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Image sensors chip shortage
I — 10 chips per car in 60% of cars
90nm to 28nm
~$10 per chip
Computing ADAS (Camera)
I chip per car in 60% of cars
. 28nm mostly
Microcontrollers ~$35 per chip
15-80 chips per car in 100% of cars
130nm to 45nm
~$1 per chip
Al chips for autonomy
0 1-2 chips per car in <1% of cars
Analog components 14nm or below
10-100 chips per car in 100% of cars . ~$150 per chip
180nm to 65nm
~$1 per chip Power discrete for xEV
10-30 chips per car in 10% of cars
130nm to 65nm
< $5 per chip
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109V > tedp e HE 50 ’WM%’ I.Jfﬁpf"m ﬁi“fﬂffus ML 5% S A g T 0 e
GPU % ultra-high-performance j& * ?Lﬁf TE o o

-25% -5% -25% -30% -5% -15%
- 0 _T70/FxKk*
Power -30% 34% -10% L -30% -40% -10% -20%
............................................................................................................... +5%
+10% 0 0 +10% +15% +5 +8%
Performance +15% +18% +5% Fmax +15% +20% +10% +10%
@1.2V**
Density - 1.3x 1.04x 1.10x*** 1.15x 1.15x ? LO7x
1.10x
HVM 4Q22 4Q23 2H24 2H25 2H25 2H26 2H26 2H26

*Chip density published by TSMC reflects 'mixed' chip density consisting of 50% logic, 30% SRAM, and 20% analog.
**At the same area.
**At the same speed.

CFA kR TSMC S 3 F R b A K Capital @are nuwiw

B 19 i - B& - LB



2
5 ﬁ g. R
e -HT g >
SR %
PR
] Vested
Al Chips
Servers
Personal
Computer Servers
Mobile
DEMAND
SUPPLY
Manlaciimg |
Design =
AMDD1 ©BroADcOM ARM |
¢ 2>
NVIDIA. 7
Qualcommn |
, ),
%oﬁédal %awfe B WD

gd - &F#& - £ B

>
31
S
2

20

TR kiR Vested



M A ENIS TR : -

o fE qg;ﬁ;"m&NSr}tVE ENSA & S FEINIREY Aa G 242 5
13~147 * » §2023# & 5t 135 o
o Hw:
e - Microsoft = B
P cCuston_ler Maia 200 OO MTIA 3 mm B . 3nm: ¢ £ %ﬁ% NE ST
RmeRitae G TPUVE @ Trainium3 aw“ &f* 7];;L £ )& ;TE o

&\ MI300 | 5 . an:"ff*ﬁ*’\&%{;ﬁ:?ﬁv
snm  Followers - . , , 2nmE s =k > 2w ;}‘535‘3‘{5
| Gaudi3 e il
e Samsung

3nm © B 3 &4 EXynos2500 ~ “c
% ;Jv;a#zx) =2

2nm : p AALD & BRATE] 2 &

Preferred Networks(PFN)z~ ¥ >

T H A R P HeMeta -

e Intel:
Intel 4 : p 3 &% Meteor Lake -
18A © B (FR =) ©
TR kR Semikiwi ~ 3 F FAEIE R R %Wa/%mfe P

o

# ¥ A 21 ad - &% - LB



A

CAPITAL

LR A3DE B

Logic

32/28nem
o HMG

o 20nm
@ 22nm FInFET

® 14nm FInFET

1% Gen: 2012
Now In 5" Gen

1" Gen: 2025

2030+

DRAM

® 140

o110

Stack (# of layers)

Current

i
'

' | 7 /’ §
Fririiirs
B e
s;llw-"- g
L
A nbh Shhh bk o
R s

FLASH oo
-~
P dxx
- Jxx
e 00 ‘/,. 2xx
® 40
/
CTF ® Ixx
OPT ‘g & /
x /
1x
aPT J
£ ®
§ Planar NAND
§ /@ ax
& @ 3x ID-NAND
3 ‘=

5 10 15 ‘0 25 20

Mold Stack (# of layers)

*CTF: Charge Trap Flash, DPT: Double Patteming
QPT: Quadruple Patteming

1 tier (6 nodes)
1xx layers
2015-2021

Ty

2 tier
2xx layers 4n layers
2022-2023 >2025

SRR RRIT B

%oﬁédal %awfe B WD

Planar FET FINFET GAAFET MBCFET™
(Nanowire) (Nanosheet)
AL kR - Samsung ~ ASM ~ EHE BRI & R
R 22

gd - &F#& - £ B



e 4 N2 454 * BSPDN

o Intel : 2024& B 4@ * HNS (kT 2 5F ¥ )fcd 6 &3 $jie o
e Samsung : & * HNS #jir > 3+4]2026# 51 » F# @ &7 o
e TSMC : 2025# B 4518 * HNS e o 2026% 51 » # 5 27 o K 3E#H /23] 14A -

mmmmm T

G7ED GETED (I D @GETED T
e UN4P/NAX K N5A L N3P/N3X L N3A

S  psom

I ﬁ
Eﬂlngwer Power Rail; 'SPR)
2 EA i (backside power delivery) @i

i

L A14(1.4nm)
: FINFET, 2021 . SF2Z R iKF
Peisunog = - Fin TEE F AR R E [BSPON)
i : GAA if : nanosheet324E

.
intel
(53~2nm)

it : Intel 20A R FPowerVia 2518 {3 B #ift

i Rapidus m
AR CIEK s FE BRI &R %W%Weﬁﬁmlbm

¥ F YA 23 ad - &% - LB



e BSPDN# % § §&* 3 I* 32

o 5 ¥ &% (Backside Power Delivery Network, BSPDN) R BT REAS T S
Fl#w > ﬁwxéﬂ¢iﬁﬁ*L;ﬁPH%§i§ CRPEATA A et R A o

o BSPDNE 4 T g2k 1) e @ R T TRl Fprpsd
@W#ﬂ%o@&fﬁ :@2ﬁvﬁi&ﬁ%&’%ﬂi?mw@ﬁﬁi
B A I BB HFESR RAHE TR R E O RBATE

=R e

Frontside (FS) PDN
& signal

Signal

/_~ Transistors

Power & Signal

Power

A Kk - imec ~ Intel ~ 3

%&;&(kd Care nsmnw

SR 24 - S



CS}SL Buried Power Rail

frontside processing with buried rails
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Si wafer Si wafer Si wafer
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Si Si Si
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e Intel PowerViasha #4cTSMC/imec:iBSBPR+ & 42 4p e > s & b
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WOAE g kA s ] R %) 4k fE’E'JnTSVT #-H 2 BPRif % o

e Intel=PowerViai¢ * ;%:if 3¢ & i (DVP: Deep Via Passthrough)#% =2 7 5 £8 &

7 N

EETREE “//T*%T’f-gﬁ ~P o g TIRE R T a,/}f?'@@a]

3

Hermetic
: S/D contacts seal

to fins

Transistors +
contacts
' Buried Power rail
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The Way Forward
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SoC Split Die Chiplets and Hybrid Bonding
Opteron Server CPUs 15t Gen EPYC CPU (2017) 2nd Gen EPYC (2019) 3rd Gen EPYC (2022)

with Hybrid Bonding

3 Gen Xeon CPU Sapphire Rapids CPU (2023) Clearwater Forest CPU w/ Hybrid Bonding (2025)
H100 GPU
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{ Future chiplet architectures
M1 Max CPU
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TSMC-SolIC®
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Amkor, Advanced Semiconductor Engineering (ASE) Group, Siliconware Precision Industries
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m micron Technology Corp (UMTC)
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TSMC-SolC®

Future of System Integration o

TRANSISTORS
3D/SolC ’

System Level
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clé}g Chiplet CAGR YoY+42.5%
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Global Chiplets Market m CPU Chiplets m GPU Chiplets
; e Memory Chiplets ¥ Networking Chiplets
Size, by Type, 2023-2033 (USD Billion)
m Sensor Chiplets
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Molded die Mold compound Embedded in
+ + mold
Thin film RDL Thin film RDL compound
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IC substrate IC substrate l
l Si Bridge
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High-End Performance Packaging

Si Interposer

Interposer die

Ponte Vecchio

Embedded in
IC substrate TSVs + Microbumps + FC Burmps
13
1 IC substrate
EMIB Active Passive
I ; '
Co-EMIB TSMC:
* CoWos-5
Intel: Intal:
Sapphire - i Samsung:
Rapids Sl * H-Cube
= |-Cubes
Intal:
UmcC

ZD Memories

|

Microbumps &
TSW/ HB
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HBM 3Ds

b

Samsung, SK
hrymix & Micron

3D SoC
W2W Hybrid DZ‘I;;\.:;;;-LQW
bonding Bonding
3D NAND TSMC:
Stack * Solc
(3D Fabric)
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YMTC Samsung:
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C'E‘l}g System-on-Wafer (TSMC-SoW ™)

SoW (w/ SoC or SolC)>40-ret., >60x HBM

Scalable for large clustered xPU in next-gen data centers
® Leverage InNFO and CoWosS tech

INFO-SoW in production

CoW-SoW to be ready for MP 27

2023

= — =
= =

CoWoS (SolC) CoWosS (SolC)
3.3-ret., 8x HBM 5.5-ret., 12x HEM
80x80mm substrate >100x100mm substrate

TR kR TSMC ~ #5404 5 R

CoWoS (SoiC)
2 8-ret., 12x HBM
>120x12pmm substrate
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Wafer on Wafer Wafer Bumping Wafer Probing Dicing for Packaging
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Cost & Performance
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2022-2028 HIGH-END PACKAGING MARKET REVENUE

Source: High-end Performance Packaging 2023 report, Yole Intelligence, 2023
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Worldwide IC Packaging Revenue
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2023  2024F  2025F

3Q23
546,733
296,642
228,065
211,000

8.14
54.26%
41.71%
38.59%

4Q23
625,529
331,768
260,205
238,712

9.21
53.04%
41.60%
38.16%

1Q24
592,644
314,505
249,018
225,485

8.69
53.07%
42.02%
38.05%

2,161,736 2,879,623 3,603,323
1,175,111 1,614,106 2,054,856
921,466 1,303,275 1,656,689
838,498 1,166,223 1,494,996

3233 4497  57.65
54.36% 56.05% 57.03%
42.63% 45.26% 45.98%
38.79% 40.50% 41.49%
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286,556
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534,297
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5.73%
16.04%
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