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Abstract: This study examines the problem of influ-

ence of point defects on transport phenomena in 
CdSexTe1-x (x=0.35) crystals. For the first time, the cal-
culation of the electronic spectrum, wave function and 
potential energy of the electron in CdSe0.35Te0.65 samples 
at a prearranged   temperature was carried out. Using the 
supercell method, the types of point defects were estab-
lished, as well as the temperature dependence of their 
ionization energies in the studied temperature range. The 
temperature dependences of the deformation constants of 
the optical and acoustic scattering potentials were de-
tected and also calculated the dependences on tempera-
ture of electron scattering constants on different crystal 
point defects. Temperature dependences of the mobility 
and Hall factor of electrons were found based on the 
scattering models on the short-range potential. 

Key words: CdSe0.35Te0.65, transport phenomena, 
defects, ab initio calculation, short-range principle. 

1. Introduction 
CdSexTe1-x solid solution has a number of properties 

that are of interest for the production of electronic de-
vices. This material exhibits photovoltaic properties 
sufficient for solar energy conversion, namely a large 
value of the absorption coefficient and the required band 
gap. Accordingly, researchers face the task of obtaining 
crystals of sufficiently high quality. 

The optical and electrical properties of a semicon-
ductor (in particular, the absorption coefficient and the 
transport phenomena) are highly dependent on the crys-
tal lattice defects structure. The defects structure of the 
CdSeTe-based solar cell absorbing layer has been thor-
oughly investigated in references [1-12]. However, these 
works do not study the correlation between crystal lattice 
point defects and transport phenomena in the CdSexTe1-x 
solid solution. On the other hand, in reference [13] an 
attempt is made to establish such a relationship in solid 
solution CdSexTe1-x with sphalerite structure by applying 
two approaches: 1) using of the electron wave function 
and electron potential energy derived from first princi-
ples on the base of ABINIT program [14]; 2) application 
of the model of a charge carrier scattering  on short-
range potential of the  different types of lattice point 
defects [15-19]. However, this work has a number of 

disadvantages: 1) the electronic wave function and elec-
tron potential energy used in this work correspond to the 
lowest state of the crystal (T=0) and therefore are unsuit-
able for describing the excited states of the crystal at 
T>0; 2) it is assumed that the structure of defects is lim-
ited to only one type of donor defect of unknown nature 
with ionization energy ∆ED ≈10 meV, while the ioniza-
tion energy of the defect is constant. In order to circum-
vent this difficulty, a method was developed for calculat-
ing the wave function of the electron and the potential 
energy of the electron in a solid solution  CdSexTe1-x 
(x=0.35) with a sphalerite structure, which made it pos-
sible to describe the excited state of the crystal at T>0. 
Along with that, a method of determining the nature of 
donor point defects of various types was developed, 
which made it possible to estimate the ionization energy 
of these defects and its dependence on temperature. 
These approaches made it possible to consider transport 
phenomena in the CdSe0.35Te0.65 solid solution. 

2. The method of calculating the wave function 
and self-consistent crystal potential at a given tem-
perature 

For the corresponding value of the composition of 
the solid solution, such a value of the lattice constant 
was chosen, which coincides with the experimental data. 
On the basis of this constant, the electronic wave func-
tions and potential energies of the electron in CdTe and 
CdSe cells, as well as in Cd8Te8 and Cd8Se8 supercells 
were determined. All the calculations were performed 
using the ABINIT code [14]. 

For an ideal CdSe0.35Te0.65 solid solution, the elec-
tron wave functions and electron potential energies were 
determined as follows. At the first stage, calculations of 
the electronic function and potential energy of the elec-
tron were performed for ideal CdTe and CdSe cells (Cd 
atoms are located on the cell boundary, while Te (Se) 
atoms are located inside the cell). The method of select-
ing the GGA exchange-correlation potentials of Cd, Se, 
and Te, which served as output data, is presented in [20]. 
Next, a mixture of the Hartree-Fock exchange-
correlation potential [21] and the above-mentioned ex-
change-correlation potentials was formed (this mixture is 
determined by the parameter α, which corresponds to the 
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«exchmix» parameter of the ABINIT code). The crite-
rion for selecting the parameter α is as follows: at a 
prearranged   temperature, the band gap theoretical value 
must cioncide with experimental value, which was ob-
tained in reference [22, 23]: 

( )[ ] ;1102.4846.1E 58.2
gCdSe eV T 0.0119 103

0.388 3-







 −+×−=

 ;T35.565.1EgCdTe eV 10  -4×−=  

( ) ( ) ( )  eV.  x-1 x 0.9 - x-1 gCdTegCdSeg EExT,xE +=  

Based on this approach, for a solid solution of a 
given composition, it is always possible to choose values 
А that correspond with the band gap at 0 K and 300 K. 
This method makes it possible to calculate the wave 
functions and potentials of ideal unit cells of CdTe and 
CdSe at 0 K and 300 K. The results of calculation are 
presented in Table I. 

Table 1 

Energy spectrum of CdTe  
and CdSe elementary cell 
T=0, Eg=1.514 eV, ∆=1.526* eV 

Energy levels of CdTe 
elementary cell, eV 

Ec- 1×(5.733) (0) 

   Ev- 3×(4.219) (2)** 
α=0.11387 

Energy levels of CdSe 
elementary cell, eV 

 Ec- 1×(4.207) (0) 

 Ev- 3×(2.693) (2) 
α=1.20332 

T=300 K, Eg=1.378 eV, ∆=1.483eV 
Energy levels of CdTe 

elementary cell, eV 
Ec - 1×(5.674) (0) 

Ev- 3×(4.296) (2) 
α=0.05202 

Energy levels of 
CdSe elementary 

cell, eV 

Ec- 1×(4.191) (0) 

Ev- 3×(2.813) (2) 
α=1.1808 

 

* ∆ – a shift between the energy levels of ideal CdTe and CdSe 
elementary cells. 

** Recording 3×(4.219) (2) means that there is exist 3-fold degen-
erate energy level with an occupation number equal 2. 

 
From the Table 1 it follows that at a prearranged 

temperature the levels of Ec and Ev in the unit cells of 
CdTe and CdSe differ, which is caused by the presence 
of energy barriers between cells of different types. On 
the other hand, the experiment shows that at a predeter-
mined temperature, the CdSe0.35Te0.65 solid solu-tion has 
the same bandgap width throughout the entire volume of 
the crystal. In our case, the discrepancy between theory 
and experiment can be circumvented as follows: we shift 
the energy levels of the CdSe cells up by the amount ∆, 
which is determined by the difference between levels of 
the bottom of the conduction band Ec (or the top of the 
valence band Ev) in the different neighboring elementary 
cells. As a result, a crystal with the same band gap width 
is obtained throughout the entire volume (see Fig. 1). An 
analogous result is obtained if the levels of the CdTe cell 
are shifted down by an amount ∆. 

The following arguments are in favor of the pro-
posed approach: 
1. The bandgap width Eg represents the difference in le-
vels, it is precisely this that is measured in the experi-
ment, and not the values of the levels Eс and Ev. Accor-
dingly, in each cell there is an arbitrary choice of the 
energy reference point. 

 
Fig. 1. The location along the X axis of ideal CdTe and CdSe 

elementary cells and the corresponding positions of the energy 
levels for ideal elementary cells at T=0 K for CdSe0.35Te0.65 . 

2. Cartesian coordinates in CdTe and CdSe cells are 
independent. Therefore, point A is the reference point of 
the coordinate system in the CdSe cell, point B is the re-
ference point of the coordinate system in the CdTe cell. 

The above method proposed for describing the ideal 
crystal of the CdSe0.35Te0.65 solid solution is similar (but 
not equivalent) to the method used in Riemann geome-
try. Namely, a three-dimensional manifold (in our case, a 
crystal) is described by a set of individual Cartesian 
coordinate systems used in a certain region of the mani-
fold (in our case, CdTe and CdSe unit cells). That is, an 
ideal crystal of a solid solution is a set of CdTe and CdSe 
unit cells, for which the lattice constant and the theoreti-
cal value of the band gap coincide with the experiment. 

Using the wave function and potential energy of the 
unit cell one can derived the wave function and deriva-
tives of the potential energy over the coordinates of the 
cell atoms for the ideal CdSexTe1-x solid solution [13, 
24]: 
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where 2,1j =  is the numbering of the unit cell atoms. It 
should be noted that the derivatives in expressions (2)-(4) 
were calculated using the finite displacement method [18]. 
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Using equations (1)-(4) and short-range scattering 
models [13, 15-19], it is possible to calculate the follow-
ing electron scattering constants on crystal lattice de-
fects, namely: 

1. Scattering constants for an electron-polar optical 
phonon (PO), electron-piezoacoustic phonon (PAC) and 
electron-piezooptic phonon (POP) interaction 

2a3R

;d)3rR(AAA

0

222
CdSeTePOPPACPO

 

 

=

−=== ∫ rψ
, (5) 

(a0 – lattice constant). In (5) the region of integration 
includes two atoms of different sort and its volume is 1/8 
of the volume of the unit cell of sphalerite. 

2. d0 – this value is equal to the largest value among 
the three values of the optical deformation potential (one 
longitudinal and two transverse branches of the optical 
vibrations of the crystal lattice). This constant describes 
an electron-nonpolar optical phonon (NPO) interaction: 

( ) 3,2,1,ad 2
CdSeTe00 =⋅= ∫ νψ νν   d  rVr ε       (6) 

where the region of integration is 1/8 of the volume of 
the unit cell of sphalerite;  νε – the unitary contravariant 
polarization vector of the optical oscillations. The com-
ponents of the vector V are expressed through the corre-
sponding linear combinations of derivatives (2)-(4), 
represented in the oblique coordinate system, formed by 
the primitive vectors of the sphalerite structure [24]. 

3. ACE represents the acoustic deformation potential 
constant which is equal to the largest value among the 
three values of the acoustic deformation potential (one 
longitudinal and two transverse branches of the acoustic 
vibrations of the crystal lattice). This constant describes 
the electron-acoustic phonon interaction:  
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2
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compo-nents of the V vector similar to those in the case 
of NPO scattering. 

4. The constant describing the electron scattering on 
the ionized impurity: 

 ( ) rr d
r
1A 2

CdSeTeII  ∫=
Ω

ψ ,              (8) 

where integration is performed with respect to the unit 
cell volume of the sphalerite structure. 

It should be noted that the integrals in expressions 
(5)-(8) were calculated using three-dimensional B-spline 
interpolation [25]. As it seen from (5)-(8), the scattering 

constants of the short-range models are equal to the in-
tegrals over the electron function ( )CdSeTerψ  and the 

potential ( )CdSeTeU r . Since the functions ( )CdSeTerψ  

and ( )CdSeTeU r  at 0 K and 300 K differ, then, accor-
dingly, the scattering constants are also different, that is, 
the temperature dependence of these parameters is 
observed. Based on these assumptions, it is possible to 
obtain linear dependences of scattering constants versus  
temperature: 
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( ) 1106
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The obtained temperature dependences of the scat-
tering constants make it possible to calculate the electron 
scattering probabilities on different types of crystal de-
fects [13] and, in turn, the transport properties of the 
solid solution CdSe0.35Te0.65.  

3. Calculation of the temperature dependence of 
the ionization energy of crystal defects 

The subject of research in this paper was such donor 
defects: CdTe , CdSe , VSe–CdSe. The supercell method 
was used for the determination of the electronic spec-
trum ( 211 ×× sphalerite cubic structure): for CdTe – 
supercell Cd9Te7; CdSe –– supercell Cd9Se7; VSe–CdSe – 
supercell Cd9Se6. At the same time, the electronic 
spectrum of ideal supercells was determined. 
Spectrum calculations require determination of pseudo-
potentials. Pseudopotentials of Cd, Se, and Te atoms 
were created using the AtomPAW programs (Atompaw 
v3.0.1.9 and AtomPAW2Abinit v3.3.1) [26, 27]. The 
following valence basis states were used to construct the 
PAW functions: 5s25p04d10 for Cd, 4s24p4 for Se and 
4s24p65s25p4 for Te. The values of the radii of the aug-
mentation spheres are selected as follows: 2.2, 1.8 and 
2.4 for Cd, Se and Te respectively. Within the density 
functional theory (DFT) (generalized gradient approxi-
mation (GGA) formalism proposed by Perdew, Burke 
and Ernzerhof (PBE) [20]) exchange and correlation 
effects were taken into account. To initialize the ABINIT 
program, the source files of the AtomPAW program 
containing the complete data set were used. The result of 
calculations of energy spectra of ideal supercells for the 
CdSe0.35Te0.65 solid solution is presented in Table II. 

Data from Table II show the mismatch of spectral 
energy levels of ideal Cd8Te8 and Cd8Se8 supercells, 
which indicates the existence of energy barriers between 
Cd8Te8 and Cd8Se8 supercells. Therefore, as in the case 
of CdTe and CdSe unit cells, we shift the energy levels 
of the Cd8Se8 cells up by the amount ∆, which is deter-
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mined by the difference between levels of the bottom of 
the conduction band Ec (or the top of the valence band 
Ev) in the different neighboring elementary cells. As a 
result, an ideal solid solution with the same band gap 
width is obtained throughout the entire volume, while 
the lattice constant also coincides with the expe-rimental 
value in the entire volume. 

Table 1I 

Energy spectrum of ideal Cd8Te8  
and Cd8Se8 supercells. 

T=0, Eg=1.514 eV, ∆=1.205  eV 
 Energy levels of ideal 
Cd8Te8 supercell, eV 

Ec- 1×(4.903) (0) 

Ev- 2×(3.389) (2) 
α=-0.0676 

Energy levels of ideal 
Cd8Se8 supercell,eV 

Ec- 1×(3.698) (0) 

 Ev- 2×(2.184) (2) 
α=0.96685 

T=300 K, Eg=1.378 eV, ∆=1.188 eV 
 Energy levels of ideal 
Cd8Te8 supercell, eV 

Ec- 1×(4.842) (0) 

Ev- 2×(3.464) (2) 
α=-0.11244 

Energy levels of 
ideal Cd8Se8 super-

cell,eV 

 Ec- 1×(3.654) (0) 

 Ev- 2×(2.276) (2) 
α=0.82278 

 

Table III compares the energy levels of ideal (the 
energy spectrum is shifted by a certain amount ∆) and 
defective (the energy spectrum is shifted by the same 
amount ∆) supercells. The data presented in Table III 
make it possible to calculate the activation (ionization) 
energies of various types of defects in the lattice of the 
CdSe0.35Te0.65 solid solution. Let us consider this 
using the example of CdTe and CdSe defects in CdSexTe1- 

x (x=0.35) at 0 K (see Fig. 2).  

 
Fig. 2. The location along the X axis of ideal and defective 

supercells and the corresponding positions of the energy levels 
for ideal supercell, CdTe defect, CdSe defect and VSe– CdSe 

defect at T=0 K for CdSe0.35Te0.65. 1,3,5 – ideal Cd8Te8(Cd8Se8) 
supercell;  2 – defective Cd9Te7 supercell; 4 – defective Cd9Se7 

supercell; 6 - defective Cd9Se6 supercell. 

The idea of applying the supercell method to study 
the defect structure is as follows. Let's direct the X axis 
in the direction of the rib, the length of which is equal a0, 
of the ideal or defective supercell. (see Fig. 2). Then the 
Y axis is directed along the rib of the supercell with the 
length a0, and the Z axis is directed along the rib of the 

supercell with the length 2a0. Cd atoms are located at the 
nodes of the ideal (defective) supercell, located at the 
boundary of the supercell, and Te (or Se) atoms are 
located inside the ideal (defective) supercell. A lattice 
defect is always located inside a defective supercell. 

Table 1II 

Energy spectrum of ideal and defect supercell 
T=0, Eg=1.514 eV 

Energy levels of ideal 
Cd8Te8 (Cd8Se8), eV 

Energy levels of  
defect, eV 

Ionization energy, 
eV 

 
Ec- 1×(4.903) (0) 

       Ev- 2×(3.389) (2) 

CdTe 
2×(5.094) (0) 
1×(4.846) (2) 

∆ED =0.057 

 
Ec- 1×(4.903) (0) 

       Ev- 2×(3.389) (2) 

CdSe 
2×(5.791) (0) 
1×(5.429) (2) 

∆ED =-0.526 

 
Ec- 1×(4.903) (0) 

       Ev- 2×(3.389) (2) 

VSe–CdSe 
1×(4.906) (0) 
1×(4.855) (2) 

∆ED =0.048 

T=300 K, Eg=1.378 eV 
 

Ec- 1×(4.842) (0) 

      Ev- 2×(3.464) (2) 

CdTe 
2×(5.104) (0) 
1×(4.861) (2) 

∆ED =-0.019 

 
Ec- 1×(4.842) (0) 

     Ev- 2×(3.464) 
(2) 

CdSe 
2×(5.803) (0) 
1×(5.436) (2) 

∆ED =-0.594 

 
Ec- 1×(4.842) (0) 

     Ev- 2×(3.464) 
(2) 

VSe–CdSe 
1×(4.915) (0) 
1×(4.822) (2) 

∆ED =0.020 

 
For the CdTe defect, with the energy spectrum of the 

ideal Cd8Te8 (Cd8Se8) structure being compared with the 
energy spectrum of the defect (region 2) at T = 0 K, the 
transition of the electron from the defect level 1×(4.846) 
(2) to the conduction band level of the ideal structure 
1×(4.903) (0) (with ionization energy ∆ED = 0.057 eV) is 
seen to be most probable (see Fig. 2 and Table III). The 
remaining electronic transitions are unlikely due to very 
high ionization energy. At T = 300 K (see Table III), the 
electrons from the defect level 1×(4.861) (2) will pass to 
the level of the conduction band 1×(4.842) (0), i.e., the 
defect is completely ionized (ionization energy is less 
than zero and equal to ∆ED =-0.019 eV).  

Other electron transitions are unlikely due to high 
ionization energy. Assuming a linear temperature de-
pendence of the defect ionization energy, this depend-
ence can be determined. 

For the CdSe defect, with the energy levels of the 
ideal structure being compared with the energy levels of 
the defect (region 4) at T=0 K, it is clear that all elec-
trons from the defect level 1×(5.429) (2) will pass to the 
lower located level 1×(4.903) (0) of the conduction band 
(see Fig. 2 and Table III). This means that all CdSe de-
fects at T=0 K will be ionized (ionization energy is nega-
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tive ∆ED = -0.526 eV). Analogous situation occurs at 
T=300 K., i.e., this type of defects in the range of 0÷300 
К will be completely ionized. In a similar way, the tem-
perature dependence of the ionization energies of the 
VSe–CdSe defect can be calculated. As a result of the 
calculations, we will get: 

CdTe-∆ED = 0.057 – 2.54×10-4 T; 

VSe-CdSe –∆ED = 0.048 – 9.34×10-5 T. 

The method of describing the ideal  and defective 
CdSe0.35Te0.65 crystal presented above is the result of a 

combination of the ab initio approach (calculation of the 
electronic spectrum of different regions of the crystal) 

and the short-range principle (energy (electron) transport 
occurs only between neighboring regions of the crystal). 

4. Dicussion 
The theoretical methods given in the two previous 

sections allow to study the kinetic properties of the 
CdSexTe1-x (x=0.35) solid solution in the temperature 
range of 10 – 400 K. Now let us make the following 
assumptions about the defects structure. Let the concen-
tration of defects in the CdSe0.35Te0.65 solid solution be 
ND (ND=5×1014÷5×1018 cm-3). Then, the concentration of 
CdTe defects (these defects are formed in ideal Cd8Te8 
supercells) is equal to 

( )
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where F represents the Fermi level, and the refer-
ence point of the energy is at the bottom of the conduc-
tion band. Next, we assume that the concentrations of 
CdSe and VSe–CdSe defects (these defects are formed in 
ideal Cd8Se8 supercells) are the same. That is, the total 
concentration of CdSe and VSe–CdSe defects is equal to 
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Then, taking into account the transition temperatures 
of CdTe and VSe–CdSe defects into the completely ionized 
state, we obtain an electroneutrality equation in the tem-
perature range of 10÷400 K: 
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Fig. 3. Electron mobility versus temperature 

 in CdSe0.35Te0.65 samples with  
a different defects concentration.   

A–ND=1×1014 cm-3, NSS=1×1015 cm-3;B– ND=1×1015 cm-3, 
NSS=3×1015 cm-3; C– ND=1×1016 cm-3, NSS=1×1016 cm-3;  

D– ND=1×1017 cm-3, NSS=3×1016 cm-3;E– ND=1×1018 cm-3, 
NSS=8×1018 cm-3. 

Fig. 3 shows the calculated temperature dependences 
of electron mobility in samples with different concentra-
tions of defects (donors and centers of static deformation 
(SS)). The electron mobility was calculated on the basis 
of short-range scattering models [13,15-19] using the 
exact solution of the Boltzmann kinetic equation [28]. In 
order to find out how well the approach proposed in this 
article adequately describes the physical reality, it is 
necessary to compare the theoretical µ(T) curves with 
experiment. However, as already pointed out by the 
author [13], there are practically no experimental data in 
the literature on transport phenomena in the CdSexTe1-x 
solid solution. The author knows only one literary 
source, which presents the study of electronic transport 
in this solid solution [29]. However, the investigated 
samples are polycrystalline (the grain size ∼ 566÷755 Å). 
Accordingly, the experimental values of the electron 
mobility are anomalously small, which is due to the 
carriers scattering at the grain boundaries and indicates 
the low quality of the crystals. 

Fig. 4a-4e reflect a comparison of different ap-
proaches (short-range and long-range scattering models) 
in the description of transport phenomena in 
CdSe0.35Te0.65 solid solution. Solid curves 1 obtained by 
the short-range electron scattering models and corre-
spond to the exact solution of the Boltzmann kinetic 
equation. Dashed curves 2 and 3 obtained by the long-
range electron scattering models (relaxation time ap-
proximation): curve 2 corresponds to the region of low 
temperatures ( )TkB>>ωh , curve 3 corresponds to the 

region of high temperatures ( )TkB<<ωh . 
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Fig. 4. Comparison of two theoretical approaches in 

CdSe0.35Te0.65 samples: 1– short-range scattering models;  
2 and 3 – relaxation time approximation. 

It can be seen from Figs. 4a-4e that these temperature 
dependences of electron mobility in the entire studied 
interval of temperatures and concentrations of defects 
are significantly qualitatively and quantitatively different 
from each other. The following observation should be 
made regarding the approach of relaxation time. It is 
known that for CdSe0.35Te0.65 the Debye temperature is 
equal to θD=258 K. This means that the condition T 
<25.8 K limits the low-temperature region of this ap-
proximation, and the condition T >2580 K limits the 
high-temperature region of this approximation. It follows 
that the relaxation time  approximation  (corresponding 
to elastic scattering) is incorrect, because inelastic scat-
tering takes place in the temperature interval 25.8 K< T 
<2580 K. On the other hand, the short-range scattering 
models make it possible to describe inelastic scattering. 
Thus, it can be argued that short-range models give a 
more adequate description of scattering processes in 
comparison with long-range models. Another confirma-
tion in favour of the short-range scattering models are 
the curves presented in Fig. 4e. These curves are ob-
tained by stitching the solutions of electroneutrality 
equations at the point of transition of one of the defects 
into a completely ionized state (at T=224.9 K). The tem-
perature interval where the solutions are stitched is 1 K. 
Curves 1 demonstrate a fairly smooth transition in the 
stitching region, while curves 2 and 3 demonstrate a 
sharp (3.3–3.8 times) increase in mobility in the stitching 
region. However, there are no physical reasons for an 
increase in the electron concentration and conductivity in 
such a narrow temperature range. This indicates that 
curves 2 and 3 do not adequately describe the process of 
electron scattering on a crystal defect. 

 
Fig. 5. Electron’s Hall factor versus temperature in 

CdSe0.35Te0.65 samples with a different defects con-centration. 
The notation of the samples is the same as on Fig. 3. 

The proposed method of calculation makes it possi-
ble to determine the  dependence of the electron’s Hall 
factor versus temperature for CdSe0.35Te0.65 (see. Fig. 5). 
As can be seen, at low temperatures in samples A, B, C 
(low defect concentration) and D the electron gas is non-
degenerate or in an intermediate (between degenerate 
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and non-degenerate) state, while in sample E  (high de-
fect concentration) the electron gas is in a degenerate 
state. At high temperature region, the minima of the 
curves are existed in the region where the transition from 
the predominance of one scattering mechanism to an-
other occurs. The higher defect concentration in the 
crystal correspnds the more higher temperature where 
the minimum of this dependence is existed.  

Note that the presented calculation method was ap-
plied to a binary solid solution of CdSexTe1-x (sphalerite 
structure). In a similar manner, this calculation method 
can be used to another  multicomponent solid solutions 
(sphalerite structure), in particular, to ternary, quaternary 
solid solutions. For example, for the binary solid solution 
CdSexTe1-x, the supercell method was applied to two 
supercells Cd8Te8 and Cd8Se8, while for the description 
of the ternary solid solution CdSeSTe, one more super-
cell Cd8S8 must be added. In the future, it is necessary to 
apply the above-mentioned calculation method to three 
different types of supercells and determine the type of 
defects, as well as the temperature dependences of their 
ionization energies. By numerically solving the modified 
electroneutrality equation, the Fermi level is determined, 
which makes it possible to describe transport phenomena 
in the CdSeSTe solid solution. A similar approach can be 
applied to higher multicomponent solid solutions. 

4. Conclusions  
In the proposed article, for the first time, the calcula-

tion of the electronic spectrum, wave function and poten-
tial energy of the electron in CdSe0.35Te0.65 samples at a 
prearranged   temperature was carried out. The proposed 
calculation method makes it possible to establish the 
dependence of electron scattering constants on various 
crystal defects versus temperature. This, in turn, made it 
possible to calculate the probability of electron scattering 
on crystal defects and, accordingly, to identify the ki-
netic coefficients of CdSexTe1-x. Using the above-
mentioned method for Cd8Te8 and Cd8Se8 supercells 
gave the opportunity to establish the structure of defects 
and to calculate the dependences of the ionization ener-
gies of point defects versus temperature. On the base of 
the short-range charge carrier interaction models with 
point defects  determination the dependen-ces of electron 
mobility and electron's Hall factor versus temperature 
was done. The article also provides a comparison of the 
theoretical curves obtained by two competing ap-
proaches: a) short-range approach; b) long-range ap-
proach (relaxation time approximation). It was found 
that the kinetic properties of the CdSexTe1-x solid solu-
tion are more adequately reflected by the short-range 
scattering models. An example of using the proposed 
calculation method for a ternary solid solution is given. 
It is emphasized that this method can be used to describe 

the kinetic properties of higher multicomponent solid 
solutions with sphalerite structure. 
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РУХЛИВІСТЬ ЕЛЕКТРОНІВ  
У CdSe0.35Te0.65: ПОЄДНАННЯ Ab Initio 

ПІДХОДУ З ПРИНЦИПОМ 
БЛИЗЬКОДІЇ 

Орест Малик, Ігор Петрович,  
Галина Кеньо, Юрій Юркевич,  

Юрій Вашкурак 

У даній роботі розглядається проблема впливу точко-
вих дефектів на явища переносу в кристалах CdSexTe1-x 
(x=0,35). Вперше проведено розрахунок електронного 
спектру, хвильової функції та потенціальної енергії елект-
рона в зразках CdSe0.35Te0.65 при заданій температурі. За 
допомогою методу суперкомірки встановлено типи точко-
вих дефектів, а також температурну залежність їх енергій 
іонізації в досліджуваному інтервалі температур. Виявлено 
температурні залежності констант деформації оптичного 
та акустичного потенціалів розсіяння, а також розраховано 
температурні залежності констант розсіяння електронів на 
різних кристалічних точкових дефектах. На основі моделей 
розсіювання на короткодіючому потенціалі знайдено тем-
пературні залежності рухливості та холлівського фактора 
електронів. 
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