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Abstract

The purpose of this work is to increase the power of the lanthanum-—
neodymium-magnesium hexaaluminate “INA" laser emission. When Ga is substituted
for Al the unit cell parameters and consequently the Nd-0O distances increase,
therefore crystal field experienced by Nd3+ and fluorescence quenching decrease.
It is then possible to increase the concentration of the NA3t activators ions in
the laser crystals.
Synthesis, composition domain, optical properties and crystal growth of
lanthanum—neodymium aluminogallates with a magnetoplumbite-like structure are
described.

Introduction
Lanthanum-neodymium hexaaluminate La;_,NdgMgAl,,0,9, "LNA", is a very
pPromising high power laser material able to compete with NA:YAG in most of its
applications (1-3). But Na3t concentration, N, and consequently laser emission
power, are limitated for this compound because of the quenching of the
fluorescence which appears for values of N above ~ 0.3 1021 Na3+com3,
F. Auzel showed that lower is the crystal field experienced by Na3+, lower is the
fluorescence quenching (4). Therefore it might be possible to decrease this
phenomena by increasing the unit cell parameters, leading to a lengthening of the
neodymium—-oxygen distances. Partial or total Al replacement by Ga, whose ionic
radius is higher, could be a solution. Consequently, compounds with formula
(Lay_yNdy )1 /3Md7 5(Ga3_yAly)1142019 have been synthesized and studied.
Solid solution
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Figure 1 MAS-NMR investigation (5,6).
Composition domain of aluminogallates Al and Ga have a strong preference
(L:ay_,Nd, )Mg(Ga,; yAly )310; 9. for respectively octahedral and
The true limit of the MP phase is a tetrahedral sites in the structure

line located in the hatched area.
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optical properties

oOptical properties of solid solution have been studied for powders with
formula (Laj 4Nd, )Mg(Gag, ehlp,4)11019- This composition was choosen because on
the one hand the solid solution is total and exists for all the x values and, on
the other hand, it must be representative of the gallium contribution (0.6 Ga for
0.4 Al). The Na3* fluorescence intensity I, (41=‘3/2 - 41y y2 transitions) varies
with Na3+ content (Fig. 2).

Figure 2
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Comparison with results obtained for INA shows that
- the maximum of fluorescence intensity is two times higher for aluminogallate
- Ig reaches its maximum for three times as much Nd3+. guenching of
fluorescence appears only for N > 1021 ng3+ om—3,
Furthermore, Na3+ 4?3 sz fluorescence lifetime for aluminogallate decays more
slowly when N3+t content increases.
Consequently it appears very interesting to substitute Ga for Al in INA. However
for laser application, the ability of the material to be elaborated in the form
of good quality single crystals must be considered.

Crystal growth
Contrary to the LNA the melting of the pure gallate is not congruent .

However, for the aluminogallates, crystal growth is possible. Single crystals of
(La) xNdy )15 /3M01 (G _Bly)1142019 aluminogallates have been grown by
Czochralski method under N, atmosphere containing 1 % O,. The pulling and seed
rotation rates were respectively 0.5 mm n~1 and 10 rpm. Due to the non congruency
of the compounds the amount of Al and Mg in the crystals was higher than in the
melt (Table 1).

Table 1 ~ Comparison of melts and crystals compositions (in mol. per cent)
for several crystal growth experiments

Cristal Melt composition Crystal composition
number Lay0g3 Ndzo 3 MgO Gay03 Alzo 3 Lajy03 Nd20 3 MgO Gazo 3 Alzo 3

1 0.1480 0.0176 0.1086 0.4760 0.2494 0.0679 0.0036 0.1429 0.3536 0.4321

2 0.1720 0.0210 0.0980 0.4940 0.2150 0.0679 0.0036 0.1429 0.3214 0.4643
3 0.0692 0.0077 0.0769 0.5079 0.3383 0.0616 0.0030 0.0891 0.3133 0.5330

4 0.0697 0.0079 0.0770 0.5140 0.3314 0.0616 0.0030 0.0891 0.3727 0.4736
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Quality of crystals decreases with the amount of Ga. Nevertheless, good platelets
have been obtained with v > 0.55.

Fluorescence spectra for %F3,, ~ *I,;,, N&3* transition have been recorded for
several compositions (Fig. 3). They are similar to the LNA one (3).
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Conclusion

This work demonstrates that substitution of Ga for Al in LNA could
improve the laser properties of this material : e.g. same power for smaller
crystals, or increased power for crystals of the same size. Crystal growth of
some other compositions of lanthanide aluminogallates and laser experiments are
in progress in this laboratory.
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