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Abstract

Dy, Y, Al3(BO3), single crystals with different Dy concentrations from x = 0.001 to 0.1 have been grown from
fluxed melts based on K,Mo03;0;9—B>0O3; mixtures, in the temperature range from 1070°C to 900°C. Platelets of Dy:YAB
have been obtained by evaporation from the melt that clearly showed both growth sectors and striations. Bulk crystal
has been grown from the melt by spontaneous crystallization with good optical quality.

Differential thermal analysis and X-ray diffraction have been used to study the behaviour of the initial mixed oxides,
the growth conditions and the grown crystals. X-ray topography has been used to analyse the growth defects, the
structure of the growth sectors and striations in the platelets. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The alumino-borates with the chemical formula
YAIl3(BO3)s (YAB) have good thermal and che-
mical stability [1], and important applications in
laser engineering [2]. Rare-earth doping has been
investigated [3] as they are representative poly-
functional materials. The chemical and physical
properties of their solid solutions and their single
crystals have been extensively studied in the past
[4,5].
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The structure of YAB crystal is trigonal,
isomorphous with huntite CaMg;(CO;3)4. The
space group of YAB crystal is R32 with hexagonal
lattice constants a = 9.295(3)A and ¢ = 7.243(2)
A [4].

Attending to laser properties most studies have
been focused on Nd:YAB [6] as it has high
efficiency because of its high non-linear coefficient,
high threshold damage, good mechanical proper-
ties and high segregation coefficient for neody-
mium ions. In order to take advantage of these
characteristics we have doped it with a new rare-
earth ion: Dy®*. Optical properties of this ion
have been studied in other matrix like DyOCI [7],
and potential laser emission has been proposed in
a non-linear matrix like Dy:GdCa4O(BO3); [8].
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The present work considers the system
Dy, Y _Al3(BO3)4 from two points of view, one
concerning the synthesis of this alumino-borate
with x going from 0 to 1 and the other focused on
the flux growth of this material with x ranging
from 0.001 to 0.1. By X-ray powder analysis, the
presence of a new reaction in the melt has been
found. The formation and decomposition tem-
peratures of this material are proposed. The goal
of this paper is the illustration of the first stages of
crystal growth, the identification of nucleation
point and then to describe the external morphol-
ogy of the crystals.

2. Experimental procedure

The powdered samples were synthesized from
mixtures of the oxides B,Os, Dy,0s3, Y,03, Al,O3
by means of the solid-state reaction between them:

XDy203 + (1 — X)Y203 + 3A1203 + 4B203
— 2Dy, Y- Al;(BO3),. (1)

The purity of the starting chemicals was as
follows: Dy,05 (99.99%), Y,03 (99.999%), Al,0O3
(99.995%), B>0O5 (99.98%) and for flux synthesis
(K2M03010), K2C03 (999970/0) and MOO3
(99.9995%).

For the study of powdered Dy.Y_,Al3(BO3),4
(Dy:YAB) (from x=0 to 1), the calculated
amounts of these oxides were mixed, reground
and pulled into pellets. These pellets were heated,
in a SiC furnace, from RT to 1100°C and
maintained there for 6 h, after this the pellets were
thermally and compositionally analysed.

Single crystals of Dy:YAB (with x = 0.001, 0,05,
0.075 and 0.1) were obtained by spontanecous
crystallization solution growth method, with
K>Mo030¢+ B>O3 flux. The selection of flux and
the starting composition of 20wt% Dy:YAB,
75wt% K,Mo30;9 and 5wt% B,O3 were chosen
in accordance with previous studies on
Nd,Y;_,Al3(BO3)4 growing [9]. The mixtures were
kept in a Pt crucible covered with a Pt lid. The
growing processes were carried out in an SiC
furnace in the temperature range 1070-900°C with
cooling rates of 0.4°C/h and 0.3°C/h.

From the same experiments Dy:YAB plates
were obtained from melt evaporation and subse-
quent deposition on crucible walls.

Phase identifications of initial oxide mixtures,
the materials obtained from synthesis and the
residues of growth evaporation were taken from
their X-ray powder diffraction (XRD) patterns.
XRD measurements were carried out with a
Siemens D5000 diffractometer using Cu K, radia-
tion and an Ni filter.

Thermal behaviour was investigated using a
Perkin-Elmer DTA 1700. Charges of different
pulverized pellets, initial oxides mixtures and
pulverized crystals were studied in order to obtain
the variation of decomposition temperature with
the Dy content to compare with similar studies on
Nd:YAB [10].

Crystals surface and plates were observed by op-
tical microscope. After observing them, as-grown
plates defects were investigated by X-ray topogra-
phy. Transmission X-ray topographs were taken
by a Lang method camera using Mo K, radiation.

3. Results and discussion

It was found that evaporation during growth is
principally composed of K,;Mo30¢ (JCPDS card
No. 37-1467), Al;gB4O33 (JCPDS card No. 32-3),
Al3BOg (JCPDS cards No. 26-8, 32-4) as shown in
Fig. 1. The presence of flux-related compound
K,;Mo050;, was expected because it is highly
volatile [10]. Al;3B4O33 and Al3BOg are supposed
to belong to solid-state reactions in the melt, the
presence of Alj§B4O33 has been found before [11]
when studying the system B,O;+ Y,05;+ AlOs.
Al;BOg compound may be related to the solid-
state reaction (2) that could take place during the
cooling process.

3A1,03+B,03 - 2A13BOg. 2)

To study the decomposition temperature of
Dy:YAB with Dy content, DTA was carried out
from 900°C to 1350°C in nitrogen atmosphere. In
this temperature range, there were two endother-
mic peaks for oxides mixtures and only one for the
samples obtained in synthesis. The first peak
appeared at 1146.740.1°C and was identified as
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Fig. 1. X-ray powder diffraction spectra of the material
deposited on crucible lid during a Dy:YAB flux growth.

Dy:YAB formation temperature, as it was not in
synthesis analysis. The formation temperature did
not show any dependence with the Dy content in
contrast with the second peak identified as the
decomposition temperature. As the Dy content
was increased, the decomposition temperature
decreased which is an evidence of the stronger
interatomic forces with lower Dy content. These
temperatures range from 1276.2°C (for x = 0.001)
to 1192.7°C (for x = 1). They are higher than the
corresponding ones for Nd:YAB [10], as Dy*"
ionic radius is lower than Nd*" more stability is
expected for this new material.

The crystals obtained exhibited well-developed
facets having the form of a prism and a
rhombohedron (Fig. 2(a)), it is important to note
that the face parallel to the picture is the
rhombohedral plane (1011). There are some
growth striations with polygonal structure parallel
to crystal external faces and the longest direction
of the crystal is the one perpendicular to the
marked face (white circle) in Fig. 2(a). In the same
crystal, there is a flux inclusion that could be an
induced nucleation point. Comparing this picture
with Fig. 2(b), where is shown the picture of one of
the platelets, the similarity of growth striations in
both crystals is evident, the plate is showing the
first stages of the growth process.

Fig. 2. Optical microscopy pictures of (a) a Dy:YAB crystal,
there is a signal over growth striations; (b) a Dy:YAB plate,
with a scale 1:40.

X-ray topographs of the plate in Fig. 2(b) are
shown in Fig. 3, they were taken by the 1120 (a)
and the 2022 (b) reflections, in (b) the high
asymmetry factor is responsible for the flattened
aspect of the plate. Different growth sectors (GS
on the topographs) appear separated by the so-
called growth sector boundaries (GSB on the
topographs). The growth sectors are the pinacoi-
dal (001) in the central part of the crystal, the
rhombohedric ones {101 1} and a prismatic sector
(1120) at the left of the crystal. The planar
geometry of the GSB let us to conclude that the
relative growth velocities of the adjacent growth
sectors have not changed during the growth of the
platelet. This planar geometry can be well ob-
served in the topography in Fig. 3(b): two of these
GSB show a contrast formed by two parallel lines
in the intersection between GSB and crystal faces
where the internal stress is relaxed. The GSB
divide this crystal into regions of different
orientation, as a consequence some of the regions,
depending on the reflection used, are out of the
exact Bragg position leading to less or no contrast
at all. The misorientation measured is of the order
of 300—400" of arc.

The plate shows a great dislocation (D in the
topographs) density, they appear in bundles in all
the growth sectors. They are generated either in
the GSB or in the flux inclusions (i in the
topographs) trapped during growth, and they are
propagated more or less perpendicular to the
growth front. The dislocation also contributes to
the distortion of certain zones of the crystal as can
be clearly observed in the rhombohedric growth
sector located in the upper part of the crystal
(Fig. 3(a)). The topographs also show growth
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Fig. 3. X-ray topographs of the Dy:YAB plate: (a) (1 12 0)and
(b) (202 2)reflections, respectively; GS: growth sector, GSB:
growth sector boundaries, GB: growth striation, D: disloca-
tions, i: inclusions.

striations (GB on the topographs) which are
parallel to the external faces.

In view of these results, we can conclude that in
the initial stages of the growth all the rhombohe-
dral faces have the same probability of growth.
This explains the morphology of the platelets.
Then one of them will increase this growing
velocity, and attending to all the single crystals
obtained in this study, most times the (101 1) face
is more developed leading to the high dimension in
the direction perpendicular to this face. Looking
to the top seeding solution growth of this material
this can be the best seed orientation to increase its
efficiency.

4. Conclusions

There are a lot of reactions in the melt during
crystal growth some of them leading to the
evaporation of products that condensate on
crucible’s lid, like AlsBOg. The evaporation of
Dy:YAB also takes place, and in some cases its
condensation on crucible walls develop new
nucleation points.

The flux growth crystals show well-developed
faces in their external morphology. At the first
stages of crystal growth most faces have the same
growth velocity and at cooler temperatures one of
them increases its growth velocity and this will
lead to the higher dimension of the crystal.
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