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Introduction

Photorefractive (PR) spatial solitons in LiNbO 3 :Fe are usually modelised with Fe 2+/3+ single photoactive centre either in nominally pure samples where iron is present as impurity at very low concentration. Nevertheless, as it was demonstrated few years ago [1], intrinsic Nb Li polarons play a significant role as a second photoactive centre in LiNbO 3 :Fe for high light intensity. Then polarons contribution to PR effect can be no more neglected in undoped materials. This work deals with a new 3D time dependent numerical model of beam self focusing in biased undoped LiNbO 3 where both iron and polaron photoactive centres are considered. This model enlightens the competition, for a given biased voltage, between drift and photovoltaic (PV) currents with respect to the light intensity along the propagation axis. We demonstrate that for low light intensity drift current is greater than PV current which leads to self focusing of the beam since for high intensity, PV current dominates along the first diffraction lengths. It leads, in a first stage, to a defocusing regime of the beam. While beam is enlarged by diffraction and defocusing effect, drift current is still stronger than PV current in the last part of the crystal. Then in a second stage of the process, the beam splits in two self focusing beams. These numerical results are in good agreement with recent experiments performed in our group.

Numerical model and results

Numerical model is based on our previous 3D time dependent model where only one carrier is involved [2]. Rate equations for both photoactive centres and all parameters of the material are taken from [1]. Contribution of polarons to PV current, thermal diffusion and absorption are considered. From initial conditions for light distribution and electric species densities, time evolution of all electric species and space charge densities are calculated in the whole crystal volume. Then, from the space charge distribution, electric space charge field is calculated by three-dimensional discrete Fourier transform [2].Then index perturbation induced by the electro-optical effect is calculated in the whole crystal volume and propagation of light in the perturbed medium is performed by a classical splitstep-Fourier transform method that gives the new light intensity distribution. The whole procedure is repeated until steady-state regime is reached. We present here the most important results obtained with this model where an extraordinary polarised Gaussian beam at 532 nm with a waist of 17µm is injected in a 2cm long undoped LiNbO 3 crystal. A static electric field of 33kV/cm is applied along the c axis. First, for low light intensity (5.5kW/m² Fig. 1a, 1b and 1c), defocusing effect of the PV current is screened by the drift current (Fig. 1a).Then, self focusing of the beam is observed and gives rise to a 2D spatial solitons (Fig 1b and1c). When input intensity is increased up to 100kW/m², PV current becomes stronger than drift current along the first diffraction lengths while drift current still dominates in the last part of the crystal because of intensity decreasing along propagation axis (Fig 1d). Then during the process we observe, in a first step, a defocusing regime of the beam which enlarges and splits in two beams (Fig 1e and1f). In a second step, since intensity of these two beams is smaller, focusing regime still dominates in the last part of the crystal which should lead to formation of two solitons as it was observed experimentally (Fig. 2e to 2h).

Conclusion

We present a new 3D time dependent numerical model for PR self focusing of beam in undoped biased LiNbO 3 crystal where iron and polarons are considered as two photoactive centres. This model, in good agreement with experimental results, enlightens the contribution of both photoactive centres in the competition between drift and PV currents with respect to the beam intensity. It leads to self focusing of light for low intensity and defocusing and splitting of the beam in two self focusing beams for high intensity. 
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 1 Figure 1 : Numerical results for input intensities respectively of 5.5 and 100 kW/m², (a) and (d) : total current densities along propagation and c axes, (b) and (e): output beam intensity profiles along c axis versus time, (c) and (f) pictures of output beams.
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 2 Figure 2 : Experimental results : Time evolution of the output gaussian beam at 532 nm with a waist of 10µm injected in a 2cm long biased congruent LiNbO 3 crystal. (a) to (d) : low intensity. (e) to (h) high intensity.