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First-principles study on photoelectric properties of CdS
with doping rare earth(Sc.Y.La)
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Abstract: By using the first-principles pseudo-potential plane-wave method, the photoelectric properties
of CdS doped with rare earth (Sc, Y., La) are calculated and analyzed. The calculation results show
that: after Sc, Y, La doped, the lattice constants increase, the cell volume also expands. When Sc, Y
or La substitutes for Cd, the Fermi energy moves to conduction bands, the band gap widens, the con-
ductivity type is changed into n-type. These indicate that Sc, Y, La is a n-type dopant. The atoms of
Sc, Y, La generate a large number of additional carriers near the Fermi energy level in order to improve
the electronic structure, Rare earth atoms and the neighboring S atoms form a stronger interreaction and
hence a higher covalent banding after incorporation of rare earth. After rare earth doped, the static die-
lectric constant, absorption coefficient and reflectivity decrease significantly, indicating that the conduc-
tivity and transmission increase. These results indicate that rare earth can effectively modulate the pho-
toelectric properties of CdS.
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Tab.1 The physical parameters for undoped and rare earth doped CdS after geometry optimization
Sample a/nm b/nm c¢/nm V/nm? Total energy/eV
Undoped CdS(experimental) 1.2368 1. 2368 1.2368 1.3378
Undoped CdS(calculated) 1.2254 1. 225 1.2254 1. 3016 —42260. 5817
Sc doped 1. 2279 1. 227 1. 2279 1. 3079 42253. 8264
Y doped 1. 2305 1. 230 1. 2305 1. 3166 42027. 7945
La doped 1. 2338 1. 233 1. 2338 1. 3274 41814. 5789
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Fig. 2 Band structures of CdS near the gap. (a)undoped; (b)Sc doped; (¢) Y doped; (d) La doped
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Tab. 2 Eigenvalues (eV) of valence band maximum (VBM )and conduction band minimum (CBM) for undoped and

rare earth doped CdS at high symmetry k point

Sample w L G X K Eg/eV
VBM —0. 38544 —0.22215 0 —0. 35455 —0.19197
Undoped CdS 1.01522
CBM 2. 84755 2.22461 1.01522 2.72274 2.67353
VBM —2.53808 —2.37965 —2.23540 —2.53808 —2.41531
Sc doped 1.10103
CBM 0.15049 —0.04267 —1.13437 0.11629 0.13812
VBM —2.58458 —2.42682 —2.27933 —2.59966 —2.46307
Y doped 1. 06956
CBM 0. 48358 —0.05907 —1.20977 0. 39750 0. 38641
VBM —2.57283 —2.41269 —2.26803 —2.57847 —2.45124
La doped 1. 04809
CBM 0.51799 —0.06780 —1.21994 0.42536 0. 38322
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Tab.3 Mulliken population analysis of atom around the rare earth

Sample Atom s p d Total Charge/e
Cr 0.63 0. 89 9.97 11.49 0.51
Undoped CdS
S 1. 84 4.67 0 6.51 —0.51
Sc 2.47 6.46 1. 49 10. 43 0.57
Sc doped
S 1. 84 4.67 0 6.51 —0.51
Y 2.49 6. 37 1.47 10. 32 0. 68
Y doped
S 1. 84 4.68 0 6.52 —0.52
La 1.99 6.17 1.57 9.73 1.27
La doped

S 1. 85 4.69 0 6.53 0.53
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Tab. 4 Mulliken population analysis of bonds around the

rare earth atom

Sample Bond Population Length/nm
Undoped CdS Cd—S 0.49 0. 2502
Sc doped Sc—S 0.63 0. 2436
Y doped Y—S 0.61 0. 2577
La doped La—$S 0. 44 0.2734
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