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Executive Summary

Section 854 of the 1998 Defense Authorization Act requires the Department of
Defense to conduct a study of the capacitor and resistor industries in the U.S., and to
submit to Congress a report on the results of that study by May 1, 1998. The report is to
include an assessment of: (1) the U.S. capacitor and resistor industrial base, (2) the
impact of relevant tariff reductions required by the December 1996 Information
Technology Agreement (ITA), (3) the extent to which the Department of Defense (DoD)
is dependent on foreign sources for its resistors and capacitors, and (4) any associated
national security implications. Finally, the report is to include recommendations for
appropriate changes, if any, in defense procurement policies or other Federal policies
necessary to address identified national security concerns.

DoD performed its assessment primarily using industry information provided by
the U.S. International Trade Commission (USITC), and, to a lesser extent, the Electronic
Industries Association (EIA) and the U.S. Department of Commerce (DoC).

Capacitors and resistors represent mature technologies, available from many U.S.
and foreign suppliers.

Resistors and capacitors are members of a class of electronic components referred
to as passive devices. Passive devices are combined with active devices such as
semiconductors to form functional circuits. Resistors and capacitors are mature,
commodity products, and the technologies and processes employed in their manufacture
are widely available throughout the world. They usually are produced in high volumes
and orders generally are awarded to the lowest cost bidder.

Passive electronic devices are used extensively in communications equipment,
computers, automobiles, consumer electronics,. industrial equipment, and military
systems. They are largely produced in those countries that also produce consumer
electronics equipment (i.e., the U.S., Mexico, Germany, the United Kingdom,
Netherlands, Japan, and other countries in the Pacific Rim). Applications for DoD
account for less than one percent of world capacitor and resistor demand. '

Tariff reductions likely will increase market access opportunities in the U.S. and
European Union, but not in Japan.

A USITC analysis of tariff reduction impacts conducted in February 1997
concluded that ITA duty elimination likely would result in increased market access
opportunities, because of the commodity nature of these products, in the U.S. and
European Union. Japan already has eliminated its tariffs on capacitors and resistors;
therefore, the ITA will not result in increased market access opportunities there.

However, according to U.S. industry representatives, the major Japanese
consumers of passive components, large electronics Original Equipment Manufacturers,
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resist purchasing products from outside of their industrial groups. Japanese passive
component imports are limited mostly to products for which there are no domestic
equivalents. This represents a significant non-tariff barrier for non-Japanese firms that is
not considered in the ITA. Representatives of the U.S. Trade Representative have
advised they will address, during the ITA review process, non-tariff barriers that might

restrict access to overseas markets for U.S. exporters of capacitors, resistors, and other
products covered by the ITA

DoD uses resistors and capacitors manufactured by non-U.S. suppliers.

Because of the international nature of the industry, DoD uses resistors and
capacitors manufactured by non-U.S. suppliers. However, due to limitations.in available
data, it is not possible to determine precisely the number of such capacitors and resistors
that DoD uses. DoD seldom buys capacitors and resistors directly from the manufacturer.
The majority of capacitors and resistors used in defense applications are procured by
lower tier subcontractors and incorporated into components or subsystems. In response
to a query, EIA reported that it was unable to categorize suppliers as domestic or foreign

suppliers because of an inability to accurately reflect where the product actually may have
been manufactured.

o Foreign—oWned firms produce devices in U.S. manufacturing facilities.

e Most large U.S. firms have extensive manufacturing facilities off-shore and
import the products for sale in the U.S.

e The use of production-sharing facilities, primarily in Mexico, results in individual
items with significant percentages of U.S. and non-U.S. content.

e U.S. firms distribute, relabel, and resell products produced by non-U.S. firms.

National security does not require that capacitors and resistors for DoD applications
be supplied by, or be available from, U.S. firms.

Capacitors and resistors represent mature technologies, available from many U.S.
and foreign suppliers — and potentially available from even more. Current and potential
non-U.S. capacitor and resistor suppliers are located in Mexico, Germany, the United
Kingdom, the Netherlands, Japan, and other countries in the Pacific Rim. In 1995, DoD
eliminated domestic source restriction requirements for these, and other, electronic
components to allow DoD to take full advantage of the benefits offered by access to the
best global — primarily commercial — suppliers.

The Department believes no recommendations for changes to defense procurement
policies or other Federal policies are necessary.
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I. Report Requirements

Section 854 of the 1998 Defense Authorization Act requires the Department of Defense

to conduct a study of the capacitor and resistor industries in the U.S., and to submit to Congress a
report on the results of that study by May 1, 1998. The report is to include:

An assessment of the industrial base for the production of resistors and capacitors within
the U.S. and a projection of any changes in that base that are likely to occur after the
implementation of relevant tariff reductions required by the Information Technology

Agreement (ITA) entered into at the World Trade Organization (WTO) Ministerial in
Singapore in December 1996.

An assessment of the level of dependence on foreign sources for procurement of resistors
and capacitors and a projection of the level of dependence on foreign sources that is likely

to occur after the implementation of relevant tariff reductions required by the Information
Technology Agreement. '

The implications for the national security of the United States of the projections reported
above.

Recommendations for appropriate changes, if any, in defense procurement policies or
other Federal policies based on such implications.

This report responds to this requirement.



Section II. Industry Profile
Background

Resistors and capacitors are members of a class of electronic components referred to as
passive devices. Passive devices are the most widely used electronic components; they are
combined with active devices such as semiconductors to form functional circuits. Resistors are
used to control or limit the amount of current flowing in a circuit. Capacitors are used to store
and discharge energy; they are used for filtering, coupling, isolating, and storing current.
Resistors and capacitors are considered to be mature, commodity products, and the technologies
and processes employed in their manufacture are widely available throughout the world. They

are usually produced in extremely high volumes and orders generally are awarded to the lowest
bidder.

Passive electronic devices are used extensively in communications equipment,
computers, automobiles, consumer electronics, industrial equipment, and military systems. They
are largely produced in those countries that also produce consumer electronics equipment (i.e.,

the U.S., Mexico, Germany, the United Kingdom (UK), Netherlands, Japan, and other countries
in the Pacific Rim).

The Department of Defense (DoD) performed its assessment primarily using industry
information provided by the U.S. International Trade Commission (USITC), and, to a lesser
extent, the Electronic Industries Association (EIA) and the U.S. Department of Commerce
(DoC). Specifically, DoD drew extensively on industry information contained in Chapter 5 of
the USITC report Advice Concerning the Proposed Modification of Duties on Certain
Information Technology Products and Distilled Spirits, Publication 3031 dated April 1997.
Chapter 5 of the USITC report is included in this report as an appendix.

U.S. Industry

The U.S. is the world’s second largest manufacturer of capacitors and resistors,
accounting for approximately 16 percent of world-wide production.! Between 1996 and 1997,
U.S. capacitor sales increased about 12 percent to $2.07 billion’, while resistor sales remained
relatively unchanged at about $440 million (Figure 1).

! Data derived from USITC Publication 3031, dated April 1997.
2 EIA Capacitor Sales - 401 reports, which exclude exports of tantalum, ceramics, mica and other fixed type and
variable capacitors. 1996 report dated April 14, 1997 and 1997 report dated January 28, 1998.
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Figure 1: U.S. Capacitor and Resistor Sales - Source: USITC

Over that same period, U.S. capacitor and resistor exports increased 22 percent.- The U.S.
enjoyed a trade surplus of $373 million in 1997 — a 79 percent growth over 1996 (Figure 2).

5 Exports ' Imports
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Figure 2: U.S. Capacitor and Resistor Imports and Exports - Source: DoC

The weakness in capacitor sales and decrease in capacitor imports in 1996 reflect an over
supply that-developed in 1995. December 1995 sales of personal computers (PCs) and cellular
phones failed to meet makers’ expectations and the most significant fallout hit semiconductor
makers. The slump in semiconductors in turn hurt the capacitor market in 1996. Incoming

* DoC Import and Export Data, dated March 20, 1998.



capacitor orders declined 50 percent for some items and prices fell 10-15 percent.* As shown in
Figure 1, sales rebounded in 1997.

The downturn in 1996 emphasizes the extent to which the commercial market influences
the capacitor and resistor industry. Market experts predict that the future of passive devices is
tied to the PC and burgeoning wireless communication market.” DoD demand for capacitors and
resistors accounted for less than one percent of the 1996 world-wide market. Consumer
electronics drives the market; defense applications generally leverage commercial advances in
design and manufacturing.

Mexico represents the largest U.S. export market, accounting for about 45 percent of U.S.
capacitor and resistor exports.® The U.S. exports finished capacitors and resistors to Mexico,
typically to be incorporated into computers, televisions, and other consumer electronics
equipment. However, many U.S. exports to Mexico are in the form of unfinished components
which are assembled and packaged in Mexican production-sharing facilities’ and resold in the
U.S. or elsewhere. The European Union (EU) is the second largest export market for the U.S.,
accounting for 15 percent of total exports. Exports to Canada comprise 10 percent of total

exports. Most exports to Canada are used in the Canadian telecommunications, computer, and
office equipment industries.?

The U.S. passive device industry is comprised of several large firms which dominate
production, as well as a number of relatively small firms, most of which have annual sales under
$50 million. More than 100 companies report capacitor or resistor sales information to EIA.
AVX Corporation, Kemet and Vishay Intertechnology dominate the U.S. capacitor industry, and
account for approximately two-thirds of the value of U.S. production. Vishay, IRC and Bourns
account for the bulk of U.S. resistor production.” AVX, Kemet, and Vishay are among the
world’s largest producers of capacitors, and Vishay is one of the world’s largest resistor
manufacturers.’® Nearly all U.S. capacitor and resistor producers are “merchant firms” —
suppliers which produce products to be sold to other firms, rather than for internal use. Many
U.S. firms which produce capacitors also produce resistors; Vishay is the largest such producer.
Domestic manufacturers often make only a few product variations because such specialization
facilitates technical focus and economies of scale. Economies of scale are particularly important
in an industry in which price is generally the most important factor influencing sales.

* Electronic Business Today, Nov 1996 v22 nl p7(2).

5 Ibid. :

¢ DoC, “Electronic Components,” North American Free Trade Agreement, Opportunities for U.S. Industries, pages
8-9.

" In general, production-sharing in electronic components entails dividing the fabrication and assembly processes.
Manufacturing components is a relatively capital-intensive process and is conducted in the U.S.; assembling
components is relatively labor-intensive and, in order to lower production costs, is conducted in a country with
lower labor costs.

* DoC, “Electronic Components,” North American Free Trade Agreement, Opportunities for U.S. Industries, pages
8-9.

° USITC Publication 3031, dated April 1997.

1 World Wide Web, retrieved Jan 1, 1997, Electronic Buyers’ News, http://www.techweb.com/se/techsearch, “The
List,” Electronic Buyers’ News, October 21, 1996.



Globalization has had a major impact on the U.S. capacitor and resistor industry. Foreign
firms have acquired significant U.S. production capacity and U.S. firms have increased their
international presence. Japan’s Kyocera owns a majority share of the U.S. company, AVX
Corporation. AVX controls roughly one-quarter of the value of U.S. capacitor production."
Additionally, Panasonic and Murata of Japan, and Philips of the Netherlands, have established
sizable capacitor facilities in the U.S. Foreign firms also own considerable U.S. resistor
production capabilities. A British firm owns IRC, one of the largest U.S. resistor producers.'
Also, Japanese firms have purchased a number of former U.S. resistor producers, which no
longer manufacture in the U.S.. These firms, including Rohm and DOA Speer, now are used
solely to distribute Japanese-manufactured electronic components."

Many U.S. capacitor and resistor manufacturers have taken steps to strengthen their
position in the international market. They have established foreign facilities both to manufacture
complete devices and to assemble finished devices in production-sharing operations. Table 1
lists the foreign production facilities of several large U.S. capacitor and resistor manufacturers.
U.S. firms are expected to continue to establish manufacturing facilities outside the U.S. as
necessary to maintain a cost competitive position in the world market, enhance customer service,
avoid tariff and non-tariff barriers, take advantage of free trade agreements, capture foreign
government financial incentives, and lower labor costs.*

Company _Forelgn Manufacturing Facilities -~~~ " "“ " " 1 Production-Sharing
AVX Czech Republic, El Salvador, Germany, Ireland Israel Mexico

Singapore, United Kingdom
Kemet Not Available Mexico
Vishay Canada*, Czech Republic, France, Germany, Portugal, | Mexico

United Kingdom
Bourns | China, Costa Rica, Ireland, Taiwan, United Kingdom Not Available
Aerovox Not Available Mexico

* Although Canada is included under the heading “Foreign Manufacturing Facilities,” 10 U.S.C. 2491 defines the
“national technology and industrial base” as the U.S. and Canada.

Table 1: Foreign Production Facilities of U.S. Passive Device Manufacturers - Source: USITC

U.S. firms also have entered into agreements with non-U.S. firms to distribute, relabel,
and resell foreign products. For example, AVX has a distribution agreement with its Japanese
parent, Kyocera, which allows AVX to use Kyocera’s distribution system to market its capacitors
in Japan. In return, Kyocera markets some of its components in the U.S. through AVX. Both
firms benefit; they are able to offer a broader line of passive components to customers that are
increasingly interested in “one-stop shopping” — the ability to purchase all or most of their

-

' USITC Publication 3031, dated April 1997.
2 Ibid.
3 Ibid.
' USITC Publication 3031, dated April 1997.



component needs from one or two suppliers.” U.S. resistor firms also market products
manufactured by non-U.S. suppliers. In addition to manufacturing its own resistors, Bourns sells
resistors manufactured under contract with Asian producers. Bourns also imports and sells,
under its name, certain resistors which Bourns does not produce. This process allows Bourns to
broaden its resistor product line for customers interested in using a limited number of suppliers.'®

Additionally, domestic resistor and capacitor suppliers are consolidating (for example,
Rohm and DOA Speer cited above) as producers attempt to maintain a presence in multiple
markets, and increase access to greater research & development (R&D) and capital resources.’

Non-U.S. Industry

In 1996, world-wide production of capacitors and resistors totaled approximately $16.1
billion." Japanese firms controlled 48 percent of the production, U.S. firms controlled 16
percent, and EU firms controlled 14 percent (Figure 3).

Taiwan
4%

Japan

u.s.
16%

Singapore 14% i
ngso/;: China Korea ;

6% 7%

Figure 3: 1996 World Production for Capacitors & Resistors - Source: USITC

'* Ibid.
¢ Ibid.

"7 USITC, Industry and Trade Summary: Capacitors, USITC publication 2728, February 1994, page 4.
'® Estimated and reported by USITC based on official statistics of the DoC
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Japan is the world’s dominant producer of capacitors and resistors. Japanese firm
production increased from $6.3 billion in 1992 to $7.8 billion in 1996, and exports exceeded $3.5
billion in 1996.” The Japanese industry is quite different from the U.S. -industry. Japanese
producers often are much larger than their U.S. competitors and frequently manufacture a wide
variety of other electronic products, including “end items” such as consumer electronics.
Murata, TDK Corp., Panasonic, Nippon Chemi-con, Nichicon, Kyocera, Hitachi, and Matsuo are
among the largest Japanese capacitor producers. Rohm, KOA Speer, Panasonic, Fuji, Kyocera,
and Susumu are the major Japanese resistor manufacturers.”® To lower production cost and better
serve foreign markets, Japanese firms have established foreign production facilities, increasingly
"in other Asian countries. For example, Kyocera purchased AVX; Murata and Panasonic
maintain capacitor manufacturing facilities in the U.S.; Matsushita entered into a joint venture
with Siemens of Germany to produce components in the EU; and Nissei Electric of Japan
purchased Black and Decker’s EU production facilities.! In large part these actions have been

designed to accommodate the continuing movement of Japanese consumer electronics
manufacturing out of Japan.?

Firms located in the EU represent the world’s third largest block of capacitor and resistor
manufacturers. EU production grew to $2.3 billion in 1996.” Production is largely concentrated
in Germany, the UK and the Netherlands, which are centers for EU electronic systems
manufacturing. As in the U.S., the resistor and capacitor industries in the EU are a mix of EU

and foreign-owned firms. Also, as in the U.S., production is dominated by a relatively small
number of large producers.? :

~ Major EU capacitor manufacturers include Siemens/Matsushita, Philips, Vishay, AVX,
Thomson-CSF, WIMA Arcotronics, VOX/RIFA, and ISKRA. Major EU resistor manufacturers
include Philips, Vishay, Siemens, Beyschlag, Welwyn, Beckman, and Vitrohm.?

Taiwan, South Korea, China, and Singapore are the largest of the emerging capacitor and
resistor manufacturing nations. From 1992 to 1996, their combined production grew from $1.7
billion to $3.5 billion.*® Taiwan is the group’s largest producer of resistors, with 1996 production
estimated at $230 million.”” Resistor production in Taiwan is highly fragmented with over 150
producers. The largest Taiwanese companies include Yageo, Ty-Ohm, Ever Ohms Industry, and
First Resistor and Condenser Co. Ltd.® The largest South Korean producers are Samhwa
Capacitor Company; vertically integrated electronics conglomerates such as Samsung, Lucky
Goldstar and Daewoo; and several Japanese transplants.”” For both capacitors and resistors,

'* Estimated by USITC staff based on United Nations Trade Series D.

% Japan Electronics Almanac ‘95/°96 (Tokyo, Japan: Dempa Publications, Inc., 1995), page 125.
3 USITC Publication 3031.

2 Japan Electronics Almanac ‘95/°96, page 133.

% Estimated by USTIC staff based on Elsevier, Yearbook of World Electronics Data, 1994 and 1996.
2 USITC Publication 3031, dated April 1997.

3 Ibid.

2 Estimated by USITC staff based on Elsevier, Yearbook of World electronics Data, 1996.

*7 Estimated by USITC staff based on Elsevier, Yearbook of World Electronic Data, 1996.

% Mark Lpedus, “Yageo Makes Growth Move.”

® USITC, Industry and Trade Summary; Capacitors, page 7.
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China has been the fastest growing producer, a trend that appears likely to continue. A number
of companies in the region are transferring products to China to take advantage of lower
production costs.® Exports from these countries more than doubled between 1992 and 1996,
from $1.2 billion to $2.6 billion. The rate of growth in exports from these countries exceeded
that of the United States, Japan and the EU.”!

3 World Wide Web, retrieved January 17, 1997, Electronic Buyer’s News, http://www techweb.com/se/techsearch,
Marl LaPedus, “Taiwan Ups the Ante-Despite Higher Demand, Suppliers Plan Price Cuts,” Electronic Buyers’
News, February 13, 1995.

3! Estimated by USTIC staff based on United Nations Trade Data Series D and Elsevier, Yearbook of World
Electronics Data, 1994 and 1996.



Section II1. Global Market

The production of capacitors and resistors closely follows the demand for semiconductors
and the consumer electronics in which both are incorporated. Applications in computers,

telecommunications equipment, automobiles, and other consumer electronics account for over
three-quarters of consumption.*

The market for capacitors and resistors in the United States increased irregularly between
1992 and 1996, with noticeable increases in 1994 and 1995, and a decline in 1996. The decline
in 1996 was due to an over supply of devices resulting from week consumer electronics sales in

December 1996. Overall, U.S. market consumption grew slightly from $2.1 billion in 1992 to
$2.4 billion in 1996.*

Although consumption levels reflected little change, imports of capacitors and resistors
increased between 1992 and 1997 (Figure 2). In 1997 the value of imports of these passive
components into the U.S. equaled nearly $2.1 billion, compared with approximately $1.1 billion
in 1992. The U.S. import to consumption ratio has increased since 1992, when capacitor and
resistor imports comprised slightly over half of all U.S. consumption. By 1996, the percentage
of imports to consumption increased to an estimated 71 percent.* This rise stemmed primarily
from increased use of production-sharing strategies with assemblers in Mexico, plus an increase
in the number of products imported from Asia for relabeling or direct sale in the United States.

Japanese consumption of capacitors and resistors remained relatively unchanged at
roughly $4.5 billion between 1992 and 1996. Although the value of imports of passive
components increased from about $140 million in 1992 to $300 million in 1996 — an average
annual growth rate of nearly 20 percent — the import to consumption ratio in Japan remains very
low. In 1992, imports comprised slightly over 3 percent of consumption, and increased to 7
percent in 1996.*° Japanese imports of passive components are limited mostly to products for
which there is no domestically produced equivalent’””  According to U.S. industry
representatives, the major Japanese consumers of passive components, large electronics Original

- Equipment Manufacturers (OEMs), are resistant to purchasing products from sources outside
their industrial groupings.*®

32 World Wide Web, retrieved January 23, 1997, Electronic Business today,

http://www.ebt.mag.com/issue/9701/01passive.htm, Heidi Elliot, “Passives Sing A Happy tune,” Electronic
Business Today, January 23, 1997.

33 USITC Publication 3031, dated April 1997.
3 Estimated by USITC staff based on official statistics of the USDoC.

% Estimated by USTIC staff based on Elsevier, Yearbook of World Electronics Data, 1996; and United Nations
Trade Series D. ‘ :

% Ibid.
¥ Ibid.
38 U.S. industry representatives, telephone interviews by USITC staff, fall 1996 and winter 1997.
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EU consumption of resistors and capacitors grew from $2.5 billion in 1992 to $3 billion
in 1996, an annual average growth rate of 5 percent.”” As in the U.S. market, EU consumption
generally followed increased demand in the computer, telecommunications, and automobile
sectors.” Imports represent roughly 60 percent of the EU market.*’

Asian consumption, excluding Japan, grew by an average of about 14 percent between
1992 and 1996, from $2.1 billion to $3.6 billion.* Again, growth was tied closely to growth in
the consumer electronics, computers, and telecommunications industries; and for Korea and
China, the automobile sectors.*

% Estimated by USITC staff based on Elsevier, Yearbook of World Electronics Data, 1996; and United Nations
Trade Series D.

“ USITC Publication 3031, dated April 1997.

4 European Commission, Panorama of EU Industry, pages 10 - 11.

%2 Estimated by USITC staff based on Elsevier, Yearbook of World Electronics Data, 1996; and United Nations
Trade Series D.

4 USITC Publication 3031, dated April 1997.

10



Section IV. Impact of Tariff Reductions

Due to limitations in available capacitor and resistor data, it is not possible to forecast
precisely the impact of ITA tariff reductions on U.S. suppliers. DoD representatives asked the
EIA to estimate the impact that ITA tariff reductions would have on U.S. passive device
suppliers; but it was unable to do so.** (EIA did, however, assert that non-tariff barriers created
obstacles for U.S. firms.*” Representatives of the U.S. Trade Representative (USTR) have
advised they will address, during the ITA review process, non-tariff barriers that might restrict

access to overseas markets for U.S. exporters of capacitors, resistors, and other products covered
by the ITA.%)

The USITC conducted a summary-level analysis of tariff reduction impacts in February
1997, at the request of the USTR. The USITC study included an analysis of current tariffs, an
assessment of patterns of imports and exports, and an indication of potential market access
opportunities resulting from proposed tariff modifications.”” The USITC concluded that ITA
duty elimination likely would result in increased market access opportumtles because of the
commodity nature of these products, in the U.S. and EU, but not in Japan.*

e U.S. tariff rates on imported capacitors were scheduled to equal 9 percent, under the
General Agreement on Tariffs and Trade (GATT) Uruguay Round, on January 1, 1999.
For resistors, most imports were to be dutiable at a rate of 6 percent. The ITA reduces

these tariffs in steps to reach zero on January 1, 1999. Elimination of the tariffs likely
will result in increased opportunities to access the U.S. market.

e The principal exporters to the EU market are firms located in Japan and the U.S,,
collectively accounting for approximately one-half of all EU imports.”” Absent an ITA,
capacitor imports into the EU on January 1, 1999 will be dutiable at rates ranging from a
high of 3.7 percent to a low of 2.7 percent. For resistors, import tariffs will equal 2.7
percent.® ITA duty elimination is likely to result in increased EU market access

opportunities. EU enlargement likely will further increase market access opportumtles
for foreign producers.

“ EIA letter to the Department of Defense, dated February 13, 1998. (EIA did indicate that capacitor and resistor
industry trends toward off-shore production mirrored those in most other high technology U.S. commodity
industries. As companies employ the most cost-effective strategies to market their products, they may move
manufacturing, production and assembly to non-U.S. facilities.)

* Ibid.

% U.S. industry representatives, interviews by DoD staff, Myrtle Beach, SC, February 3, 1998

" During a public comment period the USITC received comments on several subject areas, including capacitors and
resistors. A number of U.S. capacitor producers expressed strong opposition to including capacitors in the
agreement and one company opposed resistors. In general, these producers were concerned that the elimination of
U.S. tariffs would result in substantial import growth not offset (because of the contmued existence of non-tariff
barriers in other major markets) by increased opportunities.

“ USITC Publication 3031, dated April 1997.

* European Commission, Panorama of EU Industry, page 10 -9.

50 Most-Favored-Nation Tariff Schedules
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Japan already has eliminated its tariffs on capacitors and resistors®'; therefore, the ITA
will not result in increased market access opportunities in Japan. However, according to
U.S. industry representatives, the major Japanese consumers of passive components, large
electronics OEMs, are resistant to purchasing products from outside of their industrial
groups.” Japanese passive component imports mostly are limited to products for which
there is no domestic equivalent. This represents a significant non-tariff barrier for non-
Japanese firms that is not addressed in the ITA.

In the absence of an ITA, tariffs on capacitors and resisters are scheduled to be 13 percent
in Korea and 10 percent in Singapore as of January 1, 1999.*® As China and Taiwan are
not WTO members, their tariff rates may change at any time. In 1992, China’s base tariff
rates on capacitors and resistors ranged from a high of 40 percent to a low of 15 percent.
Taiwan’s tariff rates in 1992 were significantly lower than China’s. Capacitor and resistor
duties ranged from a high of 12.5 percent to a low of 1.25 percent. Based on duty
elimination under the ITA, market access opportunities should increase substantially in
Taiwan, Singapore and Korea. Market access will remain unchanged in China, since it is
not an ITA signatory. -

*! Ibid.

52 USITC Publication 3031, dated April 1997.
53 Most-Favored-Nation Tariff Schedules.
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Section V.  Foreign Dependency

Because of the international nature of the industry, DoD uses resistors and capacitors
manufactured by non-U.S. suppliers. However, due to limitations in available data, it is not
possible to determine precisely the number of such capacitors and resistors that DoD uses.

DoD seldom buys capacitors and resistors directly from the manufacturer. The majority
of capacitors and resistors used in defense applications are procured in large quantities by lower
tier subcontractors and incorporated into components or subsystems. EIA also reported that it
was unable to categorize suppliers as domestic or foreign suppliers because of an inability to
accurately reflect where the product actually may have been manufactured.”* Differences in
company information systems and in methods used to classify or inventory products made in the
U.S. versus those imported from off-shore facilities make it extremely difficult to differentiate
between capacitors and resistors produced in the U.S. and those produced elsewhere.*

e Foreign-owned firms produce devices in U.S. manufacturing facilities.

* Most large U.S. firms have extensive manufacturing facilities off-shore and import the
products for sale in the U.S.

* The use of production-sharing facilities, primarily in Mexico, results in individual items
with significant percentages of U.S. and non-U.S. content.

e U.S. firms distribute, relabel, and resell products produced by non-U.S. firms.

Additionally, EIA indicated that it does not compile capacitor and resistor sales data by
supplier, by government sales, or by DoD sales.*

4 EIA letter to the Department of Defense, dated February 13, 1998,

* U.S. industry representatives, interviews by DoD staff, Myrtle Beach, SC, February 2-3, 1998.
% Ibid.
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Section VI.  National Security Implications

Capacitors and resistors represent mature technologies, available from many U.S. and
foreign suppliers — and potentially available from even more. DoD specifications for military-
quality capacitors and resistors were changed, deliberately, in 1995 to eliminate domestic source

restrictions. National security does not require that parts for DoD applications be supplied by, or
be available from, only U.S. suppliers.

In an increasingly global market, DoD wants to take full advantage of the benefits offered
by access to the best global suppliers and promote consistency and fairness in dealing with its
allies. However, although the DoD is willing to depend on reliable foreign suppliers, it is not
willing to accept foreign vulnerability or other risks to national security. DoD Handbook
5000.60-H, 4ssessing Defense Industrial Capabilities, provides guidelines which can be used to

determine under what conditions national security concerns could preclude the use of reliable
foreign suppliers:

e “Foreign sources may pose an unacceptable risk when there is a high “market
concentration” combined with political or geopolitical vulnerability. A sole source
supplier existing only in one physical location and vulnerable to serious political
instability may not be available when needed. Note: Market concentration alone is not a
reason to exclude foreign sources; there must also be a credible threat of supply
disruption due to political instability. Sheer physical distance from the U.S. is not by
itself a risk which merits foreign source exclusion ... Suppliers from politically
unfriendly or anti-American foreign countries, as defined by statute or U.S. Government
policy, are not used to meet U.S. defense needs.”

Current and potential non-U.S. capacitor and resistor suppliers do not meet the “exclusion
criteria” described above; such suppliers are located in Mexico, Germany, the UK, the
Netherlands, Japan, and other countries in the Pacific Rim. The Department sees no
evidence of foreign supplier market concentration coupled with political or economic
instability which could result in our access to the necessary parts being compromised
(i.e., no evidence of a credible threat that supply could be disrupted). (In 1995, DoD
eliminated domestic source restriction requirements for electronic components contained
in DoD Manual 4120.3-M, Defense Standardization Program Policies and Procedures.
The restriction was removed to allow DoD to utilize the best global — primarily
commercial — suppliers, consistent with national security requirements.*’)

e “A U.S. source may be needed for technologies and products that are either classified,

offer unique warfighting superiority, or could be used by foreign nations to develop
countermeasures.”

-

57 DoD letter, Removal of On-Shore Restrictions for Established Reliability and High Reliability Electronic
Components, dated May 11, 1995.
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Resistors and capacitors are mature, commodity products, and the technologies and
processes employed in their manufacture are widely available throughout the world.

They are usually produced in extremely high volumes and orders are generally awarded
to the lowest bidder.

“Suppliers that cannot or will not provide products for military applications for political
reasons are not feasible sources.”

Current and potential suppliers willingly provide products for military applications.
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Section VII. Recommendations

No recommendations for changes to defense procurement policies or other Federal
policies are necessary.

In an increasingly global market, DoD wants to take full advantage of the benefits offered
by access to the best global suppliers and promote consistency and fairness in dealing with its
allies. Capacitors and resistors represent mature technologies available from many U.S. and
foreign suppliers. National security does not require that parts for DoD applications be supplied
by, or be available from, only U.S. suppliers.
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CHAPTER 5

Electronic Components
Robert Carr

Electronic components are the fundamental building blocks of the electronics industry and
encompass a wide variety of products. The three main classes of electronic components include active,
passive, and electro-mechanical/interconnective. Active components include semiconductors and electronic
tubes. Passive components include capacitors and resistors. Electro-mech‘anical/'mterconnectivc components
include printed circuits, connectors, relays, and switches. The three classes of components, usually working
together, direct the operation of electronic products. In effect, electronic components are the functional
“guts” of electronic end-products. The production of electronic components 1s a function of the demand for
the electronic end-products and, in turn, innovations in component production are significant drivers of the
markets for electronic end-products. Approximately threc-quarters of electronic component production is
incorporated into computers and office equipment, telecommunications equipment, and consumer
electronics.! The remaining market for electronic components consists primarily of automotive electronics,
medical equipment, avionics, measuring and analytical equipment, and military electronics.®> The Information
Technology Agreement (ITA) provides for the complete elimination of tariffs on certain electronic
components, including semiconductors, capacitors and resistors, and printed circuits. The United States 1s a
major producer of these components (figure 5.1), each of which is discussed in greater detail in the following
sections.?

Semiconductors

Semiconductors are integral components in nearly all electronic products, including computers,
communications equipment, consumer electronics, automobiles, and industrial equipment.* Semiconductors
have often been referred to as the “crude oil of the information age,” because innovation in semiconductor
technology has historically powered the evolution and performance of electronic products.’ Although
semiconductors represent only about 17 percent of total electronics production, electronics products
themselves are becoming increasingly semiconductor intensive as semiconductors are accounting for ever
larger shares of the overall value of electronic products,6 The development of semiconductors occurred in the
United States during the 1940s-1960s, and since that time, the United States has been a world leader in both
production and consumption. Other major producers include Japan, the EU, and various Asian economies
(figure 5-2). Fora complete list of semiconductor products included in the agreement se€ appendix A.

! Integrated Circuit Engineering (ICE), Bill McLean, ed., Mid-Term 1996, A Report on the Integrated Circuit
Industry (Scottsdale, AZ: ICE, 1996), p. 1-9; European Commission, Panorama of EU Industry (Luxembourg: Office
for Official Publications of the European Communities, 1995), pp. 10-8 to 10-15; and estimates by USITC staff.

2 Tbid.

3 The Information Technology Agreement also includes certain switching products, but as they are estimated to
account for less than one-half of 1 percent of overall U.S. component production, they are not discussed here.

¢RB.McLean, ed., Mid-Term 1996, p. 1-9.

5 Peter Van Zant, M icrochip Fabrication: A Practical Guide to Semiconductor Processing, 7nd. edition (New York:
McGraw-Hill, 1990), pp- 8-9 and World Wide Web, retrieved Aug. 12,1996, Semiconductor Industry Association
(S1A), http://www.semichips.org/whatis.hml, What is a Semiconductor?.

¢ McLean, ed., Mid-Term 1996, p. 1-5.
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Figure 5-1
U.S. production of electronic components included in the Information Technology
Agreement, 1996

Capacitors and resistors 4%

Printed circuit boards 13%

Semiconductors 83%

Total: $47.2 billion

Source: Estimated by USITC staff based on Elsevier Advanced Technology, Yearbook of World Electronics Data
(Oxford: Elsevier Science Ltd., 1996).

Figure 5-2
Semiconductors: Share of world production, by major producing countries, 1996

Japan 38%

United States 30%

All other 14%

European Union 7%

Korea 11%

Total: $132 billion

Source: Estimated by USITC staff based on Elsevier Advanced Technology, Yearbook of Workd Ebctronbs Data
(Oxford: Elsevier Science Ltd., 1996).

L'Ji
N



The manufacture of semiconductors is 2 highly capital-intensive and automated process and can be
divided into three stages: design, fabrication, and test and assembly.” The design of a semiconductor often
requires highly skilled technical employees, computer hardware, and computer-aided design (CAD) software.
The fabrication process is very automated and extremely capital intensive, with the cost of a new fabrication
facility, or “fab,” currently estimated at $1.2 billion. After the fabrication stage, chips are tested and
assembled. Assembly includes the separation of the wafer into separate chips, packaging the chips in either
plastic or ceramic, and wire bonding metal leads to the chips. Although test and assembly 15 quite automated,
it is relatively labor intensive compared to fabrication and usually is conducted in low labor-cost countries in
Asia® Depending on the diameter of the wafer and the type of semiconductor being produced, as many as
800 identical semiconductor chips may be produced simultaneously. Great effort is required to maximize
wafer yield (number of working chips per wafer), especially in commodity products, because yield
determines, to some extent, the price that a company must charge for its product. The higher the wafer yield,
 the lower the price that a producer can charge and still make a profit.

U.S. Industry Profile

The U.S. semiconductor industry, which produces a wide range of semiconductor products, faces
intense international competition in nearly every product sector. The strengths of the U.S. industry are
closely tied to research and development (R&D), flexibility, and a shift toward the prodﬁction of
noncommodity products. Although U.S. manufacturers produce a broad line of semiconductors, it is in
noncommodity semiconductors that U.S. firms have become global leaders.® Primarily as a result of intense
Japanese competition, the bulk of the U.S. industry has shifted away from the production of commodity
semiconductors and toward the production of more specialized, high value digital products. These products
often require developing new technologies and the flexibility to bring a product with a short life-cycle to
market quickly. U.S. firms are in the forefront of this process and are currently global leaders in the
production of various specialized digital semiconductor products including high-end microprocessors, digital
signal processors (DSP), programmable logic devices, and flash memory."® Production of these devices is
often lucrative due to the limited number of competitors and unit prices much higher than those of commodity
semiconductors. For example, although microcomponents, a product in which U.S. firms lead in production,
accounted for only 10 percent of world unit shipments in 1995, they accounted for 31 percent of the value of
world shipments. In 1996, chips constructed from an 8-inch wafer devoted to 16 megabyte dynamic random
access memory (DRAMs) were valued at roughly $2,500 while the same 8-inch wafers devoted to the

_production of Pentium MICroprocessors were worth about $26,000."" This shift in U.S. semiconductor
production has coincided with the rapid growth in U.S. and world production of computer equipment and
other applications which require high-end digital semiconductors. Partially as a result of this shift and
reduced market volatility for high value products, the U.S. industry recovered significantly in the 1990s.

* This description of semiconductor manufacturing draws upon a letter from Motorola Corp., “The Making ofa
Semiconductor,” delivered to USITC staff, July 29, 1996, and World Wide Web, retrieved Jan. 6, 1997, Harris
Semiconductor, http:www.serni.hanis.com/docs/lexicon/manufacmre.hml, How Semiconductors are Made.

8 This delineation of the manufacturing process is referred to as production sharing. For a more detailed explanation ’
of production sharing in semiconductors, see USITC, Production Sharing: Use of U.S. Components and Materials in
Foreign Assembly Operations, 1991-1994 (investigation No. 332-237), USITC publication 2966, May 1996, p. 4-9.

s Arthur Gottschalk, “Asian Makers Storm Semiconductor Market,” Journal of Commerce, Aug. 27, 1996, p. 1.

10 Michael Marks, “Industrial Policy at Work or True Grit?,” Technology Transfer Business (Los Angeles, CA:
Technology Transfer Society, Summer 1993), pp. 29-33.

il McLean, ed., Mid-Term 1996, p. 3-16.
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According to some analysts, the U.S. industry does have certain disadvantages. Because many U.S.
chip manufacturers do not produce in large volumes, they do not often achieve the production efficiencies of
foreign commodity producing competitors. In addition, because most U.S. firms are not diversified out of
semiconductor production, they do not have guaranteed captive consumption or the necessary financial
resources to absorb a prolonged downturn in semiconductor demand.!? However, certain U.S. producers have
maintained production of commodity chips and have used it as a “process driver” to assist in improving the
production efficiencies of other products. Another disadvantage for the U.S. industry is capital equipment
depreciation schedules. U.S. manufacturers can fully depreciate their capital equipment in 5 years, while
many of their competitors can depreciate a majority of the value of their capital equipment in 1 year. As
semiconductor manufacturing equipment reportedly has an average life cycle of 3 years, U.S. manufacturers
are put to a significant disadvantage.'?

U.S. semiconductor production grew from approximately $24 billion to $39 billion during 1992-96
(figure 5-3)." The downturn in U.S. production that occurred in 1996 was concurrent with the downturn in
the global semiconductor market, which dropped by nearly 8 percent. Although the value of domestic
shipments of semiconductors had increased by more than 60 percent during 1992-96, employment for that
period only expanded by roughly 9 percent to an estimated 190,000 workers.'s This trend is reportedly due to
the U.S. industry adopting increasingly capital-intensive manufacturing processes and to increases in labor
productivity.'¢ :

The largest U.S. producers in 1996 were Intel, Texas Instruments (TI), Motorola, IBM, and Micron
Technology, which together accounted for over one-half of the total U.S. output.’’” Though there are some
notable exceptions, such as TI, Motorola, and IBM, most U.S. semiconductor manufacturers specialize in the
production of semiconductors and are not diversified into other industrial sectors. Most U.S. firms further
specialize in the production of specific types of semiconductors, while only a few U.S. firms (IBM, Motorola,
TI) offer a wide product line (table 5-1).

Semiconductor producers can be divided into captive and merchant. Merchant producers primarily
sell their output on the open market, while captive firms primarily produce semiconductors for consumption
in their own end-products.'® Certain U.S. producers, such as Motorola, TI, and IBM, manufacture
semiconductors for both internal consumption and sale on the open market, but are generally considered to be
merchants. The trend in the United States has been toward greater merchant production, which rose from
88 percent to 95 percent of total U.S. semiconductor production during 1986-1996.19

U.S. producers dominated global semiconductor production until the 1980s, when domestic
production was eclipsed by that of Japan. The decline in the U.S. share of world production was also
connected to the movement offshore of production facilities by many larger U.S. firms. Since the early

"> USITC, Industry and Trade Summary: Semiconductors, USITC publication 2708, Dec. 1993, pp. 12-13.

" World Wide Web, retrieved Feb. 19, 1997, SIA, http://www.semichips.org/rd/taxdep.htm, Research and
Technology.

4 Elsevier Advanced Technology, Yearbook of World Electronics Data (Oxford, UK: Elsevier Science Ltd., 1993),
1993 ed,, p. 223 and Elsevier, Yearbook of World Electronics Data, 1996, p. 229.

**U.S. Department of Commerce (USDOC), Statistical Abstract of the United States: 1996 (Washington, DC: U S.
Bureau of the Census, 1996), p. 893.

'*USITC, Industry and Trade Summary: Semiconductors, p. S.

17 Estimated by USITC staff based on McLean, ed., Mid-Term 1996.

** Examples of U.S. merchant firms are Intel Corp., Cirrus Logic, Advanced Micro Devices, and Harris
Semiconductor. Examples of U.S. captive firms are Westinghouse, Lockheed Martin, and Delco Electronics.

** Estimated by USITC staff based on McLean, ed., Mid-Term 1996.
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Figure 5-3
Semiconductor: U.S. production, 1992-96

Billion dollars

0

1992 1993 1994 1995 1996

Source: Estimated by USITC staff based on Elsevier Advanced Technolégy, Yearbook of Workd Electronics Data
(Oxford: Eisevier Science Ltd., 1996). )

Tabte 5-1
Major U.S. merchant' semiconductor manufacturers, ‘major product types, and primary end uses
Company name Major product types Primary-end uses
AMD Microprocessors, flash memory, logic Computers, communications equipment
devices
Analog Devices Analog, DSPs Consumer electronics, industrial
equipment, communication equipment
Cirrus Logic Microprocessors, DSPs Computers, communications equipment,
consumer electronics
IBM ’ Microprocessors, DRAMs, ASICs2DSPs | Computers
Intel Microprocessors, flash memory, Computers
microcontroliers
LSI Logic ASICs? Consumer electronics, computers,
communications equipment
Lucent ASICs 2 microcontrollers, logic devices Communications equipment, consumer
electronics
Micron Technology DRAMs, SRAMs - Computers
Motorola Microcontrollers, micCroprocessors, Computers, communications equipment,
ASICs,? SRAMs automnobiles
National Semiconductor o Analog, DSPs Communications equipment, computers
Texas Instruments DRAMs, microprocessors, DSPs, logic Computers, communications equipment,
devices, ASICs? consumer electronics
VLSl ASICs? Computers

T Producers who primarily sell their output on the open market.
2 Application specific integrated circuits.

Source: Compiled by the staff of the USITC.
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1990s, the U.S. share of world production has largely stabilized as the world demand for noncommodity
semiconductors, in which U.S. firms lead in production, has risen. 2

Globalization has become a significant feature in the domestic and international semiconductor
industry. As mentioned, U.S. firms have expanded production outside of the United States while foreign
firms have opened production facilities in the United States. Most major U.S. firms have become reliant
upon sales and production outside of the United States. U.S. firms locate production facilities abroad for a
variety of reasons, including gaining access to foreign markets by circumventing tariff and non-tariff
measures, better serving markets by locating in regions where semiconductors are being consumed, and
gaining access to financing and investment incentives.? For example, Intel Corp. has fabrication facilities
(fabs) in the United States, Ireland, and Israel, assembly facilities in Malaysia, the Philippines, and China,
and design facilities in the United States, Japan, Malaysia, and Israel.? In addition, a number of Japanese
and EU firms have located fabrication facilities in the United States, with Korean firms also expected to open
fabs in the United States in the next 2 years.” The Japanese and Korean firms locating in the United States
are largely concentrating in the production of commodity memory devices, primarily DRAMs.

Globalization in the semiconductor industry has also taken the form of strategic joint ventures and
technology licensing. Semiconductor production requires significant R&D and facility investment, and a
number of U.S. firms license proprietary technology to other firms or enter into joint ventures with other
firms as a means of increasing revenues and spreading costs and risks. Strategic alliances also allow firms to
gain access to expertise that they may be lacking such as distribution networks, design technology, and
manufacturing process technology.* According to a recent DRI/McGraw-Hill study, U.S. semiconductor
firms have led the way in the formation of alliances with firms headquartered in other regions, most notably
with Japanese firms.* For example, IBM and Toshiba of Japan are currently engaged in a cooperative
development program to produce future generations of DRAMs and are jointly funding the construction of a
new fab in Virginia.?® U.S. firms which are strong in specialized, noncommodity products, such as
microcomponents, are also active in the licensing of these technologies to foreign producers. For example,
Silicon Graphics has licensed parts of its microprocessor technology to NEC of Japan and to Philips of the
Netherlands.?’

Globalization of the semiconductor industry has also resulted in the expansion of the value of U.S.
exports. U.S. exports have more than doubled since 1992, from $11.5 billion to an estimated $23.5 billion in
1996.% Growth in exports during this time has been at a faster rate than the increase in U.S. production, and
reflects the 120-percent increase in global semiconductor demand ? The largest U.S. export markets are
Malaysia (15 percent), the EU (13 percent), Canada (12 percent), Singapore (10 percent), and Japan

* Marks, “Industrial Policy at Work or True Grit?,” Technology Transfer Business (Los Angeles, CA: Technology
Transfer Society, Summer 1993), pp. 29-33.

#'U.S. industry officials, interviews by USITC staff, fall/winter 1996; OECD, Information Technology Outlook,
1995 (Paris: OECD, 1995), p. 46; and USITC, Industry and Trade Summary: Semiconductors, p. 7.

2 World Wide Web, retrieved Oct. 24, 1996, Intel, http://www.intel com/intel/intelis/sites.htm, Worldwide Locations.

® McLean, ed., Mid-Term 1996, pp. 2-46 to 2-48.

* World Wide Web, retrieved Feb. 2, 1997, Electronic Industries Association of J apan (EIAJ),
http://eiaj.org/study/executive.html#3, EIAJ, DRIMcGraw-Hill Study, The Globalization of the Semiconductor
Industry, Executive Summary.

% Ibid.

* McLean, ed., Mid-Term 1996, pp. 2-14 to 2-16.

¥ McLean, ed., Mid-Term 1996, p. 2-42.

% Estimated by USITC staff based on official statistics of the USDOC.

¥ World Wide Web, retrieved Feb. 19, 1997, SIA, http://www.semichips.org/indstats/shares.htm, Chip Industry
Stats and official statistics of the USDOC.
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(9 percent). Approximately one-half of U.S. exports are in the form of unfinished semiconductors. These are
semiconductors that have been fabricated, but not yet assembled and packaged. After assembly, the finished
semiconductors are often shipped back to the United States or other markets for final sale. Nearly 90 percent
~ of exports to Malaysia in 1995, and substantial shares of U.S. exports to Canada, Singapore, and Japan, were
in the form of unfinished products.®® The primary finished products in which the United States has
experienced export growth are microcomponents and flash memory.”!

It is essential that semiconductor firms have access to the most recent technology and equipment in
order to remain competitive in a business with ever shortening product cycles. Asa result, the semiconductor
industry is among the most technology intensive.”> New generations of DRAM s are developed about every 3
years, and each new generation requires 5 times the development costs of the previous generation.” .
" Semiconductor R&D investments help to reduce product costs, accelerate product development, and shorten
" the time-to-market®* According to ICE, R&D expenditures accounted for nearly 12 percent of the sales of
semiconductor producers in 1995, double that of the overall electronics industry.® The U.S. and Japanese
industries were the two largest capital spenders in 1992, both at about $4 billion. U.S. capital expenditures
are expected to be about $15 billion in 1996, and since 1993 the U.S. industry has outspent the Japanese
industry by an estimated total of $9 billion.

: To assist U.S. producers with the great expense of R&D, two major consortia, the Semiconductor
Research Corporation (SRC) and SEMATECH, have been created. SRC was formed in 1982 by the
Semiconductor Industry Association (SIA), which represents the U.S. semiconductor industry. The SRCisa
university research consortium which supports collegiate semiconductor research and students specializing in
semiconductor technologies. SRC’s current annual budget is approximately $28 million.? SEMATECH,

- also a proposal of the SIA, was created in 1987. SEMATECH was initially a collaboration between 14 major
U.S. semiconductor manufacturers and the U.S. Government. Its initial membership was restricted to US.-
based firms and its goal was to improve the competitiveness of the U.S. industry. SEMATECH was funded
equally by industry membership and the Federal government. Since 1987, the consortium has spent over
$2.1 billion in industry and government funds for semiconductor R&D. SEMATECH is currently in a state
of change as Federal government contributions ceased in 1996, and its funding is now completely from the
private sector. Also, SEMATECH has begun to relax its membership requirements. Participation in a new
SEMATECH initiative to increase wafer size by 50 percent is open to any semiconductor manufacturer that
has production facilities in the United States. '

Although the extent of the contribution is disputed, SEMATECH and the SRC are often credited
with increasing the competitiveness of U.S. producers by improving U.S. manufacturing processes and
advancing the technology Jevel of the U.S. equipment industry which supplies U.S. semiconductor
producers.”’ Tangible improvements have been made in equipment reliability, process technology, and design

3 {JSITC, Shifts in U.S. Merchandise Trade in 1995 (investigation No. 332-345), USITC publication 2992, 1996,
p. 11-5. :
31 Estimated by USITC staff based on official statistics of the USDOC.
32 JSITC, Identification of U.S. Advanced-Technology Manufacturing Industries for Monitoring and Possible
Comprehensive Study (investigation No. 332-294), USITC publication 2319, 1990, p. 6.
33 McLean, ed., Mid-Term 1996, pp. 3-1 10 3-6.
34 USITC, Industry and Trade Summary: Semiconductors, p. 8.
35 McLean, ed., Mid-Term 1996, p. 3-34.
3 McLean, ed., Mid-Term 1996,p. 2-71.
% Marks, “Industrial Policy at Work or True Grit?,” pp- 29-33.
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software.*® In addition, SEMATECH and the SRC have contributed to standards development and facilitated
a greater willingness on the part of U.S. manufacturers to cooperate in pre-competitive technologies.

Given the great expense involved in semiconductor research, the U.S. industry is very interested in
the protection of intellectual property rights. In 1984, the industry was successful in gaining the passage of
the U.S. Semiconductor Chip Protection Act, which protects semiconductor layout designs, or maskworks.*
In 1994, these protections were made international under the Trade Related Aspects of Intellectual Property
Rights (TRIPS) code, which was agreed to under the Uruguay Round of the GATT.

The demand for and marketing of semiconductors is closely related to the demand for the products in
which they are incorporated (figure 5-4).* Chief among these are data processing equipment (computers),
communications equipment, and consumer electronics. Customized, or application specific chips, are often
“designed-in” to electronics products. The design-in process often requires close collaboration between a
semiconductor manufacturer and an electronics OEM (original equipment manufacturer), and can result in the
direct sale of chips to the OEM. However, according to Electronic Business Today, well over half of all chip
sales to OEMs are conducted through distributors, a trend that appears to be increasing.

Foreign Industry Proﬁles

Japan

Japanese producers surfaced as major competitors to U.S. firms during the late 1970s, and in the
mid-1980s Japanese production overtook that of the United States.’ The Japanese industry concentrated
initially on the production of commodity semiconductors, for which the manufacturing technology was fairly
accessible. Japanese firms developed competitive production equipment and techniques and manufactured
these products on an extremely large scale.*? By the late 1980s, Japanese producers were able to leverage
their advantages in manufacturing efficiencies to dominate world production of volatile memory devices,
DRAMs, and static random access memories (SRAMs) which in 1995 represented nearly 32 percent of
global semiconductor sales.** The total value of Japanese production has increased from roughly $35 billion
to $50 billion during 1992-96 (figure 5-5).* During that period, Japanese exports increased from nearly
$13 billion in 1992 to an estimated $25 billion in 1996.% Japan has maintained a global lead in the
production of memory devices, but has lost substantial world market share during the 1990s to Korea and .
Taiwan. Due in part to competition from other Asian producers as well as a shift toward greater world

*® McLean, ed., Mid-Term 1996, p. 2-70.

¥ World Wide Web, retrieved Feb. 19, 1997, SIA, http://www semichips.org/trade/intprop.htm, SIA, “Trade Issues.”

““McLean, ed., Mid-Term 1996, p. 1-4.

*! The United States and Japan entered into a Semiconductor Arrangement on September 2, 1986 that resulted in the
suspension of EPROM and 256k and above DRAM antidumping investigations and a related section 301 investigation.
This arrangement, in some form, has been extended twice, most recently in August 1996.

‘2 USITC, Industry and Trade Summary: Semiconductors, p. 10.

“USDOC, U.S. Industrial Outlook, 1994 (Washington, DC: USDOC, 1994), p. 15-7 and estimated by USITC staff
based on In-Stat Inc. This number is estimated to have dropped substantially during the global semiconductor recession
of 1996, but memories still represent a sizeable portion of the entire market.

“ Estimated by USITC staff based on Elsevier, Yearbook of World Electronics Data, 1996.

* Estimated by USITC staff based on United Nations Trade Series D.
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Figure 54
Semiconductors: World usage, 1991 and 1995
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Figure 5-5

Semiconductors: Trends in production of selected producers, 1992-96
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consumption of noncommodity products, Japan is seeking to broaden its semiconductor production into
product areas that U.S. manufacturers dominate, including microcomponents, logic devices, and ASICs.*

The structure of the Japanese industry is markedly different from that of the U.S. industry. Japanese
producers of semiconductors are often large, vertically integrated firms that are members of tightly affiliated
industrial groups, sometimes referred to as keiretsu. There is a large concentration among these firms, as the
top ten integrated circuit manufacturers are estimated to account for nearly 82 percent of Japanese
production. These firms include NEC, Hitachi, Toshiba, Mitsubishi Electric, Fujitsu, Matsushita Electronics,
Sanyo Electric, Oki, Sharp, and Sony.*” These companies all mass produce commodity devices such as
DRAMs, and benefit from increased production efficiencies and process improvements associated with large
economies of scale. Japanese firms are typically diversified, and produce semiconductors and other electronic
components as well as the end products in which they are incorporated, such as computers and consumer
electronics. The structure of the Japanese producers may offer significant advantages. Due to the high
degree of captive consumption, these firms are guaranteed a certain level of demand. In addition, because of
their product diversification, Japanese producers may have a greater ability than U.S. firms to weather market
downturns, and greater resources to devote to R&D and capital expenses.

As is the case with U.S. producers, Japanese manufacturers depend heavily on semiconductor R&D
and capital equipment spending in order to remain competitive. Like U.S. producers, Japanese producers
have also organized a number of research consortia to pool resources for the development of semiconductor
technology. Among these are the Association of Super-Advanced Electronics Technology (ASET) and
Semiconductor Leading Edge Technologies Inc. (Selete).® ASET is largely dedicated to the advancement of
basic process technologies, especially improvements in lithography. Selete is dedicated to the development of
advanced manufacturing equipment and the enlargement of wafer sizes to 12 inches (300 mm). ASET has
been opened to certain foreign-owned manufacturers located in J apan, while participation in Selete has been
restricted solely to Japanese-owned firms.*

In addition to exporting, Japanese firms, like their U.S. counterparts, are increasingly involved in
other forms of international transactions. Japanese firms are entering into joint ventures and technology
licensing arrangements with U.S., European, and, more recently, Korean producers, in order to gain access to
new technologies and spread financial risks. Japanese firms have also become active in establishing off-shore
production and assembly facilities. Japanese producers have located a number of fabrication facilities in the
United States and Europe, and have established numerous production-sharing assembly facilities in Southeast
Asia.

Korea

Korea has rapidly grown into a major semiconductor producer. From 1992-96, Korean
semiconductor production grew from $7 billion to an estimated $14 billion, and Korea currently ranks third in
world production.®® Like Japan, Korea entered the semiconductor market through the production of volatile
memories, DRAMs and SRAMs. Korean manufacturers have invested tremendous amounts of capital toward

U.S. Department of State telegram, message reference No. 001049, prepared by U.S. Embassy, Tokyo, Feb. 5,
1997 and USDOC, U.S. Industrial Outlook, 1994, p. 15-7.

“ Yano Research Institute, Market Share in Japan 1995 (Tokyo, Japan: Yano Research Institute Ltd., 1996), p. 238.

“* McLean, ed., Mid-Term 1996, p. 2-72.

“ Tbid.

% Estimated by USITC staff based on Elsevier, Yearbook of World Electronics Data, 1994 and 1996.
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the production of commodity devices and have taken advantage of large economies of scale and competitive
manufacturing technologies.”

The composition of the Korean industry is unique, while the structure of the Korean companies
somewhat resembles the Japanese model. There are only three major Korean semiconductor manufacturers,
Samsung, Hyundai, and LG Semicon, a division of Lucky Goldstar. These three firms account for nearly
98 percent of total Korean production.” They are vertically integrated conglomerates that produce a wide
variety of electronic products from components to finished electronic systems such as televisions and other
consumer electronics. As such, they have the financial resources to sustain downturns in the market and to
make significant investments in R&D and capital equipment and other product lines to offset the down cycles
in semiconductors. For example, Korean capital spending has increased from about $1 billion in 1992 to ”
roughly $7 billion in 1996.** Korean firms have concentrated almost exclusively in the production of
DRAMs and SRAMs, and in 1995, Samsung was the global leader in both DRAM and SRAM production.
DRAMs alone are estimated to account for more than 80 percent of Korean production. Korean firms were
quick to jump into commercial production of 4 megabyte and 16 megabyte DRAMs, and are currently leaders
in the development of next generation 64 megabyte and 265 megabyte DRAMs.* During the strong memory
market of 1995, Korean firms experienced over 80-percent growth in sales.> However, during the global
downturn in the 1996 market, particularly in DRAMs, Korean firms were among the hardest hit.” As a result,

Korean firms are currently striving to diversify their product lines.*®

Like their foreign competitors, Korean firms are becoming increasingly active in international trade,
foreign production, joint ventures, and technology licensing. Korean production is export oriented, and
during 1992-96, exports grew from about $6 billion to an estimated $13 billion.s” Korean producers have not
established any foreign production facilities, but all three firms are in the process of doing so. Samsung and
Hyundai are currently building fabrication facilities in the United States, while LG Semicon is constructing a
site in the United Kingdom. In addition to establishing off-shore production facilities, Korean firms are also
entering into numerous alliances with foreign producers. For example, Samsung has joined NEC in the ’
development of ASIC products, and Hyundai has teamed with two small U.S. firms, also for the purpose of
developing ASIC devices. Korean firms are interested in diversifying out of memory chips, and have begun
to do so through both joint ventures and licensing agreements. Samsung has licensed ASIC and
microprocessor technology from U.S. firms. Hyundai has licensed smart card technology from SGS
Thomson and various technologies from Intel. LG Semicon has recently licensed microprocessor technology
from Hitachi and from Advanced RISC Machines of Europe.”®

European Union

The EU is the world’s fourth largest semiconductor producer, but a substantial portion of that
production is attributable to foreign-owned facilities. There are only three EU-owned semiconductor

51 Marks, “Industrial Policy at Work, or True Grit,” pp. 29-33.

52 Estimated by USITC staff based on ICE. v

% Korea Economic Institute of America, Korea's Economy 1996 (United States: Korea Economic Institute of
America, 1997), pp. 45-47 and B. McLean, ed., Mid-Term 1 996, p. 2-57. o

54 World Wide Web, retrieved Mar. 5, 1997, Electronic Industries Association of Korea (EIAK), http://eiak.com/
overview.htm, EIAK, Moving Towards a Soft Landing in 1996. :

$5 McLean, ed., Mid-Term 1996, p. 2-46.

5 J.S. Department of State telegram, message reference 0010049.

57 Estimated by USITC staff based on United Nations Trade Series D.

8 McLean, ed., Mid-Term 1996, pp. 2-46t0 2-51.
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manufacturers among the top twenty in global production: Philips based in the Netherlands; SGS-Thomson
Microelectronics, based in France and Italy; and Siemens AG, based in Germany. In addition, there are
relatively few European-owned small to medium-sized producers. The largest of these are TEMIC, GEC
Plessey, Ericsson, Bosch, and Alcatel, with none expected to have sales in 1996 of over $500 million.®® A
number of leading foreign-owned firms have established production facilities in the EU including Fujitsu,
Hitachi, IBM, Motorola, and TI. In general, these firms have located production in the EU in order to serve
the EU market rather than to gain access to new technologies or production efficiencies. The value of EU
production increased from $6 billion in 1992 to an estimated $9 billion in 1996, but did not keep pace with
the growth trends in most other major producing regions. In general, EU-owned firms, like U.S. firms, have
moved toward the production of more specialized, higher margin, application-specific devices. Currently, EU
firms are among the world leaders in the production of certain non-volatile memories such as erasable
programmable read only memories (EPROMs), microcontrollers, and communications ICs.% However, a
broad variety of other products, including microprocessors and DRAMs, are also manufactured in the EU by
EU-owned as well as U.S.- and Japanese-owned firms,

The structure of EU firms more closely resembles that of J apanese rather than U.S. firms. Most of
the leading EU-owned semiconductor firms are diversified electronic systems manufacturers.®’ Like their
Japanese counterparts, they have a relatively large rate of captive consumption, which guarantees a certain
level of demand.®* This is especially true in regard to firms such as Philips, Siemens, Ericsson, Bosch, and
Alcatel.®® To a certain degree, these companies have concentrated on the production of semiconductors which
are most related to the end products they produce. Philips is a leader in the production of consumer
electronics and concentrates its semiconductor output in logic devices and microcontrollers. Siemens, the
only EU-owned manufacturer of DRAMs, is a global leader in industrial and communications electronics and
has concentrated semiconductor production in microcontrollers for the industrial and automotive markets, and
in communications ICs. SGS Thompson has also focused its production in semiconductors toward specific
end-products, including volatile memories for computer applications, flash memory and analog ICs for
communications equipment, and microcontrollers for automobiles.®

In order to increase competitiveness, EU-owned firms are becoming increasingly involved in various
forms of international transactions, including technology licensing, joint ventures, foreign production,
and exporting.** For example, SGS-Thomson licensed its smartcard technology to Hyundai of Korea for
mass production. In addition, Philips licensed microprocessor technology from Silicon Graphics that will
allow Philips to produce the controlling chips necessary for the next generation of consumer electronics
products.® Siemens has been particularly active in jomnt ventures. In order to spread financial risk and gain
access to new technologies, Siemens has entered into an agreement with IBM and Toshiba to develop the next
generation of DRAMs.  Siemens has also established a joint venture with Motorola to build a DRAM facility
in Richmond, Virginia. Offshore EU production is increasing with a new SGS Thompson plant to be located
in Singapore and EU exports are also increasing. During 1992-96, EU exports grew from $2.5 billion to an
estimated $5 billion.*” This growth rate is significantly larger than the rate of growth in EU production and
reflects the growing globalization of the semiconductor industry.

% McLean, ed., Mid-Term 1996, p. 2-39.

® McLean, ed., Mid-Term 1996, p. 2-40.

* European Commission, Panorama of EU Industry, pp. 10-8 to 10-15.

** Arthur Gottschalk, “Asian Makers Storm Semiconductor Market,” The Journal of Commerce, Aug. 27, 1996, p.
A-l1.

% Industry representative, interview by USITC staff, Dallas, TX, Dec. 2, 1996.

% McLean, ed., Mid-Term 1996, pp. 2-39 to 2-40.

* European Commission, Panorama of EU Industry, pp. 10-8 to 10-15.

% McLean, ed., Mid-Term 1996, p. 2-42.

*’ Estimated by USITC staff based on European Commission, Panorama of EU Industry.
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Other Producers

In addition to those mentioned, there are a number of emerging semiconductor manufacturers,
including Taiwan, various ASEAN countries, and China. Taiwan is quickly becoming a major producer, with
output growing from about $2 billion to $3 billion during 1992-96.% The industry in Taiwan is concentrated
among six firms that account for approximately 90 percent of production.®® These firms are TSMC, UMC,
Winbond, a Texas Instruments-Acer collaboration, Mosel-Vitelic, and Macronix. Current semiconductor
production in Taiwan is largely in low-margin products such as SRAMs, EPROMs, and read only memories
(ROMs). However, through licensing agreements, firms in Taiwan are moving toward higher margin
products such as ASICs and flash memory.”

ASEAN countries, particularly Singapore, Malaysia, and Thailand, have been the center of global
production-sharing in semiconductors since the 1970s. U.S., Japanese, and EU producers ship unfinished
semiconductors to these countries for testing, packaging, and re-export. However, in recent years, these
countries have begun to move into 