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Abstract

This paper examines the patenting behavior of firms in an industry characterized by rapid
technological change and cumulative innovation. Recent evidence suggests that
semiconductor firms do not rely heavily on patents, despite the strengthening of US patent
rights in the early 1980s. Yet the propensity of semiconductor firms to patent has risen
dramatically over the past decade. This paper explores this apparent paradox by analyzing
the patenting activities of almost 100 US semiconductor firms during 1980-94. The results
suggest that stronger patents may hawvéitéded entry by firms in niche product markets,

while spawning “patent portfolio races” among capital-intensive firms.
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1. Introduction

Fundamental changes in the US legal environment during the past 15 years have reshaped
how firms protect and enforce their intellectual property rights. Most notable among these changes
was the 1982 formation of a centralized appellate court, the Court of Appeals for the Federal
Circuit, which ushered in a “pro-patent” legal environment in the United States. Despite this
strengthening of US patent rights and a perceived increased importance of patents, recent survey
evidence suggests that US manufacturing firms in most industries rely more heavily on secrecy and
lead time to recoup their R&D investments than they do on legal mechanisms such as patents and
that, if anything, the effectiveness of patents as a means of appropriating R&D returns has
declinedsince the early 1980s (Cohen et al. 19%yen more surprising, this reported decline in
the effectiveness of patents has coincided with a recent and unprecedented surge in the overall
number of US patents applied for and granted to firms each year (Kortum and Lerner 1997).

This paper examines this “patent paradox” more closely by exploring the role of patents in
the semiconductor industry, where the gap between the relative ineffectiveness of patents (as
reported in surveys) and their widespread use is particularly striking. For example, semiconductor
firms reported a below-average level of effectiveness for patents in the 1994 “Carnegie-Mellon
survey” (Cohen et al. 1997) and, in fact, appear to rely much more heavily on secrecy than they did
in the influential “Yale appropriability survey” conductedli®83 (Levin et al. 1987)At the same
time, the past decade has witnessed a surge in the number of US patents involving semiconductor
technologies, surpassing the overall increase in US patenting during this period reported by Kortum
and Lerner (19979 The propensity of semiconductor firms to patent has likewise risen
dramatically over this period: patenting per millib®92 real R&D dollars in the seroieductor
industry doubled between 1982 and 1992, from about 0.3 to 0.6. During the same period, the
patent yield for manufacturing as a whole was fairly stagnant and that for pharmaceuticals actually
declined (see Figure 1).

The purpose of this paper is to address a simple question: If semiconductor firms do not
rely heavily on patents to recoup their R&D investments (as they have claimed in prior surveys),
then why are these firms patenting so aggressively? The semiconductor industry provides an
excellent setting within which to examine the effects of stronger patent rights on firms engaged in
“cumulative systems” technologies (Scotchh@81; Merges and Nelson 1990; Merges 1996).

Much like multimedia or computer firms, semiconductor firms often require access to a “thicket”

of intellectual property rights owned by a diverse set of entities in order to advance the technology



or simply to produce their products (Merges 1996). Because the packnafiogy is rapid and
numerous industry participants exist, any new product or process will often overlap with
technologies developed, either in parallel or in the past, by an array of external parties (Grindley
and Teece 1997). As such, we also hope to shed light on more fundamental, but difficult questions:
what are the effects of stronger patent rights in industries characterized by cumulative innovation,
rapid change, and multiple owners of overlapping technology rights? Does strengthening the patent
system in such industries promote innovation or hinder it?

Our study consists of two complementary research components. First, in order to
understand the factors that underpin a firm’s decision to patent and how these might differ across
firms in this industry, we met with patent managers and executives from several types of
semiconductor firms, including large manufacturers and smaller firms that have entered the
industry during the past decade. We used these interviews to explore issues that are difficult to
track with publicly available sources (e.g., changes in internal management practices or an
increased reliance on trade secrets) and to understand the technological and contractual
environment within which these firms operate. Although the interviews are not necessarily
representative of industry-wide practices, they capture a cross-section of views on the role of
patents, their use, and their perceived effects on innovation in this industry that enable us to
unravel the somewhat perplexing findings of recent studies in this field.

Drawing on the insights gained from these interviews, the second part of our study
analyzes the patent strategies of a much larger set of semiconductor firms over a twenty year
period, or before and after the strengthening of US patent rights took place. We first identify the
universe of approximately 100 publicly-traded, US firms whose principal line of business is
semiconductors and related devices (8T4) and whose R&D expenditures are therefore
primarily directed towards semiconductor-related areas. We then compile a detailed database of
these firms’ patent portfolios from 1975 to 1996 and match these data with other financial
variables from Compustat (e.g., R&D, sales, and capital expenditures) that are known
determinants of patenting in genérahd that capture key variables identified in our interviews.

There are several advantages of this approach. First, unlike recent studies, we are able to
construct reliable estimates of changes in the patent propensities of these firms over this twenty-
year period while keeping the broad technological area constant acrossSieaend, we are able
to examine whether the patterns we observe are simply driven by a change in the mix of firms in

the industry over time (i.e., the effects of entry and exit). The main drawback of our approach is



that we exclude large “systems” manufacturers (such as IBM, AT&T or Motorola, and non-US
firms such as Toshiba or Samsung) that are important patent owners and users of semiconductor
technologies, but for which we lack reliable estimates of R&D investment targeted at
semiconductor technologies.

Our results demonstrate that US semiconductor firms are indeed patenting aggressively:
not only has their overall propensity to patent increased dramatically during the “pro-patent” era,
but this increase far exceeds that of US manufacturers as a whole. Our interviews suggest that
these “patent portfolio races” are quite different from the models envisioned by the classic “patent
races” literaturé.Instead of being driven by a desire to win strong legal rights to a standalone
technological prize, these firms are driven by broader motives: with large sunk costs in
manufacturing facilities and a need to draw on process and product technologies invented (and
patented) by a diverse array of parties, manufacturers amass large patent portfolios of their own,
largely to avoid being excluded or “held up” by other parties. Although patents still perform their
traditional function of safeguarding against outright theft and infringement of these firms’
inventions, this classical role of patents seems to be dominated by a broader use of patents as
“legal bargaining chips” that enable the firms to avoid being excluded in a particular field of use,
to obtain more favorable terms to their licensing agreements, to safeguard against costly patent
litigation, or to gain access to external technologies on more favorable terms 8fAlhoegh
the “strategic” use of patents has been widely noted (e.g., Cohen et al. 1997; Patiivam] Su
1996) and clearly demonstrated in other accounts of the@®atnictor and electronics industries
(Grindley and Teece 1997), the broader prevalence of such behavior and the extent to which it has
increased during the “pro-patent” era in the United States have not yet been empirically examined.
Our analysis represents an important step in that direction.

Our results also suggest that firms that entered the industry after 1982 appear to patent
moreaggressively than pre-1982 entrant firms, relative to what we would expect based on their
size and R&D spending. Our interviews suggest that stronger patent rights were important to these
firms (about half of which are design firms, specializing in product innovation) in attracting
venture capital funds and securing proprietary rights in niche product markets; it is less clear that
ownership of strong patent rights was important to these firms in licensing their technologies or in
managing their vertical relationships with suppliers of manufacturing sefvidesse results

contrast with those of other studies where entrant firms are shown to rely more heavily on trade



secrecy and therefore “opt out” of the patent systems because of their relative disadvantage in
asserting and defending those rights in court (Lerner 1994, 1995; Lanjouw 1994).

The paper is organized as follows. In the next section, we briefly lay out the institutional
shift that took place in the United States during the d£280s and discuss previous empirical
studies that examine its effects. We focus on three main hypotheses generated by Kortum and
Lerner (1997) that are central to our analysis. We then draw on recent theoretical literature to
refine the hypotheses in ways that better reflect the contractual dilemmas posed by strengthening
patent rights in an industry characterized by rapid technological change, cumulative innovation,
and overlapping property rights. In Section 3, we discuss the results from our field interviews that
shed light on the changing incentives to patent and that highlight differences among firms. Section
4 contains the empirical analysis, describes the data we constructed, and explains the methods we
used. We also discuss our econometric results in this section. In Section 5, we explore alternative

hypotheses and identify next steps in our research. Section 6 concludes.

2. The Strengthening of US Patent Rights and Its Effects
The patent system has long been recognized as an important policy instrument used to
promote innovation and technological progress. Two fundamental mechanisms underpin the patent
system. First, an inventor discloses to the public a “novel”, “useful”, and “non-obvious” invention.
In return, the inventor receives the right to exclude others from using that invention for a fixed
period of time (now 20 years from the date of patent application in the United States). The rules of
the patent game may differ from country to country (e.g., whether rights are assigned to the first
inventor or the first to file the patent application), but the underlying principle remains the same.
By providing exclusionary rights for some period of time and a more conducive environment in
which to recoup R&D investments, the patent system aims to encourage inventors to direct more of
their resources toward R&D than would otherwise be the case. At the same time, detailed
information about the invention is disclosed to the public when the patent application is published.
Although governmental agencies (in the United States, the US Patent and Trademark
Office) examine applications and decide whether an invention qualifies for patent protection, the
courts ultimately determine the strength of patent rights once granted. By deciding whether a patent
is valid or whether another party has infringed on the patent owner’s rights, courts play a pivotal

role in determining the strength (and hence, the value) of patent rights. Patent rights alone may be



insufficient to enable the inventor to profit from the invention, but stronger patent rights may tilt

the scale in favor of patent owners.

2.1. The “Pro-Patent” shift in the US Legal Environment

Several important changes took place in the US legal environment during thE9&dy
that collectively strengthened the rights conferred on US patent owners, regardless of whether these
owners were independent inventors, universities, or firms. The pendulum started to swing in 1980,
when the US Supreme Court reversed its stance on the patent-antitrust interface and endorsed
exclusive, strong patent rights in promoting innovation and investftiehe renewed faith in
intellectual property rights was echoed in legislative initiatives in the early 1980s, a period during
which US firms faced increased competition from foreign firms, many of whom had improved their
abilities to exploit advances made in U.S. R&D laboratories. First, the Bayh-Dole 2@80f
eased restrictions on federal agencies when granting licenses to small businesses and non-profits
for patents based on federally-funded research. Second, antitrust laws were rel@8ddiim
hopes of encouraging firms to cooperate with one another in “pre-commercial” research Projects.
A third legislative initiative was specifically aimed at improving the ability of semiconductor firms
to prevent unauthorized copying and use of their semiconductor layout designs. More specifically,
the Semiconductor Chip Protection Actl®&84 created a nesui generiform of intellectual
property rights (conceptually similar to copyright) for the layout, or “mask work”, of
semiconductor$’

No other event solidified this “pro-patent” shift in the United States more than the 1982
creation of the Court of Appeals for the Federal Circuit (CAFC), a specialized appellate court with
jurisdiction over patent cas&€sThe driving force behind the creation of the CAFC was a lack of
uniformity among US courts in interpreting the patent stdfuteaddition to unifying US patent
doctrine, the CAFC established a number of procedural and substantive rules that strengthened the
enforceability of patent rights (Merg&897; Lerner 1995; Taylor and Higgins 1994). For
example, the court made it more difficult to challenge a patent’s vafiditsts more willing to
grant an injunction against an infringer (Lanjouw and Lerner 1996), and increased the penalties on
infringers by awarding higher damages in patent disputes (Merges 1997; Kortum and Lerner
1997). Plaintiff success rates in patent infringement suits also increased substantially during this
period (Lerner 1995



2.2 The effects of strong patent rights revisited.

The effects of stronger patent rights on the intensity with which firms patent remains
unclear!’ To the extent that stronger patent rights enable firms to recoup more of their R&D
dollars, stronger patent rights should increase incentives to invest in'R&lhis scenario, there
is little reason to suspect that these increased R&D dollars should yield proportionally more
patents. Thus, unless other changes in the R&D process itself occur (such as a shift toward more
“applied,” patentable activities or improvements in research methods that speed or ease the
inventive process), stronger patent rights should not generate an increase in the numbers of patents
generated per R&D dollar.

A longstanding literature in the innovation and economics literatures has established,
however, that the effectiveness of patents varies greatly across industries and technological areas
(Scherer 1959; Taylor and Silberston 1973; Mansfield 1986), and that firms in only a handful of
industries, such as pharmaceuticals and chemicals, rely heavily on patents to recoup their R&D
investments (Levin et al. 198 Thus we might expect that the simple argument elucidated above
does not always apply, since the primary motivation for patenting in many industries may not be
directly related to protecting investments in R&D. For example, some studies suggest that stronger
patent rights have simply enabled firms with large legal departments to extract rents from and deter
entry by other firms in the industry. Lerner (1994) shows that small firms are far more likely to
“opt out” of the patent system entirely and rely more heavily on formal trade secret mechanisms to
protect their inventions. In another study, Lerner (1995) shows that newhbialtgy firms
“avoid the shadows” of competitors, but by patenting in areas that are not already occupied by
firms better-positioned to enforce their patent rights in court. In a similar vein, Lanjouw (1994)
finds that the value associated with patents also differs across firms, simply because of the “true”
value of patents are often not revealed until such rights are held valid by the courts, a process that
places a disproportionate burden on poorly capitalized firms.

The findings of two recent studies are especially important for the arguments in this paper.
Kortum and Lerner (1997) explore whether the strengthening of US patent rights in the early 1980s
led to the unprecedented surge in US patenting over the past decade. They identify four possible

causes and reject all but the last using evidence on worldwide patenting in many technologies:

. The “friendly court” hypothesis, which would imply a rush to patent in the

United States versus other countries that has not occurred.



. The “regulatory capture” hypothesis, which implies that incumbent large firms
should be leading the surge.

. The “fertile technology” hypothesis, which implies that the increase in
patenting should be concentrated in certain technology classes such as biotechnology and
software.

. Changes in the management of R&D that lead to increases in R&D
productivity (e.g., in biotech, see Arora and Gambardella 1994) and a shift to more applied

activities has increased the yield of patentable discoveries.

Based on our interviews, we would modify the conclusions of Kortum and Lerner in two
ways: first, it is clear from talking to semiconductor firms that regulatory capture (implying a more
aggressive use of intellectual property rights by large firms with deep pockets) could easily cause a
strategic response among non-patenting small and medium-sized firms and entrants as they attempt
to negotiate licensing or cross-licensing agreements on more favorable terms. If this is true,
regulatory capture does not necessarily imply that large incumbent firms will have a greater
incentive to patent than new entrants to the industry.

Second, we consider changes in the “management of R&D” more broadly. Even with no
change to the strategy and goals of their R&D programs, it was clear from our conversations that
many firms had decided to “harvest” more patents from their R&D, both as a defensive strategy
and to assist them in winning favorable terms in cross-licensing negotiations with other firms in the
industry?® Thus we agree that the increase in patenting in the semiconductor industry arises partly
from a shift in the management of R&D, but we do not believe that the shift is solely explained by
a move toward more applied R&D. Instead, our interviews suggest that many firms in this industry
increased their propensity to patent in response to an increasing threat of “hold-up” when they are
sued for infringement. The threat has increased because patents are more likely to be upheld and
because the nature of innovation in this industry has become more complex and depends on
technological inputs from more actors.

A second relevant study is the Carnegie-Mellon Survey of Industrial R&D in the United
States (Cohen, Nelson, and Walsh 1996, 1997). This survey found that patents were a relatively
ineffectual mechanism by which firms in the semiconductor industry recoup R&D investments
(both in absolute terms and relative to firms in other industries) and that firms now rely more

heavily on secrecy than they did in the early 1980s. Based on a sample of 14 responses in the



“semiconductor and related equipment” industry, Cohen e1 296 report that the ranking of
appropriability mechanisms for product innovation in decreasing order of importance is 1) product
complexity; 2) secrecy; 3) lead time; 4) complementary sales and service; 5) complementary
manufacturing; with patents and other legal means a distant sixth and $&Wéwthanking for

process innovations was similar, although patents were found to be even less effective for this kind
of innovation.

A somewhat smaller sample of respondents (11) in this industry answered a series of
questions about the reasons for patenting in their indfstitye most important reasons for
patenting product innovations were to prevent copying and to block another firm patenting a
related innovation, followed by use in negotiations and prevention of infringement suits. Except for
copying, these reasons are consistent with what our interviewees told us. For process patents, the
ranking was similar, although use in negotiations was somewhat less important.

The Carnegie-Mellon results confirm that in many industries, the prevention of imitation is
only one of several reasons for patenting. Although the authors note that the broader use of patents
may be especially important in industries where innovation is incremental (and where the value of a
single patents is inherently tied to the value of other patented and unpatented developments), they
do not examine these effects explicitly. They summarize their results as follows:

“The picture that emerges from our results is that the prevention of imitation is
only one of several reasons for patenting. The motive of blocking as well as the
prominent motives of the prevention of suits and use in negotiations suggest that
patents are used more broadly than simply to protect the returns to a specific
innovation.” (Cohen et all997: p. 17).

Summing up the results of this recent research on the motives for patenting, some
guestions still remain: if firms rely more heavily on trade secrecy and lead time to profit from
innovation, then why do they patent so aggressively? Have firms redirected more of their research
portfolios toward applied projects or improved their management of the innovation process
(Kortum and Lerner 1998)? Or, have patents simply become more important “bargaining chips” to
firms in their efforts to craft favorable licensing deals and to keep potential litigants at bay (Cohen

et al. 1997)? And how does the use of patents vaongrirms in the same industry?

3. Field Interviews
In order to illuminate the factors that have influenced semiconductor firms’ increased

propensity to patent and the effect, if any, of the “pro-patent” shift on different types of firms, we



first met with patent managers and executives from two types of semiconductd? fitins:

incumbent firms and (2) firms that entered the semiconductor industryl882e after the shift to

a “pro-patent” environment. As shown in Table A.2, the sample includes large and medium-sized
semiconductor manufacturers, who are engaged in both process and product innovation, as well as
smaller design firms, who are engaged primarily in product innov&tionly one of the firms,

Texas Instruments, held a large patent portfolio (both in absolute terms and relative to its R&D

spending) prior to the shift in US patent policies.

3.1.Patents as an appropriability mechanism

Are patents important to firms in the semiconductor industry? In general, the answer to
this question was “yes, patents are extremely important.” But the reasons for their importance
often had little to do with whether patents provide an incentive to conduct R&D or enable the firm
to profit from the current-generation products. As one interviewee noted, “semiconductor firms do
notrely on patents [to profit from innovation or appropriate returns from R&D], but patent rights
are still of critical importance to firms in this industry.”

Consistent with the findings of the Carnegie Mellon survey and earlier studies on how
firms profit from innovation in the semiconductor and other indudtyieserviewees noted that
semiconductor firms generally rely on mechanisms other than patents to profit from innovation.
Because of the short product life cycles in this industry and the fact that competitive advantage is
largely driven by lead time, design complexity, and (for manufacturers) superior manufacturing
capabilities, patents are a relatively ineffective means by which to profit from inventions—at least
for current-generation products. For example, it takes 18 months on average for a patent to issue in
the United States, while the average life cycle of semiconductor products ranges from a year to 16
months. Occasionally, successor generations of products will incorporate the older technology
embodied in the patent, but even this period might last 4-6 years, which is far less than the 20 year
life of the patent. As we note below, however, the longer-term value of these patents can be quite
high if future generations of products build on the patented technology, this technology becomes
widely used by other firms, and alternative methods are difficult or prohibitively costly to%adopt.

Interviewees highlighted another aspect of patenting in semiconductor technologies that
affects the ability of patents to exclude competitors. Unlike many biotechnology or pharmaceutical
products, for example, a given semiconductor product (say, a new ethernet card or a memory
device) will likely be covered by hundreds if not thousands of individual patents that cover aspects

of the circuitry design, materials used to achieve a certain outcome, and the broad array of methods
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used to manufacture the device. It is difficult, therefore, for firms to rely on a single patent or set of
patents to entirely exclude rivals from a given product line. Interviewees noted that although firms
can and often do obtain webs of related patents surrounding critical technologies, a single patent is
generally far less critical to a product’s success than is true in biotechnology or pharmaceuticals.

The maze of patents embodied in a typical semiconductor product was also identified as
one of the reasons that patents are especially valuable to semiconductor firms as “bargaining
chips.” A single firm rarely owns all the rights (either based on its own patents or licensing
agreements) to technologies embodied in a new product; as such, it is important to have assets with
which to trade in the event that other patent owners assert their rights against the firm. Because of
the complexity of semiconductor manufacturing, the diverse range of technologies employed in the
wafer fabrication process and the rapid depreciation of high-volume fabs, firms that operate and
own state-of-the-art manufacturing facilities (fabs) appear to face a greater need to bargain with
other holders of patent rights than is true of design firms, which tend to specialize in product
innovation.

Ironically, the rapid pace of technological change and short product life cycles that
characterize the semiconductor industry appearcteaserather than diminish these firms’
incentives to patent. If product life cycles were longer, firms would need to think more carefully
about whether competitors could benefit from the information disclosed in the patent application
and would perhaps protect a broader range of inventions with trade secrecy instead. As one
executive noted, “If we relied on patents for technical information, we would quickly go out of
business.” Thus, on the one hand, short product life cycles tend to undermine the ability of firms in
this industry to rely exclusively on patents to profit from inventions on a given generation of
products. On the other hand, because patent rights extend across generations of products and
technologies and invention in this field is highly cumulative, patents may nonetheless be valuable in
negotiations with other patent owners. Within this context, the rapid product life cycles that
characterize this industry may contribute to an aggressive patenting strategy: by obtaining a patent,
the firm purchases an option to exclude others from using its patented invention (a potentially
valuable asset in negotiations with other patent owners or with users of the technology), while
ensuring the firm’s “freedom to design and manufacture” products using technologies that it
developed. At the same time, the firm is able to secure this legal right to exclude without disclosing
information that would jeopardize the firm's competitive advantage.

3.2 Changing incentives to patent?
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Without exception, interviewees emphasized that the stronger patent rights ushered in by
the Court of Appeals for the Federal Circuit (CAFC) reshaped the incentives of semiconductor
firms to invest in US patent rights. But the implications of the “pro-patent” shift appeared to differ
among the types of firms in the interview sample, depending on the size and strength of their patent
portfolios in the early 1980s, the extent to which other patent owners could credibly threaten to
exclude the firm from using critical technologies or could extract royalties for use of such
technologies, and somewhat related, whether the firm owns and operates complex manufacturing
facilities or specializes in product design. Despite the small number of firms in the interview
sample, questions about the perceived effects of the early-1980s shift in US patent policies
generated a rich set of general findings. Here, we focus on differences among manufacturers and
design firms, most of which entered the industry during the era of stronger US patent rights.

3.2.1. Large-scale manufacturers: the increased value of patents as bargaining chips

Most of the interviewees from firms operating large-scale manufacturing facilities
emphasized that the formation of the CAFC altered the “rules of the patent game” and increased
their incentives to patent. On the one hand, stronger patent rights increased the ability of some
firms (such as Texas Instruments) to secure income from licensing rights to patents on more
favorable terms. Indeed, interviewees were well aware of the strategies that Texas Instruments had
put in place to manage and to profit from its patent portfolio and representatives from several
manufacturers expected to employ similar strategies as their patent portfolios grew larger. A more
common response among manufacturers, however, was a need to respond to the increased
exclusionary power of other patent owners by investing in patents of their own to use in licensing
or cross-licensing negotiations.

Two events, both related to the change in US patent policies, were frequently mentioned as
important in redirecting the patent strategies of several manufacturers in our sample. First,
numerous interviewees emphasized the importance of Polaroid’s successful patent infringement suit
against Kodak; in 1986, Polaroid was awarded almosilginbn damages and Kodak was
barred from competing in the instant-film camera busiffeEke large penalties imposed in this
case and the realization that US courts were willing to take an aggressive stance against
infringement by halting—either temporarily or permanently—production based on infringing
technologies fueled concerns among executives in many firms, including semiconductor
manufacturers. As one interviewee noted, “a preliminary injunction would be detrimental to a firm

if it means shutting down a high-volume manufacturing facility; loss of one week’s production
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alone can cost in the millions of dollars.” The licensing director of another manufacturer noted that
the threat of injunction is indeed a powerful lever against firms in negotiating royalty rates.

The second widely cited reason for the surge in patenting by semiconductor manufacturers
was referred to by some as a “Texas Instruments” éff@etginning around 1985-6, Texas
Instruments successfully asserted its patents in court for a range of inventions pertaining to
integrated circuits (e.g., the “Kilby patent” on the basic design of the integrated circuit) and
manufacturing methods (e.g., the method for encapsulating chips or transporting wafers from one
manufacturing platform to another). Although the original suits were against non-US firms, the
success of TI's patents in court enabled the firm to earn higher royalty payments from other firms
in the industry. Others noted that AT&T, IBM, and Motorola also began asserting their patent
rights more aggressively during the 1980s in an attempt to earn increased royalties based on their
large portfolios of semiconductor-related inventions. According to several industry representatives,
these large patent owners increased their charges for rights to infringe their patents during this
period and more actively sought royalty payments from smaller ffrms.

According to interviewees from several large manufactures (excluding TI), patents became
more important to their firms during this “pro-patent” environment to use as bargaining chips in
negotiations with other patent owners. Some noted that the semiconductor industry has historically
been characterized by broad, cross-licensing of patent rights among manufacturers and that, to a
large extent, this is still the case. Nonetheless, if a firm lacks a strong patent portfolio of its own
with which to negotiate licensing or cross-licensing agreements, its profits could be eroded quickly
by the outflow of royalty payments to a disparate array of owners of semiconductor-related patent
rights* In response, several interviewees described what appears to be a “race to patent” by their
firms—not a race to win rights to some standalone technological prize, but a race to secure the
right to exclude others before being excluded themselves. This is not to say that patents do not
serve some of their traditional function of safeguarding against outright theft of patented ideas. But
rather, this traditional reason for obtaining patents for several of these manufacturers appeared to
be dwarfed by broader motivés.

Regardless of the underlying motive, several of the manufacturers in our sample were
clearly “ramping up” their patent portfolios and “harvesting” their “latent inventions” to add to
their stock of issued patents. For example, one firm had “shifted from owning a total of 30 patents
[in 1990] to fling over 300 patents in one year” with an internal goal in place to “own 1000

patents by the year 2000.” Another manufacture had set an even more ambitious “1000 by 2000”
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patent goal while maintaining a relatively stable R&D budget: before 1993, the firm typically filed
100 patent applications per year (which rose to 650 patent applications in 1996 to a goal of 1000
applications filed in a single year by 2000). The increased volume of plingst dppeared to

reflect a “deeper reach” into an existing pool of inventions rather than a shift in R&D activities per
se. As one interviewee noted, there were “a lot of patentable inventions sitting around,” but the firm
had simply “not taken the time and incurred the cost” to patent these inventions in the past.

3.2.2. Design firms: securing rights in niche product markets?

The “bargaining chip” role of patents was less prominent in our interviews with the firms
specializing in semiconductor product design. The two highly profitable design firms in our
interview sample had established sophisticated in-house patent committees and were patenting
aggressively in their core product lines. Unlike manufacturers, these firms appeared to be driven by
a desire to secure broad proprietary rights to technologies in niche product markets. Although one
firm was starting to patent for defensive reasons (i.e., in anticipation of future requests from larger
firms for royalty payments), patents were mainly used to improve these firms’ competitive position
against other niche market rivals. The small number of design firms in our interview sample
negotiated surprisingly few licensing agreements involving the sale of rights to infringe their
patented technologies or the acquisition of such rights from others. Put differently, patent rights
appeared to be more important to these firms for “horizontal” reasons (to gain market share from
rival firms) than for “vertical” reasons, such as exchanging know-how or technology with either
suppliers of their manufacturing services or customers (Arora and Fosfuri 1998; Arora 1995). The
primary “vertical” role of patenting for this small group of firms appeared to be in securing capital
from private investors in the start-up phase.

The overall picture that emerged from the interviews was the importance of patents as an
imperfect but quantifiable measure of technology that enabled technology-based trades to be made
in external markets, both in financial markets (venture capital) and with suppliers and owners of
complementary technologies. Although the sample underpinning these interviews is not necessarily
representative of the industry as a whole, the general insights suggest that the shift in patent
policies in the early 1980s increased the incentives of firms in this industry to patent (with notable
exceptions), albeit for reasons that go beyond those traditionally associated with the patent system

and that differ among types of firms.

4. Empirical Analysis

14



Our empirical study pursues several lines of inquiry. We first establish whether the
increasing patent propensities of firms in this industry simply reflect more general trends observed
in other industries. We reject this view, and find that the patent yield in this industry exhibits a
rather unique pattern since the mid-1980s.

What, then, explains this apparent shift in the determinants of patenting in the
semiconductor industry? We investigate two main hypotheses. The first hypothesis, which we call
“strategic responsg stems from the contractual view of property rights that argues that stronger
patents (and the exclusionary rights that such patents entail) will increase the incentives of firms to
patent for reasons other than the traditional incentives provided by the patent system (Merges and
Nelson 1990; Cohen et al. 1998; Mazzoleni and Nelson 1997). These incentives are particularly
salient in an industry such as semiconductors where the legal rights to semiconductor technologies
are distributed across a diverse array of actors, with each holding important but overlapping pieces
of technologies that they all need. Under such conditions, a firm has an added incentive to obtain
patents simply as “bargaining chips” in negotiations with other patent owners, in gaining access to
needed technologies, or in safeguarding against threats of costly litigation. Because of the nature of
semiconductor manufacturing and the “thicket” of patents that surrounds semiconductor process
technologies, we expect that firms investing heavily in state-of-the-art manufacturing facilities (i.e.,
firms with high capital intensity, as defined below) will be driven by such concerns more than the
firms specializing in product design.

Our second hypotheses, “specialization,” stems from the view that stronger patent rights
have facilitated a “market for know-how exchange” (Mert@d8; Arora 1995; Arora and Fosfuri
1998). If true, we should find that post-1982 entrant firms (i.e., ones that entered the industry
during the “pro-patent” era) rely more heavily on patent protection, controlling for other factors

such as their size, R&D spending, and age.

4.1 Sample Selection and Data

The econometric part of this study is based on the univedsEgbublicly traded U.S.
owned firms whose principal line of business is in SIC 3674 (sachictors and related devices)
and who have data on Compustat between 1975 and 1996. Because the purpose of this study is to
examine changes in the patenting propensities of semiconductor firms over time, we needed reliable
indicators for both the patented output of semiconductor firms and the semiconductor-related R&D

investments (inputs) of these firms. Corporate R&D spending is reported for a firm’'s entire
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portfolio of research activities, so we restricted our sample to firms whose R&D investments are
primarily directed toward technologies aimed at semiconductor-related prétiftes. restricting

the sample to 1976-1996, dropping duplicate observations and partially-owned subsidiaries, and
excluding firms that had less than 3 years of data, we obtained a sample of 97 firms in an
unbalanced panel. The 11 omitted firms were primarily small post-1994 startups for which we had
inadequate data. The sample used for estimation was further restricted to include data only after
1980 (in order to focus on the changes after the creation of the CAFC) and before 1995 (because
of the truncation of the patent data after that date due to lags in the granting of patents). The final
sample includes 679 observations on 72 firms between 1980 and 1994.

A major challenge in any study that examines the patenting activities of firms over time is
identifying which patents are, in fact, owned by a given fitfirms patent under a variety of
names (their own and those of their subsidiaries) and the Patent Office does not keep a unique
identifier for the same patenting entity from year to year. To construct the entity-level patent
portfolios of the firms in our study, we first retrieved the patent portfolios of the firms included in
the Case Western patent database (discussed in Hall et al. 1998). This database contains the results
of a match between the names of approximately 3,000 manufacturing firms on the Compustat files
to about 30,000 of their subsidiaries (using a 1989 “Who Owns Whom” directory).

Because many of the firms in our study are small and entered the industry since 1989, they
were not included in the Case Western database. Our analysis also extends into the mid-1990s, and
significant mergers and acquisitions have taken place in this industry since 1989. We therefore
constructed updated entity-level portfolios for the firms in our study by identifying name changes,
subsidiaries, and mergers and acquisitions from a variety of sdfifidesse searches generated a
total of 14,365 patents issued to these 97 firms during 1975-1996, for an average of 148 total
patents per firm. In contrast, 228 patents were issued to the 11 omitted firms from 1975-1996, an
average of 21 total patents per firm.

After compiling these entity-level patent portfolios, we retrieved these firms’ detailed
balance sheet and income statement data from Compustat. The resulting “matched” database
combines, for all 97 firms, the front page patent information for their patents that issued during
1975-1996 (e.g., the patent class, when the patent application was filed, the date the patent was
issued) with the information contained in Compustat (e.g., annual R&D spending, capital
expenditures, and sales). In addition, we used business directories and industry sources to identify

the founding date of each firm (which may precede the date for which we have data by many
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years), and to determine whether the firm owned and operated its own fab (manufacturer) or
specialized in product design alone (design fitm).

Table 1 gives some summary statistics for our key variables; the top panel is for our
universe of firms from 1965 to 1997 and the bottom panel is based on the sample we use for
estimation. The median firm in our sample is 27 years old, has approximately 500 employees, does
$5.6 million dollars of R&D 1992%$), and successfully applies for one patent a¥jétowever,
the distribution of these variables is quite skewed, with over 500 patent applications in one year for
one firm (Texas Instruments in 1994) and over altierbdollars of R&D (Intel in1994). Design
firms represent 11 percent of the observations, and 42 percent have no successful patent
applications in a given year. A small number of observations are missing R&D in one or more
years, although all the firms in our sample report R&D in at least some years. To a great extent,
the firms dropped in our cleaning process were younger (often because they actually entered in

1994 or later), smaller, and more likely to be design firms.

4.2 General Trends

Figure 1 shows the total patent yield for the 110 firms in our sample, together with the
patent yield for all the firms in the Compustat manufacturing sector (firms whose principal SIC is
between 2000 and 3999) and for firms in the other computing and electronics industries for
comparisor’? It is clear from this graph that something changed around 1986 that caused a rather
steep rise in the patent applications obtained per million dollars of real R&D spending in the
semiconductor industry; note that although the computing sector exhibits a similar rise, it is much
smaller, and the pharmaceutical/biotechnology industry actually shows a decline in the patent-
R&D ratio.”® Figure 2 shows the number of firms in our estimation sample, which rises smoothly
from 24 at the beginning of the period to 72 in 1994. Design firms represent a fair fraction of
entrants, of which there are 19 by the end of the period.

In Figure 3, we show the same graph as Figure 1, separated into manufacturing and design
(or “fabless”) firms. The trend is similar, but design firms seem to have lower patent yields on
average and the yield does not rise as steeply. We might expect that firms whose R&D is focused
on product rather than process would hatggaer rather than a lower propensity to patent.
However, if there are fixed costs of patenting, the smaller design firms may find fewer patents are
worth filing for, other things equal. And, as we have already suggested, if firms file for patents

partly to avoid having production held up because of an intellectual property dispute, then
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manufacturing firms would have a stronger incentive to file than design firms. We will explore this

guestion later when we estimate equations that describe the propensity of firms to file for patents.

4.3. Estimating the patent production function

To explore the determinants of patenting in these semiconductor firms and how they have
changed in the past one or two decades, we use a patent production function first introduced by
Pakes and Griliche4.980); our specific emometric model was first applied to patent data by
Hausman, Hall, and Griliche4484). The patent production function relates the number of
successful patent applications made by a firm in a given year to its past history of R&D spending,
along with other firm characteristics such as size.

Because the number of successful patent applications made by a semiconductor firm is
count variable with many zeroes and ones, we use Poisson-based econometric models and
estimation methods. As in Hausman, Hall, and Griliché84), we hypothesize that the expected
number of patents applied for during the year is an exponential function of the firm's R&D
spendingnd other characteristicgX

EfpulXit] = A = exp(%:B+y)
where i indexes the firm and t indexes the ygds. an overall year specific mean that measures the
average patenting rate across all firms, adjusting for the changing mix of firms in the sample. We
estimate this model using maximum likelihood for the Poisson distribution, but we rep