Frequency-converted Nd:YAG laser producing output at 599nm.
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There is a demand for visible lasers operating at wavelengths not easily reached using conventional solid-state lasers.  Potential applications include remote-sensing, display and medical applications. We have developed a source at 599nm based on a Nd:YAG laser, stimulated Raman scattering (SRS) in barium nitrate, and second harmonic generation (SHG). 

The Nd:YAG laser is an air-cooled Co-Planar Folded Slab design pumped by a 20W, 808nm diode and Q switched using a Pockel’s cell. The laser output at 1064nm is 4.6W when running in CW mode.  For the experiments reported here, it is operated at 4kHz where it produces 2.9W output in pulses with ~7ns duration (fwhm).  This output is focussed into a simple Raman oscillator comprising a 5cm long crystal of Barium nitrate between two mirrors.  The output from the Raman oscillator occurs at 1198nm, which can then be frequency-doubled to produce orange output at ~599nm.  

As a result of thermal loading associated with the inelastic SRS process, a strong negative thermal lens develops in the Raman crystal.  The (negative) lens power is predicted to scale with the average power-density at the first Stokes wavelength to magnitudes in excess of 10dioptres.  This dynamic lensing effect needs to be taken into account in designing the Raman laser resonator and in tailoring the pump mode, in order to achieve high conversion efficiency and good beam quality output.

In the experiments performed to date, an output power of 1.32 W was achieved at 1198nm, corresponding to an overall optical (1064nm) to optical (1198)conversion efficiency of 46%.  Threshold for the Raman resonator was 0.7W at 1064nm, and the slope efficiency was 63%, reasonably close to the theoretical maximum of 88%. The Stokes output pulses were ~5ns duration.  The beam quality was quite good (M2~1.4) at lower Stokes powers, but at higher powers the beam became multimode, indicating that the resonator design and pump focussing optics need to be optimised.

In preliminary experiments, the Stokes output was frequency doubled in an LBO crystal, producing up to 270mW at 599nm.  Higher powers are anticipated when the beam quality from the Raman oscillator is improved.

