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Table 6-3
World Apparent Consumption of Semiconductors
(percent of total noncommunist-world consumption)

Years
Area 1956 1960 1965 1970 1974 19782
United States 80 76 66 53 48 46
Western Europe 8 12 18 22 25 23
Asia 10 10 14 22 24 28
Rest of non-
communist world 2 2 2 3 3 3

Source: U.S. Department of Commerce, Report on the U.S. Semiconductor Industry (Wash-
ington, D.C.: U.S. Government Printing Office, September 1979), p. 88.

aSemiconductor Industry Association estimates.

minor; export sales in no year exceeded 5 percent of total factory sales
(Finan 1975, p. 90). Consumption of semiconductors abroad was minimal
and imports into the United States were quite low. This low amount of trade
was due to the differing uses of semiconductors in the United States and
abroad and the small size of foreign demand. In the United States, semicon-
ductors were used in military and industrial applications, whereas abroad
they were used primarily in computers and consumer products. Even
though exports to Europe and Japan remained low, they did account for a
significant share of total consumption in those countries. Table 6-3 presents
data showing world consumption of semiconductors for selected years from
1956 to 1978. Also, foreign semiconductor firms were few and new, and
‘tended to lag one to four years behind the United States in technology
(Finan 1975, p. 13).

The motivating factor behind foreign imports of U.S.-produced semi-
conductors in the 1960s was access to new technology. U.S. trade policy im-
posed virtually no restrictions on exports to other free-world countries. This
policy impacted the environment directly by diffusing information regard-
ing new product developments to foreign competitors. Foreign firms were
able to study and copy these new innovations, thereby allowing them to
develop new products more rapidly than if export restrictions had prevented
this diffusion. Of course, new-process innovations were much more diffi-
.cult to obtain and copy until offshore assembly and direct foreign invest-
ment by U.S. firms occurred. Even with offshore assembly, R&D and the
technology-intensive processes (for example, wafer fabrication) continue to
be done.domestically. _

After 1965, a shift in the pattern of trade occurred and the total volume



Table 6-4
U.S. International Trade of Semiconductors: 1967-1977
(millions of dollars)

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 19772

Exportsb 152 204 346 417 371 470 848 1,247 1,053 1,400 1,503

Imports 43 72 104 157 179 330 619 961 803 1,107 1,352

_Trade balance +109 +132 +242 +260 +192 +140 +229 +286 +250 +293 +151

Source: U.S. Department of Commerce, Report on the U.S. Semiconductor Industry (Washington, D.C.: U.S. Government Printing Office, Septem-

ber 1979), p. 59.
2Preliminary data.

bNot adjusted for Tariff Items 806.30 and 807. The foreign-trade data include semiconductor subassemblies and parts of semiconductors exported for

assembly or further processing in overseas plants that are then returned to the United States as imports under TSUSA items 806.30 and 807.00.
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of trade increased significantly. Table 6-4 indicates the pattern of U.S. trade
and demonstrates the rapid increase in trade volume. U.S. firms began to
set up offshore assembly plants and invest directly abroad in complete pro-
duction facilities. In part, this setup was due to domestic competitive pres-
sure to reduce costs, especially in the labor-intensive assembly phase of pro-
duction (U.S. DOC Report 1979, p. 69). Note that this move offshore also
forced the Japanese firms to go offshore (Chang 1972). Foreign consump-
tion of semiconductors rose steadily throughout the late 1960s and 1970s.
Prices for semiconductors abroad began to drop significantly, making for-
eign tariffs a problem for U.S. firms exporting into foreign countries while
trying to remain competitive in their prices (Finan 1975, p. 94). Also, end
uses for the devices became more similar in the United States and abroad,
thereby increasing the number of foreign countries U.S. firms might pene-
trate with similar devices. Finally U.S. trade policy remained open, while
several foreign governments began protecting their semiconductor indus-
tries with various types of trade barriers.

High tariffs and high nontariff barriers (relative to the United States)
spurred U.S. firms to set up production facilities abroad (Finan 1975, p.
84). These facilities are integrated and include a total production facility
rather than simply final assembly and wire bonding. In both Germany and
France, unofficial quotas on the importation of semiconductors and tariffs
of up to 17 percent existed; in Japan certain quotas remain in existence.
However, the quota on importation of integrated-circuits containing more
than 200 elements was lifted in Japan in 1974 (Finan 1975, p. 95). These
restrictions provided incentives for U.S. firms to locate production facilities
in these foreign nations.

US. trade policy throughout the 1970s has remained liberal, with low
tariffs on imports and various measures designed to stimulate exports. U.S.
imports of semiconductors are taxed at a 7-percent rate, whereas tariffs on
semiconductors imported into other countries range from 10 to 20 percent
(Tanaka 1979, p. 17). Thus, foreign firms face an incentive to export their
devices to the United States rather than to other foreign nations that have
higher tariffs. This incentive is one reason U.S. imports have risen
significantly in recent years. Domestic demand, particularly in recent years,
has outgrown domestic production capacity and the United States remains
the largest semiconductor market in the world.

Several policies and policy issues have been important or potentially
important to the industry. One such policy is the special tariff provisions of
Items 806.30 and 807.00 of the U.S. Tariff Schedule. These tariff provisions
tax only the value added abroad upon reimportation into the United States
with an ad valorem rate of 5 to 8 percent (Finan 1975, p. 69). This policy has
aided U.S. firms in their strategy to open offshore assembly plants in
less-developed countries. Offshore assembly began in the late 1960s and



Table 6-5
Adjusted U.S. Trade Data for Semiconductors: 1970-1975
(thousands of dollars)
Average Annual
Trade 1970 1971 1972 1973 1974 1975 Growth Rate (1970-1975)
Exports (less U.S. content? 417,021 307,528 469,644 848,454 1,247,498 1,053,495
of 806.30/807.00) — 78,409 — 81,255 — 127,346 - 185,637 =310,359 —291,718
338,612 289,273 342,298 662,817 937,139 761,777 17.6
Imports (less U.S. content® 157,464 179,092 330,277 618,613 961,338 802,687
of 806.30/807.00) — 78,409 — 81,255 —127,346 — 185,637 -310,359 --291,718
79,055 97,837 202,931 432,976 650,976 510,969 45.3
Balance 259,557 191,436 139,367 229,841 286,168 250,808

Source: U.S. Department of Commerce, Reporton the U.S. Semiconductor Industry (Washington, D.C.: U.S. Government Printing Office, Septem-
ber 1979), p. 68.
ay.S. content denotes value of device upon leaving the United States prior to final assembly. Thus values are the same for both imports and exports.
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early 1970s with plants set up in countries such as Malaysia, Singapore,
Korea, Taiwan, and Mexico to utilize low labor costs for ‘the labor-intensive
‘wire-bonding and other assembly steps (see chapter 2). The ablhty to
reimport assembled products at a low tariff increased the cost savings from
setting up offshore assembly plants. One source estimates that if the
special tariff items were repealed, additional costs of offshore assembly
would amount to 1 to 2 percent of the total cost (U.S. DOC 1979, p. 74). To
show the importance of these trends, in 1977 $1.12 billion worth of
semiconductors were imported under Items 806.30 and 807.00 (U.S. DOC
1979, p. 58).

Some of the increase in foreign trade of semiconductors merely reflects
rising imports and exports under these special tariff provisions (Webbink
1977, p. 120). As more offshore plants were built, the volume of
international trade naturally increased. Between 1960 and 1965, 13 offshore
plants were built; by 1970, 71 were built; and by 1974, 135 had been con-
structed (U.S. DOC 1979, p. 84). Table 6-5 includes U.S. semiconductor
exports and imports with adjustments made for all items exported and re-
imported under Items 806.30 and 807.00.

Current policy issues with respect to foreign trade revolve around the
rapid increase in imports of semiconductors into the United States and the
strength of competition from foreign firms, especially the Japanese. For
example, the issue of dumping was dealt with in the previous section.
Another issue of great concern involves foreign government subsidies to
their electronics firms. This support allegedly gives foreign firms unfair
advantages in competing and developing new technologies. The Japanese
government, for example, is backing a research effort into VLSI amounting
to $250 million (Business Week, 3 Decmeber 1979; the Japanese govern-
ment is also alleged to support its semiconductor firms financially by
‘‘guaranteeing’’ their solvency (Forbes, 26 November 1979). Japanese
electronics firms tend to be highly levered and therefore can earn higher
returns on equity with relatively lower operating rates and prices. Also, the
financial backing of the Japanese banks allows these firms to pursue
aggressive capacity-expansion plans without the large earnings base
required of U.S. firms. In Europe, government support also has risen. The
French government is spending $140 million on five companies and joint
ventures in the area of VLSI research. Great Britain and West Germany are
also spending sizable sums to develop better microelectronics capabilities.
In Great Britain the funding totals about $110 million and the West German
government has allocated $150 million over several years (Business Week, 3
December 1979, p. 80; Scace 1979).

Nevertheless, these massive spending efforts must be viewed in context
of the research efforts by U.S. firms. In 1978, U.S. semiconductor firms
spent over $400 million in R&D; also the DOD will commit more than $150
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million over a period of several years to develop VHSIC technology. Thus,
U.S. firms are able to spend large sums toward developing new devices and
new technology. A recent report notes that despite the increased activities of
foreign firms and governments, the U.S. share of the worldwide market is
not expected to drop below 50 percent in the 1980s (Business Week, 3
December 1979).

It is also important to note that the more intense competition between
U.S. and Japanese firms currently centers around one product: the 16K
RAM.This device, however, is one of the most-advanced and widely
demanded products in the semiconductor industry today. In the three years
since the device was introduced, the Japanese have made rapid progress,
capturing over 40 percent of worldwide sales in 1979 (Business Week, 3
December 1979). The real fear expressed by U.S. executives is that the
Japanese will parley this success into several others and eventually dominate
all semiconductor sales (Forbes, 26 November 1979).

Tax Policies

In addition to trade policies, another set of government policies affecting
the semiconductor industry has drawn attention in recent years—that is,
tax policies and various tax measures, which allegedly have diminished
the incentives of firms to innovate.

Tax policies have become important to the semiconductor industry only
in recent years. In the early years of the industry, tax policies had little
direct impact on firms. This trend continued throughout the 1960s until
1969, when the tax rate on capital gains was increased from 25 percent to 48
percent (over a period of three years). A series of other changes followed.
Many of the semiconductor executives CRA interviewed asserted that
changes in tax policies in the last twelve years have made capital more
difficult to obtain and restricted the ability of firms to expand capacity,
enter new product areas, and grow at historical rates (interview with
industry executives).

Several tax policies (Investment Tax Credits, capital-gains tax, taxation
of stock options, and other tax credits) are discussed in the following
sections to point out the various effects they have had on capital formation,
entry of new firms (for instance, venture-capital availability), and incentives
to invest in R&D. Each of these tax policies is general in nature—that is, it
affects firms in all industries. None was tailored specifically to the
semiconductor industry, although all of them have had important effects in
this industry as well as in other high-technology industries. These policies
are discussed utilizing our framework for policy analysis and highlighting
the major policy changes currently being recommended by industry
officials.
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Investment Tax Credit

The Investment Tax Credit is available for investments in machinery and
equipment, but not for buildings or R&D, and is currently set at a rate of 10
percent (AEI 1978, p. 11). Uncertainty about the Investment Tax Credit has
existed since it’s introduction in the early 1960s and is used in varying
degrees as a countercyclical device. Until 1978, when it was made
permanent, the credit was a temporary measure that was adjusted (or
abolished) as policy makers believed economic conditions warranted.
Studies have indicated that it may be a useful and effective incentive for
business investment and that it promotes faster, long-term growth in the
capital stock (American Enterprise Institute 1978).

The Investment Tax Credit may affect the firm’s asset structure by
providing an incentive to invest in assets that qualify for the credit (such as
equipment and machinery). This incentive in turn may influence a firm’s
strategies; expansion of capacity may allow a firm to move into new-
product areas (for example, MOS), since the credit can be applied to the
equipment needed to expand capacity.

_Innovative behavior may be indirectly affected since the Investment
Tax Credit may leave firms with more funds to invest in R&D. Also, current
proposals are under discussion (such as those by the Semiconductor
Industry Association and Senate Bill S.700) to make the Investment Tax
Credit applicable to R&D expenditures. This application could directly
affect innovation since firms would have a greater incentive to invest in
R&D (Nesheim 1979, p. 16). The stated purpose of the Investment Tax
Credit is to improve economic performance by increasing productivity,
creating jobs, and providing capital for expansion. Technological
innovation may also occur indirectly as a result of the increases in R&D
investments. Application of the Investment Tax Credit to R&D
expenditures is currently an important issue with semiconductor executives
and is viewed as one way of staying even with foreign government incentives
to their high-technology firms (Nesheim 1979, p. 17).

Capital-Gains Tax

The capital-gains tax created a great deal of controversy among
semiconductor executives during the 1970s. Between 1969 and 1976
Congress increased the effective tax rate on capital gains. The net effect was
to increase the maximum rate from 25 percent in 1969 to over 49 percent in
1978. The Tax Reform Act of 1978 then reduced this maximum rate to 28
percent.

" Prior to the Tax Reform Act of 1978, the capital-gains taxes were com-
posed of three components: a standard capital-gains tax, a minimum



166 Innovation/Competition/Government Policy

tax, and a maximum tax benefit on personal-service income. The standard
capital-gains-tax rate [Section 1202 of the Internal Revenue Code (IRC)]
was increased by the Tax Reform Act of 1969 from 25 percent in 1969 to
29.5 percent, 32.5 percent, and 35 percent in the three following years. For
tax payers in the highest tax brackets, the minimum tax contributed close to
five points to the overall tax rate on a capital gains.

The third component, reduction in maximum tax benefits on
personal-service income, contributed as much as ten points to the taxes on
capital gains. Since 1971, this reduction has applied to the individuals who
are in the highest tax bracket and who have some form of labor income
(Section 1348 of IRC).

The Tax Reform Act of 1976 also lengthened the minimum
holding-period requirement for qualifying capital gains. This period went
from six months in 1976, to nine months in 1977, to twelve months in 1978
(Section 1222 of IRC).

Many economists, business executives and members of Congress
expressed concern than these changes would stifle capital formation, slow
growth and productivity, and prevent new, small firms from raising
investment (venture) capital. This latter issue, the ability of firms to raise
capital, had the greatest impact on the semiconductor industry. Because of
the increased capital-gains-tax rate in 1969, individual investors in new
companies faced a reduced incentive to invest in a new venture. Venture
capitalists view the investment decision in terms of a risk-return tradeoff
and are primarily interested in high-risk/high-return situations. A capital
gain is defined as profits earned on the sale of capital assets held for twelve
months or more. Thus, when a venture capitalist invests in a new firm, he
expects a substantial return (usually 25 to 35 percent a year) on that
investment that will be taxed as a capital gain once he liquidates the
investment. However, given the increase in the tax rate, venture capitalists
saw the prospective rewards of any investment diminish and thus were less
likely to commit funds to any project, especially risky ones.

Venture capital has played an important role in the semiconductor
industry, and we need to examine how policies (especially the change in
capital-gains tax) have affected its availability. Venture-capital availability
in every industry will fluctuate over time depending on present economic
conditions and business cycles. Nevertheless, venture capital will be more
readily available to firms in a rapidly growing industry such as
semiconductors, as opposed to more-mature, slower-growing industries. In
the former industry, the risk-return tradeoff often appears more attractive,
especially during boom economic conditions (CRA 1976, p. S-7). In a
strong economic environment, the venture-capital market is usually very
active; however, during downturns, capital ‘‘dries up’’ and obtaining
money for a new venture becomes more difficult.
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This trend only manifested itself in the semiconductor industry during
the last decade. Prior to that time, .venture capital had been easily
obtainable for two reasons. First, the capital costs of entry were relatively
low since only a modest investment (about $1 million) was required to set up
an efficient manufacturing operation. Thus, there was less demand for large
sums of venture capital. Second, the rapid pace of technological change and
growth in the industry during the 1950s and 1960s made the profit
opportunities for venture capitalists good and the risks relatively low
(interview with venture capitalists).

However, in the late 1960s and early 1970s venture capital became more
difficult to raise for new semiconductor ventures. This difficulty was due in
part to the change in the capital-gains tax (interview with venture
capitalists). Also, the capital costs of entry had risen considerably, thereby
requiring larger initial outlays. Estimates of capital costs of entry range
from $100,000 to $1 million in the 1950s to $10 million in 1970 to $30-40
million today for a state-of-the-art manufacturing facility (Forbes, 26
November 1979, p. 56; Tilton 1971, p. 88). The costs to set up a wafer-fabri-
cation plant currently run about $10 million and may rise as high as $30 mil-
lion by the mid-1980s (Business Week, 3 December 1979, p. 81). These
increases (and the resulting decrease in entry) stem from the increasingly
complex and costly technology required to make each new device. As a
result, venture capital has not flowed into the industry in part because entry
costs are too high to make a venture-capital offering feasible. Finally, the
return on venture-capital investments dropped and several financings
turned sour (interview with venture capitalists).

Semiconductor firms often have difficulty raising growth capital.
Several firms of moderate size have elected to merge with larger firms to
help solve their capital problems. Firms may be forced to alter their
strategies when faced with a capital shortage. For example, Signetics
entered the industry in the 1960s with venture capital from an investment
banking house and followed a strategy of moderate to rapid growth. How-
ever, within three years additional capital was needed and Signetics decided
to merge with Corning Glass, which was willing to provide the capital
needed for expansion. Later in the early 1970s, the Dutch electronics firm,
Philips, acquired Signetics and infused further capital into the company.
Another foreign firm, Siemens A.G., acquired a 20-percent interest in
AMD and also set up a joint venture with AMD in the United States (Elec-
tronics, 13 October 1977).

As seen in previous chapters, many of the major integrated-circuit
innovations came from firms spinning-off from existing firms (for example,
Fairchild, Signetics, Intel, Mostek). If firms are unable to enter the industry
due to a lack of capital, innovative pressures will be reduced on the firms
already in the industry.
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Recent reports indicate that the venture-capital market may be booming
once again. Recently, evidence indicates that venture capital is available,
particularly for rapidly growing firms. Little money is going to firms for
start-ups that require the development of a new technology (Electronics, 10
May 1979, p. 88). But venture capital is flowing to new firms adapting or
improving advanced technologies where profit potential appears high
(interview with venture capitalists).

One explanation for this increased availability of venture capital was
the change in the capital-gains tax in 1978. The net effect of the 1978 change
was to reduce the maximum capital-gain-tax rate from 49 percent to 28
percent. The minimum tax and the reduction in maximum tax benefits
would no longer apply to capital gains; these taxes would be replaced by an
alternative minimum tax that would not increase the maximum tax rate over
28 percent (Section 55 of IRC). Also, the maximum amount of profit
subject to the tax was dropped from 50 percent to 40 percent.

Several groups (Walker and Bloomfield 1979) pushed hard for this
reform and in the year that has passed since the tax reduction, many people
believe it has stimulated capital investment (Wall Street Journal, 31 October
1979) and in particulr venture-capital offerings Mick 1979, p. 28; inter-
view with venture capitalists). Data indicating increased activity in the
venture-capital market include an increase in the number of equity offerings
by firms with net worth under $5 million from 15 in 1978 to 34 in 1979 and
an increase in the funds raised by such firms from $76 million in 1978 to
$166 million in 1979 (Wall Street Journal, 10 December 1979). Other people
believe that the so-called demonstration effect of earlier successful invest-
ments has helped stimulate the flow of venture capital. Venture capitalists
are now more experienced and more willing to pass up marginal deals
(interview with venture capitalists). At any rate this decrease in the capital-
gains tax may stimulate new investments and provide more capital, which
may ultimately result in more R&D spending and improved innovative
performance.

Treatment of Stock Options

The tax treatment of stock options and the elimination of the qualified
stock option in 1976 have influenced the ability of semiconductor firms to
attract top personnel from other firms. Since skilled-labor resources have
historically been in short supply in this industry, firms have used the stock
option as a means of luring top-notch personnel to new firms.
Employee-ownership plans, the profits of which were taxed at a relatively
low rate, were viewed as an attractive incentive to engineers and were
beneficial to a new firm in obtaining qualified personnel. These plans made
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possible large incomes contingent upon the success of the new firm and
allowed taxation at the capital-gains rate, which was lower than the
personal income-tax rate.

.Changes in the tax laws now make these options less attractive to
employees and new firms. Previously, qualified options were given to key
personnel, and no tax was assessed either at the time of the grant or at the
time of exercise. At the time of resale, the shares were taxed at the
capital-gains rate. These special options were phased out beginning in 1976,
and stock options no longer receive special tax-exempt treatment (U.S.
Senate 1978, p. 43).

Firms now prefer to use other employee-incentive plans such as bonuses
and profit sharing; however, none is as potentially lucrative as was the
qualified stock option. For example, one firm, Signetics, has a
profit-sharing plan in which employees receive a bonus based on a
progressive rate structure and the relationship of the company’s actual
profits to a predetermined benchmark for the year. Thus, if the base is 30
percent for the year and Signetics earns 40 percent that year, the amount
that Signetics contributes to the profit-sharing pool will increase more than
proportionately to the increase in profits above the base. When the firm’s
pofits fall short of the base, its contribution to the profit-sharing pool also
drops more than proportionately, according to a CRA interview with an
industry executive. (The figures used in this example are entirely hypotheti-
cal and are not related to the figures in the Signetics profit-sharing plan.)

Semiconductor executives believe a return to the qualified stock option
would benefit the industry (interview with industry executive). These
options had an important impact in attracting people to new firms, making
it easier to start a new firm. This effect on entry is particularly significant
given that new, small firms have been an important source of innovation in
the industry (see chapters 3 and 4).

Other Tax Policies

Recent changes in the U.S. income-tax policy have eliminated the favorable
treatment for Americans working in foreign countries for U.S. firms.
Overseas personnel no longer earn their first $25,000 tax free. As a result
companies find that convincing top-quality management to live outside the
country is difficult. Concern has been expressed over the effect of this prob-
lem on the growth of the semiconductor industry. One official stated that
the new policy was “excessively punitive,” and that the number of U.S.
semiconductor-business personnel living abroad had dramatically decreased
as a result of the policy change. He stated that companies are finding it
more difficult to penetrate export markets because of the scarcity of the
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requisite-management expertise within the native labor force (interview with
industry executive).

. Another proposed revision of the tax laws might also affect adversely
productivity and R&D spending. The proposed change in Section 1.861-8
would limit R&D deductions on the firm’s tax return to the same proportion
on earned income as to worldwide income. This limitation could deny firms
important R&D tax advantages and or force them to move some of their
R&D abroad. This move could conceivably make firms’ R&D efforts less
effective since the exchange of research information may be hampered.
More importantly, industry officials believe that the incentive this law
would create to ‘‘export’’ the development of new technology runs counter
to national priorities and needs.

Manpower Policies

The semiconductor industry is best characterized by its people rather than
its companies, since company success directly depends upon individual
expertise (Braun and MacDonald 1978, p. 128). Therefore, government
policies that affect the quality and availability of manpower in the industry
have an important impact on industry growth and structure. We discuss
now the role the government has played in training engineers for the
industry and encouraging or discouraging their mobility within the
industry. Issues include government funding to universities; U.S.
income-tax policies with respect to the treatment of stock options, overseas
operations, and tax credits for R&D funding; antitrust regulations; and
several court rulings regarding interfirm mobility.

Government funding, particularly from the DOD and NASA
programs, greatly aided the electronics industry in the 1950s. During that
period the DOD allocated $1 to $2 million annually to more than 100
doctoral candidates for basic research in solid-state electronics (Utterback
and Murray 1977, p. 17). Universities received funding for the necessary
facilities and equipment to attract top-quality research personnel for
government projects. The promotion of university research and training
provided the highly technical labor force needed for the development of the
commercial industry. Expertise gained on government projects could be
applied to the growing demand for consumer applications. This was
particularly important in facilitating the growth of small firms and
encouraging new entrants.

Since the 1950s and mid-1960s, government support for R&D and
manpower training to universities and firms has markedly declined
(interview with industry executive). Several major firms claim that support
is currently nonexistent. Many executives have agreed that the universities
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provide an important training ground for the technical manpower required
by the industry. Generally, however, gxecutives believe that university
facilities and equipment are obsolete and hinder up-to-date training of
future engineers (interview with industry executive).

Several semiconductor executives believe the government should
increase its funding to universities to help update their engineering facilities
and programs. They believe that enrollment in engineering programs is
directly correlated with the fluctuations in government funding (Utterback
and Murray 1977, p. 37). Nevertheless, they also believe that the quality of
personnel attracted to the industry has not diminished over time (interview
with industry executive).

A new tax issue is pending before Congress that many executives believe
could have a positive effect on the availability of skilled manpower in
high-technology industries, including the semiconductor industry. Senate
Bill S.1065 would provide for a federal tax credit of 25 percent for grants by
U.S. corporations to colleges and universities for fundamental research.
The industry contends that the proposal would positively affect technical
innovation by encouraging the expansion of the base of fundamental
knowledge that supplies the building blocks for advancement in the
industries of applied science (Nesheim 1979, p. 19). In addition, the new
policy would increase the supply of talented, highly skilled engineering
students who are the future innovative leaders in U.S. business.

Litigatory proceedings have limited interfirm mobility to some degree.
Despite the difficulty in obtaining an injunction against departing
employees, actions were sought in a few cases. In 1969 IBM went to court
against Cogar Corporation, which acquired 70 of its 150 employees from
IBM. Cogar was enjoined from further recruiting IBM personnel. Motorola
took Lester Hogan and other former company executives to court when
they joined Fairchild in 1968. Fairchild brought action against the founders
of Rheem Semiconductors, alleging that they had stolen proprietary
material. National obtained a consent decree Jean Hoerni and Intersil,
After Hoerni recruited a group of experts from National when he formed
Intersil.

These court cases define the limit of tolerance in the industry for
so-called employee theft. Except in these extreme cases, when at least
several top employees are lost to another firm, semiconductor companies
have had no legal means of slowing down the high rate of manpower
mobility. Few top people have worked for only one firm and the vast
majority have worked for three or four firms within a decade (Braun and
MacDonald 1978, p. 131).

In sum, the supply and mobility of manpower were initially promoted
by government policies, especially with university funding for research and
training and antitrust action. Government actions have faltered, however,
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and several major firms believe that the cut in university funding and new
tax policies concerning stock options and overseas income have hmlted the
availability of highly skilled technical manpower.

Policy Interdependencies

As we discussed in chapter 1, policies cannot necessarily be examined in-
dependently. Consideration must also be given to their interaction and in-
terdependence. Interdependencies should be distinguished from simultan-
eous impacts. Interdependence implies interaction among policies whereas
simultaneity implies concurrent but independent impacts of policies. These
policy interactions may alter the anticipated effects of one or a group of
policies. Also policies may act together to reinforce one another. These
interactions and interdependencies as they relate to the semiconductor
industry can best be explained by examining them historically. In this way
further light may be shed on the changing role of policies over time and the
reasons certain policies have affected the industry so strongly at certain
times. Not all interdependencies and policy interactions can be discussed
here; however, the most important ones will be described and analyzed to
illustrate how our framework can be applied to them.

Interdependencies arise in several ways. A policy may affect more than
one element of the framework; these effects may be contradictory or
reinforcing. If the impacts are contradictory, then the results may not be the
anticipated ones. Also, multiple policies may each affect only one element
of the schema, but taken together these effects may be other than what was
anticipated. Finally, a policy may be implemented with the expectation that
a certain element of the framework will be affected; however, for a number
of reasons the impact may not be realized.

During the brief history of the semiconductor industry, several
instances have occurred in which policies have interacted and had a
significant impact on the industry. The most obvious example was
government R&D-funding and procurement activity that during the 1950s
and early 1960s interacted to create a conducive environment for
innovation. Other policies have been interactive: antitrust and patent
policies have had a synergistic effect in making possible easy diffusion of
technical information, and certain tax policies have had important
interactive impacts.

. R&D funding and procurement worked at cross purposes concerning
the entry of new firms but reinforced one another to accelerate the rate of
.innovation in the industry. During the 1950s, government R&D funds went
primarily to the established firms and only infrequently to newcomers. One
explanation for this distribution may be that contracting officers awarded
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R&D funds based on past performance, since the achievable research was
done. Newer firms with less-recognized research staffs could not compete as
effectively as established firms with a known track record.

In contrast to R&D policy, early government-procurement policies
favored newer firms, and established firms did not receive a proportional
total of procurement funds (Tilton 1971, p. 91). This differential impact
may be explained by the willingness of new firms to adapt more readily to
government specifications, since they were trying to establish a competitive
base. Also, past performance would be less important, since the output of a
procurement contract can be well specified, compliance with contractual
requirements can be easily monitored, and new firms may have the
innovation to fit the government’s needs.

Although these two policies worked at cross purposes concerning entry,
they acted together to create a conducive environment for innovation.
Procurement policy tended to reduce the market risk faced by the potential
innovator and R&D funding reduced technical risk. These policies together
had an impact on almost every firm in the industry and as a result, the firms
in the industry were responsive to government demands for new, better
products. These policies also interacted to create a so-called urgency impact
for many of the firms, compelling them to match and increase their R&D
and innovative efforts (Kleiman 1966, p. 68). Both policies impacted
strongly on the environment of firms and forced them to match their
strategies to the government’s demands. The magnitude of the
government’s efforts in this area were such that firms could not ignore these
incentives.

Antitrust and patent policies have had interdependent effects. The
threat of strict antitrust enforcement, especially during the 1950s, prevented
firms from using patents as a means of acquiring or maintaining market
share. Royalties tended to be relatively low and cross licenses were readily
obtained; otherwise firms (especially the large receiving-tube firms) believed
they might have risked a suit with the Justice Department (interview with
industry executive).

In this case both policies acted simultaneously and interdependently on
the environment and in turn affected the way firms formulated their
strategies. The larger firms in the industry had to be more careful about
obtaining a dominant patent position or trying to enforce those patents.
The two policies interacted since they both influenced the firm’s environ-
ment and fogether forced firms to reconsider and possibly set up new
strategies. Had the threat of antitrust enforcement not existed or if the
opportunity for obtaining a strong patent position had not presented itself,
firms would not have encountered such obstacles and might well have
pursued very different strategies with respect to licensing and enforcement
of patent rights.
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In this case the policy interaction mitigated the anticompetitive effects
of patents while preserving the benefits of patents by providing and
diffusing new information. However, this impact was beneficial to the
industry only as long as all firms felt constrained by antitrust policy. Today,
foreign firms seem to be catching up and have built up strong patent
positions. The constraint imposed by antitrust policy now has a differential
impact, affecting only domestic firms. In the long run foreign firms may be
able to use their patent position to gain a large market share in the United
States (interview with industry executives).

One example of a simultaneous policy impact was the tax treatment of
stock options and capital gains during the 1960s. Entry of new firms was
facilitated by liberal rules regarding stock options. At the same time,
capital-gains taxes were relatively low and venture capital (especially in the
late 1960s) was readily available and facilitated entry (interview with
venture capitalists). These tax policies together allowed easy entry of new
firms, which increased the innovative and competitive pressures in the
industry. Our framework shows this impact quite readily. Two of the
crucial inputs into forming a new semiconductor firm were (and still are)
highly skilled engineers to develop innovative products and investment
capital to set up the business. The qualified stock option and a moderate
capital-gains tax operated to aid entrepreneurs interested in forming a new
firm to obtain both of these inputs. Qualified stock options made it
financially easy to attract skilled labor by offering an attractive
stock-ownership plan; moderate capital-gains taxes helped keep venture
capital flowing, thus aiding in setting up a new firm.

Analysis of the VHSIC Program

This section presents the important questions policy makers should ask
when analyzing the impact of the government’s VHSIC program on the
behavior and performance of the semiconductor industry. We will not deal
with all of the questions outlined in table 1-1; only those questions that
would reveal the most information about this policy will be presented,
together with reasons why these questions are so important. Answers to the
questions will not be given since the purpose of this section is merely to
indicate how the framework allows policymakers to ask relevant questions.

The VHSIC program, as we mentioned, is an attempt by the DOD to
fund a major research effort in the field of electronics and integrated
circuits. The research effort is anticipated to last six years and total
spending is expected to reach $200 million.

With regard to the environment, several important questions must be
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asked about the VHSIC program. On the demand side, one question is
whether VHSIC will lead firms to alter their output mix. This aspect is
important given that the output for military use is specialized and differs
somewhat from commercial devices. The costs of changing one’s output
mix may have already led to opposition to the policy. On the supply side
several questions are relevant. For example, how will the policy affect the
technology base of the industry? Will it generate new technical discoveries?
Also, how does the policy affect the opportunities for innovation and the
technical risk faced by firms in the industry? What is the opportunity cost in
terms of commercial innovation foregone? These questions are important
since they relate to whether the policy will generate and allow the creation
and adoption of new technologies.

Two other questions are whether the policy will affect the supply of
skilled resources to the industry and whether VHSIC will affect the
international competitiveness of U.S. firms. The first question is important,
especially given the shortage of certain skilled resources in the industry.
VHSIC may be one way to increase the supply over the long run, but in the
short run the shortage may become more acute given a diversion of
resources to the VHSIC program. VHSIC’s contribution to international
competitiveness is also important, since one of the implied goals of the
program is to keep U.S. firms ahead in the technology race. VHSIC is also
viewed by many industry members as a response to the massive funding
efforts by foreign governments; thus, the impact of VHSIC on international
competition is an important consideration.

_One final question about the impact of VHSIC on the environment is
whether participating firms will be able to appropriate the returns from
innovations generated from the program. This question is important
because if firms do not believe they can realize sufficient returns, then they
will be unwilling to bid on the program. Also, firms must believe that
potential innovations or other benefits are to be gained from engaging in
this program.

Moving to questions relating to other dimensions of the framework,
questions about VHSIC’s impact on firms’ corporate goals and
organization do not appear to be significant, with the exception of the
impact of VHSIC on a firm’s ability to alter the mix of skills in its resource
base. This impact is significant for firms wishing to bid on the VHSIC
program but with little prior experience in research and production of
military devices. If the policy allows firms to alter their resource base by
adding new engineers or investing more in R&D to accomodate these
changes, then more firms will have an incentive to bid on the project.

This links us to the questions dealing with strategy formulation. These
tend to be the most important questions. For example, will VHSIC
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~reinforce or alter existing mixes of strategies? Will firms following an
incremental-innovator strategy view VHSIC as a means of becoming a key
innovator? How does VHSIC alter the incentives for innovation at the firm
level? These questions are vital for understanding the impact of VHSIC
since the answers will demonstrate how firms react and respond to the
policy given its initial impacts on the environment. Some firms may try to
pursue new strategies and achieve success as a result. Other firms may fail
either by continuing with established strategies or by following a new set of
strategies.

The other set of important questions involves the reactions of rival
firms to changes in the mix of strategies of one of more groups of firms.
And how does this reaction affect the number, size, and distribution of
strategic groups in the industry? The answers to these questions will tell the
policy maker a great deal about the competitiveness of the industry, the
likely effect on innovative behavior, and strategy formulation. And perhaps
more importantly from the policy maker’s perspective, these answers lay the
foundation from which the effects on performance can be posited.

Through its impact on the environment, strategy formulation, and
competitive behavior, VHSIC may have an impact on performance. The
questions to be asked are whether VHSIC will affect social
performance—that is, will it change the technology, prices, costs, quality,
and diversity of product offerings in the industry? Again, one of the
assumed goals of the policy is to improve social performance by improving
the technology and hence the products offered. These questions, while
somewhat speculative prior to completion of the program, still provide
important insights into the potential for improving social performance.

Other important questions are related to the spillover generated by the
VHSIC policy and how firm performance may be improved by the policy.
Firm performance, such as profits or growth, may be affected, especially
firms’ expectations of these elements. If the firm believes expected profits
or growth will be enhanced by the policy, then it may be more willing to
undertake the policy. Spillovers, or the potential for spillovers, are also
important for social performance. A policy that generates beneficial
spillovers will be more socially beneficial and therefore more desirable.

These are some of the questions policy makers should ask when
analyzing a prospective policy such as VHSIC. By proceeding through the
questions and determining which are most important, the answers generated
will provide timely information regarding the impact on firm behavior and
economic performance. The framework provides an easy and comprehen-
sive tool for understanding and analyzing how a policy will affect an
industry.
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Summary and Conclusions

This chapter illustrates how the framework for policy analysis discussed
in chapter 1 and in CRA (1980) may be used to assess and analyze the
impact of a range of policies on a firm or industry. The important impacts
of various policies affecting innovative behavior in the semiconductor in-
dustry have been analyzed. We have found that policies can have differen-
tial effects among firms in an industry and that the importance and effects
of policies change over time as the industry evolves. Finally, the framework
for policy analysis has been used to illustrate the independent and
interdependent impacts of policies on firm behavior (particularly innovative
behavior) and performance in the industry, and how policies affect various
strategic groups in different ways. We have sought to provide the policy
maker with examples of how to analyze the potential impacts of a policy on
market structure, innovative behavior, competitive strategies, and firm and
industry performance. We have used our framework for policy analysis to
trace the linkages of a policy from element to element and ultimately to its
effects on performance. The framework enables one to discern how a policy
such as procurement stimulated innovation: procurement reduced the
market risk to firms of introducing a new product, which induced them to
introduce a new device at a premium price, realize learning economies,
move into new applications, improve performance, and have the resources
to innovate again.

Several conclusions can be derived from our analysis of government
policies affecting the semiconductor industry. Policies impact various firms
differently and these impacts will change over time as the industry itself
changes. Policy makers must bear these points in mind when designing and
implementing policies. Government R&D funding was important during the
early years of the semiconductor industry because it lowered the technical
risk firms faced in developing a new technology. However, not everyone has
welcomed this type of funding (nor did they in the 1960s when Fairchild
refused government R&D funds); it may not lead to the ‘‘right’’ technology
in the future and may divert resources away from more-promising
endeavors. The impact of the policy may be different in the future if some
of the leading innovators in the industry do not participate in the
government programs. Instead of stimulating further R&D and innovative
activity, it may cause firms to spend less on promising commercially
oriented research programs and instead follow the government’s research
priorities.

We have also seen the firms react differently to policies based on their
strategic mix and resource base. Firms following major-innovation
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strategies may not believe in government intervention in the face of foreign
competition, whereas firms pursuing incremental-innovation strategies are
more threatened by foreign competition and favor government
intervention.

Policies have affected firms and their innovative behavior both directly
and indirectly. Often it may be unclear whether the direct or the indirect
impacts are stronger or more important in determining a firm’s innovative
behavior. A direct impact occurs, for example, with government R&D
funding, which provides capital for research and may stimulate firms to
invest more in R&D. An indirect impact occurs with tax policies such as
stock options, which affect interfirm mobility and the ability of new firms
to attract top-notch personnel. Without this input, many new firms might
not have succeeded and innovation in these firms might not have occurred.

Most of the policies that have affected the semiconductor industry have
been general policies with indirect effects on innovative behavior and
performance. Government policy during the 1950s and 1960s created a
conducive environment that in turn allowed individuals to be creative and
develop new products. During the 1970s other policies have indirectly
affected innovation by reducing labor mobility and slowing capital
formation. Key personnel and capital are two of the essential ingredients for
successful innovation, and policies that have affected them may have
indirectly retarded innovation in U.S. firms.

Thus, in order to understand policy issues affecting the semiconductor
industry today, the fact that the indirect impacts of policies can be as
important as the direct impacts is significant. Trade policy, which is of
current concern to many industry executives, does not appear to affect
innovative behavior directly; however, if sheltered foreign markets give
foreign firms increased cash flow, they may outdo U.S. firms in the area of
incremental innovation. Tax policies are also of current interest; tax policies
designed to make capital more available and to better reward the successful
innovator can often have important indirect impacts on innovative
behavior. Policy makers should be aware of these indirect effects as well as
the direct effects of a government program such as VHSIC, since these
indirect impacts may often be as important to innovative behavior as the
direct effects.



Appendix A
Glossary of Integrated-
Circuit Technology

This glossary contains brief descriptions of the innovations listed in tables
3-1 through 3-3. For further explanation of integrated-circuit technology,
see the second section of chapter 2.

Major Semiconductor Device Advances

Integrated Circuit This circuit was a fundamental conceptual advance in-
volving the placement of more than one component in a single semiconduc-
tor body. The technique has evolved from a few devices per chip in the early
1960s to 35,000 components or more in today’s most complex products.

Diffused Resistor The diffused resistor was the first component, other than
diodes or transistors, to be incorporated in integrated circuits. Useful digital
circuits were possible using only transistors, diodes, and diffused resistors.
Diffused resistors are formed using the same processes that are required for
the formation of diodes and transistors. This compatibility was important
in making early integrated-circuits practical.

Metal-Oxide-Semiconductor (MOS) Capacitor The gate structure of a
MOS transistor is itself a capacitor. This characteristic is very useful in
MOS-circuit design. Most modern memories use the capacitance of the
MOS structure as the basic storage mechanism.

Metal-Oxide-Semiconductor (MOS) Transistor This was the basic MOS
structure consisting of a semiconductor body (silicon) with silicon-dioxide
gate dielectric and metal (aluminum) gate. This structure, with variations,
remains the basic MOS transistor to date.

Substrate-Diffused-Collector Transistor This structure is the basic bipolar
integrated-circuit transistor. It was not the original integrated-circuit-
transistor structure, a triple-diffusion transistor, but has entirely replaced
the early structure. The advantages of this structure are less high-
temperature processing, improved electrical parameters, and less surface
area.
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Complementary Metal-Oxide-Semiconductor (CMOS) Transistor The basic
MOS transistor can be either n-channel or p-channel. CMOS combined the
two types in a circuit form that has advantages despite more-complex pro-
cessing and relatively large surface areas. The advantages are low power
consumption, high noise immunity, and high speed.

MOS Resistor This resistor is actually an MOS transistor. Properly de-
signed and biased, it serves satisfactorily as a resistor in MOS circuits. Its
advantage is that it can be formed at the same time that the transistors are
formed, thus minimizing processing.

Deposited-Metal Resistor This type of resistor gives greater precision and
better temperature coefficients than do diffused resistors. It can be placed
on a nonsemiconductor body, as in hybrid circuits, or on top of the
semiconductor chip.

Depletion-Mode MOS Resistor Most MOS transistors operate in the
enhancement mode—that is, the transistor is “off” with no gate bias. A
depletion-mode transistor is “on” with no gate bias and is turned off by gate
bias. As a resistor it has superior performance as compared with
enhancement-mode MOS resistors.

Bipolar-Junction Field-Effect (JFET) Combination This technique com-
bines conventional transistors (emitter-injection) with field-effect tran-
sistors to provide circuits with the best features of both. The problem was to
develop processes compatible with both devices.

Trapped-Charge Storage A problem of semiconductor memories is
volatility —that is, the memory contents are lost if power is removed. This
problem can be alleviated by setting the memory cells in relatively fixed
states through the use of trapped-charge layers. Such structures can retain
the contents of the memory for significant periods of time after power is
removed.

Bipolar-MOS Combination As with JFET combinations, this technique
combines two transistor structures in a single semiconductor body in order
to get the best features of both.

Isoplanar, Coplamos et al. A problem with early MOS devices was the
relative nonflatness of the surfaces that resulted from differing thicknesses
of silicon dioxide on the surface of the chip. These variations were by-
products of the processing cycle and can cause problems with the metalliza-
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tion patterns. The subject techniques give a relatively flat surface with im-
proved yield and reliability.

Merged Transistor (I2L) This structure is area efficient by not having each
transistor as a separate component. A group of transistor collectors are fed
from a common emitter.

Vertical MOS (VMOS) Reduction of MOS-transistor surface area and
enhanced operating frequency is possible by using diffusion techniques to
form the source, drain, and channel. This is accomplished by etching a V'in
the surface of the semiconductor and placing the gate structure on this
sloped surface. These benefits are gained at the cost of increased processing
complexity.

Major Semiconductor Process Advances

Resistive Metal Deposition This process involves the deposition of metallic
films that are characterized by having significant electrical resistance, so
that the films can be used as resistors in electrical circuits. This process is in
contrast to metallic films that are also deposited but serve only as electrical
connections between components. Deposited resistors are superior to dif-
fused resistors in that their tolerance can be controlled more tightly.

Ultrasonic Bonding Ultrasonic bonding is a technique that uses sonic
energy to attach an aluminum wire to an aluminum substrate or “pad” on a
semiconductor chip. The ultrasonic movement breaks the surface oxide of
the aluminum and allows a true bonding of the underlying aluminum. Its
advantage over gold-aluminum systems is in the avoidance of the formation
of intermetallic gold-aluminum compounds that can, dependent upon time
and temperature, weaken or break the bond attaching the wire to the
substrate or chip.

Annealing for Stress Relief Annealing is an old metallurgical technique
used in semiconductor processing to relieve crystalline stresses resulting
from high-temperature processing. Unrelieved crystalline stresses degrade
the performance of the resulting semiconductor devices.

Gettering Processes Gettering processes involve the use of one element in a
semiconductor body to immobilize another element. This process is typi-
cally used where impurities would degrade device performance if allowed to
remain mobile. Gettering prevents this.



182 Innovation/Competition/Government Policy

Plastic Encapsulation Plastic is used in semiconductor-device packaging
purely as an inexpensive packaging. It replaces a metal can or ceramic
package and is usually molded.

Direct Bonding (Bump) Originally developed by IBM to allow automated
assembly of alloy semiconductor devices, this technique has been modified
for “beam lead,” “gang bonding,” and other approaches that have in com-
mon the simultaneous attachment of multiple connections to the semicon-
ductor chip.

Nitride-Chemical Vapor Deposition The use of deposited nitride layers was
originally conceived as a dielectric in the gate structure of MOS devices. It is
now used more frequently for masking purposes in forming MOS-device
structures.

Glass-Chemical Vapor Deposition Amorphous glasses are deposited on
completed semiconductor devices as a protective layer over the soft
aluminum interconnection. When properly doped with phosphorus or other
elements, it can also aid in the gettering of impurities.

Ion Implantation This process accelerates ions to high energy levels and
then directs them to the surface of semiconductor wafers. The ions
penetrate the semiconductor body to varying depths depending upon the ac-
quired energy. When left in the surface oxide layer these ions serve to adjust
oxide and surface charge concentrations. When penetrated into the
semiconductor body the ions serve to modify the type of conductivity in the
formation of device structures.

Schottky Junction The Schottky Junction forms a diode composed of an
underlying semiconductor body and two or more layers of deposited metal.
It is normally used in conjunction with a transistor and serves to keep the
transistor from entering saturation, thereby improving the performance of
the circuit.

Dielectric Isolation Electrical isolation of components in bipolar
integrated-circuits is normally accomplished by means of intervening
reverse-biased diffused junctions. This isolation technique adds unwanted
capacitance to the circuit and decreases its performance. Various dielectric-
isolation techniques have been developed that isolate components by
separating them with low-conductivity dielectric materials.

Sputtering Sputtering is an old process in which high fields and ions are
used to energize one material so that it is transferred, in vacuum, to form a
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coating on a target. It is an alternative to evaporation or ion bombardment.
It has the advantage that two or more materials can be sputtered at the same
time, thereby forming reacted or composite coating.

Polysilicon Deposition This process deposits layers of noncrystalline
silicon. These layers, when delineated, serve as conductive paths and/or as
part of the gate structure in MOS devices.

Silicon-on-Sapphire This process uses a sapphire substrate upon which a
silicon film is epitaxially deposited and subsequently preferentially etched
into individual devices. Its advantage is improved performance as compared
to conventional MOS devices.

Plasma Etching Semiconductor processing has historically used liquid
chemicals for various etching and material-removal procedures. Plasma
etching accomplishes the same result through the use of ionized gases,
primarily fluorine compounds.

Ion Milling This process uses streams of ions to remove materials from a
target surface. It is an alternative to chemical etching and other removal
techniques.

Electron-Beam Processing Electron beams can be used for a variety of
purposes in semiconductor processing. Of most use to date are beams to ex-
pose photosensitive lacquers in the manufacture of masks for use in very
fine-line photolithography. In the future electron beams will be used in ad-
vanced photolithography systems to expose directly the photosensitive
resists in semiconductor processing.

Photolithography-Projection Alignment Conventional mask-alignment
systems have had the drawback of either destructive contact between the
semiconductor material and the mask or diffraction limitations when the
mask is moved out of contact. This technique uses the scanning of mirrors
to allow good resolution with significant separation between the mask and
the semiconductor body.

Deep Ultraviolet Photolithography Better photolithography resolution can
be realized through the use of shorter-wavelength light during the exposure
process. Deep ultraviolet light has a shorter wavelength than do the conven-
tional ultraviolet sources. This light may allow some advantage in small-
geometry circuits if a suitable lens can be developed.
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Major Product Families

Logic Families Logic devices are used in digital applications to perform
arithmetic functions and make decisions. The names of the logic families
describe the essential components or means of connecting the components
to form the basic logic gate or switch. Many gates are connected (in a var-
iety of circuit designs) to perform logic functions such as adding or shifting
data. The families shown in table 3-3 are:

RTL
DTL
ECL = Emitter-Coupled Logic

Resistor-Transistor Logic

Il

Diode-Transistor Logic

TTL = Transistor-Transistor Logic

DTL provided superior noise immunity compared to RTL. ECL is a
very high-speed family that has been used mainly in the most powerful and
advanced computers. TTL provided high speed compared to DTL but not
as high as ECL. A later development, Schottky TTL, provided increased
speed (but still not as fast as ECL) without as great an increase in power
consumption.

Memory Families Memories store binary data and are classified by their ac-
cess properties and by storage capacity. One kilobit (1K) of storage capacity
equals 1,024 bits of binary data.

RAMs are random-access memories and provide temporary storage
capacity. Data can be put into or retrieved from any particular location in
the memory as easily as any other location (thus the term random access, as
opposed to serial access in which locations can be reached only in a specified
order).

ROMs are read-only memories that provide permanent storage such as
for tables of data or characters for display.

PROMs are programmable read-only memories in which the user can
decide what data are to be permanently stored.

EPROMs are erasable programmable read-only memories that allow
the user to erase stored information and replace it with new information.

Microprocessors Microprocessors provide all the central processing-unit
functions of a computer in a single integrated-circuit. They are referred to
by the length of word in which calculations are processed (for example,
4-bit, 8-bit, and so on). A microprocessor combined with memory and
input-output integrated-circuits becomes a microcomputer.
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Financial Incentives
in the Semiconductor
Industry: The Pot of
Gold that Few Ever
Reached

Promotion above the salary ceilings that often exist in large companies may
be slower and more difficult than starting a new company or joining an
existing small firm in which salary ceilings (or floors for that matter) do not
exist. Some individuals in the industry earn a great deal of money and a few
have made fortunes (Braun and MacDonald 1978, p. 131).

The semiconductor world is populated by almost-rich professional
managers who took jobs with a nice salary expecting to become millionaires
with the stock option they got, and every one of us has somewhere in the
dresser drawer stock options worth garbage and not that much money in
the bank (Braun and MacDonald 1978, p. 132).

These two statements —the former lauding the financial opportunities, the
latter describing a sobering personal experience — cover the full range of at-
titudes with regard to financial rewards in the semiconductor industry.

A careful examination of company and public documents indicates that
few individuals have actually achieved unusual financial rewards —that is,
rewards much greater than they could have achieved in some other pursuit
or profession. For each Robert Noyce and Gordon Moore who was suc-
cessful with Intel, countless others attempted and failed. Of course, maybe
the combination of doing as well financially as elsewhere, having a long
shot at becoming truly wealthy, and working on a rapidly changing
technology provide just the right ingredients for strong individual effort. In
any case, the prospects of becoming wealthy do appear to be a long shot,
since so few individuals have actually made it.

This appendix focuses on the leading firms in the industry. It examines
management stockholding in each firm and direct compensation of senior
officers. Combined management stockholdings never exceed 6 percent of
total stock value in any company except for Motorola (close to 10 percent)
and Intel (close to 20 percent). In no semiconductor firm does management
compensation stand clearly out of line with that of the electrical-equipment
industry or the manufacturing industry in general (see table B-1, figures B-1
and B-2). In the same way, white-collar salaries in the semiconductor in-
dustry are clearly in line with salaries prevailing in other comparable in-

Louis Caouette wrote appendix B.
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Table B-1
Total Direct Compensation of Senior Officers at Selected Semiconductor Firms: Fiscal Year 1978

(thousands of dollars)

98l

Average for Next
Direct Compensation for the Highest-Paid Officers Group of Officers
Firm First Second Third Fourth Fifth Number
AMD 225 129 97 — — 84 5
(100) 44) (32) 23)
American MicroSystems 185 90 82 — — 59 7
(60) @1 (14) ay
Fairchild 383 178 138 123 123 89 15
Intel 236 214 189 169 100 98 8
Intersil 215 126 124 — — — —
Mostek 191 168 114 106 98 — —
Motorola 371 290 240 204 202 90 83
(140) (110) (100) (66) (90) (24)
National Semiconductor 156 123 123 — — 80 11
Texas Instruments 573 511 335 282 253 119 52
302) 277 (166) (161) (114) 39

Sourece: Calculations by CRA 1980, from annual proxy statements of semiconductor companies, fiscal year 1978.

Note: Total direct compensation equals salaries plus incentive compensation (figures in parentheses). The definition of incentive compensation varied
across companies, and its value was included only when it was a significant portion of salaries.
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Note: The Conference Board trend lines start at $100 million in sales. Data are for calendar year 1977 or closest fiscal year.
Figure B-1. Compensation of the Highest-Paid Executive: Semiconductor Industry versus Electrical and Elec-
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Table B-2
Average Annual White-Collar Salary in Selected Industries

Salary as a Percentage
Salary in Dollars® of Semiconductor Salary

Industry 1972 1975 1976 1972 1975 1976
Telephone and telegraph

apparatus 12,590 15,457 17,304 92.4 91.4 91.7
Radio and television

communications equipment 13,616 16,389 17,851 100.0 96.9 94.6
Semiconductor 13,620 16,916 18,870 100.0 100.0 100.0
Motor-vehicle and car bodies 16,197 19,734 22,667 118.9 116.7 120.1

Source: Calculated by CRA 1980, from 1972 Census of Manufacturers and 1976 Annual Survey of Manu-
facturers, Bureau of Census, Department of Commerce.

aAverage white-collar salary equals average salary for all employees minus average salary for production
workers.

dustries (see table B-2). Proxy statements which are a principal source of
data for this appendix, provide information on the most highly paid in-
dividuals and major stockholders. As such, they set the upper limit of finan-
cial rewards within any given firm. Even though specific information is not
available for other individuals within the firm, their total individual com-
pensation will, except in unusual cases, be less than the compensation of of-
ficers mentioned in official documents.

Types of Incentives

Financial incentives have three major dimensions: how they are determined,
what they amount to, and who gets them. These financial incentives can be
tied to the financial results of the company as a whole, or can be tied to
more specific events such as patent awards or cost reductions in specific
processes. The amount of the incentives can be determined beforehand as a
specific dollar figure or vary as a percentage of financial results. Finally, in-
centives can be limited to the key executives of the company or apply to the
majority of the employees of the firm.

Financial incentives can vary widely in form and structure, but of
course all managers receive a base salary. Bonuses can be paid immediately,
deferred over a number of years, or given in the form of stock. Options,
rights, and warrants entitle their holders to buy shares in a company for a
specific price guaranteed for a specific period. These holders stand to
benefit from any increase in value of company shares over the years. Thus,
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the holders have a direct incentive to maximize the company’s financial per-
formance. Changes in the federal tax system over the years and in the stock
market in general have also influenced the form of financial incentives.
These issues are discussed in greater detail in chapter 6. Higher capital-
gains-tax rates in the 1970-1978 period and more restrictive tax rules ap-
plicable to options, together with a decline of stock-market averages, have
greatly reduced the attractiveness of stock options.

In general, incentives for patents and innovation are of three types.
Federal rules specify that patent rights cannot be given away for free by in-
dividuals to their employer. But companies have many ways to reward in-
novative individuals. At the lowest level, companies may give a token $1 for
each patent award. At a second level, companies may give a fixed dollar
amount, first when a patent application is filed, and then when a patent is
actually issued by the U.S. government. The amount given for filing a pa-
tent might be $50 to $100. When a patent is issued the reward might be
around $500. This second type of reward for patent innovation does pro-
vide greater incentives for individuals to disclose their innovations to the
company. The third type of award for patent innovations generally ties
amounts given to either a percentage of cost savings or a percentage of
revenues derived from the innovation. This percentage can vary among
companies and can also be limited by a fixed-dollar maximum such as, for
example, $25,000.

For many types of white-collar workers and managers, nonfinancial
rewards are also important. Promotions within a company mean a more-
prestigious title and scope of work, as well as salary increases. Usually, pro-
motions will come more rapidly in a fast-growing company or in a company
that experiences a large turnover rate. Therefore, individuals have every in-
centive to join a fast-growing company and then to ensure that its growth
continues. The opportunity for young employees to move up rapidly in
responsibility and salary may also have been an important factor in
motivating individuals in the industry. This effect is obscured by the data
presented earlier on average white-collar salaries because data are not
available on the age distribution of employees. The same salary will mean
more to a 25-year-old semiconductor employee than to a 35-year-old
employee in another industry, for instance.

As a second major type of nonfinancial incentives, individuals may be
allowed by their company to pursue independent research projects; com-
panies may give them specific research budgets and provide them with
research assistants. For individuals interested in advancing the state of the
art or in developing new products and applications, this type of incentive
can be very important. .

Perquisites constitute the third type of nonfinancial incentive. The type
and location of office space or the use of the company car are examples of
perquisites.
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Recognition by peers and superiors in the firm or outside the firm con-
stitutes the fourth type of nonfinancial incentive. Recognition can take the
form of special awards, write-ups in the company journal, appointments to
or memberships in special committees, or permission to write articles for
scientific journals and the trade press.

The Case of Intel

Within the semiconductor industry, the founders and employees of Intel
benefited the most financially from the semiconductor revolution. As of the
beginning of 1979, eight officers and directors of Intel each owned stock
worth more than $1 million, with their combined holdings totaling about
'$200 million. The value of stockholdmgs is obtained by multiplying the
number of shares owned by each individual, as described in Intel’s proxy
statement, and the market value of Intel shares, as reported in stock-market
quotations.

Even more remarkable is that over the past five years Intel granted and
sold to its employees, other than directors and officers, options representing
more than one and one-half times the combined holdings of these eight in-
dividuals. Roughly two-thirds of these options have been exercised by Intel
employees. These employees represented close to 40 percent of the Intel
workforce, or 3,800 employees. Intel’s employee investments total roughly
$60 million. In contrast, Intel has raised only $14 million from outside
sources, including the original venture capital, according to an interview
with an industry executive (Intel Corporation, proxy statement, 16 March
1979, p. 6).

Holders of stock options benefit financially when the market price of
the shares, at purchase time or in later years, exceeds the exercise price of
the option. Intel’s market price was more than double the option price in
early 1979, which means that Intel employees, other than the officers and
directors referred to, have seen their net worth increase by more than $100
million through share ownership in Intel. This gain is equivalent to about
$25,000 per participating employee.

In addition to the option plans mentioned here, Intel has granted op-
tions to thirty-three key employees to buy shares in a subsidiary set up
specifically to develop a new technology, Intel Magnetics, Inc. (Intel Cor-
poration, proxy statement, 16 March 1979, p. 6). Finally, as a special type
of nonfinancial incentive, Intel gives selected outstanding researchers the
freedom to pursue independent projects related to the business of the
company.

Officer salaries and cash bonuses at Intel are generally in line (save for
two exceptions mentioned later with those of other semiconductor firms
and prevalent firms in the electrical-equipment industry. Compensation
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data for Intel and other companies are summarized in table B-1. Intel’s
proxy statement mentions that the general manager of the component group
received $1 million in 1978 as extra remuneration, and that the general
manager of the microcomputer-systems division received $2.1 million in
cash bonuses from 1974 to 1978 under the management-incentives program
(1979 proxy statement, pp. 5 and 14).

A remarkable feature of the Intel salary structure is that its range is
limited for officers from slightly under $100,000 to slightly over $200,000.
‘This spread is smaller than for other types of corporations and other
semiconductor firms. Typically, in the electrical industry the average com-
pensation ratios for the three highest-paid executives are 100, 68, and 54
(Top Executive Compensation, 1978, p. 45.) For Intel these ratios are 100,
91, and 80; among the semiconductor firms that we examined for 1977 and
1978, only National also presented such a narrow spread for top-executive
compensation.

The example of Intel is unique among start-up companies in the
semiconductor industry. No other start-up company has provided com-
parable financial returns to its founders or has rewarded its innovators and
key employees with such lucrative stock options.

However, in and by themselves, the two major points—Intel’s success
and the financial benefits accruing to founders and employees—do not
specify the sequence of events: first the employee incentives and then the
success, or first the success and then the financial rewards. In fact, other
companies appear to provide equally attractive salary and stock-option in-
centives, but since the companies have not been as successful, the stock op-
tions have not paid off the way Intel’s have.

The only other instances in which major shareholders have benefited as
much from the semiconductor revolution are those of two already estab-
lished firms, Motorola and TI. These two companies and the newer com-
panies, however, may have attempted to avoid the experience of Fairchild
by providing adequate incentives. According to Braun and MacDonald
(1978), “When companies have offered no stock options at all, they have
sometimes seen their employees desert in consequence. Groups certainly left
both Fairchild and Transitron for this reason in the days before those com-
panies changed their attitudes toward stock options.”

Incentives at Other Semiconductor Firms
This section examines three groups of semiconductor firms: large and

broadly diversified firms, large and specialized firms, and finally, smaller
firms.
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Large and Broadly Diversified Firms

This category includes firms with semiconductor merchant sales such as
Rockwell International, TRW, RCA, Harris, General Instrument, and
Mbotorola. All these firms are vertically and horizontally integrated, and
some of them have operations in many different lines of business.
Therefore, semiconductor operations at most of these firms are but a minor
part of total sales. Our analysis for this group will focus on Motorola, the
diversified company with the largest position in the semiconduétor,industry.

The chairman of Motorola, Robert W. Galvin, and his family control
directly or indirectly close to 10 percent of the Motorola stock. (This and
other information was obtained from Motorola’s proxy statement, 27
March 1979, p. 12ff.) At $50 per share, their net worth is about $150
million. No other director or officer at Motorola has shareholdings valued
at more than $1 million: collectively, 86 Motorola officers (excluding the
chairman) own stock worth between $6 and $7 million.

Motorola does have stock-option plans for its senior officers and key
employees. These plans do not appear to be very popular with the
employees since only a minor proportion of the options have been exer-
cised. From November 1974 to March 1976, Motorola granted 1.2 million
options to its employees under what it calls the “1972 stock-option plan”: of
these options only 56,660 were exercised by employees, which represents
only a 5 percent exercise rate. All other options granted under this plan have
expired since then. In contrast, Intel employees exercised two-thirds of the
options granted to them so far, and part of these unexercised options are
still outstanding.

Under a new plan started in 1976, Motorola granted 1.6 million options
to its employees between the periods of March 1977 and January 1979. Of
these options only 59,532 had been exercised by spring of 1979. Again, this
amounts to less than 5 percent of outstanding options, although in this case
some options have not expired yet.

No compensation data are available for the semiconductor division
itself. But for the company as a whole, compensation for senior officers is
in line with that of other semiconductor firms and the electrical-equipment
industry (see figure B-2 and table B-1). For the five more-senior officers of
Motorola, excluding the chairman, cash and noncash bonuses in fiscal 1978
represented between 60 and 80 percent of their basic salary. For the next 93
Motorola officers, bonuses amounted to 35 percent, on average, of base
salary. This addition brought their average total compensation to about
$84,000 per year.
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Motorola also has a company-paid pension plan. Basically the plan
states that, for senior officers, annual benefits will represent a maximum of
50 percent of their salary for the last year of employment. For other com-
pany employees, benefits will represent a maximum of 35 percent of average
salary for the five best years, with a ten-year vesting period.

Large and Specialized Firms

The second group of companies consists of the large semiconductor firms
including TI, National, and Fairchild. The distinction between these three
companies and the first group has tended to blur over time, as TI and Na-
tional have integrated forward into consumer products and commercial
systems, and Fairchild has been acquired by a larger, diversified company.
Officers and directors of TI hold, as a group, close to one million shares of
the company. This amount represents about 4.3 percent of outstanding
shares. At $100 per share, their combined holdings are worth about $100
million. The shares owned by TI’s chairman are worth $8 million; shares
owned by the president are worth slightly over $5 million. A former TI
chairman, Patrick E. Haggerty, controls shares worth about $43 million.
He is the one director or officer who owns the most shares.

As of the beginning of 1979, the five top officers held 324,000 options.
Other TI officers held 460,000 options, while nonofficer employees held
508,000 options. The share-option price between officers and nonofficer
employees differs markedly; the price for officers was slightly below $75,
while the price for nonofficers was about $94 per share. Total compensation
for TI senior officers in 1977 is comparable to that of the industry (figure
B-2), but it is heavily weighted toward incentive payments. For 1978 com-
pensation was divided about equally between base salary and incentive
payments. For fifty-two other TI officers, 1978 compensation consisted of
base salary for two-thirds of the total and incentive payment for one-third.
For the five senior TI officers, incentive payments are divided in four
categories of roughly equal weight: immediate cash payment, future cash
payment, immediate equity payment, and future equity payment. For the
other officers incentive payments are weighted more heavily on immediate
payments. .

National is very much an anomaly, even for the semiconductor in-
dustry, with regard to its incentive packages. National financial and non-
financial incentives are definitely below industry averages, yet the company
does not appear to have difficulty in attracting and retaining effective
managers or in obtaining a good performance.

Stockholdings of company officers are among the smallest in the in-
dustry. National officers own about 3.7 percent of company shares. Com-
pensation packages are noticeably below those available at companies of
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similar size. National’s compensation for officers is roughly similar to that
at companies one-fifth its size (see figure B-2).

Bonuses are also small in absolute amounts and in proportion to salary.
For fiscal year 1978, bonuses did not exceed $24,000 for any officer, and on
the average bonuses represented less than 25 percent of base salary for all
officers (National Semiconductor, proxy statement, 9 August 1978).

Options available to National officers represent around 2 percent of
outstanding shares. These options are exercisable at an average price of
about $23 per share; market price of National shares in the fall of 1979 was
around $30. The three top officers each own between 30,000 and 35,000 op-
tions, giving them a pretax paper profit of almost $200,000. Eleven other
National officers own 14,000 options each on average.

Control of Fairchild Camera and Instrument Corporation was bought
in 1979 by a diversified firm, Schlumberger Limited. Prior to that the
largest single shareholder of Fairchild was the Sherman Fairchild Founda-
tion, which controlled about 11.6 percent of the shares. Fairchild senior of-
ficers owned very few shares. Before the takeover, the then president of
Fairchild, Wilfred J. Corrigan, owned less than 6,000 shares worth about
$215,000 (Fairchild Camera and Instrument Corporation, proxy statement,
16 March 1979).

The past president, C. Lester Hogan, owned slightly more than 18,000
Fairchild shares, worth around $700,000, but 10,000 of these shares were
pledged to Fairchild for a loan. Dr. Hogan had reduced his Fairchild
holdings over the years. In 1968, he made the headlines in the semiconduc-
tor industry when he left his position as general manager of Motorola’s
Semiconductor Division to become president of Fairchild. As described by
Braun and MacDonald (1978, p. 132), “He was offered a salary of
$120,000, an interest-free loan of $5.4 million to exercise an option of
90,000 shares at $60 each, and a further allotment of 10,000 shares at $10
each.” Financial packages offered to semiconductor executives during the
following few years would be measured in terms of Hogan’s package.
Managers would say that they were offered a quarter or a half by Hogan to
transfer companies (Business Week, 4 October 1969).

Compensation for Fairchild officers appears in figure B-2 and table
B-1. Compensation packages of Fairchild officers are roughly one-half of
those for TI officers, and save for the highest-paid position, about com-
parable to packages for National officers.

Smaller Semiconductor Firms
Smaller semiconductor firms, with annual sales at or below $100 million,

constitute our third group of companies. The analysis will focus on four of
them: AMD, AMI, Intersil, and Mostek.
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Advanced Micro Devices (AMD) officers and directors own collectively
6.2 percent of company shares worth about $5.4 million at a share price of
$28 (AMD, proxy statement, 12 September 1978). AMD’s president Jerry
Sanders owns 47,000 shares worth roughly $1.5 million. The largest single
stockholder is a German electronics firm, Siemens, with close to 20 percent
of AMD stock. Officers and directors of AMD own options equivalent to
4.7 percent of outstanding shares. Mr. Sanders owns half of these options
and the senior vice-president for production owns about 10 percent of them.

Salaries and bonuses of AMD officers are comparable to those at other
semiconductor firms (see figure B-2 and table B-1). From figures B-1 and
B-2 apparently such compensation is somewhat higher than is prevalent in
the electrical-equipment industry. However, no firm conclusion can be
reached, since the conference board does not report on compensation for
firms with sales below $100 million per year. Possibly compensation levels
flatten out for firms with sales below, say, $150 million.

Bonuses at AMD are comparatively high, their range extending from 40
percent of base salary for lower-ranking officers to 80 percent for the presi-
dent. AMD’s document specifies that incentive compensation for AMD’s
officers are not to exceed 50 percent of base salary. This maximum was
specifically waived for one senior officer. No regular stock-option plans are
available for employees who are not officers of the company.

AMD’s proxy statement is unusual in that it describes in detail the terms
of employment of its president. Mr. Sanders has a contract that runs to
March 1983, guaranteeing him a yearly salary of $133,000 plus an adjust-
ment of 7 percent per year plus a cost-of-living allowance. His contract also
specifies that he would get as incentive compensation 1 percent of AMD’s
profit before taxes for the fiscal year ending March 1979. Thereafter, Mr.
Sanders is to get half of 1 percent of AMD?’s profit before taxes as incentive
compensation. The contract further specifies that Mr. Sanders participate
in the companywide incentive plan and that he may also get other compen-
sation at the discretion of the board of directors. All payments made to Mr.
Sanders under this contract are reflected in figure B-2 and table B-1.

In addition to compensation received directly from AMD, Mr. Sanders
receives compensation from a European joint venture between AMD and
Siemens. Mr. Sanders’ contract with the joint venture specifies that he will
receive $48,000 per year, plus 5 percent of profits before taxes of the joint
venture, plus participation in the companywide incentive plan.

American Microsystems Inc. (AMI) management owned about 5.5 per-
cent of company shares at the beginning of 1978 (American Microsystems,
Inc., proxy statement, 5 April 1978). These shares were worth slightly over
$2 million at that time and had doubled in value by the fall of 1979. Most of
AMT’s senior management was changed following financial problems at the
company in the mid-1970s. Of the ten senior company officers, eight were
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hired in 1976 or later, while the two others are not founders of the company
and together own less than 1 percent of outstanding shares. All of these of-
ficers have had long experience with other firms in the industry.

The largest AMI shareholder, with a 25-percent share, is a company
jointly owned by Borg-Warner and a German firm, Robert Bosch
(BW-RB). These shares were acquired directly from AMI in June 1977.
AMI by-laws and an agreement between AMI and BW-RB effectively re-
strict BW-RB’s influence in AMI affairs. The BW-RB group is limited to a
board representation proportional to its stock interest. Of the other board
members only one, the president, is an officer of the company; the other
members are outsiders.

AMD’s proxy statement shows that every effort was made to interest
senior management in the profitability of the company. AMI lent close to
$1.5 million to the three most-senior officers to enable them to buy the
shares mentioned in the previous paragraph. It also granted them options
and warrants roughly equivalent in number to the shares they already
owned.

Compensation for the AMI officers in the year 1977 is comparable to
that at other semiconductor firms. Bonuses are roughly equivalent to 50
percent of base salary for the president and 25 percent of salary for the
other officers.

AMTI’s bonus plan for key executives specifies that the pool available
for bonuses in 1978 was to be equivalent to between 6 and 12 percent of
profit before taxes, if the 1978 goal for profits was attained. If the 1978 goal
was exceeded, the bonuses were to be augmented by between 10 and 20 per-
cent of the extra profits. If the 1978 goal was not attained, bonuses were to
be reduced accordingly. The plan also specified that bonuses were to be paid
100 percent in cash, but that if such bonuses were used totally for acquiring
stock options, an extra 20-percent bonus was to be paid. This method is a
further incentive for professional managers to link their own financial
future to that of AMI.

Again, in the case of Intersil, management owns only a small propor-
- tion of the outstanding shares. A Canadian firm, Northern Telecom, owns
22.8 percent of Intersil (Intersil Inc., proxy statement, 11 December 1978).
At $16 per share, this block of stock is worth slightly more than $20 million.
Over the last five years, more than 700,000 options were granted to Intersil
employees at an average exercise price of $6; market price was $16 in
mid-1979.

Salaries and bonuses for Intersil officers are in line with those of the in-
dustry (figure B-2 and table B-1). Intersil’s proxy statement describes how
bonuses are determined for officers of the company other than the presi-
dent. All officers share in 10 percent of Intersil’s profit before taxes. Key of-
ficers share in a further 2.5 percent of profits before taxes.
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Compensation of Mostek Corporation officers is comparable to that of
other semiconductor firms (figure B-2 and table B-1); the company does not
break down salaries and bonuses.

Mostek agreed during 1979 to be acquired by United Technologies Cor-
poration (UTC) after having refused a takeover bid by Gould (Wall Street
Journal, 28 September 1979). Mostek had also been approached before by
foreign manufacturers interested in acquiring an ownership position but
had always declined to make any commitment. At the time of its acquisition
Mostek management owned 5.9 percent of the company, and a block of
20.8 percent was owned by Sprague Electric (Mostek Corporation, proxy
statement, 20 April 1979). The price offered by UTC, $62 per share, was
more than triple the market price at the beginning of the year. Proceeds to
Mostek management would be in excess of $17 million, with about $6
million going to the president, Mr. Sevin. Ironically, each one of the five
senior Mostek officers had let 20,000 options expire by the end of 1978 at an
average exercise price of $14. If they had been exercised, such options
would have given Mostek management an extra gain of $5 million when the
UTC bid was announced.

Summary

This appendix has discussed incentives within firms in the semiconductor in-
dustry and presented data on salaries and stock-option incentives. Nearly all
firms provide incentives for key employees based on corporate perfor-
mance. The Intel example illustrates the difficulty of distinguishing cause
and effect. Incentives encourage individual effort, but the profits accom-
panying successful firm performance allow employees to exercise incentives
such as stock options. Except for Intel, the rewards achieved by individuals
are similar across companies. Furthermore, salaries and incentive compen-
sation in the semiconductor industry are in line with averages for other
manufacturing industries.



Bibliography

Allan, Roger. 1979. ““VSLI: Scoping Its Future.”’ IEEE Spectrum, 16, no.
4: 31-3

Altman, Lawrence. 1977. ‘“Special Report, MEMORIES, It’s a User’s Par-
adise: Cheaper RAMs, Reprogrammable ROMs, CCDs and Bubbles
Coming Along.”’ Electronics, 20 January, pp. 81-96.

____. 1976. ‘“‘Advances in Design and New Process Yield Surprising

Performance.’’ Electronics, 1 April, pp. 74-81.

___ . 1972. “‘Special Report: Semiconductor RAMs Land Computer
Mainframe Jobs.”’ Electronics, 28 August, pp. 63-77.

American Enterprise Institute for Public Policy Research (AEI). 1978.
“The Aministration’s 1978 Tax Package.’’ Legislative Analyses, no.
28, 95th Congress, 15 May.

Arrow, Kenneth J. 1962. ‘‘Economic Welfare and the Allocation of Re-
sources for Invention.”’ In The Rate and Direction of Incentive Activ-
ity: Economic and Social Factors, Richard R. Nelson, Princeton, N.J.:
Princeton University Press.

Asher, Norman J., and Strom, Leland D. 1977. The Role of the Depart-
ment of Defense in the Development of Integrated Circuits. Prepared
for the Office of the Director of Defense Research and Engineering,
Institute for Defense Analyses, Program Analysis Division, IDA Paper
P-1271, May.

Bloch, Erich. 1979. Direct Testimony in Defendent’s Exhibit 9115A. U.S.
v. IBM, transcript, 9 October, pp. 91466-91565.

Bullis, W.M. 1978. ‘“Government Programs on Advanced Technology and
Manufacturing Techniques: Comments on U.S.A., Japan, and
Europe.” Prepared for National Bureau of Standards, Washington,
D.C., June.

Braun, Ernest, and MacDonald, Stuart. 1978. Revolution in Miniature.
Cambridge: University Press.

Business Week. 1979. ‘‘American Manufacturers Strive for Quality—Ja-
panese Style.”” 12 March, pp. 32C-32T.

. 1979. ““The Super Growth in Memory Chips.”’ 3 September, pp.
121, 125, 128.

_ . 1979. ““Boom Times at Last at Mostek.”’ 10 September, pp. 86, 90.

_____.1979. “Mostek and the Vanishing Pioneers.”” 15 October, p. 138.

. 1979. ““Can Semiconductors Survive Big Business?’’ 3 December,

pp. 66-69, 77.

. 1979. ““Japan is Here to Stay.”” 3 December, pp. 81, 85-86.

199



200 Innovation/Competition/Government Policy

. 1978. ““Texas Instruments Shows U.S. Business How to Survive in

the 1980s.”’ 18 September, pp. 65, 76, 81.

. 1978. ““The Pentagon’s Push for Superfast ICs.”” 27 November,

pp. 136-142.

. 1977. “‘Fairchild Problems: More than Watches.”” 15 August. pp.

116-117.

. 1976. ““How to Survive in Semiconductors.’”’ 22 November, pp.
66D-66S.

__ . 1974. ““The Semiconductor Becomes a New Marketing Force.”’ 24
August, pp. 34-42.

_ . 1971. “Cashing in on a New Generation of Chips.”’ 27 March, pp.
50-52.

. 1971. ““An Integrated Circuit that is Catching Up.”’ 25 April, pp.

134, 136.

. 1970. “Why Sylvania’s Out of Semiconductors.”” 10 October, p.

29.

. 1969. “‘Signetics Shows How in Semiconductors.”’ 26 July, pp.
41-42.

— . 1969. ‘“Where the Action is in Electronics,’’ special report, 4 Octo-
ber, pp. 86-98.

Bylinsky, Gene. 1973. ‘“How Intel Won Its Bet on Memory Chips.”
Fortune, November, pp. 142-147, 184, 186.

Chang, Y.S. 1972. The Analysis of the Offshore Activities of the Japanese
Electronics Industry. Washington, D.C.: International Bank for Re-
construction and Development, November.

Charles River Associates. 1980. Innovation, Competition, and Government
Policy: A Framework for Analysis. Boston, Mass.

. 1979. International Technological Competitiveness: Television
Receivers and Semiconductors, draft report. Prepared for the National
Science Foundation, Boston, Mass.

_ . 1976. Analysis of Venture Capital Market Imperfection. Prepared
for the National Bureau of Standards, Cambridge, Mass.

Dalton, James A., and Levin, S.L. 1977. ‘“Market Power: Concentration
and Market Share.”’ Industrial Organization Review, 5: 27-36.

Datamation. 1974. ‘“‘Microprocessor and Microcomputer Survey.”’ Decem-
ber, pp. 90-101.

Dinnean, G.P., and Frick, F.C., 1977. “‘Electronics and National Defense:
A Case Study.”” Science 165 (18 March): 1151-1155.

The Economist. 1979. ‘‘Microprocessors: A Bigger Bite.”” 6 October, p. 94.

EDP Weekly. 1979. ‘‘Financing Research and Growth: Top Priority for
SIA in 1980s.” 13 August, p. 2.

Electronic News. 1979. ‘‘House Panel Kills All Funds for DOD’s VHSI
Program.’’ 14 May.




Bibliography 201

. 1979. 17 December, pp. 50-51.
. 1976. ““Microprocessor.’”’ 8 March, pp. 1-58.
. 1975. “Microprocessors Feel Impact of Crowding Market.”” 13
October, pp. 1-34.

Electronics. 1980. ‘“U.S. Markets Forecast 1980.”” 3 January. pp. 134-137.
. 1979. ““U.S. Markets Forecast 1979.” 4 January, pp. 114-117.
1979. “‘Italians to make Zilog Z8000.” 15 March, p. 56.
1979. “‘Fairchild’s Situation Attracts Takeover.”” 10 May, p. 46.
1979. ““Mostek and the Vanishing Pioneers.’”” 10 May, p. 138.
1979. ““Venture Capital Booming Again.”’ 10 May, pp. 88-89.
1978. ““U.S. Markets Forecast 1978.”’ 5 January, pp. 134-137.
. 1978. ‘8086 Microcomputer Bridges the Gap Between 8- and 16-
bit De51gners > 16 February, pp. 99-104.

. 1978. ‘“National Aims at Low-End Units.”’ 3 August, p. 50.
. 1978. ““How Bit-Slice Families Compare: Part 1, Evaluating Pro-
cessor Elements.”’ 3 August, pp. 91-94.
. 1978. ‘“‘Pentagon to Fund Major IC Program.’’ 14 September, pp.
81-82.

. 1978. *“VHSI Proposal Fmds Willing Audience.”’ 28 September,
89-90.
. 1978. “Mostek to Make Intel’s 8086.”” 23 November, pp. 46-48.
1977. ““U.S. Markets Forecast 1977.”’ 6 January, pp. 90-92.
. 1977. “‘Siemens, AMD Form Company to Make Microcomputer
Systems.’’ 13 October, pp. 31-32.
. 1976. <“U.S. Markets Forecast 1976.”” 8 January, pp. 92-93.
. 1976. “19.95 Watch Coming from TI.”’ 22 January, pp. 44, 46.
. 1976. ‘“‘Calculators Take Offshore Trip.”’ 5 February, p. 75.
. 1976. ‘“Chronology—Significant Advances in Electronics Tech-
nology Reported over the Past Year.”” 28 October, pp. 138-139.
. 1976. ‘“Motorola, Fairchild Technology Exchange Strengthens
Intel’s Microprocessor Rivals.”” 11 November, p. 30.
1975. <“U.S. Markets Forecast 1975.”” 9 January, pp. 90-94.
1975. “Watch Market—Is 40 a Crowd?’’ 20 February, pp. 34, 36.
1975. ““News Briefs.”” 6 March, p. 38.
. 1975. ‘“Chronology—Significant Advances in Electronic Tech-
nology Reported over the Past Year.”” 16 October, pp. 26-27.
. 1975. “‘Recession Spurs Infringement Suits.’’ 11 December, pp. 77-

H.Hl.

p

°

||

78.

. 1974, ““U.S. Markets Forecast 1974.”” 10 January, pp. 107-110.

. 1974, “‘Custom LSI Fades into the Background.”’ 10 January, pp.
74-76.

. 1974, ¢‘Semiconductor Random-Access Memories.”” 13 June, pp.
108-110.




202 Innovation/Competition/Government Policy

. 1974, “‘Calculator-Chip Business Slows.’’ 31 October, pp. 46-59.

. 1973. ““U.S. Markets 1973 Forecast.”” 4 January, pp. 93-96.

. 1973. ““Microcomputers Muscle In.”’ 1 March, pp. 63-64.

. 1971. ““GI Moves R&D East, Says It’s in MOS to Stay.’”’ 6 Decem-

ber, p. 44.

1971. ‘““Hogan Completes Fairchild Alignment.”” 6 Decem-

ber, pp. 42, 44.

. 1970. ‘‘Semiconductor Memories at a Glance: What’s Here Now,

What’s on the Way.”’ 2 March, pp. 143-146.

. 1970. ““RCA Looks for Place in the IC Sun.”’ 28 September, pp.

40-41.

. 1970. “‘Sylvania Closes Semiconductor Division.”” 12 October,

p. 46.

. 1969. ‘‘Autonetics, Act 2.”” 13 October, pp. 54-55.

. 1968. ““The Prospects Are Solid.”’ 8 January, pp. 109-112.

_ . 1968. ‘“Musical Chairs.”” 19 August, pp. 45-47.

. 1968. ““The Dust Settles.’’ 2 September, pp. 40-41.

. 1968. ‘“‘Hogan Takes Hold at Fairchild.”” 30 September, pp. 119-

122.

. 1968. ““MOS Memory to Sell for 10 Cents a Bit.”” 30 September,

pp. 189-190.

. 1967. “‘Surge in Semiconductors.”’ 9 January, pp. 130-134.

. 1967. ““LSI: The Technologies Converge.’’ 20 February, pp. 124-

127.

. 1967. ““Integrated Circuits in Action.”’ 6 March, pp. 149-157.

. 1967. ““The Swing to TTL Becomes a Stampede.”’ 18 September,

pp. 179-182.

. 1966. <‘IC Industry: Picture of Health.”” 8 August, pp. 114-119.

. 1966. ““‘Integrated Circuits in Action.”’ 14 November, pp. 128-135.

. 1965. ““The Expanding Market.”’ 14 October, pp. 96-98.

Finan, William F. 1975. The International Transfer of Semiconductor
Technology Through U.S.-Based Firms. Working Paper No. 118.
Washington, D.C.: National Bureau of Economic Research, Decem-
ber.

Financial Times. 1977. ‘‘Zilog Aims to Lead the Micro World.”’ 13 June,
p. 8.

Financial World. 1977. ‘‘Programmable Microcomputers: The Next Bo-
nanza.”’ 15 March, p. 16.

Forbes. 1979. ““The Micro War Heats Up.”’ 26 November, pp. 49-58.

Fortune. 1979. ““Texas Instruments Wrestles with the Consumer Market.”’
3 December, pp. 50-57.

. 1975. ““Here Comes the Second Computer Revolution.”” Novem-

ber, pp. 134-184.




Bibliography 203

French, J.C. “Improvement in the Precision of Measurement of Electrical
Resistivity of Single Crystal Silicon: A Benefit-Cost Analysis.”” NBS-
Election Devices Section, Report No. 807. Washington, D.C., 20 Sep-
tember 1967.

Gale, Bradley T. 1972. ‘““Market Share and the Rate of Return.”’ The Re-
view of Economics and Statistics, 54, no. 4: 412-423.

Gold, Martin. 1979. ‘‘Patterns in Pricing: Straightening the Curve.”’ Elec-
tronic News. 31 December, p. 12.

Golding, Anthony M. 1971. ‘‘Semiconductor Industry in Britain and the
United States: A Case Study in Innovation, Growth, and the Diffusion
of Technology.’’” Unpublished Ph.D. dissertation, University of Sussex,
England.

Griliches, Zvi. 1958. ‘‘Research Costs and Social Returns: Hybrid Corn
and Related Innovations.’’ Journal of Political Economy, October, pp.
419-431.

Gutmanis, Ivars. 1979. Statement before the U.S. International Trade
Commission on behalf of the Electronics Industries Association of
Japan. Investigation No. 332-102. 29 May.

Heaton, George R., J.r,; Holloman, J. Herbert; and Ashford, Nicholas A.
1978. Government Involvement in the Innovative Process. A Contrac-
tor’s Report to the Office of Technology Assessment by the Center for
Policy Alternatives, Massachusetts Institute of Technology. October.

Hogan, C. Lester. 1979. Statement at the Technology Workshop on Semi-
conductor Electronics. Palo Alto, California, 14 June.

. 1977. “Reflections on the Past and Thoughts about the Future of
Semiconductor Technology.”’ Interface Age, 2, no. 4: 24-36.

Hulick, Charles. 1979. ‘‘Federal Procurement and Industrial Innovation: A
Study of ETIP Concepts and Strategy.”’ 23 May. Washington D.C.:
U.S. Department of Commerce, Experimental Technology Incentives
Program.

IC Master. 1977. Garden City, N.Y.: United Technical Publications, Inc.

Japan Economic Journal. 1972. ‘“TI Will Get Ownership.”’ 4 January, p. 2.

. 1971. “Electronics Industry Plans Cartel for Types of Products

Using IC.”” 14 December, p. 9.

. 1970. ““Mini Calculator to Be Sold.”” S May, p. 10.

. 1970. ¢‘Casio, Fairchild Tie-up for LSIs.”” 3 November, p. 10.

Kamien, Morton I., and Schwartz, Nancy L. 1978. ‘‘Self-Financing of an
R&D Project.”” The American Economic Review, 68, no. 3: 252-261

Kindleberger, Charles P. 1968. International Economics, 4th ed. Home-
wood, Ill.: Richard D. Irwin, Inc.

Kleiman, Herbert S. 1977. The U.S. Government Role in the Integrated
Circuit Innovation. Final Report. Prepared by Battelle-Columbus Labs
for OECD. 25 February.




204 Innovation/Competition/Government Policy

. 1966. ‘‘The Integrated Circuit: A Case Study of Product Innova-
tion in the Electronics Industry.”” D.B.A. dissertation, George Wash-
ington University, Washington, D.C.

. 1966. ‘A Case Study of Innovation.”’ Business Horizons, Winter,
pp. 63-70.

Kraus, Jerome. 1973. ‘“‘An Economic Study of the U.S. Semiconductor
Industry.”’” Ph.D. dissertation, New School for Social Research. New
York, New York.

Lochwing, David A. 1973. “From ‘Silicon Gulch’ Came Dazzling New
Applications for Integrated Circuits.”” Barron’s, 17 September, pp. 5,
12.

Mansfield, Edwin; Rapoport, John; Romeo, Anthony; Wagner, Samuel;
and Beardsley, George. 1977. ‘‘Social and Private Rates of Return from
Industrial Innovation.”’ Quarterly Journal of Economics, May, p. 236.

Mick, Colin K. 1979. ‘“Threats to the Market Preeminence and Perfor-
mance of the U.S. Semiconductor Industry.”” Decision Information
Services Ltd., Palo Alto. Calif., 18 June.

Moore, Gordon. 1979. ““VLSI: Some Fundamental Changes.”’ IEEE Spec-
trum, 16, no. 4: 30-37.

National Academy of Engineering. 1979. NAE Colloquium on Public
Policy and Industrial Innovation. 5-6 December.

Nelson, Richard R., Peck, M.J., and Kalachek, E. 1967. Technology,
Economic Growth, and Public Policy. Washington, D.C.: The Brook-
ings Institution.

The New York Times. 1979. ‘““Winning and Losing at Texas Instruments.”’
13 May, p. F-1.

Nesheim, John L. 1979. Statement before the U.S. Senate Subcommittee on
Taxation and Debt Management on behalf of the Semiconductor In-
dustry Association. Washington, D.C., 18 June.

Noyce, Robert. 1979. Testimony on behalf of the Semiconductor Industry
Association before the U.S. International Trade Commission. San
Francisco, Calif., 30 May, p. 6.

. 1977. ““Microelectronics.”’ Scientific American, 237, no. 3: pp. 62-

69.

Office of Technology Assessment, U.S. Patent and Trademark Office.
1979. OTAF Special Reports, Technology Profiles: Semiconductor
Systems and Applications. Washington, D.C., July.

Organization for Economic Cooperation and Development (OECD). 1968.
Gaps in Technology: Electronic Components. Paris.

Osborne and Associates, Inc. 1978. An Introduction to Microcomputers.
Berkeley, Calif.

Pacific Projects, Ltd., Tokyo, Japan. 1977. The Japanese Market for Elec-



Bibliography 205

tronic Components and Assemblies. Prepared for U.S. Department of
Commerce, Domestic and International Business Administration.
NTIS DIB-78-02-506. Washington, D.C., October, pp. 33-35.

Porter, Michael E. 1976. Interbrand Choice, Strategy, and Bilateral Market
Power. Cambridge, Mass.: Harvard University Press, 1976.

Riley, Wallace. 1973. ¢‘Special Report: Semiconductor Memories are Tak-
ing over Data-Storage Applications.’’ Electronics, 2 August, pp. 75-90.

Roberts, Edward B. 1968. ‘‘Entrepreneurship and Technology. A Basic
Study of Innovators. How to Keep and Capitalize on Their Talents.”’
Research Management, 2, no. 4: 249-266.

Rosenbloom, Richard S. 1978. ‘“Technological Innovation in Firms and
Industries: An Assessment of the State of the Art.”’ In Technological
Innovation: A Critical Review of Current Knowledge, P. Kelley and M.
Kransberg, eds. San Francisco, Calif.: San Francisco Press, Inc.

Scace, Robert 1. 1979. ‘“VLSI In Other Countries.”’ Notes for lecture to be
given at an American university short course, June.

Schnee, Jerome. 1978. ‘‘Government Programs and the Growth of High-
Technology Industries.”’ Research Policy 7: 2-24.

Schuyler, Peter. 1979. ““The Challenge of the Circuits.”” The New York
Times. 4 April, p. D4.

Sickman, Phillip. 1966. ‘‘In Electronics the Big Stakes Ride on Tiny
Chips.”’ Fortune, June, pp. 120ff.

Sideris, George. 1973. ‘“‘AMS Brushes off Blows.”’ Electronics, 30 August,
pp. 74, 76.

Status. 1973, 1975, 1976, 1978, and 1979. Publication of Integrated Circuit
Engineering Corporation, Scottsdale, Arizona.

Tanaka, William H. 1979. Statement before the U.S. International Trade
Commission on behalf of the Electronics Industries Association of
Japan. Investigation No. 332-102. 30 May.

Tassey, Gregory. 1979. ‘‘Reforming Securities Regulations and the Policy
Research Process.”” NBS Working Paper, June.

Texas Instruments. 1972. Management Systems, Intercollegiate Case Clear-
ing House, Case #9-172-054.

Tilton, J. 1971. International Diffusion of Technology: The Case of Semi-
conductors. Washington, D.C.: The Brookings Institution.

Top Executive Compensation. 1978. New York: The Conference Board.

U.S. Department of Commerce. 1979. Report on the Semiconductor Indus-
try. Washington, D.C.: U.S. Government Printing Office, September,
p- 33.

U.S. Department of Commerce. 1961. Semiconductors: U.S. Production
and Trade. Washington, D.C.: U.S. Government Printing Office.

U.S. Department of Commerce, Bureau of Census. ‘‘Shipments of De-



206 Innovation/Competition/Government Policy

fense-Oriented Industries.”” Current Industrial Reports, 1965-1977,
Series MA-175.

U.S. Internal Revenue Code. Sections 55-58, 1201, 1222, 1348.

U.S. Senate. 1978. ““Industrial Technology, Hearings Before the Commit-
tee on Commerce, Science, and Transportation,”” 95th Congress, 2nd
Session, 30 October, Serial No. 95-138.

U.S. Tariff Schedule. 1978. Schedule 8. Part 1. Annotated.

Utterback, J. and Murray, A. 1977. Influence of Defense Procurement and
Sponsorship of Research and Development of the Civilian Electronics
Industry. Cambridge, Mass.: Massachusetts Institute of Technology,
Center for Policy Alternatives, June.

Vacroux, Andre G. 1975. ‘““‘Microcomputers.’’ Scientific American, 232,
no. 5: 32-40.

Walker, C.E. and Bloomfield, Mark. 1979. ‘“How the Capital Gains Tax
Fight was Won.”” The Wharton Magazine, Winter, pp. 34-40.

Wall Street Journal. 1979. ““The Super Chip.”’ 27 April, pp. 1, 30.

. 1979. “Mostek Sets Merger Accord.”” 28 September, p. 10.

. 1979. “Reduction of Tax on Capital Gains Spurs Investment.”” 31
October, p. 24.

. 1979. W.R. Grace advertisement. 10 December, p. 9.

Webbink, Douglas A. 1977. The Semiconductor Industry: A Survey of
Structure, Conduct, and Performance. Staff Report to the Federal
Trade Commission. January.

Weisberg, Leonard R. 1978. “DOD Directions in Electronic Device R&D.”’
Proceedings of the 1978 IEEE Conference on U.S. Technological Pol-
icy, pp. 24-25.

Wells, Louis T. 1972. ‘“International Trade: The Product Life Cycle Ap-
proach.”” In The Product Life Cycle and International Trade, Louis T.
Wells, ed. Boston, Mass.: Harvard University Graduate School of
Business Administration, Division of Research.

Willig, Robert D. 1976. ‘“‘Consumer’s Surplus Without Apology.”’ The
American Economic Review, September, pp. 589-597.

Wolff, Howard. 1973. ¢‘4096-bit RAMs Are on the Doorstep.”’ Electronics,
12 April, pp. 75-77.

Zschau, Edwin V.W. 1978. Statement before the U.S. Senate Subcommittee
on Taxation and Debt Management. Washington, D.C. 29 June. Palo
Alto, California: American Electronics Associaton.




Advanced Memory Systems, 41, 91-92,
104-105, 107, 136

Advanced Micro Devices (AMD), 42-44,
48, 58-59, 63, 78, 81-82, 96, 103, 135,
149, 167, 186-187, 195-196

Advertising and promotion campaigns,
91

Agencies, governmental, 2

Aggressiveness: Japanese, 68; in pric-
ing, 82, 94, 100-101, 137

Air Force, Department of the, 4, 148,
151-153; contracts for, 152

Aktiengesellschaft, 42-44

Allan, Roger, 35

Altman, Lawrence, 91-93

Aluminum, use of, 28, 86

Amelco, Teledyne subsidiary, 47

American Enterprise Institute, 165

American Microsystems Inc. (AMI), 16,
23, 40, 52, 57, 65, 88-89, 92-93, 136,
186-187, 195-197

American Telephone and Telegraph
Corporation (AT&T), 4, 156

Annealing for stress relief, definition of,
181

Antimony impurity atoms, 28

Antitrust: enforcement, 173; laws and
regulations, 156-158, 170-171; pol-
icies, 3-4, 141, 155, 174

Apollo Program, 149-150, 152

Arizona State University, 155

Armin Watch Company, 100

Army, Department of the, 4

Army Signal Corps, 151, 153

Arrow, Kenneth, 65-66

Asia, 159; Southeast, 34

Assembly: areas, 33; plants, 80, 161, 163

Associations, trade, 6

Availability, capital, 37-38, 46, 56, 62,
69, 135, 138, 142, 144, 152, 158, 164,
166, 168

Index

Banking houses, 167

Bankruptcy proceedings, 100, 104

‘‘Bare pipe-racks’’ image, 48

Barriers: to entry, 138, 142; mobility,
102, 112, 118, 142; nontariff, 161;
to trade, 111; transistor, 47

Basic research, 42, 46, 62-68, 74, 155,
170

Batch-production process, 13

Battery drain, problem of, 29

Behavior: competitive, 6-7, 142, 156-
157; innovative, 2, 5-6, 8, 25, 38,
46, 50, 69, 176

Bell Laboratories, 4, 13, 16, 41-44, 64-
65, 154, 156-157

Benefits, social, 122

Benrus Watch Company, 100

Berkeley University, 155

Binary language, 28

Bipolar: circuits, 70; digital, 112-113;
growth, 116; logic, 8-9, 77, 83-89,
104, 107, 120, 126; memories, 107;
MOS combination, 180; shares, 114;
technology, 16-17, 90, 92, 94-95,
104, 115; transistors, 28-29

Bipolar Junction Field-Effect (JFET),
combination, 48, 180

Bloomfield, Mark, 168

Bobb, Howard, 52

Boeing Aircraft Corporation, 81

Bonders production equipment, 34

Bonding: labor-intensive process, 32-33;
quality of, 78; ultrasonic, 181-182;
wire, 163

Bonuses; cash, 191; noncash, 193;
policy of, 169, 189, 195-197

Borg-Warner Corporation, 136, 197

Boron impurity atoms, 28, 31

Bosch, Robert, 136, 197

Bowmar Company, 99-100

Braun, Ernest, 13-15, 146, 148-149,

207



208

Braun, Ernest,-cont’d.
153, 156, 170-171, 185

Bucy, Fred, 48

Budgets, cutbacks in, 154

Business, 50; cycles in, 11, 18, 166

Business Week, cited, 18, 21, 52, 54,
79, 87-88, 94, 99, 101, 129, 134, 136,
143, 145, 163-164, 167, 195

Buyers and sellers, 6

Bylinsky, Gene, 91-92

Calculators, 17, 19, 88, 98; desk, 28;
electronic, 124; digital, 18; integrated
circuits, 89; Japanese, 99-100; stan-
dard, 90

Canada, 92, 97

Canon Corporation, 99

Capital: advantages, 111; availability,
37-38, 46, 56-62, 69, 135, 138, 142,
144, 152, 158, 164, 166, 168; costs,
25, 130, 167; debt, 133; equipment,
32; formation, 166, 178; gains tax, 5,
73-74, 164-169, 174, 190; intensity,
104; investments, 11, 174; markets,
1, 17-18; requirements, 18; sources,
1; speculative, 17; stock, 165; ven-
ture, 1, 17-18, 58, 142, 164, 166-168,
174

Captive: production, 21, 80-81; sup-
pliers, 25

Cash: bonuses, 191; flow, 178

Casio Company, 99

Ceiling-price time path, factor of, 35

Charles River Associates (CRA), 5, 8,
37, 134, 164, 169, 177

Chemistry and chemists, 13

Circuits: bipolar, 70, 112-113; con-
sumer, 77, 83, 90, 120; custom, 87,
107; density, 1, 18; design innova-
tions, 39; digital-integrated, 2-3, 7-8,
13, 18-19, 26-30, 45, 83, 88, 94, 100,
106, 158, 179; LSI, 22, 107; planar,
47; specialty, 19; technology, 13, 94;
TTL, 119

Clevite Company, 23

CMOS, 52, 54, 153; logic, 119; silicon-

Innovation/Competition/Government Policy

on-sapphire technology, 93; transis-
ter, 39, 180

Cogar Corporation, 91, 171

Color television receiver industry, 134

Commercial: applications, 2; compu-
ters, 152; data processing, 16;
innovation, 175; objectives, 64; tech-
nology, 143

Commodore Company, 99-100

Communications, 152; equipment, 189;
satellite, 143

Competition, 144, 173; appraisal of,
83; behavior, 6-7, 142, 156-157; cost
of, 129; forces of, 89; foreign, 1-2,
4,6, 11, 21-22, 25, 68, 134, 159, 163,
178; intense, 67; international, 157,
175; Japanese, 142, 156-157, 164;
market, 26; performance, 9; pres-
sure, 26; price, 77, 92, 100-104, 106,
137; strategies in, 2, 5, 8, 50, 177

Completentary Metal Oxide Semicon-
ductor Transisters. See CMOS

Computer(s), 18-19, 21, 24, 28, 90;
commercial, 152; designs, 29, 34-35,
87-88; electronic, 91; equipment, 66,
127; logic, 34; manufacturers, 80;
memory, 17; microtechnology, 91;
small, 86

Conglomerates, 4

Congress, actions of, 165-166, 171

Consent Decree of 1956, 156

Constraints: legal and societal, 6;
price, 26

Consultants, industrial, 141

Consumer(s): circuits, 77, 83, 90,
120; markets, 78; products, 9, 25, 80,
98-101; surplus, 122-130; users, 18-
19, 23

Consumer Electronics Show, 25, 100

Contract(s): Air Force, 152; cost-shar-
ing, 152; funding terms, 78; Minute-
man II program, 148-149; procure-
ment, 2, 18, 74, 147-148, 150

Controls: electronic, 47; management,
37, 45-46, 50-55, 69, 72

Cornell University, 155



Index

Corning Glass Corporation, 167

Corrigan, Wilfred J., 195

Cost(s): capital, 25, 130, 167; com-
petitive, 129; consciousness, 150;
electronic functions, 13; entry, 167;
fixed, 6; integrated circuit, 26;
labor, 163; living, 196; manufactur-
ing, 34; patent filings, 63; produc-
tion, 11, 30, 34, 48; research, 64;
sharing, 152

Corporate: goals, 6, 8, 175; manage-
ment, 51; performance, 67; profit-
ability, 112, 116; strategy, 81

Countercyclical devices, 165

Court cases and rulings, 170-171

Credit, tax, 164-165, 170-171

Cross-licensing agreements, 62-63, 156

Crystal growing, 30-31, 34

Custom: circuit, 87, 107; design, 78;
LSIs, 35, 77, 83, 86-90, 107, 136;
MOS, 88

Customer: acceptance, 94; contact,
66-67; markets, 6; military, 93

Cycles, business, 11, 18, 166

Dalton, James A., 114

Data processing, 16

Datamation, 95, 121-122

Dataquest, 113, 115, 119, 130

Debts and debtors, 133

Decentralization, policy of, 73

Decisions: innovative, 58, 60-61;
investment, 51; process of, 59

Deep Ultraviolet Photolithography,
definition of, 183

Defense, Department of (DOD), 3,
143, 146, 150-151, 155, 163, 170

Delivery commitments, 82, 94

Demand factor, 2, 8, 26

Demography, changes in, 12

Density, circuit, 1, 18

Depletion-mode MOS Resistor, de-
finition of, 180

Deposited metal resistor, definition of,
180

Designs: circuit innovations, 39; com-

209

puter, 29, 34-35, 87-88; custom, 78;
logic, 85

Desk calculators, 28

Dielectric isolation, definition of, 182

Diffusion, factor of, 16, 179

Digital: bipolar, 70, 112-113; calcu-
lators, 18; logic circuits, 19; watches,
19, 100

Digital integrated circuits, 11, 62, 158;
concept, 28-30; demand, 83; in-
dustry, 106; innovation, 68;
product areas, 19, 88; technology,
94; transistor roots, 26-29

Diode-Transistor Logic (DTL), 30, 84-
87, 184

Direct Bonding (Bump), definition of,
182

Direct-Coupled Transistor Logic
(DCTL), definition of, 84

Discretionary Wiring techniques, 87-
89, 107

Discrimination, price, 157

Distribution network, 25, 77-80

Diversity of strategies, importance of,
120-122

Double-polysilicon technology, 93

“Dumping’’ semiconductors, 157-158

Dynamic-memory field, 94

Eastman Kodak Company, 80

Economist, The, cited, 97

Economy and economic policies, 6,
30, 142, 165-166

EDP Weekly, 158

Education: factor of, 6; salesperson’s,
66

Electrical industry, 48, 192

Electron-Beam Processing, definition
of, 183

Electronic Arrays, 52, 81, 88, 93, 100,
136

Electronic News, cited, 5, 96, 144

Electronics, cited, 52-53, 84-85, 87-
91, 93, 95-98, 100, 126, 135, 143,
167-168



210

Electronics: applications, 134; calcu-
lator, 124; components, 150, 153;
computers, 25, 91, 100; consumer
products, 25; controls, 47; costs
per function, 13; equipment, 21,
80; products, 24-25, 99; research
in, 155; solid-state, 170; warfare,
143

Emitter-Coupled Logic (ECL), 47, 184

Employees: and ownership plans, 168;
theft by, 171; white-collar, 67

End users, factor of, 25

Energy, Department of, 155

Enforcement policies, 173

Engineers and engineering, 13, 47,

67, 109; electrical, 48; incentives,
168; intensive, 144; production, 60;
programs, 171; resources, 83; re-
verse, 102; skilled, 33, 174; supply
of, 5

Entrepreneurs: ability of, 35; incentives
for, 1; and technology, 46-47, 74

Entry, 173; barriers to, 138, 142; capi-
tal costs of, 167; conditions of, 6;
into industry, 11; patterns of, 13,
16-18

Environment: industrial, 6-7, 11-16;
for innovation, 173

EPA regulatory policies, 5

Epitaxial techniques, 16

Equipment, 165; capital, 32; communi-
cations, 189; computer, 127; elec-
tronic, 21, 80; industrial, 18, 86;
innovations, 33; manufacturers, 25,
80-81, 87, 89; plant, 6; production,
34; specialized, 54; telecommuni-
cations, 156

Erasable Programmable Real-Only
Memories (EPROM), definition of,
19, 184

Europe, 22-23, 143, 155, 159; sales in,
131-133, 137

Executives, industrial, 2, 8, 37, 44,
46-49, 54, 58-59, 62-63, 66-67, 71-
73, 79, 82, 141, 143-144, 152-155,
158, 169-171, 174

Innovation/Competition/Government Policy

Exemptions, tax, 169

Expenditures, research and develop-
ment, 5, 164-165

Experience curve, role of yields, 6, 11,
26, 32-34

Exports, factor of, 3-4, 159-160, 162;
markets, 169-170

Exxon Corporation, 98

Fabrication technology devices, 143

Fairchild Camera and Instrument
Corporation, 16-17, 21, 23-24, 35,
40, 42-44, 48, 51, 53, 55-58, 63-65,
70, 85-89, 92-94, 96-97, 99, 101,
103-105, 107-109, 135-136, 144, 149,
152, 167, 171, 177, 186-187

Fantasia Calculator Corporation, 100

Federal policies, 1; tax system, 170-
171, 190

Feedback: performance, 111, 135-137;
self-reinforcing, 16; strategic, 138

Finan, William F., 64, 105, 159, 161

Financial: incentives, 37, 46, 62, 67-
68, 138, 185, 189; performance, 111,
135; resources, 1, 6, 38; rewards,
185, 189-190, 192; risks, 57-58

Financial Times, cited, 98

Financial World, cited, 95, 97, 122

Fixed costs, 6

Flexibility, organizational, 37, 45-46,
50-55, 69

Forbes, cited, 163, 167

Ford Motor Company, 51

Foreign: competition, 1-2, 4, 6, 11, 21-
22,25, 68,134, 159, 163, 178; earned
income, 5; firms and companies,
104-105, 138, 142, 145, 157-158,
174; governments, 133, 155; manu-
facturers, 1; markets, 178; owner-
ship, 145; tariffs, 161; technology,
145; trade, 163

Fortune, cited, 25, 95-96, 122

France, 1, 24, 161

Freedom of Information Act, 155

Free-world countries, 159

Fujitsu Company, 24, 93-94



Index

Fund advanced development programs,
52

Funds and funding: contracts, 78;
governmental, 3, 5, 133, 151-155,
170, 172-173, 177-178; procurement,
154; research and development, 3-5,
18, 142, 144, 151-155, 172-173, 177-
178

Gale, Bradley T., 114

Gallium arsenide, 152

Galvin, Robert W., 193

Games: children’s, 18; video, 19, 28

General Electric Corporation, 22-24,
42-44, 51, 53, 55, 65, 68, 137, 151,
156-157

General Instrument Corporation, 23-25,
41-44, 57, 65, 88, 95, 97, 99-100,
108, 193

General Microelectronics (GMe), 17,
40, 65, 82, 88, 136

General Telephone and Electronics
Corporation, 52

Germanium-mesa transistor, 13, 147

Germany, 1, 24, 132, 161. See also
West Germany

Gettering processes, definition of, 181

Gillette Watch Company, 100

Glass-chemical vapor deposition,
definition of, 182

Goals, corporation, 6, 8, 175

Gold, Martin, 119

Gold-bonded diode, 16, 148

Golding, Anthony M., 51, 84, 86,
135, 146-149, 152, 156

Good will and goods and services, 3,
6

Gould Company, 198

Government: agencies, 2; foreign, 133,
155; funding, 3, 5, 133, 151-155,
170, 172-173, 177-178; intervention,
178; policies, 141; regulations, 5;
research, 4; tax, 2; university sup-
port, 5

Grants, awarding of, 171

Great Britain, 163

211

Griliches, vi, 122

Grove, Andrew, 47

Gruen Watch Company, 100
Gutmanis, Ivars, 143, 147, 149

Haggerty, Patrick E., 47, 194

Hardware, military, 84

Harris Company, 41, 54, 96, 193

Harwood, Charles, 145

Heat, dissipation of, 95

Hewlett-Packard Corporation, 25, 80,
99

High-technology industries, 171

Hitachi Corporation, 24, 42-44, 64,
93-94

Hittinger, William, 52

HMW Industries, 100

Hoerni, Jean, 47, 171

Hogan, C. Lester, 2, 35, 47, 135, 154-
155, 171, 195

Holdings, stock, 67

Home markets, 157

Honeywell Corporation, 42-44

Howe, David, 77

Hughes Corporation, 16, 23

IC Master, cited, 95-96

Illinois, University of, 152

Import: competition, 1; policies, 3-4

Incentive(s): compensation, 67, 196,
198; engineering, 168; entrepre-
neurial, 1; financial, 37, 46, 62,
67-68, 138, 185, 189; innovative,
7; investment, 164-165; nonfinancial,
190-191; systems, 2, 24, 46

Income: earned, 170; foreign, 5; over-
seas, 171-172; personal service, 166,
169; worldwide, 170

Increasing Function Density, defini-
tion of, 34-35

Incremental innovation strategies, 116-
118, 134, 137-138, 142, 176-178

Industry: consultants, 141; digital
integrated circuits, 106; electrical,
192; entry into, 11; environment,
6-7, 11-16, 23; equipment, 18-19,



212

Industry: cont’d.
86; high technology, 171; markets,
147

Information retrieval and storage, 90-
91, 122

“INN2,” factor of, 70, 72

Innovation: behavior, 2, 5-6, 8, 25,
38, 46, 50, 69, 176; characteristics,
43-46, 69-72; commercial, 175;
decisions, 58, 60-61; digital in-
tegrated circuit, 68; encouragement,
67-68; environment, 173; equipment,
33; incentives, 7; incremental
strategies, 116-118, 134, 137-138,
142, 176-178; market, 89; opportun-
ities, 11, 13; pressures, 167; rents,
131

Integrated circuits: calculator, 89; costs,
26; development, 23; digital, 68,
106; industry, 106; MOS, 65; planar,
47; manufacturing process, 30-32;
proprietary, 84

Integration, vertical, 11, 21, 23, 25, 77,
80-81

Intel Corporation, 16, 21-25, 40-44, 47,
50-53, 55, 57, 63, 68, 82, 88-100,
103-105, 107, 121, 130, 136, 143,
167, 185-187, 191-192, 198

Intensity: capital, 104; and compe-
tition, 67; engineering, 144; labor, 54

Interdependency policies, 7, 141, 172-
174

Interest rates, 73

Interface Company, 54

Interfirm mobility and interactions,
141, 170

International: competition, 157, 175;
performance, 111, 118, 131-134,
142; trade rules, 142, 158, 163

International Business Machines (IBM),
22, 24-25, 40, 44, 64-65, 68, 80, 171

International Revenue Code (IRC), 166,
168

International Telephone and Telegraph
(ITT), 24

Intersil Corporation, 47, 96, 136, 171,
186-187, 195, 197

Innovation/Competition/Government Policy

Intervention, government, 178

Interviews, results of, 45-46, 58, 64,
66-67, 71, 79, 82, 141, 143-144, 152-
155, 158, 169-171, 173-174

Inventions, 70

Investment Tax Credit (ITC), 4-5, 164-
165

Investments: capital, 11, 174; decision
making on, 51; incentives for, 164-
165; levels of, 61

Ion Implantation and Milling, 182-183

Isoplanar, coplamos, definition of, 180

Italy, 24

Japan, 1, 22-24, 93-94, 136, 159, 161;
aggressiveness, 68; calculators in, 99-
100; competition in, 142, 155-157,
163-164; conglomerates, 4; firms,
63-64, 79, 105, 134; markets, 157-
159; producers, 106; sales, 131-133

Japan Economic Journal, cited, 99, 105,
132

Justice, Department of, 62, 156, 158,
173

Kamien, Morton 1., 56

Kindleberger, Charles P., 157

Kleiman, Herbert S., 4, 151, 154, 173

Korea, 34, 163

Kraus, Jerome, 17-18, 47, 52, 65, 136,
156

Labor: costs, 163; forces, 17; intensity,
54, 161, 163; mobility, 178, skilled,
5, 54, 174

Laissez faire system, 1-2, 118, 133, 138,
141

Language, binary, 28

Large-scale integrated (LSI) memories,
8-9; bipolar, 89; circuits, 22, 107;
custom, 35, 77, 83, 86-90, 107, 120,
136; market, 150; standard, 88

Laws: antitrust, 156-158; taxes, 5, 169-
170

Leadership styles, 6, 94

Legal: barriers to entry, 138; restric-
tions, 73; societal constraints, 6



Index

Less-developed countries, 161

Levin, S.I., 114

Licenses and licensing: agreements, 26;
cross, 62-63, 156, 173; liberal, 18;
low, 173; marketing, 64; patent prac-
tices, 5, 145, 156-157

Lieberman, Marvin, 77

Life styles and cycles, 11, 77, 104

Light-emitting diode (LED), 101

Linear integrated-circuit technology, 19,
48

Literature, trade, 8, 46

Lithography, factor of, 143

Litrouix Watch Company, 100

Living allowances, cost of, 196

Logic: bipolar, 8-9, 77, 83-87, 104, 107,
120, 126; circuit category, 19;
CMOS, 119; computer, 34; designers
choice, 85; emitter-coupled, 47, 184;
families, 184

Low-power Schottky, 54

MacDonald, Stuart, 13-15, 146, 148-
149, 153, 156-157, 170-171, 192, 195

Mackintosh, I.M., 23

Magnetic: cores, 91; stereo tape, 90

Magnetics (EMM), 96

Malaysia, 163

Management and managers, 67-68;
control, 37, 45-46, 50-55, 69, 72;
corporate, 51; resources, 79; tech-
niques, 46-50; top, 38, 46-50, 70-
73, 133, 169

Manpower, 3, 5; mobility, 171; phil-
osophy and policies, 6, 30-32, 170-
172; skilled, 60, 171-172

Mansfield, Edwin, 122

Manufacturers: computer, 80; costs, 34;
equipment, 25, 80-81, 87, 89; for-
eign, 1; semiconductor, 1

Markets and marketing, 45, 77; appli-
cations, 98; capital, 1, 17-18; compe-
tition, 26; consumer, 78; customer,
6; distribution, 79-80; end-product,
25; export, 169-170; foreign, 178;
home, 157; industrial, 147; innova-
tions, 89; input, 6; internal, 109;

213

Japanese, 157-159; licenses, 64; LSI,
150; merchant, 157; new, 48, 147;
opportunities, 91, 147; places, 83,
124; power, S; risks, 38, 60-61, 74;
staffs, 37-38, 66-67; strategies, 82;
structure, 6, 156, 177; target shares,
6; worldwide, 111, 147, 164

Massachusetts Institute of Technology
MIT), 152, 155

Matsushita Company, 24, 64, 96

Memory systems and memories, 77, 88-
89, 120; advanced, 41, 91-92, 104-
105, 107, 136; bipolar, 107; com-
puter, 17; dynamic field, 94, 122,
124; large-scale integrated, 8-9, 83;
monolithic, 96; race, 90-94; random-
access, 19; read-only, 19; semi-
conductor, 91; 16K, 26; storage data,
19, 34; technology, 92, 94, 103

Merchant sales, 21-22, 144

Merged transitor, 181

Mergers, policy on, 135-138, 144

Metallurgy and metallurgists, 13

Metal-Oxide Semiconductor (MOS), 28-
29, 39, 165; capacitor, 179; combi-
nation bipolar, 180; custom, 88;
dynamic, 94, 122, 124, 126, 130, 138;
integrated circuits, 65; memories, 92,
94, 103, 122, 124; resistor, 180;
revenues, 114; sales growth, 88, 116;
technology, 16-17, 70, 90-91, 95,
100, 104-10s, 115, 136, 153; tran-
sistor, 179

Mexico, 163

Meyer, Leslie, 11

Mick, Colin K., 168

Microeconomic effects, 5, 8-9, 19, 29,
48, 66-67, 77, 83, 90, 95-98, 103, 105,
109, 114, 119-120, 135-136, 184

Microelectronic reliability program,
153, 163

Micromatrix, 87-89, 107

Microsystems International Ltd., 92,
96-97

Microtechnology, computer, 91

Microwave detection, 13

Military, 19, 23; business, 148; cus-



214

Military, cont’d.
tomers, 93; production, 147; specifi-
cation devices, 78, 143, 149; tech-
nology, 143; use output, 3, 175

Minority interests, 132

Minuteman Missile Project, 84, 147-149

Mobility: barriers, 102, 112, 118, 142;
interfirm, 141, 170; labor, 178; man-
power, 171; personnel, 73, 103, 138;
skilled personnel, 17

Moore, Gordon, 35, 47, 185

Moore’s Law, 34-35

Mostek Corporation, 16, 25, 40-44, 55,
57, 91-97, 100, 107, 130, 135-136,
144-145, 167, 186-187, 195, 198

Motorola Corporation, 16-17, 21, 23-
25, 41-44, 47, 53, 57, 63, 85, 88, 91-
98, 104-105, 108-109, 135, 149, 151-
152, 154, 171, 185-188, 192-194

MSI devices, 85

Murray, A., 18, 148, 170-171

National Aeronautical and Space
Administration (NASA), 2-3, 42,
146, 151, 153-155, 170; Apollo pro-
gram, 149-150, 152

National Bureau of Standards, 4, 153

National Science Foundation (NSF), 64

National Semiconductor Corporation,
23-24, 40, 42-44, 48, 53-54, 57-58,
63, 82, 85-86, 88, 90, 92-93, 95-100,
103, 105, 107-108, 121, 135-136, 171,
186-187, 194-195

Naval Research, Office of, 152

Navy, Department of, 42-44, 153-154

Nesheim, John L., 165

Netherlands, The, 24, 167

New York Times, The, 92-93

Nippon Electric Corporation, 24, 64,
81, 93, 96, 136

Nitride Chemical Vapor Deposition,
definition of, 182

Noncash bonuses, 193

Nonexperience-curve yield improve-
ments, 34

Nonfinancial incentives, 190-191

Nontariff barriers, 161

Innovation/Competition/Government Policy

North American Rockwell Corporation,
88

Northern Telecom Ltd., 136, 197

Novus Brand of calculators, 99

Noyce, Robert N., 26-27, 35, 47, 83,
132, 143, 185

Objectives, strategies, and tactics (OST)
system, 54-55, 66

Occupational Safety and Health
Organization (OSHA), 5

Off-the-shelf devices, 143

Offshore assembly plants, 161, 163

Oki Electric Corporation, 96

Opportunity: for innovation, 11, 13;
market, 91, 147; for profit, 112

Options: product performance dif-
ferentiating, 87; stock, 5, 67-69, 73,
164, 168-170, 172, 178, 189, 191-
193, 196

Organizational: flexibility, 37, 45-46,
50-55, 69, 72; structure, 38

Original equipment manufacturers
(OEMS), 89; sales, 99

Osborne and Associates, cited, 97-98

Overseas: income, 171-172; personnel,
169

Ownership: employee plans, 168; for-
eign, 145; stock, 174

Oxide masking, factor of, 16

Pacific Projects, Ltd., 132

Patents, 46, 62, 64, 68-69, 74, 103;
applications, 60, 70; cost of filing,
63; holders of, 42, 107; licensing
practices, 5, 145, 156-157; policies
on, 38, 173; royalties, 156

Payback periods, 61, 135

Pennsylvania, University of, 152

Pension plans, 194

Performance: company, 6-7, 25, 102,
111, 117; competitive, 9; corporate,
67; economic, 165; feedback of, 111,
135-137; financial, 111, 135; im-
provement in, 177; international,
111, 118, 131-134, 142; past, 106;
product differentiating, 87; real, 90;



Index

social, 111, 176; specifications, 147

Perkin-Elmer Company, 41

Personal service income, 166, 169

Personnel: key, 46; mobility, 17, 73,
103, 138; overseas, 169; procure-
ment, 88; research, 170; skilled, 17,
38; training of, 88; top-notch, 168,
178

Philco-Ford Corporation, 17, 23, 47,
51-54, 85, 88, 133, 136

Philips Corporation, 23-24, 40, 42, 44,
81, 134, 145, 167

Photolithography-Projection Align-
ment, definition of, 183

Physics, 48; solid-state, 13

Planar process, 13, 16, 47, 180

Plants and equipment, 6

Plasma etching, definition of, 183

Plastic Encapsulation, definition of, 182

Policymakers, 1-2, 7, 141-142

Polysilicon, development of, 91, 183

Porter, Michael E., 103, 106

Pressure: competitive, 26, innovative,
167

Price competition, 77, 92, 100-104, 106,
137

Prices and pricing, 6, 77, 79; aggressive,
82, 94, 99, 100-101, 137; constraints,
26; cutting campaigns, 35, 84-85;
discrimination in, 157; reductions
in, 11, 102

Priorities, national, 170

Procurement: contracts, 2, 18, 74, 147-
150; funding, 154; policies, 142, 145-
151, 172-173

Producers: Japanese, 106; and surplus,
130-134

Product(s): consumer, 9, 25, 80, 98-
101; cycles, 74; design, 78-79; de-
velopment, 77, 102-103; digital
integrated areas, 19, 88; electronic,
24, 99; life-cycle patterns, 77, 104;
mixes, 2; performance differentiating
options, 87; proprietary, 81, 92, 102,
106; standardization, 19, 94;
strategies, 77-79, 102

Production, 66, 109; captive, 21, 80-81;

215

costs, 11, 30, 34, 48; engineers, 60;
equipment, 34; materials, 6; military,
147; process, 13; silicon, 80; yield
problems, 80

Profit and loss (P and L) criteria, 46,
53-54

Profits, 6, 61, 114, 166, 168, 176; above
average, 33; company, 130; cor-
porate, 112, 116; margins, 24, 79,
94; net, 117; opportunities, 112;
potential, 26; sharing plans, 169

Programmable read-only memories
(PROMs), 184

Promotion and public-relations cam-
paigns, 87, 91

Proprietary: effects, 5, 171; designs,
21, 48, 78-79, 96, 135; integrated
circuits, 84, 111; products, 81, 92,
102, 106

Public good, factor of, 65-66

Purdue University, 152

Quality: bonding, 78; management, 169

Radio Corporation of America (RCA),
23-25, 40-44, 51-52, 55, 63-65, 93,
96, 108, 133-134, 149, 151, 156, 193

Radio frequency transistor, 109

Rand Corporation, 157

Random access memories (RAM), 19,
34, 89-93, 111, 114, 119, 121, 124,
126, 129-130, 138, 184

Rates of return, target, 6

Raytheon Corporation, 23, 85, 96, 151

Read only memories (ROM), 19, 184

Recessions and depressions, effects of,
21

Regulations: antitrust, 170-171; govern-
mental, 5; trade, 142, 158, 163

Reindel, Tom, 11

Reliability programs, 78, 153, 163

Rents, innovation, 131

Research: basic, 42, 46, 62-68, 74, 115,
155, 170; cost of, 64; efforts in, 150-
153; in electronic, 155; flexibility,
154; funds, 5, 18; governmental, 4;
personnel, 170; priorities, 177; re-



216

Research: cont’d.
sources, 150; silicon-on-sapphire,
153; staff, 173; university, 155, 170-
172

Research and development (R & D)
programs, 1-2, 18, 45-48, 53, 59,
64-66, 111, 138, 144; expenditures,
S, 164-165; funding, 3-4, 142, 144,
151-155, 172-173, 177-178; skills and
expertise, 6, 38; spending, 37, 56-62,
71-74, 170

Resistive metal deposition, definition
of, 181

Resistor Capacitor Transistor Logic
(RCTL), definition of, 84

Resistor Transistor Logic (RTL), 30,
84-85, 184

Resistors, 179-180

Resources, 45; base, 2; company, 38;
engineering, 83; financial, 1, 6, 38;
management, 79; research, 150;
tangible and intangible, 6

Responsibilities, factor of, 53

Restrictions, legal, 73

Retrieval of information, 90-91, 122

Revenues: MOS, 114; royalty, 68

Reverse engineering, 102

Rewards, financial, 185, 189-190, 192

Rheem semiconductors, 171

Riley, Wallace, 92

Risk(s), 71-72; attitude toward, 6; return
tradeoffs, 166; market, 38, 60-61,
74; taking of, 37-38, 46, 49-50, 56-
62, 69, 72-73, 133, 152; technical,
38, 60-61, 74, 177

Rockwell International Corporation,
23, 25, 42-44, 95-96, 98-100, 107, 193

Rosenbloom, Richard S., 6

Royalties, 62-63, 107, 173; payments,
155-156; rate, 64; revenue, 68

Rules. See Regulations

Salaries: factor of, 67-69, 74, 196-198;
rate of, 68; white-collar, 185-189
Sales, 6, 11, 13, 71-72; European, 131-

133, 137; growth rate, 83, 88, 116;

Innovation/Competition/Government Policy

Japanese, 131-133; merchant, 21-22,
144; original equipment, 99; and out-
put, 21; personnel, 66, 68, 80; rank-
ing by, 22; worldwide, 1, 23-24

Sanders, Jerry, 48, 58, 196

San Francisco, California, 17

Sanyo Corporation, 99

Satellite communications, 143

Schlumberger Limited, 51, 145, 195

Schnee, Jerome, 148

Schottky: junction, 39, 182; low-power,
54; TTL, 85

Schuyler, Peter, 33

Schwartz, Nancy L., 56

Scientists and science, 13, 47

Search systems, 143. See also Research
and Development

Second-echelon firms, 155

Second sourcing, 18, 21, 59, 78-82,
84-85, 88-89, 92, 94, 96, 106, 120,
137; agreements, 97; designs, 135;
firms, 26; production, 48; strategy,
102

Secosem Company, 24

Security, reasons for, 4

Self-reinforcing feedback effects, 16

Semiconductor: firms, 1, 168, 174;
industry, 163-167, 172, 177; memory
products, 91; technology, 1-2

Semiconductor Electronic Memories
Incorporated (SEMI), 91

Semiconductor Industry Association,
165

Sevin, president of Mostek Corpora-
tion, 198

SGS-ATES Company, 24

Shares and sharing, 114, 169

Sharp Company, 99

Shepherd, Mark, 47-48

Sherman Fairchild Foundation, 195

Shockley Transistor Company, 47

Sickman, Phillip, 84

Sideris, George, 91-92

Siemens, A.G., 24, 42-44, 81, 167, 196

Signetics Corporation, 23-24, 41-44, 53,
81, 84-85, 88, 93, 96, 108, 134, 145,



Index

149, 167, 169
Silicon: crystal, 24, 28, 30-31; devices,
147; oxide, 86; production, 80;
purification, 24; transistors, 13, 16,
29, 148; valley, 17
Silicon-on-sapphire process, 41, 183;
- research, 153; technology, 93
Siliconix/American Microsystems, 40
Singapore, 163
Skills and skilled talents: engineering,
33, 174; labor, 5, 54, 174; personnel,
17, 38, 60, 171-172; research, 6

Social: benefits and welfare, 122;
performance, 111, 176

Society, factor of, 6, 124

Solid state: electronics, 170; physics, 13

Sony Corporation, 64, 132

Sources: of capital, 1; multiple, 21, 40.
See also Second sourcing

Southeast Asia, 34

Space: applications, 2; program, 23,
146, 151

Specialists and specialization, 19, 54,
66-67, 112

Specifications: military devices, 78, 143,
149; performance, 147

Speculation, factor of, 17

Spending habits, 37, 56-62, 71-74, 170.
See also Expenditures, research and
development

Spillovers, 155, 176; commercial, 143;
real, 152

Sporck, Charles, 48, 58, 85

Sprague Electric Corporation, 23, 85,
198

Staffs: marketing, 37-38, 66-67;
research, 173; sales, 68

Standard Microsystems, 40

Standard Telecommunication Labs, 41

Standards and standardization, 5, 19,
77, 88, 90-91, 94

Stanford University, 155

Status, cited, 22, 25, 94, 98, 150

Stereo Tape, magnetic, 90

Stock: capital, 165; holdings, 67, 189-
191; options, 5, 67-69, 73, 164, 168-

217

170, 172, 178, 189, 191-193, 196;
ownership plans, 174

Storage capacities, 19, 34, 90-91

Strategy: competitive, 2, 5, 8, 50, 177;
corporate, 81; diversity, 120-122,
137; feedback, 138; marketing, 82;
mix, 176; product, 77-79, 102;
second-sourcing, 102

Stress relief, annealing for, definition
of, 181

Subsidies, 158

Substrate Diffused Collector Trans-
mittor, definition of, 179

Suppliers and supply factors, 8, 25-26

Surfact barrier transistor, 47

Surplus: consumer, 122-130; producer,
130-134

Sylvania Corporation, 22-23, 40-41,
51-53, 82, 104, 107, 133, 137, 150-151

Sylvania Universal High-Level Logic
(SUHL), 84-86

Taiwan, 163

Takeovers, 135-136

Tanaka, William H., 154, 161

Tariffs, foreign, 161

Tax Reform Act, The, 165-166

Taxation and taxes: capital gains, 5,
73-74, 164-169, 174, 190; credits,
170-171; exempt treatment, 169;
income rate, 169; laws, 5, 169-170;
policies, 2-5, 73, 119, 142, 164-165,
172, 178; property, 7, 9, 20, 152, 170

Technical: expertise, 38, 68; manage-

- ment, 46-50, risks, 38, 60-61, 74,

177; specialists, 66-67

Technology, 25-35, 50; advances in, 12;
bipolar, 16-17, 90, 92, 94-95, 104,
115; changes in, 5, 11, 13, 16, 67,
167; commercial, 143; commitment
to, 45, 72; digital integrated circuit,
13, 94; double polysilicon, 93; en-
trepreneurs in, 46-47, 74; fabrication
devices, 143; foreign, 145; industrial,
171; memory, 94, 103; metal oxide
semiconductor (MOS), 16-17, 70,



218

Technology, cont’d.
90-91, 95, 100, 104-105, 115, 136,
153; military, 143; new, 168-171;
opportunities, 118; progress, 6;
races, 83, 175; semiconductor, 1-2;
silicon-on-sapphire, 93; VASIC, 164

Telecommunications: equipment, 156;
industry, 13; systems, 24

Teledyne Corporation, 47

Telefunken Company, 24

Television industry, 18, 134, 189

Testing areas, factor of, 33-34

Texas Instruments Corporation (TI),
16-17, 21, 23-25,[40-44, 47, 51, 54-
55, 57, 63-64, 66, 71,80, 84-85, 87-
89, 92-93, 96-97, 99-101, 104, 108,
132, 147-148, 152, 154, 186, 192, 194

Theft, employee, 171

Tilton, J., 4, 16, 23, 64, 70, 105, 132,
147, 151-152, 156, 173

Time path, ceiling-price on, 35

Tinkertoy Project, 4, 153

TMI variables, 71-72

Top-notch management and personnel,
38, 46-50, 70-73, 133, 168-169, 178

Toshiba Corporation, 24, 64, 96

Toys, children’s, 18

Trade: associations, 6; barriers to, 111;
foreign, 163; international rules,
142, 158, 163; literature, 8, 46; pat-
terns of, 159-161; policies, 2-4, 158-
164, 178; secrets, 63

Tradeoffs, policy of, 166

Training: engineers, S; procurement
personnel, 88; up-to-date, 171

Transistor(s): bipolar, 28-29; CMOS,
39; digital integrated circuit, 26-29;
field-effect, 17; germanium-mesa,
13, 147; merged, 181; metal oxide
semiconductor, 179; radio fre-
quency, 109; silicon, 13, 16, 29, 148;
surface barrier, 47; switching
property of, 28

Transistor-Transistor Logic (TTL), 30,
52, 54, 96, 184; circuits, 119; fami-
lies, 84-85; Schottky, 85; standard,
91; Sylvania’s, 104

Innovation/Competition/Government Policy

Transitron, 16, 23, 148, 150, 192
TRW Company, 193

Ultrasonic bonding, definition of, 181

Ultraviolet photolithography, 183

United Kingdom, 1

United States, 24

United Technologies Corporation
(UTCQ), 81, 145, 198

Universities, 65, 68; government
support of, 5; research in, 155, 170-
172

Utterback, J., 18, 148, 170-171

Vacuum-tube industry, 22-23, 52

Veeco Corporation, 41

Venture capitalism and capitalists, 1,
17-18, 58, 142, 164, 166-168, 174

Vertical integration, 11, 21, 23, 25, 77,
80-81

Vertical MOS (VMOS), 181

Very large-scale integration program
(VLST), 133

Video games, 19

VHSIC program: analysis of, 143-144,
174, 178; technology, 164

Wafer-fabrication: facility, 1, 18, 31-
34, 132, 159; production area clean-
liness, 78; slicing, 30

Walker, C.F., 168

Wall Street Journal, cited, 18, 168, 198

Warfare, electronic, 143

Watch industry, 18-19, 25, 28, 88, 98,
100, 101

Weapons-control systems, 143

Weather forecasting, 143

Weaver, Warren, 52

Webbink, Douglas W., 2, 12, 21, 23,
25, 156, 163

Weisburg, Leonard R., 143

Welfare, social, 122

Wells, Louis T., 104

West Germany, 136, 163. See also
Germany

Western Digital Corporation, 97, 100,
105



Index

Western Electric Company, 4, 22, 24-
25, 41, 63-65, 68, 80, 151-152, 156-
157

Westinghouse Corporation, 22-23, 42-
44, 51, 53, 85, 137, 149-150, 153,
156-157

White-collar: employees, 67; salaries,
185-189

219

Willig, Robert D., 129

Wire-bonding, 163

Wolff, Howard, 92-93

Worldwide: income, 170; market, 111,
147, 164; sales, 1, 23-24

Zenith Corporation, 134
Zilog Corporation, 96-98, 105



About the Authors

Robert W. Wilson is an economic consultant located in Weston,
Massachusetts. He received the S.B. degree in physics from Massachusetts
Institute of Technology and the Ph.D. in economics from Yale University.
Dr. Wilson specializes in industrial organization and the economics of
technological change and has conducted economic research for antitrust
and regulatory proceedings. He has served with the Antitrust Division of
the U.S. Department of Justice and as a senior research associate at Charles
River Associates. He has written articles on the economics of technological
change, government reports dealing with the price discrimination statutes
and with regulation of the petroleum industry, and he coauthored The
Economics of Competition in the Telecommunications Industry.

Peter K. Ashton, formerly a senior research associate at Charles River
Associates, is currently employed as an associate at Putnam, Hayes and
Bartlett, Inc. He received the master’s degree in international economics
and finance from Columbia University in 1978. Mr. Ashton’s primary areas
of interest include industrial organization, antitrust economics, the
economics of technological change, and international trade and finance.

Thomas P. Egan is a senior research associate at Charles River Associates
Incorporated in Boston. He received the B.S. degree in physics from Pro-
vidence College in 1963, the M.B.A. from the University of San Francisco
in 1975, and the Ph.D. in economics from the University of California at
Davis in 1978. Dr. Egan held various marketing positions in the semicon-
ductor industry before beginning his doctoral training. He has researched
and coauthored studies in coal-market economics and the conversion of
American industry to coal.



	00001
	00002
	00003
	00004
	00005
	00006
	00007
	00008
	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	06
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200
	201
	202
	203
	204
	205
	206
	207
	208
	209
	210
	211
	212
	213
	214
	215
	216
	217
	218
	219
	220

