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In this paper, we study the plasmonic activity in a semiconductor heterostructure which is found in a high electron 

mobility transistor. Transmission line techniques are used to describe the dispersion diagrams of the transistor 

semiconductor stack. We show that the existence, as well as the propagation characteristics of plasmons in the 

terahertz frequency range are subject to the electronic properties of the semiconductor materials. Specifically, the 

quality of the plasmons is dictated by the complex valued conductivity of the two-dimensional electron gas, 

formed at the interface of two semiconductor materials having slightly different bandgaps. The existence of 

surface waves is investigated using the transverse resonance method and it is established that the complex 

conductivity of the two-dimensional electron gas with a negative imaginary part yields surface plasmons in the 

terahertz frequency domain. 

 

An increasingly growing interest in the terahertz (THz) frequency domain (0.1-10 THz) has stimulated the 

development of stable, fast and sensitive generators and detectors. The interdisciplinary nature of research in the 

THz area has incorporated the technologies of optics as well as microwave electronics. Two-dimensional (2D) 

electron systems that can be broadly classified as van der Waal’s structures are engineered to exhibit extraordinary 

electromagnetic properties. More importantly, they can be easily integrated with the existing silicon-based 

electronics and implemented using the conventional fabrication techniques used in transistor technologies. The 

2D plasmons in the presence of grating structures can subsequently be used as THz detectors and emitters [1]. 

The fact that, the resonant frequency of the plasmons can be tuned by varying the gate voltage of the transistor 

highlights the applications in such as terahertz photodetection [2]. 

 

In this paper, we present a simple method to compute the dispersion relation of the 2D plasmons. The epitaxially 

grown multilayer structure of the transistor is studied through a transmission line (TL) analogue, in which the 

infinitesimally thin conductive layer of plasmons is modeled as a shunt admittance. Using the transverse resonance 

method, the dispersion relation is written as [3] 

 𝑌↑(𝑧0) + 𝑌↓(𝑧0) + 𝑌𝜎 = 0  (1) 

 

where 𝑌↑(𝑧0) and 𝑌↓(𝑧0) are the up- and down-looking TL admittances from the 2DEG located at 𝑧 = 0, and 𝑌𝜎 

is described by the conductivity of the 2DEG. For a complex valued solution of (1), traditional root-finding 

methods such as Newton-Raphson which need a first guess may lead to non-physical solutions. Therefore, a robust 

complex root-finding algorithm is needed in which convergence to physically practical results, when an initial 

region is specified. The results show that the propagation constant obtained as a solution of (1) is much larger than 

the corresponding free-space wavenumber, therefore illustrating a subwavelength wave phenomenon in the 2D 

region.  
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