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Abstract

This work presents results of the investigation of admittance of metal-insulator-semiconductor structure based on
Hg1 − xCdxTe grown by molecular beam epitaxy. The structure contains a single quantum well Hg0.35Cd0.65Te/HgTe/
Hg0.35Cd0.65Te with thickness of 5.6 nm in the sub-surface layer of the semiconductor. Both the conductance-voltage
and capacitance-voltage characteristics show strong oscillations when the metal-insulator-semiconductor (MIS)
structure with a single quantum well based on HgTe is biased into the strong inversion mode. Also, oscillations on the
voltage dependencies of differential resistance of the space charge region were observed. These oscillations
were related to the recharging of quantum levels in HgTe.
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Background
In the last few years, admittance spectroscopy has been ex-
tensively used to obtain the information about some prop-
erties of semiconductor heterostructures with quantum
wells [1, 2] and quantum dots [3–5], particularly with use
of metal-insulator-semiconductor (MIS) structures based
on this material. It should be noted that studies of the char-
acteristics of MIS structures based on HgCdTe with in-
homogeneous composition distribution are still extremely
rare. The influence of near-surface graded-gap layers on the
admittance of MIS structures based on molecular beam
epitaxy-grown HgCdTe was studied in detail in [6, 7]. The
properties of a MIS structure based on molecular beam epi-
taxy (MBE)-grown n-Hg0.75Cd0.25Te material comprising
CdTe/HgTe superlattice in the sub-surface region of a
heterostructure were experimentally investigated in [8].
It was shown that at high hole concentration (p >
1017 cm−3) in p-HgCdTe, quantization of state density
in the inversion layer was possible, which led to
quantum oscillations in the strong inversion mode of
photo-electromotive force [9], capacitance, and con-
ductance [10].

This paper presents the results of experimental studies
of the effect of a single quantum well based on HgTe in-
duced into p-HgCdTe material on the admittance of the
MIS structures in wide frequency and temperature
ranges.

Presentation of the Hypothesis
The hypothesis is that the MIS structures based on p-
HgCdTe biased in the strong inversion mode can be
used for the characterization of a narrow single quantum
well (SQW) based on HgTe in the near-surface layer of
the semiconductor using measurements of admittance.

Testing the Hypothesis
The investigated samples were grown by MBE method on
GaAs (013) substrates with ZnTe (~2.5-nm thickness)/
CdTe (~5-μm thickness) buffer layers at the A.V. Rzhanov
Institute of Semiconductor Physics (Novosibirsk, Russia).
In a typical nanostructure, a HgTe single quantum well
with the width dw = 5.6 nm was sandwiched between two
Hg1 − xCdxTe (x = 0.65) barrier layers with the thickness
db = 35 nm (see Fig. 1). Then, the 40-nm-thick CdTe layer
was grown upon the upper barrier layer. A double-layer
insulator SiO2/Si3N4 was deposited over the top CdTe
layer. For comparison, some of the investigated structures
did not include a SQW. Measurements were carried out
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with the use of an automated admittance spectroscopy in-
stallation based on non-optical Janis cryostat and Agilent
E4980A immittance meter.
Figure 2 shows dependencies of capacitance on voltage

for the MIS structure with a HgTe SQW measured at a
temperature 9 K for various frequencies of the test signal.
This figure also shows capacitance-voltage (CV) charac-
teristics for MIS structures based on p-Hg0.78Cd0.22Te
without a SQW measured at a temperature 20 K. In Fig. 2,
it can be seen that HgCdTe has p-type conductivity and in
the strong inversion mode at frequencies from 1 to
150 kHz, non-monotonic change in capacitance is
observed. Capacitance and conductance maxima are ob-
served at the same bias voltages. At low frequency,
capacitance-voltage characteristic has low-frequency be-
havior and maxima become less pronounced than at fre-
quencies 1–40 kHz. At 150 kHz, CV characteristic
demonstrates high-frequency behavior and capacitance
maxima also appear less clearly.

Figure 3 shows CV characteristic of the MIS structure
with a SQW measured at 3 kHz at temperatures 9 and
70 K. It is seen that at 70 K, maxima become diffused
and are pronounced quite weakly. Figure 4 shows volt-
age dependencies of differential resistance of the space
charge region (SCR) for the structure with a SQW mea-
sured at 40 and 150 kHz at 9 K. Also, this figure shows
a normalized CV characteristic measured at the same
conditions. It can be seen that conductance maxima and
minima of the differential resistance of the SCR are ob-
served at the same values of the bias. For structures
without a HgTe SQW, non-monotonic changes of cap-
acitance and conductance in the strong inversion mode
were not observed.
We will briefly describe the most probable mechanism

for the appearance of the maxima at CV characteristics in
the strong inversion mode for the MIS structure compris-
ing a HgTe SQW. The decrease of the differential resist-
ance of the SCR is related to the increase in the flow of
minority charge carriers due to their emission from a
SQW. The potential in the region of a SQW for p-HgCdTe
depends on the bias voltage in the strong inversion because
of the effects of degeneracy and conduction band non-
parabolicity. When the Fermi level in the SQW region
approaches the level of quantization, quantization level re-
charges following a change of the test signal (possibly due
to trap-assisted tunneling transitions). Capacitance of di-
mensional quantization level in a SQW contributes to the
full capacitance of the structure and appears at intermediate
frequencies in the strong inversion. When CV characteristic
has low-frequency behavior, capacitance of the MIS struc-
ture in the strong inversion tends to the insulator cap-
acitance and maxima associated with dimensional
quantization levels do not appear. When CV character-
istic has high-frequency behavior, the carrier concen-
tration in the inversion layer does not have enough

Fig. 1 Scheme of the layer position in the structure with a SQW

Fig. 2 CV characteristics of structures with a SQW (1–4) and without
a SQW (5–8) measured at various frequencies, kHz: 1—1, 2—3,
3—15, 4—150, 5—10, 6—20, 7—50, and 8—100

Fig. 3 CV characteristics of a structure with a HgTe SQW measured
at a frequency of 3 kHz for various temperatures, K: 1—9 and 2—70
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time to follow the test signal and contribution of the
capacitance of quantization levels to the full capaci-
tance decreases. Since the charge carrier thermal en-
ergy increases with the increase in temperature,
dimensional quantization effects are weak.
Energies of dimensional quantization levels in a

quantum well can be approximately defined. To do this,
it is necessary to define the flat-band voltage in the MIS
structure comprising a SQW in terms of flat-band cap-
acitance value and to obtain surface potentials corre-
sponding to maxima of capacitance in the strong
inversion. Then, it is necessary to build the potential
spatial distribution in the sub-surface layer and to find
the potential under the given bias voltage in a SQW.
Knowing the position of the Fermi level in the flat-band
mode, the position of dimensional quantization levels
can be found relative to the allowed energy bands in
HgCdTe barriers.

Implications of the Hypothesis
It is experimentally shown that for MIS structures based
on MBE p-HgCdTe, the presence of a SQW with thick-
ness of 5.6 nm can lead to the appearance of
capacitance-voltage and conductance-voltage character-
istic peaks in the strong inversion mode (and minima on
voltage dependencies of differential resistance of the
SCR). Capacitance maxima in the strong inversion mode
are observed in an intermediate case, i.e., between the
low-frequency and high-frequency behavior. It is shown
that when considering the effects of degeneracy and
non-parabolicity of the conduction band, the surface po-
tential at strong inversion depends on the bias voltage
[11]. The calculated dependencies of the surface

potential on voltage at various approximations are
shown in the inset in Fig. 4. It is assumed that the di-
mensional quantization level recharge capacitance in a
SQW contributes to the overall capacitance of the struc-
ture in the strong inversion. An approximate method for
determining the energy levels of quantum wells with the
use of data obtained from the CV characteristic measure-
ments is proposed. Then, the first two maxima of capaci-
tance for the MIS structure with a SQW in the strong
inversion mode correspond to energies Ec = 0.520 eV and
Ec = 0.210 eV, respectively. Here, Ec is the energy of con-
duction band edge of the barrier layer near the border
with well. The calculation showed that the first two max-
ima of capacitance observed on the CV characteristics in
the experiment may be associated with the presence of
dimensional quantization levels.

Abbreviations
CV: capacitance-voltage; MBE: molecular beam epitaxy; MIS: metal-insulator-
semiconductor; SCR: space charge region; SQW: single quantum well.
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