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A B S T R A C T  

A Si/W/Ti t r i layer  s t r u c t u r e  w h i c h  cons i s t s  of  a top  i n s u l a t i n g  Si film, a m i d d l e  la tera l  g r o w t h  s u p p r e s s i n g  W film, a n d  a 
b o t t o m  Ti fi lm is p r o p o s e d  to fo rm t he  t i t a n i u m  sil icide.  Wi th  t h e  p rope r ly  c h o s e n  t h i c k n e s s e s ,  t h e  W/Ti f i lms on  t h e  ox ide  
layer  can  be  c o m p l e t e l y  c o n v e r t e d  in to  t he  TixW~ alloy af te r  annea l ing .  S i n c e  t he  TixW~ alloy ha s  a h i g h e r  s i l i c ida t ion  t em-  
p e r a t u r e  t h a n  t he  pu re  Ti film, the  t i t a n i u m  si l ic ide c a n n o t  be  f o r m e d  on  t op  of  the  ox ide  layer  a n d  t he  p r o b l e m  of  la tera l  
g r o w t h  can  be  solved.  T he  t h i c k n e s s  r a n g e s  of  t he  W/Ti f i lms for t h e  TiSi2 f o r m a t i o n  w i t h o u t  t he  la tera l  g r o w t h  ha s  b e e n  
d e t e r m i n e d  expe r imen ta l l y .  Wi th in  t he se  ranges ,  t he  o b t a i n a b l e  shee t  r e s i s t a n c e  of  TiSi2 is b e t w e e n  0.8 a n d  2.5 ~/[~. More-  
over,  t he  op t ima l  a n n e a l i n g  p rocess  is a one-s tep  a n n e a l  at  750~ for 30 min ,  w h i c h  can  be  ca r r ied  ou t  in  an  N2 f lowing 
o p e n - t u b e  furnace .  T he  m e c h a n i s m  of TiSi2 f o r m a t i o n  u s i n g  t he  t r i layer  s t r u c t u r e  ha s  also b e e n  e x p l o r e d  a n d  ver i f ied  by  
e x p e r i m e n t a l  data.  

R e c e n t l y  t h e  sa l ic ide  (self-al igned sil icide) process ,  w h i c h  
fo rms  a s i l ic ide fi lm in b o t h  po lys i l i con-ga te  a n d  source /  
d r a in  r eg ions  to r e d u c e  t he i r  shee t  res i s tance ,  b e c o m e s  
m o r e  a n d  m o r e  a t t r ac t ive  in V L S I  t echno logy .  Genera l ly ,  
t h e  r e f r ac to ry  m e t a l  a n d  its s i l ic ide for t he  sa l ic ide  p roce s s  
h a v e  to sa t is fy  the  fo l lowing  r e q u i r e m e n t s :  (i) low si l ic ide 
res is t iv i ty ;  (ii) easy  p rocess ing ;  (iii) h i g h  e t c h i n g  select iv-  
i ty b e t w e e n  t he  m e t a l  a n d  its s i l ic ide a n d  s i m p l e  e t c h i n g  
so lu t ion ;  (iv) c o m p a t i b i l i t y  w i th  the  ex i s t i ng  MOS process .  
M a n y  c a n d i d a t e s  s u c h  as P tS i  (1), CoSi2 (2), a n d  TiSi2 (3) 
are  n o w  u n d e r  d e v e l o p m e n t .  

A l t h o u g h  t i t a n i u m  si l ic ide is a p r o m i s i n g  c a n d i d a t e  for 
t h e  sa l ic ide  process ,  it h a s  to  solve two  seve re  p rob l ems .  
Firs t ,  t h e  a n n e a l i n g  a m b i e n t  for t i t a n i u m  si l ic ide n e e d s  a 
s t r i n g e n t  con t ro l  of r e s idua l  02 c o n t a m i n a n t s  to avo id  t h e  
o x i d a t i o n  of  t he  Ti film, s ince  Ti is a s t rong  r e d u c i n g  agent .  
Th i s  o f ten  causes  diff icul t ies  in  p roces s  control .  T he  sec- 
o n d  p r o b l e m  is the  so-cal led b r i d g i n g  or la tera l  g r o w t h  
p h e n o m e n o n  w h i c h  m a y  h a p p e n  b e t w e e n  gate  a n d  source /  
d r a i n  reg ions  due  to t he  ou t -d i f fus ion  of  Si a t o m s  in to  t he  
Ti fi lm on top  of  the  ox ide  layer  to fo rm t he  TiSi2 br idge .  

To solve t he  la tera l  g r o w t h  p r o b l e m ,  a N2 a n n e a l i n g  pro- 
cess  was  p r o p o s e d  in w h i c h  a TiN film is f o r m e d  to s top  
t he  la tera l  g r o w t h  of t he  s i l ic ide (3). In  th i s  two-s tep  an- 
n e a l i n g  process ,  a first a n n e a l  is p e r f o r m e d  to fo rm the  sili- 
c ide  at  a lower  t e m p e r a t u r e  of  600~ Af te r  t h e  e t c h i n g  of  
TiN layer,  a s e c o n d  a n n e a l  at  a h i g h e r  t e m p e r a t u r e  of  800~ 
is u s e d  to r e d u c e  the  resis t ivi ty.  D u r i n g  t he  first  a n n e a l i n g  
process ,  t he  Ti film has  to be  e x p o s e d  to t he  a m b i e n t .  So 
t h i s  p roces s  still  has  t he  first  p rob l em.  

In  a p r e v i o u s  work  (4), we p r o p o s e d  a Si/Mo/Ti s t r u c t u r e  
for t he  f o r m a t i o n  of  TiSi2, w h i c h  solves  t he  p r o b l e m  of  en- 
v i r o n m e n t a l  sens i t iv i ty .  In  th i s  a p p r o a c h ,  t he  t r i l ayer  
s t r u c t u r e  is f u r t h e r  i m p r o v e d  by  r ep l ac ing  t he  Mo layer  
w i t h  t he  W layer.  I t  is f o u n d  t h a t  w i t h  t he  su i t ab ly  c h o s e n  
t h i c k n e s s e s ,  t he  Si/W/Ti t r i l ayer  s t r u c t u r e  c an  b e  a n n e a l e d  
in  a c o n v e n t i o n a l  N2 f lowing  o p e n - t u b e  f u r n a c e  a n d  t he  lat- 
e ra l  g r o w t h  can  be  c o m p l e t e l y  s upp r e s s ed .  Thus ,  t he  
a b o v e - m e n t i o n e d  two  p r o b l e m s  can  b e  solved.  In  th i s  
paper ,  t h e  TiSi2 f o r m a t i o n  t e c h n o l o g y  u s i n g  t h e  Si/W/Ti tri- 
l ayer  s t r u c t u r e  wil l  b e  p re sen t ed .  T he  e x p e r i m e n t a l  r e su l t s  
a n d  t he  r eac t ion  m e c h a n i s m  will  also be  i n v e s t i g a t e d  a n d  
ana lyzed .  

Experimental 
P - t y p e  (100) wafe rs  w i th  a res i s t iv i ty  of  20-50 ~ - c m  were  

e m p l o y e d  in  ou r  e x p e r i m e n t s .  Two g r o u p s  of  s a m p l e s  
w e r e  p r e p a r e d  for  t he  si l icide f o r m a t i o n  on  t op  of  the  sin-  
gle-Si s u b s t r a t e  a n d  t he  poly-Si  film. One  g roup  was  oxi- 
d ized  to fo rm a layer  of  SiO2 w i t h  a t h i c k n e s s  of  100 nm.  
T h e n  500 n m  poly-Si  film was  d e p o s i t e d  a n d  d o p e d  b y  
POC13 to fo rm a n  n § poly-Si  film wi th  a shee t  r e s i s t a n c e  of  
15-20 ~/[].  F ina l ly  100 n m  po lyox ide  was  g r o w n  a n d  pat-  
t e rned .  The  o the r  g r o u p  was ox id ized  to fo rm a 100 n m  
SiO2 layer  a n d  pa t t e rned .  

Af te r  pa t t e rn ing ,  t he  s a m p l e s  were  d i p p e d  in  a so lu t ion  
of  HF:H20  = 1:50 for 20s to r e m o v e  t he  n a t i v e  ox ide  on  t he  
e x p o s e d  Si or poly-Si  surface.  I m m e d i a t e l y ,  t h e y  we re  p u t  
in to  t h e  v a c u u m  c h a m b e r  of  a dua l  E -gun  evapora to r .  
T h e n  t he  Si/W/Ti t r i l ayer  was  d e p o s i t e d  in  s e q u e n c e  wi th-  
ou t  o p e n i n g  t h e  v a c u u m  c h a m b e r .  

Af te r  depos i t ion ,  t he  s a m p l e s  were  s u b j e c t e d  to d i f f e ren t  
a n n e a l i n g  p roces se s  in  a c o n v e n t i o n a l  N2 f lowing  open-  
t u b e  furnace .  Af te r  annea l ing ,  some  of  t he  s a m p l e s  were  
e t c h e d  in a p l a s m a  e t c h e r  to r e m o v e  t he  t op  p r o t e c t i o n  Si 
layer.  T h e n  t h e y  were  e t c h e d  in  a so lu t ion  of  
H20~:NH4OH:H20 = 1:1:10 to r e m o v e  t he  m i d d l e  W layer  
a n d  t he  u n t r e a t e d  Ti layer.  T h u s  the  b o t t o m  TiSi2 layer  was  
u n c o v e r e d  for o b s e r v a t i o n  a n d  m e a s u r e m e n t .  

In  th i s  s tudy ,  t h e  shee t  r e s i s t a n c e  of t he  TiSi2 film af te r  
a n n e a l i n g  was  m e a s u r e d  b y  a fou r -po in t  probe .  The  la tera l  
g r o w t h  l e n g t h  af ter  a n n e a l i n g  was  m e a s u r e d  b y  a SEM 
and /o r  a mic roscope .  A E S  d e p t h  profi les  were  g e n e r a t e d  to 
exp lo r e  t h e  r eac t ion  m e c h a n i s m .  Oxide  t h i c k n e s s  was  
m e a s u r e d  by  an  e l l i p some te r  be fore  and  af te r  s i l ic idat ion.  
A n d  t he  t h i c k n e s s  loss was  t h e n  d e t e r m i n e d .  

Results and Discussion 
In  t h e  Si/W/Ti t r i layer  s t ruc tu re ,  t he  p u r p o s e  of  the  top  Si 

layer  is to b l o c k  all t he  c o n t a m i n a n t s  f rom r e a c h i n g  t he  
b o t t o m  Ti layer.  As  p o i n t e d  out  in  our  p r e v i o u s  w o r k  (4), 
t h e  top  Si layer  m a k e s  t he  s i l i c ida t ion  p roce s s  i n s e n s i t i v e  
to  t h e  e n v i r o n m e n t .  Thus ,  a TiSi2 fi lm w i t h  a good  uni-  
f o rmi ty  a n d  r ep roduc ib i l i t y  c an  be  m a d e  u s i n g  a conven -  
t iona l  low cost  o p e n - t u b e  furnace .  

The  s e c o n d  layer  is t he  W film i n s t e a d  of  t he  Mo fi lm (4). 
I t s  p u r p o s e  is to fo rm t h e  TixWy al loy w h i c h  h a s  a h i g h e r  
s i l i c ida t ion  t e m p e r a t u r e  t h a n  t h e  p u r e  Ti film (5). As wil l  
b e  s een  later,  t h e  TixWy alloy can  eff ic ient ly  s u p p r e s s  the  
la tera l  g r o w t h  of TiSi2. 

Optimal annealing condition.--The m e a s u r e d  shee t  re- 
s i s t ance  R6 a n d  la tera l  g r o w t h  l e n g t h  in b o t h  poly-Si  a n d  
s ingle-Si  s a m p l e s  w i t h  t he  s a m e  t h i c k n e s s  (100 nm)  of  t h e  
t op  Si film and  d i f fe ren t  t h i c k n e s s e s  of  t he  W/Ti f i lms are  
l i s ted  in  Tab le s  I, II, a n d  III  w h e r e  t he  a n n e a l i n g  condi -  
t ions  are  800~ for 30 min ,  750~ for 30 m i n  a n d  750~ for 15 
rain,  respec t ive ly .  Typica l  su r face  t o p o g r a p h i e s  of  t h e  
s a m p l e s  w i t h o u t  a n d  w i t h  la tera l  g r o w t h  are  s h o w n  in  Fig. 
l a  a n d  b, respec t ive ly .  I t  can  be  s een  f rom Tab les  I-III  t h a t  
t he  s i l ic ided poly-Si  s h o w s  a l onge r  l e n g t h  of  la te ra l  
g r o w t h  a n d  a h i g h e r  shee t  r e s i s t a n c e  t h a n  t h e  s ingle  Si. 
Fo r  t he  wors t - case  s tudy,  all t he  r e su l t s  p r e s e n t e d  in  t he  
fo l lowings  will  be  of  the  poly-Si  s amp le s  only. 

The  r e s u l t i n g  shee t  r e s i s t a n c e  as a f u n c t i o n  of  a n n e a l i n g  
t e m p e r a t u r e s  is s h o w n  in Fig. 2. I t  c an  be  o b s e r v e d  t h a t  t he  
a n n e a l i n g  t e m p e r a t u r e  m u s t  be  h i g h e r  t h a n  750~ to get  
t he  lower  s h e e t  res is tance .  H i g h - t e m p e r a t u r e  annea l ,  how-  
ever,  i nc reases  t he  ox ide  t h i c k n e s s  loss as c an  b e  s een  
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Table I. The measured sheet resistance and lateral growth length of 
the silicided samples with different thicknesses of the W/Ti films 

after the anneal at 800~ for 15 min 

10 

W/Ti thickness Rs (~l/D Lateral growth (~m) 
(nm/nm) Poly Single Poly Single 

8 

20/100 1.386 1.337 1 0.8 
100/100 1.041 0.950 1 0.8 
160/80 1.380 1.350 1 0.6 
80/80 1.299 1.141 0.8 0.6 
120/60 1.929 1.742 0.8 0.6 
60/60 1.577 1.487 0.6 0.4 
80/40 2.590 1.728 0.2 0 
40/40 2.410 1.572 0 0 

6 
~3 

4 

Table II. The measured sheet resistance and lateral growth length of 
the silicided samples with different thicknesses of the W/Ti films 

after the anneal at 750~ for 30 min 

W/Ti thickness R, (~/[Z) Lateral growth (txm) 
(nm/nm) Poly Single Poly Single 

20/100 1.424 1.342 1 0.8 
100/100 1.114 0.978 1 0.8 
160/80 1.539 1.354 1 0.6 
80/80 1.238 1.156 0.8 0.6 
120/60 1.946 1.382 0.8 0.6 
60/60 1.561 1.244 0.6 0.4 
80/40 2.740 1.897 0.2 0 
40/40 2.370 1.501 0 0 

Table III. The measured sheet resistance and lateral growth length of 
the sifcided samples with different thicknesses of the W/Ti films 

after the anneal at 750~ for 15 min 

W/Ti thickness R, (~/[3) Lateral growth (~m) 
(nm/nm) Poly Single Poly Single 

20/100 1.404 1.395 1 0.8 
100/100 1.143 1.025 1 0.8 
100/80 1.501 1.408 1 0.6 
80/80 1.250 1.165 0.8 0.6 
120/60 1.924 1.755 0.8 0.6 
60/60 1.541 1.630 0.6 0.3 
80/40 2.75 1.962 0.1 0 
40/40 2.37 1.569 0 0 

f rom the  data  in Table IV. So the  o p t i m u m  annea l ing  tem-  
pe ra tu re  is 750~ 

As can be seen  f rom Tables  II and  III, near ly  the  same 
shee t  r e s i s t ance  and  lateral g rowth  l eng th  are ob ta ined  in 
b o t h  annea l s  at 750~ for 30 rain and  15 rain. However ,  
longer  annea l ing  t ime  e n h a n c e s  reproducib i l i ty .  So the  op- 
t imal  a n n e a l i n g  t ime  is 30 rain at 750~ All the  resul ts  pre-  
s e n t e d  in the  fo l lowings  sec t ions  were  t aken  f rom the  
s amp le s  sub j ec t ed  to th is  op t imal  anneal .  

2343 

I I 

W/Ti Thickness " 40nm/40nm 
Annealing Time "30min. 

I I I 
700 750 800 

Temperature (~ 

Fig. 2. Measured sheet resistance of the TiSi2 film as a function of 
annealing temperatures for samples with fixed thicknesses (40 nm/40 
nm) of the W/Ti films and subjected to a 30 rain anneal. 

Si diffusion.--The AES d e p t h  profile of  the  as -depos i t ed  
Si/W/Ti s t ruc tu re  on the  ox ide  layer is s h o w n  in Fig. 3. Fig- 
ure 4a and  b s h o w  the  AES d e p t h  profiles of  two Si/W/Ti 
t r i layer  s t ruc tu res  on top of  the  Si subs t r a t e  af ter  the  sili- 
c ida t ion  at 750~ for 30 rain. It can  be seen  f rom Fig. 4 tha t  
a m u c h  larger  a m o u n t  of  Si a toms  than  tha t  of  Ti or W 
a toms  h a v e  d i f fused  into the  Ti/W layers. These  Si a toms  in 
t he  W film do not  fo rm t u n g s t e n  s i l ic ide  wi th  W a toms  be- 
cause  the  annea l ing  t e m p e r a t u r e  is no t  h igh  enough .  The 
s u p p o r t i n g  e v i d e n c e  is tha t  the  W/Ti m i x e d  layer  af ter  an- 
nea l ing  is e t chab le  in the  solut ion of  H202:NH4OH:H20 = 
1:1:10 w h i c h  as we  k n o w  is not  an e t c h a n t  for t u n g s t e n  sili- 
cide. The A E S  d e p t h  profile after e tching,  as g iven  in Fig. 
5, also s h o w s  no sign of  t u n g s t e n  silicide. Therefore ,  no 
t u n g s t e n  si l icide is f o rmed  in the  anneal .  

F igure  6 s h o w s  the  AES d e p t h  profile on top  of  the  SiO2 
layer  af ter  the  s i l ic idat ion at 750~ for 30 rain. C o m p a r i n g  
Fig. 4 wi th  Fig. 6, we  conc lude  tha t  the  larger  a m o u n t  of  
d i f fused  Si a toms  on  top  of  the  Si subs t r a t e  as s h o w n  in 
Fig. 4 ma in ly  c o m e  f r o m  the  Si subs t r a t e  i n s t ead  of  t he  t op  
Si layer. Otherwise ,  the  d i f fused  Si a toms  on top  of  t he  
SiO2 layer  shou ld  have  near ly  t he  s ame  quant i ty .  This  en- 
h a n c e d  Si d i f fus ion  a long one  d i rec t ion  m i g h t  be  in i t ia ted 
by  the  out -d i f fus ion  of  Ti a toms  into the  W layer. 

TixWy formation.--As can be seen  f rom Fig. 4 and  6, the  
W film has  fo rmed  TixWy wi th  the  Ti film on top  of bo th  
ox ide  layer  and  Si subs t ra te .  A l t h o u g h  the  AES d e p t h  pro- 
files canno t  ident i fy  exact ly  the  c o m p o s i t i o n  of  the  TixWy 
alloy, t hey  do s h o w  tha t  the  W signal  is s ignif icant ly  over- 
l ap p ed  by  the  Ti signal, w h i c h  m e a n s  the  Ti=Wy alloy is 
fo rmed .  F r o m  (5), we  k n o w  that  the  TixWy alloy has  a 
h ighe r  s i l ic idat ion t e m p e r a t u r e  t h a n  the  pure  Ti film. 
Therefore ,  as soon  as the  Ti layer  on top  of  t he  S i Q  layer  is 
comple t e ly  conve r t ed  into t he  TixW~ alloy, any fu r ther  an- 
nea l ing  at t he  s ame  t e m p e r a t u r e  will have  no th rea t  of  lat- 
eral g rowth .  In  our  e x p e r i m e n t s ,  we  do obse rve  tha t  the  
lateral  g ro w t h  is se l f - s topped  as the  annea l ing  t ime  is in- 
creased.  

Table IV. The oxide thickness loss of the silicided samples with three 
different thicknesses of W/Ti films after three different anneals 

Fig. 1. SEM micrographs of the surface of the silicided samples (a, 
left) with the Si/W/Ti (100 nm/40 nm/40 nm) trilayer structure and an- 
nealed at 750~ far 30 rain; (b, right) with the Si/W/Ti (100 nm/100 
nm/lO0 nm) trilayer structure and annealed at 800~ far 15 min. 

Oxide thickness loss 
W/Ti thickness 

(nm/nm) 
Annealing condition 40/40 80/40 120/40 

800~ 15 rain 35.5 30.0 29.1 
750~ 30 min 35.0 32.9 27.9 
750~ 15 rain 29.9 27.7 25.8 
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Fig. 3. AES depth profile of the as-deposited Si/W/Ti (100 nm/40 
nm/40 nm) trilayer structure on the oxide layer. 

A c c o r d i n g  to (6), 1 n m  of  Ti fi lm can  p r o d u c e  2.51 n m  of  
TiSi2 fi lm a n d  t he  res i s t iv i ty  of  TiSi2 is 13-16 ~ - c m  
(15 ~ �9 c m  is u sed  in  our  calculat ions) .  U s i n g  t h e s e  data ,  
we first  ca lcu la te  t h e  t h i c k n e s s  of  t he  TiSi2 fi lm f rom the  
m e a s u r e d  s h e e t  r e s i s t ance  a n d  t h e n  d e t e r m i n e  t he  th ick -  
ne s s  of  t h e  c o n s u m e d  Ti f i lm to fo rm t he  TiSi2 film. Final ly ,  
t h e  t h i c k n e s s  of  t h e  c o n s u m e d  Ti fi lm to fo rm t he  Ti=W~ 
film is o b t a i n e d  b y  s u b t r a c t i n g  t he  to ta l  t h i c k n e s s  f r o m  the  
ca lcu la ted  t h i c k n e s s  of  t he  c o n s u m e d  Ti film to fo rm the  
TiSi2 film. F r o m  the  t h i c k n e s s  data ,  t he  f o r m a t i o n  s p e e d s  
of  TiSi2 a n d  TixWy can  be  c o m p a r e d .  

To o b s e r v e  h o w  the  t h i c k n e s s  of  t he  W film affects  t h e  
f o r m a t i o n  s p e e d  of  TixW, we  ca lcu la te  t he  t h i c k n e s s e s  of  
t he  c o n s u m e d  Ti f i lm to fo rm t he  TiSi2 fi lm a n d  t h e  Ti~Wy 
fi lm f r o m  the  m e a s u r e d  shee t  r e s i s t a n c e  g i v e n  in  Fig. 7, 
w h e r e  t he  shee t  r e s i s t a n c e  as a f u n c t i o n  of  t he  t h i c k n e s s  of  
t he  W film for a f ixed t h i c k n e s s  of  t he  Ti fi lm is shown .  T h e  
r e su l t s  are g iven  in  Tab le  V. I t  c an  be  s een  t h a t  a t h i c k e r  W 
fi lm resu l t s  in  a h i g h e r  f o r m a t i o n  s p e e d  of  Ti~W,, w h i c h  
e v e n  b e c o m e s  h i g h e r  t h a n  t he  f o r m a t i o n  s p e e d  o f  TiSi2 
w h e n  t he  t h i c k n e s s  of  W film is l a rger  t h a n  120 n m .  F r o m  
Fig. 4 a n d  6, we also see t h a t  Ti a t o m s  r each  t he  Si/W inter -  
face e v e n  i f  t h e  W film is qu i t e  th ick .  Moreover ,  as c an  be  
s e e n  f rom Fig. 4b, Ti a t o m s  are a l m o s t  d i s so lved  in  t he  W 
layer  w h e n  a t h i c k  W film is u s e d  to fo rm TiSi2. In  o t h e r  
words ,  t h e  d i f fus iv i ty  of  Ti a t o m s  in t he  W film is e n h a n c e d  
w h e n  a t h i c k  W film is used.  Th i s  exp l a in s  t he  i nc r ea se  of  
t h e  f o r m a t i o n  speed  of  the  Ti~W, film due  to a t h i c k  W film. 

D u e  to t h e  h i g h e r  s i l i c ida t ion  t e m p e r a t u r e ,  t he  Ti=Wy 
al loy ha s  a w e a k e r  abi l i ty  to d e c o m p o s e  SiO2 t h a n  t he  p u r e  
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Fig. 5. AES depth profile of TiSi2 on the Si substrate after silicidation 
at 750~ for 30 min using the Si/W/Ti (100 nm/40 nm/40 nm) trilayer 
structure. 
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Ti f i lm at  t h e  s a m e  t e m p e r a t u r e .  Thus ,  a t h i c k e r  W film 
w h i c h  gene ra t e s  a t h i c k e r  TixWy film, causes  less of  a n  ox- 
i d e - t h i c k n e s s  loss. Th i s  can  be  ver i f ied  f rom the  da ta  in  
Tab le  IV. 

To o b s e r v e  h o w  the  t h i c k n e s s  of  t he  Ti fi lm affects  t he  
f o r m a t i o n  speed  of  TixWy the  c o n s u m e d  t h i c k n e s s  of  t h e  Ti 
f i lm to f o r m  the  TiSi2 fi lm a n d  the  TixWy film are  ca l cu la t ed  
s imi la r ly  f rom the  m e a s u r e d  shee t  r e s i s t a n c e  g i v e n  in  Fig. 
8, w h e r e  t h e  s h e e t  r e s i s t a n c e  vs, t h e  t h i c k n e s s  of  t h e  Ti f i lm 
for  a f ixed t h i c k n e s s  of  t h e  W film is i l lus t ra ted .  The  r e su l t s  
are  s h o w n  in Tab le  VI. It  can  be  s een  t h a t  as t he  t h i c k n e s s  
of  t h e  Ti fi lm increases ,  t he  c o n s u m e d  t h i c k n e s s  of  t he  Ti 
f i lm to fo rm the  TixWy film does  no t  i nc rease  as m u c h  as 
t h a t  to  fo rm the  TiSi2 film. Th i s  is b e c a u s e  a f ixed th ick-  
ne s s  of  t he  W film is u s e d  so t h a t  t he  f o r m a t i o n  s p e e d  of  
TixWy is fixed. F r o m  the  a b o v e  analys is ,  t h e  c o n c l u s i o n  can  
b e  m a d e  t h a t  t he  f o r m a t i o n  speed  of  TixWy is no t  a f fec ted  
b y  t h e  t h i c k n e s s  of  t he  Ti fi lm a n d  is s lower  t h a n  t h a t  of  
TiSi2 i f  t h e  W film is no t  too th ick .  

Lateral  g r o w t h . ~ A s  can  b e  s een  f rom Tab les  I-III  a n d  
Fig. 7 t h a t  a t h i c k e r  W fi lm leads  to a l o n g e r  la tera l  g rowth .  
As  m e n t i o n e d  above ,  Ti  a t o m s  di f fuse  ve ry  fas t  in  t h e  W 
film. Af te r  t he  con t ac t  of  t h e  TiSi2 a n d  t h e  Ti~W~ layers  dur -  
ing  t he  f o r m a t i o n  process ,  t he  fas t  d i f fus ing  Ti a t o m s  m a y  
e n h a n c e  t h e  d i f fus ion  s p e e d  of  Si a t o m s  in t h e  Ti=Wy film. 
I f  a t h i c k e r  W film is used ,  th i s  e n h a n c e d  Si d i f fus ion  
s p e e d  m a y  b e c o m e  h i g h e r  t h a n  t h e  f o r m a t i o n  s p e e d  of  
TixWy o n  t he  ox ide  layer.  Thus ,  Si a t o m s  h a v e  a c h a n c e  to 
e n t e r  tl~e "Ti  c h a n n e l "  on  top  of  t he  ox ide  layer  be fore  it is 
c losed  u p  b y  t he  f o r m a t i o n  of  t h e  TixWy alloy. This  leads  to 
t he  la tera l  g rowth .  As  can  be  s een  f rom Fig. 7, t he  la tera l  
g r o w t h  h a p p e n s  w h e n  t he  t h i c k n e s s  of  W film e x c e e d s  70 
nm.  
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after silicidation at 750~ for 30 min. 
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Fig. 6. AES depth profiles of the Si/W/Ti (100 nm/400 nm/40 nm) tri- 
layer structure on the oxide layer after silicidation at 750~ for 30 min. 

F r o m  Fig. 7 and  8, we  see tha t  the  lateral  g rowth  also 
h a p p e n s  w h e n  the  t h i c k n e s s  of  the  W film is smal le r  t han  
40 n m  or t he  t h i cknes s  of  the  Ti film is larger  t h a n  70 nm.  
These  data  s h o w  tha t  w h e n  the  t h i cknes s  ratio of  t he  W 
film to t he  Ti film is too small,  lateral  g rowth  h a p p e n s .  This  
is b e c a u s e  the  W film is no t  th ick  e n o u g h  to conver t  t he  
t h i ck  Ti film comple t e ly  into the  Ti~W~ alloy on  the  ox ide  
layer. 

Thickness ranges of the W/Ti films for the lateral growth 
free process.--Based on the  above  d iscuss ion ,  the  lateral  
g r o w t h  can be  avo ided  by  us ing a W film wi th  a su i table  
t h i c k n e s s  no t  to e n h a n c e  too  m u c h  the  d i f fus ion  of  Si 
a toms .  Bes ides ,  t h e  t h i c k n e s s  of  t he  Ti film has  to  be  smal l  
e n o u g h  so tha t  it can  be  comple t e ly  conve r t ed  in to  t he  
TixWy al loy on  the  ox ide  layer. A set  o f  s a m p l e s  w i th  differ- 
en t  t h i c k n e s s e s  of  W/Ti fi lms were  used  to fo rm TiSi2 and  
o b s e r v e  the  resu l t ing  lateral growth.  The resul ts  are s h o w n  
in Fig. 9 w h e r e  two  lines can be d r a w n  to a p p r o x i m a t e l y  
s epa ra t e  t he  reg ion  w i thou t  lateral g rowth  f rom tha t  wi th  
lateral  g rowth .  The  reac t ion  in the  reg ion  be low the  d a s h e d  
l ine can be  d e e m e d  as Case I w h e r e  the  Ti film is too thick.  
That  in the  reg ion  above  the  solid l ine can be c o n s i d e r e d  as 
Case  III  w h e r e  the  W film is too thick.  That  in the  reg ion  
b o u n d e d  by  the  two  l ines and  m a r k e d  by  the  full circles 
can  be  d e e m e d  as Case  II w h e r e  bo th  Ti and  W films are 
n e i t h e r  too th ick  no r  too thin.  There  is a reg ion  corres-  
p o n d i n g  to t he  case  tha t  the  Ti film is too thin.  This  case  is 
no t  c o n s i d e r e d  b e c a use  a very  th in  Ti film leads to a h igh  
shee t  r e s i s t ance  w h i c h  is of  no pract ica l  interest .  
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Fig. 7. Measured sheet resistance and lateral growth length as a 
function of thicknesses of the W films after the silicidation at 750~ for 
30 min using the Si/W/Ti trilayer structure with a fixed Ti film thickness 
of 40 nm. 
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function of thicknesses of the Ti films after the silicidation at 750~ for 
30 min using the Si/W/Ti trilayer structure with a fixed W film thick- 
ness of 40 nm. 

Format ion Mechan isms  
F r o m  the  resul ts  d i s cus sed  above,  t he  fo rma t ion  mecha -  

n i s m  of  TiSi2 us ing  the  Si/W/Ti t r i layer  s t ruc tu re  can  be  
f igured out. General ly,  t he  fo rma t ion  can be  d iv ided  into 
two  reac t ion  steps.  The first s t ep  d e t e r m i n e s  the  resu l t ing  
shee t  r e s i s t ance  and  ox ide  t h i c k n e s s  loss, whi le  the  s e c o n d  
s tep  d e t e r m i n e s  w h e t h e r  the  lateral  g r o w t h  h a p p e n s  or 
not.  The  m e c h a n i s m s  in the  two-s tep  reac t ion  are de-  
s c r ibed  below.  

In  t he  first  r eac t ion  step,  W a n d  Ti a t o m s  in t h e  as -depos-  
i ted  s i /w/ ' r i  t r i layer  as s h o w n  in Fig. 10a in te rd i f fuse  
across  t he  W/Ti in ter face  to fo rm the  TixW~ alloy~ Mean-  
while ,  Si a toms  d i f fuse  f rom the  Si subs t r a t e  or poly-Si  
gate  in to  t he  Ti layer  to fo rm TiSi2. Thus  the  Ti~Wy layer 

Table V. The estimated thickness of the Ti film consumed to form 
TixWy end TiSi2 in the Si/W/Ti trilayer structure with a fixed 

thickness of the Ti film (40 nm) and subjected to the anneal at 750~ 
for 30 min 

Consumed Consumed 
Ti thickness Ti thickness 

W thickness to form TixW~ to form TiSi2 
(rim) (nm) (nm) 

2O 12.21 27.79 
30 12.84 27.16 
40 15.21 24.79 
50 16.20 23.80 
60 17.11 22.89 
70 17.95 22.05 
80 18.74 21.26 

120 20.15 19.85 
200 23.50 16.50 
400 35.02 4.98 

Table VI. The estimated thickness of the Ti film consumed to form 
TixW v and TiSi2 in the Si/W/Ti trilayer structure with a fixed thickness 

of the W film (40 nm) and subjected to the anneal at 750~ 
for 30 min 

Consumed Consumed 
Ti Ti thickness Ti thickness 

thickness to form TixWu to form TiSi2 
(nm) (nm) (nm) 

40 15.21 24.79 
50 13.57 36.43 
60 14.04 45.96 
70 18.49 51.51 
80 20.24 59.76 
90 23.60 66.40 

100 25.30 74.70 
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grows  d o w n w a r d  wh i l e  t he  TiSi2 layer  g rows  upward .  Fi- 
nal ly,  t h e i r  b o u n d a r i e s  m e e t  t o g e t h e r  as s h o w n  in  Fig. 10b. 
T h e  f o r m a t i o n  s p e e d  of  Ti~W~ is s lower  t h a n  t h a t  of  TiSi2 i f  
t he  W fi lm is n o t  too  th ick ,  as m a y  b e  s een  f rom t h e  da ta  of  
T a b l e  V. On  t h e  o t h e r  h a n d ,  i f  t he  W fi lm is th i cke r ,  t he  for- 
m a t i o n  s p e e d  of  TixWy b e c o m e s  h i g h e r  t h a n  t h a t  of  TiSi2. 
T h u s  m o r e  Ti a t o m s  are d i s so lved  in t he  W layer  a n d  less 
TiSi2 is fo rmed .  Th i s  leads  to a h i g h e r  shee t  r e s i s t a n c e  a n d  
a less  o x i d e  t h i c k n e s s  loss. 

In  t he  s e c o n d  r eac t i on  s tep,  Ti a t o m s  in the  Ti~Wy laye r  
c o n t i n u e  to d i f fuse  in to  t he  W layer  to  fo rm t he  Ti~Wy alloy. 
The  d i f fus ion  s p e e d  of  Ti a t o m s  in the  W film is so fas t  t h a t  
t h e y  d i f fuse  across  t h e  who le  W film a n d  r e a c h  t he  Si/W in- 
terface.  In  add i t ion ,  t he  t h i c k e r  t he  W fi lm is, t h e  fas te r  th i s  
d i f fus ion  s p e e d  is. F r o m  t he  ana lyses  of  e x p e r i m e n t a l  re- 
sults ,  we  be l i eve  t h a t  t he  d i f fus ion  of  Ti a t o m s  in t h e  W 
layer  a lso g rea t ly  e n h a n c e s  t he  d i f fus ion  of  Si a t o m s  f r o m  
t h e  TiSi2 a n d  t h e  Ti~W~ layers  in to  t he  W layer.  W i t h o u t  t h e  
a id  of  t he  d i f fus ion  of  Ti a toms ,  on ly  a few Si a t o m s  in t h e  
t op  Si layer  c an  d i f fuse  in to  t he  W layer  in  a d i r ec t i on  op- 
pos i t e  to t h a t  of  t h e  Ti di f fusion.  Thus ,  t he  t op  Si layer  does  
no t  d i s t u r b  t h e  f o r m a t i o n  of  TiSi2. 

As-Deposited 

J ~Si 

Si ~ b S t  rate 

~ :  TixWy 
T~ (b) 

$i atoms from Si S u b s t r a t e  

[ -st w, i % --,.w, 

CASE I CASE H CASE m 

Fig. 10. Cross-section views of (a) the as-deposited Si/W/l"i trilayer 
structure on the Si substrate; (b) the structure after the first reaction 
step in forming the TiSi2; (c) the structure after the second reaction 
step in forming the TiSi2, which has three different cases: I) the Ti film 
is too thick; II) both Ti and W films are not too thick; i11) the W film is 
too thick. 

On top  of  t he  ox ide  layer,  t he  Ti a n d  t he  W a t o m s  con-  
t i n u e  to in t e rd i f fuse  to fo rm TixWy. The  f o r m a t i o n  s p e e d  of  
TixWy as wel t  as t h e  t h i c k n e s s  of  t he  Ti  f i lm d e t e r m i n e s  
w h e t h e r  t he  r e s idua l  "Ti  c h a n n e l "  on  t op  of  t he  ox ide  layer  
c an  be  c losed  u p  in t i m e  or not .  D e p e n d i n g  on  t he  c h o s e n  
t h i c k n e s s e s  of  the  W/Ti films, t he  s e c o n d  reac t ion  s tep  can  
b e  f u r t h e r  d iv ided  in to  t h r ee  d i f fe ren t  cases  as s h o w n  in 
Fig. 9. T h e i r  c o r r e s p o n d i n g  c ross - sec t iona l  v iews  are  g iven  
in  Fig. 10c. 

Case  I - - I f  t he  Ti fi lm is too th ick ,  t he  f o r m a t i o n  speed  of  
TixWu b e c o m e s  m u c h  s lower  t h a n  t h a t  of  TiSi~ as m a y  b e  
s een  in  Tab le  VI. T h u s  m o r e  TiSi~ is f o r m e d  a n d  t he  h e i g h t  
of  t he  TiSi2 layer  is c loser  to t h a t  of  t he  S i Q  wall. So t he  re- 
q u i r e d  d i s t a n c e  for  the  la tera l  g r o w t h  of  TiSi2 on  t op  of  t he  
o x i d e  layer  is r educed .  Due  to t h e s e  two effects,  t he  "Ti  
c h a n n e l "  c a n n o t  be  c losed  u p  in t ime.  T h u s  Si a t o m s  dif- 
fuse  a long  t h e  "Ti  c h a n n e l "  a n d  TiSi2 g rows  la te ra l ly  on  
t op  of t h e  ox ide  layer.  

Case  I I - - I f  b o t h  Ti  a n d  W fi lms a re  no t  too  th ick ,  t h e  dif- 
fus iv i ty  of  Si a t o m s  is no t  too m u c h  e n h a n c e d  a n d  t he  for- 
m a t i o n  s p e e d  of  Ti~Wy is no t  cu t  down.  M e a n w h i l e  t he  
t h i c k n e s s  of  t he  Ti fi lm is sma l l e r  t h a n  t h a t  in  t h e  Case  I. 
T h e  TixWu alloy, the re fore ,  can  close u p  t he  r e s idua l  "Ti  
c h a n n e l "  before  Si a t o m s  cou ld  d i f fuse  in. So t he  la tera l  
g r o w t h  can  b e  c o m p l e t e l y  supp re s sed .  

Case  I I I - - I f  t he  W film is too th ick ,  t he  d i f fus iv i ty  of  Si 
a t o m s  in t he  s e c o n d  r eac t ion  s tep  is e n h a n c e d  to s u c h  an  
e x t e n t  t h a t  i t  b e c o m e s  fas te r  t h a n  t he  f o r m a t i o n  s p e e d  of  
TixWy on  top  of  t he  ox ide  layer.  In  th i s  case,  t he  r e s idua l  
"Ti  c h a n n e l "  c a n n o t  be  c losed  up  in  t i m e  to s top  t he  la teral  
g rowth .  W h e n  a t h i c k e r  Ti fi lm is used ,  a s h o r t e r  d i s t a n c e  is 
required for TiSiz to climb to the top of the oxide layer as 
mentioned in case I. A thinner W film thus can enhance 
enough diffusivity of Si atoms to cause the lateral growth. 
This leads to the negative slope of the line separating the 
regions of case II and case III. 

Conclusions 
In  th i s  s tudy,  we h a v e  s h o w n  t h a t  u s i n g  t h e  Si/W/Ti tri- 

l ayer  s t r u c t u r e  w i th  su i t ab l e  t h i c k n e s s e s  of  t h e  w f r i  films, 
t he  la tera l  g r o w t h  p r o b l e m  in t h e  t i t a n i u m  si l ic ide forma-  
t i on  can  be  overcome.  The  f o r m a t i o n  m e c h a n i s m  of s u c h  a 
la te ra l  g r o w t h  free s i l ic ida t ion  t e c h n o l o g y  h a v e  also b e e n  
exp lo red .  A c c o r d i n g  to t he  m e c h a n i s m ,  t he  m a i n  fac tors  
a s soc i a t ed  w i t h  t he  s u p p r e s s i o n  of  t he  la tera l  g r o w t h  are: 
(i) W a t o m s  reac t  w i t h  Ti a t o m s  to fo rm t h e  Ti~Wu alloy, 
w h i c h  h a s  a h i g h e r  s i l i c ida t ion  t e m p e r a t u r e  t h a n  t h e  p u r e  
Ti film; (it) t h e  t h i c k n e s s  of  t h e  W film is c h o s e n  so t h a t  t h e  
W fi lm can  c o m p l e t e l y  c o n v e r t  t he  Ti fi lm on  top  of  the  
o x i d e  layer  in to  t he  TixWy alloy w i t h o u t  e n h a n c i n g  too 
m u c h  t h e  ou t -d i f fus ion  of  Si a toms .  I t  is s h o w n  t h a t  a low 
res i s t iv i ty  TiSi2 laYer w i t h o u t  t he  la tera l  g r o w t h  can  b e  
f o r m e d  t h r o u g h  a n  a n n e a l  at  750~ for  30 m i n  in  a n  N2 
f lowing  o p e n - t u b e  fu rnace  w h i c h  n e e d s  no  s t r i n g e n t  envi-  
r o n m e n t a l  control .  A n d  it  is a s i m p l e  one - s t ep  a n n e a l i n g  
p roce s s  i n s t ead  of  the  c o n v e n t i o n a l  two-s tep  a n n e a l i n g  
process .  I t  is e x p e c t e d  t h a t  t he  d e v e l o p e d  s i l i c ida t ion  pro- 
cess  c an  b e  eas i ly  i n c o r p o r a t e d  in to  va r i ous  V L S I  t echno l -  
ogies  to p r o m o t e  t he  dev ice  a n d  c i rcu i t  p e r f o r m a n c e .  
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A B S T R A C T  

A n  e x c i m e r  laser  s t e p p e r  o p e r a t i n g  at  248.4 n m  was  d e v e l o p e d  for use  in  0.5 ~tm p a t t e r n  fabr ica t ion .  The  e x c i m e r  laser  
s t e p p e r  cons i s t s  of  a n e w  c o m p a c t  K r F  e x c i m e r  laser,  w h o s e  osc i l la t ion  s p e c t r u m  has  b e e n  l i n e - n a r r o w e d  (FWHM 0.007 
nm),  a n d  a m o n o c h r o m a t i c  fu sed  si l ica lens.  T he  5 t i m e s  p r o j e c t i o n  lens  ha s  a field size of  15 x 1 5 r a m  2 a n d  a n u m e r i c a l  
a p e r t u r e  (NA) of  0.36. A p a t t e r n  e x p o s u r e  of  0.5 ~ m  fea tu res  w i t h o u t  speck l e  is pos s ib l e  u s i n g  th i s  a p p a r a t u s ,  a n d  resolu-  
t ion  of  0.4 ~ m  l ine  a n d  space  p a t t e r n s  we re  o b t a i n e d  b y  u s i n g  c o m m e r c i a l l y  ava i l ab le  deep  U V  resist .  A h i g h  t h r o u g h p u t ,  
e q u i v a l e n t  to  t h a t  of  a c o n v e n t i o n a l  s t epper ,  is f u r t h e r  ob ta ined .  S i n c e  it is e x p e c t e d  t h a t  t he  m a s k  a l i g n m e n t  a c c u r a c y  of  
_+ 0.1 ~ m  will  be  ob ta ined ,  a n d  s o m e  su i t ab l e  res i s t  for t he  e x c i m e r  l ase r  s t e p p e r  wil l  b e  d e v e l o p e d  in t he  nea r  fu ture ,  ex- 
c i m e r  l ase r  l i t h o g r a p h y  will  b e c o m e  an  i m p o r t a n t  t e c h n i q u e  for t he  f ab r i c a t i on  of  s e m i c o n d u c t o r  dev ices  w i t h  0.5 ~ m  de- 
s ign  ru les  s u c h  as 16 Mbi t  D R A M ' s .  

I n  r e c e n t  years ,  as s e m i c o n d u c t o r  dev ice  p r o d u c t i o n  
t e c h n o l o g y  ha s  p rogressed ,  p h o t o l i t h o g r a p h y  has  ap- 
p r o a c h e d  t h e  0.5 ~ m  level  w h i c h  is said  to be  t he  l imi t  
w h e n  u s i n g  U V  light.  In  o rde r  to f ind a way  to e x c e e d  th i s  
l imit ,  c o n v e n t i o n a l  p ro j ec t i on  e x p o s u r e  a p p a r a t u s  of  h i g h  
NA a n d  s h o r t  wave  l e n g t h  t y p e  s u c h  as a n  i-l ine s tepper ,  an  
x- ray  e x p o s u r e  appa ra tu s ,  a d i r ec t  wr i t i ng  e l ec t ron  b e a m  
(EB) e x p o s u r e  appa ra tus ,  a n d  a n  e x c i m e r  laser  e x p o s u r e  
a p p a r a t u s  (1-3) are  all b e i n g  w o r k e d  on  at  p resen t .  

I t  seems ,  howeve r ,  t h a t  i t  will  be  diff icul t  to e x c e e d  th i s  
l imi t  w i t h  a n y  of  t he  first  t h r e e  t e c h n i q u e s .  D e v e l o p m e n t  
of  a h i g h  NA- type  s t e p p e r  w h i c h  uses  a c o n v e n t i o n a l  u l t ra-  
h i g h  p r e s s u r e  m e r c u r y  l a m p  as a l igh t  source ,  is dif f icul t  
d u e  to t h e  dif f icul ty  i n v o l v e d  in d e s i g n i n g  a lens  for  la rge  
a rea  e x p o s u r e ,  e v e n  i f  a n  i- l ine o f  a n  u l t r a h i g h  p r e s s u r e  
m e r c u r y  l a m p  is used .  T he  E B  e x p o s u r e  t e c h n i q u e ,  w h i c h  
is su i t ab l e  for  f ab r i c a t i on  of  a f ine pa t t e rn ,  ha s  poo r  
t h r o u g h p u t .  Wi th  t he  x-ray e x p o s u r e  t e c h n i q u e ,  i t  is diffi- 
cu l t  b o t h  to p r o d u c e  m a s k s  for e x p o s u r e  a n d  to o b t a i n  a 
h i g h  sens i t iv i ty  res i s t  w h i c h  can  be  u s e d  w i t h  t he  low 
p o w e r  sou rces  ava i l ab le  at  p resen t .  Wi th  t he  e x c i m e r  laser  
e x p o s u r e  t e c h n i q u e ,  howeve r ,  a h i g h  r e s o l u t i o n  e x c e e d i n g  
th i s  0.5 ~ m  l imi t  s e e m s  pos s ib l e  i f  p e r i p h e r a l s  f rom con-  
v e n t i o n a l  s t e p p e r s  are  u s e d  by  r ep l ac ing  t he  l igh t  sou rce  
a n d  t he  opt ica l  sys tem.  

A n  i m p o r t a n t  f ea tu re  of  t he  e x c i m e r  l ase r  is t h a t  l i gh t  of  
s h o r t  w a v e l e n g t h  a n d  h igh  power ,  w i t h  e x t r e m e l y  smal l  
s p e c t r u m  d i spe r s ion ,  is o b t a i n e d  easily. Fo r  example ,  in  a 
c o n v e n t i o n a l  K r F  laser ,  t h e  s p e c t r u m  d i s p e r s i o n  of  t h e  os- 
c i l la ted  l igh t  is 248.4 • 0.3 nm,  a n d  th i s  s p e c t r u m  d i sper -  
s ion  Can be  m a d e  e v e n  smal ler .  Accord ing ly ,  l ens  d e s i g n  is 
s u b s t a n t i a l l y  s impl i f i ed  by  u s i n g  t he  e x c i m e r  as a l igh t  
s o u r c e  for  e x p o s u r e ,  a n d  p r o d u c t i o n  of  a l ens  for  large  a rea  
e x p o s u r e  b e c o m e s  poss ib le .  T he  t heo re t i ca l  r e s o l u t i o n  for  
K r F  lasers  is a b o u t  0.3 ~m. In  m a s k  p r oduc t i on ,  conven -  
t iona l  t e c h n i q u e s  can  be  u s e d  e x c e p t  t h a t  t he  m a s k  mate -  
r ial  m u s t  b e  quar tz .  F u r t h e r m o r e ,  e x c i m e r  laser  s t e p p e r  
t h r o u g h p u t  is as good  as t h a t  of  a c o n v e n t i o n a l  s t epper .  
Acco rd ing ly ,  t he  e x c i m e r  laser  e x p o s u r e  t e c h n i q u e  s e e m s  
to b e  t he  m o s t  p romis ing ,  as l ong  as p rac t i ca l i ty  is con-  
s idered .  

M a n y  a t t e m p t s  to app ly  t he  e x c i m e r  laser  to  s emicon -  
d u c t o r  l i t h o g r a p h y  h a v e  a l ready  bee1. r epor t ed .  Fo r  exam-  
ple,  t h e r e  a re  two  r e p o r t s  o n  t he  c o n t a c t  e x p o s u r e  m e t h o d ;  
one  u s i n g  a XeC1 laser  (308 nm )  b y  J a i n  et al. (4) a n d  t he  
o t h e r  u s i n g  a F2 lase r  (157 nm )  by  Cra ighead  et al. (5). T h e y  
e x a m i n e d  t he  poss ib i l i ty  of  e x c i m e r  e x p o s u r e  as a n e w  op- 

t ical  t e c h n i q u e  in  detail ,  b u t  the  c o n t a c t  e x p o s u r e  m e t h o d  
is ou t  of  c o n s i d e r a t i o n  b e c a u s e  the  c o n t a c t  eas i ly  causes  
d a m a g e  to t he  mask .  T h e r e  are also two e x a m p l e s  of  pro- 
j e c t i o n  e x p o s u r e  u s i n g  a l ase r  source;  one  u s i n g  a XeC1 
lase r  a n d  Ofner - type  ref lec t ion  opt ics  (6) w h i c h  is c o n v e n -  
t iona l ly  a d a p t e d  to a m i r r o r  p ro j ec t i on  e x p o s u r e  a p p a r a t u s  
b y  J a i n  et al. (7), a n d  t he  o t h e r  u s i n g  an  ArF  laser  (193 n m )  
a n d  S c h w a r t z c h i l d - t y p e  re f lec t ion  ob jec t  m i r r o r  by  Er l i ch  
et al. (8). I t  is t r ue  t h a t  a p ro j ec t i on  s t e p p e r  u s i n g  a m i r r o r  
s y s t e m  is easi ly  c o n s t r u c t e d  b e c a u s e  Al -p la ted  mi r ro r s  are  
easi ly  o b t a i n e d  w i t h o u t  c h r o m a t i c  a b e r r a t i o n  revis ion.  A 
large e x p o s u r e  area,  howeve r ,  c a n n o t  b e  ob ta ined .  There -  
fore, a s t e p p e r  u s i n g  a re f rac t ive  opt ica l  l ens  is ideal  to ena-  
b le  one  to o b t a i n  a large  e x p o s u r e  area.  

T h e r e  are  two  types  of  s t e p p e r s  u s i n g  e x c i m e r  lasers  as 
a n  e x p o s u r e  l igh t  sou rce  ( exc imer  laser  s tepper) .  O n e  is a 
t ype  in w h i c h  t he  e x c i m e r  laser  r ep laces  t he  m e r c u r y  l a m p  
u s e d  as an  e x p o s u r e  l igh t  sou rce  in t he  c o n v e n t i o n a l  U V  
s tepper .  The  r e d u c t i o n  lens  is m a d e  b y  t h e  s a m e  c h r o m a t i c  
a b e r r a t i o n  r ev i s ion  m e t h o d  as in  t h e  c o n v e n t i o n a l  s t e p p e r  
( a c h r o m a t i c  lens).  T h e r e  are s t eppe r s  of  th i s  t ype  u s i n g  a 
K r F  e x c i m e r  laser  a n d  m i c r o s c o p e  ob jec t ive  for u l t r av io l e t  
r ay  b y  D u b r o e u c q  et al. (1). The  o t h e r  t y p e  of  e x c i m e r  laser  
s t e p p e r  uses  laser  l igh t  of  ve ry  n a r r o w  d i s p e r s i o n  (a lmos t  
m o n o c h r o m a t i c  l ight)  as a n  e x p o s u r e  s o u r c e  a n d  a r educ-  
t i on  lens  of a m o n o c h r o m e  des ign  ( c h r o m a t i c  lens).  A n  ex- 
a m p l e  of  th i s  t ype  is one  d e s i g n e d  b y  Po l  et al. (2) in  w h i c h  
a n a r r o w e d  b a n d  KrF  laser  and  a m o n o c h r o m a t i c  lens  are  
used .  

T h e  first  t y p e  of  e x c i m e r  s t e p p e r  is f ree  f rom con t ro l l i ng  
s p e c t r u m  d i s p e r s i o n  of  laser  l ight ,  b u t  t he  lens  d e s i g n  for a 
la rge  area  e x p o s u r e  m a y  be  difficult .  The  poss ib i l i ty  of  ob- 
t a i n i n g  large  a rea  e x p o s u r e s  of  15 • 15 m m  2, w h i c h  is re- 
q u i r e d  to m a k e  m e m o r y  dev ices  (for e x a m p l e  16 M b i t  
DRAM's ,  etc.), is e x t r e m e l y  small .  Th i s  p a p e r  d e s c r i b e s  t he  
d e v e l o p m e n t  a n d  e v a l u a t i o n  of a n  e x c i m e r  l ase r  s t e p p e r  
u s i n g  a m o n o c h r o m a t i c  r e f r ac t ion  lens  for large  a rea  ex- 
posure .  

Excimer Laser Stepper System 
E x c i m e r  lasers  o f ten  u s e d  as e x p o s u r e  l igh t  sou rces  are  

XeC1, KrF,  a n d  ArF,  as s h o w n  in  Tab le  I. A rF  laser  l igh t  
p r o d u c e s  s o m e  d a m a g e  to dev ices  as wel l  as s u r f a c e  t r aps  
w h i c h  cause  t he  dec rea se  of  l i f e t ime  of  m i n o r i t y  carr iers .  
Also,  t he  lens  ma te r i a l  is la rgely  res t r i c ted ,  a n d  d e v e l o p i n g  
a sa t i s fac to ry  res i s t  ma te r i a l  is difficult .  Fo r  XeC1 laser  
l ight ,  a p p r o p r i a t e  l ens  ma te r i a l  a n d  res is t s  are  read i ly  
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