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Chapter 1

Introduction

This study of the U.S. semiconductor industry seeks to examine its

international pattern of exports, licensing, and foreign investments.

This industry was selected for study because previous work had shown the
United States tended to have a favorable trade balance in industries
characterized by high technology processes or products.l

The United States semiconductor industry in its short twenty year histcry
has enjoyed a nearly absolute dominance over its fdreign competitors. The
reasons for the U.S. industry's comparative advantage in world markets has
been doéumented in several studies. John Tiltcn found that the large demand
of the U.S. defense establishment for improved semiconductors was an important
factor in generating demand for innovations.2 He also found that a strong
role in the innovating process was played by small, spin-off companies; these
firms pressured large semiconductor producers into adopting innovations sooner
than they would have otherwise. Tilton stated that over the life of a semi-
conductor device it'woﬁld’be utilized first in military equipment markets, next
in industrial markets, and finally in consumer markets. This pattern was also
followed in international markets. An O.E.C.D. study of electronic components
arrived at similar conclusions.3 While these studies described the sources of
the technological advéntage of U.s. firms, neither expliciﬁly addressed the
question of why U.S. firms engaged in exports, licensing, and foreign direct
investment.

The study is divided into three ?arts. The first part, consisting of
Chapters 2 and 3, discusses the characteristics of the U.S. semiconductor

industry and semiconductor technology. Thé next part, Chapters 4, 5 and 6.



examines the different transfer channels and.the factors which determine a
firm's selection between exports, }icensipg, and foreign production to supply
foreign markets. The final section,lchapter 7, seeks to determine the charac-
teristics of the American firms most responsible for the transfer of technology
offshore and the impact of foreign direct invesfment on trade patterns.

The data for this paper were gathered from more than‘thirty interviews
with representatives of semiconductor manufacturers, semiconductor buyers, and
~ knowledgeable industry observers. fwo separate questionnaires were utilized to
‘obtain data from pVer 40 percent ef the U.S. companies manufacturing seﬁicon-
ductors world-wide. A majoxity of the financial and employment statistics
were obtained from the annual financial statement, Form 10-K, filed with the
Securities and Exchange Commission. Additicnal information on company activities

was obtained from a weekly trade publicatiqn, Electronic News.




Chapter 2

Semiconductor Products, Pirms, and End-Use Markets

2.a Semiconductor Products

Sémiconductors are electronic devices thch caﬁ amplify, modify, or
redirect electrical signals,vthaﬁ is, they are active components. (See Figure
2-1). For many years semiconductbrs were in direct competition with elgctronic
tubes; buf because of the hiéher performance and lower costs of semiconductors
they have replaced tubes in most applications where they are substitutable.

There are three basic categories of semiconductors: first, discrete com-
ponents, that is, individual devices such as transistors, diodes, rectifiers,
etc.; second, integrated circvits which ccmbine tha functions of discrete
elements into one device; and third, special purposé devices whose characteristics
fall outside the other two categories. Iﬁﬁegrated circuits (IC) can be divided
into either bipoiar.o:’metal—oxide-semiconductor (MOS). The final distinction
is between linear and digital biéolar devices. Linear integrated circuits
yield an output proportional to the input to the device; they are important
primarily in industrial and consumer applications. Digital devices are essentially
switches registering either on or off; they are especially important in computer
applications.
2.b Types of Semiconductor Companies

ThebElectronic Industries Association (EIA), a national trade association
of U.S. electronic manufac¢turers, defines electronic industries as: " (comprising)
industrial organizations engaged in the manufacture, design, and developﬁent,
and/or substantial assembiy of electronic equipment, systems, assemblies, or

the components thereof."l The semiconductor industry is part of the electronic
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Figure 2-1
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component'manufacturing sector of the industry.

There are three categories of semiconductor manufacturers in the United

States: (1) peripheral companies which use semiconductor products, perform

research and development on semiconductors, and in some cases manufacture
semiconductors for internal consumption (Ycaptive" production); (2) large
firms which manufacture semiconductors for sale on the open market; (3) small,
independent firms. (The differentiation between the second and third type of

firm is arbitrary; small firms, if they are successful, will shift into the

'second category.) Note that the division between large and small is based on

the size of the entire corporation not the semiconductor operation.
The number of firms manufacturing semiconductors in 1972 was abou; 1?0.2
This is approxim#tely the same number that were active in the early sixties.
Despite the high attrition of semiconducﬁor manufacturers, there has been a
steady number of new entrants to maintain the overall industry size relatively
constant. Table 2-l1 shows the estimated distribution of firms among captive
and non-captive producers and between large and small size in terms of total
corporate resources. Approximately one third of the firms in the industry are
captive producers. The activities of these figms, except for Western Electric
and IBM, will not be discussed in this study.

Despite the large number of participants in the industry, the four
largest firms account for 50 percent of total U.S. semiconductor‘shipments.
(See Table 2-2.) The dilution of market share has occurred at the middle

level where the largest 20 firms have slipped from 97 percent of total ship-

ments in 1958 to 8l percent of total shipments in 1972. Relating this to
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Table 2-1

Estimated Number of Semiconductor Manufacturers by Firm Type and Size, 1972

Type ' v LargeI ‘ Small  Total
operation. ; .

Captive 24 i 7 , 31

Non-captive 25 ; 43 68

Unknown é 21 21

i .
Total 49 f 71 120
1

Large firms were defined to have either (1) total corporate sales
(including semiconductors) in excess of $100 million in 1972 or
(2) total semiconductor sales in excess of $20 million in 1972.

- Source: U.S. Department of Commerce unpublished data;
Securities and Exchange Commission 10-k reports;
discussions with industry executives.

¢
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Table 2-2

Concentration of Semiconductor Shipments, by

Number of Companies

{Percent of Total)

1958 1962 1965 1972
Total Semiconductors,
U.S. Shipments, By the

4 largest companies 51 42 50 50

8 largest companies 71 65 77 66

20 largest companies 97 89 , 90 81

50 largeét companies 100 95 96 96

All companies 100 100 100 100

Source: U.S. Department of Commerce, unpublished data.



the number of firms in the industry'means that of the approximately eighty non-
‘captive manufacturers of semiconductors, sixty firms have less than 20 percent
of the market.

| The only peripherél firms of major importance are AT&T (Western Electric)
and IBM. AT&T's reseafch arm, Bell Laboratories, has played an important role
in the creation and development of semiconductor technology.3 As long as Bell
‘Laboratories research objectives were compatable with the general needs of the
_industry it remained@ the major source of new product and process technology.
Bell Labs philosophy "...was to support research in those fields of current
basic scienéé that seemed to have the greatest relevance to the mission of the
Bell Telephone System."4 This.meant an orieﬁtation towards improving communi-
cations systems. As seniconductor technology broadened into new areas of
applications unrelated to communications, Bell Labs'’ inputs into the innov;tive
stream lessened in their importance. This was an important change since Bell
Labs did a large share of the basic and applied research relating to solid
state devices. :

While Bell Laboratories declined in its importance to the semiconductor

industry, IBM grew. Not only did IBM carry out a substantial research and
_ development program relating to semiconductoré, it was also a major‘user of
semiconductors. IBM consumed over one-third of the semiconductors purchased
from semiconductor firms by computer companies. Relative to IBM's market
-share of the computer industry this may seem small; but IBM had a large in-
house production capability which supplied 80 percent of the semiconductors
it éonsumed. Another way IBM influenced the development of the semiconductor

industry was through its informal ties to Texas Instruments, one of the largest

-



U.S. manufacturers of semiconductors. As early as 1958 the two firms jointly
"worked to develop semiconductor devices suitable for computer applications.

At one point in the early sixties IBM even developed and transferred to Texas

Instruments automated production equipment for the manufacture of transistors.

At the time IBM had not yet fully committed itself to developing an in-house

production capability.

The large companies which have semioonductor operations can be divided

into four types: (1) receiving tube eompanies (General Electric); (2) success-

ful spin-off firms (National, Signetics); (3) former small diversified companies

{Texas Instruments); (4) firms which were already large and which diversified

into semiconducto;s, and large conglomerates_(Motorolq,_General Instruments).

For analysis of these firms, the third and fourth categories will be combined

into a single group referred to as conglomerate.

Receiving tube companies, RCA being the sole exceptlon, have either focussed
their semlconductor productlon on specialized products or have discontinued
operations. RCA will be 1ncluded with the conglomerate category for discussion
purposes since its development has been significantly different from other
receiving tube companies. Receiving tube companies are not important in the
domestic semiconductor industry. Tﬁey have stayed away from fast changing areas
of semiconductor technology.

The remaining'typee_of large firms tend to dominate all phases of established
semiconductor technology. The large firms have been the main instruments through
which production technology has been transferred abroad. However, the most current
and advanced technology ie more likely to.be exploited by the small, spin-off
ccmpanies.5

Small firms are differentiated by their marketing strategy rather than by
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the way they entered the semiconductor industry. There are three types of small
semiconductor companies: (1) second source companies, thése firms duplicate the
successful préducts of other companies; (2) specialty companies, these firms
specialize in a very limited area of semiconductor technology; (3)~innovating
companies, usually formed to exploit innovations not being aggressively pursued
by larger companies. Second sourcing a successful product has certain important
effects on the transfer of technology within the U.S. semiconductor industry
which will be discussed in more detail shortly.. Specialty producers are not
very important to the overall development of the industry either domestically
or internationally. The§ supply a specialized demand within a broader market
for a particular technology.6 There is a long lag between the initial appear-
ance of an innovative product and the abpearance of these companies in the
market. This limits their importanée in the transfer of technology. The last

.type of small company, the innovator, is formed to exploit innovations which

the iarger firms either cannot or will not pursue. Some large firms deliberately
let smaller firms have the early lead into new markets,. This allows the larger
firm to focus its resources on established, profitable markets, while the smaller
- firms Attempt to deveiop markets for new technology. Once the direction of the

" market is ascertainable and the type of technology most likely to succeed in it
well defined, the larger firms turn their resources to new technology.7 Texas
Instruments andeotorola‘have used this strategy. The larger firms cannot com-
fpietely dislodge the small companies from the new markets since they lack the
experience with thg new process technology.  (This point is related to learning

economies which will be discussed in the next chapter.)
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2.¢c End-use Markets

U.S. semiconductor industry output is distributed between five end-use
markets: (1) consumer (TV, radio, transportation vehicles); (2) computer
(mainframes, peripherals, and memorf); (3) government (primarily.military);

(4) industrial (controls, test equipment, office equipment); (5) other (export,
distributor). The export market will be discussed in Chapter 6. In terms of
influence on the growth and direction of semiconductor technology, historically
the military market has been the most important; but the computer and consumer
markets have superseded the military market.

The military was the largest end-use consumer of semiconductors until the
middle sixties.  (See Table 2-3). It was willing to éay premium prices to ob-
tain higher performance and reliability. For example, during the first four
years integrated circuits were in production (1961 to 1965), thg military pur-
chased nearly 90 percent 6f all circuits produced. Only after the average price
per 6ircuif declined 80 percent d4id other users begin to purchase integrated
circuits in substantial quantities.8 In this same period the number of companies
producing integrated circuits in the United States increased from two to over
thirty. The military's willingness to utilize the most advanced devices in its
equipment encouréged the formation of new companies interested in rapidly developing n
avenues of semiconductor technology.9 This was an important factor in the early
development of the industry. It tended somewhat to confine the U.S. industry to
producing high priced devices for the military equipment market.

The computer market overtook the military as thé major market in the mid-
sixties. Computer firms, like the military, demanded highly reliable devices;

but, unlike the military, they were unwilling to pay premium prices to obtain



.End Market

- Computer
Consumer
Military

Industrial

Total

Total Value

{(Millions of §)

Distribution of U.S. S
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Table 2-3

1
emiconductor Sales by End Market

2 2 3
1960 .1968 1972
30% 35% 28%
5% 10% 22%
50% 35% 24%
15% 20% 26%
100% 100% 100%
1,211 1,378

560

1Sales in dollars

Texas Instruments estimate

3
J. P. Ferguson Associates estimate .

)
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higher performance. Priceiwas the‘key variable to widespread penetration of
semiconductors into computer applications. Only after price declined signifi-
cantly did computer companies begin to redesign théir equipment around the new
_ deviées.

The consumer market was the last major market to develop in the United
States. It was and has remained relatively passive in its relationship with
producers of semiconductor devices. Less concerned about performance and reliability,
consumer end-users primarily considered price the main barrier to increasing their
use of semiconductor technology. Semiconductor firms aggressively sought to "éull"
consumer énd-user technology along. This intensified the marketing orientation
that developed in the industry as it tried to interest non-military markets in

semiconductor technology.

2.d European and Japanese Semiconductor Industries

While the‘purpose of this study is to examine the patterns of technology
transfer by the U.S. semiconductor industry, it will be useful to briefly dis-
cuss the major foreign semiconductor industries of Europe and Japan. The dis~
cussion will rely primarily on the studies by Tilton and Golding.

Both the European and the Japanese semiconductor industries lacked the early
support from military buyers which American firms enjoyed. Tﬁeir industries
therefore begame orienteé téwards serving the entertainment and industrial end-
markets. Since fhese markets did not require the higher performénce devices the
- U.s. industfy.produced for the military market, both foreign industries lagged
in tﬁe devélopment of advanced.semiconductor technology. American industry

members interviewed for this study expressed the belief that foreign firms lacked

'
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an understanding of the importange of the product-life cycle on semiconductor
technolqu. (The product life cycle is discussed in Section 3.e.) -:They
felt that in>the past.Eurbpeans had been particularly slow in changing over.to
. newer products.

| While the behavior of the foreign firms cannot be easily explained, Tilton
notes several important factors which accounted in part for their unwillingness
to react as quickly to changing market conditions as American firms. The lack
of venture.capital to encourage formation of new firms, limited mobility of
engineering talent, and patent restrictions all tended to inhibit new competi-
tors from entering foreign industries from within. Tilton nctes that major
new entrants into the European semiconductor indﬁstry\have been the subsidiaries
of American firms. He further states that the barriers for entry of new
Buropean firms are increasing while entry barriers for foreign subsidiaries

are decreasing.lo/11

In contrast to the U.S. industry, the ;eceiving tube
firms in Europe played a major roie in the innovative process. But without
the spin-off firms to exploit these innovations, the Europegn industry did not
pursue their applications.

The JapaneseAsemiconductor industry has been:completely dominated by large
firms. The largest four firms supplied 72 percent of the Japanese market in
1968;12 the largest 9 firms accounted for 90 percent. The high degree of
indusfry concentration was due to government policies which limited entry to
the industry. The Jépanesevgoverﬁment sought to overcome the American dominance
 of the world semiconductor market. To achieve this objective they felt that

their limited research and development resources had to be concentrated in a

small number of companies. By 1972 the number of firms in the Japanese

0,
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industry totaled only about 20. (Of the 2b firms, about one-third were joint
venturés with foreign compénies, primarily American.) To protect the domestic
industry from foreign competition, fqreign.wholly-owned subsidiaries were not
allowed and import restrictions were applied to advanced devices. These
barriers were dropped by 1974. The strong influence of the Japanese govern-
ment on the industry's development prevents any meaningful examination of

market related events in Japan. The patterns of U.S. offshore investment

described in Chapter 5 reflect the restrictlveness of the Japanese government.
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Chipter 3

Semiconductor Technology

3.a Process Technology

' To understand the othard_flow of technolog& in the U.S. Qemiconductor
industry, it will first bé necessary to describe the process technology in
detaii. The process technology consists of fouf elements:‘ (1) device design;

(2) fabrication; (3) assembly; (4) final testing and sort. There are several

materials used to make semiconductors, but the most prevalent by far is
silicon. The description of the manufacturing technology which follows will
be the silicon planar process. It was first used by Fairchild nearly fifteen

years ago and it -is still the dominant procesg in use today. -

The manufacturing sequence starts with the drawing of the circuit at
gseveral hundred times its final size. The artwork is reduced and working
_'copies are made. The copies of the design are used to make photomasks. The
photomasks or "masks" are used in the next process stage to transfer the cir-
cuit design to the silicon material. (Semiconductofs can be manufactured by
companies without in-house mask-making capability. External suppliers can
take the company's circuit design and produce the photomasks.)

The fabrication of the seﬁiconductor deﬁices from the silicon material
is a highly sophi#ticated sequence of operations. Fabrication technology is
the key element of the process. Only by masteringrfabrication can a company

be an independent supplier of semiconductor devices.

O
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The silicon material used to make semiconductors is in the foxrm of thin,
highly‘polished crystal wafers; fﬁe wafers are generally two and a quarter or
three inches in diameter. The fabrication sequence starts with the alignment
of the photomask to a wafer. The silicon wafer, which has been coated with a
light-sensitive emulsion, is exposed to a high intensity light which transfers
the circuit design to the wafer. The pattern on the wafer defines regions in-
to which selective impurities will be introduced via diffusion. Diffusion
takes place in high temperature furnaces; the impurities in the silicon will
form various electronic components. The masking-diffusion sequence can be
repeated several times depending on the complexity of the circuit being fabri-
cated. A layer of aluminum is added af;er the final diffusion and etghed'to
form selective electrical'intercoﬁnects on the wafer. The last step is oxida-
tion of the wafer. The wafer now contains anywhere from a few hundred to
several thousand individual circuits.

Throughout the design and fabrication sequence the photomasks and wafers
are continually being visually inspected. The visuai inspections are to pre-
vent further proceséing on wafers which are entirely lost due to improper
masking or diffusion. After the final fabrication step, the individual de-
vices formed on the wafer are electrically tested. The electrical test of the
wafer is a high speed, highly!automated process. It is preferable to detecf
as many of the bad devices at this stage since the cost of further‘processing
of bad devices is very high. Once the wafer electrical test is completed, the
wafer is scribed by a diamond stylus and split into individual devices or chips.

The number of chips per wafer can range from several hundred to as many as

several thousand; the size of the chips determines the number per wafer.
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Processing continues only on thé devices which passed inspection.

The chips how enter a series of assembly operations. There are several
typeé of}aséembly methods. The host comﬁon form of manual assembly will be
descriﬁed. First, Fhe assembler picks up the chip, aligns it on a base and
bonds the base and chip together. Another assembler attaches very fine con-
necting or lead wires to the chip; then the chip is sealed in a pr§tective
ééckage.

The last series of process steps are final test aﬁd sort. The completed
device is subjected to a final electrical test to determine its electrical
characteristics. Chips which pass the test are graded according to their
specifications. Like the earlier electrical testing of wafers, this is a
capital intensive operation. Devices of extremely high complexity require
testing supported by a computer.

.An interesting aspect of the manufacturing technology is the way it is

segmented. The design phase can be accomplished at a completely séparate

- facility from the remainder of the manufacturing sequence. It is very dif-

ficult to obtain accurate information on the location of design facilities

and they will not be discussed at length in subsequent chapters detailing
foreign operations of U.S. companies. Of the remaining elements of the manu-
facturing operation, wafer fabrication is usually done at one facility,
assembly and test at another. The fabrication ié carried up to the point

just prior to the splitting of the wafer. The wafers are shipped to an
assembly plant which cah be located anywhere in the world since transportation
césts are relatively minof compared to the value ofvthe wafers. (See Sectioﬁ

S.a.4). Final electrical test can be located either at the assembly plant or
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at a central location within the United States. Whether final testing is done
at the assembly plant or elsewhere depends on the final destination of the |
devices and the complexity of the final testing. If devices are to be sold
outside the U.S., final testing would probably be done at a foreign assembly
facility. The major excéptign would be for complex devices requiring heavy
investments in testing and computer support systems. Most final testing of
complex devices is done iq the United States due to the economies of scale.

A . The separation of the wafer fabrication processing from
the assembly processing is due to differences in factor requirements and
economies of scale. Wafer fabrication requires a large c:pital investment
as well as a large fixed overhead of engineering and ancillary personnel and
equipment. A major component cf the capital is in clean rocms and air con-
ditioning systems. The average investment in a wafer fabrication facility
(plant and equipment) would be $500 per square foot.l Investment in an assembly
plant would be only about $200 per square foot.2 The assembly plant does not
require the special air conditioning or clean environmental conditions that
the fabfication plant does. Assembly is typically a labor intensive operation
with only a fraction of the fixed overhead found in the fabrication plant. an
additional difference, learning economies, alsc allows fabrication and assembly
operations to be separated. Subsequent sections will descfibe factor require—
ments, economies of scale, and learning economies in greater detail.

A final distinction concerning semiconductor technology must be made be-

. tween product related and process related technology. The design and final

test phases can be categorized as product related technology. That is, these

two phases deal with individual device design, photomasks, and final operating
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" specifications. Wafer diffusion technology and assembly technology are process
related. Techniques used in these phases of production are applicable to a
broad range of semiconductor devices. For different devices, certain techniques
-may be repeated several times to achieve the necessary result, but the techniques

generally are not related to a specific product.

N

3.b Process xields
The semiconductor manufacturing Process is considered one of "the most
'complicated high-volume processes ever developed by man."3 The complexity of
the process results in something vefy unusual in magg-produced products. Only
a fract;on of the chips (originally wafers) which start the production sequence
complete it as*usablé devices. The fraction which survives can vary from 80
percent for simple devices with mature process techniques down to 5 percent for
cémplex devices with new process steps. The terms used to denote the percentage
of the original c¢hips which are marketable after final electrical test is "yield".
At each step in the process sequence a certain percentage of the chips will
be iost. Prior to wafer.electrical test, losse§ are to entire wafers. Wafers
which are marginally good will be processed through to electrical test because of
the high marginal revenue obtained from good devices. Wafer electrical test is
the critical selection point because the costs of assembly are high; it is very

important for firms to let only good devices continue into the assembly phase.

0
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Yields in assembly average about 90 percent because stringent tests are applied
before the splitting of the wafer. The fiﬁal electrical test is also a critical
junéture in determining the éuccess of the process sequence. Yields at this
test point reflect the efforté of the entire manufacturing sequence.

It will be useful at this point fo develop an equation for the total manu-
facturing costs per chip. Losses to chips are assumed to be taken at four points

in the manufacturing sequence. Yl is the yield of wafer fabrication and Cl the

cost. Y2 is the yield at wafer electrical test and C2 the cost of performing

the test. Y3 is the yield after bonding the chip to a base and attaching wires;

C3 is the corresponding cost. Y, is the yield at final electrical test; C

4 4

is the cost of packaging and testing the device. Costs include material (where

appropriate),direct lakor and manufacturing overhead. Cl and C2 are costs per

- wafer; C3 and C4 are costs per chip. N is the initial number of chips per wafer;

this is a function of the size of the wafer and tuie size of the chip. The total
manufacturing cost per chip is:

C1 + C2 +C

3
Y1Y2Y3Y4N Y2Y3Y4N Y3Y4

. +
(3.1) Total Cost per Chip =

b<|0
(-]

Table 3-1 shows the application of this formula to a relatively mature product
while Table 3-2 shows the results for a newer, more complex product.
3.¢ Learning Economies

As implied earlier, yields are not static. As the production process matures,
yields improve. Semiconductor firms in the past have experienced dramatic improve-

ments in yields as production volume accumulates. Average costs are believed to

. ! ] 4
decline between 20 and 30 percent each time cumulative production doubles.
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Table 3-1

Manufacturing Yields and Costs for a Mature Product

(TZL Integrated Circuit)

' Cumulative Cunulative Cost1
Manufacturing Step: Yield Yield ‘per Chip
‘la. Wafer Fabrication 100% 1007 $0.007
(costs computed before
losses)
1b, Wafer Fabrication Yy 80% 807 $0,01
(yielded)
2. Wafer Electrical Test Y, 407 32% $0,025
3. Chip Bonding & Wiring Y, 90% 292 © $0,029
4, Final Electrical Test Y4.' 90% 26% $0,033

1 Assume 2385 chips per wafer; cumulative costs include matertals,

direct labor and overhead for each successive step, assembly performed
in Singapore.

Source: J.P. Ferguson, President, J.P. Ferguson Associates,
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Table 3=2

Manufacturing Yields and Costs For An Immature Product

(1103 MOS Integrated Circuit)

Cumulative Cumulative Costl

Manufacturing Step Yield : Yield per Chip

la. Wafer Fabrication ©100% 100% . $0,107
(costs computed
before losses)

1b, Wafer Fabrication .Y, 70% 70% $0.153
(yielded) '

2, Wafer Electrical Y2 20% 147 _ $0.926
Test : :

3. Chip Bonding and Y, 85% 11.9% $1.09
Wiring

-4, Tinal Electrical Test ¥4 75% 8.9% $1,45

1Assume 140 chips per wafer; cumulative costs include materials,
direct labor and overhead for each successive step, assembly per-
formed in Singapore.

Source: J.P, Ferguson, President, J.P. Ferguson Associates,
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Though learning economies take place throughout the manufacturing sequence,
firms concentrate their efforts for improvement in the wafer fabrication stage.

The reason for this is obvious. Yields are normally very high in the assembly

‘stage; in the examples cited in Tables 3-1 and 3-2 'a 5 percent improvement in

assembly yield would also decrease costs 5.5 perceﬁt.‘ A 5 percent improvement
at the wafer fabricatioh stage (increasing wafer eleétrical test yields) results
in over a 20 percent decrease in cumulative costs per chip.

The ﬁecessity for improvement in yields at the fabrication stage of produc-
tion is one reason why firms carry on this operation in a minimum number of

plants. They are seeking to create a situation where learning economies are the

greatest. If learning economies are associated with accumulated volume, max-

imizing learning economies means concentrating fabrication in a limited number

of facilities. Assembly operations are also subject to learning economies but
not nearly so important or large. Assembly operatipns can go on at multiple
locations with very little impact on overall costs resulting from learning
economies being adversely affected. Once the wafer is split at an assembly Plant,
the assembly operation becomes very labor intensive. Minor process changes can
be made and some increases in assembler productivity, but neither of these

improvements results from the concentration of aésembly activity,
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3.4 Economies of Scale

Earlier sﬁudies have miniﬁizéd the importénce‘of economies of scale in
the semiconductor indusfry.5 This may have been true during the early develop-
ment of the industry, but for several reasons this has changed. The changes
have taken place both at the plant level and at the firm level. First, the
stability of‘the silicoﬁ‘planar process technology has allowed firms increasingly
to automate the wafer fabrication process. Second, the complexity of newer
devices has forced firms to use highly sophisticated testing equipment. One
estimate is that 20 percent of the present industry capital expenditures are .
going for new test equipment; previously, the rate was estimated to average
about 2 bercent.6 A third reason; reiated to firm size, is that because of
rapid product turnover, firms have had to fund substantial research and engineerf
ing staffs to maintain their competitive position.7 In many cases, these re-
search staffs are merely trying to duplicate a competitor's nroduct rather than

develop a new device. Table 3~-3 shows the estimated distribution of manufactur-

' ing costs between materials, direct labor, and manufacturing overhead (indirect

labor, ancillary §ervices §xpenditures). Fixed manufacturing overhead accounts
for an estimated 50 percent of total costs and one third of the selling price
on the average. Corporate overhead (administration, marketing, research and
development expenditures) accounfs for an additional 25 peréent of the total
selling price.

As noted earlier, the wafer fabrication process is a completely different
type of operation from assembly. All of the build-up of fixed charges, with
the exception of test facilities, has occurred in the wafer fabrication stage
of manufacturing. This has increased the differences in the cost structure of

the two main process stages.
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Table 3-3

Distribution of Costs

Manufacturing Cost Sales Price
Direct Manufacturing : ‘ :
Overhead _ 50% 33%
Labor 20% 18%
Material ’ : 30% ) ‘ 14%
Corporate Overhead - . o 25%
Profit | - 10%

Total " 100%  100%

Source: Interviews with industry membters.

Table 3-4

',  ;o Decline in Price for Fairchild Planar Transistor

t / ‘ , :
Date ’ Price per Device

February, 1958 ‘ $150.00
August, 1958 ' » 75.00
January, 19591 ' . 45.00
July, 1959 ) 4 28.50
February, 1960 22.70

1Volume ten times greatef than in- RAugust, 1958.

Source: Electronic News, July 15, 1960, p. 4.
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3.e Pricing Strategies
Significant learning economies and the relatively large fixed overhead

lead semiconductor companies to strive to create market volume. 2As each new

product technology begins its grthh phase, firms rapidly cut prices to

secure a share of the growing market. Table 3«4 shows the price reductions

Fairchild made on its planar transistor over a two-year period; the total

decline wﬁs 85 percent. This type of rapid price reduction in a growing
market is called "penetration pricing.“8 The purpose of such a strategy

is to emerge from the growth eré with a dominant market share.9 Once the
market shares stabilize, the rate of p:ice decline slows. Sinqe dpmipan;
market position assures greatest accumulated volume, the dominant firm's cbsts
continue to decline. The result is ultimately high returns in late phases of
the product life cycle. A corollary to this strategy is thaﬁ a declining
price broadens the potential custcmers for a device. Thus firms can find
themselves in a growing ﬁarkeg, with declining market shares, vet gaining in
their absolute sales volume.

An alternative pricing strategy is called "“cream pricing."10 Here a
firm attempts to marke; to customers who are willing to pay a premium for
high-performance devices. Rather than waiting to make a return in the later
stages of the product's life cycle, this strategy attempﬁs to gain a rapid
return in the early phases of the life qycle. Robert N. Noyce, while with
Fairchild, stéted, "the way to make money in semiconductors is to sell a
better product to somebody who can't wait for a price cut.“11 The only
customexrs willing to pay premium prices are the military and in some instances

computer manufacturers. Once the industry catches the innovator, the pricing



-28-

strategy degenerates into the rapidly declining patterns associated withv
penetration p;icing.

Figure 3-1 shows the general tendéncy for prices over fhe product life
cycle. Initi;lly there is a period of slow declines as firms recoup their
research and developﬁent costs by marketing to customers willing to pay pre-
mium prices for innovative devices. (The initial phase does not always
appear as firms may immediately commence large price reductions to broaden
the potential market.) The next phase is one of rapidly falling prices.
During this stage firms may cut prices Below costs in an attempt to improve
their market position. The hope is that they can hang on long enough to
survive in the market until accumulated volume brings costs belcw market
prices. Prices begin to'stabili;e when the product has matured and market
shares are firmly'established.

The final phase of rising prices occurs when the product reaches the

' latter stages of the declining phase of the product cycle and begins to be

phased-out. As fewer firms.manufacture the product and demand falls off, the
.. . . . . 12
remaining suppliers can increase their prices. There are several reasons

why this occurs. First of all, costs increase since overhead costs have to

' be distributed over a declining volume of output. Second, the remaining

users usually require very specific device: characteristics; if this weren't

true they would have switched into newer devices. Third, devices completed at

final electrical test are sorted according to their electrical characteristics.

With a large number of buyers with varying requirements, all of the devices

passing final electrical test can be sold; but when the market is narrowed

down to those with particular requirements, only a portion of the final iﬁ:>
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- ’ . Figure 3-1

Price Per Unit Over the Product Life Cvcle

Cream Pricing

Price Per Unit

(Log Scale) Penetration Pricing
Rising
Stable Prices
Pricing
Accumulated Volume (Log Scale)
Introduction > Growth —>Maturity —) Decline —>Phase=-Out

(stages of the Product Life Cycle)l

Source: Discussion with industry members.

1Not to scaie.
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output. can be sold.. This adds t; the increase in cost sincé it is effectively
iowering-the yield of the production process. Finally, since the remaining
buyers for the cbsolete devices are locked~in to their use, their demand is
~ relatively price inelastic. The smaller number of suppliers raise prices in
the declining market. |

The practice of rapidly reducing prices has had two important indirect
effects on the indust;y. It has forced some firms, particularly the feceiving
tube coﬁp#nies like Westinghouse and General Electric, to seek refuge from the
competitive turbulance by focusing their marketing efforts on narrower, more
stable teéhnologies. Usually this has meant concentrating on discrete
devices. BAn executive of one large company was quoted as saying, "One of
the nice things about beihg in the discrete business is that you know that
. the competition isn't going to be spending>any more money to gain further
penetration in the market. We see that as a stabilizing influence on the
price;"13 |

The instaﬁility of prices has also reinforced the tendency to introduce
new product technology rapidly. It takes approximately 2 to 3 yeais for new

14 The

products to reach the declining stage of the product life cycle.
duration of the declining stage varies widel&. Firms which fail to obtain
adequate market share with oné product can move on to the_newer products to

try to build up a market there. RCA has had success with this "leapfrogging the
technology."15 Conversely, firms which do get established in a product seek

ways to extend the product's life cycle; the longer the life cycle the

greater the returns to the dominant firms. The greatest returns come during

O

the late portion of the mature stage of the product life cycle. Prices are

stable and costs are at their lowest.
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3.f Ssecond éourcing

The inﬁensevprice competition described previously is in part due to
_the speed with which competitors can copy an innovative device. Discussions
with industry members indicate that the general belief is that a new product
can be duplicated by most manufacturers within six months of initial intro-
duction. (This assumes that the imitating firms already have the necessary
process technology.) Closely related to imitation but not identical to it
is "second sourciné." Second sourcing is defined as the manufacture by another
firm of a device which has id;ntical specifications and which is directly
interchangeable with a device first produced by the pioneering firm. Second
sourcing differs from imitation in that imitators adopt the innovation but
do not duplicate the innovator's prcduct exactly; second sourcing also originally

involved the cooperation of the pioneer firﬁ. The practice of second scurcing
has affeéted the transfer of semiconductor technelogy both within the U.S.
industry and between U.S. and foreign companies. The latter type of transfer
will be Aiscussed in Chapter 4.

Second sourcing was originally a formal arrangement between semiconductor
firms supplying devices meeting military standards and prime military contrac-
tors purchasing the devices. The contractors required an alternative source
besides thebsemiconductor company selected to fulfill the bulk of the contract.
Firms designated as second $ource suppliers would receive the spécifications of
the devices the méjor supplier was delivering to the prime contractor. Second
source agreements became more generally used when small semiconductor companies
began to request large companies to become their second source suppliers to
the non-military markét. - A less formal form which is also common is the un-

solicited second sourcing of one company's successful product by its compoetitors.
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The product is duplicated without any assistance from the original producer.
ManY'semiconductor products are ndt difficult to coby if the process tech-
nology is known, The femainder of this section will deal with the effects of
the last two types of second sourcing on the transfer of technology.

Both large and smali companies second source; but there is an asymmetry
about the reasons and the results for each type of firm. Small companies with
new products actively seek second sources among larger manufacturers. Normally
they cénnot gain broad acceptance for their product. There is a price-market
circle which.needs to be broken. That is, to gain broad market acceptance
reguires pfice reductions; price reductions require broad market acceptance.
Small firﬁs usually cannot cut prices and hope to survive long enough for the

market to develop for‘their.product. There is also another factor besides
price which prevents small firms from penetrating the market with a new
product. Buyers of semiconductor devices have traditionally been reluctant
to rely on a single source of.suéply, particularly an.untried new firm.

The small fi:m is forced to seek out a larger firm with complementary
technical skills and the marketing clogt to create a new marke;. The small
firm will lose market share but the absolute size of the market will increase.
An example of a formal second source agreement between a small and large
company was a 1973 agreement between Advanced Memory Systems (AMS) and Texas
Instruments (TI). TI agreedrto Yofficially announce as a source for an
integratéd circuit equivaleﬁt to the AMS 7001 and to use its best efforts to
actively market that device as a standard product."16 AMS made a similar
second source arrangement with Motorola whereby Motorola received a set of

. 17 . )
photomasks and supporting documentation, There were no restrictions on S~

where Motorola could market the device.
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Besides losing market shdre, there is another drawback to second scurcing
agreements frém the small firm's standpoint. As mentioned above in the case.
of the AMS-Motor§la agreement, second sourcing agrecments usually do not
restrict where tﬁe large company can market the‘device it copies. Since the
larger firms usually have international sales and manufacturing facilities,
opportunities for the small firm to develop a market abroad are reduced. The
larger firm, although lagging behind the small company in initially producing the
deviée, cap more effectively market the device in foreign markeﬁs.

Large companiés normally.do not need to solicit second sources. Since
they are already cross-li;ensed to use each others' technclooy, any large
company cén second source another one with no legal repercussions. Like the
smaller semiconductor companies, the larger firms are interested in having
their products second sourced. The more firms that seccond source a product,

the greater the degree of market standardization around it. Once a product

is second sourced, the original supplier can expect increasing price competition

as the penetration pricing phase starts. But since the original supplier also
has thg greatest production experience, presumably his lower production costs
enable him to benefit from the growing demand.

The inability of small firms, in most cases, to break the price-market
circle independently of large company support allowed the larger firms to
duplicate almost any innovaﬁion marketed by the small firms. The ease of
access to. the innovative technology of the smaller firms diminished the re-

quirement for large firms to maintain technical superiority. The more radical

the technology marketed by a small firm, the less likely it was that a larger

firm would convert part of its production capacity to imitate the new product.
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Thebriéks were too great that the market would not develop. Larger firms
Qere willing to let the smaller firms use their resources to develop new
producté and try to create a market for them, even though this would give
fhe small firms a head-start if the market develcped.

. The ability of large firms to rely on second source agreements to keep
them abreast of new product innovations has been curtailed in certain areas
of semiconductor technology. Complex metal-oxide~semiconductor (MOS) in-

teératéd circuits have been especially immune to the traditional methods of

duplication. This has added a degree of risk to the "wait-and-see" strategy
followed by the larger firms. This was demonstrated by the ability of.Intel,

a spin-off of Fairchild, to develop thg market for an innovative MOS technology
A without the assistancz of larger firms. Intel did arrange for a company to
second source.its.product to satisfy the demands of its customers for two
sources. But it selected a technically weak company to act as its second
source to minimize potential competition. Intel could pursue this different
strategy since its innovation was primarily in process know-how, something not

N}

easily copied.

3.g Semiconductor Innovations and Innovators

The American semiconductor industry's favorable inﬁernational competitive
position has been partially attributed to its high rate of technological
‘development. This section will briefly discuss the historical pattern of
innovative activity in thg industry and how it has changed.

Semiconductor technology has evolved thrdugh‘th;ee distinct phases,

These phases roughly correspond to the transitidn in importance of the different
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end~users of semiconductor devices discussed in Section 2.c. The first phase
was the creation of the bésic semiconductor technology; this started Qith the
invention of the transistor'and lasted until the integrated circuit was com-
merciélly marketed in 1962, .The second phase was the development of pioduction
techniques which could lower costs and produce highly reliable devices. This
lasted until about 1967. The final phase of industry growth was the markéting
era. Semiconductor firms in this phase sought to penetrate new markets.18
It was during this last stage of industry development that over 80 percent of
the foreign direct investment of American semiconductor firms occurred.

The effects of the chéngeover from the generaticn of new know-how to the
applicatioﬁ of alresady existing know-how can be seen in Takles 3-5 and 6.
Between 1960 and 1965 there were fifteen majcr semiconductor innOthions. In
the subsequent nine years there were only seven. Expenditures for researchn
and development (R&D) also reflects the increased emphasis on marketing existing
technology. In 1959, for example, total R&D expenditures were $70 million or
about 19 percent of industry sales.l9 But by 1972, total R&D expenditures
represented only about 10 percent of industry sales or $136 million. (These
figures exclude Bell Labs and IBM.) Basic research today is being done in any
substantial amount onl?'by the peripheral firms. (Sze Table 3-7.)

A final word is necessary to explain the list of innovations in Table 3~6,
Identifying semiconductor innbvations is not an easy task. Since the innovation
of the integrated circuit, a large number of follow-up innovations related to
this initial bfeak-through have appeared. Tables 3-5 and 3=6 follow Tilton
and Golding in the practice of identifying the devices or processes which

represent "major" improvements in either cost or performance. The problem

of developing any list of innovations in the industry arises from the fact
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Table 3-5

Major Semiconductor Innovations 1960~1965

‘Innovatioq Firm o Date
vl.'Planar Transistorl ' Fairchild - 1960
2. Epitaxial Transistor1 Western Electric 1960
3. Planar Process1 Fairchild 1960
4. Epitaxial Process1 ' " Western Electric 1960

~ 5. Integrated Circuit1 Texas Instruments 1961
6. MOS Transistor1  Fairchild 1962

| 7. DIL Integrated Circuit2 Signetics 1962

8. ECL Integrated Circuit2 . 1962
9. Gunn Diodel ' IBM 1963
10. Plastic Encapsulation1 . General Electric 1963
11. Beam Leadl Western Electric 1964
12. TTL Integrated Ciréuit2 Pacific (TRW) 1964
13. Light-emitting Diode3 - Texas Instrunments , 1964
14. Dieletric Isolation.3 Motorola 1965

15. MOS Transistor2 General Microelectronics

General Instruments 1965

1John E. Tilton, International Diffusion of Technclogy: The Case of

Semiconductors (Washington, D.C.: The Brookings Institution, 1971),
pp. 16-17.

2Anthony M. Golding, "The Semiconductor Industry in Britain and the United
States: A Case Study in Innovation, Growth, and the Diffusion of Technology
{Ph.D. dlssertatlon, University of Sussex, 1971), p. 8l.

3., . et e . . : . s
Discussions with scientists, engineers, executives in the semidonductor
industry. ‘

O)

P

O
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Table 36

Major Semiconductor Innovations 1966 to the Present A

l. MOSFET Western Electric 1968

(MOs-field effect Philips
transistor)

2., Collector diffusion Western Electric 1969
isolation

3. Shottky-clamped Texas Instruments 1969

logic circuit (TTL)

4. Charge-coupled Fairchild 1969
_ devices

5. Complementary MOS RCA 1969

6. Silicon-on-sapphire RCA - 1970

7. Ion Implantation’ ~ Unknown 1970

Source: Discussions with scientists, engineers, executives in the semiconductor
industry.
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Table 3=7

Estimated Expenditures for Basic Semiconductor R&D by U.S. Semiconductor

Industry-1972

($ Million)

Bell Laboratories . - 815
{(Western Electric)

~IBM ' 13
RCA 4
Texas Instruments 2

Source:

Other (General Electric,
Fairchild, etc.)

N

Total ' $36

Interviews with industry members.

O
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that semiconductor firms which.are developing new integrated circuits are
continuously achieving incremental improvements in cost and perfofmance
characteristics. Listing all innovations would be unrealistic. The vast
majority represent only minor changes. The criteria used to détermine which
innovations were significant were first how pervasive the innovations were

in the industry and second did the innovation represent a radical advance over
previously exist%ng technology. Using this relatively narrow criteria results
in the addition of nine innovations to Tilton's and Golding's lists.

A different definition of innovation was used to identify companies that
could be'regarded as innovators within the industry. 2any firm which was
attempting to improve ﬁhe characteristics ©f its products or procesées over
existing levels wa§ defined as an innovator. Using this broader definition
meant that a firm without an innovation to its credit in Tables 3-5 or 3-6
may still have been classified as an innovator. Spin-cff companies classified
as innovators have usually been exploiting the inventions of other firms.

Very few of these spin-off companies developed the original invention which

formed the basis for the company.



Chapter 4

Licensing

This chapter 5egins £he portion of the study deaiing with the international
development of the U.S. semiconductor industry. Licensing will be discussed be-~
fbre exports and foreign production because it has not been a major means of
- transferring semiconductor technology to foreign firms unaffiliated with U.S.
companiéé;

U.S. semiconductor companies grant two basic types of licenses; The first
is a patent license which gives the licensee the right to use specificvpaténts
of ﬁhe licensor. The benefits to the licensér are thé 1egal-recognition of his
patent claim, in some instances royalfy income, and frequently, the reciprocal
privilege to use the semiconducﬁor-related patents of the licensee (under a
cross-iicensing‘agreement). The second type of license overlaps the first since
it also grants legal permission to the licensee to use patenté of the licensor,
‘bq; h§s ghe additional benefit for the licensee tpat technical assistance‘is
included in the agreement. This assistance can be in the form of visits by
engineers, transfer of photomasks, or the transfer of process specifications.
This type of license can be in.the'form of a know-how license_or a second source
agreement. The benefit to the ;icensor of these iicenses or agreements are the

additional return on his investment and standardization around his technology.

' 4.a  Patent Licensing

Of the two types of licenses, patent licenses are the more prevalent

()

o
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according to‘the common view expressea in interviews with major firms which
license.1 Patent licenses normally do not convey any technical know-how to

the licensee; the major exception, which will be discussed shortly, is Western
Electfic patent licenses. In most instances a firm requesting a patent license
already is using the technology covered by the license. It is only s2eking to
avoid litigation over patent infringement by §btaining a license.

?atent rqyalties paid by foreign firms have steadily increased. While no
figures are availabie for Eurcpean licensee payments, annual Japanese patc.t
royalty payments between 364 and 1970 for semiconductor and integrated circuit
licenses.-want from $2.6 million to over $25 million. (See Table 4-l).

In a sample of 42 U.S. semiconductor ccmpanies (excluding Western Electrid ,
about a third of the total industry, the large conpanies were the most active
patent licensors (See Table 4-2). The 7 larxge f£irms which frequently issued
patent licenses each.had over 50 U.S. patents relating to semiconductor tech-~
nology awarded to them between 1952 and 1968.2

Texas Instruments, Fairchild, and Western Electric dominate the patent
license market because they have strong patent positions. These firms actively seek
to capitalize on their technical leadership by obtaining royalties for use of
their technology and a crossLlicense for access to the licensee's patent tech-
nology. The royalty rates cparged by these firms depends on several factors:

(1) the number of patents covered by the license agreement; (2) the technological
capability §f the licensee (companies with stroné research programs may receive
a royalty-free license since the licgnsor under a cross-license agreement gains

the use of the licensees'patented technology) ; (3) the licensor's licensing com-

petition. With respect to competitive influences, small firms, for example, may



-42-

Table 4-1

Japanese Patent Royalties for Semiconductors and Integrated
Circuits Paid to U.S. Licensors 1964--1970

($ Thousand)

Semiconductors Integrated Circuits
1964 2,583 ' -
1965 , 3,456 _ —_—
1966 ' 4,255 _ —
1967 5,356 —
1968 5,936 * -
1969 8.578 " 5,278
1970 17,011 _ 8.112
Total £7,175 13,390

Sources: The Ministry of International Trade and Industry, Japan and

the Electronic Industries Association of Japan in Electronic

News (January 1, 1972) p.5.
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Table 4-2

License Policy by Type of Company

Receiving Conglomerates Successful Small Total
Tube Spin~Cffs Companies
Companies '
Licensed
Frequently 1 5 1 0 7
Licensed
Infrequently i ) 1 2 4 8
Never o :
Licensed 0 3 1 23 27
Total | | 2 9 4 27 42

Source: Responses to questionnaire; see Appendix B,
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only be able to afford to pay royalties to one licensor; the three companies
may try to "bid" for the license by offering more favorable terms.

| Western Electric has a total of 179 foreign and domestic companies under
license. (See Table 4-3.) Japan with 29 companies under license to Western
Eleétric has the largest concentration of licensees outside the U.S. The
.ﬁotal number of European licensees is only 26. Table 4-4 compares Western

v Electric;s distfibution of licehsees to that of Fairchild and Texas instruments.
Western Electric has the largest number of foreign companies under license. ‘It
pfobably receives the largest foreign royalty income of any U.S. semiconductoxr
company. Western Electric charges a maximum of 2.5 percent on the net selling
price of products using its patents.3 The license runs for five years after

"which it is negotiated again.

Unlike patent licenses issued by other American firms, Western Electric
licenses indirectly supply teéhnical assistancento foreign licensees. A
vaiuablé privilege extended only to representétives of companies holding Western
Electric licenses is additional latitude in discussions held during visits to
Béll Laboratories. Engineers from firms without licenses can visit Bell Labs,
but-they cannot discuss anything except publisﬁed mﬁterial. Foreign firms,
particularly Japﬁnese companies,-have taken frequent advantage of the visitation
privilege. British firms which have utilized the visitation privilege have not
felt they gainéd much from the seséions.4 The reason may be related to their

L, 5
lack of competence in the most advanced areas of semiconductor technology.
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Table 4-3

Geogfaphical Distribution 6f Bell Systems Semiconductor Licensees

Countgx

" United States

~ Japan

ingland
France
Germany
Italy
Netherlands
Switzerland
Sweden
Belgium
Australia
Canada

Hong Kong
India
Israel

Norway

Total

Source: Mr. Donald C. Mead, Manager, Patent Licensing,

(As of April, 1974)

Number of Licensees

letter dated April 8, 1974.

114

N
(Ve

179

Western Electric,
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Table 4-4

Geographical Distribution of Licensees of Major U.S. Patent Licensors, 1973

United@ States Europe Japan Other Foreign Total Number

(%) (%) (%) (%) of Licenses
Western Electric’ 64% 14% 17% 5% 179
Fairchild? 50% 268 24% - 50
Texas Instruments3 50% 15% 35% ‘ - Unknown

1
Source: Same as Table 4-3.

2Source: Electronic News numercus issues 1962-1974; 1972 10-K £iling with SEC.

3Source: Distributicn estimated from partial reports of Texas Instrument Licensees
in Electronic News between 1965-1974.

N
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Unable to question the Bell personnel authoritatively, the British rep-
resentatives received'leés than.the Japanese,

"In 1973,vFairchild had 50 licensees evenly divided between domestic
and foreign éompanies. (Table 4-4,) Table 4~5 documents the growth of
Fairchild licenses and the corresponding royalty income. Fairchill hs:
historically charged some of the highest rates for patent licenses with
rates ranging from 4 to 6 percent. The stiff royalty rate actually dis-~
couraged some firms from taking out a license.6

Fairchild had a ﬁﬁique liéensing égreement with Nippon Electric
Corporation (NEC) of Japan for licensing the remainder of the Japahese
industry. tarting in 1962, NEC licensed other Japanese firms wich Fair-
child sublicenses charging 4.5 percent; NEf receivad 10 pércent of the
tofal royalty revenue as a management fee,7 The royalty rate was reduced
to 4 percent in 1969.8‘ Another interesting aspect of the NEC license was
that it was a unilaterial license; Fairchild was not allowed to utiiize its
licensees' patents. In 1973 this license was renegotiated and changed to
a cross-license.9 The NEC license was important to Fairchild since it
accounted for over 80 percent of its total ¥oyalty income.10

Texas Instruménts has not been as aggressive as Western Electric and
Fairchild in seeking licensees. (See Tabie 4=4.) 1t views a license as
only a defensive instrumeht; it seeks to obtain legal recognition of its
patents and cross-license agreements with other major manufacturers. Texas
Instruments' royalty rates are less than Fairchild's. It originally charged

its Japanése licensees 3.7 percent of the net selling price and later



1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973

1
Sources:

2
Sources:
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Table 4-5

" Fairchild Licenses and Royalty Income 1962-1973

Cunmulative Number1 ' Annual Patent2
of Licenses Royalty Income
' ($ Million)

2 ——
- .
6, ———
8 2.0
12 _—
18 5,0
20 —
25 —
36 9.0
40 | 9.0
44 . 6.0
50 —

Fairchild 1972 10-K report; discussion with Fairchild representatives;

Electronic News reports of Fairchild licenses 1962-1973,

1965, 1967, 1970-71 reported in Electronic News; 1972 income from
1972 10-K report.
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reduced the rate to 2,7 percent.11 Tl issued patent licenses to Japanese
firms in return for being allowed to establish a joint-venture subsidiary

in Japan,

4.b Know-how Licenses and Second Source Agreements

Know-how licenses and second source agreements transfer technnlogy to
foreign firms by providing them with direct technical assistance. There
are several differences between.these two types of agréements. First,

. ‘

second source agreements cover product technology while know-how licens.s
deal primarily with process tschnology. Second, second source agreements
are limited in their scope to specific broducts. Know-how iicenses can
cover all phéses df sémi@onducto:.technology but usually emphaSize wvaler
fabrication tecbnology. Third, second source agreementé can transfer the
most advanced product technology to the compény second sourcing, but know-
how licenses will not be granted for the most advanced process technology.
The unstable nature of new processes make them ill-suited for transfer by

license to another firm. American companies are also unwilling, as a general

policy, to let other firms have access to their most advanced process tech-

nology. As stated earlier, new products can be copied only when the imitator

has prior knowledge of the relevant process technology.

Only 4 American firms out of a total sample of 42 regularly agreed to
know-how licenses with foreign firms. (See Table 4-6.) Of the four,
Fairchild was the only firﬁ with advanced technology which has frequently
sold its process know-how to foreign companies. The reason for Fairchild's,

maverick behavior was partly explained by its heavy emphasis on R and D.
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Table 4~-6

Sale of Semiconductor Process Know-How by Type of Company -

Receiving Conglomerates Successful Small . Total
Tube Spin-Offs Companies
Companies
Regularly Sold
Know-How 1 2 _ 1 ‘ 4
Infrequently Sold ‘ o
Know-How 1 2 2 4 9
Never Sold
Know-How : 5 : 1 23 29
Total 2 9 4 .27 42

Source: Responses to questionnaire; see Appendix B,
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It was spending an estimated 16 percent of iﬁs semiconductor sales revenue
on research in the early sixties and yet it was strongly committed to a
policy;of completely funding research internally.12 Revenue from know-how
agreements was used to support its large research budget. Most of the im-
portant tranéfers of know-how by Fairchild occurred while it was still a
leader in new product development. As long as Fairchild continued to innovate,

it could sell know-how to foreign competitors without hurting its market

‘position.

- While only a limited amount of information was coliected on firms trans=-
ferrirg know-how to foreign companies through sezond source agreements, sev-
eral cases can point ué tﬁe importance of this channel of tfansfer. In the
previous chapter.unde; the discussion of second sourcing, the case of Intel
selecting a weak second source was cited. Intel sold its technology fer an
advanced MOS integrated circuit to a Canadian firm for a $2 million fée.13

The Canadian firm became one of only three firms able to produce the advanced

device.14

Another example of a second source transfer was between Advanced Memory
Systems (AMS) and Siemens of Gerﬁany. AMS was the sole source supplier of
Siemens for a bipolar intégrated circuit. Siemens' policy required a second
source so AMS transferred the product know-how to Siemens so it could become
its own alternative source. Siemens received process specifications, test
specification, master photomask sets, and 3 man-months of training at the AMS

15

production facility in the U.S. AMS was paid $200,000 by Siemens and given

a cross-license allowing full access to Siemens patents.
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4.¢ Licensing and the Transfer éf Technology

Patent licenses are primarily for défensive purposes; it seems unlikely
;hat they play any large role in the transfer of technology. The importance
of know-how licenses and second source agreements 1is difficult ﬁo assess.
The kgy to semicoﬁductor technology is the process technology. This would
séem to mean that know-how licenses which transfer process technology are
more important than second source agreements. But process technology, as
noted in the discussion of semiconductor manufacturing in Chapter 3, is more
than simply knowing how to make a device. The learning economies which are
related éo production experience are critical to ﬁanufacturing semiconductors
’ profitably. Significant learning economies are difficult to transfer on an
~ inter-company basis in a one-time, short term exchange of production know-
how. The problem was éummarized by one semiconductor executive: "The com-
plexity of the technology is not the critical factor (in transferring tech-
hology); Ménagément is, and you can't transfer management."16

The problem of learning economieé also affects the second source trans-
fers, These transfers of a very narrow segment of product technology are
1mportant only where the.foreign firm would have been unable to duplicate
the product without oufeide assistance., This would only be the
case for some of the more coﬁplex devices being marketed today. The second
source irénsfer merely ASsists the foreign company in getting into production
sooner than it would ﬁave‘otherwise. The gdvantagé to the American firm is
in having its product chosen as the standard for a fofeign market.

17 (as

The role that licenses play in the product cycle theory of trade
an intermediate method of participation in foreign markete preceding foreign

direct investment and following exports) is neither supported nor strongly

of

\
|
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refutéd by the patterns exhibited by the semiconductor industry. Firms
mainly see licensing as either a means of avoilding costly litigation or

as an opportuniﬁy to éapitalize on their know~how in one time sales to
foreign firms. The smallFr firms which usually are the most innovative

are the least prone to engage in licensing. The slow growth of the firm.
under license to Fairchild for its 1960 innovation, the planar proc. s3s,
points up another problem in trying to relate license activity to innova-
tive activity. In the early sixties firms were reluctant to sign a license
agreemént with Fairchild; even today Fairchild probably has only one third of

the total number of firms world-wide which are using the planar process

under license.
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bhapter 5

Direct Foreign Investment

Direct foreign investment activities of U.S. semiconductor companies have
sfrongly influenced the pattern of U.S. semiéonductor exports. Rather than
follow the normél sequence of deécribing exports and then direct foreign invest-
ment, a better undefstanding of export patterns will be gained by first discussing
direct foreign.investment. - (See Sections 7.b and 7.c for a discussion of the
relationshié of direct foreign investment and trade flows.)

The data presented in this section on direct foreign investment are based
on a sample of’32 American semiconductor companies which had some form of
foreign facilitj in 1973. (See Appendix A.) These firms accounted for more
than 75 percent of U.S. factory sales in 1972 andlngarly one third of total

world sales.

Most of the major producers are included. To obtain
the data over thirty interviews were held with representatives of companies and
knowledgeable industry observers. The interview information was supplemented
by company financial reports (especially the Form 10-K report filed annually
with the U.S. Securities and Exchange Commission) and trade publication articles.

Foreign operations of Americanvsemiconductor companies can be grouped into
three categories: (1) offshore assembly and subcontractor assembly primarily to
supply the U,S. market; (2) point~of-sale (POS) assembly priﬁarily to supply
foreign markets; (3) complete manufacturing (wafer fabrication, assembly, and

testing). Offshore assembly affiliates are set ﬁp in a foreign country to
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assemble U.S. manufactured s;b-assemblies for export back  to the U.S.
The U.S. market is, by definition, the primary market served by an off-
shore assémﬁly operatioﬁ. (Foreign subcontractor assembly operations are
1ﬁc1uded as a sub-class of offshore assembly even though thef are not for-
eign direct investments. Subcontracting Activities are an‘important ster
in the transfer of manufacturing activities overseas.) Point-of-sale
facilities primarily éupply foreign markets. The foreign operations with
complete manufacturing are the only ones which process the silicon wafer
completely from wafer fabrication through to final testing. These operations
normaily only serve férefgn.markets.

American foreign éﬁbsidiaries performing only assembly operations fre-
quently serve both the U.S. market and foreign markets. This makes the
identification of some assembly operations as either an offshére blant or

a point-of-sale plant somewhat arbitrary. The designation of point-of-sale

operation was assigned only if the affiliate performed final testing and

the bulk of the sales were made directly to foreign customers.

Tables 5-1, 5-2, and 5-3 summarize the foreign activities for the 32
companies in the sample. The affiliates included in the tables are the
current ones and do not include operations started and then ceased prior
to 1972, Fairchild, for example, had an extensive European network of
affiliates in'joint ownership with an Italian firm. This was divested in
1968 and is not included. Activities shown are the current ones; affiliates
which may have started with just assembly but currently perform wafer fabri-
cation would only be included in the completg manufacturing category. These

tables will be utilized in the subsequent discussions on offshore assembly,



Date of Establishment of Overseas Operations by Present Activit Sprin 974 o
Un- Before
known 1961 61 62 63 64 65 66 67 638 69 70 71 72- Total
. a.Offshore Assembly
by U.S. Affiliate |3 1 141 3 j.a f13 fs 1 2 fia f]47
b.0ffshore Assembly | , 116 1|3 13
by Subcontractor .
. Point-of-Sale 6 1 1 1 1 1 4 5 219 31
Assembly _
*, - Complete
Manufacturing 5 1 1 1 1 6 1 1 17
4.  Total 1 5 1 2 2 1 2 5 6 | 24 |17 5 {27 |lLc8
Sources: Interviews with companies; company 10-K reports;
" Electronic-News, numerous articles, 1957-1974.
~—
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Table 5 -1




1. Less Developed

Countries

Hong Kong
Korea
Taiwan
Singaporg}
Malaysia

Other South
East Asia

Mexico

Other Latin
America

TOTAL LDC

2, Developed |

Countries

United
Kingdom

France’

Germany

Italy

Othex EEC/
EFTA

Japan

Canada

TOTAL DC

3. TOTAL

. =57~

Table 5 -2

Date of Establishment of Overseas Operations by Location

Un- Before )
known 1961 61 62 63 64 65 66 67 68 69 70 71 72- Total
3 1 1 2 1 8 |
1| 1 1 5 |1 9 H
1 1 1 3 H
2 | 3 9;:
'
i1 fp 11 g
I
11 3 6 |
: t!
: 2 712 3|1 1s
z i
1 ‘ 1 1! 50 sl
| ' T T
6 P11 al ajasliz D aasi] e :
el [ e i e i et AT
| | !
| ;
f ! \
[ N .
; ! |
1 ' 1 4.4 2 | 1 12 ¢
1 |2 1 1) 1| 1 1 71!
1 1] 2! 1 i
) : ”
1 ! 2 ! (.
i |
| i
3 211 6|
1 1 2 4
1 1
5 |s |1 1] 1 I 2 1 2|11 s 1 g ! 39t
| b : b ]
1 {5 {1 22 20 5 6|2a017 ! 51 27l 108]
Sources: see Table 5-1.
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Table 5 =3 ~

s

Present Activity of Overseas Operations by Location, Spring 1974

. 0ffshore Assembly Offshore Assembly Point-of-Sale Complete :
, by U.S. Affiliates by Subcontractor _-Assembly ___Manufacturing _ Total
Less Developed . )
Countries
Hong Kong 5 3 8 ]
Korea 5 _ 4 9 %
Taiwan 3 3 !
Singapore 7» 1 1 9 !
Malaysia 11 11 E
Other South ;
East Asia 2 ! 3 6 |
Mexico 12 3 15 |
Other Latin S ;
America ' 1 . 1__w_m~-" L 6 oi_s_;
AL LDC 46 13 10 69 |
] .
Develpped ‘ , . . ‘
Countries ’
United
Kingdom 6 6 12 }
France 2 L) 7 ¢
Germany 3 3 6
Italy 2 1 3
Other EEC/
EFTA 1 5
Japan ' 2 2 i 4 i
- Canada v ' : '
g L {
AL DC : S !
! ' | 21 I T S S O
== R o Rt ~ |
TOTAL 47 13 31 17 1108

Sources: see Table 5-1. ' .
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point-of-sale assembiy, and complete manufacturing.

5.a Offshore Assembly
5.a.1 Size and Location of Offshore Assembly Operations

By 1973, the 32 U;S. firms in the sample had invested an'estimated $380
million in 47 offshore assembly operations.1 (The total U.S. inve:ztment ir
offshore assembly plants probably exceeds $450 million.) With one exceptior.,
the offshore assembly affiliates of U.S. companies in the sample are located
in Soﬁth East Asia‘and Latin America. (See Table 5-3). The South East Asian

region was the first area where American semiconductor firms located offshore

assembly operations. (See Table 5-2). Other American electronics manufacturers

had previously located there, probably because of the low labor costs and the

stable governments in the area; the semiconductor firms initially were fellowing

an already established pattern. After first locating subsidiaries in Hong

Kong and Korea, U.S. firms established additicnal operations in Taiwan, Singapore,

and Malaysia. The spread of U.S. companies through the area was mainly due to

increasing wage levels in older offshore locations.

5.a8.2 The Motive for Offshore Assembly
The primary reason American scmiconductor companies establish offshore
assembly operations is to lower direct labor costs. The natural divisions

between wafer fabrication, assembly, and final testing allow the assembiy

phase to.be located at a different facility from the remainder of the manu-
facturing operations. Assembly technology is quite readily transferred.

There are no supply constraints on the location of an assembly plant other
than adequate low cost labor and electrical power. Learning cconomies are
not significantly affected by having multiple assembly factlitles. }n the

most common form of manual assembly, assemblers can usually be taught the
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basic techniques in ‘one day and be reasonably proficient in less than two
 weeks.

Wage rates for assemblers in the major offshore assembly areas are from
>10 to 15 percent of U.S. wages. (See Table 5-4}) When assembly is transferred
offshore, the lower wage rates can yield up to a 50'percent decline in total
manufacturing cost. For example, the total manufacturing cost for an MOS
integrated circuit in 1973 was approximately $1.45 per device with assembly
done in Singapore. (See Table 3-4.) If the same device was assembled in the
U.S., the total manufacturing cost would be about $3.00.

There are other factors which have affected the location of offshore
activities. Y.S. Chang, ir a questionairre sent to U.S. semiconductor firms,
asked for a listing c¢f the three most iﬁportant factors which influenced off=-
shore plant location.2 Low wage rates ranked first followed in orxder of
importance by the availability of trainable }abor, the proximity to market,
political stability, government incentives, and several other factors. Proximity
to market was considered especiallf important for locating in Mexico.

Offshore assembly allowed U.S. companies to achieve a large reduction‘in
their manufacturing costs without waiting for learning economies. Once one
U.S. firm transferred assembly offshore, it became imperative for the balance
of the industry to duplicate this move to remaln competitive. Fairchild was
the first U.S. semiconductor company to establish an offshore assembly plant.
It set up operations in Hong Kong in 1963 and in Xorea a year later. By 1969,
60 percent of semicohductor comoanies in the sample had set up an offshore
operation. (see Table 5-5.)

Foreign firms, seeking to remain competitive with American firms, Qere
forced to duplicate the American migration offshore. Y.S. Chang, in a study

of the Japanese electronlcs industry, stated that "...the offshore production

U



1, United States

2.  Hong Kong

3. Korea2
2
4, Malaysia

5. Mexico

6. Singapore

7. Taiwan

Table 5-4

Hourly Wages for Assembly Workers by Countgy

- Year

1966
1973
1966
1967
1974

1973

1974

1973

1969
1974
1966

Hourly Wagesl

(%) Percent Change

2.50
3.50
0.25
0.10
0.15
0.15
0.30
1.25
0.11
0.30
6.19

1Hourly figures were based on eight hour working shift.

2Adjusted for fringe benefits.

Sources: Interviews with semiconductor executives; Electronic News December 29, 1969,
p. 4, March 27, 1967, p. 48, and March 25, 1974, p. 1.
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| Table 5-5

Annual Increase of Offshore Assembly

by Company for 32 U.S. Semiconductor Companies, 1963-1972

1963

1964

1965 1966 1967

1968

1969

1970

1971

1972

Annual Number of
Companies commencing
Offshore Assembly 1

Cumulative Number
of Companies with
Offshore Assembly! 1

Number of Sample
Companies in
Existence 18

Cumulative Per-—

centage of Companies
with Offshore 6
Assembly?

1Five sample companies have no offshore assembly.

2R.ow 2+ 3

18

18 i9 20

11 11 20

Source: Same as Tables 5-1, 5-2, and 5-3.

22

32

15

25

60

20

28

71

23
30

77

26

32

84

\
}
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of Japanese semiconductor devices... (was) undoubtedly stimulated by (the)
massive offshore production of the U.S. semiconductor firms."3

The large semiconductor companies, particularly the conglomerates and
successful spin-offs, were primarily responsible for the growth of offshore
assembly operations in the sixties. (See Table 5-6.) Since 1969, small
firms also have operated in low wage countries. The relationship between the
size of a company's total domestic semiconductor sales (millions of dollars,
Si) and the number of offshore assembly plants (Ai) was estimated by ordinary-

least-squares (t statistic in parenthesis):

(5.1) a; = 0.978 + 0.022 5; R = 0.66
(8.30)

The estimated relationship suggests that an increase of $50 million in U.S.
sales is associated with an additicnal offshore operation though even a very
small sales volume could support an offshore plant; companies with annual sales

of as low as $1 million were forming offshore affiliates. (See Apperndix A.)

5.a.3 Subcontract Assembly

Subcontractrassembly operations started quite soon after Fairchild's
initial ventures were formed in South Fast Asia. (Table 5-6 does not show
these early subcontract operations.) Large companies were the first to use
subcontract assembly as they attempted to remain competitive with FPairchild.
The bulk éf the subcontract operations today are associated with émall companies.
Suboontract assembly is an important way for small companies tc gain access to

low wage areas without having to make an investment in plant and equipment.
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Some firms have used subcontractor assembly plants while their plant was

AN

‘under construction to provide interim production capacity. Once their plant

was completed, the workers transferred to the new plant with no interruption

of output.4

5.a.4 Offshore Assembly and the Distribution of Manufacturing Cosis

The distribution of manufacturing costs between fabrication and assembly

has changed drastically because of two major factors. First, there was the

initial reduction in direct labor costs
was performed in the U.S., direct labor

part of total manufacturing costs. But

“wage country such as Singapore, most cf

that overhead costs (indirect labor and

share. {See Table 5-7.)

expended for assembly. When assenbly
costs of assembly were the largest
after assembly was transferred tb a low
the labor costs were redistributed so

ancillary services) became the largest

The second impact on the distribution of ccsts is a continual increase in

the share of total manufacturing costs represented by assembly costs. This

effect results from improving production yields, particularly in wafer fabrica-

tion. This can be seen by reexamining equation 3.1l. First, assume that losses

are taken only at wafer electrical test;

Y, Y3, Y4, the yields at wafer fabrica-

tion, chip bonding and wiring, and final electrical test respectively, are

assumed to be 100 percent. (In fact these yields are about 80 to 90 percent

for a mature prccess. See Table 3-3.)

Second, wafexr fabrication costs Cl and

C, are combined into a new variable, Wy, the total wafer fabrication costs.

Assembly costs C,q and C4q are redistributed in two variables: Ay, the labor

costs of assembly, and Ag, all other costs of assembly. The revised equation

for total manufacturing costs per chip is:
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Table 5-7

Distribution of Semiconductor Manpfacturtng‘Costs

a. Distribution of Direct Labor Costs (Percent):

Assembly in the U,S,  Assembly tn Singapore

Wafer Fabrication 15 : ‘ 60
Assembly 85 , ' 40
Total | 100 | 100

b, Distribution of Total Manufacturing Costs (Percent);

Assembly in the U,S. Assembly in Singapore

Manufacturing .30 ' 50
Overhead :

Direct Labor ' 60 20

Materials 10 30

Total 100 : 100

Sources: Distributions calculated from data supplied by J.P. Ferguson Associlates,
Los Altos, California.
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W
t
—— 4+ A
Y2N 1

[

(5.2) Total Cost Per Chip + Ao

Then stating assembly costs as a proportion of total manufacturing costs:

A1 + Ao

(5.3) Assembly Costs -
* Total Manufacturing Costs Wt
T tA A

YZN 1
Assuﬁing that assembly costs reﬁain constant as the yleld in wafer electricali
test (Yz) increases, the proportion of total costs represented by assembly
will increase. Rising assembly labor costs (Al) will have the same effect.
Since yields are continually improving and foreign labor costs have been in-
éreasing relative to U.S. labor costs, it may be inferred that foreign content
of devices assembled offshore has been increasing as a percentage of total
landed cost. (Landed cost 1s the cost of the imported, assembled device prior
to final mark-up.) Table 5-8 shows the U.S. content of reimported semiconductor
devices from offshore plants as a percenfage of total import value. The U.S.
share has been declining or conversely the value added by foreign assembly

has been increasing relative to the total cost of the finished device.
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Table 5-8

U.S. Content of Reimported Semiconductor Devices

" from Offshore Plantsl

{Percent)

1969 1970 1971 1972 1973

Imports:

All Semiconductors ' O.Sé 0.41 0.45 '0.40 | 0.30
Transistors -~~~ 0.49 6.46 0.38 0.33
Diodes & Rectifiers . ————  0.38 0.37 0.31  0.19
Parts | | —- mm—m e 0.11  0.04
.Integrated Circuits ——— 0.55 0.47 0.43 0.32

1Proportibn of U.S. content relative to total value of U.S. imports from all
sources.

Source: 1969, U.S. Department of Commerce data presented in Electronic News.
(september 3, 1973), p. 4; 1970-1973 U.S. Department of Commerce,
unpublished data.

(>
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The changing distribution bf costs will affect the duties U.S. companies
paj on the reimported deviceé. Provisioné of the U.S. Tariff Schedule give
f avorable treatment fo the importation of semi-finished semiconductors assembled
from U.S. mﬁnufactured parts. Tariff Items 806.30 and 807.00 of the Tariff
Schedules of the United States provide for duty to be paid only on the value
added by foreign assembly? Included in the computation of the foreign vaiue

added or constructed value are materials, labor, a markup for overhead, an

-estimated profit, all net of value of the U.S. content.e' The ad valorem rate

of the tariff is between 5 and é percent. (Foreign duties can be ignored
since mcst offshore plants are established in duty-free trade zoues,) As the
value added by foreign assembly increases relative to the U.S. content, the
dﬁty paid by U.S. firms ou the reimported devices will increase as a propor-
tion of total product value.

‘Transportation costs are approximately 5 percent of the total manufactﬁring
costs for a device in the'mature stage of the product life cycle, (For devices
in earlier stages of the product life cycle transportation costs would represent
a smaller share of total m&nufacturing costs.) Reduction in the duties achieved
through the use of Items 806 and 807 act to offset the transportation expenses
incurred in using offshore facilities. Foreign firms importing devices into
the U.S; from éssembly facilities in LDC's do not receive the benefits of the

special tariff provisions.

5.b. Point-of-Sale Assembly

The classification of foreign subsidiaries into point~of-sale (POS)
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assembly_and offshore assembly was based on the destination of assembled output.
However, differences between the two types of foreign operations go beyond just;l
" destination of outbut. First, POS assembly can be considered as an intermediate
stage of backward integration of manufacturing technology in a foreign affiliate,
U.S. companies assemble and test devices in POS affiliates prior to the extension
of production to wafer fabrication. Second, POS assembly is primarily located

in developed countries. ‘Labor costs have influenced the selection of a location;
but they have not been a major determinant. The POS aséembly plants are located
where they can best assist the U.S. firm's penetratioﬁ of foreign markets. Note
that the distinction between the two types of éssembly is not based on the type

of technology used for assembly.

5.b.1 Number and Location éf POS Assembly Affiliates

Thirty one of the overseas operations of U.S. semiconductor pompanies
sampled were classified as POS assembly. (See Table 5-3.) Since some offshore
assembly operétions of U.S. companies supply foreign markets as well as the
U.S., the total number of facilities directly serving foreign markets may be
consicderably largeri

Two thirds of the POS assembly operations are lacated in developed countries.
(See Table 5-=3.) fhis reflects the main purpose of POS plants: the increased
market pgnetration of the major foreign semiconductor markets in Europé gnd
Japan. The ten POS assémbly affiliates located in less developed countries
primarily export their oﬁtput to Japan and Eurobe. |

The large conglomerates are the major type of American semiconductor com-

pany establishing POS facilities. (See Table 5~9.,) Between 1961 and 1972,'these

firms established 28 POS affiliates; 14 of these affiliates subsequently acquired
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wafer diffusion.capability. Beginning in 1970 other types of U.S. companies
also established POS affiliateé primarily in Europe. It should be noted
that.1970-71 wercvrecession years for the domestic U.S., semiconductor industry.
But in Europe and Japan demand for semiconductors continued quite strong. This
was one factor which caused U,S. companies to esﬁablish POS assembly facilities

during this period.

Point-of-sale assembly operations were started sooner than offshore

assembly, but grew at a slower rate. (See Table 5-10.) The slower rate of growth

" was caused by the entry of small, spin-off companies into the U.S. industry.

These firms lacked the financial resources to establish both POS facilities and
offshore facilities. The competitive U.S, market forced these firms to gain

access to offshore operations.

.5.b.2 Factors Influencing the Establishment of POS Assembly Operations

A variety of factors influenced American firms to transfer production
abroad to serve foreign markets. Some special factors will be discussed in the
section on foreign facilities performing wafer fabrication. This scction will

deal with general economic factors. This discussion will not pertain to Japan

since American companies were prevented from having open access to the Japanese

market.

There were five general factors which influenced the decision of American

firms to initlate arsembly in the Europcan market. Flrat, the absolote sibze ol
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v
the foreign market became significant by the middle sixties. American firms
were afraid of trying to support their market position completely from external
 sources. The tariff barriers established by the EEC and EFTA were the seéond
important factor. The effects of tariffs on U.S. export prices will be detailed
shortly. Nontariff barriers were also important. For example, the French had
administrative quotaé on imports of devices which were also manufactured in
Frgnce. The third factor was the existence of American firms already operating
manufacturing facilities in the European markét. By the'middle sixties Texas
Instruments and several other American firms had already initiated production
in Europe; the reasons for their earlier entfy int; foreign production wiil be
.discussed in Séc;ion 5.c.. The presence of these American firms already in the
market put pressure on exporting firms also to transfer production to a foreign
affiliate,

The fourth factor affecting the decision to enter into foreign manufacturing
was the importance of the European military end-use market for U.S. companies.
Though small relative to the American military market, it consumed an important
share of U.S. exports. Advancing national security reasons, the British and
French governments p;essured»U.S. firms to take on more of the character of
domestic producers,

A final factor was the evolution of semiconductor technology.

Integrated circuits had evolvad from single circuit devi;es

.to the incorporation of entire systems on a single chip. The‘design of complex
integrated circuits became a major task of the semiconductor manufacturer.
Greater coordination betwéeﬁ semiconductor supplier And buyer became necessary.

The typical sequence of establishing production in a foreign subsidlary fnﬁ
.’
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starts with the transfer of design capability. This is an easy step to take
since it involves a limited amount of investment and mainly requires the hiring
of an engineering staff. The balance of the production process is integrated
into the foreign subsidiar& in the opposite sequence of actual production.
final testing of discrete devices or simple integrated circuits is transferred

next since it, too, is a simple operation requiring a small investment. Assembly
t

capability usually is added to testing. This forms a point-of-sale operation.

The final stage to be added, wafer fabrication, requires a special set of con-

" ditions to support its transfer, These are discussion in Section 5.c.

5.b.3 Effect of POS Assembly on Tariff Burden

Depending on the location of the POS plant, tariffs can either be reduced
or completely eliminated. The avoidanéa of the Japanese tariff is a;complished
by locating the POS plant in a developing country. Imports into Japan from an
affiliate located in a LDC are‘duty—free. The offshore subsidiaries of American
firms have also been used to export directly to Japan; (This type of export will
be discussed in Section 7.b.); Signetics' offshore facility in Korea, for example,
was the largest exporter of integrated circuits to Japan in 1969.7 Avoidance of
the EEC tariff is accomplished by locating assembly in the Netherlands Antilles.
In both cases American firms obtain the additional benefit of lower assembly
costs,

Pointfof-sale plants within the EEC lower the tariff burden since the im-
ported sub-assemblies are only valued at the cost of wafer fabrication. Wafers
imported into tﬂé EEC represent approximately 50 percent of the final value of

the finished devices (prior to mark-up for final salé). American firms can
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)

reduce their final costs in the EEC 5y about 7 percent through exporting
sub-assemblies to the EEC for final assembly. (This assumes that the labor
costs are identical in the U.S. and the EEC.) Parts exported directly to

the EEC have been increasing (see Table 7-6) but not very rapidly. The

reason for this can be seen by noting that if a U.S. firm ships the sub-
assemblies offshore for assembly and from there to Europe, the final costs

ére 25 percent less than for the direct export to Europe of’comolétéi

devices (ignoring differences in transportation costs) and 18 ?ercent less than
for the direct export of parts for assembly.

A final note about tﬁe EEC tariff. the tariff vates are fully assembled
devices and sub-assemblies (diffused wafers fcr example) are 1dent1cai.
Therefore, the EEC effective rate of protection is identical with the
nominal rate for semiconductors. There is no additional incentive to
import sub-assemblies.into the EEC due to any escalation in the effective

tariff rate over the nominal rate.

" 5.b.4 Effect of POS Assembly on Pricing

‘The presénce of a POS assembly affiliate in the European market allows
the American parent greater flexibility in its marketing strategy. The
additional latitude takes two forms: first in determining the source of its
product and second in establishing a mafket price., The alternative ways
of supplyihg the European market will be discussed in Sectiog 7.c.. This
section will outline the problems facing American firms with regard to
setting their prices in Europe.

As discussed in Section 2.d, European semiconductor firms tend to follow
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a different strategy from American firms with regard to product pricing. While
American firms tend to cut prices to stimulate market demand, European firms

tend to decrease their prices simultaneously with increased market demand.

‘(Recall that price decreases in this industry are associated with cumulative

production volume.) The price differential between the two markets will be sub-
stantial during the early phases of the product life cycle. Later, as Emerican
prices stabilize and European prices continue to decline, the price differential
will narrow. Robert Freund, in a paper discussing competition and innovation in
the U.S. transistor industry, states that "...(érice discrimination) was practical
only for technically advanced and relatively new products. Under these conditions
the saﬁe product or equivalent quantity levels would sell in Europe at 30 gercent
to 40 percent higher than in the U.S."8 Thus &an American firm exporting a new
device to Europe follows a policy of price discriwination.

The presence of a POS affiliate in the European market will assist the
Mmerican firm in achieving its cbjective of price discrimination. This car be
illustrated by first assuming that the relative price differential for a particu——
lar device is quite large and then modifying the assumption assuming that the
differential becomes quite small.

Let P, be the American firm's price for a device in the United States. Let
T be the ad-valorem tariff rate on that product. Let Pe be the European market
price for the device; it is assumed to be higher than the U.S. market price.

The non-discriminating American firm would sell its exported products in Europe

at P,(1+T). (Shipping costs are assumed to be negligible at this early stage of

l the product life cycle when production ccsts are at their highest.) Demand is

assumed to be inelastic since the major purchasers of the devices would be militar
equipment suppliers. (This follows Tilton's assumptions.) Given this set of

circumstances, the American firm will incrcase its European price until the
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marginal revenue in the two markets equates. By discriminating between the
two markets, the Aﬁerican firm is able to capture additional rent on the
technological leadership embodied in its exports.

.European firms seemingly could source directly from the American parent
and avoid the highér European price, But there is no'evidence that European
firms do this. This can be partly explained by the nationalistic policies
.pursued by the European eleétronic manufacturers thch lead them to prefer
to source directly from domestic suppliers. This policy to source only
locally in turn pressures the American firm to establish a POS affiliate to
service its Eufopean customers. In taking on the appearance of a domestic
supplier, the American firm is able to import the assembled devices from
the phfent and set the price at Pg. if assembly 1is performed in Furope
ratuer than elseﬁhere, the rent obtained by the parent does not diminish.

On thé contrary, its profit margin‘can increase (if the assumptions defined
in the preceding section concerning the tariff burden are made)., The in-
creased profit margin results from a reduction in the tariff burden. The
~presence of a POS facility is not a necessary requirement to allow the
American firm to eﬁgage in price discrimination. But given the divergent
characteristics of the two markets.it simpiifies the problem of separating
the markets,

A U.S. firm which sells a device which is in the mature stage of the
product life cycle in both the U.S. and Ehrope faces a different type of
problem in settings its prices in the réspective markets., The priée dif-

ferential between the two markets will have narrowed considerably; European

)

D
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firms are now major suppliers.and the end-markets are assumed to have broadened
beyond just the military, ones. Assume that the price of the device has
stabilized in both market§£ learning economies are no longer having a sig-
nificant impact on manufacturing costs and in turn on market érices. The
prices charged in the two markets by an American firm should differ only

by differences in market supply characteristics (demand elasticities will be

. similar) and the effects of any tariffs and shipping costs (now assumed to

be a factor since manufacturing costs have fallen over the product life cycle).
Let Pa be the American market price. Let Pe be the European market price. |
If Pf,.fhe American export price in Europe (whare P, equals Pa(l + T) + S,

the shipping costs), exceeds Pe’ tiie American firm is priced out of the

market. The American firm must reduce its European price to remain com-
petitive., That is, it must discriminate against its American customers.

But if the Americen exporter attempts to reduce his European price, its
American customers will demand a lower price equivalent to Pe%(1+T)-9
The American firm must decouple his price in Europe from his domestic selling
price. To solve this problem, the American firm exports the device in semi-
finished form to a European POS assembly operation. This reduces the tariff
burden allowing a reduction in its European price duc to lower total costs.

(A further'reduction could be achieved through indirect export from an off-

shore facility to Europe.)
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5.c Complete Manufacturing

There have been 17 cases in the sample of U.S; semiconductor companies'
foreign operations where the backward integration of manufacturing operations
included wafer fabrication. (See Table 5-11). The fully integfated facili-
ties are located exclusivély in the EEC and Japan. (See Table 5-3). The
large conglomerate companies are the primary type of American firm which
have transferred wafer fabrication technology overseas.

Learning economies gained from long experience'with a process are the
most difficult part of the production process to transfer. Only firms which
had multiple wafer fabrication plants in the U.S. have transferred wafer
téchnology to their foreign affiliates. To minimize the losses in learning
ecﬁnomies, firms usually select é well-established production process for
transfer. Several firms reported that they had transported an entire pro-
duction facilitv from the U.S. to thé foreign affiliate when’initially con~
mencing wafer fabrication. Even when a transfer is being made to an al-
ready operating wafer fabrication facility, firms will not transfer a new
process until sufficieﬁt experience has beeﬁ obtained at the U.S. facility.r
Only proceéses which are well controlled and stable will be transferred.

Wafer fabrication plants have constraints on wherevthey caﬂ be located.
The critical limitation is the availébility of chemicals and de-ionized
water in sufficient quantity and quality. Firms have found that even trans-

ferring a mature process to Europe can be difficult. Enough of the raw
" material inputs vary‘in composition to cause serious difficulty in some

instances in obtaining comparable pfoduction yields to those in the U.S.

{4"' .‘:
N
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5.c.1 Factors Affécting the Transfer of Wafer Fabrication Technoldgy
The general factors which affected the decision to invest in a foreign
assembly plant were discussed in the previous section. This section will
discuss tﬁe special economic factors iﬁvolved in éhe,17 transfers 6f wafer
fabrication offshore. These are presented on é company basis:
a. Texas Instruments (TI)
TI was the first American firm to transfer wafer technology abroad;
In 1957 it established‘a British affiliate and by 1959‘was diffusing
wafers on a limited scale in Britain. TI was invited by the British
Government to establish the plant to supply military semiconductor
devices.lo TI also received a contract from the British Government
in 196i to establish integrarted circuit production as "rapidly as
possible."11 The establishment of its wafer fabrication facility in
Frarce in 1960 was a response not to the French Government but to
_ IBM. v This was an extension of the special relation-
ship which then existed.between the two firms in the U.S. In both the
British and French cases, however, TI realized that there were long-
run‘benefité to be attained from their early entry. In particular it
" believed that the‘demand of European computer manufacturers fof semi~
conductors would grow significantly in the éarly sixties.
b; iTT |
: S '
ITT has three affiliates in Europe performing wafer diffusion. ITT
cannot be treated as an American company transferring technology té
Furope since thé company's semiconductor activities were first es-

tablished in Furope. ITT expanded from its Europeén base into the
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American market.

Motorola

Motorola transferred fabrication into France in 1969, This transfer
and the motives for it will be discussed in detail in Section 5.c.2.
International Rectifier (IR)

IR has two diffusion facilities overseas. The company went abroad very
early; first going into'Britain in 1959 and Japan shortly thereafter.
IR made this unusdally eariy move abroad due to the competition it
faced in the domestic ﬁarket. IR produced devices used in heavy power
equipment applications; this brought it head-on against GE and Westing-
house. Unable to grow against the two giants it moved atroad.
Signetics |

Signetics established a small diffusion facility in Scotland in 1969.

This transfer was caused in part by a shortage of engineering and

technical talent in the San Francisco Béy area where Signetics is

"based. Signetics needed to expand and sought to use available talent

in England. Initially output from the plant was shipped entirely back
to the U.S.; later the plant was used to support Signetics® penetra-
tion of the European market.

National Semiconductor

National set up a diffusion facility in Scotland in 1970 for reasons

nearly identical to those of Signetics.
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ge Westiﬁghouse
Under pressure from the French Go?ernment tb increase the amount of
processing done locally, Westinghouse transferred wafer diffusion in
1967. -This facility was supported by Weétinghouse's substahtial‘power

equipment operation in France,

5.c.2 Motorola's Investmeﬁt in France

To conclude the discussion of U.S. semiconductor foreign direct invest-
-ment, the Motorola investment in France will be described. Mbtorolé's semi-
éonductof division was formed in early 1962. The first overseas sales office
'waé opened in Europe the following year, Prior to the establishment of the
European office, Motorola's international semiconductor sales had been
handled by 22 foreign distributors.

Around 1964 Motorola made the decision to establish a plant in France.
Motorola had beé; primarily an exporter of discrete devices to Europe; an
area of semiconductor technology that where European firms were rapidly over-
taking the U.S. lead. Discrete prices in Europe were declining sharply.
In these circumstances, Motorola found that the tariff and non—tariff barriers
were becoming a problem. France was'selected as the site because it had a
large market for semiconductors and, more importéntly, because it had fhe

: 12
most severe non—-tariff barriers in Europe.

‘Motorola's entry into France was approved by the French Government in
1966. The plant was to be in operation by late! 1967. In the ihterim Motorola
-built a warehouse facility in Switzerland to improve its delivery time to

customers, (See Section 7.c which discusses the impact of this facility on
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the patterns of European semiconductor trade.) Motorola started testing opera-
tions in its French plant in September 1967. Assembly was added in 1968 and
yafer diffusion finally introdﬁéed in 1969. 1 In 1974 Motorola invested an
additional $3.4 million to expand the wafer produétion capacity and upgrade the

prxocess technology.13

5.4 Effects of Direct Foreign Investment on Employment

Direct foreign investment by U.S. semiconductor companies has had a major
impact on the uurld-wide distribution of employment in the industry. Siﬁce
about 1970, U.S. firms have employed a larger number of workers in foreign
plants than in domestic plants. The establishment of the offshore facilities'
has had an espacially important effect on the relative distribution. Wwhile *he
total number of production workers in the U.S. did not change appreciably
bet@een 1965 and 1972, e@ployment in offshore facilities grew substantially and
was nearly 120,000 by 1974. (See Table 5-12. These employment figures have
peen-estimated from individual company foreign employment data and the total
number of foreign affiliates.)

One can postulate three possible effects that direct foreign investment has
had on employment in the U.S. semiconductor industry. First, the transfer of
assembly operations offshore has probably upgraded the average level of production
employee skills required in the doﬁestic industry. Second, ié the possibility that
foreign labor has substituted for U.S. labor (or possibly U.S. capital). Third,
if the savings in production costs resulting ffom lower foreign iabor costs are
passed on to consumers, then the U.S. and world employment in the industry has
probably benefited from the increased demand.

The first of these effects, thé change in occupational mix of the industry,

has been documented by surveys of the industry's labor force. . (See Tahle 5-13.)



1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

Source:
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Table 5-12

Employﬁent»in the U.S. Semiconductor Industry

Production workers in

Total Employment in

and U,S, Offshore Assembly Plants, 1963-1972

U.S. Establishments U.S. Establishments
(Thousand) (Thousand)
37.5 56.3
37.9 - 55.3
48,7 67.4
59.1 82.2
57.9 85,4
60.5 87.4
69.3 98.8
60.3 88.5
45,5 74,7

84.6

54.8

“'-.J

Estimated Employment
in Offshore Plants

(Thousand)

2.1
4.3
6.5
8.6
15.1 .
30.1
66.7
74.8
84.6
89.1

u.s. industry employment, Annual Survey of Manufactures, Industry Profiles,

U.S. Dept. of Commerce, Washington, D.C., Sept. 1973, p. 230; offshore
employment estimated by the U.S. Department of Commerce based on data
supplied by -author.
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Table 5-13

Occupational Distribution of the
U.S. Semiconductor Industry 1964-1971

-

(Percent)

Occupation Percent of Total Labor Force
1964 1971
A. Executive, Administrative,
Technical, and Clerical 31 52
1. Executive 5
2. Administrative 6 8
3. Technical 16 27
4. Clerical 7 12
B. Plant and Custodial Workers 69 48
1. skilled 8 9
2. Semi-skilled and unskilled 61 38
C. Total 100 100

Source: U.S. Department of Cormerce, unpublished report, based on a 1964 Business
Services . and Defense Administration Semiconductor Crowth Study (unpublished)
and a 1971 Bureau of Labor Statistics Occupational Survey (unpublished).



ﬁetween.1964 and 1971, semi-skilled ahd unskilled workers declined from 69 per-
cent of the total industry labor force to 48 percent. Skilled workers remained
a constant proportion of the labor force while technical occupations increased
from 16 percent to 27 percent. |

Given the change in the occupational structure of the semigonductor industry
_ana the rapid growth of foreign employment in offshore facilities, it seeﬁs likely
that, across fimms, changes in U.S. employment of semi~skilled and unskilled pro-
dﬁction workers are negatively correlated with changes in foreign employment. But
the available empirical data is not adequete enough to measure the net influence
on U.S. labor resulting from the negative effects that substitution would imply

and the positive effects of increased labor skills and increaced demand.

5.e Adaptation of Semiconductor Technology

The final question to be examired in this chapter is whether American semi-
conductor firms adapt their technology to foreign conditions when they transfer
ﬁanufacturing know~how abroed. Only adaptation of production technology will be
considered since product related technoloéy is not relevant. (See Section 3.a
for therdistinction between product and process semiconductor ﬁEEEiology.) 1The
discussion will cover both direct foreign investment and licensing transfers.

Adaptation of a production process to foreign eonditions would typieally
imply that a firm modifies the ratio of factor inputs in response to a different
set of factor prices, or in response to a change in the scale of operation, or
possibly a modification in the type of production equipment. Semiconductor pro-
cess technology is not modified in the short-run to any of these factors.
' Aﬁericah firms interviewed for this study stated they did not adapt their process

technology to differences in foreign factor market conditions. e
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What American firms have typically done, and Tables 5-1, 5-2 and 5-3 reflect
this, 1s to select for transfer from the different stages of production those
phases which are most apbropriate for the host country conditions. In labor

surplus regions, assembly operations have been established since this stage of

production is labor intensive. As a result, the capital-labor ratio is much

higher in the U.S. semiconductor industry's domestic operations than in its
offshore assembly operations.lb The capital-labor ratio for U.S. offshore
operations is estimated to be between 0.2 and 0.3.15

| There are several assembly methods utilized by American firms. These can
rbﬁghly be divided into manual and automated techniques. About 70 percent of
all semiconductors shipped by .U.S. companies in 1970 were manually assembled.16
But in the offshore'plants locatéd in developing countries the manual assembly
technique is the only one utilized. BAmerican firms have selected their most
labor intensive production operaticn for transfer into the labor surplus areas.

Wafer fabrication, relative to the assembly phase of producticn, is capital
intensive. It has been transferred to developed countries becausez, amonyg.other
reasons, firms find the necessary supplies of raw material inputs and the engineex-
ing personnel tp staff-the‘facilitQ.

In thevdeveloped country markets they have entered, American firms have not
adapted their prodess technology to local conditions. 1In the interviews done foxr
this study, nearly all the firms which had established wafer fabrication in Europe
or Japan mentioned that their initial facility usually was previously set-up ir
America and transferred intéct to Europe.

The capital-labor inputs to the wafer fabrication process were considered to
be insensitive to factor price differences between developed countries. Adjust-

ments in the productiqn'process were limited to process variables which had to

be adjusted for changes in raw material inputs.
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The selectivity applied to direct foreign investment transfers carries
over to licensing. Firms which granéed know-how licenses aiso selectively
sold their process know-how to licensees. Westinghouse, for example, limited
the process technology it would sell to India to only the most routine processes.
ThiéAwas to insure that.the transfer would succeed., Again, however, the capital-
labor inputs were nét adapted to India's factor endowment. Rather the selection
took into account the level of labor skills required to successfully operate a

wafer fabrication facility.
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Chapter 6
Exporting

U.S. exports of semiconductors tr#nsfer technology to foreign companies
in several ways. They a}ioq foreign firms to have access to advanced product
technology. If the foreign firms have the necessary process technology, they
can imitate or second source the product technology. Exports of complex
integrated circuits enable foreign electronic systems manufacturers to in-
corporate American systems design techﬁology into their products.1 The major
limitation to the transfer of semiconductor technology through the medium of
exports is that process technology is not~transferred. Direct foreizn invest-
ment and know-how licenses are the ouly ways process technology can be transferred
abroad by American firms.

. The export market went through two distinct phases of development. Prior
to 1965, it was a relatively minor market segment; but in 1965 export sales for
the first time exceeded 5 percent of total U.S. factory sales.

After discussiné the somewhat different influences upon
the volume of semiconductor exports in the period preceding 1965 and in

the post-1965 period, the composition of semiconductor trade will be analyzed.

6.a The Export Market: Pre-1965
In 1960, neerly ten yearé after the start of commercial semiconductor

production in the U.S., semiconductor exports were less than 2.5 percent of

~

factory sales.” During the next five years they steadily increased, reaching

a level of $82 million or almost 10 percent of factory sales in 1965. There
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are several reasons why the export market remained relatively small prior to
1965, One was the relaﬁively sméll consumption of‘semiconductors EERERY
abroad. Table 6-1 compares the cbnsumption of semiconductors in the major
foreign markets of France, Germany, United Kingdom, and Japan to consumption
in the U.S. Foreign consumption of semiconductors remained less than one third
of U.S. consumptionbuntil the middle sixties. |

A felated factor was the difference in the relative importance of different
end-use markets. The U.S. industry was concentrating primarily on supplying
the military and computer markets. (See Table 2-2,) While supplying these.
.markets, they focused most of their attention on the creation of new technolégy.
Little effort was made to develop new markets for their products.

The pattern of semiconductor consumption in foreign markets was decidedly

different from that in the U.S. The major foreign end-use markets were the
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Table 6-1

Consumption of Semiconductor Devices jin Major Foreign Marketsl, 1956-1972

1956 1960 1965 1970 1972

United Kingdom ' $ 2 - $28 $72  $ $210

France- | 2 27 67 420 114

Germany 3 25 52 218

Japen o 5 s 132 a0 142

Total Consumption, Major 12 134 323 840 1284

Foreign Markets .

United States Consumption | 80 560 1064 1547 1708

Ratio Foreign/U.S. _

Consumption - 15% 24% 30% 54% 75%

U.S. Exports’ ($M) $2 815 $75 $249 $424
to all Developed Countries

1 ca s .
In 1972 Britain, France, Germany and Japan consumed apprcximately 75 percent of

the free world semiconductor production excluding the U.S.; in earlier years the
percentage would be even higher.

Sources: - Years 1956 and 1960 estimated from data supplied by John E. Tilton;
1965 from Anthony Golding, "The Semiconductor Industry in Britain
and the United States: A Case Study in Innovations, Growth and the
 piffusion of Technology" (Ph.D. dissertation, University of Sussex,
1971) p. 138; and 1970 estimated by J.P. Ferguson Associates; 1972,
.U.S. Department of Commerce, unpublished data.
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industrial and consumer. These markets emphasized applications where reliabilityv

and performance were secondary to price in dgciding whether to use semiconductors
or not., Compared to the U,S. military>e;d-use market, the foreign ones were
relativeiy small and, in the case of Germany and Japan, nonexistent.

The difference in the composition of the U.S. and foreign end-use markeﬁs
meant that the U.S. semiconductor firms were technically superior in areas
where the foreign markets were relatively small, U.,S. exports tended to be
1imi£ed to specialized ﬁarkets.‘ Silicon transistors, for example, were ex-
ported to Britain in the late fifties principally for use in manufacturing
missiles.3

During the pre-1965 perioa, what interested Americén firms in exporting
were the higher prices they could charge foreign customers. The rapid price
declines which characterized the American market did not begin in Europe
until around 1964.4 The price differential which developed between the domestic
and fdreign markets made exports very profitable, Foreign tariffs were not a

major barrier to U.S. exports because of the specialized nature of the foreign

demand.

6.b ’The Export Market: Post-1965
“In the period gfter 1965, exports grew relative to the domestic end-use
i 1
markets. By 1970 they accounted for nearly a quarter of U,S. factory sales.
During this period of expansion, the nature of the export market changed., The

changes reflected alterations in the structure of the foreign markets as well

- as the domestic market,
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Foreign semiconductor markets evolved in several ways. First, their
aggregate consumption of semiconductors began to reach significant levels.
(See Table 6-1.) vSecond, pricés no longer declined gradually; pricing
policies, though still not as aggressive as American, followed the more
traditional pattern of rapid decline followed by relative price stability.
For example, prices for discrete devices in Eﬁrope fell rapidly in 1964 and
again in 1966.5 Because of the change in general pricing policies, tariffrs
became a problem for U.S. firms attempting to export into foreign markets and
reﬁain_competitive in their prices. Non-tariff barriers also became importai.t.
The French market was exceedingly difficult to penetrate via exports because
of quotas Or even outright prohikition on the inmport of certain products. (See
Tzble 6-2.) Before 1974! Japan also had guotas on certain tyres of imports.

Paralleliag the maturing of foreign markets, the U.S. industry experienced
two fundamental changes which influenced the composition and level of U.S.
exports. First, the establishment of offshore assembly and point-of-sale
assembly ope;ations increased the export of semi-finished semiconductors. The
exports to offshore operations were a particularly important change in the
export pattern. The effect of offshore operations on trade flows will be
discussed in the next chapter. Second, the U.S. industry changed in terms of the
primary end-markets it served. (See Section 2.c.) .As the industry broadened
the applications for semiconductors, the military end—use market declined in
:1mportance. -(See Table 6-~3.) Consumer and industrial uses became the major
new markets. These end-use markets were also the largest sectors of foreign
semiconductor end-use markets. This'increased‘the number of foreign markets

American semicdnductor»companies could penetrate.
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Table 6-2

PTrade Restrictions, 1973, Selected Countries

Country Type of Device Tariff on Imports Restrictions on Imports
: from the U.S. from the U.S,

Japan transistors 8%
integrated
circuits _ 12% IC's which contain more

than 200 elements cannot
be imported]yithout special

permission.

France A transistors 17% _ Unofficial quotas exist.

integrated

circuits 17% Unofficial quotas exist.
Germany transistors 17%

integrated

circuits 17%
Switzerland transistors 2%

integrated

circuits 2% -

1 1ifted in 1974.

Source: U.S. Department of Commerce, Country Market Survey, November 1973, for
representative countries,

N, K
S



_96_ .

‘J- . e Table 6= 3

o ' Distribution of Semiconductor Sales Between Military and

Nonmilitary Markets bv Geographical Area

Year ° Percent Military
United States 1960 50
1966 30
o
19?22! 24
3
Japan 1972 -
Western Europe 19722 14

1

OECD, Electronic Components, p. 26.

J.P, Ferguson, Associates, Los Altos, California.

3

U.S. Department of Comerce, Countrv Market Survev:

Percent Nonmilitarv

50

70

76

100

86

Japan, November 1973.
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6.c Composition and Level of U.S. Semiconductor Trade

U.S. exports of semiconductors ircreased from $82 million in 1965 to $848
million in 1973, a period during which total factory sales (domestic production
plus exports) ipcreased from $1,122 million to an estimated $2,400 million.‘ {See
" Table 6-4.) The major product areas which accounted for the substantial growth
were exports of integrated circuits and semiconductor parts. (See Table 6-5.,
Semiconductor parts include unprocessed wafers, wafers processed but unsplit, and
packaging materials. These items were primarily exported to American offshore
Vassembly and POS assembly operations. Exports of semiconductor parts grew from
1éss than 30 percent of total exports in 1967 to about 50 percent by 1973; this
amounted to an increase of $381 million over the 1967 level of $42 millibn.
Integrated circuits accounted for énly a slightly larger share of total eiports
ovef‘the 1967 to 1973 period. Exports of transistors and other semiconductor pro-
ducts such as diodes and rectifiers remained relatively constant in terms of the
absolute amount exported but declined in their relative share of total exports.

Table 6-6 shows the geographic distribution of U.S. exports of transistors,

integrated circuits;-énd éemiébnduéﬁsf‘pafts.
Over 91 percent of U.S. exports are shipped to tﬁe EEC and nine other countries
(Japan, Canada, Switzerland, Mexico, Singapore, Kofea, Hong Kong, Maiaysia,
and Taiwan). In 1973 six underdevéloped“countries imported almost 70
- percent of U.S. exports of transistors, integrated circuits, and semiconductor
parts. The large share of U.S. exports going to these countries was the result
‘of the establishment of offshore assembly plants. The relative share of total
U.S. exports shipped to developed countries fell from 70 percent in 1967 to
nearly 30 percent by 1973. The.brief increase in exports to Japan in 1970
was caused by a special set of circumstances. The Jépanése had originally

dominated the electronic calculator market. An advance in the technology
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Table 6-4

U.S. Intérnational Trade in Semiconduczctor Device 1965-73

1965

a %2 of U.S. Sales 5.1

P 3

1966 1967 1968 1969 1970 1871 1972 1973
Exports (M) 82 130 152 204 346 417 371 470 848
Imports® ($M) 24 42 50 87 104 157 179 330 619
Trade Balance (SM) +58 488 4102  +117 4242 4260 +192  +140  +229
Total U.S. Sales>($M) 1122 1467 1385 1415 1687 1720 1593 1848  240C°

- Trade Balance as 4

6.0 7.4 8.3 14.5 15.3 12.0 7.5 9.5

Exports include subassembly destined for assembly and reimportaticn under Tarirf

Items 8006.30 and 307.0C0.

Imports include dav1ce° originating from the U.S.

~ reimportation.

and assembled sbroad for

3 Domestic sales plus exports (net of 806-807 trade).

4 Estimated.

Sources: Anthony M. Golding, "The Semiconductor Industry in Britain and the United
States: A Case Study in Innovation, Growth, and the Diffusion of Tech-

nology", p. 138; Electronic Industries Yearbook 1973, Table 98, p.

101;

1973, U.S. Department of Commerce, memo, '"U.S. Trade Deficit in Communi-
‘cation and Selected Electronic Products", July 1974; factory sales data,
~ U.S. Department of Commerce, unpublished data.
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Table 6-5 ' , | e

Distribution by Product Type of U.S. Exports of Transistors, Integrated
Circuits, Parts of.Semiconductors, and Othex Devices: 1967-1973

{(Percent Distribution)

1967 1968 1969 1970 1971 1972 1973

Transistors 30.4 25.0 24.0 21.2 13.6 . 13.0 11.2
Integrated Circuits 17.5 17.8 20.9 23.8 24.6 22.0 25.1

Parts of Semi-~

_ conductors : ~27.5  37.8  38.4  40.0  47.1 50,2 49.7
Other ' 24.6 19.4 16.7 ©15.0 14.7 14.8 14,0
Total 100 160 100 100 100 100 100

Total Exports ‘ ‘ : o
($ Million) 152 204 346 420 n 470 848

Source: U.S. Department of Ccmmerce, U.S. International Trade of Communication
and Selected Electronic Products for Calendar Years 1967-1972
(Washington, D.C.: Government Printing Office, 1973); 1973, U.S.
Department of Commerce, memo, "U.S. Trade Deficit in Communication
and Selected Electronic Products," July 1974,
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Table 6-6

Gedgraphical Distribution of U.S. Exports

of Transistors, Integrated Circuits, and Semiconductor Parts, 1967-73 .

(Percent Distribution)

1967 1968 1969 1970 1971 1972 1973
EEC 26,4 22.0 23.4 20,4 17.7 18.7 17.5
United Kingdom 12,0 10.0 8.5 6.3 4.0 4.4 5.0
Canada 6.8 5.5 3.4 3.4 3.6 4.5 4.6
Japan 10,9 10.8 11.7 20.4 18.9 10.8 12.1
Switzerland 12.5 7.6 7.0 6.0 4.2 4.2 NR2
Mexico o 4.9 12.0 10.0 12.0 14.3 112 8.3
Singapore ) (9.0 16.0 16.5
rorea b 257 M0 s 305 d o 7
Hong Kong 7.8 9.3 7.1
Other3 ) (10.8 11.3 18.6
Total® 100.0 100.0 100.0 1€0.0 100.0 100.0 100.0
Total5 |
164.4 287.8 356.4 316.5 401.0 737.9

($ Million) 114.7

1

Excluding United Kingdom, Ireland and Denmark.

2 Not reported.

Includes Singapore, Korea and Hong Kong, 1967-1970.

4 May rot add to 100 percent due to rounding

Exports of transistors, integrated circuits, and semiconductor parts only.

Source:

Same as Table 6-5,
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relating to the integrétea circuits used in calculatoré was made by a U.S.
firm; this lead to the deterio;atioﬂ'of_the Japanese.dominance of the calcu-
lator market. The Japanese were temporarily forced to import large quantities
of the newer calculator devices until thei; domestic producers imitated the
newer technology.

U.S. imports of semiconductor devices have also grown rapidly. (See
Table 6-4.) A major factor in the increase of U.S. imports 18  the reimporta-
tion of devices shipped offshore for assembly. Nearly.90 percent of U.S. imports
q;iginate from six countries which have the bulk of the offshore facilities.
(See Table 6-7.) The composition of imports has also chanhged over the past five
years. Integrated circuit imports have grown substantially and by 1973 accounted
for well over half of total imports. (See Table 6-8.) ~t

While the level of both expcrts and imports was increasing, net exports
have fluctuated around.$200 million since 1969; in 1973 the§ were $227 million.
From 1965 to 1970 the trade surplus relative to the level of factory sales
increasedvsteadily. But recently it has declined sharply. The reasons for

the deciine will be discussed in the next chapter.
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Table 6-7

Geogrgphical Distribution of U.S. Semiconductor Imports .

by Oripin, 1967-1973

" (Percent Distribution)

1967 1968 1969 1970 1971 1972 1973

eec! 10.8 ~ 8.5 4.8 2.9 2.8 3.4 3.7
United Kingdom 1.6 1.6 0.6 1.4 5.5 1.0 0.7
' Canada 6.4 4.6 7.6 1.1 1.1 2.1 1.6
_ Japan 13.8 8.0 1.3 4.6 3.9 5.4 6.1
Mexico T N o [51.1 16.5 14.1
singapoie , ‘ - 122.8 24.5 23.6
Kerea | 7.4  14.5 13.7
Hong Kong ? 67.4 77.3 85.7 90.0 417.8 14.2 12.3
Taiwan 7.9 7.7 9.6
Ireland 3.2 5.6 4.0
Other 2 J | 6.5 5.1 10.6

100 100 100 100 100 100 100

Total Imports
- ($ Million) . 50 87 104 157 179 330 619

1 Excluding U.K., Ireland, and Denmark.

2 Includes Mexico, Singapore, Korea, Hong Kong, Taiwan and Ireland, 1967-1970.

Source: Same as Table 6-5,
‘.\v —
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Table 6--

8

($ Million)

Source:

Same as Table 6~5.

Transistors, Integrated Circuits, and Other Devices: 1967-1973
(Percent)

- 1967 1968 1969 1970 1971 1972 1973
~ Transistors 62.0 62.3 °56.7 38.4 33,7 30.4 25.9
" Integrated circuits e e == 44,2 52,6 54.5 58.1
Other 38.0 37.7 43.3 17.4 13.7 15.1 16.0
100.0 100.0 100.0 100.0 100.0 100.0 100.0

Total Imports 50 87 104 157 179 330 619

e ®
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Chépter 7

The Use of Alternative Channels of Technology

Transfer by U.S. Based Firms and Their Impact on Trade

Introduction

The three preceding chapters discussed the different channels used to
transfer semiconductor technology. This chapter will examine two important
related 1issues concerning technology transfer. First, what are the character-

istics of the firms transferring U.S. semiconductor technology abroad ard do

. these characteristics vary according to the type of transfer channel? This

issue has been touched upon, at least inferentially, in earlier chapters; herc
we draw upon the foregoing materials to bear more directly on this important
igsue. The channels considered will be licensing and direct foreign investment.

. !
The second issue is whether direct investment in production facilities

substitutes for U.S. exports or is complementary to U.S. exports.

It should be noted that the different channels of technology transfer which
have been detailed thus far are really of two types. One type transfers technical
know-how to unaffiliated foreign firms. The second type of transfer is between
a U.S. parent and itsAforeign affiliates. We have not distinguished between the
two types. The description of licensing transfers was based on the first &efini-
tion of technology transfer while a transfer via direct foreign investment was
assumed to be of the latter type. This distinction has not been clearly made
since it is not critical to the objective of ;his paper which is to detail the
use of alternative channels and the characteristics of firms using the different
modes of transfer. We mention this point now to alert the reader to this‘limltaw

tion of the following discussion.
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7.a Licensing and Direct: Foreign Investment ' ' , e

of thé two basic types of licenses issued by semiconductor firms, only a
license which includes technical assistance can really be considered a tfansfe:
of new know-how to the licensee. A patent license merely confers the legal
privilege to use a specific patent of the licensor. (Firms applying for a
patent license have usually mastered the technical proceés covefed by the patent
and are only seeking to protect themselves from legal complications.) One further
distinction.concerning types of know-how licenses should also be made. A second
source transfer only covers product related know-how and grants only limited
access to the licensor's technology. Technical assistance agreements covering
process know-how, for reasons explained in Chapter 4, can be of some importance
to the foreign recipient beéause they expand his productibn capability.

The sale of ﬁrocess know-how via technical assistance agreements was dominated
by the larger firms in the industry. (Large in this context refers to the entire
corpofation not just the semiconductor division. See the footnote to Table 2-1.)
Out of a sample of 42 U.S. firms, 13 had transferred know-how to a foreign firm.‘
 Nine of the 13 firms were large. Furthermore, 6nly the large firms engaged in
frequent sales of ﬁrocess know-how.

: The smaller semiconductor firms have usually not utilized technical assist-
- ance ér:angements. This finding runs contrary to the widely held belief that
licensing would be a more commonly used channel by relatively smaller firms. The
small semiconductor firms interviewed for this study generally félt lipensing was
unprofitaﬁle because high marginél costs were incurred in supporting know-how |
-agreemenﬁs which exceeded potential license income. The high marginal coéts

were due to the substantial opportunity cost of using scarce

R

engineering talent to assist a foreign licensee. Several firms did
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note, though, that they temporarily engaged in know-how licensing during the
1970-71 recession in the U.S. semiconductor market. They were reluctant to

release excess engineefs; hence, during this period the opportunity cost was

essentially zero.

Large firms, on the other hand, already have engineering staffs available

- to support a license agreement. They have found licenses profitable since op-

portunity costs are quité low. Some large firms, deemphasizing production for

the open market, have continued to capitalize on their earlier research efforts

| by licensing foreign firms. Westinghouse's semiconductor division, for example,

derived a major portion of its revenue in 1972 from licenses.

In general, there seem to be four dominant factors which influence the
decision to engage in technical assistance licensing. These factors are the
sizé of the firm (total corporate size), its rate of growth relative to the
ovefali industry, its number of patents and their relative importance , and
general economic conditions in the U.S. market; We would expect a firm's
"propensity ﬁo license" to bé related in a positive way to the firm size, negative-
ly related té the rate of growth of’thé firm relative to the total industry growth
rate, positively related to the cumulative number of patents of the firm (note
this term is positively corretated with firm size, see Table 7-2), and negatively
related with general U.S. economic conditions.

The other form of technical assistance transfer, second source agreements,

‘was favored by the smaller firms in the industry. While no information was

available on the number of firms engaging in second sourcing agreements with
foreign firms, undoubtedly the number is larger than the relatively small number

which transfer production know-how. On balance then, all types of semiconductor

- companies engage in licensing, but only the larger firms tend to agree to con-

tract for technical assistance'transfers.
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The larger‘firms have dominated the transfer of technoiogy abroad via
direct fofeign-investment. (See Table 7-1.) Nearly 75 percent of foreign
manufacturing operations were established by the larger industry members.

The 10 conglomerates in the sample (espe;ially Texas Instruments, ITT, General
instruments, and Motorola) had set up 43 foreign affiliates, 14 of which had
recFived wafer fabrication capability. The large, successful spiﬁ-offs
(National and Signétics), though having formed 22 foreign affiliates, had only
twice transferred wafer fabrication. The smaller semiconductor firms héd not
estatlished a single wafer fabrication facility abroad. Small firms pursuing

a second source or specialty device strategy established fewer offshore facili-
ties per firm thaﬁ any other type of firm. These firms were among the smallest
in the éample and required §n average only one offshore facility to remain com~
petitive in the U.S. market. ‘The small innévating'firms, the tgchnologiéal
leaders-of the industry, did not eétablish any POS facilities. There are two
reasons for this, First, foreign demand could be adequately satisfied through
exports from the U.S. because they usually had a‘temporary monopoly position in
a new market., They did not immediétely face direct competition with the‘larger
~ firms (either domestic or foreign). Second, the innovating firm's_financial|
resources were limited; during its initial period of expansion it concentrat;d
its resources on the American market. To survive in the domestic market over
the long term required an adequate offshore assembly capability, so this was the
initial type of foreign facility established.

Conéideriug all channels of technology transfer, the larger firms in the
semiconductor industry tend to be more actively transferring technology abroad.
This conclusion is‘mainly based on the greater willingness of thesé larger firms

to engage in know-how licensing and the relative number of affiljates of these

firms which>have received wafer fabrication technology.
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Table 7-1

U.S. Foreign Affiliates by Type of U.S. Parent Firm

Number of Number of Foreign Affiliates2
Parent firms POS Wafer fabrication Offshore

Large Companies1

Conglomerates 10 13 14 16

-Spin-offs 4 8 2 12

Receiving-tube 3 3 1 ' 5

Total ' 17 24 17 33
Small Companies

Second source/

Specialty 12 4 0 10
Innovator 4 0 o 4
‘Total 15 . 4 0 14

Total 32 28 1 4

1See Table 2-1 for definition.

2Excluding subcontractor operations.

Source: See Table 5-1.
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Are the larger firms élso the most technologically orieated in the industry?
Table 7-2 shows thevkendall correlation coefficients between measures of firm
size, foreign activity, and technological capability. (The sample of 33 firms
from which this data was obtained overlaps but is not identical with the sample
used in Chapter 5.) Total semiconductor sales are significantly correlated with
R&D. expenditures and with the annual average of number of patents. Measured by
these absolute standards, the larger firms are more technologically oriented.

However, relative to their size, the larger firms in the industry do not
apbear to be more technolbgically intensive. R&D as a share of total U.S. sales
(or total éompany sales) is negatively related to tota1‘U.S. company sales (and
total sales). This type of measure is subject to criticism since not all firms
measure R&D expenditures in the same way (for example, some firms include market-
ing expenditures) and second, the measure obscures whether the firm is attempting
merely to duplicate competitor innovations or advance into new technical areas.
Despite these types of criticisms the results are in agreement with the general
industry beliefjthat the larger firms are not the technological leaders in the
industry. (This excludes peripheral firms suchras IBM and AT&T from consideration.
See Section 2.b.)

The important implication is that one type of firm ~- the small spin-off
' companies -~ has been primarily responsible for the development‘of new technology
and its diffusion in the U.S. while another -- the large multi-divisional firm --
has béen primarily responsible for the international diffusion of semiconductor

technology.
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Table 7-2

Kendall Correlation Coefficients: 1972 Cross-section of

33 U.S. Semiconductor Comganies’

Total u.s. Foreign
Sales Sales Sales

(s)
(1)

1. Total Sales (S) ——

*k
2. U.s. sales (§) 0.90

(33)
S \ "
3.’Foreign Sales ($) 0.78
{Exports & For. (26)
Production)

*k
4. Foreign Sales (% 0.55

(%) ($)
(2) (3)

**
0.70 ---
(26)

*k K 1
0.80 0.38

total company (33) (26) {(26)
sales) .
*% *% * &
5. Number of POS C.67 0.60 0.65
affiliates (15) (15) (12)
6. Company RsD ($) 0.06 0.09 -0.03
(24) (24) (20)
* % * % * %
7. Average Annual 0.52 0.67 0.55
Patents (30) (33) (26)
' *% ki x®
8. R&D/U.S. Sales ~0.73 -0.87 -0.61
: (%) (24) (24) (24)
A ) *ok ' *k *k
9. R&D/Total '=0.75 -0.84 -0.75
Sales (%) (24) (24) {20)

Foreign

Sales
(%)
(4)

0.32
(12)

0.11
(20)

-0.14
(26)

-0.18
(20)

*
~0.32

(20) -

POS
Affl

(5)

0.20
(12)

*%
0.37

(33)

*
-0.51
(24)

*

**
-0.50

(24)

R&D

($)

(6)

0.04
(24)

0.19
(24)

0.19
(24)

" Number of cases in parenthesis below correlation coefficient.

* ) '
Significant at 0.05 level.

®
- ‘Significant at 0.0l level.

1Excludes AT&T and IBM.

Source: See Appendix A.

Patents

(7)

* %
-0.61
(24)

*x
-0.53
(24)

R&D/ R&D/

U.S. Total

Sales Sales
(8) (9)

*

*
0.84 -—-
(24)
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7.b The Effect of Offshore Facilities on Semiccnductor Tfade

| This section will discuss the ;ffect of investment in offshore assembly
operétions on U.S. exports and the U.S. balance of trade in semiconductors.
>The next section will relate invéstment ih developed countries fo U.S. export
patterns.

InQestment in offshoré facilities which assemble parts for reexport back to
the.U.S. has had a positive effect on U.S. exports. Equation 7.1 estimates the
relationship between exports of semiconductor parts to a country (X.) in millions
of dollars and the number of offshore assembly affiliates of U.S. companies
located in that country (N.). Thé relationship was(estimated for 14 countries

using 1972 trade data.

(7.1) Xec = 1.99 + 4.33 N¢
(6.66)

% = 0.75 N =14
The positive relationship is certainly no surprise; it should be noted that the
positive relationship is not attributabie to.-a commeon dependence of both exports
and the number of offshore affiliates upon market size. In many of the countries
'in the cross-section sample, prior to the establishment of U.S. facilities, no
domestic semiconductor industry existed (nor would there have been an indigenous
demand for semiconductors). The export of semiconductor parts has become the
largest segment of U.S. exports with developing countries the major region where
these.parts are shipped. |

To uhderstand the impact which offshore assembiy has had on the U.S. semi-
‘conductor trade balance, it is necessary to examine the trade flows in greater
detail. The total value of U.S. semiconductor exports can be divided into’ two 'fm>

components: (1) export of sub-assemblies which are returned as assembled devices
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to the U.S.;Y(Z) éxporﬁs destined for foreign consumption. Imports can be
divided into»three components: (1) the U.S. content ;f reimported devices;

(2) the value added by foreign assembly to U.S. parts reexported to tﬁe'U.S;;
(3):imports from foreign producers. United States trade data for semiconductor
exports and imports, compiled on a geographic basis, include shipments betwoen

wafer fabrication facilities in the U.S. and offshore assembly plants which are

- subsequently reexported back to the U.S. If these transfers were excludad frm

‘the trade accounts, the tfade figurés would only reflect exports to foreign cou-

sumers and imports from foreign controlled plants. 'This will be referred vo a-:
the trade surplus compﬁted on ownership basis. The ad&antage of measuring trade
flows in this way;is that the resulting net trade balance will serve as a better
measure of the competitive advantage of U.S. firms and the U.S. industry than it
would if measured on the tradiiional geographic basis which measures the advantage
of the U.S. as a production lccation.

The examination of actual U.S. trade daﬁa will begin with the import side
since this will simplify the presentation. Table 7-3 shows the composition of

U.S. imports for 1970 to 1973. The U.S. Content of imports refers to the value of

‘ imports claimed by U.S. firms in customs disclosures to have originated from the

U.S. The valué added by offshore assembly relative to the U.S. content of imports
shows a steady growth. (Line 6 of Table 7-3 shows the ratio of U.S. content to
the total value of imports entering under Tariff Items 806-807. U.S. firms have

been accused by the U.S. Bureau of Customs of deliberately understating the value

- added by offshore assembly.' Bias resulting from undervaluation would tend to de-

crease the growth of value added by offshore plants relative to the value of total
imports. But line 6 of Table 7-3 shows a consistent downtrend in the content of

imports originating in the U.S. Any reporting error in the value added data would

+
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Table 7-3

Composition of U.S. Semiconductor Imports, 1970-1973
' ($ Million)

- 1970 1971 1972 1973
1. U.S. Content of Total Importsl 78.4 81.3 127.3 183.6
2. Value Added by U.S. Offshore
Assembly to U.S. Parts 60.2 71.0 122.4 224.8
3. Imports from Developed Countries
{Non-U.S. owned facilities) 12.9 24.5 39.6 €61.6
4. imports Originating from LDC's :
(Non-U.S. owned facilities) 5.0 2.3 41.0 148.6
5. Total U.S. Semiconductor Imports 156.5 179.1 330.3 618.6
6. Ratio: U.S. Content of Imports
to Total Offshore Imports
(L £ (2+1)). 57% 53% 52% 45%

'1Va1ue'of Y.S. content is the value of U.S. manufactured parts exported for offshore
assembly and reimported back to the U.S.; calculated by U.S. Bureau of the Census
frem customs filings of U.S. semiconductor companies.

Source: U.S. Department of Commerce, unpublished data.
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g:: » not change the basic conclusion regarding the growing importance of offshore

activities.

Imports originating in developed countries show little increase relative
to the total siie of U.S. imports. Imports originating from LDC's (Line 4,
Table 7-3) show an explosive rate of growth increasing from $5 million in 1970
to nearly $150 million by 1973. While the reasons for this sudden incréase are
not well known, two factors seem to havé been important. First the large increase in

. domestic demand in 1973 exceeded the U.S. industry's capacity. (The recession ofF 1l¢:

slowed the industry's expénsion.) Second, semiconductor demand grew fastest in
the consumer products markets where foreign producers had their greatest préduction
experience. The major source of these imports are the affiliates of semiconductor
firms of other developed countries, particularly Japan. Whether there is any size-
éble indigenous LDC production cannot be determined from the data.

Table 7-4 shows the composition of U.S. exports between 1970 and 1973.
U.S. exports to developed countries {(line 2) will be discussed in the next section.
The tota; export of parts to ILDCs for assembly (line 1) has grown relative td total
exports. Within this category exports destined for reimport have acccunted for

' between 50 and 60 percent. Assembled parts thch are not returned to the U.S. are

eithér embodied in electronic systems (which po;sibly are exp?rted to the U.S.) or
are shipped to a third cduntry. The transshipment of assembled devices to a third
country from an offshore or POS plant will be referred to as indirect export in
subsequent sections.

We can now return to the question of the influence of offshore production on
the U.S. balance of trade in semiconductors. Since the U.S. conteht of imports will
be netted out when computing the trade bélance, only the value added by offshore

(:: assembly to materials destined for the U.S. will affect the U.S. trade balance.
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Table 7-4

Composition of U.S. ngiconductor Exports, 1970-1973

($ Million)

Total U.S. Exports of Semiconductor
Parts to LDCs

la. U.S. Exports of Semiconductor
Parts Ultimately Reimported by
the U.s.1

1b. U.S. Exports of Semiconductor
Parts to LDCs (Line 1 - line 1a)

U.S. Exports to Developed Countrie52
All Other Exports
Total Exports

Total U.S. Exports Destined for
Foreign Markets (1lb + 2 + 3).

Ratio: Exports Destined for Re-import

to Total Exports of Parts to
LDCs (la = 1).

1See Table 7-3, footnote 1.

2

Source: Same as Table 6-4.

1970 1971 1972 1973
134.6  138.6  205.6  365.8
78.4 81.3  127.3  183.6
56.2 57.3 78.3 82.2
249.2  215.6  233.4  423.6
33.2 16.3 30.6 59.1
417.0  370.5  469.6  848.5
338.6  289.2  342.3  664.9
50% 59% 61%

EEC (including Britain), Canada and Japan.

50%
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To compute theltrade'balance on an ownership basis, the value added by.for-
eign assembly must be added to thg‘value of the trade surplus coméuted on a
geograrhic basis. (See Table 7-5.) The trade balance computed on an ownership
basis does not show the same pattern over the 1970-1973 period that the geographic
trade balance exhibits. The relative level of the trade balance reflected in the
two measures is diverging. By 1973 the trade surplus measured on an ownership
basis reached a level ngarly double that of the trade surplus measured on a
geographic basis.

It should be noted that in the preceding discussion the notion of comparative
advantage was not used in its more common form. Typically comparative advantage
is defined with regard to geographic entities. But here we are refefring to the
comparative advantage of U.S. firms in the U.S. market relative to foreign com-
petitors. The measuré being proposed reflects the relative competitive strength

of U.S. versus foreign firms regardless of the geographic location of the factors

of production.

In conclusion, the presence of offshore facilities tends to raise the absclute

level of U.S. exports and imports but depress the official trade balance (calculated

"on the traditional geographic basis) relative to what it would be if it only reflected

trade with non-U.S. firms (that is, calculated on an ownership basis). These effects

are due to the fact that U.S. owned foreign production plants are the source of

imports intovthe U.s.
7.c Relationship of Semicoﬂducfor Tfade and Direct Foreign Investment in Developed
Countries
Direct foreign investment in POS plants in developed countries impacts on
U.S. semiconductor trade differently from offshore assembly operations. The off-
shore plants affected both U.S. exports and imports. Point-of-sale assembly and

wafer fabrication affect only the level and distribution of U.S.'exports.
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Table 7-5
U.S. Semiconductor Trade Balance: Ownership vsg. Geographic Basis
($ Million)
1970 1971 1972 1973
1. Total U.S. Exports 417.0 370.5 469.5 848.5
la. Total y,s. Exports, Net of 338.6 289.2 342.3 664.9
U.S. Contentl (Line 5,
Table 7-4}).
1b. Total U.S. Content (Line 1 - 78.4 81.3 127.3 183.6
Line la) of Exports. (See - >
Line la, Table7-4).
2. Total U.S. Imports Originating from 17.9 26.8 80.6 210.2
Non-U.S. Owned Sources (Line 3 +
Line 4, Table 7-3).
3. U.S. Trade Balance, Ownership Basis 319.7 262.4 261.7  454.7
(Line la - Line 2).
4. U.S. Trade Balance, Geographic Basis 260 192 140 229

1
reimported. See Table 7-3, footnote 1.

Source: Same as Table 6-4.

U.s. content refers to the share of U.S, ex

ports assembled offshore subsequently
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(Ignoring anf transfers of technology to hoét‘couﬁtry by semiconductor firms
which could stimulate exports to the U.S.) 1In this section direct U.S. exports
will be defined as the tétal exports of semiconductors net of parts exports to
developing countrieé. Deducting parts exports to LDC's attempts to eliminate the
807-806 portion of U.S. exports and the indirect exports to developed countries.
(Indirect export was defined in Section 7.b.)

Direct U.S. exports of semiconductors increased consistently from 1965 to

1969 both in absolute terms and as a percentage of foreign consumption of semi-

" conductors in major foreign markets. (See Tables 7-6, 7-7. Major foreign market

consumption is defined as the annual consumption of semiconductors in Japan,
Britain, Germany, and France; in 1972, these four countries consumed 75 percent
of the free world semiconductor production excluding the United States.l) Between

1969 and 1973, the growth of direct exports slowed. Direct U.S. exports as a

percentage of foreign consumption showed a marked decline over this period.

Part of this decline was due to the reduction in integrated circuits exports'to
Japan (see Section 6.c). But the U.S. export share in other developed countries,
particularly Britain and Germany, also declined. (See Table 7-8.)

The direct export of semiconductor parts to develéped countries (the EEC,
Canada, and Japan) showed consistent gains from 1965 on except for a small decline
in 1972. (See Table 7-6, column 3). It is interesting to compare the growth of
POS affiliates in developed countries (including wafer fabrication facilities) with
the trend of parts exports. The number of POS facilities increased fairly slowly
until the 1969-197l'period when the cumulative number more than doubled. (See
Table. 7-7, column 3). There was no major redistribution of exports between parts
and finished devices corresponding to the increaséd number of POS affiliates. The
only major change after the 1969 period was the sharp decline in the U.S. export

share of the major foreign markets. (See Table 7-7, column 2.)

~
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Table 7-6
U.S. Exports to Developed Countriesl, 1965-1973
(1) (2) (3) - (4) . (5)
Total U.S. Exports to Parts Exports Developed Country Parts Exports
- EXports Developed to Developed Share of Total as 3 of Exports
Countries? Countries Exports to Dev. Countries
- ($ Million) ($ Million) ($ Million) (2 + 1) (3 +2)
(Percent) (Percent)
82,0 74.7 - 8.4 91 11.2
130.0 93,7 . 10.0 72 10.4
152.0 124.4 14.4 82 11.6
204.5 146.0 18.1 72 12.4
' 346.2 244.1 30.7 .omn 12.6
417.0 249.2 - 33.0 59 ' 13.3
370.5 215.6 ' 36.3 ‘ 58 16.8
470.5 233.4 30.5 50 13.1
848.5 423.6 59.0 . 50 -14.0

lEEC (including Britain)., Canada and Japan.
Including parts, column 3.

Source:

See Table 6-5.
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Table 7-7

Foreign Semiconductor Consumpticn1 and Percentage

Supplied by U.S. Exports, 1960-1972

(1) (2) 5 (3)
Major rForeign U.S. Export Share Cumulative U.S.

Market Consumption of Major Foreign POS Affiliates
of Semiconductors3  Market Cobnsumption® pev. Countries
($ Million) : {Percent) (Number of Affl.)

1960 134 .1 5

1961 151 15 6

1962 174 16 6

1963 208 ' ' 17 7

1964 , 248 16 8

1965 323 23 8

1966 ‘ 349 27 10

1967 390 32 11

1968 490 30 ' | 13

1969 _ 660 37 24

1970 840 30 29

1971 875 | 25 30

1972 1284 18 34

1 . . et
Consumption in Japan, Britain, Germany, France.

2 - . .
-"Export share calculated from column 2, Table 7-6 % Column 1, Table 7-7.

Japan, Britain, Germany, France.

Source: Cdnsumption figures estimated by author; foreign facilities data from
Tables 5-1, 2, 3.
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Table 7-8 -

U.S. Export Share of Major Foreign Market Consumption, 1967-1972

(Percent)
Japan Briﬁain | Germany - France
1967 11 20 21 16
1968 10 23 32 19
1969 13 24 30 26
1970 19 18 28 24
1971 .15 - 11 21 18

1972 ) 6 14 : 18 29

Source: See Tables 7-7, 6-5,.
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Two fundamental change# occurred over the 1969-1971 period in the way U.S.
semiconductor companies served developed country markets. While direct exports
accounted for approximately 66 percent of the U.S.
share of the developed country markets in 1968, that share declined
to 40 percent by 1972. (See Tables 7-9 and 7-109 The first change in the way
major foreign mafkets were supplied was the large increase in indirect imports
from American POS and offshore facilities located in LDC's. (See Table 7-11.;
The estimated value of U.S..indirect exports to developed countries is very

rough. The share of the developed country market supplied via indirect exports

.grew from an estimated 7 percent-in 1968 to 20 percent in 1972. The second major

change was the development of a substantial wafer production capacity in Europe.
Host cduntry production including wafer fabrication by American firms grew from
an estimated $36 million in 1968 t§ an estimated $174 million by 1972. (These
figures exclude the value added by assembly to direct exports of parts. Including
this value would increase the 1968 estimate of $36 million to $49 million and the
1972 estimate of $174 million to $207 million. The change from 1968 to 1972 would
thén be $158 million compared to $138 million if value added by assembly to diredt
parts exports were included.)

Semicondﬁctor trade flows have also been influenced by shipments between
American POS affiliates which redistribute American exports émong final consuming
countries. While this trans-shipment between American affiliates may be sub-
stantial, it cannot be fully measured. However, there is one good example of
this activity in the case of American exports to Switzerland, where adequate in-
formation exists on the extent of trans-shipment. or pass-through of American

exports. -

U.S. Commerce Department data show U.S. semiconductor exports to Switzerland
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Table 7-9

U.S. Companies' Market Share in 4 Major Consuming COuntriesl, 1968/1972

l. Percent share in
individual countries
United Kingdom
Germany

" France

Japan

2. Arithmetic Average (%)

3. Consumption Weighted Average (%)

4. Estimated consumption in
all 4 countries ($ Mil)

5. U.S. Share Foreign

Consumption, Line 3 x Line 4
($ Mil)

1. sy
Japan, Britain, Germany, France.

Source: 1968: John Tilton, ibid, p. 110; 1972: , U.S. Department of Commerce,

unpublished data.

1968

- 53.0

36.0
33.0
10.0

33.0
27.8

$490

$137

1972

58.6
51.4
95.0
12.4

54.3
34.0

$1284

$437
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Table 7—;9

($ Million)

Total Direct Exports
plus Value Added

la. Finished Devices
lb. Parts

lc. Value Added to Direct
Export Parts in Consuming
Countries by U.S.-owned
Affiliates?

. _ 3
Indirect Exports
Residual: U.S. Wafer Fabri-

cation ani‘Assembly in Host
Countries

. Total U.S. Share

Foreign Consumption
Line 1 + Line 2 + Line 3

1

1968 1972
$o1 $184
$65 $129
$13 $22
$13 $33
$10 $79
$36 $174
$137 $437

Japan, Britain, Germany,; France.

2Estimated; excludes Japan for 1968.

31968‘estimated; 1972 value estimated to be 50% of sum of columns 3 and 4

Table 7-11-

4Value added in assembly to indirect exports and to wafers produced in host countries

plus value of wafer fabrication;

Source: Same as Table 7-9.

(Line 1 + Line 2) minus Line 4.
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exceeding $12 million between 1969 and 1972. (See Table 7-12.) But only half

of these exports were actually consumed within Switzerland. U.S. firms re-

exported the balance primarily to the United Kingdom and France. Motorola's

European distribﬁtion center located in Switzerland was a major source of the
pass-through.

Recent changes to EEC and EFTA agreements make this type of transfer less
advantageous. Formerly, U.S.Acompanies could export to a third country via
Switzerland and only pay a nominal duty on the tot;l transaction. Now full [ zC
duty is assessed against products shipped frgm one European trade group to ansci.c-
if 41 percent of the product's value was added outside the EEC Or EFTA.

ﬁhile the incfeased use of offshore assembly plants led to an increased exporec
of semi-finished devices to low wage areas, the more interesting question concerning
trade and investment pertains to POS plants and trade with developed countries. .
Unlike the case of offshore plants, the evidence does not conclusively support
either complementarity or substitution between U.S. exports and U.S. foreign
direct investment.

Semiconductor firms interviewed for this study generally argued that their

direct foreign investment activities had a favorable impact on exports. The

‘reasons glven were of three general types. First, direct and indirect exports

caﬁ be passed-through a POS affiliate in the host country market without the
host country feeling the U.S. firm is acting édlely as an importer. Several
firms cited the difficulty of importing into France without operating a manu-
facturing plant_fhere. The ability to import devices from assembly plants in
1ow‘wage.areas was seen as an especially necessary capability since it allowed
the American firm to be very price competitive (and usually a price leader) in

the host country market. Second, customer support supplied by an affiliate

T e e —

T —————— .
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Table 7-12

U.S. Exports‘Passed—Through Switzerland 1969-1972

U.S. Exports

. U.S. Exports to Consumed in Net Passed-

Year Switzerland Switzerland Through

: ($ Thousand) (§ Thousand) ~ ($ Thousand)
A. Integrated Circuits :

1969 7969 740 7529

1971 7948 » 1100 6848

1972 7116 - 2000 5116
B. Transistors

1969 ' 11771 2800 8971

1971 13138 3900 9238

1972 5429 4600 829

Sources: U.S. Department of Commerce, Country}MarketVSurvey: Switzerland,
November 1973; U.S. International Trade of Communication and:
Selected Electronic Products for Calendar Years 1967-72.
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makes thé host country consumers more willing tovstandardize on a foreign
origihated device. (The support includes custom design for special applications
and quality control for increased reliability.) Third, as discussed in Section
5.b.4, U.S. firms have a greater flexibility in establishing their prices. The
ability to decouple European market prices from U.S. market prices enhances the
ability of U.S. firms to export directly into Europe.

- While it is difficﬁlt to totally discount the arguments favorably linking
exports and investment, the empirical evidence tends to support a different view.

The data suggests that investment in POS plants has substituted foreign production

in developed countries for‘diregt”U.S. exports of finished devices. While the

—— - _ » Pp——

U.8&: companies' share of‘thé major foreign markets increased from 28 percent
:l:i 1968 to 34 percent in 1972, the part of this share accourted for by direct
#nd 1ndirect. imports declined from 63 percent to 34 percent in 1972 and the
part accounted for by direct exports alone decliﬁed from 58 percent in 1968

to 30 perceat in 1972, This narrcwer definition would be combining the effecﬁs

. of all ferms of foreign direct investment on direct exports of finished devices.

Additional evidence supporting the argument that foreign production substituted fc
export comes from examining time series data on U.S. exports, number of U.S.
foreign affiliates, and several market activity variables. Equation 7-2 relates
thevratio of annual U.S. exports net of parté exports to LDCs (X) to annual
British, German, Frenqh, and Japanese consumption‘of semiconductors (CONS) as a
function of the European and Japanese industrial production index (IP) and the
cumulative number of U.S. POS affiliates in developed countries lagged one period

(AFFL(=1)). The form of the relation assumes an elasticity of unity between U.S.

exports and developed country semiconductor consumption. The coefficient of the
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affiliate term 18 negative and moderately significant. (t-statistic for
coefficients in parenthesis., Data on exports and consumption are from

Tables 7-6 and 7-7; data on affiliates from Table 5-2.)

(7-2) Log (X/CONS) = -10.7 + 1.94 * Log (1IP) ‘ .

' = .52 * Log (AFFL(-1))
(1.88)+ '

-2 \.
R™ = 0.67 DW = 1.56 Period 1955-4973

’

Relaxing the aséumption of unitéry elasticity and adding a relative price
term WPIUS/WPIEUR,(the U.S. wholesale price for semiconductors relative to the
Eurcpean wholesale price index) yields results cénsistent with Equation 7-2
though the coefficient of the affiliates term is not very significant.

(Data same as equation'7—2.)

WPIUS
{PIEUR

(7-3) Log (X) = -2.67 -1.32 * Log )

+ 1.34 * Log (CONS)
(6.3)

- .45 * Log (AFFL(-1))
(1.13)

%2 = .79 DW= 1.85 Period 1955-1973

Finaliy,vusing the data collected on U.S. semiconductor company operations
for 1972 (see Appendix A), a U.S. company exports as a perdentage of domestic gmales
was related to the existence of foreign affiliates by type. 1f a firm had any POS
affiliates, D1 was set equal to one (and zero othérwise). Similarly D2 equals one
whenever a company had any of fshore affiiiates. (See Equation 7-4.) The results
are consistent witﬁ the time series results; but an important distinction becomes

apparent.

J
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(7-4) (X/Ussales) = 0.15 - 0.19 * D1 + 0.15 * p2
(2.63)  (1.98)
R = 0.24 N =21

While the presence of POS affiliates is negatively related to the export share of
a company's sales (X/USSales), the oppositevrelation holds for offshore affiliates.

| In summary, the effect of U.S. foreign direct investment on U.S. exports is
sensitive to the type of product exported, the type of foreign affiliate, and th.:
location of the foreign affiliate. With regard to‘U.S. exports of parts to develr>-
ing countries, the incréased number of assembly affiliates in these countries e¢x -
panded the share of total U.S. eprrts which flowed to these countries, and, in
particular, led to an increased export of semi-finished devices. But the gro&th
of this form of semiconductor exports has not clearly benefited U.S. employment in

'

the industry. (Except if one argues that without going to offshore assembly, U.S.

"~ firms could not have remained competitive.)

By establishing POS affiliates, U.S. firms were able to maintain, or in some

instances increase, their share of developed country markets. The effect of the

growth of POS affiliates on U.S. exports is not completely clear. U.S. export share

of major foreign markets has declined. U.S. firms argue that without the presence

of a production affiliate within a foreign market, exports would have declined more
geverely. (Especially in France where nontariff barriers hindered attempts to supply
the market solely via exports.) This view, that exports would have fallen whether
or not U.S. firms engage§ in foreign production, means that the empirically derived
negative export-investment reiation does not necessarily result from foreign produc-
tion substituting for exports. Bﬁt the extent of the fall in the U.S. export share
over the 1969-1972 period leads one to believe that some degree of export substitu-
tion took Place or, conversely, that the export-investment complementarities were
not sufficiently significant to prevent a substantial decline in the U.S. export

’

ghare.
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Chapter 8

‘Summary

American semiconductor manufacturers have dominated the world semiconductor
industry since the first commercial application of the transistor in the early
1950'5.‘ Previous studies have examined the causes for this dominance and
" traced the development of the U.S. and foreign industries. (See Tilton and
Golding.) This study reviewed the extent and the‘effects of the outward trans-
fer of semiconductor teéhnology by U.S. firms. Given the dominant role that
Ameriéan firms played in developing the underlying technology for solid state
devices, this outward flow of knéw-hOW‘was a particularly important one to
study. |

Two major factors influenced the transfer of semiconductor technolgoy
by American firms: the industry's organization and the characteristics of
semiconduétor technology. The U.S. semiconductor industry consists of three
types of fimms: (1) peripheral companies manufacturing semiconductors primarily
for internal consﬁmption; (2) large firms with s;mieonductor operations; (3)
small, independent manufacturers. The peripheral firms, primarily Western
Electric and IBM, are important because they have large semiconductor R&D programs.
The smaller firms act as a stimulus for promoting new innovations within
the domestic U.S. industry. But it has been primarily the large firms which
have been actively transferring their know-how abroad. The large firms have
led in the establishmenﬁ of a substantial number of foreign»affiliates
serving foreign markets. Through these affiiiates procesé technology has
been directly tiansferred into foreign countries. These firms (particularly

Texas Instruments and Fairchild) have also actively licensed their technology L
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to foreign firms,

Semiconductor production can be segmented into stagés of varying degrees
of complexity. This ability to segment the production sequence has in tﬁrn
led to selective transfer of the technology offshore. Each segment can be

physically separated from the other with minimal effect on total production

costs. The most important stage of production, wafer fabrication, is difficult

'to transfer due to its complexity.

To date!'only affiliates of U.s. firms located in

developed countries have been upgraded to the level of full wafer fabrication.
Assembly technology, on~the-othe; hand, is simpler and more readily trans-
ferred»offshoré. Additional factors which have affected the selection

of semiconductor. technology for transfer have been learning economies and
economies of scale. Wafer fabrication is subject to substantial learning
eéohomies and has tended towards economies of scale. These factors generally
encoﬁrage firms to concentrate wafer fabrication in a minimum number cf
facilities. The opposite is the case for assembly.

In choosiné between alternative methods of transferring semiconductofl
technology,.the large firms have been constrained by the factors discussed
above. The complexity of the process technology makes the sale of it via
licenses‘very difficult to support. Licenses, therefore, have been predom-
inantly only for patent rights. Companies which have sold process know-how
haﬁe generally limited the salé to older technology Qith well defined para-
meters. An additional barrier to licensing process know-how is posed by

the learning economies associated with accumulated production volume.
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Learning economies cannot be'fully trénsferred by license. The general un-
wiiliﬁgness-of smaller firms to devote any of their resources to support
knothéw\liceﬁse arrangements has meant that the large firms aie the primary
uséré of this channel to transfer know-how. _ | -

E#portS'have been a major means for U.S. firms to service foreign markets,
but this channel has severe limitations in terms of transferring technology.
Foreign firms are able to imitate exported devices but this requires them to
have already acquired the necessary process know-how. Additicnally, if they
do imitate the deviée, they must sfart down the learning curve lagQing the
American firms in cost reductions.

Overall, one is left with the impression, despite the rapid growth cf
foféign operations, that U.S. firms have retained tight contreol over their
production techniques, particularly wafer fabrication. The developed
countries have been the sole beneficiaries thus far of transfers of production
faciliﬁies which include wafer fabrication.

U.S. semiconductor trade flows have been substantialiy affected by direct
foreign investment. Due to the transfer of assembly operations abroad, the
absolute size of semiconductor trade has grown rapidly. More importantly, the
presence of these plants has allowed the industry to reduce its direct labor ex-
penses and reduce final product costs substantially. This cost reduction has
furthef expanded the potential market for semiconductors in the U.S. and abroad.
Due to tariff schedule Items 866-807, U.S. firms using offshore plants gain a
cost advantage in the U.S. market over Japanese and European competitors, evgn if
the foreign firms loqate their assembly plants in the.same developing country.

The location of assembly plants in certain countries has enabled American firms

-

D
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to gain access to developed country markets without facing import duties while
they retain their low cost labor base. This indirect method of export to developed
countries has been expanding.

The share of developed countries' markets serviced by direct semiconductor
exports has fallen. Empirical evidence suggests that this decline can be in par-
attributed to the growth of American POS affiliates in these markets. But other
evidence suggests the decline might_have been even larger if U.S. firms had f. = g
to establish production affiliates. |

Among the different stages of production, American firms have chosen to
transfer assembly technolggyfto low wage areas. This phase of production has
a significantly lower capital-labor ratio relative to the capital-labor ratio
for the entire production process. One important affect of this transfer has

been that the occupational distribution of the U.S. industry's domestic labor

force has shifted towards more highly skilled occupations.
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Appendix A
Notes

L))

'lExports are sales made directly to foreign buyers without passing through

a foreign affiliate.

2Fbreign production are sales made to foreign buyers by foreign affiliates
of U.S. companies.

3Estimated.‘

Sources: 1972 Form 10-K filed with the U,S, Securities and Exchange
Commission; J.P. Ferguson Associates, Los Altos, California;
interviews with companies.
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APPENDIX B & s

Two questionaires were used to obtain data for preparation of this paper. =
The first Wés used in conjuction'withiinterviews with semiconductor com-
 panies. This dealt with licensing policy, transfer of innovations and
adaptation of technology. Twenty one companies were interviewed. These
interviews provided the main input to Chapters 4 aAd 5. |

The second questionaire was a mail questionaire sent to 40 §mall Semi-
conductor manufacturers. Firms selected for this survey had less than
twenty million dollars in semiconductor sales in 1972 or less than 500
employees. Private rather than public ownership was a second criteria for
selection. Many of the smaller companies are privately
owned and do not file finénéial reports with the SEC. Outside of visit-
ing these private firms, a‘queétionaire was the only way to obtain in-
formation on their activities.

Thirty one small firms replied tb the questionai?e; twenty-seven of the.
responses were used in the final tabulations. The questionaire requested
information on initial manufacturing, exporting, license, and foreign
manufacture; The data from this questionaire were primarily used in Chap+

ters 4.
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APPENDIX C

COMPANY

Advanced Micro

Devices .

Diodes, Inc.

Litronix

Monolithic
Memories

Electronic
Arrays

National
Signetics
Solitron

Transitron

Fairchild

-Motorola

Mostek

Harris

Semiconductor

RCA

YEAR

1972
1972
1972

1972

1973

1973

1974
- 1974

1972

1967
1972
1972
1972
1967
1967
1974
1974
1967
1972
1974

1974

1974

1974

COUNTRY

Malaysia
Mexico
Singapore

Malaysia

Malaysia

Singapore

Singapore

Malaysia

Hong Kong
Korea

Mexico

- Hong Kong

Mexico

Hong Kong
Korea
Singapore
Indonesia
Korea
Mexico
Malaysia

Malaysia

Malaysia

Malaysia

EMPLOYEES SQUARE

640
150
682

1308
102
743
4000

2400

500

1600

6000

1100

3500

1000
1000
3000

1200

2500

FOOTAGE

20,000
12,000
~7,500

15,000

15,000

37,000
88,000
30,000
10,000
30,000
26,400
15,000
166,000
145,000
18,000
52,000
so,obo
40,000
40, 000
110, 000

30,000

40,000

84,000

ESTIMATED
INVESTMENT
($ Th.)
4000

2400

1500

3000

3000

7400
17600
6000
2000

6000

- 5280

3000
33200
29000

2145
10400

1600

7500 .

8000
18000

6000

8000



COMPANY

Intersil

Carter
Semiconductor

General
Instrument

Dickson
Siliconix

GE

YEAR

1969

1971

1971

1971

1972

1973

1973
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"APPENDIX C

Ireland 1350

(con't) ,
COUNTRY EMPLOYEES SQUARE
. FOOTAGE
Singapore ' 120,000
Hong Kong 3000 100,000
Philippines 1000 25,000
Taiwan 900 35,000
Mexico 500
"Hong Kong 315 14,000

ESTIMATED
INVESTMENT
(§ TH)

20000

20000

5000

7000

2800

Source: SEC Form 10-K filings and S~1-filings; 'Electronic News
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