NRC Reviews Surface Processing of Electronic Materials
in the United States and Japan

NMAB Panel on Materials Science Identifies
U.S. Strengths, Weaknesses, Recommends New Strategies

The main message of a 42-page National
Research Council (NRC) report on Advanced
Processing of Electronic Materials in the United
States and Japau is that the Japanese have
entered a state of accelerated development
in electronic materials processing and that
the overall position of the United States in
electronics has worsened acutelyin the last
few years.

Market analysts have projected world-
wide sales exceeding $50 billion by 1990 for
semiconductor device production alone.
From 1980 to 1985, however, the U.S.
share of this world market dropped sub-
stantially—from 64 to 53%. “During the
past 30 years the importance of electronic
materials to U.S. science and commerce has
become immense,” so that “a loss of
leadershipin this area will have significant
consequences,” concludes the report. It is
in the increasingly important area of sur-
face processing—the focus of the panel’s
investigation—that the United States is
losing the leadership to Japan.

The report’s mostimportant implication,
though, is that traditional American R&D
strategy (where industrial laboratories
concentrate on short-term product develop-
ment, government laboratories confine
themselves to mission-oriented projects,
and universities examine phenomena that
may have no immediate use) is no longer
appropriate for semiconductors.

U.S. Strengths

The report concludes that the United
States still has the technological edge in
three areas—ion implantation, thin film
epitaxy (chemical vapor deposition, molecu-
lar beam epitaxy, and metallo-organic
chemical vapor deposition), and film depo-
sition and etching. “However,” the report
warns, ‘the Japanese have mounted strong
programsin all three areas, and thisbalance
could easily shift in the next few years.”
Within the past year the United States has
slipped behind in optical lithography.

The panel identifies one area where the
United States has significant strength, and
that is in its university programs. At least
six universities in the United States have
strong academic programs in electronic
materials, academic programs backed by
equally strong research programs pertinent
to industry’s needs. “The U.S. university
system produces graduates whoare familiar
with equipment and procedures in the
semiconductor industry and are qualified

Japanese universities graduate more en-
gineers per capita than U.S. universities,
but their programs are more academic,
with less emphasis on laboratory training
and advanced research. “Itis U.S. companies
and government laboratories that appear
tobelagging behind their Japanese counter-
parts,” says the report.

At present, the Japanese are ahead of the
United States in the development and ap-
plication of advanced processing technol-
ogies, especially because of a commitment
to long-term R&D by Japanese industry
and because of the focus of government
funding toward commercially viable areas.
While 10 major semiconductor companies
in Japan have vigorous programs for pro-
jects with an expected payoff 7-10 years
later, only a few U.S. firms have such long-
term programs. The report cites govern-
ment-funded research asa”potent catalyst”
for long-range R&D in Japan’s industries.
It also cites the Ministry of International
Trade and Industry’s (MITI's) focus of
government funding into areas that are
considered commercially viable in 5-10
years, noting that “the majority of U.S.

government funding for electronics re-
search is directed toward national defense
and aerospace programs.”

The report recommends“mechanisms to
encourage long-term commitment to R&D
in U.S. industry” and recognizes that U.S.
government laboratories have the poten-
tial to provide substantial support to U.S.
companies, even though this“would require
a change in emphasis from current policy.”

“The area of most need appears to be
intermediate between the truly long-range
research and short-term processing R&D
necessary for present device technology,”
cites the panel. Its recommendation is that
U.S. industry be intimately involved with
government laboratories. “This would
allow the combined resources of govern-
ment and industry to be directed toward
relevant problems and to solve these
problems on a set schedule in mesh with
industry needs.”

Japanese Lead in Seven Emerging
Technologies
The panel identified seven emerging
technological areas of key importance to
continued
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to take on responsible R& D positionsin the
industry.” Only about half as many Japa-
nese universities are similarly involved.
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future electronic and optical device develop-
ment, areas where U.S. R&D is lagging
behind Japan’s: microwave plasma proc-
essing, lithographic sources, electron and
ion microbeams, laser-assisted processing,
compound semiconductor processing, opto-
electronic integrated circuits, and three-
dimensional device structures.

e Microwave Plasma Processing. The
Japanese have developed microwave plas-
ma systems with significant advantages
over radio-frequency techniques. These
microwave systems provide low-tempera-
ture, damage-free etching and deposition,
characteristics considered crucial for future
devices. “This technology is sufficiently
developed so that implementation is
imminent.”

o Lithography Sources. Advances in the
lithographic process require the develop-
ment of higher resolution, and several
Japanese companies are developing x-ray
lithographic sourcesin the form of compact
synchrotron radiation sources compatible
with device processing.

e Electron and lon Microbeams. Japan
now leads in the development and use of
thisemerging technology and is the leading
supplier of focused ion beam systems.

o Laser-Assisted Processing. Researchers
in the United States and Japan are exploring
a wide range of applications of lasers and
incoherent light sources for low-tempera-
ture processing. Although this field is still
in the exploratory stage, the potential for
new discoveries and improved low-tempera-
ture CVD techniques is great.

+ Compound Semiconductor Processing.
Japanese laboratories seem to better under-
stand the entire spectrum of processing
steps for GaAs (a potential replacement for
silicon in some applications), from
material growth to self-aligned gate
implantations.

» OptoelectronicIntegrated Circuits. One
particularly innovative Japanese approach

is the integration of sequential processing
steps into one UHV processing system to
fabricate complete structures. (See Figure.)
e Three-Dimensional Circuits. Stacking
silicon active layers to achieve novel device
configurations is being accomplished in
Japan using scanned laser or electron beam
sources to recrystallize silicon films on
insulating layers.

Key Ingredients for Japanese Success

The report cites four key ingredients for
the Japanese success in developing new
electronic materials processing technologies—
commitment, coupling, commerce, and
creativity.

Japanese industry has made a long-term
commitment to the development of new
processing technologies and their applica-
tion to new semiconductor structures. This
commitment to long-range R&D involves
not only university and government con-
sortia, such as MITI, but also the major
semiconductorindustrial laboratories. MITI
has designated several microelectronics
projects requiring 10 or more years of R&D
before they become marketable—superlat-
tice devices, three-dimensional integrated
circuits, hardened integrated circuits for
extreme conditions, and, most recently, an
eight-year project to develop advanced
fabrication technologies and equipment for
submicrometer-scale processing.

Coupling, or interaction and collabora-
tion, is “remarkably efficient,” according to
the report. There is close interaction
betweenexploratory R&D and device fabri-
cation on onelevel, and between the equip-
ment manufacturersand the semiconductor
circuit manufacturers on another level.

As for commerce, Japan’s semiconductor
industry is made up of at least 10 firms that
pursue long-range R&D on a scale matched
by few U.S. companies. Besides deriving
strength from this arrangement, each

company covers the spectrum of product
development from the lab to the market-
place. The commercial rivalry, “both domes-
tic and international, between these giants
fosters innovative research and develop-
ment, leads to new products, and forces
increased efficiency.”

And contrary to widely held opinion, the
Japanese are demonstrating considerable
creativity and innovation in their R&D
programs.

This NRC review, part of a group of
state-of-the-art reviews initiated in 1985,
was conducted by an eight-member Panel
on Materials Science under the auspices of
the National Materials Advisory Board
(NMAB). Tocarryout this assessment, five
of the panel members visited several promi-
nent Japanese industrial and university
laboratories, including the Optoelectronics
Joint Research Laboratory sponsored by
MITL

The report was officially released on
June 4 during a one-day seminar co-chaired
by Frank Press, President of the National
Academy of Sciences, and Robert White,
President of the National Academy of
Engineering. The five presentations sum-
marizing the report included an introduc-
tion by Walter Bauer, the panel chairman,
and talks on the U.S. and Japanese positions
in key technology areas. Panel members
making presentations were: 5. Tom Picraux
(Sandia National Laboratories), Bill R.
Appleton (ORNL), Peter H. Rose (Eaton
Corp.), and John M. Poate (AT&T Bell
Laboratories). About 130 policy makers
from government, industry, and univer-
sities attended the seminar and debated the
implications of the report.

Copies of Advanced Processing of Electronic
Materials in the United States and Japan are
available from the National Materials Ad-
visory Board, 2101 Constitution Avenue
NW, W/aéhington, DC 20418.
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uPDSM puts the world of XRD analysis
at your finger tips.

Fein-Marquart has taken search/match out of the lab
and literally put it at your finger tips with uPDSM—
a full featured software program that gives you
mainframe power for your IBM PC. Offering cost-
effective stand-alone use, uPDSM allows you to ana-
lyze data from your diffractometer on your IBM PC.
It delivers more accurate identification faster than
any known alternative and gives you the 46,000-
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pattern JCPDS library plus the capability of de-
veloping your own library. Whether your x-ray
diffractometer is manual, semiautomatic, or fully
computer controlled, the yPDSM is the answer to
your direct interaction in solving simple or com-
plex diffraction patterns. For information or a
presentation on uPDSM, call or write FMA.

Fein-Marquart Associates, Inc.
7215 York Road

Baltimore, MD 21212

(301) 821-5980
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