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The field of terahertz and millimeter wave science and technology has evolved in
recent years into an area attracting a lot of attention from all sides of science, industry,
and the public. The foremost reason for this increased attention has been the development
of powerful sources and sensitive detectors for this particular radiation band of the electro-
magnetic spectrum. The term terahertz is commonly defined to address electromagnetic
waves with frequencies from around 0.1 to 10 THz and respective wavelengths of sev-
eral millimeters to tens of micrometers. At its lower-frequency end, the terahertz region
crosses over with so-called millimeter waves, with an upper boundary around 300 GHz, and
reaching down, depending on the definition, to several tens of GHz. The research and
development of terahertz components and system concepts has enabled the application of
terahertz waves in countless areas reaching from fundamental scientific research, e.g., of
carrier dynamic processes in semiconductors or astrophysical observation of gas clouds,
to real-world application scenarios, e.g., non-destructive material testing and quality con-
trol or high-speed wireless communication. A large number of review articles exist, which
give good overview of the history of terahertz science and the various areas where tera-
hertz technology is found today. Some of them—without any claim of completeness—are
References [1–6] and the many references therein.

The early years of terahertz science were long dominated by the search for methods of
direct terahertz generation with significant power levels—other than radiation generation
from broadband emission sources—and, at the same time, the development of radiation
detectors and measurement concepts for this frequency range. Naturally, approaches
situated on the lower end of the millimeter wave and terahertz spectra were mostly
based on the frequency extensions of widespread radio and high frequency technologies—
commonly summarized as electronic millimeter and terahertz technologies. On the high-
frequency end, approaches extending established technologies from the infrared into the
terahertz regime are mostly based on opto-electronic system concepts and are commonly
summarized as optical terahertz technologies. The particular challenges of implementing
such established technologies in the millimeter and terahertz frequency range was long
associated with the term terahertz gap, which emphasized the lack of application-ready
technologies in this spectral region. Nevertheless, the continuous research in the field
has led to great improvements on both the source and detector side, and finally, many
terahertz technologies have reached a level of maturity which allows them to be applied in
real-world industrial contexts and beyond.

This Special Issue of MDPI Sensors is intended to bring together some recent pub-
lications related to the application of millimeter and/or terahertz technology to specific
application-related implementations in various fields. It covers a number of particular
application examples employing terahertz radiation [7–12], presents methodological ap-
proaches for measurements techniques and concepts [13–19], as well as some contributions
dedicated to recent achievements from the technology side of source and detector develop-
ment [20–22].

A nice example showing how various conventional radar and signal processing tech-
niques can be exploited in the millimeter and terahertz regime, as the respective technical
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system components become available, is presented by Wagner et al. [7]. In their contribu-
tion, the authors demonstrate the use of a millimeter wave frequency-modulated continu-
ous wave (FMCW) radar for the detection of drilling intrusion in sensitive transport contain-
ers. Another such radar technique is employed in the contribution by Batra et al., namely,
synthetic aperture radar (SAR) [8]. The authors present machine learning-supported object
classification by feature extraction from images obtained with an indoor terahertz SAR sys-
tem operating at frequencies of 325 to 500 GHz. The identification of humans is the subject
of a publication by Alkasimi et al., where deep transfer learning is applied to millimeter
wave waveforms of the heart sound of walking individuals in 77 GHz measurements at
standoff distances [9]. The publication by Zarrinkhat et al. demonstrates the application of
terahertz imaging in the field of medical applications [10], in particular the assessment of
special calibration requirements in the investigation of corneal thickness and water content
towards an early diagnosis technique for corneal dystrophies.

Another established field where terahertz radiation is widely employed is spectroscopic
material identification. Many characteristic molecular vibrational and rotational (in gases)
absorption bands are located in the terahertz spectral region. Mostly time-domain spectroscopy
(TDS) systems are currently being employed for spectroscopic measurements. In their contri-
bution to this Special Issue, Im et al. demonstrate experiments towards a highly relevant topic
today, namely, the detection of microplastics, in their case mixed into table salts [11]. Effective
medium theory is applied to TDS signals between 0.1 and 0.5 THz to identify different volume
ratios of HDPE and salt mixtures in powder form. Zhai et al. show in their publication that
terahertz TDS can also be useful to support the automated handling of paper documents [12].
By extracting page counts of paper stacks as well as detecting sheet thickness, moisture con-
tent, and possible foreign objects, the technique could be employed in, e.g., paper feeders of
document scanners.

Several techniques for the analysis of terahertz TDS waveforms can be used to extract
valuable information with various application scenarios in mind. Khani et al. investi-
gate in their publication the advantages of maximum overlap discrete wavelet transform
(MODWT) over conventional DWT for the extraction of spectral features at the example of
α-lactose monohydrate pellets [13]. In another contribution, Ren at al. present a compressed
sensing approach to exploit the dual sparsity of terahertz TDS data in the wavelet and
gradient domains for the reconstruction of terahertz images [14]. The authors evaluate their
method by performing TDS transmission imaging of wheat flour pellets and wheat seeds.

A number of contributions to this Special Issue presented innovative concepts on the
system side and measurement techniques. For example, the design of a W-Band, horn
antenna-integrated photonic receiver on the basis of a electro-optical whispering gallery
mode resonator is proposed by Strekalov et al. [15] for the use of cloud and precipitation radar.
Another radar approach is contributed by Konno et al. presenting discrete Fourier transform-
based distance measurements in an all-semiconductor-based radar system [16]. The practical
issues when using solid immersion lenses in terahertz imaging and methods of interference
pattern removal are the content of a paper by Choi et al. [17]. An interesting system concept
based on the use of a monolithic mode-locked laser diode to generate terahertz radiation in
photomixers for Mach–Zehnder-type interferometric thickness measurements is presented
by Kolpatzeck et al. [18]. The authors report an accuracy of few tens of micrometers of layer
thicknesses with their measurement setup. In a work by Kim et al. [19], an approach for
plasma diagnostics by measuring the electron density in the so-called crossing frequency
method with the help of microwave probes is presented.

On the device level, Paz-Martínez et al. investigated the performance of field-effect
transistors as terahertz detectors based on GaN HEMTs in dependence of temperature and
gate-length variation [20]. The same device type of field-effect transistor-based terahertz
detector with integrated receiving antennas (TeraFET) but fabricated using commercial
foundry-based silicon CMOS technology is presented by Ikamas et al. [21], where the
detectors are combined in a free-space transmission system with also silicon CMOS-based
emitters at 250 GHz. A possible application discussed in the paper is the emerging field
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of terahertz communication. Finally, we were happy to include in this Special Issue a
perspective article, in which the authors Shur, Aizin, Otsuji, and Ryzhii focus further on
this topic and present their opinion on the future of TeraFETs and in general plasmonic
terahertz semiconductor devices for 6G communication [22].

We thank all the authors of the above papers for making this Special Issue possi-
ble with their submissions. We believe that their contributions present a good insight
into recent developments in the field of terahertz and millimeter wave applications and
system concepts, emphasizing that terahertz and millimeter wave technologies have fi-
nally reached a level of maturity to be applied in countless fields of both scientific and
industrial contexts.
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