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Experiments on terahertz radiation detection with InGaAs/InAlAs field-effect transistor in quantizing
magnetic field are reported. We observed oscillations of the photovoltaic signal analogous to the Shubnikov—de

Haas oscillations, as well as their strong enhancement at the cyclotron resonance conditions.

The results are

described quantitatively within the frame of a theory which takes into account a new source of nonlinearity related

to the Landau quantization of the conduction band.

PACS numbers: 07.57.Kp, 84.40.x, 85.30.Tv, 85.35.p, 73.20.Mf

1. Introduction and background

The observation of nonlinearities related to excitation
of the plasma waves in a two-dimensional electron gas
(2DEG) in field effect transistors (FETs) has opened a
new route to create solid state high frequency devices
[1, 2]. These transistors can be used as selective [3] THz
detectors at cryogenic temperatures, as well as broad-
band detectors at room temperature [4]. They were
found to show a competitive noise equivalent power in
comparison with other kinds of commercially available
THz detectors [5, 6].

The detection signal results from the rectification of
THz currents induced by the incident radiation in the
transistor channel. The rectification takes place due to a
nonlinear response of the gated 2DEG to the radiation.
The main source of nonlinearity, explored until now, were
changes in conductivity due to radiation-induced modu-
lation of the carrier density in the channel. In this paper
we discuss another source of nonlinearities i.e. changes in
carrier mobility resulting from Landau quantization at
high magnetic fields. The purpose of this work is to clar-
ify the physical mechanism of Shubnikov—de Haas (SdH)
oscillations and cyclotron resonance (CR) related detec-
tion by FETs. We investigate the THz response in a
transistor of a simple architecture, with the gate cov-
ering the major part of the channel. In this structure,
the effect of the gate bias on the observed signal can be
clearly explained and the results can be compared with
a recent theory [7].

2. Results

Experiments were carried out on a pseudomorphic
InGaAs/InAlAs HEMT. The measurements were per-

formed with an optically pumped molecular CH30H
laser. The radiation frequency was 2.5 THz. The pho-
toconductivity signal (source to drain voltage) was mea-
sured using the standard lock-in technique.

Two types of experiments were performed. First, the
detection signal was measured as a function of the gate
voltage V, at fixed magnetic field B. Second, the mag-
netic field was swept at a fixed gate voltage. The results
are shown in Figs. 1 and 2. In both kinds of experi-
ments the photoresponse shows an oscillatory behavior.
Its periodicity versus Vg and 1/B clearly indicates that
the oscillations are related to the crossing between the
Fermi level and the Landau levels (analogous to the SAH
effect). Additionally, a strong enhancement of the signal
is observed in magnetic fields close to cyclotron resonance
magnetic field B, =~ 4.5 T.

Figure la shows experimental results of detection sig-
nal as a function of the gate voltage at different val-
ues of B/B. (0.44, 0.88, 1, 1.55). One can notice that
the amplitude of oscillations grows as the magnetic field
increases. This can be understood in terms of an in-
crease of a nonlinearity related to SAH oscillations as
described in Ref. [7] and [8]. In the post-cyclotron reso-
nance region (B > B.), the oscillations of the signal are
damped. This can be qualitatively explained by consider-
ing the plasma wave dispersion law in the magnetic field:
k= (w?—w?)'/?/s, where s = (eUp/m)'/? is the plasma
wave velocity at B = 0. For w. > w the plasma wave
vector becomes imaginary, plasma waves cannot propa-
gate, and one can expect a reduction of the signal, as
evidenced in Fig. 1a.

Not only the oscillation amplitude of the signal, but
also its background grows with B. By plotting the av-
erage value of the signal as a function of magnetic field,
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Fig. 1. (a) Experimental results of photoresponse at
2.5 THz as a function of the gate voltage for different
values of the magnetic field at T = 4.2 K. Values of
B/ B¢ are indicated. (b) The average signal as a function
of magnetic field. Upper part: stars — experimental
results; solid line — guide for the eyes. Lower part:
calculations based on the model of Ref. [7].
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Fig. 2. (a) Experimental photoresponse as a function
of the magnetic field for higher values of the electron
density (Vz; =0 V) at 4.2 K. (b) The same as in (a) for
a lower carrier density (Vy = —0.1 V).

one can see in Fig. 1b a pronounced maximum close to
the CR condition. This enhancement can also be ex-
plained within the model of Ref. [7] (see the continuous
line in Fig. 1b).

Figure 2 shows the measured magnetic field depen-
dence for a fixed gate voltage (fixed electron density).
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Figures 2a and b correspond to a higher and lower val-
ues of the electron density, respectively. For B > B, the
oscillation amplitude decreases. This is consistent with
the results shown in Fig. 1b, and is also described by the
theory [7].

3. Conclusions

In conclusion, we have performed magnetic field stud-
ies of plasma wave related detection in InGaAs/InAlAs
field effect transistor. We observe oscillatory behavior of
the photovoltaic signal similar to Shubnikov—de Haas os-
cillations, as well as a strong enhancement of the signal
at the cyclotron resonance conditions. The experimen-
tal data are quantitatively reproduced by a theoretical
model [7]. Our results clearly show that the detection
mechanism is related to the THz rectification by nonlin-
earities of the plasma in the transistor channel.
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