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A b s t r a c t 
With t h e t r e n d t o w a r d s h igh i n t e g r a t i o n of LSIs, i t h a s b e c o m e 

i n c r e a s i n g l y i m p o r t a n t t o c o n t r o l o r minimize l o c a l m e c h a n i c a l 
s t r e s s e s w h i c h d e v e l o p in s i l i c o n s u b s t r a t e s a n d c a u s e s u b s t r a t e 
f a i l u r e d u r i n g LSI f a b r i c a t i o n . In p a r t i c u l a r , d u r i n g t h e r m a l 
o x i d a t i o n , a l a r g e s t r e s s i s i n d u c e d a t t h e i n t e r f a c e b e t w e e n 
s i l i c o n a n d s i l i c o n d i o x i d e . T h i s i s b e c a u s e of t h e v o l u m e 
e x p a n s i o n i n t h e newly g rown s i l i c o n d iox ide , a n d t h e m i s m a t c h i n 
t h e t h e r m a l e x p a n s i o n c o e f f i c i e n t s . T h i s s t r e s s i s l a r g e a n d 
s o m e t i m e s c a u s e s d i s l o c a t i o n t o form i n t h e s i l i c o n s u b s t r a t e . 
T h e r e f o r e , s t r e s s c o n t r o l d u r i n g t h e r m a l o x i d a t i o n i s v e r y i m p o r t a n t 
for i m p r o v i n g p r o d u c t r e l i a b i l i t y . 

T h i s p a p e r p r e s e n t s a t w o - d i m e n s i o n a l o x i d a t i o n p r o c e s s 
s i m u l a t i o n p rogram, 0XSIM2D, [1] wh ich a n a l y z e s s i l i c o n d i o x i d e 
g r o w t h on s i l i c o n s u r f a c e s a n d t h e c h a n g e i n s t r e s s in t h e t o t a l 
s t r u c t u r e . The n u m e r i c a l model u s e d i s s h o w n i n Fig. 1. T h e r e a r e 
t h r e e m a i n s t a g e s , wh ich a r e r e p e a t e d u n t i l o x i d a t i o n f i n i s h e s . The 
f i r s t s t a g e a n a l y z e s o x i d i z i n g s p e c i e s d i f f u s i n g t h r o u g h t h e 
e x i s t i n g s i l i c o n d i o x i d e l a y e r , a s s u m i n g a q u a s i - s t a t i c s t a t e . T h i s 
a n a l y s i s i s m a d e by t h e f i n i t e e l e m e n t m e t h o d w i t h 4 - n o d e 
q u a d r i l a t e r a l e l e m e n t s . Two new i d e a s a r e i n c o r p o r a t e d i n t o t h i s 
a n a l y s i s : s t r e s s - d e p e n d e n t d i f f u s i o n which w a s o r i g i n a l l y p r o p o s e d 
by Kao e t a l . , [2] a n d a n i s o t r o p i c d i f f u s i o n c a u s e d by t h e t h i n film 
e f f e c t . The s e c o n d s t a g e m o d e l s t h e m o v e m e n t of t h e s i l i c o n / s i l i c o n 
d i o x i d e b o u n d a r y a n d t h e c h e m i c a l r e a c t i o n i s t h e r e . The e x i s t e n c e 
of t h e "White Ribbon", a t h i n n i t r i d e l a y e r wh ich fo rms a t t h e 
i n t e r f a c e u n d e r t h e s i l i c o n n i t r i d e mask, i s a n a l y z e d a s a n 
o x i d a t i o n b a r r i e r . The r a t e c o n s t a n t of t h e c h e m i c a l r e a c t i o n a t 
t h e i n t e r f a c e i s r e d u c e d in t h e a r e a u n d e r t h e n i t r i d e mask. A f t e r 
t h e b o u n d a r y movemen t , f i n i t e e l e m e n t m e s h e s a r e r e f i n e d by t h e 
b o u n d a r y - f i t t e d c o o r d i n a t e t r a n s f o r m a t i o n t e c h n i q u e . The l a s t s t a g e 
a n a l y z e s v i s c o - e l a s t i c s t r e s s u s i n g t h e f i n i t e • e l e m e n t m e thod . 
I s o t r o p i c i n i t i a l s t r a i n t e n s o r s c o r r e s p o n d i n g t o t h e body e x p a n s i o n 
a r e a p p l i e d t o t h e t r a n s i t i o n r eg ion , wh ich i s d e f i n e d a s t h e a r e a 
in wh ich s i l i c o n c h a n g e s t o s i l i c o n d i o x i d e in t h e t i m e i n c r e m e n t . 
I n t r i n s i c s t r e s s i n n i t r i d e m a s k s a n d t h e r m a l s t r e s s g e n e r a t e d 
b e f o r e a n d a f t e r o x i d a t i o n a r e a l s o t a k e n i n t o a c c o u n t . V i s c o s i t y 
i s u s e d t o r e p r e s e n t t h e s t r e s s r e l a x a t i o n wh ich o c c u r s a t h igh 
t e m p e r a t u r e s . 
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Fig.l Numerical Model in 0XSIM2D 
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An example of s imula ted normal s t r e s s di .s t r ibut ion in a LOCOS 
s t r u c t u r e i s shown in Fig. 2. Thickness of t he n i t r i de mask i s 150 
nm and width i s 1. 0 /u.m, and t h e ox ida t ion was performed under 
pyrogenic condi t ions . S t r e s s c o n c e n t r a t i o n occu r s a t two a r e a s in 
t h e s u b s t r a t e under t h e n i t r i d e mask. Tens i le s t r e s s i s 
c o n c e n t r a t e d near t h e s i l icon s u r f a c e under t h e c e n t e r of t h e 
n i t r i d e mask. On t h e o the r hand, compress ive s t r e s s deve lops a t 
t h e LOCOS edge. This compress ive s t r e s s i s c a u s e d by t h e volume 
expans ion of t h e newly grown s i l icon dioxide. Since t h e s i l i con 
dioxide w a n t s t o expand, t h e s ide wal ls of t h e LOCOS s t r u c t u r e 
push the s i l icon s u b s t r a t e under t h e n i t r ide mask. The r e a s o n for 
t h e t e n s i l e s t r e s s c o n c e n t r a t i o n nea r t h e s i l icon s u r f a c e under t h e 
c e n t e r of t h e n i t r ide mask i s t h e def lec t ion of t h e n i t r i de mask 
c a u s e d by t h e growth of t h e "Bird's Beak". Since t h e Young's 
modulus of t h e n i t r ide mask i s higher t h a n t h a t of si l icon, and t h e 
n i t r i d e mask i s d i s t o r t e d i n t o a concave shape, t e n s i l e s t r e s s 
deve lops a t t h e s i l icon su r face . This t e n s i l e s t r e s s does n o t 
a lways develop nea r t h e s i l icon s u r f a c e under t h e c e n t e r of t h e 
n i t r i d e mask. The pos i t ion of t h e s t r e s s c o n c e n t r a t i o n depends on 
t h e l eng th of t h e "Bird's Beak". When t h e Bird's Beak does no t grow 
much, t h e t e n s i l e s t r e s s c o n c e n t r a t i o n occu r s nea r t h e mask edge, 
a s shown in Fig. 3. 

The normal s t r e s s d i s t r i b u t i o n measured us ing microscopic 
Raman spect roscopy[3] i s shown in Fig. 4. The s p a t i a l r e so lu t i on i s 
1 fim. I t shows t h e e x i s t e n c e of both t h e compress ive s t r e s s a t 
t h e LOCOS edge and t h e t e n s i l e s t r e s s a t t h e c e n t e r of s i l i con 
su r face . The s imula ted s t r e s s i s compared with t h e measured 
s t r e s s in Fig. 5. I t was found t h a t t h e pred ic ted s t r e s s a g r e e s well 
wi th t h e measured s t r e s s . 
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