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Fig. 1. Crystal structure of Sh,Se; computational model.
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Table 1.  Optimized lattice parameters.

SCHik[14]  SCHR[15]  SbySes  AsSb,Se;  BiSb,Ses
a/A 3.98 3.99 3.99 3.97 4.00
b/A 11.64 11.63 11.35 11.35 11.36
c/A 11.79 11.78 11.65 11.63 11.65
v/A3 5471 546.6 527.3 524.7 528.9
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Table 2.  Effective mass of holes for different struc-
tures of ShySes.

m’/mg ShySes As-SbySey Bi-ShySey
mlh, 0.43 0.45 0.42
my, 0.88 0.89 0.67
m} 1.08 1.22 1.61
m 0.68 0.72 0.67
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Fig. 2. Band structures and partial density of states of pure SbySe; (a), As-SbySes (b), and Bi-SbySey (c¢). Dashed line represents the
Fermi level and the blue circle represents the valence band maximum (VBM).
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Fig. 3. (a) Parabolic fitting of the intrinsic SbySe; total energy and deformations, determining the elastic constants; (b) calculated

elastic constants of different structures.
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Fig. 4. (a) Valence band edge positions of intrinsic ShySes under strain along three different directions, solid lines represent linear

fitting, determining the deformation potential; (b) calculated deformation potential energies of different structures.
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Table 3. Hole mobility of SbySes, As-Sb,Se; and
Bi-Sb,Se; along three principle directions.

E#/(cm?V s!)  SbySe;  As-SbySe;  Bi-SbySes
P 232.62 22159 240.66
1y 32.78 31.20 66.71
i, 20.02 15.11 8.04
Ha 95.14 89.30 105.13
4 % #

i L %5 7 eR e AR AR B IS T 4l
Sh,Se; Fl As, Bi $54% SbySe; HImMESEL, L TF45H4
2 7B FEE . BFIT R, A T IR AR S RE i
PEF B, AT TR R 5L M B 3. SbySey
(125 7 GERS R HAT B0 I 45 ) S, 2 T TR
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Abstract

Antimony selenide (SbySes) is an element-rich, cost-effective, and non-toxic material used as an absorber
layer in solar cells. The performance of solar cells is significantly influenced by the transport characteristics of
charge carriers. However, these characteristics in SbySe; have not been well understood. In this work, through
density functional theory and deformation potential theory, we investigate the hole transport properties of pure
SbySe; and As-, Bi-doped SbySes. The incorporation of as element and Bi element does not introduce additional
impurity levels within the band gap. However, the band gaps are reduced in both As-SbySe; and Bi-SbySes due
to the band shifts of energy levels. This phenomenon is primarily attributed to the interactions between the
unoccupied 4p and 6p states of the doping atoms and the unoccupied 4p states of Se atoms, as well as the
unoccupied 5p states of Sb atoms. In this study, we calculate and analyze three key parameters affecting
mobility: effective mass, deformation potential, and elastic constants. The results indicate that effective mass
has the greatest influence on mobility, with Bi-Sb,Se; exhibiting the highest average mobility. The average
effective mass is highest in As-Sb,Se; and lowest in Bi-Sb,Se;. The elastic constants of the As- and Bi-doped
Sb,Se; structures show minimal differences compared with that of the intrinsic SbySes structure. By comparing
the intrinsic, As-doped, and Bi-doped Sb,Se;, it is evident that doping has a minor influence on deformation
potential energy along various directions. The study reveals that the hole mobility in Sb,Ses displays significant
anisotropy, with higher mobilities observed in the a-direction and the y-direction than in the zdirection. This
discrepancy is attributed to stronger covalent bonding primarily in the 2 and gy-direction, while in the 2z
direction weaker van der Waals forces is dominant. The directions with enhanced charge carrier transport
capability contribute to efficient transfer and collection of photo-generated charge carriers. Therefore, our
research theoretically underscores the significance of controlling the growth of antimony selenide along specific

directions.
Keywords: SbySe;, mobility, deformation potential, doping
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