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Description 

BACKGROUND  OF  THE  INVENTION 

5  The  present  invention  generally  relates  to  fabrication  of  integrated  circuits,  and  more  particularly  to  a  pho- 
to-cathode  image  projection  apparatus  according  to  the  first  part  of  claim  1  and  a  method  of  exposing  an  object 
to  a  photoelectron  beam  according  to  the  first  part  of  claim  15,  used  for  patterning  a  semiconductor  device  in 
fabrication  of  an  integrated  circuit. 

In  fabrication  of  a  semiconductor  integrated  circuit  including  numerous  semiconductor  devices  such  as  a 
10  very  large  scale  integrated  circuit  (VLSI),  an  extremely  fine  patterning  is  required  so  as  to  provide  as  many 

semiconductor  devices  as  possible  in  a  unit  area.  Conventionally,  a  photolithography  technique  using  ultra- 
violet  radiation  is  used  for  this  purpose.  Responsive  to  the  ultraviolet  irradiation,  an  optical  image  of  a  desired 
device  is  focused  on  a  photoresist  deposited  on  a  wafer  or  substrate  through  a  suitable  mask,  and  the  photo- 
resist  is  thus  exposed  to  the  ultraviolet  irradiation  in  accordance  with  the  desired  pattern  of  the  semiconductor 

15  device.  Such  a  patterning  using  the  ultraviolet  light  or  other  visible  and  invisible  lights,  though  capable  of  pro- 
viding  a  high  throughput,  has  a  basic  limitation  in  that  the  minimum  thickness  of  a  line  possible  to  be  attained 
in  the  patterning  is  limited  due  to  the  relatively  large  wavelength  of  the  light  which  is  typically  in  the  order  of 
400  nm  (4000A).  In  order  to  achieve  a  more  fine  patterning  than  those  achieved  by  the  photolithography,  va- 
rious  techniques  are  developed  using  other  type  of  radiations.  Among  others,  electron  beam  lithography  using 

20  an  electron  beam  as  the  radiation,  X-ray  beam  lithography  using  an  X-ray  beam  as  the  radiation,  and  photo- 
cathode  image  projection  technique  using  a  photoelectron  emitted  responsive  to  an  irradiation  of  a  suitable 
material  by  an  optical  beam  as  the  radiation,  are  widely  studied. 

In  the  electron  beam  irradiation  technique,  an  electron  beam  having  a  circular  or  rectangular  cross  section 
is  used  for  exposing  the  photoresist.  At  the  time  of  patterning,  the  electron  beam  is  deflected  and  moved  over 

25  the  surface  of  the  wafer  according  to  a  predetermined  pattern.  Simultaneously,  the  wafer  itself  is  moved.  For 
focusing,  shaping  and  deflection  of  the  electron  beam,  a  column  system  including  electromagnetic  lens  and 
acceleration  system  is  used.  Further,  a  stage  system  is  used  for  supporting  and  moving  the  wafer  to  a  direction 
so  that  a  desired  image  of  pattern  is  written  on  the  wafer  in  cooperation  with  the  movement  of  the  electron 
beam.  Using  a  suitable  acceleration  voltage,  a  very  fine  image  of  pattern  can  be  written  without  using  mask. 

30  However,  this  technique  of  electron  beam  irradiation  takes  a  significant  time  for  exposure  as  the  electron  beam 
writes  the  pattern  on  the  surface  of  the  wafer  in  "one  stroke"  which  means  that  the  electron  beam  is  moved 
over  the  surface  of  the  wafer  without  interruption  for  the  entire  pattern.  Thus,  the  throughput  obtained  by  this 
method  is  relatively  low  and  therefore  this  technique  is  not  suited  for  mass  production. 

The  X-ray  beam  lithography  is  a  proximity  printing  technique  in  which  the  mask  and  the  photoresist  are 
35  separated  by  a  minute  gap,  and  an  X-ray  having  a  wavelength  in  the  order  of  0,1  -  1  nm  (1  -  10  A)  is  used  for 

the  irradiation.  This  technique,  though  capable  of  providing  an  improved  resolution  as  compared  to  the  con- 
ventional  photolithography  technique,  has  a  problem  in  that  a  bulky  X-ray  generator  has  to  be  used  for  the  X- 
ray  source.  Further,  there  is  a  problem  in  that  the  wafer,  X-ray  source  and  the  mask  has  to  be  aligned  with  an 
extremely  high  precision.  For  this  purpose,  a  specially  designed  aligner  has  to  be  used.  Even  so,  there  is  a 

40  tendency  that  the  gap  between  the  mask  and  the  wafer  is  changed  from  a  nominal  or  designed  value  partic- 
ularly  when  the  diameter  of  the  wafer  is  increased.  In  such  a  case,  the  gap  between  the  mask  and  a  wafer 
surface  across  the  gap  tends  to  be  changed  in  one  position  and  the  other  due  to  the  deformation  of  the  mask 
or  non-flat  surface  of  the  wafer.  Such  a  change  in  the  gap  results  in  a  blur  in  the  image  of  pattern  on  the  wafer. 
Further,  there  is  a  problem  in  that  the  material  which  can  be  used  for  the  mask  is  limited  as  such  a  mask  has 

45  to  absorb  the  X-ray.  Furthermore,  the  intensity  of  the  X-ray  beam  obtained  from  the  commonly  available  X- 
ray  generator  is  usually  not  sufficient  for  an  efficient  patterning  operation.  In  other  words,  the  throughput  ach- 
ieved  by  the  X-ray  beam  lithography  is  too  small  for  mass  production  of  integrated  circuits.  Of  course,  it  is  pos- 
sible  to  think  of  using  an  intense  X-ray  beam  produced  by  a  synchrotron  orbit  radiation  ring  (SOR)  for  this  pur- 
pose.  However,  such  a  facility  has  an  enormous  size  and  too  expensive  for  a  practical  facility  for  fabrication 

so  of  integrated  circuits. 
The  photo-cathode  image  projection  technique  is  advantageous  as  it  provides  a  high  resolution  compar- 

able  to  that  of  the  electron  beam  lithography  in  combination  with  a  high  throughput  comparable  to  that  of  the 
photolithography.  In  this  technique,  a  material  for  emitting  a  photoelectron  when  irradiated  by  a  light  and  an- 
other  material  not  emitting  electron  are  patterned  on  a  mask  according  to  the  desired  pattern,  and  the  photo- 

55  electron  emitted  from  the  mask  is  focused  on  the  surface  of  the  wafer  which  is  coated  with  the  photoresist. 
Thereby,  the  photoelectron  emitted  from  the  mask  is  accelerated  and  focused  by  magnetic  and  electric  fields 
established  between  the  mask  and  the  wafer,  and  an  image  of  a  semiconductor  pattern  corresponding  to  the 
pattern  formed  on  the  mask  is  transferred  to  the  photoresist  covering  the  surface  of  the  wafer. 
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Thus,  a  typical  photo-cathode  image  projection  apparatus  comprises  a  mask  such  as  the  one  already  de- 
scribed,  a  stage  for  supporting  the  wafer  deposited  with  the  photoresist,  focusing  coil  for  focusing  the  photo- 
electron  on  the  wafer,  a  high  voltage  source  which  applies  a  high  voltage  between  the  mask  and  the  stage  for 
acceleration  of  the  photoelectron,  and  an  evacuated  chamber  for  accommodating  the  mask  and  the  stage. 

5  In  such  an  apparatus,  there  is  a  problem  in  that  an  electrical  discharge  tends  to  occur  between  the  mask 
and  the  wafer  held  on  the  stage  because  of  the  high  acceleration  voltage  between  the  mask  and  the  wafer. 
When  such  an  electrical  discharge  occurs,  a  part  of  the  photoresist  on  the  wafer  is  evaporated  and  scatters 
in  the  chamber.  Thus,  there  is  a  substantial  risk  that  a  part  of  the  photoresist  thus  scattered  contaminates  the 
mask.  When  this  happens,  the  pattern  on  the  mask  is  damaged  and  a  defect  is  introduced  into  the  pattern  on 

10  the  mask.  The  defect  thus  brought  into  the  pattern  on  the  mask  is  transferred  to  all  of  the  semiconductor  devices 
thereafter  patterned  on  the  wafer. 

Further,  there  is  another  problem  in  that,  as  a  result  of  the  existence  of  the  high  acceleration  voltage  be- 
tween  the  mask  and  the  substrate,  a  part  of  back-scattered  electrons  emitted  from  the  wafer  responsive  to 
the  irradiation  of  the  wafer  by  the  electron  beam  for  positioning  purpose,  are  returned  to  the  wafer  again.  When 

15  such  a  back-scattered  electron  has  returned  and  reached  the  photoresist,  a  part  of  the  photoresist  which 
should  not  to  be  exposed  to  electron  is  exposed  unwantedly.  Furthermore,  there  is  a  problem  in  that  the  elec- 
trical  field  in  a  vicinity  of  the  wafer  is  disturbed  significantly  when  the  surface  of  the  wafer  is  not  completely 
flat.  This  is  because  the  wafer  itself  is  used  as  one  of  the  electrodes  across  which  the  high  acceleration  voltage 
is  applied.  Such  a  disturbance  in  the  electrical  field  in  the  vicinity  of  the  wafer  invites  a  significant  distortion 

20  in  the  image  of  the  semiconductor  pattern  on  the  wafer. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  general  object  of  the  present  invention  to  provide  a  novel  and  useful  photo-cathode 
25  image  projection  apparatus  and  method  of  exposing  an  object  to  a  photoelectron  beam  wherein  the  aforemen- 

tioned  problems  are  eliminated. 
This  object  is  achieved  by  the  apparatus  according  to  claim  1  and  the  method  according  to  claim  15.  The 

dependent  claims  describe  particular  embodiments  of  the  invention. 
Another  object  of  the  present  invention  is  to  provide  a  photo-cathode  image  projection  apparatus  for  fo- 

30  cusing  a  photoelectron  emitted  from  a  mask  patterned  with  a  material  which  releases  the  photoelectron  re- 
sponsive  to  an  optical  irradiation,  on  a  surface  of  a  wafer  held  on  a  stage,  wherein  a  screening  electrode  plate 
having  a  slit  therein  for  passing  the  photoelectron  is  disposed  between  the  mask  and  the  stage  in  a  state  such 
that  the  electrode  plate  and  the  stage  are  in  a  same  electrical  potential  level.  In  the  apparatus  according  to 
the  present  invention,  electrical  discharge  between  the  wafer  and  the  mask  due  to  a  high  acceleration  voltage 

35  between  the  wafer  and  mask  is  eliminated  by  the  screening  electrode  plate  and  the  risk  that  the  pattern  on 
the  mask  being  damaged  by  the  scattering  of  the  photoresist  is  substantially  reduced.  Even  if  there  occurs  an 
electrical  discharge,  almost  all  the  scattered  photoresist  are  stopped  by  the  electrode  plate  located  between 
the  stage  and  the  mask,  and  the  mask  is  prevented  from  being  contaminated  by  the  scattered  photoresist.  Fur- 
ther,  as  there  is  no  substantial  electrical  field  between  the  electrode  plate  and  the  stage,  the  chance  that  the 

40  back-scattered  electron  emitted  from  the  wafer  responsive  to  the  incidence  of  the  photoelectron  returns  to 
the  wafer  resulting  in  the  unwanted  exposure  of  the  photoresist  is  negligible. 

Another  object  of  the  present  invention  is  to  provide  a  method  of  patterning  a  semiconductor  device  on  a 
semiconductor  wafer  by  irradiating  a  surface  of  the  semiconductor  wafer  by  a  photoelectron  beam  emitted  from 
a  photoelectron  mask  patterned  with  a  material  which  releases  the  photoelectron  responsive  to  an  optical  ir- 

45  radiation,  wherein  the  photoelectron  beam  is  shaped  to  have  a  thin  linear  cross  section  extending  in  a  first 
direction  in  correspondence  to  a  linear  portion  in  said  photoelectron  mask.  The  linear  portion  of  the  mask,  ex- 
tending  in  said  first  direction  and  thus  corresponding  to  the  portion  of  the  mask  where  the  photoelectron  beam 
is  produced  responsive  to  the  optical  irradiation,  is  moved  across  the  mask  in  a  direction  perpendicular  to  the 
elongating  direction  during  exposure  of  the  wafer  by  moving  the  optical  irradiation  relative  to  the  photoelectron 

so  mask,  and  responsive  thereto,  the  photoelectron  beam  is  moved  in  the  second  direction.  Further,  the  wafer  is 
moved  parallel  to  said  second  direction  with  a  predetermined  relative  speed  to  the  speed  of  movement  of  the 
photoelectron  beam.  In  the  apparatus  according  to  the  present  invention,  the  image  of  entire  pattern  of  the 
semiconductor  device  is  projected  on  the  semiconductor  wafer  through  a  thin  slit  in  an  electrode  plate  which 
shields  the  semiconductor  wafer  from  an  electrical  field  of  the  photoelectron  mask  without  causing  electrical 

55  discharge  between  the  photoelectron  mask  and  the  wafer.  Further,  the  image  of  the  pattern  of  the  semicon- 
ductor  device  is  expanded  or  compressed  as  desired  in  said  second  direction  by  changing  the  relative  speed 
of  the  movement  of  the  beam  and  the  wafer. 

Another  object  of  the  present  invention  is  to  provide  a  photo-cathode  image  projection  apparatus  for  fo- 

3 
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cusing  a  photoelectron  emitted  from  a  mask  which  is  applied  with  a  high  acceleration  voltage  and  patterned 
with  a  material  which  releases  the  photoelectron  responsive  to  an  irradiation  of  light,  on  a  surface  of  a  wafer 
held  on  a  stage  through  a  screening  electrode  plate  held  at  an  electrical  potential  level  which  is  identical  to 
that  of  the  stage  and  having  a  slit  for  passing  a  part  of  the  photoelectron  emitted  from  the  mask,  wherein  ad- 

5  ditional  electrode  means  is  provided  between  the  stage  and  the  electrode  plate  for  correcting  a  path  of  the 
photoelectron  reaching  the  wafer.  In  the  apparatus  according  to  the  present  invention,  change  in  the  path  of 
the  photoelectron  due  to  a  disturbed  electrical  field  at  the  elongated  slit  of  the  electrode  plate  is  corrected  by 
the  additional  electrode  means.  Thus,  the  distortion  in  the  image  of  the  pattern  on  the  wafer  due  to  such  a 
change  in  the  path  of  the  photoelectron  is  corrected  easily  and  a  proper  patterning  of  the  semiconductor  device 

10  is  achieved. 
Still  another  object  of  the  present  invention  is  to  provide  a  photo-cathode  image  projection  apparatus  for 

focusing  a  photoelectron  emitted  from  a  mask  patterned  according  to  a  desired  pattern  by  a  material  which 
releases  the  photoelectron  responsive  to  an  irradiation  of  light,  on  a  surface  of  a  wafer  held  on  a  stage  through 
a  screening  electrode  disposed  between  the  photoelectron  mask  and  the  wafer  and  having  a  slit  elongating 

15  in  a  first  direction  thereon,  wherein  the  stage  is  moved  with  respect  to  said  screening  electrode  in  a  second 
direction  perpendicular  to  said  first  direction,  and  a  distortion  in  an  image  of  the  pattern  projected  on  the  wafer 
is  corrected  by  detecting  a  position  of  a  reference  part  on  the  wafer  provided  in  correspondence  to  a  positioning 
mark  on  the  the  maskfor  positioning  purpose.  In  the  apparatus  according  to  the  present  invention,  the  distortion 
of  the  image  projected  on  the  wafer  is  automatically  corrected,  and  a  continuous  exposure  of  numerous  pat- 

20  terns  on  the  wafer  is  achieved  by  using  such  a  reference  part  on  the  wafer  as  the  positioning  reference  of  the 
photoelectron  beam. 

Still  other  objects  and  further  features  of  the  present  invention  will  become  apparent  from  the  following 
detailed  description  when  read  in  conjunction  with  attached  drawings. 

25  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.1  is  a  schematical  cross  section  showing  a  general  construction  of  a  prior  art  photo-cathode  image 
projecting  apparatus; 
FIG.2  is  a  cross  sectional  view  showing  a  first  embodiment  of  the  photo-cathode  image  projecting  appa- 

30  ratus  of  the  present  invention; 
FIG.3  is  a  cross  sectional  view  similar  to  FIG.2  showing  a  modification  of  the  cross  sectional  view  of  the 
present  invention; 
FIG.4  is  a  perspective  view  showing  a  screening  electrode  plate  used  in  the  apparatus  of  FIGS.2  and  3; 
FIG.5  is  a  perspective  view  showing  another  means  for  producing  a  flat  electron  beam  used  in  the  appa- 

35  ratus  of  FIGS.2  and  3; 
FIG.6  is  a  diagram  showing  an  overall  construction  of  the  photo-cathode  image  projecting  apparatus  of 
the  first  embodiment; 
FIG.7  is  a  cross  sectional  view  showing  a  modification  of  a  part  of  the  apparatus  of  FIG.2; 
FIG.8  is  a  cross  sectional  view  showing  a  problem  pertinent  to  the  apparatus  of  the  first  embodiment; 

40  FIG.9  is  a  diagram  used  for  explanation  of  the  distortion  of  the  image  due  to  the  disturbance  in  the  electrical 
field  caused  in  the  apparatus  of  the  first  embodiment; 
FIG.1  0  is  a  perspective  view  showing  a  second  embodiment  of  the  present  invention  wherein  the  problems 
shown  in  FIGS.8  and  9  are  eliminated; 
FIG.  11  is  a  more  detailed  diagram  showing  the  overall  construction  of  the  apparatus  of  the  second  em- 

45  bodiment  of  the  present  invention; 
FIG.  12  is  a  diagram  showing  a  path  of  a  photoelectron  in  the  apparatus  of  FIG.  11; 
FIGS.13(A)  -  (C)  are  graphs  showing  the  distortion  of  an  image  projected  on  the  wafer  for  the  case  of  the 
apparatus  of  FIG.11; 
FIGS.14(A)  -  (D)  are  graphs  showing  various  distortion  components  together  with  corresponding  parame- 

50  ters; 
FIG.1  5  is  a  diagram  showing  a  general  construction  of  a  third  embodiment  of  the  apparatus  of  the  present 
invention; 
FIGS.  16(A)  and  (B)  are  plan  views  showing  a  series  of  positioning  marks  provided  on  the  mask  in  corre- 
spondence  to  numerous  patterns  arranged  in  row; 

55  FIGS.1  7(A)  and  (B)  are  diagrams  showing  alignment  of  positioning  marks  provided  on  a  mask  for  correction 
of  the  image  projected  on  the  wafer  for  a  continuous  exposure  of  numerous  patterns  on  the  wafer  in  suc- 
cession;  and 
FIG.  18  is  a  diagram  similar  to  FIG.15  showing  a  modification  of  the  apparatus  of  FIG.15; 

4 
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DETAILED  DESCRIPTION 

FIG.1  shows  an  example  of  a  prior  art  photo-cathode  image  projection  apparatus.  Referring  to  FIG.1,  a 
focusing  coil  1  creates  a  parallel  magnetic  field  B  extending  vertically  as  illustrated,  and  a  photoelectron  mask 

5  2  carrying  a  pattern  to  be  projected  on  a  semiconductor  wafer  and  a  stage  3  for  supporting  the  semiconductor 
wafer,  are  disposed  perpendicularly  to  the  direction  of  the  magnetic  field  B  in  such  a  state  that  the  mask  2  and 
the  stage  3  face  each  other.  Further,  the  mask  2  is  held  at  a  negative  electrical  potential  level  with  respect  to 
the  stage  3  by  a  d.c.  voltage  source  11  producing  an  acceleration  voltage  so  that  the  photoelectron  emitted 
from  the  mask  2  is  accelerated  towards  the  stage  3.  A  side  of  the  mask  2  which  is  opposite  from  the  stage  3 

10  is  irradiated  by  a  light  from  a  light  source  4  producing  an  ultraviolet  light,  and  responsive  to  the  irradiation,  the 
photoelectron  is  emitted  from  the  mask  from  the  side  which  faces  the  stage  3.  The  electron  thus  emitted  is 
focused  by  the  focusing  coil  1  and  further  deflected  by  another  coil  5  which  is  used  for  proper  positioning  of 
the  focused  electron  beam. 

The  photoelectron  mask  2  comprises  a  transparent  base  such  as  a  quartz  plate  having  a  thickness  of  about 
15  500  -  600  nm,  and  is  provided  with  a  desired  semiconductor  pattern  by  a  material  6  such  as  chromium  which 

absorbs  the  ultraviolet  light.  Further,  another  material  7  which  releases  photoelectron  responsive  to  irradiation 
of  the  ultraviolet  light  such  as  cesium  iodide  or  platinum  is  deposited  over  the  material  4.  Further,  the  stage  3 
supports  a  wafer  8  of  a  semiconductor  material  on  which  a  photoresist  9  is  deposited. 

When  an  ultraviolet  Iight4a  is  irradiated  from  the  light  source  4  on  the  photoelectron  mask2,  the  light  reach- 
20  es  the  material  7  at  those  portions  where  the  material  6  is  not  provided.  Responsive  to  this,  the  material  7  re- 

leases  a  photoelectron  10.  This  photoelectron  10  is  accelerated  in  a  direction  from  the  mask  2  to  the  stage  3 
by  the  acceleration  voltage  applied  between  the  mask  2  and  the  stage  3  by  a  d.c.  voltage  source  11  .  As  there 
is  formed  the  magnetic  field  B  in  the  downward  direction,  the  photoelectron  moves  along  a  spiral  path  during 
the  acceleration  and  is  focused  on  the  wafer  8.  As  a  result,  an  image  of  the  pattern  on  the  mask  2  is  projected 

25  on  the  photoresist  9  on  the  wafer  8. 
In  such  a  conventional  photo-cathode  image  projection  apparatus,  there  is  a  problem  in  that  a  part  of  the 

photoresist  9  on  the  wafer  8  may  be  scattered  when  there  occurs  an  electrical  discharge  between  the  mask 
2  and  the  wafer  8  on  the  stage  3.  Such  an  electrical  discharge  tends  to  occur  as  a  result  of  the  high  acceleration 
voltage  between  the  mask  2  and  the  stage  3  particularly  when  the  degree  of  vacuum  of  a  chamber  (not  shown) 

30  enclosing  the  mask  2  and  the  wafer  3  is  deteriorated.  When  such  an  electrical  discharge  occurs,  there  is  a 
substantial  risk  that  a  part  of  the  scattered  photoresist  9  contaminates  the  mask  2.  More  specifically,  a  part 
of  the  scattered  photoresist  reaches  the  mask  2  facing  the  wafer  8,  and  the  pattern  of  the  material  7  on  the 
mask  2  is  covered  by  such  a  photoresist.  Once  a  defect  is  introduced  into  the  pattern  of  the  mask  2  as  such, 
the  defect  is  transferred  to  all  the  semiconductor  devices  thereafter  patterned  by  the  mask. 

35  In  such  a  prior  art  photo-cathode  image  projecting  apparatus,  there  is  another  problem  in  that  a  back- 
scattered  electron  reflected  by  a  part  of  the  wafer  8  as  a  result  of  irradiation  of  the  wafer  by  the  photoelectron 
10  is  returned  to  the  wafer  8  again  and  the  photoresist  9  on  the  wafer  8  is  exposed  to  such  a  back-scattered 
electron.  Such  a  reflection  of  the  back-scattered  electron  from  the  wafer  8  occurs  particularly  when  checking 
a  proper  positional  alignment  between  the  mask  2  and  the  wafer  8  on  the  stage  3  by  radiating  a  photoelectron 

40  emitted  form  a  particular  positioning  mark  region  of  the  pattern  of  the  mask  2,  on  a  corresponding  region  de- 
fined  on  the  wafer  3.  Such  a  exposure  of  the  photoresist  9  to  the  back-scattered  electron  is  of  course  harmful, 
as  those  parts  of  the  photoresist  which  should  not  be  exposed  to  electron  beam  irradiation  are  exposed. 

FIG.2  shows  a  first  embodiment  of  the  photo-cathode  image  projecting  apparatus  of  the  present  invention. 
Referring  to  the  drawing,  a  light  source  20  produces  an  ultraviolet  light  20a  which  is  passed  through  an  elon- 

45  gated  window  21  and  reaches  a  photoelectron  mask  22  supported  by  a  mask  stage  23  as  a  flattened  optical 
beam  20b.  The  photoelectron  mask  22  is  constructed  similarly  to  the  photoelectron  mask  2  of  the  apparatus 
of  FIG.1  and  emits  a  photoelectron  beam  22a.  As  the  photoelectron  mask  22  is  identical  to  the  mask  2  of  FIG.1, 
the  description  thereof  will  not  be  repeated.  A  semiconductor  wafer  24  similar  to  the  wafer  8  is  held  on  a  stage 
25  and  the  photoelectron  emitted  from  the  photoelectron  mask  22  is  focused  on  the  surface  of  the  wafer  on 

so  which  is  deposited  a  photoresist  (not  shown).  Thus,  the  image  of  the  pattern  on  the  photoelectron  mask  22  is 
projected  on  the  wafer  24.  For  this  purpose  a  focusing  coil  26  similar  to  the  coil  1  of  FIG.1  producing  the  mag- 
netic  field  B  is  used.  It  should  be  noted  that  the  magnetic  field  B  extends  parallel  to  the  general  direction  of 
the  photoelectron  beam.  In  the  present  embodiment,  there  is  provided  a  screening  electrode  27  between  the 
photoelectron  mask  22  and  the  wafer  24,  and  the  acceleration  voltage  is  applied  between  the  photoelectron 

55  mask  22  and  the  electrode  27.  For  this  purpose,  a  d.c.  voltage  source  28  similar  to  the  d.c.  voltage  source  11 
of  FIG.1  is  provided.  It  should  be  noted  that  the  electrode  27  is  maintained  at  the  ground  potential  level  and 
the  photoelectron  mask  22  is  held  at  a  very  large  negative  potential  level.  In  order  to  pass  the  photoelectron 
emitted  from  the  photoelectron  mask  22  through  the  electrode  27,  the  electrode  27  is  provided  with  an  elon- 
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gated  slit  27a  extending  parallel  to  the  elongated  window  21  and  a  part  of  the  photoelectron  beam  22a  passed 
through  this  slit  27  reaches  the  wafer  24  as  a  flattened  electron  beam  having  a  thin  linear  cross  section.  The 
coil  29  is  used  for  minute  adjustment  of  the  image  of  the  pattern  projected  on  the  wafer  24  and  produces  a 
magnetic  field  parallel  or  perpendicular  to  the  magnetic  field  B.  The  photoelectron  mask  22,  the  electrode  27 

5  and  the  wafer  24  on  the  stage  25  are  accommodated  in  an  evacuated  chamber  30  which  is  evacuated  at  an 
exhaust  outlet  31. 

In  operation,  the  photoelectron  mask  22  is  irradiated  by  the  ultraviolet  light  20a  from  the  light  source  20 
at  a  side  opposite  from  the  side  which  faces  the  electrode  27.  Responsive  thereto,  the  photoelectron  is  released 
from  the  mask  22  according  to  the  pattern  of  the  photoelectron  material  thereon.  The  photoelectron  is  accel- 

10  erated  by  the  acceleration  voltage  across  the  photoelectron  mask  22  and  the  electrode  27  towards  the  direction 
of  the  wafer  24  and  reaches  the  wafer  24  in  a  form  of  the  electron  beam  22a  having  the  linear  or  elongated 
cross  section  after  passing  through  the  elongated  slit  27a. 

In  this  construction  of  the  photo-cathode  image  projecting  apparatus,  the  electrical  potential  level  of  the 
electrode  27  and  that  of  the  wafer  24  on  the  stage  25  are  identical.  Thus,  the  electrical  discharge  between  the 

15  wafer  24  and  the  photoelectron  mask  22  is  eliminated  and  the  problem  of  contamination  of  the  photoelectron 
mask  22  due  to  the  scattering  of  the  photoresist  associated  with  the  discharge  is  eliminated.  Further,  the  prob- 
lem  of  the  unwanted  exposure  of  the  photoresist  by  the  back-scattered  electron  emitted  from  the  wafer  24  is 
solved  as  there  is  no  potential  gradient  between  the  wafer  24  and  the  electrode  27. 

The  light  source  20  may  be  a  mercury-xenon  lamp  radiating  ultraviolet  light  20a,  and  the  ultraviolet  light 
20  20a  is  irradiated  on  the  photoelectron  mask  22  through  the  elongated  window  21  as  already  described  as  the 

flattened  optical  beam  20b  having  the  thin  linear  cross  section.  Responsive  to  the  irradiation  of  the  photoelec- 
tron  mask  22,  the  photoelectron  is  emitted  from  the  mask  22  and  the  the  photoelectron  thus  emitted  is  passed 
through  the  elongated  slit  27a  extending  parallel  to  the  elongated  window  21  in  a  form  of  the  photoelectron 
beam  22a.  Here,  it  should  be  noted  that  the  size  of  the  window  21  and  that  of  the  slit  27a  are  chosen  such  that 

25  the  width  and  thickness  of  the  linear  cross  section  of  the  flat  optical  beam  20b  passing  through  the  elongated 
window  21  is  substantially  smaller  than  the  width  and  thickness  of  the  cross  section  of  the  flat  electron  beam 
22a  passing  through  the  slit  27a.  More  specifically,  the  flat  optical  beam  20b  is  shaped  by  the  window  21  to 
have  a  linear  or  elongated  cross  section  defined  by  a  width  h  and  a  thickness  6̂   (FIG.4)  which  satisfy  a  relation 

li<l2 
30  and 

di  <  d2, 
where  l2  and  d2  respectively  specify  the  width  and  thickness  of  the  slit  27a  as  defined  in  FIG.4. 

By  choosing  the  width  and  thickness  of  the  optical  beam  20b  as  such,  the  photoelectron  beam  22a  emitted 
from  the  mask  22  and  passed  through  the  slit  27a  of  the  electrode  27  is  not  affected  by  a  local  electrical  field 

35  in  a  vicinity  of  an  edge  of  the  slit  27a.  In  other  words,  the  photoelectron  beam  22a  passes  through  the  slit  27a 
at  its  central  part  avoiding  the  vicinity  of  edge  region  of  the  slit  27a  and  the  distortion  in  the  projected  image 
on  the  wafer  24  due  to  the  disturbed  electrical  potential  at  such  an  edge  region  is  minimized.  Preferably,  the 
thickness  d2  of  the  slit  27a  of  the  electrode  27  is  chosen  to  about  1/1  0  to  1/20  of  a  length  of  a  patterned  area 
of  the  photoelectron  mask  22  viewed  in  the  direction  of  the  thickness  d2.  This  length  of  the  patterned  area  of 

40  the  photoelectron  mask  22  is  of  course  smaller  than  the  corresponding  length  of  the  mask  22  itself.  When  the 
thickness  d2  is  chosen  larger  than  the  above  value,  the  distortion  in  the  photoelectron  beam  passed  through 
the  slit  27a  becomes  too  conspicuous  as  a  result  of  leakage  in  the  local  electrical  field  through  the  slit  27a  into 
the  region  between  the  electrode  27  and  the  stage  25.  Such  a  local  electrical  field  is  strongly  distorted  as  will 
be  described  with  reference  to  other  embodiments  of  the  present  invention  and  modifies  the  path  of  the  pho- 

45  toelectron  substantially.  When  the  thickness  d2  is  too  small,  on  the  contrary,  the  efficiency  in  the  patterning 
is  decreased.  It  is  preferred  to  choose  the  width  12  of  the  slit  27a  of  the  electrode  27  to  about  1  .2  times  to  twice 
as  large  as  the  width  of  the  patterned  area  of  the  photoelectron  mask  22. 

In  the  construction  of  FIG.4,  it  is  further  possible  to  choose  the  position  of  the  light  source  20  and  the  win- 
dow  21  such  that  the  ultraviolet  light  20a  radiated  form  the  light  source  20  and  passed  through  the  window  21 

so  hits  the  photoelectron  mask  22  obliquely.  In  this  construction,  the  light  source  20,  the  window  21  and  the  slit 
27a  are  not  aligned  straight  and  the  unwanted  exposure  of  the  photoresist  by  the  ultraviolet  light  directly  reach- 
ing  to  the  wafer  24  after  passing  through  the  window  21  and  the  slit  27a  is  eliminated. 

FIG.5  shows  a  modification  of  the  light  source  20  in  which  a  laser  beam  32  produced  by  a  laser  33  is  de- 
flected  by  a  rotary  polygonal  mirror  34  about  a  rotary  axis  35.  As  a  result,  a  flat  optical  beam  20b  similar  to 

55  the  optical  beam  obtained  by  passing  the  ultraviolet  light  20a  through  the  window21  is  obtained  and  this  optical 
beam  20b  is  irradiated  on  the  photoelectron  mask  22.  For  this  purpose,  a  second  order  harmonic  of  an  argon 
laser  having  a  half-wavelength  of  257.25  nm  or  244  nm  may  be  used. 

FIG.3  is  a  modification  of  the  apparatus  of  FIG.2  in  which  a  permanent  magnet  26'  is  used  for  producing 
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the  magnetic  field  B.  In  the  drawing,  these  parts  constructed  identically  to  those  corresponding  parts  of  FIG.2 
will  be  given  identical  reference  numerals  and  the  description  thereon  will  be  omitted. 

In  this  construction,  an  optical  beam  20a'  is  introduced  obliquely  from  the  outside  of  the  chamber  30,  as 
there  is  provided  the  permanent  magnet  26'  behind  the  photoelectron  mask  22  and  no  space  for  the  path  of 

5  the  light  beam  22a  is  available  in  this  region.  The  optical  beam  20a'  is  reflected  by  a  mirror  surface  of  the  elec- 
trode  27.  In  this  construction,  use  of  the  bulky  focusing  coil  26  can  be  omitted  and  the  construction  becomes 
simple. 

FIG.6  shows  the  overall  construction  of  the  apparatus  of  FIG.2  togetherwith  the  control  part  for  controlling 
the  various  parts  of  FIG.2.  In  the  drawing,  these  parts  constructed  identically  to  those  corresponding  parts  in 

10  FIG.2  are  given  identical  reference  numerals  and  the  description  thereof  will  be  omitted. 
Referring  to  the  drawing,  a  central  processing  unit  (CPU)  601  cooperates  with  a  magnetic  disk  memory 

602  and  a  magnetic  tape  memory  603  for  storing  a  control  data  and  controls  the  apparatus  of  FIG.2  via  an 
interface  604. 

More  specifically,  the  CPU  601  controls  the  light  source  20  and  a  shutter  36  provided  in  the  path  of  the 
15  optical  beam  20b  via  the  interface  604.  CPU  601  further  controls  a  focusing  control  system  606  which  in  turn 

controls  motors  607a  and  607b  for  moving  the  mask  stage  23  and  the  electrode  27  up  and  down  respectively 
in  a  Z  direction,  a  driver  608  for  energizing  the  coil  29,  and  a  driver  609  for  applying  an  acceleration  voltage 
to  the  mask  22  via  the  mask  stage  23.  Further,  the  CPU  601  controls  a  deflection  controller  610  which  in  turn 
controls  a  driver  61  1  for  energizing  a  magnetic  deflector  37  and  an  electrostatic  deflector  38.  These  deflectors 

20  are  provided  between  the  electrode  27  and  the  stage  25  so  as  to  surround  the  path  of  the  photoelectron  beam 
22a  and  deflects  the  electron  beam  in  X  and  Y  directions  as  defined  in  FIG.6.  Furthermore,  the  CPU  601  con- 
trols  a  stage  controller  613  which  in  turn  drives  a  motor  614  for  the  mask  stage  23  and  a  motor  615  for  the 
stage  25.  The  stage  controller  613  drives  the  motor  614  and  615  responsive  to  an  output  of  an  X-Y  position 
detector  616  which  detects  the  X-Y  position  of  the  mask  stage  23  and  the  stage  25.  The  X-Y  position  detector 

25  may  be  a  laser  interferometer. 
Next,  the  operation  of  the  control  part  of  FIG.6  will  be  described. 
First,  the  light  source  20  is  turned  ON  and  the  shutter  36  is  opened.  In  this  state,  an  operation  to  achieve 

an  alignment  between  the  mask  22  and  the  wafer  24  is  performed.  The  alignment  is  made  using  a  back- 
scattered  electron  detector  39  which  may  be  a  PIN  diode  disposed  on  a  side  of  the  electrode  27  facing  the 

30  wafer  24.  First,  the  photoelectron  beam  22a  is  focused  on  the  slit  27a  of  the  electrode  27  by  adjusting  the  pos- 
ition  of  both  or  either  one  of  the  mask  stage  23  or  the  electrode  in  the  Z  direction.  Further,  the  distortion,  mag- 
nification  and  the  rotation  of  the  image  thus  formed  at  the  slit  27a  is  corrected  using  the  coil  29.  Next,  the  pho- 
toelectron  mask  22  and  the  wafer  24  are  moved  parallel  in  an  X-Y  plane  defined  by  the  X  and  Y  axis  by  moving 
the  corresponding  stages  23  and  25.  The  speed  of  movement  of  the  mask  and  the  wafer  is  determined  on  the 

35  basis  of  the  sensitivity  of  the  photoresist  on  the  wafer  24  and  may  be  chosen  to  10mm/sec,  for  example.  It 
should  be  noted  that  the  light  source  20  and  the  electrode  27  are  stationary.  According  to  this  procedure,  the 
pattern  on  the  photoelectron  mask  22  is  transferred  to  the  photoresist  on  the  wafer  24  without  magnification 
or  compression.  The  speed  of  movement  of  the  photoelectron  mask  22  and  the  wafer  24  is  not  necessarily  be 
constant  as  long  as  the  photoelectron  mask  and  the  wafer  are  moved  in  a  same  speed. 

40  Further  it  is  possible  to  magnify  or  compress  the  image  transferred  to  the  photoresist  by  changing  the 
speed  of  movement  of  the  photoelectron  mask  22  to  that  of  the  wafer  24.  For  example,  the  image  projected 
on  the  photoresist  on  the  wafer  24  by  the  photoelectron  beam  22a  may  be  compressed  to  1/5  of  the  size  of 
the  pattern  on  the  photoelectron  mask  22  in  the  direction  of  the  movement  of  the  mask  and  the  wafer  by  re- 
ducing  the  speed  of  movement  of  the  wafer  24  to  1/5  of  the  moving  speed  of  the  photoelectron  mask  22.  In 

45  such  a  case,  the  pattern  on  the  photoelectron  mask  22  may  be  such  a  pattern  which  is  expanded  by  five  times 
in  the  direction  of  movement  of  the  photoelectron  mask  22. 

The  movement  of  the  photoelectron  mask  22  and  the  wafer  24  is  made  in  synchronization  under  control 
of  the  CPU  601  .  However,  it  is  inevitable  to  avoid  minute  error  in  the  movement  of  these  parts.  In  order  to  correct 
such  an  error,  the  present  apparatus  uses  the  laser  interferometer  61  6  for  detection  of  the  position  of  the  mask 

so  stage  23  and  the  stage  25  for  the  wafer.  The  interferometer  616  produces  an  output  signal  indicating  the  error 
as  aforementioned,  and  responsive  to  the  output  signal,  the  CPU  601  energizes  the  electromagnetic  deflector 
37  and  the  electrostatic  deflector  38  via  the  deflection  controller  610  such  that  the  electron  beam  is  deflected 
by  a  minute  amount  corresponding  to  the  error  and  the  error  is  compensated.  For  example,  the  photoelectron 
beam  22a  is  deflected  in  a  forward  direction  to  the  direction  of  movement  of  the  mask  22  and  the  wafer  24 

55  when  the  moving  speed  of  the  mask  22  is  relatively  slow  to  the  moving  speed  of  the  wafer  24.  When  the  moving 
speed  of  the  photoelectron  mask  22  is  fast  relative  to  the  speed  of  the  wafer  24,  the  photoelectron  beam  22a 
is  deflected  in  a  backward  direction  to  the  direction  of  movement  of  the  mask  22  and  the  wafer  24. 

FIG.7  shows  a  part  of  a  modification  of  the  apparatus  of  the  present  invention  in  an  enlarged  scale.  In  the 
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drawing,  these  parts  constructed  identically  to  those  corresponding  parts  of  FIG.2  are  given  identical  reference 
numerals  and  the  description  thereof  will  be  omitted. 

Referring  to  FIG.6,  there  is  provided  a  partition  wall  40  which  divides  the  chamber  30  into  a  first  chamber 
region  30A  including  the  photoelectron  mask  22  and  the  electrode  27  and  a  second  chamber  region  30B  in- 

5  eluding  the  stage  25  and  the  wafer  24.  The  partition  wall  40  extends  along  the  electrode  27  and  holds  a  plate 
41  on  which  the  magnetic  deflector  37,  electrostatic  deflector  38  and  the  back-scattered  electron  detector  39 
are  carried,  between  the  wall  40  and  the  wafer  24.  Further,  the  partition  wall  40  has  an  elongated  opening  40a 
in  registration  with  the  slit  27a  of  the  electrode  27.  In  this  drawing,  it  should  be  noted  that  the  photoresist  on 
the  wafer  24  is  illustrated  by  a  reference  numeral  24b  and  the  wafer  24  is  fixed  on  the  stage  25  by  a  wafer 

10  holder  24a. 
In  this  modification,  the  chamber  region  30A  is  evacuated  by  a  pump  42  and  the  chamber  region  30B  is 

evacuated  by  a  pump  43  differentially  across  the  wall  40  which  extends  along  the  electrode  27.  As  a  result, 
the  chamber  region  30A  including  the  photoelectron  mask  22  and  the  electrode  27  is  maintained  at  a  high  de- 
gree  of  vacuum  such  as  133,3  x  10"8  Pa  (10"8Torr)  irrespective  of  the  existence  or  non-existence  of  the  wafer 

15  24  on  the  stage  25.  As  the  degree  of  vacuum  of  the  chamber  region  30A  including  the  photoelectron  mask  22 
and  the  stage  25  across  which  the  high  voltage  is  applied  is  maintained  at  such  a  high  level,  the  apparatus  of 
the  present  modification  successfully  prevents  the  electrical  discharge  between  the  photoelectron  mask  and 
the  electrode. 

In  the  embodiment  described  heretofore,  the  photoelectron  mask  22  and  the  wafer  24  are  moved  while 
20  the  light  source  20  and  the  electrode  27  are  stationary.  However,  it  is  also  possible  to  construct  the  apparatus 

such  that  the  light  source  20  and  the  electrode  27  are  moved  while  the  photoelectron  mask  22  and  the  stage 
25  are  held  stationary.  For  this  purpose,  the  motor  614  is  used  to  move  the  light  source  20  instead  of  moving 
the  mask  stage  23  and  the  motor  615  is  used  to  move  the  electrode  27  instead  of  moving  the  stage  24  as  in- 
dicated  in  broken  line  in  FIG.6.  Further,  the  X-Y  position  of  the  light  source  20  and  the  electrode  27  are  detected 

25  by  the  interferometer  616  as  indicated  in  the  drawing.  According  to  this  modification,  the  stage  23  for  holding 
the  photoelectron  mask  22  to  which  the  high  acceleration  voltage  is  applied  is  held  stationary  and  the  design 
and  construction  of  the  apparatus  becomes  easier,  though  such  an  apparatus  cannot  magnify  or  compress 
the  image  on  the  wafer  24. 

Next,  a  second  embodiment  of  the  present  invention  will  be  describe  width  reference  to  FIGS.8  -17.  In  the 
30  drawing,  these  parts  constructed  identically  to  those  corresponding  parts  of  the  preceding  drawings  are  given 

identical  reference  numerals  and  the  description  thereof  will  be  omitted. 
In  the  first  embodiment  of  the  present  invention  described  heretofore,  the  electrical  discharge  between 

the  photoelectron  mask  22  and  the  wafer  24  on  the  stage  25  is  successfully  eliminated  as  a  result  of  the  use 
of  the  electrode  27.  However,  such  a  use  of  the  electrode  27  defined  with  the  slit  27a  causes  a  problem  in  that 

35  the  electrical  field  established  by  the  high  acceleration  voltage  between  the  photoelectron  mask  22  and  the 
electrode  27  is  significantly  disturbed  in  the  vicinity  of  the  slit  27a.  FIG.8  shows  a  typical  situation  in  which  a 
parallel  potential  surface  of  the  electrical  field  E  is  disturbed  at  the  region  of  the  slit  27a  and  is  leaking  or  in- 
vading  into  the  space  defined  by  the  electrode  27  and  the  stage  25.  In  this  region  where  the  electrical  field  E 
is  disturbed,  the  electrical  field  is  no  longer  parallel  and  the  electron  beam  22a  passing  through  the  slit  27a  is 

40  deflected  as  illustrated.  As  a  result,  the  electron  hits  the  wafer  at  a  position  B2  instead  of  a  desired  position 
B1.  Such  a  deflection  in  the  electron  beam  causes  a  distortion  in  the  image  transferred  to  the  photoresist  on 
the  wafer  24. 

FIGS.9(A)  and  (B)  show  typical  examples  of  the  distortion  in  the  image  projected  on  the  photoresist  on 
the  wafer  24  in  which  FIG.9(A)  shows  various  focusing  state  of  the  photoelectron  beam  in  the  vicinity  of  the 

45  slit  27a  and  FIG.  9(B)  shows  the  distortion  corresponding  to  the  focusing  state  of  FIG.9(A)  in  plan  view.  In 
FIG.  9(B),  the  projected  image  not  including  distortion  is  represented  by  a  broken  line.  It  should  be  noted  that 

a  distortion  component  represented  by  a  vector  is  represented  by  a  superposition  of  magnification  of  the 

50  projected  image  called  "gain  component"  as  represented  by  a  vector  a  and  a  "rotation  component"  of  the 

-& 
projected  image  as  represented  by  a  vector  —  respectively. 

When  the  photoelectron  beam  22a  is  focused  at  a  level  higher  than  the  plane  of  electrode  27  as  shown 

55  by  a  point  a  in  FIG.9(A),  the  gain  component  of  the  distortion  represented  by  the  vector  £  is  negative  and 
the  image  is  compressed  in  a  direction  perpendicular  to  the  elongating  direction  of  the  slit  27a  as  shown  in  the 
case  (a).  When,  on  the  contrary,  the  photoelectron  beam  22a  is  focused  at  a  level  lower  than  the  plane  of  the 
electrode  27,  the  gain  component  becomes  positive  and  the  projected  image  on  the  wafer  24  is  magnified  as 
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shown  in  the  case  (c).  Further,  by  choosing  the  level  of  the  focusing  point  of  the  electron  beam  22a  as  shown 
by  a  point  b  which  is  exactly  on  the  plane  of  the  electrode  27,  the  gain  component  of  the  distortion  can  be 
made  zero  and  the  magnification  of  the  transferred  image  on  the  wafer  24  becomes  unity  as  shown  in  the 
case  (b)  in  FIG.9(B).  In  other  words,  the  projected  image  on  the  wafer  24  has  an  area  identical  to  the  area  of 

5  the  ideal  image  when  the  photoelectron  beam  22a  is  focused  exactly  on  the  plane  of  the  electrode  27  and 
then  projected  on  the  wafer  24. 

On  the  contrary  to  the  gain  component  a  corresponding  to  the  magnification  or  compression  of  the  image, 
the  rotational  component  b  of  the  distortion  does  not  disappear  even  when  the  photoelectron  beam  22a  is  fo- 
cused  exactly  on  the  plane  of  the  electrode  27  as  clearly  seen  in  FIG.9(B).  This  rotational  component  of  the 

10  distortion  is  caused  as  a  result  of  the  invasion  of  the  electrical  field  into  the  region  between  the  electrode  27 
and  the  wafer  24  as  illustrated  in  FIG.8  and  has  to  be  cancelled  out  using  other  means  than  the  adjustment 
of  the  level  of  the  electrode  27. 

FIG.1  0  shows  a  principle  of  the  cancellation  of  the  rotational  distortion  component  of  the  projected  image 
on  the  wafer  24  according  to  a  second  embodiment  of  the  photo-cathode  image  projection  apparatus  of  the 

15  present  invention.  In  the  drawing,  those  parts  constructed  identically  to  those  corresponding  parts  of  the  pre- 
ceding  drawings  are  given  identical  reference  numerals  and  the  description  thereof  will  be  omitted. 

Referring  to  the  drawing,  there  is  provided  an  auxiliary  electrode  42  between  the  electrode  27  and  the 
wafer  24  such  that  the  electrode  42  is  movable  in  the  Z-direction  along  the  path  of  the  photoelectron  beam 
22a.  The  auxiliary  electrode  42  comprises  a  pair  of  rod  shaped  electrodes  42a,  42b  provided  at  both  sides  of 

20  the  planer  photoelectron  beam  22a  and  applied  with  a  suitable  correction  voltage.  As  a  result,  there  is  formed 
a  local  electrical  field  around  the  electrode  42  and  the  leakage  or  invasion  of  the  electrical  field  into  the  space 
between  the  electrode  27  and  the  wafer  24  is  cancelled  by  this  local  electrical  field.  As  a  result,  the  photoelec- 
tron  beam  22a  is  passed  through  the  slit  27a  of  the  electrode  27  as  if  there  is  no  disturbance  in  the  electrical 
field. 

25  FIG.1  1  is  a  more  detailed  view  of  the  second  embodiment  of  the  present  invention.  In  the  drawing,  these 
parts  constructed  identically  to  those  corresponding  parts  are  given  identical  reference  numerals  and  the  de- 
scription  thereof  will  be  omitted. 

Referring  to  the  drawing,  the  electrode  42  is  supplied  with  a  d.c.  voltage  from  a  controller  620  and  is  moved 
vertically  by  another  controller  621  .  The  controllers  620  and  621  are  connected  to  the  CPU  601  via  the  interface 

30  604  and  controlled  by  the  CPU  601  .  As  described  previously,  the  auxiliary  electrode  42  comprises  a  pair  of 
rod  shaped  electrodes  42a,  42b  which  are  separated  by  a  mutual  distance  of  about  1  cm  at  a  level  of  about  1 
cm  above  the  wafer  24.  Further,  the  electrode  27  is  provided  above  the  electrode  42  with  a  separation  of  about 
1  cm.  The  electrode  27  in  turn  is  disposed  below  the  photoelectron  mask  22  by  a  distance  of  about  1cm.  In 
other  words,  the  auxiliary  electrode  42  is  provided  at  a  generally  mid-position  between  the  electrode  27  and 

35  the  stage  25  supporting  the  wafer  24.  Further,  it  should  be  noted  that  the  electron  detector  39  for  the  back- 
scattered  electron  is  provided  not  on  the  electrode  27  as  in  the  example  of  FIG.6  but  is  held  at  a  mid-position 
between  the  auxiliary  electrode  42  and  the  wafer  24.  The  output  of  the  detector  39  is  processed  in  a  processor 
622  and  is  supplied  to  the  CPU  601  . 

Next,  the  procedure  for  correcting  the  distortion  of  the  projected  image  on  the  wafer  24  using  the  auxiliary 
40  electrode  42  will  be  described  with  reference  to  FIG.  11.  First,  a  particular  portion  of  the  wafer  24  provided  for 

positioning  purpose  is  irradiated  by  the  photoelectron  beam  20a.  This  particular  portion  of  the  wafer  may  be 
a  small  projection  or  depression  formed  on  a  predetermined  portion  of  the  wafer  24.  For  this  purpose,  a  pho- 
toelectron  beam  having  a  small  cross  section  emitted  from  a  particular  marking  part  in  the  pattern  on  the  mask 
22  is  used  as  will  be  described  with  reference  to  the  other  embodiment  of  the  present  invention.  Next,  the  back- 

45  scattered  electron  emitted  from  the  wafer  24  responsive  to  the  irradiation  of  the  photoelectron  beam  is  detected 
by  the  electron  detector  39,  and  the  detector  39  produces  an  output  signal  indicating  the  intensity  of  the  de- 
tected  back-scattered  electron.  This  output  of  the  detector  39  is  then  processed  by  the  processor  622  and  a 
data  indicating  the  detection  of  the  particular  portion  of  the  wafer  for  the  positioning  purpose  is  produced.  Next, 
responsive  to  the  detection  of  the  particular  portion  on  the  wafer  24  as  described,  the  CPU  601  calculates  a 

so  deviation  in  the  position  of  the  focused  photoelectron  beam  or  beam  spot  from  the  expected  position  of  the 
photoelectron  beam  estimated  from  the  marking  area  on  the  pattern  on  the  mask  22.  Further,  the  CPU  601 
controls  the  photoelectron  mask  22,  the  electrode  27,  and  the  auxiliary  electrode  43  via  respective  controllers 
such  that  the  predicted  position  of  the  beam  spot  coincides  with  the  actual  position  of  the  beam  spot  of  the 
photoelectron  beam  used  for  the  positioning. 

55  Next,  the  reason  why  the  auxiliary  electrode  42  for  correcting  the  path  of  the  photoelectron  beam  22a  is 
provided  in  the  vicinity  of  the  mid-position  between  the  electrode  27  and  the  wafer  24  as  well  as  the  function 
of  the  electrode  42  will  be  described  in  detail. 

Referring  to  FIG.  12  showing  an  orbit  of  a  photoelectron  emitted  from  the  photoelectron  mask  22  and  ar- 
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riving  at  the  surface  of  the  wafer  24  under  the  acceleration  and  focusing  action  of  the  electrical  and  magnetical 
fields  E  and  B,  the  photoelectron  moves  in  a  -Z  direction  towards  the  wafer  24  along  a  spiral  orbit.  In  other 
words,  the  photoelectron  undergoes  a  circular  motion  in  the  X-Y  plane  under  the  magnetic  field  B  and  at  the 
same  time  moves  in  the  -Z  direction  under  the  acceleration  by  the  electrical  field  E.  The  electron  is  accelerated 

5  in  the  region  between  the  photoelectron  mask  22  and  the  slit  27a  of  the  electrode  27,  but  thereafter  moves  at 
a  constant  speed  as  there  is  no  accelerating  electrical  field  between  the  electrode  27  and  the  wafer  24.  The 
X-  and  Y-  coordinates  of  the  photoelectron  moving  along  such  an  orbit  can  be  represented  by  the  following 
equation: 

X  =  a.sin  tot 
10  Y  =  a.(1  -  cos  tot), 

where  a  is  a  constant,  m  is  an  angular  velocity,  t  is  a  time  after  the  electron  has  emitted  from  the  photoelectron 
mask  22,  and  m  is  the  mass  of  the  electron,  m  satisfies  a  relation  m  =  e.B/m. 

Further,  the  Z-  coordinate  of  the  photoelectron  is  represented  by 
Z  =  e.E/2m.t2  +  v0.t 

15  for  the  region  of  uniform  acceleration  between  the  photoelectron  mask  22  and  the  slit  27a,  and 
Z  =  v.t 

for  the  region  of  the  constant  velocity  motion  between  the  slit  27a  and  the  wafer  24.  In  these  equations,  v0 
stands  for  the  initial  velocity  of  the  photoelectron  in  the  Z-direction  when  the  photoelectron  is  emitted  from 
the  photoelectron  mask  22  and  v  stands  for  the  velocity  of  the  photoelectron  in  the  Z-direction  when  the  pho- 

20  toelectron  passes  through  the  slit  27a. 
FIGS.  13(A)  and  (B)  show  the  X-  and  Y-coordinates  of  the  orbit  of  the  photoelectron  specified  by  the  afore- 

mentioned  set  of  equations.  From  this  orbit,  it  is  clear  that  the  effect  of  the  disturbance  on  the  photoelectron 
due  to  the  locally  disturbed  electrical  field  in  the  vicinity  of  the  slit  27a  extending  in  the  Y-direction  can  be  mini- 
mized  if  the  electrode  27  is  moved  such  that  the  local  electrical  field  N1  caused  by  the  slit  27a  at  a  level  M2 

25  coincides  with  a  first  focusing  point  M1  of  the  photoelectron  orbit  where  the  photoelectron  emitted  from  the 
photoelectron  mask  22  returns  to  its  origin  (X  =  0,  Y  =  0)  in  the  X-Y  plane. 

The  distortion  component  A  of  the  image  of  the  pattern  at  the  surface  of  the  wafer  24  can  be  calculated 
by  the  following  equations: 

30 

A  ( s i n   t e r m )   <X  [  C  +C  ]  X  ffs(z)\sinp2t.dz &  ( s i n   t e r m )   oC  [  j"  ]  X  jfs(z)js 

35 
and 

40 
4  (1  -  cos  t e r m ) < X [ j ^   +^   ]  X  ^fs(z)j(l  -  cosen)  dz 

where  fs(z)  is  a  distribution  function  of  the  electrical  field  in  the  vicinity  of  the  slit  27a,  d  is  a  distance  between 
45  the  photoelectron  mask  and  the  electrode  plate  27,  2d  is  a  distance  between  the  photoelectron  mask  22  and 

the  auxiliary  electrode  42,  and  3d  is  a  distance  between  the  photoelectron  mask  22  and  the  wafer  24. 
FIGS.14(A)  -  (D)  show  the  sine  term  corresponding  to  the  gain  component  and  cosine  term  corresponding 

to  the  rotation  component  of  the  distortion  A  for  various  settings  of  the  photo-cathode  image  projection  appa- 
ratus  in  which  FIG.  14(A)  shows  the  case  in  which  the  distance  d  is  chosen  to  10  mm  and  the  slit  thickness  d2 

so  (FIG.4)  is  chosen  to  400  ^m,  FIG.14(B)  shows  the  case  in  which  the  distance  d  is  chosen  to  10mm  and  the  slit 
thickness  d2  is  chosen  to  500  ^m,  FIG.  14(C)  shows  the  case  in  which  the  distance  d  is  chosen  to  10  mm  and 
the  slit  thickness  d2  is  chosen  to  666  ^m,  and  FIG.  14(D)  shows  the  case  in  which  the  distance  d  is  chosen  to 
10  mm  and  the  slit  thickness  d2  is  chosen  to  1000  ^m.  In  these  drawings,  the  ordinate  d  -  C  represents  the 
difference  in  the  level  between  the  electrode  27  and  the  photoelectron  mask  22  and  the  abscissa  represents 

55  the  distortion  due  to  the  sine  and  cosine  terms.  As  can  be  seen  from  these  drawings,  the  sine  term  of  the  dis- 
tortion  can  be  eliminated  by  optimizing  the  Z-coordinate  of  the  electrode  27  as  indicated  by  arrows  A-  D.  How- 
ever,  the  cosine  term  of  the  distortion  is  not.  eliminated  by  such  an  adjustment.  It  should  be  noted  that  the  sine 
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term  of  the  distortion  A  corresponds  to  the  vector  £  and  the  cosine  term  corresponds  to  the  vector  o  of 
the  distortion  components  shown  in  FIG.9(B). 

In  orderto  correct  such  a  distortion  which  is  not  eliminated  by  the  adjustment  of  the  position  of  the  electrode 
5  plate  27,  the  present  embodiment  uses  the  auxiliary  electrode  42  as  shown  in  FIG.10  which  produces  an  elec- 

trical  field  N2  having  a  polarity  opposite  to  that  of  the  electrical  field  N1  at  the  level  of  2d  which  is  approximately 
the  mid-point  between  the  electrode  27  and  the  wafer  24.  Thus,  a  voltage  of  negative  polarity  is  applied  to  the 
auxiliary  electrode  42  through  the  controller  620.  It  is  preferred  to  construct  the  electrode  42  by  the  pair  of  rod 
shaped  electrodes  42a,  42b  disposed  in  parallel  to  the  slit  27a  at  both  sides  of  the  path  of  the  photoelectron 

10  beam  22a  as  illustrated  in  FIG.10. 
It  should  be  noted  that  the  electrical  field  N2  by  the  auxiliary  electrode  42  does  not  affect  the  sine  term 

of  the  distortion  A  but  only  affects  the  cosine  term  of  the  distortion  and  rotates  the  image  projected  on  the  wafer 
24.  Such  a  modification  in  the  shape  of  the  image  by  the  auxiliary  electrode  42  cancels  out  the  rotational  dis- 
tortion  component  caused  by  the  electrode  plate  27.  Thus,  the  sine  term  of  distortion  corresponding  to  the  gain 

component  represented  by  the  vector  £  in  FIG.9  is  corrected  by  adjustment  of  the  level  of  the  electrode  27 

and  the  cosine  term  of  distortion  corresponding  to  the  rotational  component  represented  by  the  vector  in 
FIG.9  is  corrected  by  the  auxiliary  electrode  42.  As  a  result,  the  image  projected  on  the  wafer  24  becomes 

20  free  from  distortion.  Further,  the  present  embodiment  prevents  the  electrical  discharge  between  the  photo- 
electron  mask  22  and  the  wafer  24. 

In  the  embodiment  described  heretofore,  the  auxiliary  electrode  42  is  made  of  a  pair  of  rod  shaped  elec- 
trodes  disposed  at  both  sides  of  the  photoelectron  beam  22a  such  that  the  electrode  is  movable  in  the  Z-di- 
rection  by  the  controller  621.  However,  the  auxiliary  electrode  42  is  not  limited  to  such  an  embodiment  but 

25  may  be  made  of  a  plurality  of  electrode  pairs  as  shown  in  FIG.10  in  the  solid  line  and  the  broken  line.  Each  of 
the  plurality  of  electrode  pairs  are  applied  with  a  suitable  voltage  so  that  the  position  of  the  maximum  intensity 
of  the  electrical  field  N2  is  adjusted.  According  to  this  modification,  complex  mechanism  related  to  the  controller 
621  for  movement  of  the  electrode  42  in  the  Z-direction  can  be  eliminated  and  the  construction  of  the  apparatus 
becomes  simple. 

30  Further,  the  auxiliary  electrode  42  is  not  limited  to  rod-shaped  electrodes  as  illustrated  but  a  flat  panel 
electrode  defined  with  opening  for  the  photoelectron  beam  may  be  used  similarly.  Further,  the  electrical  vol- 
tage  applied  to  the  auxiliary  electrode  42  is  not  limited  to  the  negative  voltage  as  illustrated  but  a  positive  vol- 
tage  may  be  used  in  combination  with  the  negative  voltage.  In  this  case,  the  photoelectron  beam  22a  can  be 
deflected  uniformly. 

35  In  the  photo-cathode  image  projection  apparatus  described  heretofore,  only  a  narrow  image,  correspond- 
ing  to  a  part  of  the  pattern  on  the  photoelectron  mask  22  irradiated  by  the  optical  beam  20b,  is  obtained  on 
the  wafer  24  at  one  time.  In  order  to  transfer  the  entire  pattern  on  the  photoelectron  mask  22,  therefore,  it  is 
necessary  to  move  the  optical  beam  20b  across  the  surface  of  the  photoelectron  mask  22  so  that  the  photo- 
electron  beam  22a  is  moved  in  correspondence  thereto  over  the  surface  of  the  wafer  24. 

40  In  such  an  apparatus,  there  is  a  problem  of  dynamic  focusing  in  which  the  focusing  of  the  photoelectron 
beam  is  changed  as  the  photoelectron  beam  22a  moves  over  the  surface  of  the  wafer  24  due  to  the  non-flat 
surface  of  the  wafer  24.  Further,  there  is  a  problem  of  "stig"  in  which  the  photoelectron  beam  spot  is  elongated 
towards  a  radial  direction  on  the  wafer  when  the  photoelectron  beam  irradiates  a  marginal  part  of  the  wafer 
24. 

45  In  the  actual  exposure  of  the  wafer  to  the  photoelectron  beam  irradiation,  it  is  advantageous  to  transfer 
the  image  of  the  pattern  on  the  photoelectron  mask  22  continuously  for  a  number  of  areas  on  the  wafer  24. 
When  performing  such  a  continuous  exposure,  the  distortion  component  obtained  for  one  area  of  the  wafer 
24  on  which  the  image  is  to  be  projected  can  be  different  from  the  distortion  in  another  area  remote  from  the 
aforesaid  area.  It  is  therefore  preferred  to  correct  such  a  distortion  continuously  and  automatically. 

50  FIG.1  5  shows  a  third  embodiment  of  the  present  invention  wherein  the  problems  aforementioned  are  elim- 
inated.  In  the  drawing,  these  parts  constructed  identically  to  those  corresponding  parts  in  the  preceding  draw- 
ings  are  given  identical  reference  numerals  and  the  description  thereof  will  be  omitted. 

Referring  to  FIG.15,  the  photo-cathode  image  projection  apparatus  of  the  present  embodiment  comprises 
a  wafer  mark  detector  630  which  detects  the  deviation  in  position  of  the  photoelectron  beam  on  the  wafer  24 

55  from  a  predicted  position  which  is  defined  with  respect  to  a  wafer  mark  provided  on  the  wafer  24  for  the  posi- 
tional  reference  purpose.  Examples  of  the  wafer  marks  can  be  seen  in  FIG.16(B)  in  which  the  small  rectangular 
projections  or  depressions  designated  by  aN_   ̂ -dN_i,  aN  -  dN,  aN+1  dN+1,  aN+2,  bN+2  ...  are  the  wafer  marks.  The 
wafer  mark  detector  630  is  supplied  with  the  information  indicating  the  center  of  these  wafer  marks  from  the 
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stage  controller  61  3  for  example,  and  detects  the  deviation  of  the  photoelectron  beam  from  the  center  of  the 
wafer  mark  on  the  basis  of  the  signal  from  the  back-scattered  electron  detector  39  indicating  the  intensity  of 
the  back-scattered  electron  from  a  region  of  the  wafer  including  the  wafer  mark.  The  wafer  mark  detector  630 
then  produces  a  data  indicating  the  deviation  of  the  photoelectron  beam  from  its  predicted  position  and  the 

5  data  thus  produced  is  stored  in  a  memory  601  a  cooperating  with  a  processor  601b.  Further,  the  stage  controller 
613  controls  the  deflection  controller  610  which  moves  the  photoelectron  beam  to  the  position  corresponding 
to  the  wafer  mark  aN  -  dN  for  the  detection  of  the  wafer  mark.  The  data  stored  in  the  wafer  mark  memory  601a 
is  then  read  out  by  the  processor  601  b  which  may  be  a  part  of  the  CPU  601  .  The  processor  601  b  in  turn  controls 
the  focusing  controller  606  by  supplying  a  control  signal  f  and  the  deflection  controller  61  0  by  supplying  a  con- 

10  trol  signal  g  and  the  position  of  the  photoelectron  beam  on  the  wafer  24  is  moved  responsive  to  the  value  of 
the  controls  signals  f  and  g  such  that  the  distortion  of  the  projected  image  is  eliminated. 

FIG.1  6(A)  shows  mask  marks  A  -  D  provided  on  the  photoelectron  mask  22  in  correspondence  to  the  wafer 
marks  aN  -  dN.  These  mask  marks  are  used  as  the  source  region  for  producing  the  photoelectron  beam  used 
to  irradiate  the  wafer  marks  aN  -  dN.  The  mask  marks  A  and  B  are  positioned  at  a  front  side  of  an  area  22b  of 

15  the  pattern  on  the  photoelectron  mask  22  and  the  mask  marks  C  and  D  are  positioned  at  a  rear  side  of  the 
area  22b.  Here,  the  front  side  means  a  side  of  the  area  22b  facing  the  direction  in  which  the  photoelectron 
mask  is  moved  and  the  rear  side  is  defined  as  a  side  of  the  area  22b  opposite  to  the  front  side.  Further,  the 
separation  between  the  mask  marks  A  and  B  may  be  made  larger  than  the  separation  between  the  mask  marks 
C  and  D  as  illustrated  in  FIG.1  6(A). 

20  The  wafer  24  is  exposed  to  the  photoelectron  beam  irradiation  according  to  the  pattern  22b  on  the  pho- 
toelectron  mask  22  consecutively,  and  there  is  formed  a  stripe  of  transferred  patterns  N-1,  N,  N+1,  ...  as  illu- 
strated  in  FIG.  16(B).  For  each  of  such  patterns  on  the  wafer,  the  wafer  marks  are  provided  such  as  the  wafer 
marks  aN_   ̂ -  dN_i  for  the  pattern  N-1,  the  wafer  marks  aN  -  dN  for  the  pattern  N,  and  the  wafer  marks  aN+1  - 
dN+1  for  the  pattern  N+1  . 

25  Next,  the  operation  of  the  photo-cathode  image  projection  apparatus  of  the  present  embodiment  will  be 
described  with  reference  to  FIGS.  17(A)  and  (B).  In  the  drawings,  these  parts  constructed  identically  to  those 
corresponding  parts  in  the  preceding  drawings  are  given  identical  reference  numerals  and  the  description 
thereof  will  be  omitted. 

Referring  to  FIG.17(A),  the  optical  beam  20b  is  irradiated  on  the  photoelectron  mask  22  while  the  photo- 
30  electron  mask  22  and  the  wafer  24  are  moved  together  in  the  direction  X.  Responsive  to  the  irradiation  of  the 

mask  marks  A  and  B  by  the  optical  beam  20b,  photoelectron  beams  22c  and  22d  are  produced  from  the  mask 
marks  A  and  B  and  the  photoelectron  beams  22c  and  22d  hit  the  corresponding  wafer  marks  bN  and  aN.  Re- 
sponsive  thereto,  the  wafer  mark  detecting  apparatus  630  detects  the  deviation  in  position  of  the  photoelectron 
beams  22c  and  22d  on  the  wafer  24  and  the  position  thus  obtained  is  stored  in  the  memory  601a.  At  the  same 

35  time,  the  photoelectron  mask  22  and  the  wafer  24  are  moved  in  the  X-direction  at  a  constant  speed,  and  after 
a  predetermined  time,  the  optical  beam  20b  irradiates  the  mask  marks  C  and  D  as  shown  in  FIG.1  7(B).  Re- 
sponsive  thereto,  the  photoelectron  beams  22c  and  22d  hit  the  wafer  marks  cN  and  dN,  and  the  deviation  in 
position  of  the  photoelectron  beams  22c  and  22d  is  determined  by  the  wafer  mark  detecting  apparatus  630 
on  the  basis  of  the  back-scattered  electron  emitted  from  the  wafer  marks  cN  and  dN.  The  deviation  of  the  pho- 

40  toelectron  beams  22c  and  22d  thus  obtained  is  stored  in  the  memory  601a.  similarly  to  the  case  of  the  wafer 
marks  aN  and  bN.  As  a  result,  four  data  representing  the  deviation  of  the  photoelectron  beam  are  obtained  and 
the  processor  controls  the  focusing  controller  606  and  the  deflection  controller  610  such  that  the  distortion  in 
the  projected  image  on  the  wafer  24  is  corrected.  Further,  the  processor  601b  performs  a  control  of  the  pho- 
toelectron  beam  for  eliminating  the  stig  and  dynamic  focusing  of  the  photoelectron  beam  as  will  be  described. 

45  Next,  the  operation  of  the  processor  601  b  for  elimination  of  the  problem  of  the  stig  and  the  dynamic  fo- 
cusing  will  be  described.  First,  the  processor  601  b  controls  the  focusing  controller  606  by  the  control  signal  f 
such  that  the  photoelectron  beams  22c  and  22d  are  properly  focused  on  the  wafer  24  at  the  area  of  the  wafer 
including  the  wafer  marks  aN  and  bN,  for  example.  At  the  same  time,  the  processor  601  b  controls  the  deflection 
controller  610  by  the  control  signal  gsuch  that  the  photoelectron  beam  has  a  proper  square  beam  spot  on  the 

so  wafer  24  at  the  same  area.  Further,  the  processor  601  b  stores  the  value  of  the  control  signals  f  and  g  for  con- 
trolling  the  focusing  controller  606  and  the  deflection  controller  610  determined  as  such.  Next,  the  processor 
repeats  the  operation  described  for  the  area  of  the  wafer  24  including  the  wafer  marks  cN  and  dN  and  stores 
the  value  of  the  control  signals  f  and  g  for  controlling  the  focusing  controller  606  and  the  deflection  controller 
610  determined  as  such.  Then,  the  processor  601b  calculates  the  value  of  the  controls  signals  f  and  gfor  an 

55  arbitrary  point  x  between  the  wafer  marks  aN,  bN  and  the  wafer  marks  cN,  dN  according  to  an  equation: 
T(x)  =  (1  -  xJ.T,  +  x.T2  (3) 

where  T(x)  stands  for  the  value  of  the  control  signals  f  and  g  for  achieving  the  proper  focusing  and  shaping  of 
the  photoelectron  beam  22a  on  the  wafer  24  at  a  position  separated  by  a  distance  x  from  a  side  or  edge  of 
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the  pattern  such  as  the  pattern  N  on  the  wafer  24  which  is  close  to  the  pairs  of  the  wafer  marks  aN  and  bN  as 
shown  in  FIG.1  6(B),  stands  for  the  magnitude  of  the  control  signals  to  be  supplied  to  the  controllers  606 
and  61  0  in  order  to  establish  a  proper  focusing  and  the  proper  shaping  of  the  photoelectron  beams  22c  and 
22d  at  the  pair  of  wafer  marks  aN  and  bN,  and  T2  stands  for  the  magnitude  of  the  control  signals  to  be  supplied 

5  to  the  controllers  606  and  61  0  in  order  to  establish  a  proper  focusing  and  proper  shaping  of  the  photoelectron 
beams  22c  and  22d  at  the  other  pair  of  the  wafer  mark  such  as  cN  and  dN. 

By  controlling  the  control  signals  f  and  gto  be  supplied  to  the  controllers  according  to  the  interpolation 
using  the  above  equation,  the  problem  of  deviation  in  the  focusing  and  the  deformation  of  the  beam  spot  in 
the  area  of  the  wafer  located  between  the  wafer  marks  can  be  successfully  eliminated.  By  repeating  the  pro- 

10  cedure,  such  a  control  of  the  photoelectron  beam  can  be  performed  continuously  for  a  number  of  patterns  N- 
1,  N,  N+1,  ...  as  shown  in  FIG.17(B)  without  intervention  by  an  operator. 

Further,  the  equation  for  interpolation  of  the  controls  signals  f  and  g  is  not  limited  to  such  a  linear  equation 
but  a  parabolic  equation  such  as 

T(x)  =  (1  -  xJ.T,  +  x.T2  +  x.(1  -  x).T3  (2) 
15  may  be  used  when  a  number  of  wafer  marks  aN_   ̂ -  dN_  u  aN  -  dN,  aN+1.  dN+1,  ...  are  used  for  correction  of  the 

photoelectron  beam.  In  this  equation,  for  example  represents  the  control  signals  f  and  g  when  the  photo- 
electron  beams  22c  and  22d  hit  the  part  of  the  wafer  24  including  the  wafer  marks  aN_   ̂ and  bN_   ̂ and  T2  rep- 
resents  the  control  signals  f  and  g  when  the  photoelectron  beams  22c  and  22d  hit  the  part  of  the  wafer  24 
including  the  wafer  marks  aN+1  and  bN+1  shown  in  FIG.  17(B).  Further,  T3  represents  a  parameter  obtained  by 

20  fitting  the  value  of  the  control  signals  f  and  g  determined  for  all  of  the  wafer  marks  aN_   ̂ -  dN_  u  aN  -  dN,  aN+1  - 
dN+1,  ...  by  the  above  second  order  equation. 

It  should  be  noted  that  the  Equation  (2)  is  not  limited  to  the  interpolation  of  the  control  signals  f  and  g  but 
may  be  applicable  to  the  correction  of  the  distortion  of  the  image  on  the  wafer  24  represented  by  the  distortion 
components  such  as  the  gain  component  and  the  rotational  component.  Generally,  the  distortion  of  the  image 

25  further  comprises  an  offset  component  indicating  the  translation  of  the  image  on  the  wafer  and  a  trapezoidal 
distortion  component  indicating  a  change  in  magnification  of  image  within  the  pattern  on  the  wafer  24.  When 
correcting  such  distortion  components,  each  of  the  four  distortion  components  is  obtained  for  the  patterns  N- 
1,  N,  and  N+1  shown  in  FIG.17(B)  using  the  wafer  marks  aN_   ̂ -  dN_  u  aN-  dN,  and  aN+1  -  dN+1,  and  the  values  of 
the  distortion  component  for  these  patterns  N-1,  N  and  N+1  are  fitted  according  to  Equation  (2).  As  a  result, 

30  the  the  distortion  of  the  image  on  the  wafer  24  can  be  corrected  for  a  wide  area  such  as  the  area  for  the  patterns 
N-1,  N,  N+1,  ...  with  a  very  high  precision. 

Finally,  FIG.  18  shows  a  modification  of  the  apparatus  of  FIG.15  in  which  these  parts  constructed  identi- 
cally  to  those  corresponding  parts  are  given  identical  reference  numerals  and  the  description  thereof  will  be 
omitted.  In  this  modification,  the  focusing  coil  26  is  replaced  by  a  permanent  magnet  26'  and  the  optical  beam 

35  20b  from  the  light  source  20  is  incident  to  the  photoelectron  mask  22  obliquely  as  illustrated.  Other  construction 
of  the  apparatus  is  substantially  the  same  as  the  apparatus  described  With  reference  to  FIG.15  and  the  de- 
scription  thereof  will  be  omitted. 

Further,  the  present  invention  is  not  limited  to  these  embodiments  described  heretofore  but  various  vari- 
ations  and  modifications  may  be  made  without  departing  from  the  scope  of  the  claims. 

40 

Claims 

1.  A  photo-cathode  image  projection  apparatus  for  projecting  an  image  of  a  desired  pattern  on  an  object 
45  (24)  by  a  focused  photoelectron  beam  (22a,  22c,  22d)  comprising  light  source  means  (20,  21,31,  32)  for 

producing  an  optical  beam  (20b),  a  photoelectron  mask  means  (22,  23)  disposed  so  as  to  be  irradiated 
by  the  optical  beam  (20b)  from  the  light  source  (20,  21,31,  32),  said  photoelectron  mask  means  (22,  23) 
including  a  photoelectron  mask  (22)  patterned  according  to  said  desired  pattern  with  a  material  emitting 
at  least  one  photoelectron  responsive  to  irradation  by  said  optical  radiation,  focusing  means  (26,  26')  for 

so  focusing  the  photoelectron  emitted  from  the  photoelectron  mask  (22)  to  form  said  focused  photoelectron 
beam  (22a,  22c,  22d)  such  that  said  photoelectron  beam  (22a,  22c,  22d)  is  focused  on  said  object  (24), 
and  stage  means  (25)  disposed  for  supporting  said  object  (24), 
characterized  by 
acceleration  electrode  means  (27)  disposed  so  as  to  interrupt  a  path  of  the  photoelectron  beam  (22a,  22c, 

55  22d),  for  accelerating  the  photoelectron  in  the  photoelectron  beam  (22a,  22c,  22d),  elongated  passage 
means  (27a)  defined  in  said  acceleration  electrode  means  (27)  for  passing  a  part  of  the  photoelectron 
beam  (22a,  22c,  22d)  therethrough,  and  voltage  source  means  (28)  for  applying  an  acceleration  voltage 
between  the  photoelectron  mask  (22)  and  the  acceleration  electrode  means  (27),  wherein  said  acceler- 
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ation  electrode  means  (27)  is  held  at  an  electrical  potential  level  identical  to  the  electrical  potential  level 
of  the  stage  means  (25)  so  that  the  object  (24)  supported  on  the  stage  means  (25)  is  electrically  shielded 
from  said  photoelectron  mask  (22)  by  the  acceleration  electrode  means  (27),  and  transport  means  (614, 
615)  for  moving  said  photoelectron  mask  means  (22,  23)  and  said  stage  means  (25)  at  a  predetermined 
speed  relative  to  said  acceleration  electrode  means  (27)  in  a  direction  perpendicular  to  a  general  direction 
of  the  photoelectron  beam  (22a)  and  further  perpendicularly  to  an  elongating  direction  of  the  passage 
means  (27a). 

A  photo-cathode  image  projection  apparatus  as  claimed  in  claim  1  characterized  in  that  said  light  source 
means  (20,  21)  comprises  means  (21)  for  producing  the  optical  beam  having  an  elongated  cross  section 
such  that  the  elongated  cross  section  of  the  optical  beam  extends  parallel  to  the  elongated  passage  means 
(27a)  in  the  acceleration  electrode  means  (27)  and  has  a  width  (l̂ ,  measured  in  an  elongating  direction 
of  the  elongated  passage  means,  which  is  substantially  smaller  than  a  corresponding  width  (l2)  of  the  pas- 
sage  means,  and  that  the  elongated  cross  section  of  the  optical  beam  has  a  thickness  (d  ̂ measured  per- 
pendicularly  to  the  elongating  direction  of  the  passage  means  which  is  substantially  smaller  than  a  cor- 
responding  thickness  (d2)  of  the  passage  means. 

A  photo-cathode  image  projection  apparatus  as  claimed  in  claim  1  or  2,  characterized  in  that  said  light 
source  means  comprises  a  laser  source  (31)  for  producing  an  laser  beam  as  said  optical  beam  and  de- 
flecting  means  (34)  for  deflecting  the  laser  beam  thus  produced  such  that  the  laser  beam  scans  over  the 
photoelectron  mask  (22). 

A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1  to  3,  characterized  in  that 
said  light  source  means  (20,  21)  irradiates  the  photoelectron  mask  (22)  obliquely  to  a  major  plane  of  the 
photoelectron  mask. 

A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1-4  characterized  in  that  said 
transport  means  (614,  61  5)  moves  the  photoelectron  mask  means  (22,  23)  and  the  stage  means  (25)  such 
that  a  relative  speed  between  the  photoelectron  mask  means  and  the  acceleration  electrode  means  (27) 
is  different  from  a  relative  speed  between  the  photoelectron  mask  means  and  the  stage  means. 

A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1  to  5,  characterized  in  that 
the  apparatus  further  comprises  mask  position  detecting  means  (616)  for  detecting  a  position  of  the  pho- 
toelectron  mask  means  (22,  23)  and  producing  an  output  signal  indicating  the  position  of  the  photoelectron 
mask  means,  stage  position  detecting  means  (616)  for  detecting  a  position  of  the  stage  means  (25)  and 
producing  an  output  signal  indicating  the  position  of  the  stage  means,  control  means  (601  ,  604,  613)  sup- 
plied  with  said  output  signals  from  said  mask  position  detecting  means  and  stage  position  detecting  means 
for  producing  an  output  signal  indicating  a  deviation  in  position  between  the  photoelectron  mask  means 
and  the  stage  means,  and  first  deflection  means  (37,  38,  610)  for  deflecting  the  photoelectron  beam  (22a) 
responsive  to  said  output  signal,  so  that  the  image  corresponding  to  the  desired  pattern  on  the  photo- 
electron  mask  (22)  is  projected  precisely  on  said  object  (24). 

A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1  to  6,  characterized  in  that 
the  apparatus  further  comprises  back-scattered  electron  detection  means  (39,  630)  between  said  accel- 
eration  electrode  means  (27)  and  said  object  (24)  on  the  stage  means  (25)  for  detecting  a  back-scattered 
electron  emitted  from  said  object  responsive  to  irradiation  by  said  photoelectron  beam  (22a)  and  produc- 
ing  a  second  output  signal  indicating  a  deviation  in  alignment  of  said  photoelectron  mask  means  (22,  23) 
to  said  stage  means,  and  deflection  means  (29,  37,  38,  606,  610)  for  deflecting  the  photoelectron  beam 
responsive  to  said  second  output  signal  of  the  back-scattered  electron  detection  means,  so  that  the  de- 
viation  in  position  of  the  image  on  the  object  due  to  the  deviation  in  alignment  of  the  photoelectron  mask 
and  the  stage  means  is  corrected. 

A  photo-cathode  image  projection  apparatus  as  claimed  in  claim  7  characterized  in  that  said  back- 
scattered  photoelectron  detection  means  detects  the  deviation  on  the  basis  of  irradiation  of  positional  ref- 
erence  mark  means  (aN_   ̂ -  dN_i,  aN  -  dN,  aN+1  -  dN+1)  provided  on  said  object  (24)  by  the  photoelectron 
beam  (22c,  22d). 

A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1  to  8,  characterized  in  that 
the  apparatus  further  comprises  means  (614,  61  5)  for  moving  said  light  source  means  (20,  21)  and  said 
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10 

15 

acceleration  electrode  means  (27)  in  synchronization  to  each  other. 

10.  A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1  to  9,  characterized  in  that 
the  apparatus  further  comprises  means  for  moving  the  acceleration  electrode  means  (27)  parallel  to  a 

5  general  direction  of  the  photoelectron  beam  (22a)  such  that  the  photoelectron  beam  is  focused  on  said 
acceleration  electrode  means. 

11.  A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1  to  10,  characterized  in  that 
said  photoelectron  mask  means  (22,  23),  the  acceleration  electrode  means  (27),  and  the  stage  means 

10  (25)  are  accommodated  in  an  evacuated  chamber  (30),  said  chamber  being  divided  into  a  first  part  (30A) 
including  the  photoelectron  mask  means  and  the  acceleration  electrode  means  and  a  second  part  (30B) 
including  the  stage  means,  and  said  first  part  and  second  part  of  the  chamber  are  evacuated  separately 
such  that  the  degree  of  vacuum  in  the  first  part  is  equal  to  or  superior  than  the  degree  of  vacuum  in  the 
second  part. 

15 12.  A  photo-cathode  image  projection  apparatus  as  claimed  in  anyone  of  claims  1  to  11,  characterized  in  that 
the  apparatus  further  comprises  additional  electrode  means  (42)  provided  at  about  a  mid-point  between 
the  stage  means  (25)  and  the  acceleration  electrode  means  (27)  for  correcting  the  path  of  the  photoelec- 
tron  beam  (22a)  reaching  the  object  (24). 

20  13.  A  photo-cathode  image  projection  apparatus  as  claimed  in  claim  1  2  characterized  in  that  said  additional 
electrode  means  (42)  is  movable  in  a  direction  to  and  from  the  acceleration  electrode  means  (27). 

14.  A  photo-cathode  image  projection  apparatus  as  claimed  in  claim  12  or  13,  characterized  in  that  said  ad- 
ditional  electrode  means  (42)  comprises  a  plurality  of  electrodes  (42a  -  42d)  aligned  along  the  photoelec- 

25  tron  beam  (22a)  passing  through  the  passage  means  (27a)  and  reaching  the  object  (24)  on  the  stage 
means  (25). 

15.  Amethod  of  exposing  an  object  (24)  to  a  photoelectron  beam  (22a,  22c,  22d)  emitted  from  a  photoelectron 
mask  (22)  patterned  with  a  material  which  emits  at  least  one  photoelectron  according  to  a  desired  pattern 

30  responsive  to  an  irradiation  by  a  light,  through  an  electrode  plate  (27)  defined  with  an  elongated  slit  (27a) 
for  passing  the  photoelectron  beam  (22a,  22c,  22d), 
characterized  by  steps  of 
applying  an  electrical  field  and  a  magnetic  field  between  said  photoelectron  mask  (22)  and  said  electrical 
field  such  that  the  photoelectron  emitted  from  said  photoelectron  mask  (22)  is  focused  on  said  object  (24), 

35  irradiating  the  photoelectron  mask  (22)  by  an  optical  beam  (20b)  having  an  elongated  cross  section  so 
that  the  photoelectron  beam  (22a,22c,22d)  having  a  correspondingly  elongated  cross  section  which  co- 
incides  with  the  elongated  slit  (27a)  in  the  electrode  plate  (27)  and  travelling  in  a  general  direction  which 
points  the  object  (24)  is  produced  from  the  photoelectron  emitted  from  the  photoelectron  mask  (22),  main- 
taining  the  object  (24)  at  an  electrical  potential  level  such  that  the  electrical  potential  level  of  the  object 

40  (24)  is  identical  with  the  electrical  potential  level  of  the  photoelectron  mask  (22), 
passing  the  photoelectron  beam  through  the  elongated  slit  (27a)  in  the  electrode  plate  (27),  and 
moving  the  photoelectron  mask  (22)  and  the  object  (24)  relative  to  the  electrode  plate  (27)  and  the  optical 
beam  (20b)  along  a  plane  perpendicular  to  the  general  direction  of  the  photoelectron  beam  (22a,22c,22d) 
in  a  direction  perpendicular  to  an  elongating  direction  (Y)  of  the  cross  section  of  the  photoelectron  beam 

45  (22a,  22c,  22d). 

16.  Amethod  as  claimed  in  claim  15 
characterized  in  that  said  step  of  passing  the  photoelectron  beam  (22a)  further  comprises  a  step  of  fo- 
cusing  the  photoelectron  beam  on  said  electrode  plate  (27)  before  focusing  on  the  object  (24). 

50 
17.  Amethod  as  claimed  in  claim  15  or  16,  characterized  in  that  said  step  of  moving  the  photoelectron  mask 

(22)  and  the  object  (24)  relative  to  the  electrode  plate  (27)  and  the  optical  beam  (20b)  comprises  a  step 
of  moving  the  photoelectron  mask  and  the  object  in  the  direction  (X)  perpendicular  to  the  elongating  di- 
rection  (Y)  of  of  the  slit  at  a  constant  speed. 

55 18.  Amethod  as  claimed  in  anyone  of  claims  15  to  17,  characterized  in  that  said  the  photoelectron  mask  (22) 
and  the  object  (24)  are  moved  with  speeds  which  are  different  from  each  other. 

15 
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19.  A  method  as  claimed  in  anyone  of  claims  15  to  18,  characterized  in  that  said  step  of  moving  the  photo- 
electron  mask  (22)  and  the  object  (24)  relative  to  the  electrode  plate  (27)  and  the  optical  beam  (22a)  com- 
prises  a  step  of  moving  the  electrode  plate  and  the  optical  beam  (20b)  in  the  direction  perpendicular  to 
the  elongating  direction  of  of  the  slit  at  a  same  speed. 

5 
20.  Amethod  as  claimed  in  anyone  of  claims  15  to  19  furtner  characterized  by  steps  of  detecting  a  deviation 

in  position  of  the  photoelectron  beam  (22a,  22c,  22d)  on  the  object  (24)  by  using  positioning  reference 
marks  (aN_   ̂ -  dN_  u  aN  -  dN,  aN+1  -  dN+1)  provided  on  the  object  along  the  direction  (X)  of  the  relative  move- 
ment  of  the  object,  correcting  the  position  of  the  photoelectron  beam  such  that  the  deviation  in  position 

10  of  the  photoelectron  beam  (22c,  22d)  is  eliminated  for  a  region  of  the  object  on  which  the  positioning  ref- 
erence  marks  are  provided,  optimizing  a  state  of  the  photoelectron  beam  for  said  region  of  the  object 
where  the  positioning  reference  marks  are  provided,  and  optimizing  the  state  of  the  photoelectron  beam 
(22a)  for  a  region  between  the  positioning  marks  by  an  interpolation. 

15  21.  Amethod  as  claimed  in  claim  20  characterized  in  that  said  step  of  detecting  the  deviation  comprises  steps 
of  irradiating  the  positioning  reference  marks  (aN_   ̂ -  dN_  u  aN  -  dN,  aN+1  -  dN+1)  on  the  object  (24)  by  a  pho- 
toelectron  beam  (24c,  24d)  radiated  from  the  photoelectron  mask  at  a  source  region  (A  -  D)  provided  on 
the  photoelectron  mask  (22)  in  correspondence  to  the  positioning  reference  marks,  and  detecting  the  de- 
viation  in  the  position  of  the  photoelectron  beam  thus  irradiated  on  the  objectfrom  the  position  of  the  pos- 

20  itioning  reference  marks. 

22.  Amethod  as  claimed  in  claim  20  or21  ,  characterized  in  that  the  interpolation  is  made  according  to  equation 
T(x)  =  (1  -  xJ.Ti  +  x.T2 

where  T(x)  is  an  optimized  state  of  the  photoelectron  beam  (22a)  at  a  location  on  the  object  separated 
from  a  first  set  of  positioning  reference  marks  (aN_  u  bN_  u  aN,  bN,  aN+1,  bN+1)  towards  a  second  second  set 
of  positioning  reference  marks  (CN_  u  dN_  u  CN,  dN,  cN+1,  dN+1)  by  a  distance  x,  is  an  optimized  state  of 
the  photoelectron  beam  at  the  first  positioning  reference  marks,  and  T2  is  an  optimized  state  of  the  pho- 
toelectron  beam  at  the  second  positioning  reference  marks. 

23.  A  method  as  claimed  in  anyone  of  claims  20  to  22,  characterized  in  that  said  state  of  the  photoelectron 
30  beam  (22a,  22c,  22d)  is  a  deviation  in  position  of  the  photoelectron  beam  on  the  object  (24). 

24.  A  method  as  claimed  in  anyone  of  claims  20  to  22,  characterized  in  that  said  state  of  the  photoelectron 
beam  (22a,  22c,  22d)  is  a  stig  of  the  photoelectron  beam  on  the  object  (24). 

35  25.  A  method  as  claimed  in  anyone  of  claims  20  to  22,  characterized  in  that  said  state  of  the  photoelectron 
beam  (22a,  22c,  22d)  is  a  focusing  state  of  the  photoelectron  beam  on  the  object  (24). 

25 

30 

Patentanspruche 
40 

1.  Photokathoden-Bildprojektionsapparat  zum  Projizieren  eines  Bildes  vorgebbaren  Musters  auf  ein  Objekt 
(24)  durch  einen  fokussierten  Elektronenstrahl  (22a,  22c,  22d),  bestehend  aus  einer  Lichtquelleneinrich- 
tung  (20,  21,  31,  32)  zur  Erzeugung  eines  optischen  Strahls  (20b),  einer  derartangeordneten  Photoelek- 
tronenmaskeneinrichtung  (22,  23),  dali  sie  vom  optischen  Strahl  (20b)  aus  der  Lichtquelle  (20,  21,  31, 

45  32)  bestrahlbar  ist,  wobei  die  Photoelektronenmaskeneinrichtung  (22,  23)  eine  entsprechend  dem  vor- 
gebbaren  Muster  mit  einem  wenigstens  ein  Photoelektron  in  Abhangigkeit  von  der  Bestrahlung  durch  die 
optische  Strahlung  emittierenden  Material  gemusterte  Photoelektronenmaske  (22)  aufweist,  einer  Fokus- 
sierungseinrichtung  (26,  26')  zum  Fokussieren  des  von  der  Photoelektronenmaske  (22)  emittierten  Pho- 
toelektrons  zur  Bildung  des  fokussierten  Photoelektronenstrahls  (22a,  22c,  22d)  derart,  dali  der  Photo- 

50  elektronenstrahl  (22a,  22c,  22d)  auf  das  Objekt  (24)  fokussiert  ist,  und  einer  Halterungseinrichtung  (25) 
zum  Haltern  des  Objekts  (24), 
gekennzeichnet  durch 
eine  derart  angeordnete  Beschleunigungselektrodeneinrichtung  (27),  dali  sie  einen  Weg  des  Photoelek- 
tronenstrahls  (22a,  22c,  22d)  unterbricht,  urn  das  Photoelektron  im  Photoelektronenstrahl  (22a,  22c,  22d) 

55  zu  beschleunigen,  eine  in  der  Beschleunigungselektrodeneinrichtung  (27)  definierte  langliche  Durchlali- 
einrichtung  (27a)  zum  Durchlassen  eines  Teils  des  Photoelektronenstrahls  (22a,  22c,  22d),  eine  Span- 
nungsquelleneinrichtung  (28)  zum  Anlegen  einer  Beschleunigungsspannung  zwischen  der  Photoelektro- 
nenmaske  (22)  und  der  Beschleunigungselektrodeneinrichtung  (27),  wobei  die  Beschleunigungselektro- 
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deneinrichtung  (27)  auf  einem  mit  dem  elektrischen  Potential  pegel  der  Halterungseinrichtung  (25)  iden- 
tischen  elektrischen  Potentialpegel  gehalten  ist,  so  dali  das  auf  der  Halterungseinrichtung  (25)  gehalterte 
Objekt  (24)  durch  die  Beschleunigungselektrodeneinrichtung  (27)  elektrisch  von  der  photoelektronen- 
maske  (22)  abgeschirmt  ist,  und  eine  Transporteinrichtung  (614,  615)  zum  Bewegen  der  Photoelektro- 
nenmaskeneinrichtung  (22,  23)  und  der  Halterungseinrichtung  (25)  mit  einer  vorbestimmten  Geschwin- 
digkeit  relativ  zur  Beschleunigungselektrodeneinrichtung  (27)  in  einer  Richtung,  die  senkrecht  zu  einer 
generellen  Richtung  des  Photoelektronenstrahls  (22a)  und  senkrecht  zu  einer  Langsrichtung  der  Durch- 
lalieinrichtung  (27a)  ist. 

Photokathoden-Bildprojektionsapparat  nach  Anspruch  1  , 
dadurch  gekennzeichnet, 
dali  die  Lichtquelleneinrichtung  (20,  21)  eine  Einrichtung  (21)  zur  Erzeugung  des  optischen  Strahls  mit 
einem  langlichen  Querschnitt  derart,  dalisich  der  langliche  Querschnittdes  optischen  Strahls  parallel  zur 
langlichen  Durchlalieinrichtung  (27a)  in  der  Beschleunigungselektrodeneinrichtung  (27)  erstreckt  und  ei- 
ne  in  einer  Langsrichtung  der  langlichen  Durchlalieinrichtung  gemessene  Breite  (l̂   aufweist,  die  wesent- 
lich  kleiner  als  eine  entsprechende  Breite  (l2)  der  Durchlalieinrichtung  ist,  und  dali  der  langliche  Quer- 
schnitt  des  optischen  Strahls  eine  senkrecht  zur  Langsrichtung  der  Durchlalieinrichtung  gemessene 
Dicke  (di)  aufweist,  die  wesentlich  kleiner  als  eine  entsprechende  Dicke  (d2)  der  Durchlalieinrichtung  ist. 

Photokathoden-Bildprojektionsapparat  nach  Anspruch  1  oder  2, 
dadurch  gekennzeichnet, 
dali  die  Lichtquelleneinrichtung  eine  Laserquelle  (31)  zur  Erzeugung  eines  Laserstrahls  als  optischer 
Strahl  und  eine  Ablenkeinrichtung  (34)  zum  Ablenken  des  so  erzeugten  Laserstrahls  derart  aufweist,  dali 
sich  der  Laserstrahl  abtastend  uber  die  Photoelektronenmaske  (22)  bewegt. 

Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  3, 
dadurch  gekennzeichnet, 
dali  die  Lichtquelleneinrichtung  (20,  21)  die  Photoelektronenmaske  (22)  schrag  zu  einer  Hauptebene  der 
Photoelektronenmaske  bestrahlt. 

Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  4, 
dadurch  gekennzeichnet, 
dali  die  Transporteinrichtung  (614,  615)  die  Photoelektronenmaskeneinrichtung  (22,  23)  und  die  Halte- 
rungseinrichtung  (25)  derart  bewegt,  dali  eine  relative  Geschwindigkeit  zwischen  der  Photoelektronen- 
maskeneinrichtungen  und  der  Beschleunigungselektrodeneinrichtung  (27)  verschieden  von  einer  relati- 
ven  Geschwindigkeit  zwischen  der  Photoelektronenmaskeneinrichtung  und  der  Halterungseinrichtung 
ist. 

Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  5, 
dadurch  gekennzeichnet, 
dali  der  Apparat  eine  Maskenposition-Detektoreinrichtung  (616)  zum  Detektieren  einer  Position  der  Pho- 
toelektronenmaskeneinrichtung  (22,  23)  und  Erzeugen  eines  die  Position  der  Photoelektronenmasken- 
einrichtung  anzeigenden  Ausgangssignals,  eine  Halterungsposition-Detektoreinrichtung  (616)  zum  De- 
tektieren  einer  Position  der  Halterungseinrichtung  (25)  und  Erzeugen  eines  die  Position  der  Halterungs- 
einrichtung  anzeigenden  Ausgangssignals,  eine  mit  den  Ausgangssignalen  aus  der  Maskenposition-De- 
tektoreinrichtung  der  Halterungsposition-Detektoreinrichtung  beaufschlagte  Steuereinrichtung  (601  ,  604, 
613)  zur  Erzeugung  eines  eine  Positionsabweichung  zwischen  der  Photoelektronenmaskeneinrichtung 
und  der  Halterungseinrichtung  anzeigenden  Ausgangssignals  und  eine  erste  Ablenkeinrichtung  (37,  38, 
610)  zum  Ablenken  des  Photoelektronenstrahls  (22a)  in  Abhangigkeit  von  dem  Ausgangssignal  derart, 
dali  das  mit  dem  vorgebbaren  Muster  auf  der  Photoelektronenmaske  (22)  korrespondierende  Bild  prazise 
auf  das  Objekt  (24)  projiziert  ist. 

Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  6, 
dadurch  gekennzeichnet, 
dali  der  Apparat  eine  zwischen  der  Beschleunigungselektrodeneinrichtung  (27)  und  dem  Objekt  (24)  auf 
der  Halteeinrichtung  (25)  angeordnete  Ruckstreuelektronen-Detektoreinrichtung  (39,  630)  zum  Detektie- 
ren  eines  vom  Objekt  in  Abhangigkeit  von  der  Bestrahlung  durch  den  Photoelektronenstrahl  (22a)  emit- 
tierten  ruckgestreuten  Elektrons  und  Erzeugen  eines  eine  Abweichung  in  der  Ausrichtung  der  Photoelek- 
tronenmaskeneinrichtung  (22,  23)  auf  die  Halterungseinrichtung  anzeigenden  zweiten  Ausgangssignals 
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und  eine  Ablenkeinrichtung  (29,  37,  38,  606,  610)  zum  Ablenken  des  Photoelektronenstrahls  in  Abhan- 
gigkeit  von  dem  zweiten  Ausgangssignal  der  Ruckstreuelektronen-Detektoreinrichtung  derart,  dali  die 
Positionsabweichung  des  Bildes  auf  dem  Objekt  aufgrund  der  Abweichung  von  der  Ausrichtung  der  Pho- 
toelektronenmaske  und  der  Halterungseinrichtung  korrigiert  wird,  aufweist. 

5 
8.  Photokathoden-Bildprojektionsapparat  nach  Anspruch  7, 

dadurch  gekennzeichnet, 
dali  die  Ruckstreuphotoelektronen-Detektoreinrichtung  die  Abweichung  auf  der  Basis  einer  Bestrahlung 
einer  auf  dem  Objekt  (24)  vorgesehenen  positionellen  Referenzmarkeneinrichtung  (aN_   ̂ -  dN_i,  aN  -  dN, 

10  aN+1  -  dN+1)  durch  den  Photoelektronenstrahl  (22c,  22d)  detektiert. 

9.  Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  8, 
dadurch  gekennzeichnet, 
dali  der  Apparat  eine  Einrichtung  (614,  615)  zum  Bewegen  der  Lichtquelleneinrichtung  (20,  21)  und  der 

15  Beschleunigungselektrodeneinrichtung  (27)  synchron  zueinander  aufweist. 

10.  Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  9, 
dadurch  gekennzeichnet, 
dali  der  Apparat  eine  Einrichtung  zum  Bewegen  der  Beschleunigungselektrodeneinrichtung  (27)  parallel 
zu  einer  generellen  Richtung  des  Photoelektronenstrahls  (22a)  derart  aufweist,  dali  der  Photoelektronen- 
strahl  auf  die  Beschleunigungselektrodeneinrichtung  fokussiert  ist. 

11.  Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  10, 
dadurch  gekennzeichnet, 
dali  die  Photoelektronenmaskeneinrichtung  (22,  23),  die  Beschleunigungselektrodeneinrichtung  (27)  und 

25  die  Halterungseinrichtung  (25)  in  einer  evakuierten  Kammer  angeordnet  sind,  die  in  einen  die  Photoelek- 
tronenmaskeneinrichtung  und  die  Beschleunigungselektrodeneinrichtung  enthaltenden  ersten  Teil  (30A) 
und  einen  die  Halterungseinrichtung  enthaltenden  zweiten  Teil  (30B)  unterteilt  ist,  wobei  der  erste  Teil 
und  derzweite  Teil  der  Kammer  separat  derart  evakuierbarsind,  dali  der  Vakuumgrad  im  ersten  Teil  gleich 
oder  grolier  als  der  Vakuumgrad  im  zweiten  Teil  ist. 

30 
12.  Photokathoden-Bildprojektionsapparat  nach  einem  der  Anspruche  1  bis  11, 

dadurch  gekennzeichnet, 
dali  der  Apparat  eine  bei  einem  Mittelpunkt  zwischen  der  Halteeinrichtung  (25)  und  der  Beschleunigungs- 
elektrodeneinrichtung  (27)  vorgesehene  zusatzliche  Elektrodeneinrichtung  (42)  zum  Korrigieren  des  We- 

35  ges  des  das  Objekt  (24)  erreichenden  Photoelektronenstrahls  (22a)  aufweist. 

13.  Photokathoden-Bildprojektionsapparat  nach  Anspruch  12, 
dadurch  gekennzeichnet, 
dali  die  zusatzliche  Elektrodeneinrichtung  (42)  in  Richtung  zur  Beschleunigungselektrodeneinrichtung 

40  (27)  und  von  dieser  fort  bewegbar  ist. 

14.  Photokathoden-Bildprojektionsapparat  nach  Anspruch  12  oder  13, 
dadurch  gekennzeichnet, 
dali  die  zusatzliche  Elektrodeneinrichtung  (42)  mehrere  langs  des  durch  die  Durchlalieinrichtung  (27a) 

45  gehenden  und  das  Objekt  (24)  auf  der  Halterungseinrichtung  (25)  erreichenden  Photoelektronenstrahls 
(22a)  aufgereihte  Elektroden  (42a  -  42d)  aufweist. 

1  5.  Verfahren  zum  Bestrahlen  eines  Objekts  (24)  mit  einem  von  einer  mit  einem  wenigstens  ein  Photoelektron 
entsprechend  einem  vorgebbaren  Muster  in  Abhangigkeit  von  einer  Bestrahlung  durch  Licht  emittieren- 

50  den  Material  gemusterten  Photoelektronenmaske  (22)  emittierten  Photoelektronenstrahl  (22a,  22c,  22d) 
durch  eine  Elektrodenplatte  (27),  in  der  ein  langlicher  Schlitz  (27a)  zum  Durchlassen  des  Photoelektro- 
nenstrahls  (22a,  22c,  22d)  definiert  ist, 
gekennzeichnet  durch  die  Schritte: 
Anlegen  eines  elektrischen  Feldes  und  eines  magnetischen  Feldes  zwischen  die  Photoelektronenmaske 

55  (22)  und  das  elektrische  Feld  derart,  dali  das  von  der  Photoelektronenmaske  (22)  emittierte  Photoelek- 
tron  auf  das  Objekt  (22)  fokussiert  wird, 
Bestrahlen  der  Photoelektronenmaske  (22)  mit  einem  optischen  Strahl  (20b)  eines  langlichen  Quer- 
schnitts  derart,  dali  aus  dem  von  der  Photoelektronenmaske  (22)  emittierten  Photoelektron  der  Photo- 
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elektronenstrahl  (22a,  22c,  22d)  mit  einem  entsprechenden  langlichen  Querschnitterzeugt  wird  und  sich 
in  einer  das  Objekt  (24)  treffenden  generellen  Richtung  ausbreitet, 
Halten  des  Objekts  (24)  auf  einem  elektrischen  Potential  pegel  derart,  dali  der  elektrische  Potentialpegel 
des  Objekts  (24)  identisch  mit  dem  elektrischen  Potentialpegel  der  Photoelektronenmaske  (22)  ist, 

5  Durchlassen  des  Elektronenstrahls  durch  den  langlichen  Schlitz  (27a)  in  der  Elektrodenplatte  (27)  und 
Bewegen  der  Photoelektronenmaske  (22)  und  des  Objekts  (24)  relativ  zur  Elektrodenplatte  (27)  und  zum 
optischen  Strahl  (20b)  langs  einer  zur  generellen  Richtung  des  Photoelektronenstrahls  (22a,  22c,  22d) 
senkrechten  Ebene  in  Richtung  senkrecht  zu  einer  Langsrichtung  (Y)  des  Querschnitts  des  Photoelek- 
tronenstrahls  (22a,  22c,  22d). 

10 
16.  Verfahren  nach  Anspruch  15, 

dadurch  gekennzeichnet, 
dali  der  Schritt  des  Durchlassens  des  Photoelektronenstrahls  (22a)  einen  Schritt  des  Fokussierens  des 
Photoelektronenstrahls  auf  die  Elektrodenplatte  (27)  vor  Fokussierung  auf  das  Objekt  (24)  aufweist. 

15 
17.  Verfahren  nach  Anspruch  15  oder  16, 

dadurch  gekennzeichnet, 
dali  der  Schritt  des  Bewegens  der  Photoelektronenmaske  (22)  und  des  Objekts  (24)  relativ  zur  Elektro- 
denplatte  (27)  und  zum  optischen  Strahl  (20b)  einen  Schritt  eines  Bewegens  der  Photoelektronenmaske 

20  und  des  Objekts  in  Richtung  (X)  senkrecht  zur  Langsrichtung  (Y)  des  Schlitzes  mit  konstanter  Geschwin- 
digkeit  aufweist. 

18.  Verfahren  nach  einem  der  Anspruche  15  bis  17, 
dadurch  gekennzeichnet, 
dali  die  Photoelektronenmaske  (22)  und  das  Objekt  (24)  mit  voneinander  verschiedenen  Geschwindig- 
keiten  bewegt  werden. 

19.  Verfahren  nach  einem  der  Anspruche  15  bis  18, 
dadurch  gekennzeichnet, 
dali  der  Schritt  des  Bewegens  der  Photoelektronenmaske  (22)  und  des  Objekts  (24)  relativ  zur  Elektro- 

30  denplatte  (27)  und  zum  optischen  Strahl  (22a)  einen  Schritt  eines  Bewegens  der  Elektrodenplatte  und 
des  optischen  Strahls  (20b)  in  Richtung  senkrecht  zur  Langsrichtung  des  Schlitzes  mit  gleicher  Geschwin- 
digkeit  aufweist. 

20.  Verfahren  nach  einem  der  Anspruche  15  bis  19, 
gekennzeichnet  durch  die  Schritte: 
Detektieren  einer  Positionsabweichung  des  Photoelektronenstrahls  (22a,  22c,  22d)  auf  dem  Objekt  (24) 
unter  Verwendung  von  auf  dem  Objekt  langs  der  Richtung  (X)  der  Relativbewegung  des  Objekts  vorge- 
sehenen  Positionierungsreferenzmarken  (aN_   ̂ -  dN_i,  aN  -  dN,  aN+1  -  dN+1),  Korrigieren  der  Position  des 
Photoelektronenstrahls  derart,  dali  die  Positionsabweichung  des  Photoelektronenstrahls  (22c,  22d)  fur 
einen  Bereich  des  Objekts,  auf  dem  die  Positionierungsreferenzmarken  vorgesehen  sind,  eliminiert  wird, 
Optimieren  eines  Zustandes  des  Photoelektronenstrahls  fur  den  Bereich  des  Objekts,  auf  dem  die  Posi- 
tionierungsreferenzmarken  vorgesehen  sind  und  Optimieren  des  Zustandes  des  Photoelektronenstrahls 
(22a)  fur  einen  Bereich  zwischen  den  Positionierungsmarken  durch  Interpolation. 

45  21.  Verfahren  nach  Anspruch  20, 
dadurch  gekennzeichnet, 
dali  der  Schritt  des  Detektierens  der  Abweichung  Schritte  einer  Bestrahlung  der  Positionierungsreferenz- 
marken  (aN_  i  -  dN_  i,  aN  -  dN,  aN+1  -  dN+1)  auf  dem  Objekt  (24)  durch  einen  bei  einem  auf  der  Photoelektro- 
nenmaske  (22)  in  Korrespondenz  mit  den  Positionierungsreferenzmarken  vorgesehenen  Quellen  bereich 

so  (A-D)  von  der  Photoelektronenmaske  (22)  abgestrahlten  Photoelektronenstrahl  (24c,  24d)  und  eines  De- 
tektierens  der  Positionsabweichung  des  so  von  der  Position  der  Positionierungsreferenzmarken  auf  das 
Objekt  gestrahlten  Photoelektronenstroms  aufweist. 

22.  Verfahren  nach  Anspruch  20  oder  21  , 
55  dadurch  gekennzeichnet, 

dali  die  Interpolation  gemali  der  Gleichung 
T(x)  =  (1  -  xJT,  +  xT2 

ausgefuhrt  wird,  wobei  T(x)  ein  optimierterZustand  des  Photoelektronenstrahls  (22a)  an  einervon  einem 
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ersten  Satz  Positionierungsreferenzmarken  (aN_  u  bN_  u  aN,  bN,  aN+1,  bN+1)  in  Richtung  eines  zweiten  Sat- 
zes  positionierungsreferenzmarken  (cN.  u  dN_  u  cN,  dN,  cN+1,  cN+1)  urn  einen  Abstand  x  getrennten  Stelle 
auf  dem  Objekt,  ein  optimierterZustand  des  Photoelektronenstrahls  bei  den  ersten  Positionierungs- 
referenzmarken  und  T2  ein  optimierterZustand  des  Photoelektronenstrahls  bei  den  zweiten  positionie- 
rungsreferenzmarken  ist. 

23.  Verfahren  nach  einem  der  Anspruche  20  bis  22, 
dadurch  gekennzeichnet, 
dali  der  Zustand  des  Photoelektronenstrahls  (22a,  22c,  22d)  eine  Positionsabweichung  des  photoelek- 
tronenstrahls  auf  dem  Objekt  (24)  ist. 

24.  Verfahren  nach  einem  der  Anspruche  20  bis  22, 
dadurch  gekennzeichnet, 
dali  der  Zustand  des  Photoelektronenstrahls  (22a,  22c,  22d)  eine  Verformung  ("stig")  eines  Strahlf  leeks 
des  Photoelektronenstrahls  auf  dem  Objekt  (24)  ist. 

25.  Verfahren  nach  einem  der  Anspruche  20  bis  22, 
dadurch  gekennzeichnet, 
dali  der  Zustand  des  Photoelektronenstrahls  (22a,  22c,  22d)  ein  Fokussierungszustand  des  Photoelek- 
tronenstrahls  auf  dem  Objekt  (24)  ist. 

Revendications 

1.  Appareil  de  projection  d'image  photocathodique  destine  a  projeterune  image  d'un  motif  voulu  surun  objet 
(24)  a  I'aide  d'un  faisceau  photoelectronique  focalise  (22a,  22c,  22d),  comprenant  un  moyen  source  lu- 
mineuse  (20,  21,  31,  32)  servant  a  produire  un  faisceau  optique  (20b),  un  moyen  masque  photoelectro- 
nique  (22,  23)  dispose  de  facon  a  etre  eclaire  par  le  faisceau  optique  (20b)  venant  de  la  source  lumineuse 
(20,  21,31,  32),  ledit  moyen  masque  photoelectronique  (22,  23)  comportant  un  masque  photoelectronique 
(22)  configure  selon  ledit  motif  voulu  a  I'aide  d'un  materiau  emettant  au  moins  un  photoelectron  en  re- 
ponse  a  I'eclairement  par  ledit  rayon  nement  optique,  un  moyen  de  focal  isation  (26,  26')  servant  a  focaliser 
le  photoelectron  emis  depuis  le  masque  photoelectronique  (22)  af  in  de  former  ledit  faisceau  photoelec- 
tronique  focalise  (22a,  22c,  22d)  de  facon  que  led  it  faisceau  photoelectronique  (22a,  22c,  22d)  soit  focalise 
sur  ledit  objet  (24),  et  un  moyen  platine  (25)  dispose  de  facon  a  porter  ledit  objet  (24), 

caracterise  par: 
un  moyen  electrode  d'acceleration  (27)  dispose  de  facon  a  interrompre  le  trajet  du  faisceau  pho- 

toelectronique  (22a,  22c,  22d)  af  in  d'accelerer  le  photoelectron  du  faisceau  photoelectronique  (22a,  22c, 
22d),  un  moyen  passage  allonge  (27a)  def  ini  dans  ledit  moyen  electrode  d'acceleration  (27)  et  destine  a 
laisser  passer  une  partie  du  faisceau  photoelectronique  (22a,  22c,  22d),  un  moyen  source  de  tension  (28) 
destine  a  appliquer  une  tension  d'acceleration  entre  le  masque  photoelectronique  (22)  et  le  moyen  elec- 
trode  d'acceleration  (27),  ou  ledit  moyen  electrode  d'acceleration  (27)  est  maintenu  a  un  niveau  de  po- 
tentiel  electrique  identique  au  niveau  de  potentiel  electrique  du  moyen  platine  (25)  si  bien  que  I'objet  (24) 
porte  sur  le  moyen  platine  (25)  est  electriquement  protege  dudit  masque  photoelectronique  (22)  par  le 
moyen  electrode  d'acceleration  (27),  et  un  moyen  de  transport  (614,  61  5)  servant  a  deplacer  ledit  moyen 
masque  photoelectronique  (22,  23)  et  ledit  moyen  platine  (25)  a  une  vitesse  predeterminee  par  rapport 
audit  moyen  electrode  d'acceleration  (27)  dans  une  direction  perpend  iculaire  a  la  direction  generale  du 
faisceau  photoelectronique  (22a)  et,  de  plus,  perpendiculairement  a  la  direction  d'allongement  du  moyen 
passage  (27a). 

2.  Appareil  de  projection  d'image  photocathodique  selon  la  revendication  1,  caracterise  en  ce  que  ledit 
moyen  source  lumineuse  (20,  21)  comprend  un  moyen  (21)  servant  a  produire  le  faisceau  optique  avec 
une  section  droite  allongee  de  facon  que  la  section  droite  allongee  du  faisceau  optique  s'etende  paralle- 
lement  au  moyen  passage  allonge  (27a)  def  ini  dans  le  moyen  electrode  d'acceleration  (27)  et  possede 
une  largeur  (l̂ ,  mesuree  suivant  la  direction  d'allongement  du  moyen  passage  allonge,  qui  est  sensible- 
ment  plus  petite  que  la  largeur  correspondante  (l2)  du  moyen  passage,  et  que  la  section  droite  allongee 
du  faisceau  optique  possede  une  epaisseur  (d ,̂  mesuree  perpendiculairement  a  la  direction  d'allonge- 
ment  du  moyen  passage,  qui  est  sensiblement  plus  petite  que  I'epaisseur  correspondante  (d2)  du  moyen 
passage. 
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Appareil  de  projection  d'image  photocathodique  selon  la  revendication  1  ou  2,  caracterise  en  ce  que  ledit 
moyen  source  lumineuse  comprend  une  source  laser  (31)  servant  a  produire  un  faisceau  laser  au  titre 
dudit  faisceau  optique  et  un  moyen  de  deviation  (34)  servant  a  devier  le  faisceau  laser  ainsi  produit  de 
facon  que  le  faisceau  laser  balaye  le  masque  photoelectronique  (22). 

Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  3,  carac- 
terise  en  ce  que  ledit  moyen  source  lumineuse  (20,  21)  eclaire  le  masque  photoelectronique  (22)  oblique- 
ment  par  rapport  au  plan  principal  du  masque  photoelectronique. 

Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  4,  carac- 
terise  en  ce  que  ledit  moyen  de  transport  (614,  615)  deplace  le  moyen  masque  photoelectronique  (22, 
23)  et  le  moyen  platine  (25)  de  facon  que  la  vitesse  relative  entre  le  moyen  masque  photoelectronique 
et  le  moyen  electrode  d'acceleration  (27)  soit  differente  de  la  vitesse  relative  entre  le  moyen  masque  pho- 
toelectronique  et  le  moyen  platine. 

Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  5,  carac- 
terise  en  ce  qu'il  comprend  en  outre  un  moyen  de  detection  de  position  de  masque  (616)  servant  a  de- 
tecter  la  position  du  moyen  masque  photoelectronique  (22,  23)  et  a  produire  un  signal  de  sortie  indicatif 
de  la  position  du  moyen  masque  photoelectronique,  un  moyen  de  detection  de  position  de  platine  (616) 
servant  a  detecter  la  position  du  moyen  platine  (25)  et  a  produire  un  signal  de  sortie  indiquant  la  position 
du  moyen  platine,  un  moyen  de  commande  (601,  604,  613)  qui  recoit  lesdits  signaux  de  sortie  desdits 
moyens  de  detection  de  position  de  masque  et  de  position  de  platine  af  in  de  produire  un  signal  de  sortie 
indicatif  d'un  ecart  de  position  entre  le  moyen  masque  photoelectronique  et  le  moyen  platine,  et  un  pre- 
mier  moyen  de  deviation  (37,  38,  610)  servant  a  devier  le  faisceau  photoelectronique  (22a)  en  reponse 
audit  signal  de  sortie,  de  facon  que  I'image  correspondantau  motif  voulu  sur  le  masque  photoelectronique 
(22)  soit  projetee  de  facon  precise  sur  ledit  objet  (24). 

Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  6,  carac- 
terise  en  ce  qu'il  comprend  en  outre  un  moyen  de  detection  d'electron  retrodiffuse  (39,  630)  qui  est  place 
entre  ledit  moyen  electrode  d'acceleration  (27)  et  ledit  objet  (24)  se  trouvant  sur  le  moyen  platine  (25) 
af  in  de  detecter  un  electron  retrodiffuse  emis  depuis  ledit  objet  en  reponse  a  I'eclairement  par  ledit  fais- 
ceau  photoelectronique  (22a)  etde  produire  un  deuxieme  signal  de  sortie  indicatif  d'un  ecart  d'alignement 
dudit  moyen  masque  photoelectronique  (22,  23)  par  rapport  audit  moyen  platine,  etun  moyen  de  deviation 
(29,  37,  38,  606,  610)  servant  a  devier  le  faisceau  photoelectronique  en  fonction  dudit  deuxieme  signal 
de  sortie  du  moyen  de  detection  d'electron  retrodiffuse,  de  facon  que  I'ecart  de  position  de  I'image  sur 
I'objet  qui  est  du  a  I'ecart  d'alignement  du  masque  photoelectronique  et  du  moyen  platine  soit  corrige. 

Appareil  de  projection  d'image  photocathodique  selon  la  revendication  7,  caracterise  en  ce  que  ledit 
moyen  de  detection  de  photoelectron  retrodiffuse  detecte  I'ecart  en  s'appuyant  sur  I'eclairement,  par  le 
faisceau  photoelectronique  (22c,  22d),  de  moyens  reperes  de  reference  de  position  (aN_   ̂ -  dN_  u  aN  -  dN, 
aN+1  -  dN+1)  prevus  sur  ledit  objet  (24). 

Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  8,  carac- 
terise  en  ce  qu'il  comprend  en  outre  un  moyen  (61  4,  61  5)  servant  a  deplacer  ledit  moyen  source  lumineuse 
(20,  21)  et  ledit  moyen  electrode  d'acceleration  (27)  en  synchronisme  I'un  avec  I'autre. 

Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  9,  carac- 
terise  en  ce  qu'il  comprend  en  outre  un  moyen  servant  a  deplacer  le  moyen  electrode  d'acceleration  (27) 
parallelement  a  la  direction  generale  du  faisceau  photoelectronique  (22a)  de  facon  que  le  faisceau  pho- 
toelectronique  soit  focalise  sur  ledit  moyen  electrode  d'acceleration. 

Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  10,  ca- 
racterise  en  ce  que  ledit  moyen  masque  photoelectronique  (22,  23),  ledit  moyen  electrode  d'acceleration 
(27),  et  ledit  moyen  platine  (25)  sont  loges  dans  une  chambre  a  vide  (30),  ladite  chambre  etant  divisee 
en  une  premiere  partie  (30A)  qui  comporte  le  moyen  masque  photoelectronique  et  le  moyen  electrode 
d'acceleration,  et  une  deuxieme  partie  (30B)  qui  comporte  le  moyen  platine,  et  en  ce  qu'on  fait  le  vide  de 
maniere  separee  dans  lesdites  premiere  partie  et  deuxieme  partie  de  la  chambre  de  maniere  que  le  degre 
de  vide  de  la  premiere  partie  soit  egal  ou  superieur  au  degre  de  vide  de  la  deuxieme  partie. 
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12.  Appareil  de  projection  d'image  photocathodique  selon  I'une  quelconque  des  revendications  1  a  11,  ca- 
racterise  en  ce  qu'il  comprend  en  outre  un  moyen  electrode  supplementaire  (42)  place  a  mi-distance  en- 
viron  du  moyen  platine  (25)  et  du  moyen  electrode  d'acceleration  (27)  af  in  de  corriger  le  trajet  du  faisceau 
photoelectronique  (22a)  atteignant  I'objet  (24). 

5 
13.  Appareil  de  projection  d'image  photocathodique  selon  la  revendication  12,  caracterise  en  ce  que  ledit 

moyen  electrode  supplementaire  (42)  peut  etre  deplace  dans  une  direction  de  rapprochement  et  d'eloi- 
gnement  par  rapport  au  moyen  electrode  d'acceleration  (27). 

10  14.  Appareil  de  projection  d'image  photocathodique  selon  la  revendication  12  ou  13,  caracterise  en  ce  que 
ledit  moyen  electrode  supplementaire  (42)  comprend  une  pluralite  d'electrodes  (42a  -  42d)  alignees  sui- 
vant  le  faisceau  photoelectronique  (22a)  qui  passe  par  le  moyen  passage  (27a)  et  atteint  I'objet  (24)  se 
trouvant  sur  le  moyen  platine  (25). 

15.  Precede  d'exposition  d'un  objet  (24)  a  un  faisceau  photoelectronique  (22a,  22c,  22d)  emis  depuis  un  mas- 
que  photoelectronique  (22)  configure  a  I'aide  d'un  materiau  qui  emet  au  moins  un  photoelectron  selon 
un  motif  voulu  en  reponse  a  I'eclairement  par  de  la  lumiere,  a  travers  une  plaque  d'electrode  (27)  dotee 
d'une  fente  allongee  (27a)  destinee  a  laisser  passer  le  faisceau  photoelectronique  (22a,  22c,  22d), 

caracterise  par  les  operations  suivantes: 
appliquer  un  champ  electrique  et  un  champ  magnetique  entre  ledit  masque  photoelectronique  (22) 

et  ledit  champ  electrique  de  facon  que  le  photoelectron  emis  depuis  ledit  masque  photoelectronique  (22) 
soit  focalise  sur  ledit  objet  (24), 

eclairer  le  masque  photoelectronique  (22)  a  I'aide  d'un  faisceau  optique  (20b)  presentant  une  sec- 
tion  droite  allongee  de  facon  que  le  faisceau  photoelectronique  (22a,  22c,  22d)  ayant  une  section  droite 
allongee  de  facon  correspondante  qui  coincide  avec  la  fente  allongee  (27a)  de  la  plaque  d'electrode  (27) 
et  se  deplacant  dans  une  direction  generale  qui  vise  I'objet  (24)  soit  produit  a  partir  du  photoelectron  emis 
depuis  le  masque  photoelectronique  (22), 

maintenir  I'objet  (24)  a  un  niveau  de  potentiel  electrique  tel  que  le  niveau  de  potentiel  electrique 
de  I'objet  (24)  soit  identique  au  niveau  de  potentiel  electrique  du  masque  photoelectronique  (22), 

faire  passer  le  faisceau  photoelectronique  dans  la  fente  allongee  (27a)  de  la  plaque  d'electrode 30  (27),  et 
deplacer  le  masque  photoelectronique  (22)  et  I'objet  (24)  par  rapport  a  la  plaque  d'electrode  (27) 

et  au  faisceau  optique  (20b)  suivant  un  plan  perpendiculaire  a  la  direction  generale  du  faisceau  photoe- 
lectronique  (22a,  22c,  22d)  dans  une  direction  perpendiculaire  a  la  direction  d'allongement  (Y)  de  la  sec- 
tion  droite  du  faisceau  photoelectronique  (22a,  22c,  22d). 35 

1  6.  Precede  selon  la  revendication  1  5,  caracterise  en  ce  que  ladite  operation  consistant  a  faire  passer  le  fais- 
ceau  photoelectronique  (22a)  comprend  en  outre  I'operation  qui  consiste  a  focaliser  le  faisceau  photoe- 
lectronique  sur  ladite  plaque  d'electrode  (27)  avant  la  focalisation  sur  I'objet  (24). 

40  17.  Precede  selon  la  revendication  15  ou  16,  caracterise  en  ce  que  ladite  operation  consistant  a  deplacer  le 
masque  photoelectronique  (22)  et  I'objet  (24)  par  rapport  a  la  plaque  d'electrode  (27)  et  au  faisceau  op- 
tique  (20b)  comprend  I'operation  qui  consiste  a  deplacer  le  masque  photoelectronique  et  I'objet  suivant 
une  direction  (X)  perpendiculaire  a  la  direction  d'allongement  (Y)  de  la  fente,  a  vitesse  constante. 

45  1  8.  Precede  selon  I'une  quelconque  des  revendications  1  5  a  1  7,  caracterise  en  ce  que  le  masque  photoelec- 
tronique  (22)  et  I'objet  (24)  sont  deplaces  a  des  vitesses  qui  sont  mutuellement  differentes. 

19.  Precede  selon  I'une  quelconque  des  revendications  15  a  18,  caracterise  en  ce  que  ladite  operation  consis- 
tant  a  deplacer  le  masque  photoelectronique  (22)  et  I'objet  (24)  par  rapport  a  la  plaque  d'electrode  (27) 

so  et  au  faisceau  optique  (20b)  comprend  I'operation  qui  consiste  a  deplacer  la  plaque  d'electrode  et  le  fais- 
ceau  optique  (20b)  dans  une  direction  perpendiculaire  a  la  direction  d'allongement  de  la  fente,  a  vitesse 
constante. 

30 

55 
20.  Precede  selon  I'une  quelconque  des  revendications  15  a  19,  caracterise  en  outre  par  les  operations 

consistant  a  detecter  un  ecart  de  position  du  faisceau  photoelectronique  (22a,  22c,  22d)  sur  I'objet  (24) 
a  I'aide  de  reperes  de  reference  de  position  (aN_   ̂ -  dN_  u  aN  -  dN,  aN+1  -  dN+1)  prevus  sur  I'objet  suivant  la 
direction  (X)  du  deplacement  relatif  de  I'objet,  a  corrigerla  position  du  faisceau  photoelectronique  de  facon 
que  I'ecart  de  position  du  faisceau  photoelectronique  (22c,  22d)  soit  elimine  pour  une  region  de  I'objet 
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sur  laquelle  les  reperes  de  reference  de  position  sont  prevus,  a  optimiser  I'etat  du  faisceau  photoelectro- 
nique  pour  ladite  region  de  I'objet  ou  les  reperes  de  reference  de  position  sont  prevus,  et  a  optimiser,  par 
interpolation,  I'etat  du  faisceau  photoelectronique  (22a)  pour  une  region  comprise  entre  les  reperes  de 
position. 

Precede  selon  la  revendication  20,  caracterise  en  ce  que  ladite  operation  consistant  a  detecter  I'ecart 
comprend  les  operations  qui  consistent  a  eclairer  les  reperes  de  reference  de  position  (aN_   ̂ -  dN_  u  aN  - 
dN,  aN+1  -  dN+1)  sur  I'objet  (24)  a  I'aide  d'un  faisceau  photoelectronique  (24c,  24d)  rayonne  depuis  le  mas- 
que  photoelectronique  en  une  region  source  (A  -  D)  disposee  sur  le  masque  photoelectronique  (22)  en 
correspondance  avec  les  reperes  de  reference  de  position,  et  a  detecter  I'ecart  de  la  position  du  faisceau 
photoelectronique  ainsi  envoye  sur  I'objet  par  rapport  a  la  position  des  reperes  de  reference  de  position. 

Precede  selon  la  revendication  20  ou  21,  caracterise  en  ce  qu'on  effectue  I'interpolation  d'apres  I'equa- 
tion: 

T(X)  =  (1  -  xJT,  +  x.T2 
oil  T(x)  est  un  etat  optimise  du  faisceau  photoelectronique  (22a)  en  un  emplacement  de  I'objet  qui  est 
separe,  par  une  distance  x,  d'un  premier  groupe  de  reperes  de  reference  de  position  (aN_  u  bN_  u  aN,  bN, 
aN+1,  bN+1)  en  direction  d'un  deuxieme  groupe  de  reperes  de  reference  de  position  (cN_  u  dN.  u  cN,  dN,  cN+1, 
dN+1),  Ti  est  un  etat  optimise  du  faisceau  photoelectronique  sur  les  premiers  reperes  de  reference  de  po- 
sition,  et  T2  est  un  etat  optimise  du  faisceau  photoelectronique  sur  les  deuxiemes  reperes  de  reference 
de  position. 

Precede  selon  I'une  quelconque  des  revendications  20  a  22,  caracterise  en  ce  que  ledit  etat  du  faisceau 
photoelectronique  (22a,  22c,  22d)  est  un  ecart  de  position  du  faisceau  photoelectronique  sur  I'objet  (24). 

Precede  selon  I'une  quelconque  des  revendications  20  a  22,  caracterise  en  ce  que  ledit  etat  du  faisceau 
photoelectronique  (22a,  22c,  22d)  est  un  "stig"  (allongement  radial  de  la  tache  de  faisceau)  du  faisceau 
photoelectronique  sur  I'objet  (24). 

Precede  selon  I'une  quelconque  des  revendications  20  a  22,  caracterise  en  ce  que  ledit  etat  du  faisceau 
photoelectronique  (22a,  22c,  22d)  est  un  etat  de  focal  isation  du  faisceau  photoelectronique  sur  I'objet  (24). 

23 
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