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Abstract— Two-dimensional (2D) plasmons in grating-gated
AlGaN/GaN heterostructures were investigated by terahertz time
domain spectroscopy observing the distinctive minima and
inflection points in the transmission amplitude and phase spectra,
respectively. The main features of 2D plasmons at temperature of
80 K were the fundamental mode position at 2.2 THz (grating
period of 600 nm, filling 50 %), the quality factor up to 8 and the
modulation of transmission amplitude and phase up to 50 % and
18 deg, respectively (period 1000 nm, filling 80 %).

I. INTRODUCTION

LECTRICAL robustness and high electron mobility

make III-nitride heterostructures an excellent candidate for

the development of plasmonic terahertz (THz) devices [1,

2]. Excitation of 2D plasmons in grating-gated heterostructures

has been mainly studied by a Fourier transform infrared

spectroscopy [2,3]. Meanwhile, THz time domain spectroscopy

(TDS) is a powerful tool used to investigate material properties

(complex dielectric constant and refractive index dispersion) by

measuring both the power and phase spectra in transmission and
reflection geometry [4].

II. RESULTS

In this work, the power and phase spectra of THz pulses
passing through the grating-gated two-dimensional electron gas
(2DEG) in AlGaN/GaN structures were investigated by using
THz TDS spectrometer (T-SPEC 800, TeraVil) in the frequency
range of 0.1-4 THz. The periodic metal grating on area of 2x2
mm was processed and used for efficient THz radiation
coupling with 2DEG plasmons. The period and the filling factor
of the grating was selected from a set of 600, 800, and 1000 nm
and 50 and 80 %, respectively. A liquid nitrogen cryostat was
used to perform measurements in the temperature range of 80—
300 K. The THz pulse transmitted through the empty and with
the sample cryostat was acquired in order to find the power and
phase spectra.

Resonant excitation of the 2D plasmons was experimentally
observed for all grating-coupled samples within the frequency
range of 1-3 THz. Typical results are shown in Fig. 1. The
resonance features were perceived as the emergence of
distinctive minimum and inflection point in the transmission
amplitude and phase spectra, respectively. In the case of filling
factor 50 %, the change of grating period from 1000 to 600 nm
shifted the resonance position from 1.4 THz to 2.2 THz. The
latest was the largest value of fundamental mode of 2D
plasmons observed in AIGaN/GaN heterostructures so far [5].
The sample with grating period of 1000 nm and filling 80 %
demonstrated more obvious resonance features in both
amplitude and phase spectra at 1.4 and 2.6 THz corresponding
to the excitation of the first and second order resonance modes.
The first modulated the transmission amplitude and phase

values up to 50 % and 18 deg, respectively. The 2D plasmons
were observed up to room temperature demonstrating the
quality factor values up to 8. Comparative analysis of amplitude
and phase spectra revealed that the phase signal was less
sensitive to the defects of the grating-coupler [5].

The resonant features were also simulated in the framework
of the rigorous solution of the Maxwell equations [6].
Comparison of theoretical and experimental results allowed us
to link resonance parameters of 2D plasmons with the electron
density, mobility, and effective mass of 2DEG in AlGaN/GaN
heterostructures.
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Fig. 1. Transmission (a) and phase (b) spectra of the 2D plasmons in grating-
gated AlGaN/GaN heterostructure at 80 K. The filling factor and grating period
is 50 % and 1000 nm, respectively. Observed at frequency of 1.42 THz, the 2D
plasmons modulated the transmission amplitude and phase values up to 30 %
and 8 deg, respectively.
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