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We are now facing many complex crises

Energy and Environmental Issues

Low birth rate”and aging population

Global Pandemic

Service robot
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Global Semiconductor Industry Trends I

With the acceleration of the Fourth Industrial Revolution,
the semiconductor industry remains a sustainable strategic sector

Projected Annual Growth Rate of Global Semi. Market (23~'28) g CHIPS and Science Act (22.8.9)
(OMDIA '246) — - Support $52.7 billion for domestic semi. manufacturing facilities
o US - Samsung(6.4B), Intel(8.58), TSMC(6.68), Micron(6.1B)
* Total Semiconductor Market : 10.8% (23)544 B$ = (28)90BBS 7 ettt
* Memory Device Market : 24.2% (23)94 B$ — (28)279 B$ o * EU Chips Act (23.4.19)
. - €43 billion support for semiconductor industry by 2030
. 0 -
System IC Market : 7.3% (231360 88 — (28512 B% EU —aims to double its global semiconductor market share to 20%

..........................................................................................

Korean Semiconductor Industry (23) ° * Plan to strengthen the semiconductor industry (21.6)

(Korea Custorns Senvice, 20241 - ¥1.2 trillion for TSMC Fab. construction, ¥920 billion for Rapidus

Japan = Aiming to triple semiconductor production to $96.3 billion by 2030
. NO 1 expor‘t |tem for 1 1 Consecu'nve years Slnce 2013 ..........................................................................................
% For 20 of the past 27 years, it has been a core national industry and strategic sector 0 . Targeting 70% Semi, self—sufﬂciency by 2025 (1 7% in 2021 )
driving the country’s exports - Currently investing $142 billion in the semiconductor industry
China - Raising an additional $27 billion for SMIC and Huawei

* Proportion within Top 10 export items of 2023 : ~15.3%



Investment Landscape in the Semiconductor Industry \|

U.S.—drven semiconductor supply chain restructuring
and Global Investments for the Survival of the Semiconductor Industry

America : $205B Europe : $72B Asia : $380B
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Global Market Share

B usA [l South Korea Taiwan [l] Japan || Europe China [l] Other

IC Design, 0.7

Memory +
Foundry, 105 | IDM, 35

Fabless, 115 qqlﬁm
IC Design, 2 IC Design, 1.7. IC Design, 0.6

<A NVIDIA X s:’hymx

New Class of Al Superchip
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Semiconductor Device is a complicated 3D nano—structure

Higher Performance
Higher Integration Density
Smaller Feature Size




Key Technology for Integration : EUV Lithography

EUV Scanner adopts reflective optics |
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EUV is in High Volume Manufacturing I

Performance and efficiency
reimagined

« EUV lithography is already being applied to mass production
« >4 EUV layers in DRAM production, > 12 layers for logic device
« Process improvements are underway for better resolution, pattern quality, process yield, and productivity

Source) ASML, Apple, Samsung



Worldwide EUVL R&D project 4
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Pioneer Works Early R&D Consortia R&D } Supplie_zrs Infrastructure F)e_vel?pment
Technology Demonstration Commercialization
NTT Himeji Institute of Technology
EUVA
ASET-EUVL SELETE
Hitachi Canon
Nikon

I South Korea EUVL Program

AT&T
Lawrence Livermore National Laboratory (LLNL)
Sandia National Laboratory (SNL)
Lawrence Berkeley National Laboratory (LBNL)
National Institute of Standards and Technology (NIST)
SVGL I Tinsley
GCA Tropel EUVLLC / VNL INVENT
SEMATECH EUV program
Stichting voor Fundamenteel Onderzoek der Materie (F OM)

EUROLASER EXULT PREUVE More Moore
EUCLIDES —* MEDEA+
CEAILETI
ASML | Zeiss
IMEC
Legend: [ | Japan [ | SouthKorea |:| USA. [ ] Europe 5. Wurm, EUYL Development History

Ref. H. S. Wurm, Proceeding of SPIE (2007)



The First EUVL R&D Consortium in Korea (2002-2011) 2 |
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New EUV Beamline at Pohang Synchrotron Facilities
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Nano Inside

Mask Design & Fab.

Multilayer

Mo/Si EUV
multilayer

6.9nm -

n=1
. binary
mask

" Tabased
L] .

Refractive e (n)

Optical Simulation

Single waled carbon nano fuse (SWCNT)

Pellicle Design & Fab.

EUV Transmittance Y90%

Full-size (110mm* 144mm) Pellicle

CNT Pellicle

Thermo—Mechanical
Property Evaluation

Thermo—-mechanical
Simulation

Bulge Test
(Fracture Behavior)




Nano Inside

Contamination Analysis New Resist Structure Optical Evaluation EUV Resist Evaluation
& Cleaning (Refl./Trans./Imaging)
e . i Ua PALD
article behavior in chamber Line edge Roughness B

Diameter >2 nm
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Vertically aligned Organic—
Inorganic Multilayer Dry Resist

Particle manipulation by AFM

Nanomanipulation with high reliability _

Manipulated nanoparticle
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Nanotechnology Driving Innovation Across All EUV Core Technologies \l

Future: e
Mask attenuated phase shift mask y m Simulation
e

30-50nm : 2 ' . - ) )
Research on advanced materials FE N ] . Optical, thermal, mechanical
for phase shift mask and thin % ) simulation for mask and pellicle
absorber mask MoSi m.m/ e ©

Cleaning

Resist

—
EUV-IUCC

Extreme Ultraviolet
Industry University Collaboration Center

; : ] < Wet and dry cleaning process
Inorganic/organic resist materials for mask and pellicle

and dry development

Pellicle .
Metrology and Inspection

Design, fabrication, evaluation of

new materials providing Coherent Diffraction Imaging of mask

compatability with high-power patterns, Transmittance & reflectance

EUV source




Members Companies and Partner Institutes

EUV—IUCC Academia & Research Institutes

- Hanyang University

Extreme Ul jolet - Industry University Cooperation Center ~Inha University
- Pohang Accelerator Laboratory
- Korea Electronics Technology Institute
R — The University of Texas at Dallas (U.S.)
fFsob ~ - SUNY Polytechnic Institute (U.S.)
= - Paul Sherrer Institute (Switzerland)
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Please visit our website.
https://www.euv-iucc.org

Industry Members

— ASML Korea

-FST

- S&S Tech

- ESOL

- Young Chang Chemical
- QRT

- Taihan Fiber Optics
- Veeco Korea

- Lam Research Korea
- Hunet Plus

- PSK

-EGTM

- DNF

- Nextin Solution

- Dongwoo Finechem
- Park Systems

- TEL Korea

— BASF Korea

- PeDiSem

- Kairo Space

= Next IJ

— The Elec

- Alpha ADT

- HIMS

- TDNJ

- Mitsui Chemicals Korea
- Derkwoo

- Carl Zeiss

- Graphene Square

= IMT

- Graphene Lab
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We look forward to collaborations

Jinho Ahn

Professor. Materials Science and Engineering
Executive Vice President for Research, Hanyang University
Director, CH3IPS Innovation Research Center




