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ABSTRACT: The operation of a previously proposed terahertz (THz)
detector is formulated in detail. The detector is based on the hot-elec-
tron effect of the 2D electron gas (2DEG) in the quantum well (QW) of
a GaAs/AlGaAs heterostructure. The interaction between the THz radia-
tion and the 2DEG, the current enhancement due to hot-electron effect, and
the noise performance of the detector are analyzed. © 2003 Wiley Periodi-
cals, Inc. Microwave Opt Technol Lett 37: 250-255, 2003; Published on-
line in Wiley InterScience (www.interscience.wiley.com). DOI 10.1002/
mop. 10885
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1. INTRODUCTION

The hot electron quantum well device in a GaAs/AlGaAs hetero-
structure has been proposed for microwave detection at room
temperature [1, 2]. The detection is based on the interaction
-between microwave radiation and the 2D electron gas (2DEG) in
the quantum well. In [1, 2], the studied sample was grown by MBE
on semi-insulating GaAs substrate and consists of 20 periods of
4.5-nm-thick GaAs QWs doped n = 10'7 cm™ and 30-nm
undoped Al, ;Ga, ;As barriers. The MQW is sandwiched between
n = 10'® em ™ GaAs layers to which contacts were provided. The
detector was tested at 10 GHz using a waveguide to couple
microwave energy to the sample. It was found that, as long as there
i a non-zero component of the electric field lying in the layer
plane, thermionic current is enhanced due to the radiation. Al-
though X-band microwave was used in the preliminary experi-
nients, it was suggested that radiation could be detected up to 10
THz.

The basic setup for the above-mentioned experiment is shown
in Figure 1(a). This setup is for experiment only. Due to the small
cross-sectional area, very large power density is needed (350
W/em ~2) to couple to the device. In recent years, the integration of
detectors with planar antennas and quasi-optical lenses have
proved to be appropriate for THz detection in practical conditions \
[3, 4]. Therefore, in this paper we propose to use the setup in
Figure 1(b) for the hot-electron detector. The incoming radiation is
coupled to the back of the lens and collected by the lens-antenna
system to form a stronger field at the device (the polarization of
electric field is along the x direction in the QW layer). Although a
planar bow-tie antenna is shown in the figure, the planar log-
periodic antenna has been shown [5] to be a better candidate, due
to its radiation pattern and broad bandwidth.

A theory for the interaction mechanism between the radiation
and 2DEG was given in [6]. It considered the power transfer to the
2DEG due to the electron movements in both vertical and in-plane
directions, corresponding to z and x directions respectively in
Figure 1(b). In section 2, we simplify the theoretical formulation
by considering the power transfer from the radiation to 2DEG due
to electron movement in the x direction only. The transport in the
z direction can be considered as a means of energy dissipation. The
analysis is based on balance equations in the 2DEG [7]. The
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relatively wide and the frequency is also relatively high, the
distributed nature of the gate of transistor takes care of it. Thus, the
proposed model is useful in RF. If gate resistance becomes com-
parable to the inverse of channel transconductance g,,, the pro-
posed model becomes essential for designing SOI MOS integrated
circuits.
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