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Abstract

We study licensing in a high technology industry affecteclpatent thicket. Licens-
ing contracts signed with rival innovators allow firms to tan the threat of hold-up that
arises in the patent thicket. Licensing contracts will heeny different effects on firms’
R&D incentives depending on when they are signed. Thereferdistinguish between
ex-ante and ex-post licensing contracts which are signéatder after R&D invest-
ments are made. We find that there is considerable variatiéimis’ choices between
these forms of licensing. To explain this variation we depedn empirical model that
nests transactions costs, technology and product marketntieants of the choice of
licensing. This model is tested employing a dynamic bindrgice model with unob-
served heterogeneity, strictly exogenous variables abaseh lagged dependent vari-
able. The initial conditions problem is dealt with accoglito a method suggested by
Wooldridge (2005. We estimate a random effects probit model using conditidlL
and find evidence of state dependence in our model. The ficedicof our empirical
model are confirmed. In particular we find that ex-ante anga@st-licensing resolve
different forms of hold-up and derive implications for tregulation of licensing in the
industry we study.
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1 Introduction

The modern process of research and development is somdikaesd to the activity of
continuously extending a pyramid by placing new blocks gm @b existing ones. Here
the pyramid serves as a metaphor for the cumulativenessesftdic research in complex
product industrie's Inventions are invariably based on the results of eartisearch.

In many high technology industries the cumulativeness sdaiech efforts is reflected in
a dense web of interconnected intellectual property rightgatent thicket$hapiro(2001)].
Whenever a firm successfully places a new block on top of tlharpi the value of this
block to that firm will not just depend on the height of the iotself, i.e. the advance it
embodies. It will also depend on the extent to which the biasts on foundations which
belong to rival firms. The more the foundations of a new intiovebelong to rivals, the
greater the royalties which these will extract from the omwofehat innovation. This ability
of previous innovators to extract royalties is sometimescdbed as their ability to hold-up
follow on innovators by employing their own patents as blogkpatents.

In order to contain the threat of hold-up firms employ an awagtrategies. One im-
portant strategy is strategic patenting of large numberpaténts. By patenting heavily
firms acquire large patent portfolios; the patents in thestglios serve as bargaining chips.
These have two functions: they allow the firms to bargain tmeas to the proprietary tech-
nology of their competitors and they enable them to threatiéim a countersuit if they are
held-up.Ziedonis(2004) provides evidence of defensive patenting in the semicotodin-
dustry. She shows that semiconductor firms responded to a freagmented ownership of
patents complementary to their own, by patenting more aggrely. Here greater fragmen-
tation of ownership signals greater need to bargain forsscteeintellectual property rights.
In an earlier studyall and Ziedonig2001) document the rise of defensive patenting in the
semiconductor industry after 1985.

Once firms are part of the race to acquire substantial patatiiopos they must deal
with the problem of potential hold-up situations. The olmgavay of dealing with hold-up
is through cooperation with rival innovators. Cross-liseig agreements between rival inno-
vators that resolve mutual hold-up situations are very comin industries affected by the
patent thicket@Grindley and Teec€1997); Anand and Khanné&000]. Such cross-licensing
agreements may apply to existing patent portfolios, but alsy be forward lookingghapiro
(200D)]. Alternatively firms may cooperate on entire R&D projettieough the formation of
Research Joint Ventures (RJVs). Ex-ante R&D cooperatighistkind may allow firms to
prevent hold-up from arising at all.

In this paper we investigate licensing as a response to teattlof hold-up within the
patent thicket. Licensing is almost always part of the sggtof resolving hold-up, even if
firms have also established more formal ties in the form of RJWhe study of licensing

L A complex product is one which is based on many patenesif et al.(1987]. RecentlyCohen et al.
(2000 show that firms in complex product industries primarily ttse patent system for the purpose of forcing
negotiations over access to others’ patents.

2 The hold-up problem is discussed at lengthStyapiro(2001). Hall and Ziedonig2001); Hall (2004
argue that the Kodak-Polaroid caseloB5-1986 first demonstrated how damaging a patent infringement suit
could become for semiconductor firms. The potential for aggje use of patents was also underlined when
Texas Instruments started using their patent portfolicu® fapanese and U.S. rivals for patent infringement
[Grindley and Teecé&l997)].

3In the literature on R&D cooperation it is more common to f@om the question whether firms cooperate
or not [Stuart(1998; Sakakibara and Branstett002); Sakakibarg2002; Cassiman and Veugele{2002);
Hernan et al(2003; Roller et al.(2005]. Oxley (1997 adopts a transactions costs approach to R&D cooper-



behaviour within the patent thicket is important for at leag reasons: firstly it is hypothe-
sised that the threat of hold-up may dull R&D incentivBi@piro(2001)] and secondly it is
feared that cross-licensing contracts may be used to edtafallusive agreementShapiro
(20033]. We focus on the first of these issues and seek to estaldighitensing will affect
R&D incentives when firms anticipate hold-up by rivals.

To investigate the effects of licensing on R&D incentives wegoduce the distinction
between ex-ante licensing and ex-post licensing. Econdn@ory suggests that ex-ante
licensing will lead to lower research efforts than ex-pose¢rnsing. We develop a latent
variable model of the premium to ex-ante licensing and sthdychoice between ex-ante
and ex-post licensing using a dynamic panel data model. @wirecal model draws on
a theoretical model of licensing under the shadow of holdugm Graevenitz and Siebert
(2009] . We integrate their theoretical predictions in a dynaemapirical model which also
incorporates effects of experience with licensing fromvpes periods. In this model it
is possible to distinguish between experience gained iprailious licensing ventures and
experience that is specific to a firm pair.

We seek to derive two results that are relevant to policy n@kiirstly we hope to estab-
lish how important state dependence is when firms choosethedf licensing contract. If
state dependence is particularly strong this implies thapalicies which favour a particular
type of contract may have stronger effects than anticipla¢éeduse firms become locked into
this type of contract. Secondly we hope to find support forttie®retical model developed
by von Graevenitz and Siebd®005. This model shows that firms are more likely to choose
ex-ante licensing if they are competitors in the productk@tand ex-post licensing if they
produce complementary products. A welfare analysis of theehimplies that firms are
unlikely to choose contracts that reduce welfare. If we agpsrt the theoretical model this
suggests that the regulation of licensing contracts sheegdt to be neutral in its effects on
the choice between ex-ante and ex-post licensing.

We test the predictions of the theoretical model using asgdizontaining licensing con-
tracts from the semiconductor industry. This industry isatural choice for an empirical
study of hold-up because of its overall economic signifiehand because there is a grow-
ing body of literature which documents the emergence of #teni thicket in this industfy
While it is clear that the growing patent thicket has contrda to an increase in the propen-
sity of semiconductor firms to cooperate on R&Bxjlart(1998)], there is no previous work
on the choice between ex-ante and ex-post licensing inrtdissitry or any other. We provide
empirical evidence on the determinants of this choice. Wi thiat there was a particularly
strong increase of the propensity to engage in ex-antediogrover the first part of our sam-
ple. Subsequently there was an equally strong decline girtiy@ensity to cooperate ex-ante.
We also document that ex-ante licensing was far more likeliget observed than ex-post
licensing.

To investigate the choice between ex-ante and ex-postsiicgiwe estimate a dynamic
probit model allowing for unobserved heterogeneity. Theneenetric task we face is to
distinguish state dependence from dynamic responses teeras variables caused by un-
observed heterogeneity and serial correlation. We allawaigged dependent and lagged
exogenous variables in order to accurately test for stgtertdence. We also allow for un-
observed heterogeneity as firms may differ in certain unaredsvariables that influence

ation and focuses on the strength of the cooperative cdantbar paper ignores the question of the strength of
the overall agreement and focuses on the licensing elemt@ohws common to almost all R&D cooperation.
4Jorgensori2001)
5Grindley and Teec€1997,Shapiro(2001),Hall and Ziedonig2001),Ziedonis(2003
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their choices between ex-ante and ex-post licensing. Hethmobserved variables are cor-
related over time and are not properly controlled for, pyasiexperience may appear to be
a determinant of future experience solely because it is &ypiar such temporally persis-
tent unobservables. To make any inferences about true dggendence one needs to ac-
count for unobserved heterogeneity and other sourcesiaf serrelation in unobservables.
[Wooldridge (2005] shows how this may be done and we apply the method he sygest
below.

State dependence will arise where experience accumulapedvyious licensing between
two partner firms affects their current choices to coopesat&k&D. Previous cooperative
R&D agreements will also have an impact on firms’ current f@ss in technology space,
which then affects current expected profits from licensifige empirical literature on R&D
cooperation documents the importance of previous expegiehcooperation in determining
firms’ propensity to cooperate agaiddrnan et al(2003,Sakakibard2002,Stuart(1998)].
Therefore we expect that state dependence will be an imgadterminant of the choice
between ex-ante and ex-post licensing.

In nonlinear dynamic panel data models with unobservedsifehe treatment of the
initial observations is a problem. Empirical analysis irsttontext is not trivial, as there are
no known transformations - such as differencing - that elate the unobserved effects and
result in usable moment conditions. Special cases havewesked out that eliminate the
unobserved effects and result in usable moment conditcmsapareChamberlain(1992),
Wooldridge(1997 andHonore and Kyriazido@2000. Various different ways to handle the
initial conditions problem in parametric dynamic nonlineaodels are suggested biygiao
(1986]. Here we use the method suggestedMyoldridge(2005 to handle the initial con-
ditions problem. Rather than attempting to obtain the jdistribution of all outcomes of
the endogenous variables, we apply a parametric approatkawe the initial conditions
problem by specifying an auxiliary conditional distributifor the unobserved heterogeneity,
conditional on the initial value and any exogenous explanyatariables. Then we integrate
out the unobserved heterogeneity of the joint density. Wenase a random effects probit
model using conditional ML.

Our paper is organised as follows: in sectidrve provide an exploratory account of
licensing in the semiconductor industry, then in secfiave introduce our analytical frame-
work. In the following section we discuss our specificatidn. section5 we discuss the
results. Finally sectio6 concludes. In the appendix we provide more information on ou
dataset as well as additional results of alternative spatifins.

2 Licensing in the semiconductor industry

In this paper we study licensing between semiconductor fempirically. We construct a
dataset which covers the period 1998-1999. It comprise& #ddbrds of licensing amongst
semiconductor firms. Furthermore it contains informatiarsemiconductor firms’ revenues
and market shares and their patenting activity. In thisieeste describe the most impor-
tant empirical patterns which characterise licensing enxgémiconductor industry using this
dataset.

The semiconductor industry has been a driver of economigtgrior more than a decade.
Jorgensorf200]) argues that the semiconductor industry is one of the mgsbitant high-
technology industries, as its prices significantly affe@ny other downstream industries.
Semiconductors are mainly used as inputs for the computestry ¢5% of its sales), con-
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Revenues in 1019 U.S,

sumer electronic28%), and communications equipmens). Anand and Khanng000,
who undertake a first large sample study of licensing, find tit semiconductor industry
emerges as one of the industries with the highest levelsensing activity. Therefore this
is a natural setting in which to study licensing. Furtherenargrowing number of recent
papers provide evidence of an emerging patent thicket sitliustry [Grindley and Teece
(1997),Shapiro(2001),Hall and Ziedonig2001),Ziedonis(2004]. Our aim is therefore to
understand how the emerging patent thicket has affectedding activity in the semicon-
ductor industry. The descriptive statistics which we pn¢gethis section contain some sur-
prising facts about licensing amongst semiconductor firide.begin by focusing on these
facts and then go on to discuss the origin of the data we useia detail.

The left-hand graph in Figuré shows that total revenues of all semiconductor firms
grew very substantially over the period of our sample. Ming this there was also a large
increase in the number of active semiconductor firms. Howeaeegraph also demonstrates
that revenue growth almost stopped aft@96. After this date there was increased turbulence
in the industry, as a much larger proportion of semiconduetas was affected by entry and
exit than had previously been the case.

The semiconductor industry: 1989-1999

The semiconductor industry 1989-1999 Licensing and patenting activity
Growth of revenues and numbers of firms 3

200 200

— Revenues 4 — Licensing contracts
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Source: These figures are based on tabkasd6 in the appendix.

Figure 1: The development of the semiconductor industry91B&99

The semiconductor industry experienced a strong surgetenpag activity afterl 985
[Hall and Ziedonig2001), Ziedonis(2003 2004]. The right-hand graph of Figure pro-
vides information on the level of granted patents and lizensontracts relative to 1989.
It shows that the number of new patents granted to semicooidfioms more than dou-
bled over the period of our sample. This development has bagsfully investigated by
Hall and Ziedonis(2001) who argue that it is due to strategic patenting in the facarof
emerging patent thicket. Surprisingly the increase inngatg by semiconductor firms does
not lead to a proportionate increase of licensing amongsetirms. As the right-hand
graph of Figurel shows the number of licensing contracts amongst semicooidiiicns in
our sample increases and decreases in a fashion that sh@sioas relation to the increase
in granted patents.

If we combine the information about revenues and licensatiyity contained in the two
graphs of Figurel in one graph a possible explanation for the rapid declindcainking
just before 1996 emerges: expected revenue growth may laavedme impact on the level
of licensing activity. This is documented in the left hanéun of Figure2 below. The
figure contains plots of the total revenue of all semiconoluitms and of the frequency
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Relative frequency of licensing [contracts/firms]

of licensing contracts relative to the number of firms in teenkonductor industry. The
relative frequency of licensing contracts displays a huhmpe just as the absolute number
of licensing contracts does. The graph also illustrateditaveen 1991 and 1994 the number
of licensing contracts was greater than the number of semdiatior firms. The decline in
licensing activity begins about a year before total reveratepped growing. This suggests
that firms anticipated the decline in revenue growth and aeduheir licensing activities
accordingly.

The semiconductor industry 1989-1999: The semiconductor industry 1989-1999:

Total revenues and relative frequency of licensing Total ex-ante and ex-post licensing contracts
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Figure 2: Ex-ante and ex-post licensing contracts in thac@armductor industry

Our data on licensing contain some information on each iddal contracf. This in-
formation allows us to distinguish between licensing caciis that were signed before R&D
investments took place (ex-ante contracts) and thosedajfter such investments had turned
into granted patents (ex-post contracts). The right hamaglgabove shows that ex-ante
licensing is far more volatile over the period of our samplart ex-post licensing. This
finding is somewhat surprising as the literature on pateiokéis has focused on ex-post
cross licensing or the formation of patent pools as a meanssolving the threat of hold-
up [Grindley and Teec€1997), Shapiro(2001)] so far. In sum Figure shows clearly that
the increase in overall licensing is predominantly a restithe strong increase in ex-ante
licensing over the period of our sample.

Our data show ex-post licensing is important throughoupéreod, but it is dwarfed by
the level of ex-ante licensing befot®96. To gain a better understanding of what underlies
the patterns of ex-ante and ex-post licensing illustrateBigure2 we collect information
on the top20 firms by granted patents in the semiconductor industry ilelab The table
provides information on the number of patents granted th éiam, their cumulative rev-
enues and their average market shares between 1989 and Al@#®rmore we report the
percentage of licensing contracts of a given type which @athwas a party to.

Tablel shows that Texas Instruments and Intel account for a fifthl @xapost licensing
agreements This may explain why previous studies highlight ex-pas#tising as these have
tended to focus on these firmSiindley and Teecél997),Shapiro(2001),Shapiro(2003b].

By comparison the number of ex-ante licensing agreemerdprisad quite evenly across
the firms represented in the table. In spite of this diffeechetween ex-ante and ex-post

5We provide examples of such contract descriptions in AppeRdelow.
’No agreements between the two firms are recorded in our data.



licensing it is clear that all of the represented firms engadaoth types of licensing to a

significant degree.

Overall we observe tha9% of the contracts in our sample are signed by firms which
have experience of both ex-ante and ex-post licensing. eférer we cannot explain the
patterns observed above by focusing only on firms that tectidose one form of licensing
contract only, rather we must focus on the choice that all pairs make between ex-ante
and ex-post licensing.

In Tablel we highlight the three most important firms in each column:

Table 1: Licensing by the largest semiconductor firms 198991

Patents Revenues Av. Mkt. | Percentage Percent. off Percent. of
Company shares (%) of total lic. | ex-ante lic.| ex-post lic.
IBM 3802 21,909 1.85 5.55 6.92 3.02
NEC 3072 81,677 6.91 3.66 4.19 2.68
TOSHIBA 3041 69,974 5.92 4.84 5.46 3.69
SONY 2343 17,690 1.50 2.01 2.00 2.01
FUJITSU 1894 40,520 3.43 3.42 3.28 3.69
TEXAS INST. 1837 56,006 4.74 8.74 5.46 14.77
MICRON TECH. 1746 15,836 1.34 1.06 0.73 1.68
MOTOROLA 1739 66,700 5.65 5.31 6.56 3.02
SAMSUNG 1645 46,344 3.92 2.95 2.55 3.69
MATSUSHITA 1367 28,021 2.37 2.24 2.19 2.35
AMD 1085 20,725 1.75 2.48 1.64 4.03
S.G.S. THOMSON 994 17,991 1.52 1.89 2.19 2.34
INTEL 938 | 135,069 11.43 5.67 4.74 7.38
UNITED MICRO. 776 3,108 0.26 0.24 0 0.67
NAT. SEMI. CORP. 639 22,571 1.91 3.90 3.46 4.70
HYUNDAI EL. 590 18,450 1.56 0.83 0.36 1.68
LG CABLE & MACH. 546 8,445 0.71 0.47 0.73 0
LSI LOGIC CORP. 453 11,335 0.96 2.60 1.82 4.03
AT&T 431 5,531 0.47 2.36 2,55 2,01
OKI ELECTRIC IND. 370 12,872 1.09 1.89 1.82 2.01
Industry total 1,181,420 100%=847| 100%=549| 100%=298

Revenues are stated in millions of 1989.

In summary the data we have studied so far suggest that treeségmificant differences
between ex-ante and ex-post licensing by semiconductos fifarthermore the data reveal
changes in the level of licensing that do not look as if thegeasolely from the development
of total industry revenues or patenting behaviour. The rede of the paper sets out a model
that seeks to explain how semiconductor firms choose betaeante and ex-post licensing.

We test this model using the dataset described here.

This dataset provides one further stylised fact which weuser analysis below. As the
histogram in Figure illustrates, the vast majority of the contracts we obserecbéateral.
Nonetheless a significant proportionl (6%) of the contracts in our sample are between
more than two firms. Due to this fact we also develop hypoth#sa# pertain to these types

of contracts.
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Our data derive from a variety of sources. Here we discussdheces of the data and
their quality:

Licensing The data on licensing contracts were originally taken frdrompson Financial.
We have complemented these with information derived frorth&r sources that are in the
public domain such as business reports, Lexis/Nexis, Elpict News, Electronic Business
etc . We restrict our empirical analysis of licensing to therfation of horizontal technol-
ogy licensing, thereby excluding licensing for producteomd marketing. Hence, we have
excluded vertical partnerships, such as those betweertgedctor firms and computer or
microelectronic or multimedia firms. Moreover we have egeld22 ex-post licensing deals,
which were related to infringements and lawsuits.

We believe that this dataset provides at least as much irfitomon licensing activities in
the semiconductor industry as datasets obtained by prestodies. The number of contracts
we observe is in line with that reported Rowley et al.(2000 for an overlapping sample
period. Their data derives from different data sources thag. The correspondence in the
number of contracts observed confirms that our datasetiogrdacomprehensive record of
information on licensing available in the public domain. Asand and Khann&000 note
there is no requirement for firms to publish information aretising contracts. Therefore it
is conceivable that some bias due to sample selection remidimwever we are unaware of
reasons for which firms should selectively favour ex-antexepost licensing contracts when
deciding which to announce.

Patents Information on granted patents comes from the NBER pateasdd We extract
all inventions that have been patented in the U.S betweefi 488 1999. We use domestic
patents because the U.S. is the world’s largest technolagketplace and it has become
routine for non-U.S.-based firms to patent in the UAbért et al.(1991)].

8Rowley et al.(2000 study strategic alliances whereas we study licensingraotst Our definition of a
licensing contract is any contract that also includes ar@gent to license technology. Therefore both studies
focus on a similar set of agreements between firms

9This dataset is describedatp://www.nber.org/patentsit was established biall et al.(2001).


http://www.nber.org/patents/

Market data Data on annual sales and market share data come from Garimgp.G

This completes our survey of the descriptive evidence @nBng in the semiconductor
industry. We turn now to the analytical framework which we wis investigate the choice
between ex-ante and ex-post licensing.

3 An empirical model of licensing

In this section we develop an empirical model to study thaaghbetween ex-ante and ex-
post licensing. Here we begin by discussing the theordbaekground for such a model.

Hall and Ziedonig2001) demonstrate that patent portfolio races between semicod
firms are giving rise to a patent thicket. Hold-up opportiesiarise naturally in this context
and ex-post licensing allows firms to resolve such hold-tyesions. Where the possibil-
ity of hold-up can be anticipated firms also have the optioticaeinsing ex-ante. Ex-ante
licensing contracts allow firms to avoid races for particydatents by agreeing some form
of sharing of the costs and benefits of these patents. Thediet between ex-ante and ex-
post licensing arises naturally when patent portfolio sea@ considered in this way. Indeed
Ziedonis(20049) shows that ex-ante licensing will be less likely where omghe of comple-
mentary patents is very fragmented. The result is that gréetgmentation leads to more
intense patent portfolio races and more ex-post licensivhile Ziedonis(2004 considers
the indirect consequences of the choice between ex-antexapdst licensing we are able to
observe the choice directly.

In von Graevenitz and Siebd005( vGS we model the choice between ex-ante and ex-
post licensing as a choice between ex-ante licensing angliatd a patent race. Where firms
opt for the patent race they will subsequently bargain olergurplus created by the new
patent. The necessity for such bargaining is the resulte@ttmplementarity between the
new patent and existing patents. By incorporating this dempntarity our model extends
previous models of patent races in a tractable fashion. iicpéar we build on the work of
Beath et al(1989 andNti (1997 to derive comparative statics results about the implceti
of exogenous variation in the strength of existing blockpaients and the value of new
patents.

The literature on patent races discussedBleath et al.(1989 and Reinganum(1989
makes strong predictions about R&D investment by losingdirifhese predictions are not
confirmed in a detailed empirical study of R&D investmentdngbur in the pharmaceuticals
industry byCockburn and Hendersdt994. They conclude by arguing that more realistic
models of R&D competition should allow for patent races thfégr multiple prizes. Recent
work that seeks to meet this challenge incluttesner (2004 and Konrad and Kovenock
(2005. The work ofHall and Ziedonig2001) andZiedonis(2004) suggests that patent race
models have some application to complex product industsash as the semiconductor
industry, too. However the obvious challenge there is temxtthe models to incorporate
complementarities between patents. Our theoretical madgbSrepresents an attempt in
this direction.

In an earlier study of cross-licensing of complementariitetogiedershtman and Kamien
(1992 model a simultaneous race for two technologies by duojsolis their model an R&D
race is followed by bargaining over the surplus that may bated when firms cross-license
their innovations. Their model is too complex to provide toenparative statics results we
seek. Therefore inGSwe study a race betweex firms for a single new patent. This sim-
pler setting is rich enough to generate opportunities fossilicensing because we allow for



the possibility that the future owner of the patent may beltgl by one or more losers of
the R&D race. Hold-up arises because of the complementairitye new patent to existing
patents. Ex-post cross-licensing resolves hold-up byigioy the loser(s) of the R&D race
access to the new patent while providing the winner accesdisetdlocking patents of the
losing firms. We allow for the possibility that firms antictpahe patent race and contract
ex-ante to avoid it. Here we assume that firms are sufficidatlyard looking to trade off
ex-ante and ex-post licensitig

In our theoretical model firms’ strategic R&D incentiveseifunder ex-ante and ex-post
licensing. We find that firms’ R&D incentives are much greateder ex-post licensing than
under ex-ante licensing. Ex-post licensing takes placeas as a firm owns a valuable new
patent. This implies a prior race for ownership of that patdfx-ante licensing will take
place before any R&D investment and firms will contract torstature discoveri€$. This
reduces R&D investment in patents covered by an ex-antediag contract.

In the remainder of this section we develop an empirical &aork within which the
predictions of our theoretical model may be tested.

3.1 Alatent variable model of the premium to ex-ante licensig

In this section we set out a latent variable model of the ahbetween ex-ante and ex-post
licensing. The unobserved premium to ex- ante licensinghi@ifirm pairk at timet may be
regarded as a latent variallg ;:

HZ,t = (Vka,t - Vlf,t) + (Tlg,t - Tlf,t) + Uk, (1)

whereV® VP are the expected values of earte and expost licensing;/™*, T? are the trans-
actions costs associated with ex-ante and ex-post licgrasidw,,; is a continuously dis-
tributed error term with mean zero.

The premium to ex-ante licensing is a function of transadicosts differences between
ex-ante and ex-post licensing as well as the determinartseaéxpected values of ex-ante
and ex-post licensing. The premium may be positive or negatin the former case we
observe ex-ante licensing and in the latter ex-post licensi

This simple model allows for both transactions costs effectd effects deriving from
strategic behaviour of technological rivals. In order tbreate the model it would be desir-
able to have structural expressions¥or, V7, 7%, TP. While there is a theoretical model that
provides the value functionig®, V? and we have enough data to test this model, we do not
have sufficient data to test a theoretical model'6f7?. Furthermore the value functions
for V¢, VP thatvGSderive are non-linear in our explanatory variables. Thaeeive approx-
imate the differencél’* — V?) with a linear model on which we impose the comparative
statics properties of the original value functions. We comalthis model with proxies for the
transactions costs of ex-ante and ex-post licensing.

We discuss the components of the approximated linear veddiequation {) next.

The expected values of licensing ex-ante and ex-postV ¢, V) vGSmodel the setting of
technological rivalry and licensing described above. Iip&pdixA we provide an example

10Recent survey evidence from a study of European inven@asnbardella et a{2003] suggests that al-
most three quarters of all inventions covered there wereehalt of forward looking R&D investment as
opposed to luck or ...

Compare the texts describing the licensing contracts twand y in appendii.
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of their model and derive the main predictions discussedvbeVGSassume that transac-
tions costs are independent of the determinants of the teghgalues of ex-ante and ex-post
licensing and concentrate on the latter. They analyse a giege game betweén firms:

Stagel Firms choose whether or not to license ex-ante. Ex-antadiog implies that future
patents are shared.

Stage2 Firms independently choose a hazard raté patenting an important new innovation.
Their R&D costs will be increasing in the hazard rate.

At the end of this stage the patent is granted to one of the firms

Stage3 If firms have not chosen to license ex-ante they bargain dwesurplus created by
the new patent. Firms’ outside options depend on possess$ithre new patent, its
complementarity to existing patent stocksand on the blocking strength of these
patent stocks3.

In this setting the strength of R&D incentives at stagdepends on the form of contract
chosen. Ex-ante cooperation removes the threat that afirvalvill raise its profits while
lowering own profitsBeath et al(1989 call this thecompetitive threatThe remaining R&D
incentive in this case is th@rofit incentivewhich arises because the new patent improves all
firms’ profitability. Under ex-post licensing both of theseeéntives determine the level of
R&D investment and therefore it will exceed investment uredeante licensing.

The greater costs of R&D rivalry under ex-post licensing evenpensated by higher
profits for the firm winning the new patent. As a result firmsefacchoice between ex-ante
and ex-post licensing. This choice is influenced by the vafule prize which the winning
firm gains under ex-post licensing. On the basis of comparatatics results derived INti
(1997 it is possible to show that the expected values of ex-antieexrpost licensing are
increasing in the prizeeGSshow that initially the expected value of ex-post licensingws
faster than that of ex-ante licensing. For very large prihesresult is reversed.

The prize will grow in value if the new patent is a stronger gbement to existing patent
stocks. This forward complementarity is measuredchy It will also grow if the value
of the products which the patent improves is greater. Weesgmt this value byV. The
relationship between the value of the prize and these paeasnis captured by the following
hypothesis:

Hypothesis 1

The relationship between the probability of observing etedicensing and an increase in
the value of a new patent [$-shaped . For new patents of low value such increases will
reduce the probability of observing ex-ante licensing. Veny valuable new patents such
increases raise the probability of observing ex-ante §uen

This hypothesis follows from well-known comparative stagproperties of standard patent
race model$. It can be represented as follows:

V&= VP =~ CW + ’}/Q(CW>2 , 2

where~y, v, are parameters to be estimated. Hypothésisggests that; < 0 andy, > 0.
Now consider the effects of variation in the blocking strigngf existing patent stocks.

2For discussions of the comparative statics of patent raatetaaefer toReinganum(1989, Beath et al.
(1999 or Nti (19979.
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The blocking strength of existing patent stocks is irretewander ex-ante licensing if the
firms are symmetrical. Symmetry implies that each firm is égueell placed to hold-up the
use of a new patent by the other. Ex-ante licensing prevensup, through the provision
that a firm which gains the new patent will share it with thetpars to the contract. In
contrast ex-post licensing occurs because the firm holdiegéw patent desires to resolve
the hold-up problem. Its contracting partners may wish ® the new patent too. In this
bargaining setting the size of the “pie” which bargainingver will depend on the blocking
strength of existing patent stocks. As the pie is divideeMeen the winner and loser(s) of the
patent race, both sides’ payoffs also depend on the blosiieggth of existing patent stocks.
Thus the prize being offered in the patent race is a functfahis exogenous parameter.

The comparative statics results whieB Sderive regarding the effects &f depend deli-
cately on the number of contracting parttésand on the product market relation between the
contracting parties. The simplest case is that of two firmgkware product market rivals.

In this case a higher ability to block the new patent will lowlee value of winning the
patent. There is a direct effect which lowers the outsidéoopdf the winning firm. Indi-
rectly a greater ability to block the patent increases tleewgiich winner and loser bargain
over ex-post. HowevevGSshow that this indirect effect does not compensate the tdirec
effect. Therefore we advance the following hypothesis:

Hypothesis 2

If exactly two firms contract and these compete in the prochatket, (substitute products)
we find that stronger blocking patents reduce the expectiee i ex-post licensing. This
implies that ex-ante licensing becomes more likely.

A more complex case arises where firms produce complemeptaducts. Comple-
mentarity in the product market implies that one firm’s psoéite increasing if its partners
become more competitive. As a consequence the owner of a atmtpthat is valuable
has a strong interest to make this available to any partmes finat produce complementary
products and could benefit from the patent. In spite of thisrest the firm may still seek to
appropriate as large a share of the resulting surplus agopms3ust as before an increase in
the blocking strength of existing patents will lower the ©dé option of the winning firm.
HowevervGSshow that the indirect effect which arises from the growthhaf bargaining
pie will more than compensate the direct effect as soon as than two firms contract over
the new patent ex-post. Therefore we advance a third hypisthe

Hypothesis 3

For patent races with more than two competitors the expedadt of ex-post licensing
increases in the strength of blocking patents where firmdyme complementary products.
This implies that ex-post licensing becomes more likely.

The last two hypotheses depend on the valuds,a¥ and on the product market relation
between the firms in a licensing contract. Below we make uaaloimmy variablé  which
measures whether there are more than twg (= 1) or exactly two firms in a contract.
Because of data limitations we also introduce a dummy vhialich captures whether
firms produce substitute product®s = 1) or not. With the help of these dummy variables
we capture Hypothes&sand3 as follows:

V® = VP =3B(1 — Dy)Dg + vBDn(1 — Dg) +75B(1 — Dy)(1 — Dg) +v%DnDs
(3)
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where the parametefig — ¢ remain to be estimated. Hypothe&iand3 suggest thai; > 0
and thaty, < 0. We cannot derive restrictions on the signsygfand~s. If the signs of
these parameters are positive this suggests that the difect discussed above outweighs
the indirect effect.

This completes our discussion of the linear approximatibi'e — V7). We turn to
consider the effects and measurement of transactionsoests

Transactions costs (7, 7") As the latent variable model set out above suggests the trans
actions costs associated with ex-ante and ex-post liogmsay be significant. We assume
that previous experience of either type of R&D cooperateuces the transactions costs of
later licensing of the same type. Then the transactions adsix-ante and ex-post licensing
are decreasing functions of the total number of previouarde-and ex-post R&D agree-
ments (.*, L?) which each firm has entered into. The previous empiricatdiure on R&D
cooperation has shown that the probability of R&D cooperatncreases in the amount of
earlier cooperation which two firms have undertaRe®xley (1997 finds that previous ex-
perience of cooperation does not predict the hierarchaah fof R&D cooperation which
firms adopt. Nonetheless we conjecture that previous expeaziof each type of licensing
will reduce the transactions costs associated with that foir cooperation.L®, L? are em-
ployed as proxy variables for transactions costs below.

A further observable dimension of transactions costs datioaship specific transactions
costs. By the same logic as above we hypothesise that peeexperience of contracting
with a specific firm will reduce costs of transacting with thiah, in the same way, again.
Therefore we consider the possibility of state dependence.

Approximating II Combining the terms derived in the preceding paragraplosarsingle
expression, we derive the linear approximation to the tatanable model of equatiokx

Hz,t = ’ylWC + 72 (WC)2 + ’}/38(1 — DN)DS + ’}/4BDN(1 — Ds) + ’VGBDNDS
+795B(1 = Dy)(1 — Ds) + 77 A + A" + pAP 1 + o +uge  (4)
+ -
wherec, represents unobserved heterogeneity. Since we do notveltber premium to ex-

ante licensing we must make do with the binary random vagidp} = 1 for IT; , > 0. Then
for a random drawk: from the population and= 1,2..7 let:

P(Hk,t = 1|Hk,t71, ey Hk,Oa 2k Ck) =0 (Zk,t"/ + ka,tfl + Ck) ) (5)

denotes the probability that we observe an ex-ante licgnagreement. Herey, is the
vector of exogenous explanatory variables. This includesvariables set out above. The
following subsection sets out how these and other explapatriables are derived from the
data.

3.2 Specification of the empirical model

We model firms’ propensities to engage in ex-ante licensorglitional on the decision to
cooperate on R&D. Our empirical model is a dynamic binaryiolonodel. The theoretical

BThis finding is reported bidernan et al(2003; Sakakibarg2002; Stuart(1999
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model from which we derive the hypotheses of secB8andoes not encompass transactions
costs effects nor is it dynamic. Dynamic effects may be irtgpdrhowever if transactions
costs of licensing drop significantly for a given pair aftdéicansing contract has been signed
by that pair in the previous period. In such cases the typé@fprevious contract may
significantly affect the type of the following contract, iffext creating a path dependence
for the firm pair. We would like to establish whether such pdgpendence is likely to arise
as this would have policy implications.

In order to allow for state dependence effects we estimayaardic binary choice model.
Thereby we seek to separate the effects of the variableserest for our static theoretical
model and the component of transactions costs that is spex#i given firm pair and gives
rise to dynamic effects.

The estimation of dynamic binary response models is bedétdifficult econometric
problems. In particular it is likely that we do not observefattors which affect firms’
choices to license ex-ante. As a consequence there will blesenved heterogeneity in our
data. While methods that allow one to control for unobselveigrogeneity in linear panel
models are well understood by now, methods that allow oneabwlith the problem in non-
linear panel data models have only recently become availdiblsettings in which dynamic
effects are likely to be important, controlling for unobgst heterogeneity is crucial. If the
problem of unobserved heterogeneity is ignored it is imipbsgo exclude that observed
state dependence is the “spurious” consequence of serralation induced by unobserved
heterogeneity.

In order to allow for the effects of unobserved heteroggne® seek to estimate the
following dynamic random effects probit model:

P (I, = 1y po1, -, My, 2kt k) = P (2py + pACK -1 + i) (6)

wherell;, ; = 1, ifafirm pair licenses ex-ante in periogky ; is a vector of strictly exogenous
explanatory variables, is the parameter indicating the presence of state depeedenlz;,
represents the effects of unobserved heterogenetignotes the standard normal cumulative
distribution function.

“Spurious” state dependence arises where there is coorlagtween the initial condi-
tion I1; o and the unobserved heterogeneity. Several solutions tonl&ethis initial condi-
tions problem are discussed bigiao(1986. One of these deals with possible correlation
between the initial condition and the unobserved hetereigeiby integrating out the un-
observed heterogeneity. To do this it is necessary to gp#wif distribution of the initial
condition, conditional on unobserved heterogeneity. @ifse this distribution is not known
and any misspecification thereof will yield an erroneous ehoHleckman(1981) proposes
to pursue this approach by approximating the conditiorsdtithution of the initial condition.
Unfortunately this approach is computationally intensive

RecentlyWooldridge(2005 suggests modelling the distribution of the unobserved het
erogeneity conditional on the initial value and exogenoysdanatory variables. He shows
that this approach is much simpler to implement and allowestorrecover the average par-
tial effects quite easily. This advantage of the approadysested byooldridge (2005
must be weighed against the possible misspecification odigtgbution of the unobserved
heterogeneity and the resulting inconsistency of one’arpater estimates.

An alternative approach to dealing with the initial conalits problem that is unaffected
by this problem is suggested bipnore and Kyriazido(2000. They suggest a semi-parametric
approach that identifies the parameters of the dynamic @nedd effects logit model. While
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this approach does not require distributional assumptartee unobserved heterogeneity or
the initial condition it suffers from the drawback that palreffects on the response proba-
bility are not identified. Therefore we follow the method gagted bywWooldridge(2005.
We estimate a random effects probit model, using conditior@imum likelihood.

Let c|Tly 0, 2x ~ Normal(dy + 6,11, + 2102, 02), wherez;, is the row vector of all
explanatory variables in all time period&/ooldridge(2005 shows that, given an error term
a|(Ilg 0, zx) ~ Normal(0, 02), Iy, given (Ilg;_1, ..., U0, 2k, ai) follows a probit model
with response probability

O (zp,ty + pLli—1 + 0o + 6111k 0 + il + ap + uky) - (7)

This is the model we estimate below. We ddig, and-;, as additional explanatory variables
in each time period and apply random effects probit to esémap, dy, d;, 6> ando?.

3.3 Definitions of variables

In this section we describe the explanatory variables ey@polon our model. To test the
hypotheses set out above we need to measure the strengtickiiigl patents ), the com-
plementarity between one firm’s new patents and existingrpatocks of its partner firms|

as well as the expected value of firms’ innovatidris We derive all of these measures from
the patent data contained in the NBER patent database. iéwlaity we employ a measure

of the number of firms competing for a new patdhtand a measure of the nature of product
market interactions between these firms. These measures are derived from the datasets on
firms’ cooperative agreements and the data on sales and tnshgkes in the semiconductor
industry.

To ensure that our results are reliable we have investightedffect of specific changes
in the definitions of these variables. We found that our tesare robust to such changes. In
the following discussion we focus on our preferred defimisidor each variable and indicate
which variants we have explored.

All of the variables we employ characterise pairings of arating firms. As our dataset
contains information on each individual firm we have gengmaded the average of the in-
dividual firms’ characteristics to characterise the paiis we discuss below this form of
measure comes closest to the parameters of our theoretomdmWhere more than two
firms were involved in an R&D contract we have treated eachngpof the firms as a sepa-
rate observation.

The dependent variable - II,, Our dependent variable measures whether the firmipair
entered into an ex-ante licensing contract at tirtid,, ; = 1) or an ex-post licensing contract
(Il = 0). By investigating the choice between ex-ante and ex-podD R§reements we
condition on the decision to cooperate on R&D.

The strength of blocking patents -B,.; This variable captures the extent to which firms’
existing patent stocks are a basis for hold-up of their sivakw patents. We build this
measure from firms’ shares of patents in nine different gatksse¥' (a), to which all
semiconductor patents may be assigned. We assume that fiatesit stocks will be more

MThese patent classes are identifiecdHall et al. (200]) as the classe57, 326 ,438 , 505 (semiconduc-
tors), 360, 365, 369, 711 (memory) and’14 (microcomponents).
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likely to be mutually blocking if their average shares ofgrds over these classes are high.
Our measure oB for pair k at timet is defined as follows:

B _ zat Bat 8
ot ; ; Zz 1 Pmt Zzzl Piat 7 ( )
where P,,; is the count of the number of patents of filnm patent class at timet andn
stands for the number of firms active in a patent area. We weggth firm’s share of patents
in a given patent area by the share of its patenting actimithat area. Then we sum these
weighted patent area shares over the patent areas and thérfitine pair.

In an alternative specification we have used an unweighteasune of firms’ patent
shares in the patent areas to capture blocking. This meakowes us to establish how sensi-
tive our results are to the definition of the patent areas vee @sir main findings are robust,
but less precise when we employ this coarser measure ofibfpckhe unweighted measure
gives too much weight to firms’ patent shares in patent ategtsare relatively unimportant
to those firms. Therefore we have preferred the measure sbenal

The forward complementarity - Cy, This variable captures the complementarity be-
tween the existing patent stocks held by each firm and thstlptgents granted to its part-
ner(s) in a cooperative agreement. In our theoretical madgkater complementarity be-
tween new patents and existing patent stocks induces hggladity of the ex-post patent
stocks. In order to capture this dimension of quality of ptaend patent stocks we employ
counts of forward citations of firms’ patents in our measudrf®avard complementaritg'*°.
Our measure of’ for the pairk and timet is defined as follows:

T 1
Ckﬂf _ Z Z PCiaT PC@ (9)

wherePC},; is the number of forward citations received by the patentsof: in the patent
areaa in yeart andn stands for the number of firms active in a patent area. We @lithics
count of citations to firm’s patents by the overall count of forward citations to alifs
patents to yield a measure of the relative quality of each'dimaw patents in yedf'. This
measure is multiplied with a similarly constructed measoiréhe relative quality of the
partner firms’ patent stocks. Once more we sum this measuteedfvo firms in the firm
pair.

In our alternative specification we have used an unweightealsore of this variable in
order to establish whether our results are sensitive to ¢fi@ition of the patent areas we
employ. Just as in the case Bfthere is no evidence that the definition of the patent areas
significantly changes our results.

The value of products affected by patentsW  This variable measures the expected value
to a firm of owning a patent in a given patent aredt measures the total citations received
by the firm’s stock of patents in a patent area relative toiadtions received by the stock of
patents of all firms patenting in that patent area. By usirty bband 1V jointly we seek to

5Counts of forward citations are an imperfect but frequestiyployed measure of the quality of patent
stocks. The measure was first investigated gjtenberg1990. RecentlyLanjouw and Schankermg&004
found it to be the best performing of several alternative sness of patent quality.
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distinguish between the technological value of a patergrglwy C' and the expected stream
of returns associated with the patent, which we measuf& b@ur measure ofl’ is defined
as follows:

2 9 T
Z =0 Pciat
Wk’t - = 9 (10)
; ; Y ico Sict PClat

wherePC;,; is the number of forward citations received by the patenfsmf: in the patent
areaq in yeart andn stands for the number of firms active in a patent area.

Producers of substitute or complementary products Pg This variable measures the
extent to which firms are producers of complementary or suibsproducts. Our hypotheses
regarding firms’ propensity to cooperate on R&D ex-ante ddkelicately on whether firms
are competitors or complementors in the product market.

Unfortunately our data do not allow us to operationaliss tiariable in a very sophisti-
cated manner. We only observe whether firms have sales incgechf three segments of
the semiconductor industry (memory, components, oth&e) assume that firms are com-
petitors if they both have sales in the same segment of thecsaductor industry at least
once.

Transactions costs of ex-ante and ex-post R&D cooperationOur data do not contain any
direct measures of the level of transactions costs eitl@d@nte or for ex-post R&D agree-
ments. The empirical literature on the choice whether tgpeoate on R&D or not typically
finds that previous experience of R&D cooperation has aipesffect on the propensity to
cooperate again. This finding is commensurate with an irgé&pon that transactions costs
fall as firms gain experience with cooperative r&D agreement

We employ counts of ex-antd.*) and ex-pos{?) R&D cooperation in a attempt to
proxy firms’ experience in conducting cooperation agregmeheach kind.

The number of firms sharing a new innovation 4N  This variable measures how large the
group of firms is that jointly face the choice between ex-ame ex-post R&D cooperation.
We model this choice and observe this choice as made by firrosriata. We use the
observed number of cooperating partners to meaSurehis measure is the only one that is
consistent with our theoretical model.

Alternative measures would seek to establish which pakpértners might have joined
the cooperative agreement. Such measures would allow fos tinat might have joined a
given R&D agreement but did not. As these firms choose not tpe@te on R&D they
make a choice which we do not study. Our theoretical modes$ ¢ deal with coalition
formation in cases in which only a subset of firms decides tpecate. Therefore we have
no predictions for such cases. Alternative, wider measaféee number of cooperating
firms would be fitting only in a study testing the predictiorisoch a theory.

Further control variables

- Aggr. revenuesFigure 2 suggests that the demand for semiconductors had a strong
effect on the propensity of semiconductor firms to coopesatR&D. It also suggests
that this effect was stronger for ex-ante R&D cooperati@ntfor ex-post R&D coop-
eration. We do not derive predictions about the effects ahges in demand on the
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propensity to cooperate on R&D and therefore we includevhigble in our specifi-
cation as a control variable.

- Average market share¥Ve include this variable to control for the average sizehef t
firms in an R&D agreement. We do not derive any predictionsther sign of this
variable from our theoretical work.

- Differences in market shareStuart(1998 shows that a cooperative agreement with
a firm that is very visible within the industry can bestow piges on a comparatively
smaller firm. He finds that prestige has a strong positivecefie firms’ propensity
to cooperate on R&D. In order to control for this effect whisot captured by our
theoretical model we proxy firms’ importance in the indudiyytheir average market
shares. The difference between firms’ average market sbharethen be taken as a
measure of the prestige which R&D cooperation bestows osrtialer partner in an
R&D alliance.

In the next section we set out how we make use of these vasiblest the predictions
of our theoretical work on the propensity to cooperate on R&Eante.

3.4 Descriptive statistics

We begin by providing descriptive statistics for the firmsur sample, distinguishing be-
tween firms that licensed ex-ante and firms that licensedsk-pirms that engaged in both
types of licensing are represented on both sides of thexdoiptable.

Table 2. Sample statistics for firms by licensing contrapgty

Ex-post licensing Ex-ante licensing
Variable N | Mean| Std. Dev.| Min. | Max. N | Mean| Std. Dev.| Min. | Max.
Num. of parties|| 771 | 2.47 0.98 2 6 1264| 2.39 1.16 2 10
Total contracts || 771 | 6.35 11.02 1 44 1264 | 5.57 7.25 1 38
Market Shares || 532 | 2.9% 3.3% 0 16.4%]| 703| 2.9% 2.9% 0 16.4%
Patent grants || 504 | 128 198 0 873 657 | 137 192 0 873
Forw. cits. 504 | 1056 1341 0 6282 657 | 1145 1413 0 6282

Table2 shows that there are no obvious differences between the tirasindertake ex-
ante and ex-post licensing in our data. This is partly dubeddct that some firms engage in
both activities as discussed in sectibrThe average firm in our sample engages in licensing
contracts with one or two further parties. In total the agerirm engaged in approximately
6 such contracts between 1989 and 1999. The average firm watedr128 /137 patents and
its patent stock attracted a total of 1056/1145 citatiorex tive sample period. All of these
variables are highly skewed.

Table 3 below provides descriptive statistics for pairs of licemgsfirms that we observe
in our data. Each licensing contract betwe€rfirms gives rise taV(N — 1) firm pair ob-
servations. The table has two sections. The first providssriive statistics on individual
variables that do not directly enter our regressions. Thersgprovides descriptive statistics
for the explanatory variables which we include in our regi@ss. Some of the latter are
constructed by interacting variables from the first parheftable.
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Table 3: Sample statistics for firm pairs by licensing caoctttgpe

Ex-post licensing ' = 258) Ex-ante licensing §' = 321)
Variable Mean | Std. Dev.| Min. | Max. || Mean | Std. Dev.| Min. | Max.
Dy (N >2) 0.53| (N=138) 0.46 | (N=150)
(1 — Dg) (Complements|| 0.38| (N=99) 0.39| (N=125)
B 0.123| 0.087 0 | 0.416/| 0.106| 0.085 0 |0.354
C 0.325| 0.872 0 |3.182| 0.241| 0.741 0 |3.273
W 0.032| 0.022 0 |0.113|| 0.028| 0.022 0 | 0.093
cw 0.005| 0.006 0 | 0.028| 0.004| 0.005 0 |0.029
B(1 - Dy)Dg 0.008| 0.023 0 |0.113| 0.194| 0.731 0 |3.273
BDy(1 — Dg) 0.102| 0.551 0 | 0.145| 0.005| 0.023 0 |0.328
B(1 —Dy)(1— Dyg) 0.036| 0.28 0 3.18 || 0.018| 0.18 0 3.2
BDxDg 0.18| 0.664 0 |3.178|| 0.024| 0.047 0 | 0.358
Av. mkt. shares 3.2% | 2.4% 0 8.3% || 3.1%| 1.9% 0 9.9%
Diff. mkt. shares 0.029| 0.029 0 |0.163|| 0.033| 0.03 0 0.16
Aggr. Revenues0°$ 85.6 37.2 52.8| 169.3|| 94.7 37 52.8 | 152.9
rr 8.33 8.16 1 38 6.69 6.54 0 38
L® 8.13 6.66 0 28 9.41 6.87 1 36
ko 0.09| (N=22) 0.04| (N=12)

In the upper part of Tablgthe means of the variables do not differ strongly between firm
pairs that license ex-ante and ex-post. The lower part aéible shows that more interesting
differences emerge once we interact the variables in thesuggested by our theoretical
model.

In particular the means of the interaction terB\d — D) D5 (Hypothesis 2) an@ Dy (1—
Dgs) (Hypothesis 3) differ substantially if we compare firm paérsgaged in ex-ante and
ex-post licensing. Just as predicted by Hypothesis 2 ex{a#nsing is more strongly as-
sociated with a high blocking strength of existing patentfoios when just two product
market competitors contract with one another. Similarlypest licensing is more strongly
associated with a high blocking strength of existing papentfolios when more than two
producers of complementary products contract. This is tediption of Hypothesi8. In the
following section we test whether these patterns are statily significant in a multivariate
analysis.

4 Results

We refer to the dynamic random effects probit discusseddtiae3.2 above as specification
(3) below. Together with this specification we also estimatenaryi choice probit modell)
and a binary choice probit which includes a lagged dependeigble(2). The comparison
between the results of specificatiofls and(3) will show whether there is any significant
effect of unobserved heterogeneity in our data. We alsoigeospecification2) to estab-
lish whether there is evidence of state dependence in tlae tfahere is also evidence for
unobserved heterogeneity, then the results of estimagpecjfication(2) will be inconsistent.
The results from estimation of these three specificatioasar out in Tablé on the fol-
lowing page. We report both the parameter estimates andthesponding elasticities. The
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elasticities in specificatioh are averages over the distribution of the unobserved hptam
ity at the sample mean. The first six parameters set out iratble tapture our hypotheses
1-3. The effects of previous experience with licensing are wagot by the variable&®, L?
and the lagged dependent variable.

Table 4: Results - Dependent variablg;

Explanatory Q) Elast. (2) Elast. (3) Av.
variables Elast.
cCw -112.48** | -0.04 -127.96" -136.85** | -0.22
(29.54) | (0.03) (30.61) (40.42) | (0.14)
(CW)? 2024.25 2502.80¢ 2760.96
(1378.12) (1408.36) (1705.81)
B(1 - Dy)Dg 17.32%* | 0.22 14.90*** 17.74+ | 1.25
(2.85) (0.09) (3.07) (3.63) (0.20)
BDy(1 = Dg) -4.39 -0.02 -3.036 -7.26* -0.22
(3.34) (0.03) (3.55) (3.99) (0.15)
B(1— Dy)(1 - Ds) -0.01 0.00 -0.04 0.24 | -0.004
(0.24) (0.001) (0.24) (0.25) (0.004)
BDyDg -0.78* -0.01 -0.86* -1.10 -0.07
(0.43) (0.01) (0.46) (0.68) (0.05)
NP - - 0.52* 0.71* | 0.44
- - (0.26) (0.35) (0.25)
I o - - - -0.88"* | -0.03
- - - (0.31) (0.01)
Av. mkt. shares -12.70** | -0.05 -16.11%* -22.15%* | -0.44
(3.98) (0.03) (4.34) (5.67) (0.16)
Diff. mkt. shares 7.43** | 0.03 8.04*** 10.45** | 0.20
(2.57) | (0.02) (2.59) (3.41) | (0.08)
Aggr. Revenues0~—" -2.60 -0.03 -0.00* -70.10* | -0.40
(18.90) (0.02) (0.00) (31.40) (0.20)
Dy 0.78* | 0.04 0.64** 0.78* | 0.25
(0.16) | (0.02) (0.18) (0.22) | (0.07)
(1 - Dg) 0.17 0.01 -0.04 0.29 0.07
(0.15) | (0.01) (0.18) (0.24) | (0.06)
Ly -0.07** | -0.06 -0.07** -0.09*** | -0.42
(0.01) (0.03) (0.01) (0.02) 0.14
L 0.09** | 0.10 0.11* 0.12** | 0.69
(0.02) (0.05) (0.02) (0.02) (0.21)
Log-Likelihood -322.17 -320.1 -294.45

where**, ** * indicate significance at th& 01%, 0, 05% and the0, 1% levels.

Table 4 shows that the signs and significance of all the variablestefest are stable
across the three specifications. The results generallyosuppr hypotheses and also suggest
that transactions costs have a significant impact on firmsicels between ex-ante and ex-

post licensing.

Of the three specifications we estimate, we prefer the tleahbse it allows for state de-
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pendence and deals with the initial conditions problemémtianner suggested yooldridge
(2009. In this specification the initial condition itselfI{ o) is significant which indicates
that there is unobserved heterogeneity in our data. Theineamggarameters are also strongly
affected by the attempt to control for this heterogeneityergfore we focus our discussion
of the results on specificatich

Predictions on the expected value of licensing The hypotheses set forth in sectidrnl
above are all supported in our specifications. As hypothddisere is indeed a U-shaped
relationship between the probability of observing ex-ditensing and an increase in the
value of the patent. This hypothesis is captured by the petensiv’ C' and (W C')? which
are jointly significant. The minimum point of this quadrafimction is atiV C' = 0.025 and
the quadratic crosses the x-axigEtC' = 0.05 which is far beyond the sample meanl&iC
at0.0047. Thus for the larger part of the sample an increase in theevadan innovation
will have the effect of reducing the probability of obsenyiex-ante licensing. The elasticity
of the probability of ex-ante licensing with respect to ofpas in the expected value of an
innovation at the sample mean indicates thifi@ncrease of the expected value will lead to
a reduction in the probability of observing ex-ante licaggdy 0.22%. The sign of the effect
Is robust to our controls for unobserved heterogeneity tatd dependence. The effectis one
order of magnitude greater in our prefered specification th#he probit in specificatiofil ).

The hypotheses regarding the effects of greater blockreggth of existing patent stocks
are also borne out in the data. Hypothexsis captured by the parameter aB((l — D) Ds)
which is significant at thé% level in all three specifications. Our results indicate tuat
1% increase in the expectation of the blocking strength of al fivms’ patents increases
the probability that ex-ante licensing is observed if firms product market competitors by
1.25%. The descriptive statistics in Tabkabove show that the measure of the blocking
strength of rivals’ patents can be three times as large and¢lam level. These results suggest
that a high blocking strength of rival firms’ patent porttidihas a very strong effect on the
propensity for firms to license to each other ex-ante. It khba noted that the elasticity of
ex-ante licensing with respect to the blocking strengthwafis’ patent portfolios is an order
of magnitude weaker in specification).

Hypothesis3 is captured by the parameter cB Dy (1 — Dg)) which is just significant
at the ten percent level in specificati®dn This parameter is only significant when we con-
trol for unobserved heterogeneity and the effects of a ldgtppendent variable. However
the coefficient has the hypothesised sign throughout. Tipdigation of this finding is that
greater blocking strength of patents increases the prhlyadfiobserving ex-post licensing if
more than two complementors contract with one another. Tdstieity of ex-ante licensing
with respect to this parameter implies that% increase in the blocking strength of comple-
mentors’ patent stocks will decrease the probability obobisig ex-ante licensing by 22%.
This effect is much weaker than that of ex-ante licensinghenchoice of the type of licens-
ing contract by competing firms. This elasticity is also adesrof magnitude greater than
that in specification1).

The remaining interaction term&(1 — Dy)(1 — Dg), BDy D) capture cases in which
theory suggests that the direct and indirect effects ohBo®gy ex-post work in opposite di-
rections. Therefore we were unable to provide any predistan the signs of these variables.
Our results do not allow us to conclude which effect is stearas neither variable is signifi-
cant in specificatios.

Overall we interpret these findings as strong evidence inuawf the validity of the
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theoretical model set forth mGSwhich we discuss in sectioh 1 above.

Transactions costs Here we distinguish between the general effect of previapsience
with licensing and firm pair specific effects. The latter amptared by the lagged dependent
variable that indicates whether a pair was engaged in exliaensing in the previous period.
The test for state dependence is givenHyy: p; = 0. As our results show we can reject
the null hypothesis that the lagged dependent variabletisignificantly different from zero
at the1% level. The impact of state dependence is strong in compavisth the effects of
the blocking strength of existing patents. If we compare paws of firms that differ only in
their experience of ex-ante licensing in the previous kiioen that pair which has previous
experience with ex-ante licensing, has a probability ofodiag an ex-ante contract again
that is0.44% higher, than that of the firm pair which has no experienceagising in that
period.

In order to avoid a common problem with categorical respanedels, the separation
problem, we include only first-order lagged endogenous agenous variables. In the
context of licensing data the first-order restriction isikelly to cause a major problem as
first lags may not be statistically significant even thougihbkr-order lags are statistically
significant®

The variables counting the number of previous licensingreats entered into by the
firm pair are both significant at the level in every one of our specifications. We interpret
this as evidence that transactions costs fall if firms haewipus experience of licensing.
Previous experience of ex-ante and ex-post licensing irpanypd have differing impacts on
the probability of licensing ex-ante in the current peribdparticular an increase of previous
experience of licensing by ex-ante licensing contracteases the probability of licensing
ex-ante in the current period I8y6% at the sample mean. In contrast an additional ex-post
licensing contract will reduce the probability of licengiex-ante in the current period by
5.3% at the sample mean.

Other control variables In section2 we noted that there was a dramatic reduction in the
number of ex-ante licensing contracts after 1996 whichaded with a fall in the growth
rate of aggregate revenues in the semiconductor indushgrefore we included aggregate
revenues as a control variable in our specifications. We fiatthis variable is significant at
the’5% level once we allow for state dependence. Specificatipeyggests that the increase
in aggregate revenues should have had a negative effectnasi firopensity to license ex-
ante. We have no hypothesis to offer that would explain tfiece It runs counter to the
interpretation which was suggested in sectain the basis of our data description.

It should be noted that the associated elasticity is alnmostrang as that of state depen-
dence with the opposite sign. As aggregate revenues areaddag for2 of the 11 years
of our sample it is possible that the variable is picking up éfffects of state dependence in
specification(1). This would explain why it is not significant there.

Our results also show that there is no significant effect effdrm of product market
competition Og) that goes beyond that captured by the interacted varidideassed above.

16 The separation problem is caused by some model paramebegstbeoretically infinite. This can happen
when the model nearly perfectly, predicts the response geparates the response levels). Itis a common result
of the data being sparse, meaning that not all responseslarebbserved in each of the predictor settings. One
possible solution to the separation problem is to reducetineber of variables.
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However we find that ceteris paribus firms which enter interiging contracts with more
than two partnersD ) are far more likely to sign ex-ante licensing contracts thrans that
enter into licensing contracts with just one other partyisTéffect is significant at the%
level in all of our specifications. Our results suggest thatgrobability of observing ex-ante
licensing is25% higher in contracts with several parties than in bilatecailtcacts.

Overall these results show that the choice between ex-adtexapost licensing depends
both on the strategic circumstances a firm finds itself in smgast experience of particular
forms of licensing. Both greater blocking by product mankedls and previous experience
of ex-ante licensing are found to have very strong positifezts on the probability that firms
will choose to license ex-ante.

Furthermore we find that while ex-ante licensing is morelyike arise between product
market rivals, ex-post licensing is more likely to ariseviietn firms whose products com-
plement each other. We arguev@Sthat firms are choosing the form of licensing that the
social planner would also prefer in each of these circunestsn

5 Conclusion

In this paper we investigate the choice between ex-anteapo& licensing in an industry
affected by the patent thicket. To do this we construct asgdtaf licensing contracts in the
semiconductor industry. We explore the main trends in Bagnin this industry. We find
that ex-ante licensing was surprisingly popular amongstdfim this industry until 1996,
when its popularity declined very rapidly. Our data alsovghibat licensing contracts are
predominantly bilateral and that there is a large proportibfirms that engages in both ex-
ante and ex-post licensing. Amongst these we find firms subit@lsand Texas Instruments
that are usually cited in studies of ex-post contracts.

To explain the variation in firms’ choices between ex-ant @i post licensing contracts
we develop an empirical model. This encompasses the statgcts of hold-up within
the patent thicket and reductions in transactions cosiggrirom previous experience with
licensing contracts of either kind. This empirical modepartly derived from theoretical
work in vGSwhich we summarise in sectidhl

We estimate a dynamic random effects probit model to tespthdictions of our em-
pirical model. This allows us to investigate whether thevestate dependence due to a
reduction in the transactions costs of a particular typeawitract between two particular
firms. To distinguish between spurious state dependenseddry unobserved heterogene-
ity and real state dependence we control for unobserveddyseeity in the way suggested
by Wooldridge(2005. We find strong evidence of unobserved heterogeneity dsawevi-
dence for the existence of state dependence in our data.s¢/érad evidence to suggest that
past experience of contracting in a particular way make®rertikely that firms will choose
that form of contracting again.

These findings suggests that particular firm pairs and iddali firms may get locked
into a particular form of licensing. This makes the formidatof public policy towards
licensing doubly hard as little is known about the effectsegfulation in the presence of path
dependence.

The results of our empirical work also confirm the importaotelocking of new patents
by existing patent portfolios in explaining the licensinghlaviour of firms within the patent
thicket. We find that a theoretical model of a patent race fmatant which is a complement to
existing patents provides predictions which are bornemuour data. We show that stronger
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blocking patents lead to more ex-ante licensing betweedymtanarket rivals and more ex-
post licensing between firms that produce complementargiyats. Given the paucity of
previous empirical evidence supporting the relevance tdrmaace models to industries in
which firms patent it is interesting to find that they may belegpprofitably to strategic

patenting within the patent thicket.

Our theoretical work on the impact of licensing on firms’ R&Méstment incentives is
supported by our empirical results in this paper. Buildinglus theoretical model we derive
welfare results which suggest that firms will tend to chodeedocially preferable form of
licensing if they are free to do so. This also reinforces tbee rof caution sounded above
regarding the regulation of licensing in the semiconduetdustry. Such regulation should
take care not to influence the choice between ex-ante andsi{ipensing that firms would
privately make.
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A A simple model

Here we set out a simplified version of the model we develommGraevenitz and Siebert
(2005 to derive the Hypotheselk- 3. We make an assumption about the functional form
of the R&D cost function which leads to an analytical solatmf the second stage of our
model. InvGSwe avoid making such an assumption and show that the reselbbtain here
also apply more generally.

The three stages of our model are discussed in se8tibabove. At the third stage of
the model firms bargain over the surplus created by new mat&argaining can only arise
under ex-post licensing. We assume that firms achieve a@oliat the bargaining problem
which conforms to Nash bargaining. We model Nash bargaibgtgveen one winner and
several losers of a patent race. To do this we asume that eaeh has an independent
opportunity to hold-up the winner of the patent race. Thenwlinner bargains with each
loser independently over the surplus held up by that loséitla@expected value of winning
vy captures the sum of théV — 1) bargaining outcomes.

Under Nash bargaining the expected values of wintipg) and losing(v;, ) the race for
a new patent are:

(N -1

Vw :ﬂw(B, C) + ) [Qﬁ - Ww(b, C) - 7TL(b, C)] (11)

vy =11 (b, C) + % 97 — 1w (5,C) — mn(b,C)] (12)

whereB is the blocking strength of existing patents and- B is the strength of the comple-
mentarity between existing patent stocks and the new pakaenmy, (B, C') is the expected
value of disagreement with all losers for the winner of theeparace andry, (b, C) is the
expected value of disagreement with a single loser. We dé&finre(N —1)b = mw (B, C) =
mw (b, C) if N = 2. The expected value of winning a patent race is decreasitingistrength
of blocking patent$ so thatry, (b, C') > mw (B, C) for N > 2.

71 (b, C') is the expected value of disagreement for the losers ofalis. \We assume that
71, IS decreasing in if firms produce substitute products and increasingyifriheir products
are complementsz(C) is the expected value of profits if all firms have access to tve n
patent.

Finally we assume that allV) firms compete in the same product market and are either
all producers of substitute products or all producers of gementary products. This ap-
proach to dealing with technological rivalry between mdrant two firms is very simplistic
but has the virtue of being tractable.

Our model of the patent race is derived frddeath et al. (1989 and Lee and Wilde
(1980. The value functions for ex-ante and ex-post licensindpis inodel are:

(ha+H“)§+7r—K(h“+r)

¢ = 13
v he+ H*+r (13)

WhP + L HP + 17— K(h? + 1)
VP =T r 14
h? + HP +r (14)

where we assume that the constant = > K > "L} which implies thav;, > 0. This
is a technical assumption which rules out boundary solsttorthe optimisation probleth

"1f we undertake comparative statics on the valuegf as we do below it must be true th%&t> K >

M, wherex andz indicate the lowest and highest values of a parametbat we consider. In this sense
our comparative statics results here are only local results
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7 is the flow value of existing profits.

Notice that we assume only that firms will share access to ¢lepatent under ex-ante
licensing. We do not assume that firms invest jointly to dep¢he invention that is patented.
The implications of the results we derive below are robushi®modelling assumption.

The first order conditions that characterise extreme paihtise value functions are:

(7—m) ~KH _ o (=)

G TR -

Cw v 4 (v — ) — KHY| 2 rlow — ) 16
(h? + HP + )2 =0 (K7 = (ow — o)) (N = 1) °e)

These characterise interior optithand we solve for the value functions at these optima
next:

. NRhZ 47— K(he m
yoghoy = YR AT 2 KW ) 7 (17)
Nha+7» T
. 7(”W;”L)ﬁp+%(]\fﬁp+r)—(UL—W)—K(ilp+r) w

VP(h?) =

- =—-K (18)
Nh? +r r

The premium to ex-ante licensing is definedbs- (V* — V?) + (T* — T?) above (Ein.
(1)). The model developed here allows us to derive hypotheasastal’* — V7). As long
as the transactions costs of licensing do not vary in the saayeas the expected values
of licensing, we can predict whether ex-ante or ex-poshbagy become more likely if we
focus on the expected values only. We begin by deriving ttpe sf the difference between
the expected values of licensing ex-ante and ex-post:

Ve—vP =Lz —vw) = 5 7 (b, C) + 7w (b, C) — 2w (B, )| — E27(0)
(19)

In this simple model the expected value of ex-ante licensiag be larger or smaller than
that of ex-post licensing. We now investigate howW* — 1/?) varies with changes in the
expected value of new patents)(and the blocking strength of firms’ patent stockd.(

Hypothesis1 Due to the fact that the R&D cost function in our example igénin firms’
R&D investments we can only demonstrate that a strongerdi@h@omplementarity between
the new patent and existing patents will reduce the proitalof observing ex-ante licens-
ing. In the more general setting eGSwe find that the relationship between the forward
complementarity and the probability of observing ex-aigerising is U-shaped.

Equation (9) can be evaluated separately for the case- 2 and the cas&V > 2:

N = 2: This implies thafV* — V?) = L |:7TL(b, C) — mw (b, C)}. An increase in the forward
complementarityC' will raise the expected profits of the firm winning the patexte

and lower those of the losers. This implies that ex-poshbagg will be increasingly
attractive ag”' increases.

18The second order conditions are both zero at the extremespokiowever it can be shown that both
derivatives are positive for values smaller thaand negative thereafter.
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N > 2: In this case it should be noted that (b, C) — %5mw (B, C) > 0 and that the entire
term is increasing in the forward complementarity. Howeter expected profit of
losing the patent race is decreasing’irand the expected profits of sharing the patent
7(C) is increasing inC'. Both of these factors suggest that ex-ante licensing wiil n
be attractive ag’' increases folV > 2.

Hypothesis2 For N = 2 equation {9) simplifies to:
(Ve = v7) = L[m(6,0) = mw(0,€)] (20)

An increase in the blocking strength of firms’ patent sto@g$will lower the expected value
of winning a patent raceag—bw < 0) and increase the expected value of Iosir@gg > 0).

Therefore the margin by which the expected value of ex-poshsing exceeds that of
ex-ante licensing decreases; it is more likely that ex-hog@sing may be observed. This is
an example for Hypothesis

Hypothesis3 For N > 2 it should be noted thaty, (b, C) — ﬁwW(B, C) > 0 and that
an increase in the blocking strength of firms’ patent stdcksll lower the expected value
of winning the patent race. Where firms produce complemgmiserducts an increase in
the blocking strength of firms’ patent stodkalso lowers the expected value of not winning
patents(%f < 0). As is obvious from equatiori ) a reduction of the positive terms in this
expression increases the probability that ex-post licenkas a greater expected value than
ex-ante licensing. This is an example of Hypothé&sis

B Examples for Ex-ante and Ex-post Licensing

In the following, we present some examples for ex ante anasekligensing contracts, taken
from our database.
EX-ANTE LICENSING

Memory

e Sony Corp and Oki Electric Industry Corp entered into an egyent to jointly de-
velop a 0.25 micron semiconductor manufacturing processdetthe terms of the
agreement, Oki was to use the technology for 256 Mbit 'DyraR@ndom Access
Memory’, while Sony was to produce logic integrated cirsyitC’s) for home elec-
tronics and AV equipment. Financial terms were not disdo&ate: 19951120.

e Paradigm Technology Inc and NKK Corp formed a joint ventardévelop next gen-
eration SRAM semiconductor process architecture. Spewificfinancial terms of the
agreement were not disclosed. Date: 19960426.

e Advanced Micro Devices Inc and Fujitsu Ltd entered into afj@greement to to de-
velop a 3.3-volt 8-megabit flash memory in Japan. The equaliyed company was
called Fujitsuamd Semiconductor Ltd. The product was daild8M29LV800. The
first product the venture developed was a 5.5 volt flash menkamancial terms of the
agreement were not disclosed. Date: 19960301.
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e Samsung of South Korea and Siemen’s AG formed a licensingeaggnt to produce
and market chip-card memory chip. Specific financial termewet disclosed. Date:
19951120.

Microcomponents

e Apple Computer Inc, International Business Machifi&M } and Motorola Inc formed
a strategic alliance to research and develop, manufacnaendolesale PowerPC
750 microprocessors in the United States. Financial terere wot disclosed. Date:
19980317.

e Sony Corp and Fujitsu Ltd planned to form a strategic alkatacprovide research, de-
velopment and manufacturing of large-scale integrateditichips in Japan. The SA
was to use the production system of LSI chips using 0.18eaniprocess technology.
The most important application for the new chips will be foogucts that are more
sensitive to power consumption, portability and compddijb Financial terms were
not disclosed. Date: 19980106.

e Hitachi Ltd (HL) and SGS-Thomson Microelectronics (ST), ratwf STMicroelec-
tronics NV, formed a strategic alliance to provide reseanstl development services
of super microprocessors for consumer electronics andi meltlia applications in
Japan and France. The 64-bit sh-5/st50 series was to be bpsedL’s sh-5 superh
architecture and ST’s st50 64-bit microprocessors. Tharaé was to also allow ST
to have access through specific licenses to HL's sh-3 andsshids. Date: 19971209.

EX POST LICENSING
Memory

e Ramtron International Corp, a unit of Ramtron Holdings ldadd International Busi-
ness Machines Corp(IBM) signed a manufacturing and licenagreement in which
Ramtron was to grant IBM the rights to manufacture and maheRamtron EDRAM
dynamic random access memory chip. Under the terms of tleeagnt, IBM was to
supply Ramtron with EDRAM chips. The EDRAM chips were to benufactured
at IBM’s facility in Essex Junction, VT. No financial detaigere disclosed. Date:
5/8/1995.

¢ Intel Corp granted Catalyst Semiconductor Inc a licens¢éstiash memory technol-
ogy. Catalyst Semiconductor designs and markets nonkotsimiconductor memory
products. Specific and financial details were not discloBade: 950901.

e Logic Devices, Inc. and Oki Electric Industries Co., Ltd.grsed a memorandum
of understanding, in which Logic Devices was to grant Okicie a license to use
its 1 megabit static random access memory(SRAM) chip tdogyo In return, OKki
Electric was to provide foundry and production for Logic ®s. The agreement
was announced with Logic Device’s disclosure that it and ATMicroelectronics had
decided to terminate their agreement over the next yeae:@20615.

Microcomponents
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¢ National Semiconductor Corp. has licensed its printepldisprocessor
(SN32CG13) to Samsung Electronics Co. Ltd. Samsung willtheeprocessor to
produce a product that will be a low-cost alternative to Ael@ystems’ Postscript and
Hewlett-Packard’s laser printers. The product will beyiwbmpatible with both. Date:
890905.

¢ Zilog has signed an agreement with Hewlett-Packard’s @if@chnology group grant-
ing HP a nonexclusive license to the Z80 8-bit microprocessoan application-
specific IC core. HP will enter the Z80 into its ASIC libraryrfase in internal ASIC
designs. HP has also used the Z80 in its laser jet printensankEial terms of the
agreement were not disclosed. Date: 910819.

e Compaq Computer Corp and Cyrix Corp entered into an agretewigoh stated that
Cyrix Corp granted Compaq Computer a license to manufa@urex Corp’s M1 mi-
croprocessor chips. The agreement stated that produdtithre M1 microprocessor
chips in the first quarter of 1995. Financial terms of the agrent were not disclosed.
Date: 941005.
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C Data description

Table 5: Revenues and numbers of firms in the sectors
of the semiconductor industry.

Semiconductor Sector] Memory Sector Microcomps. Sector

No. of No. of No. of

Years | Revenues* firms Revenues* firms | Revenues* firms
1989 | 52,751 131 14,502 48 7,789 51
1990 | 54,578 139 12,107 51 9,575 54
1991 | 59,341 131 12,668 51 11,763 59
1992 | 64,774 156 15,425 58 14,315 72
1993 | 85,328 152 23,274 56 19,970 77
1994 | 109,402 153 33,394 54 26,393 79
1995 | 152,875 171 55,842 55 35,293 84
1996 | 143,402 157 38,480 52 42,331 84
1997 | 150,911 171 31,324 55 51,360 87
1998 | 138,747 187 24,438 54 49,316 92
1999 | 169,311 166 34,591 48 57,018 88
Average] 107,099 156 26,913 53 29,557 75

*~measured in Mio $-US of 1989

Table5 above displays statistics on industry revenues and nunfldens in the semicon-
ductor industry as a whole, as well as the memory and the soonponents segments, of
all firms producing for at least one year in the semiconduaidustry worldwide from1989

to 1999. In the 1990’s, competition in the semiconductor industry increaseahdatically,
brought on by the larger number of firms, which rose fro3a in 1989 to 188 in 1998. The
semiconductor industry generated annually, 402 Mio. US-$ on average from989 to
1999. The memory and the microcomponents markets make ufpoférof the sales in the
semiconductor industry, with each generating betw&eand 30 billion US-$, on average.
The microcomponents segment grew much faster than the ngesagment over the period
of investigation. On averagé4 firms operated in the memory afnd firms in the micro-
components segment in a given year duringih&9 — 1999 period. Again time trends are
interesting: while the number of firms stayed nearly cortstathe memory segment, the
microcomponents segment is characterized by positivermet ever thel 989 — 1999 period
(the number of firms increased from in 1989 to 88 in 1999).

Table6 shows statistics on the number of ex ante and ex post licglgals. There are
549 ex-ante an@72 ex-post licensing contracts that have been signed durantpgtp — 1999
period. In the memory industry3 and 62 ex- ante and ex-post licensing contracts have
been formed. In the microcomponents industry we fiad and47 contracts, respectively.
The table also shows how the number of ex-ante and ex-postactsrchanged over the
sample period. It is noticeable that there was a tremenchausase in the number of ex-ante
contracts at the beginning of the sample period. There igjaally dramatic reduction in
numbers aftet 994.
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| Semiconductor ||| Memory | Microcomponents
Years | Ex-ante Ex-post || Ex-ante  Ex-post || Ex-ante EXx-post
1989 22 21 6 7 5 5
1990 38 36 6 8 9 4
1991 84 27 10 3 17 5
1992 78 38 17 15 27 8
1993 89 31 15 2 24 4
1994 103 32 14 2 23 5
1995 58 27 12 6 9 2
1996 23 12 5 1 2 3
1997 40 27 4 5 9 1
1998 12 25 2 4 2 4
1999 8 22 2 2 0 2
sum 555 298 93 55 127 43
avg 50 27 8.5 5 11.5 3.9

Table 6: Number of Ex-ante and Ex-post R&D cooperation agesds in the semiconductor
industry 1989-1999

D Further results

Here we report further empirical results. Before estinmtiir model as discussed above
we undertook exploratory work with simpler definitions ofrauariablesB and C'. In the
results reported here we used unweighted versions of tlagsbies. As the table shows our
results in this case are broadly in line with those reporteava. That means that all the sign
restrictions which our theoretical model predicts are barut.

The main differences between the two sets of results aretibgbarameters capturing
Proposition2 are significant here, whereas those capturing Propositame not. In table!
above the parameters capturing Proposifi@me significant but those capturing Proposition
2 are not. We preferred the definitions BfandC' that use weights as we believe that these
are better measures of blocking than the rather coarse nesasa use below.

Nonetheless it is comforting to know that our results ardyfaobust to variations in the
way in which the strength of blocking patents and the forwawthplementarity are mea-
sured.
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Table 7: Results - Dependent variablg;

Explanatory Q) Marginal (2) Marginal 3) APE
variables effects effects
B(1— Dy)Dg 2.54* 2.08** 2.99*
(0.50) (0.55) (0.65)
BDy(1 — Dg) -2.66** -2.63** -3.29*
(0.78) (0.77) (1.09)
B(1— Dy)(1 - Ds) -1.54 -1.72% -1.43
(0.64) (0.65) (0.82)
BDyDg -0.81 -1.05* -1.3r
(0.50) (0.51) (0.67)
wc -7.99 -8.48 -13.46
(6.22) (6.20) (7.60)
(WC)? 4.21 8.06 50.03
(43.51) (43.63) (47.17)
I P - 0.45 1.90**
- (0.25) (0.63)
Ik o - - - -1.52
- - - (1.10)
Av. mkt. shares -10.64** -13.35** -10.57
(4.04) (4.35) (5.62)
Diff. mkt. shares 5.89* 6.21* 4.59
(2.57) (2.58) (3.29)
Dy -0.00° -0.00* -0.00**
(0.00) (0.00) (6.11E — 6)
(1 - Dg) 0.63** 0.54+ 0.46°
(0.18) (0.19) (0.25)
L 0.37* 0.21 0.74**
(0.17) (0.20) (0.25)
L® -0.07** -0.07+* -0.092**
(0.01) (0.01) (0.02)
Oa 0.11+* 0.12* 0.14**
(0.02) (0.02) (0.03)
Log-Likelihood value| -331.93 -330.36 -302.05

where**, ** * indicate significance at the 01%, 0, 05% and the0, 1% levels.
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