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Temperature tuning of YCOB crystal for giant-pulse green micro-laser

Arvydas Kausas', Pascal Loiseau”, Gerard Aka’, Yanqing Zheng’ and Takunori Taira’

Laser Research Centre, Institute for Molecular Science, 38 Nishigonaka, Myodaiji, Okazaki-shi, Aichi-ken, 444-8585, Japan
’PSL Research University, Institute de Recherche de Chimie Paris IRCP, Chimie ParisTech, 11 rue Pierre et Marie Curie, Paris 75005,
France
3Shanghai Institute of Ceramics, Chinese Academy of Sciences, 588 Heshuo Road, Jiading District, Shanghai 201899, P.R. China

E-mail: akausas@ims.ac.jp

The current level of technologies enables to increase the application number were compact Nd:YAG passively Q-switched
laser systems can be used. Currently one of demanding trend for such over MW-class systems expands to an engine ignition,
mass spectroscopy and frequency conversion [1,2].

The previous result for second harmonic generation (SHG) of Nd*":YAG/Cr*":YAG microchip laser reached 85% by
use of type I LBO crystal [3]. Because of the small temperature acceptance, this crystal has limitation where output energy of
a laser is required to be stable over wide temperature range. The monoclinic rare-earth yttrium calcium oxyborate crystal
YCasO(BO3); or YCOB has wide optical transparency, similar nonlinearity as LBO crystal and stable physical and chemical
characteristics. Additionally, the excellent temperature acceptance of this crystal allows no degradation in second harmonic
(SH) efficiency up to 120°C [4].

In this work we compare the SHG efficiency for LBO and two YCOB crystals grown in Cz and Bridgman methods.
Also temperature tuning of YCOB crystal was performed to obtain experimental data of temperature range within which
conversion efficiency is strongly degraded.

The available output energy for frequency conversion after all optical elements reached 2.84 mJ. Combined with pulse
duration 340 ps the maximum peak power reached 8.34 MW. Experiments with LBO crystal showed the maximum
conversion efficiency of 73.5% by focusing lens 150 mm. In this case thee output energy and pulse duration were 1.7 mJ and
236 ps respectively. Both YCOB crystals showed highest conversion efficiency with focusing lens /=125 mm, when the
fundamental beam diameter was 0.77 mm. For a Cz grown YCOB crystal the conversion efficiency reached 62.4% with the
output energy and pulse duration 1.1 mJ and 228 ps, respectively. For the Bridgman grown YCOB crystal efficiency reached
70.4% with the output energy and pulse duration 1.14 mJ and 226 ps, respectively.
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Figure 1. Temperature tuning of the YCOB and LBO crystals

Another experiment was performed to measure the temperature tuning of a YCOB crystal during long temperature range for
the same fundamental energy of 1.8 mJ. The holder temperature changed from 25°C to 220°C for Cz grown crystal and up to
170°C for the Bridgeman grown crystal. The difference in temperature range is because of crystals different aperture size and
limited amount of heating power available. The slope for the crystal was -0.057%/°C and -0.064%/°C for the Cz and
Bridgman grown crystals respectively (Fig. 1).
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