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Abstract 

The plasmonic resonant phenomenon in terahertz wave 
band for GaN-based high electron mobility transistors is 
investigated by using finite difference scheme. Strong 
resonant absorptions can be obtained with large area slit 
grating-gate serves both as electrodes and coupler. Such 
kinds of plasmonic resonant detection devices are 
compatible to the well-developed GaN process, and possibly 
overcome the difficulty in fabricating ultra-short-gate 
devices for terahertz applications. 

I. INTRODUCTION 

Far infrared (terahertz) remote sensing technology can 
potentially be used in the astronomy and atmosphere detections. 
The quality of remote sensing image is strongly restricted by 
device performance of the THz detection. The plasmonic wave 
resonant detector basing on slit-grating-gate transistor is one of 
important devices which can realize tunable and room-
temperature THz detection. However, the detection frequency, 
quantum efficiency, and work temperature of the device cannot 
fulfill the requirements of remote sensing applications.  

Furthermore, utilization of terahertz (THz) radiation in 
detection of biological and chemical agents is anticipated for 
long time. Since rotational and vibrational spectra of many 
molecules locate at terahertz domain, specific terahertz 
absorption patterns allow the identification, quantification of 
these molecules. Because of these, terahertz spectroscopy and 
imaging systems can have important applications (i.e. 
explosive detection, medicine quality control, and 
nondestructive evaluation) and have grown dramatically in the 
last decade [1, 2]. These systems require THz detectors with 
fast response time. And the most common THz detectors 
available now include bolometers [3], pyroelectric detectors, 
schottky diodes [4]. 

Recently, there has been growing interests in semiconductor 
plasmonic detectors which utilize plasma wave for generating 
signals [5]. The collective motions of two dimensional electron 
gases (2DEG) behave like shallow water under the gate. And 
hydrodynamic nonlinearity can produce photoresponse in the 
form of constant source-drain voltage (under open circuit 
condition) or direct current (with fixed drain voltage) under the 
irradiation of THz electromagnetic field. In the regime of off-
resonance, the photoresponse is a smooth function of gate 
voltage as well as frequency, while the resonant structure in the 
photoresponse can be achieved if the resonant condition is 

satisfied. Since the resonant frequency is proportional to the 
square root of gate voltage, the devices have inherent 
advantage of tunability by electrical bias. These would 
eliminate bulky filters, mirrors and other element to realize 
compact monolithic detector array [6]. 

In this paper, we review our recent numerical simulation 
works on the new kinds of tunable plasmonic resonant 
detectors basing on slit-grating-gate double-channel and single-
channel HEMTs. The results of these work will offer a great 
sustain to realizing of the tunable and room-temperature THz 
detections. 

II. DEVICE DESCRIPTION AND DISCUSSION 

The plasma wave frequency follows this simple linear 
relation: ω = sk, s is plasma wave velocity (s = (eVgs/m*)0.5) and 
k is plasma wave vector. In previous GaAs material system, 
typical surface electron concentration is 1012cm-2, this require 
very short gate length in order to utilize plasma wave for 
resonant detection [7]. The gate length usually lies in the deep 
sub-micrometer domain for GaAs material system. Therefore, 
devices with higher electron density and mobility are important 
in the reduction of burden during the technique processing. 
Recently, gallium-nitride (GaN) system has attracted great 
interest due to their unique properties such as large band gap 
and strong polarization effect. As compared with other III-V 
HEMT devices, GaN-HEMTs have received wider recognition 
as potential devices for high-frequency and high-power 
microwave applications [8]. The electron density in the 
channel of AlGaN/GaN HEMT can be an order of magnitude 
higher than GaAs HEMT. This will reduce limitation of deep-
submicron meter gate length devices like GaAs HEMT for 
THz detection according to the dispersion law of plasma wave. 
In previous GaAs HEMTs, periodic grating gate has been used 
to expand the frequency domain in THz detection. This relies 
on the higher order resonant plasmon modes excitations with 
the help of spatial dispersion of grating gate. However, the 
maximum resonant frequency has not yet exceeded 5THz with 
the length of gate finger around 1 μm due to the low frequency 
of fundamental plasmon mode and radiative damping of higher 
order plasmon mode. And in our recent paper, we also perform 
electromagnetic simulation of the plasmon resonant 
oscillations of GaN HEMTs with periodic grating gate serves 
both as coupler and electrodes. The device structure is shown 
in Fig.1 schematically. The thickness of barrier and buffer 
layers is consistent with normally ones, and the electron 
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density and mobility in the channel are around 2×1013cm-2 and 
1200cm2/Vs. The simulation is performed in the finite 
difference scheme with drude-optical conductivity to describe 
electromagnetic wave transport and damping along the channel. 

Why the new kind of tunable plasmonic resonant detector 
basing on slit-grating-gate double-channel and single-channel 
HEMTs are chosen? Firstly, the designs of the double channel 
and high-Al barrier hetro-structure into the HEMTs[9-12], as 
shown in Fig. 1, can supply the HEMTs with high density of 
two-dimensional electron gas, high mobility, and long 
momentum relaxation time making the detector get into the 
real room-temperature THz frequency detection. Secondly, a 
slit grating gate design is used to better couple the incoming 
THz signal. The slit grating gate provides the near-field 
interaction with the two-dimensional electron gas plasmonic 
resonant making the device being tunable under gate 
voltages[9, 11]. A new theoretical way is also developed[9], 
which combines the electromagnetic Finite-difference time-
domain method and quantum transportation final-element 
method at the two-dimensional calculation boundary 
conditions. With the developed Drude model, the high-order 
resonant Restrahlen band effect, resonant enhancement at the 
anticrossing regime and low frequency absorption 
enhancement by the double-channel hybrid effect are 
studied[12].  

 

 
Fig.1. (a) Schematic of double-channel HEMT structure with THz 
wave incident from top side. (b) Schematic of single-channel 
HEMT structure with THz wave incident from top side. The 
current vibration and electron density striction are also shown 
along the channel. 
 

III. CONCLUSION 

The plasmonic resonances of GaN-HEMT are simulated 
based on the finite difference scheme. There appear two kind 
plasmonic oscillations along the channel of the device. Due to 
strong polarization effect and high electron density, superior 
resonant properties can be obtained even when the gate length 
reaches more than 1μm. This will expand the applications of 
plasmonic devices to the high frequency end of THz band. 
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