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Terahertz (THz) waves, with the spectrum located between microwaves/millimeter-waves and infrared radiation,
were historically difficult to be generated and detected and known as “terahertz gap” [1]. However, Since the 1980s,
the rapid development of semiconductor optoelectronics, ultrafast optics and ultrafast electronics has greatly
promoted the research on generation, detection and application of THz waves. Many breakthroughs were achieved
in the past decades, including high performance sources, sensitive detectors and interaction of THz wave with
matters. THz waves have low photon energy and are non-ionizing. They can penetrate through most non-conductive
materials. Many complex molecules have intra-/inter-molecule rotational or vibrational modes in THz frequencies.
Due to these unique features, THz waves have great scientific value and have found an increasingly wide variety of
applications in molecular fingerprint detection [2], diagnostic imaging [3 – 5], security and anti-terrorism [6 – 8],
broadband communication [9 – 11], astronomical research [12], etc.

More recently, the rapid development of nano-photonics opens up a new way for manipulation of THz radiation.
The unique optoelectronic properties of two-dimensional (2D) materials have been explored to realize next
generation THz photodetectors [13,14]. Metasurfaces provide a new platform for designing ultrasensitive terahertz
sensors, allowing for more accurate detection than classical THz spectroscopy [15]. The recent discovery of the
topological phase of light has suggested possible solutions for on-chip communication at terahertz frequencies [16].

This special issue on “Terahertz Science and Applications” includes five review articles and one research article,
covering most of the topics mentioned. Zhang et al. [17] provide a comprehensive overview of progress in the
generation, detection, and applications of intense THz radiation. New developments with emerging technologies,
including topological insulators, spintronic materials, metasurfaces are also introduced. Jin et al. [18] review the
pioneering work in Prof. Xi-Cheng Zhang’s group of using liquid water to generate THz radiation. Laser-induced
plasma formation associated with a ponderomotive force-induced dipole model was proposed to explain the
generation process. Both one-color and two-color excitation scheme are demonstrated and a higher THz electric
field was obtained with water film than with air under identical experimental condition. Isgandarov et al. [19] provide
an overview of the evolution and recent development of intense THz pulses generation using large-aperture
photoconductive antenna (LAPCA), including those with large-aperture dipoles and those with interdigitated
electrodes. By gathering the past and recent achievements in the development and characterization of these intense
THz photoconductive emitters, they show LAPCAs are very attractive and compact THz sources capable of room-
temperature operation with high efficiency and stability. Shao et al. [20] present single mode THz quantum cascade
lasers (THz QCLs) with sampled lateral grating emitting approximately at 3.4 THz. They show a side-mode
suppression ratio larger than 20 dB with the new grating design and 11.8% improvement of peak power compared to
devices with uniform distributed feedback gratings. Zuber et al. [21] present a theoretical investigation of charge
transport and nonlinear effects in the THz frequency region, such as high harmonic generation, in topological
materials including Weyl semimetals (WSMs) and α-T3 systems. Their results provide useful information on
developing nonlinear THz devices based on topological materials. Baydin et al. [22] review recent developments of
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THz time-domain spectroscopy (THz-TDS) in high magnetic fields. Advantages and disadvantages of different types
of magnets in performing THz-TDS experiments are discussed and new fascinating physical phenomena that have
been revealed by THz-TDS in high magnetic fields are highlighted.

We hope that this special issue on “Terahertz Science and Applications” will attract researchers working in the
related areas, and provide useful references that will inspire future research in this exciting field. We thank all authors
for their contribution to this special issue, and the reviewers who have offered their valuable time to provide pertinent
comments on these papers. At last, we would like to thank Frontiers of Optoelectronics for providing a valuable
opportunity to organize this special issue.

References

1. Siegel P H. Terahertz technology. IEEE Transactions on Microwave Theory and Techniques, 2002, 50(3): 910–928

2. Strachan C J, Rades T, Newnham D A, Gordon K C, Pepper M, Taday P F. Using terahertz pulsed spectroscopy to study crystallinity of

pharmaceutical materials. Chemical Physics Letters, 2004, 390(1–3): 20–24

3. Hu B B, Nuss M C. Imaging with terahertz waves. Optics Letters, 1995, 20(16): 1716–1718

4. Jansen C, Wietzke S, Peters O, Scheller M, Vieweg N, Salhi M, Krumbholz N, Jördens C, Hochrein T, Koch M. Terahertz imaging: applications

and perspectives. Applied Optics, 2010, 49(19): E48–E57

5. Stantchev R I, Yu X, Blu T, Pickwell-MacPherson E. Real-time terahertz imaging with a single-pixel detector. Nature Communications, 2020, 11

(1): 2535

6. Stoik C, Bohn M, Blackshire J. Nondestructive evaluation of aircraft composites using reflective terahertz time domain spectroscopy. NDT & E

International, 2010, 43(2): 106–115

7. Heinz E, May T, Born D, Zieger G, Anders S, Zakosarenko V, Meyer H G, Schäffel C. Passive 350 GHz video imaging systems for security

applications. International Journal of Infrared, Millimeter, and Terahertz Waves, 2015, 36(10): 879–895

8. Zhong S. Progress in terahertz nondestructive testing: a review. Frontiers of Mechanical Engineering, 2019, 14(3): 273–281

9. Nagatsuma T, Horiguchi S, Minamikata Y, Yoshimizu Y, Hisatake S, Kuwano S, Yoshimoto N, Terada J, Takahashi H. Terahertz wireless

communications based on photonics technologies. Optics Express, 2013, 21(20): 23736–23747

10. Seeds A J, Shams H, Fice M J, Renaud C C. Terahertz photonics for wireless communication. Journal of Lightwave Technology, 2015, 33(3):

579–587

11. O’Hara J F, Ekin S, Choi W, Song I. A perspective on terahertz next-generation wireless. Technologies, 2019, 7(2): 43

12. Pillet V M, Aparicio A, Sánchez F. Payload and Mission Definition in Space Science. Cambridge: Cambridge University Press, 2005

13. Low T, Avouris P. Graphene plasmonics for terahertz to mid-infrared applications. ACS Nano, 2014, 8(2): 1086–1101

14. Rogalski A, Kopytko M, Martyniuk P. Two-dimensional infrared and terahertz detectors: outlook and status. Applied Physics Reviews, 2019, 6

(2): 021316

15. Beruete M, Jáuregui-López I. Terahertz sensing based on metasurfaces. Advanced Optical Materials, 2020, 8(3): 1900721

16. Yang Y, Yamagami Y, Yu X, Pitchappa P, Webber J, Zhang B, Fujita M, Nagatsuma T, Singh R. Terahertz topological photonics for on-chip

communication. Nature Photonics, 2020, 14(7): 446–451

17. Zhang Y, Li K, Zhao H. Intense terahertz radiation: generation and application. Frontiers of Optoelectronics, 2021, 14(1): 4–36

18. Jin Q, E Y W, Zhang X C. Terahertz aqueous photonics. Frontiers of Optoelectronics, 2021, 14(1): 37–63

19. Isgandarov E, Ropagnol X, Singh M, Ozaki T. Intense terahertz generation from photoconductive antennas. Frontiers of Optoelectronics, 2021,

14(1): 64–93

20. Shao D, Yao C, Fu Z, Wan W, Li Z, Cao J. Terahertz quantum cascade lasers with sampled lateral gratings for single mode operation. Frontiers of

Optoelectronics, 2021, 14(1): 94–98

21. Zuber J W, Zhang C. Nonlinear effects in topological materials. Frontiers of Optoelectronics, 2021, 14(1): 99–109

22. Baydin A, Makihara T, Peraca N M, Kono J. Time-domain terahertz spectroscopy in high magnetic fields. Frontiers of Optoelectronics, 2021, 14

(1): 110–129

Prof. Xinliang Zhang received his Ph.D. degree from Huazhong University of Science and Technology (HUST),
China, in 2001. He became a full professor of HUST in 2004. Now he is the head of research group “Intelligent
Photonics: Devices and Subsystems” in Wuhan National Laboratory for Optoelectronics (WNLO), HUST, China.

His research areas cover semiconductor optoelectronic devices for optical communication and optical signal
processing, such as InP-based & Si-based devices and integration. He has over 500 publications in prestigious
international journals and conferences, including over 300 papers in IEEE / OSA Letters / Journals. He is a Fellow of
OSA and a senior member of IEEE.

2 Front. Optoelectron. 2021, 14(1): 1–3



Dr. Xiaojun Wu got her Ph.D. degree from Institute of Physics, Chinese Academy of Sciences, China, in 2013, and
then went to DESY in Germany working as a postdoctor till April of 2017. She joined Beihang University, China, as
an associate professor in June of 2017. Her research interests are high-field terahertz sources and on-chip terahertz
photonics. During August 2014 –April 2017, she was awarded the Alexander von Humboldt Fellowship from
German Government. From January 2014 to December 2015, she served for Member and Education Services
Council of the Optical Society of America (OSA).

Xinliang ZHANG et al. Preface to the special issue on “Terahertz Science and Applications” 3


	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10
	bmkcit11
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit15
	bmkcit16
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22


