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Density Functional Calculations of Electronic Structure and Optical
Properties on Mg and Ni-Doped CdS
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Abstract: The structure, electronic properties and optical properties of zinc blende CdS and CdS: M (M =Mg, Ni)
were studied systemically from density functional theory (DFT) based on first-principles pseudopotential calculations.
It showed that the M-doped material had a smaller lattice constant, which resulted in a local lattice distortion. The
band structure and density of states (DOS) were further calculated, which indicated that CdS: Ni was half metallic
ferromagnetic semiconductor while CdS: Mg was semiconductor with bigger band gap due to the introduction of Ni 3d
and Mg 3s. The optical property was also studied from the calculated absorption coefficients, which showed that the
absorption peaks changed obviously at the visible light wavelength area for the M-doped CdS. Furthermore, the

absorption ranges was extended to even higher wavelength region for the Ni-doped CdS.
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(Local density approximation, LDA) T & # Kohn-
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Table 1 Lattice constand and band length of CdS,
CsS: Mg and CdS:Ni

CdS CdS:Mg CdS:Ni
0.5826 0.58042 0.5766
0.5818 - -

Cd—Saverage of band length  0.2527 0,25270 0.2537
M—S band length — 0.24260 0.2132

Lattice constant /nm

Calculated value (a)

Experiment value

0.2535 nm ‘

0.2539 nm

B 1 CdS:Ni i & i 45 14 Jo 0 e 22 1
Fig. 1 The distorted local structure of CdS: Ni
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Fig. 2 Band structure of CdS (a), CdS:Mg (b), up and down spin band structure CdS:Ni (¢), (d)
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Fig. 3 Total density of state (DOS) of CdS, CdS:Mg and CdS:Ni (a), partial DOS of Ni atom in CdS:Ni (b),
and Mg in CdS: Mg (c)
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