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In this paper an assessment of the quality of a solid solution of CdSexTe1-x is done by study of its 
transport properties. The description of the kinetic phenomena is carried on the base of the wave function 
and self-consistent potential for solid solution CdSexTe1-x (x = 0.25) which were determined from the first 
principles using the projector augmented waves as implemented in the ABINIT code. The scattering processes 
were considered in the framework of short-range scattering models where the electron interaction with polar and 
nonpolar optical phonons, piezoelectric and acoustic phonons, static strain centers, neutral and ionized impurities 
was taken into account. The transition matrix elements were obtained by integration over the unit cell using three-
dimensional B-spline interpolation. For crystals with impurity concentration 5.6×1015 - 5×1018 cm-3 the 
temperature dependences of electron mobility and Hall factor in the range 15 - 1200 K are calculated. The 
theoretical curves obtained in the short-range approach differ qualitatively and quantitatively from those 
obtained within the long-range models in relaxation time approximation. 
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Introduction 

At present the main method for increasing the 
efficiency of solar cells based on cadmium telluride is the 
using an additional absorbent layer created on the base of 
triple compounds of cadmium chalcogenides, in 
particular the solid solution CdSexTe1-x [1-4]. This solid 
solution has the unique photovoltaic parameters 
necessary for the production of solar cells [5-14]. 
Therefore, the study of the quality of these absorbing 
layers is an actual application problem. 

In this paper for the first time within the framework 
of ab initio approach we proposed the description of 
kinetic properties of solid solution (in particular 
CdSe0.25Te0.75) using the short-range principle. The 
description of the kinetic properties is carried on the base 
of  the wave function and self-consistent potential for 
solid solution CdSexTe1-x (x = 0.25) which were 
determined from the first principles using the projector 
augmented waves as implemented in the ABINIT code 
[15]. The description of the electron interaction with 
different types of the point crystal defects is made using 

the short-range scattering models [16-20]. 

I. Theory 

First we put that the lattice constant corresponding to 
the composition x=0.25 of the solid solution equal to 

 38.60 =a Å. This value was used to calculate the wave 
functions and self-consistent potentials in CdTe and 
CdSe crystals. These wave functions and self-consistent 
potentials were determined from the first principles on 
the base of projector augmented waves (PAW) [21]. The 
PAW basis functions have been generated by means of 
the AtomPAW 22 code for the following valence states: 
{5s25p04d10} for Cd, {4s25s24p25p4 } for Te and {4s24p4} 
for Se, respectively. The exchange-correlation potential 
was selected in the form of PBE0 [23-26] obtained from 
the functional of the exchange-correlation energy. 

To obtain the wave function of the solid solution 
CdSexTe1-x the following consideration was used – on the 
base of the obtained wave functions of CdTe and CdSe 
crystals the wave function of the solid solution was 
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defined: 

( ) ( ) ( ) ( ) . 0.25x   x1 x 2
CdTe

2
CdSe

2
CdSeTe =−+= ;rrr ψψψ   (1) 
According to the short-range scattering models the 

carrier transition probability from state k to state k´ 

caused by the interaction with polar optical (PO), 
nonpolar optical (NPO), acoustic (AC), piezooptic (PAC) 
and piezoacoustic (POP) phonons, static strain (SS) 
potential and ionized (II) impurity looks like [16-20]: 
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where ( ) TeSeCdTeSex  M , M M;  Mx1 MxM ,)−+= – 
atomic masses; NLO and NTO denote the number of 
longitudinal (LO)  and transverse (TO) phonons with a 
frequency ωLO and ωTO respectively; G– the number of 
unit cells in a crystal volume; || c  and ⊥c – the 
longitudinal and transverse sound velocity respectively; 

14e  the non-vanishing component of the piezoelectric 
tensor of zinc blende structure; ϕ – electron wave 
function; IIN – the concentration of ionized impurities; 
Zi – the multiplicity ionization of  impurity; integration in 
(8) is carried out over the elementary cell and the value 
AII  is equal to: 110 

II m100.483A −×= ; 
10C .≈ ; kk −′=q ; SSN  – concentration of the static 

strain centers, the method of calculation of which at 
present is unknown. Therefore this material characteristic 
was used as an adjustable parameter to agreement the 
theory and experiment. 

In equation (2) the value POA  is defined as follows: 

 20 3  ;  )322( aRdrRPOA =−∫
∗= rϕϕ ; (9) 

integration is carried out over the part of the elementary 
cell volume, where two atoms of different sort are 
located, using three-dimensional B-spline interpolation 
[27]. The size of this volume is determined by the 
condition:  

( ) ( ) ( ) 0zUyUxU 000 =∂∂=∂∂=∂∂ RrRrRr ,,, , 
where ( )Rr,0U  – the self-consistent electron potential 
energy U0(r,R); r and R – electron and atom coordinates 
respectively. Method of calculation and error estimation 
of magnitude POA is described in detail in [19]. Then 

one can obtain 2-20
PO m108.32A ×= . 

In (3)–(4) 0d  and ACE  are the optical and acoustic 
deformation potential constants, which are expressed 
through the integrals over the volume of elementary cell 
[19]. The region of integration is the same as in the case 
of PO scattering. As a result we have eV .381d0 −= , 

eV 2.16EAC −= . 
In (5) - (6) the value POPZ AA =  because the 

coordinate dependence of the potential energy is the 
same as in the case of PO scattering therefore the 
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integration over the unit cell is carried out by the method 
mentioned above. 

The electron scattering on the neutral impurity was 
described on the base of Erginsoy model [28]. Using the 
short-range principle yields to the next formula for the 
transition probability [19]:  

 ( )
( )

( )E- E  
Ek m V

N  a 100W 2 
NI

3
B

2
′= ∗ δ

π h',kk , (10) 

where NIN – the neutral impurity concentration; 

( ) ( ) dEEk d Ekm 2h=∗ ; Ba –Bohr radius. 

II. Temperature dependences of electron 
mobility and Hall factor 

For the composition values x<0.5 the CdSexTe1-x 
solid solution has the sphalerite structure. Therefore its 
point defect structure must be similar to the point defect 
structure of cadmium telluride. It is well known that in 
undoped CdTe there exist the intrinsic donor defects with 
ionization energy meV 10ED ≈  which compensate the 
intrinsic acceptor defects [29]. Following such 
assumption the electroneutrality equation for calculation 
the Fermi level was considered: 
 ( ) ( )[ ]{ }  

ABDD NTkEF21Npn −−+=− exp , (11) 
where DN , AN  – the donors and acceptors concentration 
respectively. 

Searching of the Fermi energy was made for certain 
levels of defect concentration the numerical values of 
which are presented in Table 1. The parameters of the 
solid solution CdSexTe1-x ( )25.0=x  used in calculations 

are presented in Table 2. 
To calculate the theoretical temperature dependences 

of the electron mobility two approaches were used: a) the 
description of the electron scattering on the base of short-
range models and exact solution of the stationary kinetic 
Boltzmann equation [45]; b) the description of the 
electron scattering on the base of long-range models and 
relaxation time approximation for the solution of kinetic 
equation. The theoretical curves corresponding to the 
first approach are presented in figure 1(a)-(d). The 
presented curves are related to the different values of the 

static strain centers concentration SSN . The possible 
values of these concentrations were chosen similar to 
CdTe samples [29] with corresponding concentrations of 
the intrinsic point defects – donors and acceptors (see 
Table I). Comparison of two abovementioned theoretical 
approaches (short-range and long-range scattering 
models) are depicted in figure 2 (a)-(d). Solid curves 1 
were obtained using the short-range scattering models 
within the framework of the exact solution of the 
Boltzmann’s kinetic equation. Dashed curves 2 and 3 
were obtained within the framework of the long-range 
scattering models and using the relaxation time 
approximation: curve 2 relates to the case of low 
temperature region TkB>>ωh  whereas curve 3 relates 
to the case of high temperature region TkB<<ωh . The 
determining of the temperature dependence of electron 
mobility is presented elsewhere (see Appendix B in 
[19]). As it can be seen, these curves demonstrate the 
significant qualitative and quantitative difference 
between the temperature dependences of the charge 
carrier’s mobility (calculated by two approaches) over 
the investigated range of defect concentrations and 

Table 1 
Parameters of the defect structure of the CdSe0.25Te0.75 samples 

Sample ND (cm-3) NA (cm-3) ND+ NA (cm-3) NSS (cm-3) 
A 3.2×1015 2.4×1015 5.6×1015 (2 ÷ 4) ×1015 
B 3.0×1016 2.0×1016 5.0×1016 (1 ÷ 2) ×1016 
C 3.0×1017 2.0×1017 5.0×1017 (4 ÷ 5) ×1016 
D 3.0×1018 2.0×1018 5.0×1018 (6 ÷ 8) ×1016 

 
Table 2 

Parameters of CdSexTe1-x (x=0.25) used in calculations 
Material parameter Value 

Lattice constant, a0 (m)  
Energy gap, Eg (eV)  
Energy equivalent of the matrix element, Ep (eV) 
Density, ρ (kg m-3) 
Spin-orbit splitting, ∆ (eV) 
Optical deformation potential, d0 (eV) 
Acoustic deformation potential, EAC (eV) 
Transverse optical phonon frequency, ωТO (rad s-1) 
Lattice dielectric constant, εL 

High frequency dielectric constant, ε∞ 
Elastic constants (×10 -10, N m-2): Cl 
                                                      Ct  
Piezoelectric tensor component, e14 (C m-2) 

6.38×10 -10  a 
Eg=x EgCdSe+(1-x) EgCdTe — 0.9 x (1-x) b,c,d 

21 –  x  e 
5.75×103 – 95 x  f 
0.92 – 0.51 x g 

-18.3  h 

-2.16  h 
2.63×10 13  + 4.8×10 12  i, j 
10.5 – 1.1 x  j, k 

7.4 – 1.3 x  j, k 

6.32 + 1.04 x   l, m, n 

1.538 – 0.188  x   l, m, n 
(1 – x) 0.03457 – 1.39×10 -5 T + 0.347 x o, p 

a [30]. b [31]. c [32]. d [33]. e [34]. f [35]. g [36]. h Present article. i [37]. j [38]. k [39]. l [40]. m [41]. n [42]. o [43]. p  [44]. 
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temperatures. 
However, only an experiment must determine which 

of the theoretical models can describe better the 
experimental data. From the literature authors know only 

one source, which presents experimental data on the 
study of transport phenomena in CdSexTe1-x [46]. 
Analysis of these data shows that the investigated 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 1. Temperature dependence of the electron mobility in CdSexTe1-x (x  = 0.25) crystals 
 with different defect concentration. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 2. Dependences ( )Tµ  corresponding to different theoretical approaches.  
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samples are polycrystalline (the grain size ∼ 566 ÷ 
755 Å). Therefore, they have anomalously low values of 
the electron’s mobility which indicates the low quality of 
the crystals. 

It should be noted that the authors assert that an 
approach based on the short-range principle more 
accurately describes the kinetic properties of CdSexTe1-x 
solid solution compared with the long-range approach. 
This statement is based on the fact that for cadmium 
telluride the short-range models give better agreement 
with the experiment [19]. Since the solid solution 
CdSexTe1-x (x ≤ 0.5) has a similar crystalline structure, 
one should expect a similar situation for this case. 

On figure 3 for the sample with minimum defects 
concentration the description of the role of different 
scattering mechanisms is presented by dashed lines. As it 
seen the static strain scattering (curve 7) dominate at low 
temperatures (T < 180 K). At the temperature interval T> 
180 K the polar optical phonon scattering becomes 
predominant (curve 5). In this temperature interval the 
piezoacoustic phonon scattering (curve 4) play the 
significant role too. Other scattering mechanisms give 
weak contribution to the electron mobility. 

Such distribution of the influence of various 
scattering mechanisms causes the temperature 
dependences of the electron’s Hall factor for the samples 
with different defects concentration (see figure 4). These 
temperature dependences demonstrate the minimums in 
the temperature region where the transition from one 
scattering mechanism to another occurs. It is seen that 

the higher defects concentration corresponds to the 
higher temperature where the minimum of dependence 

( )THr  is observed. 

Conclusion 

In the present paper the problem of quality 
evaluation of crystals of a CdSexTe1-x (x = 0.25) solid 
solution is considered. The idea of the proposed approach 
consists in analyze of the temperature dependence of the 
charge carrier mobility which, in turn, is determined by 
the point defects structure of the crystal. To calculate the 
abovementioned characteristic of the solid solution 
CdSexTe1-x (x = 0.25) two approximations were used: a) 
short-range scattering models on the base of calculated 
wave function and self-consistent potential energy within 
the framework of exact solution of Boltzmann equation; 
b) long-range scattering models within the framework of 
relaxation time approximation. It was established that 
both approximations give substantially different 
theoretical curves. The question which approximation is 
preferred should be solved by experiment. 
 
 
Malyk O.P. - Doctor of Physical and Mathematical 
Sciences, Associate Professor, Associate Professor; 
Syrotyuk S.V. – PhD (Physical and Mathematical 
Sciences), Associate Professor, Associate Professor. 
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Рухливість електронів у твердому розчині CdSexTe1-x (x = 0,25): 
ab initio розрахунок 

Національний університет "Львівська політехніка", Львів, 79013Україна. omalyk@ukr.net, svsnpe@gmail.com 

У цій роботі проводиться оцінка якості твердого розчину CdSe0.25Te0.75 шляхом 
дослідження його властивостей перенесення. Опис кінетичних явищ проводиться на основі 
хвильової функції та самоузгодженого потенціалу твердого розчину CdSexTe1-x (x = 0,2), які 
визначалися з перших принципів, з використанням проекційних приєднаних хвиль, що 
реалізовано в програмі ABINIT. Процеси розсіяння були розглянуті в рамках близькодіючих 
моделей розсіяння, де враховувалась взаємодія електронів з полярними та неполярними 
оптичними фононами, п’єзоелектричними та акустичними фононами, центрами статичної 
деформації, нейтральними та іонізованими домішками. Елементи матриці переходу були 
отримані шляхом інтегрування по елементарній комірці з використанням тривимірної B-
сплайн інтерполяції. Для кристалів із концентрацією домішок 5.6×1015 ÷ 5×1018 см-3 розраховано 
температурні залежності рухливості електронів та фактора Холла в діапазоні 15 ÷ 1200 К. 
Теоретичні криві, отримані в близькодіючому підході, якісно і кількісно відрізняються від тих, 
що отримані в рамках далекодіючих моделей в наближенні часу релаксації. 

Ключові слова: перенесення електронів, точкові дефекти, твердий розчин CdSeTe, ab initio 
розрахунок. 
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