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PANJIT Group

PANJIT
GROUP

MERBRGERATE
i PANJIT
PAN K] Est. May 1986
Product: Discrete

Packaging & Testing

REMNEROBRA T
PYNMAX
Est. Mar 2000
Product: Wafer Foundry

@

PYNMAX

EEERBDRENEARARA
Sumnergy
Est. Jun 2017
Product: BMS, Battery Pack
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Global Diode Ranking

\\[o} 2016 2017
1 Vishay 10% Vishay 11%
2 Rohm 9% Rohm 10%
3 ON Semiconductor 7% ON Semiconductor 8%
4 Microsemi 7% Infineon Technologies 7%
5 Infineon Technologies 7% Microsemi 7%
6 NXP 6% Diodes 6%
7 STMicroelectronics 6% PANJIT 5%
8 Diodes 6% STMicroelectronics 5%
9 PANJIT 5% Nexperia 4%
10 Semtech 4% Good-ark 4%
Others 33% Others 33%
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Global Diode Sales
Ranking: #7

* Diodes above 0.5 amps.
Excluding RF diode



Global Discrete Ranking

No. 2016 2017
1 Infineon Technologies 13% Infineon Technologies | 14%
2 ON Semiconductor 8% ON Semiconductor 10%
3 NXP 8% Mitsubishi 6%
4 Mitsubishi 6% Nexperia 6%
5 STMicroelectronics 6% Rohm 6%
6 Vishay 5% Toshiba 5%
7 Toshiba 5% Vishay 5%
8 Rohm 5% STMicroelectronics 5%
9 Renesas Electronics 4% Renesas Electronics 4%
10 Fuji Electric 3% Fuji Electric 3%
11 Diodes 3% Diodes 3%
12 Fairchild Semiconductor 2% Microsemi 2%
13 Microsemi 2% AOS 2%
14 Toyota 2% PANJIT 2%
15 PANJIT 2% Shindengen Electric 2%
16 Shindengen Electric 2% Toyota 2%
17 Denso 1% Denso 1%
18 IXYS 1% IXYS 1%
Others 22% Others 21%

Your Component Our Profession
Copyright© 2018 PANJIT International Inc. All rights reserved.

PANKNIEE

SEMI
CONDUCTOR

Global Discrete Sales
Ranking: #14

(includes of Diode,
MOSFET, IGBT, and etc.)

Excluding RF diode
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Worldwide Discrete Market
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Worldwide Discrete Market - Application PAN KIhS
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Consumer

ADAS » Powertrain
Body « Sensor
Infotainment « xEV
Lighting

Motor

UHD TV

Set Top Boxes

Camera

Home Appliance

Green Power

Industrlal
"  Solar Junction Box

& ° LED Lighting
* Robotic
» Medical Equipment

EV Charging station
Quick charger
Battery module

* Motor * UPS
* Networking * Desktop PC
 PoE * Notebook PC
« VOIP » Tablet
* Infrastructure » Graphic Cards
Your Component Our Profession 12
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WW Foundry Quarterly Capacity, Shipments and Utilization Rate PANNIES
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Worldwide Foundry Quarterly Capacity, Shipments, and Utilization Rate
25,000 __1 - 88%
I- I- - 86%
20,000
L 84%
15,000 - 82%
10,000 - 80%
- 78%
5,000
- 76%
- 74%
1Q17 2Q17 3Q17 4Q17 2Q19 3Q19 4919_.]
mum Capacity 8-Inch Equivalents (Thousands) mmm Shipments 8-Inch Equivalents (Thousands) == Foundry Utilization Rate
In 2019, the Worldwide Foundry 8-Inch capacity will be 82 million pcs (2019 YoY : 8%).
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WW Discrete Semiconductor Forecast
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2017-2022 CAGRS

Automotive Elec. | 9.93%
Industrial Elec. 9.77%
0% 2% 4% 6% 8% 10% 12%

Unit: M USD

Auto. Elec.,
5,968 ,
28%

Industrial Elec.,

Industrial Elec., 65,558 , 29%

6,035 , 28%

Market Size : 21,477

Your Component Our Profession
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Asia = Asia / Pacific (without JP)
Auto. = Automotive

Market Size:22,838

The major demand
side of the discrete
semiconductor will still
be the Asia-Pacific
region, Its market size
account for nearly
50%

By application review,
the demand of
discrete will be focus
on Automotive and
Industrial electronic
market. In future five
years, the CAGR will
around 10% in these
two markets.
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2018 Electronica in Munich PAN NIk
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4 days

17 halls

182,000 square meters of exhibition space
3,100 exhibitors from over 50 countries
80,000 visitors from over 80 countries

Location : New Munich fair Center, Germany
Munich Electronica founded 1964,
the largest electronic component exhibition biennial

In the Exhibition, it was easily can find the Au customer
come to ask and discuss about our MOS plan in the future

Your Component Our Profession 15
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Consumer Electronic
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HA - Global Players v.s. PJ Customers PANNEE
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FY 2015, US$ Bn

22.0 * The market for major
household appliances is
expected to reach $28.1
billion by 2021. (Home

14.4 Improvement Research
I I I I :

Olicea  Panasonic  Whirlpool [ Eectrox 5 GREE @ Lc Haier

“ Global Consumer Appliances Player by Revenue

nnnnnnnnnnn
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TV Global Shipment Forecast (Units M) Monitor Global Shipment Forecast (Units M)
Growth rate: 4%
300 180
243
134
250 150 126 124 123 123 124 123
200 120
150 90
100 60
50 30
; , O .
2014 2015 2016 2017 2018(F) 2019(F) 2020(F) 2014 2015 2016 2017 2018(F) 2019(F) 2020(F)
Worldwide LCD TV Manufacturer Share Worldwide Monitor Manufacturer Share
Samsung . 21.0%(21.8%) TPV 34.8%(35.4%)
LGE I 11.2% (12.0%) Qisda | 14.6% (14.6%)
TcL I 9.6% (8.9%) LGE I 9.5% (9.5%)
TPV . 5.0% (8.5%) Samsung I 9.5% (10.3%)
Hisense I 7.2% (7.4%) Foxconn '] 9.4% (10.1%)
Skywortn I 6.6% (7.4%) Wiston TR 59% (5.3%)
Foxconn N 5 3% (3.7%) ston 5-9% (5.3%)
Veste! EEEEEEEE 4.2% (3.8%) BOEVT [N 5.5% (5.3%)
BOEVT HEEEEE 3.9% (na) Raken W 2.8% (2.6%)
Changhong NN 3.2% (4.6%) 19.7% Total: 92.6m HKS T 1.7% (2.2%) Total: 59.8m
Others (18.0"/:) Others Tl 6.2% (4.6%)
0% 5% 10% 15% 20% 25% 30% 0% 10% 20% 30% 40%
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Server Major

Player

Unit : K WW server shipment (OEM)
8,000
6,000 —— ——
2,000 e . I
o —_— ______ I
2015 2016 2017
Dell 2,001 2,247 2,321
mHP 2,297 2,097 2,147
" Lenovo 597 648 618
W Huawei 400 500 600
Inspur 332 402 493
® Cisco 290 299 299
® Oracle 300 295 220
®iBM 398 250 204
“Sugon 115 121 126

Your Component Our Profession
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Server MB TW Major Players v.s. PJ Customers

Unit : K
3,500
3,000
2,500
2,000
1,500
1,000

500

=8 &A1 wistron
—e— ¥ 35 |Inventec
—e— 1815 Foxconn
—e—[Z5 7 Quanta
—o— I3 MITAC

 The Taiwanese EMSs produce 90% of the server MB

Your Component Our Profession
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Server MB shipment (EMS)

[=——0
— ]
==
— ]
B S
[ S
4.
-— — T —
2015 2016 2017 2018(e)
1,972 2,374 2,570 2,914
2,226 2,425 2,649 2,800
2,021 1,655 1,637 1,850
1,065 1,165 1,280 1,400
806 890 950 980
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Consumer Electronics Shipment Forecast PANNE
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Consumer Electronics Shipment Forecast : 2017-2022
m TV Worldwide Monitor Worldwide ® Traditonal PC

unit: units million Ultramobile Phone
1,841 1,856 1,881 1,895 1,909 1,936
216 214 221 227 230 233
B D - -
2017Y 2018Y(F) 2019Y(F) 2020Y(F) 2021Y(F) 2022Y(F)

« Macro Trends in Consumer Electronics Market

» Just like as 2018, the shipment of traditional PC has be forecasted still decreasing
in the future.

» From 2019 to 2022, the other Consumer Electronics goods, as TVs NBs and Phone,
which Shipment growth rate just could be one or two percentage.

_ Your Component Our Profession 21
Source: Sep. 2018, His/TPV & Gartner Copyright© 2018 PANJIT International Inc. All rights reserved.



TV shipment forecast by brand: 2018 v.s. 2019 (F) PAN
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Unit: Million units
2018(F) m2019(F)

28.229
712
I I I 6 I 5863 6 6 6158 5259
%

i « O AN S & S B
& ,¢o° & F S P& F ¢

P & & & & N & X © N

X N < N A o > o Q

e Q & \ N\ X e o

NS S T S
F >
e
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Industrial Electronic
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Industrial Electronics PAN
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Discrete Purchasing TAM for the Top OEM/ODM/EMS Companie : Industrial Market
unit $ M
223 m2017Y = 201eY
14230
122 1188
= 8055
5553
34 32 31 29
" 7 s 190 17, 175 16, 11
75 32 22 21 11 1
1w o L
N RN \z@ SRS S T R S CI SN S C R S PN
Q _c N (< ?‘ (l Cz \, \(\\ oQ S N (,)\ \(’ \'0 QO \ O (@) N @ (\\
e @e‘ (_)Q,o@ \@"J . &\@ @@" & o‘° & Y\o & PR AROA T & L
2 N & O NY
G
* Review the pass two years, PANJIT’s existing customers purchased discrete device applied on industrial do be
increasing
Your Component Our Profession 24
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Industrial Electronics - Robots PAN NIk
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Estimated annual worldwide supply of industrial robots
2009-2017 and 2018*-2021*

700
Top manufacturer: +14% on average per year

600  ABB

0o KUKA
FANUC (Z2B8%)) , 0% Py
400 YASKAWA (22)1| Ei) +30%
300
200
178
1111
, KR

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018* 2019* 2020* 2021*
Source: IFR World Robotics 2018

'000 of units

*forecast

» Industrial Robots will be forecast growth rate more than 14% on average per year.
» Main drivers of the growth 2017: automotive, electronics, metal

Your Component Our Profession 25
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Communication Electronic
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Communication Electronics - 5G

Source: Aug. 2018, IEK

5G Hi B InEm
EinaRESHRE gtk ] S5 4 g 2% HEEH
BLAIER AR (G BER 2RHA ] =72
ENEFEHEEHBERER P —
BEHAMENHEIFFENEAL B -
MRS - EERE
35 [ gﬁ:LLﬁﬂ =
mag | (2gwn oo amm s, Bt
EE iyl 0
TEE— e R
e
EFEE [—

Through loT, there are more and more the application field of Al connect 5G

|

EEWMN

BEZRSE
IR KR A

nHEE
— B A
EEEN
| =axE
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Communication Electronics PAN
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¢ 4GI5G MUI-RAT | MUKIMOde o oq Nan o
Coexistence S VL D
///
4G,5G @& T
Small Cell ECEIP, :

+10GHz~50GHz ' = \)

mRH/EE \ = / / 88 oy

-AG/SGRItREHR, ‘W 4 \

t&E40/Samll Cell Y (U= -

Wi ted . S
= «28Gbps/32GbpsHEitk WALCgFIat:"] WiGi e
LCPHB{E 5% -~ s g BARE
mpp/ag EREEIgREnE BRI WLAN .
mpanEE  NERRERE  77GH TER (60GHAR - ool B/
‘ ‘ 88 oF s BEEEER 7Gbpsf#R4R154H

PA S. == '/WEQQB};E .4G/5G}§§nﬁﬁ sy
¢ y oI EE EEEE Eﬁmﬁg*ﬁaﬁ ﬁﬁﬁﬁﬁ“ﬁiﬁ
S SEEARM an 802.15.3

» As loT+Al+5G developing, some of the related new design will be more in depend the module, in order

to decrease cost and pay layout
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Automotive
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Automotive Application PAN
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e APA * Cooling Fan
e LDWS/FCW e Qil Pump
e BSD e Water Pump
* Matrix LED e Ultrasonic Sensor
Headlight System e Front/Rear/Side Camera
* AHB e Millimeter Wave Radar
« AFS e Lidar
* DRL
* Interior Lamp
¢ Rear Lamp
» Air Conditioning » Start-stop System
* Windshield Wiper * Engine Control Unit
* Seats * EPS
* Seat Belt
* Body Control Unit
0 Sunro'Of ' * Analog/Digital Audio Player * BMS
* Rearview Mirror * Navigation Device * DC/DC Converter
* USB Charger e E-Mirror * OBC
* Event Data Recorder(EDR) * Electric Vehicle Charging Station
* Dashboard
* In-Vehicle Networks
Your Component Our Profession 30
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Infotainment in Automotive PAN
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2015 2020 2023

Analog Cluster Digital Cluster Integrated Digital Cluster and Display Audio

From analog meter to all-digital cluster

AM/FM Radio Display Audio

.

Integrated cockpit domain controller
From AM/FM radio to connected infotainment powered by single ECU

« Key Trends in Driver Information
» Single integrated ECU powering all cockpit electronics instead of multiple discrete ECUs

Your Component Our Profession 31

Source: 2017, Continental Copyright© 2018 PANJIT International Inc. Al rights reserved.



Infotainment in Automotive

Complete Product Portfolio /

Adddd o
OB RR S

BE Lol LW e S
Instrument  Head-up Cockpit  Infotainment Displays Connectivity Self-driving
clusters displays computer

Core Technology Platforms

« Automotive Infotainment Product and Technology Strategy
» All-digital display-based instrument clusters replace traditional analog clusters
» Software platforms enable broadest product portfolio in automotive electronics

Source: Sep. 2018, Visteon & JDI
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PANJIT
solution:

TVS,

ESD protection
MOSFETSs
Schottky
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IGBT

Your Component Our Profession
Copyright© 2018 PANJIT International Inc. All rights reserved.

PANKNIEE

SEMI
CONDUCTOR

33



IGBT — Global Players

IGBT Manufacturers Ranking by Voltage Range

400V and Less @ (infineon T?f"'BA) Lys ROHITI
600-650V <in fineon @ A MITSUBISHI' F= Fuji Electric _"l
(infineon  AmisusisHr = 2 Fuii Electric @ ‘YI
(infineon  mitsuBisHr  F= Fuiecric HITACHI TIIXYS
, @ e A DD
PEVOWEEENO mitsusisH | Fo Fuiieectic | (Infineon. HITACHI  sRipip
4500V and . .. ADRD r == hEDE
~«MITSUBISHI FRIpD HITACHI |nf|neon E2 CRRC

Copyright© 2018 PANJIT International Inc. All rights reserved.

Your Component Our Profession

PKB15N60C
PKP15N60C
PKZ15N60C
PKZ160N65F

PKZ25N120N
PKZ50N120F
PKZ25N120C
PHZ20N135F

PAN NI

The IGBT device industry is
about to change. With a growing
electric vehicle market, the
power module is becoming an
essentials of the value chain.
After 2013, the Chinese market
accounts for about one third of
the global IGBT market, and the
Chinese market is the key target
for Panjit’s future development.
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China IGBT Market Ranking

—
T8 © ®No oA WN =

-
w N

China Total IGBT - Based Module Supplier Market Share Estimates (US $ Revenue)

Manufacturer

Infineon Technologies™
Mitsubishi(inc. Powerex)
Fuji Electric

Semikron

Starpower Semiconductor
On Semiconductor

ABB Semiconductors
Vincotech

IXYS

CRRC Times Electric (inc. Dynex)***
Fairchild Semiconductor
Hitachi

Danfoss

International Rectifier*

LS Power Semitech**
Others

Total Market Size =

2014 2015
Share Share
29.2% 23.4% -5.8%
19.9% 19.0% -0.9%
13.2% 15.5% 2.3%
9.3% 11.8% 2.5%
4.5% 4.5% 0.1%
4.7% 4.4% -0.3%
2.6% 3.9% 1.4%
2.5% 3.9% 1.4%
1.5% 1.8% 0.3%
0.4% 1.6% 1.2%
1.2% 1.3% 0.1%
0.2% 1.1% 0.9%
0.7% 1.0% 0.3%
2.2% N/A N/A
1.1% N/A N/A
7.0% 6.8% -0.2%
$1,082.9m $962.5m -11.1%
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Notes

* Infineon Technologies acquired International
Rectifier in Jan 2015. Both companies are reported
separately in 2014 and combined as Infineon in
2015

** Infineon also took a controlling interest in former
JV company LS Power Semitech part way thorough
2014

*** Zhuzhou CSR Times Electric Co., Ltd (the
owners of Dynes Semiconductor Ltd.) and China
CNR Corporation Merged in June 2015 to form
Zhuzhou CRRC Times Electric Co., Ltd

r=revised since 2015 edition

Source: IHS
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IGBT Application PAN
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[Application Segment}

[HomeAppliance} [ Industry | Lighting [ConsumerGoods] [Automotive]

Discrete IGBT IGBT Module

Your Component Our Profession N 36
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Major Product Development Trends & Future Applications

e

HVDC
HC-supplier
Large drives
Ships
Locomotives
Large solar plants
Trams, buses
Electric cars
On-roof PV
Small drives
Air conditioner
Robotics
Washing machine

=

SMPS

Chargers/Adapters

~Degree of adoption depends strongly on Cost

H GaN

Boh
LOW POWER
MOSFET —

10k 100k iM oM 100M
Frequency (Hz)

10 —
10 100 1k
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Report covers
IGBTs
MOSFETs
GaN

SiC
Controllers
Passives

Detailed discussion of
* Market Drivers
* Key Metrics
* Trends
* Challenges
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Thank you
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