
The International Society

for Optical Engineering 

  SPIE is an international technical society dedicated to advancing engineering and scientific 
applications of optical, photonic, imaging, electronic, and optoelectronic technologies. 

MOEMS and Miniaturized 
Systems VI 

David L. Dickensheets 
Bishnu P. Gogoi 
Harald Schenk 
Chairs/Editors 
 
 
24–25 January 2007 
San Jose, California, USA 
 
 
Sponsored and Published by 
SPIE—The International Society for Optical Engineering 
 

Volume 6466

���������	��	
��	�
�
	���
���	������
���
��������
���

�����	��	���	��	����	���	������	
����
�������
�
	��
��
�
��������


	���������	�������
�
	�����	��
�

����
�
	���
���	
�
�����

PROCEEDINGS OF SPIE 



The papers included in this volume were part of the technical conference cited on the 
cover and title 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 VI, edited by David L. 
Dickensheets, Bishnu P. Gogoi, Harald Schenk, Proceedings of SPIE Vol. 6466 (SPIE, 
Bellingham, WA, 2007) Article CID Number. 
 
ISSN 0277-786X 
ISBN 9780819465795 
 
 
Published by 
SPIE—The International Society for Optical Engineering 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone 1 360/676-3290 (Pacific Time)· Fax 1 360/647-1445 
http://www.spie.org 
 
Copyright © 2007, The 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 $15.00 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 
http://www.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/07/$15.00. 
 
Printed in the United States of America. 



 
 
Pagination: 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 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. 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. 
 
 

  Contents 

 
 vii Conference Committee 
  
 
 SESSION 1 MICROSPECTROMETERS  
 
 646602 Miniaturized FTIR-spectrometer based on an optical MEMS translatory actuator [6466-01] 
  T. Sandner, Fraunhofer Institute for Photonic Microsystems (Germany); A. Kenda, Carinthian 

Tech Research AG (Austria); C. Drabe, H. Schenk, Fraunhofer Institute for Photonic 
Microsystems (Germany); W. Scherf, Carinthian Tech Research AG (Austria) 

 
 646603 Uniform tilt-angle micromirror array for multi-object spectroscopy [6466-02] 
  S. Waldis, P.-A. Clerc, Univ. of Neuchatel (Switzerland); F. Zamkotsian, Lab. d'Astrophysique 

de Marseille (France); M. Zickar, W. Noell, N. de Rooij, Univ. of Neuchatel (Switzerland) 
 
 646604 Using MEMS technology for cost effective recycling of plastics [6466-03] 
  Y. Geller, Polychromix (USA) 
 
 646605 Investigation and characterization of high-efficient NIR-scanning gratings used in NIR 

micro-spectrometer [6466-04] 
  F. Zimmer, A. Heberer, Th. Sandner, H. Grueger, H. Schenk, H. Lakner, Fraunhofer Institute for 

Photonic Microsystems (Germany); A. Kenda, W. Scherf, Carinthian Tech Research AG 
(Austria) 

 
 646606 Tunable infrared detector with integrated micromachined Fabry-Perot filter [6466-05] 
  N. Neumann, M. Ebermann, InfraTec GmbH (Germany); K. Hiller, Chemnitz Univ. of 

Technology (Germany); S. Kurth, Fraunhofer Institute for Reliability and Microintegration 
(Germany) 

 
 646607 An indium phosphide-based near-infrared MOEMS microspectrometer for agri-food and 

environmental monitoring [6466-06] 
  M. Garrigues, J. Leclercq, R. Gil-Sobraqués, École Centrale de Lyon, LEOM (France);  

O. Parillaud, Alcatel Thalès III-V Lab. (France); M. Crochon, J.-M. Roger, CEMAGREF, ITAP 
(France); O. Amore, B. Vilotitch, Datalink Instruments (France) 

 
 

iii



 SESSION 2 DISPLAY APPLICATIONS  
 
 646608 MEMS compatible illumination and imaging micro-optical systems (Invited Paper) 

[6466-07] 
  A. Bräuer, P. Dannberg, J. Duparré, B. Höfer, P. Schreiber, Fraunhofer Institute for Applied 

Optics and Precision Engineering (Germany); M. Scholles, Fraunhofer Institute Photonic 
Mikrosystems (Germany)  

 
 646609 The iMoD display: considerations and challenges in fabricating MOEMS on large area glass 

substrates (Invited Paper) [6466-08] 
  C. Chui, P. D. Floyd, D. Heald, B. Arbuckle, A. Lewis, M. Kothari, B. Cummings, L. Palmateer, 

QUALCOMM MEMS Technologies, Inc. (USA); J. Bos, D. Chang, J. Chiang, L.-M. Wang,        
E. Pao, F. Su, V. Huang, QUALCOMM MEMS Technologies Taiwan, Ltd. (Taiwan); W.-J. Lin, 
W.-C. Tang, J.-J. Yeh, C.-C. Chan, F.-A. Shu, Y.-D. Ju, Prime View International Co., Ltd. 
(Taiwan) 

 
 64660A Ultra compact laser projection systems based on two-dimensional resonant micro 

scanning mirrors [6466-09] 
  M. Scholles, Fraunhofer Institute for Photonic Microsystems (Germany); A. Bräuer, 

Fraunhofer Institute for Applied Optics and Precision Engineering (Germany);  
  K. Frommhagen, Ch. Gerwig, H. Lakner, H. Schenk, M. Schwarzenberg, Fraunhofer Institute 

for Photonic Microsystems (Germany) 
 
 64660B Electrostatic 1D microscanner with vertical combs for HD resolution display [6466-10] 
  J.-W. Cho, Y.-H. Park, Y.-C. Ko, B.-L. Lee, S.-J. Kang, S.-W. Chung, W.-K. Choi, Y.-C. Cho,  
  S.-M. Chang, J.-H. Lee, J. Sunu, Samsung Advanced Institute of Technology (South Korea) 
 
 
 SESSION 3 HIGH RESOLUTION SCAN MIRRORS  
 
 64660C Electro-opto-mechanical cantilever-based logic gates [6466-25] 
  G. Rehder, M. I. Alayo, H. B. Medina, M. N. P. Carreño, Univ. of São Paulo (Brazil) 
 
 64660D High-performance silicon scanning mirror for laser printing (Invited Paper) [6466-11] 
  W. O. Davis, D. Brown, Microvision, Inc. (USA); M. Helsel, North Seattle Community College 

(USA); R. Sprague, G. Gibson, Microvision, Inc. (USA); A. Yalcinkaya, H. Urey, Koç Univ. 
(Turkey) 

 
 64660E Fracture strength of SOI springs in MEMS micromirrors [6466-12] 
  S.-T. Hsu, Fraunhofer Institute for Photonic Microsystems (Germany); A. Wolter, HiperScan 

(Germany); W.-D. Owe, H. Schenk, Fraunhofer Institute for Photonic Microsystems 
(Germany) 

 
 
 SESSION 4 IMAGING APPLICATIONS  
 
 64660F Zoom camera based on liquid lenses (Invited Paper) [6466-13] 
  S. Kuiper, B. H. W. Hendriks, J. F. Suijver, S. Deladi, I. Helwegen, Philips Research 

(Netherlands) 
 
 
 
 
 

iv



 64660G Reflectance and fluorescence imaging with a MEMS dual-axes confocal microscope 
(Invited Paper) [6466-14] 

  H. Ra, Stanford Univ. (USA); W. Piyawattanametha, Stanford Univ. (USA) and National 
Electronics and Computer Technology Ctr. (Thailand); Y. Taguchi, O. Solgaard, Stanford 
Univ. (USA) 

 
 64660H High-speed three-dimensional endoscopic OCT using MEMS technology (Invited Paper) 

[6466-15] 
  Z. Chen, W. Jung, Beckman Laser Institute (USA) and Univ. of California, Irvine (USA);  
  Y.-C. Ahn, Beckman Laser Institute (USA); A. Sepehr, Beckman Laser Institute (USA) and 

Univ. of California, Irvine (USA); W. B. Armstrong, Univ. of California, Irvine (USA); M. Brenner, 
Beckman Laser Institute (USA) and Univ. of California, Irvine (USA); D. T. McCormick, 
Berkeley Sensor and Actuator Ctr. (USA) and Univ. of California, Berkeley (USA); N. C. Tien, 
Case Western Reserve Univ. (USA) 

 
 64660I A new micro laser camera [6466-16] 
  C. Drabe, Fraunhofer Institut Photonische Mikrosysteme (Germany); R. James, Microvision, 

Inc. (USA); T. Klose, A. Wolter, H. Schenk, H. Lakner, Fraunhofer Institut Photonische 
Mikrosysteme (Germany) 

 
 64660J Update on MEMS-based scanned beam imager [6466-17] 
  R. James, G. Gibson, F. Metting, W. Davis, Microvision, Inc. (USA); C. Drabe, Fraunhofer-

Institut Photonische Mikrosysteme (Germany) 
 
 64660K Spherical artificial compound eye captures real images [6466-18] 
  J. Duparré, Fraunhofer-Institut Angewandte Optik und Feinmechanik (Germany);  
  D. Radtke, Friedrich Schiller Univ. Jena (Germany); A. Tünnermann, Fraunhofer-Institut 

Angewandte Optik und Feinmechanik (Germany) and Friedrich Schiller Univ. Jena 
(Germany) 

 
 
 SESSION 5 MOEM COMPONENTS, SYSTEMS, AND PACKAGING  
 
 64660M Fabrication of micromechanical and microoptical systems by two-photon polymerization 

[6466-20] 
  C. Reinhardt, A. Ovsianikov, S. Passinger, B. N. Chichkov, Laser Zentrum Hannover e.V. 

(Germany) 
 
 64660N Investigation of a seesaw structure for elevating the micro-optical device by CMOS-MEMS 

process [6466-22] 
  C.-C. Tsai, S.-C. Tsai, Y.-C. Huang, Minghsin Univ. of Science and Technology (Taiwan) 
 
 64660O Long-term stability of NIST chip-scale atomic clock physics packages [6466-23] 
  S. Knappe, NIST (USA); V. Gerginov, Univ. of Notre Dame (USA); V. Shah, A. Brannon, Univ. of 

Colorado, Boulder (USA); L. Hollberg, J. Kitching, NIST (USA) 
 
 64660P Six-axis compliant mechanisms for manipulation of micro-scale fiber optics components 

[6466-24] 
  S.-C. Chen, M. L. Culpepper, MIT (USA); S. Jordan, Physik Instrumente (USA) 
 
 
 
 
 

v



  POSTER SESSION  
 
 64660Q Investigation of motion behavior for the opposite connection micro-optical devices by 

CMOS-MEMS process [6466-26] 
  C.-C. Tsai, Y.-C. Huang, S.-C. Tsai, Minghsin Univ. of Science and Technology (Taiwan) 
 
 64660R Improved homogenization of fly's eye condenser setups under coherent illumination using 

chirped microlens arrays [6466-27] 
  F. C. Wippermann, P. Dannberg, A. Bräuer, Fraunhofer Institute for Applied Optics and 

Precision Engineering (Germany); S. Sinzinger, Technical Univ. of Ilmenau (Germany) 
 
 64660S Novel modeling approach for multi-disciplinary micro domains [6466-28] 
  M. Motiee, A. Khajepour, R. R. Mansour, Univ. of Waterloo (Canada) 
 
  
  Author Index 

vi



Conference Committee 

 
Symposium Chair 

Rajeshuni Ramesham, Jet Propulsion Laboratory, California Institute of 
Technology (USA) 

 

Symposium Cochair 

Albert K. Henning, Aquarian Microsystems (USA) 
 

Conference Chairs 

David L. Dickensheets, Montana State University-Bozeman (USA) 
Bishnu P. Gogoi, Evigia Systems, Inc. (USA) 
Harald Schenk, Fraunhofer-Institut für Photonische Mikrosysteme 

(Germany) 
 

Program Committee 

Susanne Arney, Lucent Technologies/Bell Laboratories (USA) 
Christiaan Baert, IMEC (Belgium) 
Edwin T. Carlen, Charles Stark Draper Laboratory, Inc. (USA) 
Claire Divoux, CEA-LETI (France) 
Jean-Christophe Eloy, Yole Développment (France) 
Kazuhiro Hane, Tohoku University (Japan) 
Joseph J. Talghader, University of Minnesota (USA) 
Hakan Ürey, Koç University (Turkey)  

 

Session Chairs 

  Microspectrometers 
Christian Drabe, Fraunhofer-Institut für Photonische Mikrosysteme                 
  (Germany) 
 

  Display Applications 
Thilo Sandner, Fraunhofer-Institut für Photonische Mikrosysteme (Germany) 
 

  High Resolution Scan Mirrors 
Olav D. Solgaard, Stanford University (USA) 
 

  Imaging Applications 
Harald Schenk, Fraunhofer-Institut für Photonische Mikrosysteme                  
   (Germany) 
 

  MOEM Components, Systems, and Packaging 
David L. Dickensheets, Montana State University/Bozeman (USA) 

vii




