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Third-order interaction of three waves in parallel waveguides

The coupling constants between closely spaced parallel waveguides can play the role of the missing wavevectors for phase-matched nonlinear optical interaction of waves of different wavelength, with the coupling length determining the phase matching conditions. This Coupling Length Phase Matching (CLPM) process can be used to obtain quasiphase phase matching in the absence of any modulation of the linear or nonlinear optical properties of the material. Using CLPM it therefore becomes possible to realize various phase matched third-order frequency conversion processes in a system like a dual core waveguide.

A general framework for CLPM has been developed in Ref. 1. Here we discuss a quasi-degenerate four wave mixing process where two waves at a shorter wavelength mix to create a wave at a longer wavelength. Assuming that the frequencies of the three waves are ω 3 >ω 2 >ω 1 and that ω 1 =2ω 2 -ω 3 , the normalized amplitudes of the three waves in one of the waveguides can then be modeled using the standard coupled wave equations:

where the A i with superscript "(a)" describe the normalized amplitudes of the waves with frequency ω i in waveguide "a", while those with superscript "(b)" describe the normalized amplitudes of the same waves in waveguide "b". Here the χ is an effective third-order nonlinear coefficient for the three-wave interaction in one of the waveguides, the κ i are the coupling constants for each of the waves, and is the wavevector mismatch caused by refractive index dispersion.

Phase matched third-order downconversion in parallel waveguides

Analysis of the coupled wave equations delivers conditions to obtain CLPM. For the example of the generation, by two strong pump waves of a wave at frequency ω 1 =2ω 2 -ω 3 , the amplitude of the generated wave will grow linearly with distance when the coupling constants between the waveguides are such that ± , or when when ± for any value of κ 2 (for other possibilities, see Ref. 1). The latter of the two conditions given here is particularly interesting because it only requires to match the difference of the coupling constants between the waves with the largest difference in frequency to the wavevector mismatch, while the coupling constant for the other wave can have any value. Fig. 1 shows both the prediction of the analytical calculation for the growth of the amplitude of the signal wave, and the results of a full numerical solution of the above system of equations.

This summary appeared in Frontiers in Optics/Laser Science 2015 © OSA 2015, paper FM1F.2.pdf Thanks to this CLPM process, an equal signal wave amplitude builds up in both waveguides a and b. In contrast to the pump waves, the generated wave does not oscillate between the waveguides. Also, for longer distances the pump wave at the largest frequency can be fully depleted, with its energy going into the amplification of the second pump wave and the creation of the signal wave, corresponding to the maximum possible conversion efficiency for this frequency conversion process. Possible implementations of this CLPM process in dual core optical fibers will be discussed at the meeting. Finally, the same CLPM formalism can be used to analyze, and find phase matching condition for, many other third-order effects. A discussion of CLPM for third-harmonic generation in parallel waveguides can be found in Ref. 2.

Fig. 1 .

 1 Fig. 1. Spatial evolution of the amplitudes of the interacting waves in the case of third-order frequency down conversion, ω1 = 2ω2 -ω3 for the CLPM condition in parallel waveguides of length L. Panels (a) and (b) give the amplitudes, in waveguide a, of the pump waves at frequency ω3 and ω2, respectively. The generated wave amplitude at the frequency ω1 is shown for both waveguides in (c) and (d), respectively. The solid curves are all in the pump depletion regime. The black dotted curve in (c) corresponds to the analytical solution from Ref. 1 in the undepleted regime.