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General Accounting Office
Washington, D.C. 20548

National Security and
International Affairs Division

B-247349

March 23, 1992

The Honorable Jeff Bingaman
Chairman, Subcommittee on Defense

Industry and Technology
Committee on Armed Services
United States Senate

Dear Mr. Chairman:

In response to your request, we examined the use of foreign technology
information by key U.S. officials and industry representatives. Specifically,
we (1) determined the extent to which these key officials and industry
representatives used five federal processes for collecting and
disseminating foreign technology information, in general, as well as in
developing the federal critical technologies lists, (2) identified the sources
and nature of the foreign technology information that has been used to
develop the federal critical technologies lists, and (3) obtained the views of
U.S. officials and industry representatives that played a major role in
developing the lists regarding opportunities to improve federal processes
for collecting foreign technology information. As requested, we are also
providing information on (1) the disparity in the number of researchers!
and students exchanged between the United States and Japan and (2) the
nature of selected U.S. private sector efforts for collecting and
disseminating foreign technology information.

The National Critical Technologies Panel,? the Department of Defense
(DOD), and the Department of Commerce have each developed lists of
critical defense-related and commercial technologies of significant
importance to the U.S. national interest. The National Critical Technologies
Panel’s first report, released on March 22, 1991, described 22 technologies

1“Researcher” refers to scientists and engineers at the graduate level and beyond who spend time
engaged in research.

°The National Critical Technologies Panel was appointed by the Director, Office of Science and
Technology Policy, Executive Office of the President and included representatives from six federal
agencies: DOD, Commerce, the National Aeronautics and Space Administration, the National Institutes
of Health, the Department of Energy, and the National Science Foundation. The Panel also included five
representatives from industry and academia, such as AT&T Bell Laboratories, Martin Marietta
Corporation, and the Massachusetts Institute for Technology. This Panel is required by the fiscal years
1990 and 1991 Defense Authorization Act, Section 841 of Public Law 101-189 amended Title VI of
Public Law 94-282, 42 U.S.C. 6683, to biennially report on critical technologies for the United States.
The purpose of these reports is to increase government and industry awareness of the crucial role of
technology in achieving national goals.
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considered essential for U.S. long-term security and economic prosperity.
DOD’s 1991 Critical Technologies list, the third such list developed annually
as part of DOD’s Critical Technologies Plan, described 21 technologies that
are required to maintain the qualitative superiority of U.S. weapon systems.
Commerce’s Emerging Technologies Report, issued in 1990, identified 12
technologies that have the potential to create numerous new products and
services and to substantially advance the productivity and quality of
American industries.

Our 1990 report? identified the various federal processes for collecting and
disseminating foreign technology information, ranging from raw data
collection to the development of highly detailed foreign capability analysis.
However, as you requested for this report, we focused on five particular
processes. They are two of the Defense Intelligence Agency'’s (DIA) past
projects, Project SOCRATES and World Technologies Database, DIA’S
newly initiated National Industrial Security Program Information
Management System (NIMS), and two federal clearinghouses* that collect
and disseminate foreign technology information, Commerce’s National
Technical Information Service (NTIS) and DOD's Defense Technical
Information Center (DTIC).

P e A P TS AT L PR T

Results in Brief

U.S. officials and industry representatives that played a major role in
developing the three critical technologies lists told us that the foreign
technology information collected by three of the federal processes we
examined was not directly used in developing the lists. The other two
processes, Project SOCRATES and NIMS, were not in operation when the
lists were developed. They also noted a number of broader concerns about
the general usefulness of the data from these processes and their
accessibility. They provided the following reasons for their position.
Information from Project SOCRATES and World Technologies Database
contained classified and proprietary information that limited its
dissemination. The foreign technology information available from federal
clearinghouses, such as NTIS and DTIC, is generally neither current nor
specific enough to meet the needs of policymakers and industry
representatives. NIMS is currently in development; therefore, information
on its usefulness was not available.

3Foreign Technology: U.S. Monitoring and Dissemination of the Results of Foreign Research
(GAO/NSIAD-90-117, Mar. 21, 1990).

4A federal clearinghouse is a central point where information that has been collected by federal
agencies, contractors, etc., is gathered and made available to interested parties.

Page 2 GAO/NSIAD-92-101 Foreign Technology Information

K .‘M'



B-247349

Those developing the federal lists of critical technologies used various
sources of foreign technology information, including briefings from
government agencies and private sector experts, intelligence sources, and
knowledge gained from discussions among themselves. Some National
Critical Technologies Panel members said that the nature of the foreign
technology information they were provided focused on economic and
military perspectives relating to technological developments, but the
information was often too general. They said that the knowledge gained
from discussions among panel members was very valuable. Officials who
developed the DOD and Commerce lists relied mostly on the information
obtained from their own agency experts supplemented by data from
intelligence sources.

U.S. officials and industry representatives suggested that the quality,
quantity, and timeliness of the foreign technology information available
through federal processes could be improved through more and better
personal interactions between U.S. and foreign researchers. They also
suggested several other opportunities for the government to improve its
processes such as doing more market research to identify the needs of
both the users and potential users.

Available data indicates that over twice as many Japanese researchers work
and study in the United States for 1 month or longer as U.S. researchers
work and study for comparable periods of time in Japan.

According to the Chairman of the National Critical Technologies Panel,
private sector efforts are generally more successful than government
efforts to collect and disseminate foreign technology information because
they are more focused toward the needs of their clients.

Usefulness of Federal It is generally recognized that the collection and dissemination of foreign
technology information can be integral to improving the competitive

Processes That Collect advantage of established industries and competing successfully in new
and Disseminate industries. Information about technology, markets, and competition

. influences the decisions of policymakers and firms; helps in identifying
Forelgn Technology opportunities for technology application and commercialization; and

Information exposes threats, such as the potential loss of market share.

Government officials have acknowledged that a major challenge
confronting the United States is to develop and maintain mechanisms for
enhancing the access to and usefulness of foreign technology information
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and to bring that knowledge to bear in increasing the competitiveness of
U.S. industries. That knowledge, coupled with a strong industrial
infrastructure, capital investment, domestic technical capability, and an
educated and motivated work force, are key to a nation’s economic growth.

Table 1 provides information on the five federal processes we examined,
including their current status and their intended purposes.

Table 1: Selected Federal Processes

Agency, name of process,

and status Intended purpose S
DIA - Provide strategic level science and technology capability
Project SOCRATES for the United States
(Terminated in 1990) - Provide information for export control purposes
- Track technologies relating to equipment, materials, and
know-how S
DIA - Provide strategic level science and technology capability
World Technologies for the United States
Database - Provide information for export control purposes
(Terminated in 1991) - Monitor and store foreign technology information collected
from various sources
DIA - Distribute information among agencies with Foreign
NIMS Ownership, Control, or Influence® responsibilities
(Initiated in 1991) - Enable federal agencies to share data and reduce
redundant collection efforts -
Commerce - Make available to subscribers the results of research
NTIS developments from its primary sources
(Ongoing)
DOD - Act as DOD's central collection and distribution point for
DTIC defense-related science and technology information
(Ongoing)

#Agencies with Foreign Ownership, Control, or Influence responsibilities include: the military departments
and other DOD Components, the Departments of Commerce, Treasury, State, and Energy, the Central
Intelligence Agency, the National Security Agency, and the Federal Emergency Management Agency.
DOD is mandated to be the lead agency responsible for NIMS in Presidential Directive 10865.

Despite the importance of foreign technology information, U.S. officials
and industry representatives told us that the foreign technology
information collected by three of the federal processes we examined was
not directly used in developing the lists. The other two processes, Project
SOCRATES and NIMS, were not in operation when the lists were developed.
In addition, the officials said that the processes were not considered to be
of great use, in general, and were not always accessible.

Project SOCRATES was a classified DIA foreign technology information
system that was in development and limited operation from 1984 to 1990.
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The Sources and
Nature of Foreign
Technology
Information Used in
Developing Federal
Lists of Critical
Technologies

s JEES

According to DIA officials, when the project was in place, the process of
obtaining information through it was lengthy, time consuming, and
expensive, and the program was eliminated due to DOD budget constraints.
DIA used World Technologies Database as an interim system to store and
analyze the aggregated foreign technology information collected by DIA
from both open and classified sources. The information was limited to data
on flat panel displays and was not widely disseminated because the data
base was classified. NIMS is a newly initiated DIA system that was not
available for use during the development of the federal critical technologies
lists. It is expected to enable federal agencies to share data and reduce
redundant technology collection efforts. However, U.S. officials indicated
that NIMS information will not be widely disseminated, because it will
contain classified and proprietary data.

Several U.S. officials and industry representatives said that the foreign
technology information available through federal clearinghouses is
generally not current, and in some cases, not analyzed or specific enough.
The officials suggested that these clearinghouses may need to do market
research to identify the needs of the users as well as the potential users’
receptivity to these services. NTIS officials stated that NTIS is not reaching
its potential U.S. market and is expensive to users because its activities are
required to be self-supporting, there are difficulties acquiring translated
materials, and public awareness of NTIS services is limited. Accessibility of
NTIS information is limited because it is relatively expensive and, therefore,
cost prohibitive to small- and medium-sized U.S. firms and individuals.
According to DOD officials, although DTIC is a good source for archival
information, its uses are limited because the information is incomplete, not
always up-to-date, and not specialized.

Government and industry representatives involved in the development of
federal lists of critical technologies said that, in general, the sources of
foreign technology information that were used included (1) briefings from
DOD, Commerce, and other federal government sources; (2) information
provided by internal agency experts involved in research and development;
(3) information provided by several private sector associations and
institutes; and (4) discussions among themselves. In addition, they said the
processes used to consider foreign technology information in preparing
the lists of technologies for the National Critical Technologies Report,
DOD's Critical Technologies Plan, and Commerce’s Emerging Technologies
Report were very informal and unstructured.
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The Views of U.S.
Officials and Industry
Representatives on
How to Improve U.S.
Efforts

The National Critical Technologies Panel members told us that the
knowledge gained from their own discussions of foreign technology
information was very valuable in developing the list, but the foreign
technology information available from the processes we reviewed was too
general. According to DOD and Commerce officials, in-house agency
experts were the main source of foreign technology information used in
developing their agencies’ lists, although this data was supplemented with
information from intelligence sources. DOD and Commerce officials stated
that the people involved in compiling their agencies’ lists (1) are aware of
what is going on in their area of specialty in U.S. industry and the rest of
the world, (2) visit foreign laboratories, and (3) attend both international
and domestic meetings on their area of specialty. These officials said that
the nature of the foreign technology information used by DOD was primarily
defense-related technological capabilities developed overseas while
Commerce’s information focused on future commercial applications of
foreign technology.

Federal officials noted that a good deal of the information dissemination is
currently restricted by (1) copyright requirements and obtaining copyright
clearances are expensive and time consuming; (2) limited resources for
translations of foreign, especially Japanese, materials; and (3) classified or
proprietary nature of the information.

A Commerce official said that, although a federal clearinghouse
specializing in foreign technology information may be useful, it is not clear
whether it would be effective in providing both timely and critical
information, and such a clearinghouse is not their first priority in terms of
improving U.S. industrial competitiveness.

Although there was no agreement among the individuals we interviewed on
how the processes we examined should be changed, several officials
suggested that the U.S. government should (1) do market research on the
needs of its customers; (2) encourage U.S. researchers to visit other
countries more frequently to meet with foreign researchers, visit the
laboratories, and attend conferences; (3) seek to ensure that such U.S.
researchers are more thoroughly prepared before their visits to enhance
the benefits to the United States; and (4) prepare a directory for
policymakers, listing all leading experts that can be contacted regarding
critical technologies and encourage the exchange of ideas among these
experts. These officials also suggested that the U.S. government should
examine successful models for collecting and disseminating foreign
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Exchange of
Researchers and
Students Between the
United States and
Japan

Nature of Private
Sector Efforts

Scope and
Methodology

technology information, including those of the private sector and foreign
countries, such as Japan and Sweden.

Several government officials and private sector representatives that we
interviewed said that overseas visits by researchers are one of the most
effective means of obtaining information on the latest developments in
science and technology in other countries. Our review of data from the
Science and Technology Agency of Japan and the Institute for International
Education, a U.S. private sector institute, indicated that there is a large
disparity in the number of researchers and students exchanged between
the United States and Japan. For instance, Japanese researchers that spent
longer than one month in U.S. laboratories and universities in fiscal year
1989 outnumbered U.S. researchers in Japanese laboratories and
universities more than 2 to 1. In addition, Japan paid the supporting costs
for a far greater proportion and number of both U.S. and Japanese
researchers than the United States. In 1988-89, there were more than 16
times as many Japanese students in U.S. universities than U.S. students in
Japanese universities. (See app. II.)

According to the Chairman of the National Critical Technologies Panel,
private sector efforts are more successful than government efforts in
collecting and disseminating foreign technology information mainly
because they are focused toward the needs of their clients. Companies and
other private sector organizations provide a wide variety of services and
information and use foreign data bases and journals to collect this
information. (See app. III.) Company representatives we contacted said
that personal interaction with other U.S. and foreign researchers working
on various technologies is a valuable information dissemination
mechanism. With the exception of services from the Southern Technology
Applications Center, most of the services we identified were expensive for
small- and medium-sized companies, limiting the clientele base to large
corporations that can afford the service.

In reviewing five federal processes for collecting and disseminating foreign
technology information to U.S. policymakers and industry, we interviewed
and obtained documents from officials at DIA and Commerce who are
responsible for formal efforts to collect and disseminate foreign
technology information. We also interviewed senior officials at DOD,
Commerce, and the Office of Science and Technology Policy responsible
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for developing the lists of critical technologies to obtain their views and
reviewed records and documents related to the requested subject. In
addition, we (1) interviewed various directors of private sector efforts and
analyzed private sector documents describing companies’ and
organizations’ processes for collecting and disseminating foreign
technology information and (2) obtained from officials at the National
Science Foundation data collected by the Science and Technology Agency
of Japan and the Institute of International Education regarding the
numbers of visiting researchers and students exchanged between the
United States and Japan. We did not independently corroborate or verify
the statistical data.

Our review was performed between February and August 1991 in
accordance with generally accepted government auditing standards. As
requested, we did not obtain agency comments on this report. However, we
discussed our findings with program officials from Dop, Commerce, and
the Office of Science and Technology Policy and have included their views
where appropriate.

We are sending copies of the report to the Chairmen, Senate and House
Committees on Armed Services and the House Committee on Science,
Space, and Technology; the Secretaries of DOD and Commerce; and the
Director of the Office of Science and Technology Policy. We will also make
copies available to others upon request.

Please contact me at (202)275-8400 if you or your staff have any questions
concerning this report. Major contributors to this report are listed in
appendix IV.

Sincerely yours,

=209 MSK

Paul F. Math
Director of Research, Development,
Acquisition, and Procurement Issues
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Processes to Collect and Disseminate Foreign
Technology Information

According to U.S. officials and industry representatives that played a major
role in developing the federal critical technologies lists, the foreign
technology information collected by three of the five federal processes we
examined was not directly used in developing the lists. The other two
processes, Project SOCRATES and the National Industrial Security
Program Information Management System (NIMS), were not in operation
when the lists were developed. The policymakers and industry
representatives that we interviewed said that they needed more current and
specific data. This appendix provides more information about (1) the five
federal processes to collect and disseminate foreign technology
information, (2) the sources and nature of the foreign technology
information that was used in developing the federal lists of critical
technologies, and (3) the views of U.S. officials and industry
representatives on how to improve federal collection and dissemination of
foreign technology data.

Project Socrates

Project SOCRATES was a Defense Intelligence Agency (DIA) project that
was in development and limited operation from 1984 to 1990. According to
the former DIA official responsible for Project SOCRATES and DIA literature
on the project, its mission was to provide a strategic level science and
technology planning capability for U.S. military and economic
competitiveness. To achieve this mission, Project SOCRATES was intended
to track the technological capabilities of all technologically significant
countries in terms of (1) years ahead or behind U.S. capabilities and (2) the
parameters of the know-how, equipment, and materials that gives the
country its state-of-the-art capability. In addition, the project was intended
to provide foreign availability and capability information to assist the
Department of Defense (DOD), Commerce, and State officials in deciding
whether to grant export licenses to U.S. companies. As DOD reported to
Congress in 1986, the anticipated result of Project SOCRATES would be to
enable officials to limit the flow of technology to potential adversaries
while increasing the competitiveness of U.S. companies in the world ‘
marketplace. i
\

DIA officials stated that Project SOCRATES’ mission was to (1) provide

information for export control purposes and (2) track technologies |

relating to equipment, materials, and know-how.
|
i

'pOD Report to the 99th Congress: The Technology Security Program, 1986.
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According to the former DIA official responsible for Project SOCRATES and
DIA officials:

Data collection sources for this program included over 1,000 worldwide
commercial computer data bases, people from the intelligence community,
technical experts from the DOD laboratories, data from U.S. companies,
patents, and military personnel.

Dissemination of Project SOCRATES’ information was restricted to
government agencies and organizations.

The former DIA official also stated that, on average, 80 percent to

90 percent of the classified data on foreign technology capability that was
available from DIA, the Central Intelligence Agency, and the National
Security Agency could, and in many cases was, retrieved from unclassified
open sources.? According to DIA officials, although it often appears that a
high percentage of classified data can be corroborated using unclassified
open sources, this percentage varies considerably depending on the
public’s interest in the information being published. The officials said that
open sources cannot be relied upon to replace classified sources of
information.

DIA officials stated that the collection process involved in the Project
SOCRATES information system was lengthy, time-consuming, and
expensive. For example, they said that contracts and agreements with
national laboratories for Project SOCRATES to collect foreign technology
information were prohibitively expensive. According to these officials, the
program evolved into a multimillion dollar project that was not
cost-effective and, because of DOD budget constraints, Project SOCRATES
was a prime target for elimination.

The former DIA official said that DIA funds for the program were insufficient
to provide foreign technology information to all the policymakers that
required information on strategic level science and technology planning,
such as the Under Secretary for Defense (Acquisition) and the Office of
Science and Technology Policy. The former DIA official also said that
although Project SOCRATES resided in DIA, a substantial proportion of the
project’s funding and nonmonetary resources were provided by other

%A DOD official stated, however, that analyzed information from intelligence agencies should not be
confused with raw data from unclassified sources. He added that DIA and the other agencies add value
to the information by analyzing and drawing conclusions from this information. The official added that
either the conclusions or merely the subject of the analysis, or both, may result in security classification
of the information.
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World Technologies
Database

government agencies and organizations, such as the Office of the Deputy
Under Secretary of Defense for Security Policies.

According to the former DIA official, he envisioned the program to be a
strategic level science and technology planning system designed to provide
analytical support on defense issues involving the performance of the U.S.
industrial base. This idea later became part of a strategy advanced by the
Under Secretary of Defense (Acquisition) in 1988 to combine Project
SOCRATES with a prototype data base on the defense industrial base, the
Defense Industrial Network, to address national and international issues
affecting U.S. competitiveness. Support for Project SOCRATES waned and
the program was canceled in July 1990 due to DOD budget cuts. However,
according to sources involved with the project, it lost most of its support
because high level executive branch officials felt that the project’s reports
were trying to promote an “industrial policy” that they did not endorse. In
fact, according to DIA officials, a Project SOCRATES report on high
definition television was not released by DIA because it had been labeled
“industrial policy.”

World Technologies Database was used by DIA as an interim data base after
Project SOCRATES’ funds were cut in 1990 to analyze and store the
foreign technology information that it collected from various sources. As
opposed to Project SOCRATES, which had extremely detailed technology
information on specific components and parts, World Technologies
Database was designed to store aggregated technology information.
However, the data base was not fully developed and only included
information on flat panel displays. In addition, the data base was classified
and contained proprietary business data; therefore, dissemination of the
information was limited to government policymakers and agencies with
appropriate clearances.

According to DIA officials, the purpose of World Technologies Database
was to effectively maintain a viable foreign technology/industry
information system with the limited funds remaining after Project
SOCRATES was cut from DIA's budget. The process was less expensive and
time consuming than Project SOCRATES; however, in late 1991 DIA
officials determined that such a data base was too limited and a more
comprehensive program was needed.

Page 14 GAO/NSIAD-92-101 Foreign Technology Information



NIMS

The National Technical
Information Service
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Processes to Collect and Disseminate Foreign
Technology Information

NIMS is DIA’s newly initiated data analysis and information management
system that is currently in the development stages. According to DIA
officials, NIMS evolved from DIA’s experience with Project SOCRATES and
World Technologies Database. The National Industrial Security Program
was mandated by President Bush in 1990 to increase efficiency and reduce
costs associated with industrial security and encompasses the management
of the Foreign Ownership, Control, or Influence? and other industrial
security programs.

According to DIA officials, NIMS is intended to support the National Industry
Security Program by distributing information among agencies in the
Foreign Ownership, Control, or Influence and the industrial security
communities and enabling federal agencies to share data and reduce
redundant technology collection efforts. A DIA draft report states that NIMS
will (1) enable analysts and policymakers to take advantage of information
collected by several agencies that support technology competitiveness
activities and (2) allow each to examine the information needed to make
assessments regarding foreign military technology competitiveness.
According to DIA officials, NIMS’ main focus is on (1) foreign technology
acquisition and (2) trend analysis.

The National Technical Information Service (NTIS) is an information
clearinghouse under the Department of Commerce’s Technology
Administration. Its basic function is to make available to its subscribers the
results of research developments from its primary sources. These sources
are U.S. government agencies, U.S. contractors, and foreign governments.*
According to an NTIS official, NTIS provides abstracts of publications and
other government research results to its subscribers, but generally does
not analyze the information, or house classified or proprietary data. In
addition, since NTIS has no material that it distributes exclusively to U.S.
government agencies, copyright clearance is obtained on all copyrighted
items that NTIS collects.

3Foreign Ownership, Control, or Influence deals with restrictions that provide authority to deny access
to classified information to a foreign owned or controlled facility. Agencies with Foreign Ownership,
Control, or Influence responsibilities include: DOD components and the military departments, the
Departments of Commerce, Treasury, State, Energy, the Central Intelligence Agency, the National
Security Agency, and the Federal Emergency Management Agency. DOD is mandated to be the lead
agency responsible for NIMS in Presidential Directive 10865.

“NTIS has contact and information-sharing agreements with counterpart services in other countries.
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According to an NTIS official, while NTIS does not have restrictions on who
subscribes to it,> many of its users are large U.S. companies. The official
also said that foreign governments and companies subscribe to NTIS.
Although the official could not identify the number of overseas users, he
did say that 24 percent of NTIS' sales income comes from foreign
subscribers, mostly through agreements with 43 “cooperating
organizations” in 38 countries, which further disseminate NTIS materials to
their clients. In addition, the official said that these agreements permit
foreign cooperating organizations to reproduce and sell NTIS materials that
are not copyrighted, such as federal government reports, to other
interested parties upon payment of a share of these sales to NTIS.
According to an NTIS official, some countries, such as Japan, Germany, and
Canada, do this extensively.

NTIS officials stated that, based upon recommendations from a White
House “Domestic Policy Review” group tasked to identify federal
programs that would enhance industrial innovation, President Carter
requested in 1979 that Congress fund a $2.4 million NTIS program to
collect and translate foreign technology information of particular interest
to U.S. industry. The program received approximately $1.5 million for
fiscal years 1981 through 1983.% Although funding for the program was
originally intended to continue through 1986, NTIS has not requested
appropriations since fiscal year 1983 because of its decision to become
completely self-supporting, operating on the income it receives for
providing information and other services.

According to an NTIS official, this decision was based on the expectation
that the U.S. market for foreign science and technology information would
develop in subsequent years to an extent that appropriated funding would
be unnecessary. The official said that the main reason that NTIS has
difficulty being self-supporting is that this market has not developed to the
extent expected. He added that, “In view of the slow development of the
U.S. market for foreign science and technology products, the same
decision would not be made today.”

NTIS serves as the central source for federally generated computerized data
files, data bases, and software and for information on the licensing of U.S.

50ne exception is countries or organizations that are embargoed by U.S. trade regulations.

SNTIS' foreign technology collection and dissemination program received $750,000 for fiscal year
1981, $500,000 for fiscal year 1982, and $252,000 in fiscal year 1983.

Page 16 GAO/NSIAD-92-101 Foreign Technology Information




Appendix I
Processes to Collect and Disseminate Foreign
Technology Information

government-owned patents. NTIS also provides to subscribers listings and
abstracts of the information it has available on specific technologies and
names of contacts who have done analyses in specific technologies.
Updates on overseas science and technology developments and summaries
of technical reports of interest to U.S. industry are also available through
its 27 categories of newsletters on such topics as business and economics,
building industry technology, and manufacturing technology.

In addition to these services, NTIS has access to a series of Japanese data
bases through the Japan Information Center of Science and Technology,” a
large Japanese technical library that receives 50 percent of its funds from
the Japanese government and recovers the remaining portion of funds
through the sale of products and services. The Japan Information Center
provides unpublished Japanese government reports as well as information
from commercially available journals, mostly in Japanese. NTIS subscribers
can access this information through the Japan Information Center On-Line
Information System. However, NTIS officials stated that many U.S.
companies do not use the On-Line Information System because of
translation difficulties, and many of the companies that do use the On-Line
Information System are high technology companies that obtain this
information through existing direct arrangements in Japan rather than
through NTIS.

NTIS officials stated that the clearinghouse has several problems. For
example, they said (1) as a self-supporting government entity, the revenues
earned from NTIS’ sales must pay for its operation; therefore, NTIS
customers support the services they receive as well as overhead relating to
additional tasks NTIS undertakes, such as research on machine-aided
translation; (2) because NTIS is expensive to use, it is not reaching its
potential U.S. market, which tends to limit the availability of this
information to the larger companies that can afford it; (3) since many
documents are only available in their original language, the shortage of
qualified technical translators, especially Japanese-to-English translators,
and the resultant higher cost of translating documents,® limits the

"The Japan Information Center for Science and Technology's missions include (1) acquiring and
preparing science and technology information for Japanese users and (2) disseminating the
information. The work of selecting and translating the foreign technology information is carried out by
approximately 4,000 Japanese scientists and engineers.

8An NTIS official stated that cost depends largely on the availability of translators and that it usually
costs between $6,000 and $8,000 to have a 150-page Japanese language document translated into

English.
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The Defense Technical
Information Center

information’s availability and usefulness; and (4) public awareness of NTIS
is limited.

Federal officials and industry representatives noted the following
additional NTIS limitations:

The information available through NTIS includes federal government
reports, but only to the extent that agencies provide these reports to NTIS.
The foreign technology information is usually copyrighted and requires
copyright clearance, which is expensive and time consuming.

The translation of foreign technology information, especially Japanese to
English, is costly.

NTIS is evaluating computer-aided translation to alleviate translation
problems. However, according to the NTIS Program Director and other NTIS
officials, (1) improving NTIS’ process of information collection and
dissemination would require improving public awareness of its available
services through better marketing strategies and (2) appropriated funds
are needed to collect a wider range of information and broadly disseminate
it. Otherwise, they believe NTIS will continue to be cost prohibitive to
individuals and small- and medium-sized U.S. firms.

The Defense Technical Information Center (DTIC) is a clearinghouse that
has the primary responsibility for collecting defense-related science and
technology information, both domestic and foreign, and is DOD’s central
collection and distribution point for this information. According to the DTIC
Administrator, defense-related science and technology information
includes a wide range of technologies, many of which, such as integrated
circuits and supercomputers, are also of interest to those outside the
defense community. The foreign technology divisions of DOD’s individual
services and agencies are required to provide foreign technology
information to DTIC, when dissemination and release restrictions permit.
Other sources of DTIC'’s foreign technology information include the North
Atlantic Treaty Organization’s Defense Research Group, the Technical
Cooperation Program,’ and bilateral information exchange agreements.

“The Technical Cooperation Program is a group of cooperating countries, including the United States,
the United Kingdom, Canada, Australia, and New Zealand, that facilitates the exchange of technology
information resulting from their cooperative activities.
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DTIC provides both classified and unclassified information to the defense
community and other federal agencies such as the Central Intelligence
Agency, the Department of Energy, and the National Aeronautics and
Space Administration. Unclassified DTIC reports authorized for public
release are made available to the public through NTIS. DTIC is currently the
largest federal contributor to NTIS.

DTIC also manages and funds 14 DOD Information Analysis Centers that
collect scientific and technical information within specialized areas that are
essential to DOD’s mission, such as composite materials, ceramics, and high
temperature materials. According to a DOD official, formerly a DTIC
resources manager and technical analysis policy writer, the centers are
aggressive in collecting defense-related foreign science and technology
information from a wide variety of open sources and evaluate how well the
United States is doing in a technology compared to its competitors. The
DTIC Administrator stated that within certain limitations, such as contract
terms and funding availability, these centers supplement DTIC services by
providing DOD timely access to worldwide scientific and technical literature
and data collections.

DOD officials said that DTIC is a good source for archival information;
however, its uses are limited, because the information it provides is
incomplete, focusing primarily on military interests. In addition, the
officials stated that DTIC information is not always up-to-date, specific, or
analyzed to satisfy a requester’s individual needs. In fact, an official
involved in developing the DOD Critical Technologies list said that when he
needs the most current and analyzed foreign technology information, such
as that required when developing the DOD list, he tasks either DIA or
experts at the defense laboratories to obtain the information. According to
the DTIC Administrator, these experts may use the Information Analysis
Centers in developing a response. However, the DOD official noted that the
Information Analysis Centers usually do not have the most up-to-date
information that has not yet been published.

DTIC is funded in DOD’s budget through fiscal year 1993 but currently is
supplemented by funds from user fees.
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The timely development and deployment of critical technologies is
essential to satisfy such national needs as defense, economic
competitiveness, and public health. In developing their separate lists of
critical technologies, the National Critical Technologies Panel, DOD, and
Commerce considered foreign technology information in order to
accurately reflect the U.S. position on these critical technologies vis-a-vis
its competitors. However, they did not directly use foreign technology
information from three of the federal processes we examined. The other
two processes, Project SOCRATES and NIMS, were not available when the
lists were developed.

National Critical
Technologies Panel’s Report

The National Critical Technologies Panel was appointed by the Director,
Office of Science and Technology Policy, Executive Office of the President.
The panel released its first biennial report, required by the fiscal years
1990 and 1991 Defense Authorization Act, on March 22, 1991. The report
described 22 technologies considered essential for U.S. long-term security
and economic prosperity. The purpose of this report and future editions is
to increase government and industry awareness of the crucial role of
technology in achieving national goals.

According to members of the National Critical Technologies Panel, foreign
technology information was considered when developing the list of critical
technologies. They stated that such information was made available to
them through (1) briefings provided by DoD, Commerce, and other federal
government sources; (2) information provided by internal agency experts
in research and development; (3) information provided by several private
sector associations and institutes; and (4) discussions among panel
members. The panel’s chairman emphasized the usefulness of the inputs
provided by private sector and government agency experts in helping the
panel select and refine the 22 critical technologies. Panel members agreed
that the aggregated foreign technology knowledge that came out of
discussions among panel members was very valuable in developing the list.

According to panel members, the nature of the foreign technology
information focused on military and economic perspectives relating to
technological developments. They also said that the briefings supplied
information on the U.S. technology position relative to its competitors and
showed whether the United States was gaining or losing its competitive
edge in various critical technologies. According to one panel member, the
information in the briefings was useful in providing different perspectives,
which reinforced the information’s credibility and pointed out gaps. Panel
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members stated that although the information was useful as background
information, it was too general and should have been supplemented by
detailed briefings from top experts on the categories of technologies under
consideration. Another panel member stated that additional information
from companies like SRI International (formerly Stanford Research
Institute) would have been useful in preparing technology profiles, but at
the time the member was not aware of the existence of this service.!®

DOD Ceritical Technologies
Plan

The 1991 DoD Critical Technologies Plan described 21 technologies
considered essential for maintaining the qualitative superiority of U.S.
weapon systems. This was the third list of DOD critical technologies, which
has been developed annually as part of DOD’s Critical Technologies Plan.
DOD uses this list to plan investment strategies for future weapon systems
and for research and development. According to the 1991 plan, the defense
critical technologies were the leading edge of DOD’s Science and
Technology Program and represent those technologies that are likely to set
the pace of innovation in the development of advanced weapon capabilities
and the evolutionary modernization of today’s systems.

DOD officials that were part of the working group that developed the 1991
list stated that foreign technology information was considered, but not
explicitly addressed, when the list was developed. According to one
working group member, the sources of foreign technology information
were (1) the knowledge of the working group members and other internal
agency experts and (2) DIA and Central Intelligence Agency studies on
requested technology information.

According to DOD officials, the nature of foreign technology information
provided to the working group was primarily defense-related technological
capabilities being developed overseas. The information had been assessed
by DOD experts from a military perspective and had been indirectly
assessed from an economic perspective through DOD’s access to Central
Intelligence Agency information. A DOD working group member stated that
the most valuable and current information was obtained through personal

193RI International is a consulting company that provides business, engineering, policy, science, and
research services for clients. The Business Intelligence Center at SRI International collects foreign
technology information and disseminates this information to clients through monthly technology
profiles, a newsletter that reports recent developments, and consultations. Technology profiles focus
on the commercialization of a technology, briefly describe it, and provide an integrated technology and
market perspective.
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interaction. DOD officials said that the people involved in developing the
lists are required to be aware of what is going on in U.S. industry and the
rest of the world in their areas of specialty. The member stated that neither
DTIC nor NTIS were directly used when the list was developed since the
information that these services provide is limited and not analyzed. The
member also stated that when confronted with a task like identifying
critical technologies, senior government officials usually do not have time
to individually analyze such information but depend on a network of
experts.

Commerce’s Emerging
Technologies Report

The 1990 Emerging Technologies Report identified 12 emerging
technologies with the potential to create a multitude of new products and
services and to substantially advance the productivity and quality of
American industries. This list is the second one that has been developed by
the National Institute of Standards and Technology (NIST)," under
Commerce’s Technology Administration. It provides a source of
information to be used by government, industry, labor, and academia as
programs and policies are established to exploit new emerging
technologies.

A NIST official that participated in developing this list stated that foreign
technology information was informally considered. The official also said
that this information was obtained through NIST staff, industry
representatives and associations, and formal government programs, where
available. The NIST staff also indirectly obtained information through
informal interaction with intelligence personnel.

According to a NIST official that participated in the development of
Commerce’s list, the nature of the foreign technology information focused
on future commercial applications of technology in other countries and
was useful, even though the process by which it was collected was informal
and unstructured. In addition, the official stated that because NIST staff
members have a broad technology information base, they know the latest
developments in each technology field that was considered and have good
domestic and international contacts. The information they provided was
considered sufficient in developing the list.

!!The National Institute for Standards and Technology is a center for science and engineering research.
Its laboratories perform research across a broad spectrum of disciplines affecting virtually every
industry. Primary fields of the National Institutes’s research include chemical science and technology,
physics, materials science and engineering, electronics and electrical engineering, manufacturing
engineering, computer systems, building technology, fire safety, computing, and applied mathematics.
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The Views of the
Participating Federal
Officials and Industry
Representatives

Evaluating the usefulness of the foreign technology information that
government agencies and other sources make available to policymakers
and industry is difficult without first doing market research to identify the
needs of the users of this information. When these needs are determined,
they can be applied as criteria to evaluate how well the information has
fulfilled the users’ needs. The government officials and industry
representatives that played a major role in developing the federal lists of
key technologies had first-hand experience in assessing the practical worth
and applicability of such information. These officials also had several
suggestions for improving the process of collecting and disseminating
foreign technology information.

Our discussions with federal officials and industry representatives included
whether creating a federal clearinghouse that specializes in foreign
technology information would improve the federal government's processes
for collecting and disseminating foreign technology information.
Commerce officials stated that, although such a federal clearinghouse may
be useful, it is unclear whether it would effectively provide timely and
critical information to policymakers and industry. He said that one area of
concern that needs to be examined is whether the raw data a clearinghouse
provides is useful or whether this data should be further analyzed.

Commerce officials told us that a federal clearinghouse specializing in
foreign technology information is not their first priority in terms of
improving U.S. industrial competitiveness. According to the officials, a
priority for improving competitiveness is to change the weak U.S. industry
structure regarding (1) the lack of cooperation among U.S. producers,
suppliers, and users and (2) regulatory issues, such as intellectual property
regulations and trade laws.

Commerce officials and members of the National Critical Technologies
Panel stated that one way of improving this process is for the government
to encourage U.S. researchers to visit other countries’ laboratories and
attend international conferences. Such exchanges are important since, as
some of the government officials and private sector representatives
emphasized, overseas visits by such researchers are one of the most
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effective means of finding out the latest developments in science and
technology in other countries.'? In addition, officials said that a disparity
exists in the numbers of such researchers and students exchanged between
the United States and Japan. According to Commerce officials, financial
incentives, such as federally funded fellowship programs and federal tax
deductions for sponsoring U.S. corporations might encourage a reduction
in this disparity. However, another Commerce official stated that, even
with incentives, U.S. researchers may be reluctant to volunteer for
long-term assignments (6 months or more) in Japan because of cultural
differences and language barriers.

Other federal officials stated that another way to improve the process is to
prepare U.S. researchers who go overseas. They also said that there should
be an appropriate balance between providing and receiving technical
information. A NIST official said that foreign researchers, especially the
Japanese, are very well-prepared. Industry representatives agreed and said
that, in most instances they observed, the Japanese researchers had
thoroughly researched the issues for their overseas visits. These
representatives also stated that the Japanese researchers were very
focused on learning, whereas U.S. researchers had a greater tendency to
provide information rather than obtain it. In addition, a National Critical
Technologies Panel member said that the United States can learn a great
deal from foreign researchers and that it is important for U.S. government
officials and researchers to strike a balance between providing and
receiving information. The member indicated that his government agency
is currently making an attempt to strike such a balance.

Commerce’s Under Secretary for Technology stated that another way of
improving the process is to provide U.S. policymakers with a directory of
technology experts with current and historical knowledge and to
encourage contacts among these experts. The Under Secretary indicated
that, as a policymaker, he would find such a directory very useful. A NIST
official agreed that a comprehensive directory would be useful and stated
that, currently, there are directories of experts within individual agencies
and organizations, such as NIST, the Department of Energy Laboratories,
the National Science Foundation, and the National Institutes for Health.

12According to federal officials, although the professional scientist is generally able to assess the
importance of information and judge the quality of the research and the changes that he observes,
sometimes the individuals who collect information on foreign science do not have the relevant
background and thus have difficulty understanding the significance of the information.
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According to the official, existing directories of experts are not
comprehensive, and in some cases, are not frequently updated.

Other suggested opportunities to improve the process involve studying and
analyzing the processes of other countries. The Chairman of the National
Critical Technologies Panel stated that the U.S. government should
consider the models of foreign technology information collection and
dissemination in the private sector, as well as other countries’ successful
processes, specifically those of Japan and Sweden.!® The Chairman said
that (1) the process of effectively collecting and disseminating technology
information is a difficult task; (2) the U.S. government has not been very
successful in its implementation; and (3) private sector efforts to collect
information are more successful than government efforts, because they are
entrepreneur-oriented and focus on information requested by their clients.

The Chairman also said that large U.S. and foreign corporations make
extensive use of research and development and manufacturing facilities
that they have established overseas to stay apprised of foreign technology
developments. In addition, U.S. industry associations collect foreign
technology information and disseminate it to their members, in effect,
benefiting small- and medium-sized companies.

According to a March 1991 SRI International survey report, National
Science Foundation officials believe that although there is a wealth of
easily accessible scientific and technical information, their information
needs center around information on science and technology policies and
priorities of other countries, including trends in support of research, major
areas of program development, public policy in relevant areas, and the
research environment. According to the report, such needs arise out of a
desire to know what the competition is currently doing and plans to do in
the future to (1) validate U.S. plans and priorities and (2) ensure that the
competition does not know something that the United States does not
know.

'3The Chairman, Subcommittee on Defense Industry and Technology, Senate Armed Services
Committee, has recently requested that we determine how effectively U.S. military, civilian government,
and private sector resources in Japan monitor foreign technology information and disseminate it to
relevant policymakers and industry representatives compared to Japanese resources performing
similar roles in the United States. We have recently initiated work on this request.
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Several government officials and private sector representatives that we
interviewed said that overseas visits by researchers and students are one of
the most effective means of obtaining information on the latest
developments in science and technology in other countries. They also said
that many countries are successful in obtaining information through such
visits. Our review of available data indicates that there are many more
Japanese researchers and students working and studying in the United
States today than there are U.S. researchers and students working and
studying in Japan. According to a National Science Foundation official,
both U.S. and Japanese governments have recognized this disparity and are
attempting to improve the balance through programs, such as the National
Science Foundation’s Japan Program, which sends U.S. graduate students
to work in Japanese laboratories.

On the basis of the Japanese government data, more than 10,000 Japanese
researchers visited U.S. federal laboratories or universities in fiscal year
1989 as compared to less than 2,000 U.S. researchers making such visits
to Japanese federal laboratories or universities; this is a 5.3 to 1 ratio. (See
table II.1.) Also, many more researchers from both countries visit
universities rather than federal laboratories. Specifically, regarding
long-term (1 month or longer) visits, available data indicates that Japanese
researchers that spent time in U.S. laboratories and universities
outnumbered U.S. researchers in Japanese laboratories and universities by
a 2.4 to 1 ratio. (See table I1.2.) According to a National Science
Foundation official, Japanese researchers are often selected over American
and other foreign researchers for positions in U.S. national laboratories.

Table Il.1: Researchers Exchange for
Fiscal Year 1989 (including both short- and
long-term visits)

Number in Number i
Exchange 9 universities® federallabs”  Total
Urvied Statee'te Japan — - B |
JapantoUnitedStates 9657 804 10461
Ratio 5.2:1 6.8:1 5.3:1

#This is the number of exchanged researchers that are working in universities.

®This is the number of exchanged researchers that are working in federal laboratories, such as the
National Institutes of Health, the National Science Foundation, and Department of Energy Laboratories.

Source: Science and Technology Agency of Japan.

Page 26 GAO/NSIAD-92-101 Foreign Technology Information




Appendix II

Disparity in the Number of Visiting
Researchers and Students Exchanged
Between the United States and Japan

Table II.2: Extended Researchers
Exchange for Fiscal Year 1989 (long-term,
1 month or longer, visits only)

Exchange
Japanto United States
Ratio

Number h; Number Ilg
__ universities”  federal labs _ Total
607 50 657
1457 o 11? 7”71,574
2.4:1 2.3:1 2.4:1

#This is the number of exchanged researchers that are working in universities.

®This is the number of exchanged researchers that are working in federal laboratories, such as the
National Institutes of Health, the National Science Foundation, and Department of Energy Laboratories.

Source: Science and Technology Agency of Japan.

Available data indicates that the United States paid the supporting costs for
383, or 24 percent, of the Japanese researchers that spent 1 month or
longer in the United States in fiscal year 1989, and for 86, or 13 percent, of
the U.S. researchers that made long-term visits to Japan. Japan paid the
supporting costs for a far greater proportion and number of such
researchers. (See table I1.3.) A National Science Foundation official stated
that the Japanese government and private companies contribute funds to
U.S. programs, such as the National Science Foundation’s Japan Program.
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Table 11.3: Researchers Exchange by
Means of Supporting Costs for Fiscal
Year 1989 (long-term, 1 month or longer,
visits only)

Number in

United States to

Japan cost

borne by

Japanese 476
United States to

Japan cost

borne by United

States 79

__universities

Number in

~ federallabs Total ~ Percent

United States to
Japan cost
borne by other® B2

Total 607

Japan to United
States cost
borne by

~ Japanese 686

2 788 48

Japan to United
States cost
borne by United
States ) 348

34 382 24

Japan to United

States cost
_borne by other® - 423
Total 1,457

1 434 28

117 1,574 100

Ratio

2:3:1 2.4:1 Not available

@ Other” includes costs borne by the researcher or shared by the two governments.

Source: Science and Technology Agency of Japan.

According to data from the Institute of International Education, a private
U.S. institute, in 1988 and 1989, Japanese students in U.S. universities
outnumbered U.S. students in Japanese universities by 16.3 to 1. (See table
I1.4.) About 30 percent of the 24,000 Japanese students are in either a
technical field or in business/management. According to a National
Academy of Sciences official, the business component is also important to
U.S. competitiveness issues that are at the heart of U.S. and Japanese
concerns regarding the disparity in the exchanges of researchers and
students. (See table II.5.) Comparable data by field of study was not
available for U.S. students studying in Japan.

!The most recent data available on student exchanges was 1988 and 1989.
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Table I1.4: Student Exchanges for 1988
and 1989°

Numberof US. studentsinJapan 1475
Number of Japanese students inthe UnitedStates 24,000
Ratio 16.3:1

#This data includes undergraduate and graduate students.

Source: Institute of International Education.

Table I1.5: Japanese Students in the
United States by Field of Study for 1988
and 1989

Number of
Field of study - ~ students Percent
Engineering/science” _ 28% 119
Business/management 4296 179
Social science - ) 2640 110
Alothers® , 14208 502
Total 24,000 100.0

#The "Engineering/Science” category includes physical and life sciences 3.0 percent, engineering
4.2 percent, math and computer science 4.1 percent, and agriculture 0.6 percent.

®The “all other” category includes: humanities, English, education, arts, health sciences, and
undeclared.

Source: Institute of International Education.
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According to the Chairman of the National Critical Technologies Panel,
private sector efforts are more successful than government efforts in
collecting and disseminating foreign technology information mainly
because they are focused toward the needs of their clients. Several
companies and organizations were suggested to us by the government
officials and industry representatives that we interviewed as examples of
U.S. companies and organizations that successfully collect and disseminate
foreign technology information. It should be noted that these companies
and organizations provide a variety of services and information. This
appendix provides information on the companies rather than comparing
them.

The Microelectronics and Computer Technology Corporation and the
Semiconductor Manufacturing Technology (SEMATECH) consortium are
high technology research and development organizations that collect
foreign technology information for specific projects and disseminate this
information to member companies. On the other hand, the Southern
Technology Applications Center (STAC) and SRI International collect and
analyze foreign technology information for a wide range of clients. An SRI
International representative told us that general foreign technology
information that can be used by a variety of clients is less expensive to
| collect; however, clients are usually more interested in information that is
focused and specific to their needs and, thus, more costly to provide since
the clientele is limited. Technology Strategic Planning, Inc., uses the
foreign technology information that it collects to assist in developing
corporate strategic plans for its clients to become more competitive.
Figure III.1 contains information on these private sector efforts to collect
and disseminate foreign technology information.!

"These companies’ operations are based on private funds except for SEMATECH, which receives
one-half of its annual operating budget of $200 million from DOD and the other half from member
companies. Congress is currently deciding whether to reauthorize federal funding for SEMATECH. In
addition, STAC is partially funded by the National Aeronautics and Space Administration, the Florida
State University system, and the Florida state government.
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Figure lll.1: Private Sector Efforts to Collect and Disseminate Foreign Technology Information

Private Effort Process Information Cllents Limiations
Microelectronics and * monitors foreign « focused data collection « 22 shareholders and 49 * member companies do
Computer Technology data bases and joumals associate members not readlly share

Corporation

* maintains relations with
the Japanese government
and corporate
laboratories

* maintains membership in
Japanese associations

*» exchanges information
with foreign scientists
and researchers

« analyses of information

« includes U.S. and
Canadian firms

« 35 intemal
projects

information in
consortium

SEMATECH

* monitors foreign
data bases, joumnals, and
newspapers

* scans information for
value

* maintains ties with the
international community

« shares information with

member companies

* focused data collection
« analyses of information

* 14 member companies
* includes U.S. firms only

« difficult obtaining
translated information in
a timely manner

« difficult obtaining
copyrighted materials

« travel abroad is
expensive

STAC

* monitors foreign
data bases and journals

* discusses technologies
with network of
individuals and
organizations

« analyzes information

» from abstracts to full
analyses of information

* client counseling

* links dlients with

valuable people and
resources

= 3/4 of its clients are
small to medium sized
companies

« few foreign companies

*U.S. government

agencies, such as DIA

and the Navy

* limited resources

SRI Intemmational

* monitors foreign
data bases and journals

« discusses technologies
with experts

+ attends relevant

meetings

« analyses of information
* newsletters with recent

developments
* expert advice

* 1/4 revenues from
foreign governments and
companies

*U.S. government

agencies, such as the

National Science

Foundation

* lack of demand for
Information they provide

* marketing problem

* expensive for small-

and medium-

sized companies

Technology Strategic
Planning, Inc.

« identifies clients'
business objectives

* uses open sources to
identify technol
information and linkages

« inputs this information
into its own data base

* determines adversaries'

technology strategies

* proposes technology
strategy for client

* develops strategy
for effective use

of worldwide science
and technology

for a competitive
advantage

* top 50 Fortune 500
companies

* no foreign companies

* no federal agencies

* expensive for small-
and medium-
sized companies

Note: This figure is intended to provide information on a variety of private sector
efforts and not as a basis for a comparison of the companies.
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Other observations based on the information that we obtained from these
companies’ representatives are as follows:

The companies provide a variety of services and information, ranging from
abstracts and unprocessed data to client counseling and competitive
strategies.

All of the companies use foreign data bases and journals. However,
SEMATECH representatives said that translating this information is difficult
and expensive. The Microelectronics and Computer Technology
Corporation has addressed this problem by having staff with extensive
language skills in Japanese, French, and other languages. Copyright
requirements also make the information difficult to obtain.

Personal interaction with other U.S. and foreign researchers working on
various technologies is considered a valuable technology information
dissemination mechanism.

Over 20 percent of SRI International’s clients are foreign governments and
firms.

Most of these services are very expensive; therefore, the clientele base
tends to be limited to large companies that can afford the service. One
exception is STAC, which provides its services to small- and medium-sized
firms. The funding that STAC receives from the National Aeronautics and
Space Administration, the Florida state government, and the Florida State
University system appears to contribute to the affordability of the service.
Many of the organizations indicated the need for market research to
identify the needs of clients and potential clients and said that such
research is very expensive. An SRI International representative said there is
a need to convey to company representatives the fact that foreign nations
possess valuable technology information.
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United States
General Accounting Office
Washington, D.C. 20548

National Security and
Intematxonal Affalrs Division

B-244718
September 12, 1991

The Honorable Lloyd Bentsen
United States Senate

Dear Senator Bentsen:

As you requested, we are providing information on whether U.S. firms in the semiconductor,
semiconductor materials and equipment, and computer industries have been denied
advanced parts, equipment, or technologies from foreign suppliers. We also examined
whether U.S. firms were adversely affected by any difficulties they may have experienced in

" obtaining forelgn pa.rts and equipment.

As agreed with your office, unless you publicly announce its contents earlier, we plan no
further distribution of this report until 30 days from the date of this letter. At that time, we

- will send copies to the Secretaries of State, Commerce, and Defense; the U.S. Trade

Representative; and other mt;erested parties. Copies will also be made available to others on
request

Please contact me at (202) 275 4812 if you or your staff have any questions concermng this
report. The major contributors to this report are listed in appendlx II.

Smcerely yours,

M&M

AllanI Mendelow1tz Director
International Trade, Energy,
and Finance Issues .




- Executive Summary
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Purp ose As foreign firms have become dominant in some high-technology indus-
tries, U.S. firms have become increasingly dependent on foreign sup-
pliers for certain state-of-the-art parts, equipment, and technologies.
U.S. dependency on foreign suppliers is a critical issue in the debate on
U.S. economic competitiveness.

At the request of Senator Lloyd Bentsen, GAO developed information on
whether U.S. firms in the semiconductor, semiconductor materials and
equipment, and computer industries were being denied advanced parts,
equipment, or technologies from foreign suppliers. Specifically, cao
obtained information on (1) whether foreign suppliers have delayed
selling or declined to sell state-of-the-art products to U.S. firms when
they are being sold to competitors in the country of production, and
whether U.S. firms have been adversely affected; (2) the reasons for
any difficulties faced by U.S. firms in acquiring foreign, state-of-the-art
products; and (3) whether foreign suppliers have pressured U.S. compa-
nies to take certain actions—such as buying other items—in order to
obtain products.

This report presents the views of various parties involved in the inter-

national trading of state-of-the-art technology. GAO could not verify

| much of the information provided. The U.S. companies interviewed

| requested that GA0 not discuss their specific problems with other U.S.

| firms or with foreign suppliers. Also, U.S. companies were not required

| to provide GAO with documented information. Moreover, GAO did not
assess whether the practices of foreign suppliers were common business
practices or whether they would violate any laws or international

i _ agreements.
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U.S. companies have begun to rely to a great extent on foreign-produced

| Background state-of-the-art parts, equipment, and technologies. Several items

related to the production of semiconductors and computers, for

example, are available only in Japan. Some of the highest performance

semiconductor components needed for supercomputers are no longer ¢

manufactured in the United States and must be imported from Japan.

Similarly, display screens needed for laptop computers are not produced

in sufficient quantity in the United States.
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Results in Brief
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Executive Summary

GAO interviewed 59 U.S. companies in the semiconductor, semiconductor
materials and equipment, and computer industries as well as two gov-
ernment research laboratories that buy semiconductors and semicon-
ductor equipment. The U.S. high-tech companies GA0 contacted that
cited problems in obtaining advanced technologies had problems only
with Japanese suppliers. According to U.S. company officials, suppliers
from other foreign countries are not sufficiently advanced in the semi-
conductor and computer industries to withhold technologies.

Fifty-two of those interviewed, or 85 percent, were purchasing state-of-
the-art products from Japanese suppliers. About half the firms either
said they did not have any problems or could not provide specific exam-
ples. Twenty-two, or about 42 percent, provided specific examples of
instances in which Japanese suppliers had rejected their offers to buy
advanced equipment, parts, or technologies or had delayed their ,
delivery by more than 6 months. Most of the examples provided by the
22 firms occurred between 1988 and early 1991. According to the US.
firms, these suppliers were not limiting those products to in-house use
but were selling them to other Japanese firms. The U.S. companies are
concerned that because of the rapid advancement of technology, even a
brief delay in obtaining a part or piece of equipment can cause a com-
pany to fall a generation behind in its technological capabilities,

-resulting in lost market share.

U.S. company representatives told GAO that J apanese suppliers often
cited reasons for delaying or denying sales, such as a lack of U.S. service
facilities and the need for product testing. The U.S. industry representa-
tives who asserted that Japanese suppliers withhold certain products
from U.S. firms generally did not believe this practice was illegal.

GAO interviewed six major Japanese suppliers that were among those
cited for delaying or refusing sales to U.S. firms. All of these companies
stated that they had not declined sales of state-of-the-art products to
U.S. firms. Most of these companies asserted that the need for servicing

and testing new products would not prevent or delay sales of these
products to the United States.

The U.S. companies GA0 interviewed indicated that pressure by Japa-
nese suppliers on U.S. companies to take certain actions—such as
buying other items—in order to obtain products is not a significant
problem. Only seven, or 12 percent, of the 61 U'S. companies and gov-
ernment laboratories GAO interviewed cited specific instances in which
they were pressured by Japanese suppliers.
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Principal Findings

Some U.S. Firms Have Had Twenty-two of the 52 U.S. companies and government laboratories GAO
oo ki contacted that were interested in purchasing foreign state-of-the-art

Difficulty Obtaining products said they had difficulty getting advanced equipment or parts

Japanese Products

from Japanese suppliers. Seven companies, including 3 of the 22, said
they had experienced pressure from Japanese suppliers to take certain
actions in order to obtain products. Seven other companies said they had
experienced some difficulty, but could not provide specifics. Nineteen
companies, or about 36 percent, said they had no problems purchasing
Japanese state-of-the-art products.

The 22 companies that cited difficulty with Japanese suppliers provided
59 specific instances in which Japanese firms delayed selling or declined
to sell them state-of-the-art equipment or parts that were being sold to
other Japanese firms. About half of the U.S. companies were large firms.
Although most of these companies did not provide documentation to
support these examples, they gave detailed descriptions of their
attempts to purchase specific items. The items most frequently men-
tioned as being difficult to obtain from Japanese suppliers included
semiconductor manufacturing equipment, semiconductor assembly and
packaging materials, and computer components. U.S. firms reported lags
of between 6 months and 2 years in obtaining these products. They
maintained that, in many cases, by the time they had obtained the item
they were seeking, the supplier had already introduced the next-genera-
tion product. Frequently, there were no alternative suppliers.

Many U.S. companies stated that their inability to obtain Japanese state-
of-the-art products is of critical importance because of the adverse :
impact it has had on their competitiveness. Three companies estimated

lost sales that ranged from $20 million to $1.4 billion because they were &
unable to purchase Japanese parts or equipment. Three other companies &
stated that they were unable to manufacture certain products. Two com- &
panies maintained that they had introduced new products about 1 year &
after their Japanese competitors. '

The U.S. industry representatives who said that Japanese suppliers do &
hold back certain products from U.S. firms generally did not believe this ¥
practice was illegal and did not advocate imposing punitive measures
against Japanese suppliers. In their view, a stronger U.S. technology
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base and reduced U.S. dependence on J apan for critical technologies and
equipment are needed.

Japanese Suppliers Deny
Withholding Products
From U.S. Firms

The six Japanese firms Ga0 interviewed in the semiconductor, semicon-
ductor materials and equipment, and computer industries stated that
they do not favor Japanese firms over U.S, and other foreign firms in
selling their state-of-the-art products. Five of the six firms denied that
the need to service and test new products would cause them to refuse or
delay sales to U.S. firms. A few Japanese companies said that other fac-
tors, such as supply shortages and tailoring products to meet the cus-
tomer’s specifications, may cause delays in delivering state-of-the-art
products to U.S. firms.

According to many of the U.S. companies that Gao interviewed, some
factors do enhance the potential of a U.S. firm to purchase large quanti-
ties of leading edge Japanese products. These factors include the ability
of a U.S. firm to purchase large quantities of products and the presence
of U.S. company facilities in J apan.

Most Companies Did Not
Experience Pressure From
Japanese Suppliers

Only 7 of the 61 U.S. companies and government research laboratories
that Gao interviewed said they were pressured by Japanese suppliers to
buy other items or license technologies in order to obtain key semicon-
ductor components. Most of these instances involved companies’ efforts
to obtain memory chips from J apanese suppliers in 1987 and 1988 when
there was a shortage of these components, the majority of which were
produced in Japan. U.S. firms stated that during this period they were
also pressured by U.S. suppliers to buy other items in order to obtain
memory chips. They noted that such business practices are not
uncommon.

Recommendations

This report contains no recommendations.

Agency Comments

As requested, GAO did not obtain written agency comments on this
report. To assure the accuracy of the information provided, Gao did
obtain concurrence from appropriate U.S. companies on the presentation
of specific examples described in this report.
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Chapter 1

Introduction

In the post-World War II period the United States was generally
acknowledged as the world leader in advanced technologies. In recent
years, however, U.S. dependence on foreign suppliers for state-of-the-art
technologies, parts, and equipment has increased as foreign companies
have become dominant in certain high-tech industries, such as semicon-
ductors and semiconductor materials and manufacturing equipment (see
fig. 1.1). Several items critical to these industries, such as high-perform-
ance semiconductor devices and certain types of materials used in semi-
conductor production, such as ceramic packaging, are manufactured
almost solely by foreign companies. Although the United States still
holds a commanding lead in the computer industry, its share of world
computer sales has declined in recent years. More importantly, U.S. com-
puter companies have become increasingly dependent on foreign sup-
pliers for such critical components as high-performance semiconductor
chips and flat-panel displays. (See glossary for definitions of semicon-
ductors, semiconductor equipment, and computer terminology.)

R R T A T L e L Y S S R T e S (v T R e 3 0 T R .
Figure 1.1: U.S. Dependence on Critical Foreign Semiconductor Equipment and Materials, 1989
100 Percent foreign supplied in 1989
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Japan is the U.S.’ principal competitor in the semiconductor, semicon-
ductor materials and equipment, and computer industries. It is the
largest producer of semiconductors in the world and the dominant sup-
plier of many state-of-the-art semiconductor materials and manufac-
turing equipment. Japanese companies are also the only producers of
several items necessary for manufacturing the most advanced

computers.

: Semiconductors—devices that enable computers and other products to
Decl.me of the U.S. process and store information—are the foundation of the electronics
Semiconductor industry, which had worldwide sales of about $550 billion in 1989. The
Industry ability to produce advanced semiconductors is critical to the production

of advanced computers, telecommunications equipment, defense
weapons systems, and other sophisticated electronic products.

Until the early 1980s the United States was the world leader in semicon-
ductor production. U.S. companies have since lost a significant portion

i of their market share in the production of semiconductors, particularly
‘ memory chips, to Japanese companies. From 1980 to 1989 the U.S.
worldwide semiconductor market share declined from 57 to 35 percent,
while Japan’s share increased from 27 to 52 percent.' Although U.S.
semiconductor production steadily increased in the late 1980s, the
United States is continuing to lose worldwide market share in semicon-
ductors at about 2 percentage points per year. (See fig. 1.2.) In 1990
Japanese companies exported $3.2 billion in semiconductors to the
United States, while the United States exported $966 million in semicon-
b ductors to Japan.

'Throughout this report, market share statistics on the U.S. and Japanese semiconductor and semi-
conductor materials and equipment industries refers to production by U.S. and Japanese-owned com-
panies irrespective of the location of the production.
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R S e R A B R B e S T e R e 3 A ke o RS st
Figure 1.2: World Semiconductor Production, 1985-1993
60 Semiconductor production (Dollars In billions)

50

1987 1988

1993

Note: 1991-1993 are estimates.
Source: Dataquest Incorporated.

Japanese firms have 80 percent of world market sales of dynamic
random access memory chips (DRAM), which are the most widely used
chips in computers and other digital equipment. From 1975 to 1986 the
U.S. share of open market sales of DRAMs declined from nearly 100 per-
cent to less than 5 percent, with Japanese companies gaining most of the
U.S. market share. South Korea has also made significant strides in DRAM
production, and the European Community has increased its semicon-
ductor production as well.

U.S. companies are still strong in producing several important special-
ized semiconductor devices. The United States remains the leader in
microprocessors, which are more complex and specialized than memory
chips and perform many sophisticated functions, such as sorting data
and performing calculations. However, Japan is making a concerted
effort to catch up in this area. Although U.S. companies hold more than
half of the microprocessor market, some estimates put Japan’s share at
40 percent or more. In addition, the demand for microprocessors is
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U.S. Companies Are
Losing Ground in the
Semiconductor
Materials and
Equipment Industry

expected to continue to rise in Japan. Similarly, although U.S. companies
are strong leaders in application specific integrated circuits (ASIC) or cus-
tomized chips, the Japanese are strong contenders, with 40 percent of
the world market.

Japan’s dominance in semiconductor production is partly due to the
structure of its semiconductor industry. While Japanese industry is ver-
tically integrated, the U.S. industry is divided among captive companies
(ones that produce chips exclusively for their company’s internal use
and do not sell on the open market) and merchant companies that sell
their chips on the open market. U.S. merchant semiconductor manufac-
turers produce approximately 75 percent of U.S. semiconductors. Most
of these companies are small and depend solely on semiconductor sales
for their revenues. They compete against large Japanese firms that pro-
duce not only the semiconductor chips used in computers but the com-
puters themselves, as well as many other electronics products. These
Japanese firms sell semiconductors on the open market as well as use
them for in-house production. Six Japanese firms, all vertically inte-
grated, produce 85 percent of all Japanese semiconductors.

The Japanese domestic chip market is now larger than the U.S. market,
giving Japanese firms another advantage over U.S. companies. In 1990
the Japanese market consumed $22.6 billion in semiconductors, while
the United States, Canada, and Mexico together consumed only

$17.4 billion. In the same year the European market consumed

$10.7 billion.

Because the semiconductor materials and equipment (SM&E) industry
supplies the capability to manufacture semiconductors efficiently, it is
an essential part of the infrastructure supporting the semiconductor and
electronics industries. Several recent studies have highlighted the crit-
ical interrelationships among semiconductor manufacturers, suppliers of
semiconductor materials and equipment, and computer manufacturers.
These studies raise concerns that the erosion of the U.S. semiconductor
equipment and materials supplier base in turn reduces the competitive-
ness of the U.S. semiconductor industry and places U.S. electronics man-
ufacturers at a competitive disadvantage.

Although U.S. producers retain a significant share of the overall world
sM&E market, their portion is declining. Moreover, U.S. firms have lost
market share dramatically in several critical market segments. These
market segments include advanced lithography equipment and material
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such as silicon, the basic material used to make the majority of semicon-
ductor wafers.

The U.S. share of the semiconductor equipment market has declined
from 69 percent in 1983 to 51 percent in 1988 and is projected to fall to
36 percent by 1993. By contrast, Japanese companies’ market share
increased from 25 percent in 1983 to about 40 percent in 1988. The por-
tion of the U.S. semiconductor equipment market served by U.S. wafer
fabrication, assembly, and test equipment producers declined from 87 to
80 percent between 1983 and 1988 and is projected to fall to 70 percent
by the end of 1993. The share of Japanese semiconductor equipment
producers’ sales in the U.S. market is increasing at a rate equal to the
loss of the U.S. equipment manufacturers’ sales (see fig. 1.3).

Figure 1.3: Worldwide Market Share for R e R R . T R R e i e T e T A B B i S
Semiconductor Equipment and
Materials, 1988

6 World market (Dollars in blilions)

e .

Sources: VLSI Research, Inc., and Rose Associates
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Other statistics also show the decline in the U.S. SM&E industry. In 1980,
9 of the top 10 semiconductor equipment manufacturers were U.S.-
owned companies. In 1990 only 5 of the 10 were U.S.-owned and § of the
top 6 were Japanese-owned. While some U.S. semiconductor suppliers
are large companies, 88 percent of the 850 U.S. SM&E companies had
annual sales of less than $25 million in 1988. Most of these companies
produce equipment and materials for only a few of the more than

100 steps involved in manufacturing semiconductors. Many Japanese
SM&E firms, by contrast, are large vertically integrated firms with annual
sales of over $25 billion. Strong ties to local and in-house semiconductor
manufacturers allow Japanese equipment makers to have quick access
to the latest technology and also give them a stronger influence over the
direction of technology development.

The United States is also losing market share in several wafer
fabrication equipment market segments. For example, the United States
has virtually lost the critical industry segment of lithography equip-
ment, which is used to transfer integrated circuit patterns onto semicon-
ductors. U.S. companies’ share of world sales for lithography equipment
declined from 71 percent in 1983 to 29 percent in 1988. Similarly, U.S.
companies’ share of world sales for equipment that implants ions on
semiconductor wafers—another important segment—dropped from

77 percent in 1983 to 51 percent in 1988.

U.S. firms also continue to lose world market share in semiconductor
test equipment. In semiconductor assembly equipment, U.S. firms are

maintaining their market share in some equipment while losing it in
others.

The U.S. share of the world market for assembly/packaging materials is
stable at 10 percent. However, the U.S. share of wafer fabrication
materials, such as silicon, which is the basic building material of all com-
mercial semiconductors, continues to decline rapidly. Overall, U.S.
materials suppliers’ market share declined from 25 percent in 1984 to

17 percent in 1988. In the latter year Japanese companies dominated the
world packaging materials market, including ceramic packages, which is
the material used to package semiconductor chips. One reason for the
loss of U.S. market share has been the recent acquisition of several U.S.
materials companies by foreign companies, primarily Japanese.

¥
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: $4-2 Although the United States still maintains a commanding share of the
Forglgr} Competltlon Is world cgomputer market, foreign competition has seriously eroded the
Beglnmng to Erode the industry’s strong position in the world market and its technological lead-
US Lead in ership over the past decade. The U.S. share of world computer systems

sales declined from 81 percent in 1983 to 61 percent in 1989. During this
Computers period, Japan's share grew from 8 to 22 percent and Western Europe’s
share rose from 10 to 15 percent (see fig. 1.4).

Figure 1.4: World Market Share for Computers, 1983 and 1989

8% : ' Western Europe
Japan

Western Europe

United States

United States \

Japan
1989

Source: U.S. Department of Commerce.

Japan is the U.S." main competitor in almost all product segments. While
U.S. firms are ahead in microcomputers, workstations, and high per-
formance computer systems, they are losing ground to Japanese firms in
displays, storage devices, and laser printers. Because of their expertise
in high-volume manufacturing and miniaturization, J apanese firms are
taking the lead in portable and laptop computers. Other Asian countries,
such as South Korea and Taiwan, are becoming very competitive in
microcomputers and peripherals. The European Community may
become a significant competitor in parallel processors.

U.S. computer companies are becoming increasingly dependent on their
Japanese competitors for critical components such as semiconductors
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Items Produced Only
in Japan or Produced
in Lesser Quantity or
Quality in Other
Countries

and flat-panel displays, which will be important for future computers.
For example, the highest performance memory and certain logic compo-
nents useful for supercomputers are no longer manufactured in the
United States and are available only from Japanese suppliers. American
computer makers now get more than half of their chips from J apanese
companies, which are their competitors in the computer market. Six
Japanese firms produce 80 percent of Japanese computers, and four of
these companies are also the largest semiconductor producers. Display
screens needed for laptop computers are produced only in limited quan-
tity in the United States and must be imported from Japan. Most
industry experts expect the market for these displays to be controlled
by a small number of large, vertically integrated Asian companies.

U.S. industry representatives cited several important items related to
the production of semiconductors and computers that are only produced
in Japan, or are produced in lesser quantity or quality in other coun-
tries. Japanese firms, for example, are the only producers of high-speed
emitter-coupled logic (ECL) memory chips, which are used in supercom-
puters. Similarly, electron cyclotron resonance (ECR) etchers—state-of-
the-art wafer fabrication equipment—are only produced by Japanese
companies. Although one U.S. company still produces wafer steppers, a
critical piece of wafer fabrication equipment, many industry analysts
believe that the highest quality steppers are now produced in J apan.

Japanese companies are the only producers of several critical semicon-
ductor materials. Ceramic packaging for integrated circuits and
advanced molding compounds, both of which are used to encase finished
semiconductors, are produced primarily in Japan. Japan also dominates
the market for silicon. Although a German firm also produces silicon, its

silicon is more expensive and of lower quality than that produced by
Japanese firms.

The Japanese are the indisputable leaders in producing liquid crystal
displays, which are used in small “notebook” computers and miniature
televisions. Active matrix displays, which are the most advanced liquid
crystal displays available, are almost exclusively produced by Japanese
firms. Although active matrix displays are now used primarily in minia-
ture televisions, most industry experts agree that they will be the dis-
play screens used in future computers. Japanese firms are also
dominant in other products related to computers, including floppy disks.
optical storage disks, and laser printer engines.
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At the request of Senator Lloyd Bentsen, we developed information on
the extent to which U.S. firms in the semiconductor, semiconductor
materials and equipment, and computer industries were being denied
advanced parts, equipment, or technologies from foreign suppliers. OQur
objectives were to obtain information on (1) whether foreign suppliers
have declined to sell or have delayed sales of state-of-the-art products to
U.S. firms when they are being sold to competitors of U.S. companies in
the country of production, and whether U.S. firms have been adversely
affected; (2) the reasons for any difficulties faced by U.S. firms in
acquiring foreign, state-of-the-art products; and (3) whether foreign
suppliers have pressured U.S. companies to take certain actions in order
to obtain products. ;

To explore the extent to which U.S. firms were having difficulty
obtaining foreign, state-of-the-art products, we interviewed 59 U.S. com-
panies in the semiconductor, semiconductor materials and equipment,
and computer industries and a few telecommunications and electronics
companies that buy items from these three industries. We attempted to
select a representative sample of companies, including a range of small,
medium, and large firms. We interviewed 12 of the 15 largest U.S. semi-
conductor device companies and 8 of the 10 largest semiconductor
equipment firms. We obtained information from 10 of the 11 largest U.S.
computer companies. We also met with officials from two government
research labs that buy semiconductors and semiconductor materials and

equipment. Appendix I lists the types of U.S. companies we interviewed
by category.

We met with representatives from some U.S. companies and had tele-
phone interviews with others. We also obtained information from

11 large Japanese company subsidiaries in the United States regarding
their ability to service their equipment in the United States.

We obtained information on Japanese sales of state-of-the-art products
to U.S. firms from officials in the Departments of Commerce, State, and
Defense; the U.S. Trade Representative; the Customs Service; and repre-
sentatives from the U.S. intelligence community. We also interviewed
14 academics and market analysts with extensive knowledge of these
industries. In addition, we interviewed officials from several associa-
tions representing the U.S. semiconductor, sSM&E, and computer indus-
tries. Representatives from a few industry associations declined to be
interviewed, referring us to individual companies. In addition, we
reviewed numerous government and industry reports on the semicon-
ductor, SM&E, and computer industries.
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In Japan we met with officials from six large Japanese companies in the
semiconductor, SM&E, and computer industries. Four of the six firms are
large, vertically integrated companies each with annual sales over

$14 billion. These companies include the Japanese suppliers cited most
frequently by U.S. firms as withholding state-of-the-art equipment and
parts. Most of the Japanese companies we interviewed manufacture
products in more than one of the three industries. We also obtained
information from several U.S. semiconductor, SM&E, and computer com-
pany subsidiaries in Japan.

In Japan we also met with representatives from the Ministry of Interna-
tional Trade and Industry (MITI), the Ministry of Foreign Affairs, and
three semiconductor and electronic industry associations.

Some of the information provided to us by U.S. and Japanese firms was
proprietary business information. For that reason, Senator Bentsen
authorized us to assure companies that individual responses would be
treated as business confidential. All the U.S. and Japanese companies we
interviewed requested that the specific details of our discussions be
treated as business confidential and that their company names not be
used in our report. In discussing any specific examples of difficulties
with Japanese suppliers, U.S. companies requested that we not include
detailed information that could cause their company to be identified.

Because U.S. companies we interviewed requested that we not discuss
their specific problems with other U.S. firms or with Japanese suppliers,
and because they were not required to provide us with documented
information, we could not verify much of the information provided.
However, these companies provided us with detailed information
regarding their attempts to purchase items from Japanese suppliers.
This information included specific equipment model numbers, the time
frames in which they tried to purchase these products, and the circum-
stances surrounding attempted purchases. In cases in which citing spe-
cific items would not disclose the identity of the prospective buyer, we
asked Japanese suppliers if there were any restrictions on selling these
items to foreign customers in the relevant time period.

Our work was limited to reviewing examples provided by U.S. compa-
nies in which they reported that they were denied foreign state-of-the-
art products in the semiconductor, semiconductor materials and equip-
ment, and computer industries and the impact that this denial may have
had on U.S. firms. We did not compare the practices of foreign suppliers
to U.S. business practices. Further, we did not assess whether these
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practices would violate any laws or international agreements. Such an
assessment would present numerous complexities and was beyond the
scope of our work.

We performed our review from September 1990 to July 1991 in accor-
dance with generally accepted government auditing standards.

As requested, we did not obtain written agency comments on this report.
To assure the accuracy of the information provided, we did obtain con-
currence from appropriate U.S. companies on the presentation of spe-
cific examples described in this report.
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: - “Some U.S. Firms Cite Difficulty Purchasing
. -Foreign State-of-the-Art Products

The U.S. government and industry association representatives that we
contacted generally believed that Japanese suppliers were declining to
sell or were delaying sales of certain advanced products to U.S. firms
that they were selling to other Japanese companies. In addition, a
number of U.S. government and industry studies have pointed out diffi
culties experienced by U.S. semiconductor and computer firms in
obtaining Japanese state-of-the-art products. They raised concerns that
if U.S. firms do not gain access to such technology at the same time as
their Japanese competitors, they will be at a competitive disadvantage
in manufacturing next-generation products.

During our interviews with 61 U.S. high technology firms and govern-
ment research laboratories, 52 said they were purchasing state-of-the-
art parts, equipment, or technologies from foreign suppliers. About 42
percent of these firms and laboratories provided specific examples of
(1) where they had been unable to obtain items from foreign suppliers
that they said were being sold to their competitors in the country of
production or (2) where they had encountered delays of over 6 months
in acquiring those items. Another 13 percent said they had experienced
difficulties obtaining items from foreign suppliers but did not provide

| specifics. Nine percent said they had experienced other problems in
acquiring foreign products. The remaining 36 percent said they had no
problems purchasing advanced foreign products.

Most of the examples of difficulties with foreign suppliers cited by U.S.
firms occurred between 1988 and early 1991. All of these examples
involved difficulties in purchasing items from Japanese suppliers.
According to the U.S. firms and government laboratories, these sup-
pliers were not limiting these products to in-house sales, but were mar-
keting them to other Japanese firms. The items most frequently cited as
being difficult to obtain from Japanese suppliers included wafer

fabrication equipment and semiconductor assembly and processing
materials.

Officials from about half of the U.S. firms that cited instances of J apa-
nese withholding' provided specific examples of how their firms had fe
adverse effects. The adverse impacts they cited included lost sales, an

inability to produce certain products, and delays in introducing new
products.

'In this report, the term “withholding™ is used to describe when suppliers declined to sell products o
delayed their delivery by more than 6 months.

5
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Representatives from the majority of the U.S. firms we interviewed,
even those that maintained that their firms were subjected to with-
holding by Japanese suppliers, did not believe that withholding prac-
tices were illegal. They did not favor imposing punitive measures
against Japanese firms. Rather, they advocated developing a stronger
U.S. technology base and reducing U.S. dependence on Japan for critical
products and technologies.

’

U S Indust Representatives from all five of the industry associations and market.
il n I}S rX research firms and most of the U.S. government officials we contacted

Associations and U S. stated that Japanese suppliers of state-of-the-art equipment and parts

Gov ernment Officials’ were supplying their Japanese customers before U.S. and other foreign
Views , customers.

Industry Associations Officials from four of the five industry associations and market research
firms provided examples of Japanese products they contended were

being sold to Japanese companies but were either not sold to U.S. firms
or were sold on a delayed basis. Representatives from these organiza-
tions said they were aware of the problems in obtaining state-of-the-art
equipment from Japanese suppliers mainly through complaints they
have received from U.S. firms. An official from one industry association,
for example, stated that since the mid-1980s his organization receives,
on average, complaints from 15 U.S. firms each year about their
inability to obtain Japanese products that were being sold in Japan. He
said his organization has tried to verify these complaints and has found
that the majority have been legitimate.

An official from the fifth organization said that although he believes
Japanese companies generally supply domestic companies first, he does
not view this as a problem for U.S. companies because the differences in
the latest generations of equipment “are not always significant.”

U.S. Government Officials’ Officials from most of the U.S. government agencies we contacted said
Views they believed that Japanese companies were holding back certain

advanced products from U.S. firms while selling them to other Japanese |

firms. The products they mentioned as being denied to U.S. firms
included semiconductor manufacturing equipment, advanced display
screens, and ceramic packaging for semiconductors. The U.S. officials
said they had heard of such situations through complaints they had
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received from U.S. companies about difficulties in obtaining Japanese
state-of-the-art parts and equipment. Most of the agency officials said
they thought withholding by Japanese suppliers was a serious and
fairly pervasive problem.

Recent Studies

While there have been no definitive studies on whether Japanese sup-
pliers delay selling or decline to sell state-of-the-art products to U.S.
firms, several U.S. government and industry studies have referred to
difficulties experienced by U.S. semiconductor and computer firms in
obtaining Japanese products.2 A 1991 report to the Defense Science
Board,? for example, states the following:

...evidence of willingness on the part of U.S. allies to withhold technology from us i
increasing, probably in direct relation to the extent of technology leadership...a Jag
anese firm is known to have withheld the sale of an advanced microelectronics
package for supercomputers to a U.S. firm because the sale would have stripped
another Japanese computer producer of its competitive advantage.

Semiconductor Manufacturing Technology (SEMATECH), a semiconductor
research and development consortium funded by the U.S. government
and private industry, issued a report in early 19914 on a visit made by
SEMATECH representatives to a major semiconductor equipment trade
show in Japan in October 1990. In discussing the availability in the
United States of state-of-the-art Japanese semiconductor equlpment dis
played at the show, the report concluded the followmg

There is a six month or longer delay before new tools are introduced into the U.S.
This is due to an emphasis on first filling the market needs in Japan and Asia. In a
few cases, there were no plans to sell the tool in the U.S....The most key point of the
SEMICON Japan show is that a lot of advanced equipment was shown in Japan that
is not yet available in the U.S.

The report describes about 100 pieces of new, Japanese state-of-the-art
equipment that were displayed at the show. The report identified
21 specific products that Japanese suppliers told SEMATECH officials wer

2These studies include Foreign Ownership and Control of U.S. Industry, Defense Science Board Task
Force (Washington, D.C.: May 1991); Making Things Better: Competing In Manufacturing, U.S. Office
of Technology Assessment, (Washington, D.C.: Feb. 1990); and U.S. Supercomputer Vulnerability,
Institute of Electrical and Electronics Engineers Scientific Supercomputer Subcommittee of the Com-
mittee on Communications and Information Policy (Washington, D.C.: Aug. 8, 1988).

3Forcign Ownership and Control of U.S. Industry.

4Technology Transfer: SEMICON Japan 1990 Trip Report, SEMATECH (Austin, Tex.: Jan. 29, 1991).
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U.S. Firms Cite
Problems Only With
- Japanese Suppliers

U.S. Firms’
Experiences With
Japanese Suppliers

not available in the United States at the time of the show.5 According to
the report, nine of these products would not be sold in the United States
for 6 to 18 months; six products might never be available in the United
States; and it was unclear if or when six other products would be sold in
the United States. According to the report authors, most of these prod-
ucts were being sold in Japan at the time of the show.

A SEMATECH trip attendee estimated that about 75 percent of all the
products covered at the show were not being marketed in the United
States at the time of the show, whereas about 76 percent were being
sold in Japan. As of April 1991 he asserted that the majority of the
products covered at the trade show were still not being sold in the
United States.

None of the U.S. companies or government laboratories that we con-
tacted cited problems in obtaining advanced technologies from any for-
eign supplier other than the Japanese. Although the South Korean,
Taiwanese, and European semiconductor and computer industries are
growing and their companies are becoming increasingly technologically
advanced, they are generally still behind those in Japan as well as the -
United States. According to U.S. government and private sector officials,
suppliers from foreign countries other than Japan generally make prod-
ucts that have competing sources and therefore are not in a posmon to
withhold technologies or parts and equipment from U.S. firms.

Information obtained from 59 firms and two government research labo-
ratories revealed the following:

Fifty-two were purchasing state-of-the-art products from foreign sup-
pliers. Nine said they were not purchasing foreign state-of-the-art
products.

Twenty-two provided specific examples of difficulties they had in
obtaining parts, equipment, or technologies from Japanese suppliers
that they said were being sold to other Japanese firms that were their
competitors. Seven others said they experienced some difficulties, but
did not provide specific examples.

5The report identified four products that were available in the United States at the time of the show.

For the remainder of the 100 products described in the report, there is no mention as to whether they
were available in the United States.
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Nineteen said they had no problems purchasing state-of-the-art Japa-
nese products.

Seven said they had experienced pressure from Japanese suppliers to
take certain actions to obtain parts or equipment, but only one said it
was a current problem (see chap. 4).6

Representatives from several of the companies that said they had no
problems obtaining state-of-the-art Japanese products said they
believed other U.S. firms did experience such problems. They had heard
complaints from other companies or had seen products in Japan that
were not available in the United States.

Examples of Difficulties
Cited in Obtaining
Japanese Products

Twenty-two companies and government research laboratories cited

59 specific instances of where they believe Japanese firms delayed
selling or rejected their specific offers to buy items that they said were
being sold to their Japanese competitors. Some of these companies or
government laboratories cited only one instance of difficulty in
obtaining parts and equipment from Japanese suppliers, while others
cited several instances. The largest number of examples cited by an indi
vidual respondent was eight. Twelve of the 20 companies with specific

examples are among the 500 largest U.S. firms, and 6 of these are amony
the 100 largest.

The examples cited by U.S. companies and government research labs
occurred between 1977 and 1991. Only two of the examples noted
occurred in the 1970s; the remainder were between 1983 and the pre-
sent, with over 65 percent taking place between 1988 and 1991.

In 17 of the 59 examples cited, the U.S. firms said they experienced
delays ranging from 6 months to 2 years in obtaining items they were
seeking from Japanese suppliers. In several cases they asserted that by
the time they had received the product it was a generation behind those
that were available to Japanese companies other than the suppliers. In
the other 42 cases the firms said they either never obtained the item
from the Japanese supplier or were still waiting to obtain it. In about
one-half of the 59 cases, the U.S. firms said there were either no alterna

tive suppliers for the items they were seeking or no suppliers of items o
comparable quality.

OThree of the seven firms said they had experienced both delays in obtaining items from Japanese
suppliers and pressure to take certain actions to obtain items.
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U.S. firms cited 37 different Japanese firms for declining to sell them
products or for delaying their delivery by a period exceeding 6 months.
The suppliers cited included both large and small Japanese firms. How-
ever, the suppliers cited most frequently (6 or more times) were large
Japanese firms.

Most of the U.S. firms that cited instances of Japanese withholding said
they knew the products they were seeking from Japanese suppliers were
being sold to other Japanese companies. They had seen them in use at
Japanese plants or had been told by Japanese companies with which
they were doing business that they were being sold in Japan.

Products Cited as Having
Been Withheld

U.S. company representatives provided (1) 43 examples of difficulties
they said they had experienced in obtaining semiconductor manufac-
turing equipment and materials from Japanese firms; (2) 10 examples of
problems in obtaining computer parts and components, including display
screens and semiconductor chips; and (3) 6 examples of difficulties in
obtaining other electronic items.

Table 2.1 shows the products that U.S. firms reported they had either
been unable to obtain from Japanese suppliers or had experienced
delays of over 6 months in obtaining. A glossary at the end of the report
describes the various products.
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Table 2.1: Products Cited by U.S. Firms
as Being Difficult to Obtain From
Japanese Suppliers

Semiconductor Manufacturing
Equipment and Materials

O A A B BN MR 5,

Product Number of times cited
Semiconductor manufacturing equipment and materials
Wafer fabrication equipment
Steppers
Etching equipment
lon implantation equipment
Other
Assembly equipment
Test equipment
-Assembly and packaging materials 1
Subtotal 43
Computer parts and components
Displays
Components for displays
Semiconductor chips
Peripherals
Subtotal ' 10
Other?
Total 59

Oolwlisloialooloo

—INW|

#Includes electronic components other than semiconductors, and materials for electronic components.

Some examples of difficulties in obtaining semiconductor manufacturing
equipment and materials from Japanese suppliers reported by U.S. semi-
conductor and electronics firms are discussed below.

One U.S. company official said his firm ordered an advanced stepper
from a Japanese supplier in 1988 but did not receive it for 19 months.
According to the company official, the supplier said it could not sell the
stepper until it was adequately tested in Japan and until service facili-
ties were established in the United States. The company official said
that when he placed the order, a Japanese firm with which his company
was involved in a joint venture had four of the same model stepper,
which it had purchased from the same supplier earlier in 1988 without
any delay. He said that by the time his company received the stepper,
newer model steppers were already available in Japan.

Representatives from a U.S. company said their firm ordered an
advanced piece of etching equipment from a Japanese firm in April 1989
for which there were no U.S. suppliers. They said engineers from their
firm had seen this equipment being used earlier that year at another
Japanese firm with which it had a joint venture. The supplier reportedly
told the firm that it could not sell the equipment because it was still
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Computer Parts and Components

being test-marketed in Japan and because there was no service available
in the United States and no manuals available in English. An engineer
from the U.S. firm then attempted to tour the supplier’s etcher factory
in October 1989, but this request was denied. The U.S. company then
reportedly was told by the supplier that the etcher it had been
attempting to purchase was outdated and had been replaced by a newer,
more advanced model. In March 1990, after 11 months of discussions
with the supplier, the U.S. firm decided not to pursue trying to obtain
the etcher.

Representatives from a U.S. company said their firm attempted to
purchase state-of-the-art track equipment (another type of wafer
fabrication equipment) from a Japanese supplier in 1983, but did not
obtain it for 18 months. The supplier reportedly attributed the delay to
the time it took to provide servicing support for the equipment in the
United States. The U.S. representatives said that by the time the com-
pany received the equipment, more advanced track equipment was
available in Japan to Japanese firms. They noted that their firm cur-
rently experiences at least a 6- to 9- month delay in getting other semi-
conductor manufacturing equipment from this supplier.

U.S. company official said his firm attempted to purchase a component
made of high-purity carbon materials in April 1990 similar to those that
a Japanese competitor had acquired from a Japanese supplier. When the
U.S. firm tried to purchase the component from the same supplier, the
supplier reportedly said there would be a 1-1/2 year delay in delivery
because supplies were limited. As of late May 1991 the official said his
U.S. company was still waiting to obtain this component. According to
the official, the company’s office in Japan verified that its Japanese

competitor had acquired large quantities of the component in the past
6 months.

Some examples of problems in obtaining computer parts and compo-
nents are described below.

A U.S. company official said his firm tried to purchase state-of-the-art
components for producing computer displays from a Japanese supplier
in the fall of 1990. The supplier reportedly said that the components
would not be available to the U.S. firm until 1992 because they were in
short supply and the firm was supplying its Japanese customers first.
The company official said that by the time his firm gets these compo-
nents, newer ones will be on the market in Japan and will be in items
produced by his Japanese competitors. As a result, he stated that his
firm's products will be introduced on the market about 1 year after his
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| Japanese competitors’ products. He said the only way his firm will be
| able to compete with his Japanese competitors is by reducing prices.

I * A representative from another U.S. company said that in 1989 he
attempted to purchase from two Japanese suppliers advanced display
screens for computers his firm was trying to produce. He said he was
told the suppliers were only selling these displays to Japanese compa-
nies. He then attempted to purchase samples of these displays but was
told they would not be provided to American companies. He told us that

these displays are only produced in Japan, so he has been unable fo
obtain them.

Other Products An example of a U.S. firm'’s difficulty in obtaining other types of prod-
ucts from Japanese suppliers, including electronic components other

than semiconductors and materials for electronic components, is dis-
cussed below.

« A U.S. company representative said his firm had to abandon plans for
producing a fax machine in 1989 because it was unable to obtain a key
component that is only produced in Japan. He said that his company
went to four different Japanese suppliers to obtain thermal printheads -
a type of electronic component that is a key component of a fax machine
- which he maintained were being sold on the open market in Japan. He
stated that he was unable to buy the components because he was quoted

a price that was almost as high as the retail price of the entire fax
machine.

R SRR R SR R e e s A R
. Many U.S. company representatives and industry analysts we inter-

ImD?‘Ct Of Belng viewed stated that whether or not Japanese suppliers have legitimate

Denied TeChnOlOgy reasons for delaying or declining sales of advanced parts or equipment

is not important. In their view, the most important issue is the impact on

B U.S. competitiveness if U.S. high-tech firms are unable to obtain state-of-
the-art parts and equipment that are only available in Japan. The ana-
lysts contended that if U.S. firms do not have access to sophisticated
parts or equipment at the same time as their Japanese competitors, they
will be at a distinct competitive disadvantage in designing and manufac-
turing next-generation products.

\

|

1 A semiconductor industry official discussed the significance of the

| delays faced by U.S. companies in gaining access to leading edge semi-
conductor manufacturing equipment, the majority of which he stated is
now being produced in Japan. He said that leading edge U.S. semicon-
ductor companies are now trying to purchase equipment to design and
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produce products they will be introducing in 2 or 3 years; if they do not
have access to leading edge equipment at the same time as their Japa-
nese competitors, he maintained that they will “miss the window" for
producing these products and be “‘one generation behind their Japanese
competitors.” In his view, even a 6-month delay in getting the latest
equipment “will wipe out” a leading edge semiconductor company. The
company would be late in bringing the next-generation semiconductor
devices to market, and customers may not buy its devices if more
sophisticated ones are available from Japanese suppliers.

Another company official pointed out that for products such as semicon-
ductors with approximately 3-year life cycles, the first company or com-
panies to come out with the next-generation product will reap the
greatest benefits. They can charge the highest price for the product,
whereas the price declines as additional suppliers enter the market.

Several government and industry studies have addressed the possible
adverse impact that Japanese withholding of state-of-the-art technolo-
gies, parts, and equipment might have on U.S. firms.” Some of these
studies also pointed out the vulnerability of U.S. firms that are depen-
dent on Japanese competitors for key parts or components. Most of
these studies echoed the views expressed by the industry analysts dis-
cussed above. They conclude that U.S. high-tech companies that are
unable to obtain the latest and most advanced Japanese parts and

equipment will lag behind their Japanese competitors in manufacturing
next-generation products.

In discussing U.S. dependence on foreign semiconductor and semicon-
ductor equipment suppliers, a 1987 federal interagency staff working
group report8 described the impact of U.S. firms not having timely
access to Japanese technologies as follows:

To the extent that downstream firms come to depend on Japanese or other foreign
suppliers for semiconductors or semiconductor manufacturing equipment, they
could be vulnerable [because] suppliers who are also competitors in the systems
market could deliberately deny U.S. systems makers access to state-of-the-art semi-
conductors or semiconductor equipment. They do not need to do so for long. In many

TThese studies include U.S. Supercomputer Vulnerability; Defense Semiconductor Dependency,
Department of Defense, Office of the Under Secretary of Defense for Acquisition (Washington, D.C.:

Feb. 1987); and The Semiconductor Industry, Federal Interagency Staff Working Group (Washington,
D.C.: Nov. 16, 1987).

8The Semiconductor Industry.
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of these industries, getting to market a few months or a year ahead of a competitor
can represent a major competitive advantage.

Specific Examples of
Impact

Representatives from 12 companies cited diverse types of impacts due
to their inability to obtain advanced Japanese parts or equipment. Three
companies, for example, provided estimates of lost sales, ranging from
$20 million to $1.4 billion. Representatives from three other companies
stated that they were unable to manufacture certain products because
they could not obtain needed Japanese parts or components for which -
there were no alternative suppliers. Officials from two companies said
they introduced new products about 1 year after their Japanese compet-
itors because they encountered 9- to 15-month delays in obtaining neces-
sary Japanese parts that were being sold to their Japanese competitors
but not being produced outside Japan.

Many of the U.S. companies that cited the most adverse impacts from

their firms’ inability to obtain Japanese products were companies that

said they had difficulty obtaining displays, components for displays,

and other electronic components. Many companies that cited examples

of difficulties obtaining Japanese semiconductor manufacturing equip-

ment, by contrast, said that the impacts were difficult to quantify

because they were often able to obtain the equipment from non-Japa-

nese suppliers although it was usually of lesser quality. |

Some examples cited by these companies of how Japanese withholding '
of advanced products has affected them are discussed below in greater
detail.

A representative from a small U.S. computer company said his firm lost
about $65 million in orders in 1989 and is “‘essentially out of business” ‘
because the only displays it was able to obtain from Japanese suppliers ?
were poor quality and not compatible with its laptops. According to this 5
official, the firm had a contract with a Japanese supplier for certain ’
types of displays that would be compatible with its laptops. However,
he maintained that although the displays his firm received did not meet
the specifications contained in the contract, the supplier refused to sell
his firm higher quality displays. The official added that his firm was
unable to purchase other types of state-of-the-art displays from two
Japanese suppliers in 1989. He noted that advanced displays suitable
for laptops are only produced in Japan.

Another electronics company representative said his firm was unable to
obtain components to produce display screens from a Japanese supplier
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with which it had a joint venture in the mid-1980s. The supplier alleg-
edly told the company that these screens could only be manufactured in
Japan. As a result, the company had to purchase the finished displays
from the Japanese company rather than producing them itself.
According to this official, a major reason that the company decided to
close its Japanese operations in the 1980s was that it faced difficulties
in acquiring state-of-the-art Japanese products and technologies.
Another U.S. electronics company official said that his firm is signifi-
cantly behind its two Japanese competitors in sales and is increasingly
losing market share to these companies because it can only obtain one-
fourth of the state-of-the-art displays it needs from Japanese suppliers
to produce a consumer electronics product. In addition, he maintained
that his firm faces an 18-month delay in obtaining these displays and is
charged more than Japanese competitors. He stated that he has been

- told by his firm’s Japanese affiliate that Japanese competitors can get
as many displays as they need in a 6-month period.

A U.S. semiconductor company official who said his firm had difficulty
obtaining state-of-the-art wafer steppers from a Japanese supplier
stated that it produced 5-7 percent fewer semiconductors with an older
generation stepper than it would have with a more sophisticated
stepper. This difference in semiconductor production, he said, amounts
to a total cost differential of 10-12 percent because of the greater cost in

labor, equipment, and materials with lower production from each
machine.

Representatives from these companies cited other problems as well.
These problems included difficulty in planning to introduce new prod-
ucts and in determining the volume of production runs because of uncer-
tainty about their ability to obtain adequate supplies of Japanese parts
and components and/or equipment.

Representatives from several other companies spoke in more general
terms about how their inability to acquire state-of-the-art Japanese
products had affected their overall competitiveness. The adverse
impacts they cited included lower semiconductor yields, higher manu-
facturing costs, the inability to perform certain manufacturing
processes, and the production of lower quality or less reliable products.
Several company officials said that because the life cycle for high-tech
products such as semiconductors is so short, a delay of as little as

6 months in obtaining a state-of-the-art piece of equipment or a needed
part or component can cause a company to be late in introducing a new
product and thus to be noncompetitive.
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One semiconductor industry analyst said that in the 1970s and early
1980s when U.S. firms were dominant in the semiconductor and semi-
conductor equipment industries, some U.S. suppliers gave preference to
their U.S. customers in selling state-of-the-art products. However, most
industry analysts and U.S. government officials we contacted stated
that over the past few years U.S. high-tech firms have sold their latest
products and technologies to companies regardless of their country of
origin. They cited a variety of reasons for this practice. For example,
many U.S. high-tech firms are small and financially weak and fre-
quently must license technologies or sell products to “any company that
can provide them with capital.” In addition, the size of the U.S. market
for semiconductors is currently smaller than the size of the J apanese
market, so U.S. semiconductor and semiconductor equipment firms have
to sell in Japan and other foreign countries to survive financially.

Some U.S. company officials and industry analysts reported that, rather
than withholding state-of-the-art products from J apanese companies,
some U.S. high-tech companies have recently introduced some of their
new products first in Japan, primarily because of the increasingly large
size of the Japanese semiconductor market and its growing importance
for U.S. firms. For example, in 1990 some U.S. SM&E manufacturers
introduced new products in Japan at a major semiconductor equipment
trade show before they were introduced in the United States. In addi-
tion, in 1990 a large U.S. semiconductor company introduced one of its
new semiconductor devices in Japan, and in 1991 a large U.S. computer

company introduced a new model of its laptop in J apan before it did so
in the United States.

Representatives from many U.S. companies told us they believe Japa-
nese suppliers favor domestic companies over foreign companies in
selling their state-of-the-art products. However, most of these represent-
atives did not believe that this practice was illegal. Further, even the
company representatives that believe that Japanese suppliers are inten-
tionally withholding state-of-the-art products did not advocate imposing
punitive measures against these suppliers. Instead, they recommended
strengthening the U.S.” high-tech manufacturing base and lessening U.S.
dependence on Japan for critical technologies and parts and equipment.

Some industry representatives attributed the weakness of many U.S.
semiconductor and computer firms to U.S. economic policies and deci-
sions made by the firms themselves. They noted that some of these
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firms have been reluctant to invest in long-term research and develop-
ment efforts or to work with their suppliers to improve the quality of
their products. Many industry officials also cited the high cost of capital
in the United States and current U.S. tax and antitrust laws as major
impediments to U.S. companies investing in the development of
advanced technologies and products.
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U.S. company representatives told us that J apanese suppliers often cited
reasons for delaying or denying sales, such as the need for product ser-
vicing and testing. Table 3.1 lists the reported reasons given by J apa-
nese suppliers for their inability to sell products or for delayed sales.

Table 3.1: Reasons Given by Japanese \
Suppliers to U.S. Companies Reason

Number of instances

No U.S. service facilities

Product still being tested

Product being supplied to Japanese customers first
Product not exported

No reason given

Manuals not available in English

Product in short supply

Sale prohibited by Japanese export control laws
Supplier unable to meet customer's specifications
Total

-k
n

ey

=IOl

[4)]
n

Note: In two instances, the reason given by the Japanese supplier was not specified. In two other
instances, the U.S. company maintained that the price quoted by the supplier was prohibitive.

The six Japanese companies we interviewed denied most of these rea-
sons and stated that their companies do not sell their state-of-the-art
products to domestic firms before U.S. firms. MITI officials also denied
that Japanese companies provide their state-of-the-art products to
domestic firms before U.S. firms.

Most U.S. industry representatives we interviewed noted that they
believe that other factors, such as the potential of a U.S. company to
purchase large quantities of products and the presence of U.S. company

facilities in Japan, enhance a company'’s ability to purchase leading edge
Japanese products.

Lack of SeI'Vi ce Accqrding to t.h'e U.S. firms and govemrqent rgsearch laboratories that
provided specific examples of problems in buying advanced J apanese
products, a lack of U.S. service facilities was one of the most common
reasons given by both large and small J apanese suppliers for delaying or
denying sales of their state-of-the-art products. Most of these examples
involved attempted purchases of very sophisticated semiconductor man-
ufacturing equipment. According to these U.S. company representatives,
Japanese suppliers frequently stated that they would not sell their
advanced products to U.S. firms because the equipment could not be
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adequately serviced in the United States. Some Japanese suppliers
reportedly told U.S. companies that service for their new equipment
would be available in the United States in the next 6 months to 2 years,
while other suppliers said they did not know when their company would
be able to service the equipment.

Some U.S. company representatives stated that a lack of service support
in the United States would be a legitimate reason for delays in the sales
of Japanese state-of-the-art products to U.S. firms. Because U.S. semi-
conductor companies are dispersed geographically throughout the
United States, one U.S. company official noted the difficulty that small
and medium-sized Japanese SM&E companies may face in establishing
adequate U.S. service networks. Several U.S. company representatives
agreed that small Japanese SM&E firms may not be able to afford to ser-

" vice their equipment in the United States.

Another U.S. company representative acknowledged that suppliers need
a certain amount of time to establish service facilities for their new
products in foreign countries. He noted that his company introduced a
product in Japan 3 to 6 months after it was introduced in the United
States. In addition, some U.S. and Japanese company officials pointed
out that U.S. and Japanese companies generally have different
approaches to servicing their equipment. They maintained that U.S.
companies routinely establish service agreements with their suppliers,
whereas service agreements are rare in Japan because suppliers usually
train customers to operate and maintain their new equipment when it is
being developed and tested.

Other U.S. companies, however, said that a lack of service support in the
United States would not be a legitimate reason for delayed U.S. sales of
Japanese products. They maintained that almost all large Japanese com-
panies have established some kind of service facility in the United
States and should be able to service their latest equipment. One com-
pany representative, for example, commented that although most U.S.
SM&E companies are smaller than their Japanese counterparts, they have
been able to establish foreign networks to provide adequate service sup-
port. According to this official, Japanese companies have purposely not
made an effort to set up an extensive support network abroad. In his
view, Japanese suppliers intentionally withhold advanced equipment
from foreign semiconductor producers in order to keep innovative tech-
nologies in Japan.
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Representatives from several of the U.S. industry associations we inter-
viewed argued that Japanese suppliers could sell their latest products in
the United States if they wanted to. One association representative, for
example, maintained that some Japanese companies have made a delib-
erate decision not to establish a U.S. sales and service infrastructure.

Five of the six Japanese companies that we interviewed denied that a
lack of U.S. service facilities would prevent sales of these products to
U.S. firms. They emphasized that in almost every case, their companies
are able to service their latest and most advanced equipment in the
United States. An official from the other company, however, commented
that his firm will not aggressively market products in the United States
that it cannot adequately service. He explained that under certain condi-
tions, such as if a product is potentially dangerous, his company would
not sell it in an area where no qualified service was available. However,
if the company is satisfied that the customer can get qualified service
from other companies, it will consider selling its equipment in areas
where it does not have its own service facilities.

Several Japanese company officials emphasized the importance their
company places on reliable, quality products. They told us that they
would not sell their semiconductors or equipment without service
because sales and service go “hand in hand.” However, these officials
reiterated that they are able to service their most advanced equipment
in the United States.

One Japanese representative noted that because of his firm’s concern
about the reliability of its products, it specifically trains engineers at its
U.S. facilities to service the company’s latest equipment. Another com-
pany official said that if a piece of its equipment in the United States
needs repair, the company will “fly over engineers” to service it.

We also contacted the U.S. subsidiaries of 11 of the largest Japanese
sM&E companies. Eight of these have service facilities in the United
States. Representatives from these subsidiaries told us that their service
divisions could service all the equipment sold by their company,
including state-of-the-art equipment.

Although all but one of the Japanese companies we interviewed denied
that a lack of U.S. service support would cause them to delay or deny
sales of their most advanced products to U.S. firms, it should be noted
that we did not interview small Japanese suppliers of semiconductor
equipment. According to MITI officials, smaller Japanese SM&E companies
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may have more difficulty than larger firms servicing their equipment in
the United States and other foreign countries.

e ] ==
- According to the companies we interviewed, the need for testing new

e oduct Testmg products was another reason small and large Japanese suppliers com-
monly gave for delaying or denying sales of their latest technologies.
These suppliers were primarily in the semiconductor and SM&E indus-
tries. In several cases, Japanese suppliers reportedly told U.S. firms that
their state-of-the-art products were being tested or “debugged” and
were not ready for sale. Several U.S. company representatives told us
that Japanese suppliers often give certain domestic customers proto-
types of their next-generation equipment or components to test for up to
2 years before selling them to foreign companies. They believed that this
practice gives their Japanese competitors a substantial advantage in
developing next-generation products. :

The Japanese companies we interviewed denied that testing would cause
delays in selling their advanced products to U.S. companies. In addition,
MITI officials stated that J apanese companies do not favor domestic over
foreign companies when choosing customers to test their new, state-of-
the-art products.

Semiconductors Representatives from the Japanese semiconductor companies we spoke
with said they do not favor domestic companies when choosing which
companies will test their next-generation semiconductor chips. They
explained that they provide samples of chips to certain customers
before they are sold commercially. They do so based on the customer’s
technical ability to test the samples and provide feedback to the supplier
and its ability to buy the product once it is ready to be commercially
sold. They explained, however, that the companies that are chosen to
test their chips must have the financial resources to devote to testing;
they must provide their own engineers and use their own equipment to
do the testing. Because of this financial burden, they noted that most of
the companies that do the testing are large firms. One Japanese com-
pany official noted that his firm recently supplied samples of 16-
megabit DRAMs (which are not yet commercially available) to 10 U.S.
companies, 4 European companies, and 1 Japanese company that is a
subsidiary of a U.S. company.
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Semiconductor Materials Officials from the Japanese SM&E companies that we interviewed also

and Equipment said they extensively test their products before selling them on the
market. However, many U.S. company representatives we contacted
maintained that Japanese companies test their equipment with other
Japanese companies before selling the equipment commercially. Offi-
cials from the Japanese firms denied this assertion, maintaining that
they generally only test their new equipment in-house.

One Japanese supplier said that it has never allowed other companies to
test its equipment before selling it on the market. A representative from
another Japanese company commented that his firm only tests its most
advanced equipment used for research and development purposes with
customers before making it commercially available. He identified only

| one product that his firm has allowed its customers to test in the devel-

| opment phase in the past few years. According to the supplier, this

| product was tested by four U.S. and five Japanese companies at their
facilities before it was made commercially available. He explained that
his company chooses test partners that have the technological capabili-
ties to provide it with adequate feedback on the equipment’s perform-
ance. He emphasized the high cost of maintaining the equipment and
providing comprehensive technical feedback, and he noted that small
companies might not have the financial or technical resources to ade-
quately evaluate new equipment.

MITI stated that in surveying three large Japanese SM&E companies on
their sales of lithography equipment to Japanese and U.S. firms, it
found that these companies’ new equipment was sold to an equal
number of Japanese and U.S. companies within months after it had been
introduced on the market.

Although some large U.S. companies with facilities in Japan have been
given the opportunity to test Japanese equipment still in the develop-
ment stage, most U.S. firms indicated that it is rare for a foreign cus-
tomer to test next-generation Japanese equipment and parts. One
industry association representative commented that “logistical
problems,” such as transporting heavy equipment overseas, prohibited
Japanese companies from testing their products with U.S. companies at
their U.S. facilities. He noted that testing in the United States could cost
2 to 3 times more than testing a new piece of equipment in Japan.
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Many U.S. companies told us that Japanese companies supply their
domestic customers before foreign firms. Representatives from two U.S.
industry associations contended that Japanese suppliers purposely
withhold their state-of-the-art parts and equipment from U.S. and other
foreign firms to give Japanese firms a competitive edge. They dis-
counted the reasons generally given by Japanese suppliers for declining
to sell their latest products in the United States or for delaying sales.

One industry association representative said that although he believes
that Japanese firms supply the Japanese market first, he does not
believe that they intentionally “withhold” products from U.S. firms. He
believes that supplying domestic firms first is a “standard business
practice.” Another representative from this association said that Japa-
nese suppliers, particularly smaller ones, will generally sell their
advanced equipment and parts in Japan first because it is “easier and
cheaper” than selling them overseas.

The Japanese companies we intei'viewed denied that they favor their
domestic customers over their foreign customers. One company, in fact,
maintained that it had sold critical pieces of advanced wafer fabrication

equipment to three U.S. companies in the late 1980s before selling any to
domestic firms.

Several U.S. industry analysts told us that some Japanese suppliers,
particularly smaller ones, have little reason to export to the United
States, because the Japanese market for semiconductors and semicon-
ductor manufacturing equipment is currently larger than the U.S.
market. However, the Japanese companies that were cited most fre-
quently by U.S. companies for withholding advanced products were
larger Japanese companies that do export to the U.S. market. One U.S.
industry official stated that Japanese withholding of state-of-the-art
technologies may become more prevalent in the future as the Japanese

semiconductor market increases in size and the U.S. market stagnates or
declines.

One Japanese supplier, cited by several U.S. companies as withholding
SM&E equipment, told us it did not sell certain state-of-the-art equipment
in the United States during the mid-1980s because it received no orders
for it from U.S. companies until the late 1980s.

A representative from another Japanese supplier noted that there may
be particular products that his firm does not sell to U.S. firms because 0
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a lack of demand. He said, for example, that his firm does not sell a
particular piece of semiconductor manufacturing equipment in the
United States because U.S. firms “won’t buy it.”

2 All of the Japanese companies we interviewed said that the translation
Manuals Not Available of service manuals into English would not delay the sale of products to

U.S. firms. One company noted that some of its service manuals are
written in English before they are written in Japanese. Another com-
pany stated that its manuals are written simultaneously in English and

Japanese. _
. Some U.S. companies told us that when a leading edge product is in
PI'OdU.Ct n ShOI't short supply, Japanese companies are given preference over U.S. and
Supply foreign firms. One Japanese supplier told us that short supplies of some

pieces of sophisticated semiconductor manufacturing equipment often
cause delays ranging from 6 months to 1 year in sales to both U.S. and
Japanese firms from the time of the initial order until delivery. Another
company representative stated that his firm considers the size of the

order when setting priorities for the allocation of its products that are in
short supply.

One U.S. company official cited two instances in which his firm tried to
EXpOI't COHtI'Ol L&WS purchase Japanese state-of-the-art semiconductor manufacturing equip-
ment. The supplier allegedly told the official that he was prohibited

from selling this equipment because of Japanese export control policy
regulations.

However, officials from MITI and the Ministry of Foreign Affairs stated
unequivocally that Japanese export control laws should never impede
Japanese sales to American companies and that no sale to U.S. compa-
nies has been delayed due to export control regulations. In addition, the
one Japanese company that reportedly cited export controls as a reason
for not selling products to a U.S. firm told us that J apanese export con-

trol regulations would never inhibit its sales of high-tech products to the
United States.
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Two Japanese suppliers noted that they frequently tailor or customize
products to meet customer specifications. This requirement often delays
delivery by 6 months to 1 year from the initial order date. One company,
for example, told us that its engineers had to spend 2 years customizing
a sophisticated piece of semiconductor manufacturing equipment for a
U.S. company. This supplier noted that it often receives requests for
equipment that is more sophisticated than the model they have in stock
and that they must make extensive modifications to the equipment. In
addition, he stated that in the past few years his firm has received sev-
eral inquiries from U.S. firms about equipment that it was unable to pro-
duce because the specifications were too sophisticated for the
company’s technological capabilities. He emphasized that the only crite-
rion for selling its equipment to foreign customers is whether his com-
pany can build the equipment to the customer’s technical specifications.

Many U.S. industry representatives told us that some U.S. firms are in a
better position than others to get the latest equipment and parts from
Japanese suppliers. Factors that appear to affect a company’s ability to
obtain the latest and most advanced products from Japanese suppliers
include the extent of its financial resources, the presence of any facili-
ties in Japan, and the relationship it has established with Japanese
suppliers.

U.S. Companies With
Large Financial Resources

Many U.S. industry officials commented that U.S. companies that are
able to buy semiconductors and semiconductor equipment in large
volume can often purchase the latest and most advanced products
before smaller companies with fewer financial resources. According to
several U.S. company representatives, start-up companies are disadvan-
taged in trying to obtain leading edge Japanese products because they
cannot place large orders and therefore do not have the “clout to get
what they want.”” A few U.S. company representatives commented that

Japanese firms supply their largest customers first, whether they are
Japanese or American.

Despite this alleged advantage, almost one-half of the companies that
told us they had withholding problems were large (Fortune 500) U.S.
companies that generally buy Japanese products in large volume. An
industry association representative told us that almost one-half of the
15 companies that voiced similar complaints to his association over the
past several years have been large U.S. firms.
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U.S. Companies With
Facilities in Japan

U.S. firms that have some kind of facility in Japan, such as a manufac-
turing plant or a sales subsidiary, appear to be in a much better position
to get the latest equipment than those without any presence there.

One industry analyst noted that unlike U.S. companies, Japanese compa-
nies generally have a “lifetime relationship and a real partnership” with
each of their suppliers. Several company representatives explained that
U.S. firms frequently switch suppliers and rarely try to cultivate long-
term relationships. They noted that U.S. suppliers rarely work together
with their customers in testing their products. The close Japanese cus-
tomer/supplier relationship, by contrast, encourages the testing of new
products among Japanese companies.

Several U.S. company officials stated that their presence in Japan has
been crucial to establishing strong relationships with their Japanese
suppliers. U.S. company representatives emphasized the importance
that Japanese suppliers place on stable, long-term customer/supplier
relationships. They noted that foreign firms that have made an effort to
establish long-term relationships with Japanese suppliers are often
better able to get the first allocations of the latest state-of-the-art prod-
ucts and are in a position to know about new Japanese technologies and
products. One U.S. industry association representative stated that firms
with no facilities in Japan face a delay of about 9 months in getting
access to advanced Japanese semiconductors. A U.S. company represen-
tative also noted that companies without facilities in Japan will not be
in a position to test Japanese chips or equipment. Further, a U.S. semi-
conductor association official pointed out that it is “easier and cheaper”
to sell Japanese semiconductor equipment to U.S. companies located in
Japan. This is especially true for smaller Japanese suppliers that do not
have the resources for initiating foreign sales and marketing efforts and
for establishing service facilities overseas.

One representative from a large Japanese company remarked that it
does consider the “length” of the relationship with a customer, along
with other factors such as the size of the order, when determining which
customers receive the first allocations of its latest equipment. However,
officials from a few other Japanese companies denied that the length of
the relationship they have with a company is a factor in choosing which
customers will test their products or receive the first allocations of their
new products.
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Only seven of the 61 U.S. high technology firms and government
research laboratories we interviewed told us that they were pressured
by Japanese suppliers to take certain actions in order to obtain semicon-
ductors. The practice of pressuring companies to buy certain products or
to license their technologies in order to get an item they want is known
as “tying” or “leveraging.”

Six of the seven instances reported by U.S firms occurred in 1987 and
1988 during the DRAM shortage.! In our interviews with U.S. companies,
Japanese companies were the only foreign suppliers cited as exerting
pressure to take certain actions as a condition to obtain products. Sev-
eral U.S. company representatives said that during the bRAM shortage,
they were also subjected to tying arrangements by U.S. semiconductor

firms. They noted that these types of arrangements are not uncommon
business practices.

Only one U.S. company we spoke with said it had been subjected to
leveraging pressure from a Japanese supplier in the past year. Many of
the companies we contacted said they did not believe leveraging by Jap-
anese suppliers was currently a problem.

Representatives from six of the companies we interviewed stated that

Exgmples Ot: Japa,nese they were pressured by Japanese companies to buy an array of semicon-

Tylng Practices Cited ductor chips, such as logic chips or certain customized chips, in order to

by U.S. Companies get adequate supplies of memory chips. Representatives from one of
these companies said their firm was also pressured to license a tech-
nology in order to get adequate supplies of DRAMs. Officials from another
company said that they were told that in order to buy a customized chip,
they would also have to purchase telephone circuitry. Examples of these
tying practices are discussed in more detail below.

+ Arepresentative from a U.S. telecommunications company told us that
in 1990 he tried to purchase customized semiconductor chips to use in a
telephone device. The company wanted to sell the device to the Japa-
nese public telephone company, and the chip was necessary in order to
make the telephone device compatible with the Japanese system.
According to this company representative, the Japanese supplier stated

'Many industry experts believe that the DRAM shortage, which began in 1987, was initially due to a

delay in U.S. companies' coming on line with the latest generation of memory chips, unprecedented
demand, and restrictions imposed by the 1986 U.S.-Japan Semiconductor Trade Arrangement. The
shortage ended in 1989, primarily because the computer industry took a downturn, demand
decreased, and South Korean producers came on line with I-megabit DRAMs.
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U.S. Industry
Association Views

U.S. Government
Officials’ Views

that his company would not sell the chip unless the U.S. company also
bought the entire surrounding circuit. The U.S. company official
explained that his company already produced the surrounding circuit
and only needed the chip. As of March 1991, he said his company was
still trying to buy the chip.

An official from a U.S. semiconductor company told us that in 1988 his
company was pressured to buy specialized semiconductor chips in order
to get DRAMs. This official stated that his company was not interested in
buying the specialized chips since it also produces these chips. He stated
that his company’s chips were “‘superior in quality” but that it agreed to
buy the chips from the Japanese supplier because it needed the DRAMS.
He also commented that his company was “particularly hurt” during the
DRAM shortage because it had not established a long-term relationship
with its Japanese suppliers.

During the DRAM shortage, one U.S. computer company representative
said his firm had experienced pressure to buy customized chips. It also
was pressured to make an advance commitment to purchase a certain
amount of chips over a specific time period in order to get DRAMS.
According to this representative, his company was eventually able to get
the chips without buying the customized chips. However, it did have to
agree to buy a specific quantity of chips during 1988 and 1989. He com-
mented that he believes his company had problems with its Japanese
supplier because it had no prior relationship with the company. This
representative also stated that U.S. companies that had purchased prod-

ucts from Japanese suppliers for a long period of time were in a better
position during the shortage.

Several officials from one industry association we spoke with stated
they knew of several instances during the DRAM shortage in which Japa-
nese companies had engaged in tying practices. However, none of the
five industry associations and market research firms we interviewed
knew of any recent complaints by U.S. companies about Japanese tying
practices. One association representative specifically stated that he does
not believe “tying’’ by Japanese suppliers is a problem, while another
association official commented that leveraging by Japanese suppliers
will become more prevalent in the future as Japan becomes more domi-
nant in high-tech industries and advanced technologies.

Officials from several U.S. government agencies told us that Japanese
companies were engaged in tying practices between 1987 and 1989. One
agency official stated that his office brought up the issue of tying 9 to
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that Japanese companies told their U.S. cus

increase their allocations of DRAMs if they agreed to buy logic or other
Customized chips.
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Appendix |

Types of U.S. Companies Interviewed,

by Category

. R A A S RS T M5

Computer/computer peripherals 15
Semiconductor 15
Semiconductor equipment 15
Semiconductor materials 3
Electronics 8
Telecommunications o4
Other : 1

Total 59
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Gléssary

Deposition An operation in which a film is placed on a silicon wafer without a
chemical reaction with the underlying layer.
Die Bonder Assembly equipment that bonds the back side of an integrated circuit

die to various materials. A die is a small piece of silicon wafer that con- B |
tains the complete circuit being manufactured. '

Dynamic Random Access

Memory (DRAM) uses one transistor and a capacitor to represent a bit, whichis a memory 7;

cell in a computer. 3
Emitter-Coupled Logic A type of microelectronic circuit design that is noted for its extremely
(ECL) fast switching speeds.

Electron Cyclotron

A technology that uses a high-frequency microwave energy source to

Resonance (ECR) create a plasma in a confined region using a magnetic field for the pur-
pose of etching and deposition.

Etching A process in which acid is used to remove previously defined portions of - f-‘
the silicon oxide layer covering the wafer to expose the silicon i
underneath.

Flat Panel Displays A thin display screen that uses any of a number of technologies, such as :

liquid crystal display. Flat panel displays are used in laptop computers 5 _
in order to keep the overall size and weight of the machine to a min- #
imum. In time, flat panel displays will supersede the cathode ray tubes
that are widely used today in computers and televisions.

Gallium Arsenide

A compound semiconductor material that allows transistors and inte- %
grated circuits to operate much more rapidly than similar devices made
of silicon. ;
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Ion Implantation

A process in which silicon is bombarded with high-voltage ions in order

to implant them in specific locations and provide the appropriate elec-
tronic characteristics.

Liquid Crystal Display
(LCD)

A liquid crystal display is a technique that uses a transistor for each
monochrome or each red, green, and blue dot. It provides sharp contrast
and speeds screen refresh. LCD technology is commonly used in digital
watches and laptop computers.

Lithography

A process in which the desired circuit pattern is projected onto a
photoresist coating covering a silicon wafer. When developed, portions
of the resist can be selectively removed with a solvent, exposing parts of
the wafer for etching and diffusion.

Parallel Processor

A parallel processor is a computer in which a number of computations
are carried out simultaneously on more than one central processing unit.

Peripheral

A peripheral is a device connected to a computer, such as a terminal or a
disk drive.

Semiconductors (or Chips)

A material, typically silicon or germanium, that has four electrons in its
outer ring and is a poor conductor of electricity. The term has come to
refer to all devices made of semiconducting material, including transis-
tors and diodes.

Silicon

One of the most common elements found in nature and the basic mate-
rial used to make the majority of semiconductor wafers.

State-of-the-Art

State-of-the-art is the most current technique or method applied to
designing and developing hardware and software.

Stepper

A sophisticated piece of equipment used to transfer an integrated circuit
pattern from a mask onto a wafer.
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Wafer A thin disk, cut from silicon or other semiconductor material. The wafer'
is the base material on which integrated circuits are fabricated.
b logy
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