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SCOPE OF THE REPORT

ÅThisreport providesa detailedpicture of the patent landscapefor GaNRFtechnologiesand devices, coveringepiwafers (GaN-on-SiC, GaN-on-Silicon),RF
semiconductordevices(HEMT,HBT,etc.), integrated circuits (RFIC,MMIC), circuit and operating methods, and packaging, for all functions (RFpower
amplifier, RFswitch, RFfilter ) and from radio frequencies(1 MHzς6 GHz)to microwaves(6 GHzς20 GHz),mm-waves(20 GHzς110GHz)and terahertz
(100GHzς300GHz)
ÅThisreport coverspatentspublishedworldwideup to October2018.
ÅWehaveselectedandanalyzedmorethan 1,700patent families(inventions)relevantto the scopeof this report.

Included Excluded

ü PatentsdescribingGaN-basedRFpower devices(HEMT,HBT,diodes,RFIC,
MMIC, etc.) explicitly suitable for using in wirelesscommunication,digital
broadcasting,mobile communicationbasestation, satellite ground station,
aerospace, radar, electronic warfare equipment, military and space
communication,etc.

ü Patentspertain to GaN-basedpower amplifier (PA,LNA,DohertyPA,switch-
modePA,etc.), RFswitch andRFfilter (SAW,BAW,FBAR,etc.).

ü Patents related to modules/systems which explicitly use GaN-based RF
power devices.

ü Patents claiming GaN-based substrates/wafers/epiwafers with improved
high-frequency characteristics and explicitly suitable for using in high
power/high frequencyapplications(RF,microwaves,mm-waves).

ü PatentsdescribingRFpower devices,modulesor systemswhich canuseWBG
materials (SiC, GaN,etc.) without any embodimentor preferred solution on
GaN.

ü Patents related to GaN-based high-voltage electronics and power devices
which haveapplicationvaluein electric power conversionand electric power
control (powerconverter,power rectifier, powersupply,etc.).

ü Patentsrelatedto GaN-basedoptoelectronicsand photonics(lightwaves).
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KEY FEATURES OF THE REPORT (1/2)

Å Thereport providesessentialpatent data for GaNRFtechnologiesanddevices.

Å It providesin-depth patent analysesof key technologiesandkeyplayersincluding:

ï Timeevolutionof patent publicationsandcountriesof patent filings.

ï Currentlegalstatusof patents.

ï Rankingof mainpatent applicants.

ï JointdevelopmentsandIPcollaborationnetworkof mainpatent applicants.

ï Keypatents.

ï Grantedpatentsnearexpiration.

ï Relativestrengthof maincompaniesIPportfolio.

ï Keypatentson technologyissues.
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KEY FEATURES OF THE REPORT (2/2)

Å Thereport alsoprovidesanextensiveExceldatabasewith all patentsanalyzedin the report.

Thispatent databaseallowsmulti-criteriasearches,including:

- Patentpublicationnumber

- Hyperlinksto the originaldocuments

- Prioritydate

- Title

- Abstract

- Patentassignees

- Technicalsegmentation

- Legalstatusfor eachmemberof the patent family

Disclaimer: This report does not provide any insight analysesor counsel regarding legal aspectsor the validity of any
individualpatent. Knowmadeis a researchfirm that providestechnicalanalysisand technicalopinions. Knowmadeis not a
law firm. Theresearch,technicalanalysisand/or work proposedor providedby Knowmadeand containedherein is not a
legalopinionandshouldnot be construedassuch.
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PATENT LANDSCAPE ANALYSIS
Benefits for customer

Understanding the competitive landscape and technology developments 
from a patent perspective

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

ÅIdentifynew entrants, their technologyandmarket areasof interest

ÅFollowthe technologytrendsandidentify emergingtechnologies

ÅBenchmarkpatent portfolios and knowŎƻƳǇŜǘƛǘƻǊǎΩstrengthsand
weaknesses

ÅIdentify the key patents (seminal,blocking,valuable)and the key
technicalsolutionsthat addresshot technicalissues

ÅIdentify free technologieswhichcanbe usedsafelyandmitigate the
risksof patent infringement

ÅIdentify technologiesto acquireandpotentialR&Dpartners

ÅKey market players
ÅSupply chain
ÅTechnology Readiness Levels (TRL)
ÅMarket product
ÅEmerging technologies/applications
ÅForecast

Very complementary to market research
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RF GaNPatent Landscape Overview
Patent assignees, patent segmentation, expiring patents
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RF GaNPatent Landscape Overview
Key IP players and new entrants
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GaNHEMTs for RF Applications
Patent assignees, IP dynamics, patent legal status, patent segmentation
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GaNHEMTs for RF Applications
Patent portfolio strength, focus on key player, focus on new entrants
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RF Gan-on-Silicon Substrate
Patent assignees, IP dynamics, focus on epi-structures, packaging and thermal management
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GaNMMICs
Patent assignees, IP dynamics, patent legal status, patent segmentation
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GaNMMICs
Patent portfolio strength, focus on key player, focus on new entrants



14
© 2019  All rights reserved | www.knowmade.com

RF GaN Patent Landscape Analysis | February 2019 | Ref. : KM19003

GaN-based Microwaves/mm-Waves Technologies
Main patent assignees for microwaves/mm-waves and 5G wireless communications
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Package for RF GaN
Main patent assignees, plastic over-molded package, die-attach materials
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Functions: Power amplifier / RF switch / RF filter
Key players and key patents for GaN-based RF power amplifier, RF switch and RF filters
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Excel file with all patents analyzed in the report
Useful patent database allows multi-criteria searches

Patent information
Dates and numbers of priority/application/publication/grant

Title, abstract, claims
Patent applicants, current assignees, inventors

Current legal status of patents (granted, pending, expired, etc.)

Segments
HEMTs, GaN-on-SiC, GaN-on-Si, 

MMICs, Package, Power 
amplifier, RF switch, 

Microwaves, mm-Waves, 5G, etc.
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DEFINITIONS
ά!ŎŎŜǇǘŀƴŎŜέ: Action by which the Buyeracceptsthe terms and conditionsof sale in their entirety. It is
doneby signingthe purchaseorder whichmentionsάLherebyacceptYƴƻǿƳŀŘŜΩǎTermsand Conditionsof
{ŀƭŜέ.
ά.ǳȅŜǊέ: Any businessuser (i.e. any personacting in the courseof its businessactivities, for its business
needs)enteringinto the followinggeneralconditionsto the exclusionof consumersactingin their personal
interests.
ά/ƻƴǘǊŀŎǘƛƴƎtŀǊǘƛŜǎέorάtŀǊǘƛŜǎέ: TheSelleron the onehandandthe Buyeron the other hand.
άLƴǘŜƭƭŜŎǘǳŀƭPropertywƛƎƘǘǎέόάLtwέύmeansany rights held by the Seller in its Products,including any
patents,trademarks,registeredmodels,designs,copyrights,inventions,commercialsecretsandknow-how,
technicalinformation,companyor tradingnamesandanyother intellectualproperty rightsor similarin any
part of the world, notwithstandingthe fact that they havebeenregisteredor not andincludinganypending
registrationof oneof the abovementionedrights.
ά[ƛŎŜƴǎŜέ: For the reports and databases,2 different licensesare proposed. Thebuyer has to chooseone
license:
1. Oneuserlicense: a singleindividualat the companycanusethe report.
2. Multi user license: the report can be usedby unlimited userswithin the company. Subsidiariesare not
included.
άtǊƻŘǳŎǘǎέ: Reportsare establishedin PowerPointand deliveredon a PDFformat and the databasemay
includeExcelfiles.
ά{ŜƭƭŜǊέ: Basedin SophiaAntipolis(Franceheadquarters),Knowmadeis a technologyintelligencecompany
specializedin the research and analysis of scientific and technical information. We provide patent
landscapesandscientificstateof the art with highaddedvalueto businessesandresearchlaboratories. Our
intelligencedigestsplaya keyrole to defineyour innovationanddevelopmentstrategy.

1. SCOPE
1.1 The ContractingPartiesundertake to observe the following generalconditions when agreedby the
Buyer and the Seller. ANYADDITIONAL,DIFFERENT,OR CONFLICTINGTERMSAND CONDITIONSIN ANY
OTHERDOCUMENTSISSUEDBYTHEBUYERATANYTIMEAREHEREBYOBJECTEDTOBYTHESELLER,SHALL
BEWHOLLYINAPPLICABLETOANYSALEMADEHEREUNDERANDSHALLNOTBEBINDINGIN ANYWAYON
THESELLER.
1.2 Thisagreementbecomesvalid and enforceablebetween the ContractingPartiesafter clear and non-
equivocalconsentby any duly authorizedperson representingthe Buyer. For these purposes,the Buyer
accepts these conditions of sales when signing the purchaseorder which mentionsάLhereby accept
YƴƻǿƳŀŘŜΩǎTermsandConditionsof{ŀƭŜέ. Thisresultsin acceptanceby the Buyer.
1.3 Ordersare deemedto be acceptedonly upon written acceptanceandconfirmationby the Seller,within
[7 days]from the date of order, to be senteither by emailor to the.ǳȅŜǊΩǎaddress. In the absenceof any
confirmation in writing, ordersshallbedeemedto havebeenaccepted.

2. MAILINGOFTHEPRODUCTS
2.1 Productsare sentby email to the Buyer:
- within [1] month from the order for Productsalreadyreleased; or
- within a reasonabletime for Productsorderedprior to their effectiverelease. In this case,the Sellershall
useits best endeavoursto inform the Buyerof an indicativereleasedate and the evolutionof the work in
progress.
2.2 Someweeksprior to the releasedate the Sellercanproposea pre-releasediscountto the Buyer.
TheSellershallby no meansbe responsiblefor any delay in respectof article 2.2 above,and includingin
caseswhere a new event or accessto new contradictoryinformation would require for the analystextra
time to computeor comparethe data in order to enablethe Sellerto delivera 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 meanseither by email via the salesdepartment. If the
tǊƻŘǳŎǘΩǎelectronic delivery format is defective, the Sellerundertakesto replace it 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 person receivingthe Productson behalf of the Buyershall immediatelyverify the quality of the
Productsand their conformity to the order. Anyclaim for apparentdefectsor for non-conformity shallbe

sent in writing to the Sellerwithin 8 daysof receipt of the Products. For this 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 providingprior information to the Selleras required
underarticle 2.5 shallremainat the.ǳȅŜǊΩǎrisk.

3. PRICE,INVOICINGANDPAYMENT
3.1 Pricesare givenin the orderscorrespondingto eachProductsold on a unit basisor correspondingto
annualsubscriptions. Theyare expressedto be inclusiveof all taxes. Thepricesmay be reevaluatedfrom
time to time. Theeffectiveprice is deemedto be the oneapplicableat the time of the order.
3.2 Paymentsdue by the Buyershall be sent by chequepayableto Knowmade,PayPalor by electronic
transfer to the following account:
BanquePopulaireMéditerranée, CAP3000Quartierdu lac,06700StLaurentdu Var,France
BICor SWIFTcode: CCBPFRPPMAR
IBAN: : FR7614607003636062145695139
To ensurethe payments,the Sellerreservesthe right to request down paymentsfrom the Buyer. In this
case,the needof down paymentswill be mentionedon the order.
3.3 Paymentis due by the Buyer to the Sellerwithin 30 daysfrom invoicedate, except in the caseof a
particular written agreement. If the Buyerfails to pay within this time and fails to contact the Seller,the
latter shallbe entitled to invoiceinterest in arrearsbasedon the annualrate Refiof the «BCE»+ 7 points, in
accordancewith article L. 441-6 of the FrenchCommercialCode. Ourpublications(report, database,tool...)
are deliveredonly after receptionof the payment.
3.4 In the event of termination of the contract,or of misconduct,during the contract, the Sellerwill have
the right to invoiceat the stagein progress,andto take legalaction for damages.

4. LIABILITIES
4.1 TheBuyeror anyother individualor legalpersonactingon its behalf,beinga businessuserbuyingthe
Productsfor its businessactivities,shallbe solelyresponsiblefor choosingthe Productsandfor the useand
interpretations he makesof the documentsit purchases,of the resultshe obtains,and of the adviceand
actsit deducesthereof.
4.2 TheSellershallonly be liable for (i) direct and(ii) foreseeablepecuniaryloss,causedby the Productsor
arisingfrom a material breachof this agreement
4.3 In 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{ŜƭƭŜǊΩǎwebsiteor 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 Productshasbeenobtained from sourcesbelievedto be reliable.
TheSellerdoesnot 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 similarProductsmeetingthe needsof the Buyer. Thismodificationshallnot lead to
the liability of the Seller,providedthat the Sellerensuresthe substitutedProductis similar to 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 monthsstartingfrom the deliverydate. Anyreplacementis excludedfor
anyeventasset out 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,except for 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 particularpurpose,with respectto the Products. Althoughthe Sellershall take
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. FORCEMAJEURE
TheSellershallnot be liable for anydelayin performancedirectly or indirectlycausedby or resultingfrom
acts of nature, fire, flood, accident, riot, war, government intervention, embargoes,strikes, labor
difficulties,equipmentfailure, late deliveriesby suppliersor other difficultieswhichare beyondthe control,
andnot the fault of the Seller.

6. PROTECTIONOFTHE{9[[9wΩ{IPR
6.1 All the IPRattachedto the Productsare and remainthe property of the Sellerandare protectedunder
Frenchandinternational copyrightlaw andconventions.
6.2 TheBuyeragreednot to disclose,copy, reproduce,redistribute, resell or publish the Product,or any
part of it to anyother party other than employeesof its company. TheBuyershallhavethe right to usethe
Productssolely for its own internal information purposes. In particular, the Buyershall therefore not use
the Productfor purposessuchas:
- Information storageandretrieval systems;
- Recordingsandre-transmittalsover anynetwork (includinganylocalareanetwork);
- usein anytimesharing,servicebureau,bulletin boardor similararrangementor publicdisplay;
- PostinganyProductto anyother onlineservice(includingbulletin boardsor the Internet);
- Licensing,leasing,selling,offering for saleor assigningthe Product.
6.3 TheBuyershallbe solelyresponsibletowards the Sellerof all infringementsof this obligation,whether
this infringementcomesfrom its employeesor any personto whom the Buyerhassent the Productsand
shall personally take care of any related proceedings,and the Buyer shall bear related financial
consequencesin their entirety.
6.4 TheBuyershalldefinewithin its companypoint of contactfor the needsof the contract. Thispersonwill
be the recipientof eachnew report in PDFformat. Thispersonshallalsobe responsiblefor respectof the
copyrightsandwill guarantythat the Productsare not disseminatedout of the company.

7. TERMINATION
7.1 If the Buyercancelsthe 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 suchdelayor cancellation. Thismay alsoapply for any other direct or indirect consequentiallossthat
maybeborne by the Seller,following this decision.
7.2 In the event of breachby one Partyunder theseconditionsor the order, the non-breachingPartymay
senda notification to the other by recordeddelivery letter upon which, after a period of thirty (30) days
without solvingthe problem,the non-breachingPartyshallbe entitled to terminate all the pendingorders,
without beingliable for anycompensation.

8. MISCELLANEOUS
All the provisionsof these Termsand Conditionsare for the benefit of the Seller itself, but also for its
licensors,employeesandagents. Eachof them is entitled to assertandenforcethoseprovisionsagainstthe
Buyer.
Anynoticesunder theseTermsandConditionsshallbe givenin writing. Theyshallbe effectiveupon receipt
by the other Party.
TheSellermay, from time to time, update theseTermsand Conditionsand the Buyer,is deemedto have
acceptedthe latest versionof theseterms and conditions,providedthey havebeencommunicatedto him
in duetime.

9. GOVERNINGLAWANDJURISDICTION
9.1 Anydisputearisingout or linked to theseTermsandConditionsor to anycontract(orders)enteredinto
in applicationof theseTermsand Conditionsshallbe settled by the FrenchCommercialCourtsof Grasse,
whichshallhaveexclusivejurisdictionuponsuchissues.
9.2 Frenchlaw shallgovernthe relation betweenthe Buyerand the Seller,in accordancewith theseTerms
andConditions.

Terms and Conditions of Sales
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WHAT WE DO

Patents
Technologies

Prior art
Scientific findings

Opportunities
Partners

Competitors
Newcomers

M&A targets

Patent landscape analysis
Scientific review
IP portfolio assessment
Patent valuation
Freedom-to-operate analysis
Litigation & licensing support
Patents linked to products
Technology scouting
Technology trends
Competitive IP landscape
Market trends
Reverse engineering

Make strategic decisions
Sustain competitive advantages

Speed R&D and enhance innovation process
Align R&D and IP with key business objectives

Strengthen IP portfolio and acquire technologies
Anticipate risks and defendcore businesses
Explore new opportunities and monetize IP 

Knowmade helps customers to understand 

the competitive landscape, follow technology trends, and find out 
opportunities and threats in terms of technologyand patents.

ü Interpreting the competitive landscapeand technology developments throughout
patentsandscientificinformation.

üTurningpatents and scientific information into businessintelligence tools that give
youthe capabilityto

ÅUnderstandyour competitive environment

ÅBe aheadof technology trends

ÅIdentifypatent & technology opportunities

ÅAssesspatent & technology risks

ÅDefineyour IPand R&D strategy

ÅMonetizeyour technologiesand know-how

ÅDefendyour business

üStrong technology expertise with an in-depth knowledge of patents.

üHighly specializedanalysts in the following sectors:

Electronics, TelecommunicationsandPhotonics

Compound semiconductors,Power electronics, Batteries, Memories, RF electronics, Wireless
communications, Solid-state lighting & display, Photonics, MEMS Sensors & Actuators,
Semiconductormanufacturing,Packaging& Assembly.

LifeSciences, HealthcareandAgri-Food

Medicaldevices,Medicalimaging,Microfluidics,Biotechnology,Pharmaceutics,Food-processing
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WHATWEPROPOSE

Tailor-made analyses 
to meet your business 
needs and budgetary 

constraints

Patent Landscape Analysis

Patent-to-Product Mapping

Patent Portfolio Analysis

Patent Monitoring Service

Tailor made to respond 
your requests 

Direct interaction 
between your team and 
our experts at your site

Off the shelf 
reports and 

analyses

Dedicated 
analyses

Workshops 
and trainings


