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Abstract: The modified Bridgeman method was used to obtain single crystals of 

(Cd0.69Zn0.31)3As2. It has been established that the studied sample crystallizes in space group 
P42/nmc with lattice parameters a = 8.78 Å, b = 12.42 Å. We have investigated the electrical 
conductivity in the temperature range from 10 to 300 K and in a magnetic field of 1 T, and 
determined the temperature dependences of the concentration and mobility of charge carriers. 
We have established that hopping conduction with a variable length of the Mott-type hop takes 
place in the temperature range from 10 to 33 K, and determined its micro parameters.
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Аннотация. Модифицированный метод Бриджмена был использован для получения 
монокристаллов (Cd0,69Zn0,31)3As2. Установлено, что исследуемый образец кристаллизуется 
в пространственной группе P42/nmc с параметрами решетки a = 8,78 Å, b = 12,42 Å. 
Была исследована электропроводность в диапазоне температур от 10 до 300 К и в 
магнитном поле 1 Тл, а также определены температурные зависимости концентрации 
и подвижности носителей заряда. Установлено, что в диапазоне температур от 10 до 
33 К имеет место прыжковая проводимость с переменной длиной прыжка типа Мотта, 
и определены ее микропараметры.
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Introduction
The narrow-gap semiconductor cadmium arsenide (Cd3As2) with an inverted structure of energy 

bands and the highest carrier mobility among semiconductors and semimetals (largely exceeding 
104 cm2/(V·s) at room temperature) is distinguished by its chemical stability, low toxicity, and 
good manufacturability [1,2]. Cd3As2 is believed to manifest an inverted band structure due 
to the spin-orbital coupling (SOC) [3]. The 3D Dirac cones of Cd3As2 have been observed in 
angle-resolved photoemission spectroscopy (ARPES) [2,4,5]. A phase transition from a Dirac 
semimetal to a semiconductor with an increase in the Zn content was experimentally observed in 
single crystals of solid solutions (Cd1–xZnx)3As2 at low temperatures [6]. In this study, we report 
single crystal (Cd0.69Zn0.31)3As2 close to the composition of the concentration phase transition.

Materials and Methods

A modified Bridgman method was used to obtain (Cd0.69Zn0.31)3As2 single crystals. Stoichiometric 
amounts of Cd3As2 and Zn3As2 binary compounds were placed in a graphitized and evacuated 

quartz ampoule. The CZA melt was slowly 
cooled from the melting temperature of 838 °C 
at a rate of 5 °C/h in the furnace temperature 
gradient.

The composition of the samples and their 
homogeneity were controlled by powder 
X-ray diffraction and energy dispersive X-ray 
spectroscopy (EDX). X-ray phase analysis 
(XPA) of the sample was performed using a 
GBC EMMA X-ray diffractometer (Cu Kα 
radiation, λ = 1.5401 Å) at room temperature. 
It has been established that the studied sample 
crystallizes in space group P42/nmc with 
lattice parameters a = 8.78 Å, b = 12.42 Å 
[7].  To study the composition and distribution 
of elements on the surface, we used a JSM-
6610LV (Jeol) scanning electron microscope 
(SEM) with an X-MaxN (Oxford Instruments) 
energy dispersive X-ray spectroscopy (EDX) 
attachment.

 Fig. 1 shows the EDX spectrum from the 
surface of the (Cd0.69Zn0.31)3As2 sample. Fig. 2 
shows the powder diffraction pattern of the 
(Cd0.69Zn0.31)3As2 sample. 

Samples for the study of electrical conductivity 
by the six-probe method were parallelepipeds 
with the dimensions of 1.35×0.67×0.50 mm. 
The temperature dependence of electrical 
conductivity was studied in the temperature 
range from 10 to 300 K, and the Hall effect in 
a magnetic field of 1 T. 

The results of the study of the temperature 
dependence of the resistivity of a solid solution 
single crystal (Cd0.69Zn0.31)3As2 are shown in 
Fig. 3. The inset to Fig. 3 highlights the section 
corresponding to the variable range of the 
hopping conductivity according to Mott.

Fig. 1. EDX spectrum from the surface 
of (Cd0.69Zn0.31)3As2 corresponding to the 

composition

Fig. 2. Powder diffraction pattern of the 
(Cd0.69Zn0.31)3As2 sample
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Results and discussions

As the temperature decreases from 320 K, the resistivity decreases from 2·10–3 Ω·cm to a 
minimum of 5·10–4 Ω·cm at 30 K, and then gradually increases. This behavior is typical of the 
Anderson transition [8]. The study of the Hall Effect in a magnetic field of 1 T made it possible 
to calculate the Hall coefficient RH, the concentration and mobility of charge carriers. At a 
temperature of 10 K, the concentration of charge carriers was equal to 2.81·1017 cm–3, decreasing 
with increasing temperature to 30 K corresponding to the metal-insulator transition.

Fig. 3. Temperature dependence for resistivity of (Cd0.69Zn0.31)3As2 solid solution single crystal. 
The temperature range of 10–33 K in the inset to Fig. 3 corresponds to the Mott variable range 

hopping conductivity

Above 30 K, an activation increase in the concentration of charge carriers was observed, 
which is typical for impurity semiconductors up to a value of 3.05·1017 cm–3. The mobility of 
charge carriers μ exhibits behavior characteristic of semiconductors, increasing with decreasing 
temperature. The value of mobility is maximum at the metal-dielectric transition point at a 
temperature of 30 K and is 4.51·104 cm2·V-1·s-1. A further decrease in temperature leads to a 
decrease in mobility to 4.16·104 cm2·V-1·s-1 at a temperature of 10 K. The mechanisms of charge 
carrier scattering were evaluated.

At low temperatures, in the temperature range from 10 to 30 K, scattering by ionized impurity 
atoms and mobility μ~Т3/2 prevail. In the temperature range from 30 to 300 K, scattering by 
thermal vibrations of the crystal lattice, µ~T–3/2, predominates (Fig. 4).

The inset to Fig. 3 shows a linear section of the temperature dependence of resistivity in the 
temperature range from 10 to 33 K, corresponding to the mechanism of hopping conduction by 
the states of the impurity band. Hopping conductivity is described by the universal equation (1) 
[8–10]:

( )0( ) exp / ,pmT DT T T ρ =                                                                
(1)

where D is a constant coefficient, T0 is the characteristic temperature, and the parameters m and 
p depend on the mechanism of hopping conduction.

Fig. 4. Temperature dependence of mobility of (Cd0.69Zn0.31)3As2 solid solution single crystal
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We have determined the values of the parameters m = 1/4 and p = 1/4, which indicates the 
predominance of the mechanism of hopping conduction with a variable range hop according to 
Mott. When calculating the microparameters, the following obtained values of the coefficients were 
used: the characteristic temperature of the hopping conductivity T0 = 28.60 K; hopping conduction 
onset temperature TV = 28.44 K; coefficient D = 8.488·10–5 Ω·cm·K–1/4. For hopping conduction 
with a variable hop length, the following values of microparameters were obtained: Coulomb gap 
width in the density of localized states Δ = 0.43 meV; acceptor zone width W = 2.45 meV; the 
value of the density of localized states outside the parabolic gap g = 2.93·1017 cm– 3·meV– 1; charge 
carrier localization radius а = 307 Å.

Conclusions

Single crystals of (Cd0.69Zn0.31)3As2 solid solutions were obtained by the modified Bridgman 
method. Sample composition and element distribution was controlled using JSM -6610LV (Jeol) 
scanning electron microscope (SEM) with an X-MaxN (Oxford Instruments) energy dispersive 
X-ray spectroscopy (EDX) attachment.

It has been established that the studied sample crystallizes in space group P42/nmc with 
lattice parameters a = 8.78 Å, b = 12.42 Å. We have investigated the electrical conductivity 
in the temperature range from 10 to 300 K and in a magnetic field of 1 T, and determined 
the temperature dependences of the concentration and mobility of charge carriers. It has been 
established that in the temperature range from 10 to 33 K, hopping conduction with a variable 
range of the Mott-type hop takes place, and its micro parameters have been determined: Coulomb 
gap width in the density of localized states Δ = 0.43 meV, acceptor zone width W = 2.45 meV; 
charge carrier localization radius а = 307 Å. The obtained values do not contradict the literature 
data, which confirms the conclusion about the type of hopping conductivity.
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