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First-principles calculations on the electronic structure and optical
properties of Al-doped orthorhombic Ca,Si
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Abstract: By using the first-principles method, band structure, density of states and optical properties of
Ca,Si and Al-doped Ca,Si were calculated in this paper. The results show that, after doping Al, the lat-
tice structure distorted and the volume of lattice expands. The Fermi energy moved into the valence
band, and the conduction type changed into P-type semiconductor, and the band gap decreased from
0.26 to 0. 144 eV. The density of states of valance band near the Fermi energy is mainly composes of Si-
3p, Al-3p, Ca-3d and Ca-4s, and the conduction band near the Fermi energy is mainly composes of Si-
3p. Optical properties calculation indicates that after doping Al, ¢, (0) of Ca,Si increased, &, (w) moved
to lower-energy, the absorption and the refractive index increased, while the reflectivity decreased.
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Tab.1 Lattice constants of Ca,Si and Al-doped Ca, Si
Sample a/nm b/nm ¢/nm V/nm?®

Un doped Ca,Si(ZZ86{8 ) 0.7667  0.4799  0.9002  0.3312
Un doped Ca, SIGHFEH ) 0.7610  0.4852  0.9080  0.3352
Al-doped Ca, Si 0.7607  0.4863 0.9169 0.3391
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