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Abstract 

Lanthanum-magnesium hexaaluminate LaMgAl Olg with magnetoplumbite-like 
s t r u c t u r e  is a remarkable good laser h o s t  f o r  Ndsi ions  (LNA). I n  t h i s  s tudy cr3+ 
i o n s  are introduced as an a c t i v a t o r  (LaMsA111-&rfi19) o r  as a s e n s i t i z e r  
( L a l - ~ ~ l 1 0 1 9 )  i n  this  matrix. ESR and o p t i c a l  s p e c t r a  o f  L a M @ ~ l ~ ~ _ f i r g ~ ~  
c r y s t a l s  r e v e a l  3 kinds o f  s i t e s  for cr3+ : ( 4 f  ), ( 2 a )  and ( 12k).  The presence o f  
Br2 - ?Ti2 broad band fluorescence makes t h i s  mate r ia l  a poss ib le  candidate f o r  a 
red o r  IR emit t ing v ibron ic  laser. Opt ica l  p roper t i es  o f  L a l - ~ g A l l l - y C r y O 1 9  
revea l  t h a t  both r a d i a t i v e  and non-radiative cr3+ - ~ d ~ +  energy t r a n s f e r s  occur  
i n  t h i s  material. This  allows t o  increase  t h e  l a s e r  emission r a t i o  compared with 
s i n g l e  doped LNA. 

Introduct ion 

Lanthanum-magnesium hexaaluminate LaMgAlllOlg with magnetoplumbite like 
s t r u c t u r e  ( 1 )  is a remarkable good hos t  f o r  laser mater ia l s .  Doped with ~ d ~ +  it 
forms t h e  INA (Lal-&#@ll1Ol9) a new performant IR l a s e r  mate r ia l  (2 ). This  
paper  d e a l s  with t h e  o p t i c a l  p r o p e r t i e s  of LaMgAlllOlg doped with cr3+ a c t i n g  
- e i t h e r  as an a c t i v a t o r  i n  LaMgAll1_firfilg 
- o r  a s  a s e n s i t i z e r  i n  Lal-#d+qAll1-+rfll9. 

Iarge rod-shaped s i n g l e  c r y s t a l s  of t h e s e  2 kinds of mate r ia l s  are 
obtained by t h e  flame fusion method. Their  s t r u c t u r e  is hexagonal with space 
group P63/~mc (magnetoplumbite type) .  They e x h i b i t  a cleavage along (001)  planes.  
Opt ica l  measurements a r e  performed on cleavage p l a t e l e t s .  

* ESR s t u d i e s  a r e  c a r r i e d  ou t  i n  t h e  120-300 K range. Angular v a r i a t i o n  o f  t h e  
s p e c t r a  revea l s  t h a t  cr3+ ions  are mainly loca l ized  i n t o  t h e  ( 4 f )  ant ipr isms,  a 
few o f  them being s i t u a t e d  i n  (12 k )  octahedra. S m a l l  s a t e l l i t e s  f lanking t h e  
c e n t r a l  ESR l i n e  a r e  due t o  Cr-Cr p a i r s  i n  (4 f ) - (4f )  s i t e s .  Their  i n t e n s i t y  
increases with chromium concentrat ion.  

* The Dq parameter obtained from absorpt ion s p e c t r a  is lower than f o r  ruby, 
h igher  than f o r  GSGG and almost i d e n t i c a l  t o  that o f  a lexandr i te  (BeA1204:Cr). 
This  may al low t o  observe t h e  f luorescen t  t r a n s i t i o n s  both from 2~ and 4 ~ 2  l e v e l s  
(4 ) .  

* Fluorescent s p e c t r a  ( e x c i t a t i o n  A = 532 tun) were performed between 4K and 295K 
( s e e  f i g .  1 ) .  They e x h i b i t ,  on t h e  s h o r t  wavelengths s i d e  2~ - 4R2 narrow l i n e s  
reveal ing t h e  exis tence,  from t h e i r  respec t ive  wavelength 695.3 nm, 688.6 nm and 
691.5 nm, of 3 kinds o f  sites f o r  cr3+: ( 4 f )  t r i g o n a l  ant ipr ism (main s i t e )  bu t  
a l s o  ( 2.3 ) regu la r  and ( 12 k )  d i s t o r t e d  octahedra, both with low occupancy r a t i o .  
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Figure 1 
FlUOreSCenCe spectrum o f  
cr3+ i n  LaMgA111-,@+19 

One observes a l s o  t h e  4 ~ 2  - 4 ~ 2  broad band emission responsible  o f  t h e  
long tail  o f  t h e  fluorescence spectrum toward t h e  long wavelengths. S a t e l l i t e  
l i n e s  around 720 nm a r e  due both t o  v ibron ic  s i d e  bands and Cr-Cr pairs 
t r a n s i t i o n s .  

* Chromium fluorescence decays were followed using a t i m e  scale corresponding to 
t h e  2~ - 4 ~ 2  t r a n s i t i o n  ( a  few ms). The fluorescence decays are exponential  at 
4.4 K for low cr3+ concentrat ion b u t  not  when t h e  concentrat ion increases.  From 
these  r e s u l t s  it t u r n s  that t h e  presence of a broad band luminescence extending 
towards t h e  long wavelengths i n  LaMgklll-&rfllg makes t h i s  mate r ia l  a p o s s i b l e  
candidate  f o r  red o r  near  I R  emi t t ing  vibronic l a s e r .  

I n  s i n g l e  doped neodymium l a s e r  materials, the continuous emission 
spectrum of pumping lamp and t h e  narrow absorpt ion bands o f  Nd3+ a r e  not w e l l  
matched. The in t roduc t ion  i n  t h e  ~ d ~ +  doped matr ix o f  a second ion e x h m i t i n g  
large absorpt ion bands i n  t h e  v i s i b l e  range ( l i k e  cr3+ i o n s )  allows t o  s e n s i t i z e  
t h e  fluorescence of Nd3+ ( I n  G S G G : N ~ ~ +  t h e  codoping by cr3+ leads  t o  a y i e l d  o f  
4.5 % compared t o  t h e  s i n g l e  doped YAG:Nd c r y s t a l  (about 1,5 %) ( 5  ) ). cr3+ - Nd3$ 
t r a n s f e r s  are demonstrated i n  t h e  hexaaluminate from Nd3+ fluorescence e x c i t a t i o n  
spectrum and o p t i c a l  p r o p e r t i e s  o f  chromium ( i n t e n s i t i e s  measurements and 
fluorescence i n t e n s i t y  decay on s i n g l e  doped and ccdoped Samples). 
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T r a n s f e r  occurs by radiative mode because the dips i n  the cr3+ e m i s s i o n  broad 
band c o r r e s p o n d  t o  t h e  Nd3+ absorption lines.  
T r a n s f e r  occurs too by non radiative mode, the integrated fluorescence of cr3+ 
i o n  is d e c r e a s i n g  i n  codoped samples. The cr3+ fluorescence decays are non 
e x p o n e n t i a l  a n d  get faster as ~ d ~ +  concentration increases ( s e e  F i g .  2 ) .  
Mean p a r a m e t e r s  are used t o  characterize the transfer : the transfer efficiency 
is high ( 7 3  % for Lag~$Jdo~1MgA110~89Cr~:0.~~01g) b u t  the t i m e  transfer reachs a 
h i g h  value ( 2 1 0  PS for L%.$Jd0.1M~A1~~.~9Cr~.~~0~~). 
F r o m  these r e s u l t s  it t u r n s  that cr3+ sensit izes the Nd3+ fluorescence i n  the 
LaM+llOlg matrix h o w e v e r  the transfer is efficient b u t  very s l o w .  The 
consequence is that the coactivation w i l l  be much m o r e  e f f i c i en t  i n  CW operation 
than i n  Q-switched o n e .  
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