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Amkor Automotive by the Numbers
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XEV Trends Unchanged

XEV Vehicle Sale (M units)

105.0 !!!ll !!!!!
90.0 — = !!!II
xEV Penetration ~25% by 2025 xEV Penetration ~50% by 2030
75.0 — — —
60.0
45.0
30.0
15.0
0.0
2020 2021F 2022F 2023F 2024F 2025F 2026F 2027F 2028F  2029F
m|CE sMHEV mHEV =mPHEV mBEV

2030F

kaor
Technology®

© 2021 Amkor Technology, Inc.




Electromobility Mandates

Passenger Car CO, Emission and CO, Emission by Electrification
Regulations
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Applications in 48V Ecosystem

Automotive Mild Cloud Computing/5G Industrial
Hybrid Systems Infrastructure Automation
. . .................
» Starter — generator » High density server racks » Factory automation (14.0)
» Computing loads » 5G power supplies » Personal care robots
Belt Alternator Systems ADAS Computations Hyperscale Data Centers 5G Infrastructure Care/(ét;llljik:;)rative

Car Battery, Data Center Servers Telecom Systems
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48V — Powertrain Configurations
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48V Systems in Automotive

» Reduces emissions by 15%; » Point-of-load for future applications
70% benefit at 30% cost > Connectivity
> Electrification of mechanical parts >  ADAS functions

> Hybridization
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48V Supply Inverter DC-AC DPAK D2PAK PQFN TOLG TOLL 18x/3 kW
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Cloud Computing & 5G Infrastructure

» Open Compute Project (OCP)
mandates

> Server designs
> Rack designs
> Energy efficient data centers

» Next wave of growth from 5G
Telecom

> 3-5X more units than 4G
> mMIMO - large number of radios

> Increased server content — SDR
and edge computing
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Major Players: Alibaba.com, AWS, Facebook, Google, IBM, Microsoft
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https://www.iea.org/data-and-statistics/charts/global-data-centre-energy-demand-by-data-centre-type-2010-2022

Power Architecture

12V Server Power Delivery
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» High power trend — HPC/GPU
» Copper loss minimization
» Connector busbar sizing
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48V Server Power Delivery
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» Support higher power
» Higher efficiency
» Cost-effective ‘in rack’ UPS
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Shifting Trends in Computing

Intel Data Center Chip Roadmap > Higher power cores allows for higher
rack power density

» Shifting power architectures

> Traditional 2-stage conversion using
transformer and 48V to load

> Direct conversion from AC to
400V to 48V

Peak Power (W)

VR12.5 12017 VR1312017-19 VR13.HC12020-21 VR1412021-23

Source: Intel
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5G Power Consumption
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Sites with 5 bands will consume ~11 kW
In few years sites supporting >10 bands will

» 48V Redctifier uses 600V+ FETs & 80-150V

MOSFETs

» BBU & RRU power supplies require 80-150V

MOSFETs

» 4-5x FETs (RRU/AAU) as we shift from 4G to 5G

Source: Huawei Technologies 5G Power

© 2021 Amkor Technology, Inc.

15




,‘:I t', X
\)\\:
—y :

» A\
e N L

Power Packaging Trends
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Technology Trends

Silicon Package Through :18:322

Requirements Interconnects hole > TO-247

» D2PAK
] duct i SMD with |EalEe
|| Lower conduction | | Cuclip » SO8
losses (for e.g., top side) Leads » LEPAK

Lead-less
SMD
— Smaller packages — Ir_e?s\,livset;mirmal
SMD with » PowerCSP™
Lower switching CODOSI(I:ng » Embedded die
|| lasaas | | Lower package ( )
» Lower parasitic resistance
Inductance and
capacitance
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48V Automotive Use Case
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Data Center Power Delivery

Cu clip die 182

Pawer FET 1 Power FET 2

Gate Driver
PQFN Single Stack

AC grid to

data center

Cu clip top die 'Exposed Heatsink

First Stage: 48V (range 40-60V)
Second Stage: 12V (range 10-15V)

4
4 Cu clip bottom die
Bottom Die Top Die
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PQFN Dual Stack
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Other Challenges

Temperature Cycling Higher Power Higher Switching
on Board (TCoB) Density (PUE) Frequencies (f)
. . ............................
» Emerging mission profiles » High density serverracks ~~ » Fast transient responses

» Extended reliability ~» Smaller footprints » Low parasitics, effective
5 cooling

Drain
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TOLG LFPAK 8 x 8 mm PowerCSP™
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Power Product Mapping

650V ‘ Q Q . w » Driven by non-standardization
Su e ; W » Emerging power packaging area
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» On-board charger L1, L2  » On-board charger L3 » HEV traction » Off-board charging (DC)
2 » Auxiliary loads » Integrated starter » PHEV traction » BEV, FCEV traction
.g » DC-DC converters generator
g » Belt starter gen. » Electric axle
= » Data center power » Data center power
a
2. » 5G Infrastructure
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https://www.linkedin.com/company/7135/
https://twitter.com/AmkorTechnology
https://www.facebook.com/AmkorTechnology/
https://amkor.com/amkor-wechat/
https://www.youtube.com/user/AmkorTechnology

