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Effects of Chemical Mechanical Polishing on the Laser Induced Damage

Threshold of ZnGeP power mid-infrared laser sources have important applications in remote sensing, defense and security. 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. Previous studies have shown that laser-induced damage in ZGP single crystals always initiates at the surfaces rather than in the bulk of the material, making the surface preparation of ZGP samples of great importance [START_REF] Peterson | Damage properties of ZnGeP2 at 2 µm[END_REF]. The several steps involved in the process of fabricating laser-quality ZGP samples from a grown crystal can induce damage in the surface, including cutting the samples from the boule, grinding the samples to shape, and polishing the optical surfaces to laser quality [START_REF] Zawilski | Increasing the laser-induced damage threshold of single-crystal ZnGeP2[END_REF].

In this work, we investigate the chemical mechanical polishing process (CMP) of ZGP single crystals in an attempt to increase the laser-induced damage threshold (LIDT). The ZGP crystal growth, face cutting and orientation have been performed at Onera [START_REF] Petit | Chemical synthesis, crystal growth and mid-IR Difference Frequency Generation in ZnGeP2 and AgGaS2[END_REF]. Two different CMP techniques (polish 1 and 2), were attempted depending on the chemical composition of the slurry. Silica particles were used in both polishes. The polished crystals were qualitatively examined with laser phase-shift interferometry as well as scanning electron microscopy (SEM) and quantitatively assessed via white light phase-shift interferometry. Our results were compared to a ZGP single crystal with a commercial polish. It is worth noting that a poor surface quality for the CMP polish 1 was obtained. Accordingly, the peak to valley surface flatness exhibited a value as high as 346 nm. Conversely, the CMP polish 2 led to a good surface quality with a peak to valley flatness of 20 nm (fig. 1(a)), which is comparable to the commercial polish. R-on-1 laser damage measurements at 2.09 µm, 1 kHz were performed. The results showed a lower LIDT for both CMP techniques than the commercial polish (fig. 1

(b)).

A significant decrease in the transmission around 2 µm after the polishing was observed (fig. 1(c)). A great care has been taken in order to better understand the effects of the CMP process on the optical properties of the ZGP surface and consequently on the value of the LIDT. Besides native crystallographic defects, organic surface contaminants may contribute to the transmission of ZGP crystals [START_REF] Shimony | Cubic domains in tetragonal ZnGeP2 single crystals[END_REF]. This latter result is confirmed by energy dispersive X-rays spectrometry measurements revealing the occurrence of some remaining organic surface contaminants (carbonyl species, O, C, N). These contaminants should be removed before new LIDT measurements. To be used in optical parametric oscillator (OPO) cavities, ZGP crystals have to be coated and previous studies have demonstrated that the LIDT is significantly lower for uncoated ZGP than AR-coated samples [START_REF] Zawilski | Increasing the laser-induced damage threshold of single-crystal ZnGeP2[END_REF]. Next step of our study is to coat the improved polished crystal and evaluate the LIDT.
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 1 Fig. 1 (a) 3D profile of a ZGP surface resulting from polish 2 (b) R-on-1 laser damage probability curves at 2.09 µm on 3 different polished ZGP. At each step of fluence, the samples are irradiated for 30 s at 1 kHz. The fluence values are peak on-axial. (c) Transmission of a ZGP crystal before and after the CMP polish 2.To be used in optical parametric oscillator (OPO) cavities, ZGP crystals have to be coated and previous studies have demonstrated that the LIDT is significantly lower for uncoated ZGP than AR-coated samples[START_REF] Zawilski | Increasing the laser-induced damage threshold of single-crystal ZnGeP2[END_REF]. Next step of our study is to coat the improved polished crystal and evaluate the LIDT.This work was partially funded by the French DGA.
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