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Abstract:  Monitoring the optical field energies in an intracavity cascaded Raman laser enables us to probe the 
dynamics and optimise the performance of the laser which selectively produces up to 1.8W average output power at 
5 wavelengths between 532nm and 636nm by simple angle tuning.  

1. Introduction
Intracavity Raman shifting of Nd lasers in crystalline media offers a practical and efficient means of 
generating laser output in the yellow-orange-red spectral region, which is not readily accessed by 
conventional solid-state lasers, and of increasing interest for applications including medicine, remote 
sensing and visual display.  
 Most recently [1], we reported that the cascaded nature of SRS process can be utilised to generate 
wavelength-selectable output at visible wavelengths in the green- yellow-red spectral regions.  In an 
intracavity Raman laser, the fundamental optical field at 1064nm is cavity-dumped through the nonlinear 
process of SRS (resonator mirrors are chosen to provide high Q at the fundamental).  Given sufficiently 
broad mirror coatings, the fundamental, first, second and potentially higher order Stokes wavelengths can 
all be resonated.  It is this “cascaded” nature of the SRS process which enables generation of wavelength-
selectable output in the visible, achieved by means of configuring a nonlinear crystal to frequency double 
the fundamental, or the first Stokes, or the second Stokes.  Alternatively, the nonlinear crystal can be 
configured to generate the sum frequency of these wavelengths.  LBO (angle or temperature tuned) and 
BBO (angle-tuned) are both suitable choices for the nonlinear medium.  The key challenge is to design 
the laser resonator so that the various processes of generating laser emission at the fundamental, Raman 
conversion, and frequency doubling/mixing are simultaneously optimised.   

2. Design of the wavelength-versatile Raman laser
The experimental arrangement is shown in figure 1.  It differs from that reported in [1] in that a simple 
linear configuration incorporating straightforward dichroic mirror coatings is employed. BBO is chosen 
as the frequency doubling crystal as it can be angle-tuned over a larger wavelength range. 

Figure 1:  Layout of wavelength-selective intracavity Raman laser 

The pump source is a fibre-coupled (400μm, 0.22NA), 808nm diode laser delivering around 20W 
to the Nd:YAG  laser crystal (5mm dia x 5mm long, 1% doping) with a pump spot size (beam radius) of 
~250microns.  The pumped face of the Nd:YAG crystal has high reflectivity at around 1064nm-1200nm 
and the rear surface is AR coated.  The fundamental output (1064nm) is acousto-optically-switched at 
around 10-20kHz.  The laser resonator is ~15cm long, defined by the coated plane face (M1) of the 
Nd:YAG laser crystal and an output coupler with radius of curvature 200mm (M2). The output coupler is 
coated to provide high transmission in the visible and high reflectivity in the infrared (1064nm-1200nm).  
The resonator also included a plane intracavity mirror (M3), with one side coated for high transmission 
(>95%) at wavelengths greater than 1064nm, and high reflectivity for wavelengths shorter than 750nm.  
The other side of the mirror was a AR-coated.. 

KGd(WO4)2 (5x5x25mm, cut along the optical Np axis) was chosen as the Raman medium, as it 
offers a high damage threshold, good thermal properties, and the Raman gain is polarization-dependent, 
so that a Raman shift of either 768cm-1 or 901cm-1 can be accessed [3].  The laser was operated without a 
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Fig. 2: optical field energies under different 
phase-matching conditions 

polariser because it was found that even two Brewster plates were insufficient to constrain laser 
oscillation to a single polarisation, probably because of the high-Q resonator. 

Frequency doubling was achieved using BBO (4x4x4mm), cut for type 1 non-critical phase-
matching and placed next to the intracavity mirror.  When the BBO was oriented for phasematching in the 
horizontal plane, which contained the optical Ng-axis of KGW, the 768cm-1 Raman shift determined the 
output wavelengths.  When oriented for phasematching in the vertical plane, which contained the KGW 
Nm-axis, the 901cm-1 shift determined the output wavelength.  

3.  Energy dynamics and laser performance 
 Laser performance was investigated for both orientations of the BBO nonlinear crystal, and the 
main results are shown in table 1, for phasematching in the vertical plane, and table 2, for phasematching 
in the horizontal plane.  The phase-matching angles were calculated using SNLO [3].  Relatively low 
output powers at wavelengths greater than 600nm are a result of large resonator mirror losses for 
wavelengths longer than 1200nm.  Optical to optical conversion efficiencies were  up to 9%. 

Output wavelength 532 nm 555 nm 579 nm 606 nm 636nm 

Output power 1.3W 0.45W 1.0W 0.25W 0.04W 
BBO angle [4] 22.8 22.2 21.7 21.1 20.7 

Output wavelength 532 nm 559 nm 588 nm 621 nm 658nm 

Output power 1.85W 0.75W 1.2W 0.06 - 
BBO angle [4] 22.8 22.1 21.5 20.9 20.4 

ssRelative measurements of fundamental and Stokes optical field energies were made using a 
fibre-optic spectrometer (Ocean Optics). As an example, it can be seen in figure 2, that when the BBO is 
not phase-matched for SHG or SFG, the energy is distributed (cascaded) between the fundamental, first 
and second Stokes optical fields. When the BBO is 
phase-matched, such that the laser produces 1.2W at 
588m, the measurements show around 50% depletion of 
first Stokes optical field, with very low conversion to the 
second Stokes. 

Monitoring the optical field energies for 
different configurations of the nonlinear crystal (and 
therefore different visible output wavelengths) has 
enabled us to design the laser such that SHG/SFG 
processes are effective in suppressing higher-order 
Stokes wavelengths.  The balance between the SRS and 
SHG/SFG processes is affected by numerous factors 
including resonator mode-sizes in the various crystals, 
choice of nonlinear crystal, Raman crystal length and the 
pulse repetition frequency.   

4. Conclusion 
 We have demonstrated a simple linear cavity with wavelength-selectable output at up to 5 visible 
wavelengths.  Higher output powers in the red should be possible by optimising the resonator mirror 
coatings.  Monitoring the relative energy of the fundamental and Stokes optical fields offers a useful and 
insightful approach to optimising the various processes occurring in the laser/ 
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Table 1:  Output wavelengths, output 
power achieved for phase-matching in 
the horizontal plane 

Table 2:  Output wavelengths, output 
power achieved for phase-matching in 
the vertical plane
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