
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 10586 
 
 

Proceedings of SPIE 0277-786X, V. 10586 

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

Advances in Patterning Materials 

and Processes XXXV 
 
 
 

Christoph K. Hohle 
Editor 
 

26 February–1 March 2018 

San Jose, California, United States 

 

 

Sponsored by  

SPIE 

 

Cosponsored by  

Applied Materials, Inc. (United States) 

 

Published by  

SPIE 

 

 



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 XXXV, edited by 

Christoph K. Hohle, Proceedings of SPIE Vol. 10586 (SPIE, Bellingham, WA, 2018) Seven-digit Article 

CID Number. 

 

ISSN: 0277-786X 

ISSN: 1996-756X (electronic) 

 

ISBN: 9781510616646 

ISBN: 9781510616653 (electronic) 

 

Published by 

SPIE 

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

Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 

SPIE.org 

Copyright © 2018, 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/18/$18.00. 

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 citation 

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 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. 

Printed in the United States of America by Curran Associates, Inc., under license from SPIE. 

 



  Contents 

  

 
 vii Authors 

 xi Conference Committee 

 

 

  EUV: RESIST PROCESSES: JOINT SESSION WITH CONFERENCES 10583 AND 10586 

 
   

 10586 04 Aqueous developers for positive tone ultrathin chemically amplified EUV resists [10586-3] 

   

 10586 05 EUV via hole pattern fidelity enhancement through novel resist and post-litho plasma 

treatment [10586-4] 

   

 10586 06 EUV resist sensitization and roughness improvement by PSCARTM with in-line UV flood 

exposure system [10586-5] 

   
 

  EUV: METAL-BASED RESISTS: JOINT SESSION WITH CONFERENCES 10583 AND 10586 

 
 

 
 10586 07 Surface characterization of tin-based inorganic EUV resists [10586-6] 

   

 10586 08 Mechanisms of photodecomposition of metal-containing EUV photoresists: isotopic 

labelling studies [10586-7] 

   
 

  MATERIALS AND ETCH INTEGRATION: JOINT SESSION WITH CONFERENCES 10586 AND 10589 

 
 

 
 10586 0A Ultimate edge-placement control using combined etch and lithography system 

optimizations [10586-9] 

   
 

  EUV: FUNDAMENTALS 

 
   

 10586 0C Unraveling the role of photons and electrons upon their chemical interaction with 

photoresist during EUV exposure (Invited Paper) [10586-11] 

   

 10586 0D Polymer effects on PAG acid yield in EUV resists [10586-12] 

   

 10586 0E Characterization of metal resist for EUV lithography using infrared free electron laser 

[10586-13] 

   

 10586 0F Investigations on EUVL metal resist dissolution behavior using in situ high speed atomic 

force microscopy [10586-14] 

   
 

iii



  EUV: NOVEL PROCESSES 

 
   

 10586 0G Novel EUV resist materials for 7nm node and beyond [10586-15] 

   

 10586 0H Study of electron beam and extreme ultraviolet resist utilizing polarity change and radical 

crosslinking [10586-16] 

   

 10586 0I Polymer brush as adhesion promoter for EUV patterning [10586-17] 

   

 10586 0J LWR enhancement for 300mm track processing [10586-18] 

   

 10586 0K Novel Sn-based photoresist for high aspect ratio patterning [10586-19] 

   
 

  HARDMASKS AND UNDERLAYER 

 
   

 10586 0L The development of an SC1 removable SiARC [10586-20] 

   

 10586 0M New spin on carbon materials made from hemicellulose for hardmask layer [10586-21] 

   

 10586 0N High-carbon fullerene based spin-on organic hardmask [10586-22] 

   
 

  DSA MATERIALS AND CHARACTERIZATION: JOINT SESSION WITH CONFERENCES 10586 AND 

10584 

 
 

 
 10586 0P Utilization of metal-polymer interactions for self-aligned directed self-assembly of device 

relevant features [10586-24] 

   

 10586 0Q Pillars fabrication by DSA lithography: material and process options [10586-25] 

   
 

  DSA: DEFECTIVITY AND HIGH-CHI 

 
   

 10586 0U A simulation study on bridge defects in lamellae-forming diblock copolymers [10586-30] 

   

 10586 0V Directed self-assembly of triblock copolymers for sub-10nm nanofabrication using 

polymeric additives [10586-31] 

   

 10586 0W Straightforward directed self-assembly process flows enabled by advanced materials 

[10586-32] 

   
 

  DSA: CYLINDER FORMING BCP AND METROLOGY 

 
   

 10586 0Z Automated lamellar block copolymer process optimization with machine learning 

[10586-35] 

   
 

iv



 

  NOVEL PROCESSES 

 
   

 10586 11 Multi-color fly-cut-SAQP for reduced process variation [10586-37] 

   

 10586 12 Thick photosensitive polyimide film side wall angle variability and scum improvement for 

IC packaging stress control [10586-38] 

   

 10586 13 Resist-polymer ablation by mid-infrared-free-electron laser [10586-39] 

   

 10586 15 Evaluation of anti-sticking layers performances for 200mm wafer scale Smart NILTM process 

through surface and defectivity characterizations [10586-41] 

   
 

  POSTER SESSION 

 
   

 10586 16 Application specific ratings of filters for negative-tone developer [10586-42] 

   

 10586 17 The intrinsic role of membrane morphology to reduce defectivity in advanced 

photochemicals [10586-43] 

   

 10586 18 Targeted removal of metallic contamination from lithography solvents using membrane 

purifiers [10586-44] 

   

 10586 1A Improved airborne molecular contaminant filter performance for photolithography 

[10586-46] 

   

  10586 1D Directed Self-Assembly (DSA) for contact applications [10586-49] 

   

 10586 1E Fast annealing DSA materials designed for sub-5 nm resolution [10586-59] 

   
 

  10586 1F Desirable material selection on self-aligned multi-patterning [10586-50] 

   

 10586 1G Synthesis of metal nanoparticle and patterning in polymeric films induced by electron 

beam [10586-51] 

   

 10586 1H Mechanism study of ion implantation on photoresist shrinkage [10586-52] 

   

 10586 1I Chemical trimming overcoat: an advanced composition and process for photoresist 

enhancement in lithography [10586-58] 

   
 

 10586 1K Development of new polyphenols applied to spin-on carbon hardmask with characteristics 

of high-heat resistance and good planarization [10586-54] 

   

 10586 1M Effects of fluorine contamination on spin-on dielectric thickness in semiconductor 

manufacturing [10586-56] 

     

 10586 1N Investigating the threshold electron energy for reactions in EUV resist materials [10586-53] 

   

 10586 1O Nanoscale inhomogeneity and photoacid generation dynamics in extreme ultraviolet 

resist materials [10586-60] 

v



   

 10586 1P Molecular organometallic resists for EUV (MORE): reactivity as a function of metal center 

(Bi, Sb, and Te) [10586-61] 

   
 

vi


