PROCEEDINGS OF SPIE

Laser Applications in Microelectronic
and Optoelectronic Manufacturing Vil

Michel Meunier
Andrew §S. Holmes
Hiroyuki Niino

Bo Gu

Editors

26-29 January 2009
San Jose, Cadlifornia, United States

Sponsored and Published by
SPIE

Volume 7201

Proceedings of SPIE, 0277-786X, v. 7201

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



The papers included in this volume were part of the technical conference cited on the cover and
fitle 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 Laser Applications in Microelectronic and Optoelectronic
Manufacturing VI, edited by Michel Meunier, Andrew S. Holmes, Hiroyuki Niino, Bo Gu, Proceedings
of SPIE Vol. 7201 (SPIE, Bellingham, WA, 2009) Article CID Number.

ISSN 0277-786X
ISBN 9780819474476

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 © 2009, 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/09/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Liorary

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 fo
each article at the time of the first publication. Utilization of CIDs allows arficles to be fully citable as
soon they are published online, and connects the same identifier to all online, print, and electronic
versions of the publicatfion. SPIE uses a six-digit CID article numbering system in which:
= The first four digits correspond to the SPIE volume number.
= The last two digifs 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, 20-2Z, etc.
The CID number appears on each page of the manuscript. The complete citatfion is used on the first
page, and an abbreviated version on subsequent pages. Numbers in the index correspond to the
last two digitfs of the six-digit CID number.



Contents

vii Conference Committee
SESSION 1 LASER NANOFABRICATION
7201 02 Nanostructure formation processes in femtosecond laser ablation of thin film surfaces
(Invited Paper) [7201-01]
G. Miyqiji, K. Miyazaki, Kyoto Univ. (Japan)
SESSION 2 LASER INDUCED THIN FILM FORMATION AND MODIFICATION
7201 04 Synthesis of nano-grained MnO: thin films by laser ablation [7201-04]
M. Tabbal, M. Abi-Akl, S. Isber, E. Majdalani, T. Christidis, American Univ. of Beirut (Lebanon)
SESSION 3 LASER MICROMACHINING |
7201 09 Health risks of nanoparticulate emissions during femtosecond and picosecond pulsed laser
machining (Invited Paper) [7201-09]
S. Barcikowski, A. Hahn, J. Wallter, Laser Zentrum Hannover e.V. (Germany)
7201 OA Advanced micromachining combining nanosecond lasers with water jet-guided laser
technology [7201-10]
A. Pauchard, K. Lee, N. Vago, M. Pavius, S. Obi, Synova SA (Switzerland)
7201 0C Deep trenches fabricated by laser-induced backside wet etching for guiding light [7201-12]
T. Sato, A. P. Singh, R. Kurosaki, A. Narazaki, Y. Kawaguchi, H. Niino, National Institute of
Advanced Industrial Science and Technology (Japan)
SESSION 4 LASER MICROMACHINING I
7201 OF Industrial applications of a fiber-based high-average-power picosecond laser [7201-15]
C. Moorhouse, Coherent Scotland (United Kingdom)
7201 0G Programmable picosecond pulse packets for micromachining with multiwatt UV fiber lasers
[7201-16]
T. Alekel, D. H. Foster, J. Crist, Deep Photonics Corp. (United States)
SESSION 5 JOINT SESSION WITH CONFERENCE 7203: FEMTOSECOND LASER INTERACTION WITH MATERIALS
AND NANOMATERIALS
7201 0l A study of material removal rates for shallow drilling with an ulirashort pulse laser [7201-18]

B. R. Campbell, L. A. Forster, J. A. Moore, T. M. Lehecka, J. G. Thomas, V. V. Semak, The
Pennsylvania State Univ. (United States)



7201 0J Dynamics of femtosecond laser-induced breakdowns in water [7201-19]
A. Takita, Y. Hayasaki, Utsunomiya Univ. (Japan)
SESSION 6 JOINT SESSION WITH CONFERENCE 7203: FEMTOSECOND LASER PROCESSING OF PHOTONICS
DEVICES |
7201 OP On the use of femtosecond lasers to fabricate small optical instruments made from fused
silica monoliths (Invited Paper) [7201-25]
P.Bado, A. A. Said, M. Dugan, T. Haddock, Translume, Inc. (United States); Y. Bellouard,
Eindhoven Univ. of Technology (Netherlands)
SESSION 7 LASER LITHOGRAPHY AND CLEANING
7201 0Q Chemical mapping of three-dimensional microstructures fabricated by two-photon
polymerization using CARS microscopy (Invited Paper) [7201-26]
T. Baldacchini, Newport Corp. (United States); M. Zimmerley, E. O. Potma, Univ. of California,
Irvine (United States); R. Zadoyan, Newport Corp. (United States)
7201 OR Interference lithography processes with high-power laser pulses [7201-27]
A. Rodriguez, M. Ellman, I. Ayerdi, N. Perez, S. M. Olaizola, Univ. of Navarra (Spain); J. Zhang,
Z. Ji, Cardiff Univ. (United Kingdom); T. Berthou, Tampere Univ. of Technology (Finland);
C. S. Peng, SILIOS Technologies SA (France); Y. K. Verevkin, Institute of Applied Physics
(Russian Federation); Z. Wang, Cardiff Univ. (United Kingdom)
7201 0S Optical characterization of the mask writing process in bimetallic grayscale photomasks
[7201-28]
J. M. Dykes, G. H. Chapman, Simon Fraser Univ. (Canada)
7201 0T Dynamics of debris from laser-irradiated Sn droplet for EUV lithography light source
[7201-29]
K. Okazaki, D. Nakamura, T. Akiyama, K. Toya, A. Takahashi, T. Okada, Kyushu Univ. (Japan)
7201 OU Enhancement of cleaning efficiency by geometrical confinement of plasma expansion in
the laser-shock cleaning process for nanoscale contaminant removal [7201-30]
D. Jang, J. H. Oh, Pohang Univ. of Science and Technology (Korea, Republic of); J.-M. Lee,
IMT Co. Ltd. (Korea, Republic of); D. Kim, Pohang Univ. of Science and Technology (Korea,
Republic of)
SESSION 8 LASER-INDUCED SURFACE TREATMENT
7201 OV News applications in authentication and traceability using ultrafast laser marking (Invited

Paper) [7201-31]
B. Dusser, Z. Sagan, A. Foucou, ATT Advanced Track & Trace (France); M. Jourlin,
E. Audouard, Lab. Hubert Curien, CNRS (France)



7201 OX

SESSION 9

Selective cell culture on UV-transparent polymer by F2 laser modification [7201-33]

Y. Hanada, K. Sugioka, RIKEN-Advanced Science Institute (Japan); H. Kawano, A. Miyawaki,
RIKEN-Brain Science Institute (Japan); K. Midorikawa, RIKEN-Advanced Science Institute
(Japan)

SYNTHESIS AND PHOTONICS OF NANOSCALE MATERIALS

7201 0z

7201 11

SESSION 10

Atomic layer epitaxy of TiO2/ZnO multilayers for water-window attosecond optics [7201-35]
Y. Tanaka, Y. Masuda, H. Kumagai, Osaka City Univ. (Japan); T. Shinagawa, Osaka
Municipal Technical Research Institute (Japan); A. Kobayashi, Osaka City Univ. (Japan)

Stochastic models of exciton dynamics in a 4-um long single air-suspended single-walled

carbon nanotube [7201-37]
Y.-F. Xiao, T. Q. Nhan, M. W. B. Wilson, J. M. Fraser, Queen's Univ. (Canada)

JOINT SESSION WITH CONFERENCE 7202: PHOTOVOLTAICS

7201 16

Effects of pulse duration on the ns-laser pulse induced removal of thin film materials used in
photovoltaics [7201-41]

J. Bovatsek, A. Tamhankar, R. Patel, Newport Spectra-Physics (United States);

N. M. Bulgakova, Institute of Thermophysics (Russian Federation); J. Bonse, Newport
Spectra-Physics GmbH (Germany)

POSTER SESSION

7201 17

7201 18

7201 19

7201 1A

Development of a powerful tool for nanostructuring and multiphoton imaging with
nanojoule femtosecond laser pulses [7201-02]

D. Bruneel, Fraunhofer Institute of Biomedical Technology (Germany) and Lab. Hubert
Curien (France); M. Schwarz, Fraunhofer Institute of Biomedical Technology (Germany);

E. Audouard, Lab. Hubert Curien (France); K. Kénig, Saarland Univ. (Germany); R. Le Harzic,
Fraunhofer Institute of Biomedical Technology (Germany)

Application of a KrCl-excilamp (222 nm) for identification of natural and synthetic diamonds
[7201-42]

E. A. Sosnin, E. I. Lipatov, S. M. Avdeeyv, V. F. Tarasenko, Institute of High Current Electronics
(Russian Federation); Y. N. Novoselov, P.N. Lebedev Physical Institute (Russian Federation)

Large-aperture excilamps for microelectronic applications [7201-43]
D. V. Schitz, M. |. Lomaeyv, V. S. Skakun, V. F. Tarasenko, Institute of High Current Electronics
(Russian Federation)

Fabrication of nanostructured ITO thin films on nanoimprinted glasses by pulsed laser
deposition [7201-45]

Y. Akita, Y. Sugimoto, Tokyo Institute of Technology (Japan); M. Mita, H. Oi, Kyodo
International Inc. (Japan); O. Sakata, Japan Synchrotron Radiation Research Institute
(Japan); M. Yoshimoto, Tokyo Institute of Technology (Japan)



vi

7201 1B
7201 1C
7201 1D
7201 1F
7201 1G
7201 TH
7201 11

Ablation of aluminum nitride films by nanosecond and femtosecond laser pulses [7201-46]
V. Gruzdeyv, R. Tzou, Univ. of Missouri, Columbia (United States); I. Salakhutdinov, Y. Danylyuk,
E. McCullen, G. Auner, Wayne State Univ. (United States)

Waveguide fabrication with femtosecond laser pulse shaped by computer-generated
hologram [7201-47]
J. Suzuki, M. Yamaiji, S. Tanaka, New Glass Forum (Japan)

Parallel femtosecond laser processing with a computer-generated hologram [7201-48]
S. Hasegawa, Y. Hayasaki, Utsunomiya Univ. (Japan)

Generation of nanostructured surfaces by interfering and no-interfering ultra-short pulse
laser processing [7201-50]

Y. Nakata, Osaka Univ. (Japan); K. Tsuchida, Fanuc Ltd. (Japan); N. Miyanaga, Osaka Univ.
(Japan)

Inflection point of the spectral shifts of the random lasing in dye solution showing
transformation to weak localization [7201-51]
S. Fan, X. Zhang, Q. Wang, C. Zhang, Z. Wang, R. Lan, Shandong Univ. (China)

Relation between diffusion constant and particle density in TiO2 suspended solutions
[7201-52]

C. Zhang, X. Zhang, Q. Wang, S. Fan, Z. Wang, R. Lan, Shandong Univ. (China); X. Bao, Univ.
of Ottawa (Canada)

Laser polishing of vidicon's glass substrates [7201-53]

S. P. Sidorenko, M. E. Fedosovsky, V. P. Veiko, A. O. Golubok, V. V. Levichev, V. A. Chuiko,
E. B. Yakovlev, E. A. Shakhno, St. Petersburg State Univ. of Information Technologies,
Mechanics and Optics (Russian Federation)

Author Index



Conference Committee

Symposium Chairs

Donald J. Harter, IMRA America, Inc. (United States)
Peter R. Herman, University of Toronto (Canada)

Symposium Cochairs

Henry Helvajian, The Aerospace Corporation (United States)
Friedrich G. Bachmann, ROFIN-SINAR Laser GmbH (Germany)

Program Track Chairs

Henry Helvajian, The Aerospace Corporation (United States)
James S. Horwitz, U. S. Department of Energy (United States)

Conference Chairs

Michel Meunier, Ecole Polytechnique de Montréal (Canada)

Andrew S. Holmes, Imperial College London (United Kingdom)

Hiroyuki Niino, National Institute of Advanced Industrial Science and
Technology (Japan)

Bo Gu, IPG Photonics Corporation (United States)

Program Committee

Craig B. Arnold, Princeton University (United States)

Eric Audouard, Université Jean Monnet Saint-Etienne (France)
lan W. Boyd, University College London (United Kingdom)

J. Thomas Dickinson, Washington State University (United States)
Jan J. Dubowski, Université de Sherbrooke (Canadal)

Malcolm C. Gower, Nanophoton Technologies (United Kingdom)
Guido Hennig, MDC Max Daetwyler AG (Switzerland)

Lambertus Hesselink, Stanford University (United States)

Alberto Piqué, Naval Research Laboratory (United States)

Koji Sugioka, The Institute of Physical and Chemical Research (Japan)
Michael J. Withford, Macquarie University (Australia)

Session Chairs

1

Laser Nonofobricg‘rion
Michel Meunier, Ecole Polytechnique de Montréal (Canada)

vii



viii

10

Laser Induced Thin Film Formation and Modification
Hiroyuki Niino, National Institute of Advanced Industrial Science and
Technology (Japan)

Laser Micromachining |
Alberto Piqué, Naval Research Laboratory (United States)

Laser Micromachining |I
Bo Gu, IPG Photonics Corporation (United States)

Joint Session with Conference 7203: Femtosecond Laser Interaction
with Materials gnd Nanomaterials
Michel Meunier, Ecole Polytechnique de Montréal (Canadal)

Joint Session with Conference 7203: Femtosecond Laser Processing of
Photonics Devices |
Koji Sugioka, The Institute of Physical and Chemical Research (Japan)

Laser Lithography and Cleaning
Craig B. Arnold, Princeton University (United States)

Laser-Induced Surface Treatment
Andrew $. Holmes, Imperial College London (United Kingdom)

Synthesis and Photonics of Nanoscale Materials
Jan J. Dubowski, Université de Sherbrooke (Canadal)

Joint Session with Conference 7202: Photovoltaics
Wilhelm Pfleging, Forschungszentrum Karlsruhe (Germany)



