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Abstract The thermal and electrical conductivity of a single-crystal Cd0.22Hg0.78Te
was studied in the temperature range of practical applications (77–300 K). The sam-
ple has impurity conductivity, which is limited by the scattering of charge carriers
by phonons. Heat in the sample is transferred by phonons and thermal conductiv-
ity is limited by phonon–phonon scattering. The electron contribution to the thermal
conductivity can be neglected.

Keywords Cadmium mercury telluride · Thermal conductivity · Electrical
conductivity

1 Introduction

The publication of Lawson et al. [1] caused the development of intense studies of
CdxHg1−xTe compounds (cadmiummercury telluride—CMT), a semiconductor with
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variable band gap. At almost the same time, this compoundwas synthesized in the Lviv
Pedagogical Institute in Ukraine [2]. CMT is a pseudo-binary alloy that crystallizes in
the zinc blende structure. When the molar fraction of Cd varies within the limits 0 <

x < 1, the width of the forbidden band varies from a negative value (∼−0.08 eV) that
is characteristic for a semimetal, to a positive value (∼1.5 eV). In the interval 0.15 <

x < 0.3, the compound is a narrow-gap semiconductor, which is presently a widely
used material for creating infrared (IR) detectors in the whole Earth’s atmosphere
transparency spectrum (range): short waves (1.5–2.5 µm), medium waves (3–5 µm)
and long waves (8–14 µm) using the whole range of temperatures, from liquid helium
(4.2 K) to room temperature. In the long-wave range, there is no alternative material
to the CMT for detectors, which determines both the purely scientific and the applied
interest in this compound. The direct energy gap, the possibility of obtaining samples
with a low and high carriers’ concentration, the excessively high electron mobility, the
low dielectric constant, an extremely small change in the lattice constant for variations
of x (less than 0.3%), which makes possible to grow high-quality single crystals and
thin-film heterostructures based on CMT, are some of the advantageous properties of
CMT.

The main difficulties in the use of CMT are related to the technological drawbacks
of this material. One of them is the weak Hg–Te bonds, which leads to volumetric, sur-
face and interphase instability. However, these disadvantages are compensated by the
unconditional advantages of this material. The contemporary research and technology
state in using this compound are summarized in a collective monograph [3]. Taking
into account these advantages of CMT, it is important to determine the parameters of
CMT samples in the temperature range of their application.

2 Experimental techniques

For the X-ray studies, a sample was prepared from several fragments of a CdxHg1−xTe
crystal by mechanical grinding in a mortar. A cylindrical sample with a diameter of
7 mm and a height of 3 mm in a steel mold at a pressure of 100 MPa was pressed from
the resulting powder. X-ray diffraction patterns from the investigated sample were
obtained using a X-ray diffractometer in copper (Kα) radiation at a 30 kV accelerating
voltage in the diffraction angle range (2θ) : 20◦−90◦ with an angular scan rate of
0.5 ◦/min. Phase analysis was performed by comparing the X-ray diffraction patterns
of the sample and standard samples from the ICDD X-ray diffraction database [4].
The calculation was carried out using the program Windicvol 06 from the software
package FullProf Suite [5].

Figure 1 shows the X-ray diffraction pattern of the sample. According to the results
of qualitative X-ray phase analysis (Fig. 1), all the diffraction lines on the X-ray
diffraction pattern of the sample belong to the same phase, having a structure close to
Cd0.2Hg0.8Te (PDF No. 51-1122) [4]. At the same time, the results of calculating the
X-ray diffraction pattern from the sample CdxHg1−xTe (Table 1) show that the lattice
parameter is a = 6.4641 ± 0.00005Å.

According to the standards of PDF No. 51-1122 [4], the lattice parameter of the
sample Cd0.2Hg0.8Te is 6.46544Å. According to Eq. (1), the dependence of the lattice
parameter CdxHg1−xTe from the coefficient x has the following form [6]:
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Fig. 1 The X-ray pattern of the CdxHg1−xTe sample

Table 1 The results of X-ray diffraction pattern for the sample CdxHg1−xTe

2θexperiment(
◦) 2θtheory(◦) dexperiment (Å) dtheory (Å) (hkl) a (Å) �a (Å)

23.831 23.819 3.73089 3.73272 111 6.4641 0.00005

39.402 39.395 2.28499 2.28541 220

46.546 46.562 1.94957 1.94893 311

56.922 56.940 1.61637 1.61589 400

62.602 62.595 1.48267 1.48282 331

71.445 71.445 1.31933 1.31932 422

76.535 76.528 1.24375 1.24385 511

84.793 84.785 1.14244 1.14253 440

aCdxHg1−xTe = 6.4614 + 0.00084 x + 0.0168 x2 − 0.0057 x3, (1)

where x is the concentration of Cd atoms. The solution of Eq. (1) for the value of the
lattice parameter obtained in this paper gives the value x = 0.22, and the structural
formula acquires the following form: Cd0.22Hg0.78Te.

The temperature dependence of the electrical conductivity was obtained by a
standard four-contact method at direct current. The temperature was measured by
a platinum resistance thermometer with an accuracy of 0.1 K. The thermal conductiv-
ity was measured by the method of stationary heat flow on a sample with dimensions:
measuring 13× 8× 1mm3 at a temperature gradient of ≈0.05K/mm. From the Hall
effectmeasured in afield of 0.15Tat 293K, it canbededuced that the samples represent
an n-type material with carrier concentration at room temperature n = 3 × 1021 m−3

(Hall constant RH = 2 × 10−3 m3/C).
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Fig. 2 The plot of the temperature dependence of the conductivity of the sample Cd0.22Hg0.78Te. Symbols:
square box—experiment, solid line—approximation in accordance to (2). The inset shows the dependence
of the band-gap width for Cd–Hg–Te compound from the Cd content: solid line—calculation by formula
(2) [8]; square box—experimental data from Table 1 in [8]; circle—data [9]; filled triangle—our data

3 Results and discussion

The temperature dependence of the conductivity of the sample Cd0.22Hg0.78Te in
the interval 77–300 K is shown in Fig. 2. This dependence reflects the fact that at
sufficiently high temperatures, intrinsic conductivity with exponential temperature
variation prevails in semiconductors, σ ∝ exp(−�Eg/(2kT)) [7]. The exponential
decrease in intrinsic conductivity with decreasing temperature leads to the predomi-
nance of impurity conduction at intermediate temperatures, which depends weakly on
the temperature. The temperature dependence of the impurity conductivity is deter-
mined by the mobility of the charge carriers, which in the present study decreases
with increasing temperature (see Fig. 2, T < 120K), indicating the scattering of these
carriers by phonons [7].

In a first approximation, the conductivity of a sample can be described in the
following form:

σ = b0 · T−3/2 + σ0 · T 3/2 · exp(�Eg/2kT), (2)

where the first term is the impurity conductivity, and the second is the intrinsic conduc-
tivity [7]. Here, b0 ≈ 3800 (� cm)−1 K3/2, σ0 ≈ 0.0234 (� cm)−1,�Eg/2k ≈ 400K
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Fig. 3 The temperature dependence of the thermal conductivity of the sample Cd0.22Hg0.78Te. In the
inset, the linear dependence of the thermal conductivity from 1/T

(see Fig. 2). The value of the energy gap,�Eg, is close to the data from the bibliography
[8,9], as it is shown in the inset to Fig. 2.

Figure 3 represents the temperature dependence of the thermal conductivity of the
sample Cd0.22Hg0.78Te in the temperature range 77–180 K. It is observed that the
thermal conductivity decreases by increasing the temperature as T−1. This behavior
is in agreement with reference data, although the value of the thermal conductivity is
somewhat lower than previously reported [10].

The value of the electron contribution to the thermal conductivity calculated from
the Wiedemann–Franz law, λe = L0Tσ(T ), is of the order of 10−2 W/(mK), which
is much lower as compared to the experimental value of the thermal conductivity
(see Fig. 3). Therefore, the thermal conductivity measured experimentally in the
temperature range of the possible use of single crystals as a material for radiation
detectors is phonon, and the λ ∝ T−1 dependence is related to the phonon–phonon
scattering (see the inset to Fig. 3 and, for example, [11]). A certain role in this
is played by the presence of structural and kinematic anisotropy in the system
[12–15].
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4 Conclusions

The X-ray pattern analysis showed that the sample has the structure Cd0.22Hg0.78Te.
It is shown that in the temperature range of the possible use of the material (77–
120 K), the electrical and thermal conductivity of the Cd0.22Hg0.78Te is limited by the
scattering on phonons of the charge carriers for the case of electrical conductivity, or
of the heat carriers—phonons—for the case of thermal conductivity.

Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if changes were made.
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