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Description 

The  present  invention  relates  to  a  technique  for 
automatically  aligning  a  semiconductor  wafer 
prior  to  step-and-repeat  microphotolithograhic 
exposure,  and  for  automatic  die-by-die  alignment 
during  the  exposure  processing. 

In  conventional  integrated  circuit  fabrication,  a 
semiconductor  wafer  typically  undergoes  from 
four  to  ten  major  process  steps,  at  each  of  which 
steps  part  of  a  circuit  pattern  is  exposed  from  a 
mask  or  reticle  onto  the  wafer.  In  "step-and- 
repeat"  processing,  an  enlarged  mask,  typically 
ten  times  actual  size,  contains  the  circuit  pattern 
for  one  or  a  very  few  individual  die  sites.  The 
wafer  is  positioned  at  one  of  these  die  sites,  and  a 
reduced  image  of  the  mask  pattern  is  exposed 
onto  photoresist  covering  the  wafer  through  a 
size  reducing  lens  systems.  The  wafer  is  then 
stepped  to  the  next  die  site  and  the  mask 
exposure  is  repeated.  This  step-and-repeat  oper- 
ation  continues  until  all  die  sites  have  been 
exposed. 

For  optimum  yield,  the  pattern  images  of  each 
subsequent  mask  must  be  formed  in  perfect 
registration  with  the  circuit  elements  formed  dur- 
ing  prior  steps.  As  a  minimum,  this  requires  that 
prior  to  exposure  by  each  subsequent  mask,  the 
wafer  must  be  perfectly  located  and  aligned  in  the 
step-and-repeat  apparatus,  and  must  be 
accurately  stepped  from  one  die  site  to  the  next. 
Optimally,  an  individual  alignment  should  be 
performed  at  each  die  site.  Die-by-die  alignment 
is  preferred,  since  distortion  of  the  wafer  may 
occur  during  individual  process  steps.  As  a  result, 
although  exact  uniform  spacing  existed  between 
the  circuits  at  individual  die  sites  during  earlier 
process  steps,  the  spacing  may  differ  slightly 
during  successive  steps.  If  the  wafer  is  then 
merely  moved  a  fixed  distance  from  site  to  site, 
without  individual  site  alignment,  misregistration 
may  occur  at  some  or  ail  of  the  die  sites  during 
exposure  to  the  masks  used  for  these  later  pro- 
cessing  steps. 

The  speed  at  which  both  initial  wafer  alignment 
and  die-by-die  alignment  is  achieved  must  be 
maximized.  Step  and  repeat  exposure  systems 
are  very  expensive,  typically  costing  hundreds  of 
thousands  of  dollars.  For  cost  effective  use  of 
such  equipment,  the  time  for  processing  each 
wafer  must  be  minimized.  Optimally,  all 
alignment  operations  should  be  automated  so 
that  no  operator  intervention  is  required  through- 
out  the  entire  wafer  alignment  and  step-and- 
repeat  exposure  operation.  Such  cost  effective- 
ness  is  not  achieved  if,  for  example,  it  is 
necessary  for  an  operator  to  use  a  joy  stick  to 
position  and  align  the  wafer  while  watching  an 
alignment  target  on  a  video  display. 

Techniques  for  die-by-die  alignment  have  been 
suggested  in  the  past.  These  are  taught  e.g.,  in 
US—  A—  4,052,603,  US—  A—  4,153,371. 

It  is  an  object  of  the  present  invention  to 
achieve  automatic,  precise  and  accurate  prealign- 
ment  of  the  wafer  after  it  is  placed  onto  the  wafer 

table,  but  prior  to  circuit  exposure  and  to  achieve 
such  prealignment  by  reference  to  an  arbitrary 
two  or  more  of  the  die  state  alignment  targets. 

According  to  the  invention,  this  object  is  solved 
5  with  the  features  of  Claim  1. 

The  die  site  alignment  targets  are  referred  to 
herein  as  "global"  targets,  and  the  present  inven- 
tion  provides  an  automatic  system  for  locating, 
identifying  and  verifying  such  global  targets  as 

w  part  of  the  prealignment  process.  The  invention 
further  provides  a  search  scheme  for  locating  the 
global  targets  in  the  event  that  the  mechanical 
prealignment  of  the  wafer  was  not  error-free. 

To  accomplish  such  automatic  alignment,  the 
w  wafer  target  and  the  reticle  window  or  target  are 

viewed  simultaneously  using  a  video  camera.  The 
video  scan  image  is  converted  to  a  digital  format 
for  appropriate  data  pocessing. 

In  the  prealignment  phase,  the  inventive 
20  system  controls  the  search  for  the  first  global 

target.  When  this  is  located  and.  verified  as  being 
an  actual  target,  the  system  searches  and  locates 
a  second  global  target.  Advantageously,  these 
global  targets  are  selected  to  be  close  to  the  wafer 

25  center  line  and  near  opposite  peripheral  edges  of 
the  wafer.  Once  located,  the  system  uses  the 
determined  positions  of  these  global  targets  to 
calculate  and  correct  for  any  rotational  error  and/ 
or  lateral  offset  of  the  wafer. 

30  The  search  technique  is  designed  to  minimize 
the  time  required  to  find  each  global  target.  This 
is  done  by  searching  over  a  rectilinear  search  area 
in  which  the  most  likely  expected  locations  for  the 
global  target  are  searched  first,  and  the  less  likely 

35  locations  are  searched  last. 
FIG.  1  is  a  top  plan  view  of  a  semiconductor 

wafer  having  a  plurality  of  die  sites  and  a  wafer 
alignment  target  at  each  such  site. 

FIG.  2  is  a  plan  view  of  a  mask  or  reticle  used  at 
40  the  second  (B-level)  or'  subsequent  semi- 

conductor  processing  step,  and  containing  an 
alignment  window. 

FIG.  3  illustrates  the  preferred  shape  and  size 
(relative  to  the  reticle  window)  of  a  wafer 

45  alignment  target  used  with  the  present  system. 
FIG.  4  illustrates  a  typical  view  of  the  superim- 

posed  wafer  alignment  target  and  reticle 
alignment  window  as  seen  through  the  alignment 
optics  by  a  video  camera,  and  also  illustrates  the 

so  corresponding  data  values  representing  the  aver- 
age  intensity  for  each  vertical  row  and  horizontal 
column  of  the  video  display. 

FIG.  5  is  a  top  plan  view  of  a  semiconductor 
wafer,  like  that  of  Fig.  1,  but  showing  the  location 

55  of  the  global  targets  in  the  event  of  rotational 
error  and  lateral  offset  of  the  wafer  after  prelimi- 
nary  rough  alignment. 

FIG.  6  is  a  chart  showing  the  major  steps  in  the 
overall  wafer  alignment  and  exposure  process. 

so  FIGS.  7,  8  and  9  are  flow  charts  of  the  "search" 
program  used  to  direct  searching  for  the  first 
global  target. 

FIG.  10  is  a  diagrammatic  view  of  the  region  of 
the  semiconductor  wafer  of  Fig.  5  which  is 

65  searched  (by  the  "search"  program)  to  locate  the 

2 
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first  global  target,  the  view  also  showing  the 
order  of  search. 

FIG.  11  is  a  diagrammatic  view  showing  the 
order  of  scanning  to  find  the  vertical  arm  (X-bar) 
of  the  alignment  target,  as  carried  out  under 
direction  of  the  "scan"  program  illustrated  in  Fig. 
9. 

FIG.  12  is  a  flow  chart  of  the  "verified  target" 
program  which  is  used  to  confirm  that  the  feature 
visible  in  a  video  display  such  as  that  of  Fig.  4  is 
an  actual  wafer  alignment  target. 

FIG.  13  is  a  schematic  representation  of  the 
search  procedure  used  by  the  program  of  Fig.  12 
to  verify  the  target. 

The  following  detailed  description  is  of  the  best 
presently  contemplated  mode  of  carrying  out  the 
invention.  This  description  is  not  to  be  taken  in  a 
limiting  sense,  but  is  made  merely  for  the  pur- 
pose  of  illustrating  the  general  principles  of  the 
invention,  since  the  scope  of  the  invention  best  is 
defined  by  the  appended  claims. 

In  a  step-and-repeat  microphotolithographic 
exposure  system,  a  semiconductor  wafer  30  such 
as  that  shown  in  Fig.  1  is  repeatedly  exposed  to 
the  image  of  a  circuit  pattern  31  from  a  mask  or 
reticle  32  such  as  that  shown  in  Fig.  2.  An  initial 
(A-level)  reticle  is  used  to  expose  onto  the  wafer 
30  an  array  33  of  pattern  images  34,  typically  one 
at  each  die  site.  Advantageously,  the  array  33  is 
formed  by  stepping  the  wafer  30  through  fixed 
distances  parallel  to  the  X  and  Y  axes  (illustrated 
by  the  arrows  35)  of  the  exposure  apparatus  and 
making  a  single  reticle  exposure  at  each  die  site. 

To  facilitate  automatic  alignment  in  accordance 
with  the  present  invention,  during  this  A-level 
mask  exposure  process,  a  wafer  alignment  target 
36  also  is  exposed  onto  the  wafer  30  at  each  die 
site.  As  shown  in  Fig.  1,  these  targets  36  may  be 
situated  in  the  alleys  between  columns  of 
patterns  34  along  which  alleys  the  wafer  30  is 
ultimately  scribed  and  severed  into  individual 
circuit  chips. 

Advantageously,  each  wafer  alignment  target 
36  has  the  cross-shaped  configuration  shown  in 
Figs.  1  and  3.  It  includes  a  relatively  long  arm  36Y 
which  extends  on  the  wafer  30  generally  along 
the  system  Y-axis  direction.  Accordingly,  the  arm 
36Y  will  be  referred  to  herein  as  the  "Y-bar".  In  a 
typical  embodiment,  this  Y-bar  36Y  may  be  8  mils 
(0,2  mm)  long. 

The  alignment  target  36  also  includes  a  rela- 
tively  shorter  (typically  3  mils  =  0,08  mm)  cross- 
bar  36X  at  the  center  of  the  Y-bar  36Y.  This  "X- 
bar"  is  generally  aligned  on  the  wafer  30  in  the 
direction  of  the  system  X  axis.  As  a  result  of  the 
conventional  first  step  processing  of  the  wafer  30 
which  follow  exposure  to  the  A-level  mask,  the 
alignment  targets  36  are  physically  formed  within 
the  wafer  30,  and  may  be  manifest  e.g.,  as 
diffusion  regions  within  the  semiconductor  wafer. 

The  second  (B-level)  and  each  subsequent 
mask  has  the  general  appearance  of  the  reticle  32 
(Fig.  2).  This  includes  the  pattern  31  which  must 
be  repeatedly  exposed  onto  the  wafer  30  in 
perfect  alignment  which  the  previous  pattern  34. 

To  accomplish  this  in  accordance  with  the  present 
invention,  each  reticle  32  is  provided  with  a 
transparent,  rectangular  alignment  window  37 
surrounded.  by  an  opaque  region  38.  If  projected 

5  onto  the  wafer  surface  30  through  the  system 
exposure  lens,  the  reduced  image  of  the 
alignment  window  37  typically  may  have  the 
dimensions  of  2.8  mils  (0,07  mm)  along  the  Y-axis 
and  2.2  mils  along  the  X-axis,  as  indicated  by  the 

10  broken  line  37'  in  Fig.  3. 
Alignment  is  achieved  at  each  die  site  by 

projecting  a  low  intensity  light  source  (advan- 
tageously  as  the  same  wavelength  as  that  used  to 
perform  the  circuit  exposure)  through  the  reticle 

15  32  and  through  the  main  exposure  lens  system 
onto  the  wafer  30.  The  light  entensity  is  suffi- 
ciently  low  so  that  there  is  no  exposure  of  the 
photoresist  coating  the  wafer  30.  The  projection 
lens  is  telecentric,  so  that  the  light  reflected  back 

20  from  the  wafer  30  again  passes  through  the 
window  37  of  the  reticle  32.  This  light  is  viewed 
through  appropriate  optics  by  a  video  camera. 
The  resultant  video  image  has  the  general 
appearance  shown  in  Fig.  4  in  which  the  horizon- 

25  tal  scan  of  the  video  camera  is  generally  aligned 
with  the  system  Y-axis.  What  is  seen  is  the 
reflected  image  36'  of  the  wafer  alignment  target 
36  and  the  silhouette  37'  of  the  reticle  alignment 
window  37  which  is  trans-illuminated  by  light 

30  reflected  from  the  wafer  30. 
Advantageously,  the  output  of  the  video 

camera  is  digitized.  For  example,  during  each 
video  sweep,  a  set  of  digital  values  may  be 
obtained  which  represent  the  intensities  of  the 

35  image  at  successive  picture  element  ("pixel") 
locations.  Typically,  there  may  be  256  scan  lines, 
with  the  intensity  being  digitized  during  each 
sweep  at  each  of  256  column  or  sample  point 
locations.  Thus  for  a  complete  video  image  there 

40  is  one  data  sample  point  for  each  of  256  x  256 
picture  elements  or  "pixels". 

For  utilization  in  the  present  invention,  the 
sample  point  intensity  values  are  averaged  for 
each  column  and  for  each  row.  Thus  two  sets  of 

45  data  are  obtained.  These  are  illustrated  by  the 
dotted  curves  40  and  41  in  Fig.  4.  The  first  data  set 
(curve  40)  consists  of  256  digital  values  each 
representing  the  average  intensity  of  the  image 
detected  during  a  corresponding  video  sweep  or 

50  scan  line.  This  data  is  stored  in  a  section  of  a 
random  access  memory  identified  as  a  "data 
buffer".  Each  sample  point  (i.e.,  each  scan  line)  is 
identified  by  a  corresponding  index  value 
0,1,2  ...  255  corresponding  to  the  like  numbered 

55  scan  line  in  Fig.  4.  The  average  intensity  (V0,  V-,,  V2 
etc.)  for  each  scan  line  also  is  stored  in  digital 
form  in  the  data  buffer.  As  evident  from  curve  40, 
in  the  illustrative  embodiment  of  Fig.  4  this 
average  intensity  will  be  least  in  the  border 

60  regions  where  the  light  is  blocked  by  the  opaque 
portion  of  the  reticle  32  surrounding  the  window 
37.  The  intensity  will  be  greater  within  the 
alignment  window  opening,  and  will  be  greatest 
along  those  scan  lines  at  which  the  Y-bar  image 

65  36Y'  is  present  (assuming  a  higher  reflectivity  of 
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the  target  36  than  the  surrounding  area  of  the 
wafer  30,  which  is  not  always  the  case).  A  similar 
but  separate  buffer  area  in  memory  stores  the 
average  intensities  at  each  column  position,  as 
represented  e.g.,  by  the  dotted  curve  41  of  Fig.  4. 

The  overall  wafer  alignment  and  exposure  pro- 
cess  which  takes  place  for  each  of  the  B-level  and 
subsequent  masks  is  summarized  in  Fig.  6.  The 
wafer  30,  already  containing  the  alignment 
targets  36,  is  roughly  oriented  so  that  its 
centerline  30C  is  approximately  parallel  to  the 
system  Y-axis.  With  this  rough  9  alignment,  the 
wafer  30  is  moved  onto  the  stage  (block  42  of  Fig. 
6).  Next,  an  air  jet  sensor  is  used  (step  43)  to 
detect  the  flat  edge  sector  30F  of  the  wafer  30.  A 
closer  6  alignment  of  the  wafer  30  is  obtained  by 
reference  to  the  detected  flat  30F.  The  air  jet 
sensor  then  is  used  (block  44)  to  detect  two  edge 
points  on  the  wafer  30,  and  from  this  information 
to  determine  the  location  of  the  center  30M  of  the 
wafer  30. 

At  this  point  the  wafer  30  has  been  prealigned 
on  the  stage.  Typically,  however,  there  will  still  be 
some  rotational  (6)  alignment  error  and/or  lateral 
offset  error  of  the  center  30M.  This  rough 
prealignment  error  is  illustrated  in  Fig.  5  wherein 
the  broken  line  30C  illustrates  the  actual  rota- 
tional  orientation  of  the  wafer  30  centerline  with 
respect  to  the  system  Y-axis.  This  rough 
alignment  0  error  is  generally  less  than  about  two 
or  three  minutes.  Typically,  the  lateral  offset  error 
e  of  the  wafer  will  be  less  than  2  mils  (0,05  mm). 
That  is,  the  actual  center  30M  of  the  wafer  will  be 
offset  by  s  from  the  position  determined  in  the 
rough  prealignment  process  (block  44). 

It  is  at  this  point  that  the  present  invention 
comes  into  play.  Initially,  (block  45  of  Fig.  6)  a 
search  is  carried  out  to  locate  the  first  global 
target  36A.  The  search  is  under  computer  control 
using  the  programs  of  Figs.  7,  8  and  9.  The  area 
which  is  searched  on  the  wafer  is  shown  by  the 
broken  line  46  in  Fig.  5,  and  also  is  shown  in 
enlarged  form  in  Fig.  10.  As  discussed  above  in 
connection  with  Figs.  2,  3  and  4,  the  area  on  the 
wafer  30  which  can  be  viewed  by  the  video 
camera  at  one  time  is  approximately  2.2  mils- 
x  2.8  mils  (0,056  x  0,07  mm),  corresponding  to 

the  dimensions  of  the  reticle  window  37  as  pro- 
jected  onto  the  wafer  30  surface.  Thus  the  entire 
search  region  46  cannot  be  viewed  all  at  once  by 
the  video  camera.  The  zone  46  thus  must  be 
searched  by  moving  the  wafer  30  in  some  order 
and  viewing  different  portions  of  the  zone  46 
successively. 

To  minimize  the  time  required  to  locate  the  first 
global  target,  the  zone  46  is  searched  in  the  order 
illustrated  in  Fig.  10.  The  locations  at  which  the 
target  36A  is  most  likely  to  be  present  are 
searched  first,  the  lower  probability  locations  are 
searched  later.  Accordingly,  the  search  begins  at 
location  1,1  (Fig.  10)  at  which  the  center  of  the  first 
global  target  36A  would  be  located  if  there  were 
no  rotational  or  lateral  offset  error  in  prealigning 
the  wafer  30.  Since  a  rotational  (9)  error  in 
prealignment  will  offset  the  target  36A  primarily 

along  the  system  X-axis,  the  next  locations 
searched  are  those  which  lie  parallel  to  the  X-axis 
in  line  with  the  initial  location  1,1.  As  evident  in 
Fig.  10,  the  next  position  (designated  1,2)  that  is 

5  searched  is  immediately  adjacent  to  the  location 
1  .1  but  offset  to  the  left  (as  viewed  in  Fig.  5)  along 
the  X  axis.  If  the  target  is  not  found  there,  the 
position  1,3  next  is  searched.  This  position  is 
offset  to  the  right  along  the  X-axis  with  respect  to 

io  the  initial  positon  1,1.  The  search  then  proceeds 
alternately  to  the  left  and  to  the  right  (along  the  X- 
axis)  at  positions  1,4  then  1,5  then  1,6  through 
position  1,15.  The  distance  of  the  position  1,15 
from  the  initial  search  location  1,1  generally 

15  corresponds  to  the  maximum  X-axis  offset  of  the 
target  36A  which  would  occur  with  the  maximum 
expected  wafer  rotational  9  error. 

If  the  target  is  not  found  along  the  first  line  of 
search,  it  is  probably  because  a  lateral  offset  error 

20  s  exists  which  would  shift  the  position  of  the 
target  in  the  direction  of  the  system  Y  axis.  Thus  a 
portion  of  the  zone  46  is  next  searched  that  is 
offset  from  the  initial  position  in  the  -Y  direction. 
Again  the  search  begins  at  a  position  at  which 

25  there  is  no  0  error,  designated  by  the  position  2,1 
in  Fig.  10.  The  search  progresses  alternatively  to 
the  left  and  to  the  right  at  consecutive  positions 
2.2  the  2,3  through  2,15.  If  the  target  still  is  not 
found,  a  third  row  in  the  zone  46  is  searched 

30  which  is  offset  in  the  +Y  direction  with  respect  to 
the  initial  search  location.  The  search  proceeds  at 
positions  3,1  through  3,15  as  shown  in  Fig.  10. 

Advantageously  the  search  rows  in  the  zone  46 
are  separated  by  a  distance  (typically  6  mils  = 

35  0,15  mm)  that  is  less  than  the  length  of  the  Y-bar 
36Y.  In  the  embodiment  of  Fig.  10,  the  search 
would  terminate  when  the  first  global  target  36A' 
is  detected  at  search  location  2,3. 

Referring  again  to  Fig.  6,  once  the  first  global 
40  target  has  been  located,  a  prediction  can  be  made 

as  to  the  location  of  the  second  global  target  36B. 
The  distance  between  the  global  targets  36A  and 
36B  on  the  wafer  30  is  known,  and  the  particular 
location  in  the  search  zone  46  at  which  the  first 

45  global  target  is  found  gives  an  indication  of  the 
actual  9  and  e  errors.  A  search  (block  47)  of  Fig.  6 
then  is  undertaken  to  locate  this  second  global 
target,  using  the  same  type  of  search  scheme  set 
forth  in  connection  with  Fig.  10. 

so  When  both  of  the  global  targets  have  been 
found,  an  accurate  calculation  of  the  9  and  s 
effors  is  made,  (block  48).  The  stage  is  rotated  to 
correct  for  the  9  error,  and  moved  parallel  to  the  Y 
axis  to  correct  for  the  lateral  offset  error  s.  The 

55  wafer  30  then  is  accurately  aligned  as  shown  in 
Fig.  1.  A  step-and-repeat  exposure  operation  is 
carried  out,  with  the  wafer  being  moved  appro- 
priately  along  the  X-  and/or  Y-axes  between  each 
die  site  (block  49).  Target  alignment  may  be 

so  carried  on  a  die-by-die  basis. 
The  search  for  the  first  global  target  is  carried 

out  under  control  of  the  SEARCH  program  50  of 
Fig.  7.  Initially,  the  stage  X  —  Y  drive  mechanism  is 
used  to  move  the  wafer  30  so  that  the  location  1,1 

65  (Fig.  10)  is  viewed  by  video  camera.  The  resultant 
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image  data  (i.e.,  scan  line  average  intensity  and 
column  average  intensity)  is  loaded  into  the 
corresponding  data  buffers.  Utilizing  the  stored 
scan  line  intensity  values,  a  program  (block  51) 
called  "LOOK  FOR  Y-BAR"  is  carried  out  to  deter- 
mine  if  a  portion  of  the  Y-bar  36Y  is  visible  in  the 
video  image.  This  program  is  detailed  in  Fig.  8 
and  is  the  subject-matter  of  the  parent-patent 
EP—B—  79070. 

A  determination  is  made  (block  52,  Fig.  7)  as  to 
whether  a  Y-bar  has  been  found.  If  not,  the  wafer 
is  moved  (block  53)  to  the  next  search  location.  In 
the  example  of  Fig.  10,  since  no  Y-bar  would  be 
seen  at  search  location  1,1  the  wafer  next  would 
be  moved  to  location  1,2.  A  check  then  is  made  as 
to  whether  the  complete  area  46  has  been  scan- 
ned  (block  54).  If  not,  the  program  branches  back 
to  block  51  to  look  for  the  Y-bar  at  this  next  search 
location.  This  loop  will  be  repeated  for  consecu- 
tive  search  locations  until  a  Y-bar  is  located.  In  the 
example  of  Fig.  10,  this  will  occur  when  searching 
the  location  2,3. 

When  this  occurs,  the  YES  output  from  block  52 
will  be  followed,  and  the  system  will  scan  along 
the  Y-bar  to  look  for  the  X-bar  (block  55).  This 
operation  is  detailed  in  Fig.  9  and  uses  the  search 
order  illustrated  in  Fig.  1  1.  If  an  X-bar  is  found  (as 
tested  at  Block  56)  a  procedure  is  "carried  out 
(block  57)  to  verify  that  the  detected  feature  is 
actually  an  alignment  target.  This  is  done  using 
the  VERIFY  TARGET  program  described  below  in 
connection  with  FIGS.  12  and  13. 

A  determination  is  made  (block  58)  that  the 
target  has  actually  been  verified.  If  so,  a  "found" 
exit  59  is  taken,  since  the  first  global  alignment 
target  now  has  been  found  and  its  location  is 
known.  In  the  event  that  no  X-bar  is  detected  (at 
block  55),  or  the  feature  is  not  verified  as  a  target 
(at  block  57),  the  program  loops  back  to  block  53. 
Either  situation  indicates  that  the  video  camera  is 
viewing  some  feature  on  the  wafer  surface  which 
is  not  a  true  alignment  target.  Accordingly,  the 
wafer  is  then  moved  to  the  next  search  location 
(block  53)  and  the  search  process  is  reiterated.  If 
the  global  target  is  not  located  after  the  entire 
area  46  has  been  scanned,  the  SEARCH  program 
50  terminates  at  the  "NOT  FOUND"  exit  60. 
Typically  this  may  result  in  rejection  of  the  wafer 
30. 

The  LOOK  FOR  Y-BAR  program  61  is  detailed  in 
Fig.  8.  This  program  utilizes  scan  line  intensity 
information  (Fig.  4)  stored  in  the  data  buffer.  From 
this  information  it  creates  a  list  of  all  of  the  feature 
edges  that  are  visible  along  the  system  X-axis. 
This  list  is  compiled  in  a  region  of  memory  called 
an  "edge  buffer". 

In  the  embodiment  of  Fig.  4,  there  are  four 
edges  evident  along  the  X-axis.  These  are  the  left 
edge  E1  of  the  reticle  window,  the  left  edge  E2  of 
the  Y-bar  36Y',  the  right  edge  E3  of  the  Y-bar  and 
the  right  edge  E4  or  the  reticle  window.  Thus  (at 
block  62,  Fig.  8)  use  of  the  EDGE  EXTRACTOR 
program  further  described  in  the  parent-patent 
EP  —  B  —  79070  will  create  in  the  edge  buffer  a  list 
of  the  four  edges  El  —  E4  (Fig.  4). 

Next  (block  63),  a  LOCATE  RETICLE  program 
further  described  in  the  parent-patent 
EP  —  B  —  79070  is  used  to  determine  which  of  the 
edges  evident  in  the  video  display  correspond  to 

5  the  image  of  the  reticle  alignment  window  37.  In 
the  example  of  Fig.  4,  this  program  will  determine 
that  the  edges  E1  and  E4  correspond  to  the  reticle 
window. 

Next  (block  64),  all  of  the  features  evident  in  the 
10  video  image  within  the  reticle  window  will  be 

analyzed  to  determine  if  any  are  potential  targets. 
This  is  carried  out  by  the  TARGET  IDENTIFIER 
program  further  described  in  the  parent-patent 
EP—B—  79070  which  refers  to  the  edge  infor- 

15  mation  contained  in  the  edge  buffer.  The  TARGET 
IDENTIFIER  program  establishes,  in  a  memory 
region  called  a  "target  buffer",  a  list  of  potential 
targets.  A  determination  then  is  made  as  to 
whether  at  least  one  potential  Y-bar  target  exists 

20  (Block  65).  If  not,  an  exit  66  is  taken  (and  the 
program  returns  to  block  53,  Fig.  7). 

If  at  least  one  Y-bar  potential  target  exists,  a 
determination  is  made  (block  67)  of  which  poten- 
tial  target  is  most  likely  to  represent  the  actual 

25  wafer  alignment  target.  This  determination  is 
carried  out  by  the  SELECT  BEST  TARGET  pro- 
gram  further  described  in  the  parent-patent 
EP—B  —  79070.  Once  selected,  the  exact  position 
of  each  target  edge  (e.g.,  the  edges  E2  and  E3.of 

30  Fig.  4)  is  ascertained  (block  68,  Fig.  8).  The 
distances  of  these  edges  (E2,  E3)  from  the  reticle 
window  edges  (E1,  E4)  then  are  computed.  The 
program  then  returns  via  the  "Y-bar  found"  exit 
69  to  block  55  of  Fig.  7. 

35  Since  a  Y-bar  has  now  been  found  within  the 
video  image,  a  scan  is  made  along  the  Y-bar  to 
find  the  X-bar  using  the  program  70  of  Fig.  9.  This 
program  uses  the  dotted  curve  41  of  Fig.  4  and 
stored  in  a  corresponding  column  intensity  (Y- 

40  axis)  data  buffer. 
Initially  (block  71,  Fig.  9)  this  Y-axis  information 

is  used  to  assemble  an  edge  buffer  list  of  edges 
evident  along  the  Y-axis.  In  the  embodiment  of 
Fig.  4,  the  edges  F1  through  F4  would  be  listed. 

45  The  EDGE  EXTRACTOR  program  is  used  for  this 
purpose. 

Next  the  reticle  is  located  (block  72)  using  the 
RETICLE  LOCATOR  program.  This  is  followed  by  a 
creation  of  a  target  buffer  containing  a  list  of 

so  potential  targets  along  the  Y-axis,  using  the 
TARGET  IDENTIFIER  program  (block  73).  If  at  least 
one  potential  X-bar  target  is  evident  in  the  video 
image  (as  determined  at  block  74),  a  determina- 
tion  (block  75)  is  made  as  to  which  target  is  most 

55  likely  to  represent  the  actual  X-bar.  The  SELECT 
BEST  TARGET  program  is  used  for  this  purpose. 
The  exact  position  of  each  target  edge  (e.g.,  the 
targets  F2  and  F3  in  Fig.  4)  is  determined  and  the 
distances  of  these  edges  from  the  reticle  edges 

so  (F1  and  F4  in  Fig.  4)  is  determined  (block  76).  The 
program  then  returns  via  the  "X-bar  found"  exit 
77  to  block  57  of  Fig.  7. 

If  no  potential  X-bar  target  is  evident  in  the 
video  image,  the  wafer  30  is  moved  to  the  next 

65  search  location  along  the  Y-bar  (block  78).  The 
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D-rder  of  search  is  illustrated  in  Fig.  11.  If  the  X-bar 
is  not  found  at  the  initial  position  1  viewed  by  the 
/ideo  camera,  the  wafer  30  is  moved  in  the  +Y 
direction  by  a  distance  (typically  2.6  mils  = 
0,066  mm)  slightly  less  than  the  width  of  the 
projected  reticle  window  37.  A  determination  is 
made  (at  block  79)  as  to  whether  all  locations 
have  been  searched.  If  not,  the  operations  of 
blocks  71,  72  and  73  are  repeated  at  the  new 
location.  In  the  example  of  Fig.  11,  the  X-bar  will 
be  found  at  this  second  search  location. 

If  not  found,  the  search  continues  with  the 
wafer  being  moved  to  the  relative  locations  3,  4 
and  5  illustrated  in  Fig.  11.  Each  of  the  locations  1 
through  5  is  spaced  along  the  system  Y-axis  by  a 
distance  just  less  than  the  projected  width  of  the 
reticle  window  37.  The  search  progressses  first  in 
one  direction  (to  the  left  in  Fig.  11)  at  three 
consecutive  locations  (1  ,  2,  3)  and  then  to  the  right 
at  two  consecutive  locations  (4,  5).  Since  this 
SCAN  program  70  only  is  initiated  when  a  poten- 
tial  Y-bar  feature  has  been  detected,  searching  at 
these  five  locations  (1  —  5)  along  the  X-axis  will  be 
sufficient  to  locate  the  X-bar  if  the  originally 
determined  feature  is  indeed  part  of  an  actual 
wafer  alignment  target. 

If  that  feature  is  not  to  be  part  of  an  actual 
alignment  target,  no  X-bar  will  be  found  at  any  of 
the  positions  1  —  5,  and  the  SCAN  program  70  will 
be  exited  via  the  "X-BAR  NOT  FOUND"  exit  80 
back  to  block  53  of  Fig.  7. 

Referring  again  to  Fig.  7,  in  the  event  that  an  X- 
bar  has  been  detected  along  the  Y-bar  (blocks  55 
and  56),  the  VERIFY  TARGET  program  80  of  Fig. 
12  is  used  to  verify  that  an  actual  wafer  alignment 
target  is  being  viewed  by  the  video  camera.  When 
this  program  80  is  entered,  the  image  viewed  by 
the  video  camera  will  be  similar  to  that  shown  at 
the  position  2  in  Fig.  1  1  with  both  the  X-bar  and  Y- 
bar  evident  but  not  centered  with  respect  to  the 
reticle  window.  Since  the  edge  locations  of  the  X- 
bar  and  Y-bar  are  specified  in  the  appropriate 
target  and  edge  buffers,  the  distances  of  these 
edges  from  the  reticle  window  edges  readily  can 
be  computed.  This  is  done,  and  the  results  are 
used  to  direct  movement  of  the  stage  by  appro- 
priate  distances  along  the  X-  and  Y-axes  so  as  to 
center  the  target  with  respect  to  the  image  of  the 
reticle  window  (block  81,  Fig.  12).  Next,  the 
presence  of  both  the  Y-bar  and  the  X-bar  in  the 
new  video  image  is  confirmed  (block  82)  using 
the  EDGE  EXTRACTOR,  RETICLE  LOCATOR, 
TARGET  IDENTIFIER  and  SELECT  BEST  TARGET 
programs.  Since  the  image  should  have 
the  appearance  of  that  shown  at  1  in  Fig.  13, 
both  the  Y-bar  and  X-bar  components  should  be 
found. 

Target  verification  continues  (block  83)  by  mov- 
ing  the  wafer  in  the  +Y  direction  by  a  distance 
(approximately  2.4  mils  =  0,061  mm)  at  which 
only  the  left  end  of  the  Y-bar  will  be  evident  in  the 
video  image  if  an  actual  wafer  target  is  present. 
The  video  camera  then  should  see  the  view  2 
shown  in  Fig.  13.  The  presence  in  the  resultant 
video  image  of  the  Y-bar  and  the  absence  of  the 

X-bar  then  are  confirmed  (block  84).  The  wafer  is 
then  moved  in  the  -Y  direction  to  a  location  3  (Fig. 
13)  at  which  only  the  right  end  of  the  Y-bar  should 
be  evident  in  the  video  display.  Again,  the  pre- 

5  sence  of  the  Y-bar  and  absence  of  the  X-bar  are  ' 
confirmed. 

Next  the  wafer  is  moved  by  a  sufficient  distance 
so  that  the  video  camera  will  view  the  area  of  the 
wafer  just  beyond  the  left  end  of  the  Y-bar,  as 

10  shown  at  4  in  Fig.  13.  The  absence  of  both  the  Y- 
bar  and  the  X-bar  in  this  image  then  is  confirmed 
(block  85).  The  wafer  is  then  moved  in  the  -Y 
direction  so  as  to  view  the  area  just  beyond  the 
right  end  of  the  Y-bar,  at  the  position  5'  of  Fig.  13. 

15  Again,  the  absence  of  both  the  Y-bar  and  X-bar 
are  confirmed. 

In  this  manner,  the  program  80  (Fig.  12)  verifies 
that  the  item  being  viewed  is  an  actual  wafer 
alignment  target.  The  verification  is  made  (Fig. 

20  13)  by  confirming  the  presence  of  both  X-  and  Y- 
bars  at  the  central  location  and'  the  presence  of 
only  Y-bar  elements  at  the  positions  2  and  3,  and 
confirming  the  absence  of  any  feature  just 
beyond  (positions  4  and  5)  both  ends  of  the  Y-bar. 

25  If  all  tests  are  met,  the  program  80  terminates  at 
the  "target  verified"  exit  86  which  returns  to  the 
"found"  exit  59  of  the  SEARCH  program  50  of  Fig. 
7.  In  the  event  that  any  of  the  tests  (blocks  82  —  85) 
do  not  provide  confirming  results,  the  program 

30  returns  via  the  "target  not  verified"  exit  87  to  the 
block  53  of  Fig.  7. 

The  foregoing  procedure  usually  will  result  in 
location  of  the  first  global  target.  When  this 
location  is  known,  the  location  of  the  second 

35  global  target  36B  (Fig.  1  )  readily  can  be  predicted. 
(See  block  47  of  the  overall  wafer  alignment  and 
exposure  process  of  Fig.  6.)  A  search  for  the 
second  global  target  then  is  carried  out  using  the 
SEARCH  program  50  of  Fig,  7.  Advantageously, 

40  this  search  begins  at  the  predicted  location,  so 
that  the  search  location  1,1  of  Fig.  10  will  corre- 
spond  to  this  predicted  location.  All  of  the  pro- 
grams  described  above  are  repeated  to  locate  and 
verify  the  second  global  target  36B. 

45  Once  accurately  located,  the  rotational  error  9 
and  lateral  offset  error  s  (Fig.  5)  are  corrected 
(block  48,  Fig.  6).  The  step-and-repeat  exposure 
process  is  then  carried  out  (block  49).  An 
alignment  can  be  carried  out  at  each  die  site  using 

so  the  programs  disclosed  herein.  At  each  site  it  is 
most  likely  that  the  individual  alignment  target 
will  be  within  view  of  the  video  camera  when  the 
wafer  is  stepped  to  that  position.  Therefore,  use 
of  the  SEARCH  program  50  should  not  be 

55  required  at  each  die  site.  However,  the  EDGE 
EXTRACTOR,  RETICLE  LOCATOR,  TARGET  IDEN- 
TIFIER  and  SELECT  BEST  TARGET  programs 
would  be  used  to  determine  accurately  and  pre- 
cisely  the  exact  location  of  the  individual  target 

60  with  respect  to  the  reticle  window,  and  thereby 
allow  precise  determination  of  the  extent  to  which 
the  wafer  must  be  moved  to  correct  for  any 
positioning  error.  The  reticle  32  will  thereby  be 
accurately  aligned  so  that  the  image  of  the  pattern 

65  31  (Fig.  2)  will  be  exposed  in  exact  registration 
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with  the  prior  exposure  at  the  same  die  site  on  the 
wafer. 

Thus  use  of  the  inventive  wafer  alignment 
technique  permits  automatic  alignment  of  each 
wafer  30  within  the  step-and-repeat  microphoto- 
lithographic  exposure  system,  and  permits  auto- 
matic  die-by-die  alignment  during  the  exposure 
processing. 

Claims 

1.  Method  for  aligning  a  wafer  (30)  in  a  system 
in  which  said  wafer  (30)  is  to  be  aligned  in  a 
certain  orientation  with  respect  to  reference  axes, 
said  article  containing  at  least  one  alignment 
target  (36)  designated  as  a  global  alignment 
target,  the  wafer  (30)  being  roughly  prealigned  to 
within  certain  rotational  error  and  lateral  offset 
error  tolerances,  and  in  which  a  small  region  of 
wafer  (30)  is  viewed  by  a  video  camera  for 
alignment  purpose,  comprising 

a  method  of  searching  for  said  global  target, 
including  first  positioning  of  said  wafer  (30)  so 
that  said  video  camera  views  a  first  area  thereon 
at  which  said  global  target  (36)  would  be  located  if 
the  wafer  (30)  were  correctly  positioned, 

determining  from  the  output  of  said  video 
camera  if  the  global  target  is  visible  at  said  area, 

verifying  that  a  feature  in  the  image  being 
viewed  by  said  video  camera  is  actually  said 
alignment  target  (36), 

and  utilizing  for  the  shape  of  said  target  (36)  a 
cross  having  a  relatively  elongated  arm  (36Y)  and 
a  crossbar  (36X)  near  the  middle  of  said  elon- 
gated  arm,  characterized  by  a  searching  method, 
including 

moving  said  wafer  (30)  alternately  in  one  direc- 
tion  and  the  opposite  direction  along  the  system 
axis  closest  to  that  along  which  the  alignment 
target  would  be  displaced  as  a  result  of  rotational 
error  in  rough  positioning,  by  amounts  increasing 
in  each  such  direction  by  steps  corresponding  to 
the  dimension  in  that  direction  of  the  area  viewed 
by  said  video  camera,  such  being  repeated  until 
the  distance  searched  in  each  direction  from  said 
first  area  is  substantially  equal  to  the  expected 
maximum  offset  of  said  target  which  would  result 
if  the  rough  alignment  were  to  have  said  maxi- 
mum  expected  rotational  error, 

determining  from  said  video  camera  output,  at 
each  location,  if  a  target  similar  to  said  global 
target  (36)  is  visible  at  such  location, 

repeating  such  moving  and  determining  first 
along  one  then  along  another  of  two  paths  paral- 
lel  to  the  initial  movement  path  but  laterally  offset 
therefrom  by  respective  positive  and  negative 
amounts  corresponding  to  the  expected  maxi- 
mum  lateral  offset  error  of  said  wafer  (30), 

stopping  such  moving  and  determining  at  a 
location  at  which  said  target  similar  to  the 
alignment  target  (36)  is  visible  by  said  video 
camera  (Fig.  10), 

positioning  said  article  (30)  so  that  the  image 
viewed  by  said  video  camera  is  near  said  middle 
of  a  target  similar  to  the  global  alignment  target 

(36)  and  includes  part  of  said  elongated  arm  (36Y) 
and  part  of  said  crossbar  (36X)  at  such  position, 

verifying  from  the  output  of  said  video  camera 
the  presence  in  said  image  of  both  elongated  arm 

5  part  and  said  crossbar  part, 
successively  shifting  said  wafer  (30)  to  posi- 

tions  at  which  the  image  viewed  by  said  video 
camera  would  be  expected  to  include  only  part  of 
one  end  of  said  elongated  arm,  only  part  of  the 

10  other  end  of  said  elongated  arm  (36Y),  only  the 
region  beyond  one  end  of  said  elongated  arm  and 
only  the  region  beyond  the  other  end  of  said 
elongated  arm, 
"  and  at  each  such  position,  verifying  from  the 

15  output  of  said  video  camera  the  expected  pre- 
sence  or  absence  of  said  arm  parts, 

and  respectively  terminating  or  repeating  such 
search. 

2.  Method  according  to  claim  1,  wherein  said 
20  wafer  (30)  is  to  be  aligned  with  a  mask  or  reticle 

(32),  and  wherein  said  mask  or  reticle  (32) 
includes  an  alignment  window  (37)  through 
which  said  video  camera  views  said  target,  the 
length  of  said  elongated  arm  (36Y)  on  each  side  of 

25  said  crossbar  being  longer  than  the  width  of  the 
area  viewed  through  said  window  (37)  by  said 
video  camera. 

Patentanspruche 
30 

1.  Verfahren  zum  Justieren  eines  Wafers  (30)  in 
einem  System,  bei  dem  der  Wafer  (30)  in  einer 
bestimmten  Orientierung  in  bezug  auf  Bezug- 
sachsen  justiert  werden  soil,  wobei  der  Gegen- 

35  stand  mindestens  ein  als  Globaljustierziel 
bestimmtes  Justierziel  (36)  aufweist,  an  dem  der 
Wafer  (30)  innerhalb  bestimmter  Rotationsfehler- 
und  Seitenabweichungsfehler-Toleranzen  grob 
vorjustiert  wird,  und  bei  dem  zum  Justieren  ein 

40  kleiner  Bereich  des  Wafers  (30)  von  einer  Video- 
kamera  betrachtet  wird,  bei  welchem 

ein  Suchverfahren  zum  Suchen  nach  dem  Glo- 
balziel  ausgefuhrt  wird,  bei  dem  der  Wafer  (30) 
zuerst  so  positioniert  wird,  dal3  die  Videokamera 

45  einen  ersten  auf  dem  Wafer  befindlichen  Bereich 
betrachtet,  an  dem  das  Globalziel  (36)  angeordnet 
ware,  falls  der  Wafer  (30)  korrekt  positioniert 
ware; 

aufgrund  des  Ausgangssignals  der  Videoka- 
50  mera  bestimmt  wird,  ob  das  Globalziel  in  diesem 

Bereich  sichtbar  ist, 
uberpruft  wird,  ob  ein  Merkmal  in  dem  von  der 

Videokamera  betrachteten  Bild  tatsachlich  das 
Justierziel  (36)  ist, 

55  und  als  Gestalt  des  Ziels  (36)  ein  Kreuz  verwen- 
det  wird,  das  einen  vergleichsweise  langgestreck- 
ten  Arm  (36Y)  und  einen  Querbalken  (36X)  nahe 
der  Mitte  des  langgestreckten  Armes  aufweist; 
gekennzeichnet  durch  ein  Suchverfahren  mit  den 

so  folgenden  Schritten: 
Bewegen  des  Wafers  (30)  alternierend  in  einer 

Richtung  und  der  entgegengesetzten  Richtung 
langs  der  Systemachse,  die  derjenigen  am  nach- 
sten  liegt,  langs  derer  das  Justierziel  als  Ergebnis 

65  eines  Rotationsfehlers  bei  der  Globaljustierung 
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/erschoben  wurde,  urn  Betrage,  die  in  jeder  der- 
artigen  Richtung  um  Schritte  ansteigen,  welche 
der  Abmessung  des  von  der  Videokamera 
aetrachteten  Bereiches  in  dieser  Richtung  ent- 
sprechen,  wobei  dieser  Vorgang  wiederholt  wird, 
ois  der  in  jeder  Richtung  gesuchte  Abstand  vom 
dem  ersten  Bereich  im  wesentlichen  der  erwarte- 
ten  Hochstabweichung  des  Zieles  gleicht,  welche 
sich  ergabe,  falls  die  Grobjustierung  den  hoch- 
sten  erwarteten  Rotationsfehler  aufwiese, 

an  jeder  Stelle,  Bestimmen  aufgrund  des  Video- 
kamera-Ausgangssignals,  ob  ein  dem  Globalziel 
(36)  gleichendes  Ziel  an  dieser  Stelle  sichtbar  ist, 

Wiederholen  dieses  Bewegungs-  und  Bestim- 
mungsvorgangs  zuerst  langs  eines,  dann  langs 
eines  anderen  von  zwei  Wegen,  die  parallel  zum 
anfanglichen  Bewegungsweg  verlaufen,  jedoch 
von  diesem  um  jeweiiige  positive  und  negative 
Betrage  seitlich  abgesetzt  sind,  welche  dem 
erwarteten  hochsten  Seitenabweichungsfehler 
des  Wafers  (30)  entsprechen, 

Stoppen  dieses  Bewegungs-  und  Bestim- 
mungsvorgangs  an  einer  Stelle,  an  der  das  dem 
Justierziel  (36)  gleichende  Ziel  fur  die  Videoka- 
mera  sichtbar  ist  (Fig.  10), 

Positionieren  des  Gegenstandes  (30)  derart, 
daB  das  von  der  Videokamera  betrachtete  Bild 
sich  in  der  Nahe  der  mitte  eines  dem  global- 
justierziel  (36)  gleichenden  Zieles  befindet  und 
einen  Teil  des  langgestreckten  Arms  (36Y)  und 
einen  Teil  des  Querbalkens  (36X)  in  dieser  Posi- 
tion  einschlielSt, 

Aufgrund  des  Ausgangssignals  der  Video- 
kamera,  Uberpriifen  des  Vorhandenseins  sowohl 
des  Teiles  des  langgestreckten  Arms  als  auch  des 
Teiles  des  Querbalkens  in  dem  Bild, 

sukzessives  Verschieben  des  Wafers  (30)  in 
Positionen,  in  denen  das  von  der  Videokamera 
betrachtete  Bild  erwartungsgemaS  nur  einen  Teil 
des  einen  Endes  des  langgestreckten  Arms,  nur 
einen  Teil  des  anderen  Endes  des  langgestreckten 
Arms  (36Y),  nur  den  Bereich  jenseits  eines  Endes 
des  langgestreckten  Arms  und  nur  den  Bereich 
jenseits  des  anderen  Endes  des  langgestreckten 
arms  einschlieSen  wurde, 

und  in  jeder  derartigen  Position,  Uberprufen 
des  erwarteten  Vorhandenseins  Oder  Nichtvor- 
handenseins  der  Armteile  aufgrund  des  Aus- 
gangssignals  der  Videokamera, 

und  Beenden  bzw.  Wiederholen  dieser  Suche. 
2.  Verfahren  nach  Anspruch  1,  bei  dem  der 

Wafer  (30)  mit  einer  Maske  oder  einem  Retikei 
(32)  justiert  werden  soli,  und  bei  dem 

die  Maske  oder  das  Retikei  (32)  ein  Justierfen- 
ster  (37)  aufweist,  durch  welches  die  Videoka- 
mera  das  Ziel  betrachtet,  wobei  die  Lange  des 
langgestreckten  Armes  (36Y)  auf  jeder  Seite  des 
Querbalkens  groSer  ist  als  die  Breite  des  von  der 
Videokamera  durch  das  Fenster  (37)  betrachteten 
Bereiches. 

Revendications 

1.  Procede  permettant  d'aligner  une  plaquette 
(30)  dans  un  systeme  dans  lequel  ladite  plaquette 

(30)  doit  etre  alignee  suivant  une  certame  orien- 
tation  par  rapport  a  des  axes  de  reference,  ledit 
objet  contenant  au  moins  une  cible  d'alignement 
(36)  qualifiee  de  cible  d'alignement  global,  la 

5  plaquette  (30)  etant  grossierement  pre-alignee  a 
I'interieur  de  certaines  tolerances  d'erreur  en 
rotation  et  d'erreur  de  decalage  lateral,  et  dans 
lequel  une  petite  region  de  la  plaquette  (30)  est 
observee  a  I'aide  d'une  camera  video  aux  fins 

10  d'alignement,  ce  procede  consistant: 
en  une  methode  de  recherche  de  ladite  cible 

globale,  comprenant  d'abord  un  positionnement 
de  ladite  plaquette  (30)  de  facon  que  ladite 
camera  video  observe  une  premiere  zone  de 

15  celle-ci  ou  ladite  cible  gobale  (36)  serait  situee  si 
la  plaquette  (30)  etait  correctement  positionnee, 

a  determiner,  a  partir  de  la  sortie  de  ladite 
camera  video  si  la  cible  globale  est  visible  a 
I'endroit  de  ladite  zone, 

20  a  verifier  qu'un  element  caracteristique  present 
dans  I'image  qui  est  observee  par  ladite  camera 
video  est  effectivement  ladite  cible  d'alignement 
(36), 

et  a  utiliser  pour  la  forme  de  ladite  cible  (36)  une 
25  croix  offrant  un  bras  relativement  allonge  (36Y)  et 

une  barre  transversale  (36X)  voisine  du  milieu 
dudit  bras  allonge,  caracterise  par  une  methode 
de  recherche  consitant: 

a  deplacer  ladite  plaquette  (30)  alternativement 
30  dans  un  sens  et  dans  le  sens  oppose  le  long  de 

I'axe  du  systeme  le  plus  proche  de  celui  le  long 
duquel  la  cible  d'alignement  serait  deplacee  a  la 
suite  d'une  erreur  en  rotation  dans  un  positionne- 
ment  grossier,  suivant  des  valeurs  croissant,  dans 

35  chaque  sens  indique,  de  supplements  de  valeur 
correspondant  a  la  dimension,  dans  cette  direc- 
tion,  de  la  zone  observee  par  ladite  camera  video, 
ceci  etant  repete  jusqu'a  ce  que  la  distance  objet 
de  la  recherche,  dans  chaque  sens,  a  partir  de 

40  ladite  premiere  zone,  soit  sensiblement  egale  au 
decalage  maximal  attendu  de  ladite  cible  qu'on 
obtiendrait  si  I'alignement  grossier  se  trouvait 
presenter  ladite  erreur  attendue  maximale  en 
rotation, 

45  a  determiner,  en  chacun  emplacement,  a  partir 
de  ladite  sortie  de  la  camera  video  si  une  cible 
semblable  a  ladite  cible  globale  (36)  est  visible  en 
un  tel  emplacement, 

a  repeter  un  tel  deplacement  et  une  telle  deter- 
so  mination  tout  d'abord  le  long  de  I'un  de  deux 

traces  paralleles  au  trace  de  deplacement  initial, 
mais  decales  lateralement  par  rapport  a  celui-ci 
suivant  des  valeurs  respectivement  positive  et 
negative  correspondant  a  I'erreur  de  decalage 

55  lateral  maximale  attendu  de  ladite  plaquette  (30), 
puis  ensuite  le  long  de  I'autre  de  ces  deux  traces, 

a  interrompre  ce  deplacement  et  cette  determi- 
nation  en  un  emplacement  ou  une  cible 
semblable  a  la  cible  d'alignement  (36)  est  visible  a 

60  I'aide  de  ladite  camera  video  (fig.  10), 
a  positionner  ledit  objet  (30)  de  facon  telle  que 

I'image  observee  par  ladite  camera  video  est 
proche  dudit  milieu  d'une  cible  semblable  a  la 
cible  d'alignement  global  (36)  et  comprend  une 

65  partie  dudit  bras  allonge  (36Y)  et  une  partie  de 
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ladite  barre  transversale  (36X),  en  un  tel  emplace- 
ment, 

a  verifier,  a  partir  de  la  sortie  de  ladite  camera 
video,  la  presence,  dans  ladite  image,  a  la  fois  de 
la  partie  de  bras  allonge  et  de  ladite  partie  de  5 
barre  transversale, 

a  decaler  successivement  ladite  plaquette  (30) 
en  des  emplacements  ou  on  s'attendrait  a  ce  que 
I'image  observee  par  ladite  camera  video  ne 
comprenne  qu'une  partie  d'une  extremite  dudit  10 
bras  allonge,  qu'une  partie  de  I'autre  extremite 
dudit  bras  allonge  (36Y),  que  la  region  situee  au- 
dela  de  I'une  des  extremites  dudit  bras  allonge  et 
qu  la  region  situee  au  dela  de  I'autre  extremite 
dudit  bras  allonge,  15 

a  verifier,  en  chacun  de  ces  emplacements,  et  a 

partir  de  la  sortie  de  ladite  camera  video,  la 
presence  attendue  ou  I'absence  desdites  parties 
de  bras, 

et  a  respectivement  interrompre  ou  repeter  une 
telle  recherche. 

2.  Procede  suivant  la  revendication  1,  dans 
lequel  ladite  plaquette  (30)  doit  etre  alignee  avec 
un  musque  ou  reticule  (32),  et  selon  lequel  ledit 
masque  ou  reticule  (32)  comporte  une  fenetre 
d'alignement  (37)  a  travers  laquelle  ladite  camera 
video  observe  ladite  cible,  la  longueur  dudit  bras 
allonge  (36Y)  situee  de  chaque  cote  de  ladite 
barre  transversale  etant  superieure  a  la  largeur  de 
la  zone  observee  a  travers  ladite  fenetre  (37)  par 
ladite  camera  video. 
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