PROCEEDINGS OF SPIE

Teraheriz Physics, Devices, and
Systems VI: Advanced Applications
in Industry and Defense

A. F. Mehdi Anwar
Nibir K. Dhar
Thomas W. Crowe
Editors

23-24 April 2012
Baltimore, Maryland, United States

Sponsored and Published by
SPIE

Volume 8363

Proceedings of SPIE, 0277-786X, v. 8363

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

Terahertz Physics, Devices, and Systems VI: Advanced Applications in Industry and Defense,
edited by A. F. Mehdi Anwar, Nibir K. Dhar, Thomas W. Crowe, Proc. of SPIE Vol. 8363, 836301
© 2012 SPIE - CCC code: 0277-786X/12/$18 - doi: 10.1117/12.979019

Proc. of SPIE Vol. 8363 836301-1



The papers included in this volume were part of the technical conference cited on the cover and
titte 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 Terahertz Physics, Devices, and Systems VI: Advanced Applications in
Industry and Defense, edited by A. F. Mehdi Anwar, Nibir K. Dhar, Thomas W. Crowe, Proceedings of
SPIE Vol. 8363 (SPIE, Bellingham, WA, 2012) Article CID Number.

ISSN 0277-786X
ISBN 9780819490414

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 © 2012, 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 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/12/$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 fo
each article at the time of the first publication. Utilization of CIDs allows arficles 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 digifs 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, 0A, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID number appears on each page of the manuscript. The complete citatfion 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. 8363 836301-2



Contents

vii Conference Committee

THz SPECTROSCOPY

8363 04 Resonance structure of molecular clusters of B-HMX for THz frequencies [8363-03]
L. Huang, Naval Research Lab. (United States); A. Shabaev, George Mason Univ. (United
States); S. G. Lambrakos, Naval Research Lab. (United States); L. Massa, Hunter
College/CUNY (United States)
THz DETECTION |

8363 07 THz detectors based on heating of two-dimensional electron gas in disordered nitride
heterostructures (Invited Paper) [8363-06]
V. Mitin, R. Ramaswamy, K. Wang, J. K. Choi, M. Pakmehr, Univ. at Buffalo/SUNY (United
States); A. Muraviev, Univ. af Buffalo/SUNY (United States) and Rensselaer Polytechnic
Institute (United States); M. Shur, Rensselaer Polytechnic Institute (United States); R. Gaska,
Sensor Electronic Technology, Inc. (United States); V. Pogrebnyak, A. Sergeev, Univ. at
Buffalo/SUNY (United States)

8363 09 Tunable THz absorption using Al/SiOx planar periodic structures [8363-08]
B. Kearney, F. Alves, D. Grbovic, G. Karunasiri, Naval Postgraduate School (United States)
THz IMAGING

8363 0A Proposal for real-time terahertz imaging system with palm-size terahertz camera and
compact quantum cascade laser (Invited Paper) [8363-09]
N. Oda, NEC Guidance and Electro-Optics Division (Japan); A. W. M. Lee, LongWave
Photonics LLC (United States) and Massachusetts Institute of Technology (United States);
T. Ishi, NEC Guidance and Electro-Optics Division (Japan); |. Hosako, National Institute of
Information and Communications Technology (Japan); Q. Hu, Massachusetts Institute of
Technology (United States)

8363 0B Catadioptric optics for high-resolution terahertz imager [8363-10]
N. Blanchard, L. Marchese, A. Martel, M. Terroux, E. Savard, C. Chevalier, L. Mercier,
L. Gagnon, J. Lambert, M. Bolduc, A. Bergeron, INO (Canada)

8363 0C Uncooled photomechanical terahertz imagers [8363-11]

M. Erdtmann, L. Zhang, S. Radhakrishnan, S. Wu, Agiltron, Inc. (United States); T. M. Goyette,
A. J. Gatesman, Univ. of Massachusetts Lowell (United States)

Proc. of SPIE Vol. 8363 836301-3



8363 0D Real-time imaging with THz fully-customized uncooled amorphous-silicon microbolometer
focal plane arrays [8363-12]
F.Simoens, J. Meilhan, B. Delplanque, S. Gidon, G. Losforgues, J. Lalanne Dera, D. T. Nguyen,
J. L. Ouvrier-Buffet, S. Pocas, T. Maillou, Commissariat a I'Energie Atomique (France);
O. Cathabard, S. Barbieri, Lab. Matériaux et Phénomenes Quantiques, CNRS, Univ. Paris 7
(France)

8363 OE A 3D THz image processing methodology for a fully integrated, semi-automatic and near
real-time operational system [8363-13]
A. Brook, E. Cristofani, M. Vandewal, Royal Belgian Military Academy (Belgium); C. Matheis,
J. Jonuscheit, R. Beigang, Fraunhofer Institute for Physical Measurements Techniques
(Germany)
THz GENERATION AND PROPAGATION

8363 0G Development of an open path THz transmissometer for deterministic and random
propagation studies [8363-15]
L. J. Scally, Univ. of Colorado at Boulder (United States) and Colorado Engineering, Inc.
(United States); A. J. Gasiewski, Univ. of Colorado at Boulder (United States); J. Fritz,
Colorado Engineering, Inc. (United States)

8363 OH Design optimization of low-loss waveguides for THz guidance [8363-146]
B. M. A. Rahman, A. Quadir, N. Kejalakshmy, K. T. V. Grattan, City Univ. London (United
Kingdom)
THz DETECTION I

8363 0J Design, simulation, and characterization of THz metamaterial absorber [8363-18]
L. Butler, D. S. Wilbert, W. Baughman, S. Balci, P. Kung, S. M. Kim, The Univ. of Alabama (United
States); M. S. Heimbeck, U.S. Army Aviatfion & Missile Research, Development and
Engineering Ctr. (United States) and The Univ. of Alabama (United States); H. O. Everitt, U.S.
Army Aviation & Missile Research, Development and Engineering Cir. (United States)

8363 0K Down-conversion detection in 300 GHz radiation using Glow Discharge Detector (GDD)
[8363-35]
A. Aharon Akram, Ben-Gurion Univ. of the Negev (Israel) and Ariel Univ. Ctr. of Samaria
(Israel); N. S. Kopeika, Ben-Gurion Univ. of the Negev (Israel); A. Abramovich, B. Slavin, Ariel
Univ. Ctr. of Samaria (Israel)

8363 OL Subwavelength, multimode, tunable plasmonic teraheriz lenses and detectors [8363-20]
M. Karabiyik, C. Al-Amin, S. Das, N. Pala, W. B. Choi, Florida International Univ. (United States)

8363 OM Efficiency of the detection and identification of ceramic explosive using the reflected THz

signal [8363-21]
V. A. Trofimov, S. A. Varentsova, Lomonosov Moscow State Univ. (Russian Federation);
M. Szustakowski, N. Palka, Military Univ. of Technology (Poland)

Proc. of SPIE Vol. 8363 836301-4



ADVANCED CONCEPTS IN THz |

8363 ON Rigorous modal analysis of THz quantum cascade lasers (Invited Paper) [8363-22]
H. Tanvir, B. M. A. Rahman, K. T. V. Grattan, The City Univ. (United Kingdom)

8363 00 Terahertz polarimetry based on metamaterial devices [8363-23]
G. D. Metcalfe, M. Wraback, U.S. Army Research Lab. (United States); A. Strikwerda, K. Fan,
X. Zhang, R. Averitt, Boston Univ. (United States)

8363 OP Ultrahigh sensitive plasmonic terahertz detectors based on an asymmetric dual-grating
gate HEMT structure (Invited Paper) [8363-24]
T. Oftsuji, S. Boubanga-Tombet, T. Watanabe, Y. Tanimoto, A. Satou, T. Suemitsu, Tohoku Univ.
(Japan); Y. Wang, H. Minamide, H. Ito, RIKEN (Japan); Y. M. Meziani, Univ. de Salamanca
(Spain); D. Coquillat, W. Knap, LC2 Lab., CNRS, Univ. Montpellier 2 (France); D. Fateeyv,
V. Popov, Kotelnikov Institute of Radio Engineering and Electronics (Russian Federation)

ADVANCED CONCEPTS IN THz li

8363 0S Graphene-based field-effect fransistor structures for terahertz applications [83463-27]
A. Abbas, M. Karabiyik, N. Pala, Florida International Univ. (United States)

8363 0T Resonant bolometric subteraheriz detection in a 2D plasmonic cavity [8363-28]
G. C. Dyer, Sandia National Labs. (United States); G. R. Aizin, Kingsborough Community
College (United States); A. D. Grine, J. L. Reno, Sandia National Labs. (United States);
J. M. Hensley, Physical Sciences Inc. (United States); S. J. Allen, Univ. of California, Santa
Barbara (United States); E. A. Shaner, Sandia National Labs. (United States)

POSTER SESSION

8363 OV Beam-driven linear and nonlinear THz source technology [8363-31]
P. Schoessow, A. Kanareykin, C. Jing, Euclid TechLabs, LLC (United States); S. Baturin, Saint
Petersburg Electrotechnical Univ. (Russian Federation)

8363 OW Comparative reconstructions of THz spectroscopic imaging for non-destructive testing and
biomedical imaging [8363-32]
W. E. Baughman, D. S. Wilbert, S. Balci, M. Bolus, M. Baker, P. Kung, S. M. Kim, The Univ. of
Alabama (United States); M. S. Heimbeck, U.S. Army Aviation and Missile, Research
Development & Engineering Ctr. (United States) and Univ. of Alabama in Huntsville (United
States); H. O. Everitt, U.S. Army Aviation and Missile, Research Development & Engineering
Ctr. (United States)

8363 0X Terahertz imaging with missing data analysis for metamaterials characterization [8363-33]
A. Sokolnikov, Visual Solutions and Applications (United States)

Proc. of SPIE Vol. 8363 836301-5



vi

8363 0Y

Development and optimization of THz NDT on aeronautics composite multilayered structures
[8363-34]

M. Vandewal, Royal Belgian Military Academy (Belgium); J. Depauw, Innov Support
(Belgium); K. Rombaut, Verhaert (Belgium); R. Beigang, Fraunhofer-Institut fUr Physikalische
Messtechnik (Germany); J. Jonuscheit, Technische Univ. Kaiserslautern (Germany);

P. Mounaix, Lab. Ondes et Matiere d'Aquitaine, CNRS, Univ. Bordeaux (France); |. SGez de
Ocdriz, Ctr. de Tecnologias Aeronduticas (Spain); R. Martinez Edo, Univ. Autdnoma de
Barcelona (Spain); A. Priegue, Univ. Politecnica de Catalunya (Spain); Y. Sternberg, Israel
Aerospace Industries (Israel)

Author Index

Proc. of SPIE Vol. 8363 836301-6



Conference Committee

Symposium Chair

Kevin P. Meiners, Office of the Secretary of Defense (United States)

Symposium Cochair

Kenneth R. Israel, Lockheed Martin Corporation (United States)

Conference Chairs

A. F. Mehdi Anwar, University of Connecticut (United States)

Nibir K. Dhar, Defense Advanced Research Projects Agency
(United States)

Thomas W. Crowe, Virginia Diodes, Inc. (United States)

Conference Cochair

Tariq Manzur, Naval Undersea Warfare Center (United States)

Program Committee

Alexander G. Davies, University of Leeds (United Kingdom)

Gottfried H. Dohler, Max Planck Institute for the Science of Light
(Germany)

Achyut Dutta, Banpil Photonics, Inc. (United States)

M. Saif Islam, University of California, Davis (United States)

Hiroshi lto, NTT Photonics Laboratories (Japan)

Peter Uhd Jepsen, Technical University of Denmark (Denmark)

Edmund Linfield, University of Leeds (United Kingdom)

Amir Hamed Majedi, University of Waterloo (Canada)

Taiichi Otsuji, Tohoku University (Japan)

B. M. Azizur Rahman, The City University (United Kingdom)

Victor Ryzhii, University of Aizu (Japan)

Ashok K. Sood, Magnolia Optical Technologies, Inc. (United States)

K. Sigfrid Yngvesson, University of Massachusetts Amherst
(United States)

Weili Zhang, Oklahoma State University (United States)

Proc. of SPIE Vol. 8363 836301-7

vii



Session Chairs

1

viii

THz Spectroscopy

Thomas W. Crowe, Virginia Diodes, Inc. (United States)

Nibir K. Dhar, Defense Advanced Research Projects Agency
(United States)

THz Detection |
Tariq Manzur, Naval Undersea Warfare Center (United States)
B. M. Azizur Rahman, The City University (United Kingdom)

THz Imaging
Taiichi Otsuji, Tohoku University (Japan)
Mehdi Anwar, University of Connecticut (United States)

THz Generation and Propagation

Mehdi Anwar, University of Connecticut (United States)

Nibir K. Dhar, Defense Advanced Research Projects Agency (United
States)

Tutorial: THz Science and Technology
Tariq Manzur, Naval Undersea Warfare Center (United States)
B. M. Azizur Rahman, The City University (United Kingdom)

THz Detection lI

Nibir K. Dhar, Defense Advanced Research Projects Agency
(United States)

Thomas W. Crowe, Virginia Diodes, Inc. (United States)

Advanced Conceptsin THz |
Mehdi Anwar, University of Connecticut (United States)
Tariq Manzur, Naval Undersea Warfare Center (United States)

Advanced Conceptsin THz Il

Taiichi Otsuji, Tohoku University (Japan)
Thomas W. Crowe, Virginia Diodes, Inc. (United States)

Proc. of SPIE Vol. 8363 836301-8



