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R6sum6 .- Des t r a n s i s t o r s  o n t  6 t 6  r 6 a l i s 6 s  d a n s  d e s  f i l m s  d e  s i l i c i u m  
d6pos6.s s u r  i s o l a n t  e t  r e c r i s t a l l i s 6 s  p a r  l a s e r .  L ' u t i l i s a t i o n  d e  bandes  
a n t i - r e f l e t s  d e  n i t r u r e  d e  s i l i c i u m  a  permis  d e  c o n t r 6 l e r  l ' i n t e r f a c e  
l i q u i d e - s o l i d e  A l ' a r r i g r e  du s p o t  l a s e r ,  l o r s  d e  l a  r e c r i s t a l l i s a t i o n .  
C e t t e  t e c h n i q u e  permet d e  c o n t r 6 l e r  l a  p o s i t i o n  d e s  j o i n t s  d e  g r a i n s  
a v e c  une bonne p r 6 c i s i o n .  Les j o i n t s  d e  g r a i n s  o n t  Bt6  e n s u i t e  d i s s o u s  
d a n s  une  6 t a p e  d ' o x y d a t i o n  l o c a l i s e e  c l a s s i q u e ,  l a i s s a n t  d e s  bandes  
d e  s i l i c i u m  m o n o c r i s t a l l i n  complktement e n t o u r g e s  d ' o x y d e .  
Oes t r a n s i s t o r s  MOS B c a n a l  N,  a i n s i  q u e  d e s  o s c i l l a t e u r s  en anneau o n t  
k t 6  f a b r i q u 6 s  d a n s  c e  m a t 6 r i a u .  La m o b i l i t 6  d e  s u r f a c e  d e s  e l e c t r o n s  
y  a t t e i n t  650 cm2/v.sec., e t  l e  d 6 l a i s  p a r  g t a g e  e s t  d e  1  n s e c .  d a n s  
l e s  o s c i l l a t e u r s  (L = 5  pml. 

A b s t r a c t  .- T r a n s i s t o r s  have  been r e a l i z e d  i n  l a s e r - r e c r y s a l l i z e d  s i l i c o n -  
o n - i n s u l a t o r  f i l m s .  A n t i r e f l e c t i n g  s t r i p e s  of  s i l i c o n  n i t r i d e  were used  t a  
s h a p e  t h e  t r a i l i n g  e d g e  of t h e  s i l i c o n  a s  it quenches  u n d e r  l a s e r  s c a n .  
which a l l o w s  a c c u r a t e  c o n t r o l  o f  t h e  g r a i n  boundary l o c a t i o n .  The g r a i n  
b o u n d a r i e s  were o x i d i z e d  i n  a s t a n d a r d  LOCOS p r o c e s s  which l e f t  s i n g l e -  
c r y s t a l  s i l i c o n  s t r i p e s  c o m p l e t e l y  embedded i n  t h e  o x i d e .  N-channel 
t r a n s i s t o r s  a s  w e l l  as r i n g  o s c i l l a t o r s  were  made i n  t h e  r e c r y s t a l l i z e d  
m a t e r i a l .  A s u r f a c e  m o b i l i t y  of 650 c m z / ~ . s e c .  was o b s e r v e d  i n  t h e  
t r a n s i s t o r s ,  and a  1  n s e c .  d e l a y  p e r  s t a g e  was measured i n  t h e  r i n g  
o s c i l l a t o r s  [L = 5  pm). 

1 .  I n t r o d u c t i o n . -  S i l i c o n - O n - I n s u l a t o r  (SO11 t e c h n o l o g i e s  a r e  a n  a t t r a c t i v e  
a l t e r n a t i v e  f o r  VLSI c i r c u i t  m a n u f a c t u r i n g ,  owing t o  such  

a d v a n t a g e s  a s  reduced  p a r a s i t i c  c a p a c i t a n c e s ,  l a t c h - u p  immunity and i n s e n s i t i v i t y  
t o  a l p h a  p a r t i c l e s .  F u r t h e r m o r e ,  t h e  c o s t  p e r  w a f e r  i s  p r o m i s i n g l y  low when 
such  t e c h n i q u e s  based  on t h e  r e c r y s t a l l i z a t i o n o f  a  p o l y s i l i c o n  f i l m  d e p o s i t e d  
on a  low-cos t  s u b s t r a t e  ( g l a s s  o r  o x i d i z e d  m e t a l l u r g i c a l  s i l i c o n  w a f e r )  a r e  
u s e d .  

Many d i f f e r e n t  e n e r g y  beams have  been i n v e s t i g a t e d  f o r  t h e  m e l t i n g  and 
r e c r y s t a l l i z a t i o n  of  s i l i c o n  f i l m s  d e p o s i t e d  on a n  i n s u l a t o r ,  among them 
cw l a s e r s  [ I ) ,  lamps (21 ,  o r  s t r i p  h e a t e r s  [ 3 ) .  A l l  t h e s e  t e c h n i q u e s  o p e r a t e  
i n  t h e  same way: t h e  s i l i c o n  f i l m ,  which may b e  e n c a p s u l a t e d  o r  n o t ,  i s  m e l t e d  
d u r i n g  t h e  s c a n n i n g ,  t h e n  quenched i n  such  a  way t h a t  l a r g e  c r y s t a l l i t e s  a r e  
o b t a i n e d .  T y p i c a l  g r a i n  s i z e s  of  5  pm X 1 0  u m  a r e  o b t a i n e d  w i t h  cw l a s e r  
s y s t e m s ,  w h i l e  much l a r g e r  g r a i n s  (1000 pm X s e v e r a l  mml a r e  o b t a i n e d  u s i n g  
lamps o r  s t r i p  h e a t e r s .  However, i n  a l l  t h e s e  t e c h n i q u e s ,  t h e  l o c a t i o n  of t h e  
remain ing  d e f e c t s  ( g r a i n  b o u n d a r i e s  o r  s u b g r a i n  b o u n d a r i e s )  is  a lways  random. 
The consequence  of  t h i s  random l o c a t i o n  o f  d e f e c t s  i s  t h a t  a  g r a i n  boundary may 
be  l o c a t e d  i n  a  t r a n s i s t o r  somewhere i n  t h e  SO1 c h i p  r e s u l t i n g  i n  a  m a l f u n c t i o n  
o f  t h a t  t r a n s i s t o r ,  and o f  t h e  c i r c u i t ,  which i s  o f  c o u r s e  u n a c c e p t a b l e .  

2 .  C o n t r o l  o f  t h e  g r a i n  boundary l o c a t i o n . -  C o n t r o l  o f  t h e  t e m p e r a t u r e  g r a d i e r i t s  
i n  t h e  quenching  s i l i c o n  f i l m  

i m m e d i a t e l y  f o l l o w i n g  beam i r r a d i a t i o n  i s  a  key t o  a c h i e v i n g  l a r g e  s i n g l e -  
c r y s t a l s .  T h i s  c a n  b e  managed e i t h e r  by c o n t r o l l i n g  t h e  h e a t  f l o w  from t h e  
s i l i c o n  f i l m  t o w a r d s  t h e  s u b s t r a t e  (41 o r  by s p a t i a l l y  m o d u l a t i n g  t h e  e n e r g y  
d e p o s i t e d  i n  t h e  f i l m  (51.  I n  t h i s  e x p e r i m e n t ,  we h a v e  u s e d  t h e  s o - c a l l e d  
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Figure 1: I l l u s t r a t i o n  o f t h e  process f o r  c o n t r o l l i n g  
t h e  g r a i n  boundary loca t ion .  Sample i s  shown a f t e r  
decora t ion  wi th  Secco e t c h  t o  r evea l  g r a in  boundaries .  
Distance between two g r a i n  boundaries  is 20  wm. 

" s e l e c t i v e  a n n e a l i n g "  t e c h n i q u e  (61  w h i c h  i s  b a s e d  o n  a v e r y  s i m p l e  phenomenon:  
t h e  enhancement  o f  l a s e r  power  a b s o r p t i o n  c a u s e d  by t h e  p r e s e n c e  o f  a n  a n t i -  
r e f l e c t i o n  c a p .  

F o r  t h e  p u r p o s e  o f  o u r  i l l u s t r a t i o n ,  we w i l l  now d e f i n e  t h e  e f f e c t i v e  
s p o t  s i z e  o f  t h e  f o c u s e d  l a s e r  beam a s  t h e  d i a m e t e r  o f  t h e  l a s e r - i n d u c e d  
m e l t e d  area. T h i s  s p o t  s i z e o b v i o u s l y i n c r e a s e s  when t h e  s i l i c o n  i s  c a p p e d  w i t h  
a n  a n t i r e f l e c t i o n  c o a t i n g .  T h e  a n t i r e f l e c t i n g  c a p  b e i n g  now p a t t e r n e d  i n t o  
s t r i p e s ,  t h e  t r a i l i n g  e d g e ,  u n d e r  t h e  s c a n n i n g  c o n d i t i o n s  i l l u s t r a t e d  i n  F i g .  1, 
becomes a  s u c c e s s i o n  o f  c o n c a v e  i n t e r f a c e s  r e s s e m b l i n g  t h e  t e e t h  o n  a  g e a r  
when a  r o u n d  s p o t  i s  u s e d .  T h e  r e s u l t  i s  t h a t  g r a i n  b o u n d a r i e s  w i l l  o r i g i n a t e  
a t  t h e  p o i n t s  w h e r e  t h i s  t r a i l i n g  e d g e  l a g s  b e h i n d ,  i . e .  a t  t h e  t i p s  o f  t h e  
g e a r  t e e t h .  Were t h e  s p o t  a  s t r a i g h t  l i n e  p e r p e n d i c u l a r  t o  t h e  s c a n ,  o r  e l l i p t i c a l  
i n  s h a p e  w i t h  a  l a r g e  e x c e n t r i c i t y ,  t h e  g r a i n  b o u n d a r i e s  wou ld  b e  l o c a t e d  
e x a c t l y  b e n e a t h  t h e  c e n t e r  o f  t h e  a n t i r e f l e c t i o n  s t r i p e s .  As c a n  b e  s e e n  i n  
F i g .  1, s u c h  is  n o t  t h e  c a s e  when a r o u n d  beam i s  u s e d ,  b e c a u s e  t h e  c o o l i n g  
down of t h o s e  s t r i p e s  w h i c h  a r e  n e a r e s t  t o  t h e  e d g e s  o f  t h e  s c a n n i n g  s p o t  i s  
somewhat  f a s t e r  t h a n  t h a t  o f  t h e  s t r i p e s  s c a n n e d  by t h e  c e n t r e  o f  t h e  s p o t .  
It c a n  a l s o  b e  s e e n  i n  F i g .  1 t h a t  t h e  s i l i c o n  which  h a s  r e c r y s t a l l i z e d  i n  
be tween  t h e  a n t i r e f l e c t i o n  s t r i p e s  h a s  a  smooth  s u r f a c e ,  w h i l e  t h e  s i l i c o n  
b e n e a t h  s t r i p e s ,  w h i c h  i n  t h i s  c a s e  acts a l s o  a s  a n  e n c a p s u l a n t ,  r e t a i n s  o r i g i n a l  
s u r f a c e  r o u g h n e s s .  

S i n c e  t h e  s c a n  s p e e d  u s e d w a s r e l a t i v e l y  h i g h  (20  c m / s e c . l ,  a n d  no  
e n c a p s u l a n t  was u s e d ,  t h e  c r y s t a l  o r i e n t a t i o n  i s  random, a l t h o u g h  t h e  c r y s t a l  
q u a l i t y  o f  e a c h  g r a i n  i s  v e r y  good  ( F i g .  2 ) .  G i v i n g  t h e  combined  e f f e c t  o f  t h e  
m i c r o - f l o a t i n g  z o n e  p r o c e s s  a n d  o u r  l o c a l l y  c o n c a v e  t r a i l i n g  e d g e s ,  d e f e c t s  
a r e  s w e p t  t o w a r d s  t h e  g r a i n  b o u n d a r i e s ,  l e a v i n g  b e h i n d  d e v i c e - w o r t h y  m a t e r i a l  
i n  t h e  g r a i n s .  

Figure 
p a t t e r n  
Traces 
sample 
g iv ing  

2 :  E lec t  - 
of a (1 

of Si02 
s c a t t e r  
r i s e  t o  

.ron d i f f r a c t i o n  
0 0 >  s ing l e -c rys t a l .  
remaining on t h e  
t h e  e l e c t r o n s ,  
white  "clouds".  



3. D e v i c e  f a b r i c a t i o n  p r o c e s s . -  The  s a m p l e s  were made o n  < 1 0 0 >  P - t y p e  s i l i c o n  
w a f e r s .  A f t e r  g r o w t h  o f  a  1 m i c r o n  t h i c k  o x i d e ,  

a  p o l y s i l i c o n  f i l m  o f  5 0 0  nm was  d e p o s i t e d  by LPCVD. A  50 nm t h i c k  f i l m  o f  
s i l i c o n  n i t r i d e  was  t h e n  d e p o s i t e d  a n d  p a t t e r n e d  i n t o  s t r i p e s  1 0  u m  w i d e  a n d  
1 0  um a p a r t  [i.e. 20  Dm c e n t e r  t o  c e n t e r ) .  L a s e r  a n n e a l i n g  was  t h e n  p e r f o r m e d  
t o  grow l a r g e  g r a i n s  [ h e r e :  2 0  urn X 1 mm) t h e  b o u n d a r i e s  o f  w h i c h  w e r e  l o c a l i z e d  
u n d e r n e a t h  t h e  n i t r i d e  s t r i p e s  [ F i g .  3.11. 
S i n c e  t h e  l o c a t i o n  o f  t h e  g r a i n  b o u n d a r i e s  i s  f u l l y  c o n t r o l l e d  b y  a p h o t o l i t h o -  
g r a p h i c  s t e p ,  t h e y  c a n  b e  a l i g n e d  w i t h  f u r t h e r  p r o c e s s  s t e p s  i n  v i e w .  

A  s e c o n d  Mask o f  s i l i c o n  n i t r i d e  [ w h i c h  i s  r o u g h l y  c o m p l e m e n t a r y  t o  t h e  
f i r s t  o n e  w a s  u s e d  t o  g r o w  a  LOCOS f i e l d  o x i d e ,  w h i c h  d i s s o l v e d  t h e  g r a i n s  
b o u n d a r i e s  a n d  i n s u l a t e d  t h e  s i l i c o n  s t r i p e s  [ o r  i s l a n d s )  t h e  o n e  f r o m  t h e  o t h e r  
[ F i g .  3 . 2 / 3 1 S a m p l e s  t h e n  u n d e r w e n t  a  s t a n d a r d  NMOS p r o c e s s  ( g r o w t h  o f  g a t e  
o x i d e ,  E 8 D t h r e s h o l d  a d j u s t m e n t ,  p o l y s i l i c o n  d e p o s i t i o n , d o p i n g  a n d  p a t t e r n i n g ,  
s o u r c e  a n d  d r a i n  f o r m a t i o n  b y  a r s e n i c  i m p l a n t a t i o n ,  LTO p a s s i v a t i o n ,  c o n t a c t  
o p e n i n g  a n d  m e t a l l i z a t i o n  [ F i g .  3 . 4 ) .  

T r a n s i s t o r s  w i t h  mask g a t e  l e n g t h s  r a n g i n g  f r o m  1 0  down t o  4  pm w e r e  r e a l i z e d ,  
as w e l l  as 7 - s t a g e  r i n g  o s c i l l a t o r s  [NMOS, d e p l e t i o n  l o a d ] .  

SO1 fabrication sequence 

Figure 3: Transistor fabrication process 
3.1 : Growth of the single-crystals 
3.2 : Nitride mask before field oxide growth 
3.3 : Field oxide growth 
3.4 : Transistor fabrication 

4 .  D e v i c e  c h a r a c t e r i z a t i o n . -  T h r e e  d i f f e r e n t  k i n d s  o f  t r a n s i s t o r s  w e r e  r e a l i z e d :  
t h o s e  w i t h o u t  g r a i n  b o u n d a r i e s ,  a n d  t h o s e  h a v i n g  

s t r a i g h t  g r a i n  b o u n d a r i e s ,  p u r p o s e f u l l y  p l a c e d  i n  t h e  c h a n n e l  o f  t r a n s i s t o r s ,  
e i t h e r  p a r a l l e l  o r  p e r p e n d i c u l a r  t o  t h e  c u r r e n t  f l o w .  
The d e v i c e s  w i t h  g r a i n  b o u n d a r i e s  w e r e  r e a l i s e d  i n  o r d e r  t o  v a l i d a t e  t h e o r e t i c a l  
m o d e l s :  e n h a n c e d  d o p a n t  d i f f u s i o n  a l o n g  g r a i n  b o u n d a r i e s  i n  t h e  c a s e  o f  p a r a l l e l  
g r a i n  b o u n d a r i e s  [ 7 1 ,  t h r e s h o l d  v o l t a g e  i n c r e a s e  a n d  m o b i l i t y  d e p e n d e n c e  o n  
g a t e  v o l t a g e  i n  t h e  c a s e  o f  p e r p e n d i c u l a r  g r a i n  b o u n d a r i e s  (81 [ F i g s  4851 .  
I n  t h e  d e v i c e s  h a v i n g  n o  g r a i n  b o u n d a r i e s ,  a  s u r f a c e  m o b i l i t y  o f  6 5 0  cm2/v . sec .  
w a s  o b s e r v e d .  



JOURNAL DE PHYSIQUE 

1: single-crystal 

2: with a grain boundary 

Figure 4: Comparison between a transistor showing no 
grain boundary and a transistor having a grain boundary 
parallel to the current flow. 

Figure 5: Same sa Fig. 4, but with the grain boundary 
perpendicular to the current flow. 

The l eakage  c u r r e n t ,  which might be  a  problem i n  M-channel SO1 dev ices ,  was i n  t h e  
20hA/pm range.  Th i s  can be  reduced by a  f a c t o r  of 5000 when t h e  bulk s i l i c o n  
s u b s t r a t e  [back g a t e )  i s  nega t ive ly  b i a sed  a t  -5  V ,  sugges t ing  t h a t  l eakage  
c u r r e n t  i s  mainly caused by back channel  e f f e c t s .  The j u n c t i o n  breakdown v o l t a g e  
was h i g h e r  than 20 v o l t s .  

Ring o s c i l l a t o r s  ware a l s o  r e a l i z e d ,  w i t h , t h e  fo l lowing  t r a n s i s t o r  dimensions:  
W/L = 8/5 ( d r i v e r  and W/L = 4/5 [ l o a d ) .  The de l ay  pe r  s t a g e  i s  1 ns ,  which i s  
e x c e l l e n t  f o r  dev ices  of such channel  l e n g t h s .  



-/-STAGE RING OSCILLATOR 

driver: w/l=8/5 delay per stage: 1 nsec. 
load : w/l=4/5 

Figure  6: Photograph and ou tpu t  wave of  a  ring o s c i l l a t o r .  

5. C o n c l u s i o n s .  T r a n s i s t o r s  a n s  r i n g  o s c i l l a t o r s  h a v e  been r e a l i z e d  i n  s i n g l e -  
c r y s t a l  i s l a n d s  o f  s i l i c o n  on S i 0 2 .  

The method used  t o  a c h i e v e  s i n g l e - c r y s t a l l i n i t y  i s  s u i t a b l e  f o r  m a n u f a c t u r i n g  
c i r c u i t s  e x h i b i t i n g  a  r e p e t i t i v e  d e s i g n ,  such  a s  memories o r  g a t e  a r r a y s ,  b e c a u s e  
t h e  s i l i c o n  s i n g l e - c r y s t a l s  a r e  p a r a l l e l  s t r i p e s  i n s u l a t e d  from o n e  a n o t h e r  by 
o x i d e  s t r i p e s .  The c r y s t a l  q u a l i t y  and t h e  s u r f a c e  smoothness  o f  t h e  f i l m s  a p p e a r  
t o  be of good enough q u a l i t y  t o  be a  s e r i o u s  SO1 m a t e r i a l  f o r  VLSI. Fur thermore ,  
t h i s  t e c h n o l o g y  p r o v i d e s  " i d e a l "  samples  f o r  i n v e s t i g a t i n g  t h e  i n f l u e n c e  of 
g r a i n  b o u n d a r i e s  i n  SO1 TFTs. 
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