PROCEEDINGS OF SPIE

Laser-based Micro- and
Nanopackaging and Assembly Vi

Udo Klotzbach
Yongfeng Lu
Kunihiko Washio
Editors

6-7 February 2013
San Francisco, California, United States

Sponsored and Published by
SPIE

Volume 8608

Proceedings of SPIE 0277-786X, V.8608

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

Laser-based Micro- and Nanopackaging and Assembly VI, edited by
Udo Klotzbach, Yongfeng Lu, Kunihiko Washio, Proc. of SPIE Vol. 8608, 860801
© 2013 SPIE - CCC code: 0277-786X/13/$18 - doi: 10.1117/12.2025067

Proc. of SPIE Vol. 8608 860801-1



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-based Micro- and Nanopackaging and Assembly VI, edited
by Udo Klotzbach, Yongfeng Lu, Kunihiko Washio, Proceedings of SPIE Vol. 8608 (SPIE, Belingham,
WA, 2013) Article CID Number.

ISSN: 0277-786X
ISBN: 9780819493774

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 © 2013, 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/13/$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 to each article at the time of the first 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,
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, OA, 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.

Proc. of SPIE Vol. 8608 860801-2



vii

SESSION 1

Contents

Conference Committee
Introduction

LASER MICRO-AND NANOSTRUCTURING |

8608 03

8608 04

8608 05

8608 06

8608 07

SESSION 2

Periodically structured silicon substrate by microsphere-assisted laser interactions [8608-2]
K. L. N. Deepcak, D. Grojo, L. Charmasson, P. Delaporte, O. Utéza, Lasers, Plasmas et
Procédés Photoniques, CNRS, Aix Marseille Univ. (France)

Picosecond and nanosecond pulsed laser ablation of aluminium, polypropylene,
polyethylene, and their thin-film combinations [8408-3]

A. H. A. Lutey, Univ. degli Studi di Bologna (Italy); M. Sozzi, S. Selleri, A. Cucinotta, Univ. degli
Studi di Parma (Italy); P. G. Molari, Univ. degli Studi di Bologna (Italy)

Improvement of laser dicing system performance I: high-speed, high-quality processing of
thick silicon wafers using spatial light modulator [84608-4]

N. Matsumoto, Y. Takiguchi, H. Itoh, M. Hoshikawa, H. Iwaki, T. Hasegawa, M. Nakano,

M. Oyaizu, T. Sakamoto, T. Ogiwara, T. Inoue, Haomamatsu Photonics K.K. (Japan)

Laser-induced self-organizing surface structures on cathode materials for lithium-ion
batteries [8608-5]

R. Kohler, J. Préll, M. Bruns, T. Scherer, H. J. Seifert, Karlsruhe Institute of Technology
(Germany); W. Pfleging, Karlsruhe Institute of Technology (Germany) and Karlsruhe Nano
Micro Facility (Germany)

Thin film passivation of laser generated 3D micro patterns in lithium manganese oxide
cathodes [8608-6]

J. Préll, R. Kohler, Karlsruhe Institute of Technology (Germany); M. Bruns, Karlsruhe Institute of
Technology (Germany) and Karlsruhe Nano Micro Facility (Germany); V. Oberst,

P. G. Weidler, S. HeiBler, Karlsruhe Institute of Technology (Germany); C. KGbel, Karlsruhe
Institute of Technology (Germany), Karlsruhe Nano Micro Facility (Germany), and
Helmholtz Institute UIm (Germany); T. Scherer, Karlsruhe Institute of Technology (Germany)
and Karlsruhe Nano Micro Facility (Germany); R. Prang, H. J. Seifert, Karlsruhe Institute of
Technology (Germany); W. Pfleging, Karlsruhe Instfitute of Technology (Germany) and
Karlsruhe Nano Micro Facility (Germany)

LASER MICRO- AND NANOSTRUCTURING I

8608 08

High speed micro scanner for 3D in-volume laser micro processing (Invited Paper) [8608-7]
D. Schaefer, J. Gottmann, M. Hermans, J. Ortmann, |. Kelbassa, RWTH Aachen (Germany)

Proc. of SPIE Vol. 8608 860801-3



8608 09

Improvement of laser dicing performance Il: dicing rate enhancement by multi beams and
simultaneous aberration correction with phase-only spatial light modulator [8608-8]

Y. Takiguchi, N. Matsumoto, M. Oyaizu, J. Okuma, M. Nakano, T. Sakamoto, H. Itoh,

T. Inoue, Hamamatsu Photonics K.K. (Japan)

8608 0A High speed micromachining with high power UV laser [8608-9]
R.S. Patel, J. M. Bovatsek, Spectra-Physics, Newport Corp. (United States)

8608 0B UV laser writing system based on polar scanning strategy to produce subwavelength metal
gratings for surface plasmon resonance [8608-10]
J. Amako, Toyo Univ. (Japan); E. Fuijii, Seiko Epson Corp. (Japan)

SESSION 3 ULTRASHORT PULSED LASER PROCESSING

8608 0D Ultrafast laser trimming for reduced device leakage in high performance OTFT
semiconductors for flexible displays [8608-16]
D. Karnakis, Oxford Lasers Ltd. (United Kingdom); M. D. Cooke, Y. F. Chan, S. D. Ogier, Cir.
for Process Innovation (United Kingdom)

8608 OE Picosecond laser ablation of transparent materials [8608-13]
S. Russ, TRUMPF Laser GmbH & Co. KG (Germany); C. Siebert, TRUMPF Laser- und
Systemtechnik GmbH (Germany); U. Eppelt, C. Hartmann, Fraunhofer-Institut fir
Lasertechnik (Germany); B. FaiBt, TRUMPF Laser- und Systemtechnik GmbH (Germany);
W. Schulz, Fraunhofer-Institut fur Lasertechnik (Germany)

8608 OF Metal micro drilling combining high power femtosecond laser and trepanning head
[8608-14]
R. Kling, M. Dijoux, ALPhANOV (France); L. Romoli, F. Tantussi, Univ. degli Studi di Pisa (Italy);
J. Sanabria, E. Mottay, Amplitude Systemes (France)

SESSION 4 DIRECT-WRITE PROCESSING AND SURFACE MODIFICATION

8608 0J Laser direct writing graphene patterns on SiO2/Si substrates [8608-20]
L. Fan, W. Xiong, Y. Gao, Univ. of Nebraska-Lincoln (United States); J. Park, Univ. of
California, Berkeley (United States); Y. Zhou, Univ. of Nebraska-Lincoln (United States);
L. Jiang, Beijing Institute of Technology (China); Y. Lu, Univ. of Nebraska-Lincoln (United
States)

8608 0K Laser transfer of reconfigurable patterns with a spatial light modulator [8608-25]

A. Piqué, R. C. Y. Auyeung, U.S. Naval Research Lab. (United States); A. T. Smith, Nova
Research, Inc. (United States); H. Kim, S. A. Mathews, N. A. Charipar, M. A. Kirleis, U.S. Naval
Research Lab. (United States)

Proc. of SPIE Vol. 8608 860801-4



SESSION 5 PACKAGING AND ADDITIVE MANUFACTURING

8608 0L Laser-assisted ultrathin bare die packaging: a route to a new class of microelectronic
devices (Invited Paper) [8608-22]
V. R. Marinov, O. Swenson, Y. Atanasov, N. Schneck, North Dakota State Univ. (United
States)

8608 OM Cellular scanning strategy for selective laser melting: evolution of optimal grid-based
scanning path and parametric approach to thermal homogeneity [84608-23]
S. Mohanty, C. C. Tutum, J. H. Hattel, Technical Univ. of Denmark (Denmark)

8608 0O Laser sintering of gold nanoparticles on a copper substrate toward an alternative to gold
plating [8608-21]
A. Watanabe, Tohoku Univ. (Japan)

8608 0P Pulsed Nd:YAG laser fine spot welding for attachment of refractory mini-pins [84608-26]

Y. Lin, G. Jiang, Alfred E. Mann Foundation for Scientific Research (United States)

SESSION 6 PHOTOVOLTAICS, ALTERNATIVE ENERGY SOURCES AND ADVANCED ENERGY STORAGE
SYSTEMS: JOINT SESSION WITH 8607 AND 8608

8608 0Q Diode laser processed crystalline silicon thin-film solar cells (Invited Paper) [84608-27]
S. Varlamoyv, The Univ. of New South Wales (Australia); B. Eggleston, J. Dore, The Univ. of
New South Wales (Australia) and Suntech R&D Australia (Australia); R. Evans, D. Ong,
O. Kunz, Suntech R&D Australia (Australia); J. Huang, The Univ. of New South Wales
(Australia); U. Schubert, Suntech R&D Australia (Australia); K. H. Kim, The Univ. of New South
Wales (Australia) and Suntech R&D Australia (Australia); R. Egan, Suntech R&D Australia
(Australia); M. Green, The Univ. of New South Wales (Australia)

8608 OR The photovoltaic potential of femtosecond-laser textured amorphous silicon (Green
Photonics Award Paper) [8608-28]
M.-J. Sher, K. Hammond, Harvard Univ. (United States); L. Christakis, The Cambridge School
of Weston (United States); E. Mazur, Harvard Univ. (United States)

8608 0S Laser scribing integration of polycrystalline thin film solar cells [8608-29]
M. Sozzi, F. Manilia, R. Antezza, C. Catellani, A. Candiani, E. Coscelli, A. Cucinotta, S. Selleri,
D. Menossi, A. Bosio, Univ. degli Studi di Parma (Italy)

Author Index

Proc. of SPIE Vol. 8608 860801-5



Proc. of SPIE Vol. 8608 860801-6



Conference Committee

Symposium Chairs

Bo Gu, Bos Photonics (United States)

Andreas Tunnermann, Fraunhofer-Institut fir Angewandte Optik und
Feinmechanik (Germany) and Friedrich-Schiller-Universitéat Jena
(Germany)

Symposium Cochairs

Friedhelm Dorsch, TRUMPF Werkzeugmaschinen GmbH + Company
KG (Germany)
Alberto Piqué, U.S. Naval Research Laboratory (United States)

Program Track Chairs

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

Conference Chairs

Udo Klotzbach, Fraunhofer IWS Dresden (Germany)
Yongfeng Lu, University of Nebraska-Lincoln (United States)
Kunihiko Washio, Paradigm Laser Research Ltd. (Japan)

Conference Program Committee

Craig B. Arnold, Princeton University (United States)

Jose Alfredo Alvarez-Chavez, Centro de Investigacion e Innovacion
Tecnoldgica (Mexico)

Friedrich G. Bachmann, LUMERA LASER GmbH (Germany)

Francois Courvoisier, Université de Franche-Comté (France)

Ramona Eberhardt, Fraunhofer-Institut fir Angewandte Optik und
Feinmechanik (Germany)

Bo Gu, Bos Photonics (United States)

Duncan P. Hand, Heriot-Watt University (United Kingdom)

Miguel Holgado Bolanos, Universidad Politécnica de Madrid (Spain)

Minghui Hong, National University of Singapore (Singapore)

Nam Seong Kim, EO Technics Company, Ltd. (Korea, Republic of)

Sonja M. Kittel, Robert Bosch GmbH (Germany)

Rainer Kling, ALPhANOV (France)

Thomas Klotzbucher, Institut fir Mikrotechnik Mainz GmbH (Germany)

Carlos Lee, EPIC (France)

Xinbing Liu, Panasonic Boston Laboratory (United States)

vii

Proc. of SPIE Vol. 8608 860801-7



Yasu Osako, Electro Scientific Industries, Inc. (United States)

Roberto Osellame, Istituto di Fotonica e Nanotecnologie, CNR,
Politecnico di Milano (Italy)

Andreas Ostendorf, Ruhr-Univ. Bochum (Germany)

Alberto Piqué, U.S. Naval Research Laboratory (United States)

Wilhelm Pfleging, Karlsruher Institut fUr Technologie (Germany)

Marius Przybylski, ATL Lasertechnik GmbH (Germany)

Razvan Stoian, Laboratoire Hubert Curien, CNRS, Université Jean
Monnet Saint-Etienne (France)

Koji Sugioka, RIKEN (Japan)

Akira Watanabe, Tohoku University (Japan)

Xianfan Xu, Purdue University (United States)

Haiyan Zhao, Tsinghua University (China)

Session Chairs

1

viii

Laser Micro-and Nanostructuring |
Udo Klotzbach, Fraunhofer IWS Dresden (Germany)

Laser Micro- and Nanostructuring
Kunihiko Washio, Paradigm Laser Research Ltd. (Japan)

Ultrashort Pulsed Laser Processing
Alberto Piqué, U.S. Naval Research Laboratory (United States)

Direct-write Processing and Surface Modification
Wilhelm Pfleging, Karlsruher Institut fUr Technologie (Germany)

Packaging and Additive Manufacturing
Friedrich G. Bachmann, LUMERA LASER GmbH (Germany)

Photovoltaics, Alternative Energy Sources and Advanced Energy

Storage Systems: Joint Session with 8607 and 8608

Hee K. Park, State University of New York (United States) and Yuco
Photonics Systems Corporation (United States)

Udo Klotzbach, Fraunhofer IWS Dresden (Germany)

Proc. of SPIE Vol. 8608 860801-8



Infroduction

The “Laser-Based Micro Packaging” conference series was established in 2002.

In 2007, the conference was renamed as ‘“Laser-Based Micro- and
Nanopackaging and Assembly (LBMP)” to reflect the topics associated with
structures at Nanoscales. The LBMP conference brings together researchers
and engineers from scientific and academic institutions and industry in order

to provide a platform for mutual and fruitful discussion on application-oriented,

cutting-edge research fields. The scope of relevant applications covers the
fabrication of electronic, photonic, mechanical, chemical, bio-active, and
bio-compatible devices. Because of the strong economic demands, laser
materials processing is playing an increasingly important role in areas covered
by the LBMP conference, along with new *“green technologies” such as
photovoltaics and advanced energy storage systems.

Advanced laser-based processes for micro- and nanopackaging and
assembly are strongly demanded by high-tech industries for specialized
prototypes and high throughput devices with micro- and nanostructures to
realize electronic, photonics, mechanical, fluidic, chemical, and biological
functionalities. However, the readlization of such devices or functional
prototypes imposes new challenges for patterning, packaging, and assembly.

Due to the confinuous increase in complexity of device structures, processing
needs for wide varieties of materials are leading to new applications and
research fields but at the same time imposing new challenges for appropriate
assembly and packaging technologies. The laser-induced modification of
material properties at micro- or nanoscales becomes more and more
important in some applications (e. g. photovoltaics) where undesired material
and surface modification such as chemical or heat-affected structural
change must be avoided. Meanwhile, an increase in production costs or
significant changes of established production lines can be limiting factors.
Therefore, both high-performance new products and innovations for high
efficiency/high-throughput manufacturing and assembly technologies are the
focus of the conference.

The conference LBMP VII was held é6-7 of February, as a part of LASE 2013 at
Photonics West in San Francisco, California. LBMP-VII comprised 28
presentations which were presented by speakers from Australia, Denmark,
France, Germany, ltaly, Japan, Switzerland, United Kingdom, and United
States. Presentations represented a number of topics including: laser micro-
and nanostructuring, ultrashort pulsed laser processing, direct-write processing
and surface-modificafion, packaging and additive manufacturing,
photovoltaics, alternative energy sources and advanced energy storage
systems. A joint session was organized with Conference “Laser Applications in
Microelectronic and Optoelectronic Manufacturing XVIII (LAMOM XVIIl) on
photovoltaics, alternative energy sources and advanced energy storage
systems.
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Laser-based micro- and Nano-applications were highlighted in two sessions
with micro- and nanostructuring falks. Both sessions included topics very
intferesting for many scientific communities at universities and research
instifutes. At the same time, many industrial applications have a background
of micro- and nanostructuring. Some speakers presented results on laser
ablation of different materials using pico- and nanosecond lasers. Because of
the reduced heat affect zone with short pulsed and ultra-short pulsed lasers,
high-quality material processing of polymer materials and thin film ablation
are possible. The talks about laser material processing of display glasses,
flexible displays and transparent materials with short pulsed lasers showed new
aspects for laser material processing.

The special field of laser direct writing and surface modification together with
additive manufacturing with several laser types showed very interesting
applications laser sintering and crystallization for high-performance
electronics. In future microelectronics, the topic of “printing a chip” will be
more popular, represented by the talk “laser assisted ultrathin bare die
packaging: a new route to a new class of microelectronic devices.”

Ultrashort pulsed lasers have shown their usefulness in various areas for many
years. During the recent years—especially in the photovoltaic industry—
ultrashort pulsed lasers have demonstrated and evidenced the wide range of
applications in industrial environments. The joint session showed new aspects
and applications with lasers in the field of photovoltaics.

We would like to express our deepest gratitude to the program committee
members and the SPIE technical staff for their great efforts during the planning
and organization of LBMP-VII. We would also like to thank the invited speakers
and presenters of the contributed papers for their contribution to the success
of this conference. All the manuscripts were peer reviewed to ensure the
quality of the conference proceedings.
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