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Nonlinear optical susceptibility of tetragonal BaTiO3
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Summary

For tetragonal phase of BaTiO; in framework of vibronic theory of
ferroelectricity components 7, (20,@.0) and  73,(0,0-@) of nonlinear
susceptibilities responsible for second harmonic generation (SHG) and
optical rectification (OR) are calculated. A model with split in tetragonal
phase conduction band of symmetry E+A; in the I point of Brilouin zone and
nondegenerate valence band of symmetry A; is used. Selection rules in r
point are extended over the whole Brilouin zone. Calculated components of
quadratic susceptibilities for both effects are proportional to low symmetry
lattice distortion (spontaneous polarisation). They have experimentally
observed order of magnitude. The spectral behaviour of zyQ0,0,0) and
2n(00-0) IS rather week.

Introduction

Oxygen octahedra ferroelectrics still are widely used as materials for
information processing in the optical region. This is due to large
nonlinearities of these ferroelectrics. However, factors leading to large
nonlinearities are not sufficiently understood up to now. The microscopic
theory of nonlinear optical phenomena with regard to real systems still is
insufficiently developed. In this paper we present the theoretical results for
quadratic susceptibility of tetragonal BaTiOs. Our calculations are based on
the vibronic theory of ferroelectricity [1] which has been successfully applied
to explanation of some optical properties of large gap ferroelectrics like
BaTiO; [2,3].

Model and results

In tetragonal phase due to interband electron-phonon (vibronic) interaction
energies of conduction and valence bands of cubic phase are renormalized
and read
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where A; is the band gap in the cubic phase, Vis the constant of vibronic
interaction and y, is the low symmetry lattice distortion (sublattice shift). In
dipole approximation for light polarised along axis of spontaneous lattice
distortion (polarisation) is allowed the transition 4, - 4;, butat perpendicular
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polarisation — transitions 4, » £, and E - 4 (matrix elements of electron
3 momentum p between these states are nonzero). This model was inserted
in general formulae for quadratic susceptibilities responsible
correspondingly for SHG and OR. Electron momentum matrix elements of
tetragonal phase were expressed through corresponding matrix element of
cubic phase. Calculations were performed for the transparency region of the
crystal. We obtained (index 3 corresponds to axis of spontaneous lattice
distortion)
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In the last formulae e is the elementary charge, o is the frequency of the
incident light and C is dimensionless constant which was determined from
the comparison of theory with experiment. Calculated frequency
dependence of z,,(2w,0,0) and z,,(0,0-w)is rather week, so, that in the

transparency region of the crystal with an error of some 20 % they can be
assumed as being constant.

Conclusions
Components 3, of quadratic susceptibilities responsible for SHD and OR
have opposite signs but both are proportional to spontaneous ferroelectric
distortion ¥y, . In the transparency region of the crystal their frequency
dependence is rather week.
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