
Circular beams from slab lasers 
 

J. I. Mackenzie and W.A. Clarkson 
Optoelectronics Research Centre, University of Southampton, Highfield, Southampton SO17 1BJ, U.K. 

jim@orc.soton.ac.uk 
 

Abstract: A novel resonator concept that produces a circular output beam and highly-elliptical cavity mode suitable for 
slab lasers is presented, including preliminary results for a diode-bar-pumped Nd:YLF slab laser. Prospects for power 
scaling are considered. 

 
Solid-state lasers with high-average-powers have traditionally been limited by the heat generated within the gain 

medium causing additional loss and degrading the beam quality and thus laser brightness. As such the choice of gain 
media geometry and the pumping scheme has revolved around minimising the thermal load and/or its adverse effects. 
Laser architectures involving slabs, thin-discs and optical fibres, which all have the advantage of a large cooling 
surface-area with respect to their pumped volume, have emerged as the most promising candidates for alleviating the 
problems associated with these thermal effects. The planar geometry is unique in that it also allows the optimisation of 
the active ion concentration and host materials dimensions, thus the potential round-trip gain and energy storage 
capacity for efficient high-average-power pulsed lasers. Unfortunately the slab geometry is not a good match to the 
circularly symmetric resonant mode of a typical laser resonator and thus is prone to poor beam quality along the major 
axis of the gain medium. The standard solutions for remedying this problem (i.e. using multi-pass [1], or stable-unstable 
[2] resonator designs) often impose unwanted constraints, which limit the performance and limit the scope for extending 
functionality. In this paper, we present a novel, low-loss, stable-resonator concept that provides a circular output beam 
from the laser whilst providing a highly elliptical beam in the planar gain medium. The ability to change the beam’s 
aspect ratio intra-cavity, in a low loss fashion, allows the use of thin planar pump regions with their well-known thermal 
management advantages whilst maintaining a good overlap with the fundamental mode. It also facilitates the use of 
additional intra-cavity components (e.g. frequency doubling crystals, Q-switches, etc) to extend the range of operating 
capabilities.   

Our approach requires only two additional high reflectivity curved mirrors, which provide the transformation 
from a circular to a highly-elliptical resonant-mode by exploiting the relative astigmatism exhibited by off-axis 
reflections from curved surfaces, i.e. ftan=Rcos(θ)/2 and fsag=R/(2cos(θ)), where θ is the incidence angle, and R the 
mirror radius. By configuring the cavity such that the sagittal plane of the first additional mirror (A) is disposed to be 
the tangential plane for the second mirror (B), and vice versa, then due to the difference in focal length for the two 
incident planes it is possible to choose the angles of incidence on the mirrors, their radii and separation, so as to satisfy 
the afocal condition for the orthogonal directions simultaneously. As such the change in the aspect ratio for the intra-
cavity beam is approximately given by cos2(θA)cos2(θB).  For appropriate tilt angles, this is much larger than can be 
achieved via techniques employing anamorphic prism pairs or orthogonal cylindrical lens telescopes and with lower 
loss. Noting that the stability criterion for an active resonator needs 
to be satisfied, the choice of mirror separation must be carefully 
selected, as will be discussed. Figure 1 shows the calculated values 
for the TEM00 mode radius of the orthogonal axes as a function of 
position for a typical resonator configuration. With the planar gain 
medium located near the high-reflectance (HR) mirror it coincides 
with the cavity mode having an aspect ratio of ~10:1, a good match 
to a reasonable diode-pumped volume, while at the output coupler 
(OC) the beam is essentially circular.  

Output powers approaching 10W for 30W of incident pump, 
with a slope efficiency of 35% and good beam quality M2~1.2-1.4 
have been obtained with a Nd:YLF slab. Good conversion efficiency 
and beam quality demonstrate that this concept is ideally suited to 
planar gain media with highly elliptical gain distributions, fully 
exploiting the thermal advantages of this geometry. Comparison with 
pulsed operation will be made and the power-scaling prospects 
discussed. 
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Figure 1:  TEM00 radius versus position 


