PROCEEDINGS OF SPIE

Novel Patterning Technologies
for Semiconductors, MEMS/NEMS
and MOEMS 2020

Martha I. Sanchez
Eric M. Panning
Editors

24-27 February 2020
San Jose, Cadlifornia, United States

Sponsored and Published by
SPIE

Volume 11324

Proceedings of SPIE 0277-786X, V. 11324

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

Novel Patterning Technologies for Semiconductors, MEMS/NEMS and MOEMS 2020,
edited by Martha |. Sanchez, Eric M. Panning, Proc. of SPIE Vol. 11324, 1132401
© 2020 SPIE - CCC code: 0277-786X/20/$21 - doi: 10.1117/12.2570852

Proc. of SPIE Vol. 11324 1132401-1



The papers in this volume were part of the technical 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 Novel Patterning Technologies for Semiconductors, MEMS/NEMS and
MOEMS 2020, edited by Martha I. Sanchez, Eric M. Panning, Proceedings of SPIE Vol. 11324 (SPIE,
Bellingham, WA, 2020) Seven-digit Artficle CID Number.

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

ISBN: 9781510634152
ISBN: 9781510634169 (electronic)

Published by

SPIE

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

Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2020, Society of Photo-Optical Instrumentation Engineers.

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 copying fees. The Transactional Reporting Service base fee for this
volume is $21.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online 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. The CCC fee code is 0277-
786X/20/$21.00.

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: Proceedings of SPIE follow an e-First publication model. A unique citafion
identifier (CID) number is assigned to each article 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 arficle
numbering system structured as follows:
= The first five digits correspond fo 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.

Proc. of SPIE Vol. 11324 1132401-2



Contents

Vii Authors
ix Conference Committee

IMPRINT LITHOGRAPHY

11324 05 Lithography today: challenges and solutions across a diverse market (Invited Paper) [11324-3]

SCANNING PROBE LITHOGRAPHY

11324 0A Tip- and laser-based nanofabrication up to 100 mm with sub-nanometre precision [11324-8]

NANOIMPRINT LITHOGRAPHY FOR SEMICONDUCTORS

11324 0B Nanoimprint system alignment and overlay improvement for high volume semiconductor
manufacturing [11324-9]

11324 0C Addressing nanoimprint lithography mix and match overlay using drop pattern compensation
[11324-10]

QUANTUM COMPUTING

11324 0J Quantum Inspire: QuTech’s platform for co-development and collaboration in quantum
computing [11324-17]

MULTI-BEAM MASK WRITING

11324 0K Development and deployment of advanced multi-beam mask writer (Invited Paper) [11324-18]

11324 ON Extending deep-UV multi-beam laser writing for optical and EUV masks [11324-21]

3-D PRINTING

Proc. of SPIE Vol. 11324 1132401-3



11324 0T

Development of bovine serum albumin-based resins for additive manufacturing via vat
photopolymerization (Invited Paper) [11324-27]

NEUROMORPHIC COMPUTING

11324 OV Highly efficient neuromorphic computing systems with emerging nonvolatile memories (Invited
Paper) [11324-29]

11324 OW An infroduction to SemiSynBio Initiative and selected convergence resulis (Invited Paper)
[11324-30]
ATOMICALLY PRECISE LITHOGRAPHY: TOPDOWN APPROACH

11324 0X Atomically precise digital e-beam lithography (Invited Paper) [11324-31]

11324 0Y A new approach to removing H atoms in hydrogen depassivation lithography (Invited Paper)
[11324-32]

11324 0z Photothermal alternative to device fabrication using atomic precision advanced
manufacturing techniques (Invited Paper) [11324-33]
ATOMICALLY PRECISE LITHOGRAPHY: BOTTOMUP APPROACH

11324 12 Selective electroless plating on non-conductive materials by applying a gradient of magnetic
field [11324-36]
MEMS/NEMS

11324 14 Nonlinear mode coupling in a MEMS resonator (Invited Paper) [11324-37]

1132416 Design and fabrication of microlens array homogenizer for laser beam shaping using two-
photon polymerization [11324-39]
NOVEL PATTERNING AND APPLICATIONS

1132417 Sub-wavelength holographic lithography (SWHL) (Invited Paper) [11324-40]

POSTER SESSION

Proc. of SPIE Vol. 11324 1132401-4



11324 1A

11324 1B

11324 11

11324 1J

11324 1K

Contribution ratio of process fidelity and beam accuracy in multi-beam mask writing
[11324-42]

Electron beam mask writer EBM-8000P for high throughput mask production [11324-43]
Mathematical problems of holographic mask synthesis [11324-50]

Experimental verification of sub-wavelength holographic lithigraphy (SWHL) concept
[11324-51]

Maskless holographic schemes based on phase micromirror SLMs [11324-52]

Proc. of SPIE Vol. 11324 1132401-5



Proc. of SPIE Vol. 11324 1132401-6



Authors

Numbers in the index correspond to the last two digits of the seven-digit citation identfifier (CID) article
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of articles within the volume.
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, OA, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Abboud, Frank E., OK
Alberts, Garrelt, 0J
Alemansour, Hamed, 0Y
Allen, Paul C., ON
Anderson, E., 0Z

Asano, Toshiya, 0B
Baczewski, A. D., 0Z
Baillin, Xavier, 11

Borisov, M., 17, 11, 1J, 1K
Brousse, Delphine, 0J
Bussmann, E., 0Z
Campbell, D. M., 0Z
Cave, G.V.W.,, 12
Chandramouli, Mahesh, 0K
Chelubeev, D, 17, 11, 1J, 1K
Chen, Ming-Fu, 16
Chen, Yiran, OV
Cherala, Anshuman, 0C
Chernik, V., 17,11, 1J, 1K
Choi, Jin, 0C

Cobley, A. J., 12
Czaplewski, David A., 14
Danilova, S., 12
Dmitrovic, S., 0Z
Dontsov, Denis, 0A
Eendebak, Pieter, 0J
Frohlich, Thomas, OA

Fu, Chien-Chung, 16
Fuchs, E., OX

FOBI, Roland, OA
Graves, J.E., 12
Hamaker, H. Christopher, ON
Hayashi, Tatsuya, 0B
Herr, Daniel J. C., OW
Hiura, Mitsuru, 0B, 0C
Hofmann, Martin, 0A
Holz, Mathias, 0OA
Honbu, Takahiro, 1B
Honda, Hirohiko, 1B
Huang, Ting-Ming, 16
lijima, Tomohiro, 1B
likubo, Ryo, 1B

lino, Satoshi, 0C

Im, Se-Hyuk, 0OC

Ito, Rumi, TA

lvie, J. A., 0Z

Iwamoto, Kazunori, 05
Iwanaga, Takehiko, 0B
Juday, Reid K., OK

Proc. of SPIE Vol

Katzenmeyer, A. M., 0Z
Kawami, Osamu, 1B
Kimura, Atfsushi, 0B
Kirchner, Johannes, OA
Kojima, Yoshinori, TA
Komaki, Takamitsu, OB
Korobko, Yulia, 0K
KUhnel, Michael, 0A
Lam, David K., OP

Last, Thorsten, 0J

Levi, Shimon, 11

Li, Hai, OV

Li, Ziru, OV

Liu, Bin, OK

Loh, Kelvin, 0J

Lépez, Daniel, 14

Lu, T-M., 0Z

Manske, Eberhard, 0A
Marmiesse, Marie, 11
Mastylo, Rostyslav, 0A
Matsumoto, Hiroshi, 1A
Maturovd, Klard, 0J
Meissl, Mario, 0C
Merkushov, L., 11, 1J, 1K
Michels, Thomas, 0A
Millik, S. Cem, OT

Misra, S., 0Z
Moheimani, S. O. Reza, 0X, 0Y
Mori, Syoiji, 1B
Morohoshi, Hiroshi, 0B
Nakahashi, Satoshi, 1B
Narupai, Benjaporn, OT
Nelson, Alshakim, OT
Ni, Hua-Yi, 16
Nishimura, Shinsuke, 1B
Nishiyama, Tetsurou, 1B
Ohtoshi, Keniji, 1B
Ortlepp, Ingo, 0A
Owen, J. H. G., 0X
Pellicer, E., 12

Peng, Wei-Jei, 16
Polinder, Henk, 0J
Rakhovskiy, V., 17, 11, 1J, 1K
Randall, J. N., 0X
Rangelow, Ivo W., 0A
Saini, R., OX

Sakai, Keita, OB
Samkharadze, Nodar, 0J
Sammak, Amir, 0J

. 11324 1132401-7

vii



viii

Santini, R., OX
Scappucci, Giordano, 0J
Schaffel, Christoph, OA
Schmucker, S., 0Z
Shafranek, Ryan T., OT
Shamaeyv, A., 17,11, 1J, 1K
Shamoun, Bassam, 0K
Shaw, Steven W., 14
Shoshani, Oriel, 14
Simpson, Logan, 0C
Smith, Patrick T., OT
Sort, J., 12

Sowers, Andrew T, OK
Supreeti, Shraddha, OA
Takabayashi, Yukio, OB
Tamura, Takao, 1B
Taylor, Brady, OV
Tezuka, Yoshihiro, OK
Thomas, Guillaume, 11
Thompson, Ecron, 0C
Tiron, Raluca, 11
Vandersypen, Lieven, 0J
Veldhorst, Menno, 0J
Veltin, Jeremy, 0J
Versluis, Richard, 0J
Wang, G.T., 0Z

Ward, D. R., 0Z
Weidenfeller, Laura, OA
Wu, Jia-Rong, 16

Xue, Xiao, 0J

Yamada, Hirokazu, 1B
Yamashita, Tsuyoshi, 1B
Yan, Bonan, OV

Proc. of SPIE Vol. 11324 1132401-8



Conference Committee

Symposium Chairs

Will Conley, Cymer, an ASML Company (United States)
Kafai Lai, IBM Thomas J. Watson Research Center (United States)

Conference Chair

Martha I. Sanchez, IBM Research - Aimaden (United States)

Conference Co-chair

Eric M. Panning, Intel Corporation (United States)

Conference Program Committee

Alan D. Brodie, KLA Corporation (United States)

Richard A. Farrell, Facebook Inc. (United States)

Naoya Hayashi, Dai Nippon Printing Company, Ltd. (Japan)

Daniel J. C. Herr, The University of North Carolina at Greensboro
(United States)

Tatsuhiko Higashiki, Toshiba Corporation (Japan)

Erik R. Hosler, PsiQuantum, LLC (United States)

Stephen M. Kuebler, University of Central Florida (United States)

J. Alexander Liddle, National Institute of Standards and Technology

(United States)
Chi-Chun Liu, IBM Corporation (United States)
Hans Loeschner, IMS Nanofabrication GmbH (Austria)
John G. Maltabes, Applied Materials GmbH & Company KG
(United States)
Laurent Pain, CEA-LETI (France)
Ivo W. Rangelow, Technische Universitat imenau (Germany)
Douglas J. Resnick, Canon Nanotechnologies, Inc. (United States)
Ricardo Ruiz, HGST (United States)
Chandrasekhar Sarma, Intel Corporation (United States)
Ines A. Stolberg, Vistec Electron Beam GmbH (Germany)
Hsinyu Tsai, IBM Research - Aimaden (United States)
Wei Wu, The University of Southern California (United States)

Session Chairs

1 Keynote Session
Eric M. Panning, Intel Corporation (United States)
Martha I. Sanchez, IBM Research - Aimaden (United States)

Proc. of SPIE Vol. 11324 1132401-9



Imprint Lithography

John G. Maltabes, Applied Materials GmbH & Company KG
(Germany)

Douglas J. Resnick, Canon Nanotechnologies, Inc. (United States)

Scanning Probe Lithography
Ivo W. Rangelow, Technische Universitat Imenau (Germany)
Laurent Pain, CEA-LETI (France)

Nanoimprint Lithography for Semiconductors
Alan D. Brodie, KLA Corporation (United States)
Chandrasekhar Sarma, Intel Corporation (United States)

Quantum Computing

Erik R. Hosler, PsiQuantum (United States)

Daniel J. C. Herr, The University of North Carolina at Greensboro
(United States)

Multi-Beam Mask Writing
Hans Loeschner, IMS Nanofabrication GmbH (Austria)
Ines A. Stolberg, Vistec Electron Beam GmbH (Germany)

Multi-Beam Direct Write Lithography
Ines A. Stolberg, Vistec Electron Beam GmbH (Germany)
Hans Loeschner, IMS Nanofabrication GmbH (Austria)

3-D Printing

J. Alexander Liddle, National Institute of Standards and Technology
(United States)

Richard A. Farrell, TEL Technology Center, America, LLC
(United States)

Neuromorphic Computing
Hsinyu Tsai, IBM Research - Aimaden (United States)
Erik R. Hosler, PsiQuantum (United States)

Atomically Precise Lithography: TopDown Approach
Chi-Chun Liu, IBM Thomas J. Watson Research Center (United States)
Alan D. Brodie, KLA Corporation (United States)

Atomically Precise Lithography: BottomUp Approach

Chi-Chun Liu, IBM Thomas J. Watson Research Center (United States)
Ricardo Ruiz, HGST, Inc. (United States)

Proc. of SPIE Vol. 11324 1132401-10



MEMS/NEMS

Richard A. Farrell, TEL Technology Center, America, LLC
(United States)

Martha I. Sanchez, IBM Research - Aimaden (United States)

Novel Patterning and Applications

Martha I. Sanchez, IBM Research - Aimaden (United States)
Eric M. Panning, Infel Corporation (United States)

Proc. of SPIE Vol. 11324 1132401-11

Xi



Proc. of SPIE Vol. 11324 1132401-12



