PROCEEDINGS OF SPIE

38th European Mask and
Lithography Conference
(EMLC 2023)

Uwe F. Behringer
Jo Finders
Editors

19-21 June 2023
Dresden, Germany

Organized by

VDE/VDI GMM—The Society for Microelectronics,
Microsystems and Precision Engineering (Germany)

UBC Microelectronics (Germany)

Published by
SPIE

Volume 12802

Proceedings of SPIE 0277-786X, V. 12802

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



The papers in this volume were part of the tfechnical conference cited on the cover and title 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 38th European Mask and Lithography Conference (EMLC 2023), edited
by Uwe F. Behringer, Jo Finders, Proc. of SPIE 12802, Seven-digit Article CID Number (DD/MM/YYYY);
(DOI URL).

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

ISBN: 9781510668607
ISBN: 9781510668614 (electronic)

Published by

SPIE

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

Telephone +1 360 676 3290 (Pacific Time)

SPIE.org

Copyright © 2023 Society of Photo-Opfical 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.

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.

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 manuscript.



Contents

Vii Conference Committee

EUV LITHOGRAPHY

12802 01 Emergence of next generation EUV optics: status, outlook and future (Invited Paper) [12802-3]
12802 02 Investigation of the resolution limit of Talbot lithography with compact EUV exposure tools
[12802-22]

MASK PATTERNING AND PROCESSING

12802 03 Multi-beam mask writing opens up new fields of application (EMLC 2023 Best Paper Award)
[12802-45]

12802 04 Automatic laser writing parameters setting for mature mask production [12802-7]

MASK AND RESIST OPTIMIZATION

12802 05 Predicting resist pattern collapse in EUVL using machine learning (ZEISS Award for Talents in
Photomask Industry - EMLC 2023) [12802-29]

12802 06 Test pattern generation by optimization of the feature space signature [12802-20]

12802 07 A deep learning facilitated approach for SEM image denoising towards improved contour
extraction for 1D and 2D structures [12802-48]

12802 08 Understanding the impact of rinse on SEM image distortion and hole patterning variability
[12802-18]
12802 09 Training dataset optimization for deep learning applied to optical proximity correction on non-

regular hole masks [12802-24]

OPTICAL AND E-BEAM MASKLESS LITHOGRAPHY AND METROLOGY

12802 0A LITHOSCALE features accomplish dual exposure and high-resolution patterning (Invited Paper)
[12802-32]

12802 0B New wave front phase sensor used for 3D shape measurements of patterned silicon wafers
[12802-27]



12802 0C High-performance computing architecture (HW/SW) for mask CDSEM design based metrology
[12802-10]

12802 0D Development of an e-beam/i-line stepper intra-level mix and match approach with the
photoresist mr-EBL 6000.5 for PIC related structures such as waveguides, ring resonators and
coupling structures [12802-12]

12802 OE Fabrication of gate electrodes for scalable quantum computing using CMOS industry

compatible e-beam lithography and numerical simulation of the resulting quantum device
[12802-36]

MASK METROLOGY, TUNING AND INSPECTION

12802 OF Opportunities of polarization-resolved EUV scatterometiry on photomasks (EMLC 2023 Best
Poster Award) [12802-34]

12802 0G EUV mask defect inspection for the 3nm technology node (Invited Paper) [12802-44]

12802 OH Divide et impera: a short talk about the importance of feature and model engineering
[12802-1]

12802 Ol Efficient mask characterization through automated contour and corner rounding extraction
[12802-9]

12802 0J Image sharpness score CD-SEM CDSEM monitoring [12802-35]

12802 OK Actinic EUV mask qualification for next generation lithography [12802-50]

12802 OL SEMI-CenterNet: a machine learning facilitated approach for semiconductor defect inspection
[12802-15]

12802 OM 3D SEM metrology of microstructures for high volume manufacturing [12802-24]

NANO-IMPRINT LITHOGRAPHY (NIL)

12802 ON Direct patterning of functional materials using nanoimprint lithography [12802-4]

DATA ANALYTICS

12802 0O The image lab sandbox, pulling image computing in wafer fab metrology environment
(Invited Paper) [12802-33]

12802 OP Improving the on-product overlay performance after optimization of the etch-induced
contributions [12802-8]



12802 0Q The use of cross-validation for overlay model selection [12802-13]

12802 OR YOLOVS for defect inspection of hexagonal directed self-assembly patterns: a data-centric
approach [12802-16]





