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@  Position  detecting  device. 

(57)  A  device  for  detecting  positional  relationship  between  a 
first  and  second  objects  (2,  1)  in  a  predetermined  direction  is 
disclosed.  The  device  includes  light  source  (10)  projecting  light 
upon  the  first  object  so  that  the  light  incident  on  the  first  object 
(2)  is  deflected  thereby  and  emanates  therefrom  in  a  direction 
perpendicular  to  the  predetermined  direction;  a  light  receiving 
portion  (9)  disposed  in  a  direction  in  which  the  light  having  been 
deflected  perpendicularly  to  the  predetermined  direction  and 
having  been  deflected  again  by  the  second  object  advances, 
the  light  receiving  portion  being  operable  to  detect  the  position 
of  incidence  of  the  light  thereupon,  wherein  the  position  of  the 
light  upon  the  light  receiving  means  is  changeable  with  the 
position  of  incidence  of  the  light  upon  the  second  object;  and  a 
detecting  system  for  detecting  the  positional  relationship 
between  the  first  and  second  objects  in  the  predetermined 
direction,  on  the  basis  of  the  detection  by  the  light  receiving 
portion. 
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Description 

POSITION  DETECTING  DEVICE 

rlhLU  Uh  IHfc  INVENTION  AND  RELATED  ART 
This  invention  relates  generally  to  an  alignment 

system  for  correctly  positioning  an  object.  More 
particularly,  the  invention  is  concerned  with  position 
detecting  method  and  apparatus  suitably  usable  in  a 
semiconductor  microcircuit  device  manufacturing 
exposure  apparatus  for  lithographically  transferring 
a  fine  electronic  circuit  pattern  formed  on  the 
surface  of  a  first  object  (original)  such  as  a  mask  or 
reticle  (hereinafter  simply  "mask")  onto  the  surface 
of  a  second  object  (workpiece)  such  as  a  wafer,  for 
relatively  positioning  or  aligning  the  mask  and  the 
wafer. 

In  exposure  apparatuses  for  use  in  the  manufac- 
ture  of  semiconductor  devices,  the  relative  align- 
ment  of  a  mask  and  a  wafer  is  one  important  factor  in 
respect  to  ensuring  improved  performance.  Particu- 
larly,  as  for  alignment  systems  employed  in  recent 
exposure  apparatuses,  submicron  alignment  accu- 
racies  or  more  strict  accuracies  are  required  in 
consideration  of  the  demand  for  higher  degree  of 
integration  of  semiconductor  devices. 

In  many  types  of  alignment  systems,  features 
called  "alignment  patterns"  are  provided  on  a  mask 
and  a  wafer  and,  by  utilizing  positional  information 
obtainable  from  these  patterns,  the  mask  and  wafer 
are  aligned.  As  for  the  manner  of  executing  the 
alignment,  as  an  example  there  is  a  method  wherein 
the  amount  of  relative  deviation  of  these  alignment 
patterns  is  detected  on  the  basis  of  image  process- 
ing.  Another  method  is  proposed  in  U.S.  Patent 
Nos.  4,037,969  and  4,514,858  and  Japanese  Laid- 
Open  Patent  Application,  Laid-Open  No.  Sho 
56-157033,  wherein  so-called  zone  plates  are  used 
as  alignment  patterns  upon  which  light  is  projected 
and  wherein  the  positions  of  light  spots  formed  on  a 
predetermined  plane  by  lights  from  the  illuminated 
zone  plates  are  detected. 

Generally,  an  alignment  method  utilizing  a  zone 
plate  is  relatively  insensitive  to  any  defect  of  an 
alignment  pattern  and  therefore  assures  relatively 
high  alignment  accuracies,  as  compared  with  an 
alignment  method  simply  using  a  traditional  align- 
ment  pattern. 

Figure  1  is  a  schematic  view  of  a  known  type 
alignment  system  utilizing  zone  plates. 

In  Figure  1,  a  parallel  light  emanating  from  a  light 
source  72  passes  through  a  half  mirror  74  and  is 
focused  at  a  point  78  by  a  condensing  lens  76. 
Fhereafter,  the  light  illuminates  a  mask  alignment 
aattern  68a  on  a  mask  68  and  an  alignment  pattern 
30a  on  a  wafer  60  which  is  placed  on  a  support  table 
32.  Each  of  these  alignment  patters  68a  and  60a  is 
provided  by  a  reflection  type  zone  plate  and 
functions  to  form  a  spot  of  focused  light  on  a  plane 
perpendicular  to  an  optical  axis  which  contains  the 
point  78.  The  amount  of  relative  deviation  of  the 
positions  of  these  light  spots  formed  on  that  plane  is 
detected,  by  directing  the  focused  beams  to  a 
detection  plane  82  by  means  of  the  condensing  lens 

76  and  another  lens  80. 
In  accordance  with  an  output  signal  from  the 

5  detector  82,  a  control  circuit  84  actuates  a  driving 
circuit  64  to  relatively  align  the  mask  68  and  the 
wafer  60. 

Figure  2  illustrates  an  imaging  relationship  of 
lights  from  the  mask  alignment  pattern  68a  and  the 

10  wafer  alignment  pattern  60a  shown  in  Figure  1. 
In  Figure  2,  a  portion  of  the  light  divergingly 

advancing  from  the  point  78  is  reflectively  diffracted 
by  the  mask  alignment  pattern  68a  and  forms  a  spot 
78a  of  focused  light  at  or  adjacent  to  the  point  78, 

15  the  spot  representing  the  mask  position.  Another 
portion  of  the  light  passes  through  the  mask  68  in 
the  form  of  a  zero-th  order  transmission  light  and  is 
projected  upon  the  wafer  alignment  pattern  60a  on 
the  wafer  60  surface  with  its  wavefront  being 

20  unchanged.  The  incident  light  is  reflectively  dif- 
fracted  by  the  wafer  alignment  pattern  60a  and  then 
passes  again  through  the  mask  68  in  the  form  of  a 
zero-th  order  transmission  light,  and  finally  is 
focused  in  the  neighborhood  of  the  point  78  to  form 

25  a  spot  78b  of  focused  light,  representing  the  wafer 
position.  In  the  illustrated  example,  when  the  light 
diffracted  by  the  wafer  60  forms  a  spot,  the  mask  68 
functions  merely  as  a  transparent  member. 

The  position  of  the  spot  78b  formed  by  the  wafer 
30  alignment  pattern  60a  in  the  described  manner 

represents  a  deviation  Aa',  in  the  plane  perpendicu- 
lar  to  the  optical  axis  containing  the  point  78,  of  an 
amount  corresponding  to  the  amount  of  deviation 
Ao  of  the  wafer  60  with  respect  to  the  mask  68. 

35  In  such  a  device  described  above,  however,  there 
are  formed  a  spot  of  focused  light  representing  the 
position  of  a  wafer  and  a  spot  of  focused  light 
representing  the  position  of  a  wafer,  independently 
from  each  other.  These  separate  light  spots  have  to 

40  be  detected  respectively  to  determine  the  relative 
position  of  the  mask  and  the  wafer.  Thus,  the 
process  is  complicated. 

Another  example  of  detecting  the  relative  position 
of  a  mask  and  a  wafer  by  using  a  physical  optic 

45  element  such  as  a  Fresnel  zone  plate  is  proposed  in 
U.S.  Patent  No.  4,311,389.  The  principle  of  this 
proposed  method  is  illustrated  in  Figure  3. 

In  Figure  3,  a  linear-pattern  Fresnel  zone  plate  68b 
is  provided  on  a  mask  68.  This  zone  plate  is  formed 

50  by  elongated  non-transparent  portions  and  elong- 
ated  transparent  portions  which  are  arrayed  alter- 
nately,  so  that  the  zone  plate  has  a  light  converging 
function  only  in  the  x  direction.  On  the  other  hand,  a 
diffraction  grating  60b  is  provided  on  a  wafer  60, 

55  which  comprises  elements  arrayed  in  the  y  direction. 
The  Fresnel  zone  plate  68b  functions  to  converge  a 
received  light  in  the  x  direction  to  focus  the  same  on 
the  wafer  60  surface  into  a  slit-like  shape  having  a 
longitudinal  direction  parallel  to  the  y  direction.  If  the 

50  focused  light  impinges  on  the  diffraction  grating  60b 
on  the  wafer  60  surface,  diffraction  light  69  is 
produced  which  is  detected  by  a  detector,  not 
shown.  An  unshown  illumination  system  is  arranged 
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,  i,  id  i  i  coi  ici  /Ajue  fjiaie  oou  wiin  ntjru  ana  me 
unshown  detector  detects  the  variation  in  intensity 
of  the  received  light,  coming  from  the  wafer. 

Namely,  on  the  basis  of  a  change  in  the  intensity  of 
light  caused  when  the  focused  light  from  the  zone  5 
plate  68b  impinges  exactly  on  the  diffraction  grating 
60b,  as  detected  by  the  detector,  the  position  of  the 
diffraction  grating  60b  relative  to  the  Fresnel  zone 
plate  68b,  namely,  the  relative  position  of  the  mask 
68  and  the  wafer  60  is  detected.  10 

In  this  detecting  method,  the  variation  in  light 
intensity  as  detected  by  the  detector  represents  the 
positional  relationship  between  the  mask  68  and  the 
wafer  60.  In  other  words,  only  by  use  of  one  detector, 
the  relative  position  of  the  mask  68  and  the  wafer  60  15 
may  be  detected.  As  a  result,  the  structure  may  be 
simple.  If,  however,  the  spacing  or  gap  g  between 
the  mask  68  and  the  wafer  60  changes  for  some 
reason,  the  light  converged  by  the  Fresnel  zone 
plate  68b  is  not  focused  just  upon  the  wafer  60.  This  20 
results  in  a  decrease  in  the  light  intensity,  per  unit 
area,  of  the  slit-like  light  spot  illuminating  the 
diffraction  grating  60b.  Also,  the  area  of  illumination 
ncreases.  As  a  consequence,  the  intensity  variation 
as  can  be  detected  by  the  detector  has  low  contrast  25 
and,  additionally,  the  intensity  variation  occurs  in  a 
vide  range.  This  necessarily  results  in  deteriorated 
detection  accuracies  and,  therefore,  a  failure  of 
ligh-precision  detection  of  the  relative  position  of 
he  mask  and  the  wafer.  30 

SUMMARY  OF  THE  INVENTION 
It  is  accordingly  an  object  of  the  present  invention 

o  provide  a  position  detecting  device,  wherein  the 
elative  position  of  a  first  and  second  objects  can  be  35 
ietected  with  high  precision  and  with  a  simple  and 
:ompact  structure,  the  precision  being  not  easily 
iffected  by  any  change  in  the  gap  or  spacing 
letween  the  first  and  second  objects. 

These  and  other  objects,  features  and  advantages  40 
if  the  present  invention  will  become  more  apparent 
ipon  a  consideration  of  the  following  description  of 
he  preferred  embodiments  of  the  present  invention 
aken  in  conjunction  with  the  accompanying  draw- 
igs.  45 

tRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figures  1  and  2  are  schematic  views  for 
explicating  a  known  type  alignment  system  50 
using  zone  plates. 

Figure  3  is  a  schematic  view  for  explicating  a 
position  detecting  device  of  a  known  type, 
using  a  zone  plate. 

Figure  4A  is  a  schematic  illustration  of  a  55 
position  detecting  device  according  to  a  first 
embodiment  of  the  present  invention. 

Figures  4B  and  4C  are  flow  charts,  respec- 
tively,  showing  examples  of  operational  proce- 
dures  that  can  be  adopted  in  the  Figure  4A  60 
embodiment. 

Figure  5  is  a  graph  showing  the  relationship 
between  a  relative  positional  deviation  and  a 
corresponding  shift  of  center  of  gravity  of  light, 
in  the  optical  arrangement  of  the  Figure  4A  65 

emDodiment. 
Figures  6  and  7  are  schematic  illustrations 

exemplifying  a  refracting  power  arrangement  of 
two  grating  lenses,  the  principle  of  which  can  be 
used  in  the  present  invention. 

Figure  8  is  a  schematic  representation  expli- 
cating  the  principle  of  optical  function  of  the 
device  of  the  Figure  4A  embodiment. 

Figures  9A  and  9B  are  representations 
exemplifying  patterns  of  grating  lenses  usable 
in  the  present  invention. 

Figure  10  is  a  schematic  illustration  of  a 
position  detecting  device  according  to  a  sec- 
ond  embodiment  of  the  present  invention. 

Figure  11  is  a  schematic  illustration  of  a 
position  detecting  device  according  to  a  third 
embodiment  of  the  present  invention. 

Figure  12  is  a  schematic  illustration  of  a 
fourth  embodiment  of  the  present  invention. 

Figures  13A  and  13B  illustrates  a  fifth 
embodiment  of  the  present  invention,  wherein 
Figure  13A  is  a  schematic  side  view  and  Figure 
1  3B  is  a  schematic  front  view. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

In  one  preferred  embodiment,  while  details  of 
which  will  be  described  later,  for  relative  positioning 
of  a  first  and  second  objects  disposed  opposed  to 
each  other,  a  first  physical  optic  element  is  formed 
on  the  first  object  for  positioning  of  the  same  at  least 
in  one  direction  and  a  second  physical  optic  element 
is  formed  on  the  second  object  for  positioning  of  the 
same  at  least  in  one  direction.  Light  projecting 
means  projects  a  light  so  that  it  is  incident  upon  the 
second  physical  optic  element  on  the  second  object 
in  a  direction  inclined  with  respect  to  a  normal  of  the 
second  physical  optic  element.  The  light  is  deflected 
py  the  second  physical  optic  element  in  a  direction 
perpendicular  to  the  direction  of  positioning,  the 
deflected  light  being  incident  upon  the  first  physical 
pptic  element  on  the  first  object.  By  detecting  light 
smanating  from  the  first  physical  optic  element,  the 
:irst  and  second  objects  can  be  relatively  positioned. 

For  the  detection  of  light,  the  center  of  gravity  of 
ight  incident  upon  an  appropriate  sensing  means 
nay  be  detected. 

The  term  "center  of  gravity  of  light"  means  such  a 
joint  that,  when  in  the  cross-section  of  the  light  a 
position  vector  of  each  point  in  the  section  is 
nultiplied  by  the  light  intensity  of  that  point  and  the 
hus  obtained  products  are  integrated  over  the 
sntire  section,  the  integrated  value  has  a  "zero 
'ector". 

Figure  4A  schematically  illustrates  a  first  embodi- 
nent  in  which  the  invention  is  applied  to  a 
iemiconductor  device  manufacturing  exposure  ap- 
>aratus  of  proximity  exposure  type.  In  this  embodi- 
nent,  light  emanating  from  a  light  source  10  is 
;ollimated  into  a  parallel  light  by  means  of  a 
irojecting  lens  system  1  1  .  After  being  reflected  by  a 
lalf  mirror  1  2,  the  parallel  light  passes  through  a  first 
ibject  1  such  as  a  mask  M  surface,  for  example,  and 
hereafter  it  is  projected  in  an  inclined  direction  upon 

second  physical  optic  element  4a  which  may 
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comprise,  for  example,  a  grating  lens  that  is  one  type 
of  Fresnel  zone  plate. 

The  second  physical  optic  element  4a  has  a  light 
converging  function  and  operates  to  emit  a  reflec- 
tion  light  in  a  direction  of  a  normal  (  +  z  direction)  of 
the  surface  of  a  second  object  2  which  may  be  a 
wafer,  for  example.  The  light  emanating  from  the 
second  physical  optic  element  4a  is  incident  upon  a 
first  physical  optic  element  3a  formed  in  a  portion  of 
the  surface  of  the  first  object  1  (e.g.  a  mask  surface), 
spaced  by  a  predetermined  distance  from  the 
second  physical  optic  element  4a.  The  first  physical 
optic  element  3a  has  a  light  converging  function  and 
operates  to  emit  a  received  light  in  a  direction  to  an 
alignment  head,  generally  denoted  at  6,  and  also  to 
collect  the  same  upon  a  detecting  surface  9  of  a 
detector  8,  the  light  passing  through  the  half  mirror 
12.  In  this  embodiment,  the  wafer  1  is  placed  on  a 
wafer  chuck  5,  for  example,  which  is  adapted  to  hold 
a  wafer  by  attraction.  The  alignment  head  6  accom- 
modates  therein  various  components  necessary  for 
the  alignment  purpose.  Reference  character  E 
denotes  an  exposure  region  through  which  a  circuit 
pattern  formed  on  the  mask  can  be  transferred  onto 
a  wafer. 

As  illustrated,  the  mask  1  and  the  wafer  2  are  so 
held  that  a  spacing  or  gap  of  a  value  which  is  within  a 
predetermined  range  is  defined  therebetween. 

X-Y  stage  100  is  operable  to  move  the  wafer, 
being  attracted  to  the  wafer  chuck  5,  in  X  and  Y 
directions.  Stage  driver  101  is  adapted  to  drive  the 
X-Y  stage  101  in  the  X  and  Y  directions.  Central 
processing  unit  (CPU)  102  is  operable  in  response 
to  output  signals  from  the  detector  8  to  produce  and 
supply  instruction  signals  to  the  stage  driver  101  to 
move  the  X-Y  stage  100  so  as  to  align  the  wafer  2 
with  the  mask  1.  The  X-Y  stage  100  is  also  effective 
to  move  the  wafer  4  in  the  z  direction  to  a 
predetermined  position,  to  thereby  set  a  predeter- 
mined  gap  between  the  mask  and  the  wafer. 

While  in  this  embodiment  the  wafer  2  is  displaced 
for  alignment  purpose,  a  suitable  mask  chuck 
moving  mechanism  may  be  provided  to  displace  the 
mask  1  for  this  purpose. 

The  X-Y  stage  100  includes  a  fine-motion  wafer 
stage  which  can  be  driven  by  a  piezoelectric  drive 
mechanism,  and  a  rough-motion  wafer  stage  that 
can  be  driven  by  a  stepping  motor  drive  mechanism. 
The  stage  driver  101  includes  such  a  piezoelectric 
drive  mechanism  and  such  a  stepping  motor  drive 
mechanism.  For  a  minute  displacement  of  a  wafer, 
the  CPU  102  supplies  instruction  signals  to  the 
piezoelectric  drive  whereas,  for  a  relatively  large 
distance  movement,  it  supplies  instruction  signals  to 
the  stepping  motor  drive. 

For  convenience,  hereinafter,  the  first  physical 
optic  element  3a  will  be  mainly  referred  to  as  a  mask 
grating  lens;  the  second  physical  optic  element  4a 
will  be  mainly  referred  to  as  a  wafer  grating  lens; 
while  the  first  object  will  be  mainly  referred  to  as  a 
mask;  and  the  second  object  will  be  mainly  referred 
to  as  a  wafer. 

In  this  embodiment,  as  described,  each  alignment 
pattern  on  the  wafer  2  surface  can  be  provided  by  a 
grating  lens  (one  type  of  Fresnel  zone  plate)  having  a 

predetermined  focal  length,  by  which  a  light  for  the 
alignment  purpose  being  projected  from  the  align- 
ment  head  6  upon  the  wafer  2  surface  at  an  incline  is 
deflected  in  the  direction  of  normal  (  +  Z  direction)  to 

5  the  wafer  2  surface  and  is  collected  at  a  predeter- 
mined  position  (e.g.  Z  =  +276.0  microns). 

In  this  embodiment,  the  angle  a  of  the  inclined 
projection  of  light  upon  the  mask  1  surface  is 
preferably  within  the  following  range: 

10  10  <  a  <  80  (deg) 
On  the  other  hand,  an  alignment  pattern  3a  on  the 

mask  1  can  be  provided  by  an  off-axis  type  grating 
lens  comprising  a  pattern  which  is  asymmetrical  with 
respect  to  the  Z  axis.  For  example,  this  grating  lens 

15  may  be  designed  to  obtain  a  focal  length  of  278.78 
microns.  The  grating  lens  of  the  mask  1  functions  to 
direct  the  convergent  (divergent)  light  having  been 
reflectively  diffracted  by  the  grating  lens  on  the 
wafer  2  surface,  toward  the  alignment  head. 

20  At  this  time,  the  alignment  light  denoted  at  10a  is 
influenced  by  the  lens  function  of  the  grating  lens 
and  then  is  incident  on  the  photoreceptor  8 
accommodated  in  the  alignment  head  6.  In  the  first 
embodiment  shown  in  Figure  4A,  the  mask  and  the 

25  wafer  can  be  aligned  with  respect  to  the  lengthwise 
direction  of  a  scribe  line  (i.e.  in  the  Y  direction),  in 
which  direction  each  alignment  pattern  is  provided. 

Assuming  now  that  the  mask  1  and  the  wafer  2  are 
relatively  deviated  by  Ao  in  a  direction  parallel  to  the 

30  mask  and  the  wafer,  that  the  distance  from  the 
wafer  2  to  the  point  of  convergence  of  the  light 
having  been  reflected  by  the  grating  lens  4a  of  the 
wafer  2  is  denoted  by  a,  and  that  the  distance  to  the 
point  of  convergence  of  the  light  passed  through  the 

35  grating  lens  3a  of  the  mask  1  is  denoted  by  b,  then  a 
deviation  or  displacement  A8  of  the  center  of  gravity 
of  light  focused  upon  the  detecting  surface  9,  from  a 
reference  position,  can  be  given  by  the  following 
equation: 

40  A5  =  Ao  x  (b/a  +  1)  (a) 
Namely,  the  deviation  A8  of  the  center  of  gravity  of 

light  is  being  magnified  at  an  enlarging  magnification 
which  is  equal  to  "b/a  +  1"  as  compared  with  the 
positional  deviation  A5  of  the  mask  and  the  wafer. 

45  The  reference  position  mentioned  above  can  be 
predetermined.  For  example,  where  the  first  and 
second  objects  are  a  mask  and  a  wafer  to  be  used 
with  a  proximity  type  exposure  apparatus  and  having 
first  and  second  physical  optic  elements  3a  and  4a, 

50  respectively,  first  the  mask  having  the  first  physical 
optic  element  3a  is  held  fixed  at  a  suitable  position. 
Then,  the  wafer  having  the  second  physical  optic 
element  4a  is  placed  and  roughly  aligned  with 
respect  to  the  mask  by  using  suitable  means. 

55  Thereafter,  light  is  projected  upon  the  first  and 
second  physical  optic  elements,  and  the  position  of 
the  center  of  gravity  of  light  upon  the  detecting 
surface  9  in  that  state  is  detected.  Subsequently, 
while  retaining  that  state,  a  pattern  of  the  mask  is 

60  transferred  onto  the  wafer  with  suitable  radiation 
energy.  The  thus  transferred  pattern  is  observed  by 
use  of  a  microscope  or  otherwise,  and  any  pattern 
overlay  error  is  measured.  On  the  basis  of  the 
measured  error,  the  wafer  is  moved  so  that  it  is 

65  accurately  aligned  with  the  mask.  Light  is  again 
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piujcv/icu  ujjuii  ii  le  ursi  ana  secona  pnysicai  optic 
elements  of  the  thus  aligned  mask  and  wafer,  and 
the  position  of  the  center  of  gravity  of  the  light  upon the  detecting  surface  9,  as  defined  at  that  time,  is 
determined  as  the  reference  position. 

If,  as  an  example,  a  =  0.5  mm  and  b  =  50  mm,  the 
deviation  A5  of  the  center  of  gravity  is  magnified  by 
101  (one  hundred  and  one)  times  larger,  in  accord- 
ance  with  equation  (a). 

It  will  be  readily  understood  from  equation  (a)  that 
the  deviation  A8  of  the  center  of  gravity  and  the 
positional  deviation  Aa  at  that  time  are  in  a 
proportional  relationship  such  as  depicted  in  Figure 
5.  If  the  detector  8  has  a  resolution  of  0.1  micron,  a 
position  resolution  of  an  order  of  0.001  micron  is 
obtainable  with  regard  to  the  positional  deviation  Ao. 

By  moving  the  second  object  on  the  basis  of  the 
thus  determined  positional  deviation  Aa,  the  first 
and  second  object  can  be  aligned  with  high 
precision. 

An  alignment  process  to  be  adopted  in  this 
embodiment  of  the  present  invention  may  be  such 
as  follows: 

An  example  is  that:  The  relationship  of  a  deviation 
signal  A8s  representing  the  deviation  of  center  of 
gravity  of  light  on  the  detecting  surface  of  the 
detector  8,  with  respect  to  the  positional  deviation 
\a  between  two  objects,  is  predetected  and  a  curve 
showing  that  relationship  is  determined  preparator- 
ly.  Then,  from  the  value  of  the  deviation  signal  A5s, 
he  positional  deviation  Aa  between  these  objects  is 
detected  and,  thereafter,  the  first  or  second  object  is 
Jisplaced  by  an  amount  corresponding  to  the 
detected  positional  deviation  Aa. 

A  second  example  is  that:  From  a  deviation  signal 
!k8s  representing  the  deviation  of  center  of  gravity 
ind  outputted  from  the  detector,  the  direction  that 
;ancels  the  positional  deviation  Aa  is  detected.  In 
his  direction,  the  first  or  second  object  is  displaced, 
md  the  above-described  process  is  repeated  until 
he  positional  deviation  Aa  comes  into  a  tolerable 
ange. 

The  above-described  procedures  using  the  CPU 
ire  illustrated  in  the  flow  charts  of  Figures  4B  and 
•C. 

As  described,  the  alignment  light  10a  is  reflected 
ly  the  grating  lens  4a  of  the  wafer  2  and  then  is 
ransmissively  diffracted  by  the  grating  lens  3a  of  the 
riask  1  and,  by  that,  any  relative  deviation  (misalign- 
ment)  of  the  optical  axes  of  the  grating  lenses  of  the 
lask  and  the  wafer  is  magnified  by  a  certain 
magnification  n  determined  by  the  grating  lens 
ystem,  the  alignment  light  finally  being  incident 
pon  the  light  receiving  surface  9  within  the 
lignment  head  6.  Then,  by  the  photoreceptor  8,  the 
'osition  of  the  center  of  gravity  of  received  light  is 
etected. 
The  focal  length  of  each  grating  lens  may  be  set, 

'hile  taking  into  account  the  gap  between  a  mask 
nd  a  wafer  at  the  time  of  exposure  as  well  as  the 
lagnification  of  the  grating  lens  system  desired. 
By  way  of  example  such  a  proximity  exposure 

ystem  will  now  be  considered  in  which  the  position 
f  the  center  of  gravity  of  light  upon  a  detecting 
urface  9  can  be  detected  with  a  relative  positional 

deviation  between  a  mask  and  the  wafer  being 
magnified  by  x100  and  with  an  exposure  gap  being 
maintained  at  30  microns. 

Semiconductor  laser  is  used  in  that  case,  for 
5  example,  to  provide  an  alignment  light  of  a  wave- 

length  of  0.83  micron.  The  alignment  light  passes 
through  a  light  projecting  lens  system  11  in  an 
alignment  head  6  and  is  transformed  into  a  parallel 
light.  The  parallel  light  then  passes  through  a  grating 

10  lens  system  comprising  two  grating  lenses  which  are 
provided  on  a  wafer  2  and  a  mask  1  ,  so  that  the  light 
passes  first  the  wafer  and  then  the  mask  in 
sequence.  Examples  of  the  refracting  power  ar- 
rangement  of  such  a  grating  lens  system  are 

15  illustrated  in  Figures  6  and  7. 
Figure  6  shows  an  example  wherein  a  grating  lens 

4a  of  a  wafer  2  has  a  negative  refracting  power,  while 
a  grating  lens  3a  of  a  mask  1  has  a  positive  refracting 
power.  Figure  7  shows  an  example  wherein  a  grating 

20  lens  4a  of  a  wafer  2  has  a  positive  refracting  power, 
while  a  grating  lens  3a  of  a  mask  1  has  a  negative 
refracting  power. 

Whether  a  negative  refracting  power  or  a  positive 
refracting  power  is  to  be  used  is.  determined, 

?5  depending  on  whether  negative  order  diffraction 
light  or  positive  order  diffraction  light  is  to  be  used. 

In  these  particular  cases,  the  grating  lens  4a  of  the 
wafer  2  has  a  diameter  300  microns,  for  example, 
while  the  grating  lens  3a  of  the  mask  1  has  a 

30  diameter  280  microns,  for  example.  Disposition  of 
the  components  and  the  focal  lengths  of  the  optical 
elements  are  determined  so  that  the  center  of 
gravity  of  light  upon  the  detecting  surface  9  is 
displaceable  with  an  enlarging  magnification  of  x100 

?5  to  a  positional  deviation  between  the  mask  and  the 
wafer  (misalignment  between  optical  axes)  and  that, 
as  a  result,  the  light  spot  upon  the  light  receiving 
surface  9  has  a  diameter  (diameter  of  such  area  of  an 
Airy  disk  as  having  a  light  intensity  higher  than  the 

to  value  of  e~2  of  the  peak  intensity)  of  about  200 
microns. 

Optical  geometry  of  a  mask  grating  lens  3a  and  a 
wafer  grating  lens  4a,  usable  in  this  embodiment,  will 
now  be  explained. 

(5  First,  a  wafer  grating  lens  4a  can  be  designed  so 
that,  when  a  parallel  light  of  a  predetermined  beam 
diameter  is  incident  thereupon  at  a  predetermined 
angle,  the  light  is  focused  at  a  predetermined 
position.  Usually,  a  pattern  of  a  grating  lens  4a  may 

<o  be  that  of  an  interference  fringe  which  can  be  formed 
on  a  lens  surface  in  an  occasion  where  mutually 
coherent  light  sources  are  disposed  at  a  light  source 
position  (object  point)  and  the  position  of  an  image 
point.  Assumingly,  a  coordinate  system  is  defined  on 

5  a  mask  1  surface,  such  as  shown  in  Figure  8.  The 
origin  is  at  the  middle  of  the  width  of  the  scribe  line, 
the  x  axis  is  in  the  direction  of  the  scribe  line,  the  y 
axis  is  in  the  widthwise  direction  and  the  z  axis  is  in 
the  direction  of  the  normal  of  the  mask  1  surface. 

0  Equations  regarding  a  group  of  curved  lines  of  such 
a  grating  lens  by  which  a  parallel  light,  having  been 
incident  thereon  with  an  angle  a  with  respect  to  the 
normal  of  the  wafer  surface  and  with  the  projection 
being  perpendicular  to  the  scribe  line  direction,  is 

5  imaged  after  being  reflectively  diffracted  by  the 
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grating  lens  4a,  at  the  position  of  a  converging  point 
(x-i,  yi,  z-i),  can  be  expressed  in  the  following 
manner,  with  the  contour  position  of  each  grating 
line  being  denoted  by  x  and  y: 
y  since  +  P1  (x,y)  -  P2  =  rrO/2  (1) 
P1  (x,y)  =  y'(x-xi)2  +  (y-yi)2  +  zi2 
P2  =  v'xi*  +  yi»  +  zi2 
wherein  X  is  the  wavelength  of  the  alignment  light 
and  m  is  an  integral  number. 

Assuming  now  that  a  chief  ray  is  such  a  ray  being 
incident  with  an  angle  a  and  passing  through  the 
origin  on  the  mask  surface  and  then  impinging  upon 
a  convergent  point  (x-i,  yi,  z-i),  then  the  right  side  of 
equation  (1)  shows  that,  depending  on  the  value  of 
m,  the  optical  path  length  is  "A,x  m/2"  times  longer 
(shorter)  than  that  for  the  chief  ray;  and  the  left  side 
denotes  the  difference  in  length,  with  respect  to  the 
optical  path  of  the  chief  ray,  of  the  optical  path  of 
such  a  ray  that  passes  a  point  (x,  y,  0)  on  the  mask 
and  then  impinges  on  the  point  (x-i,  yi,  z-i). 

On  the  other  hand,  a  grating  lens  3  to  be  provided 
on  a  wafer  2  can  be  designed  so  as  to  collect,  at  a 
predetermined  position  (on  the  sensor  surface),  a 
spherical  wave  emanating  from  a  predetermined 
point  light  source.  Where  the  gap  between  a  mask  1 
and  a  wafer  2  at  the  time  of  exposure  (pattern 
transfer)  is  denoted  by  g,  then  such  a  point  light 
source  can  be  expressed  by: 
(x-i,  yi,  zi  -g) 

Assuming  now  that  the  mask  1  and  the  wafer  2  are 
to  be  aligned  with  respect  to  the  y-axis  direction  and 
that,  upon  completion  of  alignment,  the  alignment 
light  is  focused  at  a  point  (X2,  yz,  zz)  on  the  sensor 
surface,  then  equations  regarding  a  group  of  curved 
lines  of  a  grating  lens  of  a  mask  can  be  expressed,  in 
the  coordinate  system  defined  hereinbefore,  as 
follows: 
l/(x-X2)2  +  (y-y2)2  +  zj2" 
-  y(x-xi)2  +  (y-yi)2  +  (zi-gp 
=  i  X22  +  ya*  +  Z22  -  !/xi*  +  y^  +  zi*  (2) 

Equation  (2)  is  such  an  equation  that  satisfies  a 
condition  by  which,  assuming  that  the  mask  surface 
is  "z  =  -g"  and  that  the  chief  ray  is  such  a  ray  that 
passes  the  origin  on  the  wafer  surface  and  a  point  (0, 
0,  -g)  on  the  mask  surface  and  additionally  a  point 
(Z2,  y2,  Z2)  on  the  sensor  surface,  the  difference  in 
length  between  the  path  of  the  chief  ray  and  the  path 
of  a  ray  passing  the  grating  lens  (x,  y,  -g)  on  the 
wafer  surface  becomes  equal  to  a  multiple,  by  an 
integral  number,  of  a  half  wavelength. 

Generally,  a  zone  plate  (grating  lens)  for  a  mask 
can  be  formed  as  an  amplitude  type  grating  element 
of  "0  and  1"  in  which  two  regions,  a  region 
(transparent  portion)  that  can  transmit  light  and  a 
region  (light  blocking  portion)  which  does  not 
transmit  light,  are  formed  alternately.  On  the  other 
hand,  a  zone  plate  for  a  wafer  can  be  formed  as  a 
phase  grating  pattern  having  a  rectangular  section, 
for  example.  The  fact  that,  in  equations  (1)  and  (2), 
each  grating  line  (ring)  is  defined  at  a  position  which 
corresponds  to  a  multiple,  by  an  integral  number,  of 
a  half  wavelength  with  regard  to  the  chief  ray,  means 
that  the  linewidth  ratio  of  the  transparent  portion  and 
the  light  blocking  portion  is  1  :1  in  the  case  of  the 
grating  lens  3a  on  a  mask,  and  that  the  line  and 

space  ratio  of  rectangular  grating  is  1  :1  in  the  case  of 
the  grating  lens  4a  on  the  wafer. 

As  a  specific  example,  a  grating  lens  3a  on  a  mask 
was  formed  by  transferring,  onto  an  organic  thin  film 

5  of  polyimide,  a  grating  lens  pattern  of  a  reticle 
prepared  by  use  of  electron  beam  exposure  tech- 
nique. 

On  the  other  hand,  a  grating  lens  on  a  wafer  was 
formed  by  preparing  on  a  mask  a  pattern  to  be 

10  printed  on  a  wafer  and  then  by  transferring  the 
pattern  by  use  of  a  lithographic  process. 

An  example  of  a  grating  lens  4a  to  be  provided  on 
a  wafer  is  illustrated  in  Figure  9A,  and  an  example  of 
a  grating  lens  3a  to  be  provided  on  a  mask  is 

15  illustrated  in  Figure  9B. 
Referring  back  to  Figure  4A,  description  will  now 

be  made  of  a  case,  in  this  embodiment,  where  a 
particular  positional  deviation  is  given  between  a 
mask  and  a  wafer. 

20  Light  emanating  from  a  semiconductor  laser  as  an 
alignment  light,  of  a  wavelength  830  nm,  passes 
through  the  projecting  lens  system  11  and  is 
transformed  into  a  parallel  light  of  a  half  width  of  600 
microns.  The  parallel  light  is  projected  from  the 

25  alignment  head  6  upon  the  wafer  2  surface  at  an 
angle  of  40  degrees  with  respect  to  the  normal  to  the 
wafer  2  surface. 

On  a  scribe  line  upon  the  mask  M  surface,  grating 
lenses  3a  each  having  a  width  60  microns  and  a 

30  length  280  microns  are  formed.  Also,  on  a  scribe  line 
upon  the  wafer  surface,  grating  lenses  4a  each 
having  the  same  size  of  the  grating  lens  3a  are 
formed.  For  a  relative  positional  deviation  between 
the  mask  and  the  wafer,  a  minute  displacement  is 

35  provided  by  the  fine-motion  wafer  stage,  driven  by 
the  piezoelectric  drive,  while  a  relatively  large 
displacement  is  provided  by  the  rough-motion  wafer 
stage,  driven  by  the  stepping  motor  drive.  For 
measurement  of  the  displacement,  a  measuring 

40  machine  (resolution  0.01  micron)  was  used  and  the 
measurement  was  made  in  a  temperature  controlled 
chamber  at  a  controlled  temperature  of  23  ±  0.5  °C. 
One-dimensional  (linear)  CCD  line  sensor  was  used 
as  the  photoreceptor,  in  the  alignment  head  6,  for 

45  detecting  the  position  of  the  center  of  gravity  of  light. 
The  line  sensor  was  disposed  so  that  the  direction  in 
which  its  sensing  elements  were  arrayed  was 
correlated  with  the  direction  with  respect  to  which 
any  positional  deviation  was  to  be  detected.  Output 

50  signals  from  the  line  sensor  are  processed  so  as  to 
be  standardized  with  respect  to  the  total  light 
intensity  in  the  whole  light  receiving  region.  This 
assures  that,  even  if  the  output  power  of  the 
alignment  light  source  changes  slightly,  the 

55  measured  value  as  obtainable  from  the  line  sensor 
system  correctly  represents  the  position  of  center  of 
gravity. 

The  resolution  of  such  a  line  sensor  for  the 
position  of  the  center  of  gravity  may  depend  on  the 

60  power  of  the  alignment  light  used.  When  the 
measurement  was  made  by  using  a  semiconductor 
laser  of  50  mW,  the  result  was  0.2  micron. 

In  a  design  example  of  a  mask  grating  lens  3a  and 
a  wafer  grating  lens  4a  in  accordance  with  the  first 

65  embodiment,  the  grating  lenses  are  so  set  that  the 

6 
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displaceable  upon  a  sensor  surface  while  magnifying 
by  x100  a  positional  deviation  between  a  mask  and  a wafer.  As  a  consequence,  a  positional  deviation  of  a 
magnitude  0.01  micron  between  a  mask  and  a  wafer 
causes  effective  displacement  of  the  center  of 
gravity  upon  the  line  sensor  surface  of  an  amount  1 
micron,  which  displacement  can  be  measured  by  the 
line  sensor  surface  with  a  resolution  of  0.2  micron. 

Figure  5  shows  the  variation  in  the  position  of 
center  of  gravity  which  can  be  detected  by  an 
alignment  line  sensor  where  a  varying  amount  of 
positional  deviation  is  actually  given  between  a  mask 
and  a  wafer.  It  is  seen  from  Figure  5  that,  to  the 
positional  deviation  between  the  mask  and  the 
wafer,  the  detected  position  of  the  center  of  gravity 
aas  a  linear  relationship,  taking  the  magnification  of 
the  grating  lens  system  as  a  proportional  constant. 
If,  however,  the  positional  deviation  goes  beyond  a 
pertain  value  (about  20  microns),  the  linearity  is 
destroyed  and  a  non-linear  relationship  appears. 

This  is  because  of  the  fact  that  the  wavefront 
iberration  of  light  grows  with  an  increase  in  the 
imount  of  deviation  between  the  optical  axes  of  the 
jrating  lenses  of  the  mask  and  the  wafer  and,  as  a 
esult,  asymmetry  appears  in  the  configuration  of  the 
ight  spot  on  the  sensor. 

The  wavefront  aberration  is  larger  with  a  larger 
lumerical  aperture  (NA)  of  a  grating  lens.  Therefore, 
>referably  a  smaller  NA  is  used  when  a  grating  lens 
s  set  in  a  particular  area. 

An  alignment  system  structured  in  accordance 
i/ith  the  present  embodiment  assures  a  resolution  of 
I.002  micron  for  the  positional  deviation  and  a 
leviation  measuring  range  of  ±20  microns  (linear 
elationship  region). 

Since  in  this  embodiment  light  is  projected 
iclinedly  upon  a  mask  surface  and,  additionally,  an 
ldined  path  is  set  for  reception  of  light,  any 
ositional  deviation  between  a  mask  and  a  wafer  can 
e  measured  without  protruding  the  alignment 
ead  6  into  the  exposure  region.  As  a  result,  it  is  not 
ecessary  to  move  the  alignment  head  6  before  and 
fterthe  exposure.  Thus,  where  the  present  embodi- 
lent  is  applied  to  a  step-and-repeat  type  exposure 
/stem,  the  total  throughput  can  be  improved  by 
bout  20  o/o.  Also,  it  has  been  confirmed  that,  as 
ompared  with  such  a  system  in  which  an  alignment 
ead  is  moved  before  and  after  the  exposure,  the 
verlay  accuracy  can  be  improved  by  about  0.02 
licron. 
In  this  embodiment,  the  wafer  alignment  pattern 

jrating  lens)  4a  is  so  designed  that  the  light 
sflectively  diffracted  by  this  grating  lens  goes  to  the 
iask  grating  lens  3a  substantially  perpendicularly  to 
le  mask  surface  (wafer  surface),  namely,  along  a 
ath  substantially  perpendicular  to  the  mask  or 
afer  surface.  In  other  words,  the  path  of  light 
stween  the  wafer  and  the  mask  is  set  to  be 
eluded  (i)  in  a  plane  (e.g.  x-z  plane)  which  is 
srpendicular  to  the  direction  (e.g.  y-axis  direction) 
ith  respect  to  which  any  relative  positional  devia- 
)n  of  the  mask  and  the  wafer  is  to  be  detected,  and 
so  (ii)  in  a  plane  (e.g.  y-z  plane)  which  is 
;rpendicular  to  the  mask  or  wafer  surface  (e.g.  in 

x-y  pianej  ana  wnicn  contains  the  said  direction  with 
respect  to  which  the  deviation  should  be  detected. 

This  is  very  effective  to  prevent  deterioration  of 
alignment  accuracies  due  to  any  variation  in  the  gap 

5  or  spacing  between  the  mask  and  the  wafer, 
because  any  such  variation  does  not  cause  shift  of 
the  position  of  incidence  of  the  light,  from  the  wafer 
grating  lens,  upon  the  mask  grating  lens. 

As  the  parallel  light  from  the  alignment  head 
10  passes  the  mask  toward  the  wafer  grating  lens,  the 

light  goes  through  such  a  flat  portion  of  the  mask 
surface  on  which  no  alignment  pattern  is  provided, 
and  then  it  is  incident  on  the  wafer  grating  lens. 
Therefore,  the  intensity  distribution  of  the  light  is  not 

15  disturbed  by  the  mask  surface.  As  a  result,  upon  the 
sensor  surface,  a  good  and  symmetrical  point  image 
distribution  can  be  formed  with  certainty  by  the 
alignment  light. 

Further,  in  this  embodiment,  the  alignment  mark 
20  on  the  wafer  is  illuminated  by  a  parallel  light  having  a 

cross-sectional  area  larger  than  the  area  of  the  mark. 
As  a  result,  even  if  the  wafer  shifts  slightly  in  a vertical  direction  so  that  the  position  of  the  light 
incident  upon  the  wafer  changes  slightly,  the  whole 

?5  surface  of  the  mark  can  be  irradiated  with  a  parallel 
light  and,  as  a  consequence,  the  position  of  the 
center  of  gravity  of  light  from  the  wafer  alignment 
mark  to  a  mask  alignment  mark  is  unchangeable.  By 
this  feature,  it  is  possible  to  ensure  a  positional 

to  deviation  detecting  system  in  which  the  measure- 
ment  precision  is  not  affected  by  vertical  displace- 
ment  of  a  wafer. 

Figure  10  is  a  schematic  view  of  a  second 
embodiment  of  the  present  invention.  In  this  illustra- 

'5  tion,  for  better  understanding,  only  a  portion  in  the 
neighborhood  of  a  mask  1  and  a  wafer  2  is  depicted 
in  perspective.  In  this  embodiment,  alignment  pat- 
terns  3a  and  4a  provided  on  the  mask  1  and  the 
wafer  2  each  is  formed  by  a  one-dimensional  grating 

0  lens.  Thus,  in  this  or  second  embodiment,  the  mask 
and  the  wafer  can  be  aligned  with  each  other  with 
respect  to  the  widthwise  direction  of  a  scribe  line  1a 
or  2a  along  which  direction  each  alignment  pattern  is 
formed.  The  remaining  portion  is  substantially  the 

5  same  as  the  first  embodiment. 
In  this  embodiment,  similarly,  alignment  light  10a 

is  projected  from  an  alignment  head  6  along  a  path 
inclined  with  respect  to  the  normal  to  the  wafer  2 
surface,  and  then  is  reflected  by  the  alignment 

0  pattern  4a  on  the  wafer  2  surface.  Thereafter,  the 
reflected  light  passes  the  grating  lens  3a  on  the 
mask  1  surface  and  goes  back  to  the  alignment  head 
6.  It  is  to  be  noted  that,  at  this  time,  the  path  of  light 
being  reflectively  diffracted  by  the  grating  lens  4a  of 

>  the  wafer  and  being  incident  on  the  grating  lens  3a  of 
the  mask,  is  perpendicular  to  the  mask  surface  or 
wafer  surface.  As  a  result,  any  variation  in  the  gap 
between  the  mask  and  the  wafer  due  to  any  vertical 
displacement  of  the  wafer  does  not  cause  shift  of  the 

)  center  of  gravity  of  light  upon  the  sensor  surface,  as 
in  the  first  embodiment. 

As  one  feature  of  this  embodiment,  each  of  the 
grating  lenses  3a  and  4a  has  a  power  (lens  function) 
only  in  the  widthwise  direction  of  the  scribe  line.  As  a 

<  result,  the  grating  lens  can  be  formed  by  a  simple 
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structure  having  a  pattern  of  straight  gratings. 
Accordingly,  as  compared  with  use  of  a  curved-line 
grating,  the  pattern  drawing  precision  may  be 
loosened  slightly.  This  is  particularly  advantageous 
in  a  case  where  an  electron  beam  pattern  drawing 
apparatus  is  used  for  the  drawing  of  alignment 
patterns. 

In  this  embodiment,  even  if  a  wafer  is  displaced 
relatively  to  a  mask  in  a  direction  perpendicular  to 
the  alignment  direction  with  respect  to  which  a 
positional  error  is  to  be  detected  by  a  combination  of 
an  alignment  pattern  and  a  corresponding  photore- 
ceptor  in  an  alignment  head,  there  is  no  magnifica- 
tion  sensitivity  for  the  light  upon  the  detecting 
surface  of  the  photoreceptor  in  that  direction 
perpendicular  to  the  alignment  direction  and,  as  a 
result,  there  does  not  occur  a  large  displacement  of 
the  center  of  gravity.  Thus,  where  for  measurement 
of  positional  deviation  a  one-dimensional  sensor  is 
used  with  a  grating  lens  having  no  lens  function  with 
respect  to  a  direction  perpendicular  to  the  alignment 
direction  (with  respect  to  which  the  alignment  is  to 
be  detected),  as  in  the  second  embodiment,  it  is 
possible  to  assure  position  measurement  which  is 
completely  free  from  the  effect  of  any  relative 
positional  deviation  between  the  mask  and  the  wafer 
in  the  direction  perpendicular  to  the  alignment 
direction. 

In  the  second  embodiment,  the  angle  of  incidence 
of  the  alignment  light  and  the  power  of  each  grating 
lens  with  respect  to  the  alignment  direction  as  well 
as  the  size  of  the  pattern,  are  set  in  the  same  manner 
as  in  the  first  embodiment.  As  a  result,  the  second 
embodiment  shows  substantially  the  same  charac- 
teristics  (e.g.  magnification  sensitivity  and  linearity) 
with  respect  to  the  detection  of  a  positional  deviation 
between  a  mask  and  a  wafer  in  the  alignment 
direction.  Also,  the  total  throughput  of  the  exposure 
system  (of  step-and-repeat  type)  can  be  improved 
similarly  by  about  20  o/o,  and  the  overlay  accuracy 
can  be  improved  by  about  0.02  micron,  as  compared 
with  such  an  system  where  the  head  is  moved  before 
and  after  the  exposure. 

Figure  11  schematically  illustrates  a  third  embodi- 
ment  of  the  present  invention.  Similarly,  in  Figure  1  1  , 
only  a  portion  in  the  neighborhood  of  a  mask  and  a 
wafer  is  illustrated  in  a  perspective.  In  this  embodi- 
ment,  a  grating  lens  3a  of  a  mask  and  a  grating  lens 
4a  of  a  wafer  each  is  formed  by  a  two-dimensional 
grating  lens  having  the  same  power  with  respect  to 
the  lengthwise  direction  of  a  scribe  line  and  a 
direction  (widthwise  direction)  perpendicular 
thereto. 

Similarly  to  the  first  and  second  embodiments, 
alignment  light  10a  is  projected  from  an  alignment 
head  6  along  a  path  inclined  with  respect  to  the 
normal  to  a  wafer  2  surface,  and  an  alignment 
pattern  is  so  set  that  the  optical  path  from  the  wafer 
to  the  mask  is  perpendicular  to  the  mask  surface 
(wafer  surface).  The  alignment  light  10a  is  reflected 
by  the  grating  lens  4a  on  the  wafer  2  surface  and, 
thereafter,  it  passes  the  grating  lens  3a  on  the 
mask  1  surface  and  goes  back  to  the  alignment  head 
6.  Finally,  it  impinges  on  a  detecting  surface  9a  of  a 
two-dimensional  sensor  8a.  In  response,  the  two- 

dimensional  sensor  8a  detects  the  position  of  the 
center  of  gravity  of  the  received  light. 

It  will  be  understood  that  in  this  embodiment,  with 
the  two-dimensional  sensor  8a,  any  positional 

5  deviation  between  the  mask  and  the  wafer  is 
detected  two-dimensionally  at  a  magnification  as 
determined  by  the  grating  lens  system.  By  using 
such  a  two-dimensional  grating  lens  and  such  a 
two-dimensional  sensor  in  the  described  manner, 

10  the  direction  and  magnitude  of  the  positional 
deviation  between  the  mask  and  the  wafer  can  be 
detected  correctly  and  at  the  same  time.  In  the 
sensor  system,  as  in  the  first  embodiment,  signals 
are  processed  so  as  to  be  standardized  with  respect 

15  to  the  total  light  intensity  over  the  whole  light 
receiving  region.  Therefore,  even  when  the  output 
power  of  a  light  source  changes  slightly,  the 
measured  value  as  obtainable  from  the  sensor 
system  correctly  represents  the  position  of  the 

20  center  of  gravity. 
The  angle  of  incidence  of  the  alignment  light  and 

the  power  and  size  of  each  of  the  grating  lenses  3a 
and  4a  are  set  in  the  same  way  as  in  the  first 
embodiment.  As  a  consequence,  substantially  the 

25  same  position  detecting  characteristics  as  in  the 
first  or  second  embodiment  are  assured.  It  is  to  be 
noted  here  that  the  signal  processing  in  the  sensor 
system  is  so  made  as  to  detect  the  position  of  the 
center  of  gravity  in  a  two-dimensional  light  intensity 

30  distribution  and,  therefore,  there  is  a  slight  dif- 
ference  in  respect  to  the  processing  time  and  the 
algorithm. 

Figure  12  illustrates  a  fourth  embodiment  of  the 
present  invention. 

35  In  this  embodiment,  upon  an  off-axis  type  grating 
lens  element  4a  formed  on  a  wafer  2,  a  light  10a  from 
a  light  source  is  projected  at  a  predetermined  26 
angle  01  (e.g.  15  degrees)  with  respect  to  a  normal 
to  the  wafer  surface.  The  light  is  influenced  by  a  lens 

40  function  of  the  wafer  grating  lens  element  4a  and  is 
reflectively  diffracted  thereby.  Of  those  light  rays 
diffracted  by  the  grating  lens  element  4a,  an 
alignment  signal  light  to  be  used  for  the  detection  of 
any  positional  deviation  between  the  mask  and  a 

45  wafer  is  such  a  light  that  advances  in  a  direction 
perpendicular  to  a  direction  with  respect  to  which 
the  positional  deviation  between  the  mask  and  the 
wafer  should  be  detected  by  a  photoreceptor  8 
accommodated  in  an  alignment  head  (optical 

50  pickup)  6. 
If,  for  example,  in  this  embodiment  the  direction 

with  respect  to  which  a  positional  deviation  should 
be  detected  is  set  in  the  lengthwise  direction  of  a 
scribe  line  on  the  mask  3  or  wafer  2  (i.e.  the  y-axis 

55  direction  in  Figure  12),  only  it  is  necessary  for  the 
alignment  signal  light,  emanating  from  the  wafer 
grating  lens  element  4a,  to  advance  in  a  direction 
perpendicular  to  the  scribe  line  direction. 

If  such  a  condition  is  satisfied,  any  change  in  the 
60  spacing  between  the  mask  3  and  the  wafer  2  in  the 

Z-axis  direction  does  not  cause  shift,  upon  the 
photodetector  in  the  alignment  head  6,  of  the 
position  of  the  center  of  gravity  of  the  alignment 
signal  light  having  emanated  from  the  wafer  grating 

65  element  4a  and  having  passed  the  mask  grating 

8 
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v-ioiii=ni  â,  hi  1.1  ib  uiieuuon  wnn  respeci  10  wnicn  any relative  positional  deviation  is  to  be  detected 
through  the  grating  lens  system.  This  is  also  the 
case  with  the  third  embodiment. 

Structural  difference  between  the  fourth  embodi- 
ment  and  the  third  embodiment  lies  in  that  the 
optical  path  of  the  alignment  signal  light,  after 
passage  through  the  wafer  grating  lens  4a,  is 
perpendicular  to  the  mask  surface  or  wafer  surface 
in  the  third  embodiment,  whereas  in  the  fourth 
embodiment  it  is  not  perpendicular  to  the  mask 
surface  or  the  wafer  surface  but  is  perpendicular 
only  to  the  direction  (e.g.  y  direction  in  Figure  12) 
with  respect  to  which  any  positional  deviation 
between  the  mask  and  the  wafer  is  to  be  detected.  In 
other  words,  the  path  of  light  from  the  wafer  grating 
lens  4a  is  contained  in  a  plane  (e.g.  x-z  plane)  which 
is  perpendicular  to  the  direction  (e.g.  y-axis  direc- 
tion)  with  respect  to  which  any  relative  positional 
deviation  between  the  mask  and  the  wafer  is  to  be 
detected. 

On  the  other  hand,  similarly  to  the  third  embodi- 
ment,  the  fourth  embodiment  is  so  structured  that 
the  direction  of  advancement  (optical  path)  of  the 
alignment  signal  light  10a  having  been  reflectively 
diffracted  by  the  lens  function  of  the  wafer  grating 
ens  4a  is  perpendicular  to  the  direction  with  respect 
:o  which  any  positional  deviation  between  the  mask 
and  the  wafer  is  to  be  detected,  even  after  the  light  is 
diffracted  by  the  grating  lens  element  3a.  However, 
vhen  the  invention  is  actually  embodied,  it  is  not 
lecessary  as  in  the  second  embodiment  that  the 
ilignment  signal  light  having  been  influenced  by  the 
ens  function  of  the  grating  lens  elements  3a  and  4a 
md  emanating  from  the  mask  3  goes  along  an 
>ptical  path  perpendicular  to  the  direction  with 
espect  to  which  the  positional  deviation  should  be 
letected. 

Figures  13A  and  13B  are  a  side  view  and  a  front 
lew,  respectively,  schematically  showing  a  major 
•ortion  of  a  fifth  embodiment  of  the  present 
wention.  In  this  embodiment,  any  positional  devia- 
ion  between  a  mask  1  (first  object)  and  a  wafer  2 
second  object)  in  the  plane  of  the  sheet  of  Figure 
3B  can  be  detected. 

Light  1  1  1  from  a  light  source  is  incident  on  a  first 
ff-axis  type  grating  element  (grating  lens)  112 
irovided  on  a  mask  1,  at  an  angle  61  with  respect  to 
normal  to  the  mask  1  surface.  Diffraction  light  of  a 
redetermined  order  from  the  grating  element  112, 
aused  thereby,  emanates  from  the  mask  1  perpen- 
icularly  thereto,  and  it  is  incident  on  a  second 
ff-axis  type  grating  element  113  provided  on  a 
rafer  2  surface. 
An  off-axis  type  grating  element  is  such  an 

lement  that,  when  light  is  incident  thereupon  with 
n  arbitrary  inclination  angle  with  respect  to  a  normal 
5  the  surface  forming  that  element,  its  property  is 
ssured  with  respect  to  light  of  a  particular  order  or 
rders,  other  than  the  order  of  specularly  reflected 
ght  or  rectilinearly  transmitted  light. 
The  first  off-axis  type  grating  element  112  is 

rovided  by  a  zone  plate  having  a  chief  ray 
dvancing  substantially  in  the  direction  of  the  normal 
>  the  mask  1  and  a  finite  focal  length  in  the  plane  of 

the  sheet  ot  ngure  13B,  so  that  it  can  form  a 
one-dimensional  image  not  focused  in  the  plane  of 
the  sheet  of  Figure  13A. 

On  the  other  hand,  the  grating  element  113  is 
5  provided  by  such  a  zone  plate  as  having  an  object 

point  coincide  with  the  one-dimensional  image 
formed  by  the  mask  1  and  as  having  an  inclination 
angle  02  in  the  sheet  of  Figure  13A  with  respect  to 
the  normal  to  the  wafer  2,  for  forming  an  image  upon 

10  a  photosensor  8  surface.  Reference  numeral  10a 
denotes  such  a  light  as  received  thereby.  Denoted 
generally  at  114  is  an  optical  pickup  casing  (align- 
ment  head)  which  emits  the  light  111  and  accommo- 
dates  therein  the  photosensor  8. 

15  Reference  numeral  1  1  5  denotes  a  printing  light  to 
be  used  for  transferring  a  pattern  of  the  mask  1  onto 
the  wafer  2.  Chain  line  in  Figure  13A  depicts  the 
boundary  of  the  optical  path  for  the  printing  light.  As 
for  such  printing  light,  a  ultraviolet  ray  or  an  X  ray  are 

20  usable,  for  example. 
If,  in  this  embodiment,  the  wafer  2  displaces 

laterally  in  the  X  direction  (in  which  deviation  is  to  be 
detected),  the  illuminance  distribution  on  the 
photoreceptor  8  displaces  laterally  in  the  sheet  of 

75  Figure  13B,  as  described.  The  off-axis  type  grating 
elements  112  and  113  are  set  in  the  following 
manner. 

That  is,  as  for  the  first  off-axis  type  grating 
element  112,  where  a  coordinate  system  as  illus- 

30  trated  is  set  and  where  the  origin  is  set  at  the  center 
of  the  grating  element  112,  then  the  pattern  of  this 
grating  element  112  can  be  given  by  the  following 
equations: 
YsinBi  +  Pi(X)-P2  =  mA,/2 

?5  Pi(X)  =  [(X-Xi)2  +  Z-i2]1'2 
Pa  =  [(Xi2  +  Zi2]1/2 
wherein  X  is  the  wavelength  of  the  light  1  1  1  and  m  is 
an  arbitrary  integral  number.  Character  P2  denotes 
the  distance  from  the  origin  to  the  point  of 

<0  convergence  of  the  grating  element  112,  and 
character  Ẑ   denotes  in  a  physical  sense  a  focal 
length  of  the  grating  112. 

On  the  other  hand,  the  second  grating  element 
113  is  set  in  a  similar  way.  If  a  set  distance  between 

5  the  mask  1  and  the  wafer  2  is  g,  since  the  object 
point  to  the  grating  element  113  is  (x-i,  y,  z-g),  in  the 
coordinate  system  set  forth  above  it  follows  that: 
[(X-X2)2  +  Z22]1'2-[(X-Xi)2  +  (Zi-g)2]"2  +  Ysin92 
=  [X22  +  Z22]1/2 

0  -  [X12  +  Z!2]1/2  +  mkl2 
Here,  the  coordinate  of  the  image  point  P2  on  the 
photodetector  8  as  there  is  no  positional  erro  is 
taken  as  (X2,  Y,  Z2). 

As  for  these  angles  01  and  02,  it  is  necessary  that 
5  they  are  so  determined  that  the  pickup  casing  114 

can  be  set  at  the  position  outside  of  the  path  of  the 
printing  light.  Also,  in  consideration  of  practical 
dimensional  conditions,  the  angles  01  and  02  should 
have  a  difference  not  less  than  3  degrees.  However, 

0  if  01  and  02  are  large,  the  linewidth  of  the  pattern  of 
the  grating  element  decreases  which  results  in  a 
greater  difficulty  in  fabricating  and  a  decreased 
diffraction  efficiency.  Particularly,  the  latter  causes 
reduction  in  the  quantity  of  light  impinging  on  the 

5  photodetector  8  and,  therefore,  it  results  in  deterior- 
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ated  accuracies.  In  consideration  of  the  above, 
practically  it  is  desirable  to  set  an  angle  not  greater 
than  30  degrees. 

For  ensuring  detection  of  the  signal  light  upon  the 
photodetector  8  with  a  good-to-noise  ratio,  it  is 
necessary  that  the  same  is  sufficiently  separated 
from  the  alignment  light  projected  from  the  align- 
ment  head.  Thus,  it  is  preferable  to  set  the  angles  9i 
and  82  to  have  a  difference  not  less  than  3  degrees. 

As  for  the  light  source  providing  the  alignment 
light,  those  light  sources  which  can  emit  a  mono- 
chromatic  light  or  a  semi-monochromatic  light  are 
usable,  in  consideration  of  the  characteristics  of  the 
grating  element.  For  example,  a  laser  light  source  or 
a  light  emitting  diode  are  usable.  Particularly,  in 
respect  to  the  applicability  of  a  semiconductor 
device  manufacturing  exposure  apparatus,  use  of  a 
semiconductor  laser  is  preferable  because  of  its 
high  luminance,  smallness  in  size  or  otherwise. 

Since  an  exposure  region  is  usually  of  a  rectangu- 
lar  shape,  four  optical  pickup  casings  each  as 
described  above  may  be  provided  each  for  one  side 
of  the  four  sides,  so  as  to  allow  that  with  respect  to 
the  orthogonal  axes  X  and  Y  the  four  pickup  devices 
produce  signals  concerning  the  components  AX-i, 
AX2,  AY1  and  AY2  of  the  positional  deviation 
between  a  mask  and  a  wafer.  In  that  case,  by  using 
the  positions  of  the  grating  elements  which  are 
predetermined,  the  information  necessary  for  effect- 
ing  the  overall  alignment  is  obtainable.  While  each 
pickup  needs  an  appropriate  drive  mechanism  to 
follow  any  shift  of  the  position  of  associated  grating 
elements,  the  throughput  for  the  manufacture  of 
semiconductor  circuits,  the  mechanical  reliability 
and  the  service  life  of  the  apparatus  can  still  be 
improved  significantly  because  there  is  no  necessity 
of  retracting  the  pickup  devices  at  the  time  of 
exposure. 

While  the  foregoing  embodiments  have  been 
described  with  reference  to  those  examples  in  which 
a  mask  and  a  wafer  are  aligned  with  each  other,  the 
invention  is  applicable  in  a  similar  way  to  a  device  for 
detecting  the  information  concerning  the  distance 
between  a  mask  and  a  wafer. 

More  specifically,  in  the  above-described  embodi- 
ment,  for  example,  any  change  in  the  distance 
between  the  mask  and  the  wafer  causes  a  change  in 
the  diameter  of  a  light  spot  on  the  photodetector  8. 
Thus,  by  detecting  the  spot  diameter,  independently 
of  the  lateral  displacement,  the  change  in  the 
distance  between  the  mask  and  the  wafer  can  be 
detected. 

Of  the  embodiments  described  in  the  foregoing, 
the  first  to  fourth  embodiments  are  generally  so 
arranged  that  a  projected  light  is  first  diffracted  by  a 
wafer  grating  lens  and  then  is  diffracted  by  a  mask 
grating  lens.  In  the  fifth  embodiment,  on  the  other 
hand,  a  projected  light  is  first  diffracted  by  a  mask 
grating  lens  and  then  is  diffracted  by  a  wafer  grating 
lens.  It  should  be  however  noted  that  the  order  may 
be  reversed.  For  example,  in  Figures  4,  10,  11  and 
12,  the  orientation  of  each  arrow,  depicting  the 
optical  path  from  the  half  mirror  12  through  the 
wafer  2  and  the  mask  3  back  to  the  half  mirror  12, 
may  be  reversed.  In  that  case,  the  inclination  of  the 

half  mirror  12,  the  position  of  the  detector  8  and  so 
on,  may  be  changed  accordingly.  This  is  also  the 
case  with  the  embodiment  of  Figure  13. 

While  the  invention  has  been  described  with 
5  reference  to  the  structures  disclosed  herein,  it  is  not 

confined  to  the  details  set  forth  and  this  application 
is  intended  to  cover  such  modifications  or  changes 
as  may  come  within  the  purposes  of  the  improve- 
ments  or  the  scope  of  the  following  claims. 

10 

Claims 

1.  A  device  for  detecting  positional  relation- 
15  ship  between  a  first  and  second  objects  in  a 

predetermined  direction,  said  device  compris- 
ing: 
light  source  means  for  projecting  light  upon  the 
first  object,  said  light  source  means  projecting 

20  the  light  so  that  the  light  incident  on  the  first 
object  is  deflected  thereby  and  emanates 
therefrom  in  a  direction  perpendicular  to  said 
predetermined  direction; 
light  receiving  means  disposed  in  a  direction  in 

25  which  the  light  having  been  deflected  perpen- 
dicularly  to  said  predetermined  direction  and 
having  been  deflected  again  by  the  second 
object  advances,  said  light  receiving  means 
being  operable  to  detect  the  position  of 

30  incidence  of  the  light  thereupon,  wherein  the 
position  of  the  light  upon  said  light  receiving 
means  is  changeable  with  the  position  of 
incidence  of  the  light  upon  the  second  object; 
and 

35  detecting  means  for  detecting  the  positional 
relationship  between  the  first  and  second 
objects  in  said  predetermined  direction,  on  the 
basis  of  the  detection  by  said  light  receiving 
means. 

40  2.  A  method  of  determining  alignment  in  a 
predetermined  alignment  direction  of  first  and 
second  spaced  apart  objects,  wherein  a  beam 
of  radiation  is  projected  onto  a  predetermined 
area  of  the  first  object  and  is  deflected  thereby 

45  so  as  to  be  incident  upon  the  second  object  in  a 
direction  perpendicular  to  the  alignment  direc- 
tion,  the  beam  of  radiation  being  deflected  by 
the  second  object  in  a  manner  dependent  upon 
the  position  of  incidence  in  the  alignment 

50  direction  of  the  beam  on  the  second  object,  and 
the  beam  deflected  by  the  second  object  being 
detected  in  determining  the  alignment  of  the 
two  objects. 
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