PROCEEDINGS OF SPIE

Photomask Japan 2022: XXVIIl Symposium
on Photomask and Next-Generation
Lithography Mask Technology

Yosuke Kojima
Editor

26-28 April 2022
Online Only, Japan

Organized by
Photomask Japan and SPIE

Co-organized by
BACUS and EMLC

Supported by

The Japan Society of Applied Physics

The Japan Society for Precision Engineering
The Institute of Electrical Engineers of Japan

In Cooperation with
SEMI Japan

Published by
SPIE

Volume 12325

Proceedings of SPIE 0277-786X, V. 12325

Photomask Japan 2022: XXVIIl Symposium on Photomask and Next-Generation Lithography Mask Technology,
edited by Yosuke Kojima, Proc. of SPIE Vol. 12325, 1232501 - © 2022 SPIE - 0277-786X - doi: 10.1117/12.2652635

Proc. of SPIE Vol. 12325 1232501-1



The papers in this volume were part of the technical conference cited on the cover and fitle page.
Papers were selected and subject to review by the editors and conference program committee.
Some conference presentations may not be available for publication. Additional papers and
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org.

The papers reflect the work and thoughts of the authors and are published herein as submitted. The
publisher is not responsible for the validity of the information or for any outcomes resulting from
reliance thereon.

Please use the following format to cite material from these proceedings:

Author(s), "Title of Paper," in Photomask Japan 2022: XX VIl Symposium on Photomask and Next-
Generation Lithography Mask Technology, edited by Yosuke Kojima, Proc. of SPIE 12325, Seven-digit
Article CID Number (DD/MM/YYYY); (DOI URL).

ISSN: 0277-786X
ISSN: 1996-756X (electronic)

ISBN: 9781510657182
ISBN: 9781510657199 (electronic)

Published by

SPIE

P.O. Box 10, Belingham, Washington 98227-0010 USA

Telephone +1 360 676 3290 (Pacific Time)

SPIE.org

Copyright © 2022 Society of Photo-Optical Instrumentation Engineers (SPIE).

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of fees. To obtain permission to use and share articles in this volume, visit
Copyright Clearance Center af copyright.com. Other copying for republication, resale, advertising
or promotion, or any form of systematic or multiple reproduction of any material in this book is
prohibited except with permission in writing from the publisher.

Printed in the United States of America by Curran Associates, Inc., under license from SPIE.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE. Csrary

SPIEDigitallibrary.org

Paper Numbering: A unique citation identifier (CID) number is assigned to each article in the
Proceedings of SPIE at the time of publication. Utilization of CIDs allows articles to be fully citable as
soon as they are published online, and connects the same identifier to all online and print versions
of the publication. SPIE uses a seven-digit CID article numbering system structured as follows:
= The first five digits correspond to the SPIE volume number.
= The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscripf.

Proc. of SPIE Vol. 12325 1232501-2



Vii

Contents

Conference Committee

EUV FROM U.S.
1232502 Mask and illumination optimization for low-k1 EUV lithography [12325-38]
NIL I
1232503 The current status of nano-imprint lithography and its future outlook toward carbon neutrality
by 2050 (Invited Paper) [12325-20]
12325 04 Nanoimprint performance improvements for high volume semiconductor device
manufacturing [12325-18]
EUV TECHNOLOGIES
12325 06 EUV SRAFs printing modeling with bright field mask [12325-14]
OPENING SESSION DAY 2: EDA
12325 07 Checkpointing in EDA application for tapeout operation [12325-25]
CURVILINEAR DATA HANDLING
12325 08 Status of curvilinear data format working group (Invited Paper) [12325-28]
12325 09 An optimized data prep flow for curvilinear masks [12325-16]
12325 0A Mask modeling in the curvilinear era [12325-34]

Proc. of SPIE Vol. 12325 1232501-3



DEFECT CONTROL AND RESOLUTION

1232508 Freeze point monitoring system for freeze cleaning method [12325-19]

12325 0C Massive tiny MoSi defect reduction in NCAR photoresist blank [12325-8]

12325 0D Resist pattern resolution on hard mask layer for photomask [12325-7]
EUV TOOLS

12325 OE High-precision and cost-effective EUV reticle defect registration with integrated grid matching
using KLA LMS IPRO and FlashScan [12325-33]
OPENING SESSION DAY 3: EUV AND INDUSTRY TRENDS

12325 OF Diamond-like-carbon as a novel capping material for EUV mask blanks [12325-35]

12325 0G 10th Annual eBeam Initiative Survey Reports Photomask Market Optimism [12325-6]
INSPECTION AND METROLOGY

12325 OH Actinic patterned mask inspection for EUV lithography (Invited Paper) [12325-32]

12325 0l High-brightness LDP source for EUVL mask inspection [12325-34]

12325 0J Photomask pattern evaluation by massive measurement using Die-to-Database [12325-12]
FLAT PANEL DISPLAY

12325 0K High-transmission phase shift mask blank for high-definition flat panel display [12325-31]
METROLOGY AND MPC

12325 0L Curvilinear EUV mask: development of innovative mask metrology [12325-37]

12325 OM High-NA EUV photoresist metrology using high-throughput scanning probe microscopy

[12325-29]

Proc. of SPIE Vol. 12325 1232501-4



12325 ON

Simulation-based verification for MPC corrected mask designs [12325-10]

WRITING TOOLS

12325 00 Multi-beam mask writer MBM-2000PLUS (Invited Paper) [12325-27]

12325 OP Optimization of laser written photomasks for photonic device manufacturing [12325-24]
POSTER SESSION

12325 0Q Full field wavefront error aware source and mask optimization for exireme ultraviolet
lithography [12325-23]

12325 0R EUV pellicle mechanical stress induced by air flow through the pellicle frame [12325-11]

12325 0S An approach to building photomask CD SEM recipe for HOLON ZX using CATS ® [12325-15]

12325 0T Enhancement of the proximity and aerial imaging performance of a software-based data path
for raster-scanned multi-beam laser writer [12325-13]

12325 0U The application of mask data preparation on KLA DB inspection [12325-21]

12325 OV Ecosystem required for EUV mask curvilinear pattern [12325-30]

Proc. of SPIE Vol. 12325 1232501-5



Proc. of SPIE Vol. 12325 1232501-6



Conference Committee

Symposium Chair

Takeo Watanabe, University of Hyogo (Japan)

Symposium Vice Chair
Masaru Nakagawa, Tohoku University (Japan)

Advisory Committee Chair
Tadahiro Takigawa, ALITECS Corporation (Japan)

Advisory Committee Members
Naoya Hayashi, Dai Nippon Prinfing Company, Ltd. (Japan)
Morihisa Hoga, NAMTEC Company, Ltd. (Japan)
Toshiyuki Horiuchi, Tokyo Denki University (Japan)
Hiroaki Morimoto (Japan)
Masato Shibuya, Tokyo Polytechnic University (Japan)
Yoshio Tanaka, D2S Inc. and D2S K.K. (Japan)
Nobuyuki Yoshioka, Dai Nippon Printing Company, Ltd. (Japan)

Organizing Committee Chair
Takeo Watanabe, University of Hyogo (Japan)

Organizing Committee Vice Chair
Masaru Nakagawa, Tohoku University (Japan)

Organizing Committee Members
Uwe Behringer, UBC Microelectronics (Germany)
Emily Gallagher, imec (Belgium)
Brian Grenon, Grenon Consulting, Inc. (United States)
Hideaki Hamada, HTL Company Japan Lid. (Japan)
Masahiro Hashimoto, HOYA Corporation (Japan)
Eiichi Hoshino, Nikon Corporation (Japan)
Soichi Inoue, Kioxia Corporation (Japan)
Ichiro Kagami, Sony Semiconductor Manufacturing Corporation (Japan)
Yosuke Kojima, Toppan Photomask Company, Ltd. (Japan)
Warren Montgomery, MWM Strategic Development Solutions

(United States)

Noriaki Nakayamada, NuFlare Technology, Inc. (Japan)
Keita Shogase, SEMI Japan (Japan)

vii

Proc. of SPIE Vol. 12325 1232501-7



viii

Kazuyuki Suko, Dai Nippon Printing Company, Ltd. (Japan)
Kiyohito Yamamoto, Canon Inc. (Japan)

Organizing Committee Auditors
Fumio Aramaki, Hitachi High-Tech Corporation (Japan)
Yoji Tonooka, Toppan Inc. (Japan)

Program Committee Chair
Yosuke Kojima, Toppan Photomask Company, Ltd. (Japan)

Program Committee Vice Chairs
Tetsuo Harada, University of Hyogo (Japan)
Masaaki Koyama, Sony Semiconductor Manufacturing Corporation
(Japan)
Hiroshi Nakata, Dai Nippon Printing Company, Ltd. (Japan)

Program Committee Members
Akihiko Ando, Kioxia Corporation (Japan)
Jin Choi, Samsung Electronics Company, Ltd. (Korea, Republic of)
Thomas Faure, GlobalFoundries Inc. (United States)
Kenji Go, Mycronic Technologies Corporation (Japan)
Kazuyuki Hagiwara, D2S KK. (Japan)
Terumasa Hirano, HOYA Corporation (Japan)
Koji Ichimura, Dai Nippon Printing Company, Ltd. (Japan)
Bryan Kasprowicz, HOYA Corporation (United States)
Kokoro Kato, Nihon Synopsys G.K. (Japan)
Yusuke Kawano, Renesas Electronics Corporation (Japan)
Byung-Gook Kim, ESOL, Inc. (Korea, Republic of)
Taiichi Kiuchi, JEOL Ltd. (Japan)
John Lin, Taiwan Semiconductor Manufacturing Company Ltd. (Taiwan)
Hiroyuki Miyashita, Dai Nippon Printing Company, Ltd. (Japan)
Noriaki Nakayamada, NuFlare Technology, Inc. (Japan)
Dong-Seok Nam, ASML US (United States)
Yuhei Nitta, Nikon Corporation (Japan)
Nobuhiro Okai, Hitachi, Ltd. (Japan)
Thomas Scheruebl, Carl Zeiss SMT GmbH (Germany)
Patrick Schiavone, CNRS (France)
Kazunori Seki, Toppan Photomask Company, Ltd. (Japan)
Tsutomu Shoki, HOYA Corporation (Japan)
Yasunari Sohda, University of Tsukuba (Japan)
Kiwamu Takehisa, Lasertec Corporation (Japan)
Kenichi Tokunaga, Tower Partners Semiconductor Company, Ltd. (Japan)
Masami Yonekawa, Canon Inc. (Japan)
Guojing Zhang, Intel Corporation (United States)

Proc. of SPIE Vol. 12325 1232501-8



Steering Committee Chair

Kazuyuki Suko, Dai Nippon Printing Company, Ltd. (Japan)

Steering Committee Vice Chairs

Soichi Inoue, Kioxia Corporation (Japan)
Kokoro Kato, Nihon Synopsys G.K. (Japan)

Steering Committee Members

Yumiko Amano, Renesas Electronics Corporation (Japan)

Hajime Aoyama, Nikon Corporation (Japan)

Kenji Go, Mycronic Technologies Corporation (Japan)

Tetsuo Harada, University of Hyogo (Japan)

Koji Hosono, United Semiconductor Japan Company, Ltd. (Japan)

Daisuke Kenmochi, HOYA Corporation (Japan)

Yosuke Kojima, Toppan Photomask Company, Ltd. (Japan)

Toshio Konishi, Toppan Photomask Company, Ltd. (Japan)

Masaaki Koyama, Sony Semiconductor Manufacturing Corporation
(Japan)

Shoji Mimotogi, Kioxia Corporation (Japan)

Yasutaka Morikawa, Dai Nippon Printing Company, Ltd. (Japan)

Hiroshi Nakata, Dai Nippon Printing Company, Ltd. (Japan)

Teruaki Noguchi, JEOL Ltd. (Japan)

Yasuko Saito, ASML Japan Company, Ltd. (Japan)

Yoshitaka Tatsumoto, Lasertec Corporation (Japan)

Jim Wiley, Wiley Strategic Solutions (United States)

Session Chairs

1

Opening Session: Day 1
Yosuke Kojima, Toppan Photomask Company, Ltd. (Japan)

EUV from U.S.
Kiwamu Takehisa, Lasertec Corporation (Japan)

Special Session - EUV Mask Blanks -
Masaaki Koyama, Sony Semiconductor Manufacturing Corporation
(Japan)

NIL |
Koji Ichimura, Dai Nippon Printing Company, Ltd. (Japan)

NIL I
Masami Yonekawa, Canon Inc. (Japan)

EUV for High NA
Kazunori Seki, Toppan Photomask Company, Ltd. (Japan)

Proc. of SPIE Vol. 12325 1232501-9



10

11

12

13

14

15

16

17

EUV Technologies
Noriaki Nakayamada, NuFlare Technology, Inc. (Japan)

Opening Session: Day 2 - EDA -
Kokoro Kato, Nihon Synopsys G.K. (Japan)

Curvilinear Data Handling
Kazuyuki Hagiwara, D2S K K. (Japan)

Defect Control & Resolution
Hiroshi Nakata, Dai Nippon Printing Company, Ltd. (Japan)

Poster Session
Yosuke Kojima, Toppan Photomask Company, Ltd. (Japan)

EUV Tools
Tetsuo Harada, University of Hyogo (Japan)

Opening Session: Day 3 - EUV & Industry Trend -
Tsutomu Shoki, HOYA Corporation (Japan)

Inspection and Metrology
Yasunari Sohda, University of Tsukuba (Japan)

Flat Panel Display
Kenji Go, Mycronic Technologies Corporation (Japan)

Meftrology and MPC
Nobuhiro Okai, Hitachi, Ltd. (Japan)

Writing Tools
Taiichi Kiuchi, JEOL Ltd. (Japan)

Proc. of SPIE Vol. 12325 1232501-10



