PROCEEDINGS OF SPIE

MOEMS and Miniaturized
Systems XllI

Wibool Piyawattanametha
Yong-Hwa Park
Editors

3-6 February 2014
San Francisco, California, United States

Sponsored by
SPIE

Cosponsored by
Samsung Advanced Institute of Technology (Korea, Republic of)

Published by
SPIE

Volume 8977

Proceedings of SPIE 0277-786X, V. 8977

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

MOEMS and Miniaturized Systems XIIl, edited by Wibool Piyawattanametha,
Yong-Hwa Park, Proc. of SPIE Vol. 8977, 897701 - © 2014 SPIE
CCC code: 0277-786X/14/$18 - doi: 10.1117/12.2063251

Proc. of SPIE Vol. 8977 897701-1



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 MOEMS and Miniaturized Systems Xlll, edited by Wibool
Piyawattanametha, Yong-Hwa Park, Proceedings of SPIE Vol. 8977 (SPIE, Belingham, WA, 2014)
Article CID Number.

ISSN: 0277-786X
ISBN: 9780819498908

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 © 2014, Society of Photo-Opfical 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 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/14/$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. Ufilization of CIDs allows articles to be
fully citable as soon as they are published online, and connects the same identifier fo 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. 8977 897701-2



Contents

vii Conference Committee

MICROSCANNER

8977 05 Micro-scanning mirrors for high-power laser applications in laser surgery (Invited Paper)
[8977-3]
T. Sandner, S. Kimme, T. Grasshoff, U. Todt, A. Graf, C. Tulea, A. Lenenbach, H. Schenk,
Fraunhofer-Institut fUr Photonische Mikrosysteme (Germany)

8977 06 Two-dimensional scanning using two single-axis low-voltage PZT resonant micromirrors
[8977-4]
S. Gu-Stoppel, J. Janes, H. J. Quenzer, U. Hofmann, W. Benecke, Fraunhofer-Institut fOr
Siliziumtechnologie (Germany)

8977 07 Analysis of capacitive sensing for 2D-MEMS scanner laser projection [8977-5]
T. von Wantoch, C. Mallas, U. Hofmann, J. Janes, B. Wagner, W. Benecke, Fraunhofer-
Institut fUr Siliziumtechnologie (Germany)

8977 08 Tunable External Cavity Quantum Cascade Lasers (EC-QCL): an application field for
MOEMS based scanning gratings [8977-6]
J. Grahmann, A. Merten, Fraunhofer-Institut fir Photonische Mikrosysteme (Germany);
R. Ostendorf, Fraunhofer-Institut fir Angewandte Festkdrperphysik (Germany); M. Fontenot,
Fraunhofer-Institut fUr Photonische Mikrosysteme (Germany); D. Bleh, Fraunhofer-Institut fOr
Angewandte Festkdrperphysik (Germany); H. Schenk, Fraunhofer-Institut fir Photonische
Mikrosysteme (Germany); H.-J. Wagner, Fraunhofer-Institut fir Angewandte
Festkorperphysik (Germany)

8977 09 High speed focus control capability of elecirostatic-pneumatic MEMS deformable mirrors
[8977-7]
M. J. Moghimi, K. N. Chattergoon, D. L. Dickensheets, Montana State Univ. (United States)

8977 0A Wafer-level vacuum-packaged two-axis MEMS scanning mirror for pico-projector
application [8977-8]
U. Hofmann, F. Senger, J. Janes, C. Mallas, V. Stenchly, T. von Wantoch, H.-J. Quenzer,
M. Weiss, Fraunhofer-Institut fUr Siliziumtechnologie (Germany)

8977 0B Rapidly analyzing parametric resonance and manufacturing yield of MEMS 2D scanning

mirrors using hybrid finite-element/behavioral modeling [8977-36]
S. Maity, S. Liu, Coventor, Inc. (United States); S. Rouvillois, G. Lorenz, Coventor, SARL
(France); M. Kamon, Coventor, Inc. (United States)

Proc. of SPIE Vol. 8977 897701-3



MOEMS FOR IMAGING APPLICATIONS

8977 0C

8977 0D

8977 OE

8977 OF

8977 0G

A robust design and fabrication of micromachined electro-absorptive optical modulator
for 3D imaging (Invited Paper) [8977-9]

Y.-H. Park, Y.-C. Cho, J.-W. You, C.-Y. Park, H. Yoon, S.-H. Lee, Samsung Advanced Insfitute
of Technology (Korea, Republic of); B.-H. Na, G.-W. Ju, H.-J. Choi, Y.-T. Lee, Gwangju
Institute of Science and Technology (Korea, Republic of)

Next generation miniature simultaneous multi-hyperspectral imaging systems [8977-10]
M. Hinnrichs, Pacific Advanced Technology, Inc. (United States); N. Gupta, U.S. Army
Research Lab. (United States)

MEMS based miniature FT-IR engine with built-in photodetector (MOEMS-MEMS Best Paper
Award) [8977-11]

Y. Warashina, T. Suzuki, K. Kasamori, R. Okumura, Y. Matsuo, M. Takemura, Homamatsu
Photonics K.K. (Japan)

A new generation of MEMS middle-infrared spectrometers [8977-12]

T. Ofto, R. Saupe, Fraunhofer-Institut fUr Elekironische Nanosysteme (Germany); V. Stock,
TQ Systems GmbH (Germany); T. Seider, T. Gessner, Fraunhofer-Institut fUr Elektronische
Nanosysteme (Germany)

MEMS Fabry-Perot interferometer with Si-air mirrors for mid- and thermal infrared [8977-13]
M. Tuohiniemi, A. N&sild, A. Akujarvi, VTT Technical Research Cir. of Finland (Finland)

MOEMS COMPONENTS AND SYSTEMS

8977 OH

8977 Ol

8977 0J

High-speed 32x32 MEMS optical phased array (Invited Paper) [8977-14]

M. Megens, Univ. of California, Davis (United States); B.-W. Yoo, Univ. of California, Berkeley
(United States); T. Chan, Univ. of California, Davis (United States); W. Yang, T. Sun,

C. J. Chang-Hasnain, M. C. Wu, Univ. of Cdlifornia, Berkeley (United States); D. A. Horsley,
Univ. of California, Davis (United States)

Newly developed broadband plasmonic absorber for uncooled infrared detectors
[8977-15]

H.-S. Park, Samsung Advanced Institute of Technology (Korea, Republic of) and Seoul
National Univ. (Korea, Republic of); S. H. Nam, H.-G. Hong, S. Roh, S. Yun, J. Kim, Samsung
Advanced Institute of Technology (Korea, Republic of); D. Kwon, Seoul National Univ.
(Korea, Republic of); U.-l. Chung, Samsung Advanced Institute of Technology (Korea,
Republic of)

Three-dimensional collimation of in-plane-propagating light using silicon micromachined
mirror [8977-16]

Y. M. Sabry, Ecole Supérieure d’'Ingénieurs en Electronique et Electrotechnique (France), Si-
Ware Systems (Egypt), and Ain Shams Univ. (Egypt); D. Khalil, Si-Ware Systems (Egypt) and
Ain-Shams Univ. (Egypt); B. Saadany, Si-Ware Systems (Egypt); T. Bourouina, Ecole
Supérieure d'Ingénieurs en Electronique et Electrotechnique (France) and Si-Ware Systems
(Egypt)

Proc. of SPIE Vol. 8977 897701-4



8977 OK

8977 OL

8977 OM

Analog of electromagnetically induced fransparency in coupled one-dimensional
photonic crystal cavities [8977-17]

F. Tian, G. Zhou, F. S. Chau, Y. Du, National Univ. of Singapore (Singapore); J. Deng, A*STAR
Institute of Materials Research and Engineering (Singapore)

Nano-scale optical actuation based on coupled one-dimensional photonic crystal
cavities [8977-18]

F. Tian, G. Zhou, F. S. Chau, Y. Du, National Univ. of Singapore (Singapore); J. Deng, A*STAR
Institute of Materials Research and Engineering (Singapore)

A bi-material microbeam based thermal actuator for out-of-plane rotation [8977-19]
A. Najafi Sohi, P. M. Nieva, Univ. of Waterloo (Canada)

SPATIAL LIGHT MODULATOR

8977 ON

8977 00

8977 OP

8977 0Q

Holographic display with a FPD-based complex spatial light modulator (Invited Paper)
[8977-20]

S. Hoon, G. Sung, K. Won, J. An, Y. Yun, J. E. Jung, J. Ungnapatanin, Samsung Advanced
Institute of Technology (Korea, Republic of); D.-J. Lim, H. Kim, Korea Univ. (Korea, Republic
of); H.-S. Lee, U. I. Chung, Samsung Advanced Institute of Technology (Korea, Republic of)

High-speed one-dimensional spatial light modulator for Laser Direct Imaging and other
patterning applications [8977-21]

J.-U. Schmidt, U. A. Dauderstaedt, P. Duerr, M. Friedrichs, T. Hughes, T. Ludewig, D. Rudloff,
T. Schwaten, D. Trenkler, M. Wagner, |. Wullinger, Fraunhofer-Institut fir Photonische
Mikrosysteme (Germany); A. Bergstrom, P. Bjoernangen, F. Jonsson, T. Karlin, P. Ronnholm,
T. Sandstrom, Micronic Mydata AB (Sweden)

Speckle reduction technique for embeddable MEMS-laser pico-projector (Best Paper
Award) [8977-22]
N. Abelé, C. Le Gros, J. Masson, L. Kilcher, Lemoptix SA (Switzerland)

Large array of 2048 tilting micromirrors for astronomical spectroscopy: optical and
cryogenic characterization [8977-23]

F. Zamkotsian, Lab. d' Astrophysique de Marseille (France); M. Canonica, Ecole
Polytechnique Fédérale de Lausanne (Switzerland) and Massachusetts Institute of
Technology (United States); P. Lanzoni, Lab. d' Astrophysique de Marseille (France);
W. Noell, Ecole Polytechnique Fédérale de Lausanne (Switzerland); S. Lani, Ctr. Suisse
d'Electronique et de Microtechnique SA (Switzerland)

MICROSPECTROMETER AND OPTICAL FILTERS

8977 OR

MMI-based MOEMS FT spectrometer for visible and IR spectral ranges [8977-24]

B. M. Al-Demerdash, Ain Shams Univ. (Egypt) and Si-Ware Systems (Egypt); M. Medhat,
Si-Ware Systems (Egypt); Y. M. Sabry, Ain Shams Univ. (Egypt) and Si-Ware Systems (Egypt);
B. Saadany, Si-Ware Systems (Egypt); D. Khalil, Ain Shams Univ. (Egypt) and Si-Ware Systems
(Egypt)

Proc. of SPIE Vol. 8977 897701-5



vi

8977 0S

On-chip NIR optical spectrometer based on polymeric waveguide and metallic nano-
structures [8977-25]

M. Malak, Ecole Polytechnique Fédérale de Lausanne (Switzerland); K. Jefimovs, Paul
Scherrer Institut (Switzerland); I. Philipoussis, Ecole Polytechnique Fédérale de Lausanne
(Switzerland); E. Alberti, Micos Engineering GmbH (Switzerland); T. Scharf, Ecole
Polytechnique Fédérale de Lausanne (Switzerland)

8977 0T Resolution and speed improvements of mid-infrared Fabry-Perot microspectrometers for
the analysis of hydrocarbon gases [8977-26]
M. Ebermann, N. Neumann, InfraTec GmbH (Germany); K. Hiller, M. Seifert, Technische
Univ. Chemnitz (Germany); M. Meinig, S. Kurth, Fraunhofer-Institut fUr Elektronische
Nanosysteme (Germany)

8977 0U MEMS Fabry-Perot interfferometer-based spectrometer demonstrator for 7.5 pm to 9.5 pym
wavelength range (Invited Paper) [8977-27]
J. H. Mdkynen, M. Tuohiniemi, A. N&sild, R. Mannila, J. E. Anfila, VTT Technical Research Cir.
of Finland (Finland)

8977 QV MEMS optical tunable filter based on free-standing subwavelength silicon layers [8977-28]
H. Omran, Ain Shams Univ. (Egypt); Y. M. Sabry, Ain Shams Univ. (Egypt) and Si-Ware
Systems (Egypt); M. Sadek, K. Hassan, Si-Ware Systems (Egypt); M. Y. Shalaby, Ain Shams
Univ. (Egypt); D. Khalil, Ain Shams Univ. (Egypt) and Si-Ware Systems (Egypt)
MOEMS FOR SENSING APPLICATIONS

8977 OW MEMS infrared approaches to detector based on nonlinear oscillation and wavelength
selective emitter using surface plasmon polariton (Invited Paper) [8977-29]
M. Sasaki, S. Kumagai, Toyota Technological Institute (Japan)

8977 OX Tunable MOEMS Fabry-Perot interferometer for miniaturized spectral sensing in near-
infrared [8977-30]
A. Rissanen, R. Mannila, M. Tuohiniemi, A. Akujarvi, J. Antila, VTT Technical Research Cir. of
Finland (Finland)

8977 QY Planar integrated polymer-based optical strain sensor (Best Student Paper Award)
[8977-31]
C. Kelb, E. Reithmeier, B. Roth, Leibniz Univ. Hannover (Germany)

8977 07 Mechanically amplified MEMS optical accelerometer with FPI readout [8977-32]
E. Davies, Imperial College London (United Kingdom); D. S. George, AWE plc (United
Kingdom); A. S. Holmes, Imperial College London (United Kingdom)
POSTER SESSION

8977 10 Efficient grating simulation for general incident beam [8977-33]

S. Zhang, F. Wyrowski, Friedrich-Schiller-Univ. Jena (Germany); J. Tervo, Univ. of Eastern
Finland (Finland)

Proc. of SPIE Vol. 8977 897701-6



8977 11

8977 12

Parabasal thin element approximation for the analysis of the diffractive optical elements
[8977-34]

H. Zhong, S. Zhang, F. Wyrowski, M. Ahmad, Friedrich-Schiller-Univ. Jena (Germany);

H. Schweitzer, LightTrans VirtualLab UG (Germany)

120° silicon double mirrors for use in a micro-optical gyroscope [8977-35]
T. Niesel, A. Dietzel, Technische Univ. Braunschweig (Germany)

ADDITIONAL MANUSCRIPT

8977 17

Quasi-static microscanner with linearized scanning for an adaptive 3D laser camera
[8977-501]

T. Sandner, T. Grasshoff, M. Schwarzenberg, R. Schroedter, H. Schenk, Fraunhofer-Insfitut fir

Photonische Mikrosysteme (Germany)

Author Index

Proc. of SPIE Vol. 8977 897701-7

vii



Proc. of SPIE Vol. 8977 897701-8



Conference Committee

Symposium Chair

David L. Dickensheets, Montana State University (United States)

Symposium Co-chair

Holger Becker, microfluidic ChipShop GmbH (Germany)

Conference Chairs

Wibool Piyawattanametha, NECTEC (Thailand) and Chulalongkorn
University (Thailand)

Yong-Hwa Park, Samsung Advanced Institute of Technology
(Korea, Republic of)

Conference Program Committee

Wyatt O. Davis, MicroVision, Inc. (United States)

David L. Dickensheets, Montana State University (United States)

Jean-Christophe Eloy, Yole Développement (France)

Sonia M. Garcia-Blanco, Universiteit Twente (Netherlands)

Jan Grahmann, Fraunhofer Institute for Photonic Microsystems
(Germany)

Jason C. Heikenfeld, University of Cincinnati (United States)

lI-Woong Jung, Argonne Nafional Laboratory (United States)

Jonathan T. Liv, Stony Brook University (United States)

Veljko Milanovic, Mirrorcle Technologies, Inc. (United States)

Harald Schenk, Fraunhofer Institute for Photonic Microsystems
(Germany)

Jason B. Stewart, MIT Lincoln Laboratory (United States)

Wanjun Wang, Louisiana State University (United States)

Guangya Zhou, National University of Singapore (Singapore)

Session Chairs

1

Miniature Instruments for Endoscopic Microscopy: Joint Session
with Conferences 8927A and 8977
Jonathan T. Liu, Stony Brook University (United States)

Microscanner

Yong-Hwa Park, Samsung Advanced Institute of Technology
(Korea, Republic of)

Proc. of SPIE Vol. 8977 897701-9



MOEMS for Imaging Applications
David L. Dickensheets, Montana State University (United States)

MOEMS Components and Systems
Guangya Zhou, National University of Singapore (Singapore)

Spatial Light Modulator
Jan-Uwe Schmidt, Fraunhofer Institute for Photonic Microsystems
(Germany)

Microspectrometer and Optical Filters
Guangya Zhou, National University of Singapore (Singapore)

MOEMS for Sensing Applications
Wyatt O. Davis, MicroVision, Inc. (United States)

Proc. of SPIE Vol. 8977 897701-10



