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Which patent owners are ready to dominate the GaN power market in coming years?

eLLIdR Power GaN intellectual property (IP): high-voltage power semiconductor

REPORT OUTLINE ONLINE

& R GEN ‘ leaders, a core set of strong IP players and numerous nhewcomers
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* €6,490 for a multi-user license applications (datacom, base-stations, UPS, etc.). Yole Développement projects that the GaN

* Ref.: KM19009 power market will be worth over $350M by 2024, with a compound annual growth rate
(CAGR) of 85%.

KEY FEATURES

The power electronics industry is familiar with the companies that are actively promoting GaN
technology, such as EPC, GaN Systems, Transphorm, Navitas, Exagan, Infineon or ON
Semiconductor. Today, more companies are either joining the market, have announced
ambitions to do this, or have betrayed their intentions through their patent publications.
Many firms have GaN power patenting activity, and a core set of strong companies, with
strong technology and IP, are ready to dominate the GaN power market in coming years.

*» See the competitive landscape
from a patent perspective, offering
a very complementary vision to
market research.

Identify key patent owners, their
IP and technology strategies and
their future intents.

Discover new entrants, their
technologies and market areas.
Know competitors’ strengths and
weaknesses in terms of patents
and technologies.

Be ahead of technology trends,
identify emerging technologies and
know key technical solutions to
solve hot technical issues.

Identify free technologies which

In this report, Knowmade has thoroughly investigated the patent landscape related to GaN-
based technologies and devices for power electronics applications. We have selected and
analyzed more than 9,500 patents and patent applications published worldwide up to May
2019 and grouped into more than 4,100 patent families. These patents pertain to epiwafers
(GaN-on-Si, GaN-on-Sapphire, etc.), semiconductor power devices (D-mode, E-mode, vertical
device, p-doping, etc.), integration (SiP, SoC, monolithic integration, etc.), circuit and
operating methods (cascode, half-bridge, power IC, etc.), and packaging (thermal
management, stray inductance, etc.), for all functions (switch, converter, rectifier, inverter,
etc.) and applications (power supply, PV, EV/HEV, UPS, fast charging, wireless charging, etc.).
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Consulting
» GaN-on-Sapphire HEMT Power IC Since our previous Power GaN report, published in 2015, IP benchmarks herald changes in the
by Power Integrations (July 2019) — GaN power industry and the ramp-up of GaN power market.

System Plus Consulting All power electronics market players are present in the Power GaN patent landscape:

Infineon, Fuji Electric, Toshiba, Sanken Electric, ON Semiconductor, STMicroelectronics,
Renesas Electronics, Texas Instruments, Dialog Semiconductor, Power Integrations and
Nexperia. Most of them are intensifying their Power GaN patenting activity and are
enlarging their IP geographic coverage from the US and Japan to new key regions for the GaN
power market, namely Europe and China.
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In just a few years, Infineon and Transphorm have reached the strongest IP position in the patent landscape. This offers them the
capability to limit the freedom-to-operate of competitors who develop GaN technology for power electronics. Infineon definitely has
the strongest IP portfolio to front the growing of GaN power market. Transphorm is a major force in the power GaN IP arena, well
ahead of the other GaN pure-players, EPC, GaN Systems, Navitas, Exagan or VislC. According to our analysis, Transphorm today has the
dream patent portfolio for all those who want to benefit from strategic advantages in GaN power electronics market. Some weak
signals lead us to believe the first 650 V GaN-on-Si FETs from Nexperia announced in November 2019 may use Transphorm’s patents.

Evolution of IP leadership related to Power GaN (2015-2019)

The bubble size represents the number of patent
families (inventions) selected for the study.
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Patenting activity

Note: all details are given in the report.

Normally-off

Infineon leads the IP landscape related to cascode topology thanks to key
patents from International Rectifier acquired in 2014. Fujitsu and Transphorm
have strong patent portfolios related to E-mode GaN transistors. Infineon, EPC
and Renesas are currently the most active IP players. In the report we have
identified key patents from key IP players and new entrants for both cascode
and E-mode transistors. Furthermore, we map the different solutions claimed

in patents to make E-mode transistors.

Integration

We have been witnessed of a growing IP activity for
power GaN System-on-Chip with Infineon/IR, Intel and
Navitas as the main patent applicants. Infineon and Intel
have been developing IP for monolithically integrating GaN
power devices with other kind of devices such as RF circuits
and LEDs, and/or Si CMOS technology. On the other hand
Navitas’s patents focus on all GaN Power IC. Other players
hold patents on monolithic integration such as Intel,
Dialog, Power Integrations, Transphorm, Exagan, ON
Semiconductor, GaN Systems, TI, EPC, TSMC. Some other
companies recently filed patents related to GaN-on-
Silicon-on-Insulator for power electronics.

Vertical power device

Vertical power devices still attract significant attention of
patent applicants. Nexgen (formerly Avogy) is the main
patent owner, but it has stopped its patenting activity, like
Fujitsu and Furukawa. Today, Toyoda Gosei, Fuji Electric,
Sumitomo Electric and Toyota are leading the vertical
power device IP landscape. Several players are developing
IP on vertical devices on silicon substrates including
CEA/Renault, Vishay, Renesas, Bosch, Fuji Electric,
Furukawa Electric and M-MOS Semiconductor. This report
highlights selective ion implantation and selective p-GaN
regrowth to form selective p-type regions.

260 280

No matter how GaN providers manufacture power
devices, they must consider GaN power patents
held by Infineon, Transphorm, Furukawa Electric,
Panasonic, Toshiba and Fujitsu. They must also
watch other players that are strengthening their IP
position such as EPC, Renesas, ON Semi, Toyota, TI,
TSMC, Intel, Toyoda Gosei and Sanken. More
newcomers of different types are entering the
Power GaN patent landscape. Startups include
Exagan, Navitas, Cambridge Electronics, GaNPower
and Innoscience. New substrate providers include
Qromis, AirWater and Zing Semiconductor.
Foundries include FMIC, HiWafer, Simgui,
Nuvoton, Sinopower and VIS. Integrators include
Nissan, Shindengen Electric Manufacturing, Nidec,
Kyocera, Hella, Renault, Apple, Midea, Huawei and
Velodyne Lidar. China has made an impressive
move into Power GaN IP with numerous entrants
since 2017.

GaN-on-Silicon and GaN-on-Sapphire

In the report we detail the IP landscape related to
GaN-on-Silicon and GaN-on-Sapphire. The GaN-on-
Silicon patent landscape is characterized by the
presence of numerous GaN pure-play companies
and numerous Chinese new entrants. In the GaN-
on-Sapphire patent landscape, Power Integrations
is the best-known player. However, numerous
other players have also developed IP related to
GaN-on-Sapphire for power applications, including
CorEnergy, Powdec and Seoul Semiconductor.

Main patent assignees by type of E-mode GaN HEMT
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Current collapse and driving applications

We see important IP activity to suppress current collapse, with Fujitsu,
Panasonic and Toshiba as main patent assignees. We identify IP players
claiming solutions to prevent this dynamic on-resistance increase (field
plates, surface passivation, hole injections). In the report we also
highlight Power GaN patents explicitly targeting EV/HEVs from
CEA/Renault, Toyoda Gosei, Denso, Toyota, CACTi, KOYJ, Shinny, Sentec,
China Motor and Egtronics, fast charging from Powdec and Shinny and
wireless charging from EPC, Panasonic, Navitas, Rohm, and Hosiden.
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Companies mentioned in the report (non-exhaustive)
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Infineon, International Rectifier, Toshiba, Panasonic, Fujitsu, Furukawa Electric, Transphorm, Sumitomo Electric, Sharp, Toyota Motor, Toyota Central R&D Labs, Fuji
Electric, Xidian University, Toyoda Gosei, Renesas Electronics, UESTC, Nexgen, Avogy, Sanken Electric, University Beijing, Founder Microelectronics IC, Rohm, Intel, Seoul
Semiconductor, Samsung Electronics, Sun Yat Sen University, Texas Instruments, On Semiconductor, TSMC, Mitsubishi Electric, HRL Laboratories, Power Integrations,
CorEnergy, Denso, NXP, Freescale, Nexperia, SINANO, CEA, Gpower, EPC, IMECAS, Imec, Qorvo, Delta Electronics, Institute of Semiconductors, NTT, LG Electronics,
Samsung Electro Mechanics, Cree, Wolfspeed, Hitachi, CETC, LG Innotek, Navitas Semiconductor, Sciocs, Sumitomo Chemical, NEC, ETRI, Macom, Nitronex, Innoscience,
Nexperia, Enkris Semiconductor, Gan Systems, Japan Radio, Midea, MIT, STMicroelectronics, Epistar, Exagan, Richtek Technology, HKUST, Soitec, Epigan, NGK Insulators,
Peking University, Bosch, IBM, Murata Manufacturing, Siemens, Alpha & Omega Semiconductor, Coorstek, General Electric, Hiwafer, SUSTech, Foshan Tk Semiconductor,
University of California, VisIC Technologies, CNRS, Dowa Electronics Materials, Powdec, SNU, ITRI, Ku Leuven, Qromis, Sanan IC, SETi, Vishay, A*STAR, Cambridge
Electronics, Dialog Semiconductor, Dynax Semiconductor, Ganpower, Globalfoundries, Huawei, Simgui, University of Florida, Air Water, IQE, M-MOS Semiconductor,
University of Sheffield, Zing Semiconductor, Allos Semiconductors, Arizona State University, Fraunhofer, Hella, KETI, Korea Advanced Nano Fab Center, Kyocera, Nuvoton,
Shin-Etsu, Sigetronics, Sony, University of Illinois, University of South Carolina, US Navy, Alstom Transport, ASTRI, Caltech, Nissan Motor, North Carolina State University,

Renault, Sixpoint Materials, Velodyne Lidar, etc.
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by entering our email address (contact@knowmade.fr) as the
recipient, and entering the invoice amount.
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- TERMS AND CONDITIONS OF SALES

“Acceptance”: Action by which the Buyer accepts the terms and conditions of sale in their entirety. It is done by signing the purchase order which
mentions “I hereby accept Knowmade’s Terms and Conditions of Sale”.

“Buyer”: Any business user (i.e. any person acting in the course of its business activities, for its business needs) entering into the following general
conditions to the exclusion of consumers acting in their personal interests.

“Contracting Parties” or “Parties”: The Seller on the one hand and the Buyer on the other hand.

“Intellectual Property Rights” (“IPR”) means any rights held by the Seller in its Products, including any patents, trademarks, registered models, designs,
copyrights, inventions, commercial secrets and know-how, technical information, company or trading names and any other intellectual property rights
or similar in any part of the world, notwithstanding the fact that they have been registered or not and including any pending registration of one of the
above mentioned rights.

“License”: For the reports and databases, 2 different licenses are proposed. The buyer has to choose one license:

1. Single user license: a single individual at the company can use the report.

2. Corporate license: the report can be used by unlimited users within the company. Subsidiaries are not included.

“Products”: Reports are established in PowerPoint and delivered on a PDF format and the database may include Excel files.

“Seller”: Based in Sophia Antipolis (France headquarters), Knowmade is a technology intelligence company specialized in the research and analysis of
scientific and technical information. We provide patent landscapes and scientific state of the art with high added value to businesses and research
laboratories. Our intelligence digests play a key role to define your innovation and development strategy.

1. Scope

1.1 The Contracting Parties undertake to observe the following general conditions when agreed by the Buyer and the Seller. ANY ADDITIONAL,
DIFFERENT, OR CONFLICTING TERMS AND CONDITIONS IN ANY OTHER DOCUMENTS ISSUED BY THE BUYER AT ANY TIME ARE HEREBY OBJECTED TO BY
THE SELLER, SHALL BE WHOLLY INAPPLICABLE TO ANY SALE MADE HEREUNDER AND SHALL NOT BE BINDING IN ANY WAY ON THE SELLER.

1.2 This agreement becomes valid and enforceable between the Contracting Parties after clear and non-equivocal consent by any duly authorized
person representing the Buyer. For these purposes, the Buyer accepts these conditions of sales when signing the purchase order which mentions “I
hereby accept Knowmade’s Terms and Conditions of Sale”. This results in acceptance by the Buyer.

1.3 Orders are deemed to be accepted only upon written acceptance and confirmation by the Seller, within [7 days] from the date of order, to be sent
either by email or to the Buyer’s address. In the absence of any confirmation in writing, orders shall be deemed to have been accepted.

2. Mailing of the Products

2.1 Products are sent by email to the Buyer:

- within [1] month from the order for Products already released; or

- within a reasonable time for Products ordered prior to their effective release. In this case, the Seller shall use its best endeavours to inform the Buyer
of an indicative release date and the evolution of the work in progress.

2.2 Some weeks prior to the release date the Seller can propose a pre-release discount to the Buyer.

The Seller shall by no means be responsible for any delay in respect of article 2.2 above, and including in cases where a new event or access to new
contradictory information would require for the analyst extra time to compute or compare the data in order to enable the Seller to deliver a high
quality Products.

2.3 The mailing of the Product will occur only upon payment by the Buyer, in accordance with the conditions contained in article 3.

2.4 The mailing is operated through electronic means either by email via the sales department. If the Product’s electronic delivery format is defective,
the Seller undertakes to replace it at no charge to the Buyer provided that it is informed of the defective formatting within 90 days from the date of
the original download or receipt of the Product.

2.5 The person receiving the Products on behalf of the Buyer shall immediately verify the quality of the Products and their conformity to the order.
Any claim for apparent defects or for non-conformity shall be sent in writing to the Seller within 8 days of receipt of the Products. For this purpose, the
Buyer agrees to produce sufficient evidence of such defects.

2.6 No return of Products shall be accepted without prior information to the Seller, even in case of delayed delivery. Any Product returned to the Seller
without providing prior information to the Seller as required under article 2.5 shall remain at the Buyer’s risk.

3. Price, invoicing and payment

3.1 Prices are given in the orders corresponding to each Product sold on a unit basis or corresponding to annual subscriptions. They are expressed to
be inclusive of all taxes. The prices may be reevaluated from time to time. The effective price is deemed to be the one applicable at the time of the
order.

3.2 Payments due by the Buyer shall be sent by cheque payable to Knowmade, PayPal, or by electronic transfer to the following account:

Banque Populaire Méditerranée, CAP 3000 Quartier du lac, 06700 St Laurent du Var

BIC or SWIFT code: CCBPFRPPMAR

IBAN: : FR76 1460 7003 6360 6214 5695 139

To ensure the payments, the Seller reserves the right to request down payments from the Buyer. In this case, the need of down payments will be
mentioned on the order.

3.3 Payment is due by the Buyer to the Seller within 30 days from invoice date, except in the case of a particular written agreement. If the Buyer fails
to pay within this time and fails to contact the Seller, the latter shall be entitled to invoice interest in arrears based on the annual rate Refi of the
«BCE» + 7 points, in accordance with article L. 441-6 of the French Commercial Code. Our publications (report, database, tool...) are delivered only
after reception of the payment.

3.4 In the event of termination of the contract, or of misconduct, during the contract, the Seller will have the right to invoice at the stage in progress,
and to take legal action for damages.

4, Liabilities

4.1 The Buyer or any other individual or legal person acting on its behalf, being a business user buying the Products for its business activities, shall be
solely responsible for choosing the Products and for the use and interpretations he makes of the documents it purchases, of the results he obtains, and
of the advice and acts it deduces thereof.
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4.2 The Seller shall only be liable for (i) direct and (ii) foreseeable pecuniary loss, caused by the Products or arising from a material breach of this
agreement

4.3 In no event shall the Seller be liable for:

a) damages of any kind, including without limitation, incidental or consequential damages (including, but not limited to, damages for loss of profits,
business interruption and loss of programs or information) arising out of the use of or inability to use the Seller’s website or the Products, or any
information provided on the website, or in the Products;

b) any claim attributable to errors, omissions or other inaccuracies in the Product or interpretations thereof.

4.4 All the information contained in the Products has been obtained from sources believed to be reliable. The Seller does not warrant the accuracy,
completeness adequacy or reliability of such information, which cannot be guaranteed to be free from errors.

4.5 All the Products that the Seller sells may, upon prior notice to the Buyer from time to time be modified by or substituted with similar Products
meeting the needs of the Buyer. This modification shall not lead to the liability of the Seller, provided that the Seller ensures the substituted Product is
similar to the Product initially ordered.

4.6 In the case where, after inspection, it is acknowledged that the Products contain defects, the Seller undertakes to replace the defective products as
far as the supplies allow and without indemnities or compensation of any kind for labor costs, delays, loss caused or any other reason. The
replacement is guaranteed for a maximum of two months starting from the delivery date. Any replacement is excluded for any event as set out in
article 5 below.

4.7 The deadlines that the Seller is asked to state for the mailing of the Products are given for information only and are not guaranteed. If such
deadlines are not met, it shall not lead to any damages or cancellation of the orders, except for non-acceptable delays exceeding [4] months from the
stated deadline, without information from the Seller. In such case only, the Buyer shall be entitled to ask for a reimbursement of its first down
payment to the exclusion of any further damages.

4.8 The Seller does not make any warranties, express or implied, including, without limitation, those of saleability and fitness for a particular purpose,
with respect to the Products. Although the Seller shall take reasonable steps to screen Products for infection of viruses, worms, Trojan horses or other
codes containing contaminating or destructive properties before making the Products available, the Seller cannot guarantee that any Product will be
free from infection.

5. Force majeure

The Seller shall not be liable for any delay in performance directly or indirectly caused by or resulting from acts of nature, fire, flood, accident, riot,
war, government intervention, embargoes, strikes, labor difficulties, equipment failure, late deliveries by suppliers or other difficulties which are
beyond the control, and not the fault of the Seller.

6. Protection of the Seller’s IPR

6.1 All the IPR attached to the Products are and remain the property of the Seller and are protected under French and international copyright law and
conventions.

6.2 The Buyer agreed not to disclose, copy, reproduce, redistribute, resell or publish the Product, or any part of it to any other party other than
employees of its company. The Buyer shall have the right to use the Products solely for its own internal information purposes. In particular, the Buyer
shall therefore not use the Product for purposes such as:

- Information storage and retrieval systems;

- Recordings and re-transmittals over any network (including any local area network);

- use in any timesharing, service bureau, bulletin board or similar arrangement or public display;

- Posting any Product to any other online service (including bulletin boards or the Internet);

- Licensing, leasing, selling, offering for sale or assigning the Product.

6.3 The Buyer shall be solely responsible towards the Seller of all infringements of this obligation, whether this infringement comes from its employees
or any person to whom the Buyer has sent the Products and shall personally take care of any related proceedings, and the Buyer shall bear related
financial consequences in their entirety.

6.4 The Buyer shall define within its company point of contact for the needs of the contract. This person will be the recipient of each new report in PDF
format. This person shall also be responsible for respect of the copyrights and will guaranty that the Products are not disseminated out of the
company.

7. Termination

7.1 If the Buyer cancels the order in whole or in part or postpones the date of mailing, the Buyer shall indemnify the Seller for the entire costs that
have been incurred as at the date of notification by the Buyer of such delay or cancellation. This may also apply for any other direct or indirect
consequential loss that may be borne by the Seller, following this decision.

7.2 In the event of breach by one Party under these conditions or the order, the non-breaching Party may send a notification to the other by recorded
delivery letter upon which, after a period of thirty (30) days without solving the problem, the non-breaching Party shall be entitled to terminate all the
pending orders, without being liable for any compensation.

8. Miscellaneous

All the provisions of these Terms and Conditions are for the benefit of the Seller itself, but also for its licensors, employees and agents. Each of them is
entitled to assert and enforce those provisions against the Buyer.

Any notices under these Terms and Conditions shall be given in writing. They shall be effective upon receipt by the other Party.

The Seller may, from time to time, update these Terms and Conditions and the Buyer, is deemed to have accepted the latest version of these terms
and conditions, provided they have been communicated to him in due time.

9. Governing law and jurisdiction

9.1 Any dispute arising out or linked to these Terms and Conditions or to any contract (orders) entered into in application of these Terms and
Conditions shall be settled by the French Commercial Courts of Grasse, which shall have exclusive jurisdiction upon such issues.

9.2 French law shall govern the relation between the Buyer and the Seller, in accordance with these Terms and Conditions.
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