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Compact solid-state sources are important building blocks and key 

components of various terahertz applications. This spectral region, 
called also as “T-gap”, is important for many practical applications, 
including THz imaging, chemical and biological sensing, high-speed 
telecommunication, security and other applications. Moreover, THz 
spectral region covers intermolecular vibrations of biological molecules 
and low frequency crystalline lattice vibrations of chemical materials, 
including drugs, explosive and related compounds (ERCs) such as 
TNT, RDX, HMX, PETN and other explosive materials [1-3]. Among 
the electron devices, quantum cascade lasers (QCLs) and resonant 
tunneling diodes (RTDs) are promising as one of the candidates for 
terahertz wave generation and amplification at room temperature. 

Despite the great progress in the last few years of design, fabrication 
and demonstration THz emitters based on GaAs/AlGaAs materials, 
there are some limits of bandgap engineering due to the relatively low 
(0.72 eV for GaAs/AlAs) conduction band offset (CBO). To overcome 
the issue the new material systems such as ZnMgO/ZnO, ZnBeSe/ZnSe 
and AlGaN/GaN are considered as promising for room-temperature 
THz sources [4-8]. III-Nitride materials, which include binary 
compounds InN, GaN, AlN and their alloys, have been investigated last 
several decades and are among the most important semiconductor 
materials for photonics, optoelectronics, high-power and high 
frequency electronics. These materials have a direct bandgap and their 
bandgap energy covers broad spectral range from the near infrared to 
deep ultraviolet: Eg = 0.7 eV for InN, Eg = 3.4 eV for GaN, and Eg =  
6.2 eV for AlN [5, 6, 9, 10]. III-nitride materials can be doped n- and p-
types using Si(Ge) or Mg impurities, respectively, and can be also 
grown heteroepitaxially on different foreign substrates, including 
sapphire, SiC and Si.  
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Bellotti et al. [6] theoretically established that the GaN/AlGaN-

based THz QCLs could operate up to room temperature. The design of 

nitride-based THz QCL devices operating at room temperature is more 

complex than conventional GaAs/AlGaAs devices due to the 

spontaneous and piezoelectric polarizations in III-Nitride materials and 

the lattice mismatch.  

Sirkeli et al. [7] reported on the design and simulation study of high 

power room-temperature THz QCLs based on a non-polar m-plane 

ZnMgO/ZnO material system with different design schemes, which 

include a 3-well design scheme with fixed barrier heights, a 2-well 

design scheme with fixed barrier heights, and a 2-well design scheme 

with variable barrier heights, respectively. These THz QCLs are based 

on designs with diagonal laser transitions, employing resonant-

tunneling and intra-well depopulation of lower laser state mechanisms. 

As reference, the design of ZnMgO/ZnO THz QCL suggested by 

Bellotti et al. [6] was chosen. This THz QCL device consists of three 

ZnO quantum wells and Zn0.85Mg0.15O quantum barriers. The approach 

for high-power room-temperature ZnMgO/ZnO THz QCLs suggested 

by Sirkeli et al. [7] is based on a 2-well design scheme employing the 

fixed and variable barrier heights and a delta-doped injector well of 1 × 

1018 cm-3. The THz QCL with fixed barriers consists of Zn0.85Mg0.15O 

quantum barriers, while devices based on a design with variable barrier 

heights consist of Zn0.80Mg0.20O and Zn0.70Mg0.30O quantum barriers. 

For comparison, also the best experimental Al0.15Ga0.85As/GaAs THz 

QCL based on a 3-well design scheme [11] was simulated. The electro-

nic quantum transport and optical gain of THz QCLs were investigated 

numerically within single-band effective mass approximation.  

It is found that the optical gain of all devices decreased with 

increasing temperature. The calculated maximum operating 

temperature of AlGaAs/GaAs THz QCL is about 200 K, which is in 

good agreement with experiment [11]. The calculated radiation 

frequency of this device at 200 K is 3.50 THz, slightly higher than the 

experimental value of 3.22 THz. It is established, that among all 

devices, at room temperature the best value of optical gain of 300 cm-1 

@ 4.96 THz is given by the ZnMgO/ZnO THz QCL with a 2-well 
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design scheme and variable barrier heights. This value is significantly 

higher than the performance of the other devices: 60 cm-1 @ 3.13 THz 

for ZnMgO/ZnO THz QCL with a 2-well design scheme and fixed 

barrier heights, and 1.4 @ 7.13 THz for ZnMgO/ZnO THz QCL with a 

3-well design scheme and fixed barrier heights [7]. The higher laser 

performance of ZnMgO/ZnO THz QCLs compared with AlGaAs/GaAs 

is attributed to the higher LO-phonon energy in ZnO (72 meV for ZnO 

vs. 36 meV for GaAs).  

In conclusion, we have provided a review of the recent progress and 

current status of wide bandgap semiconductors-based terahertz devices. 

It was established that ZnO, ZnSe and GaN-based compounds are 

promising materials for the fabrication of terahertz sources and 

detectors operating up to room temperature due to their unique 

properties such as large bandgap, CBO energy, and high LO-phonon 

energy. Moreover, the ZnO- and GaN-based terahertz sources can cover 

the spectral region of 0.1-12 THz, which is very important for THz 

imaging and detection of explosive materials, and which could not be 

covered by conventional GaAs-based terahertz devices.  
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