PROCEEDINGS OF SPIE

Laser Resonators, Microresonators,
and Beam Control XIV

Alexis V. Kudryashov
Alan H. Paxton
Viadimir S. lichenko
Lutz Aschke
Kunihiko Washio
Editors

22-25 January 2012
San Francisco, California, United States

Sponsored and Published by
SPIE

Volume 8236

Proceedings of SPIE, 0277-786X, v. 8236

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



The papers included in this volume were part of the technical conference cited on the cover and
titte 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 Resonators, Microresonators, and Beam Conftrol X1V, edited by
Alexis V. Kudryashov, Alan H. Paxton, Viadimir S. lichenko, Lutz Aschke, Kunihiko Washio, Proceedings
of SPIE Vol. 8236 (SPIE, Bellingham, WA, 2012) Article CID Number.

ISSN 0277-786X
ISBN 9780819488794

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 © 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 &
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 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 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 digits of the six-digit CID number.



Xi

Contents

Conference Committee

RESONATORS

8236 03

8236 05

8236 06

8236 07

A comparison of passive coherent beam combining architectures: experimental results
[8236-02]
C. Wan, B. Tiffany, J. R. Leger, Univ. of Minnesota (United States)

1121 nm resonator properties and impact on the design of a 1178 nm sodium guidestar laser
[8236-04]

L. J. Henry, Air Force Research Lab. (United States); J. Grosek, Air Force Research Lab.
(United States) and Univ. of Washington (United States); G. Moore, T. M. Shay, Air Force
Research Lab. (United States)

Comprehensive analysis of thermal lensing effects on the coaxial resonator of a high power
RF-Excited CO:2 laser [82364-05]
V. Granson, F. J. Villarreal, J. Deile, J. F. Monjardin, S. Sumrain, TRUMPF Inc. (United States)

Unstable resonator with high magnification and low output coupling [8236-06]

C. Pargmann, T. Hall, F. Duschek, K. M. Grinewald, J. Handke, Deutsches Zentrum fUr Luft-
und Raumfahrt e.V. (Germany)

BEAM SHAPING |

8236 08

8236 09

Effect of ring width on ring generated Bessel beam [8236-08]
I. Abdo, N. Ashry, M. Sadek, Ain Shams Univ. (Egypt); M. Abdel Hakim, D. Khalil, Ain Shams
Univ. (Egypt) and Si-Ware Systems (Egypt)

Efficient beam splitting with continuous relief DOEs and microlens arrays [8236-09]

A. Krasnaberski, Y. Miklyaev, D. Pikhulya, L. Kleinschmidt, W. Imgrunt, M. lvanenko,
V. Lissotschenko, LIMO Lissotschenko Mikrooptik GmbH (Germany)

BEAM SHAPING Il

8236 0A

8236 0C

Gaussian-to-top-hat beam shaping: an overview of parameters, methods, and
applications [8236-10]
O. Homburg, T. Mitra, LIMO Lissotschenko Mikrooptik GmbH (Germany)

Wavefront reconstruction using computer-generated holograms [8236-12]

C. Schulze, D. Flamm, Friedrich-Schiller-Univ. Jena (Germany); O. A. Schmidt, Max Planck
Institute for the Science of Light (Germany); M. Duparré, Friedrich-Schiller-Univ. Jena
(Germany)



8236 0D Variable beam shaping with using the same field mapping refractive beam shaper
[8236-13]
A. Laskin, V. Laskin, AdIOptica Optical Systems GmbH (Germany)
8236 OE Propagating aberrated light [8236-14]
C. Mafusire, CSIR National Laser Cir. (South Africa) and Univ. of KwaZulu-Natal (South
Africa); A. Forbes, CSIR National Laser Ctr. (South Africa) and Univ. of KwaZulu-Natal (South
Africa) and Stellenbosch Univ. (South Africa)
BEAM OR MODE DIAGNOSTICS
8236 OF Continuous single pulse resolved measurement of beam diameters at 200 kHz using optical
fransmission filters (Invited Paper) [8236-15]
J. Fruechtenicht, A. Letsch, A. Voss, M. Abdou Ahmed, T. Graf, Univ. Stuttgart (Germany)
8236 0G Discerning comb and Fourier mean frequency from an fs laser based on the principle of
non-interaction of waves [8236-16]
C. Roychoudhuri, Univ. of Connecticut (United States); N. Prasad, NASA Langley Research
Cir. (United States)
8236 OH Real-time monitoring of thermal lensing of a multikilowatt fiber laser optical system (Invited
Paper) [8236-17]
M. Scaggs, G. Haas, Haas Laser Technologies, Inc. (United States)
8236 0l Comparison of two modal decomposition techniques [8236-18]
R. BrUning, D. Flamm, C. Schulze, Friedrich-Schiller-Univ. Jena (Germany); O. A. Schmidt, Max
Planck Institute for the Science of Light (Germany); M. Duparré, Friedrich-Schiller-Univ. Jena
(Germany)
ADAPTIVE OPTICS
8236 0J Active mirrors for intfra-cavity compensation of the aspherical thermal lens in thin-disk lasers
[8236-19]
S. Piehler, B. Weichelt, A. Voss, M. Abdou Ahmed, T. Graf, Univ. Stuttgart (Germany)
8236 0K New deformable mirror technology and associated control strategies for ultrahigh intensity
laser beam corrections and optimizations [8236-20]
N. Lefaudeux, X. Levecq, G. Dovillaire, Imagine Optic SA (France); S. Theis, L. Escolano, ISP
System (France)
MICROCAVITY LASERS AND APPLICATIONS I
8236 OM Unidirectional-emission, single-mode, whispering-gallery-mode microlasers (Invited Paper)

[8236-21]
Y.-Z. Huang, J.-D. Lin, Y.-D. Yang, Q.-F. Yao, X.-M. Lv, J.-L. Xico, Y. Du, Institute of
Semiconductors (China)



8236 OP Whispering-gallery-mode resonators for miniature optical clocks (Invited Paper) [8236-24]
N. Yu, L. M. Baumgartel, Jet Propulsion Lab. (United States); Y. Chembo, FEMTO-ST Institute,
CNRS (France); I. S. Grudinin, D. V. Strekalov, R. J. Thompson, Jet Propulsion Lab. (United
States)

8236 0Q Exploring the frequency stability limits of whispering gallery mode resonators for
metrological applications (Invited Paper) [8236-25]
Y. K. Chembo, FEMTO-ST Institute, CNRS (France); L. Baumgartel, N. Yu, Jet Propulsion Lab.
(United States)
PARAMETRIC PROCESSES IN MICRORESONATORS

8236 0S Monolithic optical parametric oscillators (Invited Paper) [8236-27]
I. Breunig, T. Beckmann, Univ. of Freiburg (Germany); K. Buse, Univ. of Freiburg (Germany)
and Fraunhofer IPM (Germany)

8236 0T Photonic microwave receivers based on high-Q optical resonance (Invited Paper)
[8236-28]
M. Hossein-Zadeh, Univ. of New Mexico (United States)
INTEGRATION OF MICRORESONATORS AND PHOTONIC CIRCUITS

8236 OV Coupling approaches and new geometries in whispering-gallery-mode resonators (Invited
Paper) [8236-31]
G. Nunzi Conti, A. Barucci, Istituto di Fisica Applicata Nello Carrara (Italy); S. Berneschi, Ctr.
Studi e Ricerche (Italy) and Istituto di Fisica Applicata Nello Carrara (Italy); M. Brenci, F. Cosi,
D. Farnesi, S. Pelli, G. C. Righini, S. Soria, Istituto di Fisica Applicata Nello Carrara (Italy)
MICROCAVITY LASERS AND APPLICATIONS Il

8236 12 Dynamic multi-mode analysis of passive Q-switched lasers [82364-38]
C. Pflaum, Z. Rahimi, F. Feng, Friedrich-Alexander-Univ. Erlangen-NUrnberg (Germany)

8236 13 Improvements in monoblock performance using external reflector [8236-39]
A. D. Hays, J. Nettleton, N. Barr, N. Hough, L. Goldberg, U.S. Army Night Vision & Electfronic
Sensors Directorate (United States)

8236 14 Characterization of the longitudinal Gouy phase branches in cascaded optical systems
[8236-40]
K. S. Nirmala, S. P. Tewari, Univ. of Hyderabad (India)
MICRORESONATOR-BASED SENSORS |

8236 15 Nonlinear modes of plasmonic microcavities: theoretical analysis and device applications

(Invited Paper) [8236-41]
N. C. Panoiu, C. G. Biris, Univ. College London (United Kingdom)



8236 17

Silicon microring sensors (Invited Paper) [8236-43]
Z. Zhou, H.Yi, Peking Univ. (China)

MICRORESONATOR-BASED SENSORS Il

vi

8236 1B On-chip whispering-gallery-mode lasers for sensing applications (Invited Paper) [8236-47]
L. He, S. K. Ozdemiir, J. Zhu, W. Kim, L. Yang, Washington Univ. in St. Louis (United States)
8236 1D Polymer microring resonators for high sensitivity, broadband, wide-directivity ultrasound
detection and high-resolution imaging (Invited Paper) [8236-49]
S.-L. Chen, T. Ling, L. J. Guo, Univ. of Michigan (United States)
8236 1E Fiber-optic resonator sensors based on comb synthesizers (Invited Paper) [8236-50]
G. Gagliardi, Istituto Nazionale di Ottica-CNR (Italy)
MICRORESONATOR-BASED SENSORS lli
8236 11 Porous wall hollow glass microsphere as an optical microresonator for chemical vapor
detection [8236-54]
H. Wang, Missouri Univ. of Science and Technology (United States); L. Yuan, Missouri Univ. of
Science and Technology (United States) and Beijing Institute of Technology (China);
C.-W. Kim, MO-SCI Corp. (United States); E. Pienkowski, H. Xiao, Missouri Univ. of Science and
Technology (United States)
8236 1) Sensitivity of long-wave infrared intracavity laser absorption vapor detector [8236-55]
G. Medhi, C. J. Fredricksen, R. E. Peale, Univ. of Central Florida (United States);
A. V. Muravjov, O. J. Edwards, Zyberwear, Inc. (United States)
RESONANT OPTO-MECHANICS
8236 1K Whispering gallery mode resonators as tools for non-linear optics and optomechanics
(Invited Paper) [8236-56]
S. Nic Chormaic, Univ. College Cork (Ireland) and Okinawa Institute of Science and
Technology Graduate Univ. (Japan) and Humboldt Univ. zu Berlin (Germany); Y. Wu, Univ.
College Cork (Ireland); J. M. Ward, Univ. College Cork (Ireland) and Humboldt Univ. zu Berlin
(Germany)
8236 1M Surface acoustic wave frequency comb [8236-58]
A. B. Matsko, A. A. Savchenkov, V. S. lichenko, D. Seidel, L. Maleki, OEwaves, Inc. (United
States)
8236 10 Effects of spatial confinement of eleciromagnetic field on optical forces due to

whispering-gallery modes [8236-60]
J. T. Rubin, L. Deych, Queen's College, CUNY (United States)



8236 1P

Evanescent light coupling and optical propelling of microspheres in water immersed fiber
couplers [8236-61]

Y. Li, O. Svitelskiy, The Univ. of North Carolina at Charlotte (United States); D. Carnegie,

E. Rafailov, Univ. of Dundee (United Kingdom); V. N. Astratov, The Univ. of North Carolina at
Charlotte (United States)

RESONANT FOUR-WAVE MIXING AND APPLICATIONS

8236 1Q

8236 1R

8236 1U

Nonlinearities in silicon photonics: something to exploit or to counteract? (Invited Paper)
[8236-62]

A. Melloni, F. Morichetti, C. Ferrari, A. Canciamilla, Politecnico di Milano (Italy); M. Sorel, Univ.
of Glasgow (United Kingdom)

Linear and nonlinear effects of electron paramagnetic resonance in high-Q cryogenic
sapphire microwave resonators (Invited Paper) [8236-63]

D. L. Creedon, K. Benmessai, The Univ. of Western Australia (Australia); W. P. Bowen, The Univ.
of Queensland (Australia); M. E. Tobar, The Univ. of Western Australia (Australia)

Ab initio theory of nonlinear effects in individual and coupled microdisk resonators [8236-66]
L. Deych, Queens College, CUNY (United States)

DOPED MICRORESONATORS

8236 1V

8236 TW

8236 1Y

Hybrid microspheres for nonlinear Kerr switching applications [8236-64]

S. Berneschi, Museo Storico della Fisica e Ctr. Studi e Ricerche E. Fermi (Italy) and Istituto di
Fisica Applicata Nello Carrara-CNR (Italy); I. Razdolski, T. V. Murzina, Lomonosov Moscow
State Univ. (Russian Federation); A. Barucci, F. Cosi, G. Nunzi Conti, S. Soria, Istituto di Fisica
Applicata Nello Carrara-CNR (Italy)

Spherical resonators coated by glass and glass-ceramic films (Invited Paper) [8236-67]

D. Ristic, A. Chiappini, A. Chiasera, C. Armellini, A. Carpentiero, M. Mazzola, Istituto di
Fotonica e Nanotecnologie-CNR (Italy); E. Moser, Univ. degli Studi di Trento (Italy); S. Varas,
Istituto di Fotonica e Nanotecnologie-CNR (Italy); S. Berneschi, Museo Storico della Fisica e
Cftr. di Studi e Ricerche (Italy) and Istituto di Fisica Applicata Nello Carrara-CNR (Italy);

G. Nunzi Conti, S. Pelli, S. Soria, Istituto di Fisica Applicata Nello Carrara-CNR (Italy);

G. Speranza, L. Lunelli, C. Pederzolli, Fondazione Bruno Kessler (Italy); F. Prudenzano,
Politecnico di Bari (Italy); P. Feron, ENSSAT-FOTON, Univ. de Rennes 1, CNRS (France);

M. Ivanda, Institut Ruder Boskovic (Croatia); G. Cibiel, Ctr. National d'Etudes Spatiales
(France); G. C. Righini, Istituto di Fisica Applicata Nello Carrara-CNR (Italy); M. Ferrari, Istituto
di Fotonica e Nanotecnologie-CNR (Italy)

Composite micro-sphere optical resonators for electric field measurement [8236-69]

J. Stubblefield, D. Womack, T. loppolo, U. Ayaz, M. V. Otugen, Southern Methodist Univ.
(United States)

vii



COUPLED MICRORESONATORS AND EFFECTS

8236 20

8236 21

8236 22

8236 23

Silicon photonic resonator sensors and devices (Invited Paper) [8236-79]

L. Chrostowski, S. Grist, J. Flueckiger, W. Shi, X. Wang, E. Ouellet, H. Yun, M. Webb, B. Nie,

Z. Lliang, K. C. Cheung, The Univ. of British Columbia (Canaday); S. A. Schmidt, D. M. Ratner,
Univ. of Washington (United States); N. A. F. Jaeger, The Univ. of British Columbia (Canada)

Longitudinal mode selection in laser cavity by moiré volume Bragg grating [8234-71]

D. Oftt, V. Rotar, J. Lumeau, S. Mokhov, |. Divliansky, CREOL, The College of Optics and
Photonics, Univ. of Central Florida (United States); A. Ryasnyanskiy, OptiGrate Corp. (United
States); N. Vorobiev, CREOL, The College of Optics and Photonics, Univ. of Central Florida
(United States); V. Smirnov, C. Spiegelberg, OpfiGrate Corp. (United States); L. Glebov,
CREOL, The College of Optics and Photonics, Univ. of Central Florida (United States)

Beam tapering effect in microsphere chains: from geometrical to physical optics [8236-72]
K. W. Allen, A. Darafsheh, V. N. Astratov, The Univ. of North Carolina at Charlotte (United
States)

Accurate analytical estimates of eigenfrequencies and dispersion in whispering-gallery

spheroidal resonators [8236-73]
M. L. Gorodetsky, Y. A. Demchenko, Lomonosov Moscow State Univ. (Russian Federation)

POSTER SESSION

viii

8236 24

8236 25

8236 27

Generalized model for beam-path variation in ring resonator and its applications in
backscattering coupling effect [8236-74]
M. Chen, J. Yuan, X. Long, Z. Kang, Y. Li, Nafional Univ. of Defense Technology (Chinal)

Performance of the smoothing of small target spots in frequency-tripled high-power laser
[8236-75]

X. Jiang, Guangdong Univ. of Technology (China); J. Li, Shanghai Institute of Opftics and
Fine Mechanics (China)

About some possibilities of influencing the energetic relief of metals in order to favor
micro-joining processes [8236-77]

C. Bokor, Univ. Lucian Blaga din Sibiu (Romania); I. Rau, G. Amza, Polytechnical Univ. of
Bucharest (Romania); W. Kappel, National Institute for Research and Development for
Electrical Engineering (Romania); I. V. Isarie, C. Isarie, S. Itu, Univ. Lucian Blaga din Sibiu
(Romania); D. Mortoiu, Aurel Viaicu Univ. of Arad (Romania); S. Tarnoveanu, C. Colceriu,
Univ. Lucian Blaga din Sibiu (Romania)

Author Index



Conference Committee

Symposium Chairs

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

Symposium Cochairs

Bo Gu, IPG Photonics Corporation (China)
Andreas Tinnermann, Friedrich-Schiller-Universitat Jena (Germany)

Program Track Chair

Gregory J. Quarles, BE Meyers & Company Inc. (United States)

Conference Chairs

Alexis V. Kudryashov, Moscow State Open University

(Russian Federation)
Alan H. Paxton, Air Force Research Laboratory (United States)
Vladimir S. lichenko, OEwaves, Inc. (United States)

Conference Cochairs

Lutz Aschke, LIMO Lissotschenko Mikrooptik GmbH (Germany)
Kunihiko Washio, Paradigm Laser Research Ltd. (Japan)

Program Committee

Yanne K. Chembo, FEMTO-ST (France)

Jean-Claude M. Diels, The University of New Mexico (United States)

Hans Joachim Eichler, Technische Universitat Berlin (Germany)

Andrew Forbes, Council for Scientific and Industrial Research
(South Africa)

Pierre Galarneau, INO (Canada)

Thomas Graf, Universitat Stuttgart (Germany)

Tobias J. Kippenberg, Ecole Polytechnique Fédérale de Lausanne
(Switzerland)

James R. Leger, University of Minnesota, Twin Cities (United States)

Andrey B. Matsko, OEwaves, Inc. (United States)

Shayan Mookherjeaq, University of California, San Diego (United States)

Steve A. Pappert, Booz Allen Hamilton Inc. (United States)



Andrew W. Poon, Hong Kong University of Science and Technology
(Hong Kong, China)

Michelle L. Povinelli, The University of Southern California (United
States)

Michael Scaggs, Neoteric Concepts, LLC (United States)

Lan Yang, Washington University in St. Louis (United States)

Session Chairs

1

10

11

12

Resonators
Alexis V. Kudryashov, Moscow State Open University
(Russian Federation)

Beam Shaping |
Lutz Aschke, LIMO Lissotschenko Mikrooptik GmbH (Germany)

Beam Shaping I
Lutz Aschke, LIMO Lissotschenko Mikrooptik GmbH (Germany)

Beam or Mode Diagnostics
Kunihiko Washio, Paradigm Laser Research Ltd. (Japan)

Adaptive Optics
Alan H. Paxton, Air Force Research Laboratory (United States)

Microcavity Lasers and Applications |
Vladimir S. lichenko, OEwaves, Inc. (United States)

Parametric Processes in Microresonators
Andrey B. Matsko, OEwaves, Inc. (United States)

Integration of Microresonators and Photonic Circuits
Andrew W. Poon, Hong Kong University of Science and Technology
(Hong Kong, China)

Novel Microresonators
Vladimir S. lichenko, OEwaves, Inc. (United States)

Microcavity Lasers and Applications I
Vladimir S. lichenko, OEwaves, Inc. (United States)

Microresonator-Based Sensors |
Michelle L. Povinelli, The University of Southern California
(United States)

Microresonator-Based Sensors Il
Andrey B. Matsko, OEwaves, Inc. (United States)



13

14

15

16

17

Microresonator-Based Sensors I
Linda He, Washington University in St. Louis (United States)

Resonant Opto-Mechanics
Christine Wang, Ecole Polytechnique Fédérale de Lausanne
(Switzerland)

Resonant Four-Wave Mixing and Applications
Pierre Galarneau, INO (Canada)

Doped Microresonators
Yanne K. Chembo, FEMTO-ST (France)

Coupled Microresonators and Effects
Vladimir S. lichenko, OEwaves, Inc. (United States)

Xi






