
DESCRIPTION OPTICAL UNIT, ILLUMINATION OPTICAL APPARATUS, EXPOSURE
APPARATUS, AND DEVICE MANUFACTURING METHOD 5 Technical Field [0001] The
present invention relates to an optical unit, an illumination optical
apparatus, an exposure apparatus, and a device manufacturing method. More
particularly, the present invention relates to an 10 illumination optical
apparatus suitably applicable to an exposure apparatus for manufacturing
such devices as semiconductor devices, imaging devices, liquid-crystal
display devices, and thin-film magnetic heads by lithography. Background
Art 15[0002] In a typical exposure apparatus of this type, a light beam
emitted from a light source travels through a fly's eye lens as an optical
integrator to form a secondary light source (a predetermined light
intensity distribution on an illumination pupil in general) as a
substantial surface illuminant consisting of a large number of light
sources. The 20light intensity distribution on the illumination pupil will
be referred to hereinafter as "illumination pupil luminance distribution."
The illumination pupil is defined as a position such that an illumination
target surface becomes a Fourier transform surface of the illumination
pupil by action of an optical system between the illumination pupil and
25the illumination target surface (a mask or a wafer in the case of the 



exposure apparatus).  [0003] Beams from the secondary light source are
condensed by a condenser lens to superposedly illuminate the mask on which
a predetermined pattern is formed. Light passing through the mask travels
through a projection optical system to be focused on the wafer, 5 whereby
the mask pattern is projected (or transferred) onto the wafer to effect
exposure thereof Since the pattern formed on the mask is a highly
integrated one, an even illuminance distribution must be obtained on the
wafer in order to accurately transfer this fine pattern onto the wafer.
10[0004] There is a conventionally proposed illumination optical apparatus
capable of continuously changing the illumination pupil luminance
distribution (and, therefore, the illumination condition) without use of a
zoom optical system (cf. Japanese Patent Application Laid-open No.
2002-353105). The illumination optical apparatus 15 disclosed in the
Application Laid-open No. 2002-353105 uses a movable multi-mirror composed
of a large number of micro mirror elements which are arranged in an array
form and angles and directions of inclination of which are individually
drive-controlled, and is so configured that an incident beam is divided
into beams of small units 20corresponding to reflecting surfaces of the
mirror elements, the beams of small units are folded by the multi-mirror to
convert a cross section of the incident beam into a desired shape or a
desired size, and, in turn, a desired illumination pupil luminance
distribution is realized. Disclosure of the Invention 25[0005] An object of
the present invention is to provide an illumination optical apparatus
capable of realizing illumination conditions of greater  variety in terms
of the shape and size of the illumination pupil luminance distribution.
Mother object of the present invention is to provide an exposure apparatus
capable of performing good exposure under an appropriate illumination
condition realized according to a 



5pattern characteristic, using the illumination optical apparatus capable
of realizing the illumination conditions of great variety. [0006] In order
to achieve the above object, a first aspect of the present invention
provides an optical unit comprising:               a light splitter to
split an incident beam traveling in an incident 10light path, into a
plurality of beams;       a first spatial light modulator which can be
arranged in an optical path of a first beam out of the plurality of beams;
a second spatial light modulator which can be arranged in an optical path
of a second beam out of the plurality of beams; and 15  a light combiner to
combine a beam having passed via the first spatial light modulator, with a
beam having passed via the second spatial light modulator, and to direct a
resultant beam to an exiting light path; wherein at least one spatial light
modulator out of the first 20 spatial light modulator and the second
spatial light modulator has a plurality of optical elements arranged
two-dimensionally and controlled individually; and           wherein the
incident light path on the light splitter side and the exiting light path
on the light combiner side extend in the same 25direction. [0007] A second
aspect of the present invention provides an  illumination optical apparatus
to illuminate an illumination target surface on the basis of light from a
light source, the illumination optical apparatus comprising: 



the optical unit of the first aspect; and 5a distribution forming optical
system which forms a predetermined light intensity distribution on an
illumination pupil of the illumination optical apparatus, based on the
beams having passed via the first and second spatial light modulators.
[0008] A third aspect of the present invention provides an exposure  10
apparatus comprising the illumination optical apparatus of the second
aspect for illuminating a predetermined pattern, the exposure apparatus
performing exposure of the predetermined pattern on a photosensitive
substrate.         [0009] A fourth aspect of the present invention provides
a device 15manufacturing method comprising:        an exposure step of
effecting the exposure of the predetermined pattern on the photosensitive
substrate, using the exposure apparatus of the third aspect; a development
step of developing the photosensitive substrate  20 onto which the pattern
has been transferred, to form a mask layer in a shape corresponding to the
pattern on a surface of the photosensitive substrate; and       a
processing step of processing the surface of the photosensitive substrate
through the mask layer. 25[0010] The illumination optical apparatus of the
present invention is able to realize the illumination conditions of greater
variety in terms of  



WO 2009/054541PCT/JP20081069704 the shape and the size of the illumination
pupil luminance distribution. The exposure apparatus of the present
invention is able to perform good exposure under an appropriate
illumination condition realized according to a pattern characteristic of a
mask M, using the illumination optical 5apparatus capable of realizing the
illumination conditions of great variety, and, therefore, to manufacture
good devices. Brief Description of the Drawings     [0011] Fig. 1 is a
drawing schematically showing a configuration of an exposure apparatus
according to an embodiment of the present 10invention.       Fig. 2 is a
drawing schematically showing a configuration of a spatial light modulation
unit.       Fig. 3 is a perspective view schematically showing a
configuration of a cylindrical micro fly's eye lens. 15Fig. 4 is a drawing
schematically showing a light intensity distribution of a quadrupolar shape
formed on a pupil plane of an afocal lens in the embodiment.
Fig. 5 is a drawing schematically showing an example of forming an
illumination pupil luminance distribution of a pentapolar 20shape in the
embodiment.       Fig. 6 is a drawing schematically showing a configuration
of a spatial light modulation unit according to a modification example in
which a light splitter and a light combiner include a common polarization
beam splitter. 25Fig. 7 is a drawing schematically showing a configuration
of a spatial light modulation unit according to another modification
example 



having transmissive spatial light modulators.       Fig. 8 is a drawing
schematically showing a configuration of an exposure apparatus according to
a modification example having a polarization control unit. 5Fig. 9 is a
thawing schematically showing a major configuration of a modification
example using a diffractive optical element as a light splitter.       Fig.
10 is a drawing schematically showing a configuration of the spatial light
modulation unit shown in Fig. 9. 10Fig. 11 a partial perspective view of a
spatial light modulator in the spatial light modulation unit shown in Fig.
9.       Fig. 12 is a drawing schematically showing a major configuration
of a modification example using a prism unit as a light splitter. 15Fig. 13
is a flowchart showing manufacturing steps of semiconductor devices.
Fig. 14 is a flowchart showing manufacturing steps of a liquid crystal
device such as a liquid-crystal display device. Best Modes for Carrying Out
the Invention 20[0012] Embodiments of the present invention will be
described on the 



basis of the accompanying drawings. Fig. 1 is a drawing schematically
showing a configuration of an exposure apparatus according to an embodiment
of the present invention. Fig. 2 is a drawing schematically showing a
configuration of a spatial light modulation unit. 25In Fig. 1, the Z-axis
is set along a direction of a normal to a wafer W being a photosensitive
substrate, the Y-axis along a direction parallel to  the plane of Fig. 1 in
a surface of the wafer W, and the X-axis along a direction perpendicular to
the plane of Fig. 1 in the surface of the wafer W. [0013] With reference to
Fig. 1, the exposure apparatus of the present 5 embodiment is provided with
a light source 1 for supplying exposure light (illumination light). The
light source 1 can be, for example, an ArF excimer laser light source which
supplies light at the wavelength of 193 nm, or a KrF excimer laser light
source which supplies light at the wavelength of 248 nm Light emitted from
the light source 1 is 10 expanded into a beam of a required sectional shape
by a shaping optical system 2 and then the expanded beam is incident to a
spatial light modulation unit 3 [0014] The spatial light modulation unit 3,
as shown in Fig. 2, has a pair of prism members 31 and 32, and a pair of
spatial light modulators 33 15 and 34. The light incident along the optical
axis AX into an entrance face 31a of the prism member 31 in the spatial
light modulation unit 3 propagates inside the prism member 31 and
thereafter impinges upon a polarization separating film 35 formed between
the prism members 31 and 32. s-polarized light reflected by the
polarization separating film 20  35 propagates inside the prism member 31
and thereafter impinges upon the first spatial light modulator 33. [0015]
The first spatial light modulator 33 has a plurality of mirror elements
(optical elements in general) 33a arranged two-dimensionally, and a drive
unit 33b (not shown in Fig. 1) which individually controls 25and drives
postures of the minor elements 33a. Similarly, the second spatial light
modulator 34 has a plurality of minor elements 34a 



arranged two-dimensionally, and a drive unit 34b (not shown in Fig. 1)
which individually controls and drives postures of the mirror elements 34a.
The drive units 33b, 34b individually control and drive the postures of the
mirror elements 33a, 34a in accordance with commands 5from an unrepresented
control unit. [0016] Light reflected by the mirror elements 33a of the
first spatial light modulator 33 propagates inside the prism member 31 and
thereafter is incident in the s-polarized state to a polarization
separating film 36 formed between the prism members 31 and 32. The light
10having traveled via the first spatial light modulator 33 to be reflected
on the polarization separating film 36, propagates inside the prism member
31 and is then emitted from an exit face 3 lb of the prism member 31 to the
outside of the spatial light modulation unit 3. In a standard state in
which reflecting surfaces of all the mirror elements 33a in the first  15
spatial light modulator 33 are positioned along the XY plane, the light
having traveled along the optical axis AX into the spatial light modulation
unit 3 and then via the first spatial light modulator 33 is emitted along
the optical axis AX from the spatial light modulation unit 3. 20[0017] On
the other hand, p-polarized light having passed through the polarization
separating film 35 propagates inside the prism member 32 and is totally
reflected on an interface 32a between the prism member 32 and a gas (air or
inert gas) 37. Thereafter, the totally reflected light 



is incident to the second spatial light modulator 34. Light reflected by
25the mirror elements 34a in the second spatial light modulator 34
propagates inside the prism member 32 and is totally reflected on an  WO
20091054541PCT/JP2008/069704 interface 32b between the prism member 32 and
the gas 37. Thereafter, the totally reflected light is incident in the
p-polarized state to the polarization separating film 36 formed between the
prism members 31 and 32. 5[0018] The light having traveled via the second
spatial light modulator 34 and having been transmitted by the polarization
separating film 36, propagates inside the prism member 31 and then is
emitted from the exit face 3 lb of the prism member 31 to the outside of
the spatial light modulation unit 3. In a standard state in which
reflecting surfaces of  10 all the minor elements 34a in the second spatial
light modulator 34 are positioned along the XY plane, the light having
traveled along the optical axis AX into the spatial light modulation unit 3
and then via the second spatial light modulator 34, is emitted along the
optical axis AX from the spatial light modulation unit 3. 15[0019] In the
spatial light modulation unit 3, as described above, the polarization
separating film 35 formed between the prism members 31 and 32 constitutes a
light splitter to split the incident beam into two beams (a plurality of
beams in general). The polarization separating film 36 formed between the
prism members 31 and 32 constitutes a light  20 combiner to combine the
beam having traveled via the first spatial light modulator 33, with the
beam having traveled via the second spatial light modulator 34. [0020] The
light emitted from the spatial light modulation unit 3 is then incident to
an afocal lens 4. The afocal lens 4 is an afocal system 



25(afocal optic) that is so set that the front focal point thereof is
approximately coincident with the position of the mirror elements 33a  of
the first spatial light modulator 33 and with the position of the mirror
elements 34a of the second spatial light modulator 34 and that the rear
focal point thereof is approximately coincident with a position of a
predetermined plane 5 indicated by a dashed line in the drawing. 5 [0021]
Therefore, the s-polarized beam having traveled via the first spatial light
modulator 33 forms, for example, a light intensity distribution of a
Z-directionally dipolar shape consisting of two circular light intensity
distributional areas spaced in the Z-direction with a center on the optical
axis AX, on the pupil plane of the afocal lens 4, and 10 thereafter is
emitted in the dipolar angle distribution from the afocal lens 4. On the
other hand, the p-polarized beam having traveled via the second spatial
light modulator 34 forms, for example, a light intensity distribution of an
X-directionally dipolar shape consisting of two circular light intensity
distributional areas spaced in the X-direction 15 with a center on the
optical axis AX, on the pupil plane of the afocal lens 4, and thereafter is
emitted in the dipolar angle distribution from the afocal lens 4. [0022] A
conical axicon system 6 is arranged at the position of the pupil plane of
the afocal lens 4 or at a position near it in the optical path 20 between a
front lens unit 4a and a rear lens unit 4b of the afocal lens 4. The
configuration and action of the conical axicon system 6 will be described
later. The beam having passed through the afocal lens 4 travels through a
zoom lens 7 for variation in a value (a value = mask-side numerical
aperture of the illumination optical apparatus/mask-side 25numerical
aperture of the projection optical system) and then enters a cylindrical
micro fly's eye lens 8.  [0023] The cylindrical micro fly's eye lens 8, as
shown in Fig. 3, is composed of a first fly's eye member 8a arranged on the
light source side and a second fly's eye member 8b arranged on the mask
side. Cylindrical lens groups 8aa and 8ba arrayed in the X-direction are 



5formed each at the pitch p1 in the light-source-side surface of the first
fly's eye member 8a and in the light-source-side surface of the second
fly's eye member 8b, respectively. Cylindrical lens groups 8ab and 8bb
arrayed in the Z-direction are formed each at the pitch p2 (3)2 > in the
mask-side surface of the first fly's eye member 8a and in the 10mask-side
surface of the second fly's eye member 8b, respectively. [0024] When
attention is focused on the refracting action in the X-direction of the
cylindrical micro fly's eye lens 8 (i.e., the refracting action in the XY
plane), the wavefront of a parallel beam incident along the optical axis AX
is divided at the pitch p1 along the X-direction by  15 the cylindrical
lens group 8aa formed on the light source side of the first fly's eye
member 8a, the divided beams are condensed by refracting faces of the
cylindrical lens group, the condensed beams are then condensed by
refracting faces of the corresponding cylindrical lenses in the cylindrical
lens group 8ba formed on the light source side of the 20second fly's eye
member 8b, and the condensed beams are converged on the rear focal plane of
the cylindrical micro fly's eye lens 8. [0025] When attention is focused on
the refracting action in the Z- direction of the cylindrical micro fly's
eye lens 8 (i.e., the refracting action in the YZ plane), the wavefront of
a parallel beam incident along 25the optical axis AX is divided at the
pitch p2 along the Z-direction by the cylindrical lens group 8ab formed on
the mask side of the first fly's  



eye member 8a, the divided beams are condensed by refracting faces of the
cylindrical lens group, the condensed beams are then condensed by
refracting faces of the corresponding cylindrical lenses in the cylindrical
lens group 8bb formed on the mask side of the second fly's eye member 58b,
and the condensed beams are converged on the rear focal plane of the
cylindrical micro fly's eye lens 8. [0026] As described above, the
cylindrical micro fly's eye lens 8 is composed of the first fly's eye
member 8a and the second fly's eye member 8b in each of which the
cylindrical lens groups are arranged on  10 the two side faces thereof, and
exercises the same optical function as a micro fly's eye lens in which a
large number of micro refracting faces of a rectangular shape in the size
of pl in the X-direction and in the size of p2 in the Z-direction are
integrally formed horizontally and vertically and densely. The cylindrical
micro fly's eye lens 8 is able to achieve  15 smaller change in distortion
due to variation in surface shapes of the micro refracting faces and, for
example, to keep less influence on the illuminance distribution from
manufacture errors of the large number of micro refracting faces integrally
formed by etching. [0027] The position of the predetermined plane 5 is
located near the  20 front focal point of the zoom lens 7 and the entrance
surface of the cylindrical micro fly's eye lens 8 is located near the rear
focal point of the zoom lens 7. In other words, the zoom lens 7 sets the
predetermined plane 5 and the entrance surface of the cylindrical micro
fly's eye lens 8 substantially in the Fourier transform relation and, thus,
25keeps the pupil plane of the afocal lens 4 approximately optically
conjugate with the entrance surface of the cylindrical micro fly's eye  WO
2009/054541PCT/JP2008/069704 



lens 8. [0028] Therefore, for example, a quadrupolar illumination field
consisting of two circular light intensity distributional areas spaced in
the Z-direction with a center on the optical axis AX and two circular 5
light intensity distributional areas spaced in the X-direction with a
center on the optical axis AX is formed on the entrance surface of the
cylindrical micro fly's eye lens 8 as on the pupil plane of the afocal lens
4. The overall shape of this quadrupolar illumination field similarly
varies depending upon the focal length of the zoom lens 7. The 10
rectangular micro refracting faces as wavefront division units in the
cylindrical micro fly's eye lens 8 are of a rectangular shape similar to a
shape of an illumination field to be formed on the mask M (and, therefore,
similar to a shape of an exposure region to be formed on the wafer W).
15[0029] The beam incident to the cylindrical micro fly's eye lens 8 is
two-dimensionally divided to form a secondary light source with a light
intensity distribution approximately identical with the illumination field
formed by the incident beam, i.e., a secondary light source of a
quadrupolar shape (quadrupolar illumination pupil luminance 20
distribution) consisting of two circular substantial surface illuminants
spaced in the Z-direction with a center on the optical axis AX and two
circular substantial surface illuminants spaced in the X-direction with a
center on the optical axis AX, on or near its rear focal plane (and thus on
the illumination pupil). Beams from the secondary light source formed 25on
or near the rear focal plane of the cylindrical micro fly's eye lens 8 are
then incident to an aperture stop 9 located near it.  WO
2009/054541PCT/JP2008/069704 [0030] The aperture stop 9 has quadrupolar
apertures (light transmitting portions) corresponding to the secondary
light source of the quadrupolar shape formed on or near the rear focal
plane of the cylindrical micro fly's eye lens 8. The aperture stop 9 is
configured so as to be 



5 detachable with respect to the illumination optical path and to be
switchable with a plurality of aperture stops having apertures of different
sizes and shapes. A method of switching the aperture stops can be, for
example, a known turret method or slide method. The aperture stop 9 is
arranged at a position approximately optically 10 conjugate with an
entrance pupil plane of projection optical system PL described later, and
defines a range of the secondary light source that contributes to
illumination. [0031] The beams from the secondary light source limited by
the aperture stop 9 travel through a condenser optical system 10 to 15
superposedly illuminate a mask blind 11. In this way, an illumination field
of a rectangular shape according to the shape and focal length of the
rectangular micro refracting faces as wavefront division units of the
cylindrical micro fly's eye lens 8 is formed on the mask blind 11 as an
illumination field stop. Beams having passed through a rectangular 20
aperture (light transmitting portion) of the mask blind 11 is condensed by
an imaging optical system 12 to superposedly illuminate a mask M on which a
predetermined pattern is formed. Namely, the imaging optical system 12
forms an image of the rectangular aperture of the mask blind 11 on the mask
M. 25[0032] A beam having passed through the mask M held on a mask stage MS
travels through the projection optical system PL to form an image  of the
mask pattern on a wafer (photosensitive substrate) W held on a wafer stage
WS. In this manner, the pattern of the mask M is sequentially transferred
into each of exposure regions on the wafer W by performing one-shot
exposure or scan exposure while two-  5 dimensionally driving and
controlling the wafer stage WS in the plane (XY plane) perpendicular to the
optical axis AX of the projection optical system PL and, therefore, while
two-dimensionally driving and controlling the wafer W. [0033] The conical
axicon system 6 is composed of the following  10 members arranged in the
order named from the light source side: first prism member 6a with a plane
on the light source side and with a refracting surface of a concave conical
shape on the mask side; and second prism member 6b with a plane on the mask
side and with a refracting surface of a convex conical shape on the light
source side.  15 The concave conical refracting surface of the first prism
member 6a and the convex conical refracting surface of the second prism
member 6b are complementarily formed so as to be able to contact each
other. At least one member out of the first prism member 6a and the second
prism member 6b is configured to be movable along the optical axis AX, 



20 whereby the spacing is made variable between the concave conical
refracting surface of the first prism member 6a and the convex conical re
acting -surface of the second prism member 6b. For easier understanding,
the action of the conical axicon system 6 and the action of the zoom lens 7
will be described with focus on the secondary light 25source of the
quadrupolar or annular shape. [0034] In a state in which the concave
conical refracting surface of the  first prism member 6a and the convex
conical refracting surface of the second prism member 6b contact each
other, the conical axicon system 6 functions as a plane-parallel plate and
causes no effect on the secondary light source of the quadrupolar or
annular shape formed.  5 However, as the concave conical refracting surface
of the first prism member 6a and the convex conical refracting surface of
the second prism member 6b are separated away from each other, the outside
diameter (inside diameter) of the quadrupolar or annular secondary light
source varies while keeping constant the width of the quadrupolar or  10
annular secondary light source (half of a difference between a diameter
(outside diameter) of a circle circumscribed to the quadrupolar secondary
light source and a diameter (inside diameter) of a circle inscribed
therein; half of a difference between the outside diameter and the inside
diameter of the annular secondary light source). Namely, 15the annular
ratio (inside diameter/outside diameter) and the size (outside diameter) of
the quadrupolar or annular secondary light source vary. [0035] The zoom
lens 7 has a function to enlarge or reduce the overall shape of the
quadrupolar or annular secondary light source similarly (or isotropically).
For example, as the focal length of the zoom lens 7 is  20 increased from a
minimum value to a predetermined value, the overall shape of the
quadrupolar or annular secondary light source is similarly enlarged. In
other words, the width and size (outside diameter) of the secondary light
source both vary, without change in the annular ratio of the quadrupolar or
annular secondary light source, by the action of the 25zoom lens 7. In this
manner, the annular ratio and size (outside diameter) of the quadrupolar or
annular secondary light source can be controlled by the actions of the
conical axicon system 6 and the zoom lens 7. [0036] In the present
embodiment, the spatial light modulators 33, 34 to 



be used can be, for example, those continuously changing each of  5
orientations of the mirror elements 33a, 34a arranged two-dimensionally.
Such spatial light modulators can be selected, for example, from the
spatial light modulators disclosed in Japanese Patent Application Laid-open
(Translation of PCT Application) No. 10-503300 and European Patent
Application Publication EP 779530 corresponding  10 thereto, Japanese
Patent Application Laid-open No. 2004-78136 and U.S. Pat. No. 6,900,915
corresponding thereto, Japanese Patent Application Laid-open (Translation
of PCT Application) No. 2006- 524349 and U.S. Pat. No. 7,095,546
corresponding thereto, and Japanese Patent Application Laid-open No.
2006-113437. It is also 15possible to control the orientations of the
mirror elements 33a, 34a arranged two-dimensionally, in a plurality of
discrete steps. [0037] In the first spatial light modulator 33, each of the
postures of the mirror elements 33a varies by the action of the drive unit
33b operating according to a control signal from the control unit, whereby
each minor  20 element 33a is set in a predetermined orientation. The
s-polarized light reflected at respective predetermined angles by the
mirror elements 33a of the first spatial light modulator 33 forms, for
example, two circular light intensity distributional areas 41a and 41b
spaced in the Z-direction with a center on the optical axis AX, on the
pupil plane of the afocal 25lens 4, as shown in Fig. 4. The light forming
the light intensity distributional areas 41a and 41b has the polarization
direction along the  WO 2009/054541PCT/JP2008/069704 X-direction as
indicated by double-headed arrows in the drawing. 



[0038] Similarly, in the second spatial light modulator 34, each of the
postures of the mirror elements 34a varies by the action of the drive unit
34b operating according to a control signal from the control unit,  5
whereby each mirror element 34a is set in a predetermined orientation. The
p-polarized light reflected at respective predetermined angles by the
mirror elements 34a of the second spatial light modulator 34 forms, for
example, two circular light intensity distributional areas 41c and 41d
spaced in the X-direction with a center on the optical axis AX, on the  10
pupil plane of the afocal lens 4, as shown in Fig. 4. The light forming the
light intensity distributional areas 41c and 41d has the polarization
direction along the Z-direction as indicated by double-headed arrows in the
drawing. When the polarization state of the beam incident into the spatial
light modulation unit 3 is circular polarization or linear  15 polarization
with the polarization direction at an angle of 45 to the X-axis and Z-axis
(which will be referred to hereinafter as "45 linear polarization"), the
light intensities of the four light intensity distributional areas 41a-41d
become equal to each other. [0039] The light forming the quadrupolar light
intensity distribution 41  20 on the pupil plane of the afocal lens 4 forms
the light intensity distribution of the quadrupolar shape corresponding to
the light intensity distributional areas 41a-41d on the entrance surface of
the cylindrical micro fly's eye lens 8, and on the rear focal plane of the
cylindrical micro fly's eye lens 8 or on the illumination pupil near it
(the position 25where the aperture stop 9 is arranged). Namely, the afocal
lens 4, zoom lens 7, and cylindrical micro fly's eye lens 8 constitute a
distribution forming optical system which forms a predetermined light
intensity distribution on the illumination pupil of the illumination
optical apparatus (2-12), based on the beams having traveled via the first
spatial light modulator 33 and the second spatial light modulator  5 34.
Furthermore, the light intensity distribution of the quadrupolar shape
corresponding to the light intensity distributional areas 41a-41d is also
formed at other illumination pupil positions optically conjugate with the
aperture stop 9, i.e., at the pupil position of the imaging optical system
12 and at the pupil position of the projection optical system PL.  10
[0040] The exposure apparatus performs exposure under an appropriate
illumination condition according to a pattern characteristic, in order to
highly accurately and faithfully transfer the pattern of the mask M onto
the wafer W. In the present embodiment, the illumination pupil luminance
distribution to be formed is the quadrupolar illumination  15 pupil
luminance distribution corresponding to the quadrupolar light intensity
distribution 41 shown in Fig. 4 and the beams passing through this
quadrupolar illumination pupil luminance distribution are set in a
circumferential polarization state. In the circumferential polarization
quadrupolar illumination based on the quadrupolar illumination pupil  20
luminance distribution in the circumferential polarization state, the light
impinging upon the wafer W as a final illumination target surface is in a
polarization state in which the principal component is s-polarized light.
[0041] Here the s-polarized light is linearly polarized light with the
polarization direction along a direction normal to a plane of incidence
25(which is polarized light with the electric vector vibrating in the 



direction normal to the plane of incidence). The plane of incidence is
defined as a plane that includes a point where light impinges upon a
boundary surface of a medium (illumination target surface: surface of wafer
W) and that includes a normal to the boundary surface at that point and a
direction of incidence of the light. As a consequence, the 5circumferential
polarization quadrupolar illumination achieves an improvement in optical
performance of the projection optical system (the depth of focus and
others), whereby a good mask pattern image is obtained with high contrast
on the wafer (photosensitive substrate). [0042] Since the present
embodiment uses the spatial light modulation 10 unit 3 with the pair of
spatial light modulators 33, 34 in which the postures of the mirror
elements 33a, 34a each are individually changed, it is feasible to freely
and quickly change the illumination pupil luminance distribution consisting
of the first light intensity distribution in the s-polarized state formed
on the illumination pupil by the action of 15 the first spatial light
modulator 33 and the second light intensity distribution in the p-polarized
state formed on the illumination pupil by the action of the second spatial
light modulator 34. In other words, the present embodiment is able to
realize the illumination conditions of great variety in terms of the shape,
size, and polarization state of the 20illumination pupil luminance
distribution, by changing each of the shapes and sizes of the first light
intensity distribution and the second light intensity distribution in
mutually different polarization states. [0043] As described above, the
illumination optical apparatus (2-12) to illuminate the mask M as an
illumination target surface on the basis of 25the light from the light
source 1 in the present embodiment is able to realize the illumination
conditions of great variety in terms of the shape,  



size, and polarization state of the illumination pupil luminance
distribution. Furthermore, the exposure apparatus (1-WS) of the present
embodiment is able to perform good exposure under an appropriate
illumination condition realized according to the pattern 5characteristic of
the mask M, using the illumination optical apparatus (2-12) capable of
realizing the illumination conditions of great variety. [0044] In the
present embodiment, when the spatial light modulators 33 and 34 are in the
standard state, the traveling direction of the incident beam to the
polarization separating film 35 functioning as a light splitter  10 is
parallel to (or coincident with) the traveling direction of the exiting
beam from the polarization separating film 36 functioning as a light
combiner. In other words, in the standard state of the spatial light
modulators 33 and 34, the traveling directions of the incident beam to the
spatial light modulation unit 3 and the exiting beam from the spatial  15
light modulation unit 3 are coincident with (or parallel to) the optical
axis AX of the illumination optical apparatus. Since the optical paths
upstream and downstream of the spatial light modulation unit 3 are coaxial
(or parallel), the optical system can be shared, for example, with the
conventional illumination optical apparatus using a diffractive 20optical
element for formation of the illumination pupil luminance distribution.
[0045] In the present embodiment, the mirror elements 33a of the first
spatial light modulator 33 are arranged near the prism member 31 and the
mirror elements 34a of the second spatial light modulator 34 are 25arranged
near the prism member 32. In this case, the prism members 31, 32 serve as
cover members for the mirror elements 33a, 34a, which  can enhance the
durability of the spatial light modulators 33, 34. [0046] In the present
embodiment, the spatial light modulation unit 3 may be so designed that the
angle 0 of incidence of the light (cf. Fig. 2) to the polarization
separating film 35 formed between the prism 5 members 31 and 32 is close to
the Brewster's angle. This configuration can reduce the reflectance of
p-polarized light on the polarization separating film 35 and increase
polarization efficiency. The polarization separating films 35, 36 are not
limited to those made of dielectric multilayer films, but may be, for
example, those having "a 



10 polarization separating layer of a periodic grating structure." The
"polarization separating layer of the periodic grating structure" of this
type can be a wire grid type polarization separating element in which a
plurality of metal gratings parallel to a first direction are periodically
arranged in a second direction orthogonal to the first direction. This 15
technology is disclosed, for example, in Japanese Patent Application
Laid-open No. 2005-77819 and U.S. Pat. No. 7,116,478 corresponding thereto.
[0047] In the above-described embodiment, the spatial light modulation unit
3 is composed of the pair of prism members 31 and 32 and the pair 20 of
spatial light modulators 33 and 34. However, without having to be limited
to this, various forms can be contemplated for specific configurations of
the spatial light modulation unit 3. [0048] In the foregoing embodiment,
the afocal lens 4, conical axicon system 6, and zoom lens 7 are arranged in
the optical path between the 25spatial light modulation unit 3 and the
cylindrical micro fly's eye lens 8. However, without having to be limited
to this, these optical members  WO 2009/054541PCT/JP2008/069704 can be
replaced, for example, by a condensing optical system functioning as a
Fourier transform lens. [0049] In the foregoing embodiment, the p-polarized
light having traveled via the polarization separating film 35 functioning
as a light 



5 splitter is folded toward the second spatial light modulator 34 by total
reflection on the interface 32a between the prism member 32 and the gas 37
as a first folding surface. Likewise, the p-polarized light having traveled
via the second spatial light modulator 34 is folded toward the polarization
separating film 36 functioning as a light combiner, by total 10reflection
on the interface 32b between the prism member 32 and the gas 37. However,
without having to be limited to this, it is also possible to provide a
reflecting film on the interfaces 32a, 32b. [0050] In the above
description, the quadrupolar illumination pupil luminance distribution is
formed by forming the Z-directionally dipolar 15 light intensity
distributional areas 41a, 41b by the action of the first spatial light
modulator 33 and forming the X-directionally dipolar light intensity
distributional areas 41c, 41d by the action of the second spatial light
modulator 34. However, in the present embodiment, as described above,
various forms can be contemplated as to the shape, size, and 20
polarization state of the illumination pupil luminance distribution. The
following will schematically describe an example of forming a pentapolar
illumination pupil luminance distribution, with reference to Fig. 5.
[0051] In this example, as shown in the left view in Fig. 5, for example,
25two circular light intensity distributional areas 42a and 42b spaced in
the Z-direction with a center on the optical axis AX and a circular light
intensity distributional area 42c' with a center on the optical axis AX are
formed on the pupil plane of the afocal lens 4 by the action of the first
spatial light modulator 33. The light forming the light intensity
distributional areas 42a, 42b, 42c' has the polarization direction along 5
the X-direction as indicated by double-headed arrows in the drawing On the
other hand, as shown in the center view in Fig. 5, for example, two
circular light intensity distributional areas 42d and 42e spaced in the
X-direction with a center on the optical axis AX and a circular light
intensity distributional area 42c" with a center on the optical axis AX
10are formed on the pupil plane of the afocal lens 4 by the action of the
second spatial light modulator 34. The light forming the light intensity
distributional areas 42d, 42e, 42c" has the polarization direction along
the Z-direction as indicated by double-headed arrows in the drawing. 



[0052] As a result, the light intensity distributional areas 42a-42e of the
15 pentapolar shape are formed, as shown in the right view in Fig. 5, on
the pupil plane of the afocal lens 4. The circular light intensity
distributional area 42c with a center on the optical axis AX is formed by
superposition of the light intensity distributional areas 42c' and 42c".
When an optical path length difference of not less than a temporal 20
coherence length of the light source 1 is provided between the s-polarized
light traveling via the first spatial light modulator 33 to the pupil plane
of the afocal lens 4 and the p-polarized light traveling via the second
spatial light modulator 34 to the pupil plane of the afocal lens 4, the
beam with the polarization direction along the Z-direction 25and the beam
with the polarization direction along the X-direction as indicated by the
double-headed arrows in the drawing pass through the  region of the light
intensity distributional area 42c. [0053] In contrast to it, when there is
no path length difference between the s-polarized light traveling via the
first spatial light modulator 33 to the pupil plane of the afocal lens 4
and the p-polarized light traveling  5 via the second spatial light
modulator 34 to the pupil plane of the afocal lens 4, the polarization
state of the beam passing through the region of the light intensity
distributional area 42c coincides with the polarization state of the
incident beam to the spatial light modulation unit 3. When the polarization
state of the beam incident to the spatial light modulation  10 unit 3 is
circular polarization or 45 linear polarization, the light intensities of
the four surrounding light intensity distributional areas 42a, 42b, 42d,
42e are equal to each other and the light intensity of the center light
intensity distributional area 42c is twice the light intensities of the
other areas. 15[0054] As another example, light having passed through a
half wave plate may be made incident to the polarization separating film 35
functioning as a light splitter. A ratio of intensities of the s-polarized
light and the p-polarized light separated by the polarization separating
film 35 can be controlled by rotating the half wave plate arranged on the 



20 light source side with respect to the polarization separating film 35,
around the optical axis. Namely, it is feasible to control the ratio of
intensifies of s-polarized light and p-polarized light reaching the pupil
plane of the afocal lens 4. It is also possible to make only the
s-polarized light or p-polarized light reach the pupil plane of the afocal
25lens 4, for example, by controlling the angle of rotation of the half
wave plate so as to make the s-polarized light incident to the polarization
WO 20091054541PCT/JP2008/069704 separating film 35 or by controlling the
angle of rotation of the half wave plate so as to make the p-polarized
light incident to the polarization separating film 35. This permits a
dipolar light intensity distribution (e.g., light intensity distributional
areas 41a, 41b in Fig. 4) 5to be formed on the pupil plane of the afocal
lens 4. [0055] In the foregoing embodiment, the polarization separating
film 35 located on the light splitting surface functions as a light
splitter and the polarization separating film 36 located on the light
combining surface at the position different from that of the polarization
separating film 35  10 functions as a light combiner. However, without
having to be limited to this, it is also possible to adopt a modification
example in which the light splitter and the light combiner have a common
polarization beam splitter 51, for example, as shown in Fig. 6. In the
spatial light modulation unit 3A shown in the modification example of Fig.
6, the s-  15 polarized light reflected on a polarization separating film
51a, in the light incident along the optical axis AX into the polarization
beam splitter 51, travels through a quarter wave plate 52 to become
circularly polarized light, and the circularly polarized light is incident
to the first spatial light modulator 53. 20[0056] Light reflected by a
plurality of mirror elements of the first spatial light modulator 53
travels through the quarter wave plate 52 to become p-polarized light and
the p-polarized light returns to the polarization beam splitter 51. The
p-polarized light having traveled via the first spatial light modulator 53
to enter the polarization beam 25splitter 51, passes through the
polarization separating film 51a to be emitted from the polarization beam
splitter 51. In the standard state of 



WO 20091054541PCT/JP2008/069704 the first spatial light modulator 53, the
light having traveled along the optical axis AX into the spatial light
modulation unit 3A and then via the first spatial light modulator 53 is
emitted along the optical axis AX from the spatial light modulation unit
3A. 5[0057] On the other hand, the p-polarized light passing through the
polarization separating film 51a of the polarization beam splitter 51
travels through a quarter wave plate 54 to become circularly polarized
light, and the circularly polarized light is incident to the second spatial
light modulator 55. Light reflected by a plurality of mirror elements of
10 the second spatial light modulator 55 travels through the quarter wave
plate 54 to become s-polarized light and the s-polarized light returns to
the polarization beam splitter 51. The s-polarized light having traveled
via the second spatial light modulator 55 and having entered the
polarization beam splitter 51, is reflected by the polarization separating
15 film 51a and the reflected light is emitted from the polarization beam
splitter 51. In the standard state of the second spatial light modulator
55, the light having traveled along the optical axis AX into the spatial
light modulation unit 3A and then via the second spatial light modulator
55, is emitted along the optical axis AX from the spatial light
20modulation unit 3A. [0058] In the above description, the spatial light
modulators with the plurality of optical elements arranged
two-dimensionally and controlled individually are those in which the
orientations of the reflecting surfaces (angles: inclinations) arranged
two-dimensionally can be individually 25controlled. However, without having
to be limited to this, it is also possible, for example, to use spatial
light modulators in which heights  (positions) of the reflecting surfaces
arranged two-dimensionally can be individually controlled. The spatial
light modulators of this type applicable herein can be selected, for
example, from the spatial light modulators disclosed in Japanese Patent
Application Laid-open No. 6-  5 281869 and U.S. Pat. No. 5,312,513
corresponding thereto, and in Fig. id in Japanese Patent Application
Laid-open (Translation of PCT Application) No. 2004-520618 and U.S. Pat.
No. 6,885,493 corresponding thereto. These spatial light modulators are
able to apply the same action as a diffracting surface, to the incident
light by forming 



10 a two-dimensional height distribution. The above-described spatial light
modulators with the plurality of reflecting surfaces arranged
two-dimensionally may be modified, for example, according to the disclosure
in Japanese Patent Application Laid-open (Translation of PCT Application)
No. 2006-513442 and U.S. Pat. No. 6,891,655  15 corresponding thereto, or
according to the disclosure in Japanese Patent Application Laid-open
(Translation of PCT Application) No. 2005- 524112 and U.S. Pat. Published
Application No. 2005/0095749 corresponding thereto. [0059] In the above
description, the spatial light modulators used are  20 the reflective
spatial light modulators with the plurality of mirror elements, but,
without having to be limited to this, it is also possible, for example, to
use the transmissive spatial light modulator disclosed in U.S. Pat. No.
5,229,872. Fig. 7 schematically shows a configuration of a spatial light
modulation unit according to a modification example 25having transmissive
spatial light modulators. In the spatial light modulation unit 3B shown in
the modification example of Fig. 7, the s-  WO 20091054541PCT1JP20081069704
polarized light reflected by a polarization separating film 61a, in light
incident along the optical axis AX to a polarization beam splitter 61
functioning as a light splitter, is incident into a first spatial light
modulator 62. 5[0060] The light having passed through a plurality of
optical elements (prism elements or the like) of the first spatial light
modulator 62 is folded by a path folding mirror 63 and thereafter the
folded light is incident to a polarization beam splitter 64 functioning as
a light combiner. The s-polarized light having traveled via the first
spatial  10 light modulator 62 and having entered the polarization beam
splitter 64 is reflected by a polarization separating film 64a and the
reflected light is emitted from the polarization beam splitter 64. In the
standard state of the first spatial light modulator 62, the light having
traveled along the optical axis AX into the spatial light modulation unit
3B and then 15through the first spatial light modulator 62 is emitted along
the optical axis AX from the spatial light modulation unit 3B. 



[0061] The p-polarized light having passed through the polarization
separating film 61a of the polarization beam splitter 61 is incident into a
second spatial light modulator 65. The light having passed through a  20
plurality of optical elements of the second spatial light modulator 65 is
folded by a path folding mirror 66 and the folded light is incident to the
polarization beam splitter 64. The p-polarized light having traveled via
the second spatial light modulator 65 and having entered the polarization
beam splitter 64, travels through the polarization separating 25film 64a
and is emitted from the polarization beam splitter 64. In the standard
state of the second spatial light modulator 65, the light having  WO
2009/054541PCT/JP20081069704 traveled along the optical axis AX into the
spatial light modulation unit 3B and then through the second spatial light
modulator 65 is emitted along the optical axis AX from the spatial light
modulation unit 3B. [0062] In the above description, the optical system is
so configured that 5  the light from the light source 1 supplying the light
in the polarization state in which linearly polarized light is a principal
component, is guided to the spatial light modulation unit (3; 3A; 3B) while
substantially maintaining the polarization state of the light, but it is
also possible, for example, to adopt a modification example in which a 10
polarization control unit 13 for making the polarization state of exiting
light variable is provided in the optical path on the light source 1 side
of the spatial light modulation unit 3, as shown in Fig. 8. In Fig. 8 the
members with the same functionality as in Fig. 1 are denoted by the same
reference symbols. 15[0063] The polarization control unit 13 shown in the
modification example of Fig. 8 receives the light from the light source 1
having traveled via the shaping optical system 2 and path folding mirror,
and emits light in a desired polarization state toward the spatial light
modulation unit 3 This polarization control unit 13 is composed, for
20example, of a half wave plate 13a arranged as rotatable around the 



optical axis or around an axis parallel to the optical axis, and a
rotational drive unit 13b which rotationally drives the half wave plate
13a. [0064] For example, linearly polarized light with the polarization
direction (direction of the electric field) along the 45 direction to the
X- 25axis or the Z-axis in the XZ plane can be supplied to the spatial
light modulation unit 3, by rotationally adjusting the half wave plate 13a
through the rotational drive unit 13b. At this time, the light quantity of
the s-polarized light (the light traveling toward the first spatial light
modulator 33) and the light quantity of the p-polarized light (the light
traveling toward the second spatial light modulator 34) separated by the
5polarization separating film of the spatial light modulation unit 3 become
approximately equal. [0065] By the rotational adjustment of the half wave
plate 13a in the polarization control unit 13, it is feasible to set the
ratio of the light quantities of the s-polarized light (the light toward
the first spatial light  10 modulator 33) and the p-polarized light (the
light toward the second spatial light modulator 34) separated by the
polarization separating film of the spatial light modulation unit 3, to any
light quantity ratio. For example, in the case where the quadrupolar light
intensity distributional areas 41a-41d as shown in Fig. 4 are formed, a
ratio of the light  15 intensity of the two light intensity distributional
areas 41a, 41b spaced in the 2-direction with a center on the optical axis
AX and the light intensity of the two light intensity distributional areas
41c, 41d spaced in the X-direction with a center on the optical axis AX can
be set at a desired light quantity ratio. 



20[0066] In the modification example shown in Fig. 8, the apparatus may be
so arranged that an illumination pupil polarization distribution is
measured by a pupil polarization distribution measuring device 14 and that
the polarization control unit 13 is controlled according to the result of
the measurement. In this case, each spatial light modulator in the
25spatial light modulation unit may be controlled as occasion may demand.
This pupil polarization distribution measuring device 14 is a  WO
20091054541PCT1JP20081069704 device that is provided in the wafer stage WS
for holding the wafer W or in a measurement stage provided separately from
the wafer stage WS, and that measures the polarization state in the pupil
(or in the aperture) of the illumination light (exposure light) incident to
the wafer W. The  5 detailed configuration and action of the polarization
state measuring device 14 are disclosed, for example, in Japanese Patent
Application Laid-open No. 2005-5521. [0067] This configuration is effective
as follows: for example, even when there is a reflectance difference
between polarizations in each path  10 folding mirror arranged in the
illumination optical system or in the projection optical system, adverse
effect thereby can be prevented. In the modification example of Fig. 8 the
direction of polarization to the spatial light modulation unit 3 is
adjusted by the polarization control unit 13, but the same effect can also
be achieved by rotating the light  15 source 1 itself or the spatial light
modulation unit 3 around the optical axis. This polarization control unit
13 can also be applied to the modification examples shown in Figs. 6 and 7.
[0068] In the aforementioned embodiment and the modification examples of
Figs. 6 to 8, the light splitter and the light combiner have 



20 the polarization separating film (35, 36; 51a; 61a, 64a), but, without
having to be limited to this, it is also possible to adopt a configuration
in which the light splitter and the light combiner have a separating film
to effect amplitude division of a beam. In this case, the first light
intensity distribution formed on the illumination pupil by the action of
25the first spatial light modulator has the same polarization state as the
second light intensity distribution formed on the illumination pupil by  WO
20091054541PCT/JP2008/069704 the action of the second spatial light
modulator, but it becomes feasible to realize illumination conditions of
great variety in terms of the shape and size of the illumination pupil
luminance distribution, by changing each of the shapes and sizes of the
first light intensity distribution and 5the second light intensity
distribution. [0069] In the aforementioned embodiment and the modification
examples of Figs. 6 to 8, the polarization separating film (35; 51a; 61a)
is used to split the incident beam into two beams, but, without having to
be limited to this, it is also possible, for example, to adopt a  10
configuration in which a difli active optical element is used to split the
incident beam into two beams. Fig. 9 is a drawing schematically showing a
major configuration of a modification example using a diffractive optical
element as a light splitter. The modification example of Fig. 9 has a
configuration in which the spatial light 15modulation unit 3 in the
embodiment of Fig. 1 is replaced by a diffractive optical element 71, a
condenser lens 72, a pair of half wave plates 73A, 73B, and a pair of
spatial light modulation units 74A, 74B. [0070] In the modification example
of Fig. 9, the beam from the light source 1 having traveled through the
shaping optical system 2 is  20 incident along the optical axis AX to the
diffractive optical element 71 as a light splitter. The diffractive optical
element 71 has such a function that, for example, when a parallel beam with
a rectangular cross section is incident along the optical axis AX thereto,
it forms two rectangular light intensity distributional areas spaced in the
Z-direction 25with a center on the optical axis AX, in its far field (or
Fraunhofer diffraction region). In other words, the diffractive optical
element 71 



functions to split the incident light into two beams. [0071] The first beam
out of the two beams split by the diffractive optical element 71 travels
through the condenser lens 72 functioning as a Fourier transform lens and
then enters the half wave plate 73A 5 rotatable around the optical axis AXa
of the optical path of the first beam or around an axis parallel to the
optical axis AXa. Light in a linearly polarized state having passed through
the half wave plate 73A travels via the spatial light modulation unit 74A
and thereafter travels through the front lens unit 4a of the afocal lens 4
to reach the pupil 10 plane 4c of the afocal lens 4. On the other hand, the
second beam out of the two beams split by the diffractive optical element
71 travels through the condenser lens 72 and enters the half wave plate 73B
rotatable around the optical axis AXb of the optical path of the second
beam or around an axis parallel to the optical axis AXb. Light in a 15
linearly polarized state having passed through the half wave plate 73B
travels via the spatial light modulation unit 74B and thereafter travels
through the front lens unit 4a of the afocal lens 4 to reach the pupil
plane 4c. The front lens unit 4a of the afocal lens 4 is an optical system
which superimposes the beam having passed via the spatial light 20modulator
in the spatial light modulation unit 74A and the beam having passed via the
spatial light modulator in the spatial light modulation unit 74B, on the
pupil plane 4c, and functions as a light combiner. [0072] For brevity of
description, it is assumed hereinafter that the spatial light modulation
unit 74A arranged in the optical path of the first 25beam and the spatial
light modulation unit 74B arranged in the optical path of the second beam
have the same configuration. It is also  



assumed that a parallel beam in a linearly polarized state with the
polarization direction along a direction at 45 to the Z-direction and the
X-direction is incident to the diffractive optical element 71, that light
in an X-directionally linearly polarized state (laterally polarized state)
with  5 polarization along the X-direction is incident to the spatial light
modulation unit 74A because of the action of the half wave plate 73A, and
that light in a Z-directionally linearly polarized state (vertically
polarized state) with polarization along the Z-direction is incident to the
spatial light modulation unit 74B because of the action of the half wave
10plate 73B. [0073] The specific configuration and action of the spatial
light modulation unit 74A will be described below with reference to Figs.
10 and 11. Since the spatial light modulation unit 74B basically has the
same configuration as the spatial light modulation unit 74A, redundant  15
description is omitted about the specific configuration and action of the
spatial light modulation unit 74B. The spatial light modulation unit 74A,
as shown in Fig. 10, has a prism 23b made of an optical material, e.g.,
fluorite, and a reflective spatial light modulator 23a attached in
proximity to a side face 23ba of the prism 23b parallel to the XY plane.
20 The optical material for making the prism 23b does not have to be
limited to fluorite, but may be silica or any other optical material
according to the wavelength of the light supplied from the light source 1.
[0074] The prism 23b has a form obtained by replacing one side face of 25a
rectangular parallelepiped (a side face opposed to the side face 23ba to
which the spatial light modulator 23a is attached in proximity) by side
faces 23bb and 23bc depressed in a V-shape, and is also called a K prism
because of the sectional shape along the YZ plane. The side faces 23bb and
23bc depressed in the V-shape in the prism 23b are defined by two planes
PN1 and PN2 intersecting at an obtuse angle. 5The two planes PN1 and PN2
both are orthogonal to the YZ plane and make the V-shape along the YZ
plane. [0075] Internal surfaces of the two side faces 23bb and 23bc in
contact along an intersecting line (straight line extending in the
X-direction) P3 between the two planes PN1 and PN2 function as reflecting
surfaces R1 



10 and R2. Namely, the reflecting surface R1 is located on the plane PN1,
the reflecting surface R2 is located on the plane PN2, and an angle between
the reflecting surfaces R1 and R2 is an obtuse angle. As an example, the
angles can be determined as follows: the angle between the reflecting
surfaces R1 and R2 is 1200; the angle between the entrance  15 surface IP
of the prism 23b perpendicular to the optical axis AXa, and the reflecting
surface RI is 60'; the angle between the exit surface OP of the prism 23b
perpendicular to the optical axis AXa, and the reflecting surface R2 is 60.
[0076] In the prism 23b, the side face 23ba to which the spatial light  20
modulator 23a is attached in proximity is parallel to the optical axis AXa;
and the reflecting surface R1 is located on the light source 1 side (on the
upstream side of the exposure apparatus; on the left in Fig. 10) and the
reflecting surface R2 is located on the afocal lens 4 side (on the
downstream side of the exposure apparatus; on the right in Fig. 10). 25More
specifically, the reflecting surface R1 is obliquely arranged with respect
to the optical axis AXa and the reflecting surface R2 is obliquely  WO
20091054541PCT1JP20081069704  arranged with respect to the optical axis AXa
and in symmetry with the reflecting surface R1 with respect to a plane
passing the intersecting line P3 and being parallel to the X2 plane. The
side face 23ba of the prism 23b is an optical surface opposed to a surface
on which the plurality of 5mirror elements SE of the spatial light
modulator 23a are arranged, as described below. [0077] The reflecting
surface R1 of the prism 23b reflects the light incident through the
entrance surface IP, toward the spatial light modulator 23a. The spatial
light modulator 23a is located in the 



10 optical path between the reflecting surface R1 and the reflecting
surface R2 and reflects the light incident via the reflecting surface R1 .
The reflecting surface R2 of the prism 23b reflects the light incident via
the spatial light modulator 23a to guide the reflected light through the
exit surface OP to the front lens unit 4a of the afocal lens 4. In Fig. 10,
the 15 optical paths are expanded so that the optical axis AXa extends
linearly on the rear side of the spatial light modulation unit 74A, for
easier understanding of description. Fig. 10 shows the example wherein the
prism 23b is integrally made of one optical block, but the prism 23b may be
constructed using a plurality of optical blocks. 20[0078] The spatial light
modulator 23a applies spatial modulation according to a position of
incidence of light, to the light incident via the reflecting surface R1 .
The spatial light modulator 23a is provided with a plurality of micro
mirror elements (optical elements) SE arranged two-dimensionally, as shown
in Fig. 11. For easier description and 25illustration, Figs. 10 and 11 show
a configuration example in which the spatial light modulator 23a has
sixteen mirror elements SE of a 4x4 matrix, but the spatial light modulator
actually has a much larger number of mirror elements than sixteen elements.
[0079] With reference to Fig. 10, among a bundle of rays incident along a
direction parallel to the optical axis AXa into the spatial light 5
modulation unit 23, a ray Li is incident to a mirror element SEa out of the
plurality of mirror elements SE, and a ray L2 is incident to a mirror
element SEb different from the mirror element SEa. Similarly, a ray L3 is
incident to a mirror element SEc different from the mirror elements SEa,
SEb and a ray L4 is incident to a mirror element SEd 10 different from the
mirror elements SEa-SEc. The mirror elements SEa-SEd apply respective
spatial modulations set according to their positions, to the rays Li -L4,
respectively. [0080] The spatial light modulation unit 23 is so configured
that in the standard state in which the reflecting surfaces of all the
mirror elements 15 SE of the spatial light modulator 23a are set in
parallel with the XY plane, the rays incident along a direction parallel to
the optical axis AXa to the reflecting surface R1 travel via the spatial
light modulator 23a and thereafter are reflected to a direction parallel to
the optical axis AXa by the reflecting surface R2. Furthermore, the spatial
light modulation 



20 unit 23 is so configured that an air-equivalent length from the entrance
surface IP of the prism 23b via the mirror elements SEa-SEd to the exit
surface OP is equal to an air-equivalent length from the position
corresponding to the entrance surface IF to the position corresponding to
the exit surface OP without the prism 23b in the optical path. An
25air-equivalent length herein is obtained by converting an optical path
length in an optical system into an optical path length in air having the
WO 20091054541PCT1JP20081069704 refractive index of 1, and an
air-equivalent length in a medium having the refractive index n is obtained
by multiplying an optical path length therein by 1/n. [0081] The surface in
which the plurality of mirror elements SE of the 5  spatial light modulator
23a are arrayed is positioned at or near the rear focal point of the
condenser lens 72 and positioned at or near the front focal point of the
afocal lens 4. Therefore, a beam having a cross section of a shape
according to the characteristic of the diffractive optical element 71
(e.g., a rectangular shape) is incident to the spatial 10  light modulator
23a. The light reflected by the mirror elements SEaSEd of the spatial light
modulator 23a and provided with a predetermined angle distribution forms
predetermined light intensity distributional areas SP1-SP4 on the pupil
plane 4c of the afocal lens 4. Namely, the front lens unit 4a of the afocal
lens 4 converts angles given 15to the exiting light by the mirror elements
SEa-SEd of the spatial light modulator 23a, into positions on the plane 4c
being a far field region (Fraunhofer diffraction region) of the spatial
light modulator 23a. [0082] With reference to Fig. 1, the entrance surface
of the cylindrical micro fly's eye lens 8 is positioned at or near a
position optically 20conjugate with the pupil plane 4c (not shown in Fig.
1) of the afocal 



lens 4.Therefore, the light intensity distribution (luminance distribution)
of the secondary light source formed by the cylindrical micro fly's eye
lens 8 is a distribution according to the light intensity distributional
areas SP1-SP4 formed on the pupil plane 4c by the spatial 25light modulator
23a and the front lens unit 4a of the afocal lens 4. The spatial light
modulator 23a is a movable multi-mirror including the  WO
20091054541PCT/JP2008/069704 mirror elements SE being a large number of
micro reflecting elements arranged regularly and two-dimensionally along
one plane with a reflecting surface of a planar shape up, as shown in Fig.
11. [00831 Each mirror element SE is movable and an inclination of the 5
reflecting surface thereof, i.e., an angle and direction of inclination of
the reflecting surface, is independently controlled by the action of the
drive unit 23c (not shown in Fig. 11) operating according to commands from
the control unit (not shown). Each mirror element SE can be continuously or
discretely rotated by a desired angle of rotation around 10  each of axes
of rotation along two directions (X-direction and Y-direction) orthogonal
to each other and parallel to the reflecting surface. Namely, inclinations
of the reflecting surfaces of the respective mirror elements SE can be
controlled two-dimensionally. [0084] In a case where the reflecting surface
of each mirror element SE 15  is discretely rotated, a preferred switch
control is such that the angle of rotation is switched in multiple stages
(e.g., ..., -2.5, -2.0,..., 0, +0.5,..., +2.5,...). Fig. 11 shows the
mirror elements SE with the contour of the square shape, but the contour of
the mirror elements SE is not limited to the square. However, the contour
may be a shape 



20  permitting arrangement of the mirror elements SE with a gap as small as
possible (a shape permitting closest packing), from the viewpoint of
efficiency of utilization of light. Furthermore, the spacing between two
adjacent mirror elements SE may be minimum necessary, from the viewpoint of
the light utilization efficiency. 25[0085] In the spatial light modulator
23a, the postures of the respective mirror elements SE are changed by the
action of the drive unit 23c  operating according to control signals from
the control unit, whereby each mirror element SE is set in a predetermined
orientation. The rays reflected at respective predetermined angles by the
mirror elements SE of the spatial light modulator 23a travel through the
afocal lens 4 and  5 zoom lens 7 to form a light intensity distribution
(illumination pupil luminance distribution) of a multi-polar shape
(quadrupolar, pentapolar, ...)or another shape on the rear focal point of
the cylindrical micro fly's eye lens 8 or on the illumination pupil near
it. This illumination pupil luminance distribution varies similarly
(isotropically) 10by the action of the zoom lens 7. [0086] Specifically,
laterally polarized light reflected at respective predetermined angles by
the mirror elements SE of the spatial light modulator 23a in the spatial
light modulation unit 74A forms, for example, two circular light intensity
distributional areas 41a and 41b  15 spaced in the Z-direction with a
center on the optical axis AX, on the pupil plane 4c of the afocal lens 4,
as shown in Fig. 4. The light forming the light intensity distributional
areas 41a and 41b has the polarization direction along the X-direction as
indicated by double-headed arrows in the drawing. 20[0087] Similarly,
vertically polarized light reflected at respective predetermined angles by
the mirror elements of the spatial light modulator in the spatial light
modulation unit 74B forms, for example, two circular light intensity
distributional areas 41c and 41d spaced in the X-direction with a center on
the optical axis AX, on the pupil plane 254c of the afocal lens 4, as shown
in Fig. 4. The light forming the light intensity distributional areas 41c
and 41d has the polarization direction  



along the Z-direction as indicated by double-headed arrows in the drawing.
[0088] The light forming the quadrupolar light intensity distribution 41 on
the pupil plane 4c of the afocal lens 4 forms quadrupolar light  5
intensity distributional areas corresponding to the light intensity
distributional areas 41a-41d, on the entrance surface of the cylindrical
micro fly's eye lens 8, and on the rear focal plane of the cylindrical
micro fly's eye lens 8 or on the illumination pupil near it (the position
where the aperture stop 9 is arranged). Furthermore, quadrupolar light  10
intensity distributional areas corresponding to the light intensity
distributional areas 41a-41d are also formed at other illumination pupil
positions optically conjugate with the aperture stop 9, i.e., at the pupil
position of the imaging optical system 12 and at the pupil position of the
projection optical system PL. 15[0089] In another example, the spatial
light modulation unit 74A acts, for example, to form two circular light
intensity distributional areas 42a and 42b spaced in the Z-direction with a
center on the optical axis AX, and a circular light intensity
distributional area 42c' with a center on the optical axis AX, as shown in
the left view in Fig. 5, on the pupil plane  20 4c of the afocal lens 4.
The light forming the light intensity distributional areas 42a, 42b, 42c'
has the polarization direction along the X-direction as indicated by
double-headed arrows in the drawing. On the other hand, the spatial light
modulation unit 74B acts, for example, to form two circular light intensity
distributional areas 42d and 2542e spaced in the X-direction with a center
on the optical axis AX, and a circular light intensity distributional area
42c" with a center on the  WO 2009/054541PCT/JP20081069704 optical axis AX,
as shown in the center view in Fig. 5, on the pupil plane 4c of the afocal
lens 4. The light forming the light intensity distributional areas 42d,
42e, 42c" has the polarization direction along the Z-direction as indicated
by double-headed arrows in the drawing. 5  [0090] As a consequence, the
light intensity distributional areas 42a-42e of the pentapolar shape are
formed on the pupil plane 4e of the afocal lens 4, as shown in the right
view in Fig. 5. The circular light intensity distributional area 42c with a
center on the optical axis AX is formed by superposition of the light
intensity distributional areas 42c' 



10  and 42c". When an optical path length difference of not less than the
temporal coherence length of the light source 1 is provided between the
horizontally polarized light having traveled via the spatial light
modulation unit 74A to reach the pupil plane 4c of the afocal lens 4 and
the vertically polarized light having traveled via the spatial light 15
modulation unit 74B to reach the pupil plane of the afocal lens 4, the beam
with the polarization direction along the Z-direction and the beam with the
polarization direction along the X-direction pass through the region of the
light intensity distributional area 42c, as indicated by the double-headed
arrows in the drawing. 20[0091] In the modification example of Fig. 9, as
described above, it is feasible to freely and quickly change the
illumination pupil luminance distribution consisting of the first light
intensity distribution in the laterally polarized state formed on the pupil
plane by the action of the spatial light modulator in the spatial light
modulation unit 74A and the 25second light intensity distribution in the
vertically polarized state formed on the pupil plane by the action of the
spatial light modulator in  the spatial light modulation unit 74B. In other
words, the modification example of Fig. 9 is also able to realize the
illumination conditions of great variety in terms of the shape, size, and
polarization state of the illumination pupil luminance distribution, by
changing each of the  5 shapes and sizes of the first light intensity
distribution and the second light intensity distribution in mutually
different polarization states, as in the embodiment of Fig 1. [0092] Since
the modification example of Fig. 9 uses the diffractive optical element 71
as a light splitter, it has the advantage that an  10 improvement can be
made in evenness of the intensity of light incident to the spatial light
modulators in the spatial light modulation units 74A, 74B. Since there is
no variation in angles of the beams immediately after the diffractive
optical element 71 even when the position of the beam incident to the
diffractive optical element 71 varies, the  15 modification example has the
advantage that the positions of the beams incident to the spatial light
modulators in the spatial light modulation units 74A, 74B are unlikely to
vary. [0093] In the modification example of Fig. 9, where a beam with a
rectangular cross section is incident to the diffiactive optical element
71, 



20 the incident beam may be split in the shorter-side direction of the
rectangular cross section, in order to miniaturize the prism 23b and,
therefore, miniaturize the spatial light modulation units 74A and 74B. In
other words, the incident beam may be split in a plane a normal to which is
a longitudinal direction of effective regions of the spatial light
25modulators in the spatial light modulation units 74A, 74B. In general,
where the incident light has a sectional shape in which a length along a WO
20091054541PCT1JP20081069704 first direction in the cross section of the
incident beam to the diffractive optical element 71 is smaller than a
length along a second direction perpendicular to the first direction, the
spatial light modulation units 74A and 74B can be compactified by splitting
the incident beam along 5the first direction. [0094] In the modification
example of Fig. 9, the diffractive optical element 71 is used to split the
incident beam into two beams. However, without having to be limited to
this, it is also possible to adopt a configuration of splitting the
incident beam into two beams by use of a 10 prism unit 76 having a pair of
prism members 76a and 76b, for example, as shown in Fig. 12. The
modification example of Fig. 12 has the configuration similar to the
modification example of Fig. 9, but is different from the modification
example of Fig. 9 only in that the prism unit 76 is arranged instead of the
diffractive optical element 71 and the 15 condenser lens 72. In Fig. 12,
the elements with the same functionality as the constituent elements shown
in Fig. 9 are denoted by the same reference symbols as those in Fig. 9.
Since the modification example shown in Fig. 12 uses the prism unit 76
having the pair of prism members 76a and 76b, to split the incident beam
into two beams, it 20becomes feasible to miniaturize the apparatus. [0095]
The prism unit 76 functioning as a light splitter in the modification
example of Fig. 12 is composed of the following members arranged in the
order named from the light source side (from the left in the drawing)-
first prism member 76a with a plane on the light source 25side and with a
refracting surface of a concave and V-shape on the mask side (on the right
in the drawing); and second prism member 76b with a  



WO 2009/054541PCT/JP2008/069704 plane on the mask side and with a
refracting surface of a convex and V-shape on the light source side. The
concave refracting surface of the first prism member 76a is composed of two
planes and an intersecting line (ridge line) between them extends along the
X-direction. The  5 convex refracting surface of the second prism member
76b is formed so as to be complementary to the concave refracting surface
of the first prism member 76a. Specifically, the convex refracting surface
of the second prism member 76b is also composed of two planes and an
intersecting line (ridge line) between them extends along the X-  10
direction. In the modification example of Fig. 12, the prism unit 76 as a
light splitter is composed of the pair of prism members 76a and 76b, but it
is also possible to construct the light splitter of at least one prism
Furthermore, it is possible to contemplate various forms for specific
configurations of the light splitter. 15[0096] In the modification example
of Fig. 9 and the modification example of Fig. 12, each of the half wave
plates 73A and 73B is provided in the optical path between the condenser
lens 72 and the spatial light modulation units 74A and 74B. However,
without having to be limited to this, the half wave plates 73A and 73B can
also be  20 located at another appropriate position in the optical path of
the first beam and at another appropriate position in the optical path of
the second beam out of the two beams split by the diffractive optical
element 71 or by the prism unit 76.      [0097] In the modification example
of Fig. 9 and the modification 25example of Fig. 12, the half wave plate
73A rotatable around the predetermined axis is provided in the optical path
of the first beam and  WO 20091054541PCT/JP2008/069704 the half wave plate
73B rotatable around the predetermined axis is provided in the optical path
of the second beam. However, without having to be limited to this, it is
also possible to adopt a configuration wherein a half wave plate is
provided so as to be rotatable around a  5 predetermined axis or
stationary, in at least one optical path, or a configuration wherein a
polarizer or an optical rotator other than the half wave plate is provided
so as to be rotatable around a predetermined axis or stationary, in at
least one optical path. 



[0098] The half wave plate (polarizer or optical rotator in general) may
10 be arranged as detachable from the optical path so that it can be
refracted from the optical path when not needed, which can lengthen the
life of the half wave plate. Similarly, the half wave plate (polarizer or
optical rotator in general) can be arranged as replaceable with a glass
substrate having the same path length, which can also lengthen the life
15of the half wave plate. [0099] When a quarter wave plate rotatable around
a predetermined axis is arranged in addition to the half wave plate,
elliptically polarized light can be controlled into desired linearly
polarized light. A depolarizer (depolarizing element) can also be used in
addition to or  20 instead of the half wave plate, whereby the light can be
obtained in a desired unpolarized state. It is also possible, for example,
to insert a plane-parallel plate of a required thickness in one optical
path so as to provide the path length difference of not less than the
temporal coherence length between the first beam and the second beam as
25described above, whereby a beam passing through the same region on the
illumination pupil can be depolarized. Furthermore, when the  optical path
length difference of not less than the temporal coherence length is
provided between the first beam and the second beam, speckle can be reduced
by about 7(1/ 2) . [0100] Since the illumination optical apparatus
according to the  5 embodiment and modification examples uses the optical
unit (spatial light modulation unit) with the pair of spatial light
modulators in which the postures of the mirror elements are individually
varied, it is feasible to freely and quickly change the illumination pupil
luminance distribution consisting of the first light intensity distribution
in the first  10 polarization state formed on the illumination pupil by the
action of the first spatial light modulator and the second light intensity
distribution in the second polarization state formed on the illumination
pupil by the action of the second spatial light modulator. In other words,
by changing each of the shapes and sizes of the first light intensity 



15 distribution and the second light intensity distribution in mutually
different polarization states, it is feasible to realize the illumination
conditions of great variety in terms of the shape, size, and polarization
state of the illumination pupil luminance distribution. [0101] In this
manner, the illumination optical apparatus according to  20 the embodiment
and the modification examples is able to realize the illumination
conditions of great variety in terms of the shape, the size, and the
polarization state of the illumination pupil luminance distribution.
Furthermore, the exposure apparatus according to the embodiment and
modification examples is able to perform good 25exposure under an
appropriate illumination condition realized according to a pattern
characteristic of a mask M, using the illumination optical  WO
20091054541PCT1JP20081069704 apparatus capable of realizing the
illumination conditions of great variety, and, therefore, to manufacture
good devices. [0102] In the above-described embodiment and each
modification example, the apparatus may also be configured as follows: a
pupil  5 luminance distribution measuring device is used to measure the
illumination pupil luminance distribution during formation of the
illumination pupil luminance distribution by means of the spatial light
modulation unit and each spatial light modulator in the spatial light
modulation unit is controlled according to the result of the  10
measurement. Such technology is disclosed, for example, in Japanese Patent
Application Laid-open No. 2006-54328, and Japanese Patent Application
Laid-open No. 2003-22967 and U.S. Pat. Published Application No.
2003/0038225 corresponding thereto. [0103] In the aforementioned
embodiment, the mask can be replaced by  15 a variable pattern forming
device which forms a predetermined pattern on the basis of predetermined
electronic data. The use of this variable pattern forming device minimizes
the effect on synchronization accuracy even when the pattern surface is
vertical. The variable pattern forming device applicable herein can be, for
example, a DMD 



20 (Digital Micromirror Device) including a plurality of reflecting
elements driven based on predetermined electronic data. The exposure
apparatus using DMD is disclosed, for example, in Japanese Patent
Application Laid-open No. 2004-304135 and International Publication
W02006/080285 and U.S Pat. Published Application No. 252007/0296936
corresponding thereto. Besides the reflective spatial light modulators of
the non-emission type like DIVED, it is also possible  to use transmissive
spatial light modulators or to use self-emission type image display
devices. The variable pattern forming device may also be used in cases
where the pattern surface is horizontal. [0104] The exposure apparatus
according to the foregoing embodiment  5 is manufactured by assembling
various sub-systems containing their respective components as set forth in
the scope of claims in the present application, so as to maintain
predetermined mechanical accuracy, electrical accuracy, and optical
accuracy. For ensuring these various accuracies, the following adjustments
are carried out before and after  10 the assembling: adjustment for
achieving the optical accuracy for various optical systems; adjustment for
achieving the mechanical accuracy for various mechanical systems;
adjustment for achieving the electrical accuracy for various electrical
systems. The assembling steps from the various sub-systems into the
exposure apparatus include  15 mechanical connections, wire connections of
electric circuits, pipe connections of pneumatic circuits, etc. between the
various sub-systems. It is needless to mention that there are assembling
steps of the individual sub-systems, before the assembling steps from the
various sub-systems into the exposure apparatus. After completion of the
assembling steps  20 from the various sub-systems into the exposure
apparatus, overall adjustment is carried out to ensure various accuracies
as the entire exposure apparatus. The manufacture of exposure apparatus is
desirably performed in a clean room in which the temperature, cleanliness,
etc. are controlled. 25[0105] The following will describe a device
manufacturing method using the exposure apparatus of the above embodiment.
Fig. 13 is a  WO 2009/054541PCT/JP2008/069704 



flowchart showing manufacturing steps of semiconductor devices. As shown in
Fig. 13, the manufacturing steps of semiconductor devices include
depositing a metal film on a wafer W to become a substrate for
semiconductor devices (step S40); and applying a photoresist as a 5
photosensitive substrate onto the deposited metal film (step S42). The
subsequent steps include transferring a pattern formed on a mask (reticle)
M, into each shot area on the wafer W, using the projection exposure
apparatus of the above embodiment (step S44: exposure step); and performing
development of the wafer W after completion of the 10 transfer, i.e.,
development of the photoresist onto which the pattern has been transferred
(step S46: development step). A step subsequent thereto is to process the
surface of the wafer W by etching or the like, using the resist pattern
made on the surface of the wafer W in step S46, as a mask (step S48:
processing step). 15[0106] The resist pattern herein is a photoresist layer
in which projections and depressions are formed in the shape corresponding
to the pattern transferred by the projection exposure apparatus of the
above embodiment, and which the depressions penetrate throughout. In the
step S48, the surface of the wafer W is processed through this resist 20
pattern. The processing carried out in the step S48 includes, for example,
at least either etching of the surface of the wafer W or deposition of a
metal film or the like. In the step S44, the projection exposure apparatus
of the above embodiment performs the transfer of the pattern using the
wafer W coated with the photoresist, as a 25photosensitive substrate or
plate P. [0107] Fig. 14 is a flowchart showing manufacturing steps of a
liquid  WO 20091054541PCT/JP2008/069704 crystal device such as a
liquid-crystal display device. As shown in Fig. 14, manufacturing steps of
the liquid crystal device include sequentially carrying out a pattern
forming step (step S50), a color filter forming step (step S52), a cell
assembly step (step S54), and a module assembly step 5(step S56). [0108]
The pattern forming step of step S50 is to form a predetermined pattern
such as a circuit pattern and an electrode pattern on a glass substrate
coated with a photoresist, as a plate P, using the projection exposure
apparatus of the above embodiment. This pattern forming 10  step includes
an exposure step of transferring a pattern onto a photoresist layer by
means of the projection exposure apparatus of the above embodiment; a
development step of developing the plate P after the transfer of the
pattern, i.e., developing the photoresist layer on the glass substrate, to
make the photoresist layer in the shape corresponding 



15to the pattern; and a processing step of processing the surface of the
glass substrate through the developed photoresist layer. [0109] The color
filter forming step of step S52 is to form a color filter in a
configuration wherein a large number of sets of three dots corresponding to
R (Red), G (Green), and B (Blue) are arrayed in a 20matrix pattern, or in a
configuration wherein a plurality of sets of three stripe filters of R, "
and B are arrayed in a horizontal scan direction. [0110] The cell assembly
step of step S54 is to assemble a liquid crystal panel (liquid crystal
cell) using the glass substrate with the predetermined pattern thereon in
step S50 and the color filter formed in 25step S52. Specifically, the
liquid crystal panel is formed, for example, by pouring a liquid crystal
into between the glass substrate and the color  WO
2009/054541PCT/JP20081069704 filter. The module assembly step of step S56
is to attach various components such as electric circuits and backlights
for display operation of this liquid crystal panel, to the liquid crystal
panel assembled in step S54. 5[0111] The present invention is not limited
to the application to the exposure apparatus for manufacture of
semiconductor devices, but can also be widely applied, for example, to the
exposure apparatus for display devices such as liquid-crystal display
devices formed with rectangular glass plates, or plasma displays and to the
exposure 



10 apparatus for manufacture of various devices such as imaging devices
(CCDs or the like), micromachines, thin-film magnetic heads, and DNA chips.
Furthermore, the present invention can also be applied to the exposure step
(exposure apparatus) in manufacture of masks (photomasks, reticles, etc.)
with mask patterns of various devices by 15photolithography. [0112] The
aforementioned embodiment used the ArF excimer laser light (the wavelength:
193 nm) or the KrF excimer laser light (the wavelength: 248 nm) as the
exposure light, but the exposure light does not have to be limited to
these: the present invention can also be applied 20to any other appropriate
laser light source, e.g., an F2 laser light source which supplies the laser
light at the wavelength of 157 nm. [0113] In the foregoing embodiment, it
is also possible to apply a technique of filling the interior of the
optical path between the projection optical system and the photosensitive
substrate with a 25medium having the refractive index larger than 1.1
(typically, a liquid), which is so called a liquid immersion method. In
this case, it is  WO 2009/054541PCT/JP2008/069704 possible to adopt one of
the following techniques as a technique of filling the interior of the
optical path between the projection optical system and the photosensitive
substrate with the liquid: the technique of locally filling the optical
path with the liquid as disclosed in 5 International Publication
W099/49504; the technique of moving a stage holding the substrate to be
exposed, in a liquid bath as disclosed in Japanese Patent Application
Laid-open No. 6-124873; the technique of forming a liquid bath of a
predetermined depth on a stage and holding the substrate therein as
disclosed in Japanese Patent Application Laid- 



10open No. 10-303114, and so on.       The aforementioned embodiment was
the application of the present invention to the illumination optical
apparatus to illuminate the mask in the exposure apparatus, but, without
having to be limited to this, the present invention can also be applied to
any commonly-used 15illumination optical apparatus to illuminate an
illumination target surface other than the mask. [0114] It should be noted
that the embodiment explained above was described for easier understanding
of the present invention but not for restricting the present invention.
Therefore, each of the elements 20 disclosed in the embodiment is intended
to embrace all design changes and equivalents belonging to the technical
scope of the present invention. Each of the constituent elements and others
in the above embodiment can be applied in any combination or the like.  WO
20091054541PCT1JP20081069704 CLAIMS 1. An optical unit comprising:       a
light splitter to split an incident beam traveling in an incident light
path, into a plurality of beams; 5a first spatial light modulator which can
be arranged in an 



optical path of a first beam out of the plurality of beams; a second
spatial light modulator which can be arranged in an optical path of a
second beam out of the plurality of beams; and               a light
combiner to combine a beam having passed via the first 10spatial light
modulator, with a beam having passed via the second spatial light
modulator, and to direct a resultant beam to an exiting light path; wherein
at least one spatial light modulator out of the first          spatial
light modulator and the second spatial light modulator includes a
15plurality of optical elements arranged two-dimensionally and controlled
individually; and       wherein the incident light path on the light
splitter side and the exiting light path on the light combiner side extend
in the same direction. 202. The optical unit according to claim 1, wherein
said at least one spatial light modulator includes a plurality of mirror
elements arranged two-dimensionally, and a drive unit to individually
control and drive postures of the plurality of mirror elements.
3. The optical unit according to claim 2, wherein the drive unit
25continuously changes orientations of the plurality of mirror elements.
4. The optical unit according to any one of claims 1 to 3, 



WO 20091054541PCT1JP20081069704 wherein the light splitter includes a
polarization separating film        5. The optical unit according to any
one of claims 1 to 4, wherein the light combiner includes a polarization
separating film              6. The optical unit according to any one of
claims 1 to 5, 5further comprising:       a first folding surface to fold
the second beam having passed via the light splitter, toward the second
spatial light modulator; and a second folding surface to fold the second
beam having passed via the second spatial light modulator, toward the light
combiner 10  7. The optical unit according to any one of claims 1 to 6,
wherein a light splitting surface of the light splitter and a light
combining surface of the light combiner are provided at different
positions. 8. The optical unit according to any one of claims 1 to 7, 15
wherein the first spatial light modulator can be arranged in a first space
out of a plurality of spaces made by division by a plane including an axis
connecting the incident light path and the exiting light path, and
wherein the second spatial light modulator can be arranged in a second
space different from the first space out of the plurality of spaces. 20  9.
The optical unit according to claim 8, wherein the first spatial light
modulator and the second spatial light modulator can be arranged at
opposite positions on both sides of the axis. 



10. The optical unit according to any one of claims 1 to 9,         wherein
a traveling direction of the incident beam incident to the light 25splitter
is parallel to a traveling direction in a standard state of the exiting
beam exiting from the light combiner.  WO 2009/054541PCT/JP20081069704
11. The optical unit according to claim 10, said optical unit being used in
an illumination optical apparatus to illuminate an illumination target
surface on the basis of light from a light source, wherein the traveling
direction in the standard state of the 5exiting beam is coincident with or
parallel to an optical axis of the illumination optical apparatus.
12. The optical unit according to any one of claims 1 to 5, wherein the
light splitter and the light combiner include a common polarization beam
splitter. 1013. The optical unit according to any one of claims 1 to 3,
wherein the light splitter includes a diffractive optical element.
14. The optical unit according to any one of claims 1 to 3, wherein the
light splitter includes at least one prism.                15. The optical
unit according to claim 13 or 14, further 15comprising a polarizer or an
optical rotator which can be arranged in at 



least one of the optical path of the first beam and the optical path of the
second beam between the light splitter and the light combiner.        16.
The optical unit according to any one of claims 13 to 15, wherein the light
combiner includes an optical system to superimpose 20 the beam having
passed via the first spatial light modulator, and the beam having passed
via the second spatial light modulator, on a predetermined surface.
17. The optical unit according to any one of claims 1 to 16, wherein an
angle of incidence of the incident beam to the light splitter is 25the
Brewster's angle.        18. The optical unit according to any one of
claims 1 to 17,  WO 2009/054541PCT/JP2008/069704 wherein a path length
difference is provided between light of the first beam traveling via the
first spatial light modulator and light of the second beam traveling via
the second spatial light modulator.       19. An optical unit comprising:
5a light splitter to split an incident beam into a plurality of beams in
mutually different polarization states;       a first spatial light
modulator which can be arranged in an optical path of a first beam out of
the plurality of beams; 



a second spatial light modulator which can be arranged in an 10optical path
of a second beam out of the plurality of beams; and       a light combiner
to combine a beam having passed via the first spatial light modulator, with
a beam having passed via the second spatial light modulator; wherein at
least one spatial light modulator out of the first 15 spatial light
modulator and the second spatial light modulator includes a plurality of
optical elements arranged two-dimensionally and controlled individually.
20. The optical unit according to any one of claims 1 to 19, wherein the
incident beam has such a sectional shape that a length along 20a first
direction in a cross section of the incident beam is smaller than a length
along a second direction perpendicular to the first direction, and wherein
the light splitter splits the incident beam along the first direction.
21. An optical unit comprising: 25a light splitter to split an incident
beam into a plurality of beams; a first spatial light modulator which can
be arranged in an  



WO 2009/054541PCT/JP20081069704 optical path of a first beam out of the
plurality of beams; a second spatial light modulator which can be arranged
in an optical path of a second beam out of the plurality of beams; and
a light combiner to combine a beam having passed via the first 5spatial
light modulator, with a beam having passed via the second spatial light
modulator; wherein at least one spatial light modulator out of the first
spatial light modulator and the second spatial light modulator includes a
plurality of optical elements arranged two-dimensionally and controlled
10individually; wherein the incident beam has such a sectional shape that a
length along a first direction in a cross section of the incident beam is
smaller than a length along a second direction perpendicular to the first
direction, and 15wherein the light splitter splits the incident beam along
the first 



direction. 22. An optical unit to be used together with an optical system
having a predetermined optical axis, the optical unit comprising:
a light splitter which can be arranged in an optical path of the 20optical
system and which splits an incident beam into a plurality of beams; a first
spatial light modulator which can be arranged at a first position being a
position in an optical path of a first beam out of the plurality of beams
and position different from the predetermined optical 25axis; a second
spatial light modulator which can be arranged at a  WO
20091054541PCT1JP20081069704 second position being a position in an optical
path of a second beam out of the plurality of beams and position different
from the predetermined 



optical axis; and a lien combiner which can be arranged in the optical path
of the 5optical system and which combines a beam having passed via the
first spatial light modulator, with a beam having passed via the second
spatial light modulator; wherein at least one spatial light modulator out
of the first         spatial light modulator and the second spatial light
modulator includes a 10plurality of optical elements arranged
two-dimensionally and controlled individually; and wherein the first
position and the second position are positions off the predetermined
optical axis of the optical system. 23. The optical unit according to claim
22, wherein the first 15spatial light modulator can be arranged in a first
space out of a plurality of spaces made by division by a plane including
the predetermined optical axis, and 



wherein the second spatial light modulator can be arranged in a second
space different from the first space out of the plurality of spaces. 20
24. The optical unit according to claim 22, wherein the first spatial light
modulator and the second spatial light modulator can be arranged at
opposite positions on both sides of the predetermined optical axis. 25. An
optical unit to be used together with an optical system 25having a
predetermined optical axis, the optical unit comprising: a first reflecting
surface to reflect light incident in parallel with  WO
2009/054541PCT/JP20081069704 the optical axis of the optical system;
a first spatial light modulator which can be arranged in optical path of
the light reflected on the first reflecting surface;          a second
reflecting surface to reflect light having passed via the 5first spatial
light modulator, and emit the reflected light into the optical system; 



a third reflecting surface to reflect light incident in parallel with the
optical axis of the optical system; a second spatial light modulator which
can be arranged in an 10optical path of the light reflected on the third
reflecting surface; and       a fourth reflecting surface to reflect light
having passed via the second spatial light modulator, and emit the
reflected light into the optical system; wherein at least one spatial light
modulator out of the first  15 spatial light modulator and the second
spatial light modulator includes a plurality of optical elements arranged
two-dimensionally and controlled individually.            26. The optical
unit according to claim 25, wherein the first to fourth reflecting surfaces
are obliquely arranged with respect to the 20predetermined optical axis of
the optical system.        27. The optical unit according to claim 25 or
26, wherein the first spatial light modulator can modulate light in such a
manner that the light reflected on the second reflecting surface to be
emitted into the optical system becomes parallel to the light incident to
the first 25reflecting surface, and wherein the second spatial light
modulator can modulate light in  such a manner that the light reflected on
the fourth reflecting surface to be emitted into the optical system becomes
parallel to the light incident to the third reflecting surface.        28.
The optical unit according to any one of claims 25 to 27, 



5wherein the first reflecting surface is located on a first plane, wherein
the second reflecting surface is located on a second plane intersecting
with the first plane, wherein the third reflecting surface is located on a
third plane, and 10wherein the fourth reflecting surface is located on a
fourth plane intersecting with the third plane.        29. The optical unit
according to claim 28, wherein a ridge line made by the first and second
planes is provided on the first spatial light modulator side with respect
to the first and second reflecting 15surfaces,       wherein a ridge line
made by the third and fourth planes is provided on the second spatial light
modulator side with respect to the third and fourth reflecting surfaces,
and            wherein an angle between the first and second reflecting
20surfaces is an obtuse angle and an angle between the third and fourth
reflecting surfaces is an obtuse angle.        30. The optical unit
according to any one of claims 1 to 29, said optical unit being used in an
illumination optical apparatus to illuminate an illumination target surface
on the basis of light from a 



25light source, the optical unit guiding light to a distribution forming
optical system in the illumination optical apparatus in order to form a  WO
2009/054541PCT/JP20081069704 predetermined light intensity distribution on
an illumination pupil of the illumination optical apparatus.           31.
An illumination optical apparatus to illuminate an illumination target
surface on the basis of light from a light source, the 5illumination
optical apparatus comprising: the optical unit as set forth in any one of
claims 1 to 30; and       a distribution forming optical system to form a
predetermined light intensity distribution on an illumination pupil of the
illumination optical apparatus, based on the beams having passed via the
first and 10second spatial light modulators.        32. An exposure
apparatus comprising the illumination optical apparatus as set forth in
claim 31, for illuminating a predetermined pattern, the exposure apparatus
performing exposure of the predetermined pattern on a photosensitive
substrate. 1533. A device manufacturing method comprising:       an
exposure step of effecting the exposure of the predetermined pattern on the
photosensitive substrate, using the exposure apparatus as set forth in
claim 32; a development step of developing the photosensitive substrate 20
onto which the predetermined pattern has been transferred, to form a mask
layer in a shape corresponding to the predetermined pattern on a surface of
the photosensitive substrate; and 



a processing step of processing the surface of the photosensitive substrate
through the mask layer. 








