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Editorial on the Research Topic 
Application of Terahertz Frequency in Substance Detection and Recognition

Frequencies in the terahertz range, from 100 GHz (GHz) to 10 THz (THz), are endowed with many uniquely attractive features and assumed to be widely used in various fields, such as wireless communication [1], aerospace, security and biomedicine [2]. In laboratory demonstrations, terahertz frequency can transfer large amounts of data quickly [3], obtain high-resolution images [4, 5], identify explosives and reveal hidden weapons without ionizing atoms and molecules in human tissue [6–8]. Indeed, located between microwaves and infrared, the THz band has a number of relevant benefits when applied to sensing and imaging [9]. Like microwaves, THz waves can penetrate most dielectric materials with different attenuation levels, revealing inner structures with meaningful contrast. Like infrared, THz wavelengths are sufficiently small to provide high-resolution images applicable in many day-to-day practical scenarios. Moreover, many molecules have unique spectral fingerprints in the THz range, which can lead to accurate spectroscopic identification. Finally, due to their low photon energies, THz wave are harmless for biological tissues. But the path from laboratory achievements to real-world applications is filled with serious challenges [10], such as limited resolution and sensitivity of detectors, lack of efficient sources, investigations on potential application scenarios, and so on. This issue presents novel research exploring important developments and applications of the THz frequency band, by collecting one review and seven contributed articles as explained below.
Fu et al. provide a comprehensive review on application of terahertz spectroscopy, which not only presents the working principle of terahertz time-domain spectroscopy (THz-TDS) systems with/without metamaterial-enhancement, but also provides an overview of its application in biomedicine, agriculture and food production, and security inspection as shown in Figure 1. Terahertz frequency has been showing more and more significant potential for application in the detection and recognition of substances.
[image: Figure 1]FIGURE 1 | Terahertz spectroscopy and some typical applications by Fu et al.
Additionally, there are four papers involving the substance detection and recognition for SARS-CoV-2 S1 protein, high-voltage cable, sedimentary rocks, and cattle feed. Niu et al. experimentally demonstrate that terahertz spectroscopy integrated with a metamaterial-based biosensor and biological modification technology can be used to detect SARS-CoV-2 S1 protein with high sensitivity and label-free detection. Zhang et al. show noteworthy applications of a THz frequency-modulated-continuous-wave non-destructive testing imaging system for non-destructive detecting internal structure of a high-voltage cable. Feature defect signals are automatically classified and recognized by combining the principal component analysis (PCA) method and the support vector machine classification method. Meng et al. propose to exploit a THz dating method by combining THz-TDS and PCA method, for characterizing the geological age of sedimentary rocks. Huang et al. demonstrate how a THz-TDS system can be utilized to evaluate cattle feed equality by detecting moisture content inside.
This issue also contains three articles where enhanced THz generation and detection is achieved using structured material devices. Tu et al. develop an enhanced THz source by fabricating metasurfaces on an x-cut LNOI (LiNbO3 on an insulator) film residing on SiO2, where the enhancement is contributed by the resonance-induced electric field enhancement on the metasurface. In the article by Jiang et al., the mechanism of the resonance coupling is revealed and can be used for further enhancement in THz sensing devices. Shi et al. report on a polarization detector for THz electric field, by employing photoconductive antenna array to eliminate the reverse current between adjacent antenna elements and improve signal-to-noise ratio. The detector can measure amplitude, phase and polarization of THz electric field simultaneously.
In conclusion, this special issue is created to present the latest advances and trends concerning the application of terahertz frequency in the field of detection and recognition substances. Our special thanks to the Frontiers in Physics team for the technical assistance with publishing.
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