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Abstract; Solid-state terahertz plasma devices are becoming one of the important research areas in which both
solid-state microwave/millimeter-wave electronics and semiconductor laser technologies are being developed
and merged towards the terahertz frequency regime. In this review, we introduce the manipulation, excitation
and probing of two-dimensional-electron-gas(2DEG) plasmons in AlIGaN/GaN heterostructure,, and report the
recent progresses in the implementation of plasmon physics in terahertz detectors, modulators and emitters.
The coupling between the plasmon modes and the terahertz electromagnetic waves in free space are realized by
using grating coupler, antenna and terahertz Fabry-Pérot cavity which further modulates the terahertz electro-
magnetic modes and enhances the coupling. The dispersion relationship of gate-controlled plasmon modes are
verified in grating-coupled 2DEG. Strong coupling between the plasmon modes and the terahertz cavity modes
and hence the formation of plasmon-polariton modes are realized in a grouping-coupled 2DEG embedded in a
Fabry-Pérot cavity. Based on the same grating-coupled 2DEG, terahertz modulation with high modulation
depth and terahertz plasmon emission are observed. In antenna-coupled 2DEG field-effect channel, both reso-
nant and non-resonant excitation of localized plasmon modes are observed by probing the terahertz photocur-
rent/voltage. A terahertz self-mixing model is developed for antenna-coupled field-effect terahertz detector and
provides a guideline for the design and optimization of high-sensitivity terahertz detectors. Our studies indicate
that room-temperature,, high-speed and high-sensitivity terahertz detectors and the focal-plane arrays can be
developed by using the non-resonant plasmon excitation in antenna-coupled field-effect channel. However, the
high damping rate of solid-state plasma wave is yet the main hurdle to overcome for plasmon terahertz emitters
and modulators both of which rely on the resonant plasmon excitation. The formation of high-quality-factor
plasmon cavity including the solid-state plasma physics, manipulation of the boundary conditions of plasmon
cavity, utilization of new high-electron-mobility two-dimensional electronic materials and high-quality, small-
mode-volume terahertz resonant cavity, etc. would be the focus of future research.

Key words: two-dimensional electron gas;plasmon ;terahertz; gallium nitride
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