PROCEEDINGS OF SPIE

Advances in Patterning Materials
and Processes XXXVI

Roel Gronheid
Daniel P. Sanders
Editors

25-28 February 2019
San Jose, Cadlifornia, United States

Sponsored and Published by
SPIE

Volume 10960

Proceedings of SPIE 0277-786X, V. 10960

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



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 Advances in Patterning Materials and Processes XXXVI, edited by
Roel Gronheid, Daniel P. Sanders, Proceedings of SPIE Vol. 10960 (SPIE, Belingham, WA, 2019) Seven-
digit Article CID Number.

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

ISBN: 9781510625679
ISBN: 9781510625686 (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 © 2019, 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 $18.00 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/19/$18.00.

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.

SPIEDigitallLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assighed 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 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, 0B ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscript.



Contents

ix Authors
Xii Conference Committee

STOCHASTICS AND EXPOSURE MECHANISMS: JOINT SESSION WITH CONFERENCES 10960
AND 10957

10960 08 Multiscale approach for modeling EUV patterning of chemically ampilified resist [10960-7]

10960 09 The hidden energy tail of low energy electrons in EUV lithography [10960-8]
EUV RESISTS

10960 0A PSCAR optimization to reduce EUV resist roughness with sensitization using Resist Formulation
Optimizer (RFO) [10960-9]

10960 0B Advanced EUV negative tone resist and underlayer approaches exhibiting sub-20nm half-pitch
resolution [10940-10]

109460 0C Multi-trigger resist: novel synthesis improvements for high resolution EUV lithography [10940-11]

10960 0D Improvement of dual insolubilization resist performance through the incorporation of various
functional units [10960-12]
RESIST FUNDAMENTALS

10960 0G Understanding the photoacid generator distribution at nanoscale using massive cluster
secondary ion mass spectrometry [10960-15]

10960 Ol Roughness power spectral density as a function of aerial image and basic process/resist
parameter [109460-17]
INTEGRATION

10960 OK Addressing challenges in the mitigation of stochastic effects [10960-19]



10960 OL

Exploration of EUV-based self-aligned multipatterning options targeting pitches below 20nm
[10960-20]

10940 ON Self-aligned fin cut last patterning scheme for fin arrays of 24nm pitch and beyond [10940-22]
MONOLAYER MATERIALS IN DEVICE FABRICATION

10960 0Q Selective spin-on deposition of polymers on heterogeneous surfaces [10960-25]

10960 OR Ultra-thin conformal coating for spin-on doping applications [10960-26]
DIRECTED SELF-ASSEMBLY I: JOINT SESSION WITH CONFERENCES 10960 AND 10958

10960 0U Post-polymerization modification of PS-b-PMMA for achieving directed self-assembly with sub-
10nm feature size [10960-50]
DIRECTED SELF-ASSEMBLY II: DEFECTIVITY

10960 OV Kinetics of defect annihilation in chemo-epitaxy directed self-assembly [10960-30]

10960 OW Pattern defect reduction for chemo-epitaxy DSA process [10960-31]

10960 0Y Defect mitigation in sub-20nm patterning with high-chi, silicon-containing block copolymers
[10960-33]

10960 0z Accelerate the analysis and optimization of lamellar BCP process using machine learning
[10960-34]
STUDENT SESSION

10960 10 ToF-SIMS analysis of antimony carboxylate EUV photoresists [10960-35]

10960 11 Modeling of novel resist technologies [10960-36]

10960 12 Imaging behavior of highly fluorinated molecular resists under extreme UV radiation [10960-37]



MATERIAL SUPPLIER

10960 13 Evolution of lithographic materials enabling the semiconductor industry [10960-38]
10960 15 Development of metal organic cluster EUV photoresists [109460-40]
10960 17 Expanding the lithographer's toolkit to reduce variability: filtration considerations [10940-42]

10960 18 Start-up performance and pattern defectivity improvement using 2nm rated nylon filter
developed with lithography filtration expertise [10960-43]

UNDERLAYERS

10960 19 High temperature spin on carbon materials with excellent planarization and CVD compatibility
[10960-44]

10960 1A Improved hemicellulose spin on carbon hardmask [10960-45]

10960 1B Towards pure carbon: ultra-high carbon fullerene based spin-on organic hardmasks [10960-46]

10960 1D Development of novel thick spin-on carbon hardmask [10960-48]

POSTER SESSION: DSA

10960 1G Micro-phase separation behavior study of the same system of a novel block copolymer
(PS-b-PC) [10960-53]

10960 11 Influence of PDI and composition ratio for micro phase separation about PS-b-PMMA block
copolymer [10960-55]

10960 1J Phase behavior of polymer blend materials for polystyrene-b-polycarbonate (PS-b-PC) block
copolymers and corresponding homopolymer polystyrene [10960-56]

10960 1L Block copolymer line roughness and annealing kinetics as a function of chain stiffness
[10960-80]

10960 1M Mitigation of line edge roughness and line width roughness in block copolymer directed self-

assembly through polymer composition molecular weight manipulation [10940-81]



Vi

POSTER SESSION: EUV

10940 1N Defect conscious approaches in EUV patterning [109460-58]

10940 1P Robustness of interactive pattern fidelity error as a quality metric for integrated patterning
[10960-60]

10960 1Q Oligomers of MORE: Molecular Organometallic Resists for EUV [10960-61]

10960 1R Radical sensitive zinc-based nanoparticle EUV photoresists [10960-62]
POSTER SESSION: FILTRATION

10960 1U An exploration of the use of fluoropolymers in photofiltration [10960-66]

10960 1V Bridging the defect gap in EUV photoresist [10960-671]

10960 1X Filter technology developments to address defectivity in leading-edge photoresists [10960-69]

10960 1Y A new tailored point-of-use filter to reduce immersion lithography downtime and defects
[10960-70]
POSTER SESSION: FUNDAMENTALS

10960 21 Study of outgassing from the ArF CA chemically ampilified resist ArF (193 nm) exposure
[10960-73]

10960 22 Contact hole shrink of 193nm NTD immersion resist [10960-74]
POSTER SESSION: UNDERLAYER

10960 23 Ordered polymer-based spin-on dopants [10940-75]

10960 24 Development of new maleimides applied to spin-on carbon hardmask with characteristics of
high heat resistance and good planarization [10960-76]

10960 25 New silicon hard mask material development for sub-5nm node [10960-77]



10960 26 Application of downstream plasma generated radical methylation treatment to passive
amorphous Si surface from TMAH etching during lithography process [10960-78]

10960 27 Charge dissipation by use of a novel aqueous based quaternary ammonium compound for
use in electron beam lithography on non-conductive substrates [10960-79]

vii



