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ZnSnAs2 is a II-IV-V2  tetrahedrally bonded chalcopyrite semiconductor with energy gap within 0.6-0.76 eV at 300K [1]. 

The ZnSnAs2:Mn films grown on InP (001) substrates show a ferromagnetic phase exhibiting high Curie temperature (TC=330K) [2-4]. This makes ZnSnAs2 with 3d-elements incorporated a promising candidate for application in spintronics [5]. Nevertheless, we have selected ZnSnAs2 as a model material for studying.

    In the present work we report and discuss the ab initio results on structural, electronic and magnetic properties of the V-doped ZnSnAs2.

Calculations were performed for a number of V-doped ZnSnAs2 supercells with as many atoms as 32, 48, 64, 96, 128, 192 and 256 by implementing the DFT+U method within the Spin Generalized Gradient Approximation (SGGA) and using the Atomistix ToolKit program software (ATK, http://quantumwise.com/). The Hubbard U-parameter we used in our calculations for V-3d states was 2.73 eV.
The electron-ion interactions were taken into account through the norm-conserving Fritz Haber Institute (FHI)pseudopotentials. The number of the electrons treated as valence electrons was 5 for V (3d34s2), 12  for Zn (3d104s2), 4 for Sn (5s25p2), and 5 for As (4s24p3). 


The Perdew-Burke-Ernzerhof(PBE) exchange-correlation functional and Double Zeta Polarized basis sets were used in our calculations. Thekinetic cut-off energy was 150 Ry.The primitive cell of ZnSnAs2 was relaxed and optimized with force and stress tolerances of 0.01 eV/Å and 0.01 eV/Å3, respectively. The supercells containing V dopant and vacancies were relaxed with force tolerance of  0.05 eV/Å.

The magnetic moments calculations were done by Mulliken population analysis.
The values of optimized lattice parameters, anion displacement parameter and tetragonal distortion parameter of ZnSnAs2 were given in [6] together with the relevant experimental results [7-9]. According to the DFT-calculated band structure of undoped ZnSnAs2 the obtained value of the energy gap was 0.34 eV [6]. 

In order to determine magnetic properties we applied supercell (SC) method. The crystalline unit cell of ZnSnAs2 contains 16 atoms (4-atoms of Zn, 4-atoms of Sn and 8-atoms of As). The total energy calculations performed for 2(1(1 (32-atoms), 3(1(1 (48-atoms), 2(2(1 (64-atoms), 3(2(1 (96-atoms), 2(2(2 (128-atoms), 3(2(2 (192-atoms) and4(2(2 (256-atoms) supercells of ZnSnAs2 with two V(Sn) substitutions.

To study the mechanism of formation of magnetic properties the V(Sn) substitution in vacancy-free and in the presence of Zn-, Sn- and As-vacancies in 96-atom ZnSnAs2 supercell were considered. The mechanism of formation for other supercells are nearly identical.
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Figure.V(Sn) substitution and its neighborhood in the Zn24Sn23V1As48 supercell.The magnetic moments of atoms are shown by black arrows.

Fig. displays the V atom and its neighborhood in the Zn24Sn23V1As48 supercell. The calculated total magnetic moment per one dopant vanadium atom is 0.999 μB. The main partial magnetic moments are distributed among the atoms as follows: 2.151 μB from V atom, icluding basicly 2.077 from d,-1.028 μB from 48 As atoms. In fact, only 4 As atoms which are chemically bonded to the dopant V give considerable negative contribution(-0.754 μB) into the total magnetic moment.


Mulliken population analysis shows that in the magnetization along with dopant V atom participate also As atoms,by weakening the overall magnetization. The main negative contributions in this case belong to 4 As atoms, which have chemical bonding with dopant V atom. Note that, the magnetic moment of As atoms are formed due to their p-orbitals. Participation of Zn and Sn atoms in the magnetization is negligible (total ~0.1Bfor each type of atoms). 
The presence of vacancies in the structure affects the magnetization (increases or reduces the magnetic moment of the supercell).
By a single V(Sn) substitution in 96-atoms supercell occurs total magnetic moment of 0.999μB. In this case the presence of vacancies increases the magnetic moment of the cell:Zn-vacancy ~0.6 μB, Sn-vacancy ~0.1μB, As-vacancy ~1 μB.
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