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RBsume' 
Nous avons mesur6s l e  K-edge EXAFS de I 'argent  pour un nombre 

de f f lms du su Cfure d 'arsenic  photodopk e t  determ I nes l a  d I s tance 
de coord i na t  i o n  d'argent 2 soufre.  C 'est t r & s  semb Lab l e  2 l a  v e r r e  
Ag2,Asj,&, comme l e  XANES. L'on a observ; i a  sGparat i on des .phases 
dans quelques ff lms p a r  l 'apparence d'une seconde couche dans l a  
t r a n s f o r m a t i o n  de Four ie r .  

Abstac? 
We have measured t h e  s r l v e r  k-edge EXAFS f o r  a number o f  photodoped 

arsen i c su lph  I de f i lms and det  erm I ned t h e  s i l ve r -su  lphur  coord i nat  i on 
d i stance. Th i s  i s very s i mi Car t o  t h e  Ag15A%5S50g lassd as i s t h e  near-edge 
region-Phase separa t ion  has been observed i n  some f i l m s  by t h e  
appearance o f  a second s h e l l  i n  t h e  F o u r i e r  transform. 

INTRODUCTION 
L i ght -  i nduced d i sso l u t  i o n  o f  s i l v e r  (and copper) 1 n t o  cha lcogen i de 

g lasses has been s t u d i e d  f o r  some t i m e  and has p o s s i b l e  a p p l i c e t f o n s  i n  

sub-micron l i  chography ( 1 )  as a r e s u  !t o f  the  very smal l amount o f  
L a t e r a l  di f fusion.Raman spectroscopy o f  photo-doped f i i m s  based on 
arsenr c su  lphr de composr t i ons As, S,-, (x=20,30,40) (2 ,3)  has i nd i cated 
t h a t  when x=30 t h e  s t r u c t u r e  i s  ve ry  s im i  l a r  t o  a b u l k  g i a s s  and t h a t  
t h e  mater i a 1 consf  s t s  o f  a homogeneous, unr form phase. I n  t h e  x=40 
a r s e n i c - r i c h  f i l m  a phase-separated m a t e r i a l  c o n t a i n i n g  amorphous 
a rsenrc  and an amorphous Ag-As-S phase.For x=20 ! n ! t i a l  format ion 
o f  a s i l v e r  su lph ide  phase i s  proposed.An understanding o f  i h e  
c o o r d i n a t i o n  environment adopted by t h e  s t  Cver An t h e  photodoped f l  lms 
may h e l p  determine t h e  mechanism o f  doping and g i v e  some i n d i c a t i o n s  

about phase-separation. 
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SAMPLE PREPARATION 
The f i l m s  a r e  prepared by evaporat i ng approx i mate l y  10008 o f  s i l v e r  

onto a mylar  sheet fo l l owed by 5000-60001 o f  a rsen ic  sulphide. Th is  i s  

then  exposed (from t h e  chalcogenide s ide)  t o  a 2001 Hg lamp w i t h  a 

f i l t e r  so t h a t  wavelengths i n  t h e  range 350-500nm reach  t h e  sample.The 
exposure t i me i s  approx I mate l y  30m i ns  a t  wh i ch  t i me t h e  samp i e  cannot 
be etched w i t h  a d i  l u t e  a l k a  l i ne s o l u t  ion. The f i l m s  d e r i v e d  from u s i n g  
o n l y  4000X o f  a r s e n i c  su lph ide  showed a s l i g h t  m i  l k i n e s s  and i t  i s  

thought t h a t  t h i s  i n d i c a t e s  incomplete doping o r  phase-separation.The 
EXAFS o f  these samples appear t o  show evidence o f  Ag--A9 bonding from 
s i l v e r  met a 1. The o t h e r  f I lms were complete l y  clear.. 

EXAFS 
The EXAFS a t  t h e  6 1  l v e r  k-edge have been recorded on t h e  w ~ g g l e r  beam- 

l i n e  o f  t h e  SRS a t  s t a t  ron 9.2. S u ~ t a b l e  c r y s t a l l i n e  model compounds 
f o r  t e s t  I ng t h e  ca l c u  l a t e d  phase-sh i f t  s and compar I son w 1 t h  t h e  f I Lms, 
Ag2S ,acanthite,Ag3AsS3.proust ~te,AgAsS~,sm~thite,together w ~ t h  a b u l k  
g Lass o f  compos i t I on Ag25~skS3, have been used. F T g. 1 shows t h e  qua l i t y o f  
raw da ta  w i t h t h e  leas t  -squares f I t, and t h e  f o u r  I e r - f  I l t  ered f I r s t  
s h e l l  and f ~ t  f o r  t h e  f i l m  d e r i v e d  from t h e  compost t ion A s  S and o f  
thrckness r a t i o  5 . 5 ~ l . A l L  t h e  d is tances,etc  shown i n  t a b l e 1  a r e  d e r ~ v e d  
from f o u r  i e r - f  I l t e r e d  data. 

FIG. 1 (a) 

3R(A? 
1 2 5 

g w e  i cJhted EXAFS above the  s I l v e r  K-edge and FT f o r  t h e  As3Sm (5.51 1 ) 
f i lm. (a) Raw da ta  (b) f i r s t  -she 11 four  i e r - f  i lt ered data. -Expt. --- iheory 



FIG. 2 
FIG. 3 

2 k-welohted EXAFS above t h e  s ~ l v e r  K-edge aqd FT f o r  t h e  As ?U S 70 4 ' 0 : l  
f I Lm. -Expt. ---Theory 

3. k-wetghted EXAFS above t h e  s i  l v e r  K-edge and FT f o r  a gery t h i c k  

I n h ~ m o ~ e n e o u s  f i lm. -Expt . ---Theory 

h i  L the f i Lms had bas i ca I i y  t h e  seine EXAFS I. e. a s i n g  l e  frequency from 
a f i r s t - s h e  L l o f  su Lphur atoms. I n  two cases, however, a second-shel l i s  
observed. When a very t h i c k  f i l m  (approx. 1 micron s i l ve r )  was prepared 

t h e  second s h e l l  ( f i g .  3 )  a r i s e s  from Ag--Ag o f  phase-separated s i  l v e r  

metal. I n  t h e  As3,,S7,,fi lm(4: I  th i ckness)  ( f l g .2 )  t h e  second s h e l l  I S  

sma l l e r  and i t s  i n t e r p r e t a t  i on  i s  Less c lear .  There i s  a s irni l a r  peak 

i n  A g Z S  a r  i s I ng from Ag--AS non-bond i ng i n t  e rac t  i ons a t  approx. 3. OX, 
but  t h e  d is tance  i s  incor rec t .  The former explanat ion  i s  favoured but 

more work w i t h  purposely- induced inhomogeneity i s  r e q u ~ r e d .  

The s i  l ve r -su  lphur  coor-dinat ion  which i s  l i  k e l y  t o  be qu i t e  

d i sordered, in i i ne w i t h t h e  mode 1 compound, has been f i t t ed i n  k-space 

us i ng one she l L o f  su lphur  atoms, and a 1 lowing t h e  coord i n a t  i o n  

number and Debye-Walker f a c t o r  t o  vary.The models have been t r e a t e d  

s i m i t a r  l y  f o r  comparison purposes. For  example i t  i s  poss i  b l e  t o  use 

a l l  f i v e  c o o r d i n a t i n g  d is tances  i n  A g z S  but the  f i t  i s  l i t t l e  improved. 

Any conc lus  i ons, the re  fore, based on t h e  numbers and Debye-Wa l l e r  f a c t o r s  

a t  t h i s  s t  age would be r a t  her  specu ta t  i ve arid d i scuss i on i s con f ined  

t o  t h e  bond d is tance  and more genera l aspects. 
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TABLE! 
Conlp. o f  s t a r t  i ng 
As-S rnater i a1  

A ~ z S  
Ag,AsS, 
AgAsS, 
Ag25As,SS50 (g Lass1 

As2275 
As255 ,5 
A sJCSTo 
A s3,S 

Asyo" do 

Thickness r a t  i o 
o f  As-S/Ag 

The main s I l ve r -su  lphur in .  the  f i ! m s  i s  a t  2.46x which i s  between 
that; f o r  proust  i t e  and s rn i th i te  bu t  s im i  l a r  t o  t h a t  f o r  Ag2S. The Laci: 
o f  second she( l as seen i n  t h e  l a t t e r  r u l e s  t h i s  out as a mode 1 f o r  
the coord i  nat  io:i. However t h e r e  i s  gooed s i  rn i i a r  i - t y  between t h e  f i i m s  

and t h e  bu i k  g l a s s  I n  which no second she( 1 I S  observed. To r e i n f o r c e  
t h i s  a compprison o f  the XANES I S  shown and t h a t  o f  t h e  f i l m s  i s  aimost 
i d e n t i c a l  t o  t h a t  o f  t h e  glass. 

CONCLUSION 
It i s  c l e a r  t h a t  phase-separat i o n  and inhomogene i t y  can be a prob lem 

in  these phot odoped f i Lms, and yet  most o f  t h e  f i L m s  w e  have s t u d i e d  
have been reasonab Ly homogeneous. The env I ronment o f  t h e  s i i v e r  1s 
c loses t  t o  t h a t  found in  t h e  bu l k  glass. An i mproved understanding o c  

the  g lasses wi L i  be o f  great  importance i n  de te rmin ing  t h e  s t r u c t u r e  
of t h e  f i lms. An important quest i o n  t h a t  may be answered by u s i n g  EXAFS 
i s  whether t h e  g lass- forming composi t ion r e g i o n  i s  s i g n i f i c a n t l y  
extended i n  these t h i n  f i  ims. 

eV 
0 10 20 30 40 50 

I I I - - - .  

...... AgAsS, 

U AgS 
1: 

I XhNES compar i son o f  t h e  f i lrns and t h e  mode 1 compounds. 
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