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Abstract Based on the first principles pseudo-potential plane-wave method, geometrical structure, electronic
structure, and optical properties of V-Al co-doped CrSi, are calculated. The photoelectric properties of un-doped
CrSi, , and co-doped with V and Al, and single-doped with V or Al are compared in detail. The results show that: co-
doped with V and Al, the lattice constant @, b, and the volume of CrSi, is increased. V-Al. CrSi, is a p-type indirect
semiconductor, and the energy gap is 0.256 eV, which is between the gap value of CrSi, with single-doping V or Al.
The density of states near the Fermi energy is mainly composed of Cr-3d, V-3d, Si-3p and Al-3p orbital hybridization.
Compared with pure CrSi, , the static dielectric constant and the refractive index of CrSi, are increased with co-doping
of V and Al. A new transition peak of ¢; (w) is appeared at the lower energy region. Near 5 eV, the transition peak
intensity of ¢; (w) , the absorption coefficient, and the photoconductivity is decreased, respectively. The absorption
edge generates a red shift, and the average reflection effect is decreased. Doping with V will weaken the electron
transition in Al single-doped CrSi,. V-Al co-doped can critically regulate the band structure and the optical properties
of CrSi, .
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Table 1 Un-doped and doped lattice constants and total energy of CrSi,

Sample a /nm b /nm ¢ /nm V /nm® Energy /eV
Un-doped CrSi, (experimental) 0. 8856 0. 8856 0.6368 0.4326 —

Un-doped CrSi, (calculated) 0. 8853 0. 8854 0. 6385 0.4334 —32199. 362
2V-doped CrSi, 0. 8928 0.8912 0.6363 0.4382 —31217.716

V-Al 1 0.8925 0. 8929 0. 6370 0.4394 —31657. 414

V-Al 2 0. 8931 0.8912 0. 6364 0.4386 —31657. 374

V-Al 3 0. 8929 0.8912 0.6368 0.4386 —31657. 464

2Al-doped CrSi, 0.8933 0.8918 0.6367 0.4391 —32097. 058
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Table 2 Eigenvalues (eV) of VBM and CBM of un-doped and doped CrSi; at high symmetry £ point

and band gap values

G A H M L E,/eV
VBM (eV) —0.455 —0.315 —0.263 —0. 358 0

Un-doped 0.379
CBM (eV) 1. 360 1.195 0.574 0. 379 0.536
VBM (eV) —0.118 0. 350 0.096 —0.204 0.133

2V 0.168
CBM (eV) 0.518 0.639 0.749 0.741 0.709
VBM (eV) —0.082 0.276 0. 042 —0. 210 0.049

2A1 0. 294
CBM (eV) 0.570 0.718 0.773 0.789 0.812
VBM (eV) —0.088 0. 315 0.137 —0. 219 0.134

V-Al 3 0. 256
CBM (eV) 0.571 0.677 0.752 0.763 0.751
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