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Abstract

In a patent thicket licensing provides a mechanism to eidiverd or resolve hold-up.
Firms’ R&D incentives will differ depending on how licengjnis used. In this paper
we study the choice between ex ante licensing to avoid hpldad ex post licensing
to resolve it. Building on a theoretical model of a patenttfodio race, firms’ choices
of licensing contracts are modelled. We derive several thgses from the model and
find support for these using data from the semiconductorsimgduThe empirical results
show that firms’ relationships in product markets and tetdgyospace jointly determine
the type of licensing contract chosen. Implications forrgrgulation of licensing are dis-
cussed. We estimate a dynamic panel data model with una@zséeterogeneity and a
lagged dependent variable. A method suggestewbgldridge (2005 is employed to
estimate a random effects probit model using conditionatimam likelihood.
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1 Introduction

In some high technology industries the process of reseaitd@ elopment is comparable to
the continuous extension of a pyramid through the additfarew building blocks at the top
[Shapiro(2001)]. Here the pyramid serves as a metaphor for the cumulasgaf scientific
research in complex product industries.

Firms increasingly protect their contributions to this qayid with patents. As a result
several high technology industries are now affected by tefgahicket” Heller and Eisenberg
(1998; Hall and Ziedonig(2001); Shapiro(2001]. In a patent thicket patents protecting
components of a technology are held by many rival firms. Whenene of these firms
uses this technology it is vulnerable to hold-up by firms h@dlocking patents. Blocking
patents are patents held by rival firms which cover part o€hartelogy. In the face of block-
ing patents a firm’s best defensive strategy is to hold a lpagdolio of patents itself. This
creates a strong bargaining position for the firm in any dispwith rivals. In a patent thicket
all firms face the prospect of hold-up and have strong ingestio patent, which perpetuates
the patent thicket. Hold-up in a patent thicket is resolva@ugh the licensing of block-
ing patents. In consequence licensing is an increasingdpitant conduit for technological
progress in industries affected by patent thickets.

In this paper we study how licensing is employed to resolMd-p and how it affects
firms’ R&D incentives using data on contracts between sendaotor firms. We distinguish
between licensing contracts signed before R&D investmiakis place (ex ante contracts)
and those signed after such investments turn into granteshsa(ex post contracts). Our
data show licensing contracts are often forward lookingaiebe contracts$)and changes in
the level of licensing are almost entirely due to changesélével of ex ante licensing.
Economic theory suggests that R&D incentives under ex aceading differ from those
under ex post licensing. We, therefore, study the choiogdxt ex ante and ex post licensing
to examine the implications of patent thickets for firms’ R&fi2entives.

Firms in a patent thicket face uncertainty about the futtnength of rivals’ patent port-
folios. Without licensing, blocking of patents within a pat thicket dulls R&D incentives,
due to uncertain returns to R&D investment. With licensieffects of blocking on R&D
incentives depend on the type of license. Firms must choeseelen entering into “patent
portfolio races® and ex ante licensing which prevents such races. If firms stpatent
portfolio races, then it is likely that ex post licensing ecessary due to existence of block-
ing patents. We model firms’ choice between ex ante and exligesising. In particular
patent portfolio races are modelled by allowing for competarities between new patents
and patent stocks in a patent race model. This introducepdbsibility of blocking new

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

2 Examples of ex ante licenses may be found in Appeftlix

3 This phrase is coined biytall and Ziedonig2007).



patents with existing patents. Then the choice between ety a patent portfolio race and
ex ante licensing can be studied as a function of the blockiremgth of patent portfolios.

In our theoretical model we endogenize firms’ R&D investrsenthese are driven by
two R&D incentives of which only one depends on the strendtblacking patents. Under
ex ante licensing the strength of blocking patents has maefHere the sole R&D incentive
derives from raising profits by jointly improving a techngjo Beath et al(1989 refer to this
as theprofit incentive In contrast, under ex post licensing a further incentivecompetitive
threat, affects firms’ R&D investments. This incentive arises frbrms’ desire to win the
patent portfolio race which precedes ex post licensing.ofdiag to our model the strength
of the competitive threatlepends on the expected strength of blocking patents. Tme si
of this effect depends on whether firms compete in producketsror not. The model,
therefore, shows that the choice of licensing contract deép®n the strength of blocking
patents as well as the product market relation between firms.

This theory of licensing type implies that firms avoid racgaiast product market com-
petitors who already hold strong blocking patents and @nterex ante licensing contracts
with them. Additionally, it also implies that, given strob¢pcking patents, product market
complementors are more likely to enter into patent poxifosices. A first empirical test
of the theory is derived from these predictions. This reggithat we make use of data on
product market and technology space interactions betweensing semiconductor firnfs.
A further test of the theory exploits the prediction thatrgeses in the expected value of new
patents reduce the probability of ex ante licensing.

We test our model using a dataset of licensing contractsiameal between 1989 and
1999 in the semiconductor industry. A growing number of negeapers provide evidence
of an emerging patent thicket in this indust@rindley and Teec€1997); Shapiro(200J);
Hall and Ziedonig2007); Ziedonis(2004]. Anand and Khann&000, who undertake a
large sample study of licensing, also find that the semicotmiundustry has one of the
highest levels of licensing activity. This industry, thiere, provides a natural context in
which to study the effects of licensing in a patent thicketrtRermore, the effects of licens-
ing on innovative activity in the semiconductor industre af interest in their own right:
Jorgensor{2001) argues that the semiconductor industry is one of the mgsbitant high
technology industries, since its prices significantly efffeany other downstream industries.

Hall and Ziedonis(2001) provide evidence that semiconductor firms are caught up in
patent portfolio races. In contrast, previous theoreica empirical research has focused on
races at the level of individual patents. For instar@eckburn and Hendersqi994) used
highly disaggregated data in order to test whether pateesraccur. To study the effects of
patent portfolio races on licensing we use information alpatent portfolios at the level of
semiconductor technologies such as memory and microcoemp@nOur empirical results

4 In a similar veinBloom et al.(2009 find that our understanding of the role of spillovers canrbproved
if we take account of firms’ interactions in both the produetrket and technology space.



are consistent with patent portfolio racing.

The licensing data we study are puzzling: they show thatadMérensing activity does
not increase proportionally to the number of granted sendaotor patents. If more granted
patents raise opportunities for hold-up such a proportiomtaease might be expected. Li-
censing activity increases strongly after 1989 and thds tplite sharply after 1994, even
though patent grants increase over the whole sample pefibé. data also show that ex
ante licensing is far more prevalent and volatile than ex poensing. This last finding
is somewhat surprising since previous literature on pateokets has focused on ex post
licensing or the formation of patent pools as a means of vesplthe threat of hold-up
[Grindley and Teec€l997); Shapiro(2001)]. Further investigation reveals that variation in
the blocking strength of firms’ patent portfolios by itsetfe$ not explain these trends.

As we can not directly observe firms’ R&D spending a strudtiast of our model is out
of reach. Instead we develop a latent variable representafithe choice between ex ante
and ex post licensing which allows for dynamic effects. Tatent variable model is derived
from our theoretical model which endogenises R&D investingana function of product
market competition and the blocking strength of firms’ pajsortfolios. Additionally, our
empirical model incorporates variation in transactiontedisat arise from prior experience
with licensing. We implement the latent variable model inyaa@mic random effects pro-
bit model that allows for unobserved heterogeneity. In implementation the dependent
variable is the probability that firms choose ex ante licegsiver ex post licensing.

In deriving our results we distinguish state dependenaa fdgnamic responses to ex-
ogenous variables, caused by unobserved heterogeneiseaatcorrelation. We allow for
state dependence because a pair of firms may sign multiglesiicg contracts. State de-
pendence arises if experience accumulated in earlierdicgrcontracts affects the current
choice of licensing contract. Previous licensing congatso affect firms’ positions in tech-
nology space, which then affects expected profits from Soen The empirical literature on
licensing and R&D cooperation documents the importance@fipus experience in deter-
mining firms’ propensity to license or cooperate ag&iodfuri(2004; Hernan et al(2003);
Sakakibarg2002; Stuart(1998]. Therefore, it is likely that the choice of licensing coartt
depends on whether two firms have had previous experienggoking with one another.

We allow for lagged dependent and lagged exogenous vasiabteder to accurately test
for state dependence. As firms may also differ in certain sanked variables that influence
their choices between ex ante and ex post licensing we tatlesenved heterogeneity into
account. If these unobserved variables are correlatedtoaerand are not properly con-
trolled for, a firm’s previous experience may appear to betardenant of future experience
solely because it is a proxy for such temporally persistanbgervables. To make any infer-
ences about true state dependence one must account foreavetbseterogeneity and other
sources of serial correlation in unobservables.

In nonlinear dynamic panel data models with unobservedsiféreatment of the ini-



tial observations is a problem. Empirical analysis in thastext is not trivial, as there
are no known transformations - such as differencing - thatiehte the unobserved effects
and result in usable moment conditions. Special cases hese Wworked out that elimi-
nate the unobserved effects and result in usable momenttioos] compareChamberlain
(1992; Wooldridge(1997 andHonore and Kyriazido2000. Various ways to handle the
initial conditions problem in parametric dynamic nonlineaodels are suggested bisiao
(1989. In this paper we use the method Wooldridge(2005 who models the distribution
of unobserved effects conditional on the initial values ang exogenous explanatory vari-
ables, see alsGhamberlain1980; Blundell and Smith(1997); Blundell and Bond 1998
andArellano and Carrasc2003. Rather than attempting to obtain the joint distributidn o
all outcomes of the endogenous variables, we apply a paramapproach and solve the ini-
tial conditions problem by specifying an auxiliary condital distribution for the unobserved
heterogeneity, conditional on the initial value and anygetmus explanatory variables. We
then integrate out the unobserved heterogeneity of the geinsity. We estimate a random
effects probit model using conditional maximum likelihood

The remainder of the paper is organised as follows: in Se&iwe describe licensing
trends in the semiconductor industry. In Sectiome introduce our theoretical model. In the
following section we discuss its empirical implementatidhen in Sectiory we discuss our
results. Finally, Sectiofi concludes.

2 Licensing in the semiconductor industry

In this section we describe observed licensing behavioerctvistructed a dataset comprised
of 847 records of licensing contracts between semiconddictos. It contains information
about the purpose of the license and data on firms’ revenuagkemshares and semicon-
ductor patents. A detailed description of the data is predith AppendixB. In this section
we describe the data and determine whether the blockinggitref firms’ patent portfolios
explains the choice of licensing contract by a pair of firms.

Figure 1a Figure 1b
Growth of revenues and firm numbers in the semiconductor industry Licensing and patenting activity in the semiconductor industry
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Figure la shows that total revenues of all semiconductoisfgnew substantially over
the period of our sample. Mirroring this there was also adargrease in the number of
active semiconductor firms. However the figure also dematestrthat aggregate revenue
almost stopped growing aftép96. This coincided with increased turbulence in the industry,
as a much larger proportion of semiconductor firms was afteby entry and exit than had
previously been the case.

The semiconductor industry also experienced a strong sarpgatenting activity after
1985 [Hall and Ziedonig2001); Ziedonis(2003 2004)]. Figure 1b provides information on
the level of granted patents and licensing contracts veldb 1989. The number of new
patents granted to semiconductor firms more than doubledtbeeperiod of our sample.
This development has been carefully investigatedHayl and Ziedonig2001) who argue
that it is due to strategic patenting in the face of an emergiatent thicket. Surprisingly,
the increase in patenting by semiconductor firms does ndtttea proportionate increase of
licensing amongst these firms. As Figure 1b shows the nunfbewe licensing contracts
amongst semiconductor firms in our sample shows no obvidasae to the increase in
granted patents. This is surprising because we might expert to be a greater need for
licensing as the number of patents grows.

Figure 2a Figure 2b

The frequency of licensing per firm in the semiconductor industry Total ex ante and ex post licensing contracts in the semiconductor industry
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Figure 2a above shows the average number of licensing o par firm in the semicon-
ductor industry. The figure displays a hump shape just aslibelate number of licensing
contracts does. This rules out an explanation of the numblezemses based on the num-
ber of semiconductor firms. Between 1991 and 1994 there weresaas many licensing
contracts as firms in the industry. The decline in licensiciyay after 1994 also remains

5 Information on the duration of a subset of licensing cortrat our data suggests that these contracts last
for roughly 5 years. We used this estimate and similar onegnalate the stock of licensing contracts based
on our data. This shows that the reduction in licensing eatsrafter 1994 is so large that the stock of contracts
also diminishes after that date. Therefore the changes seredin new licensing contracts are not the result
of a saturation of the demand for licensing contracts



clearly visible®

Next we introduce the distinction between ex ante and exlpestsing. Figure 2b shows
that ex ante licensing is far more variable over the periodusfsample than ex post licens-
ing. As noted in the introduction this finding is surprisimglight of the previous literature



To gain a better understanding of what underlies the patefrex ante and ex post
licensing illustrated in Figures 2a and 2b we present in&grom on the to20 innovating
firms in the semiconductor industry in TaldleThe table provides information on the number
of patents granted to each firm, their cumulative revenudstlagir average market shares
between 1989 and 1999. Furthermore, we report the percefalicensing contracts of
both types, each firm was a party to. In each column the tog thmas are highlighted in
boldface.

Table 1 shows that Texas Instruments and Intel account for over diheofi all ex post
licensing agreementsPrevious studiesGrindley and Teec€1997; Shapiro(2001, 2003]
tended to focus on these firms which may explain why they d@elasts attention to ex ante
licensing. The number of ex ante licensing agreements sasprelatively evenly across
the represented firms. In spite of this difference betweeant® and ex post licensing it is
clear that nearly all of the represented firms engage in lypistof licensing to a significant
degree. Twenty nine percefit9%) of the contracts in our sample are signed by firms with
experience of both ex ante and ex post licensing. This stgtes the observed trends are
not the result of greater licensing activity by a group of firspecialising in ex ante licensing;
rather, we must focus on the choice that all firms make betwr@amte and ex post licensing.

The data show significant differences between ex ante andsbipensing by semicon-
ductor firms. To pursue the comparison of ex ante and ex pasiding we also investigate
the number of firms involved in each licensing contract. Asltistogram in Figure 3 illus-
trates, the vast majority of contracts in this sample aratéibl. Nonetheless a significant
proportion (1.6%) are between more than two firms.

Figure 3
Distribution of participant numbers in ex ante and ex post licensing contracts
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An aggregate measure of the strength of the patent thicketnmof a patent count does
not explain the development of licensing between semicaimddirms in aggregate. It is
also unrelated to the choice between ex ante and ex possiiceniVe, therefore, turn to two

” No agreements between the two firms are recorded in our data.

7



0.0055

measures that capture aspects of the patent thicket at#efgairs of licensing firms. The
construction of these measures is set out below, in sedtrrirst, we construct a measure
that captures thbelocking strength( B) of firms’ patent stocks. It represents the likelihood
that firm-pairs block each other’'s semiconductor patenkss easure increases if the two
firms have higher shares of total industry patent applioatio the same patent classes. The
blocking strength of firms’ patent applications is plottegarately for firm-pairs that chose
ex ante and ex post licensing contracts, below, in FigureTde figure consists of a box-
whisker plot of the blocking strength of patent stocks byry#ahows that blocking by itself

is unlikely to explain firms’ choices between ex ante and ext poensing.

In Figure 4b we present a similar graphical analysis for asueaof the average com-
plementarity between patent applications of one firm angb#ttent stock of the other firm in
a pair. We call thisorward complementarit{') to emphasise that it is the complementarity
between new patents and existing patent stocks. Variatiforward complementaritgnight
be expected to explain the propensity of a firm-pair to lieenshe figure does not reveal
any clear trends that explain the observed hump in licensorgdoes it reveal differences
between firm-pairs choosing to license ex ante and ex poss.ifdicates that a simple ex-
planation of semiconductor firms’ licensing behaviour idikely to exist. Therefore, the
remainder of this paper provides an explanation of licembiehaviour which is based on a
model of choice between ex ante and ex post licensing in thiegbof a patent thicket.

Figure 4a Figure 4b
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We end this section by providing descriptive statisticstha firms in our sample, dis-
tinguishing between firms that licensed ex ante and firmslitetised ex post. This table
shows no obvious differences between the firms that undeerlante and ex post licensing
in our data. This is partly due to the fact that some firms eagadoth activities as pre-
viously discussed. The average number of firms involved iordract is between two and
three. The average firm engaged in approximately 6 contbattgeen 1989 and 1999. The
average firm engaging in ex ante (ex post) licensing was ggdah28 (137) patents and its
patent stock attracted a total of 1,056 (1,145) citatiorey tive sample period. All of these
variables are highly skewed.



Table 2: Sample statistics for firms by licensing contrapety

Ex post licensing Ex ante licensing
Variable N | Mean| Std. dev.| Min. | Max. N | Mean | Std. dev.| Min. | Max.
Number of parties|] 771 | 2.47 0.98 2 6 1,264| 2.39 1.16 2 10
Total contracts 771| 6.35 | 11.02 1 44 | 1,264| 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
Forward citations | 504 | 1,056| 1,341 0 |6,282] 657|1,145 1,413 0 | 6,282

3 Modelling the choice of licensing type

In this section we describe our theoretical model of the ahbietween ex ante and ex post
licensing. We derive hypotheses about the effects of exmgerariables on the expected
value of ex ante and ex post licensing’( '?). An example of the model assuming a specific
functional form for R&D costs is presented in AppendixA general treatment of the model
can be found irSiebert and von Graeveni{2006.

Define the premium to licensing ex ante®as:

My = (Vite = Tt) = (V8 = Ty @)
where the premium to ex ante licensirdy() for the firm-pairk at timet is the difference
between the surpluses from licensingagte and expost. Each of these surpluses is the dif-
ference between the expected value of licensifgy,(V;”,) and the transaction costs attached
to licensing [y, T,ﬁt). If the premium is positivel(; , > 0) firms will license ex ante.

The expected values of ex ante and ex post licendijig {?,) are functions of the level
of R&D investment. Firms’ R&D investment incentives dep@mdtheir interactions in prod-
uct markets and interdependencies between their patetiblpzs. We model the expected
values of licensing¥(;’;, V,fft) in a game theoretic model of licensing and R&D investment to
capture these effects. This model does not include trainsambsts of licensing1(,, T,ﬁt),
which are independent of variables determining the expeakies of licensingl(’,, V,jft).

Our model of licensing and R&D investments is based on a pat&e model as pio-
neered by oury (1979 andLee and Wildg1980. In our model firms that do not license ex
ante, race for ownership of a technology. Ownership of tbhrtelogy is based on owner-
ship of a patent portfolio protecting the technology fronidhop. The greater the quality of
this patent portfolio the stronger the winning firm’s bargag power should hold-up occur.
The Poisson distributed arrival time in our model represémé point in time at which the

8 Notice that this model is conditional on the fact that firmeetise. We explicitly assume that licensing is
always more profitable than not licensing.




winning firm has developed the technology sufficiently to iiSeAt this time the winning
firm must license any blocking patents held by rival firms. rBf@re rival firms capture some
of the surplus created by the new technology. In derivingtbaoretical results we assume
losing firms will always remain active competitors in the guot market. Winning the race
for a technology mainly shifts a greater proportion of inyprofits towards the winner.

Given this setting the strength of a firm’s R&D incentives elegs on the form of licens-
ing contract chosen. FollowinBeath et al(1989 we identify two innovation incentives at
work in a model of racingcompetitive threaandprofit incentive Under ex ante licensing
firms contract to share the new technology in the future. Hieeearrival of the technol-
ogy only has the effect of raising both firms’ profits and orlig profit incentiveis at work.

In contrast, under ex post licensing both innovation ineestdetermine the level of R&D

investment. In addition to thprofit incentivea competitive threatrises since the winner
receives greater profits than the loser. This creates agstnoentive to win the race. R&D

investment under ex post licensing therefore exceeds R&Bstment under ex ante licens-
ing.

The discussion in the previous paragraph highlights thgtdiffierences between the
expected values of ex ante and ex post licensing must deowe thecompetitive threat
Variation in this incentive leads only to variation in thepexted value of ex post licensing.
Conversely, variation in thprofit incentiveaffects the expected values of both alternatives.
Utilising a comparative statics result derived g (1997 for patent race models we derive
the effects of variation in theompetitive threabn the expected value of ex post licensing.
He shows that increases in the value of winning the patemt iracrease both the level of
R&D investment during the race and teepectedralue of winning the race.

Here we turn to the first comparative statics result whichrgewfrom our theoretical
model. We consider the effects of variation in the value efribw technology on the choice
between ex ante and ex post licensing. In our model the exmetaium declines as the
value of a new technology increases. This relationshipearizecause the expected value
of ex post licensing grows faster than that of ex ante licemsvhen the value of the new
technology increases.

We measure the value of a new technology with the help of tetofa. First, we note that
a new technology is more valuable if it is a stronger complarteexisting technologies. We
call this theforward complementarityC') of the technology. Then, we note that the value of
a technology also grows if the market value of the product€hvit improves is greater. We
represent this market value B}/). We measure variation in the value of a new technology

9 We assume that firms’ investments in development of the ol are constant over tim@oraszelski
(2003 has recently introduced a model of patent races in whicintresstments need not be constant over time.
Incorporating this feature into the model would go far beyevhat is observable in our data. Therefore we
maintain the simpler framework of constant investments.

10 The literature on research joint ventures, ekgmien et al.(1992, identifies several possibilities for ex
ante contracts depending on whether firms share reseatdtsrasly or also cooperate on R&D. Our prediction
for ex ante licensing is robust to variation in the exact agstions made about R&D cooperation.

10



through the product of these factors. The discussion abopéés that:

Hypothesis 1
The probability of observing ex ante licensing falls as théug of a new technology in-
creases.

Then a linear approximation of our model takes the followfiomgn:
Vi = Vi =70+ N1CkiWit + 72(CraWit)® + Ziy : (2)

where~,, y; and~, are parameters to be estimated afd captures all the effects of the
blocking strength of patent stocks in a pair of firms at a givere. We introduce a quadratic
term into our model in order to test Hypothesiagainst a U-shaped functional form as well.
Hypothesisl implies thaty,Cy.; + 27,C} Wi, < 0.

We turn now to the second comparative statics result defreed our model. This cap-
tures the effects of variation in the blocking strength depaportfolios on firms’ propensity
to license ex ante. Under ex ante licensing variation in theking strength of existing patent
stocks(By,;) has no effect as future patents are shared and hold-up @ouleby contract.
EX post licensing, in contrast, occurs because the firm hgldinew technology desires to
resolve the hold-up problem. In this case firms use theimpati®cks as bargaining chips.
The size of the “pie” they bargain over will depend on the king strength of existing patent
stocks. As the pie is divided between the winner and losef(f)e race, both sides’ payoffs
from racing also depend on the blocking strength of exispiagent stocks. Thus the prize
being offered in the race for the new technology is a functibtinis parameter.

The effects of variation in the blocking strengtB;. ;) on the ex ante premium depend
on the number of contracting partiéd’ ;) and the product market relation between them.
We distinguish a number of cases. The simplest case is thatodirms which are product
market rivals.

In this case a higher ability to block a new technology lowt&s value of winning it.
Blocking has two countervailing effects: a direct effectamd blocking lowers the outside
option of the winning firm; an indirect effect where blockimgreases the size of the pie the
winner and loser bargain over ex post. In Appendliwe show this indirect effect does not
compensate the direct effect. Therefore, under ex posiding stronger blocking reduces
the value of winning the race for the new technology and discekpected value of ex post
licensing. We derive the following hypothesis:

Hypothesis 2
If two firms, who compete in the product market, choose wherotdract, stronger blocking
patents reduce the expected value of ex post licensing.

We refer to this case as that blocking in a competitor pair Such blocking raises the ex
ante licensing premium.

11



A more complex case arises when firms produce complementadypts. Complemen-
tarity in the product market implies that one firm’'s profiter@ase if its partners become
more competitive. As a consequence the owner of a valuaklgatent has a strong interest
to make this available to any partner firms that produce cemphtary products and could
benefit from the patent. In spite of this interest the firm midiysseek to appropriate as large
a share of the resulting surplus as possible. As before amase in the blocking strength
of existing patents lowers the outside option of the winrfing. However, we demonstrate
in AppendixA that the indirect effect, which arises from the growth of baggaining pie,
will more than compensate the direct effect if more than twmsgi contract over the new
technology ex post. Therefore, we advance a third hypathesi

Hypothesis 3
For technology races with more than two competitors pragucomplementary products
the expected value of ex post licensing is increasing intifeegth of blocking patents.

We refer to this case as thatloibcking in a complementor growphich lowers the premium
to ex ante licensing.

The two previous hypotheses depend on the values of theibpskrength of patent
portfolios By ;, the number of rivals in technology spaég ; and on the product market
relation between the firms in a licensing contract. Below vekenuse of a dummy variable
DY which measures whether there are more than % & 1) or exactly two firms in a
contract. For simplicity we also introduce a dummy varialbléch captures whether firms
produce substitute product®® = 1) or not. A linear approximation of the effects of the
blocking strength of patent stocks on the ex ante premiumstéthe following form:

Zyy = Y3Bri(1— D) Dy, + 1B Dy, (1 — Dy,) 3)
Blocking in: a comp&itor pair a comglementor
group

+”Y5Bk,tD1]c\,ftDl§,t + ’VGBk,t(l - Dl]c\,ft)(l - le,t) )
a C(;,mpeti- a comple?nentor pair
tor group

where the parameterg — 5 remain to be estimated. Greater blocking icoanpetitor pair
implies thaty; > 0 and in acomplementor grouft implies thaty, < 0. Equation 8) shows
that in addition to the cases of blocking ircampetitor pairand complementor grougve

must also consider those otampetitor groug~;) andcomplementor paifys). We cannot
derive restrictions on the signs of these parametgrs/{) from our theoretical model.
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4 The empirical model: derivation and implementation

In this section we develop a latent variable model of the jmemto ex ante licensing that
encompasses our hypotheses. We go on to discuss how vanmaessary for its estimation
are constructed and provide descriptive statistics fosghariables. Finally we derive an
econometric specification for our model and consider isfussarise in estimating it.

4.1 A latent variable model of the premium to ex ante licensig

The premium to ex ante licensing shown in equatibni¢ unobserved and we treat it as a
latent variablgII; ;) here:

I, = (V& — v,gjt) —(T¢, - T,gt) + Up g (4)

wherewy,; is a continuously distributed error term with mean zero. YEhthe premium
to ex ante licensing is positive we observe ex ante licengtigerwise we observe ex post
licensing. In the previous section we derived a linear appmation of the first term on the
right hand side of equatior).

As the transaction costs of licensing are not directly olesgve use a proxy measure.
Care must be taken, as previous licensing experience, batagair of firms, introduces
state dependence and unobserved heterogeneity into cuwreetric model.

State dependence in licensing decisionsPrevious experience with a particular firm may
reduce the transaction costs of licensing with that firm agaihe future, especially if the
licensing contract is of the same type. The empirical lite/@ on R&D cooperation has
shown that the probability of R&D cooperation or licensingreases in the amount of earlier
cooperation the two firms have undertakéherefore we must consider the possibility of
state dependence in the choice of licensing contract. Vigsvdlbr this by introducing a
lagged dependent variable into our empirical model.

The extended latent variable model We insert equationf and @) in the latent variable
model of equation4). This yields an extended model combining our linear apipnaxion
of (V#, — V}!,) and the transaction costs effects:

Iy, = Wi Crit72 (Wk,tck,t)2+73Bk,t(l—Dgt)D/f,ﬁ%Bk,tDixt(l—D/f,t)ﬂL%Bk,tDév,tDzit

+96Brt(1 = DY) (L= Dy ) + v Ly + sl + pllgyg + e +upe , (5)
+ —_

wherec,, represents unobserved heterogeneity arglthe parameter for the lagged depen-
dent variable. The specification of the empirical model dadstimation are discussed in

1 This finding is reported bidernan et al(2003, Vonortas(2003, Sakakibarg2002 andStuart(1998.

13



section4.4 below.

4.2 Definitions of variables

In this section we describe the explanatory variables ey@olon our model. The data we
use to build these variables are described in AppeBdi&ll our variables characterise pairs
of licensing firms. Firm-pairs are characterised by comquthe average of the individual
firms’ characteristics.

The dependent variable -IT,,, Our dependent variable measures whether the firmipair
entered into an ex ante licensing contract at tinid, ; = 1) or an ex post licensing contract
(Hk‘,t — O)

The strength of blocking patents - By ; This variable captures the extent to which a
firm’s existing patent stocks are a basis for hold-up of theals’ new patents. We build
this measure from firms’ shares of patents in nine differetempt classés (a), to which

all semiconductor patents may be assigned. We assume fiatesitpstocks are more likely
mutually blocking if their average shares of patents oves#éitlasses are high. Our measure
of By, for pair k at timet is defined as follows:

2 9
Piat Piat P'at
By = - * * J ) (6)
; ; 2l:1 Plat 22:1 Piat 22:1 Pjat

where P,,; is the count of the number of patents of fitnn patent class at timet and!
stands for the number of firms active in a patent area. Thisureaaptures a weighted sum
of each firm’s share of patents in the nine patent areas. Hreravo weights: the share of
the firm’s patenting activity in that area and the share gféidner’s patenting activity in that
area. To characterise the firm-pair we sum the two firms’ weigipatent area shares.

This measure is largest when two firms have all their patentisd same patent classes.
The measure varies between a minimum of zero, all their paterifferent patent classes,
and a maximum of one, all patents in one patent class. Theuree&gsmonotonically in-
creasing as the concentration of patents in one patentiolareases.

The forward complementarity - Cy, This variable captures complementarity between
the existing patent stocks held by each firm and new pateatsep to its partner(s) in a
cooperative agreement. In our theoretical model a great@ptementarity between new
patents and existing patent stocks induces higher qudlitiieoex post patent stocks. In
order to capture this dimension of quality of patents anémagtocks we employ counts of

12 These patent classes are identifiecHall et al.(200]) as the classe57, 326, 438, 505 (semiconduc-
tors),360, 365, 369, 711 (memory) and’14 (microcomponents).
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forward citations of firms’ patents in our measurefofward complementarityC).** Our
measure of”' for the pairk and timet is defined as follows:

i PCiat Zi;lo PCjaT PCjat 2275—;10 Pciat

n * — n * — )
21:1 PClat 22:1 Zi:lo PCjaT Zl:1 PClat 22:1 Ztr:lo PCiar
(7)

Cri =

)

a=1

wherePC},; is the number of forward citations received by patents of firmpatent area.
We divide the count of forward citations to firits patents by the overall count of forward
citations to all firms’ patents. This yields a measure of #lative quality of each firm’s
new patents in yedt This measure is multiplied with a similarly constructedasiere of the
relative quality of the partner firm’s patent stock. We cédtei these products for each firm
by patent area. Then we sum these products for the firm’s ifir@apd across all nine patent
areas.

This measure captures both mutual complementarities agxsvaly complementarity be-
tween new patents of one firm and the patent stock of the ofliner.measure has a a mini-
mum of zero, if neither firm received, or is receiving, anyatans. It has a maximum 6f if,
one firm’s patents receive all citations in yeéand its partner’s patents received all previous
citations.

The value of innovation by a firm-pair - Wy, This variable measures a firm-pair’s ex-
pected value of owning a new patent. It measures, for eaelmpatea, total citations received
by the pair’s stock of patents, relative to total citatioesaived by all firms. Our measure of
W, for the pairk at timet is defined as follows:

2 9

t
— PCia
Wit = Z tZTfon !
ZT:O 21:1 PCla

i=1 a=1

(8)

We sum across all patent areasind the two firms in the pair. In using this measure we
implicitly assume a more valuable existing patent stockliesduture additions to that stock
will also be of greater value.

The value of innovation measure varies between a minimuneiaf, 210 citations at all,
and a maximum of, all citations in all the patent classes.

Producers of substitute or complementary products -DS This variable measures the
extent to which firms are producers of complementary or suibstroducts. Our hypothe-
ses regarding firms’ propensity to license ex ante dependhather firms are competitors
or complementors in the product market. A firm’s sales arecated over three segments

13 Counts of forward citations are an imperfect but frequesttyployed measure of the quality of patent
stocks. The measure was first investigated ajtenberg1990. RecentlyLanjouw and Schankermg&004
found it to be the best performing of several alternative sness of patent quality.
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of the semiconductor industry (memory, microcomponentsers). We assume firms are
competitors if both have sales in the same segment of theceanhictor industry.

Transaction costs of ex ante and ex post R&D cooperation Our data do not contain
any direct measures of licensing transaction costs. Hoyeseexpect previous experience
of licensing ex ante or ex post to reduce the transactiors@isthoosing such a licensing
contract again. Therefore, we introduce counts of prevesperience with ex antd{ ;) and
ex post Li,t) licensing contracts as proxies of firms’ transaction co$tscensing ex ante
(T},) and ex postTy ).

The number of firms sharing a new innovation &N This variable measures the number
of firms jointly choosing between an ex ante and an ex postsicg contract. We construct
a dummy variable )" = 1) if we observe more than two partners to a licensing contract

Further control variables

- Average market share®Ve include this variable to control for the average sizehef t
firms in a licensing contract. Firm size has significant @fféc regressions seeking to
explain participation in licensing or R&D cooperation.

- Differences in market shareStuart(1998 shows licensing agreements with a highly
visible firm can bestow prestige on a smaller partner firm. Rigsfprestige has a strong
positive effect on firms’ propensity to license. In order émtrol for this effect which
is not captured by our theoretical model we proxy firms’ intpoce in the industry
by their average market shares. The difference between’ favesage market shares
can then be taken as a measure of additional prestige wishsiing bestows on the
smaller partner in the contract.

- Aggregate revenue¥Ve include this variable to control for changes in the dednfan
semiconductor products.

4.3 Descriptive statistics

Table3 below provides descriptive statistics for pairs of licergsiirms observed in our data.
In the first three lines of Tabl@ the means of the variables do not differ strongly between
firm-pairs that license ex ante and ex post. The lower parheftable shows that more
interesting differences emerge once we interact the Ma@sah the way suggested by our
theoretical model. In particular the means of the intecactéermsB(1— DY) D (blocking in
a competitor paiyand B D™ (1— D*) (blocking in a complementor groyidiffer substantially
if we compare firm-pairs engaged in ex ante and ex post lingnsi

Just as predicted by Hypothesis 2, ex ante licensing is mokeple than ex post licens-
ing when two competing firms license. Similarly ex post lisig is more probable than ex
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ante licensing when a group of producers of complementasgiymts license. This is the
prediction of Hypothesis.

Table 3: Sample statistics for firm-pairs by licensing cactitype

Ex ante licensing §/ = 321)

Ex post licensing {y = 258)

Variable Mean | Std. dev.| Min. | Max. Mean | Std. dev.| Min. | Max.
B 0.00075| 0.00148| O 0.010| 0.00150| 0.00274| O 0.014
C 0.10625| 0.08529| O 0.354| 0.12302| 0.08654| O 0.416
1% 0.02835| 0.02179| O 0.093| 0.03200| 0.02269| O 0.113
cCw 0.00426| 0.00549| O 0.030| 0.00526| 0.00578| O 0.028
blocking in a:

competitor pair 0.00023| 0.00083| O 0.006| 0.00009| 0.00039| O 0.002
complementor group 0.00001| 0.00006, O 0.001| 0.00003| 0.00024| O 0.003
competitor group 0.00046| 0.00132| O 0.010| 0.00091| 0.00180| O 0.009
complementor pair 0.00006| 0.00024|, O 0.002] 0.00005/ 0.00013; O 0.001
Ik o 0.03738| 0.19000{ O 1 0.08527| 0.27983| O 1

LP 6.68692| 6.54069| O 37.500| 8.33527| 8.16149| 1 38.500
L 9.41122| 6.87300| 1 36 8.13760| 6.66817| O 28.500
Average market shares 0.03074| 0.01926, O 0.099| 0.03198| 0.02358] O 0.083
Difference market shareg 0.03241| 0.02979, O 0.164| 0.02874| 0.02913| O 0.163
Aggregate revenues)’ 94.71351] 36.95310| 53 | 152.875] 85.57402| 37.17869 53 | 169.311
DY (N > 2) 0.46729| 0.49971| O 1 0.53488| 0.49975| O 1

(1 — D%) (Complements| 0.38941| 0.48838| 0 1 0.38372| 0.48724| O 1

4.4 Specification of the empirical model

In this section we discuss the specification of our econametodel and briefly consider
sample selection issues. The econometric model is a dynaimacy choice model which
allows for state dependence. In this model state dependgises if previous licensing in a
firm-pair lowers transaction costs.

The estimation of dynamic binary response models is bedét difficult econometric

problems. In particular, it is likely that we do not obsenlefactors which affect firms’

choices to license ex ante. As a consequence there is unetdeterogeneity in our data.
In settings in which dynamic effects are likely to be impattacontrolling for unobserved
heterogeneity is crucial. If unobserved heterogeneitgm®ied it is impossible to exclude
that observed state dependence is a “spurious” consequésegal correlation induced by
unobserved heterogeneity.

“Spurious” state dependence arises where there is coorlagtween the initial condi-
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tionII; o and the unobserved heterogenetigiao (1986 discusses several solutions to deal
with this initial conditions problem. One solution dealghyossible correlation between the
initial condition and the unobserved heterogeneity bygraéng out unobserved heterogene-
ity. To do so it is necessary to specify the distribution & thitial condition, conditional on
unobserved heterogeneity. This distribution is not knowd any misspecification thereof
yields an erroneous modeHeckman(1981) suggests pursuing this approach by approxi-
mating the conditional distribution of the initial conditi. Unfortunately this approach is
computationally intensive.

An alternative approach to dealing with the initial conalits problem that is unaffected
by this problem is suggested yonore and Kyriazidof2000. They suggest a fixed ef-
fects estimator in order to estimate a dynamic logit modeh wtrictly exogenous regres-
sors. While this approach does not require distributiosalienptions on the unobserved
heterogeneity or the initial condition, it suffers from tth@awback that partial effects on the
response probability are not identified.

We follow Wooldridge(2005 who suggests modelling the distribution of the unobserved
heterogeneity conditional on the initial value and exogerexplanatory variables. He shows
that this approach is simpler to implement and allows on@tover average partial effects
quite easily. This advantage must be weighed against gessilsspecification of the dis-
tribution of unobserved heterogeneity and a resultingns@iency of one’s parameter esti-
mates.

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

P (I, = 110 y—q, ., Ui o, Zryt, ck) = @ (2 + pi i1 + ci) 9)

wherell,, = 1, if a firm-pair (k) licenses ex ante in periad z : is a vector of strictly
exogenous explanatory variablesis the parameter indicating the presence of state depen-
dence and;, represents the effects of unobserved heterogenditglenotes the standard
normal cumulative distribution function. The vector of gemous variables;, contains the
explanatory variables set out in equati&h&bove.

We estimate the model using conditional maximum likelihdoet ¢, |11 o, z) ~
Normal (6o + 611110 + 2102, 02), wherez; is the row vector of all explanatory variables
in all time periods. Wooldridge (20095 shows that, given an error term| (Il 0, zx) ~
Normal(0, 02), I, given (Ilx; 1, ..., 0, 2k, ai) follows a probit model with response
probability

D(zpty + plp—1 + 0o + 01110 + 2K02 + ap + upy) - (10)

To estimate this model we add, , and z;, as additional explanatory variables in each time
period and apply random effects probit to estimate, &y, 1, & ando?.
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In our theoretical model we condition on the fact that ligegds always preferred to
not licensing. This assumption keeps the analysis simpldractable as it allows us to fo-
cus only on firms that license. Doing so we assume that theesobsemiconductor firms
that engage in licensing is consistent with the whole unydeglpopulation of the semicon-
ductor firms. The conditioning assumption enables us to wéhlproblems introduced by
state dependence in the choice of licensing contract anblsemeed heterogeneity. However
this approach will give rise to a sample selection bias if $ittmat license represent a non
randomly selected sample. This problem does not arise getextion mechanism is exoge-
nous. We tested and confirmed that there is no significaneletion between residuals of
() a probit, dependent variable: whether to license orawd, (i) a further probit, dependent
variable: whether to license ex ante or ex post.

5 Results

In this section we present and discuss results of estim#tmgpecification (Equatiori())
discussed in sectioA.4. Below, we refer to this as specificatigh). We also estimate a
binary choice model both with, specificatig®), and without, specificatiofil), a lagged
dependent variable. We include specificatioptp establish whether controlling for unob-
served heterogeneity is necessary. Specificafipprovides insight into state dependence in
the choice of licensing contracts. It should be borne in ntived evidence for unobserved
heterogeneity in the data would indicate inconsistenciestimating specificatiof®).

The results from estimation of these three specificationg Ineaseen in Tablé on the
following page. We report both the parameter estimates armrésponding elasticities. Elas-
ticities in specificationd) are averages at the sample mean. The first six parametarstset
in the table capture hypothesk8. The effects of previous licensing experience are captured
by the variabled.*, L? and the lagged dependent variadlg ().

Table 4 shows the signs and significance of all variables of inteaeststable across
the three specifications. Of the three specifications estihave concentrate on the third
because it allows for state dependence and deals with tti@ iconditions problem in the
manner suggested Wooldridge(2005.

Our preferred specification3) is discussed in greater detail below. The discussiorsdeal
with each theoretical prediction discussed in secBabove and the effect of transaction
costs on the choice of licensing contract. Additionally, eiscuss a test of the model’s
predictive power.

Predictions on the expected value of licensing Hypothesisl, which refers to effects of the
expected value of a technology on the ex ante premium, isicapby the parametetsiv’
and(CW)?. These are significant at tieand5 percent levels, respectively. The minimum
point of this quadratic function lies &'/ = 0.017 and the quadratic crosses the x-axis at
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W' = 0.034 which is far beyond the sample meanl&iC' at0.0047.

Table 4: Results - Dependent variablg,

Explanatory (1) Elasticity (2) Elasticity (3) Elasticity
variables
cCw -72.055* | -0.504 -114.672* | -0.834 -119.354** | -0.839
(27.486) (30.057) (39.326)
(CW)? 2167.555 3124.818" 3549.572*
(1328.844) (1376.596) (1674.727)
blocking in a:
competitor 313.409* | 0.035 281.681 | 0.031 337.381 | 0.306
pair (131.686) (127.760) (153.278)
complementor | -741.364 | -0.009 -570.527 | -0.007 -1112.410 | -0.112
group (534.132) (498.866) (763.320)
complementor -6.307 0.001 -73.379 -0.009 305.977 0.085
pair (326.570) (333.806) (426.100)
competitor -141.859* | -0.054 -96.567* | -0.037 -102.609 | -0.365
group (54.851) (55.994) (60.992)
| P 0.873* | 0.000 1.011* | 5.334
(0.234) (0.324)
k.o -0.783* | -0.247
(0.309)
Average markel 1.762 -0.055 -6.308 0.197 -7.545 -1.270
shares (3.672) (4.273) (5.288)
Differences in 0.562 0.033 2.428 0.143 2.527 0.418
market shares (2.442) (2.495) (3.144)
Aggregate 0.000 -0.116 0.000** | -0.801 0.000 | -2.506
revenued 07 (0.000) (0.028) (0.000)
DN 0.157 0.157 0.025 0.025 -0.059 -0.059
(0.127) (0.134) (0.161)
D% -0.086 -0.086 -0.351 -0.351 -0.078 -0.078
(0.135) (0.154) (0.203)
Lr -0.058** | -0.320 -0.065** | -0.360 -0.096** | -3.820
(0.010) (0.011) (0.017)
L 0.067* | 0.521 0.095** | 0.734 0.115* | 5.492
(0.016) (0.018) (0.022)
Log-Likelihood | -360.855 -353.731 -326.875

where**, ** * indicate significance at the01%, 0.05% and the0.1% levels.
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The descriptive statistics for this variable (TaB)eshow a large part of our sample lies
within the range in which the quadratic function decreasestherefore an increase in the
value of an innovation reduces the probability of ex anterlging. The elasticity of the prob-
ability of ex ante licensing with respect to changes in theeexed value of an innovation at
the sample mean indicates that(apercent increase in expected value reduces the probabil-
ity of observing ex ante licensing 8/39%. The sign of the effect is robust to our controls
for unobserved heterogeneity and state dependence.

HypothesiL refers to the effects on the ex ante premium of a greater bigatrength of
patent portfolios for a pair of competing firms. We find thaager blocking in @ompetitor
pair increases the probability of observing ex ante licensirige Mariable capturing blocking
in a competitor pair has a positive sign throughout and isigant at theb percent level.

Our results indicate that a one standard deviation incrga8&0%) in the expectation of
the blocking strength of arival firm’s patents increasestiobdability that ex ante licensing is
observed among product market competitors liypercent. These results suggest that a high
blocking strength of rival firms’ patent portfolios has aywstrong effect on the propensity
for firms to license ex ante.

Hypothesis3 refers to effects on the ex ante premium of a greater blocktrgngth
of patent portfolios for a group of complementors. The \agacapturing blocking in a
complementor group has the hypothesised sign in all spatdits we report. However, the
parameter is not significant at thé percent level. This may be due to the comparatively
small number of observations for this type of contract ingample.

The remaining interaction terms cannot be signed in ourréimal model. Our results
indicate that an increase in the blocking strength of pategtl0 percent will reduce the
probability of observing ex ante licensing within a comfmetgroup by3.6 percent. Note
that this is on a par with the effect of blocking in a competpair, but it has the opposite
sign. This effect is significant at thiepercent level.

Overall we interpret these findings as strong evidence ioueaef the validity of our the-
oretical model. Hypothesdsand2 cannot be rejected, while the parameter for Hypoth&sis
has the correct sign. More generally the empirical modefioos that the effects of block-
ing in technology space on a firm’s choice of licensing casttdeepend on whether firms are
product market rivals or not.

Transaction costs Here we distinguish between the general effect of previmensing
experience and state dependence. The latter is capturdtebdggged dependent variable
that indicates whether a pair was engaged, in the previousdpen ex ante licensing. The
test for state dependence is given By : p = 0. Our results show we can reject, at the
5 percent level, the null hypothesis that the lagged dependerable is not significantly
different from zero. The impact of state dependence is gtioicomparison with the effects
of the blocking strength of existing patents. If we compave firm-pairs that differ only
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in their experience of ex ante licensing in the previousqzkrthen a pair with previous ex
ante licensing experience, has percent higher probability of choosing an ex ante contract
again.

The variables counting the number of previous licensingremts entered into by a firm-
pair (L*, LP) are both significant at the percent level in all tested specifications. We inter-
pret this as evidence that transaction costs fall if firmsehanevious licensing experience.
Previous experience of ex ante and ex post licensing in angghkave different impact on
the probability of licensing ex ante in the current period.phrticular, increasing previous
licensing experience by one ex ante licensing contraceasas the probability of licensing
ex ante in the current period o percent at the sample mean. In contrast, an additional ex
post licensing contract reduces the probability of licegsex ante in the current period by
54 percent at the sample mean.

Investigating the predictive power of the model In section2 we found licensing has
developed in ways that are difficult to reconcile with thelesn of patenting in the semi-
conductor industry. Here we analyse whether the obsereedsrare due to variables which
we include in our empirical model or to other unobservedal@es.

To do this we plot theorrectly predicted numbers of ex ante and ex post licensing con-
tracts which specificatior3] generates alongside the observed series in Figure 5 Bélow.
The figure shows specificatiof)(captures the dynamics of the choice between ex ante and
ex post licensing well. It is clear that this specificatioreddetter at predicting ex ante
licensing.

Figure 5

Observed and correctly predicted numbers of licensing contracts in the semiconductor industry

—— Observed ex ante licensing contracts
— — Observed ex post licensing contracts
- Correctly predicted ex ante licensing contrag
— — Correctly predicted ex post licensing contrag
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If we focus on the relative levels of ex ante and ex post lis@nsontracts in the figure,
then specificatiol captures both the increase in ex ante licensing between 990994,
and the decrease in ex ante licensing after 1994. Our irtiaipwn of specificatiorn3) above

14 We would like to thank Jacques Mairesse for this suggestion.
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showed thatgeteris paribusblocking between product market competitors and prevéods
perience of ex ante licensing are the main factors whicress® the likelihood of observing
ex ante licensing. This implies changes in blocking betwieems that were product market
rivals in this period explain the observed changes in ex lcgasing. This suggests that the
observed changes in the level of ex ante licensing have chmet decause firms learned
to avoid interactions either at the level of product markégiiaction or in technology space.
Whether this is indeed the case is a question for future relsea

Overall the results of estimating specificati@h ¢how the choice between ex ante and ex
post licensing results from a mix of strategic behaviour tamds’ past licensing experience.
We find that our model of licensing is supported by our emplriesults. As the model is
based on a patent race mechanism our model also supportsdimegé ofHall and Ziedonis
(2009 who suggest patent thickets give rise to racing behavisdditionally, we find strate-
gic behaviour resulting from racing has effects on a par thitise of reductions in transaction
costs.

6 Conclusion

In this paper we investigate the choice between ex ante apd®Xicensing in an industry
affected by a patent thicket. To accomplish this, we useasgéatomprised of semiconductor
firms’ licensing information which we constructed. The aifrifee study is to establish how
licensing affects R&D incentives in a patent thicket.

Our data show no obvious relation between patenting andding trends in the semi-
conductor industry. This is surprising given that licemgsis used mainly to avoid hold-up
based on blocking patents. To understand what the effedisenising on R&D incentives
are we distinguish between ex ante and ex post licensing. Mietliat ex ante licensing
was very popular amongst semiconductor firms before 198ée#fter its popularity rapidly
declined.

To explain the observed variation in firms’ choices betweearge and ex post licensing
we develop a theoretical model. This model shows the chateden ex ante and ex post
licensing depends on firms’ product market relationshigbtae extent to which they hold
blocking patents. In particular, the choice of licensingtcact depends on theteractionof
these two determinants. Thus the effect of blocking on tledability of observing ex ante
licensing differs, depending on whether firms are produaketaivals or complementors.

We estimate a dynamic random effects probit model to tegpitbéictions of our theory.
This allows us to investigate whether there is state depeeddue to a reduction in the
transactions costs of a particular type of contract betweenparticular firms. We find
strong evidence of unobserved heterogeneity and statexdepee in our data. We also find
evidence that past experience of a particular type of liognsontract makes it more likely
that firms will choose that type of contract again. Our maidifigs however relate to the
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hypotheses of our theoretical model. The hypotheses aposigol by our empirical results.

This implies changes in the choice between ex ante and eXipassing are due to changes
in firms’ product market and technology space interactidisis stronger blocking patents
lead to more ex ante licensing between product market revats more ex post licensing

between firms that produce complementary products.

In our model we assume that firms race for stronger patentgtiod. This assumption
is based on prior work byall and Ziedonig2001) who argue that this is the case in the
semiconductor industry. Our results are consistent witbrgaortfolio races between semi-
conductor firms. However they constitute only an indirest &s we primarily focus on how
racing behaviour determines firms’ licensing choicesSiebert and von Graeveni{2006
we derive welfare implications of choice between ex ante @xgbost licensing. Racing
models are often interpreted to imply that firms overinvasR&D [Loury (1979]. Our
model implies firms avoid racing by ex ante licensing whemngevould lead to very high
R&D efforts; this happens when firms produce substitute pectsl The model also implies
firms choose to enter into patent portfolio races with themplementors. Any resulting
hold-up in such cases is resolved through ex post licensingerinvestment which charac-
terises ex-ante agreements is likely to be particularlgsewhere firms are complementors.
Thus patent portfolio races between such firms may be bealefiogn if they lead to some
overinvestment.

If our findings are supported in further research, then thigies regulation of licensing
in a patent thicket is challenging. Any regulation of licemsmust ensure firms’ choices
between ex ante and ex post licensing are not distorted. \&fe thés conclusion on the
fact that ex ante licensing contracts between complemeatuat ex post licensing contracts
between product market rivals are likely to lower welfarenyAegulation that favours one
type of licensing over the other therefore leads to welfassés. Furthermore, we have
shown that there is state dependence in firms’ choices afding contract both within and
across firm-pairs. This implies effects of regulation orieaficensing choices will persist
over time, consequently making regulation even more chgitey.

Further research on how firms license therefore seems wadraW/e intend to test our
model of licensing in additional industries. We would alg@Ito arrive at a better under-
standing of the determinants in the variation of ex antenbagg over time. Our results imply
blocking between product market rivals has decreased. umegear whether this is due to
changes in firms’ patenting behaviour, their choices abmdyct market rivalry or even co-
ordinated changes in both dimensions. Effects of pateokéits on firms’ innovation paths
therefore seem to offer a promising area for further researc
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A A model of a patent portfolio race

This appendix sets out a simplified version of the model weliginSiebert and von Graevenitz
(2009 to derive the Hypothesds- 3. The main results derived from this model are discussed
in section3. This appendix contains technical details of the simplifrextiel. The main sim-
plification consists in a functional form assumption for B&D cost function. This leads to

an analytical solution our model’s second stage. We anahgs®llowing three stage game
betweenV firms:

Stagel Firms choose whether or not to license ex ante. Ex ante liogmsiplies that future
patents protecting a valuable technology are shared.

Stage2 Firms independently choose a hazard faté developing the technology and obtaining
important patents to cover this technology. Their R&D caogtsbe increasing in the
hazard rate.

Stage3 If firms have not chosen to license ex ante, they bargain dvestirplus created by
the new technology. Firms’ outside options depend on psgsesf the new patents,
their complementarity to existing patent stocksind on the blocking strength of these
patent stockd3.

At stage three firms bargain over the surplus created by nésnisa Bargaining arises
under ex post licensing. We assume that firms achieve a goltdithe bargaining problem
which conforms to Nash bargaining. We model Nash bargaibetgreen one winner and
several losers of a patent race. To do this we assume thatlesehhas an independent
opportunity to hold-up the winner of the patent race. Thenwlnner 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 wintiigg) and losing(v;, ) the race for
a new patent are:

(V-1

Uw :Ww(B,C)—i- [Qﬁ—ﬁw(b,C)—WL(b,C)] (11)
v, :7TL(b, C) + % [277' - Ww(b, C) - 7TL(b, C)] 5 (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 palbetrmy, (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 défiae(N —1)b = mw (B, C) =
mw (b, C) if N = 2. The expected value of winning a patent race is decreasitigistrength
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. \WWe assume that
71, IS decreasing in if firms produce substitute products and increasingifriheir products
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are complementsz(C) is the expected value of profits if all firms have access to #ve 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 licensing is thodel are:

(h*+ H*)T + 7 — K(h* +7) SR+ PLHP 4+ — K (B + 1)

Ve = VP = . (13
he+ He+4r ’ h? + HP 4 4

where we assume that the constant = > K > M which implies that; > 0. This
is a technical assumption which rules out boundary solsttorthe optimisation proble.
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 depé¢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 — ) = KH

B e (=)
v S -
W tu) fo | (uy, — ) — KCHY] , r(ow = )
(h? + HP +1)? —0e = (K7 — (vw — o)) (N — 1) o)

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

next:
. NhoT — K(ho 7
Va(ha) _ r +7TA ( +T) _ E _K ’ (16)
Nhe +r T
o wend g 4 v (NRP ) — (v, — ) — K (RP
vogpy = — WA EWNIA ) Z e mm) D ROTET) _ow e gy
NhP + 71 r

The premium to ex ante licensing is definedlTas= (V* — VP) 4+ (T* — T?) above
(eqn. @)). The model developed here allows us to derive hypothdsastal’ @ — V7). As
long as the transaction costs of licensing do not vary in #meesway as the expected values
of licensing, we can predict whether ex ante or ex post licgnsecome more likely if we
focus on the expected values only. We begin by deriving ttpe sf the difference between

15 1f we undertake comparative statics on the valuewf as we do below, it must be true th§t> K >

“’Vﬂif“”, 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

16 The second order conditions are both zero at the extremespoliowever it can be shown that both
derivatives are positive for values smaller tHaand negative thereafter.
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the expected values of licensing ex ante and ex post:

Ve Ve = L( —uy) = & —1>[ £(b,C) + 1w (b, C) — 2—mw(B, )| — E=27(C)

(18)

)

In this simple model the expected value of ex ante licensiag be larger or smaller than
that of ex post licensing. We now investigate how* — V?) varies with changes in the
expected value of new patents)(and the blocking strength of firms’ patent stocky (This
leads us to the results underpinning each of our three hgpeth

Hypothesisl Here we demonstrate that a stronger forward complementativeen the
new patent and existing patents will reduce the proballitybserving ex ante licensing.
Equation (8) can be evaluated separately for the case 2 and the cas&/ > 2:

N = 2: This implies tha(V* — V?) = - |:7TL(Z), C) — mw (b, C)}. An increase in the forward
complementarityC') will raise the expected profits of the firm winning the patemer
and lower those of the losers. This implies that ex post 8oenwill be increasingly
attractive ag”' increases.

N > 2: Inthis case it should be noted that (b, C') — )wW(B (') > 0 and that the entire
term is increasing in the forward complementarlty. Howether 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 will no
be attractive a§’ increases fofrvV > 2.

Hypothesis2 For N = 2 equation {8) simplifies to:
(Ve — VP = [WL(b O) — mw(b,C)] . (19)

An increase in the blocking strength of firms’ patent sto@g$swill lower the expected value
of winning a patent raceag—gv < 0) and increase the expected value of Iosin@%jigL > 0).
Therefore, the margin by which the expected value of ex posh$ing exceeds that of ex
ante licensing decreases; ex ante licensing is more likdbgtobserved.

Hypothesis3 For N > 2 it should be noted thaty, (b, C') — )WW(B C') > 0 and that
an increase in the blocking strength of firms’ patent stdckasll 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
patentg



B Data sources

This section provides details about the origin of our datdi@ensing, patents and market
shares in the semiconductor industry.

B.1 Licensing

The basis of our data on licensing contracts was providedimyripson Financial. We com-
plemented this with information derived from sources in plublic domain such as busi-
ness reports, filings published in the National Cooperd&egearch Act, and announcements
made in the public press.

The dataset covers licensing contracts in which at leaspartg has a principal line of
business in the semiconductor industry between 1989-1&188uch firms for which annual
semiconductor market shares were available during thegé®89-1999 were included in
the sample. This sampling criterion was imposed becauss’fgroduct market positions
are an important variable in our theoretical as well assttasil model. We identified name
changes and subsidiaries and mergers from a variety of a®uncluding Thomson Finan-
cial, Dataquest, and Moody’s. We collect a total of 372 |giag contracts with an annual
average of 34 contracts. Our data on licensing containnmédion on each individual con-
tract. Details encompass the time the licensing contrastsigned, the firms involved and
a synopsis indicating the purpose, technology and the typheemsing, e.g. whether firms
signed ex ante or ex post licensing contracts. We went threugry synopsis and classified
the licensing contracts into ex ante and ex post contraciscénsistency with our theoreti-
cal model our empirical analysis of licensing is retsridi@tiorizontal technology licensing.
Hence, we have excluded vertical partnerships, such as thetsveen semiconductor firms
and computer, microelectronic or multimedia firms. In linghathe previous literature we
classified a licensing contract as horizontal if more that% 5 the firms had sales in the
semiconductor industry. We also excluded contracts the¢ wased exclusively on produc-
tion and marketing licensing. Finally, we dropped anotteli@&nsing contracts which were
related to litigation. This left us with 579 contracts ovee twhole time span.

The number of licensing contracts we observe is in line vii#t teported bjRowley et al.
(2000 for an overlapping sample period. Their data derives fraiferént data sources than
ours!’ The correspondence in the number of contracts observedmsntfat our dataset
contains a comprehensive record of information on licamawailable in the public domain.
As Anand and Khann&000 note there is no requirement for firms to publish informatio
on licensing contracts. Therefore it is conceivable thatesdias due to sample selection
remains. However we are unaware of reasons for which firmsldrszlectively favour ex

7 Rowley 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.
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ante or ex post licensing contracts when announcing liognsantracts to the public.

B.2 Patents

In order to capture firms’ positions in technology space we idormation on granted
patents:® We use U.S. domestic patents in our study because the Ul® igarld’s largest
technology marketplace and it has become routine for n@&-blased firms to patent in the
U.S. [Albert et al.(1991]. Our data on granted patents are taken from the NBER patent
dataset established by Hall, Jaffe, and Trajtenberg (2601he database comprises detailed
information on 3 million U.S. patents granted between 19681099, and all citations made
between 1975 and 1999 (more than 16 million).

A major challenge in any study that examines the patentitigitees of firms over time
is to identify which patents are assigned to individual fifma given year. Firms may patent
under a variety of different firm names over time. To retripagent portfolios of the firms
we follow the same procedure Hsall and Ziedonig2001). This procedure was also used for
our licensing data.

Using the patent database we extract detailed patent iatoymfor every semiconductor
firm for our sample period 1989-1999. We use the number of @rgranted patents, patent
stocks (accumulated patents) dating back to 1963, as wpht@st citations dating back to
1975. Moreover, in order to establish firms’ position in teclogy space at a disaggregated
level, we make use of information about the technology dratthe filed invention belongs
to. The USPTO has developed a highly elaborate classifitatistem for the technologies
to which the patented inventions belong consisting of ad@0tmain 3-digit patent classes.
Each patent is assigned to an original classification. WeeBmut of the 400 patent classes
that are connected to memory chips, microcomponents amd séimiconductor devices.

As the patent database lasts only until 1999 we need to takedtion of the data into
account. Therefore, our patent based variables are basethoal patent shares. Throughout
we divide the number of firms’ patents and citations by thaltoumber of patents and
citations of all semiconductor firms in a given year.

B.3 Market data

Annual semiconductor market data at the firm-level were idex by Gartner Group. All
merchant firms were tracked whose annual sales exceed $llédhnailyear. Thus, we cover
approximately the whole population of semiconductor firmg do not need to rely on busi-
ness sheet information to infer market shares. On averages aire 155 companies present
in the market every year. Approximated9% of the firms had their headquarters in the U.S.,

18 By filing a patent an inventor discloses to the public a nows&ful, and non obvious invention. If the
patent gets granted, the inventor receives the right taueecbthers from using that patented invention for a
certain time period, which is 20 years in the U.S.

19 Further information about the database can be fouidtat/www.nber.org/patents/
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whereas the rest were located in Japan, Europe, and othaar émiintries. Again, we correct
for mergers and acquisitions that were announced in theeatm@ntioned sources.

We are able to separate the semiconductor market sharéhne different market seg-
ments: memory chips, microcomponents, and other devicasedon this classification we
are able to distinguish whether firms produce substituteorptementary products. If two
firms have positive market shares in the same segment ableeet we consider them to be
producing substitute products, and complementary predutbierwise.

C Examples for ex ante and ex post licensing

This section contains examples of licensing contractsitéian our dataset.
EX ANTE LICENSING

e Texas Instruments and NEC Corp entered into a ten-year-toessing agreement to
patent semiconductors. Under the terms of the agreementwih companies were
to have use of each others patents involved in manufactgengconductors. Date:
06/12/1997.

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 “DyrmaR@ndom Access
Memory”, while Sony was to produce logic integrated cirsytC’s) for home elec-
tronics and AV equipment. Financial terms were not disclo&ate:20/11/1995.

EX POST LICENSING

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 tleeagmt, 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:
05/08/1995.

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 produdtithe di1 microprocessor
chips in the first quarter of 1995. Financial terms of the agrent were not disclosed.
Date:05/10/1994.
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