PROCEEDINGS OF SPIE

Emerging Digital Micromirror
Device Based Systems and
Applications Vil

Michael R. Douglass
Philip S. King
Benjamin L. Lee
Editors

15-17 February 2016
San Francisco, Cadlifornia, United States

Sponsored by
SPIE

Cosponsored by
DLP Texas Instruments (United States)

Published by
SPIE

Volume 9761

Proceedings of SPIE 0277-786X, V. 9761

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

Emerging Digital Micromirror Device Based Systems and Applications VIlI, edited by Michael R. Douglass,
Philip S. King, Benjamin L. Lee, Proc. of SPIE Vol. 9761, 976101 - © 2016 SPIE
CCC code: 0277-786X/16/$18 - doi: 10.1117/12.2240372

Proc. of SPIE Vol. 9761 976101-1



The papers 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. Additional
papers and presentation recordings may be available online in the SPIE Digital Library at
SPIEDigitallibrary.org.

The papers 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 these proceedings:

Author(s), 'Title of Paper," in Emerging Digital Micromirror Device Based Systems and Applications
Vill, edited by Michael R. Douglass, Philip S. King, Benjamin L. Lee, Proceedings of SPIE Vol. 9761
(SPIE, Bellingham, WA, 2016) Six-digit Article CID Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)
ISBN: 9781628419962

Published by

SPIE

P.O. Box 10, Belingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2016, Society of Photo-Optical Instrumentation Engineers.

Copying of material in this book for internal or personal use, or for the infernal 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/16/$18.00.

Printed in the United States of America.

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

SPI DIGITAL

e LIBRARY
SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assigned to each article at the time of 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 and print versions of the publication. SPIE uses a six-digit CID article
numbering system structured as follows:
= 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.

Proc. of SPIE Vol. 9761 976101-2



Contents

v Authors
vii Conference Committee

ADVANCED MANUFACTURING USING A DMD OR OTHER SLM: JOINT SESSION WITH
CONFERENCES 9759 AND 9761

9761 02 The next generation of maskless lithography (Invited Paper) [9761-1]
DLP® SYSTEM PROTOTYPING AND DMD CHARACTERIZATION

9761 08 The effects of heavy ion radiation on digital micromirror device performance [9761-7]

9761 0A Active modulation of laser coded systems using near infrared video projection system
based on digital micromirror device (DMD) [9761-9]
SPECTROSCOPY AND HYPERSPECTRAL IMAGING

9761 OB DLP NIRscan Nano: an ultra-mobile DLP-based near-infrared Bluetooth spectrometer
[9761-26]

9761 0C Real-time video imaging of gas plumes using a DMD-enabled full-frame programmable
spectral filter [9761-11]

9761 0D Miniature fransmissive DLP-based infrared spectrometer [9761-12]

9761 OE Powerful DMD-based light sources with a high throughput virtual slit [9761-13]
COMPUTATIONAL IMAGING FOR SPECTRAL APPLICATIONS

9761 OF Adaptive architectures for spectral processing (Invited Paper) [9761-14]

9761 0G Design of a multi-spectral imager built using the compressive sensing single-pixel camera
architecture [9761-15]

9761 OH Hyperspectral scanning white light interfferometry based on compressive imaging [9761-16]

Proc. of SPIE Vol. 9761 976101-3



COMPUTATIONAL IMAGING FOR ADVANCED APPLICATIONS

9761 0l Time-of-flight compressed-sensing ultrafast photography for encrypted three-dimensional
dynamic imaging (Invited Paper) [9761-17]
9761 0J Computational imaging expansion from visible to infrared and to THz systems
(Invited Paper) [9761-18]
9761 0K Experimental study of a DMD based compressive line sensing imaging system in the
turbulence environment [9761-19]
BEAM SHAPING
9761 OM Experimental demonstration of precise holograms using complex light modulation
[9761-21]
9761 ON Spatial and temporal control of thermal waves by using DMDs for interference based crack
detection [9761-22]
9761 00 Shaping non-diffracting beams with a digital micromirror device [9761-23]
POSTER SESSION
9761 0Q Generation of vortex circular Airy beam through binary amplitude digital hologram

[9761-25]

Proc. of SPIE Vol. 9761 976101-4



Avuthors

Numbers in the index correspond to the last two digits of the six-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first four digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of arficles within the volume.
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 0%, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Abolbashari, Mehrdad, OH
Aly, Hussein A., OA

Azari, Mohammad, OH
Becker, Michael F., OM
Bradbury, Steven, OE
Caimi, Frank M., OK
Dalgleish, Fraser R., OK
Diez, Steffen, 02

El-Sherif, Ashraf F., 0A
Fang, Zhao-Xiang, 00, 0Q
Farahi, Faramarz, OH
Gao, Liang, 0l

Gehm, M. E., OF
Gelabert, Pedro, 0B
Gong, Cuiling, 0K
Gooding, Ed, OE

Graff, David L., 0C
Gunn, Thomas, OE
Habibi, Nasim, OH

Hai, Pengfei, O

Hajian, Arsen R., OE
Heap, Sara, 08

Herman, Matthew A., 0G
Hou, Weilin, OK
Kapellner, Yuval, 0J
Khalifa, Aly A., OA

Kohn, Rudolph N., OM
Koudsi, Badia, 0D
Kreutzbruck, Marc, ON
Lakshminarayanan, Aravind, OB
Li, Chiye, QI

Liang, Jinyang, OI, OM
Love, Steven P., 0C

Lu, Rong-De, 00, 0Q
McMackin, Lenore, 0G
Ninkov, Zoran, 08
Ouyang, Bing, 0K
Parthiban, Vik, OM
Pellish, Jonathan, 08
Perrella, Gavin, 0B
Pinhas, Hadar, 0J

Pruett, Eric, OB

Raisanen, Alan D., 08
Refai, Hakki, OD

Ren, Yu-Xuan, 00, 0Q
Robberto, Massimo, 08
Schwarz, Ariel, 0J
Shemer, Amir, 0J
Subramanian, Sreeram, OB

Thiel, Erik, ON
Travinsky, Anton, 08
Voelz, David G., 0K
Vorobiev, Dmitry, 08
Vuorenkoski, Anni K., 0K
Wang, Lihong V., Ol
Weston, Tyler, 0G
Xiao, Xifeng, OK
Zalevsky, Zeev, 0J
Ziegler, Mathias, ON
Zlotnik, Alex, 0J

Proc. of SPIE Vol. 9761 976101-5



Proc. of SPIE Vol. 9761 976101-6



Conference Committee

Symposium Chairs

Jean-Emmanvuel Broquin, IMEP-LAHC (France)
Shibin Jiang, AdValue Photonics, Inc. (United States)

Symposium Co-chairs

David L. Andrews, University of East Anglia (United Kingdom)
Alexei L. Glebov, OptiGrate Corporation (United States)

2016 Program Track Chairs

Holger Becker, microfluidic ChipShop GmbH (Germany)
Winston V. Schoenfeld, CREOL, The College of Optics and Photonics,
University of Cenftral Florida (United States)

Conference Chairs

Michael R. Douglass, Texas Instruments Inc. (United States)
Philip S. King, Texas Instruments Inc. (United States)
Benjamin L. Lee, Texas Instruments Inc. (United States)

Conference Program Committee

Vikram V. Appia, Texas Instruments Inc. (United States)

Sara L. Best, University of Wisconsin School of Medicine and Public
Health (United States)

Roland Hoéfling, VIALUX GmbH (Germany)

Alfred Jacobsen, Visitech AS (Norway)

Yuval Kapellner Rabinovitz, EKB Technologies Ltd. (Israel)

Badia Koudsi, Optecks, LLC (United States)

Jinyang Liang, Washington University in St. Louis (United States)

Srinivasa G. Narasimhan, Carnegie Mellon University (United States)

Michael W. O'Keefe, Greenlight Optics, LLC (United States)

Hakki H. Refai, Optecks, LLC (United States)

David Smith, Wintech Digital Systems Technology Corporation
(United States)

Ivo M. Vellekoop, University of Twente (Netherlands)

Karel J. Zuzak, University of Texas Southwestern Medical Center
(United States) and The Laboratory of Biomedical Imaging and
Engineering, LBI-51, LLC (United States)

vii

Proc. of SPIE Vol. 9761 976101-7



Conference Review Committee

Robert C. Leif, Newport Instruments (United States)
Henry Helvajian, The Aerospace Corporation (United States)

Session Chairs

1

viii

Advanced Manufacturing using a DMD or other SLM: Joint Session
with Conferences 9759 and 9761

Philip S. King, Texas Instruments Inc. (United States)

Michael R. Douglass, Texas Instruments Inc. (United States)

Spatial Light Modulator Technologies for 3D Applications: Joint
Session with Conferences 9760 and 9761

Benjamin L. Lee, Texas Instruments Inc. (United States)

Michael R. Douglass, Texas Instruments Inc. (United States)

Biomedical Imaging using a DMD or Other Light Structuring Devices:
Joint Session with Conferences 9711 and 9761

Michael R. Douglass, Texas Instruments Inc. (United States)

Robert C. Leif, Newport Instruments (United States)

DLP® System Prototyping and DMD Characterization
Michael R. Douglass, Texas Instruments Inc. (United States)

Spectroscopy and Hyperspectral Imaging
Benjamin L. Lee, Texas Instruments Inc. (United States)
Hakki H. Refai, Optecks, LLC (United States)

Computational Imaging for Spectral Applications
Ivo M. Vellekoop, University Twente (Switzerland)
Roland Hofling, VIALUX GmbH (Germany)

Computational Imaging for Advanced Applications
Yuval Kapellner Rabinovitz, EKB Technologies Ltd. (Israel)
Ivo M. Vellekoop, University of Twente (Netherlands)

Beam Shaping

Jinyang Liang, Washington University in St. Louis (United States)
Michael R. Douglass, Texas Instruments Inc. (United States)

Proc. of SPIE Vol. 9761 976101-8



