
Chapter 1

Issues in Microelectronics
Research and Development

Microelectronics is the cornerstone of the in-
formation technologies that pervade virtually
every aspect of contemporary life. These com-
puter and communications technologies are
the basis for changes such as automation,
energy conservation, and pollution control in
offices, factories, automobiles, and homes; su-
percomputers for applications from weather
prediction to computational research; new ca-
pabilities in financial services; new means of
storing and playing back audio and video
recordings; advanced telephone and television
systems; and complex weapons systems for
national defense. Each of these areas is criti-
cally dependent on microelectronics technol-
ogy. Furthermore, the microelectronics indus-
try—and the industries that depend on it—
are vital to the U.S. economy.

Research and development (R&D) efforts
have fueled progress in microelectronics tech-
nology at an extraordinary rate. Since the in-
vention of the integrated circuit (IC) 27 years
ago, the capabilities of these devices have
more than doubled every 2 years. Currently,
an IC with several hundred thousand compo-
nents can be purchased for a few dollars-less
than the 1950’s price for a single component.

The Federal Government has historically
played vital roles, some direct and some in-
direct, in microelectronics research and devel-

opment. These multiple involvements make it
important to understand both the structure
of institutional support and the implications
of current technological trends in considering
the many Federal policies that affect micro-
electronics R&D.

Today, many factors, including shifts in in-
dustry structure and limitations posed by
technological trends, raise questions concern-
ing the types and levels of Federal support for
microelectronics R&D. To address these is-
sues, this OTA background paper, requested
by the House Committee on Science and Tech-
nology, describes the current state of micro-
electronics research and development by ex-
amining the technologies emerging from R&D
efforts and the range of institutional support
for R&D. Although other relevant Federal pol-
icies are discussed to some extent, the primary
focus of the paper is the role of direct Federal
support for microelectronics R&D.

This chapter: 1) summarizes the OTA find-
ings, and 2) discusses potential Federal pol-
icy implications that they suggest.1

1 In this paper, the term “microelectronics’ is used to describe
miniature electronic devices in general, Readers whose back-
ground in the technology is limited may wish to review app.
A before proceeding.

MAIN FINDINGS OF THE STUDY:
TRENDS IN MICROELECTRONICS R&D

Findings About Institutional Support universities all contribute in different ways to
A broad range of organizations supports progress in the field. Among international

microelectronics R&D. In the United States, activities, Japanese R&D efforts predominate;
Federal agencies and laboratories, private several European nations also support micro-
films, cooperative research organizations, and electronics research and development.
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Within the Federal Government, the De-
partment of Defense (DOD) sponsors the
largest share of microelectronics R&D. Fed-
eral funds from various sources support work
in Federal laboratories, industry, universities,
and cooperative organizations.

Private sector R&D in the United States en-
compasses a spectrum of activities in both ver-
tically integrated companies and merchant
firms.2 Vertically integrated companies gen-
erally support a full range of activities from
basic research to applied development, al-
though the types and levels of R&D vary
widely from company to company. Merchant
firms tend to limit their R&D to the last stages
of development. Some companies in each cat-
egory support and participate in R&D in co-
operative organizations and in universities in
addition to their onsite efforts.

OTA identified four basic changes occurring
in institutional support for microelectronics
R&D in the United States:

1.

2.

In the last few years, many factors have
converged to alter the structure of the
microelectronics industry. Chief among
these is the Japanese challenge to U.S.
competitiveness, which has led to in-
creased shares of U.S. and international
markets for Japanese companies and, con-
sequently, reduced profits for U.S. com-
panies. This may be leading to decreased
R&D efforts by the industry.
The exceptional capability of Japanese
companies to transform research concepts
into products is well established in micro-
electronics. Now, there is also growing
evidence that Japanese basic research ef-
forts are outpacing U.S. efforts in some
areas of microelectronics, e.g., optoelec-
tronics.

*“Vertically integrated” in this context refers to a company
that makes microelectronics to use in the products that it sells,
e.g., a computer company that makes integrated circuits for
its computers. The microelectronics division of such a company
is often termed a captive manufacturer. Some vertically in-
tegrated companies also sell their microelectronic products to
others in addition to using them internally. A merchant firm,
in contrast, makes microelectronics primarily to sell to other
end users.

3. Because of international competition and
limited resources for equipment and per-
sonnel, cooperative research efforts are
gaining popularity as a means to bolster
R&D. These activities, which typically in-
volve cooperation among different indus-
trial, academic, and Federal organiza-
tions, represent a relatively new approach
to R&D in the United States.

4. The deregulation of the telecommunica-
tions industry is affecting R&D in micro-
electronics-related areas. AT&T Bell Lab-
oratories’ efforts are becoming more
closely tied to products than were re-
search efforts at the predivestiture Bell
Laboratories. The role of Bell Communi-
cations Research is still not completely
known.

Findings About Technological Trends

Microelectronics can be separated into two
related parts: 1) fabrication technology, includ-
ing materials, devices, and circuits; and 2) chip
architecture or design. Advances are taking
place in both aspects of the technology.

Trends in Fabrication Technology

Over the next two decades, the primary
technological trend in the physical structure
of microelectronics is likely to be continued
miniaturization of silicon integrated circuits.
Because this scaling down of the dimensions
of ICs has been the key to better and less
expensive chips, it has been the basis of
progress in microelectronics over the last 25
years. OTA found that, according to experts,
this trend will continue for the next 5 to 10
years and then will begin to level off in approx-
imately 15 years, when minimum dimensions
are between one-tenth and one-fifth of a
micron-about one-tenth of the minimum size
currently in production. (A micron is one-
millionth of a meter. See figure A-3 in app. A.)

OTA identified several other technological
trends related to this central finding. Devel-
opment activities expected to influence the in-
dustry soon center on advanced manufactur-
ing techniques required to fabricate circuits



with smaller and smaller dimensions. These
advances represent incremental changes in
current silicon IC technology.

Mid- to long-term R&D efforts, which focus
on significantly different technologies with
promise for the next generation of microelec-
tronics, are centered on:

● digital and analog (microwave) integrated
circuits made from gallium arsenide
(GaAs),

• optoelectronics, and
● quantum-effect structures.

OTA found that few microelectronics experts
expect GaAs integrated circuits to replace sili-
con digital ICs. Rather, they believe that the
two types of ICs will meet complementary
needs.

The outlook for technologies based on ma-
terials other than semiconductors appears
limited for the next few decades. R&D activi-
ties in Josephson junction technology, once a
major contender for the next generation of ICs
for computers, are currently receiving limited
attention. Efforts in bimolecular electronics
are only exploratory today, and their promise
speculative. Most experts agree that they will
not come to fruition in the next few decades,
if ever.

3

Trends in Design

While circuits continue to shrink and begin
to reach limitations, the power of design tools,
and hence the flexibility of IC design, will con-
tinue to grow rapidly, OTA found. Users have
been limited to building systems out of stand-
ard ICs and other components in the past.
Now, complex new design systems coupled
with advanced manufacturing capabilities al-
low users to configure chips to perform spe-
cialized tasks. Progress in this area will hinge
on R&D activities in design software.

Merchant manufacturers are currently pur-
suing the expanding markets for applica-
tion-specific ICs (ASICs), which include cus-
tom and semicustom chips. As the capabilities
of design systems and the networks that link
them to manufacturing facilities expand, an
engineer will probably be able to design an IC
for a specific need from a workstation, trans-
mit the design to a silicon foundry, and receive
the completed special chip within a short time
and for low cost. This level of flexibility could
open the door to a whole new genre of elec-
tronic capabilities.

POTENTIAL POLICY CONCERNS

The state of research and development in
microelectronics raises several potential pol-
icy concerns about the Federal role. One set
of issues arises from the changes occurring in
microelectronics R&D; a second set centers on
ongoing direct Federal support for microelec-
tronics R&D.

Federal Response to Changes in the Industry

In the early days of the merchant IC indus-
try, that part of the microelectronics commu-
nity generally tried to minimize its interaction
with the Federal Government. In recent years,
however, changes in the industry have shifted
the relationship between the government and
merchant firms, making it necessary for each
to attend more closely to the other: This sig-

Federal Response to Changes in nifies wider recognition of the impact of Fed-
Microelectronics R&D eral policy on the industry and a resulting gem

Governmental policies need to recognize the eral trend toward increased reliance on Federal

changes underway in microelectronics, both in policy by the industry.

the industry’s support of and need for R&D, Because Japanese competition is the great-
and in the emerging technological trends. est challenge-that U.S. merchant microelec-
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tronics companies face today, it is the focal
point of interactions between the industry and
the Federal Government. The U.S. industry
has, in the last few months, asked the govern-
ment for help in changing the trade imbalance
in three separate cases.3 Another pressing con-
cern is the high cost of capital in the United
States relative to Japan.

The current problems that the U.S. compa-
nies face pose a paradox. Although R&D, a
long-term investment, cannot solve industry’s
immediate problems, it is a crucial ingredient
in industrial competitiveness. Without con-
tinued strength in R&D, solutions to the near-
term problems will only delay the decline of
the U.S. companies. Yet microelectronics firms
that are struggling to survive are likely to ne-
glect R&D activity in the face of more imme-
diate and pressing problems. For example,
they may find it difficult to justify funding
R&D while cutting jobs at an unprecedented
rate. This may lead to a deterioration of the
industrial R&D base.

Federal policies that affect the amount of
R&D available to private companies can be
categorized as follows:

●

●

policies that generally strengthen the
companies by making them more com-
petitive, and thus assuring sufficient prof-
its to support R&D (e. g., international
trade policies and mechanisms to lower
capital costs);
policies to ease the financial burden or
lower the risks of private R&D (e.g., the
tax treatment of R&D4 and intellectual
property protections); and

‘Semiconductor Industry Association, “Japanese Market Bar-
riers in Microelectronics: Memorandum in Support of a Peti-
tion Pursuant to Section 301 of the Trade Act of 1974 As
Amended, ” June 14, 1985; “Japanese Accused on Chips, ” New
York Times, June 27, 1985, p. Dl; and “EpROM Makers File
Claim Against Japanese ‘Dumping’, ” Electronic News, Oct. 7,
1985, p. 1.

‘Since 1981, firms have been allowed tax credits on increased
expenses for research and development, enhancing the R&D
spending power of these companies. This R&D tax credit ex-
pired at the end of 1985.

‘Pressure from the microelectronics industry spurred Con-
gress to legislate a new form of intellectual property protec-
tion in the Semiconductor Chip Protection Act. The act, signed
into law in November 1984, protects masks (used to fabricate
ICs) from unauthorized copying, and so offers manufacturers
an additional incentive to come out with new products by pro-
tecting returns on R&D investments.

● direct Federal funding for R&D, the re-
sults of which are available to private
companies.

The first two types of Federal involvement are
indirect ways to make R&D investment eas-
ier for companies; the third approach funds
R&D directly.

The lion’s share of direct Federal support for
microelectronics R&D comes from the Depart-
ment of Defense, and is therefore driven by
military requirements. In general, DOD-spon-
sored basic research serves both military and
commercial goals. Development activities for
military microelectronics, in contrast, do not
overlap completely with activities for commer-
cial needs. For example, low-cost, high-volume
production capabilities are a high priority for
the commercial manufacture of integrated cir-
cuits, but the major DOD program to advance
IC technology, the Very High Speed Inte-
grated Circuit (VHSIC) program, focuses on
design and fabrication of a small volume of
highly specialized ICs for use in military
systems.

The DOD style for funding microelectronics
R&D, characterized by long-term investment
in R&D with a clear connection to end uses,
appears to have been highly successful for
achieving military goals. Some members of the
microelectronics community would, therefore,
like to see the Federal Government aim a sim-
ilar level of support at commercial needs—a
point of view that has gained momentum in
the face of the current pressures on the indus-
try. They cite the influential Japanese Min-
istry of International Trade and Industry
(MITI) as a useful model. But opinions in the
microelectronics community diverge sharply
on this topic. Opponents of further direct Fed-
eral involvement in microelectronics R&D for
the industry argue that the results of R&D will
meet commercial needs and will be available
to industry only if the commercial sector
directs and carries out the work itself. They
view the MITI model as unacceptable in the
American context, given the vast differences
in industry-government relationships between
Japan and the United States.

One example of a plan to start to bridge this
difference of opinion comes from the Semicon-
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ductor Research Corp. (SRC), a cooperative This has already occurred in the case of
R&D organization directed by microelectron- GaAs digital integrated circuits research led
ics industry leaders. SRC currently supports by the Defense Advanced Research Projects
R&D at universities with funds from its mem- Agency (DARPA). The microelectronics com-
ber companies. In the next few years, it may munity had conducted relatively little research
ask the Federal Government to match this lev- on integrated circuits made from gallium
el of support. The doubled budget would be arsenide before 1982 when DARPA decided,
administered solely by SRC, which would soothe based on the results of 6 years of GaAs basic
at least the concerns of SRC’s member com- research that they had sponsored, to fund a
panics about the selection of research topics series of pilot production lines to demonstrate
and the availability of results.6 the feasibility of using GaAs for ICs. This an-

nouncement kindled the interest of a variety
Federal Response to Technological Trends

.
of organizations, and several defense elec-

Limitations to growth that stem from tech-
nological trends are less immediate than the
economic problems that the industry faces,
but they too pose questions about the ap-
propriate Federal role. The shrinking of cir-
cuitry on silicon chips, on which progress has
hinged thus far, has required enormous inno-
vation, chiefly in manufacturing technology
and engineering exploitation of the concepts
for transistors and circuit integration. But
progress in fabrication technology beyond the
limits of silicon scaling will demand a wider
range of more basic R&D activities.

This technological factor may drive ex-
panded Federal participation in R&D for po-
tential alternative microelectronics technol-
ogies. This could take many forms, including
policies to encourage basic research in indus-
try or greater direct Federal R&D funding. Al-
ternatively, Federal agencies may select spe-
cific areas in which to focus support without
significantly increasing their total funding
levels. Because the Federal Government funds
a wide range of microelectronics research ef-
forts and interacts with a variety of R&D orga-
nizations, it can exert considerable leverage
in key areas. In these areas, some Federal
agencies might be able to lead the way for ef-
forts by participants in the commercial sector,
universities, and other Federal agencies by tar-
geting R&D monies.

tronics firms mobilized to build a base of activ-
ities in GaAs so that they could be involved
with the pilot lines. Three new commercial ven-
tures have already spun off from this work.
Perhaps even more significantly, there is some
evidence that DARPA’s interest in GaAs ICs
may have helped to convince research organi-
zations such as AT&T Bell Laboratories that
the field deserves an intensive research effort.
At about the same time, IBM turned its fo-
cus for alternative chip technology from
Josephson junctions to GaAs. In part because
of DARPA’s initiative, the activities in GaAs
ICs grew in a few years from a handful of iso-
lated efforts in individual laboratories to large
programs sponsored by Federal agencies, in-
dustry, and universities.

Direct Federal Support for
Microelectronics R&D: Policy Questions

Ongoing direct funding of microelectronics
R&D from Federal agencies continues to raise
policy concerns. The system of multisource
support, with several different Federal agen-
cies funding microelectronics R&D activities,
poses potential policy questions. And since the
largest amount of support comes from DOD,
many of the concerns center on the implica-
tions of defense R&D spending.

Multiple Sources of Federal Funding:
Pros and Cons

Microelectronics, like other science and engi-
‘Interview with George M. Scalise, Advanced Micro Devices neering fields, receives R&D funding from sev-

and Semiconductor Research Corp., June 1985. The doubled
budget could total as much as $100 million per year, although eral different Federal agencies. Because a De-
SRC’s current annual budget is only approximately$15 million. partment of Science or some other scheme for
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centralized R&D funding is proposed and con-
sidered from time to time, it is important to
examine the pros and cons of the current
multisource arrangement. In microelectronics-
related areas, the system generally avoids po-
tential pitfalls and offers advantages over a
centralized system.

The potential drawbacks of the multisource
system do not pose problems at present. One
possible difficulty is wasteful duplication of
effort and competition for resources if the vari-
ous agencies do not communicate their plans
to one another. The present system, too, could
confuse or inconvenience researchers seeking
funding, particularly newcomers. However,
the researchers within an area typically com-
municate with each other and are familiar with
the full range of activities in their area. These
informal infrastructures prevent most un-
necessary duplication of effort and alert re-
searchers to the relevant funding sources in
the area. In addition, the agencies coordinate
R&D funding through both formal and infor-
mal channels.

The advantages of distributed funding
across agencies more than compensate for the
potential problems. The arrangement provides
researchers with multiple channels for Federal
support for promising new ideas; they can turn
to a second agency if a proposal is refused by
the first. The present system also permits each
agency to fund R&D to meet its own goals or
those of its parent department. The existing
situation, with several loosely coordinated in-
dependent agencies funding different aspects
of microelectronics R&D, appears to serve its
purpose well.

Questions Raised by Department of Defense
Activities

Beyond the questions of the balance be-
tween R&D for military needs and R&D for
commercial needs, DOD activities raise two
sets of potential Federal policy issues. These
are:

1. DOD control of research and develop-
ment, particularly university research
activities; and

2. the impact of the Strategic Defense Ini-
tiative (SDI) on the structure of DOD mi-
croelectronics R&D.

Keeping information about new defense
technologies within the United States is a crit-
ical concern for military security; free and wide
exchange of ideas and results is an equally
crucial ingredient in scientific research. This
dilemma is the basis of an ongoing discussion
among players both within and outside DOD,
all of whom are trying to determine the appro-
priate type and level of control of defense re-
search results. Controls on universities, where
many foreign students are involved in scien-
tific research on campus, are of particular con-
cern. Some leading universities have banned
classified research on campus altogether as
a partial solution. Several years of debate re-
cently resulted in a policy from the White
House (the National Security Decision Direc-
tive) which makes classification the only mech-
anism for control of fundamental research (i.e.,
unclassified research may not be restricted).8

The policy does not solve the problems com-
pletely. It will, however, greatly simplify the
process of determining control by reducing the
number of gray areas.

R&D funding under SDI raises two types
of concerns about DOD research: the impact
on the structure of DOD funding in micro-
electronics R&D, and further questions about
the treatment of university research.

The initiative’s activities in this area may
involve a major restructuring of the funds for
microelectronics R&D from the various DOD
agencies, whether or not it increases the over-
all level of DOD support. The transfer of the
GaAs IC pilot lines from DARPA to the SD I
Organization (SD IO) is early evidence to sup-
port this possibility. Given the wide percep-
tion that the current arrangement for DOD-
sponsored research (with several different
agencies operating independently but commu-

71nstitute of Electrical and Electronics Engineers, “DOD’s
Perle Questions Value of Open Research on Campus,” The In-
stitute, July 1985, p. 10.

8“White House Issues Secrecy Guideline, ” Science, vol. 230,
Oct. 11, 1985, p. 152.
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nicating with each other) works well, central-
ized funding of microelectronics R&D through
SDIO could decrease DOD’s effectiveness in
the field.

The fact that SD I-funded activities are des-
ignated as “advanced technology develop-
ment” rather than “research” has exacerbated
the concerns about DOD controls on univer-
sity research. There has been concern that
DOD would censor dissemination of all SDI
work, including university activities. From the
perspective of a group of university scientists
boycotting SDI, “the likelihood that SDI
funding will restrict academic freedom . . . is
greater than for other sources of funding. ” (A

‘From the ho~cott  petition, as quoted in “Star Wars 130y -
cott Gains Strength, Science, vol. 230, Oct. 11, 1985, p. 152.

recent policy stating that SD I research at
universities will be considered ‘‘fundamental
research, ” which is to be treated in accordance
with the new National Security Decision
Directive, may have alleviated some of these
concerns. ‘0) On the other hand, the fact that
SDI’s Innovative Science and Technology Of-
fice received approximately 2,700 preliminary
proposals from university researchers over a
period of just 3 months]’ is strong evidence
of interest from that community.

10] nstitute  of E ]ectric~  and Electronics 1? ngineers, ‘‘ SI~ I
Memo Bars Controls on Most ‘Star Wars’ Research in Univer-
sities, ” The Institute, October 1985, p. 1,

‘lDwight  Duston, Innovative Sciehce  and Technology office,
SDI organization, personal communication, Janu~ 1986. This
number includes preliminary’ proposals in areas other than
microelectronics.


