Direct comparison of the thermal lenses of diode-end-pumped Nd:YVO, and
Nd:GdVO, lasersusing a simple evaluation technique

M.J. Daniel Esser, Christoph Bollig and Dieter Preussler
National Laser Centre, CIR, P O Box 395, Pretoria, 0001, South Africa
(E-mail: desser @csir.co.za)

Knowing the pump-induced thermal lens of a laseteni@ is crucial for the design df L
high-power diode-end-pumped solid-state lasers. thieemal lens depends on a number|of, Ly
parameters, including material properties suchhasthermal conductivitydn/dT and the
absorption and emission cross sections at the pamgplaser wavelengths. However, t
published values for these properties vary in itexature. This is especially true for t
thermal conductivity of the relatively new laserteréal Nd:GdVQ. A design based only O end-mirror)  (output coupler) M
calculated values of the thermal lens of Nd:GdW@ll be uncertain and a comparison with
Nd:YVO, will be inconclusive. An alternative approachdsevaluate the thermal lens inside y,.vvo,
laser under the same pumping and cooling configuratas it will be employed in the high
power laser to be designed.

In this work, the thermal lenses generated in dedé-pumped Nd:YVQ and
Nd:GdVQ, lasers were evaluated and compared using a siteplnique based on th
stability criteria of a plane-parallel laser resmmnge.g. 1], as shown in the top figure. Tl
general stability parameters still hold for thisaeator with a thin thermal lens close to 1
end-mirror of the cavity [2]. By increasing the ppipower into the laser crystal, the resong
will become unstable when the thermal lens lengthgual to the fixed length, at the point
where the stability criterion 0€g<1 no longer holds.

Additional considerations were made while using ttichnique to avoid ambiguot
and incorrect results. The fundamental resonatodemsize on the end-mirror (M was
calculated for a decreasing thermal lens focaltehgp to the point of instability. With thit
information, the pump beam radius of 3Bn was chosen for the resonator leng
L; =30 mm and_; =123 mm. This was to ensure high overlap efficieatthe pump bean
and resonator mode inside the laser crystal. Jefrd the point of instability where th
fundamental mode in the crystal approaches infiritye overlap efficiency became po
which resulted in a decrease of laser output p@mdrbeam quality.

The second aspect considered was the high gairotbf Wd:YVO, and Nd:GdVQ
which allowed the laser to operate even when tilserr@or was well within the unstab
region. The increasing thermal lens strength didrmeeessarily result in a decrease in out
power, even when it was beyond the stability pahtthe resonator and operated as
unstable resonator. Because of this, the laser Ipeafite was also monitored while increasi
the pump power into the laser. Analysis of this sueament served as an essential indicatc
when the resonator became unstable, and it indicate point where the overlap between 1
resonator mode and the pump beam became poor. 3

It can be seen from the experimental data thatOtB& % (at.) doped Nd:YVPand
Nd:GdVQ, lasers produced different results when pumped footh ends with 30 W fibre
coupled laser diodes in the same resonator andngoobnfiguration. The Nd:GdVQlaser |
experienced a detrimental change in its beam prefil a total pump power of 10 — 11
where it produced 4 W of continuous wave output @owfhe same
detrimental effect for Nd:YVQonly appeared at a pump power above
14 W where the output power was 5.7 W. It was amtedl that the _ °1
thermal lens in Nd:GdV@Qwas stronger than in Nd:YVfat the same= s
pump powers. It is clear from the results presemie@ that the outputs |, |
power still increased after the point of instapijliand that both laserss
operated in an unstable mode at high pump powers. ¥

It was concluded that the point where the lasepeslefficiency
decreases to zero or becomes negative cannot lbdeassthe decisive™ , |
indicator for the instability of the plane-parallesonator. The beam . A
profile also needs to be considered to evaluatettbemal lens. ltwas o > 4 6 s 10 © 1 1 B 0 » 2
demonstrated that this simple technique can be liabke tool in Total pump power [W]
comparing the thermal lens behaviour of high-podiede-end-pumped Nd:YV{and Nd:GdVQ lasers.
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