Comparison of mid-infrared nonlinear crystals efficiency
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The development of laser sources in the mid-IR range is of great interest for gas analysis, atmospheric sensing, laser chemistry, isotope separation and other applications, since it contains molecular absorption bands of both components of the atmosphere and its pollutants. Nonlinear optical materials are required to shift the output of powerful and efficient near-IR laser sources to this wavelength range (or to enrich and to widen spectral range of existing mid-IR lasers). At the present time, a large number of various nonlinear crystals have been developed and investigated, some of which are presented in [1]. Also new and improved materials are developed in order to meet the demands of a growing number of applications [2].
When selecting the most suitable nonlinear crystal for a particular application, one should take into account its properties such as transparency in spectral range of interest, adequate birefringence for phase matching, large effective nonlinear coefficient, high optical damage threshold, and others. Thus, selecting the most efficient crystal for a particular laser system is a nontrivial task, and it often requires complex calculations.

A simple integral criterion [figure of merit (FOM)] for selecting nonlinear crystals, which considers the fundamental parameters determining conversion efficiency, was offered in [3]. The criterion allows one to compare crystals with only linear or quadratic combinations of fundamental crystal properties.
We studied this integral criterion with the experimental data on the broadband sum-frequency generation of the mid-IR CO laser radiation in several nonlinear crystals (ZnGeP2, GaSe and other) [4]. Taking into account effective nonlinear coefficient, refractive index of the crystal, spectral and angular phase-matching bandwidths, the FOM provided the best agreement with the experiment. It was shown that the integral FOM can be applied for qualitative, and even quantitative, comparison of the nonlinear crystals. The FOM, which also takes into account the optical damage threshold, can be applied for high-power laser systems in the case of extremely high intensity.
In the next research stage, we applied the integral FOM for a study of other the mid-infrared nonlinear crystals to find out the most efficient one. We considered both traditional (e.g. AgGaS2, HgGa2S4) and new (e.g. BaGa2GeSe6, CdSiP2) crystals. The calculations showed that the most efficient crystal for broadband mid-IR frequency conversion was ZnGeP2.
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