PROCEEDINGS OF SPIE

Photomask Japan 2021: XXVII Symposium
on Photomask and Next-Generation
Lithography Mask Technology

Akihiko Ando
Editor

20-21 April 2021
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

Technical Exhibit in Cooperation with
SEMI Japan

Published by
SPIE

Volume 11908

Proceedings of SPIE 0277-786X, V. 11908

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Photomask Japan 2021: XXVII Symposium on Photomask and Next-Generation Lithography Mask Technology, edited by
Akihiko Ando, Proc. of SPIE Vol. 11908, 1190801 - © 2021 SPIE - CCC code: 0277-786X/21/$21 - doi: 10.1117/12.2612386

Proc. of SPIE Vol. 11908 1190801-1



The papers in this volume were part of the fechnical conference cited on the cover and fitle page.
Papers were selected and subject fo 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 2021: XXVII Symposium on Photomask and Nexf-
Generation Lithography Mask Technology, edited by Akihiko Ando, Proc. of SPIE 11908, Seven-digit
Article CID Number (DD/MM/YYYY); (DOI URL).

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

ISBN: 9781510646858
ISBN: 9781510646865 (electronic)

Published by

SPIE

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

Telephone +1 360 676 3290 (Pacific Time)

SPIE.org

Copyright © 2021 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 at 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.

Printfed 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. C&riry

SPIEDigitalLibrary.org

Paper Numbering: A unique citation identifier (CID) number is assigned to each article in the
Proceedings of SPIE af 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 fo 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. 11908 1190801-2



Contents

OPENING SESSION: DAY ONE

11908 02 Photomask challenges for data-centric computing in the 2020s (Keynote Paper) [11908-34]
11908 03 Advanced AFM nanomachining: high aspect repairs [11908-23]
ML & MPC
11908 04 Model-based mask process correction for EUV mask [11908-26]
11908 05 A deep learning toolset to mask analysis with SEM digital twins [11908-27]
11908 06 Model-driven rule-based mask process correction [11908-18]
EUV FROM ASIA |
11908 07 Fundamental research activities on EUV lithography at NewSUBARU synchrotron light facility
(Invited Paper) [11908-146]
LITHOGRAPHY
11908 08 Stereophonic projection lithography using parabolic mirrors [11908-2]
11908 09 Automatic design of the build-in lens mask for three-dimensional photo lithography [11908-8]
PSM, ETCHING & FPD
11908 OA Study of high-transmission PSM for lithographic performance and defect control [11908-25]
11908 0B Proposal of new style defect quality assurance for flat panel display photomask [11908-9]

Proc. of SPIE Vol. 11908 1190801-3



OPENING SESSION: DAY TWO

11908 0C eBeam initiative surveys report upbeat photomask market outlook (Invited Paper) [11908-20]
NIL

11908 0D Self-aligned double patterning process for sub-15nm nanoimprint template fabrication
[11908-31]

11908 OE NIL integration using computational lithography for semiconductor device manufacturing
[11908-15]

11908 OF Nanoimprint performance improvements for high volume semiconductor device
manufacturing [11908-14]
EUV FROM ASIA 11

11908 0G Investigation of EUV pellicle mechanical stress within EUV pod [11908-4]
INSPECTION

11908 OH Actinic patterned mask inspection for EUV lithography (Invited Paper) [11908-28]

11908 Ol High-brightness LDP source for EUVL mask inspection [11908-29]

11908 0J Study of high throughput EUV mask pattern inspection technologies using multi e-Beam optics
[11908-10]

11908 OK The study of a phase difference defect inspection technology [11908-1]
WRITING & CD ANALYSIS

11908 OL Multi-beam mask writer, MBM-2000 [11908-33]

11908 OM Novel method to find the best process point in e-beam mask making [11908-32]

11908 ON Stability of CD off-target: analysis [11908-12]

Proc. of SPIE Vol. 11908 1190801-4



POSTER SESSION

11908 00 Ongoing development of ultrafast DUV pulse laser repair for EUV photomasks [11708-24]

11908 OP Spectra of high energy ions as debiris in laser-produced plasma EUV source [11908-21]

11908 0Q Birefringence mapping of optical material by use of supercontinuum vector beams [11708-22]

11908 OR Efficient VIA position optimization for yield enhancement [11908-3]

11908 0S Damage-less removal of surface contamination using atomic hydrogen generated on heated
tungsten mesh [11908-4]

11908 OT Beyond EUV measurement at NewSUBARU synchrotron light facility [11908-17]

11908 OU Hydrogen damage and cleaning evaluation of Mo/Si multilayer using high-power EUV
irradiation tool [11908-19]

11908 OV The application of reticle analyzer in DRAM fab [11908-5]
OPENING SESSION: DAY TWO: ADDITIONAL PAPER

11908 OW In-line airborne particle sensing supports faster response to contamination excursions

[11908-36]

Proc. of SPIE Vol. 11908 1190801-5



Proc. of SPIE Vol. 11908 1190801-6



