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A New Type of Report Providing a Clear Link Betweg
|IP Situation and Market Evolutions

A PatentInvestigationallowsunderstandinghe technology& market from a patent perspective

A More than describingthe status of the IP situation, a Patent Investigation provides a missinglink between paten
technologicalsolutionsand market, technologicalandbusinesgrends.

A In-depth technologicalanalysisof patents leadsto understandingof strategicdecisionsand positioning of key playerswithin
the valuechain

A Bycombiningtheir technicalknowledge businessunderstandingand patent search Yole Développementand Knowmadeare
ableto provideunique analysisandaddedvaluein this report.
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SCOPE OF THE REPORT

materials. All patents related to GaN for power applications were considered substrates, epi-wares,
semiconductordevices, transistors, diodes, discrete components, power module, packaging,circuits and
systems

A Thisreport coverspatents published worldwide up to April 2015 We haveselectedand analyzedmore than
4,900 patents splitin more than 1,960 patent familiesrelevantto the scopeof this report. 280+

A Thepatentshavebeenmanually categorizedoy Pages
A Technologicalsegment substrates& epi-wafers, semiconductordevices, discrete components, power
modules,packaginggircuitsand power systems
A Substratefor GaN bulk, SiC Si,Sapphire
A TechnicathallengesE-mode, cascode E/D-mode monolithic, verticaldevices current collapse dynamicR
on, gatecharge breakdownvoltage,strayinductance thermalissuesgchip-scalepackage

A Market data from YoleDéveloppementre alsoprovidedto add some context regardingbusinessrends and
metrics

A Thisreport providesa clearlink between the IP situation andthe market evolutions.

A Note that essentialpatent data on GaNon-Silicontechnologyhavebeenanalyzedastyearin our report & D |- b
on-SiliconSubstratePatentL Yy @ S & (i puBlishédin 2pfil2014(more details).
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METHODOLOGQY/2)

A The data were extractedfrom the FamPatworldwide database(QuestetORBIT)which provides80+ millia
documentsfrom 95 offices

A Thepatents searchwas performedin April 2015 hencepatents publishedafter this date will not be availablein this
report.

A Thepatentselectionwasdonemanually.

Number of selected patents for the Power GaN Patent Investigatia

1,962 patent families comprising 4,900+ patents

A The statisticalanalysiswas performed with Orbit IP Businessintelligenceweb basedpatent analysissoftware from
Questel

A Thepatentswere manually categorizedusingkeywordanalysisof patent title, abstractand claims,in conjunctionwith
expertreview of the subjectmatter of inventions

A A patent family is a set of patents filed in multiple countriesto protect a singleinvention by a commoninventor(s)
The patents were organized according to Cl Yt | fafi§y rules (variation of EPO strict
family http://www .epo.org/searching/essentials/paterdamilies/definitionshtml): A PatentFamilycomprisespatents
linked by exactly same priority humbers (EPOstrict family), plus comparisonof priority and application numbers,
specificrulesby countryandinformation gatheredfrom other sourceg nationalfiles, legalstatusX).
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PATENT SEGMENTATKQD/S)

The 1,962 patents were manually categorizedusing keyword analysisof patent title, abstractan@
conjunctionwith expertreview of the object of inventions
In this report we usethe following patent segmentation

Power GaN

! !
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INTRODUCTION 5444/)

GaN Devices in Power Application Rr
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IP OVERVIEW
Time Evolution of Patent Publications

1100 - Power GaN IP Dynamics
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A patentfamily is setof patentsfiled in multiple countriesby a commoninventor(s)}o protecta singleinvention
Apatentdocumentis a patentfiled in one country(1st applicationor extensions)
Notethat the patentsearchwasdonein March 2015 thusthe data correspondindo the year2015are not complete

First commercial GaN
transistor products

Studiesinto the suitability of the GaNmaterialfor power applicationsbeganin 2006 and coincidewith the first wave of patent filings Thenumber of
patent publicationshas sharplyincreasedsince 2010 with the commercializationof first Power GaNdevices Currently,the secondpeak of patent
filings combinedto the increaseof granted patents is a positiveindicationthat GaNPower market is rampingup. Sofar, there are only a few players
sellingPowerGaNproducts(Infineon/IR,EPCGaNSystemsand Transphormjandthe GaNdevicemarket is still small, estimatedat $10M in 2015 But
the ramp-up will be quite impressive starting in 2016 The market will multiply by 30 from now and reach more than $300M in 2020 (Yole
DéveloppementGaNand SiCfor power electronicsapplications Jul2015).
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IP OVERVIEW

Power GaN Patent Assignees

Ranking of Patent Assignees
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Other industrial patent assigneesAlpha& OmegaSemiconductorToyodaGosei,DeltaElectronics,JapanRadio,NEC)Y askawaMicroGaN,RFMicro Devicef RFMDmergedwith Triquint=Qorvo),ABBResearclCenter,Delta
Optoelectronics Denso, Intersil, National SemiconductorNGKInsulators,Northrop GrummanSystems SchneiderElectric, Soitec, SumitomoElectricDevicelnnovations(SEDI)Dowa ElectronicsMaterials, EudynaDevices,
PanasonicElectricWorks, SchneiderToshibalnverter, STMicroelectronics Widebandgap GaNSystemsGenesicSemiconductorHitachi Metals, KansaiResearchnstitute (KRI),Bosch,SiemensSuzhouJiexinweiSemiTech,
Triquint, Astriphey Applications,Azzurro Semiconductorgnow ALLOS)CovalentMaterials, Dynax Semiconductor EmersonNetwork Power Energy,General Motors, IBM, JiangsuNenghuaMicroelectronic Technology
DevelopmentLGInnotek, Mersen, Philips,PowDec RichtekTechnologyRockwell,VishaySemiconductorDaimler, Emcore EnkrisSemicondcutorAdeka,Nippon Avionics,Thales ArkansasPower Elec Int. (APEI)Enphase
EnergyGeneralMotors, Kyoceral.ockheedVartin Corp, Nippon Steel& SumitomoMetal ...

Other non-protfit organizations UniversityTohoku,CEACNRSUSNavy,ETRIMassachusettdnstitute Of TechnologyMIT), AIST FudanUniversity,ITRI,KyungpookNational University,NanjingUniversityOf Aeronautics&
Astronautic§Nuaa),NationalChiaoTungUniversity,Suzhounst of NanoTech & NanoBionics,Univ. of California,Agencyfor Sci Tech & Res (ASTAR)alifornialnst of Tech (CalTech)HongKongUniv. of Sci & Tech, Insti.
of SemiconductorgChineseAca Of Sci), Inst of Microelectronics(ChineseAca Of Sci), CNESCentralResearchnstitute of ElectricPowerlndustry(CRIEPINagoyaJniversity...
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IP OVERVIEW 84
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IP OVERVIEW
Power GaN Patent Assighees

* Mitsubishi Electric, a top Si power player already involved in SiC devices, is the top patent assignee in quantitative point 0
more than 200 patent families related to the Power GaN domain, especially focused on . . N g a Bah s
u 3 =1 ). Mitsubishi Electric has shown an interest in Power GaN technology quite recently, since 2010, with a

strong increase of its patenting activity in this domain these last years. The company co-assigned several patents with Tealaa & i bebs
farwa (IR ] &= T B ¥ a1 b

* International Rectifier (IR), with 120+ patents families related to Power GaN, leads the time-to commercialization race of GaN Power
devices. In 2009 the company launched its GaNpowIR™ GaN-based power device platform after five years of R&D on GaN-on-silicon
epitaxial technology. In 2010 IR claimed the first commercial GaN-based integrated power stage devices (iP2010 and iP2011 family of
devices). IR was acquired by Infineon in August 2014 (read more). ' ¢ . ¥ e E- 2 e B

* Infineon, as the market leader for power semiconductors, has pursued a partnership approach to accelerate their GaN development: e.g.
intense collaboration with the Fraunhofer society, and involvement in two major German programs related to GaN technology—Neuland
(2010-2013) and HiPoSwitch (2011-2014). More than 60 patent families related to Power GaN have been selected for this study.

Infineon acquired International rectifier in Aug. 2014 with a focus on their GaN-on-Silicon technology and intellectual property (read

more). This acquisition is an important step for Infineon »= ¢ " a it % i1 i1 i & [
x| e e e e e e ol Pl GO Rl c G ity DO0S- pletolseaiel ekl (lsleid selected for this study.
International Rectifier developed mady i o pacrrimg o rp 5 r =il am A B (R ) L

. . B LN o i TEEL Lk IR E 0y EEkA 1
s ok F.m .l .o pE e w ey m pee Ty 1 Infineon recently announced a partnership with
Panasonic for a jointly development of GaN devices based on Panasonic’s normally-off GaN-on-Silicon transistor structure integrated into
Infineon’s SMD packages. In this context Panasonic has o = ety r o mally-al LA | i
ST p— i . i . . PO T e aE i 1
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IP OVERVIEW
Power GaN Patent Assighees

first monolithic integration of a six-HEMT inverter circuit. Panasonic Electric Works merged with Panasonic in Jan 2012. For this study
haVe Selected I.‘I ’l e ™l § " 5 ] ", e = =] u " s s mE= el =

II | | F L = B | | II - .I.I -II II.. I.I LN B II. | | .I.II - n n | &} .I.II -II pu | | 5

[ L

* Transphorm is a new GaN pure-player entrant. More than 70 patent families related to Power GaN were selected for this study. The
company introduced the 600V GaN-on-SiC products (EZ-GaN™ platform) in 2011, and the 600V GaN-on-Si Diode & HEMT in 2013.
Transphorm obtained in 2013 a non-exclusive worldwide patent license agreement to Cree (GaN HEMT & Schottky diode), and in 2014 an
exclusive worldwide license to Furukawa Electric’s extensive GaN power device portfolio, which includes about #= US issued patents and

I 11 Japanese issued patents. Transphorm also has certain rights to sublicense these patents (read more). % e
not yet appear in patent databases. The co-assigned patent families could be revealed in the next month: & N e : |
B i oy | e® ] L 1 LR 13 z .- i ¢ == Furukawa Electric has

had research on Power GaN since the 1990s, but the company hasn’t been able yet to commercialize the technology on its own.
Converting orphaned IP to revenue by patent licensing isn’t an easy road, but Furukawa Electric found a strategic partner that is well-
positioned and well-funded to bring its technology to market.

Transphorm, Fujitsu and Fujitsu Semiconductor announced in 2013 that they have reached an agreement whereby Fujitsu
Semiconductor and Transphorm will integrate their gallium-nitride (GaN) power devices for power supplies businesses (read more). The
three companies have also agreed that both Fujitsu and Fujitsu Semiconductor will take a minority equity position in
Transphorm. Transphorm acquires Fujitsu’s GaN Power Conversion business, and the two companies announced the formation of a new
company: Transphorm-Japan, a wholly-owned subsidiary of Transphorm (read more). The present report includes I s me Larwloss - el

' i B0 = I i . < These patents are mainly focused on k . LI ol g
np-p i ! gl = r By SR PR BT | - =Ly poar b bpgga
Transphorm began a partnership with &% "sw=sswm=ame=w- in 2014 to co-develop and co-market GaN-based products and power system
Solut|on5_ R = - .I.-.r -l.l-_:l-hl ] | " '] '] 5" ] w -5 ] mm ] "
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IP OVERVIEW
Power GaN Patent Assigne®rigin of GaN Involvement
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Alnfineon acquiredinternational Rectifier (Aug 2014). ' ARujitsu Semiconductorand Transphormcollaborate (businessntegration of
APanasonidicensesheir N-off GaNtransistorout to Infineonin 2015 their GaNpower devicesolutionsin Nov 2013 Start of massproduction of

ATransphorm obtained in 2013 a non-exclusiveworldwide patent license TransphornQ GaNpower devicesin Jan2015).
agreementto Cree (GaN HEMT & Schottky diode) In 2014 it obtained  ANxpPand Freescalenergedin March2015
exclusiveicensingightsto Furukawad f S O@aNpatrgortfolio AVeloxSemiconductomcquiredby Powerlntegrationsin 2010
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IP OVERVIEW
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* The first wave of patent publications between 2005 and 2009 is mainly due to s+ I Lt e T T R e o i
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* Mitsubishi and Fujitsu have shown an interestin Power GaN technology since 2010 with a significantincrease of their patenting activity in this domain.
* The patents published in the second period (2010-2014) mainly originate from @« ew o ama f B G0 B 00 B 0 B s (100 ey [0
e ol "ty W

GaN Devices for Power Electronié&atent Investigation | September 2015
<Q> KnowMade y!)xypopekerg © 2015 All rightsgreserveﬂlwww.Enowmade.com 16



ANNOUNCED GAN TRANSISTOR PRODUCTS

Studies into the suitability of

(o8}
the GaN material for power s FU][TSU
applications began in 2006. T&24 200 V//'Si ') 150 V / Si _
I R GaNNoff HEMT I"R _ GaN HEMIT > Mass production
J GaNpowerIRM (eGaN 600 V / Si in 2014
Genl.1 Mar. 2010 GaN FET Jug013
2009 transph:-rm 2012 FU]ITSU
m RENESAS __.-Ticro Gan 600V / SiC %Vislc Technologies 600 V/ / Si
800 V / Si 1260 V / Si 600 V / Si E ZGaN Transistor 900 V / SiC GaN Transistor
GaN FET GaNNoff FET ~ GaN HFET 2011 GaN EMOSHEMT test
Nov. 2008 Dec 2009 May 2010 (E2GaN™ platform) 2012 2013
IR & Microsemi , transpherm GQN -
30V/Si 200 V/ Si 65 iC 600 V / Si .
100V V
Point-of-Load2010 Emode GaN FET J Diode & GaN HEMT OGO N ﬁ 6ff50HE|\/|/TSI
- - Mar. 2011 2012 an o
First commercial Galased : 2013 May 2014
integrated power stage devices STOP TSGR (GaNPX'pacakge
(iP2010 and iP201family of devices. T
100 V/ Si
: : GaN FET
First Appearance of Key Players in the Power GaN IP arena . .
Cascode configuration
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2013
1.3 o transpherm (GaNpowerlR"Gen2.1)
e power n
FURUKAWA integrations®
ELECTRIC ' m
|
= o GEN
m = - e
a
L S |
< SUMITOMO .
ELECTRIC

Q) KnowMade ‘}'\YO LE

Développement

VisIC Technologies
650 V / Si

GaN Noff MISHEMT
May 2015

transpherm
600 V / Si
GaN Transistor
in a TG247 Packagre
Mar. 2015

GaN Devices for Power Electroni€zatent Investigation | September 2015 17
© 2015 All rights reservepdwww.knowmade.com



IP OVERVIEW
Mapping of Patenting Activity

For each country or geographical zone:
* Number of different patent assignees.
* Number of patent families including at least one patent filed in
the country.

* Number of patent families including at least one patent in a
legal status category in corresponding country.
* Time evolution of patent publications.

190+ patent assignees

200+ patent assignees 1290+ patent families
1 160+ pate nt fam"ieS Current Legal Status
of Patents
Current Legal Status USA 532 300 Time Evolution of
of Patents 487
621 559 400

300 Time Evolution of
200 Patent Publications

200 Patent Publications
100

0I!I|_T_|_IIIIIIYII1IIIIII
L eI = e B e T o T =2 N B e B )
100 S&&s2s8szss:2
0 Granted Pending - o NN N NN NN
WMo H MmN o
7 L= =2 T =2 O = T O = =]
Granted Pending aaaeoes
Current Legal Status ‘
[ ENE EIE R
of Patents
e — Taiwan oo o
=== N
Note: A patent family can include patents in ™ .r =
different legal status and thus may appear in '
3 N EEm. | u
more than one category within the same I l I I | I I = =t —m
country. For the legal status definition please -
refer to the Annex at the end of the report. - ToEm o
m - il ‘ TRRR
/™ AYOLE GaN Devices for Power Electroni¢zatent Investigation | September 2015 1 g
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IP OVERVIEW
Time Evolution of Granted Patents by Country

Power GaN Granted Patent Dynamics
4,900+ patent documents
Including 1,700+ granted patents

IP arms race for American
and Japanese markets
(technology maturity)

Number of Granted Patents
1

2009-2010
First commercial
Gal transistor
products

L]
C

4-,-_‘-"

mu"
L
n®

1995 \ 1996 \ 1997 \ 1998 \ 1999 | 2000 | 2001 | 2002 2003 | 2004 | 2005 | 2006 | 2007 2008 | 2009 | 2010 \ 2011 \ 2012 \ 2013 \ 2014 \

S A ] | | || | | u
w— EUurope n ] n
Japan | | u
s KOrea | n u
e (hina n u n
Taiwan [ n

Notes: The patent search was done in March 2015, thus the data corresponding to the year 2015 are not complete.

USA

China

Korea
Europe
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IP OVERVIEW

Market Domination Results From Previous

A lead period in patenting activity and patent grants 90%
heralds a future market domination.

The market domination of USA until 2013 is
consistent with its lead in terms of granted patents

from 2005 to 2010.

Japan, witness of an increase of its enforceable
patents since 2010, is ramping up and enlarges its

market share.

Number of Patent Applications *
|

1957 | 1998 | 1999 2000 | 2001

1995 | 1996

Q) KnowMade yz)lp?m'zﬁ

§

III I [ = Europe

2016 2017 2018 2019 2020

§

2011 2012 2013 2014

A J\ J
Y A Y Y
US domination Europe + Japan starting Japan ramp-up Taiwan & Korea starting
(IR & EPC) Japan ramp-up

Power GaN Granted Patent Dynamics
4,900+ patentdocuments
Including 1,700+ granted patents

Power GaN IP Country Dynamics
4,900+ patent documents USA
longin + nt famili American peak ,.*"

belo gingto 1,960 patentfa es * IParms race for American

and Japanese markets
(market maturity)

Increase of patent publications worldwide:

= Extension of priority patentsin USA, China and Europe.
» Newcomers Mitsubishi & Fujitsu (Japan).
« Take-off of European players (Infineon).

.............

lapanese wave
Take-off of American and pa

Japanese priority p? i

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 § 2012 | 2013 | 2014
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IP OVERVIEW
Patent Litigations and market evolution

To this date, no litigation cases related to Power GaN domain have been filed*.
But this could change.

In a patentinfringementaction, the potential salesvolume playsa major role for assessinghe damageaward

Sofar, the GaNdevice market is still at its early stage ($10M in 2015accordingto YoleDéveloppement Thereare only a few
players selling power GaNdevices Asthe GaNneedsto competewith the incumbentsilicontechnology,the priority of GaN
playersis to educatethe end usersto adopt GaN devices GaN players are in a cooperative mode to promote the GaN
technologyall together.

The GaN power industry is consolidating in preparation for significantgrowth, and recent movementsshow that the GaN
industryis takingshapeasmergers,acquisitionsandlicenseagreementsare settled. In this context,the IPjust beginsto be used
asleverageby companiego negotiatelicensingand supplyagreementgInfineon/PanasoniclransphormFurukawa)

PowerGaNdomainemergedin terms of patentslessthan 20 yearsagoandthe numberof grantedpatentswasincreasinggreatly
onlytheselast5 years Accordingto our analysisthe PowerGaNIP is mature enough Asthe marketrampsup (93%20162020
CAGRaccordingto YoleDéveloppementand more playersenter into the market, there will be competition between different
playersin the future. When GaN playersgo into a competitive mode, a strict enforcementof critical patents by major Power
GaNplayersmayleadto first patent litigations in the comingyears

*IR sued EPGn 2009 for theft of trade secrets Two companiesreachedsettlementin 2013 The settlement will result in the payment of
royaltiesto IRon the saleof GaNon Sibasedpower devicesfrom 20152023 subjectto an offsetin certaincases ThelR/EPGueis not linked
directlyto IPinfringement ThesettlementbetweenIRand EPGn 2013is alsoa way for two companieso put the dispute behindthem and
continuetheir journeyin GaNbusiness

/A GaN Devices for Power Electroni€&atent Investigation | September 2015
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TECHNOLOGY SEGMENTATION
Patent Family Split by Technology Segment

Discrete components,
Power modules and Packaging

Q) KnowMade y
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"/ili/I'llll UL
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Développement

1960+ patent families on GaN power electronics

Apatentfamilyis a setof patentsfiled in multiple countriesby a commoninventor(sjto protecta singleinvention

Circuits &
Systems
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TECHNOLOGY SEGMENTATION
Time Evolution of Patent Publications Split by Technology S

54
A é‘,ogp[ £

Power GaN IP Dynamics by Technology Segment
1,960+ patent families

*
v
Q
€
= . .
= W Semicon Devices
o 2009-2010 o
® First commercial o
a Gal transistor
* A patent family is a S products
set of patents filed in E
multiple countries by Ke)
a common inventor(s) g ot Components
to protect a single 2 " " *« Circuits & Systems
invention e w n v * * \Wafers
19951996 | 1997 1998 | 1999 | 2000 2001 | 2002 | 2003 | 2004 2005 | 2006 | 2007 2008 | 2009 | 2010| 2011|2012 | 2013 2014
GaN Power {all patents) ' ' ‘ " " m - = = ' ‘mm mm D mw ommm
—\\afers ] ]
= Semiconductor Devices ] ] - -
s omponents n
Circuits & Systems = n =

Notes: 1) A patent can be found in several categories. 2)The patent search was done in March 2015, thus the data
corresponding to the year 2015 are notcomplete.

* Patenting activity on GaN Power Semiconductor Devices (transistor & diodes at semiconductor level} took-off in 2004-2005. The main pioneer patent
applicants of the 2004-2010 period are iyl Sy piiee Spapepesy S Sy Sy S oy, St o [oip—
Today, “Semicon Device” patents account for 60% Power GaN patents.

* The number of patent applications related to GaN Power Components (discrete, module & package) and Circuits & Systems increased in a second
time over the 2010-2015 period while the first Power GaN devices were commercialized. “Power Components” patents were mainly filed by
s — e e e mmenms W hile “Circuits & Systems” patents were mainly filed by mmm—— Gam—

* Patents claiming GaN substrates and GaN templates especially developed for power applications appeared in mid-2000s, and a steady increase of
patent publications was observed over the 2010-2015 period. Main patent applicants are epi-makers both with merchant business . FEme =

= ) and no merchant business (=g =ommemn = - B =S ),

AYOLE GaN Devices for Power Electroni€zatent Investigation | September 2015 23

KnOWMOde ‘}Dévemnpemenl © 2015 All rights reservepwww.knowmade.com



TECHNOLOGY SEGMENTATION
Main Patent ASS|gnees by Technology Segmer'+
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TECHNOLOGY SEGMENTATION
Matrix Key IP Players / Technology Segments

Number of

TECHNOLOGY SEGMENT

Patent Assignees Patent : P
¢ Families Wafer Sem::::::ctor Component csl;i::: GaN-on-SiC GaN-on-Si E:'::-'?i':; GaN Bulk
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TECHNICAL CHALLENGES
Patent Family Split by Technology Challenges

1960+ patent families on GaN power electronics

A patent family is a set of patents filed in multiple countries by a common inventor(s) to protect a single invention.
Note that a patent family can be found in several categories

Number of Patent Families
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Main Patent Assighees
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TECHNICAL CHALLENGES 4
GaN Power TransistePatent Differentiation of Key IP Playerg ,Qgpgpgg

DEVICE OPERATING PACKAGING
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TECHNICAL CHALLENGES
Matrix Key IP Players / Technology Challenges

DEVICE OPERATING PACKAGING
Patent Assignees
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SEMICONDUCTOR DEVICES
Time Evolution of Main Patent Assignhees

Dates are defined from the ADVANCED POWER DEVICE RE...
earliest publication date for AVOGY
each patent family. Bubble size 22— >
represents  the number of
published patent families. The g il
data corresponding to the year N fEw e
2015 may not be complete since T =
the patent search was done
early March 2015 -
; —

H

Note:

“Infineon acquired IR in 2014.
“sLicensing agreements

Infineon/Panasonic (2015), [Camsunc ELECTRONICS
Transphorm/Furukawa (2014},
Transphorm/Cree (2013)
“+Collaborations
Transphorm/Fujitsu (2013)

“+Silicon Valley Bank
co-assignee of Avogy’s patents E

F-

R |

Knowmade (© 2015
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1st publication year
Furukawa, the top patent assignee in terms of patent filings on GaN power semiconductor devices, has continuously filed patents on this field since the

m | E = = = m = International Rectifier (acquired by Infineon
in 2014), Panasonic, Sumitomo electric and Toshiba have shown a steady IP interest in the GaN power semiconductor devices since =
Fujitsu, originally a Si Power players also involved in IlI-V & Compounds, is appeared lately in E = = mmg
= Transphorm and Avogy, as new GaN pure-player entrants, started their patenting activity in n |

significant patent publications the last couple of years.
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SEMICONDUCTOR DEVICES ===
Degree of Specialization

o Note:
FURUKRAWA FUI]TSU Panasonic

‘8 ELECTRIC T . . +*¢Infineon acquired IR
: ' : TOSHIBA 2T Degree of IP s.;pemallzatlon II‘.I “+POWIlacquired Velox in 2000.
o oy : @ SHARP oy GaN Power semiconductor devices “+Licensing agreements
% . : G A Infineon/Panasonic (2015),
‘E '!' ok ELECT Transphorm/Furukawa (2014)
3 o .;' +“#*Collaborations
. ' Transphorm/Fujitsu (2013)
55 &
< a
gD °
o ® m
o £ \ o
s 2 transpherm
- ||
g o Cp
= °
S o
N b ° o +
) Knowmade © 2015 °
|
E
Very low Low Medium High Very high

Degree of specialization
The degree of specialization of a company represents the percentage of patents filed in a specific field over
the whole patent portfolio of the company. It is an indicator of the patenting activity on a specific field.

Big companies such as Furukawa, Panasonic, Infineon, Fujitsu, Mitsubishi ... cover a wide range of technologies with their patent portfolios, thus they
have a very low specialization degree in GaN power semiconductor devices. International Rectifier (IR) and Power Integrations (POWI), originally Si

Power pure players, show specialization degree. GaN Systems, "= NN TN m and == stand out
with a very high specialization degree, their patent portfolios are mainly dedicated to GaN power semiconductor devices. POWI and Infineon gained IP
focused on GaN power semiconductor devices thanks to m = m
/) GaN Devices for Power Electroni€&atent Investigation | September 2015
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SEMICONDUCTOR DEVICES e
Mapping of Main Current Patent Holders

Number of patent families* 1220+ patent families on Semiconductor Devices
containing granted patents in 640+ patent families including at least one granted patent

the corresponding country. International Rectifier [
m ]
| -
is a set of pat k| 424 patent families 191 patent families = 0 29
i (32 granted) 3 (83 granted) Transphorm [l
~ Europe "
- Korea —— .
- o L
. ‘ g
’ = z
— ] o N .‘.: ‘ / =
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- NP ) |
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SEMICONDUCTOR DEVICES =
Power GaN IP Players

* 3220+ patents split in 1220+ patents families.
*1540+ pending patents split in 770+ patent families, and 1210+ granted patents split in 640+ patent families.
*Few academics are active on GaN power semiconductor devices,

*International Rectifier (IR) has currently the most important = . =
with granted patents from patent families. It is the main current IP holder in "n granted patents) and Bspep=
(8 granted patents), and it has a strong IP position in Japan as well. Infineon/IR are leading the
patenting activity in Europe where together they have pending patents. Infineon shows a significant interest for & B = with

22 pending patents.

* Fujitsu owns currently B8 . granted patents on GaN power semiconductor devices, mainly in Korea and &%k, and it has a strong
IP position in . Fujitsu has strongly increased its patenting activity on GaN semiconductor devices as revealed by the
number of pending patents the company has in the different offices, making Fujitsu the main patent applicant in the domain
across the world with | & = pending patent applications ( ). This demonstrates a
growing interest of Fujitsu in GaN power semiconductor devices, and it should become == s s = mwgm in all those countries
in the near future.

*Transphorm has currently a granted patent portfolio ( = [ ) focused on & with a significant presence
in 1and I. With 140+ patents currently in the pipeline, Transphorm is currently the patent applicant. It is
strengthening its IP position in Japan o , China (31), 4 "man

* Furukawa holds ™& granted patents on GaN power semiconductor devices and is currently the main patent owners in Japan.

*Power Integrations holds m#" enforceable patents on GaN power semiconductor devices ( ), mainly in
USA, but with a significant presence in=.=m as well.

* Asian companies have a strong IP position in USA (Fpmmms S b Fgmiling) for patents related ton GaN power
semiconductor devices, but they are practically non-existent in Europe.

o vemm gy (wwes wewi m hold most of granted patents in Korea, but Korean companies (Samsung, Seoul
Semiconductor, LG) have increased their patenting activity and are currently the main patent applicants on Korean territory.
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SEMICONDUCTOR DEVICES
|IP Collaboration Network

* Number in black on each link between
patent assignees is the number of co-
assigned patent families in the data set
of the study. The minimum link size is 3
co-assigned patent families.

* Number up right to each bubble is the
number of patent families for this
applicant in the data set of the study.
Bubble size is proportional to the number
of patent families selected for the study.

Patentrights acquired by

co-assighed patent families.
In 2013, Transphorm acquires

Q) KnowMade y!)lﬁehﬁ
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)

3 co-assigned patent families
Sumitomo Electric acquired Eudynain
2009 {formed by Fujitsu in 2004), and
changedits trade name to Sumitomo

Electric Device Innovations {SEDI}

8 Co-filings and 5 patent rights
acquisitions from Advanced Power
Device Research Association
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Patentrights

POWI acquired Veloxin 2010
(8 re-assigned patent families)

6 co-assigned patent families.
acquired patent rights {IP security agreement)
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* A patent family is a set of patents filed in multiple countries by a common inventor(s) to protect a single invention.
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