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• I n t r o d u c t i o n
•P o s t -1 5 7 n m  l i t h o g r a p h y  o p t i o n s
•R e s i s t  t e c h n o l o g y  o p t i o n s  f o r  p o s t -1 5 7 n m  l i t h o g r a p h y

•C o n v e n t i o n a l  r e s i s t  t e c h n o l o g y  a p p r o a c h e s
•E m e r g i n g  r e s i s t  t e c h n o l o g y  a p p r o a c h e s

• P o s t -1 5 7 n m  l i t h o g r a p h y  r e s i s t  t e c h n o l o g y  i s s u e s
•C o n v e n t i o n a l  r e s i s t  t e c h n o l o g y  i s s u e s

•L i m i t a t i o n s  o f  c h e m i c a l  a m p l i f i c a t i o n  r e a c t i o n  s y s t e m  i n  r e s i s t s
•U n c o n t r o l l a b l e  d i f f u s i o n  
•I m a g e  s p r e a d  a n d  i m a g e  b l u r

•U l t r a t h i n  f i l m  i m a g i n g  i s s u e s
•F i l m  i n s t a b i l i t y  &  d e f e c t s
•F i l m  t h e r m o p h y s i c a l  p r o p e r t y  c h a n g e s

•E n h a n c e d  a c i d  t r a n s p o r t
•E n h a n c e d  s e n s i t i v i t y  t o  c o n t a m i n a t i o n
•E n h a n c e d  d e p r o t e c t i o n  k i n e t i c s

Out l i ne
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•E m e r g i n g  r e s i s t  t e c h n o l o g i e s
•E n v i r o n m e n t a l  h e a l t h  a n d  s a f e t y  c o n c e r n s

•I n t e g r a t i n g  c o n v e n t i o n a l  a n d  e m e r g i n g  r e s i s t  t e c h n o l o g i e s
•C o n c l u d i n g  r e m a r k s

Outline cont’d
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Pos t -1 5 7 nm  L i t hog rap hy T ec hnol og i es
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E PLE UV L

R es i s t  c oat ed  waf ers
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R es i s t  t ec hnol og y ap p roac hes  f or Pos t -1 5 7 nm  L i t hog rap hy

• C o n v e n t i o n a l  t e c h n i q u e s
• S i n g l e  L a y e r  ( S L ) s c h e m e
• T h i n  I m a g i n g  L a y e r / H a r d m a s k  S c h e m e  ( T L I / H M )
• S u r f a c e  S i l y l a t i o n  S c h e m e  ( S S S )

• E m e r g i n g  t e c h n i q u e s
• N a n o i m p r i n t i n g  T e c h n i q u e s  “ S o f t  L i t h o g r a p h y ”
• S e l f -A s s e m b l y
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C onv ent i onal  res i s t  t ec hnol og y ap p roac hes  f or 
p os t -1 5 7 nm  l i t hog rap hy – i s s ues  & p ros p ec t s

Issue S L T L I/ H M S S S

T r a n s p a r e n c y T o o  o p a q u e  a t G o o d O p a c i t y  i s
n o m i n a l  t h i c k n e s s a n  a d v a n t a g e

E t c h  R e s i s t a n c e I n s u f f i c i e n t E x c e l l e n t      G o o d  ( T h i n  S i O x            
E t c h g o o d  e t c h  m a s k )
s e l e c t i v i t y E t c h  &  s i l y l a t i o n
i s s u e s s e l e c t i v i t y  i s s u e s

P r o c e s s  S i m p l e I m a g i n g  &  p r o c e s s i n g  C o m p l e x p r o c e s s i n g  
s e p a r a t e d  ( a  p l u s ) ( F e a t u r e  d e p e n d e n t  

s i l y l a t i o n ) 

P r o c e s s  c o n t r o l N o t  a n  i s s u e N o t  a n  i s s u e A  s e r i o u s   i s s u e       
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Issue S L T L I/ H M   S S S

L E R       A n  i s s u e P r o b l e m        > 1 0  n m
R e s o l u t i o n             P o o r H i g h M o d e r a t e

S e n s i t i v i t y L o w L o w V e r y  l o w
( C A ) ( C A ) ( C A )

D i f f u s i o n S t a b i l i t y P r o b l e m A  s e r i o u s
C D  c o n t r o l p r o b l e m
i s s u e s

D e f e c t s A n  i s s u e N o t  a  s e r i o u s   i s s u e    A  s e r i o u s
p r o b l e m

C onv ent i onal  res i s t  t ec hnol og y ap p roac hes  f or 
p os t -1 5 7 nm  l i t hog rap hy – i s s ues  & p ros p ec t s
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S o u r c e s  o f  v o l a t i l e  o r g a n i c  m a t e r i a l s  i n c l u d e :
-- p r o t e c t i n g  g r o u p s  ( m a j o r i t y  c o n t r i b u t o r )
-- p h o t o a c i d  g e n e r a t o r s
-- s o l v e n t  h y d r o l y s i s

M o s t  r e s i s t s  ( a n d  n e a t  p o l y m e r s ) s h o w  b o t h  a n  e x p o s u r e -i n d u c e d  m a s s
i n c r e a s e  ( E < 1 0  m J / c m 2) a n d  m a s s  l o s s  ( E > 4 0  m J / c m 2)

R e s i s t M a s s  l i b e r a t e d Q C M  R e s u l t s G C M S  R e s u l t s T h i c k n e s s
p e r  y e a r  ( g ) ( m o l e c u l e s / ( m o l e c u l e s / d e p o s i t e d

c m 2-s e c ) c m 2-s e c ) ( n m ) e = 1 0 -2

I B M  V 2 . 1 0 . 7 3 x 1 0 1 2 2 x 1 0 1 2 7 0
S h i p l e y  X P -7 0 2 2         1 4 x 1 0 1 2 3 x 1 0 1 2 1 0 0        
O M M  R X -1                  0 . 3 < 1 x 1 0 1 2 1 x 1 0 1 2 3 0
O M M  b i l a y e r               1 8                4 x 1 0 1 3 1 8 0 0
S u m i t o m o  N E K -3 0 4    < 0 . 3 < 1 x 1 0 1 2 < 3 0

S o u r c e :  K u n z ,  R .  Personal Communications ,  M I T  L i n c o l n  L a b s ,  1 9 9 8

Resist o u tg a ssin g in  v a c u u m
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R esi st  P a r a m et er E P L E U V L

I m a g e  d i s t o r t i o n  d u e
t o  n o n c o n d u c t i n g      A  p o s s i b i l i t y N o t  a  p r o b l e m
r e s i s t  f i l m
O u t g a s s i n g A  p r o b l e m A  p r o b l e m

( k e y  t o  p r e v e n t i n g  c h a r g i n g  
e f f e c t s  d u e  t o  c o n t a m i n a t i o n  
b u i l d -u p  i n  c o l u m n )

S u b s t r a t e  &  r e s i s t A  p r o b l e m N o t  a  p r o b l e m
h e a t i n g

C o n t r a s t  > 5 H a s  t o  b e  h i g h
r e q u i r e m e n t H i g h  c o n t r a s t t o  i m p r o v e  L E R

c o m p e n s a t e s  f o r  
t h e  b a c k s c a t t e r e d  e -
t h a t  r e d u c e s  t h e  i m a g e
c o n t r a s t

S u m m a r y  o f  i s s u e s  w i t h  c o n v e n t i o n a l  r e s i s t  t e c h n o l o g y  
i n  p o s t -1 5 7 n m  l i t h o g r a p h y
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Resist Parameter E PL E U V L
Tg >  m a x .  t e m p  H i gh  e n o u gh  t o  p r e v e n t  d a r k  r e a c t i o n s

r i s e  d u e  t o  e -b e a m     
h e a t i n g,  s o  a s  t o         
p r e v e n t  u n w a n t e d  
d i f f u s i o n  i n  t h e  r e s i s t
&  l o s s  o f  p a t t e r n  f i d e l i t y

R e s o l u t i o n  l o s s  d u e t o A  p r o b l e m A  p r o b l e m
U n c o n t r o l l a b l e  d i f f u s i o n
L i n e  e d ge  r o u gh n e s s A  p r o b l e m A  p r o b l e m
C h a r gi n g A  p r o b l e m N o t  a  p r o b l e m
S h o t  n o i s e  l i m i t A  p r o b l e m A  p r o b l e m
P a t t e r n  c o l l a p s e A  p r o b l e m A  p r o b l e m

S u m m a r y  o f  i s s u e s  w i t h  c o n v e n t i o n a l  r e s i s t  t e c h n o l o g y  
i n  p o s t -1 5 7 n m  l i t h o g r a p h y
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E m erg i ng  res i s t  t ec hnol og y op t i ons  f or 
p os t -1 5 7 nm  l i t hog rap hy

•N a n o -i m p r i n t  t e c h n i q u e s  “ s o f t  l i t h o g r a p h y ”
•S e l f -a s s e m b l y  t e c h n i q u e s
•D i r e c t  p a t t e r n i n g  t e c h n i q u e s
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P r in c ip l e o f  c h em ic a l  a m p l if ic a tio n  
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s o l u b i l i t y -s w i t c h i n g  r e a c t i o n s .
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T h e  i n i t i a l  a c i d  c o n c e n t r a t i o n  [ H + ]  i s  d e f i n e d  b y  t h e  a e r i a l  i m a g e .
Fedynyshyn, T.H., Szmanda, C. R, Blacksmith, R. F., Houck, W. E. Proc. SPIE, 1 9 9 3 , 1 9 2 5 , 2 -1 3 .

C alcu lated  effect of d iffu sion on b lu rring

D = 5x10-4 µµµµm2/sec
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G o l d f a r b  e t  a l .  J.Vac.Sci. Tech .  B  1 9 ( 6 ),  2 6 9 9  ( 2 0 0 1 )

D iffu sion in C hemically amplified  resist
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D iffu sion coefficient as a fu nction of film thick ness

P r of ile show s asymp totic b ehav ior
at ~ 6 0 0 A , b elow  w hich dif f usion
slow s dow n r emar kab ly, p r ob ab ly
due to inter f acial ef f ects.

G o l d f a r b  e t  a l .  J.Vac.Sci. Tech .  B  1 9 ( 6 ),  2 6 9 9  ( 2 0 0 1 )
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Hotplate
C on tr ol S pot

k i n e t i c s  w h e n  t h e  r e s i s t  ( T B O C ) i s  p u r g e d  
w i t h  v a r i o u s  g a s e s  ( 8 0 o C  P E B )

N i tr og en : D r y  A i r N i tr og en  b u b b led  th r ou g h  H2 O :
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Humidity Effects on Deprotection Kinetics

S e a n  B u r n s ,  U T -A u s t i n  ( 2 0 0 2 ) – p r i v a t e  c o m m u n i c a t i o n

Leveling effect of water - - im p lications  for ex p os u res  in vacu u m
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Leveling effect of water - - im p lications  for ex p os u res  in vacu u m
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Effect of h umidity on l ow  a ctiv a tion energ y resists

KR S -X E
•u s e d  p r i m a r i l y  f o r  e -b e a m  p h o t o m a s k  w r i t i n g  
•I n s e n s i t i v e  t o  p o s t  e x p o s u r e  d e l a y s  ( r e a c t i o n  g o e s  a t  r o o m  t e m p . )
•I n s e n s i t i v e  t o  m i n o r  t e m p e r a t u r e  f l u c t u a t i o n s
•R e q u i r e s  w a t e r  i n  o r d e r  f o r  d e p r o t e c t i o n  t o  o c c u r

S e a n  B u r n s ,  U T -A u s t i n  ( 2 0 0 2 ) – p r i v a t e  c o m m u n i c a t i o n
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I m p lications  for ex p os u res  in vacu u m
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Leveling effect of water - - im p lications  for ex p os u res  in vacu u m
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Local thermal analysis
PMMA on SiOx

Local thermal analysis
PMMA on SiOx with HMDS
Ellipsometry analysis
PMMA on SiOx

Bulk Tg of PMMA (100.3 kg/mol)

D . F r y e r ,  P . N e a l e y  a n d  J . d e  P a b l o .
M acrom ol .  33, 6 4 3 9  ( 2 0 0 0 )

T h erm al P rob e M eas u rem ents  of T g in U T F

Rg

Bulk Film

s ub s t r a t e  e f f e c t s

c o n f in e me n t  
e f f e c t s

Thinner 
f il m s

Film thermophysical property changes with thickness
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2

q < qc,  ( A / 2 πh0 > γq2ho 3 ) ,  τ i s  p o s i t i v e  a n d  s u r f a c e  d i s t u r b a n c e s  a r e  a m p l i f i e d  e x p o n e n t i a l l y ,
e v e n t u a l l y  r e a c h i n g  t h e  s u b s t r a t e  a n d  n u c l e a t i n g  a  h o l e .  

C r i t i c a l  w a v e #  i n c r e a s e s  l i k e  1 / h0
2

a s  t h e  f i l m  t h i c k n e s s  h0 d e c r e a s e s> > i n c r e a s i n g  r e g i o n  o f  f r e q u e n c y  s p a c e  
w i l l  b e  s u s c e p t i b l e  t o  f i l m  i n s t a b i l i t i e s .  

I f  τm i n < <  t i m e  r e q u i r e d  f o r  r e s i s t  s p i n n i n g , d r y i n g  a n d  c u r i n g , t h e n  d i s t u r b a n c e s  w i l l  c o n t i n u e  
t o  g r o w  e x p o n e n t i a l l y  a n d  w i l l  e v e n t u a l l y  r u p t u r e  t h e  f i l m  b e f o r e  i t  h a s  a  c h a n c e  t o  s o l i d i f y .  

U. Okoroanyanwu, J.Vac. Sci. Technol. B 18(6), 3 3 8 1  ( 2 0 0 0 )
U. Okoroanyanwu, F u t u r e F ab  I nt er nat ional, v o l  10 , 1 5 7  ( 2 0 0 1 )
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Ultrathin film imaging issue: thin film instabilities

Film layer density and roughness as a function of S hip ley XP -9 8 2 4 8  ( p henolic E S C A P  
p olymer b ased resist)  of thick ness .  Film w as sp incoated on S i w afer.  
X-ray reflectiv ity measurements.  

Ons e t  of  f i l m  i ns t ab i l i t y ~  < 5 3 nm

U. Okoroanyanwu, J.Vac. Sci. Technol. B 18(6), 3 3 8 1  ( 2 0 0 0 )
U. Okoroanyanwu, F u t u r e F ab  I nt er nat ional, v o l  10 , 1 5 7  ( 2 0 0 1 )
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Ultrathin film imaging issue: T g d ep ressio n w ith film thic k ness

2

2

1

11

ggg T
M

T
M

T
+=

Fox Equation

J. D’Amour, C.W. Frank, U. Okoroanyanwu, Proc. SPIE, vol. 4690, 9 3 6  ( 2 0 0 2 )

Depression of Tg with
F il m  thic k ness.
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180nm 1:1.5 Features 130nm 1:2 Features

Ultrathin film imaging issue: enhanc ed  env iro nmental 
sensitiv ity  o f UT R  films

S E M  i mag e s  of  l i ne  and  s p ac e  p at t e rns  p ri nt e d  wi t h  ~ 6 0  nm t h i c k S h i p l e y X P -9 8 2 4 8  
( p h e nol i c  E S CAP  p ol yme r b as e d )  re s i s t  on b are  s i l i c on and  e x p os e d  at  1 5 7 -nm. 

U. Okoroanyanwu, J .V a c. Sci . T e ch n ol . B  1 8 ( 6) , 3 3 8 1  ( 2 0 0 0 )
U. Okoroanyanwu, F u t u re  F a b  In t e rn a t i on a l , vol 1 0, 1 5 7  ( 2 0 0 1 )
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P at t e rni ng  i s  b y d e f ormi ng  t h e  c oat e d  p ol yme r ( p ol yd i me t h yl s i l ox ane )  s h ap e  t h roug h  e mb os s i ng  
( wi t h  a mol d ) , rat h e r t h an b y al t e ri ng  re s i s t  t h roug h  rad i at i on ( wi t h  p art i c l e  b e ams ) . 
Fol l owi ng  i mp ri nt i ng , ani s ot rop i c  e t c h  i s  us e d  t o re mov e  re s i s t  re s i d ue s  i n t h e  c omp re s s e d  
are a t o e x p os e  t h e  und e rne at h  s ub s t rat e . 

1 0 nm re s ol ut i on ac h i e v e d
P roc e s s  i s  f as t
R e d uc e s  t h e  amount  of  c h e mi c al s
I s s ue s : f l at  s ub s t rat e , 
d e f e c t s ( p art i c l e s , 
p oor ad h e s i on,b ub b l e s ) ,1 x  p ri nt i ng  
and  mas k d e f e c t  i s s ue s

S .Y . Ch ou, P .R . K raus s , P .J. R e ns t rom, Sci e n ce 2 7 2 , 8 8  ( 1 9 9 6 )
X i a e t  al . A d v . M a t e r. 9, 1 4 7  ( 1 9 9 7 )

E merging resist tec hno lo gy  o p tio ns fo r 
p o st-1 5 7 nm litho grap hy : nano -imp rinting
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X eC l  “ex c im er” l a ser with 2 0 ns pu l se,  a  
tra nspa rent pa tterned  q u a rtz  
m ol d  to m ec ha nic a l l y  im print 
the m ol ten su rfa c e of a  sil ic on wa fer.  
S u rfa c e q u ic k l y  sol id ifies a nd ,  b ec a u se 
there is no a d hesion b etween the q u a rtz  
a nd  sil ic on,  the m ol d  c a n b e rem ov ed  
withou t d a m a ge.

C hou  et a l .  Nature 417 ,  8 3 5  ( 2 0 0 2 )

E x t re me l y h i g h  re s ol ut i on
P roc e s s  i s  f as t
N o c h e mi c al s !
N o p at t e rn c ol l ap s e  i s s ue
I s s ue s : f l at  s ub s t rat e

1 x  p ri nt i ng  and  mas k 
d e f e c t  i s s ue s

Emerging resist technology options for 
post-1 5 7 nm lithogra phy:  D irect pa tterning techniq u e
( L a ser-A ssisted  D irect I mprint ( L A D I ) )
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Emerging resist technology options for post-1 5 7 nm 
lithogra phy:L itho grap hic ally  I nd uc ed  
S elf-A ssembly  ( L I S A )  

M as k i s  h e l d  ap art  f rom t h e  p ol yme r s urf ac e  b y s p ac e rs . T h e  s ys t e m i s  h e at e d  ab ov e  t h e  
T g  of  t h e  p ol yme r, s uc h  t h at  t h e  p ol yme r ri s e s  up  ag ai ns t  t h e  f orc e s  of  g rav i t y and  s urf ac e  
T e ns i on, f ormi ng  p e ri od i c  s t ruc t ure s  t h at  are  al i g ne d  t o any p at t e rn on t h e  mas k. 

Ad v ant ag e s :
I t  i s  s i mp l e .
E nv i ronme nt al l y f ri e nd l y
( E i mi nat e s  t h e  ne e d
c h e mi c al s  us e d  i n 
c onv e nt i onal  l i t h og rap h y) .

1 ) .  S. Y .  C h o u  a n d  L .  Z h u a n g ,  J .  V a c .  Sc i .  T e c h n o l .  B  17 ,  3 1 9 7  ( 1 9 9 9 ) .  
2 ) .  S. Y .  C h o u ,  L .  Z h u a n g ,  a n d  L . J .  G u o ,  A p p l .  P h y s .  L e t t .  75 ,  1 0 0 4  ( 1 9 9 9 ) .  
3 ) .  P .  D e s h p a n d e  a n d  S. Y .  C h o u ,  A p p l .  P h y s .  L e t t .  79 ,  1 6 8 8  ( 2 0 0 1 ) .  
4 ) .  P .  D e s h p a n d e  a n d  S. Y .  C h o u ,  J .  V a c .  Sc i .  T e c h n o l .  B  19 ,  2 7 4 1  ( 2 0 0 1 ) .  
5 ) .  S. Y .  C h o u .  M R S B u l l e t i n  2 6 ,  5 1 2  ( 2 0 0 1 ) .  
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1 0 nm d i ame t e r h ol e s  
i mp ri nt e d  i n P M M A

I mp ri nt  mol d  wi t h  
1 0 nm d i ame t e r p i l l ars 1 0 nm d i ame t e r me t al  

d ot s  f ab ri c at e d  b y N I L

L A D I  results

C hou  et a l .  Nature 417 ,  8 3 5  ( 2 0 0 2 )
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• C onv entiona l  resist tec hnol ogy  wil l  b e resol u tion l im ited  a t post-1 5 7 nm  
l ithogra phy  era  d esign ru l es

• C hem ic a l  a m pl ific a tion c hem istry  ru ns into “d iffu siona l  l im its”
• Thin fil m  insta b il ities a nd  d egra d a tion of therm ophy sic a l  
properties wil l  b ec om e signific a nt.  

• N a noim printing a nd  sel f-a ssem b l y  tec hniq u es a ppea r prom ising,  b u t 
c ha l l enges rem a in.

• H igh resol u tion with high throu ghpu t potentia l
• E nv ironm enta l l y  friend l y
• Defec ts rem a in a  c onc ern

• I ntegra ting the b est a ttrib u tes of c onv entiona l  l ithogra phy  with those 
of em erging tec hniq u es a re fea sib l e a nd  a ppea r prom ising.

• L a ser-a ssisted  d irec t im print &  l ithogra phic a l l y -ind u c ed  sel f 
a ssem b l y  a re steps in the right d irec tion 

S ummary
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