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Introduction
Why to investigate the power module patent landscape?

Society Power Module Patent Landscape
( .. .
CO, emission reduction
Latest patents
New Applications IP players Addressing the new
\ EV/HEV applications boom ) New IP players technical challenges
4 Energy savings )
P?’\;Zfr /
100k
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i |si Switching ) ; New interactions
Ik 10k 100k 1M T0M D Evolving dynamics IP collaborations & IP transfers
New Technologies Market vs. Technology vs. IP across the EV/HEV supply chain
\ Power SiC & GaN adoption y \
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Next-Generation Power Module Patent Landscape
What is a power module patent?

A power module consists of an assembly of several power electronics components such as transistors and diodes in a single package:

Power Modules
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“Discrete-like” power modules

{Q)KnowMade

\

10 4'
23 /
21
) N > . ~
‘\\{ [ i " LY ) I;'I I ,I
/ ] pas Y IIE_‘_\\
\ L i { i 1 LAY i’\ ] 100
) PR )
22 / 4a 4b \
10 4
174
106
114 174
nenoe g Y
108~ = e FE—
18 19N-57 772

S 1 L

L1 ]
T 1y
G 112 1021\7)0110 102 114 M76

Discrete Power Devices
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Small-size modules (usually looking like slim
“card-like modules”) have been identified as
a trend in EV/HEV applications in the last
couple of years.

Power America Annual Meeting | February 25, 2021

© 2021 All rights reserved | www.knowmade.com

4



Next-Generation Power Module Patent Landscape
Main patent applicants

Next-Generation Power Modules
Ranking of patent applicants according to the number of patent families (inventions) published in 2010-2020
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* The main players of the IGBT module market are well-positioned in terms of patenting activity.

* Japanese IP players domination over the last decade, competing mainly with European and Chinese IP players.

Power America Annual Meeting | February 25, 2021
Q) KnowMade g | y 5

© 2021 All rights reserved | www.knowmade.com



Next-Generation Power Module Patent Landscape 1
Time evolution of company headquarters A III

Time evolution of patent publications by company headquarters Chinese government policies/incentives
1200 - Proliferation of low-quality domestic

patents & utility models BUT the enormous
patenting activity can hide important
1000 players with ambitions as world leaders
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Next-Generation Power Module Patent Landscape
|P strategies of main patent applicants

—_—
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Introduction

How to identify WBG power module patents or patents for EV/HEV applications?

0 Wide bandgap (WBG) power module patents are based on SiC or GaN power devices. However, this feature is not always explicitly or

unambiguously given in patents:

WBG-focused patents

-
The invention is explicitly directed to WBG
power devices (specific claims and/or specific
embodiments for SiC and/or GaN)

v

G

~

J

U EV/HEV application patents mention in the description a power module for an electric drive (e.g. traction/main inverter, drive motor),

WBG-related patents

IGBT module & Generic module patents

r

The invention is explicitly applicable to WBG
power devices but not only. In most cases, SiC
and/or GaN technologies are mentioned in
examples alongside other technologies such as
Si, diamond, etc.

v

N

r

The invention does not mention any preferred
semiconductor technology (generic) or refers to
non WBG technologies (mainly Silicon IGBT) in
claims and/or embodiments.

X

\

and/or a power module for use in EV charging of electric vehicles (e.g. charging stations).

Power module for
electric drive

Lightweighting —
Materials

{Q)KnowMade

Power Electronics

___ Electric
Motor

Radiator

Power module for
EV charging
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Power Module for EV/HEV Applications
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Power Modules for EV/HEV Applications

Main patent applicants

Power Modules for EV/HEV Applications
Ranking of patent applicants according to the number of patent families (inventions) published in 2010-2020

&y Automotive OEMs

3@ Automotive Tier-| suppliers

% Automotive Tier-2 / Module makers / IDM

Number of patent families
(inventions)

<
> & e £ gV & Q\ o &
o @9 ¢ o o3 &y & SRR PO

& '<~°’$é\ % 7 ‘ P o & *:\ o‘é{& V4 N &
T .\a&‘? {o} (9
IP transfer/collab. | I % > collaboration N\ & L%

'/°>KI’]OWI\/\OC{6 Power America Annual Meeting | February 25, 2021

© 2021 All rights reserved | www.knowmade.com



Power Modules for EV/HEV Applications /I'I

Timeline of patent publications

Time evolution of patent publications related to power modules for EV/HEV applications
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Power Modules for EV/HEV Applications
EV/HEV applications vs. WBG power modules

Power modules for EV/HEV applications vs. WBG power modules

Patent applicants

Number of
inventions related to
power modules for
EV/HEV applications

Number of
inventions related to
WBG power modules

Hitachi 131 18
Toyota Motor 128 34
Denso 85 17
Hyundai/Kia 57 3
Rohm 38 37
Mitsubishi Electric 33 23
Fuji Electric 32 4
Ford Motor 31 3
Nissan 23 3
Calsonic Kansai 19

Infineon Technologies 17 13
ZF 16 1
Audi 15 7
Toyota CRDL 14 8
Sumitomo Electric 12 12
ABB 11 6

{Q)KnowMade
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ELECTRIC

IP players focusing on
WBG power modules
for EV/HEV applications
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Power Modules for EV/HEV Applications 11D, nnn

Focus on ABB/Audi collaboration Auodi FAD®

ABB & Audi has co-filed at least 70 patent

grouped in 17 patent families (inventions),

most of them for EV/HEV applications: (O00) AN IR ED
" Auc: MDD 6
5}
= 5
S
S,

PATENTS 5 3 PATENTS

3 2
T 1
= .

2015 2016 2017 2018 2019

First Application Year

F7 37 BTy

Context of the collaboration

* Hitachi announced in 2019 Audi will use its EV inverter based on
Hitachi’s compact DSC IGBT modules in Audi’s first mass-produced EV
model (e-tron)

* Audi made announcements in 2019-2020 of multiple partnerships with
ABB for the development of the EV charging infrastructure

* In 2019, ABB disclosed a new SiC / Si module platform to address
EV/HEV performance requirements

* InJuly 2020, Hitachi completed the acquisition of ABB Power Grids

™\ Power America Annual Meeting | February 25, 2021
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Wide Bandgap Power Modules
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WBG Power Modules

Main patent applicants

Next-Generation Power Modules
Ranking of patent applicants according to the number of patent families (inventions)
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WBG Power Modules

Main patent applicants

1

=
Wide Bandgap Power Module Patent Landscape
o Ranking of patent applicants according to the number of patent families (inventions) published in 1995-2020
= 451
S
S
FE )]
S5 WBG-focused
® B WBG-related
3 g Total number of patent families (WBG-focused & WBG-related) “relate
°© c /
S = 124
8 Y 102 100 Knowmade © 2021
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WBG-focused patents: The invention is explicitly directed to WBG power devices (specific claims and/or specific embodiments for SiC and/or GaN).

WBG-related patents: The invention is explicitly applicable to WBG power devices but not only. In most cases, SiC and/or GaN technologies are
mentioned in examples alongside other technologies such as Si, diamond, etc.
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WBG Power Modules
Timeline of patent publications (main IP players)
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XI'AN JJIAOTONG UNIVERSITY

AUDI

DANFOSS

NORTH CHINA ELECTRIC POWER UNIVERSITY

ON SEMICONDUCTOR
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WBG Power Modules
WBG power modules vs. SiC MOSFET

WBG Power Modules
Number of patent families (inventions) published until 2020

451
124
119
102
100
71
63
56
43
38
“The WBG power module patent ¥
landscape dominated by leading SiC *
MOSFET IP players” j
26
21
20
17
11
Q) KnowMade

Mitsubishi Electric

Infineon Technologies I

Fuji Electric
Hitachi
Rohm
Toyota Motor

Sumitomo Electric

Midea
Panasonic
Toshiba
ABB
Denso
Toyota CRDL
General Electric
Siemens
CREE/ Wolfspeed
Nissan Motor
Robert Bosch
AIST
CRRC

SiC MOSFET

Number of patent families (inventions) published until 2018

I

N, 7
I

Extracted from the Power SiC Patent Landscape
(published in Jan. 2019)

K&
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WBG Power Modules
Pure WBG player: Cree/Wolfspeed’s patents

Cree/Wolfspeed is a fairly new IP player in the Power Module Patent Landscape, which started actively
filing patents after the acquisition of Arkansas Power Electronics International (APEI).
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> 10 related documents (design, patent applications, etc.)

* Highly optimized to achieve the maximum performance out of all sizes of commercially
available 650-1700V SiC MOSFETs

* Capability to carry high currents (300 to > 600 A) in a small footprint (53 mm x 80 mm)
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Wolfspeed.

A CREE COMPANY
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Time evolution of the patenting activity
w 5 >20+ patent families
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ending patent applications
Thermomechanical issues
Die-attach [l
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EV/HEV applications
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. N
WBG Power Modules | Wolfspeed.
Pure WBG player: Cree/Wolfspeed’s patents

A CREE COMPANY
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WBG Power Modules
Examples of recent GaN power module patents (2020)
Panasonic

o Heat dissipation at high-power/high-speed
High-frequency characteristics (stray inductance) Ga Systems

o Small-size GaN power chips
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Conclusions
Next-Generation Power Module Patent Landscape

Chinese IP players lead the current IP activity EV/HEV downstream supply chain members

“ vilesco *«=— &

TECHNOLOGIES CatsomcKanse: HYURNDAI
Next-Generation Power Module Patent Landscape

Japanese IP players’ domination
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THANK YOU!

Released and Upcoming Power Electronics Reports:

@} Click on pictures for more information

Next-Generation Power Modules (2021)
Patent Landscape Analysis

Next-Generation
Power Module
Patent Landscape

(Qknowiiade

{Q)KnowMade

Power SiC (2019)
Patent Landscape Analysis

POWER SiC

MOSFETs — SBDs — Modules

Next Generation
SiC Power Devices (2021)

Patent Landscape Analysis

Next Generation
SiC power devices

Contact:

Rémi Comyn, Technology & Patent Analyst
remi.comyn@knowmade.fr
www.knowmade.com

Power GaN (2019)
Patent Landscape Analysis

From Technelogies to P Business Intelligence

”__-;-'.‘-!
POWER GaN
NG

/

GaN for Power & RF
Patent Monitor

§] S| PATENT MONITOR
. pid Lo Y,
Dnguptqer® sk ®, = GolN Power & Rf

Transphorm IP Portfolio Analysis
Navitas IP Portfolio Analysis

Transphorm IP

Portfolio Analysis
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KNOWMADE PURPOSE

Turning patents and scientific information into business-oriented report for
decision makers working in R&D, Innovation Strategy, Intellectual Property, and Marketing

Competitive landscape | Technology trends | Opportunities / Risks | R&D and IP strategy

Intellectual Property

Patent your inventions

Assert your patents and
defend your position in case
of licensing/litigation

Evaluate the risks
to infringe patents

Prior art search, Freedom-to-operate analysis,
Patent invalidation, Evidence of use, Patent valuation

{Q)KnowMade

@ KnowMade
Innovation Strategy
Understand, anticipate Improve your R&D
and evaluate the and IP strategy

competitive landscape
and current technology
developments

Identify and get
access to external
innovation

Patent landscape, Monitoring service,
IP due diligence
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MAIN FIELDS OF EXPERTISE

Communication MEMS, Sensors

> RF, microwave, mm-wave 8 <& 708 fo e & Optoelectronics
> Datacom & Photonics ' w /A ~ ™

» Front end modules
» Antenna & Networks

| » Micro-systems
» Sensors & Imaging
» Lighting & Display

il llllun ‘

Advanced Packaging

\ ;, | Innovative Materials -
* Al & Computing PROSNERR. - % .ii i1,

Life Sciences
& Healthcare

» MedTech
» Microfluidics

> Biotech & Pharmaceutics
» Agrifood

Energy

» Power electronics
> Batteries & Fuel-cell
» Power management
> PV
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KNOWMADE OFFER

Freedom®
Prior art LOSOPETELE patent
/ coareh analysis s .
] /4
Tailor-made Meet customer’s [ bstent (gation
business needs and - ilabie e & licensing
analyses budgetary constraints Uk gy
e ‘
< ’ POWER SiC o ) IP/Tech
e literatarest Technology watch
ana . scouting Service

RF Acoustic b \ Z

!
Wave Filters N,
2 : Uy

LIDAR for

Automotive Patent Landscape Analysis
i . to give an overview on
Bonding ' ; IP dynamics, IP trends and

3 solid Electrolytes

me | for Li-ion Solid-state _ " < 4 IP p|ayeI’S

Batteries =

Off-the-shelf
Reports

RNA vaccine

Immunotherapy
in Oncology

Microneedles
for drug delivery

Patent Monitoring Service
to track current R&D activity and
early detect weak signals,
opportunities and risks

Monthly IP database | Quarterly report
Access to IP analysts
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KnowMade SARL
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www.knowmade.com
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