PROCEEDINGS OF SPIE

EMLC 2007

23rd European Mask and
Lithography Conference

Uwe F. W. Behringer
Chair/Editor

Wilhelm Mauvrer

Jacques Waelpoel
Program Chairs

22-25 January 2007
Grenoble, France

Organized by

Mdedal \VDE/VDI GMM—The Society for Microelectronics,

Micro- and Precision Engineering (Germany)
VERLAG

Cooperating Organizations
CEA—LETI (France) ¢ MINATEC (France) ¢ SEMATECH, Inc. (USA)
Toppan Photomasks, Inc. (USA) » UBC Microelectronics (Germany)

Published by
SPIE—The International Society for Optical Engineering . Volume 6533
@ The International Society
for Optical Engineering

Proceedings of SPIE—The International Society for Optical Engineering, 9780819466556, v. 6533

SPIE is an international technical society dedicated to advancing engineering and scientific
applications of optical, photonic, imaging, electronic, and optoelectronic technologies.



The papersincluded 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 23rd European Mask and Lithography Conference, edited by Uwe F. W.
Behringer, Proceedings of SPIE Vol. 6533 (SPIE, Belingham, WA, 2007) Article CID Number.

ISSN 0277-786X
ISBN 9780819466556

Published by

SPIE—The International Society for Optical Engineering

P.O. Box 10, Belingham, Washington 98227-0010 USA
Telephone 1 360/676-3290 (Pacific Time) - Fax 1 360/647-1445
http://www.spie.org

Copyright © 2007, The Society of Photo-Optical Insfrumentation 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 http://www.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/07/$18.00.

Printed in the United States of America.



Contents

Xi Conference Committees
XV Foreward
xviii Conference Supporters

PLENARY PRESENTATIONS

62832U Optimization of source distribution for half-wavelength DOE (Award Paper, Photomask
Japan 2006) [6283-64]
R. Horiguchi, N. Toyama, K. Itoh, K. Yoshida, M. Kurihara, Dai Nippon Printing Co., Ltd.
(Japan)

634947 Revisiting mask contact hole measurements (Best Poster Award, Photomask 2006)
[6349-158]
M. Higuchi, Toppan Electronics Inc. (USA); E. Gallagher, IBM Microelectronics (USA);
D. Ceperley, Univ. of California, Berkeley (USA); T. Brunner, R. Bowley, A. McGuire, IBM
Microelectronics (USA)

653303 Mask industry assessment trend analysis 2006 [6533-05]
G. Shelden, Shelden Consulting (USA); P. Marmillion, SEMATECH / IBM (USA)

HYPER NA AND IMMERSION

653304 Current status of water immersion lithography and prospect of higher index method
[6533-06]
S. Owa, K. Nakano, H. Nagasaka, H. Kohno, Y. Ohmura, Nikon Corp. (Japan); M. McCallum,
Nikon Precision Europe GmbH (United Kingdom)

653305 Contact angles and liquid loss behavior of high index fluids [6533-07]
P. M. Harder, T. A. Shedd, Univ. of Wisconsin, Madison (USA)

653306 Characteristics optimization of mask materials for hyper-NA lithography [6533-08]
Y. Morikawa, T. Suto, T. Nagai, Y. Inazuki, T. Adachi, Y. Kitahata, T. Yokoyama, N. Toyama,
H. Mohri, N. Hayashi, Dai Nippon Printing Co., Ltd. (Japan)

Pagination: 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, OB ... 0Z, followed by 10-1Z,
20-21, 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.



653307

653308

Investigation of hyper-NA scanner emulation for photomask CDU performance [6533-09]
E. Poortinga, Carl Zeiss SMT Inc. (USA); T. Scheruebl, Carl Zeiss SMS GmbH (Germany);

W. Conley, Freescale Semiconductor, Inc. (France); F. Sundermann, ST Microelectronics
(France)

Investigation on immersion defectivity root cause [6533-10]

V. Farys, STMicroelectronics (France); S. Gaugiran, CEA-Letfi-Minatec (France); D. Cruau,
Freescale Semiconductor, Inc. (France); K. Mestadi, STMicroelectronics (France); S. Warrick,
Freescale Semiconductor, Inc. (France); M. Benndorf, NXP Semiconductors (France);

R. Feilleux, C. Sourd, CEA-Leti-Minatec (France)

INSPECTION AND DEFECT PRINTABILITY

653309

65330A

Programmed defects study on masks for 45nm immersion lithography using the novel AIMS
45-193i [6533-11]

T. ScherUbl, Carl Zeiss SMS GmbH (Germany); A. C. DUrr, Advanced Mask Technology Cir.
GmbH and Co. (Germany); K. B&hm, R. Birkner, R. Richter, U. StréBner, Carl Zeiss SMS GmbH
(Germany)

Production evaluation of automated reticle defect printability prediction application
[6533-12]

W. B. Howard, S. Pomeroy, KLA-Tencor Corp. (USA); R. Moses, T. Thaler, Advanced Mask
Technology Ctr. (Germany)

MASK PATTERNING AND PROCESS

65330C

65330D

65330E

Improved CD uniformity for advanced masks using the Sigma7500 pattern generator and
ProcessEqualizer [6533-34]

R. Eklund, A. Osterberg, J. Hellgren, H. Fosshaug, T. Karlin, T. Newman, Micronic Laser
Systems AB (Sweden)

Time resolved evolution of the etch bias [6533-35]
P. Nesladek, J. Paul, Advanced Mask Technology Cir. (Germany)

OPC structures for maskshops qualification for the CMOS465nm and CMOS45nm nodes
[6533-36]

F. Sundermann, STMicroelectronics (France); Y. Trouiller, LETI-CEA (France); J.-C. Urbani,
STMicroelectronics (France); C. Couderc, J. Belledent, A. Borjon, NXP Semiconductors
(France); F. Foussadier, STMicroelectronics (France); C. Gardin, Freescale Semiconductor,
Inc. (France); L. LeCam, Y. Rody, NXP Semiconductors (France); M. Saied, E. Yesilada,
Freescale Semiconductor, Inc. (France); C. Martinelli, STMicroelectronics (France);

B. Wilkinson, Freescale Semiconductor, Inc. (France); F. Vautrin, STMicroelectronics
(France); N. Morgana, Freescale Semiconductor, Inc. (France); F. Robert,
STMicroelectronics (France); P. Montgomery, Freescale Semiconductor, Inc. (France);
G. Kerrien, J. Planchot, V. Farys, STMicroelectronics (France); J.-L. Di Maria, LETI-CEA
(France)



METROLOGY |

65330F

65330G

65330H

653301

Innovative application of the RCWA method for the ulira-sensitive fransmittance-based CD
measurements on phase-shift masks [6533-37]
A. Gray, Univ. of California, Davis (USA); J. C. Lam, S. Chen, n&k Technology, Inc. (USA)

The effect of intra-field CD uniformity control (CDC) on mask birefringence [6533-38]
G. Ben-2vi, E. Zait, V. Krugliakov, V. Dmitriev, G. Gottlieb, S. Oshemkoyv, Pixer Technology
Ltd. (Israel)

Metrology capabilities and performance of the new DUV scatterometer of the PTB [6533-39]
M. Wurm, B. Bodermann, F. Pilarski, Physikalisch-Technische Bundesanstalt (Germany)

First measurement data obtained on the new Vistec LMS IPRO4 [6533-40]

D. Adam, A. Boesser, M. Heiden, J. Bender, F. Laske, K.-D. R6th, Vistec Semiconductor
Systems GmbH (Germany)

MASKLESS TECHNOLOGIES |

65330J

Electron beam direct write: shaped beam overcomes resolution concerns [6533-42]

. Stolberg, Vistec Electron Beam GmbH (Germany); L. Pain, CEA - LETI (France); J. Kretz,
Qimonda Dresden GmbH and Co. OHG (Germany); M. Boettcher, H.-J. Doering, J. Gramss,
P. Hahmann, Vistec Electron Beam GmbH (Germany)

MASKLESS TECHNOLOGIES I

65330K

Data preparation for EBDW [6533-43]

F. Thrum, J. Kretz, T. Lutz, Qimonda Dresden GmbH & Co. OHG (Germany); K. Keil,
Fraunhofer CNT (Germany); C. Arndt, K.-H. Choi, Qimonda Dresden GmbH & Co. OHG
(Germany); U. Baetz, Fraunhofer IPMS (Germany); N. Belic, PDF Solutions GmbH (Germany);
M. Lemke, U. Denker, J. Gramss, K.-H. Kliem, Vistec Electron Beam GmbH (Germany)

RET

65330L

65330M

65330N

Masks for flash memory gates for the 45nm node: binary or attenuated? [6533-46]
E. van Setften, A. Engelen, J. Finders, ASML Netherlands B.V. (Netherlands); M. Dusa,
ASML US, Inc. (USA)

Electrical test structures for the characterisation of optical proximity correction [6533-47]

A. Tsiamis, S. Smith, The Univ. of Edinburgh (United Kingdom); M. McCallum, Nikon Precision
Europe GmbH (United Kingdom); A. C. Hourd, Compugraphics International Ltd. (United
Kingdom); J. T. M. Stevenson, A. J. Walton, The Univ. of Edinburgh (United Kingdom)

Improvement of model kernel representation in process simulation by taking pattern

correlation into account [6533-48]
J.Li, Q. Yan, L. S. Melvin lll, Synopsys, Inc. (USA)

NIL

653300

Investigation of capillary bridges growth in NIL process [6533-49]
S. Landis, T. Leveder, CEA-DRT-LETI (France); N. Chaix, C. Gourgon, CNRS-LTM (France)



65330P

65330Q

65330R

Electron beam directed repair of fused silica imprint templates [6533-50]
G. M. Schmid, D. J. Resnick, Molecular Imprints, Inc. (USA); R. Fettig, K. Edinger, Carl Zeiss
SMS GmbH, (Germany); S. R. Young, W. J. Dauksher, Motorola Labs (USA)

Challenges of residual layer minimisation in thermal nanoimprint lithography [6533-51]
N. Bogdanski, M. Wissen, S. Méllenbeck, H.-C. Scheer, Univ. of Wuppertal (Germany)

Hybrid nanoimprint for micro-nano mixture structure [6533-52]
K. Okuda, N. Niimi, H. Kawata, Y. Hirai, Osaka Prefecture Univ. (Japan)

METROLOGY II

653305

65330T

65330U

Cadlibration of CD mask standards for the 65-nm node: CoG and MoSi [6533-53]

J. Richter, T. Heins, R. Liebe, Advanced Mask Technology Ctr. (Germany); B. Bodermann,
A. Diener, D. Bergmann, C. G. Frase, H. Bosse, Physikalisch-Technische Bundesanstalt
(Germany)

Characterization of photo masks by X3D AFM [6533-54]
C. Froeck, Veeco Instruments GmbH (Germany); M. Ho, Veeco Metrology, LLC (USA)

An empirical approach adressing the transfer of mask placement errors during exposure
[6533-55]

B. Alles, B. Simeon, Univ. of Technology Munich (Germany); E. Cotte, T. Wandel, Advanced
Mask Technology Cir. (Germany); B. Schulz, R. Selfmann, AMD Saxony LLC (Germany)

MASK MANAGEMENT AND SIMULATION

vi

65330V

65330W

65330X

65330Y

Achieving mask order processing automation, interoperability, and standardization based
on P10 [6533-56]

B. Rodriguez, De Clercq Engineering BVBA (Belgium); O. Filies, Infineon Technologies AG
(Germany); D. Sadran, M. Tissier, Toppan Photomasks France SAS (France); D. Albin,

Atmel S.A. (France); S. Stavroulakis, E. Voyiatzis, Photronics Hellas S.A. (Greece)

Benchmark and gap analysis of current mask carriers vs. future requirements: example of
the carrier contamination [6533-57]

H. Fontaine, CEA, LETI, MINATEC (France); M. Davenet, Alcatel Vacuum Technology
(France); D. Cheung, Entegris Cleaning Process (France); |. Hoellein, Advanced Mask
Technology Ctr. (Germany); P. Richsteiger, Dynamic Micro Systems Semiconductor
Equipment Germany); P. Dejaune, Toppan Photomasks, Inc. (France); A. Torsy, Alfis
Semiconductor (France)

Reticle haze: an industrial approach [6533-58]
S. Gough, X. Gérard, P. Bichebois, A. Roche, F. Sundermann, V. Guyader, Y. Biéron,
J. Galvier, S. Nicoleau, STMicroelectronics (France)

Fast near field simulation of optical and EUV masks using the waveguide method [6533-59]
P. Evanschitzky, A. Erdmann, Fraunhofer Institute Integrated Systems and Device
Technology (Germany)



EUV I MASKS

653307

653310

653311

653313

653314

EUV mask infrastructure challenges [6533-40]
S. Wurm, P. Seidel, C. Van Peski, L. He, H. Han, P. Kearney, W. Cho, SEMATECH, Inc. (USA)

Enabling defect-free masks for exireme ultraviolet lithography [6533-61]
C.-U. Jeon, P. Kearney, A. Ma, B. Beier, T. Uno, SEMATECH, Inc. (USA); R. Randive, I. Reiss,
Veeco Instruments, Inc. (USA)

Hydrogenated water application for particle removal on EUV mask blank substrates
[6533-62]

S. Eichenlaub, A. Rastegar, SEMATECH (USA); P. Dress, F. Xu, HamaTech (Germany);
P. Marmillion, SEMATECH (USA) and IBM (USA)

Assessment of EUV reticle blank availability enabling the use of EUV tools today and in the
future [6533-64]

R. Jonckheere, G. F. Lorusso, A. Goethals, K. Ronse, J. Hermans, R. De Ruyter, IMEC vzw
(Belgium)

Predicting and correcting for image placement errors during the fabrication of EUVL masks

(Best Paper Award) [6533-65]
R. Engelstad, J. Sohn, A. Mikkelson, M. Nataraju, K. Turner, Univ. of Wisconsin, Madison (USA)

EUV Il SOURCES, OPTICS AND RESISTS

653315

653316

653317

653318

Status report on EUV source development and EUV source applications in EUVL [6533-66]

V. Bakshi, SEMATECH (USA); R. Lebert, B. Jagle, C. Wies, AIXUV GmbH (Germany); U. Stamm,

J. Kleinschmidt, G. Schriever, C. Ziener, XTREME technologies GmbH (Germany);
M. Corthout, J. Pankert, Philips EUV GmbH (Germany); K. Bergmann, W. Neff,
Fraunhofer-Institut fUr Lasertechnik (Germany); A. Egbert, Phoenix EUV (Germany);
D. S. Gustafson, Energetig (USA)

Surface chemistry of Ru: relevance to optics lifetime in EUVL [6533-67]
R. Wasielewski, B. V. Yakshinskiy, M. N. Hedhili, A. Ciszewski, T. E. Madey, Rutgers Univ. (USA)

Progress in EUV photoresist technology [6533-48]

T. 1. Wallow, R.-h. Kim, B. La Fontaine, Advanced Micro Devices (USA); P. P. Naulleau,
Lawrence Berkeley National Lab. (USA); C. N. Anderson, Univ. of California, Berkeley (USA);
R. L. Sandberg, Univ. of Colorado, Boulder (USA)

Quantitative measurement of EUV resist outgassing [6533-69]

G. Denbeaux, R. Garg, J. Waterman, C. Mbanaso, J. Netten, R. Brainard, Y.-J. Fan,

L. Yankulin, A. Antohe, K. DeMarco, M. Jaffe, M. Waldron, Univ. at Aloany (USA); K. Dean,
SEMATECH, Inc. (USA)

POSTER SESSION

653319

Electron beam lithography simulation based on a single convolution approach:
application for sub-45nm nodes [6533-14]

J. C. Le denmat, S. Manakli, STMicroelectronics (France); B. Icard, CEA Léti - MINATEC
(France); C. Soonekindt, NXP Semiconductors (France); B. Minghetti, O. Le borgne,
STMicroelectronics (France); L. Pain, CEA Léti - MINATEC (France)

vii



65331A

653318

65331C

65331D

65331E

65331F

65331G

65331H

653311

653311

65331N

65331Q

65331R

viii

Aerial imaging performance of ALTA4700 printed mask for 130nm design rule [6533-15]
J. W. Hsu, C. H. Wu, K. Cheng, Taiwan Mask Corp. (Taiwan)

A complete set of the special process equipment for the defect-free production of reticles
[6533-16]
S. Avakaw, V. louditski, L. Pushkin, A. Tsitko, UE KBTEM-OMO of Planar (Belarus)

Mask qualification strategies in a wafer fab [6533-17]
C. Jaehnert, A. Kunowski, Infineon Technologies Dresden GmbH & Co OHG (Germany)

Damage free megasonic resonance cleaning for the 45nm design rule (Best Poster Award)
[6533-19]

S. Osborne, Sigmameltec Ltd. (Japan); V. Baudiquez, T. Rode, Advanced Mask Technology
Ctr. (Germany); C. Chovino, Toppan Photomask (Germany); E. Woster, H. Takahashi,
Sigmameltec Ltd. (Japan)

Resist and BARC outgassing measured by TD-GCMS: investigation during the exposure or
the bake steps of the lithographic process [6533-20]

R. Tiron, C. Sourd, H. Fontaine, S. Cetre, CEA, LETI (France); B. Mortini, STMicroelectronics
(France)

Effects of heat curing on adhesive strength between microsized SU-8 and Si substrate
[6533-21]
C. Ishiyama, M. Sone, Y. Higo, Tokyo Institute of Technology (Japan)

Evaluation of an alternative UV-NIL mold fabrication process [6533-22]

P. Voisin, ST Microelectronics (France), CNRS/LTM, CEA (France) and CEA, Leti, Minatec
(France); T. Levender, CEA, Leti, Minatec (France); M. Zelsmann, C. Gourgon, J. Boussey,
CNRS/LTM, CEA (France)

New approach for defect inspection on large area masks [6533-23]
G. Scheuring, S. Débereiner, F. Hillmann, G. Falk, H.-J. Brick, MueTec GmbH (Germany)

Accelerating physical verification using STPRL: a novel language for test pattern generation
[6533-24]
A. Nouh, Mentor Graphics Corp. (Egypt)

Birefringence variation of quartz substrates during mask process [6533-25]
Y. Morikawa, Y. Kitahata, T. Yokoyama, Dai Nippon Printing Co., Ltd. (Japan); T. Kikuchi,
A. Kawaguchi, Y. Ohkubo, HOYA Corp. (Japan)

A novel model building flow for the simulation of proximity effects of mask processes
[6533-29]
J. Mas, Master Nanotech INGP (France); E. Mittermeier, Qimonda AG (Germany)

Focused electron beam inf:iuced deposition of DUV transparent SIO2 [6533-32]
A. Perentes, P. Hoffmann, Ecole Polytechnique Fédérale de Lausanne (Switzerland);
F. Munnik, Forschungszentrum (Germany)

Actinic inspection of sub-50 nm EUV mask blank defects [6533-33]

J. Lin, Ludwig Maximilians Univ. (Germany); N. Weber, Focus GmbH (Germany); J. Maul,
Mainz Univ. (Germany); S. Hendel, K. Roftt, Bielefeld Univ. (Germany); M. Merkel, Focus
GmbH (Germany); G. Schoenhense, Mainz Univ. (Germany); U. Kleineberg, Bielefeld Univ.
(Germany)



63493N

Erratum: A cost model comparing image qualification and direct mask inspection

[6349-139]
K. Bhattacharyya, V. Hazari, D. Sutherland, KLA-Tencor Corp. (USA); T. Higashiki, Toshiba

Corp. (Japan)

Author Index






Conference Committees

European Mask and Lithography International Steering Committee

and

European Mask and Lithography Conference Program Committee (*)

Conference Chair

Uwe F. W. Behringer*, UBC Microelectronics (Germany)

Program Chairs

Members

Wilhelm Mauvrer*, Infineon Technologies AG (Germany)
Jacques A. Waelpoel*, ASML Netherlands B.V. (Netherlands)

F. Abboud, Intel Corporation (USA)

M. Archuletta, RAVE LLC (USA)

M. Arnz*, Carl Zeiss SMT AG (Germany)

A. Barberet, IBM Microelectronics (USA)

C. Blaesing-Bangert, Vistec Semiconductor Systems (Germany)
W. Bringer, FhG-ISIT (Germany)

P. Chen*, Taiwan Mask Corporation (Taiwan)

C. Constantine, Oerlikon USA Inc. (USA)

R. Engelstad, University of Wisconsin, Madison (USA)

D. Farrar, HOYA Corporation (United Kingdom)

M. Fischer, KLA Tencor GmbH (Germany)

O. Fortagne, Leica Microsystems Lithography (Germany)
C. Gale*, Applied Materials (Germany)

B. Grenon*, Grenon Consulting, Inc. (USA)

H. Hartmann, s3solution, (Germany)

N. Hayashi, Dai Nippon Printing Company Ltd. (Japan)
A. C. Hourd*, Compugraphics International Ltd. (United Kingdom)
R. Jonckheere*, IMEC (Belgium)

C. K. Kalus*, SIGMA-C GmbH (Germany)

K. R. Kimmel, IBM Corporation (USA)

A. Kostka, Technical University Darmstadt (Germany)

H. Lehon, KLA-Tencor Corporation (USA)

H. Loeschner*, IMS Nanofabrication (Austria)

B. Naber*, Cadence Design Systems Inc. (USA)

Ch. Pierrat*, AMTC (Germany)

E. Rausa*, Oerlikon USA Inc. (USA)

C. Reita*, CEA-LETI (France)

F. Reuther, micro resist technology GmbH (Germany)

C. Romeo*, ST-Microelectronics (Italy)

K. Ronse, IMEC (Belgium)

Xi



H. Scheer*, University Wuppertal (Germany)

G. Scheuring, MueTec GmbH (Germany)

R. Schnabel*, VDE/VDI-GMM (Germany)

M. Staples, AMD Saxony LLC and Company KG (Germany)
I. Stolberg*, Vistec Semiconductor Systems GmbH (Germany)
R. Takke, Heraeus Quarzglas, Kleinostheim (Germany)

K. Tasaki, KLA-Tencor Japan Ltd. (Japan)

S. Tedesco*, CEA-LETI, (France)

M. Tissier*, Toppan Photomasks S.A. (France)

G. Unger*, Quimonda AG (Germany)

J. T. Weed, Synopsys, Inc. (USA)

J. Whittey*, Vistec Semiconductor Systems (USA)

J. Wiley, Brion Technologies, Inc. (USA)

H. Wolf*, Photronics MZD GmbH & Company (Germany)

N. Yoshioka, Renesas Technology Corporation (Japan)

L. Zurbrick*, KLA-Tencor Corporation (USA)

Session Chairs

Plenary Sessions

Uwe F. W. Behringer, UBC Microelectronics (Germany)
Wilhelm Maurer, Infineon Technologies AG (Germany)
Bob Naber, Cadence Design Systems, Inc. (USA)
Wilhelm Maurer, Infineon Technologies AG (Germany)

Hyper NA and Immersion
Carlo Reita, CEA-LETI (France)
Michael Arnz, Carl Zeiss SMT AG (Germany)

Inspection and Defect Printability
Brian Grenon, Grenon Consulfing, Inc. (USA)
Larry Zurbrick, KLA-Tencor Corp. (USA)

Mask Patterning and Process
Naoyo Hayashi, DNP (Japan)
Hermann Wolf, Photronics (Germany)

Metrology |
Jacques Waelpoel, ASML Netherlands (Netherlands)
Thomas Coleman, Applied Materials, Inc. (USA)

Maskless Technologies |
Laurent Pain, CEA - LETI (France)
Johannes Kretz, Qimonda Dresden GmbH & Co. OHG (Germany)

Maskless Technologies I

Ines Stolberg, Vistec Electron Beam GmbH (Germany)
Anders @sterberg, Micronic Laser Systems (Sweden)

Xii



RET
Christain Kalus, Sigma-C (Germany)
Peter Buck, Toppan Photomasks, Inc. (France)

NIL
Serge Tedesco, CEA - LETI (France)
Hella Scheer, Universityof Wuppertal (Germany)

Meftrology |l
John Whittey, Vistec Semiconductor Systems, Inc. (USA)
Emmanvuel Rausa, Oerlikon USA, Inc. (USA)

Mask Management and Simulation
Michel Tissier, Toppan Photomask (France)
Roxann Engelstad, University of Wisconsin/Madison (USA)

EUV | Masks
Stefan Wurm, SEMATECH, Inc. (USA)
Rik Jonckheere, IMEC (Belgium)

EUV Il Sources, Optics and Resists (Organized by SEMATECH)
Stefan Wurm, SEMATECH, Inc. (USA)
Rik Jonckheere, IMEC (Belgium)

Poster Session
Chris Gale, Applied Materials, Inc. (Germany)
John M. Whittey, Vistec Semiconductor Systems (USA)

xiii






Foreword

For the first time in its 23-year history, the EMLC took place outside Germany. The
VDE/GMM and the EMLC Organizing Committee were invited to Grenoble,
France, during last year's conference in Dresden by CEA/LETI, Minatec, and
Toppan Photomasks. The EMLC2007 was held January 22 to 25, 2007, at the
Minatec Conference Center in Grenoble, France.

The conference has annually brought together scientists, researchers, engineers
and technologists from research institutes and companies from around the world
to present papers at the forefront of mask lithography and mask technology. The
three-day conference is dedicated to the science, fechnology, engineering, and
application of mask and lithography technologies and associated processes, and
gives an overview of the present status in mask and lithography technologies and
the future strategy where mask producers and users have the opportunity to
become acquainted with new developments and results. This year's session
topics included Hyper NA and Immersion, Inspection and Defect Printability, Mask
Pattering and Process, Metrology, Maskless Technologies, RET, NIL, and Mask
Management and Simulation. Each year we specially focus on one kind of
lithography and mask technology. Last year it was Immersion Technology, and
this year the fopic was Extreme Ultraviolet Lithography EUV (organized by
SEMATECH). The entire Thursday afternoon session was reserved for EUV.

This year the program committee accepted 72 papers. Since the EMLC2007 had
no parallel sessions we accepted 50 papers as oral presentations and 22 as
posters. Regarding the submitted papers, we had a nice balance: 36 papers
were submitted from European countries and 36 papers from countries from
outside Europe. The largest number of papers was submitted by the USA (19),
followed by Germany (18), and France (12). We had around 250 conference
aftendees, and 67 different companies participated in papers as authors or co-
authors, which we feel demonstrates a worldwide cooperation in the lithography
and photomask community.

As Welcome Speakers we were pleased to announce that Geneviéve Fioraso,
the Deputy Mayor in charge of Economic Development, Grenoble, France, and
Nicolas Leterrier of Minalogic, “Pole de Compétitivité” who provided opening
comments.

Our two keynote speakers were Dr. Paul Chipman from Toppan Photomasks;
Dresden, Germany, with a presentation entitled "Mask R&D in Europe: technical
and business model challenges and solufions,” and Mr. Joél Hartmann from
Crolles 2, Grenoble, France, who presented “Patterning solution for sub-45nm
CMOS technologies: the compromise dilemma.”
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Microelectronics Center Grenoble-Isére

Grenoble is one of the biggest microelectronics centers in Europe. The VDE/GMM
organization together with the international EMLC2007 program committee
agreed with the goal to intensify the integration of the French scientists into the
EMLC international community.

Grenoble (its historical name is Cularo), was founded in the third century by the
Romans. Today it is one of the strongest areas in France and in Europe. Since
2000, €4 Bilion has been invested with €3 billion more to be invested by the end of
2007 for the nano-technology sector in the Grenoble-Isere area. With more than
38,000 jobs in Grenoble-lsere the information and communication technology
(ICT) sector is one of the largest in the area, having enjoyed spectacular growth
over the last 15 years. Grenoble-lsére is France's second largest center for
research, after the Paris area. It has forged an international reputation in micro-
and nano-technology, drawing on powerful, complementary skills in information
technology and software.

Many companies are located in the region, such as Alliance-Crolles2, CEA/Leti,
Minatec, Nanotec 300, Minalogic, Nanosmart Centre (Soitec), STMicroelectronics,
NXP Semiconductors, Freescale Semiconductor, Soitec, Tronic's Microsystems, e2v
Semiconductors, Synopsys, HP, Mentor Graphics, Maxim, Applied Materials, ASML,
KLA-Tencor, Entegris, Air Liquide Electronics Systems, Schneider Electric, MGE UPS
Systems, Radiall, Thales, etc. As a result Grenoble-lsere is a key European center
for innovation.

Highlights of the EMLC 2007

The award for the Best Poster of the EMLC2007, for “Damage free megasonic
resonance cleaning for the 45nm design rule,” was presented at the banquet at
the Chateau Touvet, a castle built in the 13th century, to Steve Osborne, Eric
Woster, and Hidekazu Takahashi of Sigmameltec Ltd., Japan; Valentine
Baudiguez and Thomas Rode the Advanced Mask Technology Center, Germany;
and Christian Chovino of Toppan Photomask, Germany.

The Best Paper award was given to the presentation ftitled "Predicting and
correcting for image placement errors during the fabrication of EUVL masks,”
authored by Prof. Roxann L. Engelstad, J. Sohn, A. Mikkelson, M. Nataraju, and K.
Turner from the University of Wisconsin, Madison, USA.

The second Best Paper winners are Paul M. Harder and Timothy A. Shedd from the
University of Wisconsin, Madison, USA, for their paper tfitled “Contact angles and
liguid loss behaviour of high index fluids.”

The third best paper was “Progress in EUV photoresist technology,” by authors
Thomas I. Wallow, Ryoung-han Kim, and Bruno La Fontaine of Advanced Micro



Devices, USA; Patrick P. Naulleau, Lawrence Berkeley National Laboratory, USA;
Chris N. Anderson, University of California, Berkeley, USA; and Richard L.
Sandberg, University of Colorado, Boulder, USA.

The Best Paper of the EMLC 2007 qualifies to be presented at the Photomask
Japan conference in April 2007 in Yokohama, Japan, and at the Photomask
conference in September 2007 in Monterey, California.

The EMLC 2008 will be held in Dresden, Germany, from January 21 to 25, 2008.

Uwe F. W. Behringer
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The Steering Committee of the 23d European Mask and Lithography
Conference, EMLC2007, would like to express its sincere appreciation to the
following companies and organizations mentioned below for their support:
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