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ABSTRACT
The causes of the second phase inclusions in YAG:Nd crystals are considered. The optimal ratio of the
initial components of the raw material was found experimentally. The found composition provides the
minimum probability of formation of the second phase inclusions in the conditions of fluctuation of

technological parameters.
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INTRODUCTION

The current rapid laser technology development leads to increasing demands for the lasers
components quality. In particular, the active elements, from which their basis is composed of [1]. Their most
important features are: optical homogeneity, impurity dispersion equitability, the foreign inclusions absence
[2]. The crystals grown with the modern technology, contain a large number of the second phase inclusions.
While sometimes, it leads to the good products output factor decrease, in other cases it causes lasing
properties deterioration, since the inclusions dissipate the emission (rays).

METHODS AND MATERIALS

According to the phase chart [3] (see Figure 1), the optimal growth conditions for the optical yttrium-
aluminum garnet monocrystal (YAG MC) are the pulling from the melt composition: weight 43% Al.03 and
weight 57% Y20s. For the doped YAG crystal: Nd3*, where the stoichiometric ratio is calculated according to the
equation:

Nd, AI_O,, =(@1-x)-Y,AlI_O,, +x-Nd,Al_O

Y31—x)NdaxAl501o 3750, 37501,
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L C(Nd®™)
k-100%

for which x is the neodymium atoms proportion, C(Nd3+) is the neodymium concentration in atomic
percent, k is the inclusion dispersion ratio. For concentration of Nd3* =1.1 at.%, x=0,061.

While growing monocrystals with the Czochralski process, a diffusion layer emerges in the near of the
crystallization front [4], where the mass transfer occurs between between the crystal and the main melt bulk.
There is no convective melt mixing in the diffusion layer. If the melt composition differs from the growing
crystal composition, then the excessive component is separated to the main melt bulk during the
crystallization process before the crystallization front from the crystallized bulk. The crystallization front
pushes off the Nd20s, as the distribution ratio between the melt and the crystal is different from 1 (for yttrium
aluminum garnet it is equal to 0.18). Another excessive component might be Y.0s or AlOs. If the
crystallization rate is equal to f, then the crystallized bulk per time unit the volume will be equal f.S. By

dC(x)
multiplying this bulk by the pushed off excessive component concentration ———, we get the excessive
V

component stream, pushed of by the growing crystal into the melt bulk before the crystallization
dNP(x)-S ; dCP(x)
dx-S dx

crystallization front. In the near of the crystallization front emerges the most prominent deviation in the melt
composition. The magnitude of this deviation will depend on the following factors:

front: jéé =f [5]. The distance x is measured from the moving

1) The crystallization rate.
2) The excessive component concentration in the main melt bulk
3) The diffusion layer thickness (depends on the crystallization front shape, the crystal

rotational speed, the melt hydrodynamics, the crystallization front temperature gradient), crystal diameter,
the crystal rotational speed.

4) The melt components diffusion rate. If the excessive component concentration (Y203 or
Al203) begins to exceeds the critical point (compositions 6 or 9 correspondingly), the second phase
crystallization takes place (see Figure 1).

The real fact is that the crystal growth rate is not constant, due to pulling mechanism unevenness, the

heating and cooling system parameters variability [6] (the crystallization rate changes can be traced by
crystal's waists — local diameter changes). Thus it is obligatory to set the technological parameters to prevent
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the allowed deviations in the machinery workflow affect the crystal quality, i.e. keep the melt bulk contained
in the 1 and 2 areas (Figure 1).

RESULTS AND DISCUSSION

The first stage of the research was to grow YAG MC: Nd¥, using stoichiometric stock composition. The
top part of the grown crystals does not contain any inclusions, in the the cylindrical part, however, perovskite
phase inclusions have started to emerge (Y203-Al203). The number of inclusions increases towards the bottom
of the crystal and in places of the waists emergence (see Figure 2). The cause for the perovskite inclusions
emergence is the change in melt composition due to the uneven evaporation of its components — Al203 has
higher vapor pressure.

At the second stage of the research a series of experiments with the addition of aluminum oxide
excess in order to compensate for evaporative losses was conducted (Table 1).
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Figure 1: System state chart Al203-Y20s:

(1,2) Y3Als012 (YAG) + Lig, (3) 2Y203-Al203+Liq, (4) 2Y203-Al203 + Y203-Al203,(5) Y3AlsO12 (YAG) + Al2Os3,
(6) Y203-Al203+, (7) Y203-Al203 + Y3Als012(YAG), (8) 2Y203-Al203 + Y3Als012(YAG)

Table 1: A series of processes with different number of excess Al203

Process # aluminum oxide excess, Crystal description
weight. %

1 3 60mm of the top part of the crystal contains inclusions of Al2O3
phase in the form of vapor

2 2 40mm of the top part of the crystal contains inclusions of Al.Os
phase in the form of vapor

3 1 No inclusions

4 1 No inclusions

5 1 No inclusions

6 0.7 A pervoskite narrow inclusions zone near the waist

7 0.5 Dispersed inclusions
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The addition of 2 and 3 % aluminum oxide to the charge causes the Al20s inclusions zone emergence

in the form of vapor in top part of the crystals. The further crystal growth is pure, due ti the aluminum oxide
vaporization during the growth process, which leads to the yttrium oxide ratio increase and composition drift
from area 9 to area 1 of the phase chart (see Figure 1).

In processes with 0.5% of excess ratio, emerge the dispersed perovskite inclusions .

When setting 0.7-1 weight the aluminum oxide excess % crystals contain the minimal number of

inclusions.

Figure 2: The perovskite inclusions number increase in the bottom of the crystal.
CONCLUSION

The research has found the stock charge components proportions, which enables to grow YAG MC:

Nd3* with the minimal number of the second phase inclusions. It enabled to increase the production output
efficiency per crystal. Also the theoretical grounds for the inclusions emergence process were found.
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