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Modulation doped CdTe/CdMgTe double quantum wells were studied at low temperatures and high magnetic
fields. Transmission of THz monochromatic radiation from a molecular laser was studied as a function of magnetic
field on samples with a grid processed on the surface either by evaporation of metallic stripes or by etching
stripe-like trenches which cut only the well positioned closer to the surface. We compare dispersion relations of
THz excitations in these samples and in an unprocessed one and we show that the strength of magnetoplasmon
excitations in samples studied can be considered as a promising basis to construct magnetic-field tunable THz

detectors.
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1. Introduction

Modulation doped heterostructures or quantum wells
(QWs) with a two-dimensional electron gas (2DEG) have
been intensively studied with THz spectroscopy tech-
niques in the presence of magnetic field [1]. Two main
reasons have been motivating this research. First, there
have been an interest in basic studies of low-energy exci-
tations of a 2DEG, particularly at very low temperatures
and high magnetic fields [2, 3]. Second, such structures
exhibit two types of excitations, i.e., a cyclotron reso-
nance (CR) and a magnetoplasmons (MPs), which can
serve as a basis for construction of magnetic-field tun-
able resonant detectors [4].

In theory, the CR is an exciton of a 2DEG in an infinite
conducting plane, where two oscillating currents, shifted
in phase by a quarter of period, flow in perpendicular di-
rections. Then, a resonant response to a monochromatic
excitation wy, appears at magnetic field B which satisfies
relation

wr, = w. = eB/m,

with e and m being the charge and effective mass of elec-
tron, and w. — the cyclotron frequency. In experiments,
to observe a CR transition one has to study an appro-
priately big sample. On the other hand, MP excitations
appear in samples whose width or length is comparable
to the MP wavelength. Then, MPs can be excited if the
condition
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describes the plasmon frequency at zero magnetic field.
In the last formula, N is the 2DEG concentration, k is
the MP wave vector, and e (k) is a k-dependent effec-
tive dielectric constant which describes the polarizability
of media surrounding the 2DEG (see Ref. [1] for details).

In an essential difference with the cyclotron resonance,
magnetoplasmons are propagating waves which carry a
momentum Ak. This momentum cannot be transferred
by an incident photon' and is given to the plasmon by
the structure itself. Thus, k is quantized according to
dimensions of the sample or is given by the period of
a structure processed on the sample’s surface. Typically,
this structure takes the form of a grid (evaporated or
etched) but other solutions are possible [5].

The semiconductor system most often used for stud-
ies of the CR and MPs is a modulation doped
GaAs/AlGaAs heterostructure or a quantum well be-
cause of a high mobility of electrons. However, recently
we have shown [1, 4, 6, 7] that magnetoplasmon spec-
troscopy at THz frequencies can be carried out also on

TWe consider here the case the most frequently realized in ex-
periments, when k is high enough so that the group velocity of
plasmon is smaller than the phase velocity of light propagating in
the medium. This non-retarded limit can change to a retarded one
if k£ is very small or the characteristic dimensions of the sample big
enough.
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CdTe/CdMgTe or GaN/AlGaN heterostructures. Inter-
estingly, some phenomena that were not easily observed
in GaAs/AlGaAs systems were shown in the case of other
compounds, like an influence of the polaron effect on
magnetoplasmon dispersion in CdTe/CdMgTe [7].

The main goal of the present paper was to study the
CR and MP excitations in samples with a grid composed
of stripes of a 2DEG. This idea originates from a paper
by Mikhailov [8] who argues that the amplitude of MP
resonances can be essentially increased if the plasmon
frequency of the grid material is comparable to that of
the 2DEG. Following this idea, a double CdTe/CdMgTe
quantum well modulation doped was grown and etched in
such a way that stripes of a 2DEG from one QW (closer
to the surface) were left and formed a grid for a 2DEG
residing in the other one (more distant from the surface).
We compare results of magnetotransmission experiments
which were carried out on etched sample, on a sample
with a metallic grid and on an unprocessed sample. We
also show that the strength of MP resonances observed on
these samples make them good candidates for magnetic-
field tunable detectors.

2. Experimental procedures and results

To make the description of the sample’s structure sim-
pler, we will refer to the QWs as “upper” and “lower” with
the former residing closer to the surface. Both QW were
20 nm-thick and separated with a 84 nm-thick CdMgTe
barrier. The upper QW was separated from the surface
with a 74.5 nm-thick CdMgTe barrier and a 10 nm-thick
CdMgTe cap layer. Both QW were modulation doped
with iodine residing in twelve monolayers separated from
the QW by a 20 nm-thick spacer. In both cases, the dop-
ing was “above” the QW, i.e., closer to the surface than
the QW itself.

The samples were processed with an electron lithog-
raphy. A gold grid with the period and the geometrical
aspect equal to 8 pm and 50%, respectively, was evap-
orated on one of them. Another one was subjected to
etching which fabricated a grid with the same geometri-
cal parameters. The third one was unprocessed.

The top part in Fig. 1 shows a photograph of the etched
sample while the bottom one presents the etching pro-
file measured with an atomic force microscope. As one
can infer from Fig. 1, the maximum depth of etching
was 100 nm which means that etching did not reach the
lower QW which is positioned at a distance of almost
200 nm below the surface. On the other hand, etching
was deep enough to remove partially the upper quantum
well (bright stripes in Fig. 1) leaving the 2DEG in 4 pm-
wide bars (dark stripes in Fig. 1).

Terahertz spectroscopy was carried out with the sam-
ple placed in a liquid helium cryostat at a tempera-
ture of 2 K (in a variable temperature insert) and in
the magnetic field generated by a superconducting coil.
A monochromatic radiation from a molecular laser was
wave-guided to the sample. A carbon bolometer was

placed behind the sample which allowed to measure
transmission of the incident radiation as a function of
magnetic field. A set of spectra obtained on three sam-
ples are shown in Fig. 2.
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Fig. 1. A photograph of the etched grid (top) and
the etching profile measured with an AFM (bootom).
Brighter stripes correspond to trenches. Borders of
trenches are darker than middle parts and reflect the
presence of deep pits revealed in the etching profile.
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Fig. 2. Transmission spectra of radiation with the

wavelength of 118.8 pum for three samples: with a gold
grid, unprocessed and with an etched grid (bottom
to top).



Terahertz Spectroscopy of Double CdTe/CdMgTe Quantum Wells 619

-------- fit: N=4.7¢+15, Eparier =8.581
4 ref
° grating
o etched

0 2 4 6 8 10 12 14

Fig. 3.
studied.

Dispersion of excitations observed on samples

The middle curve was obtained on the unprocessed
sample and shows a cyclotron resonance transition. The
curve with the strongest absorption, even stronger than
that of the CR, comes from the sample with the gold grid.
The smallest absorption was obtained on the sample with
the etched grid.

Repeating experiments with a few laser lines, we ar-
rived at plasmon dispersions shown in Fig. 3. The
straight line corresponds to the CR with m = 0.101my
(mo is the electron mass). Plasmonic dispersion for
three modes are calculated according to Eq. (2) with
N = 4.7x 10" em~? and a dielectric constant of the Cd-
MgTe barrier equal to 8.581. In calculations, we assumed
that plasmon wave vectors are defined as k, = 2wn/4,
where n = 1,2,3... is the number of the mode, and
A = 8 pm is the period of the grid. Also, the effective
dielectric constant was assumed to be that for ungated
plasmons. We observe an overall agreement between the
model and experimental data.

3. Discussion

The results presented show that the strongest mag-
netoplasmon response is obtained in the case of a gold
grid (see Fig. 2). This result is the opposite to expecta-
tions based on Ref. [8]. However, a more detailed studies
(not presented in this paper) show that the amplitude of
the MP resonance in etched samples depend both on the
depth of trenches as well as on the geometrical aspect ra-
tio of the grid. This suggests that etching decreases the
concentration of 2DEG both in the upper QW (which is
obvious, because a part of it is removed) and in the lower
QW due to creation of edge states in trenches which are
populated with electrons from the 2DEG.

On the other hand, the concentration of 2DEG in
a sample with the gold grid is not perturbed which
leads to a strong MP resonance. Looking through the
literature devoted to magnetoplasmons we note that
such a strong MP signal is rather an exceptional case
because MP features typically are much weaker than

these related to the CR. This observation requires con-
firmation on metallic grids with different aspect ratio.

An interesting feature of the present study is a dif-
ference in the shift (in magnetic field) between the CR
and MP in two samples with a grid. This shift is much
smaller in the case of the gold grid than the etched grid.
Analyzing Eq. (1) and (2) one finds that the bigger is the
shift, the higher is w,. Taking into account that in the
case of grids with the same period, k vector is the same,
and the concentration N is smaller in the etched sample,
one concludes that in the case of etching, the effective
dielectric constant, entering Eq. (2), must be essentially
smaller than in the case of the gold grid. This opens
a possibility to introduce another technological parame-
ter (next to the geometry of the grid) which defines the
frequency of MP modes.

4. Conclusion

We carried out THz transmission experiments at
cryogenic temperatures and high magnetic fields on
CdTe/CdMgTe double quantum wells. The samples were
equipped with a gold grid or an etched grid. We show
that both types of grids can be used to observe magneto-
plasmon resonances but etched grids introduce an addi-
tional flexibility in controlling their frequency. Also, the
amplitude of resonances are comparable to that of the
cyclotron resonance which shows that one can construct
THz detectors based on magnetoplasmon excitations.
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