational Life of avionics equipment. 1 would suggest that
perhaps over the Long-tenm Life of many systems having support requirements
of 10 to 15 years and more, that LSI may not be any more unprocurable over
that Life than what we cuwviently know as the standard vendor SS1/MST parts.
The neasoning here 45 that the majorn growth projected in the IC technology
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Questfon #1: How should the Naval Air Systems
Command (NAVAIR) facilitate the use of advanced
technology microcircuits, while insuring
adequate support of logistics and potential

! mobilization needs, and protecting ftself

| against supplier catastrophe?

48 4in custom on dedicated LSI and not in the standard SSI/MSI gfamilies
such as TTL. Thenreby, most new products including LST will be using some
form of dedicated on custom LSI; at Least they will be using custom pro-
grams stored in ROMs cr PROMs to control the standard microprocesson
devices, and in many cases they will be using custom circuits uniquely
designed fon special nequirements.

The projections show the majornity of total 1C product
complexity to be met in the future with such dedicated or custom parts
(exclusive, of cowwse, of the standard RAMs and ROMs). Since we are not
Ldentifying a new family of standard high-Level functions we thereby see
the choice of nelying on custom or proghammable circults, or of continu-
ing to fall back on the standard families such as TTL which are already
ten yearns okd. To do the Latter may be a nisk in the ability to procure
such devices over the next 15 years.

The strongest necommendation to add some protection to
our ability to neprocure devices 4s probably to base our LSI military
technologies on a common CAD design approach which will necessarily tend
to nesult in similarn to {dentical functions being redeveloped in the new
technologies and processes that evolve over the yearns, that in itself
provides a usable design documentation forn neprocurement.

et i ot N i i b

2 20 e i

An examination of what the semiconductor industry and
aerospace semiconducton houses are doing that may be applicable fo the
military-type applications 0§ Low to moderate volume with a short design
cycle time and Low non-recwvring cost indicates a proliferation of gate
avays. Potential supplierns are going in different directions with ne-
gard to technology and gate array configurations. For example, gate
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Command (NAVAIR) facilitate the use of advanced
technology microcircuits, while insuring
adequate support of logistics and potential
mobilization needs, and protecting itself
against supplier catastrophe?

avays have been announced using 121, butk CMOS, SOS CMOS, NMOS, STZL, and
ECL technologies; in addition, the various gate arrays have a different
number of gates (112, 168, 262, 640, 800, etc.) as well as different de-
s4gn nules (gan out, speed, Load cwwents). Several of the gate avay
technologies utilize processes which are too new to have been stabilized,
and modifications can be anticipated.

Selection of an approach using a mature process and stan-
dard 5400 Schotthy 2L cetts appears 1o be a good stanting point onr
springboard grom which DoD could fornmulate and steer the direction of
LSICs gor near-terwm (and possible Long-tenm) military applications.
Without the Leadenship on direction of a third party, as DoD, indusiry
will continue in a multitude of different directions.

Why sekect the standard cell/cell array technology? Key
neasons are that LST’L is a mature process and 4t 44 a technology that
ofgens the high speed requirement needed in a major number of military
systems, as pointed out in the nepont "large Scale Integhrated Circuits
for Military Applications," TDA Paper P-1244, by GLenn (. Preston. A
very useful set of SST and MST cells have been degined for use in PCB
applications. Fon LSIC applications, the emulating of selected SSI/MSI
functions with specific electrical and Logic characteristics would allow
DoD to specify common characteristics so that interchanging of cell types
between different semiconductor estabLishments would be practical. 1In
effect, DoD would orn could be the custodian of the cell Library. Custom
LSICs would have common factors, as the cell dimensions, geometry of
devices (transistons, nesistons, and diodes), Location of 1/0 pads, and
specified electrical characteristics with compatible design guideline
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rkes. The specific interconnect and Logic function could be maintained
proprietary to a company if s0 desined. DoD could coordinate the supplying
0§ digital data on 10X neticle masks to different semiconductorn houses,
theneby enabling them to produce custom LSIC cell arrays.

* % %

19. Wafer storage is the obvious solution.

* % %

20. Cwwent on-going major military proghams should be reviewed
to determine what commerncial types of advanced LST technology are being
used. As an example, a composite michocireult usage List has been devel-
oped on the F-18 Navy progham as a resuwlt of Lnputs provided by majon F-18
Avionics Parts Control Board memberns. This Rist, though not ginalized,
nepresents a majorn portion of the types of LSI being employed. Based on
this List, plus similarn Lists on other major programs, the military would
be in an excellent position to select those devices which should recedlve
majorn attention for documentation under MIL-M-38510. 1In this way, stan-
dards would exist on which industry could bid, thereby opening up the
doon, through competition, fon multi-sourced devices. At the same time
a common number would be established whereby militarny contractors could
procure the device. 1In this way the objectives of the Navy concerns re
commonality and multi-soureing would best be satisfied.

* * %
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B. Question #2: How should NAVAIR protect itself from the
ever-increasing problem of devices/technologies that become obsolete
(unprocurable) during the operational 1ife of avionics equipment?

Highlights:

Following are the predominant suggestions mentioned by the
respondents:

- Make life-of-type buys of parts.

- Emphasize functional specifications at
the module or assembly level.

+ Restrict the use of technologies to those
in the mainstream, where a number of
companies are committed to the technology
for both military and long product cycle
commercial applications.

* Establish multiple sources.
Other suggestions included:
* Use of LSI devices which have a fimm
vendor marketing pian for upward compatible
product development.

+ Use of bonded wafer storage.

- Communication of LSI needs between
Government equipment suppliers and OEMs.
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- Obtaining of design disclosed infor-
mation by the Government on LSI so that
another reputable manufacturing source
can produce the product if needed.

+ Development of a viable LSI
standardization program.

Industry Replies:

1. Protection against devices/technologies that become obsolete
durning the operational Life of avionics equipment can be overcome through
a more conscious effont to communicate between supplierns, OEMs, and gov-
enment agencies. Given greater visibility of Rogistics support, needs
Ldentified to the prime supplier followed with an annual review to deter-
mine both fonrecast needs and supplien's intentions to fulfill those needs
by sustaining production would go a Long way to protect against unplanned
obsolescence. Similarly, 4if a supplier intends going out of business on
a particular end item, and if he had visibility of its demand Zo support
avionics equipment, proper notification could be afforded to allow "Life
0§ type" buys to occur routinely.

* % %

2. a. By nestrnicting the technologies designed into opera-
tional equipment.

b. By maximizing modularity of equipment designs so0 that
the necessary technology upgrading can be restricted to the afglicted
subsystems (ALUS, memonies, multiplexerns, ete.)

* % %
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3. This {8 a majon probLem since the military would probably
use the same circuits fon ten to twenty yearns. The cireuits would cen-
tainly be obsolete Long before the military stopped using them. Again,
the answer to thein problem would be for NAVAIR to have thein own
processing capability.

* % ¥

4. Concerning obsolescence during the operational Life of
avionics equipment, with increased use of modularity and multiplex
busing in systems, the effect of a changing technology can be accommo-
dated.

* % ¥

5. Where this protection cannot be guaranteed, the use of a
multi-sounce Leading edge technology will provide the best hedge. A
strhong and coordinated standardization progham within the military would
go a Long way toward a solution to this problem.

* % %

6. Profect Lifetime buy needs and enter into Lifetime buy
agreements with the devices stockpiled at a vendor's bonded storage area
on at NWSC, Crane.

* x %

7. Navy efgonts should be directed to implementing those LSI
devices as standards which have a §im vendor marketing plan for upward-
compatible product development, and which are intended to functionally
neplace and enhance the product in present use, at the device Level. We
are using the technique of selecting functional standards for various
classes 0f processing problems. Fon example, we use the following micho-
processon classes: §-bit, 16-bit, Low-power, and bit sf€ices. Basing
present designs on the 8080 and then upgrading to the Z80A orn 8085 is
a typical example of an upward-compatible technology.
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An alternative to the component Level 0§ standarndization
s to disnegarnd the device implLementation for any subassembly function,
and nequine only subassembly Level compatibility. 1t 4is concedivable
over the Life cycle of a product that a subassembfy can evolve grom 100
§latpacks of discrete MST Logic to one or two LSI packages and still
nemain gunctionally identical, and/on more powernful, while keeping iden-
tical i{ntenfaces to the system in which {t nesides. Specifying page
gunctional equivalence (and not component technology or processes) s
by far Less expensive and requines Less technology forecasting on the
militany's part, and thernefore Less nisk.

* % ¥

§. The i{tems discussed in OQuestion 1 apply, namely:

« Life of type buys.
« Planned technology upghrades.
© Multisouncdng.

As a final point on this question, we might add that the
moAt unprofitable business for a microcircudlt supplien <5 to build a few
hundred on even a few thousand pieces of a device or a technology 4in
which the "Life of type" buy was completed several years prior. This
situation 45 almost Like "starting grom scratch." Considering the facts
that (1) this 45 a grequent and costly occurnence, and (2) that micro-
cieults represent a small penrcentage of an overall system procurement,
NAVAIR might wish to consider a significant "over-buy" of michocincudts.

¥ % %

9. We feel the most cost effective, Least nisk approach is
to s08ve the problem at the assembly Level through the use of standarnd
avionic modules (SAM) functionally specigied to be technologically
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thansparent. The use of fornm, §it, and gunction specifications offers J

the potential to introduce competition and wilf enable the incorporation z
0§ up-to-date LSI device technology (within the SAM) via more coszt-
competitive functional solutions to the SAM function.

Quasi-standarnd and custom LSI device procurement problems
can be overcome through the use of £ife cycle buys at a point when pro-
curability becomes a potential probLem. The procwrement of total projec-
ted needs in wafern form 48 potentiafly a verny cost effective solution.
Requining established dual sourcing capability would also afgord a ‘
centain degree of protection. 1

The solution to commercial LST device/technology obsoles-
cence Lies 4in the use of fonm, §it, and function specifications and the
nesulting technology transparency of the design.

Some progress in the practical side of this problLem
(mechanical structune, powen supplies, ete.) 4s being made with the SEM
approach and the quasi-standard 5-volt supply which can be used for TZL, : §
NMOS, CMOS, and TZL. Thus, although exact replacements may not be avail- .
able, functional equivalents should be available.

* % %

10. 1t would appear that the only practical way gor NAVAIR to
prwtect itself grom the obsolete devices/technologies problem is to mini-
mize the effect of such obsolescence. In some applications, the stocking
0§ a Lifetime of spares would be the best answer. 1In otherns, interchange-
ability at some modular Level would be the best answer. In instances
where custom devices have been designed using standard cell Libraries and
CAD proghams developed by the Government, a compatible process capability

62




NAC TR-2221

Question #2: How should NAVAIR protect ftself
from the ever-increasing problem of devices/
technologies that become obsolete (unprocurable)
during the operational 1ife of avionics
equipment?

should be maintained. When industry would nonmally discontinue this pro-
cess, the Government could subsidize a number of manufacturers (on a
competitive bid basis) to maintain such processing. 1§ industry was not
intenested, the Government could use {ts own processing facilities to
build spares.

* % %

11. NAVAIR can protect itself grom the ever-increasing problems
0§ devices/technologies that become obsolete during the operating Lige of
avionics equipment by selecting technologies that are mainstream techno-
Logies and are supported by majorn semiconductor suppliers committed to
exploitation of these technologies in the industrial and commercial mar-
ketplace. The success of a semiconductorn supplier in building a Large
commencial catalog of parts and in stimulating a host of second sowrce
suppliens will assure Longevity. 1In a successgul technology, evolutionary
thansitions occun which Lengthen the Life o4 the technology. An example
0§ evolutionany trhansitions is the shift <n CMOS technology grom metal
gate to silicon gate to sapphire substrhates. This evoluticnary proghes-
sion should be welcomed since it will extend the use of the basic Logic
technology fon §ive to ten years or Longer, and will not impact equipment
designs as severely as might a more basic technological shigt.

Avionics equipment designs should be implemented 4in broad-
based technologies at the beginning cof their production cycle 4in the
semiconducton industry. Examples of technology to be considered for
cu&nent applications are bulk-CMOS silicon gate, CMOS/SOS, IZL and CCD;
as opposed to considering RTL, DTL, TzL and other {ncreasingly-obsolete
technologies which may stilL be in production at some vendors and which
are used extensively in operational military systems designed a decade
ago.

63

it i




NAC TR-2221

Question #2: How should NAVAIR protect {tself
from the ever-increasing problem of devices/
technologfes that become obsolete (unprocurable)
during the operational 1ife of avionics
equipment?

Desdigns should be evolved encouraging system partition on
a functional basis so0 that new technologies can be introduced in a plug
compatible form at the module Level. Examples would be random access
memory modules which can evolve grom TZL to NMOS technologies on a plug
compatible basis.

* % %

12. Where highly specialized on particularly unusual cireudt
functions are nequired, additional volumes of parts should be procured
and stored fon gfuture use. This approach assures the Least cosi for
providing a back-up neserve for future needs due to the batch processing
and production techniques employed by the semiconductor manufacturer.

* % %

13. a. Process, procure, and storne all parts needed for the
Life of the equipment.

b. Buy grom vendors who stress upward compatibility gor
such products at microprocessorns and memories.

LI R

14. The neason that devices become obsolete is simply that
they become unpnofitable to manufacture. 14 the processes and the designs
beLonged to NAVAIR, the procurement would always be possible, although
perhaps expensive. An alternative would be to procure all devices at once
and stockpile them. When the stockpile ran out, a redesign would become
necessarny. However, NAVAIR would be able to purchase initially in quan-
tities Lange enough to attract suppliers, which would nesult in attractive

prices.

A second alternative would be to use a technology which
A5 Ress Likely to become obsoLete. One example 48 CMOS/S0S, which 48 not
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presently wsed to any extent commercially, but is suppornted by a great
many system houses for internal use. While SOS chips are very expensive
by commercial standards, they are not an imporntant part of the cost of
the systems in which they are used. The existence of a relatively Large
number of f4iums which have committed this technology to military and com-
mercial systems that can be expected Zo have Long Life spans practically
assunes that the technology will be available for a neasonable Length of
time.

The progit 4is not in the chips, but in the systems which
use them. Therefone, therne 4is much Less incentive to abandon the tech-
nology for another which would requine a very expensive system redesign.

* % %

15. Fon custom LSI circuitry, Limited avenues exist for insur-
ing Long-term availability of parts. Initially, development of multiple
sownces capable 0§ satisfying the device function should be established.
Noamally this will requine some assurance on the manufacturer's behalf
that these functions may ultimately be effective in the commercial market.
A special protection could also include design disclosure documentation
04 sufficient detail to insure thay any nreputable company could produce
the device even after the oniginal company has Lost interest due %o
economic considerations.

Stockpiling to cover the total projected usage of the
devices 45 an expected approach but suffers grom the aging effects of
stoned devices, the stonage costs, investment dollarns, inventory taxes,
and the vagaries of predictions regarding needs.

* % %
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f 16. NAVAIR should issue a wnitten document covering standard
LST modules, one provision of which could be a nequirement gon notifica-
Ltion prion o ceasing production on a given module. NAVAIR could thus
dtockpile adequate neplacement modules to Last the Lifetime of using
equipments.

* % %

17.  Parts which are incorporated into new designs should be
manugactured with LST processes which are mature and will not be obso-
Leted soon. These processes should be manufactured by more than one
demiconductor supplier. In the event that a product is to be obsolLeted,

detailed design and process data can be obtained and retained in bonded
stonage.

18. No comment.

LR I

19. Wager storage 48 the obvious solution.

LR B

20. The question implies that this occuns on a frequent basis.
There are many factons involved in the selection 0§ parts, and it 48 very
difficult to isolate any single item as the cause gorn selection of very
specialized parts. To minimize the nisk 0§ <mpLementing parts into a
design which Later becomes non-procurable, minimum requinements should be
established fon equipments at the beginning of the program and packaging _
hestrictions should be as neasonable as possible. This will help avoid |
use of specialized components which have a high tendency to become obso-
Lete, particularly when business is expansive. Unfortunately, with minia-
turnization we continuousls keep asking for mone and more gunctions within
Less space, resulting in Less use of standard gunctions .

LR B
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C. Question #3: Faced with an ever-decreasing market 1ife cycle

for semiconductor devices/technologies, how are the commercial/industrial
producers/customers dealing or going to deal with device obsolescence?

Highlights:

The following items were the predominant answers given to
this problem:

- Functional partitioning and modularization
(the most frequent response).

- Shorter product 1ife cycle.

- Strong internal standardization program.
« Plan for product technology upgrades.

« In-house LSI capability.

Industry Replies:

1. 1t is our opindion that with LST we have a much different
situation (not nearly as critical) than we did 4in discrete products. By
this we mean that within LST there will be a fairly Limited number of
technologies, weld understood, fully developed, and in most cases readily
available. So, even Lf a particular product werne to be deactivated fon a
period of time (not produced) it would be fairly easy to nreactivate the
technology, specific device masks, and fabrication techniques to respond
to a nepeat demand after a fain amount of time has fLapsed.

LI B

2. 1In the commencial sector, technological obsolescence 44
being met by simply shontening the product Life cycle. Just try fo buy
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a spare for a ten-yearn ofd washing machine. 1 believe that it would be
cost effective for military electronic equipment also to neduce the opera-
tional Life cycle grom an average of twenty years to a ten-yearn period,
which corresponds more closely to the major technology cyckes.

LR

3. Device obsolescence in the commercial area will certainly
take place in a three to six-yearn time grame. The commercial area will
need to continually update thein circuilts and systems with new parnts of
greaten complexity which offer morne functions in the same chip area, or
nedesigning the same circuit functions into a smaller chip, which means
that the new design should offer a cost-savings approach. This has been
the nonmal evolution of products in the commercial semiconductonr gield.

* % %

4. The answer to device obsolescence 4in connection with com-
mercial and industrial customens s out of my direct experience, but from
my observations the equipment has been becoming obsofete as fast on faster
than the componentry therein (L.e., the pocket caleulaton). Additionally,
gnom the financial neponts and business articles 4in recent years, some
commercial §inums have not coped with this very well.

L

5. We have a sthong internal standardization program which
nequines multiple sourcing, thereby inchreasing the probability that we
have selected a technofogy which will have maximum Life cycle.

L

6. Redesign the elLecthonic assembfies as nequined to meet the
necessarny functional requirements with cwuient state-od-the-art devices.
A cost incentive for effective nedesign could be impLemented. ALso, close
Liaison between the 1C industry and assembly suppliers can forecast
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industrhy trhends early so0 that the thue impact can be evaluated and comrec-
tve action may be initiated well in advance of an IC vendorn's actual
change on decision to no Longern supply the device.

* % ¥

7. We necommend that the Navy modify {ts focus away f§rom
devices, and toward the page, card, on box Level. By specifying functions
and performance at a Level beyond the device Level, the Navy can purchase
functionally equivalent pages of "black boxes" independent of the compon-
ent technology upon which they are based.

* % %
§. Commercial/industrial usens of microcircudits have s4gnifi-
cantly shontern product development cycles as well as product Life cycles.
They also plan for product technology upghades within the product Life.

* % ¥

9. Device obsolescence in the commercial /industrial equipment
s more neadily accepted as a way of doing business than it is 4in the
military workd. 1t must be remembered that the 2ommercial/industrial |
producens /customens direct device obsolescence through their economic
purchasing power and that the semiconductor industry only gollows thein
wishes. The commercial market "demand" brought on the LSI revolution.
The market Life cycle of these LST devices will be a function of market
demand. Equipment manufacturens wilf be developing their own, if not
Navy, standard functional assemblies to allow masking of LST technological
evolution in LST technology. This approach affords the greatest potential
gon technological transparency. In many areas, no attempt will be made
to prevent obsolescence. In some areas an upward/dowmward compatible
philosophy will be attempted. An example might be the automobilfe engine
controllens being introduced, in which features may be added or improve- ‘
ments made, but where a controller for a 1985 automobile might be !
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with device obsolescence?

nequined to control a 1980 car. The upgrade of the 8080 gamily to an
8048 is an example of the philosophy. Make a single chip do the function
of several chips but keep the overall function performed compatible.

* % %

10. Device and/on technology obsolescence in the commercial/
Andustrnial market is mostly a matter of Little concern to the device
manufacturerns themselves. The dilemma for the end user created by the
sudden disappearance of a device s Largely nelieved by "replacement
houses" such as Sprague, SyLvania, Motorola-HEP, RCA-SK, plus numerous
othen small name houses mainly handling devices §rom any place they can
obtain them to cover the customen's needs. Replacements may requihre
"euts and fjumpers" on neplacement of an assembly, or both. New L{mproved
products often neplace ofden modefs which are discarded rather than

nepaired.

Extremely complex devices are not being covered unless
the usens (manufacturerns) undertake the sourcing themselves, either by
developing in-house facilities on by contracting with custom houses to
provide the device (assuming the end product justifies continuing).

There appears to be some evidence that Large users some-
times do this initially to protect proprietary information. 1In doing
50 they can also procure sufficient quantities to protect thein needs.
Many "house numberns" fall into this category. When the equipment
manufacturen's supplies are exhausted (assuming they no Longer manugac-
ture the product), the customer is pretty much out in the cold.

* % ¥

11. Commercial/industrial producers/customerns are facing the
ever-decreasing market Life cycle for semiconducton devices/technologies
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by going to shontern system design cycles and faster product obsolescence,
and also by designing system anchitectures that allow upgrading of modules
at the subsystem Level to incorporate new devices and technologies. Fon
example, memorny subsystem designs have evolved grom the use of 1K RAMs and
are now progressing to 16K and 64K memonies without requirning complete
system nevision.

In addition to the upgrading of memorny systems by the use
0§ highern density memory devices, the system designerns are making expanded
use of architectures that include programmability by the use 0§ micropro-
cesson based designs and ROM Logic matrnices. The §Lexibility afforded by
designing systems 50 that they can be modified to incorporate improved
algorithms and additional functions results in profonged equipment useful-
ness and deals with device obsolescence in a positive gashion.

Howeven, most commercial/industrnial producers/customers
have significantly highen unit volume requinements than are characternistic
04 most military proghams. This higher unit volume allows an earlier
transition to the new technologies since the system nedesign cost penalty
A5 spread overn many more units. Mlitary agencies will therefore have o
Look at the use of system architectures that allow system performance up-
grading capability. Such upgrading capability can be built into systems
by the use of an {initial design which incorporates devices that provide
"overk " capability for the requirement at hand. 1In the Long run, how-
ever, Auch a design will allow the equipment to evolve to meet expanding
rnequinements. One example of such an approach is the development of a
bit-s8ice microprocesson in the CMOS/S0S technology that can be congigured
into processons with §, 16, 24, 32-bit, or even Longer word Lengths. 1In
addition to the §lexibility of wornd Length, these devices can be operated
at speeds grom static operation to clock rates greater than 10 MHz. The
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design also allows fon the processon to be used with Special Function
Devices such as a high speed multiplien on a fast Fourier transform cin-
cuit. The ability to operate such CMOS systems over a power supply hrange
from 5 to 15 volts permits satisfying a range of power consumption and
speed nequinements and interfacing with a variety of non-CMOS peripheral
cireudits.

* % %

12. With the pervasiveness of electronics continuing to expand
Anto new gields, we envision at Reast two types of system nequirements.
One 44 the innovaton whose objective {8 to get to market quickly with a
product which by design will have a nelatively short Life cycle; second
48 the user who has equipment complexities, capital investment, and neli-
ability nequinements that dictate that he select technologies which will
drive Longen Life cycles by commitments. An example of the finst case
48 TV games, and of the second i85 communications. Since commercial/
Andustrial producers are the volume consumers 4in < day's market, the
military must be aware of the commencial user who has similar objfectives,
and utilize that business base and/on make decisions which will provide
the commitments to dictate Life cycle. For example, Minuteman 1Cs have
been in production for more than ten yeanrs.

* % ¥

13. a. Really Large userns make their own 1Cs. They then
choose when to stop production.

b. Design for fonm-§it-function, then replace old tech-

nology with a chip which 48 functionally (timing, voltage, current, etc.)
acceptable.
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Question #3: Faced with an ever-decreasing
market 1ife cycle for semiconductor devices/
technalogies, how sre the commercial/{ndustrial
producers/customers dealing or going to deal
with device obsolescence?

¢. Producerns of Limited production items find it easy o
Live with changing IC technofogy because they issue new models each year
Af necessany.

d. Make all parts you need prion to shutting down an 1C
technology Line.

e. Plan for upward compatibility (L.e., microprocessor
s0ftware) .

§. Stay with proven technologies.

* % %

14. By paying dearly for the devices or redesigning. Generally
commercial /industrnial customens do not nequire MIL-specd fication devices,
therefone, devices are available in small quantities for a much Longer
time. As Long as therne 45 a need for quantities of devices, although
they may be technologically obsolete, someone will manugacture them.

* % %

15. We wse military ghade parts exclusively, and therefore
cannot knowledgeably address the question exactly. The inferred problem
does extend to usens of military grade parts, however, and is wornthy of
comment.

Considerning the Long development cycles and the myopia
negarding expected Life, <t is almost impossible to design and build mili-
tary systems without spanning several semiconductor technology Life cycles.

1t 48 observed that this problem (s reduced by continuing
2o introduce <improved hardware segments embodying the cwwrent technologies
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Questfon #3: Faced with an ever-decreasing
wmarket 1ife cycle for semiconductor devices/
technologies, haw are the commercial/industrial
producers/customers dealing or going to deal
with device obsolescence?

(£.e., neplacement of modules on subsystems which are fonm-§it-function

Antenchangeable with olden items). This implies continuing design through-

out the Life of the product.

16. No comment.
* % ¥
17. Many designs can be partitioned such that critical parts
can be neplaced with products §rom new processes with a minimal amount
04 nedesdign. The ultimate Limits of the process characternistics are not
designed to in most cases; this makes neplacement with a different tech-
nology {mpossible.

18§. No comment.

LR B

19. Uafen storage 48 the solution.
* % ¥
20. Employ as much standand hardware as possible using custom
LST/hybrid devices only whene essential to meet space/weight/penfonmance
consdidenations. 1In this way the possibility of obsolescence will be
mindmized. Where device obsolescence does occun {t will, as in the past,
have to be addressed on an individuat basis.

* % ¥
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Question #4: How should complex LSI devices be specified to
insure adequate performance, and assure quality and reliability?

Highlights:

There was a degree of consensus on the following suggestions:

* Place more emphasis on functional device
specifications and testing (at the device
terminals), not on internal architectural
requirements.

* Qualification should emphasize device
family and process certification.

* LSI devices should be stressed electri-

cally to augment visual inspection.

- Specify reliability and testing means.

* Make provisions to include LSI devices
under MIL-M-38510.

Industry Replies:

Part 04 the answer to this question nesides in the method

04 fabrication.

It s our opinion that durning fabrication, a great deal

0f attention should be directed to verification of the functionality of
the basic building blocks that are utilized in each LST cincuit. Use of
test patterns on the wafer through fabrication steps will give assurance
that the target is being or has been met for each constituent part of the
Once this determination has been made, the die should be pack-
aged, and power exencised followed by similar component verd fication tests
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Question #4: How should complex LSI devices
be specified to insure adequate performence,
and assure quality and relfability?

to determine degradation effects, if any. Provide a neasonable amount of

package integhity tests to assure a match of die and package. These having

been met will provide a quality product with the attendant neliability
realized.

* % %
2. By circuit diagrham, thuth table, on trhansfer function,
dynamic and static circuit specifications over temperature range, test
programs, and pin-out.

3. No comment.

* ¥ ¥

4. Specifications should be Left to the manufacturer and §inst

* % %

5. Use the existing system, coordinating through DESC. 1§
the device 4s a custom LSI, prepare a source control drawing and coordi-
nate pergormance requirements, screening, and quality requirements with
usens and manufacturers.

* x %

6. 1t will be necessary to include LST devices under MIL-M-
38510 coverage, but it is necessary to keep the electrical performance
nequinements specified as maximum and minimum rather than typical. ALso,
there 48 a need for industry and Government agheement on standard testing
approaches and reliability enhancement techniques and methods.

* % %

7. From the viewpoint of microprocessorn (high function)
components, it is impractical to specify "delay paths," orn gate-Level
reactions and performance. As an alternative, the device may be tested
by subdivision of its functional elements (that is, registens, Anithmetic
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Question #4: How should complex LSI devices
be specified to insure adequate performance,
and assure quality and relfability?

Logic Unit, instruction decoder, etc.) Each block would be exercised grom
the Level of simplicity to the Level of complexity, by using the device's
own {nstruction set to stimublate each area. Only after one functional
bLock has been tested could it be used as a performance "window" forn a
subsequent block. The sum of these element tests would equal a §ull
gunctional ztest.

Penformance testing simply exercises the functional block on
blocks (using the appropriate area of the program developed previously) to
stimulate and cause the delay of internest to occur, and thus be measured.
This test is nepeated fon the voltage extremes, and over the military
temperatune nange of -55°C to +125°C junction temperature.

The nesults of this testing yield a procurement specd fication
which neflects performance testing at the nequired junction temperatures.

Static input/output terminal parameters of complex LST
devices should be specified to minimum acceptable Limits over the device
function temperatune hange 04 interest. Specifically, parameter Limits
should be specified at the device junction temperatures of -SSOC, 25°C,
and 125°C fon general avionics applications.

The dynamic performance characteristics of complex Logic
type LST devices should be specified for maximum acceptable Limits at 25°C
device function temperature at specdfied Loading conditions. These Limits
should be set close to the delays measured on a nealistic sampling of pro-
duction Lots (say 5 to 10). The optimum setting of these Limits should be
set by the trade-off of yield and cost. 1t should be necessary to specify
onky selected, easily testable paths through the LST device. Similar
Limits on the selected paths should be detenmined for the extremes of
function temperatune of interest.
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Question #4: How should complex LSI devices
be specified to insure adequate performance,
and assure quality and reliability?

The above specdifications should be imposed as foLLows: 100%
scneening fon static terminal parametens at three junction temperatures,
100% screening fon dynamic performance at 25°C junction temperature, and
sample screening of dynamic pergormance at junction temperatunre extremes.

The majon changes that should be incorporated to insure the
quality and neliability of complex LSI devices are:

a. Develop a means o4 stnessing the device electrically, to
augment the use of a pre-encapswlated visual examination. A gnoss visual
inspection, while being adequate for grnoss problLems such as bond integrity
and contamination, cannot reveal subtle defects that an electrnical stress
would {dentify.

b. Place more emphasis on functional testing and a high-
stness static burn-in of the device.

L

8. There 48 no simple answer to this question. The answer
depends on many factons such as the application, the circuit type, and
the economics 04 the situation.

Fon example, for those applications which require the high-
est degnee of nefiability (such as strategic systems), basefining might
be the answen. However, for custom LSI circuits 4in a Less than strategic
environment, a combination of process controls plus a parametric and
functional part specification which meet the system needs (and no more)
might be the best choice. For standard LST circudits, such as memory and

microprocessons, present MIL-M-38510 on equivalent specd fications are
more than adequate. In fact, some nethinking of MIL-STD-883 and MIL-M-
38510 in Light of the LST needs might be in onder. This is especially

twe in the area o4 visual critersia.
L I I
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Question #4: How should complex LSI devices
be specified to insure adequate performance,
and assure quality and reliability?

9. LSI specifications should reflect terminal performance
nequinements, not internal architectural requirements. Knowledge of the
intermnal wonkings of an LST such as that necessary to do single gate fault
testing may become Less impontant as a test philosophy gorn LSI evolves.
1t {8 already prohibitively costly in some cases to test an LSI exhaust-
ively. As devices increase in complexity to VLSI, teaminal performance
testing/specifications (that is, testing for the gfunction required 4in a
specific application) may be the only practical test method.

As microcincult complexity incheases, Lt becomes more diff4i-
cult to penfoam cost effective quality and neliability tests (e.g., visual
inspection, complete 100% electrical, ete.) New quality and reliability
tests should be investigated and implemented into the military specifica-
tion system, MIL-M-38510/MIL-STD-883 (e.g., as High Temperature Acceleration
Test, Guard Band Testing at above rated voltages). A study 48 needed in
the effectiveness vf static buwn-in vs. dynamic burn-in forn LST devices.

* % %

10. The principal concerns of the user are:

a. Functionality (thwuth table and input/output
charactenistics)

b. Speed
¢. Reliability
Ttems a and b can be specified, whereas item ¢ requires

both a histony of the quality of the specified vendon and some shake/bake/
Life testing which may be possible to be specified to a Limited extent.
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Question #4: How should complex LSI devices
be specified to insure adequate performance,
and assure quality and relfability?

In genenal, as device complexity increases, each manufac-
turer of a given device must develop his own "wonst case" electrical tests
for his particularn die geometrny, which cannot be specified by the usenr.

ALso, as device complexity {increases, some form of efectri-
cal testing must be used to neplace at Least some 0f the visual Ainspections.
Goverrnment on-site verdfication of quality procedures at the facilities of
device manufacturens could neplace some details in specifying quality pro-
cedunes, and also neduce the cost of Incoming Tnspection test equipment at
the usen site, which becomes verny expensive for complex and highly
specialized devices.

L L B

11. Cwwent practice is to develop MIL-M-38510 data sheets for
catalogue-type LST devices. This approach, together with the use of respon-
sible vendons, assunes quality and neliability. However, this approach
impedes both the early introduction of new LST devices into system appli-
cations and the development of custom LST devices.

The Long and arduous effort to generate MIL-M-38510 data
sheets needs to be tailored so that the cycle for approval §ormalization
can be neduced to a minimum. Custom LST devices need to be qualified by a
combination of family-based histony and production Line certification 4in-
stead of the present need to qualify each type in the family. This 4is par-
ticularly impontant to military programs having Low volume requirements,
where the cost of parts qualification can seriously impact equipment cosi.

L I I

12. Complex LST and VLST circuits must be specified in a way
that will insure their function under operating conditions. Added tests
should then be selected to exercise the part as much as practical, which
will be a tradeoff of cost/test time vs. statistical probability of failure
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Question #4: How should complex LSI devices
be specified to insure adequate performance,
and assure qualfty and relfadbilfty?

(not practical to test all structures and all possible gfailure modes). For
optimum quality and neliability performance, make Zechnofogy selections
where quality and neliability anre built into the product utilizing processes
that have been orn will have been in use for one to two years and where in-
process controds can be utilized to monitor the operation.

The tendency to demand advances {n circuit speed as part of
new LST device deveLopments should be suppressed. Emphasis should be placed
on achieving the appropriate Level of integration necessary o satisfy
natural system on subsystem gunctional partitions. Once the LSI device 44
develLoped, then process i{mprovements can be degined which can, through non-
mal evolution, improve function speed 4§ required. This approach is more
consistent with that followed by commercial/industrial organizations when
introducing LST/VLST fwitetions into products.

* * %

13. a. Test at the 1/0 Level only. Qualify a process (process
and design nules such as oxide thicknesses - minimum Line separation), not
each device. TInsist on being ingoumed when design hules or processes are
altered.

b. Buwn-in and Lot thaccability are of questionable use and
should be eliminated. 100% testing of MIL-LST devices should be done.

L B

14. No comment.

* % %

15. Complex custom LST devices should be specified as a system
with all necessary functional nequirements included. Any attempt to specify
detailed information (i.e., technology, topology, etc.) will unnecessarily
restrict potential sources.
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Question #4: How should complex LSI devices
be specified to {nsure adequate performance,
and assure quality and reliadbility?

Reliability, being inherent to the design, should be one of
the normal functional nequirements stated in the specigication and demon-
dtrated durning qualification. Quality assurance nhequirements should be
caregully selected to insure that neliability and all other requirements
are being met on a continuing basis.

* ® %

16. No comment.

* % %

17.  Performance can be specified by defining the 1/0 charac-
Teristics in detail, specifying timing infommation, and including Logic
simulation/truth table information.
* % ¥

18. No comment,.

* % %

19. The simubation programs written to define system pergonm-
ance should be the basis for specifying LST component performance in the
form of a source program tape which exercises all functions, but not
necessanily every step in a thuth table.

Quatity and neliability are satisfactonily covered by MIL-M-
38510 and MIL-STD-883 plus proghams in progress at RADC/RBRM to upghade
these documents fon LSI.

LR I

20. The devices should be completely characterized, as was done
by RADC/USAF on the Intef 8080A covered by MIL-M-38510/420. Concurvrent
with such efforts, associated hardware should also be developed. 1In the
case of the 8080 microprocesson, the associated internface circuits also
require military documentation, but this effort has Lagged the development
0f the /420 specification.
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E. Question #5: How can LSI device qualification and requalification
be accomplished at reasonable costs?

Highlights:

The following items predominate the answers provided to this
question:

* Qualify and monitor the vendor's process.
* Qualify a library of standard cells and
design rules used in a computer-aided

design system.

Industry Replies:

I. 1In our opindon, the rules which have been wriitten governing
the testing of Limited usage (usually expensive) integrated circudlts, now
Ancluded in MTL-M-38510, should certainly be examined as candidates for
application to LST qualigication and nequali fication to achieve what is
tenmed "neasonable cost." The determination could be made as to the appli-
cability of this suggested sequence of test and then modify segments of it
to §4t each situation. 1t {8 a fact that we are faced with a whole new
batl game and the brain thust of the industry and government should be
brought into play to work out the details of this question. Presently
there are organized engineering committees within JEDEC o4 ETIA addressing
this question, and we're sure they would be responsive to a call for assist-
ance to evolve a cost effective answenr.

* % %
2. Qualify generically, utilizing design and construction
analysis to assure process Ldentity.

L B
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Question #5: How can LSI device qualification
and requalification be accomplished at
reasonable costs?

3. This would be a difficult thing for NAVAIR to do since their
volumes would be small. New designs would require new testing set-ups and
procedures specifically geared toward thein circudits. This means quite a
bit of money to set up the testing facilities forn a small number of parts.
1t might be possible to requalify parts by using "similarnity" arguments.
This approach would allow then to use existing test set-ups to test the
newer parts. However, this approach would depend upon how different the
new parts are.

* % %

4. With understanding that an LST device over 10,000 equivalent
clreuit elements s not 10,000 times mone Likely to fail than a single
component; this too can be accommodated between the manugacturer and usenr.
The use of test pattenns to control devices that are closely related
process-wise can also help requalification.

L B

5. Use GIDEP to disseminate qualification test data infonmation
o industry. Make this a contractual requirement.

* % %

6. Use a sLiding on Linvernse approach. That 48, qualify the more
costly devices Less often and with fewer samples per submission. This
nequines an acceptance of a somewhat highern user nisk and also requires
vendon integrity on a commitment to not change his device in any manner
which will affect performance on reliability. 1t would also be necessary
for any contemplated changes to be thoroughly evaluated for actual impact.

L B

7. When electrically testing any LSI device for performance
characterizations, a considerable non-recurring effort is expended in ini-
tial device gamiliarization, test proghamming, and test debug. Recuwring
costs are incwvred in the actual testing of the device and accumulation
and analysis of data.
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Questfon #5: How can LS device quallfication
and requalification be accomplished at
reasonable costs?

By committing to using Lange-scale LSI general purpose test
equipment, the initial non-recuwvniing cost 4is generated and saved in test
software noutines. By utilizing this approach, requaligication §rom an
electrical/pengormance viewpoint 48 relatively inexpensive. ALL that is
Anvolved is to nekoad the test equipment with the test software (via mag-
netic tape, disk, ete.) wiitten ealien, and re-test the devices. The
accumuwlation and evaluation of test nesults will be a recwwiing expense;
however, this is relatively smakl compared to the initial program generation
and debug. Without this approach, special purpose Zest equipment would be
built for each new device--a very costly and time-consuming approach.

In teums of envinonmental qualification, the moast 2ffective
way to qualify and requalify s to:

a. Qualify a vendorn's process (L.e., NMOS, bipolar, ECL).

b. Qualify a product of greatest complexity within that
process .

¢. Monditon the vendon for process changes and quality con-
thols; and when the vendor changes his process, requalify his manugacturing
Line,
* % %
8. The genernal consensus {8 that wherever possible, NAVAIR
should rely mone heavily on process, device, and manufacturer's qualifi-
cation rathern than Lot qualification.

* % %

9. Three categonies of devices should be considerned: (1) commen-
cial LST, (2) quasi-standard, and (3) custom. For the high volume commercial
LST such as the 8080, the qualification test cost is not unreasonable when
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Question #5: How can LSI device qualification

and requalification be accomplished at
reasonable costs?

the numben of devices used is considered. These costs could be reduced by
insurning that MIL-M-38510 slash sheet parametric specifications neflect the
existing capability of several suppliens.

Qualification at the assembly Level will preclude very cost-
Ly specification preparation and performance testing fon quasi-standand and
custom devices. Manufacturern control of matenials, processes, and "build"
documentation" will result in nepeatable LSI devices. For quasi-sitandard
LST on full custom LSI, the use 0§ process coupons or TEGS has been sugges-
ted. While these do provide process thacking, they do not provide the
overall design, process, and packaging confidence testing that is needed.
The use of standand cefl {ibraries on other design automation aids which
could be "qualified" in some mannern {8 a possible approach for the generic
on full custom devices.

* * %

10. Aftern examining the device manugacturer's test and quality
procedures and schedules, a determination may be made by the user and
government hepresentatives as to the adequacy of these controls, and
Amprovements possibly suggested.

Aften this is accomplished, generic qualdification data, taken
at neasonable intervals and with occasional monitoring by user and/on gov-
ernment personnel, and with "hard copy" data available, should satisfy the
requinement of reasonable quality assurance data.

Since custom LST nommally has very Limited applications and
48 supplied to a single end item manufacturer, the part history during the
end item assembly, test, and §ield operation could be collected and used
Lo supplement the nequaldification requirements. The failure data generated
at device buwn-in and end item orn system buwn-in would provide early warn-

Aing of possible pending part problLems.
LI I
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Question #5: How can LSI device qualification
and requalification be accomplished at
reasonable costs?

11. LST device qualification should be approached on a family
basis s0 that each of several device types using the same production techno-
Logy can be maintained in qualified status s0 Long as the production Line is
actively building a few types from the family. Requalification should be
required only when a production Line has been discontinued on thansferred.

then a CAD approach 45 used (for example, standard cells on
universal arays), the documentation (including Line qualification devices)
can be distrnibuted to multiple vendorns and requalification can easily be
obtained at minimum cost.

Another way to reduce LST qualification cost 48 to base LSI
designs on the use 04 standard cells on universal avays that have been
qualified on previous proghams. Changes in the interconnections of such
approved cells are the only change made in revising the function being per-
gowmed. This approach will neduce the cost of qualification of custom LSI
families. Since a major portion 0§ qualigication cost 4is associated with
the cost of the devices used in testing, the elimination or reduction 4in
qualification testing on the basis of simlarnity within the family of devi-
ces generated grom a standard cell Library would result in substantial time
and cost savings.

* % %

12. Tnitial qualification tests can be performed using conven-
tional methods except wherne complexities may dictate electrical tests that
are more functionally orniented toward end use. Requalification is not as
effective as Line monitoring through an effective process control system
unless majon design changes occur. Then careful examination should be
made to determine 4if requalification 48 required.

* % %

13. a. OQualify only processes.
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Question #5: How can LSI device qualification
and requalification be accomplished at
reasonable costs?

b. Eliminate the nequalification probLem by procurement of
all needed devices early in the progham.

c. Llet industry continue to qualify devices undern standards
set and supervised by the military.

* * %

14. ELimination of MIL-M-38510 except for devices purchased 4in
LARGE quantities might help. This is a very expensive procedure. It might

be better to qualify the finished equipment rather than the individual parts.

* ¥ %

15. Qualification of some type is performed by the manufacturer
prion to introduction of a device technology into the marketplace as econ-
omic insurance. Characterization of an individual part type within the
technology 48 a nelinement applied to the widique part. The knowfedge and
data which {5 generated from these assessments should normally be suffi-
ceent to satisfy all normal qualification requirements.

Qualigication and requalification should take maximum advan-
tage of those tests which a manufacturer naturally pergorms for his own
economic self-protection. This requires a more astute assessment on the
part of the user, but undoubtedly neduces overall costs.

* % ¥
16. No comment.
* ® %
17. Utilization of the suppliern's standard test conditions and
pergormance requirements will reduce the non-recuwvning test costs. Use

can be made of test data on similar parts/processes to satisfy requirements
gon environmental tests.
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Questfon #5: How can LSI device qualification
and requalification he accomplished at
reasonable costs?

18. No comment.

19. No comment.

* % ¥

20. This was being addressed by RADC/USAF during development of
the MIL-M-38510/420 specification. Chip testing was being considered as a
trhadeodd fon the pre-cap visual i{nspection required by MIL-STD-§83, Method
5004, due to the complexity of the device. RADC/USAF should be queried to
determine what conclusions were reached in their 1975-1977 studies regarding
tests/cost trhadeodfs.
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F. Question #6: Please comment on the problem of testing complex
LSI devices.

Highlights:
These suggestions found some concurrence among respondents:
« Standardize on LSI testing approaches,
e.g., test equipment, interfaces, test

software translators, etc.

* Judiciously select a critical number
and type of functional test patterns.

« Build testing capability into chip circuitry.
Significant problems cited in LSI device testing were:

+ Frequently, two vendors are not really
“transparent" sources.

* The non-recurring costs for writing LSI
device test programs can range from 6
months to 2 man-years.

« Vendor test programs are peculiar to a
given test machine, and they must be

translated to the user's machine.

Industry Replies:

1. 1§ we as an industry were to test every function of every
LST cireuit, there would probably be very few delivered on time. 1§ they
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Question #6: Please comment on the problem
of testing complex LS! devices.

were deliverable on time, they would cost s0 much no one would want them.
The probLem with LST circuits neally is the userns of them nathen than the
cirneudts themselves. Most usens ane accustomed to using single function
s4mple components, testing them extensively, and finding industry nreceptive
to this approach. The sockal environment of the business (s components-
oniented, not systems-orniented. Until our industry can be educated into
Living in a systems world and (ts associated problems, testing will be
complex, deliveries wilf be Long, and costs will be high.

L B

2. Restrnict pin-out terminations to 60 1/0 and a total of 64.
Utilize pin multiplexing to achieve this Limit if necessary. Generation
04§ complex test programs in itself is no problem, but the acvelopment of
automatic test genernation from thuth tables should be funded.

* % %

3. The question 4is well put! 1t is very difgicult to test LSI
cirncudits. The §inst problem to be encountered would be the test progham
itself. This 4s a majorn chore. Aften the test progham has been debugged,
the testing of packaged parts should be neasonably straightgorward. How-
evern, wagen testing before packaging 4s always a majorn problem. Testing
effornts should be made and contracts Let to develop cross-assembly tech-
niques and allow test program wiiting to be done using higher Level
Languages .

% % %

4. The testing of complex LSI devices is very complex. Test
equipment, however, 45 continually neaching the market directed toward
sAmpligying this problLem,

* % %

5. Testing philosophy changes, of cowrse, with application and
with device type. Specialized testerns and specialty test agencies are
beginning to appear on the market. While neither of these provides a total
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Question #6: Plesse comment on the probles
of testing complex LS! devices.

solution to the probLem, they can be of considerable value. In the case
0§ a microprocesson, it is generally useful to nun a comprehensive "board
Zest" prion to insention of the microprocessorn. Then an application-
oniented test of the completed function §ollows.

* % %

6. A standandized testing approach is needed to possibly include
standardization on actual test equipment; then test tapes and interfaces
can become standard with the costs shared among the users. This will
enhance the possibility of achieving correlation and should reduce the
possibilities of having conflicting test nesults.

LR B

7. Microprocessons and generally all LST devices pose a s4igni-
ficant probLem to the test/characterization engineer since by deginition
and design, no two devices are architectwwally similar. This requires a
functional test program for each device. The increased complexity of the
devices poses, at times, inswumountable probLems in exercising areas of
the device that are "buried" within the functional architecture and thenre-
fore cannot be directly tested. The test engineer is faced with testing
the equivalent of several pages of heretofore discrete Logic 4in a 40-pin
component. Component manufacturers have not addrnessed the LSI testability
problem adequately in their products.

On second-source products, the probLem faced here is one of
dissimilar processes being used to implement the same §unction. Complete
electrical characterization has nevealed that §requently two vendons are
not neally thue "thansparent" second sources. A composite specification
448 genenated to cover the guaranteed performance and DC interfaces to be
expected independent of the vendor used.
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Question #6: Plesse comment on the probiem
of testing complex LSI devices.

We ane faced with different approaches to implementing the
same function, different processes, and difgerent performance definitions
on parnts that are marketed as the same LSI part type.

The classical approach to testing SSI1 and MSI devices has
been the "stuck fault" concept, which checks all static gate operations.
Whike this approach was adequate fon these devices, LSI poses significant
test problems both because of the increased number of parts and the itera-
tive closed-Loop operation of many internal device functions. It 48 nearly
Ampossible to perform adequate "stuck fault" testing on LST devices.

Even 4f "stuck fault" could be performed, it would not neces-
sanily guarantee proper device functioning at system (user) speeds. What
48 being done presently 4in LST device testing 48 to fudiciously select a
citical number and type of test patterns, and run them at system speeds
in the device, confirming proper operation. This algorithm selection 44
not a closed and precise technique, but nelies heavily on the vendor's past
performance on similarn devices and our perception of the part's possible
functional problems.

In addition to the problems of testing individual LST devices,
there 48 an even greaten problem in testing subassemblies containing these
components. Previous methods of testing MST subassemblies are also not
adequate ({.e., "atuck fault" testing of Low-fLevel Logic) for testing sub-
assemblies populated with LST devices.

A compromise solution {8 to separately test the LST Logic
(with functional test patterns) and the MST Logic (with conventional "stuck
fault" patterns). This nrequines isolation of the LST devices using trni-
state buffers wired to external connector pins. These 1/0 pins usually are
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Question #6: Please comment on the problem
of testing complex LSI devices.

very ranre in the subassembly design, since most of them would have already
been committed to operational 1/0 and are not available for testability.
¥ % %

8. At present, this s a very difficult probLem and will become
more difficult. 1In order to maintain reasonable bounds on this problem,
neasonable judgement must constantly be exencised. Fon complex LST devices,
100% fault coverage testing 4is very often not economically geasible.

Planning fon testing could ease the problem. Building test-
Aing ease into a microcireuit L8 often possible (e.g., bringing out a neset
Line on a Long counter chain so0 that it can be initialized easily). Speci-
fication consistency could also help. Forn example, speci fications which
have different Loading conditions for each output on each input can create
devene testing problems.

* % ¥

9. 1In testing SS1/MSI devices, generating a functional test
which 100% tests the gates and all possible patterns is not unreasonable.
Fon LSI, such an exhaustive functional test is not practical. Patterns on
the onden of 100'%9 woubd be required. Some middfe ground must be reached.
(Approximately 90% of gates, verify functional partitions, execute all
Anstructions on basic functions, data patterns: all ones, all zeroes,
ete.) Guidelines must be established.

Generation and implementation of a reasonable functional test
nequines effort heretofore unheard of for a device test. The non-recuwning
costs for wniting LST device test proghams can range grom é man-months to 2
man-yearns. Forn a user this can be reduced by 20% to 30% by implementing a
vendon's test program, if available. The difficulty is that the vendor's
program is peculion to a given test machine. The test program must be
trhanslated to be implemented on a different machine. This highlights one
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Question #6: Please comment on the problem
of testing complex LSI devices.

04 the maforn problems associated with specifying an LSI device. For
example, the functional test for the 8080A microprocesson (MIL-M-38510/420)
Lists 12,000 binary vectons. To convert this detailed functional test to
a given test machine will nequire three to §ive man-months of programming
eggont. 1§ a trhanslatorn program already existed, this time could be
neduced to about one man-month.

Another probLem is that devices completely compatible at the
system Level may not be completely compatible at the device test Levels.
This situation came to the forefront when a test program developed fon
Intel's 8080A microprocessorn could not be used to test the 9080A (AMD's
equivalent 8080A).

Much study 44 needed 4in the area of device testing. The
trhend seems to be toward dedicated testers (microprocessors and peripheral)
as opposed to Large general-purpose LST testerns. For militarny procurement,
some standard method of testing and standard test machines should be estab-
Lished. Translatons for these standard machines should be made available
to suppliens and usenrns.

A set of standand vectons should be generated for the differ-
ent LST gamilies (e.g., RAMs, ROMs, shift negisterns) to provide a baseline
gorn industry testing. Fon LSI devices greater than 500 gates, the fudicious
use of on-chip BITE should be encouraged to simplify device testing.

LI R

10. Testing of complex LST circuit devices can best be accom-
plished by taking into consideration the function of the part, the geometry
0§ the die, and the technology being used.

Testing software must exercise all basic functions of the
device. Tests for "wonst case cross-talk" should be derived by taking into
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of testing complex LS1 devices.

account the failure mechanisms peculiar to the technofogy being employed
as well as the geometric placement of the celds within the device. ALL

possible trhuth table combinations wifl probably be impossible to test in
a reasonable testing time, but great assurance of proper performance may
be obtained using this method. Likely, only the device manugacturer has
all the facts and test equipment necessarny to evaluate his product. Fonr
Ancoming <inspection testing, an "in use" circudlt at temperature extremes
should insure that the neceived device 44 indeed functional.

* % %

11. There is great difficulty in testing LST devices because
0§ thein complexity and the weakness of the design disciplines used 50
often in creating new LST devices. LSI testing complexity stems primar-
ALy from the need to test for interactions between each of the thousands
of elements in the LSI part. (ith a disciplined design approach, such as
standarnd cells, this interaction problem can be minimized because the
Logic functions are designed and tested to eliminate the possibility of
all interactions, and the interconnection matrnix 4s designed to access
the cells only at preselected access nodes. The Logic on a standard
cell design must be tested for function, of cowrse, but the extensive
Lesting forn pattern sensitivity and interaction between elements can be
eliminated. Such disciplined design approaches should be designated by
NAVAIR as thein preferred design approaches.

An additional approach to testing LST devices that is
presently being studied 44 a functional simulation/testing program that
allows subelements of complex LST devices to be exercised independently,
theneby decreasing the complexity of the test pattenrn generation and
testing problem. This area of study should be funded by government con-
Dhacts with specific initial goals of testing today's LST devices and
genenating ideas fon testing the next generation of VLSI devices 0§
greatly enhanced complexity.

* % %
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Question #6: Please comment on the problem
of testing complex LSI devices.

12. Testing of VLSI cincudits 4is just evolving, and it seems
that it will be impractical to fully test a part even with the use of
computer-aided tools. Therefore, decisions wifl be made based on thadeof$s
durning the design cycle that will exerncise the part to a Level maximizing
the probability of detecting a failure mode.

Considenable expernience for judging these deicsions is
available g§rom the testing of caleculator components and computer systems.

* % %

13. a. Complex LST devices should be tested as we test PC
cards, using only the 1/0 pins.

b. Custom LSICs must be designed to facilitate testing.

¢. Obtain and duplicate vendorn test proghams gor
standand LST pants.

* % %
14. This difficult probLem is greatly simplified if the designer
45 made nesponsible fon specifying the test procedure. Not only is the
designen best qualified to specify the test procedure, and knowing exactly
what the LST is expected to do, but untestable designs are eliminated. In
many cases, the addition of a few extra pads which need not be brought out
0f the package will greatly simplify testing.

Veny often LST is a0 complicated that only computer-aided
design procedurnes are capable of producing satisfactory nesults. NAVAIR
should encounage the use of these programs, and should require that tesit
vectons be generated before the design is neleased to production, both for
the LSI and for the equipment using the part.
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Question #6: Please comment on the problem
of testing complex LSI devices.

Frequently, both Test and Design departments exist within
an ornganization, and each expects the othen to be nesponsible for the test
sequence. The problems that may be created can be eliminated by requiring
the Design department to be responsible forn the content of the tests, and
the Test depantment to be nesponsible for impLementation.

* % ¥

15. Experience indicates that 100% screening for critical
parameters at extended temperatures, voltages, etc. 48 the cnly effective
test philosophy. Inasmuch as possible, the test configuration should
emulate the intended application, for, with complex LST devices, testing
all porsible combinations of parameters 45 difficult and costly to imple-
ment even when using automatic test equipment.

* % %

16. No comment.

* * %

17. Sophisticated test equipment is a necessity Lif§ a wide

| variety of parts are to be tested; but comparative testing can be pen-
gormed on dedicated hardware. A governmental software Library containing
magnetic test tapes for commonly used hardware would reduce the OEM's
Lest development costs.

LR I

18. There are several Levels of testing nequired for LSI
devices. ALL Levels nequinre considerably mone complex test algornithms
than with MST. Functional testing with known state conditions can be
complemented very nicely by voltage contrast detection of these internal
state conditions. That is, the same computer-controlled electron beam
technology that is advancing the state and complexity of LST (VLSI) is
also able to provide new test information internal to the chip. In par-
ticwlar, fault isolation on a pre-packaged (orn reopened) LSI chip can be
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Question #6: Please cosment on the problem
of testing complex LSI devices.

carrnied out efficiently. Test algornithms already exist that exercise LSI
chips, but there are times when no amount of exercising of the chips will
neveal the failure mode. However, a computer-controlled electron beam
(high impedance probe) can be used to address any point on the chip; and
with proper instrumentation and methodoLogy, voltage state (nodal points)
internal to the chip that are inaccessible by any other means can be
measured. This information combined with the other more mature test
algonithms can be the basis of new test procedures that must be develLoped
concwvrently with further advances in LSI.

* % ¥

19. The complexity, initial cost, and operating cost of testens
has escalated with the complexity of§ LSI. Provision for test should be
Ancorporated into each LSI device to simplify test and fault isolation.

Up to 20% of the circuitry on the LSI device should be assigned to test
and gault isolation.
* * %

20. CAPT V. J. Ohm, USAF, was extensively involved with the
characterization of the 8080 microprocessorn. 1t is necommended that
Anputs be solicited from CAPT Ohm, who 48 intimately familiar with the
testing of complex devices.
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G. Question #7: What should be done to make custom LSI circuit
development costs and turnaround times affordable to NAVAIR and its con-
tractors, with low system and schedule risks?

Highlights:

There were two suggestions that enjoyed a reasonable degree
of concurrence among respondents. These were:

« Use computer-aided design techniques
employing libraries of standard cells
in technologies that are in the main-
stream and which can be manufactured
on high volume production lines.

- Make optimum us¢ of semi-custom
integrated circuits such as universal

gate arrays and so forth.

Industry Replies:

1. Custom LST circuit design costs and nisk factons are, of
counse, dirnectly nelated to the complexity of the design and how gar the
prwocess technology must deviate grom what is cuwwrently in production.
LST digital circuits should, if at all possible, be designed using well-
established Logic building blocks as used in standard catalog items
such as 54LS or one of the standand MOS technologies. Provided the
custom cirncuit does follow standarnd 54LS orn othen mainstream technology,
the automated computer-aided design facilities using the Librarny of the
building bLocks will provide a design with a high probability of meeting
the systems nequinements the finst time it 4is manufactured. Processing
of the custom cireuit can then be done on a high volume production Line
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Question #7: What should be done to make
custom LSI circuft development costs and
turnaround times affordable to NAVAIR and
1ts contractors, with low system and
schedule risks?

using exactly the same process and product guidelines used on any standard
54LS cincudit. 1In the case of Linearn on nonstandard digital circudts whene
the use of people (not machines) goes up, s0 does the nisk factor and the
probability of not meeting the systems requirements the ginst time.
Unforntunately, there does not seem to be a foolproof approach in these
cases. 1 personally believe mone time should be spent breadboarding and
computen simulating the circudit, and that "haste means waste" in these
areas. Therne 4is usually such pressure brought to bear by the system
manufactuner that the semiconductorn house will commit a circuit design

2o Layout and mask generation prematurely just to meet a schedule.

* % %

2. Maximize the use of gate arrays (bipolar) and cell Libraries
(MOS). Make the use 0f an existing up-to-date CAD system a precondition
for development contract awards.

* % %

3. 1t would be very difficult to make custom LSI circudt
deveLopment afgordable (approximately $100,000/circuit) and tuwwmaround
times good (approximately 12-1§ months) for NAVAIR-Lype circuits. Sche-
dule nisks must be considered. 1§ the NAVAIR systems could be designed
around standard parnts, with few custom devices, then tuwnaround times
and costs would be neduced considerably.

* % %

4. We feel the answern to custom LST 48 the in-house dedicated
gacility with a thorough understanding of systems requirements and with
the motivation of having to deliver the successful sustem.

LI R
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custom LSI circuit development costs and
turnaround times affordable to NAVAIR and
its contractors, with low system and
schedule risks?

5. Consider the use of master slice/master gate as a breadboard
04 quick neaction custom semiconductor houses, L.e., Exon, Interdesign,
RCA, ete. We would also question whether a custom LSI approach 48 consis-
Lent with the objectives of questions 1 through 3 of this suwwey. Except
gon extremely high volume and some specialty applications, we believe
standard LST 48 a far bettern solution. Where packaging size constraints
are sevenre, a hybaid microelectronics approach can offer an attractive
alternative.

6. No comment.

* % %

7. Computen placement and wirning of macro cells is an approach
ofgered by a few vendors that provides moderate development cost and quick
turnanound. NAVAIR should capitalize on the similarity of these LSI
approaches by funding the development of common macro functions and the
enhancement of the computer placement and wirning proghams. These proghams
should be enhanced to permit Lnput/output pin assignment as a design input.
These developments should nesult in acceptable altennate sources.

Recwwviing costs of computer placed and wired macho cells are,
0§ course, volume dependent. Those functions that never achieve high vol-
ume would remain unchanged during theirn production Life. However, those
that achieve high volume should be nedesigned using conventional hand
placement and wiring to achieve minimum silicon die area and thus minimize
cost. The initial computer placed-and-wired macro cell approach phase §or
known high volume functions offers quick development time at moderate cost
and hardware with which to test the designs in a system before committing
Lo the Long, costly, hand Rayout of the desired LST functions.

LR I
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Question #7: What should be done to meke
custom LSI circult development costs and
turnaround times affordsble to NAVAIR and
1ts contractors, with low system end
schedule risks?

8. Standard cell approaches and design automation techniques are
the best ways of attacking the development cost and turnaround time problLems.
DoD and NAVAIR might wish to consdider furthen development programs in this
area 40 as to Lessen cost and development times.

The nisk probLem could best be sofved by working with proven
technologies manugactured by proven suppliens who are committed to supply-
ing custom circudits, and in particular, custom cireuwits for the DoD market.
This also attacks the problem of maintaining reasonable business Levels
with suppliens.

* % %

9. CAD systems provide a partial solution to the problem of
costs and development times. The use of cell Libraries for chip designs
on the use of customizable gate arrays orn PLAs provides Low nisk, minimal
cost LSI. Howeven, these solutions to the cost/schedule/risk problems have
performance disadvantages in that the resulting devices generally are not
optimized fon speed, power consumption, drive capability, or chip yield.
Encouraging the development and use of such automated chip design CAD
systems would be of benefit to NAVAIR.

1t should be necognized that custom LSI nonrecwviing cosis
directly neduce the next highen Level of assembly design and development
cost. LST significantly heduces the number of multilayer boards, inten-
connections, cost, and assemblies nequired for an equipment, and thus
neduces system cost and schedule nisks.

The use of SAMs offerns the Long-range potential of minimum
development nisks, neduced development Lead times, and reduced production
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Question #7: What should be done to make
custom LSI circuit development costs and
turnaround times affordable to NAVAIR and
1ts contractors, with low system end
schedule risks?

schedule Lead times. Multiple sourcing of SAMs will also neduce system
nisks associated with sole source production problems.

LR R

10.  One approach would be to encourage the use of previously
developed custom LSICs (government funded) and the use of computer-aided
design programs with standard cell Libraries fon various technologies
devefoped and maintained by the government.

Two on three infonmation centens Located in different geo-
graphic areas of the country could be set up for government contrhactonrs’
use. These centers would maintain all the data on custom LSICs developed
on Government funds. This data could be neviewed to see if any of these
devices on simple mod,ésicax);gm of them could be used in new designs. 1§
the government owned the designs, simple modifications could be obtained
at a graction of the design cost of starting gfrom scratch. (New masks
would have to be made but a majority of the Layout would be complete.)

Government-developed CAD programs with standard cell Libra-
nies fon various technofogies would also be muintained at the information
centens. These CAD programs could be an extension and expansion of the
programs such as those at ECOM and NSA. Government contractors could
puwrchase computer time to design LSICA on obtain the programs fon use 4in
thein own facilities. Either way, technical assistance and update infon-
mation for the programs could be provided at these centens. This would
have the advantage of standardizing the design nules and the cells used
An custom LSIC designs. Wafer fabrication sources would have highe:
confidence in being able to successfully process the designs, and the
design nisks would be neduced. The government could design test pattenn
chips to check out new cells to be added to the cell Libraries and also
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to check the process compatibility to the designs of various fabrication

souwrces. A List of compatible 4abrication sources could also be maintained.

The use of standard design rules and cells should make the
task of nedesigning existing LSICs into new technofogies and processes
somewhat Less difficult and Less time-consuming.

* % %

11. MAVAIR should adopt quick turnaround, Low non-recurring
cost LST design approaches that have been developed by industry and that
are familiarn to personnel at government agencies. (e have developed three
design approaches that meet these criterdia:

* Standard Cell
© Universal Avay
* Handcrafted Computern-Adided Designs

The finst two are established approaches which are now operational in sev-
ekl goverunment agencies and at many militorny system contractor facilities.
The standard cell and universal array approaches are affordable, neliable,
and allow designs to be accomplished within typical equipment development
schedules.

L I

12. Experdience indicates that LSI functions should be imple-
mented with a technology which supports at Least 1000 gates per 20,000
square mils o4 chip area, including Linterconnects. 12L satisfies this
nequinement well. (See nesponse to Question 8.)

To minimize design cost and cycle time, two approaches
shouwld be considered. Applications requiring fewern than 1000 gates of
105
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turnaround times affordable ta NAVAIR and
1ts contractors, with low system and
schedule risks?

complexity (64 §Lip-fLops, 500 gates, and 1/0 buffers) should employ a
gate avay technique. Cycle time to nrecedlving functional parts with this
approach is 8-10 weeks.

Applications nequining a Level of integration greatern than
that provided by the gate array should consider use of an automated design
system. Uith such an approach, design cycle times hange grom a minimum
0f 21 weeks upward, according to the device's Level of integration.

ALL 0§ the above cycle times assume a completed gate Level
description of the function at the outset of the project.

The nequinement fon custom LST functions can often be mini-
mized. Proper system partitioning permits most system functions to be
AmpLemented with &tandard microcomputer devices which have been programmed
to implement the particular system function. With this approach, the only
functions requirning custom LST are readily Aimplemented with the Level of
integration suppornted by the gate array described eanfien.

* % %

13. a. Tnvestigate the utility of a set (small) of standard
gate arrays in the 200-500 gate range. Customization then only requires
custom metallization. OQualify the parts independent of customization.

b. Use standard cell/automated design approaches.

c. Use programmable LST devices when possible; purposely
design fon thein use.
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custom LSI circuit development costs and
turnaround times affordable to NAVAIR and
fts contractors, with low system and
schedule risks?

14. Use CAD techniques throughout with emphasis on a standard
cell approach. Automated LST design systems have been develLoped by both
NSA and NASA and are in the public domain. Use of these systems greatly
neduces turnaround time, cost, and nisks because of the Large amount of
automated ernon checking. Standard cells have been carefully characterized
80 that thein performance can be predicted accurately; therefore, automated
Rayout using these cells has a high probability of success.

Every efgont should be made to avoid the multiple trhy, mini-
num area procedures common in the commercial semiconductor industry. While
this Technique is sensible where an LST chip will be manufactured in Large
quantities (hand caleulatons, for example), it does not make sense for a
dew thousand parts total.

* % ¥

15.  Non-recurrning costs and the time nequired to develop special
devices can be minimized by building on existing designs. This concept
utilizes subefements which have been designed and proven in actual applica-
tions. Tt would also often be better to carvy some unused functions in a
device nather than to tailor the device to a specific application. Stan-
dandization o4 design nules and precautions against overspecifying are of
paramount {mportance.

An additional costly pitfall 48 trying to embody too many
functions in a single device when there is no neal ovewriding reason.

L B

16. No comment.
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17. e make use of intermal MOS manufacturing facilities to meet
the needs of Low volume production requirements. Forn commercial products,
NAVAIR should consider procuring a quantity o4 pants for ne-sale to OEMs;
thus eliminating Rot charges.

* ® %

18.  Computer-controlled electron beam Lithography can be developed
not only to provide the high performance LST required, but to do s0 with the
shontest possible twwaround times at affordable costs. There are schemes
and considerably advanced work in process to provide replication of submicron
device patterns over an area as Large as one square millimeter, and thereby
increase the throughput of VLST chips even more over direct electron beam
exposure. This combination o4 computer-controlled electron beam Litho-
graphy forn both direct wager exposure and mask making combined with advanced
Lithographic replication must be developed and committed in a timely mannex.

L I

19. The master chip and PLA concepts should be encouraged. A
clearing house for available mastern chip designs and a catalog of equivalent
MST functions that can be impLemented from these designs would encourage use.

L I

20. Actively get involved with USAF/RADC to expedite development
of detailed MIL-M-38510 specifications fon LST devices. In genenal, the
military should Look toward establishing common but very precise/detailed/
contractual requirements that force all contractors to a common type procure-
ment. There are many ways in which this could be done, but standardization
must be required of every conthactor in a unifornm way to achieve the type
0f volume, 4in an ever-shrinking military market, which will nesult in con-
Linuous device production.
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L H. Question #8: What semiconductor technologies are required for

- future avionics systems that will not be available in a timely manner as
spin-offs from non-military products? What developments should be funded
by NAVAIR? Why?

Highlights:

The following technological developments were identified most
often by the respondents as requiring NAVAIR development support.

+ Radiation hardened technology/device
development

+ Computer-aided design techniques and
standard cell development

+ CMOS/SOS technology

4 * High Speed GaAs technology

12L LSI technology
A Tist of other suggestions is as follows:

Silicon and GaAs MESFET

+ Depletion-load NMOS/SOS

Microwave devices

+ MICs

LSI at GHz




Question #8: What semiconductor technologies
are required for future avionics systems that
will not be available in & timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
Why?

:
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* Dielectric Insulated (DI) devices
* High reliability hybrids

+ Militarized low power 8-bit or 16-bit
microprocessor

* Specific LSI building blocks

+ Special packaging and handling technologies
* LSI testing techniques

* Multi-level logic and software techniques

i * Acceleration of development of LSI and
VLSI sooner than commercial demand warrants

* Militarized liquid crystal displays

!
; + Computer-controlled E-beam direct wafer
ri exposure technology

Industry Replies:

1. The industry is moving along the path of technological
advancement about as fast as it can. Awmies of people and GNP kinds
0f dollars are being spent on the semiconductor technology. Howevenr,
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Question #8: What semiconducter technologies
are required for future avionics systems that
will not be available in a timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
Why?

1 believe we should Look at the unique environment of avionic systems and
appreciate the fundamental gailure mechanisms at work in this environment.
The hostility of an avionic system must be one of the most difficult with
its temperaturne extremes, shock forces, and probably most of all, the
extreme changes in barometrnic pressunes. The temperatune extremes and
shock forces are probably well within the state-of§-the-art of any LSI tech-
nology. Change in barometric pressure, however, is probably the principal
underlying cause for most operational failures of airborne electronics.
There 48 a vast improvement necessary in the henmetic package area to pro-
vide a gundamental improvement necessary to meet this environment. The
semiconductor manugacturen selects his package based primarnily upon piece
parts cost and yield. Reliability is considered for a broad spectrum of
customens and usages, and does not adequately address the avionic environ-
ment. 1§ I could encourage the Navy to fund any needed improvement, it
would be to develop a henmetic package in a standard fornmat, where neli-
ability and appreciating the fundamental failure mechanisms at work in
this environment would be the driving motivators, not piece parts cost.
* % %

2. (CM0S/S0S, silicon, and GaAs MESFET technologies; depletion-
Load NMOS/S0S. 1 believe that SOS MESFET Low power technology has a great
future since it combines the Low power and Layout density of 12L with the
speed and nadiation hardness of CMOS/S0OS. Since this technology s not
gunded elsewhenre, NAVAIR might want to considen its supponrt.

L

3. a. Radiation harndened technologies.

b. Gigahentz technologies (MESFETs, etc.)
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Question #8: What semiconductor technologies
are required for future svionics systems that
will not be available in & timely manner as
spin-offs from non-military products? What
davelopments sheuld be funded by NAVAIR?
wy?

c. Extremely high quality technologies.

High g§requency devices for microwave applications might not
be available from non-military sounces. Developments in integrated high
grequency LST circuits for the GHz operating area might have to be funded
Lo get something specifically for the military.

* ® %

4. High speed digital Logic using gallium arnsenide and micro-
wave Aintegrated circuits are areas that will probably not spin off grom
the commencial world. 1In silicon-based technology, very Large memonies
and hardened devices are also unlikely as commercial Spin-o0§gs.

* % %

5. Radiation hardened and dielectric isolated devices. Also,
high neliability hybrids. Neithern is being pursued by the commercial world.

L I

6. No comment.

LI N

7. 1In the nean tenm, a neliable, competitive, and performance
attrnactive Low-power 8-bit on 16-bit microprocesson is not available fon
the military use. Problems have been experienced in all the current CMOS
products in this categorny, helated to architecture (since these products
now available were orniginally designed for specific applications and now
are attempiing to answer general-purpose CPU problems), and performance
An the militarny environment.

The CMOS technolfogies available today are capable of produc-
4ing a "CMOS Z80" or "CMOS 9900," etc., that would be very attractive to
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Question #8: What semiconductor technologies
are required for future avionics systems that
will not be avatlable in a timely manner as
spin-offs from non-military products? What
Cev;lopnnts should be fundes by NAVAIR?

Why

the militarny's cuwwrent nequirements gforn Low-power, general-purpose, and
Low-cost militany microprocessons. However, vendons have not initiated
this approach since they are commercial-market oniented and Lack the mar-
keting inputs to develop this product on thein own. A funded effornt now
would yield products in twelve months, much before the industry would
Anitiate this egffont on thein own. The typical budget requirement for

a CMOS 280 has been sized at 150-200K.

Radiation-harnd bipolar and MOS technologies needed for some
futurne avionics systems are not Likely to evolve as spin-offs from non-
military products. Technologies such as CMOS and IZL have the potential
for high Levels of integration because of Low power consumptions. NAVAIR
shoutd, as a minimum, §und the development of nadiation hard T°L because
04 its potential fon extremely high integration Levels and high radiation
handness Levels. Funding the hardening of the CMOS technologies used in
existing computer placed-and-wired macro cell approaches to LST should
also be considered.

In discussing LST technologies that should be funded by the
Fedenal govermment, there 48 a philosophical dichotomy which i85 briegly
exploned here. On the one hand, the militarny usually wants equipment that
45 field nepainable; but the LST manufacturer has a Large capital invest-
ment in a process which has Led to an inexpensive device cost, cheap enough
to often be considered "throw-away." The military Likes the "throw-away"
concept, but is discouraged by the huge front-end investment required 4in

capital equipment.

Militarny equipment and device manufacturerns have histornically
desined to "personalize" their product in thein shop; that is, progham a

13
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Question #8: What 1] tor technol

are required for future avionics systems that
will not be avatlable in a timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
why!

microprocesson, Lay out the architecture of an FPLA, ete. There is a para-
dox here that must be considered. Device manufacturers want the freedom
and §Lexibility to modify thein products as they see the needs of the
marketplace. DoD-directed Zop-down technology direction, even though well-
intentioned, could Lead the IC industry into an area or product group
which wltimately could tuwn out to be wrong. The present structure of
the LSI/IC marketplace consists of mubtiple and distributed technologies,
processes, and expertise, competing freely. While this structure 48 far
grom perfect, it may be preferable to a Federally-controlled device/
technology progham. A compromise solution may be for the military to
ddentify its LST needs §rom a functional nather than a device perspective.
In this way the LST manufacturens could competitively create what they
feel are the best technologies, architectures, and processes to perform
the nequined function.
LR B

8. Future avionics systems will nequire microcircudits with mone
functions that go faster. This is not unlike industrial needs. Conse-
quently, the semiconductor industry will develop the basic technolLogy to
accomplish this without significant sponsorship from DoD. DoD and NAVAIR
shoutd concentrate theirn efforts on programs which get the tecnology into
a form they can use, such as:

* LST building blocks (specific devices)

* Standard cells and computer-aided design
technological improvements

* Special packaging and handling technologies
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Questfon #8: What semiconductor technologies
are required for future avionics systems that
will not be available in a timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
Why?

* Low power and radiation hardened
Ztechnologies designed to meet military
needs rathern than industrial

+ GaAs development

0§ couwrse, NAVAIR and DoD should be in search of those new
technologies which have a high payoff for both the military and industrial
markets, but have high nisks as well; and therefore are not intentionally
gunded by the semiconductor Lindustry. 1In these cases, DoD development
gunds could be very effective in initiating a new technology.

* % %

9. In tems of future semiconductorn technology development,
three areas should be considerned: (1) design, (2) process, and (3) test.
In the design area, new models for submicron devices are nequired. 1In
the process area, new equipment and techniques are required. In the test
area, new test philosophies are nequired. The design and process areas
will be drniven in the medium speed bipoLarn and medium to high speed MOS
by the commercial markets. However, the very high speed bipolar processes
such as GaAs will probably nrequire additional military funding. In addi-
tion, the area of LST testing could benegit from additional military
gunding in tenms of test philosophy development.

In addition, a quote grom Intel's G. Moore (BW October 24,
1977) may be appropriate here 4in tenms of the thrust of new technology:
"1t's not clear that we know what to do with . . . (something) . . . 10
times mone complex than today's . . . (devices) . . . . 1L may twwm out
to be mone impontant to design better circuits of Less complexity."
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Question #8: What semiconductor technologies
are required for future avionics systems that
will not be avatlable in a timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
Wny?

The Leading future commercial LST and VLST technology is
NMOS. Ungortunately, NMOS is the Least desinable of the future LST semi-
conductorn technofogies when considering nuclear radiation hardening
nequirements. CMOS/S0S, 1%L, and TPL offen increased capabilitics in
this area, but they will not approach NMOS in commercial usage. With
the exception of IZL, commencial usage of LSI bipolar technologies will
be inhibited by Largern area pen gate and power dissipation nequirements.
Future funding may be nequired to assure that essential CMOS/SOS and ZZL
LST products will be developed and refined to meet future military system
nequinements.
* % %

10. We are not 4in a position to comment on the overall techno-
Logy needs that should be funded. In the medium Zo high GHz §requency
nange, GaAs appears to be a viabLe technology to develop; however, at
present we have no applications requiring these frequencies.

The thend toward use of radiation hardened devices suggesits
possible heavy military funding in development of technologies and process
capabilities in this area.

We also suggest that NAVAIR take a good Look at the pos-
s4ble development of multi-Level Logic devices and s0ftware techniques
2o evaluate thein promises of even greater weight and size savings.

* % %

11. One technology that will be required in future avionics
systems and that will not be available in a timely manner as a spin-of§
grom non-military products is radiation hardened technology. CMOS/SOS is
a technology that has inherent nadiation hardness qualities. However,
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Why?

panorama.

L

LST cinecudts.

soonen than nowmal Aindustry proghess would permit.

17

Questfon #8: What semiconductor technologies
are required for future avionics systems that
will not be available in a timely manner as
spin-offs from non-milftary products? What
developments should be funded by NAVAIR?

militarny gunding is requirned to develLop design aids such as standard cells
and universal arrnays that will enhance the inherent hardness and will be
useful to meet custom LST nequirements for hardened avionics equipment.

NAVAIR should fund the deveLopment of this technology and
the enhancement of its hardness capabilities, as well as standard cell
families and universal arrays. Technology choice 4is an ever-changing

12. The basic manufacturing and circudit technologies required
for future military systems are being developed and evolved by industry
on its own. It is especialfy impontant that the military nestrnict the
use of specialty technologies which are not Likely to be used and devel-
4 oped by industry on its own. We believe that integrated injection Logic
(121) best fulgills militany nequinements and is Likely to be used widely
in commercial LST also. We are presently using IZL in over 15 custom

Government funding should be vectored toward the develop-
ment of LST and VLST functions which are eithen unique to most military
systems on which are required by military advanced development programs

Unique gfunctions

should be nestricted to items of general military applicability such as
MIL-STD-1553 bus interface processons, NTDS bus interface processorns, efc.
However, these devices should be developed as compatible members of exist-
ing qualified families as indicated in the nesponse to Question 1.

Government funding can also be vectored to accelerate
development of devices sooner than commercial demand would warrant. This
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Question ¢8: What semiconductor technologies
are required for future avionics systems that
will not be avaflable in a timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
wny?

funding will Likely have the Long-temm effect of stimulating commercial
technology growth. For example, consider the case 0§ a military advanced
development program whose size, welght, power, and cost obfectives require
the use o4 a single-chip microcomputer device having twice the memory
available in present commercially available devices. The probable reason
the commencial market has not caused development of this device yet 4is
that the trhade-off of commercial volume versus price (manugacturing yield)
48 not yet favorable. Note that development of such a device 44 techni-
cally geasible. The smallern volumes required by the military in advanced
development phases are not threatening to the semiconductor manufacturenr.
Therefore, government funding of advanced device functions such as this
can accelenate availability of these functions for military advanced
development while having the Likely side effect of stimulating more

napid evolution of the commercial market.

Government funding should also be used to support testing
and verification of device performance relative to unique military require-
ments Auch as nadiation hardness testing.

Government funding should emphasize device development to
increase the Level of function integration per integrated circuit as
opposed Lo emphasizing circuit speed. System nequirements for speed
should be met through use of improved system architectures which exploit
the use 0§ VLST circuits. This is the approach which commercial techno-
Logy has followed and which has caused the explosion of very Low cost
consumer and commercial electronics. 1§ device speed continues to be
a nequinement, it is much more practical to improve circuit speed once
the correct Level of device integration has been achieved.

LR B
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Question #8: What 9
are required for future avionics systems that
will not be avatlable in & timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?

ny?

13. T question whether it would be advisable to use any techno-
Logy in military equipment which 48 (orn was) not produced in quantity for
commercial uses. The high volume commercdial production helps mature and
prove a technology as well as nevealing any inherent failure mechanisms.
1§ the expected market for 1Cs in automobiles is realized, technologies
which meet military temperature and shake, rattle, and noll specifications
should be available. Special technology development may be nequined to
achieve nadiation hardness, and unique environmental nrequirements such as
a cryogenic atmosphere.

* % %

14. The only technology which comes to mind {8 SOS; howeven,
othen technologies with similar characteristics may exist. Such techno-
Logies would have some of the following characternistics :

a. Too expensive for commercial applications.

b. Superiorn performance characteristics.
c. Not Limited to one on two suppliens.

d. A commitment on potential commitment by systems houses
to use the technology 4in systems with a nelatively Long Life span. |

NAVAIR should consider funding improvement in the documen-
tation of the existing CAD programs gforn automated chip Layout and design.
Although these programs presently exist, the documentation 48 generally
inadequate. Any organization desining to use the proghams must pay a
nelatively high "initiation fee" {in computer time and experimentation
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Question #8: What semiconductor technologies
are required for future avionfcs systems that
will not be available fn & timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
Why?

before enough 4is known about the programs to use them effectively. Good
documentation of the "cook book" type would eliminate much of this and
encourage additional use of the programs.

NAVATR should also fund the development of§ additional
standand cells and cell Libraries in the SOS technology. At present the
choice 48 very Limited, forcing userns to design theirn own custom cells.
These, of cowwse, are proprietary and not available to other organizations.
1t would probably be desirable to fund the development of a cell family
with characteristics that are different grom those of existing Libraries.
Possible examples are minimum area orn greater operating voltages.

* % ¥

15. No comment on the finst question. As Lo the second, devel-
opment 0§ mask generation capabilities utilizing multiple technologies
should be established within each military contractor. Most military
systems nequiring the use of custom LST do not result in sufficient pro-
duction quantities to entice device manufacturers to commit engineering
rnesounces to the design effornt. Therefore, the user must be capable of
performing a significant portion of the design using the nules established
by the device manufacturer.

16. No comment.

LI I

17. AL cwwrently available semiconductorn processes are or s0on
will be available for use in militarny products. Liquid crystal displays,
although not a semiconductor, are needed for future avionics systems.

The cunrent maximum operating temperature is 85°C but 100°C parts are
needed for cockpit displays.

LR B
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Question #8: What semiconductor technologies
ere required for future avionics systems that
will not be available in a timely manner as
spin-offs from non-military products? What
developments should be funded by NAVAIR?
wny?

18. Commencial semiconductor houses will soon provide advanced
LSI (at the 2 micrometer design nules) using electron beam-gabricated Low
defect masks. However, high performance (Low power, high speed) custom
LST using sub-micrometer design nules will not be available commercially
until 1985 on Ratern. Centain military avionics applications cannot wait
that Long--modest quantities of sub-micrometer LSI must become available
by 1980-1981. 1In onder to meet these new system needs, NAVAIR should
support computern-controlled electron beam direct wafer exposure technofogy
in general, and in particular high throughput electron beam system devel-
opment, advanced resist development technology, advanced circudit desdign,
and nenovation of previous concepts on the transition §rom device concept
to digitized pattern data tapes.

19. No comment.

* % %

20. At the 19 October 1977 FSC 5962 coordination meeting held
at DESC in Dayton, Ohio, an excellent presentation of how far ahead we
would Look and have a reasonable degree of certainty negarding the tech-
nology that would be employed in future equipments was provided by AIA.
1t is necommended that DESC be contacted for a copy of the ATA presenta-
tion including next generation technology requirements (3 yearns).

* % %

R B R S e Ty R TN
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I. Question #9: What changes should be made to existing MIL-
specifications, standards, requirements, and policies to facilitate the
introduction of advanced LSI technologies? (Be specific.)

Highlights:

Suggestions resulting from the respondents' replies to this
question are listed below:

Bidaa. Saasoi i oo ab Aanalla o hanie e dmen bl deaamie 0L lao o o c e bl e

* Change MIL-M-38510 qualification by
allowing submittal of existing design |
test data to satisfy the qualification
requirements.

+ Update MIL-HDBK-217B to include reason-
able failure data for complex monolithic
LSI devices.

+ Consider the JC13.2 Committee recommen-
dations on MIL-M-38510 JAN IC devices.

+ Lot qualification testing is too
extensive and costly.

« Utilize the DESC "Selected Item Drawing"
(mini-spec) approach to allow more effi-
cient introduction of LSI technologies.

* Replace the controversial MIL-STD-883
chip visual requirements with a
comprehensive electrical test. L
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Question #9: What changes should be made
to existing MIL-specifications, standards,
requirements, and policies to facilitate
the introduction of advanced semiconductor
technologies? (Be specific.)

« Develop translator programs to convert
the test vector listing on the MIL-
specification for standard LSI to
popular test machines.

+ Qualify various vendor cell libraries.

- Achieve confidence in process-related
areas through facility certification.

Industry Replies:

1. The Joint ELectron Device Engineering Council JC13.2
Committee on Government Liaison §or Microelectronic Devices has recently
developed a matrnix of cost-effective suggestions nelated not only to LSI
but to all JAN 1Cs. (See page 19.)

* ® ¥

2. The qualification of device types 48 too cumbernsome at
present, even when well understood technologies are used. Lot quali-
fication testing 4is also too extensive and costly.

* ® ¥

3. No comment.

* % %

4. This 48 a highly complex question with business, technical,
and pseudo-political namifications. 1 will basically pass, except to
say again that schedule times are often a severe Limitation Lo the intho-
duction 04 advanced LSI technologies.

LR B
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Question #9: What changes should be made
to existing MIL-specifications, standards,
requirements, and policies to facilitate
the introduction of advanced semiconductor
technologles? (Be specific.)

5. DESC 7XXXX Mindi-Specd gication.
* ¥

6. No comment.

LI B

7. The changes that should be {ncorporated are:

a. Utilize Aindustrny to select the product base and then
gund forn the evaluation of these devices. This would alleviate the pro-
Ligeration of devices.

b. Amend MIL-M-38510 to allow for the qualification of
devices built "ofg-shone."

c. AR-T0A must be clarnified and revised for subassemblies
containing both MST and LST components.

d. AR-10A should address fault detection separately grom
gault isolation. Fon example, fault detection should be to a specified
percentage (85%) and fault isolation to a specdfied number of components
(fon example, 4).

These faults should be nestricted to "nelevant" faults,
L.e., affecting the operation of the device, nather than all "possible"
gaults which could occun.

Measurement techniques must be developed for functional
test coverage which are compatible with "stuck fault" test coverage 40
that a test coverage figure fon the entire subassembly can be computed.
Reliability data should also be factored into these caleulations to give
heavien weighting to those components with a higher §ailure rate.
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Question #9: What changes should be made
to existing MIL-specifications, standards,
requiremests, and policies to facilitate
the introduction of advanced semiconductor
technologies? (Be specific.)

e. Utilization of the DESC "Selected Item Drawing" (mini-spec)
approach should be emphasized, since this will allow for more efficient
introduction of LST technologies and obtain industry standardization and
control at the same time.

* % %

8. Appropriate changes have been previously suggested, namely:

a. Economics often dictates Less than 100% test character-
Lzation (fault coverage).

b. Reduced visual crniteria gor LSI devices.
* % %

9. As a minimum, the following specifications will nequire
changes: MIL-E-5400, MIL-M-38510, MIL-STD-883, MIL-M-28787, and MIL-STD-
1389. Fon custom LST Low usage devices, the following should be considered
as an addition on neplacement to the present standard requirements and
specifications placed on microcireudlts:

a. TInvestigate new package schemes (e.g., chip carriers,
tape bonding, etc.); MIL-M-38510.

b. Replace the controversial MIL-STD-883 chip visual require-
ments with a comprehensive electrical test such as Guard Band tests exceeding
nated voltages.

¢. Replace the standard qualifications with a mini-qual.

Forn standard LST (4i.e., microprocessons), transfator proghrams
which convert the test vectorn Listing on the MIL-spec to popular test
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Question #9: WNhat changes should be made
to existing MIL-specifications, standards,
requirements, and policfes to facilitate
the introduction of advanced semiconductor
technologies? (Be specific.)

machines ({.e., Sentry 11, Tek 3260, MD 500, ete.) would speed up accept-
ance of MIL-devices.

For custom and quasi-standard LSI, create a new specifica-
Lion neglecting the final nesults of this survey. Minimize initial and
nequalification test costs. Specify the qualification of various vendons'
cell Libraries with the emphasis being placed on prwof testing as opposed
to thying to obtain universal agreement on the specification of process
and design-nelated parameterns such as Line widths and spacings. Require
vendorns to nequalify packaging nelated factons once per year (assuming
no design on process changes) for each package congiguration used, not
gorn each package-LST chip combination. Achieve congidence in process-
nelated arneas thwugh a facility certigication progham simikar to that
being used in conjunction with MIL-M-28787.

* % %

10. The motivation forn use of advanced LSIC technologies exisits
in the potential advantages they have to offer. However, the high costs
0f a conventional MIL-M-38510-2type qualification can be devastating for
a Low usage application. Such LSICs are usually designed forn a specdfic
application as part of a Larger entity (L.e., subsystem, system, etc.)
which is itself subjected to environmental and neliability qualigication
tests. Allowances should be made to use the data generated in these tests
Lo qualify the LSIC. (This is analogous to printed circuit board assem-
blies tested as part of a higher assembly.) The degree of additional
testing on individual LSICs would be dependent upon the nisks involved
An the design. These nisks could be minimized and thus the amount of
testing reduced on designs which use the design nules and standard cells
that have been qualified thrnough the CAD design center program mentioned
An the nesponse to Question 7. The LSICs would also have to be fabricated
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Question #9: What changes should be made
to existing MiL-specifications, standards,
requirements, and policies to facilitate
the introduction of advanced semiconductor
technologies? (Be specific.)

by a source that has demonstrated "process compatibility" to qualify for
the minimum nisk categony.

Requaligication test nequinements should also be minimized
by taking advantage of the device histony generated in device bww-in, end
Atem, on system tests including bwwn-in, and actual f§ield data.

* % %

: 1. Mditarny specifications should recognize the difficulty and
increased cost <nvolved in detailed visual inspection o4 complex LSI devices.
High voltage and high temperatuwre strness tests and extended bwwn-in tests
should be substituted for visual inspection. This important approach was
discussed at the August 1977 TDA Symposium addressing the use of LSI in mili-
tany equipment. Test results neponted there Lindicated that proper stress
tests gave more neliable parts than present visual inspection criterda.

MIL-HDBK-217B handicaps the use of LSI devices by projecting
umrealistically bad failure nates for LSI. Industry data does not supponrt
the MIL-HDBK-217B approach for predicting faifure nates fon LST. MIL-HDBK-
2178 also unduly penalizes MOS technologies. Current favorablfe MOS §ield
neliability data needs to be neflected <in a nevised MIL-HDBK-217B.

L B

12. The §ollowing changes are recommended:

a. Specify device operating temperatures such that devices
meeting a -40°C to +857C openating temperature are acceptabfe for use.
This is adequate for many militarny applications and allows adequate margins
for early LS1 device production distributing. As production processes ma-
ture, the standard -55°C to +125°C device operating temperature is achieved.
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Question ¢9: What changes should be mede
to existing MiL-specifications, standards,
requirements, and policies to facilitate
the introduction of advanced semiconductor
technologies? (Be specific.)

b. AlLow use of devices packaged in plastic. Bwwn-in and
additional screening may be specified.

¢. Pre-cap inspection 0§ LSI and VLSI devices has become
Ampractical due to the multiple Levels of the device fabrication process
and the extraondinarny geometric detail of the devices.

Pre-cap inspection criteria should be neduced to focus
on inspection of the device packaging and bonding quality. Verigication
04 functional attributes should be accomplished by functional testing at
extended temperatures over a prescribed numbern of temperature cycles.

d. Reduce buwn-in temperature from 125°C to the maximum
operating temperature whene applicable.

LR B

13. a. Accept warranties, production guarantees, or purchase
0f an adequate supply of parts as an alternative to second sowrce require-
ments and to protect against technofogy changes.

b. Where possible, extend Lead times on avionics develop-
ments to allow the "nisk" of custom development to be minimized. This may
rnequine mone multi-year contracts.

c. Require Life cycle costs to be considered when awarding
prototype development contracts. These should include the cost of attrni-
butes such as size, weight, power, neliability, etc.

d. Remove Lot traceability requirements.

e. Alten MIL-STD-2178 to better apply to LSICs.

L
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Question #9: What changes should be made
to existing MIL-specifications, standards,
requirements, and policies to facilftate
the fntroductfon of sdvanced semiconductor
technologies? (Be specific.)

14, Apply MIL-M-38510 to equipments rathen than to LSI chips.
Most semiconductor manufacturerns are not willing to qualify a Line fon the
small numbens of devices required in militarny systems. This situation
should be recognized.

* % %

15, MIL-M-35810, paragraph 4.2.2, "Qualigication," should be
changed to allow submittal of existing design test data to satisfy the
qualigication requirements in Lieu of a separate complete qualigication
test progham.

MIL-HDBK-217B must be updated to include reasonable failure
data forn complex monolithic devices. Industry failure data indicates a
significantly Lower {ailure rate than that presently in MIL-HDBK-217B.
The data should include necessary variations in faillure rates fon the
specific technologies.

* * %
16. No comment.
* % %
17. No comment.
* %* %
18. No comment. g
* % %

19. The work being coondinated by RADC/RBRM is in the proper
dirnection.

20. No comment.
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J. Question #10: In what ways could avionics equipment procurement
practices and policies be changed to enhance the introduction of advanced
semiconductor devices?

Highlights:
Predominant suggestions were:

+ NAVAIR should commit to its LSI supplier
early enough in the procurement process
for the projected contract production run.

+ More rapid equipment development, shorter
equipment procurement cycles, and planned-
for technology upgrades of equipment
should be considered.

« There should be higher weighting of the
impact of LSIC on life cycle cost analysis
and program funding procedures compatible
with minimum LCC, instead of minimum
developmental cost.

Industry Replies:

1. 1t 48 suggested that you establish a team concept whereby the
contractor and a semiconductor manufacturer are selected to wornk together
to develop avionics gear which uses advanced semiconductor devices. In
this way they are drniven by the same motivations and quite Likely you would
see an intrwoduced acceleration factorn in the use of LST to solve specific
application requirements. This approach has been used quite success fully
by the automotive/semiconductor houses in recent contracts for 1978 model
year controls. 14 it wonked there, it should work forn NAVAIR.

L B
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Question #10: In what ways could avionics
equipment procursment practices and policies
be changed to enhance the introduction of
advanced semiconductor devices?

2. 1 believe that the Navy would be better off to develop majon
electronic equipment independently of specd fic weapon systems, and to up-
grade designs in give to ten year cycles. This in tuwn requires strong
modularization at the subsystem Level (computerns, memonies, ete.) and
intenface standardization. Trends in this direction do exist already, but
present program management and procurement practices are not conducive to
this approach.

* ¥ %

3. Re-evaluate M.l standards and attitudes, e.g., "plastic"
packaging was bad ten yearns ago, ergo, it's bad today!

¥ % %

4. No comment.

* % %

5. When specifications are released, the Government should
fund qualigication and characterization proghams rather than waiting for
a manufacturer to use internal funding.

* % %

6. No comment.

* % %

7. NAVAIR should commit to its LST supplier early enough in the
procurement process fon the projected contract production run. This would
allow the supplien to amontize his non-recuwvriing start-up costs and s4igni-
ficantly neduce his necwuing cost. Obviously, the technology/performance
problem exists here, which makes such a commitment a serious gamble. There
48 no incentive for a NAVAIR progham manager to commit tc¢ a production run
on a new program even before the new product has been thoroughly evaluated.
On, at the very Least, the supplier could be funded to buy and store LSI
semiconductons in wager form, pending the production authorization grom
NAVATR.
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Question #10: In what ways could avionics
equipment procurement practices and policles
be ¢h d to the ¢ fon of
advanced semiconductor devices?

Two majon problems in procurement practices and policies are:

+ Semiconductor second sourcing
« Multiple small quantity procurements

Each of these items is addressed in twwn in the §olLowing paragraphs .

Custom LSI semiconductons are not practical when second
souncing 48 also nequired. Second sourcing requirements are imposed when
competitive pricing 4s desined, when alternate sources of supply are nre-
quirned to avodid the effects of natural catastrophes (earthquakes, ete.),
and to avodid "Loss of necipe" problems. Most custom LST is not amenable
to second sourcing because the reproduction runs are insufficient to pro-
vide a viable economic opportunity fon morne than one supplier. The other
is8ues of second sourcing can be dealt with by procuring sufficient
devices at one time to satisfy the entire anticipated system production
hun, including spares. Since dicing and packaging of semiconducton
devices 48 not generally a nisky process, it is suggested that procure-
ment of LSI devices be divided into discrete steps:

a. Procure sufficient fully packaged devices to satisfy
Ammediate equipment needs and spare parts.

b. Provide gront end funding to fabricate sufficient wafers
thhough §inal test to ensure that the most difgicult part of the fabrica-
tion process 4is complete and success ful without incwwing the costs of
ginal packaging. The wafer fabrication process should provide sufficient
quantity fon the maximum procurement and sparning envisioned during the
entine Life of the equipment in question. These wafers should be placed
Ain bonded storage geographically distributed.
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Question #10: In what ways could avionics
equipment procurement practices and policies
be changed to enhance the introduction of
advanced semiconductor devices?

c. Procure additional devices by funding the packaging and
test of devices starnting grom wafers placed in Long-tenm stonage.

Following the suggestions above, Lt is possible to procure
sufgicient devices gor a Long-team system without {incwvuing all the costs
in the gront end. The suggested approach also minimizes the nisk associa-
ted with nestanting a production process that may have become obsolLete by
the time the components are nequined in production equipment.

The introduction of advanced high-function devices (micro-
processons, bit slices, Fast Founiern Thansform chips, etc.) could be
encowraged through specification of equipment function rather than device
pergormance.

* % %

§. Mone napid equipment development, shorter equdpment procure-
ment cycles, and planned-for technology upgrades of equipment could enhance
the introduction of advanced semiconductor devices.

* % %

9. Establish a standard avionic module (SAM) program and manage
the problLem at this Level wherever possible. Require SAMs to be specified
fon technological thansparency as fan as internal circudtry (including LST)
48 concerned. Requine SAM desdign cost goals which are compatible with
Logistic suppornt throw-away cost thresholds. Do not require extensive
performance and test specd fications for quasi-standard and custom LST
devices; SAM specifications and testing will be adequate to verify func-
tional capability. Requine SAMs to be tested over the intended tempera-
ture nange. Structurne SAM test programs in a manner similar to that of
MIL-M-28787A. Evaluate LSI designs which have highen development but
Lower production/maintenance costs on a Life cycle cost basis. Allow
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Question #10: In what ways could aviemics
equipment procurement practices and policies
be changed to enhance the introduction of
advenced semiconductor devices?

thade-0f4s between performance and schedule--minimum development time
schedules preclude or minimize LST usage.

10. Higher weighting of Design-to-Cost/Life Cycle Cost (DTC/
LCC) features along with Long-term warranty/maintenance features need to
be imposed. The payoff for use of LSIC in Low volume applications is nor-
mally Long team nathen than shornt temnm as for high volume applications.
Incremental gunding has a tendency to work against Long tenm benefits.
There needs to be some vehicle to offset this disadvantage.

1t shoutd also be necognized that the use of custom LSI
4n development programs nequines the expenditure of "hard tooling” cosits
in this time period nather than in the production portion of the cycle.
A centain amount of "hard tooling” funding must be made available during
the deveLopment and prototype build cycle.

LI I

171, Avionic equipment procurement practices and policies should
be modified to encourage the use of LST devices. Specifically, procurement
needs to emphasize minimum Life cycle costs rathen than minimum initial
development costs and minimum acquisition costs for prototype systems.

LSI-based equipment designs are more reliable and cost Less
on a production basis than assemblages of catalog SSI and MST devices.
However, the initial design cost is often Lower when available components
are used. The cwuent focus on minimizing acquisition costs saddles the
equipment with an undesirable cost and neliability burden throughout the
production cyele.
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Question #10: In what ways could avionics
equipment procurement practices and policies
be changed to enhance the introduction of
advanced semiconductor devices?

12. Requinements fo use parts on existing qualified parnts Lists
should be nemoved grom all advanced develLopment and most engineerning devel-
opment contracts. Instead, contractors executing on these proghams should
be nequined to specify VLSI device functions which are required to meet
government-specd fied production s4ize, wedight, power, and cost goals. ALL
advanced deveLopment and most engineering development, Li.e., pre-prototype,
programs should substitute modularn impLementations of the nequired VLSI
functions. These modular impLementations can be impLemented using current
0§4-the-shel§ components and serve as high-fidelity models of the required
VLST chip developments. This approach allows a detailed assessment of the
complexity (number of gates and bits of memory) of the proposed VLSI cin-
cuit development while providing a test bed forn determining the functional
nequinements o4 the device.

* % %

13. a. Accept warvuanties, production guarantees, oxn purchase
0f an adequate supply of parts as an alternative to second source require-
ments and to protect against technofogy changes.

b. Where possible, extend Lead times on avionics develop-
ments to allow the "nisk" of custom development to be minimized. This may
nequine more multi-yearn contrhacts.

¢. Requine Life cycle cost to be considered when awarding
prototype development contracts. These should include the cost of atini-
butes such as size, weight, power, reliability, ete.

d. Remove Lot traceability requirements.

e. Alten MIL-STD-217B to better apply to LSICs.
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Question #10: In what ways could aviomics
equipment procurement practices and polictes
be changed to enhance the introduction of
advanced semiconductor devices?

§. Allow military scneeming of commercial grade parnts;
don't insist on MIL-M-38510.

In a necent study of "Large scale integrated circuits for
militany applications” for DDREE by the Institute fon Defense Analyses, it
was shown that a decrease in avionics weight of one pound nesulted in a
total 6-8 pound weight savings in a miliary aircraft. Since the "§lyaway"
cost of a modenn fighter plane i4 about $500/pound, LST can save money by
reducing the weight. Fon a sateflite, this cost can be as high as $15,000/
pound. The cost per watt has been estimated at $20 and $2,000 for a plane
and a satellite, nespectively. Increased neliability can again be trhans-
Lated into cost savings due to the neduced maintenance and spare parts
requinements. Thus, more than acquisition costs should be considered in
AmpLementation studies.

LR B

14. Preference could be given to contractons who have the ability
to design LSI devices, with emphasis on automated design. Use of advanced
devices could also be evaluated favorably in the evaluation of proposals.

A policy of purchasing all expected spares requirements at the time of the
Anitial contract would alleviate the problLem of obtaining them at a much
Later date. The necessary devices might be purchased as probed wagers and
stoned in a contrclled environment.

* % %

15. The procurement practices must accommodate the Limited Life
cycle of semiconductorn technologies. This must include allowance for con-
tinued updating (L.e., nedesign) of selected portions of systems.

Devefopment times must be reduced to avoid designing during
the Life of one technology and thying to produce the equipment after the
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Question #10: In what ways could avionics

equipment procurement practices and policies

be charged to enhance the introduction of
ed advenced semiconductor devices?

technology peak has disappeared. This will also mean that "proven design”
can no Longer be a paramount consideration.

* % %

16. No comment.
* % ¥
17. OEMs, upon nreceipt of a contract, should be authonized to

make a one-time buy o4 all custom LSI parts in order to nreduce the recurring
Lot changes. 1In this case, NAVAIR would assume all nesponsibility for the

quantity ordered.
* % ¥
18. No comment.
* % %
19. No comment.
* % % k

20. No comment.
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K. Question #11: How should the Government LSI device standard-
ization efforts be directed to minimize the proliferation of devices, but
allow timely introduction of new LSI in avionics equipment?

Highlights:

Predominant suggestions resulting from the replies to this
question are:

* Device standardization and timely intro-
duction of new LSI in military systems
seem to be mutually exlusive.

* Standardize on standard cell families
and CAD techniques.

+ Establish a national semiconductor LSI
data base function to include forward
projection of device needs and device
developments.

+ Restrict the technologies used.
* Focus on functional standardization at
the module, interface, and device ter-

minal levels.

Industry Replies:

1. Why not establish a standarnd parts List analogous to the pre-
viously established NAC module concept, which worked quite satis factonily?
In s0 doing, it would be well to coordinate to the greatest extent possible
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Questfon #11: How should Government LSI
device standardization efforts be directed
to minimize the proliferatfon of devices,

but allow timely introduction of mew LSI
in avionics equipment?

with other branches of the government to minimize the subsequent Logistics
support nequirements supported by DSA.

* ® %

2. a. Restriction of technologies in use.

b. Establishment of a national LSI device data bank access-
4ibLe by computer terminal to military agencies and supplierns.

c. Standandization of CAD interfaces and of chip formats.

d. Availability of all chip design, mask, and test data
0§ Navy-procurned LS1 designs to all contractorns with an established need.

* % %

3. 1 {feel that the two goals being considered here are diametri-
cally opposite to one anothern. The standardization efforts to minimize
proliferation of devices will automatically sLow down the timely introduc-
ton of new LSI parnts 4im avionic equipment. The standardization efforts
Wikl dictate that additional Zime be used to bring more vendons on Line
with a new parnt. This would certainly sLow down the effornt to get newer
devices into avionics equipment. Moreover, NAVAIR volume 48 not going %o
be high enough to encourage vendorns to expedite developments in ordern to
meet the standardization requirements in a timely fashion.

L I R
4. Standarization in an area of rapidly changing technology is
wsually unsuccessful. Do not trhy to standardize too early.

* x %

5. The government should encourage forward projection studies
as are presently being done by ATA and EIA, and pubfish this information

to industry. A
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Question #11: Mow should Govermment LSI
device standardization e€forts de directed
to minimize the proliferation of devices,
but allow timely introduction of mew LSI
in avionics equipment?
6. No comment.
* % %

7. There are two viable Levels of LSI device standardization
that should be considered:

a. Architectural

In this standardization, the LSI architecture would be
the same program code that could be run on all device families. Fon example:

© 8080, 8085, and 8086 from Intel
+ Z-8, 2-80, and 2-8000 §rom Zilog

* Common {ntenfaces such as 1553,
RS-232, on TEEE-488

As these devices evofved from aimple to highen Levels of
complexity, standardization which nesulted in no changes to the program
ude used would be very beneficial to NAVAIR.

b. Device-based

In this standardization scheme, multiple chips could be
menged into one complex function chip, such as Intel has done with the mer-
ger of the 8080 CPU, the Clock Generator, and the System Contrnollen into the
8085 microprocesson. This merging of functions, especially if it can be
Amplemented with no change to user proghams, can significantly improve the
Ainthoduction of LST into Navy avionics equipment.

* % %
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Question #11: How should Government LSI
device standardization efforts be directed
to minimize the proliferation of devices,

but allow timely introduction of new LSI
in avionics equipment?

8. Function standardization 48 a possible solution. For example,
standandize a bus interface function, but do not specify the technology 4in
which it must be implemented.

* % %

9. Standandization effonts should be focused at the SAM Level
to provide an added degree of insensitivity fo LSI devices. The militarny-
Andustrnial complex has not 5ow1d the need fon, non have they attempted to
minimize the proliferation of hybrnid devices. The use of LST should not
nequine militany control significantly above and beyond that gor hybrids.

Device standardization proghams should concentrate on the
high volume commercial LST area, not on the quasi-standard of §ull custom
LST devices. For these high volume LST devices, the present "mini-spec'
4s8ued by RADC/DESC should be used to ingorm other mclitary complexes of
thein availability. Standardization should be based on a "moving window"
in which new devices are added and devices fading away are deleted. Create
an LSI standardization committee with the nesponsibility to neview LST needs
at all phases of equipment development, including equipment RED programs
initiated by the DoD (Navy) Laboratony community. A nelatively small tech-
nically qualified group could strongly ingluence LSI standardization early
Ain the development cycle and also maintain a sensitivity to LST evolution
as it affects militany electronics.

LR B

10. The timely dissemination of information on previously
designed LSICs and incentives forn their use on new designs should go a
Long way to minimize proliferation of devices. However, there is danger
in blindly following this approach. With the shonter Life cycles of the
1C technologies, nearly obscfete technologies could be designed into
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Question 11: How should Government LSI
davice standardization efforts be directed
to minimize the proliferation of devices,
but allow timely introduction of new LSI
in avionics equipment?

futurne equipment. ALso, by defining system architectures, common functions
can be betten defined and standard LSICs developed.

* * %

11. Functionally partitioned systems can be updated to use LSI
parts without several cost penalties. Proliferation of device types will
nesult from the shift to LST components since the greaten Logic complexity
on a chip nesults in a more specialized chip function. General interface
nules need to be used to define chip operation in a way that will make
each LST chip broadly useful to several agencies and contractons. These
highly specialized custom LST chips will be more cost-effective and give
higher perfonmance and betten neliability than any assemblage of catalog
parts. Stocking of spares and quick turnaround grom stockpiled mask sets
will make them available when needed.

L I B

12. See the nesponse to Question 13. This indicates that
careful attention should be directed at the beginning of an equipment
development to assure a partitioning of discrete system functions consis-
tent with the Likely evolution of the components used to implement the
function. This approach requinres precise documentation of the form, §it,
function, and signal interface on each system sub-function or partition.
ImpLementation specifics such as power consumption, wedight, and size
should be specified as upper Limits only to accommodate evolutionary
ne-implementations of the equipment to conserve these factorns. General
nequinements fon environmental conditions should also be specified.
Above all, great care should be exercised to avoid specifying the sub-
system function in a manner which denotes implementation technique
speclfics.

142




Question ¢11: How should Government LSI
device standardization efforts be directed
to minimize the prolfferation of devices,

but allow timely introduction of new LSI
in avionics equipment?

13. a. The government could see that certain high usage standard
devices (such as memories and microprocesson chips) are MIL-qualified such
that they become de facto standards, and/or adopt commercial Atandard
specd fications.

b. Define standard militarny functions, enforce the standard,
and fund development of prototype devices.
* % ¥

14. Use of the standard cell family approach, while not minimiz-
4ing the number of devices, would allow for 1 great degree of standardization
and encourage the use of new LS. Basically, this gets back to the idea of
owning both the designs and the process specifications, on placing them in
the public domain.

* % %

15. Standandization forn custom LST devices should be directed

Loward encouraging the use of commercially accepted technologies.
* % %

16. Generally speaking, device standardization and timely intro-
duction of new LST are considered mutually exclusive. Consideration should
be given to planned updates of standarnd devices--say everny two to three
yeans.,

L B

17. NAVAIR could make available a Listing of specific LSI parts
which are used in othen equipment. The OEM's designs could possibly incor-
porate these same parts.

18. No comment.
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Question #11: Mow should Government LSI
device standardization efforts be directed
%0 minimize the proliferation of devices,
but allow timely introduction of new LS1
in avionics equipment?

19. Standardize on mastern chip families and associated 50 ftware
packages. On custem LSI, permit qualification on the basis 0f similarity.
* % %
20. No comment.
* % %
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L. Question #12: What documentation data should the Government
require in order to realistically protect its interests in procuring and
supporting avionics equipment?

Highlights:
Suggestions include:

* Utilize standardized documentation
which is understood and accepted.

* Specify form, fit, and function only.

* Acquire all design and fabrication
rights to custom LSICs developed on
Government funding, including mask
tapes, process specifications, cell
descriptions, design rules, test
tapes, qualification test and failure
analysis data, etc.

+ Insure second source viability.

Industry Replies:

1. The point in the LST design process considered by manugac-
turens to be proprietany varnies sLightly grom company to company. AL€most
without exception, semiconductor makerns consider process parameterns to be
the secret ingredient which makes them better than competitors. Some
process parameterns affect mask design and are supplied to the government
with gneat neluctance. The digitized data used §or making masks 4is often
supplied to equipment makens and ultimately to the government.

L B

145




NAC TR-2221
Question #12: What documentation date
should the Government require in order to
realistically protect 1ts interests in

procuring and supporting avionics
equipment?

2. No comment.

3. No comment.

4. The documentation should be similar to that required fon
simplen componentrny. 1In very new and sophisticated componentry, gnross
process specifications may be appropriate.

* % %

5. Utilize standand documentation which 48 understood and
accepted by the industry, Li.e., Militany Standard 38510 format. In addi-
tion, neliability data and complete electrical performance data as speci-
g<ed in MIL-STD-965 is needed. A strnong standardization program would
minimize the proliferation of data.

6. Tie the device specificatior to MIL-M-38510 requirements,
but specify the parameters as maximum and minimum,

L I B

i
{
7. The Navy should §oLLow the good example which it has set on 1
the NAC SEM/SHP modules. That is, the Navy should specify only "form, §it,
and function" (including performance parametens), but should not specify
process-related parameters. By Limiting its nrequirements to "functionally-
specified,” and not "design disclosure," the Navy can insure a more stan-
dardized functional family of LST modules.
L B ]1
8. For a microcincudit supplier, a certificate of compliance
should be adequate to insure that the device was manufactured to the
requinements.
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Question #12: What documentation dats
should the Government require in order to
realistically protect its {interests in
procuring and supporting avionics
equipment?

9. At the SAM (assembly) Level, the documentation hrequirements
should be similarn to those of MIL-M-28787. Particularn areas of concern are
the performance and test specifications and test procedures. Documentation
should be Limited to that necessary to functionally specify the SAM function
(not the LSI devices within). The Navy documentation review and approval
should assurne testability and maximum technological thansparency. This
approach will allow development of replacement SAMs without requiring inter-
changeable advanced technology devices, and may very well nesult in neducing
equipment acquisition costs through the introduction of competition via
multiple SAM souwnrces.

At the LSI device Level, documentation data should be direc-
ted towand prood that a second source 44 available, not toward obtaining
design/process details to the cookbook fLevel. 1§ data are required to show
that a second source can produce the LST devices 4in question, then thue
protection and support is ensured. Requining a contractorn to "tell afl"
(detaits in design and processing) rarely ensures that the devices can be
made by anothen contractor in an emeroency. Emphasis should not be placed
on divulging processes (times and temperaturesr; equipment capabilities
differn §rom contractor to contractor and may precfude direct copying of
techniques), but on ensuning a second source for the parts. Make contrnac-
tons prove that a second source exists 4in practice: masks exchanged,
devices made and tested.

* x %

10. The government should acquire all design and fabrication
nights to custom LSICs developed on government funding. Some sont of
agreement should be worked out with the innovator of such designs o0 that
he would neceive some sont of noyalty if the government or another con-
tracton chose to purchase LSICs from those designs within a given number
0§ yeans.
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Question #12: What documentation data
should the Government requfre fn order to
realistically protect its interests in
procuring end supporting avionics
equipment?

Any qualification test and failure analysis data on these
devices should be procured by the government and made available to othen
potential users. See the nesponse to Question 7.

LR B

11. LST chip designs in one of the industry-standard techniques
can best be documented in tenms of the mask set used to fabricate the type
and the progham used to test 4t. Functionality and Logdic operation also
need to be defined (as in a data sheet) to permit use by other contractons
and government agencies. Characterization data should also be supplied
to assurne that the chips meet speed, drnive, and other application require-
ments .

12. No comment.
* % ¥
13. a. Test data on the equipment itself, not on each component
theredn.

b. For custom LSI, the government must insist on masks and
test documentation.

LR B

14. Design nules, process specdfications, cell descriptions,
and othen information necessary to allow a variety of suppliers to manugac-
ture the LS. Mask tooling infonmation is also necessary, but probably
not stoned in the form of physical masks. Coorndinate information stored
on magnetic tape would be superiorn because of the varying requirements for
masks between different vendorns. A complete description of the test vec- $
tons and test set-up required should also be made available.

LR B
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Question #12: What documentation data
should the Government require in order to
realistically protect {ts interests in

procuring end supporting avionics
equipment?

15. The most important data 48 a functional specdfication which
does not unduby nestrnict the method of impLementation. No requirement should
be specified which is not absolutely necessary to satisfy the intended appli-
cation.

Since design disclosure data {8 essentially not available,
crnoss-Licensing centification should be considered as a method of inswring
multiple sounrces.

* % %

16. Continue requirnements for second source for components and
procure sufficient design and process data to permit re-sourcing 4in accord-
ance with these data.

* % %

17. Proprietany detaifed design/process infornmation could be
contracted for and placed 4n bonded storage. This data should be sufficient
to buikd parts, and as a minimum should consist of Logic diagrams, magnetic
tapes, test patterns, and detailed process steps.

LI R
1§. No comment.

* % %
19. No comment.

*¥ % %
20. No comment.

% % %
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M. Question #13: If you, as a contractor, enter into a long-term
warranty agreement with NAVAIR on a particular avionics equipment, how
will you protect yourself against technology obsolescence?

Highlights:
Predominant comments were:

- Specify the function at the module
level.

* Use long-term storage of wafers and/or
devices.

* Make careful technology selection.
« Establish multi-sourcing of devices.
- Use a strong standardization program.

« Establish an in-house IC capability.

Industry Replies:

1. Semiconductor warranty i3 presently one year grom the date
0§ acceptance by our customerns. 1t 4is possible that this warnranty will be
increased to two yeans in the future. We have not and see Little possibi-
Lity of entening into Longer-tenm warrnanty situations. T

Ty S e e ——

The prime method of protecting against technical obsolescence .
is designing new equipment with new technofogy 4if multiple sounces exist.
Older technologies are discarded by producers when no Longer popular or
progitable.

LR N
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Question #13: [If »<, as a contractor,
enter into a long-term warranty agreement
with NAVAIR on a particular avionics

.equipment, how will you protect yourse!f
Ll Togy obsol ?

2. No comment.

* % %

3. The two pants to this question are not neally related. 1§ a
conthactor entens into a Long-tenm agheement with NAVAIR, then the contrac-
ton will set up a part of his operation to manufacture the required part to
NAVAIR specifications. New avionics orn technology will be covered under
other contracts. A manufacturning area may continue producing obsolete parts
under a certain government contract unfess the contract calls for a con-
tinued upgrading of system devices and capabilities. Thus, the Long-temm
warvanty agreements are not directly nelated to technology obsolescence.

* % %

4. We would protect ounselves through modularity and the in-
house facility.
* % %

5. As an aid toward s0fving this problem, we have a strong
internal standardization and parts management program which maximizes the
selection of Long-tenm technologies which can be manugactured by more than
one souwrce. A Long-tenrm warranty agreement would require either warranty
parts support by the procurement agency, o spares procurement coincident
with production buys. Depending on the program, either method could be
cost-effective. Additionally, NAVAIR might consider a progham similar to
the Ain Fornce PRAM (Production Reliability Availability Maintainability)
program. Unden this progham, items or spares which become difficult or
non-cost-effective to suppornt are modified on nedesigned. The new design
must be a form- §it- function neplacement. This program has sofved a number
04 difficult and costly Long-term support problems.

* % %

6. No comment.
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Question ¢13: I you, as & contractor,
enter into a long-term warranty agreemeat
with NAVAIR on a particular avionics

oquipment, how will you protect yourself
ageinst techaaloqy obsolescence?

7. We would concern ounselves with the function requined, and
not with the component which today might perform that function, but tomon-
how may become obsolete.

1§ the Navy wants to nepair electronic subassemblics in the
field, it may be feasible to consider Long-term bonded stonage.

Before committing to a §ull production un, may be prudent
Zo consider a technology upgrade, based on pin- for-pin and/on module-fon-
module neplacements of equivalent functions.

The preferred method is to warrant the "black box" to a
given function. Upon gailure, the box would be neturned to the manugac-
Lurer gor nepain on neplacement. This repair-on-neturn activity could
be done at any time with new technology which is transparent to NAVAIR.

* % %
8. As micwcircuit suppliens, we are not the best people %o

answer this question. However, we would suggest that if you plan for
technology updates, you can prevent obsolescence.

L I I

9. Fonm, §it, and function; and technology tansparency as
design philosophies (see answerns to Questions 1 and 2) will provide the
nequined protection against Zechnology obsolescence. Every effont will
be made to incorporate LSI into Logical testable Large function modules
designed to maximize technology transparency (e.g., standard 5 volt
dupply, on-module BITE, ete.) We will maximize the use of SAMs.

When the source of supply becomes questionable forn speci-
fic parts, advanced technology on othewise, we will nedesign the module
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Question #13: If you, as a contractor,
enter into a long-term warranty agreement
with NAVAIR on a particular avionics
equipment, how will you protect yourse!f
against technology obsolescence?

to pernfoam the same function but with up-to-date, procurable device techno-
Logy. We may, as an interim measure, procure a Larger-than-nonmal quantity
0f the device, on devices, in question as a hedge against schedule problLems.

* % %

10. Usually 4in Long-temm warranty agreements whene the orniginal
equipment designer and manufacturer has control of nepains and testing,
thene 4is mone glexibility forn incorporating and controlling design changes.
ALso, our Purchasing Department maintains good nappornt with our vendonrs
as well as gollowing the industry thends. When one of our vendors decides
he 48 going to discontinue providing certain parts, he usually notifies
Purchasing and gives them a chance to mare a §inal purchase of as many of
the pants as they want. At this time a trade-of§ decision is made as to
whethen to nedesign the part out of the system considening retrofit
rhequinements, ete. orn to purchase enough spares for the Life of the
equipments.

* % %

1T. LST parts are inherently neliable and will have a Low fail-
wre rate. A modest quantity of spares will suffice for the Life of the
equipment. 1§ excessive spares are required, the design on application
A8 suspect, and nedesign in a more modern technology on for a Lowen Atress
Level in the application is in ordenr.

* % %

12. Components used in an equipment impLementation would be
nestrnicted to components which were membens of a family of components
having a strong Linkage to a mainstream commercial product family and
which were produced by at Least one majon semiconductor manufacturer, 4i.e.,
Ain the top four in domestic semiconducton sales. System design techniques
would be encouraged which exploited the use of components Likely to be
developed as evolutions of existing memberns of the commercial component
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Question #13: If you, as a contractor,
onter into a long-term warranty agreement
with NAVAIR on & particular avionics
oquipment, how will you protect yowrself
sgaint tochnelogy cbsolescencat

gamily. For example, system functional partitions would be established in
a manner that would allow evolving impLementations to naturally exploit
evolutions 4in component technology. This approach i3 best exemplified by:

a. A medium scale integration (MSI) impLementation using
LSTTL components. Typically, this would nequine 200-300 components and
75 watts.

b. A microprocesson-based implementation using a micro-
processon, memory devices, and a small number of LSTTL MSI components.
Typically, this would require 30-40 components and 10 watts. This 4is
representative of an LST implementation.

c. The §inal impLementation would use the very Large scale
Aintegration (VLSI) technology coming available in the 1979-1980 period.
With this approach, the function implemented in 12.a and 12.b can be imple-
mented in a single chip microcomputer device. This approach requires one
component and Less than one watt of power. An imporntant requirement is
that the microprocessor used in 12.b and the microcomputer used in 12.c
be membens of a compatible family 0§ computer components. Compatibility
requinements include:

(1) Instruction set
(2) Memory architecture
(3) Input/output architecture

An additional aspect of this approach permits the combination of multiple

system functions in a single microprocessor/microcomputer-bosed implemen-
tation.
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Question #13: If you, as a contractor,
enter into a long-term warrenty agreement
with NAVAIR on & particular avionics

equipment, how will you protect yourself
apainst technology obsolescence?

These actions at the beginning of the system development
cycle provide an assurance that the equipment implementation must not, of
itself, suppont the existence of the required components and that on-going
component developments are Likely to be compatible with components cuwvrent-
Ly 4in use. Additionally, the business stnength of the component supplier
provides additional assurance 0§ the continuing availability of the
nequined on equivalent component functions.

Contractual arangements would be negotiated which require
the component manufacturer to notify the equipment manufacturer of changes
in the product and/on production process which would prohibit availability
0§ the nequirned component function. The contract would have pre-negotiated
quantities/prnices for providing a reserve supply of components for future
nequirements.

The dual approach outlined maximizes the Likelihood and the
time perniod that the nequired component function will remain available.
Furthermone, the system design technique Zends to encourage the use of
common component functions which are proghammable to meet required equip-
ment functions. This technique minimizes the number of different compon-
ents used by the equipment implementation. Lastly, contractual procedures
are outlined which provide fon stockpiling components if the preceding
measurnes become inadequate. These contractual procedures provide an
acceptable Level of nisk for equipment and component manugacturers.

* % %

13. a. Make our own custom LSICs.

b. Buy all chips we need in wafern form and store until
needed if wafers are procured from outside. 1§ internally produced and
we wish to alten on discontinue the process, we would:
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Question #13: 1f you, a3 a contractor,

enter into 8 long-term warranty agreement

with NAVAIR on a particular avionfcs

oquipment, how will you protect yourself
2 logy o

(1) Make all the waferns we need for the futune.

(2) Produce in a form, §it, and function manner spare
parts grom the new technology.

* % %

14. By using a technology such as CM0S/SOS which can be expected
to have a Long Life, and by using design rules acceptable to a Large numben
of supplierns. 1In some cases, a quantity of devices sufficient for foresee-
able sparnes requinements might be purchased, since there could be substan-
tial savings available through quantity purchases.

* % %

15. No comment.
* % ¥
16. Long-term warnanty agreements would apply only as Long as
vendons produce parts to the orniginal or an analytically equivalent design.
We would expect to nenegotiate if parts are unavailable due to obsolescence/
Line shut-down; on thy to tie any vendor to a production quantity that will
satisfy any warnanty agreement with any customenr.

* % %

17. LST parts which are used will be selected from proven techno-
Logies which are not Likely to become obsolete in the near future. Devices
normally will have more than one source, and Lifetime spares may be procured
in the event that the parts become non-procuwrable.

18. No comment.
* ® %

19. Pruimanily by wafer storage (see answer to Question 14). We
have also bought specific mask sets netained by the LST manufacturer to
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Question #13: [f you, &s & contractor,
enter into a long-term warranty agreement
with NAVAIR on a particular avionics
equipment, how will you protect yourself
agatnst technology obsolescence?

assure that there will be no change durning the production procurement £ife-
time. For small volume usage, we favor Lifetime buys of packaged units.

* % %
20. The best protection is to implement cwwrent standard multi-
sourced devices to the maximum extent possible.
* % %
|
|
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N. Question #14: Comment on the concept and techniques for storing
semiconductor devices in wafer form until logistics or mobilization needs
require that they be diced, tested, and packaged. Comment on knowledge
of the aging characteristics in wafer storage of the specific technologies
with which you have had experience.

Highlights:
Comments finding concurrerce among respondents are:
- Wafer storage is technically feasible;
however, not practical because of manage-
ment of peripherals such as masks,

testing, packaging, etc., and economics.

+ Store wafers in dry nitrogen (N2)-rich
environment.

- Leave the glass deposited over the chip
metallization intact and continuous.

« Store fully packaged and tested devices.
« Store wafers for future logistics needs.

Industry Replies:

1. The concept 0§ storing waferns is an excellent one. We would
only Like to encourage two considerations. Finst, the wafers should be
stoned in a nitrogen (NZ)-nich environment. Second, we would encourage
Leaving the glass deposited over the metallization intact and continuous.
Do not etch the glass away grom the bonding pads, thereby exposing the
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Question #14: Comment on the concept and
techniques for storing semiconductor
devices in wafer form until logistics or
wobilization needs require that they be
diced, tested, and packaged. Comment on
knowledge of the aging characteristics in
wafer storage of the specific technologies
with which you have had experience.

bonding area to any Long-tenm oxidation. The nisk factor is higher with
this approach, but we believe neliability is cerntainly improved.

* % %

2. 1In prnineiple, wafer storage s possible. 1In practice, how-

even, Lt could be dangerous since semiconductor manufacturers might succumb

to the temptation of shipping inferior products into storage. 1 believe
that it is feasible to maintain a Limited supply of semiprocessed wagerns
Zo achieve a fast twwmaround for Logic arvmays, programmable Logic units,
ete.; but products fon spanes or Later production should be inventorized
§ully packaged and tested.

* % %

3. The aging characternistics of semiconductor devices in wafen
gonm (L§ placed in the proper environment) can probably be neglected.
However, we do not have Long-tenm data in this area. 1 feel that the
mafon problem involved in thying to do what they want would be 4in thying
to keep all the peripheral areas intact and in good shape for a Long
period of time. Tooling would get Lost and testing programs would not
be kept up-to-date. These kinds of things would be difgicult Lo maintain
in a high state of neadiness with a high degree of congdidence.

* % %

4. Semiconductor wafers could be stored in dry nitrogen with
Little on no apparent aging. 1 have a "gut feel" that due to the nate
0§ the change of technology, they would probably not get used anyway.

LR B

5. Devices should be storned preferably in the packaged state;
however, 4if stonage in the wafer state is necessarny, a dw nitrogen atmos-

phere <8 necommended along with reinspection priorn to use.
* % %
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Quastion #14: Comment on the concept and
techniques for storing semiconductor
davices in wafer form until logistics or
mobilization needs require that they be
diced, tested, and packaged. Comment on
knowledge of the aging characteristics in
wafer storage of the specific technologies
with which you have had experience.

6. No comment.

* % %

7. The best way to approach this problem would be fo store "good
die" grom the wagferns. The die would utilize Less space and there would not
be a need for wafern dicing orn testing. The containens should be sealed and
resdde in a nitrhogen atmosphene.

Since we have no data on wafern storage aging characteristics,
we cannot intelligently comment on this subfect. However, the available
aging with Lige data would indicate Low nisk in an intelligently managed
wagern storage phrogram.

* % %

8. This concept (s {easible. Howevenr, we recommend, on fLechni-
cal grounds, against wafer storage due to possible handling damage. Dice
stonage would be more advisable. Storage would have to be in a dry, dust
gree, inent envirnonment. Aging should not be a problem.

From an economic sense, NAVAIR would have to purchase the
inventorny and provide forn (s carrying cost. NAVAIR would also have the
problem of procuning the packaging and testing operation when the dice had
to be packaged. 1In addition, NAVAIR would have to wavtanty that the dice
were good, beyond one year, since that is the semiconductor industry
waranty period.

LI I
9. 14 wafers are to be stored for Logistic orn mobilization

needs, they must at Least have been probe tested and a canned sample elec-
ical test pen wafer should be nequined. The waferns should come out of a
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Question #14: Comment on the concept and
tachniques for storing semiconductor
davices in wafer form until logistics or
mobilization needs require that they be
diced, tested, and packaged. Comment on
knowledge of the aging characteristics in
wafer storage of the specific technologies
with which you have had experience.

cwuent production run in which final device yield statistics are available.
The die nequined fon the sample test could be taken grom the wager edge.

The wager should be stored in a dry box, back-§illed with nitrogen. 1§
wafers are procured and produced in -Large batches, extensive testing of a
canned sample will assure more unifornm device performance. This approach
tends to neduce the Lot-to-Lot variations experienced in all semiconductor
products by neducing the total number of Lots and the time span in which
they ane produced. Substantial industry and military data <5 becoming
available which indicates that aging 4is not a sdgnificant neliability nisk
and 48 predictable. For evolving and future technologies, accelerated
aging testing will be necessary to assure predictable aging characteristics.

On the negative side, a policy nequiring Lifetime buys at
the wafer Level could have undesirable side effects. This policy may
nesult in periods of high device manufacturing activity and periods of
very Low activity. From the manufacturer's point of view, there 4s a
desine to maintain continuous production activity gfor obvious reasons.

% % %

10. Wagens, when stoned fon extended periods of time (more than
s4x months) should be protected §rom comrosive on active gases, heat, Light,
and watern. Pregerable conditions include a henmetically sealed container,
probably metal®* providing a barrien to Light and moderate elLectromagnetic

FMetal s suggested but not mandatory; however, the container
material should provide static protection and not be a static
genenaton. Additionally, it should not be a source of out-
gasing, vapons, on soldids contamination. Theregore, the
material itself should be carefully selected.
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Quastion #14: Comment on the concept and
techniques for storing semiconductor
davices in wafer form until logistics or
mobilization needs require that they be
d¢iced, tested, and packaged. Comment on
knowledge of the aging characteristics in
wafer storage of the specific technologies
with which you have had experience.

and {onizing radiation. The atmosphere should be nitrogen at approximately
one atmosphere of pressure and containing not more than 10 ppm of watenr.

No specific aging data has been volunteered by vendons;
however, it is known that the above has yielded excellent nesults with
heant pacer chips (waferns) stored for oven a yean.

* ¥ %

11. We believe that parts should be storned in assembled tested
gorm nathern than as wafens. Fon LST pants, the cost of the package is
Less than the cost of a good chip s0 that potential cost advantages of
stornage in wafer form are offset by the nisks of stoning unprobed chips
on unprotected waferns 4in unclean environments. 1§ 4t 4s desired to store
parts in wager form, then wafers should be fully tested and inked and
complete test data stored for each good chip along with identification
04 the chip 4in the wafer matrnix. ALL wafers should be stored in a §Low-
4ing dry nitrogen ambient in a dust-free cabinet. Preferably a passivation
technique should be wsed. ALuminum metallization cannot be exposed be-
cause £t can corrode. We have experienced excessive Leakage and Lack of o
metal continuity in {mproperly stored CMOS wafers agier several yeans.

* % ¥

12. Technically there is no majorn problem storing bipolarn
technologies and we do not anticipate any major problem with surface
nelated devices. The neal problems are associated with planning and
maintaining the nesources required to provide the testing and packaging
of the devices over an extena2d period of time.

LI I

162 B

L —— . e



NAC TR-2221

Question #14: Comment on the concept and
techniques for storing semiconductor
devices in wafer form until logistics or
wmobilization needs require that they be
diced, tested, and packaged. Comment on
knowledge of the aging characteristics in
wafer storage of the specific technologies
with which you have had experience.

13. The following technique {nvolves the production, testing
protection, and storage of Low-cost semiconductor wafers in quantities
sufficient to meet all expected usages in a military system. This quan-
tity would be based on the maximum number of production systems expected,
the expected system Life, and expected failure rates, and a suitable safety
gactorn. With the wafer sizes increasing and the device geometries decreas-
ing, a very Large number of LSICs can be realized in a Limited number of
wafens. For the small volume inherent in military systems, the nonrecur-
ning costs predominate and the production cost of thousands of devices 4s
small compared to the development and cost of producing hundreds. 1t 4is
also small compared to the cost of obtaining a second source.

The concept of storning relatively Lnexpensive wagers forn
Low volume, Long-tenm needs has been around in various forms at semiconduc-
ton houses for quite a while. Every designer has a desk §ull of wafers on
partial wagens that weren't needed to §4£L (mmediate customer needs, but
he's saving them, "just in case." 1t i3 afso common today to store "veri-
fication wagerns" gorn parts that are manufactured periodically. These wafens
are storned for years by semiconductonr vendors and used every time a new run
48 complete. They use these wafers to verify the test setup and the test
program (forn automated testing) by comparning present-day readings with the
values obtained when §inst tested.

Designens' experdience with stoning waferns suggests that it
48 a neasonable thing to do provided a few pitfalls are avoided. The wafers
must be protected against various contaminations such as sodium (grom gin-
gers on dirnty handling tools), as well as oxidation of the aluminum. The
very nature of completed wafers makes them subject to both these killenrs.

163




POF R m s

NAC TR-2221

Quastion 214: Comsent on the concept and
techniques for storing semiconductor
devices in wafer form until logistics or
mobilization needs require that they be
diced, tested, and packaged. Comment on
knowledge of the aging characteristics in
wafer storage of the specific technologies
with which you have had experience.

The wafer 48 coated with oxide, but in onden to electrically test the die,
the coating s etched to expose the bonding pads. The etching can intho-
duce strhesses that tend to "crack" this coating.

One technique that has a good chance to making this concept
practical begins with the ability to deposit a high quality oxide over the
wafer's active sunface. One well-known electronics center has developed
a Low temperature nitride coating process. (Nitnide 48 the best quality
oxdide available to semiconductor technology.) 1§ the die on the wafen
are electrnically tested to determine 4§ the wafer is wornth stoning, before
the nitrnide coating 45 deposited, then there would be no need to etch the
nitnide until the die are needed. Thus sthesses can be avodided, and the
bonding pads will not be exposed. With a good quality nitride coating,
the wafern is "sealed" and thus not subject to contamination or oxidation.
Compared to conventional siLox coatings, nitride will "seal" the surface
such that wafens can be stored in an {inert atmosphere in a dry box for a
very Long time. The die are stilL subject to high infant mortality rates
and testing difficulties, and should be burned in when they are packaged;
but the primany factorns involved in Long-tewm storage deterioration can
be minimized with this nitride seal.

To avoid supplier catastrophe, these wagers can be stored
in mone than one Location, and by processing partial wagers (pieces as
smal? as 1/3 wafer can easily be handled for etching and testing), the
total value of <inventory can be nreduced.

* * ¥

14. The concept is excellent provided that the wafers are finst
probe tested. They should be stored in a dry inert atmosphere at room

164




NAC TR-2221

Quastion £14: on the pt and
techniques for storing semiconductor
devices in wafer form until logistics or
mobilization needs require that they be
diced, tested, and packaged. Comment on
knowledge of the aging characteristics in
wafer storege of the specific technologies
with which you have had experience.

temperatune on Lowen. Storage Life should be as good or bettern than ston-
age Life o4 packaged devices. 0F cournse, Lf§ the surface is unstable in
the finst place, it will remain unstable whether the devices are packaged
on storned in wafer form.

ALthough no specific data <4 available, personal experience
has indicated that devices stored in a dry box which was kept in a clean
noom did not change over a five-year period.

* % %
15. No coiment.

* % %
16. No comment.

* % %

17. Die should be setected grom each wafern Lot, packaged, and
fucty tested n onder to prove the penformance of the wafen Lot. The
remaaning die can most effectively be stored in wafer form in a sealed
containen with dny nitrwgen back §iLL.

18. No comment.
* % %

19. The concept o0y storning semiconducton devices 4in wafer foam
fon future needs will be implemented when the need occurs. We have no
present need. We have stored waferns as a contingency in the past (RTL
Logic) but wene not funded fon aging tests, norn were the devices ever used.

L B

20. No comment.
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0. Question #15: How can the procurement specifications for complex
LSI devices be standardized to reduce the redundancy of documentation while

requiring less effort on the part of suppliers in providing the specified
testing, etc.?

Highlights:
Predominant comments were:

- Utilize the MIL-M-38510 approach for
LSI.

« Emphasize form, fit, and function
specifications only.

Industry Replies:

1. No comment.

* x %
2. No comment.

* % %
3. No comment.

* % %

4. This would require considerable study and effort. However,
the use 0§ certain genenic types of devices coupled to certain types of
test patterns can ald 4in this area.

LI BN

5. Standardize on test methods and specification format as
specified in MIL-STD-883 and MIL-M-38510, respectively.
LI
6. Tie procurement specdfications into a nealistic MIL-M-38510
sLash sheet.
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Ouestion #15: How can the procuresent
specifications for complex LSI devices
be standardized to reduce the redundancy
of documentation while requiring less
effort on the part of suppliers in
providing the specified testing, etc.?

7. a. Fund an agency, {ideally a user, to define the characten-
istics electrnically and allow for these characteristics to be specified
gon the MIL-M-38510 device priorn to full qualigication.

b. ALLow "of§-shore” build.

c. Utilize the MIL-M-38510 approach only to improve on
"tuwmaround time" and standardize the product mix, and not as a universal
specification requirement.
* % %

§. Establish one basic standand and insist on adhernence to Lit.

* % %

9. 1In cases where custom LST 48 being used in a SAM, very care-
ful consideration should be given to the elimination or minimization of
the detail device specification. The creation of an antificial intermedi-
ate Level (LSI) device specification may have very Little value to anyone
and can nesult in considerable expense. 1§ nequired, they should be
purely foam, §it, and function. 1§ a second source for the device 44
available, the crnitical documentation will be the manugacturing build
and test-nelated documents.

Cwuent practices are not all that bad. 1In order to assure
that each vendon knows the requirements and that the procurer will have a
minimal probLem of interchangeability between vendors' devices, the pres-
eni system seems adequate except in the area of functional test (test
vectons). The availability of test vector translatons will neduce the
effonts of both supplien and user. 1§ possible, standardization efforts
between agencies (NASA, NSA, Navy, Air Force, ete.) would be beneficial.
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Question #15: Mew can the precurement
specifications for complex SI devices
be standardized to reduce tie redundancy
of documentation while reau ring less
effort on the part of supp! ers in
providing the spacified tesiing, etc.?

Generally speaking, equipment manufacturers prefen to
STweture test programs that precipitate failures at the Lowest possible
Level, as this (s usually the Least expensive approach. Reducing commenr-
cial LST supplier testing may be counter-productive and nesult in highen
equipment costs due to increoses in the equipment manufacturer's test
costs. The cost of tooling a commercial LST supplien (e.g., Intel, TI,
ete.) and resulting necunring test costs, will be substantially Less than
establishing a device Level test capability gon each equipment manufac-

turen. This has been proven thue in the past and will be s0 in the future.

There 44 a neluctance on the part 0f commercial LSI suppliers to perform
adequate testing because 0f competitive pressunes. Effective test Apeci -
fications will preclude vendor shont cuts and the 50% LST yield Losses
being experienced today by some equipment manufacturens at thein 4ncoming
test operations.

LR B

10. The question can best be answered by suggestions grom the
duppliens themselves. Once the suppliens agree to a common approach, the
duggestions should be submitted to the users for comment before incorpon-
ating them,

LR B

1. Procurement specifications in the MIL-M-38510 data Sheet
format seem sufficient to provide protection to the using agency. What
48 needed 48 napid genmeration and availability of these data sheets from
the appropriate agency.

LR R

12.  The procurement speci fications gor VLST circuits must be
developed quickly with the manugacturer and/on manufacturens; however,
due to the initial investment and volume usage of VLST circuits, there
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Question #15: How can the procurement
specifications for complex LS! devices
be standardized to reduce the redundancy
of documentation while requiring less
effort on the part of suppliers in
providing the specified testing, etc.?

will be Limited sources, and in many cases sole sowrce suppliers. This
will dictate very close Liaison between supplier and vendon. Under current
government regulations, this would suggest that future requirements grom
the government should be defined as system nequinements, and place the
nesponsibility on the equipment manufacturens to handle LSI/VLSI component
selection and procurement.

* % %

13. Adopt a format which (s simiar to a commercial part data
sheet. This would cover performance data. Quality and neliability docu-
mentation could be obtained by neferencing existing documentation, such
as MIL-M-38510.

LN B

14. Specify parametric testing on the basis of a standard test
chip, and provide the test vectors and test set-up to be used for testing
the wagerns and packaged devices.

LR

15. Procurement speci fications should follow the general gonmat
0§ MIL-M-38510. Each nequirement should be carefully considered nelative
to impontance and overall impact on cost and Long-term availability of the
device. Above all, the specifications should clearly state the require-
ments and be devodid of ambiguities. Use of specification jargon should
not mask the communication of requirements.

L B

16. Use the gormat used by MIL-R-5757, which has basic requinre-
ments with a slash sheet coverning the unique requirements for the device.

17. No comment.
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§ Ouestion #15: Hew can the procurement
specifications for complex LSI devices
be standardized to reduce the redurdancy
of documentation while requiring less
effort on the part of suppliers in
providing the specified testing, etc.?

. 18. No comment.

L B

19. a. Coordination has been attempted between the government
(DESC, RADC/RBRM, NAVELEX, SAMSO, NSA, NASA, etc.) and Industry (EIA,
JEDEC, AIA, etc.) to standarndize LSI procuwrement specifications. The
nesults of these efforts have been minimal in propontion to the effort
expended. Users shade thein specifications toward high performance fon
a particular system rathern than high yield with a compromise on pergorm-
ance. Manugacturerns Lindividually caten to these demands wherever there
48 a progit, while at the same time voicing an Industry Association posi-
tion forn a common specification. A finm commitment by DoD to enforce
coordinated standardization at a performance Level consistent with high
Level yield would be a step in the night direction.

b. In many cases the test nequirements to meet government
specifications differ from the manufacturen's standard product Line.
Coorndination in this area could also be productive.

c. Strictly restricting government specd fications to fonm,
§4t, and function would also help.
L B
20. T1ssue MIL-M-38510 specifications/qualified pants Lists.
This will provide for common documentation and manugacturer processing
and testing.
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DEPARTMENT OF THE NAVY
NAVAL AVIONICS FACILITY
INDIANAPOLIS, INDIANA 46218 IN REPLY REFER TO:

908 :RRJ : gh
5200

5 0CT 1977

Dear Sir:

The timely use of large scale integrated (LSI) circuits in
Navy avionics equipments promises advantages such as lower cost,
smaller hardware size, reduced power consumption, and improved
reliability. However, the use of LSI poses problems related to
the limited quantities required, long-term logistics support, and
potential mobilization needs.

How should the Naval Air Systems Command facilitate the use
of advanced technology microcircuits in avionic systems, while
insuring adequate support of logistics and potential mobilization
needs?

With input to this question and others from a broad spectrum
of both industrial and Governmental activities involved in advanced
electronic technologies and their applications, the Naval Avionics
Facility, Indianapolis (NAFI), in support of the acquisition manage-
ment wing of the Naval Air Systems Command, is working to formulate
a management program for utilization and configuration control of
commercial large scale integration and other advanced electronic
technologies comprising Fleet hardware.

Your comments and suggestions to the questions provided as
enclosure (1) are invaluable to the formulation of this program.
Enclosure (1) is not to be considered as inclusive, so other con-
siderations are solicited. Also, please provide the respondent
information as requested by enclosure (2).

It is emphasized that this is a survey and this request does
not commit the Government to pay any costs incurred in the sub-
mission of your input.

All communications or questions regarding this survey should
be directed to Ronald R. Jennings at (317) 353-3080.




908 :RRJ : gh
5200

In order to facilitate evaluation of the comments received, it
is requested that your reply be forwarded to the following address
on or before 25 November 1977:

Commanding Officer

_ Naval Avionics Facility

E Attn: R. R. Jennings, Code 908
6000 East 21st Street
Indianapolis, Indiana 46218

Thank you for your consideration and assistance in this matter.

Sincerely,

ROBERT J. BARNETT
Acting Director of Engineering

Encl:

(1) Survey on Managing the
Timely Introduction of
Large Scale Integrated
Circuits into Military
Avionics

(2) Respondent Information
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SURVEY ON MANAGING THE TIMELY INTRODUCTION
OF LARGE SCALE INTEGRATED CIRCUITS
INTO MILITARY AVIONICS

‘'1l. How should the Naval Air Systems Command (NAVAIR) facilitate the use

of advanced technology microcircuits, while insuring adequate support of
logistics and potential mobilization needs, and protecting itself against
supplier catastrophe?

2. How should NAVAIR protect itself from the ever-increasing problem of
devices/technologies that become obsolete (unprocurable) during the opera-
tional life of avionics equipment?

3. PFaced with an ever-decreasing market life cycle for semiconductor
devices/technologies, how are the commercial/industrial producers/customers
dealing or going to deal with device obsolescence?

4. How should complex LSI devices be specified to insure adequate perform-
ance, and assure quality and reliability?

5. How can LSI device qualification and requalification be accomplished
at reasonable costs?

6. Please comment on the problem of testing complex LSI devices.

7. What should be done to make custom LSI circuit development costs and
turnaround times affordable to NAVAIR and its contractors, with low system
and schedule risks?

8. What semiconductor technologies are required for future avionics systems
that will not be available in a timely manner as spin-offs from non-military
products? What developments should be funded by NAVAIR? Why?

9. What changes should be made to existing MIL-specifications, standards,
requirements, and policies to facilitate the introduction of advanced LSI
technologies? (Be specific.)

10. In what ways could avionics equipment procurement practices and
policies be changed to enhance the introduction of advanced semiconductor
devices?

11. How should Government LSI device standardization efforts be directed
to minimize the proliferation of devices, but allow timely introduction
of new LSI in avionics equipment?

12. What documentation data should the Government require in order to
realistically protect its interests in procuring and supporting avionics
equipment?
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13. 1If you, as a contractor, enter into a long-term warranty agreement
with NAVAIR on a particular avionics equipment, how will you protect your-
self against technology obsolescence?

14. Comment on the concept and techniques for storing semiconductor devices
in wafer form until logistics or mobilization needs require that they be
diced, tested, and packaged. Comment on knowledge of the aging character-
istics in wafer storage of the specific technologies with which you have
had experience.

15. How can the procurement specifications for complex LSI devices be
standardized to reduce the redundancy of documentation while requiring
less effort on the part of suppliers in providing the specified testing,
etc.? :

16. Please discuss other considerations that you feel are important.

|
!




RESPONDENT INFORMATION

1. Name of person responding to the survey questions:

2, Mailing Address:

Agency:

Mail Code:

Street:

City, State, Zip Code:

3. Telephone Number: ( )

Area Code Number
4. May we contact you for further information? Yes No
5. Would ycu be available for an on-site iaiecview? Yes No

6. Should another person at your facility be contacted?

( )

Name Area Code Telephone

ENCLOSURE (2)

T Ty g Ay SRy



(o]
>
—
[}
=
w
a
o
<<




ALY
AR-
CAD
CCD
CMOS
CMOS/S0S
DDR&E
DESC
DIP
DMOS
D-VMOS

DSA

DTC

ECL

ECOM

EIA

FPLA

GaAs

GFE

IC

2L (1)
JEDEC
LST2L (LSTTL)
MESFET
MIC

MOS

MS1

NASA
NAVELEX
NMOS

LIST OF ACRONYMS

Arithmetic Logic Unit

Aeronautical Requirement

Computer-Aided Design

Charge Coupled Devices

Complementary Metal-Oxide Semiconductor

CMOS/Silicon-on-Sapphire

Director of Defense Research and Engineering

Defense Electronics Supply Center

Dual In-Line Package

Double-Diffused Metal-Oxide Semiconductor

Double-Diffused Anisotropically Etched Metal-Oxide
Semiconductor

Defense Supply Agency

Diode-Transistor Logic

Emitter-Coupled Logic

Army Electronics Command

Electronic Industries Association

Field Programmable Logic Array

Gallium Arsenide

Government Furnished Equipment

Integrated Circuit

Integrated Injection Logic

Joint Electron Device Engineering Council

Low Power Schottky Transistor-Transistor Logic

Metal Semiconductor Field Effect Transistor

Microwave Integrated Circuit

Metal-Oxide Semiconductor

Medium Scale Integration

National Aeronautics and Space Administration

Naval Electronics Systems Command

N-Channel Metal-Oxide Semiconductor
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NSA
NSWC
NTDS
PLA
PMOS
PROM
RADC
RAM
ROM
RTL
SAMSO
$0S
sSI
STTL
T2L (TTL)
VLSI
VMOS

National Security Agency

Naval Surface Weapons Center

Navy Tactical Data System
Programmable Logic Array

P-Channel Metal-Oxide Semiconductor
Programmable Read-Only Memory

Rome Air Development Center
Random-Access Memory

Read-Only Memory

Resistor-Transistor Logic

Space and Missile Systems Organization (USAF)
Silicon-on-Sapphire

Small Scale Integration

Schottky Transistor-Transistor Logic
Transistor-Transistor Logic

Very Large Scale Integration

Anisotropically Etched Metal-Oxide Semiconductor
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