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ABSTRACT 

I n  t h i s  work t h e   n o n d e s t r u c t i v e   m e a s u r e m e n t s  
o f   b u l k   g e n e r a t i o n   l i f e t i m e ,  T~ and   su r f ace   gene r -  
a t i o n   v e l o c i t y  S a r e   d i s c u s s e a   a n d   e x p e r i m e n t a l l y  
demonst ra ted .  T8e t echn ique  i s  based  on t r a n s v e r s e  
a c o u s t o e l e c t r i c   v o l t a g e  (TAL') t r a n s i e n t   m e a s u r e -  
ments .  T and S are e v a l u a t e d   t o   c h a r a c t e r i z e   t h e  
e l e c t r i c a f   p r o p e f t i e s  of S i  w a f e r s   p r i o r   t o   t h e  
d e v i c e   f a b r i c a t i o n .  The wafers   have   undergone  
d i f f e r e n t   c h e m i c a l   e t c h   r e m o v e l ,   p o l i s h   r e m o v a l   a n d  
fo rming   gas   annea l ing   t r ea tmen t s .   Measu remen t s  
u n d e r   t h e   a p p l i e d  DC e l e c t r i c   f i e l d  are performed 
i n   o r d e r   t o   d i s t i n g u i s h   b e t w e e n   t h e   s u r f a c e   a n d  
b u l k   e f f e c t s .  The r e s u l t s   i n d i c a t e :  1) I n c r e a s e  
o f   t h e   e f f e c t i v e   l i f e t i m e ,  T e f f  by  about  100 times 
a f t e r   e t c h i n g   a n d   p o l i s h i n g   d u e   t o   t h e   s u r f a c e  
damage removal,  2 )  .4 minimum of two o r d e r s   o f  mag- 
nitude  improvement i s  o b s e r v e d   f o r   t h e   f o r m i n g   g a s  
a n n e a l e d   h a l f   w a f e r s   a s   c o m p a r e d   t o   t h e   u n a n n e a l e d  
h a l v e s .   I n   t h e   a b o v e   e x p e r i m e n t s   b o t h   o x i d i z e d  
a n d   u n o x i d i z e d   s a m p l e s   a r e   i n v e s t i g a t e d   w i t h o u t   t h e  
f a b r i c a t i o n   o f   a n y   f o r m   o f   c o n t a c t  on t h e   w a f e r s .  
The s p a t i a l  maps of  T~ and Sg a r e   o b t a i n e d   f o r  some 
w a f e r s ,  The TAL7 ampli tude  and time cons tan t   depend-  
ence on t h e   a p p l i e d  DC v o l t a g e   r e v e a l s   t h e   s u r f a c e  
c o n d i t i o n   ( d e p l e t i o n   o r   i n v e r s i o n )   a t   z e r o   b i a s   a n d  
t h e   a p p r o x i m a t e   p o s i t i o n   o f   t h e   r e c o m b i n a t i o n  
c e n t e r   w i t h i n   t h e   S i   b a n d g a p .  

IISTRODLJCTIOX 

I n c r e a s i n g   l e v e l s   o f   i n t e g r a t i o n   a n d   l a r g e r  
c h i p   a r e a   o f  V L S I  c i r c u i t s  demand a h i g h   l e v e l   o f  
a u t o m a t i o n   f o r  I C  f a b r i c a t i o n   p r o c e s s e s .  One a r e a  
o f   g rea t   impor t ance  i s  t h e   t e s t i n g   o f   w a f e r  param- 
e t e r s   a f t e r   f a b r i c a t i o n   s t e p s .   N o n d e s t r u c t i v e  
t e s t i n g   m e t h o d s  are o f   g r o w i n g   i n t e r e s t   d u e   t o  
t h e i r   p o s s i b l e   a p p l i c a t i o n   i n   a u t o m a t e d   p r o d u c t i o n  
l i n e s .  I n  t h i s  work t h e   e l e c t r i c a l   p r o p e r t i e s   o f  
5" s i l i c o n   w a f e r s   w h i c h   h a v e   u n d e r g o n e   d i f f e r e n t  
e t c h i n g   a n d   p o l i s h i n g   r e m o v a l s   a r e   m o n i t o r e d  non- 
d e s t r u c t i v e l y .  

A f t e r   t h e   s i l i c o n   w a f e r s  are s l i c e d   f r o m   t h e  
i n g o t  by i n n e r   d i a m e t e r   s l i c i n g   a n d   e d g e   r o u n d e d ,  
t h e y   u n d e r g o   e t c h i n g a n d   p o l i s h i n g s t e p s   b e f o r e   d e v i c e  
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f a b r i c a t i o n   p r o c e s s e s  (1). C h e m i c a l   e t c h i n g   s t e p  
i s  used   to   remove   the   damage   and   contaminat ion   which  
i s  l e f t  f r o m   t h e   s l i c i n g   p r o c e s s .  The c h e m i c a l   e t c h  
removal i s  t y p i c a l l y   a b o u t   o n e  m i l  p e r   s i d e .   A f t e r  
e t c h i n g   t h e   p o l i s h i n g   s t e p  i s  p e r f o r m e d   t o   o b t a i n  
t h e   n e c e s s a r y   f l a t n e s s ,   s p e c u l a r   s u r f a c e ,   l a c k   o f  
f e a t u r e s ,   a n d   p a r a l l e l   s u r f a c e s   o f   t h e   w a f e r .  In  
a d d i t i o n ,   p o l i s h i n g   s h o u l d   n o t   i n t r o d u c e   a n y  damage 
o r   c o n t a m i n a t i o n   t o   t h e   s u r f a c e .   T y p i c a l   p o l i s h  
removal i s  on t h e   o r d e r   o f  a f r a c t i o n   o f  a m i l .  The 
e x t e n s i v e   u s e   o f   c h e m i c a l   e t c h i n g   f o l l o w e d  by p o l i s h -  
i n g  i s  d u e   t o   t h e   f a s t   r e m o v a l  ra te  by e t c h i n g  
( e c o n o m i c a l ,   h i g h   t h r o u g h p u t )   a n d   t h e   r e q u i r e d  
o p t i c a l   p r o p e r t i e s   w h i c h   c a n  only b e   o b t a i n e d  by 
p o l i s h i n g   ( s l o w   p r o c e s s ) .   T h e   e x t e n t   o f   t h e  damage 
removal   by   the   above   s teps  are moni tored  by  meas- 
u r i n g   t h e   g e n e r a t i o n   l i f e t i m e ,  T~ and   sur face   gen-  
e r a t i o n   v e l o c i t y ,  Sg s i n c e   t h e s e   p a r a m e t e r s  arc 
dependent  on the   magn i tude   o f   t he   su r f ace   damage  
a n d   d e f e c t   d e n s i t y .  T~ and Sg a r e   a l s o   u s e d   t o  
i n v e s t i g a t e   t h e   e f f e c t l v e n e s s   o f   t h e   f o r m i n g   g a s  
a n n e a l i n g   p r o c e s s  on t h e   r e d u c t i o n   o f   t h e   i n t e r f a c e  
s t a t e s  d e n s i t y   f o r   3 "   s i l i c o n   w a f e r s .  The eva lua-  
t i o n  o f   t h e   e f f e c t i v e   l i f e t i m e ,  T e f f  which is 
a p p r o x i m a t e l y   r e l a t e d   t o  T~ and Sg by t h e   f o l l o w i n g  
e q u a t i o n :  

1 S 
- -  
T e f f  'g L~ 

- + n e a r   f l a t  band   cond i t ion  (1) 

where LD i s  t h e   e x t r i n s i c  Debye l e n g t h , i s   d i s c u s s e d  
e l s e w h e r e   ( 2 ) .  The s e p a r a t i o n   o f  'cg and S g  i s  
p o s s i b l e  by t h e   a p p l i c a t i o n   o f  a d e p l e t i n g  DC b i a s  
f i e l d   a c r o s s   t h e   s e m i c o n d u c t o r .  Under b i a s ,  LE 
i s  r e p l a c e d  by t h e   d e p l e t i o n   l a y e r   t h i c k n e s s  W which 
can   be   modu la t ed   t o  a maximum value   de te rmined   by  
t h e   o n s e t   o f   i n v e r s i o n  ( 3 ) .  I f  a DC b i a s   f i e l d  i s  
u s e d ,   t h e  maximum d e p l e t i o n   w i d t h ,  Wm i s  on t h e  
o r d e r   o f  0 . 5  ;m f o r  p = 11-16R cm s i l i c o n .   P u l s e d  
b i a s   f i e l d   s h o u l d   b e   u s e d   i n   t h e   f o l l o w i n g   c o n d i -  
t i o n s :  1) i f   t h e   s i l i c o n   w a f e r   e x h i b i t s  a l a r g e  
s u r f a c e   g e n e r a t i o n   v e l o c i t y   a n d  2 )  i n   t h e   c a s e   o f  
d e p t h   p r o f i l i n g   o f  T t o   t h e   d i s t a n c e s   l a r g e r   t h a n  
Wm. U s i n g   t h e   p u l s e 8   b i a s   f i e l d ,   t h e   e x p e r i m e n t a l  
s e t u p   s h o u l d  be capab le   o f   measu r ing  T~ i n  time 
s c a l e s  much s h o r t e r   t h a n   t h e   m i n o r i t y   c a r r i e r   b u i l d -  
up time i n   t h e   d e p l e t i o n   r e g i o n   ( s t o r a g e   t i m e ) .  

The dependence of  T e f f  and TALr ampl i tude  on t h e  
a p p l i e d   b i a s   f i e l d   r e v e a l   t h e   s u r f a c e   c o n d i t i o n   a n d  
the   approx ima te   ene rgy   l eve l   o f   t he   r ecombina t ion  
c e n t e r   w i t h i n   s i l i c o n   b a n d g a p  ( 4 ) .  The s p a t i a l  
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maps of  T~ and Sg f o r  some of   the   samples  are 
p r e s e n t e d   a n d   t h e   r e s u l t s  are  compared. 

EXPERIMENTAL PROCEDURE 

S o n d e s t r u c t i v e   m e a s u r e m e n t   u s i n g   t r a n s v e r s e  
a c o u s t o e l e c t r i c   v o l t a g e  (TAV) i s  d e s c r i b e d   i n  
d e t a i l   e s l e w h e r e   ( 2 , 3 ) .  The measurement i s  s imply  
done by p l a c i n g   t h e   s i l i c o n   w a f e r s   o n   t h e   t o p   o f  a 
p i e z o e l e c t r i c   m a t e r i a l   ( L i N b O g ) .   T h e r e  i s  a n  Ak 
s t r u c t u r e   e v a p o r a t e d   o n   t h e   s u r f a c e   o f   t h e  LiNbO3 
w i t h   a n   i n t e r a c t i o n  window a t  t h e   c e n t e r   o f   t h i s  
s t r u c t u r e  ( 3 ) .  A t  t h e   i n t e r a c t i o n   r e g i o n ,   t h e  
e l e c t r i c   f i e l d   ( w h i c h  i s  p e r p e n d i c u l a r   t o   t h e   s u r -  
f a c e   o f   t h e   p i e z o e l e c t r i c   m a t e r i a l )   i n t e r a c t s  non- 
l i n e a r l y   w i t h   t h e   n e a r   s u r f a c e   f r e e   c a r r i e r s   a n d  
t h e  TAL7 i s  g e n e r a t e d   a c r o s s   t h e   w a f e r .  The TAV 
s i g n a l  i s  moni tored  v i a  a n  AR p l a t e   w h i c h  i s  
p res sed  on t h e   b a c k   s i d e   o f   t h e   w a f e r   a n d   t h e  AR 
s t r u c t u r e   o n   t h e   s u r f a c e   o f   t h e   p i e z o e l e c t r i c  
m a t e r i a l   ( g r o u n d   p a t h ) .   B o t h   t h e  TAV ampl i tude   and  
t r a n s i e n t  time c o n s t a n t s  are measured a t  z e r o   b i a s  
f i e l d  and   unde r   app l i ed  DC b i a s   t o   c h a r a c t e r i z e   t h e  
w a f e r   s u r f a c e   p r o p e r t i e s .  

To e v a l u a t e   t h e  damage   removal   p roper t ies   o f  
e t c h i n g   a n d   p o l i s h i n g ,  a t o t a l  number  of  ten 5" 
s i l i c o n   w a f e r s  are p r e p a r e d .  A l l  t h e   w a f e r s  are 
s l i ced   f rom  cz   g rown ,  p t y p e ,  p = 11-16R cm, (100) 
s u r f a c e   s i l i c o n   i n g o t s   a n d   h a v e   u n d e r g o n e   d i f f e r -  
e n t   e t c h i n g   a n d   p o l i s h i n g  times. Acid e t c h i n g  i s  
u s e d   a n d   t h e   e t c h a n t   m i x t u r e  i s  5 : 2 : 1  v o l u m e   r a t i o  
of HN03/HF/HC2H302. E tch ing  i s  a t  room tempera tu re  
a n d   t h e   e t c h i n g   b a r r e l   a n d   w a f e r   h o l d e r   r o t a t e  
d u r i n g   t h e   p r o c e s s .   F o r   p o l i s h i n g ,   S i 0 2   b a s e d  
s l u r r i e s  are u s e d   i n   t h e   s i m u l t a n e o u s  two s i d e d  
p o l i s h i n g   a r r a n g e m e n t .  The s i l i c o n   r e m o v a l   f o r  
t h e   w a f e r s   r e p o r t e d   i n   t h i s  work  (measured by 
c a p a c i t i v e   p r o b i n g )   a r e  as f o l l o w s :  

Wafer ii Chem. E t c h   P o l i s h  Removal T o t a l  Removal 
Removal Both   S ides   Both   S ides  
B o t h   S i d e s   ( m i l s )   ( m i l s )  
( m i l s )  

14 0 0 0 
1 3  0.4  0 0 . 4  
1 6  7 . 2  0 7 . 2  
10  0 . 4  2 . 2   2 . 6  

A f t e r   e t c h i n g   a n d   p o l i s h i n g   t h e   s a m p l e s  are 
a n n e a l e d   i n  N2 ambient  a t  1000°C fol lowed  by 
a n o t h e r   a n n e a l i n g   i n   f o r m i n g   g a s  (5-10% H2 i n  N2) 
a t  4 O O 0 C  f o r   a b o u t  20 m i n u t e s .   P r i o r   t o   t h e  meas- 
u r e m e n t s   t h e   w a f e r s  are c l e a n e d   i n  8 s t e p s ,  s tar t -  
i n g   w i t h   t h e   s u l f u r i c / n i t r i c   a c i d   o r g a n i c  material 
remover   fol lowed by i m m e r s i o n   i n   a c i d i c   a n d   b a s i c  
h y d r o g e n   p e r o x i d e   s o l u t i o n s i n o r d e r   t o   r e m o v e  
m e t a l l i c   c o n t a m i n a t i o n   a n d   i o n i c   c h a r g e s .  

To i n v e s t i g a t e   t h e   f o r m i n g   g a s   a n n e a l i n g  
e f f e c t i v e n e s s ,   f i v e  3" s i l i c o n   w a f e r s  are o x i d i z e d ,  
annea led ,   c l eaved   and   t hen   r andom  ha lves  are 
a n n e a l e d   a g a i n   i n   f o r m i n g   g a s .  The o x i d a t i o n  i s  
dry-wet -dry   and   the   ox ide   th ickness  is  550 i 50 nm. 
P o s t   o x i d a t i o n   a n n e a l i n g  i s  performed i n  N2 a t  
1000°C t o   r e d u c e   t h e   o x i d e   f i x e d   c h a r g e s .   F o r m i n g  
gas  (F .G . )  a n n e a l i n g  i s  as d e s c r i b e d   b e f o r e   a n d  i s  
d o n e   t o   r e d u c e   t h e   i n t e r f a c e  s ta tes  d e n s i t y .  T e f f  

i s  measured   us ing  TAV wavefo rm  and   t he   r e su l t s  are 
compared f o r  no F.G. and F.G. a n n e a l e d   w a f e r   h a l v e s .  

RESULTS AND DISCUSSION 

The time c o n s t a n t   a s s o c i a t e d   w i t h   t h e  TAI' t r a n s -  
i e n t s   ( T e f f )  is  r e l a t e d   t o  ?rg and  Sg as shown i n  
e q u a t i o n  1 ( 2 ) .  The e x p e r i m e n t a l   r e s u l t s   f o r   d i f f e r -  
e n t l y   e t c h e d   a n d   p o l i s h e d   w a f e r s   a r e   p r e s e n t e d   i n  
f i g u r e  1. ~ ~ f f  ( a t   z e r o   b i a s )  is  p l o t t e d   a s  a func- 
t i o n  of  p o s i t i o n   f o r   d i f f e r e n t   w a f e r s .  The p l o t s  
i n d i c a t e  a l a r g e   s p a t i a l   v a r i a t i o n  of T e f f  f o r   e a c h  
wafe r   w i th   gene ra l ly   l ower   va lues   t owards   t he   edge .  
T h i s   c a n   b e   d u e   t o   t h e   h a n d l i n g   d a m a g e   a r o u n d   t h e  
wafe r   edges .  I t  i s  shown ( f i g u r e  1) t h a t  by chem- 
i c a l   e t c h i n g   t h e   l i f e t i m e   i n c r e a s e s   w h i c h  i s  a n  
i n d i c a t i o n   o f   s u r f a c e  damage  removed.  Sample 116 
( 7 . 1  mils e t c h i n g   r e m o v a l )   e x h i b i t s   a b o u t  lo2 times 
i n c r e a s e   i n   t h e   l i f e t i m e  as compared t o  as s l i c e d  
sample (1114).  The wafer   which i s  both   e tched   and  
p o l i s h e d  (#lo) e x h i b i t s  a l o n g e r   a v e r a g e   l i f e t i m e  
t h a n   t h e   w a f e r   w h i c h  i s  o n l y   e t c h e d  (i116) even  
t h o u g h   t h e   t o t a l   r e m o v a l  i s  l e s s .   T h i s   r e s u l t  
m i g h t   i n d i c a t e   t h a t   p o l i s h i n g  i s  t o  some e x t e n t ,  
m o r e   e f f e c t i v e   t h a n   c h e m i c a l   e t c h i n g   i n   p r o d u c i n g  a 
damage f r e e   s u r f a c e .  The argument i s  n o t   c o n c l u s i v e  
and   more   exper imenta l   da ta  i s  needed .  One r e a s o n  i s  
t h a t   i l l 0   a n d   1 6   w a f e r s   m i g h t   n o t   b e   t h e   s u c c e s s i v e  
s l i c e s   f r o m   t h e  same i n g o t   w h i c h   c a n   e a s i l y   c a u s e  a 
t w o f o l d   v a r i a t i o n   i n   l i f e t i m e   e v e n   i f   t h e   w a f e r s  
u n d e r g o   t h e  same e t c h i n g   a n d   p o l i s h i n g .   T h i s   e f f e c t  
is  v e r i f i e d   e x p e r i m e n t a l l y .  

I n  o r d e r   t o   d e t e r m i n e   t h e   c o n t r i b u t i o n s   o f  Tg  
and Sg t o   t h e   m e a s u r e d   e f f e c t i v e   l i f e t i m e ,   t h e  meas- 
u r e m e n t s   u n d e r   t h e   a p p l i e d   d e p l e t i n g   v o l t a g e   a r e  
performed. The r e s u l t s   f o r  as s l i c e d   s a m p l e  (1114) 
i s  i n   t h e   f o r m   o f   s p a t i a l   v a r i a t i o n s   o f  T~ and Sg 
and is  shown i n   f i g u r e   2 .  The d e p l e t i n g  DC b i a s  
v o l t a g e  is  chosen a t  a v a l u e   c o r r e s p o n d i n g   t o   t h e  
maximum m e a s u r a b l e   l i f e t i m e   b e f o r e   t h e   o n s e t   o f   i n -  
v e r s i o n .  The r e a s o n  i s  t o   q u e n c h   t h e   s u r f a c e  
e f f e c t   a s  much as p o s s i b l e  b y   g o i n g   f u r t h e r   i n t o  
t h e   b u l k .  The m e a s u r e d   l i f e t i m e   u n d e r   t h e   a p p l i e d  
v o l t a g e  i s  a p p r o x i m a t e l y   t h e   b u l k   g e n e r a t i o n   l i f e -  
t i m e   ( t h e   c o n t r i b u t i o n   o f   t h e   d i f f u s i o n   c u r r e n t  i s  
n e g l e c t e d ) .  The v a r i a t i o n s   o f  T~ and   Sg   i nd ica t e  
t h a t   t h e   i n c r e a s e   o f  Sg t o w a r d s   t h e   w a f e r   e d g e s  i s  
d o m i n a n t l y   r e s p o n s i b l e   f o r   l o w e r  T e f f  c l o s e   t o   t h e  
w a f e r   p e r i p h a r y   a n d   t h e  b u l k  g e n e r a t i o n   l i f e t i m e  
v a r i e s   s l i g h t l y   a c r o s s   t h e   w a f e r .  

The TAV ampli tude  and T e f f  dependence on t h e  
a p p l i e d  D C  v o l t a g e  (TAP-V and T-V) f o r   w a f e r  1/16 
are shown i n   f i g u r e   3 .  The f o r m s   o f   t h e   p l o t s   a r e  
more o r  less t h e  same f o r   o t h e r   s a m p l e s   w i t h  a 
d i f f e r e n c e   o n l y   i n   t h e  TAV and T a b s o l u t e   v a l u e s .  
I t  s h o u l d   b e   n o t e d   t h a t   t h e   p o l a r i t y   o f   t h e   a p p l i e d  
DC v o l t a g e  i s  o p p o s i t e  as compared t o   t h e   g a t e   b i a s  
i n  C-V m e a s u r e m e n t s   ( 2 , 3 ) .   T h u s   t h e   n e g a t i v e  
a p p l i e d   v o l t a g e   t e n d s   t o   d e p l e t e   a n d   i n v e r t   t h e  
s u r f a c e .  The T-V c u r v e   s h o w s   a n   i n c r e a s e   o f   t h e  
T e f f  f o r   h i g h e r   d e p l e t i n g   v o l t a g e s   a n d  a maximum i n  
t h e   p o s i t i v e   a p p l i e d   v o l t a g e   d i r e c t i o n  i s  observed .  
I n  o r d e r   t o   d e t e r m i n e   t h e   s u r f a c e   p o t e n t i a l  a t  
d i f f e r e n t   b i a s   v o l t a g e s ,   t h e  TAV-V cu rve  i s  used .  
By compar ing   the  TAV-V p l o t   t o   t h e   t h e o r e t i c a l   c u r v e  
i n   r e f e r e n c e  ( 3 ) ,  t h e   s u r f a c e   p o t e n t i a l   c a n   b e  
approx ima ted   t o   be   abou t   0 .23V a t  z e r o   b i a s  
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( p o i n t  A)  and  about  0.15V a t  Va pl = M.5V  which 
c o r r e s p o n d s   t o   t h e  maximum i n  ti?e <-V curve  
( p o i n t   B ) .   F i g u r e  4 shows the   ene rgy   band   d i ag ram 
and the   approx ima te   band   bend ings   co r re spond ing   t o  
t h e   p o i n t s  A and B ( n o t i c e   t h e   s u r f a c e   d e p l e t i o n  
a t   z e r o   b i a s ) .  I n  o r d e r   t o   e x p l a i n   t h e  T-L' c u r v e ,  
two super impos ing  phenomena a r e   c o n s i d e r e d :  1) t h e  
i n c r e a s e   o f   t h e   d e p l e t i n g   b i a s   f i e l d   ( n e g a t i v e  
v a l u e s )   i n c r e a s e s   t h e  T e f f  d u e   t o   t h e   l a r g e r   d e p l e -  
t i o n   w i d t h   w h i c h   r e d u c e s   t h e   s u r f a c e   e f f e c t ,   2 )   t h e  
p r e s e n c e   o f   t h e   r e c o m b i n a t i o n   c e n t e r   a t   t h e   e n e r g y  
l e v e l r  57 which i s  a t  0.15 eV f r o m   t h e   i n t r i n s i c  
energy  Level ,  E i  p r o d u c e s   t h e  maximum i n   t h e  T-L7 
c u r v e   ( 4 , 5 ) .  The r e a s o n  i s  a t t r i b u t e d   t o   t h e  max- 
imum T g  which i s  ob ta ined   upon   t he   pas sage   o f  E T  
t h rough   t he   f e rmi   l eve l   (ET(B)  = E f ,  p o i n t   B ) .  

The e f f e c t   o f   f o r m i n g   g a s   a n n e a l i n g  on t h e  
T e f f  i s  d e m o n s t r a t e d   i n   t h e   f o l l o w i n g   t a b l e :  

F.G. 6 20 1600  120  500  220 

Table 1. Comparison  between KO F.G. and F.G.  
a n n e a l e d   h a l f   w a f e r s  

Table  1 shows   an   ave rage   i nc rease   o f   t he  T e f f  i n  
t h e   o r d e r   o f  230 times f o r   t h e   f o r m i n g   g a s   a n n e a l e d  
h a l f   w a f e r s .  

The v a l u e s   o f  T e f f  f o r   s amples   wh ich  are 
s l i c e d   f r o m   d i f f e r e n t   s e c t i o n   o f   a n   i n g o t   a n d  are 
e t c h e d   s i m i l a r l y   ( t o t a l   r e m o v a l   o f  5 m i l s )   a r e  
shown i n   T a b l e   2 .  

-reff ( p s e c )  @ z e r o   b i a s   v o l t a g e  

middle  Ta i l  

239 

Table   2 .   Compar ison   be tween  d i f fe ren t   sec t ions   o f  
t h e   i n g o t .  

The r e s u l t s   i n d i c a t e  a lower   su r f ace   damage   fo r  
t h e   s e e d   p a r t  as compared t o   t h e  t a i l  and  middle  
s e c t i o n s ,  

CONCLUSION 

The p r e s e n t e d   e x p e r i m e n t a l   r e s u l t s  show t h a t  
t h e   n o n d e s t r u c t i v e   t r a n s v e r s e   a c o u s t o e l e c t r i c   v o l t -  
age  measurement i s  indeed  a f e a s i b l e   t e c h n i q u e   t o  
c h a r a c t e r i z e   t h e   s i l i c o n   w a f e r   e l e c t r i c a l   p r o p e r -  
t ies  u n d e r   a n y   k i n d   o f   s u r f a c e   c o n d i t i o n .  The 
a p p l i c a t i o n   o f  DC b i a s   v o l t a g e   t o   d i s t i n g u i s h  
between 'cg and Sg which was p r o p o s e d   p r e v i o u s l y   ( 2 )  
i s  e x p e r i m e n t a l l y   d e m o n s t r a t e d   i n   t h i s   w o r k .  Mon- 
i t o r i n g  T e f f ,  T and  Sg f o r   s i l i c o n   w a f e r s   w h i c h  
h a v e   u n d e r g o n e   s i f f e r e n t   e t c h i n g   a n d   p o l i s h i n g  
s t e p s   r e v e a l s   t h e   e x t e n t   o f   t h e   e f f e c t i v e n e s s   o f  
t h e s e   s t e p s   i n   p r o d u c i n g  a damage f r e e   s u r f a c e .  
The e f f e c t  of f o r m i n g   g a s   a n n e a l i n g   i n   r e d u c i n g  

t h e   i n t e r f a c e  s ta tes  d e n s i t y  i s  a l s o   d e m o n s t r a t e d .  
I n  a l l  the   above   exper iments  no contac t   o f   any  
form i s  f a b r i c a t e d  on  t h e   s i l i c o n   s u r f a c e   a n d   t h e  
p r e s e n c e   o r   a b s e n c e   o f   t h e   i n s u l a t o r   l a y e r  i s  
immaterial. 

Automated  equipment i s  being  developed  where 
u p   t o  256 x 256 p o i n t s  on the   wafe r   can   be   eva lu -  
a t e d   w i t h   r e s p e c t   t o   p a r a m e t e r s   s u c h   a s  T~ and  Sg. 
The f i n a l   o b j e c t i v e   o f   t h e   e q u i p m e n t  w i l l  b e   t o  
p r e s e n t   t h e   r e s u l t s   i n   t h e   f o r m   o f   i m a g e s   i n   p s e u d o -  
c o l o r   w h e r e   e a c h   c o l o r   r e p r e s e n t s  a c e r t a i n   r a n g e  
of 

1. 

2 .  

3. 

4 .  

5. 

of 

the   above   pa rame te r s .  
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4 Energy  band  diagram  corresponding 
t o  t h e   d a t a   p r e s e n t e d   i n   f i g u r e  3 
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