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Abstract -. We discuss resonator design issues for  inrracavity Raman lasers Containing nu0 independent, 
dynamic thermal lenses. Understanding t h e m 1  effects has enabled us to demonstrate record powers of J.4W 
at 578nm and 1.7W at 579nm using Lilo, and KGd(WO& Raman crystals respectively. 

All-solid-state Raman lasers based on standard diode-pumped laser-active materials and incorporating 
crystalline Raman materials in intracavity or extracavity configurations. offer outstanding promise for the 
development of practical sources in the near-infrared or, by nonlinear Second Harmonic Generation (SHG), in 
the visible, with multi-watt average powers [1,2]. A major role for solid-state Raman lasers maybe in accessing 
the yellow-orange spectral region, where few solid-state sources are available. A broad range of applications in 
science, biomedicine, defence and other industry is anticipated for such sources. 

Critical to the design and operation of efficient high average power solid-state Ramad lasers is an 
understanding of the effects of thermal loading of both the laser crystal (due to pump light absorption) and the 
Raman crystal (due to the inelastic nature of the SRS process). Thermal lensing in the laser crystal scales with 
diode pump power.density and is usually positive in sign. Thermal lensing in the Raman crystal scales with 
time-averaged Stokes power density and is usually negative in sign. Lens strengths F e  largely determined by 
the thermal properties of the crystals used, and can be quite strong; we have previously measured negative lens 
powers of >IOdioptres in Lilo3 and Ba(N03), Raman crystals [ 2 ] .  By contrast, KGd(WO&, which has recently 
showed good promise as a Raman crystal, is reported to have much better thermal properties [31 and much 
weaker thermal lensing is expected. 

We discuss the key design issues associated with an intracavity Raman laser configuration, in which 
the Raman-active crystal is placed inside the resonator of the pump laser. This configuration is well suited for 
cw-pumped, repetitively Q-switched lasers because it utilises the high intracavity power. Optimisation of the 
system has involved designing an optical resonator which simultaneously enables efficient energy extraction 
from the laser gain medium, efficient conversion through SRS and efficient frequency doubling (if the second 
harmonic is required). Also, overall cavity stability needs to be maintained and crystal damage avoided. 
A frequency-doubled intracavity R m  laser with strong t h e m 1  lensing in the Raman crystal (Lilo,). 

We have demonstrated a practical and efficient, frequency-doubled Raman laser source which produces 
a maximum average power of 1.42W at 5781" The source is based on a NdYAG laser crystal producing Q- 
switched fundamental output at 1064nm. with intracavity SRS in a 5 x 5 ~ 5 0 "  LiI03 crystal to generate the first 
Stokes wavelength at 1156nm and intracavity SHG to generate output at 578nm. The pump source for the entire 
system is-a fibre-coupled diode producing 18W at 808nm, and the optical layout was based on the predictions of 
the resonator modelling. 

An ABCD resonator analysis has been used to model the resonator stability parameters over the range 
of relevant combinations of thermal lens powers from Nm-on to the optimum operating point. The modelling 
allows resonator stability and mode sizes at the mirrors to be mapped, over the operating range of the laser. 

The optical to optical conversion efficiency is 7.8%. The yellow laser output occurs in a TEM, mode, 
with pulse duration -10ns and optimum pulse repetition frequency -8kHz. Short term stability of the laser is 
gwd (typically<5%) and the device operates stably over periods of tens of hours. 
A frequency-doubled intracavity Raman laser with w e d  thermal lensing in the Raman crystal (KGW). 

We present preliminary results obtained using a similar configuration to that described above, but with 
KGW (weaker thermal lensing) substituted for LiIO3. The KGW crystal was cut and oriented so that the fust 
Stokes wavelength was 1158nm. A maximum average power at the second harmonic (579nm) of 1.7W was 
achieved, corresponding to an optical conversion efficiency of 9.4%. The yellow laser output occurs in a TEM,  
mode, with pulse duration -1011s and optimum pulse repetition fiequency -1OkHz. The improved performance, 
compared to LiI03 may be due partly to a slightly-higher Raman gain coefficient and is thought to reflect the 
weaker thermal lensing in KGW which produces a smaller mode size (and more efficient SHG) in the doubling 
crystal. Further optimisation and modelling are ongoing 
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