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Philosophy V.S. Technology

W) 5 R FE1E A AT, A IE VIR
I8 IR
PAT TR B PAR 5, FATT A Re B AE AR 92 2 Hif
K ITP. F. Drucker
NiEH, Y5 TR, RVETE, B H A

Wi AR AT )

S arpower

Starpower Confidential



HJBFREE,
IMESEKF

) |



What is Power Electronics?
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Something is missing?
\ x\&/ Power

Systems & Signal
Control theory processing
%\ Simulation &
Y computing
\\O/ Electronics 2
\ Continuous, / Electric Ve
» / machines electr

discrete
Solid state

Control/
v Power
/ systems O
Electromagnetics

Electronics

physics
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http://baike.haosou.com/doc/7869878-8143973.html
http://baike.haosou.com/doc/6030555-6243556.html
http://baike.haosou.com/doc/6291689-6505195.html

Power Electronics Realization

Power Electronics
Converter/Processor

Electrical Energy 7y

AC line 400V DC 48V DC

Front End
prc IV Fron |/

/DC 7/
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Technology Trend For DC to DC Converter

« Effects of Switching Frequency

e Inductance o 1/f > 7T > inductor size {
« f T > converting efficiency ¥

* Technology Trend

» FoM of Power devices will be never come to the end "
« Small and low profile inductor is necessary

> Compactlayout > eSIP- — WG Voore >

Past In the future

)
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i ((-nm- g
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ics
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Technology Trend For Motor Drive

Discrete solution with
mature topology and
devices technology.

Modularized, driving
algorithm and overall
system cost effective
solution are the main
driving force

Power semiconductors
integrated more
function, packaging
platform is not limited,
system size further
reduction.

Power density, and
higher reliability are
the main driving force

Integrated power
devices with
sensing circuit in
wafer level except
for energy storage
components.

Re-allocated
circuitry design
concept, packaging
and revolution
design are the
main driving force

Starpower Confidential
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Intelligent Control Algorithm for Efficiency Improvement
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Energy saving mode(Burst mode)

i S 8 11T

Low-side MOSFET was
disabled when inductor

current below certain load.

Inductor
current

High-side
MOSFET Vgs

Low-side
MOSFET Vgs
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The concept is also availal
for PFC (boost converter).
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Technology Trend for Power Electronics

31

Integration, Intelligent, Innovation

)
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Company Profile

m Established: on April 27, 2005
m Campus: 70,700 m2

m Total employees: 640

m Revenue in 2018: $ 120 million USD

© StarPower Semiconductor Ltd. - 12 -

» Mass Production_ over

10 years

» Monthly output_ over

600 thousands of IGBT
modules

» Advanced production
equipment

« Main equipments _
purchased from Germany,
American and Japan

« Clean Room_ 4500
sguare meters

* 100% on-line monitoring_

on each technological
step

» ERP system traceability

for each module in
production and after
shipment




Zhejiang Dosemi

Shanghai Dosemi

¢ Products including rectifier modules, FRD modules, discrete
products etc...
¢ In production since 2013.

¢ Located in Shanghai New Energy Veichle Science Park

* Focus on IGBT modules for EV application
e Start production in Q4, 2017

1. 10 senior power semiconductor chips and module R&D engineers Wer

2. Advanced process and analysis equipmentin the lab ; s

© StarPower Semiconductor Ltd. -13 - StarpOWGr Confidential



IGBT Module Market Share in Global-Year 2015

© StarPower Semiconductor Ltd. - 14 -

Table 4.15 - World Total IGBT-based Module Supplier Market Share Estimates
{US § Revenues)

2015 Rank Manufacturer 2014r share 2015 share Change
1 Infineon Technologies* 21.9% 24 5% 2.6%
2 Mitsubishi (inc. Powerex) 258% 24 4% -1.4%
3 Fuiji Electric 12.3% 12.2% 0.0%
4 Semikron 9.2% 9.7% 0.5%
5 Hitachi 29% 3.2% 0.4%
G ON Semiconductor 31% 31% 0.0%
T Vincotech 24% 2.9% 0.5%
] ABB Semiconductors 2.2% 2.6% 0.4%
g Fairchild Semiconductor 2.4% 2.5% 0.1%
10 Danfoss 1.5% 1.7% 0.2%
1 gt:r‘ﬂﬁmu ctor 16% 16% 0.0%
12 Tosniba T A% Ta% To%
13 Bosch 0.5% 1.2% 0.7%
14 IXYS 1.0% 1.2% 0.2%
15 CRRC Times Electric {inc. Dynex) 0.2% 0.6% 0.4%

International Rectifier* 2.2% MiA MiA

Others 8.3% T.1% -1.2%

Total Market Size = $3,558.9 m $3.091.9m -13.1%
Motes

* Infinecn Technologies acquired Intermational Rectifier in Jan 2015. Both companies are reported

seperately in 2014 and combined as Infinecn in 2015.
r= revised since 2015 edition

Source:
IHS o
Starpower Confidential
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IGBT Module Market Share in China- Year 2015

Power Semiconductor Intelligence Service - 2016

Table 4.18 - China Total IGBT-based Module Supplier Market Share Estimates

{US § Revenues)
2015 Rank Manufacturer 2014r share 2015 share Change
1 Infineon Technologies* 29.2% 23.4% -5.8%
2 Mitzubishi (inc. Powerex) 19.9% 19.0% -0.9%
3 Fuiji Electric 13.2% 15.5% 2.3%
4 Semikron 9.3% 11.8% 2.5%
5 Starpower Semiconductor 4.5% 4.5% 0.1%
A O Semiconductar AT% Ade 3%
T ABB Semiconductors 2.6% 3.9% 1.4%
B Vincotech 2.5% 39% 1.4%
9 IXYS 1.5% 1.8% 0.3%
10 CRRC Times Electric (inc. Dynex)™* 0.4% 1.6% 1.2%
11 Fairchild Semiconductor 1.2% 1.3% 0.1%
12 Hitachi 0.2% 1.1% 0.9%
13 Danfoss 0.7% 1.0% 0.3%
Intermational Rectifier* 2.2% MIA A
LS Power Semitech* 1.1% NiA A
Others 7.0% 6.8% -0.2%
Total Market Size = £1,082.9 m $962.5m -A1.1%
Notes

* Infineon Technolegies acquired International Rectifier in Jan 2015. Both companies are reporied seperately in 2014 and
combined as Infineon in 2015.

** Infineon also took a controlling interest in former JY company LS Power Semitech part way through 2014.

=+ Zhuzhou CSR Times Electric Co_, Lid (the owners of Dynex Semiconductor Lid. ) and China CHNR Corporation merged
in June 2015 to form Zhuzhou CRREC Times Electric Co., Ltd.

r=revised since 2015 edition

Source: IHS

Starpower Confidential



2016 Global IGBT Module Market Share

Power Semiconductor Intelligence Service Annual Power Semiconductor Market Share Report / August 2017

4.1 The world market for power modules

The power module market was worth an estimated $4.12 billion in 2016, an increase
of 3.5% from 2015. Standard IGBT modules accounted for the most revenues, an
estimated 45.7% of the 2016 total.

Revenues increased for four of the six power module product types in 2016;
revenues for two declined.

The products with growing markets were MOSFET modules (by 31.5%), MOSFET-
IPMs (by 19.3%), PIM/CIBs (by 3.3%), and Standard IBT modules (by 2.2%, slightly
less than overall average).

The products with declining markets were thyristor-diode modules (-2.7%) and IGBT-
IPMs (-0.5%).

Infineon Technologies had overtaken Mitsubishi Electric to become the leading power
module manufacturer in 2015. In 2016, it extended its lead, increalsing its share by
0.9 percentage points.

Mitsubishi lost market share due, in part, to the temporary closure of its Kumamoto
power module production plant following an earthquake in April 2016.

Once again, the top 4 suppliers took almost 60% of the total power module market.
However, having acquired Fairchild, ON Semiconductor has established itself firmly
in 5t place in the power module market ranks.

World power modules supplier market share estimates

P ar ge of total § revenues)

2015 2016 1516

1 Infincon Technologies 20 5% 214% 09%
2 Mtsubishi (inc. Powerex) 19.4% 178% -1.6%
3 FupElecine 95% 96% 0.1%
4 Semikron 10 0% 93% -07%
5 ON Semiconductor 24% 60% 6%
6 Vincolech 25% 34% 09%
1 IXYS 271% 27% 0.0%
8 Danfoss 24% 27% 03%
9 Starpower Semiconductor 2.1% 25% 03%
10 Bosch 15% 20% 05%
Others 27 1% 28% 43%
Total market size = $3.98 billion  $4.12 billion  1.5%

syarpower

Confidential. © 2017 IHS Markit™. All Rights Reserved.



Partail Customers in China
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Partail Customers in Oversea

lenze Dufs g‘: BOMBARDIER

the evolution of mobility

E :T.N Rexmth The Drive & Control Company

Powering Business Worldwide Bosch Group
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Process Flow of Power Semiconductor Packaging

Wafering
Polishing

Silicon growth

Back-End S g Front-End

s Utho, deposition, Can be replaced by
ke gri g IGBT dies-on-wafer etching, metallization.., l Silicon CZ epi- th’ use of fioat-zone
Jicing, 1 thinned Si wafer
“lip chip = waler - e
or FZ wafer

Packaging

IGBT Bare-die Pockaging, Housing ;

Binning, pick-and-place
IGBT modules Propulsion Power er
Y ST =R N Inverter Modules

© StarPower Semiconductor Ltd. -19 - StarpOWGr Confidential



Power Packaging Platform(Transfer Molding)
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IC AIW’ IGBT FRD
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Mold resin Insulated sheet



Product Portfolio
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Why IPM ?

Additional parasitic
effect by using
Co-pack HVICs LVICs external trace . . .
IGBTs/Diodes connecting on PCB, Design Viewpoint

caused more time

‘ delay
(““ Fine tune switching
+
‘ 2 performance and

using external
Built-in HVIC and components are

LVIC/Buffer IC with needed

protection function

A\ A

¢
¢
¢

Standardized
driving design for

More component 9

counts mean Integrated built-in power

higher failure components by devices

rate intrinsic and | single package is

longer able to save

manufacturing assembly time

time might T eRhancalkhe Reduced overall system cost

involve more reliability Shorten development time

potential failure Parasitic effect reduction

factors E .
asy assembly & system size

reduction
Assembly Impact Material control effort reduction

Higher power density & reliability

Starpower Confidential



Not Just Power Integration

PFC + 31T ZIPM (= A —IPM) |
\\
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Available Solution for Home Appliance

| W e
@ ' ;mi'm\h ”i |
Ul U2 U3

iﬁ%’éﬁu o

U4

3 Phases IPM 600V 10~30A
U2 3 Phases IPM 600V 50A ~ 75A
U3 3 Phases IPM 600V 20A~30A

U4 3 Phases PIM 600V 5A ~ 15A 0
s(ar power

© StarPower Semiconductor Ltd. - 25 - Starpower Confidential



TITRAAN
Hkr=am ID10FFT60U1S, GDO8FFX60U4
ESH 10A 600V IPM
5 Main stream packaging compliance, low thermal
BARR resistance
THMKAE
HRikF= 5 GDOBFFX60U4, DG5F06T3
MBS 5A 600V
AR Low profile, optional for PCB or heat-sink

© StarPower Semiconductor Ltd. - 26 -
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IDSOFFT60U2S
GD50PIT120C5SN/GD75PIT120C6SN

ID15FFT60U1S/ID30FFT60U1S/IDSOFFT60 RD50FFS180K1S/RD75FFS180K1S

u2s DG40F06T2

DG30F06T2/DG40F06T2

DK60HO06T3 e
O - / -
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RERIANA

DG20R12T2

m\\\\\\\mmuuu'unu (I ' |
| &y = T AT
2 | : 7 S iy | g Gats

20A 1200V HE=t

T > oriver HIESEL
— AR

RC IGBT to reduce the conduction loss of|
the diode. High Breakdown Voltage,

easily for replacement

Vbref 1¥ vereT 1 W
PWM
Mcu Veeref

SEPR Converter Operation(Induction Cooker)
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input current
detection

! resonant
. current 1

. detection
A IEA"
HiEF= GD400HFU120C2 / GD100HFU120CT
MESH 400A 1200V 100A 1200V /ﬁ
AR High Ruggedness, Not easy to get thermal runaway )

V4
syarpower r
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We Offer

Quality

Price

Delivery

Service

© StarPower Semiconductor Ltd. - 30 - Starpower Confldent|a|
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P1/P2 IGBT modules for solar and
wind power applications

Typical applications Features

= High power solarinverters « Industry standard packages
inction temperature
= Soft switch waveform, suitable

for high power paralleling

= Wind power convrerters
= Medium voltage high power
inverters
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Thank you
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