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Abstract.  The efficiency of diode-pumped lasers with gain elements 
made from yttrium, gadolinium, yttrium – gadolinium and yttrium – 
scandium orthovanadate crystals has been shown for the first time 
to be influenced by structural imperfections (quality) of the crystals. 
This allows one to predict lasing parameters of such crystals in a 
preliminary step, without fabricating gain elements.
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The use of yttrium, gadolinium and mixed rare-earth vanadate 
crystals [1 – 9] as gain media of diode-pumped lasers imposes 
certain requirements on their quality. Very few X-ray diffrac-
tion (XRD) studies have been concerned with the quality of 
yttrium and mixed rare-earth vanadate crystals, and it is not 
yet clear how the structural perfection of such crystals influ-
ences  their  lasing performance.  In connection with  this,  the 
study  of  the  lasing  parameters  of  diode-pumped  rare-earth 
vanadate crystals in relation to their structural perfection is of 
scientific and technological interest.

In this paper, we report an XRD study [10] of the quality 
of  yttrium,  gadolinium,  yttrium – gadolinium  and  yttrium –
scandium  vanadate  crystals  doped  with  neodymium  ions 
(CuKa1  radiation,  1.54 Å).  The  neodymium  content  of  the 
crystals was 0.5 at %.

The quality of the crystals was assessed from their XRD 
rocking curves: angular dependences of the diffracted X-ray 
intensity when the crystal is rotated through the Bragg angle 
[11 – 13]. We used the (100), (110), and (001) reflections. An 
important parameter of a rocking curve is its full width at half 
maximum  (FWHM).  In  the one-crystal  configuration used, 
the instrumental function (minimum rocking curve width) was 
1.6'.  Because  the  rocking  curves  of  the  rare-earth  vanadate 
crystals studied ranged in FWHM from 2 to 19', the one-crys-
tal configuration used was suitable for sorting out the crystals 
according to their quality. From the rocking curve width, one 
can evaluate the mosaic spread of the single crystal, i.e., the 
crystal lattice disorder in the material.

We studied YVO4:Nd3+, GdVO4:Nd3+, Gd0.7Y0.3VO4:Nd3+, 
Gd0.9Y0.1VO4:Nd3+ and Y0.97Sc0.03VO4:Nd3+ crystals. Iso mor-
phic substitutions are known to influence the theoretical rock-
ing curve FWHM. In the case of rare-earth vanadate crystals, 
this influence can be neglected because crystal mosaicity has a 
much stronger effect on the rocking curve FWHM than does 
the  structural  disorder  due  to  isomorphic  substitutions.  In 
view of this, the effect of crystal mosaicity on the lasing per-
formance  of  the  rare-earth  vanadate  crystals  was  analysed 
without taking into account their composition.

We  examined a  total  of more  than 50  rare-earth ortho-
vanadate crystals. Here, we present results for typical crystals. 
XRD  characterisation  showed  that  the  crystals  differed  in 
quality. They were divided into three groups according to their 
structural  perfection  and  lasing  efficiency:  crystals  of  good 
quality, with a rocking curve FWHM, Dq, within 4' and lasing 
efficiency, h, in the range 40 % – 60 %; crystals of satisfactory 
quality, with Dq = 4 – 6' and h ~ 35 %; and crystals of unsatis-
factory quality, with Dq > 6' and h = 10 % – 20 %. Lasing effi-
ciency  is  here  taken  to  mean  the  ratio  of  the  laser  output 
power to the pump power absorbed in the active medium. As 
an example, Fig. 1 shows rocking curves of YVO4:Nd3+ and 
Gd0.7Y0.3VO4:Nd3+ crystals.

Some of the crystals studied (or some regions of the crys-
tals) had a mosaic structure, which was evidenced by separate 
peaks in their rocking curves. The misorientation between the 
mosaic blocks  in some of  the crystals ranged from 3 to 40'. 
Such crystals were included in the third group (unsatisfactory 
quality) because the gain elements fabricated from them had 
very low lasing efficiency. Therefore, mosaic crystals should 
be rejected  in a preliminary step and should not be used  to 
fabricate gain elements.

The  lasing  performance  of  the  crystals  was  studied  in 
continuous mode under diode end-pumping. The laser diode 
( l  =  808  nm)  provided  cw  radiation  in  a  single  transverse 
mode (TEM00), with up to 16 W of power at the output fibre 
pigtail (100 mm diameter, NA = 0.22). The pump beam was 
focused into a gain element to a spot diameter of 200 mm. The 
cavity was  formed by a high-reflectivity plane mirror and a 
13 % reflective output mirror. The relative uncertainty in our 
measurements was within ±15 %.

Figure 2a shows the laser output power as a function of 
pump power for gain elements made from the GdVO4:Nd3+, 
Gd0.9Y0.1VO4:Nd3+,  Gd0.7Y0.3VO4:Nd3+  and  YVO4:Nd3+ 
crystals.

Analysis of the lasing performance of the gain elements from 
the yttrium vanadate, gadolinium vanadate, Gd0.7Y0.3VO4:Nd3+, 
Gd0.9Y0.1VO4:Nd3+ and Y0.97Sc0.03VO4:Nd3+ crystals in relation 
to their structural perfection (as assessed from the FWHM of 
their  XRD  rocking  curves)  showed  that  these  parameters 
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were correlated in some manner. Figure 2b shows the lasing 
efficiency as a function of rocking curve FWHM at a pump 
power of 4.5 W. The lasing efficiency of the gain elements made 
from  the  rare-earth vanadate  crystals  is  seen  to be  strongly 
influenced by structural imperfections, quantified by the XRD 
rocking curve FWHM.

The correlation found here allows one to predict the lasing 
performance of crystals  from XRD characterisation results, 
without fabricating gain elements for lasing experiments. This 
considerably facilitates and reduces the price of the fabrica-
tion of high-quality gain elements from rare-earth vanadate 
crystals.
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Figure 1. Typical rocking curves of gain elements: (a) YVO4:Nd3+ crys-
tal of satisfactory quality (Dq = 5.4’ ), (b) YVO4:Nd3+ crystal of unsat-
isfactory  quality  (Dq  =  9.6’ ),  (c)  Gd0.7Y0.3VO4:Nd3+  crystal  of  good 
quality (Dq = 3.2’ ).
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Figure 2. (a)  Laser  output  power  as  a  function  of  absorbed  pump 
power for gain elements made from GdVO4:Nd3+, Gd0.9Y0.1VO4:Nd3+, 
Gd0.7Y0.3VO4:Nd3+ and YVO4:Nd3+ crystals. (b) Lasing efficiency as a 
function of rocking curve FWHM for GdVO4:Nd3+, Gd0.9Y0.1VO4:Nd3+, 
Gd0.7Y0.3VO4:Nd3+, YVO4:Nd3+ and Y0.97Sc0.03VO4:Nd3+ gain elements 
at a pump power of 4.5 W.
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