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Abstract  

Chalcopyrites are ternary semiconductors that are used in the production of the solar cells. Within the framework of this study a model of 
the calculations of chalcopyrite materials has been developed based on CuGaS2, AgGaS2, CuGaSe2, CuInS2 chalcopyrites. The influence 
of the atomic positions of different ions inside the crystal lattice of solid solutions on structural and optical properties of chalcopyrites has 
been studied. The calculations of defects have been performed using the supercell model. The effects of the defects on the structural and 
optical properties of the chalcopyrites have been analysed. 
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1 Introduction 

Increasing world population and reduction of the available 
oil resources as well as increasing levels of atmospheric 
pollution lead to the development of the new ways for the 
production of sustainable energy. To overcome the possible 
energy crisis, the use of alternative energy sources is being 
extensively applied around the world. One of the possible 
and perspective pathways is the direct conversion of the 
solar energy into electricity. In addition to photovoltaic (PV) 
applications on the Earth, the solar panels are the primary 
source of electricity for the space missions. 
Chalcopyrites (CP), are ternary semiconductors with the 

general chemical formula I-III-VI2 (I=Cu, Ag, III=In, Ga, 

Al, VI=S, Se, Te, etc.) or II-IV-V2 (II=Be, Mg, Zn, Cd, 

IV=C, Si, Ge, Sn, V=N, P, As, Sb, etc.). CP possess a 

highly symmetrical crystal structure and a direct band gap 

that are preferred in solar cells (Figure 1). CP crystallize in 

the I4̅2d space group, No. 122, with four formula units in 

one unit cell and have tetragonal crystal structure. Partial 

or complete substitution of cations or anions allows fine-

tuning of the structural and physical properties of CP solid 

solutions due to the high flexibility of chemical 

composition. 

 
Figure 1. The model of chalcopyrite 

2 Computational details 

CRYSTAL17 computer code [1,2], which employs 

Gaussian-type functions centred on atomic nuclei as the 

basis sets (BS) for an expansion of the crystalline orbitals 

has been used to perform hybrid DFT calculations. The 

following BSs have been used in the calculations: Cu – 
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Cu_pob_TZVP_rev2, Ga – Ga_pob_TZVP_rev2, S - 

S_pob_TZVP_rev2, Se - Se_pob_TZVP_rev2, Ag - 

Ag_POB_TZVP_2018, In - In_POB_TZVP_2018. 
Heyd-Scuseria-Ernzerhof hybrid exchange–correlation 
functional (HSE06) [3], which uses a screened hybrid 
functional and includes the exact nonlocal Fock exchange 
has been used in the calculations. 
The calculations were performed using the exchange-

correlation hybrid HSE06 functional The Brillouin zone 

has been sampled by 8×8×8 Pack-Monkhorst net [4] 

resulting in 59 k-points in total for bulk calculations, 260 

k-points in total for ideal 2 x 2 x 1 supercell, and 868 k-

points in total for 2 x 2 x 1 supercell containing a single 

defect. 

3 Results 

The model for the first principle DFT calculations of CP 
materials has been created based on CuGaS2 and CuGaSe2. 
Series of test calculations have been performed to choose 

the most suitable exchange-correlation functionals for 

further modelling of CP materials. The values of the lattice 

constants and band gaps received using Heyd-Scuseria-

Ernzerhof hybrid exchange-correlation functional 

(HSE06) was found to be in the best agreement with 

experimental data compared with other hybrid exchange-

correlation functionals. 

The results of quantum-chemical computations for various 

chalcopyritic compounds (CuGaS2, AgGaS2, CuGaSe2, 

CuInS2) and their respective solid solutions are presented 

in this work. 

Theoretical predictions of optical properties are provided 

for these materials. Special care has been taken into 

consideration of atomic position of different ions inside the 

crystal lattice of a solid solutions and its effect on the 

resulting properties. 

Models for VCu and VGa have been constructed using a 

supercell with 2×2×1 extension. 

The model for the first principle DFT calculations of CP 

materials has been created based on CuGaS2 and CuGaSe2. 

4 Conclusions 

HSE06 hybrid exchange-correlation functional has been 
chosen for the calculations of CuGaS2 and CuGaSe2. 
Optimized lattice constants are in a good agreement with the 
experimental data. While the values of the band gaps are 
overestimated they are in qualitative agreement with 
experimental data. Substitution of Cu atom with Ag atom 
leads to the increase of the band gap, while substituting Ga 
atom with In atom leads to the decrease of the band gap, 
which is in a good agreement with the experimental data. 
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