PROCEEDINGS OF SPIE

Microfluidics, BioMEMS, and
Medical Microsystems IX

Holger Becker
Bonnie L. Gray
Editors

23-25 January 2011
San Francisco, Cadlifornia, United States

Sponsored by

SPIE

Cosponsored by

microfluidic ChipShop GmbH (Germany)

Nanolnk, Inc. (United States)

Published by
SPIE

Volume 7929

Proceedings of SPIE, 0277-786X, v. 7929

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



The papers included in this volume were part of the technical conference cited on the cover and
fitle page. Papers were selected and subject fo 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 Microfluidics, BlIoMEMS, and Medical Microsystems IX, edited by Holger
Becker, Bonnie L. Gray, Proceedings of SPIE Vol. 7929 (SPIE, Belingham, WA, 2011) Article CID
Number.

ISSN 0277-786X
ISBN 9780819484666

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 © 2011, 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 mulfiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is
0277-786X/11/$18.00.

Printed in the United States of America.

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

SPIE &
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 sefts 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.



Contents

vii Conference Committee
iX Lateral spread of MEMS WDM technologies (Plenary Paper) [7930-202]

H. Toshiyoshi, The Univ. of Tokyo (Japan)
MOEMS-MEMS PLENARY SESSION

7929 02 Toy Story: what | have learned from playing with toys about the physics of living cells
(Plenary Paper) [7929-203]
R. H. Austin, Princeton Univ. (United Stafes)
MICROFLUIDIC DEVICES AND SYSTEMS FOR PATHOGEN DETECTION: JOINT SESSION WITH
CONFERENCE 7888

7929 03 Integrated lab-on-a-chip: a combined sample preparation and PCR system as an ultrafast
analytical tool for pathogen detection (Invited Paper) [7929-01]
H. Becker, N. Hlawatsch, R. Klemm, C. Gartner, microfluidic ChipShop GmbH (Germany)
CELL AND PARTICLE-BASED SYSTEMS

7929 05 Complementary approaches to investigating cancer cell dynamics in the tumor
microenvironment [7929-03]
M. R. Padgen, W. K. Raja, Univ. at Albany (United States); B. Gligorijevic, Albert Einstein
College of Medicine of Yeshiva Univ. (United States); J. K. Williams, Univ. at Aloany (United
States); J. S. Condeselis, Albert Einstein College of Medicine of Yeshiva Univ. (United States);
J. Castracane, Univ. at Albany (United States)

7929 06 A completely transparent MEMS for mechanical properties evaluation of a single living cell
(Best Student Paper Award) [7929-04]
R. Fior, S. Maggiolino, Univ. of Trieste (Italy); M. Lazzarino, IOM-CNR Lab. TASC (Italy);
O. Sbaizero, Univ. of Trieste (Italy)

7929 07 Inertial microfluidics for continuous separation of cells and particles [7929-05]
A. Chatterjee, S. S. Kuntaegowdanahalli, I. Papautsky, Univ. of Cincinnati (United States)

7929 08 A pneumatic actuated microfluidic beads-trapping device [7929-06]

G. Shaoo, Z. Cai, Louisiana State Univ. (United States); J. Wang, Pacific Northwest National
Lab. (United States); W. Wang, Louisiana State Univ. (United States); Y. Lin, Pacific Northwest
National Lab. (United States)



7929 09 Optical propulsion of mammalian eukaryotic cells on an integrated channel waveguide
[7929-07]
M. M. Shahimin, N. M. B. Perney, S. Brooks, Univ. of Southampton (United Kingdom);
N. Hanley, The Univ. of Manchester (United Kingdom) and Univ. of Southampton (United
Kingdom); K. L. Wright, J. S. Wilkinson, T. Melvin, Univ. of Southampton (United Kingdom)
DIAGNOSTICS

7929 OA Development path and current status of the NANIVID: a new device for cancer cell studies
(Invited Paper) [7929-35]
W. K. Raja, M. R. Padgen, J. K. Williams, Univ. at Albany (United States); J. Wyckoff,
J. Condeelis, Albert Einstein College of Medicine of Yeshiva Univ. (United States);
J. Castracane, Univ. at Albany (United States)

7929 0C Microfluidic MEMS hand-held flow cytometer [7929-09]
M. M. G. Grafton, T. Maleki, M. D. Zordan, L. M. Reece, Purdue Univ. (United States); R. Byrnes,
A. Jones, P. Todd, Techshot, Inc. (United States); J. F. Leary, Purdue Univ. (United States)

7929 0D A sample-in result-out lab-on-a-chip device: from prototype to mass fabrication [7929-10]
R. Klemm, N. Hlawatsch, C. Gartner, microfluidic ChipShop GmbH (Germany); M. Jung,
J. Hoth, Institut fUr Mikrotechnik Mainz GmbH (Germany); C. O'Sullivan, Univ. Rovira i Virgili
(Spain); H. Becker, microfluidic ChipShop GmbH (Germany)

7929 OE From sample-to-answer: integrated genotyping and immunological analysis microfluidic
platforms for the diagnostic and treatment of coeliac disease [7929-11]
M. Jung, J. H&th, J. Erwes, D. Latta, X. Strobach, Institut fUr Mikrotechnik Mainz GmbH
(Germany); T. Hansen-Hagge, R. Klemm, C. Gartner, microfluidic ChipShop GmbH
(Germany); T. M. Demiris, micro2gen Ltd. (Greece); C. O'Sullivan, Univ. Rovira i Virgili (Spain);
M. Ritzi-Lehnert, K. S. Drese, Institut fir Mikrotechnik Mainz GmbH (Germany)
DEVICES AND SYSTEMS |

7929 OF A new electrowetting lab-on-a-chip platform based on programmable and virtual wall-less
channels (Invited Paper) [7929-12]
A. Banerjee, E. Kreit, M. Dhindsa, J. Heikenfeld, |. Papautsky, Univ. of Cincinnati (United
States)

7929 0G Fabrication and testing of thermally responsive hydrogel-based actuators using polymer
heater elements for flexible microvalves [7929-13]
A. Li, A. Khosla, C. Drewbrook, B. L. Gray, Simon Fraser Univ. (Canada)

7929 OH Bidirectional magnetic microactuators for uTAS [7929-14]
D. D. Hilbich, A. Khosla, B. L. Gray, L. Shannon, Simon Fraser Univ. (Canada)

7929 0l Cascaded silicon-on-insulator microring resonators for the detection of biomolecules in

PDMS microfluidic channels [7929-15]
J. Flueckiger, S. M. Grist, G. Bisra, L. Chrostowski, K. C. Cheung, The Univ. of British Columbia
(Canada)



7929 0J

7929 0K

Computational study of peristaltic micropumps [7929-16]
A. Azarbadegan, |. Eames, E. Moeendarbary, Univ. College London (United Kingdom)

Optimum sensor placement in microchannel reactors: design tool applications [7929-17]
M. Sen, Northeastern Univ. (United States); J. Fiering, Charles Stark Draper Lab., Inc. (United
States); G. J. Kowalski, Northeastern Univ. (United States); D. Larson, Charles Stark Draper
Lab., Inc. (United States)

DEVICES AND SYSTEMS I

7929 OL

7929 OM

7929 00

7929 OP

Phononic fluidics: acoustically activated droplet manipulations (Invited Paper) [7929-18]
J. Reboud, R. Wilson, Y. Bourquin, Y. Zhang, S. L. Neale, J. M. Cooper, Univ. of Glasgow
(United Kingdom)

Accelerated binding kinetics by surface acoustic waves (SAW) micromixing in surface
plasmon resonance (SPR) system for biodetection [7929-19]
A. Renaudin, V. Chabot, E. Grondin, V. Aimez, P. G. Charette, Univ. de Sherbrooke (Canada)

Free-flow electrophoresis with electrode-less injection molded chips [7929-21]

S. Kéhler, Univ. of Leipzig (Germany); H. Becker, microfluidic ChipShop GmbH (Germany);
V. Beushausen, W. HUttner, H. Wackerbarth, Laser-Lab. Goéttingen e.V. (Germany);

E. Beckert, Fraunhofer Institute for Applied Optics and Precision Engineering (Germany);
S. Howitz, GeSiM mbH (Germany); D. Belder, Univ. of Leipzig (Germany)

A femtosecond laser inscribed biochip for stem cell therapeutic applications [7929-22]
D. Choudhury, W. T. Ramsay, G. Brown, N. D. Psaila, S. Beecher, R. R. Thomson, R. Kiss,
Heriot-Watt Univ. (United Kingdom); S. Pells, The Univ. of Edinburgh (United Kingdom);
N. A. Willoughby, L. Paterson, A. K. Kar, Heriot-Watt Univ. (United Kingdom)

BIOMEMS AND MEDICAL MICROSYSTEMS

7929 0Q

7929 OR

7929 0S

Nanoplasmonics as nanofluidics: transport and sensing in flowthrough nanohole arrays
(Invited Paper) [7929-23]
C. Escobedo, A. G. Brolo, R. Gordon, D. Sinton, Univ. of Victoria (Canada)

Fabrication of an implantable stretchable electro-osmosis pump [7929-25]
A. Jahanshahi, F. Axisa, J. Vanfleteren, Ghent Univ. (Belgium)

Automated platform for multiparameter stimulus response studies of metabolic activity at
the single-cell level [7929-26]

S. P. Ashili, L. Kelbauskas, J. Houkal, D. Smith, Y. Tian, C. Youngbull, H. Zhu, Arizona State Univ.
(United States); Y. H. Anis, Cairo Univ. (Egypt); M. Hupp. K. B. Lee, A. V. Kumar, J. Vela, A.
Shabilla, R. H. Johnson, M. R. Holl, D. R. Meldrum, Arizona State Univ. (United States)



DETECTION METHODS

vi

7929 0T PharmaSat: drug dose response in microgravity from a free-flying integrated biofluidic/
optical culture-and-analysis satellite (Invited Paper) [7929-27]
A. J. Ricco, M. Parra, NASA Ames Research Ctr. (United States); D. Niesel, The Univ. of Texas
Medical Branch (United States); M. Piccini, D. Ly, NASA Ames Research Cir. (United States);
M. McGinnis, A. Kudlicki, The Univ. of Texas Medical Branch (United States); J. W. Hines,
L. Timucin, C. Beasley, R. Ricks, M. Mclintyre, C. Friedericks, M. Henschke, R. Leung,
M. Diaz-Aguado, NASA Ames Research Ctr. (United States); C. Kitts, I. Mas, M. Rasay, Santa
Clara Univ. (United States); E. Agasid, E. Luzzi, K. Ronzano, D. Squires, B. Yost, NASA Ames
Research Ctr. (United States)

7929 0U Process analysis in micro-reactors: challenges and solutions with Raman spectrometry
[7929-28]
S. Mozharov, A. Nordon, Univ. of Strathclyde (United Kingdom); J. Girkin, Univ. of Durham
(United Kingdom); D. Littlejohn, Univ. of Strathclyde (United Kingdom)

7929 OV Real-time ulirafast optical interferometry of NEMS operating in fluidic environment [7929-29]
O. Svitelskiy, V. Sauer, National Institute for Nanotechnology (Canada) and Univ. of Alberta
(Canada); N. Liu, Univ. of Alberta (Canada); K.-M. Cheng, E. Finley, National Institute for
Nanotechnology (Canada); M. R. Freeman, National Institute for Nanotechnology
(Canada) and Univ. of Alberta (Canada); W. K. Hiebert, National Institute for
Nanotechnology (Canadal)
POSTER SESSION

7929 0X A MEMS ultrasonic sensor design for early detection of ovarian cancer [7929-31]
O. Onen, Univ. of South Florida (United States); P. Kruk, Univ. of South Florida Health (United
States); R. Guldiken, Univ. of South Florida (United States)

7929 OY Efficient control system for PCR chips [7929-32]
J. D. Kim, Hallym Univ. (Korea, Republic of); J. Kim, G. Lee, Biomedlab Co., Ltd. (Korea,
Republic of)

7929 07 Initial experiments with flexible conductive electrodes for potential applications in cancer
tissue screening [7929-33]
D. Chung, S. Seyfollahi, A. Khosla, B. Gray, A. Parameswaran, Simon Fraser Univ. (Canadal);
R. Ramaseshan, BC Cancer Agency (Canada); K. Kohli, Fraser Valley Cancer Cir. (Canada)

7929 10 Robust detection of peak signals for lateral flow immunoassays [7929-34]

J. Kim, Biomedlab Co., Ltd. (Korea, Republic of); J. D. Kim, K. B. Nahm, E. Y. Choi, Hallym Univ.
(Korea, Republic of); G. Lee, Biomedlab Co., Ltd. (Korea, Republic of)

Author Index



Conference Committee

Symposium Chair

Thomas J. Suleski, The University of North Carolina at Charlotte (United
States)

Symposium Cochair

Harald Schenk, Fraunhofer Institute for Photonic Microsystems
(Germany)

Conference Chairs

Holger Becker, microfluidic ChipShop GmbH (Germany)
Bonnie L. Gray, Simon Fraser University (Canada)

Program Committee

Eva M. Campo, Centro Nacional de Microelectréonica (Spain)
Bruce K. Gale, The University of Utah (United States)

Albert K. Henning, Nanolnk, Inc. (United States)

Yu-Cheng Lin, National Cheng Kung University (Taiwan)

Yuehe Lin, Pacific Northwest National Laboratory (United States)
lan Papautsky, University of Cincinnati (United States)

Albert van den Berg, Universiteit Twente (Netherlands)

Claude M. Vauchier, CEA-LETI (France)

Wanjun Wang, Louisiana State University (United States)
Bernhard H. Weigl, PATH (United States)

Session Chairs
MOEMS-MEMS Plenary Session

1 Microfluidic Devices and Systems for Pathogen Detection: Joint Session
with Conference 7888
Benjamin L. Miller, University of Rochester Medical Center (United
States)

2 Cell and Particle-Based Systems
Holger Becker, microfluidic ChipShop GmbH (Germany)

3 Diagnostics
Bonnie L. Gray, Simon Fraser University (Canada)

vii



viii

Devices and System:s |
James Castracane, University at Aloany (United States)

Devices and Systems |
lan Papautsky, University of Cincinnati (United States)

BioMEMS and Medical Microsystems
Ciara K. O'Sullivan, Universitat Rovira i Virgili (Spain)

Detection Methods
Holger Becker, microfluidic ChipShop GmbH (Germany)





