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Nd:GdVO; is a relatively new laser material with spectral properties very similar to those of Nd:YVO,. It was
initially reported that it had almost twice the thermal conductivity of Nd:YVO,, and therefore was said to reduce
negative thermal effects. Sato and Taira [1] recently re-measured the thermal conductivity and its temperature
dependency and found that it was significantly lower than that of Nd:YVO,. They also reported that dn/dT in the
higher gain m-polarisation of Nd:YVO, is 7.92 at 1064 nm, compared to 10.1 for Nd:GdVO,. One would
therefore expect that Nd:YVO, would have weaker thermal lensing, since it is influenced by both the thermal
conductivity and dn/dT. To our knowledge, a direct comparison of the thermal lens of the two materials has
never been performed with equal doping concentrations and dimensions. Therefore, we aimed to compare the
two materials directly under diode-end-pumping by performing thermal lens measurements during lasing with a
HeNe probe beam using identical low-doped (0.15%), 4x4x18 mm’ crystals. Our setup was such that we could
separately analyse the dioptric powers in the ¢ and & polarisations.

The measured dioptric powers for the two polarisations of both materials are shown in Figure 1 as a function
of absorbed diode pump powers at relatively high levels. We observed that for both polarisations the thermal
lens of Nd:YVO, is weaker than that of Nd:GdVOy,. It is also shown that it is much stronger in the ¢ polarisations
than in the 7 polarisations in both crystals. Also plotted in red are the dioptric powers of the m polarisation of
Nd:YVO, measured under non-lasing conditions. It is significant that there is almost no difference between non-
lasing and lasing dioptric powers, which indicates that upconversion is negligible, probably due to the low
doping concentration of the crystals. Similar results were obtained for Nd:GdVO,.

There are a number of values in the literature for dn/dT of the Nd:YVO, & polarisation at 1064 nm, ranging
from 3.92 x 10 to 10.4 x 10 [1-3]. In addition, most manufacturers’ data sheets state a value of 3 x 10°. In
order to validate this, we performed thermal lens measurements at 1064 nm using a modified version of
Neuenschwander’s method [4]. This entails characterising the TEM,, output beam and then calculating what the
thermal lens is in the laser crystal. By using TEM, beams of ~65% of the size of the pump beam in the crystal,
we effectively measured only the relatively unaberrated central part of the thermal lens.

,_22 1= [E -Nd:GdVO4 o 16 4 X Measured
"£20 4- ¢ -Nd:yvos o < 14 - - shietaldn/dT =10.4x 10°®
E’ 1 —#—Nd:GdVO4 .- - -g- 12 : ——Sato + Taira dn/dT = 7.92 x 10°
S 18 7 ® Nd:YVOu m nonlasing . = o g_ 4 — ‘Bermudez et al. dn/dT = 3.92x 10
% 16 4 ——Nd:YVO, - L.em T - b 10 1 — ‘Manufacturers data dn/dT =3 x10°
- - 9]
; 8 AN
c 6 % =
£ 4] W eem e
kel ] XX = -
4 o 2 = =
8 ¥ T T T v T T T v 0 l- I/-lkl- T L) v L) v L) L T v L} v T v T M
60 65 70 75 80 85 0O 10 20 30 40 50 60 70 80 90 100
Absorbed Diode Pump Power [W] Absorbed Diode Pump Power [W]
Fig.1 Dioptric powers at 632nm of both polarisations of Fig.2 Measured and calculated dioptric powers at 1064 nm in the
Nd:GdVO, and Nd:YVO, under diode end pumping. n polarisation of Nd:YVO, under diode end pumping.

We subsequently modelled the temperature distribution in the crystals with the three dimensional FEA
simulation program LASCAD to obtain the dioptric powers versus the absorbed diode pump power for the
published dn/dT values. The model took into account the temperature dependence of the thermal conductivity
taken from [1], the average kurtosis parameter of the pump beam and the varying pump absorption due to the
shifting wavelength of the high power diode laser with increasing power. The results illustrated in Figure 2 show
that the dn/dT value given by Sato and Taira [1] best fits our data. The simulations also revealed that the
seemingly nonlinear behaviour of the measured dioptric powers was a result of the changing pump wavelength.
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