
DE S C R= P -M X C>14 CATADIOPTRIC OPTICAL SYSTEM AND EXPOSURE  APPARATUS
HAVING SAID OPTICAL SYSTEM Technical Field The present invention relates to
a catadioptric  optical system and an exposure apparatus having said
optical system, especially a high-resolution  catadioptric type projection
optical system suitable  for a projection exposure apparatus used in a
photolithographic process for manufacturing devices,  such as semiconductor
devices, devices, liquid  crystal display devices or the like. Background
Art In the photolithographic process for  manufacturing semiconductor
devices and so on,  projection exposure apparatus in which a pattern image
of a photoreticle or a reticle (generically called  "reticle" hereafter) is
exposed onto a wafer, or a  glass plate and the like coated with a
photoresist and  the like via projection optical system have been used.
Then, the resolving power (resolution) required for  the projection optical
system of the projection  exposure apparatus has been increased more and
more in order to improve the integration level semiconductor devices and so
on. As a result, the  wavelength of illuminating light (exposure light) 1 



must be shortened and the numerical aperture (NA) of  the projection
optical system must be increased. For example, if an exposure light with
wavelength of 180 nm  or less is used, it is possible  to achieve a high
resolution of 0.1 pm or less.  However, if the wavelength of illuminating
light is  shortened, the absorption of light becomes remarkable,  and the
kinds of glass materials (optical materials)  that can be practically used
are limited. In  particular, if the wavelength of illuminating light
becomes 180  nm or less, the practically usable glass  material is limited
to fluorite only. As a result,  the correction of  chroi-Liatic aberrations
beco:L-Le-s  impossible in a dioptric   type projection optical  system.
Here, the dioptric  type optical system is an  optical system which does
not contain reflective  surfaces (concave reflective mirrors and convex
reflective mirrors) with power, but only contains  transmissive optical
members, such as lens  components. As described above, there is a limit to
the  allowable chromatic aberrations in a dioptric  type  projection
optical system, and a very narrow band of  laser light source is needed. In
this case, an  increase in the cost of laser light source and a  decrease
of its output are unavoidable. Moreover, 2 



many positive lenses and negative lenses must be  arranged in a dioptric
optical system to bring the  Petzval  sum, which affects the curvature of
image  field, close to 0. By contrast, a concave reflective  mirror
corresponds to a positive lens as an optical  element for converging light,
but it is different from  a positive lens in that no chromatic aberrations
occur  and that the Petzval  sum takes a negative value (a  positive lens
takes a positive value in this  connection) . In a so called  catadioptric
optical system  constituted by combining a concave reflective mirror  and
lenses, the a have characteristic of the concave  reflective mirror is best
used to the maximum in an  optical design and good correction of
aberrations  beginning with the chromatic aberrations and the  curvature of
image field are possible in spite of its  simple construction. However, the
manner in which an  incident-beam  and an emergent beam are separated for
a concave reflective mirror is point of greatest  difficulty, and various
techniques for this  separation have been proposed. For example, Japanese
Laid-Open Application No. B-62502 (U.S. Patent 5,  861,997) discloses a
catadioptric optical system  which is a catadioptric  optical system using
an  exposure region (off-axis visual field) free of an 3 



optical axis in a projection exposure apparatus and  is of a type wherein
intermediate images are formed  twice on the way of the optical system and
the separation of beam is spatially conducted in the vicinity of the
intermediate images.  SUMMARY OF THE INVENTION In view of the above
problems, the present  invention _Ls aimed at providing a catadioptric
optical  system which facilitates optical adjustment and  mechanical
design, fully corrects aberrations .beginning with chromatic aberrations
and achieves a  high resolution of 0. 1 4m or less using a light with  wa-
U CM I em n rT  t- h r) f 1 R n T)TrL  nr  I Pss  in the  NT;jri_~iirn 1) 1
travi  nli-t  wavelength region. Moreover, by using a  catadioptric optical
system  according to the present invention, it is provided a  projection
exposure apparatus and an exposure method  which results in facilitating
optical adjustment and  mechanic-al  design, fully corrects aberrations
beginning with chromatic aberrations, and ensures a  high resolution of,
e.g., 0-1 pmor  less and lowly sets  up the off-axis quantity of an
effective exposure  region from the optical axis. Furthermore, by using a
projection exposure  apparatus and an exposure method according to the
present invention, it is provided a manufacturing 4 



method of microdevices  which results in the  manufacture of good
micro-devices at a high resolution  of, e.g., 0.1 }am or less. To solve the
above problem, the present  invention provides a catadioptric  optical
system  forming a reduced image of a first surface onto a  second surface
comprises: a first imaging optical system for forming a  first intermediate
image of the first surface; a first folding mirror which is arranged in the
vicinity of a position of forming the first  intermediate image to deflect
a beam prior to or after the posit.-Lon where t l.'i-le first. intermediate
image iv formed;  a second imaging optical system for forming a  second
intermediate image with a  magnificationfactor  nearly equal to the first
intermediate image in the  vicinity of a position of forming the first
intermediate image based on the beam from the first  intermediate image,
the second image optical  subsystem has a concave reflecting mirror and at
least  one negative lens; a second folding mirror which is arranged in the
vicinity of a position of forming the first  intermediate image to deflect
a beam prior to or after  the position where the second intermediate image
is 5 formed; and 



a third imaging op ical system which is arranged  in an optical path
between the second imaging optical  subsystem and the second surface and
has a dioptric  imaging optical system to form the reduced image onto  the
second surface based on the beam from the second  intermediate image.
Further in another aspect of the present  invention, the present invention
provides a  catadioptric optical system forming a reduced image  on second
surface comprises: a first imaging optical system with a first ^rt~cal  'r
sls r  .J p. rl-"4}  ~y .rr~nrror l  iT an r ti `Y1  n~t}y  y- r r between
the first surface and the second surface and  has a dioptric imaging
optical system; a second imaging optical system with a concave  reflecting
mirror and a second optical axis, which is  arranged in an optical path
between the first imaging  optical system and the second surface; and a
third imaging optical system with a third  optical axis, which is arranged
in an optical path  between the second imaging optical system and the
second surface and has a dioptric imaging optical  system, where the first
optical axis and the second  



optical axis intersect with each other and the second 6 optical axis and
the third optical axis intersect with  each other. More further, in the
more another aspect, the  present invention provides a projection exposure
apparatus for projecting a pattern on an original to  a photosensitive
substrate through a projection  optical system, comprises: the projection
optical system comprises: a first imaging optical subsystem having a
dioptric imaging optical system; a second imaging optical subsystem having
a  concave reflecting mirror;   rY  n n t 1 r a l c 1 1 - ) }1 A 17 i n r1
a dioptric imaging optical system; a first folding mirror arranged in an
optical  path between the first imaging optical subsystem and  the second
imaging optical subsystem; and a second folding mirror arranged in an
optical  path between the second imaging optical subsystem and  the third
imaging optical subsystem; said first imaging optical subsystem forming a
first intermediate image of the first surface into the  optical path
between the first imaging optical  



subsystem and said second imaging optical subsystem,  and said second
imaging optical subsystem forming a  second intermediate image of the first
surface into 7 the optical path between the second imaging optical
subsystem and the third imaging optical subsystem. Further more, in the
further more aspect of the  present invention, the present invention
provides an  exposure method comprising the steps of: generating an
illumination light in the  ultraviolet region; illumination an original on
which a  predetermined pattern is formed by the illumination  light;
projecting said predetermined pattern of said  original arranged on said
first surface, onto a  photosensitive substrate arrange on said second
surface by using a catadioptric optical system. Further more, in the
further more aspect of the  present invention, the present invention
provides an  exposure method for projecting a pattern on a  projection
original onto a photosensitive  substrate via a projection optical system
comprises: directing an illuminating light in the  ultraviolet region to
the pattern; directing the illuminating light to a first  imaging optical
system containing a dioptric imaging  



optical system via the pattern to form first  intermediate image of the
pattern of the projection  original ; 8 directing the illuminating light
from the first  intermediate image to a second imaging optical system
containing a concave reflecting mirror to form a  second intermediate
image; directing the illuminating a light from the  second intermediate
image to a third imaging optical  system containing a dioptric  imaging
optical system  to form a second intermediate image; deflecting the
illuminating light from the first  imaging optical system by a first
folding mirror  arranged in an optical path between the first imaging
optical system and the second imaging optical system; an H deflecting the
illuminating light from the  second imaging optical system by a second
folding  mirror arranged in an optical path between the second  imaging
optical system and the third imaging optical  system. Further more, in the
further more aspect of the  present invention, the present invention
provides a  manufacturing method of  micro-devices by using the  exposure
method of the present invention or comprising  a lithographic process using
the projection exposure  



apparatus of the present invention. Further more, in the further more
aspect of the  present invention, the present invention provides an 9
imaging optical system forming an image of a first  surface onto a second
surface, comprises: at least one reflecting surface arranged between  the
first surface and the second surface, the reflecting surface comprising a
metallic  reflective film and a correction film which is  arranged on the
metallic reflective film and corrects  a phase difference caused by a
difference of deflected  state possessed by a reflected light from the
metallic  reflective-film.  'Further more, in the further more aspect of
the  present invention, the present invention provides a pattern on a proje
ction original on a photosensitive  substrate using a prof ection optical
system, the image  of said projection original arranged in a first  surface
on the photosensitive substrate arranged on  a second surface, using the
imaging optical system of  the present invention as said projection optical
system. Further more, in the further more aspect of the  present invention,
the present invention provides a  projection exposure method for projecting
a pattern  on a projection original onto a photosensitive  substrate using
a projection optical system  



comprising a step of : projecting an image of the 10 projection original
arranged on the first surface on the photosensitive substrate arranged on
the second  surface by using the imaging optical system of the  present
invention as the projection optical system. Further more, in the further
more aspect of the  present invention, the present invention provides a
projection exposure apparatus for projecting a  pattern on a  proection
original onto a photosensitive  substrate, wherein the projection optical
system has  at least one reflecting member arranged in an optical  path
between the first surface and the second surface,  and said reflecting
member reflects ,a light so that  a Y--.h  c sm  rJ   J F -F o I-) oz t- w
sm o r A P n n I -r- J 7 H r- r)  rn n r) n n -n H a S polarized component
for the reflecting member  substantially does not exist when the P
polarized  component and the S polarized component come to the
photosensitive substrate. Further more, in the further more aspect of the
present invention, the present invention provides a  projection exposure
method for projecting a pattern  on a projection original on a
photosensitive substrate  using a projection optical system comprising the
steps of : passing the light from the projection original  to said
photosensitive substrate through at least one  



reflecting member; and 11 reflecting the light with a reflecting member  so
that an angular characteristic of the phase  difference caused by the
difference of deflected  states possessed by the reflected light from the
reflecting member becomes to be a desired  distribution. Further more, in
the further more aspect of the  present invention, the present invention
provides a  catadioptric optical system forming a reduced image  of a first
surface onto a second surface comprises: a first imaging optical subsystem
arranged in  an optical path between the first and second surfaces,  and
having a first optical axis a second imaging optical subsystem arranged in
an optical path between said first imaging optical  subsystem and said
second surface, and having a  concave reflection mirror and a second
optical axis; a third imaging optical subsystem arranged in  an optical
path between said second imaging optical  subsystem and said second
surface, and having a third  optical axis; said first imaging optical
subsystem having a  dioptric imaging optical system, said third imaging
optical subsystem having a dioptric imaging optical  system, and said first
and third optical axis being  



arranged on a common axis. 12 BRIEF DESCRIPTIO14 OF DRAWINGS  Fig. 1 is a
diagram illustrating the basic  construction of a catadioptri c optical
system of the  present invention. Fig. 2 is a diagram schematically
illustrating  the general construction of a projection exposure  apparatus
provided with  catadioptric optical systems  according to embodiments of
the present invention as  a projection optical system. Fig. 3 is a diagram
illustrating the positional  relation between a rectangular exposure region
(i.e.  effective exposure region) formed on a wafer W and a r c f -- r e n
c e cqp- t- -1 c- -- 1 -::, v- -i s-- . Fig. 4 is a diagram illustrating
the lens  construction of a catadioptric optical system  (projection
optical system PL) according to a first  embodiment. Fig. 5 is a diagram
illustrating the lateral  aberratons in the first embodiment. Fig. 6 is a
diagram for illustrating the lens  construction of a  catadioptric optical
system  (projection optical systeM PL) according to a second  embodiment.
Fig. 7 is a diagram illustrating the lateral  aberrations in the second
embodiment. 



Fig. 8 is a diagram illustrating the general 13 construction of the
projection exposure apparatus of  the embodiment shown in Fig. 2. Fig. 9 is
an enlarged view illustrating a part  related to an illuminating optical
system which   constitutes a part of the projection exposure  apparatus of
Fig. B. Fig. 10 is an enlarged view illustrating a part  related to an
illuminating optical system which  constitutes a part of the projection
exposure  apparatus of Fig. 8. Fig. 11 is a diagram illustrating a
flowchart  of a manufacturing example of devices (semiconductor  panel,
CCD, thin-film magnetic head, micro-machine  and so on). Fig. 12 is a
drawing for illustrating one example  of detailed flow of step 204 of Fig.
11 in the case  of a semiconductor device. Fig. 13A is a diagram
illustrating the lens  construction of a catadioptric optical system
(projection optical system PL) according to a third  embodiment. Fig. 13B
is a diagram for illustrating principal  parts of a catadioptric optical
system (projection  optical system PL) according to a third embodiment. 



Fig. 14 is a diagram illustrating the lateral 14 aberrations in the third
embodiment. Fig. 15 is a diagram illustrating the  construction of
modification example 1 of the third  embodiment. Fig. 16 is a diagram
illustrating the  construction of modification example 2 of the third
embodiment. Fig. 17 is a diagram illustrating the  construction of
modification example 3 of the third  embodiment. Fig. 18 is a diagram
illustrating the  construction of modification example 4 of the third
embodiment. Fig. 19 is a drawing illustrating the  construction of
modification example 5 of the third  embodiment. DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS Fig. 1 is a diagram illustrating the basic
construction of a catadioptric optical system of the  present invention. In
the diagram, the catadioptric  optical system of the present invention is
applied to  the projection optical system of a projection exposure
apparatus. As shown in Fig. 1, the catadioptric optical  system of the
present invention is provided with a  



dioptric type first imaging optical system G1 for 15 forming a first
intermediate image of a pattern of  reticle R arranged as a first surface
as a negative  plate. A first optical path folding mirror I is arranged  in
the vicinity of formation position of the first  intermediate image formed
by the first imaging optical  system G1. The first optical path folding
mirror 1  deflects a beam incident to the first intermediate  image or a
beam from the first intermediate image to  a second imaging optical system
G2. The second  imaging optical system G2 has a concave reflecting  mirror
(CM) and at least one negative lens 3, and a  ti an  iliLai1. e 4-' t I l e
intermediate image and a secondary image of the  pattern) nearly equal in
size to the first  intermediate image is formed in the vicinity of
formation position of the first intermediate image  based on the beam from
the first intermediate image. A second optical path folding mirror 2 is
arranged in the vicinity of formation position of the  second intermediate
image formed by the second imaging  



optical system G2. The second optical path folding  mirror 2 deflects a
beam incident to the second  intermediate image or a beam from the second
intermediate image to a dioptric type third imaging  optical system G3.
Here, the reflecting surface of 16 the first optical path folding mirror 1
and the  reflecting surface of the second optical path folding  mirror 2
are positioned so as not to overlap spatially.  The third imaging optical
system G3 forms a reduced  image of pattern of the reticle (an image of the
second  intermediate image and a final image of the  catadioptric optical
system) on a wafer W arranged as  a second surface as photosensitive
substrate based on  the beam from the second intermediate image. In the
above construction, a chromatic  aberration and a positive Petzval sum
produced by the  first imaging optical system G1 and the third imaging
comprising plural lenses, are compensated by the concave reflecting mirror
CM and the negative lens (es)  3. Moreover, the second intermediate image
can be  formed in the vicinity of the first intermediate image  by a
construction that the second imaging optical  system G2 has a nearly equal
(unit) magnification. In  the present invention, the distance from the
optical  axis of an exposure region (i.e., an effective  



exposure region), namely, the off-axis quantity can  be lowly set up by
conducting an optical path  separation in the vicinity of these two
intermediate  images. This is not only favorable in aberration  correction,
but also favorable in miniaturization of 17 optical systems, optical
adjustment, mechanical  design, manufacturing cost, and so on. As described
above, the second imaging optical  system G2 bears the compensation of the
chromatic  aberration and the positive Petzval sum produced by  the first
imaging optical system GI and the third  imaging optical system G3 all
alone. For this reason,  a large power (dioptric power) must be set up for
both  the concave reflecting mirror CM and the negative  lens(es) 3
constituting the second imaging optical  system G2. Therefore, if the
symmetry of the second  imaging optical system G2 collapses, the occurrence
chromatic aberration or chromatic coma aberration  increases, thus an
enough resolution power cannot be  obtained. Accordingly, the present
invention  succeeds in ensuring good symmetry and preventing the  previous
mentioned asymmetrical chromatic  aberrations by adopting a construction
which results  in a set up having a nearly unity magnification for  the
second imaging optical system G2 and by arranging  



the concave reflecting mirror CM in the vicinity of  its pupil position.
The construction of the present invention is  described in more detail
hereafter with reference to  the following conditions. 18 In the present
invention, it is preferable that  the magnification 132 satisfies the
following  condition (1). 0.82 < 11321 < 1.20 (1) Condition (1) specifies
an appropriate range of  magnification 132 of the second imaging optical
system G2. if this condition 1) is not satisfied, it is not  preferred
because the off-axis quantity for the  optical path separation increases,
thus the large  scale and complication of the optical systems cannot be
avoided. In addition, it is not preferred because iL. f r,r-m ..-et r 4 -a!
,-d- . rr-'m -a}  i s o1- ~o r n t L 11 G V L... V U 1 L C 11 c e V 41 J V
L... V 11 t V 11L C1 L 1 1.. tw Al L... r k U V w L n 4J such as lateral
chromatic aberration or chromatic coma aberration and the like cannot be
prevented. It is more preferable that the lower limit is  0.85 and the
upper limit is 1.15 for condition (1) .  It is even more preferable that
the lower limit is 0.87  for condition (1). In the present invention, it is
preferable that  



the following condition (2) is satisfied. IL1  - L21 /IL1I  < 0.15 (2)
Here, L1 is the distance between the first  intermediate image and the
concave reflecting mirror  CM in the second imaging optical system G2 along
the  optical axis. L2 is the distance between the second 19 intermediate
image and the concave reflecting mirror  CM in the second imaging optical
system G2 along the  optical axis. In the case of the present invention,
L1 and L2 are distances from the intersection of the  optical axis and a
perpendicular from the intermediate  image to the optical axis when
extending the  perpendicular down to the concave reflecting mirror  CM
along the optical axis because the intermediate  image is not formed on the
optical axis. Condition (2) specifies a positional relation  between the
first intermediate image formed by the  first imaging optical system G1 and
the second  optical system G2. If condition (2) is not satisfied, it is not
preferred because the off-axis quantity for the  optical path separation
increases, thus the large  scale and complication of the optical systems
cannot  be avoid-L;rd.  It is more preferable that the upper limit is  



0.85 for condition (2). In the present invention, it is preferable that
the first intermediate image is formed on the optical  path between the
first optical path folding mirror 1  and the second imaging optical system
G2, and the  second intermediate image is formed on the optical 20 path
between the second imaging optical system G2 and  the second optical path
folding mirror 2. In this  case, the stability of the optical systems
increases  and the optical adjustment and mechanical design  become easy
because the distance between first surface  and second surface can be
shortened. Moreover, when  the present invention is applied to a projection
exposure apparatus, the height of the whole apparatus  can be reduced
because the distance between the  reticle R arranged on the first surface
and the wafer  arranged on second surface is shortened. In the present
invention, it is preferable that L l 7 .-7 ' I.. 11 C 1 t.1 1 1 o W 111 1 L
L i .A i 4 1 011 5 .J i s sat 1 J y -r 4 -A 1 G 1.A 0.20 <IRI/ Dill < 0.50
(3)  Here, R is the magnification of the catadioptric optical system
(projection optical system if applied  



to a projection exposure apparatus). Rl is the  magnification of the first
imaging optical system Gi. Condition (3) specifies an appropriate range of
the ratio of the magnification R of the whole system  to the
magnificationRl  of the first imaging optical  system G1. If the ratio is
more than the upper limit of  condition (3) , it is undesirable because the
angle of  dispersion (angle range) of a beam incident into the  first
optical path folding mirror 1 and the second 21 optical path folding mirror
2 increases and  consequently the design of a reflecting film becomes
difficult. In particular, reflecting film materials  usable for a light
with wavelength shorter than 180  nm are also limited, thus it is difficult
to keep the  reflectivity at a high level in a broad angular band
constant. The difference in reflectivity between P  polarized light and S
polarized light or the phase  change also changes with the angle of
incidence and  therefore in its turn is associated with deterioration  of
the imaging property of the whole system. On the other hand, if the ratio
is less than the  , 1- 4 } -Z k A. 1V Wer 1 ii LL A. L l A. L is l a c on u
i L. -L V r, `J J, -L 1. i.. u it lAe s a A. a b e because the load of
magnification factor, which should  be the burden of the third imaging
optical system G3,  



rises, and thus a large scale of the optical systems  cannot be avoided.
Moreover, it is more preferable that the lower  limit of condition (3) is
0.25 and its upper limit is  0.46. Furthermore, in the present invention,
it is  preferable that the catadioptric optical system is a  telecentric
optical system on both sides of the first  surface and the second surface.
When the system is  applied to a projection exposure apparatus, it is
preferable that the projection optical system is a 22 telecentric optical
system on both reticle side and  wafer side. This construction enables to
lowly  suppress the magnification error or distortion of  image when
positional errors or warp of the reticle  or wafer and the like occur.
Furthermore, it is  preferable that an angle made by a light passing
through the center of beam (i.e., principal ray)  becomes 50 minutes or
less in the whole field so that  the optical systems are substantially
telecentric. In the present invention, it is preferable to  satisfy the
following condition (4), in addition to  the catadioptricoptical  system,
which is telecentric  'L . uii  ~J  uUi ~  a Siucs  IE  - D(/ IE  < 0.24
(4) 



Here, E is the distance between the surface on  the image side of the first
imaging optical system GI  and its exit pupil position along the optical
axis.  D is the distance by air conversion from the surface  on the image
side of the first imaging optical system  GI to the concave reflecting
mirror CM in the second  imaging optical system G2 along the optical axis.
Condition (4) specifies a positional relation  between the exit pupil of
the first imaging optical  system GI and the concave reflecting mirror CM.
If condition (4) is not satisfied, it is not  preferable because the
occurrence of asymmetrical 23 chromatic aberrations such as lateral
chromatic  aberration or chromatic coma aberration and the like  cannot be
lowly suppressed. Moreover, it is more preferable that the upper  limit of
condition (4) is 0.17. Furthermore, it is preferable in the present
invention that the intersection line of an assumed  extension plane of the
reflecting plane (an assumed  plane obtained by infinitely extending a
planar  reflecting plane) of the first optical path folding  mirror 1 and
an assumed extension plane of the  reflecting plane of the second optical
path folding first imaging optical system Gl, an optical axis AX2  of the
second imaging optical system G2 and an optical  axis AX3  of the third
imaging optical system G3  



intersect at one point (reference point). This  construction results in the
optical axis  AXI of the  first imaging optical system G1 and the optical
axis  AX3  of the third imaging optical system G3 becoming  a common
optical axis, and particularly enables to  position the three optical axes
AX1-AX3  and the two  reflecting planes in relation to one reference point.
Therefore, the stability of the optical systems  increases, and the optical
adjustment and mechanical  design become easy. An even higher accuracy
optical 24 adjustment can be facilitated and even higher  stability can be
achieved by setting the optical  systems so that the optical axis  AX2 is
perpendicular  to the optical axis AX1 of the first imaging optical  system
GI and the optical axis AX3  of the third imaging  optical system G3.
Furthermore, it is preferable in the present  invention that all lenses
constituting the first  imaging optical system G1 and all lenses
constituting  the third imaging optical system G3 are arranged along  a
single optical axis. This construction causes any  flexure due to gravity
to become rotationally  symmetrical and provides to lowly suppress -L h e
deterioration of imaging property due to the optical  adjustment. In
particular, when it is applied to a  . projection exposure apparatus, the
reticle R and the  



wafer W can be arranged parallel to each other along  a plane perpendicular
to the gravity direction (i.e.,  horizontal plane) and all lenses
constituting the  first imaging optical system Gl  and the third imaging
optical system G3 can be arranged horizontally along  a single optical axis
in the gravity direction by using  the first imaging optical system G1 and
the third  imaging optical system G3 in an upright position along  the
common optical axis. As a result, the reticle,  wafer and most of the
lenses constituting the 25 projection optical system are held horizontally,
not  subjected to an asymmetrical deformation due to their  own weight, and
this is very favorable in ensuring  optical adjustment, mechanical design,
high  resolution and the like. Further, it is preferable in the present
invention that over 85% of the number of lenses in all  lenses constituting
the catadioptric  optical system'  (the projection optical system in the
case of applying  it to a projection exposure apparatus) are arranged
along a single optical axis. For example, if the  first imaging optical
system GI and the third imaging  the common optical axis, almost all lenses
in many lenses constituting the optical systems are held  horizontally and
an asymmetrical deformation due to  



their own weight does not occur by this construction,  therefore it is
further favorable in ensuring optical  adjustm(~-nt mechanical design, high
resolution and  the like. Additionally, as described above, the negative
lens(es) 3 in the second imaging optical system G2  requires a large power
(refractive power) to  compensate for chromatic aberrations being produced
by the first imaging optical system GI and the third  imaging optical
system G3 alone. Accordingly, it is 26 preferable in the present invention
that the second  imaging optical system G2 has at least two negative
lenses 3. This construction enables to divide and  bear a necessary power
with at least two negative  lenses and in its turn provides to constitute
stabilized optical systems. Embodiments of the present invention are
described hereafter, with reference to the following  drawings. Fig. 2 is a
diagram schematically showing the  general construction of a projection
exposure  apparatus which is provided with a catadioptric P 7 i- ,- .d 1A i
+- L. .. .7 F ~ L, .. .  V 4 1 L..- 4 1 J Y J L C I1L a c \ . . V 1 1 1 1 1
L. V C IL L V U 1 IL .. .. .. L G I 1 L.. J V i 1 C 1 C J C I I L invention
as a projection optical system. In Fig. 2,  the Z axis is set up in
parallel to a reference optical  



axis AX of the catadioptric optical system constituting a projection
optical system PL, the Y  axis is set up in parallel to the paper surface
of Fig.  2 in a plane perpendicular to the optical axis AX.  Moreover, Fig.
2 schematically shows the general  construction of a projection exposure
apparatus, and  its detailed construction will be described later in  Figs.
8-10. The described projection exposure apparatus is  provided with, e.g.,
a F2 laser (wavelength 157.624  nm) as a light source 100 for supplying an
illuminating 27 light of ultraviolet region. The illuminating light
emergent from the light source 100 evenly illuminates  a reticle R where a
given pattern is formed. Moreover, an optical path between the light
source 100 and an illuminating optical system IL is  sealed by a casing
(not shown) , and a space from the  light source 100 to an optical member
on the reticle  side in the illuminating optical system IL is filled  with
an inert gas, such as helium gas or nitrogen gas  and the like being a gas
with a low absorptivity of  exposure light, or kept in a nearly vacuum
state. The reticle R is in parallel held in the XY plane on a reticle stage
RS via a reticle holder RH. A pattern to be transferred is formed on the
reticle,  and a rectangular (slit-like) pattern region with a  



long side along the X direction and a short side along  the Y direction in
the whole pattern region is  illuminated. The reticle stage RS is movable
two-dimensionally along the reticle surface (i.e.,  the XY plane) by the
action of a driving system whose  illustration is omitted and is so
constituted that its  position coordinates are measured and positionally
controlled by an interferometer RIF using a reticle  moving (measuring)
mirror RM. A light from the pattern formed on the reticle  forms a reticle
pattern image on a wafer W, which is 28 a photosensitive substrate, via a
catadioptric type  projection optical system PL. The wafer W is in
parallel held on the XY plane on a wafer stage WS via  a wafer table (wafer
holder) WT. Then, a pattern  image is formed in a rectangular exposure
region with  a long side along the X direction and a short side along  the
Y direction on the wafer W so as to correspond to  the rectangular
illuminating region on the reticle R  optically. The wafer stage WS is
movable  two-dimensionally along the wafer surface (i.e., the  XY plane) by
the action of a driving system whose  illustration is omitted, and its
position coordinates ar   



interferometer WIF using a wafer moving (measuring)  mirror WM. Fig. 3 is a
diagram showing a positional relation  between the rectangular exposure
region (i.e.,  effective exposure region) formed on the wafer W and  the
reference optical axis. As shown in Fig. 3, in the embodiments, a
rectangular effective exposure region ER having a  desirable size is set up
in a position separated from  the reference axis AX by only an off-axis
quantity A  in the +Y direction in a circular region (image circle)  with a
radius B and with the reference axis AX as its  center. Here, the
X-direction length of the 29 effective exposure region ER is LX and its
Y-direction  length is LY. In other words, in the embodiments, the
rectangular effective exposure region ER having a  desirable size is set up
in a position separated from  the reference axis AX by an off-axis quantity
A in the  +Y direction, and the radius B of the circular image  circle IF
is specified so as to include the effective  exposure region ER with the
reference axis AX as its  center. Therefore, a description is omitted, but
a  rectangular illumination region (i.e., effective  illumination region)
with a size and a shape 



rnrrocppnH4ng  to  tl-i in effcrti' r oypnciir c rcginn  g formed in a
position separated from the reference axis  AX by only a distance
corresponding to the off-axis  quantity A in the -Y direction. Moreover, in
the described projection exposure  apparatus,  the projection optical
system PL is so  constituted that its inside is kept in an air  (gas)-tight
state between an optical member arranged  on the reticle side (lens  Lil in
the embodiments) and  an optical member arranged on the wafer side (lens
L311  in the embodiments) among optical members  constituting the
projection optical system PL, and is  filled with an inert gas such as
helium gas or nitrogen  gas and the like or kept in a nearly vacuum state.
30 Furthermore, the reticle R and the reticle stage  RS and the like are
arranged in a narrow optical path  between the illumination optical system
IL and the  projection optical system PL, but an inert gas, such  as
nitrogen or helium gas and the like, is filled into  a casing not shown)
which seals and encloses the  reticle R and the reticle stage RS and the
like or the  casing is kept in a nearly vacuum state. Additionally, the
wafer W and the wafer stage  WS and the like are arranged in a narrow
optical path  between the projection optical system PL and the wafer  W,
but an inert gas, such as nitrogen or helium gas 



seals and encloses the wafer W and the wafer stage WS  and the like or the
casing is kept in a nearly vacuum  state. Thus, an atmosphere in which the
exposure light  is almost not absorbed is formed over the whole optical
path from the light source 100 to the wafer W. As described above, the
illumination region on  the reticle and the exposure region on the wafer W
(i.e., effective exposure region ER) specified by the  projection optical
system PL are rectangles with short  sides in the Y direction. Therefore,
the reticle  pattern is scanned and exposed for a region which has  a width
equal to the long side of the exposure region 31 on the wafer W and has a
length corresponding to the  scan quantity (moving quantity) of the wafer W
by  moving (scanning) the reticle stage RS and the wafer  stage WS and in
its turn the reticle R and the wafer  W synchronously in the same direction
(i.e., same  orientation) along the short-side direction, i.e.,  the Y
direction of the rectangular exposure region and  the illumination region,
while the positional control  of the reticle R and the wafer W is taken by
a driving  system or an interferometer (RIF, WIF) and the like. In the
embodiments, the projection optical  system PL including the  catadioptric
optical system ' 



system G1 for forming a first intermediate image of  the pattern of the
reticle arranged on the first  surface, a secon  imaging optical system G2
comprising  a concave reflecting mirror CM and two negative lenses  3 for
forming a second intermediate image nearly  -unitary to the first
intermediate image (a nearly  equal size image of the first intermediate
image and  a secondary image of the reticle pattern) and a  dioptric  type
third imaging optical system G3 for  forming a final image of the reticle
pattern  (areduced  image of the reticle pattern) on the wafer W arranged
on the second surface based on a light from the second  intermediate image.
32 Moreover, in the embodiments, a first optical  path folding mirror 1 for
deflecting the light from  the first imaging optical system G1 to the
second  imaging optical system G2 is arranged in the vicinity  of the
formation position of the first intermediate  image in an optical path
between the first imaging  optical system G1 and the second imaging optical
system G2. A second optical path folding mirror 2 for  deflecting the light
from the second imaging optical  system G2 to the third imaging optical
system G3 is  arranged in the vicinity of the formation position of  the
second intermediate image in an optical path  between the second imaging
optical system CG2 and the  



second imaging optical system G3. In the embodiments,  the first
intermediate image and the second  intermediate image are formed in an
optical path  between the first optical path folding mirror 1 and  the
second imaging optical system G2 and an optical  path bet-w-een  the second
imaging optical system G2 and  the second optical path folding mirror 2,
respectively. Furthermore, in the embodiments, the first  imaging optical
system G1 has a linearly extended  optical axis AX1,  the third imaging
optical system G3  has a linearly extended optical axis AX3, the optical
axis AX nd the optical axis AX3 are set up so as to 33 coincide with the
reference optical axis AX, which is  a common single axis. As a result, the
reticle and  the wafer W are arranged in parallel to each other  along a
plane perpendicular to the gravity direction,  i.e., a horizontal plane. In
addition, all lenses  constituting the first imaging optical system  Gl and
all lenses constituting the third imaging optical  system G3 are also
arranged along the horizontal plane  on the reference optical axis AX. On
the other hand, the second imaging optical  system G2 also has a linearly
extended optical axis  AX2, and this optical axis AX2 is set up so as to b
is the common single axis. Moreover, both the first  



optical path folding mirror I and the second optical  path folding mirror 2
have planar reflecting surfaces  and are integrally constituted as one
optical member  (one optical path folding mirror FM) with two  reflecting
planes. The intersection line of these  two reflecting planes (strictly the
intersection line  of their assumed extended planes) are set up so that
the axis AXI of the first imaging optical system G1,  the axis AX2 of the
second imaging optical system G2  and the axis AX3  of the third imaging
optical system  G3 intersect at one point. Furthermore, both the  first
optical path folding mirror 1 and the second 34 optical path folding mirror
2 are constituted as front  surface reflecting mirrors in the first
embodiment and  in the second embodiment, and both the first optical  path
folding mirror 1 and the second optical path  folding mirror 2 are
constituted as rear (back)  surface reflecting mirrors in the third
embodiment.  The smaller the interval between the effective region  of
reflectingplane  of the optical path  foldingmirror  FM and optical AX is
set up, the less the off-axis  ~uantity  A of the effective exposure region
will be. In the embodiments, fluorite  (CaF2 crystal) is  used for all
dioptric  optical members (lens component)  P nrn ~ =~rt- inn 



wavelength of the F2 laser being exposure light is  157.624 nm  the
dioptric  index of  CaF2 in the vicinity  of 157 .624 nm  changes in a
ratio of -2. 6 x 10-6 per  +1 pm of wavelength change and in a ratio of
+2.6 x  10-1 per -1 pm of wavelength change. In other words,  the
disp-ersion  of  dioptric index  (dn/d.X) of  CaF2 on  the vicinity of
157.624  nin is 2.6 x 10 -6/ PM . Therefore, in the first and second
embodiments,  the   + 1 pm = 157.625 nm  is 1.5592354, and the  dioptric
index of CaF2  to 157.624 nm  - 1 pm = 157. 623  nm is  1.5592406. On the
other hand, in the third embodiment, 35 the dioptric index of CaF2 to the
wavelength 157.624  nm is 1.559307, the dioptric index of CaF2 to 157.624
nm + 1 pm = 157.625 nm is 1.5593041, and the dioptric  index of CaF2 to
157.624 nm - 1 pm = 157.623 nm is  1.5593093. Furthermore, in the
embodiments, if the height  in a direction perpendicular to the optical
axis is  taken as y, the distance (amount of sag) from a tangent  plane at
the vertex of aspherical surface to a position  on the aspherical surface
at the height y along the  optical axis as z, the vertex curvature radius
as r,  the conic coefficient as x and the n-order aspherical  coefficient
as Cn, then the aspheri cal surface i s  expressed by the following
numerical formula (a). 



Y4 z = (y2/r) / [1 + {1 - (1 +K) ( y2/r2}1/2 ] + C4  + C6 y6 + C6  ya + C10
y10+ C12 y12 + C14  y14 ... (a)  In the embodiments, a * sign is attached
on the right side of surface no. on a lens surface which is  formed into an
aspherical shape. [Embodiment 1] Fig. 4 is a diagram showing the lens
construction  of a catadioptric optical system (projection optical  system
PL) according to a first embodiment. In the  first embodiment, the present
invention is applied to 36 a projection optical system in which aberrations
including chromatic aberrations are corrected for an  exposure light with
wavelength of 157.624 nm 1 pm. In the  catadioptric optical system of Fig.
4,  the first imaging optical system G1 comprises a  negative meniscus lens
Lii having an aspherical  concave surface facing to the wafer side, a
biconvex  lens L12, a biconvex lens  Ll-J, a biconvex lens L14,  a negative
meniscus lens L15 having a convex surface  facing to the reticle side, a
positive meniscus lens  L16 having a concave surface facing to the reticle
side,  



a positive meniscus lens L17 having a concave surface  farina to the ratirl
-irisn nngitiv e mani~ri_i s lens L1B  having a concave surface facing to
the reticle side,  a biconvex lens L19 and a positive meniscus lens L110
having a convex surface facing to the reticle side in  order from the
reticle side. The second imaging optical system G2 comprises  a negative
meniscus lens L21 having a concave surface  facing to the reticle side, a
negative meniscus lens  L22 having an aspherical concave surface facing to
the  reticle side and a concave reflecting mirror CM in  order from the
reticle side along the propagative  route of light (i.e., the incident
side). The third imaging optical system G3 comprises  a biconvex lens L31
having an aspherical convex 37 surface facing to the facing reticle side, a
biconvex  lens L32, a biconvex lens L33, a biconcave lens L34,  a positive
meniscus lens L35 having a convex surface  facing to the reticle side, an
aperture stop AS, a  biconvex lens L36 having an aspherical convex surface
facing to the wafer side, a biconvex lens L37, a  positive meniscus lens
L38 having a convex surface  facing to the reticle side, a positive
meniscus lens  L39 having a convex surface facing to the reticle side,  a
biconcave lens L310 and a  plano--convex lens L311  having a plane surface
facing to the wafer side in  



order from the reticle side along the propagative  roll te  of I  i rrht
Values of data of the catadioptric optical  system of the first embodiment
are identified in the  following table (1). In the table (1) , A represents
the wavelength of exposure light, Q the projection  magnification
(magnification of whole system) , NA the  numerical aperture on the image
side (wafer side), B  the radius of image circle IF on wafer W, A the
off-axis  quantity of effective exposure region ER, LX the  dimension of
effective exposure region ER along the  X direction (dimension of long
side), and LY the  dimension of effective exposure region ER along the  Y
direction (dimension of short side) , respectively. Moreover, the surface
no. represents the order 38 of surfaces from the reticle side along the
propagative direction of light from the reticle  surface, being the object
surface (first surface) to  the wafer surface, being the image surface
(second  surface), r the curvature radius of surface (vertex  curvature
radius in the case of  aspherical surface:  mm), d the axial space of
surface, i.e., surface  distance' (mm) , and n the  dioptric index to w
aveleng~h,  respectively. Furthermore, the surface distance d changes its
sign with reflected degree. Therefore, the sign of  



the surface distance d is taken as negative on the  optical path from the
first optical path folding  mirror I to the concave reflecting mirror CM
and on  the optical path from the second optical path folding  mirror 2 to
the image surface, and is taken as positive  in other optical paths. Then,
the curvature radius  of a convex surface facing to the reticle side is
taken  as posit-ive  and the curvature radius of a concave  surface facing
to the reticle side is taken as negative  in the first imaging optical
system GI. On the other  hand, the curvature radius of a concave surface
facing  to the reticle side is taken as positive and the  curvature radius
of a convex surface facing to the  reticle side is taken as negative in the
third imaging  optical system G3. The curvature radius of a concave 39
surface facing to the reticle side (i.e., incident  side) is taken as
positive and the curvature radius  of a convex surface facing to the
reticle side (  i . e . ,  incident side) is taken as negative along the
progression route of light in the second imaging  optical system G2. [Table
1]  (Main data)  A = 157.624 nm  



6= -0.25  NA = 0.75  B = 14.6 mm  A=3mm   LX = 22 mm  LY = 6.6 mm  (Data of
optical members) Surface no. r n (reticle surface)129.131192
18233.1422120.0000001.559238 (lens L11) 2*229.432108.970677
3286.7404831.0000341.559238 (lens L12) 4-803.121881.000000
5666.7587433.6330151.559238 0ens  L13) 6-296.741421.000000
7180.0000038.3518301.559238 0ens  L14) 8-2028.0802813.262240 40
9201.1494512.9339781.559238 (lens L15) 



10128,43682221.621142 11*-127.6536420.8669491.559238 (lens L16)
12-120.000001.000000 13-302.1310923.4248171.559238 (lens L17)
14-150.000001.000000 15-1168.5468023.0499911.559238 (lens L18)
16-228.525011.000000 17433.6039022.9343081.559238 (lens L19)
18-656.200381.000000 19188.3038921.3358991.559238 (lens L110)
20563.1006886.000000 2100-273.26 (first optical path folding mirror 1)
22114.73897-12.0000001.559238 (lens L21) 23453.07648-15.355803
24*172.15013-13.3285491.559238 (lens L22) 25395.88538-28.227312
26162.8584428.227312(concave reflecting mirror CM)
27395.88538-13.3285491.559238 (lens L22) 28*172.1501316.355803
29453.0764812.0000001.559238 (lens L21) 30114.73897273.261089
3100-94.835481 (second optical path folding 2) mirror
32*-774.94652-26.931959 1.559238 (lens L31) 41 



33275.96516-1.000000 34-376.08486-31,3712461.559238 (lens L32)
35388.08658-1.000000 36-219.25460-29.1953141.559238 (lens L33)
374359.72825-32.809802 38505.14516-12.0000001,559238 (lens LM
39-128.75641-209.396172 40-180.58054-24.4815191.559238 Oens L36)
41-331.81286-14.336339 4200-30.366910(aperture-stop AS) 43-
1502.56896-24.3920421.559238 Oens 1,36) 44*933,76923-1.000000
45-357.34412-25,6864551.559238 (lens L37) 462099.98513-1.000000
47163.08575-32.5572141,559238 Oens  L38) 48-631.02443-1.000000
49-124.04732-35.3049211.559238 (lens L39) 50-639.72650-18.536315
51467.75212-40.1966251.559238 Oens  L310) 52-616.22436-1.000000
53-95.47627-38.0686871. 659238 (lens L3 11) 54CO-11.016920 (wafer surface)
(Aspherical  data)  Surface 2 



r = 229.43210 'K = 0.000000 42 C4 = 0. 174882 x10-7C6 = -0.593217 x10-12 C8
= -0.194756 x 10-15 Clo  = 0.677479 x 10-21 C12= -0.212612 x j()-.25C14 =
-0.320584 x 10-30 Surface 11 r = -127.65364x = 0.000000 C4=- 0.13082 2
x10-7Cs = 0.512133 x 10.12 C8 = 0.8 75810 x 10-16C10= 0.138750 x 10-19 C12
= -0.203194 x 10 25X14 = 0.241236 x 10.27 Surface 24 and Surface 28 (same
Surface) r = 172.15013 K = 0.000000 C4 = 0.293460 x 10'7 Cs = -0.868472 x
J0,12 Cs = -0.848590 x 10.17 C10 = -0.159330 x 10-22 C12=0.868714x  10-26
C14=-0.116970x 10.29 Surface 32 r = -774.94652x= 0.000000 C4 = 0.253400 x
10-7C6= -0.505553 x 10.12 Cs = 0.151509 x 10-16Cio = -0.433597 x 10-21 C12
= 0.841427 x 10-26C14 = 0.165932 x 10-30 Surface 44 



x = 0.000000 r = 933.76923 C4 = -0.140105 x 10-7Cs = -0.779968 x 10,12 Ca =
-0.148693 x 10-16Cio = 0. 100788 x10-21 C12 = -0.251962 x 10-25C14 = 0.
104216 x 10-29 (Corresponding values of conditions)  61=-0.626 62=-0.919 43
63 = -0.435  L1= 335.3 mm  L2 = 310.0 mm  E=484.8 mm  D= 443.3 mm (1) 1621
=0.919 (2) I LiL2  I /IL11 =0.076  (3) 1811 (811 = 0.400 (4) IE-DI/IEI
=0.086 Fig. 5 are charts showing the lateral  aberrations in the first
embodiment. In the aberration charts, Y represents the image  height, solid
lines the wavelength 157.624 nm, broken  lines 157.624 + 1 pm = 157.625 nm
and dashed lines  157.624 - 1 pm = 157.623 nm, respectively. As is evident
from the aberration charts, it is  generally known that the chromatic
aberrations are  well corrected for the exposure light with a  



wavelength of 157.624  1 pm in the first embodiment.  [Embodiment 2] Fig. 6
is a diagram showing the lens construction  of a catadioptric optical
system (projection optical  system PL) according to the second embodiment.
In the  second embodiment, this invention is applied to a  projection
optical system in which aberrations  including chromatic aberrations are
corrected for an 44 exposure light with wavelength width of 157. 624 nm  (1
pm similarly as in the first embodiment. In the catadioptric  optical
system of Fig. 6,  the first imaging optical system G1 comprises a
positive meniscus lens L11 having an  aspherical  concave surface facing
the wafer side, a negative  meniscus lens L12 having a concave surface
facing the  reticle side, a biconvex lens L13, a biconvex lens L14,  a
positive meniscus lens L15 having a convex surface  facing the reticle
side, a positive meniscus lens L16  having an aspherical  concave surface
facing the  reticle side, a positive meniscus lens L17 having a  concave
surface facing the reticle side, a positive  meniscus lens L18 having a
concave surface facing the  reticle side, a biconvex lens L19 and a
positive  meniscus lens L110 having an aspherical  concave  surface facing
the wafer side in order from the reticle  side. 



Th-L-  second imaging optical system G2 comprises  a negative meniscus lens
L21 having a concave surface  facing the reticle side, a negative meniscus
lens L22  having an aspherical  concave surface facing the  reticle side
and a concave reflecting mirror CM in  order from the reticle side along
the propagative  route of light (i.e., the incident side). The third
imaging optical system G3 comprises 45 a biconvex lens L31 having an
aspherical convex  surface facing the reticle side, a biconvex lens L32,  a
positive meniscus lens L33 having a convex surface  facing the reticle
side, a biconcave lens L34, a  biconvex lens L35, an aperture stop AS, a
negative  meniscus lens L36 having an aspherical convex surface  facing the
wafer side, a biconvex lens L37, a positive  meniscus lens L38 having an
aspherical convex surface  facing the reticle side, a positive meniscus
lens L39  having a convex surface facing the reticle side, a  biconcave
lens L310 and a piano-convex lens L311  having a plane surface facing the
wafer side in order  from the reticle side along the propagative route of
light (i.e., the incident side). values of data of the catadioptric optical
system of the second embodiment are identified in the  following table (2).
In the table (2) , ( represents  the wavelength of exposure light, ( the
projection  



magnification (magnification of whole system) , NA the  numerical aperture
on the image side (wafer side) , B  the radius of image circle IF on wafer
W, A the off-axis  quantity of effective exposure region ER, LX the
dimension of effective exposure region ER along the  X direction (dimension
of long side) and LY the  dimension of effective exposure region ER along
the  Y direction (dimension of short side) , respectively. 46 Moreover,
surface no. represents the order of  surfaces from the reticle side along
the propagative  direction of light from the reticle surface being the
object surface (first surface) to the wafer surface,  being the image
surface (second surface), r the  curvature radius of surface (vertex
curvature radius  in the case of aspherical  surface: mm), d the axial
space of surface, i.e., surface distance (mm) , and n  the dioptric  index
to wavelength, respectively. Furthermore, the surface distance d changes
its  sign with reflected degree. Therefore, the sign of  the surface
distance d is taken as negative on the  optical path from the first optical
path folding  mirror 1 to the concave reflecting mirror CM and on  the
optical path from the second optical path folding  mirror 2 to the image
surface, and is taken as positive  in other optical paths. Then, the
curvature radius  of a convex surface facing to the reticle side is taken  



as positive and the curvature radius of a concave  surf ace f acing to the
reticle side is taken as negative  in the first imaging optical system G1 .
On the other  hand, the curvature radius of a concave surface  surfacing to
the reticle side is taken as positive and  the curvature radius of a convex
surface facing to the  reticle side is taken as negative in the third
imaging  optical system G3. The curvature radius of a concave 47 surface f
acing to the reticle side (i . e . , the incident side) is taken as
positive and the curvature radius  of a convex surface facing to the
reticle side (i . e . , the incident side) is taken as negative along the
propagative route of light in thesecond imaging optical system G2. [Table
21  (Main data)  X = 157.624 nm B=-0.25 NA = 0.75  B=14.6mm  A=3mm  



LX = 22 mm  LY=6.6mm  (Data of optical members) Surface no.rdn (reticle
surface)74.237501 1392.0988718.0115171.559238 (lens L11)
2*1161.2685422.550885 3-197.8234112.0000001.559238 (lens L12)
4-320.240451.0 72412 54535.1050927.5827761.559238 Dens L13)
6-230.222071.003799 7180.0297931.3766751.559238 (lens L14)
8-16797.465441.001727 48 9120.0910149.6406241.559238 (lens L15)
10111.81156146.176310 11*-147.6426750.0000001.559238 (lens L16)
12-120.000001.034195 13-243.7559621.9271921.559238 (lens L17)
14-150.025451.001112 15-355,4658723.4997581.559238 (lens L18)
16-170.068691.005485 17380.9748722.7580281.559238 (lens L19)
18-1174.105331.018161 19162.6895424.8165371.559238 (lens L110) 



20*644.6964286.000000 2100-275.440338(first optical path folding mirror 1)
22116,98457-20.0000001.559238 (lens L21) '23556.37904-19.644110 24*165.295
28-22.0017621.559238 (lens L22) 25383.86012-26.835741
26170.5337026.835741(concave reflecting mirror CM)
27383.8601222.0017621.559238 (lens L22) 28*165.2952819.644110
29556.3709420.0000001.559238 (lens L21) 30116.98457275.440338
3100-106.008415(second optical path folding mirror 2) 49
32*-8761.14467-25.5359771.559238 (lens L31) 33279.72974-1.078193
34-751.81935-30.3039601.559238 (lens L32) 35352.73770-1.006012
36-178.20333-35.6752041.559238 (lens L33) 37 1076.81270-51.479106
381804.27479-28.7465351.559238 (lens L34) 39-120.27525-169.573423
40-250.01576-35.5359411.559238 (lens L35) 41521.40215-35.714360
420-24.295048(aperture stop AS) 



43152.18493-24.7733351.559238 (lens L36) 44*252.15324-4.265268
45-995.58003-37.8253681.559238 (lens L37) 46262.29146-1.000000
47-210.53420-30.4824111.559238 (lens L38) 48-8044.39654-1.002741
49-124.46496-36.7546041.559238 (lens L39) 50-627.72968-9,489076
51534.41093-27.9415221.559238 (lens L310) 52-9748.42213-1.007391
53-131.28658-50.0000001.559238 (lens L311) 54ao-12.503787 (wafer surface)
(Aspherical data)  Surface 2 50 r = 1161.26854 K = 0.000000 C4= 0.141234 x
10-1 0.566669 x 10-12  C8 = 0. 141094 x la16 Cio  = -0.504032 x 10-20  C12
= 0.747533 xlo-24  C14= -0.400565 x 10-28  Surface 11 r = -147.64267 K
0.000000 C4 = 0.117741 x 10-6 C6= -0.764549 x  lall  C8 =-0.441188 x 10-15
Clo  = 0.122309 x 10-18  Cl.2=-0.114006x  10"222 C14  =0.478194xlo-27  



Surface 20 r 644.69642 K 0.000000 C4= 0,378434 xla7 C,. = -0.751663 xjo-12
Cs = 0.247735 x 10*16 Clo = -0.222239 x 10-20  Ci2 = 0.256558 xlo-24 C14=
-0.235204 x 10-28  Surface 24 and surface 28 (same surface) r = 165.28528 K
= 0.000000 C4=-0.236840 x 10- 7 C,6= 0.766085 x 10-12  Cs = - 0. 122244 x
10- 16 Cio = -0.209608 xlo-21  Cm = 0. 1096 a2- x 10 - 25 C14= -0,837618 x
10-30  Surface 32 r = -8761,14467 K = 0.000000 C4=0.138366 x 10-7 CA=
-0.162646 x 10-1.2  C8 = 0. 264076 x 10-17  Cio = 0.265565  xlo-22  Ci2=
-0.494187 x 10,26 C14= -0.786507 x 10-31  Surface 44 r = 252.15324 K =
0.000000 51 C4 = 0.697432 x 10-8 C6 = -0.714444 x 10-12  C8 = 0.747474 x
10-17 Clo = -0.699569 x 10-21  C12 = 0.228691 x 10-25 C14 = - 0, 160543 x
10-29  (Corresponding values of conditions) 61 = -0-650  B2 = -0.886  B3 =
-0.434 L I = .347.8 mm  L2 = 311.9 mm  



E = 453.1 mm  D = 473.4 mm  (1) 1,3 21 = 0, 885 (2) ILI - L21/ILIJ = 0.103
(3) 1 R 1/ 1,6 11 = 0. 385 (4) 1 E - D I /I E I = 0.045 Fi g. 7 are charts
showing the lateral  aberrations in the second embodiment. In the
aberration charts, Y represents the image  height, -s-olid lines the
wavelength 157. 624 nm, broken  lines 157.624 + 1 pm = 157.625 nm and
dashed lines  157.624 - 1 pm = 157.623 nm, respectively. As is evident from
the aberration charts, it is  known that the chromatic aberrations are well
corrected for the exposure light with a wavelength bf  157.624  I pm in the
second embodiment similar to in  the first embodiment. 52 [Embodiment 3] In
the first and second embodiments, both the  first optical path folding
mirror 1 and the second  optical path folding mirror 2 are constituted as
front  surface reflecting mirrors. Moreover, in the first  and second
embodiments, the angular widths of a beam  incident into the reflecting
plane of the first  optical path of a folding mirror I and the reflecting
plane of the second optical path of a folding mirror  



2 increase in proportion to the numerical of aperture  on the image side of
the catadioptri c optical system.  In this case, if the reflecting planes
are formed of  a dielectric multi-layer film, the reflectivity  changes
with the incident angle and the phase of a  reflected wave disperses with
the incident angle, thus  it is difficult to ensure good angular
characteristics.  Therefore, it is preferable that the reflecting planes
are formed of a metal film to obtain good angular  charactc-ristics,  such
as a reflectivity nearly  constant for a wide range of incident angles.
However,  the reduction of reflectivity arises if the metal is  subjected
to irradiation of the F2 laser in an  atmosphere containing little oxygen.
Accordingly, both the first optical path folding  mirror 1 and the second
optical path folding mirror  2 are constituted as rear (back) surface
reflecting 53 mirrors in the third embodiment. More specifically,  as shown
in Fig. 13B, the first optical path folding  mirror 1 is formed as a
right-angle prism having a  plane of incidence la perpendicular to the
optical  axis AXI  of a first imaging optical system G1, a  reflecting
plane lb inclined to the optical axis  AX1  at an angle of 45o and a plane
of emergence Ic  perpendicular to the optical  axi-s  AX2 of a second
imaging optical system G2. The second optical path  



folding mirror 2 is formed as a right-angle prism  having a plane of
incidence 2a perpendicular to the  optical axis AX2  of the second imaging
optical system  G2, a reflecting plane 2b inclined to the optical axis  AX1
at an angle of 45o and a plane of emergence 2c  perpendicular to the
optical axis AX3  of a third  imaging optical system G3. Moreover, the
first optical path folding mirror  1 and the second optical path folding
mirror 2 are  integra-l-ly  constituted as one optical path folding  mirror
FM. Then, the optical axis  AX1 of the first  imaging optical .5y5tem  G1
and the optical a xi-5 AX3 of  a third imaging optical system G3 are so set
up that  they linearly extend and constitute a single common  optical axis,
i.e., a reference optical axis AX.  Furthermore, the intersection line of
the rear (back)  surface reflecting plane lb of first optical path 54
folding mirror 1 and the rear (back) surface  reflecting plane 2b of second
optical path folding  mirror 2 are set up so that the optical axis AXI of
the first imaging optical system GI, the optical axis  AX2 of the second
imaging optical system G2 and the  optical axis AX3 of the third imaging
optical system  G3 intersect at one point (reference point). As described
above, both the first optical path  folding mirror I and the second optical
path folding  



mirror 2 are constituted as rear (back) surface  reflecting mirrors in the
third embodiment. Therefore, the rear (back) surface reflecting  plane lb
of the first optical path folding mirror I  and the rear (back) surface
reflecting plane 2b of the  second optical path folding mirror 2 are not
subjected  to the irradiation of F2 laser in an oxygen- containing
atmosphere. As a result, the reduction of  reflectivity caused by the F2
laser irradiation can  be avoided, even if the reflecting planes are formed
of a metal film to obtain good angular characteristics,  such as a
reflectivity that is nearly constant for a  wide range of incident angles.
Moreover, if the reflecting planes (1b, 2b) and  the transmitting planes
(1a, 1c, 2a, 2c) of the first  optical path folding mirror I and the second
optical  path folding mirror 2 are located in the vicinity of 55 the
formation position of a first intermediate image  and a second intermediate
image, flaws, defects of  coating, dust and the like on these planes are
transferred to the wafer surface. Furthermore,  setting a reduced length
from a reticle R to wafer W  results in the miniaturization of the
apparatus. The  compact nature of the apparatus is also favorable in
transportation. Accordingly, in the third  embcdiment,  the first
intermediate image is formed between the  



emergent plane 1c o- f the first optical path folding  mirror 1 and a
concave reflecting mirror CM. The  second intermediate image is formed
between the  concave reflecting mirror CM and incident plane 2a of  the
second optical path folding mirror 2. The third  embodiment is specifically
described below. Fig. 13 is a diagram illustrating the lens  construction
of a  catadioptric optical system  (projection optical system PL) according
to the third  embodime-nt.  As in the first and second embodiments,  the
present invention is also applicable to a  projection optical system in
which aberrations  including chromatic aberrations are corrected for an
exposure light with a wavelength of 157.624 nm (1 pm  in the third
embodiment. In the catadioptric  optical system of Fig. 13,  the first
imaging optical system G1 comprises a 56 positive meniscus lens Lll  having
an  aspherical  concave surface facing to the wafer side, a negative
meniscus lens L12 having a concave surface facing to  the reticle side, a
biconvex lens L13, a positive  meniscus lens L14 having a convex surface
facing to  the reticle side, a positive meniscus lens L15 having  a convex
surface facing to the reticle side, a positive  meniscus lens L16 having an
asphe--ical concave surface  facing to the reticle side, a positive
meniscus lens  



L17 having a concave surface facing to the reticle side,  a positive
meniscus lens L18 having a concave surface  facing to the reticle side, a
biconvex lens L19 and  a positive meniscus lens L110 having an  aspherical
concave surface to the wafer side in order from  t-he  reticle side. The
second imaging optical system G2 comprises  a negative meniscus lens L21
having a concave surface  facing to the reticle side, a negative meniscus
lens  L22 having an aspherical  concave surface facing to the  reticle side
and a concave reflecting mirror CM -in  order from the reticle side along
the propagative  route of light (i.e., the incident side). The third
imaging optical system G3 comprises  a biconvex lens L31 having an
aspherical convex  surface facing the reticle side, a biconvex lens L32,  a
positive meniscus lens L33 having a convex surface 57 facing to the reticle
side, a biconcave lens L34, a  biconvex lens L35, an aperture stop AS, a
negative  meniscus lens L36 having an  aspherical convex surface  facing to
the wafer side, a biconvex lens L37, a  biconvex lens L38, a positive
meniscus lens L39 having  a convex surface facing to the reticle side, a
negative  meniscus lens L310 having a concave surface facing to  the
reticle side and a  plano-convex lens L311 having  a plane surface to the
wafer side in order from the  



reticle side along the propagative route of light. Values of data of the
catadioptric optical  system of the third embodiment are identified in the
following table (3) . In the table (3), d\ represents  the wavelength of
exposure light, P the projection  magnification (magnification of whole
system), NA  represents the numerical aperture  cn the image side  (wafer
5i-de )  , B represents the radius of image circle  IF on the wafer W, A
represents the off-axis quantity  of an ef-f-ective   exposure region ER,
LX the dimension  of the effective exposure region ER along the X
direction (dimension of long side) , and  LY represents  the dimension of
the effective exposure region ER  along the Y direction (dimension of the
.5hort side)  respectively. Moreover, surface no. represents the order of
surfaces from the reticle side along the propagative 58 direction of light
from the reticle surface which is  an object surface (first surface) to the
wafer surface  being the image surface (second surface), r the  curvature
radius of surface (vertex curvature radius  in the case of the aspherical
surface: mm) , d the axial  space of surface, i.e., surface distance (mm) ,
and n  the dioptric  index to the wavelength, respectively. Furthermore,
the surface distance d changes its  sign with reflected degree. Therefore,
the sign of the  



surface distance d is taken as negative on the optical  path from the first
optical path folding mirror I to  the concave reflecting mirror CM and on
the optical  path from the second optical path folding mirror 2 to  the
image surface, and is taker. as positive in other  optical paths. Then, the
curvature radius of convex  surface facing to the reticle side is taken as
positive  and the curvature radius of the concave surface facing  to the
reticle side is taken as negative in the first  imaging optical system Gl.
On the other hand, the  curvature radius of concave surface facing to the
reticle side is taken as positive and the curvature  radius of convex
surface facing to the reticle side  is taken as negative in the third
imaging optical  system G3. The curvature radius of concave surface
directing to the reticle side (i.e., the incident  side) is taken as
positive and the curvature radius 59 of convex surface facing to the
reticle side (i.e., the incident side) is taken as negative along the
propagative route of light in thesecond imaging optical system G2. [Table
31  (Main data)  A = 157.624 nm  



6=-0.25  NA=0.75  B= 14.6 mm  A=3mm   LX = 22 mm  LY = 6.6 mm  (Data of
optical members) Surface no.r dn (reticle surface) 78.905334 1342.16576
16.0226961.559307 (lens LLi) 2*991.85390 17.753350 3-219.16547
12.0000001.559307 (lens L12) -320.00000 1.000000 52955.64579
26.1410431.559307 (lens L13) 6-246.44297 1.000000 7194.21831
26.2608171.559307 (lens L14) 81329.96976 1.000000 9107.60955
40.1086111.559307 (lens L15) 10113.33032 159.6 76621 60 



11*-148.8403849.913127 1,559307 (lens L16) 12-120.000001.000000
13-222.9534520.859126 1.559307 {lens L17) 14-150.000001.000000
15-401.5557723.223530 1.559307 (lens L18) 16-183.828661.000000
17521.5954825.488040 1.559307 (lens L19) 18-467.350411.000000
19163.4770224.187152 1.559307 (lens L110) 20*493.4767559,076923
210042.000000 1.559307 (incident plane of first optical path folding mirror
1) 2200-5.000000 1.559307 (reflecting plane of first optical path folding
mirror 1) 2300-288.258092 (emergent plane of first optical path folding
mirror 1) 24117.68987-20.000000 1.559307 0ens L21) 25494.06295-20.317103
26*162.15533-23.222125 1.559307 (lens L22) 27424.56556-30.146320 (concave
reflecting mirror) 28174.5144130.146320 29424.5655623.222125 1.559307 (lens
L22) 30*162.1553320.317103 31494.0629520.000000 1.559307 (lens L21)
32117.68987288.258092 61 



33cc5.000000 1.559307 (incident plane of second optical path folding mirror
2) 3400-42.000000  1.559307(reflecting plane of second optical path folding
mirror 2) 35CO-75.000000 (emergent plane of second optical path folding
mirror 2) 36*-4472.59851-25.9286981.559307 (lens L31) 37261.48119-1.000000
38-702.65223-25.5748121.559307 (lens L32) 39484.70684-1.000000
40-171.00841-36.0950301.559307 (lens L33) 41-824.20256-52.106994
4211305.93183-29.4744461.559307 (lens L34) 43-116.92116-179-952947
44-250.00000-35.6785891.559307 (lens L35) 45613.05439-28.469304
46CO-24.889346(aperture stop AS) 47165.48519-20.1837651.559307 (lens L36)]
48*279.53959-1.000000 49-1112.01574-39.5570191.559307 (lens L37)
50293.63544-1.000000 51-227.08614-39.1753381.559307 (lens L38)
523890.58196-8.150754 53-120.00000-39.6128101.559307 Qens  L39)
54-519.19928-10.442215 55457.48024-21.5915661.559307 (lens L310) 62 



562169.78959-1.000000 57-132.52125-50.0000001.559307 (lens L311) 58  (wafer
surface) oc-12.499991 (Aspherical data)  Surface 2 r = 991.85390 K =
0.000000 C4= 0.117208 x 1(y7 C6 = 0.310236 x 10-12 C8=0.401356x  10-17
Clo= -0.265435 x 10'20 C12=0,412618x  10.24C14 = -0.238346 x 10.28 Surface
11 r = -148.84038 K = 0.000000 C4 = 0.637735 x 10-7 C6= -0,462907 x 10-11
Cs = -0.137097 x lo-15 Cio = 0.475629 x 10-E9 C12 =-0.370236 x 10-23C14 =
0.833198 x 10.28 Surface 20 r = 493.47675K = 0.000000 C4 = 0.280809x 10-7C6
= -0.360031 x 10-12 



CS = 0.929800 x 10-17C10 = -0.100162 x 10-20 C12 = 0.116050 x 10-24C14 =
-0.979417 x 10-29 Surface 26 and Surface 30 (same surface) r = 162.15533K =
0.000000 C4 = -0.235140 x 10-7C6= -0.709685 x 1012 Ca = -0.957183 x
10-17Cio = -0.947024 x 10.22 012 = 0.274134 x10-26C14 = -0.469484 x 10-3 63
Surface 36 r = -4472.59851 K = 0.000000 C4 = 0.108255 x 10-7 Cs= -0.135832
x 1012  Cs 0.188102 x 10-1, Cia  = -0.163001 x 1022  C12 = 0.128506 x 10.26
C14 = -0.312367 x 10.30  Surface 48 r = 279.53959 x = 0.000000 C4= 0.176353
x 10-7 Cs= 0.889127 x 10-12  Cs = 0.132824 x 10-16 Cio = -0.701110 x 1021
C12 = 0.104172 x 10-25 C14 = -0.327893 x 10-30  (Corresponding values of
conditions) 61 = -0.650  62 = -0.865  63=-0.445  Li = 320.8 mm  L'2=365.2
mm  E = 466.7 mm  D= 455.6 mm  



(1) !/321 = 6-865 (2)  IL1-L211IL1I.=0.138  (3) 1,8 111)311 = 0.385 (4)
IE-DIIIEI  =0.024 Fig. 1'4 are charts illustrating the lateral  aberrations
in the third embodiment. In the aberration charts, Y represents the image
height, the solid lines represent the wavelength 64 157. 624 n-,n, the
broken lines represent wavelength  157.624 + I pm = 157.625 nm and the
dashed lines  represent wavelength 157.624 - 1 pm = 157.623  nm,
respectively. As is evident from the aberration charts, it is  known that
the chromatic aberrations can be corrected  for the exposure light with a
wavelength of 1S7.624   1 pm in the third embodiment as similarly corrected
in the first and second embodiments. As described above, in the first to
third embodiments, with respect to the F2 laser having a  center wavelength
of 157 .624 nm, a NA of 0 .75 in image  --irip ran be provided and the
image circle with radius  of 14.6 mm, in which the aberrations beginning
with  the chromatic aberrations are corrected, can be  provided on the
wafer. Therefore, a high resolution  of about 0. 1 U m can be obtained in
addition to  



providing a rectangular effective exposure region  that is -approximately
22 mm x 6.6 mm. Moreover, in the first to third embodiments, an  off -axis
quantity A as small as about 3 mm can he set  up on the wafer W because the
second imaging optical  system G2 has a nearly unit (equal) magnification
~2  and the optical path separation is provided in the  vicinity of the two
intermediate images formed by a  mutual approach. As a result, a
rectangular 65 effective exposure region approximately as large as  22 mm x
6. 6 mm can be provided in the image circle that  is as small as about 14.6
mm in radius. Thus, an  optical system superior in aberration correction,
miniaturization, optical adjustment, mechanical  design, and in cost of
manufacturing can be obtained. Furthermore, in the first to third
embodiments,  the reticle R a:d the wafer W can be arranged in  parallel to
each other and along a plane perpendicular  to the direction of gravity
(i.e., horizontal plane)  All the lenses constituting the first imaging
optical  system G1 and the third imaging optical system G3 can  be arranged
in parallel along a single optical axis  AX of the direction of gravity
because the first  imaging optical system G1 and the third imaging  optical
system G3 are provided in an upright position  along the common reference
optical axis AX.  



Accordingly, the reticle R, the wafer W and most of  lenses constituting
the projection optical system PL  (91% in number for all the embodiments)
are parallel,  and are not subject to asymmetrical deformation caused  by
their own weight. Likewise, optical adjustment,  mechanical design and high
resolution are  advantageously ensured. Additionally, in the first to third
embodiments,  the intersection line of the reflecting planes of the 66
first optical path folding mirror 1 and the second  optical path folding
mirror 2 are set up so that the  optical axis AX1  of the first imaging
optical system  G1, the optical axis AX2 of the second imaging optical
system G2 and the optical axis AX3 of the third imaging  optical system G3
intersect at one point (reference  point). The first optical path folding
mirror l and  she second optical path folding mirror 2 are  integrally
formed as a triagonal prism member in which  the top side and the bottom
side are shaped into right  angled isosceles triangles, i.e., one optical
path  folding mirror FM. As a result, the stability of the  optical system
increases. The optical adjustment and  mechanical design are simple because
it is possible  to position the three optical axes  AX1- AX3 and the  ridge
lines of the optical path folding mirror FM in  connection at one reference
point. In addition, the  



high-accuracy optical adjustment is simple and the  optical-systems have
higher stability because the  optical axis AX2 of the second imaging
optical system  G2 is set up so that it is perpendicular to the  reference
optical axis AX which is the common optical  axis of the first imaging
optical system G1 and the  third imaging optical system G3. Furthermore, in
the first to third embodiments,  the intersection line of reflecting planes
of the 67 first optical path folding mirror 1 and the second  optical path
folding mirror 2 are set up so that the  optical axis AX1 of the first
imaging optical system  Gl, the optical axis AX2 of the second imaging
optical  system G2 and the optical axis AX3 of the third imaging  optical
system G3 intersect at one poin~ (reference  point) as described above. As
shown in the  alternative, Figs. 15 and 16, illustrate an  intersection
line of reflecting planes of the first  optical path folding mirror I and
the second optical  path folding mirror 2 which is not located at the
intersection of the optical axis AX1 of the first  im.4rfnrinni-i r-;; I
system G1 . the optical axi -, AX2 of the  second imaging optical system G2
and the optical axis  AX3  of the third imaging optical system G3. Fig. 15
is a schematic block diagram of a  catadioptric  optical system based on
modification  



example 1. In the  catadioptric optical system shown  in Fig. -i-S,  the
optical axis AX1 of the first imaging  optical system  Gl and the optical
axis AX3 of the third  imaging optical system G3 are coincident . The
intersection line of reflecting planes of the first  optical path folding
mirror 1 and the second optical  path folding mirror 2 is located on the
side opposite  to the concave mirror CM for the optical axis  AX1 of  the
first imaging optical system GI and the optical 68 axis AX3 of the third
imaging optical system G3.  Fig. 16 is a schematic block diagram of a
catadioptric  optical system based on modification  example 2. In the
catadioptric optical system shown  In Fig. 16, the optical axis AX1 of the
first imaging  optical system G1 and the optical axis AX3 of the third
imaging optical system G3 are coincident. The  intersection line of
reflecting planes of the first  optical path folding mirror 1 and the
second optical  path folding mirror 2 is located on the side of concave
mirror CM for the optical axis AX I of the first imaging  optical system G1
and the optical axis AX3 of the third  imaging optical sysdtem g3 Moreover,
in previous embodiment, the optical  axis AX1 of the first imaging optical
system GI and  the optical axis AX2 of the second imaging optical  system
G2 are orthogonal and the optical axis AX2 of  



the first imaging optical system G2 and the optical  axis AX3 --of the
third imaging optical system G3 are  orthogonal. However, they may also be
constituted so  that the optical axis AXI of the first imaging optical
system G1, the optical axis AX2 of the second imaging  optical system G2
and the optical axis AX3 of the third  imaging optical system G3 are
non-orthogonal. See',  e.g., modification example 3 shown in Fig. 17.
Furthermore, in previous embodiment, the 69 optical axis AX1 bf the first
imaging optical system  GI and the optical axis AX3 of the third imaging
optical system G3 are coincident. However, a  construction in which the
optical axis AX1 of the first  imaging optical system GI and the optical
axis AX3 of  the third imaging optical system G3 shift in parallel  to each
other is also possible. See, e.g.,  modification example 4 shown in Fig.
18. In the  modification example 4 shown in Fig. 18, the  intersection line
of the first optical path folding  mirror 1 and the second optical path
folding mirror  2 is not coincident with the optical axis AXI of the first
imaging optical system G1 and the optical axis  AX3 of the third imaging
optical system G3. The  intersection line of the first optical path folding
mirror 1 and the second optical path folding mirror  2 may also be
constituted so that it is coincident with  



the intersection of optical axis AXI of the first  imaging optical system
Gl and optical axis AX2 of the  second imaging optical system G2 or the
intersection  of optical axis AX2 of the second imaging optical  system G2
and optical axis AX3 of the third imaging  optical system G3. Additionally,
in previous embodiment, the  optical axis AX1 of the first imaging optical
system  Gl and the optical axis AX3 of the third imaging 70 optical system
G3 are in parallel to (coincident with)  each other (the axis AX1 of the
first imaging optical  system GI and the axis AX2 of the second imaging
optical system G2 are made orthogonal and the axis AX2  of the second
imaging optical system G2 and the axis  AX3 of the third imaging optical
system G3 are made  orthogonal). However, a construction in which the
optical axis AKI of the first -i-maging optical sy-,~tem  GI and the
optical axis AX3 of the third imaging  optical system G3 are not parallel
to each other is  also possible. See, e.g., modification example 5  shown
in Fig. 19. In the modification example 5 shown  in Fi ri- 19. the
intersection line of reflectinc i  iDlanes  of the first optical path
folding mirror I and the  second optical path folding mirror 2 is set up so
that  it intersects with the optical axis AXI of the first  imaging optical
system G1, the optical axis AX2 of the  



second imaging optical system G2 and the optical axis  AX3 of the  third
imaging optical system G3 at one point  (reference point) . However, they
may also be  constituted so as not to intersect at the reference  point.
See, e.g., the modification example 2 shown  in Fig. 15 and Fig. 16. Next,
a detailed construction of the projection  exposure apparatus of the
embodiment shown in Fig. 2  is described below. 71 Fig. 8 is a diagram
showing the general  construction of the projection exposure apparatus of
the embodiment shown in Fig. 2. Fig. 9 is an enlarged  diagram which shows
a portion of to the illumination  optical system of the projection exposure
apparatus  of Fig. 8. Fig. 10 is an enlarged diagram which shows  a portion
of the projection optical system of the  pro~ection exposure apparatus of
Fig. 8. First, a detailed construction of the portion  of the illumination
optical system IL of Figs . 8-9 is  described. The projection exposure
apparatus is provided  with a 7, la-,Pr  light source 100.. e.g... 156.624
nm in  wavelength used in a natural oscillation (almost half  width 1.5
pm). However, the application of an  ArF  excimer laser light source of
about 193  nm, a  KrF  excimer  light source of about 248 nm,  an  Ar2
laser  



light source and the like can also be used in the  present invention. The
light source 100 may he  arranged on the lower floor where the main body of
the  exposure apparatus. Anexclusivearea  (footprint) of  main body of the
exposure apparatus can be decreased  and an influence of vibrations on the
main body of the  exposure apparatus can also be reduced. A light from the
light source 100 is led into  the inside of a first illumination system
casing 110 72 via a beam matching unit  (BMU) 101. The first  illumination
system casing 110 receives movable  optical elements inside it and supports
them by a  supporting member 210 on a base plate 200. The beam  matching
unit 101 contains a movable mirror matching  an optical path between the
light source 100 and an  the main body of the exposure apparatus. Moreover,
the optical path between the light source 100 and the  Beam matching unit
101 is optically connected by a  cylinder (tube) 102, and an optical path
between the  beam matching unit 101 and the first illumination  system
casing 110 is optically connected by a cylinder  as helium and the like, is
filled in the optical path  of the cylinder 102 and cylinder 103. The light
led into the inside of the first  illumination system casing 110 passes
through a micro  



fly's eye lens 111 (an optical system equivalent to  a first fly's eye
lens) , and lens groups 112, 113  constituting an a focal zoom relay
optical system (a  both side telecentric  zoom optical system) , and then
comes to a turret 114 for loading plural diffraction  array optical
elements or  dioptric array optical  elements. The micro fly's eye lens Ill
is an optical  system comprising many fine (micro) lenses having a
positive dioptric  power and arranged vertically and 73 horizontally in a
dense arrangement. Generally, the  micro fly's eye lens 111 is constituted,
e.g., by  applying an etching treatment to a parallel plane  glass plate to
form the fine lens groups. Diffraction  array optical elements disclosed in
USP 5,850,300 can  be used as the diffraction array optical elements, and
dioptric array optical elements disclosed in WO 99/  49505 (EP 1, 069, 600)
, wherein the elements are formed  on one substrate by an etching technique
can be used  as the dioptric array optical elements. In the plural
diffraction array optical elements  or the dioptric array optical elements
supported by  fi  P turret 114, a light gassing through one  diffraction,
or dioptric, array optical element  positioned in the illuminating optical
path incides  into a micro fly's eye lens 117 via a focal zoom optical
system (115, 116). A front focal point of the afocal  



zoom optical system (115, 116) is positioned in the  vicinity-of the
diffraction array optical element or  the dioptric array optical element of
the turret 114.  The micro fly's eye lens 117 is an optical system
equivalent to a second fly's eye lens. The micro  fly's eye lens 117
includes many fine lenses which are  much finer than fly's eye lenses and
produces a large  wave front dividing effect. Thus, an illuminating
aperture stop is not provided on its emergent side 74 (back focus plane)
The micro fly's eye lens 117 is  constituted by a pair of micro fly' s eye
lenses at a  space along the optical axis, and an  aspherical  surface may
also be introduced into its refracting  surface. This construction results
in the  suppression of the occurrence of a coma aberration in  the micro
~ly's eye lens 117 and suppresses the  occurrence of uneven illuminance
distribution on the  reticle. Furthermore, a turret type stop provided
with a iris stop, a annular aperture and a quadrupole  aperture may also be
arranged in the vicinity of. rear  focal plane of the micro fly's eye lens
117. Thin I irfht-  Pyitina  from the micro  fly's eve lens  117
illuminates a movable blind mechanism 120  superimposedvia  a condenser
optical system (118, 119)  The front focal position of the movable blind
mechanism 120 is positioned in the vicinity of  



position of a surface light source (plural light  source i-rrrages)  formed
by the micro fly's eye lens 117.  The movable blind mechanism 120 is
provided with a  fixed illumination field stop (fixed blind) 121 with  a
slit aperture and a movable blind 122 for varying  the width of an
illumination field region in the  scanning direction. The movable blind 122
allows for  a decrease in the moving stroke of a reticle stage in  the
scanning direction and a decrease in the width of 75 shading zone (frame)
of reticle. Moreover, the fixed  blind 121 is arranged together with the
reticle. The  construction of the movable blind mechanism 120 is  disclosed
in Japan Kokai  4-196513  (USP 5,473,410). The light passing through the
movable blind  mechanism 120 emits from the first illumination system
casing 110 and is led to the inside of a second  illumination system casing
130. An imaging optical  system of the illuminating field stop is provided
for  re-imaging  the illuminating field stop on the reticle  by a -given
enlargement magnification. The lens  groups (131-134) and optical path
folding mirrors (135,  136), which constitute the illumination field stop
imaging optical system must not be used for a vibration  source because
they are fixed to the second  illumination system casing 130. The second
illumination system casing 130 is supported by a  



supporting  member 211 on the base plate 200. The  magnific-ation  factor
of the imaging optical system of  illuminating field stop may be equal to
(unity) or a  reduced ratio. In other hand, driving units (142, 143) f o r
driving the lens groups (112, 113) of the a focal zoom  relay optical
system in the direction of optical axis  are arranged in the first
illumination system casing  110. The driving units (142, 143) are mounted
to the 76 outer side of the first illumination system casing 110 to prevent
the contamination in the illuminating  optical path. A driving unit 144 for
rotationally  driving the turret 114 and driving units 145, 146 for
driving the lens groups (115, 116) constituting the  afocal zoom relay
optical system in the direction of  optical axis are mounted to the outer
side of the first  illumination system casing 110 to prevent the
contamination in the illuminating optical path. Further driving units (147,
148) for driving  the lens gro-ups  (118, 119) constituting the condenser
optical system in the direction of optical axis,  rotating at least one
lens group with an axis  perpendicular to the optical axis as center and
moving  (offsetting) the other lens group in the direction  perpendicular
to the optical axis are mounted to the  outer side of the first
illumination system casing 110.  



The focal length of the condenser optical system can  be changed  and in
its turn the size of an illumination  region formed on a wafer and the
illumination NA  (numerical aperture) can be properly changed on the
reticle independently of each other by movement of the  lens groups (118,
119) in the direction of optical axis .  Controls of slanted illuminance
(inclined  illuminance distribution) on the wafer surface and  slanted
(inclined) telecentricity  are obtained by the 77 rotation and offset of
the lens groups (118, 119) . An  illuminance control symmetrical to the
optical axis  on the wafer surface is obtained by moving one lens  group in
the direction of the optical axis separately  from a previous illumination
field variable. Furthermore, a tube 151 for allowing nitrogen  or a rare
gas (inert gas) , such as helium and the like,  to flow into the inside of
the first illumination  system casing 110, and a tube 152 for allowing
nitrogen  or a rare gas (inert gas) , such as helium and the like,  to
discharge from the first illumination system casing  110 are arranged on
the outer side thereof. Valves  (161, 162)' for controlling the gas inflow
rate/outflow  rate are arranged at the tubes (151, 152),  respectively. If
the inert gas is helium, the tubes  (151, 152) are connected to a helium
recovery/regeneration unit, e.g., disclosed in Japan  



Kokai  11-219902 (WO 99/25010, EP 1,030,351). Wh-le a tube 153 for allowing
nitrogen or a rare  gas (inert gas), such as helium and the like, to flow
into the inside of the second illumination system  casing 130 and a tube
154 for allowing nitrogen or a  rare gas (inert gas) , such as helium and
the like, to  discharge from the second illumination system casing  130 are
arranged on the outer side thereof. Valves  (163, 164) for controlling the
gas inflow rate/outflow 78 rate are arranged at the tubes (153, 154),
respectively. If the inert gas is helium, the tubes  (153, 154) are also
connected to the previously  mentioned helium recovery/regeneration unit.
Further, a bellows 170 is provided for  connecting the first illumination
system casing 110  and the movable blind mechanism 120. Another bellows
171 is provided for  connecti,.ig the movable blind  mechanism 120 and the
second illumination system  casing 130. The bellows 170, 171 are formed of
a  material which has a certain degree of flexibility and  rigidity that is
not so great as to deform and to ensure  less degassing, e.g., a metal or a
material given by  coating a rubber or resin with aluminum and the like. In
the illumination optical system IL arranged  as above, a beam incident from
the laser light source  100 to the micro fly's eye lens 111 is divided  



two-dimensionally by many fine lenses, and one light  source i-mage  is
formed on the back focal plane of each  fine lens, respectively. The beam
from the many 1  light source images (surface light sources) formed at the
back focal plane of the micro fly's eye lens 111   incides into one
diffraction array optical element,  e.g., a diffraction optical element for
annular  modified illumination, arranged in the illumination  optical path
by the turret 114 via the  afocal zoom 79 relay optical system (1-12, 113)
The beam  convert-ed  to rings via the diffraction optical element for
annular modified illumination forms a annular  illumination field at its
back focal plane and in its  turn at the incident plane of the micro fly's
eye lens  117 via the afoca l zoom optical system (115, 116). The beam
inciding into the micro  fly'5 eye lens  117 is divided - two-dimensionally
by many fine lenses,  and a light source image is formed on the back focal
plane of each fine lens where the beam  incides,  respectively. Thus, many
annular light sources  (secondary surface light sources) are provided (same
as the illumination field formed by the beam inclining  into the micro
fly's eye lens 117). The light from  these secondary surface light sources
is subjected to  a condensing action of the  condenser  optical system
(118, 119) and then illuminates a given plane  optically together with the
reticle R superimposed.  



Thus, a r-ectangular  illumination field similar to the  shape of each fine
lens constituting the micro fly's  eye lens 117 is formed on the fixed
blind 121 arranged  at this given plane. The beam passing through the
fixed blind 121 and the movable blind 122 of the  movable blind mechanism
120 is subjected to a  condensing action of the imaging optical system of
illumination field stop (131-134) and then 80 illuminates the reticle R
with a given formed pattern  evenly and superimposed. Here, modified
illuminations like annular  modified illumination or multi-pole (e.g.,
dipoIe  (twc-eyed),  quadrupole (four-eyed),  octapole  (eight-eyed) and so
on) modified illumination and  conventional circular illumination can be
imposed by  switching the diffraction array optical elements or  the
dioptric  array optical elements arranged in the  illumination optical path
by the turret 114. in the  case of the annularmodified  illumination, for
example,  both the size (outer diameter) and shape (annular  ratio) of a
annular secondary light source can be  changed by changing the
magnification of the  afocal  zoom relay optical system (112, 113) .
Moreover, the  outer diameter of the annular secondary light source  can be
changed by changing the focal length of the  focal zoom optical system
(115, 116) without changing  



its annttlar  ratio. Only the annular ratio of the  annular secondary light
source can be changed by  properly changing the focal length of the focal
zoom  optical system (115, 116) without changing the outer  diameter of the
light source. R detailed construction of a portion of the  projection
optical system PL is described hereafter,  with reference to Fig. 8 and
Fig. 10. 81 The described projection exposure apparatus is  horizontally
arranged on the floor of a clean room and  is provided with the base plate
(frame caster) 200  which becomes the datum of the apparatus. Plural
supporting members (221, 222) are vertically arranged  on the base plate
200. only two supporting members are  shown in Figs. 8 and 10, but four
supporting members  are vertically arranged in practice. Three supporting
members may also be used. Anti-vibration units (231, 232) for isolating
vibrations from the floor at a micro G level are  mounted to the supporting
members (221, 222),  respectively. In the anti-vibration units (231, 232) ,
an air mount with controllable internal pressure and  an electromagnetic
actuator (e.g. , voice coil motor)  are arranged in parallel or in series.
The  transmission of vibrations from the floor to a column  240 for holding
the projection optical system is  



reduced by the action of the anti-vibration units (231,  232) . A plurality
of supporting members (251, 252) for  supporting a reticle stage fixed
plate 301 are  vertically arranged on the column 240. In Figs. 8 and  10,
only two supporting members (251, 252) are shown,  but they are actually
four members (may also be three  members). The shown projection exposure
apparatus is 82 provided with a reticle stage RS float supporting on  the
reticle base fixed plate 301. The reticle stage  RS is constituted so that
the reticle R can be linearly  driven in the Y-axis direction with a large
stroke,  and also can be driven in the X-axis, Y-axis directions  and 0 z
(direction of rotation around the Z axis) with  a little driven amount.
Moreover, a reticle stage RS  in which a reticle stage and a reticle base
between  the reticle base fixed plate and the reticle stage is  provided.
The reticle base may be shifted so as to  keep a momentum in a direction
reverse to the direction  of movement of the reticle stage. Such a reticle
stage  is disclosed, e . g. , in Japan Kokai 11-251217 (USP Appl .  260,
544 filed on March 2, 1999) . Moreover, a reticle  stage holding two
reticles along the Y-axis direction  (scanning direction) as shown in Japan
Kokai 10-209039  (F,P 85-5,623) and Japan Kokai 10-214783 (EP 9Sl,OS4)  may
also be used as the reticle stage RS. 



A reticle interferometer RIF is arranged on the  reticle base fixed plate
301 for measuring the  position and the amount of movement of the reticle
stage RS in the XY direction. One end of the reticle  stage RS is a
reflecting plane, which is a moving  (measuring) mirror of the reticle
interferometer RIF.  A reticle chamber partition 310 for forming a space
where an optical path in the vicinity of the reticle 83 R is sealed with an
inert gas (nitrogen, helium and  the like) is arranged on the reticle base
fixed plate  301. A door for moving the reticle in or out of a  reticle
stocker (not shown) may be provided. A reticle  pool room for temporarily
receiving the reticle before  moving the reticle into the reticle chamber
and  replacing the internal gas with an inert gas is  arranged by adjoining
it to the reticle chamber. A bellows 321 for connecting the reticle chamber
partition 310 and the second illumination system  casing 130 is arranged.
The material cf the bellows  321 is similar to the previously mentioned
bellows  (170, 171) . A tube 331 for allowing nitrogen or a rare  gas
(inert gas) , such as helium and the like, to flow  into the reticle
chamber and a tube 332 for allowing  nitrogen or a rare gas (inert gas) ,
such as helium and  the like, to discharge from  t1ie reticle chamber are
arranged on the outer side of the reticle chamber  



partitid-n  310. If the inert gas is helium, and the  tubes (331, 332) may
also be connected to the  previously mentioned helium recovery/regeneration
unit. Valves (341, 342) for controlling the gas inflow  rate/out f low rate
are arranged at the tubes (3 3 1, 3 32 ) ,  respectively. Moreover, a
bellows 351 for connecting  the reticle base fixed plate 301 and the
projection 84 optical system is arranged. The material of the  bellows 351
is similar to the previously mentioned  bellows 321. Thus, the space in the
vicinity of the  reticle R is sealed by the action of the reticle  chamber
partition and the bellows (321, 351). The projection exposure apparatus is
provided  with a wafer stage fixed plate 40'1. The wafer stage  fixed plate
401 is horizontally supported on the base  plate 200 by-the action of
anti-vibration units (411,  412) for isolating vibrations from the floor at
a micro  G level. In the anti-vibration units (411, 412), an  air mount
with controllable internal pressure and an  electromagnetic actuator (e.g.,
voice coil motor) may  be arranged in parallel or in series. The wafer
stage  WS is movable in the XY direction and is floatably  loaded on the
wafer stage fixed plate 401. The wafer stage WS comprises a Z-leveling
stage  for inclination in the biaxial direction of 0 x  



(direction of rotation around the X axis) and (y  (direction of rotation
around the Y axis) and movable  in the Z-axis direction and a ( stage for
making it  movable in the O z (direction of rotation around the  Z axis)
direction. For example, a wafer stage  disclosed in Japan Kokai 8-63231 (GB
2,290,658) can  be used as the wafer stage WS. Moreover, two wafer  stages
may also be arranged as described in Japan Kokai 85 10-163097,JapanKokai
10-163098,Japan Kokai 10-163099,JapanKokai 10-163100,Japan Kokai 10-214783
(EP 951, 054 ) , or Japan Kokai  10-209039 (EP  B55,623), WO 98/28665 or WO
98/40791. GB 2, 290, 658, EP 855, 623, EP 951, 054, WO  98/28665 and WO
98/40791 are incorporated herein by  reference.  A wafer table (wafer
holder) WT for loading the  wafer by vacuum suction and/or electrostatic
suction  is arranged on the wafer stage WS. A wafer chamber  partition4li
for forming a spacewhere  anoptical  path  in the vicinity of the wafer W
is sealed with an inert  gas helium and the like) is arranged on a  wafer
stage fixed plate 401. A door for moving the  wafer in or out of a reticle
stocker (not shown) may  be provided. A reticle spare room for temporarily
receiving wafers before moving the wafers into the  wafer chamber and
replacing the internal gas with an  



inert ga-s  is arranged by adjoining it to the wafer  chamber. A sensor
column SC is fixed to a lens barrel (or  the column 240) of the projection
optical system. An  alignment sensor 421 for optically measuring the
position of an alignment mark on the wafer W in the  XY  two-dimensional
direction is provided, an  auto-focus leveling sensor 422 for detecting the
86 position of the wafer in the Z-axis direction (optical  axis direction)
and the inclinations of B x, 9 y and  O z in triaxial direction and a wafer
interferometer  WIF for measuring the position and amount of movement  of
the wafer table WT in the XY direction are mounted  to the sensor column
SC. At least one of a FIA (Field Image Alignment) system which the mark
position by illuminating an  alignment mark on the wafer with a light
having a broad  wavelength region, such as a halogen lamp and the like,
and then processing this mark image, a LSA (Laser Step  Alignment) system
which measures the mark position by  irradiating a laser light on a mark
and then using a light diffracted and scattered by the mark and a LIA
system (Laser  Interferometric Alignment) which  detects the positional
information of mark from its  phase by irradiating a laser light with only
a little  different frequency on an alignment mark like  



diffract-ion  gratings from two directions and then  interfering two
diffraction lights generated by the  mark with each other is suitable for
the alignment  sensor 421. The auto-focus leveling sensor 422 detects
whether the surface of wafer to be exposed coincides  (focuses) with the
image surface of the projection  optical system. An auto-focus leveling
sensor which 87 detects Z-axis direction positions of detection  points in
plural locations arranged into a matrix is  suitable for the auto-focus
leveling sensor 422. In  this case, the detection points in plural
locations  are arranged in a range including the slit-like  exposure region
formed by the projection optical  system. The wafer interferometer WIF
measures the  position and the amount of movement of the wafer stage  in
the XY direction. One end of the wafer stage WS  becomes a reflecting
plane. The reflecting plane  becomes a moving (measuring) mirror of the
wafer  interferometer WTF,  A tube 431 for Al lowing nitro en  or a rare
gas (inert gas) , such as helium and the like,  to flow into the wafer
chamber and a tube 432 for  allowing nitrogen or a rare gas (inert gas) ,
such as  helium and the like, to discharge from the wafer  chamber are
arranged on the outer side of the wafer  



chamber partition 411. If the inert gas is helium, the tubes (431, 432)
can be connected to the previously mentioned helium  recovery/regeneration
unit. Valves (441, 442) for  controlling the gas inflow rate/outflow rate
are  arranged at the tubes (431, 432), respectively.  Moreover, a bellows
451 for connecting the wafer  chamber partition 411 and the sensor column
SC is 88 vertically arranged on the wafer stage fixed plate 401  The
material of the bellows 451 is same, e.g., as the  previously mentioned
bellows 321. Thus, the space in  the vicinity of the wafer W is sealed by
the action  of the wafer chamber partition 411 and the bellows  451. The
described projection exposure apparatus is  provided with a parallel plane
plate Ll for covering  a purge space in the projectio.- i optical system.
The  projection optical system is provided with a first  imaging optical
system for forming a primary image (a  first intermediate image) of the
pattern of the  reticle R. The first imaging optical system is  CornnnqPH
r)f  lpn~,Pc ; fT.?-L7:  Corre_-,nnnrl ~pq to  T,:]-T.,'t]O  in the fir5
imaging optical system of Fig. 2). The  parallel plane plate LI and the
lenses (L2-L7 ) are  received in divided barrels (501-507 ) , respectively.
Connection techniques between the divided barrels are  disclosed in, Japan
Kokai  7-86152 ( USP 5,638,223). 



Thu-paralle l plane plate LI is held by a cell  511. The cell 511 holds the
parallel plane plate LI  so as to be put between the top surface and the
under  surface of the parallel plane plate L1. The held  locations are
plural locations (3 locations or more)  in the circumferential direction
(Oz direction) 'of  the parallel plane plate L1. An air  (gas)-tight
structure is disposed between the parallel plane plate 89 Li and the cell
511. The lenses  (L2-L7) are held by  cells (512-517) . The cells (512-517)
hold the lenses  (L2-L7)  so as to be put between the top surface and  the
bottom surface of rims arranged at the periphery  of the lenses (L2-L7 ) .
The held locations are plural  locations (3 locations or more) in the
circumferential  direction of the lenses. The divided barrels (501-507) and
the cells  (511-517) are connected by frames 521-527. Apertures  for
allowing an inert gas (helium) to pass inside of  the projection optical
system are arranged in the  frames 521-527 at plural locations along its
rirciimferpntial  (tangential.) direction. An air (gas) -tight structure is
disposed between the frame  521 and the divided barrel 501. In the first
imaging optical system, an actuator  532 for moving the lens L2 in the
optical axis  direction (Z direction) and inclining it in the e  



x, ey  d-l-rections  is arranged. This actuator 532 is  arranged at a pitch
of 120o in three locations which  is equal distant from the optical axis
and spaced in  the circumferential direction (z direction) . A linear
motor, piezoelectric element, cylinder mechanism  driven by a pressure
fluid or gas and the like can be  used as the actuator 532. If the driven
amount of  actuator 532 is the same, the lens L2 can be moved in 90 the
optical axis direction. The lens L2 can be inclined  in the 8 x, B y
direction by setting it up so that the  driven amount of the actuator 532
in three different  locations is different, respectively. Actuators 533,
535, 536, 537 operate similar to actuator 532. In the first imaging optical
system, an actuator  543 for moving the lens L3 in the XY plane is
arranged.  These actuator 543 is between the actuator 533 and a frame 523
and is arranged at a pitch of 120o in three  locations which are equal
distant from the optical  axis and different in the circumferential
direction B z direction). A linear motor, piezoelectric  el ement,
cylinder mechanism driven by a pressure fluid  or gas and the like can be
used as the actuator 543.  A tube 551 for allowing helium to flow into the
inside  of the projection optical system is arranged in the  divided barrel
511. This tube 551 may also be connected  to the previously mentioned
helium  



recovery-fregeneration  unit. A valve 561 for  controlling the gas inflow
rate is arranged at the tube  551. The projection optical system is
provided with  an optical path folding mirror FM integrally formed  by a
first optical path folding mirror and a second  optical path folding
mirror. The optical path folding  mirror FM can be formed, e.g., by vapor
deposition of 91 a metal, such as aluminum and the like, on two side  faces
in a triagonal prism member in which the top  surface and the lower surface
are in the shape of right  angled isosceles triangles. A dielectric
multilayer  film may also be vapor deposited in place of a metal  film. As
the materials of dielectric multilayer film,  metal fluorides such as
aluminum fluoride, cryolite,  chiolite, lithium fluoride, sodium fluoride,
barium  fluoride, calcium fluoride,' magnesium fluoride,  yttrium fluoride,
ytterbium fluoride, neodymium  fluoride, gadolinium fluoride, lanthanum
fluoride,  osmium fluoride, strontium fluoride and the like can  be used A
rrnn.structi nn i n whj r.h di e ectri  r multilayer film is arranged on a
metal film, such as  aluminum and the like, may also be used. The
dielectric  multilayer film functions as a protection coat for  preventing
the metal film from oxidation. This  dielectric multilayer film functions
to correct the  



phase difference between P polarization and S  polarization caused by a
reflecting light from the  metal film so as to decrease it and to correct a
difference in phase difference between  Ppolarization  and S polarization
due to the incident angle (emergent  angle) (angular characteristic of PS
phase  difference) so as to homogenize it in a desirable range  of incident
angles. If a phase difference between P 92 polarization and S polarization
exists, this is  undesirable because the imaging positions of an image  due
to the P polarization and an image due to the S  polarization deviate and
cause the deterioration of  image quality on the imaging surface; thus a
desirable  resolution is not obtained. Moreover, two plane  mirrors may be
kept so as to perpendicularly intersect  to each other in place of forming
the first and the  second optical path folding mirrors on one member. In
this case, it is considered that the two plane mirrors  are kept
adjustably, e.g., by a technique disclosed  in Japan Kokai 2000-28898,
which is incorporated  I-)o-rai n h-,7 -r,=fPrr1rr-P The projection optical
system is also provided  with a second imaging optical system for forming a
second intermediate image (a secondary image of the  pattern) nearly equal
to the first intermediate image  in size, based on a light from the first
intermediate  



image formed by, the first imaging optical system. The  second imaging
optical system is provided with lenses  (L8, L9: corresponding to negative
lenses L21, L 22  in the second imaging optical system G2 of Fig. 2) and  a
concave reflecting mirror CM. SiC  or a composite of  SiC  and Si can be
used as the material of the concave  reflecting mirror CM. It is preferable
to coat the  entire concave reflecting mirror CM with SiC  for 93
degassification  prevention. The reflecting surface  of the concave
reflecting mirror CM is formed by vapor  deposition of metals, such as,
e.g. , aluminum and the  like. A dielectric multi-layer film may also be
vapor  deposited in place of a metal film. In this case, as  the materials
of dielectric multilayer  film, metal  fluorides such as aluminum fluoride,
Cryclite,  chiolite,  lithium fluoride, sodium fluoride, barium  fluoride,
calcium fluoride, magnesium fluoride,  yttrium fluoride, ytterbium
fluoride, neodymium  fluoride, gadolinium fluoride, lanthanum fluoride,
osmium fluoride, strontium fluoride and the like can be ii,=nr4.  r- nn q t
-r I I r- nn n w r- h H i O= 1 '=~ (- t r 1 r- - - - - - - - - -
multilayer  film is arranged on a metal film, such as  aluminum and the
like, may also be used. The dielectric  multilayer  film functions as a
protection coat for  



preventing the metal film from oxidation. This  dielectric multilayer  film
enables the metal film to  have a correcting  function so as to decrease
the phase  difference between P polarization and S polarization  caused by
a reflecting light from the metal film. The  correcting function nearly
homogenizes a difference  in phase difference between P polarization and S
polarization  caused by the incident angle (reflct ion  angle) (angular
characteristic of PS phase  difference) in a desirable range of incident
angle. 94 If the phase difference between P polarization and S
polarization exists, this is undesirable because the  imaging positions of
an image due to the P polarization  and an image due to the S polarization
deviate and  cause the deterioration of image quality on the  imaging
surface and a desirable resolution is not  obtained. The materials of the
concave reflecting  mirror can include ULE or Be. If Be is used, it is
preferable that the whole concave reflecting mirror  CM is coated with SiC
and the like. The optical folding mirror FM and the lens LB  are contained
by a divided barrel 601, the lens L9 is  contained her a divided barrel 602
and the concave reflecting mirror CM is contained in a divided barrel  603.
A holding member 610 for holding the optical  folding mirror FM is mounted
to the divided barrel 601.  



A mechanism for adjusting the position of the optical  folding mirror FM
(first and second optical folding  mirrors) in the B x, 9 y, B z directions
and its  position in the XYZ directions may be arranged between  this
holding member 610 and the divided barrel 601. The lenses (L8, L9) of the
second imaging optical  system are supported by supporting members (611,
612).  Supporting members disclosed in Japan Kokai 6-250074  and Japan
Kokai 11-231192 are suitable for these  supporting members (611, 612) . The
concave reflecting 95 mirror CM of the second imaging optical system is
supported by a supporting member 613. Supporting  members disclosed in
Japan Kokai  6-250074, Japan  Kokai  11-231192 are suitable for this
supporting member 613  and are incorporated herein by reference. The
projection optical system is further  provided with a third imaging optical
system for  forming a final image (a reduced image of the pattern)  on the
wafer based on a light from the second  intermediate image formed by the
second imaging  optical system. The third imaging optical system is
provided with lenses (L1O-L13:  corresponding to the  lenses L31-L311  in
the third imaging optical system  G3 of Fig. 2) and a variable aperture
stop unit AS.  The lens L10 is contained by a divided barrel 701 and  the
lens LIl  is contained by a divided barrel 702. A  



flange FL supported by a column 240 is arranged in the  divided barrel 702.
Techniques for connection of the  flange -F-L  and the column 240, for
example, are  disclosed in Japan Kokai  6-300955  (USP 5, 576, 895) and
Japan Kokai  11-84199 are applicable. A sensor column  SC is mounted to the
flange FL. The variable aperture stop AS is contained by  a divided barrel
703 and the lenses (L12, L13) are  contained by divided barrels (704, 705)
. The  LIO-LI3  are supported by cells (711-712, 714-715), 96 respectively.
The structure of the cells (711-712,  714-715) is similar to that of the
cell 512. An air  (gas) -tight structure is disposed between the lens L13
and the cell 715 in the cell 715. In the third imaging optical system,
frames  (721-722, 724-725) for connecting the divided barrels  (701-702,
7047705) and the cells (711-712, 714-715)  are arranged. Aper~ures  for
allowing an inert gas  (helium) to flow into the inside of the projection
optical system are arranged in plural locations along  their
circumferential direction in the frames  (721-722, 724-725) . An air (gas)
-tight structure is  d _J e, d h, e t- - e e In t -h e c e 11 '7 1 C; n H
f- '~l in, H J r J ri r~ I-) ;:i -r- r- -n  705. In the third imaging
optical system, actuators . (731-732, 734) for moving the lens ( LlO-L12)
in the  



optical axis direction and inclining the imaging  optical system in the ex,
ey directions are arranged.  These a-ctuators  (731-732, 734) have
construction  similar to the actuator 532. A tube 7S1 for allowing  helium
to discharge from the projection optical system  is arranged in the divided
barrel 705. This tube 751  is also connected to the previously mentioned
helium  recovery/regeneration unit. A valve 761 for  controlling the gas
inflow rate is arranged at the tube  751. 97 Next, the embodiments of a
manufacturing process  wherein the previously mentioned exposure apparatus
and an exposure method are used in the lithographic  process are described
below. Fig. 11 is a diagram showing the flowchart of  a manufacturing
process (semiconductor chips such as  IC or LSI and the like, liquid
crystal panel, CCD,  thin-film magnetic head, micro-machine and so on) . As
shown in Fig. 11, design step 201 illustrates a  function/property design
(e.g., circuit design of  semiconductor devices and the like) of devices
(micro-devices) and a pattern design for obtaining the a mask (reticle) for
forming a designed circuit  pattern is prepared in a step 202 (mask
preparation  step). Alternatively, wafers can be manufactured with  a
material such as silicon and the like in a step 203  (wafer manufacture
step). 



Next, in the step  204-(wafer processing step),  actual circuits and the
like are formed on the wafers  by using wafers prepared in step 201 and
step 203  according to a lithographic technique and the like as  described
later. Subsequently, in the step 205, the  device assembly is conducted by
using wafers processed  in step 204. Such processes include, e.g., a dicing
process, a bonding process and a packaging process 98 (chip enclosure) and
so on in step 205 according to  demand. Finally, in a step 206 (inspection
step),  inspections conducted include, e.g., an action  confirmation test,
a durability test and so on for the  devices prepared in step 205. After
processing, the  devices are completed and shipped. Fig. 12 is a diagram
showing one example of the  wafer processing of step 204 in Fig. 11 for
semiconductor devices. In Fig. 12, the wafer surface  is oxidized in a step
211 (oxidation s-tep). An  insulating film is formed on the wafer surface
in a  step 212 (CVD step) . Electrodes are formed on the  wafers by vapor
deposition in a step 213 (electrode  formation step) . An ion is implanted
into the wafers  in a step 214 (ion implantation step) . Steps 211  through
step 214 constitute a pretreatment process of  the wafer processing, and
are selected and executed  



accordin-g to the demand called for by the processing  steps . In the wafer
processing steps, if the above  pretreatment process has been completed, a
post-treatment process as follows is executed. In the  post-treatment
process, first, a sensitizer is  appliedtowafers  in a step 215 (resist
formation step)  Successively, a circuit pattern of mask given by the 99
lithographic s y st  em (exposure apparatus) and  exposure method described
above is transferred on  wafers in a step 216 (exposure step) . Next, the
exposed  wafers are developed in step 217 (development step) ,  and
exposed-members in a part, except for an area where  the resist remains,
are removed by etching in step 218  (etching step). After, the etching is
finished, any  unnecessary  resist is removed in step 219 (resist  removal
step). Circuit patterns are formed on the wafers by  repeating the above
mentioned pretreatment and  post-treatment process steps is applied,
devices with a high integrated level of  about 0.1 gm in minimum line width
can be produced  with sufficient yield. The method applies the use of  the
exposure apparatus and the exposure method  described above in the exposure
process (step 216) ,  thereby improving the resolving power of an exposure
light in the vacuum ultraviolet region and producing  



high accuracy exposure control. Moreover, in this embodiment form, the
tubes  connected to the inside of the protection optical  system are
disposed in two locations. The number of  tubes is not limited to only two
locations . For example,  a number of tubes (inflow pcrt/outflow  outlet)
100 corresponding to respective lens chambers (spaces  between optical
members) maybe arranged. The pressure  fluctuation of the gas in the
projection optical  system and the illumination optical system can be
suppressed to a predetermined value. At this time, an  allowable value of
the pressure fluctuation is set up  such that the value of the projection
optical system  more tight than that of the illumination optical  system.
Furthermore, the pressure change of an inert gas  filled or circulated
among optical elements of the  illumination system and projection optical
system is  detected, and optical elements for aberration  correction
(L2-L3,  L5-L7  LIO-LI2  in Fig. 9 through  Fig. 10) may also be driven
based on the detected  result. such a technique is disclosed, e.g., in
W099/10917 (EP 1,020,897). Additionally, it is preferable that the
concentrations and/or the total amount of  light-absorbing substances
(gases such as oxygen (02)  



carbon dioxide (Coz)  and the like, water vapor  (HzO)  and so on, are
given as substances absorbing exposure  beams and light-absorbing
substances for the Fz laser  light of wavelength 157 nm)  in the optical
path of the  illumination optical system, the optical path in the  reticle
chamber, the optical path i n the projection 101 optical system and the
optical path in the wafer  chamber are controlled independently of each
other.  For example, allowable concentrations and an  allowable total
amount of the light-absorbing  substances can be variably set up because
the water  chamber and the reticle chamber have short optical  paths. Thus,
the open/close mechanisms of the reticle  chamber are simplified and
contact with the outside  air or mix-in of light-absorbing substances is
avoided  because of the reticle exchange and the wafer exchange.  Allowable
concentrations and an allowable total  amount of the light-absorbing
substances are harshly  set up in response to the illumination optical
system  having a long optical path. An F2 1 a s er can be incorporated in
this embodiment which can include, nitrogen (N2) , rare  gases such as
helium (He) , neon (Ne) , argon (Ar) and  the like as a permeable gas
having a wavelength of 157  nm. Helium gas is particularly superior in high



permeability, stability of imaging characteristic of  optical system and
cooling property since its heat  conductivity is about 6 times greater than
that of  nitrogen and its fluctuation of dioptric index to  pressure change
is about 1/8 greater than that of  nitrogen gas. In this embodiment, the
gas in the wafer  chamber and the reticle chamber which fills the 102
optical path of the interferometers (wafer  interferometer, reticle
interferometer) and the  inside of the projection optical system can be
helium.  And, the gas in the optical path of the illumination  optical
system--can  be nitrogen gas in order to reduce  the running cost. The gas
used in the optical path of  the illumination optical system can also be
helium and  the gas in the wafer chamber, the reticle chamber, and  inside
the projection optical system can be nitrogen. The following photopermeable
optical materials  constituting the illumination optical system and the
projection optical system that can be used include;  lenses, parallel plane
plates, micro fly's eye lenses  and diffraction optical elements. In
addition,  fluorite (CaF2),  modified quartzs such as F-doped  silica
glass, F- and H-doped silica glass,  OH--containing silica glass, F-doped
and  OH-containing silica glass and the like can also be  used. The
photopermeable optical materials  



constituting the illumination optical system and the  projection optical
system may also include the  previously mentioned modified quartz. In the
F--doped  silica glass, the fluorine concentration is  preferably 100 ppm
or more, and more preferably in a  range of 500 ppm - 30,000 ppm. In the
F-doped and  H-doped silica glass, the hydrogen concentration is 103
preferably 5 x 1018 molecules/cin-3  or less, and more  preferably I x 1018
molecules:/=3  or less. In the  CH-containing  silica glass, the
concentration of OH  group is preferably in a range of 10 ppm  - 100  ppru.
In the F-dcpad  and OH-containing  silica glass, the  fluorine
concentration is preferably 100  ppm or more and the concentration of CH
group is preferably lower  than the fluorine concentration. In this
embodiment,  the concentration of OH group is preferably in a range  of 10
ppm - 20 ppm . When an image is formed by using a region free  of the
optical axis of the projection optical system,  as In the present
embodiment, an illumination optical  .5ystem  disclosed in Japan  Kokai
2000-21765 (USP Appl .  340,236 filed on July 1, 1999) can be used as the
illumination optical system. Moreover, in this embodiment, a portion of the
optical element in the optical elements constituting  the projection
optical system is inclinable to the 0  



x, ey  directioiis  and/or movable in the XY  plane - The  optical elements
may also be rotatably  arranged in a  direction of rQtation  (Oz direction
in the first and  third imaging optical systems) with the optical axis  as
the center by forming the optical surfaces  (refractive surfaces/reflecting
surfaces) of thize  optical elements so as to have different powers in the
104 meridional directions perpendicular to each other  (dioptric
plane/reflecting plane) of the optical  elements (conducting an astigmatic
surface  processing). This arrangement results in correct  asymmetrical
aberrations such as an astigmatic  difference on the optical axis (center
astigmatism)  of the projection optical system, or a rhombic  distortion of
that. For example, a construction in which an actuator  and a driving axis
are disposed along the tangential  direction of the circumstance of the
frame is arranged  between a frame and a divided barrel such that the
frame is driven to the divided barrel in the e z  direction. It is
preferable that the actuator is  equal distant from the optical axis and
arranged in  a plurality of different locations at an equal-angle  pitch in
the circumferential direction ( e z  direction) . A mechanism for rotating
optical members  with an astigmatic surface is disclosed in Japan Kokai  



8-327895 (USP 5,852,518). Furthermore, a purge  space may also be formed on
the outside of the purge  space of the illumination optical system and/or
purge  space of the projection optical system. In this case,  the allowable
concentration and allowable total  amount of light-absorbing substance of
the purge  spaces on the outside are set up more unexacting than 105 the
purge spaces on the inner side (the purge space  of the illumination
optical system and/or the purge  space of the projection optical system).
Additionally, a parallel plane plate is arranged  on the wafer side of the
lens on the wafer side of the  projection optical system. The parallel
plane plate  may also be provided as a cover to the purge space of  the
projection optical system similar to the reticle  side. In addition to the
F2 laser light that supplies  a pulse light having a wavelength of 157 nm
as provided  for in this embodiment, implementing various other Light
sources is also possible. I For example, the following light sources can be
implemented a  KrF  excimer  laser light supplying a light of wavelength
248 nm,  and an ArF  excime r laser light supplying a  light of wavelength
193 nm,  and an  Ar2 laser light  SUPPIYing  light of wavelength 126 n m.
Aharmonicwave  



given by amplifying a laser light with a single  wavelength in the infrared
region oscillated from a  DFB  semiconductor laser or a fiber laser or in
the  visible region with an Er-doped  (or both Er- and  Yb-doped)  fiber
amplifier that converts the light  source to an ultraviolet light with a
nonlinear  optical crystal may also be used. The present invention is
applicable not only to 106 micro-devices such as, semiconductor devices and
the  like, but also to an exposure apparatus for  transferring circuit
patterns from a mother reticle  to a glass substrate, or a silicon wafer
and the like,  to manufacture a reticle or a mask used in, e.g., a  light
exposure apparatus, an EUV exposure apparatus,  an X-ray exposure apparatus
and an electron ray  exposure apparatus and the like. Transmitting
reticles are commonly used in the exposure apparatus  using DUV (deep
ultraviolet) or VUV (vacuum  ultraviolet) light and the like. Silica glass,
F-doped silica glass, fluorite, magnesium fluoride,  or quartz crystal and
the like are used as the reticle  substrate. In a proximity-mode X-ray
exposure  apparatus and an electron ray exposure apparatus and  the like,
transmitting masks (stencil mask, membrane  mask) are used. A silicon wafer
and the like is used  as the mask substrate. Such exposure apparatus are  



disclosed in WO 99/34255 (EP 1, 043, 625) , WO 99/50712  (USP Appl.
661,396 filed on September 13, 2000), WO  99/66,370, Japan Kokai 11-194479,
Japan Kokai  2000-12453, Japan Kokai 2000-29202 and so on. The present
invention is applicable not only to  the manufacture of semiconductor
devices, but also to  an exposure apparatus which can transfer device
patterns onto a glass plate which are used in the 107 manufacture of
displays including liquid crystal  display devices. An exposure apparatus
which  transfers device patterns onto a ceramic wafer and  which are used
in the manufacture of thin-film  magnetic head, and an exposure apparatus
used in the  manufacture of image pickup devices such as CCD  and  the
like, and so on can also be applied. The above-described present invention
applies  the scanning step mode of operation. The present  invention is
also applicable to a step-and-repeat mode  reduction projection exposure
apparatus in which mask  patterns are transferred to a substrate in a
static  state of the mask and the substrate. The 5 -ubszrate  is then moved
in successive steps. An aperture stop is arranged in the third imaging
optical system in the previously mentioned embodiment.  The aperture stop
may also be arranged in the first  imaging optical system. A field stop may
also be  



arrange a  in at least one of the position of the  intermediate image
between the first imaging optical  system and the second imaging optical
system, and the  position of the intermediate image ]; between the second
imaging optical system and the third imaging optical  system. The
projection magnification of the  catadioptric  projection optical system is
given as a 108 reduction ratio in previously mentioned embodiment.
However, the projection magnification is not limited  to the reduction
ratio (magnification), it can also  be an equal ratio (an unit
magnification) or an  enlargement ratio  (magrUfication). For example, if
the projectiori  magnification is the enlargement ratio,  the optical
system can be arranged so that a light is  incided  from the side of the
third imaging optical  system, a primary image of the mask or the reticle
is  formed by the third imaging optical system, a  secondary image is
formed by the secondary imaging  optical system and a tertiary image is
formed by the  first imaging optical system on a substrate such as  wafer
and the like. As described above, in the  catadioptric optical  system, the
projection exposure apparatus and the  exposure method including the
optical system of the  previously mentioned embodiments, the optical  



adjustment and mechanical design are improved. The  aberrations beginning
with chromatic aberrations can  be fully corrected. For example, a
resolution of  about 0. 1 (m or less can be achieved by using a light  with
a wavelength of 180 nin  or less in the vacuum  ultraviolet wavelength
region. Particularly, in the  previous embodiments, the optical path
separation is  disposed in the vicinity of two intermediate images 109
which are formed by a mutual approach of the second  imaging optical system
having a nearly equal (unit)  magnification. Thus, the present invention
provides  for a small distance in the exposure region from the  optical
ax-is , i.e., the offset quantity, and is  favorable in aberration
correction, miniaturization,  optical adjustment,  mechanical design,
manufacturing  cost and so on. Moreover, in the manufacturing  method of
micro-devices using the projection exposure  apparatus and the exposure
method of the previously  mentioned embodiments, improved micro-devices can
be  manufactured via the projection optical system in  which the optical
adjustment and mechanical design are  simple. In addition, aberrations
beginning with  chromatic aberrations can be fully corrected and a  high
resolution of about 0.1 At m or less can be  achieved. 



1.10 CLAIMS 1. A projection exposure apparatus for projecting a  pattern on
an original to a photosensitive substrate  through a projection optical
system, comprises: the projection optical system comprises: a first imaging
optical subsystem having a  dioptric imaging optical system; a second
imaging optical subsystem having a  concave reflecting mirror; a third
imaging optical subsystem having a  dioptric imaging optical system; a
first folding mirror arranged in an optical  path between the first imaging
optical subsystem and  the second imaging optical subsystem; and a second
folding mirror arranged in an optical  path between the second imaging
optical subsystem and  the third imaging optical subsystem; said first
imaging optical subsystem forming a  first intermediate image of the first
surface into  the optical path between the first imaging optical  subsystem
and said second imaging optical subsystem,  and said second imaging optical
subsystem forming a  second intermediate image of the first surface into
the optical path between the second imaging optical  subsystem and the
third imaging optical subsystem. 111 



2. The projection exposure apparatus according to  Claim 1, wherein said
first folding mirror and said  second folding mirrir have a first
reflection surface  and a second reflection surface which are positioned
so that they do not overlap spatially. 3. The projection exposure apparatus
according to  claim 2, wherein said first and second reflection  surfaces
are substantially flat. 4. The projection exposure apparatus according to
any  one of claims 1-3, wherein said projection optical  system forms a
reduced image of said pattern on said  photosensitive substrate. 5. The
projection exposure apparatus according to any  one of claims 1-4, wherein
at least one of said first  imaging optical system and said second imaging
optical  system has a aperture stop. 6. The projection exposure apparatus
according to any  one of claims 1-5, wherein a pattern on said original  is
projected on said photosensitive substrate with  moving said original and
said photosensitive  substrate in the same direction with respect to said
projection optical system. 112 7. The projection exposure apparatus
according to any one of claims 1-6, wherein an optical member  constricting
said first imaging optical system is  arranged along a first optical axis
extending in a  



strai#t line, and an optical member constructing said  third imaging
optical system is arranged along a third  optical axis extending in a
straight line. 8. The projection exposure apparatus according to any  one
of claims 1-7, wherein: the first imaging optical subsystem and the third
imaginc optical subsystem have a common optical axis, and the first surface
and the second surface are orthogcnal in a direction of gravity. 9. The
projection exposure apparatus according to  Claims 1-8, wherein a
magnification P2 of the second  imaginc optical subsystem satisfies the
following  condition: 0.82 < Ip21  < 1.20. 10. ThE projection exposure
apparatus according to  any one of claims 1-9, wherein the following
condition  is satisfied: 0.20 < I3I  /I(31 < 0.50, where a magnification of
the catadioptric 113 optical system is defined as 3, and a magnification
of the first imaging optical subsystem is defined as P1. 11. The projection
exposure apparatus according to  any one of claims 1-10, wherein said
projection  optical system is telecentric optical system in the  



both o:= the original side and the photosensitive  substrate to side and
the concave mirror in said second  imaginc optical system is arranged in
vicinity of a  pupil thereof. 12. The projection optical system according
to any  one of claims 1-11, wherein: the first intermediate image is formed
in an  optical path between the first folding mirror and the  second
imaging optical system, and the second intermediate image is formed in an
optical path between the second imaging optical system  and the second
folding mirror. 13. The projection exposure apparatus according to  claim
12, wherein said first and second intermediate  images are formed at
opposite sides through said  second imaging optical system respectively.
14. The projection exposure apparatus according to 114 any one of claims
1-13, wherein: a second optical axis of the second imaging  optical system
is orthogonal to a first optical axis  of the first imaging optical system
and a third optical  axis of the third imaging optical system. 15. The
projection exposure apparatus of Claim 14,  whereir : the second optical
axis of the second imaging  optical system extends in a straight line. 



16. The projection exposure apparatus according to  any one of claims 1-15,
wherein: an intersection line of an extension plane of  the reflecting
surface of the first folding mirror  and an extension plane of the
reflecting surface of  the second folding mirror is set up so that an
optical  axis of the first imaging optical system, an optical  axis o_= the
second imaging optical system and an  optical axis of the third imaging
optical system  intersect at one point. 17. ThE projection exposure
apparatus according to  any one! Of claims 1-16, wherein: the first folding
mirror has a back surface  reflecting mirror for reflecting abeam from the
first  imaging optical system to the second imaging optical 115 system, and
the second folding mirror has a back surface  reflecting mirror for
reflecting a beam from the  second imaging optical system to the third
imaging  optical system. 18. The projection exposure apparatus according to
claims 1-17, wherein an image of said pattern is formed  in a position
deviating from a position of a reference  optical axis of the projection
optical system on the  photosensitive substrate. 19. An exposure method for
projecting a pattern on  



aproje:tion  original onto a photosensitive substrate  via a projection
optical system comprises: d:_recting  an illuminating light in the
ultraviolet region to the pattern; d:_recting  the illuminating light to a
first  imagine optical system containing a dioptric imaging  optical system
via the pattern to form first  intermediate image of the pattern of the
projection  origin~.l  ; d:_recting  the illuminating light from the first
intermediate image to a second imaging optical system  containing a concave
reflecting mirror to form a  second intermediate image; d.Lrecting  the
illuminating a light from the 116 second intermediate image to a third
imaging optical  system containing a dioptric imaging optical system  to
fore, a second intermediate image; deflecting the illuminating light from
the first  imaginc optical system by a first folding mirror  arranged in an
optical path between the first imaging  optical system and the second
imaging optical system; and deflecting the illuminating light from the
second imaging optical system by a second folding  mirror arranged in an
optical path between the second  imaging optical system and the third
imaging optical  



system. 20. The exposure method according to claim 19, wherein  said first
and second folding mirrors have a first  and second reflecting surfaces
which are positioned  so that they do not overlap spatially. 21. The
exposure method according to claim 20, wherein  said first and second
reflection surfaces are  substantially flat. 22. The exposure method
according to any one of claims  19-21, wherein said final image is a
reduced image. 23. The exposure method according to any one of claims 117
19-22, wherein at least one of said first imaging  optical system and said
second imaging optical system  has a aperture stop. 24. The exposure method
according to any one of Claims  19-23, wherein: the pattern on the
projection original is  projected onto the photosensitive substrate and
exposec. while the projection original and the  photosnsitive  substrate
are moved in the same  direction for the projection optical system. 25. The
exposure method according to any one of claims  19-24, wherein: the first
folding mirror has a back surface  reflecting mirror for reflecting a beam
from the first  imaginc-  optical system to the second imaging optical  



system, and the second folding mirror has a back surface  reflecting mirror
for reflecting a beam from the  second imaging optical system to the third
imaging  optical. system. 26. The exposure method according to any one of
claims  19-25, wherein an optical member constructing said  first imaging
optical system is arranged along a  first cptical axis extending in a
straight line, and 118 an opt--cal member constructing said third imaging
optical system is arranged along a third optical axis  extending in a
straight line. 27. The exposure method according to any one of claims
19-26, wherein: the first imaging optical system and the third  imagine
optical system have a common optical axis, and the first surface and the
second surface are orthogonal in a direction of gravity. 28. The exposure
method according to any one of claims  19-27, wherein a magnification P 2
of the second  imagine optical system satisfies the following  condition:
0.82 < IP21 < 1.20. 29. The exposure method according to any one of Claims
19-28, wherein the following condition is satisfied:  



0.20 <  IRI  /i3I < 0.50, where a magnification of the catadioptric
optical. system is defined as 3, and a magnification  of the first imaging
optical system is defined asp 1. 30. The exposure method according to any
one of claims 119 19-29, wherein said projection optical system is
telecertric optical system in the both of the original  side and the
photosensitive substrate side and sans  concave mirror in said second
imaging optical system  is arranged in vicinity of a pupil thereof. 31. Th=
exposure method according any one of claims  19-30, wherein: the first
intermediate image is formed in an  optical path between the first folding
mirror and the  second imaging optical system, and the second intermediate
image is formed in an  optical path between the second imaging optical
system  and the second folding mirror. 32. The exposure method according to
claim 31, wherein  said first and second intermediate images are formed  at
opposite sides through said second imaging optical  system respectively.
33. The exposure method according to any one of claims  19-32, wherein: a
second optical axis of the second imaging  



optical. system is orthogonal to a first optical axis  of the f first
imaging optical system and a third optical  axis of the third imaging
optical system. 120 34. The exposure method according to Claim 33,
whereir.:  the second optical axis of the second imaging  optical system
extends in a straight line. 35. The exposure method according to any one of
Claims  19-34, wherein: an intersection line of an extension plane of  the
reflecting surface of the first folding mirror  and an extension plane of
the reflecting surface of  the second folding mirror is set up so that an
optical  axis of the first imaging optical system, an optical  axis o:- the
second imaging optical system and an  optical axis of the third imaging
optical system  intersect at one point. 36. The exposure method according
to any one of claims  19-35, wherein the final image is formed in a
position  deviating from a position of a reference optical axis  of the
crojection  optical system on the photosensitive  substrate. 37. A
manufacturing method of micro-devices  comprimes : a lithographic process
using the projection  exposure method according to any one of claims 19-36.



121 38. A manufacturing method of micro-devices comprises  a lithographic
process using the projection exposure  apparatus according to any one of
claims 1-18. 39. An imaging optical system forming an image of a  first
Surface onto a second surface, comprises: at: least one reflecting surface
arranged between  the firstt surface and the second surface, the reflecting
surface comprising a metallic  reflective film and a correction film which
is  arranged on the metallic reflective film and corrects  a phase
difference caused by a difference of deflected  state possessed by a
reflected light from the metallic  reflective film. 40. The imaging optical
system of Claim 39, wherein:  the correction film corrects an angular
characteristic of the phase difference caused by the  difference of
deflected states possessed by the  reflected light from the metallic
reflective film so  as to obtain a desired distribution. 41. The imaging
optical system according to Claim 39  or 40, wherein: the correction film
has a dielectric multilayer film. 122 42. The imaging optical system
according to any one  of claims 39-41, wherein: 



the metallic reflective film contains aluminum. 43. The imaging optical
system according to any one  of claims 39-42, wherein: the reflecting
surface is arranged on the optical  folding mirror for intersecting optical
axes before  and after the reflecting surface intersect with each  other.
44. The imaging optical system according to any one  of claims 39-43,
wherein the imaging optical system  forms an image of the first surface
onto the second  surface, based on a radiation of 200 nm. or less. 45. The
imaging optical system according to any one  of claims 39-44, wherein the
image on said first  surfacE!  is formed in a position deviating from a
position of a reference optical axis of the projection  optical. system on
the second surface. 46. A projection exposure apparatus for projecting  a
pattern on a projection original on a photosensitive  substrate using a
projection optical system, the image  of sail projection original arranged
in a first  surface on the photosensitive substrate arranged on 123 a
secord surface, using the imaging optical system  according to any one of
claims 39-45 as said projection  optical system. 47. A projection exposure
method for projecting a  patterr on a projectionoriginal onto a
photosensitive  



substrate using a projection optical system  comprising a step of:
projecting an image of the projection original  arranged on the first
surface on the photosensitive  substrE   to arranged on the second surface
by using the  imaginc-  optical system according to any one of Claims
39-45 z  the projection optical system. 48. A projection exposure apparatus
for projecting  a pattern  on a projection original onto a  photosensitive
substrate, wherein the projection  optical. system has at least one
reflecting member  arranged in an optical path between the first surface
and the second surface, and said reflecting member  reflects a light so
that a phase difference between  a P polarized component and a S polarized
component  for the reflecting member substantially does not exist  when the
P polarized component and the S polarized  component come to the
photosensitive substrate. 49. The projection exposure apparatus according
to 124 Claim 43, wherein said reflecting member reflects the  light so that
a phase difference caused by a difference  of deflected state does not
exist. 50. The projection exposure apparatus according to  claim 48 or 49,
wherein said reflecting member has  a metallic reflective film and a
correction film which  is arranged on the metallic reflective film and  



corrects a phase difference caused by a difference  of deflected state
possessed by a reflected light from  the metallic reflective film. 51. The
projection exposure apparatus according to  Claim ~0, wherein: the
correction f ilm has a dielectric multi-layer film. 52. The projection
exposure apparatus according to  Claim ~~50 or 51, wherein: the metallic
reflective film contains aluminum. 53. ThE projection exposure apparatus
according to  Claim 28, wherein: said reflecting member reflects the light
so that  an angular characteristic of the phase difference  caused by the
difference of deflected states possessed  by the reflected light from the
metallic reflective 125 film becomes to be a desired distribution. 54. The
projection exposure apparatus according to  any one of claims 48-53,
wherein: the reflecting surface is arranged on the optical  foldinc mirror
for intersecting optical axes before  and after the reflecting surface
intersect with each  other. 55. ThE projection exposure apparatus according
to  any onE  of claims 48-54, wherein; the imaging optical system forms an
image of the  



first ,srface onto the second surface based on a  radiation of 200 nm. or
less. 56. The projection exposure apparatus according to  any one of claims
48-55, wherein the final image is  formed in a position deviating from a
position of a  reference optical axis of the projection optical  system on
the photosensitive substrate. 57. A projection exposure method for
projecting and  exposing a pattern on a projection original onto a
photosensitive substrate, comprises the steps of: passing the light from
the projection original  to said photosensitive substrate through at least
one  reflecting member; and 126 reflecting the light with a reflecting
member so that a phase difference between a P polarized component and a S
polarized component for the  reflecting member substantially does not exist
when  the P polarized component and the S polarized  component come to the
sensitive substrate. 58. The projection exposure method according to claim
57, wherein said reflecting member has a metallic reflective film and a
correction film which is  arrangEd on the metallic reflective film and
corrects  a phase difference caused by a difference of deflected  state
possessed by a reflected light from the metallic  reflective film. 



59. The projection exposure method according to claim  57 or _` 8, wherein:
the correction film has a dielectric multi-layer film. 60. The projection
exposure method according to claim  58 or _`,9 wherein: the metallic
reflective film contains aluminum. 61. A projection exposure method for
projecting a  pattern on a projection original on a photosensitive
substrate using a projection optical system 127 comprising the steps of:
passing the light from the projection original  to said photosensitive
substrate through at least one  reflecting member; and reflecting the light
with a reflecting member  so that an angular characteristic of the phase
difference caused by the difference of deflected  states possessed by the
reflected light from the  reflecting member becomes to be a desired
distribution. 62. The projection exposure method according to any  one of
claims 57-61, wherein: the reflecting surface is arranged on the optical
foldinc mirror for intersecting optical axes before  and after the
reflecting surface intersect with each  other. 



63. The projection exposure method according to any  one of claims 57-62,
wherein the imaging optical  system forms an image of the first surface
onto the  second surface based on a radiation of 200 nm. or less. 64. ThE
projection exposure method according to any  one of claims 57-63, wherein
the pattern is projected  in a position deviating from a position of a
reference  optical. axis of the projection optical system on the 128
photosensitive substrate. 65. A catadioptric optical system forming a
reduced image Df a first surface onto a second surface  comprises: a first
imaging optical subsystem arranged in  an opti:al path between the first
and second surfaces,  and having a first optical axis a second imaging
optical subsystem arranged in  an optical path between said first imaging
optical  subsystem and said second surface, and having a  concave
reflection mirror and a second optical axis; a third imaging optical
subsystem arranged in  an optical path between said secon imaging optical
subsystem and said second surface, and having a third  optical axis; said
first imaging optical subsystem having a  dioptric imaging optical system,
said third imaging  optical. subsystem having a dioptric imaging optical  



system, and said first and third optical axis being  arranged on a common
axis. 66. A catadioptric optical system for make an  optically conjugated
relationship between a first  surface and a second surface comprises: a
first imaging optical sub-system arranged in  an optical path between said
first and second surfaces 129 and having a dioptric imaging optical system;
a second imaging optical sub-system arranged in  an optical path between
said first imaging optical  sub--system and said second surface and having
a  concave reflection mirror; a third imaging optical sub-system arranged
in  an optical path between said second imaging optical  sub-system and
said second surface and having a  dioptric  imaging optical system; a first
folding mirror arranged in an optical  path between said first imaging
optical sub system  and said second imaging optical sub-system; and a
second folding mirror arranged in an optical  path between said second
imaging optical sub-system  and said third imaging optical sub-system,
wherein there is a position optically conjugated  to said first surface in
the optical path between said  first imaging optical sub-system and said
second  imagine optical sub-system, and there is a position  



optically conjugated to said first surface in the  optical. path between
said second imaging optical  sub-system and said third imaging optical
sub-system. 67. The catadioptric optical system according to claim  66,
wherein the magnification of said second imaging  optica-_ sub-system is
about one. 130 68. The catadioptric optical system according to claim  67,
wherein a magnification X32 of the second imaging  optical sub-system
satisfies the following condition:  0.82 < g321 < 1.20. 69. The
r-atadioptric optical system according to claim  66, wherein: the second
imaging optical subsystem has at least  two negative lenses. 70. The
catadioptric optical system according to claim  68, wherein the second
imaging optical subsystem has  at least two negative lenses. 71. The
catadioptric  optical system according to claim  66, wherein an image of
said first surface is formed  in a position deviating from a position of a
reference  optical axis of said catadioptric optical system on  said second
surface. 72. The --atadioptric optical system according to claim  71,
wherein said catadioptric optical system forms  a reduced image of said
first surface on said second  surface. 



73. The catadioptric optical system according to claim 71, wherein a first
intermediate image of said first 131 surface is formed in the optical path
between said first imaging  optical sub-system and said second  imaginc
optical sub-system, and a second intermediate  image of said second surface
is formed in the optical  path between said second imaging optical
sub-system  and said third imaging optical sub-system. 74. The catadioptric
optical system of Claim 73,  whereir. the following condition is satisfied:
IL1-L21/IL1I  <0.15, where a first distance between the first intermediate
image and the concave reflecting mirror in the second  imaginer optical
sub-system along the optical axis is  defined as L1, and a second distance
between the second  intermediate image and the concave reflecting mirror
in the second imaging optical subsystem along the  optical. axis is defined
as L2. 75. The catadioptric optical system according to claim  73, wherein
the catadioptric optical system is a  teleceritric  optical system on both
sides of the first  surface and the second surface, and satisfies the
following condition: IE - DI /IEI  < 0.24, where a distance between a
surface of the first imaging  optical sub-system on a most image side and
an exit  



pupil position along the optical axis is defined as 132 E, and a distance
by air conversion from the surface  of the first imaging optical subsystem
on the most  image Eide to the concave reflecting mirror in the  second
imaging optical subsystem along the optical  axis iE defined as D. 76. The
projection optical system according to claim  73, wherein: the first
intermediate image is formed in an  optical path between the first folding
mirror and the  second imaging optical sub-system, and the second
intermediate image is formed in an  optical path between the second imaging
optical  sub-system and the second folding mirror. 77. The catadioptric
optical system according to Claim  66, wherein  the following condition is
satisfied: 0.20 < 1131 /1131 < 0.50, where a magnification of the
catadioptric  optical system is defined as 13, and a magnification  of the
first imaging optical sub-system is defined  as1l.  78. The catadioptric
optical system according to claim  67, wherein all lenses constituting said
first imaging  optica-_ sub-system and all lenses constituting said  third
imaging optical sub-system are arranged along 133 



a single optical axis. 79. The catadioptric optical system according to
claim  78, wherein an optical axis of said first imaging  optical
sub-system and an optical axis of said third  imaginc optical sub-system
are co-axial. 80. The catadioptric optical system according to claim  66,
wherein: 85% of the number of lenses in all lenses  constituting the
catadioptric optical system are  arranged along the single optical axis.
81. The catadioptric optical system of Claim 66,  whereir a reflecting
surface of the first folding  mirror and a reflecting surface of the second
folding  mirror are positioned so that they do not overlap 82. The
projection exposure apparatus according to  Claim El, wherein: an
intersection line of an extension plane of  the reflecting surface of the
first folding mirror  and an extension plane of the reflecting surface of
the second folding mirror is set up so that an optical  axis of said first
imaging optical sub-system, an  optical. axis of said second imaging
optical sub-system  and an cptical axis of the third imaging optical system
134 intersect at one point. 83. The catadioptric optical system according
Claim  66, whErein  said catadioptric optical system is a  



telecer.tric  optical system on both sides of the first  surface and the
second surface. 84. A catadioptric optical system forming a reduced  image
cn second surface comprises: a first imaging optical sub-system with a
first  optical axis, which is arranged in an optical path  betweer said
first surface and said second surface  and has a dioptric imaging optical
system; a second imaging optical sub-system with a  concave reflecting
mirror and a second optical axis,  which i s arranged in an optical path
between said first  imagine- optical sub-system and said second surface;
and a third imaging optical sub-system with a third  optical axis, which is
arranged in an optical path  betweer. said second imaging optical
sub-system and  said second surface and has a dioptric imaging optical
system, where the first optical axis and the second  optical. axis
intersect with each other and the second  optical. axis and the third
optical axis intersect with  each other. 135 85. A catadioptric optical
system forming a reduced  image cn second surface comprises: a first
imaging optical sub-system with a first  optical axis, which is arranged in
an optical path  



betweer said first surface and said second surface  and  haz a dioptric
imaging optical system; a second imaging optical sub-system with a  concave
reflecting mirror and a second optical axis,  which  i s arranged in an
optical path between said first  imaginc optical system and said second
surface; and a third imaging optical sub-system with a third  optical axis,
which is arranged in an optical path  betweer said second imaging optical
system and said  second surface and has a dioptric imaging optical  system,
where the first optical axis and the third  optical axis are positioned on
a common axis. 86. The catadioptric optical system according to claim  85,
wherein an image of said first surface is formed  in a pcsition deviating
from a position of a reference  optical. axis of said catadioptirc optical
system on  said second surface. 87. The catadioptric optical system
according to claim  86, wherein said catadioptric optical system forms  136
a reduced image of said first surface on said second surface. 88. A
catadioptric optical system for make an  optically conjugated relationship
between a first  surface and a second surface comprises: a first optical
sub-system arranged in an optical  



path between said first and second surfaces and having  a dioptric imaging
optical system; a second optical sub-system arranged in an  optical path
between said first optical sub-system  and said second surface and having a
concave  reflection mirror; a third optical sub-system arranged in an
optical  path between said second optical sub-system and said  second
surface and having a dioptric optical system; a first folding mirror
arranged in an optical  path between said first optical sub system and said
second optical sub-system; and a second folding mirror arranged in an
optical  path between said second optical sub-system and said  third
optical sub-system, whereir. there is a position optically conjugated to
said first surface in the optical path between said  first optical
sub-system and said second optical  sub-system, and there is a position
optically  conjugated to said first surface in the optical path 137 betweer
said second optical sub-system and said third optical sub-system. 89. The
catadioptric optical system according to claim  88, wherein said third
optical sub-system comprises  a dioptric imaging optical system and said
first and  second surfaces has a conjugated relationship  



therebEtween.  90. The catadioptric optical system according to claim  88,
wherein the magnification of said second imaging  optical sub-system is
about one. 91. The catadioptric optical system according to claim  90,
wherein a magnification P2 of the second imaging  optical sub-system
satisfies the following condition:  0.82 <  I32l < 1.20. 92. The
catadioptric optical system according to claim  88, whE -rein: the second
imaging optical subsystem has at least  two negative lenses. 93. The
catadioptric optical system according to claim  88, wherein an image of
said first surface is formed  in a position deviating from a position of a
reference  optical. axis of said catadioptirc optical system on 138 said
second surface. 94. The catadioptric optical system according to claim  92,
wherein said catadioptric optical system forms  a reduced image of said
first surface on said second  surface. 95. The catadioptric optical system
according to claim  88, wherein a first intermediate image of said first
surface is formed in the optical path between said  first optical
sub-system and said second optical  sub-system, and a second intermediate
image of said  



second surface is formed in the optical path between  said second optical
sub-system and said third optical  sub-system. 96.
ThecatadioptricopticalsystemaccordingtoClaim  89, wherein the following
condition is satisfied: 0.20 < 1 PE /IP I < 0.50, where a magnification of
the catadioptric  optical system is defined as 3, and a magnification  of
the first optical sub-system is defined  as(3l. 97. Tr,e  catadioptric
optical system according to  claim 87, wherein all lenses constituting said
first  optical. sub-system and all lenses constituting said  third optical
sub-system are arranged along a single 139 optical axis. 98. The
catadioptric optical system according to  claim 97, wherein an optical axis
of said first optical  sub-system and an optical axis of said third optical
sub-system are co-axial. 99. The catadioptric optical system according to
claim  87, wherein: 85% of the number of lenses in all lenses  constituting
the catadioptric optical system are  arranged along the single optical
axis. 100. The catadioptric optical system of Claim 88,  whereir. a
reflecting surface of the first folding  mirror and a reflecting surface of
the second folding  



mirror are positioned so that they do not overlap. 101. The projection
exposure apparatus according to  Claim 700, wherein: an intersection line
of an extension plane of  the reflecting surface of the first folding
mirror  and an extension plane of the reflecting surface of  the second
folding mirror is set up so that an optical  axis o:: said first optical
sub-system, an optical  axis of said second optical sub-system and an
optical  axis o:= the third optical system intersect at one 140 point. 102.
Tze  catadioptric optical system according Claim  89, whErein  said
catadioptric optical system is a  telecertric optical system on both sides
of the first  surface and the second surface. 141 




