Energy Band Spectra and Optical Properties of The IngSe; Crystal
with Substitutional Impurities
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Abstract

The study of the IngSe; crystal is motivated by their potential application for electronic, thermoelectric, and optoelectronic devices. Doping of IngSe; monoclinic crystal with various impurities allows creating
a wide class of new compounds with unusual physical properties. In [1,2] was shown that substitution of In" site by Sn and Pb impurities can change the conduction type, charge concentration, tend to reduce
the lattice thermal conductivity, and as in consequence, lead to the significant enhancement of the thermoelectric performance. Also, it 1s of interest to investigate the optical properties of IngSe; doped by the
Sn atoms.

According to the structural analysis, the IngSe; crystal is one of the indium selenides crystallizing in the space group P21/m, and where the In 1ons occupy different sites. Such crystal structure suggests that
the incorporation of the Sn contents at these In sites is possible. Therefore we considered some models of the Sn atoms substitution for indium and calculated the electron spectra and optical parameters.
Using density functional theory (DFT) within local approximation for exchange-correlation interaction (LDA) we investigated the spatial distribution of electron density, band structures, and total and partial
density of states in the IngSe; and Ing .Sn,Se; crystals. We obtained the dispersive dependences of optical characteristics for both the undoped and doped IngSe; crystal. The effect of the Sn impurities on the
bandgap and optical parameters have been analyzed. It 1s shown that the Sn dopants play an important role in the controllable modulation of bandgap, dielectric constant, and refractive index in the consid-

ered crystals. /

CRYSTAL AND BAND STRUCTURE OF THE IngSe; NEW COMPOUNDS IN In—Se SYSTEM
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/ MODELING OF THE Sn IMPURITY-INDUCED CHANGES IN ELECTRONIC STATES OF IngSe; CRYSTAL \
Model 1: Sn—Inl Model 2: Sh—1In2 Model 3: Sn—1In3 Model 4: Sh—1In4 Model 5: Sn—1In5 Model 6: Sh —1In6

160 L T T T T T T T T T T T T T ] 160 L T T T T T T T T T T T T T 160 [ T T T T T T T T T T T T T 160 [ T T T T T T T T T T T T T 160 [ T T T T T T T T T T T T T 160 T T T T T T T T T T T T T
150 |- ] 150 [ § 150 |- § 150 [ § 150 [ ] 150 [ ]
L In;Se;+Sn; L In;Se;+Sn, | L In;Se,+Sn; | el In;Se;+Sn, | 140 L In;Se;+Sn; | 140 L In;Se;+Sn; 1
130 In . 130 In ] 130 In ] 1O In ] 130 In ] 130 | In ]
120k —Se 1 120k | —Se 1 120L | —Se 1 120 —Se 1 120k —Se 1 120k | —Se L
_ ——Sn _ ——5n _ ——Sn _ ——Sn _ ——Sn ~ ——Sn
3 ] 3 I 3 I 3 I 3 [ >
2 20} E 2 20} 2 20} 2 20} 2 20} 2 20
& & & AT S AC
2 ol g g 2 g 2
- L L L | 15 |-
Q 15 Q 15 Q 15 Q 15 Q 15 o
[} | Q Q Q | o [}
10 10 10 10 10 10 -
5 5 5 5 5 5
/\\ 1 1 PR I T L\‘ 1 1 1 PR n h J/L n 1 N PR P h T k n 1 PR L~ 1 5 1 n n k n 1 P PR IR T 0
0 0 0 0 0
18 16 14 -12 10 -8 6 4 2 0 2 4 6 8 10 18 16 14 -12 10 -8 6 4 2 0 2 4 6 8 10 18 16 14 -12 10 -8 6 4 2 0 2 4 6 8 10 18 16 14 12 10 -8 -6 4 2 0 2 4 6 8 10 18 16 14 12 10 -8 6 4 -2 0 2 4 6 8 10 -18 -16 14 12 10 -8 6 4 -2 0 2 4 6 8 10
E (eV) E (eV) E (eV) E (eV) E (eV) E (eV)
OPTICAL PROPERTIES OF Ing,Sn,Se; CRYSTAL.
L o e e e o L B A B LB e m e s m e L) 10.'I'I'I'I'I'I'I'I'I'I'I'I'I'I'40 LU o e o e e Y Y ) L L L s m e L) 10.'I'I'I'I'I'I'I'I'I'I'I'I'I'I'40 L o e e e e e B e s B i e L) O o B e B B B e e e V)
© In.Se, + Sn1 n . In;Se, + Sn2 n In:Se, + Sn3 n I In:Se, + Sn4 n | In:Se, + Sn5 n In:Se, + Sn6 n
99q: ST kK 35 94 57 Kk Fs3s 94 57 K 35 94 =T Kk 35 9+ ST Kk 35 9+ 57 Kk |35

4 g
O
elet [ 5o \ 000 ogy l‘ === Sooog S oo ogy

. . 4 -
stg . Ttmmgy D Ttmmgy 3 R : B R %
- 25

- 20

F15

Con CI USION. Inthe framework of the density functional theory (DFT) using the local approximation for exchange-correlation interaction (LDA) the calculations of the spatial distribution of electron density, band structures, and the

partial density of states in the InsSe, and Ing.,Sn,Se; crystals have been performed. The direct minimal energy gap is localized in [-Z direction for the pure crystal. For impurity crystals the tendency to the metallic state takes place.

Six different models of Ins.,Sn,Se; have been considered. The structural parameters and total energy values are obtained. Our analysis shows that model 5 is the most likely one. The doping by Sn atoms influences the topology of band structure
and redistribution of the total and partial density of states. Additional peaks due the Sn states are observed at E ~—8 eV and in the energy region E ~2—4 eV in energy dependences of the partial density of states. Also, the intensity of the peaks
caused by In and Se states is slightly change.

We obtained the dispersive dependences of optical characteristics for both the undoped and doped IngSe;, crystal. We calculated the refractive indices and extinction coefficients, real and imaginary parts of the dielectric function, and the absorp-
tion coefficient for different polarizations along crystal axes for different models of Ins.,Sn,Se;.
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