
-. 
UCRGID-119645 

Sources of Strain in Rapidly Grown Crystals of KH$?O, 

J. De Yore0 
Z. Rek 

N. Zaitseva 
B. Woods 

February 1995 



DISCLAIMER 

lhis ckument was prepared as an acanmt of work sponsored by an agency of the United States Government. Neither 
the United States Government nor the Univasity of California nor any of their employees, makes any warranty, express 
or implied, or aasumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any 
Warmath, apparatus, product, or proces disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commeraal product, process, or senrice by trade name, trademark, 
manufacturer, or 0th- does not necessanl y constitute or imply its endorsement, recommendation, or favoring by 
the United States Government or the University of califonria. The views and opinions of authors expressed herein do 
nat necessa&y state or reflect thoee of the United States Government or the University of California, and shall not be 
dfordwrtisingorpoductend~entpurposes. 

?his repat has been reproduced 
directly from the best available copy. 

AvailabletoDOEandDOEamtractorsfrom the 
OfficeofScientificandTechnicalInfomation 

P.O. Box 62, Oak Ridge, 'IN 37831 
Rices available from (615) 576-8401, FIS 626-8401 

Available to the public from the 
National Technical Information Service 

5285 Port Royal Rd., 
Springfield,VA 22161 

U.S. Department of commerce 

c 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



2226B 
Sources of strain in rapidly grown crystals of KH2PO4 

James J. De Yoreo, Zofia U. Rek*, Natalia P. Zaitseva and Bruce W. Woods 

Lawrence Livermore National Laboratory, Livermore, CA 94550 
*Stanford Synchrotron Research Laboratory, Stanford, CA 94309 

Due to their interesting electrical and optical 
properties, structural phase transitions, and ease of 
crystallization, KH2PO4 (KDP) and its isomorphs 
have been the subject of a wide variety of 
investigations for over 40 Today, KDP 
and its deuterated analog, KD2PO4 (DKDP), are 
widely used to control the parameters of laser light 
such as pulse length, polarization and frequency 
through the first and second order electro-optic 
effect#. 

Efficient operation of electro-optic devices such 
as Pockels cells and frequency converters requires 
crystals with a high degree of perfection. In 
particular, internal strains in the crystals generate 
spatia1 variations in the refractive index tensor 
through the stress-optic e f f e ~ t . ~  While these 
phenomena are a minor issue for the small crystals 
typically used in laboratory research applications, the 
effect of strain is the limiting factor on performance 
in applications requiring large aperture crystals such 
as inertial confinement fusion6 and high average 
power laser systems’. De Yoreo et al.* analyzed the 
effect of internal stresses on the refractive index 
tensor and quantitatively related the magnitude of the 
stresses to experimentally determined variations in 
the transmitted wave front and beam polarization in 
KDP and DKDP crystals grown by conventional 
techniques. Recently, Zaitseva et a19 described a 
method for growing bulk single-crystals of KDP 
from solutions at high supersaturation which 
produces growth rates of ten to fifty times those 
obtained with conventional methods. The purpose of 
this paper is to describe the results of X-ray 
topographic studies on KDP crystals grown by this 
technique. We show that strain in these crystals is 
caused primarily by three sources: dislocations, 
variations in composition between adjacent growth 
sectors of the crystal and variations in composition 
between adjacent sectors of vicinal growth hillocks 
within a single growth sector of the crystal. We find 
that the compositional variations cause variations in 
the refractive index and induce distortion of the 
transmitted wave front while large groups of 
dislocations are responsible for strain induced 
birefringence which leads to beam depolarization. 

Single crystal boules of KDP grown at high 

Figure 1: (a) Illustration of the growth habit of a 
single crystal boule of KDP showing the location of 
the seed, dislocations and the geometry of vicinal 
growth hiilocks. (b) Location of sector boundaries in 
an plate of KDP cut perpendicular to the { 001 } axis. 

supersaturation advance on both the { 101 } 
(pyramidal) and { l00} (prismatic) facets of the crystal 
leading to a pyramidal crystal habit as shown in 
Figure la. Advance of the crystal face on both sets 
of facets occurs on steps generated at vicinal growth 
hillocks formed by dislocations emanating either 
from the seed (see Figure la) or from foreign 
inclusions incorporated during growth. As Figure 1 b 
shows, the vicinal hillocks on the { 101 face have an 
asymmetric triangular pyramidal geometry. The 
sectors of the vicinal hillock with the shallowest 
(sector 3) and steepest (sector 1) slopes generate steps 
oriented along the pyramid-pyramid and pyramid- 
prism boundaries respectively. The crystals used for 
this study were lcm thick plates oriented with the 
norma1 to the plate along the <OOb axis and were 
cut from the full cross section of single crystal 
boules. In general, such crystals contain eight 



different growth sectors corresponding to the eight 
{ 101) and { 100) directions. Within the individual 
{ 101 } sectors, lie sub-boundaries corresponding to 
the division between the three sectors of the vicinal 
hillocks (vicinal sector boundaries) as well as the 
boundaries between adjacent vicinal hillocks 
(intervicinal boundaries). 

Figure 2a shows a composite of white beam X- 
ray topographs of a 8.8x7.6cm KDP crystal cut from 
the central portion of a boule grown at Smdday 
along the <001> axis. The { 101)-{ 101 ] boundaries 
are faintly visible and there is pronounced contrast 
between the {lOl} and the {loo} sectors. This 
contrast is also seen in the transmitted wave front 
profile in Figure 2b, showing that this contrast is 
correlated with a variation in the optic index of 
refraction of the crystal, a reflection of its 
composition. The results support those of 
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Figure 2: (a) Composite white beam X-ray topograph 
and (b) transmitted wave front profile of an (001) 
plate of KDP with dimensions 8.8x7.6x1.0cm3. S- 
crystal sector boundaries. 

previous investigators1* which showed that 
impurities are preferentially incorporated on the 
{loo} faces of KDP. 

Figure 3a shows a composite of X-ray 
topographs of a portion of a 11.5x10.0cm KDP 
crystal cut from the upper portion of a boule grown 
at 13mdday along cool>. ' There are three main 
features to this topograph: pyramid-pyramid sector 
boundaries (S), numerous groups of dislocations (D) 
and a set of domain-like structures with rectilinear 
boundaries which correspond to vicinal sector 
boundaries (V) and intervicinal boundaries (I). The 
shallowest sector exhibits the highest contrast 
relative to the other two sectors indicating that its 
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Figure 3: (a) Composite white beam X-ray topograph 
and (b) depolarization profile of an (001) plate of 
KDP with dimensions 1 1 . 5 ~  1 0 . 0 ~  1 .0cm3. The 
dashed line in (b) gives the location of the topograph. 
S- crystal sector boundaries, V- vicinal sector 
boundaries, I- intervicinal boundaries, D- strong 
dislocation bunches, and T- tops of growth hillocks. 



lattice parameters are the most dissimilar. 
Smolskiill suggested that the contrast was due to 
variations in impurity content caused by differences 
in the segregation coefficient for the three step 
directions. The effect of these defects on the 
birefringence of the crystal is seen in the 
depolarization profile given in Figure 3b. While the 
sector boundaries are clearly visible in this profile, 
only the groups of dislocations with the strongest 
contrast cause significant levels of beam 
depolarization. 

The effect of vicinal sectorality on the optic 
index of refraction is illustrated in Figure 4 which 
shows a composite of white beam X-ray topographs 
of a crystal cut from the upper portion of an 
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Figure 4: (a) Composite white beam X-ray topograph 
and (b) static fringe interferogram of an (001) KDP 
plate with dimensions 8.5x7.5x1cm3. In the absence 
of bulk index inhomogeneities, the fringes would be 
straight and parallel. Symbols are as in Figure 3. 

8.5x7.5cm boule grown at 30mm/day and the 
corresponding static fringe interferogram. As Figure 
4a shows, vicinal sectorality is strongly pronounced 
in this sample. Comparison of Figure 4a and b 
shows that the breaks and distortions in the fringes 
coincide with the locations of vicinal and intervicinal 
sector boundaries. These results demonstrate that 
vicinal sectorality is strongly correlated with 
variations in optic index of refraction and supports 
the hypothesis that the contrast in the topographs is 
caused by differences in impurity content between 
adjacent vicinal sectors. 

The results presented here show that optical 
distortion from KDP crystals can be related to defects 
visible with X-ray topography. Strong bundles of 
dislocations cause high levels of strain induced 
birefringence while differences in composition 
between adjacent sectors of the crystal as well as 
vicinal hillocks on the faces of the growing crystal 
generate variations in the optic index of refraction. 

This work was performed under the auspices of 
the Division of Material Sciences, US Department of 
Energy and Lawrence Livermore National Laboratory 
under Contract No. W-7405-ENG-48. 
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