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Features of YAG crystals growth by the
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Results on growth of Y3Al;04, (YAG) crystals by the Czochralski method in Mo cruci-
bles in reducing and oxidizing atmosphere are presented. The ways to improve the growth
technology for obtaining of high quality crystals are determined. The factors providing
reduction of absorption in UV-band are discussed, as well as post-growth annealing re-
gimes aimed at elimination of these absorption bands.

IIpuBefeHEl Pe3YNLTATHI TIO BhIpamuBaumuio KpucTamnos YzAl:04, (YAG) us MO turmeit B
BOCCTAHOBUTEIBLHON U cjiabo oKmeauTeasHoil cpege. OnpenesieHbl TYTH YIAYYIIEHUS TEXHOJO-
MY BHIPAIMBAHUA [JIS IIOJY4YEeHHs KadecTBeHHBIX Kpucrasioe YAG. O6Geyxxparorcs darrTo-
PbI, MO3BOJSOLINE CHUSUTL MHTEHCHBHOCTH IIOJIOC IIOTJIONEHUS KPUCTAJIOB B Y®-1uanaso-
He, oTpaboTaHbl PEXXUMBI TEPMOOOPAOOTKHY HJId YCTPAHEHUA 3TUX II0JIOC.

Oco6aurocti BuUpomyBaHHs Kpucrtaidie YAG merogom Yoxpaascbkoro 3 MO THrIiB.
IT.Apxunos, C.Tkauenro, C.Bacioroa, M.Biamos, O.Cidneyvruil, I1.Mameiiuenro, K.Bpuavosa.

Haseneno pesyiabTaTu 3 BApPOILyBaunHa KpucTtaais YAG 3 Mo Turiis y BigHOBAIOBaILHOMY
Ta caab0 OKMCAIOBAJILHOMY CepefoBUINli. BusHaueHi MUIAXM MOKpalleHHs TeXHOJOTril BHUpoO-
LIYyBAHHA AJd orpuMaHHA skicaux kpucranis YAG. O6GroBopooThCad YMHHUKHY, L0 JO3BOJIA-
I0Th 3HU3UTH IHTEHCHUBHICTHP CMYyr HOINIMHAHHA y Y@ pgiamasoni, BigmpamboBaHO perXuMU
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TepMOOOPOOKY I YCYHEHHS IIUX CMYT.

1. Introduction

Y3AI5045 (YAG) is a well-known host mate-
rial for production of laser and scintillation
elements. YAG is basically grown by the Czo-
chralski (Cz) [1], temperature gradient tech-
nique (TGT) [2], and horizontal directional
crystallization (HDC) methods [3]. The
growth is carried out in Ir crucibles in inert
atmosphere, or in Mo crucibles in vacuum, or
in weakly reducing atmosphere. Usage of Mo
crucibles is a way to reduce crystal produc-
tion cost, because they are significantly
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cheaper and have longer lifetime compared
to the Ir crucibles.

There are numerous reports on growth of
YAG crystals by the Czochralski method
starting from 1960th [4-8]. Nevertheless,
some recently published works [9, 10] indi-
cates that some peculiarities of the proc-
esses taking place at growth and post-
growth annealing of YAG crystals remain
unknown. In particular, this relates to the
nature and methods of elimination of ab-
sorption in UV-band.

Control of growth atmosphere composi-
tion is the crucial factor determining the
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quality of crystals grown in Mo crucibles.
Oxygen concentration in the growth atmos-
phere is of particular importance, because
molybdenum oxide may dissolve in the melt
and be captured by the growing crystal.
Presence of CO in the atmosphere called by
utilization of graphite parts in thermal con-
struction is another crucial factor. Interac-
tion of CO with the melt containing uncon-
trolled admixtures may lead to shift of the
melt composition, as well as to formation of
carbides and oxygen vacancies [5].

YAG crystals were grown in Mo crucibles
in the different atmospheres. The growth
atmospheres were Ar + H, [1], Ar + CO [2];
Ar + CO + Hy, [3]. Growth of YAG by the
TGT method [1] was carried out in the Mo
crucible in Ar atmosphere using graphite
heater. Reducing atmosphere (CO) is
formed during growth process by interac-
tion of carbon with residual oxygen and
products of the melt dissociation. Quality of
the YAG:Ce crystals grown by the TGT
method in Mo crucible and by the Cz
method in Ir crucible was analyzed in [2].
The growth atmosphere was reducing in the
first case and weakly oxidizing in the sec-
ond case. Differences in the growth condi-
tions affects optical absorption spectra and
termoluminescence properties of the crys-
tals. The differences in optical properties
were attributed to elevated concentration of
the lattice defects.

The crystals grown in vacuum demon-
strate good optical characteristics [3].
Meanwhile, there is a danger of thermal dis-
sociation of alumina and the melt evapora-
tion. The melt losses may reach 1-5 %.
Also, the melt dissociation leads to shift of
its composition and formation of perovskite
phase YAIO3 inclusions [8]. Products of the
dissociation also interact with thermal con-
struction elements and crucible with forma-
tion of volatile oxides and carbides (if carb-
on heat insulation is used). The conditions
and issues of Mo interaction with YAG and
alumina melt dissociation products in vac-
uum and protective atmosphere are ana-
lyzed in details in [11, 12]. Therefore, utili-
zation of the reducing atmosphere is prefer-
able to sustain the stable growth process.

Under growth in protective atmospheres
the more stringent requirements should be
applied to purity of the used gases. Oxygen
even with concentration of 0.1 mol.% may
lead to formation of molybdenum oxide, gas
transport reactions, contamination of the
melt and formation of precipitates at the
thermal construction elements.
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YAG absorption spectrum contains 300
and 370 nm absorption spectra attributed to
iron ions [2]. In [1] YAG coloration, and
wide absorption band at 470 was linked to
the melt non-stoichiometry and the presence
of Mo admixture. The effect of iron ions was
excluded by the prolonged holding of the
melt. The peaks at 255 and 370 nm were at-
tributed to the presence of F-centers [3].

This work is focused at optimization of
the crystal growth from Mo crucibles and
the post-growth annealing procedures of
YAG crystals.

2. Experimental

YAG crystals were grown from the Mo
crucible with diameter 85 mm and height
85 mm by the Cz method using RF heating
with 8 kHz frequency. The thermal insula-
tion consisted of alumina ceramics, zircon
ceramics and graphite layers. The crystals
were produced in atmosphere of Ar with 3N
or 5N purity. The raw materials were pre-
pared from Al,O3 and Y,O3 powders with
99.99 % purity mixed in stoichiometric
composition. Owing to low apparent density
of YAG the loading of the crucible was pro-
ceeded in two stages.

The growth rate was 1-3 mm/h; the
crystal rotation rate was 8-10 rot/min.

To compare optical properties of the
crystals grown in Mo and Ir, the YAG crystal
was grown by the Czochralksi method from
Ir crucible with diameter 60 mm and height
60 mm. Heat insulation made of zircon
oxide and alumina was used. Post growth
annealing of the crystals was carried out
during 96 h at 1200°C in air.

Microphotographs were made using JSM
6390 LV X scanning electron microscope
with a MAXN X.ray microanalysis system.
Admixture content in the crystals was con-
trolled using ICAP 6300 Duo ICP atomic
emission spectrometer. Optical absorption
spectra of the samples 10x10x1 mm3 with
polished faces taken from different parts of
the grown crystal were measured using
"Specord 40" spectrophotometer.

3. Results

Experiments on heating of the Mo cruci-
bles showed that presence of the residual
oxygen in the growth atmosphere leads to
interaction of Mo with O, and formation of
volatile oxides. They deposit at the zircon
ceramics and enter its pores. As a result the
ceramics becomes brittle and cracks.
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Fig. 1. Crucible side surface covered with Mo
needles.

Interaction of the residual oxygen with
Mo at temperatures of 500-600°C can be
illustrated by the equation

2MO + 02 = 2M(D2.

Starting from 1200°C the needle-like me-
tallic dendrites are formed with the length
2-5 mm at the most heated side crucible
walls (Fig. 1, 2). Needle formation can be
attributed to the gas transport reaction

8MoOy () «— 2M0O3g + Moy,.

This means that at high temperature
(>1200°C) the gaseous MoO, decomposes
into gaseous MoO3 and metallic Mo, which
crystallizes at outer surface of the Mo cru-
cible and inner surface of the zircon ceram-
ics. To prevent Mo from the oxidation,
argon was preliminary purified using
heated copper and magnesium as the oxygen
absorbers. However, heating of the crucible
up to the YAG melting temperature showed
that oxygen remains in camera and molybde-
num oxidizes, though in a lesser degree. Using
of super-pure Ar (5N) did not give any positive
result. Molybdenum oxides still dissolved in
the melt and contaminated it. The dissolved
Mo concentration reached 1 wt.%.

Molybdenum oxidation was successfully
minimized only in the weakly reducing at-
mosphere created by substitution of the
part of zircon ceramics in the thermal con-
struction by graphite. It prevented from
oxidation the lower part of the crucible.
Meanwhile the crucible surface located be-
yond the graphite remained oxidized and
covered with the needles (Fig. 1b).

Only complete substitution of the inner
layer of heat insulating ceramics with
graphite provided protection of the crucible
surface from oxidation during heating the
crucible and YAG growth. The crucible re-
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Fig. 8. YAG crystal grown in the optimized
conditions.
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Fig. 4. Absorption spectra of YAG crystals
grown in Ir crucible in weakly oxidizing at-
mosphere (1) and in Mo crucible in the reduc-
ing atmosphere (2—5) cut from different dis-
tances from the seeding place: 2 — [ = 45 mm,
8 —1=100 mm, 4 — [ = 130 mm, 5 — sample 2
after annealing in air.

mained intact at heating up to 1900-
2000°C. The YAG crystal with 35 mm di-
ameter grown in such conditions was yellow-
brown with the distinctive layers of inclusions,
especially in the lower part (Fig. 3).
Absorption spectra of samples cut from
the different parts of the crystals are pre-
sented in Fig. 4. For comparison, the ab-
sorption spectrum of YAG grown from Ir
crucible using the same raw material is pre-
sented as well. Intensive bands peaked at
250, 300, 370 nm are observed at the spec-
tra of the samples from the crystal grown
in Mo. Absorption intensity rises in the
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Table. Content of some admixtures in crystals grown from the Mo crucible

wt. % Fe Si Mg Ni, Bi, Ti |Pb, Cr, Sn Mn Mo
YAG:Ir 0.0005 0.001 0.0001 0.0001 0.0001 0.0001 0.0005 0.0001
YAG:Mo 0.0005 0.001 0.00008 0.0001 0.0001 0.0001 0.0005 0.002

samples cut from the bottom of the crystal
(curves 2, 3, 4). Annealing of sample 2 in
air eliminates the coloration and improves
the transmission in UV band (curve 5). Ab-
sorption of the annealed crystal in UV is
even better than in the sample grown in Ir
crucible.

Since the same raw materials were used
in cases of Ir and Mo crucibles, only the
admixture content of Mo and Ir in crystals
may differ. Atomic emission analysis shows
that content of some cationic admixtures in
the crystal does not exceed 11073 wt.%
(Table).

Mo concentration in the crystal was in
the range of 0.1+2:1073 wt.%. Since Mo
does not oxidize in the reducing atmos-
phere, the elevated Mo content may be de-
scribed by oxidative properties of YAG melt.
The YAG melt oxidize Mo, which then en-
ters the crystal. Nevertheless, Mo in the
specified concentration does not affect sig-
nificantly the YAG optical properties. It is
worth to note that no Mo effect on the optical
properties was mentioned as well in [1, 2].
Precise determination of carbon content in
the oxide compounds is a very difficult task.
However, we assume that carbon admixture is
the cause of the crystal coloration.

Therefore Mo crucibles can be used at
growth of high quality YAG crystals in the
reducing atmosphere. However, the Mo cru-
cibles can not be used in thermal construc-
tion with graphite heat insulation at over-
heating of the crucible walls above 2200°C,
because of carbidization of Mo and forma-
tion of MoC—Mo eutectics melting at 2200°C
[1]. Overheating leads to softening and de-
struction of the crucible surface (Fig. 5) re-
ducing the crucible lifetime.

4. Conclusions

High quality YAG crystals can be ob-
tained in Mo crucibles when the growth con-
ditions preventing the oxidation of molyb-
denum are created. The crucible overheating
above 2200°C should be avoided to prevent
its destruction. Using of zircon ceramics for
heat insulation of the Mo crucible is not
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Fig. 5. Destruction of the crucible surface
due to carbidization.

permitted, because it is potential origin of
oxygen. The crystals must be grown in vac-
uum or the reducing atmosphere, which can
be created, for example, by using graphite
heat insulation.

YAG crystal grown in Mo crucibles and
annealed in the optimized conditions demon-
strates lower optical absorption in UV band
than that in the crystals grown in Ir crueci-
bles using the same raw material.
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