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2026 Next Generation Lithography + Patterning Conference

Invitation 초대의 글

Welcome to the 

2026 Next Generation Lithography + Patterning Conference!

The NGL 2026 Conference, to be held on August 10–11, 2026 at the Suwon Convention Center, will bring together 
the global lithography and semiconductor community to explore the latest advances in next-generation patterning 
technologies.

Under the slogan “Lithography Powering the Next Wave of AI Technologies,” this conference aims to highlight 
the critical role of lithography in enabling future semiconductor innovations driven by artificial intelligence, high-
performance computing, and advanced memory technologies.

The program will emphasize the increasing maturity and adoption of EUV lithography in high-volume manufacturing, 
while also addressing emerging challenges and opportunities associated with 0.55-NA (High-NA) EUV systems. 
Particular attention will be given to key technical barriers such as resist stochastics, next-generation mask 
technologies, defectivity control, and infrastructure readiness.

In addition, the conference will cover a broad spectrum of lithography and patterning technologies, fostering 
collaboration across industry, academia, and research institutes. Special sessions will include strategic collaboration 
with NGL Japan and focused discussions on advanced etch technology for nanopatterning.

Warm regards,

2026 Conference Organizing Committee Chair Jun Ho Lee, Byoung Ho Lee

Program Committee Chair Sangsul Lee, Byungcheol Cha

Organizing Committee Chair Program Committee Chair

Sangsul Lee

Professor
POSTECH

Byungcheol Cha

Senior Director
Entegris

Jun Ho Lee

Professor
Kongju National University

Byoung Ho Lee

Sr. Fellow
Park Systems
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2026 Next Generation Lithography + Patterning Conference

Committee 학술대회 위원회

프로그램위원회

프로그램위원회 위원 명단

(총괄) 위원장: 이상설(포스텍), 차병철(Entegris)

(분과위원회) (가나다순)

Computational
Lithography

Alternative
Lithography and
Nano Fabrication

Patterning Materials
and Processes

Optical and EUV
Lithography

위원장 김상진(아주대), 이상설(포스텍)

강영석(삼성전자), 김건수(LG전자), 김병국(이솔), 김후식(뷰웍스), 남정림(한양대), 문성용(FST),
박동훈(GIST), 박종락(조선대), 서환석(연세대), 승병훈(S&S TECH), 안진호(한양대), 여정호(AMAT), 
이윤우(KRISS),이혁교(KRISS), 임창문(SK hynix), 전영민(KIST), 최성운(HIMS), 최성원(오로스테크놀러지),
최정동(TechInsights), 최진(삼성전자), 한재원(연세대), 황찬(삼성전자)

이진균(인하대), 허수미(전남대), 고차원(연세대)

김명웅(인하대), 김현우(삼성전자), 복철규(동진쎄미켐), 여기성(JSR-EM), 우상균(원주시), 유정윤(Versum Materials),
임재봉(DuPont), 장지현(UNIST), 전성호(LG화학), 정진항(삼양엔시켐), 정현담(전남대), 차병철(Entegris)

김명기(고려대), 이승우(고려대)

강경태(KITECH), 김대근(단국대), 김선경(경희대), 김성환(한양대), 노준석(포항공대), 이대호(가천대),
이병규(삼성전자), 전석우(고려대), 정건영(GIST), 정연식(KAIST), 정용철(KITECH), 최준혁(KITECH)

양승훈(삼성전자)

고성우(SK hynix), 김도년(서울대), 김령한(IMEC), 백승인(삼성DISPLAY), 서정훈(ASML), 신영수(KAIST), 
안창남(Siemens EDA), 양현조(ASML), 오혜근(한양대), 이승걸(인하대), 장준영(삼성전자)

김욱래(삼성전자)

김용진(전북대), 정진욱(한양대), 염근영(성균관대)

김대석(전북대), 김두리(한양대), 김영식(KRISS), 김재완(KRISS), 김태곤(한양대), 김향균(홍익대),
류성윤(삼성전자), 마성민(SK hynix), 박병천(KRISS), 송윤호(ETRI), 안희경(KRISS), 이명준(삼성전자),
이성우(Carl-Zeiss), 이성은(삼성전자), 이영미(충남대), 이종규(미래로시스템), 임선종(KIMM), 장무석(KAIST),
전병환(인하대), 조태영(삼성전자), 주기남(조선대), 진종한(KRISS)

권광호(고려대), 김동찬(ASML Brian), 김무성(Gauss Lab), 김용진(전북대), 김윤재(삼성전자), 민경진(명지대),

박종철(삼성전자), 배근희(삼성전자),서희찬(SK hynix), 양장규(ICD), 염근영(성균관대), 유신재(충남대),

임연호(전북대), 조성일(삼성전자), 한영훈(SK hynix), 홍상진(명지대)

위원장

위원장

위원장

위원장

위원장

위원

위원

위원

위원

위원

위원

Advanced 
Metrology and

Inspection

Advanced Etch
Technology for
Nanopatterning

조직위원회

조직위원회 위원 명단

(총괄)위원장: 이준호(공주대), 이병호(파크시스템스)

(명예)위원장: 안진호(한양대)

(소위원회) (가나다순)

논문상심사
위원회

출판위원회

재무위원회

총무위원회
위원장 남정림(한양대)

김대근(단국대), 김병국(이솔), 이병호(파크시스템스)

차병철(Entegris)

여정호(AMAT), 이병규(삼성전자), 이혁교(KRISS), 정용철(KITECH), 최준혁(KIMM)

이대호(가천대)

백동현(한국공대), 전병환(인하대), 정연식(KAIST)

김성환(한양대)

이상설(포스텍), 이준호(공주대), 이진균(인하대)

박종락(조선대)  

고차원(연세대)

강경태(KITECH), 김성수(서울대), 김재순(명지대), 김향균(홍익대), 송윤호(피코팩), 안승준(선문대),

오혜근(한양대), 유우식(WaferMasters), 이승걸(인하대), 조한구(FST), 한재원(연세대)

위원장

위원장

위원장

위원장

위원장

위원

위원

위원

위원

위원
자문위원회

대외홍보위원회
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Opening Remarks
 (Organizing Committee Chair) Byoung Ho Lee, (OSK President) Donghyun Kim

Plenary Talk 1-1
Lithography Technology Overview & Future

Sarohan Park (SK hynix)

Plenary Talk 1-2
AI driven lithography process control 

Jin Seok Heo (KLA)

Registration

[PL1] Plenary Session 1 [Room 405 - 408]

[SP1] Scientific Program 1 [Room 405 - 408]

[SP2] Scientific Program 2 [Room 405 - 408]

Optical & EUV Lithography

Chair: 차병철 (Entegris)

Chair: 이상설 (포스텍), 김상진 (아주대)

Chair: 김욱래 (삼성전자)

Chair: 염근영 (성균관대), 김용진 (전북대)

Chair: 김병국 (ESOL)

Dry Etch

Metrology & Inspection

Break

EUV & OP 1. (Invited)

EUV & OP 2. (Invited)

EUV & OP 3. (Invited)

EUV & OP 4. (Invited)

MI 1. (Invited)

MI 2. (Invited)

MI 3. (Invited)

MI 4. (Invited)

Etch 1. (Invited)

Etch 2. (Invited)

Etch 3. (Invited)

Ted Liang (LASERTEC)

Brandon Holybee (xLight)

Sungmin Huh (ASML Korea)

Jeonghoon Lee (IMEC)

Tianhan Wang (KLA)

Sylvia Lewis (Sigray)

Byeongkyu Cha (Samsung Electronics)

Soyeon Chang (Seoul National Univ.)

Kwang-Ho Kwon (Korea Univ.)

Doo Young Lee (Applied Materials)

Heeyeop Chae (Sungkyunkwan Univ.)

Poster Presentation+Industrial Contribution 

(Networking Reception)

만찬, Conference Dinner

Plenary Talk 2-1
Novel Approaches in eBeam Patterning and Defect Control  

Jason Kim (Applied Materials)

Plenary Talk 2-2
Advanced Patterning for Sub-2 nm Devices: Current Status, Challenges, and Future Directions 

Keun Hee Bai (Samsung Electronics)

Break

Lunch / Break Nano Bridge: Student Mentoring Program

18:00-20:00

15:10-15:30

17:00-18:00

15:30-17:00

1st Day | Aug. 10, 2026 (Mon)

07:30-08:20

09:50-10:10

10:10-11:50

11:50-13:20

13:20-15:10

08:20-09:50

Detailed Schedule 학술대회 세부일정

[PL2] Plenary Session 2 [Room 405 - 408]

Poster Session [Room 401 - 402]

[SP3] Scientific Program 3 [Room 405 - 408]
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Special Program [Room 405 - 408]

NGL Japan Session

AL 1. (Invited)

OP & EUV + AL 2. (Invited)

OP & EUV 5. (Invited)

MI 5. (Invited)

AL 3. (Invited)

Sunghwan Kim (Hanyang Univ.)

Philip KS Kim (LG Electronics)

Jiho Kim (PAL)

Junho Yoo (Nexensor)

You Shin No (Konkuk Univ.)

[SP6] Scientific Program 6 [Room 405 - 408]

Patterning Materials

[SP5] Scientific Program 5 [Room 405 - 408]

 Alternative Lithography + EUV & MI

Student Speed Talk

[SP4] Scientific Program 4 [Room 405 - 408]

Computational Lithography

Closing Session [Room 405 - 408]

Registration

Best Student Paper Awards Ceremony

Closing Remarks
18:30-18:40

Lunch / Break

Break

Break

Welcome Session
(Program Committee Chair) Byungcheol Cha , (Honorary Organizing Committee Chair) Jinho Ahn

Plenary Talk 3-1
Blue-X: Exploring Advanced Optical Projection Lithography below 13.5 nm 

Vivek Bakshi (EUV Litho)

Plenary Talk 3-2
Building a Resilient High-NA Ecosystem : Infrastructure Readiness and Collaborative Roadmaps for Sub-1nm Scaling 

Chang Min Park (Samsung Electronics)

Break

14:50-16:55

16:55-17:10

17:10-18:30

14:40-14:50

2nd Day | Aug. 11, 2026 (Tue)

07:30-08:20

08:20-09:50

10:10-10:40

13:00-14:40

10:40-11:40

11:40-13:00

09:50-10:10

Chair: 이상설 (포스텍)

Chair: 김성환 (한양대)

Chair: 양승훈 (삼성전자)

Chair: 김명기 (고려대), 이상설 (포스텍)

Chair: 차병철 (Entegris)

Chair: 이진균 (인하대), 허수미 (DGIST)

Detailed Schedule 학술대회 세부일정

[PL3] Plenary Session 3 [Room 405 - 408]

CL 1. (Invited)

CL 2. (Invited)

CL 3. (Oral)

Bongkeun Kim (Samsung Electronics)

Wan Ho Kim (Siemens EDA)

Seohyun Kim (KAIST)

PM 1. (Invited)

PM 2. (Invited)

PM 3. (Invited)

PM 4. (Invited)

NGL-J 1. (Invited)

NGL-J 2. (Invited)

NGL-J 3. (Invited)

NGL-J 4. (Invited)

NGL-J 5. (Invited)

Roberto Fallica (IMEC) _ On-line

Ji-Hyun Jang (UNIST)

Hyeok Yun (Chonnam National Univ.)

Gayoung Kim (Inha Univ.)

Satoshi Enomoto (Toyo Gosei)

Takaharu Nagai (DNP)

Daijiro Akagi (AGC)

Isao Ichikawa (Lintec)

Norifumi Hosoi (Tekscend Photomask) _ On-line

( Joint Session ) 



Plenary Session
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Plenary Talk 1-1 

Lithography Technology Overview & Future

Sarohan Park
VP of Photo Process in R&D | SK hynix

Memory demand has steadily grown across the PC, mobile, and cloud sectors, surging recently due to the rapid 

expansion of AI. To meet this demand, the industry has historically increased memory supply through device scaling 

driven by advancements in lithography. Resolution limits have been continuously overcome via process innovations-

including Optical Proximity Correction (OPC), materials, and mask technologies—alongside developments in light 

sources and equipment.

This presentation provides a comprehensive overview of the historical evolution of lithography and its current 

technological state. As industry stands at a critical crossroads for continued pattern scaling, we will explore future 

directions for lithography technology, focusing on multi-patterning, High-NA EUV, and bonding processes, and discuss 

new strategic approaches to address upcoming challenges.

VP Sarohan Park received his MS degree in ceramic engineering from Yonsei University (Korea) in 2003. He has been 

developing the advanced photo process technology, such as ArF immersion and EUV processes at SK hynix R&D since 

2003. In 2011, he joined the advanced lithography program of IMEC (Belgium) as a SK hynix assignee and researched 

the EUV stochastic effects of C/H patterning for two and a half years. He subsequently developed the photo process 

for the DRAM 1a node, which adopted the EUV process. Following this, he served as the head of the Advanced Photo 

team at R&D, where he was in charge of next-generation lithography development. He later led the Photo mass 

production team within the Manufacturing Technology division. Since 2024, he has been overseeing all Photo process 

development in R&D.

Abstract

Biography
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Plenary Talk 1-2 

AI Driven Lithography Process Control

Jin Seok Heo
Director of Division Field Marketing | KLA

As semiconductor technology advances toward sub-2nm logic, high-bandwidth memory (HBM), and heterogeneous 

integration, lithography process control has become increasingly challenging. The rapid expansion of process complexity, 

together with the explosive growth of metrology, inspection, and equipment data, is creating unprecedented 

opportunities for Artificial Intelligence (AI) to transform how lithography processes are monitored, optimized, and 

controlled. The convergence of advanced analytics, machine learning, and domain-specific engineering knowledge is 

enabling a new generation of intelligent process control systems capable of delivering faster learning cycles, improved 

yield, and enhanced manufacturing productivity. 

This presentation explores the evolution from traditional rule-based lithography control toward AI-driven lithography 

process control. It discusses how modern semiconductor fabs can leverage large-scale process, metrology, and 

inspection data to improve overlay performance, critical dimension control, defectivity management, and scanner 

optimization. Particular attention is given to emerging AI applications, including virtual and augmented metrology, 

machine-learning-based context monitoring, process variation prediction, intelligent sampling strategies, and 

automated root-cause analysis. These capabilities enable engineers to identify hidden correlations, predict process 

excursions before yield impact occurs, and accelerate process optimization across development, ramp, and high-

volume manufacturing environments. 

The talk further examines the integration of physics-based lithography knowledge with data-driven AI models. Rather 

than replacing engineering expertise, AI augments decision-making by combining semiconductor process understanding 

with advanced predictive analytics. This hybrid approach delivers more robust and explainable control solutions while 

maintaining the traceability and accountability required for manufacturing operations. Recent developments in AI-

ready lithography platforms and engineering are also discussed, illustrating how agent-based workflows can transform 

lithography expertise into scalable, explainable, and user-validated process optimization frameworks. 

Finally, the presentation highlights future opportunities and challenges associated with deploying AI at scale in 

semiconductor manufacturing, including data governance, model reliability, explainability, and integration with 

existing advanced process control (APC) infrastructures. As the semiconductor industry enters the era of intelligent 

manufacturing, AI-driven lithography process control is expected to become a critical enabler for achieving the process 

capability, yield performance, and manufacturing agility required for next-generation technologies. Through practical 

examples and industry perspectives, this talk provides a vision of how AI will reshape lithography process control and 

accelerate the transition toward autonomous semiconductor manufacturing.

Abstract
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Plenary Talk 1-2 

Dr. JinSeok Heo is a recognized expert in semiconductor patterning, lithography, and process control. With over two 

decades of industry experience, he has been instrumental in advancing EUV lithography adoption and semiconductor 

manufacturing innovation. At KLA, he works closely with leading semiconductor manufacturers to improve patterning 

performance, overlay control, and yield through advanced metrology, inspection, and data analytics solutions. Prior to 

KLA, he held senior technical leadership positions at Samsung Electronics R&D, leading EUV and immersion lithography 

programs. Dr. Heo received his Ph.D. in Mechanical Engineering from KAIST and has published more than 40 technical 

papers while securing over 20 patents in semiconductor technologies.

Biography
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Plenary Talk 2-1

Novel Approaches in eBeam Patterning and Defect Control 

Jason Kim
Sr. Director of TCT(R&D Extension) Korea Organization | Applied Materials

Semiconductor complexity continues to increase with each new process node, as the industry pushes the limits of 2D 

scaling, 3D architectures, and advanced packaging to sustain ongoing performance improvements. 

EUV and High-NA EUV lithography, along with complex 3D device architectures such as Gate-All-Around (GAA) 

transistors and High-Bandwidth Memory (HBM) are introducing significant new challenges for process engineers. 

As a result, process control solutions must meet increasingly stringent requirements for sensitivity, precision, and 

image quality, often at sub-nanometer resolution. In this talk, I will review the key process control challenges arising 

from emerging architectures such as HBM and novel technologies like High-NA EUV, and discuss the solutions required 

to ensure effective control and high yield. 

I will present state-of-the-art eBeam approaches for both patterning and defect control including AI based solution in 

advanced semiconductor manufacturing and packaging, and highlight future directions for process control innovation.

Jason Kim (Sr. Director) has been managing TCT(R&D Extension) Korea organization within the Applied Materials 

PDC Business Group since 2020. After receiving BS in Electronic Engineering from Kookmin University, he began his 

career in the semiconductor industry at Samsung Electronics in 1998 and has approximately 30 years of experience 

in the field. He has experience working in Yield Enhancement Group and Metrology & Inspection Groups at Samsung 

Electronics, as well as CD-SEM Application Development at Hitachi High-Tech (Naka Factory) in Japan. At Applied 

Materials, he is responsible as the head of Korea R&D organization for driving System, Algorithm, and SW development 

across all metrology and inspection platforms.

Abstract

Biography
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Plenary Talk 2-2

Advanced Patterning for Sub-2 nm Devices
: Current Status, Challenges, and Future Directions

Keun Hee Bai
Master (VP of Technology) | Samsung Electronics

The introduction of extreme ultraviolet (EUV) lithography has enabled continued pitch scaling for advanced 

semiconductor devices. As the industry moves toward sub-2 nm logic technologies, however, patterning performance 

is increasingly limited by stochastic effects such as line-edge roughness (LER), line-width roughness (LWR), edge 

placement error (EPE), and other local variations. Although significant progress has been made in EUV exposure 

systems and photoresist materials, improvements in these stochastic variations have not kept pace with the scaling 

requirements of future technology nodes.

Considerable efforts are underway to develop next-generation photoresists, including metal-containing resists, to 

improve resolution and stochastic performance. However, resist innovation alone is unlikely to satisfy future patterning 

requirements. Additional improvements through post-lithography patterning processes are becoming increasingly 

important for reducing local variations while maintaining pattern fidelity.

This presentation will review the current status of advanced patterning technologies for sub-2 nm devices, focusing on 

the key challenges associated with continued scaling. The limitations of current patterning technologies, including LER/

LWR, local CD variation, stochastic defects, and pattern fidelity, will be discussed together with potential approaches 

for their mitigation through process optimization and post-patterning techniques.

Special emphasis will be placed on the recent progress of Atomic Layer Etching (ALE), which has attracted significant 

attention as a promising technology for future semiconductor manufacturing. Owing to its atomic-scale process control 

and self-limiting reaction mechanism, ALE has the potential to improve pattern fidelity while minimizing process-

induced damage. Recent developments in ALE, as well as the remaining technical challenges—including process 

integration, selectivity, productivity, and defect control—will be discussed.

Finally, perspectives on future advanced patterning technologies will be presented. As semiconductor manufacturing 

enters the era of atomic-scale process control, future progress will require close integration of lithography, plasma 

processing, materials, equipment, and process integration. The role of post-patterning technologies, particularly ALE, 

in overcoming the limitations of current EUV patterning and enabling future sub-2 nm device manufacturing will be 

discussed.

Abstract
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Plenary Talk 2-2

Biography

Dr. Bai received his Ph.D. in Plasma Physics from KAIST in 2002. Since joining Samsung Electronics the same year, he 

has been engaged in the development of advanced semiconductor technologies and currently serves as a Master (Vice 

President of Technology).

His expertise includes plasma etching, process monitoring, DRAM and logic process development, and EUV patterning. 

He has led the development of Samsung's EUV patterning, including the company’s first EUV multi-patterning 

technology and has contributed to both process and equipment innovations, including plasma etch systems and EUV 

mask defect mitigation. He has authored or co-authored nearly 100 technical papers and patents. His current research 

focuses on developing patterning for sub-2nm logic devices, including Atomic Layer Etching (ALE). He also serves on 

the program committees of SPIE Advanced Litho. + Patterning, DPS, and the ALD/ALE Conference.
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Plenary Talk 3-1

Blue-X: Exploring Advanced Optical Projection Lithography 
below 13.5 nm

Vivek Bakshi
President | EUV LITHO, INC.

Optical projection lithography has remained central to the continuation of Moore’s Law for more than five decades. 

Since entering high-volume manufacturing in 2018, extreme ultraviolet lithography at 13.5 nm has enabled continued 

device scaling beyond the practical limits of 193 nm immersion lithography. Future extensions of EUV lithography are 

expected to rely on High-NA scanners and increasingly complex multipatterning approaches. Looking further ahead, 

continued numerical aperture scaling may face significant technical, manufacturing, and economic challenges.

The Blue-X Technical Working Group, organized by EUV Litho, Inc., is investigating a complementary approach based on 

reducing the lithography wavelength below 13.5 nm while preserving the fundamental advantages of optical projection 

lithography. Blue-X is being explored as a possible path following High-NA EUV or, alternatively, as a strategic Plan 

B should Hyper-NA EUV prove less attractive from a technical or economic perspective. Rather than proposing an 

immediate replacement for EUV lithography, Blue-X seeks to determine whether wavelength reduction could provide 

another practical option for extending optical lithography into future technology generations.

Since its launch in 2024, Blue-X has grown into an international collaboration involving semiconductor manufacturers, 

equipment and materials suppliers, universities, and national laboratories. Coordinated research is now underway in 

imaging and optical design, multilayer optics, photon sources, masks, metrology, and photoresists. Recent progress 

includes advances in multilayer mirror design, atomic spectroscopy and plasma modeling, resist and imaging analysis, 

and the initiation of experimental resist studies at 3.1 nm.

This presentation will review the motivation for Blue-X, summarize recent progress across the Technical Working 

Groups, discuss the principal scientific and engineering challenges, and present an updated roadmap for evaluating the 

feasibility of advanced optical projection lithography at wavelengths below 13.5 nm.
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Plenary Talk 3-1

Dr. Vivek Bakshi is Founder and President of EUV Litho, Inc., a consulting, education, and conference organization he 

established in 2007 to advance extreme ultraviolet lithography (EUVL). A globally recognized authority on EUV sources 

and next-generation lithography, he provides strategic and technical guidance to semiconductor manufacturers, 

suppliers, government agencies, national laboratories, universities, and investors.

Since 2008, Dr. Bakshi has organized the annual International Workshop on EUV Lithography (EUVL Workshop) and the 

International Workshop on EUV and Soft X-ray Sources (Source Workshop), two internationally recognized conferences 

that have become leading forums for sharing advances in EUVL technology. Since 2025, the two workshops have been 

held together, along with annual short courses on EUVL and photon sources for lithography. He also teaches EUV short 

courses worldwide and presents at international conferences and industry events.

Building on the success of EUV lithography in high-volume manufacturing, Dr. Bakshi is now leading the international 

Blue-X Technical Working Group, which is exploring optical projection lithography at wavelengths below 13.5 nm. 

Launched in 2024, the Blue-X TWG now includes more than 85 participating organizations from industry, universities, 

and national laboratories working collaboratively to evaluate the feasibility of lithography in the 2–7 nm wavelength 

region.

He served for twelve years as an Associate Editor of JM³ (SPIE Journal of Micro/Nano Lithography, MEMS, and MOEMS) 

and is an Adjunct Professor in the School of Physics at University College Dublin. He has authored or co-authored more 

than 125 technical publications and five widely cited books on EUV lithography and holds three U.S. patents in the 

field. His latest book, Photon Sources for Lithography and Metrology (SPIE Press, 2023), reflects his continuing focus 

on next-generation photon source technologies. Today, his primary research interests include next-generation photon 

sources and the long-term roadmap for optical projection lithography below 13.5 nm.
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Plenary Talk 3-2 

Building a Resilient High-NA Ecosystem:
Infrastructure Readiness and Collaborative Roadmaps for 
Sub-1 nm Scaling

Chang Min Park
Master of Foundry Process Development Team | Samsung Electronics

Driven by AI and HPC demands, High-NA EUV (NA 0.55) is critical for sub-1nm scaling, overcoming resolution limits 

despite challenges like stochasticity and stitching. Success requires holistic infrastructure readiness: curvilinear masks, 

CNT pellicles, advanced MOR/DRY resists, and precise OPC modeling. Industry leaders are aggressively deploying High-

NA in memory and foundry roadmaps, leveraging collaborations with IMEC and LBNL for early validation. Furthermore, 

strengthening the supply chain via industry-academia partnerships is vital for indigenous innovation. This talk outlines 

a strategic vision for a resilient, localized ecosystem, ensuring sustainable technological leadership in the High-NA era 

through unified industry efforts.

ChangMin Park received the M.S. and Ph.D. degrees in electronic engineering from Korea University, Seoul, South 

Korea, in 2000 and 2010, respectively.

In 2000, he joined the Process Development Team at the Semiconductor R&D Center, Samsung Electronics, where 

he has been engaged in the development of next-generation DRAM, FLASH, and Logic devices. His primary research 

interests include advanced photolithography processes, with a specific focus on Extreme Ultraviolet (EUV) lithography. 

He possesses over 16 years of specialized experience in EUV technology development.
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NGL-Japan Talk 1  

Study of Resist Materials Incorporating High-EUV-Absorption 
Components

Satoshi Enomoto
Toyo Gosei

Extreme ultraviolet (EUV) lithography has become a core technology for leading-edge semiconductor manufacturing. 

Driven in part by the rapid expansion of artificial intelligence applications, the photoresist market, including EUV 

resists, is expected to grow substantially toward the 2030s. In recent years, the introduction of high-numerical-

aperture EUV (High-NA EUV) exposure systems has enabled further improvements in resolution. At the same time, 

however, the requirements for thinner resist films and the suppression of pattern defects associated with higher-NA 

processing have become increasingly important challenges.

Market research reports predict growing demand for metal oxide resists as promising materials capable of meeting 

future high-resolution requirements. With the anticipated introduction of Hyper-NA EUV exposure systems, 

conventional chemically amplified resists are expected to face greater difficulties because of increasingly stringent film-

thickness requirements, resolution limitations caused by acid diffusion, and the trade-off among sensitivity, resolution, 

and pattern roughness. The potential need for positive-tone metal-based resists for Hyper-NA EUV lithography has 

therefore been discussed.¹⁾ Accordingly, expectations for new resist materials and innovative material concepts are 

continuing to increase. It is anticipated that research and development conducted by academic institutions and other 

organizations will generate novel concepts and ideas that can ultimately lead to practical applications.

Meanwhile, global efforts toward a sustainable society and carbon neutrality are also expanding throughout the 

semiconductor industry. Lithographic processes consume large quantities of chemical materials, including photoresists 

and antireflective coatings. Research and development aimed at reducing or replacing per- and polyfluoroalkyl 

substances (PFAS) is therefore actively being pursued. Practical performance using fluorine-free materials in immersion 

ArF (iArF) lithography has already been reported.²⁾

From the perspective of carbon neutrality, EUV exposure systems consume substantially more electrical power than 

ArF lithography systems. As EUV lithography becomes more widely adopted and increasingly high exposure doses 

are required to achieve higher resolution, there is concern that energy consumption in semiconductor manufacturing 

processes will increase considerably. On the equipment side, research and development efforts are underway to 

achieve major improvements in energy efficiency by reducing the number of mirrors, developing higher-efficiency light 

sources, and designing new optical systems. However, a substantial improvement in resist sensitivity from the materials 

side could also make a significant contribution to reducing energy consumption and achieving carbon neutrality in 

semiconductor manufacturing.
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In this presentation, we introduce our research and development activities toward low-dose EUV lithography. These 

activities include the development of metal-based resist materials using a process that combines EUV exposure with 

subsequent ultraviolet irradiation to reduce the required EUV exposure dose. We also present our planned activities 

for applying the developed materials to next-generation lithographic light sources.

Reference
1) Gerardo B., et al.,” Advancing Semiconductor Patterning with EUV Hyper NA: Opportunities and Challenges”, 
    Proc. of SPIE Vol. 13424 1342404 (2025)
2）Jérôme R., et al., “Evaluation of a non-fluorine (non-PFAS) ArF-immersion photoresist used in semiconductor manufacturing”, 
    Proc. of SPIE Vol. 13983 139831B (2026)

NGL-Japan Talk 1  

Dr. Satoshi Enomoto received a M.S. in Industrial Chemistry from Nihon University in 2004. In 2004, he joined Toyo 

Gosei Co., Ltd. and began working on the development of chemically amplified resist materials. Subsequent research 

focused on materials for improving the viewing-angle performance of liquid crystal displays, the radiation-induced 

chemical reactions of photoacid generators, and the enhancement of chemically amplified resist sensitivity. In 2016, he 

began doctoral research at Osaka University on metal-containing chemically amplified resists utilizing polarity switching 

and crosslinking for EUV lithography. He received a Ph.D. in Engineering from the Graduate School of Engineering, 

Osaka University, in 2019 and currently serves as Director of the Photoresist Research Institute at Toyo Gosei Co., Ltd.
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NGL-Japan Talk 2  

Patterning Technology for Nanoimprint Templates in the 
Angstrom Era

Takaharu Nagai
DNP (Dai Nippon Printing Co., Ltd., Japan)

Nanoimprint lithography, NIL, is now being explored for its potential as the alternative lithographic pathway to achieve 

carbon neutrality through sustainable semiconductor manufacturing due to its advantage of power consumption to EUV 

lithography, EUVL. Since there is no limitation in size of resist formation once the template is fabricated, technology for 

scaling down of templates is quite significant for state-of-the-art semiconductor device fabrication.

For years, we have been working on the resolution improvement of E-beam written master template and its replication 

process by NIL simultaneously. Due to the replication technology, the impact of adopting cost and time-consuming 

processes for master fabrication such as low-sensitivity resist, small beam size MBMW, and even multiple patterning is 

significantly reduced. Based on general technology roadmaps for logic devices, metal pitch scaling continues and below 

pitch 20nm is required in the Angstrom era.

For catching up the device scaling, not only the improvement of EB lithography performance but also the introduction 

of alternative patterning technology such as self-aligned double patterning, SADP need to be considered. Recently, the 

ALD tool for template manufacturing was installed and hp10nm L/S patterning results by using SADP was presented. 

In this presentation, we report on the work to achieve below hp10nm resolution including the optimization of EB 

lithography for core patterning. Additionally, the demonstration of cutting process applying to patterns generated by 

SADP is presented.

This work was previously presented at SPIE Advanced Lithography + Patterning 2026

Proc. SPIE Volume PC13982, Novel Patterning 2026; PC139820B

Takaharu Nagai joined Dai Nippon Printing in 2006, after receiving a master's degree in mechano-informatics from 

University of Tokyo. For the first 3 years, he worked for ArF mask and lithographic technology development. Since the 

beginning of NIL project in 2009, he has been engaged in the development of template replication technology and, 

more recently, EB writing pattern generation by using MBMW.
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NGL-Japan Talk 3  

New High-K Absorber Materials 
for High-NA and Hyper-NA EUV Lithography

Daijiro Akagi
AGC Inc.

Recent advances in information technology, particularly generative artificial intelligence, have accelerated the demand 

for further semiconductor scaling. In EUV lithography, high-numerical-aperture (high-NA) exposure systems are being 

introduced, while hyper-NA exposure is also under discussion. Because increasing the NA reduces the depth of focus 

(DoF), mitigating mask three-dimensional (M3D) effects is becoming increasingly important. High-k absorbers with 

strong EUV absorption are promising materials for reducing M3D effects. For practical application, however, they must 

provide chemical stability against mask cleaning processes and hydrogen-containing exposure environments, as well 

as sufficient dry-etching capability for precise patterning. In this study, CuX and NiZ films were developed as novel 

high-k absorbers for high-NA and hyper-NA EUV lithography. Durability tests simulating mask cleaning and exposure 

environments showed only minor changes in film properties. Tailored etching processes also provided favorable etching 

performance and high selectivity to the hard-mask material. Although further optimization of the etched profiles 

is required, the results demonstrate promising patterning feasibility. Lithographic simulations further showed wider 

process windows than conventional absorbers and recently proposed low-n, high-k materials. These results indicate 

that CuX and NiZ are promising EUV mask absorbers for future high-NA and hyper-NA lithography.

Received a master’s degree in Chemical System Engineering from the Graduate School of Engineering, The University 

of Tokyo in 2018. Joined AGC Inc. in 2018 and has been engaged in materials development for EUV mask blanks.
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NGL-Japan Talk 4  

Properties of Carbon Nanotubes (CNTs) and Microstructure 
of the Pellicle for Enabling High Durability Against EUV 
Irradiation in Lithography 

Isao Ichikawa
LINTEC Corporation

The growing demand for advanced logic semiconductors in post-5G and next-generation information and communication 

systems is increasing the need for high-power extreme ultraviolet (EUV) lithography. Consequently, pellicle membranes 

with high thermal stability and durability under intense EUV irradiation are required. Carbon nanotube (CNT)-based 

pellicles are promising candidates owing to their excellent thermal stability and high EUV transmittance. Our objective is 

to develop CNT pellicles exhibiting EUV transmittance above 95% while withstanding 1000 W-class EUV light sources.

To satisfy these requirements, CNT pellicles require high thermal resistance and hydrogen plasma durability. These 

properties can be achieved through precise control of CNT characteristics and optimization of the CNT bundle 

nonwoven structure for enhanced mechanical stability and reduced plasma exposure.

CNT purification processes were investigated to reduce residual iron catalyst originating from CNT synthesis and 

improve thermal stability, as evaluated by thermogravimetric (TG) analysis. Free-standing CNT membranes were 

fabricated by a wet-process method and characterized using an original scanning electron microscopy (SEM) image-

analysis technique. The effects of CNT properties and membrane microstructures on hydrogen plasma durability are 

discussed.

Isao Ichikawa received his M.S. degree in Chemistry from Tokyo Institute of Technology (currently Institute of Science 

Tokyo), Japan, in 1996 and his Ph.D. degree in Materials Science from the same university in 2015. He worked for 

Toshiba Chemical Corporation (now Kyocera Corporation) from 1996 to 2005. Since joining LINTEC Corporation in 

2005, he has been involved in the research and development of materials for semiconductor packaging applications. 

Since 2022, he has focused on the development of advanced materials and components for semiconductor front-end 

processes.
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NGL-Japan Talk 5  

DUV Mask Inspection Capability 
for EUV Photomasks Beyond 2nm Node

Norifumi Hosoi
Tekscend Photomask Corp.

As EUV lithography advances beyond the 2 nm technology node, EUV mask inspection requires higher defect detection 

sensitivity and stable inspection performance. While e-beam and actinic inspection provide high sensitivity, their 

application in high-volume manufacturing remains challenging due to tool cost and cost of ownership. DUV inspection 

is therefore attracting attention as a practical alternative for EUV mask manufacturing. 

In this study, programmed defect masks based on 2nm, 1xnm logics and advanced DRAM patterns were evaluated to 

improve DUV inspection performance. Defect signal analysis revealed a strong dependence on base pattern dimensions 

and pattern contrast, with reduced sensitivity observed for specific pattern size ranges. 

To address this limitation, we investigated inspection optimization through both focus offset and light calibration 

control. Pattern contrast analysis showed that these optical parameters influence defect visibility, with focus offset 

providing the strongest impact on contrast modulation and defect signal enhancement. 

Using optimized inspection conditions derived from focus offset and light calibration evaluations, sensitivity gaps 

observed under conventional settings were eliminated, and all target programmed defects became detectable. 

Furthermore, the proposed method was applied to phase-shift masks and Ta-based curvilinear patterns, where 

improved defect detectability and target sensitivity were also achieved. 

These results demonstrate that optimization of optical inspection conditions, including focus offset and light calibration, 

significantly enhances DUV inspection performance and supports the applicability of DUV inspection tools to EUV 

masks beyond the 2 nm node, contributing to accelerating EUV mask development cycles and stable HVM.

Norifumi Hosoi joined Tekscend Photomask in 2025, where he has been engaged in photomask inspection and related 

process technologies. His work focuses on the development, optimization, and application of inspection methodologies 

for advanced semiconductor photomasks, contributing to quality assurance and process improvement in semiconductor 

manufacturing. His research interests include mask inspection, wafer simulation, and metrology technologies for next-

generation semiconductor devices.
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Mask Inspection Solutions for Defect Control & Extension 
to High-NA EUVL

Ted Liang
Senior Director of Engineering | LASERTEC USA Inc

Compared with mature DUV photomask fabrication, EUV mask manufacturing employs many of the same core process 

tools, including resist coaters/developers, mask writers, etchers, CD-SEMs, and cleaning systems. The technologies 

that fundamentally distinguish EUV masks are the Mo/Si multilayer (ML) blank, actinic inspection, and the pellicle. 

Consequently, the most significant challenge and infrastructure investments in EUV mask defect control have centered 

on these three unique areas. This presentation will review inspection solutions developed for each of these technologies 

and discuss their extension to high-NA EUV masks.

Inspection has played an indispensable role throughout the development of EUV mask technology and has become 

even more critical for high-volume manufacturing. As the saying goes, “If you can’t measure it, you can’t improve it.”  

Inspection is the most frequently utilized step than any others in the mask process and usage flows. In particular, actinic 

blank inspection (ABI) and actinic patterned mask inspection (APMI) have emerged as essential technologies, enabling 

not only defect-free mask fabrication but also effective reticle monitoring and defect control in wafer manufacturing.

This presentation will first provide an overview of the inspection methodologies employed throughout the entire EUV 

mask lifecycle, from multilayer blank fabrication at blank suppliers and mask manufacturing in mask shops to reticle 

monitoring and requalification in wafer fabs. I will present analysis and representative examples that demonstrate the 

capabilities of actinic inspection for both multilayer blanks and patterned masks, as well as inspection technologies 

for EUV pellicles. The presentation will highlight the generations of APMI platform ACTIS that meet the defect control 

requirements for both 0.33NA and 0.55NA EUV masks and the roadmap for continued advancement in inspection 

sensitivity and speed.

Dr. Ted Liang is Senior Director of Engineering at Lasertec USA, where he continues to pursue his passion for 

technological innovation in EUV mask inspection solutions. Ted joined Lasertec in 2025 following his retirement 

from Intel Corporation after 29 years. He has played an instrumental role in developing EUV mask infrastructure and 

influencing the industry’s adoption of key mask technologies. His major contributions to the mask industry include 

e-beam mask repair, the invention of the Ru-cap for Mo-Si multilayer blanks that has been used industry-wide, actinic 

blank inspection, EUV AIMS, actinic patterned mask inspection, and EUV pellicles. Ted received two Intel Achievement 

Award for his technical accomplishments.

A recognized leader in the lithography and photomask community, Dr. Liang is a SPIE Fellow, holds six patents, and 

has over 60 publications. He frequently supports the technical community by serving on program committees and as 

a conference chair. Demonstrating his sharing of knowledge, his four-hour course, “EUV Mask Inspection and Repair: 

Technology and Practice,” attracted the highest attendance at the 2026 SPIE Lithography Conference.

Dr. Liang holds a Ph.D. in Materials Science and Engineering from the University of Wisconsin–Madison.
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The EUV Free Electron Laser in 
Advanced Semiconductor Manufacturing 

Brandon Holybee
Senior Lithography Applications Scientist | xLight 

The demands placed on EUV lithography continue to grow faster than current EUV sources can meet them. In this 

presentation, I will discuss the case for an industrial scale EUV Free Electron Laser (FEL) as the light source for advanced 

semiconductor manufacturing, covering what changes for the patterning process, for the fab, and for the longer-term 

roadmap. I will highlight the source characteristics that matter most to EUV lithography: substantially higher dose, a 

polarized output that improves image contrast, and a wavelength that is selected rather than fixed. 

Brandon Holybee is a Senior Lithography Applications Scientist at xLight Inc., where he leads the lithography 

experiments and computational work demonstrating the advantages of FEL driven EUV lithography over conventional 

laser produced plasma sources. He brings over seven years of experience in EUV lithography, advanced materials 

characterization, and advanced device integration. Previously, in Intel’s Technology Research division, he contributed 

to the development of advanced lithography capabilities spanning low-NA and high-NA EUV and e-beam process 

development, EUV resist and materials research, and integration for emerging semiconductor devices. His work focuses 

on process innovation, characterization methods, and next-generation patterning technologies that support the future 

of semiconductor manufacturing.
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Semiconductor Scaling through EUV Lithography
: From Low-NA to High-NA and Toward Hyper-NA

Sungmin Huh
Field Marketing Manager | ASML Korea

Forty years after it was first proposed in 1986, extreme ultraviolet (EUV) lithography has evolved from a research 

concept into the cornerstone of advanced semiconductor manufacturing. Today, ASML’s 0.33 NA EUV systems are 

widely used in high-volume manufacturing, enabling the production of leading-edge logic and memory devices. 

Continuous improvements in source power, overlay performance, and system productivity have made EUV a mature 

and cost-effective technology. The industry is now transitioning to High-NA EUV (0.55 NA), with multiple EXE:5000 

and EXE:5200B systems already installed and qualified. Recent innovations, including 1 µm pre-pulse source 

technology and wafer stocker integration, have increased throughput to 175 wafers per hour, bringing High-NA closer 

to high-volume manufacturing. Looking further ahead, Hyper-NA EUV (~0.75 NA) is emerging as a promising path for 

continued scaling. By leveraging the existing EUV infrastructure and mask ecosystem, Hyper-NA could provide higher 

resolution, improved image contrast, and lower pattern variability, supporting future device architectures such as CFET 

and dense 2D interconnects. Together, the roadmap from 0.33 NA EUV to High-NA and future Hyper-NA technologies 

highlights EUV’s central role in extending semiconductor scaling. Through ongoing innovation in optics, light sources, 

and patterning technologies, EUV is expected to remain the foundation of advanced semiconductor manufacturing in 

the AI era.

Sungmin Huh is a Field Marketing Manager at ASML Korea, where he leads strategic initiatives in advanced lithography 

and patterning technologies. Prior to joining ASML, he served for 20 years as a Principal Engineer at Samsung 

Electronics’ R&D Center, conducting research and supporting high-volume manufacturing (HVM) activities for EUV 

masks and lithography. From 2008 to 2010, he also served as a project leader at SEMATECH, where he focused on 

EUV mask infrastructure. He was also a member of the BACUS Steering Committee.
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Future Directions of DRAM Patterning
: From EUV to High-NA EUV in the AI Era

Jeonghoon Lee
Principal of Technical Staff | IMEC Belgium

The transition from deep ultraviolet (DUV) to extreme ultraviolet (EUV) lithography has been a key enabler of 

continued DRAM scaling, supporting 10 nm-class technologies through improved patterning capability and reduced 

process complexity. However, the scaling limitations of conventional 6F² architectures, together with rapidly growing 

demand for high-density and high-bandwidth memory driven by AI-centric computing, are motivating the exploration 

of alternative technology pathways.

Recent advances in lithography, patterning integration, and computational methodologies continue to extend the 

capabilities of EUV, while High-NA EUV is expected to provide an additional scaling path for future memory generations. 

At the same time, emerging approaches such as DSA-assisted patterning, 4F² cell concepts, and 3D DRAM architectures 

are attracting increasing attention across the industry.

This presentation reviews the evolution of DRAM patterning from DUV to EUV and discusses future technology directions 

beyond conventional 10 nm-class scaling. A broad industry perspective is provided on how advanced lithography and 

emerging memory architectures may support future memory requirements in the AI era.

Jeonghoon  Lee is a Principal Member of the Technical Staff in the Anstrom Patterning Team at imec. He received 

his Master’s degree in Metallurgical Engineering from Hanyang University in 1999. In August 1999, he began his 

career as a lithography engineer at Samsung Electronics, where he was later promoted to Principal Engineer with 

Patterning Strategy staff and served as a Module leader of Logic OPC/Project Leader of VNAND OPC part in the Process 

Development Team of the Device Solutions (DS) Division until February 2020. In March 2020, he joined imec, where 

he is currently working on several patterning projects as a Principal Member of the Technical Staff.
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Accelerating 3D DRAM Development Through 
CD-SAXS Metrology

Tianhan Wang
Director and Leader of Axion Product Line in FaST Division | KLA

As the semiconductor industry pursues higher memory density and performance, 3D DRAM introduces new process and 

metrology challenges driven by increasingly complex high-aspect-ratio structures, buried features, and tight process 

windows. This talk will discuss key 3D DRAM process challenges and the critical role of shape metrology solutions 

in accelerating technology development. Critical-dimension small-angle X-ray scattering (CD-SAXS) technology 

combines non-destructive, high-resolution 3D profile metrology with unique sensitivity to buried and high-aspect-

ratio structures. We will explore how KLA's Axion® CD-SAXS technology enables measurement of critical 3D DRAM 

parameters such as deep trench profiles and lateral recesses, providing insights difficult to obtain with conventional 

approaches. Application examples will demonstrate how Axion supports process optimization and successful realization 

of 3D DRAM.

Dr. Tianhan Wang Played a key role in the first production-ready implementation of small-angle X-ray scattering 

(SAXS) for semiconductor metrology, leading development and deployment of all Axion products including T1000, 

T2000, and T2500. Prior experience spans applications engineering for Optical CD and Film products. Currently serves 

as Axion Product Line Manager, driving product strategy and execution. Tianhan earned his Ph.D. in Materials Science 

and Engineering from Stanford University. 
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X-rays in Semiconductor
: Current State-of-the-Art and Potential Future Approaches

Sylvia Lewis
President | Sigray

As the industry moves toward 3D architectures and advanced packaging, X-ray techniques are becoming increasingly 

important for the inspection of buried defects and the metrology of layered structures. This talk will review the 

state of the art in X-ray technologies, spanning high resolution x-ray imaging, materials characterization approaches, 

and fault isolation. This talk will provide educational background to understand key system differentiation while also 

acknowledging key limitations to existing approaches in comparison to the synchrotron. Finally, we will conclude each 

x-ray technique section with an overview of existing and potential applications, including new developments in the 

broader x-ray community.

Sylvia Lewis co-founded Sigray, a leader in advanced x-ray technologies. After Sigray’s acquisition by Applied Materials, 

Ms. Lewis became the General Manager of the newly formed Applied XCT business unit. Ms. Lewis has over 15 years’ 

experience in high resolution x-ray imaging at Zeiss X-ray Microscopy and Sigray. She received a Bachelor’s degree in 

Electrical Engineering at Stanford University, and received a Masters Degree in Physics from Johns Hopkins.

Abstract

Biography



33

2026 Next Generation Lithography + Patterning Conference

Oral Presentation Session
August. 10 (Mon) | 13:20-15:10

Room : 405 - 408Chair : 김욱래 (삼성전자)
SP 2

Metrology & Inspection

MI 3. (Invited)

Advanced Packaging
: Metrology & Inspection Challenges and Technology Directions

Byeongkyu Cha
PL | Samsung Electronics 

The rapid expansion of AI and high-performance computing has accelerated the adoption of advanced packaging 

technologies, including HBM, 3D IC, Co-Packaged Optics (CPO), and panel-level packaging. As device architectures and 

manufacturing processes become increasingly diverse, metrology and inspection (MI) face new challenges that extend 

beyond conventional process control. Addressing these challenges requires not only product-specific solutions but also 

common technology foundations that can be leveraged across multiple advanced packaging platforms.

This presentation provides an overview of major advanced packaging technologies and discusses the corresponding 

MI requirements and technical challenges associated with HBM, 3D IC, CPO, and Panel applications. Key MI topics-

including overlay, surface topography, warpage, and defect inspection—are examined to highlight both the unique 

requirements of each product and the common technical issues shared across different packaging platforms.

Finally, the presentation discusses common MI technology directions that can support multiple advanced packaging 

applications, emphasizing opportunities to transfer knowledge and technical capabilities across product domains. The 

evolving role of metrology and inspection in enabling robust manufacturing and future advanced packaging technologies 

will also be presented.

Byeongkyu Cha is the Advanced Packaging Metrology and Inspection (MI) Group Leader at the Semiconductor R&D 

Center of Samsung Electronics. He leads the development of metrology and inspection technologies for a wide range 

of advanced packaging applications, including 3D stacking and 2.xD heterogeneous integration. He received his B.S. 

and M.S. degrees in Mechanical Engineering from Hanyang University and has more than 20 years of experience in 

semiconductor process and equipment development.
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Atomic-scale 3D Visualization enabled by Multislice 
Electron Ptychography

Soyeon Chang
Prof. | Seoul National Univ.

Recently, electron microscopy has undergone a transformative leap by developing multislice electron ptychography 

(MEP) that set a new record resolution of 23 pm, approaching the limit set by phonon vibrations. This technique not 

only allows ultra-high resolution, but is also capable of reconstructing three-dimensional atomic structures from a 

single scan. MEP performs quantitative phase reconstruction at the atomic scale, achieving picometer resolution in 

the lateral plane and nanometer-scale depth resolution in the axial direction. Therefore, MEP allows us to visualize the 

detailed defect structures within crystals without the need for tilting or obtaining multiple projections, overcoming the 

limitations of the conventional projection-based S/TEM imaging.

Here, we demonstrate atomic-scale three-dimensional reconstruction of freestanding oxide membranes using electron 

ptychography. By exploiting the multislice algorithm and superior resolution of ptychographic imaging, we reconstruct 

the 3D atomic structure of freestanding BaTiO₃ membranes and directly visualize structural defects that are obscured in 

projection-based imaging. The method further enables volumetric characterization of membrane–membrane interfaces 

in stacked freestanding heterostructures, revealing the local atomic arrangement across bonding regions. Our approach 

transforms electron ptychography into a platform for three-dimensional atomic metrology for direct investigation of 

defects, interfaces and lattice distortions that highly affect the performance of various devices.

Prof. Celesta S. Chang is currently an assistant professor in Dept. of Physics and Astronomy at Seoul National University, 

Korea.

She earned her bachelors from Department of Physics at Yonsei University, Korea in 2014, masters and Ph.D. from the 

Department of Physics at Cornell University, USA in August 2020. She worked as a postdoctoral associate in the School 

of Applied and Engineering Physics at Cornell University for 6 months, and another 2.5years in Research Laboratory of 

Electronics at MIT. She joined Seoul National University as a faculty in August, 2023.

During her Ph.D., her work was focused on understanding various oxide and nitride materials as well as device 

heterostructures by transmission electron microscopy (TEM). She was nominated as a National Science Foundation 

(NSF) fellow in 2015-2020. At MIT, she extended her expertise by developing remote epitaxy of oxides. Now at SNU, 

she utilizes PLD for oxide film growth and is focusing on observing oxides with TEM.
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Why Ultra-Low-Pressure ICP is Essential for 
Next-Generation HARC Etching?

Kwang-Ho Kwon
Prof. | Korea University

Feature-scale ion transport is expected to become a key challenge for next-generation high-aspect-ratio contact 

(HARC) SiO₂ etching as feature aspect ratios continue to increase. This work investigates the feasibility of ultra-low-

pressure inductively coupled plasma (ICP, < 5 mTorr) as a transport-oriented process platform for future HARC etching. 

The effects of process pressure, source power, bias power, and gas chemistry were systematically investigated using 

HARC SiO₂ patterns.

Ultra-low-pressure operation significantly improved profile integrity by reducing entrance distortion (ΔCDtop) and 

aspect-ratio-dependent etching (ARDE), indicating enhanced directional ion transport into high-aspect-ratio features. 

Process pressure was identified as the primary factor governing feature-scale ion transport, while source power, bias 

power, and gas chemistry independently controlled ion flux, ion energy, and etch selectivity, respectively.

These results demonstrate that ultra-low-pressure ICP provides the transport foundation required for the independent 

optimization of plasma characteristics. It therefore represents a promising process platform for future transport-limited 

HARC technologies.

• 02/1987 – 03/1995 : Senior Research Engineer, Semiconductor Division, ETRI 

• 02/1995 – 02/2005 : Associate Professor, Department of Electronics, Hanseo University 

• 03/2005 – Present : Professor, Department of Control and Instrumentation Engineering, Korea University Sejong

                      Campus 

• 10/2016 – 12/2016 : Visiting Professor, The University of Texas at Arlington (UTA), USA

Abstract

Biography



36

2026 Next Generation Lithography + Patterning Conference

Oral Presentation Session
August. 10 (Mon) 17:00-18:00

Room : 405 - 408Chair : 염근영 (성균관대), 김용진 (전북대)
SP 3

Dry Etch

Etch 2. (Invited)

Pattern Shaping using Ion Beam Etch Technology

Doo Young Lee
Etch Director | Applied Materials

As semiconductor device scaling continues to advance, EUV lithography has become a key technology for high-

resolution patterning. However, stochastic effects and pattern profile variations generated during the lithography 

process can lead to critical dimension (CD) variation, line-edge roughness (LER), and poor pattern fidelity. Since hard 

mask patterns serve as the primary template for subsequent pattern transfer processes, precise control of pattern 

geometry is essential for achieving robust process margins and high device yield. 

This session will present an overview of Ion Beam Etching (IBE) for pattern shaping 

applications, including the underlying shaping mechanisms and the key process 

parameters governing pattern profile control.

• 2019 - Present : Etch Director, Applied Materials Korea

• 2003 - 2018 : Principal Engineer, Samsung Electronics
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Plasma-Enhanced Atomic Layer Etching of Metals and 
Dielectric Materials

Heeyeop Chae
Prof. | Sungkyunkwan University

The critical dimensions of semiconductor devices are continuously shrinking, reaching the nanometer and even 

angstrom scale in both 2D and 3D structures. As a result, the demand for atomic-scale precision in etching processes 

is rapidly increasing. This talk will present various plasma-enhanced atomic layer etching (PEALE) processes developed 

for both anisotropic and isotropic patterning of metals and dielectric materials, including molybdenum, ruthenium, 

cobalt, titanium nitride, tantalum nitride, aluminum oxide, hafnium oxide, zirconium oxide, silicon oxide, and silicon 

nitride. Typical atomic layer etching (ALE) processes consist of two sequential steps: surface modification and material 

removal. Various surface modification techniques have been employed, including fluorocarbon film deposition, 

surface fluorination, chlorination, and oxidation using plasma-generated radicals. In the subsequent removal step, 

the modified layers are eliminated through methods such as ion bombardment, thermal desorption, ligand exchange, 

ligand volatilization, or halogenation. This talk will also cover key characteristics of plasma-enhanced ALE processes, 

including reaction kinetics, selectivity, surface roughness, and residual surface contamination

Heeyeop Chae is a Professor in the School of Chemical Engineering at Sungkyunkwan University (SKKU), Korea. He 

received his Ph.D. in plasma chemical kinetics and surface reactions from Massachusetts Institute of Technology. His 

research focuses on the plasma-enhanced atomic layer etching, low global warming etch gases, and plasma monitoring 

using machine learning techniques. His email address is hchae@skku.edu.
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Overcoming BEOL Patterning Challenges for 
the ArF Immersion Extension

Bongkeun Kim
PL | Samsung Electronics

Back‑end‑of‑line (BEOL) metal layers with a 2× pitch are still patterned using ArF immersion lithography regardless 

of the technology generation. While 1× metal layers have already been shrunk from 3x nm and 1x nm pitches, the 

existing EUV printing budget is already saturated, making a transition of 2× metal layers to EUV infeasible from a cost 

perspective for foundries. Nonetheless, as process nodes continue to scale down, the required shrink for 2× metal 

layers has progressed from 80 nm to 76 nm and below, and for products developed under optical‑shrink constraints 

the pitch approaches the limit of ArF capability. In this paper we propose a series of methods to maximize the margin 

for 2× metal pitch shrink while retaining ArF immersion lithography: TDLO‑based selective pitch release – a targeted 

double‑patterning approach that locally relaxes pitch constraints without adding extra masks. Defectivity model for 

OPC optimization – a physics‑based model that predicts layout‑dependent printing defects, enabling robust optical 

proximity correction (OPC) tuned for the aggressive pitch. Target‑Optimization Inverse Lithography Technology (T‑ILT) 

– an inverse‑lithography framework that jointly optimizes mask patterns and process targets to achieve the desired 

critical dimensions with minimal overhead. By integrating these techniques, we demonstrate a feasible pathway for 

next‑generation BEOL patterning that preserves the economic advantages of ArF immersion lithography while meeting 

the ever‑tightening pitch requirements of future semiconductor nodes.

• 2026 ~ current : Project Leader, Advanced Patterning, Foundry Process Development Team,  Samsung Electronics

• 2021 ~ 2025 : Project Leader, Foundry OPC, Foundry Process Development Team,  Samsung Electronics

• 2015 ~ 2020 : Principal Engineer, OPC, Samsung Electronics

• 2010 ~ 2015 : Postdoctoral Researcher, Materials Research Laboratory, UC Santa Barbara

• 2004 ~ 2010 : Ph. D, Chemistry, Iowa State University

• 1995 ~ 2000 : B. S., Chemistry, Seoul National University
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Calibre Advanced Massive e-Beam Metrology

Wan Ho Kim
Senior Managing Director | Siemens EDA Korea

Siemens EDA fully recognizes the importance of processing and analyzing the massive volumes of metrology data being 

generated in today’s semiconductor industry. We aim to achieve more than 3X reduction of the flow by identifying 

the reasons why the processing and analysis of large-scale metrology data is not being carried out effectively and 

proposing the solutions in three key areas. The first is the ability to support a wide range of use cases and second is 

the quantitative KPIs required for quality analysis at each step of data handling. Third is the time required to develop 

a processing and analysis solution—that is, the time taken to create and execute recipes.

Calibre AMM automates the entire process for CD matching between SEM images generated by various SEM-based 

metrology systems such as Hitachi SEM, EP5, and NGR, and quantifies each step using KPIs. When performing contour 

pre-filtering for the use with OPC, contour extraction using AMM outputs detection scores as a contour confidence 

indicator. We demonstrated data cleaning on over 20,000 Hitachi SEM contours, successfully performing approximately 

10% filtering within three days. GPU-accelerated and AI-compatible AMM engine also around the corner.

As a differentiation of Siemens technology, Siemens continues enhancing the metrology capability in advanced tech 

nodes.

I have been working in the area of photolithographic process development and RET/OPC (optical proximity correction) 

since January, 1997. Most of my career has been focused on RET/OPC and mask quality control after six years of my 

service as process and OPC development engineer in SK hynix.

I’m proud that I was a member of the first OPC team in SK hynix R&D where initially OPC was manually optimizing 

DRAM cell/periphery by utilizing aerial image based simulator followed by automated fullchip OPC setup at 0.13nm 

technology node. Then I moved to SEA area working in Silterra Malaysia, Chartered Semiconductor, and X-FAB Malaysia 

for 10 years where I was fully dedicated to RET/OPC and mask quality control.

In 2012, I had the opportunity to join Siemens EDA (formerly known as Mentor Graphics). I started in the role of OPC 

AE and transitioned to technical sales role in 2015, where I have been responsible for developing Calibre product 

portfolio and promoting it to Korea customers.
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Curvilinear OPC with Integrated Re-Fragmentation and 
Curve Correction
: A Machine Learning Approach

Seohyun Kim
Ph. D. candidate | KAIST

Curvilinear optical proximity correction (OPC) treats segments as curves rather than lines and offers improved correction 

accuracy. In standard OPC flows, however, once a s&#101t of segments is identified through fragmentation, it remains 

the same throughout OPC iterations, which limits OPC performance in both runtime and accuracy. In this talk, we 

present an additional step of re-fragmentation that can be integrated with curve correction inside the OPC iteration 

loop. Two machine learning (ML) models are applied for quick re-fragmentation: U-Net is used to detect critical 

segments, and MLP identifies the point along the critical curve wher&#101 the curve should be divided. The reference 

samples used to train the MLP are generated through Bayesian optimization.Compared to standard OPC, the proposed 

method yields a substantial reduction in OPC iterations (from 20 to 15) and runtime (from 188 s to 152 s), on average 

across test clips, when a target vertex placement error (VPE) is given. If the number of OPC iterations is fixed to 25, the 

proposed method yields an average VPE of 1.12 nm, much smaller than the 1.65 nm achievable through standard OPC.

Seohyun Kim is a Ph.D. student in the School of Electrical Engineering at KAIST, where she also received her B.S. 

and M.S. degrees. She is advised by Prof. Youngsoo Shin, and her research lies in computational lithography and 

design-technology co-optimization (DTCO), with a particular focus on curvilinear optical proximity correction (OPC) 

and machine learning-based mask optimization.

 

She is the first author of multiple peer-reviewed papers on ML-guided curvilinear OPC, including techniques for re-

fragmentation, curve correction, and critical segment classification. She also works on the synthesis of critical mask 

patterns to enhance lithography simulation. Her recent work has been published in IEEE Transactions on Semiconductor 

Manufacturing and SPIE Advanced Lithography, and was recognized with the ISE President Best Paper Award at ISOCC 

2024. Her research aims to enable fast, accurate, and manufacturable OPC through the integration of machine learning-

based optimization.
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Lithography Patterning for Protein

Sunghwan Kim
Prof. | Hanyang University

Traditional nanofabrication techniques often rely on toxic chemicals and harsh processing conditions that are incompatible 

with delicate biological materials. To overcome this, recent advancements have established natural and genetically 

engineered proteins, specifically silk fibroin, as versatile, eco-friendly resists for next-generation lithography, including 

both electron-beam lithography (EBL) and deep-ultraviolet (DUV) photolithography. By exploiting irradiation-induced 

polymorphic transitions—where targeted exposure modulates the protein's secondary structures between water-

soluble amorphous coils and water-insoluble β-sheets or α-helices—researchers have achieved entirely water-based, 

high-resolution nanoscale patterning. These protein resists exhibit exceptional characteristics, including sub-50 nm 

resolution capability, highly selective dry-etching resistance, and inherent biocompatibility that preserves the activity 

of embedded functional dopants like enzymes or fluorophores. Consequently, this green lithographic paradigm enables 

the direct monolithic integration of biological matrices with metallic and nanophotonic structures. Demonstrated 

applications range from wavelength-scale, ultra-high-resolution (80k DPI) structural color filter arrays and Fabry-

Pérot resonators to bio-integrated electronic sensors and 2.5D encrypted security patches. Ultimately, protein-based 

lithography provides a robust and sustainable platform bridging the gap between high-performance nanofabrication 

and next-generation biomedical devices.

Dr. Sunghwan Kim is currently a Professor in the Department of Biomedical Engineering and the Department of 

Electronic Engineering (Graduate) at Hanyang University. He received his B.S. and Ph.D. degrees in Physics from Seoul 

National University in 2004 and 2010, respectively.

Following his doctoral studies, Dr. Kim worked as a postdoctoral researcher at Seoul National University and in the 

Department of Biomedical Engineering at Tufts University. Before joining Hanyang University in 2022, he served as an 

Assistant, Associate, and Full Professor in the Department of Physics at Ajou University from 2013 to 2022.

Dr. Kim has been actively contributing to the field of lithography and optics. He currently serves as a Committee 

Member for the Next Generation Lithography (NGL) Conference and as the Secretary of the Lithography Division in the 

Optical Society of Korea. In recognition of his outstanding research and contributions to the field, he was honored with 

the ASML Young Investigator Award in 2017 and the ASML TechTalk Young Professor Award in 2018.
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Next-Generation Laser Direct Imaging (LDI) for Advanced 
PCB and Semiconductor Packaging 

Philip KS Kim
Research Fellow | LG Electronics Inc 

We introduce next-generation digital lithography (Laser Direct Imaging, LDI) technology, which demonstrates significant 

application potential in the fields of PCB and semiconductor packaging. By leveraging maskless direct imaging, it offers 

superior fine-pattern capability, unmatched process flexibility, and significant cost saving compared to conventional 

exposure technologies.

Our scalable product lineup ranges from cost-effective R&D systems to high-precision, high-throughput platforms for 

volume manufacturing. This ensures seamless transfer of recipes and know-how from development to production, 

accelerating your technology roadmap. 

Philip Kim is a Research Fellow and Task Leader at the LG Production engineering Research Institute. In July 1996, 

he began his career as a Chief Research Engineer at Samsung Electronics, where he served until October 2003. In 

November 2003, he joined Philips (Philips Optical Storage) as a Chief Research Engineer, focusing on optical design 

and simulation for optical pick-up units and optical storage devices.

In February 2007, he joined LG Electronics as a Principal Research Engineer and was later promoted to Research Fellow 

in March 2020. He is currently working on the optical design and analysis of photo-lithographic systems, imaging and 

illumination systems, and polarization systems. 
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Actinic EUV/Blue-X Characterization for Advanced 
Materials and Lithography Applications

Jiho Kim
PAL

This talk presents actinic EUV/Blue-X characterization of advanced materials for semiconductor and lithography 

applications. These capabilities enable a wide range of actinic EUV/Blue-X characterization studies for semiconductor 

materials. We conduct such studies on EUV/Blue-X-related materials such as photoresists, pellicles, and masks using 

actinic EUV/Blue-X light sources, including synchrotron radiation and high-harmonic generation (HHG) light sources. 

In this presentation, we introduce our recent studies on carbon nanotube (CNT) pellicles and silicon oxide photoresists 

using EUV and Blue-X beams. We evaluate the transmission, reflection, scattering, and thermal stability of CNT pellicles. 

Furthermore, we discuss latent images with 10 nm resolution and infrared spectra of silicon oxide photoresists. 

 

Acknowledgments. This work was supported by National Research Foundation of Korea (NRF) grant funded by the 

Korea government (MSIT) (NRF-RS-2024-00443105, NRF-2022M3H4A308806913)

 

[1] SPIE ALP 2026, Paper 13979-65 (to be published)

[2] SPIE ALP 2026, Paper 13981-109 (to be published)

[3] SPIE ALP 2026, Paper 13981-126 

Jiho Kim is a staff scientist for the EUV beamline in Pohang Accelerator Laboratory (PAL). He earned his Ph.D. in Physics 

from the University of Seoul (UOS) and completed postdoctoral research at the 12D IRS and PAL-EUV beamline in 

PAL. Currently, he is designing the EUV beamline facilities. Also, he is focusing on testing and evaluating materials and 

devices for extreme ultraviolet lithography (EUVL), including EUV photoresists, masks, and pellicles. 
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Quantitative Nano-Topography Analysis of 
Wafer Edge Roll-Off for HighVolume Wafer-to-Wafer 
Bonding Applications 

Junho Yoo
CEO | Nexensor Inc 

As semiconductor packaging technologies continue to evolve toward higher integration densities, wafer-to-

wafer (W2W) bonding has emerged as a key enabling process for advanced three-dimensional (3D) integration, 

heterogeneous integration, and hybrid bonding applications. The success of W2W bonding strongly depends on the 

surface topography and edge geometry of the wafers being bonded. Among various geometric parameters, wafer edge 

roll-off (ERO), defined as the gradual deviation of wafer surface height near the wafer edge, has become an increasingly 

critical factor affecting bonding yield, overlay accuracy, wafer handling stability, and post-bonding reliability. Excessive 

edge roll-off may induce localized gaps, non-uniform bonding pressure distribution, void formation, and edge-related 

defects, ultimately reducing manufacturing yield and device performance. Consequently, accurate characterization of 

ERO at nanometer-scale resolution has become an essential metrology requirement for high-volume semiconductor 

manufacturing.

Various metrology techniques have been investigated for ERO measurement. Atomic Force Microscopy (AFM) is widely 

recognized for its exceptional vertical resolution at the nanometer and sub-nanometer scale. AFM enables detailed 

characterization of local surface morphology and provides highly accurate topographic information. However, its 

practical application to ERO inspection in production environments is limited by its relatively small field of view, slow 

scanning speed, and difficulty in measuring long edge profiles over several millimeters. As semiconductor manufacturing 

increasingly demands full-wafer and high-throughput inspection capabilities, AFM is primarily utilized for reference 

measurements and localized verification rather than inline process monitoring.

Optical triangulation techniques represent another widely adopted approach for measuring wafer edge geometry. 

These methods offer non-contact operation, relatively simple system architectures, and fast acquisition speeds. Optical 

triangulation can efficiently measure large-scale geometric profiles and is often used for wafer edge inspection and 

dimensional metrology. Nevertheless, its measurement accuracy is fundamentally constrained by spot size, sensor 

resolution, and triangulation geometry. Furthermore, measurement uncertainty tends to increase when inspecting 

highly reflective semiconductor surfaces or when nanometer-level height precision is required. These limitations restrict 

the applicability of optical triangulation for advanced hybrid bonding processes where extremely tight topography 

specifications must be satisfied.

Interferometric metrology has emerged as a promising solution for overcoming the limitations of existing measurement 

techniques. By exploiting optical phase information, interferometric systems provide nanometer-scale vertical 

resolution while maintaining a relatively large measurement field and high acquisition efficiency.
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 Various interferometric approaches, including phase-shifting interferometry (PSI), white-light interferometry (WLI), and 

coherence scanning interferometry (CSI), have demonstrated excellent capability in measuring ultra-flat semiconductor 

surfaces. However, the measurement of wafer edge roll-off presents unique challenges due to steep local slopes, large 

measurement ranges, and the requirement for high-speed operation compatible with mass-production environments.

In this study, a high-precision and high-speed interferometric metrology system was developed specifically for 

quantitative ERO characterization in wafer-to-wafer bonding applications. The proposed system combines advanced 

interferometric measurement principles with optimized optical design and dedicated signal processing algorithms to 

achieve accurate edge profile reconstruction over extended measurement regions. 

Unlike conventional interferometric systems that are often optimized for central wafer inspection, the developed 

architecture was designed to maintain measurement fidelity in the wafer edge region where topographic gradients 

become increasingly significant. The developed methodology enables nanometer-scale vertical measurement precision 

while covering the entire ERO region within a single measurement sequence. Through optimized acquisition strategies 

and high-speed image processing, the system significantly reduces measurement time compared with traditional 

scanning-based methods. 

Experimental evaluations were performed using semiconductor wafers representative of advanced packaging processes. 

The measurement results demonstrated excellent repeatability, reproducibility, and correlation with reference 

metrology methods. The proposed interferometric approach successfully captured subtle edge profile variations that 

are difficult to resolve using conventional optical triangulation systems while achieving substantially higher throughput 

than AFM-based measurements. 

Furthermore, the obtained ERO profiles provided valuable quantitative information for process optimization and 

quality control in wafer bonding production lines. The ability to rapidly characterize edge topography enables early 

detection of process-induced variations, supports wafer quality classification, and contributes to improved bonding 

yield prediction. The measurement data can also serve as an important input for process modeling and predictive 

manufacturing frameworks aimed at reducing defect formation during bonding operations. 

In conclusion, accurate ERO characterization is becoming increasingly important as wafer-to-wafer bonding technologies 

advance toward tighter process tolerances and higher manufacturing volumes. While AFM and optical triangulation 

each offer unique advantages, their limitations in throughput, measurement range, or precision restrict their 

effectiveness for high-volume production environments. The interferometric metrology system presented in this 

work demonstrates that high-speed and high-precision ERO measurement can be simultaneously achieved through 

optimized interferometric design. The proposed approach provides nanometer-scale measurement capability, large-

area coverage, and productioncompatible throughput, making it a highly promising solution for next-generation 

semiconductor bonding processes. The developed technology is expected to contribute significantly to process control, 

yield enhancement, and reliability improvement in advanced semiconductor manufacturing 

Oral Presentation Session

Joonho You is currently the CEO of Nexensor Inc. He studied optical metrology at KAIST (Korea Advanced Institute 

of Science and Technology) and has over 20 years of experience in research, development, and commercialization 

in this field. His research interests include interferometric technologies, thin-film measurement technology, shape 

measurement techniques using pattern projection methods such as deflectometry and Moiré, and property analysis 

with femtosecond laser. He is the member of The Korean Microelectronics and Package Society , Korean Optical 

Society of Korea.
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Principles of Dissipative Frictional Transfer 
Microassembly for On-Demand Reconfigurable and 
ProgrammableNanophotonic Integrations

You Shin No
Prof. | Konkuk University

Despite the notable advancements achieved through conventional and cutting-edge strategies, integration 

technologies utilizing the micro-transfer-printing technique–employing microstructured polymeric stamps, such as 

polydimethylsiloxane (PDMS) – have garnered considerable attention. This innovative approach facilitates heterogeneous 

integration by enabling the deterministic placement of micro- and nanoscale optical structures and materials with sub-

micrometer alignment onto diverse photonic integration platforms [1–4]. In this talk, we discuss fundamental principles 

of this integration technology, primarily focusing on the dissipative friction energy during the process, which enables 

on-demand and high-precision transfer-dragging-assisted micro assembly. The frictional dragging method thus allows 

for the development of reconfigurable/programmable and heterogeneous nanophotonic integrations, which are the 

previously challenging and impossible to achieve with conventional strategies.

You-Shin No received his B.S and Ph.D. degrees in Department of Physics from Korea University, Seoul, Korea, in 2008 

and 2014, respectively. He worked as a post-doctoral fellow in the Department of Chemistry and Chemical Biology 

at Harvard (2014-2017). He became an assistant professor in the Department of Physics at Konkuk University (2017-

2021). He became an associate professor in the same department in 2021 (2021-present) and served as a department 

chair (2022-2024). His research interests include key photonic elements and integrated photonic circuits and systems. 

In particular, his group focuses on the development of III-V/Si heterogeneous/hybrid and three-dimensional (3D) 

vertical integration and manipulation technologies, and the development of ultimate light sources at nanoscale (e.g., 

nanolasers, nanoLEDs, nano-emitters, etc.) and its on-chip, on-demand integration
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Innovation in materials and processes from 0.33 NA to 
High-NA EUV 

Roberto Fallica
Dr. | IMEC

Enabling high-volume manufacturing for EUV lithography has required more than a decade of innovation in patterning 

materials and processes, from early manufacturability assessments to the introduction of high numerical aperture 

(high-NA) EUV lithography. Such innovation has been driven not only by ever-shrinking feature dimensions, but also 

by the need to control stochastic defects, improve pattern transfer, and establish qualification methodologies for new 

materials introduced into semiconductor manufacturing environments.

This presentation reviews recent advances in EUV patterning materials and processes, covering resist screening 

and benchmarking, qualification of novel materials in a manufacturing-relevant ecosystem, underlayer engineering, 

electrical tests, and thickness scaling for high-NA EUV lithography. Results from benchmarking of several state of the art 

resists are used to evaluate the trade-offs between sensitivity, roughness, local CDU, defectivity, and pattern-transfer 

performance. Particular emphasis is placed on the role of interfaces in EUV patterning performance. Surface energy 

plays a key role in adhesion of photoresist with underlayer, and this interaction is shown to influence dose, roughness, 

defectivity, and process windows. Underlayer engineering provides an effective route to tune these interactions, 

enabling improved lithographic performance beyond what can be achieved through resist optimization alone. Finally, 

recent progress in MOR integration is reviewed, including benefits associated with enhanced EUV absorption, high etch 

resistance, and simplified pattern-transfer schemes. Particular attention is given to the high-NA EUV challenges, such 

as reduced depth of focus, thinner resist layers, line wiggling and metrology. 

Roberto Fallica received his master's degree in Electronics Engineering from Politecnico di Milano (Italy) in 2007 

and completed the PhD school in Nanotechnology from University of Milano-Bicocca in 2012 with a thesis on the 

characterization of phase-change chalcogenide nanowires for nonvolatile data storage. In 2014 he was postdoc 

researcher at the Paul Scherrer Institute (Switzerland) working at the dedicated EUV/X-ray interference lithography and 

X-ray absorption spectroscopy beamline for characterization and patterning of nanoscale photoresist structures. Since 

2018, he is staff researcher in the Advanced Patterning department of IMEC (Belgium). His duties include the screening 

of lithography materials and stacks to develop the technology that will enable future semiconductor devices in BEOL 

(back-end of line) such as DRAM (storage layer) and logic (metalization). In this role, he is focusing on characterization 

of EUV litho stack materials (photoresist and underlayers) especially for defect mitigation by improving adhesion. In 

addition, he is in charge of measuring fundamental physical properties of EUV photoresists such as electron blur and 

electronic processes by photoemission spectroscopy and photocurrent. He is member of SPIE since 2016.

Abstract

Biography



48

2026 Next Generation Lithography + Patterning Conference

Oral Presentation Session
August. 11 (Tue) 17:10-18:30

Room : 405 - 408Chair: 김명기 (고려대), 이상설 (포스텍)
SP 6

Patterning Materials

PM 2. (Invited)

Influence of Ligand Electronic Properties on the Structure 
of Tin-Oxo-Clusters For Advanced Lithography 

Ji-Hyun Jang
Prof. | UNIST

Although hybrid tin oxo clusters (SnOCs) hold great promise as high-resolution resists for electron-beam and 

extreme-ultraviolet lithography, their exact chemical patterning mechanisms remain elusive. Here, we report a ligand-

directed synthesis strategy to selectively control cluster nuclearity, yielding distinct Sn6 and Sn3 architectures via 

electron-donating carboxylate and electron-withdrawing diphenylphosphinate ligands, respectively. DFT calculations 

and spectroscopic studies (XPS/TOF-SIMS) reveal fundamentally different exposure pathways: Sn6 resists undergo 

dominant Sn–alkyl cleavage to promote organic–inorganic crosslinking, whereas the robust Sn–O–P core of Sn3 resists 

suppresses ligand degradation. Consequently, Sn6 resists offer superior sensitivity for sub-30 nm patterning, while 

Sn3 resists achieve ultra-low line-edge roughness. These insights establish nuclearity control as a key lever for rational 

molecular-resist engineering.

Ji-Hyun Jang is a professor of the school of Energy and Chemical Engineering at UNIST in Korea. She received Ph.D. 

degree in chemistry from KAIST in 2004. After then, she was with Ned Thomas at MSE, MIT as a postdoctoral associate, 

working on the fabrication of 3D nanostructure via interference lithography. Since she joined UNIST as a faculty, her 

research has been focusing on new nanomaterials and understanding their functions in energy processes, including 

photocatalysis for hydrogen generation and electrochemistry for energy-storage devices. Currently, She is also deeply 

involved in synthesizing and developing physicochemical properties of the 2D materials. Currently, she serves as 

the director of the Key Research Center for Digital Twin and AI-based Carbon Neutrality at UNIST. She is an Associate 

Editor of of Materials Today Energy (Elsevier) and editorial board member of ACS Energy Letters (ACS) and Materials 

Today Catalysis (Elsevier).
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A Study of the Reaction Mechanisms and Physical 
Properties of Tin Oxo Cluster and 
Organotin Compound EUV Photoresists 

Hyeok Yun
Ph. D. candidate | KRISS

In this study, CNU-TOC-01(4C-C), a tin oxide cluster photoresist for extreme ultraviolet (EUV) lithography, and 

dibenzyltin diacetate, an organotin compound, were investigated.

The chemical structure of CNU-TOC-01(4C-C) was determined using field desorption time of flight mass spectrometry 

and small angle X-ray scattering, while impurities present in the resist were identified using nuclear magnetic resonance 

spectroscopy. To evaluate the chemical contrast and fine-patterning capability of CNU-TOC-01(4C-C), electron-beam 

lithography was performed at acceleration voltages of 5 and 100 kV. Subsequently, line and space patterns with an 18 

nm half pitch were fabricated using EUV lithography. The physical properties of the photoresist were also investigated 

by evaluating its absorption coefficient and etch resistance. In addition, changes in the photoresist as a function of 

electron-beam dose were examined using X-ray photoelectron spectroscopy.

To investigate the reaction mechanism of tin oxide based photoresists, dibenzyltin diacetate was prepared and 

employed as a model organotin compound. Dose-dependent changes induced by electron beam irradiation were 

analyzed using time of flight secondary ion mass spectrometry, Fourier transform infrared spectroscopy, X-ray 

photoelectron spectroscopy, and Raman spectroscopy. These analyses revealed the decarboxylation reaction of the 

carboxylate group, which had previously been regarded as an unreactive spacer. To calculate the relative dissociation 

rates of the Sn–O and O–(C=O) bonds along the dissociation pathways, dimethyltin diacetate and benzylmethyltin 

diformate were selected as simplified model molecules. The calculations demonstrated that dissociation can proceed 

through both pathways.

• Mar, 2017 ~ Feb, 2021

   Bachelor of Science (Chonnam National University, Republic of Korea)

 

• Mar, 2021 ~ Present

   Integrated Ph. D. course (Chonnam National University, Republic of Korea)

 

• Sep, 2025 ~ Present

   Research student (Korea Research Institute of Standards and Science)
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Molecular Design and Solubility-Switching Mechanisms of 
Photoresist Materials for Applications in 
Information Displays and Integrated Circuits

JGayoung Kim
Post Doctoral Researcher | Inha Univ.

This study presents the design and synthesis of photoresist materials for information display and integrated circuit 

(IC) applications, the elucidation of solubility-switching mechanisms under photon and electron-beam irradiation, and 

patterning strategies for their effective implementation. Specifically, chemically orthogonal photoresist materials and 

processes were investigated for OLED pixel fabrication, in which the processing solvents were chosen to be chemically 

incompatible with organic semiconductors, thereby preventing damage to the underlying organic layers. Furthermore, 

imaging mechanisms based on radiation-induced radical chemistry and Lewis acid-base interactions were proposed 

and experimentally validated for electron-beam and extreme ultraviolet (EUV) lithography using non-chemically 

amplified photoresists. In addition, chemically orthogonal photoresist systems with distinct imaging characteristics 

were integrated to demonstrate a multilayer patterning strategy for semiconductor manufacturing. Collectively, 

these studies provide insights into molecular design, imaging mechanisms, and process strategies for high-resolution 

lithography and are expected to contribute to advances in next-generation photoresist materials.

Mar. 2021 –Aug. 2026: Ph.D. in Program in Environment and Polymer Engineering, Inha University, Republic of Korea

•M.S. & Ph.D. Integrated Course, 

•Advisor: Prof. Jin-Kyun Lee

•Research Topic: Synthesis, and Mechanistic Studies of Photoresist Materials for i-line, Electron-Beam, 

                             and EUV Lithography

 

Feb. 2017– Feb. 2021: B.S. in Polymer Engineering, Inha University, Republic of Korea
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Side-Chain Engineering of Bottlebrush Block Copolymers for Defect Reduction in Directed Self-Assembly
 *정재원, 이유섭, 이성준, 조현진, 방준하 (고려대) 
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Synthesisrnand Structural Characterization of a Tin Based Monomeric Inorganic Resist forrnEUV Lithography
*기원철, 김하윤, 허소영, 방지영, 윤현성, 백승용, 이가현, 윤혁, 정현담 (전남대), 최은석, 김정형 (한국표준과학연구원), 김주연, 강홍석 (H2Green)

Quantitative Edge Characterization of PMMA Patterns Fabricated by Home-Made EUV Source Lithography​
*김은주 (경희대)

Diffraction diversity 향상을 통한EUV ptychography 이미지 복원 성능 개선 연구
*곽호선, 홍준호, 문승찬, 안진호 (한양대)
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Plasma-Assisted Residual Stress Control in Ultrathin Mo2C Films 
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Copper as a Sacrificial Protection Layer for Wet-Based Membrane Fabrication
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*김민규, 임종혁, 이수민, 염동일 (아주대)

High-NA EUV 마스크 흡수체의 광학상수 스크리닝 및  조명계 최적화를 통한 best focus shift 완화
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Dose Dependent Image Twisting in EUV Lithography
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*강지원, 고희창, 김민우, 오혜근 (한양대)
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Synthesis, Characterization, and Electron-Beam Lithography of Tetakis(triphenylstannyl) orthosilicate and 
Tetrakis(triacetoxystannyl) orthosilicate for the Development of Inorganic Molecular EUV Resists
*방지영, 윤혁, 허소영, 정현담 (전남대), 원유선, 강승환, 정현태 (제이에스아이실리콘)

Tetrahydroxy-Tetramethylcyclotetrasiloxane as an Inorganic Molecular Resist for Next Generation Lithography: 
Understanding Chemical Contrast through Surface Science Analyses
*방지영, 윤혁, 기원철, 정현담(전남대)

CNU-SHP-01: Siloxane Hydride Polymer as an Inorganic Resist for Blue-X (6.7nm) Lithography
*윤현성, 정현담 (전남대)

Dynamic Covalent Assembly(DCA)-Zinc Oxo Cluster Resists for EUV, Blue-X (6.7 nm), 
and Blue-X (3.1 nm) Lithography
*김하윤, 윤혁, 이가현 (전남대)

Comparison of Electron-Beam and EUV Induced Structural Changes in Dibenzyltin Diacetate Resist
*허소영, Hyeok Yun, Prof. Hyun-Dam Jeong (전남대), Eun-Seok Choe, Jung-Hyung Kim (Korea Research Institute of Standards and Science)

T4(THP)4: Exploring Silicon-BasedrnInorganic MolecularrnrnResists for Blue-X (6.7 nm)rnLithography
*이가현, 김하윤, 백승용, 방지영, 정현담 (전남대), Qi Zhang, Oleg Kostko (Lawrence Berkeley National Laboratory)

Fluorinated Protective Layer for Water-Transfer Photolithography of Organic Semiconductors
*남가은, 김가영, 김서연, 권유정 (인하대)

Tin-Containing Molecular Photoresists with Vinyl Groups for Extreme Ultraviolet (EUV) Lithography
*유서진, 김가영, 이진석, 김경희, 남가은, 이서연, 최영민, 이진균 (인하대), 김지호, 김건화, 이상설 (POSTECH)

Measurement of Phase-shift in Photomasks Using Imaging Ellipsometry
*김세덕, 방경윤,박성모,천혁녕,조찬형, 안일신 ((주)나노-뷰),  진소은, 이가현, 최충선 (SK Hynix)

Synthesis and Evaluation of a Tin-Oxo Cluster–Azobenzene Hybrid Photoresist for EUV Lithography
*노도연, 김경수, 김민상, 이승우 (고려대)

Sculpting Line Edges with Light:Azobenzene Photofluidization for Post-Development RLS Decoupling
*김경수, 노도연, 김민상, 이승우 (고려대)

Investigation of Acidic Organic DevelopmentrnChemistry for Scum Removal from Unexposed Regions in 
Tin-Based MolecularrnResists toward High-Resolution EUV Lithography
*이가현, 기원철, 정현담 (전남대)

Effect of Improved Cluster Purity on the Electron-Beam Lithographic Performance of a Non-Alkyl Tin Oxo 
Cluster Resist for EUV Lithography
*백승용, 정현담, 이가현, 허소영 (전남대)
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Laboratory-Scale Dual-Pulse Laser-Produced Plasma Extreme Ultraviolet Source for Material Testing
*황도연, 최은석, 윤혁, 조성필, 강상우, 제갈원, 김우람, 김정형 (한국표준과학연구원), 한승회 (전남대), 

김영기, 박승일 (한국핵융합연구원), 이효창 (한국항공대)

반도체 검사용 NA 0.95 심자외선 대물렌즈의 광학 설계​
*신영수 (공주대)

Dark Field TSOM 적용 나노 선폭 측정 성능 향상 연구​
*주지용, 김시완, 이준호 (공주대)

Robust and Standardized Framework for Quantitative AFM-Based Line-Edge Roughness Metrology of 
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*김민상, 이승우, 김경수, 노도연 (고려대)
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Resist Heating Effect Correction in Multibeam Mask Writer MBMTM-4000
*Rieko Nishimura, Haruyuki Nomura (NuFlare Technology Inc)

Thermally Accelerated Air-Compatible Deep-Ultraviolet Lithography of Silk Fibroin
*조재강, 이현지, 김성환 (한양대)

Glass Flow and Fracture Mechanisms in Laser-Assisted Direct Glass Imprinting
*Takehiro Mitsuda (AGC Inc, Tokyo Univ.), Keisuke Nagato, Masayuki Nakao (Tokyo Univ.)
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Probing Latent-image Contrast in Metal Oxide Resists by Density-Based Analysis
*Kayoko Cho, Teruhiko Kodama, Hisashi Genjima, Kazuo Sakamoto, Dauendorffer Arnaud, Makoto Muramatsu 

(Tokyo Electron Kyushu Ltd.)
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Quantitative Edge Characterization of PMMA Patterns Fabricated by Home-Made EUV 
Source Lithography​
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 Extreme ultraviolet (EUV) lithography has become an essential technology for next-generation semiconductor 

fabrication because of its superior patterning resolution. While previous studies using CNT-based EUV sources 

primarily demonstrated flood exposure of photoresists, lithographic pattern transfer and quantitative pattern 

quality evaluation have remained largely unexplored. In this study, a lithography system based on a home-made 

CNT-based EUV light source was established to fabricate periodic patterns on poly(methyl methacrylate) (PMMA). 

A TEM grid was employed as the lithography mask, and EUV exposure was followed by a standard development 

process to transfer the mask pattern onto the PMMA layer. To evaluate the lithography performance, optical 

images of the fabricated patterns were analyzed by extracting gray-value profiles across the pattern edges. 

The Edge Spread Function (ESF) and Image Log Slope (ILS) were calculated to quantitatively characterize edge 

sharpness and pattern transfer quality. The obtained edge characteristics were further compared with those of 

conventional i-line lithography to assess the pattern quality achieved using the home-made EUV system. This 

work demonstrates a complete EUV lithography setup based on a home-made CNT-based EUV light source and 

provides a quantitative methodology for evaluating lithographic pattern quality, offering a foundation for future 

optimization of compact EUV lithography systems.

| Keywords: Home-made EUV light source, Carbon nanotube, EUV lithography, PMMA photoresist, Image Log Slope 
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PS1-03

Diffraction diversity 향상을 통한EUV ptychography 이미지 복원 성능 개선 연구

Grain size에 따른 EUV 펠리클의광학적 및 기계적 특성 변화

Poster Presentation Session

 Ptychography는 국소화된 coherent probe가 중첩되도록 object를 스캔하며 획득한 회절패턴으로부터 object와 probe

의 complex-valued 함수를 동시에 복원하는 lensless 이미징 기법으로, 결상광학계에서 기인한 수차로부터 자유로워 

고해상도 이미지 복원이 가능하다. 위상 복원 알고리즘의 안정적인 수렴을 위해서는 인접 회절패턴 간의 충분한 redundancy

와 더불어, 미세 구조 정보를 담고 있는 고주파 신호의 diffraction diversity로 강력한 Fourier-space constraint의 확보가 

필수적이다. 기존에는 60~80% 범위의 overlap ratio에 경험적으로 의존해왔으나, 본 연구에서는 이러한 constraint

를 확보하는 최적의 overlap ratio를 정량적으로 도출하고자 하였다. 해상력 개선 효과를 분석하기에 용이한 Siemens 

star pattern에 대해 Fourier transform 기반 시뮬레이션으로 60~80% 구간을 1% 간격으로 각 조건의 고주파 신호의 

diffraction diversity를 정량 분석하였다. 그 결과, 충분한 redundancy를 유지하면서 diffraction diversity를 극대화하는 

최적 overlap ratio로 72%를 도출하였다. 이를 검증하기 위해 EUV ptychography microscope를 이용하여, 충분한 

redundancy 조건에서 diffraction diversity가 가장 낮은 80% overlap ratio 조건과 비교 평가하였다. 72% 조건에서는 

미세 구조가 밀집된 중심부의 multilayer와 absorber 경계가 더 선명하게 복원되었으며, 위상 복원 정확도는 Fourier 

error 기준 약 18% 향상되었다. 또한 half-bit criterion 기반 Fourier ring correlation 분석에서 80% 조건 대비 11.6%의 

해상력 개선이 확인되어, 회절 한계 수준인 14 nm(at wafer plane)까지 복원됨을 입증하였다. 결과적으로, 고주파 신호의 

diffraction diversity를 극대화하는 overlap ratio 최적화가 강력한 Fourier-space constraint로 작용하여 고해상도 

이미지 복원이 가능함을 실험적으로 증명하였다.

 EUV 펠리클은 노광 공정 중 발생하는 particle로부터 EUV 마스크를 보호하는 수십 나노미터(nm) 두께의 free-standing 

membrane이다. EUV 펠리클은 90% 이상의 높은 EUV 투과도와, 스캐너 내부 환경에서 파손되지 않을 수준의 기계적 

안정성을 요구한다. 하지만 광학적 특성을 향상시키기 위해 EUV 펠리클의 두께는 지속적으로 감소하고 있으며, 이는 

기계적 강도의 저하로 이어진다. 따라서 본 연구에서는 Hall-Petch relation에 기반하여, 우수한 광학 특성을 갖는 ZrSi2

박막의 grain size 제어를 통해 광학적 특성의 저하 없이 기계적 특성을 향상시키기 위한 방안을 연구하였다.Si 웨이퍼 

상에 SiNx를 증착하고 KOH 습식 식각 공정을 통해 free-standing membrane을 제작한 후, Zr과 Si타겟을 co-sputtering

방식으로 ZrSi2막을 증착하였다. 제작된 ZrSi2/SiNx 복합 구조체 펠리클을 425~600℃ 범위에서 annealing을 수행하였다. 

Annealing 온도가 증가함에 따라 평균 grain size가 증가하며, EUV 투과도 및 반사도는 grain size 변화와 무관하게 

유사함을 확인하였다. 기계적 강도는 475℃ annealing 조건에서 형성된 64nm grain size 에서 가장 우수하였다. 즉 17 

nm ZrSi2 박막에서 Hall-Petch relation과 Inverse Hall-Petch relation이 전환되는 critical grain size가 64 nm임을 

의미한다. 이는 nano crystalline의 grain size에서는 외부 응력에 의해 dislocation의 이동 및 축적이 grain boundary에서 

발생하지 않았기 때문인 것으로 판단된다.본 연구를 통해 nanocrystalline ZrSi₂ 박막에서 grain size를 제어함으로써, EUV 

펠리클의 광학적 특성에 영향을 미치지 않으며, 기계적 특성을 향상시킬 수 있음을 확인하였다.

Keywords: Extreme ultraviolet, ptychography, overlap ratio  (1) X. Huang, et al., Optics Express, 22(10) (2014). 

|  Keywords: Extreme ultraviolet lithography, EUV pellicle, zirconium disilicide, free-standing membrane, 
Hall-Petch relationship, optical property, mechanical property (1) M. A. van de Kerkhof, et al., Proc. SPIE, 
12051, 120510B (2022).

*곽호선, 홍준호, 문승찬, 안진호 (한양대)
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PS1-04
Plasma-Assisted Residual Stress Control in Ultrathin Mo2C Films

Poster Presentation Session

 Accurate control of residual stress is essential for the fabrication of free-standing thin-film membranes, 

as poorly controlled stress can cause cracking or wrinkling that either destroys the membrane or prevents 

it from functioning properly. This issue is also critical for extreme-ultraviolet (EUV) pellicles, which are free-

standing ultrathin membranes that must maintain their mechanical integrity over large unsupported areas. 

Whereas residual stress has typically been adjusted by modifying deposition conditions such as temperature 

or pressure, we investigate α-molybdenum carbide (α-Mo₂C, orthorhombic), a candidate membrane material 

for EUV pellicles, and demonstrate rapid residual-stress tuning via brief plasma-based post-treatments. A 

direct comparison of separately applied Ar plasma treatments and short Mo sputtering bursts reveals distinct 

stress responses, with tensile-stress reductions of approximately 100–800 MPa depending on the treatment 

conditions. Wafer-curvature analysis based on the Stoney equation, X-ray diffraction, and sheet-resistance 

measurements show that the residual stress can be substantially tuned with minimal changes in crystal structure 

and electrical properties. Because both treatments are implemented on an existing sputtering platform without 

additional hardware or modification of the original deposition recipe, they provide a simple and practical route 

for controlling residual stress prior to membrane release, thereby supporting the fabrication of mechanically 

stable free-standing membranes, including EUV pellicles.

| Keywords: EUV pellicle, Molybdenum carbide, Residual stress, Ar plasma treatment, Thin-film membrane

*송혁진, 김형근, 김태환, 최종현, 김선길, 김현미 (한국전자기술연구원) , 김용경 (한양대), 윤종혁 (성균관대)

PS1-05
Direct Formation of Mo2C/Graphite Heterostructure via Carbidization

 Mo₂C thin films and nanometer-thick graphite are promising functional layers for thermally stable thin-film 

and membrane applications, including EUV-related pellicle structures [1–5]. In this study, we demonstrate the 

direct formation of a Mo₂C/graphite heterostructure through a single carbidization process of RF-sputtered Mo 

thin films in a CH₄/H₂ atmosphere. A flat two-layer CVD graphene interlayer was inserted between Mo and SiO₂/

Si to modify the interfacial energy and promote graphitic layer formation. During carbidization, carbon atoms 

generated from CH₄ decomposition diffuse into the Mo layer to form Mo₂C, while continuous carbon supply 

enables interfacial carbon redistribution and graphite growth at the 30-nm-thick Mo/two-layer graphene/300-

nm-thick SiO₂ interface. TEM analysis showed that Mo films without graphene were converted to Mo₂C without 

graphite formation, whereas the sample with graphene interlayer formed a Mo₂C/graphite stack at 850 °C for 3 h, 

consisting of a ~36.5 nm Mo₂C film and a ~12.4 nm graphite interlayer. XRD confirmed the formation of α-Mo₂C, 

and Raman spectra showed enhanced graphitic ordering with increasing temperature and time. These results 

suggest that the two-layer graphene interlayer provides a thermodynamically favorable interface for graphite 

growth, enabling simultaneous Mo₂C film formation and nanometer-thick graphite growth in one carbidization 

step. 

Keywords: Mo2C, Graphite, Mo2C/graphite heterostructure, Carbidization

*윤종혁, 김혜영, 성기훈, 송혁진, 용효중, 김슬기, 김현미,  김형근 (한국전자기술연구원), 김용경(한양대), 전일(성균관대)



58

2026 Next Generation Lithography + Patterning Conference

PS1-06
Copper as a Sacrificial Protection Layer for Wet-Based Membrane Fabrication

Poster Presentation Session

 Nanometer-thick membranes, including extreme ultraviolet (EUV) pellicles, require temporary protection during 

wet-based Si bulk etching. This sacrificial layer must shield the target membrane from the Si etchant and be 

removable after membrane fabrication. Here, sputtered Cu is introduced as a sacrificial protection layer for 

Mo₂C-based membrane fabrication. Cu exhibited strong resistance to a 30 wt% KOH solution under Si bulk-

etching conditions, whereas direct exposure of Mo₂C caused progressive degradation. The practical reliability of 

Cu protection was limited by localized failures, observed as etch-pit formation; however, this failure was strongly 

suppressed by implementing a 100 nm-thick Cu layer annealed at 400 °C. After Si bulk etching, the Cu layer 

was selectively dissolved using an ammonium persulfate solution, exposing the underlying Mo₂C surface without 

measurable oxidation. These findings demonstrate that sputtered Cu functions as an effective, removable 

sacrificial protection layer that chemically decouples membrane protection during Si bulk etching from the final 

membrane architecture.

|  Keywords: EUV lithography, Pellicle, Mo2C, Copper, Membrane fabrication, Protection layer

*김태환, 김용경, 성기훈, 송혁진, 김현미, 김형근 (한국전자기술연구원), 윤종혁 (성균관대), 강영우, 안진호 (한양대), 

박성민 (한국나노기술원), 이민범 (SD Optics)

 

PS1-07

Side-Chain Engineering of Bottlebrush Block Copolymers for Defect Reduction in 
Directed Self-Assembly

 Bottlebrush block copolymers (BBCPs) are promising materials for directed self-assembly (DSA) because their 

unique molecular architecture offers advantages over linear block copolymers for nanopatterning. Nevertheless, 

defects generated during thermal annealing remain a critical issue. Here, we investigate how the side-chain 

of BBCPs influences self-assembly behavior and defect formation. Also, by systematically tuning the side-

chain architecture, we seek to establish molecular design principles for reducing defects while preserving the 

desired nanostructures. Atomic force microscopy (AFM) and small-angle X-ray scattering (SAXS) are employed 

to evaluate the resulting morphologies and structural ordering. This work aims to provide a foundation for side-

chain as an effective strategy for improving the reliability of BBCP-based DSA processes.

Keywords: Block Copolymer, Bottlebrush Polymer, Directed Self-assembly, EUV Lithogrpahy

*정재원, 이유섭, 이성준, 조현진, 방준하 (고려대) 
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PS1-08
광원 및 편광 최적화(SPO)를 통한 sub-10 nm 로직 패턴닝 및 OPC 최소화

Poster Presentation Session

 EUV 리소그래피가 high 및 hyper-NA 시스템으로 변화됨에 따라, sub-10 nm 로직 패턴의 충분한 공정여유도(DOF)

를 확보하기 어려워졌으며, single patterning 제약 하에 기존보다 복잡한 OPC 방식이 요구되고 있다. 특히 hyper-NA 

환경에서는 선폭이 10 nm 이하로 미세해지면서 편광에 의한 영향이 크게 주목받고 있으며, 정밀한 조명계(pupil) 제어 

기술이 필수적으로 요구되고 있다. 이에 본 연구에서는 pitch 16 nm 이하의 random metal design 등 sub-10 nm 

logic 패턴을 대상으로, pupil 분포와 국부 편광 방향을 동시에 최적화하는 source and polarization optimization (SPO) 

방법론을 제안한다. 제안하는 SPO의 성능 검증을 위해 기존의 일률적인 global 편광 적용 방식(TE pol 혹은 TM pol) 

및 전통적인 source-only (SO) 최적화 방식과의 세밀한 비교 분석을 수행한다. 본 연구의 최종 목표는 추가적인 OPC 

적용을 최소화하는 것이며, 다른 복잡한 보정 없이 오직 정교한 조명계와 편광 최적화(SPO)을 통해 random metal layer

의 single patterning을 안정적으로 구현하고 공정 마진을 극대화하여 차세대 hyper-NA EUV 공정 설계의 최적 지향점을 

제시하고자 한다.

|  Keywords: EUV lithography, polarization, source optimization, source polarization optimization, 
                        OPC, single patterning, Logic device

*김민우, 강지원, 고희창, 오혜근 (한양대

 

PS1-09

Synthesisrnand Structural Characterization of a Tin Based Monomeric Inorganic Resist 
forrn EUV Lithography

 Extremernultraviolet lithography (EUVL) is a key technology enabling the miniaturization of semiconductor 

devices. However, the continuous demand for higher resolution and improved line-edge roughness control in 

patterning processes necessitates the development of new resist materials. Inorganic resists have attracted 

considerable attention as promising candidates for next-generation EUVL applications due to their superior 

mechanical strength and etching resistance. In this study, a novel inorganic molecular resist was synthesized and 

evaluated for its potential as an EUV resist material. The molecular structure was elucidated using matrix-assisted 

laser desorption/ionization time-of-flight mass spectrometry, X-ray photoelectron spectroscopy , and Fourier-

transform infrared spectroscopy. Based on these analyses, three possible molecular structures were proposed. 

Theoretical calculations were further performed to verify the existence and stability of the proposed structures. 

Lithographic performance was systematically evaluated under both electron-beam and EUV exposures by 

measuring the sensitivity (D50) and contrast (γ). These results demonstrate that the developed resist material 

offers arnunique contrast mechanism, indicating its potential as a next-generation EUV resist for high-resolution 

patterning.  

Keywords: EUV lithography, Molecular inorganicrnresist, Chemical contrast

*기원철, 김하윤, 허소영, 방지영, 윤현성, 백승용, 이가현, 윤혁, 정현담 (전남대), 최은석, 김정형 (한국표준과학연구원), 

김주연, 강홍석 (H2Green)
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PS1-10

Development of a Compact EUV Test System for Optical Characterization of 
Lithographic Materials

 In this work, a compact EUV test system was developed to evaluate the optical properties of lithographic 

materials. A Z-fold optical system consisting of two concave-type multilayer mirrors was applied to provide 

EUV radiation at the evaluation target with a spectral bandwidth of ±0.17 nm around 13.5 nm, comparable 

to that of commercial EUV scanners. The optimal operating condition of the light source was identified by 

mapping the EUV emission intensity as a function of discharge parameters. Under this condition, the spatial 

intensity distribution of the EUV beam at the evaluation target plane was characterized. The repeatability of 

the developed system was verified using Allan deviation analysis. The fluctuation of EUV radiation was below 

0.12% after 2048-pulse averaging, confirming the stability of the EUV output for quantitative measurements. 

The applicability of the system was demonstrated through optical transmission measurements of thin zirconium 

foils and pattern printing using EUV. The measured transmittance of zirconium foils was in good agreement with 

reference values. EUV exposure experiment using a transparent mask successfully transferred line-and-space 

patterns onto a photoresist layer. A contrast curve of the photoresist was obtained from a single exposure by 

correlating the spatially varied EUV dose with the corresponding remaining thickness.

|  Keywords: Extreme ultraviolet (EUV), Lithography, optical test, photoresist, spectral purity filter

*최은석, 조성필, 윤혁, 황도연, 성진후, 채광석, 제갈원, 김우람, 김정형 (한국표준과학연구원), 정현담(전남대)

PS1-11
높은 EUV 투과율 free-standing CNT film의 레이저 후처리를 통한 박막의 처짐 개선 연구

 레이저 플라즈마 기반 극자외선(extreme violet, EUV)발생 장비에서 생성된 오염입자를 포토마스크로부터 보호하기 

위한 EUV 펠리클 (pellicle)의 활용이 필수적이다. EUV 펠리클은 13.5 nm 파장 영역에서 높은 투과율과 대면적 free-

standing 구조를 유지할 수 있는 기계적 강도가 중요한 요인이 된다. 무작위로 배열된 free-standingrn카본나노튜브

(carbon nanotube; CNT) network film은 높은 기계적 강도와 EUV 고출력에서도 대응할 수 있어 EUV 펠리클로 

활용하기 좋은 소재 후보군 중 하나로 주목받고 있다. 그러나 CNT network film은 van der Waals 힘으로 결합되어 free-

standing frame에 전사 시 또는 시간이 경과함에 따라 CNT 사이의 결합이 완화되어, 그 결과 필름의 처짐(sagging)이 

발생할 수 있다. 이러한 처짐은 펠리클의 기계적, 광학적 안정성을 크게 저하시킬 수 있다.  본 연구는 free-standing CNT 

film에 레이저 후처리를 통하여 박막 손상 없이 처짐 현상이 개선됨을 제안한다. Wet 방식을 이용하여 수십 두께의 CNT 

network film을 hole frame에 전사하여 90% 이상의 높은 EUV 투과율을 가지는 free-standing CNT film을 성공적으로 

제작하였다. 다양한 조건의 레이저 후처리를 통하여 처짐이 발생한 free-standing CNT film에서 응력이 향상되어 광학적 

투과율을 유지하면서 CNT 박막이 평탄화되는 것을 최초로 확인하였다. 또한 SEM 및 라만 측정 등을 통하여 레이저 가공 

전후 CNT network film의 구조 및 물성 변화를 살펴보고자 하였다. 

Keywords: EUV 리소그래피, EUV 펠리클, free-standing CNT film
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PS1-12

High-NA EUV 마스크 흡수체의 광학상수 스크리닝 및 조명계 최적화를 통한 
Best Focus Shift 완화

 Extreme ultraviolet (EUV) lithography는 반도체 핵심 기술로, sub-2 nm 노드를 구현하기 위해 high-numerical 

aperture (NA) 시스템이 도입되고 있다. 그러나 high-NA 시스템은 줄어든 depth-of-focus (DoF)를 가지며, TaBN 

마스크를 적용할 경우 높은 aspect ratio로 인해 mask 3-dimensional (M3D) effects 영향성이 커진다. 따라서 더 작아진 

DoF 마진에서도 향상된 성능을 발휘하기 위해 M3D effects 중 하나인 best focus (BF) shift에 대한 완화 필요성이 

증가하고 있다. 본 연구에서는 BF shift를 완화하기 위해 광학상수 영역 스크리닝과 조명계 최적화를 진행하였다.평가에는 

rigorous coupled-wave analysis 기반의 PROLITH 2024a 시뮬레이션을 활용하였으며, high-NA 시스템을 구현하기 

위해 chief-ray angle 5.355°, anamorphic optics 조건을 적용하였다. 먼저 광학상수 영역 스크리닝을 위해 critical-

dimension (CD)이 10·12 nm인 line/space 패턴을 기준으로 두께 30–40 nm 및 광학상수 전 영역에 대해 평가하였다. 

그 결과, BF shift는 low-refractive index (n), high-extinction coefficient (k) 및 near n≈1.0 영역에서 완화된 것을 

확인하였다. 또한 BF shift가 30·50·70% 완화되는 영역을 스크리닝하여 평가한 결과, overlapped CD-DoF는 BF shift가 

완화될수록 증가하였다. 다음으로 조명계 최적화는 dead-zone pitch와 1:1 pitch를 고려하여 진행하였으며, 30·50·70% 

완화 영역에 대해 적용하여 평가하였다. 평가 결과, pitch에 관계없이 2.0 이상의 NILS를 가지며, BF shift도 50% 이상 

완화된 것을 확인하였다.결과적으로 소재 스크리닝과 조명계 최적화는 high-NA 시스템에 적용되기 위해서 필수적이라는 

것을 알 수 있으며, 이를 통해 광학 성능 향상이 가능할 것으로 기대된다.

|  Keywords: Extreme ultraviolet lithography, EUV mask, depth-of-focus, mask 3D effects best focus shift, 
                        source optimization 

*이승찬, 정동민, 김연수, 이승호, 이태호, 안진호 (한양대)

PS1-13
Dose Dependent Image Twisting in EUV Lithography

 패턴 형성에 필요한 선량은 웨이퍼의 국소적인 온도 상승을 유발하여 열 변형을 초래한다. EUV 노광 주기동안 흡수된 

에너지에 의해 형성된 변형은 항공 이미지 배치 오류와 성능 저하를 유도하는 원인으로 작용하기 때문에 이에 대한 

심층적인 분석이 요구된다. 금속 배선과 contact hole (C/H) 패턴은 EUV 공정으로 만들어지는 미세 레이어이지만 형상에 

따른 상이한 노광 조건으로 인해 열변형에 상당한 차이가 발생하게 된다. 노광 중 열변형이 EUV 패턴 층에 미치는 영향을 

찾기 위해 ANSYS를 이용한 열-기계 시뮬레이션을 수행하여 항공 이미지에 이를 적용하였다. 패턴별 노광량 및 스캔 속도 

변동에 따라 웨이퍼의 온도 분포가 달라지는 사실을 확인하였다. 특히 노광량 차이에 따른 스캔 속도의 변동은 웨이퍼 

전반의 비균일한 열적 불균형을 야기하였으며, 이로 인해 금속 배선과 C/H 레이어 간의 배치 오류 차이가 글로벌 웨이퍼 

영역에서 최대 약 3 nm에 근접하는 편차를 나타냈다. 또한, 국부 열 변형에 따른 이미지 영향을 평가한 결과, pitch 16 

nm 사양의 금속 배선 레이어에서는 global CD 변동성이 8% 까지 증가하였으며, 10 nm 크기의 C/H 패턴에서도 약 5% 

의 치명적인 변동성이 확인되었다. 이러한 결과는 레이어 간 오버레이 마진의 잠식과 CD 균일성 저하를 야기하는 차세대 

문제가 될 것으로 예측된다. 

Keywords: Wafer heating, LCDU, position shift

*고희창, 오혜근 (한양대)
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PS1-14
High-NA EUV 레티클 열변형에 따른 다층 박막 반사율 및 이미징 영향 분석

 EUV 노광 공정이 미세 노드로 확장됨에 따라 레티클의 열적 변형을 제어하는 것은 공정 마진을 유지하기 위해 여전히 

해결해야 할 주요 과제 중 하나이다. 레티클 가열로 인한 in-plane 변형은 오버레이 마진에 직접적인 영향을 미치기 

때문에 활발히 연구되어 왔으나, out-of-plane 변형에 대한 연구는 상대적으로 미미했다. EUV 노광 중 흡수된 열로 인해 

열팽창이 발생하면 레티클의 반사율을 결정하는 다층 박막 구조의 두께에도 변화가 생겨 레티클 전체의 반사율 변동으로 

이어질 수 있다. 기존의 유한요소해석(FEM)은 전체 레티클 두께 대비 매우 얇은 다층 박막을 2D로 간주하는 shell 모델로 

단순화하기 때문에 개별 레이어의 세밀한 변형을 직접 포착할 수 없다는 한계가 있다. 이를 해결하기 위해 본 연구에서는 

FEM 결과에서 도출된 온도 및 in-plane 변형 데이터를 이용하여 피코미터 스케일의 개별 레이어 두께 변화를 계산하고, 

이에 따른 반사율 변화를 분석했다. 그 결과, high-NA 스캐너 조건에서 개별 Mo 및 Si 레이어의 두께는 수 피코미터 

수준으로 증가하였으며, 이는 블랭크 영역 기준 약 0.1%의 반사율 감소를 유발했다. 이러한 다층 박막 내부의 두께 변화와 

반사율 저하가 최종 웨이퍼 상의 NILS 감소 및 CD 변동 등 실제 이미징 성능 저하로 이어질 수 있음을 확인하였다. 본 

연구는 out-of-plane 변형이 반사율과 이미징 품질에 미치는 영향을 정량적으로 분석함으로써, 차세대 EUV 리소그래피의 

정확한 공정 마진 평가를 위해 이러한 미세 변동 요인을 고려해야 할 필요성을 시사한다.

|  Keywords: EUV lithography, reticle heating, thermal deformation, multilayer reflectivity, 
                        imaging performance

*강지원, 고희창, 김민우, 오혜근 (한양대)

PS1-15
Plasma-AssistedrnResidual Stress Control in Ultrathin α-Mo2C Films

  Accurate control of residual stress is essential for the fabrication of free-standing thin-film membranes, 

as poorly controlled stress can cause cracking or wrinkling that either destroys the membrane or prevents 

it from functioning properly. This issue is also critical for extreme-ultraviolet (EUV) pellicles, which are free-

standing ultrathin membranes that must maintain their mechanical integrity over large unsupported areas. 

Whereas residual stress has typically been adjusted by modifying deposition conditions such as temperature 

or pressure, we investigate α-molybdenum carbide (α-Mo₂C, orthorhombic), a candidate membrane material 

for EUV pellicles, and demonstrate rapid residual-stress tuning via brief plasma-based post-treatments. A 

direct comparison of separately applied Ar plasma treatments and short Mo sputtering bursts reveals distinct 

stress responses, with tensile-stress reductions of approximately 100–800 MPa depending on the treatment 

conditions. Wafer-curvature analysis based on the Stoney equation, X-ray diffraction, and sheet-resistance 

measurements show that the residual stress can be substantially tuned with minimal changes in crystal structure 

and electrical properties. Because both treatments are implemented on an existing sputtering platform without 

additional hardware or modification of the original deposition recipe, they provide a simple and practical route 

for controlling residual stress prior to membrane release, thereby supporting the fabrication of mechanically 

stable free-standing membranes, including EUV pellicles.  

Keywords: EUV pellicle, Molybdenum carbide, Residual stress, Ar plasma treatment

*송혁진, 김형근, 김용경, 윤종혁, 김태환, 최종현, 김선길, 김현미 (한국전자기술연구원)
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PS1-16
기상 건식 현상을 이용한유기-무기 하이브리드 EUV 레지스트의 패턴 균일도 향상

 극자외선(EUV) 리소그래피는 반도체 소자 패턴의 크기를 수십 나노미터 이하로 축소하기 위한 핵심 기술로, high-NA

를 도입하여 더 높은 해상도의 패턴을 구현하려 하고 있다. 이러한 고해상도 구조를 안정적으로 형성하기 위해서는 현상 

단계에서의 치수 안정성과 형상 보존이 필수적이다. 그러나 기존의 습식 현상은 용액 침투에 의한 팽윤과 모세관력으로 

인해 패턴 붕괴, critical dimension (CD) variation, line edge roughness (LER) 향상 등과 같은 문제가 발생하여 고해상도 

패턴 구현에 한계가 있다. 본 연구에서는 이러한 습식 현상 기반 문제를 극복하기 위한 방안으로 chemical vapor를 이용한 

건식 현상 공정을 제안하고 해당 공정의 패터닝 성능을 평가하였다. 수직으로 증착된 Zn 기반 유기-무기 EUV 레지스트에 

β-diketone인 hexafluoroacetylacetone (hfacH)을 증기 형태로 공급하여, 비노광 영역의 무기 성분과 휘발성 킬레이트 

화합물을 형성함으로써 비노광부를 선택적으로 제거하였다. 노광 및 현상 전후의 Zn 결합 변화를 영역별로 XPS 분석을 

통해 확인하였으며, 이러한 건식 현상이 노광부와 비노광부 간 선택성을 제공함을 확인하였다. 패턴 형성 평가에서 CD 

10~50 nm의 line and space 패턴을 구현하였으며, 20 nm 패턴에서도 LER 3 nm 수준의 균일한 패턴이 형성되었다. 50 

nm half-pitch square 패턴에서는 습식현상 대비 CD variation (3σ)이 3.21에서 2.07로 35% 개선되었다. 본 실험 결과는 

chemical vapor 기반 건식 현상이 습식 현상에서 기인하는 패턴 품질 저하 요인을 제거하며, 화학 반응 기반의 선택적 제거 

메커니즘으로 인해 패턴 균일도 향상과 패턴 붕괴 억제에 효과적인 공정임을 입증하였다.  

|  Keywords: Extreme ultraviolet lithography, dry development, chemical vapor development, β-diketone,    
                        chelation, metal oxide resist, CD variation, pattern collapse  

*김하연, 석지후, 김지원, 서민석, 지현석, 이재혁, 윤광섭, 이태호, 성명모, 안진호 (한양대)

PS1-17
Development of Molybdenum(II) Carbide for EUV Pellicle Application

 As EUV lithography moves toward higher source power, pellicle membranes must simultaneously achieve 

high EUV transmittance, thermal-load stability, hydrogen-plasma durability, and large-area manufacturability. 

Molybdenum carbide (Mo2C) is a promising candidate because of its refractory nature and intrinsic chemical 

robustness.[1] However, practical Mo2C pellicle fabrication requires process-level solutions for ultrathin 

membrane formation, residual-stress control, and wet-based Si bulk etching. In this presentation, we discuss 

integrated materials and process strategies for Mo2C-based EUV pellicle fabrication. Building on our previous 

demonstration of sub-20 nm crystalline Mo2C membranes with EUV-relevant optical, thermal, and hydrogen-

plasma stability, we focus on process approaches for improving manufacturability. Plasma-assisted post-

treatment was investigated for residual-stress tuning with minimal changes in film properties. In addition, a Cu 

sacrificial protection layer was introduced to protect Mo2C during KOH-based Si bulk etching and was selectively 

removed after membrane fabrication. These results provide a process foundation for scalable Mo2C pellicles for 

high-power EUV lithography.

|  Keywords: EUV lithography, Pellicle, Residual stress, membrane fabrication
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PS1-18
Positive-Tone Plasma Development of a Sn-Based Dry Resist Using CH4/Cl2/Ar Plasma

 Metal-oxide resists (MORs) are promising materials for advanced lithography because they absorb EUV light more 

efficiently than conventional chemically amplified resists. However, Sn-based MORs generally show negative-

tone behavior, which can make hole patterning more complex and costly. In this study, we developed a positive-

tone plasma process for a CVD-deposited Sn-based dry resist using CH4/Cl2/Ar plasma. With Cl2/Ar plasma, the 

resist showed negative-tone development. When CH4 was added and the CH4/Cl2 ratio was adjusted to 2:8, 

the exposed area was selectively removed while the unexposed area remained. Lower substrate temperatures 

improved pattern contrast by increasing carbon-based passivation in the unexposed area. TOF-SIMS and XPS 

results showed that CH4-derived carbon species formed a protective layer mainly on the unexposed surface. 

This layer reduced the reaction between Sn and Cl and prevented resist removal. In the exposed area, Cl 

radicals formed volatile SnClx compounds, leading to selective removal. The developed resist also showed etch 

selectivities of about 6.5 over Si and 3.75 over SiON. These results show that CH4/Cl2/Ar plasma can provide 

positive-tone development for Sn-based dry resists and support their use as hard masks.

|  Keywords: Sn-based dry resist, metal-oxide resist, positive-tone development, plasma development,    
                        CH4/Cl2/Ar plasma, carbon passivation

*김경찬, 염근영 (성균관대)
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Synthesis, Characterization, and Electron-Beam Lithography of Tetakis(triphenylstannyl) 
orthosilicate and Tetrakis(triacetoxystannyl) orthosilicate for the Development of 
Inorganic Molecular EUV Resists

PS2 Patterning Materials

Poster Presentation Session

 As the continued miniaturization of semiconductor devices drives the adoption of extreme ultraviolet (EUV) 

lithography, inorganic molecular photoresists have attracted attention because of their small molecular size 

and high etch resistance. Among them, tin–oxo clusters are especially promising because of their high EUV 

absorption cross-sections. Herein, we report the synthesis of tetrakis(triphenylstannyl) orthosilicate as an 

inorganic molecular photoresist candidate. Its structure was determined by single-crystal X-ray diffraction 

and supported by 1H, 13C, 119Sn, and 29Si NMR spectroscopy and field-desorption mass spectrometry (FD-

MS). However, the compound exhibited extremely poor solubility in common organic solvents, limiting its 

applicability in lithography. To overcome this limitation, the phenyl ligands were replaced with acetoxy groups, 

yielding tetrakis(triacetoxystannyl) orthosilicate. Its structure was confirmed by 1H, 13C, 119Sn, and 29Si NMR 

spectroscopy, and the solubility was improved, enabling uniform thin-film formation. Electron-beam lithography 

evaluation demonstrated high sensitivity, producing 30 and 20 nm half-pitch line/space patterns at doses of 

700 and 1500 μC/cm2, respectively. These results indicate that tetrakis(triacetoxystannyl) orthosilicate is a 

promising inorganic molecular photoresist candidate for EUV lithography.

| Keywords: Tin-silicate cluster, Inoragnic molecular photoresist, EUV lithography, E-beam lithography
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PS2-03

Tetrahydroxy-Tetramethylcyclotetrasiloxane as an Inorganic Molecular Resist for Next 
Generation Lithography: Understanding Chemical Contrast through Surface Science 
Analyses

CNU-SHP-01: Siloxane Hydride Polymer as an Inorganic Resist for 
Blue-X (6.7nm) Lithography

Poster Presentation Session

 Next-generation lithography techniques employ high-energy sources that generate secondary electrons, which 

subsequently induce chemical transformations in photoresist materials. To meet the demands of continued 

device scaling, the development of photoresists tailored for nanoscale patterning is essential. In this study, 

we investigate 1,3,5,7-tetrahydroxy-1,3,5,7-tetramethyl-cyclotetrasiloxane (TH-TMCTS), a silicon oxide-based 

molecular resist designed for next-generation lithography. The electron-beam-induced reactions of TH-TMCTS 

were characterized using FT-IR, XPS, and TOF-SIMS. Heat treatment induced only the condensation of silanol 

groups, whereas electron-beam exposure induced further dissociation of the methyl groups and the cyclosiloxane 

core. We performed quantum chemical calculations and confirmed that neutral dissociation cross sections of 

Si–CH3, Si–OH, SiO–H, SiCH2–H, and Si–O within the core are similar. These results suggest that all primary 

bonds in TH-TMCTS can be dissociated under electron-molecule collision conditions. In addition, TH-TMCTS 

thin films exhibit higher dry etch resistance than standard spin-on-carbon (SOC) layers. Its approximately 0.8 

nm molecular size, excellent etch durability, and electron-induced reactivity demonstrate the potential of TH-

TMCTS as a promising photoresist for nanoscale patterning in next-generation lithography.

CNU-SHP-01, consisting of an CASILON core and four organic arms containing ethynyl functional groups, was 

designed and synthesized as a next-generation photoresist for Blue-X (6.7 nm) lithography. CNU-SHP-01 

exhibited a high open-frame electron-beam sensitivity of 1.5 μC/cm² and formed 50–20 nm half-pitch patterns 

by electron-beam lithography. Pattern formation was also observed in the 16 nm linewidth region, confirming its 

potential as an ultrafine patterning material. To elucidate the chemical structural changes in CNU-SHP-01 induced 

by electron-beam exposure, FT-IR and XPS analyses were performed on samples before and after exposure. 

Based on these results, an exposure mechanism involving radical reactions of the terminal ethynyl groups was 

proposed. These findings demonstrate that CNU-SHP-01 is a promising Blue-X (6.7 nm) resist candidate with 

high electron-beam sensitivity and excellent ultrafine patterning capability. In particular, the combination of 

a siloxane-based inorganic–organic hybrid structure and ethynyl-based cross-linking groups may serve as an 

effective molecular design strategy for simultaneously improving sensitivity and resolution. Future work will 

focus on optimizing electron-beam exposure dose, resist film thickness, development, and bake conditions to 

achieve ultrafine patterns below 16 nm.

Keywords: Molecular glass resist, Electron beam lithography, Inorganic resist, Blue-X lithography

|  Keywords: Photo resist, Blue-x 6.7nm, inorganic resist, CASILON, EBL
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PS2-04

Dynamic Covalent Assembly(DCA)-Zinc Oxo Cluster Resists for EUV, Blue-X (6.7 nm),
and Blue-X (3.1 nm) Lithography

Dynamic covalent assembly (DCA)-based inorganic molecular resists preconnect inorganic resist units through 

reversible covalent bonds before exposure. In DCA-zinc oxo cluster (DCA-ZOC) resists, imine linkages dissociate 

under acidic development conditions in unexposed regions, whereas exposure converts the dynamic bonds into 

a less dissociable state, generating negative-tone solubility contrast. Thus, developer acid strength is critical 

for controlling sensitivity and contrast. Amine- and aldehyde-functionalized ZOCs, ZOC-4ABA and ZOC-4FBA, 

were synthesized by ligand exchange from oxo(hexa(trifluoroacetato))tetrazinc. Their mixture produced imine 

bonds at room temperature after spin-coating, as confirmed by FT-IR. Developer optimization was performed 

by varying the acid dissociation constant (pKa). With acetic acid, a relatively weak acid, sufficient dissolution 

contrast was not obtained and patterns were not formed. Bromoacetic acid, with a lower pKa, selectively 

dissolved the unexposed DCA network while preserving the exposed region, enabling negative-tone pattern 

formation. However, stronger trifluoroacetic acid dissolved even the exposed regions, eliminating patterns. 

These results demonstrate that acid-pKa-controlled development balances sensitivity and contrast in DCA-ZOC 

resists. Calculated cross-sections of 88.0, 33.2, and 22.9 Mb molecule-1 at EUV, Blue-X 6.7 nm, and 3.1 nm, 

respectively, suggest short-wavelength applicability.

|  Keywords: lithography, zinc oxo cluster, dynamic covalent assembly, EUV, BEUV, Electron-beam 

*김하윤, 윤혁, 이가현 (전남대)

PS2-05

Comparison of Electron-Beam and EUV Induced Structural Changes in Dibenzyltin 
Diacetate Resist

During EUV exposure, photon absorption generates photoelectrons and numerous low-energy secondary 

electrons that initiate chemical reactions in photoresist films, and these reactions continue during the 

subsequent post-exposure bake. Electron-beam irradiation causes electron-induced chemistry through 

primary and numerous low-energy sencondary electrons, so it is used as a preliminary screening method for 

EUV resists. However, systematic reviews comparing bond dissociation induced by e-beam and EUV exposure 

which represents the initial step of chemical transformation in photoresist films remain under-researched. To 

investigate these differences we used dibenzyltin diacetate as a photoresist. As revealed in previous study, 

e-beam caused not only the dissociation of the Sn–C bond in the benzyl ligand, but also the decomposition of 

the carboxylate group through cleavage of Sn–O and SnO–C bonds. The same material was subjected to EUV 

irradiation, and the chemical structural changes before and after exposure were directly compared with those 

observed under electron-beam irradiation. We focuses on determining whether the two ligands exhibit similar 

relative dissociation behavior under the two irradiation conditions or their dissociation selectivity differs due to 

differences in photon absorption and secondary-electron generation processes. 

Keywords: EUV, e-beam

*허소영, Hyeok Yun, Prof. Hyun-Dam Jeong (전남대), Eun-Seok Choe, 

Jung-Hyung Kim (Korea Research Institute of Standards and Science)



68

2026 Next Generation Lithography + Patterning Conference

Poster Presentation Session

PS2-06

Effect of Improved Cluster Purity on the Electron-Beam Lithographic Performance of a 
Non-Alkyl Tin Oxo Cluster Resist for EUV Lithography

Discrete metal–oxo clusters occupy a distinct chemical space between molecular species and extended inorganic 

networks, yet the origin of finite-size selection during continuous metal–oxygen condensation remains poorly 

understood. Here, we show that the formation of CNU-TOC-01 (4C-C), a 1.1–1.2 nm tin–oxo molecular cluster 

isolable only within a narrow temperature window, is strongly governed by synthesis temperature. Dynamic 

light scattering showed that synthesis at 71 °C produced both ~1.0 nm clusters and 2–5 nm species attributed to 

hydrogen-bonded precursor aggregates, whereas 76 °C selectively yielded ~1.2 nm molecular clusters. At 81 °C, 

3–5 nm and larger particles formed, together with 1H NMR signals indicative of trapped isopropanol, suggesting 

the onset of inorganic polymerization. These results support a sequential pathway in which hydrogen-bonded 

tetrameric precursors first condense into metastable magic-number 4C-C clusters, followed by intercluster 

dimerization that initiates polymer growth. Thus, 4C-C is not merely a transient intermediate, but an isolable 

local minimum on the Gibbs free-energy landscape. This work establishes temperature-controlled magic-number 

clustering as a design principle for improving the compositional purity and lithographic reproducibility of tin–oxo 

molecular resists.

|  Keywords: Tin-oxo cluster, Lithgraphy, purification

*백승용, 정현담, 이가현, 허소영 (전남대) 

PS2-07

T4(THP)4: Exploring Silicon-BasedrnInorganic MolecularrnrnResists for 
Blue-X (6.7 nm)Lithography

 Current EUV lithography (λ =rn13.5 nm) relies on numerical aperture (NA) expansion up to Hyper-NA (0.75–

0.77). However, because the depth of focus (DOF) scales inversely with NA², this approach inevitably results in 

severe DOF reduction, amplified stochastic variability, and significant manufacturability risks. For identical ~6 

nm linewidths, Blue-X lithography (λ = 6.7 nm) provides approximately two-foldrnlarger DOF at nearly half the 

NA compared to Hyper-NA EUV lithography, dramatically relaxing optical constraints and improving process 

margins. However, this transition requires new resist materials, as photoionization cross sections and exposure 

chemistry differ fundamentally in the Blue-X regime. To address this challenge, we propose a silicon-based 

cyclosiloxane molecular resist, tetra (tetrahydropyranyl) - tetramethylcyclotetrasiloxane (T
4
(THP)

4
), which 

provides a high photoionization cross section (25.2 Mb/molecule) at thernBlue-X (6.7 nm). This is mainly due to 

the higher photoionization cross sectionrn(4.02 Mb/atom) of silicon element at the wavelength, compared to 

(1.02 Mb/atom) of Sn element. T
4
(THP)

4
 exhibited higher e-beam and Blue-X (6.7 nm) open-framernsensitivities 

than tetrahydroxy-tetramethylcyclotetrasiloxane, owing to thernversatile electron-driven chemistry of the THP 

groups, and also showed a largerrntotal electron yield (TEY) than conventional resists such as CAR, PMMA, 

PHS, and MOR. Outgassing analysis revealed that numerous mass fragments originatin from the THP groups are 

generated upon Blue-X (6.7 nm) exposure, which is consistent with the proposed electron-driven cross-linking 

mechanism responsible forrnchemical contrast formation in the T4(THP)4 resist 

Keywords: 
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PS2-08

Fluorinated Protective Layer for Water-Transfer Photolithography of 
Organic Semiconductors

 Conventional photolithography is difficult to apply to organic semiconductors because photoresist solvents 

and developers can directly damage organic thin films, resulting in degraded electrical performance. Orthogonal 

lithography, which introduces a protective layer between the organic semiconductor and photoresist, has been 

proposed to address this issue. However, fluorinated solvents used to remove the protective layer may still 

affect certain organic semiconductor materials. In this work, a fluorinated protective layer compatible with 

water-transfer photolithography was synthesized to minimize process-induced damage. The molecular structure 

of the protective layer was tailored to improve both thermal stability and solubility in fluorinated solvents. 

A photoresist film was transferred onto the protective layer using a water-transfer process, and the organic 

semiconductor was subsequently patterned by dry etching. In addition, a fluorinated solvent with reduced 

chemical reactivity toward organic semiconductors was employed to further suppress film damage during the 

removal process. This poster presents the thermal and dissolution properties of the fluorinated protective layer 

and demonstrates its potential for water-transfer photolithography through successful patterning of organic 

semiconductor thin films.

|  Keywords: Organic semiconductor, Water-transfer photolithography, Fluorinated protective layer, 
                        Orthogonal lithography, Patterning

*남가은, 김가영, 김서연, 권유정 (인하대)

PS2-09

Tin-Containing Molecular Photoresists with Vinyl Groups for 
Extreme Ultraviolet (EUV) Lithography

Photoresist materials capable of simultaneously providing high resolution, high sensitivity, and robust etch 

resistance are increasingly required for next-generation semiconductor manufacturing. In this work, a carbon 

hard-mask–inspired aromatic core was employed as a structural platform to enhance etch resistance, followed 

by the introduction of multiple unsaturated moieties for further functionalization. New resist materials were 

synthesized by incorporating unsaturated functionalities and organotin moieties through hydrostannylation. Upon 

ultraviolet, electron-beam, or EUV irradiation, carbon-centered radicals generated within the resist underwent 

intermolecular coupling with neighboring unsaturated groups, leading to the formation of cross-linked networks 

and a corresponding reduction in film solubility. These results suggest that the proposed molecular design offers 

a promising strategy for developing efficient EUV photoresist materials.

Keywords: EUV photoresist, Negative-tone resist, Radical cross-linking
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PS2-10

Investigation of Acidic Organic DevelopmentrnChemistry for Scum Removal from 
Unexposed Regions in Tin-Based Molecular Resists toward High-Resolution EUV Lithography

Tin oxide-based molecular resists have attracted attention as next-generation high-resolution resists for EUV 

lithography owing to the high EUV photoionization cross section of tin and their excellent mechanical stability. 

However, when Sn–OH functional groups are present, undesired Sn–O–Sn condensation can occur even in 

unexposed or exposure-adjacent regions during bake and electron-beam exposure, resulting in residual films or 

scum after development. Although such Sn–O-based residues can be removed using aqueous developers, severe 

pattern collapse may occur due to Laplace pressure caused by the high surface tension of water-containing 

developers. To address this issue, we introduced an organic acidic developer system for tin molecular resists and 

investigated the scum-removal behavior and electron-beam patterning characteristics depending on developer 

composition. The trifluoro acetic acid(TFA)/butyl acetate developer alone was insufficient to completely remove 

the unexposed region, whereas the addition of a small amount of a polar protic additive markedly improved 

the development performance. In particular, the TFA/butyl acetate/IPA-based developer effectively removed 

scum from the unexposed region while preserving the exposed patterns and exhibited excellent electron-

beam sensitivity. These results suggest that organic ligand decomposition/cross-linking and inorganic Sn–O–Sn 

condensation occur together in the exposed region, increasing developer resistance, whereas the unexposed 

scum consists of a relatively loose network or partial Sn-O-Sn network that can be selectively removed by 

the acidic protic developer. This study presents an organic acidic development strategy for mitigating pattern 

collapse and enabling high-resolution EUV patterning of tin-based resists. 

*이가현, 기원철, 정현담 (전남대)

PS2-11
Measurement of Phase-shift in Photomasks Using Imaging Ellipsometry

 The introduction of attenuated phase-shift photomasks (PMs) has proven to be a resolution enhancement 

technique that improves the lithography process [1]. The phase value is an important parameter to control 

in the exposure process, and various methods have been developed to measure phase-shift in PMs [2-4]. 

In this study, transmission-mode imaging ellipsometer (TIE) is developed tornmeasure the phase-shift of 

PMs. The TIE is equipped with a common-path shearing interferometer, in which the beam is split into two 

orthogonally polarized beams, passes through two different points of the PM sample and then recombined to 

produce interference. Therefore, the phase difference between two points of the PM manifests as a change in 

the polarization state of the resulting beam, which can be measured using TIE. Here, the TIE operates in either 

the rotating compensator mode or the phase modulation mode, enabling accurate measurement of a phase 

difference corresponding to approximately 180 degrees. This study presents the measurement results for PMs 

used in 248 nm and 193 nm processes. The results are compared with those obtained from commercial system 

and from spectroscopic ellipsometry.  

References[1] M. D. Levenson, N. S. Vishwanathanrnand R. A. Simpson, IEEE Trans. Electron Devices, ED-29, 1828 (1982).[2] A. P. 

Ghosh and D. B. Dove, Proc. SPIErn1673, 242 (1992).[3] Y. Ozaki, T. Horiuchi and K. Harada,Microelectronic Engineering 27, 255 

(1995).[4] H. Kusunose, N. Awamura, H. Takizawa, K. Miyazaki, T. Ode, and D. Awamura, Proc.SPIE, 2793, 251 (1996). 

Keywords: Photomask,phase-shift photomasks,Imaging Ellipsometry,TIE.
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Synthesis and Evaluation of a Tin-Oxo Cluster–Azobenzene Hybrid Photoresist for 
EUV Lithography

 Rapid advances in artificial intelligence (AI) and digital technologies have accelerated semiconductor development, 

increasing the demand for narrower transistor linewidths and higher device integration density. To meet this 

demand, advanced photolithography has progressed from 193 nm deep-ultraviolet (DUV) exposure to 13.5 nm 

extreme-ultraviolet (EUV) exposure. However, this reduction in wavelength has introduced new challenges, 

including photon shot noise and the inherent trade-off among resolution, sensitivity, and line-edge roughness 

(LER), three key performance metrics that are increasingly difficult to improve simultaneously. Accordingly, 

developing novel photoresist materials has become increasingly important. We address these limitations by 

exploiting the photofluidization behavior of azobenzene-based materials. Specifically, we synthesized a hybrid 

photoresist comprising a tin-oxo cluster and Disperse Red 1 hemisuccinate (DR1H), an azobenzene derivative, to 

combine strong EUV absorption with improved patterning and photofluidization capabilities. Photofluidization, 

driven by repeated photoisomerization cycles of azobenzene moieties, enables high-resolution patterning with 

reduced LER. These results suggest that azobenzene–tin-oxo hybrid photoresists offer a promising route to 

mitigating the trade-off among resolution, sensitivity, and LER in next-generation EUV lithography.

|  Keywords:  photoresist, EUV lithography, azobenzene, photofluidization. 

*노도연, 김경수, 김민상, 이승우 (고려대)

PS2-13

Sculpting Line Edges with Light:Azobenzene Photofluidization for Post-Development 
RLS DecouplingExtreme Ultraviolet (EUV) Lithography

The advent of extreme-ultraviolet (EUV) lithography and continued scaling toward sub-10-nm features have 

exacerbated the resolution–line-edge roughness–sensitivity (RLS) trade-off. Because conventional resist strategies 

operate primarily during exposure and development, photon- and material-induced stochastic fluctuations are 

transferred to the developed line edge. Here, we report post-development directional photofluidization as a 

secondary optical refinement process that partially decouples exposure-defined pattern formation from final 

critical-dimension (CD) and LER control. An azobenzene-functionalized copolymer resist, p(MMA-r-DR1m), was 

patterned by electron-beam lithography (EBL) into 150 nm half-pitch line/space structures and subsequently 

irradiated with linearly polarized 532 nm light. For patterns exposed at 500 μC cm⁻², irradiation with polarization 

parallel to the grating vector reduced the space CD from 113.6 to 68.1 nm, comparable to the 71.3 nm space 

CD obtained directly by EBL at 800 μC cm⁻². Perpendicular polarization reduced LER from 8.57 to 5.94 nm 

with negligible CD variation. In a PMMA-based bilayer, the CD likewise decreased from 95.6 to 47.8 nm, while 

a separate lift-off process produced metal lines with a mean CD of 39.9 nm. These results demonstrate a post-

development strategy for partially relaxing the RLS trade-off and support its integration into EUV-relevant thin-

resist architectures.

Keywords: EUV lithography, electron-beam lithography, photoresist, azobenzene, 

                     directionalrnphotofluidization, critical dimension (CD), line-edge roughness (LER), RLS trade-off 
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Laboratory-Scale Dual-Pulse Laser-Produced Plasma Extreme Ultraviolet Source for 
Material Testing

반도체 검사용 NA 0.95 심자외선 대물렌즈의 광학 설계

PS3 Advanced Metrology & Inspection

Poster Presentation Session

 Extreme ultraviolet (EUV) lithography has become a key technology for sub-20-nm-pitch patterning. As its 

implementation continues to expand, the development of EUV materials such as photoresists, pellicles, and 

optical coatings has become important. The development and qualification of these materials require reliable 

testing under in-band EUV irradiation at wavelengths near 13.5 nm. In this study, a laboratory-scale dual-pulse 

laser-produced plasma (LPP) EUV source based on a tin-coated rotating disk (TCRD) was developed. The pre-

pulse formed tin vapor, and the main pulse generated plasma within the preformed vapor region. Through 

contact with liquid tin, the TCRD continuously replenishes the tin coating consumed during EUV generation. 

Pump–probe visualization and visible-emission imaging were used to characterize the tin-vapor and plasma 

dynamics and evaluate their spatiotemporal correspondence. The source achieved an EUV power of 11.1 nW 

within a collection solid angle of 8×10⁻5 sr. After accounting for optical losses and extrapolation to 2π sr, the 

emitted EUV power was estimated to be 7.78 mW. The source sustained EUV generation for 1 h without a 

significant decrease in EUV output. These findings demonstrate the feasibility of the TCRD-based EUV source as 

an irradiation platform for EUV material testing.

반도체 산업의 발전에 따라 높은 정확도의 패턴 결함 검사와 이를 수행할 수 있는 고분해능 대물렌즈의 필요성이 강조되고 

있다. 하지만 국내에서는 자외선 영역에서 고분해능을 위한 높은 수치 구경(NA) 대물렌즈 개발 경험이 적어 대부분 

수입에만 의존하고 있어 국내 원천 기술 개발이 필요한 상황이다. 본 논문에서는 문헌 조사를 통해 반사굴절형으로 설계 

타입을 선정하여 심자외선 파장 193 nm에서 사용 가능한 높은 수치 구경 NA 0.95 인 검사용 대물렌즈의 설계와 성능 

분석을 진행하였다. 이후 실제 운용 환경에서의 운용 가능성 확인을 위한 온도 민감도 분석을 진행한 결과 기준 온도 20 

℃ 에서 ± 0.2 ℃ 내에 광학 성능이 만족함을 확인하였다.

| Keywords: Extreme ultraviolet, Laser-produced plasma, Dual-pulse, Tin-coated rotating disk

|  Keywords: 대물렌즈, 광학 설계, 반도체 검사, 심자외선, 고개구수
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Dark Field TSOM 적용 나노 선폭 측정 성능 향상 연구

Robust and Standardized Framework for Quantitative AFM-Based Line-Edge Roughness 
Metrology of Lithographic Line/Space Patterns 

Poster Presentation Session

  기존 TSOM(Through-focus Scanning Optical Microscopy) 기법은 BF(Bright Field) 조명을 사용하여 광학 분해능 

이하의 정밀 계측이 가능하다. 그러나 반사광과 산란광을 동시에 수집하므로 선폭 변화에 따른 특성이 충분히 반영되지 

않을 수 있다. 본 논문에서는 TSOM 기법에 산란광만 수집하는 DF(Dark Field) 조명을 적용한 DF-TSOM을 제안하고, 

나노 선폭 측정 성능을 BF-TSOM과 비교하였다. 디자인 선폭이 40, 60, 80, 100, 120 nm인 FinFET 시료를 조명 조건별 

TSOM 기법으로 계측하고, SEM(Scanning Electron Microscopy) 측정 결과와 비교하였다. 그 결과, 평균 선폭 측정 

오차는 BF-TSOM의 5.07 nm에서 DF-TSOM의 2.87 nm로 감소하여 측정 정확도가 약 43% 향상되었다.  이는 DF 조명이 

반사광을 효과적으로 억제하여 산란광 정보를 강조한 결과로 판단되며, 제안한 DF-TSOM은 나노 구조의 정밀 치수 계측에 

효과적일 것으로 기대된다.

 As lithographic features shrink to the nanometer scale, line-edge roughness (LER) has become a dominant 

source of critical-dimension (CD) variability. Although scanning electron microscopy (SEM) remains the primary 

tool for roughness characterization, SEM-derived LER measurements are sensitive to image noise, threshold 

selection, and digitization artifacts, which limit quantitative accuracy. Atomic force microscopy (AFM) provides 

a geometry-based alternative through direct measurement of three-dimensional surface topography; however, 

the lack of a standardized AFM analysis protocol has hindered its broader adoption for quantitative LER 

metrology. In this work, we establish a robust and standardized framework for quantitative AFM-based LER 

evaluation of lithographic line/space patterns. Two complementary edge-definition methods are systematically 

evaluated: (i) a height-threshold approach that enables critical-dimension-consistent roughness analysis and (ii) 

an error-function (ERF) transition-center approach that identifies the position of maximum edge gradient. The 

proposed workflow also accounts for effective spatial resolution, edge interpolation, and statistical correlation, 

thereby improving measurement reliability and reproducibility. Experimental validation demonstrates excellent 

agreement between the two edge-definition methods and stable LER values across practical analysis conditions. 

The framework provides consistent roughness characterization without significant method-dependent bias 

and offers a practical workflow for advanced AFM metrology. The proposed methodology provides a reliable 

and reproducible AFM-based platform for LER measurement that complements conventional SEM metrology 

and supports quantitative roughness evaluation in next-generation lithography and semiconductor process 

development. 

Keywords: Dark-field TSOM, Bright-field TSOM, 나노 선폭 측정, 산란광, 광학 계측

|  Keywords: Photo resist, Blue-x 6.7nm, inorganic resist, CASILON, EBL
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Geometry-Controlled Distal Apertures in Silk Optical Microneedles via Selective Tip 
Truncation​

Thermally Accelerated Air-Compatible Deep-Ultraviolet Lithography of Silk Fibroin

PS4 Alternative Lithography

Poster Presentation Session

 Localized light stimulation in biological tissue is limited by optical scattering and absorption. Optical microneedles 

can provide a minimally invasive route to guide light into subsurface tissue. However, unwanted sidewall leakage 

compromises spatial control. Here, we report a silk optical microneedle for tip-localized light emission. A 

metal thin film is used as a sidewall shielding layer, and the distal tip is selectively opened by liquid-interface 

truncation. The rounded distal aperture acts as an integrated microlens, narrowing the emitted beam without a 

separate lens component. Optical microscopy demonstrates localized emission from the exposed tip, supported 

by LightTools simulations showing geometry-dependent light output.

 Silk fibroin is a promising material for biodegradable optical, electronic, and biomedical devices. However, 

conventional silk photolithography often requires chemical functionalization, toxic solvents, or costly deep-

ultraviolet (DUV) laser systems operated under oxygen-free conditions.Here, we demonstrate an air-compatible 

and water-developable photolithography process for pure silk fibroin thin films using an ozone-free low-pressure 

mercury lamp. The emission spectrum of the lamp overlaps with the ultraviolet absorption band of silk fibroin, 

enabling direct photodegradation without additional photoactive compounds.To compensate for the relatively 

slow degradation under air-compatible DUV irradiation, the substrate temperature was controlled during 

exposure. Heating markedly accelerated photodegradation, and the degradation rate at 90 °C increased by more 

than sevenfold compared with that at room temperature. The exposed regions exhibited substantial thickness 

reduction after water development, confirming temperature-assisted modulation of silk solubility.Using contact 

photolithography, silk fibroin micropatterns with a critical dimension of 3 μm were successfully fabricated 

under ambient laboratory conditions and with aqueous post-exposure processing. This process eliminates toxic 

developers and oxygen-free processing while replacing costly ArF excimer laser exposure with a compact, 

ozone-free lamp source.The proposed method provides a simple and scalable route toward environmentally 

sustainable fabrication of silk-based microdevices for diverse bioelectronic and photonic applications. 

silk optical microneedle, Tip-localized light emission, sidewall shielding, Distal-aperture geometry, Selective 

tip truncationHome-made EUV light source, Carbon nanotube, EUV lithography, PMMA photoresist, Image Log Slope 

Keywords: Silk fibroin; deep-ultraviolet lithography; air-compatible processing

                     ; temperature-assisted exposure; water development 
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 The continued progression of the semiconductor manufacturing process nodes places strict requirements for 

local critical dimension (CD) uniformity demanding more than ever from electron beam lithography. To meet 

these requirements, lower sensitivity resists have been widely adopted with the increasing use of multi-beam 

mask writers. This is because the higher exposure dose for the patterning reduces the shot noise effect, which is 

the statistical position variability of electrons produced by the beam shots1. In order to retain writing time and

productivity, we have designed our mask writers with higher total beam current than their predecessors.

 

 As the dose sensitivity reduces and total beam current increases, the resist heating effect has become 

apparent in the MBM writing process. The resist heating effect is characterized by the CD variation caused 

by thermally induced resist sensitivity changes due to non-uniform substrate temperatures arising from beam 

energy absorption within the mask during the exposure process2. In order to mitigate the CD variation, NuFlare 

Technology (NFT) has developed the inline resist Thermal Effect Correction (TEC) function for the MBM-4000 

multi-beam mask writer. We have discussed the correction model at SPIE Advanced Lithography + Patterning 

20253. In this report, the practical application of TEC is reviewed. 

 

 One of the strong motivations to introduce TEC is throughput improvement. NFT had been considering adopting 

stripe-to-stripe stage speed optimization mode (SO scan) in which stage speed is individually optimized according 

to the maximum exposure time within each scan stripe. Because the stage speed is optimized individually for 

each stripe, the SO scan increases the writing speed. However, when TEC is off, SO scan degrades CD uniformity 

(CDU), because CD variation caused by the resist heating effect strongly depends on the stage speed. Therefore, 

we could not employ the SO scan until TEC function was realized for MBM exposure. In this study, we will 

demonstrate that SO scan with TEC enhances the writing speed while maintaining CDU performance.

Reference
1) H. Sunaoshi, et al.,” Key improvement schemes of accuracies in EB mask writing for double patterning lithography”, Proc. SPIE 
6792, 24th European Mask and Lithography Conference, 679208 (2008)
2） T. Kamikubo, et al., “Study of heating effect on CAR in electron-beam mask writing”, Proc. SPIE 6607, Photomask and Next-
Generation Lithography Mask Technology XIV, 660723 (2007)
3) H. nomura, et al., “Study on modeling of resist heating effect correction in multibeam mask writers”, Proc. SPIE 13427, Novel 
Patterning Technologies 2025, 134270T (2025)

MBM is a trademark of NuFlare Technology, Inc.
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Background

Nanoimprint technology has been widely adopted owing to advances in resin materials. In particular, glass—used 

as an imprint material—has attracted attention for high-value applications because it offers superior optical and 

mechanical properties compared with resins, such as advanced optical components and biosensing devices. 

In conventional glass molding, the entire system including the mold must be heated and then cooled, thereby 

limiting throughput. To address this limitation, we focus on laser-assisted direct glass imprinting (LADGI), in 

which the glass–mold interface is selectively heated using a laser to enable high-throughput replication. In 

LADGI, the laser irradiation per spot lasts only for a few tens of milliseconds; therefore, rapid flow of molten 

glass is required within a short time window1). We report the flow behavior of molten glass in LADGI and glass 

fracture phenomena occurring during the filling process.

Flow of Glass

Using a Ni mold with a diffractive grating structure having a line: space of 5 μm: 5 μm and a depth of 5 μm, we 

investigated optical glass (L-BSL7, Ohara Corporation) under applied pressures of 5, 7, 12, 21, 24.5, and 33 MPa. 

In addition, with the same laser irradiation conditions, we performed replication of microstructures. Numerical 

fluid dynamics simulations were conducted using NOGRID points (Nogrid GmbH). The corresponding flow 

behavior was assessed by comparing the simulated results with the experimentally replicated structures. Partial 

comparisons are shown in Fig. 1. For the boundary conditions at the glass–mold interface, we assumed a contact 

angle of 85° for the molten glass based on measured values, and used a slip coefficient of 10-5 from the previous 

study2). In the simulations, at low applied pressures (5 MPa), the flow front preferentially advanced along the 

mold wall, exhibiting a capillary-like behavior. In contrast, at high applied pressures (24.5 MPa), no capillary 

phenomenon was observed; instead, the flow became dominant around the center of the groove, showing a 

viscous flow-dominated behavior. These trends were consistently confirmed in the actual replicated samples.

Fig. 1 Wetting behavior of molten glass on the wall of microgroove.

Fracture of Glass

During replication at high applied pressures of 24.5 MPa or higher, glass fracture along the replicated fine 

features was observed (hereafter referred to as “structural fracture”). We treated the replicated fine features as 

microcracks formed on the glass surface and assumed that the structural fracture results from crack initiation 

driven by stress concentration around the microcracks. Using a microcrack model in which the stress intensity 

factor depends on the feature height (Fig. 2a) and a flange model with a constant stress intensity factor, we 

calculated the stress values from the measurements and compared the presence/absence of structural fracture 

(Fig. 2b, c). As a result, structural fracture was found to occur at approximately 100 MPa or higher. Moreover, 

even under the same applied pressure, the occurrence of structural fracture depended on the height of the 

replicated features. This indicates that the structural fracture can be evaluated using the microcrack-based 

model. Fig. 2 σtip corresponding to the applied pressure. (a) Stress concentration models. (b) Summary of 

calculations. (c) The relationship among applied pressure.
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 An Inkjet-based Adaptive Planarization (IAP) material has been developed to serve as a carbon hardmask, creating 

a highly planar surface compared to conventional technologies, particularly Spin-on Carbon (SoC) materials. SoC 

materials are crucial for multi-layer lithography within the semiconductor industry, facilitating the fabrication of 

future patterns essential for next-generation devices. The IAP material is designed to meet specific requirements 

for inkjet processing, similar to those of Nano-Imprint Lithography (NIL) materials, while also adhering to common 

requirements for SoC materials, including high carbon content, etch selectivity, thermal stability, and mechanical 

modulus. In this study, we present the design concept and performance characteristics of the first-generation 

IAP material. The results demonstrate that the IAP material achieves high carbon content (> 90 wt%), thermal 

stability (> 350 °C), and modulus (> 5 GPa), all comparable to those of common SoC materials. Importantly, 

the IAP material is also PFAS-free, aligning with industry trends toward environmentally sustainable materials. 

This study highlights the potential of IAP materials to advance the capabilities of planarization techniques in 

the semiconductor industry, paving the way for the development of more efficient and effective lithographic 

processes for future electronic devices. 

 高開口数（NA）極端紫外線（EUV）リソグラフィの時代において、焦点深度の減少と光子吸収の制限によ
り、露光中に形成された空中像をレジスト内の高コントラスト潜像に効果的に変換することがますます重要に
なっている。本研究では、露光後およびその後の露光後ベーク（PEB）後の金属酸化物レジスト（MOR）に
おける潜像コントラストの変化を調査した。潜像コントラストは、現像前に深さ分解分析を可能にするX線反
射率を用いた膜密度コントラストの測定によって間接的に評価された。EUVおよびKrF放射線の露光により初
期密度コントラストが生成され、これはPEB後に温度および時間依存的に増強されることがわかった。露光領
域のレジスト密度が増加するにつれて密度コントラストはPEB時間の増加とともに増加したが、未露光領域の
密度はほぼ維持された。深さプロファイルにより、MOR密度は表面および基板界面付近で増加していること
が明らかになった。これらの結果は、熱処理条件を適切に最適化することで、露光領域の不溶性を高めつつ未
露光領域の溶解性を維持することにより、潜像の品質を向上させることができる可能性を示唆している。この
ような挙動は、より矩形に近いパターン形状の形成に寄与すると考えられる。さらに、パターン底部の狭窄を
抑制することは、線状歪みに伴う粗さを軽減する上で有益である可能性がある。

Keywords: Inkjet, planarization, IAP, carbon hardmask, underlayer, thermal stability, etch resistance, 

                     PFAS-Free 
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