
PROCEEDINGS OF SPIE 

Volume 6925 
 
 

Proceedings of SPIE, 0277-786X, v. 6925 
 

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

Design for Manufacturability 
through Design-Process Integration II 

Vivek K. Singh 
Michael L. Rieger 
Editors 
 
 
28–29 February 2008 
San Jose, California, USA 
 
 
Sponsored by 
SPIE 
 
Cooperating Organization 
SEMATECH (USA) 
 
Published by 
SPIE 
 



The papers included 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. The papers 
published in these proceedings 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 this book: 
   Author(s), "Title of Paper," in Design for Manufacturability through Design-Process Integration II, edited 
by Vivek K. Singh, Michael L. Rieger, Proceedings of SPIE Vol. 6925 (SPIE, Bellingham, WA, 2008) Article 
CID Number. 
 
ISSN 0277-786X 
ISBN 9780819471109 
 
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 © 2008, 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/08/$18.00. 
 
Printed in the United States of America. 
 
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, with papers published first 
online and then in print and on CD-ROM. Papers are published as they are submitted and meet 
publication criteria. A unique, consistent, permanent citation identifier (CID) number is assigned to 
each article at the time of the first publication. Utilization of CIDs allows articles to be fully citable as 
soon they are published online, and connects the same identifier to all online, print, and electronic 
versions of the publication. SPIE uses a six-digit CID article numbering system in which: 

 The first four 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. The complete citation is used on the first 
page, and an abbreviated version on subsequent pages. Numbers in the index correspond to the last 
two digits of the six-digit CID number. 



  Contents 

 
 ix Symposium Committees 
 xi Conference Committee 
 
 
 SESSION 1 KEYNOTE SESSION  
 
 6925 02 DfM, the teenage years (Keynote Paper) [6925-01] 
  L. Liebmann, IBM Microelectronics (USA) 
 
 6925 03 Intel design for manufacturing and evolution of design rules (Keynote Paper) [6925-02] 
  C. Webb, Intel (USA) 
 
 
 SESSION 2 LAYOUT VERIFICATION, HOTSPOTS, VARIATIONS  
 
 6925 05 Automatic hotspot classification using pattern-based clustering [6925-04] 
  N. Ma, J. Ghan, S. Mishra, C. Spanos, K. Poolla, Univ. of California, Berkeley (USA);  

N. Rodriguez, L. Capodieci, Advanced Micro Devices (USA) 
 
 6925 06 Effective learning and feedback to designers through design and wafer inspection 

integration [6925-05] 
  C. Huang, H. Liu, S. F. Tzou, United Microelectronics Corp. (Taiwan); A. Park, C. Young,  

E. Chang, KLA-Tencor Corp. (USA) 
 
 6925 07 Rigorous CMP and electroplating simulations for DFM applications [6925-06] 
  Y. Granik, N. Strecker, Mentor Graphics Corp. (USA) 
 
 6925 08 Global and local factors of on-chip variation of gate length [6925-07] 
  M. Osawa, K. Hosono, S. Asai, Fujitsu, Ltd. (Japan) 
 
 6925 09 Layout verification in the era of process uncertainty: target process variability bands vs. 

actual process variability bands [6925-08] 
  J. A. Torres, Mentor Graphics Corp. (USA) 
 
 6925 0A Context analysis and validation of lithography induced systematic variations in 65nm 

designs [6925-09] 
  A. Rajagopal, A. Rajaram, R. Damodaran, F. Cano, S. Swaminathan, C. Bittlestone, M. Terry, 

M. Mason, Texas Instruments, Inc. (USA); Y. Ran, H. Chen, R. Ritchie, B. Kasthuri, J. Condella, 
P. Hurat, N. Verghese, Cadence Design Systems, Inc. (USA) 

 
 
 SESSION 3 DESIGN RULES FOR MANUFACTURABILITY  
 
 6925 0B Low-k1 logic design using gridded design rules [6925-68] 
  M. C. Smayling, Tela Innovations, Inc. (USA); H. Liu, L. Cai, Brion Technologies (USA) 
 

iii



 6925 0C DfM lessons learned from altPSM design [6925-11] 
  L. Liebmann, Z. Baum, I. Graur, D. Samuels, IBM Microelectronics (USA) 
 
 6925 0D Yield aware design of gate layer for 45 nm CMOS-ASIC using a high-NA dry KrF systems 

[6925-12] 
  E. Vreugdenhil, ASML Netherlands B.V. (Netherlands); H. Benten, NXP-Research 

(Netherlands); L. Reijnen, G. Dicker, J.-W. Gemmink, F. Bornebroek, ASML Netherlands B.V. 
(Netherlands) 

 
 6925 0E Inverse lithography as a DFM tool: accelerating design rule development with model-

based assist feature placement, fast optical proximity correction and lithographic hotspot 
detection [6925-13] 

  S. Prins, J. Blatchford, S. Chang, L. Flanagin, S. Jessen, S. O'Brien, Texas Instruments, Inc. 
(USA); G. Xiao, T. Lin, T. Dam, B. Gleason, Luminescent Technologies, Inc. (USA) 

 
 
 SESSION 4 LAYOUT OPTIMIZATION  
 
 6925 0F Layout optimization based on a generalized process variability model [6925-14] 
  Q. Y. Tang, C. J. Spanos, Univ. of California, Berkeley (USA) 
 
 6925 0G Manufacturing for design: a novel interconnect optimization method [6925-15] 
  H. Zhang, L. Deng, Univ. of Illinois at Urbana-Champaign (USA); K.-Y. Chao, Intel Corp. 

(USA); M. D. F. Wong, Univ. of Illinois at Urbana-Champaign (USA) 
 
 6925 0I Shaping gate channels for improved devices [6925-17] 
  P. Gupta, Univ. of California, Los Angeles (USA); A. B. Kahng, Univ. of California, San Diego 

(USA); Y. Kim, Univ. of Michigan (USA); S. Shah, Blaze DFM, Inc. (USA); D. Sylvester, Univ. of 
Michigan (USA) 

 
 6925 0J A routing clean-up methodology for improvement of defect and lithography related yield 

[6925-18] 
  J. Herry, Infineon Technologies France (France); R. März, H. Melzner, K. Peter, Infineon 

Technologies (Germany); O. Rizzo, Infineon Technologies France (France) 
 
 
 SESSION 5 DFM STRATEGIES IN DESIGN  
 
 6925 0K Analysis of systematic variation and impact on circuit performance [6925-19] 
  S. Banerjee, Univ. of Texas at Austin (USA); P. Elakkumanan, D. Chidambarrao, J. Culp, IBM 

Corp. (USA); M. Orshansky, Univ. of Texas at Austin (USA) 
 
 6925 0L VARAN: variability analysis for memory cell robustness [6925-20] 
  G. Reisfeld, D. Messerman, N. Bone, Intel Israel (Israel); A. Lazar, F28 ENG (Israel) 
 
 6925 0M Implementation of silicon-validated variability analysis and optimization for standard cell 

libraries [6925-21] 
  R. Bingert, A. Aurand, J.-C. Marin, E. Balossier, T. Devoivre, Y. Trouiller, F. Vautrin, 

STMicroelectronics (France); N. Verghese, R. Rouse, M. Cote, P. Hurat, Cadence Design 
Systems, Inc. (USA) 

 

iv



 6925 0O Microprocessor chip timing analysis using extraction of simulated silicon-calibrated 
contours [6925-23] 

  T. Yanagihara, T. Hamamoto, K. Sato, A. Okamura, T. Matsunaga, N. Kobayashi,  
T. Maekawa, NEC Electronics Corp. (Japan); N. Verghese, J. Condella, P. Hurat, Cadence 
Design Systems, Inc. (USA) 

 
 
 SESSION 6 DFM AND YIELD  
 
 6925 0P Hypersensitive parameter-identifying ring oscillators for lithography process monitoring 

[6925-24] 
  L. T.-N. Wang, W. J. Poppe, L.-T. Pang, A. R. Neureuther, E. Alon, B. Nikolic, Univ. of 

California, Berkeley (USA) 
 
 6925 0Q Systematic yield estimation method applying lithography simulation [6925-25] 
  S. Kyoh, S. Inoue, Toshiba Corp. (Japan) 
 
 6925 0R Litho variations and their impact on the electrical yield of a 32nm node 6T SRAM cell 

[6925-26] 
  S. Verhaegen, IMEC vzw (Belgium); S. Cosemans, ESAT-MICAS, KULeuven (Belgium);  

M. Dusa, ASML B.V. (Netherlands); P. Marchal, A. Nackaerts, G. Vandenberghe, IMEC vzw 
(Belgium); W. Dehaene, ESAT-MICAS, KULeuven (Belgium) 

 
 6925 0S Predicting yield using model based OPC verification: calibrated with electrical test data 

[6925-27] 
  J. A. Bruce, (USA); T.-H. Ting, IBM Semiconductor Research and Development Ctr. (USA) 
 
 
  POSTER SESSION  
 
 6925 0T Exposure tool specific post-OPC verification [6925-10] 
  J. Sturtevant, S. Jayaram, L. Hong, Mentor Graphics Corp. (USA) 
 
 6925 0V A procedure to back-annotate process induced layout dimension changes into the post 

layout simulation netlist [6925-29] 
  J. Ho, Y. Wang, X. Wu, J. Soward, Xilinx, Inc. (USA); P. Zhang, J. Wu, Anchor Semiconductor, 

Inc. (USA) 
 
 6925 0W Predicting conversion time of circuit design file by artificial neural networks [6925-30] 
  S.-H. Jang, Samsung Electronics Co., Ltd. (South Korea) and Sungkyunkwan Univ.  

(South Korea); J.-H. Lee, Sungkyunkwan Univ. (South Korea); B.-S. Ahn, W.-T. Ki, J.-H. Choi,  
S.-G. Woo, H.-K. Cho, Samsung Electronics Co., Ltd. (South Korea) 

 
 6925 0X System to improve RET-OPC production by dynamic design coverage using sign-off litho 

simulator [6925-31] 
  M. C. Simmons, J.-M. Brunet, Mentor Graphics Corp. (USA); S.-W. Paek, Samsung Electronics 

Corp. (South Korea); Y. K. Kim, Mentor Graphics Corp. (South Korea) 
 
 6925 0Y An extraction of repeating patterns from OPCed layout data [6925-32] 
  Y. Fujimoto, M. Shoji, K. Kato, T. Inoue, M. Yamabe, Association of Super-Advanced 

Electronics Technologies (Japan) 
 

v



 6925 0Z Accurate model base verification scheme to eliminate hotspots and manage warmspots 
[6925-33] 

  S. Nojima, S. Kyoh, S. Maeda, S. Inoue, Toshiba Corp. Semiconductor Co. (Japan) 
 
 6925 10 ACLV- and process-window-aware extraction of transistor parameters using litho-friendly 

design (LfD) methodologies [6925-34] 
  R. März, K. Peter, M. Gschöderer, E. Ratai, A. Nielsen, S. Siegler, R. Deppe, A. Huber, Infineon 

Technologies (Germany) 
 
 6925 11 Device performance-based OPC for optimal circuit performance and mask cost reduction 

[6925-35] 
  S.-H. Teh, C.-H. Heng, A. Tay, National Univ. of Singapore (Singapore) 
 
 6925 12 Concurrent development methodology from design rule to OPC in 45-nm node logic 

device [6925-36] 
  K. Konomi, S. Nojima, S. Maeda, T. Fujimaki, H. Igarashi, R. Ogawa, S. Mimotogi, Toshiba 

Corp. (Japan) 
 
 6925 13 Improvement on OPC completeness through pre-OPC hot spot detection and fix [6925-37] 
  Y. Shim, J. Choi, J. Kim, DongbuHiTek (South Korea); B. Su, P. Zhang, Anchor Semiconductor, 

Inc. (USA); K.-Y. Kim, International Technology Alliances, Inc. (USA) 
 
 6925 14 DFM application on dual tone sub 50nm device [6925-38] 
  B.-S. Nam, J. Moon, J.-H. Jeong, D.-H. Kong, S. Oh, C.-K. Kim, B.-H. Nam, D. G. Yim, Hynix 

Semiconductor, Inc. (South Korea) 
 
 6925 16 SEM contour-based model OPC calibrated with optically sensitive patterns [6925-40] 
  J.-E. Jung, M.-K. Lee, Y.-J. Cho, S.-H. Lee, Y.-S. Kang, Y.-K. Park, Samsung Electronics Co., Ltd. 

(South Korea) 
 
 6925 17 Hot spot management with die-to-database wafer inspection system [6925-41] 
  K. Hashimoto, S. Usui, K. Yoshida, I. Nagahama, O. Nagano, Y. Matsuoka, Y. Yamazaki,  

S. Inoue, Toshiba Corp. (Japan) 
 
 6925 18 32nm design rule evaluation through virtual patterning [6925-42] 
  S. Jessen, J. Blatchford, S. Prins, S. Chang, Y. Gu, Texas Instruments, Inc. (USA); M. Smith,  

D. Legband, C. Sallee, KLA-Tencor Corp. (USA) 
 
 6925 19 A new robust process window qualification (PWQ) technique to perform systematic defect 

characterization to enlarge the lithographic process window using a die-to-database 
verification tool (NGR2100) [6925-43] 

  T. Kitamura, T. Hasebe, K. Kubota, F. Sakai, S. Nakazawa, M. J. Hoffman, M. Yamamoto, 
NanoGeometry Research, Inc. (Japan); M. Inoue, Topcon Corp. (Japan) 

 
 6925 1A Continuous process window modeling for process variation aware OPC and lithography 

verification [6925-44] 
  Q. Zhang, Q. Yan, Y. Zhang, K. Lucas, Synopsys, Inc. (USA) 
 

vi



 6925 1B Using composite gratings for optical system characterization through scatterometry 
[6925-45] 

  Y. Ben, J. Xue, C. J. Spanos, Univ. of California, Berkeley (USA) 
 
 6925 1C Rules based process window OPC [6925-46] 
  S. O'Brien, R. Soper, S. Best, M. Mason, Texas Instruments (USA) 
 
 6925 1D RET selection using rigorous physics-based computational lithography [6925-47] 
  S. Kapasi, T. Graves, M. D. Smith, S. Robertson, C. Sallee, KLA-Tencor (USA) 
 
 6925 1E APF pitch-halving for 22nm logic cells using gridded design rules [6925-48] 
  M. C. Smayling, Tela Innovations, Inc. (USA); C. Bencher, H. D. Chen, H. Dai, M. P. Duane, 

Applied Materials, Inc. (USA) 
 
 6925 1F Site portability and extrapolative accuracy of a predictive resist model [6925-49] 
  J. Vasek, Freescale Semiconductor, Inc. (USA); J. J. Biafore, S. A. Robertson, KLA-Tencor 

Corp. (USA) 
 
 6925 1G A comprehensive model of process variability for statistical timing optimization [6925-50] 
  K. Qian, C. J. Spanos, Univ. of California, Berkeley (USA) 
 
 6925 1H Application of layout DOE in RET flow [6925-51] 
  Y. Zhang, P. van Adrichem, Synopsys, Inc. (USA); J. Li, Synopsys, Inc. (China); A. Yang,  

K. Lucas, Synopsys, Inc. (USA) 
 
 6925 1I Impact of gate line edge roughness on double-gate FinFET performance variability 

[6925-52] 
  K. Patel, SanDisk Inc. (USA) and Univ. of California, Berkeley (USA); T.-J. King Liu, C. Spanos, 

Univ. of California, Berkeley (USA) 
 
 6925 1J Validation and application of a mask model for inverse lithography [6925-53] 
  T. H. Dam, X. Zhou, D. Chen, A. Adamov, D. Peng, B. Gleason, Luminescent Technologies 

(USA) 
 
 6925 1L Cell-based OPC with standard-cell fill insertion [6925-56] 
  L. Deng, Univ. of Illinois at Urbana-Champaign (USA); K.-Y. Chao, Intel Corp. (USA); H. Xiang, 

IBM Watson Research Ctr. (USA); M. D. F. Wong, Univ. of Illinois at Urbana-Champaign (USA) 
 
 6925 1M Process variation in metal-oxide-metal (MOM) capacitors [6925-57] 
  L. T.-N. Wang, Univ. of California, Berkeley (USA) 
 
 6925 1O Decomposition difficulty analysis for double patterning and the impact on photomask 

manufacturability [6925-59] 
  Y. Inazuki, Dai Nippon Printing Co., Ltd. (Japan); N. Toyama, DNP Corp. USA (USA); T. Nagai, 

T. Sutou, Y. Morikawa, H. Mohri, N. Hayashi, Dai Nippon Printing Co., Ltd. (Japan);  
M. Drapeau, Synopsys, Inc. (Canada); K. Lucas, Synopsys, Inc. (USA); C. Cork, Synopsys, Inc. 
(France) 

 
 6925 1P A method of obtaining optical lithography friendly layout using a model for first level 

defects [6925-61] 
  S. Suh, S. Lee, Samsung Electronics Co., Ltd. (South Korea) 

vii



 6925 1Q Checking design conformance and optimizing manufacturability using automated double 
patterning decomposition [6925-62] 

  C. Cork, Synopsys SARL (France); B. Ward, Synopsys, Inc. (USA); L. Barnes, B. Painter, 
Synopsys Technology Park (USA); K. Lucas, G. Luk-Pat, Synopsys, Inc. (USA); V. Wiaux,  
S. Verhaegen, M. Maenhoudt, IMEC (Belgium) 

 
 6925 1R Layout patterning check for DFM [6925-63] 
  C. C. Chang, I. C. Shih, J. F. Lin, Y. S. Yen, C. M. Lai, W. C. Huang, R. G. Liu, Y. C. Ku, Taiwan 

Semiconductor Manufacturing Co. Ltd. (Taiwan) 
 
 6925 1S Design based binning for litho qualification and process window qualification [6925-64] 
  A. Fischer, U. Seifert, A. Wehner, Qimonda Dresden (Germany); L. Karsenti, M. Geshel,  

A. Conley, D. Gscheidlen, A. Bartov, Applied Materials (Israel) 
 
 6925 1T DFM software for photomask production and qualification of its accuracy and functionality 

[6925-65] 
  F. A. J. M. Driessen, J. Westra, K. G. Haens, Takumi Technology B.V. (Netherlands); E. Morita, 

Takumi Technology Corp. (USA) 
 
 6925 1W Electrically driven optical proximity correction [6925-69] 
  S. Banerjee, Univ. of Texas at Austin (USA); P. Elakkumanan, L. W. Liebmann, J. A. Culp, IBM 

Corp. (USA); M. Orshansky, Univ. of Texas at Austin (USA) 
 
  
  Author Index 

viii



Symposium Committees 

 
Symposium Chair 

Roxann L. Engelstad, University of Wisconsin, Madison (USA) 
 
Symposium Cochair 

Christopher J. Progler, Photronics, Inc. (USA) 
 
Technical Organizing Committees 
 

Executive Committee 

Robert D. Allen, IBM Almaden Research Center (USA) 
John A. Allgair, SEMATECH, Inc. (USA) and Advanced Micro 
   Devices, Inc. (USA) 
Mircea Dusa, ASML US, Inc. (USA) 
Roxann L. Engelstad, University of Wisconsin, Madison (USA) 
Clifford L. Henderson, Georgia Institute of Technology (USA) 
Bruno LaFontaine, Advanced Micro Devices, Inc. (USA) 
Harry J. Levinson, Advanced Micro Devices, Inc. (USA) 
Christopher J. Progler, Photronics, Inc. (USA) 
Christopher J. Raymond, Nanometrics, Inc. (USA) 
Michael L. Rieger, Synopsys, Inc. (USA) 
Franklin M. Schellenberg, Mentor Graphics Corporation (USA) 
Vivek K. Singh, Intel Corporation (USA) 

 
Advisory Committee 

Robert D. Allen, IBM Almaden Research Center (USA) 
William H. Arnold, ASML (USA) 
Timothy A. Brunner, IBM Thomas J. Watson Research Center (USA) 
Ralph R. Dammel, AZ Electronic Materials USA Corporation (USA) 
Roderick R. Kunz, MIT Lincoln Laboratory (USA) 
Harry J. Levinson, Advanced Micro Devices, Inc. (USA) 
Burn Lin, Taiwan Semiconductor Manufacturing Company, Ltd. 
   (Taiwan) 
Chris A. Mack, LithoGuru.com  (USA) 
Victor Pol, Freescale Semiconductor, Inc. (USA) 
Michael T. Postek, National Institute of Standards and Technology 
   (USA) 
Luc Van den Hove, IMEC (Belgium) 
C. Grant Willson, The University of Texas at Austin (USA) 
Anthony Yen, Taiwan Semiconductor Manufacturing Company,  

                             Ltd. (Taiwan) and Cymer, Inc. (USA) 

ix





Conference Committee 

 
Conference Chair 

Vivek K. Singh, Intel Corporation (USA) 
 

Conference Cochair 

Michael L. Rieger, Synopsys, Inc. (USA) 
 

Program Committee 

Juan Antonio Carballo, Argon Venture Partners (USA) 
Hiroichi Kawahira, Sony Corporation (Japan) 
Lars W. Liebmann, IBM Microelectronics Division (USA) 
Mark E. Mason, Texas Instruments, Inc. (USA) 
John L. Sturtevant, Mentor Graphics Corporation (USA) 
Dennis M.C. Sylvester, University of Michigan (USA) 
Jörg Thiele, Qimonda AG (Germany) 
Alfred K. K. Wong, Magma Design Automation (USA) 

 
Session Chairs 

 1 Keynote Session 
Vivek Singh, Intel Corporation (USA) 
 

 2 Layout Verification, Hotspots, Variations 
Michael L. Rieger, Synopsys, Inc. (USA) 
John L. Sturtevant, Mentor Graphics Corporation (USA) 
 

 3 Design Rules for Manufacturability 
Mark E. Mason, Texas Instruments, Inc. (USA) 
Hiroichi Kawahira, Sony Corporation (Japan) 
 

 4 Layout Optimization 
Alfred K. K. Wong, Magma Design Automation (USA) 
Jörg Thiele, Qimonda AG (Germany) 
 

 5 DFM Strategies in Design 
Juan Antonio Carballo, Argon Venture Partners (USA) 
Lars W. Liebmann, IBM Microelectronics Division (USA) 
 

 6 DFM and Yield 
Michael L. Rieger, Synopsys, Inc. (USA) 
 

xi




