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(57) Abstract: An exposure apparatus exposes a substrate with exposure light that passes through an exposure liquid. The expo-
sure apparatus comprises: an optical member, which has an emergent surface wherefrom the exposure light emerges; a first supply
port, which supplies the exposure liquid; a liquid immersion member, which is capable of forming an immersion space so that an
optical path of the exposure light that emerges from the optical member is filled with the exposure liquid; a second supply port,
which supplies a cleaning liquid so that it contacts the liquid immersion member; and a preventive apparatus, which prevents the
cleaning liquid and the optical member from contacting one another.
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DESCRIPTION

EXPOSURE APPARATUS, CLEANING METHOD, AND DE_VICE FABRICATING

METHOD

BACKGROUND

The present invention relates to an exposure apparatus that exposes a subs_trate
with exposure light that passes thfough a liquid, a inethod of cleaning the exposufé
apparatus, anci a device fabricating,method.

Priority is claimed on U.S. Provisional Application No. 61/071,132, filed April
14, 2008, U.S. Provisional Application No. 61/071,416, filed April 28, 2008, and U.S.
Patent Application filed April 9, 2009, the contents of which are incorporated herein by
reference.

Among exposure apparat.hsgs used in photolithography, one that is well known
to thosé skilled in the art is an immersion exposure apparatus that exposes a substrate
with exposure light that passes through a liquid.  U.S. Patent No. 7,119,874 and U.S.
Patent Application Publication No. 2006/0023185 disclose examples of technology
related to an immersion exposure apparatus that comprises a liquid immersion member
capable of holding a liquid between itself and a substrate.

In an immersion exposﬁre apparatus, it is possible that members that contact the
liquid will become contaminated. For example, if foreign matter adheres to the liquid
contact surface of a member that contacts the liquid, then it is possible that such foreign
matter will cause exposure failures, such as defects in the pattern formed on the substrate.

As a result, defective devices could be produced.
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An object of the present invention is to provide an immersion exposure
apparatus that can prevent exposure failures from occurring. Another object of the
present invention is to provide a cleaning method that can prevent exposure failures from
occurring.  Yet another object of the present invention is to provide a device fabricating

method that can prevent the production of defective devices.

SUMMARY

A ﬁ;st aspect of the present iﬁvention provides an exposure apparatus that
exposes a suBétrate with éxpdsuré light tﬁat passes through an exposure liquid and
comprises: an optical member, which has an emergent surface wherefrom the exposure
light emerges; a first supply port, which supplies the exposure liquid; a liquid immersion
member, which is capable of forming an immersion space so that an optical path of the
exposure light that emerges from the optical member is filled with the exposure liquid; a
second supply port, which supplies a cleaning liquid so as to contact the liquid
immersion member; and a preventive apparatus, which prevents the cleaning liquid and
the optical member from contacting one another.

A second aspect of the present invention provides a device fabricating method
that comprises: exposing a substrate using an exposure apparatus according to the first
aspect of the present invention; and developing the exposed substrate.

A third aspect of the present invention provides a method of cleaning an
exposure apparatus that exposes a substrate with exposure light, which emerges from an
opﬁcal member and passes through an exposure liquid, and comprises: disposing a
prescribed member so as fo oppose a liquid immersion member, which is capable of
forming an immersion space, so that an optical path of the exposure light that emerges

from the optical member is filled with the exposure liquid; and supplying a cleaning
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liquid fo a space between the liquid immersion member and the prescribed member;
wherein, the cleaning liquid is supplied while the cleaning liquid and the optical member
are prevented from contacting one another. |

A fourth aspect of the present invention provides a device fabricating method
that comprises: cleaning an exposure apparatus, which exposes a substrate with exposure
light that passes through an exposure liquid, with a cleaning method according to a third
aspect of the present invention; exposing the substrate uéing the exposure apparatus after
the cleaning is performed; and developing the exposed substrate.

A fifth aspect .of the present invention provides an exposure apparatus that
exposes a substrate with exposure light that passes through an exposure liquid and
comprises: an optical member, which has an emergent surface wherefrom the exposure
light émerées; a partitioning member, which is disposed in the optical path of the
exposure light between the emergent surface and a prescribed member; a first supply port,
which suppliés a first cleaning liquid to a first space between the optical member and the
partitioning member; and a second supply port, which suppliés a second cleaning liquid
to a second space between the partitioning member and the prescribed member.

A sixth aspect of the present invention provides a device fabricating method that
comprises: exposing a substrate using an exposure apparatus according to the fifth aspect
of the present invention; and developing the exposed substrate.

A seventh aspect of the present invention provides a method of cleaning an
exposure apparatus that exposes a substrate with exposure light, which emerges from an
optical member, via an exposure liquid and comprises the steps of: disposing a
partitioning member between the optical member and a prescribed member; supplying a
first cleaning liquid to a space between the partitioning member and the optical member;

and supplying a second cleaning liquid to a space between the partitioning member and
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the prescribed member.

An eighth aspect of the present invention provides a device fabricating method
that comprises the steps of: cleaning an exposure apparatus, which exposes a substrate
with exposure light that passes through an exposure liquid, with a cleaning method

S according to the seventh aspect of the present invention; exposing the substrate using the
exposure apparatus after the cleaning is performed; and developing the éxposed
substrate.

According to some aspects of the present invgntion, exposure failures can be
preveﬁted. In addition, according to some aépects of the present invention, it is also

10  possible to prevent the production of defective devices.

According to some aspeéts of the present invention, exposure failures can be

prevented. In addition, according to some aspects of the present invention, the

production of defective devices can be prevented.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic block diagram that shows one example of an exposure
apparatus according to a first embodiment. |
FIG. 2 is a plan view of a substrate stage and a measurement stage according to
the first embodiment.
20 FIG. 3 is a side cross sectional view that shows the substrate stage and the
measurement stage according to the first embodiment.
FIG. 4 is a side cross sectional view that is parallel to the YZ plane and shows
the vicinity of a liquid immersion member according to the first embodiment.
FIG. 5 is a side cross sectional view that is parallel to the XZ plane and shows

25  the vicinity of the liquid immersion member according to the first embodiment.
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FIG. 6 is a partial, broken, schematia.oblique view that shows the liquid
immersion member according to the first embodiment.
FIG. 7 is an oblique view that shows the liquid immersion member according to
the first embodiment, viewed from the lower side.
-5 FIG. 8 is a schematic drawing that shows one example of a cleaning method
according to the first embodiment.
FIG. 9 is a schematic drawing that shows one example of the cleaning method
according to a first embodiment. .
FIG. 10 is a diagram that showé one e)iaﬁlple of a preventive apparatus
10  according to a second embodiment.
FIG. 11A presents diagrammatic views that show one example of the preventive
apparatus according to a third embodiment.
FIG. 11B presents diagrammatic views that show one example of the preventive
apparatus according to the third embodiment.
15 FIG. 12 is a diagram that shows one example of the preventive apparatus
according to a fourth embodiment.
FIG. 13 is a diagram that shows one example of a liquid immersion member.
FIG. 14 is a diagram that shows one example of a liquid immersion member.
FIG. 15 is a diagram that shows one example of a liquid immersion member.
20 FIG. 16 is a diagram that shows one example of a liquid immersion member.
FIG. 17 is a diagram that shows one example of the exposure apparatus
according to a fifth embodiment.
FIG. 18 is a side cross sectional view that is parallel to the YZ plane and shows
the vicinity of a liquid immersion member according to the sixth embodiment.

25 FIG. 19 is a side cross sectional view that is parallel to the XZ plane and shows
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the vicinity of the liquid immersion member according to the sixth embodiment.
FIG. 20 is a partial, broken, schematic oblique view that shows the liquid
immersion member according to the sixth embodiment.
FIG. 21 is an oblique view that shows the liquid immersion member according to
5 the sixth embodiment, viewed from the lower side.
FIG. 22 is a schematic drawing that shows one example of a cleaning method
according to the sixth embodiment.
FIG. 23 is a schematic drawing that shows one example of the cleaning method
according to the sixth embodiment.
10 FIG. 24 is a‘ schematic drawing that shows one example of a cleaning method
according to the sixth embodiment.
FIG. 25A includes views that show one example of the exposure apparatus
according to a seventh embodiment.
FIG. 25B includes views that show one example of the exposure apparatus
15  according to the seventh embodiment.
FIG. 26 is a diagram that shows one example of the exposure apparatus
according to an eighth embodiment.

FIG. 27 is a flow chart for explaining one example of a process of fabricating a

microdevice.
20
DESCRIPTION OF THE REFERENCE SYMBOLS
1 Substrate stage
2 Measurement stage
4 Liquid immersion member

25 19 Last optical element
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21
23
24
26
28
33
41
42
47
53
70
71
77
DP
EL
EX

LC

LQ

Emergent surface
Lowér surface
Second plate part
Opening

Upper side space
Lower side space
Flat surface

First supply port
Second supply port
Liquid recovery port
Preventive apparatus
Cover member
Holding apparatus
Fluid curtain
Dummy subsﬁate
Exposure light
Exposure apparatus
Cleaning liquid
Exposure liquid

Substrate

DESCRIPTION OF EMBODIMENTS

PCT/JP2009/057817

The following text explains the embodiments of the present invention

referencing the drawings, but the present invention is not limited thereto. The

explanation below defines an XYZ orthogonal coordinate system, and the positional
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relationships among members are explained referencing this system. Prescribed
directions within the horizontal plane are the X axial directions, directions orthogonal to
the X axial directions in the horizontal plane are the Y axial directions, and directions
orthogonal to the X axial directions and the Y axial directions (i.e., the vertical
directions) are the Z axial directionsT In addition, the rotational. (inclined) directions
around the X, Y, and Z axes are the 0X, 0Y, and 0Z directions, respectively.
<First Embodiment>

A first embodiment will now be explained. FIG. 1 is a schematic block
diagram that shows one example of an exposure apparatus EX according to the first
embodiment. The exposure apparatus EX of the present embodiment is an immersion
exposure apparatus that exposes a substrate P with exposure light EL that passes through
an exposure liquid LQ. In the present embodiment, the exposure apparatus EX

comprises first supply ports 41, which supply the exposure liquid LQ. The exposure

~ apparatus EX exposes the substrate P with the exposure light EL that passes through the

exposure liquid LQ, which is supplied via the first sﬁpply ports 41. In the present
embodiment, water (pure water) is used as the exposure liquid LQ. Furthermore, in the
explanation below, the exposure liquid LQ is discretionarily called the first liquid LQ.

In éddition, in the present embodiment, members iﬁside the exposure apparatus
EX are cleaned with a cleaning liquid L.C (not shown in FIG. 1). The exposure
apparatus EX cc;mprises second supply ports 42, which supply the cleaning liquid LC.
The exposure apparatus EX cleans the members inside the exposure apparatus EX with
the cleaning liquid LC, which is supplied via the second supply ports 42. Furthermore,
in the explanation below, the cleaning liquid LC is discretionarily called the second
liquid LC.

The second liquid LC is a liquid capable of cleaning the members inside the
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exposure apparatus EX. The second liquid LC is also capable of eliminating foreign
-matter (contaminants) that adhere to the members inside the exposure apparatus EX. .In
the present embodiment, an alkali cleaning liquid that contains alkali serves as the second
liquid LC. The alkali cleaning liquid includes, for example, ammonia. Using the
alkali cleaning liquid as the second liquid LC makes it possible to satisfactorily eliminate
coﬁtaminants, such as organic substances, that adhere to the members inside the exposure
apparatus EX.

The present embodiment explains an exemplary case wherein thé exposure
apparatus EX is an exposure apparatus that comprises a substrate stage 1, which is
capable of holding and moving the substrate P, and a measurement stage 2, which does
not hold the substrate P, that is capable of moving measuring instrumehts C, which can
be mounted on the measurement stage 2 ahd can perform exposure-related prescribed
measurements, as disclosed in, for example, U.S. Patent No. 6,897,963 and European
Patent Application Publication No. 1713113.

In FIG. 1, the exposuré apparatus EX comprises: a movable mask stage 3 that
holds a mask M; the substrate stage 1; the measurement stage 2; an illumination system
IL that illuminates the mask M with the exposure light EL; a projection optical system PL
that projects an imagé of a pattern of the mask M, which is illuminated by the exposure
light EL, onto the substrate P; a liquid immersion member 4,> which is capable of forming
an immersion space LS so that at least part of the optical path of the exposure light EL is
filled with the first liquid LQ; and a control apparatus 5 that controls the operation of the
entire exposure apparatus EX.

The mask M may be, for example, a reticle wherein a device pattern is formed
that is projected onto the subétrate P. The mask M may be, for example, a light

transmissive mask wherein a light shielding film made 6f chrome and the like is used to
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form a prescribed pattern on a fransparent plate, such as a glass plate. Furthermore, the
mask M may alternatively be a reflective mask. The substrate P is a substrate for
fabricating devices. The substrate P comprises a base material (e.g., a semiconductor
wafer, such as a silicon wafer) and a photosensitive film that is formed thereon. The
photosensitive film is made of a photosensitive material (photoresist). In addition to the
photosensitive film, the substrate P may include a separate film. For example, the
substrate P may include an antireflection film or a profective film (topcoat film) that
protects the photosensitive film.

The illumination system IL illuminates a prescribed illumination region IR w1th
the exposure light EL, which has a uniform luminous flux intensity distribution. The
illumination system IL illuminates at least part of the mask M disposed in the
illumination region IR with the exposure light EL, which has a uniform luminous flux
intensity distribution. Examples of light that can be used as the exposure light EL
emitted from the illumination system IL include: deep ultraviolet (DUV) light such as a
bright line (g-line, h-line, or i-line) light emitted from, for example, a mercury lamp and
KrF excimer laser light (with a wavelength of 248 nm); and vacuum ultraviolet (VUV)
light such as ArF excimer laser light (with a wavelength of 193 nm) and F, laser light
(with a wavelength of 157 nm). . In the present embodiment, ArF excimer laser light,
which is ultraviolet light (vacuum ultraviolet light), is used as the exposure light EL.

The mask stage 3 comprises a mask holding part 6 that releasably holds the

mask M. In the present embodiment, the mask holding part 6 holds the mask M so that

a patterned surface (lower surface) of the mask M is substantially parallel with the XY

plane. In the state wherein it holds the mask M, the mask stage 3 is capable of moving
within an XY plane that includes the illumination region IR. In the present embodiment,

the operation of a first drive system 7, which includes actuators such as linear motors,
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moves the mask stage 3 in three directions: the X axial, Y axial, and 6Z directions.

A laser interferometer 8A of the interferometer system 8 measures the position
of the mask stage 3 (mask M). The laser interferometer 8 A measures the position using
reflecting mirror 3R, which is provided to the mask stage 3. Based on the measurement
results of the laser interferometer 8A, the control apparatus 5 controls the position of the
mask M, which is held by the mask stage 3, by operating the first drive system 7.

The projection optical system PL radiates the exposure light EL to the prescribed
projection region PR. The projection optical system PL pi‘ojects with a prescribed
projection magnification an image of the pattern of the mask M to at least part of the
substrate P, which is disposed in the projection region PR. - A lens barrel 9 holds the
plurality of optical elements of the projection optical system PL. The projection optical
system PL of the present embodiment is a reduction system that has a projection
magnification of, for example, 1/4, 1/5, or 1/8. Furtherm-ore, the projection optical
system PL may also be a unity magnification system or an enlargement system. In the
present embodiment, an optical axis AX of the projection optical system PL is parallel to
the Z axis. In addition, the projection optical system PL may be a dioptric system that
does not include catoptric elements, a catoptric system that does not include dioptric
elements, or a catadioptric system that includes both catoptric and dioptric elements. In
addition, the projection optical system PL may form either an inverted or an erect image..

The substrate stage 1 and the measurement stage 2 are each capable of moving
on a guide surface 11 of a base member 10. In the present embédiment, the guide
surface 11 is substantially parallel to the XY plane.

Iﬂ the state wherein it holds the substrate P, the substrate stage 1 is capable of
fnoving along the guide surface 11 within an XY plane that includes the projection region

PR. In the state wherein at least one of the measuring instruments C is mounted thereon,
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the measurement stage 2 is capable of moving along the guide surface 11 within the XY
plane that includes the projection region PR. In the present embodiment, the operation
of a second drive system 12, which includes actuators such as linear motors, moves the
substrate stage .1 and the measurement stage 2 in six directions: the X, Y, and Z axial
directions and the 8X, Y, and 8Z directions.

In the present embodiment, the positions of the projection optical system PL and

the liquid immersion member 4 are substantially fixed. The substrate stage 1 and the

 measurement stage 2, however, are both capable of moving with respect to the projection

optical system PL and the liquid immersion member 4.

A Laser interferometer 8B of the interferometer system 8 measures the positions
of the substrate stage 1 (the substrate P) and the measurement sﬁge 2 (the measuring
instruﬁents C). The laser interferometer 8B measures both the position of the substrate
stage 1 using reflecting mirror 1R, which is provided thereto, and the position of the
measurement stage 2 using reflecting mirror 2R, which is provided thereto . In addition,
a focus and level detection system (not shown) detects the position (in the Z axial, 6X,
and 0Y directions) of a front surface of the substrate P, which is held by the substrate
stége 1. The focus and level detection system is capable of detecting not only the
position of the front surface of the substrate P, but also the positions of an upper surface
13 of the substrate stage 1 and an upper surface 14 of the measurement stage 2. Based
on the measurement results of the laser interferometers 8B and the detection results of the
focus and level detection system, the control apparatus 5 operates the second drive
system 12 to control the positions of the substrate P, which is held by the substrate stage
1, and the measuring instruments C; which are mounted to the measurement stage 2.

FIG. 2 is a plan view from above of the substrate stage 1 and the measurement

stage 2; furthermore, FIG. 3 is a side cross sectional view thereof. In FIG. 2 and FIG. 3,
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the substrate stage 1 comprises a substrate holding part 15, which réleasably holds the
substrate P. The substrate holding part 15 opposes and holds a rear surface of the
substrate P. The upper surface 13 of the subsfrate stage 1 is disposed around the
substrate holding part 15. The substrate holding part 15 holds the substrate P so that the
front surfacé thereof is substantially parallel to the XY plane. In the present
embodiment, the front surface of the substrate P, which is held by the substrate holding
part 15, and the upper surface 13 ‘of the substrate stage 1 are substantially parallel. In
addition, in the present embodiment, the front surface of the substrate P, which is held by
the substrate holding part 15, and the upper surface 13 of the substrate stage 1 are
disposed substantially within the same plane (i.e., they are substantially flush with one
another).

In the present embodiment, the substrate stage 1 comprises a plate member T,
which is disposed around the substrate P, and a plate member holding part 16, which is
disposed around the substrate holding part 15 and releasably holds the plate member T.
The plate member holding part 16 opposes and holds the lower surface of the plate
member T. In the explanation below, ';he substrate holding part 15 is discretionarily
called the first holding part 15, and the plate member holding part 16 is discretionarily
called the second holding part 16. |

The plate member T has an opening TH in which the substrate P is capable of
being disposed.  The plate member T held by the second holding part 16 is disposed
around the substrate P, which is held by the first holding part 15. In the present
embodiment, the upper surface 13 of the substrate stage 1 includes the upper surface of
the plate member T held by the second holding part 16.

In the present embodiment, the inner surface (inner side edge) of the opening

TH of the plate member T held by the second holding part 16 and the outer surface (outer
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side edge) of the substrate P held by the first holding part 15 are disposed so that they

oppose one another with a préscribed gap interposed therebetween. The second holding
part 16 holds the plate member T so that the upper surface 13 of the plate member T is
substantially parallel to the XY plane. In addition, the sécond holding part 16 holds the
plate member T so that the upper surface 13 of the plate member T and the front surface
of the substrate P held by the first holding part 15 are substantially flush with one
another. |

The first holding part 15 and the second holding part 16 each constitute at least
part of a so-called pin chuck mechanism. As shown in FIG. 3, the first holding part 15
comprises: a plurality of protruding parts 15P,'which are disposed in a first chuck surface
17 of the substrate stage 1 and support the rear surface of the substrate P; a first
circumferential wall 15A, which is disposed in the first chuck surface 17 around the
plurality of protruding parts 15P; and a plurality of first suction ports 15B, which are
provided in the first chuck surface 17 inside of the first circumferential wall 15A and are
capable of suctioning gas. The second holding part 16 comprises: a second
circumferential wall 16A, which is formed in a second chuck surface 18 of the substrate
stage 1 around the first circumferential wall 15A; a third circumferential wall 16C, whi;h
is formed in the second chuck surface 18 around the second circumferential wall 16A; a
plurality of protruding parts 16P, which are formed in the second chuck surface 18
between the second circumferential wall 16A and the third circumferential wall 16C and
support the lower surface of the plate member T; and a plurality of second suction ports
16B, which are provided in the second chuck surface 18 between the second
circumferential wall 16A and the third circumferential wall 16C and are capable of
suctioning gas.

The rear surface of the substrate P is chucked to the protruding parts 15P by
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suctioning, via the first suction ports 15B, the gas in a space enclosed by the rear surface

of the substrate P, the first circumferential wall 15A, and the first chuck surface 17,
thereby negatively pressurizing the épace. In addition, by stopping the suction
operation wherein the first suction ports 15B are used, the substrate P can Be dechucked
from the first holding part 15. Likewise, the lower surface of the plate member T is
chucked to the protruding parts 16P by suctioning, via the second suction ports 16B, the
gas in a space enclosed by the lower surface of the plate member T, the second
circumferential wall 16A, the third circumferential wall 16C, and the second chuck
surface 18, thereby negatively pressurizing this space. In addition, by stopping the
suction operatiqn wherein the second suction ports 16B are used, the plate member T can
be dechucked from the second holding part 16.

‘The measurement stage 2 comprises the measuring instruments C, which can

perform exposure-related measurements. The measuring instruments C may be, for

example, measuring members (optical parts). In the present embodiment, a slit plate C1,
wherein an opening pattern is formed through which the exposure light EL can be
transmitted, is disposed at a prescribed position in the upper surface 14 of the
measurement stage 2 and serves as one of the measuring instruments (measuring
membefs) C. The slit plate C1 constitutes paft of an aerial image measuring system,

which can measure an aerial image formed by the projection optical system PL, as

disclosed in, for example, U.S. Patent Application Publication No. 2002/0041377. The

aerial image measuring system comprises the slit plate C1 and a light receiving device |
that receives the exposure light EL via the opening pattern of the slit plate C1. The
control apparatus 5 radiates the exposure light EL to the slit plate C1 and, using the light
receiving device to receive the exposure light EL that passes through the opening pattern

of the slit plate C1, measures the image forming characteristics of the projection optical
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system PL.

In addition, an upper plate C2, wherein a tranémissive pattern is formed through
which the es(posure light EL can be transmitted, is disposed at a prescribed position in the
upper surface 14 of the measurement stage 2 and serves as another of the measuring
instruments (measuring members) C. The upper plate C2 constitutes part of a luminous
flux intensity nonuﬁiformity measuring system that can measure the nonuniformity of the
luminoﬁs flux intensity of the exposure light EL, as disclosed in, for example, U.S.
Patent No. 4,465,368. The luminous flux intensity nonuniformity measuring system
comprises the upper plate C2 and a light receiving device, which receives the exposure

light EL that passes through the opening pattern of the upper plate C2. The control

- apparatus 5 measures the nonuniformity of the luminous flux intensity of the exposure

light EL by radiating the exposure light EL to the upper plate C2 and using the light
receiving device to receive the exposure light EL that passes through the opening pattern
of the upper plate C2.

F urthermore,. the upper plate C2 may constitute part of either a measuring
system that can measure the amount of fluctuation in the transmittance of the exposure
light EL of the projection optical system PL (e.g., as disclosed in U.S. Patent No.
6,721,039), an irradiahce measuring system, namely, a luminous flux intensity measuring
system (e.g., as disclosed in U.S. Patent Application Publication No. 2002/0061469), or a
measuring system, such as a wavefront aberration measuring system, that can measure
the exposure energy of the exposure light EL (e.g., as disclosed in European Patent
Application Publication No. 1079223). In this case, the exposure apparatus EX
comprises a light receiving device that constitutes part of such a measuring system.

In addition, a fiducial plate C3 is disposed at a prescribed position in the upper

surface 14 of the measurement stage 2 and serves as yet another of the measuring
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instruments (measuring members) C. The fiducial plate C3 has a fiducial mark, which
is measured by a field image alignment (FIA) type alignment system (e.g., as disclosed in
U.S. Patent No. 5,493,403). |

In addition, an upper plate C4, through which light can be transmitted, is
disposed at a prescribed position in the upper surface 14 of the measurement stage 2 and
serves as yet another of the measuring instruments (measuring members) C. The upper
plate C4 constitutes part of an observation system, which is capable of capturing an
optical image (image) of, for example, the projection optical system PL and the liquid
immersion member 4 (e.g., as disclosed in European Patent Application Publication No.
1791164). The observation system comprises the upper plate C4 and an image
capturing apparatus (observation camera), which captures images through the upper plate
C4. The control apparatus 5 captures an imége by causing the upper plate C4 to oppose
either the projection optical system PL or the liquid immersion member 4, or both.

In the present embodiment, the upper surface of the slit plate C1, the upper
surface of the upper plate C2, the upper surface of the fiducial plate C3, the upper surface
of the upper plate C4, and the upper surface 14 of the measurement stage 2 are disposed
within substantially the same plane (the XY plane); namely, they are substantially flush
with one another.

The following text explains the liquid immersion member 4, referencing FIG. 4
through FIG. 7. FIG. 4 is a side cross sectional view parallel to the YZ plane that shows
the vicinity of the liquid immersion member 4; FIG. 5 is a side cross sectional view
parallel to the XZ plane; FIG. 6 is a partially broken schematic oblique view that shows
the liquid immersion member 4; and FIG. 7 is an oblique view from the lower side (-Z
side) that shows the liquid immersion member 4. FIG. 4 @d FIG. 5 show states wherein

the substrate P is exposed through the first liquid LQ.
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| The liquid immersion member 4 forms the immersion space LS so that at least
part of the optical path of the exposure light EL is filled with the first liquid LQ. The
immersion space LS is a portion (space or area) that is filled with liquid.

The liquid immersion member 4 is disposed in the vicinity of the last optical
element 19, which is the optical element of the plurality of optical elements of the
projection optical system PL that is closest to the image plane of the projection optical
system PL. The last optical element 19 has an emergent surface (lower surface) 20 that
emits the exposure light EL toward the image plane of the projection optical systefn PL.
In the present embodiment, the liquid immersion member 4 can form the immersion
space LS so that the optical path of the exposure light EL that emerges from the last
optical element 19 is filled with the first liquid LQ.

The last optical element 19 is formed from, for example, synthetic quartz.
Furthermore, the last optical element 19 may be formed from fluorite. The liquid
immersion member 4 is formed from, for example, titanium. Furthermore, the liquid
immersion member 4 may be formed from stainless steel.

The liquid immersion member 4 forms the immersion space LS so that the
optical path of the exposure light EL between the last optical element 19 and a prescribed
member, which is disposed at the irradiation position of the exposure light EL that
emerges from the emergent surface 20, is filled with the first liquid LQ. In the present
embodiment, thé irradiation position (irradiation area) of the exposure light EL that
emerges from the emergent surface 20 includés both the projection region PR of the
projection optical system PL and a position that opposes the emergent surface 20. In the
explanation below, the irradiation position of the exposure light EL that emerges from the
emergent surface 20 is discretionarily called the exposure position.

The liquid immersion member 4 has a lower surface 21, which is disposed
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around the optical path of the exposure light EL that emerges from the emergent surface
20 and is capable of holding the first liquid LQ between itself and the front surface of the
prescribed member disposed at the exposure position. In the present embodiment, the
prescribed member that is capable of opposing the emergent surface 20 is also capable of
opposing the lower surface 21. When the front surface of the prescribed member is
disposed at a position at which it opposes the emergent surface 20, at least part of the
lower surface 21 and the front surface of the prescribed member are opposed. | When the
emergent surface 20 and the front surface of the prescribed member oppose one another,
the space between the emergent surface 20 of the last optical element 19 and the front
surface of the prescribed member can hold the first liquid LQ. In addition, when the
lower surface 21 of the liquid immersion member 4 and the front surface of the
prescribed member are opposed, the first liquid LQ can be held in the space therebetween.
Hdlding the first liquid LQ between the emergent surface 20 and the lower surface 21 on
one side and the front surface of the prescribed member on the other side forms the
immersion space LS so that the optical path of the exposure light EL between the
emergent surface 20 of the last optical element 19 and the front surface of the prescribed
member is filled with the first liquid LQ. |

In the present embodiment, the prescribed member that can oppose the emergent
surface 20 and the lower surface 21 comprises both a member that can move with respect
to the last optical element 19 and ’;he liquid immersion member 4 on the emergent side
(image plane side) of the last optical element 19 and a member that can move with
respect to the optical path of the exposure light EL within a prescribed plane that includes
the exposure position. In the present embodiment, the prescribed member comprises
either the substrate stage 1 or the measurement stage 2, or both. In addition, the -

prescribed member comprises either the substrate P, which is held by the substrate stage



10

15

20

25

WO 2009/128554 PCT/JP2009/057817

20

1, or the measuring instruments C, which are mounted to the measurement stage 2, or
both.

When the substrate P, whjch is held by the substrate stage 1, is to be exposed,
the substrate P is disposed at the exposure position so that it opposes the last optical
element 19 and the liquid immersion memberﬂ4.r The immersion space LS is formed, at
least at the time the substrate P is to be exposed, by holding the first liquid LQ between
the last optical element 19 and the liquid immersion member 4 on one side and the

substrate P on the other side so that the optical path of the exposure light EL that emerges

- from the emergent surface 20 of the last optical element 19 is filled with _the first liquid

LQ.

In the present embodiment, when the substrate P is being irradiated .with the
exposure light EL, the immersion sbace LS is formed so that part of the area of the front
surface of the substrate P that includes the projection region PR of the projection optical
system PL is covered wifh the first liquid LQ. Namely, at least part of an interface (i.e.,
a meniscus or an edge) LG of the first liquid LQ is formed between the lower surface 21
of the liquid immersioﬁ member 4 and the front surfac;e of the substrate P. Namely, the
exposure apparatus EX of the present embodiment adopts a local liquid immersion
system.

Furthermore, to simplify the explanation, the following text explains an
exemplary state wherein the substrate P is disposed at a position at which it opposes the
emergent surface 20 of the last optical element 19 and the lower surface 21 of the liquid
immersion member 4.

As shown in FIG. 4 through FIG. 7, the liquid immersion member 4 is an annular
member (a shaped annular member). The liquid immersion member 4 is disposed

around the optical path of the exposure light EL. In the present embodiment, the liquid
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immersion member 4 comprises a first plate part 22, which is disposed around the last
optical element 19, and a second plate part 23, at least part of which is disposed between
the emergent surface 20 of the last optical element 19 and the front surface of the
substrate P in the Z axial directions.

The first plate part 22 has an inner circumfereptial surface that opposes and is

formed along an outer circumferential surface of the last optical element 19. The inner

- circumferential surface of the liquid immersion member 4 and the outer circumferential

surface of the last optical element 19 oppose one another with a prescribed gap
interposed therebetween.

The second plate part 23 has an opening 24 at its center. The exposure light EL
that emerges from the emergent surface 20 of the last optical element 19 can pass through
the opening 24. For example, during an exposure of the substrate P, the exposure light
EL that emerges from the emergent surface 20 passes through the opening 24 and is
radiated thrqugh the first liquid LQ to the front surface of the substrate P. In the present
embodiment, the cross sectional shape of the exposure light EL in the opening 24 is
substantially rectangular (slit shaped) with tﬁe longitudinal directions in the X axial
directions. Iﬂ accordance with the cross sectional shape of the exposure light EL, the
opening 24 is formed in a substantially rectangular shape (a slit shape) in the X and Y
directions. In addition, the cross séctional shape of the exposure light EL in the opening
24 and the shape of the projection region PR of the projection optical system PL on the
substrate P are substantially the same.

In the present embodiment, the liquid immersion member 4 has an upper surface
25 that is disposed around the opening 24 and opposes the emergent surface 20 of the last
optical element 19 with a prescribed gap interposed therebetween. In the present

em‘bodiment, the upper surface 25 includes the upper surface of the second plate part 23.
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In the present embodiment, the upper surface 25 is a flat surface that is disposed around
the opening 24. The upper surface 25 is substantially parallel to the XY plane. The
upper surface 25 faces a space 26 on the upper side (the +Z side) of the opening 24.

The space 26 includes a space between the upper surface 25 and the emergent surface 20.
In the explanation below, the space 26 is discretionarily called the upper side space 26.
Furthermore, the upper surface 25 may be a curved or an unéven surface.

The lower surface 21 of the liquid immersion member 4 includes the lower
surface of the second plate part 23 and the lower surface of a porous member 27, which
is disposed around the second plate part 23. In the present embodiment, the external
shape of the lower surface of the second plate part 23 in the XY plane is substantially
square. - The porous member 27 is plate shaped and has a plurality of holes (openings or
pores). Furthermore, the porous member 27 is a mesh filter, which is a porous member
wherein numerous small holes are formed as a mesh. In the presént embodiment, the
shape of the porous member 27 within the XY plane is a rectangular ring. The porous
member 27 is made of titanium. Furthermore, the porous member 27 may be made of
stainless steel.

The lower surface 21 of the liquid immersion member 4 comprises: a first area
31, which is disposed around the opening 24; a second area 32, which is disposed around
the first area 31; and a third area 33, which is disposed around the second area 32. In
the present embodiment, Athe lower surface of the second plate part 23 comprises the first
area 31 and the second area 32, and the lower surface of the porous member 27
comprises the thxrd area 33.

The first area 31 is a flat surface that is disposed around the opening 24. The

flat surface (first area) 31 is substantially parallel to the front surface of the substrate P

- (the XY plane). The flat surface 31 faces a space 28 on the lower side (+Z side) of the
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opening 24. The space 28 includes a space between the flat surface 31 and the front
surface of the substrate P. The space between the flat sufface 31 and the front surface of
the substrate P is capable of holding the first liquid LQ. In the explanation below, the
space 28 is discretionarily called the lower side space 28.

| The second area 32 has a groove 29, which is disposed around the flat surface 31.
In the present embodiment, the shape of the groove 29 within the XY plane is a
rectangular ring.

The third area 33 includes a liquid recovery surface that is capable of recovering
liquid. In the present embodiment, the liquid recovery surface (third area) 33 is
substantially parallel to the front surface of the substrate P (the XY plane). During the
exposure of the substrate P, the liquid recovery surface 33 is capable of recovering the
first liquid LQ on the substrate P that opposes the liquid recovery surface 33. The liquid
recovery surface 33 includes the lower surface of the porous member 27. At least some
of the first liquid LQ on the substrate P, which is disposed at a position at which it
opposes the 'liquid recovery surface 33, is recovered via holes of the porous member 27.
The liquid recovery surface 33 is capable of recovering any liquid that contacts it (i.e.,
the iower surface of the porous member 27). |

In the present embodiment, the flat surface 31 and the liQui'd recovery surface 33
are disposed at 'd{ﬂ’erent positions in the Z axial directions. In the present embodiment,
the liquid recovery surface 33 is disposed on the +Z side of the flat surface 31. Namely,
the liquid recovery surface 33 is disposed at a position at which it is further from the
front surface of the substrate P than the flat surface 31 is. In the present embodiment, a
step 30 is formed between the flat surface 31 and the liquid recovery surface 33.

Furthermore, the flat surface 31 and the liquid recovery surface 33 may be

disposed in the same plane. In addition, the liquid recovery surface 33 does not have to
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be parallel to the XY plane and may be a curved surface.

The liquid immersion member 4 comprises first supply ports 41, which supply
the first liquid LQ. In addition, the liquid immersion member 4 comprises second
supply ports 42, which are capable of supplying the second liquid LC. The first supply
ports 41 are capable of supplying the ﬁrst liquid LQ to the optical path of the exposure
light EL. The second supply ports 42 are éapable of supplying the second liquid LC so
that it contacts the liquid immersion member 4.

The first supply ports 41 are disposed closer to the last optical element 19 than
the second supply ports 42 are.  In the present embodiment, the first supply ports 41 are
disposed above (on the +Z side of) the second supply ports 42.

The first supply ports 41 are disposed in the vicinity of the optical path of the
exposure light EL at prescribed positions in the liquid immersion member 4 so that they
face the optical path. In the present embodiment, the.ﬁrst supply ports 41 are disposed
at prescribed positions in the inner circumferential surface of fhe first plate parf 22. In
the present embodiment, the first supply ports 41 are disposed in the vicinity of the upper
side space 26.  The first supply ports 41 are capable of supplying the first liquid LQ to
the upper side space 26. In the present embodiment, the first supply ports 41 are
provided on opposite sides (one on each side) of the optical path of the exposure light EL
in the Y axial directions.

The second supply ports 42 are disposed at prescribed positions in the lower
surface 21 of the liquid immersion member 4. In the present embodiment, the second
supply ports 42 are disposed outward from the flat surface 31 with respect to the opening
24. The second supply ports 42 are disposed at least partly around the flat surface 31.
In the present embodiment, the second supply ports 42 are disposed in the second area 32

of the lower surface 21 of the liquid immersion member 4.
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In the present embodiment, the second supply ports 42 are disposed in the
groove 29. As shown in FIG. 7 and the like, in the present embodiment, the second
supply ports 42 are disposed at four positions around the flat surface 31 in the groove 29.

As shown in FIG. 4, the first supply ports 41 are connected to an exposure liquid
supply apparatus 44 via passageways 43.. In the explanation below, the exposure liqﬁid
supply apparatus 44 is discretionarily called the first supply apparatus 44. The first
supply apparatus 44 is capable of feeding the first liquid LQ, which is pure and
temperature adjusted. Each passageway 43 compriseé a supply passageway, which is
formed inside the liquid immersion member 4, and a passageway, which is formed from a
supply pipe that connects the supply passageway and the first supply apparatus 44. The
first liquid LQ fed from the first supply épparatus 44 is supplied to the-first supply ports
41 through the passageways 43. The first supply ports 41 supply the first liquid LQ
from the first supply apparatus 44 to the optical path of the exposﬁre light EL.

The second supply ports 42 are connected to a cleaning liquid supply apparatus
46 via passageways 45. In the explanation below, the cleaning liquid supply apparatus
46 is discretionarily called the second supply apparatus 46. The second supply |
apparatus 46 is capable of feeding the second liquid LC. Each passageway 45
comprises a supply passageway, which is formed inside the liquid immersion member 4,
and a passageway, which is formed from a supply pipe that connects the supply
passageway and the second supply apparatus 46. The second liquid LC fed from the
second supply apparatus 46 is supplied to the second supply ports 42 through the
passageways 45. The second supply ports 42 are capable of supplying the second liquid
LC from the second supply apparatus 46 to a space between the lower surface 21 of the
liquid immersion member 4 and the front surface of the prescribed member that opposes

the lower surface 21. The space between the lower surface 21 of the liquid immersion
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member 4 and the front surface of the prescribed member includes the lower side space
28.

m the present embodiment, the passageways 45 can connect to the ﬁrst_supply
apparatus 44 via linking passageways 60. The passageways 45 and the linking
passageways 60 are connected via a passageway switching mechanism 61, which
includes, for example, a valve mechanism. In the present embodiment, by controlling
the first supply apparatus 44, the second supply apparatus 46, and the passageway
switching mechanism 61, the control apparatﬁs 5 can supply the second liquid LC from
the second supply apparatus 46 to th¢ second supply ports 42 through the passageways
45 in the state wherein the supply of the first liquid LQ from the first supply apparatus 44
to the passageways 45 is stopped, and can subply the first liquid LQ from the first supply
apparatus 44 to the second supply ports 42 through the passageways 45 in the state
wherein the supply of the second liquid LC from the second supply apparatus 46 to the
passageways 45 is stopped.

In addition, the liquid immersion member 4 hag a liquid recovery port 47, which
is capable of recovering liquid. The liquid recovery port 47 recovers the liquid on the
prescribed member that opposes the lower surface 21 of the liquid immersion member 4.

Thé liquid recovery port 47 is disposed at a prescribed position in the liquid
immersion member 4 so that it opposes the front surface of fhe substrate P. The liquid
recovery port 47 is disposed outward from the flat surface 31 and the second supply ports
42 (the second area 32) with respect to the optical path of the exposure light EL. The
porous member 27 is disposed in the liquid recovery port 47. The lower surface of th¢
porous member 27 disposed in the liquid recovery port 47 is the liquid recovery surface
33.

The liquid recovery port 47 (the liquid recovery surface 33) is connected to a
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liquid recovery apparatus 49 via a passageway 48. The liquid recovery apparatus 49

comprises a vacuum system and is capable of recovering the liquid via suctioning. The
passageway 48 comprises a recovery passageway, which is formed inside the liquid
immersion member 4, and a passageway, which is formed from a reéovery pipe that
connects the recovery passageway and the liquid recovery apparatus 49. The liquid
recovered via the liquid recovery port 47 (the liquid recoVery surface 33) is recovered by
the liquid recovery apparatus 49 through the passageway 48.

In addition, in the present embodiment, the liquid immersion member 4 has -
exhaust ports 50, which serve to bring the upper side space 26 and an external space
(ambient environment) surrounding the liquid immersion member 4 (the immersion -
space LS) into communication. The exhaust ports 50 are disposed in the vicinity of the
upper side space 26 and are capable of exhausting the gas therein. In the present
embodiment, the exhaust ports 50 are provided on opposite sides (one on each side) of
the optical path of the exposure light EL in the X axial directions. The exhaust ports 50
are connected to exhaust passageways 51, which are formed inside the liquid immersion
member 4. The openings at the upper ends of the exhaust passageways 51 are disposed
at positions at which they can contact the gas in the external space. The gas in the
external space can flow into the upper side space 26 via the exhaust passageways 51, and
the gas in the upper side space 26 can flow out to the external space via the exhaust
passageways 51. In the present embodiment, the gas can flow continuously back and
forth between the upper side space 26 and the external space (the atmospheric space),

which is outside of the upper side space 26, via the exhaust passageways 51, and the

-. upper side space 26 is open to the atmosphere via the exhaust passageways 51.

Furthermore, the exhaust passageways 51 may be omitted.

One example of an operation that forms the immersion space LS with the first
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liquid LQ will now be explained. To form the immersion space LS, the control
apparatus 5 uses the first supply ports 41 to supply the first liquid LQ to the optical path
of the exposure light EL. When the first liquid LQ is being supplied, the control

apparatus 5 disposes the prescribed member at a position at which it opposes both the

~ emergent surface 20 of the last optical element 19 and the lower surface 21 of the liquid

immersion member 4. The first liquid LQ that is fed from the first supply apparatus 44
is supplied to the first supply ports 41 through the passageways 43. The first supply
ports 41 éupply the first liquid LQ to the upper side space 26. The first liquid LQ flows
through the upper side space 26 and into the lower side space 28 through the opening 24.
Thus, the immersion space LS is formed so that the optical path of the ebxposure light EL
between the emergent surface 20 of the last optical element 19 and the front surface of
the prescribed member is filled with the first liquid LQ.

In addition, in the present embodiment, the control apparatus 5 performs the
operation of recovering _the first liquid LQ using the liquid recovery port 47 in parallel
with the operation of supplying the first liquid LQ using the ﬁrsﬁ supply ports 41. At
least some of the first liquid LQ on the prescribed member contacts the liquid contact
surface 33 (the lower surface of the porous member 27) and is recovered thereby. The
first liquid LQ that is recovered by the liquid recovery surface 33 is then recovered by the
liquid recovery apparatus 49 through the passageway 48.

By performing the operation of recovering the first liquid LQ using the liquid
recovery port 47 in parallel with the operation of supplying the first liquid LQ using the
first supply ports 41, the control apparatus 5 can form the immersion space LS with the
first liquid L.Q between the last optical element 19 and the liquid immersion member 4
on one side and the prescribed member on the other side.

In the present embodiment, the control apparatus 5 can synchronously move the
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substrate stage 1 and the measurement stage 2 in the X and Y directions with respect to
the last optical element 19 while, at the same time, causing the emergent surface 20 of
the last optical element 19 to oppose either the upper surface 13 of the substrate stage 1
or the upper surface 14 of the measurement stage 2, or both, in the state wherein the
upper surface 13 of the substrate stage 1 and the upper surface 14 of the measurement
stage 2 are brought into proximity or contact with one another so that a space capablé of
holding the liquid between the last optical element 19 and either the substrate stage 1 or
the measurement stage 2, or both, is formed continuously, as disclosed in, for example,
U.S. Patent Application Publication No. 2006/0023186 and U.S. Patent Application
Publication No. 2007/0127006. Thereby, the immersion space of the liquid can move
ﬁdm the upper surface 13 of the substrate stage 1 to the upper surface 14 of the
measurement stage 2, or from theA upper surfac;e 14 of the measurement stage 2 to  the
upper surface 13 of the substrate stage 1, and, at the same time, leakage of the liquid can
be prevented.

The following text explains one example of a method of using the exposure
apparatus EX discussed above to expose the substrate P.

The control apparatus 5 moves the substrate stage 1 to the substrate exchange
position and uses a transport system (not shown) to load the substrate P—prior to its
exposure—onto the substrate stage 1, which is disposed at the substrate exchange
position. When the substrate stage 1 is disposed at the substrate exchange position, the
measurement stage 2 is disposed at the exposure position and the immersion space LS is
formed with the first liquid LQ between the last optical element 19 and liquid immersion
member 4 on one side and the measurement stage 2 on the other side. As needed, the
control apparatus 5 uses the first liquid LQ and the measurement stage 2 to perform

prescribed measurements related to the exposure.
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After the control apparatus 5 has loaded the substrate P onto the substrate stage 1
at the substrate exchange position and has performed the measurements using the
measurement stage 2, the control apparatus 5 moves the substrate stage 1, which holds
the substrate P prior to its exposure, to the exposure position and forms the immersion
space LS with the first liquid LQ between the last optical element 19 and the liquid
immersion member 4 on one side and the substrate stage 1 (the substrate P) on the other
side.

The exposure apparatus EX of the present embodiment is a scanning type
exposure apparatus (a so-called scanning stepper) that projects the image of the pattern of
the mask M to the substrate P while synchronously moving the mask M and the substrate
P in prescribed scannin.g directions. | When the substrate P is to be exposed, the control
apparatus 5 cdntrols the mask stage 3 and the substrate stage 1 so as to move the mask M
and the substrate P in the prescribed scannihg directions within the XY plane, which is
orthogonal to the optical axis AX (i.e., the optical path of the exposure light EL). In the
present embodiment, the scanning directions (the synchronoué movement directions) of
the substrate P and the mask M are the Y axial directions. The control apparatus 5 both
moves the substrate P in one of thé Y axial directions with respect to the projection
region PR of the projection optical system PL and radiates the exposure light EL to the
substrate P through the projection optical system PL and the first liquid LQ in the
immersion space LS on the substrate P while, at the same time, moving the mask M in
the other Y axial direction with respect to the illumination region IR of the illumination
system IL such that this movement is synchronized with the movement of the substrate P.
As a result, the image of the pattern of the mask M is projected to the substrate P, which
is thereby exposed by the: exposure light EL.

In the present embodiment, when the substrate P is being exposed using the first
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liquid LQ or when a measurement is being performed with the measuring instruments C
using the first liquid LQ, the supply of the second liquid LC via the second supply ports
42 is stopped.

The exposed substrate P is then unloaded from the substrate stage 1. In order
to unload the substrate P from the substrate stage .1 after the exposure, the control
apparatus 5 moves the substrate stage 1 to the substrate exchange position. When the
substrate stage 1 is to be moved to the substrate exchange position, the control apparatus
5 moves the measurement stage 2 to the exposure position and forms the immeréion
space LS with the first liquid LQ between the last optical element 19 and the liquid
immersion member 4 on one side and the measurement stage 2‘on the other side. The
control apparatus 5 uses the transport system to unload the exposed substrate P from the
substrate stage 1, which is disposed at the substrate exchange position.

The control apparatus 5 successively performs immersion exposures on a
plurality of substrates P by repetitively performing the loading operation, which loads the
substrate P prior to its exposure, the exposure operation, which exposes the substrate P,
and the unloading operation, which unloads the exposed substrate P.

Thus, in the present embodiment, during the exposﬁre of the substrate P, the first
liquid LQ contacts the last optical element 19, the liquid immersion member 4, the
substrate stage 1 (the plate member T), and the measurement stage 2.

During the exposure of the substrate P, it is possible that a substance (e.g., an
organic substance like a photosensitive material) produced (eluted) from the substrate P
will intermix with the first liquid LQ. It is further possible that the substance that
intermixes with the first liquid LQ will adhere as foreign matter (contaminant) to the
lower surface 21 of the liquid immersion member 4. In addition, it is possible that,

along with the substance produced by the substrate P, foreign matter suspended in midair
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will intermix with the first liquid LQ and adhere to the lower surface 21 of the liquid
immersion member 4. If the foreign matter (contaminant) is left in a state wherein it
adheres to the lower surface 21 of the liquid immersion member 4, thén it is possible that
that foreign matter will likewise adhere to the subsfrate P during an exposure or will
contaminate the first liquid LQ supplied via the first supply ports 41.  As a result,
exposure failures could occur such as, for example; the generation of defects in the
pattern formed on the substrate P.

Accordingly, 1n the present embodiment, to clean the liquid immersion member
4, the control apparatus 5 supplies, according to a prescribed timing, the second liquid
LC via the second supply ports 42 so that the second liquid LC contacts the lower surface
21 of the liquid immersion member 4; thereby, the control apparatus 5 cleans the lower
surface 21 of thé liquid immersion member 4 with the second liquid LC. As discussed
above, in the present embodiment, an alkali cleaning liquid is used as the second liquid
LC. Using an alkali cleaning liquid as the second liquid LC makes it possible to
satisfactorily eliminate organic substances (contaminants) produced by the photosensitive
material and the like that adhere to the lower surface 21 of the liquid immersion membér
4.

In the present embodiment, a preventive apparatus 53 is capable of preventing
contact between the last optical element 19 and the secpnd liquid LC; furthermore, the
liquid immersion membef 4 is cleaned with the second liquid LC, while, at the same time,
using the preventive apparatus 53 to prevent contact between the last optical element 19

and the second liquid LC supplied via the second supply ports 42. In the present

* embodiment, the preventive apparatus 53 includes the first supply ports 41.

If the second liquid LC, which may be, for example, an alkali cleaning liquid,

contacts the last optical element 19, then the state of, for example, the front surface of the
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last optical element 19 could change. If, for example, the last optical element 19 is
formed from quartz, then, the second liquid LC and the last optical element 19 to come
into contact, the state of the front surface of the last optical element 19 could-change or
the optical characteristics. could change, or the like.

Consequently, in the present embodiment, fhe control apparatus 5 supplies the
second liquid LC via the second supply ports 42 while using the preventive apparatus 53
to pfevent contact between tﬁe second liquid LC and the last optical element 19.

The following text explains one example of a method of cleaning the liquid
immersion member 4 and the like with the second liquid LC, referencing the schematic
drawings of FIG. 8 and FIG. 9.

As shown in FIG. 8, in the present embodiment, when the liquid immersion
member 4 is cleaned, a dummy substrate DP is held by the first holding part 15. The
dummy substrate DP is a member (a clean member) that is distinct from the substrate P
used for exposure and that has a high cleanliness level that tends not to release foreign
matter. The external shape of the dummy substrate DP is substantially the same as that
of fhe substrate P, and the first holding part 15 can hold the dummy substrate DP.

The control apparatus 5 disposes the substrate stage 1 or the measurement stage
2, or both, so that it opposes the last optical element 19 and the liquid immersion member
4. In the present embodiment, the control apparatus 5 disposes the substrate stage 1 or
the measurement stage 2, or both, so that it opposes the second supply ports 42 in the

state wherein the upper surface 13 of the substrate stage 1 and the upper surface 14 of the -

. measurement stage 2 are brought into proximity or contact with one another. FIG. 8

shows an example wherein the upper surface 13 of the substrate stage 1 (the plate
member T) is disposed so that it opposes the second supply ports 42. Furthermore,

during the cleaning operation, the upper surface 13 of the substrate stage 1 and the upper
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surface 14 of the measurement stage 2 do not have to be proximate or in contact with one
another. |

To clean the. liquid immersion member 4, the control apparatus 5 starts the
supply of the second liquid LC via the second supply ports 42. The control apparatus 5
controls the passageway switching mechanism 61 so as to feed the second liquid LC.
from the second supply apparatus 46 to the passageways 45 so that the first liquid LQ
does not flow from the first liquid supply apparatus 44 into the passageways 45. The
second liquid_LC that is fed from the second supply apparatus 46 and flows through the
passageways 45 is supplied to the second supply ports 42. The second supply ports 42
supply the secqnd liquid LC so that it contacts the liquid immersion member 4.

In the present embodiment, the control apparatus 5 starts the supply of the
second liquid LC via the second supply borts 42 while continuing to supply the first
liquid LQ via the first supply ports 41. The second liquid LC from the second supply
ports 42 is supplied to the lower side space 28 between the liquid immersion member 4
and the substrate stage 1 (the plate member T).

In the present embodiment, the control apparatus 5 performs the supply
operation, which supplies the second liquid LC via the second supply ports 42, while
using the preventive apparatus 53, which includes the first supply ports 41, to prevent
contact between the second liquid LC and the last optical element 19.

In the present embodiment, the preventive apparatus 53 prevents the second
liquid LC, which is supplied to the lower side space 28 via the second supply ports 42,
from flowing into the upper side space 26 via the opening 24. Thereby, contact between
the second liquid LC and the last optical element 19, which is disposed in the upper side
space 26, is prevented.

In the present embodiment, the preventive apparatus 53 prevents the second
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- liquid LC from flowing into the upper side space 26 via the opening 24 by supplying the
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25 -

first liquid LQ to the upper side space 26 via the first supply ports 41.

Namely, in the present embodiment, the control apparatus 5 performs the
operation of supplying the second liquid LC using the second supply ports 42 in parallel -
with the operation of supplying the first liquid LQ using the first supply ports 41. In
addition, the control api:)aratus 5 performs the operation of recovering the liquid (either
the first liquid LQ or the second liquid LC, or both) using the liquid recovery port 47 in

. parallel with the operation of supplying the first liquid LQ using the first supply ports 41
and the operation of supplying the second liquid LC using the second supply ports 42.
Thereby, as shown in FIG. 8, the immersion space is formed with thelliquid between the
last optical element 19 and the liquid immersion member 4 on one side and the substrate
stage 1 on the other side.

- The first liquid LQ supplied to the upper side space 26 via the first supply ports

41 ﬂoWs-through'the upper side space 26 and into the lower side space 28 via the
opening 24. The flow of the ﬁrstiliquid LQ prevents the second liquid LC, which is
supplied to the lower side space 28 via the second supply ports 42, from flowing into the
upper side space 26 via the opening 24.

Thus, in the present embodiment, by supplying the first liquid LQ via the first
supply ports 41, the preventive apparatus 53 prevents the second liquid LC from
contacting the last optical element 19.

The second supply ports 42 are disposed outward from the flat surface 31 with
respect to the opening 24, and the second liquid LC supplied via the second supply ports
42 to the lower side space 28 is recovered together with the first liquid LQ via the liquid
recovery surface 33.

-. The second liquid LC contacts the lower surface (the liquid recovery surface 33)



10

15

20

25

WO 2009/128554 PCT/JP2009/057817

36
of the porous member 27. Thereby, the second liquid LC cleans the lower surface of the .

porous member 27. In addition, the second liquid LC flows into the passageway 48 via

. the holes of the porous member 27, flows through the passageway 48, and is recovered

by the liquid recovery apparatus 49. Accordingly, the inner surfaces of the holes of the
porous member 27, the upper surface of the porous member 27, and the inner surface of
the passageWay 48 are all cleaned by the second liquid LC.

In the present embodiment, the size (within the XY plane) of the immersion
space formed with the first liquid LQ and the second liquid LC during cleaning is larger
than the size (within the XY plane) of the immersion space formed with the first liquid
LQ alone when the substrate P is exposed. Accordingly, a lérge area of the lower
éurface 21 of the liquid immersion member 4 contacts the second liquid LC and is
cleaned thereby.

In addition, the control apparatus 5, while supplying the second liquid LC via
the second supply ports 42, can move the substrate stage 1 with respect to the liquid
immersion member 4 in the X and Y directions under prescribed movement conditions.
By moving the substrate stage 1 with respect to the liquid immersion member 4 in the X
and Y directions, at least some of the second liquid LC supplied to the lower side space
28 via the second supply ports 42 contacts the flat surface 31. Thereby, the flat surface
3lis cleaned by the second liquid LC.

In addition, the upper surface 13 of the substrate stage 1 is disposed so that it
opposes the second supply ports 42 and contacts the second liquid LC supplied via the
second supply ports 42. Thereby, the upper surface 13 of the substrate stage 1 (the plate
member T) is cleaned by the second liquid LC.

-In addition, by moving the substrate stage 1 with respect to the liquid immersion

member 4 in the X and Y directions while the second liquid LC is supplied via the second
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supply ports 42, a larger area of the upper surface 13 of the substrate stage 1 (the plate

member T) is cleaned by the second liquid LC.

In the present embodiment, because cleaning with the second liquid LC is
performed in the state wherein the first holding part 15 holds the dummy substrate DP,
contact between the second liquid L.C and the first holding part 15 is prevented.
Furthermore, by supplying the second liquid LC via the second supply ports 42 in the
state wherein the dummy substrate DP is disposed at a position at which it opposes the
second supply ports 42, the lower surface 21 of the liquid immersion member 4 alone
may be cleaned.

Ih addition, the control apparatus 5 can clean the upper surface 14 of the
measurement stage 2 with the second liquid LC by disposing the upper surface 14 of the
measurement stage 2, which includes the upper surfaces of the measuring instruments C,
so that it opposes the second supply ports 42 and by supplying the second liquid LC via
the éecond supply porfs.

After cleahing with the second liquid LC is complete, the control apparatus §
stops the operation of the second supply apparatus 46 and the supply of the second liquid
LC using the second .supply ports 42. Furthermore, prior to the exposure of the
substrate P, the control apparatus 5 performs a process that eliminates the second liquid
LC from the liquid immersion member 4. |

In the present embodiment, the process that eliminates the second liquid LC
from the liquid immersion member 4 includes a flushing procéss that supplies the first
liquid LQ.

As shown in FIG. 9, the control apparatus 5—in the state wherein the supply of
the second liquid LC is stopped and the substrate stage 1, on which the dummy substrate

DP is held by the first holding part 15, is disposed so that it opposes the last optical
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element 19 and the liquid immersion member 4—performs the recovery operation, which
recovers the first liquid LQ using the liquid recovefy port 47, in parallel with the supply
operation, which supi)lies the first liquid LQ using the first supply ports 41. Thereby,
the second liquid LC that remains on, for example, the lower surface 21 of the liquid |
immersion member 4 and the porous member 27, and in, for example, the recovery
passageway 48 is washed away.

In addition, in the present embodiment, the control apparatus 5 controls the first
supply apparatus 44, the second supply apparatus 46, and the passageway switching
mechanism 61 so as to supply the first liquid LQ from the first supply apparatus 44 to the
second supply ports 42 via the passageways 45 in the state wherein the supply of the
second liquid LC from the second supply apparatus 46 to the passageways 45 is stopped.
By supplying the first liquid LQ to the second supply ports 42 via the passageways 45,
the control apparatus 5 can wash away the second liquid LC that remains in, for example,
the passageways 45 and the second supply ports 42 with the first liquid LQ. -

In addition, the control apparatus 5—by performing the recovery operation,
which recovers the first liquid LQ using the liquid recovery port 47, in parallel with the
supply operation, which supplies the first liquid LQ using the first supply ports 41 and
the Asecond supply ports 42, in the state wherein the supply of the second liquid LC is
stopped and the upper surface 13 of the subsﬁate stage 1 (the plate member T) is
disposed so that it opposes the last optical element 19 and the liquid immersion member
4—can wash away the second liquid LC that remains on the upper surface 13 of the
substrate stage 1 (the plate member T) with the first liquid LQ.

In additioﬁ, the control apparatus 5—by perfonning the recovery operation,
which recovers the first liquid LQ using the liquid recovery port 47, in parallel with the

supply operation, which supplies the first liquid LQ using the first supply ports 41 and
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the second supply ports 42, in the state wherein the supply of the second liquid LC is

stoi)ped and the upper surface 14 of the measurement stage 2 is disposed so that it
opposes the last optical element 19 and the liquid immersion member 4—can wash away
the second liquid LC that remains on the upper surface 14 of the measurement stage 2
5 with the first liquid LQ. |
Thus, after the liquid immersion member 4 and the like are cleaned using the
second liquid- LC, the first liquid LQ is used to eliminate the second liquid LC, thereby
preventing the intermixing of the second liquid LC with the first liquid LQ that fills the
optical path of the exposure light EL during subsequent exposures of the substrate P.
10 After the cleaning process using the second liquid LC and the flushing process
) using the first liquid LQ are complete, the substrate P to be exposed is held by the first
holding part 15 and the exposing process is performed on that substrate P. Prescribed
processes, such as the developing process, are then performed on the exposed substrate P.
According to the present embodiment as explained above, it is possible to
15 efficiently and satisfactorily clean the liquid immersion member 4 and the like inside the
exposure apparatus EX using the second liquid LC. Accordingly, it is possible to
prevent the occurrence of exposure failures and the production of defective devices
caused by the contamination o.f the liquid immersion member 4 and the like.
According to the present embodiment, contact between the second liquid LC and
20  the last optical element 19 is prevented, which, in turn, makes it possible to prevent any
changes in the performance of the last optical element 19. Accordingly, it is possible to
prevent exposure failures from occurring.
In addition, according to the present embodiment, it is also possible to use the

second liquid LC to efficiently and satisfactorily clean surfaces (liquid contact surfaces)

25  of prescribed members that contact the first liquid LQ during the exposure of the
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substrate P, for example, the upper surface 13 of the substrate stage 1 and the upper
surface 14 of the measurement stage 2. Accordingly, it is possible to prevent the
occurrence éf exposure failures and the production of defective devices caused by the
contamination of these prescribed members.

In addition, in the present embodiment, when cleaning the liquid immersion
member 4 and the like using the second liquid LC, contact between fhe second liquid LC
and the last optical element 19 may be prevented by supplying via the first supply ports
41 a liquid, other than the first liquid LQ, that does not affect the last optical element 19.

In addition, in the present embodiment, other liquid supply ports may be
provided in the vicinity of tﬁe first supply ports 41 and contact between the second liquid
LC and the last optical element 19 may be prevented by supplying liquid (e.g., the first
liquid LQ) to the upper side spacé 26 via those supplementary liquid supply ports.
<Second Embodiment>

The following explains a second embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiment discussed
above are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted.

The following text explains an exemplary case wherein the substrate stage 1 is
disposed at a position at which it opposes the liquid immersion member 4 when cleaning
using the second liquid LC is performed; however, similar to the embodiment discussed
above, it is also poésible to dispose the dummy substrate DP, which is held by the first
holding part 15, or the measurement stage 2, or both, at this position.

FIG. 10 shows one example of a preventive apparatus 53B according to a second
embodiment. In the present embodiment, the preventive apparatus 53B comprises a

cover member 70, which is disposed between the last optical element 19 and the
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substrate stage 1. In addition, in the present embodiment, the preventive apparatus 53B
comprises holding apparatuses 71, which releasably hold the cover member 70. In the
present embodiment, the holding apparatuses 71 are provided to a liquid immersion
member 4B.

In the present embodiment, the cover member 70 is disposed so that it closes the

- opening 24. The holding apparatuses 71 hold the cover member 70 in order to close the

opening 24 therewith.

The cover member 70 is plate shaped. The cover member 70 has an upper
surface 72, which is capable of opposing the flat surface 31. The external shape of the
cover member 70 within the XY plane is larger .than that of the opening 24 and smaller
than that of the flat surface 31.

At least part of each of the holding apparatuses 71 is disposed in a
circumferential edge area of the flat surface 31. In the present embodiment, the holding
apparatuses 71 constitute a so-called electrostatic chuck mechanism. The holding
apparatuses 71, which constitute the electrostatic chuck mechanism, can releasably hold
the cover member 70.

When the liquid immersion member 4 and the like are being cleaned, the
holding apparatuses 71 hold the cover member 70 so that the cover member 70 closes the
opening 24, as shown in FIG. 10. The control apparatus 5 supplies the second liquid LC
via the second supply ports 42 in the state wherein the opening 24 is closed by the cover
member 70. The control apparatus 5 performs the recovery operation, which recovers
the second liquid LC using the liquid recovery port 47, in parallel with the supply
operation, which supplies the second liquid LC using the second supply ports 42. In the
present embodiment, when the second liquid LC is supplied via the second supply ports

42, the supply of the first liquid LQ via the first supply ports 41 is stopped.
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In the present embodiment, too, it is possible to clean the liquid immersion
member 4 and the substrate stage 1 while, at the same time, preventing contact between

the last optical element 19 and the second liquid LC.

<Third Embodiment>

The following text explains a third embodiment. Iq.the explanation below,
constituent parts that are identical or equivalent to those in the embodiments discussed
above are assigned identical symbo_ls, and the explanations thereof are therefore
abbreviated or omitted.

FIG. 11 includes views that show one example of a prevenﬁve appafatus 53C
according to the third embodiment. In the present embodiment, the preventive
apparatus 53C comprises a shutter mechanism 74, which comprises shutter members 73A,
73B that are disposed between the last optical element 19 and the substrate stage 1. In
the present embodiment, the shutter mechanism 74 is provided to a liquid immersion
member 4C.

In the present embodiment, the shutter mechanism 74 comprises: recessed parts
T5A, 7513, which are formed in the inner surfaces of the second plate part 23 that define
the opening 24; the shutter members 73A, 73B, which are capable of being disposed in
the recessed parts 75A, 75B, respectively; and actuators 76A, 76B, which are capable of
moving the shutter members 73A, 73B. The recessed part 75A is formed in the +Y side
inner surface of the second plate part 23 that defines the opening 24, and the recessed
part 75B is formed in the —Y side inner surface of the second plate part 23 that defines
the opening 24. The shutter members 73A, 73B are plate shaped. Thé shutter
members 73A, 73B can be moved in the Y axial directions by the operation of the
actuators 76A, 76B. The shutter members 73A, 73B are capable of entering and exiting

the recessed parts 75A, 75B by the operation of the actuators 76A, 76B, respectively.
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| - For example, when the substrate P is being exposed, the shutter members 73A,
73B are disposed in the reéessed parts 75A, 75B, respectively, as shown in FIG. 11A.
The control apparatus 5 supplies the first liquid LQ via the first supply ports 41 in order
to form the immersion space LS.

In order to close the opening 24 with the shutter members 73A, 73B during the
cleaning of the liquid immersion member 4C and the like, the control apparatus 5
operates the actuators 76A, 76B so as to dispose the shutter members 73A, 73B in the
opeping 24, as shown in FIG. 11B. Thereby, the opening 24 is closed. The control
apparatus 5 supplies the second liquid LC via the sécond supply ports 42 in the state
wherein the shutter members 73 A, 73B have closed the opening 24. When the second
liquid LC is supplied via the second supply ports 42, the supply of the first liquid LQ via
the first supply ports 41 is stopped.

In the present embodiment, too, the liquid immersion member 4C and the like
can be cleaned while the last optical element 19 and the second liquid LC are prevented
from contacting one another.

Furthermore, in the present embodiment, the shutter members 73A, 73B are
disposed in the opening 24 so as to close the opening 24; however, the shutter members
73A, 73B may be disposed below the flat surface 31 or above the upper surface 25.
<Fourth Embodiment>

The following‘ text explains a fourth embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiments discussed
above are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted.

FIG. 12' is a view that shows one example of a preventive apparatus 53D

according to the fourth embodiment. In the present embodiment, the preventive
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appaxatus 53D forms a fluid curtain 77 in the vicinity of the opening .24.

In the present embodiment, the preventive apparatus 53D comprises a fluid
supply port 78, which is disposed on the +Y side inner surface of the second plate part 23
that defines the opening 24, and a fluid suction port 79, which is disposed on ﬁe ~Y side
inner surface of the second plate part 23 that defines the opening 24. In the present
embodiment, the fluid is a gas. The fluid supply port 78 sﬁpplies the gas.

During the cleaning of a liquid immersion member 4D and the like, the
preventive apparatus 53D performs a suction operation, which suctions the gas using the
fluid suction port 79, in parallel with a supply operation, which supplies the gas using the
fluid supply port 78, as shown in FIG. 12. Thereby, a flow of gas is generated from the
+Y side of the opening 24, where the fluid supply port 78 is disposed in the inner surface
of the second plate part 23, toward the —Y side, thus forming the fluid curtain 77. |

The control apparatus 5 supplies the second liquid LC via the second supply
ports 42 in the state wherein the fluid curtain 77 is formed. When the second liquid LC
is supplied via the second supply ports 42, the supply of the first liquid LQ via the first
supply ports 41 is stopped.

In the present embodiment, while the liquid immersion member 4D and the like
are being cleaned, the preventive apparatus 53D forms the fluid curtain 77 in the opening
24 and thereby prevents the last optical element 19 and the second liquid LC from
contacting one another.

Furthermore, in the present embodiment, the fluid curtain 77 is formed with the
gas, but it may be formed with a liquid. By supplying a liquid (e.g., pure water) that has
little effect on the last optical element 19 via the fluid supply port 78 and suctioning that
liquid via the fluid suction port 79, the liquid immersion member 4D and the like can be

cleaned while preventing the last optical element 19 and the second liquid LC from
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contacting one another.

Furthermore, each of the first through fourth embodiments discussed above
explained an exemplary case-wherein the groove 29, in which the second supply ports 42
are disposed, has a rectangular ring shape, but the groove 29 may have a circular ring

shape; for example, a plurality of grooves 29A, 29B, 29C, 29D may be formed around

 the flat 'surface 31 and one of the second supply ports 42 may be disposed in each of the

-grooves 29A-29D, as in a liquid immersion member 4E shown in FIG. 13.

In addition, as in a liquid immersion member 4F shown in FIG. 14, the groove

29 may be omitted and a plurality of second supply ports 42F may be disposed around

- the flat surface 31. In addition, as shown in FIG. 14, the second supply ports 42F may

Be circular.

In addition, in the first through fourth embodiments discussed above, the second
supply ports 42 are provided to the flat surface 31 of the liquid immersion member 4, that
is, they are provided close to the opening 24. By providing the second supply ports 42
to the flat surface 31, the second liquid LC and the flat surface 31 can be easily brought
into contact with one another without moving any member that opposes the last optical
element 19.

In addition, in the first through fourth embodiments discussed above, the second
supply ports 42 do not have to be provided to the lower surface 21 of the liquid -
immersion member 4. For example, the second supply ports 42 may be provided to an
inner side surface of the second plate part 23 that defines the opening 24, and the second
liquid LC may be supplied toward the optical path of the exposure light EL.

In addition, each of the embodiments discussed above explained an exemplary
case of cleaning the liquid immersion member 4 (4B-4F), which comprises the liquid

recovery surface 33 disposed around the flat surface 31, but it is also possible to clean a
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liquid immersion member 4G, as shown in FIG. 15. FIG. 15 is an oblique view of the

- liquid immersion member 4G, viewed from the lower side (the —Z side).

In FIG. 15, a lower surface 21G of the liquid immersion member 4G has a first
area (flat surface) 31G, which is disposed around the opening 24; a second area 32G,
which is disposed around the first area 31G and has the groove 29; liquid récovery
surfaces 33G, which are disposed outward from the first and second areas 31G, 32G with
respect to the opening 24; and inclined surfaces 34G, which are disposed outward from
the first and second areas 31G, 32G with respect to tﬁe opening 24. The second supply
ports 42 are disposed in the groove 29. One of the liquid fecovery surfaces 33G is
provided in one of the X axial directions (the +X side) and the other liquid recovery
surface 33G is provided in the other X axial direction (the —X side) with respect to the
.ﬁrst and second areas 31G, 32G.  One of the inclined surfaces 34G is provided in one of
the Y axial directions (the +Y side) and the other inclined surface 34G is provided in the
other Y axial direction (the —Y side) with respect to the first and second areas 31G, 32G.

The inclined surfaces 34G are capable of holding the first liquid LQ between

themselves and the front surface of the substrate P during the exposure of the substrate P.

" The inclined surfaces 34G are disposed at positions at which they are further from the

~ front surface of the substrate P than the first and second areas 31G, 32G are. The

inclined surfaces 34G are inclined in the Y axial directions so that they become gradually
spaced apart from the front surface of the substrate P in the directions (the radial
directions) that lead away from the optical path of the exposure light EL. The inclined
surfaces 34G are not capable of recovering the first liquid LQ.

In the liquid immersion member 4G shown in FIG. 15, too, the lower surface

21G of the liquid immersion member 4G can be cleaned by supplying the second liquid

- LC via the second supply ports 42 so that the second liquid LC contacts the lower surface
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21G

Furthermore, the details of the liquid immersion membef 4G as shown in FIG.
15 are disclosed in, for example, European Pateﬂt Application Publication No. 1865542.

Furthermore, each of the embodiments discussed above explained an exemplary
case wherein the liquid immersion member 4 has th¢ upper surface 25, at least part of
which opposes the emergent surface 20 of the last optical element 19; however, a liquid
immersion member 4H, from which the upper surface 25 has been on1itt¢d, can be
cleaned with the second liquid L.C as shown in, for example, FIG. 16. For example,
similar to the second embodiment, disposing a cover member 70H between the last
optical element 19 and the substrate stage 1 makes it possible to prevent the second
liquid LC and the last optical element 19 from coﬁtacting one another.

In addition, in the liquid immersion member 4H wherein the upper surface 25 is
omitted, the first liquid LQ may flow via the first supply ports 41 as in the first
embodiment discussed above, the shutter member may be disposed below the last optical
elément 19 as in the third embodiment discussed above, or the fluid curtain 77 may be
provided below the last optical element 19 as in the fourth embodiment discussed above.

Thus, similar to each of the embodiments discussed above, providing a barrier
below the last optical element 19 can prevent the second liquid LC and the last optical
element 19 from contacting one another in the present embodiment, too.
<Fifth Embodiment>

The following text explains a fifth embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiments discussed
above are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted. |

Each of the embodiments discussed above explained an exemplary case wherein
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the second supply ports 42 are disposed in the liquid immersion member 4; however, the
characteristic that differentiates the fifth embodiment from the other embodiments is that
second supply ports 42 are provided to a prescribed member, which is disposed at a
position at which it opposes the lower surface 21 of a liquid immersion member 4J.
~ FIG. 17 is a view that shows one example of an exposure apparatus EX

according to the fifth embodiment. In FIG. 17, a measurement stage 2J comprises the
second'supi)ly ‘ports 42, which are disposed in the upper surface 14 of the measurement
stage 2J. The second supply ports 42] are capable of opposing the lower surface 21 of
the liquid immersion member 4J. The second supply ports 42J are connected to a
second supply apparatus 46J via a passageway 45J. The passageway 45J comprises a
supply passageway, which is formed inside the measurement stage 2J, and a passageway,
which is formed from a supply pipe that connects the supply passageway and the second
supply apparatus 46J.

In the present embodiment, a preventive apparatus 53J comprises the cover

member 70, which is for closing the opening 24, and the holding apparatuses 71, which

releasably hold the cover member 70, as explainéd in the second embodiment discussed

above. Furthermore, in the present embodiment, too, the first liquid LQ may flow via
the first supply ports 41 as in the first embodiment discussed above, the shutter member
may be disposed below the last optical element 19 as in the third embodiment discussed
above, and the fluid curtain 77 may be provided below the last optical element 19 as in
the fourth embodiment discussed above. |

The control apparatus 5—by performing the recovery operation, which recovers

- the second liquid LC using a liquid recovery port 47J disposed in the liquid immersion

member 4J, in parallel with a supply operation, which supplies the second liquid LC

using the second supply ports 42], in the state wherein the 10wér surface 21 of the liquid
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immersion member 4J opposes the second supply ports 42J disposed in the upper surface
14 of the measurement étage 2J—can clean the lower surface 21 of the liquid immersion
member 4], the upper surface 14 of the measurement stage 2J, and the like.

“ Furthermore, the preseﬁt embodiment explained an exemplary case wherein the
second supply ports 42J are disposed in the measurement stage 2J, but the second supply
ports may be disposed in the substrate stage 1. By performing the recovery operation,
which recovers the secondvliquid LC using the liquid recovery ports, in parailel with the
supply operation, which supplies the second liquid LC using the second supply ports, in
the state wherein the lower surface 21 of the liquid immersion member opposes the
second supply ports, which are disposed in the upper surface 13 of the substrate stage 1,
it is possible to clean the lower surface 21 of the liquid immersion member, the upper
surface 13 of the substrate stage 1, and the like.

In addition, in the present embodiment, the second supply ports that supply the
second liquid LC may be also provided in advance to the liquid immersion member 47,
and the second supply ports of the liquid immersion member 4] may be used in parallel
with the second supply ports 42J of the prescribed member (the measurement stage 2 and
the like), which is disposed at a position at which it opposes the lowér surface 21 of the
liquid immersion member 4J.

Furthermore, in the first through fifth embodiments discussed above, the first
liquid LQ or the second liquid LC, or both, may be recovered using a liquid recovery part
disposed at a position at which it opposes the lower surface of the liquid immersion
member; either with or without using the liquid recovery port 47 (the liquid recovery
surface 33). The liquid recovery part disposed at a position at which it opposes the
lower surface of the liquid immersion member can be provided to, for example, the

substrate stage 1 or the measurement stage 2, or both.
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Furthermore, each of the ﬁrst through fifth embodiments discussed above
explained an exemplary case wherein a prescribed member (e.g., the substrate stage 1,
the measurement stage 2, or the dummy substrate DP) is disposed at a position at which
it opposes the lower surface 21 of the liquid immersion member 4, the second liquid LC
is supplied to the space between the lower surface 21 of the liquid immersion member 4
and the prescribed member, and the immersion space is thereby formed with the second
liquid LC; however, as discussed above, if the liquid recovery part is disposed at.a
position at which it épposes the lower surface of the liquid immersion member, then the
second liquid LC may be sprayed from below the liquid immersion member 4 toward the
lower surface thereof in the state wherein, for example, the opening 24 is closed by the -
cover member 70. In addition, as discussed above, if the liquid recovery part is
disposed at a position at which it opposes the lower surface of the liquid immersion
member, then the second liquid LC may be supplied, for example, via the liquid recovery
port 47 of the liquid immersion member.
<Sixth Embodiment>

The following explains a sixth embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiment discussed
above are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted.

As shown in FIG. 18, in the present erﬁbodiment, holding apparatuses 71, which
constitute an electrosfatic chuck mechanism, are disposed in parts of the flat surface 31.
The holding surface of each of the holding apparatuses 71 is disposed within the same
plane as (flush with) the flat surface 31. The holding apparatuses 71 releasably hold an
object.

The first supply ports 41 are connected to a first supply apparatus 144 via
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passageways 43. The first supply apparatus 144 is capable of feeding the first liquid LQ,

which is pure and temperature adjusted. Each passageway 43 comprises a supply
passagewéy, which is formed inside the liquid immersion member 4, and a passageway,
which is formed from a supply pipe that connects the supply passageway and the first
supply apparatus 144. The first liquid LQ fed from the first supply apparatus 144 is
supplied to the first supply ports 41 through the passageways 43. The first supply ports
41 supply the first liquid LQ from the first supply apparatus 144 to the optical path of the
exposure light EL. |

The second supply ports 42 are connected to a second supply apparatus 146 via
passageways 45. The second supply apparatus 146 is capable of feeding the second
liquid LC. Each passageway 45 comprises a supply passageway, which is formed inside
the liquid immersion member 4, and a passageway, which is formed from a supply pipe
that connects the spppiy passageway and the second supply apparatus 146. The second
liquid LC fed from the second supply apparatus 146 is supplied to the second supply
ports 42 through the passageways 45. The second supply ports 42 are capable of
supplying the second liquid LC from the second supply apparatus 146 to a space between
the lower surface 21 of the liquid immersion member 4 and the front surface of the
prescribed member that opposes the lower surface 21.  The space between the lower
surface 21 of the liquid immersion member 4 andAthe front surface of the prescribed
member includes the lower side space 28.

In ‘addition, the liquid immersion member 4 has a liquid recovery port 47, which
is capable of recovering liquid. The liquid recovery port 47 recovers the liquid on the
prescribed rhember that opposes the lower surface 21 of the liquid immersion member 4.

The liquid recovery port 47 is disposed at a prescribed position in the liquid

immersion member 4 so that it opposes the front surface of the substrate P. The liquid



10

15

20

25

WO 2009/128554 PCT/JP2009/057817
52
recovery port 47 is disposed outward from the flat surface 31 and the second supply ports

42 (the second area 32) with respect to the optical path of the exposure light EL. The
porous member 27 is disposed in the liquid recovery port 47. The lower surface of the
porous member 27 disposed in the liquid recoveryvport 47 is the liquid recovery surface
33.

The liquid recovery port 47 (the .liquid recovery surface 33) is connected to a
first liquid recovery apparatus 149 via a passageway 48. The first ﬁquid recovery
apparatus 149 comprises a vacuum system and is capable of recovering the liquid via
suctioning. The passageway 48 comprises a recovery passageway, which is formed
inside the liquid'immersion member 4, and a passageway, which is formed from a
recovery pipe that connects the recovery passageway and the first liquid recovery
apparatus 149. The liquid recovered via the liquid recovery port 47 (the liquid recovery
surface 33) is recovered by the first liquid recovery apparatus 149 through the
passageway 48.

In addition, in the present embodiment, the liquid immersion member 4 has
openings 50, which are disposed in the vicinity of the upper side space 26. In the
present embodiment, the openings ‘50 are provided on opposite sides (one on each side)
of the optical path of the exposure liéht EL in the X axial directions. The openings 50
are connected to a second liquid recovery apparatus 180 via passageways 51. The
second liquid recovery apparatus 180 comprises a vacuum system and is capable of
recovering the liquid by suctioning. Each of the passageways 51 comprises an internal
passageway, which is formed inside the liquid immersion member 4, and a passageway,
which is formed from a pipe that connects the internal passageway and the second liquid
recovery apparatus 180. The liquid recovered via the openings 50 is recovered by the

second liquid recovery apparatus 180 via the passageways 51. Furthermore, the
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vacuum system of the second liquid recovery apparatus 180 does not have to include a

~ vacuum pump.

As shown in FIG. 19, in the present embodiment, a pa’ssagewayA switching
mechanism 81, which comprises, for example, a valve mechanism, is disposed in each of
the passageways 51. In the present embodiment, when the liquid recovery operation
that uses the second liquid recovery apparatus 180 is not being performed, the control
apparatus 5 forms an opening in part of each of the passageways 51 by controlling the
corresponding passageway switching mechanisms 81. The openings of the
passageways 51 are disposed in an external space (ambient environment) that surrounds
the liquid immersion member 4 (the immersion space LS). Namely, in the present
embodiment, when the liquid recovery operation that uses the second liquid recovery
apparatus 180 is not being performed, the passageway switching mechanisms 81 are
controlled so that the openings 50, which are disposed in the vicinity of the upper side
space 26, and the openings of the passageways 51, which are disposed in the external
space, are in communication with one another. In the present embodiment, the external
space includes the atmospheric space. Accordingly, when the liquid recovery operation
that uses the second liquid recovery apparatus 180 is not being performed, the upper side
space 26 and the external space (atmospheric space) are in communication and the upper
side space 26 is open to the atmosphere via the passageways 51. That said, the upper
side space 26 does not have to be brought into communication with the external space
(atmospheric space) when the liquid recovery operation that uses the second liquid
recovery apparatus 180 is not being performed, and, in this case; the passageway
switching mechanisms 81 may be omitted.

One exéniple of an operation that forms the immersion space LS with the first

liquid LQ will now be explained. To form the immersion space LS, the control
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apparatus 5 uses the first supply ports 41 to supply the first liquid LQ to the optical path

of the exposure light EL. When the first quuid LQ is being supplied, the control

- apparatus 5 disposes the prescribed member at a position at which it opposes both the

emergent surface 20 of the last optical element 19 and the lower surface 21 of the liquid
. immersion member 4. The first liquid LQ that is fed from the first supply apparatus 144
is supplied to the first supply ports 41 through the passageways 43. The first supply 4

ports 41 supply the first liquid LQ to the upper side épace 26. The first liquid LQ flows

- through the upper side space 26 and into the lower side space 28 through the opening 24.

Thus, the immersion space LS is formed so that the optical path of the exposure light EL
between the emergent surface 20 of the last optical element 19 and the front surface of
the prescribed member is filled with the first liquid LQ.

In addition, in the present embodiment, the control apparatus 5 performs the
operation of recovering the first liquid LQ using the liquid recovery port 47 in parallel
with the operation of supplying the first liquid LQ using the first supply ports 41. At
least some of the first liquid LQ on the prescribed member contacts the liquid contact
surface 33 (the lower surface of the porous member 27) and is recovered thereby. The
first liquid LQ that is recovered by the liquid recovery surface 33 is then recovered by the
first liquid recovery apparatus 149 through the passageway 48.

By performing the operation of recovering the first liquid LQ using the liquid
recovery port 47 in parallel with the operation of supplying the first liquid LQ using the
first supply ports 41, the control apparatus 5 can form the immersion space LS with the
first liquid LQ between the last optical elemeﬂt 19 and tﬁe liquid immersion member 4
on one side and the prescribed member on the other side.

In the present embodiment, the control apparatus 5 can synchronously move the

substrate stage 1 and the measurement stage 2 in the X and Y directions with respect to
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the last optical element 19 While, at the same time, causing the emergent surface 20 of
the last optical element 19 to oppose either the upper surface 13 of the substrate stage 1
or the upper surface 14 of the measurement stage 2, or both, in the state wherein one of
the linear edges of the upper surface 13 of the substrate stage 1 and one of the linear
edges of the upper surface 14 of the measurement stage 2 are brought into proximity or
contact with one another so thaf a space capable of holding the liquid between the last
optical element 19 and either the substrate stage 1 or the measurement stage 2, or both, is
formed continuously, as disclosed in, for example, U.S. Patent Application Publication
No. 2006/0023186 and U.S. Patent Application Publication No. 2007/0127006.
Thereby, the immersion space of the liquid can move from the upper éurface 13 of the
substrate stage 1 to the upper surface 14 of the measurement stage 2, or from the upper
surface 14 of the measurement stage 2 to the upper sui'face 13 of the substrate stage 1,
and, at the same time, leakage of the liquid can be prevented.

In the present embodiment, when the substrate P is being exposed using the first
liquid LQ or when a measurement is being performed with the measuring instruments C
using the first liquid LQ, the supply of the second liquid LC via the second supply ports
42 is stopped.

In addition, when the substrate P is to be exposed using the first liquid LQ or
when a measurement is to be performed with one of the measuring instruments C using
the first liquid LQ, the upper side space 26 is opened to the atmosphere via the
passageways 51.

The exposed substrate P is then unloadevd from the substrate stage 1. In order
to unload the substrate P from the substrate stage 1 after the exposure, the control
apparatus 5 moves the substrate stage 1 to the substrate exchange position. When the

substrate stage 1 is to be moved to the substrate exchange position, the control apparatus
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5 moves the measurement stage 2 to the exposure position and forms the immersion

space LS with the first liquid LQ between the last optical element 19 and the liquid

immersion member 4 on one side aﬁd the measurement stage 2 on the other side. The

control apparatus 5 uses the transport system to unload the exposed substrate P from the

substrate stage 1, which is disposed at the substrate exchange position.

The control apparatus 5 successively performs immersion exposures on a
plurality of substrates P by repe;[itively performing the loading operation, which loads the
substrate P prior to its exposure, the exposure operation, which exposes the substrate P,
and the unloadiﬁg operation, whicﬁ unloads the exposed substrate P.

Thus, in the present embodiment, during the exposure of the substrate P, the first
liquid LQ contacts the last optical element 19, the liquid immersion member 4, the
substrate stage 1 (the plate member T), and the measurement stage 2.

During the exposure of the substrate P, it is possible that a substance (e.g., an
organic substance like a photosensitiye material) produced (eluted) from the substrate P
will intermix with the first liquid LQ. It is further possible that the substance that

intermixes with the first liquid LQ will adhere as foreign matter (contaminant) to the

» lower surface 21 of the liquid immersion member 4. In addition, it is possible that,

along with the substance produced by the substrate P, foreign matter suspended in midair
will intermix with the first liquid LQ and adhere to the lower surface 21 of the liquid
immersion member 4. If the foreign matter (contaminant) is left in a state wherein it
adheres to the lower surface 21 of the liquid immersion member 4, then it is possible that
that foreign matter will likewise adhere to the substrate P during an exposure or will
contaminate the first liquid LQ supplied via the first supply ports 41. As a result,
exposure failures could occur such as, for example, the generation of defects in the

pattern formed on the substrate P.
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In addition, it is also possible that the emergent surface 20 of the last optical.
element 19 will be contaminated. If the emergent surface 20 of the last optical element
19 is left in a contaminated state, then exposure failures could occur.

Accordingly, in the present erﬁbodiment, the control apparatus 5 cleans the last
optical element 19 and the liquid immersion member 4 according to a prescribed timing.

Nexf, one exémple of a method of cleaning the last optical element 19 and the
liquid immersion member 4 will be explained, referencing FIG. 22 and FIG. 23.

As shown in FIG. 22, when the cleaning process is being performed, a dummy
substrate DP is held by the first holding part 15. The; dummy substrate DP is a member
(a clean member) that is distinct from the substrate P used for exposure and that has a
high cleanliness level that tends not to release foreign matter. The external shape of the
dummy substrate DP is substantially the same as that of the substrate P, and the first
holding part 15 can hold the dummy substrate DP.

The control apparatus 5 disposes the substrate stage 1 or the measurement stage
2, or both, so that it opposes the last optical element 19 and the liquid immersion member
4. In the present embodiment, the control apparatus 5 disposes the substrate stage 1 or
the measurement stage 2, or both, so that it opposes the second supply ports 42 in the
state wherein the upper surface 13 of the substrate stage 1 and the upper surface 14 of the
measurement stage 2 are brought into proximity or contact with one another. FIG. 22
shows an example wherein the uppér surfacel 13 of the substrate stage 1 (ﬂle plate
member T) is disposed so that it opposes the second supply ports 42. Furthermore,
during the cleaning operation, the upper surface 13 of the substrate stage 1 and the upper
surface 14 of the measurement stage 2 do not have to be proximate or in contact with one
another.

As shown in FIG. 22, in the present embodiment, when the liquid immersion
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member 4 and the like are being cleaned, a cover member 70 is disposed in the optical
path of the exposure light EL between the substrate stage 1 and the emergent surface 20
of the last optical element 19. The cover member 70 is held by the holding apparatuseé
71, which are disposed in the flat surface 31. As discussed above, the holding
apparatuses 71 constitute an electrostatic chuck mechanism and can releasably hold the
cover member 70. The cover member 70 is transported to the holding apparatus'es 71
By a transport apparatus (not shown). The holding apparatuses 71 hold the cover
member 70 so that the opening 24 is c.losed thereby.

The cover member 70 is plate shaped. The cover member 70 has an upper
surface 72, which is capable of opposing the flat surface 31. The external shape of the
cover member 70 within the XY plane is larger than that of the opening 24 and smaller
than that of the ﬂat surface 31 .

Disposing the cover member 70 so that it closes the opening 24 forms a first
space 91 between the last optical element 19 and the cover member 70 and a second
space 92 between the cover member 70 and the substrate stage 1. The first space 91
comprises the upper side space 26, and the second space 92 comprises the lower side
space 28.

The control apparatus 5 supplies the first liquid LQ to the first space 91 via the
first supply ports 41 and supplies the second liquid LC to the second space 92 via the
second supply ports 42.

When supplying the first liquid LQ to the first space 91 in the state wherein the
cover member 70 is disposed in the optical path of the exposure light EL, the control
apparatus 5 controls the passageway switching mechanisms 81 and the second liquid
recovery apparatus 180 and performs the liquid recovéry operation using the openings 50.

The first supply ports 41 supply the first liquid LQ to the first space 91 so that the first
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liquid LQ contacts the emergent surface 20 of the last optical element 19. The first

liquid LQ in the first space 91 is recovered via the openings 50.
- In the present embodiment, the control apparatus 5 performs the recovery

operation, which recovers the first liquid LQ using the openings 50, in parallel with the

supply operation, which supplies the first liquid LQ using the first supply ports 41. As

shown in FIG. 23, the first liquid LQ supplied to the first space 91 via the first supply
ports 41 flows through the first space 91 while maintaining contact with the emergent
surface 20 of the last optical element 19, after which it is recovered via the openings 50.
Thereby, the last optical element 19 is cleaned by the first liquid LQ.

In addition, when the first space 91 is filled with the first liquid LQ, the control
apparatus 5 emits the exposure light EL from the last dptical element 19. The control

apparatus 5 radiates the exposure light EL in order to photoclean the emergent surface 20

“of the last optical element 19. The exposure light EL is ultraviolet light and the

emergent surface 20 of the last optical element 19 is photocleaned by the radiation of the
exposure light EL. Furthermore, it is also possible to just supply the first liquid LQ to
the first space 91 without the additional step of radiating the exposure light EL to the
emergent surface 20 after the first space 91 has been filled with the first liquid LQ.

In addition, to clean the liquid immersion membef 4, the control apparatus 5
supplies the second liquid LC via the second supply ports 42. The second supply ports
42 supply the second liquid LC to the second space 92 so that the second liquid LC
contacts the liquid immersion member 4. The liquid recovery port 47 recovers the
second liquid LC in the second space 92.

In the present embodiment, the control apparatus 5 performs the operation of
recovering the second liquid LC using the liquid recovery port 47 in parallel with the

operation of supplying the second liquid LC using the second supply ports 42. Thereby,
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as shown in FIG. 8, the immersion space is formed with the second liquid LC between
the liquid immersion member 4 on one side and the substrate stage 1 on the other side. -

The second liquid L.C contacts the lowervsurface (the liquid recovery surface 33)
of the porous member 27. Thereby, the second liquid LC cleans the pofous member 27.
In addition, the second liquid LC flows into the passageway 48 via the holes of the
porous member 27, flows through the passageway 48, and is recqvered by the first liquid
recovery apparatus 149. Accordingly, the inner surfaces of the holes of the porous
member 27, the upper surface of the porous member 27, and the inner surface of the
passageway 48 are all cleaned by the second liquid LC.

In the present embodiment, the size (within the XY plane) of the immersion
space formed with the second liquid LC during cleaning is larger than the size (within the
XY plane) of the immersion space formed with the first liquid LQ alone when the
substrate P is exposed. Accordingly, a large area of the lower surface 21 of the liquid
immersion member 4 contacts the second liquid LC and is cleaned thereby.

In addition, the upper surface 13 of the substrate stage 1 is disposed so that it
opposes the second supply ports 42 and contacts the second liquid LC supplied via the
second su_pply ports 42. ATher_eby, the _uppér surface 13 of the substrate stage 1 (the plate
member T) is cleaned by the second liquid LC.

In addition, by moving the substrate stage 1 with respect to the liquid immersion
member 4 in the X and Y directions while the second liquid LC is supplied via the second
supply ports 42, a larger area of the upper surface 13 of the substrate stage 1 (the plate
member T) is cleaned by the second liquid LC.

In the present embodiment, because cleaniﬁg with the second liquid LC is
performed in the state wherein the first holding part 15 holds the dummy substrate DP,

contact between the second liquid LC and the first holding part 15 is prevented. In
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addition, by supplying the second liquid LC via the second supply ports 42 in the state

wherein the dummy substrate DP is disposed at a position at which it opposes the second
supply ports 42, the lower surface 21 of the liquid immersion member 4 alone may be
cleaned. |

In addition, the control apparatus 5 can clean the upper surface 14 of the
measurement stage 2 with the second liquid LC by disposing the upper surface 14 of the
measurement stage 2, which includes the upper surfaces of the measuring instruments C,
so that it opposes the second supply ports 42 and by supplying the second liquid LC via
the second supply ports 42.

Thus, in the present embodiment, the procesé of cleaning the prescribed
members (the liquid immersion member 4, the substrate stage 1, the measurement stage 2,
and the like) with the second liquid LC is performed in parallel with at least part of the
process of cleaning the last optical element 19 with the first liquid LQ.

After cleaning with the second liquid LC is complete, the control apparatus 5
stops the operation of the second supply apparatus 146 and the supply of the second
liquid LC using the second supply ports 42. Furthermore, prior to the exposure of the
substrate P, the control apparatus 5 performs a process that eliminates the second liquid
LC from the liquid immersion member 4. |

In the present embodiment, the process that eliminates the second liquid LC
from the liquid immersion member 4 includes a flushing process that supplies the first
liquid LQ.

As shown in FIG. 24, after the cover member 70 is retracted from the optical
path of the exposure light EL, the control apparatus 5—in the state wherein the supply of
the second liquid LC is stopped and the substrate stage 1, on which the dummy substrate

DP is held by the first holding part 15, is disposed so that it opposes the last optical
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element 19 and the liquid immersion member 4—performs the recovery operation, which
recovers the first liquid LQ using the liquid recovery port 47, in parallel with the supply
operation, which supplies the first liquid LQ using the first supply ports 41. Thereby,
the second liquid LC that remains on, for example, the lower surface 21 of the liquid
immersion member 4 and the porous member 27, and in, for example, the recovery
passageway 48 is washed away.

In addition, by supplying the first liquid LQ from the first supply apparatus 144
to the passageways 45, the second liquid LC that remains in, for example, the
passageways 45 and the second supply ports 42 can be washed away with the first liquid
LQ.

In addition, the control apparatus 5—by performing the recovery operation,
which recovers the first liquid LQ using the liquid récovery port 47, in parallel with the
supply operation, which supplies the first liquid LQ using the first supply ports 41 and
the second supply ports 42, in the state wherein the supply of the second liquid LC is
stopped and the upper surface 13 of the substrate stage 1 (the plate member T) is
disposed so that it opposés the last optical element 19 and the liquid immersion member
4—can wash away the second liquid LC that remains on the upper surface 13 of the
substrate stage 1 (the platev member T) with the first liquid LQ.

In addition, the control apparatus 5S—by performing the recovery operation,
which recovers the first liquid LQ using the liquid recovery port 47, in parallel with the
supply operation, whicﬁ supplies the first liquid LQ using the first supply ports 41 and
the second supply ports 42, in the state wherein the supply of the second liquid LC is
stopped and the upper surface 14 of the measurement stage 2 is disposed so that it
opposes the last optical element 19 and the liquid immersion member 4—can wash away

the second liquid LC that remains on the upper surface 14 of the measurement stage 2
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with the first liquid LQ.

Thus, after the liquid immersion member 4 and _thé like are cleaned using the
second liquid LC, the first liquid LQ is used to eliminate the second liquid LC, thereby
preventing the intermixing of the second liquid LC with the first liquid LQ that fills the
optical path of the exposure light EL during subsequent exposures of the substrate P.

After the cleaning process using the second liquid LC and the flushing process
using the first liquid LQ are complete, the substrate P to be exposed is held by the first
holding part 15 and the exposing process is performed on that substrate P. Prescribed
processes, such as the developiﬁg process, are then performed on the exposed substra;te ‘P.

According to the present embodirnént as explained above, it is possible to
efficiently and satisfactorily clean the last optical element 19, the liquid immersion
member 4, and the like. Accordingly, it is possible to prevent the occurrence of
exposure failures and the production of defective devices caused by the contamination of
the last optical element 19, the liquid immersion member 4, and the like.

As discussed above, in the present embodiment, an alkali cleaning liquid is used
as the second liquid LC. Using an .alkali cleaning liquid as the second liquid LC makes
it possible to satisfactorily eliminate organic substances (contaminants) that result from,
for example, the photosensitive material and adhere to, for eXample, the lower surface 21
of the liquid immersion member 4.

Moreover, if the second liquid LC, which contains the alkali cleaning liquid,
contacts the last optical element 19, then the state of, for example, the front surface of the
last optical element 19 could change. For example, if the last optical element 19 is
formed from quartz and the second liquid LC and the last optical element 19 contact one
another, then, for example, the state of the front surface or the optical characteristics of

the last optical element 19 could chénge.
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According to the present embodiment, the cover member 70 prevents contact
between the second liquid LC and the last optical element 19, which makes it possible to
prevent changes in the performance of the last optical element 19. In addition, it is |
possible to broaden the ‘selection of liquids that may be used as the second liquid LC to
clean the liquid immersion member 4 and the like.

In addition, according to the present embodiment, it is also possible to use the
second liquid LC to efficiently and satisfactdrily clean surfaces (liquid contact surfaces)
of prescribed members that contact the first liquid LQ during the exposure of the
substrate P, for example, the upper surface 13 of the substrate stage 1 and the upper
surface 14 of the measurement stage 2. Accordingly, it is possible to prevent the
occurrence of exposure failures and the production of defective devices caused by the
contamination of these prescribed members.

Furthermore, in the present embodiment, at least part of each of the holding
apparatuses 71 that hold the cover member 76 is provided to the flat surface 31; however,
instead of the hblding apparatuses 71, a support apparatus may be provided that supports
the cover member 70 so that it can be inserted into and retracted from the lower side of
the liquid immersion member 4.

In addition, in the present embodiment, the cover member 70 is ciisposed on the
lower side of the flat surface 31, but the cover member 70 may be disposed inside the
opening 24.
<Seventh Embodiment>

The following explains a seventh embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiment discussed
above are assigned identical symbols, and the explanations thereof are therefore

abbreviated or omitted.
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The following text explains an exemplary case wherein the substrate stage 1 is
disposed at a position at which it opposes the liquid immersion member 4 when the
cleaning process. is performed; however, similar to the embodiment discussed above, it is
also possible to dispose the dummy substrate DP, which is held by the first holding part
15, and the measurement stage 2 at this position.

FIG.-ZS includes views that show one example of a liquid immersion member
104C according to the seventh embodiment. In the present embodiment, the liquid
immersion member 104C comprises a shutter mechanism 74, which comprises shutter
mémbers 73A, 73B that are disposed in the optical path of the exposure light EL between
the last optical element 19 and the substrate stage 1.

In the present emBodiment, the shutter mechanism 74 comprises: recessed parts
75A, 75B, which are formed in the inner surfaces of the second plate part 23 that define

the opening 24; the shutter members 73A, 73B, which are capable of being disposed in

. the recessed parts 75A, 75B, respectively; and actuators 76A, 76B, which are capable of

moving the shutter members 73A, 73B. The recessed part 75A is forme;d‘in the +Y side
inner surface of the second plate part 23 that defines the opening 24, and the recessed
part 75B is formed in the —Y side inner surface of the second plate part 23 that defines
the opening 24. The shutter members 73 A, 73B are plate shaped. The shutter
members 73A, 73B are capable of moving with respect to the optical path of the
exposure light EL by the operafion of the actuators 76A, 76B. In the present
‘embodiment, the shutter members 73A, 73B are capable of moving in the Y axial
directioﬁs. The shutter members 73A, 73B are capable of entering and exiting the
recessed parts 75A, 75B by the operation of the actuators 76A, 76B, respectively.

For example, when the substrate P is being exposed, the shutter members 73A,

73B are disposed in the recessed parts 75A, 75B, respectively, as shown in FIG. 25A.
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The control apparatus 5 supplies the first liquid LQ via the first supply ports 41 in order

to form the immersion space LS.

In order to close the opening 24 with the shutter members 73A, 73B during the
cleaning of the last optical element 19, the liquid immgrsion member 104C, and the like,
the control apparatus 5 operates the actuators 76A, 76B so as to dispose the shutter
members 73A, 73B in the opening 24, as shown iﬁ FIG. 25B. Thereby, the opening 24
is closéd. The first space 91 is formed between the last optical element 19 and the
shutter members 73A, 73B, and the second space 92 is formed between the shutter
members 73A, 73B and the substrate stage 1.

The control apparatus 5 supplies the first liquid LQ to the first space 91 via the -
first supply ports 41 and supplies the second liquid LC to the second space 92 via the
second supply ports 42 in the state wherein the opening 24 is closed by the shutter
members 73A, 73B. |

Furthermore, in the present embodiment, the shutter members 73A, 73B are
disposed inside the opening 24 and are configured so that they close the opening 24,
however, the shutter members 73A, 73B may be disposed below the flat surface 31 or
above the upper surface 25 of the liquid immersion member 104C.

In the present embodiment, too, the last optical element 19,'the liquid immersion
member 4C, the substrate stage 1, and the like can be cleaned.
<Eighth Embodiment>

The following text explains an eighth embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiments discussed
above are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted.

Each of the embodiments discussed above explained an exemplary case wherein
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the second supply ports 42 are disposed in the liquid immersion member 4; however, the
characteristic that differentiates the eighth embodiment from the other embodiments is
that second supply ports 142J are provided to a prescribed member, which is disposed at
a position at which it opposes the lower surface 21 of a liquid immersion member 104J.

FIG. 26 is a view that shows one example of an exposure apparatus EX
according to the eighth embodiment. In FIG 26, a measurement stage 102J comprises
the second supply ports 142J, which are disposed in the upper surface 14 of the
measurement stage 102J. The second supply ports 142] are capable of opposing the
lower surface 21 of the liquid immersion member 104J. The second supply ports 142J
are connected to a second supply apparatus 146J via a passageway 145J. The
passageway 145] comprises a supply passageway, which is formed inside the
measurement stage 102J, and a passageway, which is formed from a supply pipe that
connects the supply passageway and the second supply apparatus 146J.

As explained in the sixth embodiment discussed above, the present embodiment

comprises a cover member 70, which is for partitioning the optical path of the exposure

“light EL between the last optical element 19 and the substrate stage 1 into the first Space

91 and the second space 92, and holding apparatuses 71, which releasably hold the cover
member 70. Furthermore, as explained in the seventh embodiment discuésed above, it
is aléo possible to use the shutter mechanism 74 to partition the optical path of the
exposure light EL between the last optical element 19 and the substrate stage 1 into the
first space 91 and the second space 92.

The control apparatus 5 supplies the first liquid LQ to the first space 91 via the
first supply ports 41 and supplies the second liquid LC to the second space 92 via the
second supply ports 42 in the state wherein the second supply ports 142J, which are

disposed in the upper surface 14 of the measurement stage 102J, and the lower surface 21
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of the liquid immersion member 104J are caused to oppose one another and the cover
member 70 is disposed in the optical path of the exposure light EL between the last
optical element 19 and the substrate stage 1. |

The control apparatus 5 can clean, for éxample, the emergent surface 20 of the
last optical elerﬁent 19 by performing the recovery operation, which recovers the first
liquid LQ using the openings 50 in parallel with the supply operation, which supplies the
first liquid LQ using the first supply ports 41. |

In addition, the control apparatus 5—by performing the recovery operation,
which recovers the second liquid LC using a liquid recovery port 147J disposed in the
liquid immersion member 104J, in parallel with a supply operation, which supplies the
second liquid LC using the second supply ports 142J—can clean the lower surface 21 of
the liquid immersion member 104J, the upper surface 14 of the measurement sfage 102J,
and the like.

Furthermore, the present embodiment explained an exemplary case wherein the
second supply ports 142J are disposed in the measurement stage 102J, but the second
supply ports may be disi)osed in the substrate stage 1. By performing the recovery
‘operation, which fecovers the second liquid LC using the liquid recovery ports, in
parallel with the supply operation, which supplies the second liquid LC using the second
supply ports, in the state wherein the lower surface 21 of the liquid immersion member :
opposes the second supply ports, which are disposed in the upper surface 13 of the
substrate stage 1, it is possible to clean the lower surface 21 of the liquid immersion
member and the upper surface 13 of the substrate stage 1. In addition, the second
supply ports may be provided to a movable member that is distinct from the substrate
stage 1 and the measurement stage 2.

In addition, in the present embodiment, the supply ports that supply the second
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liquid LC may be also provided to the liquid immersion member 104J, and the second
supply ports of the liquid immersion member 104J may be used in parallel with the
second supply ports 142J of the prescribed member (the measurement stage 2 and the
like), which is disposed at a position at which it opposes the lower surface 21 of the
liquid immersion member 104J.

Furthermore, in the sixth through eighth embodiments discussed above, the ﬁrst
liquid LQ or the second liquid LC, or both, may be recovered using a liquid recovery part
disposed at a position at which it opposes the lower surface of the liquid immersion
member, either with or without using the liquid recovery port 47 (the liquid recovery
surface 33). The liquid recovery part disposed at a position at which it opposes the
lower surface of the liquid immersién member can be provided to, for example, the
substrate stage 1 or the measurement stage 2, or both.

Furthermore, each of the sixth through eighth embodiments discussed above
explained an exemplary case wherein a prescﬁbc;d member (e.g., the substrate stage 1,
the measurement stage 2, or the dummy substrate DP) is disposed at a position at which
it opposes the lower surface 21 of the liquid immersion member 4, the second liquid LC
is supplied to the spéce between the lower surface 21 of the liquid immersion member 4
and the prescribed member, and the immersion space is thereby formed with the second
liquid LC; however, as discussed above, if the liquid recovery part is disposed at a
position at which it opposes the lower surface of the liquid immersion member, then the
second liQuid LC may be sprayed from below the liquid immersion member 4 toward the
lower surfaée thereof in the state wherein, for example, the opening 24 is closed by the
cover member 70.

In addition, as discussed above, if the liquid recovery part is disposed at a

position at which it opposes the lower surface of the liquid immersion member, then the
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second liquid LC may be supplied, for example, via the liquid recovery port 47 of the

liquid immersion member.
Furthermore, each of the sixth through eighth embodiments discussed above
explained an exemplary case wherein the first liquid LQ is supplied to the first space 91

via the first supply ports 41 in order to clean the last optical element 19; however, a

. cleaning liquid that is distinct from the first liquid LQ may also be supplied to the first:

space 91 via the first supply ports 41. For example, it is possible to supply a cleaning
liquid that contains, for examplé, aqueous hydrogen peroxide. In so doing, it is possible
to clean the emergent surface 20 of the last optical element 19 satisfactorily.

In addition, in each of the sixth through eighth embodiments discussed above,
additional liquid supply ports may be separately provided in the vicinity of the first
supply ports 41, and the liquid (e. g;, the first liquid LQ or a cleaning liquid that is distinct
from the first liquid) may be supplied to the upper side space 26 via those additional
liquid supply ports. In this case, the supply operation may be performed in parallel with
the operation of supplying the first liquid L.Q via the first supply ports 41.

Furthermore, in each of the embodiments discussed above, the second liquid LC
contains ammonia, but the present invention is not limited thereto; for example, the
second liquid LC may contain choline, sodium hydroxide (NaOH), potassium hydroxide
(KOH), tetramethylammonium hydroxide, or some combination thereof.

In addition, in each of the embodiments discussed above, ultrasonic cleaning,
which imparts vibrations (ultrasonic waves) to the second liquid LC, may be used in
parallel with the above cleaning process.

Furthermore, the optical path on the emergent side (image plane side) of the last
optical element 19 of the projection optical system PL according to each of the

embodiments discussed above is filled with the first liquid LQ; however, it is also
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possible to adopt, as the projection optical system PL, a projection optical system
wherein the optical path on the incident_ side (object plane side) of the last optical
element 19 is also filled with liquid as disclosed in, for example, PCT International
Publication W02004/019128.

Funhemore, although the first liquid LQ in each of the embodiments discussed
above is water, it may be a liquid other than water. For example, it is also possible to
use hydro-fluoro-ether (HFE), perfluorinated polyether (PFPE), Fomblin oil, or the like
as the first liquid LQ. In addition, it is also possible to use various. fluids, for example, a
supercritical fluid, as the first liquid LQ.

Furthermore, the substrate P in each of the embodiments discussed above is not
limited to a semiconductor wafer for fabricating semiconductor devices, but can also be
adapted to, for example, a glass substrate for display devices, a ceramic wafer for thin
film magnetic heads, or the original plate of a mask or a reticle (synthetic quartz or a
silicon wafer) that is used by an exposure apparatus.

The exposure ‘apparatus EX can also be adapted to a step-and-scan type scanning
exposure apparatus (a scanning stepper) that scans and exposes the pattern of the mask M
by synchronously moving the mask M and the substrate P, as well as to a step-and-repeat
type projection exposure apparatus (a stepper) that successively steps the substrate P and
performs a full field exposure of the pattern of the mask M with the mask M and the
substrate P in a stationary state.

Furthermore, when performing an exposure with a step-and-repeat system, the
projection optical s&stem PL is used to transfer a reduced image of a first pattern onto the
substrate P in a state wherein the first pattern and the substrate P are substantially
stationary, after which the projection optical system PL may be used to perform a

full-field exposure of the substrate P, wherein a reduced image of a second pattern
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partially superposes the transferred first pattern in a state wherein the second pattern and
the substrate P are substantially stationary (as in a stitching type full-field exposure
apparatus). In addition, the stitching type exposure apparatus can also be adapted to a
step-and-stitch type exposure apparatus that successively steps the substrate P and
transfers at least two patterns onto the substrate P so that they are partially superposed.
In addition, the present invention can also be adapted to, for example, an
exposure apparafus thét combines on a substrate the patterns of two masksv through a

projection optical system and double exposes, substantially simultaneously, a single shot

" region on the substrate using a single scanning exposure, as disclosed in, for example,

U.S. Patent No. 6,611,316. In addition, the present invention can also be adapted to, for
example, a proximity type exposure apparatus and a mirror projection aligner.

In addition, the present invention can also be adapted to a twin stage type
exposure apparatus; which comprises a plurality of substrate stages, as disclosed in, for
example, U.S. Patent Nos. 6,341,007, 6,208,407, and 6,262,796.

The type of exposure apparatus EX is not limited to a semiconductor device
fabrication exposure apparatus that exposes the substrate P with the pattern of a
semicbnductor device, but éan also be widely adapted to exposure apparatuses that are
used for fabricating, for example, liquid crystal devices or displays, and to exposure
apparatuses that are used for fabricating thin film magnetic heads, image capturing
devices (CCDs), micromachines, MEMS devices, DNA chips, or reticles and masks.

Furthermore, in each of the embodiments discussed above, the positions of the
mask stage 1 and the substrate stage 2 are measured using an interferometer system that
comprises laser interferometers, but the present invention is not limited thereto; for
example, an encoder system may be used that detects a scale (diffraction grating)

provided to each of the stages 1,2. In this case, a hybrid system that comprises both the
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. interferometer system and the encoder system may also be adopted.-

In addition, in each of the embodiments discussed above, an ArF excimer laser

may be used as a light source apparatus that generates ArF excimer laser light, which

- serves as the exposure light EL; however, as disclosed in, for example, U.S. Patent No.

| 7,023,610, a harmonic generation apparatus may be used that outputs pulsed light with a

Wavelength of 193 nm and that comprises: an optical amplifier part, which has a solid
state laser light source (such as a DFB semiconductor laser or a fiber laser), a fiber
amplifier, and the like; and a wavelength converting part. Moreover, in the
abovementioned embodiments, both the illumination region and the projection region are
rectangular, but they may be some othe; shape, for example, arcuate.

- Furthermore, in each of the embodiments discussed above, an optically
transmissive mask is used wherein a prescribed shielding pattern (or phase pattern or
dimming pattern) is formed on an optically transmissive substrate; however, instead of
such a mask, a variable pattern forming mask (also called an electronic mask, an active
mask, or an image generator), wherein a tranémissive pattern, a reflective pattern, or a
light emitting pattern is formed based on electronic data of the pattern to be exposed,

may be used as disclosed in, for example, U.S. Patent No. 6,778,257. The variable

- pattern forming mask comprises a digital micromirror device (DMD), which is one kind

of a non-emissive type image display device (spatial light modulator). In addition,

instead of a variable pattern forming mask provided with a non-emissive type image

. display device, a pattern forming apparatus that comprises a self luminous type image

display device may be provided. Examples of a self luminous type image display

device include a cathode ray tube (CRT), an inorganic electroluminescence display, an

. organic electroluminescence display (OLED: organic light emitting diode), an LED

display, an LD display, a field emission display (FED), and a plasma display (PDP:
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plasma display panel).

Each of the embodiments discussed above explained an exemplary case of an
exposure apparatus that is provided w.ith the projection optical system PL, but the present
invention can be adapted to an exposure apparatus and an exposing method that do not
use the projection oj)tical system PL. Thus, even if the projection optical system PL is
not used, the exposure light can be radiated to the substrate through optical members,
such as lenées, and an immersion space can be formed in a prescribed space between the
substrate and those optical members.

In addition, by forming interference fringes on the substrate P as disclosed in,
for example, PCT International Publication W02001/035168, the present invention can
also be adapted to an exposure apparatus (a lithographic system) that exposes the
substrate P with a line-and-space pattern.

As described above, the exposure aﬁparatus EX of the present embodiment is
manufactured by assembling various subsystems, as well as each constituent element
recited in the claims of the present application, so that prescribed mechanical, electrical,
and optical accuracies are maintained. To ensure these various accuracies, adjustments
are performed before and after this assembly, including an adjustment to achieve optical
accuracy for the various optical systems, an adjustment to achieve mechanical accuracy
for the various mechanical systems, and an adjustment to achieve electricai accuracy for
the various electrical systems. The process of assembling the exposure apparatus from
the various subsystems includes, for example, the mechanical interconnection of the
various subsystems, the wiring and connection of electrical circuits, and the piping and
connection of the atmospheric pressure circuit. Naturally, prior to performing the
process of assembling the exposure apparatus from these various subsystems, there are

also the processes of assembling each individual subsystem. When the process of
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assembling the exposure apparatus from the various subsystems is complete, a

comprehensive adjustment is performed to ensure the various gccuracies of the exposure
apparatus as a whole. - Furthermore, it is preferable to manufacture the exposure
apparatus in a clean room wherein, for example, the temperature and the cleanliness level
are controlled.

As shown in FIG. 27, a micro-device, such as a semiconductor device, is
manufactured by: a step 201 that designs the functions and performance of the
micro-device; a step 202 that fabricates a mask (a reticle) based on this designing step; a
step 203 that fabricates a substrate, which is the base material of the device; a substrate
processing steb 204 that comprises a substrate process (exposure process) that includes,
in accordance with the embodiments discussed above, exposing the substrate with the
exposure light using tﬁe mask pattern and developing the exposed substrate; a device
assemblipg step 205 (which includes fabrication processes such as dicing, bonding, and
packaging processes); an inspecting step 206; and the like.

Furthermore, the features of each of the embodiments discussed above can be
appropriately combined.. There are also cases wherein some of the constituent elements
are not used. As farasis permitted,v the disclosures in all of the Patent documents such
as Japanese Patent Publication and U.S. Patent and the like cited in the above respective

embodiments and modified examples, are incorporated herein by reference.
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CLAIMS

1. An exposure apparatus that exposes a substrate with exposure light that passes
5  through an exposure liquid, comprising:

an opticél member, which has an emergent surface wherefrom the exposure light
emerges; |

a first supply port, which supplies the exposure liquid;

a liquid immersion member, which is capable of forming an immersion space so

10  that an optical path of the exposure light that emerges from the optical member is filled

w1th the exposure liquid;

a second supply port, which supplies a cleaning liquid so as to contact the liquid
immersion member; and

a preventive apparatus, which prevents the cleaniﬁg liquid and the optical

15 member from contacting one another.

2. An exposure apparatus according to claim 1, wherein
' the liquid immersion member comprises a plate part, which has an opening
wherethrough the exposure light that emerges from the emergent surface can pass;
20 the cleaning liquid is supplied to a space on the lower side of the opening; and
the preventive apparatus prevents the cleaning liquid from flowing through the opening

into the space on the upper side of the opening.

3. An exposure apparatus according to claim 2, wherein

25 the preventive apparatus comprises a cover member for closing the opening.
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4.  Anexposure apparatus according to claim 3, wherein
in order to close the opening with the cover member, the preventive apparatus

comprises a holding apparatus that releasably holds the cover member.

5. An exposure apparatus according to claim 4, wherein
at least part of the holding apparatus is provided to the liquid immersion

member.

6. An exposure apparatus according to any-one of claims 2 through 5, wherein

the preventive apparatus forms a fluid curtain in the vicinity of the opening.

7. An exposure apparatus according to claim 6, wherein
the fluid curtain is formed by flowing the fluid from one side to the other side of

the opening.

8. An exposure apparatus according to claim 6 or claim 7, wherein

the fluid comprises a gas.

9. An exposure apparatus according to claim 2, wherein
the preventive apparatus comprises the first supply port and prevents the
cleaning liquid from flowing into the upper side space by supplying the exposure liquid

via the first supply port to the upper side space.

10. An exposure apparatus according to claim 9, wherein
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the plate part has a flat surface that is disposed around the opening and faces the
space on the lower side of the opening; and
the second supply port is disposed outward from the flat surface with respect to

the opening.

11. An exposure apparatus according to claim 1 or claim 2, wherein
the preventive apparatus comprises the first supply port and prevents the
cleaning liquid from contacting the optical member by supplying the exposure liquid via

the first supply port.

12. An exposure apparatus according to claim 11, wherein
the first supply port is disposed closer to the optical member than the second

supply port is.

13. An exposure apparatus according to claim 11 or claim 12, wherein

the first supply port is disposed above the second supply port.

14. An exposure apparatus according to any one of claims 2 through 13, wherein
the cleaning liquid is supplied to a space between the liquid immersion member

and a prescribed member.

15. An exposure apparatus according to claim 1, wherein
the cleaning liquid is supplied to a space between the liquid immersion member

and a prescribed member.
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16. An exposure apparatus according to claim 15, wherein
the preventive apparatus prevents the cleaning liquid and the optical member
from contacting one another by providing a barrier between the optical member and the

prescribed member.

17. An exposure apparatus according to claim 16, wherein
the barrier comprises a cover member, which is disposed between the optical

member and the prescribed member.

18. An exposure apparatus according to claim 17, wherein
the preventive apparatus comprises a holding apparatus, which releasably holds

the cover member.

19. An exposure apparatus according to claim 18, wherein
at least part of the holding apparatus is provided to the liquid immersion

member.

20. An exposure apparatus according to any one of claims 16 through 19, wherein

the barrier comprises a fluid curtain.

21. An exposure apparatus accbrding to claim 20, wherein

the fluid comprises a gas.

22. An exposure apparatus according to any one of claims 14 through 21, wherein

the prescribed member is capable of moving with respect to the liquid
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immersion member.

23. An exposure apparatus according to claim 22, further comprising:
a stage, which is capable of moving with respect to the liquid immersion
member;
wherein,
the prescribed member constitutes part of the stage.
24, An exposure apparéfus according to claim 23, wherein
the stage comprises a substrate stage, which holds the substrate. -
25. An exposure apparatus according to claim 23 or claim 24, wherein

the stage comprises a measurement stage, whereon at least one measuring

instrument is mounted.

26.

217.

28.

An exposﬁre apparatus according to any one of claims 23 through 25, wherein

the second supply port is provided to the stage.

An exposure apparatus according to any one of claims 14 through 26, wherein

the prescribed member is cleaned by the cleaning liquid.

An exposure apparatus according to claim 27, wherein
the second supply port is disposed in the liquid immersion member; and

the prescribed member is disposed so as to oppose the second supply port.
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29. An exposure apparatus according to any one of claims 1 through 28, wherein

the second supply port is disposed in the liquid immersion member.

30. An exposure apparatus according to any one of claims 1 through 29, wherein

the liquid immersion member is cleaned by the cleaning liquid.

31. An exposure apparatus according to any one of claims 1 through 30, wherein

the first supply port is disposed in the liquid immersion member.

32. An exposure apparatus according to any one of claims 1 through 31, wherein

the cleaning liquid comprises an alkali.

33. An exposure apparatus according to any one of claims 1 through 32, further
comprising:
a liquid recovery port, which is capable of recovering at least one of the

exposure liquid and the cleaning liquid.

34. A device fabricating method comprising:
exposing a substrate using an exposure apparatus according to any one of claims
1 through 33; and

developing the exposed substrate.

35. A method of cleaning an exposure apparatus that exposes a substrate with-
exposure light, which emerges from an optical member and passes through an exposure

liquid, the method comprising:
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disposing a prescribed member so as to oppose a liquid immersion member,
which is capable of forming an immersion space, so that an optical path of the exposure
light that emerges from the optical member is filled with the exposure liquid; and
supplying a cleaning liquid to a space between the liquid immersion member
5  and the prescribed m_ember;
wherein,
the cleaning liquid is supplied whiie the cleaning liquid and the optical member

are prevented from contacting one another.

10  36. A cleaning method according to claim 35, wherein
the prescribed member comprises a movable member, which is capable of

moving with respect to the liquid immersion member.

37. A cleaning method according to claim 36, wherein
15 the exposure apparatus comprises a substrate holding part, which releasably
holds the substrate; and
the prescribed member comprises a dummy substrate, which is held by the

substrate holding part.

20 38. A cleaning method according to any one of claims 35 through 37, further
comprising:
stopping the supply of the cleaning liquid; and
eliminating the cleaning liquid from the prescribed member prior to the
exposure of the substrate.

25
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39. A cleaning method according to claim 38, wherein
the elimination of the cleaning liquid comprises the supply of the exposure

liquid.

40. A device fabricating method comprising:

cleaning an exposure apparatus, which exposes a substrate with exposure light |
that passes through an exposure liquid, with a cleaning method according. to any one of
claims 35 through 39;

exposing the substrate using the exposure apparatus after the cleaning is
performed; and

developing the exposed substrate.

41. An exposure apparatus that exposes a substrate with exposure light that passes
thfough an exposure liquid, comprising:

an optical member, which has an emergent surface wherefrom the.exposure light
emerges;

a partitioning member, which is disposed in the optical path of the exposure light
between the emergent surface and a prescribed member;

a first supply port, which supplies a first cleaning liquid to a first space between
the optical member and the partitioning member; and

a second supply port, which supplies a second cleaning liquid to a second space

between the partitioning member and the prescribed member.

42, An exposure apparatus according to claim 41, wherein

the partitioning member is capable of moving with respect to the optical path.
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43. An exposure apparatus accofding to claim 41 or claim 42, further comprising:
a liquid immersion member, which is capable of forming an immersion space so
that the optical path of the exposure light that emerges from the optical member is filled
5  with the exposure liquid,
wherein,
the second cléanjng liquid is supplied via the second supply port so as to contact

the liquid immersion member.

10 44 An exposure apparatus according to claim 43, wherein

the second supply port is provided to the liquid immersion member.

45. An exposure apparatus accordihg to claim 44, wherein

the prescribed member is disposed so as to oppose the second supply port.

15
46. An exposure apparatus according to any one of claims 43 through 45, wherein
at least part of the liquid immersion member is cleaned by the second cleaning
liquid.
20 47. An exposure apparatus according to any one of claims 43 claim 46, wherein

the liquid immersion member has an opening, wherethrough the exposure light
from the optical member passes; and

the partitioning member is disposed in the optical path of the exposure light so
as to close the opening.

25
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48. An exposure apparatus according to claim 47, further comprising:
a holding apparatus, which releasably holds the partitioning member so that the

partitioning member closes the opening.

- 49, An exposure apparatus according to claim 47 or claim 48, wherein

at least part of the holding apparatus is provided to the liquid immersion

member.

50. An exposure apparatus according to any one of claims 43 through 49, wherein

the first supply port is provided to the liquid immersion member.

51. An exposure apparatus according to any one of claims 41 through 50, further

comprising:

a first recovery port, which recovers the first cleaning liquid in the first space.

52. An exposure apparatus according to any one of claims 41 through 51,
comprising:

a second recovery port, which recovers the second cleaning liquid in the second

space.

53. An exposure apparatus according to any one of claims 41 through 52, wherein
the first cleaning liquid comprises the exposure liquid.

54, An exposure apparatus according to any one of claims 41 through 53, wherein

the exposure liquid comprises pure water.
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55. An exposure apparatus according to any one of claims 41 through 52, wherein
the first cleaning liquid comprises aqueous hydrogen peroxide.

56. An exposure apparatus according to any one of claims 41 through 55, wherein
the second cleaning liquid comprises an alkali.

57. An exposure apparatus according to any one of claims 41 through 56, wherein
at least part of the prescribed member is cleaned by the second cleaning liquid.

58. An exposure apparatus according to any one of claims 41 through 57, wherein
the prescribed member is capable of moving with respect to the optical path of

the exposure light.

59. An exposure apparatus according to claim 58, further comprising:

a stage, which is capable of moving with respect to the optical path of the

exposure light;

60.

61.

wherein,

the prescribéd member comprises part of the stage.

An exposure apparatus according to claim 59, wherein

the stage comprises a substrate stage, which holds the substrate.

An exposure apparatus according to claim 59 or claim 60, wherein

the stage comprises a measurement stage, whereon a measuring instrument that
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is capable of performing an exposure-related measurement is mounted.

62. An exposure apparatus according to any one of claims 59 through 61, wherein

the second supply port is provided to the movable stage.

63. An exposure apparatus according to any one of claims 41 through 62, wherein
the emergent surface of the optical member is cleaned by the first cleaning

liquid.

64. An exposure apparatus according to any one of claims 41 through 63, wherein
when the first space between the optical member and the partitioning member is

filled with the first cleaning liquid, the exposure light is emitted from the optical member.

65. An exposure apparatus according to any one of claims 41 through 64, further
comprising:

a substrate stage that has a substrate holding part, which holds the substrate, and
that is capable of moving with respect to the opfical path of the exposure light;

wherein,

the prescribed member comprises a dummy substrate, which is held by the

substrate holding part.

66. A device fabricating method compfising:
exposing a substrate using an exposure apparatus according to any one of claims
41 through 65; and

developing the exposed substrate.
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67. A method of cleaning an exposure apparatus that exposes a substrate with
exposure light, which emerges from an optical member, via an exposure liquid, the
mefhod comprising:

disposing a paﬁitioﬂng member between the optical member and a prescribed
member;

supplying a first cleaning liquid to a space between the partitioning member and
the optical member; and

supplying a secbnd cleaning liquid to a space between the partitioning member

and the prescribed member.

68. A cleaning method according to claim 67, further comprising:

radiating ultraviolet light in order to photoclean the optical member.

69. A device fabricating method comprising:

cleaning an exposure apparatus, which exposes a substrate with exposure light |
that passes through an exposure liquid, with a cleaning method according to claim 67 or
claim 68;

exposing the substrate using the exposure apparatus after the cleaning is
performed; and

developing the exposed substrate.
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