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Editorial on the Research Topic

Terahertz Sensing and Diagnosis

As a transition frequency region from macroscopic electronics to microscopic photonics, terahertz
(THz) radiation has attracted great attention from the scientists. But for a long time, due to the lack of
effective THz radiation generation and detectionmethods, the electromagnetic waves in the terahertz
band have not been studied and applied, so this part of the electromagnetic spectrum has been name
the “THz gap” [1]. In fact, as early as 100 years ago, there were scientists that studied
electromagnetism in this frequency region. Between 1896 and 1897, Rubens and Nichols made
an initial exploration of this frequency band [2]. In the following hundred years, some technical
developments and many relevant theories have been elaboratoed. Even, few THz devices were
reported [3, 4]. Yet, the word “Terahertz” first appeared in 1974, when Fleming used it to describe a
spectrum line covered by the Michelson interferometer [1]. The rapid development of modern THz
science and technology came in the mid-1980s, with the development of a series of new technologies
and materials. This was due to the development of ultra-fast laser technology, making it a routine
technology to obtain a stable broadband pulse THz source. In recent years, with the development and
updating of THz source and detection technology, and the great expansion of application fields, the
research and application of THz technology has undergone extensive and profound changes.

The THz frequency region is especially suitable for local area network and broadband mobile
communication because of the high frequency, wide bandwidth and multi-channel characteristics of
THz wave. Thus, it has been considered as a key technology of 6G. An ultra-high wireless transmission
speed that is hundreds or even thousands of times faster than current ultra-wideband technology can be
achieved by using THz waves to communicate [5]. Moreover, since the interstellar radiation is mostly in the
submillimeter wavelengths, namely THz band, its THz spectroscopy contains the rich information of the star
formation process and the interstellarmediumchemical properties. Therefore,more interesting astronomical
observation can be acquired by using THz detection technology. In 2019, astronomers around the world,
including in China, simultaneously released the first photo of a black hole in human history, which was
directly taken by the THz telescope. Furthermore, due to the low radiation power and the strong penetration
of THz radiation, it can replace X-ray fluoroscopy and computed tomography scan in anti-terrorism security
check and non-destructive testing. In 2020, due to the impact of the COVID-19 pandemic, all passengers
have to first check the temperature and then go through security at everymajor transportation hubs, which is
complicated and inefficient, greatly increasing the chance of virus infection. But, the temperature detection
and security check can be simultaneously completed in just a few seconds without contact at transportation
hubs equipped with THz security apparatus, which greatly improves passage efficiency.

In addition to high-speed communications, astronomy, and anti-terrorism security, the focus of
THz research has shifted to non-destructive testing (NDT) applications due to its unique

Edited and reviewed by:
Lorenzo Pavesi,

University of Trento, Italy

*Correspondence:
Shuncong Zhong

sczhong@fzu.edu.cn

Specialty section:
This article was submitted to

Optics and Photonics,
a section of the journal

Frontiers in Physics

Received: 07 August 2021
Accepted: 10 August 2021
Published: 20 August 2021

Citation:
Huang Y, Zhong S and Shen Y (2021)

Editorial: Terahertz Sensing
and Diagnosis.

Front. Phys. 9:754840.
doi: 10.3389/fphy.2021.754840

Frontiers in Physics | www.frontiersin.org August 2021 | Volume 9 | Article 7548401

EDITORIAL
published: 20 August 2021

doi: 10.3389/fphy.2021.754840

http://crossmark.crossref.org/dialog/?doi=10.3389/fphy.2021.754840&domain=pdf&date_stamp=2021-08-20
https://www.frontiersin.org/articles/10.3389/fphy.2021.754840/full
https://www.frontiersin.org/articles/10.3389/fphy.2021.754840/full
https://www.frontiersin.org/researchtopic/14502
http://creativecommons.org/licenses/by/4.0/
mailto:sczhong@fzu.edu.cn
https://doi.org/10.3389/fphy.2021.754840
https://www.frontiersin.org/journals/physics
www.frontiersin.org
https://www.frontiersin.org/journals/physics#articles
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org/journals/physics#editorial-board
https://doi.org/10.3389/fphy.2021.754840


electromagnetic characteristics. Since the vibrational and
rotational frequencies of most organic molecules and
biological macromolecules are in THz range, and since the
THz pulses have a good temporal resolution (picosecond
magnitude), terahertz time-domain spectroscopy (THz-TDS)
has been widely used in NDT. In the last 10 years or so, this
has led to remarkable progress in the understanding of THz-NDT
with the potential for huge impact on a wide range of
applications, from biomedical sensing to engineering diagnosis
[6, 7]. This also resulted in the development of innovative THz
technologies that provide biosensing, and precise diagnostics with
unprecedented ultrahigh sensitivity, resolution, and detection
speed [8]. However, the absorption cross-sections of molecules
are extremely small when compared to the THz wavelengths,
leading to rather weak interactions between molecules and THz
radiation [9]. For this reason, it is difficult to perform selective
sensing or quantiative analysis of substances based on their THz
characteristic responses. Enhancing the sensing sensitivity,
detection range, detection speed, and resolution of THz
spectroscopy technology, and quickly and conveniently
realizing the detection of small amount of samples have
become urgent issues to be addressed. Luckily, today’s
electromagnetic plasmonic surface technology can provide a
solution to these problems due to its unique resonant electric
field enhancement effect.

This Research Topic was designed to highlight the recent
progresses and trends in the development of leading-edge
terahertz NDT technologies, including sensing and diagnosis,
and serve as a reference for the community. It contains several
“Original Research” articles. A major focus is on the research
associated with the utilization of terahertz metamaterial for
sensing applications. These articles include a discussion of the

sensing enhancement due to the electromagnetically induced
transparency effect in terahertz metamaterial by substrate
etching (Lin et al.), an ultrasensitive THz sensor based on
centrosymmetric F-shaped metamaterial resonators (Ma et al.),
and a three-dimensional dual-band terahertz perfect absorber for
measuring the refractive index of analytes (Yin et al.). The
Research Topic also involves several “Original Research”
articles of THz monitoring and diagnosis. A research on
destructive and non-destructive crop water status monitoring
and diagnosis by terahertz imaging is authored by (Li et al.). The
capability of identifying different volatile liquids of two terahertz
systems (i.e., 100 GHz sub-THz line scanner and attenuation total
reflection-based THz-TD) is demonstrated by Baxter et al., while
a non-destructive evaluation method for hidden defects beneath
the multilayer organic protective coatings using terahertz pulse
imaging technology is presented by (Tu et al.).
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