PROCEEDINGS OF SPIE

Terahertz, RF, Millimeter, and
Submillimeter-Wave Technology
and Applications XVII

Laurence P. Sadwick

Tianxin Yang
Editors

29 January - 1 February 2024
San Francisco, California, United States

Sponsored and Published by
SPIE

Volume 12885

Proceedings of SPIE 0277-786X, V. 12885
SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Terahertz, RF, Millimeter, and Submillimeter-Wave Technology and Applications XVII,
edited by Laurence P. Sadwick, Tianxin Yang, Proc. of SPIE Vol. 12885,
1288501 - © 2024 SPIE - 0277-786X - doi: 10.1117/12.3029970

Proc. of SPIE Vol. 12885 1288501-1



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 Terahertz, RF, Millimeter, and Submilimeter-Wave Technology and
Applications XVII, edited by Laurence P. Sadwick, Tianxin Yang, Proc. of SPIE 12885, Seven-digit
Article CID Number (DD/MM/YYYY); (DOI URL).

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

ISBN: 9781510670303
ISBN: 9781510670310 (electronic)

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA

Telephone +1 360 676 3290 (Pacific Time)

SPIE.org

Copyright © 2024 Society of Photo-Optical Instrumentation Engineers (SPIE).

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 fees. To obtain permission to use and share articles in this volume, visit
Copyright Clearance Center 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.

Printed in the United States of America by Curran Associates, Inc., under license from SPIE.

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

SPIE. Csrary

SPIEDigitallibrary.org

Paper Numbering: A unique citation identifier (CID) number is assigned to each article in the
Proceedings of SPIE 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 seven-digit CID article numbering system structured as follows:
= The first five 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. 12885 1288501-2



Contents

vii Conference Committee

DETECTORS AND SENSORS |

12885 02 Cavities etched by pulsed and continuous flow of XeF2 for multispectral infrared sensors
[12885-4]
12885 03 Fiber-coupled terahertz time-domain spectrometer with 10 THz bandwidth using InGaAs

photoconductive membranes on silicon [12885-4]

12885 04 Development of terahertz metamaterial gas sensor utilizing novel composite membrane
InO/V-MOF for nitrogen dioxide detection [12885-8]

12885 05 cw-THz receivers based on rhodium-doped InGaAs with 125 dB peak dynamic range [12885-7]
SPECTROSCOPY
12885 06 Governing limits of spatial resolution and spectral bandwidth for implementations of terahertz

spectroscopy on the subwavelength scale [12885-9]

12885 07 Frequency-comb-based ulirastable terahertz-frequency synthesizer traceable to an optical
reference [12885-10]

12885 08 Single-path supercontinuum laser spectroscopy combining MIR-ATR and NIR transmission
[12885-11]

12885 09 Teraheriz spectroscopy and imaging up to 20 THz based on organic crystals [12885-13]

12885 0A About possibility of the broadband THz pulse’s spectrum finding based on measurements in

time for a substance response at some frequencies [12885-12]

IMAGING AND SECURITY

12885 0B THz-TDS for IC packaging material changes detection under real-world conditions [12885-18]

12885 0C Enhancing counterfeit detection of integrated circuits through machine learning-assisted
THz-TDS analysis [12885-20]

Proc. of SPIE Vol. 12885 1288501-3



DETECTORS AND SENSORS Il

12885 0D Electron viscosity dispersion and terahertz and ulira-short pulse detection (Invited Paper)
[12885-21]

12885 OE 60-GHz low-phase noise optical-electrical oscillator using newly developed high-power
photoreceiver module [12885-23]

12885 OF High sensitivity terahertz metamaterial biosensor based on multilayer SiO2-Ag [12885-24]
THZ,RF, MILLIMETER-WAVE, AND SUB-MILLIMETER WAVE |

12885 0G Compact photonic RF real-time spectrum analyzer with 16 GHz instantaneous bandwidth
[12885-28]

12885 OH Ulira-stable tunable THz generation based on frequency comb technology [12885-29]

12885 0l Multi-delay real-time photonic correlator for broadband RF signal processing [12885-31]

12885 0J Phase-change metamaterial for tunable polarization conversions in terahertz region [12885-34]
THZ,RF, MILLIMETER-WAVE, AND SUB-MILLIMETER WAVE II

12885 0K Generation of Nyquist pulse sequences using dual parallel Mach-Zehnder modulator and
phase modulator [12885-35]

12885 OL Mitigating the effects of water vapour absorption within teraheriz wireless communication
systems [12885-38]

12885 OM Frequency multiplexing in millimeter-wave over fiber fronthaul transmission links with an
InAs/InP quantum dash mode-locked laser [12885-39]

12885 ON Emergent potential of the terahertz CMOS microprocessor [12885-40]
THZ, RF, MILLIMETER-WAVE, AND SUB-MILLIMETER WAVE Il

12885 00 Directly modulated quantum-dash mode-locked lasers for millimeter-wave over fiber
applications [12885-42]

12885 0P Microwave generation using optical beat note and microwave detection using electric-field

sensor [12885-43]

Proc. of SPIE Vol. 12885 1288501-4



TERAHERTZ AND IR

12885 0Q Dispersive mirrors for phase delay variation in THz-homodyne systems [12885-46]

12885 OR Fabrication of THz metalens by ultraviolet femtosecond laser ablation [12885-48]
INNOVATIONS: NEW OR NOVEL CONCEPTS AND MATERIALS

12885 0S High sweeping linearity and optical intensity control of broadband FMCW laser source
generation for 4D imaging LiDAR [12885-55]

12885 0T Technology of 4D imaging LiDARs [12885-56]

12885 0U Predicting internal microwave Mie resonances in aqueous spheroids with a standing-wave
approach [12885-58]
TERAHERTZ, IR, RF, MILLIMETER-WAVE, AND SUB-MILLIMETER-WAVE AND RELATED |

12885 OV Performance study of optical filters based on various optical components and their tuning
mechanisms [12885-40]

12885 OW Advancing microwave waveform generation: photonic dual linear chirp modulation with
configurable bandwidth [12885-64]
TERAHERTZ, IR, RF, MILLIMETER-WAVE, AND SUB-MILLIMETER-WAVE AND RELATED II

12885 0X Graphene-based terahertz antenna on a photonic band gap substrate: design, analysis, and
performance evaluation for optical applications [12885-65]

12885 0Y Comprehensive characterization of a graphene-based plasmonic patch antenna for teraheriz
applications [12885-66]

12885 0z Hydrogen sensor (400 ppm - 1%) based on 20% ScAIN pyroelectric detector for a sustainable
society [12885-75]
POSTER SESSION

1288510 Stable single-mode multiwavelength optical fiber laser [12885-67]

12885 11 FMCW light source with a feedback optical phase-locked loop [12885-48]

12885 12 Terahertz emission in SnS: single crystals: ultrafast shift current [12885-69]

Proc. of SPIE Vol. 12885 1288501-5



vi

12885 13

3D printed high-entropy plasmonic structures for cutting-edge 6G modulation components on
silicon wafers via electromagnetically induced reflection [12885-71]

12885 14 A new imaging method based on terahertz detection platform [12885-74]
DIGITAL POSTER SESSION
12885 15 Hollow-core metal waveguides for transmission-based teraheriz near field imaging [12885-14]

Proc. of SPIE Vol. 12885 1288501-6



Conference Committee

Symposium Chairs

Ulrich T. Schwarz, Technische Universit&t Chemnitz (Germany)
Karin Hinzer, University of Ottawa (Canada)

Symposium Co-chairs

Sonia M. Garcia-Blanco, Universiteit Twente (Netherlands)
Bernd Witzigmann, Friedrich-Alexander-Universitat Erlangen-NUrnberg
(Germany)

Program Track Chairs

James G. Grote, Photonics Engineering Consultant (United States)
Shibin Jiang, AdValue Photonics, Inc. (United States)

Conference Chairs

Laurence P. Sadwick, InnoSys, Inc. (United States)
Tianxin Yang, Tianjin University (China)

Conference Program Committee

René Beigang, Rheinland-Pfalzische Technische Universitat
Kaiserslautern-Landau (Germany)

Jianji Dong, Huazhong University of Science and Technology (China)

Frank Ellrich, Technische Hochschule Bingen (Germany)

Fabian Friederich, Fraunhofer-Institut fir Techno- und
Wirtschaftsmathematik TWM (Germany)

Robert H. Giles, University of Massachusetts Lowell (United States)

R. Jennifer Hwu, InnoSys, Inc. (United States)

Mona Jarrahi, UCLA Samueli School of Engineering (United States)

Karen K. Lin, A*STAR Institute of Materials Research and Engineering
(Singapore)

Daniel Molter, Fraunhofer-Institut fir Techno- und
Wirtschaftsmathematik ITWM (Germany)

Kyung Hyun Park, Elecfronics and Telecommunications Research
Institute (Korea, Republic of)

Marco Rahm, Rheinland-Pfélzische Technische Universitat
Kaiserslautern-Landau (Germany)

Jinghua Teng, A*STAR Institute of Materials Research and Engineering
(Singapore)

Proc. of SPIE Vol. 12885 1288501-7

vii



Michael Weibel, Joint Research and Development, Inc.
(United States)

Maddy Woodson, Freedom Photonics, LLC (United States)

Jiangfeng Zhou, University of South Florida (United States)

viii

Proc. of SPIE Vol. 12885 1288501-8



