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A B S T R A C T  

14 The 160(d ,a )  N nuclear  r e a c t i o n  i s  used f o r  depth p r o f i l i n g  

low l e v e l s  of 160 by means of energy a n a l y s i s  of t h e  emit ted 

a - p a r t i c l e s .  The a n a l y t i c  method f o r  conver t ing  t h e  emit ted 
Y 

a - spec t r a  t o  concen t r a t ion  vs depth p r o f i l e s  i s  presented and 

the  technique i s  appl ied  t o  a  v a r i e t y  of t h i n  f i l m  s t r u c t u r e s .  

Experime.nta1 methods f o r  enhancing t h e  depth r e s o l u t i o n  and sen- 
0 

s i t i v i t y  a r e  d i scussed ,  and depth r e s o l u t i o n s  of 130 A and 

s e n s i t i v i t i e s  of 0.3 a t . %  a r e  demonstrated.  

* 
This  work supported by t h e  U .  S .  Energy Research and Development 
Adminis t ra t ion ,  E R D A ,  under Contract  A T ( 2 9 - 1 ) 7 8 9 .  

I .  INTRODUCTION 

Ion backsca t t e r ing  has been used e x t e n s i v e l y  i n  r e c e n t  y e a r s  

t o  s tudy  the  k i n e t i c s  of r e a c t i o n s  between f i l m s .  While d i r e c t  

observa t ion  of t h e  concen t r a t ion  p r o f i l e s  has been extremely 

va luab le  i n  understanding f i l m  i n t e r a c t i o n  mechanisms, 1  i  t t l e  

cons ide ra t ion  has been given t o  t h e  presence and p o s s i b l e  i n f l u e n c e  

of oxygen. This ub iqui tous  contaminant i n  t h i n  f i l m s  can g ive  

r i s e  t o  e f f e c t s  which may completely dominante t h e  k i n e t i c s  of 

r e a c t i o n s  between f i l m s ,  f o r  example, i f  p re sen t  a s  a  t h i n  i n t e r -  

f a c e  oxide l a y e r .  . 
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Energy a n a l y s i s  of e m i t t e d  n u c l e a r  r e a c t i o n  p r o d u c t s  has  

r e c e n t l y  become i n c r e a s i n g . 1 ~ .  used an an ion  beam t e c h n i q u e  f o r  

. d e p t h  p r o f i l i n g  l i g h t  e l e m e n t s .  D e t e c t i o n  of t h e  e m i t t e d  a ' s .  

14 from t h e  1 6 0 ( d , a )  N r e a c t i o n  has been demons t ra t ed  w i t h  S i 0 2  
. . 

t a r g e t s  t o  be a  u s e f u l  method t o  p r o f i l e  o,xygen a t  h igh  concen-  

t r a t i o n ~ . ~  T h i s  method p r o v i d e s  h igh  r e s o l u t i o n  (<  200 i) with  

probing  d e p t h s  u s e f u l  f o r  t h i n  f i l m s  ( 1 m ) .  .However' l i t t l e  

work has  been' c a r r i e d  o u t  a t  s u b s , t a n t i a l l y  r,educed oxygen concen-  

t r a t i o n  l e v e l s .  For t h i c k  f i l m s  an a 1  t e r n a t i v e  r e a c t i o n ,  
-1 

17 " 

l 6 0 ( d Y p )  0 ,  p r o v i d e s  a  g r e a t e r  probing  d e p t h  by a f a c t o r  of - .  1 0 ,  

b u t  w i t h  a  c o r r e s p o n d i n g  d e c r e a s e  i n  d e p t h  r e s o l u t i o n  . 3  A1 t e r n a -  

t i v e  i o n  beam techn , iques  f o r  n a t u r a l  oxygen d e t e c t i o n  i n c l u d e  

p ro ton  e l a s t i c  s c a t t e r i n g  enhancem,ent,  e l a s t i c  r e s o n a n c e s  a.nd 

s e l f - s u p p o r t i n g  f i l m s .  These method's a l l  s u f f e r  from s e n s i t i v i t y -  

l i , m i t i n g  high backgrounds , a r i s i n g  from m a t r i x  s c a t t e r i n g ,  s i n c e  

t h e r e  i s  no i n c r e a s e  i n .  d e t e c t e d  p a r t i c l e  en'ergy a s  i n .  p o s i t i v e  . . 

I Q r e a c t i o n s .  

14 The p r e s e n t  work d e m o n s t r a t e s  t h e  u s e  of 1 6 0 ( d , a )  N r e a c t i o n  

f o r  low leve-l  160 p r : o f i l i n g  i n  f i l m s  and d i s c u s s e s  a s p e c t s  which 

l . i m i t  d e p t h  r e s o l u t i o n  and s e n s i t i v i t y .  

. . 

I I .  -. T H E O R Y  

The ene rgy  a n a l y s i s  t e c h n i q u e  f o r  d e p t h  p r o f i l i n g  by means 
. . 

I of n u c l e a r  r e a c t i o n s  c o n s i s t s  of measuri 'ng . t h e  emi , t ted  p a r t i c l e  
, 

yie1.d v s  e n e r g y .  De te rmina t ion  of t h e  i m p u r i t y  c o n c e n t r a t i o n  vs  

dep th  r e q u i r e s  t h e  same g e n e r a l  e q u a t i o n s ' a s  f o r  b a c k s c a t t e r i n g  

p r o f i l i n g 4  and a  knowledge of t h e  m a t r i x  compos i t ion  ( e . g . ,  by 

ion b a c k s c a t t e r i n g ) .  .The i m p u r i t y  a t o m i c  f r a c t i o n  i ,s  g i v e n  by 



c o s  e 1  d Y ( E 3 )  
n~ - - - .  

Y ( 1 ) .  . . 
"T nTdx  (dE3 ) d o ( E l  ) 

d ? ~ a  b  d n ~ a b  

w h e r e  t h e  g e o m e t r y i s  d e f i n e d  i n  F i g .  1 ,  nI and n T  a r e  t h e  i m p u r i t y  

and t o t a l  t a r g e t  a t o m i c  d e n s i . t y ,  r e s p e c t i v e l y ,  @ t h e  i n c ' i d e n t  i o n  

f l u e n c e ,  d o / d n  t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n  and d n L a b  t h e  

d e t e c t o r  s o l i d  a n g l e .  The e n e r g i e s  a r e  Eo f o r  t h e  i n c i d e n t  beqm, . . 

. . 
El j u s t  b e f o r e  t h e  n u c l e a r  r e a c t i o n  e v e n t  a t  d e p t h  x ,  E 2  f o r  t h e  

e m i t t e d  p r o d u c t  a t  d e p t h  x  and E3 f o r  t h e  e m i t t e d  p r o d u c t  a f t e r  
1. 

t r a v e l i n g  b a c k  o u t  o f  t h e  s a m p l e ,  and  d Y ( E 3 )  c o r r e s p o n d s  t o  t h e  

o b s e r v e d  y i e l d  p e r  e n e r g y  i n c r e m e n t  d E 3  T h e ' d e p t h  i n c r e m e n t  

p e r  e n e r g y  i n c r e m e n t  i n  a toms /cm2 i s  

w h e r e  and  E~ r e p r e s e n t t h e  s t o p p i n g  p o w e r s  f o r  t h e  i n c i d e n t  a n d  

e m i t t e d  p a r t i c l e ,  r e s p e c t i v e l y ,  a t  t h e  i n d i c a t e d  e n e r g i e s .  The 

r e l a t i o n  f o r  t h e  r e a c t i o n  k i n e t i c s  E2 = f ( E l )  i s  g i v e n  i n '  a n y  

s t a n d a r d  n u c l e a r  t e x t .  

A t  h i g h e r  c o n c e n t r a t i o n s ,  B r a g g . ' ~  r u l e  i s  u s e d . t o  i n c l u d e  

t h e  i n f l u e n c e  o f  t h e  i . m p u r i t y  s t o p p i n g  power  a c c o r d i n g  t o  t h e  

c a l c u l a t e d  a t o m i c  f r a c t i o n  n;/n, i n  a n  i t e r a t i v e  ~ r o c e d u r e .  The 
I.' I a Ep E b ( E 2 )  

o n l y  a p p r o x i m a t i o n  i n v o l v e d  i s  - - 
aE3 

'w i n  Eq. ( 2 )  and d e v i a - '  

I .  t i o n s  w i l l  o c c u r  h e r e  o n l y  when c o n c e n t r a t i o n s  a r e  b o t h  h i g h  and 

~ h a n , ~ e '  a p p r e c i a b l y  w i t h  d e p t h .  The a b o v e  f o r m a l  i s m  c a n  q u i t e  

e a s i l y  be  programmed f o r  o n - l i n e  s o l u t i o n  o f  t h e  c o n c e n t r a t i o n  p r o -  

f i l e s  i n  c o m p u t e r - b a s e d  a n a l y z e d  s y s t e m s .  



I n c r e a s i n g  t h e  d e p t h  r e s o l u t i o n  e n h a n c e s  t h e  s e n s i t i v i t y  
. . 

f o r  o x y g e n  a t  t h e  s u r f a c e  and  i n t e r f a c e s .  F o l l o w i n g  t h e  

f o r m a l  i s m  o f '  R e f .  1  O 

2  2  1 / 2  
6E3 [6' beam + 6 E t a r g e t  + &~de: . ]  , ( 3 )  

w h i c h  t o g e t h e r  w i t h  Eq. ( 2 )  g i v e s  t h e  r e . s o l u t i o n  6x a t  a  . g i v e n  

d e p t h  x .  The e n e r g y  s p r e a d  o f  t h e  beam i s  u s u a i l y  n e g l i g i . b , l e  

a n d  t h a t '  d u e  t o  d e t e c t o r  r e s o l u t i o n  ( d e t . )  i s  o f t e n  f i x e d '  i n  

a  g i v e n  e x p e r i m e n t .  However  t h e  t a r g e t  t e r m  i s  s u b j e c t  t o  m o r e .  
'I 

e x p e r i m e n t a l  c o n t r o l .  I t  ' c o n s i s t s  o f  s t r a g g l  i n g  a n d  g e o m e t r y  

2  c o n t r i , b u t i o n s  (6Etarget  = 6 ~ :  + 6E2 where  t h e  e m i t t e d  p a r t i c l e  
9  

c o n t r i b u . t i o n  d o m i n a t e s t h e  6Es t e r m ,  and b y  s t a n d a r d B o h r  t h e o r y  

w i t h  z 1  a n d  Z 2  t h e  e m i t t e d  p a r t i c l e  a n d  t a r g e t  a t o m i c  numbers ,  

r e s p e c t i v e l y .  F o r  f l a t . s u r f a c e s ,  

a f  (El.) x s i n e 2  [ s b ( E 3  + s b l ~ ' 2 ) ] ]  6 e g  , , ,  ( 5 )  
6 t g = [  a e + - ,  2  

COS.  8 2  

d u e  t o  t h e  f i n i t e  s i . ze  o f  t h e  beam and  t h e  d e t e c t o r  d e f i n i n g  

s l i t  w h i c h  g i v e s  r i s e  t o  68, a s  shown i n  F i g .  1 .  F i g u , r e  2  shows 
Y 

t h e  d e p t h  r e s o l u t i o n  f o r  1 6 0 ( d , a )  p r o f i l i n g  a s  a  f u n c i i o n  o f  

t a r g e t  t i 1  t i n g  f o r  900 keV d  i n c i d e n t  on  S i  a t  d e p t h s  o f  3 0 0  a n d  
0 

. . 3000  ' A  a s s u m i n g  6Edet = 1.5 keV.  Opt imum d e p t h  r e s o l u t i o n  i s  
I .  
I 

seen  t o  depend  on  b o t h  t h e  t i l t  a n g l e  and  t h e  d e p t h  o f  a n a l y s i s .  
I 

111. EXPERIMENTAL TEC.HNIQUE 

' . The p r e s e n t  e x p e r i m e n . t a 1  a p p r o a c h  assumes t h a t  t h e  m e a s u r e -  

m e n t  o f  1 6 0  d e p t h  p r o f i l e s  i s  p r i m a ' r i ' l y  o f  v a l u e  i n  c o n j u n c t i o n  



w i  t h  i o n  b a c k s c a t t e r i n g  m e a s u r e m e n t s .  Thus ,  we fix. t h e  d e t e c t i o n  

a n g l e  e L a b  = 1 6 0 "  a n d  u s e  a  c o n v e n t i o n a l  s u r f a c e  b a r ' r i e r  d e t e c t o r  

The s u r f a c e  n o r m a l ,  beam a n d  d e t e c t o r  d i r e c t i o n  a r e  c o p l a n a r .  To  

c o n t r o l  t h e  . a n g u l a r  s p r e a d  i n  t h e  d e t e c t e d  p a r t i c l e s  we u s e  a  

2  mm w i d e  v e r t i c a l  s l i t  i n  f r o n t  o f  t h e  d e t e c t o r ,  f o r  o u r  1  mm 

d i a m e t e r  beam 68 = 2 .9 '  a n d  dRLab = 0 . 0 0 3 1 3 s r .  
9  

A s e c o n d  i m p o r t a n t  m o d i f i c a t i o n  i s  t o  r e d u c e  t h e  d e t e c t o r  .. . 

b i a s  so  ' t h a t  t h e  d e p l e t i o n  d e p t h  o r  a c t i v e  r e g i o n  o f  t h e  d e t e c t o r  

i s  d  4 0  m. The i m p o r t a n c e  o f  t h i s  c a n  be  s e e n  b y  c o m p a r i n g  t h e  
-\ 

e n e r g y  s p e c t r a  i n  F i g .  3 f o r  1 0 0  V ( d  z 1 0 0  pm) and  1 0  V ( d  =: 4 0  pm) 
0 

b i a s  f o r  9 0 0  keV d i n c i d e n t  o n  a  600  A - s i l i . c o n  n i t r i d e  l a y e r  o n  

a  S i  s u b s t r a t e .  F o r  t h e  r e d u c e d  d e p l e t i o n  d e p t h , .  p r o t o . n s  o f  

e n e r g y  > 2 CleV d e p o s i t  o n l y  2  MeV. o f  e n e r g y  i n t o  t h e  d e t e c t o r ,  

t h u s  r e d u c i n g '  b a c k g r o u n d  d u e .  t o  i n t e r f e r i n g  ( d  , p )  r e a c t i o n s  i n  

t h e  e n e r g y  r e g i o n  o f  t h e  2 .57  MeV e m i t t e d  a p a r t i c l e s .  F o r  t h e  

l o w e r  s p e c t r u m  t h e  s a m p l e  was a l s o  t i l t e d  ( g 2  = 70 ' )  and  t h i s  

r e s u l t s  i n  a d e p t h  r e s o l u t i o n  150, :  a t  t h e  s u r f a c e  ( s e e  i n s q t  

f o r  t h e  1 6 0 ( d , , a ) : p a r t  o f  t h e  s p e c t r u m ) .  One d i s a d v a n t a g e  o f  

u s i n g  l o w  b i a s e s  (<  . . .. 1 0  V )  i n  c o n v e n t i o n a l  d e t e c t o r s  i s .  t h i t  a p p r e -  

c i a b l e  d e g r a d a t i o n  o f  t h e  d e t e c t o r  e n e r g y  r e s o l u t i o n  o c c u r s .  . 

T h i s  e f f e c t  , a p p e a r s  t o  b e  r e d u c e d  b y  u t i l i z i n g  ' r e l a t i v e l y  l o w  

r e s i s t i v i t y  d e t e c t o r s ;  t h e  Au b a r r i e r  s i . l i c o n  d e t e c t o r s  u s e d  i n  

t h e s e  m e a s u r e m e n t s  had a  n o m i n a l  r e s i s t i v i t y  - 500 R-cm. 

The i n c i d e n t  beam e n e r g y  i s  i m p o r t a n t . i n  o p t i m i z i n g  d e t e c t i o n  

s e n s i t i v i t y  i n  n u c l e a r  r e a c t i o n  e x p e r i m e n t s .  T h e " d i f f e r e n t i a 1  

1 4  c r o s s  s e c t i o n  v s  d  e n e r g y  f . o r  t h e  1 6 0 ( d , a )  N r e a c t i o n  a s  



0 

. J measured w i t h  a  210 A S i 0 2  f i l m  i s  shown i n  F i g .  4 ,  where t h e  

a b s o l u t e  c r o s s  s e c t i o n  was o b t a i n e d  by normal i z i n g  t h e  1 6 0 ( . d , p l  ) 

s i g n a l  t o A m s e l l s  v a l u e s  f o r  t h e  ( d , p l )  r e a c t i o n  a t  900 keV.. , 

. . 
Most a n a l y s e s  we're c a r r i e d  o u t  a t  900 keV because  of t h e  r e l a -  

t i v e l y  f l a t  ene rgy  dependence of t h e  c r o s s  s e c t i o n  a t  e n e r g i e s  

immedia te ly  below 900 keV. Enhanced 160  s e n s i t i v i t y  can sometimes 
. . 

b'e o b t a i n e d  by i n c r e a s i n g  t h e  d  e n e r g y  t o  r 1050 keV, where t h e  , . . . . 

c r o s s ' s e c t i o n  i s  t w i c e  a s  l a r g e ,  however i n  some c a s e s  ( e . g . ,  t h e  

r e l a t i v e l y  d i r t y  C V D  s i l i c o n  n i t r , i d e .  f i l m  of F i g .  3 )  t h e  back 

ground due t o  competing r e a c t i o n s  i n c r e a s e s  even more r a p i d l y ,  

d e c r e a s i n g  t h e  e f f e c t i v e  s e n s i t i v i t y .  

No . f o i l s  a r e  p laced  ove r  t h e . d e t e c t o r  i n  t h e s e  e x p e r i m e n t s .  

T h u s t h e  measurement t i m e  f 0 r . a  g iven  . . 1 6 0  c o n c e n t r a t i o n  i s  s e t  

p r i m a r i l y  by t h e  i n t e n s e  b a c k s c a t t e r e d  d s i g n a l ,  s i n c e  e l e c t r o n i c  

s.umming of c l o s e  pul s e s  ( p u l s e  p i l e - u p )  i n c r e a s e s  t h e  bac.kground 

f o r  t h e  e m i t t e d  a  p a r t i c l e s  from t h e  1 6 0 ( d , a )  r e a c t , i o n ;  In t h e s e  

' s t u d i e s  t o t a l  c o u n t  . r a t e s  were t y p i c a l l y  =. '5000 c o u n t s / s e c  and 

. . p i l e - u p  r e j e c t i o n  e l e c t r o n i c s  were used t o  r educe  t h i s  background.  

Typica l  i n c i d e n t  deu te r ium f l u . e n c e s '  r'equ i r e d  t o  d e t e c t  a  few a t .  % 

of oxygen c o n t a m i n a t i o n  were 100-300 p C  r e q u i r i n g  1 -3  hours  of 

. . a n a l y s i s  t i m e .  
-. 

IV. . RESULTS A N D  D I S C U S S I O N  

In t h e  a n a l y s i s  of low l e v e l s  of oxygen i n  t h e  n e a r - s u r f a c e  

r e g i o n .  of s o l  i d s  and '  i n  t h i n '  f i l m s ,  t h e  . two q u a n t i t i e s  of p r imary  

conce rn  a r e  t h e  d e p t h . r e s o l , u t i o n  and. t h e  d e t . e c t i o n  s e n s i t i v i t y .  

In t h i s ' . s e c t i o n ,  we d e m o n s t r a t e  t h e s e  two f e a t u r e s  f o r  t h e  



1 4  1 6 0 ( d , a )  N e n e r g y  a n a l y s i s  m e t h o d  a n d ,  t h e n  g i v e  a n  e x a m p l e  o f  

. 1 6 0  p r o f i l i n g  a p p l i e d  t o  t h i n  f i l m  r e a c t i o n  s t u d i e s .  

As s e e n  i n  F i g .  2  t h e  p r i m a r y  way i n  w h i c h  t h e  d e p t h  r e s o l u -  

t i o n  c a n  b e  i m p r o v e d  i n  t h e  1 6 0 ( d , a )  e n e r g y  a n a l y s i s  m e t h o d  i s  

b y  t i 1  t i n g  t h e  t a r g e t  so a s  t o  i n c r e a s e  t h e  p a t h  l e n ' g t h  a n d  

t h u s  e n e r g y  l o s s  o f  t h e  a  p a r t i c l e .  e m i t t e d  a t  a  g i v e n  d e p t h  x .  

D e p t h  r e s o l u t i o n s  o f  t h e  o r d e r  o f  1 8 0 - 2 0 0  c a n  be  r e a d i l y  

o b t a i n e d  i n  t h i s  way i ' n  a  s y s t e m  w i t h  a  c o n v e n t i o n a l  b a c k s c a t t e r i n g  

g e o m e t r y .  An a d d i t i o n a l  i n c r e a s e l i n  t h e  d e p t h  r e s o l u t i o n  c a n  be  

a c h i e v e d  b y  r e d u c i n g  t h e  beam a r e a  and  t h e  s l i t  w i d t h ,  w h i c h  

r e d u c e s  6 0  a n d  t h e r e f o r e  d e c r e a s e s  t h e  s p r e a d  i n  t h e  p a t h  l e n g t h  
9 .  

and  s c a t ' t e r i n g  a n g l e .  

' A n . e x a m p l e  o f  t h e  i m p r o v e m e n t .  i n  d e p t h  r e s o l u t i o n  w i t h  
0 

t i l t i n g  c a n  b e  s e e n  i n  F i g .  5  f o r  a  z 2200  A A1 f i l m  o n  Ag. 

H e r e  a  d r a m a t i c  s h a r p e n i n g  i n  t h e  c o n c e n t r a t i o n  v s  d e p t h  p r o f i l e  

i s  o b s e r v e d  u p o n  t i l t i n g  f r o m  n o r m a l  i n c i d e n c e .  t o  50 '  s u c h  t h a t  

t h e  e m i t t e d  a p a r t i c l e s  l e a v e  t h e  t a r g e t  a t  e 2  = 70 '  f r o m  t h e  

s u r f a c e  n o r m a l .  An e x a m p l e  o f  t h e  n e a r - s u r f a c e  r e s o l u t i o n  

a c h i e v a b l e  i s  g i v e n  ,by  t h e  s u r f a c e  o x i d e  p e a k  o n  t h e  A l . f i l m  
0 

w h i c h  i s  r e d u c e d  f r o m  - 500  A f o r  a n a l y s i s  a t  n o r m a l  i n c i d e n c e  
0 .  

t o  = 1 3 0  A  f o r  g l a n c i n g  i n c i d e n c e .  M a x i m i . z i n g  t h e  d e p t h  r e s o l u -  

t i o n  p r o ' v i d e s  f o r  t h e  m o s t  s e n s i t i v e  d e t e c t i o n  f o r  1 6 0  a t  s u r -  

f a c e s ,  i r ~ l e r ' f d ~ e s  a n d  i l l v e r y  t l i i ~ i  o x i d e .  l a y e r s .  

I n  c o n t r a s t ,  t h e  maximum d e t e c t i o n  s e n . s i t i v i t y  f o r  t h i c k e r  

r e g i o n s  i s  a c h i e v e d  f o r  n o r m a l  i n c i d e n c e ,  w h e r e  t h e  d e p t h  r e s o l u -  

t i o n  i s  r e d . u c c d .  T h i S  i s  b e c a u s e  t h e  backg r .ound  c,o.unt r a t e  i s  

r e l a t i v e l y  u n a f f e c t e d .  b y  t i l t  a n g l e ,  w h e r e a s  f o r  a  g i v e n  b u l k  



160  c o n c e n t r a t i o n  t h e  g r e a t e s t  160  s i g n a l  p e r  e n e r g y  i n c r e m e n t ,  

d E 3 ,  i s  o b t a i . n e d  f o r  t h e  maximum c o r r e s p o n d i n g  d e p t h  i n c r e m e n t ,  

d x ( d E 3 ) .  The l o w e s t  oxygen c o n c e n t r a t i o n  which we have measured  

t o  d a t e  i s  shown i n  ' ~ i g .  6  f o r  a  t h i n  p o l y c r y s t a l l i n e  S i  l a y e r  

w i t h  a  t h i n  S i 0 2  u n d e r l a y  on S i  f o r  u s e  i n  s i l i c o n  g a t e  m i c r o -  

e l e c t r o n i c  a p p l i c a t i o n s .  The d a t a .  have been a n a l y z e d  w ' i t hou t  

background  s u b t r a c t i o n  o r  smooth ing  t o  b e t t e r  e x h i b i t  t h e  s e n -  

s i t i v i t y  o f  t h e  t e c h n i q u e .  A t o t a l  f l u e n c e  of  300  P C  of  d +  

was u sed  w i t h  t h e  a n a l y s i s  t i m e  z12 h o u r s .  A f t e r  a p p r o p r i a t e  

background  s u b t r a c t i o n  t h e  oxygen c o n c e n t r a t i o n  i n  t h e  p o l y - S i  

f i l m '  i s  e s t i ' m a t e d  t o  be = 0 . 3  + 0 . 1  a t . % .  

Com'peting ( d  , a )  r e a c t i o n  backg rounds  can  1  i m i t  t h e  u l t i m a t e  

s e n s i t i v i t y  and a r e  o f t e n  a  problem ' i f  o t h e r  low-Z e l e m e n t s  a r e  

p r e s e n t .  When compe t ing  r e a c t i o n s  a r e  n o t  a  pi-oblem, t h e  back-  

g round  l e v e l s  a r i s e  p r i m a r i l y  f rom p u l s e  p i l e - u p  e f f e c t s  a t  

h igh  c o u n t i n g  r a t e s .  Thus. a t  s u f f i c i e n t l y  low. a n a l y z i n g  beam 

c u r r e n t s ,  t h e  s e n s i t ' i v i t y  i s  l i m i t e d  l a r g e l y  by t h e  a v a i l a b l e  

a n a l y s i s  , t i m e  and a ' c c e p t a b l e  t o t a l  f l u e n c e  on t h e  s a m p l e .  For  

s t r u c t u r e s  w i t h  h i g h  c o n c e n t r a t i o n s  o f  oxygen below t h e . r e g i o n  

of  i n t e r e s t  t h e  p r i m a r y  l t m i ' t a t i o n  on s e n s i t i v i t y  i s  p i l e - u p  of  

t h e  e l a s t i c a l l y  s c a t t e r e d  d e u t e r o n  p u l s e s  w i t h  t h e  ' e m i t t e d  a -  

p a r t i c l e  p u l s e s  i n  t h e  h i g h  oxygen c o n c e n t r a t i o n  r e g i o n ,  which 

g i v e s  a  p i l e - u p  t a i l  i m m e d i a t e l y  a d j a c e n t  t o  t h e  r e g i o n  of i n t e r e s t .  

As a n  example  o f  t h e  a p p l i c a t i o n  o f  1 6 0  p r o f i l i n g  t o  t h i n  

f i l m  r e a c t i o n  s t u d i e s  we c o n s i d e r  a  p r e v i o u s l y  r e p o r t e d  s t u d y  6  

of t h e  Al-Ag . t h i n  f i l m s  f o r  which we have now d e t e r m i n e d  t h e  

160  c o n t a m i n a t i o n  d e p t h  p r o f i l e s  i n  t h e  same s a m p l e s .  For  Al-  

on-Ag f i l m s  a  we1 l  - de f  i n e d  Ag2A1 i n t e r m e t a l  l i c  l a y e r  formed 



. A  
upon a n n e a l i n g ,  t h e  k i n e t i c s  of  which i s  shown i n  F i g .  7 .  The 

2 MeV He b a c k s c a t t e r i n g  a n a l y s i s  d e m o n s t r a t e d  t h a t .  t h e  Ag2A1 

l a y e r  g rowth  was p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  o f  r e a c t i o n  

t i m e  a t  a  g i v e n  t e m p e r a t u r e ,  i n d i c a t i n g  a  d i f f u s i o n - l i m i t e d  

g rowth  p r o c e s s .  In c o n t r a s t  t o  t h i s  we1 1  - d e f i n e d  b e h a v i o r ,  

f i l m s  s e q u e n t i a l l y  e v a p o r a t e d  i n  t h e  same sys t em b u t  i n  r e v e r s e  
. . 

o r d e r  (Ag-0.n-A1 ) e x h i b i t e d  c o m p l e t e l y  d i f f e r e n t  b e h a v i o r  w i t h  n o ,  
. . 

a p p a r ' e n t  l a y e r  f o r m a t i o n  ( e . g . ,  140°C p o i n t  i n  F i g . ' . 7 ) .  Back- 

s c a t t e r i n g  s p e c t r a ,  and o p t i c a l  o b s e r v a t i o n s  s u g g e s t e d  t h e  
9 

p r e s e n c e  of  l o c a l  r e g i o n s  w h e r e t h e  r e a c t i o n  had punched t h r o u g h  

t o  fo rm p i p e s  o f  r e a c t e d  m a t e r i a l .  

I t  .was p o s t u l a t e d  t h a t  t h i s  d r a s t i c a l l y  d i f f e r e n t  b e h a v i o r  

was d u e  t o  t h e  s t r o n g  p r o c l i v i t y  f o r  oxygen p i c k u p  by A1 f i l m s  

even i n . t h e  5 T o r r  p r e s s u r e s  o f  t h e  v a p o r  d e p o s i t i o n  s y s t e m ,  

t o g e t h e r  wit'h t h e  p r o b a b i l i t y  t h a t  an  A1 u n d e r l y i n g  f i l m  f o r  t h e  

Ag-on-A1 c a s e  would grow a  much t h i c k e r  o x i d e  f i l m  i n  t h e  s h o v t  

, t i m e  a v a i l a b l e  between d e p o s i t i o n s  t h a n  would t h e  Ag f i l m  i n  t h e  

Al-on-Ag c a s e .  The o x i d e  b a r r i e r  would i n h i b i t  f o r m a t i o n  of  

t h e  i n t c r m e t a l l i c  phase  u n t i l  t h e  b a r r i e r  c o u l d  he l o c a l l y  

. . p e n e t r a t e d .  T h i s  p r e v i o u s l y  e x p l a n a t i o n  i s  demon- 

. . s t r a t e d  d i r e c t l y  by t h e  1 6 0  dep th .  p r o f i l e s  shown i n  F i g .  8 , - w h e r e  

t h e  Ag-on-A1 f i l m  e x h i b i t s  a  b u r i e d  oxygen peak i . n d i c a t i n g  t h e .  

p r e s e n c e  o f  a  t h i n  o x i d e  l a y e r  a t  th'e Ag-A1 i n t e r f a c e  whe rea s  
. . 

! t he .A l -on -Ag  f i l m  d o e s  n o t .  I t  i s  a l s o  ' i n t e r e s t i n g  t o  n o t e  t h e  
. a  

I e x t r e m e l y  h i g h  c o n c e n t r a t i o n  (2 7  a t . % )  o f  1 6 0  i n  t h e  A1 f i l m s  

1. w i t h  l i t t l e  o r  no 1 6 0 ,  p r e s e n t : i n  t h e  Ag f i l m s .  
a 

i 
14  In  summary ,we  have d e m o n s t r a t e d  how t h e  1 6 0 ( d , a )  N n u c l e a r  

r e a c t i o n  can  be u sed  i n '  t h e  e n e r g y  a n a l y s i s  t e c h n i q u e  t o  o b t a i n  



h i g h  r e s o l u t i o n ,  h i g h  s e n s i t i v i t y  d e p t h  p r o f i l e s  o f  1 6 0  a t  

c o n t a m i n a t e - 1  eve1  c o n c e n t r a t i o n s  i n  a  s t a n d a r d  i o n  b a c k s c a t t e r i  n g  
. . 

0 

g e o m e t r y .  N e a r - s u r f a c e  d e p t h  r e s o l u t i o n s  o f '  z 1 3 0  A and  s e n s i -  

t i v i t i e s  o f  z 0 .3  a t . %  h a v e  b e e n  d e m o n s t r a t e d .  Such a  t e c h n i q u e  

i n  c o n j u n c t i o n  w i t h  i .on b a c k s c a t t e r i n g  s t u d i e s  c o u l d  c o n t r i b u t e  

i m p o r t a n t l y  t o  o u r  u n d e r s t a n d i n g  oT t h i n  f i l m  r e a c t i o n s  and  t h e  . . 

. . 
i n f l u e n c e  o f  o x y g e n  o n  t h i n  f i l m  b e h a . v i o r .  

-1 

~ c k n o w l e d ~ e m e n t s  

The s k i l l e d  t e c h n i c a l  a s s i s t a n c e  b y  G .  C .  H a r p e r  i s  ' g r a t e f u l l y  

a c k n o w l  edged .  
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. S FIGURE CAPTIONS . 

F i g u r e  1  . S c h e m a t i c  o f  e x ' p e r i m e n t a l  g e o m e t r y .  . 

F i g u r e  2  C a l c u l a t e d  d e p t h  r e s o l u t i o n  .vs d e t e c t i o n  a n g l e  f o r  

1 6 0 ( d , a ) 1 4 ~  a s  a  f u n c t i o n  o f  68 a t  a )  3 0 0 0  .i and 
. . n 9  

. . 
b )  3 0 0  A d e p t h s  i n  S i  u s i n g  900  keV d ,  1 5  keV 

d e t e c t o r  r e s o l u t i o n  and  8  Lab  
= 1 6 0 " .  .. . 

. . 
F i g u r e  3 E n e r g y  s p e c t r a  f o r  900 keV d  o n t o  S i 3 N 4  on  S i  f o r  

a )  1 0 0  V and b )  1 0  V d e t e c t o r  b i a s .  

F i g u r e  4  D i f f e r e n t i a l  c r o s s  s ' e c t i o n  v s  i n c i d e n t  d e u t e r i u m  

e n e r g y  i n  l a b o r a t o r y  c o o r d i n a t e s  a t  e L a b  = 1 6 0 "  f o r  

1 4  t h e  I 6 0 ( d , a )  N  n u c l e a r  r e a c t i o n .  The d a s h e d  l i n e  

g i v e s  r e s u l t s  o f  R e f .  1  f o r  e L a b  = 145' .  

~ i ~ u r e  5 . Oxygen c o n c e n t r a t i o n  v s  d e p t h  b y  1 6 0 ( d , a )  e n e r g y  
. . 

0 

a n a l y s i s  f o r  a  2-200 A  A1 f i l m  f o r  a )  n o r m a l  i n c i d e n c e  

, . and  b )  g l a n c i n g  i n c i d e n c e  ( e 2  = ? n o )  o f  t h e  900  keV 

d beam.. 

F i g u r e  6  Oxygen c o n c e n t r a t i o n  v s  d e p t h  b y  1 6 0  ( d  , a )  e n e r g y  

a n a l y s i s  f o r  a  p o l y c r y s t a l l  i n e  S i  l a y e r  o n  ( 1 0 0 )  S i  

w i t h  S i O p  u n d e r l a y .  
1 

F i g u r e  7. Ag2A1 l a y e r  w i d t h  v s  t' a t  t h e  i n d , i c a t e d  t e m p e r a t u r e s  

f o r  Ag-on-A1 and  A1 -on-Ag f , i l m s  a's .measure.d b y  

2  MeV He b a c k s c a t t e r i n g .  

F i g u r e  8 Oxygen c o n c e n t r a t i o n  v s  d e p t h  by 1 6 0 ( d , a )  r r l r r g , y  ' 

a n a l y s i s  f o r  t h e  same Ag-on-A1 and. A l - o n - A g  f i l m s  

u s e d  i n  t h e  f i l m  k i n e t i c s  m e a s u r e m e n t s  o f  F i g .  7.. 
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