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Coherence length of the KY(WQ,), single crystal

Potassium yttrium tungstate is a monoclinic crystal with space
group C2/c. The specific X-ray investigations presented in this
article determine the coherence scattering length for this
crystal. The scattering profiles were obtained using a Philips
MRD X-ray diffractometer. The Williamson-Hall method was
used to determine the coherence scattering length and internal
stresses.

1. Introduction

Diode-laser-pumped solid-state laser devices have a variety of
applications owing to the versatility of the process. A number
of crystalline hosts (more than 280) have been developed with
rare-earth ions, transition metals and actinides (Kaminiski &
Kaminskii, 1996; Kaminskii, 2003). There is little real appli-
cation in the laser world for parameters such as overall effi-
ciency, average power, thermal lensing, optical and mechanical
stability. Potassium yttrium tungstate [KY(WO,),, hereinafter
KYW] single crystals offer an unusual wealth of properties,
such as a large cross section, when they are doped with
lanthanides and some of these physical properties exhibit an
interesting anisotropy. KYW biaxial crystals are also called
self-active lasers, since the rare-earth ion laser emission and
the stimulated Raman scattering (SRS) occur inside the same
crystal (Griebner et al., 2005; Grabtchikov et al., 2002; Han et
al.,2002; Metrat et al., 1997; Gallucci et al., 1998). The physical
characteristics of the majority of crystals depend on their
structural properties and defect structures. The development
of crystal growth technology will require further structural
investigation.

The measurements of coherence length in a relatively large
single crystal of KYW is of great importance because it can be
used as a reference point for a subsequent study involving the
determination of the sizes of nanocrystals (Borowiec et al.,
2006). The grain size of nanocrystals of a given material
cannot be measured accurately using the X-ray method unless
the coherence length of the bulk material is known.

For nearly perfect crystals, such as Si or GaAs, the length of
coherence scattering mainly depends on the spectral purity of
the radiation (Holy et al, 1999). Considering that, the ratio of
the wavelength dispersion to the radiation wavelength, AA\A,
is ca 107°-107° for a triple crystal diffractometer, and the
coherence scattering length for nearly perfect crystals reaches
tens of microns and defines the upper limit for the determi-
nation of coherence block size.

2. Samples and experiment

This paper is concerned with the most relevant structural
phase of the potassium rare-earth tungstate (KREW)
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KLn(WO,),, where Ln-Y, Gd-Lu, for laser applications. This
monoclinic phase with space group C2/c belongs to the
centrosymmetric 2/m Laue class (Pujol et al., 2001). Unit-cell
parameters are a = 10.64, b = 10.35, c = 7.54 A and B =130.5°
with Z = 4 (Borisov & Klevtsova, 1968). The monoclinic
structure of the KREW is characterized by a double chain of
W,0s (two octahedral WO3~ anionic complexes sharing
edges) along the ¢ direction. The K* and Y>* cations occupy C,
positions and are surrounded by 12 and eight O atoms,
respectively. The coordination and local symmetry of the Y**
cation is particularly interesting owing to the fact than the
active lanthanide ion substitutes this ion. The structure of
potassium yttrium tungstate is described in more detail by
Pujol et al. (2001), Borisov & Klevtsova (1968) and Klevtsov et
al., 1968).

Monoclinic KYW crystals were grown using the top-seeded
solution growth-slow cooling (TSSG-SC) method as described
in previous work on other members of the monoclinic double
tungstate KREW family of compounds (Solé et al., 1996;
Aznar et al., 2004; Mateos et al., 2006). The crystal growth was
carried out using K,W,0; as a solvent. Supersaturation was
obtained by slowly cooling the solution from the saturation
temperature. The solution composition was 12 mol % KYW/
88 mol % K,W,0;. This was chosen in view of the solubility
curve of KYW in K,W,0; (Tu et al., 1994).

The crystals were grown from ca 200 g of solution prepared
in 125 cm® cylindrical platinum crucibles. The reagents were
99.9% pure K,COs, Y,05 and WOs;. The solution was homo-
genized by maintaining the temperature at around 50 K above
the expected temperature of saturation for several hours.

The axial temperature gradient in the solution was
1.5 K cm™ !, with the surface cooler than the bottom. The
thermal gradients in the solutions were approximately 1.5 and
1 K cm™! for the axial and radial gradients, respectively. The
bottom and the crucible wall were the hottest parts. The
growth of double tungstates is very sensitive to thermal
gradients (Majchrowski ef al., 2003). Large thermal gradients
may cause the growing crystal to crack owing to the high

Figure 1
High-resolution Philips MRD X-ray diffractometer.

anisotropy of the linear thermal expansion coefficients of
monoclinic double tungstates. After homogenization of the
solution, the saturation temperature was determined by
observing the growth/dissolving of the seed, to be around
1190 K.

We grew a single crystal in the centre of the surface of the
solution with the [010] crystallographic direction perpendi-
cular to the surface of the solution. The temperature of the
solution was decreased at a rate of 0.1-0.2 K h™! for 20-28 K
from the saturation temperature. The crystal rotation was
40 r.p.m. without pulling. After 6 or 8 d of growth, the crystal
was removed from the solution and maintained just above the
surface of the solution, while the entire growth system was
cooled to room temperature at a rate of 25-30 K h™' to avoid
thermal stresses.

The X-ray measurements were carried out with a Philips
MRD high-resolution X-ray diffractometer (Fig. 1 is a sche-
matic representation) using Cu Ko, radiation (A = 1.5406 A).
The diffractometer was equipped with a Bartels mono-
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Figure 2

Intensity distributions along (a) g, and (b) g, directions for the set of
(0k0) reflections.
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chromator and a two-crystal Ge220 analyser. The (020), (040),
(060), (080), (0,10,0) were examined after carrying out the
standard sample adjustment procedure. The measurements
were performed in the double (rocking curves) and triple axis
geometries of the diffractometer to record reciprocal space
maps (RLMs), and to perform longitudinal (26/w) and trans-
verse (w) scans.

To determine the coherence scattering length, A, of the
KY(WO,), crystal, a set of intensity distribution measure-
ments was taken along the x and z directions, perpendicular
and parallel to a reciprocal lattice vector, Q, respectively. The

(Fig. 3). Therefore, interpolation of the fitted lines along the
Agq axis gives the inverse coherence lengths, while the gradient
of the straight line is proportional to the internal strain of the
crystal.

The Williamson-Hall method was used to determine the
coherence scattering length and internal stresses (Williamson
& Hall, 1953). The lateral coherence scattering length, A, was
found to be 2.1 um, compared with a coherence scattering
length, A, along the growth direction of 3.4 um. Coherence

1.222 100.0
components of the Q and ¢ (deviation from the reciprocal (020) 127
lattice vector) vectors can be expressed in terms of the angle 12204 Lo
between the incoming beam and the sample surface «;, the ] ;sjs
angle between the diffracted beam and the surface oy, and the 1.218 4 4254
respective deviations Acw; and Acy from the diffraction  ~ ] =
maximum < 1216 8775
> 1117
27 ] ! | 1422
0. = T(cosaf—cosa) 124 ;;3
o 2033
. . . 1.2124 3733
= (Aq;sine; — Aa;sinay); - yobiat
6048
T[ 1.210 T T T 7700
= (sine; + sin Olf) -0.002 0.000 0.002 0.004
27 Qz (A")
9. =" (A cosay + Aa; cosar;). 1) (a)
2.436 100.0
The transverse and longitudinal scans of the set of reflec- (040) ::::
tions were obtained with the diffractometer in the triple axis 2434 4 s
mode. These are presented in Fig. 2. ane
The coherent length values, A, and A, perpendicular and 2.432 oo
parallel to the growth direction [010], were calculated using -_-;‘ 8381
. . . 1093
the dependence of A on the diffraction peak width Ag 32430 1426
described by the formulae (Krivoglaz, 1967) G Bt
2.428 3185
2 2 2 2 a2
Ag)=—; Aq,=—; Aq,=—; Aq,=—. (2
(Aq) =757+ M A =R A= @ . s
. 9181
. . . . 1 T i T t 1.195E4
Plotting Ag Values. for dlffer.ent reflections against the B 00s. D05 O0BOD 0005 Obos
modulus of the reciprocal lattice vector Q for the corre- ax (A™)
sponding reflections revealed an almost linear dependence (h)
53.00
6845
(080) adae
0.0025}+ @ aqx 4.864 114.2
. l o
0.0020 | — Linear Fit of AQ, | 4862 246.0
3177
Linear Fit of Aq } 4104
— 0.0015} X i _ s30.¢
S i ‘<as60| oia
] ™ | BB4A
g 0.0010+ o | 1142
4858 :;;:
0.0005 2460
nm
4.856 . 4104
0.0000 L L L L - L 1 " L i 1 " 1 " 1 . i 5300
0 1 2 3 4 5 6 7 -0.006 -0.004 -0.002 0.000 0.002 0.004
Q@A Qx (A7)
()
Figure 3
Dependence of peak widths Ag on the absolute value of Q (Williamson— Figure 4
Hall plot). Reciprocal space maps for (020), (040) and (080) reflections.
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scattering lengths can be slightly overestimated owing to the
simplicity of the diffraction peak-broadening model. A
detailed analysis of grain sizes and the effects of internal
stresses on peak widths using more advanced X-ray diffraction
techniques (Balzar, 1992; Ungar & Borbely, 1996) is needed.
Such an analysis would have to allow for the strain non-
uniformity of crystal lattices (Shalimov et al., 2007). We also
should note that the instrumental width of the diffractometer
equipped with a Bartels monochromator gives a beam diver-
gence of 12". Assuming that the diffracted peaks are repre-
sented by a combination of Gaussian contributions for the
instrumental function and ‘pure’ scattering from the crystal,
we estimated the peak width caused only by the X-ray scat-
tering from the crystal. Knowing that the measured FWHM of
the (0,10,0) w scan is 35.2", then the ‘pure’ FWHM of this
reflection is equal to (352> — 12%)"? = 33.09 (arcs), which
differs insignificantly from the measured FWHM value. For
other reflections this difference will be less, because the
(0,10,0) is the narrowest (in angular units, the broadest in g
space) diffraction peak.

The diffracted intensity distributions are characterized by
relatively large Ag values and do not contain the Dirac §
function term. This effect is typical for dislocation-contained
crystals (Krivoglaz, 1967). It is well known that asymmetry in
X-ray diffuse scattering from ‘weak’ defects is described by the
complex term in the equation for the amplitude of a scattered
wave (Krivoglaz, 1996; Pietsch et al., 2004; Larson, 1975;
Dederichs, 1971). Moreover, the fact that the reciprocal space
map (RSM; Fig. 4) is asymmetric along Qz points to defects
that cause a negative volume dilation (vacancies, dislocation
loops of vacancy type etc.; Krivoglaz, 1967). The reason that
vacancy-type defects (probably small dislocation loops) are so
prevalent in these crystals could be specific to the structure of
KY(WO,),, which consists of complexes of metallic cations
surrounded by several oxygen anions. If during TSSG-SC
growth, some metallic atoms do not occupy their positions,
only oxygen complexes appear. Such complexes could lead to
the generation of small dislocation loops of vacancy type.

3. Conclusions

The coherence scattering lengths in the directions parallel and
perpendicular to the growth directions were estimated from
the broadening of X-ray reflections. Relatively large dimen-
sions (2.1 x 3.4 um) of coherence crystalline blocks were
found. Qualitative analysis of the shape of the diffracted peaks
and of the intensity distribution in reciprocal space maps
indicated the presence of dislocations and volume defects,
which introduced a negative dilation into the crystal host.
The reciprocal lattice vector Q for the corresponding
reflections has a near linear dependence of peak widths Ag on

the absolute value of Q. The lateral length of coherence
scattering along the growth direction was established.
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