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Shift in Automotive Semiconductor Sourcing

Importance of Manufacturing On-shoring

Drivers for Increased Compute Power — ADAS, SDV, & IVI
Drivers and Pain Points of Advanced Packaging

Standardization of Chiplets and Advanced Packaging
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Evolution of Autotfidtive-Semiftsrieftittor-Stipi Chafry >

Current State of Sourcing — Linear Relationships

Semiconductor

Semiconductor Design &
IDM Manufacturing
A
1 T FAB +
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Tier 1 Partner

Controller

Detailed Design

& Manufacturing
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Reference Design &
IP Ownership,
Technology
Development

VAV
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Target End State — Fully Integrated Partnerships

Semiconductor Semiconductor

Design &
IDM M:ﬂg?acturing

FAB +
OSAT
Reference Design,
Technology .
Development, Tier 1 Partner Controll
Requirements, Dzrt‘a:::edelgesign
Volume, Timing & Manufacturing
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Evolution of Autofidtive-Semiiesretrttor-Stiptity-Chidhr =

general motors

Automotive OEMs are implementing new semiconductor engagement models

Engagement models
Direct agreements

BMW 4
Global
Foundries

Direct supply agreements with
microchip developer Inova
Semiconductors and Global
Foundries for smart LED
technology

Foundries

Strateg1c Supphl:i agicciicin
with Wolfspeed for SiC power
devices

ST
) - e

Strategic partnership with
STMicroelectronics to
ensure supply of power
electronics for xEVs.

Sources: Press releases; public information (such as interviews) from OEMSs,
Mote: IC = integrated circuit; LED = light emitting dicde; MCU = microcontrollers; SiC

Inova :
Semiconductors

Wolfspeed :

Focus locally

-

Denso (part of Toyota Group)
invested of $350 million in
JASM, TSMC's majority-owned
manufacturing subsidiary in
Japan

Collaboration to boost
manufacturing and R&D in

the US
7 suppliers

Collaboration with seven
suppliers to redesign and
standardize new families of
MCUs in North America

integrated device manufacture
icon carbide; SoC

. Planning ahead :
B BMW/ g Qualcomm/ [
- EGEEES NVIDIA :

- Development of proprietary Full
- Self-Driving chipset and

- intensive cooperation with

- TSMC and Samsung foundry

- Cooperation with Qualcomm

- and Nvidia, respectively, to

' codevelop autonomous driving
- software solutions coupled

- with SoCs

Global :
Foundries :

KA -

Cooperation with Foxconn

: to develop standardized
: chip families

d foundnes; BCG analysis.
non achip.
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ST
Microelectronics
TSMC :

Codevelopment of CARIAD
- semiconductors with
. STMicroelectronics and TSMC

© Vertical integration in high-power
. semiconductors with in-house
: fabrication project

Own it yourself

TSMC/Samsung
.

+dl Hyundai Mobis

. Development of in-house
- semiconductors, especially MCUs
- and power ICs by Hyundai Mobis

BYD Semicon.

But a targeted
approach is needed
to secure supply for
chip types and
processes at the
highest risk of
persistent shortages



Diversification of 'CrititalSeniicondiittor-Thfrastraettire’

w7 A

Japan/S: Korea
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Transition to Mod&fi*StNdes | Mare | Fountain Hills -
ANNUAL DEMAND FOR 12IN WAFERS, AUTOMOTIVE g—
SEMICONDUCTORS, BY NODE (NM)

L o o L 40
 Innovation in Automotives is driving significant uptick in . =250 m
adopting advanced nodes %50 - 180 nm
. . . . 30 240 - 65 nm
* Drivers include advancements in ADAS, content rich IVI, 55
.. 10 - 32 nm
and Autonomous driving features (L2+) 50
<10 nm
15
10
ADAS Level 2+ will see the highest penetration growth through 2030, increasing > -
demand for logic and memory 0
2019 2025 2030
S S G T VL RSB UETR€) DAS SEMICONDUCTOR C;;:IENT ® 2030 Source: McKinsey & Company; McKinsey Center for Future Mobility 2022
3 lighest growtl » oo
2 24 4 B E Mo = Share/change : 0 - R e O Ry
U EEAN NG o R S .. i . .
=11 & & TR i e s s s  Benefits of up-integration of heterogeneous
BEEEARE o G T oswscoromname i integration drawing interest to advanced packaging
1 S5 e e nodes i - Advanced nodes providing improved scaling, power
@ 14/16 nm . -
Qhore iz eumda @ iz m consumption, IPs, and access to advances in MCP

e T designs (UCIe, HBM, 2.5D+, MoP, etc)

|

K .'w Gartner; Strategy Analytics; BCG Analysis.
3
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Automotive Archite€ture-=-Zam&tg Ceritralizé&d 3py- ==

Centralized SDV

Centralized, highly scalable,
upgradable by customers in field

"

general motors
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~50% reduction in ECU per
program

Semiconductors with 7-year
design life, secure supply control

Enterprise cost optimized, new
sales opportunities after SOP

Industry leading time to market

for software development




The Automotive REhgsStEMee = SOV TVE drfd"ADAS" >

Products examples

Analog IC

(e.g., amplifiers, voltage

regulators) Body & Interaction

Discretes Keyless Entry, User Profile, Advanced Lighting, etc ADAS

(e.g., rectifiers, Silicon RADAR, LiDAR, Imaging, Compute

Carbide modules)

Logic IC . . .
o FPGA- Field Infotainment & Communications

Programmable Gate Displays, Digital Cockpit, Connectivity, HUD, Cameras
Arrays)

Memory IC
(e.g., Flash memory,
DRAM)

Microcomponent IC
(e.g., Digital signal
processor)

4
hassis Control & Safety

. B Adaptive Cruise, Auto Braking, Lane Keep Assist
Optical Semiconductor

(e.g., Light emitting
diodes, image sensors)

Sensors and Actuators
(e.g., radar sensors)

eneral motors
k 001071 8
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Adoption of Advatftet Nuttes, TP &ttt Packaditigen =2

Accelerator
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Accelerator

NG ADAS/IVI
2.5D MCP
<5nm
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- Benefits of Disaggregated Architectures - Main Challenges to Resolve
— Reuse of Specialized IP — Power/Thermal Management
— Improved Yield — Standardizing FF & D2D Communication
— Optimization of Node Selection — System Design & Characterization
— Reduced Si Cost — Qualification and Reliability (+ Automotive)
— Improved Time-to-Market — Chiplet Compatibility and Integration
— Improved Scalability across vehicle
trims/stack
Monolithic SoC Challenges Multi-Die Systems

System

Heterogeneous Power & thermal
system integration management
BN Dic-to-die CIEEN
\ connectivity

pathfinding

Capacity/performance

deveroprment & for system verification

modeling
‘ System signoff Hierarchical Test Reliability &
@:’ analysis & Repairing Security
>0i
g System yield Memory utilization & coherency

general motors
| 001073
Source: Synopsys; 2023
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Drivers in Adoptitfg°Ativancett Patkatiyg = Chiptet 'Scatihg

_— gm
« Scalability through entire silicon/trim stack is critical to deployment ~ Compute Tile
— Reduced BOM Cost Core Count Core Node Cache

Scalability Generation Scalability Scalability
Scalability

— Predictable performance scaling
— Optimized Node Selection
— Improved Time to Market

 Enabling “off the shelf” IP Blocks or Auto-Ready Chiplets

— Reduces qualification time by ensuring reliability Graphics Tile

Core Count

— Standardized interconnect protocols and packaging requirements SR Seaabiny o

— Standardized form factors to enable generational refresh with minimal
redesign of substrate, bridge/interposer, etc

» Integrating critical Automotive IPs at older nodes

@.‘1’? SerDes, Memory, NVM/Flash, xPU, Safety Island, XCVR Source: Inel; Hot Chips 2022

eneral motors
o 001074 1



Challenges in AddptiftgAdvaiitetd Patkaging ™= Thiplet ‘Standardization [gm]

Standardized Protocols & Form Factors

« Concentrated efforts to unify communication protocols (UCle,

ODSA, etc) Capie L=
= [ e
- Standardized Form Factors and Bump Maps (similar to JEDEC
DRAM) promote intergeneration refresh & enables IP to be provided

as OTS chiplets

0 _ o000 0000 00000

Standard
Package Package Substrate

* Flexible implementation based
on bandwidth, latency, and cost

— EMiB, CoWosS, FOCoS,
BoW, etc

Compute Unit —
Sene GPU/ NPU - /o
Gen2

TeXsIoloIeNoIoIoTeToIoleToloToToNoNoNeIoTokoXoToToToNoToTol

Package Substrate

silicon Bridge == Faro

10000000000 Q¢

Advanced Packaginmg: Examples

o
=’ (b. Packaging Options: 2D and 2.5D)

general motors 12
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Drivers in Adopting"AdvVarited Packadgifig™=Yield,” Cost,"& Node” Optimization

« Automotive ICs are moving towards advanced nodes for improved performance, advanced IPs,
access to on-shored Fabs, and enabling advanced packaging

« Proliferating the use of Known Good Die through singulated die sort/test further improves
packaging yield and enables march towards Zero Defect at EOL

» Node Optimization allows for further cost balancing by allowing lower scaling IP (analog) and
older IP (Flash, Sall, etc) to remain optimized on older nodes while critical IP (xPU, Memory,
Cache) scale on newer nodes

5nm Si Node
E .
Area Yield Cost/KGD | PAT Cost | Total Cost 21 100% Defect Density (d)
01 —-0.2 —0.3 —04
90%
80% \
M""E;’igthic 800mm? ~20% ~$1700 ~$150 ~$1850 70% N\ S
60% N I~
50%
40%
30%
A 1200mm? 20% [—
5%x200mm?
c (sracemm?) ~80% ~$150x5 | ~$250 | ~$1000 1% S
*Includes D2D I/F —_— |
24 I <
N .’4 10 100 200 300 400 500 600 700 800
2

general motors

Source: Synopsys; 2023
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Simplified Illustration based on Poisson Model: Y=¢2"d

Die size (mm2)
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Thermal Solution$"fot" Rliterotives e TEVMS &fid it ttd* Cooling[

Automotive compute is transitioning to
central ECUs and leveraging liquid cooling

» Ambient requirements transitioning to Auto
Grade 1; relaxing REL requirements

* TIM development (TIM1 and TIM2)
needed to ensure optimal Tjc

— How do we move metal-based and
carbon-based TIMs into Auto qual

» Development on liquid compositions and
cold plate designs (direct liquid contact,
optimized block designs, additive mfg)

general motors

L

f(pos) of

Tinlet

Q

Theater

Ceramic

TIM

TC S

Cooler base

I_. T)o-
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(1) Spreader (2) Heat Pipe Fluid ports

System seal

Integrated

spreader System manifold \
I
ONNNNNNNNY

Integrated HP
Cap / spreader ™

Fixation

Elastomer (thermally
enhanced)

Memory etc.
C:
b Pressure

Reliabiltiy Challenge

Thermally enhanced board

Thermal Challenge Source: Grun et. al IEEE

= > Heat path

SIP
DRAM SOC DRAM
| ——
TIM1
I—I—I—I SIP Lid
. . TIM2
Cartridge
1 :
Backing
TIM3

Upper Coolant
I ——
Channel Plate

Source: GM Internal 14
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Automotive Industry is going through a shift in sourcing, compute
requirements, and engagement

« Development of advanced packaging with Automotive
Deployment in Mind

— “Data Centers on Wheels” needs Data Center development

« Emergence of Advanced Packaging and Heterogeneous
Integration critical to scaling and deployment

 Standardized D2D Protocols enabling various fab nodes mission
critical

general motors
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Challenges in Addptiftg AUvanced PEEKEyitit = THertnats

Warpage + Material Development + System Interactions
» Improved monitoring of package

general motors
001081
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« QOverview of Automotive Semiconductors
— Types of Semiconductors and Classifications
« Changes to Automotive Supply Chains
s i ctrateai | hi
— Transition to Newer Nodes as Legacy Nodes drop Capacity
Srshori £ Fol | Packagi
« Transition from Zonal to Centralized Software Defined Vehicles
—Image-ofZonal-vsCentralized EfE-Architecture
« What's Driving the Automotive Semiconductor Renaissance
— ADAS; IVI; Communication

 Challenges to Adopting Advanced Semiconductors

- Packaging
— Thermals
s, — Qualification
G N
“qf —Scalability

general motors
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40
35
30
25
20
15
10

o U
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ANNUAL DEMAND FOR 12IN WAFERS, AUTOMOTIVE
SEMICONDUCTORS, BY NODE (NM)

= >250 nm

m90 - 180 nm
m40 - 65 nm
=10 - 32 nm

<10 nm

2019 2025 2030

20
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HBM DRAM Die
HBM DRAM Die
WoW
HBM DRAM Die
Face-to-F
HBM DRAM Die Memory Die H;Eﬁd%u,?%i
Bumps — P a—

Base Die Compute Die
100000800000 00000086600000000000000088808¢ TSV
- Stl;':lnda_rrds — Logic Die Active Interposer
ackage frace ) 0000000800000 0000008080880—— C4Bumps
Package Substrate

Package o
Balls Ix

Circuit Board (a.k.a. PCB)

general motors
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Monolithic

Die

Fountain H

il S
|IIII!IIII IIII:IIII
IIII:IIII C: IIIIEIIII

5nm Si Node
Area Yield Cost/KGD PAT Cost Total Cost
Monolithic 800mm? ~20% ~$1700 ~$150 ~$1850
Die 0

1200mm?
(5x200mm?2)

~80% ~$150x5 ~$250 ~$1000
*Includes D2D I/F

001085
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Yield

Defect Density (d)
100%

\ | 0.1 0.2 0.3 0.4
90%

80% \\\
60% .

N
50% X
40% \\\ .
30% \\\\ e —
. \\\ \\
10% \\\t
0%
@ 10 100 200 300 400 500 600 700 800

t >

Die size (mm?2 ]
generat motors Simplified Illustration based on Poisssn Model: Y=e2" ( ) ”
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A~



	Table of Contents
	Next>>
	<<Previous



