
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 12494 
 
 

Proceedings of SPIE 0277-786X, V. 12494 

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

Optical and EUV  
Nanolithography XXXVI 
 
 
 
 
Anna Lio 
Editor   

 
 
27 February – 2 March 2023 
San Jose, California, United States 
 
 
Sponsored by  
SPIE 
 
Cosponsored by 
ASML Netherlands B.V. (Netherlands) 
 
Published by 
SPIE 
 
                                       
 

Optical and EUV Nanolithography XXXVI, edited by Anna Lio, Proc. of SPIE 
Vol. 12494, 1249401 · © 2023 SPIE · 0277-786X · doi: 10.1117/12.2684455

Proc. of SPIE Vol. 12494  1249401-1



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 Optical and EUV Nanolithography XXXVI, edited by Anna Lio,  
Proc. of SPIE 12494, Seven-digit Article CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510660953 
ISBN: 9781510660960 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2023 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. 
 
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, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 

Proc. of SPIE Vol. 12494  1249401-2



  Contents 
 
 
 vii Conference Committee 

  

   OPENING REMARKS AND KEYNOTES 
     
 12494 02  Memory technology: process and cell architecture (Keynote Paper) [12494-1] 

     
     

   EUVL STOCHASTICS: JOINT SESSION WITH 12494 AND 12498 
     
 12494 03  Distribution of defective sub-cluster formation probability for stochastic hotspot prediction 

[12494-3] 
     
 12494 04  Chemical approach to make the most of EUVL: stochastic effect mitigation with developer  

and rinse [12494-4] 
     
     

   EUV PRESENT AND FUTURE OUTLOOK 
     
 12494 05  Hyper-NA EUV lithography: an imaging perspective (2023 ASML-Cymer Leadership for Best 

Student Paper Award) [12494-7] 
     
 12494 06  0.33 NA EUV systems for high volume manufacturing [12494-9] 

     
     

   MASK 
     
 12494 07  Actinic inspection of the EUV optical parameters of lithographic materials with lab-based 

radiometry and reflectometry [12494-62] 
     
 12494 08  Mask roughness contribution to wafer edge placement error [12494-12] 

     
 12494 09  EUV refractive index measurements with improved accuracy and their impact in component 

modeling [12494-13] 
     
     

   OPTICAL AND EUV LITHOGRAPHY 
     
 12494 0A  Expected performance of digital scanner and the potential application for advanced 

semiconductor fabrication [12494-16] 
     

iii

Proc. of SPIE Vol. 12494  1249401-3



 12494 0B  A holistic approach to model-based stochastic-aware computational lithography [12494-18] 

     
 12494 0C  Physical dose modeling and throughput optimization in EUV computational lithography  

[12494-19] 
     
     

   PELLICLES AND ADVANCED MASKS 
     
 12494 0D  EUV pellicle scanner integration for N2 nodes and beyond [12494-21] 

     
 12494 0E  CNT pellicles: recent optimization and exposure results (Invited Paper) [12494-20] 

     
 12494 0F  Absorber material deficiency impact on a stochastically patterned wafer analyzed with  

a clustered model [12494-22] 
     
 12494 0G  Effect of particle defect to extreme ultra-violet pellicle [12494-23] 

     
 12494 0H  Modeling and verification of next-gen EUV mask absorbers [12494-24] 

     
     

   COMPUTATIONAL LITHOGRAPHY: JOINT SESSION WITH 12495 AND 12494 
     
 12494 0I  EUV single patterning validation of curvilinear routing [12494-25] 

     
 12494 0J  Compact modeling of stochastics and application in OPC [12494-26] 

     
 12494 0K  Binary solution for optimization of pixelated EUV source using constrained mathematical 

programming [12494-27] 
     
     

   EUV IMAGING 
     
 12494 0L  Improved methodology for prediction of merged contact hole defect process window  

[12494-28] 
     
 12494 0M  Feasibility of logic metal scaling with 0.55NA EUV single patterning [12494-29] 

     
 12494 0N  Experimental local MEEF study using programmed mask variability on hexagonal pitch 40 nm 

contact hole arrays [12494-30] 
     
 12494 0O  Depth of focus in high-NA EUV lithography: the role of assist features and their variability 

budget [12494-31] 
     
 12494 0P  Defining Tatian-Zernike polynomials for use in a lithography simulator [12494-32] 

     
     

iv

Proc. of SPIE Vol. 12494  1249401-4



   OVERLAY AND STITCHING 
     
 12494 0Q  Overview of stitching for high NA: imaging and overlay experimental and simulation results 

(Invited Paper) [12494-33] 
     
 12494 0R  Supporting future DRAM overlay and EPE roadmaps with the NXT:2100i [12494-34] 

     
 12494 0S  Impact of high-NA half-field to full-field overlay performance by Monte Carlo simulations 

[12494-35] 
     
     

   PATTERNING 
     
 12494 0T  Speculation on the EUV photoresist behavior at different dose and pitch [12494-37] 

     
 12494 0U  EUV sub-resolution assist feature impact: experimental and simulation evaluation [12494-38] 

     
 12494 0V  An investigation on the process control for the solid application of EUV MOR (Invited Paper) 

[12494-39] 
     
 12494 0W  Process optimization for next generation high-NA EUV patterning by computational lithography 

techniques [12494-40] 
     
     

   EUV INTEGRATION: JOINT SESSION WITH 12494 AND 12499 
     
 12494 0X  EUV single patterning of random logic via using bright field mask [12494-41] 

     
 12494 0Y  Improvement of CD uniformity using a new selective exposure focusing method [12494-42] 

     
     

   LIGHT SOURCES 
     
 12494 0Z  EUV light source for high-NA and low-NA lithography [12494-43] 

     
     

   POSTER SESSION 
     
 12494 10  Mask absorber/tone and process impact on resist line-edge-roughness [12494-49] 

     
 12494 11  Development progress of key components for LPP-EUV light sources [12494-51] 

     
 12494 12  Robust and automated methodology for scanner matching using contour-based analysis 

[12494-52] 
     

v

Proc. of SPIE Vol. 12494  1249401-5



 12494 13  Frequency doubling and phase error tolerance exploration for chrome-less phase shift mask 
[12494-56] 

     
 12494 14  BEOL N2: M2 through SAxP process from MP21 to MP26: 193i SAQP vs EUV SADP [12494-57] 

     
 12494 15  Development of novel focus spot detection methods for high-volume manufacturing [12494-58] 

     
 12494 16  Focus spot monitoring: design of an automatable detection, classification, and impact analysis 

pipeline [12494-59] 
     
 12494 17  EUV SRAFs printing modeling and verification in 2D hole array [12494-61] 

     
 12494 18  Kinetic simulations of plasma dynamics in the EUV sources [12494-63] 

     
 12494 19  Importance sampling in Gaussian random field EUV stochastic model for quantification of 

stochastic variability of EUV vias [12494-67] 
     
 12494 1A  Surface treatment to reduce process defects [12494-73] 

     
 12494 1B  Tin fluid dynamics driven by laser-produced plasmas relevant to EUV nanolithography  

[12494-50] 
     
 12494 1C  Impact of mask rule constraints on ideal SRAF placement [12494-54] 

     
 12494 1D  Plasma enhanced CO2 recombination in EUV drive lasers [12494-72] 

     
 12494 1E  Modelling of patterning impact from diffraction hot spots in high-NA EUV lenses [12494-68] 

     
 12494 1F  Scattering cross sections of tin ions with molecular hydrogen [12494-74] 

     
 12494 1G  Hydrogen recycling for EUV [12494-76] 

     
     

   DIGITAL POSTER SESSION 
     
 12494 1H  Comprehensive investigation on improvement of local CDU for sub-20nm DRAM devices 

[12494-48] 
     
     

 

vi

Proc. of SPIE Vol. 12494  1249401-6



Conference Committee 
 
 
Symposium Chairs 

Kafai Lai, The University of Hong Kong (Hong Kong, China) 
Qinghuang Lin, Lam Research Corporation (United States) 

 

Conference Chair 

Anna Lio, Intel Corporation (United States) 
 

Conference Co-chair 

Martin Burkhardt, IBM Thomas J. Watson Research Center  
    (United States) 

 

Conference Program Committee 

Steven L. Carson, Intel Corporation (United States) 
Will Conley, Cymer, LLC (United States) 
Yasin Ekinci, Paul Scherrer Institut (Switzerland) 
Andreas Erdmann, Fraunhofer-Institut für Integrierte Systeme und 

Bauelementetechnologie IISB (Germany) 
Nelson M. Felix, IBM Thomas J. Watson Research Center  
    (United States) 
Allen H. Gabor, IBM Thomas J. Watson Research Center  
    (United States) 
Kenneth A. Goldberg, Lawrence Berkeley National Laboratory 

(United States) 
Paul Graeupner, Carl Zeiss SMT GmbH (Germany) 
Naoya Hayashi, Dai Nippon Printing Co., Ltd. (Japan) 
Soichi Inoue, KIOXIA Corporation (Japan) 
Young Seog Kang, SAMSUNG Electronics Co., Ltd.  
    (Korea, Republic of) 
Bryan S. Kasprowicz, HOYA Corporation USA (United States) 
Insung Kim, SAMSUNG Electronics Co., Ltd. (Korea, Republic of) 
Toshio Konishi, Toppan Photomasks, Inc. (Japan) 
Ted Liang, Intel Corporation (United States) 
Chang-Moon Lim, SK Hynix, Inc. (Korea, Republic of) 
Luciana Meli, IBM Thomas J. Watson Research Center (United States) 
Lawrence S. Melvin III, Synopsys, Inc. (United States) 
Hakaru Mizoguchi, Gigaphoton Inc. (Japan) 
Ken-Ichiro Mori, Canon Inc. (Japan) 
Patrick P. Naulleau, The Center for X-Ray Optics (United States) 
Christopher S. Ngai, Applied Materials, Inc. (United States) 

vii

Proc. of SPIE Vol. 12494  1249401-7



Soichi Owa, Nikon Corporation (Japan) 
Vicky Philipsen, imec (Belgium) 
Moshe E. Preil, Carl Zeiss AG (United States) 
Kurt G. Ronse, imec (Belgium) 
Katrina Rook, Veeco Instruments Inc. (United States) 
Daniel Sarlette, Infineon Technologies Dresden GmbH (Germany) 
Bruce W. Smith, Rochester Institute of Technology (United States) 
Regina Soufli, Lawrence Livermore National Laboratory  
    (United States) 
Akiyoshi Suzuki, Gigaphoton Inc. (Japan) 
Anna Tchikoulaeva, Lasertec U.S.A., Inc. Zweigniederlassung 

Deutschland (Germany) 
Edita Tejnil, Siemens EDA (United States) 
Geert Vandenberghe, imec (Belgium) 
Claire van Lare, ASML Netherlands B.V. (Netherlands) 
Thomas I. Wallow, ASML (United States) 
Obert R. Wood II, GlobalFoundries (United States) 
Kenji Yamazoe, TSMC North America (United States) 

 

 

viii

Proc. of SPIE Vol. 12494  1249401-8


