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Abstract. The epitaxial thin films and single crystals of ZnO were investigated by optical
second harmonic generation (SHG). A method for characterization the optical nonlinear coefficients
of ZnO are proposed. It is shown that the sign of dss nonlinear coefficient is negative. Using the
tensorial characteristic of optical SHG crystallographic orientation of noncentrosymmetric

hexagonal media can be determined with an error less than + 0.1°,

INTRODUCTION

ZnO is attractive material for many applications in optics and optoelectronics. [10].
Unique optical properties and high optical harmonics conversion efficiency of bulk ZnO crystals
and films are especially important for integrated optics. Thin films of ZnO provide more efficient
harmonic generation than crystals due to the influence of inter-grain boundaries [3,4,9]. This
circumstance makes it possible to use the second harmonic generation (SHG) as convenient and
sensitive method for testing textures of ZnO films fabricated by different techniques and conditions
of growth. In this work, we report the results of comparative study of ZnO single crystal and

epitaxial thin films on a sapphire substrate by SHG method.

EXPERIMENTAL

Measurements were done using a Ti: sapphire laser radiation (fundamental wavelength
4o=780 nm, pulse width 100fs) focused onto the spot of about 100 pm in diameter at 0; = 45°
incidences. The SH-radiation was detected with a photomultiplier tube and a standard photon
counting system. A rotating a Berek compensator for varied polarization of the fundamental wave
(p-in or s-in), and Glan prisms varied polarization of the SHG waves (p-out or s-out) were used.
The SH intensity as a function of the sample rotation (azimuthal) angle ¢ were measured for p-in, p-
out, p-in, s-out, s-in, p-out, and s-in, s-out polarization geometries (Fig. 1). The experimental

dependencies are shown in Fig.2.
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RESULTS AND DISCUSSION
We have developed a theoretical model that allows numerical simulation all measured
dependencies [2]. In this model the multiple reflections of light on both fundamental (®) and SH
(2w) frequencies into nonlinear media were taken into account. Real textured film is a plane-parallel
single-crystalline slab, which is characterized by a few effective parameters.
However, bulk sample have only two ratios of independent components of nonlinear susceptibility
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Fig.1.Configuration of both fundamental (») and SH (2w) waves in the sample.

The magnitudes of relationships of the nonlinear optical coefficients were determined by the
fitting procedure, which has been performed simultaneously for all four dependencies I,, (¢)

measured on each sample.
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ratio values for crystal and film are practically the same, whereas the
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ratio is lager for the crystal. It has been found that the C-axes of grains in the film are
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oriented to the [10] direction by angle 6 = 4,3° (for bulk crystal 6 = 0°). The effective thickness of
the film is equal to 60 nm.
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It should be noted that there is some ambiguity concerning the sign of the d;;; component in
different papers. According [1,11,12] the d. sign is positive. Negative values are indicated in
[5,7]. The same situation one can reveals in results of theoretical calculations of nonlinear
susceptibilities. For example, results of microscopic calculations made by Jha and Bloembergen [6]
are in good agreement experimental values only on magnitude, but not coincide on sign. The most

successful calculations of the nonlinear susceptibilities apparently have been achieved by Levine

[8].
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Fig. 2 Azimuthally SH intensities dependence measured in different polarizations for ZnO

single-crystal (a) and thin film (b).
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CONCLUSIONS
Comparative investigation of nonlinear properties of ZnO thin textured films and single
crystal was performed. Unambiguous found that d,.; component of nonlinear susceptibility tensor in
both samples is negative. It was also determined the anisotropy of texture showing that nano-grains
in the film are preferable oriented in the direction, which deviates from exact [110] crystal direction

by an angle of about 4.3°.
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