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We report a CW, frequency doubled, Nd:GdVO4 self-Raman laser producing 2.51 W of CW 
yellow emission with a 12.2 % overall optical (diode-to-yellow) conversion efficiency. This high level 
of output power is a result of a laser design which minimises thermal loading of the laser crystal, 
minimises resonator loss at the fundamental and first Stokes wavelength and maximises the collection 
efficiency of the yellow light generated in the doubling crystal; each of these key design goals were  
identified in [1].  More specifically, the laser was pumped at 880 nm, as opposed to 808 nm, resulting 
in a reduced thermal load in the self-Raman laser crystal and enabled the use of higher pump powers. 
The reduced thermal lens in turn allowed for a longer (20 mm) Nd:GdVO4 crystal to be used, resulting 
in higher Raman conversion. Resonator losses were kept as low as possible, by using a single “self-
Raman” crystal to perform the dual functions of laser gain material and Raman shifting medium [2].  
For efficient collection of the yellow emission into a single output beam, an intracavity dichroic mirror 
was used with the additional benefit of preventing any thermal loading of the laser crystal caused by 
absorption of yellow light by the laser crystal. 

The laser resonator is very simple, comprising a diode end-pumped 0.3% a-cut Nd:GdVO4 
(4x4x20mm) self-Raman crystal, an LBO crystal (4x4x10mm, ncpm, 45.5o C) and three mirrors, as 
shown in Figure 1. Full details can be found in [3]. The pump source was a 30 W, 880 nm, fibre-
coupled laser diode (LIMO) with 200 µm diameter fibre core, and the output was imaged with 
1:2magnification (to an effective diameter of 400 µm) onto the face of the Nd:GdVO4 laser crystal. The 
laser resonator was formed using a flat input mirror, and a 5cmcc output coupler, both coated with 
reflectivity >99.994% @ 1063 nm/1173 nm and transmission >95% at 586nm. The intracavity mirror 
was flat, providing high transmission at 1063-1173 nm and high reflectivity at 586.5 nm (R=98.7%). 

As shown in Figure 2, CW output powers, up to 2.5 W were achieved for a diode power of 22W 
incident on the laser crystal.  Thermal lensing in the Nd:GdVO4 caused the resonator to become 
unstable at higher input powers.  Modulating the laser diode, which reduces thermal loading, enabled 
operation at higher at higher pump powers to be investigated, and (instantaneous) yellow output powers 
up to 3.25 W were achieved at 50% d.c. (power scaling plots for 50ms on / off and 100ms on / off are 
shown in Fig. 2).  

The laser output had very good long term stability (<3% drift over 40mins), however there is a 
higher level of amplitude noise (~15%) in the 100MHz region.  The beam quality of the yellow 
emission was M2~ 2 just above the yellow emission threshold and rose to M2~ 6 at maximum pump 
power.  Our future work will address these issues of beam quality and amplitude noise. 
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Fig. 2. Instantaneous yellow output vs pump 
power (incident on crystal for CW and pulsed 
operation (50% duty cycle). 

Fig. 1. Resonator configuration for intracavity
frequency-doubled self-Raman laser. 
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