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Description 

BACKGROUND  OF  THE  INVENTION 

5  [0001]  The  present  invention  relates  to  a  resist  material  used  in  the  production  of  semiconductor  devices  and  a 
pattern  forming  method  using  such  a  resist  material.  More  particularly,  the  invention  pertains  to  a  resist  material  used 
for  forming  positive  patterns  with  ultraviolet  light,  especially  deep  ultraviolet  light  with  a  wavelength  of  300  nm  or  less, 
for  example,  KrF  excimer  laser  light  used  as  exposure  energy  source. 
[0002]  With  a  recent  trend  toward  high-density  integration  of  semiconductor  devices,  there  has  been  rising  call  for 

10  shortening  of  wavelength  of  the  energy  source  of  exposure  means  used  for  fine  working,  particularly  photolithography, 
and  now  use  of  deep  ultraviolet  light  (300  nm  or  less)  and  KrF  excimer  laser  light  (248.4  nm)  is  seriously  considered. 
However,  there  has  yet  been  available  no  high-utility  resist  material  suited  for  working  with  light  with  said  range  of 
wavelength. 
[0003]  Dissolution-inhibiting  type  resist  materials  comprising  a  polymer  with  high  permeability  to  light  with  a  wave- 

's  length  of  around  248.4  nm  and  a  photo-sensitive  compound  having  a  diazodiketo  group  in  the  molecule  have  been 
developed  as  resist  material  for  pattern  formation  using  KrF  excimer  laser  light  or  deep  ultraviolet  light  as  light  source 
(Japanese  Patent  Application  Kokai  (Laid-Open)  No.  (JP-A-)  1-80944;  JP-A-1  -154048;  JP-A-1  -155338;  JP-A- 
1-155339;  JP-A-1  -188852;  Y.  Tani  et  at:  Proc.  SPIE,  1086,  22  (1989),  etc.).  These  dissolution-inhibiting  type  resist 
materials,  however,  are  all  low  in  sensitivity  and  unusable  for  applications  involving  use  of  deep  ultraviolet  light  or  KrF 

20  excimer  laser  light  where  a  high-sensitivity  resist  material  is  required.  Recently,  as  means  for  reducing  the  amount  of 
energy  required  for  exposure  (means  for  elevating  sensitivity),  use  of  a  chemically  amplified  resist  material  with  an 
exposure-generated  acid  applied  as  medium  has  been  proposed  [H.  Ito  et  al:  Polym.  Eng.  Sci.,  23,  1012  (1983)],  and 
many  reports  on  this  type  of  resist  material  have  been  made  public  (U.S.  Patent  4,491,628  (1985)  to  H.  Ito  et  al;  JP- 
A-2-27660;  U.S.  Patent  4,603,101  (1986)  to  J.  C.  Crivello  et  al;  JP-A-62-1  15440;  W.R.  Brunsvolt  et  al:  Proc.  SPIE, 

25  1086,  357  (1989);  T.X.  Neenan  et  al:  Proc.  SPIE,  1086,  2  (1989);  R.G.  Tarascon  et  al:  SPE  Regional  Conference 
Technical  Papers,  Ellenville,  N.Y.,  p.  11,  1988;  JP-A-2-25850;  Y.  Jian  et  al:  Polym.  Mater.  Sci.  &  Eng.,  66,  41  (1992), 
etc.).  These  known  chemically  amplified  resist  materials,  however,  also  have  varied  problems  in  practical  use  depend- 
ing  on  the  type  of  the  polymer  used.  For  example,  in  case  of  using  phenol  ether  type  polymers  such  as  poly(p-tert- 
butoxycarbonyloxystyrene),  poly(p-tert-butoxystyrene),  poly(p-tert-butoxycarbonyloxy-a-methylstyrene),  poly(p-tert- 

30  butoxy-a-methylstyrene),  poly{p-(tert-butoxycarbonylmethoxy)isopropenylbenzene},  poly(p-tert-butoxycarbonyloxy- 
styrene/sulfone),  poly(p-tetrahydropyranyloxystyrene),  poly  {p-(1  -methoxyethoxy)styrene},  poly  {p-(1  -phenoxyethoxy) 
styrene}  or  the  like,  the  produced  resist  material  tends  to  cause  film  separation  during  development  due  to  poor  adhe- 
sion  to  the  substrate,  and  such  resist  material  also  proves  poor  in  heat  resistance,  making  it  unable  to  obtain  a  good 
pattern.  In  case  of  using  a  carboxylic  acid  type  polymer  such  as  poly(tert-butyl  p-vinylbenzoate)  or  poly(tetrahydro- 

35  pyranyl  p-vinylbenzoate),  the  produced  resist  material  is  found  unsatisfactory  in  permeability  to  light  with  a  wavelength 
around  248.4  nm  due  to  the  presence  of  benzoyl  group  and  therefore  has  poor  resolution.  In  the  case  of  poly(tert-butyl 
methacrylate),  there  are  the  problems  of  unsatisfactory  heat  resistance,  poor  dry  etch  resistance. 
[0004]  Resist  materials  using  silicon-containing  polymers  have  also  been  disclosed  (JP-B-3-44290,  etc.),  but  use  of 
such  silicon-containing  polymers,  for  instance,  poly(p-trimethylsilyloxystyrene)  or  poly(p-tert-butyldimethylsilyloxysty- 

40  rene),  is  encounted  with  the  problems  such  as  low  sensitivity  and  impossibility  to  perfectly  remove  the  resist  material 
by  ashing  as  it  contains  silicon.  Thus,  these  resist  materials  are  hardly  capable  of  practical  use. 
[0005]  More  recently,  as  the  chemically  amplified  resist  materials  freed  of  the  defects  mentioned  above,  there  have 
been  reported  a  resist  material  using  poly(p-tert-butoxycarbonyloxystyrene/p-hydroxystyrene)  (JP-A-2-209977;  JP-A- 
3-206458),  a  resist  material  using  poly(p-tetrahydropyranyloxystyrene/p-hydroxystyrene)  (JP-A-2-19847;  JP-A- 

45  2-1  61  436;  JP-A-3-83063)  and  a  resist  material  using  poly(p-tert-butoxystyrene/p-hydroxystyrene)  [JP-A-2-62544;  JP- 
A-4-211258  (U.S.  Patent  5,350,660)].  The  resist  materials  using  these  polymers,  however,  involve  the  problem  of  delay 
time  (the  problem  of  change  of  pattern  size  or  deformation  during  the  period  from  resist  coating  till  exposure  or  from 
exposure  till  heat  treatment  (PEB))  which  is  hotly  discussed  recently  in  practical  application  of  resist  materials. 
[0006]  Further,  resist  materials  using  the  polymers  having  an  acetal  group  or  ketal  group  introduced  as  protective 

50  group  have  also  been  reported  (JP-A-2-19847;  JP-A-2-161436;  JP-A-4-219757;  JP-A-5-281745;  JP-A-5-249682). 
However,  the  resist  materials  using  these  polymers,  for  example,  poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene), 
poly(p-1  -methoxyethoxystyrene/p-hydroxystyrene),  poly(p-1  -methoxy-1  -methylethoxystyrene/p-hydroxystyrene),  po- 
ly(p-1  -ethoxyethoxystyrene/p-hydroxystyrene/methyl  methacrylate)  and  poly(p-1  -ethoxyethoxystyrene/p-hydroxysty- 
rene/fumaronitrile)  have  the  problems  of  poor  storage  stability,  great  deterioration  of  pattern  size  and  shape  on  defo- 

55  cusing  and  small  focus  margin,  so  that  it  is  difficult  to  form  resist  patterns  with  consistent  stability  by  using  these  resist 
materials.  They  also  involve  the  problems  of  formation  of  scums  (non-dissolved  portion  at  the  time  of  development) 
and  poor  mask  linearity.  JP-A-3-282550  discloses  a  resist  material  comprising  poly(1  -methoxy-1  -methylethoxystyrene/ 
p-hydroxystyrene)  and  diphenyliodium  salt,  but  this  resist  material  has  the  problems  of  poor  adhesiveness  to  the  sub- 

2 
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strate  and  delay  time  in  addition  to  the  problems  mentioned  above.  Resist  materials  using  the  polymers  according  to 
the  present  invention,  for  example,  poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  have  also 
been  reported  (JP-A-6-1  94842).  These  resist  materials,  however,  are  all  designed  for  use  with  electron  rays,  and  if 
they  are  exposed  to  ultraviolet  light,  such  as  KrF  excimer  laser  light,  there  arise  such  problems  as  imperfect  resolution 

5  of  the  bottom  portion  (footing)  of  the  pattern  and  formation  of  scums  and  consequent  transfer  of  such  scums  to  the 
pattern  during  etching. 
[0007]  As  viewed  above,  the  chemically  amplified  resist  materials,  although  high  in  sensitivity  as  compared  with  the 
conventional  resist  materials,  still  have  difficult  problems  such  as  poor  heat  resistance  of  polymers  used  therefor, 
imperfect  adhesion  to  the  substrate,  insufficient  transmittance  to  light  with  a  wavelength  around  248.4  nm,  unsatisfac- 

10  tory  resolving  performance,  change  of  pattern  size  or  deterioration  of  pattern  shape  with  time,  poor  storage  stability, 
insufficient  focus  margin,  unsatisfactory  mask  linearity,  footing  of  the  pattern  and  formation  of  scums,  which  discourage 
practical  application  of  these  resist  materials.  Thus,  the  appearance  of  a  practical  high-sensitivity  resist  material  freed 
of  the  above-said  problems  has  been  desired. 

15  SUMMARY  OF  THE  INVENTION 

[0008]  The  present  invention  has  been  made  in  view  of  the  above  circumstances  and  it  has  for  its  object  to  provide 
a  practical  resist  material  which  has  high  transmittance  to  ultraviolet  light,  especially  deep  ultraviolet  light  with  a  wave- 
length  of  300  nm  or  less  such  as  KrF  excimer  laser  light,  has  high  sensitivity  to  exposure  to  these  light  sources  or 

20  irradiation  with  electron  beam  or  soft  X-rays,  has  excellent  heat  resistance  and  adhesiveness  to  the  substrate,  has 
high  resolution,  won't  cause  change  of  pattern  size  with  time  to  allow  formation  of  a  pattern  with  high  accuracy,  has 
excellent  storage  stability,  has  a  broad  focus  margin  and  good  mask  linearity,  and  is  capable  of  forming  a  pattern  of 
rectangular  shape  without  causing  footing  of  the  pattern  or  formation  of  scums,  and  a  pattern  forming  process  using 
such  a  resist  material. 

25  [0009]  The  present  invention  provides  a  resist  material  comprising: 

(a)  a  polymer  represented  by  the  formula  [1]: 

30 
Rl  R  1  R  ' 

-  ( C - C H , )   k  -  ( C - C H , )   r  -   ( C - C H , )   m  -  

35 

0  H 

R3 

40 

50 

45 

wherein  R1  is  a  hydrogen  atom  or  a  methyl  group;  R2  and  R3  are  independently  a  hydrogen  atom,  a  straight-chain, 
branched  or  cyclic  alkyl  group  having  1-6  carbon  atoms,  a  straight-chain  or  branched  haloalkyl  group  having  1-6 
carbon  atoms  or  a  phenyl  group,  provided  that  R2  and  R3  are  not  hydrogen  atom  at  the  same  time,  or  R2  and  R3 
may  combine  to  form  a  methylene  chain  having  2-5  carbon  atoms;  R4  is  a  straight-chain,  branched  or  cyclic  alkyl 
group  having  1-10  carbon  atoms,  a  straight-chain,  branched  or  cyclic  haloalkyl  group  having  1-6  carbon  atoms, 
an  acetyl  group  or  an  aralkyl  group;  R5  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain,  branched  or  cyclic 
alkyl  group  having  1-6  carbon  atoms,  a  straight-chain,  branched  or  cyclic  alkoxy  group  having  1-6  carbon  atoms, 
a  tetrahydropyranyloxy  group,  a  tetrahydrofuranyloxy  group,  a  tert-butoxycarbonyloxy  group,  a  tert-butoxycarbo- 
nylmethoxy  group  or  an  acetyloxy  group;  and  k,  r  and  m  are  independently  an  integer  of  1  or  more,  provided  that 
0.10  <  (k  +  m)/(k  +  r  +  m)  <  0.90  and  0.01  <  m/(k  +  r  +  m)  <  0.25; 
(b)  at  least  one  photosensitive  compound  capable  of  generating  an  acid  upon  exposure  to  light,  selected  from  the 
group  consisting  of  the  photosensitive  compounds  represented  by  the  following  formulae  [2],  [3],  [5],  [6],  [9]  and  [12]: 

55 
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0  

R  —  S  —  c  —  Z  —  R7  r  2  ] 
I  II 
0  N2 

wherein  R6  and  R7  are  independently  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1-10  carbon  atoms; 
or  a  haloalkyl  group  having  1-10  carbon  atoms;  and  Z  is  a  sulfonyl  group  or  a  carbonyl  group; 

^   o  9  

R3  0  Nz  0  
[ 3 ]  

wherein  R8  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1  -5  carbon  atoms, 
a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms,  or  a  straight-chain  or  branched  haloalkyl  group 
having  1-5  carbon  atoms;  and  R9  is  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1-10  carbon  atoms,  a 
haloalkyl  group  having  1  -10  carbon  atoms,  or  a  group  represented  by  the  formula  [4]: 

R  1  0 

- C C H , ) n - £ y   [ < )  

wherein  R10  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon 
atoms,  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms,  or  a  straight-chain  or  branched  haloalkyl 
group  having  1-5  carbon  atoms;  and  n  is  0  or  an  integer  of  1-3; 

R  1  1 

0  

S - C - C - R  
II  if  II 
0  N2  0  

l  2 
[ 5 ]  

wherein  R11  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon 
atoms,  an  aralkyl  group  or  a  trifluoromethyl  group;  R12  is  a  straight-chain,  branched  or  cyclic  alkyl  group  having 
1-10  carbon  atoms,  an  aralkyl  group,  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms,  a  phenyl 
group  or  a  tolyl  group; 

0  s  0 2  

R  1  3  S  0  

R  13 

[ 6 ]  

0  S  0  2  R 

wherein  R13  is  a  group  represented  by  the  formula  [7]: 
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R14 

R C  —  (CH2)p  —  [ 7 ]  

R 16. 

wherein  R14,  R15  and  R16  are  independently  a  hydrogen  atom  or  a  halogen  atom;  and  p  is  0  or  an  integer  of  1-3, 
or  a  group  represented  by  the  formula  [8]: 

R  18  R  17 
\  /  

/   \  
R20  R2  1 

[ 8 ]  

wherein  R17,  R18,  R19,  R20  and  R21  are  independently  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or 
branched  alkyl  group  having  1  -5  carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms, 
a  trifluoromethyl  group,  a  hydroxyl  group,  a  trifluoromethoxy  group  or  a  nitro  group; 

R22  0  S  0  2  R  '  3 

R13S  02  0  
[ 9 ]  

wherein  R13  is  as  defined  above;  R22  is  a  hydrogen  atom,  a  hydroxyl  group  or  a  group  represented  by  the  formula 
[10]: 

R13S020-  [10] 

wherein  R13  is  as  defined  above;  and  R23  is  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon  atoms  or 
a  group  represented  by  the  formula  [1  1  ]: 

[ H I  

wherein  R24  and  R30  are  independently  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group 
having  1-5  carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1-5  carbon  atoms,  or  a  group  of  the 
formula  [10]; 
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R 2  6 
R  2  5 

•  R2 '   S O  [ 1 2 ]  

wherein  R25  is  a  straight-chain  or  branched  alkyl  group  having  1-4  carbon  atoms,  a  phenyl  group,  a  substituted 
10  phenyl  group  or  an  aralkyl  group;  R26  is  a  hydrogen  atom,  a  halogen  atom  or  a  straight-chain,  branched  or  cyclic 

alkyl  group  having  1-6  carbon  atoms;  R27  is  a  straight-chain  or  branched  perfluoroalkyl  group  having  1-8  carbon 
atoms,  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1  -8  carbon  atoms,  a  1  -naphthyl  group,  a  2-naphthyl 
group,  a  10-camphor  group,  a  phenyl  group,  a  tolyl  group,  a  2,5-dichlorophenyl  group,  a  1  ,3,4-trichlorophenyl 
group  or  a  trifluoromethylphenyl  group;  and 

is  (c)  a  solvent  capable  of  dissolving  the  above  substances. 

[0010]  The  present  invention  also  provides  a  pattern  forming  process  comprising  the  steps  of  coating  the  resist 
material  described  above  on  a  substrate;  heating  and  exposing  the  coating  film  to  light  of  300  nm  or  less  through  a 
mask;  heating  the  exposed  coating  film  if  necessary;  and  developing  the  film  with  a  developing  solution. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

[0011]  FIG.  1  A-1C  are  the  sectional  views  illustrating  the  process  for  forming  a  positive  pattern  using  a  resist  material 
according  to  the  present  invention. 

25  [0012]  FIG.  2  is  a  favorable  mask  linearity  (mask  fidelity)  curve  of  the  resist  material  obtained  in  Example  2. 
[0013]  FIG.  3  is  a  good  pattern  having  no  tail  or  scum  at  its  bottom  portion,  obtained  in  Example  17. 
[0014]  FIG.  4  is  a  sectional  view  showing  T-shaping  of  the  coating  film  observed  when  a  positive  pattern  was  formed 
by  using  the  resist  material  of  Comparative  Example  1  . 
[0015]  FIG.  5  is  a  sectional  view  illustrating  failure  in  forming  a  pattern  as  observed  when  it  was  tried  to  form  a  positive 

30  pattern  by  using  the  resist  materials  of  Comparative  Examples  2-8. 
[0016]  FIG.  6  shows  a  pattern  of  improper  shape  obtained  in  Comparative  Example  15  where  tails  were  seen  at  the 
bottom  portion  of  the  pattern. 
[0017]  FIG.  7  is  an  unfavorable  mask  linearity  (mask  fidelity)  curve  of  the  resist  material  obtained  in  Comparative 
Example  15. 

35  [0018]  FIG.  8  shows  a  defective  pattern  having  scums  at  its  bottom  portion,  obtained  in  Comparative  Example  17. 
[0019]  FIG.  9  shows  a  pattern  of  improper  shape  observed  in  pattern  forming  according  to  Comparative  Example  18. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

40  [0020]  The  resist  material  according  to  the  present  invention  comprises: 

(a)  a  polymer  represented  by  the  formula  [1]: 

45 

50 

-  ( C - C H ,   )  r 

O H  

CH2  )  m -  

55  wherein  R1  is  a  hydrogen  atom  or  a  methyl  group;  R2  and  R3  are  independently  a  hydrogen  atom,  a  straight-chain, 
branched  or  cyclic  alkyl  group  having  1-6  carbon  atoms,  a  straight-chain  or  branched  haloalkyl  group  having  1-6 
carbon  atoms,  or  a  phenyl  group,  provided  that  R2  and  R3  are  not  hydrogen  atom  at  the  same  time,  or  R2  and  R3 
may  combine  to  form  a  methylene  chain  having  2-5  carbon  atoms;  R4  is  a  straight-chain,  branched  or  cyclic  alkyl 

6 
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group  having  1-10  carbon  atoms,  a  straight-chain,  branched  or  cyclic  haloalkyl  group  having  1-6  carbon  atoms, 
an  acetyl  group  or  an  aralkyl  group;  R5  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain,  branched  or  cyclic 
alkyl  group  having  1-6  carbon  atoms,  a  straight-chain,  branched  or  cyclic  alkoxy  group  having  1-6  carbon  atoms, 
a  tetrahydroxypyranyloxy  group,  a  tetrahydrofuranyloxy  group,  a  tert-butoxycarbonyloxy  group,  a  tert-butoxycar- 

5  bonylmethoxy  group  or  an  acetyloxy  group;  and  k,  r  and  m  are  independently  an  integer  of  1  or  more,  provided 
that  0.10  <  (k  +  m)/(k  +  r  +  m)  <  0.90  and  0.01  <  m/(k  +  r  +  m)  <  0.25; 
(b)  at  least  one  photosensitive  compound  capable  of  generating  an  acid  upon  exposure  to  light,  selected  from  the 
group  consisting  of  the  photosensitive  compounds  represented  by  the  following  formulae  [2],  [3],  [5],  [6],  [9]  and  [12]: 

10 
O 

R6  —  S  C  —  Z  —  R7  [  2  ] 
«  II 

is  0  N2 

wherein  R6  and  R7  are  independently  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1-10  carbon  atoms 
or  a  haloalkyl  group  having  1-10  carbon  atoms;  and  Z  is  a  sulfonyl  group  or  a  carbonyl  group; 

20 

^   
ft  ft,  8  

wherein  R8  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1  -5  carbon  atoms, 
30  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms  or  a  straight-chain  or  branched  haloalkyl  group 

having  1-5  carbon  atoms;  and  R9  is  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1-10  carbon  atoms,  a 
haloalkyl  group  having  1  -10  carbon  atoms  or  a  group  represented  by  the  formula  [4]: 

35 

40 

45 

50 

( C H 2 ) n ^   ^  [ 4 ]  

wherein  R10  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon 
atoms,  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms  or  a  straight-chain  or  branched  haloalkyl 
group  having  1-5  carbon  atoms;  and  n  is  0  or  an  integer  of  1-3; 

o  

S - C - C - R 1 2  
ll  it  II 

R "   0  N2  0  
[ 5 ]  

wherein  R11  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon 
atoms,  an  aralkyl  group  or  atrifluoromethyl  group;  and  R1  2  is  a  straight-chain,  branched  or  cyclic  alkyl  group  having 
1-10  carbon  atoms,  an  aralkyl  group,  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms,  a  phenyl 

55  group  or  a  tolyl  group; 
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0  S  02  R  1  3 

R  1  3  S  0  2  0  0  S  0  2  R  1  3 

[ 6 ]  

wherein  R13  is  a  group  represented  by  the  formula  [7]: 

R15  —  C (CH2), [V]  

,16. 

wherein  R14,  R15  and  R16  are  independently  a  hydrogen  atom  or  a  halogen  atom;  and  p  is  0  or  an  integer  of  1-3, 
or  a  group  represented  by  the  formula  [8]: 

R  1  8  R  17 

\  /  

R20  R2  1 

wherein  R17,  R18,  R19,  R20  and  R21  are  independently  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or 
branched  alkyl  group  having  1  -5  carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms, 
a  trifluoromethyl  group,  a  hydroxyl  group,  a  trifluoromethoxy  group  or  a  nitro  group; 

R  22  Q S O z   R "  

R13S  02  O-  C - R 2 3   [ 9 ]  �   

0  

wherein  R13  is  as  defined  above,  R22  is  a  hydrogen  atom,  a  hydroxyl  group  or  a  group  represented  by  the  formula 
[10]: 

R13S020—  [10] 

wherein  R13  is  as  defined  above;  and  R23  is  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon  atoms  or 
a  group  represented  by  the  formula  [1  1  ]: 

8 
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R 2A 

30 

[ 1 1 ]  

R 

wherein  R24  and  R30  are  independently  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group 
having  1-5  carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1-5  carbon  atoms  or  a  group  of  the 
formula  [10]; 

wherein  R25  is  a  straight-chain  or  branched  alkyl  group  having  1-4  carbon  atoms,  a  phenyl  group,  a  substituted 
phenyl  group  or  an  aralkyl  group;  R26  is  a  hydrogen  atom,  a  halogen  atom  or  a  straight-chain,  branched  or  cyclic 
alkyl  group  having  1-6  carbon  atoms;  and  R27  is  a  straight-chain  or  branched  perfluoroalkyl  group  having  1-8 
carbon  atoms,  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1-8  carbon  atoms,  a  1-naphthyl  group,  a 
2-naphthyl  group,  a  10-camphor  group,  a  phenyl  group,  atolyl  group,  a  2,5-dichlorophenyl  group,  a  1  ,3,4-trichlo- 
rophenyl  group  or  a  trifluoromethylphenyl  group;  and 
(c)  a  solvent  capable  of  dissolving  the  above  substances. 

[0021]  The  C-|_6  alkyl  groups  represented  by  R2,  R3  and  R5  in  the  formula  [1]  and  the  alkyl  group  in  the  C-,.6  haloalkyl 
groups  represented  by  R2,  R3  and  R4  include  methyl,  ethyl,  propyl,  butyl,  pentyl  and  hexyl  (these  groups  may  be 
straight-chain,  branched  or  cyclic).  The  C|_10  alkyl  group  represented  by  R4  includes  methyl,  ethyl,  propyl,  butyl,  pentyl, 
hexyl,  heptyl,  octyl,  nonyl  and  decyl  (these  groups  may  be  straight-chain,  branched  or  cyclic).  The  C-,.6  alkoxy  group 
represented  by  R5  includes  methoxy,  ethoxy,  propoxy,  butoxy,  pentyloxy  and  hexyloxy  (these  groups  may  be  straight- 
chain,  branched  or  cyclic).  One  or  more  halogen  atoms  in  the  C-,.6  haloalkyl  groups  represented  by  R2,  R3  and  R4  and 
the  halogen  atom  represented  by  R5  include  chlorine,  bromine,  fluorine  and  iodine.  The  aralkyl  group  represented  by 
R4  includes  benzyl,  phenethyl,  phenylpropyl,  methylbenzyl,  methylphenethyl  and  ethylbenzyl. 
[0022]  The  C|_10  alkyl  groups  and  the  alkyl  group  in  the  C|_10  haloalkyl  groups  represented  by  R6  and  R7  in  the 
formula  [2]  include  methyl,  ethyl,  propyl,  butyl,  pentyl,  hexyl,  heptyl,  octyl,  nonyl  and  decyl  (these  groups  may  be  straight- 
chain,  branched  or  cyclic). 
[0023]  The  C-,.5  alkyl  groups  and  the  alkyl  group  in  the  C-,.5  haloalkyl  groups  represented  by  R8  in  the  formula  [3] 
include  methyl,  ethyl,  propyl,  butyl  and  pentyl  (which  may  be  straight-chain,  branched  or  cyclic).  The  C-,.5  alkoxy  groups 
represented  by  R8  include  methoxy,  ethoxy,  propoxy,  butoxy  and  pentyloxy  (which  may  be  straight-chain  or  branched). 
The  C|_10  alkyl  groups  and  the  alkyl  group  in  the  C|_10  haloalkyl  groups  represented  by  R9  include  methyl,  ethyl,  propyl, 
butyl,  pentyl,  hexyl,  heptyl,  octyl,  nonyl  and  decyl  (which  may  be  straight-chain,  branched  or  cyclic).  The  halogen  atom 
represented  by  R8,  one  or  more  halogen  atoms  in  the  C-,.5  haloalkyl  groups  represented  by  R8  and  one  or  more  halogen 
atoms  in  the  C-|.10  haloalkyl  groups  represented  by  R9  include  chlorine,  bromine,  fluorine  and  iodine. 
[0024]  The  C-,.5  alkyl  group  and  the  alkyl  group  in  the  C-,.5  haloalkyl  groups  represented  by  R10  in  the  formula  [4] 
include  methyl,  ethyl,  propyl,  butyl  and  pentyl  (which  may  be  straight-chain  or  branched).  The  C-|_5  alkoxy  group  rep- 
resented  by  R10  includes  methoxy,  ethoxy,  propoxy,  butoxy  and  pentyloxy  (which  may  be  straight-chain  or  branched). 
[0025]  The  halogen  atom  and  one  or  more  halogen  atoms  in  the  C-,.5  haloalkyl  group  represented  by  R10  include 
chlorine,  bromine,  fluorine  and  iodine. 
[0026]  The  C-,.5  alkyl  groups  represented  by  R11  in  the  formula  [5]  include  methyl,  ethyl,  propyl,  butyl  and  pentyl 
(which  may  be  straight-chain  or  branched).  The  C-|.10  alkyl  groups  represented  by  R12  include  methyl,  ethyl,  propyl, 
butyl,  pentyl,  hexyl,  heptyl,  octyl,  nonyl  and  decyl  (which  may  be  straight-chain,  branched  or  cyclic).  The  C-|_5  alkoxy 
groups  represented  by  R12  include  methoxy,  ethoxy,  propoxy,  butoxy  and  pentyloxy  (which  may  be  straight-chain  or 
branched).  The  aralkyl  groups  represented  by  R12  include  benzyl,  phenethyl,  phenylpropyl,  methylbenzyl,  methyl- 
phenethyl  and  ethylbenzyl.  The  halogen  atoms  represented  by  R11  include  chlorine,  bromine,  fluorine  and  iodine. 
[0027]  The  halogen  atoms  represented  by  R14,  R15  and  R16  in  the  formula  [7]  include  chlorine,  bromine,  fluorine  and 
iodine. 

[ 1 2 ]  
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[0028]  The  C-,_5  alkyl  groups  represented  by  R17,  R18,  R19,  R20  and  R21  in  the  formula  [8]  include  methyl,  ethyl, 
propyl,  butyl  and  pentyl  (which  may  be  straight-chain  or  branched).  The  C-,.5  alkoxy  groups  represented  by  R17-R21 
include  methoxy,  ethoxy,  propoxy,  butoxy  and  pentyloxy  (which  may  be  straight-chain  or  branched).  The  halogen  atoms 
represented  by  R17-R21  include  chlorine,  bromine,  fluorine  and  iodine. 

5  [0029]  The  C-|_5  alkyl  groups  represented  by  R23  in  the  formula  [9]  include  methyl,  ethyl,  propyl,  butyl  and  pentyl 
(which  may  be  straight-chain  or  branched). 
[0030]  The  C-,.5  alkyl  groups  represented  by  R24  and  R30  in  the  formula  [11]  include  methyl,  ethyl,  propyl,  butyl  and 
pentyl  (which  may  be  straight-chain  or  branched).  The  C-,.5  alkoxy  groups  represented  by  R24  and  R30  include  methoxy, 
ethoxy,  propoxy,  butoxy  and  pentyloxy  (which  may  be  straight-chain  or  branched).  The  halogen  atoms  represented  by 

10  R24  and  R30  include  chlorine,  bromine,  fluorine  and  iodine. 
[0031]  The  C-,.4  alkyl  groups  represented  by  R25  in  the  formula  [12]  include  methyl,  ethyl,  propyl  and  butyl  (which 
may  be  straight-chain  or  branched).  The  C ĝ  alkyl  groups  represented  by  R26  include  methyl,  ethyl,  propyl,  butyl,  pentyl 
and  hexyl  (which  may  be  straight-chain,  branched  or  cyclic).  The  substituted  phenyl  groups  represented  by  R25  include 
tolyl,  ethylphenyl,  tert-butylphenyl  and  chlorophenyl  (the  substitution  position  may  be  o-,  m-  or  p-position).  The  aralkyl 

is  groups  represented  by  R25  include  benzyl  and  phenethyl.  The  halogen  atoms  represented  by  R26  include  chlorine, 
bromine,  fluorine  and  iodine.  The  C-,.8  perfluoroalkyl  groups  represented  by  R27  include  trifluoromethyl,  pentafluoroe- 
thyl,  perfluoropropyl,  perfluorobutyl,  perfluoropentyl,  perfluorohexyl,  perfluoroheptyl  and  perfluorooctyl  (which  may  be 
straight-chain  or  branched).  The  C ĝ  alkyl  groups  represented  by  R27  include  methyl,  ethyl,  propyl,  butyl,  pentyl,  hexyl, 
heptyl  and  octyl  (which  may  be  straight-chain  or  branched). 

20  [0032]  Preferred  examples  of  the  polymers  represented  by  the  formula  [1],  which  can  be  used  for  the  resist  material 
according  to  the  present  invention,  are  those  of  the  formula  [1]  in  which  R1  is  hydrogen  atom,  R2  is  hydrogen  atom  or 
straight-chain  or  branched  alkyl  group  having  1-6  carbon  atoms,  R3  is  straight-chain  or  branched  alkyl  group  having 
1-6  carbon  atoms,  R4  is  straight-chain  or  branched  alkyl  group  having  1-10  carbon  atoms,  and  R5  is  hydrogen  atom, 
straight-chain,  branched  or  cyclic  alkyl  group  having  1-6  carbon  atoms,  a  straight-chain,  branched  or  cyclic  alkoxy 

25  group  having  1  -6  carbon  atoms,  a  tert-butoxycarbonyloxy  group,  a  tert-butoxycarbonylmethoxy  group,  a  tetrahydro- 
pyranyloxy  group  or  an  acetyloxy  group.  More  preferred  examples  of  said  polymers  are  those  of  the  formula  [1]  in 
which  R1  is  a  hydrogen  atom,  R2  is  a  hydrogen  atom  or  a  methyl  group,  R3  is  a  methyl  group  or  ethyl  group,  R4  is  a 
straight-chain  or  branched  alkyl  group  having  1-4  carbon  atoms,  and  R5  is  a  hydrogen  atom,  a  straight-chain  or 
branched  alkyl  group  having  1-4  carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1-4  carbon  atoms, 

30  a  tert-butoxycarbonyloxy  group,  a  tert-butoxycarbonylmethoxy  group  or  an  acetyloxy  group. 
[0033]  The  polymers  of  the  formula  [1  ]  according  to  the  present  invention  are  specifically  characterized  by  comprising 
a  monomer  unit  having  afunctional  group  which  can  be  easily  eliminated  with  a  trace  amount  of  an  acid  and  represented 
by  the  formula  [13]: 

35 
R2 
I 

-O  —   C  —  0  —  R  [ 1 3 ]  
I 

40  R3 

wherein  R2,  R3  and  R4  are  as  defined  above,  such  as  alkoxyalkoxyl  group,  haloalkoxyalkoxyl  group  or  aralkyloxyalkoxyl 
group,  such  as  the  monomer  unit  represented  by  the  formula  [14]: 

45 

R1 

- C - C H 2   -  
50 

[ 1 4 ]  

wherein  R1,  R2,  R3  and  R4  are  as  defined  above,  and  a  monomer  unit  capable  of  controlling  the  developing  speed  at 
the  exposed  portion  to  better  mask  linearity  while  repressing  the  influence  of  undesirable  approximation,  and  a  mon- 

10 



EP  0  704  762  B1 

omer  unit  represented  by  the  formula  [15]: 

R '  

10 

[ 1 5 ]  

wherein  R1  and  R5  are  as  defined  above.  Especially  the  functional  groups  represented  by  the  formula  [1  3]  are  highly 
prone  to  elimination  by  the  action  of  an  acid  as  compared  with  the  conventional  functional  groups  such  as  tert-butox- 

15  ycarbonyloxy  group,  tert-butoxy  group,  tetrahydropyranyloxy  group  and  tert-butoxycarbonylmethyloxy  group,  and 
therefore  have  advantages  in  that  they  contribute  to  the  improvement  of  resolving  performance  and  maintenance  of 
pattern  size  and  shape.  The  monomer  unit  of  the  formula  [1  5]  is  very  effective  for  improving  focus  margin  and  bettering 
mask  linearity,  which  effect  can  not  be  expected  from  the  monomer  unit  of  the  formula  [14]  having  a  functional  group 
of  the  formula  [13].  This  monomer  unit  is  also  conducive  to  the  improvement  of  heat  resistance  of  the  polymer. 

20  [0034]  The  monomer  unit  represented  by  the  formula  [1  4]  comprises  specifically  such  monomers  as  p-  or  m-hydrox- 
ystyrene  derivatives,  p-  or  m-hydroxy-a-methylstyrene  derivatives,  etc.  Examples  of  these  monomers  are  p-  or  m- 
(1  -methoxy-1  -methylethoxy)styrene,  p-  or  m-(1-benzyloxy-1-methylethoxy)styrene,  p-  or  m-(1  -ethoxyethoxy)styrene, 
p-  or  m-(1-methoxyethoxy)styrene,  p-  or  m-(1-n-butoxyethoxy)styrene,  p-  or  m-(1-isobutoxyethoxy)styrene,  p-  or  m- 
[1-(1,1-dimethylethoxy)-1-methylethoxy]styrene,  p-  or  m-[1-(1,1-dimethylethoxy)ethoxy]styrene,  p-  or  m-[1-(2-chlo- 

25  roethoxy)ethoxy]styrene,  p-  or  m-[1  -(2-ethylhexyloxy)ethoxy]styrene,  p-  or  m-(1  -ethoxy-1  -methylethoxy)styrene,  p-  or 
m-(1  -n-propoxyethoxy)styrene,  p-  or  m-(1  -methyl-1  -n-propoxyethoxy)styrene,  p-  or  m-(1  -ethoxypropoxy)styrene,  p-  or 
-(l-methoxybutoxy)styrene,  p-  or  m-(1-methoxycylohexyloxy)styrene,  p-  or  m-(1-acetyloxy-1-methylethoxy)styrene, 
and  p-  or  m-(hydroxy-a-methyl)styrene  derivatives  having  the  same  protective  groups  as  the  above-mentioned  p-  or 
m-hydroxystyrene  derivatives. 

30  [0035]  The  polymers  according  to  the  present  invention  are  the  copolymers  comprising  a  monomer  unit  of  the  formula 
[14]  shown  above,  a  monomer  unit  of  the  formula  [1  5]  shown  above  and  a  monomer  unit  represented  by  the  formula  [1  6]: 

R1 
i 

[ 1 6 ]  

wherein  R1  is  as  defined  above,  which  has  the  function  of  bettering  heat  resistance  of  the  polymer  and  its  adhesiveness 
to  the  substrate.  The  monomer  units  of  the  formula  [15]  include  styrene,  p-chlorostyrene,  o-,  m-  or  p-methylstyrene, 

45  o-,  m-  or  p-methoxystyrene,  p-m-butylstyrene,  p-ethoxystyrene,  m-  or  p-tert-butoxystyrene,  m-  or  p-tetrahydropyran- 
yloxystyrene,  m-  or  p-tetrahydrofuranyloxystyrene,  m-  or  p-tert-butoxycarbonyloxystyrene,  m-or  p-(tertbutoxycarbonyl 
methoxy)  styrene,  m-  or  p-acetyloxystyrene,  and  a-methylstyrene  derivatives  having  the  same  substituents  as  the 
above-mentioned  styrene  derivatives. 
[0036]  The  monomer  unit  of  the  formula  [16]  comprises  the  monomers  having  phenolic  hydroxyl  groups.  Typical 

so  examples  of  such  monomers  are  p-  or  m-vinylphenol  and  p-  or  m-hydroxy-a-methylstyrene. 
[0037]  In  the  polymers  of  the  formula  [1]  according  to  the  present  invention,  the  ratios  of  the  monomer  unit  of  the 
formula  [14],  the  monomer  unit  of  the  formula  [15]  and  the  monomer  unit  of  the  formula  [16]  are  as  described  below. 
The  ratio  of  the  sum  of  the  monomer  unit  [14]  and  the  monomer  unit  [1  5]  to  the  whole  amount  of  the  polymer  is  preferably 
10-90%  by  mole,  more  preferably  20-70%  by  mole  for  obtaining  the  maximal  improvement  of  heat  resistance  of  the 

55  polymer,  its  adhesiveness  to  the  substrate  and  mask  linearity. 
[0038]  The  ratio  of  the  monomer  unit  [15]  to  the  whole  amount  of  the  polymer  is  preferably  1-25%  by  mole,  more 
preferably  2-20%  by  mole  for  obtaining  an  effect  of  bettering  mask  linearity  and  inhibiting  drop  of  resolution. 
[0039]  Of  the  polymers  of  the  formula  [1]  according  to  the  present  invention,  those  of  the  formula  [1]  wherein  R1  is 
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hydrogen  atom,  R2  is  hydrogen  atom  or  methyl  group,  R3  is  methyl  group  or  ethyl  group,  R4  is  straight-chain  or  branched 
alkyl  group  having  1-10  carbon  atoms  and  R5  is  hydrogen  atom,  straight-chain  or  branched  alkyl  group  having  1-4 
carbon  atoms,  straight-chain  or  branched  alkoxy  group  having  1-4  carbon  atoms  or  acetyl  group,  are  preferred  since 
the  starting  monomers  are  easily  available  as  commercial  products  and  the  number  of  the  steps  for  the  synthesis  is 
small.  These  polymers  are  also  advantageous  in  terms  of  cost  and  can  be  easily  applied  to  industrial  uses. 
[0040]  Listed  below  are  examples  of  the  polymers  according  to  the  present  invention: 

poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 
poly[p- 

-methoxy-1-methylethoxy)styrene/p-hydroxystyrene/styrene], 
-methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-chlorostyrene], 
-methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-methylstyrene], 
-methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-methoxystyrene], 
-methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene], 
-methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-acetyloxystyrene], 
-benzyloxy-1-methylethoxy)styrene/p-hydroxystyrene/styrene], 
-benzyloxy-1-methylethoxy)styrene/p-hydroxystyrene/p-chlorostyrene], 
-benzyloxy-1-methylethoxy)styrene/p-hydroxystyrene/p-methylstyrene], 
-benzyloxy-1-methylethoxy)styrene/p-hydroxystyrene/p-ethoxystyrene], 
-benzyloxy-1-methylethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene], 
-ethoxyethoxy)styrene/p-hydroxystyrene/styrene],  poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p- 

chlorostyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-methylstyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/m-methylstyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-methoxystyrene], 
poly[p-(1-etholxyethoxy)styrene/p-hydroxystyrene/p-ethoxystyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-tert  butoxystyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-acetyloxystyrene], 
poly[p-(1  -methoxyethoxy)styrene/p-hydroxystyrene/  styrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-methylstyrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/m-methylstyrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-chlorostyrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-methoxystyrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-ethoxystyrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-acetyloxystyrene], 
poly[p-(1-n-butoxyethoxy)styrene/p-hydroxystyrene/p-n-butylstyrene], 
poly[p-(1-isobutoxyethoxy)styrene/p-hydroxystyrene/o-methoxystyrene], 
poly{p-[(1  ,  1  -dimethylethoxy)-1  -methylethoxy]styrene/p-hydroxystyrene/m-methoxystyrene}, 
poly{p-[(1  ,  1  -dimethylethoxy)-1  -methylethoxy]styrene/p-hydroxystyrene/o-methylstyrene}, 
poly{m-[1-(2-chloroethoxy)ethoxy]styrene/m-hydroxystyrene/styrene}, 
poly{m-[1-(2-ethylhexyloxy)ethoxy]styrene/m-hydroxystyrene/m-methylstyrene}, 
poly[p-(1  -methoxy-1  -methylethoxy)-a-methylstyrene/p-hydroxy-  a-methylstyrene/styrene], 
poly[p-(1-ethoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-methylstyrene], 
poly[p-(1-n-propoxyethoxy)styrene/p-hydroxystyrene/p-methoxystyrene], 
poly[p-(1-methyl-1-n-propoxyethoxy)styrene/p-hydroxystyrene/p-methylstyrene], 
poly[m-(1-ethoxypropoxy)styrene/m-hydroxystyrene/m-tert-butoxystyrene], 
poly[p-(1-acetyloxy-1-methylethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene], 
poly[m-(1-ethoxypropoxy)styrene/m-hydroxystyrene/p-methylstyrene], 
poly[m-(1  -methoxy-1  -methylethoxy)styrene/m-hydroxystyrene/m-tert-butoxystyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-tetrahydrofuranyloxystyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-tetrahydropyranyloxystyrene, 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-tetrahydropyranyloxystyrene], 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/  p-tert-butoxycarbonyloxystyrene], 
poly[p-(1  -methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene] 
yethoxy)styrene/p-hydroxystyrene/p-tert-butoxycarbonylmethoxy)styrene], 
poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-tert  butoxycarbonylmethoxy)styrene], 
poly[m-(1-ethoxyethoxy)styrene/m-hydroxystyrene/m-tert-butoxycarbonyloxystyrene], 
poly[m-(1-ethoxyethoxy)styrene/m-hydroxystyrene/m-tert-butoxystyrene], 

poly[p-(1-ethox- 
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poly[m-(1-methoxyethoxy)styrene/m-hydroxystyrene/m-tert-butoxystyrene],  and 
poly[p-(1  -methoxybutoxy)styrene/p-hydroxystyrene/  styrene]. 

[0041]  The  polymers  according  to  the  present  invention  can  be  easily  produced  from  the  following  six  processes  (a)- 
(f). 

(a)  Process  1 

[0042]  A  monomer  represented  by  the  formula  [17]: 

R '  
6  =  C  H2 

[ 1 7 ]  

wherein  R1  is  as  defined  above,  and  an  appropriate  amount  of  a  monomer  represented  by  the  formula  [18]: 

[ 1 8 ]  

R28 

wherein  R1  is  as  defined  above  and  R28  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain,  branched  or  cyclic  alkyl 
group  having  1  -6  carbon  atoms  or  a  straight-chain  or  branched  alkoxy  group  having  1  -3  carbon  atoms,  are  polymerized 
in  the  presence  of  a  radical  polymerization  initiator  [for  example,  an  azo  type  polymerization  initiator  such  as  2,2'- 
azobisisobutyronitrile,  2,2'-azobis(2,4-dimethylvaleronitrile),  2,2'-azobis(methyl  2-methylpropionate),  2,2'-azobis(ethyl 
2-methylpropionate)or2,2'-azobis(methyl2-methylbutyrate),  or  a  peroxide  type  polymerization  initiator  such  as  benzoyl 
peroxide  or  lauroyl  peroxide]  in  an  organic  solvent  such  as  toluene,  1  ,4-dioxane,  1  ,2-dimethoxyethane,  tetrahydrofuran, 
iso-propanol,  2-methoxypropanol,  1  ,3-dioxolane,  ethyl  acetate  or  methyl  ethyl  ketone,  in  a  nitrogen  or  argon  gas  stream 
at  50-1  1  0°C  for  1  -1  0  hours.  As  the  polymerization  catalyst,  a  non-nitrile  type  catalyst  such  as  2,2'-azobis(methyl  2-meth- 
ylpropionate),  2,2'-azobis(ethyl  2-methylpropionate)  or  2,2'-azobis(methyl  2-methylbutyrate)  is  preferably  used  as  this 
type  of  catalyst  is  suited  for  obtaining  a  low-molecular  weight  polymer  because  of  high  solubility  and  also  advantageous 
in  terms  of  safety  and  virulence.  It  is  also  possible  to  carry  out  the  reaction  at  an  ultra-low  temperature  in  the  presence 
of  a  suitable  catalyst  such  as  butyl  lithium  to  perform  anionic  polymerization.  The  reaction  is  followed  by  pertinent  after- 
treatments  according  to  a  conventional  method  to  isolate  a  copolymer  represented  by  the  formula  [19]: 

13 
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R  1  f  

( C - C H 2   )  Q -   ( C - C H 2   )  m -  

[ 1 9 ]  

70 

U  C H 3  

b  -   C  -  C  H  3 
C H 3  

R  2  8 

wherein  R1  ,  R28  and  m  are  as  defined  above,  and  q  is  an  integer  of  1  or  more,  provided  that  0.75  <  q/q+m  <  0.99.  This 
copolymer  is  reacted  with  a  proper  acid  [for  example,  a  Lewis  acid  such  as  sulfuric  acid,  phosphoric  acid,  hydrochloric 

is  acid  or  hydrobromic  acid  or  an  organic  acid  such  as  p-toluenesulfonic  acid,  malonic  acid  or  oxalic  acid]  in  an  organic 
solvent  such  as  tetrahydrofuran,  acetone,  methanol,  ethanol,  iso-propanol,  n-propanol,  n-butanol,  sec-butanol,  tert- 
butanol,  1,4-dioxane  or  1  ,3-dioxolane,  at  30-1  10°C  for  1-20  hours  to  perfectly  eliminate  tert-butyl  groups  which  are 
functional  groups.  The  reaction  product  is  subjected  to  appropriate  after-treatments  according  to  a  conventional  method 
to  isolate  a  hydroxystyrene  copolymer  represented  by  the  formula  [20]: 

20 

R  '  R1 

-  ( C - C H ,   )  q ~   ( C - C H ,   )  m -  
X  J \   [ 2 0 ]  

Q   Q  

OH  R ' 8  

30 
wherein  R1  ,  R28,  q  and  m  are  as  defined  above.  This  copolymer  is  further  reacted  with  an  adequate  amount  of  a  vinyl 
ether  or  isopropenyl  ether  compound  represented  by  the  formula  [21]: 

[ 2 0 ]  

35 

=  CH, [ 2 1 ]  

40 
wherein  R3  and  R4  are  as  defined  above,  in  an  organic  solvent  such  as  tetrahydrofuran,  acetone,  methyl  ethyl  ketone, 
1,4-dioxane,  1  ,3-dioxolane,  methyl  chloride,  1  ,2-dimethoxyethane,  ethyl  ether  or  ethyl  acetate  in  the  presence  of  a 
suitable  catalyst  such  as  sulfuric  acid,  hydrochloric  acid,  phosphorus  oxychloride,  p-toluenesulfonic  acid,  chlorosulfonic 
acid  pyridine  salt,  sulfuric  acid  pyridine  salt  or  p-toluenesulfonic  acid  pyridine  salt  at  1  0-1  00°C  for  1  -30  hours  to  chem- 

45  ically  introduce  the  functional  group  of  the  formula  [1  3]  at  a  proper  rate,  followed  by  adequate  after-treatments  according 
to  a  conventional  method  to  isolate  the  objective  polymer. 

(b)  Process  2 

so  [0043]  A  monomer  of  the  formula  [17]  is  polymerized  in  the  same  manner  as  described  in  the  Process  1  ,  followed 
by  after-treatments  according  to  a  conventional  method  to  isolate  a  homopolymer  represented  by  the  formula  [22]: 

55 

14 



EP  0  704  762  B1 

( C - C H ,   )  x  

C H :  

O - C - C H j  

C 3H:  

[ 2 2 ]  

wherein  x  =  q  +  m  ,  and  R1  is  as  defined  above.  This  homopolymer  is  reacted  with  an  appropriate  acid  [preferably  a 
Lewis  acid  such  as  sulfuric  acid,  phosphoric  acid,  hydrochloric  acid,  hydrobromic  acid,  etc.,  or  an  organic  acid  such 
as  p-toluenesulfonic  acid,  malonic  acid,  oxalic  acid,  etc.]  in  an  organic  solvent  such  as  tetrahydrofuran,  acetone,  1  ,4-di- 
oxane,  1  ,3-dioxolane,  methanol,  ethanol,  n-propanol,  iso-propanol,  n-butanol,  sec-butanol,  tert-butanol,  etc.,  at 
30-1  00°C  for  1  -1  0  hours  to  eliminate  the  functional  tert-butyl  groups  at  a  desired  rate.  The  reaction  product  is  subjected 
to  pertinent  after-treatments  according  to  a  conventional  method  to  isolate  a  hydroxystyrene  copolymer  represented 
by  the  formula  [23]: 

wherein  R1  ,  m  and  q  are  as  defined  above.  A  functional  group  of  the  formula  [13]  is  introduced  into  this  copolymer  in 
the  same  manner  as  described  in  the  Process  1  and  then  after-treatments  are  carried  out  according  to  a  conventional 
method  to  isolate  the  objective  polymer. 

(c)  Process  3 

[0044]  A  monomer  of  the  formula  [24]: 

wherein  R1  is  as  defined  above,  and  an  adequate  amount  of  a  monomer  of  the  formula  [18]  are  polymerized  in  the 
same  manner  as  described  in  the  Process  1  ,  followed  by  after-treatments  according  to  a  conventional  method  to  isolate 
a  copolymer  represented  by  the  formula  [25]: 
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R  1  R '  

-  ( C - C H ,   )  q  -  ( C - C H 2   )  m  -  

[ 2 5 ]  
�   O - C - C H 3 �  

II 
0  

wherein  Ft1,  R28,  m  and  q  are  as  defined  above.  This  copolymer  is  further  reacted  in  a  solvent  such  as  tetrahydrofuran, 
1,4-dioxane,  1  ,3-dioxolane,  ethyl  acetate,  methanol,  ethanol,  n-propanol,  iso-propanol,  n-butanol,  sec-butanol,  tert- 
butanol  or  water,  if  possible  in  a  nitrogen  gas  stream,  in  the  presence  of  an  appropriate  base  [preferably  sodium  hy- 
droxide,  potassium  hydroxide,  ammonia  water,  hydroxylamine,  tetramethylammonium  hydroxide  solution  or  the  like] 
or  an  appropriate  acid  [preferably  sulfuric  acid,  hydrochloric  acid,  hydrobromic  acid,  p-toluenesulfonic  acid  or  the  like] 
at  10-120°C  for  0.5-20  hours  to  perfectly  eliminate  the  functional  acetyl  groups.  The  reaction  product  is  subjected  to 
after-treatments  according  to  a  conventional  method  to  isolate  a  hydroxy  styrene  copolymer  represented  by  the  formula 
[26]: 

0  H 

C  H  2  )  m  -  

[ 2 6 ]  

wherein  R1  ,  R28,  m  and  q  are  as  defined  above.  A  functional  group  of  the  formula  [1  3]  is  introduced  into  this  copolymer 
in  the  same  manner  as  described  in  the  Process  1  ,  followed  by  after-treatments  according  to  a  conventional  method 
to  isolate  the  objective  polymer. 

(d)  Process  4 

[0045]  A  monomer  of  the  formula  [24]  is  polymerized  in  the  same  manner  as  described  in  the  Process  1  ,  followed 
by  after-treatments  according  to  a  conventional  method  to  isolate  a  homopolymer  represented  by  the  formula  [27]: 

(  C  -  C  H  2  )  X 

O - C - C H 3  
II 
0  • 

[ 2 7 ]  

wherein  R1  and  x  are  as  defined  above.  This  homopolymer  is  reacted  in  a  solvent  such  as  tetrahydrofuran,  1  ,4-dioxane, 
1  ,3-dioxolane,  ethyl  acetate,  methanol,  ethanol,  n-propanol,  iso-propanol,  n-butanol,  sec-butanol,  tert-butanol  or  water, 
if  possible  in  a  nitrogen  gas  stream,  in  the  presence  of  an  appropriate  base  [preferably  sodium  hydroxide,  potassium 
hydroxide,  ammonia  water,  hydroxylamine,  tetramethylammonium  hydroxide  solution  or  the  like]  or  an  appropriate  acid 
[preferably  sulfuric  acid,  hydrochloric  acid,  phosphoric  acid,  hydrobromic  acid,  p-toluenesulfonic  acid  or  the  like]  at 
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1  0-1  00°C  for  0.5-10  hours  to  eliminate  the  functional  acetyl  groups  at  a  desired  rate.  The  reaction  product  is  subjected 
to  after-treatments  according  to  a  conventional  method  to  isolate  a  hydroxy  styrene  copolymer  represented  by  the 
formula  [28]: 

R  1  R1 

( C - C H 2   )  q  -  ( C - C H 2   )  m -  

[ 2 8 ]  

O H  O - C - C H 3  
& 

wherein  Ft1,  q  and  m  are  as  defined  above.  Into  this  copolymer  is  introduced  a  functional  group  of  the  formula  [13]  in 
the  same  manner  as  described  in  the  Process  1  and  after-treatments  are  conducted  according  to  a  conventional  method 
to  isolate  the  objective  polymer. 

(e)  Process  5 

[0046]  A  monomer  of  the  formula  [1  7]  and  an  appropriate  amount  of  a  monomer  of  the  formula  [24]  are  polymerized 
in  the  same  manner  as  described  in  the  Process  1  ,  followed  by  after-treatments  according  to  a  conventional  method 
to  isolate  a  copolymer  represented  by  the  following  formula  [29]: 

R  1 

( C . - C H ,   )  q -   ( C - C H 2   )  m -  

)  9 H 3  
O - C - C H 3  

C H 3  

[ 2 9 ]  

0  -   C  -   C  H 

wherein  Ft1,  q  and  m  are  as  defined  above,  or  a  copolymer  represented  by  the  following  formula  [30]: 

wherein  Ft1  ,  q  and  m  are  as  defined  above.  This  copolymer  is  reacted  in  a  solvent  such  as  tetrahydrofuran,  1  ,4-dioxane, 
1  ,3-dioxolane,  ethyl  acetate,  methanol,  ethanol,  n-propanol,  iso-propanol,  n-butanol,  sec-butanol,  tert-butanol  or  water, 
if  possible  in  a  nitrogen  gas  stream,  in  the  presence  of  an  appropriate  base  [preferably  sodium  hydroxide,  potassium 
hydroxide,  ammonia  water,  hydroxylamine,  tetramethylammonium  hydroxide  solution  or  the  like]  at  1  0-1  20°C  for  0.5-20 
hours  to  perfectly  eliminate  the  functional  acetyl  groups.  Conventional  after-treatments  follow  to  isolate  a  hydroxysty- 
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rene  copolymer  of  the  formula  [23]  and  this  copolymer  is  treated  in  accordance  with  Process  2  to  isolate  the  objective 
polymer. 

(f)  Process  6 

[0047]  A  homopolymer  of  the  formula  [22]  obtained  in  Process  2  or  a  homopolymer  of  the  formula  [27]  obtained  in 
process  4  is  reacted  in  a  solvent  such  as  tetrahydrofuran,  1  ,4-dioxane,  1  ,3-dioxolane,  ethyl  acetate,  methanol,  ethanol, 
n-propanol,  iso-propanol,  n-butanol,  sec-butanol,  tert-butanol  or  water  in  the  presence  of  an  adequate  acid  [preferably 
sulfuric  acid,  hydrochloric  acid,  phosphoric  acid,  hydrobromic  acid,  p-toluenesulfonic  acid,  malonic  acid,  oxalic  acid  or 
the  like]  at  1  0-70°C  for  0.5-1  0  hours  to  perfectly  eliminate  the  functional  tert-butyl  or  acetyl  groups.  The  reaction  product 
is  properly  treated  according  to  a  conventional  method  to  isolate  a  hydroxystyrene  polymer  represented  by  the  formula 
[31]: 

[ 3 1 ]  

wherein  R1  and  x  are  as  defined  above.  This  homopolymer  is  reacted  with  an  appropriate  amount  of  hydroxyl  group 
protective  agent  such  as  di-tert-butyl  dicarbonate,  2,3-dihydrofuran,  2,3-dihydropyran,  tert-butyl  monochloroacetate, 
acetyl  chloride,  acetic  anhydride,  isobutene,  dimethylsulfuric  acid,  methyl  iodide  or  the  like  in  an  organic  solvent  such 
as  tetrahydrofuran,  1  ,4-dioxane,  ethyl  acetate,  methyl  ethyl  ketone,  acetone,  methylene  chloride,  1  ,3-dioxolane,  meth- 
anol,  ethanol,  n-propanol,  iso-propanol,  n-butanol,  sec-butanol,  tert-butanol,  methylene  chloride  or  the  like  in  the  pres- 
ence  of  a  pertinent  base  such  as  potassium  hydroxide,  sodium  hydroxide,  sodium  carbonate,  potassium  carbonate, 
triethylamine,  N-methyl-2-pyrrolidone,  piperidine,  tetramethylammonium  hydroxide  solution  or  the  like  or  a  suitable 
acid  such  as  sulfuric  acid,  hydrochloric  acid,  phosphoric  acid,  phosphorus  oxychloride,  p-toluenesulfonic  acid  pyridine 
salt,  sulfuric  pyridine  salt  or  the  like  at  10-100°C  for  0.5-30  hours,  and  the  reaction  product  is  treated  according  to  a 
conventional  method  to  yield  a  copolymer  represented  by  the  formula  [32]: 

R  1 R '  
I 

-  ( C - C H 2   )  q  -  ( C - C H , )   m 

[ 3 2 ]  

O H  R  2  9 

wherein  R29  is  tert-butoxycarbonyloxy  group,  tetrahydrofuranyloxy  group,  tetrahydropyranyloxy  group,  tert-butoxycar- 
bonylmethoxy  group,  acetyl  group,  tert-butoxy  group  or  methoxy  group,  and  R1  is  as  defined  above.  Into  this  copolymer 
is  introduced  a  functional  group  of  the  formula  [13]  in  the  same  manner  as  described  in  the  Process  1,  followed  by 
after-treatments  according  to  a  conventional  method  to  isolate  the  objective  polymer. 
[0048]  The  molecular  weight  of  the  polymers  according  to  the  present  invention  is  not  specifically  defined  as  far  as 
the  polymers  are  usable  as  resist  material,  but  preferably  the  weigth-average  molecular  weight  of  the  polymers  as 
determined  by  GPC  method  using  polystyrene  as  standard  is  usually  about  1,000-100,000,  more  preferably  about 
3,000-50,000. 
[0049]  The  photosensitive  compounds  capable  of  generating  an  acid  upon  exposure  to  light  (hereinafter  referred  to 
as  "photoacid  generator")  used  in  the  present  invention  include  the  compounds  of  the  following  formulae  [2],  [3],  [5], 
[6],  [9]  and  [12]: 
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O 
II 

R6  —  S  C  —  Z  —  R7 
II  II 
0  N2 

wherein  R6,  R7  and  Z  are  as  defined  above. 

,  o  p  

II  H  U 
R8  0  N2  0  

wherein  R8  and  R9  are  as  defined  above. 

0  

R11  0  N2  0  

R 1  z 

wherein  R11  and  R12  are  as  defined  above. 

0  S  02  R  1  3 

K I J S   02  0  0  S  0  2  R  1  » 

wherein  R13  is  as  defined  above. 

R  2  2  0  S  02  R  I  3 

R  '  3  S  0  2  0  C - R 2 3  
n 
3  

wherein  R13,  R22  and  R23  are  as  defined  above. 

R 2 6 - V _ \ s e   •  R27S  03  9 

R25 

:  3 
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wherein  R25,  R26  and  R27  are  as  defined  above. 
[0050]  Listed  below  are  preferred  examples  of  the  photoacid  generators  usable  in  the  present  invention. 
Compounds  of  the  formula  [2]: 

1  -cyclohexylsulfonyl-1  -(1  ,1  -dimethylethylsulfonyl)diazomethane, 
bis(1  ,1-dimethylethylsulfonyl)diazomethane, 
bis(1-methylethylsulfonyl)diazomethane, 
bis(cyclohexylsulfonyl)diazomethane, 
1  -cyclohexylsulfonyl-1  -cyclohexylcarbonyldiazomethane, 
1  -diazo-1  -cyclohexylsulfonyl-3,3-dimethylbutan-2-one, 
1  -diazo-1  -methylsulfonyl-4-phenylbutan-2-one, 
1  -diazo-1  -(1,1  -dimethylethylsulfonyl)-3,3-dimethyl-2-butanone, 
1  -acetyl-1  -(1  -methylethylsulfonyl)diazomethane. 

Compounds  of  the  formula  [3]: 

bis(p-toluenesulfonyl)diazomethane, 
methylsulfonyl-p-toluenesulfonyldiazomethane, 
bis(p-chlorobenzenesulfonyl)diazomethane, 
cyclohexylsulfonyl-p-toluenesulfonyldiazomethane. 

Compounds  of  the  formula  [5]: 

1  -p-toluenesulfonyl-1  -cyclohexylcarbonyldiazomethane, 
1  -diazo-1  -(p-toluenesulfonyl)-3,3-dimethylbutan-2-one, 
1  -diazo-1  -benzenesulfonyl-3,3-dimethylbutan-2-one, 
1  -diazo-1  -(p-toluenesulfonyl)-3-methylbutan-2-one, 
1  -diazo-1  -(p-toluenesulfonyl)-3,3-dimethyl-2-butanone. 

Compounds  of  the  formula  [6]: 

1  ,2,3-tris(trifluoromethanesulfonyloxy)benzene, 
1  ,2,3-tris(2,2,2-trifluoroethanesulfonyloxy)benzene, 
1  ,2,3-tris(2-chloroethanesulfonyloxy)benzene, 
1  ,2,3-tris(p-trifluoromethylbenzenesulfonyloxy)benzene, 
1  ,2,3-tris(p-nitrobenzenesulfonyloxy)benzene, 
1  ,2,3-tris(2,3,4,5,6-pentafluorobenzenesulfonyloxy)benzene, 
1  ,2,3-tris(p-fluorobenzenesulfonyloxy)benzene, 
1  .2.3-  tris(methanesulfonyloxy)benzene, 
1  .2.4-  tris(p-trifluoromethyloxybenzenesulfonyloxy)benzene, 
1  .2.4-  tris(2,2,2-trifluoroethanesulfonyloxy)benzene, 
1  .3.5-  tris(methanesulfonyloxy)benzene, 
1  ,3,5-tris(trifluoromethanesulfonyloxy)benzene, 
1  ,3,5-tris(2,2,2-trifluoroethanesulfonyloxy)benzene, 
1  ,3,5-tris(p-nitrobenzenesulfonyloxy)benzene, 
1  ,3,5-tris(2,3,4,5,6-pentafluorobenzenesulfonyloxy)benzene,  1  ,3,5-tris(p-fluorobenzenesulfonyloxy)bi 
1  ,3,5-tris(2-chloroethanesulfonyloxy)benzene. 

Compounds  of  the  formula  [9]: 

2,3,4-tris(methanesulfonyloxy)benzophenone, 
2,3,4-tris(trifluoromethanesulfonyloxy)benzophenone, 
2,3,4-tris(2-chloroethanesulfonyloxy)benzophenone, 
2,3,4-tris(p-trifluoromethylbenzenesulfonyloxy)benzophenone, 
2,3,4-tris(p-nitrobenzenesulfonyloxy)benzophenone, 
2,3,4-tris(p-trifluoromethoxybenzenesulfonyloxy)benzophenone, 
2,3,4-tris(p-fluorobenzenesulfonyloxy)acetophenone, 
2,3,4-tris(2,3,4,5,6-pentafluorobenzenesulfonyloxy)acetophenone, 
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2,3,4-tris(2-nitrobenzenesulfonyloxy)acetophenone, 
2,3,4-tris(2,5-dichlorobenzenesulfonyloxy)acetophenone, 
2,3,4-tris(2,3,4-trichlorobenzenesulfonyloxy)acetophenone, 
2,2',4,4'-tetra(methanesulfonyloxy)benzophenone, 

5  2,2',4,4'-tetra(2,2,2-trifluoroethanesulfonyloxy)benzophenone, 
2,2',4,4'-tetra(2-chloroethanesulfonyloxy)benzophenone, 
2,2',4,4'-tetra(2,5-dichlorobenzenesulfonyloxy)benzophenone, 
2,2',4,4'-tetra(2,4,6-trimethylbenzenesulfonyloxy)benzophenone, 
2,2',4,4'-tetra(m-trifluoromethylbenzenesulfonyloxy)benzophenone. 

10 
Compounds  of  the  formula  [1  2]: 

triphenylsulfonium  trifluoromethanesulfonate, 
triphenylsulfonium  perfluorooctanesulfonate, 

is  diphenyl-p-tolylsulfonium  perfluorooctanesulfonate, 
tris(p-tolyl)sulfonium  perfluorooctanesulfonate,  tris(p-chlorobenzene)sulfonium  trifluoromethanesulfonate,  tris(p- 
tolyl)sulfonium  trifluoromethanesulfonate,  dimethylphenylsulfonium  trifluoromethanesulfonate,  dimethyltolylsulfo- 
nium  trifluoromethanesulfonate,  dimethyltolylsulfonium  perfluorooctanesulfonate,  triphenylsulfonium  p-toluenesul- 
fonate,  triphenylsulfonium  methanesulfonate,  triphenylsulfonium  n-butanesulfonate,  triphenylsulfonium  n-oc- 

20  tanesulfonate,  triphenylsulfonium  1-naphthalenesulfonate,  triphenylsulfonium  2-naphthalenesulfonate,  triphenyl- 
sulfonium  10-camphorsulfonate,  triphenylsulfonium  2,5-dichlorobenzenesulfonate,  diphenyltolylsulfonium 
1  ,3,4-trichlorobenzenesulfonate,  dimethyltolylsulfonium  p-toluenesulfonate,  diphenyltolylsulfonium  2,5-dichlo- 
robenzenesulfonate. 

25  [0051]  The  resist  material  of  the  present  invention  is  characterized  by  combined  use  of  (a)  a  polymer  of  the  formula 
[1]  and  (b)  at  least  one  photoacid  generator  selected  from  the  group  consisting  of  the  photosensitive  compounds  of 
the  formulae  [2],  [3],  [5],  [6],  [9]  and  [12].  In  case  two  or  more  types  of  photoacid  generator  are  used  in  admixture, 
combination  of  a  compound  of  the  formula  [2],  which  has  good  light  permeability  at  around  248.4  nm  and  is  capable 
of  maintaining  high  transparency  of  resist  material  and  which  also  has  little  PEB  temperature  dependency  and  can 

30  generate  a  weak  acid  upon  exposure  to  light,  and  at  least  one  compound  selected  from  the  group  consisting  of  the 
compounds  of  the  formulae  [3],  [5],  [6],  [9]  and  [12],  which  has  high  acid  generating  potency  for  a  given  rate  of  exposure 
and  can  generate  a  strong  acid,  is  especially  preferred  in  consideration  of  the  improvement  of  pattern  shape  at  its  tail 
and  inhibition  of  scumming. 
[0052]  In  the  case  of  single  use  of  a  photoacid  generator  of  the  formula  [12]  which  is  very  effective  for  preventing 

35  footing  of  the  pattern  or  scumming,  defective  pattern  formation  may  be  caused  due  to  delay  time,  but  this  problem  can 
be  overcome  by  applying  overcoating.  Also,  change  of  pattern  size  may  take  place  in  case  of  using  a  photoacid  gen- 
erator  of  the  formula  [12],  but  this  can  be  prevented  by  increasing  the  ratio  of  the  monomer  unit  of  the  formula  [15]  in 
the  polymer  of  the  formula  [1]. 
[0053]  Regarding  the  mixing  ratio  of  the  photoacid  generators  in  case  two  or  more  photoacid  generators  are  used, 

40  a  photoacid  generator  of  the  formula  [3],  [5],  [6],  [9]  or  [1  2]  is  added  in  a  ratio  of  1  -70  parts  by  weight,  preferably  1  0-50 
parts  by  weight,  to  100  parts  by  weight  of  a  photoacid  generator  of  the  formula  [2]  as  this  range  of  ratio  is  most  suited 
for  inhibiting  formation  of  scums  or  tails  at  the  bottom  of  the  pattern  and  allows  stable  maintenance  of  pattern  shape 
and  size  without  inducing  the  problem  of  delay  time. 
[0054]  Various  triphenylsulfonium  salts  and  diphenyliodonium  salts  (anions  of  these  onium  salts  are  PF6-,  AsF6-, 

45  BF4-,  etc.)  and  tris(trichloromethyl)-s-triazine/triethanolamine  have  been  known  as  photoacid  generators  beside  those 
of  the  present  invention,  but  when  these  photoacid  generators  are  used  singly  in  the  production  of  chemically  amplified 
resist  material,  the  generated  acid  may  be  evaporated  away  from  the  resist  film  surface  after  exposure  and  is  also  very 
susceptible  to  the  influence  of  the  atmosphere  gas  such  as  amines  since  the  acid  (Lewis  acid)  generated  on  exposure 
is  a  strong  acid  and  also  highly  volatile,  and  consequently,  with  the  lapse  of  time  during  operation  from  exposure  to 

so  development,  there  arise  the  cumbrous  problems  such  as  T-shaping  of  the  formed  pattern,  large  variation  of  the  pattern 
shape  and  size,  and  no  formation  of  a  pattern.  The  above  conventional  photoacid  generators  also  involve  the  problems 
relating  to  storage  stability,  such  as  change  of  sensitivity  during  storage  and  failure  to  form  a  pattern. 
[0055]  As  for  the  solvent  used  in  the  present  invention,  any  solvent  can  be  used  as  far  as  it  is  capable  of  dissolving 
the  polymers,  photoacid  generators  and  other  additives  such  as  ultraviolet  absorbent  and  surfactant  used  in  the  present 

55  invention,  but  usually  it  is  recommended  to  use  a  solvent  having  good  film  forming  properties  and  showing  absorption 
at  around  220-400  nm.  Examples  of  such  solvents  include,  but  are  not  limited  to,  methyl  cellosolve  acetate,  ethyl 
cellosolve  acetate,  propylene  glycol  monomethyl  ether  acetate,  propylene  glycol  monoethyl  ether  acetate,  methyl  lac- 
tate,  ethyl  lactate,  2-ethoxyethyl  acetate,  methyl  pyruvate,  ethylpyruvate,  methyl  3-methoxypropionate,  ethyl  3-meth- 
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oxypropionate,  N-methyl-2-pyrrolidone,  cyclohexanone,  methyl  ethyl  ketone,  2-heptanone,  1  ,4-dioxane,  diethylene  gly- 
col  monomethyl  ether,  diethylene  glycol  dimethyl  ether  and  ethylene  glycol  monoisopropyl  ether. 
[0056]  The  resist  material  of  the  present  invention  usually  consists  of  said  three  components  (a  polymer  according 
to  this  invention,  a  photoacid  generator  and  a  solvent),  but  if  necessary  an  ultraviolet  absorbent  may  be  added.  Ultra- 

5  violet  absorbents  usable  in  the  present  invention  include  9-diazofluorene  and  its  derivatives,  1  -diazo-2-tetralone,  2-di- 
azo-1  -tetralone,  9-diazo-1  0-phenanthrone,  9-(2-methoxyethoxy)methylanthracene,  (2-ethoxyethoxy)methylanthra- 
cene,  9-anthracenemethyl  acetate,  9-anthracenemethyl  propionate,  etc. 
[0057]  It  is  also  possible  to  add  one  or  more  of  dye,  sensitivity  adjustor,  plasticizerand  surfactant  which  are  commonly 
used  in  the  art. 

10  [0058]  Sensitivity  adjustors  usable  in  this  invention  include  polyvinylpyridine,  poly(vinylpyridine/methyl  methacrylate), 
pyridine,  piperidine,  tetramethylammonium  hydroxide,  triethylamine  and  N-methyl-2-pyrrolidone. 
[0059]  Plasticizers  include  diethyl  phthalate,  dibutyl  phthalate  and  dipropyl  phthalate. 
[0060]  Surfactants  include  nonionic  surfactants  and  fluorine-containing  nonionic  surfactants. 
[0061]  The  pattern  forming  process  according  to  the  present  invention  comprises  essentially  the  steps  of  coating  the 

is  resist  material  described  above  on  a  substrate,  heating  and  then  exposing  the  coating  film  to  light  with  a  wavelength 
of  300  nm  or  less  through  a  mask,  further  heating  the  exposed  coating  film  as  required,  and  developing  it  with  a 
developing  solution. 
[0062]  Pattern  formation  using  the  resist  material  according  to  the  present  invention  can  be  accomplished,  for  ex- 
ample,  in  the  following  way. 

20  [0063]  Resist  material  of  this  invention  is  coated  on  a  semiconductor  substrate  such  as  silicon  wafer  to  a  coating 
thickness  of  0.5-2.0  urn  (about  0.  1  -0.5  urn  in  case  it  is  used  as  top  layer  of  a  3-layer  coat)  and  prebaked  in  an  oven  at 
70-1  30°C  for  1  0-30  minutes  or  on  a  hot  plate  at  70-1  30°C  for  1  -2  minutes.  This  resist  film  is  exposed  to  deep  ultraviolet 
light  of  300  nm  or  less  at  an  exposure  dose  of  about  1  -1  00  mJ/cm2  through  a  mask  for  forming  a  desired  pattern,  then 
baked  at  70-1  50°C  for  1-2  minutes  and  developed  with  a  0.1-5%  tetramethylammonium  hydroxide  (TMAH)  solution 

25  for  about  0.5-3  minutes  by  a  conventional  method  such  as  dipping,  puddling  or  spraying  to  form  the  desired  pattern 
on  the  substrate. 
[0064]  The  mixing  ratio  of  polymer  (a)  and  photoacid  generator  (b)  in  the  resist  material  according  to  the  present 
invention  is  1-30  parts  by  weight,  preferably  1-20  parts  by  weight  of  (b)  to  100  parts  by  weight  of  (a).  The  amount  of 
solvent  (c)  in  the  resist  material  of  this  invention  is  not  specifically  defined  as  far  as  no  impediment  is  caused  when  a 

30  positive  resist  material  obtained  by  dissolving  a  polymer  of  this  invention  and  a  photoacid  generator  in  the  solvent  is 
coated  on  a  substrate,  but  usually  the  ratio  of  solvent  (c)  is  100-2,000  parts  by  weight,  preferably  150-1  ,000  parts  by 
weight,  to  100  parts  by  weight  of  polymer  (a). 
[0065]  As  developing  solution  used  in  the  pattern  forming  processes  such  as  described  above,  an  alkali  solution  of 
a  suitable  concentration  that  can  enlarge  the  difference  in  degree  of  dissolution  between  the  exposed  and  the  non- 

35  exposed  portions  is  properly  selected  depending  on  the  solubility  of  resist  material.  Usually  the  concentration  of  said 
alkali  solution  is  selected  from  the  range  of  0.01-20%.  The  alkali  solutions  usable  as  developer  include  the  aqueous 
solutions  containing  organic  amines  such  as  TMAH,  choline,  triethanolamine,  etc.,  or  inorganic  alkalis  such  as  NaOH, 
KOH,  etc. 
[0066]  The  polymers  according  to  the  present  invention,  as  described  above,  typically  contain  a  monomer  unit  of  the 

40  formula  [14]  having  a  functional  group  of  the  formula  [1  3],  so  that  these  polymers,  as  compared  with  the  conventional 
polymers  of  the  same  type,  have  a  greater  disposition  to  become  alkali-soluble  with  easier  elimination  of  functional 
groups  in  the  presence  of  an  acid.  This  is  conducive  to  enhancement  of  resolving  performance  and  stable  maintenance 
of  pattern  shape  and  size  throughtout  the  period  of  operation  from  exposure  till  heat  treatment  (baking).  Further,  the 
polymers  according  to  the  present  invention,  owing  to  incorporation  of  hydroxystyrene  unit  of  the  formula  [16],  have 

45  heat  resistance,  dry  etch  durability  and  high  adhesiveness  to  the  substrate.  Also,  the  polymers  according  to  the  present 
invention,  owing  to  its  monomer  unit  of  the  formula  [15],  can  control  the  developing  speed  at  the  exposed  portion  to 
provide  a  sufficient  focus  margin  and  good  mask  linearity.  They  also  contribute  to  smoothing  the  pattern  side  wall.  Then 
this  monomer  unit  also  contributes  to  the  improvement  of  heat  resistance  of  the  polymer. 
[0067]  The  monomer  units  represented  by  the  formula  [15]  include  those  which  change  into  hydroxystyrene  unit 

so  soluble  in  alkali  developing  solution  on  elimination  of  the  functional  groups  by  the  action  of  an  acid  (such  monomer 
units  including  acetyloxy  group,  methoxy  group,  tert-butoxy  group,  tetrahydrofuranyl  group,  tetrahydropyranyl  group, 
tert-butoxycarbonyloxy  group,  tert-butoxycarbonylmethoxy  group,  etc.),  but  in  the  present  invention  the  monomer  unit 
of  the  formula  [1  4]  having  a  functional  group  of  the  formula  [1  3]  can  eliminate  the  functional  groups  far  more  fastly  and 
easily  under  the  action  of  an  acid  to  become  hydroxystyrene  unit. 

55  [0068]  JP-A-6-1  94842  (EPC  Patent  No.  0588544)  discloses  polymers  consisting  of  three  monomer  units,  but  this 
patent  concerns  an  electron  ray  resist  and  differs  in  its  object  from  the  present  invention  which  relates  to  a  resist 
material  for  forming  a  positive  pattern  by  using  deep  ultraviolet  light  with  a  wavelength  of  300  nm  or  less.  Therefore, 
when  a  pattern  is  formed  with  ultraviolet  light,  such  as  KrF  excimer  laser  light,  by  using  the  resist  composition  disclosed 
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in  the  above  patent,  there  arise  such  problems  as  poor  resolution  of  the  bottom  portion  of  the  pattern,  formation  of 
scums  and  their  transfer  during  etching,  so  that  this  resist  composition  is  unsuited  for  pattern  formation  with  ultraviolet 
light. 
[0069]  What  is  most  remarkable  in  the  present  invention  is  the  fact  that  by  combining  a  polymer  consisting  of  three 

5  monomer  units  according  to  the  present  invention  and  a  specific  photoacid  generator  also  disclosed  by  the  present 
invention,  it  has  been  realized  to  provide  a  resist  material  which  is  freed  of  various  problems  encountered  in  conven- 
tional  resist  pattern  formation  using  ultraviolet  light  such  as  deep  ultraviolet  light  or  KrF  excimer  laser  light,  and  which 
has  various  advantages  already  mentioned  above  and  is  suited  for  pattern  formation  by  use  of  deep  ultraviolet  light  or 
KrF  excimer  laser  light  as  exposure  source.  Further,  the  resist  material  of  the  present  invention  is  effective  for  eliminating 

10  scums  or  tails  at  the  bottom  portion  of  the  resist  pattern  in  case  two  or  more  types  of  photoacid  generator  according 
to  the  present  invention  are  used  in  combination.  This  phenomenon  can  be  accounted  for  by  the  fact  that  a  photoacid 
generator  capable  of  generating  a  stronger  acid  or  capable  of  inducing  greater  acid  diffusion  has  a  higher  ability  to 
eliminate  the  functional  groups  of  the  polymer  uniformly  down  to  the  bottom  of  the  resist.  In  view  of  this,  the  combination 
of  a  photoacid  generator  of  the  formula  [2]  and  a  photoacid  generator  of  the  formula  [3],  [9]  or  [12]  is  considered  to 

is  give  the  best  result  in  application  to  the  resist  material  according  to  the  present  invention. 
[0070]  The  resist  material  of  the  present  invention  is  best  suited  for  pattern  formation  by  use  of  deep  ultraviolet  light 
or  KrF  excimer  laser  light,  but  it  has  been  confirmed  that  an  acid  is  also  generated  to  induce  chemical  amplification  on 
exposure  to  i-line  light,  electron  beam  or  soft  X-rays,  so  that  the  resist  material  of  the  present  invention  can  be  used 
for  forming  a  pattern  by  exposure  to  a  small  dose  of  deep  ultraviolet  light,  KrF  excimer  laser  light,  i-line  light,  electron 

20  beam  or  soft  X-rays  by  making  use  of  the  chemically  amplifying  function  of  the  material. 
[0071]  The  principle  of  the  present  invention  is  described  with  reference  to  embodiments  thereof. 
[0072]  When  the  resist  film  is  exposed  to  KrF  excimer  laser  light  or  deep  ultraviolet  light,  an  acid  is  generated  at  the 
exposed  portion  according  to  the  following  formulae  1  ,  2,  3,  4  or  5: 

25 
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[0073]  When  the  exposed  resist  film  is  heated,  a  specific  functional  group  (1  -ethoxyethoxy  group  is  exemplified  in 
the  formula  6)  of  the  polymer  of  the  present  invention  undergoes  a  chemical  change  by  the  generated  acid  according 
to  the  reaction  of  the  following  formula  6  to  become  a  hydroxyl  group,  with  the  result  that  the  polymer  becomes  alkali- 
soluble  and  is  eluted  out  in  the  developing  solution  in  the  course  of  development. 

( C H - C H 2 ) n -  

OCH-CH. 

H 

H20 

- ( C H - C H 2 ) n -  

(6 )  

OCH2-CH3 
+  nCH3CHO  +  nC2H5OH ♦  &  

[0074]  At  the  non-exposed  portion,  on  the  other  hand,  no  chemical  changes  occurs  on  heating  since  no  acid  is 
generated,  and  there  is  rather  induced  a  phenomenon  that  the  hydrophilic  group  moiety  of  the  polymer  used  for  the 
purpose  of  strengthening  adhesion  to  the  substrate  is  protected  against  infiltration  with  the  alkaline  developing  solution. 
Thus,  when  pattern  formation  is  carried  out  using  the  resist  material  of  the  present  invention,  there  is  produced  a  large 
difference  in  solubility  in  alkaline  developing  solution  between  the  exposed  portion  and  the  non-exposed  portion,  and 
further,  since  the  polymer  at  the  non-exposed  portion  has  strong  adhesiveness  to  the  substrate,  no  film  peeling  takes 
place  during  development,  and  consequently  a  positive  pattern  with  good  contrast  is  formed.  It  is  also  notable  that 
since  the  acid  generated  on  exposure  according  to  the  formula  6  acts  in  the  manner  of  a  catalyst,  there  is  no  need  of 
conducting  exposure  more  than  necessary  for  generating  a  required  acid,  so  that  the  amount  of  energy  required  for 
exposure  can  be  reduced. 
[0075]  The  present  invention  will  be  described  in  further  detail  with  reference  to  Examples,  Synthesis  Examples, 
Reference  Examples  and  Comparative  Examples,  but  it  should  be  noted  that  these  examples  are  merely  intended  to 
be  illustrative  and  not  to  be  construed  as  limiting  the  scope  of  the  invention. 
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[0076]  Part  of  the  photoacid  generators  used  in  the  following  Examples  and  Comparative  Examples  were  synthesized 
according  to  the  methods  described  in  JP-A-4-21  0960  (U.S.  Patent  5,216,1  35),  JP-A-4-21  1  258  (U.S.  Patent  5,350,660; 
EPC  Patent  0,440,374),  JP-A-5-249682  (EPC  Patent  0,520,642),  Y.  Endo  et  al:  Chem.  Pharm.  Bull.,  29(12),  3753 
(1981);  M.  Desbois  et  al:  Bull.  Chim.  Soc.  France,  1974,  1956,  or  CD.  Beard  et  al:  J.  Org.  Chem.,  38,  3673  (1973); 

5  Hashimoto  et  al:  JPN  Chem.  Mag.,  87(10),  1069  (1966),  etc. 

Synthesis  Example  1 

Synthesis  of  poly[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/p-methylstyrene] 
10 

[0077] 

(1)  A  solution  of  p-tert-butoxystyrene  (100  g,  0.567  mole)  and  p-methylstyrene  (3.54  g,  0.03  mole)  in  1,4-dioxane 
containing  catalytic  amount  of  2,2'-azobis(methyl  2-methylpropionate)  was  polymerized  at  80°C  for  6  hours  under 

is  nitrogen.  After  cooling,  the  reaction  mixture  was  poured  into  aqueous  methanol  (5  €)  and  the  polymer  was  precip- 
itated.  The  polymer  was  filtered,  washed  with  methanol  and  dried  under  reduced  pressure  to  afford  92.3  g  of  poly 
(p-tert-butoxystyrene/p-methyl  styrene)  as  white  powder  having  Mw  20000  (GPC  with  polystyrene  calibration). 
The  polymer  was  found  to  have  p-tert-butoxystyrene  unit  and  p-methylstyrene  unit  in  a  molar  ratio  of  ca.  95:5 
based  on  1HNMR. 

20 
(2)  A  solution  of  poly(p-tert-butoxystyrene/p-methylstyrene)  (70  g)  obtained  in  above  (1)  and  cone,  hydrochloric 
acid  (100  ml)  in  1  ,4-dioxane  was  reacted  for  4  hours  at  70  -  80°C  with  stirring.  After  cooling,  the  reaction  mixture 
was  poured  into  H20  (5  €)  and  the  polymer  was  precipitated.  The  polymer  was  filtered,  washed  with  H20  and  dried 
under  reduced  pressure  to  give  47.6  g  of  poly(p-hydroxystyrene/p-methylstyrene)  as  white  powder.  The  polymer 

25  was  found  to  have  p-hydroxystyrene  unit  and  p-methylstyrene  unit  in  a  molar  ratio  of  ca.  95:5  based  on  1HNMR. 

(3)  To  a  solution  of  poly(p-hydroxystyrene/p-methylstyrene)  (15.0  g)  obtained  in  above  (2)  and  ethyl  vinyl  ether 
(3.5  g)  in  1,4-dioxane  (150  ml),  a  catalytic  amount  of  pyridinium  p-toluenesulfonate  was  added  and  reacted  with 
stirring  at  room  temperature  for  24  hours.  The  reaction  mixture  was  poured  into  H20  (5  €)  and  the  polymer  was 

30  precipitated.  The  precipitate  was  filtered,  washed  with  H20  and  dried  under  reduced  pressure  to  afford  11  .5  g  of 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-methylstyrene]  as  white  powder  having  Mw  20000  (GPC  with 
polystyrene  calibration).  The  polymer  was  found  to  have  p-(1-ethoxyethoxy)styrene  unit,  p-hydroxystyrene  unit 
and  p-methylstyrene  unit  in  a  molar  ratio  of  ca.  35:60:5  based  on  1HNMR. 

35  Synthesis  Example  2 

Synthesis  of  poly[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/styrene] 

[0078] 
40 

(1)  Using  p-tert-butoxystyrene  (81.1  g,  0.46  mole)  and  styrene  (4.6  g,  0.04  mole),  the  polymerization  and  the 
treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1,  (1),  to  give  77.1  g  of  poly 
(p-tert-butoxystyrene/styrene)  as  white  powders  having  Mw  20000  (GPC  with  polystyrene  calibration).  The  polymer 
was  found  to  have  p-tert-butoxystyrene  unit  and  styrene  unit  in  a  molar  ratio  of  ca.  92:8  based  on  1HNMR. 

45 
(2)  Using  poly(p-tert-butoxystyrene/styrene)  (70  g)  obtained  in  above  (1),  the  reaction  and  the  treatment  were 
carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1  ,  (2),  to  afford  44.0  g  of  poly(p-hydroxystyrene/ 
styrene)  as  white  powder.  The  polymer  was  found  to  have  p-hydroxystyrene  unit  and  styrene  unit  in  a  molar  ratio 
of  ca.  92:8  based  on  1HNMR. 

50 
(3)  Using  poly(p-hydroxystyrene/styrene)  (15.0  g)  obtained  in  above  (2)  and  ethyl  vinyl  ether  (3.2  g),  the  reaction 
and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1  ,  (3),  to  give  1  4.  1  g 
of  poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-methylstyrene]  as  white  powder  having  Mw  20000  (GPC 
with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1-ethoxyethoxy)styrene  unit,  p-hydroxystyrene 

55  unit  and  styrene  unit  in  a  molar  ratio  of  ca.  32:60:8  based  on  1HNMR. 

25 
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Synthesis  Example  3 

Synthesis  of  poly[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene] 

5  [0079] 

(1)  A  solution  of  p-tert-butoxystyrene  (17.6  g)  in  iso-propanol  containing  catalytic  amount  of  2,2'-azobis(methyl 
2-methylpropionate)  was  polymerized  at  80°C  for  6  hours  under  nitrogen.  After  cooling,  the  reaction  mixture  was 
poured  into  aqueous  methanol  (1  €)  and  the  polymer  was  precipitated.  The  polymer  was  filtered,  washed  with 

10  methanol  and  dried  under  reduced  pressure  to  give  16.7  g  of  poly(p-tert-butoxystyrene)  as  white  powder  having 
Mw  20000  (GPC  with  polystyrene  calibration). 
(2)  A  suspension  of  poly(p-tert-butoxystyrene)  (15.0  g)  obtained  in  above  (1),  and  cone,  hydrochloric  acid  (15  ml) 
in  iso-propanol  was  reacted  for  4  hours  at  70  -  80°C  with  stirring.  After  colling,  the  reaction  mixture  was  poured 
into  H20  (1  €)  and  the  polymer  was  precipitated.  The  polymer  was  filtered,  washed  with  H20  and  dried  under 

is  reduced  pressure  to  give  9.6  g  of  poly(p-hydroxystyrene/p-tert-butoxy  styrene)  as  white  powder.  The  polymer  was 
found  to  have  p-hydroxystyrene  unit  and  p-tert-butoxystyrene  unit  in  a  molar  ratio  of  ca.  90:10  based  on  1HNMR. 
(3)  To  a  solution  of  poly(p-hydroxystyrene/p-tert-butoxystyrene)  (1  5.7  g)  obtained  in  above  (2)  and  ethyl  vinyl  ether 
(3.2  g)  in  1,4-dioxane  (140  ml),  a  catalytic  amount  of  pyridinium  p-toluenesulfonate  was  added  and  reacted  with 
stirring  at  room  temperature  for  24  hours.  The  reaction  mixture  was  poured  into  H20  (3  €)  and  the  polymer  was 

20  precipitated.  The  precipitate  was  filtered,  washed  with  H20  and  dried  under  reduced  pressure  to  give  16.0  g  of 
poly[p-(1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene]  as  white  powder  having  Mw  20000  (GPC 
with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1-ethoxyethoxy)styrene  unit,  p-hydroxystyrene 
unit  and  p-tert-butoxystyrene  unit  in  a  molar  ratio  of  ca.  30:60:10  based  on  1HNMR. 

25  Synthesis  Example  4 

Synthesis  of  poly[p-(1  -methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene] 

[0080]  To  a  solution  of  poly(p-hydroxystyrene/p-tert-butoxystyrene)  (15.7  g)  obtained  in  Synthesis  Example  3,  (2) 
30  and  2-methoxy-1-propene  (3.2  g)  in  tetrahydrofuran  (120  ml),  a  catalytic  amount  of  phosphorous  oxychloride  was 

added  and  reacted  with  stirring  for  16  hours  at  room  temperature.  After  reaction,  the  reaction  mixture  was  poured  into 
H20  (5  €)  and  the  polymer  was  precipitated.  The  precipitate  was  filtered,  washed  with  H20  and  dried  under  reduced 
pressure  to  afford  14.7  g  of  poly[p-(1  -methoxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene]  as 
white  powder  having  Mw  20000  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1-methoxy- 

35  1  -methylethoxy)styrene  unit,  p-hydroxystyrene  unit  and  p-tert-butoxystyrene  unit  in  a  molar  ratio  of  ca.  30:60:  1  0  based 
on  1HNMR. 

Synthesis  Example  5 

40  Synthesis  of  poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene/p-methoxystyrene] 

[0081] 

(1)  Using  p-tert-butoxystyrene  (77.6  g,  0.44  mole)  and  p-methoxystyrene  (8.1  g,  0.06  mole),  the  polymerization 
45  and  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1  ,  (1  ),  to  give  77.  1  g  poly 

(p-tert-butoxystyrene/p-methoxystyrene)  as  white  powder  having  Mw  20000  (GPC  with  polystyrene  calibration). 
The  polymer  was  found  to  have  p-tert-butoxystyrene  unit  and  p-methoxystyrene  unit  in  a  molar  ratio  of  ca.  88:12 
based  on  1HNMR. 

so  (2)  Using  poly(p-tert-butoxystyrene/p-methoxystyrene)  (68.5  g)  obtained  in  above  (1),  the  reaction  and  the  treat- 
ment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1,  (2),  to  give  43.9  g  of  poly(p- 
hydroxystyrene/p-methoxystyrene)  as  white  powder.  The  polymer  was  found  to  have  p-hydroxystyrene  unit  and 
p-methoxystyrene  unit  in  a  molar  ratio  of  ca.  88:12  based  on  1HNMR. 

55  (3)  Using  poly(p-hydroxystyrene/p-methoxystyrene)  (15.2  g)  obtained  in  above  (2)  and  ethyl  vinyl  ether  (2.9  g), 
the  reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1  ,  (3),  to 
afford  1  4.4  g  of  poly[p-(1  -ethoxy-ethoxy)styrene/p-hydroxystyrene/p-methoxystyrene]  as  white  powder  having  Mw 
20000  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1  -ethoxyethoxy)styrene  unit,  p-hy- 
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droxystyrene  unit  and  p-methoxystyrene  unit  in  a  molar  ratio  of  ca.  30:58:12  based  on  1HNMR. 

Synthesis  Example  6 

5  Synthesis  of  poly[p-(1  -benzyloxy-1  -methylethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene] 

[0082] 

(1)  A  solution  of  poly(p-tert-butoxystyrene)  (15.0  g)  obtained  in  Synthesis  Example  3,  (1)  and  cone,  hydrochloric 
10  acid  (20  ml)  in  1  ,4-dioxane  was  reacted  with  stirring  for  4  hours  at  70  -  80°C.  After  cooling,  the  reaction  mixture 

was  poured  into  H20  (1  €)  and  the  polymer  was  precipitated.  The  precipitate  was  filtered,  washed  with  H20  and 
dried  under  reduced  pressure  to  give  9.4  g  of  poly(p-hydroxystyrene/p-tert-butoxystyrene)  as  white  powder.  The 
polymer  was  found  to  have  p-hydroxystyrene  unit  and  p-tert-butoxystyrene  unit  in  a  molar  ratio  of  ca.  95:5  based 
on  1HNMR. 

15 
(2)  Using  poly(p-hydroxystyrene/p-tert-butoxystyrene)  (15.4  g)  obtained  in  above  (1)  and  1  -benzyloxy-1  -propene 
(5.9  g),  the  reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example 
4,  to  give  13.4  g  of  poly[p-(1  -benzyloxy-1  -methylethoxy)styrene/p-hydroxystyrene/p-tert-butoxystyrene]  as  white 
powder  having  Mw  20000  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1-benzyloxy- 

20  1  -methylethoxy)styrene  unit,  p-hydroxystyrene  unit  and  p-tert-butoxystyrene  unit  in  a  molar  ratio  of  ca.  30:60:10 
based  on  1HNMR. 

Synthesis  Example  7 

25  Synthesis  of  poly[p-(1  -methoxyethoxy)styrene/  p-hydroxystyrene/p-chlorostyrene] 

[0083] 

(1)  Using  p-tert-butoxystyrene  (83.7  g,  0.475  mole)  and  p-chlorostyrene  (3.5  g,  0.025  mole),  the  polymerization 
30  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1  ,  (1  ),  to  give  75.9  g 

of  poly(p-tert-butoxystyrene/p-chlorostyrene)  as  white  powder  having  Mw  22000  (GPC  with  polystyrene  calibra- 
tion).  The  polymer  was  found  to  have  p-tert-butoxystyrene  unit  and  p-chlorostyrene  unit  in  a  molar  ratio  of  ca.  95: 
5  based  on  1HNMR. 

35  (2)  Using  poly(p-tert-butoxystyrene/p-chlorostyrene)  (61  .0  g)  obtained  in  above  (1  ),  the  reaction  and  the  treatment 
were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1  ,  (2),  to  give  36.0  g  of  poly(p-hydroxy- 
styrene/p-chlorostyrene)  as  white  powder.  The  polymer  was  found  to  have  p-hydroxystyrene  unit  and  p-chloros- 
tyrene  unit  in  a  molar  ratio  of  ca.  95:5  based  on  1HNMR. 

40  (3)  Using  poly(p-hydroxystyrene/p-chlorostyrene)  (15.1  g)  obtained  in  above  (2)  and  methyl  vinyl  ether  (2.9  g),  the 
reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  1  ,  (3),  to  give 
1  4.  1  g  of  poly[p-(1  -methoxyethoxy)styrene/p-hydroxystyrene/p-chlorostyrene]  as  white  powder  having  Mw  22000 
(GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1  -methoxyethoxy)styrene  unit,  p-hydroxy- 
styrene  unit  and  p-chlorostyrene  unit  in  a  molar  ratio  of  ca.  35:60:5  based  on  1HNMR. 

45 
Synthesis  Example  8 

Synthesis  of  poly[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/p-acetyloxystyrene] 

so  [0084] 

(1)  Using  p-acetyloxystyrene  (32.4  g),  the  polymerization  and  the  treatment  were  carried  out  in  the  same  manner 
as  described  in  Synthesis  Example  3,  (1),  to  give  30.0  g  of  poly(p-acetyloxystyrene)  as  white  powders  having  Mw 
15000  (GPC  with  polystyrene  calibration). 

55 
(2)  A  solution  of  poly(p-acetyloxystyrene)  (13.8  g)  obtained  in  above  (1)  and  cone,  hydrochloric  acid  (5  ml)  in 
1  ,4-dioxane  was  reacted  with  stirring  for  2  hours  at  70  -  80°C.  After  cooling,  the  reaction  mixture  was  poured  into 
H20  (1  €)  and  the  polymer  was  precipitated.  The  polymer  was  filtered,  washed  with  H20  and  dried  under  reduced 
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pressure  to  give  9.5  g  of  poly(p-hydroxystyrene/p-acetyloxystyrene)  as  white  powder.  The  polymer  was  found  to 
have  p-hydroxystyrene  unit  and  p-acetyloxystyrene  unit  in  a  molar  ratio  of  ca.  90:10  based  on  1HNMR. 

(3)  Using  poly(p-hydroxystyrene/p-acetyloxystyrene)  (9.5  g)  obtained  in  above  (2)  and  ethyl  vinyl  ether  (2.2  g),  the 
5  reaction  was  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  3,  (3),  the  precipitate  was  filtered, 

washed  with  H20  and  dried  under  reduced  pressure  to  give  9.9  g  of  poly[p-(1-ethoxyethoxy)styrene/p-hydroxy- 
styrene/p-acetyloxystyrene]  as  white  powder  having  Mw  17500  (GPC  with  polystyrene  calibration).  The  polymer 
was  found  to  have  p-(1-ethoxyethoxy)styrene  unit,  p-hydroxystyrene  unit  and  p-acetyloxystyrene  unit  in  a  molar 
ratio  of  ca.  35:55:  1  0  based  on  1  HNMR. 

10 
Synthesis  Example  9 

Synthesis  of  poly[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/p-tetrahydropyranyloxystyrene] 

is  [0085] 

(1  )  A  solution  of  p-acetyloxystyrene  (1  6.2  g)  obtained  in  Synthesis  Example  8,(1)  and  cone,  hydrochloric  acid  (25 
ml)  in  1  ,4-dioxane  was  reacted  with  stirring  for  4  hours  under  reflux.  After  cooling,  the  reaction  mixture  was  poured 
into  H20  (1  €)  and  the  polymer  was  precipitated.  The  precipitate  was  filtered,  washed  with  H20  and  dried  under 

20  reduced  pressure  to  give  11  .4  g  of  poly(p-hydroxystyrene)  as  white  powder. 

(2)  A  solution  of  poly(p-hydroxystyrene)  (10.8  g)  obtained  in  above  (1),  2,3-dihydropyran  (1.5  g)  and  pyridinium  p- 
toluenesulfonate  (0.05  g)  in  1,4-dioxane  was  reacted  with  stirring  for  15  hours  at  25  -  30°C.  After  reaction,  the 
reaction  mixture  was  poured  into  H20  (1  €)  and  the  polymer  was  precipitated.  The  precipitate  was  filtered,  washed 

25  with  H20  and  dried  under  reduced  pressure  to  afford  10.0  g  of  poly(p-hydroxystyrene/p-tertahydropyranyloxysty- 
rene)  as  white  powder.  The  polymer  was  found  to  have  p-hydroxystyrene  unit  and  p-tetrahydropyranyloxystyrene 
unit  in  a  molar  ratio  of  ca.  92:8  based  on  1HNMR. 

(3)  Using  poly(p-hydroxystyrene/p-tetrahydropyranyloxystyrene)  (9.5  g)  obtained  in  above  (2)  and  ethyl  vinyl  ether 
30  (2.  1  g),  the  reaction  was  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  3,  (3),  the  precipitate 

was  filtered,  washed  with  H20  and  dried  under  reduced  pressure  to  give  9.9  g  of  poly[p-(1  -ethoxyethoxy)styrene/ 
p-hydroxystyrene/p-tetrahydropyranyloxystyrene]  as  white  powder  having  Mw  17000  (GPC  with  polystyrene  cali- 
bration).  The  polymer  was  found  to  have  p-(1  -ethoxyethoxy)styrene  unit,  p-hydroxystyrene  unit  and  p-tetrahydro- 
pyranyloxystyrene  unit  in  a  molar  ratio  of  ca.  32:60:8  based  on  1HNMR. 

35 
Synthesis  Example  10 

Synthesis  of  poly[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene] 

40  [0086] 

(1)  A  suspension  of  ply(p-tert-butoxystyrene)  (35.3  g)  obtained  in  synthesis  Example  3,  (1)  and  cone,  hydrochloric 
acid  (50  ml)  in  iso-propanol  was  reacted  with  stirring  for  4  hours  under  reflux.  After  cooling,  the  reaction  mixture 
was  poured  into  H20  (3  €)  and  the  polymer  was  precipitated.  The  polymer  was  filtered,  washed  with  H20  and  dried 

45  under  reduced  pressure  to  afford  22.1  g  of  poly(p-hydroxystyrene)  as  white  powder. 

(2)  To  a  solution  of  poly(p-hydroxystyrene)  (16.2  g)  obtained  in  above  (1)  in  ethyl  acetate  (60  ml),  di-tert-butyl 
dicarbonate  (3.3  g)  and  anhydrous  potassium  carbonate  (2.5  g)  were  added  and  reacted  with  stirring  for  4  hours 
at  room  temperature.  After  reaction,  ethyl  acetate  was  removed  in  vacuo,  the  residue  was  diluted  with  acetone 

so  (80  ml),  and  then  the  solution  was  poured  into  H20  (1  €).  The  resultant  precipitate  was  filtered,  washed  with  H20 
and  dried  under  reduced  pressure  to  give  12.1  g  of  poly(p-hydroxystyrene/p-tertbutoxycarbonyloxystyrene)  as 
white  powder.  The  polymer  was  found  to  have  p-hydroxystyrene  unit  and  p-tert-butoxycarbonyloxystyrene  unit  in 
a  molar  ratio  of  ca.  91  :9  based  on  1  HNMR. 

55  (3)  Using  poly(p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene)  (11.4  g)  obtained  in  above  (2)  and  ethyl  vinyl 
ether  (2.5  g),  the  reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis 
Example  1  ,  (3),  to  give  6.8  g  of  ply[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/p-tert-bugtoxycarbonyloxystyrene] 
as  white  powder  having  Mw  21  500  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1  -ethox- 
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yethoxy)styrene  unit,  p-hydroxystyrene  unit  and  p-tert-butoxycarbonyloxystyrene  unit  in  a  molar  ratio  of  ca.  30:61  : 
9  based  on  1HNMR. 

Synthesis  Example  11 
5 

Synthesis  of  poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/p-(tert-butoxycarbonylmethoxy)styrene] 

[0087] 

10  (1)  A  suspension  of  poly(p-hydroxystyrene)  (16.2  g)  obtained  in  Synthesis  Example  10,  (1),  tert-butyl  monochlo- 
roacetate  (3.0  g)  and  anhydrous  potassium  carbonate  (2.8  g)  in  acetone  (200  ml)  was  reacted  with  stirring  for  2 
hours  under  reflux.  After  cooling,  the  inorganic  precipitate  was  filtered  off,  the  filtrate  was  poured  into  H20  (3  €) 
and  the  polymer  was  precipitated.  The  precipitate  was  filtered,  washed  with  H20  and  dried  under  reduced  pressure 
to  give  15.8  g  of  poly(p-hydroxystyrene/p-(tert-butoxycarbonylmethoxy)styrene)  as  white  powder.  The  polymer 

is  was  found  to  have  p-hydroxystyrene  unit  and  tert-butyl  p-vinylphenoxyacetate  unit  in  a  molar  ratio  of  ca.  90:10 
based  on  1HNMR. 

(2)  Using  poly(p-hydroxystyrene/p-(tert-butoxycarbonylmethoxy)styrene)  (1  3.2  g)  obtained  in  above  (1  )  and  methyl 
vinyl  ether  (2.0  g),  the  reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis 

20  Example  1,  (3),  to  give  10.6  g  of  poly[p-(1-methoxyethoxy)styrene/p-hydroxystyrene/  tert-butyl  p-vinylphenoxya- 
cetate]  as  white  powder  having  Mw  21000  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p- 
(l-methoxyethoxy)-styrene  unit,  p-hydroxystyrene  unit  and  tert-butyl  p-vinylphenoxyacetate  unit  in  a  molar  ratio 
of  ca.  35:55:10  based  on  1HNMR. 

25  Synthesis  Example  12 

Synthesis  of  1  ,2,3-tris(trifluoromethanesulfonyloxy)benzene 

[0088]  To  a  suspension  of  1  ,2,3-benzenetriol  (1.01  g,  8.01  mmole)  and  y-collidine  (4.14g,  32.3mmole)  in  methylene 
30  chloride  (60  ml),  trifluoromethanesulfonic  anhydride  (8.13  g,  28.8  mmole)  was  added  dropwise  at  -3  -  0°C  and  stirring 

was  continued  for  6  hours  at  the  same  temperature.  After  reaction,  H20  (50  ml)  and  toluene  (50  ml)  were  added  to  the 
mixture  with  stirring  and  standed.  The  organic  layer  was  separated,  washed  with  5%  sodium  hydroxide  aqueous  solution 
(50  ml)  then  H20  (50  ml),  dried  over  anhydrous  MgS04  and  evaporated.  The  residue  was  chromatographed  on  silica 
gel  (Wakogel  C-200,  manufactured  by  Wako  pure  Chemical  Industries,  Ltd.)  with  n-hexane/ethyl  acetate  [1/20  (v/v)] 

35  as  eluent  to  give  1  .82  g  of  1  ,2,3-tris(trifluoromethanesulfonyloxy)benzene  as  white  crystals,  m.p.  47.5  -  48.5°C. 

1HNMR  8  ppm  (CDCI3):  7.59  (3H,  s,  Aromatic). 
IR(KBr-disk)  vcnr1:  3116,  1137. 

40  Synthesis  Example  13 

Synthesis  of  2,3,4-tris(trifluoromethanesulfonyloxy)acetophenone 

[0089]  Using  2,3,4-trihydroxyacetophenone  (1.68  g,  10  mmole)  and  trifluoromethanesulfonic  anhydride  (9.88  g,  35 
45  mmole),  the  reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example  12, 

the  resultant  crude  yellow  oil  (5.3  g)  was  chromatographed  on  silica  gel  (Wakogel  C-200)  with  n-hexane/methylene 
chloride  (2/1)  as  eluent  to  give  2.77  g  of  2,3,4-tris(trifluoromethanesulfonyloxy)acetophenone  as  white  crystals,  m.p. 
74.8  -76.4°C 

so  1  HNMR  8  ppm  (CDCI3):  2.68  (3H,  s,  CH3),  7.67  (1  H,  d,  J=8.8Hz),  7.,  89  (1  H,  d,  J=8.8Hz). 
IR  (KBr-disk)  vcm"1:  3403,  3108,  2937,  1715,  1607,  1363  (S02),  1123  (S02). 

Synthesis  Example  14 

55  Synthesis  of  2,2',4,4'-tetra(trifluoromethanesulfonyloxy)benzophenone 

[0090]  Using  2,2',4,4'-tetrahydroxybenzophenone  (2.46  g,  10  mmole)  and  trifluoromethanesulfonic  anhydride  (13.3 
g,  47  mmole),  the  reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in  Synthesis  Example 
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1  2,  the  resultant  crude  yellow  oil  (7.7  g)  was  chromatographed  on  silica  gel  (Wakogel  C-200)  with  n-hexane/methylene 
chloride  [7/3  (v/v)]  as  eluent  to  give  2.1  g  of  2,2',4,4'-tetra-(trifluoromethanesulfonyloxy)benzophenone  as  pale  yellow 
crystals,  m.p.  94.0  -  96.0°C. 

5  1  HNMR  8  ppm  (CDCI3):  7.35  (2H,  d,  J=2.20Hz,  Aromatic),  7.51  (2H,  dd,  J=2.20Hz  and  J=8.43Hz,  Aromatic),  7.88 
(2H,  d,  J=8.43Hz,  Aromatic). 
IR  (KBr-disk)  vcm"1:  3091,  1683,  1609,  1138  (S02). 

Synthesis  Example  15 
10 

Synthesis  of  1  ,2,3-tris(2,2,2-trifluoroethanesulfonyloxy)benzene 

[0091]  To  a  suspension  of  1  ,2,3-benzenetriol  (2.30  g,  18  mmole)  and  triethylamine  (6.53  g,  64.5  mmole)  in  methylene 
chloride  (80  ml),  2,2,2-trifluoroethanesulfonyl  chloride  (11  .65  g,  64  mmole)  was  added  dropwise  at  -5  -  0°C,  continued 

is  to  stir  for  2  hours  at  the  same  temperature  and  standed  at  room  temperature  overnight.  The  reaction  mixture  was 
poured  into  cold  H20  (120  ml),  extracted  with  methylene  chloride  (80  ml),  the  organic  layer  was  washed  with  saturated 
sodium  bicarbonate  aqueous  solution  (80  m1x1),  then  H20  (80  m1x1),  dried  over  anhydrous  MgS04  and  evaporated. 
The  residual  oil  (8.3  g)  was  chroamtographed  on  silica  gel  (Wakogel  C-200,  manufactured  by  Wako  Pure  Chemical 
Industries,  Ltd.)  with  n-hexane/ethyl  acetate  [8/1  (v/v)]  as  eluent  and  recrystallized  from  n-hexane/methylene  chloride 

20  [2/1  (v/v)]  to  give  1  .2  g  of  1  ,2,3-tris(2,2,2-trifluoroethanesulfonyloxy)benzene  as  white  leaflets,  m.p.  73.5  -  75.0°C. 

1  HNMR  8  ppm  (DMSO-d6):  5.23  -  5.50  (6H,  m,  CH2  x  3),  7.65  -  7.76  (3H,  m,  Aromatic). 
IR  (KBr-disk)  vcm"1:  3022,  2968,  1334  (S02),  1156  (S02). 

25  Synthesis  Example  16 

Synthesis  of  2,3,4-tris(2,5-dichlorobenzenesulfonyloxy)acetophenone 

[0092]  To  a  solution  of  2,3,4-trihydroxyacetophenone  (1.18  g,  7  mmole)  and  triethylamine  (2.02  g,  20  mmole)  in 
30  methylene  chloride  (20  ml),  a  solution  of  2,5-dichlorobenzenesulfonyl  chloride  (4.90  g,  20  mmole)  in  methylene  chloride 

(10  ml)  was  added  dropwise  at  0  -  2°C  and  reacted  with  stirring  for  1  hour  at  the  same  temperature.  The  reaction 
mixture  was  poured  into  ice-cold  H20  (100  ml),  extracted  with  methylene  chloride  (100  mlx2),  the  organic  layer  was 
washed  with  H20  (100  mlx2),  dried  over  anhydrous  MgS04  and  evaporated.  The  residue  (7.3  g)  was  recrystallized 
from  methanol  to  give  3.0  g  of  2,3,4-tris(2,5-dichlorobenzenesulfonyloxy)acetophenone  as  white  crystals,  m.p.  165.0 

35  -  166.5°C. 

1HNMR  8  ppm  (DMSO-d6):  3.43  (3H,  s,  CH3CO),  7.46  (1H,  d,  J=9Hz  Aromatic),  7.64  (1H,  d,  J=8Hz,  Aromatic), 
7.79-7.98  (9H,  m,  Aromatic) 
IR  (KBr-disk)  vcm"1:  1730  (C=0),  1190  (S02) 

40 
Synthesis  Example  17 

Synthesis  of  diphenyl-p-tolylsulfonium  perfluorooctanesulfonate 

45  [0093]  To  a  solution  of  diphenylsulfoxide  (2.02  g,  10  mmole)  in  toluene  (30  ml),  trifluoroacetic  anhydride  (4.2  g,  20 
mmole)  was  added  dropwise  at  10°C  or  below,  then  perfluorooctanesulfonic  acid  (5.0  g,  10  mmole)  was  added  to  the 
mixture,  reacted  with  stirring  for  1  hour  at  10°C  or  below,  and  then  for  2  hours  at  room  temperature.  After  standing, 
the  oily  layer  was  separated,  washed  with  toluene  (30  mlx2)  and  with  n-hexane  (30  mlx3)  to  afford  7.4  g  of  diphenyl- 
p-tolylsulfonium  perfluorooctanesulfonate  as  yellow  viscous  oil. 

so  1  HNMR  8  ppm  (CDCI3):  2.44  (3H,  s,  CH3),  7.46  (2H,  d,  J=8Hz,  Aromatic),  7.60  (2H,  d,  J=8Hz,  Aromatic),  7.65-7.73 
(10H,  m,  Aromatic). 

55 
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Synthesis  Example  18 

Synthesis  of  triphenylsulfonium  p-toluenesulfonate 

5  [0094] 

(1  )  To  a  suspension  of  magnesium  turning  (1  2  g)  in  ethyl  ether  (500  ml),  bromobenzene  (83.5  g,  0.54  mole)  was 
added  dropwise  under  reflux  with  stirring  and  continued  to  stir  for  1  hour  under  reflux,  to  this  Grignard  reagent, 
benzene  (500  ml)  was  added  and  concentrated  until  500  ml.  To  this  resultant  mixture,  a  solution  of  diphenylsulfoxide 

10  (30  g,  0.15  mole)  in  benzene  (200  ml)  was  added  and  reacted  with  stirring  for  40  hours  under  reflux.  After  the 
reaction  mixture  was  cooled  to  0°C,  40%  tetrafluoroboric  acid  (50  ml)  was  added  dropwise  at  0  -  5°C  and  reacted 
with  stirring  for  5  hours  at  the  same  temperature.  After  standing  at  room  temperature  overnight,  the  aqueous  layer 
separated  was  extracted  with  methylene  chloride  (100  mlx3),  the  organic  layer  was  washed  with  H20,  dried  over 
anhydrous  sodium  sulfate  and  dried.  The  residual  crude  solid  was  recrystallized  from  chloroform/ethyl  ether  to 

is  give  28  g  of  triphenylsulfonium  tetrafluoroborate  as  white  crystals,  m.p.  291  -  292°C. 

(2)  To  a  solution  of  triphenylsulfonium  tetrafluoroborate  (1  .0  g,  3  mmole)  obtained  in  above  (1)  in  ethanol  (180  ml), 
a  solution  of  sodium  p-toluenesulfonate  (0.58  g,  3  mmole)in  H20  (20  ml)  was  added  with  vigorous  stirring  at  room 
temperature  and  continued  to  stir  for  2  hours  at  room  temperature.  After  standing  at  room  temperature  overnight, 

20  the  precipitate  was  filtered  off,  the  filtrate  was  concentrated  under  reduced  pressure  and  the  residue  was  recrys- 
tallized  from  methanol/ethyl  ether  to  give  1  .15  g  of  triphenylsulfonium  p-toluenesulfonate  as  white  needles,  m.p. 
100  -  102°C. 

Synthesis  Example  19 
25 

Synthesis  of  triphenylsulfonium  10-camphorsulfonate 

[0095]  To  a  solution  of  triphenylsulfonium  tetrafluoroborate  (1.0  g,  3  mmole)  obtained  in  Synthesis  Example  18,  (1) 
in  acetone  (50  ml),  a  solution  of  potassium  10-camphorsulfonate  (0.80  g,  3  mmole)  in  H20  (10  ml)  was  added  with 

30  vigorous  stirring  at  room  temperature  and  continued  to  stir  for  1  hour  at  room  temperature.  After  standing  at  room 
temperature  overnight,  the  precipitate  was  filtered  off,  the  filtrate  was  concentrated  under  reduced  pressure  and  the 
residue  was  recrystallized  from  methanol/ethyl  ether  to  afford  1.20  g  of  triphenylsulfonium  10-camphorsulfonate  as 
white  needles  having  a  melting  point  of  66°C  (dec). 

35  Reference  Example  1 

Synthesis  of  poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene) 

[0096] 
40 

(1)  A  solution  of  p-tert-butoxystyrene  (17.6  g)  in  toluene  containing  catalytic  amount  of  2,2'-azobisisobutyronitrile 
was  polymerized  at  80°C  for  6  hours  under  nitrogen.  After  cooling,  the  reaction  mixture  was  poured  into  methanol 
(1  €)  and  the  polymer  was  precipitated.  The  polymer  was  filtered,  washed  with  methanol  and  dried  under  reduced 
pressure  to  afford  16.8  g  of  poly(p-tert-butoxystyrene)  as  white  powder  having  Mw  10000  (GPC  with  polystyrene 

45  calibration). 

(2)  A  solution  of  poly(p-tert-butoxystyrene)  (15.0  g)  obtained  in  above  (1)  and  cone,  hydrochloric  acid  (10  ml)  in 
1,4-dioxane  was  refluxed  for  4  hours  with  stirring.  The  mixture  was  cooled,  poured  into  H20  (1  €)  and  the  solid 
was  precipitated.  The  polymer  was  filtered,  washed  with  H20  and  dried  under  reduced  pressure  to  give  9.7  g  of 

so  poly(p-hydroxystyrene)  as  white  powder. 

(3)  To  a  solution  of  poly(p-hydroxystyrene)  (4.0  g)  obtained  in  above  (2)  and  ethyl  vinyl  ether  (1.2  g)  in  a  mixed 
solvent  (35  ml)  of  1,4-dioxane  and  pyridine,  a  catalytic  amount  of  p-toluenesulfonic  acid  was  added  and  reacted 
with  stirring  at  room  temperature  for  24  hours.  The  reaction  mixture  was  poured  into  H20  (1  €)  and  a  white  solid 

55  was  precipitated.  The  polymer  was  filtered,  washed  with  h20  and  dried  under  reduced  pressure  to  afford  5.0  g  of 
poly[p-(1-ethoxyethoxy)styrene/p-hydroxystyrene]  as  white  powder  having  Mw  10000  (GPC  with  polystyrene  cal- 
ibration).  The  polymer  was  found  to  have  p-(1  -ethoxyethoxy)styrene  unit  and  p-hydroxystyrene  unit  in  a  molar  ratio 
of  ca.  4:6  based  on  1HNMR. 
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Reference  Example  2 

Synthesis  of  poly(p-tetrahydropyranyloxystyrene/p-hydroxystyrene) 

5  [0097]  To  a  solution  of  poly(p-hydroxystyrene)  (9.0  g)  obtained  in  Reference  Example  1  ,  (2)  in  1  ,2-dimethoxyethane 
(100  ml)  2,3-dihydroxypyran  (12.6  g)  and  sulfuric  acid  (0.5  ml)  were  added,  followed  by  reaction  at  30  -  40°C  for  15 
hours  with  stirring.  After  reaction,  the  mixture  was  evaporated  in  vacuo,  the  residue  was  neutralized  by  addition  of 
sodium  carbonate  and  poured  into  H20  (1  €)  to  precipitate  a  polymer.  The  polymer  was  filtered  by  suction,  washed 
with  H20  and  dried  under  reduced  pressure  to  give  11.0  g  of  poly(p-tetrahydropyranyloxystyrene/p-hydroxystyrene) 

10  as  white  powder  having  Mw  10000  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-tetrahydro- 
pyranyloxystyrene  unit  and  p-hydroxy  styrene  unit  in  a  molar  ratio  of  ca.  3:7  based  on  1HNMR. 

Reference  Example  3 

is  Synthesis  of  poly(p-tert-butoxycarbonyloxystyrene/p-hydroxystyrene) 

[0098] 

(1)  A  solution  of  p-tert-butoxycarbonyloxystyrene  (22  g,  0.1  mole)  obtained  by  the  method  of  USP  4,491  ,628  (1985) 
20  in  toluene  containing  catalytic  amount  of  2,2'-azobis(2,4-dimethylvaleronitrile)  was  polymerized  at  90°C  for  4  hours 

under  nitrogen.  After  cooling,  the  reaction  mixture  was  poured  into  methanol  and  the  polymer  was  precipitated. 
The  polymer  was  filtered,  washed  with  methanol  and  dried  under  reduced  pressure  to  give  15.2  g  of  poly(p-tert- 
butoxycarbonyloxystyrene)  as  white  powder  having  Mw  12000  (GPC  with  polystyrene  calibration). 

25  (2)  To  a  solution  of  poly(p-tert-butoxycarbonyloxystyrene)  (7.0  g)  obtained  in  above  (1)  in  1,4-dioxane,  cone,  hy- 
drochloric  acid  (5  ml)  was  added  and  continued  to  stir  under  reflux  for  2  hours.  After  cooling,  the  reaction  mixture 
was  poured  into  H20  (1  €)  and  the  polymer  was  precipitated.  The  polymer  was  filtered  by  suction,  washed  with 
H20  and  dried  under  reduced  pressure  to  give  4.8  g  of  poly(p-tert-butoxycarbonyloxystyrene/p-hydroxystyrene) 
as  white  powder  having  Mw  10000  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-tert- 

30  butoxycarbonyloxystyrene  unit  and  p-hydroxystyrene  unit  in  a  molar  ratio  of  ca.  4:6  based  on  1HNMR. 

Reference  Example  4 

Synthesis  of  poly(p-tert-butoxystyrene/p-hydroxystyrene) 
35 

[0099]  A  solution  of  poly(p-tert-butoxystyrene)  (1  5.0  g)  obtained  in  Reference  Example  1,(1)  and  cone,  hydrochloric 
acid  (10  ml)  in  1  ,4-dioxane  was  reacted  for  3  hours  at  80  -  85°C  with  stirring.  After  reaction,  the  reaction  mixture  was 
poured  into  H20  and  the  polymer  was  precipitated.  The  polymer  was  filtered  by  suction,  washed  with  H20  and  dried 
under  reduced  pressure  to  give  9.8  g  of  poly(p-tert-butoxystyrene/p-hydroxystyrene)  as  white  powder  having  Mw  9000 

40  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-tert-butoxystyrene  unit  and  p-hydroxystyrene 
unit  in  a  molar  ratio  of  ca.  35:65  based  on  1HNMR. 

Reference  Example  5 

45  Synthesis  of  9-diazo-10-phenanthrone 

[0100]  A  suspension  of  9,10-phenanthrenequinone  (2.08  g,  20  mmole)  and  p-toluenesulfonylhydrazide  (1.80  g,  19 
mmole)  in  ethanol  (20  ml)  was  refluxed  for  10  minutes  with  stirring.  After  cooling,  the  precipitate  was  filtered  and 
recrystallized  from  cyclohexane/petroleum  ether  to  give  1.1  g  of  9-diazo-10-phenan  throne  as  yellow  needles  having 

so  a  m.p.  107  -  109°C. 
IR  (KBr-disk)  v  cm"1:  2106  (CN2),  1615  (C=0). 

Reference  Example  6 

55  Synthesis  of  1-diazo-2-tetralone 

[0101]  To  a  solution  of  sodium  ethoxide  (20.0  g,  0.20  mole)  in  ethanol  (600  ml),  a  solution  of  2-tetralone  (42.4  g,  0.29 
mole)  in  ethanol  (100  ml)  was  added  dropwise  at  0°C  with  stirring,  then  p-toluenesulfonylazide  (59.2  g,  0.3  mole)  was 
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added  dropwise  at  -15°C  or  below  to  the  mixture  and  reacted  with  stirring  for  3  hours  at  -10  to  0°C.  The  reaction  mixture 
was  poured  into  H20  (1  €),  extracted  with  methylene  chloride  (500  mlx2),  the  organic  layer  separated  was  washed  with 
H20  (500  mlx3),  dried  over  anhydrous  MgS04  and  evaporated.  The  oily  residue  (72  g)  was  chromatographed  on  silica 
gel  (Wakogel  C-200)  with  n-hexane->n-hexane/methylene  chloride  (1/1)  as  eluent  and  recrystallized  from  n-hexane 

5  to  afford  6.0  g  of  1  -diazo-2-tetralone  as  yellow  crystals,  m.p.  42.5  -  44.2°C. 

1  HNMR  8  ppm  (CDCI3):  2.66  (2H,  t,  J=7Hz),  3.02  (2H,  t,  J=7Hz),  6.98  (1  H,  d,  J=8Hz),  7.1  0  (1  H,  t,  J=8Hz),  7.21  -7.29 
(2H,  m) 
IR  (Neat)  vcm"1:  2080  (CN2) 

10 
Reference  Example  7 

Synthesis  of  2-diazo-1-tetralone 

is  [0102] 

(1  )  A  solution  of  a-tetralone  (4.4  g,  30  mmole)  in  ethanol  (30  ml)  was  cooled  to  1  0°C,  90%  potassium  tert-butoxide 
(4.5  g,  36  mmole)  was  added  to  a  solution  and  continued  to  stir  for  30  minutes  at  10°C.  Then  isoamyl  nitrite  (3.5 
g,  30  mmole)  was  added  dropwise  at  10°C  to  the  solution  and  reacted  with  stirring  for  5  hours  at  the  same  tem- 

20  perature.  The  reaction  mixture  was  poured  into  H20,  neutralized  with  cone,  hydrochloric  acid,  extracted  with  meth- 
ylene  chloride,  the  organic  layer  was  separated  and  evaporated.  The  residual  dark-brownish  oil  (6.7  g)  was  crys- 
tallized  from  n-hexane,  the  crystals  was  filtered  and  dried  to  give  2.3  g  of  2-oxyimino-1-tetralone  as  dark-brown 
crystals. 

1HNMR  8  ppm  (CDCI3):  3.07  (2H,  t,  J=6Hz),  3.18  (2H,  t,  J=6Hz),  7.30  (1H,  d,  J=8Hz),  7.38  (1H,  t,  J=8Hz), 
25  7.54  (1H,  t,  J=8Hz),  8.12  (1H,  d,  J=8Hz). 

(2)  A  suspension  of  2-oxyimino-1-tetralone  (1.2  g,  7  mmole)  obtained  in  above  (1)  and  sodium  hydroxide  (0.4  g, 
10  mmole)  in  H20  (10  ml),  25%  ammonia  water  (4  ml)  was  added  dropwise  at  10°C  or  below,  then  hypochlorous 
acid  (30  ml)  was  added  dropwise  to  the  mixture  at  1  0°C  or  below  and  reacted  with  stirring  for  1  hour  at  1  0°C.  After 

30  reaction,  the  precipitate  was  filtered,  washed  with  H20  and  dried.  The  resultant  solid  (0.90  g)  was  dissolved  in 
methylene  chloride,  treated  with  active  carbon,  evaporated  and  the  residue  was  recrystallized  from  n-hexane  to 
give  0.55  g  of  2-diazo-1-tetralone  as  yellow  crystals,  m.p.  50.0  -  52.0°C. 

1HNMR  8ppm  (CDCI3):  3.01  (4H,  m),  7.21  (1H,  d,  J=7Hz),  7.36  (1H,  t,  J=7Hz),  7.42  (1H,  t,  J=7Hz),  8.01  (1H, 
35  d,  J=8Hz). 

IR  (KBr-disk)  vcm"1:  2073  (CN2),  1629  (C=0). 

Reference  Example  8 

40  Synthesis  of  9-diazofluorenone 

[0103] 

(1)  To  a  suspension  of  p-toluenesulfonylhydrazide  (3.7  g,  20  mmole)  in  ethanol  (60  ml),  9-fluorenone  (3.6  g,  20 
45  mmole)  was  added  and  reacted  for  6  hours  under  reflux.  After  cooling,  the  precipitate  was  filtered  and  dried  to 

give  5.4  g  of  9-fluorenone  p-toluenesulfonylhydrazide  as  pale  yellow  needles,  m.p.  173  -  174°C. 
IR  (KBr-disk)  vcm"1:  3212,  3065,  1909,  1597,  1453,  1407,  1337,  1315. 

(2)  A  suspension  of  9-fluorenone  p-toluenesulfonylhydrazide  (1.7  g,  5  mmole)  obtained  in  above  (1)  and  sodium 
so  ethoxide  (0.3  g,  5  mmole)  in  pyridine  (20  ml)  was  reacted  with  stirring  for  6  hours  at  60  -  65°C.  The  reaction  mixture 

was  poured  into  ice-cold  H20  (100  ml),  extracted  with  methylene  chloride  and  the  organic  layer  separated  was 
evaporated.  The  residual  brown  oil  was  chromatographed  on  silica  gel  (Wakogel  C-200,  manufactured  by  Wako 
Pure  Chemical  Industries,  Ltd.)  with  ethyl  acetate/n-hexane  (1/10)  as  eluent  to  give  0.6  g  of  9-diazofluorenone  as 
orange  yellow  needles,  m.p.  98.5  -  99.5°C. 

55 
1HNMR  8ppm  (CDCI3):  7.32  (2H,  t,  J=8Hz),  7.39  (2H,  t,  J=8Hz),  7.51  (2H,  d,  J=8Hz),  7.94  (2H,  d,  J=8Hz). 
IR  (KBr-disk)  vcm"1:  2087  (CN2) 
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Synthesis  Example  9 

Synthesis  of  9-(2-methoxyethoxy)methylanthracene 

5  [0104]  To  a  solution  of  2-methoxyethanol  (1  €)  in  benzene  (1  .5€),  cone,  sulfuric  acid  (3  ml)  was  added  and  the  mixture 
was  heated  to  80°C.  A  solution  of  9-anthracenemethanol  (45  g,  0.22  mole)  in  2-methoxyethanol  (450  ml)  was  added 
to  the  mixture  under  reflux  and  stirring  was  continued  for  1  .5  hours  under  reflux.  After  standing  at  room  temperature 
overnight,  the  reaction  mixture  was  washed  with  saturated  aqueous  sodium  bicarbonate,  dried  over  anhydrous  MgS04 
and  evaporated.  The  residual  crude  oil  (63  g)  was  chromatographed  on  silica  gel  (Wakogel  C-200,  manufactured  by 

10  Wako  Pure  Chemical  Industries,  Ltd.)  with  n-hexane/ethyl  acetate  [50/1  ->25/1  -»8/1  (V/V)]  as  eluent  to  give  47.6  g  of 
9-(2-methoxyethoxy)methylanthracene  as  orange  yellow  oil. 

1HNMR  Sppm  (CDCI3):  3.37  (3H,  s,  CH30),  3.53-3.57  (2H,  t,  CH3,  0-CH2-),  3.73-3.77  (2H,  t,  CH^O-CHqCHqO), 
5.55  (2H,  s,  Ar-CHoO-),  7.43-7.56  (4H,  m,  Aromatic  2-H,  3-H,  6-H,  7-H),  7.99  (2H,  d,  J=9Hz,  Aromatic  4-H,  5-H), 

is  8.42  (2H,  d,  J=9Hz,  Aromatic  1-H,  8-H),  8.44  (1H,  s,  Aromatic  10-H). 
IR  (Neat)  vcm"1:  1130. 

Reference  Example  10 

20  Synthesis  of  poly(tert-butyl  p-vinylphenoxyacetate/p-hydroxystyrene) 

[0105]  A  suspension  of  poly(p-hydroxystyrene)  (4.0  g)  obtained  in  the  same  manner  as  described  in  Reference 
Example  1  ,  (2),  tert-butyl  monochloroacetate  (3.0  g)  and  anhydrous  K2C03  (2.8  g)  in  acetone  (35  ml)  was  reacted  with 
stirring  for  2  hours  under  reflux.  After  cooling,  the  precipitate  was  filtered  off,  the  filtrate  was  poured  into  H20  (1  €)  and 

25  was  precipitated.  The  precipitate  was  filtered,  washed  with  H20  and  dried  under  reduced  pressure  to  give  5.2  g  of  poly 
(tert-butyl  p-vinylphenoxyacetate/p-hydroxystyrene)  as  white  powder  having  Mw  11000  (GPC  with  polystyrene  calibra- 
tion).  The  polymer  was  found  to  have  tert-butyl  p-vinylphenoxyacetate  unit  and  p-hydroxystyrene  unit  in  a  molar  ratio 
of  ca.  1:1  based  on  1HNMR. 

30  Reference  Example  11 

Synthesis  of  poly[p-(1  -ethoxyethoxy)styrene/p-hydroxystyrene/fumaronitrile] 

[0106] 
35 

(1)  A  solution  of  p-tert-butoxystyrene  (28.2  g,  0.16  mole)  and  fumaronitrile  (3.1  g,  0.04  mole)  in  toluene  containing 
catalytic  amount  of  2,2'-azobis-(methyl  2-methylpropionate)  was  polymerized  at  90°C  for  2  hours  under  nitrogen. 
After  cooling,  the  reaction  mixture  was  poured  into  methanol  and  the  polymer  was  precipitated.  The  polymer  was 
filtered,  washed  with  methanol  and  dried  under  reduced  pressure  to  afford  21.3  g  of  poly(p-tert-butoxystyrene/ 

40  fumaronitrile)  as  white  powder. 

(2)  Using  poly(p-tert-butoxystyrene/fumaronitrile)  (20.0  g)  obtained  in  above  (1),  the  reaction  and  the  treatment 
were  carried  out  in  the  same  manner  as  described  in  Reference  Example  1  ,  (2)  to  give  10.6  g  of  poly(p-hydroxy- 
styrene/fumaronitrile)  as  white  powder  having  Mw  10000  (GPC  with  polystyrene  calibration). 

45 
(3)  Using  poly(p-hydroxystyrene/fumaronitrile)  (9.0  g)  and  ethyl  vinyl  ether  (3.0  g),  the  reaction  and  the  treatment 
were  carried  out  in  the  same  manner  as  described  in  Reference  Example  1  ,  (3)  to  afford  8.8  g  of  poly[p-(1  -ethox- 
yethoxy)styrene/p-hydroxystyrene/  fumaronitrile)  as  white  powder  having  Mw  11000  (GPC  with  polystyrene  cali- 
bration).  The  polymer  was  found  to  have  p-(1  -ethoxyethoxy)styrene  unit  and  p-hydroxystyrene  unit  in  a  molar  ratio 

50  of  ca.  4:6  based  on  1  HNMR. 

Reference  Example  12 

Synthesis  of  poly[p-(1-methoxyethoxy)styrene/p-hydroxy  styrene] 
55 

[01  07]  Using  poly(p-hydroxystyrene)  (4.0  g)  obtained  in  the  same  manner  as  described  in  Reference  Example  1  ,  (2) 
and  methyl  vinyl  ether  (4.0  g),  the  reaction  and  the  treatment  were  carried  out  in  the  same  manner  as  described  in 
Reference  Example  1  ,  (3)  to  give  5.3  g  of  poly[p-(1  -methoxyethoxy)styrene/p-hydroxystyrene]  as  white  powder  having 
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Mw  10000  (GPC  with  polystyrene  calibration).  The  polymer  was  found  to  have  p-(1  -methoxyethoxy)styrene  unit  and 
p-hydroxystyrene  unit  in  a  molar  ratio  of  ca.  92:8  based  on  1HNMR. 

Reference  Example  13 

Synthesis  of  N-trifluoromethanesulfonyloxybicyclo[2,2,  1  ]-hept-5-ene-2,3-dicarboximide 

[0108]  To  a  solution  of  trifluoromethanesulfonic  anhydride  (6.5  g,  23  mmole)  in  methylene  chloride  (20  ml),  a  solution 
of  N-hydroxy-bicyclo[2,2,1]-hept-5-ene-2,3-dicarboximide  (3.6  g,  20  mmole)  and  pyridine  (1  .6  g)  in  methylene  chloride 
(10  ml)  was  added  dropwise  at  0  -  5°C  and  continued  to  stir  for  15  minutes  at  the  same  temperature.  The  reaction 
mixture  was  washed  with  H20  (20  mlx3),  dried  over  anhydrous  MgS04  and  evaporated.  The  residue  was  recrystallized 
from  ethanol  to  give  6.1  g  of  N-trifluoromethanesulfonyloxy-bicyclo-[2,2,1]-hept-5-ene-2,3-dicarboximide  as  white  nee- 
dles,  m.p.  89  -  90°C. 

1HNMR  Sppm  (CDCI3):  1.52  (1H,  d,  J=9Hz),  1.79  (1H,  d,  J=9Hz),  3.36  (2H,  s),  3.48  (2H,  s),  6.16  (2H,  s). 
IR  (KBr-disk)  vcm"1:  1757  (C=0),  1159  (S02). 

Reference  Example  14 

Synthesis  of  dimethylphenylsulfonium  trifluoromethanesulfonate 

[0109]  To  a  solution  of  thioanisole  (2.48  g,  20  mmole)  in  methylene  chloride  (20  ml),  methyl  trifluoromethanesulfonate 
(3.28  g,  20  mmole)  was  added  dropwise  at  10°C  or  below,  and  the  mixture  was  refluxed  for  2  hours  with  stirring.  After 
cooling,  the  reaction  solution  was  poured  into  n-hexane  (75  ml),  and  the  precipitate  was  filtered,  washed  with  n-hexane 
and  dried.  The  resultant  crude  solid  (5.35  g)  was  recrystallized  from  iso-propanol  to  give  4.8  g  of  dimethylphenylsul- 
fonium  trifluoromethanesulfonate  as  white  leaflets,  m.p.  106.0  -  107.2°C. 

1  HNMR  Sppm  (CDCI3):  3.00  (6H,  s,  CH3x2),  7.32  (2H,  t,  J=7Hz),  7.42  (1H,  t,  J=7Hz),  7.68  (2H,  d,  J=7Hz). 
IR  (KBr-disk)  vcm"1:  3023,  2947,  1451,  1426,  1254,  1228,  1154. 

Example  1 

[0110]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene  [Polymer  of  Synthesis  Example  3] 
Bis(cyclohexylsulfonyl)diazomethane 
Propylene  glycol  monomethyl  ether  acetate 

5.0  g 
0.3  g 

19.7  g 

[0111]  The  above  resist  material  was  spin  coated  on  each  of  the  three  substrates  (silicon  wafers)  and  prebaked  on 
a  hot  plate  at  90°C  for  90  seconds  to  form  a  1  .0  urn  thick  resist  film.  Then  the  whole  wafer  surface  was  exposed  by  a 
contact  exposure  machine  (provided  with  a  band  pass  filter  allowing  selective  passage  of  light  with  a  wavelength  of 
around  250  nm  alone)  for  30  seconds,  60  seconds  and  90  seconds  for  the  respective  substrates,  followed  by  postbaking 
on  a  100°C  hot  plate  for  90  seconds.  1HNMR  analysis  identified  the  polymer  in  each  of  the  exposed  resist  films  as  a 
copolymer  having  p-hydroxystyrene  unit  and  p-tert-butoxystyrene  unit  in  a  ratio  of  approximately  9:1  ,  with  nop-1-ethox- 
yethoxystyrene  unit  detected.  It  was  thus  confirmed  that  1  -ethoxyethoxy  group  alone  was  selectively  eliminated  by  the 
chemical  amplifying  action  of  the  exposure-generated  acid,  with  p-tert-butyl  group  undergoing  no  chemical  amplifica- 
tion. 

Example  2 

[0112]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/styrene)  [Polymer  of  Synthesis  Example  2] 
Bis(1  ,  1  -dimethylethylsulfonyl)diazomethane 
Propylene  glycol  monomethyl  ether  acetate 

5.0  g 
0.3  g 

14.7  g 

[0113]  A  pattern  forming  process  using  the  above  resist  material  is  explained  with  reference  to  FIGS.  1  A-1  C.  Above 
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resist  material  2  was  spin  coated  on  a  semiconductor  substrate  1  and  prebaked  on  a  hot  plate  at  90°C  for  90  seconds 
to  form  a  1  .0  urn  thick  resist  film  (FIG.  1  A).  This  resist  film  was  selectively  exposed  to  248.4  nm  KrF  excimer  laser  (NA 
0.50)  light  3  through  a  mask  4  (FIG.  1  B).  The  exposed  resist  film  was  postbaked  on  a  100°C  hot  plate  for  90  seconds 
and  then  developed  with  an  alkaline  developing  solution  (2.38%  tetramethylammonium  hydroxide  solution)  for  60  sec- 

5  onds,  whereby  the  exposed  portion  alone  of  the  resist  film  was  dissolved  away  to  form  a  positive  pattern  2a  (FIG.  1  C). 
The  thus  obtained  positive  pattern  had  a  rectangular  shape  and  showed  a  0.22  urn  line  and  space  resolving  perform- 
ance.  Exposure  dose  in  the  above  process  was  approximately  18  mJ/cm2. 
[0114]  Change  of  pattern  size  with  time  during  the  period  from  exposure  till  heat  treatment  (post-exposure-baking) 
was  measured.  0.22  urn  line  and  space  could  be  resolved  quite  normally  even  after  the  lapse  of  8  hours  from  exposure. 

10  [0115]  Also,  in  case  the  resist  material  of  the  present  invention  was  used,  good  mask  linearity  was  maintained  up  to 
0.25  urn  as  shown  in  FIG.  2.  In  the  case  of  defocus  exposure,  no  deterioration  of  shape  occurred  till  +0.8  urn  for  the 
0.3  urn  line  and  space,  and  a  satisfactory  focus  margin  could  be  obtained.  The  pattern  side  wall  was  also  smooth  and 
no  scum  was  observed. 
[01  1  6]  When  the  same  pattern  forming  operation  as  described  above  was  conducted  after  keeping  the  resist  material 

is  in  storage  at  23°C  for  one  month,  a  0.22  urn  line-and-space  positive  pattern  could  be  resolved  at  the  same  exposure 
energy,  indicating  good  storage  stability  of  this  resist  material. 

Examples  3-16 

20  [0117]  Photoresist  materials  of  the  compositions  shown  in  Tables  1-4  were  prepared. 

Table  1 

Example  3  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-methylstyrene)  [Polymer  of  Synthesis  5.0  g 
Example  1] 

25 

1-Acetyl-1-(1-methylethylsulfonyl)diazomethane  0.6  g 

30  Propylene  glycol  monomethyl  ether  acetate  14.4  g 
Example  4  Poly(p-1  -methoxy-1  -methylethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene  5.0  g 

[Polymer  of  Slynthesis  Example  4] 

35 Bis(1-methylsulfonyl)diazomethane  0.6  g 

Propylene  glycol  monomethyl  ether  acetate  14.4  g 

40  Example  5  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-methoxystyrene)  [Polymer  of  Synthesis  5.0  g 
Example  5] 

Bis(1,1-dimethylethylsulfonyl)diazomethane  0.6  g 
45 

Propylene  glycol  monomethyl  ether  acetate  14.4  g 
Example  6  Poly)p-1  -benzyloxy-1  -methylethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene  5.0  g 

[Polymer  of  Synthesis  Example  6] 
50 

1  -Diazo-1  -methylsulfonyl-4-phenylbutane-2-one  0.7  g 

55  Methyl  3-methoxypropionate  17.3  g 
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Table  2 

Example  7  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

Bis(cyclohexylsulfonyl)  diazomethane  0.5  g 

9-Diazo-10-phenanthrone  [Ultraviolet  absorbent  of  Reference  Example  5]  0.1  g 

Propylene  glycol  monomethyl  ether  acetate  14.4  g 
Example  8  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/styrene)  5.0  g 

1  -Diazo-1  -cyclohexylsulfonyl-3,3-dimethyl-2-butanone  0.7  g 

1-  Diazo-2-tetralone  [Ultraviolet  absorbent  of  Reference  Example  6]  0.1  g 

Ethyl  lactate  17.2  g 
Example  9  Poly(p-1  -methoxy-1  -methylethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

Bis(cyclohexylsulfonyl)dioazomethane  0.7  g 

2-  Diazo-1-tetralone  [Ultraviolet  absorbent  of  Reference  Example  7]  0.1  g 

propylene  glycol  monomethyl  ether  acetate  14.2  g 

Table  3 

Example  10  Poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/p-chlorostyrene)  [Polymer  of  5.0  g 
Synthesis  Example  7] 

1  -Diazo-1  -methylsulfonyl-4-phenylbutan-2-one  0.6  g 

Propylene  glycol  monomethyl  ether  acetate  15.4  g 
Example  11  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-methoxystyrene)  5.0  g 

Bis(1,1-dimethylethylsulfonyl)diazomethane  0.5  g 

9-Diazofluorene  [Ultraviolet  absorbent  of  Reference  Example  8]  0.1  g 

Methyl  3-methxypropionate  17.4  g 
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Table  3  (continued) 
Example  12  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene  5.0  g 

Bis(cyclohexylsulfonyl)diazomethane  0.7  g 

9-(2-Methoxyethoxy)methylanthracene  [Ultraviolet  absorbent  of  Reference  Example  9]  0.1  g 

Propylene  glycol  monomethyl  ether  acetate  14.2  g 
Example  13  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/styrene)  5.0  g 

1-Acetyl-1-(1-methylethylsulfonyl)diazomethane  0.6  g 

9-Diazo-10-phenanthrone  0.1  g 

Ethyl  lactate  17.3  g 

Table  4 

Example  14  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-methylstyrene)  5.0  g 

Bis(1,1-dimethylethylsulfonyl)diazomethane  0.6  g 

9-(2-Methoxyethoxy)methylanthracene  0.1  g 

propylene  glycol  monomethyl  ether  acetate  14.3  g 
Example  15  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

Bis(cyclohexylsulfonyl)diazomethane  0.7  g 

9-(2-Methoxyethoxy)methylanthracene  0.1  g 

propylene  glycol  monomethyl  ether  acetate  14.2  g 
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Table  4  (continued) 
Example  16  Poly(p-1  -methoxy-1  -methylethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

1  -Diazo-1  -methylsulfonyl-4-phenylbutan-2-one  0.6  g 

Dimethylphenylsulfonium  trifluoromethanesulfonate  [Photoacid  generator  of  Reference  0.1  g 
Example  14] 

9-(2-Methoxyethoxy)methylanthracene  0.1  g 

Propylene  glycol  monomethyl  ether  acetate  14.4  g 

[0118]  Using  the  above  resist  materials,  patterns  were  formed  according  to  the  same  process  as  Example  2.  The 
results  are  shown  in  Table  5. 
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[0119]  As  is  seen  from  Table  5,  in  any  of  Examples  3-16,  a  positive  pattern  could  be  formed  as  in  Example  2,  and 
the  0.22-0.24  urn  line  and  space  could  be  resolved  normally  even  after  the  lapse  of  8  hours  from  exposure  in  the 
process  from  exposure  to  heat  treatment  (post-exposure-baking)  as  in  Example  2.  Also,  a  focus  margin  above  +0.8 
urn  could  be  obtained  for  0.30  urn  line  and  space,  and  good  mask  linearity  was  maintained  up  to  0.25  urn. 
[0120]  Further,  any  of  the  resist  materials  according  to  Examples  3-16  showed  good  storage  stability. 

Example  17 

[0121]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1  -ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 
Bis(cyclohexylsulfonyl)diazomethane  0.3  g 
1  ,2,3-tris(trifluoromethanesulfonyloxy)  benzene  [Photoacid  generator  of  Synthesis  Example  12]  0.03  g 
Propylene  glycol  monomethyl  ether  acetate  19.67  g 

[0122]  Using  the  above  resist  material,  a  pattern  was  formed  in  the  same  manner  as  described  in  Example  2.  The 
obtained  pattern  had  a  rectangular  shape  and  showed  a  0.22  urn  line  and  space  resolution.  Exposure  applied  in  this 
process  was  approximately  14  mJ/cm2. 
[0123]  Change  of  pattern  size  during  the  period  from  exposure  till  heat  treatment  (post-exposure-baking)  was  made. 
0.22  urn  line  and  space  could  be  resolved  in  a  satisfactory  way  even  after  the  lapse  of  8  hours  from  exposure. 
[0124]  Also,  in  case  the  above  resist  material  was  used,  good  mask  linearity  was  maintained  up  to  0.25  urn  In  the 
case  of  defocus  exposure,  no  deterioration  of  shape  took  place  till  ±0.8  urn  for  the  0.30  urn  line  and  space,  and  a 
sufficient  focus  margin  was  obtained. 
[0125]  The  pattern  formed  by  using  the  above  resist  material  was  smooth  on  its  side  wall.  Also,  because  of  sufficient 
supply  of  acid  along  the  full  length  of  resist  down  to  the  bottom  portion  thereof,  no  tails  and  scums  were  observed  at 
the  end  of  the  pattern  as  shown  in  FIG.  3.  Further,  when  a  pattern  was  formed  in  the  same  manner  as  described  above 
after  keeping  the  resist  material  in  storage  at  23°C  for  one  month,  a  0.22  urn  line  and  space  positive  pattern  could  be 
resolved  at  the  same  exposure  to  show  good  storage  stability  of  the  resist  material. 

Examples  18-29 

[0126]  Photoresist  materials  of  the  compositions  shown  in  Tables  6-9  were  prepared. 

Table  6 

Example  18  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.5  g 

Bis(1  ,  1  -dimethylethylsulfonyl)  diazomethane  0.3  g 

2,3,4-Tris(trifluoromethanesulfonyloxy)acetophenone  [Photoacid  generator  of  Synthesis  0.05  g 
Example  13] 

Propylene  glycol  monomethyl  ether  acetate  19.17  g 
Example  19  Poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

Bis(1  ,  1  -dimethylethylsulfonyl)diazomethane  0.3  g 

2,2',4,4'-tetra(trifluoromethanesulfonyloxy)benzophenone  [Photoacid  generator  of  0.05  g 
Synthesis  Example  14] 

Propylene  glycol  monomethyl  ether  acetate  1  9.67  g 
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Table  6  (continued) 
Example  20  Poly(p-1  -methoxy-1  -methylethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

1-Diazo-methylsulfonyl-4-phenylbutan-2-one  0.3  g 

1  .2.3-  Tris(2,2,2-trifluoroethanesulfonyloxy)benzene  [Photoacid  generator  of  Synthesis  0.05  g 
Example  15] 

9-(2-Methoxyethoxy)methylanthracene  0.1  g 

Propylene  glycol  monomethyl  ether  acetate  14.57  g 

Table  7 

Example  21  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-acetyloxystyrene)  [Polymer  of  5.0  g 
Synthesis  Example  8] 

Bis(1  ,  1  -dimethylethylsulfonyl)diazomethane  0.3  g 

Diphenyl-p-tolylsulfonium  perfluorooctane  sulfonate  [Photoacid  generator  of  Synthesis  0.02  g 
Example  17] 

Propylene  glycol  monomethyl  ether  acetate  14.68  g 
Example  22  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tetrahydropyranyloxystyrene)  5.  0  g 

[Polymer  of  Synthesis  Example  9] 

Bis(1  ,  1  -dimethylethylsulfonyl)diazomethane  0.3  g 

2.3.4-  tris(2,5-dichlorobenzenesulfonyloxy)acetophenone  [Photoacid  generator  of  0.02  g 
Synthesis  Example  16] 

Ethyl  lactate  14.65  g 
Example  23  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene)  5.0  g 

[Polymer  of  Synthesis  Example  10] 

Bis(cyclohexylsulfonyl)diazomethane  0.3  g 

Triphenylsulfonium  trifluoromethanesulfonate  [Commercial  product]  0.02  g 

Propylene  glycol  monomethyl  ether  acetate  14.65  g 
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Table  8 

Example  24  Poly(p-1-methoxyethoxystyrene/p-hydroxystyrene/p-(tert-butoxycarbonylmethoxy)  5.0  g 
styrene  [Polymer  of  Synthesis  Example  11] 

Bis(1-methylethylsulfonyl)diazomethane  0.3  g 

2,3,4-tris(2,5-dichlorobenzenesulfonyloxy)acetophenone  0.03  g 

Propylene  glycol  monomethyl  ether  acetate  14.7  g 
Example  25  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

Bis(cyclohexylsulfonyl)diazomethane  0.3  g 

Triphenylsulfonium  trifluoromethanesulfonate  0.03  g 

Propylene  glycol  monomethyl  ether  acetate  14.7  g 
Example  26  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene  5.0  g 

Bis(1  ,  1  -dimethylethylsulfonyl)diazomethane  0.3  g 

Methylsulfonyl-p-toluenesulfonyldiazomethane  0.03  g 

Ethyl  lactate  14.8  g 

Table  9 

Example  27  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.5  g 

1  -Acetyl-1  -(1  -methylethylsulfonyl)diazomethane  0.3  g 

Diphenyl-p-tolylsulfonium  perfluorooctanesulfonate  0.03  g 

Propylene  glycol  monomethyl  ether  acetate  14.2  g 
Example  28  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene)  5.0  g 

Bis(cyclohexylsulfonyl)  diazomethane  0.3  g 

Triphenylsuflonium  1  0-camphorsulfonate  [Photoacid  generator  of  Synthesis  Example  1  9]  0.03  g 

Propylene  glycol  monomethyl  ether  acetate  14.4  g 

43 



EP  0  704  762  B1 

Table  9  (continued) 
Example  29  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene)  5.0  g 

Bis(1  ,  1  -dimethylethylsulfonyl)  diazomethane  0.3  g 

Triphenylsulfonium  p-toluenesulfonate  [Photoacid  generator  of  Synthesis  Example  18]  0.03  g 

Propylene  glycol  monomethyl  ether  acetate  14.4  g 

[0127]  Using  the  above  resist  materials,  patterns  were  formed  according  to  the  process  of  Example  2.  Results  are 
shown  in  Table  10. 
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[0128]  As  is  seen  from  Table  10,  in  any  of  Examples  18-29,  0.22-0.24  urn  line  and  space  could  be  resolved  normally 
even  after  the  lapse  of  8  hours  from  start  of  the  operation  from  exposure  till  heat  treatment  (post-exposure-baking)  as 
in  Example  2.  Also,  in  case  the  above  resist  materials  were  used,  good  mask  linearity  was  maintained  up  to  0.25  urn. 
In  the  case  of  defocus  exposure,  the  formed  patterns  had  a  smooth  side  wall.  Further,  due  to  sufficient  supply  of  acid 
down  to  the  bottom  portion  of  resist,  there  was  observed  no  scum  and  tails  at  the  bottom  portion  of  pattern.  A  focus 
margin  greater  than  +0.8  urn  was  obtained  for  0.30  urn  line  and  space.  Any  of  the  resist  materials  of  Examples  1  8-29 
showed  satisfactory  storage  stability. 

Example  30 

[0129]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene) 

Triphenylsulfonium  trifluoromethane  sulfonate 

Propylene  glycol  monomethyl  ether  acetat 

5.0  g 

0.3  g 

14.7  g 

[0130]  The  above  resist  material  was  spin  coated  on  a  semiconductor  substrate  and  prebaked  on  a  hot  plate  at  90°C 
for  90  seconds  to  form  a  1.0  urn  thick  film  of  resist  material.  On  this  resist  material  film  was  spin  coated  a  coating 
material  of  the  following  composition  to  form  a  0.1-0.15  urn  overcoat: 

Polyacrylic  acid  2.0  g 

Perfluorooctanesulfonic  acid  2.5  g 

Fluorine-containing  nonionic  surfcatant  0.2  g 

Water  95.3  g 

[0131]  Then  a  pattern  was  formed  in  the  same  way  as  Example  2.  The  obtained  pattern  was  of  a  rectangular  shape 
and  had  a  0.22  urn  line  and  space  resolving  power.  Exposure  dose  in  the  above  process  was  approximately  15  mJ/ 
cm2.  Pattern  size  was  measured  with  the  laspe  of  time  during  operation  from  exposure  till  heat  treatment.  As  it  was 
found,  0.22  urn  line  and  space  could  be  resolved  even  after  the  lapse  of  8  hours  from  exposure.  Due  to  additional  use 
of  said  aqueous  overcoating  material,  mask  linearity  was  maintained  good  up  to  0.25  urn.  There  was  observed  no 
scum  and  tails  at  the  pattern  bottom.  The  above  resist  material  also  showed  good  storage  stability. 

Comparative  Examples  1-14 

[0132]  By  way  of  comparison,  photoresist  materials  were  prepared  from  the  formulations  shown  in  Tables  11  -14  and 
patterns  were  formed  in  the  same  manner  as  described  in  Example  2  using  the  above  photoresist  materials. 
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Results  are  shown  in  Tables  15-16. 

[0133]  The  result  (T-shaping)  of  pattern  forming  process  of  Comparative  Example  1  where  the  resist  material  was 
heat  treated  (post-exposure-baked)  and  developed  after  the  lapse  of  30  minutes  from  exposure  is  shown  in  FIG.  4, 
and  the  result  (failure  to  form  a  pattern)  of  pattern  forming  processes  of  Comparative  Examples  2  and  3  where  heat 
treatment  and  development  were  carried  out  after  the  lapse  of  30  minutes  form  exposure,  Comparative  Examples  4-8 
and  10-14  where  heat  treatment  and  development  were  conducted  after  the  lapse  of  15  minutes  from  exposure  and 
Comparative  Example  9  where  heat  treatment  and  development  were  conducted  after  the  laspe  of  8  hours  from  ex- 
posure,  is  shown  in  FIG.  5. 
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Comp.  Example  1 
Table  11 

Poly(p-tetrahydropyranyloxystyrene/p-hydroxystyrene)  [Polymer  of  Reference 
Example  2] 

Bis(cyclohexylsulfonyl)diazomethane 

Diethylene  glycol  dimethyl  ether 

Comp.  Example  2 Poly(p-tert-butoxystyrene/p-hydroxystyrene)  [Polymer  of  Reference  Example  4] 

Bis(cyclohexylsulfonyl)diazomethane 

Diethylene  glycol  dimethyl  ether 

Comp.  Example  3 Poly(p-tert-butoxycarbonyloxystyrene/p-hydroxystyrene  [Polymer  of  Reference 
Example  3] 

Bis(cyclohexylsulfonyl)diazomthane 

Diethylene  glycol  dimethyl  ether 

Comp.  Example  4 Poly(p-tert-butoxycarbonyloxystyrene/p-hydroxystyrene) 

Triphenylsuflonium  trifluoromethanesulfonate  [Commercial  product] 

Propylene  glycol  monomethyl  ether  acetate 

Comp.  Example  5 Poly(p-tetrahydropyranyloxystyrene/p-hydroxystyrene) 

Diphenyliodonium  hexafluorophosphate  [Commercial  product] 

Diethylene  glycol  dimethyl  ether 

Table  12 

Comp.  Example  6 Poly(p-tert-butoxystyrene/p-hydroxystyrene) 

Triphenylsulfonium  hexafluorophosphate 

Diethylene  glycol  dimethyl  ether 

Comp.  Example  7 Poly(p-tert-butoxyxarbonyloxystryene/p-hydroxystyrene) 

Diphenyliodonium  hexafluorophosphate 

Diethylene  glycol  dimethyl  ether 
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Table  12  (continued) 
Comp.  Example  8 Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/styrene  [Polymer  of  Synthesis 

Example  2] 

Tris(trichloromethyl)-s-triazine 

Triethanolamine 

Propylene  glycol  monomethyl  ether  acetate 

Comp.  Example  9 Poly(p-(tert-butoxycarbonylmethoxy)styrene/p-hydroxystyrene)  [Polymer  of 
Reference  Example  10] 

Bis(cyclohexylsulfonyl)diazomethane 

Methyl  3-methoxypropionate 

Table  1  3 

Comp.  Example  10 Poly(p-1  -ethoxyethoxystyrene/p-hydroxystyrene/p-methylstyrene)  [Polymer  of 
Synthesis  Example  1] 

Diphenyliodonium  hexafluorophosphate 

Propylene  glycol  monomethyl  ether  acetate 

Comp.  Example  11 Poly(p-1  -ethoxyethoxystyrene/p-hydroxystyrene/p-acetyloxystyrene  [Polymer  of 
Synthesis  Example  8] 

Triphenylsulfonium  hexafluorophosphate 

Propylene  glycol  monomethyl  ether  acetate 

Comp.  Example  12 Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert- 
butoxycarbonyloxystyrene)  [Polymer  of  Synthesis  Example  10] 

Diphenyliodonium  hexafluorophosphate 

Propylene  glycol  monomethyl  ether  acetate 
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Table  14 

Comp.  Example  13  Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene) 

Tris(trichloromethyl)-s-triazine 

Acetamide 

Propylene  glycol  monomethyl  ether  acetate 

Comp.  Example  14 Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert- 
butoxycarbonyloxystyrene) 

2,6-Dinitrobenzyl  p-toluenesulfonate 

Propylene  glycol  monomethyl  ether  acetate 
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[0134]  As  is  seen  from  Tables  15-1  6  and  FIGS.  4-5,  the  resist  materials  prepared  according  to  the  above  Comparative 
Examples  are  all  inferior  in  resolution  to  the  resist  materials  using  the  polymers  according  to  the  present  invention. 
Also,  in  case  a  time  of  15-30  minutes  or  more  is  required  for  the  process  from  exposure  to  heat  treatment  (post- 
exposure-baking)  as  in  the  case  of  Comparative  Examples  1-6,  there  takes  place  "T-shaping"  of  the  pattern  or  it  be- 
comes  impossible  to  form  a  pattern  itself.  The  resist  material  of  Comparative  Example  9  was  incapable  of  forming  a 
pattern  when  heat  treatment  was  conducted  after  the  lapse  of  8  hours  from  exposure.  Further,  in  the  case  of  the  resist 
material  prepared  by  combining  a  polymer  according  to  the  present  invention  and  tris(trichloromethyl)-s-triazine/hy- 
drogen  donor,  a  known  photoacid  generator,  no  pattern  can  be  formed  when  15-30  minutes  or  longer  time  is  required 
for  the  process  from  exposure  till  heat  treatment  as  seen  from  the  result  of  Comparative  Example  1  3. 
[0135]  In  the  case  of  the  photoresist  materials  of  Comparative  Examples  10-12,  when  it  was  tried  to  form  a  pattern 
by  following  the  process  of  Example  2  after  leaving  the  resist  materials  at  23°C  for  one  week,  both  exposed  and  non- 
exposed  portions  were  dissolved  in  the  developing  solution  and  no  pattern  could  be  obtained,  indicating  poor  storage 
stability  of  these  photoresist  materials. 

Comparative  Example  15 

[0136]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxystyrene  5.0  g 

2-methyl-2-(p-toluenesulfonyl)propiophenone 

Propylene  glycol  monomethyl  ether  acetate 

0.3  g 

14.7  g 

[0137]  Using  the  above  resist  material,  pattern  formation  was  carried  out  according  to  the  process  of  Example  2. 
Although  a  0.22  urn  line  and  space  positive  pattern  could  be  formed  at  exposure  of  16  mJ/cm2,  the  bottom  portion  of 
the  pattern  terminated  into  tails  as  shown  in  FIG.  6,  making  the  pattern  shape  non-conforming.  Mask  linearity  was  also 
poor  as  shown  in  FIG.  7.  Further,  focus  margin  for  0.30  urn  line  and  space  was  as  small  as  +0.6  urn. 

Comparative  Example  16 

[0138]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/fumaronitrile)  [Polymer  of  Reference  Example  11] 

2-cyclohexylcarbonyl-2-(p-toluenesulfonyl)propane 

Propylene  glycol  monomethyl  ether  acetate 

5.0  g 

0.3  g 

14.7  g 

[01  39]  Using  the  above  resist  material,  pattern  formation  was  carried  out  in  the  same  manner  as  described  in  Example 
2.  As  a  result,  a  0.24  urn  line  and  space  positive  pattern  was  formed  at  exposure  of  18  mJ/cm2,  but  the  focus  margin 
for  0.30  urn  line  and  space  and  mask  linearity  were  unsatisfactory  as  in  Comparative  Example  15. 

Comparative  Example  17 

[0140]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene)  [Polymer  of  Reference  Example  1]  6.0  g 

Bis(cyclohexylsulfonyl)diazomethane 

Diethylene  glycol  dimethylether 

0.4  g 

13.6  g 

[0141]  Using  the  above  resist  material,  the  pattern  forming  process  of  Example  2  was  carried  out.  A  0.30  urn  line 
and  space  positive  pattern  was  formed  at  exposure  of  15  mJ/cm2,  but  scums  were  observed  at  the  bottom  portion  of 
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the  pattern  as  shown  in  FIG.  8.  Also,  the  focus  margin  for  0.30  urn  line  and  space  and  mask  linearity  were  unsatisfactory 
as  in  Comparative  Example  15. 

Comparative  Example  18 

[0142]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene)  [Polymer  of  Reference  Example  12] 

Triphenylsulfonium  trifluoromethanesulfonate 

Propylene  glycol  monomethyl  ether  acetate 

6.0  g 

0.3  g 

13.7  g 

[01  43]  Using  the  above  resist  material,  the  process  of  Example  2  was  carried  out  for  forming  a  pattern.  Film  exfoliation 
occurred  during  development  due  to  imperfect  adhesion  to  the  substrate,  making  it  unable  to  form  a  pattern.  Even  if  a 
pattern  could  be  formed,  the  top  of  the  resist  film  was  rounded  and  tails  were  formed  at  the  bottom  portion  of  the  pattern 
as  shown  in  FIG.  9  due  to  poor  heat  resistance  of  said  resist  material. 

Comparative  Example  19 

[0144]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene/p-tert-butoxycarbonyloxystyrene) 

N-trifluoromethanesulfonyloxybicyclo[2,2,2]-hepto-5-ene-2,3-dicarboxyimide  [Photoacid  generator  of 
Reference  Example  13] 

Propylene  glycol  monomethyl  ether  acetate 

5.0  g 

0.3  g 

14.7  g 

[0145]  Using  the  above  resist  material,  pattern  formation  was  conducted  according  to  the  procedure  of  Example  2. 
A  0.30  urn  line  and  space  positive  pattern  was  formed  at  exposure  of  9  mJ/cm2.  However,  when  the  same  pattern 
forming  operation  was  carried  out  after  3-day  preservation  of  the  resist  material  at  23°C,  although  a  0.40  urn  line  and 
space  positive  pattern  was  formed  at  exposure  of  4  mJ/cm2,  the  0.30  urn  line  and  space  could  not  be  resolved.  Also, 
a  change  of  sensitivity  was  observed. 

Comparative  Example  20 

[0146]  A  photoresist  material  of  the  following  composition  was  prepared: 

Poly(p-1-ethoxyethoxystyrene/p-hydroxystyrene)  [Polymer  of  Reference  Example  1]  6.0  g 

Triphenylsulfonium  trifluoromethanesulfonate 

Propylene  glycol  monomethyl  ether  acetate 

0.3  g 

13.7  g 

[0147]  Using  the  above  resist  material,  the  process  of  Example  2  was  repeated.  A  0.30  urn  line  and  space  positive 
pattern  was  formed  at  exposure  of  6  mJ/cm2,  but  when  heating  and  development  were  performed  after  the  lapse  of 
one  hour  from  exposure,  the  size  of  the  pattern  formed  was  more  than  10%  smaller  than  that  formed  when  heating 
and  development  were  conducted  immediately  after  exposure. 
[0148]  As  is  appreciated  from  the  foregoing  explanation,  when  a  resist  material  comprising  a  polymer  according  to 
the  present  invention  is  used  for  exposure  with  a  light  source  of  300  nm  or  less,  such  as  deep  ultraviolet  light  or  KrF 
excimer  laser  light  (248.4  nm),  it  is  possible  to  obtain  a  fine  pattern  having  a  very  high  resolving  performance,  capable 
of  maintaining  its  size  unchanged  throughout  the  period  of  operation  from  exposure  till  heat  treatment  (post-exposure- 
baking)  and  having  a  good  shape  with  a  practical  size  of  quarter-micron  order  with  a  large  focal  depth  tolerance.  Mask 
linearity  is  also  improved.  Therefore,  the  present  invention  is  of  great  worth  for  ultra-fine  pattern  formation  in  semicon- 
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ductor  industries. 
[0149]  The  resist  material  using  a  polymer  according  to  the  present  invention  is  particularly  useful  for  pattern  forma- 
tion  by  use  of  deep  ultraviolet  light  or  KrF  excimer  laser  light,  but  it  can  also  as  well  be  applied  to  pattern  formation 
using  i-line  (365  nm),  electron  beams,  soft  X-rays  or  the  like. 

5 

Claims 

1.  A  resist  material  comprising: 
10 

(a)  a  polymer  represented  by  the  formula  [1]: 

15 R  R1 
i 

R 

-  ( C - C H * )   k  -  ( C - C H :   )  r  -   ( C - C H j   )  m  -  

20 
R2 

C  - O R 4  
i 

R3  

[ 1 ]  

O H  R :  

25  wherein  R1  is  a  hydrogen  atom  or  a  methyl  group;  R2  and  R3  are  independently  a  hydrogen  atom,  a  straight- 
chain,  branched  or  cyclic  alkyl  group  having  1-6  carbon  atoms,  a  straight-chain  or  branched  haloalkyl  group 
having  1  -6  carbon  atoms,  or  a  phenyl  group,  provided  that  R2  and  R3  are  not  hydrogen  atom  at  the  same  time, 
or  R2and  R3  may  combine  to  form  a  methylene  chain  having  2-5  carbon  atoms;  R4  is  a  straight-chain,  branched 
or  cyclic  alkyl  group  having  1-10  carbon  atoms,  a  straight-chain,  branched  or  cyclic  haloalkyl  group  having 

30  1-6  carbon  atoms,  an  acetyl  group  or  an  aralkyl  group;  R5  is  a  hydrogen  atom,  a  halogen  atom,  a  straight- 
chain,  branched  or  cyclic  alkyl  group  having  1-6  carbon  atoms,  a  straight-chain,  branched  or  cyclic  alkoxy 
group  having  1-6  carbon  atoms,  a  tetrahydropyranyloxy  group,  a  tetrahydrofuranyloxy  group,  a  tert-butoxy- 
carbonyloxy  group,  a  tert-butoxycarbonylmethoxy  group  or  an  acetyloxy  group;  and  k,  r  and  m  are  independ- 
ently  an  integer  of  1  or  more,  provided  that  0.10  <  (k  +  m)/(k  +  r  +  m)  <  0.90  and  0.01  <  m/(k  +  r  +  m)  <  0.25, 

35  (b)  at  least  one  photosensitive  compound  capable  of  generating  an  acid  upon  exposure  to  light,  selected  from 
the  group  consisting  of  the  photosensitive  compounds  represented  by  the  following  formulae[2],  [3],  [5],  [6], 
[9]  and  [12]; 

40  0  
II 

R6  S  C  Z  R7  [  2  ] 
II  II 
O  N2 

45 

wherein  R6  and  R7  are  independently  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1-10  carbon 
atoms  or  a  haloalkyl  group  having  1-10  carbon  atoms;  and  Z  is  a  sulfonyl  group  or  a  carbonyl  group; 

50 

R  0  N2  0  

wherein  R8  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon 
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atoms,  a  straight-chain  or  branched  alkoxy  group  having  1-5  carbon  atoms,  or  a  straight-chain  or  branched 
haloalkyl  group  having  1-5  carbon  atoms;  and  R9  is  a  straight-chain,  branched  or  cyclic  alkyl  group  having 
1-10  carbon  atoms,  a  haloalkyl  group  having  1  -10  carbon  atoms,  or  a  group  represented  by  the  formula  [4]: 

R  1  0 

-  ( C H 2   )  n - f ~ * f  
\ = /   [ 4 ]  

wherein  R10  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon 
atoms,  a  straight-chain  or  branched  alkoxy  group  having  1-5  carbon  atoms,  or  a  straight-chain  or  branched 
haloalkyl  group  having  1-5  carbon  atoms;  and  n  is  0  or  an  integer  of  1-3; 

wherein  R11  is  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-5  carbon 
atoms,  an  aralkyl  group  or  a  trifluoromethyl  group;  and  R12  is  a  straight-chain,  branched  or  cyclic  alkyl  group 
having  1-10  carbon  atoms,  an  aralkyl  group,  a  straight-chain  or  branched  alkoxy  group  having  1-5  carbon 
atoms,  a  phenyl  group  or  a  tolyl  group; 

0  S  02  R  '  3 

[ 6 ]  

R ' 3 s o 2   0  N 0 S 0 2   R  1  3 

wherein  R13  is  a  group  represented  by  the  formula  [7]: 

wherein  R14,  R15  and  R16  are  independently  a  hydrogen  atom  or  a  halogen  atom;  and  p  is  0  or  an  integer  of 
1  -3,  or  a  group  represented  by  the  formula  [8]: 
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R  18  R  1  7 
\  /  

/ ~ \  

R  20  R2  1 

wherein  R17,  R18,  R19,  R20  and  R21  are  independently  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or 
branched  alkyl  group  having  1-5  carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1-5  carbon 
atoms,  a  trifluoromethyl  group,  a  hydroxyl  group,  a  trifluoromethoxy  group  or  a  nitro  group; 

R  22  0  S 0 2   R  1  3 

wherein  R13  is  as  defined  above;  R22  is  a  hydrogen  atom,  a  hydroxyl  group  or  a  group  represented  by  the 
formula  [10]: 

R13S020—  [10] 

wherein  R13  is  as  defined  above;  and  R23  is  a  straight-chain  or  branched  alkyl  group  having  1  -5  carbon  atoms 
or  a  group  represented  by  the  formula  [11]: 

[ 1 1 ]  

wherein  R24  and  R30  are  independently  a  hydrogen  atom,  a  halogen  atom,  a  straight-chain  or  branched  alkyl 
group  having  1  -5  carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1  -5  carbon  atoms  or  a  group 
of  the  formula  [10]; 

R 

R  R27S   0 ;  [ 1 2 ]  

wherein  R25  is  a  straight-chain  or  branched  alkyl  group  having  1  -4  carbon  atoms,  a  phenyl  group,  a  substituted 
phenyl  group  or  an  aralkyl  group;  R26  is  a  hydrogen  atom,  a  halogen  atom  or  a  straight-chain,  branched  or 
cyclic  alkyl  group  having  1-6  carbon  atoms;  R27  is  a  straight-chain  or  branched  perfluoroalkyl  group  having 
1-8  carbon  atoms,  a  straight-chain,  branched  or  cyclic  alkyl  group  having  1-8  carbon  atoms,  a  1-naphthyl 
group,  a  2-naphthyl  group,  a  10-camphor  group,  a  phenyl  group,  a  tolyl  group,  a  2,5-dichlorophenyl  group,  a 
1  ,3,4-trichlorophenyl  group  or  a  trifluoromethylphenyl  group;  and 
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(c)  a  solvent  capable  of  dissolving  the  above  substances. 

2.  A  resist  material  according  to  claim  1  wherein  the  photosensitive  compound  capable  of  generating  an  acid  upon 
exposure  to  light  is  at  least  one  photosensitive  compound  of  the  formula  [2],  or  a  combination  of  at  least  one 
photosensitive  compound  of  the  formula  [2]  and  at  least  one  photosensitive  compound  selected  from  the  group 
consisting  of  the  photosensitive  compounds  of  the  formulae  [3],  [5],  [6],  [9]  and  [12]. 

3.  A  resist  material  according  to  claim  1  wherein  the  photosensitive  compound  capable  of  generating  an  acid  upon 
exposure  to  light  is  a  combination  of  at  least  one  photosensitive  compound  of  the  formula  [2]  and  at  least  one 
photosensitive  compound  selected  from  the  group  consisting  of  the  photosensitive  compounds  of  the  formulae  [3], 
[9]  and  [12]. 

4.  A  resist  material  according  to  claim  1  which  further  comprises  an  ultraviolet  absorbent. 

5.  A  resist  material  according  to  any  of  claims  1-4  wherein  in  the  polymer  of  the  formula  [1]  R1  is  a  hydrogen  atom; 
R2  is  a  hydrogen  atom  or  a  straight-chain  or  branched  alkyl  group  having  1  -6  carbon  atoms;  R3  is  a  straight-chain 
or  branched  alkyl  group  having  1  -6  carbon  atoms;  R4  is  a  straight-chain  or  branched  alkyl  group  having  1-10  carbon 
atoms;  and  R5  is  a  hydrogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-6  carbon  atoms,  a  straight- 
chain  or  branched  alkoxy  group  having  1-6  carbon  atoms,  a  tetrahydropyranyl  group,  a  tert-butoxycarbonyloxy 
group,  a  tert-butoxycarbonylmethoxy  group  or  an  acetyloxy  group. 

6.  A  resist  material  according  to  claim  5  wherein  in  the  polymer  of  the  formula  [1]  R1  is  a  hydrogen  atom;  R2  is  a 
hydrogen  atom  or  a  methyl  group;  R3  is  a  methyl  group  or  an  ethyl  group;  R4  is  a  straight-chain  or  branched  alkyl 
group  having  1-4  carbon  atoms;  and  R5  is  a  hydrogen  atom,  a  straight-chain  or  branched  alkyl  group  having  1-4 
carbon  atoms,  a  straight-chain  or  branched  alkoxy  group  having  1-4  carbon  atoms,  or  an  acetyloxy  group. 

7.  A  resist  material  according  to  claim  1  wherein  in  the  polymer  of  the  formula  [1]  (k  +  m)/(k  +  r  +  m)  is  in  the  range 
of  0.2-0.7. 

8.  A  pattern  forming  process  comprising  the  steps  of:  coating  the  resist  material  of  claim  1  on  a  substrate;  heating 
and  then  exposing  the  resist  film  to  light  with  a  wavelength  of  300  nm  or  less;  and  developing  the  exposed  resist 
film  with  a  developing  solution. 

9.  A  process  according  to  claim  8,  which  further  comprises  heating  the  resist  film  after  exposure  to  the  light. 

Patentanspruche 

1.  Resist-Material,  aufweisend: 

(a)  ein  Polymer,  dargestellt  durch  die  Formel  [1]: 

Rl 

- ( C - C H 2 ) k  ( C - C H 2 ) r   —   ( C - C H 2 ) m —  

[1]  

R3 

worin  sind: 

R1  ein  Wasserstoffatom  oder  eine  Methyl-Gruppe; 
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R2  und  R3  unabhangig  ein  Wasserstoffatom,  eine  geradkettige,  verzweigte  oder  cyclische  Alkyl-Gruppe 
mit  1  ...  6  Kohlenstoffatomen;  eine  geradkettige  oder  verzweigte  Halogenalkyl-Gruppe  mit  1  ...  6  Kohlen- 
stoffatomen;  oder  eine  Phenyl-Gruppe  unter  der  Voraussetzung,  da(3  R2  und  R3  nicht  gleichzeitig  Was- 
serstoff  sind;  oder  R2  und  R3  konnen  sich  unter  Bildung  einer  Methylen-Kette  mit  2  ...  5  Kohlenstoffatomen 
vereinigen; 
R4  eine  geradkettige,  verzweigte  oder  cyclische  Alkyl-Gruppe  mit  1  ...  10  Kohlenstoffatomen;  eine  gerad- 
kettige,  verzweigte  oder  cyclische  Halogenalkyl-Gruppe  mit  1  ...  6  Kohlenstoffatomen;  eine  Acetyl-Gruppe 
oder  eine  Aralkyl-Gruppe; 
R5  ein  Wasserstoffatom;  ein  Halogenatom;  geradkettige,  verzweigte  oder  cyclische  Alkyl-Gruppe  mit  1  ... 
6  Kohlenstoffatomen;  geradkettige,  verzweigte  oder  cyclische  Alkoxy-Gruppe  mit  1  ...  6  Kohlenstoffato- 
men;  eine  Tetrahydropyranyloxy-Gruppe;  eine  Tetrahydrofuranyloxy-Gruppe;  eine  fert.-Butoxycarbonylo- 
xy-Gruppe,  eine  tert.-  Butoxycarbonylmethoxy-Gruppe  oder  eine  Acetyloxy-Gruppe;  und 
k,  r  und  m  unabhangig  eine  ganze  Zahl  von  1  oder  groBer  unter  der  Voraussetzung,  dal3  folgendes  gilt: 

0,10  >  (k+m)/(k+r+m)  >  0,90  und  0,01  >  m/(k+r+m)  >  0,25; 
(b)  mindestens  eine  photosensitive  Verbindung,  die  bei  Exponierung  an  Licht  eine  Saure  erzeugen  kann, 
ausgewahlt  aus  der  Gruppe,  bestehend  aus  den  photosensitiven  Verbindungen,  die  durch  die  folgenden  For- 
meln  [2],  [3],  [5],  [6],  [9]  und  [12]  dargestellt  werden: 

RS—  S  C  Z—  R7 [ 2 ]  

worin  R6  und  R7  unabhangig  eine  geradkettige,  verzweigte  oder  cyclische  Alkyl-Gruppe  mit  1  ...  10  Kohlen- 
stoffatomen  oder  eine  Halogenalkyl-Gruppe  mit  1  ...  10  Kohlenstoffatomen  ist  und  Z  eine  Sulfonyl-Gruppe 
oder  eine  Carbonyl-Gruppe  ist; 

D O   
0  

- 8 - C - 8 -  

worin  R8  ein  Wasserstoffatom,  ein  Halogenatom,  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  5 
Kohlenstoffatomen,  eine  geradkettige  oder  verzweigte  Alkoxy-Gruppe  mit  1  ...  5  Kohlenstoffatomen  oder  eine 
geradkettige  oder  verzweigte  Halogenalkyl-Gruppe  mit  1  ...  5  Kohlenstoffatomen  ist  und  R9  eine  geradkettige, 
verzweigte  oder  cyclische  Alkyl-Gruppe  mit  1  ...  10  Kohlenstoffatomen,  eine  Halogenalkyl-Gruppe  mit  1  ...  10 
Kohlenstoffatomen  oder  eine  Gruppe  ist,  die  durch  Formel  [4]  dargestellt  wird: 

-  (CH,   )  n - ^ y  
CM 

worin  R10  ein  Wasserstoffatom,  ein  Halogenatom,  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  5 
Kohlenstoffatomen,  eine  geradkettige  oder  verzweigte  Alkoxy-Gruppe  mit  1  ...  5  Kohlenstoffatomen  oder  eine 
geradkettige  oder  verzweigte  Halogenalkyl-Gruppe  mit  1  ...  5  Kohlenstoffatomen  ist  und  n  Null  ist  oder  eine 
ganze  Zahl  von  1  bis  3; 
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0 

X - J   ii  n  n  [5] 
R"  0  0  

worin  R11  ein  Wasserstoffatom,  ein  Halogenatom,  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  5 
Kohlenstoffatomen,  eine  Aralkyl-Gruppe  oder  eine  Trifluormethyl-Gruppe  ist;  und  R12  ist  eine  geradkettige, 
verzweigte  oder  cyclische  Alkyl-Gruppe  mit  1  ...  10  Kohlenstoffatomen,  eine  Aralkyl-Gruppe,  geradkettige  oder 
verzweigte  Alkoxy-Gruppe  mit  1  ...  5  Kohlenstoffatomen,  eine  Phenyl-Gruppe  oder  eine  Toluyl-Gruppe; 

R  :  1  S  0  

0  S  0  2  R  '  3 

O S O t   R 

[6]  

worin  R13  eine  Gruppe  ist,  die  dargestellt  wird  durch  die  Formel  [7]: 

worin  R14,  R15  und  R16  unabhangig  ein  Wasserstoffatom  oder  ein  Halogenatom  sind;  und  p  ist  Null  oder  eine 
ganze  Zahl  von  1  bis  3  oder  eine  Gruppe,  dargestellt  durch  die  Formel  [8]: 

Rl8  R17 

worin  R17,  R18,  R19,  R20  und  R21  unabhangig  ein  Wasserstoffatom,  ein  Halogenatom,  eine  geradkettige  oder 
verzweigte  Alkyl-Gruppe  mit  1  ...  5  Kohlenstoffatomen,  eine  geradkettige  oder  verzweigte  Alkoxy-Gruppe  mit 
1  ...  5  Kohlenstoffatomen,  eine  Trifluormethyl-Gruppe,  eine  Hydroxyl-Gruppe,  eine  Trifluormethoxy-Gruppe 
oder  eine  Nitro-Gruppe  ist; 

R  1  ]  S  0  2  0  [9: 

worin  R13  wie  vorstehend  festgelegt  ist;  R22  ist  ein  Wasserstoffatom,  eine  Hydroxyl-Gruppe  oder  eine  Gruppe, 
die  dargestellt  wird  durch  die  Formel  [10]: 

R13S020—  [10] 
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worin  R13  wie  vorstehend  festgelegt  ist;  R23  ist  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  5 
Kohlenstoffatomen  oder  eine  Gruppe,  dargestellt  durch  die  Formel  [11]: 

worin  R24  und  R30  unabhangig  ein  Wasserstoffatom,  ein  Halogenatom,  eine  geradkettige  oder  verzweigte 
Alkyl-Gruppe  mit  1  ...  5  Kohlenstoffatomen,  eine  geradkettige  oder  verzweigte  Alkoxy-Gruppe  mit  1  ...  5  Koh- 
lenstoffatomen  oder  eine  Gruppe  der  Formel  [12]  ist: 

worin  R25  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  4  Kohlenstoffatomen,  eine  Phenyl-Gruppe, 
eine  substituierte  Phenyl-Gruppe  oder  eine  Aralkyl-Gruppe  ist;  R26  ist  ein  Wasserstoffatom,  ein  Halogenatom 
oder  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  6  Kohlenstoffatomen;  R27  ist  eine  geradkettige  oder 
verzweigte  Perfluoralkyl-Gruppe  mit  1  ...  8  Kohlenstoffatomen,  eine  1-Naphthyl-Gruppe,  eine  2-Naphthyl- 
Gruppe,  eine  10-Campher-Gruppe,  eine  Phenyl-Gruppe,  eine  2,5-Dichlorphenyl-Gruppe,  eine  1  ,3,5-Trichlor- 
phenyl-Gruppe  oder  eine  Trifluormethylphenyl-Gruppe;  sowie 
(c)  ein  Losemittel  zum  Auflosen  der  vorgenannten  Substanzen. 

Resist-Material  nach  Anspruch  1,  bei  welchem  die  photosensitive  Verbindung,  die  bei  Exponierung  an  Licht  zur 
Bildung  einer  Saure  in  der  Lage  ist,  mindestens  eine  photosensitive  Verbindung  der  Formel  [2]  ist  und  mindestens 
eine  photosensitive  Verbindung  ist,  ausgewahlt  aus  der  Gruppe,  bestehend  aus  den  photosensitive  Verbindungen 
der  Formeln  [3],  [5],  [6]  und  [12]. 

Resist-Material  nach  Anspruch  1,  bei  welchem  die  photosensitive  Verbindung,  die  bei  Exponierung  an  Licht  zur 
Bildung  einer  Saure  in  der  Lage  ist,  eine  Kombination  von  mindestens  der  photosensitiven  Verbindung  der  Formel 
[2]  ist  und  mindestens  einer  photosensitiven  Verbindung  ist,  ausgewahlt  aus  der  Gruppe,  bestehend  aus  den 
photosensitiven  Verbindungen  der  Formeln  [3],  [9]  und  [12]. 

Resist-Material  nach  Anspruch  1  ,  ferner  aufweisend  ein  UV-Absorptionsmittel. 

Resist-Material  nach  nach  einem  der  vorgenannten  Anspruche  1  bis  4,  bei  welchem  in  dem  Polymer  der  Formel 
[1]  R1  ein  Wasserstoffatom  ist;  R2  ist  ein  Wasserstoffatom  oder  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe 
mit  1  ...  6  Kohlenstoffatomen;  R3  ist  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  6  Kohlenstoffatomen; 
R4  ist  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  10  Kohlenstoffatomen;  und  R5  ist  ein  Wasserstoff- 
atom,  eine  geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  6  Kohlenstoffatomen,  eine  geradkettige  oder  ver- 
zweigte  Alkoxy-Gruppe  mit  1  ...  6  Kohlenstoffatomen,  eine  Tetrahydropyranyl-Gruppe  eine,  fert.-Butoxycarbony- 
loxy-Gruppe,  eine  tert.-Butoxycarbonylmethoxy-Gruppe  oder  eine  Acetyl-Gruppe. 

Resist-Material  nach  Anspruch  5,  ,  bei  welchem  in  dem  Polymer  der  Formel  [1]  R1  ein  Wasserstoffatom  ist;  R2  ist 
ein  Wasserstoffatom  oder  eine  Methyl-Gruppe;  R3  ist  eine  Methyl-Gruppe  oder  eine  Ethyl-Gruppe;  R4  ist  eine 
geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  4  Kohlenstoffatomen;  und  R5  ist  ein  Wasserstoffatom,  eine 
geradkettige  oder  verzweigte  Alkyl-Gruppe  mit  1  ...  4  Kohlenstoffatomen,  eine  geradkettige  oder  verzweigte  Alk- 
oxy-Gruppe  mit  1  ...  4  Kohlenstoffatomen  oder  eine  Acetyloxy-Gruppe. 

Resist-Material  nach  Anspruch  5,  bei  welchem  in  dem  Polymer  der  Formel  [1]  (k+m)/(k+r+m)  im  Bereich  von  0,2  ... 
0,7  liegt. 

Verfahren  zur  Mustererzeugung,  umfassend  die  Schritte:  Auftragen  des  Resist-Materials  nach  Anspruch  1  auf  ein 

[12 ]  
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Substrat;ErhitzenunddanachExponieren  des  Resistfilms  an  Licht  einer  Wellenlange  von  300  nm  oder  weniger;  und 
Entwickeln  des  exponierten  Resistfilms  mit  einer  Entwicklerlosung. 

9.  Verfahren  nach  Anspruch  8,  ferner  umfassend  ein  Erhitzen  des  Resistfilms  nach  dem  Exponieren  an  Licht. 

Revendications 

1.  Matiere  de  reserve  comprenant  : 

(a)  un  polymere  represents  par  laformule  [1]  : 

R  R R 
i 

—  ( C - C H :   )  k  -  ( C - C H :   )  r  -  ( C - C H :   )  m 

0  H 

[ 1 ]  

R 

dans  laquelle  R1  est  un  atome  d'hydrogene  ou  un  groupe  methyle  ;  R2  et  R3  sont  independamment  un  atome 
d'hydrogene,  un  groupe  alkyle  a  chaTne  lineaire,  ramifie  ou  cyclique  ayant  1  a  6  atomes  de  carbone,  un  groupe 
halogenoalkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  6  atomes  de  carbone,  ou  un  groupe  phenyle,  etant 
entendu  que  R2  et  R3  ne  sont  pas  un  atome  d'hydrogene  en  meme  temps,  ou  bien  R2  et  R3  peuvent  se 
combiner  pour  former  une  chaTne  methylene  ayant  2  a  5  atomes  de  carbone  ;  R4  est  un  groupe  alkyle  a  chaTne 
lineaire,  ramifie  ou  cyclique  ayant  1  a  10  atomes  de  carbone,  un  groupe  halogenoalkyle  a  chaTne  lineaire, 
ramifie  ou  cyclique  ayant  1  a  6  atomes  de  carbone,  un  groupe  acetyle  ou  un  groupe  aralkyle  ;  R5  est  un  atome 
d'hydrogene,  un  atome  d'halogene,  un  groupe  alkyle  a  chaTne  lineaire,  ramifie  ou  cyclique  ayant  1  a  6  atomes 
de  carbone,  un  groupe  alcoxy  a  chaTne  lineaire,  ramifie  ou  cyclique  ayant  1  a  6  atomes  de  carbone,  un  groupe 
tetrahydropyrannyloxy,  un  groupe  tetrahydrofuranyloxy,  un  groupe  tert-butoxycarbonyloxy,  un  groupe  tert-bu- 
toxycarbonylmethoxy  ou  un  groupe  acetyloxy  ;  et  k,  r  et  m  sont  independamment  un  entier  de  1  ou  plus,  etant 
entendu  que  0,10  <  (k+m)/(k+r+m)  <0,90  et  0,01  <  m/(k+r+m)  <  0,25,  (b)  au  moins  un  compose  photosensible 
apte  a  generer  un  acide  lors  d'une  exposition  a  de  la  lumiere,  choisi  dans  le  groupe  constitue  par  les  composes 
photosensibles  representes  par  les  formules  [2],  [3],  [5],  [6],  [9]  et  [12]  suivantes  : 

0  
I 

R6  —  S  C  —  Z  —  R7  [  2  ] 
I  i 
0  N2 

dans  laquelle  R6  et  R7  sont  independamment  un  groupe  alkyle  a  chaTne  lineaire,  ramifie  ou  cyclique  ayant  1 
a  10  atomes  de  carbone  ou  un  groupe  halogenoalkyle  ayant  1  a  10  atomes  de  carbone  ;  et  Z  est  un  groupe 
sulfonyle  ou  un  groupe  carbonyle  ; 

0  o  

^   0  N2  0  
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dans  laquelle  R8  est  un  atome  d'hydrogene,  un  atome  d'halogene,  un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie 
ayant  1  a  5  atomes  de  carbone,  un  groupe  alcoxy  a  chaTne  lineaire  ou  ramifie  ayant  1  a  5  atomes  de  carbone, 
ou  un  groupe  halogenoalkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  5  atomes  de  carbone  ;  et  R9  est  un  groupe 
alkyle  a  chaTne  lineaire,  ramifie  ou  cyclique  ayant  1  a  1  0  atomes  de  carbone,  un  groupe  halogenoalkyle  ayant 
1  a  10  atomes  de  carbone,  ou  un  groupe  represents  par  la  formule  [4]  : 

R  1  ° 

-  ( C H 2   )  n - ^ y  
[ 4 ]  

dans  laquelle  R10  est  un  atome  d'hydrogene,  un  atome  d'halogene,  un  groupe  alkyle  a  chaTne  lineaire  ou 
ramifie  ayant  1  a  5  atomes  de  carbone,  un  groupe  alcoxy  a  chaTne  lineaire  ou  ramifie  ayant  1  a  5  atomes  de 
carbone  ou  un  groupe  halogenoalkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  5  atomes  de  carbone  ;  et  n  est  0 
ou  un  entier  de  1  a  3  ; 

r ; i   —   0  N2  0  

dans  laquelle  R11  est  un  atome  d'hydrogene,  un  atome  d'halogene,  un  groupe  alkyle  a  chaTne  lineaire  ou 
ramifie  ayant  1  a  5  atomes  de  carbone,  un  groupe  aralkyle  ou  un  groupe  trifluoromSthyle  ;  et  R12  est  un  groupe 
alkyle  a  chaTne  lineaire,  ramifie  ou  cyclique  ayant  1  a  10  atomes  de  carbone,  un  groupe  aralkyle,  un  groupe 
alcoxy  a  chaTne  lineaire  ou  ramifie  ayant  1  a  5  atomes  de  carbone,  un  groupe  phenyle  ou  un  groupe  tolyle  ; 

0  S  0  :  R  1  3 

�   [ 6  

R ' : S 0 :   0'  N 0 S 0 2   R ' J  

dans  laquelle  R13  est  un  groupe  represents  par  la  formule  [7]  : 

C  —  (CH2).  —  [ 7 ]  

dans  laquelle  R14,  R15  et  R16  sont  independamment  un  atome  d'hydrogene  ou  un  atome  d'halogene  ;  et  p  est 
0  ou  un  entier  de  1  a  3,  ou  un  groupe  represents  par  la  formule  [8]  : 
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R  1  3  R 
\  /  

R . . < >  

i  7 

[ 8 ]  

/  
R  20 

\  
R  2  I 

dans  laquelle  R17,  R18,  R19,  R20  et  R21  sont  independamment  un  atome  d'hydrogene,  un  atome  d'halogene, 
un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  5  atomes  de  carbone,  un  groupe  alcoxy  a  chaTne 
lineaire  ou  ramifie  ayant  1  a  5  atomes  de  carbone,  un  groupe  trifluoromSthyle,  un  groupe  hydroxyle,  un  groupe 
trifluoromSthoxy  ou  un  groupe  nitro  ; 

R  22  0  S 0 2   R  1  3 

R ' 3 S   Oz  O - f y - C - R 2 3  
[ 9 ]  

0  

dans  laquelle  R13  est  tel  que  defini  ci-dessus  ;  R22  est  un  atome  d'hydrogene,  un  groupe  hydroxyle  ou  un 
groupe  represents  par  la  formule  [10]  : 

R13S020- [10] 

dans  laquelle  R13  est  tel  que  defini  ci-dessus  ;  et  R23  est  un  groupe  alkyle  a  chaTne  lineaire  ou  ramifiSe  ayant 
1  a  5  atomes  de  carbone  ou  un  groupe  represents  par  la  formule  [11]  : 

R 24 

[ 1 1 ]  

R 30 

dans  laquelle  R24  et  R30  sont  indSpendamment  un  atome  d'hydrogene,  un  atome  d'halogene,  un  groupe  alkyle 
a  chaTne  NnSaire  ou  ramifiS  ayant  1  a  5  atomes  de  carbone,  un  groupe  alcoxy  a  chaTne  NnSaire  ou  ramifiS 
ayant  1  a  5  atomes  de  carbone  ou  un  groupe  de  formule  [12]  : 

R 2  « R  27  S  0 3  [ 1 2 ]  

dans  laquelle  R25  est  un  groupe  alkyle  a  chaTne  NnSaire  ou  ramifiS  ayant  1  a  4  atomes  de  carbone,  un  groupe 
phSnyle,  un  groupe  phSnyle  substituS  ou  un  groupe  aralkyle  ;  R26  est  un  atome  d'hydrogene,  un  atome 
d'halogene  ou  un  groupe  alkyle  a  chaTne  NnSaire,  ramifiS  ou  cyclique  ayant  1  a  6  atomes  de  carbone  ;  R27  est 
un  groupe  perfluoroalkyle  a  chaTne  NnSaire  ou  ramifiS  ayant  1  a  8  atomes  de  carbone,  un  groupe  alkyle  a 
chaTne  NnSaire,  ramifiS  ou  cyclique  ayant  1  a  8  atomes  de  carbone,  un  groupe  1  -naphtyle,  un  groupe  2-naphty- 
le,  un  groupe  10-camphrS,  un  groupe  phSnyle,  un  groupe  tolyle,  un  groupe  2,5-dichlorophSnyle,  un  groupe 
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1  ,3,4-trichlorophenyle  ou  un  groupe  trifluoromethylphenyle  ;  et 
(c)  un  solvant  apte  a  dissoudre  les  substances  precitees. 

Matiere  de  reserve  selon  la  revendication  1  ,  dans  laquelle  le  compose  photosensible  apte  a  generer  un  acide  lors 
d'une  exposition  a  de  la  lumiere  est  au  moins  un  compose  photosensible  de  formule  [2],  ou  une  combinaison  d'au 
moins  un  compose  photosensible  de  formule  [2]  et  d'au  moins  un  compose  photosensible  choisi  dans  le  groupe 
constitue  par  les  composes  photosensibles  des  formules  [3],  [5],  [6]  ,  [9]  et  [12]. 

Matiere  de  reserve  selon  la  revendication  1  ,  dans  laquelle  le  compose  photosensible  apte  a  generer  un  acide  lors 
d'une  exposition  a  de  la  lumiere  est  une  combinaison  d'au  moins  un  compose  photosensible  de  formule  [2]  et  d'au 
moins  un  compose  photosensible  choisi  dans  le  groupe  constitue  par  les  composes  photosensibles  des  formules 
[3],  [9]  et[12]. 

Matiere  de  reserve  selon  la  revendication  1,  qui  comprend  en  outre  un  absorbeur  d'ultraviolet. 

Matiere  de  reserve  selon  I'une  quelconque  des  revendications  1  a  4,  dans  laquelle,  dans  le  polymere  de  formule 
[1],  R1  est  un  atome  d'hydrogene  ;  R2  est  un  atome  d'hydrogene  ou  un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie 
ayant  1  a  6  atomes  de  carbone  ;  R3  est  un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  6  atomes  de 
carbone  ;  R4  est  un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  1  0  atomes  de  carbone  ;  et  R5  est  un  atome 
d'hydrogene,  un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  6  atomes  de  carbone,  un  groupe  alcoxy  a 
chaTne  lineaire  ou  ramifie  ayant  1  a  6  atomes  de  carbone,  un  groupe  tetrahydropyrannyle,  un  groupe  tert-butoxy- 
carbonyloxy,  un  groupe  tert-butoxycarbonylmethoxy  ou  un  groupe  acetyloxy. 

Matiere  de  reserve  selon  la  revendication  5,  dans  laquelle,  dans  le  polymere  de  formule  [1],  R1  est  un  atome 
d'hydrogene  ;  R2  est  un  atome  d'hydrogene  ou  un  groupe  methyle  ;  R3  est  un  groupe  methyle  ou  un  groupe  ethyle  ; 
R4  est  un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  4  atomes  de  carbone  ;  et  R5  est  un  atome  d'hydrogene, 
un  groupe  alkyle  a  chaTne  lineaire  ou  ramifie  ayant  1  a  4  atomes  de  carbone,  un  groupe  alcoxy  a  chaTne  lineaire 
ou  ramifie  ayant  1  a  4  atomes  de  carbone,  ou  un  groupe  acetyloxy. 

Matiere  de  reserve  selon  la  revendication  1,  dans  laquelle,  dans  le  polymere  de  formule  [1],  (k+m)/(k+r+m)  est 
dans  la  gamme  de  0,2  a  0,7. 

Procede  de  formation  de  motif,  comprenant  les  etapes  consistant  :  a  appliquer  la  matiere  de  reserve  selon  la 
revendication  1  sur  un  substrat  ;  a  chauffer  puis  exposer  le  film  de  reserve  a  une  lumiere  ayant  une  longueur 
d'onde  de  300  nm  ou  moins  ;  et  a  developper  le  film  de  reserve  expose  avec  une  solution  developpante. 

Procede  selon  la  revendication  8,  qui  comprend  en  outre  le  chauffage  du  film  de  reserve  apres  exposition  a  la 
lumiere. 
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