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The use of semiconductors based on abundant and less expensive materials in photovoltaic 
industry has grown since electricity consumption has increased, alloys such as 
Cu2ZnSn(S1-xSex)4 have recently attracted attention, due to its structural, optical and 
electronic properties which make it a very promising candidate as an absorber layer in 
photovoltaic applications. The lattice mismatch of Cu2ZnSn(S1-xSex)4 with Cu2NiGeS4 as 
substrate for solar cell architecture reveals that low Se content (0.1≤x≤0.4) is favorable, 
and thus, by reducing Se content from 40 to 10% induces a decrease in optical parameters 
such as refractive index from 5.475 to 3.834 for near-infrared wavelengths, and both 
extinction and absorption coefficients are from 0.478 to 0.211 and from 7.956×104 to 
6.912×104 cm-1, respectively, for almost along the visible spectrum. Additionally, the 
bandgap energy of Cu2ZnSn(S1-xSex)4 in kesterite structure increases from 1.267 to           
1.442 eV at room temperature, while the compressive strain of the epitaxial layer reduces 
from 3.93 to 2.39% and from 4.62 to 3.17% on the growth plane and following the 
direction of growth, respectively.  
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1. Introduction 
 
Despite the advantage brought by Cu(In1-xGax)Se2 (CIGS) solar cells in terms of 

efficiency, they have other disadvantages, mainly due to the fact that indium and gallium resources 
are limited, rare and expensive, which pushed researchers to use other materials. Cu2ZnSn(S1-xSex)4 
(CZTSSe) kesterites based devices have attracted attention, since these absorbers are potential 
substitutes for Cu(In1-xGax)Se2 (CIGS) in photovoltaic applications.Wang et al. reported that a 
CZTSSe based solar cell in kesterite structure provided a conversion efficiency of 12.6% [1]. 

According to Shen et al. sequential cation cross-substitution can be used to obtain CZTSe 
in kesterite structure from zinc blende through an intermediate chalcopyrite structure[2][3]. Li et 
al. reported that for CdTe in zinc blende structure, the cation Cd and the anion Te are located 
independently in two face-centered cubic lattices which are interpenetrated, and thus, the doubling 
of the unit cell along the c axis allows us to obtain the chalcopyrite CuInSe2 from the zinc blende 
structure by substituting on the one hand Cd by ordered Cu and In and on the other hand Te by Se, 
then, replacing  In by ordered Zn and Sn allows us to obtain kesterite Cu2ZnSnSe4 [4].Taking into 
account that in structure derivation process, the anion atoms occupy one face-centered cubic lattice 
and the cation atoms occupy the other one [4]. 

Moreover, according to a new and easy method developed in reference [5], Shi et al. 
report that CZTSSe crystal growth can be achieved by air annealing of a CZTS thin film, followed 
by Na diffusion with surface oxidation, thereby considerably promoting the growth of CZTSSe 
absorber layer and eliminates the small grains of the bottom layer. 
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Two types of crystal structures (kesterite and stannite) are known for CZTS and CZTSe 
semiconductor materials, which they have been studied experimentally in references [6] and [7] 
and theoretically in references [8] and [9]. From the point of view of phase stability, Kumar et al. 
report that kesterite structure is more stable than stannite structure [10]. 

On the other hand, Persson reported that the crystallization of CZTS and CZTSSe materials 
in both kesterite and stannite structures can be verified from a large difference between their 
dielectric functions [11]. 

The aim of this work is to determine the different structural, optical and electronic 
properties of CZTSSe which can ensure its usefulness in optoelectronics as well as in photovoltaic 
applications as an absorber layer for a simple or multi-junction solar cell. 

 
 
2. Theoretical model 
 
Knowing that the properties of a semiconductor material strongly depend on the 

concentration of its compounds, it is necessary to take this characteristic into consideration to 
better extract good results with regard to the performance of this material, in Cu2ZnSn(S1-xSex)4 

alloys, the Se content allowing to acquire certain advantages. 
Since epitaxially grown heterostructures now commonly combine layers of mismatched 

lattice constituents, the properties of a material under stress must also be specified, this is 
classically done in strain potential theory [12]. 

When a structure is developed from two materials whose lattice parameters are different, a 
phenomenon of epitaxial deformation will take place on the growth plane and following the 
growth direction (relation (1) and (2), respectively) due to the formation of a coherent interface 
between the two materials, which results a different lattice parameter from those of the precedent 
two materials [3]. 

 
𝜺𝜺𝒙𝒙𝒙𝒙 = 𝜺𝜺𝒚𝒚𝒚𝒚 = 𝐚𝐚𝒔𝒔−𝐚𝐚𝒆𝒆

𝐚𝐚𝒆𝒆
                                                                                                                                           (1) 

 
𝜀𝜀𝑧𝑧𝑧𝑧 = 𝑐𝑐𝑠𝑠−𝑐𝑐𝑒𝑒

𝑐𝑐𝑒𝑒
= −𝑐𝑐12

𝑐𝑐11
𝜀𝜀𝑥𝑥𝑥𝑥                                                                                                                                    (2) 

 
Where  as and cs are the lattice parameters of the substrate, ae and ce are the lattice parameters of 
the epitaxial layer, C11 and C12 are elasticity constants. Fig.1. shows the growth of                            
Cu2ZnSn(S1-xSex)4 on Cu2NiGeS4 substrate. 
 
 

 
 
 

Fig.1.Growth of Cu2ZnSn(S1-xSex)4 on Cu2NiGeS4 substrate. 
 
 
 
 
 

 

Cu2ZnSn(S1-xSeX)4 
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Table 1. Lattice parameters of Cu2ZnSnS4 and Cu2ZnSnSe4 in kesterite and stannite structures with 
Cu2NiGeS4 in stannite structure. 

 
 Cu2ZnSnS4 [10] Cu2ZnSnSe4 [10] Cu2NiGeS4 [13] 
 Kesterite Stannite Kesterite Stannite Stannite 
a(Å) 5.440 5.450 5.732 5.738 5.338 
c(Å) 10.864 10.878 11.418 11.454 10.573 

 
The interface structure in multilayers can be predicted from the forces on the dislocation 

lines. Two of the important forces are the force exerted by the maladaptive deformation and the 
tension in the dislocation line [15]. Among the criteria which must be taken into account in thin 
film production processes, it is necessary to avoid the formation of recombination centers that 
come from dislocation at the active interface, this interface must be perfectly in good crystalline 
quality, for this reason, the thickness of the epitaxial layer is limited by a value called critical 
thickness hc which it must not exceed to ensure an excellent heteroepitaxial growth [14]. 

 
𝒉𝒉𝒄𝒄 = 𝒂𝒂𝒆𝒆(𝟏𝟏−𝟎𝟎.𝟐𝟐𝟐𝟐𝜸𝜸)

𝒌𝒌√𝟐𝟐𝝅𝝅𝜺𝜺𝒙𝒙𝒙𝒙(𝟏𝟏+𝜸𝜸)
𝒍𝒍𝒍𝒍 �𝒉𝒉𝒄𝒄

𝒂𝒂𝒆𝒆
√𝟐𝟐 + 𝟏𝟏�                                                                                                                   (3) 

 
Where k is a coefficient which takes the values of 1, 2 or 4 for a superlattice, a quantum well or a 
single layer, respectively, and γ is the Poisson's coefficient: 
 
𝜸𝜸 = 𝑪𝑪𝟏𝟏𝟐𝟐(𝒙𝒙)

𝑪𝑪𝟏𝟏𝟏𝟏(𝒙𝒙)+𝑪𝑪(𝒙𝒙)
                                                                                                                                                 (4) 

 
With C11(x) and C12(x) are the elastic constants. 

On the other hand, the dielectric constant depends on the wavelength λ and it can be 
calculated by the first order Sellmeier equation (6) [19], where its parameters are mentioned in 
table.2. For Cu2ZnSn(S1-xSex)4 alloys, the dielectric constant can be anticipated from the modified 
Vegard's law: 

 
ɛ1
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4(𝑥𝑥) = ɛ1

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(1 − 𝑥𝑥) + ɛ1
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4𝑥𝑥 − 𝑏𝑏ɛ1

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4𝑥𝑥(1 − 𝑥𝑥)                        (5) 
 
Where ɛ1

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4  and ɛ1
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4  are the dielectric constants of Cu2ZnSnS4 and Cu2ZnSnSe4, 

materials respectively, 𝑏𝑏ɛ1
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4 =-0.221 is the bowing parameter of Cu2ZnSn(S1-xSex)4 

dielectric constant [22]. 
Additionally, Li et al. used the spectroscopic ellipsometry to study the optical constants of 

CZTS [18], as it has been applied on certain Cu2-II-IV-VI4 semiconductors for a fairly wide spectral 
range [19], on Cu2ZnGeS4[16] and on CZTSe [17]. Therefore, the first order Sellmeier equation 
makes it possible to obtain the refractive indices of semiconductors by extrapolation of their data 
resulting from spectroscopic ellipsometry [19]: 

 
 𝑛𝑛2(𝜆𝜆) = 𝜀𝜀1(𝜆𝜆) = 𝐴𝐴 + 𝐵𝐵𝜆𝜆2

𝜆𝜆2−𝐶𝐶2
                                                                                                                        (6) 

 
Where A,  B and C are the fitting parameters, their values are mentioned in table.3, and λ is the 
wavelength. The refractive index  𝒍𝒍𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝝀𝝀) of Cu2ZnSn(S1-xSex)4 semiconductor 
depends on the Se content, and it can be determined by the modified Vegard's law: 

 
𝒍𝒍𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝝀𝝀) = 𝒍𝒍𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝟒𝟒(𝝀𝝀)(𝟏𝟏 − 𝒙𝒙) + 𝒍𝒍𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝒆𝒆𝟒𝟒(𝝀𝝀)𝒙𝒙 − 𝒃𝒃𝒍𝒍

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒𝒙𝒙(𝟏𝟏 − 𝒙𝒙)      (7) 
 
Where 𝒍𝒍𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝟒𝟒(𝝀𝝀) and  𝒍𝒍𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝒆𝒆𝟒𝟒(𝝀𝝀), are the refractive indices of Cu2ZnSnS4 and 
Cu2ZnSnSe4, respectively, 𝒃𝒃𝒍𝒍

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒  is the bowing parameter of Cu2ZnSn(S1-xSex)4 

refractive index. 
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Table 2. Fitting parameters A, B and C of Sellmeier equation of the refractive index n for Cu2ZnSnS4 and 
Cu2ZnSnSe4with the bowing parameter of Cu2ZnSn(S1-xSex)4 refractive index. 

 
 Cu2ZnSnS4 [20] Cu2ZnSnSe4 [20] 
A 3.10 6.80 

B 3.85 2.30 
C2(μm2) 0.220 0.660 
 Cu2ZnSn(S1-xSex)4 [21] 
bn -0.058 

 
 
Moreover, the effectiveness of a material in absorbing light of a particular wavelength is 

indicated by the extinction coefficient k [23], which can be estimated using the equation: 
 

𝑘𝑘𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4(𝑥𝑥, 𝜆𝜆) =  
𝜆𝜆𝛼𝛼𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑒𝑒𝑥𝑥)4(𝑥𝑥,𝜆𝜆)

4𝜋𝜋
                                                                                     (8) 

 
Where 𝒌𝒌𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝝀𝝀)is the extinction coefficient and 𝜶𝜶𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒is the 
absorption coefficient of Cu2ZnSn(S1-xSex)4. 

Moreover, the bandgap energy of Cu2ZnSnS4 and Cu2ZnSnSe4 in the kesterite crystal 
structure derived from zinc blende structure are very well consistent with the experimental 
measurement [24].Since the composition of Cu2ZnSn(S1-xSex)4 alloys can be tuned with good 
miscibility, therefore, their bandgaps depend on Se content. 

 
𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙) = 𝑬𝑬𝒈𝒈

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝟒𝟒(𝟏𝟏 − 𝒙𝒙) + 𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝒆𝒆𝟒𝟒𝒙𝒙 − 𝒃𝒃𝑬𝑬𝒈𝒈

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒𝒙𝒙(𝟏𝟏 − 𝒙𝒙)                  (9) 
 
Where 𝑬𝑬𝒈𝒈

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝟒𝟒 and 𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝒆𝒆𝟒𝟒 are Cu2ZnSnS4 and Cu2ZnSnSe4 bandgaps, respectively, 

𝒃𝒃𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒 is the bowing parameter of Cu2ZnSn(S1-xSex)4 bandgap energy. 

 
 

Table 3. Cu2ZnSnS4 and Cu2ZnSnSe4 bandgaps with the bowing parameter of Cu2ZnSn(S1-xSex)4bandgap. 
 

 Cu2ZnSnS4[21] Cu2ZnSnSe4[21] 
 Kesterite 

Eg(eV) 1.505 0.984 
 Cu2ZnSn(S1-xSex)4[21] 
𝑏𝑏𝐸𝐸𝑔𝑔(eV) 0.123 

 
 
The temperature effect on the evolution of Cu2ZnSn(S1-xSex)4 bandgap energy could be 

modeled by Varshni relation: 
 

𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝑻𝑻) = 𝑬𝑬𝒈𝒈

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝟎𝟎) −
𝜶𝜶𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍�𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙�𝟒𝟒(𝒙𝒙)𝑻𝑻𝟐𝟐

𝜷𝜷𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍�𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙�𝟒𝟒(𝒙𝒙)+𝑻𝑻

                                        (10) 

 
Where  𝑬𝑬𝒈𝒈

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝟎𝟎) is Cu2ZnSn(S1-xSex)4 bandgap at T =0 K, 𝜶𝜶𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙) 

and 𝜷𝜷𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙) are empirical parameters that can be determined by Vegard's law: 

 
𝜶𝜶𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙) = 𝜶𝜶𝑬𝑬𝒈𝒈

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝟒𝟒(𝟏𝟏 − 𝒙𝒙) + 𝜶𝜶𝑬𝑬𝒈𝒈
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝒆𝒆𝟒𝟒𝒙𝒙                                                                   (11) 

 
𝛽𝛽𝐸𝐸𝑔𝑔
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4(𝑥𝑥) = 𝛽𝛽𝐸𝐸𝑔𝑔

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(1 − 𝑥𝑥) + 𝛽𝛽𝐸𝐸𝑔𝑔
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4𝑥𝑥                                                                   (12) 
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𝐸𝐸𝑔𝑔
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4(𝑥𝑥, 0) can be calculated by relation (13): 

 
𝐸𝐸𝑔𝑔
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4(𝑥𝑥, 0) = 𝐸𝐸𝑔𝑔

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(0)(1 − 𝑥𝑥) + 𝐸𝐸𝑔𝑔
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4(0)𝑥𝑥 − 𝑏𝑏𝐸𝐸𝑔𝑔

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4𝑥𝑥(1 − 𝑥𝑥)    (13) 
 
Where 𝐸𝐸𝑔𝑔

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(0) and 𝐸𝐸𝑔𝑔
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4(0) are the bandgaps of Cu2ZnSnS4 and Cu2ZnSnSe4, 

respectively, at T = 0 K. 
 
 

Table 4. Bandgap Eg(0) at T = 0 K and the adjustment parameters α and β of Varshni relation  
of Cu2ZnSnS4 and Cu2ZnSnSe4. 

 
 Cu2ZnSnS4 [25] Cu2ZnSnSe4 

Eg(0) (eV) 1.64 1.05a 

𝛼𝛼𝐸𝐸𝑔𝑔×10-4(eV.K-1) 10.1 1.35b 

𝛽𝛽𝐸𝐸𝑔𝑔(K) 340 413c 

 
a is the bandgap Eg(0) value of Cu2ZnSnSe4 at T = 0 K which is deduced from reference [26]. 
b and c are respectively the values of the parameters𝛼𝛼𝐸𝐸𝑔𝑔and 𝛽𝛽𝐸𝐸𝑔𝑔 of Cu2ZnSnSe4 which are deduced from 
reference [27]. 

 
 
On the other side, the absorption coefficient can be determined using Tauc model [22]: 
 

𝜶𝜶𝒉𝒉𝝊𝝊 = 𝜶𝜶𝟎𝟎�𝒉𝒉𝝊𝝊 − 𝑬𝑬𝒈𝒈�
𝒎𝒎𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 𝒉𝒉𝝊𝝊 > 𝑬𝑬𝒈𝒈                                                                                                         (14) 

 
Where hυ is the energy of the incident photon, h is the Planck constant, υ is the frequency of the 
incident light,  Eg is the energy of the optical bandgap, α0 is an energy dependent constant and m is 
an index which depends on the optical transition caused by the absorption of photons, the value of 
m is 0.5 for direct bandgap semiconductors. Thus, the absorption coefficient as a function of 
wavelength is written: 
 

𝛼𝛼𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(𝜆𝜆) = 𝛼𝛼0
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4

�ℎ𝑐𝑐
𝜆𝜆 −𝐸𝐸𝑔𝑔

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4

ℎ𝑐𝑐
𝜆𝜆

                                                                                             (15) 

 

𝛼𝛼𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4(𝜆𝜆) = 𝛼𝛼0
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4

�ℎ𝑐𝑐
𝜆𝜆 −𝐸𝐸𝑔𝑔

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑒𝑒4

ℎ𝑐𝑐
𝜆𝜆

                                                                                        (16) 

 
Where 𝛼𝛼𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(𝜆𝜆) and 𝛼𝛼𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4(𝜆𝜆) are the absorption coefficients of Cu2ZnSnS4 and 
Cu2ZnSnSe4, respectively, 𝐸𝐸𝑔𝑔

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4  and 𝐸𝐸𝑔𝑔
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4  are their respective bandgaps whose values 

are mentioned in table.5, 𝛼𝛼0
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4  and 𝛼𝛼0

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4  are their respective energy dependent 
constants. 

The absorption coefficient 𝜶𝜶𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝝀𝝀) of Cu2ZnSn(S1-xSex)4 semiconductor 
also depends on Se content: 

 

𝜶𝜶𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙,𝝀𝝀) = 𝜶𝜶𝟎𝟎
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙)

�𝒉𝒉𝒄𝒄
𝝀𝝀 −𝑬𝑬𝒈𝒈

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍�𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙�𝟒𝟒(𝒙𝒙)
𝒉𝒉𝒄𝒄
𝝀𝝀

                                            (17) 

 
 
The constant 𝜶𝜶𝟎𝟎

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙) can be determined by the modified Vegard's law: 
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𝜶𝜶𝟎𝟎
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒(𝒙𝒙) = 𝜶𝜶𝟎𝟎

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝟒𝟒(𝟏𝟏 − 𝒙𝒙) + 𝜶𝜶𝟎𝟎
𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍𝒁𝒁𝒆𝒆𝟒𝟒𝒙𝒙 − 𝒃𝒃𝜶𝜶

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒𝒙𝒙(𝟏𝟏 − 𝒙𝒙)                  (18) 
 
Where 𝒃𝒃𝜶𝜶

𝑪𝑪𝑪𝑪𝟐𝟐𝒁𝒁𝒍𝒍𝒁𝒁𝒍𝒍(𝒁𝒁𝟏𝟏−𝒙𝒙𝒁𝒁𝒆𝒆𝒙𝒙)𝟒𝟒 is the bowing parameter of Cu2ZnSn(S1-xSex)4 energy dependent 
constant. 

 
 

Table 5. Absorption coefficient constant α0 of Cu2ZnSnS4 and Cu2ZnSnSe4 with bowing parameter bα of 
Cu2ZnSn(S1-xSex)4 absorption coefficient. 

 
 Cu2ZnSnS4 Cu2ZnSnSe4

 

α0×104(eV.cm-1) 15.274a 31.549b 

 Cu2ZnSn(S1-xSex)4 [22] 
bα ×104(eV.cm-1) 2.471 

 
a and b are the values of the absorption coefficient constant α0 of Cu2ZnSnS4 and Cu2ZnSnSe4, respectively, 
which are calculated from reference [11]. 
 

Furthermore, the effective state densities in the conduction band Nc and in the valence 
band Nv of Cu2ZnSn(S1-xSex)4 can be calculated by Vegard's law: 

 
𝑁𝑁𝑐𝑐
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4(𝑥𝑥) = 𝑁𝑁𝑐𝑐

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(1 − 𝑥𝑥) + 𝑁𝑁𝑐𝑐
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4𝑥𝑥                                                                 (19) 

 
𝑁𝑁𝑣𝑣
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍(𝑍𝑍1−𝑥𝑥𝑍𝑍𝑆𝑆𝑥𝑥)4(𝑥𝑥) = 𝑁𝑁𝑣𝑣

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4(1 − 𝑥𝑥) + 𝑁𝑁𝑣𝑣
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4𝑥𝑥                                                                 (20) 

 
Where 𝑁𝑁𝑐𝑐

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4 and 𝑁𝑁𝑐𝑐
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4 are the effective state densities in the conduction band of 

Cu2ZnSnS4 and Cu2ZnSnSe4, respectively, 𝑁𝑁𝑣𝑣
𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍4 and 𝑁𝑁𝑣𝑣

𝐶𝐶𝐶𝐶2𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑍𝑆𝑆4 their respective effective 
state densities in the valence band. 
 

The effective state densities in the conduction band Nc and in the valence band Nv depend 
on temperature according to the following relations: 

 

𝑁𝑁𝑐𝑐 = 2 �2𝜋𝜋𝑚𝑚𝑒𝑒
∗𝑘𝑘𝐵𝐵𝑇𝑇
ℎ2

�
3
2                                                                                                                                    (21) 

 

𝑁𝑁𝑣𝑣 = 2 �2𝜋𝜋𝑚𝑚ℎ
∗ 𝑘𝑘𝐵𝐵𝑇𝑇
ℎ2

�
3/2

                                                                                                                                 (22) 
 
Where 𝑚𝑚𝑆𝑆

∗  et 𝑚𝑚ℎ
∗  are the effective mass of electrons in the conduction band and the effective mass 

of holes in the valence band, respectively, kB  is the Boltzmann's constant, T is the temperature in 
Kelvin and h is the Planck's constant (h = 4.136×10-15 eV.Hz-1). 

 
 

Table 6. Effective mass of electrons in the conduction band 𝑚𝑚𝑆𝑆
∗  and effective mass of holes in the valence 

band 𝑚𝑚ℎ
∗  of Cu2ZnSnS4 and Cu2ZnSnSe4. All numerical values are in units of free electron mass m0 with           

m0 = 9.109×10-31 Kg or m0 = 0.511 MeV.c-2. 
 
 

 Cu2ZnSnS4 [28] Cu2ZnSnSe4 [28] 
𝑚𝑚𝑆𝑆
∗(MeV.c-2) 0.186 m0 0.092 m0 

𝑚𝑚ℎ
∗ (MeV.c-2) 0.454 m0 0.203 m0 
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3. Results and discussion 
 
The effect of x composition on material stability was simulated and optimized at room 

temperature (Fig.2). Increasing the x composition causes an instability in Cu2ZnSn(S1-xSex)4 

/Cu2NiGeS4 structure. We note that the strain between the two materials is compressive i.e., ε is 
negative (aCNGS<aCZTSSe). Then an increase in x composition between 0 and 1 causes a significant 
increase in strain on the growth plane from 1.87 to 6.87% and from 2.05 to 6.96%, also along the 
growth direction from 2.68 to 7.40% and from 2.80 to 7.69% for kesterite and stannite structures, 
respectively. For example for x=0.10 the deformation between the two materials proposed are 
equal εxx(Kesterite)=2.39%, εxx(Stannite)=2.56% and εzz(Kesterite)=3.17%, εzz(Stannite)=3.31%. This simulation 
allows us to choose the most stable structure by optimizing the composition x 

 
 

 
 

Fig.2. Lattice mismatch: Strained Cu2ZnSn(S1-xSex)4 on Cu2NiGeS4  substrate as a function of 𝑆𝑆𝑆𝑆 content. 
 
 
In Fig. 3 the x composition effect on the critical thickness of the Cu2ZnSn(S1-xSex)4 and 

Cu2NiGeS4 structures has been simulated and analyzed.  
 

 
 

Fig.3. Critical thickness of Cu2ZnSn(S1-xSex)4 as a function of Se content (Strained Cu2ZnSn(S1-xSex)4 on 
Cu2NiGeS4 substr 

ate). 
 

For the critical thickness, Fig.3 clearly shows that an increase in Se content markedly 
reduces this thickness for strained Cu2ZnSn(S1-xSex)4 on Cu2NiGeS4 substrate. To obtain perfect 
growth of a pseudomorphic heteroepitaxy it is necessary that the thickness of                        
Cu2ZnSn(S1-xSex)4  must not exceed 25.91 and 23.75 nm for the kesterite and stannite structures, 
respectively, and for a very low Se composition. Beyond this thickness, the strain relaxes through 
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the formation of dislocations. According to Sellmeier equation (6), the dielectric constant of 
Cu2ZnSn(S1-xSex)4 as a function of Se content and wavelength follows a nonlinearly increasing 
shape for near-infrared wavelengths, so it takes 131.522 as maximum value for Se rich structure 
and 8.822 as its minimum value for Se poor structure. 

 
Fig.4. (a and b) show the effect of the incidence wavelength and the composition x on the 

permittivity of the proposed material at room temperature. In Fig.4.a, the effect of wavelength on 
the permittivity of two structures CuZnSnS4 and CuZnSnSe4 was shown. Increasing the wavelength 
causes a considerable decrease in the permittivity of two proposed structures. The wavelength and 
composition x influence on the permittivity of the Cu2ZnSn(S1-xSex) structure was presented in 
Fig.4.b, when the wavelength and composition  x vary from 0.8 to 1.2µm and 0 to 1, respectively, 
the permittivity of the material studied varies in the range from 8 to 18. This study allows us to 
optimize both the composition x and the permittivity of the alloy, then we will be able to choose 
them in order to create an efficient, stable and reliable structures. 

 
 

 
 

Fig. 4. Dielectric constant of: a) Cu2ZnSnS4 and Cu2ZnSnSe4 as a function of wavelength λ,                          
b) Cu2ZnSn(S1-xSex)4 as a function of wavelength λ and Se content. 

 
 
Fig.5. (a and b) show the influence of the wavelength of incident photons and the 

composition x on the refractive index of the material studied at T=300K. In Fig.5.a. the variation of 
the refractive index as a function of wavelength of the tow structures CuZnSnS4 and CuZnSnSe4 
has been simulated in 2D. We note that the refractive index varies from 3.2 to 4.4. In Fig.5.b. the 
wavelength and the composition  x effect on the refractive index of the Cu2ZnSn(S1-xSex)4  structure 
has been simulated in 3D.The refractive index n can be optimized by varying the compositionx of 
the alloy. This study allows us to determine the optimal refractive index in order to choose the best 
structure. When we vary the wavelength λ and the composition x in the ranges from 0.82 to 0.9 μm 
and from 0 to1, respectively, the refractive index varies from 3 to 11. This optimization allows us 
to calculate the reflection and transmission coefficients, that is to say we will be able to study the 
reflection and transparency phenomena of the proposed material. 

 

0.85 0.9 0.95 1 1.05 1.1 1.15 1.2

λ (μm)

7.6

7.8

8

8.2

8.4

8.6

ε
1

C
u

2
Z

n
S

n
S

4

10

12

14

16

18

20
ε

1

C
u

2
Z

n
S

n
S

e
4

ε
1

Cu
2

ZnSnS
4

ε
1

Cu
2

ZnSnSe
4

(a)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

composition x

0.9

0.95

1

1.05

1.1

1.15

1.2
λ 

(μ
m

)
ε

1

Cu
2

ZnSn(S
1-x

Se
x

)
4  (x,λ)

8

10

12

14

16

18

(b)



659 
 

 
 

Fig.5. a) Refractive indices of Cu2ZnSnS4 and Cu2ZnSnSe4 as a function of wavelength λ, b)  Refractive index 
of Cu2ZnSn(S1-xSex)4 as a function of wavelength λ and Se content. 

 
 
Fig.6. (a and b) show the influence of the incident photon wavelength and the composition 

x on the extinction coefficient k at T=300K. Fig.6.a. represents the evolution of extinction 
coefficients of Cu2ZnSnS4 and Cu2ZnSnSe4 as a function of wavelength in 2D. We note that the 
effect of wavelength on the extinction coefficient of Cu2ZnSnSe4 material is more important than 
that of CuZn2SnS4. When the wavelength is 0.700µm the extinction coefficients of Cu2ZnSnS4 and 
Cu2ZnSnSe4 reach 0.25 and 0.88, respectively. In Fig.6.b the effect of the wavelength of incident 
photon and the composition x of the alloy on the extinction coefficient was presented in 3D. When 
the wavelength varies from 0.1 to 0.8µm and the composition x of the alloy varies from 0 to 1, the 
extinction coefficient changes in the range from 0.1 to 0.9. 

 
 

 
 

Fig.6. a) Extinction coefficients of Cu2ZnSnS4 and Cu2ZnSnSe4 as a function of wavelength λ, b) Extinction 
coefficient of Cu2ZnSn(S1-xSex)4 as a function of wavelength λ and Se content. 

 
 
On the other hand, the bandgap is remarkably influenced by Se content variations in 

Cu2ZnSn(S1-xSex)4 kesterite structure, where it reaches its maximum value of 1.505 eV for Se poor 
structure, then it takes a decreasing pace until its minimum of 0.984 eV for Se rich structure 
(Fig.7.a). In Fig.7. b. the influence of temperature and composition x on the bandgap energy has 
been shown. We note that increasing the temperature and Se content causes a decrease in bandgap 
energy. This study allows us to optimize the bandgap energy in order to optimize the absorption 
coefficient of the proposed structure. For example, for T= 313K and a composition of 0.60 the 
bandgap energy equal to 1.186eV. Then, from Fig.7.b we will be able to detect the bandgap energy 
to choose an efficient and durable structure. 
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Fig .7.  a) Cu2ZnSn(S1-xSex)4 bandgap energy as a function of Se content, b) Cu2ZnSn(S1-xSex)4 bandgap  
energy as a function of temperature and Se content. 

 
 

In Fig.8. (a and b) we show the evolution of the variation of the absorption coefficient as a 
function of wavelength and the composition x at room temperature. Fig.8.a. shows the wavelength 
effect on the absorption coefficient of CuZnSnS4 and CuZnSnSe4 structures. We observe that the 
maximum absorption coefficient of the CuZnSnS4 structure does not exceed 0.62×105cm-1 but the 
maximum absorption coefficient of the structure reaches 1.56×105cm-1. We have a gain of around 
9.4×104cm-1. So, the CuZnSnSe4 material is a better absorber compared to the CuZnSnS4 material. 
The impact of wavelength and composition x on the absorption coefficient of the Cu2ZnSn(S1-xSex)4 
structure was simulated in Fig.8.b. We note that when the wavelength and the composition x 
change in the ranges from 0.1 to 0.8 μm and from 0 to 1, respectively, the absorption coefficient of 
Cu2ZnSn(S1-xSex)4 structure varies from 0.2×105 to 1.4×105 cm-1. This simulation allows us to 
optimize the absorption coefficient in order to choose the best structure for optoelectronic 
applications. 

 

 
 

Fig. 8. a). Absorption coefficients of Cu2ZnSnS4 and Cu2ZnSnSe4 as a function of wavelength λ,                          
b). Absorption coefficient of Cu2ZnSn(S1-xSex)4 as a function of wavelength λ and Se content. 

 
 

Fig.9.(a, b , c and d) show the evolution of the effective state densities in the conduction 
band Nc and in the valence band Nv, of which they are both strictly increasing as a function of 
temperature and slightly decreasing as a function of Se content. 

Furthermore,  Fig.9.a  represents the variation of the effective state density of the electron 
and hole carriers of CuZnSnS4 structure as a function of temperature. We observe that an increase 
in temperature induces a significant increase in both densities of states. Fig.9.b. illustrates the 
evolution of state density of the electron and hole carriers of CuZnSnSe4 structure as a function of 
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temperature. We have the same phenomenon, that is to say an increase in temperature causes an 
increase in the density of state of the two electron-hole carriers but the effect is less compared to 
the first structure, we note that at room temperature, Nc and Nv take their values of 3.475×1018 and 
1.325×1019 cm-3 for Se poor structure, and take their values of 1.209×1018 and 3.962×1018 cm-3 for 
Se rich structure, respectively. The temperature and the composition x effect on the density of state 
of electron of Cu2ZnSn(S1-xSex)4 structure was studied (Fig.9.c). Also, the influence of temperature 
and composition x on the density of state of holes was taken into account (Fig.9.d). We note that 
this simulation allows us to optimize the densities of states of the electron-hole carriers and the 
mobility of the proposed structure. 
 
 

 

 
 

Fig .9. a) Effective state density in the conduction band Nc and in the valence band Nv of Cu2ZnSnS4 as a 
function of temperature, b) Effective state density in the conduction band Nc and in the valence band Nv of 

Cu2ZnSnSe4 as a function of temperature, c) Effective state density in the conduction band Nc of            
Cu2ZnSn(S1-xSex)4 as a function of temperature and Se content and d) Effective state density in the valence 

band Nv of Cu2ZnSn(S1-xSex)4 as a function of temperature and Se content. 
 
 

4. Conclusion 
 
After studying the structural, optical and electrical properties of Cu2ZnSn(S1-xSex)4 

semiconductor material, the analysis of the results obtained provided new insight into its use as an 
absorber layer in photovoltaic applications, in which, the Se content in Cu2ZnSn(S1-xSex)4 

semiconductor between 10 and 40%, is of primary importance in the characterization of solar cell. 
Consequently, the variations in Cu2ZnSn(S1-xSex)4 optical parameters such as the refractive index, 
which is between 3.83 and 5.48 for near infrared wavelengths, as well as the extinction coefficient 
which varies in the range from 0.218 to 0.48 along the visible spectrum, moreover, the absorption 
coefficient which takes its values  between 6.91×104 and 7.96×104 cm-1 also along the visible 
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spectrum. Furthermore, the bandgap energy which takes its values between 1.27 and 1.44 eV at 
room temperature, all these data are promising for good functional performance in photovoltaic 
applications. We can also conclude that Cu2ZnSn(S1-xSex)4 alloys open a new way towards the use 
of new semiconductor materials which are more abundant in less expensive photovoltaic industry. 
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	The use of semiconductors based on abundant and less expensive materials in photovoltaic industry has grown since electricity consumption has increased, alloys such as Cu2ZnSn(S1-xSex)4 have recently attracted attention, due to its structural, optical...
	According to Shen et al. sequential cation cross-substitution can be used to obtain CZTSe in kesterite structure from zinc blende through an intermediate chalcopyrite structure[2][3]. Li et al. reported that for CdTe in zinc blende structure, the cati...
	Moreover, according to a new and easy method developed in reference [5], Shi et al. report that CZTSSe crystal growth can be achieved by air annealing of a CZTS thin film, followed by Na diffusion with surface oxidation, thereby considerably promoting...
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	On the other hand, Persson reported that the crystallization of CZTS and CZTSSe materials in both kesterite and stannite structures can be verified from a large difference between their dielectric functions [11].
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	Knowing that the properties of a semiconductor material strongly depend on the concentration of its compounds, it is necessary to take this characteristic into consideration to better extract good results with regard to the performance of this materia...
	Since epitaxially grown heterostructures now commonly combine layers of mismatched lattice constituents, the properties of a material under stress must also be specified, this is classically done in strain potential theory [12].
	When a structure is developed from two materials whose lattice parameters are different, a phenomenon of epitaxial deformation will take place on the growth plane and following the growth direction (relation (1) and (2), respectively) due to the forma...
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	Where  as and cs are the lattice parameters of the substrate, ae and ce are the lattice parameters of the epitaxial layer, C11 and C12 are elasticity constants. Fig.1. shows the growth of                            Cu2ZnSn(S1-xSex)4 on Cu2NiGeS4 subst...
	Fig.1.Growth of Cu2ZnSn(S1-xSex)4 on Cu2NiGeS4 substrate.
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	,𝜶-,𝑬-𝒈.-,𝑪𝒖-𝟐.𝒁𝒏𝑺𝒏,,,𝑺-𝟏−𝒙.,𝑺𝒆-𝒙..-𝟒..,𝒙.=,𝜶-,𝑬-𝒈.-,𝑪𝒖-𝟐.𝒁𝒏𝑺𝒏,𝑺-𝟒..,𝟏−𝒙.+,𝜶-,𝑬-𝒈.-,𝑪𝒖-𝟐.𝒁𝒏𝑺𝒏,𝑺𝒆-𝟒..𝒙                                                                   (11)
	On the other side, the absorption coefficient can be determined using Tauc model [22]:
	𝜶𝒉𝝊=,𝜶-𝟎.,,𝒉𝝊−,𝑬-𝒈..-𝒎.𝐰𝐢𝐭𝐡 𝒉𝝊>,𝑬-𝒈.                                                                                                         (14)
	Where hυ is the energy of the incident photon, h is the Planck constant, υ is the frequency of the incident light,  Eg is the energy of the optical bandgap, α0 is an energy dependent constant and m is an index which depends on the optical transition c...
	The absorption coefficient ,𝜶-,𝑪𝒖-𝟐.𝒁𝒏𝑺𝒏,,,𝑺-𝟏−𝒙.,𝑺𝒆-𝒙..-𝟒..,𝒙,𝝀. of Cu2ZnSn(S1-xSex)4 semiconductor also depends on Se content:
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