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A B S T R A C T  

A Si/Mo/Ti tr i layer s t ructure  wh ich  consis ts  of  a top, insula t ing  Si film, a midd le  buffer ing  Mo film, and a bo t tom Ti 
film is p roposed  for TiSi2 format ion  on n § polysi l icon.  S ince  res idual  oxidants  and impur i ty  gases  are ef fec t ively  b locked  
by the  Si layer, an N2-flowing open tube  wi th  s t r ingent  env i ronmen ta l  control  is e n o u g h  for the  format ion  p rocess  above  
750~ The resul tant  sheet  res is tance of  the  s i l ic ided polys i l icon is as low as 2% wi th  good uniformity .  Moreover ,  the  result-  
an t  SiO2 th ickness  loss is reduced,  and no metal l ic  lus ter  is shown  on the  ox ide  surface, even  after the  anneal  at 800~ The 
lateral  fo rmat ion  of  TiSi~ is found to be great ly  suppressed  in the  anneal  at 750~ for 15 min.  L o w  resist ivi ty,  h igh  environ-  
men ta l  insensi t ivi ty ,  small  ox ide  loss, and less la teral  g rowth  m a k e  the  TiSi~ format ion  us ing the  t r i layer  s t ruc ture  an at- 
t rac t ive  and promis ing  m e t h o d  in m a n y  IC appl icat ions  us ing silicides. 

I t  is k n o w n  tha t  t i t a n i u m  s i l i c ide  (TiSi~) is one  o f  t h e  
p r o m i s i n g  gate  and i n t e r c o n n e c t  mate r ia l s  for fu tu re  in- 
t e g r a t e d  c i rcu i t s .  G e n e r a l l y  TiSi~ can  be  t h e r m a l l y  
f o r m e d  by reac t ihg  th in  t i t a n i u m  films wi th  po lycrys ta l -  
l ine  s i l i con  (1) or  by s i n t e r i n g  c o d e p o s i t e d  f i lms on 
p o l y s i l i c o n  or  SiO2 (2). H o w e v e r ,  d u e  to h i g h  o x i d a t i o n  
ra te  o f  Ti  to s o m e  ox idan t s ,  t he  q u a l i t y  of  t he  r e s u l t a n t  
TiSi~ is v e r y  sens i t ive  to ox id i z ing  gases  in the  annea l ing  
or  s in te r ing  ambien t .  There fore ,  a v e r y  s t r ingen t  con t ro l  
on  t h e  a m b i e n t ,  e s p e c i a l l y  t he  con t ro l  of  t h e  r e s i d u a l  
o x y g e n ,  is r e q u i r e d .  Th is  o f t en  i n c r e a s e s  p r o c e s s  cos t  
and  causes  di f f icul t ies  in y ie ld  i m p r o v e m e n t .  Recen t ly ,  a 
Mo/T i  b i l aye r  s t r u c t u r e  has  b e e n  p r o p o s e d  (3) to so lve  
this  p rob l em.  H o w e v e r ,  because  ox idan t s  m a y  p e n e t r a t e  
t h e  t op  Mo l aye r  and  r eac t  w i t h  t h e  b o t t o m  Ti layer ,  i t  
sti l l  r equ i r e s  s o m e  deg ree  of  a m b i e n t  control .  

In  th is  s tudy,  a Si /Mo/Ti t r i layer  s t ruc tu re  is p r o p o s e d  
for  TiSi2 f o r m a t i o n .  E x p e r i m e n t a l  r e su l t s  h a v e  s h o w n  
t h a t  a g o o d - q u a l i t y  TiSi2 l aye r  can  be  f o r m e d  on n + 
p o l y s i l i c o n  in a c o n v e n t i o n a l  N~-flowing amb ien t .  Thus ,  
no  s t r i n g e n t l y  c o n t r o l l e d  a m b i e n t  is r e q u i r e d  in t h e  an- 
nea l ing  or  s in te r ing  process .  Moreover ,  the  u n d e s i r e d  re- 
a c t i o n  b e t w e e n  Ti  and  SiO2 (4) can  be  w e a k e n e d  w h i c h  
resu l t s  in a smal le r  SiO2 t h i c k n e s s  loss. As to t he  la tera l  
f o r m a t i o n  p r o b l e m ,  t h e  t r i l aye r  s t r u c t u r e  a n n e a l e d  at 
750~ for a shor te r  t i m e  (15 min)  has  m u c h  less la tera l  for- 
m a t i o n  o f  TiSi~. I t  is poss ib le ,  t h e r e f o r e ,  to f ind an 
op t ima l  annea l ing  c o n d i t i o n  in w h i c h  the  ox ide  loss, t he  
la tera l  fo rmat ion ,  and  the  res i s t iv i ty  of  TiSi2 reach  a sat- 
i s fac to ry  c o m p r o m i s e  for IC appl ica t ions .  

Experimental 
T h e  (100) p - t y p e  s t a r t i ng  w a f e r s  w i t h  r e s i s t i v i t y  of  

20-55 12/[~ were  first ox id i zed  to fo rm a 500 n m  SiO~ layer.  
A p o l y s i l i c o n  l aye r  of  500 n m  was  t h e n  d e p o s i t e d  by  
u s ing  L P C V D  and  d o p e d  by us ing  POCI~ dif fus ion.  The  
m e a s u r e d  shee t  r e s i s t ance  of  the  r e su l t i ng  n § po lys i l i con  
f i lm was  50-55 ~/[~. The  p o l y s i l i c o n  l aye r  was  t h e n  pat-  
t e r n e d  in to  l o n g  s t r ip  l ines  w h i c h  can  be  e m p l o y e d  to 
m e a s u r e  the  shee t  r e s i s t ance  after  s i l ic idat ion.  

T h e  wafe rs  were  t h e n  pu t  in to  the  v a c u u m  c h a m b e r  o f  
a d u a l - E - g u n  m u l t i p l e - c r u c i b l e  e v a p o r a t o r .  A t r i l aye r  
s t r u c t u r e  w h i c h  cons is t s  of  50 n m  Ti, 100 n m  Mo, and  100 
n m  Si f i lms s u c c e s s i v e l y  d e p o s i t e d  by  u s i n g  d i f f e r e n t  
c r u c i b l e s  in t h e  s a m e  v a c u u m ,  was  fo rmed .  T h e  fi lm 
t h i c k n e s s  was  c o n t r o l l e d  by  a t h i c k n e s s  m o n i t o r  in t h e  
c h a m b e r .  T h e  c r o s s - s e c t i o n a l  v i e w  of  t he  t r i l aye r  s t ruc-  
t u r e  is s h o w n  in Fig .  1. T h e n  t h e  c o n v e n t i o n a l  t w o - s t e p  

s i l i c ide  f o r m a t i o n  p r o c e s s  (3) was  app l i ed .  In  t h e  first  
s t ep  ca l l ed  t h e  s i n t e r i n g  or  t h e  first  a n n e a l i n g  s tep,  t h e  
wafe r s  were  s in te red  at five d i f fe ren t  t e m p e r a t u r e s  (600 ~ 
650 ~ , 700 ~ , 750 ~ , and  800~ for  30 or  60 ra in  in an  
N~-f lowing o p e n  tube .  Af t e r  t h e  first  annea l ,  t he  top  Si  
l aye r  was  r e m o v e d  by  p l a s m a  e t ch ing ,  w h e r e a s  t h e  Mo 
layer  and  the  u n r e a c t e d  Ti  layer  were  e t ched  in a so lu t ion  
of  NH4OH:H202:H20 = 1:1:2 for 10-20 rain. T h e n  the  shee t  
r e s i s t a n c e  o f  t he  p o l y s i l i c o n  s t r ip  l ine  was  m e a s u r e d .  
F o l l o w i n g  was  the  s econd  annea l ing  p rocess  at 800~ in 
an  N2-flowing o p e n  t u b e  for 30 min.  Af te r  t he  s econd  an- 
neal ,  t h e  s h e e t  r e s i s t a n c e  was  m e a s u r e d  again .  B e s i d e s  
t he  res i s t iv i ty  m e a s u r e m e n t ,  the  A E S  ana lyses  w e r e  per-  
f o r m e d  on  b o t h  t h e  a s - d e p o s i t e d  and  t h e  a n n e a l e d  sam-  
ples  to i nves t i ga t e  the i r  phys ica l  p roper t ies .  

In  the  TiSi~ f o r m a t i o n  process ,  the  i n t e r ac t ion  b e t w e e n  
Ti  and  SiO~ is a m a j o r  c o n c e r n  (4), e s p e c i a l l y  in self-  
a l i gned  s i l ic ide  t e c h n o l o g y  (5). A n o t h e r  g roup  of  wafe r s  
was  u s e d  to i n v e s t i g a t e  th is  i n t e r ac t i on .  T h e s e  w a f e r s  
w e n t  t h r o u g h  the  s a m e  p r o c e s s  c i t ed  above .  T h e  o x i d e  
t h i c k n e s s  and  the  i n d e x  of  re f rac t ion  before  and af ter  the  
s i l ic ide  fo rma t ion  were  m e a s u r e d  by an e l l ipsomete r .  Se- 
l ec ted  s amp le s  w e r e  also ana lyzed  by  AES.  
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Fig. 1. Cross-sectional view of a Si/Mo/Ti trilayer structure 
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Fig. 2. Measured sheet resistance of the silicided n + polysilicon as a 
function of temperature in the first anneal for 30 min (dashed line) and 
60 rain (solid line). 

F o r  c o m p a r i s o n s ,  t h e  M o / T i  b i t a y e r  s t r u c t u r e  (3) a n d  
t h e  Ti  m o n o l a y e r  s t r u c t u r e  w e r e  a d o p t e d  in  a n o t h e r  
g r o u p  of  w a f e r s  to  f o r m  TiSi2. T h e y  w e n t  t h r o u g h  t h e  
s a m e  p r o c e s s  in  t h e  s a m e  a m b i e n t .  T h e  A E S  w as  also ap-  
p l i ed  to i n v e s t i g a t e  t h e  a n n e a l e d  s a m p l e s .  

To i n v e s t i g a t e  t h e  l a t e r a l  g r o w t h  (6) in  t h e  TiSi2 f o r m a -  
t i o n  u s i n g  t h e  t r i l a y e r  s t r u c t u r e ,  a g r o u p  o f  p - t y p e  (100) 
w a f e r s  w e r e  o x i d i z e d  to f o r m  a 100 n m  SiO~ layer .  T h e n  
t h e  w a f e r s  w e r e  p a t t e r n e d  a n d  e t c h e d  to f o r m  l o n g  SiO2 
s t r i p  l ines .  To s i m u l a t e  t h e  n + s o u r c e / d r a i n  j u n c t i o n  for- 
m a t i o n ,  t h e  w a f e r s  w e r e  s u b j e c t e d  to t h e  POC13 d i f f u s i o n  
to  f o r m  n + s ing le  Si r e g i o n  w i t h  a r e s i s t a n c e  of  120 ~ / ~ .  
A f t e r  t h e  t r i l a y e r  s t r u c t u r e  was  f o r m e d ,  d i f f e r e n t  a n n e a l -  
i ng  p r o c e s s e s  w e r e  a p p l i e d  to f o r m  TiSi2 in  t h e  n § r eg ion .  
A f t e r  s t r i p p i n g  t h e  Si  l aye r ,  t h e  M e  l aye r ,  a n d  t h e  u n r e -  
a c t e d  Ti  layer ,  S E M  was  a p p l i e d  to i n v e s t i g a t e  t h e  l a t e r a l  
f o r m a t i o n .  T h e  r e s i s t i v i t y  of  t h e  r e s u l t a n t  TiSi2 w as  m o n -  
i t o r e d  f r o m  t h e  a c c o m p a n y i n g  s a m p l e s  of  b a r e  Si  w a f e r s  
a n d  po lys i l i con /S iO2/S i  wafers .  

Results and Discussion 
T h e  m e a s u r e d  s h e e t  r e s i s t a n c e  of  t h e  s i l i c ided  n § poly-  

s i l i con  l aye r  a f t e r  t h e  f i rs t  a n n e a l i n g  p r o c e s s  is s h o w n  in  
Fig .  2 a s  a f u n c t i o n  of  t e m p e r a t u r e .  T h e s e  da t a ,  w h i c h  
w e r e  t a k e n  f r o m  c h i p s  o n  d i f f e r e n t  w a f e r s  a n d  in  di f fer-  
e n t  r u n s ,  h a v e  c o n s i s t e n t l y  s h o w n  t h a t  a l ow  r e s i s t a n c e  
o f  2 ~1/[] c a n  b e  o b t a i n e d  a f t e r  a n n e a l i n g  a b o v e  750~ for  
e i t h e r  30-or  60 r a i n  in  a n  N2-f lowing o p e n  t u b e .  B e l o w  
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Fig. 3. AES depth profiles of the silicided n + polysilicon annealed for 
30 min at (a) 600~ (b) 650~ (c) 750~ 

750~ t h e  r e s i s t a n c e  is l a r g e r  t h a n  2 D/D a n d  is d e c r e a s e d  
w i t h  t h e  i n c r e a s e  of  t h e  a n n e a l i n g  t ime .  

T h e  a b o v e  r e s i s t a n c e  f e a t u r e  a f t e r  t h e  f i r s t  a n n e a l  c a n  
b e  u n d e r s t o o d  f r o m  t h e  t y p i c a l  A E S  p ro f i l e s  of  t h e  sil i-  
c i d e d  p o l y s i l i c o n  as  s h o w n  in  Fig. 3 for  t h e  a n n e a l s  per-  
f o r m e d  a t  600 ~ 650 ~ a n d  750~ for  30 min .  M o r e  o x y g e n  
a t o m s  a n d  less  t i t a n i u m  a t o m s  are  f o u n d  in  t h e  s a m p l e s  
a n n e a l e d  a t  a l o w e r  t e m p e r a t u r e .  T h i s  m e a n s  m o r e  o x i d e  
c o m p o n e n t s  a n d  l e s s  TiSi2 c o m p o n e n t s  in  t h e  
po lys i l i con .  T h e  r e s u l t a n t  r e s i s t iv i ty ,  of  course ,  is  h ighe r .  
N o t e  t h a t  t h e  o x y g e n  a t o m s  w h i c h  r e a c t  m o r e  eas i ly  w i t h  
t h e  s a m p l e s  a n n e a l e d  at  a t e m p e r a t u r e  l o w e r  t h a n  750~ 
a re  f r o m  c o n t a m i n a t i o n s  b o t h  d u r i n g  t h e  e v a p o r a t i o n  
p r o c e s s  a n d  a f t e r  t h e  f i rs t  a n n e a l ,  b u t  n o t  d u r i n g  t h e  f i rs t  
a n n e a l i n g  p roces s ,  as wil l  be  ve r i f i ed  la ter .  

A f t e r  t h e s e c o n d  a n n e a l  a t  800~ for  30 m i n  in  a n  
N2-f iowing  o p e n  t u b e ,  t h o s e  s a m p l e s  a n n e a l e d  a b o v e  
750~ in  t h e  f i r s t  a n n e a l  s h o w  a n e g l i g i b l e  c h a n g e  o f  
s h e e t  r e s i s t a n c e  a n d  s t i l l  k e e p  t h e  m e t a l l i c  s h i n i n g  o n  t h e  
s u r f a c e  of  t h e  s i l i c ided  n § po lys i l i con .  H o w e v e r ,  t h e  sam-  
p les  a n n e a l e d  b e l o w  750~ in  t h e  f irst  a n n e a l  s h o w  a sig- 
n i f i c a n t  i n c r e a s e  in r e s i s t a n c e  v a l u e  e v e n  u p  to in f in i ty .  
T h e  s u r f a c e  b e c o m e s  b l u e  a n d  no  m e t a l l i c  s h i n i n g  can  b e  
o b s e r v e d .  

B a s e d  u p o n  t h e  e x p l a n a t i o n  of  t h e  r e s i s t a n c e  f e a t u r e  
a f t e r  t h e  f irst  annea l ,  t h e  a b o v e  r e s u l t s  c a n  b e  e x p l a i n e d  
as  fo l lows .  I f  t h e  f i r s t  a n n e a l i n g  t e m p e r a t u r e  is b e l o w  
750~ s o m e  s i l i c i d e  c o m p o u n d s  b e s i d e s  TiSi2 a r e  
f o r m e d .  As  c o m p a r e d  to TiSi2, t h e s e  c o m p o u n d s  m a y  re- 
a c t  m o r e  e a s i l y  w i t h  t h e  r e s i d u a l  o x y g e n  in  t h e  s e c o n d  
a n n e a l i n g  N2 a m b i e n t  to  f o r m  SiO2 a n d  t i t a n i u m  ox ides .  
T h e s e  o x i d e  c o m p o n e n t s  s i g n i f i c a n t l y  i n c r e a s e  t h e  s h e e t  
r e s i s t a n c e  of  t h e  s i l i c ided  po lys i l i con .  On  t h e  o t h e r  h a n d ,  
i f  t h e  f i r s t  a n n e a l i n g  t e m p e r a t u r e  is r a i s e d  a b o v e  750~ 
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Fig. 4. AES depth profiles of the Si/Mo/Ti/poly-Si structure (a) an- 
nealed at 750~ for 30 min; (b) as-deposited. 
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s t a b l e  TiSi2 is f o rmed ,  a n d  t he  r e s i s t a n c e  is l o w e r e d  to 2 
12/D. I n  t h i s  case,  t he  s e c o n d  a n n e a l  in  a n  N2 a m b i e n t  h a s  
a n e g l i g i b l e  e f fec t  on  t h e  s i l i c ided  po lys i l i con .  T h e r e f o r e ,  
u s i n g  t h e  p r o p o s e d  S i /Mo/Ti  t r i l a y e r ,  t h e  s e c o n d  a n n e a l  
is n o t  n e c e s s a r y ,  i f  t h e  f i rs t  a n n e a l i n g  t e m p e r a t u r e  is 
a b o v e  750~ 

A c c o r d i n g  to o u r  o b s e r v a t i o n s ,  t h e  t o p  100 n m  Si l aye r  
is v e r y  e f f e c t i v e  in  p r e v e n t i n g  r e s i d u a l  o x i d a n t s  a n d  
i m p u r e  gase s  in  a n  N2 a m b i e n t  f r o m  r e a c h i n g  t h e  b o t t o m  
Ti  l aye r .  S i n c e  n i t r o g e n  a n d  o x y g e n  s t i l l  c a n  r e a c t  w i t h  
t h e  e v a p o r a t e d  Si l a y e r  a t  t e m p e r a t u r e s  b e l o w  800~ a 
t h i n  n i t r i d e  or o x i d e  l aye r  m a y  b e  f o r m e d  o n  t h e  s u r f a c e  
of  t h e  Si l a y e r  a t  t h e  b e g i n n i n g  of  t h e  f i r s t  a n n e a l .  W i t h  
t h e  a id  of  t h i s  n i t r i d e  or o x i d e  layer ,  on ly  a v e r y  l i m i t e d  
a m o u n t  of  r e s i d u a l  o x i d a n t s  a n d  i m p u r e  gase s  m a y  e n t e r  
t h e  Si l aye r ,  w h i c h  t h e n  a re  t r a p p e d  w i t h i n  t h e  Si  l a y e r  
b y  r e a c t i n g  to t h e  Si a toms .  T h u s ,  r e s i d u a l  o x i d a n t s  a n d  
i m p u r e  g a s e s  in  t h e  f i rs t  a n n e a l i n g  N2 a m b i e n t  c a n  
h a r d l y  r e a c h  t h e  Ti  layer .  

T h e  e f f e c t i v e n e s s  of  t h e  t op  Si l aye r  in  b l o c k i n g  res id-  
ua l  o x i d a n t s  a n d  i m p u r e  g a s e s  c a n  b e  r e a l i z e d  b y  com-  
p a r i n g  t h e  A E S  prof i le  of  t h e  a n n e a l e d  t r i l aye r  s t r u c t u r e  
in  Fig. 4a to  t h a t  of  t h e  a s - d e p o s i t e d  f i lm in  Fig. 4b. I t  is 
s e e n  t h a t  t h e  i n t e r i o r  o f  t h e  t o p  Si  l a y e r  r e m a i n s  
u n c h a n g e d  a f t e r  a n n e a l i n g ,  b e i n g  f ree  f r o m  a n y  e x t e r n a l  
i m p u r e  e l e m e n t s .  N o t e  t h a t  t h e  o x y g e n  a t o m s  a t  t h e  Mo/  
TiSi2 in t e r f ace ,  as s e e n  in  Fig. 4a, a re  d u e  to c o n t a m i n a -  
t i o n  f r o m  t h e  Mo or Ti t a rge t ,  a n d  t h e  e v a p o r a t o r  c h a m -  
b e r  d u r i n g  t h e  e v a p o r a t i o n  p r o c e s s ,  b e c a u s e  t h e y  a re  
a lso d e t e c t e d  in  t h e  a s - d e p o s i t e d  Mo a n d  Ti f i lms,  as s e e n  
f r o m  Fig. 4b. S o m e  c a r b o n  a t o m s  are  a lso f o u n d  in  t h e  as- 
d e p o s i t e d  Mo a n d  Ti fi lms. H o w e v e r ,  t h e  c a r b o n  c o n t a m -  
i n a t i o n  s o u r c e  h a s  n o t  ye t  b e e n  iden t i f i ed .  

B e c a u s e  o f  t h e  i n s u l a t i n g  e f f e c t  o f  t h e  t o p  Si  l aye r ,  a 
s t a b l e  TiSi2 s i l i c ide  w i t h  a l ow  r e s i s t a n c e  of  2 ll/[~ can  b e  
f o r m e d  at  a n  a n n e a l i n g  t e m p e r a t u r e  a b o v e  750~ in  a n  N~ 
o p e n  t u b e  i n s t e a d  of  a s t r i n g e n t l y  c o n t r o l l e d  Ar  or H2 am-  
b i e n t .  F u r t h e r m o r e ,  t h e  TiSi2 s i l i c i de  f o r m e d  in  a con -  
v e n t i o n a l  N2-f lowing o p e n  t u b e  is h i g h l y  e n v i r o n m e n -  
t a l l y  i n s e n s i t i v e .  T h i s  i n s e n s i v i t y  l e a d s  to  g o o d  
u n i f o r m i t y  o b t a i n e d  a m o n g  d i f f e r e n t  w a f e r s  a n d  d i f fe r -  
e n t  r u n s  in  ou r  e x p e r i m e n t s .  

W i t h o u t  t h e  t o p  Si  l ayer ,  t h e  Mo/Ti  b i l a y e r  s t r u c t u r e  
was  s u b j e c t e d  to t h e  s a m e  a n n e a l i n g  p r o c e s s  in  t h e  s a m e  
N~ a m b i e n t .  T h e  r e s u l t a n t  r e s i s t i v i t y  of  t h e  s i l i c i d e d  n § 
p o l y s i l i c o n  is s i gn i f i c an t l y  i n c r e a s e d  e v e n  u p  to inf in i ty .  
E v i d e n t l y ,  t h e  r e s i d u a l  o x i d a n t s  in  a n  N2 a m b i e n t  m a y  
eas i ly  p e n e t r a t e  t h e  Mo laye r  a n d  r e a c t  w i t h  t h e  b o t t o m  
Ti  l aye r  to  f o r m  t h e  t i t a n i u m  oxides .  T h e  A E S  prof i le  of  
t h e  Mo/Ti /po ly -S i  s t r u c t u r e  a n n e a l e d  a t  750~ for  30 r a in  
in  a n  N2 a m b i e n t  is s h o w n  in  Fig. 5a. I t  is s e e n  t h a t  t h e  re- 
s i d u a l  o x y g e n  h a s  o x i d i z e d  b o t h  Mo a n d  Ti  f i lms  a n d  
TiSi2 c a n n o t  b e  w e l l - f o r m e d .  T h e  o x i d i z e d  Mo l a y e r  is 
n o t  s e e n  in  t h i s  profi le ,  b e c a u s e  it  was  q u i c k l y  e t c h e d  o u t  
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Fig. 5. AES depth profiles of (a) the Mo/Ti/poly-Si structure; (b) the 
Ti/poly-Si structure, both subjected to the same annealing process in an 
N2-flowing open tube. 
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Fig. 6a. SEM cross-sectional view; b. SEM top view of the silicided 
single silicon subjected to 750~ 30-min annealing; c. SEM cross- 
sectional view; d. SEM top view of the silicided single silicon subjected 
to 750~ 15-min annealing. 

d u r i n g  t h e  p r e e t c h i n g  cycle .  T h e  d e p t h  p ro f i l e  of  Ti/ 
p o l y - S i  s t r u c t u r e  s u b j e c t e d  to t h e  s a m e  a n n e a l i n g  pro-  
ce s s  is a l so  s h o w n  in  Fig.  5b. I t  c a n  b e  s e e n  t h a t  t h e  Ti  
f i lm h a s  b e e n  m o r e  s e v e r e l y  o x i d i z e d ,  a n d  g o o d  q u a l i t y  
TiSi2 c a n n o t  b e  fo rmed .  

I t  is  f o u n d  t h a t  t h e  m i d d l e  100 n m  Mo l a y e r  in  t h e  
t r i l a y e r  s t r u c t u r e  is e f f ic ien t  in  i so l a t i ng  t h e  t o p  Si l aye r  
f r o m  t h e  Ti  l aye r ,  b e c a u s e  t h e  M o - S i  r e a c t i o n  is n o t  s ig-  
n i f i c a n t  b e l o w  800~ as m a y  b e  s e e n  f r o m  t h e  d e p t h  
p ro f i l e  in  Fig.  4a. T h e r e f o r e ,  t h e  r e a c t i o n  b e t w e e n  Si  
l aye r  a n d  Ti layer ,  w h i c h  m a y  i n t e r f e r e  w i t h  t h e  s i l ic ida-  
t i o n  in  po lys i l i con ,  c a n  b e  avo ided .  

I n  t h i s  s tudy ,  t h e  a m b i e n t  t e m p e r a t u r e  of  750~ for  s ta-  
b l e  TiSi2 f o r m a t i o n  is h i g h e r  b y  50~ t h a n  t h a t  r e p o r t e d  
(1). T h i s  t e m p e r a t u r e  i n c r e a s e  m a y  b e  a t t r i b u t e d  to t h e  
d e c r e a s e  of  t h e  d i f f u s i o n  c o e f f i c i e n t  o f  Si in  t h e  Ti  fi lm, 
which may be caused by the Mo atoms in the evaporated 
Ti film. Due to the substrate heating during the evapora- 
tion process, Mo atoms are very likely to enter the Ti film 
as may be seen from the profile in Fig. 4b. The carbon 
contamination in the Ti film may also lead to the de- 
crease of the diffusion coefficient. More work will be 
done to find out the actual mechanism of this tempera- 
ture increase. 
The group of wafers used to monitor the interaction 

between Ti and SiO. were investigated after etching 
away the Si and Mo layer and the unreacted Ti layer. No 
metallic luster or any other physical changes on the ox- 
ide surface were observed, even in those samples with 
t h e  f irst  a n n e a l i n g  t e m p e r a t u r e  as h i g h  as 800~ T h e  in- 
d e x  of  r e f r a c t i o n  m e a s u r e d  by  a n  e l l i p s o m e t e r  was  1.45, 
t h e  s a m e  as t h a t  b e f o r e  s i l i c i d a t i o n .  H o w e v e r ,  w i t h o u t  
t h e  t o p  Si layer ,  all  s a m p l e s  w i t h  t h e  Mo/Ti  b i l a y e r  s t ruc -  
t u r e  w e r e  f o u n d  to h a v e  a m e t a l l i c  l u s t e r  on  t h e  o x i d e  
s u r f a c e  a f t e r  t h e  f irst  a n n e a l  in  an  N2 a m b i e n t .  A l t h o u g h  
t h e  a c t u a l  s t r u c t u r e  a n d  t h e  f o r m a t i o n  m e c h a n i s m  of  t h e  
m e t a l l i c  l u s t e r  h a v e  n o t  y e t  b e e n  c lea r ,  we  b e l i e v e  t h a t  
t h e  t o p  Si l aye r  is c a p a b l e  of  p r e v e n t i n g  t h e  g e n e r a t i o n  of  
t h e  m e t a l l i c  lus te r .  

T h e  SiO2 t h i c k n e s s  loss  a f t e r  t h e  f irst  a n n e a l  is l i s t ed  in  
T a b l e  I for  a n n e a l i n g  t e m p e r a t u r e s  f r o m  600 ~ to 800~ in 
50 ~ i n c r e m e n t s .  As  c o m p a r e d  to  t h e  d a t a  p r o v i d e d  b y  
T i n g  et al. (4), t h e  SiOs t h i c k n e s s  loss  is l ess  t h a n  o n e - h a l f  
of  t h e  loss  in  t h e  TiSi2 f o r m a t i o n  w i t h  a m o n o l a y e r  s t ruc -  
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Table I. Oxide thickness loss after the first anneal at various 
ter~ ~eratures in an N2 ambient 

Annealing 
temperatu re 

600 ~ 

650 ~ 

700~ 

750~ 

800~ 

Time (min) 

30 

60 

30 

60 

30 

60 

30 

60 

30 

60 

Loss of oxide 
thickness (nm) 

4.9 ~ 8.0 

7.6 ~ 9.1 

7.2 - 10.2 

12.1 ~ 14,5 

17.4 - 22,6 

17.3 ~ 25.3 

20.5 - 24,3 

22.4 ~ 25.9 

27.0 ~ 29,5 

28.2 ~ 30.5 

Table II. The measured resistance of the silicided silicon from three 
different anneals employed to study the lateral growth 

Annealing condition 
Sheet resistivity (~ /a )  

N § poty-Si N § singte Si 

750 ~ 30min. 2.2 1.8 

750"C , 15min. 2.4 1.8 

750"C, 15min. 
2 . 0  1.8 

§ 600"C ,4hr. 

t u re  in an Ar  a m b i e n t  at the  s a m e  a m b i e n t  t empe ra tu r e .  
F r o m  t h e  a b o v e  resu l t s ,  i t  can  be  r ea l i z ed  tha t  t h e  reac-  
t i o n  b e t w e e n  Ti  and  SiO2 in t h e  t r i l aye r  s t r u c t u r e  is 
w e a k e n e d .  This  is poss ib ly  due  to the  Mo a toms  and  the  
c a r b o n  a t o m s  in t h e  Ti  film, as m e n t i o n e d  before .  T h e  
o t h e r  p o s s i b l e  r e a s o n  for  s m a l l e r  o x i d e  loss  is t h e  sma l l  
t h i c k n e s s  of  the  Ti film in the  t r i layer  s t ruc ture .  

T h r e e  d i f fe ren t  annea l ing  p rocesses  were  p e r f o r m e d  to 
i n v e s t i g a t e  t h e  l a t e ra l  f o r m a t i o n  of  TiSi2 in t he  t r i l aye r  
s t r u c t u r e .  I t  is s h o w n  tha t  t he  a n n e a l i n g  at 750~ for  30 

rain leads  to a seve re  la tera l  g r o w t h  as m a y  be  seen  f rom 
the  S E M  cross - sec t iona l  v i e w  in Fig. 6a and the  top  v i e w  
in Fig.  6b. R e d u c i n g  the  a n n e a l i n g  t i m e  to 15 m i n  can  
d r a s t i c a l l y  r e d u c e  t h e  l a t e ra l  f o r m a t i o n  as m a y  be  s e e n  
f r o m  t h e  S E M  p h o t o g r a p h s  in Fig.  6c and  d. I f  an  e x t r a  
a n n e a l i n g  at 600~ for 4h is pe r fo rmed ,  the  r e s i s t ance  in 
t he  s i l i c ided  n + po lys i l i con  can  be  r e d u c e d  f rom 2.4 to 2.0 
~/[~, as l i s ted  in Tab le  II, w i t h o u t  a f fec t ing  the  la tera l  for- 
mat ion .  The  real  cause  for the  r e d u c e d  la tera l  g r o w t h  in a 
sho r t - t ime  750~ annea l  has no t  been  def in i te ly  iden t i f ied  
yet. Bu t  we  be l i eve  tha t  it is the  s a m e  cause  as tha t  w h i c h  
exp l a in s  t he  h ighe r  s i l ic ida t ion  t e m p e r a t u r e .  

Conclus ions 
B e c a u s e  t h e  top  100 n m  Si l aye r  is h i g h l y  e f f i c ien t  in 

p r e v e n t i n g  r e s i d u a l  o x i d a n t s  and  i m p u r e  gases  f r o m  
r e a c h i n g  t h e  b o t t o m  Ti layer ,  and ,  b e c a u s e  t h e  m i d d l e  
100 n m  Mo layer  is e f fec t ive  in e l im ina t i ng  the  u n d e s i r e d  
r eac t ion  b e t w e e n  Si layer  and Ti layer,  t he  p r o p o s e d  Si/ 
Mo/Ti  t r i l aye r  s t r u c t u r e  has  b e e n  s h o w n  to be  ab le  to 
t h e r m a l l y  fo rm h igh  qua l i ty  TiSi2 s i l ic ide  on n + polysi l i -  
con  in t h e  first  a n n e a l  a b o v e  750~ in a c o n v e n t i o n a l  
N2-flowing open  tube.  No s t r ingen t ly  con t ro l l ed  H2 or  Ar  
a m b i e n t  is r e q u i r e d .  The  r e s u l t a n t s i l i c i d e d  n § po lys i l i -  
c o n  l aye r  has  s h o w n  a l ow shee t  r e s i s t a n c e  of  2 ~/[q, as 
we l l  as h igh  e n v i r o n m e n t a l  in sens i t iv i ty  and  good  repro-  
ducib i l i ty .  These  fea tu res  l ead  to low p roces s  cost ,  h igh  
yield,  and  easy  p rocess  control .  

We h a v e  a lso  f o u n d  tha t  t h e  i n t e r a c t i o n s  b e t w e e n  Ti  
and  SiO2 are  w e a k e n e d  so tha t  t he  SiO2 t h i c k n e s s  loss  is 
r e d u c e d .  M o r e o v e r ,  no  s ign i f i can t  l a t e ra l  g r o w t h  was  
f o u n d  in s a m p l e s  a n n e a l e d  at 750~ for  15 rain.  F r o m  
t h e s e  in i t i a l  o b s e r v a t i o n s ,  we  b e l i e v e  tha t  an  o p t i m a l  
p r o c e s s  can  be  f o u n d  to o b t a i n  a c c e p t a b l y  s m a l l  o x i d e  
loss  and la tera l  g rowth .  

B a s e d  u p o n  t h e  r e su l t s  o f  th i s  s tudy ,  i t  is fe l t  t ha t  t h e  
s a m e  or s imi lar  t r i layer  s t ruc tu res  can also be  app l i ed  to 
o the r  t h e r m a l l y  fo rmed  s i l ic ides  to r e d u c e  the i r  env i ron-  
m e n t a l  sens i t iv i ty  and  to dec rease  the i r  p rocess  cost .  
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