PROCEEDINGS OF SPIE

Laser Material Processing
for Solar Energy

Edward W. Reutzel
Editor

15-16 August 2012
San Diego, Cadlifornia, United States

Sponsored and Published by
SPIE

Volume 8473

Proceedings of SPIE 0277-786X, V.8473

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

Laser Material Processing for Solar Energy, edited by Edward W. Reutzel, Proc. of SPIE
Vol. 8473, 847301 - © 2012 SPIE - CCC code: 0277-786/12/$18 - doi: 10.1117/12.2011789

Proc. of SPIE Vol. 8473 847301-1



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 Material Processing for Solar Energy, edited by
Edward W. Reutzel, Proceedings of SPIE Vol. 8473 (SPIE, Bellingham, WA, 2012) Article CID Number.

ISSN: 0277-786X
ISBN: 9780819491909

Published by

SPIE

P.O. Box 10, Belingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2012, 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/12/$18.00.

Printed in the United States of America.

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

SPIE &t
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 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, OB ... 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. 8473 847301-2



Contents

vii  Conference Committee
SESSION 1 SPECIAL TOPICS |

8473 02 Laser processing of solar cells (Keynote Paper) [8473-1]
D. E. Carlson, Carlson PV (United States)

8473 03 Understanding and enabling laser processing of solar materials through temporal pulse
control (Invited Paper) [8473-2]
M. Rekow, T. Panarello, ESI - PyroPhotonics Lasers Inc. (Canadal); N. Falletto,
M. Guevremont, EOLITE Systems (France)

8473 04 Modeling of contact geometry and dopant profile during laser-silicon interaction [8473-3]
A. Raghavan, J. J. Blecher, T. A. Palmer, E. W. Reutzel, T. DebRoy, The Pennsylvania State
Univ. (United States)

8473 06 Laser and thermal treatments for reclamation of silicon solar cells performance [8473-5]
A. H. Al-Musawi, Univ. of Baghdad (Iraqg)

SESSION 2 LASER DOPING AND CONTACTING |

8473 07 Laser-based foil rear side metallization for crystalline silicon solar cells (Keynote Paper)
[8473-6]
J. Nekarda, M. Graf, A. Rodofili, A. Wolf, R. Preu, Fraunhofer-Insfitut fUr Solare
Energiesysteme (Germany)

8473 08 Influence of wavelength on laser doping and laser-fired contact processes for c-Si solar
cells (Invited Paper) [8473-7]
C. Molpeceres, M. |. Sdnchez-Aniorte, M. Morales, D. Muinoz, Univ. Politécnica de Madrid
(Spain); I. Martin, P. Ortega, M. Colina, C. Voz, R. Alcubilla, Univ. Politéecnica de Catalunya
(Spain)

8473 09 Laser doping for high-efficiency silicon solar cells [8473-8]
U. Jager, A. Wolf, B. Steinhauser, J. Benick, J. Nekarda, R. Preu, Fraunhofer-Institut fur Solare
Energiesysteme (Germany)

8473 0A Laser doping from spin-on sources for selective emitter silicon solar cells [8473-9]

A. Slaoui, P. Prathap, J. Bartringer, Institut d'Electronique du Solide et des Systémes, CNRS
(France)

Proc. of SPIE Vol. 8473 847301-3



SESSION 3 LASER ANNEALING AND CRYSTALLIZATION
8473 0C Laser processing for thin film crystalline silicon solar cells (8473-11]
A. Slaoui, A. Chowdhurya, P. Prathap, Z. Said-Bacar, Institut d'Electronique du Solide et des
Systeémes, CNRS (France); A. Bahouka, F. Mermet, IREPA LASER (France)
8473 0D Nanosecond laser anneadling to decrease the damage of picosecond laser ablation of
anti-reflection layers on textured silicon surfaces [8473-12]
A. A. Brand, A. Knorz, R. Zeidler, J.-F. Nekarda, R. Preu, Fraunhofer-Institut fUr Solare
Energiesysteme (Germany)
8473 OE Laser nucleation and solid phase crystallization of a-Si:H [8473-13]
M. S. Dabney, National Renewable Energy Lab. (United States) and Colorado School of
Mines (United States); A. H. Mahan, M. F. A. M. van Hest, D. S. Ginley, National Renewable
Energy Lab. (United States)
8473 OF Pulsed and continuous wave solid phase laser annealing of electrodeposited CulnSe: thin
films [8473-14]
A. Bhatia, The Univ. of Utah (United States); H. Meadows, A. Crossay, P. J. Dale, Univ. du
Luxembourg (Luxembourg); M. A. Scarpulla, The Univ. of Utah (United States)
SESSION 4 LASER SCRIBING AND STRUCTURING |
8473 0G Review of laser material interaction to improve CIGSeS thin film solar cells (Invited Paper)
[8473-15]
N. G. Dhere, A. Kaul, J. Shimada, Univ. of Cenftral Florida (United States); A. Kar, CREOL, The
College of Optics and Photonics, Univ. of Central Florida (United States)
8473 OH Laser-assisted micro/nanoscale material processing and in-situ diagnostics for solar
applications (Invited Paper) [8473-16]
D. J. Hwang, Stony Brook Univ., State Univ. of New York (United States); C. P. Grigoropoulos,
Univ. of California, Berkeley (United States)
SESSION 5 SPECIAL TOPICS Il
8473 OM Laser parameters for silicon solar cell processing: a simulation of heat transfer and material
modification [8473-21]
T. Baier, G. Glaeser, H. Wanka, Manz AG (Germany)
8473 ON Extending the limits of laser beam shaping for PV-cell manufacturing [8473-22]
I. Steiner, T. Mitra, LIMO Lissotschenko Mikrooptik GmbH (Germany)
8473 00 Applying field mapping refractive beam shapers in laser technologies for solar energy

[8473-23]
A. Laskin, V. Laskin, AdIOptica Optical Systems GmbH (Germany)

Proc. of SPIE Vol. 8473 847301-4



SESSION 6 LASER SCRIBING AND STRUCTURING I

8473 0Q Novel approach to short-pulse and ultra-short pulse laser ablation of silicon nitride
passivation layers [8473-25]
M. Schulz-Ruhtenberg, D. Trusheim, M. Smeets, J. Holtkamp, A. Gillner, Fraunhofer-Institut for
Lasertechnik (Germany)

8473 OR Laser assisted patterning of hydrogenated amorphous silicon for interdigitated back
contact silicon heterojunction solar cell [8473-26]
S. De Vecchi, T. Desrues, F. Souche, D. Munoz, Institut National de I'Energie Solaire (France);
M. Lemiti, Institut National des Sciences Appliquées de Lyon, Univ. de Lyon (France)

8473 0S Mechanisms of lifetime degradation in Si/ARC samples patterned by laser lift-off [8473-27]
K. L. Saenger, IBM T.J. Watson Research Ctr. (United States)

8473 OT Ytterbium-pulsed fiber laser percussion drilling silicon for emitter wrap through solar cells
[8473-28]
Y. Huang, X. Zhu, H. Zhu, Institute of Semiconductors (China)

SESSION 7 LASER DOPING AND CONTACTING I
8473 OW Parameter optimization of laser-doped selective emitters for applications in silicon solar

cells [8473-31]
H. E. Heinrichs, E. W. Reutzel, S. Ashok, S. Mohney, The Pennsylvania State Univ. (United
States)

8473 0X Laser processes and system technology for the production of high-efficient crystalline solar

cells [8473-32]
R. Mayerhofer, R. Hendel, W. Zhu, S. Geiger, Rofin-Baasel Lasertechnik GmbH & Co. KG
(Germany)

Author Index

Proc. of SPIE Vol. 8473 847301-5



Proc. of SPIE Vol. 8473 847301-6



Conference Committee

Symposium Chair

Martha Symko-Davies, National Renewable Energy Laboratory
(United States)

Conference Chair

Edward W. Reutzel, Applied Research Laboratory, The Pennsylvania
State University (United States)

Conference Program Committee

David E. Carlson, Carlson PV Consulting (United States)

Corey M. Dunsky, Veeco Instruments Inc. (United States)

Costas Grigoropoulos, University of California, Berkeley (United States)

Aravinda Kar, CREOL, The College of Optics and Photonics, University
of Cenftral Florida (United States)

Jan Nekarda, Fraunhofer-Institut fUr Solare Energiesysteme (Germany)

Bhushan L. Sopori, National Renewable Energy Laboratory (United
States)

Session Chairs

1 Special Topics |
Edward W. Reutzel, Applied Research Laboratory, The Pennsylvania
State University (United States)

2  Laser Doping and Contacting |
Mool Gupta, University of Virginia (United States)

3  Laser Annealing and Crystallization
David J. Hwang, Stony Brook University (United States)

4 Laser Scribing and Structuring |
Corey M. Dunsky, Veeco Instruments Inc. (United States)

5  Special Topics i
Aravinda Kar, CREOL, The College of Optics and Photonics, University
of Cenftral Florida (United States)
6  Laser Scribing and Structuring I

Edward W. Reutzel, Applied Research Laboratory, The Pennsylvania
State University (United States)

vii

Proc. of SPIE Vol. 8473 847301-7



7 Laser Doping and Contacting |l
Jan Nekarda, Fraunhofer-Institut fUr Solare Energiesysteme (Germany)

viii

Proc. of SPIE Vol. 8473 847301-8



