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Description 

This  invention  relates  to  lithographic  processes, 
and  in  particular,  to  lithographic  processes  involving 
device  fabrication. 

Lithographic  processes  are  typically  employed  in 
the  manufacture  of  devices  such  as  semiconductor 
devices.  Among  the  lithographic  processes  that  are 
available,  photolithography  is  often  utilized.  Photoli- 
thographic  processes  have  the  advantage  of  being 
suitable  for  a  blanket  exposure  technique.  That  is,  a 
material  that  is  sensitive  to  the  exposing  light  is  coat- 
ed  onto  a  substrate,  e.g.,  a  silicon  wafer,  that  is  being 
processed  to  form  a  plurality  of  devices.  The  coating 
material,  i.e.,  the  resist,  is  then  subjected  to  light  that 
has  been  passed  through  a  mask  material  so  that  the 
light  reaching  the  resist  corresponds  to  a  desired  pat- 
tern  that  is  to  be  transferred  into  the  underlying  sub- 
strate.  Since  the  exposure  occurs  simultaneously 
over  an  entire  device  or  a  number  of  devices  being 
processed  on  a  substrate,  e.g.,  a  silicon  substrate, 
the  procedure  is  considered  a  blanket  exposure. 

A  blanket  exposure  procedure  is  advantageous 
because  it  is  relatively  fast  compared  to  other  meth- 
ods  such  as  the  raster  scan  technique  usually  em- 
ployed  when  the  energy  used  to  expose  the  resist  is 
a  beam  of  electrons.  However,  generally,  resolution 
obtainable  through  a  blanket  exposure  with  ultraviolet 
or  visible  light  is  somewhat  poorer  than  that  achieved 
with  other  methods  such  as  electron  lithography. 

One  resist  material,  poly(methyl  methacrylate) 
(PMMA)  upon  exposure  with  ultraviolet  actinic  radia- 
tion  has  shown  resolution  better  than  that  achieved 
with  exemplary  resists  used  at  conventional  wave- 
lengths  (greater  than  300  nm).  For  example,  PMMA 
has  been  shown  to  be  capable  of  resolution  as  good 
as  about  250  nm.  (See  B.  J.  Lin,  Journal  of  Vacuum 
Science  and  Technology,  12,  1317(1975).)  Although 
PMMA  exhibits  excellent  resolution,  its  sensitivity  to 
practical  sources  of  actinic  radiation  is  quite  limited. 
Therefore,  exposure  times  are  generally  excessive 
for  practical  applications. 

Another  suggested  photoresist  employs  a  com- 
pound  that  produces  an  acid  moiety  upon  deep  U.V. 
irradiation  and  a  polymer  that  reacts  with  the  gener- 
ated  acid  to  produce  acidic  substituents.  Typical  acid 
generator/acid  sensitive  polymer  combinations  in- 
clude  an  onium  salt  as  the  photosensitive  acid  gener- 
ator  and  a  polymer  such  as  poly(p-t-  butoxycarbony- 
loxystyrene)  (BOCS)  as  the  polymer  having  a  reac- 
tive  substituent. 

Other  photosensitive  systems  responsive  to  ul- 
traviolet  light  have  also  been  proposed.  For  example, 
a  system  based  on  indenone  polymers  has  been  dis- 
closed  in  U.S.  Patent  4,409,318  dated  October  11, 
1  983.  Although  this  polymer  has  good  resolution,  and 
improved  sensitivity  over  PMMA,  further  improve- 
ment  of  sensitivity  for  excimer  laser  exposure  is  de- 

sirable. 
According  to  the  present  invention  there  is  provid- 

ed  a  process  as  defined  in  claim  1. 
Enhanced  sensitivities  to  deep  UV  exposure  are 

5  achieved  in  an  acid  generator/acid  sensitive  polymer 
combination  by  inserting  a  species  in  the  backbone  of 
the  polymer  which  upon  irradiation  induces  chain 
scission.  For  example,  a  structure  such  as  BOCS  is 
modified  by  employing  a  compound  with  a  similar 

10  structure  but  with  sulfone  moieties  in  the  backbone. 
Thus,  compounds  are  produced  such  as  poly(p-t- 
butoxycarbonyloxystyrene-sulfone),  i.e.,  compounds 
of  the  formula 
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where  is  H,  lower  alkyl  such  as  CH3  or  lower  alkyl 
30  derivative,  where  D  is  a  chain  scission  inducing  moi- 

ety  such  as  (S02),  where  R3  is  H,  CI,  Br,  a  lower  alkyl 
such  as  CH3  or  a  lower  alkyl  derivative,  where  R2  is  a 
moiety  such  that  the  0-R2  bond  breaks  in  the  pres- 
ence  of  acid  to  form  a  carbonium  ion  that  is  sufficient- 

35  ly  stabilized  to  allow  subsequent  elimination  of  an 
available  a-hydrogen  (e.g.,  R2  is  t-butyl,  t-butoxycar- 
bonyl,  t-amyloxycarbonyl,  2-methyl-3-trimethylsilyl- 
2-propanyloxycarbonyl),  and  where  x  and  y  are  used 
to  indicate  relative  proportions  of  the  scission  induc- 

40  ing  moiety  to  the  carbon  moiety  and  does  not  imply 
any  ordering  in  the  chain,  i.e.,  the  number  of  carbon 
atoms  between  scission  inducing  moieties  need  not 
be  the  same  along  the  length  of  the  chain.  Such  ma- 
terials  in  combination  with  a  suitable  photosensitive 

45  acid  generator  have  sensitivities  on  the  order  of  50 
mJoules/cm2  with  a  248  nm  excimer  laser  light 
source,  exhibit  resolutions  better  than  0.5  microme- 
ters,  have  contrasts  up  to  approximately  4,  and  are 
sensitive  to  deep  ultraviolet  light,  e.g.,  light  in  the  wa- 

50  velength  range  220  to  300  nm. 
Although  onium  salts  are  useful  in  conjunction 

with  these  polymers,  improved  properties  are  ob- 
tained  by  using  acid  generating  materials  of  the  for- 
mula 

55 
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where  R  is  not  critical  provided  R  is  not  acidic  and  is 
not  so  absorbing  of  ultraviolet  light  to  substantially  de- 
grade  sensitivity.  Exemplary  substituents  for  Rare  H, 
lower  alkyl  and  halogen  (all  R's  need  not  be  the 
same).  R'  is  advantageously  H  or  CH3,  while  Y  is  pre- 
ferably 

(with  R  as  defined  above  and  R6  is  H  or  CH3).  These 
materials  are  nonionic,  and,  therefore,  a  tendency  for 
phase  separation  between  the  polymer  and  the  gen- 
erator  is  avoided.  Additionally,  the  possibility  of  con- 
taminating  the  underlying  substrate  by  an  ionic  spe- 
cies  is  also  eliminated.  It  has  further  been  found  that 
these  acid  generators  are  useful  with  a  wide  variety 
of  resists  e.g.  poly  (p-t-  butoxycarbonyloxy-styrene), 
that  depend  on  an  acid  generator  for  inducing  a  solu- 
bility  change. 

Although  the  inventive  photosensitive  acid  gen- 
erating  materials  are  particularly  useful  in  photoli- 
thography,  they  are  also  sensitive  to  electrons  and  x- 
rays  and  exposure  with  these  sources  is  not  preclud- 
ed. 

Detailed  Description 

As  previously  discussed,  the  solubility  of  the  pho- 
tosensitive  composition  upon  exposure  is  dependent 
both  on  a  chain  scission  process  and  on  the  produc- 
tion  of  acidic  moieties  in  substituents  bound  to  the 
polymer  material.  Thus,  the  exposed  material  relative 
to  the  unexposed  material  has  both  a  different  molec- 
ular  weight  and  a  different  acidity.  By  utilizing  this  dif- 
ference  it  is  possible  to  employ  the  resist  both  as  a 
negative  and  positive  resist.  In  the  latter  case,  the  ex- 
posed  region  is  removed  by  utilizing  a  solvent  for  the 
exposed  region.  In  the  former  case,  the  unexposed 
region  is  removed  by  utilizing  a  suitable  solvent.  In 
either  case,  if  the  ratio  of  the  rate  of  dissolution  of  the 

photosensitive  composition  before  irradiation  com- 
pared  to  that  after  irradiation  is  taken  as  1  :n,  n  should 
not  be  less  than  2  and  preferably  should  be  more  than 
10  for  a  positive  image  (less  than  0.5  for  a  negative 

5  image).  Relative  solubility  ratios  with  values  of  n  <  2 
(>0.5  for  negative  images),  typically  produce  low  con- 
trast  and  inferior  image  quality.  Generally,  if  a  nega- 
tive  image  is  desired,  a  solvent  is  employed  that  does 
not  induce  excessive  swelling  of  exposed  regions. 

10  Similarly,  if  a  positive  image  is  desired,  a  solvent  is 
chosen  to  avoid  excessive  swelling  in  the  unexposed 
regions,  and  also  to  avoid  excessive  thickness  loss  in 
these  areas. 

The  solution  rate  of  the  sensitive  material  de- 
ls  pends  both  on  the  number  of  chain  scission  inducing 

moieties,  the  concentration  of  the  photosensitive  acid 
generator,  and  the  rate  of  reaction  between  this  mol- 
ecule  and  the  acid  sensitive  substituents  of  the  poly- 
mer.  Typically,  to  maintain  a  suitable  difference  in  sol- 

20  ubility  between  exposed  and  unexposed  regions  it  is 
desirable  that  x  and  y  in  Equation  (1)  should  have  a 
ratio  between  1:1  to  1:10.  For  ratios  below  1:1  synthe- 
sis  of  the  polymer  becomes  difficult  while  ratios 
above  1  :  1  0  do  not  yield  enhancement  due  to  the  chain 

25  scission  inducing  moiety. 
Additionally,  it  is  desirable  that  the  relative  con- 

centration  between  the  acid  generator  and  the  acid 
sensitive  polymer  reactive  with  the  generated  acid 
should  be  in  the  range  0.5  to  50  weight  percent  rela- 

30  tive  to  the  polymer.  A  presence  of  the  photosensitive 
acid  generator  in  a  concentration  of  less  than  0.5 
weight  percent,  although  not  precluded,  is  undesir- 
able  because  resolution  and  sensitivity  are  degraded. 
More  than  50  weight  percent  photosensitive  acid  gen- 

35  erator  is  undesirable  because  excessive  acid  gener- 
ation  tends  to  produce  poor  image  quality.  For  typical 
polymers  having  1  acid  reactive  substituent  per 
monomer  unit,  acid  generator  concentrations  in  the 
range  0.5  to  50  weight  percent,  preferably  1  to  20 

40  weight  percent,  are  desirable. 
As  previously  discussed,  the  polymer  has  both  a 

chain  scission  inducing  moiety  and  a  substituent  that 
undergoes  reaction  with  a  photochemically  generated 
acid  to  produce  an  acidic  function.  Typical  of  useful 

45  polymers  undergoing  chain  scission  are  styrene-sul- 
fone  structures.  The  scission  inducing  substituents 
should  be  chosen  such  that  upon  exposure  scission 
occurs  at  rates  sufficient  to  exceed  a  (Gs)  value  of  1  . 
(See,  M.  J.  Bowden,  Materials  for  Microlithography, 

so  ed.  L.  F.  Thompson,  et  al.,  ACS  Symposium  Series, 
No.  266,  American  Chemical  Society,  Washington, 
D.C.,  1984,  p.  49  for  a  definition  of  (Gs).)  Avariety  of 
substituents  are  available  to  yield  the  desired  reactiv- 
ity  with  acid.  Substituents  R2  such  as  t-butyl,  t-butox- 

55  ycarbonyl,  t-amyloxycarbonyl,  and  2-methyl-3-trime- 
thylsilyl-2-propanyloxycarbonyl  are  representative  of 
suitable  substituents.  These  substituents  are  chosen 
to  produce  in  the  presence  of  acid  a  carbonium  ion 

3 
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that  is  sufficiently  stable  to  allow  the  elimination  of  an 
available  a-hydrogen. 

The  polymer  produced  should  preferably  have  a 
glass  transition  temperature,  Tg,  that  is  higherthan  30 
degrees  Centigrade,  preferably  higher  than  50  de- 
grees  Centigrade.  If  the  Tg  is  substantially  lower  than 
the  given  limit,  there  is  a  tendency  for  the  resisttoflow 
during  subsequent  processing,  thus  degrading  image 
quality.  Generally,  with  monomers  such  as  substitut- 
ed  styrenes,  suitable  Tg's  are  obtained.  Additionally, 
the  material  should  form  a  continuous  pinhole-free 
coating  on  the  substrate  to  be  treated.  For  example, 
in  the  case  of  a  silicon-based  substrate,  such  as  a 
processed  silicon  device  wafer,  the  subject  polymers 
form  excellent  coatings.  Typically,  the  thickness  of 
the  polymer  coating  utilized  is  in  the  range  of  0.2  nm 
to  2.0  nm,  preferably  0.3  nm  to  1  .0  nm.  Thinner  coat- 
ings  are  difficult  to  maintain  pinhole  free.  Additionally, 
in  thicker  coatings  the  resolution  is  generally  inferior 
since  the  delineation  of  narrow  features  results  in  the 
production  of  narrow  columns  in  the  developed  pat- 
tern  that  tend  to  deform.  Thicker  layers  also  lead  to 
greater  absorption  with  a  resulting  degradation  in  im- 
age  quality. 

An  appropriate  optical  density  in  the  wavelength 
range  to  be  used  for  exposure  significantly  enhances 
resist  quality.  Too  low  an  optical  density  results  in  in- 
efficient  absorption  of  the  exposing  radiation  and  in 
unnecessarily  long  exposure  times.  Too  high  an  opt- 
ical  density  does  not  permit  sufficient  light  to  reach 
the  regions  of  the  polymerf  ilm  furthest  removed  from 
its  ambient/polymer  film  interface.  This  incomplete 
exposure  tends  to  degrade  resist  image  quality.  In 
general,  it  is  desirable  to  employ  an  optical  density 
that  is  preferably  less  than  0.5  for  at  least  30  percent 
of  the  actinic  radiation  that  reaches  the  polymer  at  the 
exposure  wavelength. 

The  optical  density  depends  on  the  concentra- 
tion  of  the  absorbing  species  in  both  the  polymer  and 
the  acid  generator.  Thus,  once  a  suitable  thickness  for 
the  resist  material  coating  is  chosen,  the  resist  com- 
position  is  adjusted  to  provide  the  desired  optical  den- 
sity.  For  thicknesses  as  previously  discussed  in  con- 
nection  with  film  continuity,  if  the  desired  optical  den- 
sity  is  maintained,  useful  results  are  attained. 

The  resolution  and  sensitivity  obtained  depend 
on  the  average  molecular  weight  (defined  by  Billmey- 
er,  Textbook  of  Polymer  Science,  p.  6,  1971,  J.  Wiley 
&  Sons)  of  the  polymer,  the  distribution  of  the  molec- 
ular  weight,  and  the  relative  proportions  of  the  mono- 
mers  in  the  polymer.  The  relative  proportion  of  chain 
scission  inducing  moieties  compared  to  moieties  con- 
taining  the  acid  reactive  function  has  been  discussed 
previously.  For  relatively  high  sensitivities,  it  is  gen- 
erally  desirable  to  employ  polymers  with  molecular 
weights  greater  than  1,000,  preferably  greater  than 
2,500  and  dispersivities  below  10,  preferably  below4. 
(Dispersivity  as  defined  in  Billmeyer,  supra,  p.  6.)  Mo- 

lecular  weights  greater  than  5x1  06  and  dispersivities 
larger  than  10  are  not  desirable  because  polymer  sol- 
ubility  and  resist  contrast  will  be  reduced,  respective- 
ly.  The  molecular  weight  of  the  polymer  is  determined 

5  by  the  polymerization  reaction  conditions  such  as  ini- 
tiator,  monomer  concentration,  and  temperature. 
These  parameters  are  interrelated  and  a  control  sam- 
ple  is  utilized  to  determine  the  specific  conditions 
necessary  to  yield  the  desired  molecular  weight. 

10  However,  generally,  for  molecular  weights  in  the  de- 
sired  range,  the  polymers  are  produced  by  a  free  rad- 
ical  solution  polymerization  technique  employing  con- 
ditions  of  temperature  below  the  thermodynamic  ceil- 
ing  temperature,  a  relative  mole  fraction  of  chain  scis- 

15  sion  inducing  monomer  to  acid  reactive  monomer  in 
the  range  1:1  to  1:10,  a  catalyst  that  decomposes  to 
form  an  initiator  radical  such  as  a  free  radical,  and  a 
concentration  of  these  monomers  in  the  reaction  me- 
dium  adjusted  to  yield  the  desired  stoichiometry  and 

20  molecular  weight.  (Thermodynamic  ceiling  tempera- 
ture  is  defined  by  G.  Odian  in  Principles  of  Polymer- 
ization,  Wiley-lnterscience,  p.  268  (1981).) 

Dispersivity  is  predominantly  dependent  on  the 
polymerization  technique.  To  obtain  a  dispersivity  in 

25  the  desired  range,  typically,  a  free  radical  polymeri- 
zation  is  employed.  A  control  sample  is  used  to  deter- 
mine  the  precise  conditions  needed  for  a  particularly 
desired  dispersivity. 

For  use  in  the  inventive  procedure,  a  material  that 
30  undergoes  a  conversion  into  an  acidic  entity  upon  ir- 

radiation  with  electromagnetic  radiation  in  the  wave- 
length  range  220  to  300  nm  is  utilized  in  conjunction 
with  a  suitable  polymer  as  defined  in  claim  1.  For  ex- 
ample,  onium  salts,  such  as  described  in  U.S.  Patent 

35  4,491,628  dated  January  1,  1985,  are  useful.  How- 
ever,  it  has  been  found  that  nonionic  molecules  have 
less  tendency  to  separate  from  the  polymer  in  the  re- 
sist  composition  and  are  less  likely  to  produce  unde- 
sirable  properties  in  the  substrate  to  be  processed. 

40  An  advantageous  class  of  materials  that  undergoes 
conversion  to  an  acid  upon  irradiation  is  represented 
by  the  formula 

45 

50 

55  where  R  is  not  critical  provided  it  is  neither  acidic  nor 
absorbs  sufficient  UV  exposing  light  to  substantially 
decrease  sensitivity.  Exemplary  substituents  for  R 
are  H,  lower  alkyl  and  halogen  (all  R's  need  not  be  the 

4 
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same).  R'  is  advantageously  H  or  CH3,  while  Y  is  pre- 
ferably 

5 

10 

(with  R  as  defined  above  and  R6  is  H  or  CH3).  This  ma- 
terial,  upon  irradiation,  produces  a  sulfonic  acid  and 
a  nitroso-benzaldehyde  ora  related  structure.  The  re-  15 
suiting  sulfonic  acid  then  reacts  with  substituents  on 
the  polymer  to  produce  a  polymer  having  acidic  func- 
tionalities.  For  such  molecules,  it  is  possible  to  further 
substitute  on  the  aromatic  rings.  However,  substitu- 
ents  that  are  acidic  should  be  avoided  because  the  20 
polymer  will  degrade  prior  to  usage.  A  particularly  ef- 
fective  material  is  2,6-dinitrobenzyl-p-toluene  sulfon- 
ate. 

The  use  of  the  resist  material,  including  a  suitable 
polymer  as  defined  in  claim  1  and  a  photosensitive  25 
acid  generator,  involves  the  coating  of  the  wafer  to  be 
processed.  These  resist  materials  are  typically  coat- 
ed  onto  a  substate,  e.g.,  a  semiconductor-  based  wa- 
fer  such  as  a  silicon  wafer  that  is  being  processed  to 
form  semiconductor  devices  and  exposed  to  deep  ul-  30 
traviolet  radiation  (or  electrons  orx-rays)  to  delineate 
a  pattern  for  a  subsequent  process  such  as  an  etch- 
ing  or  metallization  process.  It  should  be  emphasized 
that  during  the  processing  of  semiconductor  wafers  it 
is  possible  to  form  the  photosensitive  body  by  depos-  35 
iting  the  resist  on  a  substrate  surface  that  includes  a 
semiconductor  material,  an  insulator,  such  as  a  sili- 
con  oxide,  a  metal,  ora  combination  of  these  materi- 
als.  Exemplary  of  other  suitable  substrates  are  chro- 
mium  mask  blanks  and  x-ray  mask  blanks.  The  coat-  40 
ing  process  is  conventional.  Typically,  the  polymer  is 
dissolved  in  a  suitable  solvent  such  as  cyclopenta- 
none,  the  solution  is  filtered  and  then  placed  on  the 
wafer  to  be  coated,  and  the  wafer  is  spun.  The  spin- 
ning  procedure  distributes  the  solution  essentially  45 
uniformly  on  the  surface  of  the  wafer,  and  also  causes 
the  evaporation  of  substantially  all  of  the  solvent.  In 
this  manner,  films  in  the  thickness  range  0.2  nm  to  2.0 
nm  (representative  of  thicknesses  employed  in  lithog- 
raphy)  are  produced  on  an  appropriate  substrate  ma-  50 
terial  such  as  a  silicon  or  GaAs  wafer  being  processed 
into  semiconductor  devices. 

After  coating,  the  material  is  preferably  prebaked 
to  remove  any  remaining  solvent.  Pre-exposure  bak- 
ing  temperatures  in  the  range  70  to  1  05  degrees  Cen-  55 
tigrade  for  times  in  the  range  15  to  60  minutes  are  de- 
sirable.  The  resist  material  is  then  exposed  to  energy 
such  as  deep  UV  light,  x-rays,  or  electrons.  Typical 

doses  in  the  range  50  to  250  mJoules/cm2  for  deep 
UV  light  are  employed.  (Corresponding  doses  for 
electron  and  x-ray  irradiation  are  useful.)  Conven- 
tional  exposure  techniques  such  as  described  in  In- 
troduction  to  Microlithography,  eds.  L.  F.  Thompson, 
C.  G.  Willson  and  M.J.  Bowden,  ACS  Symposium, 
Series  219,  pp.  16-82  (1983),  Washington,  D.C.  are 
employed  to  delineate  the  photosensitive  material.  It 
is  then  desirable  to  post-bake  the  exposed  material. 
This  post-bake  enhances  the  cleavage  reaction  of 
chain  substituents  with  the  generated  acid.  General- 
ly,  post-bake  temperatures  in  the  range  70  to  11  5  de- 
grees  Centigrade  fortime  periods  from  20  seconds  to 
30  minutes  are  effective.  Although  heating  means 
such  as  a  convection  oven  are  useful,  better  image 
quality  is  obtained  using  a  hot  plate  baking  apparatus 
such  as  sold  by  Brewer  Sciences.  Solvents  suitable  for 
developing  the  exposed  image  are  materials  such  as 
water/tetramethylammonium  hydroxide  orwater/NaOH 
for  a  positive  image  and  hexane/methylene  chloride 
for  a  negative  image.  Generally,  immersion  in  the  de- 
veloper  for  time  periods  from  20  seconds  to  2  minutes 
produces  the  desired  delineation. 

The  following  Examples  are  illustrative  of  the 
conditions  employed  to  produce  the  inventive  photo- 
sensitive  bodies  and  to  delineate  patterns  in  them. 

Example  1 

Synthesis  of  Acid  Generator 

A  solution  of  1.1  grams  of  sodium  borohydride 
dissolved  in  16  ml  of  0.2  N  sodium  hydroxide  (temper- 
ature  10-23  degrees  Centigrade)  was  dropwise  add- 
ed  to  a  solution  of  10  grams  of  2,6-dinitrobenzalde- 
hyde  in  75  ml  of  methanol.  The  reaction  mixture  was 
stirred  at  room  temperature  for  30  minutes.  The  me- 
thanol  was  then  removed  under  vacuum  and  the  wa- 
ter  residue  extracted  several  times  with  ether.  The 
ether  washings  were  dried  over  anhydrous  magne- 
sium  sulfate  and  filtered.  After  solvents  were  re- 
moved  on  a  rotary  evaporator  under  reduced  pres- 
sure,  the  residue  was  recrystallized  3  times  from  a 
chloroform/carbon  tetrachloride  composition  yielding 
9.17  grams  of  2,6-dinitrobenzyl  alcohol. 

A  solution  was  prepared  of  2  grams  of  the  2,6-di- 
nitrobenzyl  alcohol  and  2.37  grams  of  tosyl  chloride 
in  15  ml  of  dry  acetone  (20  degrees  Centigrade).  A 
solution  of  dicyclohexyl  amine  (2.25  ml  in  5  ml  of  dry 
acetone)  was  added  dropwise  to  the  2,6-dinitrobenzyl 
alcohol  mixture.  The  reaction  mixture  was  stirred 
overnight  at  room  temperature.  The  reaction  mixture 
was  then  treated  as  described  above  for  the  prepara- 
tion  of  2,6-dinitrobenzyl  alcohol.  After  recrystalliza- 
tion,  2.3  grams  of  2,6-dinitrobenzyl  tosylate  was  ob- 
tained. 
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Preparation  of  a  t-Butoxycarbonyloxy  Styrene- 
Sulfone  Polymer 

Approximately  10  grams  of  distilled  t-butoxycar- 
bonyloxy  styrene  and  0.056  grams  of  azo-bis-isobu-  5 
tyronitrile  were  mixed  in  a  high  pressure,  glass  reac- 
tion  vessel.  The  resulting  solution  was  degassed  on 
a  vacuum  line.  This  solution  was  cooled  with  dry 
ice/acetone  and  sulfur  dioxide  was  slowly  condensed 
into  the  reaction  flask  until  a  total  volume  of  14  ml  was  10 
obtained.  The  flask  was  sealed  under  vacuum.  The 
flask  was  then  removed  from  the  dry  ice/acetone  and 
kept  in  the  ambient  until  it  reached  room  temperature. 
The  flask  and  the  reaction  mixture  was  then  heated 
to  approximately  60  degrees  Centigrade  by  immers-  15 
ing  it  in  a  constant  temperature  bath.  The  reaction 
mixture  was  maintained  at  this  temperature  for  6 
hours  with  stirring  provided  by  a  magnetic  stirrer.  Ap- 
proximately  45  ml  of  acetone  was  added  to  the  reac- 
tion  mixture.  The  resulting  solution  was  precipitated  20 
in  methanol.  The  precipitate  was  then  collected  by  fil- 
tration,  washed  with  methanol,  and  then  dried  under 
vacuum  for  24  hours.  In  this  way,  5  grams  of  polymer 
was  recovered. 

25 
Example  2 

Approximately  1  gram  of  poly(t-butoxycarbonyl- 
oxy  styrene-sulfone)  was  employed.  An  initiator  bought 
from  Alpha  Ventron  denominated  by  them  as  triphe-  30 
nylsulfonium  hexafluoroarsenate  was  added  to  the 
polymer  at  a  concentration  of  5%  by  weight  of  the 
polymer.  The  solution  was  filtered  through  a  stack  of 
0.5  micrometer  and  0.2  micrometer  Teflon  filters. 

Silicon  wafers  measuring  approximately  4  inches  35 
in  diameter  were  coated.  This  coating  was  done  by 
first  treating  the  silicon  substrate  with  hexamethyldi- 
silazane  and  then  placing  approximately  2  ml  of  the 
polymer  solution  onto  the  substrate.  The  substrates 
were  spun  at  a  speed  of  approximately  3000  rpm.  Af-  40 
ter  spinning  for  60  seconds,  the  substrates  were 
placed  in  a  forced  air  convection  oven  at  90  degrees 
Centigrade  for  20  minutes. 

The  resists  on  the  substrates  were  exposed  util- 
izing  a  Karl  Suss  Model  MA56Adeep  UV  contact  prin-  45 
ter.  (The  primary  exposing  wavelength  was  200-280 
nanometers).  Exposure  times  were  approximately  30 
seconds  yielding  a  dose  of  approximately  50 
mJoules/cm2.  The  exposure  was  done  through  a 
chrome  on  quartz  mask  having  a  standard  resolution  50 
pattern  containing  a  series  of  lines  and  spaces  of  de- 
creasing  separation. 

The  wafer  was  baked  after  exposure  in  a  forced 
air  convection  oven  for  5  minutes  at  90  degrees  Cen- 
tigrade.  The  wafers  were  then  developed  by  immer-  55 
sion  for  60  seconds  in  a  1:15  aqueous  solution  of  25 
percent  tetramethylammonium  hydroxide.  The  wafer 
was  then  rinsed  in  distilled  water  for  30  seconds.  The 

resolution  was  at  least  as  good  as  0.8  micron  (the 
smallest  feature  size  on  the  mask). 

Claims 

1  .  A  process  for  fabricating  a  device  comprising  the 
steps  of  forming  a  radiation  sensitive  region  on  a 
substrate,  delineating  said  region,  and  a  step  pro- 
gressing  toward  the  completion  of  said  device 
through  the  use  of  said  delineated  region  charac- 
terized  in  that  said  radiation  sensitive  region  com- 
prises  a  material  including  1)  a  polymer  composi- 
tion  represented  by  the  formula: 

H  H i  

where  is  chosen  from  the  group  consisting  of 
H,  lower  alkyl  and  lower  alkyl  derivatives,  where 
D  comprises  a  chain  scission  inducing  moiety, 
where  R3  is  chosen  from  the  group  consisting  of 
H,  CI,  Br,  lower  alkyl,  and  lower  alkyl  derivatives, 
where  R2  is  chosen  such  that  the  0-R2  bond 
cleaves  in  the  presence  of  acid  to  form  a  carbo- 
nium  ion  that  is  sufficiently  stable  to  eliminate  an 
available  a-hydrogen,  and  where  x  and  y  indicate 
the  relative  proportions  of  said  scission  moiety  to 
chain  moiety  without  implying  ordering  of  moiet- 
ies  in  the  chain,  and  2)  a  composition  that  results 
in  generation  of  an  acidic  moiety  as  a  result  of  ir- 
radiation  with  said  radiation. 

The  process  of  claim  1  wherein  said  acid  gener- 
ator  comprises  a  material  represented  by  the  for- 
mula 

NO2  1  N 0 2  
CHR 
I 
O  
I 

Y 
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where  R  is  not  acidic,  R'  comprises  a  member  of 
the  group  consisting  of  H  and  CH3  and  Ycompris- 
es  a  member  of  the  group  consisting  of 

and 

where  R6  comprises  a  member  chosen  from  the 
group  consisting  of  H  and  CH3. 

3.  The  process  of  claim  2  wherein  said  radiation 
comprises  deep  ultraviolet  radiation. 

4.  The  process  of  claim  3  wherein  the  sources  of 
said  radiation  comprises  an  excimer  laser. 

5.  The  process  of  claim  2  wherein  the  ratio  of  x  to  y 
is  in  the  range  1:1  to  1:10. 

6.  The  process  of  claim  5  wherein  the  relative  con- 
centration  between  said  acid  generator  and  said 
polymer  composition  is  in  the  range  0.5  to  50 
weight  percent. 

7.  The  process  of  claim  2  wherein  said  radiation 
sensitive  region  is  formed  by  spinning. 

8.  The  process  of  claim  2  wherein  said  step  of  pro- 
gressing  toward  completion  comprises  etching  or 
metallization. 

9.  The  process  of  claim  1  wherein  said  radiation 
comprises  deep  ultraviolet  radiation. 

10.  The  process  of  claim  9  wherein  the  source  of  said 
radiation  comprises  an  excimer  laser. 

11.  The  process  of  claim  9  wherein  the  ratio  of  x  to  y 
is  in  the  range  1:1  to  1:10. 

12.  The  process  of  claim  11  wherein  the  relative  con- 
centration  between  said  acid  generator  and  said 
polymer  composition  is  in  the  range  0.5  to  50 
weight  percent. 

13.  The  process  of  claim  1  wherein  said  radiation 
sensitive  material  is  formed  by  spinning. 

14.  The  process  of  claim  1  wherein  said  step  of  pro- 
5  gressing  toward  completion  comprises  etching  or 

metallization. 

15.  The  process  of  claim  1  wherein  R2  is  chosen  from 
the  group  consisting  of  t-butyl,  t-butoxycarbonyl, 

10  t-amyloxycarbonyl,  and  2-methyl-3-trimethylsi- 
lyl-2-propanyloxycarbonyl. 

Patentanspruche 
15 

1.  Verfahren  zur  Herstellung  eines  Bauteils,  umfas- 
send  die  Schritte  des  Ausbildens  eines  strah- 
lungsempfindlichen  Bereichs  an  einem  Substrat, 
Beschreiben  des  Bereichs,  und  einen  Schritt,  der 

20  zur  Vervollstandigung  des  Bauteils  durch  die  Ver- 
wendung  des  beschriebenen  Bereichs  beitragt, 
dadurch  gekennzeichnet, 
dali  derstrahlungsempfindliche  Bereich  ein  Ma- 
terial  umfaftt,  das  enthalt 

25  1)  eine  Polymerzusammensetzung,  die  durch 
die  Formel  dargestellbar  ist: 

H  R i  

I  I 

- ( D k - f C - C V -  

35 

wobei  Ri  aus  der  Gruppe  gewahlt  ist,  die  be- 
steht  aus  H,  niedrigen  Alkylen  und  niedrigen 
Alkylderivaten,  wobei  D  einen  Kettenspal- 

45  tungs-induzierenden  Anteil  darstellt,  wobei  R3 
ausgewahlt  ist  aus  der  Gruppe,  die  besteht 
aus  H,  CI,  Br,  niedrigen  Alkyen  und  niedrigen 
Alkylderivaten,  wobei  R2  so  ausgewahlt  ist, 
dali  die  0-R2-Bindung  in  Anwesenheit  einer 

so  Saure  sich  aufspaltet,  urn  ein  Kohlenstoffion 
zu  bilden,  das  ausreichend  stabil  ist,  urn  einen 
verfugbaren  a-Wasserstoff  zu  eliminieren, 
und  wobei  x  und  y  die  relativen  Anteile  der 
spaltenden  Anteile  zu  den  Kettenanteilen  dar- 

55  stellen,  ohne  eine  Ordnung  der  Anteile  in  der 
Kette  aufzuerlegen,  und 
2)  eine  Zusammensetzung,  welche  zur  Er- 
zeugung  eines  sauren  Anteils  als  Ergebnis 
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der  Belichtung  mit  der  Strahlung  fuhrt. 

2.  Verfahren  nach  Anspruch  1, 
bei  welchem  der  Saureerzeuger  ein  Material  um- 
falit,  das  darstellbar  ist  durch  die  Formel: 

wobei  R  nicht  sauer  ist,  R'  ein  Mitglied  aus  der 
Gruppe  enthalt,  die  besteht  aus  H  und  CH3  und 
Y  ein  Mitglied  der  Gruppe  enthalt,  die 

und 

enthalt,  wobei  Re  ein  Mitglied  enthalt,  das  ausge- 
wahlt  ist  aus  der  Gruppe,  die  aus  H  und  CH3  be- 
steht. 

3.  Verfahren  nach  Anspruch  2,  bei  welchem  die 
Strahlung  tiefe  ultraviolette  Strahlung  umfalit. 

4.  Verfahren  nach  Anspruch  3, 
bei  welchem  die  Quellen  der  Strahlung  einen 
Excimer-  Laser  umfassen. 

5.  Verfahren  nach  Anspruch  2, 
bei  welchem  das  Verhaltnis  von  x:y  im  Bereich 
von  1:1  bis  1:10  liegt. 

6.  Verfahren  nach  Anspruch  5, 
bei  welchem  die  relative  Konzentration  zwischen 
dem  Saureerzeuger  und  der  Polymerzusammen- 
setzung  im  Bereich  von  0,5  bis  50  Gew.%  liegt. 

7.  Verfahren  nach  Anspruch  2, 
bei  welchem  der  strahlungsempf  indliche  Bereich 
durch  Schleudern  bzw.  Rotation  gebildet  wird. 

5  8.  Verfahren  nach  Anspruch  2, 
bei  welchem  der  zur  Vervollstandigung  beitra- 
gende  Schritt  das  Atzen  oder  das  Metallisieren 
umfalit. 

10  9.  Verfahren  nach  Anspruch  1  , 
bei  welchem  die  Strahlung  tiefe  ultraviolette 
Strahlung  umfalit. 

10.  Verfahren  nach  Anspruch  9, 
15  bei  welchem  die  Quelle  der  Strahlung  einen 

Excimer-Laser  umfalit. 

11.  Verfahren  nach  Anspruch  9, 
bei  welchem  das  Verhaltnis  von  x:y  im  Bereich 

20  von  1:1  bis  1:10  liegt. 

12.  Verfahren  nach  Anspruch  11, 
bei  welchem  die  relative  Konzentration  zwischen 
dem  Saureerzeuger  und  der  Polymerzusammen- 

25  setzung  im  Bereich  von  0,5  bis  50  Gew.%  liegt. 

13.  Verfahren  nach  Anspruch  1, 
bei  welchem  das  strahlungsempfindliche  Materi- 
al  durch  Schleudern  bzw.  Rotation  ausgebildet 

30  wird. 

14.  Verfahren  nach  Anspruch  1, 
bei  welchem  der  zur  Vervollstandigung  beitra- 
gende  Schritt  Atzen  oder  Metallisieren  umfalit. 

35 
1  5.  Verfahren  nach  Anspruch  1  , 

bei  welchem  R2  ausgewahlt  ist  aus  der  Gruppe, 
die  besteht  aus  t-Butyl,  t-Butoxicarbonyl,  t-Amy- 
loxicarbonyl  und  2-Methyl-3-trimethylsilyl-2-pro- 

40  panyloxicarbonyl. 

Revendications 

45  1.  Procede  de  fabrication  d'un  dispositif  compre- 
nant  les  etapes  de  formation  d'une  region  photo- 
sensible  surun  substrat,  de  limitation  de  cette  re- 
gion  et  une  etape  de  progression  vers  I'acheve- 
ment  du  dispositif  au  moyen  de  la  region  delimi- 

50  tee,  caracterise  en  ce  que  la  region  photosensible 
comprend  une  matiere  incluant  : 

1)  une  composition  polymere  representee  par 
la  formule  : 

55 
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ou  : 
Ri  est  choisi  parmi  le  groupe  consis- 

tant  en  H,  alcoyle  inferieur  et  les  derives  d'al- 
coyle  inferieur; 

D  comprend  une  portion  induisant  la 
scission  de  la  chaTne; 

R3  est  choisi  parmi  le  groupe  consis- 
tent  en  H,  CI,  Br,  alcoyle  inferieur  et  les  derives 
d'alcoyle  inferieur; 

R2  est  choisi,  de  sorte  que  la  liaison  O- 
R2  dive  en  presence  d'un  acide  pour  former 
un  ion  carbonium  qui  est  suff  isamment  stable 
pour  eliminer  un  hydrogene  en  alpha  disponi- 
ble,  et 

x  et  y  indiquent  les  proportions  relati- 
ves  de  la  portion  de  scission  a  la  portion  de 
chaTne  sans  impliquerde  classementdes  por- 
tions  dans  la  chaTne,  et 
2)  une  composition  qui  resulte  en  la  genera- 
tion  d'une  portion  acide  suite  a  I'irradiation  par 
le  rayonnement. 

Precede  suivant  la  revendication  1  ,  dans  lequel  le 
generateur  d'acide  comprend  une  matiere  repre- 
sentee  par  la  formule  : 

CHR 
I 
O  
I 

Y 

ou  : 
R  n'est  pas  acide; 
R'  comprend  un  membre  du  groupe 

consistant  en  H  et  CH3,  et 
Y  comprend  un  membre  du  groupe  consis- 

tant  en  : 

10 

15 

20 

25 

30 

35 

40 

50 

55 

et 

I 
s o 2  
I 
C H ,  

ou  : 
R6  comprend  un  membre  choisi  parmi  le 

groupe  consistant  en  H  et  CH3. 

3.  Procede  suivant  la  revendication  2,  dans  lequel  le 
rayonnement  comprend  les  rayons  ultraviolets 
lointains. 

4.  Procede  suivant  la  revendication  3,  dans  lequel 
les  sources  de  rayonnement  comprennent  un  la- 
ser  a  exci  meres. 

5.  Procede  suivant  la  revendication  2,  dans  lequel  le 
rapport  de  x  a  y  se  situe  dans  I'intervalle  de  1  :1 
a  1:10. 

6.  Procede  suivant  la  revendication  5,  dans  lequel  la 
concentration  relative  entre  le  generateur  d'acide 
et  la  composition  polymere  se  situe  dans  I'inter- 
valle  de  0,5  a  50%  en  poids. 

7.  Procede  suivant  la  revendication  2,  dans  lequel  la 
region  photosensible  est  formee  par  repoussage 
au  tour. 

8.  Procede  suivant  la  revendication  2,  dans  lequel 
I'etape  de  progression  vers  I'achevement 

45  comprend  un  decapage  ou  une  metallisation. 

9.  Procede  suivant  la  revendication  1  ,  dans  lequel  le 
rayonnement  comprend  les  rayons  ultraviolets 
lointains. 

1  0.  Procede  suivant  la  revendication  9,  dans  lequel  la 
source  de  rayonnement  comprend  un  laser  a  ex- 
cimeres. 

11.  Procede  suivant  la  revendication  9,  dans  lequel  le 
rapport  de  x  a  y  se  situe  dans  I'intervalle  de  1  :1 
a  1:10. 

9 
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12.  Procede  suivant  la  revendication  11,  dans  lequel 
la  concentration  relative  entre  le  generateur 
d'acide  et  la  composition  polymere  se  situe  dans 
I'intervalle  de  0,5  a  50%  en  poids. 

5 
13.  Procede  suivant  la  revendication  1,  dans  lequel  la 

matiere  photosensible  est  formee  par  repoussa- 
ge  au  tour. 

14.  Procede  suivant  la  revendication  1,  dans  lequel  10 
I'etape  de  progression  vers  I'achevement 
comprend  un  decapage  ou  une  metallisation. 

15.  Procede  suivant  la  revendication  1,  dans  lequel 
R2  est  choisi  parmi  le  groupe  consistant  en  t-bu-  15 
tyle,  t-butoxycarbonyle,  t-amyloxycarbonyle  et  2- 
methyl-3-trimethylsilyl-2-propyloxycarbonyle. 

20 
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