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Calculation for Electronic Structure and Optical Properties of LiNbO; Crystals
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Abstract The electronic energy band structure and linear optical coefficient of LiNbQO; crystal were calculated by
first-principle calculation pseudo-potential plane wave method in CASTEP package, and the nonlinear optical
coefficient of LiNbQO; was calculated based on coupled Hatree-Fock (CPHF) model. The calculated refractive indices
and second-harmonic-generation (SHG) coefficients matched well with experimental results. The results shows that
the 4d orbital of Nb atom and 2p orbital of O atom in LiNbQ; crystal are hybridized, which is the origin of the
nonlinear property which can be deduced from the characteristics of electronic density of states on upper part of

valence bands and bottom part of conduction bands. The calculated results also indicate that the Li— O bond in the
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crystal shows typical covalent characteristic.
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Table 1 Atomic coordinates of LiNbO; crystal

x v z
Li 0 0 0. 2802
Nb 0 0 0
O 0.0477 0. 3435 0.0633
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Fig. 1 Energy band structure (a) and density of
states (b) of LiNbO; crystal
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Fig. 2 Density of states and partial density of
states plot of LiNbQOj; crystal
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Fig. 3 Calculated absorption spectrum of L1Nb03 crystal
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Table 2 Calculated and experimental refractive indices of
LiNbO; crystal

Wavelength /nm 694 1064 2000 3000
Ordinary Exp.[M 2,274 2,234 2.198 2.162
ray Cal. 2.539 2.427 2.390 2.388
Extraordinary Exp. (02,189 2,155 2.125 2.095
ray Cal. 2.448 2.350 2.282 2.280
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Table 3 Calculated and experimental SHG coefficients d;s
of LiNbO; crystal

dis /(pm/V) Wavelength /nm

Calculated 5. 45 0
Experimentall'™ 5.34 1064
Relative deviation /% 2.06 —
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Fig.1 Schematic diagram of the second harmonic

generation by a crystal KBBF
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Fig.2 177.3 nm output power as a function of the
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