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1. Automotive Semiconductor
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1. Automotive Semiconductor
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1. Automotive Semiconductor

X2k "t M| - Driver IC(Integrated Circuit), Power IC, MCU, Communication IC, Sensor S
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2. X1EFE QK| History .
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2. X1 "tz N History

® Samsung Foundry challenge & chance at 4th gen.

3 challenges

Carbon Monoxide :
Smart Surveillance i a— @3
Daily 3,200 EB oo o»

& Smoke Alarm

3G _,
Smart Car (e ‘:ii) —
Daily 100 EB ac O=m
(10ms) 2.8cm 5.6m
(Best) (Worst)
)" Bio & Health Data 56 U
_ " Daily 700 PB (1ms) 2.8cm
o (Target)

01 Cf)|11[3lexity

of Sensor Network

Unprecedented Latency of
02 Computing & Storage 03 Connectivity

« Innovative sensor technology
& seamless integration

« Processing massive amount « Low latency for preventative

of data generated from smart safety
systems

« Smart Home, Smart
Healthcare, Smart Car, etc.

« Smart Factory, Smart Car,
Remote Surgery, Immersive
Device, etc.
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2. X1 "tz N History

® Big Data Explosion with New Wave, Zetabyte era

Data Explosion with New Wave
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2. X1 "tz N History

® Big Data of Automotive devices
THE COMING FLOOD OF DATA IN AUTONOMOUS VEHICLES
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2. X1 "tz N History

® Semiconductor Market

Growth Beyond Prediction
4th Industry

‘Semiconductor Revenue(‘17) Forecast Revolution |
$378B(@’16.4Q) > $429B(@'17.4Q) -HIs | pata
Major Market Growth (‘16 > ‘17) $42’9B ~_ Processing
[Device] DRAM $42B > $72B(74% 1) \ —
NAND $37B > $54B(46% 1) Mobil [ - 34%
[Application] Server $28.7B - $39.1B(37% 1) obile 345’:53 / P
SSD $16.5B > $26.9B(64% 1) 312 B =
Mobile PC $29.3B - $38.2B(30% 1) . _ Wireless
Smart phone $79.5B - $101.6B(28% 1) v
M = 4 28%
221 Internet
—H Industrial 1304 —
PC ) -
Hﬂ @ 10% (¢ ;E.‘-\ 5)!
" é /
H H H H _l T Consumer 9,.5% —d
H H H = ot 5.5%

1990 1995 2000 2005 2010 2015 2021

Data center (IDC)  HIZA| Big Date
AI(213X|s) Server DRAM, SSD(VNAND, solid state Drive)

AUTONOMOUS CAR  AP(+NPU)

I0T (internet of Things) DRAM AI era
5G
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2. X1 "tz N History

Atg wENe] SEIt A
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2. X1 "tz N History
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3. Samsung AIEE K|
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3. Samsung AIZE HH K|
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A EHf OIAP 14nm FinFET Technology
= = Lower Vdd and delay than a planar process
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3. Samsung AIZE HH K|

X122 DRAM AJAf 0| 2 Mo} DRAM Contents / Vehicle
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3. Samsung AIEE K|
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3. Samsung AIEE K|

Automotive Packaging

Body Electronics
Comfort, HVAC, Lighting

BGA, QFN, QFP, SOP EV/HEV

. QFP, SOP
Infotainment

A/V, Center Stack,
HUD, Telematics

BGA, HZIP, QFN,
QFP, SiP, SOP

Chassis
Antilock Brakes,
Traction Control

Park Assist, Radar, Instrument QFN, QFP
Blind Spot Detection Cluster
BGA, WLFO QFP, SOP

Powertrain
Engine Control Unit,
Fuel Injection

HQFP, QFP, Power
Module

ULVAC Group | 2019.06.21
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Analog
QFN/MLF®
Sensors '

Overmolded  Exposed Die Cavity
F——————
|
|

MCU, GPU |
.
J' FCBGA
Accelerated
RF/mmWave g beitlyc adoption of
Transceivers 'f{;,:ll Lg:‘ Advanced
Packaging

Processor +
Memory
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3. Samsung A& YT K|

20

SOC (system on Chip)

SiP (System in package)

5

SHZKQ%UZ
BI2ZKE L2

http://www.techwarelabs.com/reviews/processors/barcelona

DDR Memory

Configuration
Memory

LDO G

Exynos auto(SoC / SiP)

Standard IC Package

Processor

Easy to use BGA

LPDOR4
SOC

LPDDRA
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3. Samsung A& YT K|

WLP (Wwafer level Package)

Die Singulation Reconfiguration

—

Wafer Substrate

Reconstituted RedistributionLayer SolderBump  Test, Mark, Package

Wafer (RDL) & Cutting

Embedded Wafer-Level-Packages ! ! $n/Ag
Fan-out WLP / Chip Embedding in Substrate

Solder burnp

ULVAC Group | 2019.06.21
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PLP(Panel level Package)

300mmWafer
(70,686mm?)

515x410mm
(211,150mm?)

PLP js three times
larger than 300mm Waf.

.~ W
3 ) )= -

Samsung WatCh XtZ: Prismark

ULVAC



ULVAC Applications, Advanced Package Device Solution

TSV L

Through Silicon Via

]
]
]

Chip 5ize Package ~, Electrode film .. Resist [ Electrode
~  depaosition < film deposition
PE-CVD / Ashing Sputtering Ashing ! Sputtering
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FLE - =
i —
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'q - |.TI + Alarar by RE
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nm ] oariral kkifty and ks
| — SToothre.
1.--""":;_ e - sy MBI Ak ow ranch
=2 L Lm0 ¥ m-.-g
[ L, fisakabi.

PE-CVD Tool : CME-Serles

>

K
i.

Ashing Tool : MA-Serles

- He-sauity plazma
-
(L=
1, =
k& powar supply
I, B « Substrate hobdar
O3 1eea1tmm
CME-200E
LN, [
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-, Resist [ Electrode ™.,
" film deposition

Ashing Sputtering Ashing

Metal Post

Sputtering Tool : SME-Serles

« Anallala for varl ous
] fic
EI?I:IE las gpadal
madul o nsuatng . =
materkls Ika PZT, B3T, SRH-53
AlK, SR, A0 AN I

« W 300 vakd -mmzmmmumumug

« Wl 300rmimiwaled

PCB Packaging
Sputtering tool : SMV-500F

+ Arurats Aim queliy
ol & avalabia with
peciss parameter comtiod
undsl conGTination fies
erlionimart

+ EXTaime process
:‘“ﬂms ﬁf_hg“ « Cooling
rlm“,lﬂ. n” m bk ..+ RF etching

MUY 000N « W 2000 wakd
WAL,

" Small Footprint
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4. AI/NPU Bt K|

History

Radio

1997

O O

1947

e

First
g_, Transistor

ULVAC Group | 2019.06.21
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VCR

"
rr"v.. /

yrr

Micro-
processor

=
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Personal
Computer

1981

O

T TS G =D

First TR

Cell Smart
Phone Phone
1983 2007

OO O O
1987 2000

NAND Flash 64-bit CPU
Memory (TR 600 Mil)

TOSHIBA

Galaxy S,
Tab

T

2010
O O

2013

VNAND
Flash
Memory

« Neuromorphic

- Smart Education

omputin
£ompuUbing - Smart Factory
i - Smart Home
- Smart Car
0’ 7 %Y P
- Aerospace - Data Center
- Bio - HPC

O

2018

HBM Memory,
AP, 5G Modem,
Al Processor,
3-Stack Image
Sensor

I[EDM2018 &S ™ Xt FoundryAt 5 M2SAHE At2
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4. AI/NPU HtEA|
Ny

NVIDI

o0 ele) E

A Volta (V100)

= FPGATS

Google TPU2

‘Neurt:ﬂ)rphic/ 1 I8 4

INTEL Loihi

NVIDIA Xavier __H - .

Multiple display support for an Tri-cluster GPU architecture for Real-time protection for safer driving Personalized driving environment
— —_— immersive driving experience reliable system operation Safetyisland core assuring real-time ~ ™Managed by NPU

- Supports up to 6 displays and 12 - Enables simultaneous operation of protection for system operations Embedded NPU enabling Al
camera connections based on cluster display, central information Meets critical safety requirements processing for face, speech and
Octa-core (ARM Cortex A76) display (CID) and head up display of Automotive Safety Integrity Level gesture recognition
processing power at speeds (HUD) systems by flexibly utilizing (ASIL*)-B standards + Provides intelligence for a digital
upto 2.1GHz 3 dedicated sets of GPU cores concierge service

(ARM Mali GT6)

® Audi / Exynos Auto V9 &8, 8 nm LPP (Low Power Plus) Logic device

® ’‘Exynos Auto A’ : Tt 2HX} B X A|ARI(ADAS)E
‘Exynos Auto T’ : || DjE] A A|ARLE XIHE AP EA| AlE

Exynos Auto V9

in-vehicle infotainment (IVI) Systems
xS~ . Personalized driving environment

managed by NPU

Apple A12
Huawei Kirin970 H|O|E-10 AOIE &
- Embedded NPU enabling Al

y \
Samsung Exynosd @ = >\ p - e : processing for face, speech and
Qualcomm Snapdragon855 B : | SestiRRRcognian
+ Provides intelligence for a digital

ULVAC Group | 2019.06.21 : A
concierge service
© 2018 ULVAC, Inc. | Confidential and Proprietary Information
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https://news.samsung.com/global/samsungs-exynos-auto-v9-to-power-next-generation-platform-for-audis-in-vehicle-infotainment-system

4. AI/NPU HtEA|

Chn g9 Sl
HIH[ 2 2] &k X Ol 22| XS X <leh Bk
System K| HIH 22| BN 7t=2 0 ClOojH Aatmt Mo S

SEXNZ[E HYots UK

Xsd gt H Al X)) A TS 6 Ssd FE |5 ZAE U
Deep learning 715 7| Al2| &ZF 2l Dee pI arning= T 2ol SHAHO| o2 A | GPU
LS ot HE EAHEE A

LYK 2| HE|(GPU) S A

Neuromorphic gt = H| MBMZEO Lot 585 EAS 25882 =01 B2 | NPU, ReRAM
AL EEEX

22t Fh| 7SS elshs F2 U

Transponl | &€> SEIZEAIH

(KLhch

@ =2H21ExICru)
- Think Store
@ oEoBIN) (00 sy | S HSEAA
&> NEHARRINR) K s AHENA)

Synapse

ULVAC Group | 2019.06.21
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4. AI/NPU HtEA|

Deep Learning Phases

OfMIR{d (71748t )
A ¥

A lexpern

Lavels

Qrg

Cat

FAERS 3 8 e | TR A FENED | TS~ B 2
B Zaln + B

)

oja12)d
(EAX
O{ZRX])

A

CRITEIEI|

ey
(ClRY L =
unsupervised o|0|X| XAl
leaming) Py

26
2 ey
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4. AI/NPU Bt K|

NPU : Deep Learning= 57| {IoiA| A15H= Al

Ho|(E#=)el Al Bi=xH|

852 sl 3Xls dxE2| oj|

L:, . G A | 488 Ko PO Procesene
— - qQ o

ENIAC (19464) ADIEE (20164) +3 ¥0a (20164

_ 150kw/n Sw/ih ) [ 1mw/n

: Eol(fx=w)2l Al B
7|&E i 1 M|cH 2MICH
FI5H AlBIERH| Al ISR —@

INTEL XEON Phi

ol ‘epu :

<0 :g:_...

o GPU = L. = = "

'é T . NVIDIA Volta (V100) NVIDIA Xavier INTEL Stratix 10
& FPGA ASSP M Neuromorphic

INTEL Movidius Google TPU2 IBEM TrueNorth INTEL Loihi

Alx2| ¥

ULVAC Group | 2019.06.21
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4. AI/NPU Bt K|

E 5 SEEERIRI R HE B 7 T2 Al H=R| i S
HIOIEAE MES Az oA R GIOIEME MEHE OIX| ClHto|AE
@ @ ADIE C|sjo|A XHEFHE X5 CCTV B m
nervana Moseve| Movidius Movidius e e SO ONGIA XEF 31
(L{HtLE NNP) (Stratxx) (EyeQ) (Myriad) (Myriad) TPU2 Pixel Visual Core
intel intel e — N
(Xeon Phi) (Loihi) A= - TP, 2018
=)
Xeon PR® Processar
A= @ IITP, 2018
EXW oot A v e o ETRIZH JHeret Qelizt T4l
HIOIEHE MHE O X] CIHIO|AE
My a8 M 228 ‘ ADIE C|8jojA \ ST Xis8 cCTv

Aol (Xavier)

Volta V100 Xavier

(7H AB5 ZZA|A 2[0]0}2 (L AB5 Z2AMM IH7|E

X2 : IITP, 2018 Cal0|EpPX ZH= A= SEEMASASEAE 2017
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4. AI/NPU HtEA|

Input Input

Ky
Input

yword

GPU
(Graphics Processing Unit)

AFE A J2iE HAREIE HEYSh=
SR B =2 AR AL

VRS
HaAl VlEE e )
(a) MY 7=

(b) & &d =

Two Phase of Neural Network
[ TRAINING ]
Leaming a peﬁ\:gc::at:ility

INFERENCE
Applying this capability
Deep Learning
Framework

to new data

TRAINING NEW
DATASET @
Untrained Trained Mcdel
Neur;\ol':l:t‘wurk é‘) (lj | (1) New Capability
O O Trained Model
Optimized for
O O Predict Accuracy
? 2
[enr ][ veoo | ﬂh‘
29 ULVAC Group | 2019.06.21

— ] L
M3 HEEl(Parallel computing)s =
© 2018 ULVAC, Inc. | Confidential and Proprietary Information

GPU IS LIKE A BRAIN

Autonomous Driving

ULVAC



4. AI/NPU Bt K|

[ N PU (Neural Processing Units)

e 12, utn 1,200 o 7Sl CPUL 176702 GPU, 920TB(Tera
L Bytes)2| DRAM & M o] HI-X| £ MAltoH 1 AFEHE AL,
Qzbo| &M TE XHE AHE Y TRMM 0 e 12GW. )

o AbErol M 7|of, BERSET| QI3 0|2 OfLAX| A2 ZL of 20W

FRDI Z2AMML| AIM 2= 10
S R High Performance Density
[
Input 3
Signal &9 o
Die Size NN Perf.
NPU 3% 100%
| 1 CPU 6% 5%
Neuron ! R :
== ---- F-- GPU 18% 60%
Select & Encode
v SPSEE
g:‘ggglt i o £ s, Apple A11 Bionic 600 BOPS (illion operations per second)
At=: U.S. Department of Energy 5.5Billion Transistors Apple A12 Bionic 5 TOPS (Tera Operations Per second)

Huawei Kirin980 (dual NPU) : ? TOPS
TSMC's N7 node 7LPP (Low Power Plus).
Qualcomm Snapdragon755 7 TOPS

Samsung Exynos 9820 ~TOPS
ULVAC Group | 2019.06.21
30 . ULVAC
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5. X&F& network - Autonomous & Connected Car

Data consumption is driving future designs

Massive
Amounts
5G of Data
Cfitical Data / \ : _ —a | 4 ! 80, ; : N
( Edge ™ ¢ \ | ] ) s
(/“ > ) [ |25 of Devices
—_— > 3 \ _
Edge ™ : §
2 o '
Analyze & Store Filter & React Local Decisions e ’
2t E £ H QX|7tX| Neoverse, ©

0| & S A|St= C|HIO| A= Cortex-A
=222 E MY 52 Y2 25H=CP

Qarm NEOVERSE S La
- e i Y -
ZX" [ Y
_ v [ 0 -
o waveziaz |
an

ULVAC Group | 2019.06.21
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5. X&F& network - Autonomous & Connected Car

] cistolA oyx| 2 FHAE{H 0| 3 HIESA Au|A ofX]

J
\./~ c‘ % % 2 H B
| SE ) AR
&3 WENT YT 717124 0o BIXiS)H= 83 AR5 A0IESD, ADIER S 83 Ol ELIA I B8k
QISAE FE - A3 MO} HERS 8001 e O HWERNI MulA
WU Quucoww I (inted WY e @i () R o®... kt @Lo

4 YES3 0x|

Y ERE 6 321 MH|A

-
~

o n W

<@ =
By UERTAMAPRBABBY BN BECIAAMNEURU KAl BE  COCMElNVE XEHED
AXE Al Ol SHBH= AHIA
wid Y £ noaa QP MU () AMDD G X% W1 Viam Wviceen Google IBM
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5. X&F& network - Autonomous & Connected Car

V2X(ZHn 25 2% 2t S41) SF

Pedestrian
VXEF <o S EA
MEhkie = s VG 22| AI220] ufe} 0j2) AAE Mg
‘ -- — (Grid) e = HHYE Saf 4
APDHCAtION [l ... ... | SR
Server V2l  RIE-EE Qe | LSS, MU S S Qe Hu a4
va V2C  RIF-2CRE | XQ FYUVIS. SH SHOIEH MY R 3R
V2N VoV AZ-OE XISAL | A H2s AR X1 2t 53 31
AF-EARIt | LMK ADEE QIX[sH SEXI0fA
VPIB sz BB} 9l AR HARS B

| =ExssstrgEcssn | sAg At HYElE k| XS I8 HYEE 7}
AN ER YE - AE2|Y H|C|Q - AH|/2l g
- Life[#A 0] . DHIY Q@A B NEEP
- FA EE 7S « OHLl AH|A - Xt ZHv2y) S
718 32 IR -T] - XpEED} QIIat ZHv2l) SA

8 i « 24 0jC|of -t A U By =
CRlBA =
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5. X&F& network - Autonomous & Connected Car

Park

assist

Surround

view

34

Blind Surround view Traffic sign
recognition

spot
detection

" Emergency braking
| Pedestrian detection
i Collision avoidance

Park
assist

Rear
collision .
warning Surround view

Figure 1: ADAS applications

Kt O| & ZE 10 (LDWS)
AFZEX[CH A (BSD)

Mz == A4 10 (FCW, RCW)
KM 7 X[ (LKAS)
7|:L7<1|E(AEB)
AREXZEE(SCO)

o o
EET'__IJ?:I-Al

ULVAC Group | 2019.06.21
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Lane departure
warning

Advanced Driver Assistance System (ADAS)

Automotive — Sensor Processing Chain

. Radar/LIDAR

. Camera
- Ultrasound

Sensing

g 4
v
Pre/Post-

Processing

’\V‘
Analyzing
(NN and ML)

4
Decision
Making

- S
Radar Lidar Camera Ultrasound
Environment Sensors
ConnX / Fusion & Vision ] ! HiFi / Fusion ! Tensilica
Vi ; DSPs
Radar Lidar | Image | Uttrasound
Pre-Processing Pre-Processing | Pre-Processing Pre-Processing

Lidar

" DNA

3 Tensilica
Processors

Perception

Driver Assistance

(Braking, Pilot Assist, Cross-traffic Alert)

Path Planning

Decision Making

cadence’

ULVAC
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6. Power Device

o LI HIEX| vs. M| 22| EFEX|

< Contact pins —»

rh
: B

Ih{ = A

(MA 2091 L =5 7[& 8lS)

| O 2 2| 2 = K| (DRAM)

CIXE M2 HEE MYt 2K
(Of: PCLt AOLE 2 X EEK])

MAAZ 261,302 %
A2EZUHEES
L7 ME

(&8, skolO| 527 62% H
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6. Power Device

® T3 Ht T X|(Power device)

Current Power Device Applications

36

Output capacity according to application (VA)

l-'l 00 L'i K l-'i 0K L'i 00K UT\:'.

Operating frequency (Hz)

Currently, the majority of the development in power electronics applied in the area of
mid- to high-power conversion is sustained by the evolving IGBT and 1PM technologies.

ULVAC Group | 2019.06.21
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HYHEKX & BN AL,

- 1
43 HA217|2 20
Lot Mg Yo
100
« Efforts toward
SiC Application
>+ Integration
echnology
* New Packaging
Technologies

Mitsubishi
IGBT-G2

Nate

P rtengert Power Modse

DPPM Dual Indne Package PM

EV-PM IPM % EV ancior HEV appications
HEV mverter Imearter sy3tem for Myt vehucies

° 01 ' 2 2 '
1980 1990 2000 2010 2020
Year

Equipment’s Power Density = P_, (W) / Volume (cc)
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6. Power Device

® ULVAC, Power Device Solution

Etching / Ashing

lon Implanter

Back-Side

lon Implanter

Etching System : [NE-Series

NE-5700

LU, e

« ULWAC Original 5M Plasma source

- Exching capabilry with excellent taper controlabiity and
surfaze smoathress

« Wzt mask fras trench stching ks avallable

Etching System : NLD-Series

g
L]

e,

NLD-5700
LWL, Inc.

-
» ULVALC Drginal ML Flasma source
= M 200mm wasr

« Quartz, Pyay, Crysial, LWAT..

| > Oxidation Insulation > Contact electrode m

Evaporation / Sputtering

Back Metal
Deposition

Sputtering

Ashing System : N A-Series

- Allin one system
« \Wafer dzs free & Flewble Transfer
- Wide Pro-cess

ULVAC Group | 2019.06.21
37 Pl

lon Implanter : SOPHI-200/260

SOPHI-200
IV, TnC
» Law-cast Parllel bean system
« Mz 200mm waker {and ultra-thin wafer as well] supportad
« BEGm current s Ircreased to taroet specific process
requiremenit
« Lawer level of contaminztion

© 2018 ULVAC, Inc. | Confidential and Proprietary Information

Sputtering System: SHH-Series

O m— SRH-420
1AW, e

« Cosputtering and Muly-layer dzposition using muit!
cathodes

« Max 200mm wafer (and ultra-thin wafier as well) supported

Sputtering System : M1LX-2000N

MLX_3000N
UG, Ire
« Accurate film quality contral s avalable with pracise
parametar control under contamination frae environment
« Extrame peocess flexbilities such as Aluminum filling, Thick
film, film
+ Mz 200mm wafer

Sputtering System : SME-Series

SME-2000
ULV, e

« &wvalable for varlous application-speciic process modules
(spadal medule for Insulating materlds like PZT, 65T, AN,
SiNg, A3

« Max 200mm wafer

Evaporation System: ei-Series
)

L et ek-5
W e
« More than 3,000 systems sold in total

» Support various evaporation source (EB, RH, EB+RH) and
substrate holdars complying with each process (Uft-of
Planetary, Satellite)

+ Applicable for AU half transparency deposition process
and MO dapasition process

Circuit of IGBT

@

E
¢

ULVAC



6. Power Device

® ULVAC, SiC Power Device Solution

#H-85005KC
TN, e

+ High Tempsranuse lonimpanation
+ Ensrgy
350¥e Y jone valance lon)
700z V (two vadarce lon)
« Muttpls Implaneaton

FFS-4000
- e

+ Enabila to hast up 1o 2000°C In short thme by AF iInduction
headng

+ Fobot canying sy em and load ook chamber 31 adopted
throcughes

for high

s Ouidation Insulation

ULVAC Group | 2019.06.21
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Etching System : NE-Serles

NESO0
WK, e,

« LUAC Origingd 1SM Alaama source
« Eching capabllity with excellont st conorodabdity and

24808 imoothres.

« Motal mask fiee Tench eching Is svdllabia

© 2018 ULVAC, Inc. | Confidential and Proprietary Information

Contact electrode

Ouldation / Etching / Ashing  Evaporation f Sputtaring

Ashing System : NA-Serles

« AN IN DN 1T

+ Wt sir fiog & Fiaxibis transkar

+ Wtk Process WANOOW DM Diganic TR paocass of the nest
gensraton b sfching praces: sach s aoddaton TMyEH

+ Small botprne thanks tosida maimenanc fisa dosian

Evaporation System : el-Serles
Y

a5

VI, Ine

+ Wiode than 3,000 oystems sobd iniotal

+ Support warlous svaporation sourcs ER, AH, EB+AH] and
bt hokdors cormplying With sach promss (U-of,
Fanstary Saielfie)

+ Apphcabla for MUAU el rarapaioncy doposkon piocsss
and T depodton pracess

SMAE -2 NE
A, e

+ Awallable tor varkow: application = module
Bpectl modulo for irdulzing iz Vo PET, BAT, BN,
S, Al

+ WDt 200 Wk

lon Implant 7

P-well
Layer

Gate Oxidation |

Gate :
oy Y
n Layer @ T P-well
B femi=——= Layer
q Layer —+

Electrode formation

Gate Source
Layer Layer
P-well
n Layer agor
q Layer Drain

Layer

ULVAC



6. Power Device

® IGBT (Insulated gate bipolar transistor)
Insulated gate bipolar transistor
4 low on-state voltage drop
& Fast Switching 4 Low on-resistance : 2
# Low power consumption + ¢ Highblockingvoltage & = : ls_g‘;:'e:’u mmon—stag pmtelamrentdensly .
4 Higho i
gh on-resistance - # easy controlin high voltage GJC
NPN 4 WideSOA =
Gate | Applications | Peak Power s«nk-om«.,"E Curvent | Voltage g‘muc:i-g }
Emltter ' 20-100 kW | IGBTs, Diodes 100-600 A ‘ 600-1200 V ' $-30 kiz
\ | Motor andior I
Jenermor
(_j, \\ #DC/DC Vokage i
| Boost 20100 kW | IGBTs, Drodes 100-600 A 6001200 V $-30 khiz
‘onverters for
Battery or Fuel
+ + ! Cell St
-ompressors in 1015 kW IGBTs, Diodes 20-50 A 600900 V 530 kHz
| Fuel Cell Stacks :
Epitaxial Wﬁg‘__ qiw | iopre pioges | 10204 | y | o
dnft reg,on | | Converters for 1-2kW Power 2040 A l 400-600 V $0-200 kHz
P + ] llmJ’V Power |
i Power <1 kW MOSFETs, 120 A ‘ 40100V 0.1-100 kHz
6 | Load Swices g
Collector
ULVAC G o <Structure of Insulated Gate Bipolar Transistor> <System requirement of Power semiconductor Devices >
39 roup | VAC
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6. Power Device
® SiC

Si-MOSFET SiC-MOSFET . )
Gate Transmtor cross-section
Sour - Souoe Lower On-Resistance Sllcon
p SIS
. Reduction of Conduction loss Planar structure Trer:gge?srudcture Trencl::?u ::Et;cture
....... : Gate ped)
3&"&@ y i roe Gate Gate Gate
5 10 | electrode Trench  electrode Trench  electrode
Thinner ﬁ
r 1/300 tO 1" .m (""("":‘ :\3'16‘11"1( Arch i_ p- p-
Lower Resistance SN tecture
Drain Electrode Drain Electrode &
. : : . Lower Power Losses A A
Superior Material Properties of SiC . , i n-
P P ¥ of SiC Power Devices n*
CUNERt | i, 86 - e 06 e O i, S10KHZ Current | oy orr on,0¢F ON OFF 0N, 0FF.ON, OFF.ON. OFF ON OFF,ON, OFF
Switching loss
/ Tail current
time

> time

Power module
Improving i
fuel efficiency

2178 Al2] on, offoj| of5H 4

SiC 4%tz o &
-Si Ko MR HE Al H
-SIC MY AXfe HE

e XD MR A9 Al il EIX o, \ﬁ> |
meaning loss7} &
Silicon =
£
Sic
=

Goal: 10% fuel improvement’

Q Capacitor

Goal: 80% less volume

Goal: 80% less volume




7. Electric Vehicle

Hydrogen Feul Cell Vehicle Vehicle

Fuel Cell Stack

Battery Pack
Electric Traction Motor
Fuel Filler
DC/DC Converter 2 ‘g
Thermal System (cooling) Fuel Tank (hydrogen)

Transmission

Power Electronic Controller

-won Motor

Power Electronics Controller

== Os)

Postive electrode

DC/DC Converter

Negative electrode

(Anode) (Cathode) A Thermal System (cooling)
=5 HEV | PHEV BEV FCEV
¢
B ( (W2 08
an =
| (=)
SE
fad 4]

41

Gasoline Vehicle

Fuel Filler
Electronic control module (ECM)

4

Internal Combustion Engine
(spark-ignited)

Fuel Injection System

™\ Fuel Tank
(gasoline)

o Fuel Pump

Exhaust System

i | All-electric Vehicle

Ay "/ TR T
VOLT Lithium-lon Battery

288 Cells
70% of the Cost T m“ Module
n I
Pack

ULVAC

Traction Battery Pack

™ Battery (auxiliary)



7. Electric Vehicle
ULVAC MIE - 50, 100kW DC Combo1l EV Charger

B S50OkW, TOOkW =5 Stand Type

UK-NC7SB-TC/E-LE
312mmx303mmx1,500mm, 22Kg

4p  ULVACGroup | 2019.06.21 50kW, TO0OkW Type

© 2018 ULVAC, Inc. | Confidential and Proprietary Information (DUGI Charger)



7. Electric Vehicle

® O|XHX|

Ol Xt & Xl (secondary cell), =& X|(storage battery)=

O Positive electrode

9|20 MJ| OLIXIE 318k 0LIXIO HEHE HHROI K& = e
= Negative
M[:l_jl_ _\élgcéF IIHO.” I—|D|E I:]l-;O_I LHL éI-X| ‘ —f Separator K el:gtrgode
=]t el | | \/] v
X XO"X =5 : / | Cathode
-”—L | -" = Negallve@ | Anode
HHE‘I E.I E.I'?J electrode /| Cathode
Cylindrical-type battery Laminated-type battery
I X[
FQUIER| MEA  oroc o s AP SDI, EAIHE S TLpAY + -
- -
R [ g
GiCH2|OkX}, GM, ZE,  BMW, Or2C|, A6, eoo0 | o
A&At ol0] 2o gHUME | mad HeR S U s2s | Cﬁpﬁ
soes .zl o5
g:’l&&l YN LI 2|0l R§ MY U‘lﬂiﬂ?‘l
SISABIZ. S "“@'g‘g';;;;‘; Sh|
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7. Electric Vehicle

® ULVAC, Thin Film Battery Solution

| | \ —

Cathode Current

Collector .
MgO/Ti/Pt LiCoO,

Cathode

PVD PVD Annealing RTA

Sputtering System:

Sputtering System :
SME-Series

SIV series

Inline-type Sputtering System

e

Anode Current

Collector Ni or
Cu

e

PVD Evaporation

In-line system

ijj‘

|
T\
A

Cathode : > 2 pcs/chamber
Target shape : rectangular
Target size < Substrate
Substrate : dynamic

Cathode : only 1 pcs/chamber
Target shape : disk

Target size > Substrate
Substrate : static

Evaporation System :
ei-Series

L)
1
B e
T o
s

« Batch type thermal evaporator

Encapsulation

4
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Encapsulation System :
PME-Series

Vapor Deposition Polymerization
ombined Equipment

Electrolyte
Cathode

Cathode Current Collector

Evaporation System :
EIH-Series

Protective Coating

Lithium Anode

Anode Current Collecto
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