/AMO

CORPORATE PROFILE
TRUSTED INNOVATION

|
N\
|
\




AMO GROUP IS BASE ON MATERIALS

IT/ Automotive

AMOTECH
(1994~ )

® EMC
® Antenna
® BLDC Motor

Nano/ Energy/ Environment

AMOGREENTECH
2004~ )
Base on
® Amorphous Core
® Thermal Solution Advanc;ed Sensor/ Module/ loT/ 5G
® Nano Fiber Material AMOSENSE
® Flexible Battery (2008~ )
® ESS ‘ \
’ ® \Wireless Charging
® Ceramic Substrate(AMB)
® |oT Device
Bio/ Medical ® 5G AiP
AMOLIFESCIENCE ® Radar Antenna
(2016~ ) ® |EDLamp
® Cell Culture AR0UT AMO GROUP
® Magnetic Beads
® \Wound Patch
® Smart Skin Based on the advanced material,
® Helth Care Device Amotech has provided the

compelitive products in the IT,
automotive, energy, and industry



FACT AT GLANCE

I nc h eon Headquarter

in The Republic of Korea

3 5 - 5 Million(USD) R&D expenses in 2018
1 4 4 5 Employees as of
Y employees December 31, 2018

\L w1 -

392 st
3,169....
12,

Sales in 2018

Patents as of
December 31, 2018

Production Site




AMO Group Business A

Automotive

Key Direction

@Autonomous Driving eConnectivity @Safety

@ Convenience e Lightweight

- Antenna Solution for LIDAR, Radar & 5G

4.2 Future Appication

- Smart Key solution

Mobile Device

- Pressure sensor

Key Direction - EMI protection & Thermal solution

@ High Performance 6 Proprietary Material O Reliability

ture Application

Energy & Environment

+ RF Cable with Multi Layer Technology

- Substrate for 3D Sensing
Key Direction

@ High Efficiency @ Renewable 0 Stable Harvesting

« Low permittivity Heat radiation material

- Thin FPCB(COF) in Display

+ Ceramic Back Cover
e | - Solar & ESS power system

- Touch Pressure Sensor

+ AC/DC Inductor module

4.2 Future Application * Wireless Charging system & Sensor

loT

4.2 Future Appication

Life Science

Key Direction

° Smart Sensing Ultra Low Power @ Global Roaming

Key Direction

MUl Sy deoon Precision Medicine 9 POCT e ICT convergence

* Thin & Flexible Battery - Cell therapy products through
i 3D cell culture
- Sigfox module
- Diagnostic equipment using
magnetic bead

- Biometric information sensing
Wearable Device




AMO TWE thermal weight emiy Solution

Thermal Material

Thermal Parts
Thermal Module

Thermal Application

Mobile

EV e-Bus Bar

EV Relay Junction Box
EV Power Module

EV Battery

EV Motor

EV Head Lamp
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Thermal
Materials

Jhermal;
Design

Thermal
Simulation

AMO¥

AMOGREENTECH

Amogreentech Thermal Solution




AMO¥

AMOGREENTECH

Thermal Material




Thermal Material

1) Thermal Conduction Material

Cu

Graphite

RF
Thermal
Sheet(5G)

Thermal =
Plastic '

k = 400 W/mK Mobile
t = 5~100um Stamping Telecom.
With Thermal Adhesive EV
k = 2000 W/mK Mobile
t=um Stamping Telecom.
With Thermal Adhesive EV
k=60 W/mK : Mobile
t=um Stamping Tel
Permittivity = 3 clecom
k=2~ 30 W/mK Injection Mobile
t = 5~100um Moldin Telecom.
With Thermal Adhesive 9 EV
= ~ W K . .
V/?scoiiqc?/ 439(1)00 /kTps Il\r/lljslc(;lcilsn EV
Conducting Filler = Silver 9 Power Module




Thermal Material

TIM(Thermal Interface Materials)

Acrylic TIM
4

AVN

Thermal Gap pad

Thermally Conductive Insulators ﬁ‘ ) Thermally Conductive Adhesive

(Pressure Sensitive)

! ] « Silicone & Oil Bleeding Free
- « No Electrical Short Problem
Q Low Restoration TIM

Thermally Conductive Adhesive N
y(Heat Curing) | Low Restoration TIM

belore afte
TLM.-PCM i heat.cycle 1 heat

e

BGA” PCR substrate

Thermal Grease

EMI/RFI Shielding Thermal Pad Phase Change Material

» Component Stress * Minimal Component Stress
Low Viscosity Liquid Molding al Degradation - Low Thermal Resistance
Thermal Molding Gel
: 7 PEC
Module

« EV Battery Cooling
« Charge & Discharge Efficiency t

W u/\(é
%ﬁ.\\») S

ARNES




Thermal Material

YA=E

Qlad _@IA( surface T urround)

2) Thermal Emission Material

Absorb Radiate Absorb Radiate
In((;l_de?t Incident
radian ;
i radiant
energy Reflected Emitted

1 ‘yy‘\ AR
‘ ‘\”H“‘\\
LU T nmw ‘AM“V‘”U

energy Reflected Emitted ;
: Retamed
Absorbed Retained

Absorbed
Silver coated Silver coated Black Black

10 15
micrometers

Temperature variation before/after spreading coating on the surface

|

A

@ Spray Coating @ Dip Coating @ Powder Coating
61 61
v l <+——55—»
< 70 . < 70 . R-coated
bare R-coated (downsized)
Surface.LED (°C) 107.8 79.3 106.0
Temp. lowered
(°C) - Vv28.5 v1.8
4.270 4.270 2.640
2
Surf. Area (mm?) (the same) (vV38%)
Dimension (mm) 70 x 61 70 x 61 55 x 48



file:///C:/Users/Administrator/Videos/Wavelength_sun_earth_radiation__ipod_lg.m4v
file:///C:/Users/Administrator/Videos/Wavelength_sun_earth_radiation__ipod_lg.m4v
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Thermal Parts




Thermal Parts

1) e-Heat sink

Automotive
Head lamp, HUD,
Module case etc.

Industry
Large size heat sink

Lighting
LED lamp, Tunnel lamp

Appliance
Washer, Refrigerator

2) e-Bus bar

Automotive
Junction box,
Battery pack,

Inverter
Converter
Gateway
etc.
I Industry

Heat sink
material

Al, Cu, Mg, etc.

Bus bar
material

Cu, Al, Brass, etc.

Manufacturing
process

Extrusion, Die-casting, Fin-press in, etc.

Manufacturing
process

Stamping

Manufacturing
process

Spray, Dip, Powder coating, etc.

Manufacturing
process

Spray, Dip, Powder coating, etc.

Surface process
thickness

20 ~ Hundreds of um

Insulation/Flam
mability
characteristics

40kV/mm (ASTM D149) / VO (UL94)




Thermal Parts

3) Vapor chamber (Heat pipe)

Al plate Al Vapor chamber

35 v

I EEX:
8

Heat source Heat source
- 59.7°C Heat Source(SOW) - 44.8°C ('0.6°C)

Application

+ 5) Fan (fir air cooling)

> 4) Heat sink
(HT

g, 3) Thermoelectric
device (Peltier)

s 2) Vapor
Chamber

> 1) Thermal plastic cartridge

(LED lamp)

(EV battery module)

Automotive

4) Peltier

Application

- Mini Refrigerator
- Water dispenser

- Cold Chain Carrier

- ESS cooling
Outside: 40°C 1

Inside : 25°C +2

5) Fan / Water Pump




Thermal Parts

6) Ceramic substrate
Key Tech. _ CQC Spacers & Poles for DSC

Chip caQc

. Cu/Mo/Cu -
Material Cu/Cu-Moy/Cu Cu Si/SiC/GaN
CTE(ppm/°C) 7~12 17.6 2.5 35
T.C.(W/m-K) 170~ ~400
. Variable Thickness is Possible
Thickness Depending on Customer’s Request

7) PCM (Phase Change Material)

Temperature Sensible
A //'/
Tem - S
perature of : QO
Phase Change 2 Q“'
3 i
22°c :§. L.
S Latent / f
18°C /
Range of temperature
control
P Stored Heat

ABSORB STORE RELEASE

8) VIP (Vacuum Insulation Panel)

CORE

Function:
to create shape and to channel heat wave

COVER - FOILBAG
\

Function: \
to prevent deserting of gas \
and moisture into the panel \\ Materials:

Materials: A Fumed Silica, glass fiber

hight barrier multilayer film

HEAT SEALED SEAM —8j

'-V -‘ I’I ‘ . .
Air layer -{ Vacuum ]—

W ¥ W
Normal Insulator

Heat transfer by micro air layer

Vacuum Insulator

Internal vacuum block
conduction and convection
Radiant heat is reflected by

Aluminum container
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Thermal Module




Thermal Module

1) EV Relay junction box 2) PFC Module

@ EV Junction box

109.7°C 90.9°C o

Temperne ]

Top cover : PP-GF20

Bus bar

Housing : PA66+GF30




Thermal Module

4) Power Module for EV

Double Side Cooling Power Module Solution

% High Power SiC & GaN Semiconductor Power Module for xEV
< AMB Substrate & Ag nano Paste(Film) & Spacers for SiC & GaN
% TIM & Heat Sink Solution by Materials & Design

N ql
l Output (cu) V- Cu

L& AIN
)] |

HS GaN Die LS GaN Die

Silicon

Base Plate




Thermal Module

5) Cold chain System & Carrier

Cold Chain System
Transmit and receive records like temp., humidity, GPS, vibration, etc.

Peltier Active Cooling Carrier

through Data logger.

AMO

AMO_NTD e
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Application




Temperature [C]

110.000

Thermal 3 99.3750

spreading sheet o o 80.7500

107°C 106°C - P g 781250

Stec 81°C o 67.5000
41°C

56.8750

46.2500

35.6250

25.0000

= 400~2000 W/mK

before applyinga thermal sheet 1 2~10 W/mK after applying a thermal sheet

LCD/OLED Panel

Heat dissipation
On Panel surface

WPC+HTMS '
And Component

Wireless charging coil
of Heat dissipation

PCB

SIM and Shield Can
of Heat dissipation

Bracket

NFC+HTF Heat dissipation on
Heat dissipation of PCB and Case Contact
NFC Antenna surface

Rear Cover

Skin contact area of

Heat dissipation and heat insulation Battery Case

Battery surface

of Heat dissipation




EV Thermal Solution

A

Relay J/B
-€- Cu Bus Bar
- &- Al Bus Bar
- Thermal Plastic
-TIM

Charging & ESS
- &- Bus Bar
- Thermal Plastic

‘ j -TIM

DC-DC Convertor/Invertor
- &- Bus Bar

- Thermal Plastic

-TIM

- &- Bus Bar Head Lamp

-TIM - €- Coating

- Thermal Plastic - Thermal Plastic
Cell Cartridge EV Motor - Graphite TIM

- Thermal Impregnation
- BMC Molding



&£ — Bus Bar Thermal phenomenon

| |- Bus bar
temperature

i~ Max. cell
temperature

[~ Min. cell
temperature

Temperature
difference:
bus bar - cell




1. £- Bus Bar @ EV PCT/KR2016/003745 & Sothers

Core Technicnology e-Bus Bar = Bus Bar + e-Heat Sink performance

Performance

e-Bus Bar

Thermal Emission Coated Bus Bar

Electric Conductor

Heat dissipation
(Heat Sink Performance)




1.1 £ = Cu Bus Bar Merit

M Bus bar LH

85

81 g0.5 ¥Bushar RH

Temp (°C)

Direct Method . .
((;[‘;4 M:th:d) Before coating After coating
Properties Value Test Method
Specimen V-0 UL94
Flammabili .
Open Flame ty 950410°C EC 60695-2-12

(Glow Wire Testing)
Specific Gravity 1.4+0.1 -

ASTM D2794
(Dupont impact tester)

Glow Wire Impact Resistance >1kg/30cm

Element

Glass Transition

Product Temperature(Tg) 2100°C DSC
Tissue Paper Volume Resistivity 10'%Q-cm IEC 60093
Breakdown Voltage 40kv/mm ASTM D149

s Thermal conductivity 0.325W/mk LFA

(IEC Method)




1.2 Bus Bar Thermal Solution

PSDB adapter bus bar

Bus bar with Insert injection

Bus bar with
shrinkable tube

=1

Default
Bus bar material : C2680 _
Surface process : Epoxy coating - Bus bar material : A6101-T7
Bus bar material : C1100 Surface process : Shrinkable tube,
Surface process: PP insert injection Insert injection
Current 104.68°C 83.32°C 161.55°C
Temp. (Ambient temp. 95°C) (Ambient temp. 45°C) (Ambient temp. 60°C)
Solution b
. Surface process : Thermal plastic Surface process : Thermal plastic
Surface process : Thermal plastic Design improved > Assembly(cost) | Cost reduction by using
(3W/mK) improved an insulation material
Improved

Temp.

101.92°C (-2.76)

74.87°C (-8.45)

134.84°C (-26.71)




2. High heat dissipation Relay Junction Box @ BEV

EV RJ(1)

BV RI2)

Casel)

Front housing

Bus-bar Relay-01

[Surface temp. of Relay bottom case]

88°C p 74°C

Temperature ]
31,0000
825000
75,0000
575000
B0
525000
450000
500

30.0000

220°C p 130°C

Cover structure

Case(Pa66)

&

- Upper Case+ Thermal Plate
Insert Molding
- TIM applied

Thermal
Plate

Main part structure

Bus bar

- Thermal plastic + Bus bar
Insert Molding
- AMO TIM applied

Housing structure

Under Case + Thermal plastic
Double injection




2.1 AMO Relay Junction Box

Test Result

Current 150A

Module Thermal Test

150A B1 B2 B3 B4 B5 B6 B7 B8 B9 R1 R2 P1 P2 In Out
Default
oHP WL 2 5W-mK 82.27 | 8148 | 82.44 | 88.29 | 8471 | 8532 | 84.63 | 8541 | 84.80 | 80.52 | 83.05 | 7590 | 56.26 | 51.81 | 20.74
HP40_mit WLP_5W_Insert
molding_aufgefuellt 74.06
(HPAO_mit WLP 5w | 7424 | 68.57 | 69.70 | OO0 | 7127 | 7511 | 77.82 | 7511 | 7337 | 80.26 | 7843 | 5975 | 47.27 | 5006 | 2475

insert molding_filled)




2.2 PRA(Power Relay Ass'y) for BEV Thermal Design

Housing : PA66+GF30

Top cover : PP-GF20

Bus bar

B

Thermal plate Insert Molding with Thermal plastic

Bus Bar Insert Molding
with Thermal plastic

us e- Bus bar

/

V’h' .

Py

J »




3. DC LINK CAPACITOR Thermal solution

Core Technicnology Heat Barrier & Dissipation Solution of Thermal Plastic

ISSUE : Counter-current flow of a Motor’s Heat to IGBT module in DC link capacitor




3.1 Solution : Bus Bar insert molding Thermal Plastic

Thermal Solution

IGBT contact terminal Heat dissipation plastic insert molding
~assuming 70°C at the middle part of the bus bar

Motor contact
terminal
-assuming 120°C

Electric Insulation
Thermal plastic

<Default shape> <Bus-bar insert Thermal Plastic>

Result
Bus bar Temperature measure point & results [°C]
Check Point S @ © @ ©
Motor Contact Front Middle Rear IGBT Contact
Default 120 94.3 86.6 80.9 67.1
Solution 120 73.4 (-20.9) 57.2 (-29.4) 54.8 (-26.1) 54.7 (-12.4)




4. 48V Converter Thermal & Noise Solution

Hot Spot

A § soldering Bl : Magnetic paste

LI S N

......

ToP -

e Out Put Inductor — Thermal & Noise solution
 Bus bar — Thermal & EMI filer
« Soldering process — 1/2, Cost |




5. DSC(Double Side Cooling) Power Module

» Case : Thermal Plastic

> Molding : TIM & Thermal Moldin
/ g g

» Substrate : LTCC
__— » Circuit design

» Substrate : AMB, Ceramic Interposer

Substrate

——— > Solder : Nano Ag Paste

> Thermal Pad : TIM

» Water Cooling : e-Heat sink, Cooling plate

e-Heatsink TIM Substrate Nano Ag Plastic Cover

Thermal radiation coating Thermal conductive Ceramic substrate sintering paste Thermal plastic
Grease/Pad (AMB/DBC) (200W/mK) (1~30W/mK)




5.1 GaN Systems Power

Module Thermal Solution

Direct-water-cool power module

Backside

O-ring

Outlet

Water-cooled pinfin heatsink

Water flow

Channel wall

Challenging to
measure T_c
using
thermocouples

GaN Chip Max Temp.(Thermal Solution)

GaN Max Temp : 1200°C p»103.8°C

Temperature [C]
! 103.776
96.9638

94.1516

89.3393

84.5271

79.7149

74.9026

70.0904

65.2782




6. EV Battery Cooling Solution

Heat generated by the battery cells through the TIM is transferred between cells and through
the cell floor to the outside
Heat-discharge solution using thermal plastic cartridge and Vapor Chamber to conduct heat to

the coolant plate

<Module analysis>

Max. temp of cell CAN (°C)
Case Application location Applied materials Remark
Bottom Surface

1 Default (Module : 6 pieces of cells) 43.0 71.0 Coolant: 25°C
2 Inter-cells Graphite Thermal Spreading Sheet 43.0 65.0 (-6.0) 400W/m-K
3 Module terminal height Gap Pad 43.0 64.5 (-6.5)
4 Upper Plastic Cover Thermal Plastic 43.0 63.0 (-8.0) 3W/m-K
5 Module internal area Liquid type of thermal interface material 43.0 62.0 (-9.0) 0.3W/m-K
6 Module/Cell dummy space | Immerse gap pad 42.0 56.0 (-15.0)




6.1 Battery Cartridge Thermal Solution

= offset

Double Ahehesive 10um

Removal Tape

Prevent defects of
Graphite
layers separation
by applying Offset
structure

<Al + Graphite Heat spreader>

Default : mPPO(0.22W/m-K)

’ Thermal Plastic(3W/m-K)




6.2 High Insulation TIM for EV Battery Cooling

Low restoration TIM

Heat sink

Fer rir

o r rs i ris s

fler

Temperature (T)

180828 2P185-20'C Soaking Test

Time (hour)

—TML ——TM? ——TM3 WP HR —WARHE — WAV YR —WAR AR

When TIM is not used

: Temperature deviastion 4~6°C

SUS Case

BUS BAR (Radiation Coating)

j

Module Case

Cell Insulation
(Simple Cell
eparating Sheet)

Cell

J«—— Grounding Line

N \ \ \

Cooling
Plate

Thermal & Insulation TIM

180831_2P145_-20'C Soaking Test(Termal Pad)

amb —coli 1

When applying low restoration TI

: Temperature deviation 2°C

Time(hour)

—TM1 T2 —TM3 — WAL —WERAT —WERAL —WEERAT Amb ——cv_01

Voitage(v)




Under developing item 1

6.3 Battery pack heating and cooling & safety convergence

HTF + Thin Film Pressure Sensor + Temperature Sensor + Film Heater Integral Panel

» EV & ESS Performance Enhancement and Safety Management Purpose

NTC Thin Film Thermistor Film Heater

HTF : Hybrid Thermal Film)

= Film Heater+NTC Thermistor ~ Plate Cooling & Heating
+Film Pressure Sensor  ~ T T T -



Under developing item 2

6.4 Battery Cooling Channel with TIM

Insulation Pad  Teflon Tape

High Thermal Conduction & Insulation

1) Thermal Insulation Coating 2) TIM(Thermal Interface Material) Coating

E




Under developing item

6.5 EV Battery Thermal Solution

VIP(Vacuum Insulation Panel)

Cooling Fan

Temp. Control

PCM(Phase Change Material) (Air Flow between PCM layers)

)

Temperature (°C)

I'emperature (
/
’(
N
&
S
I

0 Y | 6 8 10 12 I 16 I8

:
0 2 ! 6 8 10 12 14 16 18
= Time (h) I'ime (h)




6.6 ESS Battery Module : Peltier Cooling System

Core Technology Peltier & Thermal Flow Design

o= uign ke 5T o
: ~ S
T N .

Peltier Cooling Module



6.7 Drone battery pack Thermal Solution

\“i ::
3

33333230331

Cell Tray+ (g-coating)

G-TIM

Cell Tray+ (g-coating)




6.8 Liquid TIM For Battery Pack




6.9 loT Battery Thermal Insulation

Battery Thermal Project for 1oT device in Tokyo Olympics

- Thickness : 100um | insulation material applied.




7. EV Motor Thermal Solution

Core Technology Impregnation and Molding in Stator Coil
NP

4

&

iHeat'Sources Heat Sinks]

External housing Rotor with permanent

Housing
magnets

= Cooling Jacket
+.Iron Losses Stator.

tator Lamination
Windings

Air Gap

S Eriction i
: Supporting Disk

Rotor Lamination

Stator with Internal housing
copper windings with helical
cooling channels

Bearing

Impregnation thermal dissipation
material in Coil

: q'} vE 127 -
- i “| it _:_-\
J I ~ - -
B\ ) | S~o_ 192
() 1 ~
2 117 | “
S 1 -17.3°C R
Q. I ~
£ : RN
- i Temperature Decrease
1 ..
. Efficiency Increase
107 v : : .
Insulation varnish Thermal conductive Molding solution

varnishi



7.1 High Thermal Conduct Thermal BMC Molding

High Thermal Conductive BMC Molding

High Thermal Conductive BMC Cap

High Thermal Concoctive BMC ——
T- Epoxy B-stage
Coil

m




7.2 Thermal Insulation Cap for Hair-pin stator

Terminal

Thermal Insulation cover

Destroyed of Enamel insulated layers by

welding

- Difficult to apply powder coating due to

the structure

- Easy to assemble with Insulation cover

End coil(Weld zone)

Thermal Insulation cap

- Relieve the heat from a terminal and an end coil
- Relieve the noise and vibration from a motor

- Prevent scratch in assembling with a rotor

- Good electrical, thermal characteristics &

Available to apply flammability characteristics.

Thermal Insulation cap



10. Automotive lamp

1) Head lamp heat sink

Thermal plastic heat sink(15W/mK)

v" Thermal plastic 15W/mK
v" Vapor chamber
v Size reduction

Ts=143.6°C

Temp. 21.3°C, Weight 22wt% improved



10.2 Door spot lamp

3) Door Spot Lamp

ICAP(ThermaI Plastic) I

o e

% il 7 | LOGO LENS(E48R+P('Z) |

o i?f I Spacer(Thermal Plastic) ||

g ? I Barrel(Thermal Plastic) I‘

. 15W/mK
COB LED, Housing (Thermal plastic) Heat sink

Ceramic substrate

0

AMO graphite TIM with

excellent thermal

conductivity between

PCB and heat sink




Thermal Solution Partner Around The World

Thank You

AMOGREENTECH
www.amogreentech.co.kr



