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Abstract: A novel resonator concept that produces axisynmimetrtput from a thin-planar gain
medium with a highly elliptical pump cross-sectiagn described. Preliminary studies of this
power-scalable approach using a Nd:YLF slab lasepeesented.

OCI S codes: (140.3410) Laser resonators; (140.3300) Laser lskeaping

1. Introduction

Traditional high-power laser designs aim to overeotihe heat generated within the laser medium thates
efficiency loss, and potentially limited operatibdidetime. The focus of attention has been on hguemping

schemes and gain media geometries that minimisenttidoading and/or its deleterious effects. Theempeting

laser architectures (thin-slab, thin-disc and fildlrave emerged as the most promising schemes léviaing the

problems associated with these thermal effects.pldear geometry, in addition to excellent thermanagement,
offers the flexibility to optimise the active ioromcentration and host material dimensions, andrdetgly the

round-trip gain, with the potential for producingylh pulse energies as well as high average powerspite these
benefits, slabs lasers typically suffer poor inAgldbeam quality when using standard stable cayitigls previously
reported solutions including multi-pass resonagsighs [1], or the use of intracavity cylindricgtics [2].

In this paper, we present preliminary findings dgproof-of-principle investigation of a novel, Idess, stable-
resonator concept that transforms a highly ellgtizavity mode, providing excellent overlap wite tthin-planar
excitation volume, into an axially symmetric outgagam. Demonstrated using a diode-bar end-pumpedLRd
thin-slab gain medium with a pump focal-spot aspativ of ~10:1, good laser efficiency and beamliqueesulted.
The simplicity of this resonator concept is a kdyantage to our approach. It has the potentiabteonly enable
brightness scaling of thin slab-lasers with a coimet circular output beam, but could well challerthe current
dominance of thin-disc and fibre lasers. Moreovieoffers a unique mode of operation, the capatitgenerate
high pulse-energies through gain engineering, nail@le to these other geometries.

2. Resonator concept

Our approach employs a simple optical arrangememipcising two high reflectivity mirrors, which asdigned so
that the sagittal plane of the first mirror (A) betes the tangential plane of the second (B), sirbpliilting them
about orthogonal axes, x and y as shown in Fighgreby, exploiting the inherent relative astigsatiexhibited by
off-axis reflections from a curved surface due he tifference in focal length for the two incidguanes, i.e.
f?=Rcos@)/2 and ¥*ER/(2cosP)), where 0 is the incidence angle, and R the mirror radiusth¥ angles of
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Fig. 1. Schemati of the beam transformer resone



incidence and mirror radii are selected so thatifB,)tan(©4)=Rssin(Bg)tan®g), then the two mirrors (A, B) when
separated by, dzf+fg*=fsY+fz’, satisfy the afocal condition for the orthogonaedtions simultaneously. The
resulting magnification factors of the beam intgnsdistribution in the orthogonal axes is given by;
M*=fg*/fa*=(Ra/Rg).(c0SPA)c0s@s)) and M=fg"/f,’=(Ra/Rg)/(cos@a)cosPBg)). Noting that the stability criterion for
an active resonator must be satisfied, intracabigychoice of mirror separation differs from thabwn. Applying
this concept allows an elliptical cavity mode i tslab to be transformed such that it is circuldtirey the mirror
pair, dependent upon the choice of radii, theatilyles, and their respective spacing. An analogptisal system
would be two orthogonal cylindrical telescopes witikir magnifying directions opposing each othdnjolr has the
disadvantage of eight lens interface losses ardively large phase aberration, as opposed to wdyreflections
for a beam transforming spherical mirror pair.

3. Experiment resultsand discussion

Fig. 1 is a schematic of the experimental setuml usemprising, a single 792nm diode-bar end-pumgging
1x10x12mm, a-cut, 0.5at.% Nd:YLF slab (c-axis atidrio x axis) and the beam transformer resonatibr aviL0%T
output coupler (OC) mirror. Heatsinks provided anifi heat extraction through the top and bottom slatfaces.
Pump absorption was 94% with an in-slab averagetsize of ~4250m x 425um.

Laser threshold occurred at an incident pump pa@fe3.6W consistent with theoretical calculationsl ahe
estimated round-trip cavity losses (L~2.8%). Dua fower p-pol. reflectance (w.r.t. s-pol.) for tlileed mirrors, a
half waveplate was used to rotate the polarisaietween mirrors A and B. At the maximum availabieident
pump power of 30W an output power of 8W was obthingith a slope efficiency of 33% (35%) with respex
incident (absorbed) power. Relay-imaging the outmupler with a telescope, the second moments cddihe
exiting beam were determined to be ~0.4mm for laars with measured beam quality of'¥.2 and M2:1.4.

Results of a model for the cavity-mode size asractfan of the position from the HR mirror are shoimn
Fig. 2, illustrating the large change in aspedbrabtained between the slab and output coupldurEunvestigation
of this resonator concept will allow further optsation of the intra-cavity mode dimensions to eaabffraction-
limited performance with the appropriate aspedbrfatr a particular pump distribution.
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Fig. 2. Plot of the intra-cavity mode radii for tk@nd y-axes as a function of the distance froe\HR mirror.

4, Summary

We have demonstrated a novel laser resonator thaides an order of magnitude change in the agjpict of the
intracavity mode, between the gain medium and thipud coupler. Good conversion efficiency and beprality
demonstrate that this concept is ideally suiteghlemar gain media with highly elliptical gain disutions, fully
exploiting the thermal advantages of this geoméfiyjs approach opens the way for power-scalabletisols for
pulsed as well as CW lasers, a unique advantatiérsplanar media over the fibre or thin-disc lagarhitectures.
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