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Progress in Chemical Synthesis and Crystal Growth of Irradiation Free

Low Absorption ZnGeP 2 for Infrared Nonlinear Conversion Optical counter-measures and standoff gas detection are two examples of applications which need tunable laser sources in the mid-and long-wave infrared (IR) ranges [START_REF] Godard | Infrared (2-12 µm) solid-state laser sources: a review[END_REF]. Indeed, aircraft thermal signature and absorption bands of many volatile compounds are in that spectral domain. The best way to reach theses spectral bands in the pulsed regime is to carry out nonlinear frequency conversion of a near IR laser toward tunable emission at longer wavelengths by use of optical parametric oscillator (OPO) systems. However, common nonlinear sources based on well-developed oxide crystals cannot emit beyond 4 or 5 µm because of strong absorptions. In such a context, there is a strong interest into alternative nonlinear materials suitable to reach longer wavelengths. Among them, zinc germanium phosphide (ZGP), ZnGeP 2 , is a nonlinear optical crystal having excellent properties for laser frequency conversion in the 2-8 µm spectral range. However, only few groups are able to properly grow this material with a sufficiently low absorption close to 2 µm [START_REF] Zawilski | Large aperture single crystal ZnGeP2 for high-energy applications[END_REF][START_REF] Verozubova | ZnGeP2 growth: melt non-stoichiometry and defect substructure[END_REF][START_REF] Lei | Growth of crack-free ZnGeP2 large single crystals for high-power mid-infrared OPO applications[END_REF]. Moreover, electron irradiation is often required to reach the relevant absorption which leads to long and costly processing.

Here, we present our recent progress in the synthesis, growth and irradiation-free post-treatment of lowabsorption ZGP. We also present our first results on nonlinear frequency conversion and related laser-induced damage threshold (LIDT) measurements.

Concerning chemical synthesis, which is the first step for crystal growing, the involved raw elements are pure elements: zinc, germanium, and phosphorus. To avoid explosion due to phosphorus vapor at the ZGP melting temperature of 1027°C, we use an oven with two zones. In a first zone, the reaction occurs with a temperature of about 1000°C. In a second zone, a lower temperature (about 500°C) maintains a low pressure [START_REF] Verozubova | ZnGeP2 synthesis and growth from melt[END_REF]. In case of ZGP, binary phase as ZnP 2 is formed during the process because of the volatility of zinc. The goal is to force ZnP 2 to react with unreacted germanium increasing the temperature of the gas zone of the reactor above the liquid zone's one at the end of the process.

To grow large single crystals of 70 to 100 g (Fig. 1(a)), we use a vertical Bridgman furnace (Cyberstar). The crystal growth is carried out using a single crystal seed. We then use post-growth annealing to improve the optical transparency close to 2 µm. As shown in Fig 1(b), we are currently able to reach a residual absorption level of 0.15 cm -1 at 2 µm, which is relevant to carry out nonlinear frequency conversion. The optimization of the quality and the increase of the ingots size are currently in progress in order to improve OPO results and LIDT. 
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 1 Fig. 1 (a) ZnGeP2 ingot obtained by the vertical Bridgman technique (b) Optical absorption of a ZGP sample.