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Abstract .  - A comparative EXAFS s tudy  of the  f i r s t - s h e l l  s i g n a l s  of c-Si, 
a-Si and a-Si:H is presented. First-neighbour coordinat ion,  d i s t ance  and 
Debye-Waller f a c t o r  a r e  reported and discussed. 

Int roduct ion.  - Despite the  widespread i n t e r e s t  i n  the  c h a r a c t e r i z a t i o n  of amorphous 
S i ,  both hydrogenated and no t ,  the  use  of EXAFS technique f o r  s tudying i t s  s t r u c t u r e  
has been sca rce  [ I ] .  This f a c t  c o n t r a s t s  with the  considerable  amount of work 
a l ready  done on a-Ge [2] .  Possible  explanat ions  r e s i d e  on the  more advantageous 
energy pos i t ion  of the  Ge K-edge from the  experimental point  of view and on the  
g r e a t e r  d i f f i c u l t y  i n  analyzing s i g n a l s  due t o  l i g h t  backsca t t e re r s .  

Quite t o  the  con t ra ry ,  severa l  d i f f r a c t i o n  works on a-Si and a-Si:H have 
a l ready  been performed [3].  It is of g rea t  i n t e r e s t ,  t h e r e f o r e ,  t o  compare t h i s  
information with  t h e  one t h a t  can be obtained by EXAFS. 

Experimental. - The S i  K-edge absorp t ion  spec t ra  were taken a t  LURE (Orsay),  us ing 
t h e  beam l i n e  equipped with  a InSb double-crysta l  monochromator a t  ACO s to rage  r ing.  
The following samples were inves t iga ted :  two a-Si:H f i l m s  with  d i f f e r e n t  hydrogen 
content  (14% and 21% respec t ive ly ,  a s  determined by the  i n t e n s i t y  of t h e  Si-Hn 
wagging band a t  630 prepared by glow-discharge; one a-Si f i l m  grown by 
spu t t e r ing ;  one c-Si sample prepared by evaporat ion and anneal ing,  t h a t  was used a s  
a model compound. 

Data Analysis - The EXAFS s i g n a l  was ex t rac ted  by s u b t r a c t i n g  a n  atomic-like 
polynomial background from t h e  spec t ra  and then normalized using t h e  f a c t o r  
[J-(1-8(E-Eo)/3Eo) 1-1 [4] .  The o r i g i n  Eo of k s c a l e  was placed i n  the  middle of 
t h e  s t eep  r i s e  of t h e  absorp t ion  c o e f f i c i e n t .  The jump J was es t imated a s  the  
d i f fe rence  of t h e  mean value po of the  absorp t ion  c o e f f i c i e n t  above and below the  
white l i n e ,  both ex t rapo la ted  a t  Eo. J / d  is propor t iona l  t o  t h e  dens i ty  of the  
sample. A high r e p r o d u c i b i l i t y  among d i f f e r e n t  measurements on t h e  same sample was 
obtained. 

EXAFS spec t ra  and t h e i r  Fourier  transforms (FT) a r e  reported i n  Fig. 1 and 2. 
The disappearance of long-range order  i n  the  amorphous samples is q u i t e  evident .  

The s i g n a l  of the  f i r s t  coordinat ion s h e l l  was back transformed i n t o  k-space i n  
order  t o  perform the s tandard EXAFS ana lys i s .  The minimum and maximum of the  
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f i l t e r e d  region i n  R-space were placed a t  t h e  values  where t h e  FT reached 30% and 
10% of i t s  maximum value,  r e spec t ive ly .  This procedure was judged t h e  bes t  
compromise between the  need of e l imina t ing  the  background o r  the  con t r ibu t ion  from 
higher  s h e l l s  and of r e t a i n i n g  maximum information i n  t h e  f i l t e r i n g  procedure. 

The f i l t e r e d  s i g n a l s  have been compared by using Ln(A2/A1) technique and by 
performing a best  f i t  wi th  the  c-Si experimental model. Coincident r e s u l t s  were 
obtained which a r e  reported i n  Table I. The values  reported a r e  the  average among 
d i f f e r e n t  independent measurements on the  same sample. The e r r o r s  take i n t o  account 
t h e  uncer ta in ty  of the  experimental values  of t h e  c-Si used a s  a model. 

TABLE I 

Sample PI PC CN IR C N ~  ~ ( i )  ~~2 (x10-3i2) 

Resul ts  and Discussion. - I n  the  f i r s t  column of the  Table we repor t  the  dens i ty  of -- 
S i  atoms a s  obtained from the magnitude of the  jump a t  t h e  S i  K-edge r e l a t i v e  t o  t h e  
dens i ty  of c-Si. The a-Si:H samples e x h i b i t  a reduct ion of p/pc p ropor t iona l  t o  
t h e  hydrogen content .  Despite the  absence of H the  spu t t e red  sample too has a low 
dens i ty  which is probably due t o  the  presence of voids. 

The coordinat ion number CNE a s  deduced from the  EXAFS a n a l y s i s  is reported i n  
column t h r e e ,  r e l a t i v e  t o  t h a t  of c-Si. A r e l a t i v e l y  high p rec i s ion  ( -  5%) i n  t h e  
determinat ion of CNE has  been obtained thanks t o  the  accuracy of t h e  ana lys i s .  
Notice t h a t  t h e  spu t t e red  sample e x h i b i t s  a l a r g e  coordinat ion almost i d e n t i c a l  t o  



that of c-Si, despite its low density. This fact points to the presence of a 
relativity small number of large voids. Quite to the contrary, the reduction in 
coordination of the a-Si:H samples closely reflects the presence of hydrogen, which 
does not contribute to the EXAFS signal. This circumstance can be verified by 
comparing column three with column two, where theapparent coordination number CNIR, 
as deduced by the IR hydrogen content, is reported. 

The average Si-Si bond distance is reported in column four. In close agreement 
with previous findings on tetrahedrally bonded amorphous semiconductors, it remains 
constant and equal to that of c-Si. 

Finally, in column five we report the "disorder" factor AO' i.e. the 
difference between amorphous and crystalline samples of the variance o of the bond 
distance. o is the result of the static contribution us (i.e. variance of the 
equilibrium distance), the thermal contribution oT and the correlation between the 
two. The correlation term is generally assumed negligible (it would be exactly zero 
in the harmonic approrimation). For crystalline Si, os=O by definition, while oT2 
should be -3.2.10~~11~ at room temperature, as estimated by using an Einstein 
model with oscillator frequency equal to 465 c m - 1  . Assuming that o~ of the 
amorphous samples is not far from that of c-Si at room temperature, A U ~  then 
coincides with o$. From Table I we see that the sputtered a-$i has a strained 
network with a standard deviation of bond distances of 0.06 f 0.01 A (i.e. - 2.5%). 
The presence of hydrogen in the glow-discharge samples relieves part of the strain 
and reduces as to -0.04 A. 
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