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Abstract: Ab initio calculations were used to define electronic band structure and density of states of ideal
and defective Cdi-xMnyTe(Se) (x=0.13). Total energy, magnetic moment, number of valence electrons for
the ideal and defective supercells were determined. The calculated band gap for Cdi.xMn,Te was E;=1.69
eV and for CdixMn,Se Ey;=1.66 eV. Vacancy leads to an increase in the band gap, change in the total
energy, formation of local levels in the band gap, and magnetic moments near the defects.
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1. Introduction

Semimagnetic semiconductors (SMS) Cd1xMnyTe(Se) are considered a good material for
microelectronics, optoelectronics, and spintronics. Several instruments, including solar cells,
radiation detectors, IR detectors, photodetectors, optical isolators, etc. were created based on of
these semiconductors [3,4,7,12,13,15]. Obtain of radiation-resistant and radiation-sensitive
materials with stable electrical and optical characteristics is one of the actual issues of modern
physics. It should be noted that there are some works [1,2,5,6,14] devoted to the study of the
processes of radiation defect formation (RDF) in bulk crystals. However, there are no unique
models for the formation, mechanism, and evolution of RDF in SMS, their epitaxial films and
structures based on them.

In our previous works, we have calculated electronic band structure (EBS), the density of
states (DOS) by ab-initio method and defined band gap, total energy, magnetic moments of the
ideal and defective Cd1.xMnyTe(Se) semimagnetic semiconductors for some supercells [8-11]. In
the present paper, it has been studied defect states of CdixMnxTe(Se) for x = 0.13 concentration
of Mn atoms.

2. Ab initio calculations of electronic band structure for Cdi.xMnxTe(Se)

The purpose of this work was to calculate the electronic band structure of ideal and
defective Cd1.xMnxTe(Se) SMS of x = 0.13. Ab initio calculations are performed in the Atomistix
Toolkit (ATK) program within the Density Functional Theory (DFT) and Local Spin Density
Approximation (LSDA) on Double Zeta Double Polarized (DZDP) basis. We have used Hubbard
U potential Umn = 3.59 eV for 3d states for Mn atoms [4, 15]. After the construction of supercells
Cd1xMnyTe(Se) (x=0.13), atom relaxation and optimization of the crystal structure were carried
out. Supercells of 32 (x = 0.13) atoms are considered. EBS, DOS was calculated and total energy,
magnetic moment, number of valence electrons for the of ideal and defective supercells Cdi-
xMnyTe(Se) (x = 0.13) have been defined in both antiferromagnetic (AFM) and ferromagnetic
(FM) phases (fig.1, fig.2). The calculated band gap for Cd1.xMnxTe, x=0.13 was Eq=1.69 eV, for
Cd1-xMnySe, x=0.13 was E¢=1.66 eV.
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Bandstructure

a)
Fig.1 Electronic band structure for FM phase for x = 0.13 a) CdixMnTe b) CdixMn,Se
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Fig.2 Density of states for FM phase for x = 0.13 a) Cdi.\Mn,Te b) Cd1-«Mn,Se

Ab initio calculations of EBS have been carried out for defective supercells Cdi-
xMnyTe(Se), x = 0.13. Vacancy type defect was considered. It has been established that vacancy
leads to the following changes: the band gap changes, deep levels appear in the band gap, Fermi
level shifts towards the valence or conduction band, magnetic moments appear near the defects,
the transition occurs from FM to AFM phase and vice versa (fig.3).
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Fig.3 Electronic band structure of supercells @) Cd:xMn,Te (x=0.13), Te vacancy b) Cd:.xMn,Se
(x=0.13), Se vacancy

40



3. Conclusion

It has been calculated the electronic band structure, density of states, band gap, total energy
of the ideal and defective Cd1.xMnxTe(Se) (x=0.13) by the ab-initio method using the Functional
Density Theory. It has been established that, with the change of Mn concentration, the band gap
changes too. The calculated band gap for Cdi.xMnxTe, x=0.13 was Eq=1.69 eV, for CdixMnySe,
x=0.13 was Eg=1.66 eV. Vacancy type defects lead to an increase in the band gap, change in the
total energy, formation of local levels in the band gap and magnetic moments near the defects.

This work was supported by the SOCAR grant 2019.
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PACYETHI U3 INIEPBBIX IIPUHIIUIIOB JIE®EKTOB B
MNOJYMATHUTHBIX TOJYITPOBOJHUKAX Cdi.xMnyTe(Se)

M.A. Mexpa6oBa, H.I'. I'acanoB, H.U. I'yceiinos, A 1. Kasumosa

Peztome: VI3 mepBbIX MPUHIMIOB ObLIM PACCYMTAHBI DJICKTPOHHAS 30HHAS CTPYKTYpa M IUIOTHOCTB
cocrosiHuii upeanspHoro u jaedpekrHoro CdixMn,Te(Se) (x=0,13). OmpeneneHbl MONHAsS JHEPTUs,
MarHUTHBIH MOMEHT, KOJHYECTBO BAJICHTHBIX 3JIEKTPOHOB /U MICAIHHOW M JePEKTHOH cyrepsueek .
PaccunrtanHas mupuHa 3anpenieHHoi 30Hb1 s CdixMncTe cocrasmsiia Eg=1,69 3B, a must CdixMnySe
Eg=1,66 »B. OmpeneneHo, 4ro BakaHCHUS NPUBOAUT K YBETUYEHHIO HMIMPUHBI 3aIPEIIEHHOW 30HBI,
M3MEHECHHUIO MOJHON JHEPrHu, 00Pa30BaHHUIO JIOKAJIbHBIX YPOBHEH B 3alpelICHHOW 30HE M M arHUTHBIX
MOMEHTOB BOJIH3H 1e()EKTOB.

Kntouesvie cnoea: I1onyMarHUTHBIN TONTYIIPOBOJHUK, Ae(EKT, U3 EPBHIX MPUHIUIIOB, 30HHAS CTPYKTYpa,
IUIOTHOCTh COCTOSIHUI, 3aIlpellleHHas 30Ha.

Cd1xMnyTe(Se) YARIMMAQNIT YARIMKECIRICILORINDO DEFEKTLORIN
TOMOL PRINSIPLORDON HESABLANMASI

M.D. Mehrabova, N.H. Hasanov, N.I. Hiiseynov, A.I. Kazzmova

Xiilasa: Tomol prinsiplordon ideal va defektli CdixMnyTe(Se) (x=0.13) yarimmagnit yarimkegiricilorinin
elektron zona qurulusu vo hal sixl131 hesablanmisdir. Ideal vo defektli super 6zoklor iigiin tam enerji, magnit
moment, valent elektronlarin say1 miioyyon edilmigdir. Qadagan olunmus zonanin eni CdixMnxTe liglin
Eqg=1.69 eV, CdixMn,Se tigiin Eg=1.66 eV toskil etmisdir. Miioyyon edilmisdir ki, vakansiya tipli defekt
gadagan olunmus zonanin eninin artmasina, imumi enerjinin doyismesine, qadagan olunmus zonada lokal
soviyyalorin omala golmasine va defektlarin atrafinda magnit momentlorinin yaranmasina sobab olur.

Agar sozlor: Yarimaqnit yarimkegirici, defekt, tomal prinsip, elektron zona qurulusu, hal sixligi, qadagan
olunmus zonanin eni.
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