
PROCEEDINGS OF SPIE 
 
 
 
 
 

Volume 12776 
 
 

Proceedings of SPIE 0277-786X, V. 12776 

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

 
 

 

Infrared, Millimeter-Wave, 
and Terahertz Technologies X 
 
 
Cunlin Zhang 
Yiwen E 
Masahiko Tani 
Editors 
 
15–16 October 2023 
Beijing, 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) 
Optical Society of Japan (Japan) • Optical Society of Korea (Republic of Korea) • Australian and New 
Zealand Optical Society • Optics and Photonics Society of Singapore (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 X, edited by Cunlin Zhang,
Yiwen E, Masahiko Tani, Proc. of SPIE Vol. 12776, 1277601 · © 2023 SPIE

0277-786X · doi: 10.1117/12.3021837

Proc. of SPIE Vol. 12776  1277601-1



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 X, edited by 
Cunlin Zhang, Yiwen E, Masahiko Tani, Proc. of SPIE 12776, Seven-digit Article CID Number 
(DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510668010 
ISBN: 9781510668027 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2023 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. 

 

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

 

Proc. of SPIE Vol. 12776  1277601-2



  Contents 
 
 vii Symposium Committees 
  xi Conference Committee 
 
 

   TERAHERTZ PHYSICS 
     
 12776 03  Why do terahertz waves generated from long two-color filament always peak at around 1THz? 

(Invited Paper) [12776-2] 
     
 12776 04  Soliton-like mode of terahertz radiation generation by few-cycle optical pulses in a gradient 

waveguide (Invited Paper) [12776-3] 
     
 12776 05  Double-ring coupled structure for efficient sum-frequency generation of longwave mid-infrared 

signal [12776-4] 
     
 12776 07  Approaches to the study of the evanescent field of terahertz surface plasmon polaritons at the 

Novosibirsk free electron laser [12776-6] 
     
     

   TERAHERTZ DEVICES AND DETECTORS 
     
 12776 09  Design, fabrication, and characterization of a 5-THz MKIDs array (Invited Paper) [12776-8] 

     
 12776 0A  Spin-decoupled bifunctional metasurface for THz wavefront manipulation [12776-9] 

     
 12776 0B  Broadband anti-reflection coating with diamond and PTFE for terahertz detectors [12776-10] 

     
 12776 0C  Terahertz planar surface plasmon interferometry [12776-11] 

     
     

   TERAHERTZ SYSTEM APPLICATIONS 
     
 12776 0D  Terahertz super-resolution high-speed imaging system and its applications (Invited Paper) 

[12776-12] 
     
 12776 0E  Strong photothermoelectric response of the semimetal ZrTe3 [12776-13] 

     
 12776 0F  Design and application of skin disease biosensor based on terahertz metasurface [12776-14] 

     
     
     

iii

Proc. of SPIE Vol. 12776  1277601-3



 12776 0G  Improving the technique of terahertz time-domain spectroscopy by means of anti-aliasing 
filtration and undersampling [12776-15] 

     
 12776 0H  Analysis of LDPC coded FSO communication system over correlated gamma-gamma 

turbulence channel for space shift keying modulation [12776-16] 
     
     

   TRANSMISSION AND COMMUNICATION TECHNOLOGIES 
     
 12776 0J  Combined high-power terahertz vortex Bessel beams: formation and identification [12776-19] 

     
 12776 0K  PAPR reduction using SLM technique combined with ABO-OFDM for optical wireless 

communication [12776-20] 
     
     

   POSTER SESSION 
     
 12776 0M  PXIe-based 230 to 300GHz terahertz MSK modulated communication system [12776-17] 

     
 12776 0N  Absorption of terahertz wave by interaction between crossed air-plasmas [12776-22] 

     
 12776 0O  Refractive index sensing based on bound states in the continuum in all-dielectric metasurface 

[12776-23] 
     
 12776 0P  The impact of atmospheric content changes on space-based infrared detection for aerial 

targets [12776-24] 
     
 12776 0R  One-dimensional linear integration technique for THz-band SIS [12776-26] 

     
 12776 0S  Performance analysis of baseband signal processing technology for 300GHz terahertz 

communication [12776-27] 
     
 12776 0T  250GHz metasurfaces directional reflection device based on a cross structure [12776-28] 

     
 12776 0U  Path loss and multipath channel characteristics models in a street canyon for outdoor 220 to 

330GHz communication based on ray tracing [12776-29] 
     
 12776 0V  Curing analysis of room temperature silicone rubber based on terahertz time-domain 

spectroscopy system [12776-30] 
     
 12776 0X  Ultra-long THz Bessel beams based on an axicon system [12776-32] 

     
 12776 0Y  Thermographic analysis of a Warring States sword [12776-33] 

     
 12776 0Z  Nonlinear coefficients at telecom wavelengths responsible for the optical and terahertz wave 

interactions in GaSe:S crystals [12776-34] 
     

iv

Proc. of SPIE Vol. 12776  1277601-4



 12776 10  Design of 345/650 GHz SIS mixers: backup for the LCT dual-color heterodyne receiver  
[12776-35] 

     
 12776 11  Spectroscopic analysis of molecular motion modes revealed by the terahertz Kerr effect 

[12776-36] 
     
 12776 12  Terahertz sensing of sub-nm dielectric film via electron tunnelling [12776-37] 

     
 12776 13  Removing resonant noise in terahertz permittivity spectra of material based on CWT-ex-VMD 

method [12776-38] 
     
 12776 14  Graphene-based terahertz bias-driven negative-conductivity metasurface [12776-39] 

     
 12776 15  Characterization of the new semiorganic nonlinear crystal of guanylurea hydrogen phosphite 

in the terahertz range [12776-40] 
     
 12776 16  Microwave SQUID multiplexer for readout of transition-edge sensor array [12776-41] 

     
 12776 17  Design and simulation of a dual-polarized twin slot antenna for transition edge sensor detectors 

[12776-42] 
     
 12776 18  All-silicon metasurface-enabled non-coaxial superposition of vector vortex beams [12776-43] 

     
 12776 19  Terahertz time-domain spectral signal noise reduction analysis based on DG-SSA-VMD 

algorithm [12776-44] 
     
 12776 1A  Research of optically beamforming network based on cascaded micro-ring resonator in 

phased array radar [12776-45] 
     
 12776 1B  Algorithm for stitching data from a pair of sensors in the thermal and visible range with free 

location cameras [12776-46] 
     
 12776 1C  Optimizing terahertz generation via axial-length controllable filaments with spatial light 

modulator [12776-47] 
     
     

 

v

Proc. of SPIE Vol. 12776  1277601-5



Proc. of SPIE Vol. 12776  1277601-6



Symposium Committees 

 
Symposium Chairs 

Bernard Kress, President, SPIE (United States) and Google  
(United States) 

Qihuang Gong, Honorary President, Chinese Optical Society (China) 
and Peking University (China) 

 

General Chairs 

Ying Gu, President, Chinese Optical Society (China) and Chinese 
People’s Liberation Army General Hospital (China) 

Wenqing Liu, Vice President, Chinese Optical Society (China) and 
Anhui Institute of Optics and Fine Mechanics (China) 

 

Technical Program Chairs 

Zejin Liu, Vice President, Chinese Optical Society (China) and  
National University of Defense Technology (China) 

Xiangang Luo, Institute of Optics and Electronics (China) 
Xingde Li, Johns Hopkins University (United States) 

 

Technical Program Co-chairs 

Wei Huang, Northwestern Polytechnical University (China) 
Guobin Fan, China Academy of Engineering Physics (China) 
Qingming Luo, Hainan University (China) 
Ninghua Zhu, Institute of Semiconductors (China) 
Fengyi Jiang, Nanjing University (China) 

 

Organizing Committee 

Suotang Jia, Vice President, Chinese Optical Society (China) and 
Shanxi University (China) 

Xiaomin Ren, Vice President, Chinese Optical Society (China) and 
Beijing University of Posts and Telecommunications (China) 

Wenjie Wang, Vice President, Chinese Optical Society (China) and 
Sunny Optical Technology (Group) Company, Ltd. (China) 

Jianda Shao, Vice President, Chinese Optical Society (China) and 
Shanghai Institute of Optics and Fine Mechanics (China) 

Hong Jin, Vice President, Chinese Optical Society (China) and 
Changchun Institute of Optics, Fine Mechanics and Physics (China) 

 

vii

Proc. of SPIE Vol. 12776  1277601-7



Yunquan Liu, Vice President, Chinese Optical Society (China) and 
Peking University (China) 

Xinliang Zhang, Xidian University (China) 
Yanqing Lu, Nanjing University (China) 
Chuanfeng Li, University of Science and Technology of China (China) 
Wei Hao, Xi’an Institute of Optics and Precision Mechanics (China) 
Qun Hao, Changchun University of Science and Technology (China) 
Yidong Huang, Tsinghua University (China) 
Yongtian Wang, Beijing Institute of Technology (China) 
Xiaocong Yuan, Shenzhen University (China) 
Limin Tong, Zhejiang University (China) 
Xiaoying Li, Tianjin University (China) 
Yan Li, Peking University (China) 
Jianxin Chen, Fujian Normal University (China) 
Weiwei Liu, Nankai University (China) 
Jian Wang, Huazhong University of Science and Technology (China) 

 

Secretaries-General 

Xu Liu, Secretary General, Chinese Optical Society (China) and 
Zhejiang University (China) 

Bo Gu, Deputy Secretary General, Chinese Optical Society (China) 
Hong Yang, Deputy Secretary General, Chinese Optical Society 

(China) and Peking University (China) 
Tianrui Zhai, Deputy Secretary General, Chinese Optical Society 

(China) and Beijing University of Technology (China) 
 

Local Organizing Committee Chair 

Xu Liu, Secretary General, Chinese Optical Society (China) and 
Zhejiang University (China) 

 

Local Organizing Committee Co-chairs 

Hong Yang, Deputy Secretary General, Chinese Optical Society 
(China) and Peking University (China) 

Yuhong Wan, Beijing University of Technology (China) 
Liquan Dong, Beijing Institute of Technology (China) 

 

Local Organizing Committee 

Wei Xiong, Chinese Optical Society (China) 
Yu Xiang, Peking University (China) 
Yong Zeng, Beijing University of Technology (China) 
 
 
 

viii

Proc. of SPIE Vol. 12776  1277601-8



Nan Zhang, Beijing Institute of Technology (China) 
Ruiqing Jia, Chinese Optical Society (China) 
Xiao Li, Chinese Optical Society (China) 
Jianxin Sun, Chinese Optical Society (China) 

 

Technical Organizing Committee 

Hossein Asghari, Loyola Marymount University (United States) 
Liangcai Cao, Tsinghua University (China) 
P. Scott Carney, The Institute of Optics, University of Rochester  

(United States) 
Benyong Chen, Zhejiang Sci-Tech University (China) 
Qionghai Dai, Tsinghua University (China) 
Gerd Ehret, Physikalisch-Technische Bundesanstalt (Germany) 
Xinyu Fan, Shanghai Jiao Tong University (China) 
Zheyu Fang, Peking University (China) and Rice University 

(United States) 
Ying Gu, Chinese People’s Liberation Army General Hospital (China) 
Sen Han, University of Shanghai for Science and Technology (China) 

and Suzhou H&L Instruments LLC (China) 
Ingmar Hartl, Deutsches Elektronen-Synchrotron (Germany) 
Qiongyi He, Peking University (China) 
Werner Hofmann, Deutsches Patent- und Markenamt (Germany)  
Minghui Hong, Xiamen University (China) 
Shibin Jiang, AdValue Photonics, Inc. (United States) 
Tina Kidger, Kidger Optics Associates (United Kingdom) 
Chang-Seok Kim, Pusan National University (Korea, Republic of) 
Dai-Sik Kim, Ulsan National Institute of Science and Technology 

(Korea, Republic of) 
Chuan-Feng Li, University of Science and Technology of China  

(China) 
Xingde Li, Johns Hopkins University (United States) 
Ming Li, Institute of Semiconductors (China) 
Baojun Li, Jinan University (China) 
Wei Li, Institute of Semiconductors (China) 
Jun Liu, Shanghai Institute of Optics and Fine Mechanics (China) 
Qingming Luo, Hainan University (China) 
Ting-Chung Poon, Virginia Polytechnic Institute and State University 

(United States) 
Yuji Sano, Institute for Molecular Science (Japan) and Osaka 

University (Japan) 
Kebin Shi, Peking University (China) 
Nuannuan Shi, Institute of Semiconductors (China) 
Tsutomu Shimura, The University of Tokyo (Japan) 
Samuel Stranks, University of Cambridge (United Kingdom) 
Takuo Tanaka, RIKEN (Japan) 

ix

Proc. of SPIE Vol. 12776  1277601-9



Masahiko Tani, University of Fukui (Japan) 
Limin Tong, Zhejiang University (China) 
Kazumi Wada, Massachusetts Institute of Technology (United States) 
Yongtian Wang, Beijing Institute of Technology (China) 
Jianpu Wang, Nanjing University of Technology (China) 
Ting Wang, Institute of Physics (China) 
Rengmao Wu, Zhejiang University (China) 
Rongshi Xiao, Beijing University of Technology (China) 
Minghong Yang, Wuhan University of Technology (China) 
Jianhua Yao, Zhejiang University of Technology (China) 
Hiroshi Yoshikawa, Nihon University (Japan) 
Changyuan Yu, The Hong Kong Polytechnic University  

(Hong Kong, China) 
Xiao-Cong Yuan, Shenzhen University (China) 
Jianzhong Zhang, Harbin Engineering University (China) 
Xuping Zhang, Nanjing University (China) 
Xinliang Zhang, Wuhan National Research Centre for Optoelectronics 

(China) 
Cunlin Zhang, Capital Normal University (China) 
Xi-Cheng Zhang, The Institute of Optics, University of Rochester 

(United States) 
Zhenrong Zheng, Zhejiang University (China) 
Haizheng Zhong, Beijing Institute of Technology (China) 
Changhe Zhou, Jinan University (China) 
Zhiping Zhou, Peking University (China) 
Rui Zhu, Peking University (China) 
Dan Zhu, Huazhong University of Science and Technology (China) 
 

x

Proc. of SPIE Vol. 12776  1277601-10



Conference Committee 
 
 
Conference Chairs 

Cunlin Zhang, Capital Normal University (China) 
Yiwen E, The Institute of Optics, University of Rochester (United States) 
Masahiko Tani, University of Fukui (Japan) 

 

Conference Program Committee 

Derek Abbott, The University of Adelaide (Australia) 
M. Hassan Arbab, Stony Brook University (United States) 
Juncheng Cao, Shanghai Institute of Microsystem and Information 

Technology (China) 
Jian Chen, Nanjing University (China) 
Vladimir Yu Fedorov, Texas A&M University at Qatar (Qatar) 
Jiaguang Han, Center for Terahertz Waves of Tianjin University (China) 
Zhi Hong, China Jiliang University (China) 
Yen-Chieh Huang, National Tsing Hua University (Taiwan) 
Tae-In Jeon, Korea Maritime and Ocean University  

(Korea, Republic of) 
Biaobing Jin, Nanjing University (China) 
Weiqi Jin, Beijing Institute of Technology (China) 
Olga G. Kosareva, M.V. Lomonosov Moscow State University  

(Russian Federation) 
Rajib Kumar Mitra, S.N. Bose National Centre for Basic Sciences 

(India) 
Fengqi Liu, Institute of Semiconductors (China) 
Weiwei Liu, Nankai University (China) 
Chih Wei Luo, National Yang Ming Chiao Tung University (Taiwan) 
Yungui Ma, Zhejiang University (China) 
Hiroaki Minamide, RIKEN (Japan) 
Makoto Nakajima, Osaka University (Japan) 
Hua Qin, Suzhou Institute of Nano-Tech and Nano-Bionics (China) 
Shengcai Shi, Purple Mountain Observatory (China) 
Alexander P. Shkurinov, M.V. Lomonosov Moscow State University 

(Russian Federation) 
Xianghong Tang, Hangzhou Dianzi University (China) 
Joo-Hiuk Son, The University of Seoul (Korea, Republic of) 
Anton N. Tsypkin, ITMO University (Russian Federation) 
Masayoshi Tonouchi, Osaka University (Japan) 
Xiaojun Wu, Beihang University (China) 
Xinlong Xu, Northwest University (China) 
Yuping Yang, Minzu University of China (China) 
Chao Zhang, University of Wollongong (Australia) 

xi

Proc. of SPIE Vol. 12776  1277601-11



Dongwen Zhang, National University of Defense Technology (China) 
LiangLiang Zhang, Capital Normal University (China) 
Weili Zhang, Oklahoma State University (United States) 
Xi-Cheng Zhang, Institute of Optics, University of Rochester  

f(United States) 
Yan Zhang, Capital Normal University (China) 
Yaxin Zhang, University of Electronic Science and Technology of 

China (China) 
Zhuoyong Zhang, Capital Normal University (China) 
Kun Zhao, China University of Petroleum (China) 
Zengxiu Zhao, National University of Defense Technology (China) 
Zhenyu Zhao, Shanghai Normal University (China) 
Li-Guo Zhu, China Academy of Engineering Physics (China) 
Yiming Zhu, University of Shanghai for Science and Technology 

(China) 
 

xii

Proc. of SPIE Vol. 12776  1277601-12


