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® Early Beginnings (Early to Mid-20th Century)
» 1904: Development of the vacuum tube.

» 1947: Invention of the point-contact transistor by John
Bardeen and Walter Brattain at Bell Labs.

» 1948: Invention of the junction transistor by William
Shockley.

® The Transistor Era (Late 1940s to Early 1960s)

» 1950s: Mass production of transistors begins.

» 1956: Shockley, Bardeen, and Brattain win the Nobel Prize in
Physics for their work on semiconductors.

» 1957: Transistor radio becomes a popular consumer product.
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® The Integrated Circuit Revolution (Mid-1950s to 1970s)

» 1958: Jack Kilby at Texas Instruments and Robert Noyce at Fairchild
Semiconductor independently invent the integrated circuit (IC)

» 1960s: Rapid development of IC technology leads to smaller, more
powerful devices

» 1971: Intel introduces the 4004, the world's first microprocessor

® DRAM Development (1960s to 1970s)

» 1966: Robert H. Dennard at IBM invented the one-transistor dynamic
memory cell, the foundation for DRAM technology. 1967: IBM
introduced the first commercial DRAM chip.

» 1970s: DRAM technology rapidly evolved, with increasing density and
decreasing cost.

® Early Foundry Beginnings (1960s to 1970s)

> 1960s: The concept of semiconductor foundries began to emerge as
companies specialized in manufacturing ICs for other companies.

» 1970s: Early foundries focused on producing simple ICs for various
applications.
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® The Japanese, then Korean DRAM Dominance (1980s to 2000s)

» 1980s: Japanese companies, such as Toshiba, Hitachi, and NEC,
gained a significant market share in DRAM production.

» 1990s: The Japanese dominance continued, although Korean &
American companies fight to gain their market shares.

» 2000s: Korean companies continued to invest heavily in DRAM
technology, eventually surpassing Japanese.

® The Modern Semiconductor Era (2000s to Present)
» 2000s: Rising foundry/fabless model for logic products.

» 2010s: Continued miniaturization of semiconductors leads to the
development of smartphones and other mobile devices.

» 2020s: Global semiconductor shortages highlight the industry's
critical role in the global economy. The Internet of Things (loT) and
artificial intelligence (Al) drive demand for semiconductors.

» The US-China conflicts lead to global semiconductor geo-political
Issues
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Design Manufacturing
Front End Back End Capacity Sales
Wafer fabrication Assembly & testing (2019) (2019)
AMicron .. | Memory 98% 98%

Integrated Device
Manufacturers (IDMs) ’é’c, ' _— R DAO’ 94% 75%

S [: Overall 67% 71%

Fabless design
e
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% Memory 2% 2%
o Foundries - f‘-% tor £8s DAO’ 6% 25%
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‘2 Overall 33% 29%
o
o
3

i:; G JCET

Outsourced Siisaitai

Assembly & e RSP

Testing (OSATS) > rr

https://lwww.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-
Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf
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Growth of Taiwan Semiconductor Industry & Key Milestones

Taiwan Semiconductor
Revenues Ranked 169B

No. 2 in the World

6B Y
2000-2004 Etron Pioneers Known Good Die (KGD)
& Coins Heterogeneous Integration of Silicon-

Etron Centeric Technology (HI), Awarded by Intel
1980 UMC was

Established and started Founded . 2303 Tcaiwan IC PECkaE!ns&
. esting Companies Booming, e.g.
ICs shipment started ASE, Ranked No 1 in the world

1990-94 Taiwan’s "National 1998-2003 ULSI Design-Foundry Model
Sub-Micron Project" Run by ITR Well Built by GUC (Startup with Etron &

to Self-Develop Advanced 8- Further Grown by TSMC)
inch Wafer Technology for

Foundry Manufacturing &
16Mb DRAM / SOC Products

1998 Foundry +IC

Design.Bus.iness Models 2005 Taiwan IC Export
Booming in the World Exceed that of Import

600 it ming 33B
1976-80 il :
RCA Technology — 1997 MediaTek & .
Transferred some Fabless Companies
10 Spinoff from UMC
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Global Semiconductor Supply Chain

Design

The semiconductor value

chain is truly global ond 2153

o]~

@7 Equipment

5]

relies on the speciaolized

aH12

capabilities of different
geographic areas

lHlustrative: The global journey of a
smartphone application processor

A European
firm licenses IP
on application
processor
architecture

A US EDA firm
provides highly
sophisticated software
for chip design

Design

[s]

Highly advanced manufacturing
equipment is developed by
companies in the US, Japan
and Europe, leveraging
decades of global R&D efforts

Equipment

Silicon dioxide
is mined

in the US and
refined into
metallurgical
grade silicon

The silicon is melted and
re-crystallized to form a
arge single crystal called
an ingot by a polysilicon

Commercialization

A US

fabless firm
designs (and
commercializes)
the chip

Manufacturing

[l (51

Individual chips
are separated
and packaged
by an OSAT In
Malaysia

A foundry in
Taiwan

Imprints the wafers
with an array of
integrated circuits;
“patterned® wafers
are stacked and
interconnected

The ingot is sliced
into several wafers
in South Korea,
which are then
polished and shipped
to a fabrication plant

Manufacturing

Commercialization

The chip is selected
("*designed in”) by a US
smartphone OEM to
power its new device

The chip is shipped
to the smartphone
OEM’s assembly
partner in China,
who incorporates it
into a circuit board
inside the phone

The smartphone
is sold to a

consumer in the US

https://www.semiconductors.org/strengthening-the-global-semiconductor-supply-chain-in-an-uncertain-era/



Global Supply Chain of

Semiconductor Manufacturing

FRONT END BACK END
Wafer fabrication Assembly & Test

-+Z'." Logic: leading nodes - + - + [*®* | outsourced

. ’ . .

(< 10nm) = Assembly and Test

-+' ‘o + - Logic: mature nodes (O5AT) E s

o &= 1) B china
‘e |+ o Memory | '
2 | - Taiwan

Equipment: Fixed Cost, Depreciation Material: Variable Cost

m—
4@, | South Korea

® Japan
EQUIPMENT & TOOLS - EU

BES 23 equipment types, Select examples (not exhaustive): % UK

== i.e. doping, process control

® ' 12 equipment types,

@ Photoresist, photomask

| e, photoresist processing 0 Silicon wafers -Building/Construction
e 2 Packaging substrates "Not Included
- 3 equipment types, , ‘
i.e. EUV lithography - Specialty gases (in aggregate)

https://www.semiconductors.org/strengthening-the-global-semiconductor-supply-chain-in-an-uncertain-era/



Global IC Fab Distribution

Major new fab and ATP investments announced across the world since 2020

ASIA . uUsA . EUROPE

SK Hynix Fab Sony Fab 5
Yongin, KR) sahaya, JP)
Polar Soml Fab — :
SK H M15X Fab - :
hS yr)nx KR) - TSMC Sony Fab : Bloomington, MN) SK Hynix ATP : Global Foundries Fab Intel ATP Faclory
Kumamgo v (W Lafayette, IN) - (Dresden, DE (Wroclaw, PL
Samsung P3 Fab : W :
gtaek. K Renesas Kofu : Mncron Fab' o) Nhanced : y
— Factory : Microchip Fab bl —— Semiconductors ATP ! '“}e‘ Fab ST Microelectronics
SMIC Fab Kai City. JP) Sresham. OR | = Ddon. IN : (Magdeburg, DE) SnC Factory
ianjin, CN) : exas g (Catania
SMIC Fab Kioxia, Western : Ana!og Devices Fab lnS:l:Uf‘““:‘nlS Fab . lntol. Fab qufspocid Fab_
o r Digital Fab . Beaverton. OR {Lehi, L (New Albany, OH : Saarland, DE
Micron ATP Factory I ) 7 : Bosch Fab Microchip Fab Micron Fab ‘
Xi'an, CN) == : Roseville. CA) e SEgess [ (Ciay, NY :
L ! 3 A beady) CO Sp s, CC
‘kfll{a Hogg Semiconductor Fab ‘ : Westam Global |
Wuxi. CN) ® ® : — Digital Fab ( Foundries Fab i
ST Microelectronics, Sanan Fab ® : Fremont, CA | vaita, NY)
{ AR N . . | 1 |
Chongqing, CN) I ® J. ® : o——| L : |
L .ahl :
SMIC Fab 7| ) PSMC P5 Fab : ‘ | | : ‘ ;
(Shenzhen, CN) [ (Maoli, TW : 2 @ : ‘ ‘
- x | : = 4 |
China Resources 28— Nanya Fab 4 : : |
Microelectronics Fab o L®Y ¢ New Taipei. TW) : | _._V,J . o w9|f59‘?°d F"b : ' .L' ®
(Shenzhen, CN [ : | Silver City, NC) ! : |
[ TSMC Fab : .0 : : S *
| ﬁ Kaohsiung, TW) — ] ® pallidus Fab : ' |
ISMC Fab fl : ° A ey :
S i Il uMCFabi2ps :  Intel . . | Rock Hill, SC) ~ l {
N d ey Kaohsiung, TW) | ~ Fab52Fab62 E ..A i : ‘
Power Fab 2 |l ———— WinsemiFab :  (Chandier AZ) P ® EMP §r:|_zlg Fab :
Kulim. MY . —_— Kaohsiung, TW 1 . 1 Burlingtc S :
ASE ATP 1» \ | TSMC Fab14 : TSMCFabZ‘ —|| x-Fab — [ L_ Global Wafer Fab ; ?
Plants 4 and 5 b Amkor ATP Factory  (Tainan, T\ . : = (EU0D { o ASReHnan, 3 :
Penang, MY) 3ac Ninh, VN : Amkor Integra Texas Instruments : ST TSMC, Infineon,
Intel ATP Factory SI|ICOI"I Box ATP ATP Factory 1 Technologles — Fabs SM1, SM2, SM3, SM4 Microelectronics, L Bosch, NXP Fab
enang, MY) (Peoria, AZ Fab (Wichita, KS herman, TX : Global Foundries (Dresden, DE
- : Fab (Crolles, FR
Micron ATP Factory UMC Fab12i P3 : I'jml fab o Samsung Fab / ATP Texas Instruments Fab ’
Gujarat, IN S : fiio Rancho, f¥M) = aylor. T Richardson. TX : InfineonSmart
AlediaFab ——— —— PowerFab
Champagnier, FR (Dresden, DE

NXP Fab

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain



Global Semiconductor CapEx Distribution

Future flows of CapEx® from company HQ region to destination region, 2024-2032F

31% 28% 13% 10% 7% 7% 3%
$716B $646B $300B $222B $156B $154B $72B
Total CapEx
c
°
g HQ region
o
F
>
£
o
a
E
o
Q Korea
China?
Others’
Taiwan USA Korea Japan Mainland Europe Others'
China

Destination region

1. Others includes Israel, Malaysia, Singapore, India and the rest of the world

2. Mainland China
Source: SEMI; BCG Analysis

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain



Global IC Wafer Fab Capacity by Technology

Global wafer fabrication capacity® by technology category by region, 2022 (top) and 2032 Forecast (bottom) (%)

DRAM

NAND

Logic:
<10 nm

Logic:
10-22 nm

Logic:
28 nm+

DAO'

Total

2022 ENCNE)
2032F 9% 4%

2022 EkPA 30%

2032F 32%
2%

2022 LA 31%

2032F 28%

2022 28%
2032F 20%

2022 8% 4% 10%
2032F 10% 3% 10%

2022 14% 17%

2032F 18%

2022 10% 8%
2032F 14% 8%

52% 20% 18%
57% 17% 13%
30% 4% 26%
42% 3%
69%
6% | 5% 9% 47% 3%
2%
13% 4% 40% 6% 8%

6%

6% 19% 6%

30% 9%
25% 9%

25% 7% 5% 9%
21% 5% 4% 7%

17% 18% 7%

15% 19% 17% 5%

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain



Global IC Wafer Fab Capacity by Region

Global 200mm+ commercial semiconductor fab copacity share by region, 1990-2032F

bpL4bEl  Mainland China

Taiwan

17% 17%

S. Korea

15%,‘0 150/0 Japan

Sﬂ.r";] 0/ E UrCl p‘e

Qo

13% 14% VIS

1990 1995 2000 2005 2010 2015 2020 2022 2025F 2030F 2032F

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain



Global Semiconductor Equipment Distribution

Semiconductor manufacturing equipment vendors, by H) region revenue

Global geographical distribution of

semiconductor manufacturing equipment’ Market
us EU CN= KR JP  Others size ($B)

Lithography 1% 10%
Photoresist processing 3% 5% $3.7

E lon implant & doping eqpt 17% $2.5

1]

2

=3 Thermal processes - 4% 2% 1% $2.9

c

]

= .

s Deposition - 1% 2% 5% 15%

=

a

L Material removal & cleaning - 0% 5% 4% 0% 0

o

[

L) N N

= Manufacturing automation 5% 1% 21% $4.2
Process control 7% 11% 6% $13.5

. Other 1% 8% 5% 43% $3.4

I 1-5% ‘ | 6-10% | |'l'l-25%|

26-50% 51-75% 75-100%
company revenues 2. Mainland Chin:

S ot o T S | S e | e e e TaL .
. Geographies based on company HQ

Crirng (2artner B
yource: Gartner; BC

s; distribution based on cao any ues 2. Main a
G ana

https://wwwl.lscg.com/pubIications/2024/emerging-resiIience-in-semiconductor-supply-chain



EUV Equipment Global Supplier Distribution

1
EUV equipment integrates 7o g —[% L 27%
components from o globaol Mosen Amar iea [z 32% r a [e}—
network of more thon 5.000 wemmerisecs | [5]
speciolized suppliers

Sample EUV key components

=] 2]
) .»'* . it Share of total
hotor It EI number of
varer - i Pl suppliers
(1] ux [2] us [2] Germany [3] Germany
Vacuum system EUYV light source Laser & power source Optical system
Other tool parts
Germany [s] Metherlands [6] Japan

Wafer chuck Vessel Other tool parts

https://www.bcg.com/publications/2021/strengthening-the-global-semiconductor-supply-chain



Global Semiconductor Materials Distribution

Market size and number of major vendors by semiconductor materials segment

Front end Back end
Silicon Photoresist Photomasks Gases Wet CMP  Sputtering Other Substrates Lead Bonding Encapsulat Ceramic Die attach Others
wafers chemicals slurries targets frames wire onresins packages materials

& pads
D e o o - - . D O © 0 0 - o

us o o o © o o © o

U O ©O ® o (2 o O O o
» 0@ © o 0 0 o © o 06 o 0 0
kR © O @ o

w O O © o

o O o © o o © @

Number of major vendors by HQ region

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain



Global New ATP Investment Distribution

New ATP investments by region, 2020-2023

Rochester Electronics
(Newburyport, NY, US)

SK Hynix Intel
(West Lafayette, (Worclaw, PL)
N, US)

Amkor

(Peoria, AZ, US) }
Intel

(Rio Rancho, NM, US)

Samsung
(Taylor, TX, US)

Intel
(Belen, CR)

T

ASE Group
(Sao Paulo, BR)

L J [ =

Micron \
[Gujarat, IN)

Amkor

ASE

(Bac Ninh, vN) || (Penang, MY)

Intel
(Penang, MY)

| _Silicon Box
(SG)

Mainland China and Taiwan

Foxconn
(Qingdao, CN)

GEM Services
(Hefei, CN)

Tongfu Microelectronics
(Nantong, CN)

Access Semiconductor
(Nantong, CN)

Tianshui Huatian Technology

(Kunshan, CN)

ASE Group I Ardentec
(Manjing, CN) fer 2= (Hsinchu, TW)
Tianshui Huatian Technology = PTI

(Nanjing, CN) ! |l (Hsinchu, TW)
Tianshui Huatian Technology _ | . - =1 KYEC
(Nanjing, CN) i (Miaoli, TW)
ASE Group PTI

(Jingiang, CN) [Toufen, TW)
KYEC TSMC
(Suzhou, CN) [(Miaoli, TW)
Chip Advanced ASE Group TSMC
(Haining, CN) (Changhua, TW) [Chunan, TW)
SMIC/JCET -_ ASE Group -

(Jiangyin, CN) (Kaohsiung, TW)

Tongfu Microelectronics ASE Group N ASE Group
(Xiamen, CN) (Kaohsiung, TW) (Kaohsiung, TW)
Shenzhen Able Electronics ASE Group 1

(Shenzhen, CN) (Kachsiung, TW)

Mainland China Rest of World

Facilities 14

DM internal ATP facilities and O

1

13

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain




Global ATP Capacity Distribution

ATP capacity® distribution by region

Rest of world ATP capacity,
2022-2032F global ATP capacity 2022-2032F (as % of total capacity)

» 27%

4%

o . 0
3% ot 7%

3%
3% v
7
/'/
/’/
7
/
/
//"’/
/'/
2
/
/
2022 2032F 2022 2032F

BUS MJapan M Taiwan lEU B Malaysia ! Singapore HThailand
B Korea M Mainland China [l Others M Philippines Il Mexico Il Vietnam [l Others’
1. Other countries include Indonesia, Canada, Brazil, Costa Rica, India, |srael, and Morocco
Note: Includes both OSAT and IDM facilities
Source: US Department of State; The White House; SEMI; IHS; BCG analysis I

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain
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Shockley 197 The Begals ... The Genesis of Silicon Valley

Bratain | Bell Labs Pov——
Bardeen 1956 Noyce
Transistor oo Bec

Shockley Semi Gordon Moore 1957

00 Scalise

Fairchild
Bob Noyce IC
MPU Gordon Moore A Sandersili | Chartie Sporck Wilf Corrigan
DRA 1968 1969 s 1959/67 1981 1961
Federico Faggin ST Y RIPRRINAN  AMD Vational |.~*" | LSiLogie || Signetics |
R00dc C K VT NET ASIC polar MPUs
1"‘ ‘m : ’ I” - \VIL LAW, ~m
m ¢ m Vantis Spansion @ Exar vt
- PAL 199 Flash EEPROM 2003 Cirrus
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® @ —_—
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Global Semiconductor Researcher Distribution

High-skilled workers migrate between geographies during their careers

Top authors of advanced IC papers
Location at different career stages ®’® ®’@ Lt inmoe

100% p USA +15%pt | -5%pt | . Top destinations for postgraduate studies
- Large net inflow of STEM talent from
Europe +6%pt | -2%pt rest of world
-2% [ 0 OB 00|
2%
Japan +1%pt

3% . :
- Impressive retention across all stages
DA S. Korea ~1%pt y
- Struggle to attract foreign talent

Mainland
China

13%pt | +4%pt :
o P - Top talent trains abroad

Undergraduate Postgraduate Employee

BN B B B B o Poves

India -6%pt - ...and stays abroad, aside from some returners

Note: N=459 1. Mainland China

ource: Australian Strategic Policy Institute (ASPI); Expert interviews; ProtectAZWorkers; BCG analysis

https://www.bcg.com/publications/2024/emerging-resilience-in-semiconductor-supply-chain
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Backup Materials
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