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SEMICONDUCTOR
FOUNDRIES

"= GlobalFoundries
A |

$1.8B

Market shares
Segment
Yalve add u.s. S.Korea | Japan Taiwan | Europe China Other
EDA 1.5% 96% <1% 3% 0% 0% <1% 0%
Core IP 0.9% 52% 0% 0% 1% 43% 2% 2%
Wafers 2.5% 0% 10% 56% 16% 14% 4% 0%
Fab tools - 44% 2% 29% <1% 23% 1% 1%
ATP tools 2.4% 23% 9% 44% 3% 6% 9% 7%
Design 47% 19% 10% 6% 10% 5% 3%
Fab 33% 22% 10% 19% 8% 7% 1%
ATP 28% 13% 7% 29% 5% 14% 4%
Total value add 9 12% 11% 6% 2%
uFE N AFQIO| ZF 2 of X|H| R E
-SEE SN AH| AE HFE: 0|3 (25%) vs. 53 (24%)0| BH 1, 2
- gh=at CH T A AR N H = (ZF2 E 2] 2 0F) 85% 11k (TSMC (70%) vs. &F°3 T X} (15%))
-oh=t, 0], L&, Cf oF: o 2 2| Y= ] K| = 90% 2} (DRAM 75%, NAND Flash 50% €= 1} &)
0|3, L2, HIF2E: HTHEEE | H| = FH| 90% 2H (lithography, etching, deposition, inspection)

i}
L]
1>
Ia
ux

A EDA & IP: O| =1} = 85% O| & HG
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IC fund (*14 $20bn, ’19 %30bn, ‘24 %55bn), Multiple semiconductor clusters nationwide

2024.07: New catchphrase ‘new quality productive forces’
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Rapids growth of China’s semiconductor industry: Foundry

US Gains Ground in Global Chip Market

Its share of worldwide fab capacity is projected to reach 14% by 2032, up from
10% today. It would have slid to 8% without the Chips Act.

US M Mainland China M Taiwan B South Korea ' Japan M Europe B Other

Leadini-edie miac Foundry sector
~ _ - Sub 10 nm: led by TWN/KOR
o . (EUV-based tech)
2022 ‘_ - Over 10 nm: led by CHN
2032 - (DUV-based tech)

— EV, Power, Comm, etc.

Packaging
e ﬁ_ I - Variable: Reshoring policy of the U.S.
Mature-node logic - OverprOdUCtion in China
(More than 50% portion of

] | |

0% 20% 40% E-D% 80% 100%

middle-tech & mature node

more than 30% portion of

Sources: Semiconductor Industry Association, Boston Consulting Group

Mote: 2032 data represents SIA forecasts. Leading-edge logic is defined as below 10 nanometers; mature- -

node logic is defined as 28 nm or above. US production plans include other technologies not represented 14 28 nm pI'OCGSS) 5
here.
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Rapids growth of China’s semiconductor industry: Foundry

Technology gap between leading Western and Chinese semiconductor foundries

Worldwide Semiconductor Foundry Market by 10000 ¢
Location, 2023-2027

2000
1000 p

0% 20% 40% 60% 80% 100%

=s=|ntroduction of technology nodes by global leaders

3000  2Y 3000 -+ |ntroduction of technology nodes in China

mTaiwan mChina = USA mEurope mKorea m)apan MSEA

o0 | 27K AR B

&2l )

Source: IDC 2023

CMOS process node [ nanometer |

0 F '\'-\.
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(- R, - ..;‘“‘—" OIS Case
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e 2=l 0 g
1 Lx2023d 71x 252 82 0pIe §A| 25 oL L
1E= 2E0 X2 =2XM7 [HXESEE](EEE) China 2005 205 2025 2035

Year of the CMOS node introduction

Legacy foundry will be dominated by China by 2030

- Since 2019, US’s sanction on China’s semiconductor tech has continued.

- The sanctions will be sustained or even enhanced after 2025.

- China’s policy will be focused on legacy foundry to protect and conserve its semiconductor ecosystem

(i.e., over 10 nm middle-tech, over 65 nm legacy tech) °
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Rapids growth of China’s semiconductor industry: Foundry

DB E

Planar FET FInFET GAAFET MBCFET™
anowire (Nanosheet)

Planar

SFF2019-USA Process Technology (node) *

US-China rivalry

Re-structuring of global semiconductor industry

China’s weak points

1. Advanced foundry (no available EUV lithography for sub 10 nm)
2. Equipment (i.e., HARC etching under 10%)

3. logic/systems chips (i.e., CPU, AP, GPU, TPU, NPU, under 20%)
4. Advanced DRAM (i.e., over 1anm, under 10%)

5. Design EDA (under 5%)
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CHIPS & Science ACT, 2022 : $248 Bn (2022-2027)

L
RS ST "

b
Srighe " N y
..
e o s 3 ¢ -
..

L]
.....OE
IoorD

° i o g Water risk
- 4 L ﬂ o, B Garomely high United States, Construction Finances, Private, Non-Residential,
® w 2 %0 B High e Manufacturing, Computer/Electronic/Electrical, SA, AR, USD, U.S. Census
N e B Medium-high Bureau, Spending
H H Y Low-medium
Objectives g
fe iy o Semiconductor fabs =
L] h- . m () y.
®c
1. Re-shoring the advanced fabs & capacities °:.w......
P

@ Planned new

- construction of new fabs and investment in R&D
2. Re-construction of semiconductor ecosystem in America

- From design to fab, from materials to equipment, from R to DB

3. Re-gaining the leading power for future semiconductor techs
- Leading the roadmap and standards o ——————

Impacts for other countries

1. S. Korea: impacts for memory fabs in China (relocation & transformation)

2. TPE: impacts for foundries in TPE (relocation & extension to foreign countries)

3. JPN: Revival of semiconductor fabs

4. CHN: Enforced decoupling, bifurcation of GVC
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General policy of Trump Admin: US-centered policy with reinforced sanctions against China

-Stronger demand for the allies (FDI requirement, Tariff, Security, Technology & Standards)

1. Generally, US will sustain or even strengthen sanctions against China

(i.e., Wassenaar arrangement)
2. US’s policy against China’s industry & technology:

Semiconductor, energy, Al, quantum, bio, space, defense
- Enhanced reshoring policy, modification of friendshoring

-subsidy, tax exemption, matching fund for hiring, R&D, investment

Expectations based on the potential cabinet
1. Amendment of the CHIPS ACT

-Higher requirement for FDI, Smaller subsidies, Stronger guardrails for foreign companies

2. Enhanced sanctions against China
-Expansion of controlled items, Visa control against Chinese engineers & researchers

-Stronger tariff against legacy chips made by China

3. Inflation of crisis around TWN 9
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. . Earthquakes in 2024.04 Military treat by China’s PLA in 2024.05
General policy of Trump Admin: US-centered pphey  — T ——
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Potential foreign policies against Taiwan SEMICONDUCTOR
P ) : ‘ FOUNDRIES
- US will alleviate concentrated production portion of su@i@lhm system ™~ ,
chips made by Taiwan (for Al & beyond) . v s ==

(Taiwan shares 85% of production of sub 10 nm advanced chips)
- Security crisis will be inflated around Taiwan strait
- In case of military conflict in Taiwan strait, T e

there is lower prob of the U.S.’s military interruption sesws

SMi <Dpsmc

$332M

SB4SM E;.I\B"Bc /
Winbond . $1.58B €l G \,}"%
- There is higher prob of global semiconductor value chain collapse i sg;";;./

undrie:
o0

— U=
@

by shutting down TSMC
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General policy of Trump Admin: US-centered policy GDP decrease by CHN-TPE war

.....................................
ooooooo

The Global Risk of a Taiwan War
Model estimates show a Taiwan war could have a bigger impact on global GDP : o . O O @

than other recent shocks
B Global GDP - deviation from pre-crisis trend g
---------- \ 0%
! -6.7 :
:-10.2
r -13 5(-9.9%) :
-16 7 ....................
( 124%) GDP decrease rate by
| | | | | | (%7385/3 the CHN-TPE war
Isracl-Hamas September Gulf war ! Taiwan GFC Covid-19 | Taiwan Warl o) ;
war(2023) flattacks ~ (1991) | Blockade } (2009)  pandemic l : Decrease golely by
(2001) ~ = (2020) ‘Smm=m— : semiconductor

-5.0% -10.2%
Sources: Bloomberg Economics, IMF :
Note: Israel-Hamas war, Taiwan blockade, and Taiwan war are Bloomberg Economics estimates. = 40 0%

| &n

_I_g_________

R )
N . R B S

]

*
*
----------------------

Disruption of Taiwan’s semiconductor manufacturing will give grave impact in global scale.
- TWN is at the core of global economic security & value chain.
- The strongest innovation engine: Digital transform including IT, Al, EV, comm, data center(cloud), & chips
- Most of global giant tech companies’ chip making vastly rely on TSMC’s foundry fabs.
- 85% of sub 7 nm chip fabrications & 70% of advanced packaging (i.e., CoWoS packaging). 11
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Time dependence of the Silicon triangle

----------------------------------------------------------------------------------------------------------
. L] . .
000000

*

1) Internallzatlon of semiconductor value chain in Ch||1a
Present s 4 3

P ~19% ~40%
(< 51% in sub 10 nm) = : (510% in sub §0 nm)

' I
2) Reshoring of semiconductor value chain i |n Uus. 1 _ 5
: Present - ! 2035
% US & allies more likely protect Thprp should!be threshold TN
: ~17%  Taiwanese semiconductors : : i ~35%:
(< 1% in sub 10 nm) in case of disruption point betweer‘two regimes. (15% in sub £0 nm)
even executing forces = US & allies less likely protect
3) Dominance of semiconductor manufactunng in Talivan Taiwanese semiconductors :
:  Present I 5 In case of disruption 2035:
. O I i (Wit o forces| i
P ~T0% : Facts & figures ~55%
im0, ! | N (60% in sub 30 nm)
: China's naval fleet size and weight on the .
: rise :
4; Reliance on Taiwan for techno & economlgc securlt)I of U.S. -
:  Present : . st i 2035:
v ~15% | e — ..450/5
(> 7.5% in sub 10 nm) o m%/’; (40% ml%l.b 10 nm)

0..
& “

‘e
....
------------------------------------------------------------------------------------------------------
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Total number of artificial intelligence companies

N 2905
china || 709

Next US-China battlefield: Al ritain [l 366

Al SaaS & Al computing Hardware

India [ 233

canada [Jjij 228

srael ] 173 Competition on
ermany [l| 160 Al business &
France [l 136 ecosystem

spain ] 132 btn US vs. China

Competition on Al research btn U.S. vs. China switzetiand J] 83

All Research

- Source: Wuzhen Institute
Top-cited Research

10

@l Chinese Academy of Sciences
B Tsinghua University

= Stanford University

B= Alphabet

Bl Shanghai Jiao Tong University

B= Massachusetls Institule of Technology

Bl Zhejiang Universily
B= Harvard Univarsity
== Camegie Mellon University

BE Unversity of Oxford

China Us
== piphabet
Natural language
= liniversity of California, Berkeley N

Machine learning
B+0 Université de Montréal

application

Computer vision and
images

B= Stanford Liniversity

= Meta
i W= DeepMind

Technology platforms

Intelligent UAVs

Intelligent robots

. Seoul National Unversity
Self-driving / Assisted

driving
B= Massachusetts Institule of Technola
Precessors/

- o of 5 computer chips
inese Academy of Sciences

Speech recognition

B Imperial College Londaon 13
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[Al + semiconductor] Country vs. Country, Cluster vs. Cluster, Ecosystem vs. Ecosystem

. _ 2023 2024F 2025F 2026F 2027F
Company| Al Chies | Node ™o T—50T 30 [ 40 | 1a | 20 | 30 ] 40 | 10 ] 20 | 30 | 40 | 10 [ 2a | 50 ] 4a | 10 | 2a | 30 | 4a
A100 N7 : 80GE
H100 N5 E Q6GH
GH200 N5 . 06GB
H20 N5 : 06G
o H200 N5 i GB
Nvidia B100 N4P ks 2GR
GB200 N4P . B4GE 0266
Blackwell Ultra | N4P B 8BGE
Rubin N3 B B4GB
Rubin Ultra N3 - bad
MI250% NG 3 BGB
M1300% N5 /NG z 9
AMD M1 325X N5 /NG £ 88GE
M1350 N3 B 88GE
M1400 =
o g:zi:g :; Sl - Lo 10T ANALYTICS
Falcon Shores N3
TPU v5e N5 B 6GB
TPU_ vbp N5 BM2E 0508 0 Generative Al market share ‘23:
GobiTe TTP'LUVfP i+ : : Data center GPUs
TPU v7 -
TPU vip — Others
Inferentia2 N5 AMDZ T
Trainium N5
Amazon Trainium?2 NS
Inferentia3 - —
Trainium3 -
. Maia100 N5 HBM2 (=)
Microsoft  aa300 .
MTIAZ N5 LPDDR5
Meta MTIA3 - HBM3E (£3)
MTIA4 - <2 NVIDIA
ByteDance) Gen1 -
Gen2 -
Hauwei 910B M5 vrrv:ezx;l;!_;zi;ohised on 2023 market sides (based on reverue
91 DC _ with a link to the original post and company website.
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[Al + semiconductor] Country vs. Country, Cluster vs. Cluster, Ecosystem vs. Ecosystem

Global Chips Investments
ed o emicond

Funding allocated or

1990r}
PC A%

T YT '
. MlcrOSOft Q%BOIOT ANALYTICS
20204ty m
A chin 21 GO gle (2] Generative Al market share ‘23:
By |nte| Meta Models & platforms
\/@OPenAI Qualcomm amazon @ Apple AMD :' T B Microsoft

Al market: NVIDIA cluster vs. Anti-NVIDIA cluster (UA link)
- Past cases: [Windows + Intel]] WINTEL vs. [Apple + AMD + Motorola]

- NVIDIA cluster: NVIDIA(US) + TSMC(TWN) + SK Hynix(KOR) + openAl(US)
- UA Link cluster: Google(US)+Meta(US)+MS(US)+Cisco(US)+HPE(US)+Intel(US)+AMD(US)+Broadcom(US/SGP)
15

- China cluster: Huawei + SMIC + CXMT/YMTC + Baidu + Alibaba + Tencent + Cambricon + ...
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Strategy for technology: Al-oriented memory (HBM & beyond)

Memory

Scaling of Peak hardware FLOPS, ==
and Memﬂry/i ﬁtEFEDﬂnEGt BandWIdth — pteconnect BW; 30x / 20yrs (1.4x/2yrs)

CPU  GPU  FPGA

TEUwE

A100
1000000

100000

o005 - B S
AI specmc memory reqmres
1000
‘Memory foundry
100

NVLink 3.0

LLW: Performance and Energy Efficiency

Mumber of states

O Providing low-latency, high-bandwidth, energy-efficient wide-10 memory - " == -

1 D solutions =
. Bandwidtn Energy per bit = ——
2 00 e . PO +_ ”ULink" u
HEMD v

PCle 2.0

Latency
0% shorter than LPDOR

AI server & on- dewce AI systems requwe

Iow power & hlgh performance memory

| | I
- a o 17 =
q,"":‘ |"I--'::=I s 'rl-' I'E:'
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- 1S B0 M2 scaling 2tA| X HIE 7t =X o E S 2ol T W7|E =82 57
-HEF MLEUH H =S Il value-driven I 7| E 7|= ER

- Chip-to-Chip, Wafer-to-Wafer, Die-to-Die S C}2Fst off 7| H Mzt 2 @

-1 =2

Chiplet1 (7nm)

Chiplet2 (10nm)  Chiplet3 (28nm) Chiplet4 (45nm)

ofLiel &

ZEFS /s Yooz RN A HESTWZ WA
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Next innovation: A-level patterning (partnership with US, JPN, Germany, Austria & Netherlands)

Litho density scaling continues in the coming decade

128.0

-
o

w
N
(<)

EPE [nm], Node, metal pitch,
Logaritmic scale

2.0

1.0
05 Public data Cuslomer projection Speculation
Node name [nm]’ 32 22 14 10 7 5 3 2 1.4 1,0 0,7 0.5

2010 2012 2014 2016 2018 2020 2023 2025 2027 2029 2031 2033 2035 2037 2039
Year of high-volume production

03 0,2 sub-0.2

19
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ZEISS Starlith® 3400 optical train: =
EUV lithography optics designed for HVM

supply

d X-ray FELs

-ASML F &= EUV =& 7|=2 NA 0.7577HX| 2 A| =
- =8 O|4F: PR, Mask, Pelicle, optics

- Lithography after 0.75NA EUV?

- DSA? E-beam? X-ray? =

- New optics? Wave optics? Single atom-level precision?

- AN 0| #: THH| 71 (= 2?), XX 0| #4: 0.5 AW & 24 M 0
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Y Ay e 3 n o o # T B

10-22nm manuf. tech. 43% 3% 12% 28% 5% 9% SN [14nm/12rm | 35k WOk 1Sk 18k 15k 15k

3

<10nm manuf. tech.

e Sh2 Tnm 35k 100k
28-45nm manuf. tech. KA 19% 4% 47% 6% 5% 13% 2| ZBnmojd 0k 100k

B | 2BamObY 35 10k 00K

‘ SMIC
>45nm manuf. tech. 9% 23% 6% 31% [1}3 13% 7% Bl S5eomOlBF| S2k 60k 60k B0k 60k 6Ok
60k

B2 65-28m 60k Tk 75 100k 100k
Equipment manuf. 41% L 18% 4% 32% 3% Bl 2BomOjd 20k 100k

&

M2 Fabl6  65/55nm 15k 30K 40K
Wafers T e B B e
| tha O s 2etam 10k 2k Ik 4ok 60k 6Ok
Foundries 10% _ 9% 60% 19% Hang _9_”' Fah7  90-65nm 10k 20k 55k o5k 120k 120k
J[E} wfﬁm 5k 15k 295k S0k 740k B0k
SAUAOM MM EY  I2WDI2CA NBERE oo T | % SR it
(EiporE) 850 1010 617 n3Ea= 172k 248k 335k 33k
rrrrrrrrrrrrrr 2 R AE Tren ASEAEA 23
0 5 28 YRR Trendiore, ABEHSA 23
s
57
i 51 Others
2023 2024 2025 J22
Kbz SEMI #4187 7|1& A Bl ITA F d .
oundries
2 OO0 ol. L O H E
21.7|= ¢ MEFX|&: 2| AHA| o2 HE EX}
N _ oo —xba of TSMC
-10 nm O|S}0j| A = CH 2t HF= 0%kl of| &F (Euv 7|8
| . O = I
-10nm O Mol A= SF0| W8 Sl S DUV 7|%h oo
> o s
- ™I7|X} HE, SALMEE UE N A Y S HeE 2o of A ey 21
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S o] HEH

1. GPGPU: For generative Al chips
2. HBM-PIM: For AIX chips

3. GDDR®: For larger & faster graphic memory Processing In Memory: PIM

« Fill the performance gap and deliver energy-efficient solutions

Processing In-Memory

4. DDRS & 6: 16.6 nm (2022) to 12.4 nm (2031) A ! R
ormance DRAM %‘Tﬁ

5. 3D NAND Flash with +300 word-lines: 192 (2022) to 1,536 (2037)  onan "“—4“"3’—
6. FET: GAAFET, MBCFET, & CFET \ =), du

ojejel MT 7l

: . Mo . Quantum
1. Photonics & plasmonics L2 Cellular: <.

2. Spintronics i ) L-A'f'_t:°mat_?‘_‘_. :

3. Optical computing

4. Neuromorphic computing
5. New memory: FeRAM, MRAM, ReRAM

MRAM

6. Quantum computer: ion-trap, NV

7. Ternary computing
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2.3. CHQ AN MK, |2 X7|™ 7| DA TIEL] ZTX|M H ot M = g

1. CHH| E71s/d: H 22|82 X| (55| A2 DRAM (HBM)1} eSSD)
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3. MUSS Y B AN &E
- Memory: 25-30 L per cm? wafer area
- Logic: 10-15 L per cm? wafer area

- Others: 10-15 L per cm? wafer area
Ex) Memory fab for production of 50k 12”wafer requires

1 bn L/mon of water

32,8 MY S5 (B + M) &5
- Memory: 40-50 kWh per cm? wafer area

- Logic: 5-10 kWh per cm? wafer area

- Others: 5-10 kWh per cm? wafer area

Ex) Memory fab for production of 50k 12”wafer requires

1.7 bn kWh/mon of clean electric energy —
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