
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 11559 
 
 

Proceedings of SPIE 0277-786X, V. 11559 

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

Infrared, Millimeter-Wave, and 
Terahertz Technologies VII 
 
 
 
Cunlin Zhang 
Xi-Cheng Zhang 
Masahiko Tani 
Editors   

 
 
12–16 October 2020 
Online Only, China 
 
Sponsored by  
SPIE 
COS—Chinese Optical Society 
 
Cooperating Organizations 
Tsinghua University (China) • Peking University (China) • University of Science and Technology of China (China) • Zhejiang 
University (China) • Tianjin University (China) • Beijing Institute of Technology (China) • Beijing University of Posts and 
Telecommunications (China) • Nankai University (China) • Changchun University of Science and Technology (China) • 
University of Shanghai for Science and Technology (China) • Capital Normal University (China) • Huazhong University of 
Science and Technology (China) • Beijing Jiaotong University (China) • China Jiliang University (China) • Shanghai Institute 
of Optics and Fine Mechanics, CAS (China) • Changchun Institute of Optics, Fine Mechanics and Physics, CAS (China) • 
Institute of Semiconductors, CAS (China) • Institute of Optics and Electronics, CAS (China) • Institute of Physics, CAS (China) 
• Shanghai Institute of Technical Physics, CAS (China) • China Instrument and Control Society (China) • Japan Optical 
Society (Japan) • Korea Optical Society (Korea, Republic of) • Australia Optical Society (Australia) • Singapore Optical 
Society (Singapore) • European Optical Society  
 
Supporting Organizations  
China Association for Science and Technology (CAST) (China) 
Department of Information of National Nature Science Foundation, China (NSFC) (China) 
 
Published by  
SPIE            
 

Infrared, Millimeter-Wave, and Terahertz Technologies VII, edited by Cunlin Zhang, 
Xi-Cheng Zhang, Masahiko Tani, Proc. of SPIE Vol. 11559, 1155901 · © 2020 SPIE 

CCC code: 0277-786X/20/$21 · doi: 10.1117/12.2586001

Proc. of SPIE Vol. 11559  1155901-1



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 Infrared, Millimeter-Wave, and Terahertz Technologies VII, edited by 
Cunlin Zhang, Xi-Cheng Zhang, Masahiko Tani, Proceedings of SPIE Vol. 11559 (SPIE, Bellingham, WA, 
2020) Seven-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510639331 
ISBN: 9781510639348 (electronic) 
 
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 © 2020, 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 $21.00 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/20/$21.00. 
 
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. 

 

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 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, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 

Proc. of SPIE Vol. 11559  1155901-2



  Contents 
 
  
 SESSION 1  NOVEL THz GENERATION AND DETECTION 
     
 11559 07  Efficient tunable terahertz generation via noncollinear phase matching in ZnGeP2 crystal 

[11559-6] 
     
     

 SESSION 2  SPECTROSCOPY AND IMAGING 
     
 11559 08  Optically driven terahertz wave polarization control by unaligned carbon nanotubes (Invited 

Paper) [11559-7] 
     
 11559 0A  Interpretation of THz intensities of molecular crystals: the role of mixing between intermolecular 

and intramolecular vibrations (Invited Paper) [11559-9] 
     
 11559 0B  Zero biased W band detector based on InGaAs Schottky diode [11559-10] 

     
 11559 0C  Application of terahertz technology in the identification of traditional Chinese medicine  

[11559-12] 
     
     

 SESSION 3  TESTING AND CALIBRATION 
     
 11559 0E  Infrared detectors based on laser-reduced graphene oxide /PEDOT:PSS/perovskite hybrid 

(Invited Paper) [11559-15] 
     
 11559 0F  Large-dynamic-range RCS measurements at high terahertz frequency range [11559-16] 

     
 11559 0H  Thermal property analysis characterization of the bronze casting moulds [11559-18] 

     
 11559 0I  High-precision thermography based on JMAP inference for human face temperature  

[11559-19] 
     
 11559 0J  Tunable 2μm dual-wavelength PPLN optical parametric oscillator intracavity pumped by 

passive Q-switched Nd:YLF lasers [11559-20] 
     
     

   POSTER SESSION 
     
 11559 0K  Hybrid tunable chiral metasurfaces for amplitude and wavefront control of circularly polarized 

terahertz wave [11559-13] 
     

iii

Proc. of SPIE Vol. 11559  1155901-3



 11559 0L  Methodology on precision imaging optimized in-vivo system [11559-21] 

     
 11559 0M  External field calibration method for low-temperature section of infrared radiation measuring 

equipment [11559-22] 
     
 11559 0N  THz research on high-frequency waves under different ionization modes [11559-23] 

     
 11559 0O  Simulation of THz-TDS echo filtering algorithm based on deep learning [11559-24] 

     
 11559 0P  A novel terahertz modulator based on nested square rings and vanadium oxide phase-

change materials [11559-25] 
     
 11559 0Q  Characterizations of montmorillonite using terahertz time-domain spectroscopy [11559-26] 

     
 11559 0T  Ultra-broadband long-wavelength infrared metamaterial absorber based on hybrid structure of 

holes and pillars [11559-29] 
     
 11559 0W  Method for identifying different Chinese-medicine-based sources based on terahertz time-

domain spectroscopy technology [11559-32] 
     
 11559 0X  High-resolution terahertz Doppler velocimetry based on frequency difference multiplication 

[11559-33] 
     
 11559 0Y  Rapid prediction of potato leaf moisture content [11559-34] 

     
 11559 0Z  Analysis of response of THz spectroscopy to insect foreign bodies hidden in tea products 

[11559-35] 
     
 11559 10  The optical system design of broadband infrared imaging spectrometer [11559-36] 

     
 11559 12  Scene-based non-uniformity correction for high-throughput LWIR imaging spectrometer using 

optical defocus method [11559-38] 
     
 11559 15  Terahertz absorption characteristics of solutions at different pH values [11559-41] 

     
 11559 16  Properties of split ring resonators metamaterials terahertz sensor on flexible substrates  

[11559-42] 
     
 11559 18  Study of thin bismuth-based films using terahertz time-domain polarimetry [11559-44] 

     
 11559 19  Diagnosis of blast-induced traumatic brain injury in rat based on terahertz spectroscopy of 

serum [11559-45] 
     
 11559 1A  Propagation characteristics of terahertz wave in inhomogeneous dusty plasma sheath 

considering scattering process [11559-46] 
     
 11559 1B  An interference elimination method for CW-THz reflection imaging [11559-47] 

     
     

iv

Proc. of SPIE Vol. 11559  1155901-4



 11559 1C  Recovering THz signal from water vapor degradation based on support-vector-machine 
algorithm [11559-48] 

     
 11559 1E  Generation of polarization controllable strong THz source from air plasma excited by three-

color laser field [11559-50] 
     
 11559 1F  Observation of tunable resonance mode by changing the conductivity in terahertz 

metamaterial [11559-51] 
     
 11559 1G  Study on terahertz transmission spectrum of single and double split ring resonators integrated 

with MoS2 [11559-52] 
     
 11559 1H  Varied terahertz transmission responses observed from split ring resonator based on 

polyethylene terephthalate [11559-53] 
     
     

 

v

Proc. of SPIE Vol. 11559  1155901-5



Proc. of SPIE Vol. 11559  1155901-6


