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Abstract: The defect geometry structure, band structure, density of states and optical properties are cal-

culated in §-FeSi, system and B-FeSi, containing Si vacancies by density functional theory of potential

plane wave method. The optimized results showed that Si vacancies result in the local lattice distortion,

the narrower band gap and a new intermediate band between valence band and conduction band. The

slight upward shift of Fermi surface due to Si vacancies leads B-FeSi, to become a p-type semiconductor.

The calculations of optical properties indicate that the electronic structure of adjacent atom is changed,

the static dielectric constant ¢1(0) increases, the highest peak of €2 moves to a low-energy region and the

tiny red shift of absorption coefficient takes place due to the Si vacancy.
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Fig. 1 Calculation models of 3-FeSi, with Sil and Sill vacancies.
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Tab.1 Experimental and calculated structural parameters for g-FeSi2 and g-FeSi, containing Si vacancies.
a/nm b/nm ¢/nm v/nm Total energy/eV
Un -doped FeSi, (5256 )" 0.9863 0.7791 0.7833 0.6019 —
Un-doped FeSi, GF51{8) 0. 9904 0.7714 0.7777 0.5942 -17306. 2009 eV
Sil-FeSi, 0. 9834 0. 7705 0.7753 0. 5875 —17195. 0068 eV
Sill-FeSi, 0.9817 0.7718 0. 7749 0.5871 —17194. 9746 eV

B-FeSi, & Sil 25 L6k IEHY B-FeSi, BT SZABM . X2 — B A9 8] 422417 B . 7 28 R i sl R il —
(VBMD) #1547 JiE (CBMD 16 X FR K AL B RRAE A7 74 BB A8 A0 B 5 DA T IR W' 7 £ el vl
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Tab. 2 Eigenvalues of VBM and CBM forf-FeSi, at high symmetry K point

TRl FRAEfE E EZ ET EY E ES ER
B-FeSi, VBM/eV 0 —0.125 —0.248 —0.303 —0.272 —0.270 —0.316
CBM/eV 0. 889 0.903 0.922 1. 004 1.031 0.955 1.272
F 3 & SUERFER 3-FeSi, B VBM #1 CBM ES 3R K S4M s =
Tab. 3 Eigenvalues of VBM and CBM for g-FeSi, containing Sil vacancy at high symmetry K point
L FFAE g 4 E EZ ET EY E ES ER
Sil-FeSi, BEAT 1/eV —0.096 —0.034 —0.131 —0.122 —0.014 —0.147 —0.153
fEMHF 2/eV 0.463 0.197 0.269 0.243 0.463 0.238 0.228
fEMHF 3/eV 0.679 0.564 0.379 0.515 0.679 0.514 0.402
fEHF 4/eV 0.970 0. 969 1. 242 1.074 0.970 1. 040 1. 346
R4 & SIIIBFER BFeSi, B9 VBM 1 CBM SR K SRS L EE
Tab.4 Eigenvalues of VBM and CBM for p-FeSi, containing Sill vacancy at high symmetry K point
ol FrAEfE E EZ ET EY E ES ER
Sill-FeSi, BEMF 1/eV —0.002 —0.092 —0.177 —0.156 —0.056 —0.213 —0.189
fEMHF 2/eV 0.422 0.259 0.181 0. 180 0.422 0.152 0.225
fEMHF 3/eV 0.619 0.468 0.313 0. 549 0.619 0. 496 0.322
BB 4/eV 0. 945 0. 907 1.198 1.033 0. 945 0. 988 1. 303
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Fig. 2 Band structures of -FeSi, near the gap: (a) Un-doped, (b)Sil vacancy-doped and (c¢) Sill va-
cancy-doped.
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Fig. 3 The total density of states and partial wave state density diagrams of B-FeSi, , Sil vacancy-
doped B-FeSi; and Sill,acancy-doped B-FeSi,.
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Tab.5 Mulliken population analysis of atoms around the
Sil-vacancy and Sill-vacancy.
LY ik S P d B 7 /e
B-FeSi, Fe 0. 37 0.82 7.22 8. 41 —0.41
Si 1. 28 2.53 0 3.81 0.19
Sil-FeSi, Fe 0. 36 0. 70 7.17 8.23 —0.23
Si 1. 32 2.53 0 3.85 0.15
Sill-FeSi, Fe 0. 37 0.70 7.19 8.26 —0. 26
Si 1.29 2.55 0 3.83 0.17

H % 6 Al UL, 5 Sil 25 {v M 4B (1) Fel-Si 4 i #ii
JE U /INE s FEA P AR 5 L B AR 5 Fe2-Si 4 1Y)
A7 JE B e A PR AR B I AR 5 Si-Si R Y A R
Bos b M PEAR 55 R AR K 5 ST 25 7 A 4B Y
Fel-Si § Af F& B0/ IN /) o e f 1 sl 55 B4 A2
1K s Fe2-Si F A A7 B B0 n s A0 1 39 in o B AR 0
Si-Si G (477 s B i e AR R L K AR
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Tab. 6 Mulliken population analysis of bonds around the
Sil-vacancy and Sill-vacancy.
R it 7 JE o B K /nm
B-FeSi, Fel-Si 0.27 2.33788
Fe2-Si 0.18 2.41756
Si-Si 0. 38 2.46601
Sil-FeSi, Fel-Si 0.29 2.31716
Fe2-Si 0.32 2.35740
Si-Si 0. 36 2.48497
Sill-FeSi, Fel-Si 0.24 2.34660
Fe2-Si 0. 20 2.39768
Si-Si 0.42 2.45759
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Fig. 4 The dielectric functions of §-FeSi, , Sil vacancy-doped 3-FeSi, and Sill vacancy-doped B-FeSi,.
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Fig. 5 The absorption coefficients of p-FeSi, and Sil
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