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SCOPE OF THE REPORT \S“///
T

A Thisreport providesa detailed picture of the patent landscapefor GaNRFtechnologiesand devices coveringepiwafers (GaNon-SiC GaNon—SiIicoQ.(i&_
semiconductordevices (HEMT,HBT,etc.), integrated circuits (RFICMMIC), circuit and operating methods, and packaging for all functions (RFpowsF
amplifier, RFswitch, RFfilter) and from radio frequencies(1 MHz ¢ 6 GHz)to microwaves(6 GHz¢ 20 GHz) mm-waves (20 GHz¢ 110 GHz)and terahertz
(100GHzc 300GHz)

A Thisreport coverspatentspublishedworldwide up to October2018

A We haveselectedand analyzedmore than 1,700 patent families (inventions)relevantto the scopeof this report.

INClUAEC

PatentsdescribingGaNbased RFpower devices(HEMT,HBT,diodes, RFIC,
MMIC, etc.) explicitly suitable for usingin wirelesscommunication,digital
broadcasting,mobile communicationbase station, satellite ground station,
aerospace, radar, electronic warfare equipment, military and space
communication gtc.

Patentspertainto GaNbasedpower amplifier (PA,LNA,Doherty PA,switch
mode PA etc.), RFswitch and RFfilter (SAWBAW,FBARetc.).

Patents related to modules/systems which explicitly use GaNbased RF
power devices

Patents claiming GaNbased substrates/waferskepiwafers with improved
high-frequency characteristicsand explicitly suitable for using in high
power/high frequencyapplications(RFmicrowavesmm-waves)

PatentsdescribingRFpower devices,modulesor systemswhich canuse WBG
materials (SIC GaN,etc.) without any embodimentor preferred solution on
GaN

Patentsrelated to GaNbased high-voltage electronics and power devices
which haveapplicationvaluein electric power conversionand electric power
control (power converter,power rectifier, power supply,etc.).

Patentsrelatedto GaNbasedoptoelectronicsand photonics (lightwaves.
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KEY FEATURES OF THE REPORT (1/2) OJ”,//

A Thereport providesessentialpatent data for GaNRFtechnologiesand devices <A
N

A It providesin-depth patent analysesof key technologiesandkey playersincluding
I Timeevolution of patent publicationsand countriesof patentfilings.
I Currentlegalstatusof patents
I Rankingof mainpatentapplicants
I Jointdevelopmentsand P collaborationnetwork of main patent applicants
I Keypatents
I Grantedpatentsnearexpiration
I Relativestrengthof maincompaniedP portfolio.
I Keypatentsontechnologyissues
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KEY FEATURES OF THE REPORT (2/2) \‘J:////
T
A Thereport alsoprovidesan extensiveExceldatabasewith all patentsanalyzedn the report. Ai/\/\’\

Thispatent databaseallowsmulti-criteria searchesincluding
- Patentpublicationnumber
- Hyperlinkgto the originaldocuments
- Priority date
- Title
- Abstract
- Patentassignees
- Technicabegmentation
- Legalstatusfor eachmemberof the patent family

Disclaimer Thisreport does not provide any insight analysesor counselregarding legal aspectsor the validity of any
individualpatent. Knowmadeis a researchfirm that providestechnicalanalysisand technicalopinions Knowmadeis not a
law firm. Theresearch technicalanalysisand/or work proposedor provided by Knowmadeand containedhereinis not a
legalopinionand shouldnot be construedassuch
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PATENT LANDSCAPE ANALYSIS 9

Benefits for customer Y
//A@/
Understanding theompetitive landscapendtechnology developments <

from apatent perspective

AKnow the key IP players their key patents, their IP/technology
strategyandtheir future intents

A ldentify new entrants, their technologyand market areasof interest

A Followthe technologytrends and identify emergingtechnologies
ABenchmarkpatent portfolios and know O 2 Y LJS Ustreing@hsldnd

weaknesses Very complementary to market research

Aldentify the key patents (seminal,blocking, valuable)and the key AKey market players
technicalsolutionsthat addresshot technicalissues A Supply chain

A ldentify free technologieswhich canbe usedsafelyand mitigate the ATechnology Readiness Levels (TRL)
risksof patent infringement AMarket product | o

A Identify technologiesto acquireand potential R&Dpartners ﬁ Eg;g{ggtg technologies/applications
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RFGaNPatent Landscape Overview
Patent assignees, patent segmentation, expiring patents

RF GaN PATENT LANDSCAPE OVERVIEW
Main patent assignees

RF GaN
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RFGaNPatent Landscape Overview
Key IP players and new entrants

EXECUTIVE SUMMARY
Main IP players for each segment
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RF applications range GaN devices amplifier

(>6GHz)

GaN RF switch GaN RF filter
applications

Key IP players
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patenting activity:

EXECUTIVE SUMMARY
Market share vs. IP position

Key IP players
with no longer or
lower patenting
activity the last
years

Market share of GaN RF companies in 2017 RF GaN key IP players
Based on GaN RF-related revenue (device + foundry service) Based on both quantitative and qualitative analysis
of GaN RF-related patent portfolio.
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prior art contribution, remaining lifetime.
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GaNHEMTSs for RF Applications
Patent assignees, IP dynamics, patent legal status, patent segmentation

GaN RF SEMICONDUCTOR DEVICES

Time evolution of patent publications
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GaNHEMTSs for RF Applications o
Patent portfolio strength, focus on key player, focus on new entrants .

GaN HEMT for RF Applications
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RF Garon-Silicon Substrate

Patent assignees, |IP dynamics, focus ors@pctures, packaging and thermal ma

RF GaN-on-Silicon
Main patent assignees (1/3)

Number of patent famsbies (GaN-on-SC or GaN-on-$)
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GaNMMICs
Patent assignees, IP dynamics, patent legal status, patent segmentation

GaN MMIC (Monolithic Microwave Integrated Circuit)
Leading patent applicants
GaN MMIC
Ranking of patent assignees according to the number of their patent families®
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GaNMMICs

Patent portfolio strength, focus on key player, focus on new entrants

GaN MMIC (Monolithic Microwave Integrated Circuit)

Strength of patent portfolios
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GaNbased Microwaves/mmWaves Technologies
Main patent assignees for microwaves/mmaves and 5G wireless communicatio

FREQUENCY BANDS

Main patent assignees for Radio frequencies, microwaves and mm-waves
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Package for RGaN
Main patent assignees, plastic ovaolded package, diattach materials

Package for RF GaN
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Functions: Power amplifier / RF switch / RF filter

\N

Key players and key patents 8aNbased RF power amplifier, RF switch and RFum‘Yf,/rs

GaN RF Power Amplifier
IP leadership & IP Blocking potential

GaN RF Power Amplifier

Strength of patent portfolios

GaN RF Functions
Main patent assignees for GaN RF PA, RF switch and RF filter
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Excel file with all patents analyzed in the report

Useful patent database allows muttriteria searches
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ORDER FORM

RFGaN
Patent Landscape Analysgisebruary 2019

[ORDER!
ONLINE!
SHIP TO “ PAYMENMETHODS
Name Mr/Ms/Dr/Pr): Check
Topayyourinvoiceusinga check,pleasemail your checkto the followingaddress
Job Title: KnowMadeSARL
2405route desDolines
Company: 06902ValbonneSophiaAntipolis
FRANCE
Address: Money Transfer
Topayyourinvoiceusinga bankmoneywire transfer pleasecontactyour bankto completethis process Hereis the information that you will need
City: to submitthe payment
Payee KnowMadeSA.RL
State: Bank BanquePopulaireMéditerranée CAP3000Quartierdu lac,06700StLaurentdu Var,France
IBAN FR/6 14607003636062145695139
Postcode/Zip: BIC/SWIFTCCBPFRPPMAR
Paypal
Country: In orderto payyour invoicevia PAYPALyou mustfirst registerat www.paypalcom Thenyou cansendmoneyto the KnowMadeSA.RL by entering

our Emailaddresscontact@knowmadsdr asthe recipientandenteringthe invoiceamount

VAT ID Number for EU members:
RETURN ORDER BY

Tel: Email: contact@knowmade.fr

Mail: KnowMadeS.A.R.L., 2405 route dBslines 06902ValbonneSophia Antipolis, FRANCE
Email PRODUCDRDER | herebyacceptY Y 2 ¢ Y | TBr@g@ri Conditionsof Sale
Date- | ] €6,490¢ Corporatelicense Signature

D €5,990¢ Singleuserlicense*
For price in dollars, please use the R | @eRchangerate. For French
customer,add20for VAT

All reports are delivered electronically in pdf format at payment
reception

*Singleuser licensemeansonly one personat the companycanuse the report.
Pleasebe aware that our publicationwill be watermarkedon eachpagewith the
name of the recipientand of the organization(the name mentionedon the PO)
Thiswatermarkwill alsomentionthat the report sharingis not allowed


http://www.knowmade.com/downloads/rf-gan-patent-landscape

Terms and Conditions of Sales

DEFINITIONS

a1 00 S Littigh®ySwhich the Buyeracceptsthe terms and conditions of salein their entirety. It is

done by signingthe purchaseorder whichmentionsé herebyacceptY y 2 ¢ Y I TRr@iadd Conditionsof

{IFtS¢

& . dz& AnlBusinessuser (i.e. any personactingin the courseof its businessactivities, for its business
needs)enteringinto the following generalconditionsto the exclusionof consumersactingin their personal
interests

G/ 2y G NI+ ONIiakySHEi € NITHe Sefiefon the one handandthe Buyeron the other hand

a Ly S tPropedyiwdsl 3f (6 (td émeahsany rights held by the Sellerin its Products,including any

patents,trademarks registeredmodels,designscopyrights,inventions,commercialsecretsand know-how,

technicalinformation, companyor trading namesand any other intellectual property rights or similarin any
part of the world, notwithstandingthe fact that they havebeenregisteredor not andincludingany pending
registration of one of the abovementionedrights.

a [ A O:Fgréhé reports and databases? different licensesare proposed The buyer hasto chooseone

license

1. Oneuserlicense asingleindividualat the companycanusethe report.

2. Multi userlicense the report can be usedby unlimited userswithin the company Subsidiariesre not

included

4t NB R &spdriaafe establishedin PowerPointand deliveredon a PDFformat and the databasemay
includeExcefiles.

a { St BasetiESophiaAntipolis (Franceheadquarters) Knowmadeis a technologyintelligencecompany
specializedin the researchand analysisof scientific and technical information. We provide patent

landscapesndscientificstate of the art with highaddedvalueto businessesind researchlaboratories Our
intelligencedigestsplay a keyrole to define your innovationand developmentstrategy.

1. SCOPE
1.1 The ContractingPartiesundertake to observethe following general conditions when agreedby the
Buyerand the Seller ANY ADDITIONALDIFFERENQR CONFLICTINGERMSAND CONDITIONSN ANY

sentin writing to the Sellerwithin 8 daysof receiptof the Products Forthis purpose,the Buyeragreesto
producesufficientevidenceof suchdefects

2.6 No return of Productsshallbe acceptedwithout prior information to the Seller,evenin caseof delayed
delivery. Any Productreturned to the Sellerwithout providing prior information to the Selleras required
underarticle 2.5 shallremainat the . dz& 3iskI &

3. PRICENVOICINGANDPAYMENT

3.1 Pricesare givenin the orders correspondingto eachProductsold on a unit basisor correspondingto
annualsubscriptions Theyare expressedo be inclusiveof all taxes The pricesmay be reevaluatedfrom
time to time. Theeffective price is deemedto be the one applicableat the time of the order.

3.2 Paymentsdue by the Buyershall be sent by cheque payableto Knowmade,PayPalor by electronic
transferto the following account

BanquePopulaireMéditerranée CAP3000Quartier du lac,06700StLaurentdu Var, France

BICor SWIFtode CCBPFRPPMAR

IBAN: FR76 14607003636062145695139

To ensurethe payments,the Sellerreservesthe right to requestdown paymentsfrom the Buyer In this
case the needof down paymentswill be mentionedon the order.

3.3 Paymentis due by the Buyerto the Sellerwithin 30 daysfrom invoice date, exceptin the caseof a
particular written agreement If the Buyerfails to pay within this time and fails to contactthe Seller,the
latter shallbe entitled to invoiceinterestin arrearsbasedon the annualrate Refiof the «<BCEx» 7 points,in
accordancewith article L 441-6 of the FrenchCommercialCode Our publications(report, databasetool...)
are deliveredonly after receptionof the payment

3.4 In the eventof termination of the contract, or of misconduct,during the contract, the Sellerwill have
the right to invoiceat the stagein progressandto take legalaction for damages

4. LIABILITIES
4.1 TheBuyeror any other individualor legalpersonactingon its behalf, beinga businessuser buyingthe
Productsfor its businessactivities,shallbe solelyresponsiblefor choosingthe Productsand for the useand

OTHEROCUMENTESSUEBYTHEBUYERTANYTIMEAREHEREBYBJECTEDDBYTHESELLERSHALL interpretations he makesof the documentsit purchasespf the results he obtains, and of the adviceand

BEWHOLLYNAPPLICABO® ANYSALEMADEHEREUNDERND SHALINOTBEBINDINGN ANYWAYON
THESELLER

1.2 Thisagreementbecomesvalid and enforceablebetween the ContractingPartiesafter clear and non-
equivocalconsentby any duly authorized person representingthe Buyer For these purposes,the Buyer
acceptsthese conditions of saleswhen signingthe purchaseorder which mentions & lhereby accept
Yy 2 ¢ Y| TRr@idd Conditionsof { | f TRisresultsin acceptanceby the Buyer

1.3 Ordersare deemedto be acceptedonly upon written acceptanceand confirmationby the Seller,within
[7 days]from the date of order, to be senteither by emailor to the . dz& Sdifess In the absenceof any
confirmationin writing, ordersshallbe deemedto havebeenaccepted

2. MAILINGOFTHEPRODUCTS

2.1 Productsare sentby emailto the Buyer

- within [1] month from the order for Productsalreadyreleased or

- within a reasonabletime for Productsordered prior to their effective release In this case,the Sellershall
useits bestendeavoursto inform the Buyerof an indicativereleasedate and the evolution of the work in
progress

2.2 Someweeksprior to the releasedate the Sellercanproposea pre-releasediscountto the Buyer

The Sellershallby no meansbe responsiblefor any delayin respectof article 2.2 above,and includingin
caseswhere a new event or accessto new contradictoryinformation would require for the analystextra
time to compute or comparethe datain order to enablethe Sellerto deliver a highquality Products

2.3 The mailing of the Product will occur only upon payment by the Buyer, in accordancewith the
conditionscontainedin article 3.

2.4 The mailing is operated through electronic means either by email via the salesdepartment If the
t NR R d#€cirddia delivery format is defective,the Sellerundertakesto replaceit at no chargeto the
Buyerprovidedthat it is informed of the defectiveformatting within 90 daysfrom the date of the original
downloador receiptof the Product

2.5 The personreceivingthe Productson behalf of the Buyershallimmediately verify the quality of the
Productsand their conformity to the order. Anyclaim for apparentdefectsor for non-conformity shallbe

actsit deducesthereof.

4.2 TheSellershallonly be liable for (i) direct and (ii) foreseeablepecuniaryloss,causedby the Productsor

arisingfrom a material breachof this agreement

4.31n no eventshallthe Sellerbe liable for:

a) damagesof any kind, includingwithout limitation, incidentalor consequentialdamages(including,but

not limited to, damagesfor loss of profits, businessinterruption and loss of programsor information)
arisingout of the useof or inability to usethe { S f fwé&baifai the Products or anyinformation provided
on the website,or in the Products

b) any claim attributable to errors, omissionsor other inaccuraciesin the Product or interpretations
thereof.

4.4 All the information containedin the Productshasbeen obtained from sourcesbelievedto be reliable

The Sellerdoesnot warrant the accuracy completenessadequacyor reliability of suchinformation, which
cannotbe guaranteedto be free from errors.

4.5 All the Productsthat the Sellersellsmay, upon prior notice to the Buyerfrom time to time be modified
by or substitutedwith similar Productsmeetingthe needsof the Buyer Thismodificationshallnot lead to

the liability of the Seller,providedthat the Sellerensuresthe substituted Productis similarto the Product
initially ordered

4.6 In the casewhere, after inspection,it is acknowledgedthat the Productscontain defects, the Seller
undertakesto replace the defective products as far as the suppliesallow and without indemnities or

compensationof any kind for labor costs,delays,loss causedor any other reason The replacementis
guaranteedfor a maximumof two monthsstarting from the deliverydate. Anyreplacementis excludedfor

anyeventassetout in article 5 below.

4.7 Thedeadlinesthat the Selleris askedto state for the mailingof the Productsare givenfor information
only andare not guaranteed If suchdeadlinesare not met, it shallnot leadto anydamagesor cancellation
of the orders, exceptfor non-acceptabledelaysexceeding[4] months from the stated deadline,without

information from the Seller In suchcaseonly, the Buyershallbe entitled to askfor a reimbursementof its

first down paymentto the exclusionof anyfurther damages

4.8 The Sellerdoes not make any warranties, expressor implied, including, without limitation, those of

saleabilityand fitnessfor a particular purpose,with respectto the Products Althoughthe Sellershalltake
reasonablesteps to screen Products for infection of viruses, worms, Trojan horses or other codes
containingcontaminatingor destructivepropertiesbefore makingthe Productsavailable the Sellercannot
guaranteethat anyProductwill be free from infection.

5. FORCMAJEURE

TheSellershallnot be liable for any delayin performancedirectly or indirectly causedby or resultingfrom
acts of nature, fire, flood, accident, riot, war, government intervention, embargoes, strikes, labor
difficulties,equipmentfailure, late deliveriesby suppliersor other difficulties whichare beyondthe control,
andnot the fault of the Seller

6. PROTECTIODFTHE 9 [ [ IPRv Q{

6.1 All the IPRattachedto the Productsare and remainthe property of the Sellerand are protected under
Frenchandinternational copyrightlaw and conventions

6.2 The Buyeragreednot to disclose,copy, reproduce,redistribute, resell or publishthe Product,or any
part of it to any other party other than employeesof its company TheBuyershallhavethe right to usethe
Productssolelyfor its own internal information purposes In particular, the Buyershall therefore not use
the Productfor purposessuchas

- Information storageandretrieval systems

- Recordinggindre-transmittals over any network (includinganylocal areanetwork);

- usein anytimesharing,servicebureau,bulletin board or similararrangementor public display

- Postingany Productto anyother online service(includingbulletin boardsor the Internet);

- Licensingleasing selling,offering for saleor assigninghe Product

6.3 TheBuyershallbe solelyresponsibletowards the Sellerof all infringementsof this obligation, whether
this infringementcomesfrom its employeesor any personto whom the Buyerhas sent the Productsand
shall personally take care of any related proceedings,and the Buyer shall bear related financial
consequencefn their entirety.

6.4 TheBuyershalldefine within its companypoint of contactfor the needsof the contract Thispersonwill
be the recipientof eachnew report in PDFormat. Thispersonshallalso be responsiblefor respectof the
copyrightsandwill guarantythat the Productsare not disseminatedbut of the company

7. TERMINATION

7.1 If the Buyer cancelsthe order in whole or in part or postponesthe date of mailing, the Buyershall
indemnifythe Sellerfor the entire coststhat havebeenincurredasat the date of notification by the Buyer
of suchdelay or cancellation Thismay also apply for any other direct or indirect consequentiallossthat
may be borne by the Seller,following this decision

7.2 In the event of breachby one Partyunder these conditionsor the order, the non-breachingParty may
senda notification to the other by recordeddelivery letter upon which, after a period of thirty (30) days
without solvingthe problem, the non-breachingParty shallbe entitled to terminate all the pendingorders,
without beingliable for anycompensation

8. MISCELLANEOUS

All the provisionsof these Termsand Conditionsare for the benefit of the Selleritself, but also for its
licensors employeesand agents Eachof them is entitled to assertand enforcethose provisionsagainstthe
Buyer

Anynoticesunderthese Termsand Conditionsshallbe givenin writing. Theyshallbe effective upon receipt
by the other Party.

The Sellermay, from time to time, update these Termsand Conditionsand the Buyer,is deemedto have
acceptedthe latest versionof these terms and conditions,providedthey havebeencommunicatedto him
in duetime.

9. GOVERNINGAWANDJURISDICTION

9.1 Anydisputearisingout or linkedto these Termsand Conditionsor to any contract(orders)enteredinto
in applicationof these Termsand Conditionsshall be settled by the FrenchCommercialCourtsof Grasse,
which shallhaveexclusiveurisdictionupon suchissues

9.2 Frenchlaw shallgovernthe relation betweenthe Buyerandthe Seller,in accordancewith these Terms
and Conditions
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WHAT WE DO

Knowmade helps customers to understand
the competitive landscapefollow technology trends and find out

.. . Patents
opportunities andthreats in terms oftechnologyand patents. Technologies
Prior art

. . Scientific findi
U Interpreting the competitive landscapeand technology developments throughout C"é,”p;)'cﬂ’rt;”ni{i”eis

patentsandscientificinformation. Partners
.. . TP . . . . . . Competitors
U Turning patents and scientific information into businessintelligence tools that give NEWCOMErS
youthe capabilityto M&A targets SEARCH
Strategic
AUnderstandyour competitive environment information e oI

We know technology Patents and

ABe aheadf technology trends :
We know patents Technologles

Aldentify patent & technologypportunities
AAssespatent & technologyisks
ADefineyour IPandR&D strategy
AMonetizeyourtechnologiesand knowhow
ADefendyour business

U Strongtechnology expertisevith an indepthknowledge of patents

.. . - . . Make strategic decisions
U Highlyspecializedanalysts in the following sectors: Sustain competitive advantages

Electronics Telecommunicationsand Photonics Speed R&D and enhance innovation process

. . . . . . Align R&D and IP with k in jecti
Compound semiconductors,Power electronics, Batteries, Memories, RF electronics, Wireless lgn R&D and with key bu5|_ ess ObJeCt'V.eS
Strengthen IP portfolio and acquire technologies

communlgatlons, Soflldsta_te IlghLlng. & dlsplaygI Photonics, MEMS Sensors & Actuators, Anticipate risks and defencbre businesses
SemiconductomanufacturingPackaging: Assembly Explore new opportunities and monetize IP

Life SciencesHealthcareand Agri-Food
MedicaldevicesMedicalimaging ,Microfluidics,BiotechnologyPharmaceuticdroodprocessing

B e
o p‘&%;\k?ﬁ

Patent landscape analysis
Scientific review

IP portfolio assessment
Patent valuation
Freedomto-operate analysis
Litigation & licensing support
Patents linked to products
Technology scouting
Technology trends
Competitive IP landscape
Market trends

Reverse engineering
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Tailor-made analyses

DLE{8[(e7=16=10 1 | (0 meet your business

ana|yses needs and budgetary
constraints
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iPhone 7 Plus

Patentto-Product Mapping
Patent Portfolio Analysis
Patent Monitoring Service

reports and
analyses

Tailor made to respond

Workshops your requests
Direct interaction

and trainings between your team anc
our experts at your site
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