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

A Patent Investigation allows understanding the technology & market from a patent perspective. 
ÅMore than describing the status of the IP situation, a Patent Investigation provides a missing link between patented 

technological solutions and market, technological and business trends. 
ÅIn-depth technological analysis of patents leads to understanding of strategic decisions and positioning of key players within 

the value chain. 
ÅBy combining their technical knowledge, business understanding and patent search, Yole Développement and Knowmade are 

able to provide unique analysis and added value in this report. 

Patent 

Landscape 
Market 

Analysis 

Patent Investigation 

Yole & YƴƻǿƳŀŘŜΩǎ New Reports 
ÅEssential patent data 
ÅPatent analysis 
ÅTechnological segmentations 
ÅTechnology analysis 
ÅKey players & key patents 
ÅMarket trends 
ÅMarket implication of IP landscape 
ÅFull searchable patent database 
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SCOPE OF THE REPORT 

ÅThis report provides a detailed picture of the patent landscape for Power Electronics based on III-nitride 
materials. All patents related to GaN for power applications were considered: substrates, epi-wafers, 
semiconductor devices, transistors, diodes, discrete components, power module, packaging, circuits and 
systems. 
 
ÅThis report covers patents published worldwide up to April 2015. We have selected and analyzed more than 

4,900 patents split in more than 1,960 patent families relevant to the scope of this report. 
 
ÅThe patents have been manually categorized by  
ÁTechnological segment: substrates & epi-wafers, semiconductor devices, discrete components, power 

modules, packaging, circuits and power systems. 
ÁSubstrate for GaN: bulk, SiC, Si, Sapphire.  
ÁTechnical challenges: E-mode, cascode, E/D-mode monolithic, vertical devices, current collapse, dynamic R-

on, gate charge, breakdown voltage, stray inductance, thermal issues, chip-scale package. 
 
ÅMarket data from Yole Développement are also provided to add some context regarding business trends and 

metrics. 
 
ÅThis report provides a clear link between the IP situation and the market evolutions. 

 
ÅNote that essential patent data on GaN-on-Silicon technology have been analyzed last year in our report άDŀb-

on-Silicon Substrate Patent LƴǾŜǎǘƛƎŀǘƛƻƴέ published in April 2014 (more details). 

http://www.knowmade.com/downloads/gan-silicon/
http://www.knowmade.com/downloads/gan-silicon/
http://www.knowmade.com/downloads/gan-silicon/
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METHODOLOGY (1/2) 

ÅThe data were extracted from the FamPat worldwide database (Questel-ORBIT) which provides 80+ million patent 
documents from 95 offices. 
 
ÅThe patents search was performed in April 2015, hence patents published after this date will not be available in this 

report. 
 
ÅThe patent selection was done manually. 

 
 
 
 
 
ÅThe statistical analysis was performed with Orbit IP Business Intelligence web based patent analysis software from 

Questel. 
 
ÅThe patents were manually categorized using keyword analysis of patent title, abstract and claims, in conjunction with 

expert review of the subject-matter of inventions. 
 
ÅA patent family is a set of patents filed in multiple countries to protect a single invention by a common inventor(s). 

The patents were organized according to CŀƳtŀǘΩǎ family rules (variation of EPO strict 
family  http://www.epo.org/searching/essentials/patent-families/definitions.html): A Patent Family comprises patents 
linked by exactly same priority numbers (EPO strict family), plus comparison of priority and application numbers, 
specific rules by country and information gathered from other sources (national files, legal status Χ). 

Number of selected patents for the Power GaN Patent Investigation: 

1,962 patent families comprising 4,900+ patents 

http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
http://www.epo.org/searching/essentials/patent-families/definitions.html
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METHODOLOGY (2/2) 

Keywords and term-set definition 
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Patent classification 

Related Relevant Non relevant 

Fine search using IPC classes 
and citations analysis 

Technological 
Segmentation 

Patent 
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Segmentation improvement during IP Investigation 

Landscape 
Overview 
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Market Implication 
of IP Landscape 

Market Trends 
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PATENT SEGMENTATION (1/3) 

The 1,962 patents were manually categorized using keyword analysis of patent title, abstract and claims, in 
conjunction with expert review of the object of inventions. 
In this report we use the following patent segmentation: 

Power GaN 

Wafers 

GaN-on-
Sapphire 

GaN-on-Si 

GaN-on-SiC Substrates & Epi-wafers for power electronics, 
and Epitaxy, Doping, Material issues Χ 

Semiconductor 
Devices 

Transistors (HEMT, HFET, MOSFET, JFET Χ) 
and  Diodes at the semiconductor level 

Components Discrete components, Power modules 
and Packaging 

Circuits & 
Systems 

Drive circuit, switching circuit, control circuit, 
PFC circuit Χ Inverters, Converters Χ 

GaN bulk 

Technology Level Substrate for GaN Technology Challenges 

Vertical Device 
(CAVET) 

E-mode (N-off) 

Cascode (N-off) 
E/D-mode 
Monolithic 

Breakdown 
Voltage 

Current 
Collapse 

Dynamic R-on 

Gate Charge 
(Miller effect) 

Stray 
Inductance 

Thermal Issues 

Chip-Scale 
Package 

D
e
vi
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INTRODUCTION 

GaN Devices in Power Application 
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Patent Documents

Granted Patents

Patent Families

IP OVERVIEW 
Time Evolution of Patent Publications 

A patent family is set of patents filed in multiple countries by a common inventor(s) to protect a single invention. 
A patent document is a patent filed in one country (1st application or extensions) . 
Note that the patent search was done in March 2015, thus the data corresponding to the year 2015 are not complete. 

Patent 
Publications 

expected  
in 2015 

Power GaN IP Dynamics 
1,960+ patent families  

Comprising 4,900+ patent documents 
including 1,700+ granted patents 

Studies into the suitability of the GaN material for power applications began in 2006, and coincide with the first wave of patent filings. The number of 
patent publications has sharply increased since 2010 with the commercialization of first Power GaN devices. Currently, the second peak of patent 
filings combined to the increase of granted patents is a positive indication that GaN Power market is ramping up. So far, there are only a few players 
selling Power GaN products (Infineon/IR, EPC, GaN Systems and Transphorm) and the GaN device market is still small, estimated at $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 
Développement, GaN and SiC for power electronics applications, Jul 2015). 

First wave  
of patent 

publications 

Innovation trigger 

Trough of disillusionment 
(Technology immaturity) 

Second peak 
(Technology maturity) 

The second wave is an 
indication of a future 

ramp-up of the market 

First commercial GaN 
transistor products 

Knowmade © 2015 

http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
http://www.i-micronews.com/component/hikashop/product/gan-and-sic-for-power-electronics-applications.html?Itemid=0
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IP OVERVIEW 
Power GaN Patent Assignees 

Ranking of Patent Assignees 
(according to their patent portfolio size) 

Industrials 
Non-profit organizations 

*  A patent family is a set of patents 

filed in multiple countries by a common 
inventor(s) to protect a single invention.  

250+ patent applicants 
have filed patents on 

GaN Power Electronics. 

Other industrial patent assignees: Alpha & Omega Semiconductor, Toyoda Gosei, Delta Electronics, Japan Radio, NEC, Yaskawa, MicroGaN, RF Micro Devices (RFMD merged with Triquint = Qorvo), ABB Research Center, Delta 
Optoelectronics, Denso, Intersil, National Semiconductor, NGK Insulators, Northrop Grumman Systems, Schneider Electric, Soitec, Sumitomo Electric Device Innovations (SEDI), Dowa Electronics Materials, Eudyna Devices, 
Panasonic Electric Works, Schneider Toshiba Inverter, ST Microelectronics, Widebandgap, GaN Systems, Genesic Semiconductor, Hitachi Metals, Kansai Research Institute (KRI), Bosch, Siemens, Suzhou Jiexinwei Semi Tech, 
Triquint, Astriphey Applications, Azzurro Semiconductors (now ALLOS), Covalent Materials, Dynax Semiconductor, Emerson Network Power Energy, General Motors, IBM, Jiangsu Nenghua Microelectronic Technology 
Development, LG Innotek, Mersen, Philips, PowDec, Richtek Technology, Rockwell, Vishay Semiconductor, Daimler, Emcore, Enkris Semicondcutor, Adeka, Nippon Avionics, Thales, Arkansas Power Elec. Int. (APEI), Enphase 
Energy, General Motors, Kyocera, Lockheed Martin Corp., Nippon Steel & Sumitomo Metal ... 
 
Other non-protfit  organizations: University Tohoku, CEA, CNRS, US Navy, ETRI, Massachusetts Institute Of Technology (MIT), AIST, Fudan University, ITRI, Kyungpook National University, Nanjing University Of Aeronautics & 
Astronautics (Nuaa), National Chiao Tung University, Suzhou Inst. of Nano Tech. & Nano Bionics, Univ. of California, Agency for Sci. Tech. & Res. (ASTAR), California Inst. of Tech. (CalTech), Hong Kong Univ. of Sci. & Tech., Insti. 
of Semiconductors (Chinese Aca. Of Sci.), Inst. of Microelectronics (Chinese Aca. Of Sci.), CNES, Central Research Institute of Electric Power Industry (CRIEPI), Nagoya University ... 

Acquisition (2014) Acquisition (2010) 

Collaboration(2015) 

Collaboration 
(2013) 

Collaboration (2014) 

Collaboration (2013) 

Knowmade © 2015 
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IP OVERVIEW 
IP Collaboration Network 

ÅNumber in black on each 
link between patent 
assignees is the number of 
co-assigned patent families 
in the data set of the study.  
ÅNumber 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. 

Knowmade © 2015 



13 
© 2015  All rights reserved | www.knowmade.com 

GaN Devices for Power Electronics - Patent Investigation | September 2015 

IP OVERVIEW 
Power GaN Patent Assignees 
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IP OVERVIEW 
Power GaN Patent Assignees 
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IP OVERVIEW 
Power GaN Patent Assignee ς Origin of GaN Involvement  

ÅFujitsu Semiconductor and Transphorm collaborate (business integration of 
their GaN power device solutions in Nov 2013. Start of mass production of 
TransphormΩǎ GaN power devices in Jan 2015). 
ÅNXP and Freescale merged in March 2015.  
ÅVelox Semiconductor acquired by Power Integrations in 2010. 

Si power  
pure- players 

Si power players 
already involved in 
III-V & Compounds 

Semicon global 
players with GaN 

LED activity 

New  
GaN pure-player 

entrants 
LED pure-players 

SiC power 

GaAs &  
GaN RF 

SiC power 

GaN RF 

GaN LED 

GaN LED 

GaN LED 

GaN LED 

From Si to GaN From compound 
semi to power GaN 

GaN from scratch From LED & Power 
to GaN 

From LED  
to Power ? 

SiC power 

SiC power 

SiC power 
SiC power 

SiC power 

SiC power 
GaAs RF 

GaN & SiC LED 

GaAS 

ÅInfineon acquired International Rectifier (Aug. 2014). 
ÅPanasonic licenses their N-off GaN transistor out to Infineon in 2015. 
ÅTransphorm obtained in 2013 a non-exclusive worldwide patent license 

agreement to Cree (GaN HEMT & Schottky diode). In 2014 it obtained 
exclusive licensing rights to Furukawa 9ƭŜŎǘǊƛŎΩǎ GaN patent portfolio  

VisIC Technologies Knowmade © 2015 
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IP OVERVIEW 
Time Evolution of Patent Publications 

Dates are defined from the 
earliest publication date for 
each patent family. Bubble size 
is proportional to the number of 
published patent families.  
Note: The data corresponding to 
the year 2015 may not be 
complete since the patent 
search was done early March 
2015 

First wave of patent 
publications 

Second wave of  
patent publications 

Publications of 
Patent Families 

Note: 
×Infineon acquired IR in 2014. 
×Licensing agreements 
Infineon/Panasonic, 
Transphorm/Furukawa 
×Collaborations 
Transphorm/Fujitsu 
×Silicon Valley Bank  
co-ŀǎǎƛƎƴŜŜ ƻŦ !ǾƻƎȅΩǎ ǇŀǘŜƴǘǎ 

Knowmade © 2015 
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ANNOUNCED GAN TRANSISTOR PRODUCTS  

800 V / Si 
GaN FET 

Nov. 2008 

2009 2010 2011 2012 2013 2014 

1260 V / Si  
GaN Noff FET 

Dec. 2009 

30 V / Si 
Point-of-Load 2010 

200 V / Si 
GaN Noff HEMT 

(eGaN) 
Mar. 2010 

600 V / Si  
GaN HFET 
May 2010 

200 V / Si 
E-mode GaN FET 

Mar. 2011 

600 V / Si  
GaN FET 

2012 

650 V / SiC 
GaN HEMT 

2012 

900 V / SiC 
GaN E-MOSHEMT 

2012 

150 V / Si  
GaN HEMT 

Jul 2013 

600 V / Si 
Diode & GaN HEMT 

2013 

Mass production 
in 2014 

600V / SiC 
E Z-GaN Transistor 

2011 
(EZ-GaNTM platform)  

100 V & 650 V  / Si 
GaN Noff HEMT 

May 2014 
(GaNPXTM pacakge) 

600 V / Si  
GaN Transistor 

test 
2013 

650 V / Si 
GaN Noff MISHEMT 

May 2015 

2015 

First Appearance of Key Players in the Power GaN IP arena 
600 V / Si 

GaN Transistor  
in a TO-247 Packagre 

Mar. 2015 

100 V / Si  
GaN FET 

Cascode configuration  
2013 

(GaNpowerIRTM Gen 2.1) 

Studies into the suitability of 
the GaN material for power 
applications began in 2006. 

GaNpowerIRTM  
Gen 1.1 

2009 

First commercial GaN-based 
integrated power stage devices  

(iP2010 and iP2011 family of devices). 
STOP 

VisIC Technologies 

VisIC Technologies  

Commercially available 

* LwΩǎ GaN devices are only for specific clients 
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IP OVERVIEW 
Mapping of Patenting Activity 
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IP OVERVIEW 
Time Evolution of Granted Patents by Country 
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IP OVERVIEW 
Market Domination Results From Previous IP Lead Period 
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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 patent infringement action, the potential sales volume plays a major role for assessing the damage award.  
 
So far, the GaN device market is still at its early stage ($10M in 2015 according to Yole Développement). There are only a few 
players selling power GaN devices. As the GaN needs to compete with the incumbent silicon technology, the priority of GaN 
players is to educate the end users to adopt GaN devices. GaN players are in a cooperative mode to promote the GaN 
technology all together.  
The GaN power industry is consolidating in preparation for significant growth, and recent movements show that the GaN 
industry is taking shape as mergers, acquisitions and license agreements are settled. In this context, the IP just begins to be used 
as leverage by companies to negotiate licensing and supply agreements (Infineon/Panasonic, Transphorm/Furukawa).  
 
Power GaN domain emerged in terms of patents less than 20 years ago and the number of granted patents was increasing greatly 
only these last 5 years.  According to our analysis, the Power GaN IP is mature enough. As the market ramps up (93% 2016-2020 
CAGR according to Yole Développement) and more players enter into the market, there will be competition between different 
players in the future. When GaN  players go into a competitive mode, a strict enforcement of critical patents by major Power 
GaN players may lead to first patent litigations in the coming years. 

* IR sued EPC in 2009 for theft of trade secrets. Two companies reached settlement in 2013. The settlement will result in the payment of 
royalties to IR on the sale of GaN on Si based power devices from 2015-2023, subject to an offset in certain cases. The IR/EPC sue is not linked 
directly to IP infringement. The settlement between IR and EPC in 2013 is also a way for two companies to put the dispute behind them and 
continue their journey in GaN business.  
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Wafers 
5% 

Semicondutor 
Devices 

60% 

Components 
14% 

Circuits & 
Systems 

21% 

TECHNOLOGY SEGMENTATION 
Patent Family Split by Technology Segment 

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.  

Substrates & Epi-wafers for power electronics, and  
9ǇƛǘŀȄȅΣ 5ƻǇƛƴƎΣ aŀǘŜǊƛŀƭ ƛǎǎǳŜǎ Χ 

¢ǊŀƴǎƛǎǘƻǊǎ όI9a¢Σ IC9¢Σ ah{C9¢Σ WC9¢ Χύ 
and  Diodes at the semiconductor level 

Discrete components,  
Power modules and Packaging 

/ƛǊŎǳƛǘǎ όŘǊƛǾŜ ŎƛǊŎǳƛǘΣ ǎǿƛǘŎƘƛƴƎ ŎƛǊŎǳƛǘΣ ŎƻƴǘǊƻƭ ŎƛǊŎǳƛǘΣ tC/ ŎƛǊŎǳƛǘ Χύ  
ŀƴŘ 9ƭŜŎǘǊƻƴƛŎ {ȅǎǘŜƳǎ όƛƴǾŜǊǘŜǊǎΣ ŎƻƴǾŜǊǘŜǊǎ Χύ 

Processed wafer 

GaN-on-XX 
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TECHNOLOGY SEGMENTATION 
Time Evolution of Patent Publications Split by Technology Segment 
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TECHNOLOGY SEGMENTATION 
Main Patent Assignees by Technology Segment 

Wafers 
100+ patent families 
60+ patent assignees 

Semiconductor Devices 
1200+ patent families 
220+ patent assignees 

Components 
280+ patent families 
70+ patent assignees 

Circuits & Systems 
430+ patent families 

120+ patent assignees 

GaN-on-XX 
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TECHNOLOGY SEGMENTATION 
Matrix Key IP Players / Technology Segments 

The colored cells highlight the 
main features of patent portfolio . 
Note that a patent can be found in 
several categories. 
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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 
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TECHNICAL CHALLENGES 
GaN Power Transistor - Patent Differentiation of Key IP Players 
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TECHNICAL CHALLENGES 
Matrix  Key IP Players / Technology Challenges 

The colored cells highlight the 
main features of patent portfolio . 
Note that a patent can be found in 
several categories. 
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SEMICONDUCTOR DEVICES 
Time Evolution of Main Patent Assignees 
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SEMICONDUCTOR DEVICES 
Degree of Specialization 
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SEMICONDUCTOR DEVICES 
Mapping of Main Current Patent Holders 
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SEMICONDUCTOR DEVICES 
Power GaN IP Players 
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SEMICONDUCTOR DEVICES 
IP Collaboration Network 
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SEMICONDUCTOR DEVICES 
{ǳƳƳŀǊȅ ƻŦ aŀƛƴ !ǎǎƛƎƴŜŜǎΩ tŀǘŜƴǘ tƻǊǘŦƻƭƛƻ 
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SEMICONDUCTOR DEVICES 
Leadership of Patent Assignees 


