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Summary 

We investigated the effect of absorption in volume Bragg gratings (VBGs) and the 
associated temperature effects that appear when they are used as mirrors in diode 
pumped solid-state lasers. The primary result is an uneven longitudinal temperature 
distribution that causes a reduction in the reflectivity and the spectral selectivity. 

Introduction 

VBGs written in photo-thermo-refractive glass [1] offer good optical and mechanical 
properties, and can provide reflectivities >99% and bandwidths < 0.2 nm. These 
gratings have found use in many applications including locking of solid-state lasers 
[2,3]. A VBG can handle power in the kW regime, but a small absorption leads to 
heating of the grating which changes its spectral properties. When VBGs are used as 
laser mirrors the intensity varies both transversely and longitudinally and as they are 
being used for increasingly higher power it is important to understand the effect of 
absorption on the laser performance. To be able to more easily investigate how VBGs 
will act as laser mirrors under high power operation we used a VBG with considerably 
higher absorption than usual, approximately 2.8 %cm-1, which provides the opportunity 
to study the thermal effects using only moderate laser power, instead of going to record 
high powers. From these results one can instead extrapolate the performance at high 
powers.  

Experimental setup, discussion and results  

A Yb:KYW laser was built in two versions only differing by the cavity end mirror, the 
first with an ordinary dielectric mirror (“reference laser”) and the second with a VBG 
(“VBG-laser”). The cavity was a w-folded standing wave cavity. The Yb:KYW crystal 
was 1.5 mm long, Ng-cut with 5 % Yb-doping and had both end-surfaces AR coated for 
pump and signal, and it was placed in a water-cooled copper holder. A plano-concave 
mirror (f=50 mm, R=85%) at 1000-1150 nm was used for output coupling. The cavity 
was folded by using two flat mirrors and one curved mirror (f=100 mm). The laser mode 
radii (1/e2) were 130 μm and 250 μm inside the Yb-crystal and at the surface of the 
VBG, respectively. The laser was pumped by a fiber-coupled diode laser with a 
maximum output power of about 20 W at 981 nm. The power transmitted through the 
output coupling mirror and the VBG, respectively, was recorded at all pump powers. 
The 9.7 mm long VBG had an aperture of 5x5 mm2 with an initial reflectivity of 99.4% at 
1029 nm and a spectral width of 0.2 nm. The VBG was placed on a Peltier element and 
kept at 20oC in all the measurements. The temperature distribution in the VBG was 
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investigated using a Michelson interferometer, where the measurement arm was 
perpendicular to the propagation direction of the resonating laser mode.  

The threshold and the slope were almost the same for the VBG and the reference 
laser up to pump powers of 17 W, see Fig. 1.a. For stronger pumping the VBG laser 
had a significant drop in the slope and at the same the spectrum started to fluctuate with 
multiple wavelength peaks, see upper graphs in Fig. 1.b. At the same time laser light 
“leaked” out through the VBG (lower trace of Fig. 1.a). The absorption, which 
preferentially takes place in the beginning of the VBG shifts and chirps the grating 
response. It leads to a decrease in the reflectivity of the VBG and a broadening of the 
spectral response.  
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Fig.1.a. The figure shows the output power vs. pump laser from the reference laser (+) and the powers 

coupled out through the output coupling mirror (x) and the VBG of the VBG laser (●). The error bars 
marks measured power fluctuations. 1.b. Spectra for the VBG laser at low pump power (bottom trace, 
11W) and high pump power (upper traces, 20.8W). 
 

The results of the interferometric measurement shows that the highest temperature 
was located about a fourth of the length into the grating at the side closest to the laser 
cavity. It is due to air cooling of the end surface of the VBG. The temperature profile, 
with two gradients, gives the VBG a longitudinal “double chirp”. These observations are 
consistent with simulations and can be used to foresee the performance of VBG lasers 
with low absorbing gratings at high powers.   
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