PROCEEDINGS OF SPIE

Microfluidics, BiIoMEMS, and
Medical Microsystems Xlli

Bonnie L. Gray
Holger Becker
Editors

2-4 February 2014
San Francisco, Cadlifornia, United States

Sponsored by
SPIE

Coponsored by

Samsung Advanced Institute of Technology (Korea, Republic of)

microfluidic ChipShop GmbH (Germany)

Ohio Center for Microfluidic Innovation, University of Cincinnati (United States)

Published by
SPIE

Volume 8976

Proceedings of SPIE 0277-786X, V. 8976

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

Microfluidics, BIoOMEMS, and Medical Microsystems XlI, edited by Bonnie L. Gray,
Holger Becker, Proc. of SPIE Vol. 8976, 897601 - © 2014 SPIE
CCC code: 0277-786X/14/$18 - doi: 10.1117/12.2062930

Proc. of SPIE Vol. 8976 897601-1



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 Microfluidics, BIOMEMS, and Medical Microsystems Xll, edited by
Bonnie L. Gray, Holger Becker, Proceedings of SPIE Vol. 8976 (SPIE, Belingham, WA, 2014) Article
CID Number.

ISSN: 0277-786X
ISBN: 9780819498892

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. 8976 897601-2



Contents

iX Conference Committee
Bio-integrated and bio-inspired optical microsystems
(Plenary Paper, Presentation Video) [8976-103]
J. A. Rogers, Univ. of lllinois at Urbana-Champaign (United States)
View the presentation on the SPIE Digital Library: http://dx.doi.org/10.1117/12.2047632
SESSION 1 MANUFACTURING TECHNOLOGIES |
8976 03 Scalable production of sub-um functional structures made of non-CMOS compatible
materials on glass [8976-1]
W. Arens, IMT Masken und Teilungen AG (Switzerland)
8976 04 Modeling particle flow and blockages in microfluidic channels supported by periodic
posts [8976-2]
M. Mehran, J. Bryer, G. H. Chapman, B. L. Gray, Simon Fraser Univ. (Canada)
SESSION 2 MANUFACTURING TECHNOLOGIES Il
8976 08 OSTE: a novel polymer system developed for Lab-on-Chip (Invited Paper) [8976-6]
T. Haraldsson, C. F. Carlborg, W. van der Wijngaart, KTH Royal Institute of Technology
(Sweden)
8976 0A Rapid bonding of polydimethylsiloxane (PDMS) to various stereolithographically (STL)
structurable epoxy resins using photochemically cross-linked intermediary siloxane layers
[8976-8]
E. Wilhelm, C. Neumann, K. Sachsenheimer, K. Ladnge, B. E. Rapp, Karlsruhe Institute of
Technology (Germany)
8976 0B Rapid prototyping of multiphase microfluidics with robotic cutters [8976-9]
Z.li, Z. Zhao, J. F. Lo, Univ. of Michigan-Dearborn (United States)
SESSION 3 MICROFLUIDIC DEVICES
8976 0C Magnetic microbeads for sampling and mixing in a microchannel (Invited Paper) [8976-10]
D. Owen, M. Ballard, W. Mao, A. Alexeeyv, P. J. Hesketh, Georgia Institute of Technology
(United States)
8976 0D High-aspect ratio magnetic nanocomposite polymer cilium (MOEMS-MEMS Best Student

Paper Award) [8976-11]
M. Rahbar, H. Y. Tseng, B. L. Gray, Simon Fraser Univ. (Canada)

Proc. of SPIE Vol. 8976 897601-3



8976 OE

A chemically inert multichannel chip-to-world interface to connect microfluidic chips
[8976-12]

C. Neumann, E. Wilhelm, T. Dutftenhofer, L. Pires, B. E. Rapp, Karlsruhe Institute of
Technology (Germany)

8976 OF Confinement of single macromolecules in free solution using a hydrodynamic trap
[8976-13]
M. Tanyeri, istanbul Sehir Univ. (Turkey)

8976 0G Microfluidics on liquid handling stations (uF-on-LHS): a new indusiry-compatible
microfluidic platform [8976-14]
J. Kitftelmann, C. Radtke, A. Waldbaur, C. Neumann, J. Hubbuch, B. E. Rapp, Karlsruhe
Institute of Technology (Germany)

SESSION 4 APPLICATIONS |

8976 OH Paper analytical devices for detection of low-quality pharmaceuticals (Invited Paper)
[8976-15]
A. Weaver, M. Lieberman, Univ. of Notre Dame (United States)

8976 0J Electrical manipulation of biological samples in glass-based electrofluidics fabricated by
3D femtosecond laser processing [8976-17]
J. Xu, K. Midorikawa, K. Sugioka, RIKEN (Japan)

8976 OK Uniform algal growth in photobioreactors using surface scatterers [8976-18]
S.S. Ahsan, Cornell Univ. (United States); B. Pereyra, Binghamton Univ. (United States);
D. Erickson, Cornell Univ. (United States)

SESSION 5 APPLICATIONS I

8976 OM Femtosecond laser fabricated microfluorescence-activated cell sorter for single cell
recovery [8976-21]
F. Bragheri, P. Paié, IFN-CNR (Italy) and Politecnico di Milano (Italy); G. Nava, T. Yang,
P. Minzioni, Univ. degli Studi di Pavia (Italy); R. Martinez Vazquez, IFN-CNR (Italy) and
Politecnico di Milano (Italy); N. Bellini, Univ. of St. Andrews (United Kingdom); R. Ramponi,
IFN-CNR (Italy) and Politecnico di Milano (Italy); I. Cristiani, Univ. degli Studi di Pavia (Italy);
R. Osellame, IFN-CNR (Italy) and Politecnico di Milano (Italy)

8976 ON Microfluidic devices for cell culture and handling in organ-on-a-chip applications
[8976-22]
H. Becker, I. Schulz, microfluidic ChipShop GmbH (Germany); A. Mosig, Universit&tsklinikum
Jena (Germany); T. Jahn, C. Gartner, microfluidic ChipShop GmbH (Germany)

8976 0O Separation of biological cells in a microfluidic device using surface acoustic waves (SAWs)

[8976-23]
Y. Ai, Singapore Univ. of Technology and Design (Singapore); B. L. Marrone, Los Alamos
Nafional Lab. (United States)

Proc. of SPIE Vol. 8976 897601-4



8976 OP

A newly designed optical biochip for a TDM-POCT device [8976-24]

C. Berreftoni, Univ. degli Studi di Siena (Ifaly) and IFAC-CNR (Italy); C. Trono, S. Berneschi,
A. Giannetti, S. Tombelli, IFAC-CNR (ltaly); R. Bernini, A. Grimaldi, G. Persichetti, G. Testa,
IREA-CNR (Italy); L. Bolzoni, G. Porro, Datamed S.r.L. (Italy); H. Becker, C. Gartner,
microfluidic ChipShop GmbH (Germany); F. Baldini, IFAC-CNR (Italy)

SESSION 6 MEDICAL MICROSYSTEMS
8976 0Q Design and fabrication of tri-axial capillary needles in flow focusing for
microencapsulation of multiple drugs and imaging agents [8976-27]
T. Si, H. Feng, B. Xie, Univ. of Science and Technology of China (China); R. Xu, Univ. of
Science and Technology of China (China) and The Ohio State Univ. (United States)
8976 OR Pathology in a tube: Step 1. Fixing, staining, and transporting pancreatic core biopsies in a
microfluidic device for 3D imaging [8976-28]
R. Das, C. W. Burfeind, Univ. of Washington (United States); G. M. Kramer, Nortis, Inc. (United
States); E. J. Seibel, Univ. of Washington (United States)
8976 0S Passive flow regulators for drug delivery and hydrocephalus treatment [8976-29]
E. Chappel, D. Dumont-Fillon, S. Mefti, Debiotech SA (Switzerland)
SESSION 7 OPTOFLUIDICS |
8976 OU Parallel optical sorting of biological cells using the generalized phase contrast method
[8976-31]
L. Rindorf, M. Bu, OptoRobotix (Denmark); J. GlGckstad, Technical Univ. of Denmark
(Denmark)
8976 OV Combining optical frapping in a microfluidic channel with simultaneous micro-Raman
spectroscopy and motion detection [8976-32]
P. F. Lawton, C. D. Saunter, J. M. Girkin, Durham Univ. (United Kingdom)
8976 0X Monolithic optoelectronic chip for label-free multi-analyte sensing applications [8976-35]
|. Raptis, E. Makarona, P. Petrou, S. E. Kakabakos, K. Misiakos, National Ctr. for Scientific
Research Demokritos (Greece)
SESSION 8 APPLICATIONS lli
8976 OY Capillary-driven microfluidic chips with evaporation-induced flow control and
dielectrophoretic microbead trapping (Invited Paper) [8976-36]
Y. Temiz, J. Skorucak, E. Delamarche, IBM ZUrich Research Lab. (Switzerland)
8976 07 Real-time PCR in microfluidic devices [8976-37]

H. Becker, N. Hlawatsch, R. Klemm, C. Moche, T. Hansen-Hagge, C. Gdartner, microfluidic
ChipShop GmbH (Germany)

Proc. of SPIE Vol. 8976 897601-5



vi

8976 10

Disposable pen-shaped capillary gel elecirophoresis cariridge for fluorescence detection
of bio-molecules [8976-38]
V. Amirkhanian, BiOptic Inc. (United States); S.-K. Tsai, BiOptfic Inc. (Taiwan)

8976 11 Rapid detection of tuberculosis using droplet-based microfluidics [8976-39]

L. Rosenfeld, Y. Cheng, J. Rao, S. K. Y. Tang, Stanford Univ. (United States)
SESSION 9 OPTOFLUIDICS 1I

8976 12 Liquid jet waveguide for Raman spectroscopy [8976-40]
G. Persichetti, G. Testa, R. Bernini, IREA-CNR (Italy)

8976 13 Optomechanical manipulation of chemical reactions on the nanoscale with optofluidic
nanotweezers [8976-41]
D. O'Dell, X. Serey, D. Erickson, Cornell Univ. (United States)

8976 14 Development of a novel configuration for a MEMS transducer for low bias and high
resolution imaging applications [8976-42]
T. A. Emadi, D. A. Buchanan, Univ. of Manitoba (Canada)

8976 15 Research and development on the construction of 2D light-driven droplet manipulation
platform based on light modulation of TiOPc impedance [8976-43]
Y.-C. Chen, H.-T. Chen, C.K. Lee, National Taiwan Univ. (Taiwan)

8976 16 Real-time multi-analyte label-free detection of proteins by white light reflectance
spectroscopy [8976-44]
P. Petrou, G. Koukouvinos, National Ctr. for Scientific Research Demokritos (Greece);
D. Drygiannakis, D. Goustouridis, |. Raptis, ThetaMetrisis S.A. (Greece); K. Misiakos,
S. E. Kakabakos, National Ctr. for Scientific Research Demokritos (Greece)

SESSION 10 APPLICATIONS IV

8976 18 Label-free electronic detection of target cells [8976-46]
R. Esfandyarpour, M. Javanmard, J. Harris, R. W. Davis, Stanford Univ. (United States)

8976 19 On the sensitivity improvement of a miniaturized label-free electrochemical impedance
biosensor (Best Student Paper Award) [8976-47]
Y.-C. Kuo, S.-T. Chou, P.-l. Tsai, G.-W. Li, C.-T. Lin, C.-K. Lee, National Taiwan Univ. (Taiwan)

8976 1A Monolithic cell counter based on 3D hydrodynamic focusing in microfluidic channels
[8976-48]
P. Paie, F. Bragheri, R. Osellame, IFN-CNR (Italy) and Politecnico di Milano (Italy)

8976 1B Method of measuring nitric oxide release by vascular endothelial cells grown in

microfluidic channels [8976-49]
S. Hosseinpour, A. C. Liu, Simon Fraser Univ. (Canada); A. |. Barakat, Ecole Polytechnique
(France); J. C. Choy, B. L. Gray, Simon Fraser Univ. (Canada)

Proc. of SPIE Vol. 8976 897601-6



POSTER SESSION

8976 1C

8976 1D

8976 1E

8976 1F

High precision innovative micropump for artificial pancreas [8976-50]
E. Chappel, S. Mefti, G.-L. Lettieri, S. Proennecke, C. Conan, Debiotech SA (Switzerland)

Optofluidic prism refractometer [8976-51] )
S. Calixto, A. Montes-Perez, G. Garnica, Ctr. de Investigaciones en Optica, A.C. (Mexico)

Optical characterization of Jerusalem cross-shaped nanoaperture antenna arrays
[8976-52]
M. Turkmen, E. Aslan, E. Aslan, Erciyes Univ. (Turkey)

Thermally induced light-driven microfluidics using a MOEMS-based laser scanner for
particle manipulation [8976-53]

M. P. Kremer, Carinthian Tech Research AG (Austria) and Karlsruhe Institute of Technology
(Germany); A. Tortschanoff, Carinthian Tech Research AG (Austria)

Author Index

Proc. of SPIE Vol. 8976 897601-7

vii



Proc. of SPIE Vol. 8976 897601-8



Conference Committee

Symposium Chair

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

Symposium Co-chair
Holger Becker, microfluidic ChipShop GmbH (Germany)

Conference Chairs

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

Conference Program Committee

Brian W. Anthony, Massachusetts Institute of Technology
(United States)

Yolanda Fintschenko, LabSmith, Inc. (United States)

Bruce K. Gale, The University of Utah (United States)

Albert K. Henning, Aquarian Microsystems (United States)

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

Yuehe Lin, Pacific Northwest National Laboratory (United States)

Ciara K. O'Sullivan, Universitat Rovira i Virgili (Spain)

lan Papautsky, University of Cincinnati (United States)

Thomas Stieglitz, Albert-Ludwigs-Universitat Freiburg (Germany)

Sindy K. Y. Tang, Stanford University (United States)

Albert van den Berg, MESA+ Institute for Nanotechnology
(Netherlands)

Wanjun Wang, Louisiana State University (United States)

Bernhard H. Weigl, PATH (United States)

Session Chairs

1 Manufacturing Technologies |
Bonnie L. Gray, Simon Fraser University (Canada)

2  Manufacturing Technologies |
Marya Lieberman, University of Notre Dame (United States)

3 Microfluidic Devices
Sindy K. Y. Tang, Stanford University (United States)

Proc. of SPIE Vol. 8976 897601-9



Applications |
Bonnie L. Gray, Simon Fraser University (Canada)

Applications I
Peter J. Hesketh, Georgia Institute of Technology (United States)

Medical Microsystems
Albert van den Berg, MESA+ Institute for Nanotechnology
(Netherlands)

Optofluidics |
Holger Becker, microfluidic ChipShop GmbH (Germany)

Applications lll
Bonnie L. Gray, Simon Fraser University (Canada)

Optofluidics I
Odeta Limaj, Ecole Polytechnique Fédérale de Lausanne
(Switzerland)

Applications IV
Bonnie L. Gray, Simon Fraser University (Canada)

Proc. of SPIE Vol. 8976 897601-10



