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TITLE : Semiconductor R&D Innovation in the AI Revolution—The Case of TSMC

The rapid development of Al has driven the entire semiconductor industry forward
while also bringing significant changes. The manufacturing of Al chips requires the use of

advanced technologies such as heterogeneous integration, System on Chip ( SoC ), System
in Package (SiP) packaging, and Chiplet technology. As the global leader in wafer

foundry, TSMC is expected to keep up with this trend, leveraging its strengths in advanced
process technology and enhancing Al performance through SolC and CoWoS technologies.

This study examines TSMC as a case study, utilizing the Second Curve Theory,
Porter’s Diamond Model, Business Model Canvas, and the BCG Matrix to analyze its

technological innovation, market strategies, and global competitiveness.

Al not only drives technological advancements but also reshapes the traditional
semiconductor supply chain. TSMC must continue to strengthen its advanced process
technology and actively invest in advanced packaging and heterogeneous integration.
However, it faces competitive pressure from Samsung and Intel, as well as geopolitical
shifts such as the U.S., Japan, and Europe promoting policies for semiconductor supply
chain localization. These developments introduce new industrial challenges and reshape

the competitive landscape.

Based on research analysis, it is recommended that TSMC actively expand its global
production capacity, continuously innovate technologically to maintain its competitive
edge, and strengthen collaborations with Al chip design companies. By doing so, TSMC
can secure its technological leadership in the Al era and continue to drive the global

semiconductor industry forward.

Keywords:Semiconductor, Second Curve, Porter’s Diamond Model, Business Model

Canvas, BCG Matrix, Geopolitics
v
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7 kR : The Competitive Advantage of Nations ~ *#* 7 £ 12
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BCG +&*L (Henderson, 1970) (@ 2-4) i * »* &
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mad iR (£ 25) & LT T hRLEFE
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F CUF ST N P IRSNC XS T ®HPEA & FRRH

BLAR BAHFIES 4 | BRELEBRFTEH | FREFTOHF D FEF I
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3D fper hie4tEHF E (B 3-1) * kB L AIFE 1 cng s &2 Me 327 &
Bpr s 2 258 Al X 0HRAE S Y 504 ciAs o @ B A B2 by RR
B 1 FA0FEYUE PR ERE AR - HERE 2L END Foa
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2D to 3D Package

P 3D Plud?

Skyscraper

Apartment

Bungalow

B 3-1 ﬁ?"? =

Al fojrit L S A £ P 7 TR AT n o J WA Fr T
PEE o R PR W HERRBIET Ko OFE AT SRR AR
L BABR Al BATRE PR ALK RS F A R F BT us Al
i%iﬁéé‘éffﬂ%&é~ﬁ’mﬂf%rﬁé %o
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W REFFH I H
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% 3-1 2 EEMA KRS

XA ERTIBRM e AR R A

® 2023 FHNBIREERR
RIRTHH TR BLAESER
MARER REFERER
KEZR FHRCREBES
HERETBRABREMNRR, T

COhBHR —e— HRE% FREETHHBRIR EFEEHE
a0 13.1% 11.3% % SRl BRKAL - i B4R Al
g 20000 : 1'% | EREE REERRRILK
& 574,084
£ 600,000 225,865 1 5% Gl RS = (AR
§ 400,000 1 0% B E¥EFBRRNIRZBIZE
7 200,000 {1 5% | B 2FEXRRBRNIZRRE
. ; : : 0% | BMZIR < 2023 £RR¥E
Faee 2022 2023 2024(e) 2025() 2026(f) B ISR RS R 5269 X -

Ex 3R 8.2% -

* RE 2024 5 - EE DB
B R ERE—SE
Tt B RISRERKA - 5
BEXEASRERER B
MEATERA)VEHEER
PR  HEBEABH B
BUAFHRSHBETERT
B ARSI R BRERRI
MBETHGRK - G 2024
FRR¥BEHHERER
5,959 Bkt K 13.1%-

BRRR : THBERBPRAT(2024/05)
?ﬁi S . F}‘%é_ﬁ R % 91 (2024/5) 0 Jed> 2024 L Hq8 & 5)

Al JUp i 7 ZHmMA A RDFEE > v LEFRF - R ik ki
BoEOPRE o XK H T A ETAIRT > A A 2R B RS S B S LAY

3-2 A LATEPEN-AI £33

BRLYEMA FE2 AR RS e BERUANMEHEE LIRS > A Al
PRl AR A F e RFAEL - 3 AR (HBM) ~ Chiplet $tjisfrs %k 3
( Silicon Photonics) #e > 14 % pk & s fl f2 B prend& ' o
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Al % B - 7 53 R4ad 42 £ B E Gt Sec R LR

Lo o PR HBMEMIART 2 S8 AL » AR R AR B T E
FHEZOEE LEMALEFRAIFAT ST R TR om0
Mg TR K4 A58 AIHPC (F e 8 ) a R 3 2R+ (B 3-3)

T‘he Legls oféutongnous'[)riving
g P2 = ﬁ'A l"1

-
NO DRIVER PARTIAL CONDITIONAL HIGH FULL

AUTOMATION ASSISTANCE AUTOMATION AUTOMATION AUTOMATION AUTOMATION

THE HUMAN MONITORS THE DRIVING ENVIRONMENT THE AUTOMATED SYSTEM MONITORS THE DRIVING ENVIRONMENT
Past Present = Future

Source: : SYNOPSYS

B33 pE#EEEP
TR & iB : SYNOPSYS

SRR N SE X B ALE B cd X PR 2 — £ Memory Wall » 1 506705 - 3%
iz & 28 4 (John von Neumannetal., 1945) % g2« £ FHpF > ¢ IR E
PR MR AL 0 4 AN ALA R o fRendt i ¢ 3 3 iF CPU 4r GPU
Al $8 TR H3) & 9 R o > o SO HER) Sodiep & R < o

= L, ’d ‘_Jr_
FEFEF Al e R R R B M B R IR

3AI PPRBE T AL H i » B o4 Bm 32 5 S S4B SR ¥ 142
B354 e Al PIRE & £ HF 9 A% 0 % ChatGPT # #5042 38 Al
FO R L4 HPC PIREE AL E FiReng 8 4c o 1995 2024 & 2
A I 0 R AL PIRED S 82024 EH L T1% N f R
212178 5
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4. PFELHMFRIAIL P2 WL E G oo B F LA MR E B
ea b B R LR R S P e 2 - 2P LA
ERS M 4R PHEEF SRS ALS P M - BT L SER
Pl P L AR - HEY CFRT L F e et o (RE
14) 4t AL S ¥ I M E &> BAE ¥ 8 ¢ 75 UiekiEs i 2]
Chiplet 313 2258 5 & * #H% h 48 2 il % M & > Glde 0 25D 4%
Holr o B4 FA Ao (HBM) 2 B4E S 2 FFehT @ik B 3D 3R
o WE B e s B R £ B @R S ALIE B G ot

Al's Challenge in Package

= Package Requirements
— Big chip = Chiplet

— 2.5 D or 3D package

2.5D Stack

[ RediDe “SEOmmDe o] Scosnde |

— Integrate with Memory
* HBM3 H
« CDRAM H H

Bl 3-4 AL 3 312 F K pr i
FHR KR AP R

5. CPO (Co-Packaged Optics) : % i# #cdy @%J Zokp EH4e 0 BT I EL
B TERZIO B G AR TR ¢ R HE £ iy BT
BRG] EF AL S P A ETR S o B R B R f R BRI

Figg < L7 £ pEH 4o @ RABL G BE DT b
EREE P B B A Bl CPO BT EAGLEF &H ¥ T By
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AR BARERE SRS F PR L R AL Sl e ko TiRR
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3-3A1 g B B
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PEERTEE S
Al &8 3B (L2/IL3): B ALFERE Y RA B R B - EER &
B-R o B Al BRI A H K AR F I X 2l g (H]3-6)e

Content Gains Radar, Camera, LiDAR.

LEVEL 1 LEVEL 2 LEVEL2+TO 3 LEVEL4TOS
HIGH/FULL AUTOMATION

DRIVER ASSISTANCE PARTIAL AUTOMATION CONDITIONAL AUTOMATION

Ne T (I [l

~5% <1%
OF CARS ‘23

~40% ~15%

OF CARS ‘23 OF CARS ‘23 OF CARS 23

VEHICLE OWNERSHIP: TRENDING TOWARDS HIGHER AUTOMATION MOBILITY AS A SERVICE

RADAR 5¢ RADAR 610

CAMERA B8 = CAMERA | B8 | e

LIDAR @ LIDAR ==
FUSION L FUSION a3

W36 fdhmEn FLLBHHPR? LG
FH KR NXP

Al 5§55 &

Al 47 &% 7@{“%%5}%« s blde e F A SRR TR S F TR BT

BEG o FPFAIFTENKEY B* 2 ARNVR 8% Al 1 E7 { X w i@ *

¥

e
H o % ARIVR R {8 & # iR %

ALFER R
Al 7 Fae 45 R e (X %~ MRIS CT 445 ) » 4% B0l 3F o PRAR22 38 2

Eg)

1. >4

T rr % (Feldmanetal, 2012) -

;xR

Al Fiiseng B pfid B i3 S ot ~ MU ~Fra it 2 2 B > AR

R AT AR L A R
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REDM AR T A
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Electron )
v & # B CoWoS ~ SolC 4 & i
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Al Drive by Computing Power

SCIENCE PHOTO LIBRARY

B 3-7 Al & ;2 77 2 B
7k %R © SCIENCE PHOTO LIBRARY

BEEV-A+ME
¥ E &Y (Machine Learning, ML) & - f8i i & 2 foitz {04 » @325 18
r e Azdn 4 o

AP B ERIE Y B Y T BN 0 B RIS P R
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3. e 4R & BT S ¥ D Apple ~ NVIDIA ~ AMD JF i Bjie & 18 3
& Hybrid Bonding ¥ 3D #f %30 (B 4-1) &2 Al & 518 5 s o

Hybrid Bonding

A,,‘,| e maelimeE RE
ol LAY

Inorganic
-High Resolution

-High process cost

'.duﬂ- !
Die2 Die3

ca

-Lower Resolution

=

] 4-1 Hybrid Bonding Technology
TAHLKR AT Y IR

4. BH2BMEAIFRC 1o HE S BEPFE oL SHT TR

5
LF oo EMA AR A LR REL S o

B AP T 2 45 (Porter, 1990) 0 5 A % gk B Ak A T HAT £
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4-2 # % & Road Map

TR 2AFL DL ML o SHAT AR HEH T AAIL Y
FAMEE DL > AFEFRREF R AL FrCEF ST AR g
i Road Map ( ] 4-2) »

« Hybrid bonding
Package . Chlplet >120 mmz Power
= « InFO-B
16x16mm2]_ + VC/Liquid cooling  —f=20wW
« Hybrid bonding - Power Via
+ Chiplet 120mm’ | ———
. I
« InFO-B
15x15mm? 3. -1 15W
» Micro bump
+ Chiplet 100 mm?
» InFO-B
1 1 1 1
2023 2024 2025 2026 Year

42 3 s BAER
FH KR AP R

20 RA_G3E F sk CharlesHandy (1980 ) #& J1én- fa f ¥ = £ 125 -
WL E R - W RO RRR R R Y S W SO R
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HPC Thermal Solution

Advanced System Integration for High Performance
Computing W|th L|qU|d Cooling

Figure 3 Thermal test systemn for hdded hiquid and direct liquid coolin

r&'lr&’lﬂj I
.mI

(a) Schematic view of hdded cooling module
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(b) Schematic view of direct cooling module "

Thermal Module Architecture
Figure 2. Schematic view of liquid cooling module for (a) lidded hiquid cc

(b) direct liquid cooling Figure 16 Efficiency comparison of various heat dissipation method
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