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I n  t h e  p resen t  work, we r e p o r t  on t h e  o p t i c a l  p r o p e r t i e s  6 f  Er3+ and Ho3+ i ons  

embedded i n  some s o l i d - s t a t e  ma te r i a l s .  YLiF4 s i n g l e  c r y s t a l s  a r e  one of  them. The 

o t h e r  c l a s s  c o n s i s t s  o f  f l u o r i d e  glasses, well-known f o r  t h e i r  wide range of t r ans -  

parency p a r t i c u l a r l y  i n  t h e  m id - i n f ra red  region. T h e i r  compos i t ions  a r e  t h e  f o l l o -  

wing : z @ L A : E ~ ~ + : H o ~ +  : 57ZrF4 - 34EaF2 - (s -x -~ )LaF  - 4A1F3 - xHoF3 - yErF 
3  3 

BATY :tr3+:Ho3+ : 2013aF2 - 28.75A1F3 - 22.5ThF - (28.75-x-y)YF3- xHoF3 - YFrF, 4  
BIZYT:E~~*:HO~* : 30BaF2 - 301nF3 - 20ZnF7 - (10-x-r)YF3 - ?0ThF4 - xPoF, -- 

- yErF3. 

The study c o n s i s t s  o f  r eco rd ing  and ana l yz ing  t h e  exper imenta l  time-dependences 

o f  e m i t t i n g  l e v e l  f luorescences i n  t h e  i n f r a r e d  and v i s i b l e  ranges. The o p t i c a l  

processes a r e  desc r i bed  i n  terms o f  r a t e  equat ions  uh i ch  app l y  because f a s t  d i f f u -  

s i o n  i s  g e n e r a l l y  i n v o l v e d  between t h e  Er3+ s e n s i t i z e r s .  

We have s t u d i e d  i n  d e t a i l s  t h e  emission processes i n  ~ r ~ +  s i n g l y  doped YLiF 4  
s i n g l e  c r y s t a l s  [1,2] and shown t h a t  i n  h e a v i l y  doped samples, energy t r a n s f e r  

mechanisms occur  through seve ra l  modes i n c l u d i n g  up-conversion and c ross - re laxa t i on  

t r a n s f e r s  ( r i g h t  p a r t  o f  f i g u r e  1).  The same dynamics i s  observed i n  t h e  f l u o r i d e  
3+ . 

glasses. I n  p a r t i c u l a r ,  sel f -quenching mechanisms w i t h i n  E r  Tons o f  t h e  green 

f l uo rescence  o r i g i n a t i n g  f rom 4 ~ 3 / 2 ,  represented as 
4  4  4  

4  4  '3/2' 4 1 ~ 5 / 2 +  '9/2' 3:~3/2 
and S31Z, 4~1512- 4 ~ 9 / 2 ,  a r e  shown t o  be ve ry  e f f i c i e n t  as t he  Er 

concen t ra t i on  increases ( t a b l e  1 ) .  

The i n f r a r e d  f l uo rescence  processes o f  d i r e c t l y  e x c i t e d  ~ 0 ~ '  i o n s  were ana lyzed 
5  

as a  f u n c t i o n  o f  t he  ~ 0 ~ '  concen t ra t i on .  The i nc rease  o f  t h e  I7 l e v e l  l i f e t i m e  w i t h  
3+ 

Ho concen t ra t i on  i n  YLiF4 and i n  f l u o r i d e  g lasses  o n l y  a t  low concent ra t ions ,  i s  

i n t e r p r e t e d  by a  reabso rp t i on  o f  t h e  2 p m  emission by t h e  5~ ground s ta te .  Such 8  
"03+ concen t ra t  i o n  dependence i s  n o t  observed f o r  'I6. The h i g h  Ho3+ concen t ra t i on  

behav iour  (> 1  I )  f o r  5I i s  t h e  same as f o r  5i6 : t h e  decrease o f  t he  l i f e t i m e  i s  
7  

due t o  t h e  d i f f u s i o n  and t r a p p i n g  o f  energy. 
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3+ 3+ A d e t a i l e d  a n a l y s i s  o f  t h e  Er +Ho energy t r a n s f e r  mechanisms was c a r r i e d  
3+ 3+ . 

ou t  i n  YLiF4:Er , Ho s i n g l e  c r y s t a l s  f o r  va r i ous  Laser e x c i t a t i o n s  i n  t h e  e x c i t e d  

s t a t e s  o f  ~ r ~ +  i o n s  i n  t h e  v i s i b l e  and i n f r a r e d  reg ions  C 3 1. I n  f l u o r i d e  glasses, 

these t r a n s f e r s  were s t u d i e d  o n l y  under i n f r a r e d  l a s e r  e x c i t a t i o n  i n  t h e  4 
'13/2 and 

4~,1,2 l eve l s .  The f l uo rescence  dynamics i s  w e l l  desc r i bed  by our  models and there-  

f o r e  q u i t e  w e l l  understood. I n  t h e  t a b l e  2 a r e  gathered t h e  quantum e f f i c i e n c i e s  o f  

some energy t r a n s f e r s  i n  t h e  i n f r a r e d .  Spec ia l  a t t e n t i o n  was drawn on t h e  d i f f e r e n t  
3+ 

e x c i t a t i o n  channels which popu la te  'I7 Lowest e x c i t e d  s t a t e  o f  Ho , owing t o  t h e  
5 5 

pr ime i n t e r e s t  o f  t h e  17, I 2 p m  i n f r a r e d  l a s e r  t r a n s i t i o n .  Three main chan- 

nels,  c a l l e d  I R I ,  IR2 and RED a r e  shown t o  be e f f i c i e n t ,  as  i n d i c a t e d  i n  t h e  l e f t  

p a r t  o f  t h e  f i g u r e  1. The r e l a t i v e  c o n t r i b u t i o n s  o f  each channel o f  e x c i t a t i o n  t o  
5  

t h e  I7 Level  o f  ~ 0 ~ '  a r e  c a l c u l a t e d  and a r e  represented i n  t a b l e  3  as a  f u n c t i o n  
3+ 

o f  t h e  ~ r ~ '  e x c i t a t i o n  l e v e l  f o r  t h r e e  bi-doped 'fLiF4:S0 % Er  , x  % ~ 0 ~ '  ( X  = 0.5, 

2, 5)  s i n g l e  c r y s t a l s .  
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3+ 3 + ?A 
Main channels o f  Ho e x c i t a t i o n  v i a  Er -Ho energy t r a n s f e r  and s e l f - w e n c h i n g  
mechanisms w i t h i n  ~ r ~ +  i o n s  



Table I 

Table  2 

Ouantum e f f i c i e n c i e s  o f  eneray t r a n s f e r s  
4  5 4  5 (i) VT? : I ~ ~ / ) ,  ~ ~ - - - a .  I??/?* - 1 7  

4  5: 4 4  3+ 
(ii) bT2 : I,,~ ,2, I*..- I ,5,7, 5 ~ 6  ( e x c i t a t i o n  i n  of F r  1 

4  5  5 (iii) I jT?  : Ill,,2, 18-4~15,2, - I 6  ( e x c i t a t i o n  i n  4 ~ 1 1  /2 o f  ~ r " )  

Samples 

YLiF4 

* 

BIZYT 

EPTY 

~ r ~ *  

50 

Q 

5  

1 

i17.75 

HO" 

0.5 

2 

5 

1 

5  

9 

1  

Tab le  3 
3+ P e l a t i v e  c o n t r i b u t . o n  o f  each channel o f  e x c i t a t i o n  t o  t h e  5 ~ 7  Level  of  Ho as a  3+ f u n c t i o n  of t h e  Er e x c i t a t i o n  Level .  

53 

Exc 

4  
'13/2 

4 
11112 

4  
19" 

4~ 
9 /2  

-.-F 

bT1 
75 

93 

96 

23 

76 

55 

53 

tIo3+ concen t ra t i on  
0.5 f% 2  % 5  Z 

I 

/) T2 

50 

73 

83 

19 

46 

24 

31 

IR1 

100 % 

IRq + IR? 

57% 4x4 

I R 1  + I R 2  

922 8% 

IR1 + FED 

? ? 

ID1 
100 X 

ljT2 
24 

38 

50 

--- . 

IR1 
100 % 

IR1 + I F 2  

79% 21% 

I R 1  + I R 2  

82% 18i: 

IP1 + PED 

8 

IR, + IRz 
72Z 28X , 

IR1 
100 % 

IR1 + I R 2  

94% 6% 

IR1 + IR2 

66Y. 3LI. 

I F 1  + FED 

26% 74% ---- 
IR1 + If? 
881 1 2 f  


