PROCEEDINGS OF SPIE

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

Mehdi Anwar
Nibir K. Dhar
Thomas W. Crowe
Editors

5-6 April 2010
Orlando, Florida, United States

Sponsored and Published by
SPIE

Volume 7671

Proceedings of SPIE, 0277-786X, v. 7671

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 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 IV: Advanced Applications in
Industry and Defense, edited by Mehdi Anwar, Nibir K. Dhar, Thomas W. Crowe, Proceedings of SPIE
Vol. 7671 (SPIE, Bellingham, WA, 2010) Article CID Number.

ISSN 0277-786X
ISBN 9780819481351

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 © 2010, 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/10/$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 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 digitfs of the six-digit CID number.



Vii

SESSION 1

Contents

Conference Committee

ADVANCED CONCEPTS IN THZ

767102

767103

7671 04

767105

767109

SESSION 2

Plasmon-resonant microchip emitters and detectors for terahertz sensing and
spectroscopic applications (Invited Paper) [7671-01]

T. Otsuji, T. Komori, T. Watanabe, T. Suemitsu, Tohoku Univ. (Japan); D. Coquillat, W. Knap,
GES, CNRS, Univ. Montpellier 2 (France)

Ageing and embedding issues for high-Tc superconducting hot-electron bolometers for THz
imaging [7671-02]

M. Aurino, A. Martinez, I. TUrer, V. S. Jagtap, A. Gensbittel, A. F. Dégardin, A. J. Kreisler,
SUPELEC, LGEP, CNRS, Univ. Paris Sud 11 (France)

Terahertz detection with field-effect-transistors via bulk plasmon-assisted self-mixing
(Invited Paper) [7671-03]

S.Kim, Tanner Research, Inc. (United States); M. S. Sherwin, Univ. of California, Santa Barbara
(United States)

Radiometer-on-a-chip: a path toward super-compact submillimeter-wave imaging arrays
[7671-04]

I. Mehdi, B. Thomas, C. Lee, G. Chatftopadhyay, R. Lin, E. Schlecht, A. Peralta, J. Gill,

K. Cooper, N. Liombart, P. Siegel, Jet Propulsion Lab. (United States)

Optimization of semi-insulating surface-plasmon waveguides within terahertz QCL's using
computational models [7671-08]

C. Baird, B. Crompton, P. Slingerland, R. Giles, Univ. of Massachusetts Lowell (United States);
W. E. Nixon, U.S. Army National Ground Intelligence Cir. (United States)

THZ SPECTROSCOPY

7671 0A

7671 0C

7671 0D

Terahertz absorption spectra of highly energetic chemicals [7671-09]
E. J. Slingerland, M. K. Vallon, E. G. E. Jahngen, R. H. Giles, T. M. Goyette, Univ. of
Massachusetts Lowell (United States)

Low THz spectroscopy of some widely used explosives [7671-11]
T. Globus, B. Gelmont, T. Khromova, Univ. of Virginia (United States)

Continuous wave teraheriz emitter arrays for spectroscopy and imaging applications
(Invited Paper) [7671-12]

S. Bauerschmidt, S. Preu, S. Malzer, G. H. Dohler, L. J. Wang, Max-Planck Institute for the
Science of Light (Germany); H. Lu, A. C. Gossard, Univ. of California, Santa Barbara (United
States)



7671 OE

7671 OF

7671 0G

SESSION 3

Effect of periodic roughness and surface defects on the teraheriz scattering behavior of
cylindrical objects [7671-13]

A. Jagannathan, A. J. Gatesman, T. Horgan, T. Goyette, M. Coulombe, R. H. Giles, Univ. of
Massachusetts Lowell (United States); W. E. Nixon, U.S. Army National Ground Intelligence
Cftr. (United States)

Infrared/terahertz double resonance for chemical remote sensing: signatures and
performance predictions [7671-14]

D. J. Phillips, Kratos Defense-Digital Fusion (United States) and Univ. of Alabama in Huntsville
(United States); E. A. Tanner, Kratos Defense-Digital Fusion (United States); H. O. Everitt, U.S.
Army Aviation and Missile Research, Development and Engineering Ctr. (United States);
I.R. Medvedeyv, C. F. Neese, J. Holt, F. C. De Lucia, The Ohio State Univ. (United States)

Method of THz specirum dynamics analysis for identification of compound medium
[7671-16]

V. A. Trofimov, S. A. Varentsova, Lomonosov Moscow State Univ. (Russian Federation);
J. Chen, Portland State Univ. (United States)

THZ APPLICATIONS

7671 0H

7671 0l

7671 0J

7671 0K

7671 OM

7671 ON

Guided wave terahertz characterization of fingerprint lines in threat materials (Invited
Paper) [7671-17]

J. S. Melinger, U.S. Naval Research Lab. (United States); S. Sree Harsha, N. Laman,

D. Grischkowsky, Oklahoma State Univ. (United States)

Ballistic electronics: breaking the barrier in terahertz speed processing [7671-40]
M. Margala, Univ. of Massachusetts Lowell (United States); P. Ampadu, Y. Shapir,
R. Sobolewski, Univ. of Rochester (United States)

Instrumentation for beam profiling in the terahertz regime [7671-19]

M. S. Heimbeck, H. O. Everitt, U.S. Army Aviation and Missile Research, Development and
Engineering Ctr. (United States); K. Taylor, C. Davis, E. Hamilton, D. E. Thomas, The AEgis
Technologies Group, Inc. (United States); P. J. Reardon, The Univ. of Alabama in Huntsville
(United States); J. Hesler, Virginia Diodes, Inc. (United States)

Portable video rate time domain terahertz line imager for security and aerospace
nondestructive examination [7671-20]

D. Zimdars, G. Fichter, C. Megdanoff, M. Murdock, I. Duling, J. White, S. L. Williamson,
Picometrix, Inc. (United States)

Thermoelasticity analysis of skin tissue with the use of terahertz radiation [7671-22]
H. G. Suarez Duran, EAFIT Univ. (Colombia)

Terahertz-optical-asymmetric-demultiplexer (TOAD)-based arithmetic units for ulira-fast
optical information processing [7671-23]
A. K. Cherri, Kuwait Univ. (Kuwait)



SESSION 4

THZ GENERATION

7671 0P THz wave generation and imaging for industrial applications (Invited Paper) [7671-24]
K. Kawase, T. Shibuya, Nagoya Univ. (Japan) and RIKEN (Japan); K. Suizu, Nagoya Univ.
(Japan); S. Hayashi, RIKEN (Japan)

7671 0Q Grating THz laser with optical pumping [7671-25]
J. Khoury, B. Haji-saeed, C. Woods, Air Force Research Lab. (United States); J. Kierstead, Solid
State Scientific Corp. (United States)

7671 0S Design and fabrication of hollow flexible terahertz waveguides [7671-46]
N. Arunkumar, R. H. Giles, T. Goyette, J. Kumar, Univ. of Massachusetts Lowell (United States);
W. E. Nixon, U.S. Army National Ground Intelligence Ctr. (United States)

7671 0U High-efficiency transferred substrate GaAs varactor multipliers for the terahertz spectrum
[7671-29]
M. Henry, B. Alderman, H. Sanghera, Science and Technology Facilities Council (United
Kingdom); P. de Maagt, European Space Agency (Netherlands); D. Matheson, Science and
Technology Facilities Council (United Kingdom)

SESSION 5 THZ IMAGING

76710V Passive millimeter-wave imaging for security and safety applications (Invited Paper)
[7671-30]
H. Safo, K. Sawaya, K. Mizuno, Tohoku Univ. (Japan); J. Uemura, M. Takeda, J. Takahashi,
K. Yamada, Maspro Denkoh Corp. (Japan); K. Morichika, T. Hasegawa, H. Hirai, H. Niikura,
T. Matsuzaki, S. Kato, Chuo Electronics Co. Ltd. (Japan); J. Nakada, Tohoku Univ. (Japan)
and Chuo Electronics Co. Ltd. (Japan)

7671 OW Lab measurements to support modeling terahertz propagation in brownout conditions
[7671-31]
S. T. Fiorino, P. M. Grice, M. J. Krizo, R. J. Bartell, J. D. Haiducek, S. J. Cusumano, Air Force
Institute of Technology (United States)

7671 0X Migrating from superconducting to semiconducting YBCO thin film bolometers as future
far-infrared imaging pixels [7671-32]
V. S. Jagtap, M. Longhin, M. K. Kulsreshath, A. J. Kreisler, A. F. Dégardin, SUPELEC, LGEP,
CNRS, Univ. Paris Sud 11 (France)

7671 0Y Fast high-resolution terahertz radar imaging at 25 meters [7671-33]
K. B. Cooper, R. J. Dengler, Jet Propulsion Lab. (United States); N. Liombart, Univ.
Complutense de Madrid (Spain); A. Talukder, A. V. Panangadan, C. S. Peay, |. Mehdi,
P. H. Siegel, Jet Propulsion Lab. (United States)

767107 A microbolometer-based THz imager [7671-34]
L. Marchese, M. Bolduc, B. Tremblay, M. Doucet, H. Oulachgar, L. Le Noc, F. Williamson,
C. Algin, H. Jerominek, A. Bergeron, INO (Canada)

7671 11 THz all-electronic 3D imaging for safety and security applications [7671-36]

B. M. Fischer, Y. Demarty, M. Schneider, French-German Research Institute of Saint-Louis
(France); T. Loffler, A. Keil, H. Quast, SynView GmbH (Germany)



POSTER SESSION

vi

767113

A complex structure GaAs waveguide emitter with a periodic variation along the
propagation direction for generation of teraheriz radiation [74671-39]
T. Yang, R. Li, J. Wang, D. Yang, M. Sang, Tianjin Univ. (China)

Author Index



Conference Committee

Symposium Chair

Michael T. Eismann, Air Force Research Laboratory (United States)

Symposium Cochair

William Jeffrey, HRL Laboratories, LLC (United States)

Conference Chairs

Mehdi Anwar, University of Connecticut (United States)
Nibir K. Dhar, DARPA/MTO (United States)
Thomas W. Crowe, Virginia Diodes, Inc. (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 K. Dutta, Banpil Photonics, Inc. (United States)

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

Hiroshi lto, NTT Photonics Laboratories (Japan)

Peter U. Jepsen, Technical University of Denmark (Denmark)

James Kolodzey, University of Delaware (United States)

Edmund H. Linfield, University of Leeds (United Kingdom)

Amir H. Majedi, University of Waterloo (Canada)

Tariq Manzur, Naval Undersea Warfare Center (United States)

Taiichi Otsuji, Tohoku University (Japan)

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

Victor Ryzhii, University of Aizu (Japan)

Richard A. Soref, Air Force Research Laboratory (United States)

Simon Verghese, Lincoln Laboratory (United States)

Richard T. Webster, Hanscom Air Force Base (United States)

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

Weili Zhang, Oklahoma State University (United States)

Session Chairs

1

Advanced Conceptsin THz
Tariq Manzur, Naval Undersea Warfare Center (United States)
Nibir K. Dhar, DARPA/MTO (United States)

vii



viii

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

THz Applications
Mehdi Anwar, University of Connecticut (United States)

THz Generation
Nibir K. Dhar, DARPA/MTO (United States)
Mehdi Anwar, University of Connecticut (United States)

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



