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Preface

On November 16, 1981, the Subcommittee on Trade, Committee on Ways and
Means, U.S. House of Representatives, pursuant to section 332 of the Tariff
Act of 1930, requested the U.S. International Trade Commission to conduct a
study on trends in international trade in printed circuit boards and the base
material laminates from which they are produced and the factors affecting the
competitiveness of U.S. producers of such products. 1/ The Commission
instituted investigation No. 332-133, Trends in International Trade in Printed
Circuit Boards and Base Material Laminates, on December 10, 1981. Notice of
the institution of the investigation was published in the Federal Register (46
F.R. 62348, Dec. 23, 1981). 2/ A public hearing was held in connection with
the investigation in Washington, D.C., on May 5, 1982. Notice of the public
hearing was published in the Federal Register (47 F.R. 4166, Jan. 28, 1982). 3/

Information contained in the report was collected from the Commission's
questionnaire, fieldwork, statements provided at the public hearing, and from
Government and public sources. Questionnaires were sent to the 44 largest
domestic establishments producing circuit boards, which accounted for
approximately 39 percent of total estimated U.S. production, and to all
domestic producers of laminates.

1/ The request from the Subcommittee on Trade, Committee on Ways and Means,
is reproduced in app. A.

2/ A copy of the notice of the Commission's investigation as it appeared in
the Federal Register is reproduced in app. A.

é/ A copy of the notice of the change in the Commission's public hearing as
it appeared in the Federal Register is reproduced in app. A.
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Executive Summary

Printed circuit boards are produced from dielectric materials called base
material laminates and are used in electronic equipment for interconnecting
components. A variety of dielectric materials are used in circuit board
production with epoxy-glass materials being the type most often used.

The major findings of the investigation are summarized as follows:

1. U.S. industry

o The United States is the world's largest producer and
consumer of printed circuit boards and the base material
laminates from which they are made.

Printed circuit boards are produced by about 1,500 firms in the United
States. A large number of these firms are small enterprises which support the
electronics industry and which have increased in number as the electronics
industry has expanded. However, only 19 firms produce laminates in the United
States. As demand for laminates has increased, existing laminate producers
have been able to expand capacity to serve the needs of the circuit board
industry.

Total domestic production of circuit boards increased from an estimated
325 million boards in 1977 to 377 million boards in 1981. During the period,
domestic production of base material laminates increased from 148 million
square feet to 276 million square feet. Double-sided copper laminates made
from epoxy—-glass materials were the principal laminates produced. 1In the
period, circuit board producers operated at 71 to 79 percent of capacity
compared with 87 to 92 percent for the laminate industry.

During 1977-81, total U.S. shipments of circuit boards were estimated to
have increased from $1.3 billion to $2.9 billion. Industry sources reported
that captive shipments accounted for almost 50 percent of total U.S. shipments.

During the period, shipments of laminates rose from $228 million to $452
million, representing an increase of 98 percent. Captive shipments of
laminates were insignificant during the period.

Apparent U.S. consumption of circuit boards increased from an estimated
$1.3 billion in 1977 to $3.0 billion in 1981. The ratio of imports to
consumption is estimated to have increased from 1.3 to 5.4 percent of
consumption during the period. Apparent U.S. consumption of laminates was
valued at $207 million in 1977, increasing to $338 million in 1981. Imports
of laminates accounted for less than 3 percent of apparent consumption during
the period. The growth in apparent consumption of circuit boards and
laminates is directly related to the growth of the electronics industry.

o The computer industry is the largest market for printed
circuit boards.




vi

The largest domestic market for printed circuit boards is the computer
industry which accounts for about 40 percent of U.S. shipments followed by the
communications industry with 20 percent and the govermment/military sector
with 13 percent. The largest remaining markets are the consumer and
industrial product industries which account for 10 percent and 9 percent of
U.S. shipments, respectively. Circuit boards produced from glass—based
laminates were largely sold in the computer industry or incorporated into
military electronics. Circuit boards produced from glass/paper-based
laminates were sold in the consumer and industrial electronics industries.
Paper-based laminate boards were reportedly sold almost entirely in the
consumer electronics industry.

o Although employment, investment, and research and
development increased in the circuit board and laminate
industries during 1977-81, profit generally declined.

Industry sources estimate that a total of 30,000 production and related
workers were employed in the circuit board industry in 1981 and were supported
by 8,000 employees in sales, management, and operations. In 1977, about
23,000 production and related workers were employed in the industry and about
6,000 workers were employed in sales, management, and operations. Employment
in establishments where laminates are produced increased from 4,464 persons in
1977 to 5,116 persons in 1981. Production and related workers producing
laminates increased from 2,101 to 2,758 workers during the same period.

Printed circuit board producers responding to the Commission's
questionniares reported an investment of $373 million was made during
1977-81. About 73 percent of the investment was directed toward the purchase
of new machines and equipment, and about 26 percent was directed toward
improvement of facilities. Capital investment in the laminate industry during
the period was much smaller, increasing from $1.8 million to $37.3 million.
More than 80 percent of the investment in the laminate industry involved the
purchase of new equipment and machinery. The remaining investment largely
covered the construction of new buildings or for leasehold improvements.

Circuit board producers responding to the Commission's questionnaires
reported that their research and development (R. & D.) expenditures increased
from $16 million to $33 million during 1977-81. These expenditures represent
large firms' share of R. & D. in the circuit board industry. It is believed
that these expenditures approximate total R. & D. in the industry since little
investment in R. & D. is made by small firms. R. & D. in the laminate
industry was limited during the period, rising only from $1.4 million to $3.2
million, and was largely directed to the testing of new materials and machines.

Profit before taxes reported by circuit board producers increased from a
median of 9.0 percent of sales in 1977 to 12.7 percent in 1980, and then
decreased to a median of 7.5 percent in 1981 as competition in the industry
increased. Profit was not reported by large captive producers of circuit
boards since shipments of these firms are transferred at cost. Profit before
taxes in the laminate industry was lower than that in the circuit board
industry, decreasing from a median of 8.6 percent of sales in 1977 to a median
of 3.0 percent of sales in 1981. Profit before taxes reported by producers
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with large market shares was consistently higher than the median during the
period. '

o U.S. firms produce circuit boards and laminates in foreign
countries although foreign firms do not produce in the
United States.

In 1977-81, printed circuit boards were produced by U.S. firms in Western
Europe, Canada, Japan, and the Far East and incorporated into end products
which these firms produce in these countries. However, a portion of the
boards were exported to the United States for assembly into U.S.-produced end
products. Laminates are produced abroad by four U.S. firms, principally in
support of captive circuit board production in Europe and Japan. #%%.

During 1977-81, a Japanese circuit board producer did establish a
fabrication facility in the United States. However, the firm ceased
operations in 1981 and sold its assets to a large U.S. producer.

o During 1977-81, prices of printed circuit boards generally
decreased whereas prices of laminates increased.

Based on questionnaire responses, the weighted average price of circuit
boards decreased from $13.92 in 1977 to $12.03 in 1981. Much of the decrease
was accounted for by a general decline in the price of multilayer boards. 1In
contrast, the weighted average price of laminates increased from $1.50 per
square foot in 1977 to $1.78 per square foot in 1981. The average price of
epoxy—-glass—based laminates (more than 0.031 inch thick with double-sided
copper), which accounts for more than 40 percent of domestic shipments,
increased from $2.05 per square foot to $2.51 per square foot. Overall,
laminate prices increased less than 5 percent each year during the period as
competition in the industry supplying glass cloth and resins increased.

o During 1978-81, the United States had a negative balance
of trade in printed circuit boards and a positive balance
of trade in base material laminates.

Total U.S. imports of printed circuit boards increased from $25 million
in 1977 to $162 million in 1981. Canada and Japan were the largest suppliers
accounting for about 50 percent of imported value during the period. Much of
the trade during 1977-81 was accounted for by U.S. producers of office
machines and computers along with U.S. producers of toys, games, and other
cousumer electronic products, which imported circuit boards for incorporation
into their domestic products. U.S. imports of laminates during the period
reached a peak of #x* " million in 1979 having increased significantly over
imports valued at %% in 1977. 1In 1981, imports of laminates decreased
to ***percent of the 1979 level. Taiwan and Japan accounted for essentially
all U.S. imports of laminates during the period.
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U.S. exports of circuit boards increased from $40 million in 1978 to $125
miliion in 1981. l/ The principal export destinations were Mexico and
Canada. Circuit boards exported to Mexico went primarily to U.S. assembly
plants located there. Exports of laminates increased steadily during 1977-81,
rising from $23 million to $67 million. Principal foreign markets for
laminates were those in Western Europe and Canada.

The U.S. negative balance of trade in printed circuit boards decreased
from $5 million in 1978 to $3.8 million in 1979. Due to a surge in imports
by %% the negative trade balance in 1981
increased to $37 million, or about 9 times what it is was in 1979. The
balance of trade in laminates on the other hand remained positive during
1977-81, increasing from #%# million in 1977 to *%* million in 1981.

2. Japanese industry

o The Japanese circuit board industry is more vertically integrated
than the U.S. industry and is growing at a faster rate.

Principal producers of circuit boards in Japan are the large end-
product firms which produce circuit boards for internal use. Circuit board
shipments of these firms grew at a 25-percent annual rate during 1977-81,
increasing from $425 million to $1.1 billion. A large share of circuit boards
produced in Japan is incorporated into end products for export. Z/

During 1977-81, shipments of laminates produced in Japan are estimated to
have increased from $64 million to $158 million. Although the product mix is
unknown, a relatively larger quantity of paper—based laminates 1is produced in
Japan than in the United States. Japan is also a larger producer of single-
sided boards which are principally incorporated into consumer electronic
products. It is believed that Japan has a positive balance of trade in both
printed circuit boards and laminates in 1977-81. A large share of circuit
boards imported into the United States from Japan is accounted for by *khk

3. West European industry

o The circuit board industry in Western Europe is smaller than
the industries in the United States and Japan and is growing
at a slower rate.

The circuit board industry in Western Europe is distributed over 15
countries, with large electronic firms being the principal producers. The
United Kingdom and West Germany have the largest producers, accounting for 50
percent of European shipments in 1981. France and Italy accounted for 16
percent and 14 percent, respectively.

1/ Export data are not available for 1977.
2/ Japan Electronics Almanac 1981, p. 43.
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Shipments of circult boards in Western Europe increased from $419 million
in 1977 to $936 million in 1981. Such shipments increased about 20 percent
each year during the period. Shipments of laminates by West European firms
are estimated to have increased from $67 million to $150 million during the
period. Data are not available on the share of shipments accounted for by
each European country. Western Europe is a net importer of both printed
circuit boards and base material laminates.

4. Canadian industry

o The Canadian industry is integrated with the U.S. industry.

The largest producers of circuit boards in Canada are reportedly #%%,

U.S. imports of circuit boards from Canada are largely accounted for by these
two firms. Canada has no producers of base material laminates and relies on
outside sources, principally the United States, for laminates needed in
circuit board production. Canada is a net exporter of printed circuit boards.






Introduction

The United States is the world's largest producer and consumer of printed
circuit boards and base material laminates. The circuit board and laminate
industries in the United States are related to the activities of U.S. multi-
national concerns and are integrated with the industry in Canada. The U.S.
industries are larger than the combined industries in Western Europe and Japan.
During 1977-81, the U.S. industries showed a lower growth rate than the
Japanese industries, but a higher growth rate than the European industries.
Although producers in Western Europe and Japan are more vertically integrated
than those in United States, the markets in Western Europe and the United
States are more similar. The relatively larger consumer electronics market in
Japan makes that market different.

The world market growth rate for circuit boards and laminates depends on
the growth rate for electronic products. Countries showing high growth rates
in the production of electronic products will show high growth rates in the
production of circuit boards and the laminates from which they are produced.
This is due to the fact that in the fabrication of circuit boards, close
liaison is required between the producers of the end products and circuit
boards. During fabrication, problems can arise over the quality of the
circuit-board artwork, drawing tolerances, circuit-design changes, or changes
in board materials.

The technology and equipment used in producing circuit boards are
generally available to foreign and domestic producers although much of the
technology was developed in the United States. As a result, no significant
competitive advantage is reportedly held by foreign or domestic producers,
except in cases of special dielectrics or processes. Technology used in
circuit board production is usually made available through producers of
equipment and chemicals.



Description and Uses

The development of the printed circuit board grew out of a need in the
electronics industry for a reliable and cost-effective way to interconnect
electronic components. Prior to its development, components installed in
electronic equipment were connected between insulated standoffs, or on
terminal boards mounted to the equipment chassis. These methods of component
mounting required excessive chassis space and costly point-to-point handwiring
and soldering. A high level of rework would often occur from improper
connections or from the omission of discrete wires. Further, interconnection
of components mounted to the chassis did not provide for ease of rework made
necessary when equipment failed. Circuit boards are produced from a variety
of dielectric materials which are largely glass based.with copper foil
attached.

Printed circuit boards

The fabrication of a printed circuit board is divided into three phases.
In the initial phase, the locations of the components and the interconnections
of the circuits are established. The printed circuit pattern is then laid out
on a grid with the intended placement of components and electrical connections
checked for accuracy. From this established layout, an enlarged artwork
master is produced by laying strips of opaque tape on a sheet of transparent
film. The enlarged master can also be produced from a computer-aided layout.
A grid layout and an artwork master are required for each circuit board side,
and precise registration between the layouts is required when two or more
artwork masters are needed.

In the second phase of development, the enlarged masters are photographed
and reduced to the appropriate dimensions of the finished board. Step and
repeat patterns of the reduced artwork are made when warranted by the volume
of production. The reduced masters are used to produce templates (or computer
tapes) for drilling the boards and to create the circuit pattern on the base
material laminate.

The final stage in the development of the printed circuit board.is the
board manufacture. After the appropriate copper-clad laminate is selected and
coated with a photo-sensitive resist (either dry film or spin-coated), it is
exposed through the reduced master creating the circuit image on the copper
surface of the laminate. The image is developed out and an alloy of lead-tin
is electroplated on the exposed circuit pattern. The alloy plating increases
the solderability of the circuit board conductors and serves as an acid-resist
when the excess copper on the laminate is etched away (subtractive process).
Holes are drilled in the locations where components are to be inserted and the
board is profiled to the finished dimensions.

When the number of components on a printed circuit board is sufficiently
increased, more circuit layers are required to make the necessary crossover
connections. In producing boards with two (or more) circuit layers, the
fabrication sequences are changed. Holes required for component mounting are
drilled and plated through prior to the creation of the circuit image. The
plated-through holes provide circuit continuity from one side of the board to



the other. Multilayer boards using 12 to 15 layers of circuitry are now
produced for certain types of equipment using high-density interconnections in
close areas.

An alternate method for producing circuit boards is called the additive
process. In this process, the first two development phases are identical to
those described earlier. 1In the manufacturing phase, a specially treated
unclad laminate is required which is sensitized with an electroless,
conductive salt. The circuit image is then created on the laminate, and the
conductors are hard-copper plated directly to the laminate. Following the
copper-plating operation, an alloy of tin-lead is electroplated over the
copper. The circuit board is then drilled and profiled to size. Using the
additive process, acid etching is not required since there is no excess copper
to remove. The disadvantages of the process include the need for a special
base laminate and the chance of unacceptable circuit adhesion. Printed
circuit boards are used in virtually all electronic equipment including
computers, consumer products, and military products. Printed circuit boards
are also used to interconnect other printed circuit boards.

Base material laminates

Base material laminates used in the production of printed circuit boards
are usually called copper—clad laminates. These base material laminates are
made from dielectric materials which are produced as laminations or
extrusions. However, as previously mentioned, the laminates used in the
additive process are not copper—clad, but have surfaces which are specially
treated for good adhesion during hard-copper electroplating.

The three principal product grades of base material laminates are (1)
woven-glass—cloth based impregnated with epoxy resin, (2) nonwoven-glass/paper
based impregnated with polyester resin, and (3) paper-based phenolic. Other
dielectric materials are also used depending on the application, such as a
need for resistance to high temperature or a need for a low dielectric

constant.

Woven—-glass—cloth-based materials are usually fire retardant and are
easily machined, pierced, or sheared at room temperature. These materials
maintain good dimensional stability over changes in temperature and are subject
to minimal warping and moisture absorption. The laminates are produced in
various thicknesses, but the largest share is produced to a nominal thickness
of 0.0625 inch. Printed circuit boards produced from woven-glass-—
cloth-based laminates are used in military electronics, computers, and
industrial-grade electronic equipment where high reliability is important.
Circuit conductors on printed circuit boards produced from less-stable
laminates could rupture (open circuit) from warping or could become
intermittent. Fire retardant materials are used to prevent laminate
combustion during severe heat rises in the equipment.

Glass/paper~based laminates are used in applféétions where reliability
and environmental conditions are less stringent. Printed circuit boards made
from these laminates are found in numerous commercial products and in consumer
products such as automobiles. Paper-based laminates, on the other hand, are



relatively low-grade materials which warp easily and are often preheated to
prevent crazing or chipping during shearing, drilling, or punching
operations. Printed circuit boards produced from paper-based laminates are
found in consumer products and in inexpensive toys and games.

Customs Treatment

Import classification procedures for printed circuit boards and base
material laminates are generally different in the United States from those in
the European Community (EC), Japan, and Canada. Further, rates of duty
applied to imports of printed circuit boards and base material laminates in
the United States are generally lower than rates of duty applied in those
countries.

U.S. customs treatment

Printed circuit boards.—--Printed circuit boards are classified under item
685.90 of the Tariff Schedules of the United States (TSUS) as articles for
making, breaking, protecting, or connecting electrical circuits (see table on
the following page). Printed circuit boards classified under item 685.90 are
limited to unassembled boards, i.e., without components thereon. Printed
circuit boards imported with components affixed or assembled are classified as
parts of end products for which they are dedicated. Printed circuit boards,
which are imported from Canada and designated as original motor-vehicle
equipment, are classified under item.685.91.

The rate of duty applied to imports of printed circuit boards under item
$85.90 is determined by the trading status of the country of exportation.
Circuit boards, which are imported from countries afforded most-favored-nation
treatment (MFN), are dutiable at a rate of 7.3 percent ad valorem (col. 1 in
the TSUS). Circuit boards, imported from countries with MFN status and which
have been designated as least developed developing countries (LDDC's), are
dutiable at a rate of 5.3 percent ad valorem. Printed circuit boards that are
imported from certain countries which the President has designated as being
under Communist control or domination and have entered under item 685.90 are
dutiable at a rate of 35 percent ad valorem (col. 2 of the TSUS).

TSUS item 685.90 has been designated as an eligible article for duty-free
treatment under the Generalized System of Preferences (GSP). Eligibility
under the GSP is subject to certain competitive-need limitations as set forth
in title V of the Trade Act of 1974. }j Printed circuit boards imported from
Canada under item 685.91 and designated as original motor-vehicle equipment
also enter free of duty.

1/ Duty-free imports entered under a TSUS item from a beneficiary developing
country are limited to a percentage of the U.S. gross national product and to
50 percent of the appraised value of imports. Eligibility also requires at
least 35 percent of the appraised value of the TSUS item eligible under GSP be
added in the beneficiary developingcountries.



TSUS f f Rate of duty
item Description X - - -
No. _ . Col. 11/ ~ LDDC 2/ ® Col. 2 3/  GSP 4/

. . . 3 .
. .

685.90 : Articles for making, ¢ 7.3% ad val. : 5.3%Z ad : 35% ad : A
: breaking, protecting, : : val. : val. :
and connecting elec- : :
trical circuits :
(printed circuit : :
: boards). : :
685.91 : Articles for making, : Free
: breaking, protecting, B
and connecting elec-
trical circuits :
(printed circuit
boards), if Canadian
article and original
motor-vehicle equip—- :
ment. :

774.55 : Articles not specially : 7.3%Z ad val. : 5.3% ad : 80% ad -
provided for of rubber: : val. val. :
or plastics (base : : :

material laminates).
774.70 : Articles not specially : Free

: provided for of rubber: :
or plastics (base : :
material laminates), :
if Canadian article

: and original motor-

: vehicle equipment.

1/ The rates of duty in rate of duty column numbered 1 are most—favored—
nation (MFN) rates and are applicable to imported products from all countries
except those Communist countries and areas enumerated in general headnote 3(f)
of the TSUS. However, such rates would not apply to products of developing
countries which are granted preferential tariff treatment under the Gen-
eralized System of Preferences (GSP) or under the "LDDC" rate of duty column.

2/ The rates of duty in rate of duty column "LDDC" are preferential rates
(reflecting the full U.S. MTN concession rate for a particular item without
staging) and are applicable to products of the least developed developing
countries designated in general headnote 3(d) of the TSUS which are not granted
duty-free treatment under the GSP. If no rate of duty is provided in the
"LDDC column for a particular item, the rate of duty provided in column
numbered 1 applies. See app. B for scheduled staged rates of duty.

3/ The rates of duty in rate of duty column numbered 2 apply to imported
products from those Communist countries and areas enumerated in general
headnote 3 (f) of the TSUS. The only Communist countries currently eligible
for most-favored-nation treatment (col. 1 rates) are China, Hungary, Poland,
Romania, and Yugoslavia.

4/ Articles designated by the President to be eligible for purposes of the
GSP pursuant to section 503 of the Trade Act of 1974. The designation "A"

signifies that all beneficiary developing countries are eligible for
preferential treatment with respect to all articles provided for in the
designated TSUS item.



Base material laminates.--Base material laminates are classified under
TSUS item 774.55 as articles not specially provided for of rubber and
plastics. Laminates, which have been imported from Canada and designated as
original motor-vehicle equipment, are classified under TSUS item 774.70. The
rate of duty applied to imports of base material laminates from MFN countries
is 7.3 percent ad valorem, and 5.3 percent ad valorem from LDDC countries.
Imports from certain countries designated as being under Communist control are
dutiable at a rate of 80 percent ad valorem.

TSUS item 774.55 is an eligible article under the GSP, and imports of
laminates from designated beneficiary countries may enter free of duty.
Imports of laminates from Canada under item 774.70 as parts of original motor-
vehicle equipment also enter free of duty.

Foreign customs treatment

Printed circuit boards.-—The Customs Cooperation Council Nomenclature
(CCCN) is used by the EC and Japan for purposes of import classification.
Under the CCCN, MFN imports of printed circuit boards entering the EC are
classified under heading 85.19B. MFN imports of circuit boards entering Japan
are classified under heading 85.19-280. 1In contrast to the EC and Japan,
alternate rates of duty are applied to printed circuit boards entering Canada
depending on the type of equipment for which the circuit boards are
dedicated. Printed circuit boards, which are imported into Canada and
dedicated for use in radio apparatus, are entered under item 44533-2. Printed
circuit boards, which are dedicated for use in other electronic/electrical end
products, are entered under item 44533-1. The rates of duty for priated
circuit boards are summarized in the following tabulation:

Market Present rate of duty 1/
European Community 8.67% ad val.
Japan --= 2/ 4.5% ad val.
Canada -=—====—====—m—m—-—- - ———e 3/ 9.4% ad val.
4/ 12.8% ad val.

1/ Rate currently applicable on imports from the United States on Jan. 1,
1982 except as noted.

2/ Rate of duty effective Apr. 1, 1982.

g/ Rate of duty for printed circuit boards dedicated for use in radio
apparatus.

4/ Rate of duty for printed circuit boards dedicated for use in other
electronic/electrical end products.

Base material laminates.——MFN imports of base material laminates entered
into the EC are classified as articles of various plastics material described
.under heading 39.07. Imports of base material laminates entered into Japan
from MFN countries are classified under two separate headings depending on the
type of plastics material from which the laminates are made: laminates made
from plastics described under headings 39.01- .02 are dutiable at 10.1 percent




ad valorem, and laminates made from plastics described under headings

39.03~ .06 are dutiable at 7.4 percent. Base material laminates imported into
Canada enter under item 93907-1. The following tabulation summarizes the
rates of duty of base material laminates imports into these countries (foreign
rates of duty):

Market Present rate of duty 1/
European Community-———--—==—=—- 14.2% ad val.
Japan—- - 2/ 3/ 10.1% ad val.

2/ 4/ 7.4% ad val.
Canada=—=——==- 167 ad val.

lj Rate currently applicable on imports from the United States on Jan. 1,
1982, except as noted.

2/ Rate of duty effective Apr. 1, 1982.

Ey Rate of duty for base material laminates made from plastics described
under headings 39.01- .02.

4/ Rate of duty for base material laminates made from plastics described
under headings 39.03- .06.

U.S. Industry

U.S. producers

In the United States, the number of printed circuit board producers far
exceed the number of base material laminate producers. Circuit board
producers are frequently small businesses which are organized to support
electronic equipment firms which are not producers of circuit boards. These
small businesses have increased in number as the electronics industry has
expanded. Large captive circuit board producers are also supported by
these small businesses during periods of capacity limitation or for short-run
production requirements. Unlike printed circuit board producers, laminate
producers have not increased in number, but rather existing firms have
expanded their capacities to meet increasing demand. In some instances, large
producers of laminates are also producers of printed circuit boards, but
except for certain multilayer mass laminations, circuit boards are not
generally produced in facilities where laminates are made.

Printed circuit boards.-—Because of their small size and ease of entry
and exit, it is difficult to determine the number of printed circuit board
producers in the United States. However, data on domestic shipments of
printed circuit boards were collected by the U.S. Department of Commerce from
206 U.S. firmms in 1977 and from an estimated 265 firms in 1981. The criteria
used by Commerce, however, limit data collection to firms employing 10 or more
workers. 1In contrast to the U.S. Department of Commerce, the Institute for
Interconnecting and Packaging Electronic Circuits (IPC), which represents the
industry, reports a membership of 600 circuit board producers, 300 of which
are regular members and 300 of which are associated members. Further, the IPC
reports that there are between 800 and 1,000 other firms producing circuit
boards which are not affiliated with the IPC. Based on IPC reports, the
Commission staff estimates that in 1981 there were at least 1,500 firms in the




United States producing printed circuit boards. The largest firms were
located in New York, California, and Virginia.

Circuit boards were also produced by at least four large U.S.
multiproduct firms in West Germany, Japan, Scotland, and the United Kingdom
mostly to serve internal demand. These firms produce and market office
machines and computers in these countries. Further, circuit boards are
produced in Singapore, Hong Kong, and Taiwan by #%%,

U.S. firms producing printed circuit boards in foreign
countries account for an increasing share of U.S. circuit board imports.

Base material laminates.--Base material laminates were produced by 19
U.S. firms in 1981 with 3 firms operating more than 1 establishment. These 19
firms were supported by a limited number of U.S. producers of glass-cloth and
other dielectric materials used in the production of laminates and a number of
producers of electrodeposited copper. Four U.S. firms were also producers of
laminates in foreign countries. These firms produced laminates in #*%*

' to serve the European markets and in #*%*%

to serve the Far East markets. Since 1977, one large domestic producer ceased
laminate production and left the industry. The largest producers of laminates
were located in Ohio, California, Wisconsin, and New York.

With increased competition in the laminate industry and increased cost
pressures on purchased materials, there is some product integration among
producers in the industry, although the level of integration is limited.
Certain laminate firms have integrated backward by producing resins for
glass-cloth impregnation, or by producing electrodeposited copper foil. Other
producers have integrated forward into the partial production of multilayer
printed circuit boards called mass laminations. In mass laminations, the
inner layers of the multilayer boards are produced by the laminator, and the
top and bottom circuit surfaces and hole drilling are subsequently completed
by the printed circuit board producer. The forward integration requires
increased capital investment by the laminator and results in increased
competition among printed circuit board producers.

Production

Printed circuit boards are specialty products produced in different
shapes and sizes with different etched circuit patterns. The quantity of
circuit boards produced is determined by the production of end-use products in
which they are incorporated. In contrast, base material laminates are
commodity products produced from limited types of dielectric materials and in
limited thicknesses. Laminates are usually sold in 3 feet by 4 feet sheets,
or cut to panel size at the request of the circuit board producer.

Printed circuit boards.--Producers responding to the Commission's
questionnaires reported that their output of circuit boards increased from 111




million boards in 1977 to 146 million boards in 1981. 1/ Circuit board
production consisted principally of boards produced from epoxy-glass—based and
epoxy-glass/paper-based laminates as shown in the following table.

Printed circuit boards: U.S. production reported by domestic producers,
by types, 1977-81

(In thousands of boards)

Type ©o1977 ' 1978 P 1979 ¢ 1980 ¢ 1981

Multilayer (3 layers or : : : : :
more) : 5,579 : 5,912 : 6,446 : 6,993 : 8,441
From additive laminateg——=——=—- : 0 : 0 : 13 : 30 : 91

Other: : : : : :

Epoxy-glass base: :

0.031 inch thick and : : : : :
less : 275 : 250 : 202 : 82 : 65

More than 0.031 inch : : : : :

thick: : : : : :
Single-sided copper—----: 18,001 : 13,935 : 14,776 : 14,459 : 16,960
Double-sided copper——--- 29,344 : 30,572 : 39,974 : 47,562 : 48,181
Epoxy-glass/paper base-—-----: 26,386 : 30,780 : 33,550 : 41,102 : 40,179
Other - : 31,483 : 49,818 : 44,313 : 34,966 : 32,561
Total : 111,068 :131,327 : 139,274 : 145,194 : 146,478

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

In their production of circuit boards, U.S. producers responding to
questionnaires reported laminate purchases of $79 million in 1977, increasing
to $176 million in 1981. Laminates purchases by these large circuit board
producers amounted to 33 to 39 percent of the value of laminates reportedly
sold during the period by laminate producers. Using the difference between
the laminates sold to large producers and total laminates sold, it is
estimated that total domestic production of printed circuit boards increased
from 325 million boards in 1977, to 423 million boards in 1979, decreasing to
377 million boards in 1981, as shown in the following tabulation (in thousands
of boards):

Quantity
1977 324,760
1978 337,602
1979 : 423,286
1980 404, 440
1981 376, 550

1/ The Commission's questionnaires were mailed to 44 U.S. establishments
believed to be the largest domestic printed circuit board producers.
Responses were received from 35 respondents, representing about 39 percent of
U.S. estimated shipments.
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Base material laminates.——U.S. production of base material laminates, as
reported by domestic producers, increased by 86 percent during 1977-81, rising
from 148 million square feet in 1977 to 276 million square feet in 1981, as
indicated in the following table. Of the laminates produced during this
period, thin laminates, used in the production of multilayer boards, showed
the largest relative gain, increasing from 16.8 million square feet in 1977 to
41.0 million square feet in 198l. Prepreg, single—ply uncured epoxy sheets
used with thin laminates in the production of multilayer printed circuit
boards, also showed a significant gain.

Laminates having an epoxy-glass base were the largest types of printed
circuit board materials produced, accounting for about 52 percent of
production of all types of boards in 1981. Epoxy-glass based laminates
account for about 70 percent of laminate production when prepreg uncured epoxy
production is not considered. The level of U.S. laminate production reported
in response to questionnaires of the U.S. International Trade Commission
represents more than 90 percent of U.S. output as estimated by the IPC.

Base material laminates: U.S. production reported by domestic producers,
by types, 1977-81

(In thousands of square feet)

Type 1977 F 1978 % 1979 ¢ 1980 © 1981
Multilayer: :
Thin laminates of 0.030 : : : : :
inch thick or less———————- : 16,761 : 22,383 : 31,586 : 37,811 : 41,012
Prepreg, single-ply : : : : :
uncured epoxy + 26,722 : 37,920 : 50,936 : 59,996 : 71,929
Additive : 783 : 1,519 : 1,519 : 1,421 : 1,835
Epoxy-glass base: : : : : :
0.031 inch thick and less---: 748 826 : 1,269 : 1,148 : 1,230
More than 0.031 inch thick: : : : :

Single-sided copper-—-—---—-: 11,878 : 15,145 : 22,017 : 18,742 : 18,544

Double-sided copper——--—--—- s+ 51,698 : 61,771 : 86,488 : 86,255 : 83,946
Epoxy-glass/paper base-——————- T 22,336 : 29,093 : 29,127 : 31,732 : 38,733
Other :+ 17,180 : 19,668 : 22,474 : 17,927 : 18,908

‘Total + 148,106 :188,325 : 245,416 : 255,032 : 276,137

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

Capacity

Capacity in the production of laminates and printed circuit boards is not
regarded as a rigid measure of the industries' capability to produce. Over
time, this capability is affected by the utilization of advanced equipment,
and the development of new production materials and processes. Because of
these changing production functions, capacity, particularly in the circuit
board industry, is reportedly difficult to measure. For example, an official
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from the trade association appearing at the public hearing reported that,
during a period when the circuit board industry was allegedly operating at
full capacity, a study conducted by the association showed that the industry
was actually operating at 80 percent of capacity. l/

Printed circuit boards.--Producers responding to the Commission's
questionnaires reported production capacity of 156 million boards in 1977,
increasing to 192 million boards in 1981. The largest increase was reported
for 1978 when capacity expanded by about 16 million boards as shown in the
following table.

Printed circuit boards: U.S. capacity reported by domestic producers,
by types, 1977-81

(In thousands of boards)

Type ©o1977  f 1978 P 1979 P 1980 ¢ 1981
Multilayer--- - : 8,119 : 8,598 : 10,472 : 11,505 : 13,819
From additive laminateg——-————-: 58 : 58 : 58 : 60 : 102
Epoxy-glass base—=====—mmw———— : 50,813 : 49,455 : 59,534 : 68,070 : 77,036
Epoxy-glass/paper base-——-~- -=-: 52,301 : 54,193 : 59,188 : 40,688 : 60,688
Other=———====-—=—=—wmmmm—e—————: 44,423 : 59,024 : 46,027 : 4,441 40,452

Total : 155,714 :171,328 : 175,279 : 184,764 : 192,097

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

The annual ratio of production to capacity (capacity utilization ratio) for
questionnaire respondents increased from 71 percent in 1977 to 79 percent in
1979, and then decreased to 76 percent in 1981. These utilization rates,
reported in questionnaire responses, are believed to be representative of the
industry, including the smaller firms. Using these utilization rates and the
industry production estimates cited earlier, (using the ratio of laminates
purchased by large circuit board producers to total laminate shipments
reported by domestic laminate producers) capacity estimates for the entire
industry, during 1977-81, were calculated, as shown in the following
tabulation:

Quantity
(1,000 boards)

1977 ----~~ 455,275
1978 440,432
1979--—======-~ 532,641
1980 - 514,363
1981 493,825

1/ Transcript of the hearing before the United States International Trade
Commission, investigation No. 332-133, p. 52.

PN
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During 1977-81, about #*%% manhours were reported lost in the circuit
board industry, resulting in a decrease in production of over %%
boards. This loss was principally due to strikes at producers' plants,
production line problems, bad weather, and power failures. The largest losses
were reported for 1978 and 1981 when producers' estimated capacity of #x# ’
boards and #** boards, respectively, could not be utilized.

Base material laminates.--Producers reported that capacity in the
industry increased by 85 percent during 1977-81, rising to over 309 million
square feet in 1981, compared with 167 million square feet in 1977, as
indicated in the following table. The largest annual increase in capacity
occurred in 1979 when almost 50 million square feet were added. High-capacity
growth rates were reported for the production of multilayer laminates (thin
laminates) and other epoxy-glass laminates.

Base material laminates: U.S. capacity reported by domestic producers,
by types, 1977-81

(In thousands of square feet)

Type 1977 P 1978 P 1979 P 1980 P 1981
Multilayer ¢ 48,215 62,082 : 85,136 : 106,435 : 121,907
Additive - 2,002 : 2,038 : 1,869 : 2,172 : 2,164
Epoxy-glass base-———===—=—=—=: 74,753 : 98,083 : 119,304 : 117,354 : 124,547
Epoxy-glass/paper base-——--—- 23,280 : 30,649 : 33,500 : 34,500 : 39,900
Other : 18,900 : 22,800 : 25,500 : 21,350 : 20,700
Total : 167,150 : 215,652 : 265,309 : 281,811 : 309,218

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

During 1977-81, the laminate industry experienced a high level of
capacity utilization, ranging between 87 and 92 percent of maximum effective
capacity. The utilization rate was reported at 89 percent of capacity in
1981, the same as it was in 1977. The utilization rate, like the production
of printed circuit boards, can change over time as new machines and equipment
are purchased and larger presses are utilized.

During 1980, nearly #*%% square feet of laminate production capacity
were lost in the industry principally due to a strike at a producer's plant.
The strike resulted in a reported loss of more than ***% manhours of
laminate production. Other than the strike, during 1977-81, about #%%

square feet of capacity were lost, principally because of bad weather, with an
associated loss of about #*%% manhours.

Profits

Circuit board producers reported higher levels of profit before taxes
during 1977-81 than laminate producers. The profit reported by laminate
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producers, however, showed less fluctuation than the profit of circuit board
producers. Circuit board production is characterized as more labor intensive
than laminate production and allows for a greater degree of in-house control
over cost. In contrast, laminate production is not as labor intensive as
circuit board production. The cost of laminate production is determined
largely by the cost of purchased materials. Profit was not reported by
captive circuit board producers since their shipments are transferred at cost.

Printed circuit boards.--The median profit before taxes reported by
circuit board producers increased from 9.0 percent of sales in 1977 to 12.7
percent of sales in 1980, and then decreased to 7.5 percent in 1981. 1In 1981,
reported profit ranged from a high of 17.9 percent to no realized profit, as
compared with a high of 24.1 percent and a loss of 13.1 percent in 1977. Only
producers with relatively lower production levels reported losses during the
period. The profit before taxes, for the reporting firms which produced
printed circuit boards during 1977-81 is summarized in the following table.

Printed circuit boards: Profit before taxes, as reported by U.S.
producers, 1977-81

(In percent)

Profit range 1977 % 1978 0 1979 ¢ 1980 1981
High -3 24.1 27.8 : 20.8 : 16.9 17.9
Median : 9.0 : 9.8 : 11.1 12.7 7.5
Low : (13.1) : (8.4) : (3.5) : (11.0) : 0

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

Base material laminates.--Profit before taxes for laminate producers
showed a general deterioration during 1977-81 with the industry median
decreasing from 8.6 percent of sales in 1977 to 3.0 percent in 1981. 1In 1977,
profit before taxes ranged from a high of 20.0 percent to a loss of 2.0
percent. In 1981, profit in this industry ranged from a high of 12.1 percent
to a loss of 3.9 percent. Profit reported for 1977-81 is summarized in the
following table.

Base material laminates: Profit before taxes as reported by U.S.
‘ producers, 1977-81
(In percent)

Profit range P77 P 1978 f 1979 P 1980 1981
Median : 8.6 : 6.8 : 8.0 : 5.0 3.0
Low : (2.0 1.0) : 0 : (3.0) : (3.9)

0) ¢+ (

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.
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The larger laminate producers outperformed the smaller producers during
1977-81, reporting profit before taxes which was consistently higher than the
median. The smaller laminate producers reported low and declining profits or
losses during the period. The median profit before taxes realized by U.S.
producers of electronics in 1981 is estimated at 7.7 percent of sales, higher
than profit earned by laminate producers.

Profit in the industry is influenced by the cost of materials which are
required in the production of base material laminates. Glass-cloth, epoxy
resins, and electrodeposited copper, which are usually purchased by U.S.
laminate producers, account for an estimated 70 percent of the direct cost of
production; direct labor accounts for the remaining 30 percent. Profit is
reduced when laminate producers are unable to pass through material cost
increases to their customers. A 1l0-percent increase in material costs would
require more than a 23-percent increase in labor productivity to maintain
constant prices.

Employment

Employment in the production of printed circuit boards is higher than in
the production of base material laminates. Total employment involved in both
the production of printed circuit boards and laminates, as reported by
questionnaire respondents, increased from 10,293 workers in 1977 to 15,089
workers in 1981. During 1977-81, workers in the production of laminates
accounted for between 18 and 22 percent of this workforce. Circuit board
production is more labor intensive, particularly in small firms where a low
level of automation is found, or in firms producing multilayer boards where
more handling and assembly are required. Base material laminate production,
on the other hand, is more capital intensive and requires less labor per unit
of sales.

Printed circuit boards.-—-Average employment in U.S. respondents'
establishments producing printed circuit boards increased from 81,128 workers
in 1977 to 88,137 workers in 1981 as shown in the following table. Production
and related workers employed in the production of all products in these
establishments accounted for about 62 percent of total employment. Production
and related workers employed in printed circuit boards accounted for 10 to 13
percent of all such workers in these establishments during the period. Of the
types of circuit boards produced, multilayer boards and epoxy-glass-based
boards accounted for the largest share of employment.
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Average number of employees, total and productions and related workers in U.S.
establishments producing printed circuit boards, by types, 1977-81

Ttem © 1977 % 1978 P 1979 ¢ 1980 ¢ 1981

Average number employed in
the reporting

establishment(s): : : : :
All persons - : 81,128 : 83,422 : 86,730 : 87,261 : 88,137
Production and related : : : : :

workers engaged in
the production of: : : : :
All products—————---—-=: 51,121 : 52,419 : 53,400 : 53,974 : 55,167
Printed circuit : : : :
boards: : : :

Multilayer
(3 layers or : : : : :
MOYe) ~—m————mmmey 3,314 3,985 : 4,543 4,841 5,101
From additive : : : :
laminates—===——— : 0 : 0: 54 : 353 : 577
Epoxy—-glass base-—: 3,877 : 4,281 : 4,614 : 5,063 : 4,949
Epoxy-glass/paper : : : : :
base—~—=———————- : 449 : 450 : 556 : 588 : 869
Other : 552 : 830 : 1,032 : 1,021 : 835
Total production: : : : :
and related
workers em-— : : : :
ployed ia : : : :
printed cir- : : : : :
cuit boards—-—-: 8,192 : 9,546 : 10,799 : 11,866 : 12,331

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

The reported employment in the printed circuit board industry is
understated since it does not include employment of small producers. However,
industry sources estimated that there were a total of 30,000 production and
related workers in the circuit board industry in 1981, supported by an
additional 8,000 employees in the sales, distribution, and management of
circuit board operations. In 1977, industry sources estimated that total
employment in the industry was about 29,000 workers which were employed in the
production of circuit boards. These workers are usually skilled employees
engaged in shearing, drilling, printing, and etching operations. A high
degree of skill is also required in producing multilayer laminations,
maintaining chemical baths, testing, and plating.
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Base material laminates.—Employment reported by the establishments
producing base material laminates increased from 4,462 workers in 1977 to
5,116 workers in 1981, as shown in the following table. Employment peaked in
1979 when the average number of all employees in these establishments reached
5,269 and employment of production and related workers engaged in the
production of all products reached 3,702. Production and related workers
engaged in the production of base material laminates reached 2,758 employees
in 1981 compared with 2,101 employees in 1977. Production and related workers
engaged in the production of laminates accounted for 68 to 80 percent of all
such employees in the reporting establishments during 1977-8l. High employee
skill levels are also required in the laminate industry for impregnation,
lamination, and bounding of copper foil.

Average number of employees, total and production and related workers in
U.S. establishments producing base material laminates, as reported by
domestic producers, by types, 1977-81

Item 1977 % 1978 P 1979 Y 1980 ¢ 1981
Average number employed in : : :
the reporting : : :
establishment(s): : : : : :
All persons : 4,462 4,858 : 5,269 : 5,037 : 5,116
Production and related : : : : :
workers engaged in : : A : :
the production of: : F : : :

All productg————=—=———; 3,081 : 3,423 : 3,702 : 3,442 : 3,555
Multilayer—————=—=—w=: 512 : 707 : 834 : 908 : 1,023
Additive : 9 : 21 : 20 : 23 : 27
Epoxy—-glass base—-—--: 980 : 1,136 : 1,284 : 1,169 : 1,193
Epoxy-glass/paper : : : : :

base : 372 : 319 : 331 : 305 : 318
Other T 228 - 229 229 176 : 197
Total production : : : : :
and related : :
workers employed: :
in base material: : : : :
laminates=—————— : 2,101 : 2,412 2,968 : 2,581 : 2,758

.

Source: Compiled from data submitted in response to questionnaires of the
U.S. International Trade Commission.

Research and development

Research and development (R. & D.) in the printed circuit board and base
material laminate industries has been undertaken principally by printed
circuit board producers. R. & D. expenditures incurred by laminate producers
during 1977-81 were only 10 percent as large as such expenditures incurred by
printed circuit board producers. ‘
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Printed circuit boards.~-R. & D. expenditures of circuit board producers,
as reported in the Commission's questionnaire, nearly doubled during 1977-81,
increasing from $15.6 million in 1977 to $33.8 million in 1981. R. & D.
expenditures in 1981, however, were only slightly larger than in 1980, as
shown in the following tabulation:

Expenditures
(1,000 dollars)

1977 -———- 15,560
1978-—~—- 17,378
1979 ~———- 18,403
1980~—-—- 31,420
1981 —=——- 32,756

) Producers of circuit boards reported that their R. & D. efforts were
directed principally toward process developments, improved manufacturing
techniques, and quality control measures. These process developments include
increasing component density, improving thermal design, and improving
"through-hole"” testing of multilayer boards. Research was<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>