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Editorial on the Research Topic
Advanced Terahertz spectrum and metamaterials for biochemical
sensing and setection

Terahertz (THz) electromagnetic spectroscopy, located between microwaves and
infrared radiation, is a promising analytical method for sensitive probing in a label-free
and nondestructive manner [1]. THz spectrum can provide unique fingerprint
information regarding various biochemical or organic molecules [2, 3], and can be
used for qualitative or quantitative sensing and detection of biochemical substrates.
Although the development of THz sensing and detection has been overshadowed by the
great progress achieved in microwave and infrared spectroscopies, its uniquely attractive
features have encouraged researchers to explore the potential of this band. However,
traditional THz systems rely on bulk amounts of the analyte tablet in order to increase the
interaction between THz waves and the sample, which is not in accordance with the real-
world requirements for the detection of trace substrates, because the biochemical analyte
is usually present in extremely low quantities.

It is notable that the collective resonances of subwavelength, periodic artificial
structures have endowed THz metamaterials with local field enhancement, enhancing
interactions between THz waves and the target biochemical or organic molecules [4-7].
This strategy not only provides an important method for the sensitive detection of
substrates, but also facilitates the advance of THz sensing from laboratory demonstrations
to practical applications [8, 9]. This Research Topic presents novel research that
contributes to the design of functional THz metamaterials for sensing and detection
applications, as well as spectral diagnostic techniques in the THz band. Four articles were
collected and are explained below.

Shang et al. applied THz time-domain spectroscopy to study laser-induced damage of
an ITO thin film. The peak-to-peak value in the time domain and the amplitude in the
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frequency domain for the damaged area evidently increased
compared with those of the undamaged area. The increased
laser-induced energy resulted in a larger damaged area and
The
variation, both in time- and frequency-domain spectra, can

increased surface roughness, as shown in Figure 1.

distinguish the type of damage on the optical thin film
irradiated by a laser. This research provides a new approach
for laser-induced damage identification of thin films using THz
spectra.

This Research Topic also contains three articles focused
on THz metamaterials. Abdulkarim et al. proposed a
broadband metamaterial based on vanadium dioxide (VO,)
resonators. Its absorption characteristics could be adjusted by
the temperature, because of the phase change of VO, from
insulating to metallic.

In the article by Lu et al., equivalent circuit models were
utilized to analyze the resonance of THz metamaterials
comprised of cross rectangular, split-ring resonators. The

sensing performances of the metamaterials were discussed,

10.3389/fphy.2022.1088729

and the results show that they exhibited high refractive index
sensitivities of 309 GHz/RIU and 730 GHz/RIU at two resonant
frequencies.

Hu et al. designed a graphene-based THz metasurface
sensor using an air spacer. Structural design and material
enabled the
characteristics through the dynamic electrical properties of

selection tuning of sensor’s resonance
graphene and the thickness of the air spacer. The sensitivities
of the two resonance peaks reached 450 GHz/RIU and
717 GHz/RIU.

In conclusion, this Research Topic aims to contribute to the
design of different types of functional THz metamaterials to
achieve high sensitivity sensing and detection. Obtaining THz
spectra of the sensing target by using THz time-domain
spectroscopy can provide a clear understanding of the
resonant mechanisms of THz metamaterials, providing a
pathway for their application in the field of biochemical

sensing and detection. We are grateful to the Frontiers in

Physics team for technical assistance during publishing.

FIGURE 1

Damage profile of an ITO thin film sample irradiated by a laser at different energy densities: (A) 1.03 J/cm?, (B) 1.28 J/cm?, (C) 1.55 J/cm?, and (D)

2.23 J/cm?

Frontiers in Physics

02

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphy.2022.968310/full
https://www.frontiersin.org/articles/10.3389/fphy.2022.973033/full
https://www.frontiersin.org/articles/10.3389/fphy.2022.990126/full
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://doi.org/10.3389/fphy.2022.1088729

Wang et al.

Author contributions

YW drafted the Editorial and led the Research Topic. All
authors have made a substantial, direct, and intellectual
contribution to this Research Topic.

Funding

This work has received funding in part from the Natural Science
Foundation of Shaanxi Province (no. 2020J748), National Natural
Science Foundation of China (nos 61975163, 62275215), the Youth
Innovation Team of Shaanxi Universities (no. 21JP084), and Beibei
District Science and Technology Agency Supported Program for
Science and Technology Talents & Independent Innovation (2021-6).

References

1. Gil-Santos E., Ruz J. J., Malvar O., Favero I, Lemaitre A., Kosaka P. M., et al.
Optomechanical detection of vibration modes of a single bacterium. Nat Nanotechnol
(2020) 15(6):469-74. doi:10.1038/s41565-020-0672-y

2. D’Angeln F., Mics Z., Bonn M., Turchinovich D. Ultra-broadband THz time-
domain spectroscopy of common polymers using THz air photonics. Opt Express
(2014) 22(10):12475-85. doi:10.1364/0e.22.012475

3. Damari R,, Weinberg O., Krotkov D., Demina N., Akulov K., Golombek A.,
et al. Strong coupling of collective intermolecular vibrations in organic materials at
Terahertz frequencies. Nat Commun (2019) 10:3248. doi:10.1038/s41467-019-
11130-y

4.ParkS.]., Hong]J. T., ChoiS.J., Kim H. S., Park W. K., Han S. T,, et al. Detection
of microorganisms using Terahertz metamaterials. Sci Rep (2014) 4:4988. doi:10.
1038/srep04988

5.Zhang]., MuN,, Liu L., Xie J., Feng H., Yao J., et al. Highly sensitive detection of
malignant glioma cells using metamaterial-inspired THz biosensor based on

Frontiers in Physics

03

10.3389/fphy.2022.1088729

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

electromagnetically induced transparency. Biosens Bioelectron (2021) 185:

113241. doi:10.1016/j.bios.2021.113241

6. Xu J., Liao D., Gupta M., Zhu Y., Zhuang S., Singh R., et al. Terahertz
microfluidic sensing with dual-torus toroidal metasurfaces. Adv Opt Mater (2021)
9(15):2100024. doi:10.1002/adom.202100024

7. Lee D.-K,, Kang J. H., Lee J. S.,, Kim H. S., Kim C.,, Kim J. H,, et al. Highly
sensitive and selective sugar detection by Terahertz nano-antennas. Sci Rep (2015)
5(1):15459. doi:10.1038/srep15459

8.Zhou]J., Zhao X., Huang G., Yang X., Zhang Y., Zhan X, et al. Molecule-specific
Terahertz biosensors based on an aptamer hydrogel-functionalized metamaterial

for sensitive assays in aqueous environments. ACS Sens (2021) 6(5):1884-90. doi:10.
1021/acssensors.1c00174

9. Lee S.-H., Shin S., Roh Y., Oh S.J,, Song H.S., Ryu Y.-S,, et al. Label-free brain
tissue imaging using large-area Terahertz metamaterials. Biosens Bioelectron (2020)
170:112663. doi:10.1016/j.bios.2020.112663

frontiersin.org


https://doi.org/10.1038/s41565-020-0672-y
https://doi.org/10.1364/oe.22.012475
https://doi.org/10.1038/s41467-019-11130-y
https://doi.org/10.1038/s41467-019-11130-y
https://doi.org/10.1038/srep04988
https://doi.org/10.1038/srep04988
https://doi.org/10.1016/j.bios.2021.113241
https://doi.org/10.1002/adom.202100024
https://doi.org/10.1038/srep15459
https://doi.org/10.1021/acssensors.1c00174
https://doi.org/10.1021/acssensors.1c00174
https://doi.org/10.1016/j.bios.2020.112663
https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://doi.org/10.3389/fphy.2022.1088729

	Editorial: Advanced Terahertz spectrum and metamaterials for biochemical sensing and detection
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


