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Concepts of Terahertz and Infrared Devices based on 
Graphene/Black Phosphorus-Arsenic Heterostructures  

 
      The gapless energy spectrum of the graphene layers (GLs) [1] enables the interband absorption and 
emission of photons and plasmons in the terahertz (THz) and infrared (IR) spectral range. The energy gap, ΔG, 
of the emerging the black-phosphorus (b-P), black-Arsenic (b-As), and the compounds b-P1-xAsx) varies from 
0.15 to 1.2 eV, depending on the number of the atomic sheets and the component relative content. Due to a 
strong anisotropy of the b-P and b-As, the ratios of the electron effective masses (as well as the hole effective 
masses) in different  in-plain directions are very large.  One of the crucial properties of the  GL heterostructures 
with the b-P, b-As, and AxP1-x barrier layers are associated with the GL Dirac point corresponding to  the energy 
gap in the barriers. Combining   GLs with the b-P, b-As, and b-AsxP1-x layers opens new prospects for the novel  
THz and IR devices [2–10], in particular, GL-based photodetectors (GLIPs), electro-optical modulators and 
sources of THz/IR radiation.  
 
In this presentation, we review the concepts of THz and IR photodetectors, sources, switches, and modulators 
based on the heterostructures in question focusing on our recent results (see [11- 18]). 
 

The following devices are considered: 

- THz and IR photodetectors based on the vertical G/b-P1-xAsx heterostructures and using the interband 
transitions in the GLs followed by the carrier propagation across the b-P1-xAsx  layers and the injection of the 
extra carriers from the emitter contact. The latter provides the photoconductive gain and fairly high values of the 
detector responsivity [11-14];  

- Sources of the THz radiation using the vertical injection from the b-AxP1-x emitter layer.  A relatively small 
energy gap in such layers and an appropriate band alignment enable the injection of carriers with moderate 
energies from the emitter into the GL. This helps the realization of the interband  population inversion [15,16]; 

- Devices based on the lateral GL/b-AxP1-x heterostructures using the real space transfer of the light carriers 
from the GL to the neighboring b-AxP1-x layers, in which the carriers are rather heavy. These devices can be 
used as logical switches and electro-optical modulators of the THz radiation by controlling  the effective carrier 
temperature by the electric field. They could be used as bolometric THz detectors utilizing heating of the carriers 
by the incident THz radiation combined with their real-space transfer [17, 18]. 
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