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Editorial on the Research Topic

Advances in Terahertz Detection and Imaging

Terahertz waves have many unique properties and show great potential for both fundamental
scientific research and applications in various fields, such as astronomy, communication,
biomedicine, and security inspection [1–3]. Terahertz detection is a process of converting
terahertz signal into a measurable electrical signal. It can be used to obtain the amplitude,
phase, spectroscopic, temporal, or polarization information of the THz signal, which may reveal
rich physical phenomena about the interaction of terahertz waves with matter. Effective detection of
terahertz signal is crucial for realizing real-world applications of terahertz technology, especially for
the passive techniques [4]. Terahertz waves show good capability of penetration through objects
which are usually opaque to infrared and visible light, and their appropriate wavelengths may yield a
higher spatial resolution than microwave. Many organic substances exhibit fingerprint absorption
spectra in this frequency range, enabling identification of different materials. Therefore, imaging with
terahertz waves allows one to see through an object with millimeter- or submillimeter-scale
resolution and even spatially resolve its chemical composition [5, 6]. Nowadays, terahertz
detection and imaging are two fundamental and hot topics in the area of terahertz science and
technology, and a series of significant advances have emerged in recent years.

Limited by the cut-off frequency of conventional electronic devices and the relatively large
bandgap of conventional photonic devices, detection of terahertz waves at room temperature (RT) is
still a challenge. For terahertz detection, the underlying mechanisms can be generally classified into
three categories: thermal effect, electronic effect and photonic effect. Thermal detectors, relying on
the temperature change of the photoactive materials induced by the incident radiation, have a
broadband photoresponse (theoretically covering the entire terahertz range). Bolometers are the
most widely used thermal detectors and their focal-plane arrays have been commercially available. At
cryogenic temperatures, bolometers show very high sensitivities, with noise-equivalent power (NEP)
levels on the order of fW/
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or below, and have been successfully applied to astronomical
observation and personnel screening [4, 7]. Thermal response is usually slow (of about milliseconds).
However, the hot-carrier assisted photothermoelectric effect occurring in graphene is an exception,
which is capable of reaching the picosecond level [8]. Electronic detectors, relying on the interaction
of terahertz waves with the collective motion of electrons or induces an electron transition (across a
potential barrier) [9], have a fast response but low-frequency operation (typically below 1 THz).
Photonic detectors, relying on the generation of electron-hole pairs in narrow bandgap
semiconductors upon terahertz photoexcitation, usually require cryogenic cooling to reduce the
background thermal noise. Nevertheless, after years of development, exciting progress has been
achieved in terahertz detection techniques [9, 10]. Benefiting from novel photoactive materials,
optimized device structure design and refined fabrication process, terahertz detector performances,
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in term of sensitivity, speed, bandwidth, working temperature
and integrability, have been remarkably improved.

Since the first demonstration of terahertz transmission
imaging based on a time-domain spectroscopy (TDS) system
[11], different modalities have been proposed to achieve better
imaging performance or to provide new physical information for
understanding of light-matter interactions at terahertz
frequencies. The spatial resolution of conventional terahertz
imaging is on the order of terahertz wavelength, limited by
diffraction. Using near-field technique [12] or sub-diffraction
optics [13], imaging with subwavelength resolution becomes
viable. From pixel-by-pixel scanning to real-time 2D imaging,
faster image acquisition can be realized with the advent of focal
plane array detectors [14, 15] and computational imaging based
on a single-pixel detector [16, 17]. Broadband pulses, frequency-
tunable continuous-wave sources or frequency combs enables
spectroscopic or hyperspectral imaging, which is appealing for
acquiring both the structure and composition information of the
object from multiple spectral bands [5, 18, 19]. When combining
the techniques of interferometeric, holographic or self-mixing,
phase images can be measured or reconstructed to reveal the
terahertz wave front and the object depth information
quantitatively [20–23]. In addition, imaging systems for radar,
personnel screening and non-destructive evaluation applications
have been well established and some even become commercially
available.

Through this Research Topic, we aim to present the research
advances in terms of new mechanisms, technical improvements,
functional devices, and signal processing methods developed for
terahertz detection and imaging. The first sub-topical area of this
topic is terahertz detection, which serves as a basis of terahertz
science and technology. Terahertz quantum-well photodetectors
(QWP) have high sensitivity and fast response. In the article by
Shao et al. the authors describes QWP theory and review the
research progress for imaging and communication applications.
In the work by Bai et al. QWP is integrated with a light-emitting
diode to upconvert terahertz radiation into near infrared
emission for broadband upconversion terahertz detection and
pixelless imaging. Hou et al. present theoretical studies on the
neon glow discharge characteristics and the interaction between
the discharge plasma with terahertz waves so as to develop low
cost, RT operation and user-friendly detectors. Photoactive
materials are vital for RT terahertz bolometers. Jiang et al.
report that the Nb5N6 thin film coupled with a radio
frequency choke-enhanced dipole antenna enables a pW/
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level NEP and a response time below 10 μs. Photoconductive
antennas (PCAs) are widely used detectors in TDS systems. By
fabricating a PCA array with a special substrate micromachining
process to eliminate the reverse current between adjacent
antenna, Shi et al. report an enhanced synthesis efficiency.

Layered MoS2 crystals are promising materials for novel
optoelectronic devices. Using optical pump-terahertz probe
technique—a powerful tool for investigating the ultrafast
process in semiconductors, Yang et al. present a study on their
photo-generated carrier dynamics.

As for terahertz imaging, Zhang et al. report the non-contact
and non-invasive characterization of Chinese lacquerware by
terahertz reflection imaging. The layer structures of a lacquer-
covered ornamental wood panel are clearly resolved by the time-
of-flight of terahertz pulses. Wang et al. report the spatiotemporal
distribution measurement of terahertz wave generated from two-
color-induced plasma by focal plane imaging, allowing one to
fully understand the characteristics of terahertz emission from
plasma. To improve the terahertz image quality for
nondestructive testing of composite materials, Li et al. propose
an image enhancement method based on wavelet unsharp
masking and guided filtering. Experimental results show that
different types of defects can be accurately identified using this
method. For self-mixing imaging by quantum cascade laser
(QCL), interferometric signal extraction and analysis plays a
key role. Ge et al. present a theoretical model to study the
self-mixing interference in complex coupled distributed
feedback THz QCLs, which is valuable for further
development of terahertz self-mixing imaging technique.

In detection and imaging systems, functional devices play an
important role in manipulating terahertz waves. Liu et al. report a
flexible broadband terahertz modulator based on a strain-
sensitive MXene film. Under a stretching force, the device can
efficiently change terahertz transmission amplitude.
Furthermore, a sensitive terahertz intensity change
measurement is desirable for a sensor. Wang et al. design a
composite device consisting of a carbon nanotube metasurface
and a microfluidic channel to monitor the refractive index of the
analyte with a high sensitivity for biological and chemical sensing
applications. Besides amplitude modulation, polarization control
also deserves special attention. Wang et al. propose an
electronically tunable graphene composite metasurface to
actively control the terahertz wave polarization state. By
changing the chemical potential of graphene, they achieved the
interconversion among linear, circular and elliptical polarizations
of the THz signal. Wang et al. investigates the focusing and
dispersive properties of circularly polarized terahertz vortex
beams, which is promising for the applications in terahertz
imaging and microscopy.
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