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LOW FREQUENCY RAMAN SCATTERING I N  MIXED Gal-,AlXAs AND Gal_,InxAs 

ALLOYS 

R. Carles ,  N. Saint-Cricq, A. Zwick, M.A. Renucci and J .B .  Renucci 

Laboratoire de Physique des SoZides, AssociS au C.N.R.S., Universite' Paul 
Sabatier, 31062 TouZouse cedex, France 

Abstract.-  We repor t  Raman s tud ies  o f  disorder  induced s c a t t e r i n g  i n  t h e  
Gal-xAlxAs and Gal-xInxAs a l loys .  Previous r e s u l t s  [ I ]  a r e  confirmed f o r  t h e  
Gat-xA1xAs system f o r  a wider ranee of concentrat ion.  The r o l e  of t h e  subs t i -  
t u a n t  is discussed through t h e  ana lys i s  of  t h e  Gal-xInxAs system. 

In t roduct ion. -  To extend resu l t son  a Ga0~80A10~20A~ c r y s t a l  [ I ]  we performed experi- 

ments t o  a concentrat ion of A 1  equals 0.50. Mass and s i z e  e f f e c t s  r e l a t e d  t o  t h e  na- 

t u r e  of t h e  subs t i tuan t  a r e  analyzed on t h e  Ga I n  As system. 1-x x 

Results and discussion.-  A l l  experimental d e t a i l s  a r e  provided i n  reference 111. A l l  

t h e  samples used i n  t h e  present  work were layers  L.P.E. grown on a t h e  (100)face of 

GaAs subs t ra te .  

Figures 1 and 2 display,  respec t ive ly ,  t h e  r e s u l t s  obtained, a t  300 K, f o r  

Gal-xAlxAs and Gal-xInxAs. Although t h e  exc i t ing  l a s e r  wavelengths a r e d i f f e r e n t  ( see  

f i g u r e  capt ions)  resonance e f f e c t s  a r e  excluded. 

A s  i n  reference 111 we f i n d  t h a t ,  except f o r  t h e  GaAs  LO(^) mode, t h e  c rys ta l -  

l i n e  symmetry i s  a l s o  l o s t  f o r  t h e  Ga I n  A s  a l loys .  Therefore we g ive  only two t y p s  
1-x x 

of spec t ra  i n  f i g u r e s  1 an 2. a ( b )  r e f e r s  t o  crossed ( p a r a l l e l )  po la r iza t ions  of t h e  

incident  and s c a t t e r e d  l i g h t s  and corresponds t o  t h e  r 1 5 ( r 1  + 4 r ) Raman c ross  
12 

sec t ion  [ I ]  . 
Let us f i r s t  compare f o r  t h e  same concentrat ion ( x  = 0.20) t h e  spec t ra  of t h e  

two a l loys .  

The main e f f e c t  of t h e  subs t i tuan t  appears f o r  t h e  long wavelength o p t i c a l  modes 

and is  r e l a t e d  t o  mass e f f e c t s  (mAl < mGa< mIn). Indeed a A1As-like band stems abo- 

ve t h e  frequency of t h e   LO(^) i n  G a l s .  This  band merges i n t o  t h e  l o c a l  mode of A 1  

i n  GaAs a s  x reaches zero. On t h e  con t ra ry  f o r  t h e  Ga I n  A s  compounds a s t r u c t u r e  
1-x x 

shows up below t h e  LO(r) around 235 em-'. It gives f o r  x = 0.09 a shoulder ( f i g .  2 )  

which mate r ia l i zes  c l e a r l y  t h e  impurity mode of I n  inGaAs. A s  t h e r e  is  no gap i n  t h e  

phonon dens i ty  of  s t a t e s  of G a A s  121 it i s  an in-band mode and denoted kj, ( 1 n : ~ a A s ) .  

The symmetry of t h i s  mode i s  r I5  (see  f i g .  2 )  a s  expected t h e o r e t i c a l l y .  

The s t r u c t u r e  a t  265 cm-l ( f i g .  1 ), which i s  a t t r i b u t e d  i n  reference [ I ]  t o  G a A s  
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Fig. 1 - Raman spec t ra  observed, a t  Fig. 2-Raman spec t ra  observed, a t  
300K,for  t h r e e  Gal-xAlxAs samples. 300K, f o r  t h r e e  Gal-xInxAs samples. 
The exc i t ing  l a s e r  wavelengths a r e  The exc i t ing  l a s e r  wavelengths a r e  
x = 5  3081  f o r  x = 0 . 2 0  andX=5 1 4 5 i  ~ = 4 8 8 0 8  f o r  x = 0 . 0 9  and x=0 .20 ,  
f o r  x = 0 . 3 5  and 0.50 . ~ = 5 3 0 8 8  f o r  x = 0 . 4 0  . 

disorded ac t iva ted  t ransverse  o p t i c a l  processes (D.A.T.O.), is  a l s o  present  i n  t h e  

Gal-xInxAs system ( f i g .  2)  whereas t h e  D.A.L.O. of GaAs ( f ig .  1) i s  obscured by t h e  

I d s - l i k e  band. This one i s  noted D.A.O.  ( f i g .  2 )  a s  it is  hard t o  d i s t inguish  bet- 

ween longi tud ina l  and t ransverse  processes. 

I n  t h e  low frequency range t h e  D.A.T.A., 2TA,and D.A.L.A. modes appear a l s o  i n  

t h e  Gal-xInxAs a l l o y s  although t h e  s t ruc tures  a r e  l e s s  resolved. Their frequencies 

a r e  s h i f t e d  t o  lower energies compared t o  those found i n  GaAs [ I ] ,  due t o  mass ef-  

f e c t s ,  a s  expected. They increase i n  Ga A 1  A s  f o r  t h e  same reason. 1-x x 

The s h i f t  t o  lower energy of t h e  a c o u s t i c a l  branches i n  t h e  Gal-xInxAs system 

allows t o  reso lve  t h e  21A band while it l i e s  within t h e  D.A.L.O. of GaAs f o r  

Gal-,AlxAs. 

The assignement of  t h e  s t ruc tures  discussed above f o r  x = 0 . 2 0  a r e  confirmed by 

t h e  v a r i a t i o n s  of t h e i r  f requencies ,  widths and i n t e n s i t i e s  upon concentration. 

As already mentionned s p e c t r a  a r e  l e s s  s t ruc tured  f o r  t h e  Gal-xInxAs system. I n  

t h e  acous t ica l  range t h i s  i s  related, i n  p a r t , t o  t h e  l a r g e r  width of t h e  2TA band. 

Due t o  t h e  bigger  s i z e  of I n ,  t h e  s u b s t i t u t i o n  of I n  t o  Ga introduces a d i s to rs ion  



of t h e  bond length much more important than t h e  one produced by t h e  s u b s t i t u t i o n  of 

A l  ( t h e  bond lengths i n  G a A s ,  A l A s  and InAs a r e  respec t ive ly  2.447 2,  2.452 2 and 

2.615 1). This e f f e c t  induces a l a r g e r  amount of disorder  i n  t h e  Ga I n  As system 1-x x 
and consequently should lead  t o  wider s t r u c t u r e s .  

The same reason could explain t h a t ,  f o r  each concentrat ion,  t h e  width of t h e  

D.A.T.A. i s  l a r g e r  by an amount of 7 em-' ,on t h e  average, i n  t h e  Gal-xInxAs a l loys .  I q  

t h e  same way, t h e  width o f  t h e  ~0(GaAs) band increases by a f a c t o r  Z.T(l.8) when t h e  

concentrat ion of In(A1) goes from 0 t o  0.5. 

The i n t e n s i t i e s  of  t h e  disorder  induced bands r e f l e c t  t h e  degree of disorder  of 

t h e  a l loy .  A s  a matter  of f a c t  t h e  r e l a t i v e  i n t e n s i t i e s  of t h e  D.A.T.A. and t h e  

D.A.L.A. t o  t h a t  of t h e  2TA band increase  ( f i g .  1 and2) with x a s  t h e  l a t t e r  is re- 

minescent o f  t h e  o rder  o f  t h e  per fec t  crystal .To evaluate  more q u a n t i t a t i v e l y  t h e  

degree of d i sorder  it i s  convenient t o  r e f e r  t o  t h e  i n t e n s i t y  of t h e  D.A.T.A. which 

is  wel l  seen i n  t h e  two a l loys .  Indeed t h e  r a t i o  ~(D.A.T.A.  ) / ( 1  - x )  I [ LO(GaAs )]  in- 

creases  with x. 

I n  f igures  1-b one no t ices  a l s o  t h a t  t h e  i n t e n s i t i e s  of t h e  D.A.L.O. and t h e  

D.A.T.O. of G a A s  inc rease  i n  a way s imi la r  t o  t h a t  of t h e  D.A.L.A. Also t h e  D.A.O. of  

A l A s  ge t  s t ronger  with x . 
The "depolar izat ion spectrum" introduced by Kobliska and Sol in  i n  t h e  case of 

amorphous mate r ia l s  [31 can be  measured i n  t h e  a l l o y s .  A s  a l l  t h e  spec t ra  have been 

recorded with t h e  same instrumental t r a n s f e r  fonc t ion , for  each concentrat ion,  t h e  

depolar izat ion r a t i o  p i s g i v e n  by t h e  r a t i o  of t h e  i n t e n s i t y  of spectrum a over 

t h a t  of spectrum b.0ne deduces from f i g .  1 and 2 t h a t  ~(D.A.T.A. ) ,  f o r  example, in- 

creases  with x and reaches i ts  maximum value when t h e  d i sorder  is  t h e  g r e a t e s t  f o r  

x = 0 . 5 .  As d i sp lays  i n  f igures  1 and2  p i s  d i spers ive ,  indeed ~(D.A.L.A.)<~(D.A.T.A.). 

This implies t h a t  t h e  v ibra t ions  which correspond t o  t h e  D.A.L.A. a r e  more symetri- 

c a l  than those  of t h e  D.A.T.A. i n  agreement with t h e  conclusions of London [4] re la -  

t i v e  t o  defect  ac t iva ted  Raman processes i n  zinc-blende type c r y s t a l s .  A s  a m a t t e r o f  

f a c t ,  although longi tud ina l  and t ransverse  acous t ica l  phonons a t  X and L becomeRaman 

a c t i v e ,  t h e  symmetry of t h e  longi tud ina l  i s  i n  p a r t  r l - l i k e  while  t h e  one of  t h e  

t ransverse  i s  never T I .  One should point  out t h a t  t h e  TI symmetry of t h e  D.A.L.A. 

was wel l  reproduced by t h e  ca lcu la t ions  of Talwar e t  a l .  [51. 

References . - 
[ I ]  N. SAINT-CRICQ, R. CARLES, J.B. RENUCCI, A. ZWICK and M.A. RENUCCI, So l id  S t a t e  

Cornmun., i n  p r i n t .  

[21 J.L.T. WAUGH and G. DOLLING, P h y s .  Rev., 132, 2410 (1963). 

[31 R . J .  KOBLISKA and S.A. SOLIN, P h y s .  Rev.  B , 8 , 736 (1973). 

141 R.  LONDON, P r o c .  P h y s .  S o c . ,  84 , 379 (1964) 

[51 D.N. TALWAR, M. VANDEVWER and M. ZIGONE, P h y s .  Rev. B, 23 , 1743 (1981). 


