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©  A  through-the-lens  method  and  system  for  fo- 
cusing  a  projected  image  onto  an  imaging  surface 
employs  a  confocal  process  and  apparatus.  Elec- 
tromagnetic  radiation  projected  through  a  subresolu- 
tion  aperture  (31)  of  origin  located  in  an  object  plane 
(35)  passes  through  a  confocal  imaging  device  (29) 
which  forms  an  image  of  the  aperture  in  the  image 
plane  (37).  The  radiation  strikes  the  surface  (39)  and 
is  reflected  back  through  the  confocal  imaging  de- 
vice  to  the  aperture.  The  power  of  reflected  radiation 
passing  through  the  aperture  is  detected/measured. 
The  distance  between  the  imaging  surface  and  the 
imaging  device  is  then  adjusted  to  maximize  the 
detected  power. 
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This  invention  generally  relates  to  projection 
lithography  especially  as  applied  to  semiconductor 
integrated  circuit  fabrication,  and,  more  particularly, 
to  a  method  and  apparatus  for  focusing  the  image 
of  a  pattern  or  mask  projected  onto  a  photosen- 
sitive  layer  such  as  a  photoresist  layer  on  a  semi- 
conductor  wafer  during  the  integrated  circuit  fab- 
rication  process. 

Each  step  in  the  process  of  fabrication  of  a 
semiconductor  integrated  circuit  requires  precision 
given  the  small  size  scale.  Focusing,  during  projec- 
tion  lithography,  of  the  image  of  a  mask  projected 
by  a  lens  or  other  imaging  device  onto  a  photores- 
ist  layer  located  on  top  of  a  wafer,  as  with  other 
steps,  requires  a  high  degree  of  accuracy.  Al- 
though  the  surface  of  the  photoresist  layer  is  gen- 
erally  planar,  enough  significant  variations  in  sur- 
face  profile  exist  to  create  focusing  problems. 

Typically,  the  wafer  has  multiple  locations  at 
which  fabrication  of  integrated  circuits  occurs. 
Present  day  technology  and  the  unevenness  of  the 
photoresist  layer  on  the  wafer  only  allow  exposure 
of  one  or  two  chip  sites  at  a  time,  although  many 
more  integrated  circuit  locations  exist  on  the  wafer. 
Consequently,  the  wafer  used  in  the  process  is 
normally  moved  to  expose  the  photoresist  layer  at 
each  location. 

The  movement  of  the  wafer  during  the  fabrica- 
tion  process  and  the  inherent  unevenness  of  the 
photoresist  surface  necessitate  the  refocusing  of 
the  image  of  the  mask  on  the  photoresist  surface 
with  each  move. 

Focusing  of  the  projected  image  of  the  mask 
entails  making  the  top  surface  of  the  photoresist 
layer  located  on  the  wafer  surface  at  a  particular 
chip  site  on  the  wafer  coincident  with  the  image 
plane  of  the  projection  lithography  system. 

Currently,  the  industry  uses  several  methods  to 
focus  the  image  of  a  mask  onto  a  photoresist  layer 
located  on  a  wafer.  All  of  the  currently  used  sys- 
tems  require  some  form  of  calibration. 

The  need  to  calibrate  these  systems  requires 
additional  steps  and  adds  further  complexity  to  an 
already  complex  and  difficult  process.  This  addi- 
tional  complexity  naturally  creates  the  possibility  of 
errors  and  defects.  Most  of  the  calibration  tech- 
niques,  as  is  well  known  in  the  art,  require  test 
exposures  on  a  dummy  site  or  set  of  dummy  sites 
and  the  examination  of  the  dummy  site  or  set  of 
dummy  sites  to  determine  preciseness  of  focus. 

In  one  such  system,  light  is  projected  from  the 
side  of  the  mask  imaging  lens  onto  the  wafer  at  an 
oblique  angle.  The  light  upon  striking  the  wafer 
then  reflects  back  off  at  a  oblique  angle  towards  an 
optical  system  with  a  detector.  Changes  in  the 
distance  between  the  photoresist  layer  on  the  wafer 
surface  and  the  imaging  lens  changes  the  position 
where  the  light  projected  by  the  oblique  technique 

strikes  the  detector.  Once  calibrated,  the  oblique 
system  can  provide  a  precise  focus  of  the  image  of 
the  mask.  However,  given  the  extremely  close 
proximity  of  the  imaging  lens  and  the  photoresist 

5  layer  required  by  the  lithographic  process,  this 
method  can  prove  difficult  at  times  to  implement 
and  in  some  situations  impossible  to  use. 

Another  method  of  focusing  uses  air  gauges. 
With  this  system,  air  or  another  gas  is  blown  onto 

io  the  wafer  and  measured  variations  in  back  pressure 
caused  by  differences  in  distance  between  the 
photoresist  layer  and  the  imaging  lens  provide 
feedback  for  focusing.  However,  in  addition  to  re- 
quiring  calibration,  this  system  can  introduce  dust 

75  particles  or  other  debris  that  can  create  errors  or 
defects. 

The  third  procedure  for  focusing  uses  capaci- 
tive  gauges.  The  capacitive  gauge  senses  changes 
in  capacitance  caused  by  changes  in  distance  be- 

20  tween  the  photoresist  surface  and  lens.  Once  cali- 
brated,  the  system  can  determine  the  appropriate 
focus  distance  between  the  lens  and  the  photores- 
ist  layer  located  on  top  of  the  wafer.  However,  with 
this  system,  differences  in  capacitance  due  to  dif- 

25  ferences  in  the  structure  of  the  chip  sites  or 
changes  from  one  process  step  to  the  next  make 
calibration  difficult. 

All  of  the  currently  used  focusing  systems  may 
require  recalibration  while  operating  if  substantial 

30  changes  in  ambient  air  pressure  occur  during  the 
fabrication  process.  Changes  in  air  pressure  cause 
changes  in  the  refractive  index  of  air  which  tend  to 
defocus  the  imaging  system,  requiring  adjustment 
of  the  distance  between  the  lens  and  photoresist 

35  layer  until  the  image  plane  and  the  photoresist 
layer  are  again  coincident. 

The  confocal  imaging  principal  has  been 
known  for  some  time,  but  it  has  not  heretofore 
been  suggested  that  this  principal  could  be  applied 

40  to  overcome  the  limitations  of  current  focusing 
techniques  in  projection  lithography.  The  confocal 
principal  has  been  used  primarily  on  devices  re- 
lated  to  confocal  microscopy  and  profilometry. 
These  systems  generally  focus  a  coherent  col- 

45  limated  beam  of  light  such  as  that  produced  by  a 
laser  or  light  from  a  subresolution  aperture  on  a 
very  tiny  spot  on  the  specimen  to  be  examined. 
The  reflected  image  from  the  specimen  passes 
back  through  the  optical  system  to  a  detector 

50  wherein  the  specimen  reflectance  can  be  utilized  to 
inspect  or  measure  various  surface  features  of  the 
specimen  such  as  surface  irregularities,  profile,  line 
widths  etc.  The  system  usually  employs  a  scanning 
type  of  imaging  procedure  that  builds  up  an  image 

55  based  on  information  obtained  sequentially  by  a 
series  of  line  or  spot  scans.  U.S.  Patent  4,863,226 
describes  one  type  of  confocal  scanning  micro- 
scope.  U.S.  Patent  4,844,617  describes  one  form  of 
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a  profilometer. 
The  present  invention  provides  a  highly  sen- 

sitive  method  and  apparatus  for  focusing  of  an 
image  of  an  object  projected  onto  a  surface  which 
method  and  apparatus  does  not  require  calibration. 
The  present  invention  in  one  aspect  provides  a 
through-the-lens  focusing  technique  which  imme- 
diately  responds  to  changes  which  affect  the  focus 
of  the  object  to  be  imaged,  e.g.  ambient  air  pres- 
sure  variations. 

The  present  invention  additionally  provides  a 
focusing  apparatus  and  method  that  can  continu- 
ously  operate  while  an  image  of  an  object  projects 
onto  a  surface  to  keep  the  image  of  the  object  in 
focus  on  the  surface.  The  invention  is  applicable  to 
various  types  of  projection  lithography  schemes 
including  step  and  repeat,  scanning  type,  and  pul- 
sed  radiation  source,  and  avoids  the  danger  of 
photoresist  overexposure. 

According  to  the  principles  of  the  present  in- 
vention,  apparatus  for  focusing  an  image  of  an 
object  projected  by  object  imaging  means  onto  an 
imaging  surface  is  provided.  The  apparatus  in- 
cludes:  an  electromagnetic  radiation  barrier  having 
a  subresolution  aperture  therethrough;  means  for 
projecting  electromagnetic  radiation  through  the  ap- 
erture  towards  the  imaging  surface;  confocal  imag- 
ing  means  for  forming  from  the  projected  radiation 
an  image  of  said  aperture  in  an  image  plane  of  the 
object  imaging  means,  part  of  the  projected  radi- 
ation  reflecting  back  from  a  localized  region  of  the 
imaging  surface  through  the  confocal  imaging 
means  and  the  aperture;means  for  detecting  the 
power  of  radiation  reflected  back  through  the  ap- 
erture;  and  means  for  adjusting  the  distance  be- 
tween  the  object  imaging  means  and  the  imaging 
surface  to  maximize  the  detected  power.  Prefer- 
ably,  the  electromagnetic  radiation  barrier  having 
the  subresolution  aperture  is  located  in  the  same 
plane  as  the  object.  The  confocal  imaging  means 
preferably  comprises  the  object  imaging  means, 
and  the  electromagnetic  radiation  projected  through 
the  aperture  preferably  is  of  the  same  frequency  as 
the  radiation  which  forms  the  image  of  the  object. 
The  same  source  of  radiant  energy  can  be  em- 
ployed  to  irradiate  the  object  and  the  aperture. 

The  invention  is  advantageously  applied  to  pro- 
jection  lithography  for  fabrication  of  semiconductor 
integrated  circuits  on  a  wafer.  In  this  application, 
the  object  comprises  a  mask  and  the  imaging 
surface  is  a  photoresist  layer  on  the  wafer.  The 
localized  region  of  the  imaging  surface  may  com- 
prise  a  sacrificial  region  of  an  integrated  circuit  site 
or  the  kerf  region  between  adjacent  integrated  cir- 
cuit  sites.  The  radiation  projected  through  the  ap- 
erture  can  have  a  power  below  an  exposure  thresh- 
old  of  the  photoresist  layer,  or  the  radiation  can  be 
projected  through  a  series  of  subresolution  ap- 

ertures  and  the  reflected  radiation  passing  through 
the  apertures  combined  and  sensed  to  avoid  the 
risk  of  overexposure  of  the  photoresist  layer. 

In  a  further  aspect  of  the  present  invention,  the 
5  apparatus  may  comprise  a  plurality  of  subresolu- 

tion  apertures  located  in  the  object  plane;  means 
for  projecting  radiation  through  each  of  said  ap- 
ertures;  confocal  imaging  means  for  forming  an 
image  of  each  of  said  apertures  in  the  image  plane 

io  of  the  object  imaging  means;  and  means  for  de- 
tecting  the  power  of  radiation  reflected  back 
through  each  of  the  apertures.  The  distance  be- 
tween  the  object  imaging  means  and  the  imaging 
surface  can  then  be  adjusted  to  maximize  the 

is  detected  power  of  radiation  reflected  back  through 
all  of  the  apertures. 

In  a  still  further  aspect  of  the  present  invention, 
the  reflected  radiation  detecting  means  may  in- 
clude  means  for  distinguishing  between  reflected 

20  radiation  originating  from  the  aperture  and  other 
radiation,  e.g.  from  the  image  of  the  object.  The 
radiation  projected  through  the  aperture  may  be 
pulsed  or  chopped  to  produce  a  periodic  variation 
in  intensity  and  the  detecting  means  may  comprise 

25  synchronous  detection  means  synchronized  with 
the  radiation  pulsing  or  chopping  means.  If  the 
image  of  the  object  is  formed  from  radiant  energy 
emanating  from  a  pulsed  source,  the  radiation  pro- 
jected  through  the  aperture  can  be  pulsed  at  a  rate 

30  different  from  but  synchronized  with  the  pulse  rate 
of  the  radiant  energy  source.  These  approaches 
allow  operation  of  the  confocal  focusing  apparatus 
of  the  present  invention  simultaneously  with  the 
projection  lithography  system. 

35  In  yet  another  aspect,  the  confocal  focusing 
apparatus  of  the  present  invention  can  be  em- 
ployed  to  calibrate  another  non-confocal  focusing 
mechanism  such  as  an  oblique  focus  system,  a 
capacitive  gauge  or  an  air  gauge. 

40  The  present  invention  also  encompasses  a 
method  for  focusing  an  image  of  an  object  projec- 
ted  by  object  imaging  means  onto  an  imaging 
surface.  The  method  includes  the  steps  of:  forming 
an  image  of  a  subresolution  aperture  in  an  image 

45  plane  of  the  object  imaging  means;  and  bringing  a 
localized  region  of  the  imaging  surface  into  co- 
incidence  with  the  image  of  said  aperture.  The 
image  of  the  aperture  is  formed  by  projecting  elec- 
tromagnetic  radiation  from  the  aperture  through 

50  confocal  imaging  means.  The  power  of  radiation 
reflected  back  from  the  localized  region  of  the 
imaging  surface  through  the  aperture  is  detected, 
and  the  distance  between  the  object  imaging 
means  and  the  imaging  surface  is  adjusted  to 

55  maximize  the  detected  power. 
Preferably,  the  aperture  is  located  in  the  object 

plane;  the  image  of  the  aperture  is  formed  by  the 
object  imaging  means;  and  the  same  frequency  of 
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electromagnetic  radiation  is  employed  to  form  the 
image  of  the  aperture  and  the  image  of  the  object. 
Most  preferably,  images  of  multiple  subresolution 
apertures  are  formed  in  the  image  plane  of  the 
object  imaging  means. 

The  invention  facilitates  focusing  of  an  image 
of  a  mask  projected  by  object  imaging  means  onto 
a  photoresist  layer  during  a  photolithographic  pro- 
cess.  This  method  includes  the  steps  of:  projecting 
mask  exposure  electromagnetic  radiation  through 
at  least  one  subresolution  aperture  located  in  an 
electromagnetic  radiation  barrier  located  in  the 
plane  of  the  mask;  passing  the  radiation  through  an 
electromagnetic  radiation  imaging  device  onto  a 
photoresist  layer,  the  imaging  device  forming  an 
image  of  the  aperture  in  an  image  plane  of  the 
object  imaging  means;  reflecting  a  portion  of  the 
radiation  off  the  photoresist  layer  so  that  it  retraces 
its  path  back  through  the  imaging  device  in  the 
aperture;  detecting  the  power  of  radiation  reflected 
back  through  the  aperture;  and  adjusting  the  dis- 
tance  between  the  photoresist  layer  and  the  object 
imaging  means  to  maximize  the  detected  power  of 
radiation. 

The  foregoing  and  other  aspects,  features  and 
advantages  of  the  invention  will  be  apparent  from 
the  following  more  particular  description  of  pre- 
ferred  embodiments  of  the  invention,  as  illustrated 
in  the  accompanying  drawings  in  which: 

Fig.  1  provides  a  schematic  representation  of  an 
unfolded  or  transmissive  confocal  system; 
Fig.  2a  depicts  a  reflective  confocal  focusing 
system  at  an  in-focus  position; 
Fig.  2b  depicts  a  reflective  confocal  focusing 
system  at  an  out-of-focus  position; 
Fig.  2c  depicts  a  reflective  confocal  focusing 
system  at  another  out-of-focus  position; 
Fig.  3  depicts  the  application  of  a  reflective 
confocal  focusing  system  to  a  projection  lithog- 
raphic  device  in  accordance  with  the  principles 
of  the  present  invention; 
Fig.  4  provides  a  plan  view  of  a  platen  in  which 
four  subresolution  apertures  for  a  confocal  fo- 
cusing  system  have  been  incorporated; 
Fig.  5a  depicts  a  plan  view  of  a  semiconductor 
wafer  with  integrated  circuit  sites  located  there- 
on; 
Fig.  5b  provides  a  view  of  adjacent  integrated 
circuit  sites  on  a  semiconductor  wafer  separated 
by  a  kerf  region; 
Fig.  6  depicts  a  portion  of  a  device  configured 
for  projection  lithography  which  incorporates 
confocal  focusing  apparatus  with  multiple  sub- 
resolution  apertures; 
Fig.  7  illustrates  use  of  the  confocal  focusing 
apparatus  of  the  present  invention  to  calibrate 
an  oblique  focusing  mechanism; 

Fig.  8a  illustrates  a  synchronous  detection  em- 
bodiment  of  the  confocal  focusing  apparatus  of 
the  present  invention; 
Fig.  8b  provides  a  graph  of  power  to  time  of 

5  radiation  reflected  back  through  the  aperture  of 
origin  during  operation  of  a  continuous  scanning 
projection  lithographic  device  in  which  electro- 
magnetic  radiation  projects  through  a  subresolu- 
tion  aperture  of  a  confocal  imaging  system  in 

io  pulses;  and 
Fig.  8c  provides  a  graph  of  the  power  to  time  of 
radiation  reflected  back  through  the  aperture  of 
origin  during  operation  of  a  projection  lithog- 
raphic  device  in  which  an  eximer  laser  provides 

is  the  electromagnetic  radiation  for  imaging. 
Before  presentation  of  a  detailed  description  of 

embodiments  of  the  present  invention,  a  discussion 
of  salient  features  of  the  confocal  principal  and 
their  application  in  the  present  invention  will  assist 

20  in  understanding  the  invention.  Fig.  1  depicts  sche- 
matically  a  transmissive  or  unfolded  confocal  sys- 
tem  10.  Electromagnetic  radiation  from  a  source  of 
electromagnetic  radiation  28  passes  through  lens 
19  to  focus  the  radiation  on  a  subresolution  ap- 

25  erture  of  origin  23.  As  is  well  known  in  the  art, 
subresolution  aperture  23  is  small  in  size  compared 
to  the  wavelength  of  the  electromagnetic  radiation 
divided  by  the  numerical  aperture  of  lens  24  on  the 
side  facing  aperture  23.  The  subresolution  aperture 

30  may,  for  example,  comprise  a  "pinhole"  or  a  nar- 
row  slit.  When  light  passes  through  the  subresolu- 
tion  aperture  of  origin  23  diffraction  spreads  it  out 
to  the  extent  that  the  light  enters  lens  24  in  a 
substantially  uniform  pattern.  Lens  24  then  brings 

35  the  electromagnetic  radiation  to  a  focus  in  image 
plane  29.  From  plane  29  the  electromagnetic  radi- 
ation  again  spreads  out  and  then  upon  striking 
image  lens  26  the  electromagnetic  radiation  is  re- 
focused  at  25  a  conjugate  subresolution  aperture  of 

40  aperture  23.  Aperture  25  is  small  compared  to  the 
wavelength  of  the  electromagnetic  radiation  divided 
by  the  numerical  aperture  of  the  side  of  lens  26 
facing  aperture  25.  Detector  27  then  detects  the 
power  of  light  passing  through  aperture  25  .  (The 

45  term  "detection"  is  used  broadly  in  this  description 
to  include  sensing,  determining,  measuring  and  the 
like.)  When  the  elements  of  system  10  have  been 
properly  positioned  as  shown  in  Fig.  1,  detector  25 
will  detect  a  maximum  amount  of  electromagnetic 

50  radiation  power.  Movement  of  any  of  the  elements 
of  the  confocal  system  10,  such  as  the  subresolu- 
tion  apertures  or  the  lenses,  will  cause  a  loss  of 
focus  and  a  corresponding  decrease  in  electromag- 
netic  radiation  power  detected  by  detector  27. 

55  Fig.  2A  depicts  an  in-focus  folded  reflective 
confocal  system  of  the  type  used  in  accordance 
with  the  principles  of  the  present  invention.  Elec- 
tromagnetic  radiation  source  28  projects  electro- 
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magnetic  radiation,  generally  of  a  single  frequency 
or  narrow  range  of  frequencies,  through  a  beam 
splitter  32  which  passes  the  electromagnetic  radi- 
ation  on  through  subresolution  aperture  of  origin 
31  .  The  transmitted  radiation  strikes  lens  29  which 
focuses  the  radiation  at  a  focal  point  38  in  an 
image  plane  37.  When  focal  point  38  coincides  with 
a  localized  region  on  a  surface  39,  the  system  is  in 
focus.  Surface  39  has  reflective  qualities  which 
reflect  a  portion  of  the  radiation  back  through  lens 
29.  The  reflected  radiation  comes  to  a  focus  in 
reflected  image  plane  33  which  is  coincident  with 
the  subresolution  aperture  of  origin  31  in  object 
plane  35.  Beam  splitter  32  then  directs  the  re- 
flected  radiation  passing  back  through  aperture  31  , 
to  detector  34.  While  the  system  remains  in  focus, 
detector  34  will  detect  the  maximum  possible  re- 
flected  radiation  given  the  reflective  quality  of  sur- 
face  39  and  the  quality  of  lens  29. 

Fig.  2B  depicts  the  result  of  increasing  the 
distance  between  the  surface  39  and  the  lens  29. 
The  image  plane  37  created  by  radiation  projected 
through  subresolution  aperture  31  and  lens  29,  no 
longer  coincides  with  surface  39.  Consequently, 
after  the  radiation  reflects  off  of  surface  39  and 
passes  back  through  lens  29,  the  position  of  re- 
flected  image  plane  33  has  changed.  Thus,  when 
the  radiation  finally  reaches  object  plane  35,  it  has 
spread  out,  no  longer  being  in  focus.  Thus,  only  a 
portion  of  the  reflected  radiation  passes  through 
aperture  31  .  Detector  34  then  detects  a  decrease  in 
the  power  of  light  from  the  maximum  detected 
when  the  system  is  in  focus. 

Fig.  2C  depicts  the  results  of  moving  surface 
39  closer  to  lens  29  than  image  plane  37.  Radiation 
reflected  back  through  lens  29  by  surface  39  has 
an  actual  reflected  focus  position  on  reflected  im- 
age  plane  33  which  now  lies  beyond  object  plane 
35.  Thus,  the  returning  beam  of  light  is  spread  out 
and  only  a  portion  of  it  transmits  through  sub- 
resolution  aperture  31  in  object  plane  35.  Con- 
sequently,  detector  34  detects  a  decrease  in  the 
reflected  radiation. 

Thus,  by  adjusting  the  position  of  surface  39 
relative  to  lens  29  until  the  detector  34  provides  a 
reading  of  maximum  power,  a  precise  coincidence 
of  focal  point  38  and  a  localized  region  of  surface 
39  can  be  achieved.  In  accordance  with  the  princi- 
ples  of  the  present  invention,  this  reflective  con- 
focal  approach  is  advantageously  applied  to  focus 
a  lithographic  projection  system.  The  subresolution 
aperture  31  is  located  in  the  same  plane  as  the 
object  to  be  imaged,  such  as  a  mask,  and  radiation 
of  the  same  frequency  as  that  used  to  image  the 
object  is  projected  through  the  subresolution  ap- 
erture  31.  In  the  preferred  embodiment,  the  same 
lens  images  both  the  object  and  the  aperture  31 
making  the  confocal  system  a  "through  the  lens 

system".  Thus,  the  image  plane  of  the  object  and 
that  of  the  subresolution  aperture  are  the  same, 
namely  image  plane  37.  Consequently,  the  system 
does  not  require  calibration  since  the  object  expo- 

5  sure  radiation  in  conjunction  with  the  confocal  ap- 
paratus  determines  the  precise  point  of  focus  or 
location  of  coincidence  of  the  image  plane  37  and 
surface  39.  Alternative  embodiments  could  be  con- 
structed  with  separate  lenses  to  image  the  object 

io  and  subresolution  aperture. 
Although  the  following  description  of  preferred 

embodiments  uses  examples  based  on  wafer  lith- 
ography,  those  skilled  in  the  art  will  readily  realize 
the  system  has  equal  application  to  all  types  of 

is  projection  lithography.  These  would  include  but  not 
be  limited  to  fabrication  of  liquid  crystal  display 
screens,  integrated  circuit  chip  packages  and  mod- 
ules,  and  circuit  boards. 

Fig.  3  depicts  the  invention  incorporated  into 
20  apparatus  used  for  wafer  lithography.  The  confocal 

system  depicted  in  Fig.  3,  has  a  "through  the  lens" 
configuration  with  all  the  inherent  advantages  of 
such  a  structure.  Since  the  same  lens  29  and 
electromagnetic  radiation  of  the  same  frequency 

25  are  used  to  image  both  the  aperture  31  and  the 
mask  49  which  lie  in  the  same  plane  35,  no  matter 
what  distance  exists  between  the  lens  29  of  the 
lithographic  apparatus  and  object  plane  35,  images 
of  the  aperture  31  and  mask  49  will  always  lie  in  a 

30  common  image  plane  37. 
When  electromagnetic  radiation  of  an  appro- 

priate  frequency  projects  from  radiation  source  28 
through  the  mask  49,  an  image  of  the  mask  is 
formed  at  image  plane  37  by  lens  29.  The  position 

35  of  image  plane  37  depends  upon  the  characteris- 
tics  of  lens  29,  and  the  separation  of  masks  49  and 
lens  29.  Coincidence  of  image  plane  37  and  sur- 
face  39  occurs  upon  a  proper  focusing  of  the 
system  as  determined  by  the  associated  confocal 

40  focusing  apparatus.  Surface  39  represents  the  top 
surface  of  a  wafer  supported  photosensitive  layer, 
such  as  a  photoresist  layer.  (The  terms  "photosen- 
sitive"  and  "photoresist"  are  used  herein  in  the 
generic  sense  to  connote  a  material  responsive  to 

45  light  or  other  electromagnetic  radiation.)  Housing 
43  encloses  the  electromagnetic  radiation  source 
28.  A  diaphragm  or  lens  stop  42  provides  a  shutter 
type  mechanism,  well  known  in  the  art,  to  control 
passage  of  electromagnetic  radiation  from  source 

50  28  to  mask  49.  Auxiliary  optics  (not  shown)  may  be 
located  along  the  optical  path  between  source  28 
and  mask  49,  as  is  common  in  the  art. 

Although  radiation  of  the  same  frequency  im- 
ages  both  the  aperture  and  mask  in  the  preferred 

55  embodiment  depicted  in  Fig.  3,  the  sources  of 
radiation  differ.  Source  28  provides  radiation  to 
image  the  mask  and  source  93  provides  radiation 
to  image  the  aperture  31  .  Most  sources  of  radiation 

5 
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used  in  wafer  lithography  which  produce  radiation 
at  the  same  frequency,  such  as  mercury  arc  lamps, 
produce  radiation  which  is  indistinguishable.  The 
radiation  produced  by  source  93  strikes  beam  split- 
ter  32  which  reflects  approximately  half  of  the 
radiation  up  to  fiber  optic  cable  36.  Fiber  optic 
cable  36  then  directs  the  radiation  through  aperture 
31  .  Light  trap  94  absorbs  any  radiation  from  source 
93  not  reflected  up  to  the  cable  36  by  beam  splitter 
32. 

Platen  44,  which  contains  subresolution  ap- 
erture  31,  supports  the  mask  49  and  lies  in  the 
same  plane  as  the  mask.  The  electromagnetic  radi- 
ation  passing  through  subresolution  aperture  31 
strikes  lens  29  and  comes  to  a  focus  at  image 
plane  37.  As  noted,  because  of  the  through  the 
lens  nature  of  the  system,  the  image  of  the  mask 
49  and  the  image  of  the  aperture  31  always  lie  in 
common  at  image  plane  37.  A  portion  of  the  in- 
cident  electromagnetic  radiation  from  aperture  31 
reflects  back  off  of  surface  39  and  passes  through 
lens  29  and  subresolution  aperture  31.  Fiber  optic 
cable  36  then  directs  the  radiation  back  to  beam 
splitter  32.  Approximately  half  of  the  radiation 
passes  through  beam  splitter  32  to  lens  92  which 
focuses  the  radiation  through  aperture  95  onto  de- 
tector  34.  Aperture  95  serves  to  reduce  impinge- 
ment  of  stray  light  on  detector  34.  Use  of  the 
above  scheme  allows  for  placement  of  the  detector 
34  at  a  remote  site. 

Once  the  system  has  achieved  focus,  i.e.  when 
image  plane  37  and  the  localized  region  of  surface 
39  become  coincident,  detector  34  receives  the 
maximum  power  of  reflected  light  from  surface  39. 
Thus,  movement  of  surface  39  to  a  position  at 
which  maximum  power  is  detected,  assures  a  pre- 
cise  focusing  of  image  plane  37  on  surface  39 
without  the  need  for  calibration;  the  nature  of  the 
system  assuring  a  precise  focus. 

The  preferred  embodiment  depicted  uses  a 
lens  29  to  create  the  image  plane  37  for  both  the 
mask  and  aperture.  However,  those  skilled  in  the 
art  will  readily  perceive  that  other  types  of  refrac- 
tive  or  reflective  imaging  devices  can  accomplish 
the  same  result  when  appropriately  configured.  The 
electromagnetic  radiation  used  to  image  the  mask 
may  consist  of  light,  infrared  or  ultraviolet  radiation 
or  even  soft  x-rays. 

In  implementing  the  preferred  embodiment  of 
Fig.  3,  establishment  of  the  distance  between  the 
platen  44  and  lens  29  would  occur  first  by  means 
well  known  in  the  art.  The  necessary  magnification 
of  the  projected  image  of  the  mask  and  the  char- 
acteristics  of  the  lens  determine  the  distance  be- 
tween  the  platen  44  and  the  lens  29.  Actual  mag- 
nification  may  comprise  enlargement  of  the  image 
created  by  projection  of  the  mask,  reduction  in  size 
of  the  image  created  by  projection  of  the  mask,  or 

production  of  an  image  of  the  same  size  as  the 
mask. 

Given  the  nature  of  the  equipment  and  pro- 
cess,  the  system  operates  more  efficiently  when 

5  surface  39  moves  in  relation  to  the  lens  to  achieve 
proper  focus.  Thus,  the  mask  and  lens  remain  in  a 
fixed  relationship  while  surface  39,  at  the  top  of  the 
wafer  supported  photoresist  layer,  moves  in  rela- 
tionship  to  the  lens  29,  i.e.  towards  or  away  from 

io  the  lens  to  achieve  proper  focusing.  Alternatively 
the  imaging  apparatus  i.e.  mask,  lens  etc.,  could 
move  in  relation  to  the  wafer  to  create  a  focused 
image  of  the  mask  on  the  photoresist  layer. 

Appropriate  devices  and  instruments  well 
is  known  in  the  art  can  provide  the  mechanism  by 

which  the  readings  obtained  by  the  detector  34 
control  the  relative  movement  and  positioning  of 
the  wafer  and  imaging  apparatus  to  achieve  focus 
i.e.  coincidence  of  the  image  plane  37  and  the 

20  localized  region  of  the  photoresist  layer  39. 
The  confocal  system  described  so  far  seeks  to 

assure  proper  focusing  through  coincidence  of  a 
single  focused  point  and  the  photoresist  layer;  how- 
ever,  it  is  desirable  to  assure  complete  coincidence 

25  of  image  plane  37  and  a  localized  region  of  surface 
39.  Consequently,  the  preferred  system  uses  at 
least  three  subresolution  apertures  located  in  the 
plane  of  the  mask.  The  apertures  can  be  located 
on  the  platen  or  on  the  mask  itself.  Fig.  4  is  a  plan 

30  view  of  a  portion  of  the  platen  44  and  mask  49  with 
four  subresolution  apertures  31  located  on  the  plat- 
en  44.  The  radiation  reflected  back  through  the 
subresolution  apertures  is  combined  by  a  detector 
which  senses  the  total  intensity  of  the  radiation  and 

35  adjusts  surface  39  by  well  known  techniques  to 
assure  complete  coincidence  of  the  localized  re- 
gion  of  surface  39  and  image  plane  37.  The  use  of 
the  three  or  more  subresolution  apertures  functions 
on  the  well  known  geometric  principal  that  three  or 

40  more  points  define  a  plane. 
The  system  of  the  present  invention  will  not  be 

adversely  affected  by  defocusing  effects  of 
changes  in  ambient  air  pressure.  The  system,  giv- 
en  its  through  the  lens  nature,  automatically  cor- 

45  rects  for  changes  in  the  refractive  index  due  to 
changes  in  air  pressure. 

The  reflective  confocal  system  of  the  present 
invention  has  a  sensitivity  doubling  effect.  Referring 
to  Fig.  2a,  when  the  image  plane  37  and  the 

50  surface  39  are  coincident,  the  rays  projecting  from 
aperture  31  to  image  plane  37  demonstrate  the  in- 
focus  path  of  the  electromagnetic  radiation.  How- 
ever,  as  depicted  in  Fig.  2b,  upon  movement  of 
surface  39  a  distance  "d"  away  from  image  plane 

55  37,  a  virtual  image  40  of  aperture  31  forms  at 
virtual  image  plane  41  .  The  virtual  image  plane  41 
as  indicated  lies  at  a  position  a  distance  "2d"  from 
the  in-focus  position  of  image  plane  37.  Likewise, 

6 
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reflected  image  plane  33  is  a  distance  "2d"  from 
the  object  plane  35.  Fig.  2c  depicts  the  same  effect 
when  surface  39  moves  towards  the  lens  29  to  an 
out  of  focus  position.  The  doubling  of  the  effects  of 
surface  movements  in  and  out  of  focus  adds  an 
enhanced  sensitivity  to  the  system  making  it  more 
effective. 

An  additional  aspect  of  the  present  invention 
not  readily  apparent  will  now  be  described.  There 
is  a  general  industry  consensus  that  one  cannot 
safely  expose  the  photoresist  layer  to  electromag- 
netic  radiation  of  the  same  frequency  as  that  used 
to  project  the  image  of  the  mask  on  to  the 
photoresist  layer.  The  primary  concern  being  the 
obvious  potential  of  overexposing  the  photoresist 
layer  and  thus  introducing  errors  into  the  structures 
to  be  fabricated  with  the  lithographic  process.  How- 
ever,  the  system  of  the  present  invention  allows  the 
exposure  of  the  photoresist  layer  to  exposure 
wavelengths  of  electromagnetic  radiation  while 
avoiding  overexposure  of  the  photoresist  layer.  The 
intensities  of  electromagnetic  radiation  necessary 
to  effectuate  the  present  invention  are  below  those 
necessary  to  expose  the  photoresist  layer.  For  ex- 
ample,  if  a  photoresist  exposure  threshold  equals 
approximately  1X1  0_G  J/CM2,  a  very  fast  rate,  then 
at  an  exposure  wavelength  of  248  nanometers  this 
requires  4X1  07  photons  per  square  micrometer. 
Assuming  that  the  reflectivity  of  the  photoresist 
layer  is  4%,  then  available  photons  for  focus  sens- 
ing  are  approximately  1.6X106  per  square  microm- 
eter.  Consequently,  if  only  one  percent  of  the  pho- 
tons  reach  the  detector  there  are  1  .6X1  0+  photons 
available,  a  sufficient  number,  since  this  gives  a 
photon-limited  signal-  to-noise  ratio  better  than  100 
to  1.  A  photo-multiplier,  solid-state  photo  detector 
or  similar  device,  all  well  known  in  the  art,  can  be 
used  for  detection.  The  added  sensitivity  of  the 
system  of  the  present  invention  as  noted  above, 
with  current  capabilities  of  detectors  allows  use  of 
intensities  of  radiation  for  focus  determination  be- 
low  those  necessary  to  cause  exposure  of  the 
photoresist  layer. 

However,  the  current  industry  trend  is  to  make 
the  photoresist  layer  sensitive  to  reduced  inten- 
sities  of  radiation.  By  reducing  the  intensity  of  light 
necessary  to  expose  the  photoresist  layer,  the 
overall  time  to  complete  the  fabrication  process 
decreases  with  a  corresponding  improvement  in 
productivity.  A  number  of  enhancements  can  be 
made  to  the  present  invention  which  solve  any 
potential  problems  of  overexposure  of  the 
photoresist  layer. 

One  solution  involves  dedication  of  a  very 
small  region  of  each  integrated  circuit  site  on  the 
wafer  as  a  "sacrificial  region".  Because  of  the  pin 
point  focusing  of  the  confocal  imaging  process, 
only  one  to  two  square  microns  of  surface  area  has 

to  be  exposed  to  implement  the  present  invention. 
Given  the  fact  that  the  area  of  most  integrated 
circuit  sites  on  the  wafer  varies  from  10G  to  10s 
square  microns,  the  actual  sacrificial  area  neces- 

5  sary  is  minuscule  and  thus  use  of  such  a  region 
creates  no  appreciable  loss  of  available  surface 
area  for  the  devices  of  the  integrated  circuit. 

A  second  possible  technique  employs  a  portion 
of  the  kerf  region  as  the  "sacrificial  region".  Fig.  5A 

io  provides  an  overall  illustration  of  a  wafer  51  and 
various  integrated  circuit  or  chip  sites  53  and  the 
kerf  57  located  between  them.  Fig.  5b  depicts 
three  integrated  circuit  sites  53  with  the  kerf  57 
separating  them.  Upon  completion  of  fabrication  of 

is  the  integrated  circuits  at  sites  53,  separation  of  the 
integrated  circuits  from  each  other  occurs  along  the 
kerf.  Thus  exposure  of  the  kerf  to  radiation  during 
the  focusing  process  has  no  negative  effect  on  the 
integrated  circuits.  Also,  a  kerf  region  conveniently 

20  surrounds  each  integrated  circuit  site. 
Another  potential  solution  to  the  possible  prob- 

lem  of  overexposure  of  the  photoresist  entails  the 
use  of  several  neighboring  subresolution  apertures 
sufficiently  separated  so  that  radiation  emanating 

25  from  each  aperture  returns  only  through  the  same 
aperture  (hereinafter  such  apertures  are  sometimes 
referred  to  as  "reflectively  s  eparate".)  Radiation 
projects  through  all  of  the  subresolution  apertures 
31  A  to  31  C  simultaneously  as  depicted  schemati- 

30  cally  in  Fig.  6.  The  radiation  passes  through  lens 
29  then  strikes  surface  39  and  reflects  back 
through  the  lens  29  and  the  apertures  31  A  to  31  C. 
Beam  splitter  32  then  diverts  the  radiation  from 
each  aperture  to  detector  45  which  combines  the 

35  readings  received  from  all  of  the  subresolution  ap- 
ertures  31  A  to  31  C.  The  combined  reflected  radi- 
ation  provides  detector  45  with  radiation  of  suffi- 
cient  power  to  make  appropriate  readings  for  fo- 
cusing  while  at  the  same  time  the  actual  exposure 

40  of  the  photoresist  layer  to  the  radiation  has  been 
spread  out  over  a  sufficiently  large  enough  surface 
area  of  the  photoresist  layer  to  eliminate  any  possi- 
ble  over  exposure  effects  on  the  photoresist  layer. 
The  number  of  apertures  necessary  for  such  a 

45  process  depends  upon  the  requisite  power  neces- 
sary  for  the  detector  and  the  threshold  sensitivity  of 
the  photoresist  layer  to  specific  intensities  of  radi- 
ation,  all  easily  determinable  once  the  parameters 
of  the  system  are  known. 

50  Since  the  system  of  the  present  invention  re- 
quires  no  calibration  due  to  its  unique  application 
of  the  confocal  principal,  the  system  can  be  readily 
adapted  to  calibrate  other  systems  used  to  focus. 
These  other  systems  are  nonconfocal  focusing 

55  mechanisms.  Fig.  7  depicts  use  of  the  present 
system  to  calibrate  an  oblique  focusing  system.  In 
such  a  calibration  system,  a  fixed  spatial  relation- 
ship  would  be  established  between  the  confocal 
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apparatus  46  and  the  oblique  focusing  system  with 
its  radiation  projector  51  and  detection  unit  52. 
Surface  39  would  be  moved,  e.g.  from  position 
39b,  until  it  coincides  with  the  image  plane  37  as 
detected  by  the  confocal  system,  at  which  position 
(39a)  the  reading  provided  by  detection  unit  52 
would  represent  the  in-focus  position  of  the  oblique 
focusing  system.  Thus,  calibration  of  the  oblique 
focusing  system  would  result  without  the  need  for 
examination  of  test  exposure  sites.  Likewise,  the 
same  process  can  effectively  calibrate  the  capaci- 
tive  and  air  gauge  systems  or  other  non-confocal 
focusing  systems. 

The  system  of  the  present  invention  has  a  high 
degree  of  flexibility  which  allows  its  use  with  a 
number  of  different  lithographic  fabrication  pro- 
cesses  currently  in  use.  One  such  system  referred 
to  as  the  step  and  repeat  system  involves  reposi- 
tioning  of  the  wafer  to  align  the  mask  and  image 
projecting  system  with  each  successive  chip  site 
on  the  wafer  where  an  exposure  of  the  mask  oc- 
curs  after  initiation  and  completion  of  focus  adjust- 
ment.  In  such  a  process,  instead  of  waiting  to 
activate  the  focusing  system  of  the  present  inven- 
tion  until  after  the  imaging  apparatus  is  aligned 
above  the  integrated  circuit  site,  the  focusing  sys- 
tem  could  continuously  operate  while  the  wafer 
moves.  Thus,  the  focusing  system  would  be  con- 
tinuously  operating  until  the  imaging  apparatus  be- 
comes  positioned  above  an  integrated  circuit  site 
and  thus  achieve  a  quicker  focus.  Such  a  proce- 
dure  would  result  in  reductions  of  time  necessary 
to  fabricate  the  integrated  circuits  on  the  wafer  and 
thus  increase  overall  productivity.  This  procedure 
would  also  reduce  the  exposure  time  during  the 
focusing  process  of  any  one  portion  of  the 
photoresist  layer  and  thus  reduce  the  possibility  of 
overexposure. 

Some  photolithographic  tools  use  a  scanning 
type  of  exposure  process.  In  such  a  process,  the 
mask  and  imaging  apparatus  move  while  exposing 
an  image  of  the  mask  on  each  site  as  opposed  to 
the  step  and  repeat  process  mentioned  above.  The 
mask  and  imaging  apparatus  may  move  continu- 
ously  or  intermittently.  The  confocal  focusing  meth- 
od  of  the  present  invention  could  be  employed  with 
this  continuous  process. 

A  synchronous  detection  process  provides  one 
way  for  continuous  real  time  use  of  the  confocal 
focusing  process  during  the  actual  exposure  of  the 
photoresist  with  a  scanning  or  step  and  repeat  type 
of  imaging  process.  Fig.  8A  provides  a  schematic 
diagram  of  an  apparatus  used  for  a  continuous 
exposure  scanning  focus  system.  Rotating  beam 
chopper  73  driven  by  motor  74  chops  the  projected 
beam  of  electromagnetic  radiation  up  into  pulses. 
Chopper  73  typically  has  alternating  radiation  trans- 
mitting  and  blocking  sections.  Consequently,  detec- 

tor  34  senses  radiation  output  patterns  as  depicted 
on  the  graph  in  Fig.  8b.  Portion  "A"  of  the  detected 
radiation  results  from  some  of  the  radiation  scat- 
tered  during  the  exposure  of  the  photoresist  reflect- 

5  ing  through  the  aperture.  Portion  "B"  of  the  de- 
tected  radiation  results  from  the  pulses  projected 
through  aperture  31  .  The  detector  34  in  conjunction 
with  conventional  synchronous  detection  electron- 
ics  75  easily  eliminates  the  effect  of  scattered 

io  radiation  from  the  readings  and  makes  a  correct 
determination  as  to  intensity  of  each  pulse,  thus 
ensuring  proper  focusing  of  the  lithographic  sys- 
tem.  It  will  be  readily  apparent  to  those  skilled  in 
the  art  that  methods  other  than  beam  chopping  can 

is  provide  radiation  in  pulses. 
Nowadays,  eximer  lasers  are  increasingly  used 

in  high  resolution  photolithography.  These  lasers 
emit  radiation  in  a  series  of  pulses  making  the 
standard  techniques  of  chopping  inappropriate  for 

20  focus  detection.  One  way  of  applying  the  confocal 
focusing  technique  of  the  present  invention  to  such 
systems  involves  projection  of  the  radiation  through 
the  aperture  31  at  a  rate  different  from  that  projec- 
ted  onto  the  mask.  Given  the  different  frequency 

25  rates  ,  the  system  can  isolate  reflected  radiation 
attributable  to  pulses  projected  through  the  ap- 
erture  and  accordingly  focus  the  system  One  such 
implementation  would  project  radiation  through  the 
aperture  with  every  other  pulse  of  radiation  projec- 

30  ted  onto  the  mask.  Fig.  8c  provides  a  graphic 
representation  of  the  reflected  radiation  pulses 
sensed  by  the  detector  34  under  such  a  scheme. 
The  detector  easily  isolates  those  portions  "C"  of 
every  pulse  attributable  to  mask  projection  radi- 

35  ation  reflecting  back  through  the  aperture.  The  de- 
tector  and  associated  electronics  would  then  isolate 
the  reflected  radiation  "D"  originally  projected 
through  the  aperture  on  every  other  pulse. 

In  the  preferred  embodiment  described  above, 
40  electromagnetic  radiation  of  the  same  frequency 

creates  the  projected  image  of  both  the  aperture  of 
origin  and  the  object  to  be  imaged.  Both  the  object 
and  the  aperture  lie  in  the  same  plane  and  the 
same  imaging  device,  such  as  a  lens,  images  both. 

45  However,  the  system  or  method  could  be  very 
easily  altered  so  that  electromagnetic  radiation  of 
different  frequencies  could  image  the  object  and 
the  aperture.  In  such  an  arrangement  the  same 
imaging  device  would  image  both  the  aperture  and 

50  object;  however,  the  object  and  aperture  would  lie 
in  different  but  adjacent  planes  to  account  for  the 
difference  in  frequency  of  imaging  radiation  used  to 
image  the  aperture  and  the  object.  The  important 
factor  is  assuring  the  coincidence  of  the  image 

55  plane  of  the  object  and  the  image  plane  of  the 
aperture  of  origin  to  maintain  the  through-the-lens 
nature  of  the  system  or  method.  However,  even 
when  the  object  and  the  aperture  are  imaged  by 

8 
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electromagnetic  radiation  of  different  frequencies,  if 
the  imaging  device  or  lens  is  corrected  for  axial 
color,  such  that  it  can  focus  electromagnetic  radi- 
ation  of  different  frequencies  to  the  same  place  or 
image  plane,  under  the  right  circumstances  the 
same  lens  can  focus  both  the  object  and  aperture 
to  the  same  image  plane  even  though  they  both  lie 
in  the  same  plane  when  imaged.  An  all  reflective 
system  can  focus  any  number  of  different  fre- 
quencies  to  the  same  plane. 

As  a  further  enhancement,  the  subresolution 
aperture(s)  can  be  made  to  move,  e.g.  oscillate, 
with  respect  to  the  object  plane  in  a  direction 
generally  perpendicular  to  the  object  plane,  inorder 
to  determine  the  location  of  a  surface  relative  to  the 
image  plane. 

While  the  invention  has  been  particularly 
shown  and  described  with  reference  to  preferred 
embodiments  thereof,  it  will  be  understood  by 
those  skilled  in  the  art  that  various  changes  in  form 
and  detail  may  be  made  therein  without  departing 
from  the  spirit  and  scope  of  the  invention. 

Claims 

1.  Apparatus  for  focusing  an  image  of  an  object 
projected  by  object  imaging  means  onto  an 
imaging  surface,  the  object  being  located  in  an 
object  plane,  comprising: 
an  electromagnetic  radiation  barrier  having  a 
subresolution  aperture  therethrough; 
means  for  projecting  electromagnetic  radiation 
through  the  aperture  towards  the  imaging  sur- 
face; 
confocal  imaging  means  for  forming  from  the 
projected  radiation  an  image  of  said  aperture 
in  an  image  plane  of  the  object  imaging 
means,  part  of  the  projected  radiation  reflect- 
ing  from  a  localized  region  of  the  imaging 
surface  through  the  confocal  imaging  means 
and  the  aperture; 
means  for  detecting  power  of  radiation  reflect- 
ed  back  through  the  aperture;  and 
means  for  adjusting  the  distance  between  the 
object  imaging  means  and  the  imaging  surface 
to  maximize  said  detected  power. 

2.  The  apparatus  of  claim  1  wherein  the  object 
comprises  a  projection  lithography  mask  and 
the  image  surface  comprises  an  electromag- 
netic  radiation  sensitive  layer. 

3.  The  apparatus  of  claim  1  or  2  wherein  the 
imaging  surface  comprises  a  photoresist  layer 
on  a  semiconductor  wafer. 

4.  The  apparatus  of  any  of  claims  1-3  wherein  the 
localized  region  comprises  a  sacrificial  region 

of  an  integrated  circuit  site  on  the  wafer. 

5.  The  apparatus  of  any  of  claims  1-4  wherein  the 
means  for  projecting  radiation  through  the  ap- 

5  erture  comprises  means  for  projecting  radiation 
with  an  intensity  below  an  exposure  threshold 
of  the  photoresist  layer. 

6.  The  apparatus  of  any  of  claims  1-5  wherein  the 
io  localized  region  comprises  a  kerf  region  be- 

tween  integrated  circuit  sites  on  the  wafer. 

7.  The  apparatus  of  any  of  claims  1-6  wherein  the 
barrier  having  the  subresolution  aperture  is  lo- 

15  cated  in  the  object  plane. 

8.  The  apparatus  of  any  of  claims  1-7  further 
comprising  a  plurality  of  subresolution  aper- 
tures  located  in  the  object  plane;  means  for 

20  projecting  radiation  through  each  of  said  ap- 
ertures;  confocal  imaging  means  for  forming  an 
image  of  each  of  said  apertures  in  the  image 
plane  of  the  object  imaging  means;  and  means 
for  detecting  the  power  of  radiation  reflected 

25  back  through  each  of  said  apertures,  whereby 
the  distance  between  the  object  imaging 
means  and  the  imaging  surface  can  be  ad- 
justed  to  maximize  the  detected  power  of  radi- 
ation  reflected  back  through  all  of  the  aper- 

30  tures. 

9.  The  apparatus  of  any  of  claims  1-8  wherein  the 
plurality  of  subresolution  apertures  located  in 
the  object  plane  are  closely  spaced  but  reflec- 

35  tively  separate,  and  wherein  said  detecting 
means  comprises  means  for  combining  the 
detected  reflected  radiation  from  each  of  said 
apertures  and  for  detecting  power  of  the  com- 
bined  radiation,  whereby  the  distance  between 

40  the  object  imaging  means  and  the  imaging 
surface  can  be  adjusted  to  maximize  the  de- 
tected  power  of  the  combined  radiation. 

10.  The  apparatus  of  any  of  claims  1-9  wherein  the 
45  confocal  imaging  means  comprises  the  object 

imaging  means. 

11.  The  apparatus  of  any  of  claims  1-10  wherein 
the  radiation  projected  through  the  aperture 

50  comprises  radiation  from  the  same  source  as 
that  used  to  image  the  object  on  the  imaging 
surface. 

12.  The  apparatus  of  any  of  claims  1-11  wherein 
55  the  radiation  projected  through  the  aperture 

has  a  frequency  equal  to  that  of  radiation  used 
to  form  the  image  of  the  object. 

9 
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13.  The  apparatus  of  any  of  claims  1-12  wherein 
the  means  for  projecting  radiation  through  the 
aperture  and  the  detecting  means  share  a 
common  beam  splitter. 

14.  The  apparatus  of  any  of  claims  1-13  wherein 
the  detecting  means  further  comprises  the 
means  for  distinguishing  between  reflected  ra- 
diation  originating  from  the  aperture  and  other 
detected  radiation. 

15.  The  apparatus  of  any  of  claims  1-14  wherein 
the  means  for  projecting  radiation  through  the 
aperture  comprises  means  for  pulsing  the  pro- 
jected  radiation;  and  the  detecting  means  com- 
prises  synchronous  detection  means  synchro- 
nized  with  said  pulsing  means. 

16.  The  apparatus  of  any  of  claims  1-15  wherein 
the  means  for  projecting  radiation  through  the 
aperture  further  comprises  means  for  projec- 
ting  the  radiation  in  pulses  at  a  rate  different 
from  but  synchronized  with  a  pulse  rate  of 
radiation  used  to  project  the  image  of  the 
object. 

17.  The  apparatus  of  any  of  claims  1-16,  further 
comprising  means  for  simultaneously  projec- 
ting  the  image  of  the  object  onto  the  imaging 
surface  and  the  electromagnetic  radiation 
through  the  aperture  towards  the  imaging  sur- 
face. 

18.  The  apparatus  of  any  of  claims  1-17,  further 
comprising  means  for  calibrating  a  nonconfocal 
focusing  mechanism. 

19.  The  apparatus  of  any  of  claims  1-18  wherein 
said  nonconfocal  focusing  mechanism  com- 
prises  one  of:  an  oblique  focusing  system,  a 
capacitance  gauge  and  an  air  gauge. 

20.  The  apparatus  of  any  of  claims  1-19  wherein 
the  confocal  imaging  means  comprises  the  ob- 
ject  imaging  means,  and  the  radiation  projec- 
ted  through  the  aperture  has  a  frequency  equal 
to  the  frequency  of  radiation  used  to  form  the 
image  of  the  object. 

21.  Apparatus  for  focusing  an  image  of  an  object 
projected  by  object  imaging  means  onto  an 
imaging  surface,  the  object  being  located  in  an 
object  plane,  comprising: 
an  electromagnetic  radiation  barrier  having  a 
subresolution  aperture  of  origin  therethrough; 
means  for  projecting  electromagnetic  radiation 
through  the  aperture  of  origin  towards  the  im- 
aging  surface; 

confocal  imaging  means  for  forming  from  the 
projected  radiation  an  image  of  said  aperture 
in  an  image  plane  of  the  object  imaging 
means; 

5  means  for  directing  projected  radiation  which 
strikes  the  imaging  surface  towards  one  of  the 
aperture  of  origin  and  a  conjugate  subresolu- 
tion  aperture; 
means  for  detecting  power  of  directed  radiation 

io  passing  through  the  aperture  of  origin  or  the 
conjugate  aperture;  and 
means  for  adjusting  the  distance  between  the 
object  imaging  means  and  the  imaging  surface 
to  maximize  said  detected  power. 

15 
22.  A  method  for  focusing  an  image  of  an  object 

projected  by  object  imaging  means  onto  an 
imaging  surface,  the  object  being  located  in  an 
object  plane,  comprising  the  steps  of: 

20  forming  an  image  of  a  subresolution  aperture 
in  an  image  plane  of  the  object  imaging 
means;  and 
bringing  a  localized  region  of  the  imaging  sur- 
face  into  coincidence  with  the  image  of  said 

25  aperture. 

23.  The  method  of  claim  22  wherein  the  step  of 
forming  the  image  of  the  subresolution  ap- 
erture  comprises  projecting  electromagnetic 

30  radiation  from  the  aperture  through  confocal 
imaging  means;  and 
wherein  the  step  of  bringing  the  image  of  the 
aperture  and  the  imaging  surface  into  coinci- 
dence  comprises: 

35  detecting  power  of  radiation  reflected  back 
from  the  localized  region  of  the  imaging  sur- 
face  through  the  aperture,  and  adjusting  the 
distance  between  the  object  imaging  means 
and  the  imaging  surface  to  maximize  the  de- 

40  tected  power. 

24.  The  method  of  claim  20  or  23  wherein  the 
image  of  the  aperture  is  formed  by  the  object 
imaging  means. 

45 
25.  The  method  of  any  of  claims  22-24  further 

comprising  the  steps  of: 
locating  the  aperture  in  the  object  plane;  and 
employing  electromagnetic  radiation  of  the 

50  same  frequency  to  form  the  image  of  the  ap- 
erture  and  the  image  of  the  object. 

26.  The  method  of  any  of  claims  22-25  wherein 
the  detecting  step  further  comprises  distin- 

55  guishing  between  reflected  radiation  originally 
emanating  from  the  aperture  and  other  de- 
tected  radiation. 

10 
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27.  The  method  of  any  of  claims  22-26  wherein 
the  object  comprises  a  projection  lithography 
mask,  the  imaging  surface  comprises  a 
photoresist  layer  on  a  semiconductor  wafer 
having  multiple  integrated  circuit  sites,  and  the 
localized  region  comprises  a  kerf  region  be- 
tween  adjacent  integrated  circuit  sites. 

28.  The  method  of  any  of  claims  22-27  further 
comprising  the  step  of  forming  multiple  sub- 
resolution  aperture  images  in  the  image  plane 
of  the  object  imaging  means. 

29.  A  method  for  focusing  an  image  of  an  object  to 
be  projected  by  object  imaging  means  onto  an 
imaging  surface,  the  object  being  located  in  an 
object  plane,  comprising: 
projecting  object  exposure  electromag- 
neticradiation  through  at  least  one  subresolu- 
tion  aperture  located  in  an  electromagnetic  ra- 
diation  barrier  in  the  object  plane; 
passing  the  radiation  through  the  object  imag- 
ing  means  to  form  an  image  of  the  aperture  in 
an  image  plane  of  the  object  imaging  means 
and  then  onto  the  imaging  surface; 
reflecting  a  portion  of  the  radiation  off  the 
imaging  surface  so  that  it  retraces  its  path 
back  through  the  imaging  means  and  the  ap- 
erture; 
detecting  power  of  the  radiation  reflected  back 
through  the  aperture;  and 
adjusting  the  distance  between  theimaging  sur- 
face  and  the  object  imaging  means  to  maxi- 
mize  detected  power  of  radiation. 

30.  The  method  of  any  of  claims  22-29  further 
comprising  projecting  the  radiation  through  a 
plurality  of  subresolution  apertures  in  the  ob- 
ject  plane  and  detecting  power  of  radiation 
reflected  back  through  each  aperture;  and  ad- 
justing  the  distance  between  the  imaging  sur- 
face  and  imaging  device  to  maximize  the  de- 
tected  power  of  radiation  reflected  back 
through  each  aperture. 

31.  The  method  of  any  of  claims  22-30  further 
comprising  projecting  the  radiation  through  a 
plurality  of  closely  spaced  but  reflectively  sep- 
arate  subresolution  apertures  in  the  object 
plane,  detecting  total  power  of  radiation  re- 
flected  back  through  the  apertures;  and  adjust- 
ing  said  distance  to  maximize  the  detected 
total  power  of  radiation. 

32.  A  method  for  focusing  an  image  of  a  mask 
projected  by  object  imaging  means  onto  a 
photoresist  layer  during  a  photolithographic 
process  comprising: 

projecting  mask  exposure  electromag- 
neticradiation  through  at  least  one  subresolu- 
tion  aperture  located  in  an  electromagnetic  ra- 
diation  barrier  located  in  the  plane  of  the  mask; 

5  passing  the  radiation  through  anelectromag- 
netic  radiation  imaging  device  onto  a  photores- 
ist  layer,  the  imaging  device  forming  an  image 
of  the  aperture  in  an  image  plane  of  the  object 
imaging  means; 

io  reflecting  a  portion  of  the  radiation  offthe 
photoresist  layer  so  that  it  retraces  its  path 
back  through  the  imaging  device  and  the  ap- 
erture; 
detecting  power  of  radiation  reflected  back 

is  through  the  aperture;  and 
adjusting  the  distance  between  the  photoresist 
layer  and  the  object  imaging  means  to  maxi- 
mize  the  detected  power  of  radiation. 
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