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Abstract 
The purpose of this work is to increase the power of the lanthanum- 

neodymium-magnesium hexaaluminate "ISVA" laser emission. When Ga is substituted 
for Al the unit cell parameters and consequently the Nd-0 distances increase, 
therefore crystal field experienced by ~ d ~ +  and fluorescence quenching decrease. 
It is then possible to increase the concentration of the Nd3+ activators ions in 
the laser crystals. 
Synthesis, composition domain, optical properties and crystal growth of 
lanthanum-neodymium alminogallates with a magnetoplumbite-like structure are 
described. 

Introduction 
Lanthanum-neodymium hexaaluminate Lal-.JlqgAlllOlg, wLNAw , is a very 

promising high power laser material able to compete with Nd:YAG in most of its 
applications (1-3). But Nd3+ 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 ~ d ~ + c m - ~ .  
F. Auzel showed that lower is the crystal field emrienced by Nd3+, 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 
( Lal-#dx)l-z/3Mgl-z( Gal-+& )11+z019 have been synthesized and studied. 
Solid solution 

Composition domain have been determinated 

LNA (Lal~,Ndx)MgAlnO19 
T 

Figure 1 
Composition domain of aluminogallates 

( Lal-#dx)MgC Gal-+% )11019. 
The true limit of the MP phase is a 
line located in the hatched area. 

for z = 0. 
( Lal-flG )Ms( -I-+& )11019 phases have 
been synthesized by heating a mixture of 
oxides at high temperatures (1400- 
15500C). The solid solution which forms 
belongs to the magnetoplumbite (MP) 
structural type. For 0 S Ga S 85 at % 
(v 3 0.15 ), x can be varied continuously 
from 0 to 1. But when v < 0.15, the MP 
single phased domain becomes narrower 
and, for v = 0, the ~ d ~ +  solubility in 
the pure gallate is limitated to x - 0.25 
(Fig. 1). For constant x, unit cell 
parameters increase with gallium ratio 
but do not exhibit a linear dependence on 
composition. Distribution of Al and Ga 
among the various cationic sites is not 
statistical, as indicated also by a *'Al 
MAS-NMR investigation ( 5,6 ) . 
A1 and Ga have a strong preference 
for respectively octahedral and 
tetrahedral sites in the structure 
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Optical  p r o p e r t i e s  
O p t i c a l  p r o p e r t i e s  o f  s o l i d  s o l u t i o n  have Men studied f o r  powders with 

f ~ n n u l a  ( ~ ~ l ~ & d x ) ~ 9 ( ~ . 6 ~ o ~ ~ ) 1 1 0 1 9 .  This  composition was choosen because on 
t h e  one hand t h e  s o l i d  so lu t ion  is t o t a l  and exists f o r  all  t h e  x values and, on 
t h e  o t h e r  hand, it must be represen ta t ive  o f  t h e  gallium cont r ibu t ion  (0 .6  G a  f o r  
0.4 Al).  The Nd3+ fluorescence i n t e n s i t y  If (4F312 - 4~9,2 t r a n s i t i o n s )  v a r i e s  
with Nd3+ content  (Fig.  2 ). 

Figure 2 
Variat ion o f  the fluo- 
rescence i n t e n s i t y  I 
according t o  the Nd3f 
content  o f  an alumino- 
g a l l a t e  and comparison 
with "LNA". 

am om 0.05 0.4 az 05 ID 2~ 31) 
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Comparison with r e s u l t s  obtained f o r  LNA shows that 
- the maximum o f  f luorescence i n t e n s i t y  is two times higher  f o r  aluminogallate 
- If reaches its maximum f o r  t h r e e  times as much ~ d ~ + .  Quenching o f  

f luorescence appears o n l y  f o r  N > 1021 Nd3+ cm-3. 
Furthermore, ~ 6 ~ '  %'3/2 f luorescence l i f e t i m e  f o r  aluminogallate decays more 
slowly when ~ d ~ +  content  increases.  
Consequently it appears very i n t e r e s t i n g  t o  s u b s t i t u t e  Ga f o r  Al i n  LNA. However 
f o r  l a s e r  app l ica t ion ,  t h e  a b i l i t y  o f  t h e  mate r ia l  t o  be elaborated i n  t h e  form 
o f  good q u a l i t y  s i n g l e  c r y s t a l s  must be considered. 

Crys ta l  growth 
Contrary t o  t h e  LNA t h e  melting o f  t h e  pure g a l l a t e  is not congruent . 

However, f o r  the aluminogallates, c r y s t a l  growth is poss ib le .  Single  c r y s t a l s  o f  
( ul-@dx )1-z/3Mgl-z( Gal+tlV )11+z019 aluminogallates have been grown by  
Czochralski method under N2 atmosphere containing 1 % 02. The pu l l ing  and seed 
r o t a t i o n  rates were respec t ive ly  0.5 mm h-l and 10 rpm. Due t o  t h e  non congruency 
o f  t h e  compounds t h e  amount o f  A l  and Mg i n  t h e  c r y s t a l s  was higher  than i n  t h e  
melt (Table 1 ). 

Table 1 - Comparison o f  melts  and crystals compositions ( i n  mol. per c e n t )  
f o r  s e v e r a l  c r y s t a l  growth experiments 

C r i s t a l  Melt composition Crys ta l  composition 
number m 2 O 3  Nd203 M g O  -203 A1203 La203 Nd203 MgO m203 A1203 



Q u a l i t y  of crystals d e c r e a s e s  wi th  t h e  amount o f  Ga. Never theless ,  good platelets 
have  been ob ta ined  w i t h  v > 0.55. 
Fluorescence s p e c t r a  for 4~3,t2 - 4 1 ~ ~ ~ ~  Nd3+ t r a n s i t i o n  have been recorded for 
s e v e r a l  composi t ions  ( F i g .  3 ). They are similar to  t h e  IN24 one (3  ) . 

Figure 3 

~ d ~ +  f luo rescence  s p e c t r a  

( 4 ~ 3 / 2  - 4 1 ~ ~ / ~  t r a n s i t i o n  ) 
for 4 a luminoga l l a t e  s i n g l e  
crystals 
l - % . 9 g d 0 .  0?iMgGa4. 9@6.05O19 

- % . 9 5 h M 0 . 0 5 ~ g ~ 4 .  *6.5O19 

- % . ~ 3 ~ ~ 0 .  0$g0. 6-4. 2 ~ ~ 7 .  18O19 

- % . d d O .  0&0. 6Ga5.02A16. 38O19 

Conclusion 
This work demonstra tes  t h a t  s u b s t i t u t i o n  o f  Ga f o r  Al i n  cou ld  

improve t h e  laser properties o f  t h i s  material : e .g .  sam@ power f o r  smaller 
crystals, or inc reased  power f o r  c r y s t a l s  o f  t h e  same size. C r y s t a l  growth of 
so; o t h e r  composi t ions  of 1anthani.de a luminoga l l a t e s  and laser exper iments  are 
i n  p r o g r e s s  i n  t h i s  l a b o r a t o r y .  
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