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Amkor Automotive by the Numbers
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System Integration Applications & Market Trends

Applications in Automotive

CAGR CAGR
2020-30 2020-30

43 Total +13% 81
Total +15%
A BMS -21%
=) DC/DC converter +20%
LIDAR +80% CMC +19%
(1)

8 (18%)

K ¥ +7% On-board charger +16%

BJB +18%
. — . 14 (33%)
» Connectivity & communications — ECO mobility
¥ 4 (31%) Radar +13% 0
» Processors, ADAS, Autonomous driving sensors 4 (33%) Other E-motor +13%
» Electric drive train — power electronics 5 (36%) GO (e . uitrasonic) +6% Inverter 9%
» Integration, electrical & thermal management and reliability 2020 2030 2020 2025 2030

Applications in industrial automation

Computer
Wision

Industrial

Data Sensors/ . Augmented/ g P F
Analytics C/_b loT Q% Virtual Reality ’
9 .
Cloud - Artificial == ~
Industry 4.0 —— Computing m Intelligence w »
o L=

. . Bl Bl n i
Wireless Automation 3D Printing Enterprise Resource Planning
and Supply Chain Managemeant

Source : McKinsey Analysis Reports
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System Integration Applications & Market Trends

Applications in biomedical devices & instrumentation

Medical devices in use today
connecting to & monitoring
various parts of the body

3.7M

Active

implantable conditions specific to
medical patient’s disease & other
devices systemic conditions such
control as heart rate, blood
stimulation sugar, exercise, etc.
and/or

precision

medicine

therapy to

treat disease

anq prove Closed-loop System

patient quality

of life “Smart” software supports

device iteration based on
data inputs to deliver best
patient therapy

Monitors medical

e |1

One IOMT system solution
collecting data from medical
devices, medications &
biometrics to modify
therapeutic window towards
best care option

MEDICAL } »
RECORD %

Wi-Fi adoption rates
in hospitals

97%

Medical devices

10% enabled with Wi-Fi

Source: McKinsey Analysis March 2020

Hospitals and home care

» Intelligent analysis of
symptoms

» Personalized care

» Virtual hospitals and health
centers

Prevention of disease

» Identification of risks
» Genomic information
» Early diagnosis of disease

Digitization

» Health solutions, wireless, 10T,
5G technology, virtualization,
sensors, data analysis,
wearable technology, data-
based decision making,
robotics

Individual responsibility

My data

Self measurements
Self diagnosis
Monitoring

Remote communication

vvvyyvyy

Source: IEEE 6G Summit 2019
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System Integration Applications

R&D needs Edge Al

Machine vision
Big data analytics

W| I‘eleSS Intel I |gent Edge Multi-agent systems Information security
9 Rol)J/otics L. Micro-expressions
. X Ubiquitous Distributed data analysis
Ubiquitous computing . .
Quality monitoring wireless for 10T applications e ractional multitasking
» Theme Cognitive systems & smart decision support sensor Co-evolution \\ Liézmin? Pfolcgsf multimodal data
= Condition diagnostics & monitorin . system ucational data mining
S Connected mdge Energy production &g S Circular 1 of humans Creative resilience
= devices & objects driven Design smart energy systems economy and new Medical signal processing
c — Automatic sensing Physics for 6G enabled technology Remote cardio analytics
o Interoperability Automated Autonomous agents eiuPle |esvle TNon—lnvaswehhealth‘asdsessme‘nt
q q . t t pat
2 real time sensing based on unmanned Benefit  computational intelligence o wireless Early dingnosis o
E Industrial data mining smart society Sports analytics
Radio Systems Analytics Math & Al fon
: competence
] ] _ Arctic P Fibrosis in
Software, architectures & services b interactigns chronic
) Flexibility and alobal _
o " g diseases &
= | H H HH change Biomedical and medical i i
2 Privacy, security & interoperability Reliability 9 Near-Earth cancer e A e ndd
LICJ Environmental and atmospheric change §pace Medical informatics
: d Air pollution modeling environment Multimodal assessments of pain in intensive care
Materlals’ eIeCtronICS & Sensors Elements Pattern recognition in solar Automatic recognition of pathological criteria
images and geomagnetic data
Atmospheric ionization and chemistry-climate modeling
Source: Juha Ala-Mursula, IEEE 6G Summit 2019 Source: IEEE 6G Summit 2019

Research driven by system advancements & integration needs

Smart health: Wireless sensing, THz radios, edge analytics, machine learning

Personal experiences: Sensing system, renewable energy, machine vision, cybersecurity

Automated vehicles: Multi-sensing, advanced power system integration, Al, THz radio

Automated factories: Sensors, design automation, Al hardware/process automation

Camputing systems: Digital Al cores, analog Al cores with optimized materials, algorithms dev + hardware, heterogenous integration
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Automotive Power Electronic
System Integration
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Power Electronics Integration in Automotive: EV Adding New
Power Packaging & Modules Technologies

On-board Charger
TI11 & » 650V SJ MOSFETSs
LFPAK PQFN SO8-FL TOLL : » 650V Si/SiC rectifierssMOSFETSs

» 650V SiIGBTs
DC-DC Conve.rt(.ar » 650V GaN HEMTs
» 650V/1200V Si/SiC MOSFETSs

» 80V/100V Si MOSFETs in %2
bridge

» 40V Si MOSFETs

Battery Management
» 40V low Rpg(on) Si MOSFETSs

iia:  Auxiliary Inverter

» 650V SJ MOSFETs

» 650V Si/SIiC rectifierss  MOSFETs
» 650V SiIGBTs

» 650V GaN HEMTs

SMLF® QFP

Power Steering
» 40V, 80V and 100V discrete Si MOSFETs

Main Inverter » Modules up to 200-250A current rating

» 650V/1200V Si rectifiers
g » 1200V SiC rectifiers/FETs
DSC » 650V/1200V Si IGBTs

SMLF®
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Automotive Packaging

Advanced Packages Wirebond Packages Accelerated Adoption of Advanced Packaging

RF/mmWave Processor +

Analog Sensors MCU, GPU )
Transceivers Memory

Body Electronics
Comfort, HVAC,
Lighting

Infotainment
A/V, Center Stack,
HUD, Telematics

EEREEEEE S

Power
@mkor‘
SoIC
8LD
[ Exposed Die
Dual LF

Chassis
Antilock Brakes,
Traction Control

Instrument <%

Cluster

ADAS
Park Assist, Radar,
Blind Spot Detection

Powertrain
Engine Control Unit, QFN .
Fuel Injection Optical Sensor

[l

Source: Amkor
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Powertrain for EV

» Core of the powertrain
> Creates power for CV and EV to efficiently transmit power
> The powertrain of an electric vehicle consists of a motor that generates power, power electronics that
control electric characteristics and a battery pack that stores electric energy
» Converters and inverters in EV/HEV
> High power DC/AC inverters
> Low/Mid power DC/DC and AC/DC converters

» High opportunities with SiC and GaN

Power Device Positioning Within an EV/HV

D A

DC/A i pope T 0am0v

<« Boost ;¢=ﬁ—
i Converter i

oyota only D A D D

0 O\ —— B0 O
oY Vo

Source: Yole Power Division Reports, Yole Développement
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Automotive 48V Systems: Powertrain Configurations

eTurbocharger/
Compressor

Active Roll
Control

Crankshaft

ISG
Belt Starter
Generator

2 kW 5 kW 8 kW 11 kW 14 kW 17 kW 20 kW 23 kW 26 kW

l__________-.

Switch

e
e
©
m
Q
o
)
a)

Compressor

Pumps

¢ —=—====

v

Auxiliary Loads Electrification/Hybridization
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Applications of EV Power Train

Traction Inverter

Motor/Generator . . .
Si IGBT & SiC power devices

\C Engine IC Engines

DC-DC
Power discrete

‘ packages

‘ nm Endothermic IC
><| -+ Engines

Frame power = Molded power
module module

— TR » Weight: ~100-250 kg ﬁ Battery Y B el
-y > Operating temp. 250°C E o opak - Electrified Power Trains
» Efficiency: ~30-45% » Weight: 75 kg :
v » CO, emissions: 100 g/km : 1220\ » Operating temperature: 65°C i
g » Efficiency: >90% H
\ » CO, emissions: 0 g/km
800V BUS
Increasing demand for advanced - e s N
> g EV Power Train Easier integration in vehicles

|eadframe paCkageS ..........................................................................................................
» Proliferation of power discrete packages
» High voltage power modules for traction inverters

% © 2023 Amkor Technology, Inc.
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Wide Bandgap (WBG) Device Advantages

Si, SiC and GaN Mapping

1MW Higher power can be reached with a modular
approach or paralleling more devices

100 kW

10 kW

WBG
= Bandgap x 3
1 kw
SIi MOSFET

100 W GaN transistor
10 W

System Power Level

LW 1Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz

[
»

Operating Frequency

» Bandgap of a semiconductor is the minimum energy required to excite an electron from its bound state to a free state where
it can participate in conduction. Wider bandgap better for the device performance, conductivity, efficiency, etc.

» SiC & GaN have ~3x the bandgap
,/ > :ihe higher the traction inverter system power and motor switching operating frequencies, the better the performance

Source: STMicroelectronics May 2022

\ § © 2023 Amkor Technology, Inc. 15




Global Automotive Powertrain Forecast

140.0 100%
90%
120.0
= 80%
o
= 100.0 .
= sgo, 0% _
% 80.0 52% 60% =
2 . =)
£ 41% W 50% %
S 36% o
E 60.0 6 L m— 0% =
L
9 400 30%
= -
A 20%
o
0.0 _— | | - - - . . . I 0%

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

I Electrical Vehicle (EV) I Hybrid EV (HEV)

mmmm Plug-in Hybrid EV (PHEV) 48V/Mild Hybrid EV (MHEV) _
mmmm Natural Gas Vehicle (NGV) mmm Fuel Cell BV (FCEV) EV rat|0
mmm Diesel (Including 12V "Micro' Hybrid) Petrol (Including 12V 'Micro' Hybrid) eXpeCted tO

Increase up

Source: Automotive from Ultima Media 2019-20 ({0 58% |n

2030

= Total EV Ratio
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Power Discrete Packages
Trends & Needs
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Power Packaging Challenges

Power Density

New form factors

Thermal Density

Thermal Cycles
Reliability > BLR

New materials

‘ New integration

methods and design
High: Power Modules

© 2023 Amkor Technology, Inc. 18




Power Packaging Drivers

High current, high voltage, low loss/noise

Performance 4 Thermal capacity, low Rpg(on), AEC Grade

High voltage, high power modules, multi-voltage, multi tech FETs (Si

Integration FETs, Si IGBTs, GaN, SiC), stacked die, thicker wire, clip, FC solutions

Wide strip, sintering Cu

Reliability AEC-Q100/101, zero delamination, BLT control, BLR

© 2023 Amkor Technology, Inc. 19



Power Packaging: Technology Drivers

Dual-side cooling Pb-free Interconnection

» Ag sintered material » Cuclip
» Thick Cu wire

» Al wedge bonding

QFN (small form fit, downsize)
» PQFN
» Power module

Die

Thinner die process

L Delamination free
» 50 um available

Solder wettability inspection (AQI) Thicker leadframe
» Wettable flank structure » 8 mil, 10 mil and 20 mil LF thickness

.

© 2023 Amkor Technology, Inc. 20




Power Architecture

» Power block: 2x FET
» Power stage: 2x FET and driver IC
» Power module: + passives

Power Block Power Stage
L ———— [ ererrrsssnernaee @ Do
Drain O 1 ¥ Control
gDriver - FET
PWM : D :
< ’ o) Intlt Input : —:
the | Substrat SUPEYLY Supply | & e
\/ ubstrate Cy | P Low
Load < ESync | Load
: tFET =—T—
Source O -cb— 1 : c
H t

N-channel MOSFET

© 2023 Amkor Technology, Inc. 21




Power Packaging Drivers: PQFN Overview

» Standard package platforms
> Discrete FETs
> Dual FETs
> Stacked FETs

» Interconnection technology
> Cu clip/Cu wire
> Al wedge bond PQFN Multi-stack FET
> Cu clip/Cu clip
> Wire/Cu clip combination

r‘t‘.
A

{

‘ .
4
.
=
™
™
=
=
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Package Integration in Power Semiconductors

» Vectors for discrete and Power Density
Integrated power
> Low resistance/inductance
> Dual-sided cooling
> Reduced form factor
> Add controller/logic/passive

» Gaps
> High density packaging
> Universal formats for discrete and
Integrated use

i

Power

Size

© 2023 Amkor Technology, Inc. 23



Power QFN Structure — Power Stage

0.100 mm thick
HS MOSFET die

0.100 mm thick
LS MOSFET die

0.152 mm thick
HS Cu clip

0.203 mm thick
LS Cu clip

0.203 mm thick
controller die

0.025 mm thick epoxy

4 © 0.025 mm thick Au wires Pin #1

}
% © 2023 Amkor Technology, Inc. 24



DC/DC Converter

» Dual N-channel, 25V MOSFET

N-channel 1 Vin/Dy o H/S MOSFET L/S MOSFET

MOSFET High Side
Drain

Ghs/Gy \ | EY High Side
Source
O O
Low Side
Drain
Diode Top View Bottom View

Low Side
Source

N-channel 2

MOSFET GND/S, S e, e 22 |

SECTION "A—-A"

e: Mouser Electronics

© 2023 Amkor Technology, Inc. 25
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http://www.mouser.com/

Power Packaging Trends: Integration Paths

Low- to Mid-Power High Power

.....

Image scurce: 2017 ECTC (Amkor)

Divergent Paths
» PQFN derivatives » Large body (=50 mm++)
» Embedded

» Dual-sided module

o

Image source: IEEE Xplore

» Overmolded leadframe (dual-sided)
» Specialized thermal substrates

© 2023 Amkor Technology, Inc.
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Power Packaging Drivers: Evolution of PQFN/PMIC Integration

» Multi-die » Integrated inductor and » Reduce inductor
» Clip and wire capable passives for electrical electrical path
» Stacked MOSFET or eRcy » Form factor reduction
side by side > Uses exposed Cu from clip » Auto/Mobile/Network
markets

» Cuto Cu process

P

© 2023 Amkor Technology, Inc. 27




Amkor Power Package Solutions

SiC, IGBT

m 3 Cu Clip

k‘“‘-ﬂ
w Al Wedge Bond
«

{A

Double Sided Cooling 2™

Leadless

Flat Lead
|
""""" Wirebond
7
Gullwing AAA
:ﬁ Ribbon Bond
No lead

Multi-chip LFPAK

Module
& 9 Beam Lead
~ '
~ o - & )

P
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High Thermal Epoxy Mold Compounds( EMC)

» 3 approaches to high thermal EMC
> Improved heat resistance for high operating temp
> Low stress for stress relief of die
> High thermal conductivity for high operating temp

B High Tg EMC
B High thermal conductivity

Tg =130°C
Tg =160°C
= Tg =200°C
Internal Qualified -

Tg =250°C

Thermal conductivity <1 W/mK

Thermal conductivity =3 W/mK

1

Thermal conductivity >3 W/mK

2022-23 2024-25

In HVYM

© 2023 Amkor Technology, Inc. 29



Power Modules for XxEV
Automotive Systems

i

,.
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High Power Modules

» Highly customized solutions

» All trending towards similar architecture
> Leadframe + DBC/ceramic
> Soldered/Sintered components

» Applications
> |GBT, SiC, GaN DBC substrate Spacer Solder Wire

> Inverters
> DC/DC

Leadframe Diode chip IGBT chip Mold resin

© 2023 Amkor Technology, Inc. 31



IGBT Module — Traction Inverter

» VE-Trac, IGBT module, 750V

2 1 - L/S Emitter 2 — H/S Collector Top side (large DBC) Leadframe

High Side

Collector e T
° Wy ’ w -] Diode IGBT

5 S
+ : — Peser Bottom side (small DBC) pacer
5 O I L/S Diodé Gtd H/S Diode &
4 o 4 ! { - 2 1
5 . R A, T —
7 — | High Side ' 47 | 80 KW~400 kW
8§ O— Emitter oL B (Unit 1~Unit 6)
+—o0

15 O— Low Side

Collector
12 OJ
10 =

' ®]
%% Low Side -
" Emitter e o L
9 — Phase Out i B
. Source: onsemi.com
r 1 Top View

Source: Mouser.com
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SiIP Power Module

» 600V SIP integrating half bridge gate driver and high voltage power GaN
transistors

BOOT [ OUTE GH S

Logic,
interiocking,
overtemp
RGON_
LDFF RGOFF,
1
-
PGND ‘ SENSE

Source: SYSTEMPIus, 2020
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SIC Power Module for Automotive

(% in millions)

Global Market Size Forecast for Automotive Power Module - 2021 2030 -

10,000 SiC-PM:55% Module 2415 9399 390%
(Total) M$ M$ UP
SiC 461 5129 1,112%
Module M$ M$ UP

SiC module

ratio expected
2020 2021 2022 2023 2024 2025 2030 to increase up

mSi-PM mSiC-PM to 55% in 2030

Source: Yano Research
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Summary
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Automotive Power Package Trends — Summary

» Si = WBG e

> SIiC, GaN

» Solder = sintering material

> Better thermal performance, higher
reliability, lower resistance

» Wirebond = clip
> Lower inductance, high current capacity

» One sided = double sided cooling
> High thermal dissipation

» Single die package = power
modules system integration

© 2023 Amkor Technology, Inc. 36
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https://www.linkedin.com/company/7135/
https://twitter.com/AmkorTechnology
https://www.facebook.com/AmkorTechnology/
https://www.youtube.com/user/AmkorTechnology
https://www.instagram.com/amkortechnology/
https://amkor.com/amkor-wechat/
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