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The photoluminescence of GaA%.15P0.85:N has been studied at 77K 
under hydrostatic pressure. The NN1 emission is clearly 
observed when P>lOkbar. This result indicates that pressure 
enhances the thermally assisted Nx+NN1 exciton transfer. The 
pressure behaviors of N, and NN1 levels are analysed. 

PACS numbers: 7855, 6250, 7135 

I n  GaP:N,  n i t r o g e n  atoms c o u l d  produce  a s e t  of s h a r p  bound e x c i t o n  

luminescene  l i n e s ,  a t t r i b u t e d  t o  i s o l a t e d  N atoms ( A  l i n e )  o r  i t h  n e a r e s t  

ne ighbor  p a i r s  of N atoms ( N N i  l i n e s ) ’ .  I n  GaAsl_,Px:N, due t o  a l l o y  

d i s o r d e r  e f f e c t  t h e  s p e c t r a l  l i n e s  a r e  inhomogeneously broadened2.  The 

r e l a t i o n s h i p  between t h e  wid ths  of  s p e c t r a l  l i n e s  and compos i t ions  

i n d i c a t e s  t h a t  a l l o y  d i s o r d e r  p l a y s  a v e r y  impor t an t  r o l e  i n  GaAsl-xPx:N 

sys t em.  Wolford e t  al.3 showed t h a t  € o r  xS0.87 t h e r e  w e r e  n o t  any  

o b s e r v a b l e  NNi l i n e s  a t  low t e m p e r a t u r e ,  and t h e  s p e c t r a  w e r e  composed of  

N, band and i t s  phonon s i d e b a n d s .  Kash4 s u g g e s t e d  a mechanism f o r  sWi  
e x c i t o n  t r a n s f e r  i n  GaAsl-,Px:N and e x p l a i n e d  t h e  d i s a p p e a r e n c e  of  NNi 

l i n e s  a t  low t e m p e r a t u r e .  H e  a l s o  s u g g e s t e d  t h a t  due t o  t h e  d i f f e r e n t  

As-P  c o n f i g u r a t i o n s  a round n i t r o g e n  c e n t e r s ,  t h e y  c o u l d  be 

immonoenerge t ic ,  s o  t h e r e  e x i s t  s o  c a l l e d  l o c a l  e n e r g y  minimum s i t e s  
(LEMS). Bound e x c i t o n s  w i l l  r a p i d l y  t r a n s f e r  t o  these LEMS,which may 

e f f e c t i v e l y  i n h i b i t  t h e  t u n n e l i n g  t r a n s f e r  of  Nx+NNi. However, w i t h  

i n c r e a s i n g  t e m p e r a t u r e ,  t h e r m a l  a c t i v a t i o n  p r o c e s s e s  may be h e l p f u l  f o r  

t h e  N x - + N N i  e x c i t o n  t r a n s f e r .  Kash e t  have obse rved  t h e  N N i  l i n e s  

due t o  t h e r m a l l y  a s s i s t e d  e x c i t o n  t r a n s f e r  i n  sample w i t h  x=O.96. But 

f o r  samples  w i t h  lower  x ,  t h e r e  are s t i l l  no o b s e r v a b l e  N N i  l i n e s  i n  
normal photo luminescence  even i n c r e a s i n g  t h e  t e m p e r a t u r e .  

T h i s  work h a s  i n v e s t i g a t e d  t h e  bound e x c i t o n  luminescence  of  GaA.s l ,~x  

:N w i t h  x=O.85 unde r  h y d r o s t a t i c  p r e s s u r e ,  r a n g i n g  from 0 t o  32kbar .  

The p r e s s u r e  sys t em was a diamond a n v i l  c e l l  submerged i n  l i q u i d - n i t r o g e n  

b a t h .  The d e t a j l s  of e x p e r i m e n t a l  methods and o p t i c a l  s e t  up w e r e  
d e s c r i b e d  i n  r e f . 6 .  The sample was e x c i t e d  by a n  Ar- ion laser  w i t h  

- 
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e x c i t a t i o n  d e n s i t y  a b o u t  1 0  W / d m  . The d e t e c t i o n  s y s t e m  was composed of 
GDM-1000 monochrometer ,  C31034A PMT, P A R 1 1 1 2  p h o t o  c o u n t e r  e t c .  
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Fig.1 Photoluminescence 
spectra under different 
pressure. 
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Fig.2 Pressure dependences of t h e  
peaks of luminescence lines and 
band-edge. 

Under  t h e  h y d r o s t a t i c  p r e s s u r e ,  w e  have  c l e a r l y  o b s e r v e d  NN1 l i n e  i n  

s u c h  a somewhat low x G a A s l - g P , : N  s a m p l e .  F i g u r e  1 shows t h e  d e p e n d e n c e  

of p h o t o l u m i n e s c e n c e  s p e c t r u m  on p r e s s u r e .  Under n o r m a l  p r e s s u r e ,  t h e  

s p e c t r u m  o n l y  shows N x  band  a n d  i t s  phonon s i d e b a n d s .  As e x c i t a t i o n  
d e n s i t y  d e c r e a s e s ,  l u m i n e s c e n c e  a t  l o w  e n e r g y  s i d e  of NX band i n c r e a s e s  

r e l a t i v e l y  t o  N, b a n d ,  which  i n d i c a t e s  t h a t  t h e r e  m i g h t  b e  some 
c o n t r i b u t i o n  f r o m  N N i  p a i r s  a l t h o u g h  t h e  N N i  l i n e s  are s t i l l  
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u n r e s o l v a b l e .  When P > l O k b a r ,  a new l u m i n e s c e n c e  p e a k  a p p e a r s  a t  e n e r g y  
1 2 6 m e V  l o w e r  t h a n  band.  A s  t h e  p r e s s u r e  i n c r e a s e s ,  t h e  i n t e n s i t y  o f  

t h i s  p e a k  e n h a n c e s  g r a d u a l l y  and  f i n a l l y  e x c e e d s  band  a n d  is  domknant 

i n  t h e  s p e c t r u m .  S i n c e  i t s  e n e r g y  p o s i t i o n  r e l a t e d  t o  P& band a n d  i t s  
d e p e n d e n c e  on p r e s s u r e  a re  q u i t e  a l i k e  t o  t h e  NN1 i n  GaP:N, w e  c o n s i d e r  
t h i s  new p e a k  as  NN1 p a i r s .  T h i s  i s  s i m i l a r  t o  t h e  a s s i g n m e n t  i n  r e f . 5 ,  

where  i n  a h i g h e r  c o m p o s i t i o n  s a m p l e  t h e  NN1 e m i s s i o n  l i n e  was o b s e r v e d  

a t  s u c h  a r e l a t i v e  e n e r g y  p o s i t i o n  by i n c r e a s i n g  t e m p e r a t u r e .  The 
asymmetry i n  i t s  low e n e r g y  s i d e  s u g g e s t s  t h a t  N N ,  e m i s s i o n  c o n t a i n s  some 
phonon s t r u c t u r e .  The a p p e a r e n c e  o f  NN1 u n d e r  p r e s s u r e  i n d i c a t e s  t h a t  
N x + N N 1  e x c i t o n  t r a n s f e r  s h o u l d  b e  e n h a n c e d  b y  t h e  a p p l i e d  h y d r o s t a t i c  

p r e s s u r e .  
F i g u r e  2 shows t h e  d e p e n d e n c e s  o f  t h e  p e a k  p o s i t i o n s  o f  a n d  NN1 

b a n d s  on t h e  p r e s s u r e .  I n  GaAsl - ,PX,  t h e  p r e s s u r e  c o e f f i c i e n t s  o f  t h e  r 
a n d  L v a l l e y s  a re  p o s i t i v e ,  a n d  t h a t  o f  X v a l l e y  n e g a t i v e 7 f 8  . For  N, 

l e v e l ,  as P < 1 0 k b a r ,  t h e  p r e s s u r e  c o e f f i c i e n t  i s  2.22meV/kbar;  as p >  

l O k b a r ,  i t s  p r e s s u r e  b e h a v i o r  shows n o n l i n e a r i t y .  A f t e r  r e a c h i n g  a maxi-  
mum a t  a b o u t  1 4 k b a r  t h e  e n e r g y  of  N x  l e v e l  d e s c e n d s  w i t h  a n e g a t i v e  
p r e s s u r e  c o e f f i c i e n t ,  a p p r o a c h i n g  t o  t h a t  o f  X v a l l e y .  T h e s e  phenomena 

may b e  e x p l a i n e d  t h a t  p r e s s u r e  makes t h e  d e e p  l e v e l  s h a l l o w  a n d  i n c r e a s e s  
t h e  X v a l l e y  c o n t r i b u t i o n  i n  bound e x c i t o n  w a v e f u n c t i o n .  I n  a d d i t i o n ,  

t h e r e  is  a n  i n c r e a s i n g  i n t e r a c t i o n  be tween f r e e  a n d  bound e x c i t o n s  s i n c e  
t h e y  g e t  a p p r o a c h  a t  h i g h e r  p r e s s u r e .  T h i s  f a c t  a l s o  a f f e c t s  t h e  
p r e s s u r e  b e h a v i o r  o f  N x  l e v e l .  But  t h e  b e h a v i o r  o f  N x  l eve l  is  d i f f e r e n t  

f rom that of line A in W:N (ref .7) .  The p r e s s u r e  c o e f f i c i e n t  o f  l i n e  A w a s  
n e a r l y  z e r o ,  as P > 8 k b a r ,  a l i n e  w a s  r e p , l a c e d  b y  f r e e  e x c i t o n  l i n e .  

Meanwhile ,  N, band  k e e p s  e x i s t i n g  up t o  3 2 k b a r  w i t h  i t s  b i n d i n g  e n e r g y  
r e d u c i n g  t o  9meV f r o m  69meV a t ' n o r m a l  p r e s s u r e .  I t  i s  l i k e l y  t h a t  
b e c a u s e  o f  h a v i n g  much l a r g e r  b i n d i n g  e n e r g y  a n d  b e i n g  more l o c a l i z e d ,  
l e v e l  composes of more l' a n d  L v a l l e y  c o n t r i b u t i o n  i n  i t s  _ w a v e f u n c t i o n .  
T h u s ,  i t s  p r e s s u r e  b e h a v i o r  shows more c h a r a c t e r i s t i c s  o f  I' a n d  L 

v a l l e y s .  A n o t h e r  i m p o r t a n t  r e s u l t  i s  t h a t  t h e  inhomogeneous b r o a d e n i n g  
o f  s p e c t r a l  l i n e s  i n d u c e d  b y  a l l o y  d i s o r d e r  is  weakened u n d e r  p r e s s u r e .  
The w i d t h  (FWHM) o f  N, band  r e d u c e s  f rom 55meV t o  17meV w h i l e  p r e s s u r e  

i n c r e a s e s  t o  3 2 k b a r .  The c a u s e  f o r  t h i s  i s  t h a t  p r e s s u r e  makes t h e  
w a v e f u n c t i o n  more l o c a l i z e d  i n  k s p a c e ,  o r ,  s p a t i a l l y  more e x t e n d e d ,  s o  
t h e  e n e r g y  d i s p e r s i o n  d u e  t o  d i f f e r e n t  A s - P  c o n f i g u r a t i o n s  d e c r e a s e d  b y  
a v e r a g i n g  i n  a l a r g e r  s p a t i a l  r a n g e .  I n  f a c t ,  t h e  d e n s i t y  o f  LEMS w a s  
d e c r e a s e d  by t h e  n a r r o w i n g  o f  N, band .  For  t h e  NN1 l e v e l ,  as P ~ Z O k b a r ,  
t h e  d e p e n d e n c e  of t h e  o b s e r v e d  NN1 band  on p r e s s u r e  i s  n e a r l y  l i n e a r  w i t h  

p r e s s u r e  c o e f f i c i e n t  2 .38meV/kbar ,  which  is  l a r g e r  t h a n  t h a t  of  Nx l eve l  
a n d  a l s o  t h a t  of NN1 l e v e l  i n  GaP:N ( 1 . 4 3 m V / k b a r ) .  W i t h  f u r t h e r  
i n c r e a s e  o f  p r e s s u r e ,  The d i s p a r i t y  compared to pSr 
o r  NN1 l eve ls  i n  G a P : N  s h o u l d . b e  e x p e c t e d  s i n c e  NN1 c e n t e r  is more 

1 

Nx 

it  becomes n o n l i n e a r .  
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l o c a l i z e d  i n  G a A s P  a l l o y ,  s o  i t s  p r e s s u r e  behavior  p o s s e s s e s  much 

c h a r a c t e r s  of r and L v a l l e y s .  

The p r e s s u r e  which d e c r e a s e s  t h e  b ind ing  ene rgy  of Nx l e v e l  and 

Weakens i t s  inhomogeneous broadening  l e a d s  t o  t h e  enhancement of t h e  

the rma l  a c t i v a t i o n  p r o c e s s e s  of N, l e v e l ,  t h u s ,  enhancing  t h e  N x  i N N l  

t h e r m a l l y  a s s i s t e d  e x c i t o n  t r a n s f e r .  The t r a n s f e r  may be a t t r i b u t e d  t o  

two c o e x i s t i n g  p r o c e s s e s  . The f i r s t  is  r e l a t e d  t o  r e t r a p p i n g  a t  NN1 

c e n t e r s  caused  by t h e  thermal  r e l e a s e  of Nx bound e x c i t o n s  t o  f r e e  

s t a t e s  ( f r e e  e x c i t o n  o r  f r e e  c a r r i e r ) .  The d e c r e a s e  i n  b ind ing  energy  i s  
a favor t o  t h i s  p r o c e s s .  The second 1s  t h a t  e x c i t o n s  i n  lower l e v e l s  of N x  

band i s  t h e r m a l l y  e x c i t e d  t o  t h e  h i g h e r  l e v e l s  t han  t u n n e l  t o  NN1 

c e n t e r s .  The nar rowing  of & band is a favor t o  t h i s  p r o c e s s .  With t h e  

enhancement of N , + N N 1  t r a n s f e r ,  t h e  i n t e n s i t y  of Nx band quenches 

s e v e r e l y  under p r e s s u r e  a t  l e a s t  by two o r d e r s .  I n  p r a c t i c e ,  i t  means 

t h a t  t he rma l  quenching p r o c e s s e s  a r e  enhanced under p r e s s u r e .  
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