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SiC PATENT LANDSCAPE

Introduction

Context: The EV market drives the adoption of SiC technology, European, US and Japanese players have taken the leadership in the SiC
power device market.

Challenges:
*  Supply shortage of high-quality SiC wafers - increase the number of suppliers and their production capacity

*  Cost competitiveness - improve the yields, reduce manufacturing costs, cut supplier margins
* Device reliability in EV applications - improve the technology from material to modules
Questions addressed by the presentation:

» What are the strategies of well-established IP/market players to limit the risks related to the supply chain and secure the adoption of
SiC technology in EV?

» What are the strategies of countries emerging in the power SiC market (China, South Korea, Taiwan) to develop locally their own supply

chain?
{Q)KnowMade

Analyze the IP strategy of players all along the Power SiC supply / value chain

3,070+ patent families 1,160+ patent families 6,180+ patent families 1,510+ patent families
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SiC PATENT LANDSCAPE

The patenting activity reflecting an increase in R&D investments

Timeline of power SiC patent publications *  Bulk SiC IP activity remained very
Number of new patent families (inventions) published per year active over the past decade
* SiC epiwafer IP activity has
remained relatively limited

m SiC modules & circuits
1426

1 SiC devices
. . . Note: Data included
M SiC epitaxial wafers 1272 until August 2021
B Bulk SiC . . . . 1171
Shift to SiC devices and SiC 1085
modules patents
1001
922 905
821 831
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SiC PATENT LANDSCAPE

Who is driving the SiC patenting activity?
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Geographical breakdown of main players ITRI

driving the SiC patent activity
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SiC PATENT LANDSCAPE

The power SiC supply chain from a patent perspective
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SiC PATENT LANDSCAPE

II-VI & General Electric: covering the whole supply chain via patent licensing
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A combined patent portfolio Technology coverage of the combined patent portfolio
InClUdlng 190+ SIC lnventlons W I1VI (patent families/inventions) m General Electric (patent families/inventions)
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Note: A patent family can belong to multiple segments
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SiC PATENT LANDSCAPE
What is happening in China?

Timeline of power SiC patent publications
Number of new patent families (inventions) published per year

Chinese IP players take over
M China the IP leadership

1426
B South Korea

Note: Data included

- Europe 1272 until August 2021
Chinese patenting activity 1171
= USA takes off 1085
1001
922
905
M Japan
821 831
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SiC PATENT LANDSCAPE

Focus on China: Main Chinese IP players along the power SiC supply chain
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SiC PATENT LANDSCAPE | celc ‘

Vertically-integrated innovation: CETC internal resources
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SiC PATENT LANDSCAPE

Vertically-integrated innovation: Internal & external sources

Bulk and bare wafers Epitaxial substrates “
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SiC PATENT LANDSCAPE

The Chinese research system supported the emergence of industrial players

Bulk and bare wafers Epitaxial substrates
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SiC PATENT LANDSCAPE

The rise of Chinese industrial players in the power SiC competitive landscape

SiC power device patent landscape :
: Circuits
HISTORICAL IP PLAYERS :
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CONCLUSION

Power SiC Patent Landscape

SI1C SUBSTRATE TECHNOLOGY VERTICALLY-INTEGRATED INNOVATION S1C POWER DEVICE TECHNOLOGY
* US and Europe: few IP newcomers, * IP leaders: patent portfolios covering the * IP leaders extend the geographic
established players - disruptive whole supply/value chains coverage of their patent portfolios
technologies *  Few companies have the capability to achieve *  Notable differences in the IP strategy of
. * Japanese IP leaders - markets vertically-integrated innovation -> spurs main market players
‘ *  Numerous IP newcomers in Asia and M&A, cooperation & licensing
stand-out IP players showing up *  Combined with a global patenting activity -

secures the leadership in power SiC market

. 4

Global IP landscape '
Chinese IP landscape . . .

« SiC wafer industry building on the *  Emergence of vertically-integrated players *  SiC industry building on the existing
strong academic background -> Large state companies paving the way infrastructure in power electronics &
compound semi (opto)electronics

* Numerous IP newcomers (bulk SiC /

SiC epitaxy) *  Power device makers extending their

IP activity to downstream supply chain

LEADERSHIP BEING TRANSFERRED FROM RESEARCH ORGANIZATIONS / STATE-OWNED COMPANIES TO PRIVATE COMPANIES
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Released and Upcoming Power Electronics Reports:

Power SiC (2019) Power GaN (2019)

Patent Landscape Analysis

Patent Landscape Analysis

—

Next-Generation Power Modules (2021) A

GaN for Power & RF
Patent Landscape Analysis MOSFETs - SBDS - Modules

Patent Monitor

Next-Generation
Power Module
Patent Landscape

Power SiC (2022)
Patent Landscape Analysis

From Technologestol PIBUSIESSlInTelipEnced

. GaN Electronics Patent Landscape Analysis
Silicon Carbide (Q4 2022)

From materials to devices,
modules & circuits
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