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Optical frequency mixing in periodically-patterned
and in quasi-periodically-patterned nonlinear media.
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Nonlinear frequency mixing processes, e.g. second harmonic generation, sum and
difference frequency generation, etc., require matching of the phases of the interact-
ing waves. The traditional method to achieve it is by selecting a specific angle of
propagation in a birefringent nonlinear crystal. The main limitation of the birefrin-
gent phase matching method stems from the fact that for many interesting interac-
tions, the phase matching condition cannot be satisfied in a specific crystal. This
obstacle can be removed by the technique of quasi-phase-matching (QPM), where
the nonlinear coefficient of the material is modulated at a fixed spatial frequency
that equals the wave-vector phase mismatch between the interacting waves. An
important development in recent years is the ability to periodically reverse the sign
of the nonlinear coefficient in ferroelectric crystals by applying a high electric field
through a periodic electrode. Some recent QPM interactions in periodically-poled
KTP that were recently achieved at Tel-Aviv University include continuous-wave
optical paramteric oscillations [1], as well as generation of tunable mid-infrared ra-
diation by difference frequency generation [2].
Periodic patterning of the nonlinear coefficient enables to phase match only a single
interaction. It would be advantageous to further extend the applications of this
technique in order to simultaneously satisfy several interactions on a single crystal.
This cannot be usually achieved in a periodic pattern, however more sophisticated
quasi-periodic structures can be designed in this case. An interesting analogy can
be drawn between artificially-made quasi-periodically-patterned nonlinear crystals
and quasi-crystals found in nature, in rapidly-cooled metallic alloys [3].
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